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Introduction

This illustrated document provides
knowledge about the unusual and
increasingly rare ecosystems known as
floodplain (or alluvial) forests. This 
information is provided in an accessible
way so that individuals and 
organisations interested in conserving
or restoring these ecosystems can
understand not only the key underlying
biological and physical processes but
also the institutional and policy contexts
within which restoration can proceed. 

The document is presented in five 
sections. The first section, 'A case for
floodplain forests?', provides important
background information about what
these forests are, why they are 
important and why they are threatened.
It also explains why there is a growing
interest in conserving and restoring
floodplain forests. In the second section,
'How do floodplain forests work?', more
detail is given on the biological and
physical processes which define these 
ecosystems. The section is divided into
sub-sections dealing with hydrology,
geomorphology and biology and all
information is presented in the form of
questions and answers. Some of this
information is quite technical as the 
linkages between floodplain forests and
their adjacent rivers are complex.
Consequently, examples are provided
throughout the text to explain the key
points. 

In the third section, 'How can floodplain
forests be restored?', different 
approaches to the conservation and
restoration of these forests are
described. This section presents case
studies to illustrate the range of options
available and concludes with a section
on how to monitor restoration success.
The fourth section, 'What prospects for
restoration?', considers the institutional
and policy contexts within which
restoration of rivers and floodplain
forests takes place, including constraints
and drivers. This section also uses case
studies to illustrate important trends and 
opportunities. Finally, the short section,
'What are the principle challenges?', 
considers both conceptual and practical
issues encountered in the restoration of
these complex and fascinating 
ecosystems.

What are floodplain forests and why do
we need to restore them?

Floodplain forests are highly dynamic
ecosystems that occur on river 
floodplains. They depend on particular
flood regimes for their continued 
existence, as many of their tree species
require flood disturbance and newly
deposited sediments in order to 
regenerate. Very few floodplain forests
remain in Europe. 90% of their original
area has disappeared and remaining
fragments are often in critical condition.
They are considered to be one of
Europe's most threatened natural 
ecosystems and are listed in Annexe I of
the European Habitats Directive as being
a 'priority forest habitat type'. These 
forest ecosystems host a very high 
diversity of plant species, including trees
and shrubs, and provide habitats for a
wide range of fauna. In addition they
play other important roles, providing
forested corridors through the 
landscape, sites for water storage and
groundwater recharge during floods,
opportunities for timber extraction, and
diffuse pollution control by recycling
nutrients in farmland runoff. The value
of restoration may therefore be
increased as a result of there being 

Executive Summary

Moose use a riparian
corridor in 
northern Sweden.
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several complementary objectives
although objectives can also be in 
conflict. In the past, the greatest threats
to floodplain forests have been clearance
for agriculture, the alteration of water
courses by straightening, and the 
construction of embankments and dams.
All these activities have had the effect of
reducing the connections between rivers
and their floodplains and reducing the
ability of floodplain forests to regenerate
naturally. Today, these pressures remain,
but there is also appreciation of the need
to restore threatened habitats and to 
re-connect rivers and their floodplains. 
In fact, in some countries such 
restoration has been underway for some
time and policies for clearing woodland
from river banks have been reversed. 

The driving forces for these changes in
attitude are wide-ranging. They include
the search for cheaper and more 
sustainable flood-management 
approaches and the need to meet habitat
creation targets under the EU Habitats
Directive. It is also true to say that there
is a greater understanding today of the
interconnectness of different parts of a
catchment and of the need to have 
integrated catchment management. This
has fostered a more holistic approach to
the management of floodplains including,
for example, the possibility of combining
habitat creation and flood management
goals within the same project. 

What do floodplain forests need and
how should they be restored?

Floodplain forests are highly dependent
on the flows and sedimentation patterns
of their adjacent rivers. They need:

A wide variety of river flows.

Moist and open sediment sites 
for regeneration.

Seeds and vegetative material 
to propagate.

Seedling-friendly water tables for 
tree establishment.

What flows
do floodplain
forests need?

Regular low to medium flows which replenish and
maintain floodplain water tables. These flows allow
established trees to grow.

Periodic high flows which cause channel movement
and sediment deposition. These provide potential
regeneration sites.

Well-timed high and low flows through the growing
season to allow delivery of seeds to the floodplain
and establishment of seedlings.

Gently tapered flows after the flood peak so that
water tables recede gradually for successful
seedling establishment.

No high flows during the second half of the growing
season as these can destroy young seedlings.

What water
table
conditions
do floodplain
forests need?

Gradual recession of water tables following a flood.

Water tables accessible to the roots of seedlings
through the first growing season.

Limited waterlogging.

How do
floodplain
forests
propagate?

By seeds which are carried by the river and
deposited during floods. Many of these will have
been carried by the wind and then dropped on the
river.

By seeds which are carried in the wind. Whereas
seeds carried in the river always move from
upstream areas to downstream areas, seeds carried
in the wind tend to move in the direction of
prevailing winds.

By vegetative material which arrives by flood or is
produced locally as a result of flood disturbance.

What types of
regeneration
sites do
floodplain
forests need?

Open sites as many of the pioneer tree species
cannot tolerate competition.

Sites that are moist through the first growing season
so that seedling roots have access to water.

Sites near the water's edge because these tend to
be moist and catch organic debris.

Sites with different sediment types to provide varied
niches for regeneration.

The essential needs of a floodplain forest...
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It is important to recognise the dynamic
nature of these forests. They are not
static ecosystems. Regeneration in these
forests takes place on newly deposited
sediment sites. Each flood event
destroys one piece of forest but lays
down the conditions needed for 
regeneration of a new area of forest.
They are best described as 'mobile
mosaics'. This is both the fascination of
these ecosystems and a great problem
for their conservation or restoration.
River managers have sought to reduce
the uncertainties of river flows, to 
control floods and to inhibit bank 
erosion, sedimentation and channel
movement - but floodplain forests 
cannot survive in highly controlled river
systems. So it is important that 
restoration of these ecosystems is 
closely linked to an understanding of
their need for the physical disturbance
processes associated with floods. This is
not an easy remit for a river manager
but approaches are being developed
and examples of these are given in the 
document.

The conservation and restoration of
floodplain forests can take place at 
different scales. The information in this
guidebook on restoration is presented
through a series of case studies which
are divided into two categories:

1. those where catchment scale
manipulation of (usually) 
hydrological processes is used for 
restoration purposes and

2. those where restoration takes place 
at a discrete site and local scale
activities are carried out to create 
forests on floodplains.

A catchment-scale approach is desirable
for successful long-term restoration of
floodplain forests. However it is difficult
to implement because:

It is less easy to predict where 
disturbances will have an 
influence in the floodplain zone.
It is therefore a less 'controlled' form 
of management.
Unpredictability and reduced control 
have not been desirable features for 
river managers.
In highly managed and fragmented 
river systems there may be too many
human interventions for it to work.
It requires consensus among a large 
number of stakeholders. 

A local-scale approach is currently the
most common in Europe and easier to
implement than a catchment-scale
approach because:

It is more predictable.
It is easier to control.
River managers are already used to 
managing rivers at a local scale 
through the engineering of flood 
defences.
It can be neatly fitted into chosen 
river sections between reaches where
other human interventions dominate.
It requires consensus among a much 
smaller group of stakeholders.

Floodplain forest on the
Garonne River, France.
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What are the constraints on restoring
floodplain forests?

There are many institutional constraints
on floodplain restoration. Some of the
more obvious include the high value of
land, the complexity and fragmentation
of land ownership, inadequate financial
incentives for farmers to change land
use, substantial funding for flood defence
infrastructures, difficulties of 
collaboration across the different 
administrative territories in a catchment
and poor planning regulations on 
floodplains. When it comes to restoring
floodplain forests, there are also 
additional problems associated with
objections from some nature 
conservationists who prioritise 
non-forested habitats and their species
on floodplain land and with the fact that
in many parts of western Europe there is
no longer a collective memory of 
floodplain forests in the landscape. 

Nevertheless, restoration projects on
floodplains have been and are being
implemented. Drivers for these include: 
a broadening of approaches to flood 
protection; requirements for water 
protection by the European Water
Framework Directive; changes to the EU
Common Agricultural Policy which can
be used to promote less intensive land
use on floodplains; changing forestry
policies which increase opportunities for
multi-purpose forests and the restoration
of floodplain forests; stricter planning
policies on floodplain land use.  

Most recently a number of multi-purpose,
catchment oriented restoration projects
have been initiated. These are 
characterised by having a wide range of
objectives, a vision which includes whole
catchments and long time frames, strong
partnerships between stakeholders, 
widespread consultation and a wide
range of funding sources from a range of

policy fields. This holistic approach has
obvious benefits in the form of 'joined-up
thinking' but also has some drawbacks,
notably in the long time it takes for 
consultation, agreement and 
implementation. As a result, examples of
projects that have begun the 
implementation stage remain scarce. 

Conclusions

This document promotes the restoration
of floodplain forests by providing natural
science knowledge about these 
ecosystems, recommendations on how
to approach their restoration and 
knowledge about the policy and 
institutional contexts within which
restoration can take place. Because 
floodplain forests depend on flooding
processes that are affected by activities
across whole catchments, it recommends
managing hydrological processes at a
catchment scale. The dynamic ecosystem
processes that characterise floodplain
forests take place over many decades. 
A long-term vision is therefore also 
advocated with a particular emphasis on
the need for a great variety in river flow
patterns between and within years. To
apply this knowledge towards effective
conservation and restoration of 
floodplain forests within the context of
contemporary policy, planning and 
political timeframes is acknowledged to
be highly complex. Despite these 
complexities, the idea of giving rivers
more space is becoming integrated into
mainstream river management policy
and opportunities for the restoration of
floodplain forests should increase. 

Flooding in the Drôme
River Valley, France.
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Bow River, Canada (Francine Hughes)
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Are floodplain forests  found 
along all types of rivers?

Floodplain forests would once have
been typical of most floodplains in
Europe except in the very far north
where trees are unable to grow. Today,
however, few areas of floodplain forest
are left. Some floodplain forests are
found along rivers which drain from
mountain areas, such as the Alps. These
often have very big snowmelt floods in
the spring and carry a heavy load of
gravelly sediment. During a flood, these
high-energy rivers will experience big
changes in their floodplain with massive
erosion and deposition taking place.
Mature floodplain forests are only found
on the higher, less disturbed parts of
these floodplains and many trees are
destroyed during each flood and
deposited downstream. Although these
floods cause a lot of destruction, the
sediments they deposit provide 
essential areas for new tree seedlings to
grow. So floods also create many
opportunities for the regeneration of
new forest trees. In rivers which have
less mountainous catchments, flood 
patterns are often more closely related
to rainfall patterns. Depending on the
geology of the area, the sediments may
be finer and the whole river system may
be less energetic and less disturbed.
Here, floodplain forests may be more
extensive although there may also be
fewer opportunities for forest 
regeneration because the channel is less
mobile. 

Floodplain forests are dynamic forested
ecosystems which only occur in river 
valleys. They therefore tend to be linear
in shape although they can be up to 
several kilometres wide in the large
river systems of western and central
Europe. Inside the forest, there is a 
complex mosaic of different forest 
communities whose life cycles are 
intricately linked to the flooding regime
of the river. When a river floods, it 
causes erosion in some places and
deposits sediment in others and the
river channel changes location. Over
time a complicated pattern of 
topographical features appears over the
floodplain, and this is reflected in the
complex and mobile forest mosaic that
is found there. 

What are floodplain forests?

Floodplain forests along the braided
Tagliamento River in Italy.
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In narrow floodplains, topographical patterns are not
very complex, often simply rising in elevation with
distance from the channel. Vegetation patterns are
simple on these floodplains changing with elevation
and distance from the channel. A good example is
the Øre River in northern Sweden. In many locations
these forests might be referred to as riparian forests
rather than floodplain forests.
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Do the same species grow in  
all floodplains forests?

In different parts of Europe the tree
species found on floodplains vary. For
example, the Black Poplar (Populus
nigra) is a common floodplain forest
species in western and central Europe
but cannot grow in the colder
Scandinavian countries. Various willow
species grow in almost all river valleys
from Scandinavia to the Mediterranean
and from the Atlantic coast to the
Steppes of central Eurasia. Members of
the willow family are particularly 
well-adapted to growing on flood plains
because they tolerate floods very well
and even need the new sedimentation
areas left behind by floods for their
seedlings to grow. However, some 
willow species such as Downy Willow
(Salix lapponum) are typical of northern
climates while others are more 
widespread.

Overall, it can be said that floodplain
forests are very dynamic places, 
exciting to visit because they change
from year to year and because they are
so closely linked to the natural flooding
regime of a river.

meander
cut-off or
side arm main

channel

levée

0

1

2

3

metres

In a wide floodplain, there will be low areas and high areas, areas with coarse sediments such as sand or
gravel and areas with fine sediments such as silt and clay.  The low areas may be old meanders cut off 
during a flood event or low lying swampy areas at the outer edge of the floodplain. During a flood, the
areas adjacent to the channel tend to receive deposits of the coarsest sediments carried by the water.
These areas build up and are called levées. Some of the best tree growth is found on these higher areas
because they are well-drained. An example is given here from the River Allier in France where a mixture of
hardwood species such as oak (Quercus robur), elm (Ulmus minor) and ash (Fraxinus excelsior) can be
found. On lower lying areas poplars (Populus nigra) and various willow species are found.

WWF (1990) A la recontre de La
Loire et de l’Allier, by Erika Schneider 
WWF Floodplains Research Institute,
Rastatt, Germany. 62pp.

The Snake River in Wyoming,
USA, supports floodplain forests
dominated by poplar trees. In
semi-arid areas river valleys are
often the only places in which
trees can grow and floodplain
forests are of considerable 
importance in such landscapes.
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also key areas for conservation. 

(ii) Disturbances 
The floodplain biota and its ecological
processes are shaped by the natural flow
regime, which varies both between 
seasons and between years. This 
variability provides frequent disturbance.
This results in a mixture of differently-
composed plant communities, and 
communities in different stages of 
succession. Both within and between
individual patches of floodplain forest,
different stages of succession may exist.
Dispersal and migration of organisms
between floodplain forests constitute a
functional link, implying that one 
floodplain site can affect another. From
this reasoning it follows that if flow
regimes are modified, and waterborne
linkages between floodplain forest sites
are broken, biodiversity may not be
maintained.

(iii) Accumulators 
Floodplain forests occupy the lowest 
terrestrial position in the landscape, and
integrate catchment-scale processes by
collecting plant propagules from the
entire upstream area. This gives 
floodplain forests an important role as
indicators of the status of the catchment
further upstream. The heterogeneous
character of floodplain forests however
also makes them easy targets for species
invasion. For example, if exotic species
arrive in a river’s catchment, they will
eventually show up on the floodplain.

Floodplain forests are important for
many different reasons. Some qualities
are intrinsic and hard to value in 
monetary terms while others offer 
environmental gains or have more 
obvious economic values. A high 
diversity of species is a good example of
the former while an ability to store floods
or produce timber trees are good 
examples of the latter.

Floodplain forests are intrinsically
important

Three significant characteristics not only
make floodplain forests highly distinctive
and intrinsically valuable but also 
underpin the wider roles they play in the 
landscape:

Floodplain forests and 
biological diversity

Typically, floodplain forests have high
biological diversity, and there are three
key reasons for this.

(i) Interfaces 
Floodplain forests are interfaces between
land and water ecosystems, and include
plant species from both of these habitats,
as well as true floodplain (riparian)
species. There is accordingly high 
diversity, with species and individuals of
various heights and forms, providing
habitats for many animal species. In
most parts of the world, natural 
floodplain forests would be the most
species-rich habitats of the continents.
This makes floodplain forests key
sources for plant species dispersal to
nearby landscape elements, and hence

Why are floodplain forests important?

High biological diversity

High productivity

High habitat dynamism
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The Tana floodplain forest of
Kenya, seen from the air, is an
evergreen corridor in an 
otherwise semi-arid landscape. 

At ground level the rich diversity of forest trees
provides habitats for a wide range of wildlife.

Populus ilicifolia is an endemic
poplar which regenerates on the
active channel edge, a habitat often
shared with basking crocodiles.

Floodplain forests offer a mosaic of different habitat types. 
Here an oxbow lake provides fishing opportunities for local people.
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Species diversity on forested floodplains…

Floodplains account for 20% of tree diversity in the Amazon Basin.1

In the Tana River floodplain forests of Kenya, which stretch for only
200 kilometres of river length and are between 0.5 and 1 kilometre
wide, 175 woody plant species, over 250 species of birds and at least
57 species of mammals have been found, including two endemic
primate species.2

1. Junk E J , Bayley P B and Sparks R E (1989) The floodpulse concept in river-floodplain
systems. Canadian Special Publication in Fisheries and Aquatic Sciences 106:110-127.
2. Medley K and Hughes F M R (1996) Riverine Forests. In McClanahan T R and Young
T P (eds) East African Ecosystems and their conservation. OUP, New York pp.361-384.
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Floodplain forests and productivity

A second characteristic is the 
productivity of floodplain forests; they
are among the world’s most productive
forest ecosystems.

This particularly results from the 
variability in flows, especially between
years. Flood waters carry nutrients that
are deposited on the floodplains, thus
fertilizing the plant community. This is
the reason for classic riparian 
civilisations such as that in Egypt along
the Nile. Typically, however, floodplains
became centres of human colonization
not by maintaining forest but by creat-
ing pasture lands or arable farming
whose high productivity depended on
seasonal floods.

The high productivity of natural 
floodplain forests supports species-rich,
local fauna and also productive animal
life in a much larger, surrounding
region. Some roles of floodplain forests
are that:

Floodplain forests and habitat
dynamism 

A final characteristic is that of habitat
dynamism, which again reflects the way
that natural flow regimes vary within
and between years.

Different plant communities tend to 
prefer particular hydrological conditions,
and because these occur at different 
elevations from year to year, 
communities are in a state of more or
less constant adaptation to changed
flow conditions. When flow conditions
show dramatic changes from one year
to the next, for example during 
catastrophic floods, entire community
patches might be destroyed or at least
severely halted in their succession.

Although such extreme events may
seem to have a negative role, it is during
such events that floodplains are 
revitalized.  Retaining this dynamism,
including a certain element of 
unpredictability between years, would
be an important target in floodplain
management to keep the floodplains
diverse and productive. The opposite 
situation, that of completely stable
flows, would instead remove the drivers
of the floodplain ecosystem and start a
simplification of the forest structure.

they export organic matter such
as leaves and fine woody debris
to the aquatic biota, thus feeding
various organisms in downstream
reaches;

they export large woody debris
that increases the structural
complexity and thus the number
of habitats in aquatic ecosystems;

they provide food for herbivores
that use the river corridors as
migration and feeding routes.

they provide spawning grounds
for some fish species.

Flooded willows on the Isère River, France.
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Floodplain forests provide 
valuable functions, services 
and products

In broad terms

However, in many cases it is difficult to
distinguish a function and a service - 
recreation on floodplains may be thought
of as either, and can also be marketed as
a product. Although it is often the case
that natural functions and services 
cannot readily be assigned monetary
value, there is increasing appreciation of
the economic functions that floodplain
forest can perform. Some of these are
identified below.

Floodwater storage 

The essential natural function of a 
floodplain is to store water and sediment
derived from the river basin, especially
during floods. Peak annual flows that
cannot be accommodated within the
channel spill onto the floodplain. As a
result, the flood hydrograph is attenuated
in downstream locations. This is because
water is stored on the floodplain, and is
then released slowly after the peak has
passed, reducing the peak discharge, and
spreading the hydrograph over a longer
period. Some water will infiltrate, and
this reduces the total hydrograph volume
downstream.

When floodplains are wooded, the forest
contributes to this natural flood retention
function by increasing the hydraulic
roughness of floodplain areas, slowing
the release of water stored on the 
floodplain surface even more. Of course,
this can be viewed both negatively and
positively. For example, in the Isère River
in France, there are floodplain patches
and bars within a channelised river, and
on these surfaces, woody vegetation
growth has helped to increase flood
water levels by up to one metre, causing
increased risk of over-topping of the
flood embankments. 

In restoration projects, tree growth on
floodplains could provide a service by
retaining water on the floodplain longer,
and thereby assist in attenuating 
hydrographs to reduce flood magnitudes
downstream. The effect of forest in this
respect will vary with the location, size,
and shape of a patch. Assessment of the
benefits that might accrue must be made
for each case. It will be necessary to
appraise upstream and downstream 
consequences of such re-naturalisation.
For example, storage of flood water in a
reach will result in an upstream increase
in water level, and woody debris from a
floodplain forest could become jammed
against bridge piers downstream.

a function is a natural property of
a floodplain forest, which may be
beneficial in some way to human
populations;

a natural service arises when
human beings value a function,
and its benefit to humans is
realised; and

in some cases, a service permits
generation of a specific product
with clearly-definable economic
value, such as timber.
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Conductivity

Conductivity values registerd by
sensors at 1.5 metre intervals
downstream from injection point

Injection
point

1.5 3.0

7.5

6.0
4.5

0 5 10 15Time (seconds)

0.40

Unpublished PhD by Rachel Horn.
Hayes A,Horn R P and Richards K S. Monitoring velocity
in overbank flow through woody riparian vegetation.
(unpublished manuscript)

On the Weinfluss (River) near
Vienna a test section has
been constructed. This is like
a large outdoor flume with
channel and floodplain into
which artificial floods can be
released from an upstream
reservoir. An experiment was
carried out to study the effect
of trees on the velocity of
river flows across this 
artificial floodplain. Sensors
were installed between the
trees to record the change in
conductivity caused by salt
solution passing down-
stream. 
By injecting salt solution into
the flow during an 
experimental flood (the black
curve) the time taken for the
salt wave to pass sensors
located at intervals 
downstream was monitored.
It can be seen that the wave
becomes attenuated as it
moves downstream and at
the sensor that is 7.5m 
downstream from the 
injection point (purple curve),
the salt wave also breaks up
into separate multiple peaks
as the flow is diverted into 
different pathways around
the trees.
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Groundwater recharge

A hydrological service of floodplains is
as a site of natural groundwater
recharge. Over-bank flow onto the 
floodplain results in infiltration across a
broad surface area, and a loss of 
hydrograph volume. Wooded 
floodplains encourage this further as a
result of their higher roughness, which
slows the flow, and also because their
roots provide macro-porosity. The
longer water stays on a floodplain, the
more it contributes to general 
groundwater recharge. Ironically, in
order to improve agriculture on 
floodplains it has often been necessary
to drain floodplain soils, and counter
this natural tendency to store water. 

Timber production

Floodplain ecosystems are highly 
productive and in some places
floodplain forests have been harvested
for timber over many centuries. This
means that natural forest on floodplains
may represent a productive soft-wood
or hard-wood timber resource. However
in many places they have been 
converted to plantation forestry, such as
the extensive poplar plantations along
the Garonne River in southern France.
This is one of the most obvious ways in
which a natural floodplain function can
be converted into a marketable, 
economically-valued product.
Conversion of natural floodplain forest
to plantation forestry is detrimental to
the biodiversity of the floodplain but
where floodplain forest plantations
replace marginal agricultural lands they
can bring biodiversity gains as well as
economic benefits to an area.The rapid
biomass production of a floodplain may
also form a natural service in respect of
energy production and carbon 
sequestration. Through carbon trading
instruments, it is possible for this 
service to be valued explicitly.

Pollution control

An additional role of floodplain forest is
that it can contribute to diffuse pollution
control, by recycling the nutrients 
carried in runoff and subsurface flow
from adjacent agricultural land. There is 
uncertainty about the optimal width of
riparian buffer strips, about the 
hydrological pathways that permit buffer
strips to strip nutrients effectively, and
about the time period over which they
maintain their function. However, as an
additional beneficial function of 
floodplain forest, this service adds value
to a re-naturalisation initiative.

Program

Wildlife
refuges

Wetland
Mitigation

State
Agencies

Wetlands
Reserve
Program

Agency

US Fish and
Wildlife Service

US Army Corps
of Engineers

Mississippi,
Arkansas,
Louisiana

US Natural
Resources

Conservation
Service

Area (ha)
1995

Area (ha)
planned
by 2005

Total
area (ha)

5,180

2,025

10,000

9,700

15,180

11,725

13,500

53,000

73,705

40,500

47,750

107,950

54,000

100,750

181,655Total

Stanturf, JA, Schweitzer, CJ and Gardiner, ES
1998 Afforestation of marginal agricultural land
in the Lower Mississippi Alluvial River valley,
USA. Silva Fennica 32:281-297.

Area of actual and potential afforestation in
the Lower Mississippi Alluvial valley.
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Floodplain forests add 
landscape diversity

The term 'forest' in some languages
implies a dense, monolithic and 
extensive form of land cover. However a
floodplain forest is a complex vegetation
mosaic which is constantly being
renewed and only some parts of this
mobile mosaic are forested at any point
in time. Restoration of floodplain forest
will therefore add considerable 
landscape diversity to river corridors
especially where it is integrated into a
wider vision of restored floodplain 
landuses, such as wet meadows and
reed bed wetlands.

A floodplain forest area
provides a rich mosaic
of aquatic and terrestrial
habitats along the Allier
River in France.
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Poplar plantations within the Bregnier-Cordon Nature Reserve
along the Isère River, France. (false colour image)
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Woodland loss in the past

During the 10-12,000 years since the last
ice-age in Europe, climate fluctuations
have led to significant changes in 
ecosystem distribution, including the
extent and composition of floodplain
forests. Changes in floodplain forests
have also been directly affected by the
changing nature of river systems as they
have responded to climate change. For
example, rivers changed from braided to
meandering or the other way round in
response to changes in both discharge
levels and sediment loads. The little Ice
Age, which climaxed around 1550-1700
is the most recent and best documented
historical climate change event which
led in some places to higher rainfall and
river discharge values as well as to
lower temperatures.

Superimposed on these natural 
fluctuations is an increasingly 
sophisticated set of human activities.
There is evidence for the colonisation of
the river valleys of central Europe dating
from at least 5000 years ago. Early 
farmers were attracted by the fertile
soils, fish and water resources found in 
floodplain zones. They were also 
attracted by the patchwork of younger
and older forest types on floodplains
which facilitated settlement. It would
seem that during the Iron Age, 
settlements and meadows became part
of the floodplain landscape across
Europe with an accompanying decrease
in the area of floodplain forest. 

At different periods, migration of 
populations to the upper courses of
rivers resulted in widespread tree felling
and agricultural activities in upper 
catchments, leading to altered 
hydrological regimes, and altered 
patterns of erosion and sedimentation in
the floodplains downstream. Significant
decreases in forest extent occurred 
during the neolithic clearances, during
the Roman period, and during the
Middle Ages. Over the last 800 years,
rivers throughout Europe have been 
considerably altered in order to facilitate
navigation, control floods and reclaim
floodplain land for agriculture.
Particularly well developed river 
engineering was undertaken in Italy by
the 13th century and in The Netherlands
by the end of the 16th century. For 
example, the River Po in Italy was dyked
from Cremona to the delta at the end of
the 12th century. However, it was not
until the 18th and 19th centuries that
progress in civil engineering resulted in
widespread dyking and channelisation
of European rivers. These engineering
works allowed agriculture, navigation,
timber floating and later the provision of
domestic and industrial water supply.
The cost was significant for floodplain
forests which were cleared for 
agriculture and, where they remained,
increasingly isolated by embankments
from the river channels on which they
depended for their survival. 

In a few rare locations floodplain forests
have survived as diverse and dynamic
ecosystems, quite often where rivers
have formed the boundary between 
different political regimes. For example,
the forests at the confluence of the Dyje
and Morava rivers in the Danube 
catchment formed the boundary
between Austria and former
Czechoslovakia. Now they are being
incorporated into the Danube-Morava-
Thaya National Park as a co-operative
initiative between Austria, Slovakia and
the Czech Republic to protect one of
Europe's best remaining example of
floodplain forests.

What has happened to floodplain forests in Europe?

A map drawn in 1732 at a
scale of 1:2,400 shows the
braided channel patterns at
the confluence of the Arc
and Isère Rivers in the
Rhône Basin, France.
Superimposed on the map
are plans to straighten and
channelise these river
reaches, designed by a
Sardinian engineer called
Louis Garella in 1786. The
River Isère flows from left
to right on the map.

Archives Départmentales, 
Savoie, France.

The Elbe River used to mark
the boundary between 
former East and West
Germany. In the 'Mittlere
Elbe' Biosphere Reserve
extensive areas of 
floodplain forests are 
protected but many areas
are hydrologically isolated
from the main river 
channel. Restoration of
hydrological connections 
to keep dynamic 
self-regenerating forests 
is a major objective.
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Continuing threats to floodplain forests

Through the European Habitats Directive
(1992) there is official recognition of the
need to conserve residual alluvial
forests. This need has been recognised
since at least 1981 when a report 
produced by the Council of Europe 
highlighted the very reduced extent of
these ecosytems. As well as reduced 
forest extent, there are concerns over
the quality of remaining forests.
Measures to 'restore' floodplain forests
have been interpreted in widely different
ways. In many locations, natural, 
self-regenerating forests have been 
considered unproductive and replaced
with productive forestry plantations
(often using hybrid poplars) within the
floodplain forest zone.  In many
European countries state-owned riparian
forests have been managed by foresters
rather than nature conservationists so it
is not surprising that these forests have
been turned over to productive 
plantations. In some locations, 
state-owned floodplain forests have
been leased to private foresters and
farmers who have removed floodplain
forest to plant quick-growing exotic
trees or crops. For example, in Hungary
most of the significant remaining 
floodplain forests are located along the
Danube and Tisza Rivers, but 40% of
their area has been converted to forestry
plantations and floodplain land 
continues to be converted to agricultural
use.

A direct consequence of these activities
has been a steady loss throughout
Europe of naturally regenerating stands
of the endangered Populus nigra L. or
Black Poplar, with near extinctions in
countries like the United Kingdom,
Belgium and the Netherlands. In 
addition to loss of habitat areas for this
species, the extensive presence and
proximity of hybrid poplar plantations
has implications, which are not fully 
understood, for its genetic status. This
threat has justified the launching of a

European network for the conservation
of the genetic resources of the Black
Poplar through the European Forest
Genetic Resources Programme 
EUFORGEN. Through this programme,
the 'Populus nigra network' has initiated
'in situ' conservation measures and 'ex
situ' collections of cuttings as clone
banks in a range of countries.

The invasion of floodplain zones and
riparian corridors by exotic or non-
native species has also affected the 
regeneration of local native species.
Exotic, aggressive herbaceous species
such as Japanese knotweed (Fallopia
japonica) or Canadian golden-rod
(Solidago canadensis) compete with
native species for light and nutrients.
Exotic woody species such as box elder
(Acer negundo) and black locust
(Robinia pseudacacia) also often replace
local species.

Yon, D and Tendron G (1981) Alluvial Forests in
Europe. Nature and the Environment Series, 22.
Strasbourg:Council of Europe.
EUFORGEN: www.euforgen.org

Muller E, Guilloy-Froget H,
Barsoum N and Brocheton
L (2002) Populus nigra L.
en vallée de Garonne: legs
du passé et contraintes du
présent. C.R. Biologies
325: 1129-114.

Garonne River
Floodplain
Gravel bar

Riparian forest
Poplar plantation
Undifferentiated woodlands
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Along a 42km meandering
stretch of the Garonne River,
France, the total woodland
area along the floodplain has
remained the same over the
last two centuries. However,
only 19% of this area is now
self-regenerating floodplain
forest. The rest of the forest
has been converted to 
plantations of which 75% 
consists of two commercial
hybrid poplar clones. 
Timber production has been 
encouraged by the forest
department and by local 
subsidies.

A poplar plantation on the
Garonne River floodplain in
France shows a clear divide
between two different hybrids.
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Remaining forests

It is difficult to map remaining floodplain
forest areas in Europe. In part this is
because different classifications exist for
them, in part it is because they are such
narrow and patchy ecosystems in many
places and the scale of mapping 
determines whether or not they appear.
Here a map is presented of the 
remaining forest areas. It does not 
distinguish between planted or natural
floodplain forests and tends to over-
represent forests along river systems
where forest extent is now very limited. 

However, it provides a useful overview
and demonstrates that most remaining
floodplain forests are in central and 
eastern Europe. The map is based on
data provided by the United Nations
Environment Programme-World
Conservation Monitoring Centre (UNEP-
WCMC) from a study of all European 
forest types.  It includes data from 45
countries in Europe and uses 5 
categories of alluvial forest based on the 

forest classification on the Natural
Vegetation Map of Europe (see Bohn,
1994 and Neuhausl, 1990). These 5 
categories have been amalgamated into
only two types on the map to make the
forest extent clearer. Northern Europe
has been omitted from the map because
forest categories did not distinguish 
alluvial forest types. Over 90% of all 
alluvial forest types have disappeared
from the European landscape and
remaining patches are often in critical
condition. They are listed in Annexe 1 of
the European Habitats Directive as a 
priority habitat type and are included in
the Natura 2000 network.

Classification of 
European floodplain forests

Several different classification schemes
exist for European vegetation and
accordingly different types of forests on
floodplains are classified in different
ways in each of them. The different 
classification schemes are compared in
the table opposite:

Bohn U (1994) International project
for the construction of a map of the
natural vegetation of Europe at a
scale of 1:25 million its concept,
problems of harmonisation and
application for nature conservation.
Colloques phytosociologiques XXIII
Large Area Vegetation Surveys,
Bailleul, 23pp.

Neuhausl R (1990) United classifica-
tion of European natural
forests:the approach of the natural
vegetation map of Europe.
Vegetation 89:173-181.)
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Devillers P and Devillers-Terschuren J 1993 - A classification of Palaearctic habitats.Council of Europe, Strasbourg.
The European Commission Environment, 1991- CORINE biotopes manual -A Method to identify and describe consistently sites of major importance for nature conservation
(Data specifications, part 2, vol 3)- Commission of the European Communities, Luxembourg, 300p. EUR 12587/3.
The European Commission Environment, 1999- Interpretation Manual of European Union Habitats EUR 15/2- http://europa.eu.int/comm/environment/nature/hab-en.htm
The European Environment Agency, the European Topic Centre for Nature Protection and Biodiversity, the Centre for Ecology and Hydrology, UK., 2002- (Dufrêne M,) - 
EUNIS habitat classification- http://www.wallonie.be/dgrne/sibw/eunis/home.htm
CORINE = Coordination of Information on the Environment.
EUNIS = European Nature Information System.

EU Habitats
(1999)

CORINE-Biotope (1991) +
Palaearctic. classif. (1993) EUNIS classification (2002) other

classification description

91E0
Residual alluvial
forests
(Boreal, Alpine &
temperate Europe)

44.1 riparian willow forests
44.2 grey alder galleries
44.3 medio-europ. woods
include sub-types:
44.13 white willow galleries
44.14 white poplar galleries
44.21 montane grey alder
44.22 sub-montane g. alder
44.31 ash-alder (rivulets)
44.32 fast-flowing rivers
44.33 slow rivers
44.34 northern iberian galleries

G1.1 riparian woodlands
(Salix, Alnus) and galleries
G1.111 Medioeurop. willow forests
G1.121 montane alder galleries
G1.122 dealpine alder galleries
G1.123 boreal alder galleries
G1.2 fluvial woodlands
(Fraxinus, Alnus, Fraxinus, Ulmus)
G1.21 riverine woodlands wet at high flows
G1.211 rivulets and springs
G1.212 fast flowing rivers
G1.213 slow rivers
G1.214 northern iberian galleries

NVC- UK:
W5, W6, W7
German fed. List
430401 to 430403
Nordic classif.
2.2.3.4
2.2.4

alluvial forests (Alnus glutinosa,
Alnus incana, Prunus padus, Fraxinus
excelsior, Ulmus glabra...) of
temperate and Boreal Europe
(lowland, piedmont, montane and sub-
montane rivers of Alps, Pyrenees,
Carpathians, Balkans and North
Apennine); arborescent galleries of
tall willows (Salix alba, S. fragilis,
Alnus, Fraxinus, Populus nigra,
Populus alba...) on heavy soils
periodically inundated, well-drained
and aerated during low-flows.

91F0
mixed hardwood
riparian forests
(temperate Europe)

44.4 mixed oak-elm-ash forests
44.41 and 44.42
(medio-european)
44.43 (sub-Mediterran.)
44.44 (alluvial plain of the
Po river)

G1.2 fluvial  woodlands
G1.22 mixed
(Alnus, Fraxinus, Quercu, Ulmus)
G1.221medioeuropean G1.222
(residual)
G1.223 south-east-Europe
G1.224  Po river

Nordic classif.
2.2.2.3; 2.2.2.6;
German fed. list
43040501 & 02

diverse riparian forests of the middle
and lower courses of great rivers
(Rhone, Loire, Rhine, Danube, Elbe,
Weser, Oder, Vistula...), inundated
by large floods;  mature forests of
hardwood trees (Quercus robur,
Fraxinus excelsior, F. angustifolia,
Ulmus laevis, U. glabra, U. minor,
Prunus avium, P. padus...) growing
on recent alluvial deposits; soils well
drained or  remaining wet between
 high-flow periods; the hydric regime
(level of the water table) determines
the dominant species ( from high to
deep levels: Fraxinus, Ulmus or
Quercus)

92A0
white willow &
white poplar
galleries of
(Medit. Europe)

44.17 Mediterranean white
willow galleries
44.6 Mediterranean poplar-e
lm-ash forests (44.61 to 44.64)

G1.1 riparian woodlands (Salix, Alnus)
G1.31 Mediterranean poplar forests
G1.112 Mediterranean tall willows
G.3 Med. mixed woodland

Riparian forests of the
Mediterranean  zone dominated by
high willows (Salix alba, S. fragilis)
and poplars (Populus alba, P.
caspica, P. euphratica) (repartition:
France, Greece, Italy, Portugal,
Spain)

92B0
riparian formations
on intermittent
rivers
(Medit. Europe)

44.5 southern alder galleries;
44.51
44.52

G1.1 riparian woodlands
G1.132 Rhododendron, Alnus relict galleries
G.134 Betula relict galleries

highly remarkable relict alder
galleries (thermo- and meso-
Mediterranean zones) with Alnus
glutinosa, A. cordate, Betula sp.,
Fraxinus angustifolia, Osmunda
regalis (repartition: France, Italy,
Spain, Portugal)

92C0
plane & sweet-
gum woods
(Medit. Europe)

44.7 (44.71, 44.72) Platanus and
Liquidambar gallery forests

G1.3 Mediterranean riparian woodlands
G1.39 Liquidambar woods
G1.38 Platanus woods

riparian forests and woods
dominated by Platanus orientalis and
Liquidambar orientalis; presence of
Salix alba, Alnus glutinosa, Celtis
australis, Populus alba, Fraxinus
ornus, Cercis siliquastrum. (Greece,
Sicilia)
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The growing knowledge base

Scientific understanding of the 
magnitude and causes of global climate
change has grown over the last two
decades although anthropogenically
influenced future climates remain a 
matter of conjecture. This is especially
so at the relatively localised spatial scale
at which floodplain forests occur.
However, it appears likely that climates
warmed by the enhanced CO2

greenhouse effect will be associated
with average relative humidities similar
to those of the present and recent past,
but higher average total water vapour
contents. The result is likely to be 
heavier rainfall events, and an increased
frequency of high magnitude river flows
and flooding in some parts of Europe.
One scenario is that dynamic rivers will
be more unstable, with their habitats
more frequently disturbed and renewed,
and opportunities for floodplain forest
regeneration more frequent. Riparian
species are likely to be favoured by such
changes, unless the duration and timing
of flooding is unfavourable to seed 
germination and establishment. Set
against this, some regions of Europe,
particularly in the South, are expected to
experience overall lower flows.
Although the reliability of predictions is
difficult to assess, there is a growing
expectation in many countries that 
additional provision for flood manage-
ment will have to be made. The United
Kingdom, Germany and the Netherlands
are good examples of countries which
anticipate these trends. The higher CO2

concentrations should also encourage
greater biomass productivity.

Perhaps these changes should be
viewed as opportunities, as areas of
floodplain woodland could provide 
temporary floodwater storage to 
ameliorate downstream flooding, and if
managed, could also provide a 
sustainable,carbon-neutral energy
source. Over the last two decades there
has also been a considerable amount of
research on the impacts that river 
management has had on both instream
and riparian ecosystems. For example
there is now a considerable knowledge
base specifically about the impacts of
dam construction. 

In 2000, the World Commission on
Dams wrote a report called 'Dams and
Development' which was the result of an
extensive and rigorous global review of
whether dams are a good option, 
debated from all sides of the question.
Regarding the environmental impacts of
dams on downstream areas the report
states "Downstream impacts on aquatic
ecosystems and biodiversity and on
floodplain ecosystems represent the
sum of many complex interactions and
are thus inherently difficult to predict
where baseline data are absent or 
unreliable. However, the overall 
direction of the impacts is generally 
negative".

Many scientific studies have shown that
dams have had detrimental effects on
downstream floodplain forests. Dams
alter the flood patterns in downstream
areas and the sediment delivery 
patterns to floodplains. Changes to
these key processes have contributed to 
reduction in the dynamism of river 
channels, a decline in suitable 
regeneration sites for floodplain tree
species and reduced extent and diversity
of floodplain forests. This is because
many riparian tree species have evolved
with and even become dependent on
the natural flood regime. Understanding
of these impacts has gradually led to
more varied views on how rivers could
be managed and in some places has
even led to the deliberate release of 
artificial floods to improve the ecological
quality of downstream ecosystems.

Why the growing interest in the restoration
of floodplains and their forests?

World Commission on 
Dams (2000) Dams and
Development: A new 
framework for 
decision-making. 
Earhscan Publications Ltd,
London, UK.

Aerial view of Colebrook 
River lake and dam, 
Connecticut USA. 
Dams disrupt flows to 
flood-dependent 
ecosystems downstream
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The shifting policy context

Scientific knowledge on climate change,
hydrology and ecosystem management
has helped put the restoration of 
floodplains and their forests onto the
political agenda in recent years. An
issue which only 10-15 years ago was
the reserve of a tiny number of nature 
conservationists is today being given
serious consideration by decision-
makers in several relevant policy fields.
Floodplain restoration is increasingly
being presented as part of a package of
suitable responses to such concerns as
the effects of climate change, loss of 
biodiversity, inadequate flood protection
standards, environmentally damaging
forms of agricultural production and
water pollution. This insight in some
quarters of the policy-making 
community represents an important
breakthrough in problem analysis. It is
reflected in a number of policy 
statements, planning strategies,

Rood SB and Heinz-Milne S
(1989) Abrupt downstream
forest decline following river
damming in southern Alberta.
Can. J. Bot. 67:1744-1749.

Floodplain 
forest along 
the Belly River.

The floodplain
below the dam on
the St. Mary River
no longer supports
a floodplain forest.

In Alberta, Canada, floodplain
forests along the dammed St.
Mary River (dammed in 1951) and
the free-flowing Belly River were
compared in 1961 and again in
1981 in both upstream and
downstream locations. Results
showed that in upstream
locations forest abundance was
similar in both years in both
rivers. However, in downstream
locations, forest abundance was
considerable reduced by 1981 on
the St. Mary River but remained
unchanged on the adjacent,
free-flowing Belly River.
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funding programmes and regulations in
many European countries and the
European Union which – either 
deliberately or incidentally – have 
created a more favourable policy 
context for the restoration of 
ecosystems associated with rivers and
their floodplains. Amongst the more
obvious examples are EU-LIFE funding
for pilot projects of river and/or 
floodplain restoration, the EU Habitats
Directive stimulating national 
biodiversity targets for wet woodlands,
integrated catchment approaches to
managing rivers recently institution-
alised across the EU with the EU Water
Framework Directive, reforms directed
at promoting more extensive and 
environmentally sensitive forms of 
agricultural production and national 
government policies on flood risk 
management.
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This policy shift has been incremental,
rather than sudden, and diffuse, rather
than readily identifiable. Changes of
opinion and corresponding institutional
reforms have been gradual and quite
diverse, varying between the policy
fields concerned. Furthermore, we 
cannot speak of a policy sea-change but
rather of a partial shift towards positions
more favourable to floodplain 
restoration which still remain highly
contested in some quarters. This
becomes apparent when we compare
the rhetoric promoting ecosystem
restoration with the reality of very 
limited restoration of floodplains and
their forests in practice. There exists an
obvious policy delivery gap – in the
shape of inadequate implementation –
which can be explained in large part by
the persistence and influence of 
counteractive practices in the fields of
flood defence, agriculture and forestry,
and land-use planning. 

Dominant logics of action in these fields
– such as intensive farming practices,
‘hard-engineering’ solutions for flood
protection or permitting urban 
development on floodplains – illustrate
the relative weakness of the emergent
logic for restoring floodplains. Initiatives
to restore floodplains have until recently
remained largely peripheral to 
mainstream policy, even in the fields of
nature conservation and flood protec-
tion. Recreating a "flooded forest" has
been even less of a priority issue across
most of Europe, with the exception of
areas where floodplain forests are still in 
existence – as along sections of the
Danube.

Recent natural events and responses

In many parts of Europe there have
been an unprecedented number of large
floods in the last few years. They have
largely been related to extreme low
pressure systems which have developed
over the Atlantic Ocean during the 
winter months and delivered severe
rainfall to many areas. Such extreme
events are predicted to become more
frequent under various climate change
scenarios and new ways to undertake
flood management are being 
investigated in many countries.  
In many cases, increasing the flood-
holding capacity of floodplain areas by
setting back flood defences will also 
generate opportunities for habitat 
creation.  It is possible that floodplain
forests will benefit from this trend as
they can increase the friction on a 
floodplain and thereby increase the
length of time it takes for a flood to pass
through an area, In the process, flood
peaks could be reduced. A new interest
in the role that floodplain forests might
play has thus been generated.
These recent flooding events in Europe
are acting as a catalyst for policy
change. Their severity and the level of
damage caused have become an issue
of great public concern and political
interest. Debates over the lessons
learned and strategies for coping with

Environment Agency (March
2001) Sussex Ouse 12th
October 2000 Flood Report.

Floods on the River Elbe in
Germany in 2002 caused
massive destruction in
many urban areas.

Between the 9th and 12th October
2000, an average of 150mm rainfall
fell over the River Ouse catchment
in Sussex,  South-East England.
During this 4-day period there were
three distinct rainfall events of
which the last, over the 11th-12th
October, delivered 85mm rainfall,
about 95% of the catchment's
average annual rainfall for the
whole of October. This rainfall fell
on a completely saturated
catchment so that runoff was very
rapid and the resultant, severe
floods in the towns of Uckfield and
Lewes are thought to have been at
least 1 in 150 year floods. These
extreme events are shown in this
hydrograph of the River Uck which
is in the River Ouse catchment.
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similar flooding events in the future
reveal much greater willingness to 
consider a wider range of alternative
solutions to flood protection than 
hitherto practiced. As a result, 
arguments for more integrated, 
preventative and catchment-oriented
approaches to flood protection are 
gaining greater credence in the face of
the evident unavoidability of major 
flooding events in years to come.
Policies favourable to floodplain 
restoration which until quite recently
were either peripheral or under-
developed are today being advanced in
some countries as an important 
component of flood risk management. 
A prominent example is the 5-Point
Programme of the German government
announced in the immediate aftermath
of the Elbe floods of 2002 (see box). 

Policy responses to the flooding events
are by no means universally in favour of
the restoration of floodplain forests. The
benefits of naturally functioning 
floodplains for flood mitigation are 
disputed, as is the impact of floodplain
woodland on water flow dynamics.
Overall, however, policy rethinking and
(planned) policy reforms surrounding
the use of floodplains, the costs of 
providing flood protection and 
compensating flood damage, the 
appropriate techniques of flood defence
and the spatial scale of flood protection
measures are mainstreaming arguments
for integrated, catchment approaches to

managing rivers, land and habitats.
Recent flooding events have thereby
created a 'window of opportunity' for
the restoration of floodplains and 
floodplain woodlands. Exploiting this
window of opportunity effectively will
require looking beyond shifts in flood
management policy alone. Linkage
needs to be sought with EU and national
policy reforms to water management,
nature conservation and agriculture
which are not flood-driven but which
offer potential to promote a particular
dimension of floodplain restoration.
There is some urgency to this task.
Experience with past flooding events
suggests that the current window of
opportunity is unlikely to remain open
for long.

Navigation, agriculture
and industry are
among the many uses
made of the Oder River
and its floodplain. For
part of its length the
Oder River marks the
boundary between
Poland and Germany.

The German government’s Five-Point Programme of September 2002 marks a substantial
policy shift towards more preventative forms of flood management.
The five points cover:

Coordinated federal-state flood management programmes
Interstate and catchment-based action plans
Support for European cooperation
Review of structural river interventions
Immediate flood protection measures.

The main objectives of the programme are:
to give rivers space, by preserving and restoring floodplains and their forests
(e.g. by relocating dykes), by revitalising straightened and bank-impounded tributaries
and by conserving meadows as natural floodplains;
to retain rainfall throughout the entire river basin at the local level;
to control urban development more effectively in order to minimise the damage inflicted
in the event of flooding;
to improve flood forecasting and early warning systems and to link them internationally.

1.
2.
3.
4.
5.
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How do floodplain 
forests work?

Isère River, France (Jacky Girel)
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What long-term hydrological 
conditions are required by a 
self-sustaining floodplain woodland?

The floodplain forests that we find in
river valleys today are the result of 
hundreds of years of flooding and 
channel movement. Over such a time
period there may have been 
considerable changes in the flood 
patterns, both as a result of natural 
climate change (for example the Little
Ice Age) and as a result of river 
management practices.  Many trees and
shrubs that grow in floodplain 
woodlands have quite specific 
requirements for their regeneration. We
know this because when we date trees
by looking at their tree rings, it becomes
obvious that in some years many trees
regenerated while in other years no
trees regenerated. These ‘regeneration
years’ seem to be closely linked to
hydrological factors and particularly to
the flood regime. Research shows that
some types of flood pattern are particu-
larly important to promote regeneration
and that in order for a forest to carry on
growing and reproducing, it is important
to get these particular floods from time
to time.  

Other research shows that the growth
rates of trees in floodplains are also
closely linked to the hydrological 
patterns through the year. In general,
low water years will lead to low growth
rates and high water years to high
growth rates.  However, the patterns are
not simple. For example, trees like
poplars, that are opportunistic in their
use of water, can use water throughout
the year for growth. On the other hand,
some pine trees which grow on 
floodplains in semi-arid places have 
vernal growth patterns (they only grow
in the spring). These trees are really
dependent on the amount of water 
available through the previous winter
and at the time of their spring growth
period.

Many floodplain species can only 
regenerate on newly deposited areas of
alluvium on the floodplain. These 
alluvial deposits are most extensive 
following natural disturbance of the
floodplain by medium to high floods.
For a variety of reasons, therefore, it
becomes clear that floodplain forests
require a range of flows over the long
time-scales of a tree’s life-time. These
are referred to as varied inter-annual
flows or floods.
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Populus deltoides
in lower river

Populus balsamifera
in upper river

The width of tree rings in
this black poplar tells us
how much growth has
been added in each year.

High spring floods (top graph) coincide with
decades of high tree regeneration (lower graph)
in the Red Deer River, Alberta, Canada.

Cordes LD, Hughes FMR and Getty M
(1997)  Contemporary and historical
factors affecting the regeneration and
distribution of riparian woodlands
along a northern prairie river; the Red
Deer River, Alberta, Canada.
J.Biogeography 24: 675-695.
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How variable are river flows?

Along all rivers the natural hydrograph
displays fairly predictable flow patterns
through the year. These flows reflect the
seasonal patterns of rainfall and
snowmelt higher in the catchment. The
exact flooding regime varies greatly
between rivers, depending on the nature
of the catchment, the climate zone in
which the river is located and weather
patterns through the year. In an 
unmanaged catchment, the 
characteristics which influence the 
movement of water from the upper
catchment to the river channel (called
run-off) include the steepness of slopes,
soil and rock types and vegetation cover.
In general, steep slopes, poorly draining
soils, impervious rocks and sparse 
vegetation cover all create good 
conditions for rapid surface runoff.  
In this case, a rise in river level will 
rapidly follow a rainfall event in the
upper catchment.

All flooding regimes are subjected to
change through both catchment and river
management. Changes in land-use 
activities in the catchment are eventually
transferred to the river as the water-
holding capacity of the surrounding
catchment is modified. Activities such as
logging or afforestation, trenching, peat
cutting, changes in agricultural practices
and the building of roads and houses, all
of which reduce the water-holding 
capacity of the catchment, may create a 

These hydrographs demonstrate the huge
variation in flow regimes from northern to
southern Europe. The Torne Älv River in
northern Sweden has a late season (July)
snow-melt flood (sometimes accompanied
by ice-jams and temporary additional 
flooding) with a rapid drop in river levels
through the summer. Levels stay low
through the winter until the next snow-melt
flood. The Elbe River in Germany has
autumn and winter rainfall events which
lead to early spring floods. The Adige River
in northern Italy has a June snow-melt flood
following a rise in temperatures in the Alps.
Levels drop gradually to a low in December.
In the Tera River in Spain, winter rain leads
to peak flows in March followed by rapid
drops in water levels to virtually no flows by
August and September. Water abstraction
for irrigation contributes to these low flows.

The Vindel River in
northern Sweden is
ice covered through
the winter and
experiences floods
in late spring.

Torne Älv
(SE/FI 1918-75)

Adige
(IT 1951-72)

Elbe
(DE 1926-83)

Tera
(ES 1958-69)

Percentage of
annual flow

25

20

15

10

5

0
J F M A J J A S O N DM

Iverson TM, Madsen BL
and Bøgesstrand J (2000)
River Conservation in the
European Community
including Scandinavia
pp79-103 in Boon PJ,
Davies BR and petts GE
(eds) Global Perspectives
on River Conservation:
Science, Policy and 
practice. Wiley, Chichester.
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more variable runoff in the river with
larger flood peaks and more extended
low-water periods. A catchment 
modified in this way is also more 
susceptible to changes in global climate.
More variable runoff patterns imply a
change to the usual range of flood 
disturbance to floodplains and less
favourable conditions for their plants
and animals.

Changes to the river channel itself,
through dam construction and 
channelisation, and to the volume of
water flowing in the river through water
abstraction have a more direct effect on
the annual hydrogaph. The presence of
a reservoir along a water course can
reduce flood peaks and often makes
runoff less variable over the year as
flood peaks are attenuated and summer
low flows are increased. The floodplains
below dams will thus receive less 
flooding, which leads to a narrowing of
the active floodplain. Many channelized
rivers have also been dyked, resulting in
faster runoff and reduced or eliminated
watering of their floodplains. Water
abstraction for irrigation, domestic water
supply and industry can also greatly
alter the shape of the hydrograph, 
overall reducing flows, especially during
the driest months of the year. Water
transfer to neighbouring catchments can
reduce runoff all the year round. Most of
these management activities leave
major parts of floodplains high and dry
and initiate a succession towards terres-
trial communities.

What river flow patterns and water
table levels are needed in a successful
regeneration year?

Over millenia, native plant species along
rivers have evolved to coordinate their
growth and reproduction with the 
natural hydrograph. For example, along

many rivers that drain mountain regions
of Europe and North America, peak
flows occur in late spring due to the 
combination of spring rains and 
snow-melt.  Seeds are then released in
late spring or early summer and
seedlings thrive in the moist, bare zones
that are exposed by the receding river
flows.  It is therefore critical that floods
occur just before seed release for 
regeneration to take place. In the most
physically  active parts of floodplains
(usually nearest the channel edge) the
most common species are often from
the willow family (Salicaceae) and
include a wide range of willows and
poplars.

After a flood, the rate of flow recession
is important since the roots of poplar
and willow seedlings must elongate 
sufficiently fast that they maintain 
contact with the receding moist zone of
the water table. Riparian poplar
seedlings require water table decline
rates of about 2.5 cm per day (or less)
but willows require more gradual 
recession of about 1 to 1.5 cm per day. 
If flow recession is too rapid due to 

The Isère River in France is channelized.
Riparian woodland is limited to narrow 
bars between the dykes. The former floodplain
has mostly been converted to agriculture.

J F M A M J J A S O N D

River
discharge

Seed dispersal period

Seedling
establishment

period

Flood recession too
rapid to allow seedling
establishment

High water in late
summer prevents
seedling establishment

a

b

a

b

Natural flows

Flows below a dam
operated for
hydro-electric power

Flows below a dam
operated to supply
irrigation water

Generalised flow 
hydrographs in a 
catchment experiencing
spring snow melt floods.

Rood SB and Mahoney JM (1990)
Collapse of riparian forests downstream
from dams in Western Prairies: Probable
causes and prospects for mitigation.
Environmental Management 14: 451-464.
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natural variation or as a result of river
regulation due to dam operation, water
tables drop too rapidly and the
seedlings will perish. This hydraulic
association between a river and its
floodplain is especially important in
drier regions where low precipitation 
limits the distribution of trees and
shrubs away from the active river 
channel. As the summer progresses, the
rates of recession of both river flow and
stage taper off.

The different riparian trees and shrubs
have specific ecophysiological traits that
permit their success at different 
elevations. For example, in some river
systems poplars release their seeds 
earlier than many willows, and poplar
roots are able to grow faster and further
than the roots of willows. In this way,
poplars can establish at higher 
positions, typically 60 to 200 cm above
the late summer water table. Willows
establish at lower elevations, following
later seed release, as they tend to be
less tolerant to drought stress but better
able to tolerate subsequent flooding.
The life histories of different plant
species are thus uniquely adapted to
coordinate their growth and 
development with particular stages of
the annual hydrograph. Consequently,
the natural hydrograph pattern will 
permit regeneration of various native
plant species that are not only adapted
to tolerate, but also need, the dynamic
flow patterns that occur naturally. In
nature, all these requirements occur
together only in some years.

Alluvial sediments are deposited in
some zones along the floodplain 
following flood flows and consequently
there is a net deposition and increasing
elevation of some floodplain surfaces 
(‘aggradation’). This sediment 
deposition can be substantial during the
life span of a riparian tree accumulating
to one or more meters of deposition.
Consequently, while initial seedlings are
typically restricted to elevational bands
up to about 2 metres above the 
elevation of the late summer river stage,
mature trees often occur in elevational
positions of up to about 4 metres above
this stage.

5 year or greater
spring flood

Summer
baseflowBank

slump

AccretionErosion

Summer baseflow

Seedlings
(2-3 months)

Saplings
(5-10 year)

10-50 year
stands

50-100 year stands

Mortality zones

S e e d d i s p e r s a l

Seed bed zone

Lateral accretion time lines

Lateral erosion

Water table

A generalised progression
from seed dispersal  and
germination to sapling
establishment on a 
meandering floodplain.

Populus nigra seedlings on the River Drôme floodplain in France, grow
best on finer silts and sands which retain moisture following floods.

Braatne JH Rood SB and Heilman PE (1996) Life History, ecology and
conservation of riparian cottonwoods in North America in Biology of
Populus, NRC, Canada 57-85.

Bradley CE and Smith DG (1986) Plains cotton wood recruitment and
survival on a prairie meandering river floodplain, Milk River, southern
Alberta and northern Montana. Can. J. Bot. 64:1433-1442.
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Do different types of flows favour 
sexual or vegetative reproduction
among pioneer species on floodplains?

The vegetation species found in the
dynamic environment of a floodplain are
very well adapted to tolerate disturbance
and rapid change in hydrological 
conditions. Most notable are the pioneer
tree species, typically poplars and 
willows.  Their seed production is 
prolific, their seeds germinate within
twenty-four hours and once their
seedlings  are established, growth rates
are impressive. However, we know that
suitable conditions for sexual 
reproduction by seeds only occur in 
certain locations on the floodplain and in
some years.

Asexual or vegetative reproduction as an
alternative regeneration strategy takes
many forms. It can include sprouting of
new shoots from detached pieces of
branch or root or sprouting from trees
whose roots become exposed or whose
stems become damaged during floods.
This means that in some hydrological
conditions, asexual reproduction is likely
to take place when sexual reproduction
cannot. The ability of these species to
reproduce in different ways can be seen
as a means of spreading risk to 
safeguard against local population
extinction. The widespread dispersal of
seeds (mostly by wind) and vegetative
fragments (mostly by the river) offers 
further chances of survival and also
ensures the mixing of genetic 
information with distant populations. 

Both sexual and vegetative reproduction
require  some flood disturbance. While
timing and recession rates of floods are
critical for sexual reproduction, 
vegetative reproduction is not as 
dependent on these influences. Instead,
vegetative reproduction is initiated by a
wide range of intermediate-sized flood
events. 

The timing, frequency and magnitude of
these flood events dictate the relative
abundance of vegetative recruits. For
example, mid-summer flooding 
significantly reduces seedling survival
and increases vegetative reproduction.
Vegetative reproduction tends to be
small-scale and  patchy in its distribution
across the floodplain while a good year
for sexual reproduction is often 
characterised by extensive areas of
seedlings in well-defined elevational
bands.

Some species of poplars and willows are
better able to re-sprout than others. For
example, balsam poplar (Populus 
balsamifera) or black  poplar (Populus
nigra) will readily sprout from roots and
shoots while white poplar (Populus alba)
has a much more limited ability to do so.
The particular species present in a 
floodplain forest will therefore also affect
the relative proportions of individual
trees that have sexual or asexual origins.

Black poplar readily
resprouts from buried
roots or from shoots that
are deposited on the
floodplain during floods.

Floods carry vegatative
debris and determine
regeneration opportunities
on the floodplain.
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How do floodplain water tables get
replenished?

River water seeps into the sediments of
adjacent floodplain zones to replenish
floodplain water tables. In floodplains
composed of coarse alluvial sediments,
such as sands and gravels,  water 
infiltrates and drains readily and the
level of the floodplain water table is
often closely associated with the river
stage (elevation of the river water 
surface). The table below gives a 
generalised estimation of the time it
takes for a change in river level to 
register as a change in water table level.
The times given suggest that short flood
events have a very localised effect on
the water tables of channel margins but
that longer flood events have a more
significant impact on water tables across
the floodplain.

Water tables in floodplains with clay 
layers can be more complex, sometimes
with localised ‘perched’ water tables. In
addition, water takes a very long time to
move through clay sediments. Where
the riverbanks become ‘sealed’ through
the deposition of fine sediments such as 
clays (perhaps during a flood), the
hydraulic association between the river
and adjacent water tables can change 
radically. There are seasonal patterns of

water infiltration from the river into the
floodplain water table and of drainage
from the floodplain water table back to
the river. The former takes place when
river levels are high and the latter when
river levels are lower than the water
table in the floodplain. In addition, water
can seep into floodplain sediments by
drainage from surrounding land and
sometimes from groundwater aquifers.
At different times of the year water
movement from these water sources
into the floodplain may be more 
significant than that from the river.
Areas of a floodplain where 
groundwater is the dominant source of
water to the water table tend to have
more stable water table levels than
areas primarily dependent on river
water. In addition groundwater tends to
be more nutrient-rich than river water
while river water tends to be better 
oxygenated.  

It becomes clear that fluctuating water
tables and variable sources of water 
create a complex sub-surface 
sedimentary environment (known as the
hyporheic zone) for the establishment of
floodplain vegetation. Plants may tap
water that originates from the river or
from groundwater sources. Some tree
species like poplars have become 
adapted to fluctuating water tables as
their roots maintain contact with the
moist soil layers above the water table.
These species are known as obligate
phreatopytes and tend to be vulnerable
to sudden lowering of the water table
and to long-term changes in water
tables caused by, for example, dam 
construction. Adult trees in this situation
will tend to die progressively over a 
number of years as their root systems
fail to maintain adequate water supplies
to their extensive crowns. Over several
decades there may be a reduction in
abundance and number of specialist
riparian species.

Sediment type

Time taken for adjustments
between river stage and
water tables at 10 metres

distance from the river

Time taken for adjustments
between river stage and

water tables at 100 metres
distance from the river

Gravel Less than
5 minutes

Less than
5 hours

Sand 5 minutes to 5 days (there is
considerable variability in  the
material qualities of different

sands which gives variable results
for rates of water transfer)

Several
days

In the Tana River of Kenya sand, silt and
clay layers are deposited in consecutive
floods. Complex sediment profiles lead
to complex patterns of water movement
through the floodplain.
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How much water does 
a floodplain forest use?

Plants extract water from the saturated
and the unsaturated layers of the soil
and transpire water into the 
atmosphere. In so doing they are
extracting ground water that would 
otherwise contribute to the recharge of
aquifers. In alluvial areas, ground water
may also be recharged by water from
the river. The movement of water from
the soil through the plant and into the
atmosphere is greatly influenced by the
way plants function. Plants capture,
store and release water in response to
environmental conditions. 

Roots are in intimate contact with soil
and will absorb as well as exude water
in response to gradients in water 
potential between themselves and the
soil. (The term ‘water potential’ refers to
the forces that influence water 
movement within a soil. As a soil dries
out, the force needed to remove water
from around a soil grain increases and
the water potential becomes more 
negative). When the soil is too dry, roots
cannot extract soil moisture anymore.
The search for water by plant roots is
only possible when there are no barriers
such as dry gravel layers between the
roots and the deeper, moist soil layers.
Roots that span soils with different
water potentials can act as conduits that
transfer water from lower wet layers to
upper drier layers of soil. This process is
known as hydraulic lifting and can buffer
plants against water stress during dry
periods. The volume of hydraulically 
lifted water can influence the seasonal
water balance of whole plant 
communities as well as individuals, 
promoting growth and productivity and
influencing nutrient cycling. Shading by
leaves reduces drying at the soil surface
and retains humidity coming from the
river in the air under the canopy.

It is possible to work out how much
water is used by a tree by measuring the
flow of sap through the tree trunk. In
many tree species, sap flows only
through the outer ring of the sap wood.
But in poplars and willows, which are
described as ‘diffuse porous trees’, sap
can flow through numerous tree rings. 
In these trees, scientists have to 
measure sap flow at several points
between the outer and inner parts of the
sapwood. Their results show that these
additional active tree rings can enhance
the water consumption, if more water is
available. 

evapotranspiration

condensation of
atmospheric water
and interception of

dew by leaves

water from roots into
soil and increase in

soil porosity by roots

hydraulic lift
from groundwater

water storage in
branches and leaves

water
storage
in large

roots
and

stems

Floodplain trees affect
the local water balance
in many ways.

Tabacchi E, Lambs L, Guilloy 
H, Planty-Tabacchi A-M, 
Muller E and Decamps H (2000)
Impacts of riparian vegetation on
hydrological processes. 
Hyd. Proc. 14: 2959-2976
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When water supply is not limited, the
actual water uptake by riparian 
vegetation is fairly well correlated with
atmospheric parameters such as the
Vapour Pressure Deficit (VPD). In a
floodplain forest environment, low river
stage and low water table levels may act
as a limiting factor to water use when
roots are not in contact with moist soil
layers or the saturated zone. When river
levels are low, water consumption can
decrease considerably, to about half of
the water used during a high water 
period. During a high water period, it
has been measured that a riparian tree
of around 30 centimetres diameter will
consume 100-120 litres of water per day.
The exact amount of water used will
vary with tree age, trunk diameter,
species and location which makes 
calculation of the water use of an area of
natural forest very difficult. Poplar 
plantations located on floodplains are
easier to use for scaling up 
measurements of water use from the
tree to a forest stand. For example, it
has been calculated that a plantation of
10 year old black poplar hybrids (type
I45/51) on  the River Garonne floodplain
in France evapotranspire  up to 4mm
per day, which is about twice the daily
rainfall averaged across the year. This
value would be a little higher than that
for many forests away from floodplains.
(In this study measurements were taken
over 4 months, trees were rooted in wet
alluvial soils to depths of about 3 metres
and tree densities were 250 per hectare).

Variation in sapflow through the external 2cm of
sapwood of a Populus nigra tree over a 10-day
period in the Garonne River floodplain, France. 
The tree had a diameter of 18 cm. Instantaneous
sap flow was measured every 5 minutes and is
expressed in litres/hour. The total daily sap flow
(the sum of the 288 daily measurements) is
expressed in litres/day. To calculate the total water
taken up by the tree, the data have to be multiplied
by approximately 3. This calculation takes into
account the fact that poplar trees can take up water
through both inner and outer layers of the 
sapwood. The figure shows that global radiation
has a strong effect on sap flow.
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Lambs L and Muller E (2002)
Sap flow and water transfer in
the Garonne River riparian
woodland, France: first results
on poplar and willow.
Ann.For.Sci. 59:301-315

Forests on floodplains hold up water during
flood events which allows more water to
seep into the soil and recharge aquifers.
These forests are on the floodplain of the
Garonne River in France.
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In a forested wetland in Florida, dominated by Pond cypress (Taxodium ascendens), the
water table rose by between 32 and 41 centimetres after removal of the trees…..1

In Namibia, the total evaporation from a well-developed riparian woodland of Faidherbia
albida, Acacia erioloba, Euclea pseudebenus and Tamarix usneoides, was estimated at
about 24% of the total aquifer volume. This was equivalent to a water table drop of
2.92metres (2.27 from transpiration and 0.67metres from evaporation at the soil surface)…..2

In the Morava floodplain (Czech Republic) the transpiration flow of riparian trees such as
the pedunculate oak (Quercus robur), was well correlated with both potential
evapotranspiration and global radiation. From April to September, the monthly precipitation
could only explain 94%, 14%, 87%, 55%, 57% and 38% of the evapotranspiration, respectively.
The rest, a total of 256mm, was provided by the ground water table (i. e. 45 % of the total
requirements).The mean daily water consumption of a 33m oak was 174 kg.day-1 with a
maximum of 460 kg.day-1.….3

1. Sun G, Riekerk H, Kornhak L V (2000) Ground-water-table rise after forest harvesting on cypress-pine flatwoods in
Florida. Wetlands 20: 101-112.

2. Bate G C and Walker B H (1993) Water relations of the vegetation along the Kuiseb River, Namibia. Madoqua 18:
85-91.

3. Penka  M, Vyskot M, Klimo E and Vasícek F eds. ( 1991). Floodplain forest ecosystem II. After water management
measures. Academia, Praha  629 p.

Some examples of water use by forested wetlands...

When there is a change in vegetation
cover, for example when a field is 
abandoned and allowed to revert to 
forest, there are also changes in the
amount of water taken from the 
saturated soil layers and in the levels of 
evapotranspiration into the atmosphere.
Forests intercept more rainfall than
grasslands and therefore reduce the
amount of rain reaching the soil and
seeping through the soil layers to
recharge water tables and aquifers. In
dry areas, the presence of trees can have
a considerable effect on water tables,
lowering them by several meters, 
whereas in wet areas, their impact is
much less noticeable. On the other hand,
since most of the water taken up by trees
is eventually discharged as 
evapotranspiration, trees can have a 
positive influence on local microclimates
by absorbing heat and adding moisture
to the air. In floodplain forests the levels
of dew interception by trees is greater
because of the proximity of the river. 

It is clear that it is difficult to quantify the
costs and benefits to the local water
budget of restoring floodplain forests.

Willows can produce numerous adventitious roots during periods of inundation.
These roots are able to take up water and absorb oxygen and nutrients from the
river. In these photographs, taken along the Danube River in Hungary, willow
and poplar seeds mark strandlines during flood recession.
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regeneration have to be provided by
other processes, such as tree death or
wind throw. If such a woodland is 
managed, regeneration may be 
assisted by local harvesting, recreating
something of the patch diversity of the
floodplain of a dynamically migrating
river. However, natural channel 
movement does not guarantee diversity
of floodplain ecology. Stable 
floodplains have mature wooded
ecosystems with little opportunity for
regeneration, and low diversity. Highly
unstable floodplains also lack diversity,
only supporting pioneer species, and
having no surfaces that remain stable
long enough for woodland to develop.
This is an expression of the tendency
for ecological diversity to be maximised
under conditions of intermediate levels
of disturbance.

How important is channel movement 
to the regeneration and diversity 
of floodplain forests?

During floods, erosion and deposition
take place in different locations across
the floodplain, causing channel 
movement. Ecological diversity on a
floodplain is closely linked to this 
channel movement, as plant succession
is interrupted and renewed by both the
destruction of existing floodplain and the
creation of new surfaces for plant 
colonisation. For example, when a 
meander bend migrates, erosion occurs
on the outside bank, and a sandy point
bar is deposited on the inner bank. This
results in a mosaic of diverse habitats,
each receiving different flooding 
frequencies and sediment types and 
supporting different plant communities.
If disturbance by channel movement
does not occur, either because the river
is naturally stable or because of 
channelisation, an uninterrupted 
succession may result, leading eventually
to a relatively uniform, mature woodland
ecosystem. In this case, opportunities for

What are the key geomorphological processes?

Pautou G, Peiry J-L, Girel J, Blanchard E, Hughes FMR, Richards K, Harris T and El-Hames A (1997) 
Space-time units in floodplains: the example of the Drac River upstream of Grenoble (French Alps) 
Global Ecol.& Biogeog. Letters 6:311-319.

0 1km

1948 1956 1975 1981 1994

Gravel bar

Pioneer woody community

Woodland

Man-made area

Embankment

Gravel pit

The channel pattern of the River Drac, France
between 1948 and 1994 shows change from a wide,
braided floodplain dominated by gravel bars to a
narrower, less mobile floodplain dominated by
mature woodland. In this location, change has been
caused by gravel extraction which led to channel
incision and by dam construction which altered the
hydrograph.
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How is channel movement or 
floodplain turnover measured?

In principle, measuring the rate of 
floodplain turnover seems simple; we
estimate the floodplain width, and
divide this by the rate of lateral channel 
movement. If a floodplain is 1000m wide
and the channel migrates at 0.25m per
year, turnover of the floodplain requires
4000 years. In practice, this is less
straightforward. Firstly, the floodplain
boundary is often unclear but can be
taken as the limit reached by floods of
an arbitrary return period, such as the
100 year flood. (Sometimes the edge is
well defined by a sharp elevation
change associated with valley-side
slopes or river terraces and in semi-arid
places, an abrupt vegetation change can 
accompany a rapid drop in water table
depth away from the river's edge).
Secondly, measuring the rate of channel
movement can be equally difficult. 
A bank erosion rate can be obtained by
re-surveying erosion pins inserted in the
bank, or lines of stakes arranged 
perpendicular to the bank top. This gives
only a short-term measure at one site,
however. A more appropriate method in
relation to floodplain ecology is to use
historical maps of the changing channel
trace, giving a reach-scale, long term
measure. Natural floodplain vegetation
may often itself provide the best 
indication of the rate of channel 
movement; for example, the ages of
trees along the apex of a meander bend
provide data on the rate of bend growth. 

Meander bends in the Red Deer
River, Alberta, Canada display
even-aged lines of trees each of
which regenerated in a year when
flooding conditions were just
right for seedling establishment.
Dating these tree lines maps out
the flood history and allows
measurement of the rate of 
floodplain growth. 
This photograph is taken with
false colour infra-red film which
shows the chlorophyll in tree
leaves as red.
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Hughes FMR (1977) An investigation into vegetation succession on point
bars in the Milk River Canyon of south east Alberta. Unpubl.report.

In the meandering Milk River of
south east Alberta, Canada,
Populus deltoides is the dominant
floodplain tree. A cross-section of
the vegetation bands of a 
meander lobe shows its 
depositional history measured by
the age of the oldest trees in each
band. The trees were aged by
counting tree-rings. This meander
bend has taken about 80 years to
grow.
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How do past and present channel 
patterns affect the vegetation mosaic 
on a floodplain?

Channel patterns are quite variable
when viewed from the air. They can be
meandering, braided or anastomosed
depending on river discharge patterns,
channel gradient and the calibre and
amount of sediment load. Channels can
switch from one type to another as
these parameters change. In general,
meander bends grow incrementally on
the inside of the bend and it is here that 
regeneration of trees often takes place.
As a result it is common to see rows of
even-aged stands of trees on the 
floodplains of meandering rivers. In
braided river reaches, the patterns are
less clear and small amounts of 
regeneration take place in patches
around the floodplain, often on the
downstream sides of alluvial islands
where most sedimentation takes place.

The particular range of vegetation
species found on a floodplain will reflect
past climate changes (with 
accompanying changes to the 
hydrological and sedimentological
inputs to the floodplain and to the 
channel patterns) and the history of 
vegetation colonisation. In the last 
several hundred years, human 
management of rivers has imposed 
further (often severe) changes on these
relationships. Historical records and 
aerial photographs allow us to 
interpret the vegetation patterns we see
today in the light of all these changes.
For example, in many of the rivers that
flow from the French Alps into the
Rhône River system interesting patterns
can be seen. Here, some river reaches
used to be braided with sand and gravel
bars on which grew alders, willows and
poplars (Alnus incana, Salix alba and
Populus nigra).  When these rivers were 
channelized, flood waters no longer
reached many parts of the floodplain
and water tables deepened. Those small 
sections of floodplain which were not
converted to agriculture became 
colonized by a mixed hardwood 
community including typical riparian
species such as ash (Fraxinus excelsior)
and Prunus avium and some species
which like moist conditions (mesic
species) such as pedunculate oak
(Quercus robur) and Black Locust
(Robinia pseudacacia). In other 
meandering and anastomosed reaches,
floodplain forests had developed on
deep layers of finer sands and silts.
After channelisation these forests
became colonised with mature alluvial
oak-lime forests (Quercus robur and Tilia
cordata). Thus the previous channel
dynamics and sediment history 
determined vegetation changes 
following channelisation. 

The particular assemblage of species
found on a floodplain at any single point
in time is therefore the result of the 
interplay between many factors.

Puhakka  M, Kalliola R, Rajasilta M and Salo J (1992) 
River types, site evolution and successional vegetation 
patterns in Peruvian Amazonia. J.Biogeography 19:651-665.

Examples of river 
channel patterns 
(from the Amazon
basin) A. meandering,
B. incomplete 
meandering with two
scroll islands, 
C. Anastomosing and
D. Braided. 
Dotted lines indicate
scroll bars with 
sediments of different
ages and vegetation in
different successional
stages.

2 km5 km

2 km 2 km

A. Meandering B. Incomplete
meandering

C. Anastomosing D. Braided
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How does the nature of the 
sediment load affect channel pattern
and channel dynamics?

The sediment load of rivers may be
classed as bed material load and wash
load. The latter is fine-grained sediment,
usually in the silt and clay size range
(<0.063mm in diameter), and is primarily
derived from erosion on the catchment
surface (for example, soil erosion). The
former includes material ranging in size
from fine sand to cobbles and boulders,
and is distinguished particularly by the
mode of its transport - the finer 
sand-size fraction moves by saltation,
the coarser gravel, pebbles, cobbles and
boulders mainly by rolling and sliding.
As far as channel patterns are 
concerned, the relative energy level of
the flow tends to determine both the
type of channel pattern and the 
dynamics of its behaviour. The relative
energy level may be represented by the
ratio of the stream power per unit bed
area at a dominant discharge (that
which transports most sediment in the
long term) to the threshold stream
power required to initiate the motion of
the prevailing bed material size. Where
this ratio is high, the bed material is
mobile, bed-load transport rates are
high, channel bar forms are continually
being created, destroyed and re-created,
and the channel pattern is likely to be
both braided and unstable. Where it is
low, bed-load transport rates are low,
and the channel is likely to be stable and
single-thread, wandering across a stable 
floodplain with little diversity of 
floodplain habitat and age structure.
Between these extremes, dynamically-
migrating meander bends are associated
with a diverse habitat and age structure.
Such rivers are commonly associated
with sandy bed material which is more
mobile across a wide range of flows,

and with banks that are relatively stable. 
The ecological consequences of the 
sediment type thus relate mainly to the
degree and spatial pattern of floodplain
disturbance reflected in the channel 
pattern dynamics, but this depends on
the relation between sediment size and
stream power, rather than on sediment
size alone. However, the relative 
proportions of bed material and wash
loads as components of the total load
are also important. This is firstly
because a high proportion of wash load
results in thick overbank deposits that
stabilise the river banks, and secondly
because wash load provides fine 
sediment that retains moisture and
encourages germination and 
regeneration of vegetation. 

A flood line is marked on tree trunks by a
dusting of sediment on the lower half of the
trees. High rates of silt and sand deposition
during floods stabilises river banks.
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Why is the nature of the sediment 
load delivered to the floodplain 
important to plants?

‘Alluvial’ sediments are mineral particles
that are transported by flowing water.
These typically include fine silts, coarser
sands, gravels, and larger cobbles that
are progressively eroded and 
transported by flowing water, especially
swift-flowing water that has a greater
capacity to perform geomorphic work. 

In slow-flowing zones, these 
sediments are deposited to create or
expand sand and gravel bars or islands
that provide principal nursery sites for
colonisation by riparian plants. Poplars,
willows and many other riparian species
are ecological pioneers, species 
characterised by the capacity for prolific
reproduction and vigorous early growth.
However, these pioneer species are 
generally not able to compete with 
previously established vegetation and
consequently, the continual 
development of new sand and gravel
bars is essential for population 
replenishment.

The different sediments provide differ-
ent physical properties, including the 
capacity to retain water. Fine sediments
drain more slowly and have increased
"capillarity", the capacity to ‘wick’ water
upwards to create a moist zone above
the water table.

This is the capillary fringe. This 
unsaturated zone is especially important
for providing water to riparian plants
and the extent of the capillary fringe
varies substantially with sediment 
texture (particle size), ranging from
being only a few centimetres above
coarse gravel to more than a metre
above silty-sand. Therefore, as well as
being critical for the formation of new
nursery sites, alluvial sediments are also
critical for the retention and provision of
moisture during dry periods.

River damming has an inevitable impact
on sedimentation patterns and thus on
the water retention capacity of the 
floodplain. All but the finest sediments
settle out in the slow-moving reservoirs
and consequently, water released from
dams is typically depleted of sediments
and sometimes referred to as ‘hungry
water’.  Without sediment transport, the
zones downstream lack areas of 
sediment deposition and new nursery
sites become deficient. Further, the 
sediment-depleted outflow water has
substantial capacity to erode and
remove the sediments that were present
at the time of dam completion. Over
time there is the progressive depletion
of alluvial sediments and sand and 
gravel bars are diminished with 
corresponding loss in suitability for
riparian plants. There is no effective
strategy to mitigate the sediment 
depletion immediately downstream
from large dams and consequently 
environmental impact is unavoidable.
The impact often extends downstream
for tens or even hundreds of kilometres
or until a major in-flowing tributary can
provide an alternative source of 
sediment.

Downstream of the
Châteauneuf barrage 
on the Isère River in 
France we can see the 
old channel on the right 
with an island becoming 
stabilised and colonised 
by Populus nigra and 
Salix alba. To the left 
an artificial channel takes 
a proportion of the river's
flow to turbines for the 
production of hydro 
electric power.

Gravel extraction from
floodplain zones also leads
to a change in the nature of
sediments deposited on
floodplains. Usually, the
coarse sediment load is
replaced by a finer sediment
load and channel incision
can occur. In some
European rivers this has led
to the deposition of lateral
bars composed of silts and
sands within the historic
dikes. On these bars, rapid
colonisation by willows has
taken place with increased
risks of flooding. This 
phenomenon is clearly 
visible  in this sector of the
Isère River in France, 
downstream of Albertville.
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How important are flood regimes in
determining animal use of floodplains?

Seasonally varying flood regimes create
dynamic, often forested, floodplains that
are rich in plant species, structurally
diverse, and highly productive. Such 
heterogeneous floodplains offer habitats
for a multitude of animals, such as 
invertebrates, rodents, bats and birds.
These species also benefit, directly or
indirectly, from the high production of
plant matter. For example, in the Tana
River floodplain forests of Kenya there
are some endemic monkeys which
require a year-round supply of fruit from
a wide range of tree species. They
depend on the small-scale but diverse
mosaic of different forest communities
on the floodplain to provide this source
of food. Many species use floodplain
forests for the whole or part of their life
cycles and for food and shelter. Studies
have found that species densities are
almost always higher within, rather than
outside the zone that floods. 

Many herbivores, such as ungulates,
have large territories but use floodplains
for browsing and drinking. During low-
water conditions, the network of 
floodplain corridors that connect 
different landscape elements, offer
opportunities for animal migration and
dispersal. In northern regions with snow
in the winter, floodplain corridors are still
advantageous for animal migration
because their snow cover is usually 
shallower and denser than in upland
areas. Some fish, such as northern pike,
and several invertebrates, capitalize on
the floodwater itself and use flooded
floodplains for spawning. It is then
important that flood recession is slow
enough to enable fry to follow the 
receding water. Other organisms feed on
the organic matter deposited by 
floodwaters. Piles of organic matter can
harbour a multitude of invertebrates.
Some of these probably also have an
important role in dispersing seeds from
the deposited litter over the floodplain. 

What are the key biological processes?

River margins provide rich habitats for a wide range
of birds and animals….rodents such as rats and
water voles are frequent visitors at the water's edge.
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The north American beaver is better known for
its dam construction than the European beaver
but both are capable of significantly changing
the hydrological pathways within  floodplain
forests. Their numbers tend to be related to
the availability of their favourite foods-poplar
and willow trees. This dam was built in
Algonquin Provincial Park in eastern Canada.

What happens to animals when river
flows are interrupted?

When rivers have their flows regulated
the way that animals use floodplain
forests can change. For example……

….Along the dammed Green River in
Colorado, USA, floods are less extensive
than they used to be. Here, small
mammals such as voles now have a lower
mortality rate than in adjacent undammed
rivers and can spend a longer period of
the year eating seeds and seedlings on
the floodplain.  They are therefore
affecting the regeneration patterns of
floodplain trees….1

….In the southern Moravia  area of the
Czech Republic, construction of dams and
alteration of river courses in some areas
has increased the concentrations of wild
boar in floodplain forests in other areas.
When wild boar root for food they aerate
the surface soil layers and alter the
conditions for the regeneration of tree
seedlings……2

1. Anderson C and Cooper D (2000) Plant-herbivore-
hydroperiod interactions:effects of native mammals
on floodplain tree recruitment. Ecological Applications
10:1384-1399.

2. Grunda B, Prax A and Klimo E (1991) Recent soil
processes in the floodplain forest. In Penka  M. et al
(eds.) Floodplain forest ecosystem II. After water
management measures. Academia, Praha pp 133-141.
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Is woody debris an important 
component of a floodplain 
forest ecosystem? 

Woody debris is the name used for
whole trees or piles of brushwood
which are deposited in a river channel
or on a floodplain, during a flood. It has
a number of important roles to play, one
of which is the provision of regeneration
sites for floodplain forest species.
Where woody debris is deposited, it 
creates an obstacle to river flow.
Depressions are scoured upstream of
the debris and these then become filled
with fine sediments creating a moist
microsite suitable for the regeneration
of pioneer species such as black poplar
and white willow (Populus nigra and
Salix alba). 

In addition, plumes of fine sediment are
deposited at the downstream end of the
woody debris forming another type of
microsite rich in trapped nutrients,
organic matter and seeds. These slightly
raised, semi-protected sites tend to 
support dense patches of seedlings
from a wide range of species. Populus
nigra seedlings have been observed
growing faster and surviving floods 
better at such sites than on adjacent
gravel bars.

The importance of woody debris in 
providing regeneration sites varies with
the size and type of river. For example,
along braided rivers, scattered piles of
woody debris can create extensive
zones of lower shear stress, high 
sedimentation and high regeneration
potential in the active channel area. In
contrast, meandering rivers tend to
stockpile woody debris along the edges
of the main channel and also within
floodplain woodlands along the routes
used by overbank flood waters. In 
narrow rivers and streams, large pieces
of woody debris tend to create dams
and increase the diversity of habitats for
fish and other instream species. They
can change channel morphology
through altering bank stability and by
re-routing water and sediment along the
river channel.

Woody debris can also function directly
as ‘nurse logs’ for the colonisation of 
certain species. Along some rivers, live
branches and logs trapped in piles of
woody debris re-sprout vigorously and
rapidly colonise a site. In an active 
channel such sites can act as obstacles
to flows and form the nucleus for the 
development of alluvial islands. River
management practices have favoured
removal of woody debris both instream
and within floodplain zones. However,
this has a significant and usually
adverse effect on the range of sites
available for seedlings of floodplain 
forest species and is under review in
many countries.

A pile of large woody debris on the Drôme
River in France provides a sheltered area of fine
sediment where Salix alba seedlings can grow.
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How important is the movement of
organic matter and nutrients around a
floodplain forest?

Running waters, especially floodwaters,
transport both organic and inorganic
matter, much of which is deposited on
floodplains. This matter, especially the
inorganic fractions such as silts and
clays, may carry adsorbed nutrients that
fertilise the floodplains. The importance
of nutrient loads in rivers can easily be
judged in regions that have rivers with
and without such loads. One such 
example is the Amazon, which has 
whitewater rivers carrying abundant 
inorganic matter, including nutrients,
that contributes to making the extensive
floodplains species-rich and extremely
productive. In comparison, blackwater
and clearwater rivers are nutrient 
impoverished and have less productive
floodplains. In rivers with seasonal
spring floods the nutrient loads become 
deposited early in the growing season
and are thus effectively utilised by
plants. In many rivers with seasonal
spring floods, such as in Scandinavia,
forested floodplains have been 
converted to meadows that have been
used for hay-making during several 
centuries. Annual deposits of 
waterborne nutrient loads made it 
possible to harvest these meadows
every year and the distribution of 
floodplain meadows determined the
development of agrarian settlements,
especially in northern, inland regions.
Today, most meadows have been 
abandoned but a few are used for 
livestock grazing.

Floods are the single most effective
agent in removing organic matter (or 
litter as it is often called) from the 
floodplain surface. In reaches with high
stream power, floods can effectively
scour floodplains and remove all the
organic matter, including vegetation,
wood and leaf litter, organisms, and the
uppermost soil layer. In tranquil sections

of rivers, on the other hand, floods may
deposit much of the transported organic
matter. Overall, this means that floods
redistribute organic matter within and
between floodplains rather than just
removing it from them. During this 
redistribution, the organic matter is
processed by bacteria, fungi and 
invertebrates in the river and on the
floodplain.

The redistribution of organic matter on
floodplains creates heterogeneous 
environments that foster diverse plant
and animal communities. Areas of 
floodplain deprived of organic matter
provide patches of bare soil for seed 
germination. They also absorb more 
sunlight, develop a warmer soil and thus
benefit from a longer growing season,
favouring plant growth and production.
In some places waterborne litter 
accumulates in large piles that may kill
the underlying vegetation, decompose,
and provide space for colonizing plants.
At the same time, litter adds nutrients
and seeds, changes soil acidity, and
attract animals and microbes. Therefore,
plant colonization on floodplains occurs
in association with both litter removal
and litter accumulation. 

Litter composed of
leaves, twigs and seeds
have been  deposited on
a floodplain in northern
Sweden during a flood.
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There is a tendency 
for forested riparian 
ecosystems at higher 
latitudes to produce 
less litter than those 
at lower latitudes. 
This graph has been 
compiled from examples
around the world.
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Xiong S and Nilsson C
(1997) Dynamics of leaf 
litter accumulation and 
its effects on riparian 
vegetation: A review, 
The Botanical Review
63:240-264
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The interactions between water levels
and litter accumulation may have a 
considerable influence on the 
regeneration patterns in a floodplain 
forest. In frequently flooded areas, for
example, more seedlings emerge where
there is least flood disturbance and
rapid litter decomposition. In some
unflooded areas, however, a certain
amount of litter may favour seed 
germination and establishment because
the litter layer conserves soil water,
especially during the dry season.

Where do seeds come from 
on floodplains?

Successful restoration of the floodplain
biota requires both that organisms find
the site suitable for colonisation and that
they are able to get there. Some plant
species may already be present in the
seed bank but others have to be 
dispersed there by water, wind, or 
animals. The river with its surrounding
riparian areas will function as a 
dispersal corridor. How effective it is
depends on the geomorphologic 
features of the river system, such as its
width, sinuosity, branching pattern, and
connectivity. It is well documented that
invasive species spread more rapidly
along river corridors than through 
adjacent upland areas.

Natural floodplain soils usually have
large and diverse seed banks, containing
both species present in the standing 
vegetation and species dispersed from
adjacent upland or riparian areas. If 
dispersal from the latter sources is 
effective, the species composition of
seed banks may differ substantially from
the standing vegetation. For example,
species with high seed buoyancy which
are carried in flood waters tend to be
over-represented in the seed banks.

There are examples of floodplain 
restoration that have failed because
species have not been present in seed
banks or not been able to disperse to
the site due to long distances from 
available source populations or due to
dispersal barriers. In these cases active 
re-introduction of species, through 
planting or seeding, are the only means
to restore the floodplain vegetation on a
reasonable time scale.

The role that litter plays in the way that nitrogen is
held or lost in floodplain sediments is complex. 
In a study in the semi-arid Yampa River floodplain
in Colorado, USA, it was found that during floods,
litter on the floodplain removed nitrogen from
flood waters and therefore reduced the availability
of nitrogen to underlying sediments. Outside flood
periods nitrogen was released from the litter by
decomposition. The graphs show that during a
flood period, although leaf litter loses organic
matter (a), it nevertheless acquires nitrogen (b).
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Seeds of the black poplar form
clouds of white fluffy ‘cotton’ in
the spring. Where it lands on
water it can be carried by rivers
to potential regeneration sites.
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Andersen D C Nelson S M
and Binkley D (2003) Flood
flows, leaf breakdown and
plant-available nitrogen on
a dryland river floodplain.
Wetlands 23:180-189.
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How does fragmentation of the river
corridor affect tree species dispersal
and diversity?

Fragmentation of a river system implies
that the corridor function of the river is
impaired. Dams and other obstructing
structures within the river channel 
clearly lead to fragmentation but 
reduction and fragmentation of the
riparian zone also takes place. Dike 
construction and conversion of 
floodplain land to agriculture lead to
narrowing and separation of floodplain
forest patches. Both channel and 
floodplain fragmentation decrease the
overall connectivity of the riparian 
corridor.

The effects of river channel 
fragmentation are apparent and 
immediate on migrating organisms such
as salmon, but less obvious and more
gradual on long-lived organisms like
plants. For example, comparative 
studies of impounded and free-flowing
boreal rivers in northern Sweden have
shown that total riparian plant species
richness along the entire river does not
differ, but that vegetation cover and
species richness at more local scales
(areas of 1000-10000 m2) are noticeably
lower in the impounded river. These
changes are usually due to altered
water-level regimes following 
regulation. However, a decreased 
corridor function has also been 
demonstrated in impounded rivers. First,
transport of organic material, including
seeds, is clearly reduced by dams.
Second, dams may fragment riparian
floras by constraining dispersal so that
some floristic differences develop in
adjacent impoundments that are 
separated by dams.

In the riparian zone it is important to
maintain connectivity between 
floodplain woodlands in order to allow
the migration of plant and animal
species along the river corridor and to

provide opportunities for gene flow
between populations of tree species. It is
well documented that isolated forest
patches along river corridors have lower
faunal and floral species diversity than 
continuous forest areas. Gene flow takes
place through the exchange of pollen,
seeds and for some species, vegetative
material. However, the relationship
between gene flow and connectivity of
forest patches is very complex because
so many riparian species disperse their
seeds by water (hydrochory).
Interruptions in river flow by, for 
example, dams may be a more 
important factor than distances between
forest patches. 

Size of forest patch is important in order
to maintain minimum viable species 
populations although provision of 
re-colonisation areas is also crucial.
Floodplain forests change shape, usually
becoming narrower where there is 
agricultural or urban encroachment. In
this situation the amount of forest edge
relative to forest interior increases. The
impacts of this change are difficult to
gauge since on the one hand edge 
habitats (ecotones) tend to be species
rich but on the other hand, some
species require interior habitats which
may be reduced or lost. In floodplain
forests the picture is even more complex
because it is a mobile mosaic of habitats
with species distribution also closely
linked to elevation above mean stream
level and to sedimentation patterns.

An additional consequence of narrower
or more fragmented floodplain forest is
its reduced ability to perform a range of
important functions. These include 
trapping of nutrients from adjacent 
agricultural land, regulating flood water
quality and holding up flood waters.
Over long time periods (hundreds or 
thousands of years), continuity of river
corridor habitats might allow shifting of
plant communities along a corridor in
response to climate change.
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While size, shape and connectivity of
floodplain forests have an effect on the
biodiversity of the river corridor, it is 
difficult to be prescriptive about ideal
patterns in a restoration project because
of the inherent variability and 
changeability in riparian ecosystems
along the length of a river. Furthermore,
the ecological principles that might be
used for choosing the best shape or size
of site usually take second place to 
practical issues such as which sections
of forest can be maintained or restored
under current patterns of landownership
and stakeholder use.

How are shape, size and
connectivity of floodplain
forest patches related to
BIODIVERSITY….?

The short answer is that the
relationships are complex and vary
greatly between river
systems…some case studies
illustrate the issues:

…On a series of streams in Vermont,
USA, a study aimed to determine
the stream corridor width necessary
to achieve maximum biological
richness. The study concluded that
it was not possible to do this
because the ideal width varied
depending on the species groups
being studied. Thus to include 90%
of streamside plants the minimum
corridor width varied from 10 to 30
metres; to include 90% of bird
species, the width needed to be
between 75 and 175 metres….1

….An analysis of riparian forest
spatial dynamics using a modelling
approach revealed a loss in species
diversity with an inter-patch
distance greater than or equal to
150 metres. Losses were much less
if a corridor linked patches….2

….Fragmentation of riparian forest
along the Garonne River in France
was found to reduce the richness
of nesting bird communities….3

1. Spackman S C and Hughes J W (1995) Assessment of
minimum stream corridor width for biological
conservation: species richness and distribution along
mid-order streams in Vermont, USA. Biological
Conservation 71:325-332.
2. Hanson J S, Malanson G P and Armstrong M P (1990)
Modelling the effects of dispersal and landscape
fragmentation on forest dynamics. Ecological Modelling
49:277-296.
3. Decamps H, Joachim J and Lauga J (1987) The
importance for birds of the riparian woodlands within
the alluvial corridor of the River Garonne, south west
France. Regulated Rivers:Research and Management
1:301-316.

Peiry J-L and Nougier F (1994)
Le Drac dans l'agglomération
de Grenoble:première 
évaluation des changements
géomorphologiques 
contemporains. Revue de
Géographie Alpine 2:77-96.

In the figure above, it can be seen that dam 
construction along the Drac River in France has
fragmented the river system into a series of
almost separate hydrological units. Each dam is
shown by a vertical blue bar with the extent of
the reservoir marked with a blue dotted line
behind it. Additional water transfer schemes
have contributed to an overall significant 
reduction in water volume in the river at all 
periods of the year. The net result has been a
permanent change in extent, shape and species
composition of the floodplain forest.

Muller E (1996) Mapping
riparian vegetation along
rivers:old concepts and new
methods. Aquatic Botany
58:411-437.

Biodiversity levels in particular patches of floodplain 
forest can be effectively explained by local-scale 
flood disturbance  maps, constructed using micro-
topographical data. In this figure water levels vary 
from 0 (white) to 3 metres (dark-grey). It is much 
more difficult to evaluate the impact of fragmentation 
on biodiversity levels along a whole river corridor.
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Why are noxious weeds and other
alien species often able to thrive in
riparian zones?

By their nature, riparian or floodplain
zones are very dynamic. The natural
flood events provide potent disturbance
processes that lead to physical scour of
sediments and erosion of riparian plants
as well as deposition to produce new
areas for plant colonization. Like the
native riparian plants, invasive weeds
are also typically ecological pioneers
that are characterized by prolific 
reproductive capacity, especially in 
barren areas, and capable of vigorous
initial growth. Consequently, riparian
zones are inherently vulnerable to weed
invasions.Native plants are often better
adapted to their native riparian zones
than the invasive exotic weeds.
Therefore, if the river system retains
proper function, there is substantial
resistance to exotic invasion. Related to
this, a key difference between many
native riparian plants and typical 
invasive weeds is the timing and 
duration of seed availability. Native
species typically have a life cycle that is
closely co-ordinated with the regional
hydrologic cycle. Seeds are typically
abundant during the period in which
river flows would naturally recede. 
In contrast, many noxious weeds have
longer periods of seed dispersal and 
viability. Due to these differences, a 
natural flow regime will favour native
species but a disruption to the natural
flow pattern will often favour the 
invasive weeds. Along dammed rivers,
planned flow releases can even provide
a deliberate tool to promote recruitment
of native plants and discourage weed 
invasion. In addition, native species
tend to have a greater tolerance to
heavy sedimentation than non-native
species.

Planty-Tabacchi A-M, Tabacchi E, Naiman R J,
Deferrari C and Decamps H (1996) Invasibility of
species-rich communities in riparian zones.
Conservation Biology 10:598-607.
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Buddleja davidii (background), 
Fallopia japonica and 
Impatiens balfouri (foreground) 
are common alien species along 
the Garonne River in France.
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High levels of biodiversity exist
in floodplain forests where there
are many small-scale patches of
different forest communities and
many ecotonal areas between
them. This diversity is 
maintained by an active channel
creating a diverse array of 
regeneration sites. However,
riparian zones are very sensitive
to invasions by non-native plants
although in most riparian zones,
the patchy environment allows
both to co-exist. Along the Adour
River in France it was found that
invasion levels were highest in
young communities, in disturbed
communities and in areas with a
high edge to area ratio. The
upper graph shows total species
richness along the river going
from the upstream zone on the
left to the downstream zone on
the right. The lower graph shows
number of alien species 
increasing from upstream to
downstream reaches over the
same length of river. The high
levels of alien species in the
downstream reaches can be
explained by increased human
disturbance, increased habitat
fragmentation and a greater
departure from natural 
hydrological patterns. In the 
middle reaches, native species
richness is highest and related to
a high level of habitat diversity
(linked to medium disturbance
levels) and to low levels of 
habitat fragmentation.
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Populus nigra is a pioneer species which
regenerates only through colonisation
of bare soil while adult populations are 
progressively replaced by other tree
species. Within a drainage basin, the 
system of transient populations is a 
typical "metapopulation" whose 
persistence relies on the balance
between colonisation and extinction
events. Therefore colonisation is a key
factor for the species and the 
maintenance of pioneer habitats open to
colonisation is crucial: most European
river systems have lost their natural
dynamics and the poplar populations
are prone to extinction. 

Moreover, the relative importance of 
sexual (i.e. genetically diverse) vs. 
clonal propagation also depends on 
hydrological factors. Some of the 
dangers of excessive clonal propagation
include reduced genetic diversity and
reduced resilience to environmental
changes. With regard to hybridisation,
Populus nigra female trees are 
preferentially pollinated by Populus
nigra pollen even if many exotic hybrids
are present locally. Hybridisation
becomes important if P. nigra pollen is
totally absent. The possible impact of
the exotic P. nigra cultivar ‘italica’, a 
single male variety disseminated on a
large scale for centuries, is still under
question: due to the timing (phenology)
of flowering it cannot pollinate native
poplars in Northern Europe but it can in
Southern Europe.

How genetically diverse 
are natural populations of 
floodplain forest species?

One floodplain forest species which has
been studied in great detail for its 
genetic variability along river corridors
is the European Black Poplar (Populus
nigra). These genetic studies have been
carried out by the EU-funded research
project  called EUROPOP. The black
poplar is found in diverse ecological 
conditions, occupying a wide range in
terms of latitude(from Morocco to
Russia), longitude (from the UK to
China) and altitude (up to 1600m). The
species shows a high diversity of 
adaptive traits like flushing date and leaf
size. Its genetic diversity is high for a
plant species, but slightly below the
mean of tree species. In Europe, the
populations from Spain and South West
of France show a particularly high 
diversity probably inherited from an
Iberian glacial refugium. Genetic 
differences between populations are
observed even within a river system.
However, as usually found in trees,
most of the genetic diversity generally
remains within populations although
some populations consist of a small
number of different genotypes clonally
propagated. 

Evidence for the flow of genetic materials along
river corridors is conflicting.…..

….Several genetic studies on a number of different
willow species, namely Salix alba, Salix fragilis and
Salix viminalis, have found that populations growing
along the same river system are genetically similar,
suggesting that there is significant gene flow
between them…..1

….On the other hand, investigations of Populus nigra
populations along the Drôme River in France
revealed genetic differentiation of populations along
the river, suggesting population isolation by
distance…..2

1.Lascoux M, Thorsén J and Gullberg U (1999) Population structure of a riparian
willow species, Salix viminalis L. Genetical Research 68: 45-54; Triest L, De Greef
B, Vermeersch S, Van Slycken J and Coart E 1999 Genetic variation and putative
hybridization in Salix alba and S. fragilis (Salicaceae): evidence from allozyme
data. Plant Systematics and Evolution 215: 169-187.

2. Information from Eric Imbert and François Lefèvre (EUROPOP project).

Populations of black poplar along European rivers
have become sufficiently fragmented in many
places that there is concern for their genetic 
viability. At the Millingerwaard nature reserve on
the Rhine River in Holland, a small population is
expanding as regeneration sites become available.
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How important are genetic 
considerations where planting 
is planned?

Among the problems facing black
poplar and other related floodplain
woodland species such as white willow
(Salix alba) in Europe is the risk of a
reduction in genetic diversity as a result
of declining populations and increased 
fragmentation. This potentially leads to
an increase in inbreeding (sexual 
crossing between related individuals)
and a loss of diversity. Since Populus
nigra is a highly heterogeneous species
it is likely to bear a heavy genetic load
(carry many deleterious, recessive
genes). In the heterozygous state (the
possession of two different variants of
the same gene - in this case, a dominant
and a recessive gene), recessive genes
are masked by their dominant 
counterpart and have no influence on
the fitness of the individuals that carry
them.

If a limited number of genetically unique
individuals were to be used in planting
programmes (small founder population)
it is probable that inbreeding would lead
to an increase in homozygosity 
(individuals with two copies of the same
gene) and the unmasking of the 
deleterious genes. Individuals would be
less "fit" and the species less able to
adapt.Therefore, planted populations
should contain a balanced sex ratio and
be composed of individuals containing a
high genetic diversity. This 
consideration might, however, well be
constrained by the desire to use trees of
local provenance. Ideally, the planted 
population should contain at least 30-50
male trees and 30-50 female trees, with
each individual being genetically
unique. Preferably, planted populations
should be sufficiently near other 
populations, be they natural or artificial,
to allow gene flow (pollen and seed)
between them.

van Dam B C (2002) EUROPOP:
'Genetic Diversity of River
Populations of European Black
Poplar for evaluation of 
biodiversity, conservation 
strategies, nature development
and genetic improvement' in
van Dam B C and Bordacs S
(eds) Genetic Diversity in river
populations of European Black
Poplar, Proc. of an Int. Symp.,
Szekszard, Hungary, 
16-20 May 2001. pp15-32.

A study of black poplar clones in a number 
of different European gene banks by the 
EU-funded Research project called EUROPOP
shows that leaf morphology of black poplars
from a range of European countries has a
strong relationship to location and is in fact
reflecting environmental factors. Genetically
identical individuals grown in different 
locations exhibited quite different leaf lengths
and leaf widths. Thus, size of leaf is no 
reflection of genetic individuality. This study
shows that varied leaf morphology cannot be
used in restoration projects to indicate varied
genetic make up of individuals used.
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In many European countries the propagation of poplar hybrids is an
important component of the forestry industry. Here in a nursery in
Hungary, native black poplars are also now propagated and used in the
Gemenc National Park. This National Park includes prime floodplain
forests along the Danube River. Plantations of native species are now
replacing hybrid plantations where these occur within the National Park.
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Are there biological processes below
the ground which are important to 
floodplain forests?

As in most ecosystems, below ground
biological processes are fundamental in
floodplains. During inundation of the
floodplain, oxygen availability gradually
decreases in the soils. Organisms may
experience hypoxia (deficiency of 
oxygen) and key microbial processes in
the soil turn from aerobic to anaerobic.
This will lower the soil redox potential
which in turn controls the reactivity and
availability of key nutrients for plant
growth. (Soil redox potential refers to
the levels of oxidation and/or reduction 
taking place in a soil. Oxidation involves
replacement of hydrogen with oxygen in
a substance and reduction is the reverse
of this process. Reduction is facilitated
by anaerobic or saturated conditions).
For example, as soil redox potential 
decreases, phosphorous availability 
generally increases, whereas nitrate 
levels will tend to decrease because 
denitrification increases in anaerobic 
conditions. So, the effects of flooding
are complex and may act both directly
on organisms and through changes in
soil microbial processes and soil 
chemistry. These effects will vary
depending on the hydrologic regime,
topographic variation, soil type, and
traits, such as flood tolerance, of the
constituent floodplain species. The 
outcome will eventually determine how
different organisms, including floodplain
trees, are distributed across the 
floodplain.

There are also substantial and important
exchanges of water, nutrients, and 
organic matter taking place between the
stream channel and the groundwater
zones beneath and adjacent to the 
channel. This is usually called the
hyporheic zone. The extent of these
exchange processes is determined by
discharge, riverbed topography and soil
porosity. Upwelling groundwater 
supplies stream organisms with 
nutrients while downwelling stream
water provides dissolved oxygen and
organic matter to microbes and 
invertebrates in the hyporheic zone.
These processes are dynamic and vary
in both space and time. At the smallest
scale, gradients in the redox potential
control nutrient transformations on the
surfaces of soil particles. At the reach
scale, hydrologic exchange and water
residence time determine the 
composition of the hyporheic fauna as
well as the carbon and nitrogen 
dynamics. Finally, at the largest scale,
catchment geomorphology determines
the extent of the hyporheic zone and
alluvial aquifers may extend it far away
from the main channel, for example into
vast floodplain areas. The functionality
of the hyporheic zone and its inhabitants
is, however, always determined by its
connectivity to the surface water in
streams and rivers.In terrestrial 
ecosystems, mycorrhizae are 
fundamental for plant nutrient 
acquisition and indeed for carbon and
nutrient cycling of the entire ecosystem.
(Mycorrhizae  are effectively a 
partnership between certain fungi and
fine root tips of plants). In wet 
environments, on the other hand, 
mycorrhizae have generally been
believed to be of minor importance,
because of their reputation for being 
obligate aerobic organisms. More and
more studies have shown, however, that
mycorrhizae are in fact quite common in
wetlands. It is, however, uncertain if and
how flooding affects the functions of the
mycorrhizal association. 
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Within a floodplain, the
zonation of plant groups
with their respective 
mycorrhizal symbionts is
often quite characteristic.
For example, in floodplains
of boreal rivers  such as the
Øre River in northern
Sweden, the zonation from
top to bottom follows a
regular sequence starting
with ericacaceous shrubs
(ericoid mycorrhiza) and
trees and shrubs 
(predominately with 
ectomycorrhiza), followed
by herbs and grasses
(arbuscular mycorrhiza),
and ending with sedges
and rushes (non-
mycorrhizal) towards the
mean summer low-water
level. This may reflect 
general differences in 
tolerance to flooding (or its
secondary effects) between
plant groups or between
fungal groups or both.
Regardless of which, the
presence and abundance of
mycorrhizae will always
influence the growth of
individual plants and hence
the competitive 
relationships between plant
species, and will therefore
influence the distribution of
species on floodplains.



How can floodplain
forests be restored?

Murray River, Australia (Andrew Tatnell)
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The previous section showed in some
detail that there are many factors at
work in a fully functional and self-
regenerating floodplain forest. It is clear
that these ecosystems are diverse and
mobile vegetation mosaics with 
well-defined characteristics. Broadly
speaking, we can say that to have a
healthy floodplain forest four essential
features need to be present:

To get all of these there is a need to 
manage the 'disturbances' which arrive
at a floodplain…. In fact managers really
need to make sure that periodically, 
the floodplain is disturbed by floods and
that it receives all the water, sediments
and organic debris that floods carry.
Without these, the floodplain forest 
cannot continue to function naturally.
Similarly if the goal is to establish a new
floodplain forest as part of a river
restoration project all these features
need to be present, although in this 
situation, trees might also be planted. 

What do floodplain forests need?

A wide variety of river flows

Moist and open sediment sites
for regeneration

Seeds and vegetative material
to propagate

Seedling-friendly water tables
for tree establishment

Seed
deposition

River
Stage

Garonne River,
France

Seed
deposition
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River
Stage

Øre River,
northern Sweden
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The importance of flood-timing is shown in the
graphs above. In the Øre River water-bourne seeds
need to be released before the spring flood so that
they can be carried by the flood to regeneration
sites. In the Garonne River wind-blown seeds must
be released after the flood so that they land on new
sediment left by receding flood waters.

A section of the Garonne River in France (above)
shows many natural features compared with a
straightened and channelised reach of the River
Cam in the United kingdom (left).
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What flows do floodplain
forests need?

Regular low to medium flows which replenish and maintain floodplain
water tables. These flows allow established trees to grow.

Periodic high flows which cause channel movement and sediment
deposition. These provide potential regeneration sites.

Well-timed high and low flows through the growing season to allow
delivery of seeds to the floodplain and establishment of seedlings.

Gently tapered flows after the flood peak so that water tables recede
gradually for successful seedling establishment.

No high flows during the second half of the growing season as these
can destroy young seedlings.

What water table
conditions do
floodplain forests need?

Gradual recession of water tables following a flood.

Water tables accessible to the roots of seedlings through the first
growing season.

Limited waterlogging.

How do floodplain
forests propagate?

By seeds which are carried by the river and deposited during floods.
Many of these will have been carried by the wind and then dropped
on the river.

By seeds which are carried in the wind. Whereas seeds carried in the
river always move from upstream areas to downstream areas, seeds
carried in the wind tend to move in the direction of prevailing winds.

By vegetative material which arrives by flood or is produced locally
as a result of flood disturbance.

What types of
regeneration sites do
floodplain forests need?

Open sites as many of the pioneer tree species cannot tolerate
competition.

Sites that are moist through the first growing season so that seedling
roots have access to water.

Sites near the water's edge because these tend to be moist and catch
organic debris.

Sites with different sediment types to provide varied niches for
regeneration.

The essential needs of a floodplain forest....
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Disturbances can be managed at both a
catchment scale and at a more local
scale in the same river basin.

1000 metres 250 metres 0 metres

Active
Meandering

as in
1775-1875

Low
Dynamic

as in
1875-1975

Stability
as in

1975-2000

Over time we can see rivers gradually becoming less dynamic, narrower and more
controlled as river management measures are put into place. The example above is
from the Garonne River in France, downstream from Toulouse. It shows a major
reduction in area of active floodplain over a 225 year period. In order to restore this
dynamism there needs to be consideration of the scale at which it is possible to
restore processes. Of course, it is important to remember that there is a great range of
river types and that naturally some rivers are more dynamic than others. Floodplains
which are naturally very dynamic tend to have many areas of young vegetation on
newly deposited sediment while less dynamic rivers have more areas of older and
established vegetation. So, considerations of past river processes and practical 
present-day options need to be incorporated into decisions on disturbance 
management at both catchment and local scales.

The characteristics of a dynamic floodplain forest ecosystem are contrasted with
those of a static forested floodplain in the table below.

Parameters Dynamic system Static system

Biotic
woodland type
woodland structure
origin of species
species recruitment
biodiversity levels
vegetation dynamic

Abiotic
River flows
channel type
erosion/sedimentation

Restoration approach
scale
type

natural
heterogeneous
mixed agenative
self-regenerating
high
plant succession

uncontrolled
unstable
active

catchment
systemic/process-driven

plantations
homogeneous, same age
exotic or native
none unless planted
low
rotation of plantations

controlled
stable
not active

local
artificial

At what scale can disturbance be managed?
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Manage flows
downstream of dams

Remove dams

Control water abstraction

Influence land-use and runoff

Control aggregate extraction

Allow landslides to reach
rivers in upper catchments

Add sediment back to rivers

Build groynes

Remove embankments

Increase channel roughness

Leave/add woody debris

Increase floodplain roughness
by adding woody vegetation

Lower the floodplain

Set-back/lower flood defences

Re-connect side arms

FLOODPLAIN
FORESTS

BASIC NEEDS
PROPAGULES WATER

TABLESFLOWS SEDIMENT

LOCAL DISTURBANCE MANAGEMENT

DISTURBANCE MANAGEMENT ACROSS THE CATCHMENT

Disturbance processes can be managed at a catchment or local scale....
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Catchment-Scale management 
involves managing physical processes in
one or more places in the catchment so
that they eventually have an effect on
the disturbances occurring in the 
floodplain zone. This type of disturbance 
management is 'indirect' but it is also
the most desirable for successful, 
long-term and self-sustaining restoration
or management of floodplain forests. It
encourages the river to flood, and the
channel to move and create its own
sites for regeneration. It is, however,
quite difficult to achieve for a variety of
reasons:

Local-Scale management 
involves managing physical processes
locally in the floodplain zone.
Alternatively it can involve managing
the landforms in the floodplain so that
the physical disturbances act differently
on each part of the floodplain. This type
of disturbance management is more
'direct' but has only a relatively local
effect unless many local projects interact
to produce catchment-scale responses.
In most parts of Europe it is the type of
management we can most readily 
promote and in many river basins it has
already taken place through a number of
river restoration projects. It is easier to
achieve than catchment-scale 
management for a variety of reasons:

In the following pages a series of 
case-study boxes will demonstrate
catchment and local-scale 
management measures in action. 
Each shows how they can 
contribute to the restoration of 
floodplain forest ecosystems.

Kern K and Zinke A (2000) Rehabilitation of the Danube in the reach affected by the hydropower system of Gabcikovo. Pages 130-139 in G. Kovacs (ed.),
Proceedings of the international symposium for living rivers: River rehabilitation of international waterways, 21 January 2000. Budapest, Hungary.
Rood S B, Gourley C, Ammon E M, Heki L G, Klotz J R, Morrison M L, Mosley D, Scoppettone G G, Swanson S and Wagner P L (2003) Flows for floodplain forests:
successful riparian restoration along the lower Truckee River, Nevada, U.S.A. BioScience 45: 134-141.Somogyi Z, Szabados I and Vesperdi G 1999. Growth and
health of floodplain forests in the Szigetkoz (N-W Hungary) before and after diversion of the Danube: results of a ten-year monitoring. Ekologia 18:59-68.
Rood S B and Mahoney J M (2000) Revised instream flow regulation enables cottonwood recruitment along the St. Mary River, Alberta, Canada. Rivers 7: 109-125.

it is more predictable.

it is relatively easy to control.

river managers are already used to
managing rivers at a local scale
through the engineering of flood
defences.

it can be neatly fitted into chosen
river sections between reaches
where other human interventions
dominate.

it requires concensus among a much
smaller group of stakeholders.

it is difficult to predict where
disturbances will have an influence
in the floodplain zone.

it is therefore a relatively
uncontrolled form of management.

unpredictability and reduced control
have not been desirable features for
river managers or riparian owners.

in highly managed and fragmented
river systems there may be too many
human interventions for it to work.

it requires consensus among a huge
number of stakeholders.



FLOBAR 2 HOW CAN FLOODPLAIN FORESTS BE RESTORED?

Managing flows downstream of dams

Managing flows downstream of river control structures is one way of restoring floodplain
forests. It has the great advantage of managing the physical processes driving the forest
ecosystem. It is also very flexible since floodplain forests do not need the same flows every
year. In a number of river basins in western North America, dams in the headwater streams
have adversely affected regeneration of floodplain forests in downstream areas. Now some
of these dams are being managed with planned releases designed to improve regeneration
potential on floodplains…..with dramatic effect:
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On the Danube River in North West
Hungary, floodplain forests of the
Szigetkoz area have demonstrated
reduced growth rates and deteriorating
health since 1992 when annual floods
ceased following construction of the
Gabcikovo Barrage system upstream
in Slovakia. Following a ruling by the
European Court in the Hague in 1997,
water should be released into the
Danube system below the diversion
dam. A number of possible scenarios
are under discussion and the case
demonstrates the inherent difficulties
in reaching agreement on water
allocation where rivers cross
international boundaries, a situation
which is very common in Europe.

These two hydrographs from the
dammed St. Mary River in Alberta,
Canada show an ideal flow recession
rate of 2.5cms/day (red line) and a
'recruitment box' within which lie the
ideal times and elevations for poplar
regeneration. In 1964 flow releases
below the dam receded too rapidly for
regeneration to take place but in 1995
flow releases complied with ideal
regeneration conditions and succesful
poplar recruitment took place.

In the Truckee River, Nevada, USA, dam construction in 1905 led to severely
degraded riparian forests by the 1970's. There has now been a twenty year period
of revised flows for ecological targets. High levels of cottonwood (Populus
fremontii) recruitment took place in 1987 following dam releases designed to
restore populations of the endemic fish, the cui-ui sucker (Chasimistes cujus).
From 1995 to 1999 dam releases were successfully  implemented specifically to
promote cottonwood recruitment. This case study shows that recovery of riparian
ecosystems can be rapid and that releases for specific ecological targets need
only be implemented in years when water supply and demand allows such releases.

In Europe, there will be
few opportunities for such
planned releases..although..
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Managing water abstraction levels

The amount of water removed from a river for irrigation or other uses affects how much is left for
ecological functions downstream. Over-abstraction can lead to rivers drying out during the low-water
season or to rapid drops in the hydrograph at critical times of the year for tree seedling establishment.
Capping of abstraction levels and strict control of the timing and rate of abstraction can be used to favour
floodplain forest establishment:

In many European countries control of water abstraction has been primarily to ensure water quality, in
order to dilute pollution and to improve fish habitat. For example, the new Catchment Abstraction
Management Strategies (CAMS) for England and Wales use a statistical threshold of daily Q 95 to determine
minimum flows. This flow is, on average, the flow exceeded 95% of the time and is protected to ensure
that environmental degradation does not occur. On the whole this refers to degradation of instream rather
than floodplain habitats.

A typical Environmental allocation for a UK catchment is shown in this graph. It varies considerably through the seasons and is
determined through a technical approach called The Resource Assessment and Management (RAM) Framework. First each river
reach in the catchment is assessed on the basis of its physical characteristics, fish populations, macrophytes and macro-invertebrates
to produce an 'Environmental weighting'. Five environmental weighting bands are used to classify the sensitivity of each reach
to the effects of abstraction. The Environmental weighting is used with long term flow duration data to derive an Ecological Flow
Objective and the percentage left for abstraction. The Ecological Flow Objective seeks to protect low flows and flow variability by
allowing percentages of flow bands to be abstracted. The impacts of groundwater abstraction (both seasonally and spatially) on
river flows is also incorporated into the process.
In order to preserve water levels in floodplain sites adjacent to rivers, a site-scale approach has been used in parts of the UK using
'Water Level Management Plans'. These are usually designed for wetland nature reserves whose water tables are related to those
of adjacent river courses. Although managing water levels for floodplain forests is not currently undertaken in the UK, this technical
approach to managing water resources could be adapted for their management.

Environment Agency R&D Technical Report W6-066/TR, RAM version 3 Summary Report. 2002.
Murray Water Entitlement Committee. 1997. Sharing the Murray: Proposal for defining people's entitlements to Victoria's water from the Murray. 53 pp.
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Water use in the Murray Darling Basin has grown
to 80% of the total volume that used to flow to the
river's mouth before irrigation began. One of the
environmental consequences has been contraction
of the redgum floodplain forests. A complex system
of caps on water abstraction for irrigation has been
devised. Domestic use of water will be restricted
as well as agricultural use. In addition, it is planned
to store and then release water, specifically to
improve conditions for the floodplain forests which
are recognised as being important for wildlife.

A flooded River Red Gum (Eucalyptus camadulensis) forest.
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Managing sediment

In many European river systems sand and gravel extraction from river beds and
floodplain zones has led to significant changes in the sediment load carried in rivers.
Often the total load has decreased and the sediments are finer. Consequently,
down-cutting of river channels has taken place. It is possible to restore the sediment
imbalance by activating sediment erosion in headwater zones and allowing sediment
to re-distribute itself and by reducing the levels of aggregate extraction taking place.
Both can increase the range of sediment sites available for the regeneration of floodplain
woodland.

In the Drôme River in France, measures are being
undertaken to restore sediment loads to the river.
The Drôme River is a tributary of the Rhône River,
flowing from the foothills of the Alps and currently
without any dams along its length. It has channelised
reaches but also unconstrained reaches, notably in
the nature reserve called 'Les Ramières du val de
Drôme' which has active, braided and forested
floodplain areas. During the 1980s and 1990s the
Drôme incised its bed by an average of 1.6 metres
and areas of sediment deposition in the valley
became reduced in extent. The causes are listed as:
over-extraction of gravel, afforestation of headwater
zones and poorly designed bridges over the river
for roads and railways. What are the solutions?………

……numerous structures cross the river with varying, usually detrimental, effects on
the geomorphological dynamism of the river. The high speed train (TGV) route between
Lyon and Marseilles has posed considerable challenges.  Pressure from river and nature
reserve managers has led to this crossing being sited outside the nature reserve and
designed with a wide span between support pillars to minimise effects on the active
channel processes.

……in upstream zones, some areas of riverbank will be cleared of vegetation to allow
entrainment and mobilisation of riverbank sediment through increased bank erosion.

Michelot J-L (1995) Gestion patrimoniale des milieux naturels fluviaux: guide technique. Reserves Naturelles de France 67pp.

……in 1993 a moratorium was placed on gravel
extractions from the river bed along the whole
length of the Drôme River. Subsequently, some
extraction was authorised and then ceased
due to pressure from the nature reserve
warden. However, it created a large gravel pit
in the river bed (5 hectares by 10 metres deep)
in the nature reserve and became a sediment
trap, shown in left photo. A dyke has now been
built to separate this 'gravel trap' from the
main river to prevent it 'capturing' all the gravel
carried by the river.
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Managing disturbance at a local scale.....

Increasing channel roughness

By removing artificial embankments and returning boulders to river beds, river channels
will become wider and more varied in both their instream habitats and channel-edge
habitats. For floodplain forest species, there may be new opportunities for regeneration
along the edges of such rivers…..

Ecological Recovery of the Vindel and Pite rivers (EVP) is a research project run in parallel
with work on the physical removal of log driving structures along the Pite and Vindel Rivers
in northern Sweden. The project involves research in log driving history, geology, hydrology,
landscape ecology, and species ecology (mostly plants, macroinvertebrates and fish).

The Vindel and Pite Rivers were used for log driving for over a century until the practice
was stopped in 1976 and 1980, respectively. By then, the rivers had become partly regulated,
straightened, narrowed, and with smooth channel beds. These river management measures
had reduced the retention capacity for water and nutrients and made conditions difficult
for plants and animals.

The restoration activities are removing many of the log-driving structures and have replaced
rocks in the channels. These measures should make the rivers wider and more multi-
channelled, allow bank sediment to be eroded and re-deposited and provide rougher
channel beds. These changes in physical habitat should lead to an increase in water and
nutrient retention capacity and higher productivity and diversity of organisms. The research
project will follow up and evaluate the ecological responses to river restoration.

The research project is owned by Älvsbyns Kommun and is funded by the Swedish
Environment Protection Agency (EPA) through the local investment program (LIP). The
project started in early 2002 and will continue to early 2005. Information about this project
can be found at http://www.eg.umu.se/river/projekt/EVPstarteng.html
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Re-connecting side arms in rivers

Channelisation of many European rivers
has isolated rivers from their floodplains,
straightened them and reduced them to
single channels where once they may have
been braided. The consequence has been
a loss of geomorphological dynamism and
reduced forest diversity. Only species able
to cope with dry conditions remain on the
isolated floodplain.  In a number of places
restoration projects have aimed to remove
some stretches of artificial bank and to re-
open side arms…with excellent results for
floodplain forests……

water tables
replensihed

high
discharges

during
flood

100 m3/s
900 m3/s

move wells
outside

floodplain

higher discharges
higher water tables

reconnection of side arms
floodplain forests
and side arms restored

Barrage

1000 m3/s

diversion
canal

low discharges
during flood

well for
groundwater
abstraction

985 m3/s

diversion
incision

abstraction

gradual drying
out of the floodplain
forests and side-arms

15 m3/s

In another example of water being returned to side branches of a river, the floodplain forest restoration site
at L'Ile de la Platière on the River Rhône in France has used releases from a barrage just upstream of the 484
ha site to revitalise a 5 km long side branch of the river. Discharges in the side branch had been reduced to
15 m3/sec. By storing and then releasing water it is hoped to eventually have discharges of 100m3/sec without
significantly reducing discharges in the main (channelised) river channel. Another main restoration objective
is to curtail groundwater abstraction in the floodplain zone as it has considerably lowered the water table.

Michelot J-L (1995) Gestion patrimoniale des milieux naturels fluviaux: Guide technique. Reserves Naturelles de France 67pp.

The Regelsbrunner Au Restoration Project on the Danube
River in Austria covers about 10km of river length and
about 500ha. The project area is owned by WWF and is
part of the Danube Floodplain National Park which was
designated in 1996. It would naturally consist of
hardwood floodplain forest but much of the area (60%)
is planted with hybrid poplars and 80ha is occupied by
old branches of the river. The restoration project has
primarily aimed to restore connectivity between the
main river and side branches by a variety of measures.
These have included, cutting new openings into the
embankments, lowering sections of embankments and
lowering roads and other obstructions that cross the
area to allow better flow of water through it. In addition,
groynes have narrowed the shipping channel and
increased water tables in the floodplain and channel
incision has been reduced by adding coarse-grained
gravel. The result has been that more areas exist for
natural regeneration of floodplain forests. In these
photographs Black poplar seeds float on the river surface
and eventually some arrive on new alluvium where
regeneration takes place.

before 
restoration..

and after
restoration..
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Storing the flood

Many European countries suffered flood damage during the years 2000-2002.
The policy and practical response has usually been to strengthen flood
defences. Now, a new way of thinking is being advanced. It is based on the
principle that flood waters can be stored on floodplains in places where they
cannot cause damage thereby reducing their impact in urban areas. Even
better than this, in these flood storage areas, the flood waters could contribute
to the creation of wetland habitats including floodplain forests.  It has not
been easy to consider using funding streams from different government
agencies to achieve dual aims on floodplain land but in many countries this
kind of integrated action is now becoming feasible.  There are several ways
in which actions to 'store the flood' might help floodplain forests……

…..setting back flood defences:

There are numerous projects which already involve or propose setting back
flood defences in order to allow the river more space to move and to give
more flood storage capacity. The idea is that floods will take longer to go
through but their peaks will be lower….in effect they are re-instating the
flood-attenuation role that natural floodplains have always had.

On the River Elbe near the village of Boos, construction of a support for a new railway line has
resulted in flood defences being set back in order to compensate for lost flood storage capacity.
Whilst the main motive for this project is flood defence, it will also provide the opportunity for
re-creation of floodplain woodland. This dual purpose was strongly encouraged by the authorities
of the Mittlere Elbe Biosphere Reserve within which the project lies. In this photograph, the
original flood bank is in the foreground. The new set-back flood bank is visible against the village
in the background.
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Middelkoop H and van Haselen C O G (eds) 1999 Twice a river-Rhine and Meuse
in The Netherlands. RIZA Rept. no.99.003 Arnhem, Institute for Inland Water
Management and Waste Water Treatment/RIZA, The Netherlands

….lowering flood defences:

On the Waal branch of the River Rhine in The
Netherlands, there are several river restoration projects
which have the dual aim of increasing flood storage
capacity and re-naturalising channel processes so that
restoration of floodplain habitats can take  place.

….lowering the floodplain:

In the Netherlands there are plans
to lower large areas of the present
floodplain in order to increase flood
storage capacity. It has been accepted
that less agriculture and more 'nature
development' will take places in these
areas including the development of
floodplain woodlands.

....mimicking the natural hydrograph:

The management of flood waters in newly created flood
storage areas will be critical to the success of achieving
habitat targets in these schemes. In flood storage
'washlands' proposed in parts of the UK, the design of
drainage dykes and under-draining systems will affect
the potential for controlling how long and to what
depths water remains on the floodplain following a
flood. The presence of trees and shrubs adds friction
to the floodplain surface.  The 'hydraulic roughness' of
the vegetation is determined by height, density and
diameter of individual trees and flexibility of the
vegetation and also by the season (leaves or not), depth
of flooding and layout of the vegetation on the
floodplain. The roughness effect is greatest where
velocities are highest-usually near the channel edge.

Flood plain lowering

Storage of unusable and polluted flood plain
sediment in existing or purposely excavated holes.

Part of the clay is usuable for the brick industry.

Part of the sand can be used for embankments or
the building industry

River
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Lowered defences allow flood water to 
revitalise riparian habitats including willow woodlands
seen here at the Millingerwaard Nature Reserve.

Flow releases in large-scale
flumes, such as this one in the
Wienfluss near Vienna, mimic
the effect of vegetation on flow
velocities and the extent to
which it can hold up water.
Studies of the impacts of these
releases can be useful in
restoration projects.
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Managing woody debris

It is clear that in a natural river large woody debris is an integral part of the ecosystem.
Most of the woody debris comes from forests in the upper catchment and from floodplain
forests. Without floodplain forests there is little debris and less varied instream and
channel edge habitats.  In a managed river, it is difficult to have any idea of how much
woody debris would once have been in it.  In Southeastern Australia, a study of the Murray
and Darling rivers suggests that only 15% of former amounts of woody debris are now
present in those rivers.

In some rivers in Oregon,
USA, log jams have been built
to test their restoration effect.
In Knowles Creek, they
caused extensive trapping of
gravel, converting a bedrock
channel into an alluvial
channel. Restoration of large
woody debris in floodplain
rivers has yet to be developed
but in the two photographs
shown here it is managed to
diversify instream habitats in
the Regelsbrunner Au
Restoration Project in Austria.

Favouring sediment deposition

When it is not possible to manage sediment at a catchment scale, it is possible to artificially
encourage sedimentation along river channel margins in specific places. Such sites, though
limited in extent can permit natural regeneration of floodplain tree species. Removing
protective embankments can also mobilise sediment at the local scale.

Groynes are usually installed to concentrate river flows
into narrow channels that remain navigable. However
they also create sedimentation sites along river margins
which at the Blauwe Kamer restoration site in The
Netherlands have been colonised by softwood species
such as willows. The Konig Ponies pictured here are used
in the grazing management of vegetation at a number of
restoration sites.
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MacNally R, Parkinson A, Horrocks G and Young M (2002) Current loads of coarse woody debris on southeastern
Australian floodplains: Evaluation and change and implications for restoration. Ecological Restoration 10(4):627-635.

Dewberry C., Burns P. and Hood L. (1998) After the flood: The effects of the storms of 1996 on a creek restoration.
Restoration and Management Notes 16:174-182.
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Planting forests

Many floodplain forests in Europe have been converted to plantations, often of hybrid
poplars.  A new sensitivity is developing to the planting of local species.

In the Gemenc floodplain forests along the
Danube River in Hungary Populus nigra is being
planted instead of hybrid clones previously
converted to plantations. This forest is part of the
Duna-Drava National Park and is also the subject
of revitalisation of oxbows and backwaters
through a restoration programme with WWF.

When a floodplain restoration project requires
planting of trees as well as encouragement of
natural regeneration, genetic considerations can
be important. In a study of black poplars in the
UK, the genetic composition and growth of
cuttings taken from a variety of male and female
source trees were studied. It was found that some
clones grew better in wetter sites while others
were more tolerant of drier sites. Females tended
to grow better than males in wetter sites. It is
important to have a mix of male and female trees
at a restoration site so that eventually, sexual
reproduction can take place. In the UK, black
poplar is a rare tree and although it exhibits a
variety of morphometric traits it seems to have
low genetic diversity.  Since in most restoration
programmes genetic composition of source trees
will not be known, it is recommended that cuttings
are taken from a wide geographical range to
ensure genetic variation.

Winfield M and Hughes F M R (2002) Variations in the genetic, morphometric and growth characteristics of Populus nigra ssp.
betulifolia clones: implications for river restoration in the U.K. Wetlands 22(1):33-48

Managing riparian vegatation
In many river valleys, non-native species have become common,
especially where the physical process of the river and floodplain
have ceased or are much reduced. The best way to reduce invasion
by non-native species is to make the physical conditions less
attractive to these species by re-initiating dynamic physical
processes.

In some locations, regeneration of floodplain forest is inhibited
by grazing and browsing. This can be by both domestic stock and
wild animals. Fencing is sometimes necessary to allow
regeneration to take place. Where they occur beavers can fell
trees creating areas of coppiced stumps and vegetative
regeneration as well as altering local hydrology.
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The scope and objectives of restoration
projects will be as varied as the rivers
they are on. This means that there 
cannot be specific guidelines, applicable
to all projects, on how to assess and
monitor their success. In general terms
a restoration project should follow the
steps shown on the left.

Unfortunately, assessment (also called
appraisal) and monitoring are often left
out, yet they are the processes that can
tell us if the restoration has achieved its
objectives. This section will discuss
some of the issues involved in 
assessment and monitoring and provide
ideas on what can be measured to
determine if floodplain forest restoration
has been successful.

What is an assessment?

An assessment usually involves 
measurement of a range of different
ecosystem attributes and can also 
measure public opinion. An assessment
answers the question "What is there
which is of value in this floodplain 
forest?"  It allows comparisons between
forests at one point in time. Where
restoration has been carried out to
restore floodplain forests which are 
considered to have become degraded,
an assessment after the intervention
allows comparison not only with the 
pre-restoration state but also with 
previously identified 'reference forests'.
Reference forests are forests considered
to be as un-damaged by human 
intervention or as close to natural as 
possible for the given river system or
for a set of similar river systems.

Describe the ecosystem

Determine objectives

Carry out restoration

Assess the outcome

Monitor the ecosystem

How should floodplain forest restoration 
be assessed and monitored?
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What is monitoring?

Monitoring answers the question "how
does this floodplain forest vary over
time?" It involves collecting information
about the floodplain forest that allows
comparisons through time. As 
floodplain forests are naturally very
dynamic and changeable systems, 
monitoring is critical to judging the 
success of a restoration initiative. The
longer the period over which monitoring
takes place, the more likely it is to 
capture the full range of possible states
that the ecosystem might naturally 
display. In this way, judgement of the
desirability of a particular state 
measured at one point in time can be
made in the context of an acceptable
range of possible states. This suggests
that it is important not to set a single
reference point in time as a standard by
which to judge the success or failure of
the restoration initiative.To develop a
successful monitoring programme it is
important to answer some questions:

What exactly should be measured?

The answer to this question will vary
greatly depending on the objectives of
the restoration and the available 
funding. However some general 
guidelines on how to choose variables
to monitor can be given.

Floodplain forests pose particular 
difficulties because they are such
mobile mosaics. They are supposed to
change over space and time and many
variables, if measured, will present 
drastic fluctuations between years.
Because monitoring programmes will
have restricted funding, the real 
challenge is to measure something that
either does not fluctuate very drastically
or that integrates fluctuations and 
represents a more average situation that
is more readily comparable through
time.

What exactly should be measured?

What do you want to know
about the ecosystem?

What data are needed to
find this out?

How will data be collected and used?

Can the data be turned into
useful information?

How will the results of the
monitoring be stored
and communicated?

Can decision-makers use
the information?

What sources of financial
support are available?

Can partnerships be created
to help collect and
communicate the information?

Can monitoring continue
into the future?

Thus a good monitoring programme...

should measure the key
physical processes which
drive the ecosystem.

should measure the
biological response.

Includes measures that
should demonstrate a
rapid response to change
since lags between process
and response make data
interpretation difficult.

Includes measurements
that are simple and
practical and can be
repeated and compared
over time.
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Measuring the physical processes……

Hydrological data are often available
from established and automated 
hydrological stations and can be 
aggregated or disaggregated in many
different ways. They can also allow 
comparisons before and after the
restoration. Stage values are particularly
useful for characterising the 
hydroperiod, including depth, timing
and duration of water delivered to the
floodplain. Establishment of gauging
stations local to a restoration site can
also be useful. For example, data from
sites upstream and downstream of a
restoration site can give information
about the impacts of restoration. Use of
data loggers automates the process and
also allows the addition of underground
probes for measuring water tables and
soil moisture. In addition, dip wells can
be used to monitor the location of the
water table.

Measurement of sediment 
characteristics on the floodplain can 
be made by designing a sampling 
programme using transects from the
channel edge to the back of the 
floodplain. Over time, average values of
sediment size give indications of the
changing load being deposited. Surface
sediment may change because the
channnel has moved, because the 
floodplain surface has gained in 
elevation or because the transported
load has changed due to human 
intervention or a natural phenomenon
upstream. Long-term data sets are 
needed to interpret observed changes. 
At some hydrological stations data are
available on the suspended sediment
load.

Measurement of channel dynamism can
be carried out at several-year 
intervals by mapping the ratio of bare
sediment surfaces to vegetated surfaces
for chosen and constant water levels
and at constant times in the growing
season. Over time, a change in this ratio
towards vegetated surfaces indicates
decreased dynamism and vice versa.
This can be done by surveying on the
ground and/or using large-scale aerial
photographs or satellite images. If the
budget allows this strategy, it is easier
to get constancy in this process by 
flying chosen flight lines and taking 
aerial photographs at chosen scales.

Deposition of debris (both large woody
debris and organic litter) in the channel
and on the floodplain can be measured
along transects or mapped using aerial
photographs.

A gauging station on
the Vindel River in
northern Sweden.

Water tables can be monitored
using underground probes. Here
on the River Ouse in the UK they
are being linked to a data logger
for automatic data collection.

Sediment deposition during a single
flood event can be considerable.
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Measuring biological responses…..

This usually involves measuring some
aspect of individual plant or animal
species or measuring spatial extent of
different vegetation communities.

Indicator species are frequently cited as
being useful in monitoring programmes.
Their populations should rapidly reflect
underlying changes in the habitat.
However, since no two species have
identical responses to environmental
change they do not always work as a
monitoring tool. In the case of European
floodplain forests, however, Populus
nigra and many willow species, which
can only grow on new sedimentation
sites in the floodplain, can be good 
indicators of the dynamism of the 
floodplain. Their presence as seedlings
or saplings indicates that the channel is
mobile. Surveys of seedlings at the start
of a growing season are indicators of
seed availability and germination levels,
surveys of the same sites at the end of a
growing season or at the start of the
next growing season indicate survival
and establishment.

Some species of insect, birds or 
animals are very sensitive to habitat
changes, especially to aspects of food
availability. However some caution
should be exercised with use of data on
population levels of these species.
Some bird species might be as affected
by conditions outside the restoration
area as those in the restoration area;
exotics can affect numbers of native
species and natural population fluctua-
tions can confuse measured trends.

Since availability of soil moisture is a
key physical process in floodplain
forests, monitoring the presence or
absence of ground flora, especially
annual species and tree seedlings is
more sensitive than monitoring 
long-lived species. However, monitoring
the state of health of established trees
and shrubs can indicate long-term
changes in water table conditions. For
example, adult poplar trees can 'shut
down' some of their branches if water
becomes limiting, giving rise to the
familiar 'stag’s head' poplar.

A seedling census is carried out
on the River Drôme, France.

A Populus deltoides tree on the Bow River in Alberta, Canada, shows
signs of branch die-back, sometimes known as stag's head poplars.
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Mapping the relative spatial extent of 
different floodplain forest vegetation
types can be carried out in conjunction
with mapping the relative ratios of new
sedimentation areas to vegetated areas
at several-year intervals. Again the
results indicate floodplain dynamism.
However as with all vegetation mapping
exercises there are a variety of 
problems that can be encountered.
These include, definition and delineation
of vegetation types, establishment of
control points in a mobile environment
and choice of scale for mapping. In the
case of floodplain forests, scale is 
particularly important. At the local scale
we would expect a small-scale and 
varied vegetation mosaic exhibiting
many small areas of different vegetation
types with strong forest edge effects
that might be considered unusual in any
other forest type. At the catchment
scale, on the other hand, separation of
areas of floodplain forest by conversion
of intervening areas to agriculture or
urban development would represent an 
unacceptable level of fragmentation.

All monitoring which involves spatial
sampling must be subjected to rigorous
observation of basic sampling rules and
rules of data analysis in order to avoid
unrepresentative data collection and
data misinterpretation.

Some authors have written about more
complex forms of indicators that could
be measured in floodplain and riparian
environments. These include, genetic
indicators, indicators of abundance and
distribution of different size and age 
categories of different species, relative
abundance of sexual versus vegetative
reproduction among others. Clearly the
complexity and sophistication of a 
monitoring programme will vary with
the availability of funding and also with
the level of interest in particular sites
from the scientific community. 

Vegetation mapping allows an understanding of
long-term trends when carried out over several
years or decades. This figure shows a detailed
map of a section of the floodplain forests of the
Allier River in France and illustrates well the 
complex vegetation mosaic that arises in a
dynamic river floodplain and its change over time.

Tree

Herbaceous

Bare sediment

Water

0 metres 1000

1954 2000

Unpublished PhD by Stéphane Petit.
Petit F (2001) Essai de quantification 
de la rugosité d’une plaine 
d’inondation:example de la Station 
de Chatel-de-Neuvre sur la rivière Allier. 
Unpublished thesis, University of 
Clermont Ferrand, France.
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Useful references on goal-setting,
sampling and more detailed monitoring in
riparian and floodplain areas…..

UNEP-WCMC (2001) Forest Biodiversity
Indicators:Tools for Policy making and
management. UNEP-WCMC publication
available from www.unep.wcmc.org

Lefevre F and Kajba D (2001) Indicators
for monitoring genetic diversity. Pp 36-
46 in Lefevre F et al (eds) EUFORGEN
Technical Bulletin. In situ conservation
of Populus nigra. International Plant
Genetic Resources Institute, Rome, Italy.

River Restoration Centre, UK (2003)
Appraisal: River Restoration's missing
link. Workshop report available at
www.theRRC.co.uk

Stanturf J A, Schoenholtz S H, Schweitzer
C J and Shepard J P (2001) Achieving
Restoration success: Myths in
bottomland hardwood forests.
Restoration Ecology 9:189-200.

The Canadian Community Monitoring
Network, including information on
watershed report cards available on
www.ccmn.ca

Toth L A and Anderson D H (1998)
Developing expectations for ecosystem
restoration. Transactions of the 63rd No.
American Wildlife. And Natural
Resources Conference 122-134.

Underwood A J (1996) Spatial and
temporal problems with monitoring.
Pp 182-204 in Petts G and Calow P (eds)
River Restoration. Blackwell Science,
Oxford.

Winward A H (2000) Monitoring the
vegetation resources in riparian areas.
USDA Forest Service General Technical
Report RMRS-GTR-47.

Monitoring is frequently included in restoration 
project proposals and then ignored once the 
project has been carried out. A committment to 
funding long-term monitoring is essential if we 
are to learn how successful restoration has 
been. It is also essential if we are to separate 
restoration outcomes from changes occuring 
because of broader-scale effects of climate 
change. In this photograph, installation of water 
level monitoring equipment in a boreal river in 
northern Sweden will add to our knowledge base.
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If data are not collected and 
disseminated in ways which can achieve
these monitoring objectives then the
monitoring programme has not been
successful. The continuity of monitoring
and variety of data types collected will
reflect levels of funding and the time
frames over which funding is available. 
It is recommended that monitoring is an
integral and potentially renewable part
of the initial budget of any restoration 
project. 

Consultation with local communities
should be an integral part of the 
restoration process from the outset
since this helps people feel that they can
'take possession' of the restoration 
initiative and this can have positive
results for monitoring at a later date.
Informing and monitoring public opinion
as well as monitoring ecosystem change
is vital for wide acceptance of 
restoration concepts.

The main reasons for collecting
monitoring data are:

to judge the level of success or
failure of a project.

to have the option of ongoing
adaptive management of the
restoration project.

to re-set levels of sensitivity
for indicators used.

to inform future restoration
projects.

and to inform decision makers
and policy change.

The main messages here are:

collect data that can be used
for these purposes.

collect data that are robust and
independent of variation among
the data collectors.

and collect data that are
understood by the audiences
which need to use them.
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How will the data be collected and used?
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What prospects 
for restoration?

River Thame, UK (Francine Hughes)
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Achieving the mobile mosaic of a fully
functional and self-regenerating 
floodplain forest is a challenging task
not just for those engaged in the 
technical management of a restoration
project. Creating a floodplain forest
involves changing the way we use the
river and adjacent land to some degree.
Most obviously, this can affect existing
forms of agriculture, forestry or urban 
development on a restoration site. It is
quite common, however, for the 
restoration of floodplain woodland to
impact on a wide range of activities –
including recreation, energy generation,
transportation and nature conservation
– along the river or even across the
whole catchment. For this reason the
task of restoring a floodplain forest
affects a large number of people 
representing a broad range of interests,
which can be commercially, 
professionally, culturally, as well as 
personally motivated. If restoring a
floodplain forest is dependent on 
finding a solution which is generally
acceptable to those affected, how can
we create conditions which are
favourable to this task? 

What do the management guidelines
mean for the way floodplains are used?

A good point to start is to consider how
the hydrological and ecological 
requirements of a fully functional 
floodplain forest, described in a 
previous section, affect uses and users
of a river and its floodplain. The 
management guidelines on how to
achieve optimal flow dynamics and 
biotic diversity have the following 
implications for the institutional 
dimensions of restoration projects:

a) Flow regimes 

Managing river flows so that they create
potential regeneration sites, permit the
germination of seedlings and promote
the growth of established trees requires
coordination of water use between
upstream and downstream users, in 
particular with regard to water 
abstractions and flood protection needs
and, on certain rivers, energy 
generation and shipping. 

b) River-floodplain interaction

Functional floodplains are interfaces not
only between water and land but
between institutions responsible for
water management (e.g. flood defence,
water protection, water supply) and for
land management (e.g. agriculture, 
spatial planning, regional development,
mineral extraction).

How can the restoration of 
floodplain forests be promoted?

On the River Oder in
Germany a barge 
transports gravel.
Navigation is one of
the many uses of a
river which has to be
taken into account
when restoration of
floodplain forest is
being considered.
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grassland and woodland habitats on
the Oder River floodplain, Germany. Ti
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c) Catchment-scale management

Managing physical processes across a
whole catchment, rather than on a site
or a reach of the river, affects a 
potentially huge number of stake-
holders, often requiring complex forms
of inter-organisational cooperation. 

d) Functional diversity

Behind each of the principal functions a
floodplain forest can provide – 
floodwater storage, biological diversity,
groundwater recharge, timber 
production and pollution control – lie
particular interests protected by a 
distinct set of institutions. Securing 
support for the restoration of floodplain
woodland means enrolling often 
divergent interests and developing
cross-sectoral collaboration. 

e) Habitat change

Creating a new or former habitat – such
as a floodplain forest – is much harder
than protecting an existing one.
Restoration projects can encounter 
problems overcoming nature 
conservation reservations when they
threaten existing flora and fauna.
These complex issues demand complex
institutional arrangements. The difficulty
in creating favourable institutional 
contexts is the principal reason why
there have as yet been very few 
examples of the restoration of 
floodplain woodland in the more 
densely populated, economically
advanced countries of Europe.

What institutional constraints confront
the restoration of floodplains? 

A simple answer to this question is that
the same human activities which 
contributed to the loss of functional
floodplains in the past act against 
restoring a floodplain today. These are
primarily urban development, intensive
agricultural production, land reclama-
tion, flood defence, navigation and elec-
tricity generation. 

A closer look at the 
institutional complexity of floodplain
restoration reveals a more detailed 
picture of the key constraints:

Conflicting claims over the use of floodplains
(e.g. for agriculture/forestry, recreation,
landscape enhancement, biodiversity, flood
defence);

Relatively high value of land on floodplains;

Complexity and fragmentation of land
ownership (e.g. landowner-tenant problems);

Predominance of hard engineering solutions
for flood defence;

Ineffective and/or inadequate planning
regulation to protect floodplains;

Inadequate incentives for farmers to accept
changes to land use;

Adverse financial incentives (e.g. substantial
funding for flood defence infrastructures and
for increased agricultural productivity);

International and national protected areas
resistant to habitat change.

Difficulties of coordination between the
multiple policy fields and stakeholder groups
affected;

Difficulties of collaboration across the
different administrative territories of a
catchment;

Inconsistencies between national and EU
policy instruments.
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What are the specific constraints to
restoring floodplain forests?

The restoration of floodplain forests, in
particular self-regenerating woodland,
has to contend with a number of 
additional constraints and reservations.
Many of these are rooted in entrenched
attitudes and institutionalised 
management practices, making them
especially difficult to tackle. 

1. Flood defence objections
Those responsible for flood protection
are concerned about the potential 
danger posed by fallen trees or other
woody debris since they can cause an 
obstruction in rivers, creating or 
exacerbating a flooding event. For this
reason flood defence guidelines often
restrict the planting of trees near 
watercourses. Where a floodplain is 
reactivated for flood storage purposes,
the hindrance to flows caused by a large
number of trees is viewed under some
circumstances as detrimental to flood
defence interests.

2. Nature conservation objections
There is considerable opposition to
floodplain forests from some nature 
conservationists. Objections arise, in 
particular, where the focus of habitat 
protection or creation is on wet 
grassland. In response to the continuing
disappearance of this species-rich 
habitat in many parts of Europe wet
grassland is often given a clear priority
over wet woodland. Since trees offer
cover for predators of some of the
endangered bird species on wet 
grassland, many conservationists resist
woodland development on floodplains
for this reason alone. 

3. Uncertain economic value of 
floodplain forests
Trees take a long time to grow into 
commercially valuable products.
Compared with crops or pasture that
give an annual return a floodplain forest
can appear a high-risk, long-term 
investment. Where the forest is 

self-regenerating, rather than planted,
the uncertainty of the commercial 
venture is greater and the timber is 
usually harder to harvest without 
disrupting the habitat. 

4. Landscape preferences
In regions where there is no collective
memory of floodplain forests it can be
very difficult to communicate the notion
of having trees on floodplains as a form
of habitat restoration. People used to
floodplain landscapes as flat, open
spaces with low vegetation generally
want to restore functional floodplains – 
if at all – to this state. In parts of Europe
where floodplain forests still exist or 
disappeared relatively recently such 
cultural constraints are far less 
prevalent.

The restoration of floodplain forest in
most European countries is, clearly, an
ambitious – even daunting – task. In the
following section we explore what
opportunities exist to promote 
restoration initiatives. We focus on the
openings being created by recent and
ongoing shifts in key policy areas and
how these changes are stimulating the
emergence of a new type of restoration
project more suited to fulfilling the 
complex requirements of a functional
floodplain forest. 

In order to appreciate how the context
of floodplain restoration is changing in
many European countries it is worth
reflecting first on the ways in which
floodplains have been restored in the
recent past. 

“The issue of 
woodland on the
floodplain itself is a
rather different one
altogether. Our wet
grasslands 
specialists say no!" 
(Nature 
conservationist,
Somerset, UK)

“Washland is 
somewhere that’s
wide open with not a
tree in sight. So that’s
what people look for.
Flooded forests are
things you get in the
Amazon, not in the
UK” 
(Nature 
conservationist, UK)

"I think the 
opportunities 
probably in most
people’s eyes are
more obvious in the
middle and the
upper catchment,
but it’s only
because in recent
years we’ve not
actually encouraged
planting of wet
woodland on the
floodplain. It’s a
new idea." 
(Planner at
Somerset County
Council, UK)

A prime motive for restoring a
floodplain forest on the Elbe near
Lenzen, Brandenburg, was
knowledge backed by historical
documentation that there had
been a large floodplain forest on
the site up until the late 18th

century and the fact that today
only two other floodplain forests
remain in the lower part of the
Middle Elbe.
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How has restoration been 
done in the past?

Where floodplain forest has been
restored in Europe it has generally been
as part of a project of floodplain 
restoration. Many floodplain restoration
projects themselves have originated as
initiatives to rehabilitate a section of a
river. It was – and still is – common for a
restoration project to begin as an idea to
enhance habitat quality in an area of
low conservation value. The focus of 
attention is generally on a single issue,
such as fisheries or landscape 
enhancement. In a typical case, a small
group of interested people from the
region – many representing government
agencies and NGOs engaged in nature
conservation – would join together to
design and implement a scheme on a
particular site. Site selection would be
strongly influenced by the willingness of
the landowner(s) to cooperate. 
The area of floodplain restored would
generally be small. Instrumental behind
the effective implementation – and
indeed the existence – of the scheme
was often the ready availability of one
or more funding sources to cover the 
capital costs of conducting the physical
interventions (e.g. removing floodbanks)
and also any loss of revenue incurred
by the landowner. 

Schemes of this kind have succeeded in
restoring floodplain habitats with 
limited resources and, in some cases,
within a short period of time. With the
benefit of relatively straightforward
administrative procedures, 
organisational structures and funding
mechanisms it has been demonstrated
how floodplain ecosystems can be
restored. This kind of scheme has some
critical limitations, however. The 
projects rarely incorporate a catchment
perspective on restoration, but 
concentrate on the site itself. They are
predominantly single-issue schemes,
focussing generally on habitat 
enhancement, even if there are 
significant benefits for other policy
areas, such as flood defence or 
recreation. They are generally 
conducted in isolation from national or
regional policy initiatives. Little attention
is given to cultivating support for the
project in the wider policy-making
domain or scientific communities. The
performance of many such projects is
rarely monitored or evaluated 
systematically. 

“Trees don’t belong on floodplains". On this 
restored floodplain a substantial number of 
self-seeding willows were removed because 
of the perceived threats they posed for birdlife
(predators) and flood defence (obstructions).
Long Eau River at Great Carlton, Lincolnshire, UK. 
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What new drivers are improving 
the prospects for restoring 
floodplain forests? 

In recent years shifts in problem 
awareness and problem-solving
approaches in a number of relevant 
policy fields are creating new openings
for restoring floodplains and their
forests. At the same time we can
observe growing interest amongst local
and regional actors in restoring 
floodplains to address a variety of
localised issues, ranging from flood
risks and loss of biodiversity to 
agricultural restructuring. This interest
at both strategic and operational levels
has combined in several instances to
give rise to a new type of floodplain
restoration scheme which addresses
policy integration, stakeholder 
participation and the multiple functions
of a floodplain from a catchment 
perspective. 

What has prompted the emergence 
of new policy priorities?

Major flooding events across Europe,
growing evidence of climate change, the
continued loss and deterioration of 
valuable habitats, inefficiencies in 
agricultural production, the cost of 
maintaining flood defence barriers ……
The severity of problems such as these
is cause for growing concern in the pub-
lic domain across Europe. It is prompt-
ing policy-makers to critically reappraise
many existing institutional regulations
and incentives with a view to improving
their effectiveness in combating these
problems. The emerging new policies
are not directed at promoting floodplain
restoration specifically – they some-
times do not even refer to it as an
option – but they create openings which
could be used to this end. Particularly
important is how a certain combination
of policy initiatives can create a ‘window
of opportunity’ for launching a restora-
tion project.

"...the general feedback 
we’re getting from the 
practitioners is that 
woodland on the smaller 
floodplains could actually 
be quite valuable also for 
reasons of flood mitigation,
but less so downstream”.
(Wildlife conservationalist,
Somerset, UK)

Many towns and cities have
experienced flooding in recent
years. Sandbags hold back
floodwaters in Cambridge, UK.
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How are shifting policy 
priorities creating new openings 
for floodplain restoration?

It is difficult to generalise on policy
shifts across Europe but certain trends
can be observed in the policy areas of
flood protection, water protection,
nature conservation, agriculture,
forestry, land-use planning and rural
development:

Catchment Flood Management Plans (CFMPs) – currently
being introduced in the UK – take a catchment approach to
determining areas where flood storage is most suitable. The
planned 60-80 CFMPs across England and Wales will provide
a general assessment of risks, opportunities and constraints
concerning flood management and develop a set of flood-
risk management policies for catchments between 1,000 and
5,000 km2.

A flood management strategy developed within the
framework of a CFMP for the Severn River argues the merits
of floodplain woodland for habitat enhancement and flood
mitigation as part of a strategic, catchment-oriented approach
to flood management.

Environment Agency (2002): River Severn Strategy. A Flood Management Strategy for
the River Severn Corridor. Scoping Report, January 2002.

The Federal Government in Germany has
submitted a bill for a Flood Protection Act,
which – if passed – would require substantial
adaptations of the existing Water Management
Act, Building Code, Regional Planning Act and
Navigation Act. Beyond tighter controls over
development on functional floodplains the Act
would create obligations for federal states to
create flood retention zones, move back flood
defence embankments and restore floodplains.

Water protection. The EU Water
Framework Directive requires surface
waters to be restored to a "good 
status" and promotes river basin
management to this end.
Implementing the directive will entail
paying greater attention than in the
past to water flow regimes, 
abstraction levels and the 
geomorphology of rivers across
whole catchments: all factors
favourable for floodplain restoration.
The potential of functional 
floodplains and their forests to
improve water quality will also play a
role. 

A guidance document on the role
of wetlands in implementing
the EU Water Framework
Directive – a so-called Horizontal
Guidance paper – is being
produced within the framework
of the Common Implementation
Strategy process. It includes a
programme of measures for
better wetland management. The
document is, however, not legally
binding. Implementation of its
recommendations is thus
dependent on the discretion of
the Member States.

Flood protection. In response to recent
flooding events, concern at 
climate change and the cost of
strengthening physical flood defences,
but also in recognition of obligations
to protect and enhance the 
environment, recent changes to flood
protection regulations and funding in
several countries have created better
opportunities for catchment-oriented
approaches and soft-engineering 
techniques of flood protection. The
use of functional floodplains for flood
storage purposes is gaining credibility
in policy-making circles as a 
consequence.
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Forestry. National forestry policies are 
adapting to growing public 
criticism of the negative 
environmental and landscape 
impacts of monoculture timber 
plantations. Management guidelines
and financial incentives are 
increasingly oriented towards 
achieving multi-use, multi-purpose
forests, creating improved 
opportunities for restoring 
indigenous woodland habitats, 
including floodplain forests.

Nature conservation. The EU Habitats
Directive obliges Member States to
restore, as well as to maintain,
favourable status to key habitats and
species. It provides a potentially
important instrument for promoting
the restoration of functional floodplain
ecosystems. In the context of 
implementation many Member States
have introduced plans to promote 
biodiversity that include targets 
relating to different types of wet
woodland habitats, including 
floodplain forest.

Agriculture. The Agenda 2000 reform 
of the EU Common Agricultural 
Policy has created greater options 
for Member States to attach 
environmental conditions to the 
payment of agricultural subsidies that
could be used to promote less 
intensive farming of floodplains.
Willingness to consider steps in this
direction has been strengthened by
growing concern at the consequences
of intensive farming practices, in 
particular for public health, as 
highlighted by a number of critical
incidents in recent years. 

The UK Biodiversity Action Plan (1994) includes an action plan for wet woodlands.
The targets are to restore 3,200 ha of native wet woodland and to colonise and/or plant
6,750 ha of wet woodland on unwooded or ex-plantation sites by 2015. Included within
these targets are a number of demonstration sites which will be used specifically to
illustrate good practice in the restoration of floodplain forests in the UK.

The 2002 reform of the
Federal Nature Conservation Act
(BNatSchG) in Germany made it
possible to designate protected areas
not only for existing habitats but in
addition for areas with potential for
restoration.
This has enabled, for example, a
section of floodplain forest near
Lenzen in Brandenburg that could
benefit from habitat enhancement
being designated a protected area
with a view to subsequent restoration.

A National Action Plan for Wetlands was introduced in France in 1995 in response
to the alarming degradation of wetlands in recent years.In accordance with the plan,
87 wetlands of national importance have been identified by the Ministry for the
Environment. Wetlands with this status are subject to environmental monitoring and
measures to enhance their ecological quality.
The plan has proved a significant driver behind some notable restoration floodplain
projects, e.g. La Bassée on the Seine.
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Spanning these individual policy fields
we can observe growing recognition of
the importance of policy integration and
stakeholder participation, informed by
debates on sustainable development
and new forms of governance.

Land-use planning. In response to 
extensive damage caused by recent
flooding events, land-use planning
regulations are being modified in
many countries to offer more effective
protection of existing floodplains. 
In some instances they are 
designating land for the future
restoration of functional floodplains
and floodplain forests. 

Rural development. The EU Rural
Development Regulation for 
2000-2006 lays the foundations for a
more integrated approach to rural
development, incorporating 
agriculture, nature conservation and
the diversification of rural economies.
Similar thinking at national level has
fostered integrated programmes and
projects for rural development that
can include floodplain restoration. 

In Germany, the Federal Regional Planning Act
(ROG) of 1998 introduced new categories of planning
zones to secure natural areas for flood protection.
These designated planning zones – termed “Vorrang-
und Vorbehaltsgebiete” under 7 para.4 ROG – are
regarded by some commentators as an important
planning initiative towards restoring – rather than
simply protecting – floodplains and their habitats.
This federal regulation has, for example, created the
opportunity for the state of Saxony-Anhalt to identify
in its State Development Plan of 1999 a number of
flood protection areas behind dykes, which could be
restored as functional floodplains in the future.

Land Management Initiatives have been recently
introduced in the UK to develop desirable landscapes
and agricultural practices with targeted funding
programmes.
The Severn-Vyrnwy Wetland Land Management Initiative
aims to manage water more sustainably in the
catchment by taking an integrated approach to the
needs of agriculture, conservation and flood defence.
In the course of its development it has broadened in
scope from a project to create wet grassland as a
breeding habitat for wading birds into a collaborative
exercise in new ways of managing the rural landscape.

In some northern European countries where
forests dominate in the riparian zone, the 
maintenance of open landscapes has been 
promoted as a 'restoration' option in some 
locations. This former hay-meadow in the
upper Vindel River in Sweden was abandoned
by farmers in the mid-1900s and successively
recolonized by trees and shrubs. Recently the
woody vegetation has been cleared and 
grazing by cows has been introduced as a
means of restoring the open riverine 
landscape. Although this management 
maintains an open landscape and more diverse
land-use, vegetation complexity and species
diversity may be reduced in the grazed areas.
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What can a multi-purpose, 
catchment-oriented restoration 
project look like?

In response to these institutional drivers
but also to local pressures for change –
a new generation of floodplain 
restoration projects is emerging which
are of a quite different scale and scope
to those of the early to mid-1990s. The
new-style projects deliberately set out to
address some of the complex 
challenges to integrated floodplain
restoration described above.  

Comments

Projects are designed to provide a wide range of benefits affecting several policy
areas. Restoring a floodplain forest can be part of a broader scheme to raise the
standard of flood protection, improve groundwater quality, create a more attractive
landscape and strengthen rural development.

From a greater breadth of scope follows a greater breadth of scale since many of
the issues addressed demand catchment-oriented solutions. Restoration sites are
selected according to their suitability from a catchment perspective and not primarily
because they are available.

The long time-frame of many of the issues addressed – such as timber production,
processes of habitat succession or the impacts of climate change – requires a long-
term vision for restoration projects extending over several decades.

Great emphasis is placed on building a broad-based partnership of stakeholders
from the relevant policy fields that incorporates NGOs and the local community as
well as government agencies. The resulting organisational structures and procedures
can be quite complex.

Beyond the involvement of those immediately responsible or affected, the support
of a wide range of relevant actors at the regional and national, as well as local, level
is actively sought. Extensive consultation increases the importance of a process-
oriented approach to restoration.

Projects draw on a wide range of funding, planning and regulatory instruments from
the various policy fields addressed. They often seek effective novel combinations,
for example between flood defence funding for capital works and agri-environment
payments to cover maintenance costs.

The ambitious objectives and innovative management practices of integrated projects
can benefit greatly from establishing strong links to policy-making circles. Projects
act as pilot projects for new planning or funding initiatives and seek wide publicity
for their activities.

Key features

Multiple objectives

Catchment orientation

Long-term vision

Strong partnerships

Wide consultation

Instrument mix

Policy linkage

Some of the key features common to
these projects are their multiple 
objectives, broad spatial scope, 
long-term orientation, extensive 
stakeholder involvement, use of 
instruments from different policy fields
and linkage to national policy initiatives
and policy-making processes:
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The lower catchment of the River 
Parret in Somerset, England

The Parrett Catchment Project in Somerset, England,
is a good example of a multi-purpose, catchment-oriented
project.

Launched in 2000, its purpose is to resolve existing conflicts
over land and water management activities by building a
broad partnership with which to develop innovative forms
of sustainable flood management across the whole
catchment. A 50-year Action Strategy outlines the project’s
integrated approach to meeting flood defence needs in
ways that benefit wildlife, support the local economy and
offer new opportunities for rural development.

With the support of local and policy communities it has
succeeded in accessing substantial funding, stimulating
joint projects, initiating a dialogue between the upper and
lower catchment, winning national awards and being
selected as an example of best practice for flood
management.
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The agglomeration of Paris is highly
vulnerable to severe flooding. The
planned scheme to create a controlled
polder area of some 2,500 ha on the
Seine River at la Bassée ca. 70 km
upstream of the city is illustrative of a
large-scale, inter-regional solution for
better flood protection meeting the
needs of a variety of stakeholder groups.
The primary attraction of the project is
to reduce annual damages from flooding
by an estimated £29 million. Despite the
size and institutional complexity of the
project local opposition has been
minimised by embedding the flood
defence measures in a broader
programme of regional economic
development, creating the prospect of
internal benefits for the affected region.
In contrast to most flood defence works
in France, there is wide recognition by
those involved of the need for a
mechanism of inter-regional
compensation for the affected region by
the downstream beneficiaries.
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One of the largest and most ambitious
schemes in Germany is to restore ca. 400 ha
of floodplain by relocating a dyke on
the river Elbe at Lenzen, in Brandenburg.
The project – currently at an advanced
planning stage – envisages an elaborate
programme of measures for ecological
restoration, which includes extensive initial
plantings of floodplain woodland. Beyond
the restoration and conservation of a
floodplain environment the scheme aims to
contribute to improved flood protection at
a critical point on the Elbe and to the
sustainable economic development of a
structurally weak region, promoting soft
tourism, organic agriculture and
environmental education. In order to achieve
these complex goals, a large array of
instruments has been enrolled, including
various sources of funding, the designation
of protected areas, technical flood protection
measures, rural development initiatives,
agri-environmental schemes and land
consolidation procedures.
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What difficulties can multi-purpose 
restoration projects encounter?

Since these new generation schemes were
launched generally from the late 1990s onwards,
it is at present difficult to judge their 
effectiveness. They would certainly appear to
have the potential to overcome some of the 
principal institutional constraints to the 
restoration of floodplains and their forests which
have thwarted or curtailed efforts in the past. 

Experiences to date caution, however, against
over-optimistic expectations from the new-style
projects. Early signs suggest that the sheer 
complexity of the tasks they are tackling is posing
a major problem for project management. The
new complexity is a product not just of ambitious
project objectives. The problem is rooted also in
the requirements attached to many of the new
policy initiatives designed at improving 
accountability, policy integration and cost-
effectiveness. The requirement to consult widely
costs time and resources. Accessing multiple 
funding sources obliges restoration projects to
adapt their objectives to satisfy different funding
agencies. Attempts to enrol instruments from 
different policy fields reveal incompatibilities and 
inconsistencies of policy objectives and time
schedules. Project design and implementation
has, as a result, become more complex, more
time-consuming and more expensive. 

Critically, it appears that the self-imposed and
external demands on large-scale restoration 
projects are having the combined effect of 
jeopardising effective project implementation –
and policy delivery. Whilst each requirement may
be justifiable in its own right, the cumulative
effect of multiple requirements is to create a
degree of management complexity which is
severely delaying the progress of some 
restoration projects and causing others to be
shelved. Measures designed to improve the 
overall quality of measures to benefit the 
environment are, in other words, combining to
create an institutional setting that is in several
respects not conducive to delivering policy 
targets at the operational level. 

Rare-breed 
horses graze 
on a functional 
floodplain on 
the River Elbe 
at Lenzen in
Bradenburg. Ti
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The area allocated for floodplain restoration
near Lenzen, Brandenburg, indicating the
location of the planned relocated dyke.
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Along the River Thame in the United Kingdom,
areas formerly mined for gravel and sand have
been rehabilitated with considerable effort going
into the creation of riparian habitats including
wetlands and woodlands. Reconfiguration of parts
of the channel by the addition of riffle and pool
sequences has diversified the channel morphology
and led to natural regeneration of willows on
newly formed point bars. In the past, planting of
trees was not allowed on floodplains without
permission from the Environment Agency but
attitudes to tree planting have relaxed in recent
years and there is a growing interest in the use
of trees within proposed flood-holding schemes.

What recommendations for project
design and implementation?

How can future restoration projects 
benefit from the new windows of 
opportunity being created without 
succumbing to the difficulties of 
managing increasingly complex 
structures and processes? To create a
fully functional and self-regenerating
floodplain forest it is important first to
assess how the necessary physical 
interventions are likely to affect human
activities on the river, in the floodplain
and even across the whole catchment.
The next step is to seek communities of
interest in the project idea between a
wide range of stakeholders, building a
set of objectives around the benefits
which each actor group can expect to
derive from their involvement. It is
important to develop both a long-term
vision for change and intermediate 
targets in order to provide direction and
maintain interest during the lengthy
implementation process. The objectives
need to be based on a realistic 
assessment of the available resources
(time, funding, personnel, skills) and of
the potential constraints to 
implementation. As the objectives are
likely to cut across several policy fields it
will be important to enrol the support of
a number of different planning, funding
and regulatory instruments. The selec-
tion of physical interventions on specific
sites should ideally be framed by these 
considerations. During implementation
it is crucial for a restoration project to be
open to adaptation should unforeseen
difficulties or new opportunities present
themselves. Monitoring the 
organisational – as well as the 
technical – progress of a project can
help increase flexibility. Similarly, any 
ex post assessment of project 
performance should address internal
project management and external 
dissemination and linkage.
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What recommendations for policy 
development?

What lessons can be drawn from past
experiences for those engaged in 
developing policy relevant to the 
restoration of floodplain forests? Many
recent policy initiatives in the fields of
nature conservation, flood protection,
agriculture and forestry are a response
to the inadequacies of existing 
institutional arrangements. They reflect,
as we have indicated, a certain shift in
problem perceptions and a more 
integrated approach to problem-solving.
Policy makers complain, however, that
the new thinking underpinning such 
initiatives is not filtering down to those
responsible at the operational level: a
policy delivery gap persists. For this 
reason they are seeking to build into
new policy initiatives procedural 
specifications which require project
managers to collaborate widely, seek
cross-sectoral synergies and exploit all
available opportunities to maximise 
benefits. These requirements have
encouraged greater awareness of policy
interconnectivity in general and the
emergence of more integrated 
restoration projects in particular.

However, the cumulative impact of these
requirements is making restoration 
projects more complex and difficult to
manage, creating a new dimension to
the policy delivery gap. We can observe
how policy makers, in their efforts to 
encourage integrated, cross-sectoral and
multi-agency action, often overlook the
implications for implementation at the
operational level. In future, more 
consideration needs to be given to how
individual policy incentives work in 
conjunction with others; that is, how
they alter the existing institutional 
setting. In addition, policy-makers need
to be more sensitive to the contexts of

action in which their instruments 
operate. What makes a policy 
instrument effective are not the
assumed preferences of individuals 
acting according to a rational choice
logic but the real scope and 
willingness of stakeholders to alter their
practices. More feedback into policy-
making processes is needed about the
real-life experiences of project 
management and stakeholder 
involvement at the operational level.
With this knowledge policy-makers
should be better placed to identify and
exploit windows of opportunity for the
restoration of floodplains and their
forests in the future.

Recommended reading:

Adams W M and Perrow M (2000)
Scientific and institutional constraints
on the restoration of European
floodplains. Marriott S, Alexander J and
Hey R, eds: Floodplains: Interdisciplinary
Approaches. Geological Society, London.
Special Publications, 163:89-97

Hodge I and McNally S (2000) Wetland
restoration, collective action and the role
of water management institutions.
Ecological Economics 35:107-118

Tunstall S M, Tapsell S M and Eden S
(1999) How Stable are Public Responses
to Changing Local Environments: A
‘Before’ and ‘After’ Case Study of River
Restoration. Journal of Environmental
Planning and Management 42(4):527-547

Turner R K, van den Bergh J C J M,
Söderqvist T, Barendregt A, van der
Straaten J, Maltby E and van Ierland E
C (2000) Ecological-economic analysis
of wetlands: scientific integration for
management and policy. Ecological
Economics 35:7-23

WWF (2000) Wise Use of Floodplains.
Policy and Economic Analysis of
Floodplain Restoration in Europe.
Opportunities and Obstacles



85

What are the 
principle challenges?

Yesa Dam, Spain (Francine Hughes)
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The biggest challenge is to think 
connectedly about the physical
processes across a catchment that drive
a floodplain forest ecosystem and about
the kind of restoration that can be
achieved. This is a major step because it
requires the individuals and 
organisations involved (researchers,
practitioners and stakeholders) to think
about spatial scales and time frames
that are relevant to the functioning of
the ecosystem and in all cases this
means thinking bigger and longer than
is currently the norm. It also means 
thinking about the synergies that can be
developed through promoting 
multi-purpose restoration initiatives.

There has been a lot of work on the
restoration of floodplain ecosystems at
well-defined sites. This document 
strongly promotes the need to address
processes at the catchment-scale for the
development of long-term, 
self-sustaining floodplain forest 
ecosystems. It also encourages the
organisations involved to consider how
different targets such as flood 
management, carbon sequestration and
habitat creation can all be attained
through constructive, wide-ranging and
imaginative dialogue. As the dialogue
broadens from the site scale to the
catchment and from the short-term to
the longer-term vision then the 
uncertainties involved will inevitably
increase. While it is true that river 
managers need some certainty and to
consider many aspects of risk, it is also
true that natural systems will never be
entirely predictable. Promotion of the
advantages of diversity and change
from year to year will be a crucial 
element in changing the way that 
people think so that instead of fearing
change and lack of control, they will
welcome diversity and naturalness in
the landscape.

There is a range of scale issues 
associated with the restoration of 
floodplain forests and these have 
different implications for different 
people involved in their restoration:

Floodplain forests are highly 
dynamic ecosystems, they consist of
mobile mosaics which over time move
around an active floodplain. Such a
mobile ecosystem requires quite a lot of
space and therefore might need more
space than a floodplain grassland or
reedbed if it is also to be 
self-regenerating.

Think Catchment

Oxbow lake - evidence
of channel movement
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slows runoff Runoff
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In the undeveloped catchment,
hydrological and sedimentological
pathways run uninterrupted from
headwater regions to the lower
river and between river channels
and floodplain zones. The pattern
of river floods creates and 
sustains a diverse mosaic of 
floodplain habitats.
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There are challenges associated with
the different scales at which different
types of natural scientists think. While a
hydrologist might think about water
movement throughout a catchment, an
ecologist might think about a specific
ecosystem at a more localised scale or
about the range of a species in terms of
the habitats it uses.

There are also challenges brought
about by the spatial misfit that usually
exists between the territories of an
ecosystem, such as a catchment, and of
the actors and institutions 
responsible for managing a river and its
adjacent land, such as water 
agencies and landowners. For example,
in some European countries, agencies
responsible for the management of
rivers are organised around spatial units
which do not necessarily overlap with
the natural catchment boundary. The
Water Framework Directive will help
reduce this misfit in many 
countries. However, the persistence of
existing organisational structures in
many Member States is likely to limit
improvements to spatial fit between nat-
ural and institutional units. 

Problems of spatial fit and 
fragmentation can also arise between 
different institutions relevant to 
floodplain woodland restoration. For
example, land ownership, land-use 
planning, flood defence and 
agri-environment schemes each relate
to quite different spatial units. All these 
spatial misfits will limit the 
opportunities to take a truly catchment-
scale approach to the restoration of
floodplain forests. They can be partially
overcome by intensive collaboration
between the key organisations. 

A further spatial dimension to 
catchment-scale management of rivers
and their floodplains is the need to find
ways of balancing upstream costs
against downstream benefits.
Imaginative forms of inter-regional 
compensation of a financial and 
non-monetary kind are required if the 
costs – and benefits – are to be 
distributed fairly.

In the rare situation in Europe where
hydrological processes might be 
managed at a catchment scale to 
promote restoration of floodplain 
forest, it is difficult to predict where in
the catchment natural regeneration of 
floodplain forests might take place.
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In the overdeveloped catchment,
hydrological and sedimentological
pathways have been cut and 
diverted by river engineering.
Floodplains have been taken over
for other uses and most areas of
floodplain habitat have been lost.
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However this approach has the 
advantage of being self-sustaining. On
the other hand it is possible to produce
other types of beneficial change 
throughout a catchment by intervening
at a series of sites. For example, in 
catchments which experience flash
floods, restoration of forests on the
small floodplains of tributaries in the
upper catchment can both mitigate
flood impacts downstream and provide 
habitat networks with biodiversity gains.

Think long-term

Restoration is an art as much as a 
science. The things being manipulated
or managed are elusive, their 
relationships are uncertain, and the 
outcomes may be unpredictable. One
illustration of this is in the restoration of
river morphology itself – the physical
structures for the ecology. Rivers have a
width, depth, gradient, sediment size,
meander wavelength, flow velocity –
their character is defined by a large
number of variables whose values are
difficult to predict. This means that the
system is indeterminate, and there are
many different stable states defined by 
different combinations of values of the
variables. The ecology is similarly 
indeterminate. The uncertainty 
question is compounded if we think
about temporal change. Riparian
ecosystems are dynamic, and have
patches of non-forested habitat within
the floodplain ecosystem, where 
regeneration and renewal of succession
is occurring. This process is driven by
flooding, but floods are unpredictable.
Thus, the time-scale of change is to a
degree out of the control of a river 
manager. If goals are set to create 
channels of specified width and 
gradient, with specified proportions of
particular species, by stated dates, then
virtually all restoration schemes will fail.
This suggests that goals may have to be
quite general ones – to allow 
re-naturalisation of hydrological, 
geomorphological and ecological
processes, in order to allow natural 
habitat creation, exploitation, and 
succession, at a pace determined by the
sequence of natural events.

There are further challenges associated
with the fact that floodplain forest
ecosystems are long-lived. Individual
trees might live for hundreds of years.
However, the physical drivers of the 
system are clearly those of flooding and
sedimentation which have been shown
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In the restored catchment, 
an attempt has been made to 
reinstate hydrological and 
sedimentological pathways and 
to reconnect floodplains with 
river channels. Floodplain habitats
are once more sustained and even
created by variations in river flows.
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to be important at a range of time
scales. Large floods (generally but not
always bigger than 1 in 10 year events)
are particularly important in keeping the
whole ecosystem dynamic through
channel movement and the deposition
of sites for tree regeneration. 

Compared with these timescales of 
natural systems, the time frames of 
planning procedures, funding 
programmes and policy objectives are
usually much shorter. Actor groups such
as politicians, public officials, farmers,
river managers and conservationists all
have their own time frames for planning
and action which will rarely be 
consistent with the timescales within
which natural processes in floodplain
forests operate. This applies particularly
to self-regenerating – rather than plant-
ed – floodplain forests. These diverse
timescales need to be respected when
considering a restoration project. The
unpredictability of natural processes – in
particular flooding events – should not
be viewed as a disturbance to a 
carefully scheduled implementation plan
but be incorporated into the restoration
strategy with preparations to exploit the
opportunities for self-regeneration as
they appear. 

Within the institutional dimension itself
there may be conflicting time frames.
One example is between the long-term
impact of capital expenditure and 
short-term expenditure on the 
maintenance of flood defence 
structures. A common reason for 
farmers not agreeing to allow their land
to function as a floodplain is that they
generally receive only temporary 
compensation payments for a change in
land use which is effectively 
semi-permanent. Innovative 
combinations of instruments from 
different policy fields are one way of
overcoming such difficulties.

Floodplain trees can tell us a
story about the flooding history
of their rivers and changes to
the floodplain in the past. It is a
significant challenge to restore
these dynamic forests for
future generations.
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Think co-operation

There are significant challenges posed
by interdisciplinary co-operation,
between different types of natural 
scientists and between social and 
natural scientists. The spatial and 
temporal scales over which different 
scientists work and think vary 
considerably and determine their 
priorities and methodologies. For 
example a plant ecologist will tend to
think about spatial patterns of plant
occurrence and might census them
using quadrats at a local scale and map
ecosystem extent at a larger scale. The
land use planner might also map 
vegetation at the same larger scale but
might classify vegetation on its 
agricultural type (e.g. pasture) but
ignore variation in species diversity in
those pastures. The hydrologist might
measure the runoff properties of 
different vegetation types in a 
catchment. These three scientists are all
interested in catchment vegetation cover
but approaching it from quite different
angles. When they work together this
can pose considerable problems of 
communication and the more practical
problems of data incompatibilities 
especially if predictive modelling of
change is desirable.

Problems of functional interplay exist
between actors from different policy
fields or disciplines. Examples include
the difficulties encountered in using
flood defence funds for environmental 
enhancement or, conversely, in using 
agri-environment subsidies to achieve
flood defence benefits. Recent research
work and pilot projects have identified
areas where there is a commonality of
interest between diverse actor groups
and where the potential exists for 
creating complementary policy packages
out of instruments from different policy
fields. A floodplain restoration project
ultimately depends on the willingness
and ability of individuals – acting in their
own interest or as representatives of
organisations – to collaborate. Such a
complex undertaking as restoring a
floodplain forest relies on a high degree
of consultation and cooperation
between the key players. In the search
for more precise scientific knowledge
and effective policy instruments it is
often overlooked that what makes a
good restoration project can also
involve having the right people in the
right place at the right time. Effort spent
on building and maintaining a good
working partnership is generally 
rewarded in the long term. 

The brief history of floodplain (forest)
restoration in Europe is an expression of
the degree to which knowledge and 
experience has been exchanged
between the arenas of scientific
research, policy design and 
implementation, and project 
management. Bridging the knowledge
gaps between these diverse arenas is a 
fundamental challenge for the 
restoration of floodplains and their
forests given the relative lack of 
experience in this field. This task should
not be conceived of as a one-directional
path from science to policy to project
management. Difficulties in 
implementing restoration projects in 
practice suggest that new knowledge
needs to flow in all directions, 
encouraging, for instance, experiences
with project implementation to be
addressed by research and policy. Is
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