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Introduction 
 
The riparian and floodplain zones of rivers are physically dynamic places, subject to the 
delivery and removal of water and sediments during flood events. Floodplain or alluvial 
forests are highly dynamic ecosystems that grow on these 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. 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. There is now considerable interest in the restoration 
of these forests in recognition of the numerous ecosystem services that they can perform. A 
key starting point for restoration of floodplain forests is a good understanding of the 
complex linkages between the physical and biological components of the forests. In order 
to achieve this, baseline scientific research has to be carried out so that accurate 
information can be provided for the design stages of the river restoration options. This 
paper will primarily discuss the relationships between the physical and biological 
components of floodplain forests and also some of the options for the conservation and 
restoration of these ecosystems.  
 
The status of European floodplains 
 
European floodplains have, with few exceptions, been occupied and used by humans for 
several thousand years. Most floodplains could be characterised as natural mosaics of 
forests, grassy clearings and small wetland areas prior to the Iron Age. Despite widespread 
use of floodplains for agriculture from the Iron Age onwards and consequent decrease in 
floodplain forest area, tracts of floodplain forest remained until the eighteenth century in 
many parts of Europe and particularly in the large river systems of Eastern Europe (Petts, 
1989). 
 
During the eighteenth and nineteenth centuries progress in civil engineering expertise 
resulted in widespread channelisation in order to improve navigation, to reclaim floodplain 
land for agriculture, to reduce flooding in urban areas, and in some northern regions to alter 
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channel form for timber floating. Later, construction of dams and inter-basin water transfer 
schemes caused significant changes to the water delivery patterns in rivers downstream of 
these structures. As a result of all these engineering works, floodplains became physically 
isolated from their adjacent rivers with the result that channel movement and the formation 
of suitable regeneration sites for floodplain tree species became severely restricted and the 
previously typical vegetation mosaics became very restricted in extent. Pioneer tree species 
such as the Black poplar (Populus nigra) and many species of willow (Salix sp.) have been 
particularly badly affected by these trends. Thus, the loss of floodplain forests in the upper 
Rhône River in France are described by Roux et al. (1989) and by Hager and Schume 
(2001) along the Austrian stretches of the River Danube. In some countries like Belgium 
and The Netherlands, floodplain forests are close to extinction, and in England there are 
now no known sites where Populus nigra can regenerate sexually. 
 
Today, 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(92/43/EEC;1992) as a priority habitat type and are included in the Natura 2000 network 
of nature reserves. In western Europe they are more reduced in extent than in eastern and central 
Europe where some impressive patches remain (Figure 1).  
 

 
(Figure 1; from FLOBAR2 document ‘The Flooded Forest’, 2003) 
 
As well as reduced forest extent, the ecological quality of remaining forests is in question. 
Measures to 'restore' floodplain forests have been implemented 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 
forestry departments and some have been leased to private foresters and farmers who have 
removed floodplain forest to plant quick-growing exotic trees or crops (Girel et al, 2003). 
Recognition of this problem in some places has led to changed forestry practices to include 
native species such as locally-sourced Populus nigra. For example, this positive change has 
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taken place in the Gemenc alluvial forests within the Duna-Dráva National Park on the Danube 
River in Hungary. 
 
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. 
For example, in Spain, P. x euramericana and P.nigra var ‘Italica’ are common plantation 
species along rivers like the Duero although results from the EU-funded EUROPOP project 
showed little evidence of introgression at that time (Alba et al, 2002). These threats to Black 
poplar led to the establishment of a European network for the conservation of its genetic 
resource through the European Forest Genetic Resources Programme (EUFORGEN; 
www.euforgen.org). Under the auspices of this programme, the 'Populus nigra network' was 
initiated to develop 'in situ' conservation measures and to create 'ex situ' collections of cuttings 
in several European countries (Rotach, 2001). 
 
The regeneration of native floodplain forest species is also affected by the invasion of riparian 
corridors by exotic or non-native species. For example exotic woody species such as box elder 
(Acer negundo) and black locust (Robinia pseudacacia) often replace local species. These 
exotic species are most successful where channel dynamism is greatly reduced (Planty-Tabacchi  
et al., 1996) although riparian corridors are vulnerable to invasion by exotic species because 
they naturally experience frequent disturbance (Naiman et al., 2005). 
 
European floodplain forest types 
 
In the EU Interpretation Manual of European Habitats (1999) there are 5 categories of 
forest to be found along European rivers (Table 1). 
 
Table 1. European riparian habitats based on Girel et al., 2003 and Richards& Hughes (in press) 

EU Habitats (1999) Description 
91E0 
Residual alluvial forests 
(Boreal, Alpine & 
temperate Europe) 

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 the 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) 

Diverse riparian forests of the middle and lower courses of large rivers (eg, 
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 level of the water table determines the dominant 
species (from shallow to deep water tables: Fraxinus, Ulmus or Quercus). 

92A0 
White willow & white 
poplar galleries  
(Mediterranean Europe) 

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

92B0 
Riparian communities on 
intermittent rivers 
(Mediterranean.Europe) 

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

92C0 
Plane & sweet-gum  woods  
(Mediterranean  Europe) 

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. (Distribution: Greece, Sicily) 
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Healthy stands of these different forest types incorporate a mixture of forested and non-
forested areas, the mosaic maintained by dynamic river processes.  
Conservation and restoration of these floodplain ecosystems should concentrate on 
restoration of this habitat mosaic, preferably re-instating channel dynamism as part of the 
restoration process. Although conservation and restoration of remaining forested 
floodplains has been embraced as a priority in the EU Habitats Directive, many restoration 
projects that involve re-establishing some form of natural vegetation on a floodplain rarely 
include forested habitats within their objectives (Moss et al., 2003). This can perhaps be 
explained by the fact that floodplain forests are often viewed as threats to both flood 
defence measures and engineering structures but it can also be seen as a cultural response to 
the fact that in many countries forests on floodplains disappeared from the landscape too 
many years ago for people to consider them as a natural component of the floodplain 
vegetation mosaic.  
   
The functioning of floodplain forests 
 
Floodplain forests are flood-dependent ecosystems.  This has been established through a 
large number of studies involving both field observation and experimental work on the flow 
needs for the regeneration of riparian trees. These studies investigated the relationships 
between flood events, shape of the hydrograph and regeneration patterns through time, and 
showed that flood events are an important driving force in the development and progression 
of floodplain forest ecosystems.  There are a number of reviews of this literature including 
Brinson (1990),  Malanson (1993), Gurnell (1995), Naiman & Décamps (1997) and Hughes 
(1997).   Many floodplain forest tree species require quite particular hydrological and 
sedimentological conditions for germination of their seeds and the eventual establishment 
of their seedlings.  Nevertheless, general trends can be seen and these are summarised in 
Table 2 below.   
 
Table 2. The four essential requirements for a self-regenerating floodplain forest (from Hughes and Muller, 
2003; Hughes et al., in press) 
Flows needed by 
floodplain forests  

• Regular 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 and should be 
variable between years 

• Well-timed flows through the first growing season which allow 
delivery of seeds to the floodplain and establishment of seedlings. 
Unseasonal high flows can cause high mortality to seedlings in their 
first growing season. 

Regeneration sites needed 
by floodplain forests  

• Open sites as many pioneer tree species typical of floodplain forests 
cannot tolerate competition. 

• Sites that are moist through the first growing season to facilitate 
regeneration. 

• Sites near the water's edge because these tend to be moister and catch 
organic debris. However, sites right on the water's edge tend to suffer 
from flow disturbance and waterlogging. 

• A variety of sediment types to provide regeneration niches for a 
variety of species. 

Water table conditions 
needed by floodplain 
forests  

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

• Gradual recession of water tables following a flood. 
• Limited waterlogging. 
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Propagation materials 
needed by floodplain 
forests  

• Seeds which are carried by the river and deposited during floods. The 
phenology of seed release and the timing of flood peaks are critical 
in any year for successful establishment of seedlings. 

• Vegetative material which arrives by flood or is deposited locally. 
• 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. 

 
The precise requirements clearly vary between species and between biogeographical 
location but well-timed periodic floods most often lead to provision of these requirements. 
These overbank flood events can be described as 'regeneration flows' (Hughes and Rood, 
2003).  Once floodplain forest trees are established, in order to grow they also require 
adequate river stage levels or 'maintenance flows' throughout the year (eg. Andersen, 2005). 
Regeneration flows are often synonymous with flood flows and only occur periodically. In 
the natural situation regeneration flows may occur every few years or as infrequently as 
every 20 years. Maintenance flows are often closer to established minimum flows and 
much easier to provide within the operational practices of many European river 
management agencies. Temporal variability is a key characteristic of both types of flow and 
attempts should be made to reproduce these for effective flow management. 
 
The pattern and spatial scale of regeneration across a floodplain and the volume of flows 
which promote regeneration also varies with channel pattern.  In meandering rivers, parallel 
scroll bars commonly support lines of even-aged trees with the youngest trees nearest to the 
river.  In braided and anastomosed river reaches, spatial patterns of tree ages are more 
random as islands are eroded and deposited across the floodplain.  
 
In Europe, many studies have been carried out on the declining European Black Poplar 
(Populus nigra). This, like other members of the Salicaceae family, is a dioecious species 
and therefore individual trees are either male or female and it is thought that the different 
sexes might prefer different microhabitats and therefore hydrological conditions. 
Experiments to study the requirements of dioecious species demonstrate the complexities 
involved in understanding the links between the biotic and abiotic factors in floodplain 
forests (eg. Hughes et al., 2000).   
 
Conservation and Restoration of floodplain forests 
 
In order to conserve or restore riparian forests it is essential to link the natural science 
knowledge about the requirements of these forests to the range of possibilities in terms of 
whole-catchment river management, given that there are competing needs for resources 
within a catchment (Richards and Hughes, in press).  At both catchment scale and local 
scale there is a considerable challenge for scientists to define ecosystem needs in a way that 
can guide policy formulation and management action (Poff et al, 2003).  Most importantly, 
the water needs of humans and those of ecosystems must not be seen in competition 
(Richter et al, 2003) but as functionally linked and should include ecosystems as legitimate 
users of water (King and Louw, 1998; Naiman et al, 2002). (The following descriptions of 
restoration options are based on the FLOBAR2 (2003) document ‘The Flooded Forest’; 
Hughes et al, in press; and Richards and Hughes, in press) 
 
Catchment-Scale management for floodplain forests  
At the scale of the catchment,  restoration initiatives are likely to involve management of 
physical processes in one or more places in the catchment upstream of the floodplain so 
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that they eventually have an effect on the hydrological and sedimentological inputs to the 
floodplain zone.  This type of disturbance management is 'indirect' but it is also most likely 
to be successful and sustainable in the long-term. It allows the river to flood, and the 
channel to move and create its own sites for the regeneration of trees. It is, however, 
difficult to achieve because it is not fully predictable and therefore not popular with river 
managers. It also requires consensus among a large number of stakeholders. There are 
several approaches in use: 
 

1. Managed releases downstream from impoundments. This methodology involves 
planning flow releases from structures such as dams so that they provide maximum 
benefit to downstream aquatic and riparian ecosystems as well as to other users. The 
approach has achieved good results for floodplain forests eg. In the St Mary River 
in Alberta, Canada (Rood and Mahoney, 2000), in the Truckee River of Nevada, 
USA (Rood et al, 2003) and on the River Rhône where the site called Ile de la 
Platière has benefited from changed release patterns downstream of a barrage 
(Michelot, 1995). Detailed knowledge of the requirements of the germination and 
seedling establishment phases of the life-cycles of target tree species have to be 
known and ecologically relevant flows have to be characterised.  It is easier to 
prescribe flows for a single ecosystem, like a floodplain forest, than satisfying 
multiple ecosystem needs. Planned floods can also re-naturalise the sediment 
dynamics of a river as shown in the River Spöl in Switzerland (Mürle et al., 2003). 
In practice the engineering design of the dam structure will influence the type of 
releases that can be contemplated and currently there is considerable effort by the 
Nature Conservancy in the United States to document the strategies and results of 
hundreds of such projects (see Richter & Thomas, 2007 and 
http://www.nature.org/initiatives/freshwater). 

 
2. Flow allocation methodologies. River flows are altered as soon as water is used for 

human purposes. There is necessarily a limit to how much water can be taken out of 
a river and at what times of the year if an ecosystem like a floodplain forest is to 
remain self-sustainable.  The question of how to allocate water to achieve 
sustainable water use for a range of ecosystems and human purposes is addressed by 
a series of holistic flow allocation methodologies, many of which have been 
developed in semi-arid areas in Australia, South Africa and North America (eg. 
King and Brown, 2007; Arthington and Pusey, 2003). They include the needs of 
floodplain ecosystems as well as in-channel ecosystems. They are reviewed in 
Postel & Richter (2003). The general approach of these methodologies is to 
determine the 'environmental flows' necessary to sustain aquatic and riparian 
ecosystems and then to integrate the identified flow needs with other flow 
requirements within the river basin.  The applicability of these methodologies to the 
restoration of floodplain forests in Europe is discussed by Hughes and Rood (2003). 
Despite the EU Water Framework Directive and its River Basin Management Plans, 
management of total water volume and its seasonal distribution currently carried out 
by most national river management agencies in Europe tends to be limited to the 
management of water quantities in rivers to satisfy requirements for pollution 
dilution and the maintenance of specified minimum flows. In addition, within water 
management agencies institutional management of low flows is often separated 
from management of floods thus reducing the possibilities of holistic approaches 
and solutions. 
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3. Sediment management. In Europe, sediment loads of rivers have changed in 
quantity and type over the last 200 years in response to changes in mass movements 
in upper catchments, to sand and gravel extraction in floodplain zones, to the 
installation of upstream impoundments and to the armouring of river banks with 
artificial dykes. In the Drôme River in France measures are proposed to restore 
sediment loads to the river to improve the delivery of sediment to the Ramières du 
Val de Drôme Nature Reserve which is designated for its high quality floodplain 
forest in two active, braided river reaches.  

 
Reach-Scale management for floodplain forests  
At the scale of the reach, there are two main approaches to carrying out floodplain 
restoration. The first involves managing physical processes locally in the floodplain zone, 
for example by opening side channels in order to allow floods into selected parts of a 
floodplain. The second involves managing the landforms in the floodplain so that the 
physical disturbances act differently on each part of the floodplain. It is the most feasible 
form of river restoration in most parts of Europe and numerous river restoration projects 
use it though very few with restoration of floodplain forest as a specified aim. Restoration 
at this scale is easier to achieve than catchment-scale management because it is more 
predictable, it can be fitted in between heavily used river reaches and requires the 
consensus of few stakeholders. 
 
Types of restoration at this scale can be categorized into a series of activities relevant for 
floodplain forests: (Hughes and Muller, 2003): 

 
1. Re-connection of side arms in rivers.  Most projects in this category aim to remove 

one or more sections of artificial embankments in order to allow flows to penetrate 
floodplain zones that have been cut-off. There are a number of examples of this 
approach that are well documented in the literature such as the Regelsbrunner Au 
project  on the River Danube in Austria (Scheimer et al 1999) or the Bregnier-
Cordon site on the River Rhône in France (Downs et al, 2002). Both these projects 
had as a major objective, the restoration of both  the quality of floodplain forests 
and improved opportunites for forest regeneration by increasing lateral 
connectivities between the channel and the floodplain. 

 
2. Setting back or lowering flood defences or lowering the floodplain. Good examples 

exist at the Millingerwaard Nature Reserve in The Netherlands where flood 
defences have been lowered and regeneration of Populus nigra is now occurring in 
response to a more active physical substrate. Creative configuration of the 
floodplain surface can mimic natural floodplain habitat heterogeneity to give 
conservation gains as well as flood storage gains. 

  
3. Management of river sediment loads. Sedimentation is an essential process along 

the margins of river channels as newly created alluvial bars are prime regeneration 
sites for many species of floodplain vegetation.  Groynes can be used to create 
artificial 'beaches' although their primary purpose is usually to maintain a channel 
for navigation. Re-activation of erosion in sites where embankments have been 
removed will alter the sediment loads downstream. 

 
4. Direct management of riparian vegetation. Planting floodplain forests or waiting for 

natural regeneration to take place are both possibilities. In either case, management 
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of the vegetation that grows may be considered necessary though this is not in the 
spirit of self-sustainability. In many river basins, grazing by domestic animals in 
riparian zones prevents natural regeneration and fencing off the riparian zone 
becomes an important form of management. Management of the vegetation also has 
implications for the volume of woody debris that arrives in a river.  

 
 
Conclusion 
 
There is now considerable knowledge about the relationships between the biotic and abiotic 
factors in European floodplain forests though many complex problems remain to be 
explored.  There are also many attempts at carrying out different types of river restoration 
though few have floodplain forests as a priority habitat.  Recent studies of river restoration 
projects in the United States have clearly shown that for the effective use of scientific 
knowledge in river restoration practice there has to be a strong collaboration between 
scientists, managers and practitioners (Bernhardt et al., 2007) and a commitment to long 
term monitoring and evaluation of projects based on ecological performance measures 
(Rumps et al., 2007). 
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