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The Rhine River is a large alluvial river system that flows from the Swiss Alps to the North Sea. 
Its catchment area includes land in Switzerland, Germany, France, Luxembourg, and the 
Netherlands (Broselilce 1991). Today, it is a vital shipping route linking the industrialized areas 
of the Netherlands, Germany, France, and Switzerland to the North Sea (Van Dijk 1992). 

The Rhine River has a long history of human intervention that dates back to the Roman era. 
Human intervention began to be significant in the Middle Ages when the construction of dykes 
in the floodplain began. During this time, the floodplain, which had been 10 km wide, became 
confined to a narrow zone on both sides of the river (Broselice 1991) but the river was still 
allowed to modify its channel regularly (Van Dijk 1995). In the early 19th century, Johann 
Gottlieb Tulla began the rectification of the Upper River Rhine to control flooding. Water from 
the braided alluvial system was concentrated into one channel with levees and dams. Though the 
river was canalized, it was not completely cut off from its flood plains and still contained some 
irregular bends and scour holes. In the twentieth century the river was modified and regulated 
further with a series of weirs, locks, and dams to control flooding, harness hydropower, and 
accommodate shipping (Kern 1992).  

The result of the canalization of the Rhine has led to a decline in floodplain areas, uniformity in 
water flow, river banks reinforced with stone, and a reduction of open connections to the North 
Sea (Broselike 1991). Since the beginning of the 20th century, water quality has deteriorated due 
to increased population density, industrialization, and the intensification of agriculture along the 
banks of the river. The decrease in water quality culminated in serious problems for drinking 
water and an overall degradation of the Rhine ecosystem from 1960-1970 (Van Dijk 1995). The 
disappearance of higher species such as Salmo salar (salmon) is an indicator of the overall poor 
heath of the river. Degradation of the Rhine also led to pollution problems and nutrient loading 
in the North Sea (Broselike 1991). 

The International Commission for the Protection of the Rhine (ICPR) was initiated by the Dutch 
in the 1950s because of concern over pollution of the Rhine and its implications for the drinking 
water supply. The ICPR is made up of the countries bordering the Rhine: Switzerland, France, 
Luxembourg, Germany, and the Netherlands. The ICPR started as a common forum for 
discussing questions and seeking solutions relating to the pollution of the Rhine. From the 1950s 
to 1985 the countries periodically met and formed pollution control agreements (ICRP), but it 
was not until the Sandoz chemical spill in 1986 in Basel, Switzerland that the extent to which the 
Rhine ecosystem was endangered became apparent. This accident spurred the ICRP to 
implement the Rhine Action Program for Ecological Rehabilitation in 1987 (ICRP).  

The Rhine Action Program for Ecological Rehabilitation (RAP) has four goals to be attained by 
the year 2000. The first is to create conditions that enable the return of higher tropic level species 
such as salmon. The second is to protect the water quality of the Rhine to ensure it as a source of 
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drinking water. The third is to abate the contamination of sediments with toxic compounds and 
the last is to fulfil the requirements of the North Sea action Program which aims to reduce 
pollution and nutrient loading in the North Sea (Van Dijk 1995). 

The RAP’S first goal, enabling the return of higher tropic level species such as salmon, is 
perhaps the most ambitious of its four goals since salmon are migratory fish and require different 
river habitats for spawning, nursery, and migration. The return of salmon is further complicated 
by the fact that they require unobstructed passage in the river for upstream migration, a condition 
that has been eliminated due to the weirs, locks, and dams regulating the river. Salmon are also 
dependent on river species that require varied habitats and are sensitive to pollution for food. 
Therefore, the reintroduction of the salmon presupposes high water quality and restored 
hydrological and morphological conditions (Van Dijk 1995). Since the return of salmon requires 
the restoration of a complex set of conditions, the ICPR has elaborated on its first goal in the 
Ecological Master Plan for the Rhine. In this document, the ICPR has laid out goals and 
conditions necessary for the restoration of the hydrological and morphological conditions to 
enable the return of migratory fish. The goals of the Ecological Master Plan for the Rhine are: 
first, the restoration of the main stream of the Rhine as the backbone of the ecosystem for long 
distance migratory fish and second, the protection, preservation, and improvement of 
ecologically important reaches of the Rhine and the Rhine Valley. The aim of this preservation 
and restoration is to increase the diversity of indigenous animals and plants, to allow for 
increased spawning and nursery grounds, to create self-sustaining food chains, and to create 
areas of refuge in case of large scale contamination (Schulte-Wulwer-Leidig 1994). 

To restore the Rhine as the backbone of the ecological system for migratory fish, two things 
must be done. First, obstacles along the migratory route such as weirs, locks, and dams must be 
removed or modified to allow for upstream access to spawning grounds. Second, the river must 
allow for varied habitat to provide resting places during migration, feeding grounds, spawning 
areas (gravel banks), and nursery sites. The preservation and restoration of the reaches of the 
Rhine requires a restoration of hydrologic and morphological conditions to the entire Rhine 
valley (Schulte-Wulwer-Leidig 1994). Since the Ecological Master Plan for the Rhine was 
adopted, numerous projects and studies have been undertaken as steps towards meeting its goals. 
These steps include: the redesign of weirs and locks to allow for fish passage, reopening of 
migratory passage to the North Sea, the restoration of spawning and feeding grounds, the 
reintroduction of natural processes in the hydrological regime, and the reintroduction of 
vegetation for slope stabilization and habitat creation. The ICPR contracts these projects to local 
governments and non-governmental organizations (ICPR). 

Perhaps the most straightforward goal of the Ecological Master Plan for the Rhine is the removal 
of obstacles to fish migration and numerous projects have been undertaken to further it. A 
technical solution for transporting fish over weirs has been developed for the weirs at 
Gambsheim (figure 1, site A) and Iffezhiem (figure 1 site B), the first two sizable weirs on the 
Rhine. At both of these weirs, new basin passes will be built mid-stream. Effective basin design 
has been tested and these two passages will consist of forty-two individual basins which are each 
15 square meters. The adaptation of these weirs will provide migratory access to spawning 
grounds in tributaries in Alsace, France and the Black Forest in Germany (Schulte-Wulwer-
Leidig 1994). Wiers have been torn down or fish passages have been installed on the (or there 
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are plans to do this) Rivers Rhine, Meuse, Saynbach, Sieg, Ijsselmeer, Nederrijn, Lek and the 
tributaries of the Lahn (ICPR).  

  

Another obstacle to fish migration has been the closing of passages to the North Sea. Two 
projects in the Netherlands address this issue. The management of the Northern Estuary of the 
Ijssel sea (figure 1 site C) is being studied to see if it is suitable as habitat or migration area for 
salmon and sluice (regulated channels from the estuary to the sea) management has been adapted 
to allow for fish migrations (ICPR). 

The restoration of the Rhine-Muse estuary (figure 1 site D), which connects the Rhine and 
Meuse rivers to the North Sea, is also being explored. In 1970, the Rhine-Meuse estuary was 
closed to the North Sea for flood protection, to reduce salt intrusion into the Nieuwe Waterweg, 
and to improve the freshwater supply for agriculture and drinking water. The closure has had a 
negative impact on the ecology of the former estuary. Degradation includes the accumulation of 
contaminated sediments, the disappearance and degradation of inter tidal areas, and creation of 
an obstacle to fish migration. Because of the Rhine Action Program and a trend in Dutch national 
policy to emphasize ecology in physical planning and water management, the management of 
this estuary has been reconsidered. Three management alternatives are being considered: one in 
which management would remain the same, one in which tidal action would be restored to the 
estuary, and an intermediate option. The intermediate option is preferred because it would 
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increase tidal action but not remobilize contaminated sediments. This management would result 
in the restoration of important biotypes of brackish marshes, grasslands, stands of reeds and 
rushes, softwood floodplain forests, and inter tidal area. A major problem with this option is that 
the sluices close at low Rhine discharges. In a typical year, the sluices would be closed too long 
for most inter tidal species to survive and during this time salmon migration would be blocked. A 
total restoration of tidal action would allow passage for fish and better mixing of fresh and salt 
water but would mobilize contaminated sediments and send them to the North Sea, a condition 
that is not acceptable. Therefore, the ideal solution is to adopt simultaneous approaches to both 
habitat and pollution problems. The polluted sediment removal program should be followed as 
soon as possible by gradual opening of the sluices, ultimately ending with complete opening 
(Smit et al. 1997).  

Steps are also being taken towards the reintroduction of varied habitats to the Rhine and its 
reaches to allow for the diverse habitats needed for the lifecycle of the salmon. In France, in the 
Canal of the Rhine (figure 1 site E), deep-water zones and resting area are being created and 
riverbanks are being re-vegetated to provide diverse habitats. In Switzerland, 12 projects have 
been started to improve habitat conditions for fish. Projects in France, Germany, and 
Luxembourg aim at restoring spawning grounds. In France, on the River Hoodt, water will be 
reintroduced to the dry riverbeds of two branches of the Rhine to restore them as spawning 
grounds. Another project looks at refilling the River Roessmoerder between France and 
Germany. In Luxembourg, research on the restoration of spawning grounds by using Fluid 
Kokkolithic (fossil marine plankton) chalk to remove sludge from the gravel banks is being 
conduced on three sites (ICPR). 

Research is also being done as to whether man-made gravel pit lakes can be restored as spawning 
grounds. One project looks at remains of a floodplain on the right bank of the Lower Rhine 
between the cities of Rees and Emmerich in Germany (figure 1 site F) (Neuumann et al.1994). 
This floodplain contains gravel pit lakes, which only become inundated at extreme flood peaks. 
The study concluded that because these lakes have large amounts of zooplankton and 
macrozoobenthos they offer optimal food resources for planktivorous fish such as Daphnia 
galeata, D. hybrids, Bosmina longirostris, B. coregoni, Cyclops vicinus, and Acanthocyclops 
robustus. Thus the gravel pit lakes can act as spawning and nursery sites and can offer shelter 
during flood events or chemical spills for many fish species. The study concluded that 
reconnection with the main river and the introduction of some shallow littoral zones with a 
mixture of gravel and sand which is optimal substratum for many macrozoobenthos species 
would help to restore these areas (Neuumann et al.1994). 

The general restoration of natural morphological and hydrological conditions as a means to 
improve habitat variety and to reduce downstream flooding is being carried out Southwest of 
Strasbourg in Germany, in the Polder Altenheim (Figure 1 site G). The Polder Altenheim is in 
the former floodplain of the Rhine and is a piece of former low-lying land that had been 
protected from flooding by dams. The dams were configured in a way to divide the land into two 
sections. It was possible to restore flooding to the area by redirecting water from the main stream 
of the Rhine to an old arm. Since 1987, the area has been subjected to regular flooding during 
both times of extremely high water and moderately high levels to mimic the river’s natural 
drainage system. From 1987 to 1992 there were 15 floodings of various depths that have led to 
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geomorphodynamic processes and a regeneration of floodplain structures in the polder (Siepe 
1994). 

Flooding has resulted in the undercutting and washing out the riverbank and has created a steep-
faced-island-riverbank-system that many species are quickly re-colonizing. Kingfisher breeding 
pairs are using the steep faces as nesting holes. These faces were also re-colonized by Apoidea 
(wild bees), lycosid and salticid spiders, Carabidae (running beetles) and other invertebrates. 
The eroded material from the steep banks is deposited downstream creating gravel banks and 
islands. These islands have been quickly populated by pioneer beetle species including Tachys 
quadrisignatus and T. parvulus (Siepe 1994).  

The other morphological structure that has regenerated under the flooding regime is known as a 
riffle-pool system. Many shallow gravel riffles have been created or been washed of mud 
deposits and restored of their function. In the clear fast flowing waters, Hildenbrandia rivularis 
(red algae), which is endangered in Germany, has increased from two small communities to a 
population area of several 100m2. In addition, rare freshwater invertebrates such as Theodoxus 
fluviatilis (a lithophilic snail) have returned and the endangered water bug, Aphelocheirus 
aestivalis, has also re-colonized (Siepe 1994).  

In the Polder Altenheim, elements of the Rhine floodplain that had almost completely 
disappeared have begun to reappear due to the return of a semi-natural hydrologic regime and the 
general improvement of water quality. This is a first step in the regeneration of Rhine floodplain 
areas within the framework of the Rhine Action Program (Siepe 1994). This project is not only 
important for habitat reasons but also because it helps to control downstream flooding and is a 
model for the integration of ecological and cultural goals in river management.  

In France, attempts are being made at the restoration of an alluvial forest biotope in the 
Offendorf Forest (figure 1 site H). The area is now a nature reserve and is one of the largest 
alluvial ecosystems in Alsace. The forest currently consists of softwood alluvial forest in the 
depressions along the streams and hardwood alluvial forest on the levees. Due to twentieth 
century damming of the Rhine, the Offendorf Forest is no longer directly subject to river 
flooding resulting in disconnected channels that have a tendency to silt up and disappear. The 
forest was further degraded by a series of roads established in the 1980s for removing elms with 
Dutch elm disease. Concrete pipes were installed under the roads at channel crossings at too high 
a level and restricted water flow and resulted in the filling up and eutrophication of the arms of 
the Rossmoerder River. Because the water was stagnant, a carpet of Lemna (duckweed) 
colonized the surface (Klein et al 1994).  

The first thing that has been done to restore ecological equilibrium in the forest has been to 
replace (in 1992) the concrete pipes with wooden bridges to allow for the free flow of water 
under the roads in both the east and west arms of the Rossmodrder River. The eastern arm will 
also undergo a mechanical de-silting process where a mound pumping and sprinkling machine 
will be used to spread a thin layer of silt over a large area on the stream banks (Klein et al. 1994).  

Since the wooden bridges have been built, increased water flow in the western arm is beginning 
to reform the riverbed to the morphological structure of a natural river with a sequence of pools 
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and riffles. With this new structure, there has been a decrease in duckweed and an increase of 
rare Hildenbrandia rivularis. Numbers of bats, protected mammals in France, have also 
increased with the decrease in duckweed cover. This intervention will be further monitored to 
gain a greater understanding of the hydro-ecological functioning of the Rhine riverside 
ecosystem and is an example of how relatively simple restorations can play a part in the overall 
process of restoring the Rhine (Klein et al. 1994).  

Another attempt at restoration of the river is a study which looks at the feasibility of replacing 
rock stabilized shores with willows. Revegetated shores along with breakwaters placed a 
distance form the shore may provide shelter for both flora and fauna from ships. Vegetation may 
also be a way to maintain equilibrium between sedimentation and erosion. In this study Salix 
cinerea (grey willow), Salix purpurea (purple willow), and Salix viminalis (Common osier) were 
planted in three bank sections in the Netherlands. Dense willow vegetation was established 
successfully, but changes in sedimentation rates can only be measured after a longer period of 
time. This project will be monitored in order to gain more knowledge about the relationship 
between the eroding processes like wave attack, current velocity, and the growth of willow scrub 
(Van Splunder et al. 1994). 

The Ecological Master Plan for the Rhine has provided a framework for restoration of varied 
ecological habitats in the main riverbed of the Rhine and its tributaries. The most visible 
accomplishment of the program has been the adaptation of weirs on the Rhine and its tributaries 
to allow for fish migration (ICPR). Progress on restoring habitats has been slower but is 
progressing as studies and experiments reveal ways to incorporate natural processes into the 
highly regulated river.  

It is almost certain that the Rhine Action Program will not succeed in its goal of returning 
salmon to the river by the year 2000 as work on habitat restoration has only just begun. In 
addition, it is too early assess the impact of most of the restoration work. The current 
significance of the Rhine Action Program is that it is a pioneering program for a major 
transboundry river with a specific ecological goal, the return of the salmon (Van Dijk 1995). 
Because all of the countries bordering the river have committed to this ecological goal, all new 
programs and solutions to river problems must address ecological restoration. Therefore, the 
program has fostered new ways of thinking about river management, as seen in the example of 
the Polder Altenheim, where a new hydrological regime was implemented to both reduce 
downstream flooding and reintroduce natural processes to the floodplain. In this example, and in 
the example of the stabilization of shores with willows, habitat issues are considered with equal 
importance to human needs.  

Though it may seem that the Ecological Master Plan for the Rhine does not plan for the 
restoration of the Rhine in a systematic way, it is hoped the many projects that have been 
undertaken by individual countries will provide stepping stones for an ecologically rehabilitated 
river. Though the project has failed in the sense that salmon reintroduction will not be complete 
by the year 2000, this failure mostly the result of the ambitious nature of the goal. The project 
has initiated the improvement of habitat conditions along the Rhine and the choice of salmon as a 
target species has been strategically important. Since salmon are an important symbol for the 
general public, the public continues to support the program. Also, because of the river conditions 
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that the salmon require for their life cycle, their return will be an important sign of ecological 
recovery of many other species and habitats. The program is also important because it provides a 
framework for and an underlying goal for local projects and for international cooperation in river 
management. Though the goal of salmon reintroduction will not be met by the year 2000, the 
ICRP intends to extend the program and met in March of 1999 to evaluate progress on the 
project and to set new goals.  
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