
1 INTRODUCTION

Today the restoration of rivers is regarded by biolo-
gists, ecologists, landscape planners, by the public
and by many engineers as the most desirable devel-
opment for small rivers. The main goal of restoration
is to bring the river back to its original or ‘natural’
state by removing artificial obstacles such as weirs,
by changing canalized sections back into dynamic
natural river beds, and by the provision of flood
plains. The creation of an interlocked water-land in-
terface with low flow velocities generates living
space for aquatic and an access area for land based
animals.

Anthropogenic constraints such as roads, rail-
ways, utility lines etc. however limit the space avail-
able for complete re-naturalization. The aim of re-
naturalization has therefore evolved towards the
concept of bringing water courses ‘close to a natural
state’  rather than creating a truly natural state, i.e. a
‘best’  solution has to be found within the boundaries
generated by these constraints.

Since the Middle Ages, many small rivers were of
prime importance for the population and used for a
variety of purposes such as power generation, irri-
gation, transport, fish farming, defense etc. They
were therefore altered significantly to fulfill these
purposes, with a subsequent adjustment of the eco-
system. One author says that in certain areas of me-
dieval France ‘so many dams were built, and reser-
voirs formed, that the whole nature of the landscape
was changed’ , Reynolds (1983). Often, the land-
scape and corresponding ecosystems developed as a

function of the anthropogenic changes. Today, the
still existent artefacts such as weirs, ponds, channels
etc. are often overlooked for lack of information or
awareness on the side of hydraulic engineers. In the
following, the amount of change brought about by
man - and some of the effects of river restoration -
will be illustrated by looking at examples from early
industry and agriculture. The respective river envi-
ronments were once centers of activity. Today, many
of the remains of such activities are hidden in a
seemingly little touched and sparsely populated en-
vironment which has lost its former importance
more or less completely. Restoration projects can
destroy or integrate this cultural heritage; and may
even have adverse effects on the water quality. In
the following, using five examples, these different
aspects of the cultural heritage connected with small
rivers will be illustrated and discussed.

2 INDUSTRY

2.1 Hydropower

Water power was a major factor in the development
of early European industry. Even after the invention
of the steam engine, it remained a factor which de-
cided upon the location of factories, often in quite
remote areas. The remainders of such industrial ac-
tivities can sometimes still be seen today.
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2.2 Example 1: Mills at the River Aschaff

A typical mill at the River Aschaff in Northern
Bavaria is shown in Figure 1a. The mill has a weir,
an inflow structure, mill race and outflow structure.
The head difference was used to drive a water wheel
similar to that shown in Figure 1b. With efficiencies
of 71 – 85 %, water wheels were very efficient en-
ergy converters and in widespread use to drive ma-
chinery in mills and ironworks. In Germany e.g.
there were 33,500 water wheels registered as late as
1925, Müller & Kauppert (2004).

a. Paper mill Mainaschaff, 1899 (Source: WWA
Aschaffenburg)

b. Breast shot water wheel, Müller (1899)
Figure 1. Typical mill installation and water wheel.

The mill shown in Figure 1a disappeared com-
pletely during the canalization of the river in the
1970' s, Müller et al. (2004).

2.3 Example 2: Lichtenau Ironworks (Spessart,
Northern Bavaria)

Figure 2 shows the valley of Lichtenau in Northern
Bavaria. Today it gives the impression of remote-
ness, but from 1823 to 1871 Lichtenau was a thriv-
ing industrial settlement, with as many as 25 fami-

lies living fully and 11 partially from the Rexroth
Ironworks, Schunder (1995). Apart from providing
water power, the Hafenlohr River was used to trans-
port wood and to irrigate meadows, shallow lakes
were built to store logs, to collect water for the water
wheels and to farm fish, see Figure 2a. The small
river therefore supported a large variety of different
activities and landscape and river were changed by
man for this purpose. Today only one building re-
mains, which houses a restaurant. Some of the re-
mainders of the industrial activities such as mill
races, weirs, lakes, dams can still be seen; there is
even an aqueduct, built to supply water to a mill on
the other side of the river Hafenlohr, Figure 2b.

a. Former industrial area at Lichtenau / Spessart

b. Aqueduct to supply water mill
Figure 2. Historical features at Lichtenau.

2.4 Example 3: River Elsava (Northern Bavaria)

The old Eisenhammer (ironworks) at Rück, Northern
Bavaria existed since the early 19th Century. Today,
the industrial site is still occupied by a mechanical
engineering company. The mill race also still exists
and is used to extract cooling water. Recently, in an
effort to `restore'  the river sights, the intake weir - a
sandstone barrage weir - was covered with stone
blocks. Although no reference to the historical as-
pects of the site was attempted, the structure was not
damaged and additional living space for aquatic



animals provided. The weir and mill race today look
like parts of a natural waterway.

Figure 3. `Restored'  intake of an old mill race (River Elsava,
Northern Bavaria).

3 AGRICULTURE

3.1 Meadow Irrigation

In sandy areas, the meadows along small rivers are
not necessarily fertile grounds. In order to exploit
these meadows, irrigation systems were built to pro-
vide grass for cattle. This happened from the 14th

Century onwards in many areas of Germany
(Lüneburger Heide, Northern Germany; Spessart
and Odenwald, Southern Germany).

3.2 Example 4: Irrigation in Spessart valleys

Figure 4 shows a typical irrigation and drainage
trench arrangement used in the Spessart area from
the 14th Century onwards. After the introduction of
the irrigation system, the water quality improved
significantly due to the filtering of the water by the
grass (an effect which today is frequently employed
in effluent treatment). This resulted in the settlement
of the streams by the freshwater pearl mussel Mar-
garitifera margaritifera which requires very clear
water. This mussel did however disappear after the
irrigation was discontinued and re-naturalization
measures were implemented in the 1990' s. Also as a
consequence, the previously rather uniform wetland
grass vegetation (used for pasture) disappeared and a
larger variety of plants started to grow again in the
meadows, Hahn (2001).

a. Irrigation/drainage system

b. Irrigated meadow (Source: Spessartprojekt)
Figure 4. Principle and example of irrigated meadows.

3.3 Example 5: Restoration of an irrigated meadow

The recent restoration of one such small stream, the
Ohrenbach in Southern Germany, included the dis-
continuation of the irrigation and the removal of
some of the old weirs. This resulted in an increased
gradient, and subsequently increased dynamics, of
the stream. The stream began to meander, which in
turn led to the erosion of the embankment of a road,
see Figure 5 (arrow). Currently, bank protection and
new weirs made from natural stone are built in order
to reduce the gradient and dynamics of the stream.

Figure 5. Erosion and `natural'  weir.



4 DISCUSSION

The previous examples have highlighted a number
of problems connected with river restoration proj-
ects. Industrial and agricultural activities changed
the river landscape since the Middle Ages, and con-
nected ecosystems developed over centuries. An ex-
ample for the adaptation of benthic communities to
changed boundary conditions is the River Ohren-
bach. The irrigation of the meadows filtered the
water, which improved the water quality and re-
sulted in the settling by the fresh water pearl mussel.
The recent restoration of the river again increased
the suspended sediments in the river, which caused
the disappearance of the mussel. The mussel had
settled in an originally man-made (and maintained)
ecosystem, which had existed for more several hun-
dred years. This leads to the questions whether the
man-made ecosystem with the rare mussel is worth
maintaining, and how long an ecosystem has to exist
until it can be considered `natural' . In addition, the
irrigated meadows (or the remains of past industrial
activities) constitute an important part of the local
cultural landscape. The `re-naturalization'  here led
to an irretrievable loss of this heritage. The increased
dynamics of the river, caused by the removal of the
weirs, subsequently caused erosion of an existing
road, requiring additional measures. The questions
arise of how to integrate the historic dimension as
well as current constraints.

The authors believe that these important ques-
tions cannot be answered in a general way. The ideal
of a natural river, the man-made ecosystem, the
cultural heritage, present usage and modern con-
straints all need to be considered for each individual
case in order to find a satisfactory solution. The so-
lution should constitute a regime where all factors
are weighed and balanced (which may mean a near
complete re-naturalization, or possibly include the
maintenance of the cultural landscape, see Fig. 4b).
In a restoration project the `added value for nature’
of the restored river (within the constraints given by
the existing infrastructure) and the `historical / cul-
tural value’  of the river and its `man-made'  ecosys-
tem should therefore be weighed against each other
in order to obtain an acceptable solution.

5 CONCLUSIONS

In order to develop industry, transport, agriculture
and defense man has changed many river environ-
ments substantially ever since the Middle Ages. The
remnants of these previous activities shape the river
landscape often even today. Ecosystems which de-
veloped within the `artificial'  environment have ex-
isted for possibly more several hundred years,

sometimes generating a better water quality than the
previous `natural'  state. Examples from industry and
agriculture show that parts of our cultural heritage
may even be hidden in what today appears to be a
natural environment. Although a natural river is de-
sirable, the cultural heritage also deserves preserva-
tion as well as the ecosystems which developed
within the man-made environment. A restoration
project should therefore balance the values of cul-
tural heritage, a `natural'  river, an existing `artificial'
ecosystem and constraints such as roads, utility lines
etc. to create an optimum solution.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the help from the
Bosch Rexroth AG and the Archäologisches Spessartprojekt
(www.spessartprojekt.de).

REFERENCES

Hahn M. 2001. Wässerwiesen im Spessart. unv. Diplomarbeit,
Universität Würzburg, Germany.

Müller G., Himmelsbach G., v. Carmer C. & Fröhle P. 2004.
Small river re-naturalisation and cultural heritage. Proc.
Riverflow 2004 (in print).

Müller G. & Kauppert K., 2004, Performance characteritics of
water wheels, IAHR Journ. Hydr. Eng. (paper 2454, in
print)

Müller W. 1899. Die eisernen Wasserräder: Atlas (The Iron
Water Wheels: Technical Drawings, in German). Veit &
Comp., Leipzig.

Reynolds T.S. 1983. Stronger than a hundred men. J. Hopkins
University Press, Baltimore & London.

Schunder F. 1995. Die Rexroth-Geschichte. Mannesmann
Rexroth GmbH, Lohr am Main.


