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Abstract
Europe has a large number of lakes, many of them lie in densely settled areas. For
instance, Germany has 1073 lakes with a surface area greater than 0.5 km2, sur-
rounded by lakeshore habitats of appr. 11 000 km. The lakeshore habitats are of out-
standing significance for biodiversity, ecosystem function as well as a variety of
human uses. 
In this paper we give an operational definition of the lakeshore zone (i.e. the littoral
zone, the shoreline and the riparian zone). We list significant human pressures
directly on the lakeshores or coming from the catchment, and we describe the most
important impacts resulting from such pressures. For illustration, we present some
examples (eutrophication, morphological modications, hydrological changes) from
Lake Constance. Generally, many of these pressures are related to changes to the
hydrological regime of the lake and/or to morphological modifications of the shore
zone, but knowledge about the links between pressures and specific impacts is poor.
We briefly discuss four approaches, which have recently been developed to assess
the hydromorphological quality of lakeshores. These procedures are designed to ful-
fil the requirements of the European Water Framework Directive (WFD), as well as
the requirements of regional planning and nature conservation.
Key words: European Water Framework Directive, Lakeshore Habitat Survey, eco-
tone, littoral, riparian zone, human pressures, sustainable use.

1. Introduction

About 0.5 % of the earth's surface is covered
with lakes with surface areas range from 0.01 km2

(by definition) to 374 400 km2 (Caspian Sea). Three

out of the 25 largest lakes in the world lie in Europe.
The largest of them is Lake Ladoga at 18 400 km2.
There are estimated to be about 8.5 106 lakes in the
world (Meybeck 1995), and in Europe more than 5
105 natural lakes (Kristiansen, Hansen 1994). 
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entifically fairly well understood, (iii) the conse-
quences of eutrophication for relevant members
of the littoral and shoreline biocoenoses have
been well documented, (iv) competent authori-
ties in European countries have been aware of
this problem for many years, and (v) legislative
measures, administrative implementation and

technical means of waste water treatment have
proved to be effective, at least for point source
pollution (Kristensen, Hansen, 1994; Nixon et
al. 2003). Hence, we propose that the eutrophi-
cation of lakes will not be the main challenge for
water protection and management in central
Europe during the next decades.
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Fig. 3. Percentage of cover of different species along Lake Constance shore (Obersee and Untersee) during the
eutrophication phase (1967 - 1978) and during the oligotrophication phase (1978 - 1993). Ptot - total phosphorus
(mean concentration in the water column of Lake Constance-Obersee).

Fig. 2. Eutrophication in the bight of Friedrichshafen (Lake Constance-Obersee): mats of filamentous algae, main-
ly Cladophora spec., covering submerged macrophytes (Chara and Potamogeton species).



Morphological modifications of the
lakeshore zone

The lakeshore region of Lake Constance is a
conurbation area with a mean population density of
575 persons km-2 (data from 2000) in 53 munici-
palities with direct access to the shore. The shore
region is very attractive for housing, for commer-
cial and for recreational activities, with the result
that the population density in the 'second row' of
municipalities (i.e. those without direct connection
to the shore) is much lower (on average 270 per-
sons km-2). Between 1980 and 2000 the population
increased by 63 persons km-2 in the 'first row'
municipalities, but only by 44 persons km-2 in the
'second row' municipalities. Along with the high
population density the percentage of land covered
by estates, roads, places, etc. (19,1%) is 70% high-
er than the average of neighbouring federal states
and cantons, whereas the percentage of woodlands
is by 23% lower.

One factor in the recent development of pop-
ulation density, land cover, infrastructure, transport
density and welfare is the attractiveness of the
waterside for water sports, recreation, 'infotain-
ment' and other kinds of leisure activities. Since the
last decades of the 19th century many riparian wet-
lands and farmlands were transformed into private
estates with direct access to the water line so that a
large but unknown percentage of the total shore
length of Lake Constance is privately owned for
permanent housing or holiday-homes. During the
holiday season, more than 27 million highly
mobile and event orientated holiday-makers and
day-trippers come to Lake Constance. The leisure

facilities are concentrated in the shore zone: 97 har-
bours and jetties and 20 large buoy fields for a total
of 56 900 registered recreational boats and cruise
ships, and an unknown number of boats that come
temporarily from other parts of Europe. In addition
to this, there are approximately 73 bathing beach-
es, 42 camping sites and another 29 landing places
for surfers. 

Approximately 29% of the shoreline is cov-
ered by natural reed belts, 38% are heavily impact-
ed by shoreline fortifications, cross shore construc-
tions and other kinds of morphological modifica-
tions (Teiber, 2003) (Fig. 4). Presently, a great part
of the natural shore zone is included in one of the
29 nature reserves, which cover a total of 53.64
km2. The effects of shoreline modifications on lit-
toral biocoenoses and ecosystem function have not
been thoroughly investigated. Common opinion is
that they cause shoreline instability and bank ero-
sion in adjacent unprotected areas, and that they
reduce the 'self purification' capacity of the littoral.
For this reason, about 25 km of eroded or fortified
shoreline has been rehabilitated since the 1980s,
through the use of sand or gravel filling to give a
more gently sloped bank (Fig. 5). Some areas have
been re-vegetated by reed planting, others are open
to the public for recreational uses. The ecological
effects of the rehabilitation measures have not been
documented.

The situation of Lake Constance shores is
similar to other large lakes in densely settled areas,
at least in the Swiss midlands, south Bavaria, west-
ern Austria, northern Germany and around Berlin.
Common features are high pressures from over-
population, high industrial and economic stan-
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Fig. 4. Damaged shore fortifications on the eastern shore of Lake Constance near Bregenz.



dards, heavy demand for waterside leisure facilities
and activities by a prosperous urban population,
non-environmentally friendly tourism activities
and facilities, and in some cases by productive
agriculture on fields and fertilised grasslands
which have fallen dry, since a decrease in the lake
level during or after the 19th century. Many
lakeshores suffer from extended landfills, built-up
areas, bank fortifications, cross-shore construc-
tions, bank erosion, and a deterioration of fringing
reed belts (Ostendorp 1989), riparian wetlands and
littoral fish fauna. To our knowledge, there is no

concise documentation of such damages, neither
holistically nor for specific examples. Furthermore,
the common understanding of the links between
pressures and specific impacts is poor. 

Hydrological changes

Lake Constance, aside from Lake Walensee,
Switzerland, is the only large, unregulated lake in
the alpine region, and variations in lake level are
mainly the result of regional climate conditions. It
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Fig. 5. Lakeshore rehabilitation works during low water period in February. Here, an eroded beach is filled up with
a basement of boulders to give a break wave construction.
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Fig. 6. Daily lake levels from Lake Constance in the extreme years 1999 (flood; black line) and 2003 (low water;
dotted line), mean daily values (dark grey line), and standard deviation (grey band) for the period 1817-2003.




