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Abstract
In Europe, when small (> 0.01 km 2) lakes are considered, approximately 500,000 natural
lakes occur. This considerable number points to the fact that lakeshore habitats and ecosystems are of significant importance to the total biodiversity of European landscapes, not only
because of their expanse, but also because they are ecotones between land and water, which
attract many kinds of wildlife, economical, cultural and recreational uses and human settlement. These very considerable stretches of shore are not currently registered, mapped or
evaluated anywhere.
Apart from providing habitat, the littoral biocoenosis performs a string of additional functions in the ecosystem, of which several are also of great importance to people, such as self
purification, buffer zone, erosion protection and recreation scenery. In particular, the recreational function provides a main economic base for many lake areas and even whole countries in Europe. However, human interests have resulted in lake shore deterioration, such that
many European lakes are now bare natural shores or retain only relics of them. Apart from
the loss of the ecological functions, this also leads to a substantial loss of economic benefits.
This precipitates the need for a responsible management, which can be done only on the base
of a sound assessment method and a continuous monitoring of the status of lake shore areas.
On a European scale, the European Water Framework Directive (WFD, 2000/60/EC) and the
Habitat Directive (92/43/EEC) provide the frame for the assessment and monitoring of the
status of littoral habitats of lakes. The WFD focuses on entire surface water bodies, including
their associated wetlands under influence of their natural water-level fluctuations. However,
the provided set of quality elements has to be adapted for an approach specific to lake shores.
Apart from quality elements indicating the natural spatial pre-requisites, biocoenotic diversity and integrity, and ecosystem function and dynamics, also quality elements representing
the human pressure of land use and the social and economic value of the lake shore zone
should be included in an integrated lakeshore assessment and monitoring concept.
However, the application of such an integrated quality assessment scheme requires an integrated administrative counterpart, just as the WFD requires for water management aspects
on a catchment scale. Only by overcoming the splitting of competence among a variety of
authorities and planning corporations can an integrated approach to sustainable shore development be translated into action.
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1. Introduction
In Europe, there are many lakes. The majority are of
glacial origin, which explains their concentration in the
alpine regions and in northern Europe. The world lake
data base (http://www.ilec.or.jp/database/database.htm)
includes 131 lakes and reservoirs that are in western Europe. It contains information on the shore length of 84 of
these lakes, with a total length of more than 35,000 km.
Waterbase/Lakes of the European Topic Center on Inland
Waters (BoscnEr et al. 2001) contains data on 1 178
lakes or reservoirs with information on the physical characteristics and the chemical state. When small (> 0.01
km 2) lakes are considered, approximately 500,000 natural lakes occur in Europe (KRISTIANSEN& HANSEN1994).
Germany is also a land with many lakes, with estimates varying between 15,000 and 20,000 lakes (HEMM
et al. 2002). More than 13,0001)lakes, reservoirs and
quarry ponds have been registered in the course of the
implementation of the European Water Framework Directive (WFD) (NIXDORFet al. 2004; M. HEMM,pers.
comm.). Regional differences exist with a very high density of lakes in the glacial landscapes of the northern
German lowlands, resulting in 20451~ lakes in the country of Mecklenburg-Vorpommern and 28821~ in Brandenburg, and also in the southern prealpine landscape
with 27971~ lakes in Baden-Wiirttemberg (lakes _<1 ha
included) and 16891~ in Bayern. Larger lakes (i.e. 991 ~
lakes >0.50 km 2) will be included in quality assessment
and management programmes, in accordance with the
WFD (NIXDORFet al. 2004; M. HEMM,pers. comm.).
The total surface area of these lakes is not known, but it
certainly lies in the order of several tens of thousands of
square kilometers. The length of shores is also unknown
with certainty, but it has been estimated at approximately 11 000 km (OSTENDORPet al., subm.).
These very considerable stretches of shore are thus
not currently registered, mapped or evaluated anywhere. This points to the fact that lakeshore habitats and
ecosystems are of significant importance to the total
biodiversity of European landscapes, not only because
of their expanse, but also because they are ecotones between land and water, which attract many kinds of
wildlife, economical, cultural and recreational uses as
well as human settlement. However, human interests
have resulted in lake shore deterioration, such that many
European lakes are now bare natural shores or retain
only relics of them.
The objective of this paper is to give an introduction
to the topics of the proceedings of the Lake Shore Conference 2003 in Constance (Germany), to point out important ecological functions of lake shores, to describe
~/Current status of registration in the database (M. I-]EMM, pers. comm.).
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significant aspects of lake shore deterioration and to
give suggestions for a sustainable development of lake
shores on the basis of integrated assessment and planning in the course of the implementation of the European
Water Framework Directive.

2. Ecological functions
The lake shore represents a "transitional habitat", an
ecotone, because it constitutes habitats for both terrestrial and aquatic organisms and produces high biodiversity
within a typical vertical zonation across small gradients,
in contrast to the open water area which is much less
structured and which possesses much less diversity in its
biocoenosis (WETZEL2001). The variation in environmental factors such as water depth, sediment type and
wave exposure, combined with water level variations,
results in a high diversity of macrophyte species. The
macrophytes themselves contribute directly to the overall biodiversity of a lake, and also provide structures for
a multitude of other organisms, increasing biodiversity
as a result by magnitudes (WILCOX & MEEKER 1992).
Water-level fluctuations in particular contribute to and
maintain plant species diversity in littoral ecotones
(KEDDY & REZNICEK1986; KEDDY 1990).
More than 90% of algae species grow on substrates,
either epiphytic, epilitic, epipsamic or epipelic (WETZEL
2001). In addition, the species richness of macroinvertebrates is much higher in littoral compared to profundal
habitats, and is particularly high in macrophyte beds
(KALFF2002). Furthermore, many vertebrates (fish, amphibians, birds, mammals) are bound to the littoral zone
at least in some of their life stages.
Apart from providing habitat, the littoral biocoenosis
performs a string of additional functions in the ecosystem (Fig. 1), of which several are also of great importance to people, e.g.:
• The function of littoral macrophytes and epiphytes
as the basis of the littoral food web (WETZEL2001).
• The function of the submerged macrophytes and
the reed belts as surface structures for colonisation by
epiphythes that contribute to "self-purification" of the
water (WETZEL1992; HEATH1992; B~TLI et al. 1999).
• The function of the lake shore zone as a maturation
area for young fish, a feeding ground for piscivorous
fish and as a fishing ground for the capture of highvalue, commercial fish (WEAVERet al. 1997; WINFIELD
2004, this issue).
• The function played by littoral vegetation in the attenuation of waves and consequently in shore protection
(MAYNARD& WILCOX 1997; OSTENDORP1993).
• The function of reed bed areas as a buffer zone between the lake and areas used for agricultural purposes
(BRATLIet al. 1999; JOHNSTON1991).
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• The recreational function resulting from the fact
that lake shores that are in a close to natural state are
consequently often an important tourist attraction
(BRAOGet al. 2003; WILCOX1995).

3. Aspectsof lake shore deterioration
Lake shore deterioration refers to a number of aspects,
including water level regulation, shore reinforcement
structures, eutrophication and siltation. The shore zone
is highly sensitive to modifications of shoreline structure, water level and the pattern of water level fluctuations associated with human activities (BRAGG et al.
2003; MAYNARD& WILCOX 1997).
The water levels of many lakes in Europe are manipulated for different purposes, among which energy generation by hydropower plants and flood retention (e.g.
EAWAG 1988-1994; ISELI 1993; HUBER 1993) are the
most significant. Others include land reclaimation for
agricultural purposes (HUBER 1993; SCHWINEK6PER&
HACKEL 1994) or lake restoration (MNKIRINTA 1993;
COOPS & HOSPER 2002; COOPS et al. 2004, this issue).
Unnaturally high water level variation in frequency and
amplitude may lead to the loss of natural vegetation in
the littoral zone, as well as to changes in the wave climate and subsequent erosion (ISELI 1993; FULLER2002;
WILCOX 1995; WINFIELD2004, this issue). HILL et al.
(1998) considered the optimum annual range of water
level fluctuations for shoreline vegetation to be 1-2 m,
although this may be highly specific for certain type of
water bodies. Water-level fluctuations were shown to be
vital to the maintainance of the wetland diversity of
Lake Huron (WILcox 1995), because they perpetuate the
cycling of successional processes. Magnitude, frequency, timing and duration are all important characteristics
of floods for biota. The regulation of water levels has
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been identified as one of the most significant human-induced stressors affecting Great Lakes coastal wetlands
(MAYNARD& WILCOX 1997).
The loss of submersed and emersed littoral vegetation
reduces habitat for epiphyton and macroinvertebrates,
thereby affecting the feeding conditions for littoral fish
(HEIKINHEIMO-SCHMID1985). Such loss also threatens the
spawning sites of fish like tench (Tinca tinca) and roach
(Rutilus rutilus), which lay eggs on plants or deposit them
over bottom vegetation (WITTKUOEL2002). Additionally,
falling lake levels could increase the risk of egg desiccation (WINFIELDet al. 1998). On the other hand, reduced
variations of the water level can lead to the loss of spawning habitats of other fishes such as pike (Esox lucius)
(FORTIN et al. 1982) and to the disappearance of specialised amphibious flora which is adapted to naturally
regular flooding (STRANG& DmNST2004, this issue).
Direct modification of the shoreline is undertaken for
a variety of reasons, e.g. in association with buildings,
roads and railway lines, to prevent erosion, and to enable
access to the water (BRAGGet al. 2003).
Shore fortifications break the natural continuity of the
substrate and moisture gradient and therefore lead to
changes or the loss of the typical vegetation gradient.
Often, they are also combined with land reclamation
with the consequent effect of reducing littoral areas and
changing the wave climate in the near-shore area. Wave
reflection at walls leads to interference with incoming
waves and to increased erosion. Walls may also shift
wave energy to other nearby areas, where the erosion of
beaches and coastal wetlands may be accelerated (MAYNARD • WILCOX 1997). Amphibious reed vegetation
(OSTENDORP 1989, 1990) and communities of smallsized plants on nutrient-poor gravel shores (STRAN6 &
DIENST 2004, this issue) are particularly affected by
shore fortifications.
On the landward side of shore fortifications, the landuse is often extensive. Consequently only the lakeside
submersed vegetation at some distance of the fortifications retains from the former natural vegetation zonation
in such shore areas. Shore fortifications and flood dams
result in reduced wetland areas that serve as hydrological buffer zones against flood events. As a result, the remaining natural shore areas are more affected by flood
events (BRAGG et al. 2003). Shore fortifications also
eliminate the potential of a marsh to expand upshore
during flood events (WiLcox 1995). Re-establishment of
littoral communities is slower, since the local seed
source has been eliminated. Such effects have also been
proposed by B6CKERet al. (2003) with respect to the regeneration of aquatic reeds after the extreme flood at
Lake Constance in 1999.
Deposition of exogenous material affects site conditions of a lake shore and changes the original biocoenosis. Complete filling destroys the littoral communities
Limnologica (2004) 34, 3-14
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and eliminates all of their ecosystem functions. It often
occurs in combination with shore fortifications in urban
areas where the shoreline is mostly completely reshaped
for urban and industrial land uses (MAYNARD& WILCOX
1997). Additionally, filling is a widespread practice in
shore renaturation measures (OSTENDORP & KRUMSCHEID-PLANKERT1990).
On the other hand, the removal of sediment, e.g. by
gravel extraction in the littoral, changes the geomorphological profile of the lake shore as well as the light conditions and thus has a strong impact on the vegetation zonation. Additionally, it also changes the wave climate in a
similar way to raising the water level and leads to transportation and rearrangement of formerly stable shore sediments (SCHULZ2004, this issue). PICKERING(2000) reported both direct and indirect siltation effects on the
gravel beds used as spawning habitats of Arctic charr
(Salvelinus alpinus) of Windermere, a large U.K. lake, by
commercial exploitation of gravel deposits on the bed.
Extensive shore use includes constructions for settlements, traffic, industry and recreational facilities with a
high percentage of soil sealing. This does not only result
in complete substitution of the biocoenosis, but also affects the connectivity between littoral and terrestrial
habitats.
Furthermore, extensive agricultural use of the adjoining land, drainage and melioration of wetlands, lead to
direct introductions of nutrient- and pesticide-enriched
leachate to littoral habitats. This mainly affects the nutrient load and consequently the trophic state of a lake including its littoral zone. The eutrophication problem
dominated the management challenges of many lakes in
Europe over recent decades and affected substantially
the littoral biocoenosis (e.g. LACHAVANNE 1985;
SCHMIEDER 1997). The improvement of waste water
treatment decreased in particular the phosphorus load
from point sources, leading to oligotrophication and
marked changes in submersed plant communities (e.g.
LACHAVANNEet al. 1991; SCHMmDER1998). The remaining load originates mainly from diffuse sources of different kinds of land use in the catchment.
In the last few decades, recreational activities in lake
shore areas have increased. Beside activities with rather
weak influence on the littoral biocoenosis such as hiking
and swimming, some activities like boating and its requested facilities exert a severe influence on the community structure (OSTENDORPet al. 2003).
In a workshop during the Lake Shore 2003 Conference, almost 40 participants from a range of European
countries ranked a number of issues according to their importance to lake shore deterioration (Table 1). For 57% of
the participants, recreational and touristic use were the
most important such issues. Consequential aspects concerning lake shore development, such as harbours, quay
utilities and buoy fields also ranked among the most imLimnologica (2004) 34, 3-14

Table 1. Importance of different shore manipulations for lake shore

deterioration according to the participants of a workshop during the
Lake Shore 2003 Conference.
Recreational and touristic use
Shore fortifications (shore wails, breakwaters, palisades)
Lake level manipulation
Melioration, drainage, leachates (agriculture)
Harbours, quay utilities, buoy fields
Material deposits, construction, floor sealing
Excavations
Sewage
Wave action from boat traffic
Industry and emissions
Commercial and recreational fishing
Soft fortifications (wood)

57%
52%
43%
43%
43%
35%
35%
35%
30%
13%
13%
0%

Additional aspects of lake shore deterioration
mentioned by the participants:
Artificial river mouth constructions
Manipulation of sediment transport (currents, waves)
private grounds legal erosion protection
Surface water flow from buildings, roads
Siltation (of gravel sediments as spawning habitats)
Macrophyte cutting (submerged, reeds)
Invasive species
Nutria, Beaver
Bird breedings (population density of bird species)
portant issues. Other important aspects for the participants were shore fortifications, lake level manipulations
and the consequences of agricultural activities.

4. Socioeconomicalvalue and
interaction of interests
Shores, at least those of larger lakes, have always been
popular settling areas; the southern German and Swiss
lakes document that already in the stone and bronze ages
the settlement density was very high (BREM &
SCHLICHTERLE2001). However, it was only during the
course of industrialization, with the rise of intensive
agriculture and urbanization near the end of the 19th century, that significant changes of lake shores began. From
the 1960s onwards, these changes were amplified
through the nutrient burden imposed on many lakes and
through a rapid increase in their recreational use.
Lakes provide human beings with services that include
water for irrigation, industry, drinking, hydroelectric
power, transportation, dilution of pollutants, recreation,
fishing and aesthetic enjoyment (CARPENTEa& COTTINOHAM 1997). Changes in agriculture, riparian land use,
forestry, fossil fuel consumption, and demand for ecosystem services link lakes to much larger social and economic systems. In particular, the recreational function provides a main economic base for many lake areas and even
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whole countries in Europe (BRAGG et al. 2003; OSTENDORP2004, this issue). Most of the recreational activities
take place at the lake shore or at least use the lakeshore
for access to the lake. This leads to lake shore degradation
and consequently to a loss of substantial economic benefits. Severely degraded lakes may be considered as the
antithesis of tourist appeal (BRAGGet al. 2003).
Interests of the many different stakeholder groups and
the representatives of public affairs are as diverse as the
manipulations of the lake shore area and as complex as
its ecological properties. All of these interests are concentrated on the relatively small edge of the lake shore
zone. Without appropriate regulations, the pressure of
settlement and recreation activities will rise until the
degradation of the lake ecosystem and its beauty will decrease its attractiveness. The increased uses of the shore
of many lakes have in the meantime produced negative
consequences, not only for the typical communities, but
also for the people looking for recreation and for the
people who live there.

5. What do we know about lakeshores?
In light of the above described complexity of the
lakeshore ecosystem and its interactions with human
pressures, a sound knowledge is needed for a sustainable
development of this sensitive habitat.
An inquiry of the literature (through electronic referencing) shows that of the total literature about limnology
of lakes, only approximately one quarter is about lake
shores (Fig. 2). In view of the great complexity of the
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Fig. 2. Number of citations in the years 1990-2003 on lake limnology topics subsequently listed. (Source: BIOSIS Online {REDO,
1990-2003 search: (i) lakes and (plankt$ or phytoplankt$ or zooplankt$ or bacterioplankt$ or profundal or epilimn$ or hypolimn$ or
pelagicS), (ii)lakes and (littorS or macrophytS or aquatic vegetatS or
aquatic plantS or periphyt$ or epiphyt$ or attached alga$ or benthic
alga$ or emergent veget$ or emergent plantS or floating-leaved
plants or submersed or submerged or helophyt$ or riverine or shore).
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lake shore habitat, in comparison with open water and
the lake floor, this indicates pressing research needs. In
recent years a growing interest in lakeshores can be observed. Since 1997, the proportion has risen to almost
exactly one third.
Courses of action for the protection of the shore require practice-orientated background knowledge. However, the number of publications on littoral subjects with
direct reference to practical applications is less than 20%
(Fig. 3). Of these, most publications concern topics that
are not of great interest in relation to the consequences
of lake shore manipulations (e.g. the release of greenhouse gases, lake restoration and biomanipulation, invasive species). Consequently, just 2% of all shore publications deal with the effects of shore reinforcements,
structural burdens, tourism and nature protection problems.
A conceptual framework for understanding the interactions of people and lakes is still lacking. CARPENTER&
COTTINGHAM (1997) raised the following questions,
which have still barely been asked, let alone been answered: How do social and economic activities affect
lakes? How do properties of lakes affect people's behavior toward lakes? What policies or institutions might
sustain lakes and the services they provide?

6. Lake Constance as an example
Lake Constance is situated between the countries of
Austria, Switzerland and Germany. With a surface area
of approximately 530 km z, it ranks among the largest
lakes in Europe. The littoral area occupies about 13% of
this surface area, which is relatively high as is its shore
length of 273 km.
Lake Constance is one of the few large alpine and prealpine lakes with an unregulated water level. Due to its
alpine drainage area, maximum water level, approximately 2 m above the annual minimum in winter, normally occurs in the summer season. In extreme cases,
such as in 1965 and 1999, the difference can be a lot
higher. The seasonal water-level changes are extremely
important for the survival of a number of well-adapted
littoral plant species (STRANG& DIENST 2004, this
issue). Manipulations of the annual water-level course
would lead to the extinction of these species.
Like many other lakes in Europe, Lake Constance underwent a period of rapid eutrophication in the 1960s
and 1970s, with its phosphorous concentration being the
limiting nutrient of primary production (Fig. 4). A large
amount of money (approximately 6 Billion Swiss Francs
(IGKB 1999)) and endurance were necessary before
measures, which began in the 1960s, were successful.
Since the 1980s, the phosphorus concentration has decreased continuously and has been associated with
Limnologica (2004) 34, 3-14
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marked changes in the littoral biocenosis (ScnN~DER
1997, 1998).
Settlements exert a high pressure on the shore of Lake
Constance. An example of the extension of township in
1926 compared to 1994 is shown in Fig. 5 and is characteristic of all shore townships, involving a relatively
high growth of the human population in the last decades.
Such shore communities, which reached a mean population density of 575 inhabitants km -2 comparable to that
of congested areas, which is 86 to 410% higher than the
mean of the lake adjoining countries (Fig. 6 ).
In addition, the recreational use is also very intensive.
At Lake Constance, approximately 56,900 boats were
registered in 2001 (OSTENDORP et al. 2003). Of these,
23.645 use the approximately 300 harbours and buoy

2000-2003

fields, while the rest use spaces on the beach or other
storage places. In addition, they need infrastructure facilities and accomodations for people such as camping
grounds, holiday flats or hotels. In German shore communities, a total of 22,350 beds were used by 922,000
guests in 2000 (OSTENDORP 2004, this issue). Well
known tourist attractions like the "flower island" of
Mainau and the UNESCO Cultural Heritage Site of Reichenau attract more than 1 Million visitors per year. Additionally, big events in several cities along the shore attract more than 500,000 short-term visitors every year
and numerous small events of harbour or fishery festivities take place for tourists. All in all, tourism has developed into a major economic factor in the region. Around
Lake Constance, 50 camping grounds are located direct-

no practical relevance

N

acidification

[] eutrophication, restoration
biomanipulation
[] fishery

[] greenhouse-gases, CH4
[]invasive species
[] pollution (genera,
industrial, heavy metals)
[] nature protection, tourism
Flake management

Fig. 3. Practical relevance of literature on lake shore
topics found by the literature inquiry shown in Fig. 2.
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Fig. 4. Development of the phosphorus concentrations between
1951 and 2001 in Lake Constance
Obersee (measured during the mixis
period of the respective years)
(Source: IGKB 2001).
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ly on the shore occupying a total shore length of 9.5 km
(data extracted from TEIBER2002). In addition, there are
82 lidos and bathing places covering another 17.5 km
shoreline.
A length of approximately 95 km of shoreline is covered by housing, industrial plants, harbours, quay, traffic
and other public facilities. Overall, 182 km of shorewalls exist on the shore, including moles and groynes.
Thus, only one third of the lake shore can be considered
to be in a close to natural state (IGKB 2002).
In addition, Lake Constance shore areas are used by
intensive agriculture, with a high percentage of specia-
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lized crops like vegetables, fruits, grapes and hops, and
in some cases, the fields are directly adjoining the lake
and are even partly located in nature protection areas.
For example, in the communities of Baden-Wtirttemberg close to the lake (see Fig. 6) a proportion of 21% of
the agricultural crop land is covered by specialized crops
(data extracted from Official Topographic and Cartographic Information System of Baden-Wtirttemberg
(ATKIS)).
At the same time, the habitats of the shore area contain a number of floristic and faunistic treasures with
special adaptation to the littoral habitat, which are pro-

Fig..5. Development of settlement area of the
riparian village Ludwigshafen between 1926
(a) (Photo: W. TRUCKENBRODT)
and 1994 (b)
(Photo: F.THORBECKE).
Limnologica (2004) 34, 3-14
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tected in occasionally large nature protection zones. In
the shore area of Lake Constance, 45 nature protection
areas exist with a total area of 5380 ha (Fig. 7). Endemic
amphibious plant communities such as the Deschampsietum rhenanae (see STRANO& DIENST2004, this issue)
grow on nutrient-poor gravel shores, and many German
Red List species live in littoral habitats. In winter, Lake
Constance is a major resting place for water birds. Winter totals of approximately 1,200,000 water birds have
been regularely counted in recent years (BAUER,pers.
comm.).
Additionally on the German part, 8 landscape protection areas complete the protected zone, so that outside of
the settlements nearly all areas have protected status.
However, the human pressure of visitors on these areas,
especially in the summer season, is high and causes disturbance of both fauna and flora.
To mitigate human impacts on lakeshore morphology,
approximately 60 measures of shore restoration have
been implemented by the water management authorities
in recent decades. Since 1975, a shore length of 22 km,
nearly one tenth of the total shoreline of 273 km, has
been restored to a more natural shape by replacing shore
walls with landfills of gentle slope (IGKB 1999).
At the same time as such practical measures were implemented, geographic information systems on different
subjects of the lake shore were constructed, e.g.
lakewide GIS-databases on:
• submersed macrophytes and littoral sediments
(ScHMIEDER 1998);
• structural deteriorations (TEIBER2002);
• spawning areas of fish (WlTTKUOEL2002);
• ground beetles (BRAUNICKE& TRAUTNER2003);
• reed of the Baden-Wtirttemberg shore (SCHMIEDERet
al. 2003).
Unfortunately, there are currently no high level concepts with which to integrate this abundance of data or to
evaluate it and to convert it into courses of action for a
sustainable development of the lake shore.

7. Concepts for a sustainable development
Lake shore landscapes which are still in a natural state
are becoming increasingly rare commodities. The demand for natural lakeshore recreational landscapes is
going to grow inversely proportional to their decreasing
supply in Europe. This precipitates the need for a responsible management, which can be done only on the
base of a sound assessment method and a continuous
monitoring of the status of lake shore areas.
On a European scale, the European Water Framework
Directive (WFD, 2000/60/EC) (CHAVE 2001) and the
Habitat Directive (92/43/EEC) provide the frame for the

11

assessment and monitoring of the status of littoral habitats of lakes. The WFD comprises the frame for an integrated ecological quality assessment scheme, which has
to be adapted to the respective water bodies of the Member States and for which a monitoring programme has to
be implemented. An integrated approach on the catchment scale is required and the status of water bodies has
to be reported to the European Union (EU) authorities.
The ecological quality assessment scheme utilises the
five classes "high", "good", "moderate", "poor" and
"bad" to characterise the ecological status of a surface
water body. Further deterioration of the present status is
interdicted and the achievement of a "good" status is required for all surface water bodies by 2015. Assessment
of the ecological status is done by comparison of a set of
biological and physico-chemical quality elements
against appropriate type-specific reference conditions.
The reference status is that without any human influences and represents the "high" status in the classification scheme.
The WFD focuses on entire surface water bodies, including their associated wetlands under influence of
their natural water-level fluctuations. However, the provided set of quality elements has to be adapted for an approach specific to lake shores. Elements of such a specific approach could be:
• natural spatial pre-requisites (orography, geological
structure, hydrochemical properties);
• lake shore relief;
• dynamics of structural elements and sediments;
• permeability from land to lake;
• structural and biocoenotic diversity;
• biocoenotic integrity;
• food chains;
• ecological functions (e.g. "self-purification").
In addition, quality elements representing the human
pressure of land use as well as the social and economic
values of the lake shore zone should be included. For the
North American Great Lakes, a set of indicators of
coastal wetland health was established in the 1990s to
assess and monitor their health status, which includes
physical and chemical, individual and population level,
wetland community and landscape indicators, as well as
social and economic indicators (MAYNARD& WILCOX
1997).
OSTENDORP(2004, this issue) proposed ten main quality elements with special reference to lake shores, which
also include land use and sociocultural aspects. In addition, criteria which are established in landscape assessment such as uniqueness and representativity (KAULE
2002) are included. OSTENDORP (2004, this issue) proposed a hierarchical design according to the scale of application and the precision of the conclusions needed for
different scales of planning. However this assessment
Limnologica (2004) 34, 3-14
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system is not yet developed in detail, let alone tested for
applicability.
The littoral habitat quality can be assessed using a set
of habitat suitability indices for key species as presented
by W~rTKU6EL (2002) for the littoral spawning areas of
fish and by WOIT~ION& SCHMIEDER(2004, this issue) for
the Great Reed Warbler (Acrocephalus arundinaceus L.).
However, the application of such an integrated quality
assessment scheme requires an integrated administrative
counterpart, just as the WFD requires for water manage-

Fig. 8. "Lake Constance 2000", a vision ofW.M. OHLH,~USERin 198I.

Limnologica (2004) 34, 3-14

ment aspects on a catchment scale. Only by overcoming
the splitting of competence among a variety of authorities and planning corporations can an integrated approach to sustainable shore development be translated
into action.
A vision of what at least is not the intention of "sustainable development" was given by W.M. OHI~H)iUSERin
1981 on Lake Constance (Fig. 8). My desire for these
Conference Proceedings is that we are able to make a contribution to prevent such visions from becoming reality.

European lake shores in danger - concepts for a sustainable development
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