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1 Introduction

This thesis can be characterized as a combination of a descriptive and experimental
approach. Its major aim is to help solve the ecotoxicological problem of transferability
between artificial model systems and their natural equivalent. The descriptive part is realized
in a natural lake littoral zone, and it is used to give an overall view of the natural benthic
macroinvertebrate community. The experimental design is performed in an artificia
mesocosm, which is treated with the pyrethroid cypermethrin.

The project combines the two scientific fields of limnology and aquatic ecotoxicology.
Limnology describes the natural interactions between organisms and their freshwater
environment. Ecotoxicology evaluates and judges disturbances in the aquatic ecosystem
caused by different kinds of substances. It has a great demand for test system research,
especialy for tests at higher levels of organization (Cairns 1983, Giddings 1984). Different
kinds of substances need to be examined, and their effects on natural ecosystems have to be
calculated. Single species tests and multi-species tests both have their importance. Single
species tests can never accurately predict species-competitive or predator-prey interactions
and complex systems will never be able to predict a detailed, isolated component part. Size,
shape and structure of the micro- or mesocosms are often discussed (Zieris 1986, Drax| 1990,
Hill et al. 1994, Volm 1997).

Today various types of tests are in use. The different systems are always debated between
regulators, scientists and industry (Campbell et al. 1999, OECD Guidelines 1996). The more
realistic point of view makes the multi-species tests indisputable. Although at first it might
seem easier to work under optimized conditions in the laboratory where parameters such as
light and temperature can be adjusted, it is important to keep in mind that other environmental
influences such as colonization from nearby ecosystems can never be simulated. It is
important that the community within the created model mesocosm resembles one in nature
(Giddings 1983). It is defined as a bounded and partially enclosed outdoor experimental unit
that closely simulates the natural environment, particularly the aquatic environment
(Odum 1984). This definition does not really set limits to complexity and there is no guideline
for microcosm and mesocosm studies. Although research in this field has been going on for
several years, the demand for a better transferability to natural waters is still of current
concern. Especialy system reproduction and accurate predictions to the environment need to
be improved (Crane 1997).
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Sometimes mesocosm experiments are performed in real “littoral enclosures’ (Lozano et
al. 1992). A large numbers of substances need to be tested. Using natural ecosystems for
testing can never be considered on a larger scale because natural ecosystem conservation
always has to be the most important aim. Germany today has designated 29 wetlands to the
world list of "Wetlands of International Importance’. The Federal Republic of Germany
ratified the Ramsar Convention in 1976. The designation date of the study site Lake
Ammersee was 26/02/1976. The site is especially important for wintering and staging water
birds. The site includes the large natural freshwater lake as well as gravel beaches, rivers and
swamp areas (Mitlacher 1997).

A possibility of simulating nature is to create a test system using the natural equivalent in
several geographic regions. This is the only way to solve the problem of finding the most
sensitive key figures in the individual ecosystems. The low species numbers and their very
common distribution is a major aspect of criticism in the mesocosms. Although it isimportant
to keep in mind that biodiversity is not always necessarily linked with the stability and
function of an ecosystem (Schwartz 2000). Mesocosm systems can be quite stable through
many years (Huber 1995, Huber et al. 1995).

Invertebrates make up about 95% of the worlds described species. Benthic
macroinvertebrates are a common group and ideal indicators. The species have a broad range
from sensitive to tolerant and occupy different trophic levels (Cummins 1974, Buikema et
al. 1993). The aguatic insect communities, which are tested in the artificial ponds, need to be
evaluated on a natural scale. This means a critical view has to be taken towards the tested
community and whether or not it can also be found in a natural environment. Another very
important point is the ecosystem functioning. The functional parameters such as primary
production, nutrient cycling and decomposition of organic matter have to resemble those in
natural ecosystems (Heger 2000).

The equivaent to the mesocosm ecosystem in nature is the lake littoral zone. This is the
place where pollutants have the first contact with the aquatic ecosystem. In the 1970's the
nutrients found their way into the aquatic environment through sewage pipes and wastewater
inlets. This same source is also likely for other pollutants and therefore the first effect can be
observed in thelittoral zone.

The littoral zone includes the depth up to the compensation level, where the light intensity
is not enough to compensate the catabolism process. The borders between the regions are not
fixed; in fact they can be very dynamic. Water levels and visibility have a broad range and

cannot be generalized.
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In order to create aviable artificial model, atypical representative of the lake littoral has to
be first defined. The lakes littoral zone is very diverse and not easy to standardize. It is a
complex interface zone between land and the water body. The size and structure of the littoral
zone in relation to the pelagic area varies among lakes and incorporates a great variety of
important functions. The dynamics are very complex and nearly impossible to accurately
simulate in a model. Parameters such as general morphology, sediment structure, macrophyte
community, influences from different inlets and general human influences, change along the
shoreline. The easiest and most common way to get a general picture of alake's quality is to
examine the pelagic part of the lake (physical and chemical parameters, phytoplankton and
zooplankton). These parameters are used most often to describe the lake's status. Compared
to the littoral zone, the sampling of the pelagic zone has a traditional history and existing
datasets go back a long time. The scientific understanding of the littoral zone is not as
advanced. The littoral zone has a very divers character and the surroundings can have a great
influence (Seele 2000). Further investigations of the littoral zone and its relationship to the
pelagic zone of alake are needed.

A good method to describe the littoral zone of a lake is to map the macrophytes. The
different habitats for insects in the littoral zone are very much determined by the
macrophytes. To estimate the trophic development along the shoreline, the so-called
macrophyte index (Melzer 1988) is often used in Germany. Whether or not the fauna in lakes
can be used as trophic indicators as in streams is often discussed controversialy (Lalonde &
Downing 1992, Kornijow et al. 1990). A dependency on the trophy could only be proven for
a few species (BLfW 1992). The colonization of the lakeshore has been compared to that of
rivers and streams (Schwoerbel 1999). In rivers, species assemblages can be used as
descriptors of mesohabitats (Pardo & Armitage 1997). In lakes, it has been shown that
microhabitats consisting of different macrophytes such as Typha angustifolia, Scirpus acutus,
Potamogeton spp. and an open water site can be associated with different species composition
(Olson 1995).

The structure of, and interaction between littoral communities is very complex. The
relationship between macrophytes and macroinvertebrates is just one example. Macrophytes
can be the source of food (Oertli 1995), a hiding place or a safe area in which to lay eggs.
Thisis aso true for the artificial pond mesocosms (Fiedl 1997). Invertebrates can sometimes

control the growth of macrophytes (Brux 1989).
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The colonization of the habitats is related to the biomass and the leaf morphology of the
macrophytes (Cry & Downing 1988, Schramm & Jirka 1989, Rasmussen 1993). Different
communities can be found in different heights and parts of the plant (Sloey & Schenck 1997).

One of the main factors of stress in the littoral zone is the fluctuating water level. (DGL
1999). In spring 1999 severe rainfall and the beginning thaw caused a century flood in the
upper Bavarian region (WWA 2000). Up to 138,7 mm (I/m?) rainfall was measured on the
21/05/1999 in Hohenpeif3enberg. Lake Ammersee had an unusualy high water level for
several weeks. Being the most common disturbance for the lake macroinvertebrate
community, the flood situation was an once-in-a-lifetime opportunity for investigation. The
reed c