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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 artificial 

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, 

especially 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, Draxl 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. Especially 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 is important 

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 aquatic 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 equivalent 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 the littoral 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 a viable artificial model, a typical 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 a lake’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 a lake 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 controversially (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. 

This is also 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 (l/m2) rainfall was measured on the 

21/05/1999 in Hohenpeißenberg. Lake Ammersee had an unusually 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 community can suffer greatly, especially when the shoots are below the surface for a 

longer period of time (Grosser 1997). The abundance, biomass and the relative proportions of 

functional feeding groups of macroinvertebrates can vary in relation to the water level (Neiff 

1997). 

The zooplankton community was examined at the same sites in cooperation to this thesis 

(Funk, unpublished). 

 

This thesis will answer the following primary questions: 

1. Does the macrophyte density influence the toxic effects of cypermethrin on 

macroinvertebrates? 

2. At what level does the pyrethroid insecticide, cypermethrin, affect the 

macroinvertebrate community? 

 

This thesis will also discuss the following issues: 

1. Is it possible to establish an artificial pond for ecotoxicological testing with lake 

littoral fauna? To what extent can the microhabitats be transferred from a natural lake 

littoral? 

2. How much do the physical and chemical parameters change in the littoral zone? How 

does the pelagic zone of the lake fit in with the values? 

3. How does the macroinvertebrate community change with the trophic state of the 

littoral zone? 

4. How does an extreme flood situation influence the lake’s littoral zone and its fauna? 
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2 Material and Methods 

2.1 Lake Ammersee - Lake basin characteristics and morphology 

The site is located 20 km Southwest of the city of München (Munich), in the Bundesland 

(Federal Land) Bayern, in Southern Germany. The lake’s name, Ammer, originates from the 

Celtic expression for water. Lake Ammersee can be considered as a typical lake in the 

Northern pre- alpine region, so it serves as a good representative for the geographical region. 

It lies in a former glacial valley (Schneider 1995). Water is brought to the lake from the River 

Ammer to the South, and taken away by the River Amper to the North. The water level 

normally fluctuates by 150 cm during the year (rain, melting snow in the Alps). The Western 

and Eastern shores have narrow gravel beaches, surrounded by end-moraine-dams. Annual 

precipitation ranges between 750 to 1000 mm. The shoreline of the lake freezes regularly 

during the winter and in some years the lake is completely frozen. Average temperatures vary 

from 16 °C in July to nearly 2 °C in January. The government owns parts of the site and the 

surrounding are; the Conservation Society Ammersee-Süd and the National Trust own part for 

Bird Protection, and part has private ownership. The site is important for agriculture, 

commercial fishing and recreation (mainly sailing, surfing and swimming). 

Table 1: Lake Ammersee characteristics 

 

Coordinates: 48°01'N 011°08'E 

Elevation: 533-545 m 

Area: 6,517 ha 

Precipitation: 750 to 1000 mm 

Average temperatures: 2 to 16 °C 

Max. Depth: 81m 

 

Lake Ammersee has a total surface area of 46,6 km2 and stretches 43 km from Stegen in 

the North to Aidenried in the South. It is only about 10 km wide and has a maximum depth of 

81 m and a mean depth of 36,9 m. The surrounding area of Lake Ammersee consists 

predominantly of grassland and the total catchment area is 993 km2. About 80% of the lake’s 

runoff and its phosphorus influx originates from the River Ammer (Mangelsdorf 1972). 
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The smaller rivers and direct precipitation contribute about 10%. The water discharge rate 

of 2,7 years is relatively high (Lenhart 1993). The lake has been thoroughly investigated since 

1975 (Lenhart 1987). 

2.1.1 History of Lake Ammersees’ trophy 

In the last decade, eutrophication was one of the major topics for limnologists. In Southern 

Germany, many measures were taken in order to reduce the environmental phosphorus input. 

Sewage treatment plants in the surrounding catchment areas and along the shorelines of lakes 

were built to stop the most essential source of phosphorus loading originating from sewage 

waste. This was also true for the sub-alpine Lake Ammersee. The main sewer pipe around the 

lake was built in 1971. The lake was described as being in a eutrophic state in 1976/1977 

(Steinberg 1978). Between 1982 and 1987, six sewage plants in the catchment area of the 

River Ammer were equipped with phosphorus elimination devices (Hohenpeißenberg, 

Weilheim, Peißenberg, Ettal, Oberammergau and Uffing). In 1981 and 1984, a law was 

passed to reduce the amount of phosphorus in detergents. In 1985/1986 the lake was reported 

to be in a more or less mesotrophic status (Lenhart 1987). Between 1991 and 1994 the other 

five sewage treatment plants in the area were modernized with phosphorus elimination 

devices. The eutrophication process was stopped successfully (Steinberg & Lenhart 1991). 

According to the water quality map of Bavaria (BLfW 1992), Lake Ammersee can be 

classified as mesotrophic. 

 

2.1.2 Littoral site description Schondorf 

The sample site Schondorf is located at the Northwestern part of the Lake Ammersee (Map 

1, page 21, Picture 1). The shoreline can be characterized as rather narrow and steep. The 

littoral zone extends to a depth of about 1,5 m. The shoreline itself is fairly sheltered because 

West is the predominant wind direction. The degree of wave exposure is relatively low. The 

sediment shows a high total calcium carbonate content. Its exact characterization is described 

in Müller 1977. 
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Picture 1: Sampling site Schondorf 

 
The physical and chemical characteristics of lakes are used to indicate their nutrient status. 

Aquatic macrophytes are known to give important additional information to describe the 

trophy of lakes. A method that uses the macrophytes as indicators of nutrient status and 

trophy is the “macrophyte-index” developed in Bavarian lakes (Melzer 1988). This index 

reveals the individual pollution situation along the shoreline of a lake. The last complete 

mapping of the macrophytes took place in 1987. In 1987 the site at Schondorf was classified 

as contaminated to a “low” degree by nutrients (2,47; BLfW 1996). In order to calculate the 

macrophyte indices at the sites, an area of about 250 m around the pebble basket sites was 

mapped on 01/09/1998. 

At the sites in Schondorf (S1-S3) the shoreline is represented mainly by Phragmites 

australis. Chara aspera and Chara contraria were the predominating macrophytes up to the 

depth of 1 m. Potamogeton filiformis and Potamogeton pusillus were found scarcely in 

between. Below 1 m the following plants were mapped: Schoenoplectus lacustris, Nuphar 

lutea, Chara fragilis, and Chara tomentosa, Nitellopsis obtusa, Najas intermedia, 

Potamogeton pectinatus, Potamogeton perfoliatus, Ranunculus circinatus and Utricularia 

australis. 

Chara fragilis plants were found up to the depth of 5,5 m. The macrophyte indices 

calculated for the area of Schondorf was 2,67, indicating a “moderate” nutrient pollution. This 

level is associated with the average total phosphorus content of 16 µg/l during circulation and 

the average secci transparency in summer of 4 m. 
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The pebble basket sites can be characterized as follows: 

S1: Schondorf 1 – The reed plant Phragmites australis, along with Chara 

aspera; the average water depth is about 20 cm deep. 

S2: Schondorf 2 – Chara contraria and some Chara aspera; the average water 

depth of 50 cm. 

S3: Schondorf 3 – Chara contraria and Chara fragilis; the average water depth 

about 1 m. 

2.1.3 Littoral site description Aidenried 

Aidenried lies at the Southern end of the lake (Map 1, page 21, Picture 2) and the River 

Ammer and the Ammer-channel influences it to a great extent. The organic material content 

of the sediment is very high (Müller & Sigl 1977). The littoral zone is very broad and 

shallow. The whole delta is manifolded and covered with different kinds of patched 

macrophytes. The site is exposed to wind and waves. After a storm the shoreline is especially 

heavily wooded. 

 

Picture 2: Aidenried (Nuphar, Potamogeton) 

The sites in Aidenried were chosen in order to represent a different state of trophy. The 

contamination at the site in Aidenried was classified as “heavy” (3,86; BLfW 1996). The 

dominating reed plant is Phragmites australis along with a few spots of Schoenoplectus 

lacustris. The Yellow Water Lily Nuphar lutea grows 5 m off the shoreline. Chara fragilis 

grows within and between the Water Lily plants. 
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The diverse area has many different plant patches of Ceratophyllum demersum, Elodea 

canadensis, Myriophyllum spicatum, Potamogeton pectinatus, Potamogeton perfoliatus, 

Potamogeton pusillus, Ranunculus circinatus, Zannichellia palustris and Fontinalis 

antipyretica. Fontinalis antipyretica was found up to the depth of 3 m. 

The calculated macrophyte index for the area Aidenried was 3,71. It indicates a littoral 

with a “heavy” contamination of nutrients. It is associated with the average total phosphorus 

content of 60 µg/l during circulation and the average secci transparency during summer of 

2,4 m. 

The pebble basket micro-habitats in Aidenried can be described as follows: 

A1: Aidenried 1 – Phragmites australis; average water depth about 30 cm. 

A2: Aidenried 2 - Nuphar lutea, Schoenoplectus lacustris; average water depth 

of about 50 cm. 

A3: Aidenried 3 – Potamogeton pusillus, Nuphar lutea, Myriophyllum spicatum 

and Chara fragilis; average water depth of about 1 m. 

2.1.4 Pelagic zone site  

In the relatively large Lake Ammersee, the pelagic zone takes up the major surface of the 

lake. The site within the pelagic zone (Pelagial) is located in the mid-Southern part of the 

lake, near the shoreline level of the town of Riederau. It is close to the deepest point of the 

lake. The maximum depth of 81,1 m can only be measured in the middle of the lake; the 

average depth is around 38 m. 
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Map 1: Map from Lake Ammersee. (BLfW 1996) 
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2.2 Mesocosm site descriptions 

The Pond M is located at the Grünschwaige Research Facility (Picture 3). It is about 15 km 

away from the main University campus. The surroundings are used for different agricultural 

purposes. The Technische Universität München, Weihenstephan owns all of the surrounding 

areas. 

 

Picture 3: (Pond M with enclosures) 

 
Pond S, the Split-Pond-System (Zieris 1986, Draxl et al. 1994) is located on the campus of 

the Technische Universität München, Weihenstephan (Picture 4).  

 

Picture 4: Pond S 
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2.2.1 Pond M 

The Pond M at the Grünschwaige Research Facility was established in March 1998. To 

compensate the irregular variation of the outside temperature, the mesocosm is situated 1 m 

below the ground. On 31/03/1998 the pond was stocked with two tons of Lake Ammersee 

sediment (calcium carbonate) and on 02/04/1998 it was filled with 25000 l of Lake Ammersee 

water. The pond itself is round and according to Hill et al. (1994), it can be considered a 

mesocosm. In 1998 the macroinvertebrates of the pond were monitored from March to 

November without enclosures. In 1999 the pond was separated in 18 identical compartments. 

The enclosures were set up in June and the macroinvertebrates were sampled until September. 

 

Table 2: Technical data of Pond M. 

 

Manufactured by MTW Moderne Wassertechnik, Gilching, Germany 

Framework material 0,8 mm stainless steel  

Inner layer 1 mm polyethylene  

Volume 23,5 – 27,5 m3 

Diameter 5 m  

Height 1,2 - 1,5 m 

 

Table 3: Technical data of the enclosures. 

 

Manufactured by Schorb Company, Moosburg, Germany 

Material Stainless steel 

Volume 700 litres 

Diameter 0,95 m 

Height 1,5 m 

2.2.2 Enclosure experiments in Lake Ammersee 

Three enclosures were set up at each site at the lake. They were positioned within the reed 

area in Schondorf and Aidenried at about 60 cm depth. They were made of plastic with a 

frame of steel. 
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Picture 5: Lake enclosure in Schondorf 

2.2.3 Pond S 

The split pond experiment was run simultaneously with to the cypermethrin experiment in 

Pond M. The pond system was used for many successful studies (Ebke 1999, Grünwald 

unpublished, Rüschemeyer unpublished). The pond was established in April/May 1999. It was 

filled with 400 l of Lake Ammersee and rainwater and additional zooplankton and 

macroinvertebrates from Schondorf and Aidenried. Each basin was filled to a depth of 60 cm. 

Sediment from the Schondorf site at Lake Ammersee was added to a layer thickness of 10 cm. 

The compartments were separated on the 18/06/1999. The experimental design was the same 

as in pond M. The first cypermethrin application (100 ng/l a.i.) was on 27/07/1999 and the 

second (1000 ng/l a.i.) on 24/08/1999. The plants were harvested at the end of September 

1999. 

Table 4: Technical data of Pond S. 

 

Manufactured by Kraller, Waging am See, Germany 

Material Container: Polyester ; Sections: Polyvinylchloride 

Volume 700 litres  

Diameter 3,95 m x 1,00 m 

Height 0,90 m  

Date of establishment 07/04/1999 

Sediment layer thickness 10 cm  
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2.3 Sampling techniques 

The samples for all of the analyses were taken in 1000 ml SCHOTT glass bottles. The lake 

and the mesocosm sites were sampled in regular intervals. The exact schedule is attached in 

the appendix. The pelagic sample was integrated between 1 and 10 m depths. The littoral 

samples were taken directly at the site in 10, 50 and 100 cm depths. For the mesocosms a 

sample from top and bottom were taken seperately and then mixed. 

2.3.1 Physical and chemical measurements 

The physical and chemical measurements such as temperature, oxygen, conductivity and 

pH were conducted at the littoral and the pelagic sites every month.  

 

Table 5: Technical data of the portable electrodes for temperature, oxygen, conductivity and pH 

 

Oxygen and temperature: OX1 96 (Ser.No. 2907078) and OX1 320 (Ser.No. 71298025) 

pH: pH 96 (Ser.No. 2902017) 

Conductivity: LF 96 (Ser.No. 0907082) 

 

Chlorophyll a, filtered total dissolved phosphorus and the unfiltered total phosphorus, the 

dissolved reactive phosphorus, ammonia, nitrate, nitrite content as well as the silica, chloride 

and dissolved organic carbon concentration were determined at the laboratories 

Wasserwirtschaftsamt Weilheim.  

The absorption (chlorophyll a) was measured with the UV/VIS Spektrometer Lambda 12, 

Perkin Elmer Company according to the Bavarian method (BLfW 1992).  

Both the filtered total dissolved phosphorus and the unfiltered total phosphorus was 

determined according to the Schmid-Ambuehl Method. The absorption was measured with 

the UV/VIS Spektrometer Lambda 12 as well. 

The dissolved reactive phosphorus, ammonia, nitrate, nitrite content as well as the silica, 

chloride and dissolved organic carbon concentration were measured according to the Skalar 

CFA-Autoanalyser (Issue 011091/91054500; ammonia: ENISO 11732 – E23, paragraph 2; 

nitrate and nitrite: ENISO 13395 – D28). 
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2.3.2 Biological sampling 

2.3.2.1 Macrophytes  

The habitats at the lake littoral sites were chosen according to the results from the mapping 

of the lake in 1988. Two typical sites with similar habitats on one hand and a few differences 

on the other were chosen. On 01.09.1998 the macrophytes of the sites Schondorf and 

Aidenried were mapped by scuba diving. The macrophyte species from the lake sites were 

transferred to the mesocosms. The first planting within Pond M took place in May 1998. The 

macrophytes were put in pots and set up to cover approximately 20% of the pond’s surface. 

For the cypermethrin study, Pond M was equipped with additional plants along with the 

enclosures in June 1999. The enclosures were stocked with Myriophyllum spicatum and 

Potamogeton natans in order to make up three different plant densities with similar species. 

At the end of the mesocosm study the plants were removed and weighed to determined the 

total macrophyte weight for each enclosure. The same procedure was done for the Pond S. 

The exact time schedule is attached in the appendix. 

2.3.2.2 Macroinvertebrates 

Kick sampling and hand collecting was done at the beginning of the project in 1998. Net 

sampling and emergence trap sampling was performed within the mesocosm studies along 

with the pebble baskets sampling every two weeks. At the lake sites the pebble baskets were 

sampled every three weeks. 

Some destructive sampling methods such as kick sampling can only be used in a natural 

surrounding. At the lake sites, this method was used to give an overall view of the 

macroinvertebrate species. In order to compare the data from the natural sites and the 

mesocosms an artificial substratum was used. The pebble baskets serve as a good substrate to 

sample artificial ponds because they do not disturb the systems as much as any other method. 

In addition to the artificial substratum, emergence traps and net samples were taken within 

the mesocosm (Smukalla 1988). 
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Table 6: Pebble basket, emergence traps  and net sampling volume. 

 Pebble basket Emergence traps Net sampling 

Surface area (cm2) 750 400 425 

Height (cm) 50 100 86 

Volume (cm3) 37500 40000 36550 

Volume in l 37,5 40 36,6 

Comparison factor 3,8 4 3,7 

 

2.3.2.2.1 Kick sampling and collecting 

As described, the kick sampling method was only used at the lake sites. It is a method that 

was conducted according to ENISO 27828 - 7828. It covers approximately 7 cm of sediment. 

In addition to the kick sampling, rocks and pieces of wood were sampled by hand and the 

macroinvertebrates were collected and preserved in ethanol (99%) for identification. 

2.3.2.2.2 Net sampling and emergence traps 

Net sampling and emergence traps were used in addition to the pebble basket sampling 

within the enclosures of the mesocosm. The net sampling catches especially those 

macroinvertebrates attached to the macrophytes and within the water column itself. The 

plankton net (mesh size 250 µm) was pulled through the enclosures to a distance of 86 cm. 

The gathered macroinvertebrates were then rinsed into white plastic plates (40 × 30 × 5 cm) 

for counting. After identification, the macroinvertebrates were put back into the enclosures to 

prevent the enclosures from a greater loss of specimens. 

The emergence trap was constructed in the manner established in stream ecology 

(Wetzel 1991, Schwoerbel 1994). The tent construction was covered with a gauze (mesh size 

250 µm) and was supported by a stainless steel framework. The floating device was made of a 

wooden square with a polystyrene foam cover. The killing agent was ethanol (99%). 

2.3.2.2.3 Pebble baskets  

The artificial substrates consisted of three different pebble baskets and hardboard plates. 

The framework of the baskets was coated wire mesh. The two bottom baskets held different 

sized pebbles (upper: 1,5 – 2,5 cm, lower: 2,5 – 3,5 cm). The top basket was filled with 

Phragmites australis cut in 10 cm lengths. 
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The hardboard plates (10 × 10 cm) were used to hold the pebble baskets in place. They 

were soaked in tap water to prevent contamination with chemicals used for preserving the 

plates. 

 

Picture 6: Pebble basket (length 13 cm, width 13 cm, height 3,5 cm) 

2.3.2.2.4 Species identification 

In order to preserve the mesocosm systems, the identification took place at the site. 

Sometimes it was necessary to preserve specimens for identification in the laboratory, using a 

stereoscopic microscope. 

2.4 Cypermethrin and treatment in the mesocosms 

Product description:  pyrethroid insecticide 

Product name:   Cymbush 25EC 

Source:    ZENECA Agrochemicals, Fernhurst, Haslemere 

 

O
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CH3
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Cl

Cl

N  

Picture 7: Chemical structure of cypermethrin (N = CN) 
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Table 7: Physical and chemical properties of cypermethrin. 

 

Form liquid 

Color Slightly hazy brown 

Flash point > 38 °C 

Density 0,96 g/ml 

Solubility Miscible in/with water approximately 1-5 µg/l 

 

The acute toxicity published for cypermethrin were 0,71 ml/kg oral median lethal dose for 

rats and > 4000 mg/kg dermal median lethal dose for rabbits. The ecotoxicity LC 50 (96 h) 

duration for rainbow trout is approximately 3,2 µg/l. The chemical has been in use for many 

years (Davies 1985). 

2.4.1 Experimental design and Cypermethrin sampling 

For both of the mesocosm tests the same experimental design was performed. A double 

treatment with the first application of cypermethrin (100 ng/l) and the second application 

(1000 ng/l) after four weeks was conducted. To apply the stock solution, the drop-application 

by pipette was used. 

All together 18 enclosures were set up in Pond M and six split ponds with three basins 

each were used for the parallel Pond S experiment. Three replicates of three different plant 

densities (high, medium, low) were established. Nine enclosures with the different plant 

densities were treated with cypermethrin; the other nine, nearly identical enclosures, were not 

treated and served as controls. In this study the three replicates are not used in the classical 

sense. After the establishment phase they differed to a great extend, so they were judged not 

as replicates (Hurlbert 1984).  

2.4.1.1 Abiotic 

Physical and chemical measurements were taken once a week. Temperature, dissolved 

oxygen content, pH value, conductivity were measured at the site. The nutrients were 

measured at the laboratories of the Wasserwirtschaftsamt Weilheim.  

For the cypermethrin analyses, an integrated water column from one replicate of each plant 

community was taken and then the samples were pooled. For the first treatment three different 

plant densities with one replicate on six occasions. 
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This makes 18 samples for the time intervals of one, three, twelve hours. For the second 

treatment the samples in three different depths: bottom, middle and surface were taken. Three 

plant densities and three depths with one replicate on six occasions totals 54 samples. The 

time spans were one hour (all three replicates); three hours (one replicate of each); and six, 

twelve and 24 hours. 

The cypermethrin analyses were conducted by ZENECA. 

2.4.1.2 Biotic 

The artificial substrate was sampled every other week. The pebble baskets were taken with 

the help of a sampling device. It consisted of a steel frame with gauze sides and steel lid. The 

baskets were lifted into the sampling device, then the lid was closed and the whole device was 

pulled out of the water. The baskets were taken out of the sampler and the organisms were 

rinsed onto a plastic plate. The pebble baskets were rinsed equally from all sides with one litre 

of purified water. The specimens were identified within the plastic plate or prepared for 

further determination in the laboratory. 

The emergence traps were sampled every week. The trapped organisms within the upper 

tent construction were collected and fixed with ethanol (99%). The trap itself was refilled 

with fresh ethanol and replaced on the water surface. 

The macrophytes were mapped at the beginning of the experiment and harvested at the 

end. The macrophytes were either taken from the lake site or raised in the green house at the 

research facilities. 

2.5 Statistical analysis 

The computer programs “Origin” (Microcal), “Excel” (Microsoft), SPSS 9.0 for Windows 

and CANOCO 4.0 were used for statistical calculations. 

The calculation of the average values and the standard deviation was done according to 

Kreyszig (1979). 

For the species richness, the diversity and evenness the Shannon-Weaver Index was used 

(Ludwig & Reynolds 1988). 

In order to characterize the habitat, movement, food and regional coordination the catalog 

from the Bayerisches Landesamt für Wasserwirtschaft (Schmedtje & Colling 1996) was used. 

For the cluster dendrograms between the sites, the rescaled distance cluster combine using 

average linkage between groups was chosen. 



Material and Methods  31

Due to the high variability of community level studies the statistical methods and their 

power to detect biological effects is an important tool (Kedwards et al. 1999). The principle 

component analyses (pca) and the principle response curves (prc) (Van den Brink & Ter 

Braak 1998, 1999) can be used as such a method in order to compare different communities. 

The logarithmic transformation of the data set and the elimination of the time and sample 

variance leaves only the variance of the wanted influence.
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3 Results and Discussion 

3.1 Studies in the natural Lake Ammersee 

3.1.1 Water level 

The water level was measured in Stegen at the outlet of the Lake Ammersee. Daily 

measurements were taken by the Bayerisches Landesamt für Wasserwirtschaft since 1968.  
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Fig. 1: Average monthly water level measured in Stegen 1998 and 1999. 

 
The typical annual mean amplitude of the water level of Lake Ammersee varies between 

zero and 40 cm (Grosser et al. 1997). The average water level amplitude of 1998 was 28 cm; 

this can be classified as “typical”. The average monthly maximum in the year 1999 measured 

214 cm and the minimum 130 cm (Fig. 1). The annual mean amplitude of 84 cm was clearly 

above the “typical” value. The months of May, June and July of 1999 were clearly 

characterized by a flood situation. The heavy rainfalls in spring continued for several days 

and the water level reached a daily maximum of 337 cm (WWA 2000). 

The development of reed plants can be heavily damaged by flood situations (Rücker et 

al. 1999). The water level affects the macroinvertebrate community density and composition 

along with physical parameters such as conductivity and dissolved oxygen (Neiff & 

Carignan 1997).  
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3.1.2 Physical and chemical parameters 

The physical and chemical parameters of the examined habitats at the littoral sites and the 

pelagic zone are presented. In order to show similarities and differences between the three 

sites in Schondorf and Aidenried and the pelagial site the parameters are compared with the 

help of a cluster flow chart.  

3.1.2.1 pH value 

Fig. 2 depicts the pH values at the lake littoral sites in 1998 and 1999. The average pH 

value in Schondorf varied little (pH difference of 0,05) between the sites. The reed habitat 

(S1) had the lowest value of 8,38. The charophyte dominated site (S2) showed an average pH 

of 8,40. At this site (S3) an average pH value of 8,43 was measured. 

The average pH value of 8,33 measured at the sites in Aidenried was only little below the 

average measures at the sites in Schondorf (8,40). The maximum pH of 9,77 and the 

minimum pH value of 7,49 were measured at the sites in Aidenried. The maximum values 

were due to the (three hours) later time of measure ment at that sampling date in March 1998. 

All three sites in Aidenried had their lowest average pH value of 7,71 shortly after the flood in 

June 1999 (arrow Fig. 2).  

The all-time lowest average pH value showed the pelagic zone. It measured an average of 

8,25 for 1998 and 1999 (Fig. 2). 

The low mean amplitude of the pH value is due to the calcium carbonate rich sediment of 

Lake Ammersee. The variation was between 8,0 and 9,0. The photosynthetic activity is 

responsible for the oscillating pH value (Sigg & Stumm 1994). The maximum values in 

March 1998 at Aidenried were due to the photosynthetic activity of a diatom blossom and the 

later measurement time. The minimum values in July and August 1999 at Aidenried can be 

explained by the low transparency caused by the flood. This had an effect on the 

photosynthetic activity similar to the lack of daylight at night. 

The two-year development of the pH value of the two charophyte dominated littoral 

habitats S2 and S3 showed the greatest resemblance. The pH values of the habitats A1 and A2 

were also very similar. The reed sites S1 and A1 were not clustered according to their pH 

course. The annual course of the pH value of the pelagic zone showed the most resemblance 

to the sites in Schondorf. 

As displayed in Fig. 3, geographical location plays a more important role in pH value than 

the macrophyte composition of the microhabitats. 
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Fig. 2: pH value at the lake littoral sites Schondorf, Aidenried and the pelagic zone of Lake 
Ammersee in 1998 and 1999. (The arrow marks the flood situation in 1999.) 

 
PH value 
  C A S E    0         5        10        15        20        25 
Label   Num  +---------+---------+---------+---------+---------+�
Schondorf 2   �����������������
Schondorf 3   �����������������������
Schondorf 1   ���������������������������������������������������
PELAGIAL      ���������������������������������������������������
Aidenried 1   ���������������������������������������������������
Aidenried 2   ���������������������������������������������������
Aidenried 3   �����������

Fig. 3: Rescaled distance cluster combine dendrogram using average linkage between groups of the 
pH values at all lake sites 

3.1.2.2 Conductivity 

The general annual conductivity courses of all sites were closely correlated with the 

seasons. The highest conductivity values were measured in spring due to the melting snow 

and heavy rain in February 1999. The lowest conductivity was measured during the summer 

period (Fig. 4).  

The three sites at Aidenried all show relatively high conductivity averaging between 401 

and 394 µS/cm. This is mainly due to the direct influence of the River Ammer that has a high 

ionic concentration (Mangelsdorf 1972).  
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Fig. 4: Conductivity values (µS/cm) at the lake littoral sites Schondorf, Aidenried and the pelagic 
zone of Lake Ammersee in 1998 and 1999. (The arrow marks the flood situation in 1999.) 

The conductivity measurements at the sites in Schondorf was lower than the values 

measured at Aidenried (the average conductivity 383 µS/cm). 

The pelagic zone had the lowest average conductivity of 363 µS/cm. The values measured 

from February 1998 to June 1999 were below the ones measured at the littoral sites. The high 

water level in June 1999 changed the relationship between pelagic and littoral sites for the rest 

of the year.  

The specific conductance reflects the exact geographical location of the sites. The seasonal 

course of the ionic concentration of the water at the sites in Schondorf was very similar. The 

same results were shown for the sites in Aidenried. As seen in Fig. 5, the site within the 

pelagic zone shows no resemblance with the littoral sites at all. 

Conductivity 
  C A S E    0         5        10        15        20        25 
Label   Num  +---------+---------+---------+---------+---------+ 
Schondorf 2     �����
Schondorf 3     �����������������������������
Schondorf 1     ���������������������������������������������������
Aidenried 2     ���������������������������������������������������
Aidenried 3     ���������������������������������������������������
Aidenried 1     ���������������������������������������������������
PELAGIAL        ���������������������������������������������������

Fig. 5: Rescaled distance cluster combine dendrogram using average linkage between groups of the 
conductivity values at all lake sites 
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3.1.2.3 Dissolved oxygen content 

The oxygen balance of lakes is determined through the supply of dissolved oxygen from 

the atmosphere and from photosynthetic activity inputs on one side, and the uptake by 

consumptive metabolisms on the other (Wetzel 1983). 

There was no stratification measured because the dissolved oxygen content in the littoral is 

strongly influenced by wind and waves, and the littoral sites have an average water depth 

below 1 m. 

The average oxygen saturation of 106% at the sites in Schondorf was a little above the 

average of 99% measured in Aidenried. The 100% oxygen saturation would be between 12 to 

13 mg O2/l at 4 °C near sea level (Wetzel 1983). The oxygen contents for all habitats varied 

between an average of 9,9 and 10,6 mg O2/l.  

The variation between the oxygen measurements was the greatest in Aidenried (79%). The 

maximum oxygen content measured was 146% (in September 1999). The minimum value of 

67% was measured in July 1999.  

At the sites in Schondorf the maximum oxygen saturation of 144% was measured in the 

beginning of July 1999. The minimum content of 80% was measured only four weeks later. 

The course of the oxygen saturation at the pelagic site was mainly in between the two 

littoral sites. The fluctuation of only 49% was relatively low at the pelagic site (Fig. 6). 
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Fig. 6: Dissolved oxygen content (% saturation) measured at the lake littoral sites Schondorf, 
Aidenried and the pelagic zone of Lake Ammersee in 1998 and 1999. The arrow marks the 
flood situation in 1999. 
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The dissolved oxygen contents at the sites in Aidenried were clearly influenced by the 

higher water level in 1999. The fluctuation increased after the flood situation at the end of 

May 1999 (Fig. 6). The oxygen content was lowered due to the high load of organic 

substances contributed by the river Ammer (Schwoerbel 1999). In July, the photosynthetic 

activity of a major diatom blossom caused the oxygen content to rise at all sites. A month 

later it sank again to minimum values. The extreme values at Aidenried were also due to the 

later measurements (up to 3 hours later the same day). 

 

Oxygen 
  C A S E      0         5        10        15        20        25 
Label     Num  +---------+---------+---------+---------+---------+ 
Schondorf 2     �������� 
Schondorf 3     ��     ������������������������������������� 
Schondorf 1     �������������������������������������������������� 
PELAGIAL        ��������������������������������������������     � 
Aidenried 1     ��������������������������������                 � 
Aidenried 2     ����������������               ������������������� 
Aidenried 3     �������������������������������� 

Fig. 7: Rescaled distance cluster combine dendrogram using average linkage between groups of the 
oxygen saturation at all lake sites 

 
The two charophyte habitats in Schondorf (S2, S3) showed the greatest similarity (Fig. 7). 

The reed site S1 was also clustered within the same group. 

The oxygen saturation development throughout the years at the two sites in Aidenried (A1, 

A2) showed only little differences, whereas the Nuphar habitat A3 showed less similarity.  

The oxygen course of the pelagic site showed some resemblance to the Schondorf sites.  

3.1.2.4 Temperature 

The temperature courses of the years measured at the littoral habitats in Schondorf and 

Aidenried were about 2 °C higher than at the pelagic site. The low tempered water originating 

from the flood in 1999 caused the temperature to drop an average of 2 °C at the littoral sites. 

In both years, the highest temperatures between 23 and 27 °C were reached in July. The 

lowest temperatures (3 °C in average) were measured in February (Fig. 8). 

The temperature development of the three sites at both littoral locations during the two 

years showed great resemblance. The temperature flow chart grouped the sites at Schondorf 

and at Aidenried. Further it clustered all littoral sites in a group.  

The temperature course of the site within the pelagic zone showed no similarities with the 

littoral habitats (Fig. 9). 
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Fig. 8: Water temperature (°C) measured at the lake littoral sites Schondorf, Aidenried and the 
pelagic zone of Lake Ammersee in 1998 and 1999. (The arrow marks the flood situation in 
1999.) 

 
Temperature 
    C A S E    0         5        10        15        20        25 
  Label   Num  +---------+---------+---------+---------+---------+ 
Aidenried 1     �� 
Aidenried 2     ������������ 
Aidenried 3     ��         ��������������������������������������� 
Schondorf 2     ��         �                                     � 
Schondorf 3     ������������                                     � 
Schondorf 1     ��                                               � 
PELAGIAL        ���������������������������������������������������

Fig. 9: Rescaled distance cluster combine dendrogram using average linkage between groups of the 
temperature at all lake sites 

3.1.2.5 Phosphorus  

The phosphorus compounds are the limiting nutrients for primary production 

(Schwoerbel 1999) and therefore an important parameter to judge the productivity of lakes. 

The littoral zone plays a major part within the phosphorus cycle. Not only do the littoral flora 

take part in the phosphorus flux, but also, the benthic invertebrates can incorporate organic 

material, transporting phosphorus to other compartments of the system when they emerge 

(Wetzel 1983). 
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Fig. 10, Fig. 11 and Fig. 12 depict phosphorus measurements at the lake littoral sites. Three 

different phosphorus parameters were measured: the total phosphorus concentration (TP), the 

soluble phosphorus concentration (SP) and the soluble reactive phosphorus concentration 

(SRP).  
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Fig. 10: Total phosphorus concentration measured at the lake littoral sites Schondorf, Aidenried and 
the pelagic zone of Lake Ammersee in 1998 and 1999. (The arrow marks the flood situation in 
1999.) 
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Fig. 11: Total dissolved phosphorus concentration measured at the lake littoral sites Schondorf, 
Aidenried and the pelagic zone of Lake Ammersee in 1998 and 1999. (The arrow marks the 
flood situation in 1999.) 
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Fig. 12: Dissolved reactive phosphorus concentration measured at the lake littoral sites Schondorf, 
Aidenried and the pelagic zone of Lake Ammersee in 1998 and 1999. (The arrow marks the 
flood situation in 1999.) 

 
The highest total phosphorus concentrations were observed at the littoral sites in 

Aidenried. The sites measured the average of 0,039 mg/l TP. The highest average TP-

concentration was measured at the reed site A1. In May, July and September of 1998 and in 

November of 1999, the highest peaks were measured. 

The TP concentration at the Schondorf sites ranged between 0,021 and 0,013 mg/l. The 

lowest average of 0,011 mg/l was measured at the pelagic site (Fig. 10). 

The total phosphorus concentration includes particulate material as well as organic 

fractions. An unequal spread of particles within the samples is a possible reason for such high 

measurement fluctuations. 

The average value of the dissolved phosphorus concentration was the highest at the 

Aidenried sites. An average of 0,006 mg/l was measured at the three sites.  

The mean concentration of 0,005 mg/l was measured at the Schondorf sites. The maximum 

value measured in April 1998 at S2 was due to sample contamination.  

The dissolved phosphorus concentration at the pelagic site shows the lowest measured 

average concentration (0,004 mg/l). The maximum concentration of 0,07 mg/l was measured 

shortly after the flood (Fig. 11) in 1999.  

The SRP concentration stayed within the range of 0,002 – 0,003 mg/l at all sites. Sample 

contamination was responsible for the extreme value measured at the site S2 in April 1998. 

High concentrations were measured at the sites in Aidenried in February 1998, April 1998, 

December 1998, June 1999 and August 1999. 
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Peaks at the sites in Schondorf were measured in April and December of 1998 and 

February and November of 1999. 

The highest value measured at the pelagic site was 0,009 mg/l in June 1999 shortly after 

the flood (arrow in Fig. 12).  

The two charophyte habitats (S2, S3) and the pelagic site have the greatest similarity. The 

sites S1 and A3 are also clustered in one group. The sites located at Aidenried A1 and A2 are 

clustered separately (Fig. 13). 

 

TP, dissolved P and SRP 
  C A S E      0         5        10        15        20        25 
Label     Num  +---------+---------+---------+---------+---------+ 
Schondorf 2     �� 
Schondorf 3     ������ 
PELAGIAL        ��   ����� 
Schondorf 1     ������   ����������������������������������������� 
Aidenried 3     ����������                                       � 
Aidenried 1     �������������������������������������������������� 
Aidenried 2     �����������������

Fig. 13: Rescaled distance cluster combine dendrogram using average linkage between groups of all 
phosphorous parameters at all lake sites. 

3.1.2.6 Nitrogen 

Ammonia, nitrate and nitrite concentrations were measured in order to describe the 

nitrogen situation at the sites. Large numbers of N2 –fixing bacteria occur as epiphyte on 

submersed macrophytes and in the sediments of lakes. Along with precipitation, this is an 

important part for the nitrogen income of lakes (Wetzel 1983). Depending on the oxygen 

availability, the nitrogenous compounds can be converted into one another. Due to 

nitrification processes the compounds are reduced to a more oxidized state. This can also be 

reversed through denitrification and nitrate assimilation. Many different bacteria are 

responsible for these processes. Nitrosomonas europaea, for example, transforms ammonia to 

nitrite. Nitrobacter winogradskyi can complete the transformation from nitrite to nitrate. 

These processes are only possible in an oxygen environment. Facultative anaerobic bacteria 

like Pseudomonas can reverse the process by converting nitrate to ammonia and nitrate to 

nitrogen. N2 –fixing bacteria like Azotobacter return nitrogen into the bio-available nitrogen 

cycle (Wetzel 1983). 

The plants also take part in the nitrogen cycle. The leaves of the submerse macrophytes 

take up ammonia and nitrate (sometimes only one of the two) and release ammonia nitrogen 

at night (Schwoerbel 1999). 
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Ammonia, nitrate and nitrite concentration measurements are displayed in Fig. 14 through 

Fig.17. The measured average ammonia concentration throughout both years at the Aidenried 

sites was 0,041 mg/l. The highest concentration was measured at the reed habitat. The 

maximum peak concentration of 0,105 mg/l was measured in August 1998. In 1999 the 

maximum peaks were measured in August and November.  

The ammonia concentrations measured at the Schondorf sites were clearly below the 

concentrations in Aidenried. The measured mean was 0,017 mg/l. The fluctuations at all three 

habitats were very low (Fig. 14). The positive oxygen conditions in Schondorf favored the 

nitrification processes. 

The pelagic site had the lowest ammonia concentration of 0,010 mg/l in average. The 

measured values from the pelagic site represent only the epilimnia of the lake since the 

samples were taken from the first 10 m. The maximum concentration of 0,030 mg/l was 

measured shortly after the flood in 1999.  
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Fig. 14: Ammonia (NH4-N) concentration at the lake littoral sites Schondorf, Aidenried and the pelagic 
zone of Lake Ammersee in 1998 and 1999. (The arrow marks the flood situation in 1999.) 
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Fig. 15: Nitrate (NO3-N) concentration at the lake littoral sites Schondorf, Aidenried and the pelagic 
zone of Lake Ammersee in 1998 and 1999. (The arrow marks the flood situation in 1999.) 
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Fig. 16: Nitrite (NO2-N)concentration at the lake littoral sites Schondorf, Aidenried and the pelagic 
zone of Lake Ammersee in 1998 and 1999. (The arrow marks the flood situation in 1999.) 

 
The highest nitrate concentrations were measured in the winter months November, 

December, January, February and March. The lower nitrate concentrations measured during 

the warmer months (June, July, August and September) were due to the nitrate uptake of 

algae and macrophytes. 

The nitrate concentrations reflect the inverse course of the ammonia concentrations. At the 

sites in Aidenried, the nitrate concentrations varied between 0,091 and 0,094 mg/l. 
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The nitrate concentrations of the reed habitats (S1, A1) were below the concentrations at 

the other littoral habitats. The nitrate concentrations at the Schondorf sites ranged between 

0,99 and 1,04 mg/l. The pelagic zone had the highest mean nitrate contents of 1,06 mg/l (Fig. 

15). 

The nitrite contents (Fig. 16) had an inverse seasonal development as the nitrate courses 

(Fig. 15). The winter months measured the lowest concentrations and in summer the 

concentrations were relatively high. 

The highest nitrite concentrations were measured at the Aidenried littoral habitats. The 

average at the sites ranged between 0,010 and 0,012 mg/l. At the Schondorf sites they varied 

between 0,008 and 0,009 mg/l. The lowest average concentration of 0,007 mg/l was measured 

at the pelagic zone site (Fig. 16). 

The littoral sites of Schondorf and Aidenried showed a great similarity concerning NH4–N, 

NO3 -N and NO2 –N contents. The pelagic site most resembled the sites in Schondorf. The 

sites in Aidenried were clustered in a separate group (Fig. 17).  

NH4 - NO3 - NO2 -N 
  C A S E      0         5        10        15        20        25 
Label     Num  +---------+---------+---------+---------+---------+ 
Schondorf 2     ������ 
Schondorf 3     ��   ������� 
Schondorf 1     ������     ��������������������������������������� 
PELAGIAL        ������������                                     � 
Aidenried 1     ����������������������                           � 
Aidenried 2     ������               ����������������������������� 
Aidenried 3     �����������������������

Fig. 17: Rescaled distance cluster combine dendrogram using average linkage between groups of all 
nitrogen parameters at all lake sites. 

3.1.2.7 Silica 

Silica concentrations in lakes are marked by seasonal variations. This is mainly due to the 

intensive assimilation of silica by diatoms (Wetzel 1983). 

This typical seasonal variation of the silica content was clearly documented for all habitats. 

The diatom blossom in spring 1998 reduced the silica concentration to 30-40%. The diatom 

blossom shortly after the flood in 1999 left the littoral habitats with only 20% silica content. 

The pelagic site resulted in a cut down silica concentration of 60% (Fig. 18).  

In the reed habitats the lowest silica concentrations were measured. The average silica 

content of 2,00 mg/l was measured at the habitat A1. The site S1 had an average of 2,03 mg/l 

silica content. The Nuphar lutea habitats (A2, A3) at Aidenried had silica concentrations 

between 2,03 and 2,06 mg/l. 
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At the charophyte sites (S2, S3) silica concentration ranged between 2,09 and 2,11 mg/l. 

The highest average silica content of 2,26 mg/l was measured in the pelagic zone of the lake 

(Fig. 18). 

The silica contents of the charophyte habitats showed the greatest similarity. The same was 

observed for the two Nuphar habitats in Aidenried. The pelagic zone was clustered with the 

two sites S2 and S3 in Schondorf. The reed site in Schondorf showed no resemblance with the 

other habitats (Fig. 19). 
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Fig. 18: Silica concentration at the lake littoral sites Schondorf, Aidenried and the pelagic zone of Lake 
Ammersee in 1998 and 1999. (The arrow marks the flood situation in 1999.) 

 
Silica 
  C A S E      0         5        10        15        20        25 
Label     Num  +---------+---------+---------+---------+---------+ 
Schondorf 2     �������������� 
Schondorf 3     ��           ��������������������� 
PELAGIAL        ��������������                   ����������������� 
Schondorf 1     ����������������������������������               � 
Aidenried 2     ����������������                                 � 
Aidenried 3     ����           ����������������������������������� 
Aidenried 1     �����������������

Fig. 19: Rescaled distance cluster combine dendrogram using average linkage between groups of the 
silica content at all lake sites. 
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3.1.2.8 Chlorophyll a 

Chlorophyll a is the primary photosynthetic pigment of all oxygen-evolving photosynthetic 

organisms (Wetzel 1983). This parameter was used to give an overall view of the biomass 

development of the phytoplankton communities. 

No obvious phytoplankton growth periodicities could be observed at the sites. As seen in 

the Fig. 20, the habitats at Aidenried showed the highest chlorophyll a concentrations. They 

ranged from 8,07 µg/l (A3) to 13,86 µg/l (A1) in average. The maximum values in 1998 were 

measured in May and July. Reduced phytoplankton growth was measured during the periods 

of March and September. In 1999, the numbers increased after the flood in June and July and 

remained relatively high compared to 1998. In November, the chlorophyll a concentration 

reached the maximum values. 
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Fig. 20: Chlorophyll a concentration at the lake littoral sites Schondorf, Aidenried and the pelagic 
zone of Lake Ammersee in 1998 and 1999. (The arrow marks the flood situation in 1999.) 

 
At Schondorf the concentrations between the two charophyte habitats varied between 

5,57 µg/l (S3) and 6,14 µg/l (S2). Just like in Aidenried, the reed habitat in Schondorf (S1) 

showed a higher mean chlorophyll a content (10,69 µg/l) than the other two Schondorf sites. 

A spring maximum was built up in 1998 at the reed site (S1). Further peaks were measured in 

September and December 1998 and March and September 1999. 
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In the pelagic zone, an average chlorophyll a content of 6,62 µg/l was observed. The 

maximum values were measured in May and October 1998 and after the flood in June 1999. 

The values remained at a high level until September. In November, the chlorophyll a 

concentration rose to a value of 19,9 µg/l again (Fig. 20). 

 

Chlorophyll a 

  C A S E      0         5        10        15        20        25 
Label     Num  +---------+---------+---------+---------+---------+ 
Schondorf 2     �� 
Schondorf 3     ������ 
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Aidenried 2     �����������������������������������

Fig. 21: Rescaled distance cluster combine dendrogram using average linkage between groups of the 
chlorophyll a concentration at all lake sites. 

 
The two charophyte-habitats at Schondorf and the pelagic zone show the highest similarity. 

The site at Nuphar site in Aidenried (A3) was also grouped with the first cluster. These sites 

have the greatest distance from the shoreline in common. The two reed habitats S1 and A1 

and the Nuphar site A2 showed no resemblance (Fig. 21).  

3.1.2.9 Chloride 

In lakes, chloride is often used as a parameter to measure pollutional effects (Wetzel 1983). 

Therefore extreme high values have to be considered critically.  

The average chloride content of all habitats showed little variance. The concentration 

ranged between 6,3 mg/l at the pelagic site and 7,8 mg/l at the reed habitat (A1) in Aidenried.  

The highest chloride concentration was measured at the reed site in Schondorf (S1) in 

April 1998. High values were also measured at the reed site in Aidenried (A1) in February 

and August 1999. At the Nuphar site A3, a high value of > 10 mg/l was observed in 

November 1998 and July 1999 (Fig. 22). 

The two charophyte habitats (S2 and S3), the pelagic zone and the Nuphar habitat (A2) 

showed a similar chloride concentration course throughout the years. The two reed habitats 

(S1 and A1) and the Nuphar habitat (A3) showed no resemblance in the flow chart. This is 

due to the maximum values measured at these sites (Fig. 23). 
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Fig. 22: Chloride concentration at the lake littoral sites Schondorf, Aidenried and the pelagic zone of 
Lake Ammersee in 1998 and 1999. (The arrow marks the flood situation in 1999.) 
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Fig. 23: Rescaled distance cluster combine dendrogram using average linkage between groups of the 
chlorophyll a concentration at all lake sites. 

3.1.2.10 DOC 

The average dissolved organic carbon concentrations of all habitats was measured with 

3,4 mg/l �0,07 mg/l standard deviation. The values measured at all sites in Aidenried 

(3,6 mg/l average) and S1, the reed site in Schondorf (3,5 mg/l), were slightly above those 

measured at the Nuphar sites in Schondorf (S2, S3) and at the pelagic site (average 3,3 mg/l).  

A maximum value of 5,5 mg/l was measured in December 1998 at site A2. At the 

Aidenried sites, the dissolved organic carbon concentration was relatively high in the period 

from June to August, after the flood in 1999 (Fig. 24). 
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Fig. 24: DOC concentration at the lake littoral sites Schondorf, Aidenried and the pelagic zone of Lake 
Ammersee in 1998 and 1999. (The arrow marks the flood situation in 1999.) 

 
The three habitats in Schondorf were clustered with the pelagic site. The three sites in 

Aidenried also showed great resemblance because they were all strongly influenced by the 

river Ammer, whereas the other sites were not. The courses of the DOC content reflected this 

influence (Fig. 25). 
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Fig. 25: Rescaled distance cluster combine dendrogram using average linkage between groups of the 
DOC concentration at all lake sites. 
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3.1.2.11 Sulfate 

The sulfate concentrations were only measured during 1999. The average of all measured 

habitats was 15,3 mg/l �0,15�mg/l standard deviation (Fig. 26). 

The habitats at the two geographical locations, Schondorf and Aidenried, were clearly 

grouped in a cluster. The course of the sulfate concentration of the pelagic zone showed the 

greatest difference (Fig. 27). 
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Fig. 26: Sulfate concentration at the lake littoral sites Schondorf, Aidenried and the pelagic zone of 
Lake Ammersee in 1999. (The arrow marks the flood situation in 1999.) 
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Fig. 27: Rescaled distance cluster combine dendrogram using average linkage between groups of the 
sulfate concentration at all lake sites. 
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3.1.3 Comparison of the lake sites  

The physical and chemical parameters of the seven sites showed different relationships to 

each, other depending on the parameter regarded. They were grouped differently with each 

parameter measured. The three sites with the same geographical location were grouped more 

often as the microhabitats at the same depths. The water chemistry of the pelagic zone was 

strongly influenced by the flood situation in 1999. Parameters such as ammonia and nitrate 

showed a clear effect to the high water level at all sites. The flood had more influence on the 

physical and chemical parameters at the sites at Aidenried than in Schondorf.  

The concentrations of the parameters measured at the pelagic site were grouped separately 

at 30% of the eleven documented parameters. It was grouped to the sites in Schondorf (S2 and 

S3) at 70% and was never grouped with the one of the sites in Aidenried. 

3.1.4 Macroinvertebrates of the lake sites 

Within charophyte habitats a positive correlation between mollusk and charophyte-biomass 

has already been proven (Van den Berg et al. 1997). Other studies examined 

macroinvertebrate interactions with macrophytes, such as Phragmites australis, Sparganium 

erectum, Typha angustifolia, Polygonum amphibium, Ceratophyllum demersum, Elodea sp., 

Myriophyllum spicatum, Nitella mucronata, Chara globularis (Dvorak & Best 1982, 

Kornijow & Gulati 1992). No significant correlations between macrophytes and 

macroinvertebrates were found. Different functional feeding groups have been defined for 

reed plants such as Typha, Phragmites and Nuphar (Dvorak 1996). 

Since the plants differ in their leaf morphology and life cycle, it is important to make a 

representative selection (Van den Berg 1997). Plants with dissected leaves provide more 

substrate for the growth of periphytic algae (Dvorak 1982) and provide different habitat 

conditions for the invertebrates. Different invertebrates prefer different species of 

macrophytes (Cry 1988). The biomass from Potamogeton pectinatus and the associated 

macroinvertebrates can differ according to their location (Bergey 1992). So it is also 

important to consider the variety of the geographical locations. 

A well-established qualitative (semi-quantitative) sampler to examine lake littoral is the 

basket type artificial substrate sampler (Merrit & Cummins 1984). Pebble baskets have been 

used successfully for many different kinds of studies (Brock et al. 1992). The seasonal change 

plays an important part for the development of the different macroinvertebrate species within 

the habitats (Kornijow 1989). Some authors question the method. 
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Experiments have shown that the colonization potential in natural habitats can be higher 

than in artificial substrates (Casey & Kendall 1996). When using an artificial substrate as 

quantitative method, the question of the „Island effect” for certain species arises (Rosenberg 

& Resh 1982). Substrates such as PVC-Labyrinth acc. Lubini-Ferlin 1986 (BLfW 1993) and 

pebble baskets in different sizes (Rosenberg & Resh 1982) have been used to obtain 

comparable quantitative results in littoral studies. 

3.1.4.1 Turbellaria 

The sampled turbellaria species all belong to the order of the Tricladia. Dendrocoelum 

lacteum, Dugesia spp. and Polycelis spp. all prefer habitats with a lot of water movement. The 

lakes shoreline offers this environment.  
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Fig. 28: Dendrocoelum lacteum collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 

The fairly common species are usually found in productive lakes where the calcium 

concentration is at least 10 mg/l (Reynoldson 1978). Dendrocoelum lacteum showed its 

highest counts of 18 individuals/catch in spring 1998. After the flood situation in 1999 

maximum numbers reached only 7 – 8 individuals/catch. The reproduction rate of 

Dendrocoelum lacteum is usually negatively correlated with temperature because the species 

requires colder temperatures for reproduction (Wesenberg-Lund 1939). 
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The maximum reproduction was probably reached during the sampling pause in winter. 

The triclad breeds at temperatures of 3,5 to 15 °C (Reynoldson 1978). The charophyte 

habitats S2 and S3 were clearly preferred (Fig. 28). The numbers varied between 1 and 12 

individuals/catch. The charophytes offered a habitat with the necessary light reduction and the 

right food resources. The fast moving predator feeds on small organisms and on carrion. Its 

distribution is often closely linked with that of Asellus aquaticus (Reynoldson 1978).  

The species of the genus Dugesia breed within the range of 10 – 13 °C. They feed mainly 

on gastropods (Reynoldson 1978). Dugesia spp. was found in all three habitats in Schondorf 

as well as in Aidenried. There was no habitat preferred. The abundance was higher in 1998 

than in 1999. In 1998, the individuals/catch ranged between 1 and 20. In 1999 an average of 

5 individuals /catch and less was counted (Fig. 29).  
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Fig. 29: Dugesia spp. collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 
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Fig. 30: Polycelis spp collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 

 
The species of the genus Polycelis are able to breed at the temperatures between 3,5 – 

20 °C. They usually feed on oligochaetes, insect nymphs and larvae. The species are also 

known to feed on damaged specimens of Asellus aquaticus (Reynoldson 1978). Except on one 

sampling date in September 1999, the triclad Polycelis spp. was only found within the habitats 

in Schondorf. The highest numbers were reached in June 1998 with a total of 

12 individuals/catch in habitat S2. In 1999 there were less than half as many specimens 

caught than in the year before (Fig. 30). 

The populations of all three triclads were negatively influenced by the flood situation in 

1999. 50% less specimens were caught in 1999 than in 1998. 

3.1.4.2 Mollusca 

Earlier investigations defined an influence but no significant correlation between the 

aquatic mollusks of Lake Ammersee and the surrounding macrophytes (Klingshirn 1985).  

The first two discussed snail species Bithynia tentaculata and Potamopyrgus jenkinsi both 

belong to the family of the Rissoacea (Brohmer 1988).  
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Fig. 31: Bithynia tentaculata collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 
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Fig. 32: Potamopyrgus jenkinsi collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 
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Fig. 33: Physa fontinals collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee 
in 1998 and 1999. 

 
Bithynia tentaculata was found at all six habitats with an average between 1 and 4 

individuals/catch. The Nuphar habitats at Aidenried were preferred. A maximum of 21 

individuals/catch was collected in September 1999 at site A2 (Fig. 31). 

The mollusk Potamopyrgus jenkinsi clearly preferred the habitats in Aidenried. In October 

1998, a maximum of 62 individuals/catch were found within the habitat A2. The reed habitat 

(A1) counted a total of 35 individuals/catch on the same date. The Nuphar habitat A3 

measured a maximum of 25 individuals/catch in September 1998. A total of only two 

specimens were caught in 1999 (Fig. 32). Investigations from 1985 calculated populations in 

one to three meter depths of about 1000 to 2000 snails per square meters (Klingshirn 1985). 

The southern parts of the lake were colonized to a greater extent.  

Physa fontinals belongs to the pulmonate snails. They have a sac-like “lung” formed from 

a portion of the mantle. They breathe air at the water surface or through the body surface.  

Physa fontinals was only found at the habitats in Aidenried. A total of only eight snails 

were caught in 1998. In 1999 a total of 45 specimens were caught at the sites in Aidenried. In 

July 1999, there was an increase in population at all three habitats A1, A2 and A3 (Fig. 33).  

The two gastropods Bithynia tentaculata and Potamopyrgus jenkinsi showed an increase in 

numbers in 1999. Physa fontinals favored the flood situation in 1999 as well. 
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Galba truncata, Lymnaea stagnalis, Radix spp., Radix ovata and Planorbis spp. showed 

very low numbers, between one and nine specimens. Only one specimen of Galba truncata 

was found at the charophyte-dominated habitat S2. Lymnaea stagnalis was only found at the 

reed habitat A1 (three animals) and at the Nuphar habitat A2 (one specimen). Small 

Lymnaidae were found within the reed habitat in Schondorf with two individuals/catch. The 

small Radix spp. was found at the habitat S3 and at all three habitats in Aidenried. Radix 

ovata was collected at the two charophyte habitats S2 and S3 in Schondorf. Small 

Planorbidae were found at the reed habitats S1 and A1 and at the two Nuphar habitats A2 and 

A3. Planorbis spp. was also found at the two reed habitats and additionally at habitat A2. 

The bivalve Pisidium spp. was only found five times. There were between one and two 

specimens caught in each habitat except the reed habitat in Schondorf (S1) (Fig. 34 – Fig. 39). 

Dreissena polymorpha preferred the habitats in Schondorf. The charophyte habitat (S3) 

showed the highest counts with an average of 18 individuals/catch. The shell, Dreissena 

polymorpha, has planktonic larvae with the ability to swim. This way they can colonize 

habitats very quickly. They adopted the pebble baskets as an ideal substrate. The reed and the 

charophyte habitats at Schondorf counted the average of twelve individuals/catch. In 

Aidenried, the reed habitat was the most popular with an average of eight individuals/catch. 

The two Nuphar habitats counted an average between one and five individuals/catch (Fig. 

40). 

The two mollusks Potamopyrgus jenkinsi and Dreissena polymorpha were not recorded in 

earlier investigations (Salzmann 1956). It has been suggested that the explosion of the Zebra 

Mussel Dreissena polymorpha is one reason for the decline of the bigger Unionidae within 

lakes. 
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Galba truncatula Lymnaeidae Lymnaea stagnalis Radix spp.
Radix ovata Planorbidae Planorbis  spp. Pisidium spp.  

Fig. 34: Other Mollusca species at habitat S1 in Schondorf 
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Galba truncatula Lymnaeidae Lymnaea stagnalis Radix spp.
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Fig. 35: Other Mollusca species at habitat S2 in Schondorf 
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Galba truncatula Lymnaeidae Lymnaea stagnalis Radix spp.
Radix ovata Planorbidae Planorbis  spp. Pisidium spp.  

Fig. 36: Other Mollusca species at habitat S3 in Schondorf 



Results and Discussion 59    

1998                       A1-Reed                      1999

0

1

2

3

4

5

6

7

8

9

M J J A S O N D J F M A M J J A S O

time

ot
he

r 
M

ol
lu

sc
a 

(in
di

vi
du

al
s/

ca
tc

h)

Galba truncatula Lymnaeidae Lymnaea stagnalis Radix spp.
Radix ovata Planorbidae Planorbis  spp. Pisidium spp.  

Fig. 37: Other Mollusca species at habitat A1 in Aidenried 
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Galba truncatula Lymnaeidae Lymnaea stagnalis Radix spp.
Radix ovata Planorbidae Planorbis  spp. Pisidium spp.  

Fig. 38: Other Mollusca species at habitat A2 in Aidenried 
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Galba truncatula Lymnaeidae Lymnaea stagnalis Radix spp.
Radix ovata Planorbidae Planorbis  spp. Pisidium spp.  

Fig. 39: Other Mollusca species at habitat A3 in Aidenried 
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Fig. 40: Dreissena polymorpha collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 

3.1.4.3 Annelida 

The earthworms are animals belonging to several major groups sharing a generally similar 

shape. Especially small specimens were impossible to identify. Small Oligochaeta were found 

in Schondorf at all habitats, in Aidenried only at the habitats A1 and A2. As reflected in Fig. 

41, in September and October of 1998 and in April and September 1999, the most small 

worms were counted. 

The members of family of the Naididae are not limited to the sediment like the rest of the 

Oligochaeta. Their mobility allows them to inhabit the vegetation in higher levels as well. 

At the reed habitat in Schondorf, the Naididae showed a maximum of 20 individuals/catch 

in June 1998. For the rest of the year, no more peaks were measured. 

In 1999, the reed habitat in Schondorf counted the highest number of specimens. In May, 

the maximum of 125 animals were caught. The charophyte habitat counted 60 individuals at 

the same date. In the other habitats, specimen numbers ranged between three and 

19 individuals/catch. A major diatom blossom followed the flood in 1999 (Lenhart 2000). The 

worms are known to feed on diatoms (Wesenberg-Lund 1943). 

The Naididae population increased after the flood and declined again through the year. In 

July, an average number of 40 animals were registered at the sites S1, A1 and A2. 
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For the rest of the year the specimen caught in these habitats ranged between two and 40 

individuals/catch. The other habitats A3, S2 and S3 varied between zero and 20 

individuals/catch (Fig. 42). 
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Fig. 41: Small Oligochaeta collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 
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Fig. 42: Naididae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 1998 
and 1999. 



Results and Discussion 62    

The family of the Tubificidae is commonly known as aquarium food for fish and 

amphibians. They live in a bottom-dwelling tube, which they build out of mud. The head is 

usually buried in the mud and the tail waves in order to transport oxygen. 

The reed habitats displayed the highest numbers of Tubificidae specimens. In June 1998, 

the reed habitat in Schondorf registered 50 individuals/catch. Another peak was measured in 

September 1998.  
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Fig. 43: Tubificidae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 

In 1999, the reed habitat in Aidenried counted between 22 individuals/catch in April and 

53 individuals/catch in October. The specimens within the other habitats varied between 0 and 

18 individuals/catch (Fig. 43). 

The small worms of the family Lumbriculidae are more or less transparent. The reed 

habitat in Schondorf showed the highest number of specimens. The maximum number of 

26 animals was counted in May 1998. In June and July 1998 the numbers ranged between ten 

and twelve individuals/catch. Later in the year the numbers dropped below 

10 individuals/catch. The other habitats varied between 0 and 6 individuals/catch at all times 

(Fig. 44).  
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Fig. 44: Lumbriculidae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee 
in 1998 and 1999. 

The leech Erpobdella octoculata is a typical littoral inhabitant (Nesemann 1996). As a 

predator it feeds on many different types of invertebrates (Schmedtje et al. 1996). 

At the reed site (S1) in Schondorf, maximum numbers of eleven and twelve leeches were 

caught in August and September 1998. The other two sites at Schondorf counted less than five 

animals throughout both years. An exception of eight individuals/catch was measured in June 

1999 at the charophyte site (S2) at Schondorf. 

The three sites at Aidenried reached clearly higher numbers, especially in 1999. The 

maximum, between 30 and 36 individuals/catch, was counted at the end of May in 1999 (Fig. 

45). 

The worm Eiseniella tetraedra is the aquatic representative of the principally terrestrial 

family of the Lumbricidae (Brinkhurst 1971). It was found within the two reed habitats in 

Schondorf and Aidenried and within the charophyte habitat S2. At the two habitats in 

Schondorf, an average one to two individuals/catch was found on two sampling dates in 1998. 

At the reed habitat in Aidenried, a total of 18 animals were found in May 1999 (Fig. 46-51). 
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Fig. 45: Erpobdella octoculata collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 

The leeches Glossiphonia complanata, Helobdella stagnalis and Piscicola geometra were 

also only found in small numbers.  

An average between one and three specimens of Glossiphonia complanata were found at 

the reed habitats at Schondorf and Aidenried, at the charophyte habitat S2 in Schondorf and at 

the Nuphar habitat A2 in Aidenried. A total of ten animals were found at the Nuphar habitat 

A3 at Aidenried in June 1998 (Fig. 46 - Fig. 51). The leech inhabits lentic and lotic water. It 

feeds on small mollusks such as Bithynia tentaculata (Nesemann 1996). 

The leech Helobdella stagnalis was only found in 1998. The reed habitat at Schondorf (S1) 

counted an average of 4 individuals/catch in the months of August, September and October. 

The habitats S2, A1, A2 and A3 counted numbers < 3 individuals/catch. At the charophyte 

habitat S3, not a single animal was found (Fig. 46 - Fig. 51). The leech is often found in lakes 

(Nesemann 1996). 
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Glossiphonia complanata Helobdella stagnalis
Piscicola geometra Eiseniella tetraedra  

Fig. 46: Other Annelida collected in the reed habitat in Schondorf 
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Fig. 47: Other Annelida collected in the Chara habitat in Schondorf S2 
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Fig. 48: Other Annelida collected in the Chara habitat in Schondorf S3 
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Fig. 49: Other Annelida collected in the reed habitat in Aidenried 
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Fig. 50: Other Annelida collected in the Nuphar habitat in Aidenried A2 
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Fig. 51: Other Annelida collected in the Nuphar habitat in Aidenried A3 
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The fish parasite Piscicola geometra was found in low numbers at all habitats except the 

reed habitat at Schondorf (S1). It was never found on more than three sampling dates with an 

average of two individuals/catch (Fig. 46-51). The low numbers are possibly due to the 

mobility of the leech. The species is often found in lakes (Nesemann 1996). 

3.1.4.4 Isopods 

The isopod Asellus aquaticus is categorized mainly as shredder. It feeds on larger vascular 

plant tissue. Habitats consisting of plants or wood are usually preferred (Schmedtje et 

al. 1996). They can reproduce all year, but usually have one summer and one winter 

generation. The individuals found in spring are larger in size (Merritt & Cummins 1984). 
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Fig. 52: Asellus aquaticus collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee 
in 1998 and 1999. 

In Schondorf, the isopod showed a maximum count of 250 individuals/catch in 

August 1998 at the reed habitat. In July 1999, a maximum of 560 individuals/catch was 

counted at the reed habitat in Aidenried. The Nuphar habitat A2 counted 

405 individuals/catch at the same sampling date. The other habitats counted Asellus aquaticus 

numbers below 100 individuals/catch (Fig. 52). 

The high water level in 1999 was accompanied with great amounts of wood and other 

organic material. The sites at Aidenried were affected most by this event. This favored the 

development of the isopod, since they prefer this substrate. 
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3.1.4.5 Amphipods 

The scud Grammars roeseli preferred the reed habitat at Aidenried. A maximum of 

330 individuals/catch was counted in June 1998. In July and August 1999, the numbers 

ranged between 750 and 880 individuals/catch. The other two Nuphar habitats in Aidenried 

counted numbers up to 190 individuals/catch in 1998. In 1999 they were slightly higher, up to 

580 individuals/catch. 

The reed habitat at Schondorf contained a maximum of 120 individuals/catch in June 1998. 

The other sampling dates showed numbers below 100 individuals/catch. The scud was not 

found at the other sites in Schondorf (Fig. 53). 

Gammarus roeseli prefers similar environmental conditions as Asellus aquaticus. The 

shredder also feeds mainly on decomposing plant tissue (Schmedtje et al. 1996). The scuds 

main reproduction takes place in autumn (Merritt & Cummins 1984). 
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Fig. 53: Gammarus roeseli (all sizes) collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 

The population of Gammarus roeseli was examined through size composition. Size one 

represents scuds smaller than 0,3 cm length. Scuds between 0,3 and 0,7 cm were classified as 

size two. Size three were scuds with the length between 0,7 and 1,5 cm. Scuds bigger than 

1,5 cm were grouped as size four.  
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Fig. 54: Size composition of Gammarus roeseli at the reed habitat in Schondorf. No samples were taken 
in the months marked with asterisks.  

1998         S2-Chara 0,5m        1999

0%

20%

40%

60%

80%

100%

M J J A S O N D J F M A M J J A S O

time

pe
rc

en
t o

f 
G

am
m

ar
us

 r
oe

se
li 

po
pu

la
tio

n

size1 size2 size3 size4
 

Fig. 55: Size composition of Gammarus roeseli at the Chara habitat in Schondorf. No samples were 
taken in the months marked with asterisks.  
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Fig. 56: Size composition of Gammarus roeseli at the Chara habitat in Schondorf. No samples were 
taken in the months marked with asterisks.  
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Fig. 57: Size composition of Gammarus roeseli at the reed habitat in Aidenried. No samples were taken 
in the months marked with asterisks.  
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Fig. 58: Size composition of Gammarus roeseli at the Nuphar habitat in Aidenried. No samples were 
taken in the months marked with asterisks.  
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Fig. 59: Size composition of Gammarus roeseli at the Nuphar habitat in Aidenried. No samples were 
taken in the months marked with asterisks.  
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The two reed habitats have the largest percentage of small scuds. The reed habitat at 

Schondorf showed a reproduction maximum in June and September of 1998 and in June of 

1999 (Fig. 54).  

The charophyte habitat in Schondorf measured a reproduction maximum in June 1998. In 

1999, the size four scuds represented the largest percentage part of the population (Fig. 55). 

The charophyte habitat at Schondorf showed clear decrease in the scud population. The 

reproduction maximum was in June 1998. In 1999, no scuds with size one were found (Fig. 

56). At the Schondorf sites, the flood in 1999 made the scuds wander to greater depths. In a 

depth of 0,5 m, the most scuds classified as size four were counted. 

The reed habitat in Aidenried showed similar size composition as the reed habitat in 

Schondorf. A reproduction maximum was counted in May and November 1998. In April, July 

and October 1999, reproduction peaks were measured (Fig. 57).  

The Nuphar habitat at 0,5 m depth in Aidenried showed reproduction maximums of 

Gammarus roeseli in July and October 1998 and in April, June and October 1999 (Fig. 58). 

The Nuphar habitat at one-meter depths counted the most size one scuds in May and 

September, 1998 and in April, 1999. After the flood, no size one scud was found (Fig. 59). 

3.1.4.6 Hydrachnellae 

The different species of water mites are grouped together under the name of 

Hydrachnellae. These predators colonize the vegetated littoral zone of lakes (Schmedtje et 

al. 1996). 

The mites clearly preferred the sites at Schondorf. The highest numbers were counted in 

the spring of both years. The two charophyte habitats measured an average of 

50 individuals/catch in both years. The reed habitat at Schondorf stayed below 

40 individuals/catch on average. 

The reed habitat in Aidenried measured numbers up to 120 individuals/catch. The other 

two Nuphar habitats in Aidenried counted 75 individuals/catch on one sampling date. On all 

the other dates the numbers were below 25 individuals/catch. 
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Fig. 60: Hydrachnellae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 

3.1.4.7 Ephemeroptera and Plecoptera 

The Baetidae is a relatively large and common family of the mayflies. The aquatic nymphs 

swim actively and scrape algae and the micro flora off the living and non-living substrates. 

They also collect sediment deposits (Schmedtje et al. 1996). They usually have one or two 

generations per year (Sauter 1992).  

The small specimens of Cloeon dipterum and Centroptilum luteolum were grouped as 

small Baetidae. The count was a maximum of 70 individuals/catch in September 1998 at the 

reed habitat in Aidenried. In 1999, there were only half as many specimens counted. At the 

reed habitat in Schondorf, the small mayflies were only found in 1999.  

The Nuphar habitat A2 at Aidenried showed an average of 10 individuals/catch in each 

year. The charophyte habitat S2 in Schondorf measured three peaks with an average of 

40 individuals/catch in August, October and November 1998. In August 1999, a maximum of 

80 individuals/catch was registered.  

No specimens were found at the Nuphar habitat A3 in Aidenried. The charophyte habitat 

S3 in Schondorf measured an average of 25 individuals/catch on two sampling dates in 1999. 
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Fig. 61: Baetidae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 1998 
and 1999. 
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Fig. 62: Centroptilum luteolum collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 
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The mayfly Centroptilum luteolum is a typical inhabitant of the littoral zone of lakes 

(Schmedtje et al. 1996). The scraper usually has a bivoltine reproduction rhythm 

(Sauter 1992). 

The highest numbers were counted at the charophyte site S2 in Schondorf. In 1998, they 

ranged between zero and 175 individuals/catch. In May 1999, a maximum of 

340 individuals/catch were counted. 

In 1998, the other habitats were below 30 individuals/catch. In the following year, the three 

habitats at Schondorf measured more than 50 individuals/catch. The sites in Aidenried were 

below 30 individuals/catch (Fig. 62). 

In 1998, the summer generation emerged in late July. In 1999 the summer generation 

emerged towards the end of May. The flood seemed to have caused the mayflies to emerge 

earlier. Baetidae are known to emerge in reaction to stress situations (Resh & 

Rosenberg 1984). 
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Fig. 63: Cloeon dipterum collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee 
in 1998 and 1999. 

The mayfly Cloeon dipterum has similar requirements from the environment as 

Centroptilum luteolum. They can survive with less space and are classified as scrapers and 

collectors (Schmedtje et al. 1996). 
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In 1998, none of the habitats counted more than 20 individuals/catch. In 1999, the three 

sites in Aidenried counted up to 90 individuals/catch. The findings were restricted to the 

months April and May.  

A maximum of 215 individuals/catch was measured at the charophyte habitat S3 in 

Schondorf in May 1999. The charophyte habitat S2 measured 60 individuals/catch at the same 

date. 

Similar to Centroptilum luteolum there were fewer specimen found shortly after the flood.  

The mayflies of the Caenis horaria group and the Caenis macrura group are included in 

Caenis spp., due to the low numbers. Both groups of mayflies are known to colonize the 

littoral zone of bigger lakes (Malzacher 1986). All Caenis species feed on collected sediment 

deposits (Schmedtje et al. 1996). 

The reed habitat at Schondorf measured two peaks in 1998 and three peaks in 1999. The 

first peak of 175 individuals/catch was counted in May 1998. The second was measured in 

September 1998. In 1999, the first peak was counted in May, the second in July and the third 

in September. At the other Schondorf sites, the count was less than 50 individuals/catch on all 

sampling dates, except in September 1999, where the charophyte habitat S2 reached a total of 

125 individuals/catch (Fig. 64). 
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Fig. 64: Caenis spp. collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 
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The reed habitat at Aidenried showed two maximum count of 100 individuals/catch in May 

and November 1998. In 1999, a maximum of 160 individuals/catch was registered. 

In 1998, the Nuphar habitat A2 reached the maximum of 250 individuals/catch in October. 

The Nuphar habitat A3 counted the maximum of 110 individuals/catch in September. The two 

Nuphar habitats showed no more than ten individuals/catch during 1999 (Fig. 64). 

The three mayfly species Ephemera danica, Heptagenia spp. and Siphlonurus lacustris 

were found in low numbers. Ephemera danica usually has a semivoltine reproduction cycle 

(Sauter 1992). Each generation takes two years to develop. They dig through sandy substrate 

and feed on the sediment deposits, which they collect (Schmedtje et al. 1996). One specimen 

was found at the reed habitat in Schondorf in May 1998 and one at the reed habitat in 

Aidenried in April 1999 (Fig. 65; 68). The Nuphar habitat A3 registered one animal in May 

1999 (Fig. 70). 

All mayfly species of the genus Heptagenia have a univoltine reproduction cycle and 

spend the winter as larvae (Sauter 1992). They are scrapers and collectors and usually prefer 

running water (Schmedtje et al. 1996). At Schondorf, one animal was found in October 1998 

at the reed habitat and one animal was found in July 1998 at the Chara habitat S3 (Fig. 65, 

66). 

The reed habitat in Aidenried registered two individuals/catch in November 1998 and in 

June 1999 (Fig. 68). The Nuphar habitat A2 measured one individual in June 1999 (Fig. 69). 

Siphlonurus lacustris has a univoltine reproduction cycle where part of the generation 

spends the winter in the egg stage and part as larvae (Sauter 1992). This mayfly specie 

collects sediment deposits and is known to inhabit the vegetation of the lake littoral 

(Schmedtje et al. 1996). Only one specimen of Siphlonurus lacustris was found in April 1999 

at the Nuphar habitat A3 in Aidenried (Fig. 70). 

The Plecoptera usually colonize running waters with stronger currents. The stoneflies 

belonging to the genus Isoperla are no exception (Aubert 1959). The species are predators 

(Schmedtje et al. 1996). The findings of so few specimens may be due to the closeness of the 

river Ammer.  

The stoneflies were thinly represented at the sites A1 and A2 in Aidenried with three 

individuals of Isoperla spp. The reed habitat measured only one specimen in June 1998 (Fig. 

68). One individual was found in April and two animals were found in May 1999 at the 

habitat A2 (Fig. 69). 
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Fig. 65: Other Ephemeroptera and Plecoptera collected in the reed habitat in Schondorf 
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Fig. 66: Other Ephemeroptera and Plecoptera collected in the Chara habitat in Schondorf 
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Fig. 67: Other Ephemeroptera and Plecoptera collected in the Chara habitat in Schondorf 
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Fig. 68: Other Ephemeroptera and Plecoptera collected in the reed habitat in Aidenried 
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Fig. 69: Other Ephemeroptera and Plecoptera collected in the Nuphar habitat in Aidenried 
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Fig. 70: Other Ephemeroptera and Plecoptera collected in the Nuphar habitat in Aidenried 
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3.1.4.8 Odonata 

The dragonflies of the species Coenagrion puella/pulchellum were grouped together as 

Coenagrionidae. These predators are often associated with floating leaf communities 

(Schmedtje et al. 1996). 

Except in one case, all of the dragonflies were found at the sites in Aidenried. The reed site 

measured numbers up to eight individuals/catch in 1998 and numbers up to 

4 individuals/catch in 1999. The Nuphar habitats A2 and A3 counted numbers up to 

6 individuals/catch. In 1999, only half as many specimens were found as in 1998 (Fig. 71).  
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Fig. 71: Coenagrionidae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee 
in 1998 and 1999. 

The Anisoptera were grouped together, because of the low number of the species. The 

following species were found: Aeshna cyanea, Aeshna grandis and Sympetrum vulgatum. All 

of the species are very common and were recorded for the close geographical region of the 

Osterseen (Burmeister 1984).  

The dragonflies were restricted to the reed and the 0,5 m Nuphar habitat A2 at Aidenried. 

In 1998, a total of 15 individuals/catch was counted. In 1999, only 4 individuals/catch were 

found (Fig. 72).  
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Fig. 72: Anisoptera collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 

3.1.4.9 Heteroptera and Megaloptera 
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Fig. 73: Micronecta scholzi collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 
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Micronecta scholzi is known to inhabit the lakes with sandy or stony bottoms and is 

abundant on the exposed shores of lakes (Macan 1976). 

The small, true water bug, Micronecta scholzi was predominately found at the sites in 

Aidenried. The reed habitat in Aidenried registered the highest number of water bugs. In 1998 

the maximum of 100 individuals/catch were counted in October. In April 1999 a maximum of 

270 individuals/catch were found. The Nuphar habitat A2 reached a maximum of 80 

individuals/catch in July 1999. At the Nuphar habitat A3 not a single water bug was found. 

At the sites in Schondorf the numbers of registered Micronecta scholzi was much lower. 

The maximum of 45 individuals/catch was reached at the reed habitat in April 1999. 

The only other Heteroptera Sigara spp. was found in all habitats, except the charophyte 

habitat S3, with up to eight individuals/catch.  

The two Megaloptera Sialis lutaria and Sialis fuligionsa were collected only at the sites in 

Aidenried (Fig. 74 - Fig. 79). 

The larvae of both Sialis lutaria and Sialis fuligionsa are widespread and live in lakes and 

sluggish parts of streams and rivers where there is an abundance of silt. The life cycle usually 

takes about two years from egg to adult. The larvae occur in the littoral, sub-littoral and, 

sometimes, the profundal zones of lakes and have been recorded at depths to seven meters. 

They are carnivores and their predominant food organisms are chironomid larvae and 

oligochaetes in the larger larvae, benthic crustaceans in the smaller larvae and micro-

organisms and detritus in the first instar larvae (Elliott 1977). 
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Fig. 74: Megaloptera and other Heteroptera collected at the reed habitat in Schondorf 
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Fig. 75: Megaloptera and other Heteroptera collected at the Chara habitat in Schondorf 
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Fig. 76: Megaloptera and other Heteroptera collected at the Chara habitat in Schondorf 
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Fig. 77: Megaloptera and other Heteroptera collected at the reed habitat in Aidenried 
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Fig. 78: Megaloptera and other Heteroptera collected at the Nuphar habitat in Aidenried 
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Fig. 79: Megaloptera and other Heteroptera collected at the Nuphar habitat in Aidenried 
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3.1.4.10 Coleoptera 
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Fig. 80: Coleoptera collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 
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Fig. 81: Coleoptera species collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999 (Dytiscidae=all adults and larvae Dytiscidae found). 
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All Coleoptera species were grouped together because of the low concentration of the 

species. The water beetles showed their highest frequency at the reed habitat in Aidenried. 

The Nuphar habitat A2 showed a little lower abundance. The numbers of specimens found in 

1998 were a little below those measured in 1999. 

The reed habitat at Schondorf numbered five individuals/catch in August 1998 and four 

individuals/catch in July 1999. The two charophyte habitats measured up to four 

individuals/catch (Fig. 80). 

The following species counted ten animals and less: Laccophilus minutus, Stictotarsus 

duodecimpustulatus, Gyrinus substriatus, Helophorus minutes and Laccobius bipunctatus. A 

total of two Helophorus spp. larvae were also found. 

The family of the Elmidae was represented by the species Limnius volckmari and Riolus 

subviolaceus. Their numbers ranged between eight and eleven animals. Eleven Elmidae larvae 

were also found. 

The count of the larvae of the family of the Dytiscidae revealed 40 specimens. The most 

common specie was Platambus maculates with a total of 20 animals. 

The family of the Halipildae was represented with three species: Haliplus flavicollis, 

Haliplus laminatus and Haliplus obliquus. A total number of 68 Haliplus spp. larvae were 

also collected. Haliplus obliquus was most common Haliplidae (Fig. 81). 

3.1.4.11 Trichoptera 
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Fig. 82: Total number of Trichoptera collected at the littoral habitats Schondorf and Aidenried of 
Lake Ammersee in 1998 and 1999. 
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The Nuphar site A3 at Aidenried counted a maximum of 230 individuals/catch in 

May 1998. In 1999 a total number of 60 Trichoptera larvae were caught. The reed habitat A1 

at Aidenried measured a maximum of 175 individuals/catch in May 1998. The Nuphar habitat 

A2 registered 70 individuals/catch at the same sampling date. 

The reed habitat at Schondorf counted 155 individuals/catch in June 1998. The charophyte 

habitat S2 measured never above 25 individuals/catch in both years. The charophyte habitat 

A3 reached up to 100 individuals/catch in 1998 and 1999 (Fig. 82). 

The family of the Limnephilidae was represented by the two species Limnephilus lunatus 

and Potamophylax cingulatus. The peak of 41 individuals/catch was measured at the 

charophyte habitat S3 in June 1999 (Fig. 83). 
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Fig. 83: Limnephilidae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 

The larvae of the family of the Hydroptilidae were more often seen in 1998 than in 1999. 

The greater abundance was measured in May and June at the habitats S1, S3, A1 A2 and A3. 

The numbers ranged between 30 and 225 individuals/catch (Fig. 83). 

The Trichoptera Molanna angustata was only observed once and is not discussed further. 
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Fig. 84: Hydroptilidae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 
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Fig. 85: Leptoceridae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 
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The family of the Leptoceridae was measured at a peak of 92 individuals/catch at the 

charophyte habitat at Schondorf in April 1999. The habitat was also clearly preferred in May, 

June 1998 and June, July 1999. The other two habitats at Schondorf ranged up to 

28 individuals/catch. All sites at Aidenried measured lower numbers of larvae than at 

Schondorf (Fig. 85). 

The composition of the Leptoceridae was made up of small Leptoceridae, Athripsodes 

spp., Athripsodes albifrons, Athripsodes bilineatus, Athripsodes cinereus, Mystacides spp., 

Mystacides azurea, Mystacides longicornis and Oecetris ochraceae. The small Leptoceridae, 

with 337 specimens, was the largest number. Small specimen of Athripsodes spp. and 

Athripsodes bilineatus were also abundant (Fig. 86). 
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Fig. 86: Leptoceridae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999(Leptoceridae = all Leptoceridae found). 
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Fig. 87: Caseless Trichoptera collected at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 
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The caseless Trichoptera; Polycentropus flavomaculatus, Plectrocnemia conspresa and 

Tinodes waeneri; grouped together at each habitat. Polycentropus flavomaculatus was the 

most abundant species. The charophyte habitat S2 at Schondorf showed the highest number of 

specimens. At the charophyte habitat S3 only one specimen of Polycentropus flavomaculatus 

was found. The other habitats ranged between eight and 20 individuals/catch (Fig. 87). 

3.1.4.12 Diptera and other organisms found 
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Fig. 88: Limnophila spp. collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee 
in 1998 and 1999. 

The Diptera, Limnophila spp. was most abundant at the reed habitat at Aidenried. The 

numbers ranged up to 36 individuals/catch. The reed habitat at Schondorf measured a peak of 

25 individuals/catch in June 1998 and two peaks of 20 individuals/catch in May and June 

1999. The charophyte habitat S2 measured numbers between eleven and 27 individuals/catch 

at the same sampling dates. At the other habitats the numbers of counted larvae were below 

15 individuals/catch (Fig. 88). 

The larvae of the Chironomidae measured two peaks in August 1999, 

140 individuals/catch at the reed habitat and 200 individuals/catch at the Nuphar habitat S2 at 

Aidenried. The reed habitat at Schondorf measured a maximum of 80 individuals/catch in 

June 1998 and of 70 individuals/catch in August 1999. The two charophyte habitats counted 

numbers between up to 80 individuals/catch. The lowest numbers were registered at the 

Nuphar habitat A3 in Aidenried (Fig. 89). 
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Fig. 89: Chironomidae collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee in 
1998 and 1999. 
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Fig. 90: Other organisms collected at the littoral habitats Schondorf and Aidenried of Lake Ammersee 
in 1998 and 1999. 
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The other organisms found were grouped together to provide an overview. The Diptera 

families of the Brachycerca and Tabanidae were just found once at the Nuphar habitat A2. 

Larvae of Bezzia spp. and the family of the Tanypodinae were found in all habitats except the 

Nuphar habitat A2. The two fish species caught were Anguilla anguilla and Perca fluvialilis. 

The eel was found at all sites except the Nuphar habitat A3 in Aidenried. The perch was 

found at the two charophyte habitats in Schondorf.  Hydra spp. was observed at all habitats 

except the Nuphar habitat A2. Ophrydium spp. was only found at the charophyte habitat S2 in 

Schondorf (Fig. 90).  

3.1.5 Community analysis 

The reed habitat at Aidenried offered a suitable environment for species of the family of 

the Coenagrionidae and Aeshnidae. Especially after the heavy rains in 1999 the reed 

represented an optimal refuge for Asellus aquaticus and Gammarus roeseli. Micronecta 

scholzi was one of the species exclusively found at the reed habitat in Aidenried. The greatest 

number of Coleoptera was also counted at this site. The reed habitat at Aidenried counted an 

average of 73 species, which was the highest average number of species (Fig. 91). The 

calculated diversity for the habitat was an average of 2,3 (Fig. 92). 
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Fig. 91: Average number of species at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 
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Earlier investigations showed great similarities in the invertebrate community between 

Phragmites australis and floating leaved plants (Dvorak 1982). The Nuphar habitat at 0,5 m 

depth in Aidenried was the ideal habitat for the snails Bithynia tentaculata, Potamopyrgus 

jenkinsi and Physa fontinalis. Erpobdella octoculata and Gammarus roeseli was also 

abundant at the habitat. Gammarus roeseli was the only specie found in the reed and the 

Nuphar habitat in great numbers. The Nuphar habitat A2 had an average of 62 species (Fig. 

91). The calculated diversity was 2,3, the same as at the reed habitat (Fig. 92). 

The Nuphar habitat A3 situated at 1m depths favored species such as Erpobdella 

octoculata and the members of the family of the Hydroptilidae. The average number of 

species was 42; the lowest of all habitats (Fig. 91). The diversity of 2,1 was also relatively 

low (Fig. 92).  

At the reed habitat in Schondorf, the Oligochaeta such as Naididae, Tubificidae and 

Lumbriculidae were abundant. Asellus aquaticus and Caenis spp. also preferred this habitat. 

Reed plants such as Typha spp. are known to have great species richness (Olson 1995). The 

reed habitat at Schondorf measured an average of 47 species (Fig. 91). The average diversity 

of 2,7 was the highest measured at all habitats (Fig. 92). 

The charophyte habitat S2 had the highest numbers of the Emphemeroptera Centroptilum 

luteolum and the caseless Trichoptera, Polycentropus flavomaculatus. Earlier studies proved 

relative high specie diversity for Charophytes (Kornijow 1992). The habitat had the highest 

species richness of the three sites in Schondorf. The average number of species was 51 and 

the diversity was calculated with 2,6 (Fig. 91, Fig. 92).  
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Fig. 92: Average diversity and evenness at the littoral habitats Schondorf and Aidenried of Lake 
Ammersee in 1998 and 1999. 

The charophyte S3 habitat situated at one meter depth in Schondorf, showed the most 

specimen of Dendrocoelum lacteum, Dreissena polymorpha and members of the family of the 

Hydrachnellae and the Leptoceridae. The counted average number of species of 39 was the 

lowest noted at all habitats (Fig. 91). The calculated diversity was the same as the other 

charophyte habitat (Fig. 92).  
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Fig. 93: Principal component analysis (canonical coefficients 1, 2 and 3) at the littoral habitats 
Schondorf and Aidenried of Lake Ammersee in 1998 and 1999. 
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To make the similarity between the three sites in Schondorf and in Aidenried for all 

species at the different points of time visible a pca analysis was calculated. The principal 

component analysis of the six habitats (Fig. 93) was used to describe the major 

macroinvertebrate community at the sites through the investigation period. 

The first coefficient explains 15,8% variance and describes mainly the general absolute 

numbers of the specimens at the sites. The species with the highest loadings were Gammarus 

roeseli, Bithynia tentaculata, Mystacides, Potamopyrgus jenkinsi, Dreissena polymorpha, 

Zygoptera, Asellus aquaticus and Caenis spp. (Table 8). For the other species, scores with less 

weight, between -0,3 and 0,3 were calculated. Most of the species (Gammarus roeseli, 

Bithynia tentaculata, Potamopyrgus jenkinsi, Zygoptera, Asellus aquaticus) clearly preferred 

the habitats in Aidenried. The curves from the habitats A2 and A3 had the highest scores 

alternating from positive to negative. The community at the site A3 was clearly influenced by 

the flood in 1999 (date 4 in 1999). The curve from S1 showed a high score at date two in 

1998. By this time the Gammarus roeseli (highest loading) developed a population maximum 

at the reed site. The pca curves of the other habitats, with the same depth at the different sites 

S2 and S3 as well as A1, showed only little changes. The curves of the two habitats at the 

same sites, but in different depths (S2 and S3) ran parallel at certain periods of time (date 5, 6 

and 7 in 1998). The curves of the two habitats in Aidenried (A2 and A3) had similar 

amplitudes but not in the same time period. Each of the four curves developed unique in 1998 

and again in 1999. The different sediments at the two sites, Schondorf and Aidenried, were 

one of the possible reasons for the different species composition and therefore reaction 

(Schramm 1989). Another was the macrophyte composition (Kornijow 1990). The different 

depths of the macrophytes also result in different colonization possibilities for the 

macroinvertebrates (Sloey 1997). The six examined habitats showed no clear uniformity in 

seasonal changes. The seasonal changes in the qualitative composition of the fauna were 

small (Kornijow 1989). 

The second coefficient of the pca explains 28,8% variance. The species with the highest 

loadings were: Gammarus roeseli, Cloeon dipterum, Zygoptera, Centroptilum luteolum, 

Potamopyrgus jenkinsi, Dreissena polymorpha, Limnephilus lunatus, Sialis lutaria, 

Hydrachnellae, Caenis spp. and the Elmidae. The species scores of all other species varied 

between -0,3 and 0,3 (Table 8). The coefficient describes relative numbers at the habitats. At 

the sampling date eight in 1998 and sapling date 5 in 1999 showed high scores for the two 

reed habitats in Schondorf and Aidenried. The loading of the canonical coefficient was in the 

opposite direction (Fig. 93). 
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The third coefficient explains 36,1% variance and the following species showed high 

loadings: Asellus aquaticus, Mirconecta scholzi, Chironomidae and Caenis spp. The species 

scores of all other species ranged between -0,3 and 0,3 (Table 8). Extreme values were 

calculated for the two reed habitats and the habitats at half a meter depths (S2 and A2) at 

different sampling dates (Fig. 93).  

 

Table 8: The highest species loadings of coefficient 1,2 and 3 calculated for the pca at the littoral habitats 

 
coefficient 1  coefficient 2  coefficient 3  

variance 15,8%  variance 28,8%  variance 36,1%  

species scores species scores species scores 

Eiseniella tetraedra -0,2286 Gammarus roeseli -0,3224 Asellus aquaticus -0,3601 

Hirudinea -0,2037 Lymnea stagnalis 0,2164 Mirconecta scholzi -0,3274 

Chironomidae -0,2005 Dugesia spp. 0,2261 Chironomidae -0,3152 

Lymnea stagnalis 0,2098 Mirconecta scholzi 0,2311 Haliplus spp. -0,2824 

Limnephilidae 0,2284 Tinodes spp 0,2330 Haliplidae -0,2686 

Plectrocnemia conspersa 0,2675 Bithynia tentaculata 0,2366 Planorbidae -0,2590 

Hydroptilidae 0,2869 Gyrinus spp. 0,2372 Ophrydium -0,2364 

Caenis spp. 0,3089 Limnius spp. 0,2372 Laccobius biguttatus -0,2258 

Asellus aquaticus 0,3110 Anisoptera 0,2682 Heptagenia spp. -0,2145 

Zygoptera 0,3150 Riolus spp. 0,2872 Centroptilum luteolum -0,2061 

Dreissena polymorpha 0,3161 Cloeon dipterum 0,3005 Dydiscidae -0,2040 

Potamopyrgus jenkinsi 0,3186 Zygoptera 0,3193 Baetidae 0,2772 

Mystacides spp. 0,3390 Centroptilum luteolum 0,3324 Caenis spp. 0,3449 

Bithynia tentaculata 0,4272 Potamopyrgus jenkinsi 0,4023   

Gammarus roeseli 0,5497 Dreissena polymorpha 0,4109   

  Limnephilus lunatus 0,4126   

  Sialis lutaria 0,4270   

  Hydrachnellae 0,4276   

  Caenis spp. 0,4319   

  Elmidae 0,5150   

 

The communities can be described with the major species Gammarus roeseli, Bithynia 

tentaculata, Elmidae, Caenis spp., Hydrachnellae, Sialis lutaria, Limnephilus lunatus, 

Potamopyrgus jenkinsi, Dreissena polymorpha and Asellus aquaticus. The alternating cycle 

of the species driven by the annual reproduction and emergence on one side and the 

recolonisation of niches (and deeper habitats) on the other determines the community 

structure. 



Results and Discussion 98    

The structure stage of the community at the habitats did not undergo the seasonal changes 

at the same points of time. The time span varied between 3 and 6 weeks. The six habitats did 

not show any significant resemblance. 

The Community structure of the two years 1998 and 1999 showed no significant 

resemblance. The community reacted to the flood in 1999 with a delayed time rhythm at the 

sites. The sites at Aidenried were influenced to a greater extent than the ones at Schondorf. 

The species reacted differently according to their possibilities to the flood. The large sized 

stages from Gammarus roeseli at the reed in Schondorf for instance migrated to deeper 

depths. The species Bithynia tentaculata, Dreissena polymorpha and Limnephilus lunatus 

wandered to deeper regions as well. Species such as Potamopyrgus jenkinsi disappeared 

totally and were probably drifted away. Species such as Asellus aquaticus and Gammarus 

roeseli favoured the environmental condition and the food sources brought by the flood. 
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3.2 Mesocosm studies 

3.2.1 Comparison between the littoral and the mesocosm (Pond M without 
enclosures) habitats 

3.2.1.1 Physical and chemical parameters 

The pH values at the littoral habitats and the mesocosm had a similar development in the 

two years. The deviation between the two was usually below 5%. Only on two sampling 

dates, in April and July 1998, was the standard deviation 10% (Fig. 94).  
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Fig. 94: pH value of the littoral habitats at lake Ammersee and the mesocosm in 1998 and 1999. 
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Fig. 95: Conductivity of the littoral habitats at lake Ammersee and the mesocosm in 1998 and 1999. 

 

The conductivity of the mesocosm system was clearly below that of the littoral habitats. 

The difference increased through time. In 1998, the deviation in April was 5% in November it 

went up to 30%. In 1999, the deviation varied between 30 and 50% (Fig. 95). The enclosed 

mesocosm system was not enriched with ions from the environment, as much as the natural 

littoral. 
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Fig. 96: Temperature of the littoral habitats at lake Ammersee and the mesocosm in 1998 and 1999. 

 

The seasonal variation of the temperature was similar at the littoral habitats and the 

mesocosm system. The deviation between the two systems was higher in 1999 than the year 

before. The warm and sunny spring in 1999 caused the mesocosm to warm up much faster 

than the lake habitats (Fig. 96). 

 



Results and Discussion 102    

40,0

60,0

80,0

100,0

120,0

140,0

160,0

F M A M J J A S O N D J F M A M J

time

ox
yg

en
 c

on
te

nt
 %

littoral mesocosm

 

-40
-30
-20
-10

0
10
20
30
40

F M A M J J A S O N D J F M A M J

1998                                                                             1999

D
ev

ia
tio

n 
ox

yg
en

 (
%

)

 

Fig. 97: Oxygen contents of the littoral habitats at lake Ammersee and the mesocosm in 1998 and 1999. 

 

The variation of the oxygen content at the littoral habitats was much lower than in the 

mesocosm system. The average oxygen content at the lake habitats ranged between 90% and 

120% saturation. The amplitude at the mesocosm was between 60% and 150% saturation. The 

deviation between the two varied from 5% to 40% (Fig. 97). The measurements taken at the 

littoral sites in Aidenried were later in the day (up to three hours) so the values were difficult 

to compare. 
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Fig. 98: Total phosphorus contents of the littoral habitats at lake Ammersee and the mesocosm in 1998 
and 1999. 

 

The total phosphorus concentration measured at the mesocosm was higher at most 

sampling dates. In 1998, the deviation between the littoral habitats and the mesocosm system 

ranged between 5% and 240%. The standard deviation of the littoral habitats was too high for 

comparison. In 1999, the mesocosm measured phosphorus concentrations from 40 to 90 % 

higher at all sampling dates (Fig. 98). 
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Fig. 99: Total diss. phosphorus contents of the littoral habitats at lake Ammersee and the mesocosm in 
1998 and 1999. 

 

The soluble phosphorus concentration measured at the mesocosm was also higher within 

the mesocosm system. The deviation varied between 10% and 200% (Fig. 99). 



Results and Discussion 105    

0,000

0,001

0,002

0,003

0,004

0,005

0,006

0,007

0,008

0,009

0,010

F M A M J J A S O N D J F M A M J

time

di
ss

-r
e.

ph
os

ph
or

us
 c

on
ce

nt
ra

tio
n 

(m
g/

l)
littoral mesocosm

 

-75
-65
-55
-45
-35
-25
-15

-5
5

15

F M A M J J A S O N D J F M A M J

1998                                                                             1999

D
ev

ia
tio

n 
di

ss
-r

e.
 p

ho
sp

ho
ru

s 
(%

)

 

Fig. 100: Dissolved reactive phosphorus contents of the littoral habitats at lake Ammersee and the 
mesocosm in 1998 and 1999. 

 
The soluble reactive phosphorus concentration at the littoral sites and the mesocosm did 

not differ much. Only at the sampling dates in March and April 1998 and March 1999 did the 

littoral sites measure a clearly higher concentration. At these dates the values showed a very 

high standard deviation (Fig. 100). 
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Fig. 101: Ammonia contents of the littoral habitats at lake Ammersee and the mesocosm in 1998 and 
1999. 

 

The ammonia concentration measured at the mesocosm was clearly above that measured at 

the littoral sites. The deviation of the ammonia content varied between 755% and 2000% (Fig. 

101). 
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Fig. 102: Nitrate contents of the littoral habitats at lake Ammersee and the mesocosm in 1998 and 1999. 

 

The nitrate concentration dropped close to zero after April 1998 and stayed at that low 

level for the rest of the sampling period. At the first two sampling dates the nitrate content 

deviation was below 60%. Then the deviation of the mesocosm was around 100% (Fig. 102). 
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Fig. 103: Nitrite contents of the littoral habitats at lake Ammersee and the mesocosm in 1998 and 1999. 

 

The nitrite concentration of the mesocosm in March and April 1998 was 50% and 100% 

above those of the littoral sites. During the rest of the investigation period the concentration 

was clearly below the one measured at the littoral sites (Fig. 103). 
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Fig. 104: Silica contents of the littoral habitats at lake Ammersee and the mesocosm in 1998 and 1999. 

 

The silica concentration showed a similar development at the littoral sites and at the 

mesocosm system. The silica content in Spring, 1998, and 1999 decreased much faster at the 

mesocosm. The same was observed with the silica increase during the summer months of 

1998. The values at the littoral sites changed at a slower rate. The deviation between the two 

was the greatest in March, 1998 and 1999 and August, 1998 (Fig. 104).  
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Fig. 105: Chlorophyll a concentration of the littoral habitats at lake Ammersee and the mesocosm in 
1998 and 1999. 

 

The general development of the chlorophyll a concentration of the littoral sites and the 

mesocosm was similar. The range of variation was more rapid at the mesocosm systems. The 

deviation between the two was the greatest in January and February, 1999 (Fig. 105).  



Results and Discussion 111    

0,0

2,0

4,0

6,0

8,0

10,0

12,0

F M A M J J A S O N D J F M A M J

time

ch
lo

rid
e 

co
nc

en
tr

at
io

n 
(m

g/
l)

littoral mesocosm

 

-60

-45

-30

-15

0
F M A M J J A S O N D J F M A M J

1998                                                                             1999

D
ev

ia
tio

n 
ch

lo
rid

e 
(%

)

 

Fig. 106: Chloride concentration of the littoral habitats at lake Ammersee and the mesocosm in 1998 
and 1999. 

 

Until August 1998, the chloride concentration of the littoral sites and the mesocosm 

maintained similar values. After September 1998, the chloride content at the mesocosm 

dropped to a deviation of 60% (Fig. 106). 
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Fig. 107: Dissolved organic carbon concentration of the littoral habitats at lake Ammersee and the 
mesocosm in 1998 and 1999. 

 
The DOC content of the mesocosm was clearly above the one measured at the littoral sites. 

The deviation was between 10% and 180% (Fig. 107). 

The sulfate concentration at the mesocosm was below the one measured at the littoral sites. 

The deviation was between 60% and 70% (Fig. 108). 

It was difficult to determine a general relationship, between the physical and chemical 

parameters of the littoral sites and the mesocosm. Each parameter behaved differently. The 

only generalization that could be made was that parameters such as conductivity and nutrients 

(SRP, nitrate, sulfate) measured lower values within the mesocosm (Table 9).  
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Fig. 108: Sulfate concentration of the littoral habitats at lake Ammersee and the mesocosm in 1998 and 
1999. 

Table 9: Average values of the littoral sites and the mesocosm. 

Average values Schondorf Aidenried Mesocosm 
pH 8,40 8,32 8,51 
conductivity (µg/cm)  383 396 280 
temperature °C 13,1 13,8 13,2 
oxygen mg/l 10,6 9,9 9,7 
oxygen % 106,3 99,6 96,4 
P(unfiltered) (mg/l) 0,0159 0,0395 0,0291 
P(filtered) (mg/l) 0,0049 0,0062 0,0090 
diss. reactive P (mg/l) 0,0022 0,0030 0,0015 
NH4 (mg/l) 0,0167 0,0416 0,1387 
NO3 (mg/l) 1,0143 0,9340 0,1276 
NO2 (mg/l) 0,0083 0,0107 0,0032 
SiO2 mg/l 2,08 2,10 1,95 
Chlorophyll a (µg/l) 7,47 11,06 9,85 
Chloride (mg/l) 6,99 7,49 5,50 
DOC (mg/l) 3,32 3,56 7,03 
SO4 (mg/l) 15,53 15,19 5,83 



Results and Discussion 114    

3.2.1.2 Macroinvertebrate community 

An average number of 53 species were found at the littoral sites. Within the mesocosm 

system (Pond M without enclosures) 36% fewer species were found. The total number of 

specimens varied at the littoral sites between 1900 and 8100 animals. At the mesocosm a total 

of 9000 specimens were caught in the same period. This difference was mostly due to 

Chaoborus crystallinus. The Diptera developed very high numbers. The lake microhabitats 

with the highest species - potentials are the reed and floating leaf macrophytes communities. 

Phragmites australis inhabits the largest number of species. The combination of the floating 

and the big submerse leaves of Nuphar lutea offer many niches for macroinvertebrates. 

Table 10: Average number of species, diversity and evenness 

 

average 98/99 littoral standard 
deviation mesocosm 

standard 
deviation deviation 

number of species 53 13 34 8 -36% 

diversity 2,41 0,22 2,01 0,14 -16,7% 

evenness 0,59 0,06 0,57 0,02 -2,4% 
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Fig. 109: Total number of individuals found at the littoral habitats at lake Ammersee and the mesocosm 
in 1998 and 1999. 
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In order to compare the macroinvertebrate community at the sites, the species preference 

towards habitat, movement, food, current and region was compared. The fractions of the 

habitat coordination of the species were similar at the sites. The “phytal” describes a 

vegetated area. Algae, aquatic macrophytes as well as living plant parts from the shoreline 

make up this habitat. 40% of the species from Pond M preferred this kind of habitat. The 

“phytal” species at the lake sites varied between 20% and 40%. Another major fraction at the 

mesocosm is the “pelal” type. This habitat is associated with soft sediments with a grain size 

< 0,063 mm. This habitat was preferred by 23% of the species at Pond M. At the other sites 

this habitat fraction made up to 18%. In the mesocosm, 12% of the species preferred organic 

material such as dead tree parts and detritus. The species preferring organic material at the 

other sites varied between eight percent and 20 %. The “lithal” is characterized with pebbles 

and rocks with the grain size bigger than two centimeters. Species favoring this habitat were 

represented by eight percent of the mesocosm. At the lake habitats this percentage was much 

larger, it ranged between 20% and 30%. The “psammal” is characterized by sand with the 

grain size from 0,063 to 2 mm. At pond M, six percent of the species can be classified as 

preferring such a habitat. At the other habitat it ranged between two percent and eight percent. 

The “akal” represents pebbles with the grain size from 0,2 to 2 cm. Only three percent of the 

species caught in the mesocosm were classified as favoring the “akal” substrate. At the other 

habitats up to six percent of the species preferred such a substrate. Species not classified in 

the mentioned groups, such as parasites, were only represented at the mesocosm with one 

percent. At the lake habitats, two percent to 20% of the species preferred substrates, other 

than those discussed (Fig. 110). 
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Fig. 110: Habitat coordination at the littoral habitats at lake Ammersee and the mesocosm in 1998 and 
1999. (Abiotic=PEL-Pelal, PSA-Psammal, AKA-Akal, LIT-Lithal, Biotic=PHY-Phytal, POM-
particles organic material, SON-others) 

 

The habitats were also classified according to the species movement. At the mesocosm, all 

species were classified either as crawling or swimming. At the habitats in Aidenried, these 

were also the major percentages. In addition the attached living organisms were represented at 

the habitats in Aidenried between two percent and three percent. At the habitats in Schondorf 

it varied between twelve percent and 20%. The floating species were only found at the three 

habitats in Schondorf at rates of one percent and two percent. Species with another moving 

mechanism were only found to be one percent at the sites in Aidenried and two percent to five 

percent in Schondorf. Digging species were only found to be one percent in all the habitats 

(Fig. 111). 
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Fig. 111: Movement coordination at the littoral habitats at lake Ammersee and the mesocosm in 1998 
and 1999. (SWB-floating, SWI-swimming, GRB-digging, KRI-crawling, SES-attached, SON-
others) 

 

In order to characterize the community, the food coordination is an important functional 

parameter. The species found at the mesocosm were divided into two main fractions: the 

shredders (40%), and the deposit collectors (30%). The shredders depend on decaying 

macrophytes, whereas the collectors need soft sediments. At the habitats in Aidenried, the 

same two feeding types showed a high contribution. The group of shredders ranged between 

40% and 48% and the deposit collectors varied at around 25%. At the reed habitat in 

Schondorf S1, the relationship between shredders and deposit collectors was similar. At the 

two other habitats S2 and S3 the numbers of these species were much lower. The group of 

predators made up 40% at these habitats, whereas, at the other habitats, the contribution was 

mostly below 20%. Another important group found at the charophyte sites S2 and S3 were the 

parasites. They made up 15%, whereas at the other habitats, the parasites had only a minor 

part (below 3%). 
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Fig. 112: Food coordination at the littoral habitats at lake Ammersee and the mesocosm in 1998 and 
1999 (WEI-scrapers, ZST-piercers, ZKL-shredders, SED-deposit collectors, FIL-filter feeders, 
RAU-predators, PAR-parasites, SON-others). 
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Fig. 113: Regional coordination at the littoral habitats at lake Ammersee and the mesocosm in 1998 and 
1999 (LI-littoral, PR-profundal, SO-others). 
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The scrapers had a distribution of 13% at the mesocosm. At all the other habitats, the 

scraping organisms made up 10% and below. The filter feeders showed the maximum of eight 

percent at the reed habitat at Schondorf. At the other habitats the distribution was below two 

percent. Another organism group only found in small numbers were the piercers. They 

represented less than one percent at all habitats (Fig. 112). 

Littoral species made up the major part of all habitats. The distribution at the mesocosm 

and at the sites in Aidenried made up nearly 90%. At the sites in Schondorf the contribution 

varied between 61% and 72%. Three percent of the species found at the mesocosm were 

profundal species. This group represented less than two percent of all the other habitats. 

Species not grouped in either lake zone, made up between 25% and 40% at the sites in 

Schondorf. The mesocosm site and the sites in Aidenried counted only about ten percent of 

these species (Fig. 113). 

3.2.2 Enclosure effect 

An average of 53 species were found at the lake sites (Fig. 114). Within the lake 

enclosures, the number of species was reduced to 37%. In the artificial mesocosm, 62% of the 

littoral fauna was established. The lowest species numbers were found in the enclosures 

within the mesocosm (only 22% of the lake littoral fauna). The diversity value (Shannon) at 

the lake site was significantly higher than in the enclosed systems. The evenness values did 

not change significantly at any of the sample sites (Fig. 115).  
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Fig. 114: Average number of species in the Lake habitats, lake enclosure, mesocosm and mesocosm 
enclosures. 
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Fig. 115: Average number diversity and evenness in the lake habitats, lake enclosure, mesocosm and 
mesocosm enclosures. 

 

The enclosure effect had a clear influence on the macroinvertebrate community. This is 

important to keep in mind in judging mesocosm studies of similar sizes. The treatment effect 

of the tested substance might be mingled with the enclosure effect. The communities of such 

small sized systems will never have the same potentials as a natural ecosystem. The volume is 

an important parameter for the establishment of a community.  

3.2.3 Test systems Pond M and Pond S and the cypermethrin study 

After documenting the development of the mesocosm Pond M in 1998 and the beginning 

of 1999 it was separated into 18 enclosures. A double treatment with cypermethrin (100 ng/l 

and 1000 ng/l) was carried out simultaneously with an experiment in Pond S. 

3.2.3.1 Macrophytes 

The enclosures of the mesocosm Pond M contained macrophytes ranging from 16292 cm2 

to 45585 cm2 total plant surface. The macrophytes play a important part in field tests 

(Blake 1994, Brock et al. 1992). The plant composition was similar in the enclosures. The 

main species were Potamogeton natans and Myriophyllum spicatum. Together they made up 

at least 90% of the total plant surface in each enclosure. 
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Other species such as Potamogeton pusillus, Potamogeton perfoliatus, Chara intermedia, 

Chara fragilis, Elodea canadensis and Nuphar lutea took less than 25% of the total plant 

surface (Fig. 116, Fig. 117).  
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Fig. 116: Total plant surface of the untreated enclosures in Pond M. 

 

0

10000

20000

30000

40000

50000

M1t M2t M3t M4t M5t M6t M7t M8t M9t

enclosure Pond M treated

to
ta

l p
la

nt
 s

ur
fa

ce
 (

cm
2)

Myriophyllum spicatum Potamogeton natans Chara fragilis
Chara intermedia Nuphar lutea Elodea canadensis
Potamogeton pusillus Potamogeton perfoliatus

 

Fig. 117: Total plant surface of the treated enclosures in Pond M. 
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The plant surface of the macrophytes at the mesocosm Pond S ranged between 3381 cm2 

and 40554 cm2. The two plant species Potamogeton natans and Myriophyllum spicatum made 

up 75% of the total plant surface within the enclosures. The only exception was enclosure S3c 

where Chara aspera exploded and took up 60% the total plant surface. The following species 

were also found in the enclosures: Potamogeton perfoliatus, Potamogeton pectinatus, 

Potamogeton lucens, Chara intermedia, Chara fragilis and Elodea canadensis (Fig. 118, Fig. 

119). 
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Fig. 118: Total plant surface of the untreated enclosures in Pond S. 
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Fig. 119: Total plant surface of the treated enclosures in Pond S. 
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The total wet weight of the plants of the untreated enclosures of Pond M ranged between 

700 g and 1480 g. The dry weight of the plant material within the controls varied between 

85 g and 175 g (Fig. 120).  
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Fig. 120: Wet and dry weight of the untreated enclosures in Pond M. 

The macrophytes of the treated enclosures of Pond M measured a total wet weight between 

900 g and 1160 g and a dry weight between 95 g and 115 g (Fig. 121).  
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Fig. 121: Wet and dry weight of the treated enclosures in Pond M. 
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Fig. 122: Wet and dry weight of the untreated enclosures in Pond S. 
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Fig. 123: Wet and dry weight of the treated enclosures in Pond S. 

 

The weight of the wet plant material of the controls of Pond S ranged from 190g to 1200 g. 

The dry weight varied between 30g and 200 g (Fig. 122). 

The plants of the treated enclosures of Pond S measured a wet weight from 150g to 1080 g 

and a dry weight between 25 g and 180 g (Fig. 123).  
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3.2.3.2 Physical and chemical parameters 

The average pH value of the control enclosures at Pond M varied between 7,7 and 8,6 (Fig. 

124). The pH value of the treated enclosures ranged between 7,5 and 8,8 (Fig. 125). These 

limits were similar before the treatments and after. The measurement after the second 

treatment was the often the lowest of both the control enclosures and the treated enclosures. 

Neither the cypermethrin dose nor the different plant densities showed a clear effect on the pH 

value.  

At Pond S, the pH value of both the controls and the treated enclosures varied between 7,7 

and 8,5 (Fig. 126, 127). The lowest value measured at all enclosures was usually found after 

the first treatment. As in Pond M, no effects of the cypermethrin and different plant densities, 

considering the pH value, were observed.  

The average conductivity at the controls and the treated enclosures of Pond M varied 

between 180 µS/cm and 280 µS/cm (Fig. 128, 129). No clear conductivity difference was 

observed as caused either by the insecticide treatment or the plant densities. At Pond S the 

conductivity in the controls and the treated enclosures varied between 150 µS/cm and 

275 µS/cm (Fig. 130, 131). The conductivity of the enclosures did not show an effect of the 

cypermethrin and was not influenced by the different plant densities. 

The average temperature before the treatments of both Pond M and S measured 22 °C. 

After the first treatment it sank to 21 °C in all enclosures. After the second treatment it sank 

again to 17,5 °C (Fig. 132-135). This effect is due to the seasonal temperature change.  

At all enclosures in Pond M, the average oxygen saturation ranged between 40% and 100% 

(Fig. 136, 137). There was no clear difference between the treated and the untreated 

enclosures. In addition, no effect of the different plant densities was notable. The average 

oxygen saturation at the enclosures in Pond S varied between 60% and 110% (Fig. 138, 139). 

The oxygen content showed a similar development in all enclosures.  

In Pond M, the average chlorophyll a concentration in the enclosures before treatment was 

0,5 µg/l. After the first treatment the average chlorophyll a concentration ranged between 0,5 

and 12 µg/l. After the second treatment, the concentration varied between 0,7 and 24 µg/l 

(Fig. 140, 141). The measured differences between the chlorophyll a contents in the controls 

and in the treated enclosures were not associated with the macrophyte densities. The 

concentration peaks were measured after the second treatment in all the enclosures. 
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In Pond S the chlorophyll a concentration in the controls ranged between 0,7 to 5,2 µg/l 

(Fig. 142). The chlorophyll a concentration of the treated enclosures before and after the first 

treatment varied between 0,7 and 2,3 µg/l. After the second treatment the concentration varied 

between 1 µg/l and 9,6 µg/l (Fig. 143).  

All enclosures in Pond S, with the lower plant surface had slightly higher chlorophyll a 

content than the enclosures with the higher plant surface. The enclosures S1t to S7t showed a 

higher chlorophyll a concentration after the second treatment. The 1000 ng/l cypermethrin 

treatment did not show such an effect in the enclosures (S8t and S9t) with the highest plant 

densities. 

The other chemical parameters such as total and soluble reactive phosphorus, ammonia, 

nitrate, silica, hardness and alkalinity did not measure a notable difference in the enclosures in 

either pond (Table 11). 

 

Table 11: Mean and standard deviation of TP, SRP, ammonia, nitrate, silica, hardness and alkalinity 
(treated and untreated). 

Pond M mean 
standard 
deviation Pond S mean 

standard 
deviation 

TP [mg/l] 0,036 0,013 TP [mg/l] 0,021 0,003 

SRP [mg/l] 0,002  SRP [mg/l] 0,002  

NH4+ -N [mg/l] 0,023 0,008 NH4+ [mg/l] 0,084 0,064 

NO3- -N [mg/l] 0,028 0,027 NO3- [mg/l] 0,024 0,013 

silica [mg/l] 1,055 0,485 silica [mg/l] 1,106 0,581 

hardness [°DH] 7,188 0,472 hardness [°DH] 6,076 0,797 

alkalinity 103,89 7,68 alkalinity 99,57 8,22 
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Fig. 124: Average pH value before treatment, after the first treatment and after the second treatment of 
the control enclosures in Pond M. 
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Fig. 125: Average pH value before treatment, after the first treatment and after the second treatment of 
the treated enclosures in Pond M. 
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Fig. 126: Average pH value before treatment, after the first treatment and after the second treatment of 
the control enclosures in Pond S. 
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Fig. 127: Average pH value before treatment, after the first treatment and after the second treatment of 
the treated enclosures in Pond S. 
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Fig. 128: Average conductivity before treatment, after the first treatment and after the second 
treatment of the control enclosures in Pond M. 
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Fig. 129: Average conductivity before treatment, after the first treatment and after the second 
treatment of the treated enclosures in Pond M. 
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Fig. 130: Average conductivity before treatment, after the first treatment and after the second 
treatment of the control enclosures in Pond S. 
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Fig. 131: Average conductivity before treatment, after the first treatment and after the second 
treatment of the treated enclosures in Pond S. 
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Fig. 132: Average temperature before treatment, after the first treatment and after the second 
treatment of the control enclosures in Pond M. 
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Fig. 133: Average temperature before treatment, after the first treatment and after the second 
treatment of the treated enclosures in Pond M. 
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Fig. 134: Average temperature before treatment, after the first treatment and after the second 
treatment of the control enclosures in Pond S. 
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Fig. 135: Average temperature before treatment, after the first treatment and after the second 
treatment of the treated enclosures in Pond S. 
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Fig. 136: Average oxygen saturation before treatment, after the first treatment and after the second 
treatment of the control enclosures in Pond M. 

 

0

20

40

60

80

100

120

M1t M2t M3t M4t M5t M6t M7t M8t M9t

enclosure Pond M treated

av
er

ag
e 

ox
yg

en
 s

at
ur

at
io

n 
%

Start T1 T2

 

Fig. 137: Average oxygen saturation before treatment, after the first treatment and after the second 
treatment of the treated enclosures in Pond M. 
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Fig. 138: Average oxygen saturation before treatment, after the first treatment and after the second 
treatment of the control enclosures in Pond S. 
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Fig. 139: Average oxygen saturation before treatment, after the first treatment and after the second 
treatment of the treated enclosures in Pond S. 
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Fig. 140: Average chlorophyll a concentration before treatment, after the first treatment and after the 
second treatment of the control enclosures in Pond M. 
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Fig. 141: Average chlorophyll a concentration before treatment, after the first treatment and after the 
second treatment of the treated enclosures in Pond M. 
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Fig. 142: Average chlorophyll a concentration before treatment, after the first treatment and after the 
second treatment of the control enclosures in Pond S. 
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Fig. 143: Average chlorophyll a concentration before treatment, after the first treatment and after the 
second treatment of the treated enclosures in Pond S. 
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3.2.3.3 The macroinvertebrate species 

In order to examine the effect of the cypermethrin, the species absolute numbers in the 

treated enclosures were substracted from the numbers found in the control enclosures. At 

Pond M, the dates T1-T7 were illustrated. In order to simplify the development of the species 

numbers an average of the three time periods was calculated for Pond S. T1 stands for the 

time before treatment, T2 stands for the 100 ng/l cypermethrin treatment and T3 stands for the 

1000 ng/l treatment. 

In Pond M the cypermethrin treatments (T3, T5) did not influence the numbers of Dugesia 

spp. in any of the tested plant densities (Fig. 144). In Pond S, less Dugesia spp. specimen 

were found within the treated enclosures with medium and high plant densities (S6, S8). It is 

to be noted, that all of the enclosures had similar numbers both before the treatments and 

afterward (Fig. 145). Dugesia spp. has EC 50 (48h) for cypermethrin > 100µg/l (Maund 

unpublished). The effective concentration was a effect up on the movement of 50 % of the 

tested animals. 

Lymnaea stagnalis did not show an effect to either of the two treatments in either pond. All 

the enclosures with the different plant densities kept a certain population level all through the 

investigation period (Fig. 146, 147). Lymnaea stagnalis LC 50 (48h) has been tested for 

permethrin > 10 µg/l (Mian & Mulla 1992). The (movement) EC 50 (48h) for cypermethrin is 

> 100 µg/l (Maund unpublished). 

In Pond M and S, the Naididae population did not show a direct effect to the cypermethrin 

treatments. Many of the control enclosures had many more specimens even before the first 

treatment (148, 149). 

The Tubificidae showed no clear reaction to the cypermethrin treatments. The enclosures 

kept their individual levels throughout the whole study period. They did not seem to prefer 

any certain plant density at either of the two ponds (150, 151). The (movement) EC 50 (48h) 

for cypermethrin is > 100 µg/l (Maund unpublished). 

The population of Asellus aquaticus showed an effect after the 100 ng/l cypermethrin 

treatment in Pond M. The enclosures with medium macrophyte densities (M5, M6) measured 

a clear decrease within the treated enclosures. After the second treatment the effect became 

more obvious. The enclosures with the low plant densities also showed an effect after the 

1000 ng/l treatment (Fig. 152). In Pond S the first treatment was observed with a reduction in 

the Asellus population in all enclosures except S4 and S7. The second treatment showed an 

effect in all of the enclosures (Fig 153). 
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The LC 50 (24h) dose level for cypermethrin is 200 ng/l (Stephenson 1982) and for LC 

(96h) 9 ng/l (Maund unpublished) The toxicological lethal effect is controversely discussed. 

The (movement) EC 50 (48h) for cypermethrin is 4 ng/l (Maund unpublished). 
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Fig. 144: The differences in numbers between the treated and control enclosures of Dugesia spp. in the 
enclosures in Pond M through time. 
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Fig. 145: The differences in numbers between the treated and control enclosures of Dugesia spp. in the 
enclosures in Pond S before the treatments, after the first and after the second treatment. 
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Fig. 146: The differences in numbers between the treated and control enclosures of Lymnaea stagnalis in 
the enclosures in Pond M through time. 
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Fig. 147: The differences in numbers between the treated and control enclosures of Lymnaea stagnalis in 
the enclosures in Pond S before the treatments, after the first and after the second treatment. 
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Fig. 148: Differences in numbers between the treated and control enclosures of Naididae in the 
enclosures in Pond M through time. 
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Fig. 149: The differences in numbers between the treated and control enclosures of Naididae in the 
enclosures in Pond S before the treatments, after the first and after the second treatment. 
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Fig. 150: The differences in numbers between the treated and control enclosures of Tubificidae in the 
enclosures in Pond M through time. 
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Fig. 151: The differences in numbers between the treated and control enclosures of Tubificidae in the 
enclosures in Pond S before the treatments, after the first and after the second treatment. 
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Fig. 152: The differences in numbers between the treated and control enclosures of Asellus aquaticus in 
the enclosures in Pond M through time. 
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Fig. 153: The differences in numbers between the treated and control enclosures of Asellus aquaticus in 
the enclosures in Pond S before the treatments, after the first and after the second treatment. 
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Fig. 154: The differences in numbers between the treated and control enclosures of Gammarus roeseli in 
the enclosures in Pond M through time. 
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Fig. 155: The differences in numbers between the treated and control enclosures of Gammarus roeseli in 
the enclosures in Pond S before the treatments, after the first and after the second treatment. 
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Fig. 156: The differences in numbers between the treated and control enclosures of Hydrachnellae in 
the enclosures in Pond M through time. 
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Fig. 157: The differences in numbers between the treated and control enclosures of Hydrachnellae in 
the enclosures in Pond S before the treatments, after the first and after the second treatment. 
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In Pond M, the population of Gammarus was so low that the effect of the cypermethrin 

was difficult to observe. Only in one enclosure (M5), at one date (T6), more scud specimens 

were found in the treated enclosure than in the untreated one. All other enclosures measured 

higher numbers in the control enclosures. No plant density was preferred (Fig. 154). After the 

100 ng/l treatment, all treated enclosures in Pond S measured lower Gammarus numbers. 

After the second treatment, only the enclosures with the high plant densities (S8, S6) showed 

further reduction in population (Fig. 155). For a close related species (Gammarus pulex) the 

LC 50 (24h) dose level for cypermethrin was 40 ng/l (Mian & Mulla 1992). 

In Pond M, there were not enough Hydrachnellae specimens present at the sampling dates, 

so that the counts cannot be associated with the treatments nor with the plant densities (Fig. 

156). In Pond S, the treated enclosures S1, S2 and S7 showed a reduction in Hydrachnellae 

population after the 100 ng/l treatment. After the second treatment the enclosures S3-S9 

showed a further effect (Fig. 157).  

In Pond M, the numbers of all the Baetidae sank rapidly in all except one (M7) treated 

enclosure after the first treatment. At the sampling date T4 the control of enclosure M7 had 

reduced Baetidae numbers due to emergence. The difference between treated and untreated 

enclosures became negative. After the second treatment the effect was not as clear because the 

emergence influenced the larvae numbers in both the treated and untreated enclosures (Fig. 

158).  

The development of the population of the mayfly Cloeon dipterum in the enclosures of 

Pond M fluctuated to a great degree. This was due to the emergence process, taking place 

before and after the treatments in all enclosures. The numbers were reduced within the control 

enclosures due to emergence and additionally in the treated enclosures to the cypermethrin 

treatment. The effect of the first treatment on the Cloeon population was documented in the 

enclosures M1, M3, M5, M6 and M8. There was a clear, visible difference between the 

untreated and the treated enclosures between the sampling dates T3 and T4. An effect of the 

different plant densities could not be seen (Fig. 159). The number of the Cloeon dipterum 

larvae documented effects of the two cypermethrin treatments in all enclosures. The 

populations in the enclosures with the lower plant densities (S1 –S6) were influenced by the 

100 ng/l treatment to an greater extent than the other enclosures. The second treatment of 

1000 ng/l lead to a total breakdown of the mayfly population within all enclosures (Fig. 160). 

The LC 50 (24 h) dose level for cypermethrin is 600 ng/l (Stephenson 1982) and for LC 50 

(96 h) 46 ng/l (Maund unpublished). 
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The larvae of Zygoptera showed no clear reaction to the cypermethrin treatments in both 

ponds. They did not prefer a certain plant density. Some treated enclosures counted more 

(M1, M8), some less (S1, S2) specimens than the untreated controls with the same 

macrophyte density (Fig. 161, 162). The (movement) EC 50 (48 h) dose level for 

cypermethrin by Coenagrion is > 5 µg/l (Maund unpublished). 

 In the treated enclosures in Pond M, the numbers of the Coleoptera Eubrychius velutus 

were reduced due to the 100 ng/l cypermethrin treatment. The difference between the control 

and the treated enclosure with the same plant density was changed through the second 

treatment (Fig 163). The Haliplus spp. specimens showed similar results (Fig. 164). The 

ability to fly and recolonize water bodies relatively quickly makes these organisms difficult to 

use in an open field experiment like the one used in this study. The same difficulties arose 

with the following water beetles species: Hydroporus palustris, Guignotus pusillus, Ilybius 

ater and Helophorus minutus, and the Heteroptera species, Plea leachi and Notonecta glauca. 

Additionally they were not all represented in sufficient numbers to detect an effect of 

cypermethrin and they did not seem to prefer a certain plant density.  
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Fig. 158: The differences in numbers between the treated and control enclosures of Baetidae in the 
enclosures in Pond M through time. 
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Fig. 159: The differences in numbers between the treated and control enclosures of Cloeon dipterum in 
the enclosures in Pond M through time. 
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Fig. 160: The differences in numbers between the treated and control enclosures of Cloeon dipterum in 
the enclosures in Pond S before the treatments, after the first and after the second treatment. 
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Fig. 161: The differences in numbers between the treated and control enclosures of Zygoptera in the 
enclosures in Pond M through time. 
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Fig. 162: The differences in numbers between the treated and control enclosures of Zygoptera in the 
enclosures in Pond S before the treatments, after the first and after the second treatment. 
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Fig. 163: The differences in numbers between the treated and control enclosures of Eubrychius velutus 
in the enclosures in Pond M through time. 
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Fig. 164: The differences in numbers between the treated and control enclosures of Haliplus spp. in the 
enclosures in Pond M through time. 
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Fig. 165: The differences in numbers between the treated and control enclosures of Chaoborus 
crystallinus in the enclosures in Pond M through time. 
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Fig. 166: The differences in numbers between the treated and control enclosures of Chaoborus 
crystallinus in the enclosures in Pond S before the treatments, after the first and after the 
second treatment. 
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Fig. 167: The differences in numbers between the treated and control enclosures of Chironomidae in the 
enclosures in Pond M through time. 
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Fig. 168: The differences in numbers between the treated and control enclosures of Chironomidae in the 
enclosures in Pond S before the treatments, after the first and after the second treatment. 
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In all of the treated enclosures the larvae of Chaoborus crystallinus responded to the 

100 ng/l treatment with a total population collapse. The hatching process within the controls 

on one side, and the recolonisation of all enclosures on the other, resulted in a decrease in 

difference between the number of larvae between the treated and the untreated enclosures. In 

Pond M, after the second treatment, the difference increased, because the recolonisation of the 

control enclosures continued. Later on, the midges emerged from the controls. The same 

happened in Pond S towards the time of the second treatment. The different plant densities did 

not influence the effect the cypermethrin had on the number of Chaoborus larvae. The midges 

disappeared on both application dates regardless of the plant density (Fig. 165, 166). The 

EC50 and LC50 concentrations for the phantom midge, Chaoborus crystallinus, range 

between 0,03µg/0,2µg (Hill 1985). The LC 50 (24h) dose level for cypermethrin has been 

determined with 200 ng/l (Stephenson 1982) and (movement) EC 50 (48h) with 3 ng/l 

(Maund unpublished).  

The first treatment did not influence the larvae of the Chironomidae in the treated 

enclosures in Pond M. In Pond S, the treated enclosures with the lower plant densities (S1, S3, 

S4) showed a decrease in numbers of larvae. This effect was not visible in the treated 

enclosures with the higher macrophyte content. The reaction of the Chironomidae population 

to the second cypermethrin treatment was not documented because the larvae had already 

emerged from the controls. In Pond S, all enclosures except S8 reacted with a decrease in 

numbers within the treated enclosures (Fig. 167, 168). The LC 50 (24h) dose level for 

cypermethrin for a related species (Chironomus thummi) is > 5 µg/l (Hill 1985). 

3.2.3.4 Community analysis (PRCs) 

The first canonical coefficient of the principal response curves for all species in Pond M 

explains 20,3 % of the variance. This multivariate statistical method eliminates the variance 

of time and the system in order to concentrate on the effect of the treatment. The species with 

the highest species scores were the small Baetidae, Chaoborus crystallinus and Asellus 

aquaticus. A medium ranged species score was calculated for Zygoptera, Haliplus spp, 

Eubrychius velutus, Cloeon dipterum, Dugesia spp., Gammarus roeseli and the Tubificidae 

(Table 12). The species scores of the other species varied between 0,1520 and –0,1280.  

The curves of all enclosures showed a clear effect from the first treatment of 100 ng/l 

(0,1 µg/l) cypermethrin (T3). The species Chaoborus crystallinus, Asellus aquaticus, 

Zygoptera, Cloeon dipterum and Gammarus roeseli showed an effect by this concentration 

according to Mian & Mulla (1992), Stephenson (1982), Hill (1985) and Maund (unpublished). 



Results and Discussion 153    

The animals are affected immediately (Clark et al. 1989, Coats et al. 1989). The curves can 

be explained with the specimen numbers of the species with the highest loadings, the small 

Baetidae and Chaoborus crystallinus (Fig. 158, 165). The enclosure showed M1t and M2t 

with the lower plant densities started out as being different as the other enclosures, even 

before the treatment. The different plant densities did not influence the reaction of the 

macroinvertebrate community towards the cypermethrin significantly.  

The macroinvertebrate community did not reflect the 1000 ng/l application. The 

explanations were given by the specimen numbers of the small Baetidae and Chaoborus 

crystallinus. The specimens decreased in the controls due to the hatching process. The treated 

enclosures had no specimens as a result of the first treatment. That way the curves in the prc 

are reversed. All enclosures behaved in the same manner, regardless to their plant density. 

 

Table 12: The species scores with the most weight in Pond M. 

 

species  scores 

Tubificidae 0,2958 

  

Gammarus roeseli -0,1671 

Dugesia spp. -0,2113 

Cloeon dipterum -0,2251 

Eubrychius velutus  -0,2515 

Haliplus spp. -0,2749 

Zygoptera -0,3892 

Asellus aquaticus -0,8693 

Baetidae small -2,0838 

Chaoborus crystallinus -2,1635 
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Fig. 169: Principal response curve analysis of the macroinvertebrate community of the enclosures in 
Pond M. 

The principal response curve for Pond S, of all macroinvertebrate species, was calculated 

with the first canonical coefficient which explains 20,5 % of the variance. The highest species 

scores were calculated for Cloeon dipterum, Chaoborus crystallinus, Gammarus roeseli and 

Asellus aquaticus. A medium weight species scores had the Hydrachnellae and the Zygoptera. 

The species scores of the other species ranged between 0,1088 and –0,164 (Table 13). 

 

Table 13: The species scores with the most weight in Pond S 

 

species  scores 

Zygoptera 0,1202 

  

Hydrachnellae -0,3166 

Asellus aquaticus -0,5266 

Gammarus roeseli -0,5507 

Chaoborus crystallinus -0,5519 

Cloeon dipterum -0,7185 

 



Results and Discussion 155    

Pond S

-0,2

-0,15

-0,1

-0,05

0

0,05

0,1

0,15

T1 T2 T3 T4 T5 T6 T7 T8 T9
T10 T11 T12 T13 T14 T15 T16 T17 T18

time

ca
no

ni
ca

l c
oe

ffi
ci

en
ts

St1 St2 St3 St4 St5 St6 St7 St8 St9

100 ng/l 1000 ng/l

 

Fig. 170: Principal response curve analysis of the macroinvertebrate community of the enclosures in 
Pond S. (The sampling dates T1-8 are equivalent to the time interval T1, T9-12 represent T2 
and T13-18 represent T3). 

 

The principal response curves calculated for the macroinvertebrate community in Pond S 

reflected the first cypermethrin application clearly. At the sampling dates T9 and T10 the 

curves of all enclosures became negative (Fig. 170). The development was similar at all the 

enclosures. The macrophyte density did not influence the effect of the cypermethrin 

significantly. The second cypermethrin treatment only showed an effect in the all enclosures, 

except St1. The effect was not observed as severe as at the first application. This was due to 

the low specimen numbers present in the treated enclosures. A reverse trend of the curves was 

also documented. The effect of the chemical was not significantly different within the 

enclosures with the different plant densities. 

3.2.3.5 Cypermethrin analysis 

The cypermethrin analysis of the water column was conducted in three enclosures with 

different plant densities in each Pond (Table 14). After the first cypermethrin application 

samples were taken after 1, 3, 24 and 72 hours. The enclosures with the lowest plant density 

(M1t, S2t) showed a lower cypermethrin dissipation rate, after the first hour, than the 

enclosures with higher plant densities. After 3 hours the dissipation rate of all enclosures was 

similar. In Pond M the residue levels were higher than in Pond S. The level reached in all 

enclosures after 72 hours was beneath 10 ng/l in both Ponds (Fig. 171, 172).  
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Table 14: Total plant surface, wet and dry weight of the examined enclosures. 

 

enclosure total plant surface (cm2) wet weight (g) dry weight (g) 

Pond M9t 45585,47 1129,50 116,47 

Pond M4t 27702,11 916,50 90,01 

Pond M1t 25645,00 897,00 94,01 

Pond S9t 47162,65 1061,50 179,58 

Pond S3t 9515,28 381,00 70,75 

Pond S2t 5981,63 192,00 32,29 

 

After the 1000 ng/l cypermethrin application samples were taken after 1, 3, 6, 12, 24 hours 

and after 7 and 14 days. In Pond S an additional sample was taken after 4 days. The 

enclosures with the medium plant density (M4t, S3t) revealed the highest cypermethrin 

residue levels after 1 hour in both ponds. In Pond M the medium enclosure measured higher 

levels up to the sampling after 7 days. The other 5 enclosures had a very similar dissipation 

rate after the 3 hours sampling (Fig. 173, 174).  

A significantly different dissipation rate for the different plant densities was not found.  
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Fig. 171: Cypermethrin residue after the 100 ng/l application in Pond M. 
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Fig. 172: Cypermethrin residue after the 100 ng/l application in Pond S. 
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Fig. 173: Cypermethrin residue after the 1000 ng/l application in Pond M. 
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Fig. 174: Cypermethrin residue after the 1000 ng/l application in Pond S. 
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4 Final discussion and conclusions 

4.1 Does the mesocosm system respresent a natural littoral zone? 

In order to answer the question to what extent an artificial mesocosm systems represents a 

natural littoral zone, the environmental conditions have to be taken into account first. The 

relationship between ammonia and nitrate is predominantly dependent on the oxygen level in 

the system. In comparison to the examined littoral habitats, the mesocosm showed much more 

unstable oxygen conditions. One result was the higher ammonia level and the lower nitrate 

level in the systems. The light could not penetrate through the water column to the bottom of 

the artificial enclosures due to the steel frame. The decomposition processes could not be 

compensated through the photosynthetic activity (in the lower part of the enclosure). The 

conductivity was another parameter, which showed much lower values within the enclosure 

systems compared to the natural habitat. The missing ionic input through run off is an obvious 

deficiency at the isolated mesocosm. The volume of the tested pond or enclosure has a big 

influence on the limnological parameters (Severin et al. 1999). These deficits require 

manipulating regulations in order to be within the same range as the natural equivalent. 

There are a great variety of natural sources of stress within the littoral zone of a lake. This 

forces the littoral zone community to adapt to the changing environmental conditions within 

short periods of time (DGL Arbeitskreis 1999). The flood in 1999 influenced most of the 

measured physical and chemical parameters (dissolved organic carbon, ammonia and nitrate). 

In rivers, floods can contribute to the variety of the macroinvertebrate community (Resh & 

Rosenberg 1984). At the examined littoral habitats, the macroinvertebrate community 

compensated the flood. The species community remained the same after the flood, although 

some species numbers fluctuated to a greater extent. 

The established artificial mesocosm Pond M developed a littoral macroinvertebrate 

community, which differed from the one at the natural microhabitats. The species inhabiting 

the lake littoral were transferred to the mesocosm to 62%. Due to the enclosure effect, the 

number of species within the enclosures was reduced further to 22% of the lake 

macroinvertebrates. In order to improve the introduction of the complex macroinvertebrate 

community in an artificial pond further steps have to be taken. The less space did not offer 

enough habitat variability for the macroinvertebrates. Devices to enable the colonisation of 

shallow areas are needed. 
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The reed community at the lake sites was the one with the greatest species richness. The 

one-meter depths and the floating leaf macrophytes did not offer enough niches for the 

macroinvertebrate community. 

In conclusion for the construction of artificial mesocosms the reflection of the natural 

environment is most important. The establishment phase of one year at Pond M was 

acceptable in order to maintain more stable physical and chemical parameters. The species 

composition introduced from the lake habitats survived only a few months and then 

disappeared. The experiment with Pond S showed, that its shorter lasting lifetime, gave very 

similar results. The community, which settled in the enclosed systems, was nearly identical.  

4.2 Does the plant density of the mesocosm influence the toxicity of 
cypermethrin? 

Pyrethroids, in combination with the group of the organophosphates, are the most 

commonly used insecticides that have a long history and are still up to date today (Elliot 

1989, Mogensen & Stuer-Luaridsen 1996). In 1998, about 61 tons of pyrethroids were sold in 

Germany (BBA unpublished). The pesticides find their way into the freshwater system 

through run off and direct use against unwanted mosquito larvae (Hill 1985). Cypermethrin, 

which was tested in the study, serves as an example for many other used pyrethroids. 

The two application levels (100 ng/l and 1000 ng/l cypermethrin) affected the 

macroinvertebrate community in both tested pond systems significantly. The double 

application caused the macroinvertebrate community to collapse (Fairchild et al. 1992, 

Farmer & Maund 1995). Species populations of Asellus aquaticus, Gammarus roeseli, 

Chaoborus crystallinus and Cloeon dipterum were completely destroyed. Although the major 

predator of the system, Chaoborus crystallinus, disappeared no secondary effect of the 

treatments (Cairns 1983, Fent 1998) such as an increase in other predators like Zygoptera, 

was observed. Sublethal effects could also not be examined. These effects are better 

determined under close up supervision in the laboratory. 

The environmental conditions within a test system are mainly determined by the 

macrophytes (Blake 1994). Cypermethrin is known for its ability to adsorb on organic and 

inorganic surfaces (Kennedy 1994). The fate of pyrethroids (cypermethrin) is characterised by 

the sorption, hydrolysis, photolysis and microbial degradation (Agnihotri et al. 1986, 

Agnihotri et al. 1989, Crossland 1982). 
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The theory that more plant biomass and surface reduces the toxic effect has been suggested 

for the pyrethroid lambda-cyhalothrin (Hand et al. 2000). The study conducted was designed 

to determine, whether or not the tested plant densities showed an influence on the treatment 

effects. The observed difference between the macroinvertebrate community in the treated 

enclosures and the untreated controls with the different plant densities was not significant. 

In order to examine the influences of the plant surface and the cypermethrin toxicology 

fate studies with labelled cypermethrin, need to be conducted. The question, of whether or not 

the pyrethroid stuck to the organic matter, the inorganic steel coat of the enclosures or if it 

was consumed by the organisms, can be answered in those kind of studies. This is the only 

way to gather the evidence on the cypermethrin whereabouts. The pathways of the pyrethroids 

have to be exploited on a small scale as well as in bigger outdoor systems. 
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5 Summary  

5.1 English 

Several macrophyte communities in the littoral zone of Lake Ammersee (Bavaria, 

Germany) and the inhabiting fauna were examined in the years 1998 and 1999. To represent a 

broad variability of the littoral, the sample sites differed in morphology, sediment and nutrient 

input. The defined macroinvertebrate community of the examined littoral habitats consisted of 

the following 16 major taxa: Gammarus roeseli, Asellus aquaticus, Bithynia tentaculata, 

Potamopyrgus jenkinsi, Dreissena polymorpha, Elimidae, Caenis spp., Cloeon dipterum, 

Centroptilum luteolum, Zygoptera, Mystacides spp., Limnephilus lunatus, Sialis lutaria, 

Hydrachnellae, Micronecta sclolzi and Chironomidae. The community did not change 

significantly at the sites with different indicated trophy. The physical and chemical 

parameters of the littoral habitats had more resemblance at the sites with the same 

geographical location (sediment) than the habitats with equal depths. The values from the 

pelagic zone were either similar to the closer Schondorf sites or were totally different from 

any measured at the littoral sites. 

In addition, different enclosure systems were established at the research facility of the 

Technical University of Munich. The mesocosm systems were equipped with water, sediment 

and the macrophytes from Lake Ammersee. The different biotic structures and microhabitats 

were adapted from the lake sites. The two pond-systems were subdivided into 18 enclosures. 

Nine enclosures were treated with the insecticide cypermethrin, the other nine served as 

controls. The double application dose of the cypermethrin was 100 ng/l and 1000 ng/l. The 

enclosures differed in plant densities (between 0,3 and 2 g/l wet plant material). The results 

showed that the different plant densities did not influence the toxic effect of cypermethrin on 

the macroinvertebrate community. The treated enclosures all showed more or less the same 

toxic effect on the macroinvertebrate community regardless to their plant density.An average 

of 53 taxa was found at the lake sites. Within the lake enclosures, the number of species was 

reduced to 37% of the surrounding littoral area. In the artificial mesocosm 62% of the littoral 

fauna were established. The lowest species numbers were found in the enclosures within the 

mesocosm (only 22% of the lake littoral fauna). The diversity value (Shannon) at the lake site 

was significantly higher than in the enclosed systems. 
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5.2 German 

Verschiedene Makrophyten und deren Makroinvertebratengesellschaften im Seenlitoral 

des Ammersees wurden in den Jahren 1998 und 1999 untersucht. Die Probestellen 

unterschieden sich hinsichtlich ihrer Morphologie, Trophie sowie der Beschaffenheit des 

Sediments. Folgende 16 Taxa wurden gefunden: Gammarus roeseli, Asellus aquaticus, 

Bithynia tentaculata, Potamopyrgus jenkinsi, Dreissena polymorpha, Elimidae, Caenis spp., 

Cloeon dipterum, Centroptilum luteolum, Zygoptera, Mystacides spp., Limnephilus lunatus, 

Sialis lutaria, Hydrachnellae, Micronecta scholzi and Chironomidae. Die Gesellschaft änderte 

sich nicht signifikant mit veränderter Trophie der Probestellen. Die physikalischen und 

chemischen Parameter der Litoralhabitate der gleichen geographischen Lage zeigten mehr 

Ähnlichkeit als die der selben Seetiefe. 

Zusätzlich wurden zwei unterschiedliche künstliche Mesokosmensysteme auf dem Gelände 

der Technischen Universität München, Weihenstephan errichtet. Sie wurden mit Wasser, 

Sediment und Pflanzen aus dem Ammersee ausgestattet. Die Testteiche wurden in 18 

Kompartimente unterteilt. Neun davon wurden mit dem Pyrethroid Cypermethrin belastet und 

neun dienten als Kontrollen. Eine Doppelapplikation von 100 ng/l und 1000 ng/l 

Cypermethrin wurde getestet. Die einzelnen Kompartimente unterschieden sich in ihrer 

Pflanzendichte (zwischen 0,3 and 2 g/l Pflanzennassgewicht). Die Ergebnisse zeigten, dass 

die einzelnen Pflanzendichten keinen signifikanten Einfluss auf die toxische Wirkung 

Cypermethrins bezüglich der Makroinvertebraten hatten. Die Artengesellschaften der 

belasteten Enclosures glichen sich unabhängig von ihrer Pflanzendichte. 

An den Litoralprobestellen wurden durchschnittlich 53 Taxa gefunden. Innerhalb der Seen-

kompartimente wurde die Artenzahl auf 37% reduziert. In den künstlichen Mesokosmen 

etablierten sich 62% der Makroinvertebratentaxa. Innerhalb der Kompartimente der 

Testsysteme konnten nur 22% angesiedelt werden. Der Diversitätsindex (Shannon) war in den 

Seehabitaten signifikant höher als in den nachempfundenen Testsystemen. 
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6 Appendix: Calendar and sampling schedule 

12.01.1998: WATER CHEMISTRY Ammersee pelagic zone 

09.02.1998: WATER CHEMISTRY Ammersee littoral sites; Pond M 

10.02.1998: WATER CHEMISTRY Ammersee pelagic zone 

09.03.1998: WATER CHEMISTRY Ammersee pelagic zone and littoral sites; Pond M 

31.03.1998: Sediment Pond M established 

02.04.1998: Pond M filled with water 

06.04.1998: WATER CHEMISTRY Ammersee pelagic zone and littoral sites; Pond M 

30.04.1998: Pebble Baskets were set up in Pond M 

04.05.1998: WATER CHEMISTRY Ammersee littoral sites, Pond M,  pebble baskets were set up at the Lake 

05.05.1998: WATER CHEMISTRY Ammersee pelagic zone 

20.05.1998: Sampling pebble basket Pond M 

27.05.1998. Sampling pebble basket Ammersee 

02.06.1998: WATER CHEMISTRY Ammersee littoral sites, Pond M 

03.06.1998: WATER CHEMISTRY Ammersee pelagic zone 

10.06.1998: Sampling pebble basket Pond M 

18.06.1998: Sampling pebble basket Ammersee 

01.07.1998: Sapling pebble basket Pond M  

06.07.1998: WATER CHEMISTRY Ammersee pelagic zone, littoral sites, Pond M; pebble basket Ammersee 

20.07.1998: Pebble basket Pond M; plants planted in pots in Pond M 

27.07.1998: WATER CHEMISTRY Ammersee pelagic zone and littoral sites; Pond M 

15.08.1998: Sampling pebble basket Pond M 

13.08.1998: Sampling pebble basket Ammersee 

19.08.1998: Sapling pebble basket Ammersee 

24.08.1998. WATER CHEMISTRY Ammersee littoral sites, Pond M; sampling pebble basket Ammersee 

25.08.1998: WATER CHEMISTRY Ammersee pelagic zone 

01.09.1998: Mapping of the macrophytes at the lake sites 

16.09.1998: Sampling pebble basket Ammersee 

21.09.1998: WATER CHEMISTRY Ammersee littoral sites, Pond M 

23.09.1998: WATER CHEMISTRY Ammersee pelagic zone; sampling pebble basket Pond M 

08.10.1998: Sampling pebble basket Ammersee  

19.10.1998: WATER CHEMISTRY Ammersee pelagic zone and littoral sites; Pond M 

26.10.1998: Sampling pebble basket Pond M 

28.10.1998: Sampling pebble basket Ammersee  

17.11.1998: WATER CHEMISTRY Ammersee pelagic zone 

18.11.1998: WATER CHEMISTRY Ammersee littoral sites, Pond Mand sampling pebble basket Ammersee 

23.11.1998: Pond M froozen! 

14.12.1998: WATER CHEMISTRY Ammersee pelagic zone and littoral sites; Pond M 

11.01.1999: WATER CHEMISTRY Ammersee pelagic zone and littoral sites, Pond M 

08.02.1999: WATER CHEMISTRY Ammersee pelagic zone 

11.02.1999: WATER CHEMISTRY Ammersee littoral sites, Pond M 
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08.03.1999: WATER CHEMISTRY Ammersee pelagic zone and littoral sites, Pond M 

22.03.1999: Pebble baskets set up at the Lake and at Pond M 

06.04.1999: WATER CHEMISTRY Ammersee pelagic zone and littoral sites, Pond M 

07.04.1999: Sediment and Water filled in Pond S 

12.04.1999: Sampling, emergence, net, pebble basket Pond M 

14.04.1999: Sampling pebble basket Ammersee 

03.05.1999: WATER CHEMISTRY Ammersee pelagic zone and littoral sites, Pond M 

05.05.1999: Sampling, emergence, net, pebble basket Pond M  

06.05.1999: Sampling pebble basket Ammersee; Water filled in Pond S  

11.05.1999: Plants set up in Pond S 

23.05.1999: Heavy rainfalls! Ammersee FLOOD 

26.05.1999: WATER CHEMISTRY Ammersee pelagic zone; Sampling, emergence, net, pebble basket Pond M 

27.05.1999: WATER CHEMISTRY Ammersee littoral sites, Pond M; Ammersee water level back 30 cm! 

07.06.1999: WATER CHEMISTRY Ammersee pelagic zone 

08.06.1999: Sampling, emergence, net, pebble basket Pond M; Enclosures set up at Pond M; Plants stocked up at 
Pond M 

17.06.1999: WATER CHEMISTRY Enclosures Pond M; sampling, emergence, net, pebble basket Pond M 

18.06.1999: Enclosures set up in Pond S, Water filled in Pond S 

20.06.1999: Sampling pebble basket Ammersee  

21.06.1999: WATER CHEMISTRY Pond S; sampling, emergence, net, pebble basket Pond S 

22.06.1999: WATER CHEMISTRY Ammersee pelagic zone and littoral sites 

23.06.1999: WATER CHEMISTRY Enclosures, sampling, emergence, net, pebble basket Pond M 

28.06.1999: WATER CHEMISTRY Pond S; sampling, emergence, net, pebble basket Pond S 

30.06.1999. WATER CHEMISTRY Enclosures Pond M; sampling, emergence, net, pebble basket Pond M 

05.07.1999: WATER CHEMISTRY Ammersee littoral sites and enclosures Pond M and Pond S, sampling 
pebble basket Ammersee and Pond M and Pond S(emergence, net) 

06.07.1999: WATER CHEMISTRY Ammersee pelagic zone 

07.07.1999: Sampling, emergence, net, pebble basket Pond M 

12.07.1999: WATER CHEMISTRY Pond S; sampling, emergence, net, pebble basket Pond S 

13.07.1999: 100ng/l application Pond M 

14.07.1999: WATER CHEMISTRY enclosures Pond M; sampling, emergence, net, pebble basket Pond M 

16.07.1999: Sampling pebble basket Ammersee  

19.07.1999: WATER CHEMISTRY Pond S; sampling , emergence, net, ebble basket Pond S 

21.07.1999: WATER CHEMISTRY enclosures Pond M; sampling, emergence, net, pebble basket Pond M 

26.07.1999: WATER CHEMISTRY Ammersee pelagic zone and Pond S; sampling, emergence, net, pebble 
basket Pond S 

27.07.1999: WATER CHEMISTRY enclosures Pond M; , emergence, net, pebble basket Pond M; 100 ng/l 
application Pond S 

28.07.1999: WATER CHEMISTRY Ammersee littoral sites,  

02.08.1999: Sampling pebble basket Ammersee   

03.08.1999: WATER CHEMISTRY Pond S; sampling, emergence, net, pebble basket Pond S 

04.08.1999: WATER CHEMISTRY Enclosures; sampling, emergence, net, pebble basket Pond M 
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09.08.1999: WATER CHEMISTRY Ammersee pelagic zone and Pond S; sampling, emergence, net, pebble 
basket Pond S 

11.08.1999: WATER CHEMISTRY Enclosures Pond M and Ammersee littoral sites; sampling, emergence, net, 
pebble basket Pond M 

16.08.1999: WATER CHEMISTRY Pond S; sampling, emergence, net, pebble basket Pond S 

18.08.1999: WATER CHEMISTRY Enclosures Pond M; sampling, emergence, net, pebble basket Pond M 

20.08.1999: 1000 ng/l application Pond M; Sampling pebble basket Ammersee 

23.08.1999: WATER CHEMISTRY Ammersee pelagic zone and Pond S; sampling, emergence, net, pebble 
basket Pond S 

24.08.1999: Sampling pebble basket Pond M; 1000 ng/l application Pond S 

25.08.1999: WATER CHEMISTRY Enclosures  Pond M and Ammersee littoral sites; sampling, emergence, net, 
pebble basket Pond M 

30.08.1999: WATER CHEMISTRY Pond S; sampling, emergence, net, pebble basket Pond S 

01.09.1999: WATER CHEMISTRY Enclosures Pond M; sampling, emergence, net, pebble basket Pond M 

06.09.1999: WATER CHEMISTRY Enclosures Pond M and Pond S and sampling, emergence, net, pebble 
basket Pond M and Pond S 

13.09.1999: WATER CHEMISTRY Pond S; sampling, emergence, net, pebble basket Pond S 

15.09.1999: Sampling pebble basket Ammersee 

16.09.1999: WATER CHEMISTRY Enclosures Pond M; sampling, emergence, net, pebble basket Pond M 

20.09.1999: WATER CHEMISTRY Ammersee pelagic zone and littoral sites and enclosures Pond M and 
Pond S; sampling, emergence, net, pebble basket Pond M and Pond S 

22.09.1999: WATER CHEMISTRY Enclosures Pond M; sampling, emergence, net, pebble basket Pond M  

28.09.1999: Harvesting all plants out of Pond M, Pond S 

04.10.1999: Sampling pebble basket Ammersee 

08.11.1999: WATER CHEMISTRY Ammersee pelagic zone and littoral sites 

26.05.2000: Pond M emergence, net, pebble basket monitoring 

20.06.2000: Pond M emergence, net, pebble basket monitoring 

 



Acknowledgements 167 

7 Acknowledgements 

Ich möchte mich bei Herrn Prof. W. Huber bedanken, er hat mich in seiner Forschergruppe 

aufgenommen und es mir ermöglicht meine Arbeit eigenständig zu organisieren und nach 

meinen Vorstellungen zu gestalten. 

Für die stets anregenden und auch sehr motivierenden Gespräche geht ein sehr großes 

Dankeschön an Herrn Prof. J. Schwoerbel. Ich bedanke mich für die Übernahme des 

Korreferates sowie die wissenschaftliche Betreuung trotz der Entfernung zur Universität 

Konstanz. 

Ein ganz besonders lieber Dank geht an Herrn Markus Funk, ohne seine freundschaftliche 

und stets praktische Hand an der Seite wäre die Arbeit nie möglich gewesen. Mein Dank gilt 

auch den Diplomanden Herrn Herbert Grünwald und Herrn Georg Rüschemeyer, die mit 

Engagement und zuverlässigem Einsatz den Versuch Pond S durchgeführt haben. Ein 

herzliches Dankeschön geht auch an alle anderen wirkenden Mitarbeiter des Instituts, im 

Besonderen für die geleistete Muskelkraft bei der Entstehung des Mesokosmos Pond M. 

Herrn Stefan Zimmermann danke ich für die immer sofort geleistete Unterstützung, nicht 

nur in den logistischen Dingen. 

Ich weiß nicht ob ein Dankeschön an Frau Gaby Severin überhaupt ausreicht. Ich verdanke 

ihr eine viel realistischere Betrachtung des „Machbaren“. Sowohl das Zurückholen auf den 

Boden der Tatsachen als auch die vielen Gespräche und Diskussionen haben mir immer viel 

Spaß gemacht und stets weiter geholfen. 

Frau Dr. B. Lenhart danke ich für die großzügige Bereitstellung der Pelagial-Daten und für 

das stets entgegen gebrachte Interesse. Bei Herrn Matthias Junge möchte ich mich für die 

immer helfende Hand, sowohl in theoretischen als auch in praktischen Dingen, bedanken. Für 

die zuverlässige Durchführung der wasserchemischen Analysen und der technischen 

Unterstützung danke ich den beteiligten Mitarbeitern des Wasserwirtschaftsamtes und der 

Flußmeisterstelle Weilheim. 

Herrn Dr. G. Welzl (Institut für Biomathematik und Biometrie, GSF) verdanke ich den 

tieferen Einblick in die Multivariate Statistik. Ohne seine unendliche Geduld und 

Hilfsbereitschaft wäre das wohl nie möglich gewesen. 

A big thank you to Dr. Steve Maund and Dr. Jacqui Warinton for helping me find the right 

ecotoxicological design and for the open mind exchange at all times. Thanks to the Zeneca 

Company for the cypermethrin analytical support. 



References 168 

 

8 References 

Agnihotri N. P., Jain H. K., Gajbhiye V. T. (1986). Persistence of some synthetic 
pyrethroid insecticides in soil, water and sediment Part I. J.Entomol.Res. 10: 147-151. 

 
Agnihotri, N. P., H. Jain, Srivastava, K.P. (1989). Persistence of some synthetic 

pyrethroids and organophosphorus insecticides in soil, water and sediment Part II. 
J.Entomol.Res. 13(2): 131-136. 

 
Bayerisches Landesamt für Wasserwirtschaft (München). (1996): Seen in Bayern - 

Limnologische Entwicklung von 1980 bis 1994. Informationsberichte des Bayer. 
Landesamtes für Wasserwirtschaft Heft1/96. 

 
Bayerisches Landesamt für Wasserwirtschaft (München). (1992): Chlorophyll a. 

Merkblattnr.2/S 112 vom 02.08.1992. 
 
Bayerisches Landesamt für Wasserwirtschaft (1992): Biologische Trophieindikation im 

Litoral von Seen. Informationsberichte des Bayer. Landesamtes für Wasserwirtschaft Heft 
7/92, München. 

 
Bayerisches Landesamt für Wasserwirtschaft (1993): Biologische Trophieindikation im 

Litoral von Seen. Informationsberichte des Bayer. Landesamtes für Wasserwirtschaft 
Materialienband Nr. 31, München. 

 
Bayerisches Landesamt für Wasserwirtschaft (1992): Wasserqualitätskarte Deutschland. 
 
Bergey, E.A.; Balling, S.F.; Collins, J.N., Lamberti, G.A.; Resh, V.H.; (1992): Bionomics 

of invertebrates within an extensiv Potamogeton pectinatus bed of California marsh. 
Hydrobiologia 234 (1992) 15-24. 

 
Blake, G. (1994). Are aquatic macrophytes useful in field tests? Freshwater field tests for 

hazard assessment of chemicals. I. R. H. Hill, F. Leeuwangh, P. Matthiessen, P. Boca Raton, 
Florida, Lewis Publishers: 183-189. 

 
Brock, T. C. M., S. J. M. Crum, R Van Wijngaarden,.B.J. Budde, J. Tijink, A. Zupelli, P. 

Leeuwangh (1992). “Fate und effects of the insecticide Dursban 4E in indoor Elodea-
dominated und macrophyte-free freshwater model ecosystems: I. Fate und primary effects of 
the active ingredients Chlorpyrifos.” Arch. Environ. Contam. Toxicol. 23: 69-84. 

 
Brock, T. C. M., Van den Bogaert, M., Bos, A.R., Breukelen, S.W.F, Reiche, R, Terwoert, 

J., Suykerbuyk R.E.M, Roijackers, R.M.M.. (1992). “Fate und effects of the insecticide 
Dursban 4E in indoor Elodea-dominated und macrophyte-free freshwater model ecosystems. 
II Secondary effects on community structure.  

 
Brux, H., Wiehleb, G.; (1989): Makrofauna auf Potamogeton alpinus BALBIS in drei 

Gewässern unterschiedlicher Habitatstruktuir. Drosera 1/2 (1989) 85-89. 
 



References 169 

Buikema, A.L.; Voshell, J.R.jun. (1993): Toxicity Studies using Freshwater benthic 
Macroinvertebrates. In: Freshwater Biomonitoring and benthic Macroinvertebrates (D.M. 
Rosenberg; V.H. Resh; Eds.), Chapman and Hall, New York/London: 345-360. 

 
Burmeister, E.-G.; (1984): Zur Faunistik der Libellen, Wasserkäfer und 

wasserbewohnenden Weichtiere im Naturschutzgebiet „Osterseen“ (Oberbayern) – Insecta: 
Odonata, Coleoptera; limnische Mollusca. Berichte der ANL, Heft 8 167-185. 

 
Burmeister, E.-G.; (1984): II. Die Köcherfliegen des Osterseengebietes – Beiträge zur 

Köcherfliegenfauna Oberbayerns (Insecta, Trichoptera). Berichte der ANL, Heft 8 195-204. 
 
Burmeister, E.-G.; (1984): Auswertung der Beifänge aquatischer Wirbelloser 

(Macroinvertebrata), aquatischer Wirbeltiere (Vertebrata) und terrestrischer Wirbelloser 
(Makroinvertebrata) – Ein Beitrag zur Kenntnis der Fauna Oberbayerns. Berichte der ANL, 
Heft 8 205-212. 

 
Burmeister, E.-G.; (1994): Die Fauna limnischer Mollusca des Ammersees (Oberbayern) 

und seiner Randbereiche. Lauterbornia Dinkelscherben, H. 19: 141-153. 
 
Cairns, J. (1983). “Are single species toxicity tests alone adequate for estimating 

envirnmental hazard?” Hydrobiologia 100: 47-57. 
 
Campbell, P.J.; Arnold, D.J.S; Brock, T.C.M; Grandy, N.J.; Heger, W.; Heimback, F.; 

Maund, S.J.; Streloke, M. (1999): Guidance Document on Higher Aquatic Risk Assessment 
for Pesticides (HARAP). SETAC-Publications, Order #61, Europe Publications, 179pp. 

 
Casey, R., Kendall, S.A.; (1996): Comparisons among colonization of artificial substratum 

types and natural substratum by benthic macroinvertebrates. Hydrobiologia 341 (1996): 57-
64. 

 
Clark, J. M.; Brooks, M. W. (1989): Neurotoxicology of Pyrethroids: Single or multiple 

Mechanisms of Action? Environmental Toxicology and Chemistry, 8: 361-372. 
 
Coats, J. R.; Symonik, D: M.; Bradbury,S. P.; Dyer, S. D.; Timson, L. K.; Atchison, G. J. 

(1989): Toxicology of synthetic Pyrethroids in aquatic Organisms: an Overview. Environ. 
Toxycol. Chem. 8: 671-679. 

 
Crane, M.; (1997): Research needs for predictive multispecies tests in aquatic toxicology. 

Kluwer Academic Publishers. Hydrobiologia 346 (1997) 149-155. 
 
Cry, H.; Downing, J.A.; (1988): The abundance of phytophilous invertebrates on different 

species of submerged macrophytes. Freshwater Biology 20 (1988) 365-374. 
 
Crossland, N. O. (1982). “Aquatic toxicology of Cypermethrin. II. Fate und biological 

effects in pond experiments.” Aquatic Toxicology 2: 205-222. 
 
Cummins, K.W. (1974): Structure and function of stream ecosystems. BioScience 24, 631-

641. 
 



References 170 

Davies, J. H. (1985). The Pyrethroids: An historical introduction. The pyrethroid 
insecticids. J. P. Leahey. London, Philadelphia, Taylor & Francis Ltd. 

 
DGL- Arbeitskreis (1999): Seeufer und Feuchtgebiete (unveröffentlicht). 

Schwerpunktthema 1998/1999 Gewässergüte-Klassifikation und Seeufer.  
 
Draxl, R.; (1990): Vergleich von Single-Species-Tests, Labor- und Freilandtestsystemen 

und deren Bedeutung bei der Abschätzung der Umweltgefährlichkeit von 
Pflanzenschutzmitteln. Dissertation, TU-München, Weihenstephan. 

 
Draxl, R., K. Neugebaur-Büchler (1994). Response of aquatic outdoor microcosms of the 

"split-pond" type to chemical contamination. Freshwater field tests for hazard assesment of 
chemicals. I. R. Hill, F. Heimbach, P. Leeuwangh und P. Matthiessen, CRC-Press. Inc.: 323-
330. 

 
Dvorak, J. (1996): An example of relationships between macrophytes, macroinvertebrates 

and their food resources in a shallow eutrophic lake. Hydrobiologia 339 (1996) 27-36. 
 
Dvorak, J.; Best E. P. H.; (1982): Macro-invertebrate communities associated with 

macrophytes of Lake Vechten: structural and functional relationships. Hydrobiologia 95 
(1982) 115-126. 

 
Ebke, K.-P. (1999). Einfluß der Gewässereutrophierung auf die Toxizität von 

Pflanzenschutzmitteln in aquatischen Freiland-Mikrokosmen am Beispiel von Terbuthylazin. 
Lehrstuhl für Botanik, Lehrgebiet Systematik und Ökophysiologie. München, Technische 
Universität. 

 
Elliot, M. (1989). “The Pyrethroids: Early discovery, recent advances und the future.” 

Pestic. Sci. 27: 337-351. 
 
Europäisches Komitee für Normung (1994): Probenahme für biologische Untersuchungen 

- Anleitung zur Probenahme aquatischer, benthischer Makroinvertebraten mit dem Handnetz. 
DIN EN 27828 oder ISO 7828. (01.94). 

 
Fairchild, J. F., T. W. La Point, (1992). “Population-, community-, und ecosystem-level 

responses of aquatic mesocosms to pulsed doses of s pyrethriod insecticide.” Environmental 
toxicology und chemistry 11: 115-129. 

 
Farmer, D. H., I.R. Maund, S.J. (1995). “A comparison of the fate und effects of two 

pyrethroid insecticides (lambda-cyhalothrin und cypermethrin) in pond mesocosms.” 
Ecotoxicology 4(4): 219-244. 

 
Fent, K. (1998): Ökotoxikologie, Thieme Verlag Stuttgart, New York. 
 
Fiedl, S. R. (1997). Zum Verständnis systemarer effekte bei Herbizidbelastungen: 

Invertebratengemeinschaften in aquatischen Freiland-Mikrokosmen mit unterschiedlicher 
Makrophytendichte. Lehrstuhl für Botanik, Lehrgebiet Systematik und Ökophysiologie. 
München, Technische Universität. 

 



References 171 

Funk, M. (in Vorb). Ökosystemare Effekte von Pyrethroiden in künstlichen aquatischen 
Ökosystemen. Lehrstuhl für Botanik und Landespflege, Technische Universität München-
Weihenstephan. 

 
Giddings, J.M. (1983): Microcosms for assessment of chemical effects on the propertiews 

of aquatic ecosystems. Hazard Assessment of Chemicals: Current Developments Vol. 2. 
 
Giddings, J.M.; Franco, P.J.; Cushman, R.M.; Hook, L.A. et. al. (1984): Effects of chronic 

exposure to coal derived oil on freshwater ecosystems: II. Experimental ponds. 
Environmental Toxicology and Chemistry, Vol. 3, 465-488. 

 
Grosser, S.; Pohl, W.; Melzer, A.; (1997): Untersuchungen des Schilfrückgangs an 

bayerischen Seen; Bayerisches Landesamt für Umweltschutz, Forschungsprojekt des 
Bayerischen Staatsministeriums für Landesentwicklung und Umweltfragen; Schriftenreihe 
Heft 141 (1997). 

 
Grünwald, H. (2000): Auswirkungen von Cypermethrin auf Zooplanktongesellschaften in 

aquatischen Teichsystemen unterschiedlicher Makrophytendichte. Diplomarbeit, TU 
München-Weihenstephan. 

 
Hand, L.H.; Warinton, J.S; Kuet S.F.; Lane, M.C.G.; Maund, S.J., Hill, I.R. (2000): 

Influences of aquatic plants on the fate of the pyrethroid insecticide lambda-cyhalothrin in 
aquatic environments. Poster; Third SETAC World Congress, Brighton, United Kingdom 21-
25 May 2000.  

 
Heger, W. (2000): CLASSIC Guidance Dokument (unveröffentlicht) Draft document of 

the international workshop on "Community Level Aquatic System Studies Interpretation 
Criteria" held in 1999 at the Frauenhofer Institut for Environmental Chemistry and 
Ecotoxicology in Schmallenberg, Germany. 

 
Hill, I. R. (1985). Effects on non-target organisms in terrestrial und aquatic environments. 

The pyrethroid insecticids. J. P. Leahey. London, Philadelphia, Taylor & Francis Ltd 151-
262. 

 
Hill, I.R.; Heimbach, F.; Leeuwangh, P.; Matthiessen, P. (1994): Freshwater field tests for 

hazard assessment of chemicals. CRC Press, Inc., Boca Raton, Florida, USA. 
 
Huber, W. (1995). Wirkungen von Terbuthylazin in aquatischen Freiland-Mikrokosmen. 

Freising, Technische Universität München. 
 
Huber, W., F. J. Zieris, R. Draxl, S. Fiedl (1995). Untersuchung zur Verwendung von 

künstlichen Teichen als standardisierte Testsysteme zur Abschätzung des Umweltrisikos von 
Pflanzenschutzmitteln mit Hilfe der Wirkung und des Verbleibs von zwei Herbiziden. 
Forschungsbericht 12605088 München, Umweltbundesamt. 

 
Hurlbert , S. H. (1984): Pseudoreplication and the Design of ecological Field Experiments. 

Ecological Monographs 54(2): 187-211. 
 
Klingshirn, C. (1985): Der Wasserpflanzengürtel und die Molluskenfauna des Ammersees 

1984. Diplomarbeit der LMU München. 



References 172 

 
Kedwards, T.J.; Maund, S.J.; Chapman, P.F. (1999): Community level analysis of 

ecotoxicological field studies: I Biological monitoring. Environmental Toxicology and 
Chemistry, Vol. 18 no. 2 pp. 149-157. 

 
Kedwards, T.J.; Maund, S.J.; Chapman, P.F. (1999): Community level analysis of 

ecotoxicological field studies. II Replicated - design studies. Environmental Toxicology and 
Chemistry, Vol. 18 no. 2 pp. 158-166. 

 
Kennedy, J.H., Z.B. Johnson, P.C. Johnson (1994): Sampling Analysis Strategy for 

Biological Effects in Freshwater Field Tests. Freshwater Field Tests for Hazard Assesment of 
Chemicals, Lewis Press, Boca Raton Fl. 159-182. 

 
Kornijow, R. (1989): Seasonal changes in the macrofauna living on submerged plants in 

two lakes of different trophy. Arch. Hydrobiol. 117/1: 49-60. 
 
Kornijow R., Gulati, R.D., Van Donk, E.; (1990): Hydrophyte - macroinvertebrate 

interactions in Zwemlust, a lake undergoing biomanipulation. Hydrobiologia 200 (1990) 467-
474. 

 
Kornijow R., Gulati R.D.; (1992): Macrofauna and it’s ecology in Lake Zwemlust, after 

biomanipulation II. Fauna inhabiting hydrophytes. Arch. Hydrobiol. 123/3 (1992) 349-359. 
 
Kreyszig, E. (1979): Statistische Methoden und ihre Anwendung. Vandenhoeck & 

Ruprecht, Göttingen. 
 
Lalonde, S.; Downing, J.A.; (1992): Phytofauna of eleven macrophyte beds of differing 

trophic status, depth, and composition. Can.J.Fish.Aquat.Sci. 49 (1992) 992-1000. 
 
Lenhart, B.; (1987): Limnologische Studien am Ammersee 1984-1986. 

Informationsberichte des Bayerischen Landesamt für Wasserwirtschaft 2/87, 1-105, 1987. 
 
Lenhart, B.; (1993): Auswirkungen der Nährstoffbelastung auf Seen am Beispiel 

Ammersee. Münchner Beiträge zur Abwasser-, Fischerei- und Flußbiologie 47: 185-205, 
München. 

 
Lenhart, B.; (2000) (Amtsintern): Jahresbericht Ammersee 1999. Wasserwirtschaftamt 

Weilheim - Technische Gewässeraufsicht/Sachgebiet A4 Seenüberwachung. 
 
Lozano, S.J.; O'Halloran, S.L.; Sargent, K.W. (1992): Effects of esfenvalerate on aquatic 

organisms in littoral enclosures. Environmental Toxicology and Chemistry, Vol. 11, pp. 35-
47. 

 
Ludwig, J.A. & Reynolds, J.F. (1988): Statistical ecology. Wiley & Sons, Inc., New York. 
 
Maguire R J, Carey J H, Hart J H, Tkacz R J and Lee H B (1989). Persistence and fate of 

deltamethrin sprayed on a pond. J Agric Food Chem 37: 1153-1159. 
 
Mangelsdorf, J., Zelinka, K.(1972): Zur Mengenbilanz anorganischer gelöster Stoffe in 3 

Voralpenseen. Wasserwirtschaft 62 (1972) 6 - 175-181. 



References 173 

 
Melzer A.(1988): Der Makrophytenindex - Eine biologische Methode zur Ermittlung der 

Nährstoffbelastung von Seen. Habilitationsschrift an der Fakultät für Chemie, Biologie und 
Geowissenschaften der TU München. 249 S. 

 
Melzer, A.; Harlacher, R.; Held, K.; Vogt, E.; (1988): Die Makrophytenkartierung des 

Ammer-, Wörth- und Pilsensees sowie des Weßlinger Sees. Informationsberichte des 
Bayerischen Landesamtes für Wasserwirtschaft 1:1-266, München. 

 
Merritt, R.W., Cummins, K.W. (1984): An indroduction to the aquatic insects of North 

America. Second edition, Kendall/Hunt Publishing Company. 
 
Mian, L. S. und M. S. Mulla (1992). “Effects of pyrethroid insecticides on nontarget 

invertebrates in aquatic ecosystems.” J. Agric. Entomol. 9(2): 73-98. 
 
Mitlacher, G. (1997): Ramsar-Bericht Deutschland. Bundesamt für Naturschutz, Bonn, 

Bad Godesberg. Schriftenreihe für Landschaftspflege und Naturschutz Band 51, 190 S. 
 
Mogensen B and Stuer-Luaridsen F (1996). Fate of pyrethroids in farmland ponds. 10th 

Symposium pesticide Chemistry - Basic Processes. A A M delre (ed). Sept 1996, Piacenz. 
pp105-111. 

 
Müller, J.; Sigl, W.; (1977): Morphologie und rezente Sedimentation des Ammersees, - 

N.Jb. Geol. Paläont. Abh., 154, 155-185. 
 
Neiff, A.P.; Carignan, R.; (1997): Macroinvertebrates on Eichhornia crassipes roots in two 

lakes of the Parana River floodplain; Hydrobiologia 345 (1997): 185-196. 
 
Odum, E.P. (1984): The mesocosm. Bioscience 34: 558-562. 
 
OECD-Guidelines for Testing of Chemicals; (1996): Draft Proposal for Guidance 

Document – Freshwater Lentic Field Tests, 1-12. 
 
Olson, E.J., Engstrom, E.S., Doeringsfeld, M.R., Belling, R.: (1995): Abundance and 

distribution of macroinvertebrates in relation to macrophyte communities in a Prairie Marsh, 
Swan Lake, Minnesota. Journal of Freshwater Ecology Vol 10/4 (1995) 325 - 335. 

 
Oertli, B., Lachavanne, J.-B.; (1995): The effects of shoot age on colonization of an 

emergent macrophyte (Typha latifolia) by macroinvertebrates. Freshwater Biology 34 Parma, 
S. (1969). “Notes on the larval taxonomy, ecology, und distribution of the Dutch Chaoborus 
species (Diptera, Chaoboridae).” Beaufortia 17: 21-50. 

 
Pardo I.; Armitage, P.D. (1997): Species assemblages as descriptors of mesohabitats. 

Hydrobiologia 344: 111-128. 
 
Rasmussen, J.B. (1993): Patterns in the size structure of littoral zone macroinvertebrate 

communities. Can..J.Fish.Aquat.Sci. 50 (1993): 2192-2207. 
 
Resh, V.H.; Rosenberg, D.M. (1984): The Ecology of Aquatic Insects. Praeger Publishers. 

New York 1984. 



References 174 

 
Rosenberg D.M.; Resh V.H. (1982): The use of artificial substrates in the study of 

freshwater bentic macroinvertebrates, 175-235. In: Artificial substrates (ed. J. Cairns jr.). Ann 
Arbor Science Publishers, Ann Arbor. 

 
Rücker, A., Grosser, S., Melzer, A.; (1999): Geschichte und Ursachen des 

Röhrichtrückgangs am Ammersee. Limnologia 29/1. 
 
Rüschemeyer, G. (2000): Auswirkungen einer wiederholten Applikation des Insektizids 

Cypermethrin auf die Makroinvertebratengesellschaften in Freilandmikrokosmen mit 
unterschiedlichen Makrophytendichten. Lehrstuhl für Botanik, Lehrgebiet Systematik und 
Ökophysiologie. Freising, Weihenstephan, Technische Universität München. 

 
Salzmann, P.-E., (1956): Faunistisch-ökologische Untersuchungen über Süßwasser-

Mollusken im Verlandungsgebiet am Südende des Ammersees. Veröff.Zool.Staatssammlung 
München 4: 1-115. 

 
Schaumburg, J.; (1996): Seen in Bayern - Limnologische Entwicklung von 1980 bis 1994. 

Informationsberichte des Bayerischen Landesamtes für Wasserwirtschaft 1:1-216, München. 
 
Schmedtje, U. und M. Colling (1996). Ökologische Typisierung der aquatischen 

Makrofauna. - Informationsbericht des Bayer. Landesamts für Wasserwirtschaft. München, 
Bayer. Landesamts für Wasserwirtschaft. 

 
Schneider, M.; (1995): Der hochwürmzeitliche Rückzug des Eisrandes im Ammersee - 

Lobus des Loisach - Gletschers - Zur Frage eines ehemals erhöhten Seespiegels. Geologica 
Bavarica, 99 (1995) 223-244. 

 
Schramm, H.L., Jirka, K.J.; (1989): Effects of aquatic macrophytes on benthic 

macroinvertebrates in two Florida Lakes. Journal of Freshwater Ecology Vol. 5/1 1-12. 
 
Schwartz, M.W.; Brigham, C.A.; Hoeksema, J.D.; Lyons, K.G.; Mills, M.H.; Van 

Mantgem, P.J. (2000): Linking biodiversity to ecosystem function: implications for 
conservation ecology. Oecologia 122: 297-305. 

 
Schwoerbel, J. (1994). Methoden der Hydrobiologie, UTB. 
 
Schwoerbel, J. (1999). Einführung in die Limnologie. Stuttgart, Gustav Fischer Verlag. 
 
Seele, J. (2000): Ökologische Bewertung voralpiner Kleinseen anhand von Diatomeen, 

Makrophyten und der Nutzung ihrer Einzugsgebiete. 171 S. Dissertation der Technischen 
Universität München. 

 
Severin G.; Sandmann, E.; Funk M.; Huber W.; Kettrup, A. (1999): Mikrokosmos, 

Mesokosmos, Seenlitoral. Eine Gegenüberstellung der limnologischen Daten von 
Ökosystemen unterschiedlicher Größe. Poster. Vierte deutschsprachige SETAC-Tagung. 
Mikrohabitate und ihre Grenzflächen in der Ökotoxikologie. Weihenstephan. 13-14 
September 1999. 

 



References 175 

SETAC-Europe. (1991). Guidance Document on Testing Procedures for Pesticides in 
Freshwater Static Mesocosms. Report from a meeting held at Monks Wood Experimental 
Station, Huntingdon, UK; 3-4 July, 1991. 45p. 

 
Shannon, C. E. und W. Weaver (1949). “The mathematical theory of comunication.” Univ. 

Illinois Press, Urbana.Sommer, U. (1994). Planktologie. Beriln, Heidelberg, New York, 
London, PAris, Tokyo, Hongkong, Barcelona, Budapest, Springer-Verlag. 

 
Sigg L.; Stumm W. (1994): Aquatische Chemie: Eine Einführung in die Chemie wässriger 

Lösungen und natürlicher Gewässer. 3. Auflage. Zürich und Teubner Verlag Stuttgart. 
 
Sloey, D.; Schenck, T.; Narf, R.; (1997): Distribution of aquatic invertebrates within a 

dense bed of Eurasian Milfoil (Myriophyllum spicatum). 
 
Smukalla, R.; Meyer, E.; (1988): Insect emergence from a shallow southern west German 

lake, with special references to the parasitic host – associated water mite larvae. 
Hydrobiologia 169 (1988) 149-166. 

 
Steinberg, C.; (1978): Limnologische Untersuchungen des Ammersees. 

Informationsberichte des Bayerischen Landesamtes für Wasserwirtschaft 6:1-78, München. 
 
Steinberg, C.; Lenhart, B.: (1991): Zur Trophieentwicklung des Ammersees mit besonderer 

Berücksichtung der Trophieanzeige durch Cyanobakterien. Rundgespräche der Kommission 
für Ökologie, Bd. 2 S. 89-106. 

 
Stephenson, R.R. (1982): Aquatic Toxicology of Cypermethrin, I.: Acute Toxicity to some 

Freshwater Fish and Invertebrates in laboratory Tests. Aquatic Toxycology, 2: 175-185. 
 
Swift, M. C. (1992). “Prey capture by the four larval instars of Chaoborus crystallinus.” 

Limnology und Oceanography 37(1): 14-24. 
 
Ter Braak, C.J.F. (1988): CANOCO – a FORTRAN Program for Canonical Community 

Ordination by Partial, Detrended, Canonical Correspondance Analysis, Principal Component 
Analysis and Redundancy Analysis (Version 2.1). Report LWA-88-02, DLO – Agricultural 
Mathematics Group, Wageningen, Netherlands. 

 
Ter Braak, C.J.F. (1990): Update Notes: CANOCO Version 3.10. Report, DLO – 

Agricultural Mathematics Group, Wageningen, Netherlands. 
 
Van den Berg, M.S., H., Noordhuis, R.; Van Schie, J.; Simons, J.(1997): 

Macroinvertebrates communities in relation to submerged vegetation in two Chara-dominated 
lakes. Hydrobiologia 342/343 (1997) 143-150. 

 
Van den Brink, P. und C. Ter Braak (1998). “Multivariate analysis of stress in 

experimental ecosystems by Principal Response Curves und similarity analysis.” Aquatic 
Ecology 32: 163-178. 

 
Van den Brink, J.P.; Ter Braak, C.J.F. (1999): Principal Response Curves: Analysis of 

Time-Dependent Multivariate responses of a Biological Community to Stress. Environ. 
Toxicol. Chem., 18: 138-148. 



References 176 

 
Volm, C. (1997). Aquatische Modellsysteme - Vergleich von aquatischen Modellsystemen 

unterschiedlicher Größe und Ausstattung mit einem durch landwirtschaftliche Nutzung 
beeinflußten Stehgewässer. Institut für Landespflege und Botanik, Lehrstuhl für Botanik. 
Verlag Dr. Kovac, Hamburg, Technische Universität München-Weihenstephan: 206. 

 
Wetzel R.G. (1983): Limnology, Saunders College Publishing Fort Worth. 
 
Wetzel R.G:; Likens, G.E. (1991): Limnological Analyses. Springer Verlag, New York. 
 
Wasswerwirtschaftsamt Weilheim (2000): Jahresbericht. 
 
ZENECA (1997). Cymbush 25EC Safety Data Sheet Cypermethrin technical. Fernhurst, 

Zeneca Agrochemicals. 
 
Zieris, F.-J. (1986): Die Eignung von künstlichen aquatischen Ökosystemen im Freiland 

zur ökotoxikologischen Risikoabschätzung von Umweltchemikalien. Dissertation, TU 
München-Weihenstephan. 

 
Determination: General 
BÄHRMANN R. (1995): Bestimmung wirbelloser Tiere - Gustav Fischer Verlag Jena 

Stuttgart: 362 S. 
BROCK, V., E. KIEI & W. PIPER (1993): Bestimmungsschlüssel für aquatische  

Makroinvertebraten - Umweltbehörde Hamburg 41: 217 S. 
BROHMER, P., W. TISCHLER & M. SCHÄFER (1984): Fauna von Deutschland - Quelle 

und Meyer Verlag Heidelberg 16. Aufl.: 583 S. 
DIETRICH, D., R. KILIAS, M. MORITZ & M. RAUSCHERT (1993): Wirbellose  Tiere 

Europas - Neumann Verlag Radebeul: 444 S. 
ENGELHARDT, W. (1982): Was lebt in Tümpel, Bach und Weiher? - Kosmos- 

Naturführer, Franck'sche Verlagshandlung Stuttgart 9. Aufl.: 257 S. 
LUDWIG, H.W. (1989): Tiere unserer Gewässer - Merkmale, Biologie,  Lebensraum, 

Gefährdung - BLV Bestimmungsbuch, BLV Verlagsgesellschaft mbH  München, Wien, 
Zürich: 255 S. 

MERRITT, R.W. & K.W. CUMMINS (EDS.) (1984): An Introduction to the  Aquatic 
Insects of North America - Kendall/Hunt Publishing Company , Dubuque, Iowa: 722 S. 

MÜLLER, H.J. & HRSG. (1986): Bestimmung wirbelloser Tiere im Gelaende -  Bildtafeln 
für zoologische Bestimmungsübungen und Exkursionen - VEB Gustav Fischer Verlag, Jena 
2. Aufl.: 280 S. 

NAGEL, P. (1989): Bildbestimmungsschlüssel der Saprobien - Gustav Fischer  Verlag 
Stuttgart New York: 183 S. 

POTT, E. (1984): Bach-Fluß-See - Tiere und Pflanzen nach Farbfotos bestimmen - BLV 
Naturführer, BLV Verlagsgesellschaft mbH, München 117:  143 S. 

SCHMEDTJE, U. & F. KOHMANN (1992): Bestimmungsschlüssel für die Saprobier- 
DIN-Arten (Makroorganismen) - Informationsberichte des Bayer. Landesamts  für 
Wasserwirtschaft 2/88: 274 

SCHWAB, H. (1995): Süßwassertiere - Ernst Klett Verlag: 320 S. 
STREBLE, H. & D. KRAUTER (1988): Das Leben im Wassertropfen - Franchk- Kosmos 

Verlag: 399 S. 
TACHET, H., M. BOURNAUD & P. RICHOUX (1980): Introduction à l'étude des  

macroinvertébrés des eaux douces - Imprimerie C.R.D.P., Lyon: 155 S. 



References 177 

WELLINGHORST, R.: Wirbellose Tiere des Süßwassers. Ein  Bestimmungsschlüssel 
unter besonderer Berücksichtigung von Indikatororganismen für Gewaessergüte 

WESENBERG-LUND, C. (1943): Biologie der Süßwasserinsekten - Verlag J. Springer, 
Berlin u. Wien: 682 S. 

 
Turbellaria 
HOFFMANN, J.A. (1963): Faune des Triclades Paludicoles du Grand-Duché de 

Luxembourg - Archives de l'Institut Grand Ducal de Luxembourg, Section de Sciences, N.S. 
30: 182-261 

PATTÉE, E. & N. GOURBAULT (1981): Turbellariés triclades paludicoles (Planaires 
d'eau douce) - Extrait du Bulletin mensuel de la Société  Linnéenne de Lyon 50(9): 26 S. 

REYNOLDSON, T.B. (1978): A Key to British Species of Freshwater Triclads 
(Turbellaria, Paludicola) - Scientific Publications of the Freshwater Biological Association 
23: 32 S. 

Wesenberg-Lund, C.(1939): Biologie der Süßwassertiere. Wirbellose Tiere. Julius Springer 
Verlag. Wien 

 
Nematoda 
ZULLINI, A. (1982): Nematodi (Nematoda) - Consiglio Nazionale Delle Ricerche 

17(1/190): 116 S. 
 
Mollusca 
ELLIS, A.E. (1978): British Freshwater Bivalve Mollusca - Synopses of the British Fauna 

11: 109 S. 
GLÖER, P., C. MEIER-BROOK & O. OSTERMANN (1980): Süßwassermollusken - 

Veröff. Deutscher Jugendbund für Naturbeobachtung (DJN), Hamburg: 73 S.  
GLÖER, P., C. MEIER-BROOK & O. OSTERMANN (1987): Süßwassermollusken - ein 

Bestimmungsschlüssel für die Bundesrepublik Deutschland - Deutscher Jugendbund für 
Naturbeobachtung 1987: 85 S. 

 
Oligochaeta 
BRINKHURST, R.O. (1971): A Guide for the Identification of British  Aquatic 

Oligochaeta - Scientific Publications of the Freshwater Biological Association 22: 55 S 
SAUTER, G. (1995): Bestimmungsschlüssel für die in Deutschland verbreiteten Arten der 

Familie Tubificidae mit besonderer Berücksichtigung von nicht geschlechtsreifen Tieren - 
Lauterbornia, Dinkelscherben 23: 52 S 

STEINLECHNER, R. (1986): Bestimmungsbehelf für Oligochaeten des Bodensees - 
Manuskript: 17 S. 

WACHS, B. (1967): Die häufigsten hämoglobinführenden Oligochaeten der 
mitteleuropäischen Binnengewässer - Hydrobiologia 30: 225-247 

 
Hirudinea 
AUTRUM, H. (1958): Urtiere-Hohltiere-Würmer - Hirudinea - Die Tierwelt Mitteleuropas 

(Hrsg. P. Brohmer, P.Ehrmann u. G. Ulmer) Verlag von Quelle & Meyer in Leipzig 1: 30 S. 
NESEMANN, H. (1993): Bestimmungsschlüssel für mitteleuropäische Egel der Familie 

Erpobdellidae Blanchard 1894 (Hirudinea) - Lauterbornia,  Dinkelscherben 13: S.37-60 
NESEMANN, H. (1994): Die Fischegel der Gattung Cystobranchus Diesing 1859 

(Hirudinea, Piscicolidae) im Donaugebiet - Lauterbornia, Dinkelscherben 15: S.1-15 



References 178 

NESEMANN, H. (1994): Die Krebsegel im Gebiet der Oberen Donau  (Österreich, 
Deutschland) mit Bestimmungsschlüssel zu den europäischen  Arten (Clitellata, 
Branchiobdellida) - Lauterbornia, Dinkelscherben 19: S. 79-93 

NESEMANN, H. (1996): Abbildungen von Habitus und Bestimmungsmerkmalen der 
Hirudinea und Branchiobdellida - Bundesamt für Wasserwirtschaft, 1220 Wien 2: 32 S. 

NESEMANN, H. (1996): Bestimmungsschlüssel für Hirudinea und Branchiobdellida - 
Bundesamt für Wasserwirtschaft, 1220 Wien 1: 37 S. 

NESEMANN, H. (1996): Kurzcharakteristik der Hirudinea und Branchiobdellida - 
Bundesamt für Wasserwirtschaft, 1220 Wien 3: 55 S 

 
Crustacea 
FÖCKLER, F. (1983): Aus: Untersuchungen zur Verbreitung und Schadstoffbelastung 

oberfränkischer Gammarus-Populationen - Diplom-Arbeit am Lehrstuhl Tierökologie der 
Univ. Bayreuth: 1 S 

GLEDHILL, T., D.W. SUTCLIFFE & W.D. WILLIAMS (1977): A key to British 
freshwater Crustacea: Malacostraca - Scientific Publications of the Freshwater Biological 
Association 32: 71 S. 

GOEDMAKERS, A. (1982): Gammarus fossarum Koch, 1835: Redescription based on 
neotype material and notes on its local variation (Crustacea, Amphipoda) - Bijdragen tot de 
dierkunde 42(2): 125-138 

PINKSTER, S. (1970): Redescription of Gammarus pulex (Linnaeus, 1758)  based on 
neotype material (Amphipoda) - Crustaceana 18(2): 177-186 

SCHELLENBERG, A. (1942): Die Tierwelt Deutschlands und der angrenzenden 
Meeresteile - Krebstiere oder Crustacea - IV: Flohkrebse oder Amphipoda - Gustav Fischer 
Verlag, Jena 40: 252 S. 

 
Ephemeroptera 
ADAM, G. (1985): Bestimmungsschlüssel für die Larven der deutschen Arten der Gattung 

Baetis (Ephemeroptera) - Manuskript; WWA Weiden: 22 S. 
ADAM, G. (1990): Bestimmungsschlüssel für die Larven der in Deutschland verbreiteten 

Baetidae (Ephemeroptera) - Manuskript: WWA Weiden: 63 S. 
ADAM, G. (1994): Zur Bestimmung der Eintagsfliegenlarven unter besonderer 

Berücksichtigung der Familie Heptageniidae (Ephemeroptera) - Manuskript: WWA Weiden: 
28 S. 

BAUERNFEIND, E. (1994): Bestimmungsschlüssel für die österreichischen 
Eintagsfliegen - Bundesanstalt für Gewässergüte, Wien 1: 92 S. 

BAUERNFEIND, E. (1995): Bestimmungsschlüssel für die österreichischen 
Eintagsfliegen - Österreichisches Nationalkomitee der internationalen Arbeitsgemeinschaft 
Donauforschung 2: 96 S. 

BUCK, H. & U. MERZ (?): Baetis-Schlüssel (Larven) - Manuskript - Veröff. der 
Landesanstalt f. Umweltschutz Baden-Württemberg Außenstelle Stuttgart: 11 S. 

ELLIOTT, J.M., U.H. HUMPESCH & T.T. MACAN (1988): Larvae of the British 
Ephemeroptera - Scientific Publications of the Freshwater Biological Association 49: 145 S. 

HARSANYI, A. (1969): Bestimmungstabellen für die Larven der wichtigsten 
tschechischen Ephemeropteren-Gattungen - Manuskript, Übersetzung von V. Landa: Fauna 
CSSR - Jepice - Ephemeroptera: 34 S. 

KEFFERMÜLLER, M. & R. SOWA (1984): Survey of Central European Species of the 
Genera Centroptilum EATON and Pseudocentroptilum BOGOESCU (Ephemeroptera, 
Baetidae) - Bulletin Entomologique de Pologne 54: 309-340 



References 179 

MALZACHER, P. (1986): Diagnostik, Verbreitung und Biologie der europäischen Caenis-
Arten (Ephemeroptera: Caenidae) - Stuttgarter Beiträge zur Naturkunde, Serie A (Biologie) 
387: 41 S. 

MALZACHER, P. (1996): Genitalmorphologische Merkmale zur Unterscheidung der in 
Baden-Württemberg vorkommenden Electrogena-Arten (Heptageniidae, Ephemeroptera) - 
Lauterbornia, Dinkelscherben 25: S. 81- 93 

MÜLLER-LIEBENAU, I. (1969): Revision der europäischen Arten der Gattung Baetis 
Leach, 1815 (Insecta, Ephemeroptera) - Gewässer und Abwässer, Schriftenreihe der 
Limnolog. Station Niederrhein der Max-Planck Gesellschaft 1969(48/49): 214 S. 

SAUTER, W. (1992): Insecta Helvetica - Fauna - Ephemeroptera.  
SCHÖNEMUND, E. (1930): Die Tierwelt Deutschlands und der angrenzenden Meeresteile 

- Eintagsfliegen oder Ephemeroptera - Verlag von Gustav Fischer, Jena 19: 106 S. 
 
Plecoptera 
AUBERT, J. (1959): Plecoptera - Insecta Helvetica, übersetzt v. S. Wolfrum, überarbeitet 

v. A. Weinzierl (1987) 1: 140 S. 
ILLIES, J. (1955): Die Tierwelt Deutschlands und der angrenzenden  Meeresteile - 

Steinfliegen oder Plecoptera - VEB Gustav Fischer Verlag, Jena 43: 150 S. 
 
Odonata 
BELLMANN, H. (1987): Libellen beobachten und bestimmen - Neumann - Neudamm: 

272 S. 
BELLMANN, H. (1993): Libellen beobachten und bestimmen - Naturbuchverlag  
DREYER, W. (1986): Die Libellen - Gerstenberg, Hildesheim 
FRANKE, U. (1979): Bildbestimmungsschlüssel mitteleuropäischer Libellen- Larven 

(Insecta: Odonata) - Stuttgarter Beiträge zur Naturkunde - Serie A (Biologie) 333: 17 S. 
JURZITZA, G. (1988): Welche Libelle ist das? - Die Arten Mittel-und Südeuropas - 

Kosmos Naturführer, Franck'sche Verlagshandlung Stuttgart: 191 S. 
HEIDEMANN, H. & R. SEIDENBUSCH (1993): Die Libellenlarven Deutschlands und 

Frankreichs, Handbuch für Exuviensammler - Bauer, Klettern; 
 
Heteroptera 
MACAN, T.T. (1976): A key to British water bugs (Hemiptera-Heteroptera) - Scientific 

Publications of the Freshwater Biological Association 16: 77 S. 
 
Megaloptera 
ELLIOTT, J.M. (1977): A key to British Freshwater Megaloptera and  Neuroptera - 

Scientific Publications of the Freshwater Biological Association 35: 52 S. 
ELLIOTT, J.M., J.P. O'CONNOR & M.A. O'CONNOR (1979): A Key to the Larvae of 

Sialidae (Insecta: Megaloptera) occurrring in the British Isles - Freshwater Biology 9: 511-
514 

 
Coleoptera 
AGNUS, R. (1992): Süßwasserfauna von Mitteleuropa Insecta Coleoptera Hydrophilidae 

Helophorinae - Gustav Fischer Verlag Jena 20/10-2: 144 S. 
AMANN, E., C.M. BRANDSTETTER & A. KAPP (1994): Käfer am Wasser - 

Eigenverlag des 1.Vorarlberger Coleopterologischen Vereins: 38 
BERTHÉLEMY, C. (1979): Elmidae de la Region paléarctique occidentale: Systématique 

et Répartition (Coléoptera, Dryopoidea) - Annls. Limnol. 15(1): 1-102 



References 180 

BERTRAND, H.P.I. (1972): Larves et Nymphes des Coléoptères Aquatiques du Globe - 
Imprimerie F. Paillart, Abbeville: 804 S. 

BISTRÖM, O. (1982): A revision of the genus Hyphydrus Illiger (Coleoptera, Dyticidae) - 
Acta Zoologica Fennica 165: 121 S. 

FREUDE, H., K.W. HARDE & G.A. LOHSE (1971): Die Käfer Mitteleuropas - Göcke & 
Evers Verlag, Krefeld 3: 365 S. 

FREUDE, H., K.W. HARDE & G.A. LOHSE (1979): Die Käfer Mitteleuropas - Göcke & 
Evers Verlag, Krefeld 6: 367 S. 

HEBAUER, F.: Coleoptera: Fotos von männlichen Genitalien - : 5 S. 
HOLLAND, D.G. (1972): A key to the Larvae, Pupae and Adults of the British Species of 

Elminthidae - Scientific Publications of the Freshwater Biological Association 26: 58 S. 
KLAUSNITZER, B. (1984): Käfer im und am Wasser - Neue Brehm-Bücherei 567: 148 S. 
KLAUSNITZER, B. (1991): Die Larven der Käfer Mitteleuropas 1. Band Adephaga - 

Göcke & Evers Verlag Krefeld: 273 S 
KLAUSNITZER, B. (1996): Käfer im und am Wasser - Neue Brehm-Bücherei 567: 200 S. 
KOCH, K.C. (1989): Die Käfer Mitteleuropas Ökologie 1 - Goecke & Evers  Verlag, 

Krefeld 1: 439 S. 
LOHSE, G.A. & W.H. LUCHT (1989): Die Käfer Mitteleuropas - Göcke & Evers Verlag, 

Krefeld 1. Suppl.: 346 S. 
LOHSE, G.A. & W.H. LUCHT (1992): Die Käfer Mitteleuropas (Dryopoidaae) - Goecke 

& Evers Verlag Krefeld 13: 67-82 
NILSSON, A.N. (1989): Larvae of Northern European Hydroporus (Coleoptera: 

Dytiscidae) - Systematic Ecology 14: 99-115 
PANKOW, W. (1979): Beitrag zur Kenntnis der mitteleuropäischen Arten der Gattung 

Elmis latreille (Coleoptera,Elminthidae) - Entomologische Zeitschrift: 182-191 
SCHULTE, H. (1989): Beiträge zur Ökologie und Taxonomie der Gattung Elmis latreille 

(Insecta: Coleoptera Elmidae) unter besonderer Berücksichtigung niederbayer. Vorkommen - 
Lauterbornia, Dinkelscherben 1: 23-37 S. 

VAN VONDEL, B. & K. DETTNER (1997): Die Süßwasserfauna Mitteleuropas Insecta: 
Coleoptera: Haliplidae, Noteridae, Hygrobiidae - Gustav Fischer Verlag Jena 20/2,3,4: 147 S. 

 
Trichoptera 
BUHOLZER, H. (1978): Larvenmorphologie und Verbreitung der schweizerischen 

Rhyacophila-Arten (Trichoptera, Rhyacophilidae) - Dissertation, Zürich: 151 S. 
BURMEISTER, E.G. & H. BURMEISTER (1984): Die Köcherfliegen des 

Osterseengebietes - Beiträge zur Köcherfliegenfauna Oberbayerns - Ber. ANL 8: 195-204 
DÖHLER, W. (1951): Zur Kenntnis der Gattung Rhyacophila im  mitteleuropäischen 

Raum (Trichoptera) - Arch. f. Hydrobiologie 44: 271- 293 
EDINGTON, J.M. & A.G. HILDREW (1981): Caseless Caddis Larvae of the British Isles 

- Scientific Publications of the Freshwater Biological Association 43: 91 S 
HICKIN, N.E. (1967): Caddis Larvae - Larvae of the British Trichoptera - Hutchinson & 

Co.(Publishers) LTD., London: 476 S. 
HILEY, P.D. (1976): The Identification of British Limnephilid Larvae - Systematic 

Entomology 1: 147-167 
MALICKY, H. (1983): Atlas of European Trichoptera - Dr. W. Junk Publishers, The 

Hague: 298 S 
PANZENBÖCK, M. & J. WARINGER (1997): A key to fifth instars larvae of Halesus 

radiatus Curtis 1834, Halesus digitatus Schrank 1781 and Halesus tesselatus Rambur 1842 
(Trichoptera: Limnephilidae), based on Austrian material - Aquatic Insects 19(2): 65-73 



References 181 

PITSCH, T. (1987): Bestimmungstabelle für die Köcherfliegenlarven der Unterfamilie 
Drusinae (Insecta: Trichoptera) in Bayern - Manuskript; Bestimmungsliteratur d. Bayer. 
Landesamtes f. Wasserwirtschaft München: 9 S. 

PITSCH, T. (1993): Zur Larvaltaxonomie, Faunistik und Ökologie mitteleuropäischer 
Fließwasser-Köcherfliegen (Insecta: Trichoptera) - Landschaftsentwicklung und 
Umweltforschung - Schriftenreihe des Fachbereichs Landschaftsentwicklung S 8: 316 S. 

REUSCH, H. (1985): Zur Kenntnis der Köcherfliegenfauna des Niedersaechsischen 
Tieflandes - Beiheft zur Schriftenreihe Naturschutz u. Landschaftspflege in Niedersachsen 13: 
31 S. 

SCHULTE (1984): Bestimmungshilfen für Trichoptera - Hydropsyche - Manuskript: 4 S. 
SCHUMACHER, H. (1970): Untersuchungen zur Taxonomie, Biologie und Ökologie 

einiger Köcherfliegenarten der Gattung Hydropsyche Pict. (Insecta, Trichoptera) - Int. Revue 
ges. Hydrobiol. 55: 511-557 

SEDLAK, E. (1985): Bestimmungsschlüssel für mitteleuropäische Köcherfliegenlarven 
(Insecta, Trichoptera) - Beiträge zur Gewässerforschung (Österr. Bundesanstalt f. Wassergüte 
des Bundesministeriums f. Land- u. Forstwirtschaft) 15(29): 146 S 

TOBIAS, W. (1981): Verzeichnis der Gattungen und Arten der deutschen  Köcherfliegen - 
Trichoptera Germanica - Teil I: Imagines - Cour. Forsch.- Inst. Senckenberg 49: 33 S. 

TOBIAS, W. & D. TOBIAS (1981): Trichoptera Germanica Bestimmungstafel für die 
deutschen Köcherfliegen Imagines - Senckenbergische Naturforschende Gesellschaft 
Frankfurt/Main 49: 671 S. 

ULMER, G. (1909): Trichoptera - Die Süßwasserfauna Deutschlands (Hrsg: A. 
Brauer),Gustav Fischer Verlag, Jena: 326 S 

WALLACE, I.D. (1980): The identification of British limnephilid larvae (Trichoptera: 
Limnephilidae) which have single-filament gills - Freshwater Biology 10: 171-189 

WALLACE, I.D., B. WALLACE & G.N. PHILIPSON (1990): A Key to the Case- bearing 
Caddis Larvae of Britain and Ireland - Freshw. Biol. Ass. Sc. Publ. 51: 237 S. 

WARINGER, J. & W. GRAF (1997): Atlas der österreichischen Köcherfliegenlarven 
(unter Einschluß der angrenzenden Gebiete) - Facultas- Universitätsverlag: 286 S 

WARINGER, J.A. (1987): Identification of some Larvae of Chaetopterygini and 
Stenophylacini (Trichoptera: Limnephilidae) from Austrian and German Brooks and Rivers - 
Zool. Anz. 219(5/6): 337-347 

 
Diptera 
BIRO, K. (1988): Kleiner Bestimmungsschlüssel für Zuckmückenlarven (Diptera: 

Chironomidae) - Beiträge zur Gewässerforschung (Bundesanstalt für Wassergüte, Wien) 1/88: 
329 S. 

DAVIES, L. (1968): A key to the British Species of Simuliidae (Diptera) in the larval, 
pupal and adult Stages - Scientific Publications of the Freshwater Biological Association 24: 
125 S. 

DISNEY, R.H.L. (1975): A Key to British Dixidae - Scientific Publications of the 
Freshwater Biological Association 31: 78 S. 

Müller, T. V. (1995). “Biologie und Bestimmungsschlüssel der Larven der Gattung 
Chaoborus (Diptera: Chaoboridae).” Jahreshefte der Gesellschaft für Naturkunde in 
Württemberg 151: 501-506. 

SEITZ, G. (1992): Biologische Bestimmungsliteratur: Simuliidae - unveröff.: 1-15 
SEITZ, G. (1997): Bestimmungsschlüssel für die Präimaginalstadien der Kriebelmücken - 

Regierung von Niederbayern: 24-39 



References 182 

 
THEOWALD, B. (1967): Familie Tipulidae (Diptera, Nematocera) - Larven und Puppen - 

Bestimmungsbücher zur Bodenfauna Europas, Akademie Verlag, Berlin 7: 100 S. 
WIEDERHOLM (ED.), T. (1983): Chironomidae of the Holartic region Keys and 

diagnoses Part 1. Larvae - Entomologica Scandinavica 19: 457 S. 
WIEDERHOLM (ED.), T. (1986): Chironomidae of the Holartic region Keys and 

diagnoses Part 2. Pupae - Entomologica Scandinavica 28: 482 S 
ZWICK, H. (1974): Faunistisch-ökologische und taxonomische Untersuchungen an 

Simuliidae (Diptera), unter besonderer Berücksichtigung der Arten des Fulda-Gebietes. 
(Faunistical, ecological and taxonomic studies on Simuliidae (Diptera), mainly of the Fulda-
area - Abhandlungen der Senckenbergischen Naturforschenden Gesellschaft 533: 1-116 

 
 

 



  

Lebenslauf 

Persönliche Daten 

Name:    Eva Sandmann 

Geburtsdatum und -ort: 15.07.1968, München (Deutschland) 

Wohnhaft in:  Möschenfelderstr. 50, 85591 Vaterstetten 

 

Schulbildung 

09-1975 bis 07-1979 Grundschule Vaterstetten 

09-1979 bis 06-1982 Elementary School Scottsdale, Arizona (USA) 

09-1982 bis 06-1989 Gymnasium Vaterstetten (Leistungskurse Englisch, Biologie) 

Abschluss: Allgemeine Hochschulreife 

Studium 

10-1989 bis 03-1995 Studium der Biologie (Diplom) an der Technischen Universität 

München (Hauptfach: Botanik Nebenfächer:  Wasserchemie, 

Limnologie, Zoologie) 

Diplomarbeit: Die Entwicklung der Nährstoffsituation und der 

Makrophytenvegetation in den Osterseen zwischen 1981 und 

1994. 

Berufliche Tätigkeit 

03-1995 bis 06-1995 Verschiedene Projekte an der Limnologischen Station der TUM 

(unter anderem Makrophytenkartierungen) 

07-1995 bis 03-1996 Biologin bei Ökokart (Gesellschaft für ökologische 

Auftragsforschung in München) 

04-1996 bis 08-1997 Freiberufliche Biologin bei verschiedenen Auftragsgebern 

(Ökokart, Landesamt für Wasserwirtschaft – München, 

Limnologische Station der TUM, Forschungsdepartment 

Ökologie - Fachgebiet Systematik und Ökophysiologie der 

TUM) 

Promotion 

09-1997 bis 09-2000 Promotion am Forschungsdepartment Ökologie der TUM 

 


