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III. Zusammenfassung 
 

Der Klimawandel hat zahlreiche Studien hervorgerufen. Viele von ihnen beziehen 

sich auf Stressökologie. Die Temperatur gilt dabei als entscheidender 

Einflussfaktor. Es ist bekannt, dass „Keystone species“ in der Lage sind 

Lebensgemeinschaften und sogar Habitate strukturierend zu prägen. 

Mesograzer grasen nicht nur an Algen (top-down), sondern dienen auch als 

Nahrungsressource für kleinere Fische (bottom-up). Diese Arbeit beschäftigt sich 

mit dem Einfluss von Temperatur auf die Fraßraten zweier Mesograzer aus der 

Ostsee, Gammarus spp. und Idotea spp. Es wurde vermutet, dass die Fraßrate 

in einer Art Optimumskurve auftreten würde. Es wurden Fraßversuche mit 

Individuen beider Gattungen bei Temperaturen von 5°C bis 30°C durchgeführt. 

Als Futter wurden Algen-Pellets verwendet. Es wurde eine 

Temperaturabhängigkeit der Fraßraten innerhalb beider Gattungen beobachtet. 

Die Daten der Individuen von Idotea spp. und Gammarus spp. ergaben in beiden 

Fällen Optimumskurven. Es wurde eine hohe Mortalität bei höheren 

Temperaturen als 25°C beobachtet. Die Fraßraten wichtiger Mesograzer könnten 

in Zukunft zeitweise zunehmen, bis eine Temperatur von etwa 20°C erreicht ist 

(Optimum) und anschließend aufgrund eines Zusammenbruchs des 

Stoffwechsels stark abfallen. Wenn Mesograzer aus einem Habitat 

verschwinden, kann dies schnell drastische Auswirkungen auf die dortige 

Lebensgemeinschaft haben. Indem wir zu allererst versuchen, einzelne Faktoren 

auf niederer trophischen Ebene zu verstehen, sind wir möglicherweise besser in 

der Lage, auch weitergehende und größere Dimensionen der Antworten auf den 

Klimawandel zu erfassen. 
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IV. Abstract 
 

Climate change evoked numerous studies. Many of them concentrate on stress 

ecology. Temperature is considered to be a major factor. Keystone species are 

known to be able to structure a community or more widely a habitat. Mesograzers 

not only graze on algae (top-down) but also serve as food supply for smaller fish 

(bottom-up). We concentrated on the influence of temperature on the feeding 

rates of two Baltic Sea mesograzers: Gammarus spp. and Idotea spp. It was 

supposed, that the feeding rates appear in a kind of optimum curve. We 

conducted feeding experiments with organisms of both genera at temperatures 

from 5°C to 30°C. As feed, we used algae pellets. There was a temperature 

dependence in the feeding rate of both genera. The data of the faeces production 

of Idotea spp. and Gammarus spp. at different temperatures fit to an optimum 

curve. We observed a high mortality rate at high temperatures in both genera. 

The feeding rates of important mesograzers might temporary increase up to a 

temperature of about 20°C (optimum), but finally will also decrease because of a 

collapse in the metabolic rate. If grazers remove from a system, the 

consequences might be drastic changes within the community. By first try to 

understand single factors at lower trophic levels, we probably might be better able 

to address the whole dimension of the responses to climate change. 

 

Keywords: Keystone species - Climate Change – Herbivory - Tolerance 
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1 Introduction 
 

The Baltic Sea is the youngest sea in the Northern Hemisphere, which has its 

origin approximately 10000 to 15000 years ago after the last glacial. It is the 

second largest brackish environment and has a maximal depth of 460m and a 

mean depth of 60m. 

The Baltic Sea belongs to the most productive coast ecosystems in the world, but 

at the same time it belongs to the most threatened ones (Waycott et al., 2009). 

As it borders on nine countries, it is widely impacted by influencing factors, such 

as habitat pollution and overfishing as well as eutrophication and habitat loss 

(Diaz & Rosenberg, 2008; Eriksson et al., 2009; Halpern et al., 2008). 

 

The Baltic Sea is known for its low salinity with almost freshwater in certain 

regions. It is influenced and controlled by an exchange with the North Sea and 

freshwater. 

Due to the low salinity, the Baltic Sea is a species-poor ecosystem (Bonsdorff, 

2006). Subsequently, to be successful, species might have a broad salinity 

tolerance. They are often exposed to multiple stressors. These can have singular 

effects, but can also appear in an additive way (Darling & Cote, 2008; Wernberg 

et al., 2012). The varying in the oxygen level in the Baltic Sea forces populations 

to adapt to the changing conditions. That is why they often live at their 

physiological limit (Feistel et al., 2008). It is known that the populations of the 

Baltic Sea have a reduced genetic variation than other similar populations in the 

Atlantic. This might be due to an evolutional selection of extreme genotypes 

(Johannesson & Andre, 2006). Some species are called “key stone species”, as 

there is often only one dominant species.  

Ecosystems can be influenced by Climate Change (Beaugrand et al., 2010; Pauli 

et al., 2012)  and by consumer populations (Estes et al., 2011; Hughes, 1994; 

Paine, 1966; Polis, 1999). Extreme conditions and events are regarded as 

important driver for the ecosystem structure, as well (Walther et al., 2002). 
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1.1 Key stone species 

A keystone species can be defined as one whose impact on its community or 

ecosystem is large, and disproportionately large relative to its abundance (Power 

et al., 1996). Bond (2001) and Mills et al. (1993) defined a keystone species as a 

species that can exert effects, not only through the commonly known mechanism 

of consumption, but also through such interactions and processes as competition, 

mutualism, dispersal, pollination, disease, and by modifying habitats and abiotic 

factors. 

Regarding the above mentioned facts, important key stone species are the isopod 

Idotea balthica Pallas 1772 (WoRMS, 2015) and the bladder wrack Fucus 

vesiculosus Linnaeus 1753 (WoRMS, 2015), which will be described later. 

Organisms of Idotea spp. are littoral and sublittoral crustaceans living at tidal 

shores (Naylor, 1955b). They are euryhaline organisms. That means that they 

are tolerant towards a wide range of salinities. This characteristic enables them 

to live in the brackish waters of the Baltic Sea (Haage, 1975; Jansson, 1967). 

Organisms of Idotea spp. are omnivores, but mainly graze on algae and algal 

debris, mainly the bladder wrack Fucus vesiculosus (Hemmi & Jormalainen, 

2002; Naylor, 1955a, 1955b). In the Baltic Sea, three common species of Idotea 

can be found. These are I. balthica, I. chelipes Pallas 1766 and I. granulosa 

Rathke 1843 (WoRMS, 2015). They inhabit Fucus belts and eelgrass 

communities (Kautsky, 2008). All of these species are very tolerant to varying 

salinity. 

Organisms of Idotea spp. are important primary consumers in littoral 

communities. They serve as food for several fish (bottom-up) (Haage, 1975, 

1976; Hällfors et al., 1975; Jansson, 1967, 1974). They can also have remarkable 

grazing rates on several algae (top-down) (Leidenberger et al., 2012). 

Breeding of Idotea spp. takes place synchronously between May and July. There 

are two phases of growth. One during the first two months and the other directly 

before maturity in spring. The largest population size can be found in autumn 

(Jansson & Matthiesen, 1971; Salemaa, 1979). In winter accumulated algal 

debris can serve as shelter and rich grazing ground if available, but the organisms 

often suffer from starvation and mortality (Salemaa, 1978, 1979). 

Adult organisms of Idotea spp. seem to be under fluctuations during the year. 

This is for example caused by nutritive resources but can also occur due to a 
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decrease in predation by fish and increased productivity in warmer summers 

(Haahtela, 1984; Jansson & Matthiesen, 1971; Kangas et al., 1982; Salemaa, 

1979, 1986).  

Idotea spp. are among the most important herbivores in many systems (Duffy et 

al., 2001; Jernakoff et al., 1996; Kensley et al., 1995). Within Fucus belts 

organisms of Idotea balthica are the most important taxon related to their quantity 

(Korpinen & Jormalainen, 2008). There they constitute about 28% of the 

crustacean grazers, as well as in eelgrass communities (Bostrom & Bonsdorff, 

2000; Schaffelke et al., 1995). 

 

Besides this crucial mesograzers, amphipods build an important part of the 

communities. One of the amphipods is the genus Gammarus Fabricius 1775 

(WoRMS, 2015). In the western Baltic Sea five species of Gammarus occur. 

These are G. locusta Fabricius 1775, G. oceanicus Segerstråle, 1947, G. 

zaddachi Sexton, 1912, G. salinus Spooner, 1947 and G. d. duebeni Lilljeborg, 

1852 (WoRMS, 2015). 

Gammarids live in different systems from freshwater to brackish environments 

like the Baltic Sea. (MacNeil et al., 1997). They live in and under substratum, 

which serves as shelter but also as food (Fitter & Manuel, 1994). Although 

gammarids are omnivores, most of the food is provided by algae (Barlöcher & 

Kendrick, 1973).The distribution of organisms of Gammarus spp. can be 

influenced by the oxygen level, acidity and pollution, as well as temperature and 

salinity (Jeffries & Mills, 1990; Whitehurst & Lindsey, 1990). Due to the fact that 

gammarids are euryhaline (Bulnheim, 1972), they are able to live in different 

salinity conditions, so also in the brackish Baltic Sea. They occur from the upper 

littoral zones to lower subtidal regions and have a broad salinity tolerance 

(Hartog, 1964; Jazdzeski, 1970; Kinne, 1954; Movaghar, 1964; Segerstrale, 

1950). 

Organisms of Gammarus spp. often occur together with Idotea spp. 

(Leidenberger et al., 2012). 

 

As mentioned above, Fucus vesiculosus is one of the important key stone species 

in the western Baltic Sea. Most Fucus species occur in habitats, that a more or 

less stressful like subtidal or the intertidal areas. The distribution zone of Fucus 
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vesiculosus is also called “Fucus belt”. Compared to the whole Baltic Sea, this 

area is very species-rich. F. vesiculosus is an important organism as it serves as 

perennial habitat for many species and builds predictable a basis of the food web 

(Hawkins & Hartnoll, 1983). 

It is already known that F. vesiculosus is able to build up a defence mechanism 

against biotic stressors. This is thought to be induced by for example grazing 

(Nietsch, 2009; Pavia et al., 1997; S. Rohde et al., 2004; Toth & Pavia, 2007; 

Weinberger et al., 2011). In this way, F. vesiculosus can control the richness of 

the herbivory community (Van Zandt & Agrawal, 2004). 

Although a positive growth up to a depth of 5 to 6m has been observed in summer 

(Sven Rohde et al., 2008; Wahl et al., 2010), there is a reduction of 95% of the 

distribution range of F. vesiculosus, as it changed from a depth of 10m in the 

1960s to a depth of just 1.5m today (Berger et al., 2004; Vogt & Schramm, 1991). 

Possible reasons for this decrease are eutrophication, epibiosis and grazing 

(Jormalainen & Ramsay, 2009; Krause-Jensen et al., 2009; Sven Rohde et al., 

2008). Overfishing and overall climate change might also be factors (Ugarte et 

al., 2010). F. vesiculosus is thought to be very sensitive to future summer 

temperatures, which might have a huge impact on communities (Raddatz et al., 

in prep.). It is possible that high grazing rates by amphipods and isopods like 

Gammarus spp. and Idotea spp. are also able to reduce Fucus populations at 

several localities (Engkvist et al., 2000). 

Fucus vesiculosus serves as habitat and food supply for the most abundant 

grazers in the Baltic Sea. These are the amphipod Gammarus spp. and the 

isopod Idotea spp. (Anders & Moller, 1983). 

 

1.2 Mesograzing 

Mesograzers have a structuring and decomposing role within the littoral 

communities. Amphipods and Isopods effect the biomass and diversity of 

vegetation (Brawley & Adey, 1981a, 1981c; Lopez et al., 1977; Robertson & 

Mann, 1980; Zimmerman et al., 1979). Herbivory is told to belong to the most 

important biotic factors regarding the development of a community at rocky 

shores like in the Baltic Sea (Dayton, 1975; Hawkins, 1981; Lubchenco, 1978; 

Lubchenco & Menge, 1978; Paine, 1974; Southward, 1964). 
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Herbivory by isopods, amphipods or gastropods can act in a mild but also in a 

severe and harmful way. A high density in herbivore populations can cause huge 

damage to the macroalgae. A positive effect is also possiblr, if they remove 

harmful epiphytes from algae (Brawley & Adey, 1981c; Nicotri, 1977; Shacklock 

& Croft, 1981). Thereby, they can affect stages of Fucus from germlings to adults 

(Dethier & Williams, 2009; Long et al., 2007; Pennings et al., 2000). There is a 

seasonal fluctuation of grazing pressure. It is low in winter and early summer 

when mesograzers are inactive or have low densities (Kotta et al., 2006). In 

contrast, grazing pressure is high in late summer when the density of juveniles is 

high (Engkvist et al., 2000; Korpinen et al., 2010). 

Not only direct effects of mesograzers like on the biomass have been observed. 

They can also mediate influences of climate change in a direct way on lower 

trophic levels (O'Connor, 2009; O'Connor et al., 2011; Walther, 2004). Alsterberg 

et al. (2013) found out that mesograzers strongly affect the balance between 

bottom-up and top-down effects. 

 

1.3 Temperature - a deciding factor 

In 1990 (Lüning) a temperature of 20°C was told as highest water temperature, 

that lasted for longer periods than weeks within the natural distribution range of 

Fucus vesiculosus. Nowadays, the water temperature is already close to the limit 

in the upper 5m of the western Baltic Sea between June and August (Wahl, 

unpubl.). The water temperature is expected to rise for 3° to 5°C in the course of 

this century (BACC, 2008; IPCC, 2007). Ecosystems are already exposed to 

extremely high temperatures during summer (Wahl et al., 2010). Due to the low 

biotic diversity within the brackish Baltic Sea, there is a high risk of disturbance 

in the littoral communities (Hällfors et al., 1981). 

Mesograzing is thought to increase with higher temperatures (BACC, 2008; 

IPCC, 2007). During former feeding experiments, Weinberger et al. (2011) 

detected a higher palatability of algae at 20°C. This might be due to a possible 

lower ability to induced defence which resulted higher grazing. 

For F. vesiculosus, warming is documented to have stress effects from a 

temperature of 20°C (Pearson et al., 2009; S. Rohde & Wahl, 2008). Besides, in 

summer 2014, Raddatz et al. (in prep.) observed a drastic decrease within the 

populations of Gammarus spp. and Idotea spp., while the temperature increased 
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up to 29°C. There might have been a thermal border and the metabolic rate of 

algae and grazers might be influenced by temperature (Jenkins et al., 2001). 

A lot of marine organisms already live close to their thermal tolerance limit 

(Hughes et al., 2003; Somero, 2002).  

It is expected that a predicted climate change scenario will shift the environmental 

variables due to temperature, which may impact numerous species and marine 

coastal systems (Harley et al., 2006; IPCC, 2007; Parmesan, 2006). As 

suggested by Phillipart et al. (2003) there might be earlier spawning in several 

species due to warmer conditions, which might end up in a mismatch towards 

food supply.  

Species with broad ecological niches might be able to better tolerate 

environmental changes. Such as species from the fluctuating Baltic Sea might be 

more flexible than species from more stable environments (Schneider, 2008). A 

consequence of a rising temperature in future, might be a shift along with their 

tolerance towards high temperature, as well as their capability to adapt to new 

conditions (Fields et al., 1993; Lubchenco et al., 1993).  

 

1.4 Ambition of the thesis 

In the last decades, numerous studies concerning climate change and its 

environmental effects were carried out. Many of them provide an insight into the 

stress ecology of different habitats. Single stressor and multiple stressor, which 

act in an additive way, were described. To be able to address the prospective 

responses of communities to climate change, it is important to do a first step: 

Understanding changes at low levels. The predicted 3° to 5°C increase in 

temperature may seem small, but can have huge impacts as not only direct but 

indirect effects of warming might be important (Wernberg et al., 2012). 

Climate change has to be regarded from the lowest trophic level of communities, 

genera or even species. It is necessary to understand how organisms cope with 

changes. 

Manipulating single stressors might help to understand and modulate possible 

scenarios of multiple ones. 

 

As described above, temperature is a significant factor regarding the 

development of several habitats. Therefore, it was hypothesized, that there is a 
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temperature dependency of feeding rates of important mesograzers in the 

western Baltic Sea. Due to the studies of Pearson et al. (2009), Rohde & Wahl 

(2008) and Raddatz et al. (in prep.), this dependency is supposed to appear in 

an optimum curve with an optimum around 20°C.  

 

H0: The feeding rate and so the faeces production increases with increasing 

temperature. There is a linear correlation between them. 

 

H: The feeding rate and so the faeces production appears in a temperature 

dependent optimum with a quadratic function.  



 

 

8 

2 Material and Methods 

 

2.1 Setting and preparation 

The experiments took place at the GEOMAR 

Helmholtz Centre for Ocean Research in Kiel in 

the North of Germany. Organisms and Algae 

were collected next to the Lighthouse Bülk, 

Strande (54.45351°N 10.19729°E, Figure 2) in 

November 2014.  

 

For the experiments 12 basins (Figure 1) with 

thermo-regulation (named A, B, C, D, E, F, G, H, 

I, K, L, M) were used 

(DC10, Thermo 

Scientific). They were 

prepared as follows: The 

basins were filled with distilled water up to three-

quarters. Six jars, filled with water and closed by lids, 

were positioned into each basin. These jars had a 

diameter of 8.5cm and a height of 9cm and served as 

construction for the experimental jars, which had the 

same size. Another six jars without lids, the experimental 

jars, were positioned on top. Through this construction, it 

was guaranteed that the heating elements were 

completely covered with water and the experimental jars were surrounded by 

water up to about 2cm beneath the rim of the jars. A flexible tube system was 

prepared and connected to two air pumps to provide a good oxygen delivery for 

each organism. 

 

For feeding experiments with Idotea balthica, an artificial feed has already been 

developed at the GEOMAR. Before starting the experiments, the collected thalli 

of Fucus vesiculosus were freeze-dried and grinded to a fine and homogeneous 

algae powder. This was stored in a Kautex to protect it from air moisture.  

 

Figure 2 Map of the Kiel Fjord 
Sample site (Bülk, Strande) is marked, 
©2015 GeoBasis-DE/BKG (©2009), 
Google on 20/04/2015 
20/04/2015 

Figure 1 Picture of 
experimental thermo basin 
Jar construction with flexible 
tube system, here: basin B 
(10°C), ©Elisa Gülzow 
28/11/2014 
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Fresh artificial feed was prepared for every new experiment of the organisms of 

one basin. For this purpose 1g algae powder was mixed with 4ml distilled water 

and 0,36g agar powder was mixed with 5ml distilled water. Two squares of baking 

paper (20 x 20cm) and one square of fly screen (5 x 5cm) were prepared. 

Additionally, a stable plate of plexiglass was laid out. The 

agar-water mixture was heated in the microwave at 800 

watt until it boiled up. It was stirred at least once. The 

algae-water mixture was quickly filled into the hot mixture 

and stirred quickly. The resulting gel was put onto the fly 

screen and pressed between the two baking paper 

squares by using the plexiglass plate. After some seconds 

the gel was solid and had filled the squares of the fly 

screen. The fly screen could be cut into small squares for 

the experiment. Feed pellets of approximately 1cm x 1cm, 

composed of small screen squares of 11 x 11 squares were used for the 

experiment (Figure 3 Picture of feed pellet 

Algae pellet used in the feeding experiments, ©Elisa Gülzow 12/12/2014).  

All of the pictures were taken by Sony Xperia S, 12 MP. 

  

Figure 3 Picture of feed 
pellet 
Algae pellet used in the 
feeding experiments, 
©Elisa Gülzow 12/12/2014 
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2.2 Study organisms 

The collected organisms were organisms of Idotea (Figure 4, Figure 5) and 

Gammarus (Figure 6 and Figure 7). 

 

 

 

 

The organisms of Gammarus were organisms of Gammarus locusta, Gammarus 

oceanicus and Gammarus salina. Organisms of Idotea were organisms of Idotea 

balthica and Idotea granulosa. 

 

 

 

 

 

  

Figure 4 Picture of study 
organism I 
Organism of Idotea balthica 

used in the experiment, @Elisa 

Gülzow 21/12/2014 

Figure 5 Taxonomic tree of Idotea 
Classification of the Genus Idotea according to the World Register of 
Marine Species at http://www.marinespecies.org/aphia.php?p 
=taxdetails&id=118454 on 21/04/2015 

Figure 7 Taxonomic tree of Gammarus 
Classification of the Genus Gammarus according to the World Register 
of Marine Species at http://www.marinespecies.org/aphia.php?p 
=taxdetails&id=101537 on 21/04/2015 

Figure 6 Picture of study 
organism II 
Organism of Gammarus sp. 
used in the experiment, @Elisa 
Gülzow 14/01/2015 
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2.3 Experiment 

The entire feeding experiment took about three weeks. During this period, the 

organisms were inserted into experimental jars. Temperature was increased or 

decreased to the respective end temperature. Prior to the feeding experiments, 

the organisms had one week of acclimatization. 

 

Detailed description: 72 experimental jars were prepared. They were filled with 

salt water from the GEOMAR system in the main building. The water came from 

the Baltic Sea and had already been sand-filtered by the system of the GEOMAR. 

Start temperature of the water in all basins was 12°C, which was the temperature 

of the Baltic Sea, when the experiment started. Thalli of Fucus vesiculosus were 

prepared and put into the jars. These had several branches to serve as feed and 

to give hold to the organisms. The length of each organism was measured by 

using a geometry set square and noted for later calculations and to get a 

reference value. The organisms were randomly put into the experiment jars, 

whereby there was only one organism in each jar. After that, the ends of the 

prepared air system were transferred into the experimental jars and fixed by a 

clothes peg, so that the air bubbles were not too strong and not too weak. 

The temperature was changed twice a day towards the end temperature of the 

respective basin (Table 1). As described above, every basin started at a 

temperature of 12°C. The end temperatures were 5°C, 10°C, 15°C, 20°C, 24°C, 

25°C, 26°C, 27°C, 28°C, 29°C and 30°C. There was also one basin where the 

temperature was kept at 12°C to control the influence of the experimental design. 

Once the end temperature in a basin has been reached, it was kept for seven 

days in order to allow for the organisms to acclimate prior the start of the 

experiment. After these seven days three steps of the feeding experiment were 

carried out. In the first step, the Fucus thalli of the respective jars were removed 

to make sure that the organisms were all hungry during the experiment and the 

results were not influenced by any other feed than the artificial. 
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Table 1 Plan of the temperature adaption period 
Daily steps of the temperature adaption in °C, one-week-acclimatization, feeding experiment (red=no 

Fucus thalli, green=feed pellet added, purple=feed pellet removed + end of experiment) 

 

 

After this starvation-phase of 24 hours, the second step was to remove the faeces 

of the former day and to insert a feed pellet into each jar for the next 24 hours. In 

the third step, the feed pellets were removed and the faeces were taken out of 

the jars. 

 

During the temperature adaption, water was changed every second to third day 

by removing up to 50% of the ‘old’ water and replacing it by fresh water from the 

system. This fresh water had been stored in the respective basin and hence 

already had the right temperature. To exclude manipulation through a modified 

salinity due to evaporation, the water level was marked at the beginning and 

checked several times a day. A minor deviation from this level was compensated 

by adding some drops of distilled water. The Fucus thalli were replaced by fresh 

thalli every few days to make sure that the organisms have fresh feed during the 

adaption. Organisms of Gammarus were more active and swam around during 

the adaption time. Therefore, an additional piece of empty fly screen was inserted 

during the feeding experiment to give them a little more hold so that they were 

not twirled around by bubbles of the air system. 

 

Date

A B C D E F G H I K L M

26.11. 12 12 12 12 12 12 12 12 12 12 12 12

27.11. 10 10 12 14 14 14 14 14 14 14 14 14

28.11. 8 10 12 15 16 16 16 16 16 16 16 16

29.11. 6 10 12 15 18 18 18 18 18 18 18 18

30.11. 5 10 12 15 20 20 20 20 20 20 20 20

1.12. 5 10 12 15 20 22 22 22 22 22 22 22

2.12. 5 10 12 15 20 24 24 24 24 24 24 24

3.12. 5 10 12 15 20 24 25 26 26 26 26 26

4.12. 5 10 12 15 20 24 25 26 27 28 28 28

5.12. 5 10 12 15 20 24 25 26 27 28 29 30

6.12. 5 10 12 15 20 24 25 26 27 28 29 30

7.12. 5 12 15 20 24 25 26 27 28 29 30

8.12. 5 20 24 25 26 27 28 29 30

9.12. 5 20 24 25 26 27 28 29 30

10.12. 24 25 26 27 28 29 30

11.12. 24 25 26 27 28 29 30

12.12. 25 26 27 28 29 30

13.12. 27 28 29 30

14.12. 29 30

Basin
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2.4 Sample processing 

After the feeding experiment of 24 hours, the feed pellet 

was removed and the faeces of these 24 hours were 

collected by a syringe. The feed pellet and the collected 

faeces of each organism were stored separately to be able 

to assign the probes to the respective organism. 

 

The feed pellets were checked for empty squares (Figure 

8). Squares were counted as an empty squares, when 

more than half of the square was eaten. The total numbers 

of eaten squares was noticed for each organism. 

 

The organisms were put into the freezer for 20 minutes at -18°C to sedate them 

and were subsequently dried in a heating cabinet for 24 hours at 80°C. 

Afterwards, the organisms were weighed to determine their dry weight to get a 

reference value for the amount of faeces and eaten squares.  

 

The faeces were filtered through glass 

microfiber filters with a pore size of 

1.2µm (GF/C 25mm, Whatman) (Figure 

9). The dry weight of these filters was 

already defined before filtration. A 

diaphragm vacuum pump (KNF), a 

filtration device and a filter flask (both 

Duran) were used for the filtration 

(Figure 10). The faeces-including filters 

were dried in the heating cabinet for 24 hours at 80°C. Finally 

the dry weights were determined by weighing the dried 

faeces-including filters. By subtracting the dry weight of the 

respective filters the exact dry weight of the faeces of each 

organism could be analysed.  

 

For the analyses and representation IBM SPSS statistics 22, CurveExpert 

Version 1.40 and Microsoft Excel 2013 were used.  

Figure 8 Feed pellet after 
the experiment 
Empty squares can be 
seen, which have been 
eaten by a study 
organisms during the 
feeding experiment, 
@Elisa Gülzow 
28/11/2014 

Figure 9 Filtrate of Idotea 
sp. 
Filtered faeces of a study 
organism before drying, 
@Elisa Gülzow 
28/11/2014 

Figure 10 Filter flask 
and filtration device 
Filtration equipment for 
the progression of the 
collected faeces 
probes, @Elisa Gülzow 
28/11/2014 
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3 Results 
 

There were two possible indicators for the feeding rates of Idotea spp. and 

Gammarus spp., the production of faeces and the empty fly screen squares of 

the feed pellets. Figure 11 and Figure 12 show correlations between the faeces 

production and empty fly screen squares, both standardised by the length of the 

organisms. There was a linear correlation with a coefficient of r=0.37 for the data 

of the organisms of Idotea spp. (Figure 11). A coefficient of r=0.59 could be found 

for a linear correlation between data of Gammarus spp. (Figure 12). 

 

 

Figure 11 Correlation of faeces and empty squares of Idotea spp. 
Correlation between quantity of faeces production and empty fly screen squares for the organisms of Idotea 
spp. Correlation coefficient r=0.37 and standard error S=1.68. 
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Figure 12 Correlation of faeces and empty squares of Gammarus spp. 
Correlation between quantity of faeces production and empty fly screen squares for the organisms of 
Gammarus spp. Correlation coefficient r=0.59 and standard error S=1.75. 

 

To compare the length and the dry weight of the organisms as standardizations 

for the resulting data, two kinds of correlations were made. These should help to 

decide about the best kind of standardization. The first correlation was done 

between the length and the dry weight of the organisms of Idotea spp. The same 

was done for Gammarus spp. A linear correlation with a coefficient of r=0.93 

between the length [mm] and the dry weight [mg] of Idotea spp. (Figure 13.) and 

a coefficient of r=0.94 for Gammarus spp. (Figure 14 Correlation of length and 

dry weight of Gammarus spp.) could be determined. 
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Figure 13 Correlation of length and dry weight of Idotea spp. 
Length and dry weight of each organism of Idotea spp. with a linear regression. Standard error (S)=3.1 and 
correlation coefficient (r)=0.93. 

 

 

Figure 14 Correlation of length and dry weight of Gammarus spp. 
Length and dry weight of each organism of Gammarus spp. with a linear regression. Standard error S=5.54 
and correlation coefficient r=0.94. 
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3.1 Idotea spp. 

The quantity of faeces production in dependence of temperature was tested on 

organisms of the genus Idotea. The resulting data were standardised by the 

length of the respective organisms. Therefore, results are presented in the 

quantity of faeces [mg] per millimetre of the organisms. 

 

The control basin (C) with a temperature of 12°C was used to determine if the 

experimental design had an influence on the resulting data. The feeding 

experiment was conducted at the beginning and the end of the time and the 

faeces production was analysed. A t-test showed that these data were 

significantly not different (p=0.735). No mortality was observed in this basin. 

 

The quantities of faeces production at different temperatures are indicated in 

Figure 15. A low faeces production was observed at 5°C and increased to the 

maximum of faeces production at 15°C. The quantity of faeces decreased 

continuously until 30°C. It could be established that the amount of faeces was 

similar at 5°C and at 30°C. For the analysis, a variance homogeneity test was 

carried out, which showed that the data were not homogenous (p=0.000). The 

equality of the mean values was tested by a Welch-test which was significant 

(p=0.000). Consequently, the data were not equal. As a post-hoc test the Scheffé-

test was used to compare the mean values of the data. A significant difference 

between 5°C and 15°C (p=0.041) could be established. There was a significant 

lower faeces production at 5°C than at 15°C. No significant differences within the 

higher temperature steps were identified. 
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Figure 15 Faeces production Idotea spp. 
Mean faeces production per experimental basin at different temperatures. Standardised by length of 
organisms. Significant difference (p=0.041) between 5°C and 15°C. 
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As an educated guess 

regarding the course of a 

potential curve could already 

be made, the CurveFinder of 

CurveExpert was used for 

further analyses to find a best-fitting curve for the mean 

faeces production of the organisms. Therefore, the 

mean values of the faeces production were used. The 

three best fitting curve models, the Polynomial Fit, 

Gaussian Model and the Sinusoidal Fit are illustrated 

in Table 3. The best fitting curve model was the 

Polynomial Fit with a correlation coefficient of r=0.90 

(Figure 16). The formula and the corresponding 

parameters can be found in Table 2. 

 

 

 

  

Table 3 Data-fitting curve models of faeces prod. of Idotea spp. 
Three best fitting curve models. S= standard error; r= correlation 
coefficient. 

Figure 16 Polynomial Fit of faeces production of Idotea spp. 
Faeces production of Idotea spp. at different temperatures. Best fitting curve model for resulting data. S= 
standard error; r= correlation coefficient. 

Table 2 Formula of curve model 
for Idotea spp. 
Formula of the Polynomial Fit of 
the faeces production of Idotea 
spp. and parameters a, b, c and 
d 
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In addition to the quantity of faeces production, the empty fly screen squares of 

the feed pellets of the corresponding organisms from different temperatures were 

inspected. These data were also standardised by the length of the organisms. 

The results are consequently presented in the quantity of empty squares per 

millimetre of the organism. Figure 17 shows the results of the mean values of 

empty fly screen squares at different temperatures. The quantity of empty 

squares increased to a peak at 15°C while there were less empty squares at 

20°C. The next peak was at 25°C. There was a decrease in the quantity of empty 

squares until a temperature of 30°C was reached. To analyse these data, a 

variance homogeneity test released that the data were homogenous (p=0.004). 

The following ANOVA was not significant (p=0.209). There was no significant 

difference between the mean values of these data.  

 

 

Figure 17 Empty fly screen squares Idotea spp. 
Mean numbers of empty fly screen squares per experimental basin at different temperatures. Standardised 
by length of organisms. 
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For the data of the empty 

squares, a best-fitting curve 

model was searched, as well, 

by using the CurveFinder of 

CurveExpert. Table 5 shows 

the three best-fitting curve models for the data. As a 

Sinusoidal Fit is not appropriate for this kind of data set, 

Table 4 shows the formula of the quadratic curve 

model and its parameters. The Quadratic Fit had a 

correlation coefficient of r=0.65. 

The Quadratic Fit of the empty squares is illustrated in 

Figure 18 Quadratic Fit of faeces production of Idotea 

spp.. 

 

 

Figure 18 Quadratic Fit of faeces production of Idotea spp. 
Empty squares of Idotea spp. at different temperatures. Best fitting curve model for resulting data. S= 

standard error; r= correlation coefficient. 
 

  

Table 5 Data-fitting curve models of empty sq. of Idotea spp. 
Three best fitting curve models. S= standard error; r= correlation 
coefficient. 

Table 4 Formula of curve model 
for Idotea spp. 

Formula of the Quadratic Fit of 
the empty squares of Idotea 
spp. and parameters a, b, c and 
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As side effect, the mortality was considered for organisms of Idotea spp. during 

the whole experiment. The results are presented in the percentage of mortality in 

the respective basins and illustrated in Figure 19. There was no mortality in the 

basins which reached a final temperature of 5°C to 20°C or 25°C and 26°C while 

a third of the organisms of basin F that reached a temperature of 24°C, died. A 

high mortality was also observed at higher temperatures. Half of the organisms 

of basin K (28°C) and a third of the organisms of basin L (29°C). There was a 

mortality rate of 15% in the basins I (27°C) and M (30°C). 

 

 

Figure 19 Mortality Idotea spp. 
Percentage mortality per experimental basin. Six organisms in each basin. 
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3.2 Gammarus spp. 

For the organisms of the genus Gammarus the quantity of faeces production was 

tested at different temperatures. These results were standardised by the length 

of the particular organisms, so that the results are presented in the mean quantity 

of faeces production [mg] per millimetre of organism.  

 

A control basin (C) with a temperature of 12°C for Gammarus spp. was used in 

order to prove that the experimental design had no effect on the quantity of faeces 

production. The feeding experiment was carried out at the beginning and the end 

of the time. A t-test was used to analyse the faeces production of both 

experimental parts. It showed that these data were significantly not different 

(p=0.359). One of five organisms of this basin died during the keeping. 

 

The results of the feeding experiments at the different temperatures are shown in 

Figure 20. There was an increase of faeces production from 5°C upwards, which 

had a peak at 20°C. A decrease of the production of faeces could be observed in 

the following basins: In the 27°C-basin (I), the faeces production was low like at 

the beginning 5°C. Due to mortality, there were no data for basins K, L and M. 

Data were analysed by a variance homogeneity test that showed that the data 

were homogenous (p=0.955). An ANOVA was not significant (p=0.166). There 

were no significant differences between the mean values of these Gammarus 

data.  
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Figure 20 Faeces production Gammarus spp. 
Mean faeces production per experimental basin at different temperatures. Standardised by length of 
organisms.  
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By using the CurveFinder of 

CurveExpert, the best fitting 

curve model for the data 

could be found. Here the data 

of every single organisms was 

used. The three best fitting 

models can be seen in Table 7 Data-fitting curve 

models of faeces prod. of Gammarus spp.. These were 

a Rational Function, Polynomial Fit and a Reciprocal 

Quadratic Function. The best fitting curve model was a 

Rational Function with a correlation coefficient of 

r=0.95. This curve is illustrated in Figure 21 Rational 

Function of faeces production of Gammarus spp.. The 

corresponding formula and its parameters can be 

found in Table 6. 

 

 

Figure 21 Rational Function of faeces production of Gammarus spp. 
Faeces production of Gammarus spp. at different temperatures. Best fitting curve model for resulting data. 
S= standard error; r= correlation coefficient. 

  

Table 7 Data-fitting curve models of faeces prod. of Gammarus 
spp. 
Three best fitting curve models. S= standard error; r= correlation 
coefficient. 
 

Table 6 Formula of curve model 
for Gammarus spp.  
Formula of the Rational 
Function of the faeces 
production of Gammarus spp. 

and parameters a, b, c and d 
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For the organisms of Gammarus, the number of empty fly screen squares of the 

feed pellets was also quantified. The results were standardised by the length of 

the organisms. Collected data can be seen in Figure 22. The feed pellets of basin 

A (5°C) showed a very low quantity of empty squares. There was a continuous 

increase up to a peak in the basin with 20°C. The next small peak could be 

observed at 25°C. There were no empty or little empty squares in the pellets of 

the basins with a final temperature of 24°C and 27°C. No results can be given for 

the basins with temperatures of 28°C to 30°C due to mortality. A variance 

homogeneity test showed that the data were homogenous (p=0.028). A following 

ANOVA was not significant (p=0.596). There was no significant difference 

between the mean values of the empty squares.  

 

 

Figure 22 Empty fly screen squares Gammarus spp. 
Mean numbers of empty fly screen squares per experimental basin at different temperatures. Standardised 
by length of organisms. 
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The CurveFinder of 

CurveExpert was again used 

for these data. A best-fitting 

curve model was searched for 

the data of the empty fly 

screen squares of the 

experiments of organisms of Gammarus spp. Table 9 

Data-fitting curve models of empty squares. of 

Gammarus spp.shows the three best-fitting curve 

model for our data. As the Sinusoidal Fit is not 

appropriate to the data, the Polynomial Fit is illustrated 

in Figure 23. This curve had a correlation coefficient of 

r=0.82. Table 8 shows the formula of this curve and the 

respective parameters. 

 

 

Figure 23 Polynomial Fit of empty squares of Gammarus spp. 
Empty fly screen squares of Gammarus spp. at different temperatures. Best fitting curve model for resulting 
data. S= standard error; r= correlation coefficient. 

  

Table 9 Data-fitting curve models of empty squares. of 
Gammarus spp. 

Three best fitting curve models. S= standard error; r= correlation 
coefficient. 

Table 8 Formula of curve model 
for Gammarus spp.  
Formula of the Rational 
Function of the empty squares 
of Gammarus spp 
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A side effect of the experiments of Gammarus spp. was also the mortality. This 

factor was monitored and noticed during the whole experiment. Figure 24 shows 

the percentage of dead organisms in the respective basins. As basins A to D 

started with 5 organisms, the percentages of these basins refer to a 100%-rate 

of five organisms instead of six. This was due to the quantity of organisms. A low 

mortality of 20% could be established in the lower tempered basins. No mortality 

was monitored in the basins, which reached 15°C and 20°C. The 24°C-basin 

showed a high mortality of two-thirds. In the basin that reached 25°C, a low 

mortality of less than 20% was realized. High mortality rates could be detected at 

higher temperatures. Basins H (26°C) and I (27°C) had a mortality of more than 

80%. In the basins with temperatures between 28°C to 30°C, all of the organisms 

of Gammarus died.  

 

  

Figure 24 Mortality Gammarus spp. 
Percentage mortality per experimental basin. A-D with 100%-rate of five organisms, other basins with six 
organisms. 
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3.3 Result summary 

No significant results could be found by using the quantity of fly screen squares 

as indicator for the feeding rates of organisms of Idotea and Gammarus. During 

the experiments of the organisms of Idotea spp., a significant higher mean faeces 

production could be established at a temperature of 15°C than at a low 

temperature of 5°C. During the experiments of the organisms of Gammarus spp., 

no significant results could be found regarding the quantity of faeces production. 

In both genera, mortality was higher in basins that reached higher temperatures 

of more than 25°C than in basins that had a lower final temperature. Especially, 

organisms of Gammarus spp. died when higher temperatures were reached. The 

data of the faeces production of Idotea spp. at different temperatures fit to a 

polynomial curve model. The data of the faeces production of organisms of 

Gammarus spp. fit to a rational curve model. The experimental time had no effect 

on the results.  
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4 Discussion 
 

4.1 Result discussion 

Prior to analysing the resulting data of the feeding experiments, the task was to 

find out the possible indicator suitable for the analyses. There was the possibility 

to indicate the feeding rates of the organisms of Idotea spp. and Gammarus spp. 

by quantifying the empty fly screen squares of the feed pellets. A second possible 

indicator for the feeding rates was to quantify the faeces production. A correlation 

was done between the faeces production and the empty fly screen squares of the 

experiments of both genera. In both cases, neither for Idotea spp. nor for 

Gammarus spp., there was a very good linear correlation between the data sets. 

The method of quantifying the empty fly screen squares seemed to be very 

imprecise. This will be explained more detailed in the method discussion. 

Therefore, the faeces production was more suitable for the analyses. 

 

A second task was to find out the best way for a standardization of the data. The 

reason for it was, that the organisms were not of the same size, so that for a 

comparison there had to be a kind of standardization. A correlation of the length 

and the dry weight of the organisms of Idotea spp. and Gammarus spp. was done. 

There was a good linear correlation between the data sets. It could be assumed 

that both, the length and the dry weight, could be used as standardisation value. 

This was tested during a third correlation between the faeces production 

standardised with the length and the faeces production standardised with the dry 

weight. We also found a good linear correlation for the correlations of organisms 

of Idotea spp. and Gammarus spp. Obviously both could be used as 

standardisation value. Here, the length was used to standardise the data. 
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4.1.1 Idotea spp. 

The faeces production of organisms of Idotea spp. in dependence of temperature 

was investigated as an indicator for the feeding rate.  

 

When we compared the mean values of the faeces production of the different 

tempered basins, we detected a significant difference in the mean values 

belonging to 5°C and 15°C. Subsequently, it can be supposed, that there is 

indeed a higher feeding rate at 15°C than at 5°C. As explained above, the 

resulting data of the quantification of empty fly screen squares seemed to be 

imprecise and were influenced by the feeding behaviour of the organisms as they 

often only ate at the surface of the feed pellets. These data were not appropriate 

to be used as indicator for the feeding rate.  

 

The assumption was that there could be a kind of optimum curve for the feeding 

rates of organisms of Idotea spp. A polynomial curve model was found as best-

fitting model for these data. While this curve model had a correlation coefficient 

of r=0.90, the previous assumption could be largely confirmed. It was supposed 

that there would be a low metabolic rate at low temperatures which might be 

followed by a low feeding rate. An increase was assumed up to a temperature of 

approximately 20°C with a subsequent more abrupt decrease. The curve model 

of the faeces production of Idotea spp. showed exactly the course that was 

expected. The curve showed a slow increase of the faeces production, an 

optimum at the beginning of 20°C and a decrease of the faeces production up to 

30°C.  

 

Observations during the experiment showed a clear difference in the vitality of 

organisms at temperatures of 5°C and 21°C. The organisms in the 5°C-basin 

moved very slowly and seemed lethargic. The organisms in the basin that 

reached 21°C were very active and swam around a lot. These observations suited 

to the resulting data. The low vitality at lower temperatures could be explained by 

a low metabolic rate which takes fewer energy and makes it possible to calm 

down the feeding rates. 

As assumed, the metabolic rate seemed to increase to a kind of optimum, which 

was followed by a higher vitality and a higher feeding rate. A sudden decrease in 
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the feeding rates could be established, when the temperature exceeded this 

optimum. A lower vitality could be observed at this temperatures. This could be 

due to a decrease in the metabolic rate because of heating stress.  

 

The mortality rates of the organisms of Idotea spp. showed a higher mortality at 

the upper temperatures than the lower ones. It seemed as if lower temperatures 

could be tolerated more easily. The higher temperatures above the middle 20°C 

were often followed by a high mortality rate. This matched the former 

assumptions that higher temperatures could constitute a problem for the surival 

of the organisms. 

The high mortality in basin F (24°C) was proved by looking for any technical 

influences like light or a false temperature on the display of the experimental 

basin. No indication for the high mortality could be found. This temperature might 

be a critical point for the organisms. The organisms of basin F might also have 

been more sensitive than the others. 
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4.1.2 Gammarus spp. 

For the organisms of Gammarus spp., the faeces production was also quantified 

in dependence of the temperature as an indicator for the feeding rate. 

 

During a comparison of the mean values of the faeces production from organisms 

of Gammarus spp., no significant differences could be found. The quantification 

of the empty fly screen squares were, as well, rather imprecise as the organisms 

of Gammarus spp. often only ate at the surface of the feed pellet, but more often 

just ate from the margin of the pellet. Therefore, these results should be 

considered with caution. The faeces production might have given better resulting 

data about the feeding rates of the organisms of Gammarus spp. No statement 

can be made for the organisms in the basins that reached temperatures of 28°C 

and above. There was a mortality rate of 100%. 

 

It was guessed that data could appear in a kind of optimum curve for the faeces 

production of Gammarus spp., as well. A Rational Function was considered to be 

the best-fitting curve for the data with a correlation coefficient of r=0.95. It was 

expected, that there would be an increase of the feeding rate with an optimum 

around 20°C and a more or less sudden decrease. The rational curve showed 

these course of the results. The optimum was situated slightly below 20°C. There 

was indeed a slower increase and a sudden decrease of the faeces production.  

 

During the experiments, the mortality of the organisms of Gammarus spp has 

also been observed. Mortality could be established in every basin except basin 

D and E that reached 15°C and 20°C. It can be assumed, that organisms of 

Gammarus spp. are very intolerant to temperatures above 20°C. In that basins 

up to 100% of the organisms died. In basins A to C, only one organism died. 

Thus, these temperatures might not create such huge problems like higher ones. 

During the experiments of the organisms of Idotea spp. a higher mortality in basin 

F, which reached 24°C, was detected. This basin was inspected for any other 

influences but no external reason for the high mortality rate could be found. 

Therefore, it could be supposed, that there might be a critical point for the 

metabolic rate and surviving of the organisms. Another reason could be, that this 

was just coincidental.  
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4.1.3 Comparison and summary 

The course of the faeces production over the different temperature steps were 

very similar between both genera. Both showed a slow increase and a more or 

less sudden decrease in the production of faeces. Both genera seemed to better 

tolerate low temperatures than high temperatures. The organisms of Gammarus 

spp. seemed to be more mortality-prone than the organisms of Idotea spp. The 

best-fitting curve model showed an optimum above 20°C for Idotea spp. and an 

optimum below 20°C for Gammarus spp. This might be an indicator for a lower 

tolerance limit of Gammarus spp. towards temperature.  

 

Mesograzing was already presumed to increase beyond temperatures of 15°C 

(BACC, 2008; IPCC, 2007). Due to a drastic decrease of populations of 

Gammarus spp. and Idotea spp. at a temperature of 29°C (Raddatz et al., in 

prep.) an optimum of the feeding rates was thought to be situated somewhere in 

the middle of these two temperatures.  

 

The observation of a decrease of the mesograzers populations (Raddatz et al., 

in prep.) confirm the mortality during the experiments of this study. A possible 

reason might be a collapsing metabolic rate. A dependency of the metabolic rate 

and temperature was already guessed by Jenkins et al. (2001). 

 

Consequently, as it was determined that the faeces production can be seen as 

indicator for the feeding rates. 

As null hypothesis we supposed that the feeding rate and so the faeces 

production increases with increasing temperature and that there is a linear 

correlation between them. This can be rejected. It can be supposed that the 

feeding rates of the organisms of Idotea spp. and Gammarus spp. appear in an 

optimum curve. This validates the previous alternative hypothesis that there 

might be a dependency between the feeding rate and temperature in a non-linear 

way but a quadratic function. The optima were situated slightly above (Idotea 

spp.) and beyond (Gammarus spp.) 20°C. 
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4.2 Method discussion 

For a critical reflection of the experimental design, there will be a method 

discussion in the following.  

 

To quantify the feeding rates of organisms of Idotea spp. and Gammarus spp., 

the quantity of empty fly screen squares of the feed pellets as well as the quantity 

of faeces production of the respective organisms has been considered. The 

quantity of empty fly screen squares must be considered critically. Obviously, the 

empty fly screen squares do not exactly show the quantity that has been eaten. 

During the quantification of the fly screen squares, it could already be observed, 

that many of the squares were just eaten at the surface. Some of the pellets were 

eaten at the margin and were therefore not counted as empty squares because 

it was not within the used 11 x 11 squares of the feed pellet. Consequently, these 

squares were neither counted as empty squares nor quantified for the feeding 

rate, although the respective organism has eaten something. 

To sum that up, this method of quantification might have been rather imprecise. 

That could also be the reason, why the results of this experimental part were not 

significant and had large standard errors. Therefore, the feeding rates should be 

quantified by taking the faeces production of the respective organisms as 

indicator. 

 

The organisms of Idotea spp. as well as of Gammarus spp. were not of the same 

size. Therefore, it was difficult to compare the data. A reference value to 

standardize the results had to be found. In both cases the length of every 

organism was measured before it was put into the experimental jars. Additionally, 

the dry weight of the organisms was measured after the feeding experiments. As 

described in the result discussion, both values were appropriate. For the 

standardization the lengths of the organisms was used.  

 

As illustrated in Table 1, organisms that were put in the basins, which reached 

higher temperatures, stayed there for a longer time than organisms in the basins, 

with a final temperature of for example 5°C. Therefore, the influence of time was 

tested by using a control basin, in which the temperature was kept at the starting 

temperature for the whole time, but although passed through the feeding 
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experiment like all other basins. The feeding experiment was carried out at the 

beginning, immediately after inserting the organisms in the experimental jars, and 

at the end of the acclimatization period of seven days. The resulting data were 

compared by a t-test. This test showed, that there was no difference between 

these two data sets of feeding experiments. The time which the organisms stayed 

in the experimental jars had no influence on the resulting quantity of faeces 

production. 

 

To exclude that the results were influenced by feed, an artificial feed pellet was 

prepared. This was already used for other feeding experiments at the GEOMAR. 

All pellets had the same size and consisted of homogenous algae powder, so 

that the ingredients of the pellets were identical. Due to the fact that the pellets 

were prepared freshly prior to each experiment, none of them might have been 

more palatable or attractive. 

 

The organisms were kept individually to exclude an influence due to feed 

competing or space competition. 

 

The amount of parallel experiments within one basin was limited by the size of 

the basins. The water for the next water change had to be stored in the respective 

basin as well, so that no more than six jars could be arranged within one basin. 

Moreover, additional repetitions of the whole experiment were limited by the 

amount of organisms. Due to the season, there were not enough organisms to 

conduct the experiments once or several times again. 

For further investigations it might be useful to conduct the experiments with more 

organisms or carry out more repetitions to get a larger amount of data.  
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4.3 Prospects 

Referring to the introduction, herbivory is told to belong to the most important 

biotic factors of climate change (Dayton, 1975; Hawkins, 1981; Lubchenco, 1978; 

Lubchenco & Menge, 1978; Paine, 1974; Southward, 1964).  

Due to the results of this thesis, it can be expected that while temperature 

decreases during the century (BACC, 2008; IPCC, 2007), the feeding rates of 

important mesograzers will temporary increase up to a temperature of about 

20°C, but finally will also decrease because of a collapse in the metabolic rate of 

mesograzers. 

 

Nowadays, water temperature is already close to the limit in the upper 5m of the 

western Baltic Sea between June and August (Wahl, unpubl.) and ecosystems 

are exposed to extreme temperatures during summer (Wahl et al., 2010).  

Due to the low biotic diversity in the brackish Baltic Sea with just some dominate 

and specialised species and thus a high risk of disturbance in the littoral 

communities (Hällfors et al., 1981), the loss of a single species can have wide 

consequences. A single dominant species cannot be easily replaced by another 

species, because there is none. 

Mesograzers have a structuring and decomposing role in the littoral communities 

as they do not only graze on algae (top-down) but also serve as food supply for 

smaller fish (bottom-up) (Brawley & Adey, 1981a, 1981c; Lopez et al., 1977; 

Robertson & Mann, 1980; Zimmerman et al., 1979). Consequently, if grazers 

remove from a system, the consequences might be drastic changes within the 

community. This may have consequences on a whole habitat or environment. 

Species like organisms of Gammarus spp. and Idotea spp. inhabiting the 

fluctuating Baltic Sea might be more flexible than species from more stable 

environments (Schneider, 2008), but this flexibility seems to have its limits at 

higher temperatures. 

 

These facts show, how important it is, to start understanding climate change at 

low levels. A lot of work has to be done to be able to understand the interaction 

of multiple biotic and abiotic stressors. But in this way we might be able to address 

the whole dimension of responses to climate change. 
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V. Appendix 
 

 

  

Appendix 1 Recipe for feed pellets 
Original recipe of the artificial algae feed pellets of the GEOMAR 
of the GEOMAR 
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a. Appendix Idotea spp. 

 

Appendix 2 Raw data Idotea spp. part 1 
Data of the organisms of Idotea spp. (Species: 1= I.balthica, 2= I.granulosa) 

Basin Temp. 
[°C] 

Ind. Species Length 
[mm] 

Dry 
weight 
[mg] 

Faeces 
[mg] 

Pellet  
[# empty 
squares] 

A-5 5 A.1 1 18 30.910 9.850 2 

A.2 1 20 37.340 8.150 8 

A.3 1 11 9.550 5.500 0 

A.4 2 12 14.770 4.420 0 

A.5 1 12 10.720 7.270 1 

A.6 1 10 7.620 7.430 2 

B-10 10 B.1 1 18 32.670 14.820 69 

B.2 1 14 12.650 3.720 0 

B.3 2 11 13.040 9.900 18 

B.4 2 10 9.660 4.500 4 

B.5 2 12 14.200 0.000 2 

B.6 1 11 7.280 10.260 0 

C-12 12 C.1 1 15 24.540 21.490 50 

C.2 1 21 43.640 21.550 58 

C.3 1 11 10.840 9.330 2 

C.4 1 13 16.300 11.410 12 

C.5 2 13 22.000 10.420 1 

C.6 1 11 9.130 9.420 0 

D-15 15 D.1 1 13 13.340 20.070 25 

D.2 1 14 18.930 22.700 46 

D.3 1 13 20.470 20.640 22 

D.4 1 13 18.180 20.510 98 

D.5 1 12 15.050 18.890 3 

D.6 1 11 9.900 12.960 0 

E-20 20 E.1 1 18 31.790 27.240 5 

E.2 1 14 17.850 23.640 19 

E.3 2 13 23.010 10.070 8 

E.4 2 11 16.450 10.170 4 

E.5 1 12 10.550 10.050 6 

E.6 1 11 10.860 19.700 16 

F-24 24 F.3 1 13 17.630 19.460 20 

F.4 2 11 13.330 10.950 7 

F.5 1 13 23.550 23.570 19 

F.6 1 10 9.460 11.230 31 

G-25 25 G.1 1 14 19.150 10.330 9 

G.2 1 15 21.100 17.220 23 

G.3 2 10 9.860 21.680 1 

G.4 1 14 13.470 20.280 107 
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G.5 1 16 22.410 4.870 57 

G.6 1 11 12.890 19.770 50 

H-26 26 H.1 1 14 22.150 18.480 45 

H.2 1 14 20.980 22.190 56 

H.3 1 12 19.700 16.590 26 

H.4 2 12 18.920 9.890 6 

H.5 1 12 16.940 15.130 3 

H.6 1 10 7.780 9.570 9 

I-27 27 I.1 1 18 39.710 19.860 121 

I.2 1 18 34.920 20.600 34 

I.4 1 11 11.040 13.190 7 

I.5 1 13 14.450 17.060 4 

I.6 1 10 13.850 14.950 5 

K-28 28 K.3 1 11 13.730 13.570 11 

K.5 1 13 18.770 7.560 41 

K.6 1 10 9.090 14.200 1 

L-29 29 L.2 1 14 16.950 8.020 2 

L.3 1 10 9.410 6.420 0 

L.4  13 20.050 19.220 26 

L.6 1 10 13.010 10.630 6 

M-30 30 M.1 1 13 20.740 7.890 4 

M.3 1 14 20.270 8.160 10 

M.4 1 15 20.340 8.270 0 

M.5 1 11 9.570 5.850 3 

M.6 1 10 9.320 8.590 5 

T0-C-12 12 C.1 1 15 24.540 10.510 8 

C.2 1 21 43.640 12.550 39 

C.3 1 11 10.840 9.600 8 

C.4 1 13 16.300 13.970 21 

C.5 2 13 22.000 5.780 2 

C.6 1 11 9.130 10.660 11 
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Appendix 3 Raw data Idotea spp. part 2 
Faeces and empty squares standardised by the length and the dry weight 

Basin Ind. Faeces/mm [mg] Squares/mm Faeces/mg [mg] Squares/mg 

A-5 A.1 0.547 0.11 0.319 0.06 

A.2 0.408 0.40 0.218 0.21 

A.3 0.500 0.00 0.576 0.00 

A.4 0.368 0.00 0.299 0.00 

A.5 0.606 0.08 0.678 0.09 

A.6 0.743 0.20 0.975 0.26 

MV 0.529 0.13 0.511 0.11 

B-10 B.1 0.823 3.83 0.454 2.11 

B.2 0.266 0.00 0.294 0.00 

B.3 0.900 1.64 0.759 1.38 

B.4 0.450 0.40 0.466 0.41 

B.5 0.000 0.17 0.000 0.02 

B.6 0.933 0.00 1.409 0.00 

MV 0.562 1.01 0.564 0.65 

C-12 C.1 1.433 3.33 0.876 2.04 

C.2 1.026 2.76 0.494 1.33 

C.3 0.848 0.18 0.861 0.18 

C.4 0.878 0.92 0.700 0.74 

C.5 0.802 0.08 0.474 0.05 

C.6 0.856 0.00 1.032 0.00 

MV 0.974 1.21 0.739 0.72 

D-15 D.1 1.544 1.92 1.504 1.87 

D.2 1.621 3.29 1.199 2.43 

D.3 1.588 1.69 1.008 1.07 

D.4 1.578 7.54 1.128 5.39 

D.5 1.574 0.25 1.255 0.20 

D.6 1.178 0.00 1.309 0.00 

MV 1.514 2.45 1.234 1.83 

E-20 E.1 1.513 0.28 0.857 0.16 

E.2 1.689 1.36 1.324 1.06 

E.3 0.775 0.62 0.438 0.35 

E.4 0.925 0.36 0.618 0.24 

E.5 0.838 0.50 0.953 0.57 

E.6 1.791 1.45 1.814 1.47 

MV 1.255 0.76 1.001 0.64 

F-24 F.3 1.497 1.54 1.104 1.13 

F.4 0.995 0.64 0.821 0.53 

F.5 1.813 1.46 1.001 0.81 

F.6 1.123 3.10 1.187 3.28 

MV 1.357 1.68 1.028 1.44 

G-25 G.1 0.738 0.64 0.539 0.47 

G.2 1.148 1.53 0.816 1.09 
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G.3 2.168 0.10 2.199 0.10 

G.4 1.449 7.64 1.506 7.94 

G.5 0.304 3.56 0.217 2.54 

G.6 1.797 4.55 1.534 3.88 

MV 1.267 3.00 1.135 2.67 

H-26 H.1 1.320 3.21 0.834 2.03 

H.2 1.585 4.00 1.058 2.67 

H.3 1.383 2.17 0.842 1.32 

H.4 0.824 0.50 0.523 0.32 

H.5 1.261 0.25 0.893 0.18 

H.6 0.957 0.90 1.230 1.16 

MV 1.222 1.84 0.897 1.28 

I-27 I.1 1.103 6.72 0.500 3.05 

I.2 1.144 1.89 0.590 0.97 

I.4 1.199 0.64 1.195 0.63 

I.5 1.312 0.31 1.181 0.28 

I.6 1.495 0.50 1.079 0.36 

MV 1.251 2.01 0.909 1.06 

K-28 K.3 1.234 1.00 0.988 0.80 

K.5 0.582 3.15 0.403 2.18 

K.6 1.420 0.10 1.562 0.11 

MV 1.078 1.42 0.984 1.03 

L-29 L.2 0.573 0.14 0.473 0.12 

L.3 0.642 0.00 0.682 0.00 

L.4 1.478 2.00 0.959 1.30 

L.6 1.063 0.60 0.817 0.46 

MV 0.939 0.69 0.733 0.47 

M-30 M.1 0.607 0.31 0.380 0.19 

M.3 0.583 0.71 0.403 0.49 

M.4 0.551 0.00 0.407 0.00 

M.5 0.532 0.27 0.611 0.31 

M.6 0.859 0.50 0.922 0.54 

MV 0.626 0.36 0.545 0.31 

T0-C-12 C.1 0.701 0.53 0.428 0.33 

C.2 0.598 1.86 0.288 0.89 

C.3 0.873 0.73 0.886 0.74 

C.4 1.075 1.62 0.857 1.29 

C.5 0.445 0.15 0.263 0.09 

C.6 0.969 1.00 1.168 1.20 

MV 0.777 0.98 0.648 0.76 
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Appendix 4 Faeces production Idotea spp.; output of SPSS 
Analyses of SPSS analyses for the data of Idotea spp. 

 

 

  

Untergrenze Obergrenze

5°C 6 .5287 .13671 .05581 .3852 .6721 .37 .74

10°C 6 .5620 .38367 .15663 .1594 .9646 0.00 .93

12°C 6 .9738 .23748 .09695 .7246 1.2231 .80 1.43

15°C 6 1.5138 .16638 .06793 1.3392 1.6884 1.18 1.62

20°C 6 1.2552 .45944 .18756 .7730 1.7373 .78 1.79

24°C 4 1.3570 .37119 .18559 .7664 1.9476 1.00 1.81

25°C 6 1.2673 .68516 .27971 .5483 1.9864 .30 2.17

26°C 6 1.2217 .28194 .11510 .9258 1.5175 .82 1.59

27°C 5 1.2506 .15757 .07047 1.0550 1.4462 1.10 1.50

28°C 3 1.0787 .44007 .25407 -.0145 2.1718 .58 1.42

29°C 4 .9390 .41955 .20977 .2714 1.6066 .57 1.48

30°C 5 .6264 .13319 .05956 .4610 .7918 .53 .86

Gesamt-

summe
63 1.0435 .46091 .05807 .9274 1.1596 0.00 2.17

Deskriptive Statistik

H Mittelwert

Standard-

abweichung

Standard-

fehler

95 % Konfidenzintervall 

für Mittelwert

Minimum Maximum

Statistik
a

df1 df2 Sig.

Welch 12.888 11 17.993 .000

Brown-

Forsythe
4.627 11 25.457 .001

Zuverlässige Tests auf Gleichheit der Mittelwerte

a. Asymptotisch F-verteilt.

Scheffé

Untergrenze Obergrenze

10°C -.03333 .20689 1.000 -.9994 .9327

12°C -.44517 .20689 .940 -1.4112 .5209

15°C -,98517
* .20689 .041 -1.9512 -.0191

20°C -.72650 .20689 .365 -1.6925 .2395

24°C -.82833 .23131 .334 -1.9084 .2517

25°C -.73867 .20689 .338 -1.7047 .2274

26°C -.69300 .20689 .443 -1.6590 .2730

27°C -.72193 .21699 .454 -1.7351 .2913

28°C -.55000 .25339 .936 -1.7331 .6331

29°C -.41033 .23131 .986 -1.4904 .6697

30°C -.09773 .21699 1.000 -1.1109 .9155

Mehrfachvergleiche

(I) Versuchbedingung

Mittelwert-

differenz (I-J)

Standard-

fehler Sig.

95 % Konfidenzintervall

5°C
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5°C .03333 .20689 1.000 -.9327 .9994

12°C -.41183 .20689 .966 -1.3779 .5542

15°C -.95183 .20689 .058 -1.9179 .0142

20°C -.69317 .20689 .443 -1.6592 .2729

24°C -.79500 .23131 .400 -1.8751 .2851

25°C -.70533 .20689 .414 -1.6714 .2607

26°C -.65967 .20689 .525 -1.6257 .3064

27°C -.68860 .21699 .533 -1.7018 .3246

28°C -.51667 .25339 .959 -1.6998 .6665

29°C -.37700 .23131 .993 -1.4571 .7031

30°C -.06440 .21699 1.000 -1.0776 .9488

5°C .44517 .20689 .940 -.5209 1.4112

10°C .41183 .20689 .966 -.5542 1.3779

15°C -.54000 .20689 .804 -1.5060 .4260

20°C -.28133 .20689 .999 -1.2474 .6847

24°C -.38317 .23131 .992 -1.4632 .6969

25°C -.29350 .20689 .998 -1.2595 .6725

26°C -.24783 .20689 1.000 -1.2139 .7182

27°C -.27677 .21699 .999 -1.2900 .7364

28°C -.10483 .25339 1.000 -1.2880 1.0783

29°C .03483 .23131 1.000 -1.0452 1.1149

30°C .34743 .21699 .994 -.6658 1.3606

5°C ,98517
* .20689 .041 .0191 1.9512

10°C .95183 .20689 .058 -.0142 1.9179

12°C .54000 .20689 .804 -.4260 1.5060

20°C .25867 .20689 .999 -.7074 1.2247

24°C .15683 .23131 1.000 -.9232 1.2369

25°C .24650 .20689 1.000 -.7195 1.2125

26°C .29217 .20689 .998 -.6739 1.2582

27°C .26323 .21699 1.000 -.7500 1.2764

28°C .43517 .25339 .989 -.7480 1.6183

29°C .57483 .23131 .851 -.5052 1.6549

30°C .88743 .21699 .153 -.1258 1.9006

5°C .72650 .20689 .365 -.2395 1.6925

10°C .69317 .20689 .443 -.2729 1.6592

12°C .28133 .20689 .999 -.6847 1.2474

15°C -.25867 .20689 .999 -1.2247 .7074

24°C -.10183 .23131 1.000 -1.1819 .9782

25°C -.01217 .20689 1.000 -.9782 .9539

26°C .03350 .20689 1.000 -.9325 .9995

27°C .00457 .21699 1.000 -1.0086 1.0178

28°C .17650 .25339 1.000 -1.0066 1.3596

29°C .31617 .23131 .999 -.7639 1.3962

30°C .62877 .21699 .674 -.3844 1.6420

10°C

12°C

15°C

20°C
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5°C .82833 .23131 .334 -.2517 1.9084

10°C .79500 .23131 .400 -.2851 1.8751

12°C .38317 .23131 .992 -.6969 1.4632

15°C -.15683 .23131 1.000 -1.2369 .9232

20°C .10183 .23131 1.000 -.9782 1.1819

25°C .08967 .23131 1.000 -.9904 1.1697

26°C .13533 .23131 1.000 -.9447 1.2154

27°C .10640 .24038 1.000 -1.0160 1.2288

28°C .27833 .27369 1.000 -.9996 1.5563

29°C .41800 .25339 .992 -.7651 1.6011

30°C .73060 .24038 .602 -.3918 1.8530

5°C .73867 .20689 .338 -.2274 1.7047

10°C .70533 .20689 .414 -.2607 1.6714

12°C .29350 .20689 .998 -.6725 1.2595

15°C -.24650 .20689 1.000 -1.2125 .7195

20°C .01217 .20689 1.000 -.9539 .9782

24°C -.08967 .23131 1.000 -1.1697 .9904

26°C .04567 .20689 1.000 -.9204 1.0117

27°C .01673 .21699 1.000 -.9965 1.0299

28°C .18867 .25339 1.000 -.9945 1.3718

29°C .32833 .23131 .998 -.7517 1.4084

30°C .64093 .21699 .646 -.3723 1.6541

5°C .69300 .20689 .443 -.2730 1.6590

10°C .65967 .20689 .525 -.3064 1.6257

12°C .24783 .20689 1.000 -.7182 1.2139

15°C -.29217 .20689 .998 -1.2582 .6739

20°C -.03350 .20689 1.000 -.9995 .9325

24°C -.13533 .23131 1.000 -1.2154 .9447

25°C -.04567 .20689 1.000 -1.0117 .9204

27°C -.02893 .21699 1.000 -1.0421 .9843

28°C .14300 .25339 1.000 -1.0401 1.3261

29°C .28267 .23131 .999 -.7974 1.3627

30°C .59527 .21699 .747 -.4179 1.6085

5°C .72193 .21699 .454 -.2913 1.7351

10°C .68860 .21699 .533 -.3246 1.7018

12°C .27677 .21699 .999 -.7364 1.2900

15°C -.26323 .21699 1.000 -1.2764 .7500

20°C -.00457 .21699 1.000 -1.0178 1.0086

24°C -.10640 .24038 1.000 -1.2288 1.0160

25°C -.01673 .21699 1.000 -1.0299 .9965

26°C .02893 .21699 1.000 -.9843 1.0421

28°C .17193 .26170 1.000 -1.0500 1.3939

29°C .31160 .24038 .999 -.8108 1.4340

30°C .62420 .22664 .742 -.4340 1.6824

25°C

26°C

27°C

24°C
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5°C .55000 .25339 .936 -.6331 1.7331

10°C .51667 .25339 .959 -.6665 1.6998

12°C .10483 .25339 1.000 -1.0783 1.2880

15°C -.43517 .25339 .989 -1.6183 .7480

20°C -.17650 .25339 1.000 -1.3596 1.0066

24°C -.27833 .27369 1.000 -1.5563 .9996

25°C -.18867 .25339 1.000 -1.3718 .9945

26°C -.14300 .25339 1.000 -1.3261 1.0401

27°C -.17193 .26170 1.000 -1.3939 1.0500

29°C .13967 .27369 1.000 -1.1383 1.4176

30°C .45227 .26170 .989 -.7697 1.6742

5°C .41033 .23131 .986 -.6697 1.4904

10°C .37700 .23131 .993 -.7031 1.4571

12°C -.03483 .23131 1.000 -1.1149 1.0452

15°C -.57483 .23131 .851 -1.6549 .5052

20°C -.31617 .23131 .999 -1.3962 .7639

24°C -.41800 .25339 .992 -1.6011 .7651

25°C -.32833 .23131 .998 -1.4084 .7517

26°C -.28267 .23131 .999 -1.3627 .7974

27°C -.31160 .24038 .999 -1.4340 .8108

28°C -.13967 .27369 1.000 -1.4176 1.1383

30°C .31260 .24038 .999 -.8098 1.4350

5°C .09773 .21699 1.000 -.9155 1.1109

10°C .06440 .21699 1.000 -.9488 1.0776

12°C -.34743 .21699 .994 -1.3606 .6658

15°C -.88743 .21699 .153 -1.9006 .1258

20°C -.62877 .21699 .674 -1.6420 .3844

24°C -.73060 .24038 .602 -1.8530 .3918

25°C -.64093 .21699 .646 -1.6541 .3723

26°C -.59527 .21699 .747 -1.6085 .4179

27°C -.62420 .22664 .742 -1.6824 .4340

28°C -.45227 .26170 .989 -1.6742 .7697

29°C -.31260 .24038 .999 -1.4350 .8098

*. die Mittelwertdifferenz ist auf der Stufe 0.05 signifikant.

28°C

29°C

30°C
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Appendix 5 T-Test Idotea spp., output of SPSS 
T-test on the influence of the experimental design; faeces quantity tested at beginning and end of the keeping 

 

 

 

 

  

Mittelwert H

Standard-

abweichung

Standardfehler 

Mittelwert

Anfangs-

Kotmenge[mg]
.9738 6 .23748 .09695

End-

Kotmenge[mg]
.7768 6 .23788 .09711

Statistik für Stichproben mit paarigen Werten

Paar 1

H Korrelation Sig.

Paar 1 Anfangs-

Kotmenge[mg] 

& End-

Kotmenge[mg]

6 -.179 .735

Korrelationen für Stichproben mit paarigen Werten

Appendix 6 Faeces production Idotea spp.; dry weight 
Mean faeces production per experimental basin at different temperatures. Standardised by dry weight of 
the organisms. 
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b. Appendix Gammarus spp. 

 

Appendix 7 Raw data Gammarus spp. part 1 
Data of the organisms of Idotea spp. (Species: 0= undefined, 1= G.locusta, 2= G.oceanicus, 3= G.salinus) 

Basin Temp. 
[°C] 

Ind. Species Length 
[mm] 

Dry weight 
[mg] 

Faeces 
[mg] 

Pellet [# 
empty 
squares] 

A-5 5 A.1 0 10 5.420 0.000 0 

A.3 2 27 62.260 19.340 17 

A.4 2 19 20.190 5.720 0 

A.5 1 13 7.850 4.140 0 

B-10 
  
  
  

10 B.1 2 25 39.660 10.080 4 

B.2 2 21 40.080 9.500 8 

B.3 2 22 33.110 15.820 14 

B.4 2 18 20.250 12.980 1 

C-12 12 C.2 2 24 43.130 10.410 6 

C.3 2 25 47.870 12.110 14 

C.4 2 19 21.450 18.460 14 

C.5 1 16 10.320 7.400 1 

D-15 15 D.1 2 24 43.880 21.720 89 

D.2 2 27 58.390 7.950 1 

D.3 2 19 17.630 8.210 0 

D.4 1 18 16.610 13.860 7 

D.5 3 14 9.540 9.920 2 

E-20 
  
  
  
  
  

20 E.1 2 23 43.670 8.400 0 

E.2 2 24 34.770 19.280 74 

E.3 1 18 12.700 12.060 6 

E.4 2 17 19.420 17.100 41 

E.5 1 15 11.840 17.490 19 

E.6 1 11 5.930 10.740 6 

F-24 24 F.2 2 22 33.600 6.520 1 

F.5 1 14 6.950 9.570 0 

G-25 
  
  
  
  

25 G.1 2 27 46.360 5.850 0 

G.2 1 21 23.730 11.540 29 

G.3 2 18 16.540 5.850 1 

G.4 2 19 20.540 8.240 8 

G.5 1 13 5.960 9.170 2 

H-26 26 H.2 2 26 45.290 10.810 4 

I-27 27 I.2 2 23 31.090 7.640 0 

T0-C-12 
  
  
  

12 C.2 2 24 43.130 8.320 4 

C.3 2 25 47.870 11.060 2 

C.4 2 19 21.450 9.550 7 

C.5 1 16 10.320 7.630 4 
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Appendix 8 Raw data of Gammarus spp. part 2 
Faeces and empty squares standardised by the length and the dry weight 

Basin Ind. Faeces/mm [mg] Squares/mm Faeces/mg [mg] Squares/mg 

A-5 A.1 0.000 0.00 0.000 0.00 

A.3 0.716 0.63 0.311 0.27 

A.4 0.301 0.00 0.283 0.00 

A.5 0.318 0.00 0.527 0.00 

MV 0.334 0.16 0.280 0.07 

B-10 
  
  
  

B.1 0.403 0.16 0.254 0.10 

B.2 0.452 0.38 0.237 0.20 

B.3 0.719 0.64 0.478 0.42 

B.4 0.721 0.06 0.641 0.05 

MV 0.574 0.31 0.402 0.19 

C-12 C.2 0.434 0.25 0.241 0.14 

C.3 0.484 0.56 0.253 0.29 

C.4 0.972 0.74 0.861 0.65 

C.5 0.463 0.06 0.717 0.10 

MV 0.588 0.40 0.518 0.30 

D-15 D.1 0.905 3.71 0.495 2.03 

D.2 0.294 0.04 0.136 0.02 

D.3 0.432 0.00 0.466 0.00 

D.4 0.770 0.39 0.834 0.42 

D.5 0.709 0.14 1.040 0.21 

MV 0.622 0.86 0.594 0.54 

E-20 
  
  
  
  
  

E.1 0.365 0.00 0.192 0.00 

E.2 0.803 3.08 0.555 2.13 

E.3 0.670 0.33 0.950 0.47 

E.4 1.006 2.41 0.881 2.11 

E.5 1.166 1.27 1.477 1.60 

E.6 0.976 0.55 1.811 1.01 

MV 0.831 1.27 0.978 1.22 

F-24 F.2 0.296 0.05 0.194 0.03 

F.5 0.684 0.00 1.377 0.00 

MV 0.490 0.02 0.786 0.01 

G-25 
  
  
  
  

G.1 0.217 0.00 0.126 0.00 

G.2 0.550 1.38 0.486 1.22 

G.3 0.325 0.06 0.354 0.06 

G.4 0.434 0.42 0.401 0.39 

G.5 0.705 0.15 1.539 0.34 

MV 0.446 0.40 0.581 0.40 

H-26 H.2 0.416 0.15 0.239 0.09 

I-27 I.2 0.332 0.00 0.246 0.00 

T0-C-12 C.2 0.347 0.17 0.193 0.09 
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C.3 0.442 0.08 0.231 0.04 

C.4 0.503 0.37 0.445 0.33 

C.5 0.477 0.25 0.739 0.39 

MV 0.442 0.22 0.402 0.21 
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Appendix 9 Faeces production Gammarus spp., output of SPSS 
Analyses of SPSS analyses for the data of Gammarus spp. 

 

 

  

  

Untergrenze Obergrenze

5°C 4 .3338 .29373 .14686 -.1336 .8011 0.00 .72

10°C 4 .5738 .17006 .08503 .3032 .8443 .40 .72

12°C 4 .5883 .25665 .12833 .1799 .9966 .43 .97

15°C 5 .6220 .25162 .11253 .3096 .9344 .29 .91

20°C 6 .8310 .28556 .11658 .5313 1.1307 .37 1.17

24°C 2 .4900 .27436 .19400 -1.9750 2.9550 .30 .68

25°C 5 .4462 .19047 .08518 .2097 .6827 .22 .71

26°C 1 .4160 .42 .42

27°C 1 .3320 .33 .33

Gesamt-

summe
32 .5637 .26881 .04752 .4668 .6606 0.00 1.17

Deskriptive Statistik

H Mittelwert

Standard-

abweichung

Standard-

fehler

95 % Konfidenzintervall für 

Mittelwert

Minimum Maximum

Levene-

Statistik df1 df2 Sig.

,248
a 6 23 .955

Varianzhomogenitätstest

a. Gruppen mit nur einem Fall werden bei der 

Berechnung des Varianzhomogenitätstests für 

Quadrat-

summe df

Mittel der 

Quadrate F Sig.

Zwischen 

Gruppen
.815 8 .102 1.646 .166

Innerhalb der 

Gruppen
1.425 23 .062

Gesamtsumme 2.240 31

ANOVA
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Appendix 10 T-test Gammarus spp.; output of SPSS 
T-test on the influence of the experimental design; faeces quantity tested at beginning and end of the keeping 

 

 

 

  

Mittelwert H

Standard-

abweichung

Standardfehler 

Mittelwert

Anfangs-

Kotmenge[mg] .5883 4 .25665 .12833

End-

Kotmenge[mg] .4423 4 .06824 .03412

Statistik für Stichproben mit paarigen Werten

Paar 1

H Korrelation Sig.

Paar 1 Anfangs-

Kotmenge[mg] 

& End-

Kotmenge[mg]

4 .641 .359

Korrelationen für Stichproben mit paarigen Werten

Appendix 11 Faeces production Gammarus spp.; dry weight 
Mean faeces production per experimental basin at different temperatures. Standardised by dry weight of 
the organisms 



 

 

xix 

VI. Literature 
 

Alsterberg, C.,Eklof, J. S.,Gamfeldt, L.,Havenhand, J. N., & Sundback, K. (2013). 
Consumers mediate the effects of experimental ocean acidification and 
warming on primary producers. Proceedings of the National Academy of 
Sciences of the United States of America, 110(21), 8603-8608. doi: 
10.1073/pnas.1303797110 

Anders, K., & Moller, H. (1983). Seasonal fluctuations in macrobenthic fauna of 
the fucus belt in kiel-fjord (western baltic sea). Helgolander 
Meeresuntersuchungen, 36(3), 277-283. doi: 10.1007/bf01983631 

BACC. (2008). Assessment of climate change for the baltic sea basin. 
Heidelberg. 

Barlöcher, F., & Kendrick, B. (1973). Fungi and food preferences of gammarus-
pseudolimnaeus. Archiv Fur Hydrobiologie, 72(4), 501-516.  

Beaugrand, G.,Edwards, M., & Legendre, L. (2010). Marine biodiversity, 
ecosystem functioning, and carbon cycles. Proceedings of the National 
Academy of Sciences of the United States of America, 107(22), 10120-
10124. doi: 10.1073/pnas.0913855107 

Berger, R.,Bergstrom, L.,Graneli, E., & Kautsky, L. (2004). How does 
eutrophication affect different life stages of fucus vesiculosus in the baltic 
sea? A conceptual model. Hydrobiologia, 514(1-3), 243-248. doi: 
10.1023/B:hydr.0000018222.44511.b7 

Bond, W. (2001). Ecology - keystone species - hunting the snark? Science, 
292(5514), 63-64. doi: 10.1126/science.1060793 

Bonsdorff, E. (2006). Zoobenthic diversity-gradients in the baltic sea: Continuous 
post-glacial succession in a stressed ecosystem. Journal of Experimental 
Marine Biology and Ecology, 330(1), 383-391. doi: 
10.1016/j.jembe.2005.12.041 

Bostrom, C., & Bonsdorff, E. (2000). Zoobenthic community establishment and 
habitat complexity - the importance of seagrass shoot-density, morphology 
and physical disturbance for faunal recruitment. Marine Ecology Progress 
Series, 205, 123-138. doi: 10.3354/meps205123 

Brawley, S. H., & Adey, W. H. (1981a). The effect of micro-grazers on algal 
community structure in a coral-reef microcosm. Marine Biology, 61(2-3), 
167-177. doi: 10.1007/bf00386656 

Brawley, S. H., & Adey, W. H. (1981c). Micrograzers may affect macroalgal 
density. Nature, 292(5819), 177-177. doi: 10.1038/292177b0 

Bulnheim, H. P. (1972). Comparative investigations on respiratory physiology of 
euryhaline gammarids with special reference to salinity adaptation. 
Helgolander Wissenschaftliche Meeresuntersuchungen, 23(4), 485-534. 
doi: 10.1007/bf01625297 

Darling, E. S., & Cote, I. M. (2008). Quantifying the evidence for ecological 
synergies. Ecology Letters, 11(12), 1278-1286. doi: 10.1111/j.1461-
0248.2008.01243.x 

Dayton, P. K. (1975). Experimental studies of algal canopy interactions in a sea 
otter dominated kelp community at amchitka-island, alaska. Fishery 
Bulletin, 73(2), 230-237.  

  



 

 

xx 

Dethier, M. N., & Williams, S. L. (2009). Seasonal stresses shift optimal intertidal 
algal habitats. Marine Biology, 156(4), 555-567. doi: 10.1007/s00227-008-
1107-8 

Diaz, R. J., & Rosenberg, R. (2008). Spreading dead zones and consequences 
for marine ecosystems. Science, 321(5891), 926-929. doi: 
10.1126/science.1156401 

Duffy, J. E.,Macdonald, K. S.,Rhode, J. M., & Parker, J. D. (2001). Grazer 
diversity, functional redundancy, and productivity in seagrass beds: An 
experimental test. Ecology, 82(9), 2417-2434.  

Engkvist, R.,Malm, T., & Tobiasson, S. (2000). Density dependent grazing effects 
of the isopod idotea baltica pallas onf fucus vesiculosus l. In the baltic sea. 
Aquatic Ecology, 34, 253-260.  

Eriksson, B. K.,Ljunggren, L.,Sandstrom, A.,Johansson, G.,Mattila, J.,Rubach, 
A.,Raberg, S., & Snickars, M. (2009). Declines in predatory fish promote 
bloom-forming macroalgae. Ecological Applications, 19(8), 1975-1988. 
doi: 10.1890/08-0964.1 

Estes, J. A.,Terborgh, J.,Brashares, J. S.,Power, M. E.,Berger, J.,Bond, W. 
J.,Carpenter, S. R.,Essington, T. E.,Holt, R. D.,Jackson, J. B. C.,Marquis, 
R. J.,Oksanen, L.,Oksanen, T.,Paine, R. T.,Pikitch, E. K.,Ripple, W. 
J.,Sandin, S. A.,Scheffer, M.,Schoener, T. W.,Shurin, J. B.,Sinclair, A. R. 
E.,Soule, M. E.,Virtanen, R., & Wardle, D. A. (2011). Trophic downgrading 
of planet earth. Science, 333(6040), 301-306. doi: 
10.1126/science.1205106 

Feistel, R.,Nausch, G., & Wasmund, N. (2008). State and evolution of the baltic 
sea, 1952- 2005: A detailed 50- year survey of meteorology and climate, 
physics, chemistry, biology, and marine environment: John Wiley & Sons. 

Fields, P. A.,Graham, J. B.,Rosenblatt, R. H., & Somero, G. N. (1993). Effects of 
expected global climate-change on marine faunas. Trends in Ecology & 
Evolution, 8(10), 361-367. doi: 10.1016/0169-5347(93)90220-j 

Fitter, R., & Manuel, R. (1994). Collins photo guide to lakes, rivers, streams and 
ponds. London: Harper Collins. 

Haage, P. (1975). Quantitative investigations of the baltic fucus belt 
macrofauna.2. Quantitative seasonal fluctuations. Contr. Askö Lab. 
University of Stockholm, 9, 1-88.  

Haage, P. (1976). Quantitative investigations of the baltic fucus belt macrofauna. 
3. Seasonal variation in biomass, reproduction and population dynamics 
of the dominant taxa. Contr. Askö Lab. University of Stockholm, 10, 1-84.  

Haahtela, I. (1984). A hypothesis of the decline of the bladder wrack (fucus 
vesiculosus l.) in sw finland in 1975-1981. Limnologica (Berlin), 15(2), 345-
350.  

Hällfors, G.,Kangas, P., & Lappalainen, A. (1975). Littoral benthos of the northern 
baltic sea. Iii. Macrobenthos of the littoral belt of filamentous algae on 
rocky shores in tvarminne. Int Rev Ges Hydrobiol, 60, 313-334.  

Hällfors, G.,Niemi, A.,Ackefors, H.,Lassig, J., & Leppäkowski, E. (1981). 
Biological oceanography. - in a. Voipio (ed.): The baltic sea. Elsevier, 
Amsterdam. 

  



 

 

xxi 

Halpern, B. S.,Walbridge, S.,Selkoe, K. A.,Kappel, C. V.,Micheli, F.,D'Agrosa, 
C.,Bruno, J. F.,Casey, K. S.,Ebert, C.,Fox, H. E.,Fujita, R.,Heinemann, 
D.,Lenihan, H. S.,Madin, E. M. P.,Perry, M. T.,Selig, E. R.,Spalding, 
M.,Steneck, R., & Watson, R. (2008). A global map of human impact on 
marine ecosystems. Science, 319(5865), 948-952. doi: 
10.1126/science.1149345 

Harley, C. D. G.,Hughes, A. R.,Hultgren, K. M.,Miner, B. G.,Sorte, C. J. 
B.,Thornber, C. S.,Rodriguez, L. F.,Tomanek, L., & Williams, S. L. (2006). 
The impacts of climate change in coastal marine systems. Ecology Letters, 
9(2), 228-241. doi: 10.1111/j.1461-0248.2005.00871.x 

Hartog, C. d. (1964). The amphipods of the deltaic region of the rivers rhine, 
meuse and scheldt in relation to the hydrography of the area. Part iii. The 
gammaridae. Netherlands Journal of Sea Research, 2, 407-457.  

Hawkins, S. J. (1981). The influence of season and barnacles on the algal 
colonization of patella-vulgata exclusion areas. Journal of the Marine 
Biological Association of the United Kingdom, 61(1), 1-15.  

Hawkins, S. J., & Hartnoll, R. G. (1983). Grazing of intertidal algae by marine-
invertebrates. Oceanography and Marine Biology, 21, 195-282.  

Hemmi, A., & Jormalainen, V. (2002). Nutrient enhancement increases 
performance of a marine herbivore via quality of its food alga. Ecology, 
83(4), 1052-1064. doi: 10.2307/3071913 

Hughes, T. P. (1994). Catastrophes, phase-shifts, and large-scale degradation of 
a caribbean coral-reef. Science, 265(5178), 1547-1551. doi: 
10.1126/science.265.5178.1547 

Hughes, T. P.,Baird, A. H.,Bellwood, D. R.,Card, M.,Connolly, S. R.,Folke, 
C.,Grosberg, R.,Hoegh-Guldberg, O.,Jackson, J. B. C.,Kleypas, J.,Lough, 
J. M.,Marshall, P.,Nystrom, M.,Palumbi, S. R.,Pandolfi, J. M.,Rosen, B., & 
Roughgarden, J. (2003). Climate change, human impacts, and the 
resilience of coral reefs. Science, 301(5635), 929-933. doi: 
10.1126/science.1085046 

IPCC. (2007). Climate change - synthesis report. Geneva, Switzerland: IPCC. 
Jansson, A.-M. (1967). The food-web of the cladophora-belt fauna. Helgolander 

Meeresuntersuchungen, 15, 574-588.  
Jansson, A.-M. (1974). Community structure, modelling and simulation of the 

cladophora ecosystem in the baltic area. Contr. Askö Lab. University of 
Stockholm, 5, 1-130.  

Jansson, A.-M., & Matthiesen, A. S. (1971). On the ecology of young idotea in 
the baltic. Cambridge University Press, London: In D.J. Crisp (ed.): Fourth 
Eur. mar. biol. Symp. 

Jazdzeski, K. (1970). Biology of crustacea malacostraca in the bay of puck, polish 
baltic sea. Zoologica Poloniae, 20, 423-480.  

Jeffries, M., & Mills, D. (1990). Freshwater ecology: Principles and applications. 
London: Belhaven Press. 

Jenkins, S. R.,Arenas, F.,Arrontes, J.,Bussell, J.,Castro, J.,Coleman, R. 
A.,Hawkins, S. J.,Kay, S.,Martinez, B.,Oliveros, J.,Roberts, M. F.,Sousa, 
S.,Thompson, R. C., & Hartnoll, R. G. (2001). European-scale analysis of 
seasonal variability in limpet grazing activity and microalgal abundance. 
Marine Ecology Progress Series, 211, 193-203. doi: 10.3354/meps211193 

  



 

 

xxii 

Jernakoff, P.,Brearley, A., & Nielsen, J. (1996). Factors affecting grazer-epiphyte 
interactions in temperate seagrass meadows. Oceanography and Marine 
Biology, Vol 34, 34, 109-162.  

Johannesson, K., & Andre, C. (2006). Life on the margin: Genetic isolation and 
diversity loss in a peripheral marine ecosystem, the baltic sea. Molecular 
Ecology, 15(8), 2013-2029. doi: 10.1111/j.1365-294X.2006.02919.x 

Jormalainen, V., & Ramsay, T. (2009). Resistance of the brown alga fucus 
vesiculosus to herbivory. Oikos, 118(5), 713-722. doi: 10.1111/j.1600-
0706.2008.17178.x 

Kangas, P.,Autio, H.,Hällfors, G.,Luther, H.,Niemi, A., & Salemaa, H. (1982). A 
general model of the decline of fucus vesiculosus at tvärminne, south 
coast of finland in 1977-1981. Acta bot. fenn., 118, 1-27.  

Kautsky, H. (2008). Ecology of baltic coastal waters: Asko area and 
himmerfjarden (Vol. 197): Springer Berlin Heidelberg. 

Kensley, B.,Nelson, W. G., & Schotte, M. (1995). Marine isopod biodiversity of 
the indian-river lagoon, florida. Bulletin of Marine Science, 57(1), 136-142.  

Kinne, O. (1954). Die gammarus arten der kieler bucht. (g. Locusta, g. Oceanicus, 
g. Salinus, g. Zaddachi, g. Duebeni). Zoologische Jahrbücher Systematik, 
82, 405-424.  

Korpinen, S., & Jormalainen, V. (2008). Grazing effects in macroalgal 
communities depend on timing of patch colonization. Journal of 
Experimental Marine Biology and Ecology, 360(1), 39-46. doi: 
10.1016/j.jembe.2008.03.010 

Korpinen, S.,Jormalainen, V., & Pettay, E. (2010). Nutrient availability modifies 
species abundance and community structure of fucus-associated littoral 
benthic fauna. Marine Environmental Research, 70(3-4), 283-292. doi: 
10.1016/j.marenvres.2010.05.010 

Kotta, J.,Orav-Kotta, H.,Paalme, T.,Kotta, I., & Kukk, H. (2006). Seasonal 
changes in situ grazing of the mesoherbivores idotea baltica and 
gammarus oceanicus on the brown algae fucus vesiculosus and pylaiella 
littoralis in the central gulf of finland, baltic sea. Hydrobiologia, 554, 117-
125. doi: 10.1007/s10750-005-1011-x 

Krause-Jensen, D.,Carstensen, J.,Dahl, K.,Back, S., & Neuvonen, S. (2009). 
Testing relationships between macroalgal cover and secchi depth in the 
baltic sea. Ecological Indicators, 9(6), 1284-1287. doi: 
10.1016/j.ecolind.2009.02.010 

Leidenberger, S.,Harding, K., & Jonsson, P. R. (2012). Ecology and distribution 
of the isopod genus idotea in the baltic sea: Key species in a changing 
environment. Journal of Crustacean Biology, 32(3), 359-381. doi: 
10.1163/193724012x626485 

Long, J. D.,Hamilton, R. S., & Mitchell, J. L. (2007). Asymmetric competition via 
induced resistance: Specialist herbivores indirectly suppress generalist 
preference and populations. Ecology, 88(5), 1232-1240. doi: 10.1890/06-
1585 

Lopez, G. R.,Levinton, J. S., & Slobodkin, L. B. (1977). Effect of grazing by 
detritivore orchestia-grillus on spartina litter and its associated microbial 
community. Oecologia, 30(2), 111-127. doi: 10.1007/bf00345415 

  



 

 

xxiii 

Lubchenco, J. (1978). Plant species-diversity in a marine inter-tidal community - 
importance of herbivore food preference and algal competitive abilities. 
American Naturalist, 112(983), 23-39. doi: 10.1086/283250 

Lubchenco, J., & Menge, B. A. (1978). Community-development and persistence 
in a low rocky inter-tidal zone. Ecological Monographs, 48(1), 67-94. doi: 
10.2307/2937360 

Lubchenco, J.,Navarrete, S. A.,Tissot, B. N., & Castilla, J. C. (1993). Possible 
ecological responses to global climate change: Nearshore benthic biota of 
northeastern pacific coastal ecosystems (H. A. Mooney, E. R. Fuentes, & 
B. I. Kronberg Eds.). San Diego, CA: Academic Press. 

Lüning, K. (1990). Seaweeds: Their environment, biogeography and 
ecophysiology. New York, NY: John Wiley. 

MacNeil, C.,Dick, J. T., & Elwood, R. W. (1997). The trophic ecology of freshwater 
gammarus spp. (crustacea: Amphipoda): Problems and perspectives 
concerning the functional feeding group concept. Biological Reviews of the 
Cambridge Philosophical Society, 72(3), 349-364. doi: 
10.1017/s0006323196005038 

Mills, L. S.,Soule, M. E., & Doak, D. F. (1993). The keystone-species concept in 
ecology and conservation. Bioscience, 43(4), 219-224. doi: 
10.2307/1312122 

Movaghar, C. A. (1964). Verbreitung und okologie der amphipoden im elbe-
aestuar. Archiv Fur Hydrobiologie, 29, 97-179.  

Naylor, E. (1955a). The diet and feeding mechanism of idotea. Journal of the 
Marine Biological Association of the United Kingdom, 34(2), 347-355.  

Naylor, E. (1955b). The ecological distribution of british species of idotea 
(isopoda). Journal of Animal Ecology, 24(2), 255-269. doi: 10.2307/1713 

Nicotri, M. E. (1977). Impact of crustacean herbivores on cultured seaweed 
populations. Aquaculture, 12(2), 127-136. doi: 10.1016/0044-
8486(77)90179-x 

Nietsch, B. (2009). Messung der zähigkeit der makroalge fucus vesiculosus an 
verschiedenen standorten und untersuchung der auswirkungen auf die 
trophische interaktion. (Diploma thesis), University of Kiel, Kiel.    

O'Connor, M. I. (2009). Warming strengthens an herbivore-plant interaction. 
Ecology, 90(2), 388-398. doi: 10.1890/08-0034.1 

O'Connor, M. I.,Gilbert, B., & Brown, C. J. (2011). Theoretical predictions for how 
temperature affects the dynamics of interacting herbivores and plants. 
American Naturalist, 178(5), 626-638. doi: 10.1086/662171 

Paine, R. T. (1966). Food web complexity and species diversity. American 
Naturalist, 100(910), 65-+. doi: 10.1086/282400 

Paine, R. T. (1974). Intertidal community structure - experimental studies on 
relationship between a dominant competitor and its principal predator. 
Oecologia, 15(2), 93-120. doi: 10.1007/bf00345739 

Parmesan, C. (2006). Ecological and evolutionary responses to recent climate 
change Annual review of ecology evolution and systematics (Vol. 37, pp. 
637-669). 

  



 

 

xxiv 

Pauli, H.,Gottfried, M.,Dullinger, S.,Abdaladze, O.,Akhalkatsi, M.,Benito Alonso, 
J. L.,Coldea, G.,Dick, J.,Erschbamer, B.,Fernandez Calzado, R.,Ghosn, 
D.,Holten, J. I.,Kanka, R.,Kazakis, G.,Kollar, J.,Larsson, P.,Moiseev, 
P.,Moiseev, D.,Molau, U.,Molero Mesa, J.,Nagy, L.,Pelino, G.,Puscas, 
M.,Rossi, G.,Stanisci, A.,Syverhuset, A. O.,Theurillat, J.-P.,Tomaselli, 
M.,Unterluggauer, P.,Villar, L.,Vittoz, P., & Grabherr, G. (2012). Recent 
plant diversity changes on europe's mountain summits. Science, 
336(6079), 353-355. doi: 10.1126/science.1219033 

Pavia, H.,Cervin, G.,Lindgren, A., & Aberg, P. (1997). Effects of uv-b radiation 
and simulated herbivory on phlorotannins in the brown alga ascophyllum 
nodosum. Marine Ecology Progress Series, 157, 139-146. doi: 
10.3354/meps157139 

Pearson, G. A.,Lago-Leston, A., & Mota, C. (2009). Frayed at the edges: 
Selective pressure and adaptive response to abiotic stressors are 
mismatched in low diversity edge populations. Journal of Ecology, 97(3), 
450-462. doi: 10.1111/j.1365-2745.2009.01481.x 

Pennings, S. C.,Carefoot, T. H.,Zimmer, M.,Danko, J. P., & Ziegler, A. (2000). 
Feeding preferences of supralittoral isopods and amphipods. Canadian 
Journal of Zoology-Revue Canadienne De Zoologie, 78(11), 1918-1929. 
doi: 10.1139/cjz-78-11-1918 

Philippart, C. J. M.,van Aken, H. M.,Beukema, J. J.,Bos, O. G.,Cadee, G. C., & 
Dekker, R. (2003). Climate-related changes in recruitment of the bivalve 
macoma balthica. Limnology and Oceanography, 48(6), 2171-2185.  

Polis, G. A. (1999). Why are parts of the world green? Multiple factors control 
productivity and the distribution of biomass. Oikos, 86(1), 3-15. doi: 
10.2307/3546565 

Power, M. E.,Tilman, D.,Estes, J. A.,Menge, B. A.,Bond, W. J.,Mills, L. S.,Daily, 
G.,Castilla, J. C.,Lubchenco, J., & Paine, R. T. (1996). Challenges in the 
quest for keystones. Bioscience, 46(8), 609-620. doi: 10.2307/1312990 

Raddatz, S.,Pansch, A.,Guy-Haim, T.,Rilay, G., & Wahl, M. (in prep.). Benthic 
community re-organization and re-functioning under climate change 
induced stress – a multifactorial approach using novel mesocosms. Kiel.  

Robertson, A. I., & Mann, K. H. (1980). The role of isopods and amphipods in the 
initial fragmentation of eelgrass detritus in nova-scotia, canada. Marine 
Biology, 59(1), 63-69. doi: 10.1007/bf00396983 

Rohde, S.,Hiebenthal, C.,Wahl, M.,Karez, R., & Bischof, K. (2008). Decreased 
depth distribution of fucus vesiculosus (phaeophyceae) in the western 
baltic: Effects of light deficiency and epibionts on growth and 
photosynthesis. European Journal of Phycology, 43(2), 143-150. doi: 
10.1080/09670260801901018 

Rohde, S.,Molis, M., & Wahl, M. (2004). Regulation of anti-herbivore defence by 
fucus vesiculosus in response to various cues. Journal of Ecology, 92(6), 
1011-1018. doi: 10.1111/j.0022-0477.2004.00936.x 

Rohde, S., & Wahl, M. (2008). Temporal dynamics of induced resistance in a 
marine macroalga: Time lag of induction and reduction in fucus 
vesiculosus. Journal of Experimental Marine Biology and Ecology, 367(2), 
227-229. doi: 10.1016/j.jembe.2008.10.003 

Salemaa, H. (1978). Geographical variability in color polymorphism of idotea-
baltica (isopoda) in northern baltic. Hereditas, 88(2), 165-182.  

  



 

 

xxv 

Salemaa, H. (1979). Ecology of idotea spp (isopoda) in the northern baltic. 
Ophelia, 18(1), 133-150.  

Salemaa, H. (1986). Breeding biology and microhabitat utilization of the intertidal 
isopod idotea-granulosa rathke, in the irish sea. Estuarine Coastal and 
Shelf Science, 22(3), 335-355. doi: 10.1016/0272-7714(86)90047-8 

Schaffelke, B.,Evers, D., & Walhorn, A. (1995). Selective grazing of the isopod 
idotea baltica between fucus evanescens and f-vesiculosus from kiel fjord 
(western baltic). Marine Biology, 124(2), 215-218. doi: 
10.1007/bf00347125 

Schneider, K. R. (2008). Heat stress in the intertidal: Comparing survival and 
growth of an invasive and native mussel under a variety of thermal 
conditions. Biological Bulletin, 215(3), 253-264.  

Segerstrale, S. G. (1950). The amphipods on the coasts of finland-some facts 
and problems. Commentationes Biologicae, 10(14), 1-28.  

Shacklock, P. F., & Croft, G. B. (1981). Effect of grazers on chondrus-crispus in 
culture. Aquaculture, 22(4), 331-342. doi: 10.1016/0044-8486(81)90159-9 

Somero, G. N. (2002). Thermal physiology and vertical zonation of intertidal 
animals: Optima, limits, and costs of living. Integrative and Comparative 
Biology, 42(4), 780-789. doi: 10.1093/icb/42.4.780 

Southward, A. J. (1964). Limpet grazing and the control of vegetation on rocky 
shores. Blackwell, Oxford: In D.J. Crisp (ed.): Grazing in terrestrial and 
marine environments. 

Toth, G. B., & Pavia, H. (2007). Induced herbivore resistance in seaweeds: A 
meta-analysis. Journal of Ecology, 95(3), 425-434. doi: 10.1111/j.1365-
2745.2007.01224.x 

Ugarte, R.,Craigie, J., & Critchley, A. (2010). Flucoid flora of the rocky intertidal 
of the canadian maritimes: Implications for the future with rapid climate 
change. Dordrecht, The Netherlands. 

Van Zandt, P. A., & Agrawal, A. A. (2004). Community-wide impacts of herbivore-
induced plant responses in milkweed (asclepias syriaca). Ecology, 85(9), 
2616-2629. doi: 10.1890/03-0622 

Vogt, H., & Schramm, W. (1991). Conspicuous decline of fucus in kiel bay 
(western baltic) - what are the causes. Marine Ecology Progress Series, 
69(1-2), 189-194. doi: 10.3354/meps069189 

Wahl, M.,Shahnaz, L.,Dobretsov, S.,Saha, M.,Symanowski, F.,David, K.,Lachnit, 
T.,Vasel, M., & Weinberger, F. (2010). Ecology of antifouling resistance in 
the bladder wrack fucus vesiculosus: Patterns of microfouling and 
antimicrobial protection. Marine Ecology Progress Series, 411, 33-U61. 
doi: 10.3354/meps08644 

Walther, G. R. (2004). Plants in a warmer world. Perspectives in Plant Ecology 
Evolution and Systematics, 6(3), 169-185.  

Walther, G. R.,Post, E.,Convey, P.,Menzel, A.,Parmesan, C.,Beebee, T. J. 
C.,Fromentin, J. M.,Hoegh-Guldberg, O., & Bairlein, F. (2002). Ecological 
responses to recent climate change. Nature, 416(6879), 389-395. doi: 
10.1038/416389a 

  



 

 

xxvi 

Waycott, M.,Duarte, C. M.,Carruthers, T. J. B.,Orth, R. J.,Dennison, W. 
C.,Olyarnik, S.,Calladine, A.,Fourqurean, J. W.,Heck, K. L., Jr.,Hughes, A. 
R.,Kendrick, G. A.,Kenworthy, W. J.,Short, F. T., & Williams, S. L. (2009). 
Accelerating loss of seagrasses across the globe threatens coastal 
ecosystems. Proceedings of the National Academy of Sciences of the 
United States of America, 106(30), 12377-12381. doi: 
10.1073/pnas.0905620106 

Weinberger, F.,Rohde, S.,Oschmann, Y.,Shahnaz, L.,Dobretsov, S., & Wahl, M. 
(2011). Effects of limitation stress and of disruptive stress on induced 
antigrazing defense in the bladder wrack fucus vesiculosus. Marine 
Ecology Progress Series, 427, 83-94. doi: 10.3354/meps09044 

Wernberg, T.,Smale, D. A., & Thomsen, M. S. (2012). A decade of climate 
change experiments on marine organisms: Procedures, patterns and 
problems. Global Change Biology, 18(5), 1491-1498. doi: 10.1111/j.1365-
2486.2012.02656.x 

Whitehurst, I. T., & Lindsey, B. I. (1990). The impact of organic enrichment on the 
benthic macroinvertebrate communities of a lowland river. Water 
Research, 24(5), 625-630. doi: 10.1016/0043-1354(90)90195-c 

WoRMS. (2015). World register of marinespecies.   Retrieved 2015-05-11, from 
http://www.marinespecies.org 

Zimmerman, R.,Gibson, R., & Harrington, J. (1979). Herbivory and detritivory 
among gammaridean amphipods from a florida seagrass community. 
Marine Biology, 54(1), 41-47. doi: 10.1007/bf00387050 

  



 

 

xxvii 

VII. Acknowledgements 
 

First of all I would like to thank Prof. Dr. Martin Wahl, who supervised this thesis 

and gave me the opportunity to do my research within the Benthic Ecology of the 

GEOMAR. 

 

For his willingness to support this thesis from the University of Oldenburg as an 

external thesis, I want to thank Prof. Dr. Pedro Martínez Arbizu.  

 

Furthermore, I would like to thank Stefanie Raddatz, Dr. habil. Florian Weinberger 

and Nadja Stärck who always answered all the open questions I had at the 

beginning or during my research. 

 

I would also like to thank Patrick Blaß, who waded with me through the Fucus in 

Bülk to catch all the organisms I needed for my experiments and thereby proved 

his tolerance to very cold water temperatures. 

 

Vor allem- und das nun auf deutsch- möchte ich meiner Familie und meinen 

Freunden danken. Danke, dass ihr immer für mich da ward und mich all die Jahre 

unterstützt habt, meinem Traum ein Stück näher zu kommen. WIR haben’s 

geschafft!  

  



 

 

xxviii 

Erklärung 
 

Hiermit versichere ich, dass ich diese Arbeit selbstständig verfasst und keine 

anderen als die angegebenen Quellen und Hilfsmittel benutzt habe. Außerdem 

versichere ich, dass ich die allgemeinen Prinzipien wissenschaftlicher Arbeit und 

Veröffentlichung, wie sie in den Leitlinien guter wissenschaftlicher Praxis der Carl 

von Ossietzky Universität Oldenburg festgelegt sind, befolgt habe. 

 

 

 

Elisa Gülzow 


