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Summary 

Summary 

The German Bight is a highly dynamic coastal ecosystem driven by strong hydrodynamics 

and anthropogenic impacts. Intense bottom trawling has been the most severe impact on the 

German Bight benthos over the last century. Besides the removal of fish and bycatch, 

bottom trawling has two major impacts on benthic communities: a direct physical impact that 

causes reduction of habitat complexity, disturbance of sediment and resuspension, as well 

as dislocation, damage and mortality of benthic organisms; and indirect trophic effects 

through an alteration of sedimentary biogeochemistry and through fishery bycatch and 

discards which become a significant food source for predators and scavengers.  

The consequences of bottom trawling for benthic trophic functioning are less well studied 

than the direct effects on community structure descriptors such as species richness, 

abundance and biomass. Trophic interactions, however, are the principle type of organism-

organism relationships and thus are a significant determinant of ecological functioning.  

This thesis aims at achieving deeper insights into the ecological functioning of German Bight 

benthos: I looked for trophic properties of the ecosystem that might explain the resistance of 

the system in the light of decades of frequent bottom trawling, and focused on recovery 

patterns of the benthic system during 14 months of trawling cessation.  

In order to accomplish this aim, a number of approaches were developed and applied: 

(i) Stable isotope ratios served as an indicator for species trophic elevation, i.e. the relative 

distance of a species to the primary food source within the food web hierarchy. Community 

trophic complexity and species trophic niche width were determined by means of 

interspecific and intraspecific variability of trophic elevation. Trophic significance, i.e. a 

metabolism scaled abundance, served as an indicator of trophic flow through particular 

populations. 

(ii) A new two-dimensional approach to trophic complexity (horizontal and vertical diversity) 

was developed. It was applied to the German Bight ecosystem, but concurrently provides a 

robust and standardised tool for the comparison of species and ecosystem trophic 

properties.  

(iii) The response of macrozoobenthos to trawling cessation was investigated over the 

course of 14 months by two approaches: firstly, multivariate community analyses using 

numerical measures which follow changes at different system levels: the community level, 

the level of compartments (e.g. feeding guilds) and the species level; secondly community 

and species trophic properties, i.e. trophic elevation and trophic significance. For the first 

time, this approach identified significant changes due to trawling cessation on a short time-

scale within a highly dynamic coastal ecosystem.  

The synthesis of all results provides a detailed picture of trophic functioning of the German 

Bight benthos: (a) Most species are trophic generalists, i.e. they are connected by many and 
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mainly ‘weak’ trophic links. (b) Trophic redundancy is comparatively high, i.e. the loss of one 

species may be compensated functionally by one or more other species. (c) In terms of size 

distribution, the system is characterised by small-sized organisms with corresponding high 

turnover rates. These particular food-web properties correspond to high system resistance, 

i.e. the current state can be maintained despite the severe impact of continuing bottom 

trawling. 

A return of the benthos towards a ‘pre-trawling’ state is rather unlikely. Bottom trawling 

caused irreversible changes to the habitat and ecosystem structure, and the impact of 

external synergistic forcing factors persists or might even gain importance in the future, e.g. 

climate warming and species invasion. A large-scale and long-term fishery ban, however, 

may cause a benthic regime shift towards a system with lower turnover rate, higher 

biodiversity and higher trophic complexity. The offshore windmill farms planned in the 

German Bight might offer a chance for this regime shift in an area of considerable extension, 

as bottom trawling will be banned here. In view of the current state of the German Bight 

benthos, the positive effects of a fishery ban may outweigh potential negative effect of 

windmill farms on the environment.  

 

 



Zusammenfassung 

Zusammenfassung 

Die Deutsche Bucht ist ein hochdynamisches Küstenökosystem, welches durch starke 

Hydrodynamik und anthropogene Einflüsse gesteuert wird. Intensive 

Grundschleppnetzfischerei, Scherbrett- vor allem jedoch Baumkurrenfischerei, hatte den 

stärksten Einfluss auf das Benthos der Deutschen Bucht während des letzten Jahrhunderts. 

Neben der Entnahme von Fisch und Beifang hat Grundschleppnetzfischerei zwei 

wesentliche Einflüsse auf die benthische Gemeinschaft: einen direkten physikalischen 

Einfluss, welcher Reduzierung der Habitatkomplexität, Störung und Resuspension des 

Sediments sowie Dislokation, Schädigung und Mortalität von benthischen Organismen 

verursacht; und indirekte trophische Effekte durch die Änderung der Sedimentbiogeochemie 

und des fischereilichen Beifangs und Rückwurfs, welche eine bedeutende Nahrungsquelle 

für Räuber und Aasfresser darstellen. 

Die Konsequenzen der Grundschleppnetzfischerei für die trophische Funktionalität des 

Benthos sind weniger gut untersucht als die direkten Effekte auf die Gemeinschaftsstruktur 

anhand von Deskriptoren wie Artenreichtum, Abundanz und Biomasse. Trophische 

Interaktionen sind jedoch die grundlegendste Art von Beziehungen zwischen Organismen 

und daher eine aussagekräftige Steuergröße ökologischer Funktionalität.  

Ziel dieser Arbeit ist es, tiefere Einsichten in die ökologische Funktionalität des Benthos der 

Deutschen Bucht zu erhalten: Ich habe trophische Eigenschaften des Ökosystems 

untersucht, welche die Resistenz des Systems im Hinblick auf jahrzehntelange und häufige 

Fischerei erklären könnten und mich auf Eigenschaften der Erholung des benthischen 

Systems während einer Fischereischließung über 14 Monate konzentriert. 

Um dieses Ziel zu erreichen, wurden verschiedenste Ansätze entwickelt und angewendet: 

(i) Stabile Isotopenverhältnisse dienten als Indikator der trophischen Erhöhung von Arten, 

d.h. als Indikator der relativen Distanz einer Art zur primären Nahrungsquelle innerhalb der 

Hierarchie des Nahrungsnetzes. Die trophische Komplexität der Gemeinschaft und die 

trophische Nischenweite der Arten wurden mittels interspezifischer und intraspezifischer 

Variabilität der trophischen Erhöhung bestimmt. Die trophische Signifikanz, d.h. eine 

metabolismus-skalierte Abundanz, diente als Indikator für den trophischen Fluss durch 

einzelne Populationen. 

(ii) Für die trophische Komplexität (horizontale und vertikale Diversität) wurde ein neuer 

zweidimensionaler Ansatz entwickelt. Dieser wurde auf das Ökosystem der Deutschen 

Bucht angewendet und bietet gleichzeitig ein robustes und standardisiertes Hilfsmittel für 

den Vergleich der trophischen Eigenschaften von Arten und Ökosystemen. 

(iii) Die Antwort des Makrozoobenthos auf fischereiliche Schließung wurde über den 

Zeitraum von 14 Monaten durch zwei Ansätze untersucht: Erstens durch multivariate 

Gemeinschaftsanalysen, welche auf numerischen Maßen basieren, wurde die Veränderung 
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auf verschiedenen systemaren Ebenen untersucht: der Gemeinschaftsebene, der Ebene von 

verschiedenen Kompartimenten (z.B. Nahrungsgilden) und der Artebene; zweitens, anhand 

trophischer Eigenschaften, d.h. der trophischen Erhöhung und trophischen Signifikanz, der 

Gemeinschaft und Arten. Zum ersten Mal wurden mit Hilfe dieses Ansatzes signifikante 

Veränderungen durch die Schließung der Fischerei über solch einen kurzen Zeitraum und in 

einem hoch dynamischen Küstensystem identifiziert.  

Die Synthese aller Ergebnisse liefert ein detailliertes Bild über die trophische Funktionalität 

des Benthos der Deutschen Bucht: (a) Die meisten Arten sind trophische Generalisten, d.h. 

sie sind durch viele und hauptsächlich ‚lose’ trophische Verbindungen verbunden. (b) Die 

trophische Redundanz ist verhältnismäßig hoch, d.h. der Verlust einer Art kann durch eine 

oder mehrere Arten funktionell ausgeglichen werden. (c) In Bezug auf die Größenverteilung 

ist das System durch kleine Organismen mit entsprechend hohen Umsatzraten 

charakterisiert. Diese speziellen Eigenschaften des Nahrungsnetzes entsprechen einer 

hohen Resistenz im System, d.h. dass der aktuelle Zustand trotz des schweren Einflusses 

von kontinuierlicher Grundschleppnetzfischerei aufrechterhalten werden kann. 

Die Rückkehr des Benthos hin zu einem ‚vorfischereilichen’ Zustand ist eher 

unwahrscheinlich. Grundschleppnetzfischerei hat irreversible Schäden des Habitats und der 

ökosystemaren Struktur verursacht, und die Wirkung äußerer, synergetischer 

Einflussfaktoren bleibt bestehen bzw. dürfte in der Zukunft eher noch an Bedeutung 

zunehmen, z.B. der Einfluss der Klimaerwärmung und der Einwanderung von Arten. Jedoch 

würde eine großräumige und langfristige Schließung der Fischerei zu einem benthischen 

System mit geringer Umsatzrate, hoher Biodiversität und hoher trophischer Komplexität 

führen. Die geplanten Windenergieanlagen vor der Küste der Deutschen Bucht könnten eine 

Möglichkeit für diese Verlagerung des benthischen Systems in einem Areal von 

beträchtlicher Ausdehnung sein, da Grundschleppnetzfischerei hier verboten werden soll. In 

Anbetracht des derzeitigen Zustandes des Benthos der Deutschen Bucht dürfte der positive 

Effekt der fischereilichen Schließung den möglichen negativen Effekt der 

Windenergieanlagen auf die Umwelt überwiegen. 
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Preface 

1 Preface 

The world’s human population is increasing continuously. While in 1950 there were 2.5 

billion people on earth, there were already 6.1 billion people in 2003 and the population will 

further increase (UNO 2004). Concurrently, the demand for food, water and natural 

resources rises. This has led and will lead to a more and more exceeding economic 

utilisation of the earth’s landscapes and oceans by e.g. agriculture, forestry and mining of 

natural resources. Between one-third and one-half of the land surface already reached an 

intensely artificial state. In marine ecosystems, the spatial quantification of human alteration 

is difficult. The alterations, however, are as well substantial and today only a few pristine 

sites have remained of marine ecosystems such as parts of the the deep sea and the 

Antarctic ecosystem (e.g. Vitousek et al. 1997). 

Humanity took ecosystem services (benefits provided by an ecosystem to humans) at all 

times for granted and used the services and goods without knowledge on and thoughtfulness 

for ecological consequences. Every kind of human utilisation, however, is in some way an 

interference in the respective ecosystem. Human intervention primarily decreases 

ecosystem complexity through simplification of habitat structure and reduction of overall 

biodiversity. Within ecosystems, the number and kinds of the existent species define the 

organismal traits that constitute ecologcial processes (e.g. Chapin III et al. 2000, McCann 

2000). Removing one species from the system means that one link within the trophic web is 

eliminated. In 1859 Darwin already proposed that diverse polycultures will be more efficient, 

have lower nutrient losses and more sustainable soils than even the ‘best’ species 

monoculture. This has been asserted by current scientific studies (Tilman & Downing 1994, 

Tilman et al. 1996, Buschmann et al. 2005, Cardinale et al. 2006). Thus, there is a 

rekindeled interest in the potential effects of species richness and functional diversity on 

ecosystems (e.g. Tilman 2000, Worm et al. 2006) largely because of the consequences for 

ecosystem services. 

Marine ecosystems provide several services, primarily living and non-living resources, 

means of transport, waist disposal and processing, leisure and recreational space. About 60 

% of the world’s population is concentrated near the ocean coasts (within 100 km, Vitousek 

et al. 1997), and the coastal margins have been affected most strongly by humans. To fulfil 

the demand for seafood of the steadily growing human population, overall fishing effort has 

continuously increased over the years. Hitherto, for each fishery the short-term most 

effective catch stands in the foreground. Overfishing is primarily caused by the lack of 

individual disposal rights (Gordon 1954), an example for the non-cooperative game theory 

(e.g. Hardin 1968), provided by the proceeding mechanisation and industrialisation of fishery 

(Pauly et al. 2003). 
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Fishing, in particular bottom trawling, is the most severe anthropogenic impact on marine 

environments (e.g. Dayton et al. 1995, Jennings & Kaiser 1998, Lindeboom & de Groot 

1998, Thrush et al. 2001, Kaiser et al. 2006). Besides the removal of fish and bycatch, 

bottom-trawling has two mayor impacts on benthic communities: On the one hand, a direct 

physical impact that causes reduction of habitat complexity (e.g. biogenic reefs), disturbance 

of sediment and resuspension (e.g. Jennings et al. 2001b, Watling et al. 2001), as well as 

dislocation, damage and mortality of benthic organisms. On the other hand, an indirect 

trophic effect through fishery bycatch and discards which become a considerable food 

source for predators and scavengers. Long-term bottom-trawling pushes the soft-bottom 

communities towards smaller, short-lived and fast growing species. After 100 years of 

intense trawling (Lindeboom & de Groot 1998, Rijnsdorp et al. 1998, Rumohr & Kujawski 

2000) changes add up to a shift from high to low diversity and from a high biomass-low 

turnover to a low biomass-high turnover system (reviewed in Jennings & Kaiser 1998, Hall 

1999, Fonteyne 2000, Kaiser et al. 2002, Gray et al. 2006, Kaiser et al. 2006).  Most likely, 

complex feedback processes are invoved here that will affect overall ecosystem services, 

particularly fishery itself, too. Scientists, having realised this already, call for a 

comprehensive management at the ecosystem level to make fisheries sustainable (e.g. 

Pauly et al. 2002, Browman & Stergiou 2005, Cury et al. 2005). Therefore, the actual 

question is how and to what extent bottom-trawling affects the ecosystem as a whole 

(Jennings & Kaiser 1998, Malakoff 2002).  

My dissertation deals with the trawling impact on soft-bottom communities in the German 

Bight, one of the most heavily trawled areas in the world. Trophic interactions within benthic 

communities are less studied than numerical parameters (e.g. abundance and biomass), but 

constitute the mayor part of organism-organism interactions (May 1974, Cohen 1978, Pimm 

1982), i.e. a significant determinant of ecological functioning and the response of 

communities to perturbations. In this context, I put my emphasis on the trophic functioning of 

benthos, asking:  

How is the benthic community in the subtidal German Bight trophically structured? 

What causes species diet variability and which role does it play for the food web 

structure of soft-bottom benthic communities? 

How is the benthic community structure affected by cessation of bottom trawling? 

Which are the main effects of trawling cessation on the benthic trophic complexity? 

How can benthic communities sustain resistance in spite of bottom-trawling impact? 
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2 Outline 

2.1 Macrozoobenthic communities in the German Bight 

In this first chapter, I give an overview on the numerous environmental factors that govern 

the benthic community of my study area and that often hamper cause and effect studies of 

one certain impact factor such as bottom trawling, which I have investigated in my thesis. 

The first studies on benthic communities in the German Bight were carried out already at the 

beginning of the last century (e.g. Blegvad 1922, Hagmeier 1925, Davis 1923, 1925 cited in 

Kingston & Rachor 1982). Since that time, there was a considerable interest to monitor the 

state of the benthos owing to the impact of the rapid industrial development on the marine 

environment (Kingston & Rachor 1982).  

On the one hand, benthic communities are suited for long-term investigations since they are 

considerably stable in space and time (e.g. Salzwedel et al. 1985). Temperature, sediment 

and depth are the main environmental parameters governing the distribution of benthic 

species (e.g. Glémarec 1973, Duineveld et al. 1991). Traditionally, benthos is classified into 

associations according to species dominance patterns. Such accociations, however, have no 

strict boundaries but rather are descriptions of typical species assemblages along a gradient 

(e.g. Stripp 1969, Dyer et al. 1983, Salzwedel et al. 1985, Duineveld et al. 1991, Heip et al. 

1992, Kuenitzer et al. 1992, Rachor & Nehmer 2003). In the German Bight, silty sands are 

inhabited by the Amphiura filiformis association and silt by the Nucula nitidosa association. 

Coarser sands are inhabited by the Goniadella Spisula association and fine sands are 

characterised by the Tellina fabula association (e.g. Salzwedel et al. 1985, Rachor & 

Nehmer 2003), the association of my study area. 

On the other hand, benthic communities in shallow, boreal coastal systems such as the 

German Bight life in an extremely dynamic environment (e.g. Clark & Frid 2001) that 

becomes manifest in high temperature variability (e.g. Dyer et al. 1983, Dörjes et al. 1986, 

Kröncke et al. 2001, Schröder 2005), in strong tidal currents, in significant albeit variable 

riverine input including nutrient and sediment load (Lozán et al. 1990, Becker et al. 1992, 

Lozán et al. 2003) as well as in wind induced swell and sediment resuspension (Rachor & 

Gerlach 1978, Dörjes et al. 1986). Moreover, rare events such as extremely cold winters 

(e.g. Ziegelmeier 1964, Dörjes et al. 1986, Kröncke et al. 1998, Armonies et al. 2001, 

Schröder 2005) and anoxia (Niermann et al. 1990, Duineveld et al. 1991, Beukema 1992) 

affect significantly recruitment and survival of species.  

The climate of the North Sea is also driven by the North Atlantic Oscillation (NAO, Becker et 

al. 1992) that manifests itself in regional oscillations of environmental parameters such as 

temperature, salinity and surface currents. The periodic changes of the NAO affects 

significantly benthic communities (e.g. Kröncke et al. 1998, Tunberg & Nelson 1998, Kröncke 
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et al. 2001, Schröder 2005). The oscillations in 

environmental parameters cause alterations in 

nutrient supply for the plankton which may result 

in an increased planktonic biomass (Hickel et al. 

1993, Reid et al. 2001), passed to the benthos 

through sedimentation (benthic-pelagic coupling, 

e.g. Tunberg & Nelson 1998, Kirby et al. 2007). 

Particularly the southern North Sea, however, is 

an ecosystem where nutrient supply is high by 

riverine pollutants and allochthonous input (Clark 

& Frid 2001, Kröncke et al. 2004). Therefore, 

Kröncke et al. (2001) suggested that the benthos 

of the southern North Sea is primarily affected by 

changes in storm activity. Moreover, the North 

Sea ecosystem is affected by the trend of natural 

climate change, resulting in an ongoing shifting 

baseline (Frid 2006, Pörtner & Knust 2007). 

Superimposed on natural variability, 

anthropogenic disturbances affect the benthos. 

These can be local such as dumping (e.g. 

Stronkhorst et al. 2003, Witt et al. 2004) and 

sand extraction (e.g. Van Dalfsen et al. 2000) or 

concern larger areas such as pollution and 

eutrophication (e.g. Pearson & Rosenberg 1978, 

Rachor 1990, Duineveld et al. 1991, Basford et 

al. 1993, Kröncke 1995) and bottom trawling 

(e.g. Ehrich 1998, Rumohr et al. 1998, Jennings 

et al. 1999, Clark & Frid 2001), which is itself 

unevenly distributed in space and time (e.g. 

Rijnsdorp et al. 1998, Jennings et al. 1999). 

High variability in environmental conditions, both 

natural and anthropogenic, governs not only 

directly the benthic community structure, but 

cause other modified ecological conditions such 

as larval drifting and recruitment, competition, 

predation and variable food supply (e.g. Clark & 

Frid 2001, Kröncke et al. 2001, Kröncke et al. 

2004, Williams et al. 2004).  

Figure 1: Example for sea bottom
variability in the study area: 
photos of the same station
taken in March (upper photo),
July (middle) and November
2003 (lower photo). 
Scale: 1 m2. 
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The naturally and anthropogenically induced variability causes a consistent noise in 

abundance, biomass and species inventory of the benthic community. Cause and effect 

studies that single out one certain effect such as bottom trawling (Brylinsky et al. 1994, 

Kaiser 1998, Collie et al. 2000, Kaiser et al. 2002) or indirect effects such as trophic 

interactions are often hampered by complex multi-factorial interactions (e.g. Jennings et al. 

2001a, Tillin et al. 2006). 

2.2 Food-web descriptors and ecosystem resistance 

Here, the measures I used to describe trophic complexity are discussed with respect to 

modern theory and praxis of food web analysis, and I will focus on trophic features that 

enhance community resistance against natural or anthropogenic disturbance. 

Some of the earliest studies on food webs and trophic interactions were carried out in marine 

environments: the quantification of benthic species serving as fish food (e.g. Blegvad 1914, 

Petersen 1918, Boysen-Jensen 1919). Volterra (1926) made the first attempt to model 

trophic interactions, i.e. fluctuations in fish and shark populations after the cessation and 

restart of fisheries brought about by the World War I, to understand the roles of natural 

predation and fishing in European Seas. This was the nucleus of the general Lotka-Volterra 

model (see e.g. Begon et al. 1996). 

Trophic interactions are, besides environmental conditions, the main forcing factors for the 

occurence, distribution and behaviour of organisms (e.g. MacArthur 1955, May 1974, Cohen 

1978, Pimm 1982, McCann 2000). Amongst species interactions which constitute 

mutualistic, competitive and trophic interactions, feeding relations are the most important 

ones, they constitute the biological base of ecological functioning (May 1983, Chapin III et al. 

2000). Pioneering work on food-web properties and descriptors was carried out by May 

(1974), Cohen (1978) and Pimm (1982). Since then, scientists have been searching for 

appropriate and universally valid properties that allow to describe and to compare food webs. 

This search is far from being over, particularly the suitability of food webs attributes and the 

crucial significance of taxonomic and functional resolution have been and are still 

controversially discussed (e.g. Yodzis 1980, May 1983, Martinez 1991, Hall & Raffaelli 1993, 

Goldwasser & Roughgarden 1997, Moore 2005). All feeding relations in a community, i.e. 

the trophic interactions between species, constitute the food web of a system (e.g. May 

1983, Briand & Cohen 1987). Hence, feeding type and the trophic role of each species is, in 

theory, of equal significance for ecological functioning, but concurrently its determination in 

diverse food webs is forstalled by limited resources of manpower (e.g. McCann 2000, Dunne 

et al. 2002, Cardinale et al. 2006, Montoya et al. 2006). To capture all species trophic links 

that define a food web is beyond any scientific feasibility in all but the most simply structured 

systems. Accordingly, food-web analysts restrain to approximate descriptors for trophic 

properties of webs such as species size spectra or trophic compartments.  
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Species body size approximates species trophic position within the trophic hierarchy, since 

predators are usually one to three orders larger in magnitude than their prey (Cohen et al. 

1993). The larger an organisms is, the larger its prey spectrum might become and the higher 

its trophic position within the food web will be (e.g. Sheldon & Kerr 1972, Davenport & Bax 

2002, Pauly & Palomares 2005, Brose et al. 2006). Hence, the size-based approach takes 

an instantaneous look at biological properties and interactions at the individual level (e.g. 

Cohen et al. 1993, Jennings et al. 2002b, 2002c, Brose et al. 2006), as well as a temporally 

integrative look at ontogenetic diet shifts during organism life span (e.g. Arntz 1977-1978, 

Post 2003). One potential weakness of the size-based analysis is that the positive 

relationship between body size and trophic position becomes weaker in higher size classes 

(Jennings 2005). Some of the largest organisms feed on small prey: e.g. whale – krill, 

elephant – plants, or within marine benthic communities heart urchin – detritus (Dinmore & 

Jennings 2004). 

Conventional food-web research is based on the number of trophic compartments in a web 

(Lindeman 1942, Pimm 1982, Hall & Raffaelli 1993). Trophic compartments combine species 

that are taxonomically and/or functionally similar (Dunne et al. 2005). The broadest approach 

combines species with similar trophic levels (e.g. Williams & Martinez 2004), i.e. in the most 

simplified system (Briand & Cohen 1984) the web consists of three compartments, basal 

(producers and primary consumers), intermediate (consumers and prey), and a top 

compartment (top consumers with no further predators). A higher resoluted approach is 

grouping species into feeding types. These can be (a) functional groups, i.e. where within 

trophic level species perform in similar ways, (b) feeding guilds, similar to functional groups, 

but including taxonomically similar species and (c) trophospecies, a group of species that 

share similar interaction patterns within a food web (Yodzis 1988, Martinez 1991, Morris et 

al. 2005).  

Lumping species together or structuring the community by body size is, however, always 

associated with a loss of taxonomic and particularly functional resolution. Moreover, the way 

of forming compartments affects both food-web model structure and properties. For 

example, over-aggregation of basal species or putting the emphasis on commercially 

important or “charismatic” species may introduce serious bias (Hall & Raffaelli 1993, Arntz et 

al. 1999, Dunne et al. 2005, Pinnegar et al. 2005). Particularly in systems with a large 

heterogeneous food pool, such as terrestrial leaf communities or benthic soft-bottom 

communities species trophic interactions are difficult to disentangle (Ponsard & Averbruch 

1999, Eggers & Jones 2000). Stable nitrogen isotope ratios, a proxy for an organism’s 

position within the trophic continuum (see chapter 3.2), might offer a lever to tackle this 

problem. 

 

The question how ecological functioning affects the stability of ecosystems is not new, but 

still significant (e.g. Forbes 1887, Elton 1927, Nicholson 1933). Over the last century the 
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definition of the term “stability” evolved permanently (see Ives 2007 for an abbreviated 

history). Multiple inconsistent definitions of “stability” made any meaningful synthesis of 

theoretical and empirical work rather impossible (Pimm 1984), and the mere term “stability” 

has no practical meaning in ecology, i.e. it is but a generic term for several stability 

properties (Grimm et al. 1992). To avoid confusion, in the further course of my thesis, the 

term “stability” is defined and used in the sense of the different stability properties inherent of 

a community following Boesch & Rosenberg (1981), Pimm (1984) and Grimm et al. (1992), 

i.e. 

(1) persistence: remaining essentially unchanged through time; 

(2) resistance: remaining essentially unchanged despite the presence of disturbances; and 

(3) resilience: returning to the reference state (or dynamics) after a temporary disturbance. 

In terms of resilience, the reference state does not strictly refer to the pristine state, but to 

the status quo ante or one of a number of multiple stable points (Sutherland 1974, Gray 

1977). The speed of return to a reference state after a temporary disturbance is the recovery 

rate, i.e. the elasticity (Boesch & Rosenberg 1981, Grimm et al. 1992, Dittmann & Grimm 

1999), which depends on the strength of perturbations and their frequency (intermediate 

disturbance hypothesis, Connell 1978). 

Trophic interactions constitute a significant aspect of community stability properties (e.g. 

Gray 1977, Hall & Raffaelli 1993, Dunne et al. 2005). Since the 1950s (MacArthur 1955), 

much attention has been payed to the connection between food-web properties and 

ecosystem resilience, resistance and persistence (e.g. Elton 1958, May 1972, 1974, Pimm 

1982, 1984, Martinez 1992).  

Food-web theory has been developed principally from freshwater and terrestrial food webs. 

Marine webs resemble terrestrial and freshwater systems to a large extent, but differ to a 

certain extent in their openness, in their predominantly higher connectivity and number of 

links per species, and in their higher degree of omnivory (Hall & Raffaelli 1991, Bengtsson 

1994, Link 2002, Dunne et al. 2004, Link et al. 2005). Nevertheless, marine food webs are 

not unique, but represent at least specific food-web types in the sense of common food-web 

theory (e.g. Link et al. 2005). 

In the last decades, the lively discussion of ecosystem-stability properties (‘diversity – 

stability debate’) was fed by contradictionary experimental outcomes and unclear definitions 

of stability and diversity (Ives 2007). Different ways of food-web construction and modelling 

led to points of view (for discussion see e.g. Eggers & Jones 2000, Kaiser 2000, Loreau et 

al. 2001, Dunne et al. 2005, Moore 2005). Owing to their slightly different settings, marine 

food webs might add a different angle to this discussion (sensu Link et al. 2005). 

Nevertheless, there is a general understanding that certain food-web properties enhance 

ecosystem resistance, irrespective of the habitat or type of ecosystem looked at. The more 

species a system has, the greater the trophic variety among species might become 

(MacArthur 1955, Hooper et al. 2005), and the more capacity a system may have to buffer 
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stress (insurance hypothesis, e.g. Yachi & Loreau 1999, McCann 2000, Moore 2005, 

Thébault & Loreau 2005, Ives 2007). This buffering effect refers to the increased chance of 

trophic redundancy with increased number of species (Naeem & Shibin 1997, Yachi & 

Loreau 1999), i.e. the replacement of lost species by others capable of trophic 

compensation. Hence, an increase in both, trophic complexity and redundancy, is positively 

related to ecological functioning in terms of resistance (Duffy 2003, Duffy et al. 2007). 

Against this background, a growing number of empirical studies demonstrate positive 

diversity-resistance relationships (see e.g. Duffy et al. 2007, Ives & Carpenter 2007).  

Trophic redundancy is not merely having similar trophic elevations, but depends on the 

nature of trophic interactions species may share. Seemingly trophically ‘similar’ species may 

have non-identical sets of trophic links and may differ in the strength of links to the same 

prey or predator (Pimm & Lawton 1978, Paine 1992). To date, there is increasing evidence 

that especially the number of ‘weak trophic links’ is crucial for system resistance. ‘Weak 

links’ represent consumers that can choose between many food species as well as species 

that are prey items to many consumers. On the one hand, “multi-choice” consumers can 

switch between different prey items and thus dimish prey population osscilations and prevent 

one single species from becoming dominant (Post et al. 2000, McCann et al. 2005). On the 

other hand, ‘weak interactions’ can buffer strong and unstable consumer-resource 

interactions within a web (McCann et al. 1998, Berlow 1999, McCann 2000). Fagan (1997) 

and McCann & Hastings (1997) suggested that omnivory, defined as feeding over more than 

one trophic level (Pimm & Lawton 1978, Pimm 1980), might as well increase ecosystem 

resistance. 

Niche models showed that specialisation in resource use leads to increased species 

richness, while an increased number of generalists does not (Thébault & Loreau 2003, Ives 

et al. 2005). The latter, however, comprehends a high degree of trophic redundancy (e.g. 

Eggers & Jones 2000). Accordingly, high species diversity does not necessarily imply 

enhanced resistance. Ecosystem-stability properties might rather be a function of the mixture 

between specialised and generalistic species, and between community trophic complexity 

and redundancy. Knowledge on food-web structure and species feeding strategies is 

essential to understand the community’s ability to cope with perturbations such as bottom 

trawling. 
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2.3 Fishery in the North Sea and its impact on macrozoo-
benthos 

The impact of fishing on the benthic fauna of the North Sea has been intensively studied. In 

this chapter, I give an overview of bottom fishery and summarise its main effects on benthic 

community structure. 

Fishery has a long tradition in the North Sea. Before 1884, rowing boats or sailing vessels 

and mainly passive gears (long lines, nets and traps) were used. In 1884, steam vessels 

were introduced that allowed the use of actively towed gears (otter trawls). Between 1910 

and 1930 the North Sea was already intensively fished (Lindeboom & de Groot 1998). The 

intensity of fishery increased further in the 50s and 60s due to the introduction of more 

powerful diesel engine vessels that were able to tow heavy beam trawls. Today’s strong 

boats, heavy gear, modern technics to locate profitable fishing grounds (e.g. navigation 

systems, fish finders), and substancial subsidies result in high fishing intensity with serious 

effects on the benthic fauna (Lindeboom & de Groot 1998). 

While in the northwestern part of the North Sea otter trawls are the most common gear, 

targeting cod (Gadus morhua), haddock (Merlanogrammus aeglefinus), whiting (Merlangius 

merlangus) and saithe (Pollachius virens), beam trawling is the predominant type of fishery 

in the southeastern part 

(Ehrich 1998, Lindeboom 

& de Groot 1998, 

Jennings et al. 1999), 

targeting particularly sole 

(Solea solea) and plaice 

(Pleuronectes platessa) 

(Lozán et al. 2003). The 

fleets fishing in the 

southeastern North Sea 

are primarily Dutch and 

German ones. French, 

Belgian and Danish fleets 

Vessel type

Figure 2). 

Trawling int

& Rijnsdorp

Sea. In 199

were spent

trawled less

Figure 2: M
e

odern beam trawler with a 12 meter beam trawl at 
ither side, typical of the study area. 
are of lesser importance. 

s fishing in the study area are mainly large beam trawlers >300 hp (see 

ensity is neither spatially (Ehrich 1998, Jennings et al. 1999) nor seasonally (Piet 

 1998, Pastoors et al. 2000, Figure 3) homogenously distributed over the North 

5 the total trawling effort was 2.25 million hours yr-1 and 55 % of these hours 

 on beam trawling, within specific areas. Only 5 % of the North Sea bottom is 

 than once in 5 years, 29 % less than once in a year, 30 % is trawled 1 – 2 times 
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yr-1 and 9 % of the sea bottom is trawled more than 5 times yr-1. In intensively fished areas 

the sea bottom is trawled more than 10 times yr-1 (Rijnsdorp et al. 1998). The study site is 

situated in one of the most heavily trawled areas of the North Sea (Figure 3, Figure 4). 

Trawling intensity

Jan  May  Sep  Jan  May  Sep  Jan  

tim
es

 tr
aw

le
d 

m
on

th
-1

0.0
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0.4

0.6

0.8

1.0

1.2

1.4

2003 2004  

Figure 3: Seasonal variation of trawling intensity (times trawled month-1) in the study area 
over time of investigation. Data were calculated from Vessel Monitoring System 
(VMS-data). Modified after Schröder & Dannheim 2006. 
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Figure 4: Trawling intensity of large beamtrawlers (>300 hp) in 2003 (upper figure) and 
2004 (lower figure) in the study area (times trawled month-1, VMS-data). Modified 
after Schröder & D
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In the North Sea, Graham (1955) was the first to report on the effects of fishing on non-target 

species. Specific studies of bottom-trawling impact on the seabed and its fauna did not start 

before the 70s and 80s (reviewed inArntz & Weber 1970, De Groot 1984, De Groot & 

Lindeboom 1994, Lindeboom & de Groot 1998, Hall 1999). 

ergman et al. 1990, Eleftheriou & Robertson 1992, Collie et al. 

 impact causes dislocation, damage and mortality of benthic 

000, 

as well as indirect effects of bottom trawling, however, require the comparison of trawled with 

Bottom trawling affects the benthic ecosystem in different ways, but in the first instance it 

simplifies the ecosystem by (i) levelling habitat structure (e.g. Riesen & Reise 1982, Auster & 

Langton 1999, Freese et al. 1999, Thrush et al. 2001, Thrush & Dayton 2002) and by (ii) 

reducing biodiversity (e.g. Jennings & Kaiser 1998, McConnaughey et al. 2000, Jennings & 

Reynolds 2000, Blanchard et al. 2004). Gear impact strength depends on the gear used, its 

weight and structure (e.g. number of tickler chains) on the one hand and on the habitat or 

sediment composition (e.g. B

2000) on the other hand. 

Besides the removal of fish and bycatch, a loss in species number (e.g. Prena et al. 1999, 

Bergmann et al. 2001) and particularly of top predators (e.g. Pauly et al. 1998, Pauly & 

Palomares 2005), bottom trawling has two mayor impacts on the benthic communities. On 

the one hand, there is the direct physical impact of the gear: it causes sediment 

resuspension and an alteration of the sediment biogeochemical composition (e.g. Churchill 

1989, Werner et al. 1990, Schwinghamer et al. 1998, Watling et al. 2001, De Madron et al. 

2005, Trimmer et al. 2005).  

Moreover, the physical

organisms within the trawl tracks (Arntz & Weber 1970, Rumohr & Krost 1991, Kaiser 1996, 

Bergman & van Santbrink 2000, Mensink et al. 2000, Piet et al. 2000, Ramsay et al. 2000). 

This effect is species specific, depending for example on size, mobility, and burrowing depth 

(Bergman & Hup 1992, Gilkinson et al. 1998). On the other hand, trawling has indirect 

effects, too, in particular a distortion of the trophic base through bycatch, discards and gear-

induced mortality which attracts and favours predators and scavengers (Ramsay et al. 1998, 

Fonds & Groenewold 2000, Groenewold & Fonds 2000, Rumohr & Kujawski 2

Bergmann et al. 2002).  

In the long run, trawling effects become manifest as shifts in the species inventory and thus 

community structure: from long-lived to short-lived, from large sized to small sized, and from 

slow growing to fast growing species (e.g. Bergman & Hup 1992, Dayton et al. 1995, Kaiser 

& Spencer 1995, Tuck et al. 1998, Frid & Clark 2000, Bradshaw et al. 2002). Almost one 

century of trawling (Lindeboom & de Groot 1998, Lindeboom 2000, Rumohr & Kujawski 

2000) has shifted the benthic community towards a low biomass/high productivity system 

(Duplisea et al. 2002, Jennings et al. 2002a, Hiddink et al. 2006a, Queirós et al. 2006).  

Experimental studies of short-term fishing impacts or comparisons of sites with different 

trawling intensities (reviewed in e.g. Collie et al. 2000, Kaiser et al. 2006) are the principial 

source of today’s understanding on trawling effects. Scientifically sound studies of long-term 
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truly untrawled sites (Ball et al. 2000). This is difficult since pristine sites of comparable 

environmental settings are lacking in most European coastal waters (shifting baseline 

that “…marine 

-history traits 

ollie et al. 2005, Tillin et al. 2006), whereas the nature of trawling effects are particularly 

trophic ones. Recent studies try to account for these interconnections by focussing either on 

changes in size spectra or trophic level (Jennings et al. 2001a, Duplisea et al. 2002, 

Jennings et al. 2002a, 2002b, Hiddink et al. 2006a, Queirós et al. 2006) or on effects at the 

level of biological trait entities (Blanchard et al. 2004, Tillin et al. 2006) to infer changes in 

trophic flow and trophic structure. Thus, “high resolution” studies at the species level, i.e. the 

evolutionarily derived basic unit of ecosystem functioning, are missing so far.  

 

phenomena, e.g. Pauly 1995, Pauly & MacLean 2003, Lotze et al. 2005). This is, by the way, 

the focus of a lively discussion between scientists and the FAO (Food and Agriculture 

Organisation of the United Nations) on appropriate design of trawling impact studies (Gray et 

al. 2006, Sheppard 2006, Gray et al. 2007a, 2007b, Lokkeborg 2007, Valdimarsson 2007). 

Gray et al. (2006) stated that commonly “…the onus is on the disturber to prove that they will 

not affect the environment before a potential disturbance is allowed…” and 

ecologists (are only able) to prove damaging effects…”. 

So far, only four studies looked at post-impact recovery by comparing untrawled and trawled 

sites (Collie et al. 2005, Smith et al. 2006, De Juan et al. 2007, Duineveld et al. 2007), but 

only the latter two were carried out in the North Sea. Recovery times and pathways of 

benthic communities were already determined in the 70s and 80s (see Pearson & 

Rosenberg 1978, Arntz & Rumohr 1982), but most data on bottom-trawling recovery are still 

estimates derived from models (e.g. Collie et al. 2000, Hiddink et al. 2006b).  

System response depends to a great extent on species life spans and life

(C

 12



Methods and study side 

3 Methods and study site 

3.1 Study site and sampling scheme 

study site

Sylt

Borkum

trawled areas

Helgoland

Bremerhaven

platform, 
untrawled area

study site

Sylt

Borkum

trawled areas

Helgoland

Bremerhaven

platform, 
untrawled area

 

Map 1: Map of the study site located in the German Bight with the untrawled area (red 
circle) and the two trawled areas (orange squares), one situated north-west and 
one east of the untrawled area. 

The study site is situated in the German Bight (North Sea) 30 nm off the island Borkum at 30 

m water depth (North Sea, Map 1). The sediment consists of homogenous fine sands 

(median grain size of 177 µm). Hydrographically, the study site is homogenous. The water 

column is not stratified and characterised by wind and tidally driven strong currents. On a 

regional scale, North Sea waters are subjected to a wind driven anticlockwise circulation 

(see Becker et al. 1992, Ducrotoy et al. 2000). Tidally caused currents run east – west along 

the East Frisian coast and north – south along the North Frisian coast during flood tide and 

ebb tide, respectively. Thus the main netto water transport by wind and tides in the North 

Sea is west to north. At the study site, the main current direction is east and west between 

0.2 and 0.4 m s-1 at the bottom. Due to the mostly north-westerly winds, the surface currents 

are slightly stronger in eastern direction (over 1 m s-1) (unpubl. data of the Federal Maritime 

and Hydrographic Agency, BSH). Salinity ranges between 33 and 35, whereas the annual 

temperature amplitude is about 15°C (Figure 5).  
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To estimate local trawling intensity once a year (C2, C5) in summer, side-scan surveys were 

carried out. Additional data on trawling intensity for the Dutch and German fleet were 

calculated from the Vessel Monitoring System (VMS) throughout both years (unpubl. data 

provided by S. Ehrich, Federal Research Centre for Fisheries, and G. Piet and F. Quirins, 

Netherlands Institute for Fisheries Research). 

For PUBLICATION III additional grab samples were taken in the direct vicinity of the platform 

(see PUBLICATION III for sampling dates). Van Veen (0.1 m²) grab samples were collected 

monthly directly from the research platform FINO 1, up to 17 m away from the construction. 

Samples were used for identifying infaunal species and subsamples for sediment analysis.  

For further details of sampling and of sample treatment see PUBLICATIONS I – V. 

 

 

 

Figure 8: Main sampling gears used in this thesis: van Veen grab (upper left), beam-trawl 
(upper right), photo swing (lower left) and video camera (lower right). 
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3.2 Stable isotope ratios 

al. 1987, Fry 1988, Hobson & Welch 1992, Post 2002b). The underlying principle is the 

on of the heavier isotope (15N and 13C) with each assimilation step and 

pic ratio of about 1.4 – 3.4 ‰ per trophic step relative to their prey and up to 1 ‰ for 

os and C/N-ratios were measured in an isotope-mass spectrometer 

ferent food 

sources at the base of trophic systems (Fry 1988, Fry & Sherr 1984), correlate positively with 

anisms (McConnaughey & McRoy 1979, Sweeting et al. 2006, Post et al. 

2007). Since lipids were not measured but known to vary greatly with tissue, gender and size 

opic ratios are neglected in 

d organisms and/or are 

characterised by many species that feed from a “storage pool” of matter that is difficult to 

ead leaves in woodlands or detritus in aquatic systems), they provide a 

powerful tool to investigate trophic functioning. 

The ratios of stable isotopes of nitrogen (15N: 14N ≙ δ15N) and carbon (13C:12C ≙ δ13C) are 

proxies of an organism’s position within the trophic hierarchy of an ecosystem (e.g. Wada et 

enzymatic selecti

hence a progressive enrichment within the body tissue along the trophic continuum (e.g. 

Peterson & Fry 1987). Fractionation is variable with an increase of consumer nitrogen 

isoto

carbon isotopic ratios (De Niro & Epstein 1978, De Niro & Epstein 1981, Minagawa & Wada 

1984, Adams & Sterner 2000, Post 2002b, McCutchan et al. 2003). 

Isotopic rati

(Thermo/Finnigan Delta Plus at GeoBioCenterLMU, University of Munich). Both parameters 

were sensitive to environmental and physiological patterns and to sample treatment 

(PUBLICATION I). Carbon isotopes, which are primarily helpful to distinguish dif

lipid content of org

(e.g. Focken & Becker 1998, Schmidt et al. 2003), and since subtidal benthic food webs are 

based on one food source (detritus, e.g. Frid 2006), carbon isot

PUBLICATION II and PUBLICATION V of this thesis. 

In contrast, tissue nitrogen isotopic ratio is a robust proxy for organism trophic elevation in 

relation to the primary food source. That is δ15N can be used to reconstruct the trophic 

hierarchy within an ecosystem, but also to infer inter- and intra-population diet variability 

(France et al. 1998, Jennings et al. 2002b, 2002c), ontogenetic diet shifts (De la Morinière et 

al. 2003, Post 2003, Rossi et al. 2004), and seasonal and spatial patterns in alimentation 

(Lorrain et al. 2002, Persic et al. 2004, Matthews & Mazumder 2005). Hence, nitrogen 

isotopic ratios describe and discriminate trophic niches to a certain extent (Genner et al. 

1999, Davenport & Bax 2002, Bearhop et al. 2004, Matthews & Mazumder 2004, Jacob et al. 

in prep.). Particularly in systems that consist of small size

differentiate (e.g. d
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4 Publications 

Each publication, its connection to the broader scope of the dissertation and my share 

thereof are listed below. This chapter presents the five publications that constitute my thesis. 

PUBLICATION I 

Stable isotope ratios are an indispensable tool in food web studies but still imply 

certain uncertainties regarding pre-sample treatment. We tested here whether bulk freezing 

f 

ological functioning (May 1974, Cohen 1978, Pimm 1982), and combined with species 

ral issue in studies of natural communities, particularly regarding the 

lism, diet shifting, specialisation). These trophic patterns are essential for 

ith all other co-authors.  

Dannheim J, Struck U, Brey T (2007). Does sample bulk freezing affect stable isotope ratios 
of infaunal macrozoobenthos? Journal of Expermental Marine Biology and Ecology, 351: 37-
41. 

Division of work: I developed the initial idea and carried out all practical work (except isotope measurements, done 

by the second author), the statistical analysis (together with the 3rd author) and had the lead in writing the 

manuscript. 

Context: 

of complete grab samples onboard is an acceptable bias-free sample treatment.  

PUBLICATION II 

Dannheim J, Jacob U, Schroeder A, Brey T (manuscript). Two-dimensional trophic 
complexity of German Bight soft-bottom macrozoobenthos. 

Division of work: I developed the idea and did the sampling and analyses, the latter with support from the 2nd and 

later with the 3rd author. I wrote the manuscript in discussion with the 2nd author and later with both other co-authors. 

Context: PUBLICATION II deals with the trophic complexity of the subtidal benthic community 

of sandy bottoms in the German Bight. Trophic interactions are an important determinant o

ec

richness, they are a cent

consequences of human impact (McCann 2000, Loreau et al. 2001, Dunne et al. 2002).  

Moreover, PUBLICATION II provides insights in trophic niche width of benthic species (e.g. 

omnivory, genera

understanding community dynamics and ecological functioning. 

PUBLICATION III 

Joschko T, Dannheim J, Niehoff B, Schroeder A, Orejas C, Knust R (submitted). The effect 
of an artificial hard substrate on the loacal soft-bottom macrozoobenthos in the German 
Bight: A first step to understand the impact of future offshore wind turbines. ICES Journal of 
Marine Science. 

Division of work: The 1st author and I developed the idea and concept of this manuscript. Sampling, sorting and data 

analysis were carried out by the 1st author, the 4th author and myself. The manuscript was written by the 1st author, 

the 3rd author and me and discussed w
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Publications 

Context: We evaluate whether the presence of the research platform FINO 1 has a 

detectable effect on the surrounding benthic community that is distinguishable from the effect 

esponse of macrozoobenthic community to 
cessation of fishing activity in the North Sea. In: Demestre M (ed). Response of Benthic 

ommunities and Sediment to Different Regimens of Fishing Disturbance in European 
Coastal Waters (RESPONSE). Final Report of the EU project Q5RS-2002-00787. ICM-
CSIC, Barcelona: 238-303. 
Division of work: The publication is part of the Final Report of the EU-project RESPONSE. The 3rd author led the 

project and developed its main objective together with the other EU partners. Sampling was carried out by all three 

authors. The 2nd author carried out the photo and video analyses. I did all the laboratory work and the major part of 

the data analysis, supported by the 3rd author. I wrote the report chapter, supported by the 2nd and in particular the 

3rd author. 

Context: The RESPONSE project (Response of benthic communities and sediment to 

different regimes of fishing disturbance in European Coastal waters, No: QRLT-2001-00787) 

focused on the recovery of benthic communities after cessation or different levels of trawling 

disturbance in the Irish Sea, the Mediterranean Sea (Catalan Sea and Adriatic Sea) and the 

North Sea. Thus it represents a central part of my PhD studies. For further informations see 

http://www.icm.csic.es/rec/projectes/response/. The PUBLICATION IV is part of the project final 

report. Fishing effects on benthic community structure were investigated by common 

community analyses, based on grab and beamtrawl samples. The observed recovery after 

fishing closure is compared to known trawling effects on macrozoobenthos (reviewed in 

Jennings & Kaiser 1998, Hall 1999, Fonteyne 2000, Kaiser et al. 2002, Kaiser et al. 2006). 

PUBLICATION V 

Dannheim J, Brey T, Schroeder A, Mintenbeck K, Knust R, Arntz W (submitted). Trophic 
look at soft-bottom communities – the long way of recovery from trawling. Marine Ecology 
Progress Series. 

Division of work: I conducted the sampling together with the 3rd author and carried out most of the laboratory work, 

except stable isotope measurements. I did the data analysis supported by the 2nd and 3rd author. Some data were 

provided by the 4th author. I had the lead in drafting and writing the manuscript which was discussed with all co-

authors. 

Context: PUBLICATION V focuses on post-impact recovery phenomena that are detectable in 

trophic properties of the benthic community. We take (for the first time) a synoptic view on 

changes in species trophic position and changes in species mediated trophic flow. We 

discuss the relevance of the observed patterns for ecosystem trophic functioning and 

community resilience (e.g. McCann et al. 1998, McCann 2000, Dunne et al. 2002) with 

respect to trawling impact.  

related to cessation of trawling. 

PUBLICATION IV 

Dannheim J, Finger K, Schroeder A (in press). R

C
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PUBLICATIONS RELATED TO MY THESIS  

Schröder A, Dannheim J (in press). Estimation of fishing effort in the ASA of the North Sea. 
In: Demestre M (ed). Response of Benthic Communities and Sediment to Different 

 (RESPONSE). Final Report 
f the EU project Q5RS-2002-00787. ICM-CSIC, Barcelona: 107-129. 

inger K, Dannheim J, Suck I, Schröder A (in prep.). Imaging optical methods as a non-
vasive method to detect trawling disturbance?. 

Regimens of Fishing Disturbance in European Coastal Waters
o
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Does sample bulk freezing affect stable isotope ratios of infaunal 
macrozoobenthos? 

r 

n 

d 

at 

f 

N 

an Bight. On average, molar C/N ratio increases 

y 0.93, δ13C decreases by 1.87 ‰, and δ15N decreases by 1.01 ‰. Mechanical cell 

ss of cytosol as well as metabolic degradation by free 

enzymes and by microorganisms are discussed as major causes for the observed effects. 

io 
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Abstract 

Macrobenthic infaunal sampling campaigns that aim at unpreserved “fresh” animals for late

biochemical analysis follow one of two strategies: either samples are sieved and sorted o

board and individual specimens are frozen, or grab/corer samples are frozen completely an

animals are separated from sediments later in the laboratory. This study demonstrates th

deep freezing of complete grab samples causes a significant bias in stable isotope ratios o

nitrogen (15N/14N or δ15N vs. AIR) and carbon (13C/12C or δ13C vs. PDB) as well as in the C/

ratio of nine infaunal species from the Germ

b

destruction and subsequent lo

We recommend to abstain from using bulk frozen grab samples for the analysis of C/N rat

or stable isotope ratios. 

 

Keywords: Freezing storage; Infaunal macrozoobenthos; Sample processing; Stable 

isotopes 

 

 

 

 

 

 21



PUBLICATION I 

1. Introduction 

Analysis of tissue stable isotope ratios in nitrogen (15N/14N or δ15N vs. AIR) and carbon 

(13C/12C or δ13C vs. PDB) are an essential part of modern food web studies in marine 

benthic communities (e.g. Fry 1988, Hobson & Welch 1992, Herman et al. 2000, 

Jennings et al. 2002). The underlying principle is the enrichment of the heavier isotope 

ainright 1999, Jacob et al. 2005, Carabel et al. 2006) and 

t al. 2006), sample storage and preservation appears 

 drying, freezing and freeze 

rab/corer samples and defrosting them again in the laboratory 

auses bias in stable isotope ratio determinations in animals collected from this sample, 

ch bias is species specific. 

 

 and stored at -20°C (bulk freezing, BF). 

rom another 25 samples, we handpicked 91 individuals belonging to nine dominant 

(Echinocardium cordatum, Euspira pulchella, Lanice conchilega, 

Nephtys sp., Poecilochaetus serpens, Scolelepis bonnieri, Tellimya ferruginosa, Tellina 

15N and 13C with each assimilation step in the food chain owing to the selective metabolic 

loss of the lighter isotopes during food assimilation and growth. On average, fractionation 

per trophic level amounts to 2.5 – 5 ‰ in δ15N and to 0 – 1 ‰ in δ13C (De Niro & Epstein 

1978, 1981, Minagawa & Wada 1984, Post 2002).  

There are many natural sources of variability in stable isotope ratios, but bias owing to 

sample treatment has drawn a considerable amount of attention recently. Besides sample 

acidification (Bosley & W

sample lipid extraction (Sweeting e

to be a crucial point. There is a general agreement that oven

drying show little or no effects, whereas formalin and ethanol fixation cause significant 

bias (Bosley & Wainright 1999, Ponsard & Amlou 1999, Kaehler & Pakhomov 2001, 

Feuchtmayr & Grey 2003, Lorrain et al. 2003, Sweeting et al. 2004) 

In studies on infaunal macrozoobenthic species, the bulk freezing of complete grab/corer 

samples directly after collection is an appealing approach (e.g. Lovvorn et al. 2005). 

Separating tiny animals from the sediment and identifying them is a time consuming and 

laborious task, which can be handled much better in the laboratory than on board of a 

research vessel with tight restraints on time and space. Here we evaluate whether bulk 

freezing of complete g

c

and whether su

2. Material and Methods 

Infaunal macrozoobenthos was collected with a 0.1 m2 van Veen grab at one site in the 

German Bight (54°03.83 – 54°00.96N and 006°27.30 – 006° 43.13E, autumn 2004, RV 

Heincke). Thirteen samples were frozen directly after collection, i.e. the bulk content of 

the grab was transferred into a polyethylene box

F

infaunal species 

fabula and Urothoe poseidonis). Each individual was stored separately in a plastic jar at -

20°C (individual freezing, IF). After 13 months storage, BF samples were slowly defrosted 

at 8°C, and the sediment was removed layer-by-layer following the thawing horizon down 
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into the sample. 77 infaunal specimens were handpicked from the sediment and 

transferred to cooled seawater (3-4°C) where they remained for a maximum of 20 min 

before further processing. Subsequently, both BF and IF treated samples were lyphilised 

for 24 hours (Finn-Aqua Lyovac GT2E), homogenized in a ball mill, treated with 1 mol l-1 

hydrochloric acid (HCL) to eliminate calcium carbonates following the procedure of Jacob 

et al. (2005), redried at 55°C and ground to powder in a mortar. 

Stable isotope ratios δ13C and δ15N were determined by an isotope-ratio mass 

spectrometer (Thermo/Finnigan Delta Plus at GeoBioCenterLMU, University of Munich). 

Gaseous standards (N2 and CO2 respectively) were calibrated against atmospheric 

nitrogen (AIR) for nitrogen and the PeeDee Belemite standard (PDB) for carbon. An 

internal standard (Peptone with known isotope composition) was used for every 6th 

sample. Experimental precision was less than ≤ ±0.2 ‰. Both isotopes ratios were 

luded, too (1 individual). Delta13C data were multiplied by -1 to obtain positive 

 (BF) caused a significant (p<0.001) 

t 

expressed in δ notation: 

δ X (‰) = [(Rsample/ Rstandard)-1] x103

 where δ X is 13C or 15N, and R is the 13C/12C or 15N/14N ratio. 

All samples with < 5 µg nitrogen content were excluded from further analysis because of 

insufficient measurement precision (10 individuals). Multivariate outliers in the sample 

space [C/N, δ15N, δ13C] were identified by Mahalanobis distances (Barnett & Lewis1994) 

and exc

values, and all three data series (C/N, δ15N, -δ13C) were Box-Cox transformed (Sokal & 

Rohlf 1995) in order to achieve normality and equality of variances. Full interaction 2-way 

analysis of variance (ANOVA) followed by post-hoc Turkey HSD tests on differences 

between means was applied to check for effects of treatment (IF, BF) and of species on 

the three parameters. 

 

3. Results  

Compared to individual freezing (IF), bulk freezing

increase in C/N (on average 0.93, Fig. 1a.), and a decrease in both δ13C (on average 1.87 

‰, Fig. 1b.) and δ15N (on average 1.01 ‰, Fig. 1c.). In C/N ratio and δ15N ANOVA 

detected significant interactions between treatment and species (Table 1). On the species 

level, BF treatment effects were significant in seven (C/N, Fig. 1a.), nine (δ13C, Fig. 1b.), 

and three species (δ15N, Fig. 1c.), respectively. 

 

4. Discussion 

Freezing by itself, i.e. the exposure of organic matter to below zero temperature, has no 

effect on C/N ratio and stable isotope ratios (Bosley & Wainright 1999, Ponsard & Amlou 

1999, Kaehler & Pakhomov 2001, Sweeting et al. 2004). There are, however, several distinc
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differences between the IF and the BF treatment procedure which may affect tissue 

condition and biochemical properties: (i) The freezing process of a bulk sample takes much 

nger owing to its larger mass and smaller surface/volume ratio compared to single animals. 

n of more ice crystals inside tissues which can destroy 

cells mechanically and lead to cell content leakage (Salonen & Sarvala 1980, Feuchtmayr & 

he 

ii) 

e 

e 

les, in 

articular fatty acids can be oxidized chemically at temperatures as low as -30°C (E. Brodte, 

The observed increase in C/N ratio may be due to either an increase in C content or a 

during  in nitrogen. We 

osol when 

thawing. Cytosol has a higher protein content – and thus nitrogen content – than organelles 

 acids (Alberts 

and δ15

technique N of zooplankton. They relate the observed depletion in the 

(liquid n

the leac istinct molecule groups are known to 

differ in their isotopic ratios from the average stable isotope composition of the bulk 

cytosol 

play an en damaged mechanically during 

freezing. Unfortunately, there are numerous potentially significant parameters such as 

process

decomp ates specific for certain substrates as well as metabolic pathways (Abraham 

concentration

from sample phisticated approaches, e.g. inhibition of free enzymes 

and/or of microorganisms, or monitoring of dissolved nitrogen and carbon components 

lo

Slower freezing allows for the formatio

Grey 2003). (ii) Tissues may be damaged further by mechanical stress caused by t

antagonistic forces of liquid volume expansion during freezing against sample mass. (i

Tissue components may be metabolized by free enzymes or by microorganism inhabiting th

sediment (e.g. Ponsard & Amlou 1999), in particular during freezing and thawing of th

sample and following mechanical tissue destruction. (iv) Certain macromolecu

p

pers. comm.). 

decrease in N content. Salonen & Sarvala (1980) report a significant leakage of carbon 

freezing but do not provide information on the corresponding loss

presume that mechanical cell destruction during BF treatment leads to a loss of cyt

and membranes which are comparatively richer in carbohydrates and in fatty

2002).  

May cytosol loss following mechanical cell destruction cause the observed decrease in δ13C 

N, too? Feuchtmayr & Grey (2003) compared the effects of various preservation 

s on δ13C and δ15

lighter isotopes 12C and 14N in normally frozen samples (-20°C) compared to shock frozen 

itrogen) samples to leaching of cell material, too. This would, however, premise that 

hed components are lower in δ13C and δ15N. D

individual (e.g. Peterson & Fry 1987, Kelly 2000) but there is no direct evidence yet that e.g. 

components are isotopically lighter indeed. 

Besides the physical processes discussed so far, chemical and biochemical activities may 

 important role, too, in particular if cells have be

molecule specific isotopic ratios (e.g. Peterson & Fry 1987, Kelly 2000), biochemical 

es with specific effects on isotopic ratios (Smejkal et al. 1971, Owens 1987), and 

osition r

et al. 1998, Fang et al. 2002, Lyons et al. 2003, Somsamak et al. 2006). Above all, both 

 and composition of sediment microorganisms and free enzymes may change 

 to sample. More so

during sample storage and processing, will enhance our understanding of these processes. 
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For the lk freezing causes a significant and 

intolerable bias in the measurements of C/N, δ13C and δ15N.  
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Figure 

(a)

C/N ratio IF

4 5 6 7 8 9

(b)

δ13C (‰) IF

-20 -19 -18 -17 -16

δ13
) B

F

C
/N

 ra
tio

 B
F

4

8

10

5

6

7

9

-23

-21

-19

-16

-18

-17
Ec

Up*

Ps
Mf

Ns

* *

*

 

EpLc
Up Tf Sb* * ***

C
 (‰

-20
Ps

Mf
EpTf

Sb*
*

**
Lc

Ns*
*

Ec*-22

(c)

δ15N (‰) IF

7 8 9 10 11 12 13 14

δ15
N

 (‰
) B

F

7

8

9

10

11

12

13

14

15

Ec

Ps

Ep

Lc
Up
Sb

*

Ns

Mf
Tf

*
*

 
Fig. 1. Plots of (a) C/N ratio, (b) δ13C and (c) δ15N ratio in bulk treatment (BF) versus 

individual treatment (IF) samples. Horizontal and vertical bars represent standard deviation 

of x and y variable for Echinocardium cordatum (Ec), Euspira pulchella (Ep), Lanice 

conchilega (Lc), Nephtys sp. (Ns), Poecilochaetus serpens (Ps), Scolelepis bonnieri (Sb), 

Tellimya ferruginosa (Mf), Tellina fabula (Tf). Line indicates 1:1 ratio. *: significant difference 

between IF and BF in this species as indicated by post-hoc test (p<0.05). 
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horizontal (within trophic elevation) and 

 trophic compartments (basal, intermediate, and top). There 

c complexity of
coastal soft-bottom macrozoobenthos 
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ABSTRACT 

We study trophic complexity of a highly dynamic coastal soft-bottom community (German 

Bight, North Sea), using stable nitrogen isotope ratios (δ15N) as proxies of species trophic 

elevation and species trophic niche width. 

At the community level, the relationship between 

vertical (across trophic elevation) dimension of trophic complexity was explored. Both 

measures indicate a moderate variety in traits, but particularly a high level of trophic 

redundancy. At the species level (i.e. the 20 most abundant species), vertical niche width 

(approximated by inter-individual variation in δ15N) and horizontal niche width (approximated 

by the number of potential prey species, PPI) were determined. Most dominant benthic 

species are generalists, indicating rather weak overall trophic interactions. Horizontal and 

vertical niche width is related to

appears to be an ecological trade-off between vertical niche width and ontogenetic shift in 

diet: species with distinct ontogenetic shift show only intermediate vertical niche width.  

The applied two-dimensional proxy approach cannot substitute a high resolution food web 

study, but it constitutes an efficient, robust and standardised measure of community and 

species basic trophic properties. That is, within its inherent limits, it allows for scientifically 

sound comparisons of particular trophic properties and ecosystems on a rough scale.  

 

Keywords: trophic complexity, trophic niche width, trophic structure, ontogenetic diet shifts, 

trophic functioning, stable isotopes, macrozoobenthos, North Sea 
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INTRODUCTION 

In order to withstand the steadily increasing demand for services and goods, the sustainable 

management of aquatic resources must be based upon an ecosystem approach (e.g. Pauly 

et al. 2002, Worm et al. 2006). Trophic interactions constitute the major part of organism-

organism interactions in living communities and thus are a significant determinant of 

ecological functioning (May 1974, Pimm 1982, Cohen 1978). Correspondingly, the 

lationship between biodiversity and trophic functioning became a central issue of ecology 

during recent years (e.g. Y 01, Ives et al. 2005) with 

regard to natural community dynamics (Paine 1992, Polis & Strong 1996), but particularly 

ith other species (e.g. MacArthur 1955, 

f detritus (e.g. Eggers & Jones 2000, Polunin & 

re

achi & Loreau 1999, Loreau et al. 20

concerning the consequences of human impacts on ecosystems. This encompasses e.g. the 

loss or extinction of species (e.g. Dunne et al. 2002, Christianou & Ebenman 2005) or the 

response of communities to perturbations (e.g. McCann 2000, Dunne et al. 2004, Montoya et 

al. 2006). 

Key trophic features of a system may persist despite a change in species inventory (De 

Ruiter et al. 2005). Nevertheless, food web structure relies on species inventory, i.e. the 

trophic role of each species and its interaction w

Paine 1992, McCann 2000, Cardinale et al. 2006). 

Community trophic complexity can be tackled by adding a trophic dimension to taxonomically 

defined biodiversity (sensu Duffy et al. 2007), generating a ‘complexity space’ with the 

dimensions ‘horizontal diversity’, i.e. community species richness within each trophic level 

and ‘vertical diversity’, i.e. the number of trophic levels within a system. Accordingly, at the 

species level the within-species trophic variability is composed of ‘vertical niche width’, i.e. 

the extension of feeding across trophic levels and ‘horizontal niche width’, i.e. resource 

generalism (Duffy et al. 2007).  

Purchasing diet information from benthic organisms is difficult since they are usually small in 

size, and many feed on the bulk litter o

Pinnegar 2002). Species are, therefore, commonly lumped into functional groups or feeding 

guilds (Briand & Cohen 1984, Martinez 1991) and/or structured by size and trophic position 

(e.g. Jennings et al. 2002, Brose et al. 2006). Stable isotope ratios provide a versatile lever 

to tackle this problem: On the one hand, nitrogen stable isotope ratios (δ15N) are a proxy for 

an organism’s position in relation to the base of the food web within the trophic hierarchy of 

an ecosystem, i.e. the species trophic elevation (Post 2002, McCutchan et al. 2003). On the 

other hand, variability in δ15N can be used as an indicator for inter-individual variability in 

trophic elevation of food assimilated, i.e. intra-population diet variability (Bolnick et al. 2003, 

Bearhop et al. 2004, Matthews & Mazumder 2004), indicative of seasonal (e.g. Matthews & 

Mazumder 2005), spatial (e.g. Davenport & Bax 2002), and ontogenetic shifts (e.g. De la 

Morinière et al. 2003, Post 2003). 
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It seems impossible to capture all parameters that define community complexity and species 

niche width, but a subset may provide a sufficiently accurate and reliable approximation. 

ample treatment. Sampling proceeded during two cruises with RV Heincke 

he 

d by Differential Global Positioning System (DGPS). Epifaunal 

nd the mean body mass (M, mg) was determined and 

. In small bodied species 

 large bodied species, only 

mples

Here, we approach community trophic complexity and trophic niche of the dominant species 

of a German Bight soft-bottom system by means of a two-dimensional approach that follows 

the concept of Duffy et al. (2007). We explore whether such a rather simple approach that 

depends on a limited number of parameters can provide feasible insights into community 

trophic structure and dynamics. 

 

MATERIALS AND METHODS 

Study area. The study area is situated in the German Bight (54°00.96’ – 54°03.83’ N and 

006°27.30’ – 006°43.13’ E) at 30 m depth 45 km off the island Borkum. Hydrographical 

conditions are homogenous within the study area, as the prevailing strong tidal currents (up 

to 1 m s-1) displace the water masses over far larger scales than the study area. Accordingly, 

sediments are quite uniform within the study area (homogenous fine sand; median grain 

size: 177 µm), shaping a consistent macrozoobenthic community in terms of species 

composition (Schröder & Dannheim unpubl. data). 

Sampling and s
(November 2003, September/October 2004). The infauna was sampled with a 0.1 m2 van 

Veen grab (95 kg) at 14 stations with 3 replicates on each station. Grab contents were 

sieved on 1 mm mesh size and fixed in 4 % buffered formalin. Epifauna was collected with a 

beam-trawl (3 m width) at t same 14 stations (haul duration <=10 min at 3 knots). Trawled 

distance was determine

subsamples from each catch were stored frozen until further treatment. Specimens were 

identified to the lowest possible taxonomic level. For each species, the abundance (m-2), the 

biomass (wet weight, mg m-2) a

converted to dry mass after Brey (2001). 

With additional grab and beam-trawl samples, 421 samples of the 21 most dominant species 

(see table 1) were collected for stable isotope analysis. All individuals were sorted alive on 

board and samples were stored at –20°C until further treatment

(Euspira pulchella, Poecilochaetus serpens, Spiophanes bombyx, Urothoe poseidonis) 

several individuals were pooled to achieve the minimum sample size (>5 µg nitrogen), 

required for sufficient precision in isotopic measurements. In

muscle tissue served as sa  (Liocarcinus holsatus, Asterias rubens, Astropecten 

irregularis). All samples were lyophilised for 24 h (Finn-Aqua Lyovac GT2E) and 

subsequently weighted (DW, mg) to obtain the body mass (M) of specimens. Afterwards, 

samples were homogenized in a ball mill, treated with hydrochloric acid (HCl) to eliminate 

calcareous shells (Jacob et al. 2005), dried again at 55°C and ground to powder in a mortar. 

Stable isotope ratios were analysed with an isotope-ratio mass spectrometer 
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(Thermo/Finnigan Delta Plus) at GeoBioCenterLMU, University of Munich. Common gaseous 

standards were used for calibration. Experimental precision was better than ±0.2 ‰. 

Species trophic elevation. Nitrogen stable isotope ratios (δ N) are a proxy of an 15

organism’s position within the trophic hierarchy of an ecosystem. In principle, the heavier 

g to Yodzis (1984) 

     (1) 

e of the primary food source (POM, 

erm ight (our data) an  the c rrespo

15 15 15

ined by the range in δ15N across all species  

isotope 15N is enriched by an enzymatic selection with each assimilation step in the food 

chain. The fractionation of 15N is variable ranging between 1.4 – 3.4 ‰ per trophic level for 

marine invertebrates (e.g. Post 2002, McCutchan et al. 2003). Accordin

and Cohen et al. (2003), we define trophic elevation TEi of species i by 

 TEi = δ15Ni  (‰)     

Trophic elevations were determined for 21 species. For the remaining 137 species 

encountered in the study area, trophic elevations were inferred indirectly from various 

published and unpublished sources: For δ15N values, we referred to species which were 

functionally, taxonomically and geographically as close as possible (for δ15N data sources 

see ANNEX). To make δ15N data from other ecosystems comparable to our data, we 

adjusted δ15N values by the difference in δ15N valu

particulate organic matter) between the G an B d o nding 

ecosystem, i.e.: 

 TEi = δ15Ni + (δ15NPOM,GB - δ15NPOM,OS)   (‰)       (2) 

where TEi is the corrected trophic elevation (δ15N) of species i, GB is German Bight and OS 

is other system. When δ15N of primary consumers (PC) and not of POM was given as a 

baseline we used: 

 TEi = δ Ni + (δ NPC,GB – δ NPC,OS)   (‰)       (3) 

where PC,GB is the average of directly measured δ15N of primary consumers (see ANNEX, 

species marked with asterisk). 

Individual trophic elevation was computed from data using these equations. As a last step, to 

species without equivalent trophic elevation data, we assigned the average value of their 

feeding guild (for feeding guilds and corresponding literature see ANNEX). The parasite 

Vitreolina philippi was excluded from analyses (1 individual). 

Horizontal and vertical trophic diversity. At the community level, we define trophic 

complexity by two dimensions: the vertical trophic diversity (VTD), i.e. the trophic range of 

the system as def

 VTD = δ15Nmax – δ15Nmin  (‰)         (4) 

Horizontal trophic diversity (HTD) was defined as the average number of species within a 

defined range of trophic elevation. This range was set to 1 ‰ δ15N, about 1/3 of the average 

trophic step size in marine systems (e.g. Post 2002, McCutchan et al. 2003). A window of 

size 1 ‰ δ15N was moved stepwise (increment 0.1 ‰) across the trophic elevation frequency 
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distribution of the community and the number of species Si within this window was computed 

at each step i. The median of all Si was taken as a representative estimate for HTD. 

 HTD = Median (Si)   (S/1 ‰)        (5) 

Horizontal and vertical trophic niche width. At the species level, we evaluated trophic 

iche width in a similar analysis. We derived an index of vertical niche width (DV) from the 

inter-individual variability in δ15N accord  et al. (2004), i.e.  

 DVi = δ15Ni,max – δ15Ni,min  (‰)        (6) 

i

puted for 

ffects of inter-annual and ontogenetic shifts on vertical trophic niche width. To 

identify ontogenetic shifts in diet δ1  TE with body mass (log M). The 

variation coefficient (R2) of this relationship was used as the measure DSi of ontogenetic diet 

n

ing to Bearhop

where δ15Nmax and δ15Nmin were highest and lowest value of species i. 

The number of potential prey items (PPI) of consumer i were used as an index of potential 

horizontal trophic niche width. Nemertini were excluded from this and further analysis owing 

to insufficient numbers. A prey species was assigned to PPIi if (i) it was, on average, of equal 

or smaller size than consumer i (acc. to Cohen et al. 1993, Brose et al. 2006, see table 1 for 

mean body mass of consumers), and (ii) if its average δ15N was within the presumed range 

(Ri) of prey δ15N of consumer i. R  was computed by  

 Ri = (δ15Ni,min – X) to (δ15Ni,max – X) (‰)        (7) 

where X is fractionation per trophic step. Since fractionation is highly variable in marine 

invertebrates (1.4 – 3.4 ‰, see Post 2002, McCutchan et al. 2003), we choose a statistical 

approach to estimate PPIi: X was set to 1.4 ‰ initially and PPIi was computed. 

Subsequently, X was increased stepwise by 0.1 ‰ until 3.4 ‰, and PPIi was com

each step. The median of the 20 values computed was used as a representative PPI for 

consumer i.  

According to trophic elevation rank order and the PPIi, the 20 species formed three 

trophically distinct groups (cluster analysis and discriminant analysis, see results table 1). 

Consequently, we grouped the species into the three compartments ‘TOP’ (TC), 

‘INTERMEDIATE’ (IC) and ‘BASAL’ (BC). The relation between vertical and horizontal trophic 

niche width was analysed by ANCOVA (DV versus trophic compartment and covariate PPI). 

Subsequently, we checked whether trophic elevation was related to body mass (ANCOVA; 

TE versus trophic compartment and covariate body mass). Data were checked for normality 

and homogeneity of variances (Barlett test) prior to statistical analysis. If differences in 

variance were detected, we increased the significance level for the subsequent test from α = 

0.05 to α = 0.01. 

E
5N, we correlated

shift in species i. We attempted to capture a sufficient size spectrum of the 20 species and 

evaluated the sampled size range as percentage data of species’ potential maximal body 

mass (see table 1). Vertical trophic niche width (DVi) was tested for inter-annual differences 
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(2003, 2004) and for ontogenetic shifts by ANCOVA (DV versus year and covariate body 

mass (log M)) or for ontogenetic shift only (ANOVA of DV versus body mass), if there were 

width. Potential horizontal trophic niche width was smallest 

s significantly affected by trophic compartment and the interaction of 

ex DV versus 

less than five data points in one year. Data were tested for normality and homogeneity of 

variances (Barlett test). If variances were different, we increased the significance level for the 

subsequent test from α = 0.1 to α = 0.01. 

 

RESULTS 

Horizontal and vertical trophic diversity. Vertical trophic diversity amounts to 12.3 ‰ δ15N 

(range 5.87 ‰ to 18.17 ‰) (Fig. 1). Horizontal trophic diversity shows a bell shaped 

distribution with a maximum of 25 species in the interval 11.8-11.9 ‰. Median horizontal 

trophic diversity is 13 species /1 ‰.  

Horizontal and vertical niche 
for Phaxas pellucidus (2 PPI) and widest for Crangon crangon (93 PPI) (Fig. 2, table 1). 

Vertical trophic niche width varied between 0.72 ‰ (U. poseidonis) and 5.11 ‰ (G. 

maculata) (Fig. 2, table 1).  

The plot of vertical niche width index DV versus horizontal niche width index PPI indicates of 

the trophic compartments ‘TOP’ (TC), ‘INTERMEDIATE’ (IC) and ‘BASAL’ (BC) (Fig. 2). The 

corresponding ANCOVA indicated a significant effect of PPI, compartment and their 

interaction on vertical niche width index DV (see table 2a). There was a distinct difference in 

PPI between compartments at the same DV (BC < IC < TC), albeit not vice versa. 

Trophic elevation TE wa

trophic compartment*body mass (log M) (see table 2b). 

Effects of inter-annual and ontogenetic shifts on vertical trophic niche width. 5 out of 

20 species showed significant inter-annual differences in trophic elevations TE (p<0.1, Fig. 

3). Trophic elevation was lower in 2004 in E. cordatum (- 1.47 ‰), Lanice conchilega (- 0.27 

‰) and A. irregularis (- 0.18 ‰), while it was higher in L. holsatus (+ 0.31 ‰) and Tellina 

fabula (+ 0.38 ‰). A significant (p<0.1) ontogenetic shift in diet δ15N was found in 5 species: 

Anthozoa spp. (DS=0.48), L. holsatus (DS=0.07), Nephtys spp. (DS=0.18), O. albida 

(DS=0.27) and T. ferruginosa (DS=0.40). All significant diet shifters had a rather small 

vertical niche width (DV<2.6 ‰). Accordingly, the plot of vertical niche width ind

diet shift index DS results in a triangular plot limited by the three species with lowest DV, 

highest DV, and highest DS (Fig. 3). 

 

DISCUSSION 

The first part of the discussion will focus on general methodical problems of evaluating 

ecosystem trophic functioning and the suitability of our rather simple proxy-based approach 

for describing ecosystem trophic complexity. In the second part, we examine the patterns of 
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trophic characteristics identified in our example system and discuss their implications for 

food web structure and ecological functioning. 

Studies of ecosystem trophic functioning face two basic methodical problems, taxonomic 

resolution and diet resolution. Usually, limited resources of manpower and time forestall a 

high resolution on both axes, especially when dealing with species rich systems. More often 

than not species are grouped into larger taxonomic units (e.g. Martinez 1991, Morris et al. 

ution in diet analysis, i.e. individual nitrogen stable 

’ measurements taxon and δ15N into a two-

cy (e.g. Eggers & 

2005) or into functional (trophic) groups or guilds (e.g. Eggers & Jones 2000, Davenport & 

Bax 2002). I.e. species specific trophic features are neglected on the consumer as well as on 

the diet side (e.g. Hall & Raffaelli 1993, Pinnegar et al. 2005). Diet analysis becomes 

particularly demanding in small-sized consumers and in those feeding on ‘storage pools’ 

such as detritus (e.g. Ponsard & Arditi 2000). Here, highly advanced biochemical or genetic 

approaches may be required to identify single prey items (e.g. Iverson et al. 2004, 

Blankenship & Yayanos 2005). 

Our study is an attempt to maximise efficiency by combining high resolution in consumer 

taxonomy, i.e. species level, with low resol

isotope ratio. We use δ15N to approximate consumer trophic elevation within the food-web 

hierarchy (e.g. De Niro & Epstein 1981, Davenport & Bax 2002, Winemiller et al. 2007) as 

well as consumer trophic niche width (Bearhop et al. 2004). Basically, this approach is 

inferior to conventional niche width measurements based on multiple variables (e.g. 

Hutchinson 1959, Matthews & Mazumder 2004), owing to limits of resolution as well as to 

potential methodical pitfalls (e.g. Frazer et al. 1997, Jacob et al. 2005, Sweeting et al. 2005, 

Dannheim et al. 2007). 

However, the transformation of our ‘simple

dimensional niche space creates a new quality, we obtain an objective measure of basic 

trophic properties at the species and community level. There are intrinsic shortcomings, 

obviously, mainly the neglect of intra-guild predation and cannibalism (see Polis et al. 1989), 

the fact that species δ15N is a poor proxy of horizontal niche overlap, the positive correlation 

between horizontal and vertical niche width, and the insufficient taxonomic resolution at the 

base of the food web, i.e. regarding primary producers and detritus (see Moore et al. 2004). 

Nevertheless, these drawbacks may be outweighted by the fact that we have a practical tool 

that allows for standardized between-system comparisons of trophic structure. 

In the following, we will evaluate the information provided by this tool on the trophic 

complexity of the benthic community analysed here, and whether this is in accordance with 

our a priori knowledge of the system and in the light of ecological theory.  

The evolutionarily derived basic unit of ecological functioning is the species within a food 

web. Seemingly trophically ‘similar’ species may play quite different roles owing to 

differences in the strength of specific trophic links (e.g. Pimm & Lawton 1978, Paine 1992, 

Polis & Strong 1996, De Ruiter et al. 2005). Particularly, ‘weak interactions’ (trophic links 

between otherwise highly connected species) enhances trophic redundan

 35



PUBLICATION II 

Jones 2000) and are therefore crucial for community resistance (e.g. McCann et al. 1998, 

Berlow 1999, McCann 2000). Trophic niche width indicates trophic interaction strength to a 

certain extent, as a narrow niche points towards specialists or ontogenetic diet shifters with 

few prey items and thus, few, comparatively strong trophic links, and a wide niche indicates 

generalists or omnivores with many prey species and many links (Polis & Strong 1996, 

McCann & Hastings 1997, Post et al. 2000, McCann et al. 2005). 

ces community 

pplied studies indicate that body size is one structuring factor in food webs 

idth DV, no ontogenetic diet shift DS), (ii) distinct generalists (wide DV, no 

asing DS may indicate an 

volutionary constraint. Apparently, trophic strategies above this line, i.e. ‘high DV-high DS’, 

st do not pay off (sensu optimal foraging theory, e.g. Begon et al. 1996). 

Ecological theory claims that the horizontal and vertical diversity define the variety of species 

derived trophic traits within a community, and thus the potential trophic flexibility in case of 

changing conditions (Duffy et al. 2007). Theoretical ecology predicts further that in particular 

trophic redundancy, i.e. replacement of lost species by others which are capable to 

trophically compensating them, constitute a buffering effect and thus enhan

resistance (insurance hypothesis, Naeem & Shibin 1997, Yachi & Loreau 1999). Accordingly, 

trophic complexity, redundancy and finally ecological functioning in terms of resistance are 

positively related to both diversity measures (e.g. Yachi & Loreau 1999, Duffy et al. 2007, 

Ives & Carpenter 2007, May et al. 2007).  

At the species level, our two-dimensional approach indicates a linear relationship between 

vertical and horizontal niche width index, albeit with different slope in different compartments 

(compare Fig. 2 and table 2 for statistical results). On the one hand, this is a function of 

consumer trophic elevation: the higher the trophic position within the trophic hierarchy, the 

larger becomes the variety of potential food items it can select from (e.g. Pimm & Lawton 

1978, Cohen et al. 1993, Davenport & Bax 2002). On the other hand, this relationship 

depends on distribution of species along the trophic elevation axis in the system under 

investigation, i.e. on the food-web structure.  

Both theory and a

(e.g. Jennings et al. 2002, Brose et al. 2006). Trophic elevation tends to increase with body 

size, but this relationship weakens in very large species, i.e. some of the largest organisms 

feed on small prey (e.g. Jennings 2005). Within a species, individual trophic niche may 

change significantly with increasing body size (ontogenetic diet shift, e.g. De la Morinière et 

al. 2003, Post 2003). Our approach indicates a particular relationship between species 

vertical trophic niche width and ontogenetic diet shift that resembles a ‘trophic niche triangle’ 

(see Fig. 3). The corners of the triangle represent (i) distinct specialists (narrow vertical 

trophic niche w

DS) and (iii) pronounced ontogenetic diet shifters (intermediate DV, DS). Interestingly, the 

range of species vertical niche width decreases with increasing tendency towards 

ontogenetic diet shift. This is obvious for the lower limit of DV, because a stronger 

ontogenetic shift in diet shift implies a higher number of prey items for the species as a 

whole. The decrease of the upper limit of DV with incre

e

ju
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Among the dominant benthic s tem are no typical specialists 

and only a few ontogenetic diet shifters (Fig. 3). I.e., we deal with a system dominated by 

system subjected to continuous 

isturbance (e.g. Menge & Sutherland 1987, Dunne et al. 2004), as manifest in terms of 

hydrodynamics and particularly l  the German Bight (see Clark & 

Frid 2001, Kaiser et al. 2002, Callaway et al. 2007, Dannheim et al. submitted). This has 

So far, 

vertical phic diversity (HTD) are available. Further data will put our 

typical r er 

1998) and the system trophic properties moderate VTD (12.3 ‰) and high HTD (13 

easure in 

kelp fore sek et al. 1997, Jackson et al. 2001, Jacob et al. 2006) should display 

catastro lonisation (e.g. the Baltic Sea, see 

Arntz & Rumohr 1982, Nilsson & Rosenberg 2000, Bonsdorff 2006), should have lower VTD 

Regardi

Niche m at efficiency of nutrient processing increases with the share of 

(Thébau d to 

handle one and only one particular food source, and in this task it is more efficient than any 

Cardina

the food

Obvious tively ‘quick-and-dirty’ proxy based approach towards trophic functioning 

standardi c trophic properties of communities as well as of species. That 

is, within its inherent limits, this tool allows for scientifically sound comparisons of particular 

 

 

pecies of our German Bight sys

trophic generalists. Accordingly, the trophic structure is characterised by a high proportion of 

weak links and thus high trophic redundancy (e.g. Naeem & Shibin 1997, Yachi & Loreau 

1999, Eggers & Jones 2000) which both point towards enhanced community resistance 

(McCann et al. 1998, Berlow 1999, McCann 2000). 

Ecological theory predicts exactly such a structure for a 

d

ong-term bottom trawling in

indications for the whole ecosystem and its basic trophic features as follows: 

our German Bight example system is the only one for which δ15N based measures of 

(VTD) and horizontal tro

concept to the test: If we take our continuously disturbed system as a reference point for a 

esistant system, i.e. comparably moderate to low biodiversity (e.g. Jennings & Kais

species/1 ‰), then we can make predictions of how VTD and HTD should m

systems of different settings. ‘Persistent’ systems characterised by low levels of disturbance, 

long-term stability, and consequently high biodiversity (e.g. the Antarctic system, coral reefs, 

sts, see Vitou

higher VTD but lower HTD. ‘Resilient’ systems that experience regularly albeit ‘random’ 

phic disturbance events and subsequent reco

and lower HTD.  

ng the German Bight system, the price for enhanced resistance is less efficiency. 

odels indicate th

trophic specialists in total species number and enhanced trophic complexity of a system 

lt & Loreau 2003, Ives et al. 2005). A trophic specialist is evolutionary adapte

generalist that must be able to deal with a variety of food sources (e.g. Tilman et al. 1996, 

le et al. 2006). Hence, overall efficiency will increase with the share of specialists in 

 web.  

ly, our rela

cannot substitute a high resolution food web study. But it constitutes an efficient, robust and 

sed measure of basi

trophic properties, as well as of ecosystems on a rough scale. 
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TABLES 

Table 1. Species or by trophic ele ation (TE  potential y items (PPIi) 
within trophic co p ts: ‘TOP’, ‘I R B c t  the cluster and 
discriminant ana s  number of s cimen 03/ phic 
elevation (δ15N, ia n), P ex of potentia zo tal niche width 
(median no. of p t  items), D : index of vertical wid N range in ‰), M: 

ean body mass (mg DM ± standard deviation). Size range covered as percentage of 
aximum recorded body mass (equals 100 %) in the study area over investigation time. 

Feeding guilds are given in parenthesis: DF = deposit feeder, IF = interface feeder, PS = 
 scavenger, SF = suspension feeder, SL = sandlicker. n.c. means not 

calculated. 

size range 
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ly is. N: pe  (N) collected (20 2004), TE: mean tro
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o ential prey V niche th (δ15
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predator and

 Species N 
(‘03/’04) 

TE 

(δ15N, ‰) 
PPI 

DV 

(δ15N, ‰) 

M 

(mg DM) 

covered

(% of max. 

 TOP compartment  

 Pomatoschistus minutus (PS) 11/19 15.19 ± 0.65 76 3.44 444.0 ± 207.9 8 – 48  

 Goniada maculata (PS) 10/9 14.93 ± 1.05 75 5.11 20.6 ± 8.8 18 – 100  

 Crangon crangon (PS) 10/0 14.69 ± 1.40 93 4.90 568.0 ± 204.0 24 – 93  

 Asterias rubens (PS) 10/19 14.10 ± 0.39 56 1.88 1936.1 ± 1091.1 6 – 72  

 Anthozoa spp. (PS) 0/8 13.92 ± 0.86 57 2.12 331.3 ± 376.5 1 – 100  

 Scolelepis bonnieri (PS) 2/6 13.90 ± 1.51 78 4.78 6.4 ± 3.7 11 – 51  

 Astropecten irregularis (PS) 10/20 13.63 ± 0.45 51 1.70 2449.6 ± 1710.1 5 – 100  

 Liocarcinus holsatus (PS) 10/20 13.33 ± 0.58 65 2.59 3436.7 ± 1766.3 13 – 90  

 INTERMEDIATE compartment  

 Ophiura albida (PS) 10/10 13.47 ± 0.41 23 1.32 233.3 ± 53.5 33 – 73  

 Nephtys spp. (PS) 10/19 13.29 ± 0.38 29 1.60 122.5 ± 94.2 3 – 99  

 Spiophanes bombyx (IF) 6/21 12.30 ± 0.52 35 2.77 1.8 ± 0.7 16 – 83  

 Urothoe poseidonis (SL) 3/17 11.82 ± 0.22 13 0.72 1.2 ± 0.2 45 – 88  

 Euspira pulchella (PS) 6/5 11.82 ± 1.20 38 3.56 23.5 ± 21.1 9 – 100  

 Poecilochaetus serpens (IF) 1/20 11.77 ± 0.50 23 1.52 1.2 ± 0.4 28 – 100  

 Lanice conchilega (IF) 10/20 11.41 ± 0.28 18 0.98 52.2 ± 26.1 12 – 100  

 BASAL compartment  

 Phaxas pellucidus (SF) 16/13 10.01 ± 0.32 2 1.36 90.9 ± 77.4 6 – 100  

 Pectinaria koreni (DF) 0/12 9.92 ± 0.60 3 1.79 43.3 ± 28.4 15 – 100  

 Tellimya ferruginosa (DF) 1/9 9.77 ± 0.80 4 2.38 6.5 ± 4.0 15 – 100  

 Echinocardium cordatum (DF) 10/9 9.42 ± 1.03 5 3.60 1998.6 ± 1809.2 2 – 74  

 Tellina fabula (SF) 10/16 9.08 ± 0.30 3 1.47 129.6 ± 82.8 14 – 100  

 omitted owing to insufficient N  

 Nemertini spp. (PS) 0/3 15.14 ± 0.35 n.c. 0.60 114.3 ± 239.2 29 – 63  
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Table 2. Full interaction ANCOVA of (a) diet variability (DV) versus number of potential prey 
items (PPI) and trophic compartments (BC, IC, TC) and (b) trophic elevation (TE) versus 
species body size (log M) and trophic compartments. DV was optimum box cox transformed 
according to Sokal & Rohlf (1995). df: degrees of freedom. 

 (a)  DV  
 source df Sum of squares F-value p-value  
 PPI 1 .48 47.35 <0.01  4
 trophic compartment 2 31.43 <0.01  5.95 
 interaction 2 5.31 28.06 <0.01  

 (b)  TE  
 source df Sum of squares F-value p-value  
 log M 1 0.14 0.19 0.66  
 trophic compartment 2 1107.80 768.09 <0.01  
 interaction 2 44.17 30.63 <0.01  
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Fig. 1: Trophic elevation frequency distribution of the benthic community (158 species).  
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Fig. 2: Relation between vertical niche width index (DVi ‰; diet variability) and potential 
horizontal niche width index (median number of potential prey items, PPIi) depending on 
trophic compartments (BC= basal compartment, IC = intermediate compartment, TC = top 
compartment): At= Anthozoa spp., Ar = Asterias rubens, Ai = Astropecten irregularis, Cc = 
Crangon crangon, Ec = Echinocardium cordatum, Ep = Euspira pulchella, Gm = Goniada 
maculata, Lc = Lanice conchilega, Lh = Liocarcinus holsatus, Ns = Nephtys spp., Oa = 
Ophiura albida, Pk = Pectinaria koreni, Pp = Phaxas pellucidus, Ps = Poecilochaetus 
serpens, Pm = Pomatoschistus minutus, Sc = Scolelepis bonnieri, Sb = Spiophanes 
bombyx, Mf = Tellimya ferruginosa; Tf = Tellina fabula, Up = Urothoe poseidonis. 
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species vs Col 5 
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ion between diet variability (DVi, ‰) and ontogenetic diet shift (DSi) for species: 
At= Anthozoa spp., Ar = Asterias rubens, Ai = Astropecten irregularis, Cc = Crangon 
Fig. 3. Relat

crangon, Ec = Echinocardium cordatum, Ep = Euspira pulchella, Gm = Goniada maculata, 
Lc = Lanice conchilega, Lh = Liocarcinus holsatus, Ns = Nephtys spp., Oa = Ophiura albida, 
Pk = Pectinaria koreni, Pp = Phaxas pellucidus, Ps = Poecilochaetus serpens, Pm = 
Pomatoschistus minutus, Sc = Scolelepis bonnieri, Sb = Spiophanes bombyx, Mf = Tellimya 
ferruginosa, Tf = Tellina fabula, Up = Urothoe poseidonis. * significant ontogenetic diet shift 
(p<0.1), # significant inter-annual diet variability (p<0.1). 
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Abstract 

To estimate the impact of the foundations of wind turbines, the habitat structure and the 

macrozoobenthic community were studied at a research platform, similar in size and shape 

to wind turbines planned in the German Bight. Sampling started prior to the platform 

construction and continued for 17 months after construction. The macrozoobenthos at the

p

characterised by mobi

composition is likely to be caused by increased erosion as this process probably removed 

sedentary species from the sediment. In addition, shell fragments accumulated in the vicinity 

of the platform, which are an unsuitable habitat for soft bottom species. The decrease of total 

abundance and species number was most pronounced close to the platform but also the 

community at least to 17 m distance changed. To date, it can not be predicted if extensive 

wind farming will cause cumulative or indirect effects. Nevertheless, our results are a first 

step to an understanding of the ecological implications of offshore wind turbines in the 

German Bight, showing that the macrozoobenthic c

considerably in the vicinity of a wind turbine. 

 

Key-words: artificial hard substrate, environmental changes, North Sea, offshore wind 

energy, research platform, soft-bottom community, wind turbine 
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Introduction 

Pioneered by the construction of the wind farm “Horns Rev” in 2002 (North Sea, Denmark) 

many European countries plan to install offshore wind turbines along their coastline during 

the next years (Petersen and Malm, 2006). Also in the German Exclusive Economic Zone 

(EEZ) of the North Sea, large offshore wind farms with hundreds of wind turbines are 

essure on the surrounding soft bottom fauna. As a consequence, the abundance 

 substrates. Therefore, prior to the construction of wind 

d a half years after the construction of 

INO 1. Sediment and benthic community composition at four distances from the research 

 to determine the spatial extend and temporal 

planned. Our knowledge about the environmental impacts of wind farms, however, is 

generally limited (Gill, 2005) and it is not clear yet whether these wind farms will have 

significant impacts on the marine ecosystem (see reviews by Merck and Nordheim, 2000; 

Petersen and Malm, 2006).  

Previous studies on artificial reefs, wrecks or oil platforms identified ecological impacts of 

artificial hard substrates. These studies show that such substrates in natural soft sediments 

often induce changes of hydrographical conditions which modify the grain size of the 

adjacent sediment (e.g. Davis et al., 1982; Ambrose and Anderson, 1990; Nelson et al., 

1994). Changes in sediment structure may affect the soft bottom community as its 

composition is largely determined by sediment characteristics (e.g. Duineveld et al., 1991; 

Künitzer, et al. 1992). In addition, artificial hard substrates are quickly colonised by a 

characteristic hard bottom fauna of considerable biomass (e.g. Forteath et al., 1982; 

Whomersley and Picken, 2003; Stachowitsch et al., 2002). The additional biomass may 

attract predators that do not only feed on the fouling community but may also increase the 

predatory pr

of certain taxa, and thus the benthic community composition, changes in the vicinity of 

artificial reefs (Ambrose and Anderson, 1990; Nelson et al., 1994; Posey et al., 1994; Fabi et 

al., 2002). Likely, similar changes will occur at the underwater structures of the wind 

turbines. At present, however, comparable studies on the impact of complex underwater 

structures of wind turbines are lacking, and hence the consequences on the marine 

environment of the German Bight can only be estimated theoretically on the basis of 

investigations on other artificial hard

farms in the German Bight, a research platform FINO 1 (Forschungsplatformen in Nord- und 

Ostsee; research platforms in the North and Baltic Sea) similar in size and shape to planned 

wind turbines was installed in order to investigate not only the feasibility and profitability of 

offshore wind farming but also its prospective impact on the marine environment.  

This study examines the characteristics of the associated soft bottom macrozoobenthic 

community and the sediments prior to until one an

F

platform are compared to a reference area

development of changes after the construction of the artificial hard substrate. 
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Material and methods 

Study site 

The research platform FINO 1 was deployed in the German Bight in July 2003 at 54°0.86’N 

06°35.26’E at a water depth of 28 m, about 45 km north of the Island of Borkum (Fig. 1). The 

fundament of the platform is a steel made jacket structure with four braced piles, spreading 

from a square of 7.5 x 7.5 m at the surface to one of 26 x 26 m at the sea bed.  

mmer 

004. Main current directions were east-southeast and west-northwest depending on the 

ts and reached up to 1 m s-1 at the surface and 0.4 m s-1 near the bottom twice a 

day (unpublished data provided by the German Federal Maritime and Hydrographic Agency, 

 

structure and macrozoobenthic infauna 

bundance in the study area, 17 van Veen grab samples were taken (0.1 m2, 95 kg) onboard 

rch 2003 four months prior to the installation of the underwater 

construction of FINO 1. The stations were spread over the entire future study area by drifting 

e same sampling position and thus, the grab sampled with an estimated 

 located in at least 200 

The sediment of the study area consists of homogenous sand inhabited by a 

macrozoobenthos community characterised as Tellina-fabula-association (sensu Salzwedel 

et al., 1985). During the investigation period, salinity ranged from 32.9 in spring 2004 to 34.7 

in winter 2004. Seawater temperature varied from 3.1°C in spring 2004 to 19°C in su

2

tidal curren

BSH). 

Sampling 

Preliminary study 
To estimate the spatial variability of sediment 

a

RV “Heincke” in Ma

from north-east to south-west over the prospective position of the research platform (Fig. 2). 

 

Sampling procedure 
Since the construction of the platform in July 2003, sediment and infauna were sampled at 4 

stations in a distance of 2, 5, 10 and 15 m from the underwater structure of the platform. 

Samples were taken monthly with a van Veen grab from August 2003 through December 

2004 (see Table 1). The grab was operated from a crane installed on the platform covering a 

maximum distance of 15 m in one direction. Due to strong currents, it was not possible to 

always hit exactly th

inaccuracy of ± 2 m. In order to keep disturbances due to sampling procedure at minimum, 

only one sample was taken at each distance per month. 

The effects of artificial underwater structures are usually restricted to 50 – 100 m distance 

from the hard substrate (see e.g. Knust et al., 2003 for review). Hence, a reference area, 

which allows to compare the sediment and benthic community structure at the platform with 

that of sea bottom unaffected by artificial hard substrate, needs to be
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m distance. For safety reasons all shipping activities, including bottom trawling, are 

prohibited at the platform within a radius of 500 m. Therefore, as bottom trawling 

considerably changes the benthic community structure (e.g. Jennings et al., 1999), also the 

reference area must not be exposed to fishery. To fulfil both requirements, we established 

reference stations in 200 -400 m distance from the platform to exclude the effects of both, 

e artificial hard substrate and bottom trawling.  

 stations were taken onboard RV “Heincke” in approx. three months 

intervals. The sampling period started shortly after the platform construction (July 2003) and 

l sub-sample were calculated. The silt and clay fraction [%; < 63 µm] (SCC), 

cture was examined 

umptions 

th

Samples of the reference

was continued for 17 months (December 2004; see Table 1). During each survey, at each of 

five reference stations (R1 – R5) three replicate samples were taken (see Fig. 2). 

Sub-samples for sediment analysis were taken randomly from each grab from the platform 

and from one grab per reference station with a 5 cm² PVC corer from the 5 cm top layer. 

These sub-samples were analysed by wet and dry sieving over a Wenthworth scaled 

standard filter set (Wenthworth, 1922). The sediment fractions were weighed and proportions 

[%] of the tota

median grain size [µm] (MGS) and the sorting of the sediment (Graphic Standard Deviation, 

GSD; Folk 1974) were determined after Buchanan (1984). To analyse the total organic 

carbon content [%] (TOC), an additional sub-sample was taken randomly from the 2 cm top 

layer of the sediment. After freeze-drying, the inorganic carbon was removed by adding 

hydrochlorid acid (HCl) and samples were analysed by an autoanalyser (LECO CS-125 

Analyser).  

In addition to the sediment analysis in the laboratory, general habitat stru

visually during sampling: Onboard, the shell content of the sediment (SCS) was roughly 

estimated by distinguishing five categories (1) no shell content; (2) minor shell content; (3) 

sediment mixed with shell; (4) more shell than sediment and (5) only shell. Unpublished data 

on the erosion of sediment were provided by the Research and Technology Centre (FTZ), 

Büsum (Germany) to identify scour development around the research platform. These data 

were confirmed by scientific divers. 

The sampling procedure for macrozoobenthic infauna followed the ICES and HELCOM 

recommendations (Rumohr, 1999). The grab samples were sieved (1000 µm) and preserved 

in 4 % formalin buffered with Borax in seawater. In the laboratory, the macrozoobenthic 

infauna was sorted, identified to species level if possible and counted. To avoid ass

of homogenous spatial pattern, species abundance was not extrapolated to 1 m2 but results 

are presented as individuals per sample (0.1 m-2). 

 

Data processing and statistical analysis  
Community structure was described by total abundance (ind. 0.1m-2), species density (spp. 

0.1 m-2), Shannon-Wiener diversity (H’ based on ln) (Shannon and Weaver, 1963) and 

evenness (J) (Pielou, 1966). Multivariate analyses were performed using PRIMER 6 
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software (Clarke and Gorley, 2006, Clarke and Warwick, 2001). Bray-Curtis similarities were 

calculated after 4th root-transformation of the benthic abundance (Field et al., 1982) to 

unity structure and the differences 

etween areas were determined by SIMPER (SIMilarity PERcentages).  

GSD), total organic carbon (TOC) [%] and shell content (SCS) [categories]. 

 study. At the 2 

ly 

 containing only shells but no sediment.  

reduce the effect of dominant species. Similarities in species compositions between different 

samples were visualized by non-metric Multidimensional Scaling (MDS) (Kruskal, 1964). 

Significant differences between the reference area and the platform stations were detected 

by ANOSIM (Analysis Of SIMilarities). Results were accepted as statistically significant at 

alpha < 0.05. Taxa that contributed most to the comm

b

Relationships among the benthic communities and environmental parameters were explored 

with the BIOENV routine (Clarke and Warwick, 2001). Parameters which have been tested 

were: (1) median grain size (MdGS) [µm], (2) silt and clay content (SCC) [%], sorting of the 

sediment (

 

Results 

Preliminary study 

Samples taken four months before platform construction were widespread over the study 

area (see Fig. 2). Benthic community compositions of all samples were similar to approx. 62 

%. Hence, the benthic community composition before platform construction was similar in 

the entire study area before platform construction. 

 

Habitat structure 

The sediment characteristics at the reference stations were similar to those before the 

implementation of the platform and varied only slightly over the investigation period (Fig. 3). 

The sediment consisted of well sorted fine sands, with 1.2 to 5.2 % silt and clay content and 

low organic carbon content (TOC: 0.06 to 0.15 %). The sediment at the 10 and 15 m stations 

were comparable to that of the reference stations during the course of the

and 5 m stations the sediment characteristics were slightly higher and more variable in terms 

of GSD (2 m: 0.51 to 1.54; 5 m: 0.42 to 1.01), silt and clay content (2 m: 0.86 to 28.55 %; 5 

m: 0.72 to 17.93 %) and the total organic carbon content only at the 2 m station respective

(0.003 to 1.12 %).  

Most pronounced changes were found in the general habitat structure, i.e. the shell content 

of the sediment. At the reference stations, shell content remained low (category 1 – 2) during 

the entire study period. At the 5, 10 and 15 m stations, the shell content increased slightly 

until the end of the investigation period up to category 4 – 5. At the 2 m station, it increased 

considerably. Here, the habitat structure was regularly classified as category 5, which 

characterizes grab samples
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Results from a multi beam investigation (FTZ) and observations by scientific divers indicated 

the development of scours of approx. 1.5 to 0.6 m depth in the surrounding of the 

underwater structure. In easterly direction from the North pile where the crane for sampling is 

operated, the scours were about 1.5 m deep close to the underwater structure. In the further 

course scours diminished to a depth of 0.6 m in 16 m distance.  

 

Benthic community  

Temporal development of total abundances of the macrozoobenthos differed only slightly 

etween the five reference stations (Fig. 4a). Abundance was highest at all stations in 

ue to extremely high numbers of the phoronid Phoronis mülleri. Afterwards it 

levelled off until the end of the investigation period. Generally, total abundance was lower at 

e decreasing dominance of P. mülleri, diversity 

b

summer 2003 d

the four platform stations than at the reference stations over the whole study period (Fig. 4b). 

The differences were most prominent in summer 2003, one to two months after platform 

construction. 

Species number at the reference stations was highest at all stations in summer 2003. 

Thereafter, it decreased continuously until spring 2004 and slightly increased again until the 

end of the investigation period (Fig. 5a). At the platform, species number was lower at the 2 

m station than at the 5, 10 and 15 m stations and in the reference area from summer 2003 

until spring 2004. In summer 2004, it increased at the 2 m station and reached equally high 

values as at the 5, 10 and 15 m stations. Thereafter, species number at the four platform 

stations decreased and was again lower than at the reference stations. 

In the reference area, temporal development of species diversity index (H’) and evenness (J) 

was similar at all five stations. Both indices were low in July 2003 caused by the high 

dominance of P. mülleri (Fig. 5b, c). Due to th

and evenness increased continuously from July 2003 until the end of the investigation period 

in September 2004. At the platform, both indices in summer 2003 (one to two months after 

platform construction) were higher than at the reference stations. Thereafter, species 

diversity was lower at the 2 m than at all other stations until spring 2004 (Fig. 5b). Evenness 

was lowest at the 2 and 5 m stations as compared to all other distances including the 

reference area (Fig. 5c). In summer 2004, values of both indices were similar at the platform 

stations. Afterwards they decreased and were lower than at the reference stations. 

The MDS-plot shows a separation of platform and reference stations with regard to the 

community composition over the entire study period (Fig. 6). Samples taken at the 5, 10 and 

15 m stations were more clumped than samples from the 2 m station, indicating higher 

variation in the community composition of the latter samples.  

Results from ANOSIM showed that communities significantly differed between the reference 

stations and the four platform stations (Table 2). Comparing the platform stations only, the 

analysis did not detect significant differences between the infauna composition at the 5, 10 
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and 15 m stations. At the 2 m station, community composition differed significantly but only 

slightly from all other platform stations.  
The results from the BIOENV indicated that the silt and clay content (SCC), GSD and total 

organic carbon content (TOC) in the reference area showed the best correlation with the 

benthic community similarity matrix (abundance-data, 4th root transformed) (r = 0.301; Table 

3). In contrast, the shell content (SCS) together with the GSD, TOC explained most of the 

benthic community similarity at the platform (r = 0.465).  

 

Since the analyses of community composition showed that all five reference stations were 

homogenous (see ANOSIM-results, Table 2), they were pooled to compare temporal 

development of community structure between the reference area and the four platform 

stations.  

The species which contributed most to the dissimilarities between the communities 

(SIMPER-analysis, Table 4) were sedentary tube building worms such as P. mülleri, 

Spiophanes bombyx and Lanice conchilega with high abundances in the reference area and 

crustacean such as Atylus swammerdami (Amphipoda) and Nemertini with high densities at 

the platform.   

Integrated over time, the macrozoobenthic community in the reference area was 

characterised by P. mülleri (36 %), the polychaete S. bombyx (10 %), Nemertini (9 %), the 

unity was again dominated by 

 until five 

months after construction.  

polychaetes L. conchilega (7 %) and Poeciloceatus serpens (5 %) and the amphipod 

Urothoe poseidonis (5 %) (Table 5). With exception of S. bombyx, the sedentary species P. 

mülleri, L. conchilega and P. serpens were less abundant at the platform. In contrast, mobile 

taxa contributed most to community compositions at the platform: A. swammerdami, U. 

poseidonis, B. elegans, Bathyporeia guilliamsoniana and the polychaete Nepthys spp.. This 

trend was most pronounced at the 2 m station where the benthic community consisted 

almost completely of mobile species including larger decapods such as Liocarcinus holsatus. 

The change in community composition developed over time (Fig. 7). Prior to the construction 

of the platform in March 2003 the infauna of the entire investigation area was dominated by 

polychaetes. Here, S. bombyx contributed the largest proportion (Table 5).  

In the reference area, the phoronid P. mülleri dominated the community from summer 2003 

to spring 2004 (Fig. 7). In July and September 2004, the comm

polychaetes, mainly S. bombyx, L. conchilega and Chaetozone cf. setosa, and P. mülleri.  

In summer 2003, immediately after platform construction, P. mülleri had disappeared at all 

platform stations and remain absent until the end of our study. During the first months after 

construction, abundance of most polychaetes at the platform was relatively similar to the 

reference area but some species i.e. L. conchilega and Owenia fusiformis disappeared 

immediately. The abundance of spionid polychaetes, including S. bombyx at first decreased 

only at the 2 m station whereas at the 5, 10 and 15 m stations it decreased not
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Polychaetes at all platform stations were dominated by Nepthys spp.. At the 2 m station also 

Scoloplos armiger and Eunereis longissima occurred sporadically in high densities. The 

polychaetes at the 5, 10 and 15 m stations consisted of mobile species such as Goniada 

maculata, Magelona johnstoni and P. serpens. The abundances of amphipods increased at 

the platform, most pronounced at the 2 m station, with highest densities in summer 2004 

(eleven to thirteen months after platform construction). The amphipods were dominated by 

the species A. swammerdami, Urothoe poseidonsis, B. elegans and B. guilliamsoniana. 

During the investigation period, decapods (especially Processa spp. and L. holsatus) were 

more abundant at the 2 m station than at the other platform and reference stations (Fig. 7). 

 

Discussion 

The implementation of the artificial underwater structures has a significant impact on the 

surrounding soft bottom community, changing the community composition particularly in the 

vicinity of the research platform FINO 1. Four months prior to the construction of the 

platform, the benthic community determined at 17 stations covering the entire study area 

revealed a similarity of approx. 62 % between single grabs. This is in the typical range, 

comparing benthic community compositions at different locations in the German Bight 

chröder 2003), and indicates a homogeneous stribution of the fauna between the 16 

onal effects must have contributed to the changes in community structure.  

(S di

stations. During the following months, the communities at the five reference stations 

developed similarly with respect to abundance, diversity and species number over the next 

1.5-year sampling period. In contrast, the stations close to the platform developed differently 

in all these parameters, and we conclude that the physical presence of the underwater 

structure of the platform is responsible for the observed differences in the community 

structure of the reference and platform area. 

At the platform, abundance of sedentary and sessile soft bottom species decreased whereas 

abundance of mobile species increased. Thus, community structure at the platform changed 

from an assemblage dominated by sedentary and sessile soft bottom species to one of 

mainly mobile species. The decrease of species may be explained as follows: On a small 

temporal and spatial scale, the physical forces during the deployment of the underwater 

structure have certainly caused relocation and erosion of sediment and consequently the 

reduction of sedentary and sessile species. Immediately after platform construction, diversity 

was low and only a few species dominated the benthic community especially at the 2 m 

station pointing to a heavily disturbed area (Odum, 1985). However, low abundance of 

sedentary and sessile species was detected in up to 17 m distance and persisted over time. 

Hence, additi

Artificial hard substrates alter the hydrographical regime and often lead to increasing bottom 

current velocities and development of turbulences in variable directions (Richwien and 

Lesny, 2004). Horizontal flow across the bottom creates hydrodynamic shear stress that lifts 
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sediment into suspension, thus eroding sediment patches which accumulate elsewhere 

(Nowell and Jumas, 1984). At FINO 1, erosion of sediments led to the development of 

scours in the vicinity of the platform as also described e.g. in the surrounding of artificial 

reefs (e.g. Davis et al., 1982). During scour development, it is likely that the resident small 

sessile and sedentary organisms were displaced. Since scours can develop in fine sands 

within a few days (Richwien and Lesny, 2004), the abundance of sessile and sedentary soft 

bottom species may decrease rapidly as observed at the platform after construction. An 

example of a species, which responded very sensitive to the habitat changes at the platform, 

. Such decrease in abundance of tube-building worms in the sediments probably 

ffects other benthic species and, consequently the whole community. In sediments around 

es benthic species diversity and abundance are usually increased 

(Woodin, 1978; Callaway, 2006). The tubes influence the recruitment pattern of other 

might be 

creased and accumulated at the platform by organic components (e.g. faces, dead 

he settled hard bottom fauna on the underwater structure (Orejas et al., 

2005). Additionally, the shell layer might trap sediment particles resulting in a more 

The acc lter and a suitable foraging habitat 

particul

(e.g. A. eia spp.) are well adapted to sediment disturbances or 

even unstable sediments (Wieking and Kröncke, 2003; Lackschewitz and Reise, 1998). The 

amphip

is Phoronis mülleri. This species occurred in extremely high numbers in the reference area. 

Such high abundances are frequently observed in the German Bight (e.g. Rachor and 

Gerlach, 1978; Rehm and Rachor, 2007). Likely, this is due to the fact that the study area is 

closed for fishing and in particular tube building worms profit from the absence of the impact 

of bottom trawling (A. Schröder and J. Dannheim, unp. Data). Similar distribution patterns 

were found in the sessile and sedentary polychaetes L. conchilega, S. bombyx and Owenia 

fusiformis

a

patches of polychaetes tub

species (Trueblood, 1991), and alter the meiofaunal community (Phillips and Lovell, 1999).  

Especially close to the underwater structure (2 m station) the resuspension of sediment in 

the vicinity of the platform not only caused a washout of sedentary species but also a distinct 

change in habitat structure since the heavier shell fragments remained on the ground and 

formed a thick layer. Such a process has been previously reported from the vicinity of 

artificial reefs (Davis et al., 1982; Ambrose and Anderson, 1990; Barros et al., 2001). The 

BIOENV analysis indicated that the shell content of the sediment, besides the sorting of the 

sediment and the total organic carbon content, is the main factor explaining macrofaunal 

distribution at the platform. The total organic carbon content of the sediment 

in

animals) from t

heterogeneously sorted sediment than in the reference area.  

umulated shell fragments apparently provide she

for small mobile species such as amphipods and predatory polychaetes, which accumulated 

arly nearest to the platform. Moreover, the amphipods, dominating at the platform 

 swammerdami and Bathypor

large amount of shells might enhance oxygen supply in the habitat, which enables the 

ods to dig and feed in their typical way (Nicolaisen and Kanneworff, 1969).  
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With the changes in species inventory, the trophic structure of the macrozoobenthic 

nity at the platform modified. Here, abundances of mobile and carnivorous infaunal 

ms such a

commu

organis s the polychaetes Nepthys spp., E. longissima and Goniada maculata 

increased. These predators/scavengers may have been attracted by the amphipods and also 

predators an  decapods Cancer pagurus, L. holsatus and Pagurus 

noted t ample the larger individuals of theses species 

quantitatively. We found, however, more small individuals of these decapods in the grab 

addition s are often attracted by artificial structures 

we did n  

attached to the piles observed species such as Pholis gunellus, Trisopterus luscus and 

infauna  

and verteb

  
While ou significant impact of the underwater structure of the platform on 

Horns R everal 

aspects, and the results are therefore not comparable. (1) Other than FINO 1, Horns Rev is 

a Gonia -Spisula-association (Bech, 2005). This community comprises mainly mobile 

associa

constru es at Horns Rev are monopiles whereas the fundament of the 

FINO 1 is a jacket structure. The concepts for wind turbine structures varied from monopiles 

Howeve f the wind turbines be 

size and

protecti nes at Horns 

Rev. The use of such a protection at the planned wind farms in the German Bight is not 

The ma

linked t ocal fauna in the respective construction 

areas as well as to the size and structure of the underwater construction. Therefore, the 

by the hard bottom fauna on the underwater construction (Orejas et al., 2005). Also larger 

d scavengers, mainly the

bernhardus, were more frequently observed in the close vicinity of the platform. It has to be 

hat the van Veen grab does not s

samples close to the platform than at the 10 and 15 m stations and in the reference area. In 

 to invertebrate predators, fish specie

(Posey and Ambrose, 1994; Nelson et al., 1994; Wilhelmsson et al., 2006). During our study, 

ot obtain abundance data of pelagic and demersal fishes, but an underwater camera

Taurulus bubalis (C. Orejas et al., unp. Data) at the platform, which are known to feed on 

l species too (e.g. Knust, 1996). Thus it seems likely that the predation pressure on

the surrounding macrozoobenthos community increased due to an increase in invertebrate 

rate predator abundance.  

 
r study shows a 

habitat structure and benthic community composition, an investigation at the wind farm at 

ev (Denmark) did not (Bech, 2005). However, the two installations differ in s

situated in shallow water (14 m), and the area is characterised by coarser sands inhabited by 

della

species which are better adapted to frequently disturbed sediments than the Tellina-fabula-

tion prevailing in the study area (Rachor and Nehmer, 2003). (2) The underwater 

ctions of the wind turbin

to tripod- and jacket-structures depending on water depth and economical considerations. 

r, at the moment, most of the planned underwater structures o

installed in the German EEZ seem to have a tripod structure which is more comparable in 

 shape to the jacket structure than to a monopile. (3) Contrary to the FINO 1, a scour 

on (gravel boulders) was installed in the surrounding of the wind turbi

decided yet. 

gnitude of the ecological impact of wind farms on the soft bottom community is thus 

o the environmental conditions and the l
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impact needs to be estimated specifically for different habitats and/or communities. The 

 wind farms in the German Bight will be mainly constructed in areas of fine 

nts which are mainly inhabited by sedentary species (Rachor and Nehmer, 2003). 

the impairments of the habitat structure and community com

planned

sedime

Likely, position in such areas 

might therefore be similar to our study results. Consequently, intensive wind farming in the 

cumulative ef nd to indirect effects on ecological functioning such as 

At the m ity composition of up 

to 17 m around a wind turbine really constitute a main environmental or a management 

trophic 

implicat e 

turbine.
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* sampling only at the 2 m station 

 

Year mpling at 
e       Platfo   

Months before (-) and after 
platform construction 

on offsho orth Sea. Journa

sociation of the United 83: 89

Wie ., and Kröncke, auna 

rth Sea) in the late 1 ial dis

ucture. Helgoland M
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mersal fish.  ICES Jo ne Sc

W .A. 1978. Refuges, disturban com

ample. Ecology, 59: 27

T

T ates of sampling for the preli
tance) and the platform statio

y stud
2, 5, 1

tform construction. 

Date          Sa
Referenc

         stations 
rm    

    
2003 18 Mar  • • -4 (P) 
 28 Jul  •  0 
 21 Aug   • 1 
 24 Sep   • 2 
 14 Nov •  4 
 27 Nov  • 4 
 11 Dec   • 5 
2004 28 Jan     •* 6 
 30 Mar   • 8 
 07 Apr  •  9 
 28 Apr   • 9 
 30 Jun   • 11 
 23 Jul  •  12 
 05 Aug   • 13 
 02 Sep   • 14 
 26 Sep  •  14 
 27 Oct   • 15 
 23 Nov   • 16 
 15 Dec   • 17 
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Table 2: R
stru

esults of the pairwise one-way ANOSIM (R values) between the community 
ctures of the reference area © and the platform stations (2, 5, 10 and 15 m). Bold 

numbers indicate statistically significance.  

 

 

 

 

 

Table 3: Best two results of the multiple correlations between abundance of 
macrozoobenthic species and habitat parameters (BIOENV analysis). Habitat 
parameters were: silt and clay content (SCC), sorting of the sediment (GSD), total 
organic carbon content (TOC), shell content of the sediment (SCS), median grain 
size (MdGS). Preliminary study was excluded. 

 Number of variables R values Variable implicated 

Station
s 

R 15 m 10 m 5 m 

R  - - - - 

15 m  0.976 - - - 

10 m 0.978 0.087 - - 

  5 m 0.981 0.057 0.161 - 

  2 m 0.973 0.387 0.343 0.267 

 

 

Reference area 3 0.301 SCC, GSD, TOC 

 2 0.292 SCC, TOC 

Platform stations 3 0.465 GSD, TOC, SCS 

 3 0.464 SCC, TOC, SCS 

 

xa Contribution [%] 

Table 4: Results of SIMPER analysis: percentage contribution of the main discriminating 
taxa to the average dissimilarities between macrozoobenthic communities of the 
reference area I and at the platform stations (2, 5, 10 and 15 m).  

Ta
 R vs 
 15 m 10 m 5 m 2 m 

tini 5.2 5.1 5.2 4.9 Nemer
Polychaeta     
        L 5.7 anice conchilega 6.4 6.2 6.2 
        Spiophanes bombyx 6.4 6.4 6.5 6.3 
        Owenia fusiformis 4.9 5.0 5.0 4.5 
Crustacea     
        Atylus swammerdami 0.6 0.3 0.6 5.7 
Phoronida     
        Phoronis mülleri 35.9 36.4 36.1 32.6 
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Table 5: Percentage contribution (integrated over the whole study time) of the main 
discriminating taxa sharing 75 % in abundance of the macrozoobenthic community 
composition of the preliminary study (P), reference area I and platform stations (2, 5, 
10 and 15 m).  

Station Taxa Contribution [%] 

P Spiophanes bombyx 54.9 
 Urothoe poseidonsis 10.6 
 Nepthys spp. 7.9 
R Phoronis mülleri 35.8 
 Spiophanes bombyx 10.4 
 Nemertini 9.2 
 Lanice conchilega 7.1 
 Poecilochaetus serpens 5.1 
 Urothoe poseidonis 4.9 
15 m Urothoe poseidonis 18.6 
 Nepthys spp. 16.1 
 Spiophanes bombyx 14.0 
 Bathyporeia guilliamsiniana 8.2 
 Bathyporeia elegans 6.2 
 Goniada maculata 3.9 
 Pseudocuma longicornis 3.3 
 Nemertini 2.9 
10 m  Nepthys spp. 20.6 
 Urothoe poseidonis 18.3 
 Bathyporeia guilliamsiniana 11.7 
 Spiophanes bombyx 10.5 
 Bathyporeia elegans 6.5 
 Nemertini 3.4 
 Magelona johnstoni 3.0 
5 m  Urothoe poseidonis  20.9 
 Nepthys spp. 50.6 
 Spiophanes bombyx 9.6 
 Bathyporeia elegans 6.5 
 Bathyporeia guilliamsiniana 6.8 
 Nemertini 6.1 
 Goniada maculata 3.8 
2 m  Atylus swammerdami 40.9 
 Urothoe poseidonis 7.4 
 Nemertini 5.1 
 Nepthys spp. 4.7 
 Lanice conchilega 4.5 
 Scoloplos amiger 4.0 
 Liocarcinus holsatus 3.5 
 Eunereis longissima 3.2 
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Figures 

 

Figure 1: Location and construction design of the research platform FINO 1 including the 
navigational coordinates and engineering drawing (lateral view). 
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Figure 2: Sampling positions of the preliminary study (crosses) and of the reference stations 
after the platform construction (dots, R1 to R5) located in 200 – 400 m distance from 
the FINO 1 (diamond). 
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Figure 3: Sediment characteristics of the sediment sampled during the preliminary study (P) 
and after the implementation of the platform in 2, 5, 10, 15 m distance a

)

nd in the 
reference area ©. (a) Median grain size (MdGs) [µm], (b) inclusive graphic standard 
deviation (GSD), (c) silt and clay content (SSC) [%] and (d) total organic carbon 
(TOC) [%]. Each symbol indicates one sample. 
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Figure 4: Temporal development of total abundance [ind. 0.1m-2] at (a) the reference stations 

 

-2
] 

(R1 to R5; mean ± SD) and (b) the four platform stations (2, 5, 10 and 15 m) 
including the preliminary study (P). Sampling period: March 2003 to December 2004. 
Arrow marks date of platform construction. Please note the different scales in 
abundance. 

 69



PUBLICATION III 

  

0

1

2

3

4
0

10

20

30

40

50

60 Reference stations Platform stations
(a)

  2 m 
  5 m 
10 m 
15 m 
P

0,0

0,2

0,4

0,6

0,8

1,0

R1
R2
R3 
R4 
R5 
P

.

.

.

.

.

.

(b)

(c)

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

2003 2004

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

2003 2004

0

1

3

2

4
0

10

20

30

40

50

60 Reference stations Platform stations
(a)

  2 m 
  5 m 
10 m 
15 m 
P

0,0

0,2

0,4

0,6

0,8

1,0

R1
R2
R3 
R4 
R5 
P

.

.

.

.

.

.

  2 m 
  5 m 
10 m 
15 m 
P

0,0

0,2

0,4

0,6

0,8

1,0

R1
R2
R3 
R4 
R5 
P

...

...

...

...

...

...

(b)

(c)

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

2003 2004

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

2003 2004

(a) 
ec

ie
s n

um
be

r [
sp

p.
 0

.1
m

-2
] 

Sp

(b) 

(c) 

H
' 

J 

 

Figure 5: Temporal development of (a) species number [spp. 0.1m-2], (b) diversity (H’ 
Shannon-Wiener) and (c) evenness (J after Pielou) at the reference stations (left; 
mean ± SD) and (b) the four platform stations (right) including the preliminary study 
(P). Sampling period: March 2003 to December 2004. Arrow marks date of platform 
construction. 
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Figure 7: Temporal development of taxonomic group abundance [ind. 0.1m-2] of the 
macrozoobenthos in the reference area and at the platform stations (2, 5, 10 and 15 
m). Sampling period: March 2003 to December 2004. Arrow marks date of platform 
construction. 
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16. Response of macrozoobenthic community to cessation of fishing 
activity in the North Sea 

Jennifer Dannheim, Kristin Finger & Alexander Schroeder 
 

rts of the system are 

benthic 

ecosystem. The intensity of the impact depends on the gear used, its weight and 

on the habitat respectively the sediment structure (Bergman & 

 

Introduction 

The effects of fishing on benthic communities take centre stage of the scientific and 

public discussion (Malakoff 1998). As the short-term most effective catch stood in the 

foreground, the effort has risen worldwide during the last century with an increasing 

mechanisation and industrialisation of the fisheries (Pauly et al. 2003). Every form of 

fishing is an interference in the respective ecosystem, as pa

removed. One of the heaviest disturbances is caused by bottom trawling. 

The impact of the different gear types on benthic organisms has been investigated 

since the beginning of the 70ies (e.g. De Groot 1984). Several studies focusing on the 

trawling impact, especially in the North Sea followed in the last years (e.g De Groot & 

Lindeboom 1994, Jennings & Kaiser 1998, Lindeboom & De Groot 1998, Collie et al. 

2000). These investigations showed a number of fishing effects on the 

trawling speed, but also 

Hup 1992, Kaiser et al. 1998). 

A direct consequence of bottom trawling is the mechanical disturbance on the bottom 

through fishing gears. Short-term effects comprise an alteration of the sediment 

structure and direct mortality of the benthic organisms (Rumohr & Krost 1991, Kaiser 

1996, Bergman & Van Santbrink 2000, Ramsay et al. 2000). Continuous trawling may 

even permanently alter the structure and functioning of the benthic community 

(Jennings & Kaiser 1998, Hall 1999, Kaiser & De Groot 2000). Beneficiaries of the 

fishing disturbance are mainly scavengers and predators (e.g. crabs, fishes and star 

fishes). Besides the increased mortality of benthic animals within the trawl tracks, the 

discards become available as an additional food source (Ramsay et al. 1998, 

Groenewold & Fonds 2000, Rumohr & Kujawski 2000, Ramsay et al. 2001). Thereby 

scavengers and fast growing, opportunistic species profit of heavily fished areas 

(Gilkinson et al. 1998, Jennings et al. 2001), while long-living, relative large individuals 

are in disadvantage (Bergman & Van Santbrink 2000, Kaiser et al. 2000). Large 
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individuals of macrofaunal species need about five years to recover from trawling 

(Dinmore et al. 2003) and recovery of the community is not considerable faster even 

considering immigration of species (Collie et al. 2000). 

Bottom trawling is one of the heaviest impacts for marine environments all over the 

 intensively fished areas. The investigated area lies in one of the 

an 15 °C and different water masses influence the 

ecosystem and created a fauna well adapted to these natural fluctuations. However, 

 1991, 

s factors at various temporal and spatial 

scales, it remains unclear whether these shifts were induced by natural change or by 

an increase of arthropogenic effects (e.g. eutrophication, fishing). The present benthic 

fauna is in a way a “skipjack” reacting rapidly to any kind of disturbance which makes it 

ifficult to identify the effects of single factors. However, the question nowadays is not 

more how huge it is (Malakoff 2002). 

To supply evidence of long-term trawling induced changes and indirect influences, 

ither long-term investigations or direct comparisons of fished and unfished areas are 

the only adequate methods (Ball et al. 2000). In the present study, we focused on the 

world (Dayton et al. 1995, Jennings & Kaiser 1998, Thrush et al. 2001) and the North 

Sea is one of the most

most heavily trawled areas in the North Sea (Rijnsdorp et al. 1998, Jennings et al. 

1999). But fishing is not the only factor affecting the community. Water movements 

caused by strong storms and tidal currents may lead to sediment relocations, seasonal 

temperature variations of more th

several anthropogenic impacts are superimposed on these natural variations and put 

further stress on the benthic communities. Over the 20th century an increase in 

biomass of the macrozoobenthos and a shift in community structure from large 

longliving to opportunistic short-living species were observed (Duineveld et al.

Kroencke 1992, Kroencke 1995, Schröder 2003). 

Due to the complicate interplay of numerou

d

whether trawling has an impact as 

e

development of the macrozoobenthic communities after the local cessation of fishing in 

a soft bottom habitat. Up to now, no soft bottom areas have been permanently closed 

for fishing in the German EEZ (exclusive economic zone). In July 2003 the research 

platform “FINO 1” was installed for preliminary studies for offshore windfarms. The 

surrounding of the platform is closed to all shipping activities and consequently for 

bottom trawling. This provides the unique opportunity to study the development of the 

unfished area versus the heavily trawled area around it from the onset. 
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Material & Methods 

Investigation area 

After the start of the RESPONSE project the construction of the pilot wind farm which 

should ed area was delayed until 2006. Instead the 

constru  “FINO 1” in June 2003 adjacent to the area of the 

planne ered as unfished area. The surrounding of the 

searc 0 m is closed for safety reasons to all shipping 

activities and consequently also for bottom trawling. A map of the selected ASA 

ppropriate study area) is shown in figure 16.1. 

 have been used as an unfish

ction of the research platform

d pilot wind farm was consid

re h platform within a radius of 50
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Fig. 16.1. Map of the selected ASA in the southern German Bight.  

t effects of the artificial hard substrate provided by such constructions are 

icted to the direct vicinity of such structures up to 50 – 100 m (Gray 1977). 

effects, a minimum distance of 150 m was kept for all sampling 

According to previous results (Knust et al. 2001), a normally fished reference area was 

established north-west of the research platform (fished area 1; Figure 16.2). 

n the 

The direc

usually restr

To exclude these direct 

for the RESPONSE-project. To exclude edge-effects and to be sure that no fishing 

occurs in the area, a maximum distance of 400 m from the platform was assured. The 

area between 150 and 400 m from the platform should thus be free from fishing effects 

as well as from direct effects from the platform. 

Preliminary analyses of the faunal data from the first RESPONSE cruise betwee
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faunal community of the platform area and the reference area 1 showed that the 

species composition of both areas is the same but there are some differences in the 

abundances of the dominant species. This highlights the sensitivity of the applied 

methods to detect even small changes in benthic communities, which most likely are a 

result of natural spatial variability. To clearly distinguish the effects of this natural 

spatial variability from the effect of the closure of the platform area to bottom fisheries, 

a second reference area, fished area 2, was established east of the platform area 

(Figure 16.2) which has been sampled on all consecutive cruises since November 

2003. 
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Figure 16.2. Position of sampling stations in the unfished and fished areas. The position of the area within 
the German Bight is indicated by the small frame in Figure 16.1.Figure 16.1 T: fished/reference station; P: 
unfished grab station, blue lines in the circle: exemplary beam-trawl tracks 

The position of the reference stations for the RESPONSE project was chosen to 

achieve a maximum agreement in sediment composition and benthic community 

composition between the platform area and the reference areas according to previous 

studies in the area (Knust et al. 2001). 
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Sampling scheme for the North Sea ASA 

According to the date of platform construction, the timing of the RESPONSE cruises 

was adjusted to the dates listed in Table 16.11. Cruise C1 in late March 2003 was 

intended to study the “status quo ante” when normal fishing took place in both the 

platform area and the reference area to assure the comparability of both areas. The 

following cruise C2 was conducted immediately after the construction of the platform, 

which was completed on 14.7.2003 with the associated closing of the surrounding area 

(± 500 m) for all fishing activities. Consequent cruises follow after 3, 8, 12 and 14 

months without fishing. 

Table 16.1. Cruises within the RESPONSE project 
RESPONSE 
Cruise No. 

Date 
Cruise 
Code 

Vessel 

C1 before closing area                   (17. Mar. – 04. Apr. 2003) HE 185 RV Heincke 

C2 directly after closing                  (22. Jul. – 02. Aug. 2003) HE 194 RV Heincke 

C3 3 months after closing                     (14. – 21. Nov. 2003) HE 200 RV Heincke 

C4 8 months after closing                      (05. – 20. Apr. 2004) HE 205 RV Heincke 

C5 12 months after closing             (17. Jul. – 03. Aug. 2004) HE 214 RV Heincke 

C6 14 months after closing           (18. Sept. – 02. Oct. 2004) HE 219 RV Heincke 

 

The sampling scheme was nearly the same on each cruise. During the first two cruises 

an initial set of 5 stations in the platform area, which is closed for fishery since June 

2003, and five stations in reference area 1 were sampled. This was complemented by 

four additional stations in reference area 2, which were sampled in cruises C3 – C6, 

adding up to a total of 9 reference stations from C3 onwards (Table 16.2). 

General characteristics of the sea bed were identified by sidescan transects, UW-video 

(10 – 20 min at < 1 kn), UW-photography (1 m²), grab samples (0.1 m² van Veen grab), 

beam-trawl (3 m width) and otter-trawl (app. 15 m width) hauls. Grab samples were 

also used to generate a map of the sediment distribution in the area. 
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Table 16.2. Sampling scheme for the North Sea ASA 

Sampling scheme 

Samples Fished/reference area Unfished area 

Infauna 9 stations á 3 grabs 5 stations á 3 grabs 

Epifauna 9 beam trawls  5 beam trawls 

Sediment 9 samples superficial* 5 samples superficial* 

Photo 4 stations á 20 photos 2 stations á 20 photos 

Video 4 stations á 20 min video 2 stations á 20 min video 

* sediment cores taken in march 2003 for analysing differences in vertical distribution showed no 
differences between surface and lower layers and are therefore no longer taken 
 

Hydrography 

s between stations (~ 2 nm) are too 

mall to expect regional differences betweens stations with the prevailing tidal current 

speed (up to 1 m/s and more), while temporal differences due to tidal influences or 

FINO1 and several other measuring 

stations were kindly supplied by the German Federal Maritime and Hydrographic 

nd analysed as general forcing factors in the ASA. 

CTD profiles for temperature, salinity and turbidity were taken approximately at high 

and low tide at the respective station. Distance

s

displacement of various water masses could be expected.  

Hydrographic data from the research platform 

Agency (BSH) a

Sediment 

On each grab station, two superficial sediment samples were collected from the grab 

content for grain size analysis and organic carbon analysis. In addition to this, vertical 

sediment cores were taken in March 2003, which were divided in layers. The first five 

centimetres were analysed separately while the lower layers from 5 to 10 cm depth 

were pooled. The analysis of these samples showed no differences between the 

layers, as could be expected for a sediment consisting of homogeneous fine sand. 

Therefore the layered sampling was given up for further cruises. 

Grabs 

On each station three 0.1 m² van Veen grabs (95 kg) were taken for the analysis of 

macrozoobenthic infauna. The geographical position of each grab was determined with 

a DGPS. Samples were sifted on 1 mm mesh size screens and fixed in 4 % buffered
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formalin. In the laboratory, species were determined to the lowest possible taxonomic 

level, counted and wet weight was determined per species. Species abundance and 

wet weight were standardized to 1 m². For further analyses, pelagic species and fishes 

were excluded. 

Beam trawls 

For larger epifaunal organisms, one ten minute-haul was taken at a speed of app. 3 kn 

at each station with a 3 m beam-trawl. In the unfished area (platform ± 400 m), the 

beam-trawl hauls are positioned across the southern semi-circle of the untrawled area 

in a roughly W-E-direction avoiding the direct vicinity of the platform (± 150 m) (Figure 

r to calculate the area trawled. 

 are stored frozen for a later analysis in the laboratory. Species were 

determined to the lowest possible taxonomic level. Fishes were weighted (wet weight) 

Photo and Video 

Photos and videos were taken on two stations in both reference area and two in the 

unfished area (one north of the platform, one south). Photos were taken by a photo 

sled (modified to the one from Gutt 1988), covering an area of 1 m² each, while drifting 

across the station (determination of position by DGPS). The sampling procedure was 

as described in Piepenburg & von Juterzenka (1994). Additionally, 20 min of video 

were recorded with a hand-guided video system while drifting across the central 

position of the station at a speed of less than 1 kn. The geographical position of the 

video was recorded by DGPS in 1 min intervals. The monitored area was calculated 

from the distance between marks and the analyzed transect’s width (0.25 m). Missing 

datasets are caused by bad visibility, too fast towing speeds or inconstant bottom 

contact. The analyses were restricted to sessile and free-living epifauna. Burrowing 

organisms could not be identified. Species were determined to the lowest possible 

taxonomic level, but identification beyond family or genus level was rarely achievable. 

Hence, several species had to be combined (e.g. sand gobies (Pomatoschistus spp.) 

16.2). The geographical postitions of “gear on ground” and “gear off ground” were 

determined with a DGPS, in orde

Samples

and lengths were measured for every individual (standard length, total length), the 

same was done with swimming crabs and shrimps. Other species were counted and 

individuals were weighted per species. Abundance and biomass data were 

standardized to 1000 m². Pelagic fishes were excluded from further analyses.  
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and dragonets (Callionymus spp.) or flatfishes (Soleidae and Bothidae)). Brittle stars 

weregrouped to class level Ophiuroidea. 

Statistical analyses 

For all analyses, abundance and biomass were standardized to 1 m² for infauna and 

1000 m² for epifauna. 

Univariate measures used to characterise the community structure were total 

abundance, biomass (g wet weight), species density (spp./ 0.3 m² for infauna and 

spp./per haul for epifauna), eveness (J) after Pielou (1966), diversity (H’ based on loge) 

o analyse the fishing impact on functional groups, four categories were fixed: Position 

als (surface, subsurface), vulnerability of the species (high, low and 

medium), mobility of the animals (sedentary, mobile and highly mobile) and the feeding 

rcentage difference between the unfished and fished areas was calculated 

following the formula from Collie et al. 2000: 

after Shannon & Weaver (1963). 

T

of the individu

type (filter feeder, detritus feeder, omnivorous species and predator/scavenger). 

The pe

100*)(

c

ct

A
AAD −

=  

 

where  D = percentage difference 

At = abundance in trawled/fished area 

Ac = abundance in control/unfished area 

 

Multivariate analyses were carried out using PRIMER software (Clarke & Warwick 994, 

Clarke & Gorley 2001). The infaunal and epifauna datasets were transformed with 4th 

root and Bray-Curtis similarity was used to construct a similarity matrix. 

Multidimensional scaling plots (MDS) were used to analyse differences in community 

composition and the multivariate dispersion index (MDI) was calculated to measure the 

variability within groups. The main discriminating species were identified by the 

SIMPER routine. Additionally, an ANOSIM analysis was performed (one way analyses 

for each cruise: factor fishing; two-way-crossed analyses: factor cruise/seasonality and 

fishing) and the R-value used as a measure of the distinction of the community in 
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fished and unfished areas. These values can be interpreted as follows (Clarke & Gorley 

2001): 

0 (and around) = no differences; between groups and within group similarity is 

roughly equal 

parable 

f groups 

0.75 = groups well separated 

ure). 

BIOENV was performed with the abiotic data fishing effort [times trawled], time 

[months], total organic carbon [%], median grain size [µm], mud content [%], turbidity 

[g/l] and bottom temperature [°C]. For the separate analyses of each cruise, a reduced 

dataset was used. 

The significance of detected differences was tested by ANOVA (using Statview 

software). Equality of variances and normal distribution were tested before. Where 

necessary, data were log transformed to achieve homogeneity of variances. 

diment composition between the fished and unfished 

igure 16. atia t larger than the 

riability. However, during the spring and summer cruises 2004 (C3 & C4) 

 signi maller than in the other 

0.25 = groups barely se

0.50 = separation o

 1.00 = groups totally separated 

 

The dimension of the R-values is assisted by a monte carlo significance test (p in %). 

The identification of abiotic factors explaining most of the fauna variation was achieved 

using General Linear Modelling (GLM) and the BIOENV routine. Before the BIOENV 

was performed, highly correlated variables were eliminated (surface temperat

 

Results 

Sediment 

Initially no clear differences in se

areas were obvious (F 3). The sp l differences were no

temporal va

sediments in the eastern fished area (F2) were ficantly s

two areas (marked by *). 
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Figure 16.3. Mean median grain size (Md GS ± SD) from sediment analyses from Cruises C1 – C6; 
U = unfished area; F1, F2 = fished area 1 & 2; * = significantly smaller than in U. 

Also in the total organic carbon content the values from the fished areas seeme

*

d to be 

n the unfished area in 2004 (Figure 16.4.). A seasonal difference 

was very small, as the carbon content seemed to be lowest in spring, highest in 

*

slightly higher than i

summer and decreasing again in autumn, but always on a very low level of less than 

0.2 %. 
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Figure 16.4. Mean total organic carbon content (TOC ± SD) from sediments from Cruises C1 – C6; 
U = unfished ar
 

tween the fished and unfished areas. 

ea; F1, F2 = fished area 1 & 2; * = significantly larger than in U. 

Hydrography 

The water column in the North Sea ASA was mostly mixed all year through and no 

clear stratification was observed. Due to high tidal current velocities of up to more than 

1 m/s, there were also no visible differences be
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Turbidity 

No significant differences between the sampling areas in the concentration of 

suspended particle were detectable from the CTD-attenuation measurements. Some 

differences were observed over time as turbidity increased especially near the bottom 

after e.g. a strong storm during cruise C6 (Fig. 16.5 a, b). Another marked increase in 

turbidity near the bottom was observed after the onset of fishing on Monday morning 

(Fig. 16.5 b, c). Early that day we observed a number of vessels arriving in the area 

and starting to fish. As a response to that, the CTD-measurements during the afternoon 

showed a sharp peak in the near bottom layers (Fig. 16.5 c). 
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 Twice daily, the water runs to the east until high tide and then turns 

anticlockwise to run off again to the west. Close to the surface the mostly northwesterIy 

winds cause an on average stronger easterly current, leading to frequently measured 

currents of over 1 m/s. This influence has fewer effects in 26 m depth and maximum 

current speeds reached only 87 m/s. 

9
]

25

 

Figure 16. 5. Representative vertical CTD-profiles of transmissibility from fished and unfished areas during 
cruise C6. 

 

Currents 

The main current directions in the ASA are easterly (ESE) and westerly (WNW) tidal 

currents (Fig. 16.6).
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A remarkable feature of the bottom currents is the absence of really slack water (Fig. 

16.6 b). Even at high and low tide the minimum currents were on average about 15 

cm/s, while average tidal currents reached almost 40 cm/s twice daily. 

 
Figure 16.6. Current regime at the platform FINO1 in 2004: a) mean current str
depth; b) absolute values and mean current in 26 m depth. 

N N 
a b 

ength [m/s] in 4, 20 & 26 m 

 hydrographical 

measurements between the investigated areas. 

Unfortunately, the system did not work for the d, but the existing data allow 

a good impression of th erature regime in the area. The temperature curves 

of all depth ern, which is typical for  of the North Sea 

 end of August 2003 reased until the end 

. 19°C to around 9° January and late 

f April 2004, no data a asuring system was 

ary/March 2004 on  20 m depth are 

vailable. During this period the temperature in 20 m depth was up to 2°C below the 

surface temperature and reached down to 3.1°C in March 2004. This difference 

e at the onset of measuring in the end 

he 

 

The strong currents correspond to a movement of the water app. 6 km to the west and 

to the east during each tide, explaining to lack of difference in

Termperature 

whole perio

e main temp

s show a seasonal patt  this part

(Figure 16.7). From the  the temperatures dec

of November from app C. For December 2003, 

March until the end o re available as the me

not working. For Febu ly data from 3 m and

a

between 3/6 m and 20/25 m was still recognisabl

of April. With the increasing temperatures in spring, this difference decreased. The 

maximum temperatures were reached in August for all depths, slightly earlier at t
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surface than at the bottom. Only short term temperature stratifications of less than 2°C 

were found during the study period. Salinity in the ASA was constantly between 33 and 

4 PSU and maximum differences between surface and bottom reached not more than 3

0.4 PSU for a few days only. 
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Figure 16.7. Annual t
 

emperature regime at the platform FINO1 from Sept. 2003 until Dec. 2004 in 
differentwater depths. Data from BSH. 

 

Waves 

Wave data from the FINO1 platform are rather sparse and do only start in Sept. 2003. 

Therefore we chose data from the offshore location of Helgoland, which should 

represent the same wave regime as in the ASA. Maximum wave highs of nearly 6 m 

were reached in spring 2004, but for most of the time the waves were between 1 and 3 

m high (Figure 16. 8.). 
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Figure 16. 8. Annual wave regime at Helgoland in 2003 & 2004. The beginning of the sampling cruises is 
indicated by grey lines. Data from BSH. 

 

River run-off 

 every year, while during summer and autumn the 

alues remain low (Figure 16.9.). The total run-off in 2003 was much higher than that in 

2004. 

Main peaks in run-off occur in spring

v
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Figure 16.9. Elbe river run-off in 2003 & 2004. The beginning of the sampling cruises is indicated by grey 
lines. 

escription of community 

 

areas with fine sandy bottoms. Some of the species 

is e annex I be ng rather phiura-filiformis ommunity 

b diments and slightly dee rs el e

Ne 03 eth axa ntif b samples: 60 

xa of Arthrophoda, 8 Echinodermata, 24 Mollusca, 48 Polychaeta and 6 belonging to 

other phyla (Fig. 16.10). 

 

Infauna 

D

The community represents a typical Tellina-fabula-community (sensu Salzwedel et al.

1985) common in shallower water 

which are l ted in th  lo to the Am -c

which inha its fine se per wate (Salzwed t al. 1985, 

Rachor & hmer 20 ). All tog er, 146 t  were ide ied in gra

ta

Arthropoda 60Polychaeta 48

"Others" 6

Echinodermata 
8

Mollusca 24

 
Figure 16.10. Total species number of main taxonomic groups in the investigation area 

 

The fauna of the investigation area is characterised by some species which occurred 

very regularly over the whole study period (Table 16.3). 
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Table 16.3. Dominance, mean abundance (±SD) (N presence of the most dominant infaunal 
tion area 

dominance 
[%] 

presence 
[%] 

/m²) and 
species in the whole investiga

Species mean abundance (± SD) 
[N/m²] 

Phoronis spp.  37.41 100 1726 ± 3784 
Spiophanes bombyx 9.89 100 456 ± 381 
Lanice conchilega 8.61 97 397 ± 533 
Nemertini indet. 5.33 100 246 ± 147 
Ophiuridae spp. 4.71 217 ± 413 95 
Poecilochaetus serpens 3.59 166 ± 115 98 
Owenia fusiformis 3.44 158 ± 232 100 
Urothoe poseidonis 3.26 151 ± 79 100 
Montacuta ferruginosa 1.76 98 81 ± 52 
Ophiura albida 1.64 96 75 ± 86 
Chaetozone cf. Setosa 1.42 91 66 ± 90 
Echinocardium cordatum 1.35 98 62 ± 84 
Eumida sanguinea 1.18 87 55 ± 66 
Magelona johnstoni 1.17 100 54 ± 32 
Tellina fabula 1.15 100 53 ± 46 
Spio decoratus 0.99 46 ± 89 75 
Euspira pulchella 0.86 40 ± 19 100 
Spio filicornis 0.65 30 ± 43 76 
Malmgrenia marphysae 0.64 84 30 ± 49 
Scoloplos armiger 0.53 93 25 ± 27 

 

Eight specie  registered on 

the stations, but only minate the community. 

 to 37 % of total individuals, Spiophanes bombyx 10 %, 

chilega 9 %, Nemertini indet. 5 % nile ophiuroids also 5 %.  

y 

nity of the investigatio influenced by seasonal 

ndances (Fig. 16.11) varied through the year. In March (cruise C1 

nces were found. In the first year, the abundances 

 value in summer 2003 (cruise C2: 13092 ± 8776 

nly caused by Phoronis spp. T  abundance of the main groups 

changed between cruises (Fig. 16.11). During cruise C1, C5 and C6 the dominant 

cruise th hanes bombyx was the 

s, while on the cru lso Lanice conchilega, 

ens and Chaetozone he dominance of the 

group Polychaeta. Cruises C2 – C4 were dominated by the genus Phoronis spp., while 

the densitie ment of Phoronis spp. and Polychaeta in summer ’03 

were decreasing, in summer ’04 there was only a recruitment of Polychaeta. 

s were recorded at every single station. Twenty species were

more than 90 % of  a few species do

Phoronis spp. accounts for

Lanice con  and juve

Temporal variabilit

The infaunal commu n area is strongly 

changes. Total abu

and Cruise C4) the lowest abunda

were generally higher with highest

N/m²) mai he mean

group were Polychaeta. On the first e polychaete Spiop

most abundant specie ise C5 and C6 a

Poecilochaetus serp cf. setosa caused t

s of this massive settle
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Figure 16.11. Mean abundance (± SD) [N/m²] split by the main groups of infauna 

The mean biomass was higher in the year 2004 (Fig. 16.12) reaching its highest value 

in summer 2004 (328 ± 199 g/m²). The biomass of the main groups did not show large 

changes. Biomass is dominated by the heart urchin Echinocardium cordatum and 

changes in biomass during investigation time depended mostly on the number of 

individuals of this species caught in the grab.  

0

50

500

100

150

200

250

300

350

m
ea

n 
bi

om
as

s 
[g

/m
²]

400

450

Cruise C1 Cruise C2 Cruise C3 Cruise C4 Cruise C5 Cruise C6

Arthropoda
Echinodermata
Mollusca
Polychaeta
"Others"

2003 2004

0

50

400

450

Cruise C1 Cruise C2 Cruise C3 Cruise C4 Cruise C5 Cruise C6

500
Arthropoda
Echinodermata
Mollusca
Polychaeta
"Others"

100

150

200

250

300

350

m
ea

n 
bi

om
as

s 
[g

/m
²]

2003 20042003 2004  
Figure 16.12. Mean biomass (± SD) as wet weight [g/m²] split by main groups of infauna 

Species density, diversity and evenness changed considerably through the time of 

investigation (Figure 16.13.). Species density (Figure 16.13. a) was highest in summer 

2003 (69 ± 5 spp/0.3 m²), lowest values have been recorded for springtime 2003 and 

2004 (both 46 ± 5 resp. 46 ± 6 spp/0.3 m²). 
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Figure 16.13. a) mean species number [spp./0.3 m²] (± SD), b) mean diversity (H’(loge)) (± SD) and c) 
mean evenness (J) (± SD) of the infauna over time 

iversity and evenness showed lowest values in summer 2003 (H’: 1.9 ± 0.7; J: 0.5 ± 

The community of the investigation area is strongly influenced by seasonality. The 

spring cruises (yellow) and that of the late autumn cruise in 2003 (blue triangles) and 

the second group of the summer (red) and the early autumn cruise in 2004 (blue 

circles). Furthermore, the benthic community is more homogenous in summer, while 

the fauna in spring and the late autumn shows a higher variability (see also Table 

16.6). Overall, the fauna of the different seasons can be well separated. (Global Rvalue 

= 0.95; p = 0.1 %). 

D

0.2), mainly caused by the strong dominance of Phoronis spp. and increased until the 

end of sampling time (H’: 3.0 ± 0.2; J: 0.7 ± 0.04). 

MDS-plot shows a distinction of mainly two groups (Figure 16.14.): the fauna of the 
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explaining factor for differences of the 

fauna is bottom temperature (Table 16.4), which showed the highest correlation value, 

coupled with abundance as well as biomass data of the infauna. 

As a resume, it can be stated that the infaunal community of the investigation area is 

strongly influenced by seasonal changes. The dominant groups in numbers were the 

polychaetes Spiophanes bombyx and Lanice conchilega, as well as the group of 

“others” which reflects the strong dominance of Phoronis spp.. 

Table 16.4. Results of the BIOENV correlation I between abiotic data and the infauna community 

m); 5: mud (%); 6: turbidity; 7: bottom temperature.  
bundance 

R                                   Selections 

biomass 

R                                      Selections 

 

Figure 16.14. MDS-plot of all cruises of infauna abundance (Bray-Curtis-Index; transformation: 4th root) 

 

The analysis with biotic and abiotic data over the time of investigation underlines the 

results of the community analyses. The main 

(abundance and biomass data). Selection of abiotic factors with the best correlation: 1: effort; 2: time; 3: 
total organic carbon (%); 4: median grain size (µ
A

0.689                             7 

0.622                             2,7 

0.588                             2,5,7 

0.553                             2,3,7 

0.552                             5,7 

0.548                             3,7 

0.517                                7 

0.455                                2,5,7 

0.433                                2,7 

0.432                                2,3,5,7 

0.428                                5,7 

0.415                                2,3,7 

 

Effects on community composition 

n due to fishing was visible (Figure 

6.15.), as the influence of seasonality was larger than the impact of fishing activity. 

Plotting all data in one MDS-plot, no distinctio

1
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Figure 16.15. MDS-plot of all cruises of infauna abundance (Bray-Curtis-Index; transformation: 4th root) 

 

A two way crossed ANOSIM (factors: cruise/seasonality and fishing impact) showed a 

significant separation of the unfished and fished areas in general (Table 16.5). The 

results become clearer looking at the pairwise tests. 

Table 16.5. Results of two way crossed ANOSIM. R-values and significance level p [%] for the 

s 
disctinction of unfished and fished areas with abundance and biomass data of the infauna 
 Abundance Biomas
      R            p       R            p  

[%] [%] 
Global 0.56 0.1 0.47 0.1 
Unfished/Fished 1 0.51 0.1 0.44 0.1 
Unfished/Fished 2 0.74 0.1 0.62 0.1 
Fished 1/Fished 2 0.48 0.1 0.41 0.1 

 

Abundance and biomass data show a larger distinction between the unfished area and 

both fished areas than between the two fished areas. The separation between fished 

area 2 and the unfished area was the highest between all areas, in biomass and 

abundance data.  

To exclude seasonal effects, the data were analysed for each cruise separately to 

highlight the

The distinction of the unfished and fished areas had been noticeable before the 

 of the platform (before closure, Figure 16.16.). This results mainly from the 

areas which is reflected in a greater spread of the stations of the fished fauna in the 

 fishing effects. 

construction

dominance of Spiophanes bombyx which occurred in higher numbers in the unfished 

area at the beginning of the investigation. Distinction directly after the closure is due to 

the high dominance of Phoronis spp. in the study area (see Table 16.3). Looking at the 

last cruise, the fauna of the unfished area is more similar than the fauna in the fished 
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MDS-plot. This result is supported by the higher MDI in the fished areas (Table 16.6, 

fishing 14 months after closure). 
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Figure 16.16. MDS-plots of infauna abundance (Bray-Curtis-Index; transformation 4th root) during the study 
period (before until 14 months after closure) 

 

Table 16.6. Multivariate dispersion indices (MDI) for the infaunal community of the three areas, related to 
the factor fishing (both fished areas pooled) and the sum for every cruise 

Area Fishing Seasonality
Cruise unfished fished 1 fished 2 unfished fished
before           (C1) 0.848 1.152 0.848 1.152 1.278
directly after  (C2) 0.838 1.162 0.838 1.162 0.392
3 months      (C3) 0.585 1.156 1.432 0.336 1.184 1.079
8 months      (C4) 1.03 1.119 0.753 0.872 1.035 1.235
12 months    (C5) 1.244 1.03 0.543 1.072 0.98 1.045
14 months    (C6) 0.77 1.281 0.914 0.651 1.097 0.804  
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As a temporal development of the fauna can be expected after the construction of the 

platform, differences between fished and unfished areas should enlarge with time. This 

R-values of unfished area vs. fished areas are higher than 

the R-value for the distinction of the fished areas. In addition to that, the fauna of F1 

development of larger separation between unfished and fished areas over the 

timescale of the investigation is only partly supported by the ANOSIM R-values of 

pairwise test over time. The R-values varied through time of investigation (Figure.16.17 

a,b; and Tab. 16.7). 

Only at the last cruise, both 

and F2 are no longer distinguishable, neither by abundance nor biomass data. 
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Table 16.7. ANOSIM pairwise-test R-values and significance level p [%] for the distinction of unfished and 

3

igure.16.17. 
ata of infaun

ANOSIM R-values of pair se test for each cruise ith a) abund e data and b) biom
 species (U  = Fi

 

 

fished areas with abundance and biomass data of infauna. Bold values are significant at 5 %. 
 Abundance Biomass 
 UN/F1 

R ; p 
UN/F2 
R ; p 

F1/F2 
R ; p 

UN/F1 
R ; p 

UN/F2 
R ; p 

F1/F2 
R ; p 

before 0.58 ; 0.8   0.42 ; 0.8   
directly after 0.64 ; 0.8   0.39 ; 0.8   
3 months 0.82 ; 0.8 0.99 ; 0.8 0.78 ; 0.8 0.72 ; 0.8 0.99 ; 0.8 0.73 ; 0.8 
8 months 0.30 ; 4.8 0.49 ; 0.8 0.31 ; 4.8 0.23 ; 8.7 0.48 ; 1.6 0.22 ; 6.3 
12 months 0.30 ; 4.0 0.83 ; 1.6 0.61 ; 0.8 0.43 ; 1.6 0.65 ; 1.6 0.54 ; 1.6 
14 months 0.48 ; 1.6 0.65 ; 0.8 0.19 ; 7.9 0.47 ; 0.8 0.36 ; 4.8 0.14 ; 17.5 

 

The BIOENV analyses identified the fishing effort as the main factor explaining faunal 

differences (Table 16. 8). The correlation between fauna and fishing effort was highest 

in summer of both years and autumn of 2003. Only low correlations were found in 

spring and autumn 2004. This is the case for abundance and biomass data. In addition 

to that, in summer and autumn of both years fishing effort is the single factor explaining 

the variations of the fauna. 
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T
 biomass data). Selection of abiotic factors which are responsible for the best correlation: 

1: effort; 3: total organic carbon (%); 4: median grain size (µm); 5: mud (%). 
 before closure 

able 16. 8. Results of the BIOENV correlation I between abiotic data and the infauna community 
(abundance and

Cruise C1,

Abundance Biomass 

R                               Selections 

0.535                         1,5 

0.480                         1,3,5 

0.451                         1,4,5 

0.437                         1 

0.426                         1,3-5 

R                               Selections 

0.432                         1,5 

0.365                         1 

0.361                         1,3,5 

0.314                         1,4,5 

0.272                         1,3-5 

Cruise C2, directly after closure 

Abundance 

R                               Selections 

0.548                         1 

0.476                         1,5 

0.471                         1,3,5 

Biomass 

R                               Selections 

0.528                         1,5 

0.508                         1,3,5 

0.450                         1,3 

0.444                         1,3-5 

0.465                         1,3-5 

0.452                         5 

0.444                         1,4,5 

Cruise C3, 3 months after closure 

Abundance 

R                               Selections 

0.739                         1 

0.501                         1,5 

0.442                         1,3 

0.403                         1,4 

0.342                         1,4,5 

Biomass 

R                               Selections 

0.653                         1 

0.451                         1,3 

0.443                         1,5 

0.349                         1,3,5 

0.348                         1,4 

Cruise C4, 8 months after closure 

Abundance 

R                               Selections 

0.170                         4 

0.166                         1,4 

0.130                         1,4,5 

0.111                         1,5 

0.092                         1,3,4 

Biomass 

R                               Selections 

0.089                         4 

0.083                         1,4,5 

0.068                         1,4 

0.053                         1,5 

0.026                         1,3-5 

Cruise C5, 12 months after closure 

Abundance 

R                               Selections 

0.555                         1 

0.536                         1,4 

0.466                         1,5 

0.453                         1,4,5 

0.441                         1,3,4 

Biomass 

R                               Selections 

0.442                         1 

0.364                         1,3 

0.357                         1,4 

0.349                         1,3-5 

0.347                         1,5 
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Cruise C6, 14 months after closure 

Abundance 

R                               Selections 

0.303                         1 

0.254                         1,5 

0.213                         1,3,5 

0.150                         1,3 

0.071                         3,5 

Biomass 

R                               Selections 

0.104                         1 

0.008                         1,5 

-0.036                        5 

-0.067                        1,3,5 

-0.095                        1,3 

 

Community structure 

The total abundance of organisms is higher in the unfished area during the whole 

investigation (Figure 16.18.a). This is due to the polychaete Spiophanes bombyx 

before the closure, the dominant Phoronis spp. during the following 3 cruises, and 12 

and 14 months after closure Phoronis spp. with several polychaetes. The biomass is 

influenced by the occurrence of only one single species, the heart urchin 

Echinocardium cordatum. This species occurs in higher numbers in the fished area 2 

(Figure 16.18.a). While the abundance was variable during the investigation time, the 

biomass seems to reach a more stable level in the unfished area with less seasonal 

variation compared to the fished areas (Figure 16.18.b). 
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Figure 16.18. a) Mean abundance [N/m²] and b) mean biomass [g/m²] in the unfished, fished 1 and fished 
2 area in relation to time (before or after) of the platform installation. (ANOVA significance level: * 0.05; ** 
0.01; *** 0.001) 

pecies density varied seasonally with highest numbers in summer and lowest in 

spring (Figure 16.19.a). The initially lower species density in fished area 2 reached the 

the whole 

investigation. This was again due to the dominance of one species (Phoronis spp.). 

 

S

same level as the other two areas by summer 2004. The species density at the end of 

the investigation was nearly the same in all areas (about 62 – 64 spp./0.3 m²). Diversity 

and evenness (Figure 16.19.b, c) were lower in the unfished area during 
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Phoronis spp. (Figure 16.20.), the diversity and evenness is still lower in the 

the first year, but in the second year both indices were 

nearly the same in all areas independent of fishing activity. 
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Figure 16.20. a) diversity (H’loge) and b) evenness (J) of the unfished and fished areas excluding Phoronis 
spp.. ANOVA significance level: * 0.05; ** 0.01; *** 0.001 
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Taxonomic groups 

As generally the fauna shows slight differences between unfished and fished areas, 

unctional gro were investiga der to detect the fishing 

 responding to wling activity.  

 Arthropods in the unfished area mainly depended on the 

mphipods (Figure 1 .a). Only direc r the constructi of the 

gher number of juve swimming crab ed area was 

he differences betw  unfished and fished areas. At all other times 

 

red in highe mbers in the un  

after 

platform construction and higher biomass in the fished areas 12 and 14 months after 

ure 16.21.b). 

taxonomic groups and f ups ted in or

impact and to analyse which groups were  the tra

Higher abundances of

occurrence of A 6.21 tly afte on 

platform a hi nile s in the unfish

responsible for t een

several amphipods were responsible for differences between areas, mainly Urothoe

poseidonis, which occur r nu fished area. Biomass data of

the arthropods show a clearer trend with similar wet weight until 8 months 

closure (Fig
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ere recorded for the fished area: Echinocardium cordatum (fished 1: 

253 ± 179 N/m²; fished 2: 201 ± 49 N/m²) and young ophiuroids.  

Figure 16.21. a) mean abundance [N/m²] and b) mean biomass [g/m²] of Arthropoda in the unfished and 
fished areas. ANOVA significance level: * 0.05 

 

Despite the higher wet weight in both fished areas after 8 months of closure (Figure 

16.22.b), which was due to heart urchins, no trends were reported for abundance data 

of Echinodermata. The abundance peak of this group directly after the platform 

construction is due to young brittle stars (unfished: 1247 ± 505 N/m²; fished 1: 1058 ± 

546 N/m²)(Figure 16.22.a). Twelve months after construction, higher numbers of 

Echinodermata w
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Figure 16.22. a) mean abundance [N/m²] and b) mean biomass [g/m²] of Echinodermata in the unfished 
and fished areas. ANOVA significance level: * 0.05; ** 0.01 

 

After 14 months of investigation time high values of echinoderms occurred in the 
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sure in both fished areas (Figure 16.23.b). 

d area due to Ophiura albida (with a high variability within the area

N/m²) and young ophiuroids (139 ± 74 N/m²). 

The group of molluscs showed higher abundances in the fished areas after longest 

times of closure (Figure 16.23.a). This was mainly caused by Montacuta ferruginosa 
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Figure 16.23. a) mean abundance [N/m²] and b) mean biomass [g/m²] of Mollusca in the unfished and 
fished areas. ANOVA significance level: * 0.05; ** 0.01. 

 

The group of “others” showed the highest densities of all groups in the unfished area 

(Figure 16.24.a). This is due to the Phoronis spp. whose highest abundance was 

recorded in July 2003 directly after platform construction (12469 ± 8406 N/m²). Since 

this time the number decreased to 765 ± 691 N/m². The biomass data followed nearly 

the same trend (Figure 16.24.b). A higher wet weight for this group was recorded in the 
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unfished area during the first three cruises (until 3 months after closure) and for the last 

two cruises (12 and 14 months after closure). 
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Figure 16.24. a) mean abundance [N/m²] and b) mean biomass [g/m²] of “others” in the unfished and 
fished areas. ANOVA significance level: * 0.05; ** 0.01; *** 0.001. 

 

The biomass of Polychaeta did not follow any clear trend (Figure 16.25.b), but 

 (Figure 16.25.a). Before the construction of the 

latform, Spiophanes bombyx was dominant in the unfished area (1368 ± 443 N/m²), 

high values in this area directly after until 3 months after closure were due to Spio 

abundance data have been higher in the unfished area in the first year and 14 months 

after closure of the platform area

p

decoratus and Lanice conchilega. 

At the end of the investigation time, in general tube building worms like Spiophanes 

bombyx (415 ± 79 N/m²), Owenia fusiformis (370 ± 200 N/m²), Spio filicormis (113 ± 65 

N/m²) and Spio decoratus (83 ± 81 N/m²) were dominant in the unfished area. 
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Functional groups and main discriminating species 

Tube building polychaetes and some amphipods caused a higher number of detritus 

ormis 

d was 

al group “mobility” (sedentary, mobile, highly mobile) where 

he 

. 

unctional groups of the infa ith ANOVA (Significance 
l 001). U = higher abundanc igher abundance in the 
fished ficant difference between abundance in fished 

feeder in the unfished area (Figure 16.26.), while Phoronis spp. and Owenia fusif

explain the higher number of filter feeders in the unfished area. The same tren

found with the function

sedentary species (mainly tube building worms) showed higher abundances in t

unfished area (Table 16.9)

Table 16.9. Analyses of f una. Significances tested w
evel: * 0.05; ** 0.01; *** 0. e in the unfished area; F = h

area. 1) and 2) = signi
area 1 

fished areas with F1 = higher 

  Time of closure 

  before directly 
after 

3 months 8 months 12 months 14 months 

  UN/F1 UN/F1 UN/F1 UN/F2 UN/F1 UN/F2 UN/F1 UN/F2 UN/F1 UN/F2 

detritus feeder U**  U*** U***1)     U* U* 
suspension feeder  U** U*** U** U* U** U* U** U** U** Feeding 
predator/scavenger; 
omnivorous species 

  U* U***2)       

surface   U* U**      U* 
Position 

subsurface U*** U** U*** U***  U*   U* U** 
highly mobile          F* 
mobile U*  U* U**      U** Mobility 
sedentary U** U** U*** U*** U* U*   U** U** 
high   U** U*** U** U** U** U* U* U** U** 
low          U* Vulnerability 
medium U***  U**1) U***1)     U* U* 

1)F1/F2:  F1** 2)F1/F2: F1* 

 

The other functional groups “vulnerability” (low, medium, high) and position (surface, 

subsurface) showed also significant differences between the areas (Table 16.9) with 

higher abundances in the unfished area. 

Omnivorous species followed no clear trend over time (Table 16.9, Figure 16.26.). The 

higher number of infaunal predators and scavengers in the unfished areas were due to 

Nemertini indet. And polychaetes (Eumida sanguinea, Eteone longa and juvenile 

Nephtys spp.) as well as at the longest time of closure the Echinodermata Ophiura 

albida and juvenile Ophiuridae. 
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ger showed also higher abundances in the unfished area, 

as well as some amphipods like Bathyporeia spp. was recorded in higher numbers in 

the unfished area at the end of the study period. 

Infaunal species responded not clearly to the cessation of fishing. But some species 

which are filter and detritus feeder and sedentary such as tube building worms seems 

to be attracted to the unfished area, as there is a trend of higher abundances of these 

species in the unfished area. 

**

** ** * ** * ****

**
*

**

Figure 16.26. Mea ensitie eedin ups
0

Sedentary species had higher abundances in the unfished area. This is the case for 

Phoronis spp., the polychaetes Spiophanes bombyx, Owenia fusiformis, Chaetozone 

cf. setosa and Spio decoratus as well as for sedentary Anthozoa (Figure 16.27.). 

Nemertini as infaunal scaven
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Figure 16.27. Percentage difference between fished and unfished areas of main discriminating species. 
Significance level: * 0.05; ** 0.01;*** 0.001). Positive values indicate higher values in fished area 
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Table 16.10. Percentage differences between unfished and fished area (mean value of fished area 1 and 
fished area 2) of the main discriminating infaunal groups and species. Positive values indicate higher 
values in fished area. ANOVA Significance level: * 0.05; ** 0.01; *** 0.001. 

 Time of closure 

 Before Directly after 3 months 8 months 12 months 14 months 

Taxonomic groups       
“Others” -1.4 -77.3** -71.7*** -71.5** -73.8*** -68.0*** 
Polychaeta -55.4*** -23.8 -49.5** -6.0 2.6 -29.6* 
Feeding type       
Detritus feeder -47.9** -22.6 -35.9*** 3.4 23.3 -22.3** 

 
Filter feeder -2.3 -77.6** -71.6*** -74.9** -56.0** -61.6** 
Mobility      
Sedentary species -46.3** -65.8*** -60.7** 

    
-66.7** -11.2 -38.9** 

Species   
Phoronis spp. 102.9 -79.6** -75.5*** ** -82.6*** -83.2** 

m 68.3* -6.9 -5.4  

det. -28.5 31.1  
formis -53.8 60.5 19.7  

Anthozoa indet. -75.0 600.0 -37.5 94.4 -16.7 -86.1 
Chaetozone cf. Setosa 71.4 83.3 -30.6 261.1 -33.0 -53.0** 

-81.3
Spiophanes bo byx - ** 2.6 -7.2 -25.6* 

Nemertini in  -30.0* 11.3 -59.8* -42.8** 
Owenia fusi   18.8 -53.8* -64.5** 

Spio decoratus    -33.3 -51.3* -67.7* 11.1 -30.6 -77.6* 

Bathyporeia spp. 35.7 33.3 -11.1 -77.1** -72.8** -74.2 

 

Epifauna 

Description of the community 

During the investigation 61 taxa were identified in beam trawls: 15 Arthropoda, 5 

Echinodermata, 11 Mollusca, 27 fishes, 2 Polychaeta and 1 “other” phylum (Figure 

16.28.). 

Arthropoda 15

Echinodermata 5

Mollusca 11

Pisces 27

Polychaeta 2

"Others" 1

 
Figure 16.28. Total species number of the main taxonomic groups in the investigation area 
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Only four species were occurring regularly on all stations (Table 16.11) and only 12 

species were study p ura albida 

was the most abundant s in the study area (78 %). Altho teria ns, 

C angon crang d Liocarcinus holsa peared in relatively  numb

played a minor role in the dominance spectrum d  dominance of O. 

a . 

 
T D me ce 00 rese  m nt 
pifaunal species in the investigation area 

Species dominance mean abundance (± SD) presence 

 recorded on ¾ of the stations over the whole  period. O hi

pecies ugh As s rube

r on an tus ap  high ers, they 

ue to the extreme

lbida

able 16.11. ominance, an abundan (±SD) (N/10  m²) and p nce of the ost domina
e

[%] [N/1000 m²] [%] 
Ophiura albida 78.44 2762 ± 3258 100 
Asterias rubens 8.93 314 ± 231 100 
Crangon crangon 3.06 108 ± 139 76 
Liocarcinus holsatus 3.03 107 ± 165 95 
Buglossidium luteum 1.98 70 ± 74 100 
Pomatoschistus minutus 1.35 48 ± 49 95 
Ophiura ophiura 0.74 26 ± 58 95 
Astropecten irregularis 0.38 13 ± 14 87 
Arnoglossus laterna 0.38 13 ± 16 97 
Limanda limanda 0.34 12 ± 9 100 
Crangon allmani 0.26 9 ± 15 55 
Pagurus bernhardus 0.18 6 ± 8 75 
Pleuronectes platessa 0.17 6 ± 6 88 
Callionymus lyra 0.17 6 ± 5 90 
Makropodia spp. 0.12 4 ± 6 68 
Syngnathus rostellatus 0.11 4 ± 7 61 

 

 

Tem y 

Abundances and biomass of the epifaunal co

nd 16.30). Lowest value ing the autumn cruise 

 for abundance (462 ± 361 N/1000 m², Fig.16.29) and biomass 

m², Fig. 16.30). High corded at the summer 

cruise C5 (abundance: 6635 ± 5355 N/1000 m²; biomass: 7754 ± 3735 g/1000 m²). 

 dominated by Echinodermata except for the cruise C3 in 

a were the domina esponsible for the 

high dominance of Echinodermata was mainly the species Ophiura albida and 

rubens. In autumn 2003  abundance of Crangon 

ominance of Arthropod e recorded with nearly 

during the cruises C numbers of brittle stars 

poral variabilit

mmunity were both higher in the year 

2004 (Figs. 16.29 a s were recorded dur

(C3) in the first year

(1607 ± 1130 g/1000 est values were re

Nearly all cruises were

autumn where Arthropod nt group (Fig. 16.29). R

secondly Asterias  (cruise C3) the

crangon caused the d a. This species wer

the same abundances 1 and C4 but high 
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put the dominance of Arthropoda into perspective. In general, the development of 

d abundance data of the main groups was similar. Cruise C1, C2, C4 and 

 the high biomass terias rubens and 

biomass an

C5 were dominated by  of Echinodermata (As

Ophiura albida). 

0

2000

4000

00

10000

000

Cruise C1 Cruise C2 Cruise  C4 Cruise C5 Cruise C6

/1
00

0 
m

60

ea
n 

ab
un

da
nc

8000

e 
[N

12

14000

C3 Cruise

m
²]

Arthropoda
Echinodermata
Mollusca
Pisces
"Others"

2003 2004

0

2000

4000

00

10000

000

Cruise C1 Cruise C2 Cruise  C4 Cruise C5 Cruise C6

/1
00

0 
m

60

ea
n 

ab
un

da
nc

8000

e 
[N

12

14000

C3 Cruise

m
²]

Arthropoda
Echinodermata
Mollusca
Pisces
"Others"

2003 20042003 2004  
bundance (± SD) [N/1000 f epifauna 
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he only difference was ition of the last cruise 

C6. The highest biomass was recorded for Main species 

responsible Limanda limanda, Buglossidium luteum 

and essa. The fishes we  again by the group of 

Figure 16.29. Mean a m²] split by main groups o

The biomass at cr d by Arthropoda (

Crangon crangon). T the biomass compos

 fishes (Fig. 16.30). 

for the dominance in biomass were 

Pleuronectes plat re followed

Echinodermata and Arthropoda. 
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The species number decreased continuously during the first year of investigation 

(Figure 16.11a) with the lowest value of only 14 in autumn 2003, while in autumn 

2004highest number of species (23) was recorded. Diversity and evenness were higher 

in the first year with a peak in autumn 2003 (Figure 16.11b, c). Minimal values were 

recorded in spring of the second year and both indices increased continuously through 

the second year. 
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Figure 16.11. a) mean species number (S) (± SD), b) mean diversity (H’loge) (± SD) and c) mean 
evenness (± SD) of the epifauna over time 

 

Like the infauna, also the epifauna in the study area is strongly influenced by 

seasonality. The MDS-plot shows 2-3 groups (Figure 16.32.). The cruises were well 

separated by the factor seasonality (ANOSIM Global R-value = 0.81; p = 0.1 %).The 

fauna of the spring and late autumn cruise C3 (right side of the MDS-plot) can be 

distinguished from that of the summer and early autumn cruise (left side of the plot). In 

additional, the three seasons (spring, summer and autumn) can be separated (different 

colours). While the fauna of the spring and summer cruises were relatively 

homogenous, the fauna of the autumn cruise 2003 had a higher variability. The 

multivariate dispersion indices for the summer and spring cruises were low (see also 

Table 16.13, seasonality) while that of the autumn cruise 2003 was the highest. 

 

Cessation of fishing activity 107



Q5RS-2002-00787                                                                                                                                                                             RESPONSE 

C1

C2

C3

C4

C5

C6

Stress: 0.14

C1 Mar. 03

C2 Jul. 03

C3 Nov. 03

C4 Mar. 04

C5 Jul. 04

C6 Sep. 04

C1

C2

C3

C4

C5

C6

Stress: 0.14

C1 Mar. 03

C2 Jul. 03

C3 Nov. 03

C4 Mar. 04

C5 Jul. 04

C6 Sep. 04

ain explaining factor is the bottom temperature, like the 

infauna results (Table 16.12). This factor correlates highest with abundance as well as 

biomass data. Adding other factors decrease the correlation. 

Table 16.12. Results of the BIOENV correlation I between abiotic data and the epifauna community 
(abundance and biomass data). Selection of abiotic factors which are responsible for the best correlation: 
1: effort; 2: time; 3: total organic carbon (%); 4: median grain size (µm); 5: mud (%); 6: turbidity; 7: 
temperature bottom. 
Abundance 

 
R                                  Selections 
0.531                            7 
0.391                            5,7 
0.380                            3,7 
0.359                            3,5,7 
0.348                            1,7 
0.327                            1,5,7 

biomass 

 
R                                      Selections 
0.498                                7 
0.353                                5,7 
0.350                                3,7 
0.320                                3,5,7 
0.314                                1,7 
0.301                                4,7 

Figure 16.32. MDS-plot of all epifauna-samples (Bray-Curtis-Index; transformation: 4th root) 
 

The combination of epifaunal biotic and abiotic data over the time of investigation 

(BIOENV) showed that the m

 
 

Effects on community composition 

On the MDS-plot, the influence of fishing is not directly obvious (Figure 16.33.). Only on 

the left side, the stations of the unfished area are closer together. These are mainly 

those stations where time of closure of the platform has been longest in summer and 

autumn ’04. The fauna of the unfished area seems to become more similar, while the 

benthic community of the fished areas is more variable. 
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Figure 16.33. MDS-plot of all cruises of epifauna abundance (Bray-Curtis-Index; transformation: 4th root) 
 

These results are supported by the MDI (Table 16.13). Whereas the variability for the 

fished areas remains high (8 to 12 months after closure), the MDI for the unfished area 

  (C4) 0.8 1.007 1.321 0.557 1.123 0.792
12 months    (C5) 0.859 1.437 0.506 0.596 1.112 0.962
1

decreases. 

Table 16.13. Multivariate dispersion indices for the epifaunal community of the three areas, related to the 
factor fishing (both fished areas pooled) and the sum for every cruise 

Area Fishing Seasonality
Cruise unfished fished 1 fished 2 unfished fished
before           (C1) 0.962 1.038 0.962 1.038 0.997
directly after  (C2) 0.743 1.257 0.743 1.257 0.928
3 months    
8 months    

  (C3) 1.2 1.052 0.58 1.081 0.978 1.389

4 months    (C6) 0.652 1.081 1.444 0.502 1.138 0.894  

Two way crossed ANOSIM (factors: cruise/seasonality and fishing impact) showed a 

ues and significance level p [%] for the distinction 
of unfished and fished areas with abundance and biomass data of the epifauna 

significant distinction between the unfished and fished areas in both: abundance and 

biomass data. This becomes even clearer looking at the pairwise test (Table 16.14). 

Table 16.14. Results of two way crossed ANOSIM. R-val

 Abundance Biomass 
      R            p [%]      R            p [%] 

Global 0.51 0.1 0.47 0.1 

Unfished/Fished 1 0.50 0.1 0.46 0.1 

Unfished/Fished 2 0.71 0.1 0.65 0.1 

Fished 1/Fished 2 0.41 0.1 0.39 0.1 
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The difference between unfished and both fished areas was larger than between the 

fished areas. This is the case for abundance as well as biomass data. The fished area 

2 showed a larger separation from the unfished area than from the fished area 1. To 

exclude seasonal effects, the data were analysed for each cruise separately to 

highlight the fishing effects. 

Stress: 0,11Stress: 0,1

Stress: 0,15Stress: 0,07

Stress: 0,08Stress: 0,07Stress: 0.07 Stress: 0.08

Stress: 0.07 Stress: 0.15

Stress: 0.1 Stress: 0.11

before directly after

ths

12 months 14 months

3 months 8 mon
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Stress: 0.15

Stress: 0.1 Stress: 0.11
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ths
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The fauna of the unfished and fished areas was very similar during the first three 

3 months 8 mon

Figure 16.34. MDS-plot of epifauna abundance (Bray-Curtis-Index; transformation 4th root) during the 
study period (before until 14 months after closure) 

cruises (Figure 16.34). Eight months after the closure, the fauna of the unfished area 

became significantly different. Especially 12 and 14 months after the closure of the 
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platform area the benthic community of the unfished area is fully separated from both 

34 6fished areas (Figure 16. and 1 .35). 
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gure 16.35. ANOSIM R-values of pairwise test for each cruise with a) abundance data and b) biomass 
data of epifauna species (UN = Unfished; F1 = Fished 1; F2 = Fished 2) 

SIM pairwise-test R-values and significance level p [%] for the distinction of unfished and 
fished areas with abundance and biomass data of the epifauna. Bold values significant at 1 %. 
 

Fi

 

Figure 16.35 shows the distinction over the time of closure. The unfished area is 

increasingly separated from the fished areas, as well in abundance data (Figure 

16.35.a) as in biomass (Figure 16.35.b). After 14 months of closure the value between 

unfished and fished area 1 reached even the highest distinction possible and 

communities are thus fully separated (Table 16.15). 

 

Table 16.15. ANO

Abundance Biomass 
 UN/F1 UN/F2 F1/F2 UN/F1 UN/F2 F1/F2 
 R ; p R ; p R ; p R ; p R ; p R ; p 
before 0.26 ; 5.6   0.22 ; 7.1   
directly after 0.06 ; 30.2   0.14 ; 19.8   
3 months 0.38 ; 4.0 0.35 ; 6.3 0.53 ; 3.2 0.32 ; 4.0 0.26 ; 10.3 0.58 ; 1.6 
8 months 0.53 ; 0.8 0.63 ; 0.8 0.33 ; 8.7 0.39 ; 2.4 0.58 ; 0.8 0.35 ; 6.3 
12 months 0.78 ; 0.8 0.99 ; 0.8 0.36 ; 4.8 0.68 ; 0.8 0.86 ; 0.8 0.24 ; 5.6 
14 months 1.00 ; 0.8 0.86 ; 0.8 0.44 ; 1.6 1.00 ; 0.8 0.89 ; 0.8 0.18 ; 9.5 

 

The same analyses carried out excluding the rather mobile fishes showed similar 

results: a clear distinction of unfished and fished areas, but the response was a little bit 

weaker (Tab. 16.16). 
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Table 16.15. ANOSIM pairwise-test R-values and significance level p [%] for the distinction of unfished and 
fished areas with abundance and biomass data of the epifauna. Bold values significant at 1 %. 
  Abundance    Biomass   
 UN/F1  UN/F2  F1/F2  UN/F1  UN/F2  F1/F2  

 R ; p  R ; p  R ; p  R ; p  R ; p  R ; p  
before  0.36 ; 2.4    0.33 ; 3.2    
directly -0.1 ; 77.8    0.04 ; 37.3    
after       
3 months  0.56 ; 1.6  0.38 ; 4.0  0.52 ; 2.4  0.47 ; 1.6  0.28 ; 5.6  0.54 ; 2.4  
8 months  0.53 ; 0.8  0.61 ; 0.8  0.36 ; 5.6  0.59 ; 0.8  0.71 ; 0.8  0.61 ; 0.8  
12 months  0.62 ; 0.8  0.90 ; 0.8  0.33 ; 3.2  0.39 ; 1.6  0.70 ; 0.8  0.13 ; 18.3 
14 months  0.97 ; 0.8  0.84 ; 0.8  0.54 ; 0.8  1.00 ; 0.8  0.79 ; 0.8  0.38 ; 1.6  

 

Correlations between the abiotic and epifaunal biotic data (BIOENV) showed, like for 

the infauna, that the main factor explaining faunal variability was the fishing effort 

(Table 16.17). 

The correlation between the fishing effort and the fauna increased during the 

investigation and was highest 12 months after closure. While at the beginning of the 

study, several factors combined reached the highest correlations, at the end mainly 

fishing explained the distinction of fauna. In autumn 2003 and 2004 fishing effort was 

the main describing factor and correlations in autumn 2003 were higher whereas in 

2004 it was lower than in summer. 

e 
and biomass data). Selection of abiotic factors which are responsible for the best correlation: 1: effort; 3: 

tal organic carbon (%); 4: medium grain size (µm); 5: mud (%). 

 

Table 16.17. Results of the correlation I between abiotic data and the epifauna community (abundanc

to
Cruise C1, before closure 

Abundance Biomass 

R                               Selections 

315                         1,3,5 

301                         3,5 

0.275                         1,3-5 

,5 

             1,3 

R                               Selections 

0.241        

29     1

       1,3-5 

0.218                         1,4 

       1,3

0.

0.

0.275                         1

0.250            

                 1,5 

0.2

0.227                  

                    ,3,5 

0.212                  ,4 

Cruise C2, directly after closure 

Abundance 

R                               Selections 

 

   1 

0.024                         1,5 

,3-5 

              1,4,5 

R                               Selections 

       1 

0.103                         1,3-

       5 

       1,4

0.060                         1,5 

0.076                         5

0.055                      

-0.069                        1

-0.072          

Biomass 

0.117                  

5 

0.097                  

0.064                  ,5 
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Cruise C3, 3 months after closure 

Abundance 

R                               Selections 

0.155                         1 

0.093                         1,5 

Biomass 

R                               Selections 

0.156                         1 

0.064                         1,4,5 

                      5 

0.117                         1,5 

0.095                         1,4,5 

       4,5 

0.046                         1,4 

0.042   

0.079                         5 

0.076                  

Cruise C4, 8 months after closure 

Abundance 

R                               Selections 

0.322                         1 

0.318                         1,4 

            1,5 

ass 

                    Selections 

5                   

0.340                         1,3 

       1,4 

0                  1,5 

81                  1,3,4 

0.306             

0.293                         1,3 

0.289                         1,4,5 

Biom

R           

0.38       1 

0.339                  

0.30        

0.2        

Cruise C5, 12 months after closure 

Abundance 

R                               Selections 

0.536                         1,3,5 

Biomass 

R                               Selections 

0.363                         3 

0.698                         1,3 

0.624                         1 

0.558                         1,3,4 

0.536                         3 

0.523                         1,3 

0.485                         1 

0.460                         1,3,4 

0.368                         1,3,5 

Cruise C6, 14 months after closure 

Abundan  

R                Selections 

0.372      

0.266      

       1,3,5 

0.175                         3 

R Selections 

0.340                        1 

0.239                        1,3 

0.153                        1,3,5 

0.148                        3 

ce

               

                   1 

                   1,3 

Biomass 

0.214                  

0.133                         3,5 0.057                        3,5 

 

Community structure 

endence on spatial and temporal 

ariability and thus no clear differences between unfished and fished areas were found 

(Figure 16.36.a). Highest numbers of individuals were found in the fished area 2 twelve 

months after closure (11714 ± 3972 N/1000 m²). These high numbers were mainly due 

to the dominant species Ophiura albida. 

The mean abundance of the epifauna varied in dep

v
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The mean biomass increased in the fished areas. 12 and 14 months after the 

construction of the platform higher biomass in both fished areas was recorded (Figure 

16.36.b). The higher biomass in the fished areas was caused by Echinodermata, 

Pisces and Arthropoda. 
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6. Mean abundance [1000 N/m²] (a) and mean biomass [g/1000 m²] (b) in the unfished, fished 
 and fished 2 areas in relation to time (before or after) of the platform installation. Significances tested 
ith ANOVA (Significance level: * 0.05; ** 0.01) 

The species number was generally lower in the unfished area over the time of 

investigation compared to the fished area 1 (Figure 16.37.a). Species density 

increased in the fished area 2 (November ’03: 12 ± 2 until September ’04: 25 ± 4 

spp./per haul). The diversity and evenness varied throughout the first year in all areas 

due to species which showed seasonal patterns. But after the longest time of closure 

diversity and evenness in the fished area 1 increased, while values for unfished and 

fished area 2 nearly ended on the same level (Figure 16.37.b). Overall, both values in 

the unfished area varied less than those of the fished areas in the second year of 

investigation (Figure 16.37.b, c). 

Figure 16.3
1
w

 

While in the first year the biomass of the unfished area was varying with season, in the 

second year (8 months after closure) the biomass of this area stayed on a similar level 

(4429 to 5097 N/1000 m²). 
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Figure 16.37. Mean species number (S) (a), mean diversity (H’loge) (b) and mean evenness (c) in the 
unfished, fished 1 and fished 2 areas during time of investigation. Significances tested with ANOVA 
(Significance level: ** 0.01; *** 0.001) 

 

Taxonomic groups 

The epifaunal community showed a clear separation of the unfished and fished areas 

after the longest time of closure. In order to detect the reasons for this development, 

taxonomic groups and functional groups were investigated to get out which groups 

were responding to the trawling activity. 

The relation of the unfished and fished areas of mean Arthro

over time of closure (F

areas, especially in the fished area 1 (maximum was 12 months after closure 428 ± 

320 N/1000 m²) were found. 
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 the same trend (Figure 16.38.b). While during the first two 

cruises a higher biomass in the unfished area was recorded and stayed nearly on the 

alues 

were recorded after 12 months of closure in the fished areas (fished 1: 5643 ± 5829 

/1000 m²; fished 2: 11351 ± 3899 N/1000 m²). These peaks are due to Ophiura albida 

mass of Echinodermata was higher in 

fished area 1 before platform construction and from 8 months on after closure (Figure 

**
*
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*

Figure 16.38. a) mean abundance [N/1000 m²] and b) mean biomass [g/ 1000 m²] of Arthropoda in the 
unfished and fished areas. ANOVA significance level: * 0.05; ** 0.01; *** 0.001 

 

The biomass data showed

same level since 3 months of closure, after 8 months (fished 1) resp. 12 months (fished 

2) after the construction of the platform, the biomass was higher in those areas which 

were trawled. 

Echinodermata showed generally high abundances (Figure 16.39.a). Highest v

N

which occurred in masses during this cruise. Bio

16.39.b). 
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Figure 16.39. a) mean abundance [N/1000 m²] and b) mean biomass [g/ 1000 m²] of Echinodermata in the 
unfished and fished areas. ANOVA significance level: * 0.05; ** 0.01. 

 

The fished area 2 showed higher values than the unfished area from 12 months on. 

Only directly after closure, the biomass as well as the abundance of Echinodermata 

was higher in the surrounding of the platform. 
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Molluscs (Figure 16.40.a, b) and the group of “others” (Figure 16.41.a, b) were rarely or 

not qualitative caught due to the gear type (beam trawl). Thus trends can not be 

reported of these groups as abundances show high variability at low values. 
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Figure 16.40. a) mean abundance [N/1000 m²] and b) mean biomass [g/ 1000 m²] of Mollusca in the 
unfished and fished areas. ANOVA significance level: * 0.05; ** 0.01. 
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nfished and fished areas. (no significant differences) 

enerally showed higher numbers at the longest time of closure but 

independent to fished and unfished area (12 and 14 months, Figure 16.42.a). Only 

Fishes g

biomass data indicated higher wet weight in the fished area 1 after 8 months of closure 

and 12 months for fished area 2 (Figure 16.42.b). 
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Figure 16.42. a) mean abundance [N/1000 m²] and b) mean biomass [g/ 1000 m²] of Pisces in the unfished 
and fished areas. Significances tested with ANOVA (Significance level: * 0.05; ** 0.01) 
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Functional groups and main discriminating species 

Analyses of functional groups showed a clear response to fishing disturbance (Table 

17). Species which are highly mobile and have a low or medium vulnerability are more 

abundant in the fished area 8 and 12 months after closure. Only 14 months after 

closure the abundance of this group is significantly higher in the unfished area. The 

same development shows the predator/scavenger and omnivorous species. 

Table 16.18 Analyses of functional groups of the epifauna. Significances tested with ANOVA (Significance 
level: * 0.05; ** 0.01; *** 0.001). U = higher abundance in the unfished area; F = higher abundance in the 
fished area. 1),2),3) and 4) = significant difference between fished areas with F1 = higher abundance in 
fished area 1 and F2 = higher abundance in fished area 2 
  Time of closure 

  before directly after 3 months 8 months 12 months 14 months 
  UN/F1 UN/F1 UN/F1 UN/F2 UN/F1 UN/F2 UN/F1 UN/F2 UN/F1 UN/F2 

detritus feeder           
suspension feeder F**          Feeding 
predator/scavenger;        F
omnivorous species 

** U**1)  

surface        F** U**1)  
Position 

subsurface F*        F*4)  
highly mobile      U*1) F***3) F*3)   
mobile   F*3)     F**3) U**1)  Mobility 
sedentary F**          
high           
low   F3)     F**3) U**1)  Vulnerability 
medium      F*2) F***3) F*3)   

1) F1/F2:  F2** 2) F1/F2:  F1** 3) F1/F2:  F1* 4) F1/F2:  F2* 

 

While there were in general more omnivorous species and predator/scavenger in the 

fished areas in the second year of investigation (Figure 16.43.), there was no clear 

tendency for detritus and filter feeder in the different areas, neither for abundance nor 

for biomass data. While in the fished area 1 there were more omnivorous species (12 

months: 421 ± 322 N/1000 m²; 14 months: 232 ± 46 N/1000 m²), in the fished area 2 

there were more predators and scavengers (8 months: 5306 ± 2730 N/1000 m²; 12 

months: 11617 ± 3949 N/1000 m²; 14 months: 3597 ± 1593 N/1000 m²). But both 

feeding types were more abundant in the fished areas at least 8 – 12 months after 

closure. Most of the predators/scavengers and omnivorous species are arthropods or 

echinoderms. 

Cessation of fishing activity 118 



RESPONSE                                                                                                                                                           Q5RS-2002-00787 

0

2000

4000

6000

8000

10000

12000

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

m
ea

n 
ab

un
da

nc
e 

[N
/1

00
0 

m
²

14000

] 16000

18000

Unfished
Fished 1
Fished 2

0

1

2

3

4

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

m
ea

n 
ab

un
da

nc
e 

[

5N
/

6

7

8

10
00

 m
²]

Unfished
Fished 1
Fished 2

0

100

200

300

400

500

600

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

m
ea

n 
ab

un
da

nc
e 

[N
/1

00
0 

m
²]

700

800

Unfished
Fished 1
Fished 2

0

2

4

6

8

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

m
ea

n 
ab

un
da

nc
e 

[

10

12

N
/1

00
0 

m
²]

14

16
Unfished
Fished 1

Filter feederDetritus feeder

Fished 2

Omnivorous species Predator/scavenger

2003 2004 2003 2004

2003 2004 2003 2004

**

**

**
*

**

**
0

2000

4000

6000

8000

10000

12000

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

m
ea

n 
ab

un
da

nc
e 

[N
/1

00
0 

m
²

14000

] 16000

18000

Unfished
Fished 1
Fished 2

0

1

2

3

4

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

m
ea

n 
ab

un
da

nc
e 

[

5N
/

6

7

8

10
00

 m
²]

Unfished
Fished 1
Fished 2

0

100

200

300

400

500

600

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

m
ea

n 
ab

un
da

nc
e 

[N
/1

00
0 

m
²]

700

800

Unfished
Fished 1
Fished 2

0

2

4

6

8

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

m
ea

n 
ab

un
da

nc
e 

[

10

12

N
/1

00
0 

m
²]

14

16
Unfished
Fished 1

Filter feederDetritus feeder

Fished 2

**

Omnivorous species Predator/scavenger

2003 20042003 2004 2003 20042003 2004

2003 20042003 2004 2003 20042003 2004

**

**
*

**

**

Figure 16.43. Mean densities [N/1000 m²] of feeding groups of epifauna.
(Significance level: * 0.05; ** 0.01) 

 Significances tested with ANOVA 

ed to some single species which are shown in Figure 16.44. Liocarcinus 

 

This is link

holsatus and Pagurus bernhardus show a positive response to fishing activity with 

higher abundances in the fished area after 12 months of closure. Crangon Crangon 

(predator/scavenger) showed also a clear positive response to trawling (higher 

numbers of individuals in the fished area). The response of Ophiura albida seems to be 

more dependant on the seasonality but shows in general also a positive response to 

the fished area. 

Table 16.19. summarises the differences between the fished and unfished area. The 

two fished areas are pooled to see the main change due to fishing disturbance. 
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Figure 16.44. Percentage difference between fished and unfished areas of main discriminating species. 
ANOVA significance level: * 0.05; ** 0.01; *** 0.001. Positive values indicate higher values in fished area 

 
Table 16.19. Percentage differences between unfished and fished area (mean value of fished area 1 and 
fished area 2) of the main discriminating epifaunal groups and species. Positive values indicate higher 
values in fished area. ANOVA significance level: * 0.05; ** 0.01; *** 0.001. 

 Time of closure 

** ******

 Before Directly 
after 3 months 8 months 12 months 14 mon

Taxonomic groups       

ths 

Echinodermata  156.4 -17.2 114.4 42.2 205.1 -27.4
Arthropoda -59.7** -24.4 36.0 18.3 952.1*** 163.2*
Feeding type       

 
* 

Predator/scavenger; 
omnivorous species 

50.1 -18.6 62.2 37.4 205.9* -21.7 

Species       
Liocarcinus holsatus -58.8 -25.7 -31.3 -9.3 1137.7*** 216.8** 

 
 
 
 

Crangon crangon -63.8** 31.4 49.2 5.3 912.3 2449.7
Ophiura albida 220.4* -12.5 153.4 52.2 240.7 -26.5
Asterias rubens 43.6 -29.2 42.5 -35.5 45.9* -32.2
Pagurus bernhardus 83.8 -34.7 -46.8 -65.8* 434.1* 117.0
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Photo and Video 

Like the epifauna caught with beam trawls, the photo and video data showed a high 

seasonality. The species of the dominant taxa (Table 16.20.) showed a high variability 

in abundance due to seasonality. 

Table 16.20. Top 5 dominant taxa from photo and video data [N/20 m²], x = no photos taken during this 
cruise 

 C1 C2 C3 C4 C5 C6 C7 
Photo        
Ophiuroidea 95 827 735 266 324 x 100 
Pomatoschistus spp./Callionymus spp. 15 19 49 4 6 x 22 
Asterias rubens 6 54 14 7 12 x 14 
Liocarcinus spp. 2 21 5 0 6 x 1 
Crangon spp. 2 0 21 0 0 x 1 

Video        
Ophiuroidea 22 120 83 52 371 80 79 
Asterias rubens 6 18 11 9 25 5 12 
Pomatoschistus spp./Callionymus spp. 4 1 19 5 11 4 5 
Liocarcinus spp. 1 8 3 1 5 4 0 
Crangon spp. 1 0 6 0 0 0 0 

 

Two-way crossed ANOSIM tests of photo and video data confirmed that seasonal 

factors (photo: Global R=0.72; p=0.1%; video: Global R=0.80, p=0.1%) have a higher 

influence on the epibenthic community structure than fishing impact (Table 16.21.). 

Table 16.21. Results of two way crossed ANOSIM. R-values and significance level p [%] for the 
distinction of unfished and fished areas with photo and video data 
 Photo Video 
     R            p 

[%] 
    R            p [%] 

Global 0.64 0.1 0.42 0.2 
Unfished/Fished 1 0.25 9.1 0.57 1.1 
Unfished/Fished 2 1.00 3.7 0.35 7.4 
Fished 1/Fished 2 0.92 3.7 0.40 7.4 

 

Photo and video data showed no clear distinction between unfished and fished areas. 

Only with photo data the fished area 2 was separable but from the unfished area as 

well as from the fished area 1 (Table 16.21.; Figure 16.45. and 16.46). 
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Figure 16.45. ANOSIM R-values of pairwise test for each cruise with a) photo data and b) video data of 
epifauna species (UN = Unfished; F1 = Fished 1; F2 = Fished 2) 

 

  
Figure 16.46. Two following photos in the fished area 2 (distance ~14 m). Left side: normal state with ripple 
structure and epifauna, right side: probable fresh trawl track with featureless sand bottom and absence of 
epifauna. 

 

Amongst the most abundant species (Figure 16.47.), Liocarcinus spp. and Ophiuroidea 

were primarily responsible for differences between areas. But the percentage 

difference between unfished and fished areas showed inconsistent results depending 

on the method (photo and video data, Figure 16.47.7). 
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Figure 16.47. Percentage difference between unfished and fished areas of main discriminating species of 
video and photo data. Positive values indicate higher values in fished area 

de

 

While Ophiuroidea analyzed by photo showed a positive response to fishing impact in 

reas, video data showed a positive response only for the fished area 2. 

response to

a negative response to fishing for the fished area 2 with lower abundances in this area. 

Discus

(sensu

Bight is rbances and seasonal influences but also 

benthic communities in large parts of the North Sea generally showed an increase in 

lived s ry 

both fished a

The same results were recorded for Liocarcinus spp. which showed a positive 

 fishing with video for both fished areas, while analyses with photo showed 

 

sion 

Benthic community in the ASA 

The community found within the North Sea ASA is a typical Tellina-fabula-community 

 Salzwedel et al. 1985). In its present form, the benthic fauna of the German 

 not only well adapted to natural distu

shaped by numerous anthropogenic effects. Long-term investigations indicated that 

biomass and a change in community structure with a dominance of opportunistic short-

pecies and a decrease of long-living sessile organisms over the 20th centu

(Duineveld et al. 1987, Rachor 1990, Kröncke 1992, 1995, Witbaard & Klein 1993, 
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Rumohr et al. 1998, Schröder 2003). Also in the present study the community is 

ted by organisms with short life cycles, mosdomina t of which can be considered 

Nemer gon crangon and Liocarcinus 

factors s become a key factor 

(Groot 

Tempo

Season the benthic fauna in the 

from th

spring ies in high 

betwee

the BIOENV analyses, showing the highest correlation between fauna and bottom 

Infauna unal 

commu

cruise, r is distinct. This is due to the 

r 

was th

and se

These intra-  

of the majo dominated by polychaetes 

the investigation polychaetes regained the dominant position. However, within both 

 

opportunistic species (e.g. Phoronis spp., Spiophanes bombyx, Lanice conchilega, 

tini, Ophiura albida, Asterias rubens, Cran

holsatus). How far exactly these changes were caused by natural or anthropogenic 

 can not be precisely determined. But demersal fishery ha

causing or at least affecting the detected changes of the benthic fauna of the North Sea 

& Lindeboom 1994). 

ral variability 

al variability is the most prominent feature of 

investigation area. The community in summer and early autumn was clearly distinct 

at in spring and late autumn. Additionally, the spatial variability was higher in 

and autumn than in summer. The larval spat fall of a few spec

densities over wider areas renders the community more homogenous. The link 

n the benthic community structure and the natural annual cycle is confirmed by 

temperature – a proxy for seasonality. 

In addition to the seasonal differences, a strong interannual variability was observed. 

 abundance appeared lower in the second year of investigation, while epifa

abundance and biomass was higher than in the first year. While the infaunal 

nity of the second year formed only one cluster of summer and early autumn 

 in the first year the fauna of the summe

recruitment of Phoronis spp. in summer 2003, which is known to have a two yea

spawning cycle (Niermann 1996). In summer 2004 the total abundance of organisms 

e highest of the study period which can be linked to the recruitment of ophiuroids 

veral polychaetes. 

 and interannual changes caused even shifts in the numerical dominance

r taxonomic groups. While the infauna was 

during spring 2003, Phoronis spp. took over for the next three cruises and at the end of 

years, all community indices of in- and epifauna showed this seasonal variability. 
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Respo

Beside

unfishe ently. The separation was in general 

season l 

The influence of fishing comprises three different aspects, each contributing its share to 

activity effort, it seems that there are three main aspects influencing the 

Due to the area, the fauna within this area got the chance to 

investigation

The fis same, neither within one year 

activity

The spatial variability of the fishing activity 

The tra

years f

The qu es between unfished and fished benthic communities is 

but fur  to 

 

more t

exerted easons. 

nse to cessation of fishing activity 

s the natural spatio-temporal variability of the fauna, the community of the 

d and fished areas developed differ

increasing with time, more clearly in the epifauna than in the infauna. Beyond 

ality, the fishing effort represented the main explaining factor for fauna

changes.  

the development of the separation of the areas. From the analyses of the fishing 

 and 

development of the fauna:  

The closure of the platform area 

closure of the platform 

recover from fishing disturbance. This aspect remains over the whole time of the 

 and is considered the mayor one.  

The seasonal variability of the fishing activity 

hing effort within the ASA is not continuously the 

(high activity in summer – low activity in winter) nor between the years (higher fishing 

 in 2004). 

wling activity within the ASA is not spatially homogenously distributed. In both 

ished area 2 (F2) received a higher trawling intensity than fished area 1 (F1). 

antification of differenc

not only complicated by the natural spatio-temporal variability of benthic communities, 

ther by the spatially not homogenously distributed fishing activity. In addition

that, not only the total amount of trawling during one year is decisive for the impact on

the benthic community, but also the timing of the disturbance and temporal spread. It is 

han likely that the same kind of disturbance will produce different effects when 

 during different s
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Howev cts are also dependant on the type of benthic community, which is 

in the p

Infaun

Becaus

to the e. The response of the infaunal community is therefore rather 

The cessat undances of filter (mainly 

tube buildin d sedentarily. Furthermore, all these 

vulnerable to fishing d

The di  the ANOSIM R-values) followed the 

betwee  species. In summer 2003 Phoronis 

high in

evenness and consequently diversity (H’) in the unfished area. In the summer of 2004 

differen

Exclud g each cruise separately, the fishing effort 

(BIOEN in most of the variability of the 

is the rtion of the faunal variability. Any 

when t

The separation of the u

chance to settle under high fishing intensity leading to a higher recruitment success in 

er, the effe

reflected in the differential response of infauna and epifauna to the cessation of fishing 

resent study. 

 

a 

e of its more or less sessile lifestyle, the infauna is not able to respond actively 

fishing disturbanc

indirect, e.g. by a stronger settlement or survival in the unfished area. 

ion of fishing resulted particularly in higher ab

Phoronis spp.) and detritus feeders (several polychaetes and some amphipods), mainly 

g worms, which live subsurface an

species which benefit from the closed area are classified as highly or medium 

isturbance. 

stinction of the areas (as reflected by

seasonal pattern induced by settlement. In both years an increasing distinction 

n the areas followed the recruitment of some

spp. was the main dominant taxon in the unfished areas and the distinction remains 

 autumn due to this massive dominance. This resulted also in lower values of 

several polychaetes settled again predominantly in the unfished area and increased the 

ce to the community in the fished areas. The abundance of many polychaetes 

remained higher in the unfished area until the end of the investigation. 

ing the seasonal variability by analysin

becomes one of the most explanatory factors for the multivariate similarity of the fauna 

V). During the first two cruises, two factors expla

fauna (fishing and mud content or median grain size), thenceforward the fishing activity 

single factor explaining the highest propo

addition of further factors only decreases the fit. The sole exception was spring 2004 

he median grain size was the strongest single effect. 

nfished and fished areas may be seen as a result of a reduced 

the unfished area. It is not surprising that this first gives a chance to opportunistic 
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species nd 

the the iving species in undisturbed 

its faun

Wiekin

position

(Jennin ted to a variable 

will tak

end of 

and Sp in the fished 

observ

spatial  sampling locations in F2 are closer 

probably received about the same fishing intensity. However it may also 

be seen as a result of the considerably higher fishing intensity in F2 compared to the 

, n he riab com r in the un hed a

lso the te poral varia lity decreas . The similarity of the fauna between the stations 

f the unfis ed area w  higher and  

faunal co y re ained more r  in the unfished 

rea. The rger fauna shed areas may thus be seen as results 

om the sp tial and tem oral variabi hing activity in the trawled areas.  

verall, th  infauna sh ed a weak ion  and fished area over 

e than e epifauna Effects were mostly observed in the density of organisms, as 

tal biom ss followed mainly the occurrence Echinocardium 

rdatum, a species w h is known  have a high spatial variability (Buchanan 1966). 

owever, en if the separation of the community between unfished and fished areas 

 low, it is larger t in ch themselves 

re no mor  distinguish ble at the en es

. All species with considerable differences in abundance between unfished a

fished areas are opportunistic and have a short lifecycle. However, this is contrary to 

oretically expected development to large and long-l

areas (Pearson & Rosenberg 1978). Within an environment like the German Bight with 

a generally dominated by a short living opportunistic species (Frid et al. 2000, 

g & Kröncke 2003), these also have the largest chance to reach a dominant 

 when a suitable habitat becomes available. On the other hand, the benthic 

fauna of the North Sea is probably also altered by chronic but patchy trawling 

gs et al. 1999) and does not only reflect a community adap

environment. The succession towards a mature community with longer lived species 

e much longer, not only because these species need more time to grow, but 

also because their production of offspring is smaller. 

Several species show significantly higher densities in the unfished area towards the 

the study (e.g. S. bombyx, Owenia fusiformis, Nemertini, Chaetozone cf. setosa 

io decoratus). Due to the higher spatial variability of the fauna 

areas in autumn, some of these differences were no longer statistically significant. The 

ed small-scale variability of trawling intensity might have contributed to the 

variability of the fauna especially in F1, while

together and 

unfished area but also to F1. 

However ot only t spatial va ility of the munity is lowe fis rea, 

a m bi ed

o h as  the abundance and especially the biomass of the

in mmunit m  stable ove the course of 2004

a la l variability within the fi

fr a p lity of fis

O e ow er distinct of the unfished

tim th . 

to a of the heart urchin 

co hic to

H ev

is  still han the spatial variability  the fished areas, whi

a e a d of the inv tigation. 
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Epifauna 

or the ep una mobil  and feedin type seem t ct determining the 

 the fishing disturbance he 

ain chan e of the ep una is a sh m re. A large umbe  of 

nd scavengers as well as omnivorous species were found in the fished 

reas in e second ear, espec umm inus holsatu Cran on 

, Pagurus bernhardus, Asteri  and ). 

obile ep  l differences nd 

ctively mo e to prefer ble areas. D ring high fis e supply  dama ed 

nd disca ed organisms from bot m trawling ple food supply to 

redators a d scaveng rs. These ac ve t led areas t searc

od (Ram ay et al. 1 98, Groenewold & Fonds 2000, Rumohr & Kujawski 2000, 

amsay e al. 2001) and consequently leave the a. This de eases he 

e until  clear disti  the unfished and  can be found, in 

bundance as well as i

esides, this interpretation explains why some species are found to have significantly 

fished and fished area only during summertime. Predators 

caven  as w  all arth s in general, showed on av a  

f months 

fter closur  thus within the high fish  

his effect re is suppo  re OENV-rou ine. W ile 

uring the c 2 – 3 factors exp mud content in 

mbinatio with fishin  intensity or ceforward the fishing intensity is the 

ain expla ing facto  with the f 003, when e hig

rrelations at all wer used by fishing intensity and TOC. However, the 

ifference i ween the sampling areas may also be influenced by the trawling 

ctivities its lf. While a ense filter and deposit fe auna can continuously 

tilise the i

is fauna  sparse an  a higher pr  th ial is retained in the 

diment. 

 pr d s rs pr by-catch and iscar  of 

 and feeding on d  is nothing new 

F ifa ity g o be the main aspe

response to respectively the closure of the platform area. T

m g ifa ift in the co munity structu r n r

predators a

a th y ially in s er (Liocarc s, g

crangon as rubens Ophiura albida

M ifaunal species are able to react behaviourally to spatia a

a v a u hing season, th of g

a rd to presents an am

p n e tively mo o recently traw o h for 

fo s 9

R t  unfished are cr  t

tim a nction of  fished community

a  n biomass data. 

B

different densities in the un

and s gers, ell as ropod erage  higher

abundance in the fished areas but significant dif erences were found only 12 

a e, ing season.

T of the closu rted by the sults of the BI t h

d first two ruises lain the distinction (

co n g  TOC), then

m in r exception o summer 2 th hest 

co  e found ca

d n TOC bet

a e  d eding benthic f

u ncoming organic material in the unfished area, in the heavily fished areas, 

th is d oportion of e organic mater

se

The observation that edators an cavenge ofit from the  d ds

fishing amaged or dead benthic species hit by the gear
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(Arntz & W 0, ,  Spencer 1994, Kaiser & Ra say 1997, 

aiser 199 , Ramsay 1998 art 1998, Groenewold & Fonds 2000). 

roenewol  ( und t ish sumed by epibenthic 

avengers such as imming cr s, hermit rfish, while damaged 

vertebrate  like bivalv s, sea urchi abs nsumed by the demersal 

h fauna. Fish bait ithin traps ad been co ing hours  shri s. 

mnivorous species a he ood sou , as .g. 

rittle stars how a st io it (Nagabhushanam & Colman 1959), 

lthough th y are usua y known as arniv tus feeders. This means 

at in gen ral these eding grou s are well riability of community 

ructure as they can s  an ood sources. he 

tensive fi ing may us have c tributed to haracterisation of the 

pifauna o t and ther  as a scav nging ne 

roenewo  & Fonds 00).  

n the oth r hand, in h ing a haviour m y cha e. 

uring win r, fishing a  very  the food source p duce by 

ottom traw ng does n  play an important role. The lower abundance of predators and 

avengers n the unfis ed area may thus only be a seasonal effect, especially in such 

 small are  

ver,  activi  not on d to be e within one y f  

etween t e years ca  be also stated with h g effort in 2 4. Mo ile 

redators, cavengers nd omnivorous species showed as well a 

ronger in rease in t  fished are h ear. Whether the higher 

bundance of predators and scavengers can be the higher fishing effort in 

004 or the other way around remains dubious. 

he respon e to the ce ation of tra a ly tied t he sp tial 

hing var bility between both fishe  areas. As mentioned before, F2 is more heavily 

awled th  F1 in bo  years. Th corresponding answer of the fauna is a lower 

venness nd diversit y between both fished areas made it 

ifficult to ifica s ple, the iomass is 

enerally h gher in the areas sign  be stated due to he 

igh variab ity of the fis . 

eber 197 Rauck 1989  Kaiser & m

K 8  et al. , Philipp

G d & Fonds 2000) fo hat dead f  was rapidly con

sc  sw ab crabs and sta

in s e ns and cr are more co

fis  w h nsumed dur by mp

O re also attracted by t supplementary f rce e

b  s rong attract n to fish ba

a e ll  micro-c ores or detri

th e fe p adapted to va

st  witch their feeding habit d use additionally f T

in sh th on the general c

e f the German Bigh  the sou n North Sea e o

(G ld 20

O e  periods wit  low fish ctivities the be a ng

D te ctivity is  low and  additional ro d 

b li ot

sc  i h

a a.

Howe fishing ty was ly foun  variabl ear, dif erences

b h n igher fishin 00 b

p s  a (e.g. brittle stars) 

st c he as during t e second y

a   linked to 

2  

T s ss wling disturb nce is also strong o t a

fis ia d

tr an th e 

e a y in F2. But the variabilit

d find sign nt difference  to the unfished area. For exam  b

g i  fished , but no ificances could  t

h il hed areas
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The respo se of the e  ons  fishing activity. 

he devel pment of t e is coupled with the seasonal fishing 

riability, e ability to act directly n different i fishing, the feeding habit 

nd the ca ability to us  a large variety of food so ect of the osure s a 

duction o  the seaso a r severa ommu ity 

dices fo wed a st ng seasonal pattern (to  biomass, d rsity nd 

venness) n all area  fauna of t le 

mpared  the fished reas, which ight also b seasonal variability of 

hing. 

hoto and ideo 

uantitativ  analysis o ies based on optical methods showed 

o consist nt differences between unfished and fished areas. Only the fauna of F2 

owed a learly sepa ble commu ity. Omnivo ging spec s such

iocarcinu spp. and O iuroidea we erally o gher abund ces in he 

hed area . 

ike the e ifauna investigated by beam trawls  to the high traw  

isturbanc in F2 wa  also obse able on photos and videos. However, while 

gnificant ifferences ve been ob ined with beam trawl samples, the limiting factor 

must be attributed to the small scale of samp

ccomplish d with im ging metho s (Cranme

terzenka 1994) and t e high degree of spatial v effect is ev n stro

eo were more 

milar to t aging 

 larger spatial scale despite the additional analysis 

fforts this hods provide an overview of the natural 

ottom hab tat and ma  even revea nteresting fe s poss le trawl tr ks 

ee Figure 16.46.). 

onclusio s 

uring the ime of this udy, the co  struc d area developed 

istinct dif rences to that in the f reas.  scavengers showed 

ignificantl higher abu dances in the fished area especially towards the end of the 

vestigatio  time. In c s wa  the fishe  area as 

any mobile species like swimming crabs, brown shrimps, sea stars, brittle stars nd 

n pifauna is a clear resp e to the cessation of

T o he community structur

va th  re  o ntensities of 

a p e urces. One asp  cl  i

re f nal variability of the faun . In the first yea l c n

in llo ro tal density, ive a

e  i s. In 2004 the he unfished area was less variab

co to  a  m e linked to the 

fis

P  V

Q e f the epibenthic communit

n e

sh c ra n rous or scaven ie  as 

L s ph re gen bserved in hi an  t

fis s

L p , a response ling

d e s rv

si d ha ta

in this study with optical methods ling 

a e a d r et al. 1984, Piepenburg & Von 

Ju  h ariability. This e nger 

for the photo sampling with its smaller scale, whereas results from vid

si hose from beam trawl sampling. Further fishing impact studies using im

methods should therefore provide a

e  entails. Nevertheless, imaging met

b i y l i atures such a ib ac

(s  

C n

D  t st mmunity ture of the protecte

d fe ished a Predators and

s y n

in n onsequence, biomas s also higher in d s 

m  a
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hermit crab  may have een attracted by discard s physically damaged 

y fishing ears. For o er mobile ecies with ility the ize o he 

rotected a ea may ha

owever, ese respo u ith se spatia  varia ity 

hich have profound in uences on t nal c f the orth a. 

 high spa al variabilit within the a as and betw  areas makes he 

istinction of fishing ef cts from natural spatial variability more difficult. This sp ial 

ility m art a n effe hi tself not homogeneously 

istributed  the invest ation area. 

n the oth sev ral sedenta , es e building worms, which 

re filter o in the unfished 

rea following the cessation of fishing. These species are permanently disturbed by the 

cratching and ploughing of the seabed, probably most importantly during the 

settlement phase. Generally known as opportunistic species, they may have very 

rapidly benefited from the closure. Contrary to the expected recovery of long-living 

species, this led to an increased dominance of opportunists and consequently lower 

values of evenness and diversity indices in the unfished area. This can be seen as a 

first step from a heavily disturbed community towards some intermediate successional 

state still dominated by opportunistic species. 

The further development towards a more mature community of long-living larger 

species will require a much longer time span and a larger scale. However, we do not 

even know how this undisturbed community would look like. The present benthic fauna 

of the German Bight is not only well adapted to seasonal influences but also shaped by 

numerous anthropogenic effects for a long time. Real changes in the community 

composition towards an undisturbed state can not be expected in short term and on 

small spatial scales. 

Most differences observed so far represent rather trends than final conclusions. 

Especially for the infauna the development in response to the cessation of fishing 

seems just at the beginning after one year of closure. Long-living species which are 

predicted to suffer most from frequent disturbances, will need a longer time span to 

establish vital populations. This suggests that a longer time of closure is necessary to 

record a steady recovery from the impact of fishing. 

 

s  b s and organism

b g th sp a higher vulnerab  s f t

p r ve been to small to produce observable effects. 

H th nses are co pled w asonal effects and l bil

w  fl he infau ommunity structure o  N Se

A ti y re een the two fished   t

d fe at

variab ay in p lso be a ct of the fis ng, which is i

d  in ig

O er side, e ry species pecially tub

a r detritus feeders, showed significantly higher abundances 

a

s
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Annex I. 16 

grab or beamtrawl List of infaunal and epifaunal taxa in the investigation area; x marks occurrence in the 
Group Class Order Family Species Infauna Epifauna

Arthropoda Crustacea Amphipoda Caprellidae Pariambus typicus x  

       x  Phtisica marina 

   Ampeliscidae Ampelisca brevicornis x  

       Ampelisca tenuicornis x  

     Amphilochidae Amphilochus neapolitanus x  
     Aoridae Aora gracilis x  

     Argissidae Argissa hamatipes x  

      Atylidae Atylus falcatus x  
       Atylus swammerdami x  
     Calliopiidae Apherusa ovalipes x  
     Corophiidae Siphonoecetes krøyeranus x  
     Haustoriidae Bathyporeia elegans x  
       Bathyporeia guilliamsoniana x  
       Bathyporeia tenuipes x  
       Urothoe poseidonis x  
     Isaeidae Microprotopus maculatus x  
       Photis longicaudata x  
     Ischyroceridae Jassa falcata x  
     Leucothoidae Leucothoe incisa x  
     Lysianassidae Acidostoma obesum x  
       Orchomene nana x  
     Megaluropidae Megaluropus agilis x  
     Melitidae Abludomelita obtusata x  
     Oedicerotidae Perioculodes longimanus x  
       Pontocrates altamarinus x  
       Pontocrates arenarius x  
       Synchelidium maculatum x  
     Stenothoidae Stenothoe marina x  
   Cumacea Bodotriidae Bodotria scorpioides x  
       Iphinoe trispinosa x  
     Diastylidae Diastylis bradyi x  
       Diastylis laevis x  
       Diastylis rathkei x  
     Leuconidae Eudorella truncatula x  
     Pseudocumatidae Pseudocuma longicornis x  
       Pseudocuma similis x  
   Decapoda Callianassidae Callianassa subterranea x  
       Callianassa tyrrhena x  
   Cancridae Cancer pagurus  x 
     Corystidae Corystes cassivelaunus x x 
     Crangonidae Crangon allmani x x 
       Crangon crangon x x 
       Philocheras bispinosus x  
       Philocheras trispinosus x  
     Galatheidae Galatea spp. X  
     Leucosiidae Ebalia cranchii x x 
    Ebalia tumefacta  x 
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Annex I: Species list – continued 
Group Class Order Family Species Infauna Epifauna

 Majidae Hyas spp.  x   
    Macropodia spp.  X 
      Macropodia rostrata x  
     Paguridae Pagurus bernhardus x x 
   Pandalidae Pandalus montagui  x 
     Porcellanidae Pisidia longicornis x x 
   Portunidae Liocarcinus arcuatus  x 
      Liocarcinus depurator x x 
       Liocarcinus holsatus x x 
   Processidae Processa spp.  X 
      Processa modica x  
       Processa nouveli holthuisi x  
     Thiidae Thia scutellata x  
     Upogebiidae Upogebia deltaura x  
   Mysidacea Mysidae Gastrosaccus spinifer x  
   Pantopoda Ammotheidae Achelia chinata x  
     Nymphonidae Nymphon brevirostre x  
      Nymphon gracile x   
    Phoxichilidiidae  Anoplodactylus petiolatus x  
   Tanaidacea Nototanaidae Tanaissus lilljeborgi x  
Echinodermata  Asteroidea Forcipulatida Asteriidae Asterias rubens x x 
   Paxillosida Astropectinidae Astropecten irregularis x x 
 Echinoidea Clypeasteroida Fibulariidae Echinocyamus pusillus x  
  Echinoida Echinidae Psammechinus miliaris  x 
   Spatangoida Loveniidae Echinocardium cordatum x x 
  Ophiuroidea Ophiurida Amphiuridae Acrocnida brachiata x  
       Amphiura filiformis x  
   Ophiothrichidae Ophiothrix fragilis  x 
  x x    Ophiuridae Ophiura albida 
       Ophiura ophiura x x 
Mollusca Gastropoda Cephalaspidea Acteonidae Acteon tornatilis x  
     Cylichnidae Cylichna cylindracea x  
   Heterostropha Pyramidellidae Turbonilla acuta x  
   Mesogastropoda Eulimidae Vitreolina philippi x  
     Naticidae Euspira catena x x 
       Euspira pulchella x x 
   Turritellidae Turritella communis  x 
   Neogastropoda Conidae Mangelia brachystomum x  
       Raphitoma linearis x  
 Cephalopoda Sepioidea Sepiolidae Sepiola atlantica  x 
  Teuthoida Loliginidae Alloteuthis spp.  x 
    Loligo vulgaris  x 
   yBivalvia M oida Corbulidae Corbula gibba x  
   Nuculoida Nuculidae Nucula nitidosa x  
   Pholadomyoida Thraciidae Thracia papyracea x  
  Donax vittatus x   Veneroida Donactidae 
     Mactridae Mactra stultorum x x 
       Spisula elliptica x  
  x x      Spisula subtruncata 
  x     Montacutidae Montacuta ferruginosa 
       Mysella bidentata x  
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Annex I: Species list – continued 
Group Class Order Family Species Infauna Epifauna

     Pharidae Ensis directus x  
       Ensis ensis x  
       Phaxas pellucidus x x 
     Psammobiidae Gari fervensis x  
     Semelidae Abra alba x  
     Tellinidae Tellina fabula x x 
     Veneridae Chamelea gallina x x 
Annelida Polychaeta Capitellida Capitellidae Capitella capitata x  
       Notomastus latericeus x  
     Magelonidae Magelona alleni x  
       Magelona filiformis x  
       Magelona johnstoni x  
  Cirratulida x   Cirratulidae Chaetozone cf. Setosa 
   Opheliida Opheliidae Ophelia limacina x  
     Scalibregmatid Scalibregma inflatum x  ae
   Orbiniida Orbiniidae Scoloplos armiger x  
  x   Oweniida Oweniidae Owenia fusiformis 
  Phyllodocida Aphroditidae Aphrodita aculeata  x 
   Phyllodocida Glyceridae Glyceridae x  
     Goniadidae Glycinde nordmanni x  
       Goniada m a x  aculat
       Goniadella bobretzkii x  
     Hesionidae Podarkeopsis helgolandica x  
     Nephtyidae Nephtys assi ilis x  m
       Nephtys caeca x  
       Nephtys cirrosa x  
       Nephtys hombergii x  
       Nephtys longosetosa x  
     Nereididae Eunereis longissima x  
     Pholoidae Pholoe baltica x  
     Phyllodocidae Eteone foliosa x  
       Eteone longa x  
       Eumida sanguinea x  
       Phyllodoce groenlandica x  
       Phyllodoce lineata x  
       Phyllodoce mucosa x  
       Phyllodoce rosea x  
     Polynoidae Eunoe nodosa x  
       Gattyana cirrosa x  
       Harmothoe glabra x  
       Malmgrenia marphysae x  
     Sigalionidae Sigalion mathildae x  
       Sthenelais limicola x  
     Syllidae Autolytus prolifer x  
       Streptosyllis websteri x  
   Spionida Poecilochaetidae Poecilochaetus serpens x  
     Spionidae Aonides paucibranchiata x  
       Polydora pulchra x  
       Scolelepis bonnieri x  
       Scolelepis tridentata x  
       Spio decoratus x  
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Annex I: Species list – continued 
Group Class Order Family Species Infauna Epifauna

       Spio filicornis x  
       Spio goniocephala x  
       Spiophanes bombyx x  
  Terebellida Pectinariidae Pectinaria koreni x  
     Pectinaria spp.  X 
     Terebellidae Lanice conchilega x  

Chordata Osteichthyes Gadiformes Gadidae Gadus morhua  x 
 Merlangius merlangus  x     
     Trisopterus luscus  x 
     Trisopterus minutus  x 
   Lotidae Ciliata mustela  x 
  Perciformes Ammodytidae Ammodytes tobianus  x 
      Hyperoplus lanceolatus  x 
    Callionymidae Callionymus lyra  x 
      Callionymus reticulatus  x 
    Gobiidae Pomatoschistus minutus  x 
    Mullidae Mullus surmuletus  x 
    Pholidae Pholis gunnellus  x 
 ys vipera  x   Trachinidae Echiichth
  Pleuronectiformes Bothidae Arnoglossus laterna  x 
    Pleuronectidae Limanda limanda  x 
      Microstomus kitt  x 
      Platichthys flesus  x 
   Pleuronectes platessa  x    
    Soleidae Buglossidium luteum  x 
      Solea solea  x 
  Scorpaeniformes Agonidae Agonus cataphractus  x 
 e Myoxocephalus scorpius  x    Cottida
    Cyclopteridae Liparis liparis  x 
    Triglidae Chelidonichthys gurnardus  x 
      Chelidonichthys lucerna  x 
  Syngnathiformes Syngnathidae Entelurus aequoreus  x 
      Syngnathus rostellatus  x 
Others Anthozoa Actiniaria Edwardsiidae Edwardsia spp. x  
  Ceriantharia Cerianthidae Cerianthus lloydi x  
    Anthozoa indet. X x 
  Nemertini   Nemertini indet. X  
 Phoronida  Phoronidae oronis spp. X  Ph

  Cephalochordat
a Amphioxiformes Branchiostomidae Branchiostoma lanceolatum x  
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ABSTRACT 

We evaluate whether the trophic structure of the German Bight soft-bottom benthic 

community changes after cessation of bottom trawling. Trophic elevation (indicated by 

nitrogen stable isotope ratios, δ15N) and trophic significance (indicated by species 

metabolism approximated by body mass scaled abundance) of dominant species were 

compared in trawled areas and an area protected from fisheries for 14 months. 

Differences between protected and trawled area were detected in five trophically relevant 

aspects: In the protected area (1) community trophic significance was lower; (2) trophic 

significance of predating and scavenging species was lower; (3) trophic significance of 

interface feeders was higher; (4) trophic elevations of small predators and scavengers were 

lower and (5) trophic elevations of deposit feeders were higher. Two major reasons for these 

changes from the fished to the unfished stage are discussed: the absence of artificial and 

additional food sources (discards, bycatch, gear-induced mortality) that causes emigration of 

predators and scavengers, and the absence of physical sediment disturbance, that facilitates 

settlement and survival of less mobile species as well as a gradual shift in food availability 

and quality. 

The observed changes are small compared to changes induced by trawling in hitherto 

pristine benthic systems. We presume that decades of intense bottom trawling led to a highly 

artificial but trophically robust system with many weak interactions and high functional 

redundancy. Hence, this artificially created resistance enables the benthic community to 

withstand the permanent trawling stress but the return to a kind of ‘pre-trawling’ state will 

require a very long time. 

 

Keywords: trawling impact, trophic functioning, resistance, trophic elevations, energy flow, 

stable isotopes, macrozoobenthos, North S
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INTRODUCTION 

Fishing, in particular bottom trawling, is one of the most severe anthropogenic impacts on 

marine environments (e.g. Jennings & Kaiser 1998, Thrush et al. 2001). Besides the removal 

of fish and bycatch, bottom trawling has two mayor impacts on benthic communities: On the 

one hand, a direct physical effect that causes sediment disturbance and resuspension (e.g. 

Jennings et al. 2001b, Watling et al. 2001) as well as dislocation, damage and mortality of 

benthic organisms (e.g. Bergman & van Santbrink 2000, Ramsay et al. 2000). On the other 

hand, an indirect trophic impact through fishery bycatch and discards which become a 

realised 

cent studies followed this lead, albeit more indirectly or with low resolution: they 

significant additional food source for scavengers and predators (e.g. Arntz & Weber 1970, 

Groenewold & Fonds 2000, Rumohr & Kujawski 2000). 

Long-term bottom trawling pushes the community towards smaller, short-lived and fast 

growing species. After at least five decades of intense trawling (Lindeboom & de Groot 1998, 

Rijnsdorp et al. 1998) changes add up to a shift from high to low diversity and from a high 

biomass-low turnover to a low biomass-high turnover system (e.g. McConnaughey et al. 

2000, Kaiser et al. 2002, Hiddink et al. 2006a). 

Most likely, complex feedback processes are involved here that will affect overall ecosystem 

services (sensu Worm et al. 2006), particularly fishery itself, too. Scientists, having 

this already, call for a comprehensive management at the ecosystem level to make fisheries 

sustainable (e.g. Browman & Stergiou 2004, 2005). Therefore, the actual question is how 

and to what extent bottom trawling affects the ecosystem as a whole (Jennings & Kaiser 

1998, Malakoff 2002). 

If we assume that the organism is the principal lever of trawling effects on the community, 

then the life-history traits of the constituting species are of particular significance (e.g. Collie 

et al. 2005, Tillin et al. 2006). Hence, taking a close look at species properties (e.g. trophic 

elevations, see below) and at species dependent properties (e.g. energy flow patterns) 

seems to be a promising approach. 

Several re

looked at changes in habitat complexity (e.g. Thrush et al. 2001, Thrush & Dayton 2002), at 

community size spectra and derived energy flow patterns (e.g. Jennings et al. 2001b, 

Jennings et al. 2002a, Hiddink et al. 2006a), and at benthic community functioning as 

indicated by biological trait composition (e.g. Blanchard et al. 2004, Tillin et al. 2006). 

Previous studies of trawling effects on trophic structure suffered their own difficulties, they 

either compared partial systems only, such as fish communities, and/or did lack appropriate 

untrawled reference sites (e.g. Jennings et al. 2001a, Jennings et al. 2002b, Badalamenti et 

al. 2002), as fishery impact studies were hampered by “shifting baseline” problems (e.g. 

Jackson et al. 2001, Lotze et al. 2005). 

Particularly in coastal zones with a long fishing history it seems difficult to identify distinct 

and consistent effects of bottom trawling (e.g. Gray et al. 2006, Thrush & Dayton 2002). 
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Shallow coastal marine systems are hydrographically extremely dynamic. Abundance, 

biomass and species inventory are shaped by seasonal and year-to-year variability, 

governed by and adapted to abiotic and biotic forcing factors (e.g. Kröncke et al. 2001, Clark 

& Frid 2001). Last not least, bottom trawling itself creates variability by an uneven distribution 

of trawling impact in space and time (e.g. Rijnsdorp et al. 1998). Hence, statistical “noise” is 

the principal problem of studies on trawling effects in shallow water systems, particularly in 

sandy habitats. Therefore working with purely numerical parameters (e.g. abundance, 

enthic 

eyond the 500 m 

radius 9 km apart from the pro d eastern direction (25 and 5 

km2) were chosen as reference sites, the “trawled area” (hereafter referred to as TA). Data of 

biomass) and at coarser systematic resolution (e.g. feeding guilds) might not be sufficient to 

capture subtle changes (see Queirós et al. 2006, Tillin et al. 2006). 

We hypothesize that species’ trophic characteristics are less affected by natural 

environmental variability than numerical measures and are thus more suitable to detect 

trawling effects in highly dynamic systems. On the one hand trophic interactions between 

organisms are the biological base of ecological functioning (e.g. May 1974, Cohen 1978, 

Pimm 1982), and these interaction patterns entail communities’ ability to cope with 

perturbations (e.g. McCann 2000, Dunne et al. 2002). On the other hand, this argument 

leads back to the nature of trawling, which does not only cause direct mortality, but also 

alters the physical and biogeochemical composition of the sediment and causes trophic 

distortion by food input (bycatch, discards and gear-induced mortality).  

The hypothesis was tested by analysing changes in the trophic structure of a shallow sand-

bottom community after cessation of trawling. The construction of the research platform 

FINO 1 in the German Bight (North Sea) and the concurrent closure of the site for fishery in 

the year 2003 provided the opportunity to compare the development of the b

community at a protected and further trawled sites. We evaluate whether there are changes 

in species trophic position and species contribution to energy flow over the course of 14 

months after closure of the fishery.  

 

MATERIALS AND METHODS 

Study site. In July 2003 the research platform FINO 1 was build as a pilot project for future 

offshore wind farms. The platform is located at 28 m water depth in the German Bight, 45 km 

off the island Borkum (Fig. 1). The surrounding of the platform (500 m radius) is closed to all 

shipping activities and is thus protected from fisheries (see Schröder & Dannheim 2006). 

Sampling areas were defined as follows: The “protected area” (hereafter referred to as PA) 

comprised the zone between an inner circle of 150 m radius and an outer circle of 400 m 

radius around the platform, i.e. an area of about 5 km2. These distances from the platform 

itself and from the border of the protected area were kept to minimize edge effects caused 

by the construction and by the surrounding trawling area. Two zones b

tected area in north-western an
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the two TA zones were pooled as the zones did not differ statistically in species composition, 

abundance and biomass (according to Schröder & Dannheim unpubl. data).  

Hydrographic conditions are identical in PA and TA, as the prevailing strong tidal currents (≤ 

1 m s-1) displace the water masses over far larger scales than the study area.   

Sampling and sample treatment. Sampling in both areas, PA and TA, was carried out with 

RV Heincke during 2 periods. The first sampling period, defined as “pre-closure”, includes 

samples taken 3 months before and 2 weeks after fishery closure of PA (March/April and 

uly/August 2003). “Post-closure” sampling was carried out in July/August and 

September/October 2004, i.e. 12 osure of PA. During each cruise 

epifauna, infauna and sediment samples were taken at 5 stations in PA, and at 5 stations 

Infauna  were taken exclusively 

sieved on alin. At each station 2 surface 

sediment samples were collected from the first grab with 5 and 2 cm3 PVC corers. Samples 

Epifaun

knots). Trawled distance at the bottom was determined by Differential Global Positioning 

avoid s

from ea en until further treatment. 

biomas J) by 

conversion factors taken from Brey (2001). 

(PA: 18

Novemb ples only from TA) and the post-closure cruise in September/October 

d and stored at –20°C 

until further treatment. Upon return to the laboratory, frozen tissue samples were lyophilised 

hydroch sequently, 

samples were dried again at 55°C and ground to powder in a mortar prior to analysis. Mass-

GeoBioCente rrent gaseous 

Environ

J

– 14 months after fishery cl

(pre-closure period) and 9 stations (post-closure period), respectively, in TA.  

 was sampled with a 0.1 m2 van Veen grab (95 kg). Samples

in the area north of the platform (see Fig. 1, 3 replicates per station). Grab content was 

 1 mm mesh size and fixed in 4 % buffered form

were stored at -20°C until further analysis.  

a was sampled with a beam trawl (3 m opening width, haul duration <=10 min at 3 

System (DGPS). Hauls in PA were restricted to the part south of the platform in order to 

elf-made trawling disturbance at the grab stations (see Fig.1). Epifaunal subsamples 

ch catch were stored froz

Sampled specimens were determined to the lowest possible taxonomic level. Species wet 

s (mg m-2) and average body mass (M, mg) were converted to joule (k

From additional grab and trawl samples, 464 specimens of the 23 most abundant species 

1 / 22; TA: 283 / 22) were collected for stable isotope analysis during a cruise in 

er 2003 (sam

2004 (samples from TA and PA). Animals were sorted directly on boar

for 24 h (Finn-Aqua Lyovac GT2E), homogenized in a ball mill and treated with 1 mol l-1 

loric acid (HCl) to eliminate calcareous shells (see Jacob et al. 2005). Sub

spectrometric measurement of stable nitrogen isotope composition was carried out in the 

rLMU, University of Munich (Thermo/Finnigan Delta Plus). Cu

standards for calibration were used. Experimental precision was better than ±0.2 ‰. 

mental parameters. Trawling intensity. Fishing intensity in TA was calculated by 

of the satellite-based “Vmeans essel Monitoring System” (VMS; unpublished data provided 

by S. Ehrich, Federal Research Centre for Fisheries and by G. Piet and F. Quirins, 

Netherlands Institute for Fisheries Research). Trawling intensity was calculated as times 
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trawled x spot-1) following Rijnsdorp et al. (1998). For further details see 

Schröder & Dannheim (2006). 

 month-1 (i.e. 

Sediment analyses. Sediment fractions were determined by wet and dry sieving of the larger 

 (5 cmsample

(Wenth ulated. The smaller sample 

%C, C

Inorgan id to an additional 

subsample to determine Corg content (LECO CS-125). Mahalanobis jackknife distances 

%C, %C nd homogeneity 

Differen ted by two-way 

analysis of variance (ANOVA) and one-way ANOVA for data available only from one 

Trophic

Trophic el tion.

3) with a sonic sifter (ATM) over a Wenthworth scaled standard sieve set 

worth 1922), and median grain size (MdGS, µm) was calc

(2 cm3) was freeze dried and homogenised in a mortar. Nitrogen and carbon content (%N, 

/N by mass) were determined with an elemental analyser (LECO CNS-2000). 

ic carbon was removed by adding 12 mol l-1 hydrochloric ac

(Barnett & Lewis 1994) identified one multivariate outlier in the sample space [MdGS, %N, 

org, C/N]. The remaining data (N = 47) were checked for normality a

of variances (Barlett test). Percentages (%C, %N, %Corg) were arcsine-transformed. 

ces in sediment parameters between areas (PA, TA) were tes

sampling period.   

 parameters. Two trophic parameters were applied to compare the trophic structure 

in PA and TA: trophic elevation and trophic significance. 

eva  The tissue stable nitrogen isotope ratio ( N/ N = δ N) is a proxy of an 

organism’s position within the trophic hierarchy of an ecosystem. With each assimilation step 

to an en  selection. Fractionation of 15N results in a δ15N increase ranging from 1.4 to 

3.4 ‰ per trophic level (e.g. Post 2002, McCutchan et al. 2003). According to Yodzis (1984) 

i

TEi = δ Ni  [‰]          (1) 

in the sam d 

publishe  sources see ANNEX). To account for 

between-systems differences in δ15N, we adjusted all data by the difference in δ15N of the 

POM = 

TEi = δ Ni + (δ NPOM,GB – δ NPOM,OS) [‰]        (2) 

and not of POM wa

 TEi = δ15Ni + (δ15NPC,GB – δ15NPC,OS)  [‰]        (3) 

accordingly (see ANNEX for PC δ15N values, species marked with an asterisk). 

15 14 15

along the food chain, the heavier isotope 15N becomes enriched in consumer tissues owing 

zymatic

and Cohen et al. (2003), we define trophic elevation TE  of species I by 

15

We measured trophic elevation for 23 species. For the remaining 183 species encountered 

pling areas (PA and TA) trophic elevations were estimated indirectly: We collecte

δ15N data of species which were taxonomically and geographically as close as possible from 

d and unpublished sources (for δ15N data

primary food source (POM, particulate organic matter) between the German Bight (our data, 

6.07 ‰) and the corresponding ecosystem, i.e. 

15 15 15

where GB is German Bight and OS is other systems. When δ15N of primary consumers (PC) 

s given as a baseline, we used 
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For spe

the ave ng guild (for feeding guilds and corresponding 

literature see ANNEX). Parasites (Vitreolina philippi, Turbonilla acuta) were excluded from 

Trophic

cies we were not able to find δ15N data from sufficiently close relatives, we assigned 

rage δ15N value of the appropriate feedi

analyses (7 individuals). 

 significance. Energy flow through a particular population is related to abundance and 

 body size, to average because metabolic rate scales with body size by an exponent of about 

0.75). W tion to overall community 

energy flow. Therefore trophic significance TSi of species I is approximated by 

    (4) 

where N  and M  are abundance and mean body mass of species i. Overall community 

0.75 (rate = a * M0.75, see West & Brown 2005 for the general validity of the scaling factor 

e define the trophic significance of a species as its contribu

TSi = Ni * Mi
0.75   [kJ m-2]      

i i

trophic significance (i.e. community energy flow) TScom is estimated accordingly by 

)*( 75.0∑=
n

MNTS  [kJ m
1=

       (5) 

where n  each sample (each 

grab and beam-trawl station) separately. 

abunda ive trophic significance RTSi that describes the 

species

com [%]         (6) 

Trophic

i

 is number of species. These parameters were computed for

-2]  iicom

We applied two different indices, absolute trophic significance TSi (comparable to a scaled 

nce) as described above, and relat

contribution of species i to community trophic significance TScom (i.e. comparable to the 

’ dominance within a community) 

RTSi = 100 * TSi / TS

where ‘com’ refers to the community of TA and PA, respectively. 

 analyses. Community trophic characteristics. Trophic elevation frequency 

tions (TEFD) were used to compare community trophic strucdistribu ture between areas, 

before and after cessation of trawling. A TEFD identifies the distribution of species trophic 

Commu  closure of the 

after clo

PA, res

test). S ere 

tested by full interaction 2-way analysis of variance (ANOVA), followed by a post-hoc test 

Species

significance (TSi) over the trophic elevation range (δ15N) of the community.  

nity trophic significance (TScom) was calculated for TA and PA prior to

fishery (March and July/August 2003, N = 10 samples in TA and PA, each) and one year 

sure (July/August and September/October 2004, N = 18 and 10 samples in TA and 

pectively). Data were checked for normality and homogeneity of variances (Barlett 

ignificant differences of TScom versus area (PA, TA) and closure (pre – post) w

(Student’s t-test) on least significant differences between means (LS means). 

 trophic characteristics. To evaluate shifts in species trophic characteristics, we 

 differences of (a) trophic elevation (TE) and (b) trophic significance (TS) after the 

ssation of trawling and compared both parameters in (c) a composite view.  

tested on

ce
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(a) Shifts in trophic elevation. For 20 species (see Fig. 4) δ15N values were determined in 

ns from bothspecime  TA and PA 14 months after closure. Outliers in δ15N were identified by 

Mahalanobis Jackknife distances (Barnett & Lewis 1994) and excluded from further analysis. 

subseq

species, follo post-hoc test (Student’s t-test on LS means). Variances were different 

of signi  difference ∆TEi 

between PA and TA of species I was calculated by 

    (7) 

analyses of 

% of TS i 

[%] values were arcsine-transformed). Species that showed significant differences of the 

closure

I The composite view. In order to relate shifts in species trophic significance to shifts in 

significan i

(1) The magnitude of the shift in trophic significance of species I (∆TSi) was described by the 

average

      (8) 

commu

∆RTSi = 100 * (TSi,PA / TSCom,PA) – (TSi,TA / TSCom,TA) [%]      (9) 

betwee closure: p < 0.01, Table 1). The nitrogen content (N, 

%) was significantly affected after one year of closure to fishery with a lowered content in the 

Commu
not diffe n TA and 

δ15N values were checked for normality and homogeneity of variances (Barlett test) and 

uently subjected to a full interaction 2-way ANOVA of δ15N versus area (PA, TA) and 

wed by a 

at the 5% level albeit did not increase with the mean, hence we increased our threshold level 

ficance from p = 0.05 to p = 0.01 (see results). Trophic elevation

∆TEi = TEi,PA – TEi,TA  [‰]     

(b) Shifts in trophic significance. Species trophic significances were calculated for TA and PA 

prior to closure of the fishery and one year after closure (for no. of samples see trophic 

TScom). Both indices, TSi and RTSi of the most dominant species (comprising 99 

com), were tested on differences between TA and PA by Mann Whitney U-test (RTS

same sign between TA and PA before and after closure, i.e. shifts apparently not caused by 

 of the fishery, were excluded from further analysis. 

species trophic elevation (∆TEi), we plotted two different measures of difference in trophic 

ce versus ∆TE :  

difference in trophic significance between PA and TA, expressed as fraction (%) of the 

 trophic significance in PA and TA 

∆TSi = 100 * (TSi,PA – TSi,TA) / (TSi,PA + TSi,TA) [%] 

(2) The change in relative trophic significance of species I (∆RTSi), i.e. of its share in 

nity trophic significance, was computed by the difference in RTSi between PA and TA 

 

RESULTS 

Sediment. Median grain size (µm) and organic carbon content (Corg, %) differed significantly 

n sampling dates (pre- and post-

protected area (p = 0.02, Table 1).  

nity trophic characteristics. Trophic elevation frequency distributions (TEFD) did 

r in median and varied slightly only in skewness and kurtosis, both betwee
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PA and between sampling periods (pre- and post-closure, Fig. 3). Thus, there was no 

t effect of the high trawling intensity during summers 2003 and 2004 (Fig. 2) or of 

 cessation (compare Fig. 3b with 3d and Fig. 3c with 3d).  

 pre-/post-closure (p = 0.30) nor ar

apparen

trawling

Neither ea (PA – TA, p = 0.57) significantly affected 

community trophic significance (TS , see Fig. 3). Only the interaction pre-/post-closure x 

community trophi ne year after closure to be 

Specie . 14 months after trawling closure, trophic elevations (TE) were 

significantly affected by species (p < 0.001) and by species x area (PA – TA) interaction (p < 

(p < 0. ension feeder Tellimya ferruginosa (∆TEi = 1.18 ‰), and 

predato lla (-1.28 ‰) and Ophiura albida (-1.03 ‰). A similar 

analysis on the level of major feeding guilds (with DF, SF, SL, IF and PS, see Fig. 4) 

ding guilds x area p = 

Species trop
(p < 0.05 unity 

filiformis nes bombyx. 

Corresponding significant differences in RTS  were present in T. fabula and N. assimilis only 

One ye

species A with ∆TSi ranging from -17.82 kJ m-² (Echinocardium cordatum) 

 

∆TSi ranging between +0.06 kJ m-² (Spio decoratus) and +3.44 kJ m-² (Owenia fusiformis). 

ttern 

(Fig. 6b h 

∆RTSi = -13.66 % and -0.23 %, respectively. RTSi was significantly higher in PA in the same 

% (O. fusiformis). 

i sitive in 8 species only (Fig. 7a). 

the pre  Asterias rubens showed the most pronounced 

decrease, -100 % and -47 %, respectively. ∆RTSi values were more evenly distributed, but 

cordatu TEi (S. 

com

area (PA – TA) was significant (p < 0.05), indicating an effect of trawling cessation on 

c significance. The post-hoc test identified TA o

significantly different from the others (TApre = PApre = PApost < TApost; p < 0.05).   

s trophic elevation

0.001). Significant effects were detected in 4 species (Fig. 4). Within PA, TE was significantly 

01) higher in the susp

significantly lower in the interface feeder Scolelepis bonnieri (-2.14 ‰) as well as in the 

rs/scavengers Euspira pulche

detected no significant area effects (2-way ANOVA, area p = 0.49, fee

0.46).  

hic significance. Before closure, trophic significance TSi differed significantly 

) between PA and TA in 5 of those 70 species that represented 99 % of comm

trophic significance (TScom) (Fig. 5a). TSi was lower in PA in Tellina fabula and Magelona 

, and higher in Poecilochaetus serpens, Nephtys assimilis and Spiopha

i

(p < 0.05, Fig. 5b). 

ar after closure, TSi differed in 17 out of the 70 species (p < 0.05, Fig. 6a). In 7 

TSi was lower in P

to -0.24 kJ m-² (T. ferruginosa). 10 species showed a higher TSi in PA, with differences in

Note that T. fabula (lower in PA) and S. bombyx (higher in PA) showed the same pa

before closure (Fig. 5). Relative trophic significance RTSi differed in 12 out of the 70 species 

). Only E. cordatum and T. ferruginosa had lower trophic significance in PA wit

10 species as above (see TSi), with ∆RTSi ranging between 0.12 % (S. decoratus) and 5.91 

The composite view. ∆TS  was negative in 17 but po

Anthozoa (+53 %) and O. fusiformis (+41 %) showed the most pronounced increase, while 

dators Corystes cassivelaunus and

comparatively small, ranging from +6 % (O. fusiformis and S. bombyx) to -14 % (E. 

m, Fig. 7b). Those species with a significant difference in trophic elevation ∆
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bonnieri, E. pulchella, O. albida and T. ferruginosa) contributed comparatively little to 

nity trophic significance (∆RTScommu

ferrugin ignificant difference in both TEi and TSi (or RTSi, respectively) 

between TA and PA. 

hamper ctions and a general lack of non-affected control 

areas. Particularly in areas such as the North Sea, that combine strong environmental 

difficult 

time fo

“lightly” and “heavily” trawled areas. Models, derived from these estimates, predict recovery 

rates from beam trawling for sandy bottom communities of 100 days in terms of numerical 

abundance (Collie et al. 2000) and 1 – 3 years in terms of biomass and production (Hiddink 

et al. 2006b). Soft-bottom monitoring studies indicate longer recovery times after 

perturbations, in terms of biomass more than 3 years (see e.g. Pearson & Rosenberg 1978, 

Arntz & Rumohr 1982). Accordingly, Smith et al. (2006) found lowered epifaunal biomass 

even 3 years after closure of the fishery in a southern North Sea area. Collie et al. (2005) 

report an increase in benthic abundance, biomass and production after 2.5 years on gravel 

bottoms (Georges Bank) that continued until 5 years after closure (end of observational 

period). Only two studies so far dealt with infaunal recovery. De Juan et al. (2007) found 

fewer scavengers but increased surface infauna and more epifauna, in particular suspension 

feeders and predatory fish 1 year after closure of a muddy habitat situated in the north-

western Mediterranean Sea. Duineveld et al. (2007) report an increase in species richness, 

evenness, and abundance of mud shrimps and fragile large bivalves for epifaunal beam-

trawl samples, but inconsistent results in infaunal box-core samples of a sandy habitat 

(southern North Sea) even after 20 years of closure. 

Other comparable data for shallow sandy bottoms are missing or difficult to estimate owing 

to systems natural dynamics (e.g. Collie et al. 2000, Kaiser et al. 2006); Tillin et al. (2006) 

were unable to demonstrate consistent changes in functional diversity at the Dogger Bank 

(North Sea), although they provided evidence that continuous bottom trawling affects 

community functional composition. Here, we turn the argument of Tillin et al. (2006) upside 

down: we found that cessation of trawling leads to subtle changes in the trophic functioning 

of sandy bottom benthic communities that can be measured with species’ trophic 

characteristics (see results). In the following, the causal relations between trawling cessation 

and the observed changes are discussed. 

i < 1 %; Fig. 7b). Moreover, only one of these, T. 

osa, showed a s

 

DISCUSSION 

Cause and effect studies that single out one certain impact factor in benthic communities are 

ed by complex multi-factorial intera

dynamics with numerous and continuous anthropogenic impacts, such studies are extremely 

(e.g. Collie et al. 2000, Gray et al. 2006). Accordingly, present estimates of recovery 

r North Sea benthos are based on experimental trawling or on the comparison of 
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The absence of physical sediment disturbance by fishing gear appears to be the principal 

cause. Frequent trawling affects sediment physics (e.g. resuspension) and biogeochemistry, 

i.e. it enhances the availability of otherwise buried organic compounds (e.g. Watling et al. 

2001, Trimmer et al. 2005). At the surface, concentrations of organic compounds are 

reduced by biological processing (see below). Lower sediment nitrogen and organic carbon 

contents in the protected area (PA) support this view (Table 1). Accordingly, community 

trophic significance was lower in PA, too, particularly owing to lower trophic significance of 

the infaunal deposit feeder Echinocardium cordatum. It prefers sediments rich in organic 

content (Wieking & Kröncke 2003, Kröncke et al. 2004) and its populations appear to be 

rather less affected by beam trawling (Kaiser et al. 2006, Tillin et al. 2006), particularly larger 

specimens which burrow deep in the sediment (e.g. Bergman & Hup 1992). 

In contrast, small interface feeders with a more or less sessile life-style (Owenia fusiformis, 

Spiophanes bombyx, Chaetozone cf. setosa, Edwardsia spp. and Spio decoratus) had a 

higher trophic significance in PA. They feed selectively on high quality (indicated by low C/N 

ratio, Brown et al. 2005) food particles (e.g. Kröncke et al. 2004, Wieking & Kröncke 2005). 

Sediment C/N ratios, however, did not differ between trawled area (TA) and PA. Therefore, 

not enhanced food quality but the absence of physical disturbance is responsible for their 

increased settlement in PA. Their stronger presence might have led to an increased 

processing of sedimentary organic compounds (as evident in lower nitrogen and carbon 

content), i.e. a biological feedback process as also observed by Brown et al. (2005). 

Increased trophic elevations in deposit feeders such as Pectinaria koreni and E. cordatum, 

as well as its commensal Tellimya ferruginosa which feeds on refractory material of the heart 

urchin (Gage 1966), may be related to an altered sediment biogeochemistry in PA, too: 

Microbial degradation alters the composition of sediment particulate organic matter (POM, 

e.g. Lee et al. 2004), but also increases δ15N of bulk POM by preferentially assimilating the 

lighter isotope (e.g. Wada 1980, Macko & Estep 1984). Trawling causes a decrease in 

benthic microbial activity (Pusceddu et al. 2005) and thus a microbially induced shift in POM 

δ15N. Hence, if POM in PA has a higher δ15N, this signal will be passed on to the benthic 

primary consumers, in particular to those feeding on refractory material such as deposit 

feeders.  

The second cause for a cessation induced trophic signal in the benthic community is the 

absence of fishery generated additional and artificial food sources, i.e. gear-induced 

mortality and discards. Primarily, trawling causes mortality of benthic organisms, but many 

survivors, especially mobile predators and scavengers profit from this source of 

comparatively high trophic level food (Arntz & Weber 1970, Groenewold & Fonds 2000, 

Rumohr & Kujawski 2000). Accordingly, trophic elevations of predators and scavengers are 

expected to be lower in PA. Such shifts in trophic elevation were observed in the apparently 

facultative predating/scavenging Ophiura albida, Euspira pulchella and Scolelepis bonnieri 

(see Nagabhushanam & Colman 1959, Kenchington et al. 1998) but, surprisingly, not in 
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those large, mobile predators and scavengers that are known to benefit from such additional 

food sources, such as Liocarcinus spp., Asterias rubens and Astropecten irregularis (Fig. 4 

and 7). Obviously, these large, opportunistic feeders cover such a trophically wide prey 

range (e.g. Pimm & Lawton 1978, Cohen et al. 1993, Davenport & Bax 2002) that a fishery 

related shift in diet is not detectable in species trophic elevation. There is, however, a clear 

signal in trophic significance, which is distinctly lower in PA in predators and scavengers 

such as Corystes cassivelaunus and Asterias rubens (Fig. 7). Scarcity of those food items 

commonly generated by trawling may have forced them to emigrate from PA (see 

Groenewold & Fonds 2000, Smith et al. 2006, De Juan et al. 2007). 

At the community level, how e b ct ch e ribu on of 

trophi ion among speci s 01a), although we d on 

average lower trophic elevations in PA due to lower trophic significance of predators and 

scave  species level, shifts in trophic elevation are rather small, compared to 

trawli cts in hitherto p sys s  i ce in 

trophi vation contributed ra t it nificance and vice 

versa (Fig. 7). This indicates that no single species pushes the system towards one direction 

and explains why community trophic structure is still similar in TA and PA after 14 months of 

trawling cessation. Bottom trawling created an alternate, artificially robust trophic system 

which is likely to gain resistance in terms of rather weak interactions between the benthic 

species (e.g. McCann et al. 1998, Berlow 1999, McCann 2000) and functional redundancy of 

the survivors (Menge & Sutherland 1987, Naeem & Shibin 1997, Yachi & Loreau 1999). 

Hence, postulating an adaptation of the benthic fauna to intense trawling for at least 5 

decades (e.g. Lindeboom & de Groot 1998, Rumohr & Kujawski 2000), we should rather call 

the non-fishing site “non-trawled area for only 14 months” instead of “protected area”.  

Is there any chance that without fisheries the German Bight soft-bottom benthos will return to 

a condition that resembles the pre-trawling “pristine” state? We think, rather not for the 

foreseeable future. Many decades of bottom trawling caused quite irreversible changes, 

such as the loss of habitat diversity e.g. through the disappearance of once common 

biogenic reefs (e.g. Riesen & Reise 1982, Auster & Langton 1999). Additionally, a significant 

impact of external factors persists, such as pollution (e.g. Duineveld et al. 1991, Basford et 

al. 1993) and climate change (Kröncke et al. 2001, Lotze et al. 2005, Frid 2006). Hence, 

large scale cessation of trawling, such as the planned offshore wind parks will entail in the 

German Bight, is likely to cause a benthic regime shift (sensu Amaro 2005, Allen & Clarke 

2007, Van Nes et al. 2007) towards a high biomass-low turnover system, presumably with 

higher biodiversity (see Worm et al. 2006). However, we can not predict what this community 

will look like in terms of species inventory and food web structure and how long this process 

will take. Nevertheless, our two-dimensional approach towards community trophic 

functioning may lead to a robust albeit sensitive standardised tool for qualitative 

measurement of community trophic status and its development over time. 

ever, w were not a le to dete anges in th  dist ti

c elevat es as were Jenning et al. (20  expecte

ngers. At the

ng effe ristine tems. Tho e species with a signif cant differen

c ele  compa tively little o commun y trophic sig
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TABLE 

Table 1. Sediment parameters (mean ± standard deviation) for trawled (TA) and protected 
(PA) area prior and after the closure to fishery: median grain size (MdGS, µm), carbon 
content (C, %), organic carbon content (Corg, %), nitrogen content (N, %) and C/N ratio 
(mass based). One-way and two-way analyses of variance (ANOVA) show significant 
differences (p<0.05, bold) between TA and PA, respectively pre- and post- closure. N.d.: no 
data. 

 Parameters  MdGS (µm) C (%) Corg (%) N (%) C/N  

 pre-closure        

 TA  179 ± 6 0.24 ± 0.09 0.08 ± 0.03 n.d. n.d.  

 PA  180 ± 4 0.30 ± 0.18 0.08 ± 0.02 n.d. n.d.  

 post-closure  

 TA  175 ± 4 0.32 ± 0.07 0.15 ± 0.02 0.022 ± 0.004 7.04 ± 1.11  

 PA  177 ± 3 0.27 ± 0.05 0.13 ± 0.02 0.018 ± 0.002 6.97 ± 0.74  

 one-way ANOVA        

 treatment (TA – PA)     0.02 0.15  

 two-way ANOVA        

 treatment (TA – PA)  0.33 0.74 0.07    

 closure (pre – post)  <0.01 0.23 <0.01    
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Fig. 1. Map of the study site in the German Bight with the two trawled areas (dark grey 
squares) and the protected area (light grey circle). The upper left circle shows the sampling 
scheme in the protected area, the zone between an inner circle of 150 m radius and an outer 
circle of 400 m radius around the platform. P: grab sampling stations north of the platform, 
grey lines: exemplary beam-trawl tracks south of the platform. 
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Fig. 2. Trawling intensity (times trawled month-1) for the trawled area during the study period. 
Black triangles mark dates of pre-closure sampling in March and July/August 2003 (3 
months before and 2 weeks after closure) and post-closure sampling in July/August and 
September/October 2004 (12 – 14 months after closure). White triangles mark dates of 
sampling for stable isotope analyses. 
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Fig. 3. Distribution of species trophic significance (TS = N*M0.75, %) across species trophic 
elevation (δ15N, ‰) in (a) the trawled area (TA) before trawling closure, (b) TA 12 to 14 
months after closure, (c) the protected area (PA) before closure and (d) PA 12 to 14 months 
after closure. Corresponding community trophic significance (TScom, kJ m-2) for area (TA – 
PA) at pre- and post-closure are given in the graphs. 
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Fig. 4. Mean difference in species trophic elevation (∆TEi, ‰) between protected (PA) and 
trawled area (TA) 14 months after closure (DF = deposit feeder, IF = interface feeder, PS = 
predator/scavenger, SF = suspension feeder, SL = sandlicker. Species are ordered by 
ascending difference in trophic elevation. Number of samples per species of each treatment 
are given in parentheses (trawled, protected). * significant difference (p < 0.01), n.t. means 
not tested. 
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Fig. 5. Pre-closure differences between trawled and protected area of (a) trophic significance 
TSi (Ni*Mi

0.75, kJ m-2) and (b) relative trophic significance RTSi, (Ni*Mi
0.75 in % of total trophic 

significance TScom). The plot includes all species that (i) reveal significant differences in TSi 
and (ii) belong to those 70 species that account for 99% of TScom. Horizontal bars indicate 
standard deviation. IF = interface feeder, PS = predator/scavenger, SF = suspension feeder. 
Species were ordered by increasing difference in trophic significance (PA minus TA). * 
significant difference (p < 0.05). 
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Fig. 6. Post-closure differences between trawled and protected area of (a) trophic 
significance TSi (Ni*Mi

0.75, kJ m-2) and (b) relative trophic significance RTSi (Ni*Mi
0.75 in % of 

total trophic significance TScom). The plot includes all species that (i) reveal significant 
differences in TSi and (ii) belong to those 70 species that account for 99% of TScom. 
Horizontal bars indicate standard deviation. DF = deposit feeder, IF = interface feeder, PS = 
predator/scavenger, SF = suspension feeder, SL = sandlicker. Species were ordered by 
increasing difference in trophic significance (PA minus TA). * significant difference (p < 0.05), 
§ significant difference of the same sign before and after closure (p <0.05). 

 165



PUBLICATION V 

a)

di
ffe

re
nc

e 
in

 tr
op

hi
c 

si
gn

ifi
ca

nc
e 

( ∆
TS

i, 
%

)

-100

-80

-60

-40

-20

0

20

40

60
At

PkSbUp
Gm

Ps
Ns

Lh

Oa
Ep

Lc Ai
Pp

PmTf Ec MfAr

Ne
Cs

Of

Mj

Co

Sc

b)

difference in trophic elevation (∆TEi, ‰)

-2 -1 0 1

di
ffe

re
nc

e 
in

 re
la

tiv
e 

tro
ph

ic
 s

ig
ni

fic
an

ce
 ( ∆

R
TS

i, 
%

)

-14

-12
-8

-6

-4

-2

0

2

4

6

At

Pk

Sb

Up

Gm

PsLhOaEp

Lc

Ai

Pp

Pm
Tf

Ec

Mf
Ar

Ne

Cs

Of

Mj

Co

Sc

Ns

# #

#

#

#

+ + +

+

#

+
+

+

+*

*
*

*
*

*
§

*

*
*

*

#

§

 
Fig. 7. Differences in species trophic elevation (∆TEi, ‰) versus (a) difference in species 
trophic significance (∆TSi) as % of species value in the whole study area and (b) difference 
in relative trophic significance (∆RTSi) as change in the % share of the species in total 
trophic significance. Species are At: Anthozoa spp., Ar: Asterias rubens, Ai: Astropecten 
irregularis, Cs: Chaetozone cf. setosa, Co: Corystes cassivelaunus, Ec: Echinocardium 
cordatum, Ep: Euspira pulchella, Gm: Goniada maculata, Lc: Lanice conchilega, Lh: 
Liocarcinus holsatus, Mj: Magelona johnstoni, Nm: Nemertini spp., Ns: Nephtys spp., Oa: 
Ophiura albida, Of: Owenia fusiformis, Pk: Pektinaria koreni, Pp: Phaxas pellucidus, Ps: 
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Poecilochaetus serpens, Pm: Pomatoschistus minutus, Sc: Scolelepis bonnieri, Sb: 
Spiophanes bombyx, Mf: Tellimya ferruginosa, Tf: Tellina fabula, Up: Urothoe poseidonis. 
For species Cs, Co, Mj and Of mean ∆TEi, of the corresponding feeding guild were used. * 
significant difference in TEi (p<0.01), + significant difference in TSi (p<0.05), # significant 
difference in RTSi (p<0.05), § significant difference of the same sign before and after closure 
(p <0.05). 
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Synthesis 

5 Synthesis 

In view of the steadily increasing demand for services and goods provided by marine 

ecosystems, scientists call for a sustainable resource management based upon an 

ecosystem approach (e.g. Pauly et al. 2002, Browman & Stergiou 2004, 2005). 

Correspondingly, the relationship between biodiversity and trophic functioning has become a 

central issue of ecology during recent years (e.g. Loreau et al. 2001, Ives et al. 2005). 

Trophic complexity, i.e. taxonomic and trophic diversity, and trophic redundancy are major 

determinants of ecological functioning in terms of stability properties (e.g. Paine 1992, Polis 

& Strong 1996, Thébault & Loreau 2003, De Ruiter et al. 2005, Duffy et al. 2007). Recent 

studies followed this lead, examining the consequences of human impacts, such as the loss 

or extinction of species (e.g. Dunne et al. 2002, Christianou & Ebenman 2005), on 

ecosystems or the response of communities to perturbations (e.g. McCann 2000, Dunne et 

al. 2004). 

Human interference in marine ecosystems affects trophic complexity and thus overall 

ecological functioning (Vitousek et al. 1997). Decimation or even elimination of top predators 

by fisheries (e.g. Pauly et al. 1998, Dobson et al. 2006) skews ecosystems trophically (Duffy 

2003) and may cause a cascade of unintended ecological changes (e.g. Post 2002a, 

Bascompte et al. 2005). One classical example for such cascading effects is the kelp – sea 

urchin – sea otter food chain in the northeast Pacific Ocean (Estes & Palmisano 1974): The 

removal of otters caused a population explosion of their sea urchin prey. Overgrazing of kelp 

forests by the urchin led to habitat destruction and a severe loss of biodiversity.  

Beyond the human impact on top predators, fishery constitutes a permanent disturbance that 

causes a gradual degradation in overall food web complexity: by and by all but the most 

resistant species are eliminated which are mainly those near the base of the food web 

(Menge & Sutherland 1987), and this obviously affects prey species diversity for consumers 

at higher trophic levels (Briand & Cohen 1987, Duffy 2003). 

Fishery causes not only a loss in biodiversity but, through reduction of food web complexity, 

a degradation of ecological functioning, possibly leading to a loss in community stability 

properties (Figure 9, Menge & Sutherland 1987, Pauly et al. 1998, Jackson et al. 2001, 

Worm et al. 2006). Apparently, these changes are more obvious in hitherto pristine 

communities such as cold coral reefs off the Norwegean coast (e.g. Fosså et al. 2002, Hall-

Spencer et al. 2002), but continue more subtle in already affected areas. Ecologists predict 

that a decrease in food web complexity will – finally – lead to a reduction in services and 

goods, e.g. through a reduced trophic flow to those high trophic level species that are 

preferred fishery targets (see e.g. Naeem & Shibin 1997, Chapin III et al. 2000, Loreau et al. 

2001).  
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Figure 9: Simplified coastal food web with and without effects of overfishing (a) before 
industrial fishing exploitation and (b) after/ongoing exploitation. Large-sized 
coloured symbols indicate abundance or dominance of species; small-sized grey 
symbols indicate reduction or rarity of species. Thick red lines indicate important 
interactions within the web (modified from Jackson et al. 2001). 
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The severity of change depends on structure and dynamics of the system, i.e. the number 

and kinds of species, their trophic traits and interactions which are lost or potentially added 

to the system (e.g. Duffy 2003, De Ruiter et al. 2005). Most marine food webs are 

comparatively flexible, and able to adapt quickly in terms of species inventory and trophic 

traits (Link 2002, Link et al. 2005). Concurrently, the maintenance of key trophic features and 

thus the main trophic pathways in the food web is essential for community resilience and 

resistance despite perturbations (De Ruiter et al. 2005).  

Furthermore, the severity of change depends on the strength and frequency of perturbations 

(Connell 1978). ‘Persistent’ systems are expected to remain essentially unchanged through 

time; ‘resilient’ systems might get changed with respect to their traits only temporarily, and 

return to a reference state (or dynamics) after the perturbation; ‘resistant’ systems are 

changed continuously by frequent perturbations which requires a profound internal system 

reorganisation to withstand the permanent stress (e.g. Arntz 1981, Boesch & Rosenberg 

1981, Grimm et al. 1992, Pimm 1984). 

Human impact on marine systems is strongest in coastal regions (Vitousek et al. 1997), and 

the German Bight is one of most intensely used and impacted marine areas of the world. 

The system is confronted with and shaped by numerous anthropogenic interferences, but 

especially by bottom trawling. Statistically, each spot of sea bottom is trawled at least once 

every year (see PUBLICATION V). Regarding the benthic community structure, it seems to be 

quite contradictory to adapt to frequent disturbance through a continuously changing species 

inventory on the one hand, and to keep the main trophic pathways and thus maximum 

capacity for resistance on the other hand. 

5.1 Macrozoobenthic response to fishery 

In highly dynamic ecosystems, it is problematic to single out a certain effector such as 

bottom trawling owing to the overall high variability caused by a variety of natural and 

anthropogenic perturbations (see Chapter 2.1). More often than not, cause-and-effect 

studies based on multivariate community analysis fail to detect significant effects of their 

target parameter, e.g. bottom trawling, because of the predominance of seasonal and year-

to-year patterns, see e.g. PUBLICATION IV (compare Fig. 16.14 with Fig. 16.15 and Fig. 16.32 

with Fig. 16.33). Moreover, some of the structural changes observed in the North Sea 

benthos over the last decades might rather be related to climatic changes or eutrophication 

(e.g. Kröncke 1992, Kröncke et al. 1998, Frid 2006). Nevertheless, historical data and 

scientific evidence clearly indicate that decades of bottom trawling have changed the 

German Bight ecosystem distinctly in its structure (see e.g. Jennings et al. 2001a, Callaway 

et al. 2007) and this chapter will focus on this particular question. The relative role of multi-

factorial effects on the benthic community structure will be discussed below (Chapter 5.2 and 

5.3). 
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Ecologcial theory predicts that trophic complexity defines the variety of trophic traits within a 

community, and thus its potential trophic flexibility (MacArthur 1955, McCann 2000, Duffy 

2003, Duffy et al. 2007). Natural dynamics and intense bottom trawling over at least five 

decades (Lindeboom & de Groot 1998, Rijnsdorp et al. 1998, Rumohr & Kujawski 2000) 

have structured the benthic community of the German Bight in terms of species inventory 

and trophic traits (see Chapter 2.3, PUBLICATION II). So far, trawling impact studies have 

failed to address the full taxonomic diversity of a food web, although there is a general 

agreement that the species is the evolutionarily derived basic entity of ecological functioning. 

Thus it is likely that those studies failed to resolve the full impact of trawling on the trophic 

system. 

In this context, there are two obvious questions: (1) If the ecological functioning is defined by 

the species based trophic complexity, and the community structure has been continuously 

affected by trawling, what kind of trophic structure can we expect in such a system? and (2) 

What happens to the trophic structure of the benthic ecosystem if trawling stops? 

5.1.1 Response to frequent bottom trawling 

Food-web structure is not merely a reflection of species trophic elevation, i.e. the relative 

distance of a species to the primary food source within the food web hierarchy, but 

eventually the sum of all trophic interactions in the system. Species with seemingly ‘similar’ 

trophic elevations may play quite different roles for ecological functioning, owing to 

differences in the strength of specific trophic links (e.g. Pimm & Lawton 1978, Polis & Holt 

1992, Polis & Strong 1996, Duffy et al. 2007). Hence, trophic interactions constitute a crucial 

part of ecological functioning and thus are a significant determinant of community stability 

properties (e.g. MacArthur 1955, May 1974, McCann 2000). Particularly ‘weak’ interactions 

are predicted to enhance community resistance (e.g. McCann et al. 1998, Berlow 1999, 

McCann 2000).  

The German Bight benthic system comprises no typical specialised species, i.e. species with 

few prey items and thus, few comparatively strong trophic links (PUBLICATION II). Most 

species are trophic generalists and hence the food web is characterised by a high proportion 

of ‘weak’ links (PUBLICATION II). The dominance of generalists results from the continuous 

trawling impact: species that profit from bottom trawling are (i) predators/scavengers that 

utilise the additional food subsidies (bycatch, discards and gear-induced mortality) such as 

Corystes cassivelaunus, Asterias rubens, Liocarcinus holsatus and Pagurus bernhardus 

(PUBLICATION IV, PUBLICATION V, e.g. Arntz & Weber 1970, Ramsay et al. 1998, Fonds & 

Groenewold 2000, Groenewold & Fonds 2000, Bergmann et al. 2002), and (ii) species which 

feed more or less unselectively on the ‘storage pool’ detritus such as Echinocardium 

cordatum and Lanice conchilega (PUBLICATION V, e.g. Pearson & Rosenberg 1978, Wieking 

& Kröncke 2003, Kröncke et al. 2004). Owing to their vulnerablity to food alterations, it is 

likely that specialists have been eliminated by permanent bottom trawling first (see Menge & 
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Sutherland 1987), subsequently replaced by generalistic species. Consequently, bottom 

trawling is responsible for the high level of trophic redundancy in the benthic system, and 

thus has created artificially enhanced community resistance (PUBLICATION II, e.g. McCann et 

al. 1998, Berlow 1999, Eggers & Jones 2000, McCann 2000).  

 

Bottom trawling not only selects towards trophic generalists, but also towards species 

comparably small in size, with short life cycles and high turnover rates (Figure 10b – d; 

PUBLICATION IV, PUBLICATION V, e.g. Menge & Sutherland 1987, Collie et al. 2000). These are 

lifestyle features that reduce vulnerability with respect to permanent disturbance by trawling 

and thus enhance overall system resistance (e.g. DeAngelis 1980, Jennings et al. 2001a, 

2001b, Hiddink et al. 2006a, Duineveld et al. 2007). 

The overall pattern of mainly ‘weak’ trophic interactions and thus of high species trophic 

redundancy has fundamental implications for the whole benthic food web structure. 

Ecosystems that are subjected to frequent/semi-continuous perturbations such as the 

German Bight show moderate to low biodiversity. This results from the ‘physical’ elimination 

of vulnerable and possibly specialised species (e.g. Jennings & Kaiser 1998, Blanchard et al. 

2004, Callaway et al. 2007), the loss of top predators such as seabirds, marine mammals 

and fish (see Pauly et al. 1998, Wolff 2000, Pauly & Palomares 2005), and indirect 

elimination of species through the loss of habitat complexity (e.g. Riesen & Reise 1982, 

Briand & Cohen 1987, Thrush & Dayton 2002). Consequently, trophic complexity in highly 

trawled areas is comparatively low (PUBLICATION II), whereas trophic redundancy is high 

(PUBLICATION II, Figure 10a). The latter may be seen as a crucial buffer that secures sufficient 

resistance capacity to balance bottom-trawling pressure (insurance hypothesis, see 

PUBLICATION II, Naeem & Shibin 1997, Naeem 1998, Yachi & Loreau 1999).  

Ecological theory predicts exactly such a food web structure, as well as high turnover rates 

of species for a system subjected to continuous disturbance (e.g. Menge & Sutherland 1987, 

Jennings et al. 2001b, Dunne et al. 2004, Hiddink et al. 2006a, Queirós et al. 2006), as 

manifest in terms of hydrodynamics and particularly long-term bottom trawling in the German 

Bight (see Kröncke et al. 1998, Clark & Frid 2001, Kaiser et al. 2002, Callaway et al. 2007). 

Accordingly, the benthic food web of my study area is dominated by small species with 

comparably low trophic elevation in abundance (Figure 10b, PUBLICATION IV). Large species 

with low trophic elevation and small species with intermediate trophic elevations constitute 

The food web of the German Bight soft-bottom community is dominated by species that 

are trophic generalists. This results from the continuous trawling impact which selects 

against trophic specialists and towards trophic generalists, i.e. predators/scavengers that 

profit from the trawling-induced food subsidies and species feeding unselectively on 

detritus. Consequently, bottom trawling created artificially resistance of the community by 

mainly ‘weak’ trophic links between species and thus high trophic redundancy. 
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the major part of biomass (Figure 10c, PUBLICATION IV). The energy flow through the system, 

i.e. the trophic significance of species (indicated by species metabolism scaled abundance, 

see PUBLICATION V for details), is mainly driven by small species with intermediate trophic 

elevations (Figure 10d).  
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Figure 10: Distribution of (a) species number, (b) abundance, (c) biomass and (d) trophic 
significance as share (all in % with similar scale) with respect to trophic elevation 
and body mass of the macrozoobenthic species in the study area. 

So far, there are no studies with comparable data to my German Bight example, i.e. that 

have determined trophic complexity and trophic redundancy with comparable parameters 

and at such a highly resolved scale. However, if the continuously disturbed German Bight 

system is taken as a reference point for a typical resistant system, then predictions can be 

made of how trophic complexity and redundancy should measure in systems of different 

settings. ‘Persistent’ systems characterised by low levels of disturbance, long-term 

constancy and consequently high biodiversity (e.g. the Antarctic system, coral reefs and kelp 

forests, e.g. Vitousek et al. 1997, Jackson et al. 2001, Fosså et al. 2002, Jacob et al. 2006) 
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should have a higher trophic complexity, lower trophic redundancy and slower turnover 

rates. ‘Resilient’ systems that experience regularly albeit ‘random’ catastrophic disturbance 

events and subsequent recolonisation, and thus consequently comparably low biodiversity 

(e.g. the Baltic Sea system, e.g. Pearson & Rosenberg 1978, Arntz & Rumohr 1982, Nilsson 

& Rosenberg 2000, Bonsdorff 2006) should have lower trophic complexity and lower trophic 

redundancy but higher turnover rates. In ‘resilient’ systems such as the Baltic Sea, 

disturbances might not be bufferd by trophic redundancy owing to the comparably low 

biodiversity. This lack of buffering capacity is likely to be counterbalanced by system 

dynamics, i.e. a high turnover rate which shortens the recovery time after perturbations (e.g. 

DeAngelis 1980, Arntz 1981, Boesch & Rosenberg 1981, Begon et al. 1996). 

Hence, ecosystem stability (resistance, resilience and persistence) is a function of the 

balance between specialised and generalistic species, the extent of community trophic 

complexity as well as trophic redundancy, and system dynamics. It remains to be seen to 

what extent this food-web structure of weak interactions, high trophic redundancy and the 

shift of energy flow pathways towards smaller species with high turnover rates secures 

sufficient resistance to balance bottom-trawling pressure.  
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Bottom trawling creates artificial resistance of the benthic food web: by mainly ‘weak’ 

trophic links between species, high trophic redundancy and energy flow based on small 

species with high turnover rates. These food-web properties guarantee maximum capacity 

of resistance and keep the main trophic pathways despite a continuously changing species 

inventory by frequent bottom trawling. 
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.1.2 Response to trawling cessation 

bservations of ‘real world’ recovery after cessation of trawling are scarce. Estimates of 

ecovery rates are based on either experimental trawling or on the comparison of ‘lightly’ and 

heavily’ trawled areas and the models derived thereof. These models predict recovery times 

f 100 days in terms of numerical abundance (Collie et al. 2000) and 1 – 3 years in terms of 

iomass and production (Hiddink et al. 2006b). However, soft-bottom monitoring studies 

ndicate longer recovery times after perturbations (more than 3 years, e.g. Pearson & 

osenberg 1978, Arntz & Rumohr 1982, Collie et al. 2005, Smith et al. 2006, De Juan et al. 

007). Regarding these estimates, is there a chance to detect any signs of recovery after 

nly 14 months of closure in a highly dynamic ecosystem such as the German Bight? 

bviously, there is, if one looks at the right parameters: Differences in the benthic 

ommunity were identified by trophic parameters (PUBLICATION V).  

he absence of physical sediment disturbance of fishing gear appears to be the principle 

ause: the biogeochemnisty changed, i.e. sedimentary organic compounds were lower in the 

on-trawled area (see PUBLICATION V). Accordingly, community trophic significance was 

ower, too, particularly owing to a lower trophic significance of the infaunal deposit feeder 
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Echinocardium cordatum. This species prefers sediments rich in organic content (Wieking & 

Kröncke 2003, Kröncke et al. 2004) and its population seems to be rather less affected  by 

bottom trawling (Bergman & Hup 1992, Kaiser et al. 2006, Tillin et al. 2006,  Duineveld et al. 

2007).  

The share of small interface feeders (e.g. Owenia fusiformis, Spiophanes bombyx) and 

deposit feeders (e.g. Chaetozone cf. setosa) in community energy flow increased distinctly 

after cessation of trawling (PUBLICATION V). There was, however, no evidence for a change in 

diet, although these species depend on high quality food particles (e.g. Kröncke et al. 2004, 

Wieking & Kröncke 2005). Therefore, we conclude that the absence of physical disturbance 

is the major driver of this change, as it allows for an increased settlement in these species 

(PUBLICATION V). Their stronger presence and thus stronger processing of sedimentary 

organic compounds appears to be partly responsible for biogeochemical changes in the 

sediment (sensu Brown et al. 2005). Analysis based on abundance data detected as well 

increased settlement in the non-trawled area, albeit with a lower statistical significance (see 

PUBLICATION IV). 

Increased trophic elevation of deposit feeders such as Pectinaria koreni, E. cordatum and 

Tellimya ferruginosa (PUBLICATION V) is likely to be related to an altered sediment 

biogeochemistry, too. Trawling cessation leads to an increase in benthic microbial activity 

(Pusceddu et al. 2005) and subsequent biogeochemical alteration of the processed 

particulate organic matter (see PUBLICATION V for further details). This signal is passed on to 

the benthic primary consumers, especially to those feeding on refractory material such as 

deposit feeders.  

The second cause for differences in the benthic community appears to be the absence of 

fishery-generated additional and artificial food sources, i.e. gear-induced mortality and 

discards. Particularly large and mobile trophic generalists profit from the easily accessible, 

comparably high trophic level food generated by trawling (e.g. Arntz & Weber 1970, Fonds & 

Groenewold 2000, Groenewold & Fonds 2000, Rumohr & Kujawski 2000). Accordingly, 

trophic elevations are expected to be lower in the non-trawled area and trophic analysis 

detected such alimentation shifts in the facultative predating/scavenging Ophiura albida, 

Euspira pulchella and Scolelepis bonnieri (PUBLICATION V, Nagabhushanam & Colman 1959, 

Kenchington et al. 1998). Surprisingly, there were no such shifts in large, mobile predators 

and scavengers that are known to benefit from the trawling generated food subsidies, such 

as A. rubens, A. irregularis and L. holsatus (PUBLICATION V). Obviously, these trophic 

generalists cover such a trophically wide prey range (e.g. Pimm & Lawton 1978, Cohen et al. 

1993, Davenport & Bax 2002) that a fishery related shift in diet is not detectable in species 

trophic elevation. There is, however, a clear signal in trophic significance, which is distinctly 

lower in the non-trawled area (PUBLICATION V). The disappearance of trawling generated 

food sources may have forced these generalists to migrate from non-trawled to trawled 

areas (PUBLICATION V). Migration as response to trawling cessation seems to be the 
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strongest signal. It was also identifiable with analysis based on species abundance and 

biomass (PUBLICATION IV), and already observed by Smith et al. (2006) and De Juan et al. 

(2007).  
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Trawling cessation led to (1) a lower trophic significance of the community, (2) higher 

relative numerical abundance and higher trophic significance of small interface feeders, (3) 

higher trophic elevation of deposit feeders, (4) lower trophic elevation of small facultative 

predators and scavengers and (5) a lower abundance and lower trophic significance of 

predators/scavengers. Most likely, a change in biogeochemistry owing to the absence of 

physical sediment disturbance and the loss of food generated by trawling are the major 

reasons for these changes. 

 

fter 14 month of fishery closure, we were neither able to detect changes in the distribution 

f trophic elevation among species, as were Jennings et al. (2001a), nor to identify a distinct 

egime shift with multivariate-community analysis (PUBLICATION IV, PUBLICATION V).  

he lack of change in the distribution of trophic elevation, most likely, results from the 

enthic trophic resistance (PUBLICATION II, see Chapter 5.1.1). Decades of bottom trawling 

ave created a highly artificial but trophically robust system (PUBLICATION II, PUBLICATION V), 

nd a fishery closure of only 14 months is too short to cause significant changes in the food-

eb structure. 

n terms of numerical measures, the results of PUBLICATION IV fit in the recent history of 

ttempts to identify trawling impact on the benthic ecological functioning: Certain strategies, 

uch as the analysis of changes in habitat complexity (e.g. Thrush et al. 2001, Thrush & 

ayton 2002), low taxonomic or functional resolution (e.g. PUBLICATION IV, Blanchard et al. 

004, Tillin et al. 2006) or the concentration on purely numerical parameters (species 

umber, abundance, biomass), apparently fail to capture subtle changes in highly dynamic 

cosystems (see PUBLICATION IV, Queirós et al. 2006, Tillin et al. 2006). Particularly in small 

nfaunal species, significant and consistent changes following trawling cessation are quite 

ifficult to detect with numerical measures. Duineveld et al. (2007), for example, was not 

ble to provide such evidence even 20 years after closure.  

he results of this thesis (compare results of PUBLICATION IV and PUBLICATION V) indicate that 

pecies trophic characteristics, the principal lever of ecological functioning (e.g. May 1974, 

ohen 1978, Pimm 1982), are a much better indicator of response to trawling cessation than 

pecies numerical measures. Obviously, the indirect effects of trawling, i.e. the alteration of 

iogeochemical composition of the sediment and trophic distortion of food input (bycatch, 

iscards and gear-induced mortality) are – at least at timescales as short as here – more 

mportant than direct damage and mortality. 

s there any chance that without fisheries the benthos will return to a condition that 

esembles the pre-trawling ‘pristine’ state? For the foreseeable future such a return seems 

ather unlikely, because many decades of bottom trawling caused quite irreversible changes, 
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1

such as the loss of habitat diversity (e.g. Riesen & Reise 1982, Auster & Langton 1999), and 

the significant impact of external factors such as pollution (e.g. Duineveld et al. 1991, 

Basford et al. 1993) and climate change (Kröncke et al. 2001, Lotze et al. 2005, Frid 2006) 

persists (see chapter 5.3). Large-scale cessation of trawling is likely to cause a benthic 

regime shift (sensu Amaro 2005, Allen & Clarke 2007, Van Nes et al. 2007) towards a high 

biomass-low turnover system, presumably with higher biodiversity (see Worm et al. 2006). A 

foreseeable chance for a large-scale fishery ban might be the numerous planned offshore 

windmill farms along the coasts (Petersen & Malm 2006). However, it is unpredictable what 

this benthic community will look like in terms of species inventory and food-web structure, 

and how long the process of a potential regime shift will take. 
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Trophic characteristics are better and more significant indicators of subtle responses to 

trawling cessation than numerical measures (species number, abundance, biomass), at 

least over short timescales as in this thesis.  

After 14 months of closure, however, significant changes in the distribution of trophic 

elevation among species were not detectable. Decades of bottom trawling created a highly 

artificial but robust system, and a fishery closure of only 14 months is too short to cause 

significant changes in the food-web structure. A large-scale and long-term fishery ban is 

likely to cause a benthic regime shift towards a kind of ‘pre-trawling’ state, but this will 

require a very long time. 
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.2 Other anthropogenic impacts on the zoobenthos 

he major problem of human impacts is that they do not act in isolation, but may impose 

dditive or synergistic effects upon the affected ecosystem (e.g. Kröncke et al. 1998, Sala et 

l. 2000, Duffy et al. 2007). A complete overview of all multi-factorial and particularly indirect 

ffects of human impacts on the German Bight benthos is not within the scope of this thesis. 

evertheless, I will discuss some interactions and how they interfere with the benthic system 

Figure 11). Moreover, some changes in the benthic community might cause feedback 

rocesses on ecosystem services and goods which will be discussed later (see Chapter 5.3). 

irst and foremost, the macrozoobenthic response to disturbances is a species specific one 

e.g. Pearson & Rosenberg 1978, Boesch & Rosenberg 1981, Arntz & Rumohr 1982, 

röncke et al. 1998, Kröncke et al. 2001, this study). As the species is the evolutionarily 

erived basic entity of ecological functioning, alterations in species inventory affect the 

verall benthic system, i.e. its biomass distribution, productivity, and trophic structure (Figure 

1, blue arrows).  

ome human activities affect the benthic ecosystem on a local scale only (Figure 11). 

rtificial hard substrates such as sheet pile walls, wind turbines or oil rigs cause primarily 

hysical sediment disturbance. They alter the hydrographical conditions which leads to a 
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modification of the surrounding sediment (grain-size alteration, scour development), and 

consequently to a change in the species inventory of the adjacent soft-bottom fauna 

(PUBLICATION III, e.g. Davis et al. 1982, Nelson et al. 1994). At the same time, they provide a 

three dimensional habitat for hard-bottom species which enhance biodiversity locally (e.g. 

Petersen & Malm 2006), and which constitute an additional food input (e.g. Wolfson et al. 

1979, Ambrose & Anderson 1990, Fabi et al. 2002). Not only hard-bottom predators might be 

attracted thereby, but also those of the surrounding soft-bottom community (PUBLICATION III, 

e.g. Posey & Ambrose 1994, Petersen & Malm 2006, Wilhelmsson et al. 2006). In view of 

hundreds of planned wind turbines, these locally restricted alterations might lead to hitherto 

unknown cumulative effects on a larger spatial scale (see PUBLICATION III for detailed 

discussion). However, the effect of the turbines on the environment may be outweighed by 

the fact that bottom trawling, the most serious impact on the benthos, will be banned within 

windmill farms. 
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Figure 11: Simplified cause-and-effect chains of the most important anthropogenic impacts 
on benthic communities in the German Bight. Grey arrows indicate the different 
cause-parameter-effect chains; blue both-way arrows indicate indirect alterations 
of the benthic system by changes in species inventory (see text).  

Dumping causes physical stress (burial, smothering, grain-size alteration) for the benthic 

community (e.g. Stronkhorst et al. 2003). In addition, sewage dumping affects the benthic 

fauna similar to eutrophication, i.e. organic enrichment of the sediment (see below, e.g. 

Rachor 1980, Mühlenhardt-Siegel 1981, Mühlenhardt-Siegel 1990). However, the 

introduction of sewage sludge in marine sediments has decreased over the last decades. 

Harbour-sludge dumping causes not only physical disturbance of the benthos, but might 

cause as well chemical contamination of the sediment which is passed to the benthos by e.g. 

feeding on detritus (e.g. Rosenberg 1977, Stronkhorst et al. 2003, Witt et al. 2004). 

Eutrophication is the principal large scale anthropogenic impact on marine systems (Figure 

11). It enhances the amount of nutrients and leads to increased primary production which is 

passed to the benthos by sedimentation (benthic-pelagic coupling, e.g. Tunberg & Nelson 
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1998, Kirby et al. 2007). Consequently, organic enrichment of the sediment initially causes 

an increase in benthic biomass (e.g. Pearson & Rosenberg 1978, Kröncke et al. 1998) and 

can lead to shifts in the trophic structure (e.g. Pearson & Rosenberg 1978, Wieking & 

Kröncke 2005, Kröncke 2006). In the last instance, such oversupply of organic matter can 

exhaust the aerobic degradation capacity of the benthic system, and induce mortality of 

species sensitive to oxygen deficiency (e.g. Pearson & Rosenberg 1978, Arntz & Rumohr 

1982, Arntz & Rumohr 1986, Rachor 1990, Nilsson & Rosenberg 2000). 

Climate change affects the benthic ecosystem primarily through alterations in the 

temperature regime and the hydrodynamical regime, i.e. frequency and strength of storms. 

Such changes favour more resistant species and consequently shift the species composition 

(e.g. Kröncke et al. 1998, Armonies et al. 2001, Kröncke et al. 2001, Schröder 2005, Frid 

2006, Pörtner & Knust 2007). Secondary effects of climate change may become visible in 

the food regime: increased temperature may lead to (a) higher primary production (e.g. 

McQuatters-Gollop et al. 2007) and consequently affects the benthos similar to 

eutrophication, (b) a temporal delay in phytoplankton succession which causes lifecyle/food-

resource mismatch (e.g. Beaugrand et al. 2003, Wiltshire & Manly 2004) and (c) higher 

inefficiency of food supply along the trophic hierarchy: increased temperature causes higher 

respiration rates of poikilothermal species which results in lower secondary production (e.g. 

Begon et al. 1996). As the current benthic system consists of mainly small species (see 

Chapter 5.1.1) with generally higher respiration rates, the effect of inefficient food supply 

might be additively amplified. 

Introduction of alien species through long distance transport of larvae (ballast water) or 

adults (fouling organisms) by ships is, besides fishery impacts (see Chapter 5.1 for detailed 

discussion), the only other direct impact on the species inventory (Carlton & Geller 1993, 

Cohen & Carlton 1998). The overall effect of invaders depends on how they integrate into 

the community: they range from co-existence to extinction of indigenous species (e.g. Essink 

& Dekker 2002). 

Anthropogenic impact does not only act on various spatial scales (Figure 11), but also on 

different time scales, i.e. long-term (e.g. climatic changes, artificial hard substrates), 

frequently (e.g. trawling) or comparably short-term (e.g. dumping). The severity of the effect 

on the benthic fauna depends on the strength and the frequency of the impact (e.g. Connell 

1978). Trawling is the most frequent impact in the southern North Sea, but it does not act in 

isolation. Other human impacts and natural forces may enhance or dampen it, but such 

interactions are complex. At present, they are hardly assessable, albeit together they shape 

the present community characteristics (see Kröncke et al. 1998, Kröncke et al. 2001, Frid 

2006). Especially in conjunction with indirect effects via biological interactions, anthropogenic 

interference leads to indirect and potentially unpredictable consequences in ecological 

functioning (see Chapter 5.3, e.g. Myers 1995, Duffy et al. 2007). 
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5.3 Ecological implications 

The severity of ecosystem changes results from the external forcing factors, natural and 

anthropogenic ones, their severity, and from the ecological traits an ecosystem has to buffer 

perturbation stress (e.g. Yachi & Loreau 1999, McCann 2000, Duffy et al. 2007). Hence, as 

species are the principle lever of ecological functioning, ecosystem changes are a result of 

the number and kinds of species which are lost or potentially added to the system (e.g. 

Boesch & Rosenberg 1981, Duffy 2003, De Ruiter et al. 2005). 

The German Bight benthic system is affected by numerous natural (chapter 2.1) and 

anthropogenic perturbations (chapter 5.2). The complexity of this multi-factorial picture does 

not allow for an in-depth discussion of the whole setting. On the other hand, ecological 

alterations caused by fishery disturbance can not be treated in isolation, because other 

anthropogenic impacts impose additive and synergistic effects (see chapter 5.2). 

Nevertheless, bottom trawling is the most severe and most frequent impact in the southern 

North Sea, and it has caused a considerable loss of species and habitats over the last 

century (e.g. Riesen & Reise 1982, Callaway et al. 2007) with subsequent changes in 

ecological functioning (see chapter 5.1). Jackson et al. (2001) suggested that overfishing 

may often be a necessary precondition for other anthropogenic impacts such as 

eutrophication and invasion of species to occur.  

In the following, I discuss the consequences of species loss on ecosystem services induced 

by fishery, and the potential species gain and its consequence for the benthic community 

that may arise from climate warming and species invasion. 

Past and ongoing bottom trawling causes a decline in habitat complexity such as the loss of 

once common seagrass beds and natural reefs (Riesen & Reise 1982, Auster & Langton 

1999). The loss of highly structured habitats leads to a loss of refuges (see Figure 12) and 

has a significantly negative influence on growth and survivorship of commercially valuable 

species (e.g. Briand & Cohen 1987, Watling & Norse 1998, Thrush & Dayton 2002). 

Moreover, overexploitation of mussel beds has led to a considerable loss of filter feeders and 

consequently to a deterioration of water quality (e.g. enhanced eutrophication, more toxic 

plankton blooms), subsequently affecting leisure, tourism and human well-being (see Riesen 

& Reise 1982, Vitousek et al. 1997, Jackson et al. 2001). 

Different types of anthropogenic impact in the German Bight act on different temporal and 

spatial scales, although they do not act in isolation. Furthermore, although all disturbances 

affect primarily certain species, concurrently they affect the overall benthic system since 

species are the evolutionarily derived basic entity of ecological functioning. Accordingly, 

anthropogenic impacts impose additive or synergistic effects upon the German Bight 

ecosystem with indirect and potentially unpredictable consequences for ecosystem 

functioning. 
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Figure 12. North Sea-bottom fotos: stones and sand-rippels providing a three-dimensional 
habitat (left side) and untextured surface caused by bottom trawling (right side); 
(scale: 0.75 m2). 

Bottom trawling causes a loss of high trophic level species. ‘Fishing down the food web’ 

characterises the long-term development of world fisheries: the shift from long-lived, large, 

high trophic level, piscivorous species towards short-lived, small, low trophic level species, 

owing to the seemingly unavoidable overexploitation of every target stock (see Pauly et al. 

1998, Pauly & Palomares 2005). Extinction of high trophic level species can lead to 

unintended cascading effects along the food web hierarchy (e.g. Post 2002a, Bascompte et 

al. 2005). On the one hand, a decrease in piscivorous fish can lead to an increase in 

planktivorous pelagic fish stocks (direct positive effect). On the other hand, it can lead to a 

decrease in planktivorous pelagic fish because of missing ‘beneficial predation’, i.e. preying 

on other predators or competitors of the planktivorous fish species (indirect positive effect) 

(see Sih et al. 1985, Pauly et al. 2002, Morissette et al. 2006). Hence, overexploitation can 

indirectly lead to a loss of other valuable resources (e.g. Pauly et al. 1998, Frank et al. 2005) 

or to an overwhelming increase in other species, e.g. jellyfish (e.g. Mills 2001, Daskalov 

2002). For example, the overexploitation of pelagic planktivorous fish (together with 

eutrophication) caused a burst of the invasive ctenophore Mnemiopsis leidyi in the Black 

Sea, not vice versa as generally believed (Gucu 2002): both species feed on phytoplankton 

and the decrease in planktivorous fish released the ctenophore from food competition.  

Human interferences such as bottom trawling trigger directly or indirectly ecosystem 

processes through decimation, extinction of species or changes in species distribution. This 

impact on ecosystem processes is more obvious in hitherto pristine communities (e.g. Fosså 
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et al. 2002, Hall-Spencer et al. 2002), but is continuing more subtly in already affected areas 

(see chapter 5.1). Therefore, ecological theory predicts that past, ongoing and forthcoming 

indirect and synergistic human impacts on ecological functioning will lead to a further 

reduction in services and goods (Naeem & Shibin 1997, Chapin III et al. 2000, Loreau et al. 

2001, Dobson et al. 2006). 

Forthcoming synergistic effects on the German Bight benthos may arise from climate change 

and increased species invasion. Over the last decades, climate warming has caused 

biogeographical shifts in several species (see Perry et al. 2005, Sims 2006). In the southern 

North Sea, the water temperature has risen by 1.1°C over the last 45 years (Wiltshire & 

Manly 2004), and concurrently, more southern species have been reported ‘visiting’ the 

North Sea (see Franke & Gutow 2004, Sims 2006, Wätjen 2007), a recent example is the 

above named ctenophore Mnemiopsis leidyi (Boersma et al. 2007, pers. communication K. 

Barz). 

Whether invasive species establish successfully in an ecosystem depends on (a) the 

accessibility of the habitat, (b) the capability of the prevailing ecosystem to support the non-

indigenous species (Vander Zanden et al. 2004, Reise et al. 2006) and (c) the potential 

competitive advantage of the invader over native species (e.g. Stachowicz et al. 2002b).  

On the one hand, the German Bight is easily accessible via larval dispersal and migration 

through the natural Atlantic Ocean corridors (e.g. Reise et al. 2006), particularly since the 

inflow of Atlantic-water masses in the North Sea has increased over the last decades (e.g. 

Edwards et al. 2002, Beaugrand 2004). On the other hand, the German Bight is an invasion 

‘hot spot’ because of intense transoceanic shipping traffic, and thus carriage of non-

indigenous species by ship ballast water and hull fouling (e.g. Gollasch 1996, Ricciardi & 

Rasmussen 1998). 

Ecological theory predicts that less diverse communities with low trophic complexity are 

more susceptible to invasions because of lower competition of invaders with native species 

for food and space, i.e. there might be more opportunities for an invader to establish 

successfully in the ecosystem (sensu Elton 1958, Stachowicz et al. 1999, Duffy 2003). The 

southern North Sea is a geologically very young sea (about 10 000 years, Becker et al. 

1992) and not all species niches might yet be filled. Moreover, past and ongoing 

disturbances keep the German Bight system ‘open’ for invasion by the continuous loss of 

species and the consequent low trophic complexity (PUBLICATION II). A number of invaders 

have already established populations in the southern North Sea successfully (mainly since 

1950, Gollasch 2006), most of them rather by integration into the prevailing community than 

by ‘conquering’ niches from local species (see Reise et al. 1999, Essink & Dekker 2002, 

Reise et al. 2006, Dannheim & Rumohr submitted).  

Invasions might become, even more than today, a significant aspect of climate change on 

ecological functioning. For example, the interaction of overexploitation and climate warming 

is responsible for the dramatic decrease in North Sea cod (Gadus morhua) (Casini et al. 
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2005, Perry et al. 2005, Stige et al. 2006). In contrast, the abundance of grey gurnard 

(Eutrigla gurnardus) has increased, and the species occupies a trophic niche similar to that 

once occupied by cod (Floeter et al. 2005). The red mullet (Mullus surmuletus), a lusitanian 

species which has continuously expanded its range into the southern and western North Sea 

during the last fifteen years, can be expected to fill the ‘empty’ cod-niche, too, at least the 

niche of small cod (Wätjen 2007).  

The current benthic community is able to resist permanent physical stress and adapt to an 

altered food regime (chapter 5.1 and  5.2), but it remains to be seen whether and to what 

extent the benthic species are able to adapt physiologically to higher temperatures (see 

example of eelpout (Zoarces viviparus) in Pörtner & Knust 2007). Invaders from the south 

are better adapted to higher temperatures, an important advantage over native species that 

becomes manifest e.g. by differential recruitment success (e.g. Stachowicz et al. 2002b, 

Diederich et al. 2005), and finally by successful establishment in the German Bight (see 

example of Crassostrea gigas – Mytilus edulis in Diederich et al. 2005, Nehls et al. 2006). 

Currently, overexploitation and climate change are causing dramatic alterations in many 

coastal ecosystems resulting in changes in species composition (both through local 

extinctions as well as the introduction of new species) and, as a result, changes in the 

linkages between the different components of the food web (e.g. McCann et al. 1998, 

McCann 2000, Stachowicz et al. 2002a, Vander Zanden et al. 2004). Synergistic effects of 

expected food web shifts in combination with environmental changes may threaten marine 

ecosystem stability and recovery potential. This in turn may lead to significant and potentially 

irreversible changes in coastal ecosystem characteristics and services (e.g. Vitousek et al. 

1997, Sala et al. 2000, Dobson et al. 2006). 

The species inventory of a given ecosystem results from the interplay of environmental 

conditions, evolutionary adaptation and immigration of predisposed species. Accelerated 

environmental change might topple the delicate balance between selective and adaptive 

forces, when species elimination and replacement are out of synchrony, causing change or 

loss of ecosystem functioning. Understanding ecosystem change thus requires 

understanding of species response including differential responses of interacting species. 

 

Human interferences such as bottom trawling directly or indirectly trigger the loss of 

species, and as a result, change ecosystem processes which will – finally – lead to a 

reduction in services and goods.  

Overexploitation and climate change are causing dramatic alterations in many coastal 

ecosystems in species compositon and subsequent changes in the food web structure. 

This may lead to signifcant and potentially irreversible changes in coastal ecosystem 

characteristics and services. Accelerated environmental change might topple the current 

ecosystem stablilty properties, causing change or loss of ecosystem functioning. 
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5.4 Future challenges 

This case study of the German Bight benthos demonstrates how strongly bottom trawling 

affects the trophic structure of the benthic system and that it will not return towards a pre-

trawling “pristine” stage in the foreseeable future. In contrast, continuous climate warming 

(Edwards et al. 2002, Beaugrand 2004, Wiltshire & Manly 2004) and increased species 

invasion (e.g. Reise et al. 2006, Sims 2006) might put further pressure on the benthic 

community (see Vitousek et al. 1997, Kröncke et al. 1998, Sala et al. 2000, Duffy et al. 

2007). 

Hence, reducing trawling pressure in the southern North Sea is indispensable, not only in 

order to re-establish an ecosystem-compatible and sustainable fishery management that 

fulfils the increasing demand for marine services and goods (e.g. Pauly et al. 2002, Cury et 

al. 2005, Worm et al. 2006), but also for enhancing ecological ‘quality’ (higher biodiversity 

and higher trophic complexity) in the long term. Permanent and large marine protected areas 

with ‘no-take’ reserves at their core may be one way to achieve this goal. They are likely to 

cause a shift towards a high biomass-low turnover system, presumably with higher 

biodiversity (sensu Worm et al. 2006, Allen & Clarke 2007, Van Nes et al. 2007) and positive 

spillover effects such as an increase in fish populations in the surroundings (e.g. Murawski et 

al. 2000, Roberts et al. 2001). A forthcoming and rather ‘practial’ chance for conceivable 

long-term and large-scale closure might be the planned offshore windmill farms in the 

German Bight (Petersen & Malm 2006). 

Although scientists and politicians agree that sustainability of fisheries can only be managed 

with a comprehensive ecological approach, the practial accomplishment is quite difficult, i.e. 

habitats and species differ in their sensivity to trawling impact (see Browman & Stergiou 

2004, Dobson et al. 2006, Gray et al. 2006, Hiddink et al. 2007, this study). Hence, a central 

issue concerning sustainability is still the lack of knowledge on ecological functioning of 

coastal ecosystems (Cury 2004 in Browman & Stergiou 2004, Frid et al. 2006). In the public 

as well as in science, charismatic or economically important marine species still receive 

much more attention (Pinnegar et al. 2005, Dobson et al. 2006) than inconspicuous ones, 

albeit they may contribute much more to crucial ecological processes (Hall & Raffaelli 1993, 

Arntz et al. 1999, Jennings 2005). In order to develop ecologically meaningful management 

approaches at the ecosystem level, it is inevitable to better understand basic ecological 

functioning and stress response of the benthic system. Therefore, future research should 

focus on: 

trophic properties as they offer reliable data for ecological changes, especially in highly 

dynamic coastal ecosystems such as the German Bight, because (a) they seem to be 

less affected by natural environmental variability than numerical measures (species 

number, abundance and biomass) and (b) a number of anthropogenic impacts alter, 

directly or indirectly, the food regime; 
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species sensivity to disturbances because (a) the species is the evolutionarily derived 

basic unit of ecological functioning, (b) seemingly functionally ‘similar’ species may differ 

in their response to perturbations and (c) every response of a system starts with the 

response of certain species. ‘Do not classify! Look how organisms create, maintain and 

change their habitat!’ (Pearson 2007); 

connections between occurrence, distribution and trophic properties of species, i.e. 

species share in total energy flow of a system and species trophic niche width; these 

parameters link ecological patterns to environmental processes and thus provide 

information on (a) community structure in terms of stability properties and (b) habitat 

characteristics and habitat distributions, e.g. essential feeding habitats. (c) The 

combination of (a) and (b) might be an initial step forward to ‘design ecological rules’ for 

marine protected areas, i.e. how they should be adjusted to regions and ecosystems 

(Frid et al. 2006). 

Ecosystem functioning and the linkage between environmental patterns, anthropogenic 

disturbances and ecological processes will be the major challenge in future marine research 

(e.g. Hutchinson 1959, Polis & Strong 1996, McCann 2000, Dunne et al. 2002, Duffy et al. 

2007). This is essential for developing ecosystem approaches for sustainable fishery 

management and to move beyond the case-by-case responding, i.e. focusing on the most 

recent symptoms of the problem, than rather understanding the intrinsic mechanisms 

(Jackson et al. 2001). For the time being, the uncertainties regarding synergistic effects of 

anthropogenic impacts and our prevailing ignorance of the details of ecological functioning 

(e.g. Myers 1995, Loreau et al. 2001, Duffy et al. 2007) suggest that we should handle 

coastal ecosystems as carefully as possible. 
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“Only after the last tree has been cut down, 

only after the last river has been poisoned, 

only after the last fish has been caught, 

then will you find that money cannot be eaten.“ 
(Cree Prophecy) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 187



 

 

 188 



Acknowledgements 

6 Acknowledgements 

Numerous people accompanied and supported me during my thesis. I would like to thank 

those people as a large, albeit hidden, part of this work rested on their shoulders.  

I would like to thank Prof. Dr. Wolf E. Arntz for supporting and reviewing this work, as well as 

for the constructive contribution to the last publication. Many thanks to PD Dr. Ingrid Kröncke 

for reviewing this work.  

Furthermore, I would like to thank the members of my PhD committee who kept a watch on 

the thesis’ development: Wolf E. Arntz, Thomas Brey, Rainer Knust and Alexander Schröder. 

Many thanks to the present and alumni collegues of my working group: Alex, Annika, Cora, 

Cova, Eike, Elke, Eva, Fiete, Ina, Inken, Kai, Katja, Kristin, Lars, Manuela, Maria, Michael, 

Philipp, Rainer, Roland and Tanja. 

Moreover, I would like to thank my co-authors of the publications: Tom, Tanja, Alex, Uli, Ute, 

Barbara, Cova, Rainer, Kristin, Katja and Wolf Arntz. You improved the manuscripts a lot! 

Special thanks to Ulrich Struck who did all my stable isotope measurements and always 

gave helpful hints for sample treatment concerning stable isotope ratios. 

I thank the crew of the RV Heincke for supporting me during the six cruises and the great 

time on board. I would like to thank Elke and Manuela, and ‘Aquamarin’ for processing parts 

the grab samples, as well as ‘watten & meer’, Kai and Fiete, for processing the beam-trawl 

samples. Without ‘Hiwi’s’ and students, I would not have been able to get along with the 

nearly unmanageable number of stable isotope and grab samples: Maria, Ina, Philipp, Cora, 

Kristin and Annika: thank you for your help! 

I would like to thank the foundation “Aktion Seeklar” for providing me the money to travel to 

the EMBS 41th in Cork. Without, I would not have been able to present my results on 

changes in the benthic trophic structure by bottom trawling in front of an international 

audience. Furthermore, I would like to thank Ingrid Kolar and Prof. Dr. Monika Bright for their 

invitation to Vienna providing me the chance to talk about the consequences of fishery to the 

public. I really enjoyed the time in Vienna! 

I am very grateful to Tom. You taught me ‘real statistics’ and how to keep things simple when 

they get complicated. You improved my writing and my sense for structuring texts logically. 

You never got tired to go through my manuscripts and my dissertation, and always had an 

open ear. Thank you for frequently coming around to the Columbuscenter, “just to have a 

look”, for fruitful discussions and for always encouraging me. You never got tired of sorting 

my thoughts. 

Alex, I thank you a lot for supporting me from the very beginning in the RESPONSE project, 

for helping me with the analyses of the hardly comprehensible “data flood”, for encouraging 

me to prepare posters, talks, improving my English, structuring my ideas and supporting me 

during my very first steps on “international science ground”. 

 189



Acknowledgements 

 

I thank the “RESPONSE-Team” for the friendly welcome at my first international meeting and 

the ones that followed. Thank you guys for the great teamwork, for extending my knowledge 

on others than the North Sea ecosystem, for giving me an understanding of different 

perceptions of ecological alterations by trawling impact, and in particular for broadening my 

horizon in terms of culture, meals, drinks, pubs and how beautiful meeting evenings can be 

in Wales, Spain and Italy. 

Heye, thank you for ‘capturing’ me in Kiel and for making me a benthic ecologist! 

I would like to thank my friends who supported me all the time during this thesis, who 

encouraged me a lot, who straightened me when things got worse and and and… 

Icke, thank you for finding the best encouraging words anytime (“Keep your peeker up, 

‘benthic-rocket’!”), Nicki for listening to my endless “monologues” on my trophic and benthic 

stuff, to take me at the dike and particularly for your help in formatting in the final thesis 

stage. Stina, my jellyfish-goddess, thank you for running with me against stress, reading and 

structuring the thesis frame, for bringing sweets along and the every-day comic. Melanie 

thank you for kicking me to go out and for taking me to the unforgettable Arctic journey with 

Polarstern. Inken and Tanja, thank you for late-office ‘conversations’ and for numerous stair-

breaks, not the best for my lungs but the best to get frustration from my chest. Thanks to all 

other friends from Bremerhaven, particularly to my flatmates who kept me alive. 

Imke, Heiko, Nadja and Sonja: Thank you for your year-long friendship, your patience, 

listening, your helpful advices and for distracting me from my every-day hassles.  

Finally, I am deeply grateful to my family, Lyschen, Tina and Wolf. Evelyn, Julie, Josi, Jasi 

and Kai: there is no way to express in words in how many ways you supported me (…or 

these acknowledgements would never finish…). Thank you Mum for supporting me, for your 

trust, for being there whenever I needed you. Julie, Josi and Jasi, members of the ‘sister-

code-club’, you always kept me laughing, cheered me up and showed me what’s best on 

earth: to be four of us. Thank you! 

 

Thank you all so much! 

 

 190 



Literature 

7 Literature 

Adams TS, Sterner RW (2000). The effect of dietary nitrogen content on trophic level 15N 

enrichment. Limnol Oceanogr, 45: 601-607 

Allen JI, Clarke KR (2007). Effects of demersal trawling on ecosystem functioning in the 

North Sea: a modelling study. Mar Ecol Prog Ser, 336: 63-75 

Amaro TPF (2005). The benthic shift of the Frisian Front (Southern North Sea) ecosystem - 

Possible mechanisms. Dissertation, University of Wageningen: pp 193 

Ambrose RF, Anderson TW (1990). Influence of an artificial reef on the surrounding infaunal 

community. Mar Biol, 107: 41-52 

Armonies W, Herre E, Sturm M (2001). Effects of the severe winter 1995/96 on the benthic 

macrofauna of the Wadden Sea and the coastal North Sea near the Island of Sylt. 

Helgol Mar Res, 55: 170-175 

Arntz WE, Weber W (1970). Cyprina islandica L. (Mollusca, Bivalvia) als Nahrung von 

Dorsch und Kliesche in der Kieler Bucht. Ber dt Wiss Komm Meeresforsch, 21: 193-

209 

Arntz WE (1977-1978). The food of adult cod Gadus morhua (L.) in the Western Baltic. 

Meeresforschung, 26: 61-69 

Arntz WE (1981). Zonation and dynamics of macrobenthos biomass in an area stressed by 

oxygen deficiency. In: Barrett GW, Rosenberg R (eds). Stress Effects on Natural 

Ecosystems. Wiley, J. & Sons Ltd., Chauvin: 215-225 

Arntz WE, Rumohr H (1982). An experimental study of macrobenthic colonization and 

succession, and the importance of seasonal variation in temperate latitudes. J Exp 

Mar Biol Ecol, 64: 17-46 

Arntz WE, Rumohr H (1986). Fluctuations of benthic macrofauna during succession and in 

an established community. Rep Mar Res, 31: 97-114 

Arntz WE, Gili JM, Reise K (1999). Unjustifiably ignored: Reflections on the role of benthos 

in marine ecosystems. In: Gray JS, Ambrose WG, Szaniawska A (eds). 

Biogeochemical Cycling and Sediment Ecology. Kluwer Academic Publishers, the 

Netherlands: 105-124 

Auster PJ, Langton RW (1999). The effects of fishing on fish habitat. In: Benaka L (ed). Fish 

Habitat: Essential Fish Habitat (EFH) and rehabilitation. Am Fish Soc: 150-187 

 191



Literature 

Ball BJ, Fox G, Munday BW (2000). Long- and short-term consequences of a Nephrops 

trawl fishery on the benthos and environment of the Irish Sea. ICES J Mar Sci, 57: 

1315-1320 

Bascompte J, Melian CJ, Sala E (2005). Interaction strength combinations and the 

overfishing of a marine food web. Proc Natl Acad Sci USA, 102: 5443-5447 

Basford DJ, Eleftheriou A, Davies IM, Irion G, Soltwedel T (1993). The ICES North Sea 

benthos survey: the sedimentary environment. ICES J Mar Sci, 50: 71-80 

Bearhop S, Adams CE, Waldron S, Fuller RA, Macleod H (2004). Determining trophic niche 

width: a novel approach using stable isotope analysis. J Anim Ecol, 73: 1007-1012 

Beaugrand G, Brander KM, Alistair Lindley J, Souissi S, Reid PC (2003). Plankton effect on 

cod recruitment in the North Sea. Nature, 426: 661-664 

Beaugrand G (2004). The North Sea regime shift: evidence, causes, mechanisms and 

consequences. Prog Oceanogr, 60: 245-262 

Becker GA, Dick S, Dippner JW (1992). Hydrography of the German Bight. Mar Ecol Prog 

Ser, 91: 9-18 

Begon ME, Harper JL, Townsend CR (1996). Ecology. Blackwell Science, Oxford: pp 1068 

Bengtsson J (1994). Confounding variables and independent observations in comparative 

analyses of food webs. Ecology, 75: 1282-1288 

Bergman MJN, Fonds M, Hup M, Lewis P, van der Puyl P, Stam A, den Uyl D (1990). Direct 

effects of beamtrawl fishing on benthic fauna in the North Sea. BEON Report, 8: 33-

57 

Bergman MJN, Hup M (1992). Direct effects of beamtrawling on macrofauna in a sandy 

sediment in the southern North Sea. ICES J Mar Sci, 49: 5-11 

Bergman MJN, van Santbrink JW (2000). Mortality in megafaunal benthic populations 

caused by trawl fisheries on the Dutch continental shelf in the North Sea in 1994. 

ICES J Mar Sci, 57: 1321-1331 

Bergmann M, Beare DJ, Moore PG (2001). Damage sustained by epibenthic invertebrates 

discarded in the Nephrops fishery of the Clyde Sea area, Scotland. J Sea Res, 45: 

105-118 

 

 

 192 



Literature 

Bergmann M, Wieczorek SK, Moore PG, Atkinson RJA (2002). Utilisation of invertebrates 

discarded from the Nephrops fishery by variously selective benthic scavengers in the 

west of Scotland. Mar Ecol Prog Ser, 233: 185-198 

Berlow EL (1999). Strong effects of weak interactions in ecological communities. Nature, 

398: 330-334 

Beukema JJ (1992). Expected changes in the Wadden Sea benthos in a warmer world: 

lessons from periods with mild winters. Neth J Sea Res, 30: 73-79 

Blanchard F, LeLoc'h F, Hily C, Boucher J (2004). Fishing effects on diversity, size and 

community structure of the benthic invertebrate and fish megafauna on the Bay of 

Biscay coast of France. Mar Ecol Prog Ser, 280: 249-260 

Blegvad H (1914). Food and conditions of nourishment among the communities of 

invertebrate animals found on or in the sea bottom in Danish waters. Report of the 

Danish Biological station of Agriculture, 12: 41-78 

Blegvad H (1922). Animal communities in the Southern North Sea. Proc Zool Soc Lond, 

1922: 27-32 

Boersma M, Malzahn A, Greve W, Javidpour J (2007). The first occurrence of the 

ctenophore  Mnemiopsis leidyi in the North Sea. Helgol Mar Res, 61: 153-155 

Boesch DF, Rosenberg R (1981). Response to stress in marine benthic communities. In: 

Barrett GW, Rosenberg R (eds). Stress Effects on Natural Ecosystems. Wiley, J. & 

Sons Ltd., Chauvin: 179-199 

Bonsdorff E (2006). Zoobenthic diversity-gradients in the Baltic Sea: Continuous post-glacial 

succession in a stressed ecosystem. J Exp Mar Biol Ecol, 330: 383-391 

Boysen-Jensen P (1919). Valuation of the Limfjord. I. Studies in the fish-food in the Limfjord 

1909-1917, its quantity, variation and annual production. Rep Dan Biol Stat. 

Centraltrykkeriet, Copenhagen: pp 44 

Bradshaw C, Veale LO, Brand AR (2002). The role of scallop-dredge disturbance in long-

term changes in Irish Sea benthic communities: a re-analysis of an historical dataset. 

J Sea Res, 47: 161-184 

Briand F, Cohen J (1987). Environmental correlates of food chain length. Science, 238: 956-

960 

Briand F, Cohen JE (1984). Community food webs have scale-invariant structure. Nature, 

307: 264-267 

 193



Literature 

Brose U, Jonsson T, Berlow EL, Warren P, Banasek-Richter C, Bersier LF, Blanchard JL, 

Brey T, Carpenter SR, Blandenier MFC, Cushing L, Dawah HA, Dell T, Edwards F, 

Harper-Smith S, Jacob U, Ledger ME, Martinez ND, Memmott J, Mintenbeck K, 

Pinnegar JK, Rall BC, Rayner TS, Reuman DC, Ruess L, Ulrich W, Williams RJ, 

Woodward G, Cohen JE (2006). Consumer-resource body-size relationships in 

natural food webs. Ecology, 87: 2411-2417 

Browman HI, Stergiou KI (2004). Perspectives on ecosystem-based approaches to the 

management of marine resources. Mar Ecol Prog Ser, 274: 269-303 

Browman HI, Stergiou KI (2005). Politics and socio-economics of ecosystem-based 

management of marine resources. Mar Ecol Prog Ser, 300: 241-296 

Brown EJ, Finney B, Dommisse M,  Hills S (2005). Effects of commercial otter trawling on 

the physical environment of the southeastern Bering Sea. Cont Shelf Res, 25: 1281-

1301 

Brylinsky M, Gibson J, Gordon DC (1994). Impacts of flounder trawls on the intertidal habitat 

and community of the Minas Basin, Bay of Fundy. Can J Fish Aquat Sci, 51: 650-661 

Buschmann H, Keller M, Porret N, Dietz H, Edwards PJ (2005). The effect of slug grazing on 

vegetation development and plant species diversity in an experimental grassland. 

Funct Ecol, 19: 291-298 

Callaway R, Engelhard GH, Dann J, Cotter J, Rumohr H (2007). A century of North Sea 

epibenthos and trawling: comparison between 1902-12, 1982-85 and 2000. Mar Ecol 

Prog Ser, 346: 27-43 

Cardinale BJ, Srivastava DS, Duffy JE, Wright JP, Downing AL, Sankaran M, Jouseau C 

(2006). Effects of biodiversity on the functioning of trophic groups and ecosystems. 

Nature, 443: 989-992 

Carlton JT, Geller JB (1993). Ecological roulette: The global transport of nonindigenous 

marine organisms. Science, 261: 78-82 

Casini M, Cardinale M, Hjelm J, Vitale F (2005). Trends in cpue and related changes in 

spatial distribution of demersal fish species in the Kattegat and Skagerrak, eastern 

North Sea, between 1981 and 2003. ICES J Mar Sci, 62: 671-682 

Chapin III FS, Zavaleta ES, Eviner VT, Naylor RL, Vitousek PM , Reynolds HL, Hooper DU, 

Lavorel S, Sala OE, Hobbie SE, Mack MC, Diaz S (2000). Consequences of 

changing biodiversity. Nature, 405: 234-242 

 194 



Literature 

Christianou M, Ebenman B (2005). Keystone species and vulnerable species in ecological 

communities: strong or weak interactors? J Theor Biol, 235: 95-103 

Churchill JH (1989). The effect of commercial trawling on sediment resuspension and 

transport over the Middle Atlantic Bight continental shelf. Cont Shelf Res, 9: 841-865 

Clark RA, Frid CLJ (2001). Long-term changes in the North Sea ecosystem. Env Rev, 9: 

131-187 

Cohen AN, Carlton JT (1998). Accelerating invasion rate in a highly invaded estuary. 

Science, 279: 555-558 

Cohen JE (1978). Food Webs and Niche Space. Princeton University Press, Princeton, New 

Jersey: pp 189 

Cohen JE, Pimm SL, Yodzis P, Saldana J (1993). Body sizes of animal predators and animal 

prey in food webs. J Anim Ecol, 62: 67-78 

Collie JS, Hall SJ, Kaiser MJ, Poiner IR (2000). A qualitative analysis of fishing impacts on 

shelf-sea benthos. J Anim Ecol, 69: 785-798 

Collie JS, Hermsen JM, Valentine PC, Almeida FP (2005). Effects of fishing on gravel 

habitats: assessment and recovery of benthic megafauna on Georges Bank. In: 

Barnes PW, Thomas JP (eds.) Benthic Habitats and the Effect of Fishing. American 

Fisheries Society, Bethesda: 325-343 

Connell JH (1978). Diversity in tropical rain forests and coral reefs. Science, 199: 1302-1310 

Cury PM, Shannon LJ, Roux JP, Daskalov GM, Jarre A, Moloney CL, Pauly D (2005). 

Trophodynamic indicators for an ecosystem approach to fisheries. ICES J Mar Sci, 

62: 430-44 

Dannheim J, Rumohr H (submitted). The fate of an immigrant: Ensis americanus in the 

eastern German Bight. J Sea Res 

Daskalov GM (2002). Overfishing drives a trophic cascade in the black sea. Mar Ecol Prog 

Ser, 225: 53-63 

Davenport SR, Bax NJ (2002). A trophic study of a marine ecosystem off southeastern 

Australia using stable isotopes of carbon and nitrogen. Can J Fish Aquat Sci, 59: 

514-530 

Davis N, van Blaricom GR, Dayton PK (1982). Man-made structures on marine sediments: 

Effects on adjacent benthic communities. Mar Biol, 70: 295-303 

 195



Literature 

Dayton PK, Thrush SF, Agardy MT, Hofman RJ (1995). Environmental effects of marine 

fishing. Aquatic Conserv Mar Freshw Ecosyst, 5: 205-232 

De Groot SJ (1984). The impact of bottom trawling on benthic fauna of the North Sea. Ocean 

Manage, 9: 177-190 

De Groot SJ, Lindeboom HJ (1994). Environmental impact of bottom gears on benthic fauna 

in relation to natural resources management and protection of the North Sea. NIOZ-

Rapport 1994-11, RIVO-DLO report CO26/94, Netherlands Institute for Sea 

Research, Den Burg, Texel: pp 257 

De Juan S, Thrush SF, Demestre M (2007). Functional changes as indicators of trawling 

disturbance on a benthic community located in a fishing ground (NW Mediterranean 

Sea). Mar Ecol Prog Ser, 334: 117-129 

De la Morinière EC, Pollux BJA, Nagelkerken I, Hemminga MA, Huiskes AHL, Van der Velde 

G (2003). Ontogenetic dietary changes of coral reef fishes in the mangrove-

seagrass-reef continuum: stable isotopes and gut-content analysis. Mar Ecol Prog 

Ser, 246: 279-289 

De Madron XD, Ferré B, Le Corre G, Grenz C, Conan P, Pujo-Pay M, Buscail R, Bodiot O 

(2005). Trawling-induced resuspension and dispersal of muddy sediments and 

dissolved elements in the Gulf of Lion (NW Mediterranean). Cont Shelf Res, 25: 

2387-2409 

De Niro MJ, Epstein S (1978). Influence of diet on the distribution of carbon isotopes in 

animals. Geochim Cosmochim Ac, 42: 495-506 

De Niro MJ, Epstein S (1981). Influence of diet on the distribution of nitrogen isotopes in 

animals. Geochim Cosmochim Ac, 45: 341-351 

De Ruiter PC, Wolters V, Moore JC, Winemiller KO (2005). Food web ecology: playing 

Jenga and beyond. Science, 309: 68-71 

DeAngelis DL (1980). Energy flow, nutrient cycling, and ecosystem resilience. Ecology, 61: 

764-771 

Diederich S, Nehls G, van Beusekom JEE, Reise K (2005). Introduced Pacific oysters 

(Crassostrea gigas) in the northern Wadden Sea: invasion accelerated by warm 

summers? Helgol Mar Res, 59: 97-106 

Dinmore TA, Jennings S (2004). Predicting abundance-body mass relationships in benthic 

infaunal communities. Mar Ecol Prog Ser, 276: 289-292 

 196 



Literature 

Dittmann S, Grimm V (1999). ELAWAT: Goals and Conseptual Framework. In: Dittmann S 

(ed). The Wadden Sea Ecosystem: Stability Properties and Mechanisms. Verlag 

Springer, Berlin Heidelberg: 5-13 

Dobson A, Lodge D, Alder J, Cumming GS, Keymer J, McGlade J, Mooney H, Rusak JA, 

Sala O, Wolters V, Wall D, Winfree R, Xenopoulos MA (2006). Habitat loss, trophic 

collapse, and the decline of ecosystem services. Ecology, 87: 1915-1924 

Ducrotoy JP, Elliott M, De Jonge VN (2000). The North Sea. Mar Pollut Bull, 41: 5-23 

Duffy JE (2003). Biodiversity loss, trophic skew and ecosystem functioning. Ecol Lett, 6: 680-

687 

Duffy JE, Cardinale BJ, France KE, McIntyre PB, Thebault E, Loreau M (2007). The 

functional role of biodiversity in ecosystems: incorporating trophic complexity. Ecol 

Lett, 10: 522-538 

Duineveld GCA, Kuenitzer A, Niermann U, De Wilde PAJ, Gray JS (1991). The 

macrobenthos of the North Sea. Neth J Sea Res, 28: 53-56 

Duineveld GCA, Bergman MJN, Lavaleye MSS (2007). Effects of an area closed to fisheries 

on the composition of the benthic fauna in the southern North Sea. ICES J Mar Sci, 

64: 899-908 

Dunne JA, Williams RJ, Martinez ND (2002). Network structure and biodiversity loss in food 

webs: robustness increases with connectance. Ecol Lett, 5: 558-567 

Dunne JA, Williams RJ, Martinez ND (2004). Network structure and robustness of marine 

food webs. Mar Ecol Prog Ser, 273: 291-302 

Dunne JA, Brose U, Williams RJ, Martinez ND (2005). Modeling food-web dynamics: 

complexity-stability implications. In: Belgrano A, Scharler UM, Ulanowicz RE (eds). 

Aquatic Food Webs: An Ecosystem Approach. Oxford University Press, New York: 

117-129 

Duplisea DE, Jennings S, Warr KJ,  Dinmore TA (2002). A size-based model of the impacts 

of bottom trawling on benthic community structure. Can J Fish Aquat Sci, 59: 1785-

1795 

Dyer MF, Fry WG, Fry PD, Cranmer GJ (1983). Benthic regions within the North Sea. J Mar 

Biol Assoc UK, 63: 683-693 

 

 197



Literature 

Dörjes J, Michaelis H, Rhode B (1986). Long-term studies of macro-zoobenthos in the 

intertidal and shallow subtidal habitats near the island of Norderney (East Frisian 

coast, Germany). Hydrobiologia, 142: 217-232 

Edwards M, Beaugrand G, Reid PC, Rowden AA, Jones MB (2002). Ocean climate 

anomalies and the ecology of the North Sea. Mar Ecol Prog Ser, 239: 1-10 

Eggers T, Jones TH (2000). You are what you eat...or are you? Trends Ecol Evol, 15: 265-

266 

Ehrich S (1998). Development and geographical distribution of fishing effort in the North Sea. 

Dtsch Hydrogr Z, 85-89 

Eleftheriou A, Robertson MR (1992). The effects of experimental scallop dredging on the 

fauna and physical environment of a shallow sandy community. Neth J Sea Res, 30: 

289-299 

Elton CS (1927). Animal Ecology. Sidgwick and Jackson, London: pp 207 

Elton CS (1958). The Ecology of Invasions by Animal and Plants. Methuen, London: pp 181 

Essink K, Dekker R (2002). General patterns in invasion ecology tested in the Dutch 

Wadden Sea: the case of a brackish-marine polychaetous worm. Biol Invasions, 4: 

359-368 

Estes JA, Palmisano JF (1974). Sea otters: their role in structuring nearshore communities. 

Science, 185: 1058-1060 

Fabi G, Luccarini F, Panfili M, Solustri C, Spagnolo A (2002). Effects of an artificial reef on 

the surrounding soft-bottom community (central Adriatic Sea). ICES J Mar Sci, 59: 

343-349 

Fagan WF (1997). Omnivory as a stabilizing feature of natural communities. Am Nat, 150: 

554-567 

Floeter J, Kempf A, Vinther M, Schrum C, Temming A (2005). Grey gurnard (Eutrigla 

gurnadus) in the North Sea: an emerging key predator? Can J Fish Aquat Sci, 62: 

1853-1864 

Focken U, Becker K (1998). Metabolic fractionation of stable carbon isotopes: implications of 

different proximate compositions for studies of the aquatic food webs using δ13C 

data. Oecologia, 115: 337-343 

 

 198 



Literature 

Fonds M, Groenewold S (2000). Food subsidies generated by the beam-trawl fishery in the 

southern North Sea. In: Kaiser MJ, de Groot SJ (eds). Effects of Fishing on Non-

target Species and Habitats: biological, conservation and socio-economic issues. 

Blackwell Science, Oxford UK: 130-150 

Fonteyne R (2000). Physical impact of beam trawls on seabed sediments. In: Kaiser MJ, de 

Groot SJ (eds). Effects of Fishing on Non-target Species and Habitats: biological, 

conservation and socio-economic issues. Blackwell Science, Oxford UK: 15-36 

Forbes SA (1887). The lake as a microcosm. Bui Sci Ass Peoria, 77-87. Reprinted in: 

Bulletin of the Illinois State Natural History Survey (1925), 15: 537-550 

Fossĺ JH, Mortensen PB, Furevik DM (2002). The deep-water coral Lophelia pertusa in 

Norwegian waters: distribution and fishery impacts. Hydrobiologia, 471: 1-12 

France R, Chandler M, Peters R (1998). Mapping trophic continua of benthic foodwebs: 

Body size- δ15N relationships. Mar Ecol Prog Ser, 174: 301-306 

Frank KT, Petrie B, Choi JS, Leggett WC (2005). Trophic cascades in a formerly cod-

dominated ecosystem. Science, 308: 1621-1623 

Franke H-D, Gutow L (2004). Long-term changes in the macrozoobenthos around the rocky 

island of Helgoland (German Bight, North Sea). Helgol Mar Res, 58: 303-310 

Freese L, Auster PJ, Heifetz J, Wing BL (1999). Effects of trawling on seafloor habitat and 

associated invertebrate taxa in the Gulf of Alaska. Mar Ecol Prog Ser, 182: 119-126 

Frid CLJ, Clark RA (2000). Long-term changes in North Sea benthos: discerning the role of 

fisheries. In: Kaiser MJ, de Groot SJ (eds). Effects of Fishing on Non-target Species 

and Habitats: biological, conservation and socio-economic issues. Blackwell 

Science, Oxford UK: 198-216 

Frid CLJ (2006). Impacts of climate change on seabed ecology. In: Buckley PJ, Dye SR, 

Baxter JM (eds). Marine Climate Change Impacts Annual Report Card 2006. Online 

Summary Reports, MCCIP, Lowesoft:  pp 5 

Frid CLJ, Paramor OAL, Scott CL (2006). Ecosystem-based management of fisheries: is 

science limiting? ICES J Mar Sci, 63: 1567-1572 

Fry B, Sherr EB (1984). δ13C measurements as indicators of carbon flow in marine and 

freshwater ecosystems. Contrib Mar Sci, 27: 13-47 

Fry B (1988). Food web structure on Georges Bank from stable C, N, and S isotopic 

compositions. Limnol Oceanogr, 33: 1182-1190 

 199



Literature 

Genner MJ, Turner GF, Barker S, Hawkins SJ (1999). Niche segregation among Lake 

Malawi cichlid fishes? Evidence from stable isotope signatures. Ecol Lett, 2: 185-190 

Gilkinson K, Paulin M, Hurley S, Schwinghamer P (1998). Impacts of trawl door scouring on 

infaunal bivalves: results of a physical trawl door model/dense sand interaction. J 

Exp Mar Biol Ecol, 224: 291-312 

Glémarec M (1973). The benthic communities of the European North Atlantic shelf. 

Oceanogr Mar Biol Annu Rev, 11: 263-289 

Goldwasser L, Roughgarden J (1997). Sampling effects and the estimation of food-web 

properties. Ecology, 78: 41-54 

Gollasch S (1996). Untersuchungen des Arteintrages durch den internationalen 

Schiffsverkehr unter besonderer Berücksichtigung nichtheimischer Arten. 

Dissertation, University of Hamburg: pp 314 

Gollasch S (2006). Overview on introduced aquatic species in European navigational and 

adjacent waters. Helgol Mar Res, 60: 84-89 

Gordon HS (1954). The economic theory of a common-property resource: the fishery. J Polit 

Econ, 62: 124-142 

Graham M (1955). Effect of trawling on animals of the sea bed. Deep-Sea Res, 3 (Suppl.): 1-

6 

Gray JS (1977). The stability of benthic ecosystems. Helgol Mar Res, 30: 427-444 

Gray JS, Dayton P, Thrush S, Kaiser MJ (2006). On effects of trawling, benthos and 

sampling design. Mar Pollut Bull, 52: 840-843 

Gray JS, Dayton P, Thrush S, Kaiser MJ (2007a). Fishing for facts on the environmental 

effects of trawling and dredge fisheries: reply to Lokkeborg. Mar Pollut Bull, 54: 497-

500 

Gray JS, Dayton P, Thrush S, Kaiser MJ (2007b). From policy to practice in developing 

ecologically sustainable fisheries: reply to Valdimarsson? Mar Pollut Bull, 54: 491-

493 

Grimm V, Schmidt E, Wissel C (1992). On the application of stability concepts in ecology. 

Ecol Model, 63: 143-161 

 

 

 200 



Literature 

Groenewold S, Fonds M (2000). Effects on benthic scavengers of discards and damaged 

benthos produced by the beam-trawl fishery in the southern North Sea. ICES J Mar 

Sci, 57: 1395-1406 

Gucu AC (2002). Can overfishing be responsible for the successful establishment of 

Mnemiopsis leidyi in the Black Sea? Estuar Coast Shelf Sci, 54: 439-451 

Hagmeier A (1925). Vorläufiger Bericht über die vorbereitenden Untersuchungen der 

Bodenfauna der Deutschen Bucht mit dem Petersen-Bodengreifer.  Ber dt Wiss 

Komm Meeresforsch, 1: 247-272 

Hall SJ, Raffaelli D (1991). Food-web patterns: lessons from a species-rich web. Ecology, 

60: 823-842 

Hall SJ, Raffaelli DG (1993). Food webs: theory and reality. Adv Ecol Res, 24: 187-239 

Hall SJ (1999). The Effects of Fishing on Marine Ecosystems and Communities. Blackwell 

Science, Oxford UK: pp 274 

Hall-Spencer J, Allain V, Fossĺ JH (2002). Trawling damage to Northeast Atlantic ancient 

coral reefs. Proc R Soc Lond B, 269: 507-511 

Hardin G (1968). The tragedy of the commons. Science, 162: 1243-1248 

Heip CHR, Basford D, Craeymeersch JA, Dewarumez JM, Doerjes J, De Wilde P, Duineveld 

G, Eleftheriou A, Herman PMJ, Niermann U, Kingston P,  Kuenitzer A, Rachor E, 

Rumohr H, Soetaert K (1992). Trends in biomass, density and diversity of North Sea 

macrofauna. ICES J Mar Sci, 49: 13-22 

Hickel W, Mangelsdorf P, Berg J (1993). The human impact in the German Bight: 

eutrophication during three decades (1962-1991). Helgol Mar Res, 47: 243-263 

Hiddink JG, Jennings S, Kaiser MJ, Queirós AM, Duplisea DE, Piet GJ (2006a). Cumulative 

impacts of seabed trawl disturbance on benthic biomass, production, and species 

richness in different habitats. Can J Fish Aquat Sci, 63: 721-736 

Hiddink JG, Jennings S, Kaiser MJ (2006b). Indicators of the ecological impact of bottom-

trawl disturbance on seabed communities. Ecosystems, 9: 1190-1199 

Hiddink JG, Hutton T, Jennings S,  Kaiser MJ (2006c). Predicting the effects of area closures 

and fishing effort restrictions on the production, biomass and species richness of 

benthic invertebrate communities. ICES J Mar Sci, 63: 822-830 

 

 201



Literature 

Hiddink JG, Jennings S, Kaiser MJ (2007). Assessing and predicting the relative ecological 

impacts of disturbance on habitats with different sensitivities. J Appl Ecol, 44: 405-

413 

Hobson KA, Welch HE (1992). Determination of trophic relationships within a high arctic 

marine food web using δ13C and δ15N analysis. Mar Ecol Prog Ser, 84: 9-18 

Hooper DU, Chapin FS, Ewel JJ, Hector A, Inchausti P, Lavorel S, Lawton JH, Lodge DM, 

Loreau M, Naeem S, Schmid B, Setälä H, Symstad AJ,  Vandermeer J, Wardle DA 

(2005). Effects of Biodiversity on ecosytem functioning: a consensus of current 

knowledge. Ecol Monogr, 75: 3-35 

Hutchinson GE (1959). Homage to Santa Rosalia or Why are there so many kinds of 

animals? Am Nat, 93: 145-159 

Ives AR (2007). Diversity and stability in ecological communities. In: May R, McLean A (eds). 

Theoretical Ecology: Principles and Applications. Oxford University Press, New York: 

98-110 

Ives AR, Cardinale BJ, Snyder WE (2005). A synthesis of subdisciplines: predator-prey 

interactions, and biodiversity and ecosystem functioning. Ecol Lett, 8: 102-116 

Ives AR, Carpenter SR (2007). Stability and diversity of ecosystems. Science, 317: 58-62 

Jackson JBC, Kirby MX, Berger WH, Bjorndal KA, Botsford LW, Bourque BJ, Bradbury RH, 

Cooke R,  Erlandson J, Estes JA, Hughes TP, Kidwell S, Lange CB, Lenihan HS, 

Pandolfi JM, Peterson CH, Steneck RS, Tegner MJ, Warner RR (2001). Historical 

overfishing and the recent collapse of coastal ecosystems. Science, 293:  629-637 

Jacob U, Brey T, Fetzer I, Kaehler S, Mintenbeck K, Dunton K, Beyer K, Struck U, 

Pakhomov EA, Arntz WE (2006). Towards the trophic structure of the Bouvet Island 

marine ecosystem. Polar Biol, 29: 106-113 

Jacob U, Brose U, Jonsson T, Mintenbeck K, Morrisette L, Brey T (in prep.). A three-

dimensional approach to consumer trophic niche width based on prey-size, prey 

trophic position and prey mobility. 

Jennings S, Kaiser MJ (1998). The effects of fishing on marine ecosystems. Adv Mar Biol, 

34: 201-352 

Jennings S, Alsvĺg J, Cotter AJR, Ehrich S, Greenstreet SPR, Jarre-Teichmann A, Mergardt 

N, Rijnsdorp AD, Smedstad O (1999). Fishing effects in northeast Atlantic shelf 

seas: patterns in fishing effort, diversity and community structure. III. International 

 202 



Literature 

trawling effort in the North Sea: an analysis of spatial and temporal trends. Fish Res, 

40: 125-134 

Jennings S, Reynolds JD (2000). Impacts of fishing on diversity: from pattern to process. In: 

Kaiser MJ, de Groot SJ (eds). Effects of Fishing on Non-target Species and Habitats: 

biological, conservation and socio-economic issues. Blackwell Science, Oxford UK: 

235-250 

Jennings S, Pinnegar JK, Polunin NVC, Warr KJ (2001a). Impacts of trawling disturbance on 

the trophic structure of benthic invertebrate communities. Mar Ecol Prog Ser, 213: 

127-142 

Jennings S, Dinmore TA, Duplisea DE, Warr KJ, Lancaster JE (2001b). Trawling disturbance 

can modify benthic production processes. J Anim Ecol, 70: 459-475 

Jennings S, Nicholson MD, Dinmore TA, Lancaster JE (2002a). Effects of chronic trawling 

disturbance on the production of infaunal communities. Mar Ecol Prog Ser, 243: 251-

260 

Jennings S, Pinnegar JK, Polunin NVC, Warr KJ (2002b). Linking size-based and trophic 

analyses of benthic community structure. Mar Ecol Prog Ser, 226: 77-85 

Jennings S, Warr KJ, Mackinson S (2002c). Use of size-based production and stable isotope 

analyses to predict trophic transfer efficiencies and predator-prey body mass ratios 

in food webs. Mar Ecol Prog Ser, 240: 11-20 

Jennings S (2005). Size-based analyses of aquatic food webs. In: Belgrano A, Scharler UM, 

Ulanowicz RE (eds). Aquatic Food Webs: An Ecosystem Approach. Oxford 

University Press, New York: 86-97 

Kaiser J (2000). Rift over biodiversity divides ecologists. Science, 289: 1282-1283 

Kaiser MJ, Spencer BE (1995). Survival of by-catch from a beam trawl. Mar Ecol Prog Ser, 

126: 31-38 

Kaiser MJ (1996). Starfish damage as an indicator of trawling intensity. Mar Ecol Prog Ser, 

134: 303-307 

Kaiser MJ (1998). Significance of bottom-fishing disturbance. Conserv Biol, 12: 1230-1235 

Kaiser MJ, Collie JS, Hall SJ, Jennings S, Poiner IR (2002). Modification of marine habitats 

by trawling activities: prognosis and solutions. Fish Fish, 3: 114-136 

 

 203



Literature 

Kaiser MJ, Clarke KR, Hinz H, Austen MCV, Somerfield PJ, Karakassis I (2006). Global 

analysis of response and recovery of benthic biota to fishing. Mar Ecol Prog Ser, 

311: 1-14 

Kenchington E, Duggan R, Riddell T (1998). Early life history characteristics of the razor 

clam (Ensis directus) and the moonsnails (Euspira spp.) with applications to fisheries 

and aquaculture. Can Tech Rep Fish Aquat Sci, 2223: 39 

Kingston PF, Rachor E (1982). North Sea level bottom communities. ICES C M 1982/L:41: 

pp 20 

Kirby RR, Beaugrand G, Lindley JA,  Richardson AJ, Edwards M, Reid PC (2007). Climate 

effects and benthic-pelagic coupling in the North Sea. Mar Ecol Prog Ser, 330: 31-38 

Knust R, Heuers J, Suck I, Schröder A (2001). Bericht über die Rasterkartierung im Vorfeld 

einer Begleituntersuchung zum Bau und Betrieb einer Offshore-Windkraftanlage zur 

Gewinnung von Elektrischer Energie. Alfred-Wegener-Institut, Bremerhaven, pp 75 

Kröncke I (1992). Macrofauna standing stock of the Dogger Bank. A comparison: III. 1950-54 

versus 1985-87. A final summary. Helgol Mar Res, 46: 137-169 

Kröncke I (1995). Long-term changes in North Sea benthos. Senckenb Marit, 26: 73-80 

Kröncke I, Dippner JW, Heyen H, Zeiss B (1998). Long-term changes in macrofaunal 

communities off Norderney (East Frisia, Germany) in relation to climate variability. 

Mar Ecol Prog Ser, 167: 25-36 

Kröncke I, Zeiss B, Rensing C (2001). Long-term variability in macrofauna species 

composition off the island of Norderney (East Frisia, Germany) in relation to changes 

in climatic and environmental conditions. Senckenb Marit, 31: 65-82 

Kröncke I, Stoeck T, Wieking G, Palojärvi A (2004). Relationsship between structural and 

functional aspects of microbial and macrofaunal communities in different areas of the 

North Sea. Mar Ecol Prog Ser, 282: 13-31 

Kröncke I (2006). Structure and function of macrofaunal communities influenced by 

hydrodynamically controlled food availability in the Wadden Sea, the open North Sea 

and the Deep-Sea. A synopsis. Senckenb Marit, 36: 123-164 

Kuenitzer A, Basford D, Craeymeersch JA, Dewarumez J-M, Doerjes J, Duineveld GCA, 

Eleftheriou A, Heip CHR, Herman P, Kingston P, Niermann U, Rachor E, Rumohr H, 

de Wilde PAJ (1992 ). The benthic infauna of the North Sea: species distribution and 

assemblages. ICES J Mar Sci, 49: 127-143 

 204 



Literature 

Lindeboom HJ, de Groot SJ (1998). IMPACT II: The Effects of Different Types of Fisheries 

on the North Sea and Irish Sea Benthic Ecosystem. NIOZ-rapport 1998-1, RIVO-

DLO report CO03/98, Netherlands Institute for Sea Research, Den Burg, Texel: pp 

404 

Lindeboom HJ (2000). The need for closed areas as conservation. In: Kaiser MJ, de Groot 

SJ (eds). Effects of Fishing on Non-target Species and Habitats: biological, 

conservation and socio-economic issues. Blackwell Science, Oxford UK: 290-301 

Lindeman RL (1942). The trophic-dynamic aspect of ecology. Ecology, 23: 399-417 

Link J (2002). Does food web theory work with marine ecosystems? Mar Ecol Prog Ser, 203: 

1-9 

Link JS, Stockhausen WT, Methratta ET (2005). Food-web theory in marine ecosystems. In: 

Belgrano A, Scharler UM, Ulanowicz RE (eds). Aquatic Food Webs: An Ecosystem 

Approach. Oxford University Press, New York: 98-113 

Lokkeborg S (2007). Insufficient understanding of benthic impacts of trawling is due to 

methodological deficiencies - A reply to Gray et al. (2006). Mar Pollut Bull, 54: 494-

496 

Loreau M, Naeem S, Inchausti P, Bengtsson J, Grime JP, Hector A, Hooper DU, Huston MA, 

Raffaelli D, Schmid B, Tilman D, Wardle DA (2001). Biodiversity and ecosystem 

functioning: current knowledge and future challenges. Science, 294: 804-808 

Lorrain A, Paulet YM, Chauvaud L,  Savoye N, Donval A, Saout CH (2002). Differential delta 

δ13C and delta δ15N signatures among scallop tissues: implications for ecology and 

physiology. J Exp Mar Biol Ecol, 275: 47-61 

Lotze HK, Reise K, Worm B, Van Beusekom J, Busch M, Ehlers A, Heinrich D, Hoffmann 

RC, Holm P, Jensen C, Knottnerus OS, Langhanki N, Prummel W, Vollmer M, Wolff 

WJ (2005). Human transformations of the Wadden Sea ecosystem through time: a 

synthesis. Helgol Mar Res, 59: 84-95 

Lozán JL, Lenz W, Rachor E, Watermann B, von Westernhagen H (1990). Warnsignale aus 

der Nordsee. Verlag Paul Parey, Berlin und Hamburg: pp 428 

Lozán JL, Rachor E, Reise K, Sündermann J, von Westernhagen H (2003). Warnsignale aus 

Nordsee & Wattenmeer. Eine aktuelle Umweltbilanz. Verlag Wissenschaftliche 

Auswertungen, Hamburg: pp 448 

 

 205



Literature 

MacArthur R (1955). Fluctuations of animal populations and a measure of community 

stability. Ecology, 36: 533-536 

Malakoff D (2002). Sea-floor ecosystems: trawling's a drag for marine life, say studies. 

Science, 298: 2123 

Martinez ND (1991). Artifacts or attributes? Effects of resolution on the Little Rock Lake food 

web. Ecol Monogr, 61: 367-392 

Martinez ND (1992). Constant connectance in community food webs. Am Nat, 139: 1208-

1218 

Matthews B, Mazumder A (2004). A critical evaluation of intrapopulation variation of δ13C 

and isotopic evidence of individual specialization. Oecologia, 140: 361-371 

Matthews B, Mazumder A (2005). Temporal variation in body composition (C:N) helps 

explain seasonal patterns of zooplankton δ13C. Freshwat Biol, 50: 502-515 

May RM (1972). Will a large complex system be stable? Nature, 238: 413-414 

May RM (1974). Stability and Complexity in Model Ecosystems. Princeton University Press, 

Princeton, New Jersey: pp 265 

May RM (1983). The structure of food webs. Nature, 301: 566-568 

McCann K, Hastings A (1997). Re-evaluating the omnivory-stability relationship in food 

webs. Proc R Soc Lond B, 264: 1249-1254 

McCann K, Hastings A, Huxel GR (1998). Weak trophic interactions and the balance in 

nature. Nature, 395: 794-798 

McCann KS (2000). The diversity-stability debate. Nature, 405: 228-233 

McCann KS, Rasmussen JB, Umbanhowar J (2005). The dynamics of spatially coupled food 

webs. Ecol Lett, 8: 513-523 

McConnaughey RA, Mier KL, Dew CB (2000). An examination of chronic trawling effects on 

soft-bottom benthos of the eastern Bering Sea. ICES J Mar Sci, 57: 1377-1388 

McConnaughey T, McRoy CP (1979). Food-web structure and the fractionation of carbon 

isotopes in the Bering Sea. Mar Biol, 53: 257-262 

McCutchan JH, Lewis WMJr, Kendall C, McGrath CC (2003). Variation in trophic shift for 

stable isotope ratios of carbon, nitrogen and sulfur. Oikos, 102: 378-390 

 

 206 



Literature 

McQuatters-Gollop A, Raitsos DE, Edwards M, Pradhan Y, Mee LD, Lavender SJ, Attrill MJ 

(2007). A long-term chlorophyll data set reveals regime shift in North Sea 

phytoplankton biomass unconnected to nutrient trends. Limnol Oceanogr, 52:  635-

648 

Menge BA, Sutherland JP (1987). Community regulation: variation in disturbance, 

competition, and predation in relation to environmental stress and recruitment. Am 

Nat, 130: 730-757 

Mensink BP, Fischer CV, Cadée GC, Fonds M, Hallers-Tjabbes CCT, Boon JP (2000). Shell 

damage and mortality in the common whelk Buccinum undatum caused by beam 

trawl fishery. J Sea Res, 43: 53-64 

Mills CE (2001). Jellyfish blooms: are populations increasing globally in response to 

changing ocean conditions? Hydrobiologia, 451: 55-68 

Minagawa M, Wada E (1984). Stepwise enrichment of 15N along food chains; further 

evidence and the relation between δ15N and animal age. Geochim Cosmochim Ac, 

48: 1135-1140 

Montoya JM, Pimm SL, Solé RV (2006). Ecological networks and their fragility. Nature, 442: 

259-264 

Moore PD (2005). Roots of stability. Nature, 437: 959-961 

Morissette L, Hammill MO, Savenkoff C (2006). The trophic role of marine mammals in the 

northern Gulf of St. Lawrence. Mar Mammal Sci, 22: 74-103 

Morris JT, Christian RR, Ulanowicz RE (2005). Analysis of size and complexity of randomly 

constructed food webs by information theoretic metrics. In: Belgrano A, Scharler UM, 

Ulanowicz RE (eds). Aquatic Food Webs: An Ecosystem Approach. Oxford 

University Press, New York: 73-85 

Murawski SA, Brown R, Lai HL, Rago PJ, Hendrickson L (2000). Large-scale closures as a 

fishery-management tool in temperate marine ecosystems: the George Bank 

experience. Bull Mar Sci, 66: 775-798 

Myers N (1995). Environmental unknowns. Science, 269: 358-360 

Mühlenhardt-Siegel U (1981). Biomass of marine macrofauna communities in a dumping 

area of sewage sludge near the Elbe Estuary. Helgol Mar Res, 34: 427-437 

Mühlenhardt-Siegel U (1990). Die Weichbodengemeinschaft vor der Elbemündung unter 

dem Einfluß der Klärschlammverklappung. II. Die Gemeinschaftsstruktur im 

 207



Literature 

saisonalen Wechsel. Helgol Mar Res, 44: 189-217 

Naeem S, Shibin L (1997). Biodiversity enhances ecosystem reliability. Nature, 390: 507-509 

Naeem S (1998). Species redundancy and ecosystem reliability. Conserv Biol, 12: 39-45 

Nagabhushanam AK, Colman JS (1959). Carrion-eating by ophiuroids. Nature, 184: 285 

Nehls G, Diederich S, Thieltges D, Strasser M (2006). Wadden Sea mussel beds invaded by 

oysters and slipper limpets: competition or climate control? Helgol Mar Res, 60: 135-

143 

Nelson WG, Savercool DM, Neth T, Rodda JL (1994). Comparative development of the 

fouling communities on stabilized oil-ash versus concrete reefs. Bull Mar Sci, 55: 

1303-1315 

Nicholson AJ (1933). The balance of animal populations. J Anim Ecol, 2: 132-178 

Niermann U, Bauerfeind E, Hickel W, von Westernhagen H (1990). The recovery of benthos 

following the impact of low oxygen content in the German Bight. Neth J Sea Res, 25: 

215-226 

Nilsson HC, Rosenberg R (2000). Succession in marine benthic habitats and fauna in 

response to oxygen deficiency: analysed by sediment profile imaging and by grab 

samples. Mar Ecol Prog Ser, 197: 139-149 

Paine RT (1992). Food-web analysis through field measurement of per capita interaction 

strength. Nature, 355: 73-75 

Pastoors MA, Rijnsdorp AD, van Beek FA (2000). Effects of a partially closed area in the 

North Sea ("plaice box") on stock development of plaice. ICES J Mar Sci, 57: 1014-

1022 

Pauly D (1995). Anecdotes and the shifting baseline syndrome of fisheries. Trends Ecol 

Evol, 10: 430 

Pauly D, Christensen V, Dalsgaard J, Froese R, Torres F Jr (1998). Fishing down marine 

food webs. Science, 279: 860-863 

Pauly D, Christensen V, Guénette S, Pitcher TJ, Sumaila UR, Walters CJ,  Watson R, Zeller 

D (2002). Towards sustainability in world fisheries. Nature, 418: 689-695 

Pauly D, Alder J, Bennett E, Christensen V, Tyedmers P, Watson R (2003). The future for 

fisheries. Science, 302: 1359-1361 

 208 



Literature 

Pauly D, MacLean J (2003). In a Perfect Ocean: the State of Fisheries and Ecosystems in 

the North Atlantic Ocean. Island Press, Washington, USA: pp 175 

Pauly D, Palomares M-L (2005). Fishing down marine food web: it is far more pervasive than 

we thought. Bull Mar Sci, 76: 197-211 

Pearson TH, Rosenberg R (1978). Macrobenthic succession in relation to organic 

enrichment and pollution of the marine environment. Oceanogr Mar Biol Annu Rev, 

16: 229-311 

Pearson TH (2007). Biodiversity effects on ecosystem functioning. Keynote lecture, 42nd 

European Marine Biology Symposium, 27-31 August, Kiel, Germany 

Perry AL, Low PJ, Ellis JR, Reynolds JD (2005). Climate change and distribution shifts in 

marine fishes. Science, 308: 1912-1915 

Persic A, Roche H, Ramande F (2004). Stable carbon and nitrogen isotope quantitative 

structural assessment of dominant species from the Vaccarés Lagoon trophic web 

(Camargue Biosphere Reserve, France). Estuar Coast Shelf Sci, 60: 261-272 

 Petersen CGJ (1918). The sea bottom and its production of fish food. A survey of the work 

done in connection with valuation of the Denmark waters from 1883-1917. Report of 

the Danish Biological Station. Centraltrykkeriet, pp 62 

Petersen JK, Malm T (2006). Offshore windmill farms: threats to or possibilities for the 

marine environment. Ambio, 35: 75-80 

Peterson BJ, Fry B (1987). Stable isotopes in ecosystem studies. Annu Rev Ecol Syst, 18: 

293-320 

Piet GJ, Rijnsdorp AD (1998). Changes in the demersal fish assemblage in the south-

eastern North Sea following the establishment of a protected area ('plaice box'). 

ICES J Mar Sci, 55: 420-429 

Piet GJ, Rijnsdorp AD, Bergman MJN, van Santbrink JW, Craeymeersch JA, Buijs J (2000). 

A quantitative evaluation of the impact of beam trawling on benthic fauna in the 

southern North Sea. ICES J Mar Sci, 57: 1332-1339 

Pimm SL, Lawton JH (1978). On feeding on more than one trophic level. Nature, 275: 542-

544 

Pimm SL (1980). Properties of food webs. Ecology, 6: 219-225 

Pimm SL (1982). Food Webs. Chapman and Hall, London: pp 219 

 209



Literature 

Pimm SL (1984). The complexity and stability of ecosystems. Nature, 307: 321-326 

Pinnegar JK, Blanchard JL, Mackinson S, Scott RD, Duplisea DE (2005). Aggregation and 

removal of weak-links in food-web models: system stability and recovery from 

disturbance. Ecol Model, 184: 229-248 

Polis GA, Strong DR (1996). Food web complexity and community dynamics. Am Nat, 147: 

813-846 

Polis GA, Holt RD (1992). Intraguild predation: the dynamics of complex trophic interactions. 

Trends Ecol & Evol, 7: 151-154 

Ponsard S, Averbruch P (1999). Should growing and adult animals fed on the same diet 

show different δ15N values? Rapid Commun Mass Sp, 13: 1305-1310 

Posey MH, Ambrose WG (1994). Effects of proximity to an offshore hard-bottom reef on 

infaunal abundances. Mar Biol, 118: 745-753 

Post DM, Conners ME, Goldberg DS (2000). Prey preference by a top predator and the 

stability of linked food chains. Ecology, 81: 8-14 

Post DM (2002a). The long and short of food-chain length. Trends Ecol Evol, 117: 269-277 

Post DM (2002b). Using stable isotopes to estimate trophic position: models, methods, and 

assumptions. Ecology, 83: 703-718 

Post DM (2003). Individual variation in the timing of ontogenetic niche shifts in largemouth 

bass. Ecology, 84: 1298-1310 

Post DM, Layman C, Arrington D, Takimoto G, Quattrochi J, Montaña C (2007). Getting to 

the fat of the matter: models, methods and assumptions for dealing with lipids in 

stable isotope analyses. Oecologia, 152: 179-189 

Prena J, Schwinghamer P, Rowell TW, Gordon DC, Gilkinson KD, Vass WP, McKeown DL 

(1999). Experimental otter trawling on a sandy bottom ecosystem of the Grand 

Banks of Newfoundland: analysis of trawl bycatch and effects on epifauna. Mar Ecol 

Prog Ser, 181: 107-124 

Pusceddu A, Fiordelmondo C, Danovaro R (2005). Sediment resuspension effects on the 

benthic microbial loop in experimental microcosms. Microb Ecol, 50: 602-613 

Pörtner HO, Knust R (2007). Climate change affects marine fishes through the oxygen 

limitation of thermal tolerance. Science, 315: 95-97 

 

 210 



Literature 

Queirós AM, Hiddink JG, Kaiser MJ, Hinz H (2006). Effects of chronic trawling disturbance 

on benthic biomass, production and size spectra in different habitats. J Exp Mar Biol 

Ecol, 335: 91-103 

Rachor E, Gerlach SA (1978). Changes of macrobenthos in a sublittoral sand area of the 

German Bight, 1967 to 1975. Rapp P-V Reun Cons Int Explor Mer, 172: 418-431 

Rachor E (1980). The inner German Bight -- an ecologically sensitive area as indicated by 

the bottom fauna. Helgol Mar Res, 33: 522-530 

Rachor E (1990). Changes in sublittoral zoobenthos in the German Bight with regard to 

eutrophication. Neth J Sea Res, 25: 209-214 

Rachor E, Nehmer P (2003). Erfassung und Bewertung ökologisch wertvoller Lebensräume 

in der Nordsee. BfN-Projekt-Bericht, Bremerhaven: pp 175 

Ramsay K, Kaiser MJ, Hughes RN (1998). Responses of benthic scavengers to fishing 

disturbance by towed gears in different habitats. J Exp Mar Biol Ecol, 224: 73-89 

Ramsay K, Kaiser MJ, Richardson CA, Veale LO, Brand AR (2000). Can shell scars on dog 

cockles (Glycymeris glycymeris L.) be used as an indicator of fishing disturbance? J 

Sea Res, 43: 167-176 

Reid PC, De Borges MF, Svendsen E (2001). A regime shift in the North Sea circa 1988 

linked to changes in the North Sea horse mackerel fishery. Fish Res, 50: 163-171 

Reise K, Gollasch S, Wolff WJ (1999). Introduced marine species of the North Sea coasts. 

Helgol Mar Res, 52: 219-234 

Reise K, Olenin S, Thieltges DW (2006). Are aliens threatening European aquatic coastal 

ecosystems? Helgol Mar Res, 60: 77-83 

Ricciardi A, Rasmussen JB (1998). Predicting the identity and impact of future biological 

invaders: a priority for aquatic resource management. Can J Fish Aquat Sci, 55: 

1759-1765 

Riesen W, Reise K (1982). Macrobenthos of the subtidal Wadden Sea: revisited after 55 

years. Helgol Mar Res, 35: 409-423 

Rijnsdorp AD, Buys AM, Storbeck F, Visser EG (1998). Micro-scale distribution of beam-

trawl effort in the southern North Sea between 1993 and 1996 in relation to the 

trawling frequency of the sea bed and the impact on benthic organisms. ICES J Mar 

Sci, 55: 403-419 

 211



Literature 

Roberts CM, Bohnsack JA, Gell F, Hawkins JP, Goodridge R (2001). Effects of marine 

reserves on adjacent fisheries. Science, 294: 1920-1923 

Rosenberg R (1977). Effects of dredging operations on estuarine benthic macrofauna. Mar 

Pollut Bull, 8: 102-104 

Rossi F, Herman PMJ, Middelburg JJ (2004). Interspecific and intraspecific variation of δ13C 

and δ15N in deposit- and supension-feeding bivalves (Macoma balthica and 

Cerastoderma edule): evidence of ontogenetic changes in feeding mode of Macoma 

balthica. Limnol Oceanogr, 49: 408-414 

Rumohr H, Krost P (1991). Experimental evidence of damage to benthos by bottom trawling 

with special reference to Arctica islandica. Rep Mar Res, 33: 340-345 

Rumohr H, Ehrich S, Knust R, Kujawski T, Pillipart CJM, Schröder A (1998). Long-term 

trends in demersal fish and benthic invertebrates. In: Lindeboom HJ, de Groot SJe 

(eds). IMPACT II: The Effects of Different Types of Fisheries on the North Sea and 

Irish Sea Benthic Ecosystem. Netherlands Institute for Sea Research, NIOZ-rapport 

1998-1, RIVO-DLO report CO03/98: 280-352 

Rumohr H, Kujawski T (2000). The impact of trawl fishery on the epifauna of the southern 

North Sea. ICES J Mar Sci, 57: 1389-1394 

Sala OE, Chapin FS, Armesto JJ, Berlow E, Bloomfield J, Dirzo R, Huber-Sanwald E, 

Huenneke LF, Jackson RB, Kinzig A, Leemans R, Lodge DM, Mooney HA, 

Oesterheld M, Poff NL, Sykes MT, Walker BH, Walker M, Wall DH (2000). 

Biodiversity - global biodiversity scenarios for the year 2100. Science, 287: 1770-

1774 

Salzwedel H, Rachor E, Gerdes D (1985). Benthic macrofauna communities in the German 

Bight. Veröff Inst Meeresforsch Bremerh, 20: 199-267 

Schmidt K, Atkinson A, Stübing D, McClelland JW, Montoya JP, Voss M (2003). Trophic 

relationships among Southern Ocean copepods and krill: Some uses and limitations 

of a stable isotope approach. Limnol Oceanogr, 48: 277-289 

Schröder A (2005). Community Dynamics and Development of Soft Bottom 

Macrozoobenthos in the German Bight (North Sea) 1969 - 2000. Rep Polar Res, 

494: pp 181 

 

 

 212 



Literature 

Schröder A, Dannheim J (2006). Estimation of fishing effort in the ASA of the North Sea. In: 

Demestre M (ed). Response of Benthic Communities and Sediment to Different 

Regimens of Fishing Disturbance in European Coastal Waters (RESPONSE). Final 

Report of the EU project Q5RS-2002-00787. ICM-CSIC, Barcelona: 107-129 

Schwinghamer P, Gordon DC, Rowell TW, Prena J, McKeown DL, Sonnichsen G, Guigne 

JY (1998). Effects of experimental otter trawling on surficial sediment properties of a 

sandy-bottom ecosystem on the Grand Banks of Newfoundland. Conserv Biol, 12: 

1215-1222 

Sheldon RW, Kerr SR (1972). The population density of monsters in Loch Ness. Limnol 

Oceanogr, 17: 796-798 

Sheppard C (2006). Editorial - Trawling the sea bed. Mar Pollut Bull, 52: 831-835 

Sih A, Crowley P, McPeek M, Petranka J, Strohmeier K (1985). Predation, competition, and 

prey communities: a review of field experiments. Annu Rev Ecol Syst, 16: 269-311 

Sims D (2006). Impacts of climate change on fish. In: Buckley PJ, Dye SR, Baxter JM (eds). 

Marine Climate Change Impacts Annual Report Card 2006. Online Summary 

Reports, MCCIP, Lowesoft: pp 3 

Smith R, Boyd SE, Rees HL, Dearnaley MP, Stevenson JR (2006). Effects of dredging 

activity on epifaunal communities - Surveys following cessation of dredging. Estuar 

Coast Shelf Sci, 70: 207-223 

Stachowicz JJ, Whitlatch RB, Osman RW (1999). Species Diversity and Invasion Resistance 

in a Marine Ecosystem. Science, 286: 1577-1579 

Stachowicz JJ, Fried H, Osman RW, Whitlatch RB (2002a). Biodiversity, invasion resistance, 

and marine ecosystem function: reconciling pattern and process. Ecology, 83: 2575-

2590 

Stachowicz JJ, Terwin JR, Whitlatch RB, Osman RW (2002b). Linking climate change and 

biological invasions: Ocean warming facilitates nonindigenous species invasions. 

Proc Natl Acad Sci USA, 99: 15497-15500 

Stige LC, Ottersen G, Brander K, Chan K-S, Stenseth NC (2006). Cod and climate: effect of 

North Atlantic Oscillation on recruitment in the North Atlantic. Mar Ecol Prog Ser, 

325: 227-241 

Stripp K (1969). Die Assoziationen des Benthos in der Helgoländer Bucht. Veröff Inst 

Meeresforsch Bremerh, 12: 95-141 

 213



Literature 

Stronkhorst J, Ariese F, van Hattum B, Postma JF, de Kluijver M, Den Besten PJ, Bergman 

MJN, Daan R, Murk AJ, Vethaak AD (2003). Environmental impact and recovery at 

two dumping sites for dredged material in the North Sea. Environ Pollut, 124: 17-31 

Sutherland JP (1974). Multiple stable points in natural communities. Am Nat, 108: 859-873 

Sweeting CJ, Polunin NVC, Jennings S (2006). Effects of chemical lipid extraction and 

arithmetic lipid correction on stable isotope ratios of fish tissues. Rapid Commun 

Mass Sp, 20: 595-601 

Thébault E, Loreau M (2003). Food-web constraints on biodiversity-ecosystem functioning 

relationships. Proc Natl Acad Sci USA, 100: 14949-14954 

Thébault E,  Loreau M (2005). Trophic interactions and the relationship between species 

diversity and ecosystem stability. Am Nat, 166: E95-E114 

Thrush SF, Hewitt JE, Funnell GA,  Cummings VJ, Ellis J, Schultz D, Talley D, Norkko A 

(2001). Fishing disturbance and marine biodiversity: role of habitat structure in 

simple soft-sediment systems. Mar Ecol Prog Ser, 221: 255-264 

Thrush SF, Dayton PK (2002). Disturbance to marine benthic habitats by trawling and 

dredging: Implications for marine biodiversity. Annu Rev Ecol Syst, 33: 449-473 

Tillin HM, Hiddink JG, Jennings S, Kaiser MJ (2006). Chronic bottom trawling alters the 

functional composition of benthic invertebrate communities on a sea-basin scale. 

Mar Ecol Prog Ser, 318: 31-45 

Tilman D, Downing JA (1994). Biodiversity and stability in grasslands. Nature, 367: 363-365 

Tilman D, Wedin D, Knops J (1996). Productivity and sustainability influenced by biodiversity 

in grassland ecosystems. Nature, 379: 718-720 

Tilman D (2000). Causes, consequences and ethics of biodiversity. Nature, 405: 208-211 

Trimmer M, Petersen J, Sivyer DB, Mills C, Young E, Parker ER (2005). Impact of long-term 

benthic trawl disturbance on sediment sorting and biogeochemistry in the southern 

North Sea. Mar Ecol Prog Ser, 298: 79-94 

Tuck ID, Hall SJ, Robertson MR, Armstrong E, Basford DJ (1998). Effects of physical 

trawling disturbance in a previously unfished sheltered Scottish sea loch. Mar Ecol 

Prog Ser, 162: 227-242 

 

 

 214 



Literature 

Tunberg BG, Nelson WG (1998). Do climatic oscillations influence cyclical patterns of soft 

bottom macrobenthic communities on the Swedish west coast? Mar Ecol Prog Ser, 

170: 85-94 

UNO (2004). World Population to 2300. Department of Economics and Social Affairs, 

Population Devision, United Nations, ST/ESA/SER.A/236: pp 174 

Valdimarsson G (2007). Trawling the sea bed (Sheppard, 2006). Mar Pollut Bull, 54: 489-490 

Van Dalfsen JA, Essink K, Toxvig Madsen H, Birklund J, Romero J, Manzanera M (2000). 

Differential response of macrozoobenthos to marine sand extraction in the North Sea 

and the Western Mediterranean. ICES J Mar Sci, 57: 1439-1445 

Van Nes EH, Amaro T, Scheffer M,  Duineveld GCA (2007). Possible mechanisms for a 

marine benthic regime shift in the North Sea. Mar Ecol Prog Ser, 330: 39-47 

Vander Zanden MJ, Olden JD, Thorne JH, Mandrak NE (2004). Predicting occurrences and 

impacts of smallmouth bass introductions in north temperate lakes. Ecol Appl, 14: 

132-148 

Vitousek PM, Mooney HA, Lubchenco J, Melillo JM (1997). Human domination of earth's 

ecosystems. Science, 277: 494-499 

Volterra V (1926). Fluctuations in the abundance of species considered mathematically. 

Nature, 118: 558-560 

Wada E, Terazaki M, Kabaya Y, Nemoto T (1987). δ15N and δ13C abundances in the 

Antarctic Ocean with emphasis on the biogeochemical structure of the food web. 

Deep-Sea Res, 34: 829-841 

Watling L, Norse EA (1998). Disturbance of the Seabed by Mobile Fishing Gear: A 

Comparison to Forest Clearcutting. Conserv Biol, 12: 1180-1197 

Watling L, Findlay RH, Mayer LM, Schick DF (2001). Impact of a scallop drag on the 

sediment chemistry, microbiota, and faunal assemblages of a shallow subtidal 

marine benthic community. J Sea Res, 46: 309-324 

Werner F, Hoffmann G, Bernhard M,  Milkert D, Vikgren K (1990). Sedimentological effects 

of trawl fishery in Kiel Bay (western Baltic). Meyniana, 42: 123-151 

Wieking G, Kröncke I (2003). Macrofauna communities of the Dogger Bank (central North 

Sea) in the late 1990s: spatial distribution, species composition and trophic structure. 

Helgol Mar Res, 57: 34-46 

 215



Literature 

Wieking G, Kröncke I (2005). Is benthic trophic structure affected by food quality? The 

Dogger Bank example. Mar Biol, 146: 387-400 

Wilhelmsson D, Malm T, Öhman MC (2006). The influence of offshore windpower on 

demersal fish. ICES J Mar Sci, 63: 775-784 

Williams ID, Van der Meer J, Dekker R, Beukema JJ, Holmes SP (2004). Exploring 

interactions among intertidal macrozoobenthos of the Dutch Wadden Sea using 

population growth models. J Sea Res, 52: 307-319 

Williams RJ, Martinez ND (2004). Limits to trophic levels and omnivory in complex food 

webs: theory and data. Am Nat, 163: 458-468 

Wiltshire KH, Manly BFJ (2004). The warming trend at Helgoland Roads, North Sea: 

phytoplankton response. Helgol Mar Res, 58: 269-273 

Witt J, Schröder A, Knust R, Arntz WE (2004). The impact of harbour sludge disposal on 

benthic macrofauna communities in the Weser estuary. Helgol Mar Res, 58: 117-128 

Wolff WJ (2000). The south-eastern North Sea: losses of vertebrate fauna during the past 

2000 years. Biol Conserv, 95: 209-217 

Wolfson C, Van Blaricom N, Davis N, Lewbel GS (1979). The marine life of an offshore oil 

platform. Mar Ecol Prog Ser, 1: 81-89 

Worm B, Barbier EB, Beaumont N,  Duffy JE, Folke C, Halpern BS, Jackson JBC, Lotze HK, 

Micheli F, Palumbi SR, Scala E, Selkoe KA, Stachowicz JJ, Watson R (2006). 

Impacts of biodiversity loss on ocean ecosystem services. Science, 314: 787-790 

Wätjen K (2007). Ökologie und Verbreitung der saisonal in der Nordsee auftretenden 

lusitanischen Fischart Mullus surmuletus. Diplomarbeit, University of Bremen: pp 85 

Yachi S, Loreau M (1999). Biodiversity and ecosystem productivity in a fluctuating 

environment: the insurance hypothesis. Proc Natl Acad Sci USA, 96: 1463-1468 

Yodzis P (1980). The connectance of real ecosystems. Nature, 284: 544-545 

Yodzis P (1988). The indeterminacy of ecological interactions as perceived through 

perturbation experiments. Ecology, 69: 508-515 

Ziegelmeier E (1964). Einwirkungen des kalten Winters 1962/63 auf das Makrobenthos im 

Ostteil der Deutschen Bucht. Helgol Mar Res, 10: 276-282 

 216 



Annex 

8 Annex 

List of all species occurring in the study area with corresponding nitrogen stable isotope ratio 
(δ15N, ‰) and feeding guild (FG). DF = deposit feeder, DF/PS = DF and predator/scavenger, 
HV/PS = herbivore and predator/scavenger, IF = interface feeder, PS = predator/scavenger, 
PA = parasite, SF = suspension feeder, SL = sandlicker. * marks species whose average 
δ15N values served as primary consumer (PC) base (see PUBLICATION II, PUBLICATION V). 
Numbers in parenthesis indicate δ15N data source (see end of table).  

 

 Species δ15N (‰) FG Source of δ15N 

 MOLLUSCA

 GASTROPODA

 Acteon tornatilis 11.52 PS value E. pulchella 

 Cylichna cylindracea 11.52 PS value E. pulchella 

 Turbonilla acuta    –   PA no data, excluded from analyses 

 Vitreolina philippi    – PA no data, excluded from analyses 

 Euspira catena 11.52 PS value E. pulchella 

 Euspira pulchella 11.52 PS (1) direct measurement 

 Turritella communis 9.33 SF (7) 

 Mangelia brachystomum 11.52 PS value E. pulchella 

 Raphitoma linearis 11.52 PS value E. pulchella 

 BIVALVIA

 Nucula nitidosa 8.34 DF (7) 

 Thracia papyracea 8.34 DF (7) value Thracia convexa 

 Corbula gibba 9.90 SF (7) 

 Donax vittatus 9.33 SF mean SF 

 Mactra stultorum 9.33 SF mean SF 

 Spisula sp. 9.33 SF value S. subtruncata 

 Spisula elliptica 9.33 SF value S. subtruncata 

 Spisula subtruncata 9.33 SF (7) 

 Tellimya ferruginosa * 10.00 DF (1) direct measurement 

 Mysella bidentata 9.33 SF mean SF 

 Ensis directus 9.56 SF (9) value E. siliqua 

 Ensis ensis 9.56 SF (9) value E. siliqua 

 Pharidae 9.71 SF mean E. directus, E. ensis & P. pellucidus 

 Phaxas pellucidus * 10.01 SF (1) direct measurement 

 Gari fervensis 9.33 SF mean SF 

 Abra alba 8.34 DF mean DF 

 Tellina fabula * 9.08 SF (1) direct measurement 

 Chamelea gallina (7) 9.19 SF (7) 
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 List continued δ15N (‰) FG Source of δ15N 

 CEPHALOPODA

 Sepiola atlantica 15.61 PS value L. vulgaris 

 Alloteuthis spp. 15.61 PS value L. vulgaris 

 Loligo vulgaris (8) 15.61 PS (8) 

 ANNELIDA

 POLYCHAETA

 Capitellida 

 Capitella capitata 9.94 DF value N. latericeus 

 Notomastus latericeus 9.94 DF (7) 

 Magelona alleni 11.44 IF mean IF 

 Magelona filiformis 11.44 IF mean IF 

 Magelona johnstoni 11.44 IF mean IF 

 Cirratulida 

 Chaetozone cf. setosa 7.34 DF (4) value Tharyx acutus 

 Opheliida 

 Ophelia limacina 8.34 DF mean DF 

 Scalibregma inflatum 8.34 DF mean DF 

 Orbiniida 

 Scoloplos armiger 7.70 DF (4) value Orbinia ornata 

 Oweniida 

 Owenia fusiformis 11.44 IF (7) 

 Phyllodocida 

 Aphrodita aculeata 15.51 PS (8) 

 Glyceridae 10.89 PS (7) value Glycera sp. 

 Glycinde nordmanni 10.89 PS (7) value Glycera sp. 

 Goniada maculata 14.75 PS (1) direct measurement 

 Goniadella bobretzkii 12.82 PS mean G. maculata & G. nordmanni 

 Goniadidae 12.82 PS mean G. maculata & G. nordmanni 

 Podarkeopsis helgolandica 10.24 PS (4) value Podarke obscura 

 Nephtys spp. 13.29 PS (1) direct measurement 

 Nephtys assimilis  13.29 PS value Nephyts spp. 

 Nephtys caeca 13.29 PS (7) 

 Nephtys cirrosa 13.29 PS value Nephyts spp. 

 Nephtys hombergii 13.29 PS (7) 
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 List continued δ15N (‰) FG Source of δ15N 

 Nephtys longosetosa  13.29 PS value Nephyts spp. 

 Eunereis longissima 13.56 DF/PS (1) direct measurement 

 Pholoe baltica 10.72 PS mean Harmothoe extenuata & H. imbricata 

 Eteone foliosa 10.04 DF/PS (4) value Eteone lactea 

 Eteone longa 10.04 DF/PS (4) value Eteone lactea 

 Eumida sanguinea 12.57 PS mean PS polychaetes 

 Phyllodoce groenlandica 12.57 PS mean PS polychaetes 

 Phyllodoce lineata 12.57 PS mean PS polychaetes 

 Phyllodoce mucosa 12.57 PS mean PS polychaetes 

 Phyllodoce rosea 12.57 PS mean PS polychaetes 

 Phyllodocidae 12.57 PS mean PS polychaetes 

 Eunoe nodosa 10.72 PS (4) Mean H. extenuata & H. imbricata 

 Gattyana cirrosa 10.72 PS (4) Mean H. extenuata & H. imbricata 

 Harmothoe glabra 10.72 PS (4) Mean H. extenuata & H. imbricata 

 Malmgrenia marphysae 10.72 PS (4) Mean H. extenuata & H. imbricata 

 Polynoidae 10.72 PS (4) Mean H. extenuata & H. imbricata 

 Sigalion mathildae 10.72 PS (4) Mean H. extenuata & H. imbricata 

 Sthenelais limicola 10.72 PS (4) Mean H. extenuata & H. imbricata 

 Autolytus prolifer 12.57 PS mean PS polychaetes 

 Streptosyllis websteri 11.44 IF mean IF 

 Spionida 

 Poecilochaetus serpens 11.77 IF (1) direct measurement 

 Aonides paucibranchiata 11.44 IF mean IF 

 Polydora pulchra 11.44 IF mean IF 

 Scolelepis spp. 12.70 IF value S. bonnieri 

 Scolelepis bonnieri 12.70 IF (1) direct measurement 

 Scolelepis tridentata 12.70 IF value S. bonnieri 

 Spio decoratus 11.44 IF mean IF 

 Spio filicornis 11.44 IF mean IF 

 Spio goniocephala 11.44 IF mean IF 

 Spionidae 11.44 IF mean IF 

 Spiophanes bombyx 12.26 IF (1) direct measurement 

 Terebellida 

 Pectinaria spp. 9.92 DF value P. koreni 

 Pectinaria koreni * 9.92 DF (1) direct measurement 

 Lanice conchilega 11.41 IF (1) direct measurement 
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 List continued δ15N (‰) FG Source of δ15N 

 ARTHROPODA

 CRUSTACEA

 Amphipoda 

 Ampelisca brevicornis 5.87 SF (5)  

 Ampelisca tenuicornis 5.87 SF (5) 

 Amphilochus neapolitanus 8.34 DF mean DF 

 Aora gracilis 6.29 DF (4) Microdeutopus gryllotalpa 

 Argissa hamatipes 8.34 DF mean DF 

 Atylus spp. 12.23 DF/PS mean DF/PS  

 Atylus falcatus 12.23 DF/PS mean DF/PS 

 Atylus swammerdami 12.23 DF/PS mean DF/PS 

 Apherusa ovalipes 8.34 DF mean DF 

 Caprellidae 12.23 DF/PS mean DF/PS 

 Pariambus typicus 11.44 IF mean IF 

 Phtisica marina 12.23 DF/PS mean DF/PS 

 Siphonoecetes krøyeranus 11.44 IF mean IF 

 Bathyporeia spp. 11.82 SL value Urothoe poseidonis 

 Bathyporeia elegans 11.82 SL value U. poseidonis 

 Bathyporeia guilliamsoniana 11.82 SL value U. poseidonis 

 Bathyporeia tenuipes 11.82 SL value U. poseidonis 

 Urothoe poseidonis 11.82 SL (1) direct measurement 

 Microprotopus maculatus 12.23 DF/PS mean DF/PS 

 Photis longicaudata 8.34 DF mean DF 

 Jassa falcata 9.33 SF mean SF 

 Leucothoe incisa 8.34 DF mean DF 

 Acidostoma obesum 13.00 DF/PS (5), (10) mean Anonyx sp., Orchomene 
gerulicorbis, O. chevrieux 

 Lysianassidae 13.00 DF/PS (5), (10) mean Anonyx sp., Orchomene 
gerulicorbis, O. chevrieux 

 Orchomene nana 13.00 DF/PS (5), (10) mean Anonyx sp., Orchomene 
gerulicorbis, O. chevrieux 

 Megaluropus agilis 9.33 SF mean SF 

 Abludomelita obtusata 8.34 DF mean DF 

 Perioculodes longimanus 11.82 SL value U. poseidonis 

 Pontocrates altamarinus 8.34 DF mean DF 

 Pontocrates arenarius 8.34 DF mean DF 

 Synchelidium maculatum 8.34 DF mean DF 

 Stenothoe marina 9.33 SF mean SF 

 Cumacea 

 Bodotria scorpioides 8.34 DF mean DF 

 Iphinoe trispinosa 8.34 DF mean DF 

 Diastylidae 11.44 IF mean IF 
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 List continued δ15N (‰) FG Source of δ15N 

 Diastylis bradyi 11.44 IF mean IF 

 Diastylis laevis 11.44 IF mean IF 

 Diastylis rathkei 11.44 IF mean IF 

 Eudorella truncatula 11.44 IF mean IF 

 Pseudocuma longicornis 11.44 IF mean IF 

 Pseudocuma similis 11.44 IF mean IF 

 Decapoda 

 Callianassa spp. 8.34 DF value C. subterranea 

 Callianassa subterranea 8.34 DF (7) 

 Callianassa tyrrhena 8.34 DF value C. subterranea 

 Cancer pagurus 15.01 PS (8) 

 Corystes cassivelaunus 14.11 PS (7) 

 Crangon allmani 13.31 PS (8) 

 Crangon crangon 14.29 PS (1) direct measurement 

 Crangonidae 13.80 PS mean C. crangon & C. allmani 

 Philocheras bispinosus 13.80 PS value Crangonidae 

 Philocheras trispinosus 13.80 PS value Crangonidae 

 Galathea spp. 12.23 DF/PS mean DF/PS 

 Ebalia cranchii 12.61 PS (8) 

 Ebalia tumefacta 12.61 PS value E. cranchii 

 Hyas sp. 12.23 DF/PS mean DF/PS 

 Macropodia sp. 12.23 DF/PS mean DF/PS 

 Macropodia rostrata 12.23 DF/PS mean DF/PS 

 Pagurus bernhardus 11.96 PS (1) direct measurement 

 Pandalus montagui 12.61 PS (8) 

 Pisidia longicornis 13.12 PS mean PS decapods 

 Liocarcinus spp. 12.77 PS mean L. holsatus & L. depurator 

 Liocarcinus arcuatus 12.77 PS mean L. holsatus & L. depurator 

 Liocarcinus depurator 12.21 PS (8) 

 Liocarcinus holsatus 13.33 PS (1) direct measurement 

 Processa spp. 11.71 PS (8) value P. canaliculata  

 Processa modica 11.71 PS (8) value P. canaliculata  

 Processa nouveli holthuisi 11.71 PS (8) value P. canaliculata  

 Thia scutellata 13.12 PS mean PS decapods 

 Upogebia deltaura 9.33 SF (7) 

 Mysidacea 

 Gastrosaccus spinifer 11.44 IF mean IF 

 Tanaidacea 

 Tanaissus lilljeborgi 8.34 DF mean DF 
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 List continued δ15N (‰) FG Source of δ15N 

 CHELICERATA

 Pantopoda 

 Achelia echinata 12.03 HV/PS (3) value Ascorhynchus abyssi 

 Nymphon brevirostre 12.03 HV/PS (3) value A. abyssi 

 Nymphon gracile 12.03 PS (3) value A. abyssi 

 Anoplodactylus petiolatus 12.03 PS (3) value A. abyssi 

 ECHINODERMATA

 Asteroidea 

 Asterias rubens 14.10 PS (1) direct measurement 

 Astropecten irregularis 13.63 PS (1) direct measurement 

 Echinoidea 

 Echinocyamus pusillus 11.82 SL value U. poseidonis 

 Psammechinus miliaris 12.31 DF/PS (8) 

 Echinocardium cordatum * 8.88 DF (1) direct measurement 

 Ophiuroidea 

 Acrocnida brachiata 11.44 IF value A. filiformis 

 Amphiura filiformis 11.44 IF (7) 

 Amphiuridae 8.34 IF value A. filiformis 

 Ophiothrix fragilis 10.81 SF (8) 

 Ophiura albida 13.15 PS (1) direct measurement 

 Ophiura ophiura 13.01 PS (8) 

 Ophiuridae 12.32 PS mean O. fragilis, O albida & O. ophiura 

 CHORDATA

 OSTEICHTHYES

 Gadiformes 

 Gadus morhua 14.62 PS (2) 

 Merlangius merlangus 15.93 PS (2) 

 Trisopterus luscus 16.94 PS (9) value T. minutus  

 Trisopterus minutus 16.94 PS (9) 

 Ciliata mustela 15.11 PS mean PS pisces 

 Perciformes 

 Ammodytes tobianus 14.34 PS (9) value A. marinus 

 Hyperoplus lanceolatus 15.09 PS (2) 
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 List continued δ15N (‰) FG Source of δ15N 

 Callionymus lyra 15.91 PS (2) 

 Callionymus reticulatus 15.91 PS (2) value C. lyra 

 Pomatoschistus minutus 15.19 PS (1) direct measurement 

 Mullus surmuletus 15.45 PS (2) 

 Pholis gunnellus 15.11 PS mean PS pisces 

 Echiichthys vipera 15.11 PS mean PS pisces 

 Pleuronectiformes 

 Arnoglossus laterna 14.71 PS (2) 

 Limanda limanda 15.20 PS (2) 

 Microstomus kitt 14.49 PS (2) 

 Platichthys flesus 15.57 PS (2) 

 Pleuronectes platessa 14.56 PS (2) 

 Buglossidium luteum 15.39 PS (2) 

 Solea solea 18.02 PS (9) 

 Scorpaeniformes 

 Agonus cataphractus 15.11 PS mean PS pisces 

 Myoxocephalus scorpius 13.00 PS (2) 

 Liparis liparis 12.37 DF/PS (5) 

 Chelidonichthys gurnardus 15.25 PS (2) 

 Chelidonichthys lucerna 15.25 PS value C. gurnardus 

 Syngnathiformes 

 Entelurus aequoreus 12.07 DF/PS (6) Mean Syncnathus abaster & S. typhle 

 Syngnathus rostellatus 12.07 DF/PS (6) Mean S. abaster & S. typhle 

 Others 

 Anthozoa 13.92 PS (1) direct measurement 

 Edwardsia spp. 11.44 IF mean IF 

 Branchiostoma lanceolatum 9.33 SF mean SF 

 Cerianthus lloydi 11.44 IF mean IF 

 Phoronis sp. 9.33 SF mean SF 

 Nemertini 15.14 PS (1) direct measurement  

 

δ15N data sources: 

(1) Direct measurement 

(2) Mintenbeck K. unpublished data 

(3) Bergmann M. unpublished data 
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