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“It may be doubted whether there are many other animals which have played so 

important a part in the history of the world, as these lowly organized creatures” 

                   Charles Darwin, 1881 

On the Formation of Vegetable 

Mounds through the Action of Worms with Observation of their habits

1.1 What is bioturbation? 



1.2 Why is bioturbation important for biogeochemical processes? 



I n t r o d u c t i o n  
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2) provides electron acceptors for remineralization, 3) increases the zone of nitrification, 

4) removes metabolites, 5) alters concentration gradients, and 6) transports nutrients and 

dissolved organic matter (Aller, 1994; Christensen et al., 2000; Koo et al., 2007; Na et 

al., 2008).  
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Fig 1.The influence of bioturbating organisms on the nitrogen cycle and the stratification of marine 
sediments: Nitrification, consisting of ammonia oxidation (a) and nitrite oxidation (b), can only occur in 
the oxic regions of the sediment, while denitrification (c + f), dissimilatory reduction of nitrite to 
ammonium (DNRA) (d), and anaerobic ammonium oxidation (anammox) (e) occur only in the absence of 
oxygen. Bioirrigation introduces oxygenated water and, thus, increases the zone of nitrification, whereas 
sediment reworking transports organic matter within the sediment. Broken arrows indicate fluxes into or 
out of the sediment (adapted from Bertics et al. (2010); Glud (2008); Laverock et al. (2011)). 

 

1.3 Why is it important to assess bioturbation in the German Bight? 

The loss of macrofaunal activity may have broad ecological and biochemical 

implications for ecosystem functioning (i.e. remineralization, benthopelagic coupling, 

primary production) (Lohrer et al., 2004). This is especially the case for coastal shelf 

seas, such as the German Bight. Due to the shallow water depth in shelf seas, up to 50% 

of the organic matter produced by pelagic primary production reaches the sea floor, 

where it is mixed into the sediment and remineralized. In contrast, in the open ocean, 

the products of primary production are mainly respired in the water column (Jørgensen, 

1983; Middelburg et al., 1997; Provoost et al., 2013).  



1.4 Are there models to predict bioturbation? 
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2.1 Sediment core sampling for laboratory experiments 
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2.2 Image analysis

2.3 Impact of spatial resolution



2.4 Sediment reworking rate 
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2.5 Statistical analysis
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2.1 Identification of key bioturbators 

Bi Ai i Mi Ri

i

I i



n N

I

Amphiura filiformis Echinocardium cordatum

Nucula nitidosa 

2.2 Sediment and fauna sampling for laboratory experiments
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Fig. 1. Set up of the incubation chambers. Bioturbation activity was determined by sediment profile 
imaging (SPI) through the glass window of the incubation chamber.  

 

For each of the three species, five replicate incubation chambers and five control 

chambers were filled with the respective sediment (Tab.1). The incubation chambers 

and aquaria were transferred to a temperature controlled laboratory at the Wadden Sea 

Station of the AWI at the island of Sylt and connected to a continuous flow of filtered 

seawater (30 μm drumfilter: Spranger; protein skimmer: Sander) taken directly from the 

Sylt-RØmØ Bight. Each chamber and aquarium was constantly aerated through an air 

stone.  

2.3 Incubation of bioturbators 

After two days, the height of the sediment column was controlled and adjusted, if 

necessary, to a height of 18 cm (±1cm). Temperature, pH, and salinity were controlled 

every second day. Four days after sampling, individuals of all species where recovered 

from the aquaria and selected according to number of intact arms ≥ 3 in A. filiformis 

and, for all species, according to observation of activity and size (A. filiformis 0.4-0.6 

cm disc diameter, E. cordatum 3.5-3.8 cm test length, N. nitidosa 0.6-0.8 cm max. shell 

diameter). Selected individuals were placed in the replicate incubation chambers.  
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2.4 Bioirrigation and biogeochemical cycling 



2.5 Bioturbation  
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2.6 Oxygenation depth 

2.7 Statistical analysis  



3.1 Identification of bioturbating key species 
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3.2 Sediment reworking and oxygenation depth 
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3.3 Bioirrigation and nutrient flux  
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4.1 Key bioturbators in the German Bight 
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4.3 Conclusions 
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2.1 Irrigation potential (IPc) 
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2.3 Statistical analysis  
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2.1 Dataset 
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2.2 Measurements of biogeochemical cycling 
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5.1 Future challenges 
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Generalized Linear Model Fit: 
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