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Background 
• Fundamental faunal differences hard substrates soft sediments 

• Rapid expansion of man-made structures (MMS) in the North Sea 
 offshore wind farms 

• Monitor and understand the magnitude of biodiversity and functional 
changes by introducing and decommissioning of MMS 

Hard substrate Soft bottom 



UNDINE aims at assessing 
Biodiversity and ecosystem functioning changes in North Sea 
benthic systems caused by artificial structures 
A. Functional (trophic) changes in the marine ecosystem by introduction of 

artificial structures to soft-sediment system (artificial reef effect) 

B. Increase of species dispersion potential as artificial structures are likely to 
connect hard substrate fauna of disconnected systems (stepping stone 
effect) 



Project work 

functional 
traits 

benthos  environment 

data bases 

transport models 

Species potential 
dispersal 
analysis 

Hydrodynamic, 
individual based 
models 

genetic analysis 

Species from 
MMS & natural 
substrates 

COI, 
microsatellite 

connectivity 
MMS as inter-connected hard 

substrates? 

trophic changes 

Species loss/gain 

BTA 

effect size variability of MMS 

effect type comparison (environment, 
structures) 

generalisation 

Food web & energy 
flow 

Production 
modelling 

Food web model 

Functional changes 
magnitude of MMS effects  

 
natural spatial/temporal variability 



Data base for functional changes 

 2279 stations (1999-2014) from 
OWF, research platforms wrecks, oil 
& gas rigs… 

 Fouling, infauna and epifauna 

 Biological datasets (>130.000 data 
records on taxa) 

 Environmental data (5000 data 
records) on distance to structure, 
depth, temperature, sediment, 
contaminants…. 

 Functional traits on most of the 
species 
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Biological trait analysis 
A description of species and assemblages in terms of (multiple) characteristics, 
rather than identity 

Quantitative or 
categorical traits 



Biological trait analysis 
A description of species and assemblages in terms of (multiple) characteristics, 
rather than identity 

Quantitative or 
categorical traits 



Preliminary results: soft sediments 

• Paramphinome jeffreysii 
• Owenia fusiformis  
• Goniada maculata  
• Spiophanes bombyx 

Main contributors (polychaetes) 
• Nephtys caeca  
• Scoloplos armiger 
• Bathyporeia elegans 
• Echinocardium cordatum 

Combination of species 



Results: structures (hard substrata)  

• Main species: Jassa herdmani, Mytilus edulis, Metridium senile, Electra pilosa, 
Asterias rubens 

• Similar distribution of species across countries; some subtle differences in 
occurrences 



Biological traits screening  
• Morphology 
• Living habit 
• Size  
• Feeding 

Across hard substrate screening 
• Similar patterns on species 

distribution across 3 countries 
• Most dissimilar Dutch temp. 

1.1. structure 

Combined data: hard substrata 



Proof of concept: BTA and fauna 

• Initial screening of temporal data (1999, 2000, 2006, 2011, 2014) 
• Biological attributes: movement, feeding, size and positioning 
• Subtle differences in m-crust and m-cush 



Stepping stone hypothesis 
Species ability to expand their distribution 
range by MMS over large scales 

Mytilus  Ostrea  Patella  
edulis   edulis   vulgata 

Assessing the impact of MMS on connectivity 
for different species 

2000 
Method 

 Larval dispersal modelling 

 Genetic population structure 



Larval dispersal model 
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Larval dispersal 
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Connectivity – Belgian case study 

43% 

36% 

10% 
11% 

 0.1% 
0.01 % 

NEUK 

EUK 

NLC 

FBC 

ECUK 
ECF 

Sch 

Larvae origin 



COI – haplotype distribution 

Connectivity of Patella vulgata 

 Specimen from 9 locations 

 DNA extraction from 12 - 15 
individuals per location 

 COI on different locations 
 very little variation 

 27 microsatellites 
specifically developed and 
currently analysed 

Further genetic results 
 RECON project 



Relations to INSITE projects 

UNDINE 

RECON 

EcoConnect 

RECON quantification of epifouling, 
connectivity between structures 

EcoConnect larvae, epifouling and 
mobile species network analysis 

COSM food web of benthic and 
pelagic ecosystem 

ANChor dispersal potential of 
common rig species, connectivity 

Shadow organic matter changes, 
larvae production  

Data provision of relevant data for our 
analysis 

SAHFOS quantification of plankton 
community related to MMS 

MAPS distribution of top predators 
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Outlook 
Functional changes 

 Detailed analyses on functional 
changes by biological traits in time 
and space 

 Modelling of production/energy 
pathways to understand food web 
changes 

 Effect size comparison across 
structures, upscaling and 
generalisation of ecological 
patterns 

Stepping stone hypothesis 

 Connectivity and testing 
stepping stone hypothesis 
(all MMS) 

 Interannual variability 
(2000-2010) 

 Comparison of different 
species 

 Genetic analysis for ground 
truthing of model results 

• Understand changes in biodiversity and ecosystem functioning of 
benthic systems caused by artificial structures 

• Identify knowledge gaps, scientific recommendations on future research 
priorities 

• Provide knowledge to ensure both maintenance of ecosystem 
functioning and a sustainable management of marine resources 



Future research scope 
• Understanding the relevance of outputs gathered from UNDINE in relation to 

biodiversity and ecological functioning (BEF) 
 Learning from methods developed under the UNDINE project 
 Expand current geographical scope (e.g. tool box approach) 
 cost effective surveys, targeted effort cost-efficiency in environmental work  

• MMS potential ‘refuges area’ (combination of traits and modelling work)? 

• Support of ecological function work, models and genetics (endangered/rare 
species): data gap filling 

• Fully understanding (structure and function) role of species and/or habitat of 
conservation importance (e.g. OSPAR guidance for decommissioning of 
pipelines) to scientifically support decision-making during e.g. decommissioning 
process  

• model climate change effects  connectivity  species distribution range 
(multifactorial monitoring/research) 

• Ecological implications for the decommissioning: How can our findings help to 
provide guidance for industry to assist targeted cost-effective work? 



European Geosciences 

European Geosciences Union 
General Assembly 

Vienna | Austria | 23–28 April 2017 

Session OS4.8: The effects of marine renewable energy (installations) on the 
marine environment 

Convener: Louise Kregting ; Co-Conveners: Hermann Lenhart , Steven Degraer 

Marine renewable energy extraction from wind, wave and tides has the potential to 
contribute significantly to energy security for further generations and to mitigate 
the effects of climate change. This however would require the deployment of large 
arrays of devices in the coastal and shelf regions. Common to these three forms of 
energy extraction is a concern regarding the potential environmental 
consequences on the marine environment as a result of large array deployments 
of the technology. 



ICES Theme Session 2017 

ICES Annual Science Conference 
18. -21.September 2017 

Fort  Lauderdale, Florida 
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