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Man made structures generate a unique habitat for many marine organisms which can have significant effects for associated fauna and flora [1-2]. Epibenthic communities of marine organisms typical of 
artificial habitats differ from natural occurring communities due to a number of features characteristic of artificial structures. Many of the unique futures of marine renewable energy devices have been 
documented as agents capable of shaping associated communities, for example, surface type, orientation, relief, differences in local larvae pool, to name a few. In addition, there is one very significant 
common agent shaping epibenthic communities specific to marine renewable energy devices and that is greatly elevated water flow. The need high energy sites for the installation of many marine 
energy technologies will undoubtedly shape the communities of marine flora and fauna which can inhabit these artificial structures. These communities are poorly understood and in-order to understand 
the benefits and negatives (e.g. non-native species propagation) of artificial habitat creation in high energy environments we need to firstly examine what types of communities are typical these 
structures. Secondly, it is key to understand the physical and biological processes governing community composition.

Introduction

The introduction and establishment of species outside their natural range has wide scale 
impacts on marine ecology and ecosystem functioning. The creation of new habitats through 
the construction of Off-Shore Marine Renewable Energy Structures may increase the spread
of non-native species (Fig. 5).

Navigational aids provide an artificial substrate in a range of 
environments to study community composition in a range of 
environments. A GIS (Geographical information Systems) model 
was used to select off-shore navigation buoys in locations of similar 
oceanographic conditions with varying exposure within tidal races 
(Fig. 1) Photographic and destructive sampling allowed for 
communities to be characterised in differing flow regimes (Fig. 2).

The flume design 
used to investigate 
the role that 
hydrodynamic stress 
and patch-choice play 
in the establishment 
of a invasive non-
native species (Fig. 
7).

The ability to cope with hydrodynamic stress, undoubtedly alters the fitness of any marine 
epibenthic animal or plant. Off-shore navigation buoys provide an ideal opportunity to study 
fouling communities typical of vertically oriented artificial substrate in areas where renewable 
energy development has been proposed. 

The results of the photographic method have defined the major fouling groups present. 
Communities on the buoys which had developed over 1 and 4 years (Soaking time) were 
significantly different from communities on buoys which had been deployed for 2 and 3 years (Fig. 
3). There was a significant difference (ANOSIM) between all fouling communities exposed to 
different flow regimes (Fig. 4). However, point sample were taken from only one Navigation Buoy in 
each case and causality can not be fully determined.

Methods

Results

Conclusions

Communities Inhabiting Artificial Substrate 
In High Flow Environments

Facilitation, Invaders, and High Flow

In particularly stressful environments, where 
habitat amelioration is an important 
structuring force, resident species may be 
needed to facilitate non-natives (Fig. 6)

Successful Species Invasion

A sufficient propagule source
1: Requiring a source population that is 

reproductively active in within the natural ranges 
of dispersal

Subsequent spread
1: Requiring sufficient dispersal of propagules 
or adults in close enough proximity to suitable 

habitats.
2: Requiring the translocation of propagules or 

adults by anthropogenic activities.

Facilitative 
interactions

A facilitative interaction 
is a positive interaction 
between two or more 

species that benefits at 
least one.

Competitive 
Interactions

Depending on the 
nature of the 
interaction, 

competition can be 
positive or negative 

for the overall 
success of the 

invader species

Settlement
1: Requiring available resources for example 

space
2: Requiring adequate physical and 

environmental conditions for successful 
settlement.

3: Requiring adequate cues for settlement 
behaviour

Establishment
1: Requiring adequate resources for growth and 

reproduction
2: Requiring adequate environmental and 

physical conditions for survival, growth and 
reproduction.

Hypothesis

The structural architecture of resident communities, that alter flow dynamics across 
the communities, produce suitable conditions for the attachment of invading species.

Epibenthic communities on the navigation buoy varied with the length of time they had been deployed 
for (soaking time) as well as the physical environment they had been deployed in. Future surveys will 
target a large number of navigational buoys across the west coast of Scotland in channels with strong 
tidal influences and make a comparison of community composition with that of buoys of similar 
deployment time in channels not influenced greatly by tide. This will generate statistically robust data to 
determine the influence of high water flow on fouling communities inhabiting artificial structures. 
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