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other hand, are successful in turbid waters, especially where flow rates are increased, due to 

increased filter feeding potential Mussels tend to form dense aggregations on structures down 

to approximately 30 m in depth, beyond which barnacles begin to dominate. However, factors 

governing the relative dominance of barnacles or mussels are complex, and vary according to 

environmental and geographical factors. 

In addition to device-specific structural considerations, environmental parameters such as 

seawater temperature, salinity, food availability, current velocity, and wave exposure have been 

identified as important in predicting the level of marine growth likely to occur on offshore 

renewable energy structures. Numerous datasets incorporating these characteristics are 

available, but there are challenges associated with selecting appropriate datasets for 

development of a predictive spatial map or model of biofouling. 

Recommendations for future study 

A thorough understanding of the environmental parameters which influence the development of 

marine growth could enable the development of relationships which predict the type and extent 

of biofouling on marine renewable energy devices on a geographical basis. Ultimately, these 

relationships could be applied to an industry-ready tool to map marine growth around the UK.  

Perhaps the greatest challenge to the development of such a map is the availability of 

quantitative biological datasets relevant to biofouling communities, which will be necessary for 

both development and validation of any predictive relationships. In response, it is recommended 

that an industry-specific protocol for collecting information about biofouling be developed, 

alongside a central database to enable data management and access.  

A mapping tool for marine growth could then be iteratively developed, incorporating more and 

more quantitative data as it accumulates within the database. A first step in doing so would be 

to develop robust statistical relationships enabling the prediction of potential biofouling 

composition from environmental parameters. These relationships will need substantial validation 

in order to achieve a sufficient level of confidence for use by the industry. The ability to predict 

biofouling composition, however, must be complemented by an improved understanding of how 

that composition relates to key engineering metrics such as weight and surface roughness. This 

will enable translation of information about biofouling composition to real applications within the 

marine renewable energy industry. Each of these components feeds into the development and 

maintenance of a marine growth mapping tool which could be broadly applied across the marine 

renewable energy and other offshore industries. 
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feasibility study seeks to establish whether similar techniques could be used to predict the 

characteristics of biofouling communities on offshore renewable energy installations. Such 

information, provided via an interactive tool, would allow operators to access location-specific 

guidance on device coating specification, drag effects, and maintenance intervals, and could 

potentially inform forecasts of asset management costs.  

The high-energy environments where renewable energy devices are situated are challenging to 

work in, both for industry project developers and marine ecologists, leaving a substantial gap in 

ecological knowledge and understanding of biofouling communities in these locations. 

Preliminary insight into industry issues associated with biofouling was provided via an industry 

consultation6, to which 15 responses were received from wave and tidal energy developers, test 

centres, and standards agencies. Following on from the industry consultation, a study was 

undertaken reviewing existing ecological publications, reports, and grey literature, focussing on 

biofouling communities and species and the physical and biological processes that could 

influence the characteristics of marine growth at offshore renewable energy sites. The results of 

this review are included within this report. In addition, the feasibility of developing a predictive 

biofouling tool and associated guidance is discussed, alongside an assessment of the 

availability of suitable datasets for geostatistical analysis to feed into the development of the 

biofouling tool. The current report is concluded with recommendations for the direction of future 

work in towards addressing knowledge gaps concerning the potential impacts of marine growth 

on marine renewable energy devices. 

1.2 Why focus on marine growth? 

Any hard structure in the sea, whether natural or man-made, will eventually host a community of 

marine species growing on its surface. Such growth can add weight, change the geometry and 

roughness of submerged structural elements. These changes will in turn influence the loading, 

dynamic response, and hydrodynamic efficiency of marine renewable energy technologies 

(Theophantos and Wolfram, 1989; Jusoh and Wolfram, 1996; Det Norske Veritas, 2013a). 

Marine growth can also influence corrosion rates, inspection accessibility and reduce the 

efficiency of heat transfer components. The severity of these effects is a function of the 

characteristics of biofouling material (i.e. mass, thickness, density and roughness) that is 

present on a structure at any given time. Such characteristics are in turn determined by the type 

of biofouling organisms present (species makeup) and extent of their growth.  

Many marine renewable energy technologies will be deployed in coastal environments where 

typical biofouling characteristics are poorly understood. Furthermore, when compared to larger 

static structures such as monopiles associated with offshore wind, biofouling may have a 

disproportionately large effect on the mechanical performance of smaller dynamic elements 

typical of many marine renewable energy technologies. Therefore, it is important to consider the 

                                                           
6 Industry Consultation Report on Biofouling (2015), produced for the Offshore Renewable Energy Catapult by PML Applications 
Ltd., SRSL, and Akzo Nobel. 29 pp. Available on request from the Offshore Renewable Energy Catapult, www.ore.catapult.org.uk. 
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2 Legislation, regulations and common operational 
practise for marine growth 

 

2.1 Introduction 

Marine growth is an important consideration both from engineering and environmental 

perspectives. In response to the potential for marine growth to affect the hydrodynamic 

performance and survivability of offshore structures, engineering standards have emerged over 

time as offshore industries such as oil and gas and shipping have developed. Many of these 

standards are applied within the marine renewable energy industry. Marine growth has more 

recently been associated with species invasions, most notably within the shipping industry, but 

also as a consequence of installing man-made structures in the marine environment (Glasby et 

al., 2007). In response to the threat of invasive and non-native species, governments have 

developed widely applicable legislation at national and EU levels to prevent their establishment 

and spread, which must be adhered to by marine operators.  

2.2 Industry standards for marine growth 

Numerous industry standards are in place to regulate how marine growth is accounted for in 

engineering design and structural maintenance in the marine environment. Examples include 

Det Norske Veritas (DNV) standards for the design of offshore wind turbine structures, position 

mooring marine growth, and recommended practice on environmental conditions and 

environmental loads (Det Norske Veritas 2004; 2010; 2013a; 2013b). Further guidance can also 

be gleaned from other standards associated with the offshore oil and gas industry (BMT Cordah 

Limited, 2011; International Organization for Standardisation, 2007; British Standards Institute, 

2005). The majority of standards are conservative and designed to protect property and ensure 

safety, meaning many engineers will need to consider biofouling more closely to optimise the 

performance of their device.  

Many of the standards state that marine growth shall be taken into account as appropriate for 

the location of the mooring or structure. However, information relating the extent of marine 

growth to specific geographical locations or regions is poor. Guidelines tend to relate to the 

latitude of installation, for example, south of 59°N and north of 59°N, and are often based solely 

on data from the North Sea. Variability in fouling communities on the west coast of the UK may 

be greater, requiring location-specific guidance at higher resolution.  

DNV has noted that these guidelines are tailored to installations in the North Sea, but intend to 

review them as more data become available from installations at other locations (Benson 

Waldron, DNV, pers. comm.).  
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2.4 Common operational practice for biofouling mitigation on marine renewables 
structures 

Approaches to dealing with marine growth vary within the marine renewable energy industry 

and across the wider marine engineering and operations field. The consideration of marine 

growth is an important step when designing marine structures to ensure appropriate design 

tolerances. Structural elements designed to account for additional structural loading due to 

marine growth can be incorporated at the early stages of the development process. These 

design considerations will require an understanding of biofouling growth characteristics (e.g. 

accumulation rate, weight, thickness, surface roughness). Operational maintenance plans often 

incorporate activities to scrape, clean, or remove biofouling from specific structural elements or 

from entire submerged structures across the life of a development. Location-specific 

understanding of biofouling characteristics may reduce the occurrence of additional, costly, 

unscheduled maintenance activities resulting from biofouling. 

A range of marine protective and antifouling coatings are used on submerged components to 

reduce marine growth. The Reliable Data Acquisition Platform for Tidal (ReDAPT) project tested 

the efficacy of a suite of coatings in extreme conditions at the Fall of Warness in Orkney over a 

period of 24 months. Results indicated that both biofouling and corrosion rates were rapid at this 

site, and highlighted that selection of appropriate coatings could be a key consideration for 

ensuring the long term operation of tidal energy devices (Vance et al., 2014).  

Cathodic protection is a further method used to control corrosion of structural components, but 

has also been demonstrated to enhance marine growth under certain conditions, most notably 

calcareous organisms such as barnacles (Eashwar et al., 1995; Mallat et al., 2014). For long 

term deployments, both cathodic protection and antifouling coatings will need to be carefully 

considered in the context of likely fouling species and the potential long term build-up of marine 

growth. 
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secondary determinants of marine growth characteristics after the well-defined environmental 

and structural characteristics described in the previous sections. Once reliable predictions can 

be made based broadly on environmental and general structural features, individual 

developments and devices could then be subject to a subsequent, more detailed examination of 

potential biofouling based on device specific features such as small scale architecture, 

maintenance intervals, and coatings.
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4 Environmental datasets for prediction of biofouling  
 

4.1 Introduction 

Numerous datasets are potentially available for use in the development of a predictive map of 

marine growth characteristics on offshore structures. It is worth noting that some characteristics 

such as temperature, seawater pH, salinity, and water velocity can also affect the performance 

of antifouling coatings (Chambers et al., 2006) particularly for biocidal coatings. Key guidance 

from the ReDAPT project suggests that it is prudent to characterise the marine environment in 

question in advance of specifying coatings for marine renewable energy devices and associated 

structures (Vance et al., 2014). As such, the datasets profiled in the tables below may also have 

use beyond marine growth mapping, in the field of coating specification. 

There are challenges, however, in selecting appropriate datasets for development of a 

predictive model for marine growth. Understanding the spatial and temporal resolution required 

is important, as data are available across a wide variety of resolutions, and in the form of 

observational and interpolated information. Where possible, spatial data such as temperature 

and salinity should be resolved at the scale of a development, on the order of 1 km to 5 km, or 

1/20º. Refining the resolution of parameters over to spatial scales relevant to fouling 

communities provides adequate information to distinguish between development sites. Higher 

resolutions for parameters such as wave exposure and current speeds, where available, should 

be used.  

Many of the environmental parameters highlighted in the previous section are temporally 

variable, often varying with seasonal cycles and larger scale inter-annual phenomena such as 

the North Atlantic Oscillation (Hurrell et al., 2003). In these cases, decisions must be made with 

regards to the temporal resolution of data used. For example, sea surface temperature datasets 

are available in various formats, from seasonal mean values, to annual averaged values, to 

longer-term averaged values. Minima and maxima at each of these temporal scales could also 

be used. Laminaria digitata distribution, for example, seems to be most strongly related to 

annual maximum sea surface temperature, rather than annual means or minima (Raybaud et 

al., 2013).  

With this in mind, a selection of commonly accessed oceanographic, environmental, and 

biological datasets and data sources are described in Table 1. 
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Data type Dataset name Description Availability Resolution 

Biology SAMS National 

Lighthouse 

Board Buoy 

Fouling 

SAMS holds species abundance data from a series of 

campaigns sampling biofouling on offshore navigation 

buoys in Scottish waters. 

Available at SAMS Scotland-wide, but site-

specific to navigation 

buoy locations. 

Biology EMODnet EMODnet aims to provide a single access point to 

European marine biodiversity data and products, 

including biomass, abundance, and gridded 

abundance. Species groups include macro-algae and 

invertebrate bottom fauna. However, No layers exist 

for C. hameri or L. digitata.  

http://www.emodnet.eu/biology 

 

Dependent on data 

availability. 
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Figure 2: Biofouling characteristics cited by survey respondents as most likely to affect marine renewable energy device efficiency 

 

5.5 Biofouling mass 

5.5.1 Research 

As part of a global analysis of biofouling pressure, the Global Approach by Modular Experiment 

(GAME) project analysed the quantity of biofouling biomass (wet weight) build-up on 

experimental settlement panels, discovering that rates of biofouling accrual were on average 

Figure 1: Sources of information and methods used by survey respondents to gather relevant data about biofouling characteristics 
associated with their device.  
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Figure 3: Modification of external structure due to biofouling. A) biofouling is composed of soft and hard structures. B) Changes in 
the effective diameter (DE), thickness (t) and roughness (k) of structural elements exposed to flow is increased as a result of 
biofouling. Adapted from Shi et al. (2012). 

5.7 Surface roughness 

Roughening of component surfaces was identified by survey respondents as a key 

characteristic of biofouling likely to affect the efficiency of wave and tidal energy devices, 

although in differing contexts for each technology type. Where fouling roughens moving parts, 

the potential for damaging abrasion and accelerated component wear increases. This was cited 

as a particular concern by wave energy developers, who highlighted the potential for damage to 

seals on pumping modules and to tethers. A tidal energy developer highlighted that substantial 

kelp fouling resulted in damage to otherwise effective antifouling coatings, as the motion of tidal 

currents caused kelp fronds to repeatedly rub against exposed device surfaces, abrading the 

coating and indirectly roughening the surface.  

As a general rule, rougher structures tend to produce thicker boundary layers affecting loading 

criteria in different ways. Many standard methods exist to estimate the additional loading and 

these are dependent on the application and the characteristics of the surrounding flow (e.g. 

turbulence, periodicity) (Gudmestad and Moe, 1996); API Energy, 2005; Det Norske Veritas, 

2013a. Surface roughness is typically a measure of the average height (k) making up the 

roughness elements (Figure 3b). The drag coefficient and added mass coefficient tend to be 

dependent on the roughness height relative to the diameter of the structural element 

(Theophantos and Wolfram, 1989; API Energy, 2005). 

Perhaps of greatest concern noted by industry representatives developing tidal energy was the 

biofouling of turbine rotor blades negatively affecting blade hydrodynamics and the energy 

conversion rate. The majority of tidal turbines blades are designed to maximise lift forces 

generated by the blade geometry whilst minimising the drag force. Increased surface roughness 

and altered blade geometry reduces the efficiency of turbine blades decreasing overall power 

generation (Orme et al., 2001). As marine organisms begin to colonise the surface of a newly 

deployed device, the roughness of surfaces will generally increase. This process will depend 

greatly on the composition and size of colonising organisms. Although developers understand 

that small increases in biofouling on turbine blades could have substantial effects on blade 

B A 
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performance, the relevant point at which biofouling begins to significantly affect turbine blade 

performance is unknown, with insufficient data currently existing to quantify this effect. 

Development of a microbial biofilm could be sufficient to produce a recognisable drop in blade 

performance, or, substantial barnacle or tube worm fouling may be necessary before significant 

effects on performance are observed.  

Surface roughness height varies with biofouling species composition, but it is difficult to develop 

a reliable relationship between these two variables. The effect of soft flexible growth on drag 

coefficient is poorly understood. Some experimental data show that soft fuzzy growth (e.g. 

hydroids) has little effect on the resulting drag coefficient and that the underlying hard growth 

predominantly determines the drag coefficient (Nath, 1987). However, fouling by large flexible 

organisms such as kelps produces drag coefficients similar to those of hard growth (Nath, 

1987). Variability in relative roughness height above 0.005 m has been shown to have a 

substantially lower influence on resulting drag coefficient than the presence/ absence of 

biofouling (API Energy, 2005). This suggests that the previously discussed issues of biofouling 

weight and biofouling thickness may be better candidates for attempting to use biological 

information in a predictive way to inform engineering decisions. 

5.8 Heat transfer coefficients 

Fouling at heat exchange surfaces is a complex challenge to address. The heat transfer 

coefficient is a key property of heat exchange surfaces, and is dependent on the difference in 

temperature between the solid surface and the surrounding fluid, and on the heat flux (i.e. rate 

of heat energy transfer through a given surface, per unit time) (Lienhard, 2008).  

While microbial biofilms tend to have similar heat transfer coefficients to the surrounding fluid 

and do not appear to significantly impact heat exchange (Panchal, 1988), macrofouling, and 

hard macrofouling in particular, often have poor heat transfer properties. Furthermore, 

macrofouling may alter the shape of heat exchange components that have been designed to 

maximise surface area, further reducing heat transfer efficiency. Species specific effects on 

heat transfer and heat transfer coefficients are difficult to predict without intensive laboratory 

based research. 

The effect of biofouling on heat exchangers was identified as an additional area of interest by 

developers of bottom mounted tidal energy converters. However, given the limited knowledge of 

how different biofouling communities affect heat transfer properties and the substantial research 

investment required to address this issue, it was decided to exclude it from further 

consideration. 

5.9 Additional engineering considerations associated with biofouling 

Further issues associated with marine growth on marine renewable energy devices identified 

from the industry consultation included corrosion, fouling of wet connectors, and interference 

with moving parts.  
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Studies of oil platforms in the North and Celtic seas have observed Mytilus edulis to be the 

dominant component of biofouling on shallow submerged structures (Whomersley and Picken, 

2003; Southgate and Myers, 1985). In the North Sea, mussels make up a substantial 

component of wind turbine foundation fouling, occupying 80% - 100% of space on foundations 

and monopoles from the sea surface down to depths of 10 m (Lindeboom et al., 2011).  

Mytilus edulis on man-made structures have been reported to reach nearly 0.1 m in length, and 

grow faster in the Celtic Sea than in the North Sea (Page and Hubbard, 1987). With calcareous 

shells and high population densities, these organisms can exert substantial weight on a 

submerged structure, in addition to increasing the size (effective diameter) and roughness of 

structural components. A study in Brofjorden, Sweden, observed that biofouling communities on 

marking buoys were dominated by Mytilus edulis, and that the total fouling biomass did not 

change significantly over the course of the three year study. The authors also noted that for 

point absorber wave devices installed at the nearby Lysekil Wave Park, biofouling at the 

observed levels was unlikely to have a significant effect dynamic behaviour of the buoy 

suggesting a similarly small effect could be observed on wave energy devices of a comparable 

size (Langhamer et al., 2009). 

 

6.4 Barnacles: Chirona hameri and others 

Barnacles can tolerate much higher current speeds and greater wave exposure than kelp and 

mussels, and so in many locations are more likely to be the dominant fouling species on marine 

renewable energy devices. While smaller subtidal species (e.g. Balanus crenatus) are common 

fouling species near the water-line and on shallow components of devices, the large deep-water 

species, Chirona hameri is often dominant at greater depths and in areas of extreme flows. 

Chirona hameri was the dominant species found on coating test panels deployed at the Fall of 

Warness test site (although other species of barnacle were also observed) (Vance et al., 2014).  

Figure 6: UK distribution of Mytilus edulis. NBN 
interactive map from 
http://www.marlin.ac.uk/species/detail/1421, 
accessed 04/12/2015. Map last updated 03/06/2008. 
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(kelps), barnacles, and mussels. Environmental parameters to be discussed include seawater 

temperature, salinity, food availability (e.g. nutrient or chlorophyll concentrations) current 

velocity, and wave exposure. The influence of device design in relation to environmental 

parameters is also discussed, for example the depth of submergence of device components, 

and whether a structure is floating or fixed to the seabed. 

7.2 Seawater temperature 

For many fouling species, seawater temperature is an important factor affecting global 

distributions. For example, Mytilus edulis is an arctic-boreal species which occurs from Svalbard 

in the north (78 °N) to the French-Spanish border in the south (43 °N), and is temperature 

limited outside of these geographic-boundaries. Fluctuations in ocean temperature transporting 

warm water northwards to Svalbard were cited as a main cause of the reappearance of M. 

edulis in that region (Berge et al., 2005). Similarly, the distribution of the kelp Laminaria digitata 

ranges from the southern coast of Brittany, France to northern Norway (Lüning, 1990), and 

thrives in water temperatures between 10 °C and 15 °C. Future projections of the large scale 

geographic distribution of this species predict a northwards retreat, as influenced by increases 

in seawater temperature (Raybaud et al., 2013). At global scales seawater temperature is also 

an important determinant of diversity in biofouling communities, with tropical regions hosting 

more diverse biofouling communities when compared to higher latitudes (Canning-Clode and 

Wahl, 2010).  

At the limits of a species geographical range, seawater temperature can influence the 

reproductive rates, affecting the ability of the species to recruit to populations, thereby limiting 

abundances. This is particularly true for barnacles, including the common intertidal species, 

Semibalanus balanoides (Rognstad et al., 2014), though little information is available for the 

fouling species Chirona hameri.  

At regional and local scales, however, variability in seawater temperature is likely to be a 

weaker influence on the makeup of fouling communities (Macleod et al., in press). For example, 

the growth of M. edulis on offshore oil and gas platforms situated off California, USA, was more 

closely associated with phytoplankton biomass (primary productivity) than seawater 

temperature (Page and Hubbard, 1987). Furthermore, within its range extent the prevalence of 

Laminaria spp. is more strongly related to local differences in current speeds and depth than to 

temperature (Kain, 1979).  

While seawater temperatures are a substantial influence on the prevalence of particular 

biofouling species at global scales, it may not be as relevant to prediction of species 

assemblages around the UK coastline, except for those species with range limits within the 

British Isles (e.g. the barnacle Semibalanus balanoides). While seawater temperature will not 

initially be excluded from a predictive model of biofouling community characteristics, it could be 

less relevant than other physical parameters. 
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7.3 Seawater salinity 

The UK coastline is punctuated by river outflows, estuaries, and sea lochs whose freshwater 

discharges can contribute to variations in coastal salinity levels at intermediate (m to km) 

scales. Many fouling species are highly tolerant to fluctuating salinity levels, making them 

common components of assemblages found in ports and harbours, and on vessels. The non-

native barnacle, Austrominius modestus, is an excellent example of such a species, which has 

now become common on artificial structures in coastal estuaries in the UK?. The large fouling 

barnacle Chirona hameri, on the other hand, is not tolerant of fluctuating salinities, and so will 

rarely be found in nearshore environments in proximity to freshwater input (Davenport, 1976). 

While mussels are somewhat more salinity tolerant, the size and biomass of Mytilus edulis 

decreases with decreasing salinity levels (Westerbom et al., 2002). Other common fouling 

species may be less affected, such as the kelp Laminaria digitata which has been shown to be 

highly tolerant to fluctuating salinities (Karsten, 2007). 

Salinity is likely to be a greater influence on biofouling communities for nearshore, coastal 

developments (e.g. Severn Estuary, wind developments in coastal embayments) than at 

offshore sites with substantial oceanic influence (e.g. West of the Hebrides, Irish West Coast). If 

included in a predictive model for biofouling community makeup, datasets will need to be of 

adequate resolution to reflect variability at appropriate scales to distinguish species 

preferences.  

7.4 Food availability 

Nutrient supply and light levels are generally inversely proportional, as light penetration into the 

water column depends on water turbidity. Turbid waters tend to be nutrient rich, and hence rich 

in food supply, but lower in light penetration. Meanwhile, those waters low in nutrients tend to 

have high light penetration and low turbidity. While turbidity may be related to high amounts of 

suspended sediment in the water column, it can also be related to elevated primary productivity 

(increased growth of photosynthetic plankton). The spring and summer phytoplankton blooms 

observed in satellite images are a good example of visibly increased water column turbidity 

resulting from increased primary productivity. 

Dominant filter-feeder communities are often associated with enhanced nutrient supplies, 

particularly in areas of moderate to high flow (Burrows, 2012). It is likely that the dominance of 

mussels on fixed offshore platforms in the North Sea is related to increased flow rates in the 

vicinity of vertical structures hosting mussel-dominated communities, and higher nutrient levels. 

Wilhelmsson and Malm (2008) suggested that the dominance of Mytilus spp. on offshore wind 

turbine foundations in Sweden could be related to improved feeding and growth conditions 

provided by vertical monopiles, perhaps related to enhanced flow rates around the cylindrical 

structures (Abelson and Denny, 1997). This was also cited as a possible factor influencing the 

comparatively high barnacle biomass also observed at these sites. 
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development of Laminaria spp. and other biofouling on wave energy converters in Irish coastal 

waters, noting that two species of Laminaria were possible biofoulers: L. digitata and L. 

hyperborea. Laminaria hyperborea is better adapted to lower light environments, and often out-

competes other species of kelp in natural environments. However, L. hyperborea is susceptible 

to strong waves and currents (>3 m/s), while L. digitata can withstand higher current speeds 

and could be a dominant fouling species on near-surface structures in areas of strong current 

flows.  

As light penetration decreases with depth, mussels often become dominant. Along natural 

coastlines, mussels are commonly observed down to depths of 5 m to 6 m. On offshore man-

made structures, their depth range extends much deeper, potentially as a result of elevated flow 

rates increasing food supply at these locations (Abelson and Denny, 1997). As mussels are 

gregarious and grow upon one another, when underlying mussels die they may also detach 

other individuals from the substratum, particularly in highly tidal environments. This leaves other 

individuals more vulnerable to strong currents that could potentially dislodge them (Young, 

1985). In locations of extreme flows, mussels may be unable to maintain attachment via byssal 

threads and may be replaced by more strongly attached, streamlined barnacles, such as 

Chirona hameri. The increased resistance of barnacles to tidal scour could explain the 

prevalence of large barnacles retrieved from high-flow locations such as the Fall of Warness, 

Orkney (Vance et al., 2014). Even so, it has also been suggested that in highly exposed sites 

colonisation of substrate by barnacles could facilitate the recruitment of mussels by providing 

crevices or small, sheltered areas for mussel spat to settle to (Seed and Suchanek, 1992).  

Data on current velocities are widely available, resolved to a variety of scales. In the first 

instance, data from the UK Renewable Energy Atlas could guide prediction of the prevalence of 

some biofouling species, and is available at approximately one nautical mile resolution across 

the UK continental shelf (Figure 7). 
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Figure 7: UK Marine Renewables Atlas Spring Peak Flow for the north of Scotland. Reproduced from http://www.renewables-
atlas.info/,© Crown Copyright, accessed 04/12/2015. 

7.6 Wave exposure 

Wave exposure has been demonstrated to be an important predictor of intertidal and subtidal 

community structure on natural substrates (Menge et al., 1994; Burrows et al., 2010;Burrows, 

2012). Previously, scientists have used the presence or absence of key species to provide an 

index of wave exposure in coastal environments (Ballantine, 1961). More recently, Burrows et 

al. (2009) developed and evaluated the ability of wave exposure indices to predict community 

structure at rocky shore sites across Scotland. Such indices were determined to have high 

predictive power, and so could be useful in predicting biofouling assemblages because of their 

ability to separate the influence of wave exposure from other factors. For example, exposed 

rocky shore sites were characterised by the kelps Laminaria digitata and Alaria esculenta, and 

the barnacle Chthamalus stellatus, species well adapted to high wave energy (Burrows et al., 

2008). Similarly, kelps and barnacles could be reasonably expected to be prevalent species on 

surface-piercing offshore wave energy buoys in similar areas of high wave exposure. Few, if 

any, studies have directly profiled the effects of wave exposure as a predictor of deeper, 

subtidal communities. Wave energy also decreases with increasing water depth, which 

potentially limits its predictive power in relation to the characteristics of subtidal biological 

communities. 

High wave energy may also result in more frequent disturbance to fouling communities by 

damaging or dislodging organisms, but it is unclear what effect this could have on biofouling on 
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structures in extreme locations such as the west coast of the Outer Hebrides or the Irish west 

coast. Even so, variation in biomass on moored, floating structures such as wave buoys has 

been suggested to be more strongly related to exposure than to any other parameter 

(Langhamer et al., 2009). It is uncertain whether this effect extends to fixed structures, or to a 

particular depth of wave damping within the water column.  

Data on wave energy or exposure are readily available. Quantified as mean annual wave 

height, wave exposure data are available from the Renewable Energy Atlas 

(http://www.renewables-atlas.info/), as generated from the Met Office UK Waters Wave Model; 

however, this dataset may not be of sufficient resolution for prediction of biofouling community 

characteristics (Error! Reference source not found.). Wave exposure indices generated from 

nowledge of wave fetch could be used to produce wave data at increased resolution, as 

demonstrated by Burrows et al. (2009), although such indices were generated from points along 

a coastline, rather than in coastal waters, and may need to be substantially adapted for offshore 

sites. 

Figure 8: Annual wave heights calculated for Cornwall and southwest Wales. Reproduced from http://www.renewables-atlas.info/,© 
Crown Copyright, accessed 04/12/2015. 

7.7 Structural considerations 

While structural features unique to specific wave or tidal energy devices will not be discussed 

here, useful information can be gleaned by characterising devices as floating or fixed, surface-

piercing or completely submerged, and in relation to the depth of particular structural features of 

concern. It is possible that such general information could be considered in the development of 

a mapping tool to predicting biofouling community characteristics and associated implications 

for structures. 
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8 Environmental datasets for prediction of biofouling  
 

8.1 Introduction 

Numerous datasets are potentially available for use in the development of a predictive map of 

marine growth characteristics on offshore structures. It is worth noting that some characteristics 

such as temperature, seawater pH, salinity, and water velocity can also affect the performance 

of antifouling coatings (Chambers et al., 2006) particularly for biocidal coatings. Key guidance 

from the ReDAPT project suggests that it is prudent to characterise the marine environment in 

question in advance of specifying coatings for marine renewable energy devices and associated 

structures (Vance et al., 2014). As such, the datasets profiled in the tables below may also have 

use beyond marine growth mapping, in the field of coating specification. 

There are challenges, however, in selecting appropriate datasets for development of a 

predictive model for marine growth. Understanding the spatial and temporal resolution required 

is important, as data are available across a wide variety of resolutions, and in the form of 

observational and interpolated information. Where possible, spatial data such as temperature 

and salinity should be resolved at the scale of a development, on the order of 1 km to 5 km, or 

1/20º. Refining the resolution of parameters over to spatial scales relevant to fouling 

communities provides adequate information to distinguish between development sites. Higher 

resolutions for parameters such as wave exposure and current speeds, where available, should 

be used.  

Many of the environmental parameters highlighted in the previous section are temporally 

variable, often varying with seasonal cycles and larger scale inter-annual phenomena such as 

the North Atlantic Oscillation (Hurrell et al., 2003). In these cases, decisions must be made with 

regards to the temporal resolution of data used. For example, sea surface temperature datasets 

are available in various formats, from seasonal mean values, to annual averaged values, to 

longer-term averaged values. Minima and maxima at each of these temporal scales could also 

be used. Laminaria digitata distribution, for example, seems to be most strongly related to 

annual maximum sea surface temperature, rather than annual means or minima (Raybaud et 

al., 2013).  

With this in mind, a selection of commonly accessed oceanographic, environmental, and 

biological datasets and data sources are described in Table 1. 

 



http://www.metoffice.gov.uk/hadobs/hadisst/
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Data type Dataset name Description Availability Resolution 

Biology SAMS National 

Lighthouse 

Board Buoy 

Fouling 

SAMS holds species abundance data from a series of 

campaigns sampling biofouling on offshore navigation 

buoys in Scottish waters. 

Available at SAMS Scotland-wide, but site-

specific to navigation 

buoy locations. 

Biology EMODnet EMODnet aims to provide a single access point to 

European marine biodiversity data and products, 

including biomass, abundance, and gridded 

abundance. Species groups include macro-algae and 

invertebrate bottom fauna. However, No layers exist 

for C. hameri or L. digitata.  

http://www.emodnet.eu/biology 

 

Dependent on data 

availability. 

 




































