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Oil and gas pipelines that lie exposed on the seabed can function as “artificial reefs”, providing habitat for fish and benthic species,
including some that are listed under conservation designations. As the offshore hydrocarbon industry matures, operators and
national governments must decide whether decommissioned pipelines should be left in situ or removed for onshore disposal. In
most jurisdictions, there is a requirement to evaluate the environmental consequences of different pipeline decommissioning
options in a comparative assessment. To do this effectively requires an understanding of the associations between pipelines and
fauna. Pipeline operators routinely collect video footage for inspection and maintenance purposes using remotely operated vehicles
(ROV). This footage has the potential to provide insight into interactions between the marine environment and offshore pipelines.
This study uses inspection footage from eight pipelines to quantify the presence and abundance of species and features listed under
a number of EU and UK conservation designations; 12 such features and species were observed on the pipelines or neighboring
sediments. The soft coral Alcyonium digtatum was present in the highest densities on pipelines located on mud, while Sabellaria sp.
and Echinus esculentus were more common on pipelines in sand. Gadoids, anemones and hermit crabs were also frequently
observed around pipelines. The study also suggests that faunal identification from ROV footage depended on image resolution, ROV
speed and altitude, and lighting, and taxa <50 mm in size could not be reliably classified. The results suggest that removal of
pipelines will remove established colonies of epibenthic species, some of which have conservation value. The ecological significance
of this loss, however, must be weighed against the broader considerations during pipeline decommissioning including cost,
technical feasibility and impacts to other marine users.
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1. Abstract 10 

Oil and gas pipelines that lie exposed on the seabed can function as “artificial reefs”, providing 11 

habitat for fish and benthic species, including some that are listed under conservation 12 

designations. As the offshore hydrocarbon industry matures, operators and national 13 

governments must decide whether decommissioned pipelines should be left in situ or removed 14 

for onshore disposal. In most jurisdictions, there is a requirement to evaluate the environmental 15 

consequences of different pipeline decommissioning options in a comparative assessment. To 16 

do this effectively requires an understanding of the associations between pipelines and fauna. 17 

Pipeline operators routinely collect video footage for inspection and maintenance purposes 18 

using remotely operated vehicles (ROV). This footage has the potential to provide insight into 19 

interactions between the marine environment and offshore pipelines. This study uses inspection 20 

footage from eight pipelines to quantify the presence and abundance of species and features 21 

listed under a number of EU and UK conservation designations; 12 such features and species 22 

were observed on the pipelines or neighboring sediments. The soft coral Alcyonium digitatum 23 

was present in the highest densities on pipelines located on mud, while Sabellaria sp. and 24 

Echinus esculentus were more common on pipelines in sand. Gadoids, anemones and hermit 25 

crabs were also frequently observed around pipelines. The study identifies the limitations to 26 

the use of industry ROV footage for ecological purposes, but shows that with consideration of 27 

taxon size, image resolution, ROV speed and altitude, this can be a valuable approach to gain 28 

additional insights into environment-infrastructure interactions.. The results suggest that 29 
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removal of pipelines will remove established colonies of epibenthic species, some of which 30 

have conservation value. The ecological significance of this loss, however, must be weighed 31 

against the broader considerations during pipeline decommissioning including cost, technical 32 

feasibility and impacts to other marine users.  33 

Keywords: Artificial reef, Pipelines, Marine spatial planning, Decommissioning  34 

Word count: 6965 35 

Number of figures: 2 36 

Running title: Benthos associated with subsea pipelines 37 

2. Introduction 38 

Subsea pipelines are an integral part of offshore oil and gas extraction and have been installed 39 

in all major hydrocarbon basins (Guo et al., 2005). Pipelines are generally constructed from 40 

steel, with polymer or concrete coatings, and can be installed directly on the seabed (‘surface 41 

laid’) or within a trench, which can be back filled naturally or artificially (Oil and Gas UK, 42 

2013a). Protective structures are frequently installed in association with pipelines, and can 43 

include rock armoring (referred to as ‘rock dump’), grout bags or articulated concrete blocks 44 

linked with wire or rope (‘concrete mattresses’) (Oil and Gas UK, 2013a). 45 

Artificial structures, including pipelines and protective structures, introduced into marine 46 

environments, provide hard substratum, which can be colonized by sessile and mobile 47 

organisms (Baine, 2001). These “artificial reef” communities can deliver ecosystem services 48 

including water filtration, carbon sequestration and the provision of commercially exploitable 49 

biomass (Moberg and Rönnbäck, 2003, Dafforn et al., 2015). The development of artificial reef 50 

communities on shipwrecks, coastal defence structures and oil and gas platforms is well-known  51 

(Jørgensen et al., 2002, Gallaway et al., 2009, Pickering et al., 1999, Firth et al., 2014), and 52 

these structures have been shown to support a locally high abundance and biomass of fauna 53 

(Claisse et al., 2014, Boswell et al., 2010).  Despite the prevalence of offshore pipelines, there 54 

is a paucity of research on the extent to which pipelines support reef-associated species, and 55 

more generally on the interactions between pipelines and local ecosystems. One example of a 56 

large-scale pipeline-ecosystem interaction is the mass accumulation of jellyfish detritus  along 57 

a west African pipeline (Lebrato and Jones, 2009) . In part, the lack of ecological studies on 58 
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pines is due to the time and cost requirements of conducting offshore environmental surveys at 59 

the necessary spatial and temporal scales (McLean et al., 2017). 60 

Oil and gas operators routinely collect video footage of pipelines for inspection and 61 

maintenance purposes using remotely operated vehicles (ROV). This video footage has the 62 

potential to provide insight into interactions between the marine environment and offshore 63 

pipelines (Macreadie et al., 2018, McLean et al., 2018). In Australia, ROV footage was recently 64 

used to show that fish abundance on pipelines was double that of surrounding seabed, and that 65 

pipelines can provide hard substratum habitat (McLean et al., 2017, Bond et al., 2018b, Bond 66 

et al., 2018a). Similarly, in California, a pipeline supported up to seven times the fish density 67 

of the adjacent seafloor (Love and York, 2005).  Unlike oil and gas platforms, marine growth 68 

removal operations are not routinely carried out on pipelines, and are only performed on 69 

localized pipeline sections where there is a suspected integrity issues (Oil and Gas UK, 2013b), 70 

potentially allowing mature hard substratum communities to develop on pipelines. 71 

As hydrocarbon basins mature, decisions must be made on how to decommission redundant 72 

pipelines. Unlike oil and gas platforms, there are no international regulations governing 73 

pipeline decommissioning and individual nations are able to set their own legislative agenda 74 

(DECC, 2011, Oil and Gas UK, 2013a). In North Sea states, pipelines are not covered by the 75 

OSPAR 98/3 decision that prohibits in situ decommissioning of platforms, and instead pipeline 76 

decommissioning is considered on a case by case basis, with all feasible methods evaluated 77 

through a comparative assessment process (Oil and Gas UK, 2013a). Potential methods for 78 

pipeline decommissioning include full/ partial removal or in situ decommissioning (Oil and 79 

Gas UK, 2013a). The environmental implications of pipeline decommissioning will depend on 80 

the pipeline location, the pipeline properties and the decommissioning methods employed. The 81 

decommissioning process has the potential to affect marine organisms through physical 82 

impacts, noise disturbances, localized sediment disturbances, release of contaminants and the 83 

addition/removal of artificial hard substratum that provides habitat and/ or protection from 84 

trawling damage (Burdon et al., 2018).  85 

To predict the environmental impacts of pipeline decommissioning, and develop an evidence 86 

base to support the comparative assessment process, interactions between marine organisms 87 

and pipelines need to be quantified. This is particularly critical where pipelines intersect a 88 

designated conservation zone or interact with protected species. The UK Continental Shelf 89 
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contains a number of internationally important ‘Features of Conservation Importance’ (FOCI), 90 

which have been identified as threatened, rare, or declining (JNCC, 2010). Such FOCI include 91 

those listed in the EU Habitats Directive (Council Directive 92/43/EEC, 1992), e.g. cold-water 92 

corals, and those within designated marine protected areas. Many of the species within the 93 

FOCI group are epibenthic, and may colonise offshore pipelines (Benson et al., 2013). 94 

Additionally, some habitats, which are recognized within the FOCI group (e.g. Sabellaria 95 

reefs), might receive protection from fishing activities from the physical presence of pipelines. 96 

As with natural hard substratum habitats, it would be expected that the benthic community, and 97 

presence of FOCI associated with the pipelines will vary according to water depth and seabed 98 

substratum. Additionally, the intensity of mobile demersal fishing in the vicinity of the pipeline 99 

is likely to influence the abundance, diversity and biomass of benthic species and FOCI (Buhl-100 

Mortensen et al., 2016) . 101 

In instances where pipeline decommissioning has the potential to interact with FOCI, operators 102 

must demonstrate compliance with relevant national and international environmental 103 

legislation. The operator must show that their decommissioning activities “will have no likely 104 

‘significant’ effects on the designated species or feature” (Burdon et al., 2018). Significance in 105 

this context is poorly defined in terms of thresholds of change or relevant spatial scales, posing 106 

problems for interpretation (Wilding et al., 2017). In addition to serving as an evidence base 107 

for individual decommissioning decisions, quantitative data on interactions between marine 108 

species and oil and gas infrastructure can contribute towards efforts to define thresholds of 109 

change and determine meaningful spatial and temporal scales for assessments (Wilding et al., 110 

2017). 111 

The aim of this study was to repurpose industry ROV inspection footage to quantify 112 

associations between pipelines and observed marine fauna, and to discuss the extent to which 113 

pipelines may interact with benthic conservation features and species in the North Sea. 114 

3. Material and Methods 115 

3.1 Site description 116 

This study focuses on pipelines in the northern North Sea region (Figure 1). The region consists 117 

of shallow (50 m) mixed water in the south and deep (200 m) stratified water in the north (De 118 

Wilde et al., 1992). The substratum is predominately sand, with areas of coarse gravel, finer 119 
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sediments and muds (Breuer et al., 2004). Within the region, there is significant human activity 120 

including commercial fishing and oil and gas production (ICES, 2016). 121 

3.2 Features of Conservation Importance 122 

A list of UK Features of Conservation Importance (FOCI) was obtained from the Joint Nature 123 

Conservation Council (species: http://jncc.defra.gov.uk/page-3408, habitats: (JNCC, 2010)). 124 

The lists contained designations from thirteen conservations listings (Supplementary table 1).   125 

From this list, benthic features were selected that could feasibly interact with subsea pipelines 126 

(i.e. hard-substratum associated species) and that could be identified from the survey footage. 127 

Species were selected if their known distributions corresponded to near- and offshore regions 128 

hosting subsea pipelines and if their body-size was sufficiently large to enable identification 129 

(typically >5 cm diameter) or if they were present in high enough abundances to allow 130 

visualization (e.g. cup corals). The final list of target FOCI is shown in Supplementary table 1. 131 

Each FOCI was categorized as a protected ‘species’, where each individual of a species is 132 

recognized as of conservation interest, or a ‘feature’ where the habitat formed by the species  133 

is recognized as of conservation interest (Supplementary table 1). ‘Habitat’ is defined by 134 

individuals occurring at specific densities, e.g. individuals occurring with at least 30% coverage 135 

in an area of seabed that is at least 25 m2  (Morris, 2015, Irving, 2009). 136 

3.3 ROV footage and sample selection 137 

The available ROV footage was recorded in standard definition throughout the day and night 138 

between 2013 and 2016. Footage was analyzed from eight pipelines greater than 16" (~406 139 

mm) in diameter (Figure 1). All pipelines were installed prior to 2001, however data on the 140 

exact age of the pipelines were unavailable. Footage of pipelines that were fully buried, or 141 

covered by protective structures, was excluded. Pipelines that were covered by a thin sediment 142 

layer, crowning (approximately top 25% of the pipeline exposed) or fully exposed were 143 

included in the analysis. The footage comprised three concurrent views of the pipeline from 144 

starboard, port and central (top-down) cameras.  145 

Each pipeline was divided into 1 km ‘sample sections’. The length of each sample section was 146 

determined from the footage metadata, which specified the location of the ROV in terms of 147 

kilometers along the pipeline.  The kilometer point location of the ROV, which was used to 148 

determine the start and end of each 1 km sample section, was linked to the view in the central 149 

camera. Sample sections were assigned as occurring on sand or mud, in shallow (up to 50 m), 150 
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medium (50-120 m) or deep (120 m or more) water by overlaying the pipeline locations with 151 

bathymetry and EMODnet modelled substratum layers (Folk (1980) classification) in ArcGIS 152 

(Stevenson, 2012). For each of the six depth-substratum combinations, five 1 km sections were 153 

randomly selected. For some combinations, fewer than five 1 km sections were available, in 154 

which case the maximum number of sections was selected. The first, central and final 100 m 155 

lengths within each 1 km section were selected for analysis. In instances where only shorter 156 

sections of suitable pipeline were available, the footage was combined to equal 100 m where 157 

possible. If it was not possible to obtain 100 m from the randomly selected section, a new 1 km 158 

section was selected. For each sample section, an estimate of fishing intensity in the vicinity of 159 

the pipeline was obtained by spatially overlaying the center point of the sample section with 160 

standardized data layers of fishing intensity (fishing hours in 2015) for vessels operating mobile 161 

demersal gear (ICES, 2017). The location of sample sections is shown in Figure 1. 162 

3.4 Analysis 163 

All footage was viewed in VLC Media Player version 2.2.3. Central, starboard and port camera 164 

views were analyzed successively. Footage was viewed at 0.33x speed and all visible fauna 165 

were recorded. The area of pipeline/ seabed within the field of view could not be recorded and 166 

identified since the ROV footage did not contain a scale. It was not possible to use the diameter 167 

of pipeline for scale, since several pipelines were partially buried and the size of the exposed 168 

section was unknown. The number of individuals per section was counted for the target FOCI 169 

‘species’. The length of coverage (in meters) along the pipeline was estimated for target FOCI 170 

‘features’ and colonial/encrusting species. All non-target species were recorded as 171 

presence/absence.  Taxon location was recorded as either pipeline or seafloor. When the same 172 

taxon was present on both the pipeline and seafloor, both instances were recorded. Taxa were 173 

identified to the lowest level of classification possible based on visual observation and known 174 

geographic and depth distribution. Species-level identifications were only assigned when 175 

image quality was sufficient that there was high confidence in the identification.  Additional 176 

expert opinions were sought to confirm species-level identification for rarer species. Poor 177 

quality images were excluded from the analysis, and in instances where that was lower 178 

confidence in the species identification, a higher taxonomic designation was assigned to the 179 

observation. Observations were made on the ability to resolve taxa from ROV footage 180 

according to the speed, altitude and lighting of videos. 181 
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3.5 Data analysis 182 

For each taxa, the number of individuals was divided by the total length of the sample sections 183 

to provide a density estimate of individuals per unit length (linear density). The individual 184 

density estimates were combined with the coverage per unit length (linear density) estimates 185 

for the FOCI features and colonial species. Linear density, rather than areal density, were the 186 

only metrics that could be extracted from the ROV footage, given the lack of a suitable scale. 187 

Data were explored for apparent trends between density, pipeline depth and substratrum type 188 

for taxa occurring on the pipelines and the adjacent seabed. Pearson’s correlation coefficients 189 

with 95% confidence intervals were used to assess the magnitude of correlations between FOCI 190 

density and three pipeline location variables: water depth, latitude and fishing intensity 191 

(Pearson, 1901). A correlation coefficient could not be calculated between Sabellaria sp 192 

density and fishing because all four observations were from samples with a uniform fishing 193 

effort 194 

4.  Results 195 

Video footage was analyzed from eight pipelines, totaling 5.18 km and derived from 154 196 

sample sections. The majority of sample sections (n =150, length =4.86 km) were on sand, with 197 

only four sections (0.325 km) available on mud. (Table 1) The pipeline sections on mud 198 

occurred between 123 – 158 m depth, whereas the sand sections ranged between 43 – 160 m 199 

depth. Approximately 55% of the footage was recorded between 7 am  and 7 pm. The fishing 200 

intensity associated with sample sections ranged from zero hours to 205 hours per year. 201 

A total of 57 taxa were identified from the video footage comprising sessile and mobile 202 

invertebrates and fish (Supplementary Table 2). Twenty-seven of the taxa could be identified 203 

to species level, while 17 could only be identified to order or above. The most frequently 204 

observed taxa were sea anemones, including the Deeplet anemones Bolocera tuediae 205 

(Johnston, 1832), Plumose anemones Metridium dianthus (Ellis, 1768) and Dahlia anemones, 206 

Urticina sp., and hermit crabs (Paguridae sp.). The majority of fish observed (and that could 207 

be identified to at least Order) were Gadoids, which were schooling around the pipelines. Ling 208 

(Molva molva (Linnaeus, 1758)) were observed under and around sections of the pipeline that 209 

lay unsupported above the substratum (‘free spans’). Flatfish (Pleuronectiformes) were present 210 

on sediment adjacent to pipelines and three individual Rajiformes (Batoidea, skates/rays) were 211 
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also observed on the adjacent sediment. There were no observations of non-indigenous species 212 

in any of the sample sections.  213 

4.1   Features of conservation importance (FOCI) 214 

Twelve FOCI were observed on the pipelines and adjacent seabed. Four FOCI were only 215 

observed on sediments, seven on sediments and pipelines and one (Crinoids) observed only on 216 

pipelines (Table 2). Of the FOCI observed on pipelines, the soft coral Alcyonium digitatum was 217 

present in the highest densities on pipelines in mud substrata, while Sabellaria sp. and Echinus 218 

esculentus were present in the greatest density on pipelines in sand substrata. Of the FOCI 219 

recorded on the sediment, burrowed communities  and Virgularia mirabilis showed the highest 220 

densities in areas classified as mud, while Sabellaria sp. dominated sand areas (Table 2). The 221 

correlations between FOCI density and water depth varied from positive to negative (Table 2). 222 

The strongest correlations (>0.5) indicated an increase in density with water depth for the 223 

following four FOCI: the anemone Actinauge richardi and Crinoids on pipelines, and burrowed 224 

communities and Sabellidae worms on adjacent seabeds. However, the 95% confidence 225 

intervals for these correlation coefficients were large, suggesting that no correlation or a weak 226 

correlation between density and water depth were also possible. Similarly, the confidence 227 

intervals around the correlations coefficients for FOCI density against sample latitude and 228 

fishing intensity indicated that there were no relationships between these variables. The density 229 

of the common urchin Echnius esculentus on adjacent seabeds was the only FOCI to show a 230 

moderate to strong positive correlation with latitude (r= 0.70, 95% CI: 0.36-0.88)  231 

4.2 ROV footage characteristics 232 

The ability to identify and quantify fauna associated with pipelines from video footage was 233 

influenced by the camera angles, ROV altitude and speed and illumination. Frequently, a 234 

section of pipeline could be observed in the port and starboard views up to 5 seconds in advance 235 

of the central view because of the angle of the lateral cameras. The angle of lateral cameras 236 

also influenced the amount of seabed visible either side of the pipeline. Typically, up to 1 m of 237 

seabed was visible either side of the pipeline, but this was substantially reduced when the lateral 238 

cameras were angled towards the pipeline.  239 

The altitude of the ROV used to obtain the video footage affected the field of view. Altitude 240 

ranged from 0.36 to 2.75 m above the seabed (Figure 2A). Only two samples had an altitude 241 

of >2.5 m. By comparing the cumulative length of pipeline analysed with the cumulative 242 
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number of observation for different ROV altitudes, it can be seen that there is a sharp increase 243 

in the number of observations between 0.5 and 0.6 m above the seabed, despite a steady 244 

increase in the length of pipeline analysed (Figure 2). The majority of FOCI and other taxa 245 

records were obtained from samples sections with ROV altitudes of 1-1.5 m, with 246 

approximately half the number of observations obtained for sample sections with ROV 247 

altitudes of <0.5 m or between 1.5 m and 2.0 m. The clarity of the video footage was strongly 248 

affected by the speed of the ROV and the associated lighting. The speed of the ROV determined 249 

the extent of motion blur in the resultant footage. Speed data were only available for video 250 

footage from one of the operators and ranged from 0.03 km h-1 to 1.48 km h -1. Generally, the 251 

footage was evenly and adequately illuminated, however, on occasion one of the lateral camera 252 

lights was switched off to allow better visualization of gaps between the pipeline and seafloor 253 

(freespans) for structural assessment purposes.  254 

5. Discussion 255 

Quantitative data on the associations between marine fauna and subsea pipelines are essential 256 

to understand the environmental consequences of installing and removing pipelines, and to 257 

support the sustainable management of anthropogenic activities in the marine environment. 258 

This study provides one of the first quantitative assessments of fish and benthic species 259 

associated with North Sea pipelines. The observation of approximately 60 taxa demonstrates 260 

that pipelines do provide habitat for a variety of marine fauna within the North Sea. The species 261 

observed were typical of North Sea hard substratum communities (Reiss et al., 2010), and are 262 

similar to the epifaunal assemblages documented on North Sea oil and gas platforms, offshore 263 

wind turbines and shipwrecks (van der Stap et al., 2016, Zintzen et al., 2008, De Mesel et al., 264 

2015). The video footage used in this study was restricted to pipelines located in the northern 265 

North Sea. As with other artificial and natural substrata, it would be expected that the epifaunal 266 

assemblages associated with pipelines will exhibit spatial differences due to variations in  267 

substratum type, fishing intensity, current regime and stability of subsea pipelines between the 268 

southern and northern North Sea (Reiss et al., 2010, Gass and Roberts, 2006, Angus and Moore, 269 

1982). The positive correlation observed between the common urchin Echinus esculentus and 270 

latitude suggests that for some species, spatial differences in pipeline assemblages can operate 271 

over small spatial scales. However, for the majority of observed FOCI there were no apparent 272 

relationships between density and pipeline depth, fishing intensity or latitude. However, the 273 

In review



Frontiers in Marine Science – special issue 

Original research article. 12,000 words. 350 Abstract 

10 

 

lack of apparent relationships obtained in this study may be a result of the small sample size, 274 

limited number of observations and the intrinsic limits to opportunistic reuse of ROV 275 

inspection footage in this study. Access to additional pipeline footage, and a targeted sampling 276 

approach would be required to further quantify the effect of pipeline location on FOCI presence 277 

and abundance. In addition to pipeline location, pipeline properties, including size, construction 278 

material, and burial status are likely to influence the community composition and abundance 279 

of epifauna. The data obtained in the current study were insufficient to quantify relationships 280 

between individual pipeline properties and the abundance of epifauna.  281 

A number of fish species were observed in the vicinity of the subsea pipelines. The presence 282 

of ling underneath North Sea pipeline freespans (sections of pipeline unsupported by the 283 

substratum) is consistent with observations of fish aggregations under freespanning pipelines 284 

sections in Australian and Californian waters (Bond et al., 2018c, McLean et al., 2017, Love 285 

and York, 2005). Pipeline freespans are likely to offer shelter or refuge for the fish species 286 

observed in these habitats. Ling are generally solitary fish, that move between crevices (e.g. 287 

freespans) and open-water habitats within a defined ‘home range’ (Løkkeborg et al., 2000). 288 

Ling predate on other fish and invertebrates, including crustaceans and starfish  (Husebø et al., 289 

2002). The creation of crevices (through freespans) that lie in close proximity to a food supply, 290 

in the form of epifauna and other fish on the pipelines, is likely to drive the observed 291 

aggregations of ling. The presence of other gadoid fish around pipelines supports previous 292 

suggestions that aggregations of commercial fishing activity around subsea pipelines are a 293 

result of artificial reef effects of pipelines. (Rouse et al., 2017). 294 

Six of the taxa observed on the North Sea pipelines are listed under conservation designations, 295 

with an additional six taxa that would (if present at  densities specified by the EU habitats 296 

Directive (Mcleod et al., 2009)) form habitat types that are protected under conservation 297 

legislation. It is likely that the true number of FOCI associated with pipelines is greater than 298 

reported in this study. Several FOCI (e.g. the amphipod Arris phyllonyx) are too small to be 299 

identified from video footage, and thus will have been excluded. Additionally, there are likely 300 

to be regional differences in FOCI presence and those that are restricted to the southern and 301 

central North Sea will not have been observed in the present study. The level of legal protection 302 

afforded to each FOCI varies according to the legislation/scheme under which it is designated. 303 

For those FOCI listed under the EU Habitats Directive, the UK government is obliged to 304 
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maintain or restore them at a favorable conservation status. This means that the range of FOCI 305 

must be stable or increasing and that the population is maintaining itself on a long-term basis. 306 

The EU Habitats Directive specifically excludes the use of non-natural substratum as candidate 307 

sites for the creation of marine protected areas, regardless of whether the feature or species are 308 

present at the necessary density to qualify as a habitat under Annex I (Mcleod et al., 2009).  309 

The role of pipelines in maintaining FOCI ranges and/or stable populations will depend, partly, 310 

on the connectivity between pipelines and other suitable FOCI habitats. Artificial structures in 311 

the North Sea, including oil platforms and wind turbines, are thought to provide a network of 312 

highly connected hard substrata (Henry et al., 2018, Hyder et al., 2017). Pipelines have 313 

traditionally been excluded from North Sea connectivity/ larval dispersal models (Hyder et al., 314 

2017), but our results, documenting the presence of marine fauna on pipelines, suggest that 315 

pipelines will, to some extent, contribute to the connected network of some taxa. The extended 316 

linear presence of pipelines over the seabed, connecting larger areas of artificial hard substrate 317 

(i.e. platforms), could mean that pipelines facilitate dispersal of epifauna, particularly those 318 

characterized by short-lived larval or non-larvae based reproduction (Mineur et al., 2012).  319 

The decommissioning of pipelines poses particular challenges in the North Sea because of the 320 

wide-spread spatial distribution of pipelines, the potential hazard that pipelines pose for 321 

commercial trawlers, and the costs and technical challenges of removing pipelines (Rouse et 322 

al., 2018, Side, 1999, Oil and Gas UK, 2013a). Operators and regulators must ensure that 323 

pipeline decommissioning practices and/or policies balance these potentially conflicting 324 

challenges, as well as accounting for environmental concerns. The results from this study 325 

suggest that removal of decommissioned pipelines will eliminate established habitat for a 326 

number of epibenthic species, some of which have conservation value. Other pipeline 327 

decommissioning methods, including trenching or rock dumping would also be expected to 328 

eliminate this established habitat, however rock dumping would provide additional substrate 329 

which could be colonized by epibenthic species. In situ decommissioning of pipelines, with 330 

minimal intervention, would be expected to cause the lowest level of disturbance for 331 

established epifauna and fish. However, where pipelines are removed or trenched, it may be 332 

expected that soft-sediment habitats and species would recover (Dernie et al., 2003). The exact 333 

impacts of pipeline decommissioning will depend on the methods used and the sensitivity of 334 

FOCI and other marine species to disturbance (Burdon et al., 2018). Furthermore, the 335 

In review



Frontiers in Marine Science – special issue 

Original research article. 12,000 words. 350 Abstract 

12 

 

ecological significance of local disturbances to marine fauna and FOCI through pipeline 336 

decommissioning must be considered within the context of the total footprint of pipelines in 337 

the North Sea, and the extent to which pipelines contribute to connectivity between hard 338 

substrata. On the United Kingdom Continental Shelf, pipelines occupy approximately 12 km2, 339 

equating to < 0.01% of the total area (Rouse et al., 2018). The total contribution of pipelines to 340 

hard substrata habitats in the North Sea is, therefore, expected to be extremely small.  However 341 

footprints of human activities do not necessarily have a linear relationship with pressures, and 342 

small habitat fragments can contribute substantially to ecosystem functions (Halpern et al., 343 

2008, Jules and Shahani, 2003). The inclusion of pipelines, with associated data on faunal 344 

abundance, in ecosystem models could determine whether or not pipelines make any 345 

meaningful contribution to regional ecosystem process and populations of FOCI.  346 

ROV video footage was successfully used in this study to quantify FOCI and record the 347 

presence of other marine fauna associated with pipelines. The repurposing of video footage, 348 

originally obtained for integrity assessments, for ecological analysis presented a number of 349 

challenges as have been documented previously by Gormley et al. (2018) and Macreadie et al. 350 

(2018). The lack of a suitable scale in the footage meant that the area within the field of view 351 

could not be calculated and faunal counts could not be scaled by area. The discrepancy between 352 

the central and lateral camera views led to inconsistencies in the section of pipeline assessed 353 

for each sample according to each camera view. The changing altitude of the ROV also limited 354 

the ability to identify taxa. Whilst the ROV being close to the pipeline potentially improved 355 

views of individuals and allowed for greater taxonomic resolution, it also limited the field of 356 

view either side of the pipeline and thus any individuals present there. Additionally, the altitude 357 

denoted the height above the seafloor, not above the pipeline. Therefore, footage over larger 358 

structures results in a higher recorded altitude but not necessarily a greater distance between 359 

the ROV and the structure. There are a number of small, relatively inexpensive, modifications 360 

that could be made to ROV survey design to improve the value for ROV footage for ecological 361 

analysis. With sufficient data on location, altitude and rotational parameters of the camera, it 362 

is possible to scale flat surface within images (Durden et al., 2016), however the addition of 363 

scaling lasers to ROV would provide a more efficient methods of scaling images. Additionally, 364 

maintaining a constant ROV speed over pipelines and the collection of video/still photographs 365 

in high definition would increase the value of the footage for ecological analysis. These 366 

improvements, and access to additional pipeline ROV footage, would allow for the 367 
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relationships between different pipeline properties and FOCI abundance, according to different 368 

regions of the North Sea to be quantified and provide a further evidence base to support 369 

decommissioning practices and policies. 370 
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 375 

6. Tables 376 

Table 1  Summary of the number ROV footage samples analyzed to identify features of 377 

conservation interest and the total length of pipeline reviewed, according to depth and 378 

substratum type. The number of observations of FOCI taxa are shown.  379 

Depth  Substratum Samples Pipeline length 

(m) 

Number of observations 

Shallow  Mud 0 - - 

Shallow Sand 4 333 2 

Mid Mud  0 - - 

Mid Sand 119 4320 168 

Deep  Mud  4 325 29 

Deep Sand 27 203 18 

Total  154 5181 217 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 
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 389 

Table 2. Linear density (individuals/coverage per 100 m) of FOCI observed on pipelines and 390 

seabed, according to substratum type.. n = number of observations for entire survey, NA 391 

indicates no observations of the FOCI. r represents the Pearon’s correlation coefficient between 392 

FOCI density and depth, latitude or fishing effort. 95% confidence intervals for correlation 393 

coefficients are shown in brackets. Correlations coefficients were only calculated for FOCI 394 

where n >3.. Only quantified (FOCI) taxa are shown.  395 

  Linear 

density  

  

FOCI n Mud Sand r  (depth) r  (latitude) r (Fishing effort) 

Pipeline       

Porifera spp. 

17 

2.15 0.71 

0.17  

(-0.34, 0..60) 

-0.15 

 (-0.59, 

0.36) 

-0.18  

(-0.61, 0.33) 

Actinauge 

richardi 

(Anemone) 

6 

 2.15 0.35  

0.82  

(0.04, 0.98) 

-0.15  

(-0.86, 0.75) 

-0.30 

 (-0.89, 0.68) 

Alcyonium 

digitatum (Dead 

Man’s Fingers) 

26 

36.00 0.80  

0.44  

(0.07, 0.71) 

0.11  

(-0.29, 0.48) 

0.34  

(-0.37, 0.80) 

Buccinidae 

(Gastropod) 

6 

 1.54 0.96 

-0.25  

(-0.88, 0.71) 

-0.33  

(-0.90, 0.66) 

-0.05  

(-0.83, 0.80) 

Sabellaria sp. 

(Polychaete) 

4 

NA 7.86 

-0.21 

 (-0.97, 0.94) 

-0.27  

(-0.98,0.93) 

- 

Sabellidae 

(Polychaete) 

3 

NA 0.10  

- - - 
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Crinoid  

7 

 0.31 0.42 

0.65 

 (-0.20, 0.94) 

0.58 

(-0.30, 0.93) 

-0.42 

(-0.90, 0.49) 

Echinus 

esculentus 

(Common Sea 

Urchin) 

51 

 0.92 9.91 

0.08  

(-0.20, 0.35) 

-0.11  

(-0.38, 0.17) 

-0.08  

(-0.35, 0.20) 

Sediment    

0 

   

Porifera spp. 

2 

NA 0.06 

- - - 

Actinauge 

richardi 

(Anemone) 

3 

NA 0.07 

- - - 

Pennatula 

phosphorea 

(Phosphorescent 

Sea Pen) 

12 

 9.23 1.50 

-0.24  

(-0.72, 0.38) 

-0.03  

(-0.56, 0.60) 

-0.28  

(-0.74, 0.35) 

Virgularia 

mirabilis 

(Slender Sea 

Pen) 

18 

63.4 0.96 

0.46  

(-0.02, 0.76) 

0.37  

(-0.12, 0.71) 

0.30  

(-0.19, 0.67) 

Alcyonium 

digitatum (Dead 

Man’s Fingers) 

10 

NA 0.77 

0.013  

(-0.62, 0.64) 

-0.08  

(-0.68,0.57) 

0.34  

(-0.37, 0.80) 

Buccinidae 

(Gastropod) 

5 

NA 0.16 

0.27  

(-0.81, 0.93) 

-0.36  

(-0.94,0.77) 

-0.38  

(-0.95, 0.76 
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Sabellaria sp. 

(Polychaete) 

3 

NA 2.33 

- - - 

Sabellidae 

(Polychaete) 

15 

 NA 1.34 

0.54  

(-0.01,0.84) 

-0.49  

(-0.09, 0.82) 

-0.33  

(-0.74, 0.27) 

Echinus 

esculentus 

(Common Sea 

Urchin) 

19 

NA 1.12 

0.49  

(0.05, 0.77) 

0.70  

(0.36, 0.88) 

-0.31  

(-0.67, 0.16) 

Batoidea (Rays) 

1 

NA 0.10 

- - - 

Burrowed 

communities 

9 

98.50 0.10 

0.59  

(-0.11, 0.90) 

0.58  

(-0.13,0.90) 

0.58  

(-0.14, 0.90) 

 396 

 397 
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Figure 1 Oil and gas pipelines (grey lines) in the northern North Sea region (shaded area). 

Black circles represent the location samples of ROV footages used in this study. 

 

 398 

 399 

 400 

 401 

 402 
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Figure 2 Cumulative length of pipeline analyzed in samples (A) and cumulative number of 

observations for all taxa and features of conservation interest (B) according to the altitude of 

the ROV used to obtain video footage of pipelines 
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