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ABSTRACT

Man-made structures in the North Sea are known to act as artificial reefs by providing a 

habitat for sessile epifauna in a predominantly soft sediment environment. This epifauna is 

hypothesized to cast a so-called ‘shadow’ over the soft sediment ecosystem by altering the 

nutrient composition in the overlying water column. In addition, the structure itself could alter 

currents and thereby influence the deposition and erosion of the sediments in the wake of 

the platform. This study aims to assess the long-term effects of a gas platform in the southern 

North Sea on the surrounding benthic community by both morphological and molecular 

identification of benthic species. The species composition and a set of abiotic factors of the 

sediment around a gas platform were assessed along four transects. Differences for the abiotic 

factors were found in the closer vicinity of the platform in the direction corresponding to the 

predominant currents. The number of benthic fauna families found in the molecular approach 

were on average three times higher than for the morphological approach. Both approaches 

showed that small differences occurred primarily due to changes in sedimentary organic matter 

contents. Differences in species composition were more pronounced between transects rather 

than between distances from the platform.
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INTRODUCTION

Over the last decades man-made structures such as oil and gas platforms have become a 

widespread phenomenon in the North Sea. Through time, these structures often have become 

artificial reefs as they provide a solid substrate for sessile epifauna in areas that are mainly 

characterized by soft sediment habitat (Whomersley and Picken, 2003; Krone et al., 2013; Stap 

et al., 2016). So far it is unknown whether artificial structures are beneficial for ecosystem 

functioning and biodiversity in a wider area surrounding these structures. This question is 

becoming increasingly important as many platforms in the southern North Sea are about to be 

decommissioned in the coming decades. The contracted fate of offshore platforms at the end of 

their productive life is complete removal. However, arguments have been raised to leave parts 

or whole platforms in place as artificial reefs (Jørgensen, 2012) similarly as in the Gulf of Mexico 

and other parts of the USA (Fowler et al., 2014; Claisse et al., 2015).

The biomass of epifauna on submerged artificial structures may reach up to 500-fold the biomass 

found in the soft sediments (Picken et al., 2000). Since the epifauna on new artificial substrates 

mainly consists of filter-feeders (e.g. mussels) this community may act as a biofilter, depleting 

primary organic matter in the water column and enriching it by producing faeces, nutrients, 

dissolved organics and larvae (Krone et al., 2013; Coates et al., 2014). Consequently, water 

chemistry and particle composition is altered in the close vicinity (up to 100 m) of an artificial 

structure (Maar et al., 2009 ). It is hence hypothesized that epifauna on oil and gas structures will 

cast a so-called ‘shadow’, over the soft sediment ecosystem near the structures, which influences 

food availability for surrounding benthic assemblages and impact species composition. Model 

calculations of the effect of mussels growing on a wind turbine (Maar et al., 2009) demonstrated 

significant effects on the water column including depletion of water column chlorophyll in the 

wake of the structure which was subsequently confirmed by actual measurements. Beside these 

biogeochemical impacts, the physical presence of a structure will alter local hydrodynamics, 

which may influence sedimentological characteristics, changing erosion and deposition (Baeye 

and Fettweis, 2015; Carpenter et al., 2016; Vanhellemont and Ruddick, 2014). Field studies on 

the impact of offshore gas platforms in the Adriatic Sea revealed a widespread effect (up to 

1000 m) on the surrounding nematode community which was ascribed to physical alteration 

of the habitat (Fraschetti et al., 2016) while the growth of a mussel population on the structure 

led in one case to the development of a mound of dead mussel shells close to the platform with 

consequences for the resident bottom fauna (Bomkamp et al., 2004; Manoukian et al., 2010).

A growing number of studies on the introduction of artificial hard substrate and their biological 

effects on the surrounding soft sediment environment is being published (Lindeboom et al., 

2011; Degraer and Brabant, 2012; Vandendriessche et al., 2015; Coolen, 2017). So far, studies 

5
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have mostly dealt with short-term effects (up to five years). Fouling communities on artificial 

structures, however, have been shown to change in composition when the structure remains 

intact long enough (Whomersley and Picken, 2003; Vandendriessche et al., 2015). To aid the 

discussing of the effects of decommissioning of artificial structures, knowledge on the actual 

effects. of a platform on its surroundings is necessary, for which a longer time scale (multi 

decadal) perspective is needed. Therefore, this study targets an >40y old offshore gas platform 

(L7A) in the southern North Sea and investigates whether this platform casts a ‘shadow’ on 

the composition of the soft-sediment benthic communities. It was hypothesized that species 

composition in the wake of the platform, in the residual current direction, will differ from the 

species composition in reference areas. Besides species composition, a set of abiotic factors 

which are known to influence the benthic community composition were measured.

Most impact studies involving benthos by means of morphological identification only deal 

with macrofauna (Coates et al., 2014; Coolen, 2017). Only when highly specialist knowledge 

is available, meiofauna is considered. Yet meiofauna organisms are, next to macrofauna, key 

indicators for ecosystem health (Balsamo et al., 2012; Spilmont, 2013; Lallias et al., 2014; 

Fraschetti et al., 2016). This study applies both a classic morphological identification approach, 

via identification of macrofaunal specimens by a highly experienced taxonomist, and a molecular 

identification approach, via metabarcoding of DNA extracted from the entire benthic assemblage 

(including meiofauna and macrofauna), using a combination of next generation sequencing and 

taxonomic affiliation based on reference libraries. The latter approach provides the opportunity 

to assess marine metazoan benthos in a new holistic and replicable manner (Chariton et al., 2010; 

Taberlet et al., 2012; Cowart et al., 2015).

 
METHODS

Study site and sampling design

The platform L7A in the southern North Sea was installed over 40 years ago. It was selected as 

study site, since non-toxic substances were used during past drilling operations and long-lasting 

effects due to toxic wastes can be excluded (Duineveld et al., 2007). The platform is situated 

in a fauna-rich area with fine muddy sand (median grainsize between 106 μm – 113 μm) at a 

water depth of 35 m (Duineveld et al., 2007) (Figure 5.1). Based on the dominant residual current 

directions the shadow area was defined as the sector between 0-90 degrees compass direction 

and the opposite direction between 180-270 degrees.

Samples and measurements were collected during a cruise with RV Pelagia (7-12 May 2016). 

Sediment samples were collected at respectively 150, 300, 450 and 600m from the platform 
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along 4 transects in 4 perpendicular directions (SW, SE, NW and NE) using the NIOZ box corer with 

a 706 cm2 surface area and 55 cm sampling depth (equivalent to roughly 38 litres of sediment). 

From each box core one sub core (78 cm2 surface) was retrieved for sedimentological analysis 

and stored at 4⁰C. Two surface samples for organic content measurements, taken of the surface 

of the box core with a spatula, were stored at -20⁰C. Samples for molecular identification 

(environmental DNA samples) were collected from the box core using a smaller core with a 5.60 

cm2 surface area and 10 cm sampling depth (equivalent to 56 ml of sediment) and immediately 

stored at -80⁰C. The remaining sediment in the box core was used for morphological identification 

and was sieved over a 1 mm round mesh sieve. Living organisms were sorted by manually and 

identified up to the family level with a stereomicroscope by an experienced taxonomist (ML) 

according to Hartmann-Schröder (1996) and Hayward and Ryland (1995). Identified species were 

stored in 96% ethanol at ambient temperatures as reference samples for molecular methods. 

Figure 5.1 | Study site and sampling design. Sample locations were based around the L-7A gas-platform 
in the Southern North Sea (left panel). Sample locations were set on four different transects; north-
east (45⁰), south-east (135⁰), south-west (225⁰) and north-west (315⁰). At each transect a box core 
was taken at 150, 300, 450 and 600 meter from the platform. The right panel shows the proportion of 
current vectors in the different directions as measured during the scientific cruise. Dominant currents 
were between 0-90 degrees compass direction and the opposite direction between 180-270 degrees. 

5
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Environmental variables

The sub cores taken for sedimentological analysis were opened in the lab and the top 10cm was 

sliced in 1cm slices. A subsample of each slice was cryodesiccated and subsequently left overnight 

in a water bath (100 ml) consisting of 0.1M dispersing agent (Na4P2O7) to prevent flocculation. 

Grainsizes were measured three times with a Beckman Coulter LS Particle Size Analyzer 

which measures a grainsize distribution from 0.04 to 2000 μm for 117 size classes. Thereafter, 

measurements were divided in three size fractions: clay (<0.002 mm), silt (0.002-0.05 mm) and 

sand (0.05 – 2 mm). Total organic carbon (TOC) was determined from the surface samples after 

removing inorganic carbonates by shaking samples twice in 2M HCl (respectively for 4 and 12 

hours) followed by rinsing them twice with Milli-Q water. Subsequently, the sediments were 

cryodesiccated and thoroughly ground in an agate mortar. TOC and nitrogen (N) contents were 

measured on an Organic Elemental Analyser (Flash 2000, Thermo Scientific Bremen, Germany).

Reference library and mock sample

Genomic DNA from a subset of the morphological identified specimens (supplementary Table 

S1) was extracted using the GenElute™ Mammalian Genomic DNA miniprep kit (Sigma-Aldrich 

Inc.) following the manufacturer’s protocol. A 450 base pair (bp) part of nuclear small ribosomal 

subunit (18S) was amplified using the oligo-nucleotides F04 and R22 as primer pair (Sinniger 

et al., 2016). The 18S gene was amplified in a 50μl volume reaction, containing 0.6μM of each 

primer, 0.2μM dNTP, 800ng/μL BSA, 1U Phusion® High-Fidelity DNA Polymerase (Thermo 

Scientific Inc.), 1x Phusion® HF buffer (Thermo Scientific Inc.) and 5 μL of DNA extract. The 

thermal cycle conditions were as follows: an initial cycle of 30 seconds at 98°C; followed by 

27 cycles, each comprised of 10 seconds at 98°C, 20 seconds at 60°C and 30 seconds at 72°C, 

followed by a single cycle of five minutes at 72°C. The PCR products were Sanger sequenced 

in both directions on the ABI3730XL sequencer from Life Technologies by BaseClear (Leiden, 

Netherlands). Consensus sequences were complemented with their taxonomic data and stored 

as a local reference database.

One mock test sample was generated by combining DNA extractions from 21 species, representing 

7 different phyla (supplementary Table S5.1). The DNA extracts of the selected species were 

quantified on a Qubit 3.0 fluorimeter (Qiagen, Inc.) and were pooled in equimolar quantities. 

The mock sample served as a positive control throughout the 18S species identification process.

Molecular analysis

A subsample (10 g) was taken from each eDNA subcore at the following depth intervals: 0-2 cm, 

2-3 cm and 5-6 cm. DNA was extracted from these subsamples using the Powermax Soil™ DNA 

isolation kit (MoBio Inc.) following the manufacturer’s instructions. DNA from all extractions, as 

well as a mock sample, were used as template to amplify, in triplicate, the 18S gene fragment 
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as described in methods section (iii). All forward and reverse primers were extended with 12nt 

unique barcodes. The PCR products were visually inspected after electrophoresis through a 

1% agarose gel at 75volt for 50 minutes, excised from the gel, purified using the Qiaquick Gel 

Extraction Kit (Qiagen, Inc.) and quantified with a Qubit™ 3.0 fluorometer (Qiagen, Inc.). Samples 

were pooled in equimolar quantities together with blank PCR controls. The pooled sample was 

then subjected to a final purification using MinElute™ PCR Purification columns (Qiagen Inc.) 

as described by the manufacturer. The pooled sample was submitted for sequencing at Useq 

(Utrecht, Netherlands) on an Illumina MiSeq using the 2x 300bp V3 kit.

Bioinformatics

Raw sequences were quality filtered using the fastq_quality _filter script in the FASTX-Toolkit 

(http://hannonlab.cshl.edu/fastx_toolkit/). Reads with a quality score ≤ 30 over 75% of the 

positions were discarded. Quality filtered reads were de-multiplexed using the split_libraries.

py script in QIIME (Caporaso et al., 2010), allowing zero mismatches in both the forward and 

reverse primer. De-multiplexed sequences were then front, and end clipped to remove the 

primers. Reads were first de-replicated at a 100% similarity and sequences with less than 10 

copies were discarded. The remaining unique sequences were clustered using a 95% similarity 

cut off in VSEARCH (Rognes et al., 2016). Taxonomic assignments were performed against the 

SILVA 18S rRNA database (release 119, www.arb-silva.de; Pruesse et al., 2007) using the RDP 

Classifier (Wang et al., 2007) with a minimum confidence of 0.5. At a confidence level of 0.5 

all OTUs found for the mock sample could be assigned at the family level to one of the species 

added to this sample.

Data analysis

For the morphological approach, count data were merged into taxonomic families when possible, 

resulting in a total number of individuals per taxonomic family. As the number of reads for the 

molecular approach have a weak relationship with biomass or abundance (Elbrecht and Leese, 

2015), all OTU data were converted to presence or absence prior to further analysis (Chariton 

et al., 2015). OTUs were first merged per location (i.e. depth-subsamples were averaged at each 

location) and subsequently combined into taxonomic families. The correlation between the 

number of metazoan OTUs and read depth was tested to avoid a bias introduced by sampling 

effort and no correlations was found (Pearson, r = -0.176, p = 0.515). Also, rarefaction curves 

(using vegan/rarecurve, step=20) showed a saturation for all samples (supplementary Figure 

S5.2). Therefore, no transformation of OTU abundances was necessary and the number of OTUs 

per taxonomic families were used throughout subsequent analyses. Shannon-Wiener diversity 

estimates were calculated using the count data for the morphological approach and the number 

of OTUs per taxonomic family for the molecular approach.

5
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Since it was hypothesized that the platform could exert an effect on the benthic community via 

a change in sediment composition, the metazoan data were screened for potential indicators of 

a change in grainsize, TOC and N. Taxa were designated as potential indicator taxa if the number 

of individuals (morphological approach) or the number of OTUs (molecular approach) within a 

taxonomic family were correlated to either the percentage of silt, TOC or N. A taxonomic family 

was designated as potential indicator taxa if the correlation coefficient rho was found to be 

higher than 0.4 or lower than -0.4 and at least 10 species or OTUs were found within this family 

for all samples combined.

The number of individuals for the morphological approach and the number of OTUs for the 

molecular approach within a taxonomic family were subjected to Hellinger-transformation 

(Legendre and Gallagher, 2001) using the vegan function ‘decostand’. A screeplot was made to check 

for variances of the ordination components and to determine the optimal number of dimensions 

or axis in the multidimensional scaling. Nonmetric multidimensional scaling using Bray-Curtis 

dissimilarity distances at two dimensions for the morphological approach and three dimensions 

for the molecular approach was performed. The Bray-Curtis dissimilarity matrix was further used 

for analysis of variance between the transects (permanova) using the adonis2 function and for 

the simper analysis to discriminate the effect of each species. All data were analysed in R v3.4.3. 

RESULTS

Validation taxonomic assignment

After sequence quality control, a total of 85923 reads were assigned to the mock sample. These 

reads resulted in 490 OTUs after clustering at a threshold at >95%. Only one out of the 21 species 

added to the mock sample was not recovered, i.e. Ampelisca brevicornis. False positives were 

found below a relative read abundance of 0.001%. This relative read abundance was then used 

as cut-off in the further data-analysis of the 16 environmental samples.

Taxonomic composition

Classic morphological analysis of the box core samples, sieved over a 1 mm sieve and identified 

by eye, yielded a total of 1264 specimens belonging to 43 taxonomic families for the 16 samples. 

In total, seven metazoan phyla were found, of which only four were found at all locations. 

Most individuals belonged to the echinoderms (52%), and annelids (20%) (Figure 5.2, upper 

panel). The most abundant families were the echinoderm family Amphiuridae, the annelid family 

Lumbrineridae, the phoronid family Phoronidae and the arthropod family Callianassidae.
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The Illumina sequencing of the molecular samples generated 6.4 million reads after quality 

filtering for the 16 samples, of which 22% could be confidently assigned to metazoans. Clustering 

resulted in 544 metazoan operational taxonomic units (OTUs), the number of OTUs ranged from 

121 to 323 for individual samples. The molecular approach recovered many more metazoan phyla 

than the morphological approach; sixteen in the combined samples. Ten of these phyla were 

recovered from each location (Figure 5.2, lower panel). The metazoan diversity derived from the 

molecular approach was largely dominated by nematodes, which formed the most diverse group 

(11% of all OTUs). The next most diverse phyla were the arthropods (5%), and annelids (2%). Of 

all metazoan OTUs, 60% could be taxonomically classified at the family level. The most abundant 

metazoan families based on the number of OTUs were the nematode families Comesomatidae, 

Oxystominidae and Loxoconchidae, followed by the arthropod family Temoridae and the annelid 

family Lumbrineridae.

Figure 5.2 | Taxonomic composition per location. For each of the samples grouped per transect 
the proportions of phyla identified through the morphological approach (upper panel) or the mo-
lecular approach (lower panel). The number of individuals per phylum was used for the morpho-
logical approach and number of OTUs within a phylum was calculated for the molecular approach.

5
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Biodiversity and environmental variables

Percentage clay was very low (between 0 and 0.2%) for all locations, therefore, instead 

percentage silt was used as a measure for further grainsize analyses. Percentage silt was 

highest in the NE transect with a mean percentage of 30.43 ± 1.9% (Figure 5.3; supplementary 

Table S5.3) and lowest in the SE transect (24.88 ± 4.78%). The percentage silt tended to 

increase with increasing distance from the platform. However, only for the SW transect this 

trend was significant (Pearson, r = 0.965, p = 0.035). The levels of TOC and N were on average 

highest in the NE transect (TOC: 0.566 ± 0.19%; N: 0.047 ± 0.01%) (Figure 5.3; supplementary 

Table S5.3). Similar as the percentage of silt, TOC and N levels also showed an increase with 

increasing distance from the platform, however, correlations were not statistically significant. 

Figure 5.3 | Environmental variables for the various sampling locations. The percentage of carbon and 
nitrogen from surface sediments and the average percentage of silt from the top 10 cm of sediment is 
shown for each sample location.

The Shannon-Wiener index based on the numbers of specimen per family found from the 

morphological identification approach was negatively correlated with the percentages of TOC, 

N and silt (Figure 5.4, upper panel). However, only the relationship with the percentage silt was 

statistically significant (Pearson, r = -0.626, p = 0.010). The Shannon-Wiener index based on 

the number of OTUs per family found in the molecular approach was twice as high as the index 

derived from the morphological approach. The correlations between Shannon-Wiener index 

values from the molecular approach and the environmental variables were less strong than the 

correlations with index values based on the morphological approach and none of these were 

significant (Figure 5.4, lower panel). The Shannon-Wiener index based on the molecular approach 

increased slightly with increasing percentages of silt as opposed to the decreasing trend found 

with values based on the morphological approach.
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Figure 5.4 | Relationships between biodiversity and environmental variables. The Shannon-Wiener 
index was calculated from number of individuals within a taxonomic family for the morphological ap-
proach (top panel) or the number of OTUs within a taxonomic family for the molecular approach (bottom 
panel) and was plotted against the percentage of carbon, nitrogen and silt found at the sample location. 

Potential indicator taxa

Within the dataset based on the morphological approach, the arthropod family Upogebiidae was 

significantly negatively correlated with the percentage of N (Pearson r = -0.525, p = 0.037) and was 

therefore designated as potential indicator taxa (Table 5.1). The echinoderm family Amphiuridae, 

the annelid family Lumbrineridae and the Phoronidae were found in high abundances with 

still a moderate correlation with one or multiple of the environmental variables (r > 0.4). The 

Amphiuridae and Lumbrineridae were positively affected by higher organic content, either TOC 

or N. Whereas the Amphiuridea were found in higher abundances with higher percentages of 

silt, the Phoronida were found in lower abundances in relation to higher silt contents.

5
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Table 5.1 | Potential indicator taxa

Correlation test were performed for the abundance of specimens within a taxonomic family for the 

morphological approach and the number of OTUs within a taxonomic family for the molecular approach 

against the environmental variables. Only families showing a strong or moderate correlation (r > 4) and 

an abundance (N) above 10 are presented here. An = Annelida, Ar = Arthropoda, E = Echinodermata, 

M= Mollusca, N = Nematoda, P = Phoronida.

Approach Family N TOC N Silt

Rho P Rho P Rho P

Morpho Upogebiidae (Ar) 23 -0.489 0.055 -0.525 0.037*

Nuculidae (M) 26 -0.479 0.061 -0.477 0.062

Amphiuridae (E) 641 0.458 0.074 0.449 0.093

Lumbrineridae (An) 116 0.411 0.113

Phoronida (P) 102 -0.405 0.134

Molecular Camacoloimidae (N) 14 -0.644 0.007* -0.495 0.051 -0.483 0.058

Thoracostomopsidae (N) 108 0.538 0.031* - - - -

Cyantholaimidae (N) 179 0.538 0.032* - - - -

Scalibregmatidae (An) 25 - - - - -0.532 0.034*

Loxoconchidae (Ar) 211 0.519 0.039* 0.546 0.029* 0.459 0.074

Corbulidae (M) 33 - - 0.510 0.044* - -

Linhomoeidae (N) 64 - - - - -0.504 0.046*

Amphiuridae (E) 89 0.496 0.051 - - - -

Miraciidae (Ar) 17 - - - - 0.466 0.069

Semelidae (M) 25 - - -0.420 0.105 - -

Calanidae (Ar) 12 -0.411 0.114 -0.418 0.107 - -

Xyalidae (N) 135 - - -0.417 0.108 - -

The Amphiuridae family was the only family designated as indicator taxa by both the 

morphological and molecular approach. The abundance of Amphiuridae in the molecular 

approach was positively correlated with the percentage of TOC. The molecular approach also 

identified several meiofauna families as potential indicator taxa. The number of OTUs within 

the nematode families Thoracostomopsidae and Cyantholaimidae showed a positive correlation 

with TOC levels (Pearson, r = 0.538, p = 0.031 and r = 0.538, p = 0.032, respectively), whereas 

nematodes from the family Camacoloimidae were negatively correlated with TOC levels (Pearson, 

r = -0.644, p = 0.007). For the other phyla, the arthopods family Loxoconchidae were positively 

correlated to both TOC and N levels (Pearson, r = 0.519, p = 0.039 and r = 0.546, p = 0.029) 

and the mollusc family Corbulidae was positively correlated to the levels of nitrogen (Pearson, 

r= 0.510, p = 0.044). The annelid family Scalibregmatidae and the nematod family Linhomoeidae 
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were negatively correlated to the percentage silt (Pearson, r = -0.532, p = 0.034 and r = -0.504, 

p = 0.046, respectively).

(v) Comparison between sample locations

The values of the Shannon-Wiener index varied between sample locations for both the 

morphological and molecular approach (Figure 5.5; supplementary Table S5.4). The Shannon 

values based on the morphological approach showed the strongest trend along the NW 

transect, for which diversity decreased with increasing distance from the platform (Pearson, 

r = -0.956, p = 0.044). In contrast, diversity was stable with increasing distances on the NE 

transect (Pearson, r = -0.156, p = 0.844) and diversity in this transect showed the lowest 

variation along the distances (μ = 1.520 ± 0.121). The Shannon values based on the molecular 

approach showed a negative correlation with distance on all transects, however, none of 

these were statistically significant. The MDS ordination for the morphological approach 

showed a deviating composition of macrofauna on the SW transect with all its data points 

separated from the remaining samples (Figure 5.6, left panel). A permanova analysis indicated 

a statistically significant difference between the transects (F
3,12 = 1.547, p = 0.026). Simper 

analysis showed that this deviation was mainly due to a lower abundance of the echinoderm 

family Amphiuridae and the phylum Phoronida on the SW transect. An MDS ordination for 

the molecular approach combined with a permanova analysis resulted in a significant different 

between the benthic communities for the different transects (F
3,12 = 1.497, p = 0.040) but not 

between the distances from the platform (F3,12 = 1.064, p = 0.366) (Figure 5.6, right panel). 

Figure 5.5 | Biodiversity per sample location. The Shannon-Wiener index was calculated from the number 
of individuals within a taxonomic family for the morphological approach (left panel) or the number of 
OTUs within a taxonomic family for the molecular approach (right panel) and was plotted for each sample 
location per transect.

5
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Figure 5.6 | Nonmetric multidimensional scaling (nMDS) plot for community composition. The nMDS is 
based on Bray-Curtis dissimilarities of community composition. Composition was based on the number 
of individuals per taxonomic family for the morphological approach (left panel) and the number OTUs per 
taxonomic family for the molecular approach (right panel).

 
DISCUSSION

The aim of the present study was to seek evidence for an effect of an offshore gas platform on 

the composition of the surrounding metazoan communities. The supposed effect of the platform 

was hypothesized to be primarily due to the long established epifaunal community which acts 

as a biofilter and casts a shadow over its surroundings (Stap et al., 2016). The methodology that 

was applied consisted of a classical morphological approach targeting only macrofauna and a 

molecular approach which also include the smaller meiofauna.

Prominent variation was found in the grain size characteristics in the environment surrounding 

the gas platform. A higher percentage of silt was found on the transect in the residual current 

direction, i.e. in the ‘shadow’ area of the structure, while coarser sediment was observed in the 

close vicinity of the artificial structure. Similar grain size effects have been found around other 

artificial structures and were interpreted to reflect changes in velocity and direction of water 

movement (Mendoza and Henkel, 2017). The strongest correlation between distance from the 

platform and grain sizes were found in the SW and NE transects, aligning with the directions 

of the dominant residual currents. Total organic carbon (TOC) and nitrogen (N) levels showed 

equivocal trends around the platform. The organic content of the surface sediment was on 

average highest in the NE transect, which is in line with the distribution of silt. The combined 

data suggests a redistribution of silt and associated organic matter in the direction of the residual 

current from SW to NE (Heery et al., 2017). For the low percentages of TOC and N in the vicinity 

of the platform two explanations are proposed: the first is in line with the original hypothesis 

of this project i.e. depletion of the organic content of the water due to the biofilter effect of 
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the epifauna (Davis et al., 1982; Maar et al., 2009). The other (mechanistic) explanation evokes 

scouring of the sediment caused by the acceleration of the flow by the platform structure and 

deposition of fine particles further from the platform (Rudolph et al., 2004).

The Shannon-Wiener index is a commonly used index for comparing benthic communities 

analysed by classical morphology approaches (Gray, 2000; Patrício et al., 2009). More recently 

it has also been used in connection with molecular approaches (Lanzen et al., 2016). However, 

the outcomes of these indices are not necessarily comparable. Firstly, there is a difference 

between the sampling procedure in the two approaches in terms of sampling volume and size 

fraction of the fauna. In the morphological approach, a fixed surface area is sampled and a 

cut-off size selection is applied by sieving. Moreover, only organisms of this size class that are 

present at the time of sampling will be collected. Environmental DNA, on the contrary, can 

persist in the environment over time and therefore will reflect present and past presences of 

fauna, and possibly even presences from organisms in the wider area (Dell’Anno et al., 2002). 

In addition, the molecular approach includes fauna from all size classes, which likely increases 

taxonomic richness.

Additionally, abundance estimates used for the calculation of the Shannon-Wiener index are 

different in the morphological and molecular approach and hence also the meaning of the index 

differs. Abundance estimates in the morphological approach are counts of specimens belonging 

to a specific taxon while the molecular approach in this study uses OTU abundance within a taxa 

(here family). OTU abundance has been shown to increase with increasing numbers of specimens 

analysed within a taxonomic group due to polymorphism (Dell’Anno et al., 2015). However, 

this genetic diversity is not necessarily similar for all taxa. Whilst the Shannon-Wiener index 

is sensitive to the number of taxa (richness) in both approaches, it expresses evenness in the 

distribution of specimens across taxa in the classical approach as opposed to differential genetic 

diversity within taxa in the molecular approach. Despite the different meaning of the Shannon-

Wiener index Lejzerowicz et al. (2015) already showed the applicability of biotic indices, and in 

particular the Shannon-Wiener index for the molecular approach. An extensive review of the 

use of biotic indices for molecular approaches has been performed by Pawlowski et al. (2018). 

Here, we only touched upon the essentials relevant to this study.

Potential indicator taxa for the effects of changing organic content or silt levels could be 

indicated. For both the molecular and morphological approach more taxa correlated positively 

than negatively to the organic content. For both approaches, the abundance of the macrofaunal 

family Amphiuridae increased with increasing organic content levels. Species in the Amphiuridae 

family are rapid growing with a high metabolic rate and hence have high food requirements and 

thrive under high food conditions (Buchanan, 1964; Josefson and Jensen, 1992). In this study, 

5
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lowest abundances for the Amphiuridae were found in the SW transect and highest in the NE 

transect, which is in line with the distribution of organic carbon and silt.

Although macrofauna species have been used as key indicators for environmental health for 

decades, recent developments in terms of molecular techniques have made it easier to also assess 

the function of meiofauna as bio-indicators (Fonseca et al., 2014; Lallias et al., 2014; Chariton 

et al., 2015; Lanzén et al., 2016). Meiofauna species are considered to be suitable indicators for 

marine ecosystem monitoring due to their relatively high abundance and their complex interplay 

with other faunal species (Sutherland et al., 2007; Balsamo et al., 2012). Abundances of certain 

nematode species have been shown to increase at slightly elevated levels of organic content (Gee 

and Warwick, 1985) and also in this study, two nematode families showed a positive correlation 

with TOC and N levels. Relations between arthropods and environmental variables in the study 

were less clear. One meiofaunal arthropod family of ostracods, the Loxoconchidae, showed 

a positive relationship between OTU numbers and increasing TOC and N levels, whereas the 

copepod family Calanidae showed a negative relationship with organic content levels.

Previous studies have investigated the influences of man-made structures on the surrounding 

benthic environment by either a morphological identification approach (Danovaro et al., 

2002; Terlizzi et al., 2008; Manoukian et al., 2010; Coates et al., 2014; Fraschetti et al., 2016) 

or a molecular identification approach (Lanzén et al., 2016). This study is the first to date to 

encompass both approaches. An obvious advantage of the morphological approach is the ability 

to provide actual species abundance data, whereas metabarcoding datasets are still limited to 

presence/absence data of OTUs (Deagle et al., 2013; Cowart et al., 2015; Ficetola et al., 2015; 

Piñol et al., 2015). A good example is the phylum Phoronida. This phylum consists of only one 

family Phoronidae (WoRMS, 2018) with few species and thus molecular diversity within this 

phylum is nihil. Even though the morphological approach found high numbers of Phoronidae, 

in this study, the diversity abundance of different OTU’s within the Phoronidae in the molecular 

approach was low. On the other hand, the most noticeable disadvantage of the morphological 

approach is the taxonomic expertise needed for fauna identification. Because of this, meiofauna 

species are often excluded from environmental impact studies. Since molecular methods, such 

as metabarcoding, include macrofauna and meiofauna, they provide a more holistic view of the 

benthic community composition (Taberlet et al., 2012; Chariton et al., 2015; Lanzén et al., 2016; 

Sinniger et al., 2016). In this study, the number of families found in the molecular approach were 

on average three times higher compared to the morphological approach. The additional families 

found were mainly meiofauna families, taxa which are potential bio-indicators of changing 

environmental conditions.
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The analysis of indicator taxa and the analysis of biotic indices from both the morphological and 

molecular approach showed that differences in abundancy within taxonomic families can occur 

due to abiotic changes. As the particular platform has been established several decades ago, 

species composition on the platform was supposed to have established a mature community 

and therefore to represents a good measure of the long term effects of artificial structures 

on their immediate surroundings. Differences within the surrounding communities and abiotic 

factors were most noticeable between the NE and SW transect, which are the downstream and 

upstream directions of the strongest currents around the platform, respectively. Differences 

in community composition were most pronounced between the transects rather than within 

a transect at varying distances from the platform. This would suggest that the presence of 

the platform has evoked changes in soft bottom communities. However, it was not possible 

to disentangle the biological effects of epifauna from the physical effect of the platform 

itself. Likely both factors are involved. Either way, the complete removal of the platform as 

part of the decommissioning process will alter the current benthic species composition. 
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SUPPORTING INFORMATION

Table S5.1 Reference database / mock community. Species found in the morphological analysed samples, 
species in bold were added to the mock community.

Phylum Family Species

Annelida Lumbrineridae Hilbigneris gracilis

Annelida Lumbrineridae Lumbrineris tetraura

Annelida Glyceridae Glycera alba

Annelida Goniadidae Goniada maculata

Annelida Hesionidae Oxydromus flexuosus

Annelida Nephtyidae Nephtys hombergii

Annelida Nephtyidae Nephtys incisa

Annelida Nereididae Eunereis longissima

Annelida Phyllodocidae Phyllodoce groenlandica

Annelida Sigalionidae Sthenelais limicola

Annelida Trichobranchidae Terebellides stroemi

Annelida Capitellidae Notomastus latericeus

Annelida Obriniidae Orbinia sertulata

Arthropoda Ampeliscidae Ampelisca brevicornis

Arthropoda Diastylidae Diastylis bradyi

Arthropoda Callianassidae Callianassa subterranea

Arthropoda Processidae Processa nouveli holthuisi

Arthropoda Upogebiidae Upogebia deltaura

Arthropoda Mysidae Heteromysis formosa

Echinodermata Loveniidae Echinocardium cordatum

Echinodermata Synaptidae Leptosynapta inhaerens

Echinodermata Ccumariidae Leptopentacta elongata

Echinodermata Amphiuridae Amphiura filiformis

Echinodermata Ophiuridae Ophiura albida

Mollusca Semelidae Abra nitida

Mollusca Corbulidae Corbula gibba

Mollusca Nuculidae Nucula nitidosa

Mollusca Veneridae Chamelea gallina

Mollusca Lasaeidae Lepton squamosum

Mollusca Mactridae Spisula subtruncata

Mollusca Montacutidae Montacuta sp.
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Table S5.1 Continued

Phylum Family Species

Mollusca Thraciidae Thracia convexa

Nemertea Nemertea sp.

Phoronida Phoronida sp.

Sipuncula Golfingiidae Golfingia sp.

 

Figure S5.2 rarefaction curves
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Table S5.3 environmental variables per location

%TOC %N %Silt

Mean Pearson Mean Pearson Mean Pearson

μ SD Rho p μ SD Rho p μ SD Rho p

NE 0.566 0.188 0.884 0.116 0.047 0.009 0.718 0.282 30.425 1.926 0.918 0.082

NW 0.532 0.079 0.945 0.055 0.045 0.004 0.349 0.651 29.075 2.123 0.784 0.216

SE 0.468 0.094 0.475 0.525 0.045 0.008 0.768 0.232 24.875 4.777 0.759 0.241

SW 0.446 0.077 0.421 0.579 0.041 0.008 0.786 0.214 27.275 2.153 0.965 0.035

 
Table S5.4 shannon per location

Morphology Molecular

Mean Pearson Mean Pearson

μ SD Rho p μ SD Rho p

NE 1.520 0.121 -0.156 0.844 3.361 0.057 -0.555 0.446

NW 1.374 0.269 -0.956 0.044 3.344 0.074 -0.048 0.952

SE 1.811 0.266 -0.814 0.186 3.281 0.031 -0.019 0.981

SW 1.665 0.192 0.621 0.379 3.341 0.024 -0.821 0.179
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