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A B S T R A C T   

Oil and gas platforms act as artificial habitats for a myriad of marine organisms. In this study, we used oppor
tunistic remotely operated vehicle (ROV) data to describe fouling assemblages through the characterization of 
functional groups in the Al Shaheen oil field, situated in Qatari waters. The surveys showed a strong vertical 
stratification, with the number of functional groups increasing from the surface to the bottom. In addition, the 
majority of functional groups had their highest frequency of occurrence in the 35–60 m interval. In turn, 
multivariate analyses showed a slight structure among platforms with different ages. The lowest number of 
functional groups occurred in the early ages (2–3 years old), and some groups either increased or decreased their 
frequency and abundance along the years. A step further is now required to determine whether these platform 
foundations should be converted to reefs after their decommissioning (i.e., Rigs to Reefs approach).   

1. Introduction 

Human-made constructions in the marine realm are becoming a 
pivotal habitat for sessile organisms (Airoldi et al., 2008; Bishop et al., 
2017). Artificial substrates not only underpin changes in species 
composition through recruitment and settlement, but to the whole 
ecosystem functioning (Ponti et al., 2002). Thus, artificial substrates 
may be considered as a plausible alternative that aims to mimic natural 
substrates (Granneman and Steele, 2015; Perkol-Finkel et al., 2006), 
since they provide several benefits to the ecosystem such as, reef 
restoration of degrading communities, providing food source and shelter 
for fish and also promoting an increase of biomass of benthic in
vertebrates (Baine, 2001; Bailey-Brock, 1989). However, other studies 
have shown that artificial substrates are not a feasible alternative to 
natural reefs due to the potential negative impacts on biodiversity 
(Jagerroos and Krause, 2016). In addition, it has been observed that 
community structure and species composition of the recruited commu
nities can greatly vary from adjacent natural areas (Feary et al., 2011; 
Sanabria-Fernandez et al., 2018). 

In artificial substrates, fouling assemblages are subjected to recruit
ment of species from adjacent natural substrates throughout the time, 
with a first stage of recruiters – “First-order recruiters”, formed by high- 
mobility species, e.g. fish and taxa with highly-dispersed planktonic 
stages, as well as, widely distributed species. However, this recruitment 
greatly depends on the type of the artificial materials, i.e. wood, con
crete or metal and coatings applied, e.g. antifouling paints. A second 
stage of “Second-order recruiters” is developed afterwards with species 
that are able to compete for space and food, following a succession 
model (see Connell and Slatyer, 1977) in which initial settlers dominate 
the substratum delaying thus the appearance of secondary ones (Perkol- 
Finkel and Benayahu, 2005). The recruitment of sessile organisms, e.g. 
mollusks, corals, sponges and barnacles on the artificial substrates cre
ates conditions for the settlement of other taxa, supporting higher reef 
species complexity and species interactions (Bram et al., 2005). 

Artificial substrates in the Arabian Gulf have an extensive history 
since the first periods of fishing (Bartholomew and Feary, 2012). The 
main purpose of deploying artificial materials that were available at that 
time, such as wood or stones, was to support and improve fish catch 
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(Stone et al., 1991), and habitat restoration (Seaman, 2007). Therefore, 
in the Arabian Gulf region, artificial substrates can be considered a 
historical tool to support the marine economies and social life as they 
contribute to maintaining diverse ecological communities of benthic 
invertebrates, fish and other organisms (Burt et al., 2009a). Specifically 
about oil and gas platforms, although they are considered as non- 
planned artificial habitat, numerous cross beams and large interstitial 
spaces create both physical complexity for protection and add hard 
substratum throughout the water column for the establishment and 
proliferation of fouling organisms (algae and epifauna) and fish (e.g., 
Feary et al., 2011; Stachowitsch et al., 2002; Torquato et al., 2017). 
Importantly, the high vertical relief of the platforms, the upper depths 
and the deeper structure, allow sessile species to settle in the suitable 
depth at various life-stages. 

In the Arabian Gulf oil and gas platforms started being established in 
the 1950s and currently contains over 800 oil platforms (Sheppard et al., 
2010). Nevertheless, a large portion of these platforms is reaching their 
production lifespans and, therefore, a growing source of material for 
Rigs to Reefs (RTR), i.e., converting standing platforms into reefs, will be 
available soon. Although future decommissioning of their structure is an 
unavoidable issue, the biological composition inhabiting this artificial 
habitat is largely unknown, and complicates the debate on whether 
platform jackets should be completely removed after decommissioning 
or left in place as artificial reefs. In the Arabian Gulf this debate is urgent 
and delicate given the loss in natural reef habitat during the last decades, 
due to both coral bleaching and anthropogenic actions. Over 85% of the 
Arabian Gulf natural coral habitats are considered threatened (Burke 
et al., 2011) and artificial habitats in this area, including platforms, are 
seen to offset for this loss. 

A major impediment to understanding the effects of oil and gas 
platforms on marine biodiversity has been the restrictions for re
searchers to access these submerged structures. In fact, besides being 
located in relatively inaccessible environments for traditional SCUBA 
diving, oil fields are considered top-security areas with an exclusion 
zone of at least 500 m around the structures. Alternatively, routine in
spection and maintenance surveys using remotely operated vehicles 
(ROV's) are carried out to monitor the integrity of underwater in
stallations. In biological surveys, ROV's have been used as part of 
effective methods to gain insight into the organisms present on offshore 
platforms, as they allow for the inventory of large numbers of species 
present on vast amounts of surface area and at all depths (e.g., Ajemian 
et al., 2015; Torquato et al., 2017). 

Since RTR programs do not consider retaining the full vertical extent 
of the platforms, an evaluation of how the ecological functional groups 
composition and their relative abundance may change vertically is 
important for estimating the potential environmental impacts on these 
functional groups after removing the upper portion of the submerged 
structures. In addition, the assemblage composition on artificial habitat 
changes over time (Bram et al., 2005), such that temporal character
ization of recruitment on the platform's jacket is pivotal to decide 
whether the structures should be removed or maintained. Therefore, this 
study aims to explore fouling assemblages through the characterization 
of functional groups composition considering environmental factors that 
may affect them, such as depth and age since platform installation. 

2. Material and methods 

2.1. Study area and artificial habitat description 

The Arabian Gulf is a young sedimentary basin (ca. 15,000 years old) 
located in a subtropical region. During the last glacial maximum, when 
the sea level was 120 m lower than the present, the Gulf region had its 
ground almost completely exposed (Sheppard et al., 2010). Nowadays, 
the seawater floods the ca. 1000 km length of the Arabian Gulf, with a 
maximum width of 370 km and mean depth of 35 m, rarely exceeding 
100 m depth (Siebold, 1973; Vaughan et al., 2016). Restricted water 

exchange with open-ocean, through the Strait of Hormuz, and regional 
climate associated with desert condition due to surrounded hyper-dried 
lands, create extreme environmental conditions in the Arabian Gulf, 
which is characterized by hyper saline water (often >42 ppt; Swift and 
Bower, 2003) and highly variable sea surface temperatures (SST) among 
seasons (Nesterov et al., 2021). During the summertime, the Gulf be
comes the warmest sea on Earth, with SST frequently exceeding 35 ◦C 
(Vaughan et al., 2016), whereas SST below 13 ◦C are common in the 
wintertime (Coles, 2003). 

This study was carried out in the Al Shaheen oil field, situated in the 
north of the Qatari exclusive economic zone (EEZ), ca. 90 km far from 
the coast. The Al Shaheen field was first discovered in the mid-70s 
though the development of the reservoirs commenced in the early 90s 
(Thomasen et al., 2005). Thus, this oil field plays a key role as long- 
lasting (> 20 years) artificial substrates in offshore environments at 
the Arabian Gulf. Presently, the Al Shaheen field encompasses 20 plat
forms belonging to 9 locations (A-I), with platforms differing according 
to their height, year of installation and function (Fig. 1). 

2.2. ROV survey of fouling community 

Annual technical routines were conducted by Mærsk Oil Qatar using 
a ROV (mod. SAAB Seaeye Surveyor Plus 229) to inspect submerged 
platform structures. Data were obtained from 4510 video footages, 
which were available to assess fouling communities on platforms’ 
jackets. They were recorded in five years (2007, 2009, 2010, 2011, 
2014), at 8 locations and 14 platforms from the Al Shaheen oil field 
(Table 1). 

Previous analyses showed that the position of the platforms (i.e., 
locations) did not have any correlation with the fouling community 
(Range et al., 2018). Therefore, videos were selected to focus on depth 
intervals and platform age groups. Depth encompassed twelve intervals 
(each spanning 5 m) from surface to sea bottom. Since the platforms are 
situated in different water depths and thereby vary their height, a 
maximum depth of 60 m was chosen for sake of comparison. Age groups 
ranged from 2 to 17 years old, that is, the difference between year of 
platform installation (1997 - 2009) and video recording (2007–2014; 
see Table 1). Furthermore, a preliminary analysis was performed to 
determine the appropriate time intervals of each sampling unit. To do 
so, four different depths (15, 30, 45 and 60) were selected and results 
showed that after 30 s the proportion of functional groups did not 
change significantly at any of those depths. 

To capture the fouling community in this study, we randomly 
selected a total of 68 videos where the ROV moved vertically along the 
platform, while the 30s-time interval was set for the consistent depth 
interval (e.g., 15–20 m, 20–25 m, and so on). If the ROV stopped or 
moved irregularly, the timer was stopped, and resumed as the ROV got 
back to course, otherwise another video was selected to cover the 
remaining depth intervals of the same platform. Thus, although oppor
tunistic, our survey can be considered similar to continuous roving 
transect (CRT) methods (see Ajemian et al., 2015), where video transects 
of thirty seconds each were performed at twelve depth intervals for 
thirteen platform age groups. These results in a total of 156 age * depth 
combinations, for which 3 independent replicate videos were used, 
amounting to a total of 468 sampling units. 

The CATAMI Classification Scheme (CCS; Althaus et al., 2015) was 
adapted to identify fouling organisms recorded in ROV footages. A total 
of 17 biological components were considered (Supplementary Infor
mation; Table S1) at each depth range. Species abundance was visually 
estimated as the percentage area covering the hard substratum, 
following a semi-quantitative SACFOR scale (Hiscock, 1990; Super- 
abundant: 80-100% [numeric equivalent; 6], Abundant: 40-79% [5], 
Common: 20-39% [4], Frequent: 10-19% [3], Occasional: 5-9% [2] and 
Rare: 1-5% [1]). 
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2.3. Statistical analysis 

Minor functional groups (< 5%) in total footage were not considered 
for the analyses, and thus thirteen functional groups remained for the 
multivariate analyses. Resemblance patterns among both depth ranges 
and age of platforms were observed in a two-dimensional non-metric 
multidimensional scaling (nMDS) plot using Bray–Curtis index of 
dissimilarity. Next, we tested potential difference across the spatial or 
temporal group depicted in the nMDS according to depth ranges, age of 
platforms and interaction depth * age, through permutational analysis of 
variance (PERMANOVA) with 5000 permutations. We also performed a 
similarity permutation analysis (SIMPER) to determine the average 
contribution of functional groups driving differences between both the 
depth intervals and the age of platforms. All previous multivariate an
alyses were run using the vegan package in R (Oksanen et al., 2020). 

Moreover, the association of the most prominent species to both the 
depth range and the age of platforms were assessed by the indicator 
value index (IndVal; Dufrêne and Legendre, 1997) and its posterior 
statistical significance (p < 0.05) was obtained by a randomization 
procedure (5000 permutations). The IndVal quantifies the fidelity and 
specificity of species in relation to groups of sites. This analysis was 
performed with the labdsv package in R (Roberts, 2019). 

3. Results 

Cirripedia and Encrusting were ubiquitous (> 99% occurrence in the 
468 samples), while Turf was highly frequent (> 75% samples). In 
contrast, four functional groups were rare (< 5%) and thereby excluded 
from multivariate analyses, namely, Urchins (3.2%), Anemones (< 2%), 
Bryozoans (< 1%) and Massive sponges (< 1%). 

Fig. 1. Map of platform locations (A-I) in the Al Shaheen oil field in northeast of Qatari exclusive economic zone.  

Table 1 
Oil and gas platforms in the Al Shaheen oil field in the Qatari exclusive economic zone included in the study.  

Location Platform Year of Max. Depth Weight Sampling year 

Installation (m) (MT) 2007 2009 2010 2011 2014 

A C 1997 60 774     +

D 1998 62 2078     +

B A 1998 61 3610 + + + +

B 1997 61 671     +

C 2004 61 1098     +

G 2009 61 7986     +

C A 1998 56.5 3590  + +

D B 2004 65 941     +

E B 2004 66.5 958     +

F 2009 66.5 913     +

F A 2004 55 4440 + +

H A 2007 57 3407  + + +

B 2009 57 –     +

I A 2007 69.5 4139  + + +
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3.1. Depth range 

The numbers of functional groups generally increased from the sur
face to the sea bottom, peaking at depths exceeding 35 m (Fig. 2a). 
Cirripedia, Encrusting and Turf were present throughout the entire 
depth range, whilst Bivalves were absent in the deepest layer (55-60 m; 
Fig. 3). Some functional groups were exclusively present in shallow 
layers, whereas others restricted to deep ones. For example, Bryozoa was 
restricted to 0–20 m range, in contrast to Branching that first appeared 
at 20-25 m; Anemone at 25-30 m; Fan complex, Foliaceous, Bushy and 
Hard coral at 35-40 m; and Whip at 40–45 m. 

Twelve functional groups had their highest frequency of occurrence 
in the 35-60 m range, whereas, for the remaining five groups the 
maximum frequency of occurrence was in the 0-20 m range. Among the 
functional groups that were present at all depth ranges, Cirripedia and 
Encrusting did not change their frequency of occurrence from the sur
face to the bottom, on the other hand, Bivalves decreased its frequency 
as depth increased while Turf increased its frequency with depth 
(Table 2). 

The depth gradient also affected the abundance of the groups. For 
example, median abundance of Encrusting and Turf decreased from the 
surface to the bottom, while Fleshy arborescent increased its median 
abundance as depth increased. The other groups did not change their 
medians along the depths where they were recorded (Fig. 3). Vertical 
stratification was evident and clearly sighted in the first axis of nMDS 
(Fig. 4a). In addition, species composition differed significantly among 
depth strata (PERMANOVA, p < 0.001). PERMANOVA showed that 
depth alone explained 54% of the model variance (Table 3). Pairwise 
comparisons of depth intervals with SIMPER analysis indicated that Turf 
was the group contributing with the highest dissimilarity between upper 
and lower strata, followed by Fleshy arborescent and Hard corals 

(Fig. 5). This corroborates with the results depicted in Fig. 3, which 
shows that the abundance of these groups increases from the surface to 
the sea bottom. 

According to the IndVal index, the most prominent functional groups 
in the first depth ranges were Cirripedia (0-5 m), Encrusting (5-10 m), 
Bivalve (15–20 m); in middle layers Turf (35–40 m); and in deep layers 
Hard coral, Fan complex, Bushy (45–50 m), Foliaceous (50–55 m), Fan 
simple, Fleshy arborescent, Crinoids and Whip (55–60 m; Table 4). 

3.2. Age of platforms installation 

Regarding the age of the platforms, 11 of 17 groups were present in 
the platform's legs since the second year of installation. Of these groups, 
Bryozoa, Massive sponge, Fan complex and Whip were not recorded 
within the three first years, with the two last groups appearing in the 
fourth and fifth years, respectively. In turn, Bryozoa and Massive sponge 
were not recorded in the first years likely because they had very low 
overall frequency of occurrence throughout the years. Interestingly, 
Hard coral progressively increased its frequency along the years with 
peaks from the twelfth year (Fig. 2b and Table 5). 

For most of the groups, the median abundance throughout the years 
was zero, except for Cirripedia, Encrusting and Turf (Fig. 6). Looking at 
the upper quartile, however, Hard coral steeply increased its abundance 
as time passed by. The nMDS analysis showed a slight temporal pattern 
in the fouling community across the years (Fig. 4b), especially when 
considering depth ranges >35 m (Supplementary Information; Fig. S1). 
PERMANOVA showed that age was a significant factor (p < 0.01), 
though it explained only 0.08% of the variance (Table 3). The age * 
depth interaction was also significant (p < 0.01) and explained 17% of 
the variance. Pairwise comparisons of platform ages using SIMPER 
analysis showed that Turf was the group contributing with the highest 
dissimilarity between ages, though the pairwise dissimilarity did not 
show a clear temporal trend for this group. Hard coral, in turn, indicated 
that dissimilarity tended to increase as the platforms became older 
(Fig. 7). The IndVal analysis showed that Turf (2 years), Bivalve (4), 
Foliaceous and Branching (5), as the most prominent functional groups 
in the first years. Whereas, Fleshy arborescent (7) in intermediate ages, 
and Fan complex and Hard Coral in older platforms (17; Table 6). 

4. Discussion 

The recurrent loss of natural reef habitat in The Gulf, due to both 
bleaching events and widespread urban coastal development, brings an 
unavoidable debate on whether platform foundations in The Gulf should 
be removed after decommissioning or converted in place as artificial 
reefs for marine organisms (i.e., RTR approach). Hence, describing 
communities inhabiting these submerged structures provides pivotal 
information to foster the debate and make decisions, in addition to 
providing baseline data to compare this community against neighboring 
natural reefs. Nevertheless, biological information of organisms in 
offshore artificial habitats is still fairly scarce in the region. Here, we 
took advantage of opportunistic data to generate this information that 
otherwise would not be known. The ROV survey used in this study 
represents the first assessment of fouling assemblages on a major oil field 
deployed in the EEZ of Qatar and the first in deep waters (>20 m) of The 
Gulf. In this region, previous studies were only carried out off Abu Dhabi 
(Stachowitsch et al., 2002) and off Iran (Amini et al., 2016), in areas as 
deep as 20 and 10 m, respectively, using conventional SCUBA diving. 

The RTR approach does not consider retaining the whole vertical 
relief of the standing platforms (Ajemian et al., 2015). Thus, an assess
ment of how the functional groups may change with depth is important 
to estimate future impacts of these programs when selecting heights of 
platform jackets cutoff. Although the methods used here to assess the 
epigrowth on platform were semi-quantitative, it was clear that faunal 
composition on the jacket changed with depth. The cluster analysis 
depicted a sharp vertical structure in the distribution of the fouling 

Fig. 2. Count of functional groups by 5 m depth strata along the vertical profile 
of platforms (A) and by age of the community (B). 
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Fig. 3. Abundance boxplot by 5 m depth strata for each functional group.  

Table 2 
Frequency of occurrence (%) by 5 m depth interval for each functional.   

Depth ranges (m) 

0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 

Anemone 0 0 0 0 0 2.6 0 2.6 5.1 0 2.6 0 
Bivalve 20.5 20.5 15.4 30.8 12.8 15.4 7.7 12.8 7.7 10.3 5.1 0 
Branching 0 0 0 0 2.6 5.1 7.7 12.8 12.8 12.8 20.5 10.3 
Bryozoa 2.6 2.6 2.6 2.6 0 0 0 0 0 0 0 0 
Cirripedia 94.9 100 100 100 100 100 100 100 100 100 100 84.6 
Encrusting 94.9 100 100 100 97.4 100 100 100 100 100 100 84.6 
Fleshy arborescent 2.6 0 0 0 0 12.8 15.4 25.6 33.3 53.8 74.4 71.8 
Fan complex 0 0 0 0 0 0 2.6 7.7 28.2 59 43.6 35.9 
Fan simple 0 0 0 0 0 0 0 12.8 38.5 51.3 69.2 71.8 
Foliaceous 0 0 0 0 0 0 5.1 20.5 23.1 35.9 46.2 38.5 
Hard coral 0 0 0 0 0 0 10.3 43.6 69.2 76.9 69.2 53.8 
Massive sponge 0 0 0 2.6 0 2.6 0 2.6 0 0 0 0 
Bushy 0 0 0 0 0 0 15.4 38.5 59 64.1 59 41 
Urchins 0 2.6 0 2.6 0 0 0 0 0 0 2.6 30.8 
Turf 15.4 23.1 41 64.1 87.2 92.3 94.9 100 100 100 100 84.6 
Crinoids 0 0 0 2.6 0 0 0 7.7 5.1 12.8 12.8 28.2 
Whip 0 0 0 0 0 0 0 0 17.9 46.2 43.6 35.9  
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assemblage, with the highest number of functional groups found in deep 
portions of the structures, as well as the abundance of most groups. The 
results showed that removal of the first layers would mainly affect Cir
ripedes, Encrusting, Turf, Bivalves and Bryozoans. Actually, the three 
first were ubiquitous throughout the vertical profile, but the Bryozoans, 
besides rare, were restricted to 20 m depth. 

Importantly, contrary to what one might expect due to the reduced 
light penetration, Hard coral was both frequent and abundant in deeper 
layers such that removing only the top layers of the platforms will not 
affect this group. Azooxanthellate scleractinian corals and soft corals 
(Alcyonacea) were commonly observed at depths greater than 30 m. The 
abundance of both groups increased with depth and the hard corals also 
tended to be more abundant on older platforms. The fact that azoox
anthellate reef building corals are recruiting and growing on these oil 
platforms is highly significant, given that this type of corals had not 
previously been reported in Qatari waters. It further raises the question 
of whether their regional distribution extends beyond artificial 
substrates. 

Our ROV survey supports previous worldwide literature document
ing vertical trends in community structure, with different taxonomic 
groups contributing to each depth range: The Gulf (Amini et al., 2016; 
Stachowitsch et al., 2002), North Sea (Forteath et al., 1982; Whomersley 
and Picken, 2003), Gulf of Mexico (Lewbel et al., 1987) and Gulf of 
China (Yan et al., 2006). We also showed that the deepest zone was the 
most diverse with the highest number of functional groups occurring at 
50-55 m (n = 15) followed by 35-40 m and 40-45 m (n = 13). Also in the 
Gulf region off Iran, samples from 10 m contained more fouling organ
isms than at 2 m (Amini et al., 2016). These trends corroborate in
vestigations in the North Sea, where the bottom zones of platforms 
harbour a higher species richness and diversity compared to the surface 
layers (Schutter et al., 2019; Whomersley and Picken, 2003). In our 
study area, vertical structure was also observed for fish with a peak of 
species richness between 20 and 50 m depth (Torquato et al., 2017). 

Thermocline position and turbulence from wave action may be 
important factors to explain the vertical structure. The thermocline in 
the study area is located around 18 m (Reynolds, 1993), in the Al 

Shaheen oil field above the thermocline temperature varies from 20 ◦C 
to 35 ◦C while below typically ranges from 20 ◦C to 27 ◦C, with occa
sional peaks over 30 ◦C (S. Bach, pers. comm.). Additionally, it has been 
suggested that impact of higher wave action near the surface decreases 
species richness (van der Stap et al., 2016), and may also dislodge 
recently coral recruits (Gass and Roberts, 2006; Roberts, 2002). 

The ROV survey showed that the lowest number of functional groups 
occurred at early ages (2-3 years old), and the highest numbers were 
observed from the fourth year onwards. A slight temporal tendency of 
changing was observed in multivariate analyses, and some fouling 
groups either increased or decreased their frequency and abundance 
along the years. For example, coral colonies were maximized in older 
structures. Most studies that evaluate the temporal patterns of coloni
zation and succession of the benthic assemblages on platforms were 
temporally limited. In The Gulf, Amini et al. (2016) showed that after a 
one-year survey cirripedes and bivalves were the dominant organisms in 
Iranian platforms. Forteath et al. (1982) and Whomersley and Picken 
(2003) showed that in platforms from the North Sea, fouling assem
blages still changed in composition even after 5 and 11 years of survey, 
respectively. Likewise, comparing platforms with different years of 
installation in the same region, van der Stap et al. (2016) showed that 
species richness was positively correlated with platform age. 

Studies carried out in natural areas of The Gulf showed that turf 
algae, sponges and bivalves dominated the youngest artificial structures, 
whereas coral cover dominated the oldest breakwaters (≥ 25 years) 
(Burt et al., 2009a). Furthermore, benthic communities on breakwaters 
became more similar to those on natural reefs with increasing age (Burt 
et al., 2011a), though coral coverage on mature breakwaters can be 
higher relative to natural reefs (Burt et al., 2009a, 2011a). Likewise, 
Perkol-Finkel et al. (2006) observed that after a century, fouling as
semblages in artificial habitats from the Red Sea did not differ from 
adjacent natural reefs when structural features were similar. 

Although the aim of this study was not to compare the platforms with 
other habitats (natural or artificial), it is very likely that the Al Shaheen 
oil field is a distinct habitat. In The Gulf, site is an important variable 
determining the benthic community composition in both natural and 
artificial habitats. For example, among natural habitats in Qatari waters, 
sand and dead coral may cover up to 80% of the near-shore substrate, 
whereas live coral and algae covered over 75% of the substrate at 
offshore sites (Burt et al., 2016). Within Abu Dhabi waters, Stachowitsch 
et al. (2002) found that taxonomic groups contributing to the biomass 
and abundance differed between two offshore oil fields. In the same 
country, coral recruitment was spatially variable among onshore artifi
cial reefs and breakwaters (Burt et al., 2009b). Among natural habitats 
in Abu Dhabi, a benthic survey conducted in shallow waters (5 - 7 m) 
showed that live coral was the most common benthic category, while all 
other living benthos made up relatively minor components of reef 
communities (Burt et al., 2011b). Burt et al. (2016) suggest that spatial 
differences of benthic composition among coral reef habitat in the 

Fig. 4. nMDS ordination (Stress: 0.11) of fouling communities (A) at each depth range and (B) at each age.  

Table 3 
PERMANOVA table of results.   

Df Sum of 
squares 

Mean of 
squares 

F. 
Model 

R2 Pr 
(>F) 

Depth range 11 27.724 2.52034 68.993 0.53865 2e- 
04 

Age of 
installation 

12 3.989 0.33240 9.099 0.07750 2e- 
04 

Depth * Age 130 8.541 0.06570 1.799 0.16595 2e- 
04 

Residuals 307 11.215 0.03653  0.21790  
Total 460 51.469   1.00000   
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region likely occurs because the impacts caused by bleaching events 
were not spatially homogeneous. 

4.1. Future research directions 

Presently, the management of marine ecosystems in The Gulf is 
constrained by mapping and habitat characterization. This work, 
together with Torquato et al. (2017) highlighted a previously unde
scribed major oilfield as an important marine habitat in The Gulf. 
However, these studies focused only on the ecological benefits of these 
artificial habitats, namely, biological productivity. These exploratory 
studies constitute the first step to characterize biological communities 
associated with these underwater structures. The results clearly illus
trate the potential of this type of offshore infrastructure to support the 
establishment of functional reef ecosystems, suggesting that the con
version of decommissioned oil platforms into artificial reefs may be a 
valid alternative in this region. A step further is now required for a better 
comprehension of the role played by the decommissioned rigs in the 

Fig. 5. Average contribution of functional groups in pairwise comparisons (SIMPER) between depth intervals. F. arborescent denotes Fleshy arborescent.  

Table 4 
Numerical summary of Indicator Value index (IndVal) by depth.  

Functional groups Depth range IndVal index p-Value Frequency 

Cirripedia 0–5 0.1258 0.001 460 
Encrusting 5–10 0.1247 0.001 459 
Bivalve 15–20 0.0603 0.018 62 
Turf 35–40 0.1277 0.001 352 
Hard coral 45–50 0.2014 0.001 126 
Fan complex 45–50 0.1883 0.001 69 
Bushy 45–50 0.1530 0.001 108 
Foliaceous 50–55 0.1180 0.001 67 
Fan simple 55–60 0.3188 0.001 95 
F. arborescent 55–60 0.2516 0.001 113 
Crinoids 55–60 0.1372 0.001 27 
Whip 55–60 0.1322 0.001 56  
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Table 5 
Frequency of occurrence (%) by age for each functional.   

Age of installation 

2 3 4 5 6 7 9 10 11 12 13 16 17 

Anemone 2.8 0 8.3 0 2.8 0 0 0 0 0 0 0 0 
Bivalve 2.8 16.7 33.3 11.1 27.8 11.1 11.1 11.1 0 11.1 30.6 2.8 2.8 
Branching 16.7 2.8 5.6 16.7 11.1 2.8 0 8.3 8.3 2.8 16.7 0 0 
Bryozoa 0 0 2.8 0 0 0 2.8 0 0 0 0 0 5.6 
Cirripedia 100 91.7 100 100 88.9 97.2 100 100 100 100 100 100 100 
Encrusting 100 91.7 100 100 88.9 97.2 100 100 100 100 97.2 100 100 
Fleshy arborescent 2.8 0,0 47.2 44.4 8.3 55.6 16.7 30.6 22.2 22.2 19.4 25 19.4 
Fan complex 0 0,0 5.6 16.7 11.1 22.2 19.4 16.7 5.6 19.4 16.7 19.4 38.9 
Fan simple 0 2.8 30.6 27.8 19.4 25 25 13.9 30.6 33.3 22.2 16.7 16.7 
Foliaceous 5.6 8.3 25 33.3 5.6 16.7 22.2 30.6 2.8 0 5.6 22.2 5.6 
Hard coral 0 2.8 16.7 19.4 25 36.1 27.8 36.1 22.2 41.7 38.9 41.7 41.7 
Massive sponge 0 0 0 0 0 0 0 0 0 0 2.8 0 5.6 
Bushy 2.8 13.9 27.8 13.9 25 38.9 25 22.2 25 19.4 25 25 36.1 
Urchins 5.6 0 2.8 0 0 5.6 0 0 5.6 11.1 0 5.6 5.6 
Turf 97.2 75 86.1 69.4 69.4 66.7 61.1 61.1 80.6 75 75 77.8 83.3 
Crinoids 8.3 0 13.9 5.6 11.1 8.3 11.1 5.6 2.8 2.8 0 0 5.6 
Whip 0 0 0 2.8 16.7 2.8 16.7 19.4 11.1 16.7 19.4 25 25  

Fig. 6. Abundance boxplot by age of the community for each functional group.  
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maintenance of metapopulations, however, it requires implementation 

of inter- and/or multidisciplinary research. Hence, future studies using 
molecular markers, biophysical modeling or stable isotopes might be 
able to respond to how the platforms are connected with natural habi
tats, and also if they work as stepping-stone systems between natural 
habitats that otherwise would not be connected. 
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