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Abstract
With large-scale development of offshore wind farms, vertical structures are becoming more common in open water areas. To examine how vertical structures of different materials may be colonized by epibenthic organisms, an experiment was carried out using steel and concrete pilings constructed to resemble those commonly used in wind farm constructions as well as in bridges, jetties and oil platforms. The early recruitment and succession of the epibenthic communities were sampled once a month for the first 5 months and then again after 1 year. Further, the fish assemblages associated with the pillars were sampled and compared to natural areas. The main epibenthic species groups, in terms of coverage, differed between the two materials at five out of six sampling occasions. Dominant organisms on steel pillars were the barnacle Balanus improvisus, the calcareous tubeworm Pomatoceros triqueter and the tunicate Ciona intestinalis. On the concrete pillars, the hydroid Laomedea sp. and the tunicates Corella parallelogramma and Ascidiella spp. dominated. However, there was no different in coverage at different heights on the pillars or in biomass and species abundance at different directions (north-east or south-west) 5 months after submergence. Fish showed overall higher abundances and species numbers on the pillars (but no difference between steel and concrete) compared to the surrounding soft bottom habitats but not compared to natural vertical rock walls. Two species were attracted to the pillars, indicating a reef effect; Gobiusculus flavescens and Ctenolabrus rupestris. The bottom-dwelling gobies, Pomatoschistus spp., did not show such preferences.
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Introduction
Man-made submerged structures are present in most urbanized coastal areas. By adding such structures to the aquatic environment, habitat composition is altered and as a result, the local flora and fauna may change. Marine life has been noticed to be influenced by the presence of bridges, shipwrecks, oil rigs, piers, pontoons and wind turbine foundations (Bacchiocchi and Airoldi 2003; Perkol-Finkel et al. 2006; Petersen and Malm 2006; Wilhelmsson et al. 1998, 2006a). In addition, submerged materials including artificial reefs and fish aggregations devices are applied worldwide to locally increase production and aggregate aquatic life or to restore damaged reefs (Rilov and Benayahu 1998; Nelson 2003; Girard et al. 2004; Reed et al. 2006).
Although submerged structures have a long history of being used for resource enhancement in various areas, their applicability and function are still debated (Bohnsack 1989; Polovina 1989; Pickering and Whitmarsh 1997; Jensen et al. 2000; Svane and Petersen 2001; Sayer et al. 2005). Further, research on the ecological effects of submerged structures has mainly been carried out in tropical or temperate waters (reviewed in Jensen et al. 2000; Baine 2001). Cold-temperate environments, as found in northern Europe, have received less attention (but see Malm 2005; Qvarfordt et al. 2006; Wilhelmsson et al. 2006a, b; Zettler and Pollehne 2006; Andersson et al. 2007) even though man-made structures are commonly found in those waters. Notably, there are limits to how far knowledge achieved from warmer waters can be extrapolated to higher latitudes given their differences in seasonal fluctuations in terms of water temperature and light availability.
Substrate composition and surface heterogeneity of the introduced structures are important factors for settling organisms (Mullineaux and Garland 1993; Walters and Wethey 1996; Becerra-Muñoz and Schramm Jr 2007). Settling larvae of various species have different preferences for flow speeds of the boundary layer and chemical cues from resident species may also play a role (Mullineaux and Butman 1991; Koehl 2007). Larvae can actively discard a non-suitable surface as noticed in studies involving especially barnacles (Lemire and Bourget 1996; Berntsson et al. 2000). Since larval supply is linked to season, time of submergence could determine what the first colonizer will be (Anderson and Underwood 1994; Qvarfordt et al. 2006). In the succession that may follow the interactions between resident species and new colonizers could further influence patterns of colonization (Connell and Slatyer 1977). Two of the most commonly used materials in underwater constructions, steel and concrete (Baine 2001), have rarely been compared in terms of the ecological effects of their presence in marine waters (but see Anderson and Underwood 1994; Brown 2005). For a settling organism, these two types of substrates offer different micro-scale environments with different surface heterogeneity and material composition and as a consequence, different communities would be expected to develop (Foster 1975; Wahl 1989; Guilbeau et al. 2003; Svane and Petersen 2001).
In addition to sessile organisms that proliferate attached to the surface, mobile organisms may also associate with underwater structures. Fish are commonly found in high numbers in close association with brig pillars, oil-rig and wind turbine foundations, and other artificial structures, and may utilize the sessile assemblage for food and shelter (Wilhelmsson et al. 2006a; Clynick et al. 2007; Moreau et al. 2008).
Vertical cylindrical artificial structures are found in all seas and will increase in the future; not least due to the fact that thousands of offshore wind turbines are planned to be built in northern Europe alone, within the next decade (IEA 2008). Concerns about the ecological impact of these offshore wind farms to the marine community have been debated (Gill and Kimber 2005; Petersen and Malm 2006; Zettler and Pollehne 2006). Knowledge is needed about their ecological effect in order for environmental managers to make ecologically correct decisions about managing urbanized coastal areas. In addition, large infrastructural structures should not be regarded as surrogates for natural substrates since the epibenthic assemblages on these surfaces are shown to differ compared to assemblages on natural hard substrates (Connell 2001; Badalamenti et al. 2002; Bulleri et al. 2005; Perkol-Finkel et al. 2006). However, there are few experimental that use standardized units of different materials to evaluate the effect of different substrates on the development of the epibenthic assemblage (but see Chapman and Clynick 2006). The current regime around a cylindrical structure is different from commonly used panels or complexed constructed artificial reefs in colonization studies and will influence the epibenthic development (Mullineaux and Garland 1993; Lemire and Bourget 1996; Guichard et al. 2001). In addition, diversity in marine invertebrate assemblages has been shown to be scale-dependent (Keough 1984; Sousa 1984; Eggleston et al. 1999).
The aim of the present study was to follow the early recruitment and succession of epibenthic invertebrates and algae on constructed vertical cylindrical structures that resemble commonly applied man-made foundations such as offshore wind turbines, bridge pillars and jetties. Twelve experimental pillars of the same size and shape were constructed in steel or concrete, and submerged on the same day. The fish community was also studied as fish may associate with submerged structures and could be linked to the epibenthos on the pillars. We predicted that the epibenthic assemblages on the two materials would be different in terms of species coverage and diversity as a consequence of the dissimilarity in surface heterogeneity and material composition. Furthermore, we expected the distribution patterns of local fish assemblages to be influenced by the introduction of the artificial structures. Natural soft bottoms and vertical rock walls were used as references for common species in the area.

Materials and methods
Study area
This study was carried out from May 2005 to May 2006 in Gåsevik bay near Kristineberg Marine Research Station on the west coast of Sweden (Fig. 1). The bay is located in a north–south direction and it is semi-enclosed by a small archipelago. It covers an area of approximately 300 m × 300 m with a bottom substrate of sand, mud and shell gravel. The bottom follows a gentle slope from a depth of 3–10 m. Two sandbanks at a depth of 3 m, opposite the landward side, create a small strait where the slope is located.[image: A10152_2009_156_Fig1_HTML.gif]
Fig. 1Map over Scandinavia with the study site Gåsevik bay and location of pillars within the bay and reference sites out marked: open circle concrete pillars (C), dark filled circle steel pillars (S), open square control soft bottom (CS), dark filled square control rock walls (CH)




                        
During the survey period, the temperature of the surface water (0–10 m) fluctuated from 0 to 21°C, and the salinity between 13 and 32 ppt. Wind speeds varied from 2 to 15 ms−1 and the wave height had a mean of 0.5 m (SMHI 2006). The principal current direction varied between north-east and south-west in the bay. Tidal fluctuations along the Swedish west coast are within 0.3 m. Secchi depths were recorded at 6–8 m throughout the study period. Ice covered some parts of adjacent waters during the winter months (i.e. December–March).

Pillar design
For the experiment, six steel pillars (Cor-ten steel which has high rust resistance) and six concrete pillars were constructed; each cylindrical pillar measuring 1.5 m in height and 0.4 m in diameter and weighting about 250 kg (Fig. 2). The pillars were deployed in a row in 6–8 m depth (buried about 35 cm into the sediment for stabilization). The row alternated between concrete and steel pillars that were set at least 20 m apart (Fig. 1). Twelve sites on natural bottoms (six on the soft bottom habitat and six on vertical rock walls) were randomly chosen for a description of the natural faunal communities in the area (Fig. 1).[image: A10152_2009_156_Fig2_HTML.gif]
Fig. 2Drawings of the concrete (a) and steel (b) pillars used in this field experiment. The squares on the pillars are the locations of the photographed surfaces. All measurements are in millimetres




                        

Method
The study aimed to follow the early recruitment and succession of the epibenthic organisms and fish on the vertical surfaces of the pillars over a period of 5 months with sampling once a month, using photographing and scrape-off samples. The pillars were submerged on 2 May 2005 and sampled once a month (29, 64, 94, 129 and 154 days after submergence, respectively). An opportunity arose to return to the bay in the beginning of May 2006 (366 days after submergence) and perform a limited survey. It did not include scrape-off samples due to time limitations, but pictures were taken and fish numbers were counted. All sampling was conducted between 10.00 and 16.00 by scuba divers.
Two digital photos were taken of the epibenthic assemblages on each pillar at all sampling occasions, of areas that had been marked in advance at random directions within a rectangle measuring 14 cm × 10 cm (140 cm2). The areas were located 30 and 60 cm from the seabed to minimize the edge effect (Fig. 2). Coverage of individual species and species groups were calculated using UTHSCSA ImageTool version 3.0. Second, in order to achieve more detailed information about organisms in the pictures, some scrape-off samples were taken at sampling occasions 1–4. At sampling occasion 5 (154 days after submergence), all pillars were sampled on the sides facing north-east and south-west, 60 cm above the seafloor, in order to compare the different sides of the pillars as well as the two materials in terms of biomass and species abundance. All biota in a square of 10 cm × 10 cm was collected using a scraper and 1 mm mesh-size net bags (for storage of organisms). To put the assemblages on the pillars in relation to the natural flora and fauna in the bay, scrape-off samples from six randomly chosen areas of vertical rock walls 60 cm above the seafloor were taken at the fifth sampling occasion (Fig. 1). The samples from six natural vertical rock walls were collected using the same method as for the pillars. The collected benthic fauna and algae were identified to species or nearest higher taxonomic level and abundance and wet weight was recorded.
A modified point-based visual census procedure was used for fish counts (Sale and Douglas 1981). To minimize observational bias errors, the same investigator counted all fish. The diver slowly moved around the structure; first at a distance of 2 m noting all visible fish that were present around the structure and then at closer range, recording cryptic species. Two minutes of sampling was carried out at each pillar. Both juveniles and adults of all species were counted during the survey. To avoid mis-identification, Pomatoschistus minutus (sand goby) and Pomatoschistus microps (common goby) were grouped together as Pomatoschistus spp. (Edlund et al.
                           1980). The fish assemblage on natural soft bottoms and vertical rock walls was sampled using the same technique and investigated water volume as for the pillar sites. Fish was counted at all six occasions at the pillars and soft bottom sites, but the rock walls were only sampled in months 1, 5 and 12 (29, 154 and 366 days after submergence, respectively).

Data analysis
Multivariate comparisons of the epibenthic assemblages were performed using the Primer(™) v6 statistical package. The coverage, abundance and biomass of different species on the two material treatments steel (S) and concrete (C) were compared using Analyses of Similarities (ANOSIM), SIMPER, cluster analysis and multidimensional scaling (MDS) based on rank similarity matrices using Bray–Curtis similarity measures (Clarke 1993). The data was square root or fourth root transformed to decrease the effect of dominant species in the analysis. A one-way ANOSIM was performed for each sampling occasion as each pillar was revisited. Scrape-off samples from the fifth sampling occasion were used to test the effect of direction (south-west and north-east; principal current directions), on species abundance and biomass. In addition, samples from the rock wall (CH) sites were compared with the pillars in terms of species number and abundance, and biomass to compare artificial and natural surfaces. Algae and hydroids were excluded in the abundance analysis due to difficulty separating individuals. Species number was tested using an ANOVA and Tukey HSD as post hoc test.
Due to the difficulty in separating the hydroid Laomedea sp. from algae (mostly filamentous red and brown algae) in the photos, they were grouped together as one group. However, scrape-off samples revealed that algae were rare on the pillars until the fourth sampling occasion. For the same reason, the tunicates Ascidiella scabra and A. aspersa were grouped together as Ascidiella spp. Small areas of rust developed on some of the steel pillar, inhibiting recruitment to some extent. These areas were excluded in the coverage analysis.
To test if the introduced pillars had any influence on the fish assemblage, effects of substrate (concrete, steel, soft bottom and vertical rock walls) and time (1–6) on fish abundance and species number were tested using generalized linear mixed models (GLMMs) with Poisson error distribution and log link function. Both treatment and time were entered as fixed factors in the model. All pillars and reference sites were revisited during the survey, resulting in repeated measures. Therefore, individual pillars and sites were entered as a random factor and also as subjects within the analysis to prevent pseudo replication. The three fish species that dominated in abundance (Pomatoschistus spp., Gobiusculus flavescens and Ctenolabrus rupestris) were also tested separately with the same model.


Results
Epibenthic assemblage
A total of 62 species were identified in the scrape-off samples, divided into ten phyla and 14 families. Out of these, 23 species were exclusively present on the artificial substrates, although none of them were new to the area. The MDS plot (Fig. 3) shows how the group averages of each treatment are distributed in time (months after deployment). Steel pillars from the first sampling occasion were outliers as few or no species were recorded on them, resulting in low similarity (<10%). As a consequence they were excluded from the plot. The concrete pillars had a continuous recruitment and succession phase over time (the data points are further away from each other) whilst the steel pillars form two small clusters for the first five sampling occasions. In the follow-up study after 1 year (366 days), the assemblages had changed compared to previous occasions, and by this time the steel pillars were more similar to the concrete pillars than previously sampled steel pillars.[image: A10152_2009_156_Fig3_HTML.gif]
Fig. 3Multidimensional scaling plot of group average (%coverage) of epibenthic invertebrates and algae assemblages from steel and concrete pillars at every sampling occasion (month) after deployment (1 = 29 days, 2 = 64 days, 3 = 94 days, 4 = 129, 5 = 154, 12 = 366 days). Steel pillars from the first sampling occasion were outliers as few or no species were recorded on them resulting in low similarity (<10%). As a consequence, they were excluded from the plot




                        
Recruitment and succession on pilings
There was no effect of height (30 or 60 cm above the seabed) on the epibenthic coverage on each pillar as the one-way permutation test showed low dissimilarities for all sampling occasions for each treatment (ANOSIM, R < 0.250), and the two subsamples were therefore pooled for each pillar. The recruitment and succession patterns in terms of coverage were to some extent similar between concrete and steel pillars (Fig. 4). However, the concrete pillars experienced a more rapid colonization than steel pillars in the first 4 months. After 1 year, both materials show an almost 100% coverage of organisms on the photographed areas.[image: A10152_2009_156_Fig4_HTML.gif]
Fig. 4Overview of recruitment and succession of dominating epibiotic organism on the pillars; a concrete pillar and b steel pillar. Data are presented as percent coverage per 140 cm2 in months after submergence. Note the compressed interval between month 5 and 12. Species; 1 indicates Laomedea sp. and algae, 2 indicates Pomatoceros triqueter, 3 indicates Ciona intestinalis, 4 indicates Corella parallelogramma, 5 indicates Ascidiella spp., 6 indicates Electra sp. and 7 indicates Balanus improvisus
                                       




                           
The first visible recruits on the pillars were, after 1 month (29 days), the hydroid Laomedea sp., the bay barnacle Balanus improvisus, and the bryozoa Electra sp. The assemblage structure differed significantly between materials (ANOSIM, R = 0.552, P = 0.002). The dense coverage of the hydroids on concrete explains this difference (SIMPER, 98%).
Recruits of several species of solitary ascidians, including Ciona intestinalis, A. scabra, A. aspersa and Corella parallelogramma, and the keel tubeworm, Pomatoceros triqueter, were recorded in the second sampling, 64 days after submergence. A more dissimilar assemblage structure was now noticed compared to the previous month (ANOSIM, R = 0.711, P = 0.002) due to the preference of P. triqueter and the tunicates for the steel pillars. However, the hydroid was still the species that contributed the most to the dissimilarity (SIMPER, 68%), followed by P. triqueter (SIMPER, 15%) and C. intestinalis (SIMPER, 10%).
The hydroid domination on concrete had decreased after 3 months (94 days) in favour of the solitary ascidians and to some degree P. triqueter. The assemblage structures were significantly different (ANOSIM, R = 0.375, P = 0.034). More species contributed to the dissimilarity (SIMPER; Laomedea sp. 41%, the solitary ascidians 43% and P. triqueter 14%).
The coverage of the hydroid had decreased on both materials after 4 months in favour of the ascidians on concrete and P. triqueter on steel. The two assemblages were no longer significantly different by this time (ANOSIM, R = 0.254, P = 0.052). This was caused by the ascidian C. intestinalis (SIMPER, 28%) that had taken over as the dominant species on both materials, followed by Ascidiella spp. (SIMPER, 21%). However, the coverage of P. triqueter had increased on steel but not on concrete (SIMPER, 16%). Small numbers of filamentous brown and red algae (Sphachelaria sp., Ceratium sp., Aglaothamnion sp., Polysiphonia sp.) entangled among the hydroids were noticed in the scrape-off samples taken.
In the fifth survey in October, 154 days after submergence, C. intestinalis showed coverage of nearly 100% on one of the concrete and two of the steel pillars. This is illustrated by the cluster analysis where these three pillars form a distinct cluster (Fig. 5). The coverage of Ascidiella spp. had increased on concrete but not on steel which resulted in a significantly different assemblage structure (ANOSIM, R = 0.354, P = 0.006, SIMPER, 31%) and the two treatments form distinct clusters in Fig. 5. The similarity of pillar S6s to the concrete pillars is explained by the occurrence of Ascidiella spp. More species of algae were found among the hydroids which could conceal a greater reduction in the coverage of Laomedea sp. (Fig. 4; Electronic supplementary material).[image: A10152_2009_156_Fig5_HTML.gif]
Fig. 5Dendrogram of the relationship between the individual pillars epibenthic invertebrate and algae assemblage structure after 5 months, 154 days after submergence. Material type and individual pillar number are shown. The cluster containing S2, C2 and S4 are the pillars dominated by the tunicate Ciona intestinalis
                                       




                           
The scrape-off samples from the fifth survey revealed randomly distributed small bivalves, polychaetes, gastropods and juvenile crustaceans (<1 cm) such as Hyas sp. and Macropodia rostrata as well as several species of amphipods among the hydroids and tunicates (ESM). In addition, several tube worms, P. triqueter, were found alive beneath the dense cover of the tunicate. There was no effect of the two different directions (south-west and north-east) on each pillar within each material (ANOSIM, R < 0.100, P > 0.05) in terms of biomass and species abundance calculated from the scrap-off samples. Data from the two sides were therefore pooled before differences between the materials were tested. Neither biomass nor species number differed between the steel and concrete pillar (ANOSIM, R < 0.100, P > 0.01). The four species of tunicates constituted 66% of all individuals recorded (excluding algae and hydroids) and 95% of the biomass on both steel and concrete. Average species number did not differ significantly between treatments; concrete 9.6, SD 2.9 and steel 8.5, SD 4.5 (ANOVA, F = 2.45, P = 0.12) per 100 cm2.
In May 2006, 12 months after submergence, high numbers of new recruits of B. improvisus were recorded, primarily on steel pillars. The tube worm, P. triqueter, was almost absent in the photos due to the increased coverage of barnacles. However, since no scrape-off samples were taken at this time, there is no information whether they were alive underneath the barnacles or not. Most ascidians showed similar coverage as during autumn; however, especially C. intestinalis were covered with a fine layer of sediment and epiphytic growth on their tunica. The hydroid coverage increased on both treatments, as seen in Fig. 3. However, as it was shown on previous sampling occasions that filamentous brown and red algae were found among the hydroids, the coverage of this group could be somewhat misleading as the algae are expected to increase whit time. The assemblage structure was significantly different between steel and concrete (ANOSIM, R = 0.413, P = 0.011) with Laomedea sp. (including algae), Ascidiella spp. and B. improvisus as the species contributing to the highest degree to the dissimilarity (SIMPER, 46, 21 and 12%, respectively). The three pillars with C. intestinalis once again grouped together in a cluster, Fig. 6.[image: A10152_2009_156_Fig6_HTML.gif]
Fig. 6Dendrogram of the relationship between the individual pillars epibenthic invertebrate and algae assemblage structure after 1 year, 366 days after submergence. Material type and individual pillar number are shown. The cluster containing S2, S4 and C2 are the pillars dominated by the tunicate Ciona intestinalis. Data from pillar S6 is missing and therefore not included in the cluster analysis




                           

Natural vertical rock walls
The vertical rock walls south of the pillars were dominated by the red alga Polysiphonia sp. with turfs of Bonnemaisonia hamifiera attached to the stems. The invertebrate assemblage on the algae consisted of the tunicate A. scabra, the gastropod Bittium reticulatum and several species of amphipods (ESM). The barnacle Balanus balanus was the most abundant barnacle on the vertical rock walls; this can be compared to the pillars where B. improvisus dominated. At the fifth sampling occasion (154 days after submergence) when all pillar were sampled, the average species number was 8.7 (SD 4.5) per 100 cm2, which is not significantly different from the artificial substrates. However, the average biomass and species abundance were higher on steel and concrete and dissimilar compared to the rock walls (ANOSIM; Biomass CH-S, R = 0.368, P = 0.009, CH-C R = 0.819, P = 0.002 and Species abundance: CH-S, R = 0.448, P = 0.002, CH-C, R = 0.531, P = 0.002). The differentiating species on both materials compared to rock walls was C. intestinalis, which was almost absent on the rock walls. Another difference was that the dominating alga on the rock walls was the red alga Polysiphonia sp. with corticated basal parts that resulted in high biomass, whilst samples from the pillars were young filamentous plants with low biomass. A. scabra was found on the rock walls and on both types of pillar and was the main contributing species in the species abundance analysis (SIMPER; CH-S 19% and CH-C 15%).


Fish assemblage
A total number of nine fish species, from six families, were recorded with Pomatoschistus spp., Gobiusculus flavescens and Ctenolabrus rupestris being the most common. Overall, average fish densities (Fig. 7) and species number (ESM) were significantly higher at the pillars compared to the soft bottom (GLMM, P < 0.001) but not between the material types and the vertical rock walls. The last survey, 1 year (366 days) after submergence, showed an overall low density of fish although Pholis gunnellus (rock gunnel) including both juveniles and adults were observed for the first time on the pillars. The general trend over time for G. flavescens and C. rupestris was a higher mean abundance at the pillars and hard substrate compared to the soft bottom sites (GLMM, P < 0.0001). Time and interaction, treatment × time, were factors that differed between species. Both G. flavescens and C. rupestris had three times higher abundances at the pillars compared to the soft bottom habitat 3, 4 and 5 months after submergence. This increase in density was mainly due to new recruits. Pomatoschistus spp. showed the same pattern of increase in the late summer month although they were not influenced by the pillars (GLMM, P = 0.104). Patterns in distribution of Gobius niger (black goby) resembled that of G. flavescens and C. rupestris although in lower numbers.[image: A10152_2009_156_Fig7_HTML.gif]
Fig. 7Abundance (mean ± SE) of fish per month after submergence around the pillars and natural areas; concrete pillar (black), steel pillar (light grey), control soft bottom (dark grey) and control vertical rock walls (white). Note the compressed interval between months 5 and 12




                        


Discussion
Studies have shown that material composition and surface structure play an important role in affecting the character of epibenthic communities on artificial underwater surfaces (Mullineaux and Garland 1993; Anderson and Underwood 1994; Walters and Wethey 1996; Glasby 2000; Becerra-Muñoz and Schramm Jr 2007). In this study, we followed the recruitment and succession of epibenthic organisms and fish on vertical cylindrical structures of steel and concrete during 5 months and then returned 1 year after the start of the experiment for a limited sampling. The structures used in the experiment are commonly found in various man-made submerged structures including offshore wind turbine foundations and bridge pillars.
Recruitment and succession of epibenthos on pilings
The organisms that colonized the two different pillar types were mainly tunicates, hydroids, barnacles, mussels and serpulid worms. The photo-analysis showed that the two materials did initially attract a similar set of species but with different coverage, resulting in a significantly different community structure at five out of six occasions over 1 year. Several small organisms with low abundance were recorded in the scrape-off samples, 5 months after submergence, but not in the photos, resulting in increased differences within each material and a non-significant difference between materials in terms of biomass and species abundance. Nevertheless, the photos register the larger organisms that have been successful in their colonization of the substrate, and it should be noted that a difference could be seen between materials in terms of coverage.
The succession of colonizers found in this survey showed a resemblance to what Hatcher (1998) in the UK and Svensson et al. (2007) at the west coast of Sweden noticed, both having the same submergence time of the year (i.e. starting the experiment in May) as observed in this study. They recorded an initial settlement of barnacles and serpulid worms followed by hydroids and tunicates. As found in this study and others, material characteristics are important regulators influencing the early development of invertebrate assemblages (cf. Anderson 1996; Todd 1998; Berntsson et al. 2000; Stebbing 2002; Chapman and Clynick 2006). In addition, following the initial recruitment, the substratum will change, which could alter subsequent settlement. This may favour certain species as well as hinder others from settling (Sutherland 1978; Osman and Whitlatch 1995; Svensson et al. 2007).
How and why certain species are more successful in settling on artificial substrates has been linked to boundary-layer flows (reviewed in Koehl 2007). Lemire and Bourget (1996) showed in a panel experiment with different heterogeneity at a millimetre scale that barnacles avoided surfaces with 1 mm grooves and settled more frequently on smooth panels. Barnacles have also been shown to have a competitive advantage on smooth surfaces and their own presence may enhance new settlement of the same species (Chabot and Bourget 1988; Berntsson et al. 2000). These results agree with the present study, where barnacles occurred more frequently on steel than on the more rough concrete surfaces and higher numbers of new recruits were noticed after 1 year on pillars with resident adults. In a study by Mullineaux and Garland (1993), the tube-building polychaete Hydroides diantus showed a moderate avoidance of regions with high turbulence in the boundary layer. Accordingly, the serpulid worm in this study (Pomatoceros triqueter) preferred steel. However, P. triqueter was a poor competitor for space as it was overgrown by ascidians and barnacles (there may have been living serpulid worms underneath the barnacles). Living worms were noticed beneath the dense layer of Ciona intestinalis at the fifth sampling occasion.
The hydroid Laomedea sp. was more inclined to settle on concrete. Hydroids have been observed to prefer a rougher surface that experience high turbulence in the boundary layer (Mullineaux and Garland 1993). Later, the dense cover of hydroids may have enhanced the recruitment of solitary ascidians onto the pillars, including A. aspersa, A. scabra, C. intestinalis and Corella parallelogramma. Schmidt (1983) suggested in his study, in which he used submerged plastic panels, that hydroids (Tubularia larynx) enhance settlement of ascidians by making the substrate more attractive through current reduction and light attenuation. Hence, in the present study, colonies of Laomedea sp. were succeeded by large numbers of ascidians. The developed epibenthic community will affect the small-scale hydrodynamic and decrease the effect of the original substrates’ roughness (Koehl 2007). Young filamentous red and brown algae appeared after 3–4 months and most likely contributed to the increase of hydroids/algae seen on the pillars after 1 year. The algae did not show any preference for either material.
There were no significant differences on either invertebrate or algae species abundance or biomass between the two sides sampled on each pillar (north-east and south-west as they are the principal current directions in the area) after 5 months. However, the results cannot be correlated to current velocity as this was not measured. There was no difference in coverage of sessile invertebrates between the two photos taken at 30 and 60 cm above the seafloor. The pillars might have been too small to show any vertical zonation and also the relative shallow depth (6–8 m) could be a factor (Glasby 1999a).
The colonization of C. intestinalis was highly stochastic as it had a nearly 100% coverage on two steel pillars and one concrete pillar whilst it was almost absent on the others. Eggs and larvae of C. intestinalis have been noticed to be maintained in a mucus string that could cause local aggregations (Havenhand and Svane 1991; Petersen and Svane 1995). Further, the species may have a competitive advantage as observed in a study by Svensson et al. (2007) in which it excluded all competitors. When one species becomes as dominant as C. intestinalis in this study, species richness is depressed (Blum et al. 2007); ascidians are effective competitors for space and may inhibit other species to settle by predation of settling larvae. The other solitary tunicates noted in this study were not as competitive since when they occurred in dense groups they were significantly smaller than the Ciona assemblage or they occurred only as single individuals.
Sessile filtrating organisms trap nutrients from the water mass and transport them into the seabed in the form of organic debris. This was especially apparent around the pillars covered with C. intestinalis as the nearby water around the pillars was filled with small faecal pellets that slowly sank to the sea floor. This input of organic matter to the surrounding sediment may lead to increased biological activity around the base of the pillars. However, Zettler and Pollehne (2006) found in a similar experiment, as in this study, that too much input of organic debris to the sediment may lead to anoxia around the base of an artificial structure. On the other hand, their experiment was performed in stratified water and over a longer period and there was no indication of anoxia around the base of the pillars in the present study. However, it is not impossible that this could occur in the future if there is a long period of poor water circulation.

Natural rock walls compared to the pillars
The vertical rock walls sampled in this study showed similar species numbers after 5 months as the pillars but biomass and species abundance differed. On the rock walls, the red alga Polysiphonia sp. dominated in terms of biomass even though the plants had been heavily grazed and only the corticated stems remained covered with tunicates. Most species found on the natural walls were also represented on the pillars. However, the 23 species only occurring on the pillars were all indigenous to the area. Notably, the vertical rock walls have a different surface roughness, material and history and it is not likely that the same type of assemblages will develop over time on the pillars (see Glasby 1999b; Bulleri et al. 2005; Perkol-Finkel et al. 2006). Further, the individual pillars are smaller in size than the vertical rock walls and both hydrodynamics and light availability are different.

Fish assemblage
Results showed that the pillars influenced the local fish community, as higher densities were recorded near the pillars compared to the surrounding soft bottom habitat. The attraction to the pillars was immediate, as fishes were associated with several pillars within hours of the submersion. There were, however, no difference between the different materials in terms of fish abundance and species number at any occasion. Similar fish numbers and species were noted on the rock walls as in the vicinity of the pillars which could be the result of the two habitats being similar in terms of being dominated by hard substrates, even though the rock wall sites are part of a larger reef and the pillars are a series of single units.
The increase in abundance during sampling occasions 3 and 4 was mainly caused by new recruits of two species. The later decline in fish abundance at the fifth sampling occasion was probably due to a combination of predation and migration. The low water temperature in May 2006 (<6°C) when fish abundance was low indicates that fish had not returned from the deeper waters. The large variation in water temperature at the Swedish west coast means that a potential reef effect is likely to be influenced by seasonality. This could explain the significant interaction between time and treatment in this study as the recruitment of juvenile fish in these waters occurs during the summer month and movement by fish to deeper waters takes place during the winter. Seasonal changes in abundance of observed fish species due to migration has been reported from both the North Sea and the Baltic Sea (Thorman 1986; Magill and Sayer 2002; Pihl and Wennhage 2002; Wilhelmsson et al. 2006b).
In the present study, the abundances of Ctenolabrus rupestris (goldsinny wrasse) and Gobiusculus flavescens (two-spotted goby) increased around the pillars compared to surrounding area. These species are common in the North Sea and East Atlantic (Muus et al. 1999) and are usually associated with three-dimensional structures and prefer to proliferate near hard substrata in shallow waters (Muus et al. 1999; Gjøsaeter 2002). For these species, the function of the added structure seems to be typical for what artificial reefs commonly are expected to achieve, i.e. habitat enhancement. Large numbers of juvenile G. flavescens have also been noticed to associate with pillar-shaped wind turbine foundations (e.g. Wilhelmsson et al.
                           2006a, Andersson 2008). In a study by Wilhelmsson et al. (2006a), it was suggested that the mussels covering the surface of the structure offered protection for the juvenile fish. Similarly, in the present study, juvenile C. rupestris were noticed to use colonies of sea squirts as a refuge.
Whilst C. rupestris and G. flavescens were positively influenced by the presence of the pillars, Pomatoschistus spp. was less affected even though it is widespread in the study area (Edlund et al. 1980; Pihl and Wennhage 2002). It is interesting to notice that there was an increase of Pomatoschistus spp. over time with high densities of new recruits after 4 and 5 months. However, the increase was ubiquitous for all treatments including control sites.


Conclusions
Surface materials influence the epibenthic assemblage at the early succession stages. The invertebrate and algae assemblage structure in terms of coverage was different on the two materials, steel and concrete. This is most likely linked to surface heterogeneity. High abundance of new recruits of one species with a good competitive strategy can lead to total domination on a surface for a long period, as demonstrated by Ciona intestinalis in this study. Introduced artificial structures could play a significant role in giving space-limited species new settling grounds and increase their relative abundance and hence species numbers in an area. Certain fish species could be attracted to the introduced structures which may lead to an increase in fish densities as a result of new habitat opportunities. Seasonality may also play a role in how fish communities are affected by the introduction of man-made structures, especially in cold-temperate regions.
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