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Introduction

Gorgonians are among the most prominent three-dimensional species in Mediterranean coralligenous habitat and the most representative in the coastal benthic environment [START_REF] Gili | Study and cartography of the benthic communities of Medes Islands (NE Spain)[END_REF][START_REF] Gili | Benthic suspension feeders: their paramount role in littoral marine food webs[END_REF]. Similarly to other ecosystem engineer species (sensu [START_REF] Jones | Organisms as ecosystem engineers[END_REF], gorgonians provide structural complexity [START_REF] Rossi | An overview of the animal forests of the world[END_REF], forming habitats which species richness can be compared with tropical coral reefs [START_REF] Ballesteros | Mediterranean coralligenous assemblages: a synthesis of present knowledge[END_REF]Boudouresque et al., 2017, and references therein). Anthropogenic and natural disturbances (e.g. overfishing and climate change) may pose a threat to gorgonian populations [START_REF] Garrabou | Mass mortality in Northwestern Mediterranean rocky benthic communities: effects of the 2003 heat wave[END_REF][START_REF] Tsounis | Management hurdles for sustainable harvesting of Corallium rubrum[END_REF]. For example, in shallow areas of the Mediterranean Sea (10-30 m depth), in the last decades, several gorgonian populations have been hit by mass mortalities linked to acute thermal anomalies [START_REF] Cerrano | A catastrophic mass mortality episode of gorgonians and other organisms in the Ligurian Sea (North-Western Mediterranean), summer 1999[END_REF][START_REF] Garrabou | Mass mortality in Northwestern Mediterranean rocky benthic communities: effects of the 2003 heat wave[END_REF][START_REF] Bramanti | Recruitment, early survival and growth of the Mediterranean red coral Corallium rubrum (L 1758), a 4-year study[END_REF]Linares et al., 2008aLinares et al., , 2008b;;[START_REF] Turicchia | Mass mortality hits gorgonian forests at Montecristo Island[END_REF]. For some gorgonian species, recruitment may be impacted by prolonged high temperature [START_REF] Rossi | Effects of global warming on reproduction and potential dispersal of Mediterranean cnidarians[END_REF]; nevertheless, some gorgonian populations have been able to recover, probably due to the increased recruitment after disturbance [START_REF] Cupido | Response of a gorgonian (Paramuricea clavata) population to mortality events: recovery or loss?[END_REF][START_REF] Cupido | Sexual structure of a highly reproductive, recovering gorgonian population: quantifying reproductive output[END_REF][START_REF] Padrón | Passive larval transport explains recent gene flow in a Mediterranean gorgonian[END_REF]. Understanding the processes driving settlement and recruitment is thus fundamental to shed light on recovery potential of gorgonian populations and help developing proper management and conservation plan at local level [START_REF] Whalan | Crustose coralline algae and a cnidarian neuropeptide trigger larval settlement in two coral reef sponges[END_REF].

In gorgonians, as in most marine sessile species with a larval phase the success of early life-history stages (e.g. larval dispersal, settlement and recruitment) is critical for the persistence and recovery of populations [START_REF] Mumby | Coral reef management and conservation in light of rapidly evolving ecological paradigms[END_REF][START_REF] Connolly | Estimating dispersal potential for marine larvae: dynamic models applied to scleractinian corals[END_REF][START_REF] Adjeroud | Importance of recruitment processes in the dynamics and resilience of coral reef assemblages[END_REF]. In particular, larval settlement is a crucial phase during which pelagic larvae select a suitable substrate on which they will attach, metamorphose and grow [START_REF] Harrison | Reproduction, dispersal and recruitment of scleractinian corals[END_REF]. The choice of a suitable surface often relies on external cues, and it can influence post-settlement survival and recruitment [START_REF] Harrington | Recognition and selection of settlement substrata determine post settlement survival in corals[END_REF] driving the distribution, abundance and structure of the adult coral community [START_REF] Babcock | Coral recruitment: consequences of settlement choice for early growth and survivorship in two scleractinians[END_REF][START_REF] Chanmethakul | Soft coral (Cnidaria:Alcyonacea) distribution patterns in Thai waters[END_REF][START_REF] Price | Habitat selection, facilitation, and biotic settlement cues affect distribution and performance of coral recruits in French Polynesia[END_REF][START_REF] Rocha | Effect of light intensity on post-fragmentation photobiological performance of the soft coral Sinularia flexibilis[END_REF][START_REF] Vermeij | Density-dependent settlement and mortality structure the earliest life phases of a coral population[END_REF]. For example, planulae of different scleractinian and octocoral species can settle and metamorphose in response to a wide range of cues, from abiotic factors such as light [START_REF] Grossowicz | Occurrence and survivorship of azooxanthellate octocorals reflect recruitment preferences and depth distribution[END_REF][START_REF] Mundy | Role of light intensity and spectral quality in coral settlement: implications for depth-dependent settlement?[END_REF], color [START_REF] Mason | Coral larvae settle at a higher frequency on red surfaces[END_REF] or sound [START_REF] Vermeij | Coral larvae move toward reef sounds[END_REF][START_REF] Lillis | Soundscapes influence the settlement of the common Caribbean coral Porites astreoides irrespective of light conditions[END_REF] to biotic factors such as the presence of bacteria [START_REF] Baird | Induction of metamorphosis in larvae of the brooding corals Acropora palifera and Stylophora pistillata[END_REF][START_REF] Golbuu | Substratum preferences in planula larvae of two species of scleractinian corals, Goniastrea retiformis and Stylaraea punctata[END_REF][START_REF] Negri | Metamorphosis of broadcast spawning corals in response to bacteria isolated from crustose algae[END_REF], microbial biofilmed surfaces [START_REF] Webster | Metamorphosis of a scleractinian coral in response to microbial biofilms[END_REF][START_REF] Erwin | Settlement behavior of Acropora palmata planulae: Effects of biofilm age and crustose coralline algal cover[END_REF], carbonate skeletons [START_REF] Golbuu | Substratum preferences in planula larvae of two species of scleractinian corals, Goniastrea retiformis and Stylaraea punctata[END_REF][START_REF] Benedetti | Applying cathodically polarised substrata to the restoration of a high value coral[END_REF], calcified green algae [START_REF] Nugues | Coral settlement onto Halimeda opuntia: a fatal attraction to an ephemeral substrate?[END_REF] and calcified red algae [START_REF] Morse | Control of larval metamorphosis and recruitment in sympatric agariciid corals[END_REF][START_REF] Morse | An ancient chemosensory mechanism brings new life to coral reefs[END_REF][START_REF] Heyward | Natural inducers for coral larval metamorphosis[END_REF][START_REF] Negri | Metamorphosis of broadcast spawning corals in response to bacteria isolated from crustose algae[END_REF][START_REF] Harrington | Recognition and selection of settlement substrata determine post settlement survival in corals[END_REF][START_REF] Ritson-Williams | Larval settlement preferences and post-settlement survival of the threatened Caribbean corals Acropora palmata and A. cervicornis[END_REF]. Several species of crustose coralline algae (CCA) have been shown to play a fundamental role in triggering the settlement process of many corals [START_REF] Harrington | Recognition and selection of settlement substrata determine post settlement survival in corals[END_REF][START_REF] Ritson-Williams | New perspectives on ecological mechanisms affecting coral recruitment on reefs[END_REF]. The positive effect of CCA on larval settlement is the result of an intricate interaction between CCA-chemical compounds (i.e. cell wall bound morphogens; [START_REF] Morse | An ancient chemosensory mechanism brings new life to coral reefs[END_REF][START_REF] Tebben | Chemical mediation of coral larval settlement by crustose coralline algae[END_REF] and CCA-surface bacteria (i.e. CCA-associated biofilms) [START_REF] Gómez-Lemos | Coralline algal metabolites induce settlement and mediate the inductive effect of epiphytic microbes on coral larvae[END_REF]. The cues required to transition into a sessile polyp have been far less investigated in octocorals than in scleractinians. [START_REF] Sebens | Settlement and metamorphosis of a temperate soft-coral larva (Alcyonium siderium Verrill): induction by crustose algae[END_REF] observed that CCA can activate settlement and metamorphosis in a temperate soft-coral and [START_REF] Lasker | Larval development and settlement behavior of the gorgonian coral Plexaura kuna (Lasker, Kim and Coffroth)[END_REF] reported an increase in settlement and survival of tropical gorgonian recruits in the presence of CCA. Despite those observations, no studies have investigated the interactions between CCA and gorgonian larvae in temperate marine ecosystems, these algae being an essential part of the structure of many benthic habitats [START_REF] Boudouresque | Where seaweed forests meet animal forests: The examples of macroalgae in coral reefs and the Mediterranean coralligenous ecosystem[END_REF].

CCA are widely distributed among many marine habitats [START_REF] Morse | Control of larval metamorphosis and recruitment in sympatric agariciid corals[END_REF][START_REF] Baird | Induction of metamorphosis in larvae of the brooding corals Acropora palifera and Stylophora pistillata[END_REF][START_REF] Harrington | Recognition and selection of settlement substrata determine post settlement survival in corals[END_REF][START_REF] Webster | Metamorphosis of a scleractinian coral in response to microbial biofilms[END_REF][START_REF] Ritson-Williams | Larval settlement preferences and post-settlement survival of the threatened Caribbean corals Acropora palmata and A. cervicornis[END_REF] and they are important calcifying species that greatly contribute to accretion and stabilization of the calcareous substrates in coral reefs [START_REF] Littler | The nature of crustose coralline algae and their interactions on reefs[END_REF]. In the Mediterranean Sea, CCA are the foundations of the three-dimensional complexity of coralligenous framework, offering a compact substrate potentially suitable for settlement of several species such as gorgonians [START_REF] Ballesteros | Mediterranean coralligenous assemblages: a synthesis of present knowledge[END_REF][START_REF] Gibson | Mediterranean coralligenous assemblages: a synthesis of present knowledge[END_REF][START_REF] Boudouresque | Where seaweed forests meet animal forests: The examples of macroalgae in coral reefs and the Mediterranean coralligenous ecosystem[END_REF]. Gorgonians and crustose coralline algae are both key organisms that contribute to the three-dimensional complexity of this habitat and intricate relationships exist between them. It has been shown for instance that the presence of gorgonians can increase the abundance of CCA, while their disappearance can foster a shift from CCA-dominated to filamentous algae-dominated assemblages [START_REF] Ponti | Ecological shifts in Mediterranean coralligenous assemblages related to gorgonian forest loss[END_REF]. The objective of the present study is to test the effect of two common Mediterranean CCA species Lithphyllum stictaeforme and Lithphyllum incrustans on the settlement and recruitment processes of the larvae of three gorgonian species Eunicella singularis, Paramuricea clavata and Corallium rubrum (the most representative gorgonians of the Mediterranean coralligenous) in order to better understand the distribution patterns and recovery capabilities of their populations. To this aim we tested the following hypotheses: (1) the presence of CCA fosters settlement and increases recruitment, and (2) the effect of CCA is species-specific.

Materials and methods

The three gorgonians (E. singularis, P. clavata and C. rubrum) and the two crustose coralline algae species (L. stictaeforme and L. incrustans) selected for the present experiment are common in the hard-bottom substrates of the north-western Mediterranean Sea [START_REF] Ballesteros | Mediterranean coralligenous assemblages: a synthesis of present knowledge[END_REF]. All the species have been collected by SCUBA-diving between 15 and 30 m depth on coralligenous outcrops in the area adjacent to the Marine Reserve Cerbere/Banyuls (North Western Mediterranean Sea, France).

Larvae collection

Forty-eight sexually mature colonies (> 20 cm height; [START_REF] Ribes | Cycle of gonadal development in Eunicella singularis (Cnidaria: Octocorallia): trends in sexual reproduction in gorgonians[END_REF] of E. singularis were collected in late June 2018 at 15-20 depth, and 45 sexually mature C. rubrum colonies (> 7 mm basal diameter; [START_REF] Santangelo | Reproduction and population sexual structure of the overexploited Mediterranean red coral Corallium rubrum[END_REF] were collected in July 2018 at 25-30 m depth. Colonies were kept in open circuit aquaria with air bubbling system and maintained at 16-18 °C based on the temperature measured in situ. To determine the sex of each colony, small fragments (2-5 cm) of the apical branches were inspected under a stereomicroscope for the presence of oocytes or spermatic sacks inside the gastrovascular cavity of the polyps [START_REF] Santangelo | Reproduction and population sexual structure of the overexploited Mediterranean red coral Corallium rubrum[END_REF][START_REF] Cupido | Sexual structure of a highly reproductive, recovering gorgonian population: quantifying reproductive output[END_REF]. Colonies were then re-arranged in the aquaria in order to have females and males in each aquarium and ensure oocytes fertilization. Aquaria were filled with seawater, 90% of which was changed every 4 days in order to remove accumulated debris and mucus. On June 26, 2018, oocytes from the external surface of female colonies of P. clavata, located at 20 m depth, were collected underwater using 60-mL syringes. Collected oocytes were maintained in open circuit aquaria with air bubbling system at 16-18 °C (temperature measured in situ). All the aquaria were inspected daily for larval release (E. singularis and C. rubrum) or larval development (P. clavata), which started on June 22nd, June 27th and August 4th for E. singularis, P. clavata, and C. rubrum respectively. Larvae of each species were transferred in small containers with 0.7-μm-filtered seawater (FSW-Millepore) and maintained until the beginning of the experiments. Aquaria were subjected to two LED white light (LUMIVIE 50 cm, 9 W. Aquavie) under a cycle of 12-h light-12-h dark with irradiation values of 300-500 μE m -2 s -1 . After larval release, E. singularis and C. rubrum colonies were successfully transplanted in Banyuls-sur-Mer public aquarium.

CCA collection

Fragments of L. stictaeforme and L. incrustans were collected using hammer and chisel at the depth of 20 m. After collection, CCA fragments were kept in open circuit aquaria, with air bubbling system and maintained at 16-18 °C for one week prior to experiments. Pieces of approximately equal sizes were used for the experiments and the surface of each piece was cleaned from sediment and epiphytic organisms using tweezers. One piece of each CCA species was kept for taxonomic identification and checked under a dissecting microscope using reproductive and morphological features as diagnostic characters [START_REF] Steneck | The ecology of coralline algal crusts: convergent patterns and adaptative strategies[END_REF].

Experimental design

The experiments were carried out at constant ambient temperature (16-18 °C), under a cycle of 12-h light-12-h dark with irradia tion values of 300-500 μE m -2 s -1 and performed in closed-circuit aquaria filled with filtered sea water (0.7 μm). Every 3 days, 75% of the water was changed to prevent bacterial growth.

Three replicates aquaria were used for each treatment, each one equipped with air bubbling system. Larvae were exposed to the following treatments: (1) a fragment of L. incrustans, (2) a fragment of L. stictaeforme and (3) a fragment of bare rock collected at the same sites of CCA, as control. In each treatment a fragment of bare rock was added in order to provide substrate for settlement. Two fragments of rock were thus present in the control treatment (Fig. 1A). In order to avoid any biological cue other than the two CCA species, each fragment of rock was previously put in the oven at 450 °C for 4 h.

In total, 990 (2-3 days old), 2700 (2-3 days old) and 900 (1-17 days old) larvae of E. singularis, P. clavata and C. rubrum respectively were collected. Larvae of each species were then evenly distributed among the 9 experimental tanks (n = 27: 3 replicate tanks for each treatment for each species), with 110, 350 and 100 larvae tank -1 for E. singularis, P. clavata and C. rubrum respectively. For each species, experiment started as soon as at least 900 larvae per species were obtained (i.e. 100 larvae in each replicate tank) (Fig. 1A).

The number of settlers and new polyps was recorded every two days until no more swimming larvae were observed in the aquaria. In the framework of this study, we defined larval release as the day in which larvae were released from the mother colonies and we considered settlement when the larva stops the swimming activity to cling onto the substrate. The pre-competence period (PCP) was defined as the number of days between larval release and larval settlement, and metamorphosis when larvae undergo physiological and morphological differentiation that turns them into a polyp (see [START_REF] Weinberg | The light-dependent behaviour of planula larvae of Eunicella singularis and Corallium rubrum and its implication for octocorallian ecology[END_REF]Linares et al., 2008c for a description of the process). Finally, we considered as recruit a polyp that survived until the end of the experiment.

Data analysis

Recruits density (polyps cm -2 ) was calculated counting the number of polyps over the available substrate which area was measured using NIH ImageJ software [START_REF] Abràmoff | Image processing with ImageJ[END_REF]. Overall, difference in surface areas among treatments were neglectable (<7% differences). For E. singularis and C. rubrum, as no settlement was observed on the surface of the aquarium tank, this substrate was not considered in the calculation of density.

A one-way ANOVA was applied to test the differences in recruit's density on the final day between treatments for each gorgonian species, with treatment as fixed factor (three levels: CCA1, CCA2 and Control) and aquaria as replicates (n = 3). When a significant effect of treatment was found (p < .05), individual post-hoc tests (Tukey test with Bonferroni correction) were run to detect which treatments were responsible for significant differences. Analyses were performed in RStudio software, package 'stats'.

Results

During the pre-competence period (PCP), larvae of E. singularis and P. clavata (Fig. 2 A,B) were observed either continuously changing their position alternating upward and downward through the water column swimming or crawling on the bottom of the aquaria, a behavior probably linked to the search of a suitable substrate (Weinberg and [START_REF] Weinberg | The light-dependent behaviour of planula larvae of Eunicella singularis and Corallium rubrum and its implication for octocorallian ecology[END_REF]Linares et al., 2008c). In both E. singularis and P. clavata, once larvae were ready to settle, they approached the substrate, became shorter and thicker and assumed a pear-shaped form (Fig. 2A,B). Subsequently the larvae metamorphosed in primary polyps (Fig. 3A,B). (Fig. 2C) spent most of the time swimming up actively in the water column. Before metamorphosing in primary polyps (Fig. 3C) they passed through a transition phase (spat phase, Fig. 3D), during which the formation of sclerites was observed. No differences were observed in the behavior of larvae in the different treatments for the three species.

C. rubrum larvae

Settlement trends

The first E. singularis primary polyp was observed after 8 days in CCA treatments, and after 13 days in the control treatments, whereas P. clavata polyps occurred between 11 and 12 days in all treatments (CCA and controls) (Fig. 4A,B). The first C. rubrum larvae settled after 27 days in all treatments (CCA and controls). However, soon after settlement and right before metamorphosis, C. rubrum larvae, in all treatments, spent approximately 7 days in form of spat (Fig. 3D; Fig. 4C). Spat phase was observed only in C. rubrum (Fig. 3D). The duration of the experiment corresponds to the maximum PLD in ab sence of predation. For E. singularis larvae, maximum PLD differed between treatments: no larvae were present in the water column after 41, 57 and 79 days in the L. stictaeforme, L. incrustans and control treatments respectively. For P. clavata and C. rubrum no larvae were found in the water column after 59 and 49 days respectively, independently from the treatment (Fig. 4A,B,C; Table 1). 

Recruitment density

The average density of E. singularis recruits was 3.65 ± 0.42 (average ± SE), 3.46 ± 0.31 (average ± SE) and 1.88 ± 0.10 recruits cm -2 (average ± SE) in L. stictaeforme, L. incrustans and control treatments respectively (Table 1). ANOVA results showed that recruitment density was significantly different among treatments Table 2A; F 2,6 = 9.88; p = .013). Post hoc Tukey HSD test highlighted significant differences between L. stictaeforme and the control (p = .016) and between L. incrustans and the control (p = .026) while no significant differences were found between L. incrustans and L. stictaeforme (p = .906) (Table 2B). The average density of P. clavata recruits was 0.89 ± 0.15recruits cm -2 (average ± SE) in L.

stictaeforme treatments, 1.25 ± 0.13 recruits cm -2 (average ± SE) in L. incrustans treatments and 0.31 ± 0.10 recruits cm -2 (average ± SE) in control treatment (Table 1). ANOVA results showed that recruitment density was significantly different among treatments (Table 2A; F 2,6 = 14.01; p = .005). In particular, post hoc comparisons underlined significant differences between the control and L. stictaeforme (p = .038), significant differences between the control and L. incrustans (p = .005), and no significant differences between L. stictaeforme and L. incrustans (p = .207) (Table 2b). The average density of C. rubrum recruits was 3.68 recruits cm -2 (SE ± 0.22) in L. stictaeforme treatments, 1.30 recruits cm -2 (SE ± 0.14) in L. incrustans treatments and 2.64 recruits cm -2 (SE ± 0.36) in the control treatments (Table 1). ANOVA results showed that C. rubrum recruitment density was significantly different among treatments (Table 2A; F 2,6 = 20.90; p = .002). Post-hoc test highlighted a significant difference between L. stictaeforme and L. incrustans (p = .002) and between the control and L. incrustans (p = .03) while no significant differences were found between the control and L. stictaeforme (p = .07) (Table 2B).

Discussion

In the present work we tested the effect of two different crustose coralline algae species (L. incrustans and L. stictaeforme) on the settlement and recruit density of three Mediterranean gorgonian species (E. singularis, P. clavata and C. rubrum). Our results showed that recruitment is affected by the presence of CCA. In E. singularis and P. clavata, recruitment density is significantly higher in presence of both CCA species, suggesting that CCA provide positive cues for both species. Conversely, C. rubrum recruitment density is lower in presence of L. incrustans, suggesting that the latter CCA species provides a negative cue for the settlement of C. rubrum larvae. The role of CCA as a suitable substrate or settlement facilitator has been highlighted in previous works (Miller andMundy, 2003a, 2003b;[START_REF] Birrell | Effects of algal turfs and sediment on coral settlement[END_REF][START_REF] Fabricius | Factors determining the resilience of coral reefs to eutrophication: a review and conceptual model[END_REF] showing that, at least for several species of scleractinian corals, CCA can positively influence larval settlement [START_REF] Harrington | Recognition and selection of settlement substrata determine post settlement survival in corals[END_REF][START_REF] Doropoulos | Ocean acidification reduces coral recruitment by disrupting intimate larval-algal settlement interactions[END_REF][START_REF] Tebben | Chemical mediation of coral larval settlement by crustose coralline algae[END_REF]. In tropical reefs as well as in the Mediterranean coralligenous habitat, CCA cover a relatively vast areas of the substrate with percentage varying according to the place [START_REF] Fabricius | Environmental factors associated with the spatial distribution of crustose coralline algae on the great barrier reef[END_REF][START_REF] Boudouresque | Where seaweed forests meet animal forests: The examples of macroalgae in coral reefs and the Mediterranean coralligenous ecosystem[END_REF]. Thus, the abundance and the distribution of CCA can affect the recovery capabilities of certain species. [START_REF] Harrington | Recognition and selection of settlement substrata determine post settlement survival in corals[END_REF] showed that the preferred substratum for two scleractinian species in the Great Barrier Reef (GBR) is the CCA Titanoderma prototypum that represent only 5% of the algae in the GBR. Moreover, an impairment of the relationships between larvae and CCA due, for example, to ocean acidification [START_REF] Doropoulos | Ocean acidification reduces coral recruitment by disrupting intimate larval-algal settlement interactions[END_REF] or disease [START_REF] Quéré | Coralline algae disease reduces survival and settlement success of coral planulae in laboratory experiments[END_REF], could drastically change the recruitment capabilities of a set of species. Our results also showed that CCA can have a different effect on different species. C. rubrum larvae, in fact, seem to be "choosy" with respect to CCA species, settling at lower rates in presence of L. incrustans than in its absence. A negative effect of CCA has been observed in Orbicella faveolata and Diploria labyrinthiformis settlement [START_REF] Quéré | Coralline algae disease reduces survival and settlement success of coral planulae in laboratory experiments[END_REF]. In the case of C. rubrum, the effect of L. incrustans could be one of the mechanisms underlying the observed light dependent distribution of the species, which is more commonly found in low light environment [START_REF] Rossi | Survey of deep-dwelling red coral (Corallium rubrum) populations at cap de Creus (NW Mediterranean)[END_REF]. The presence of C. rubrum in low light environment, in fact, has always been explained as a result of a supposed negative phototactic behavior of the larvae, which has never been demonstrated [START_REF] Weinberg | The light-dependent behaviour of planula larvae of Eunicella singularis and Corallium rubrum and its implication for octocorallian ecology[END_REF]. Our results offer an alternative explanation based on the CCA community present in low light environment. The differential substrate choice could also explain the segregated distribution of different species with similar three-dimensional structures and trophic needs. The association between CCA and gorgonians has been highlighted in previous studies (e.g, [START_REF] Ponti | Ecological shifts in Mediterranean coralligenous assemblages related to gorgonian forest loss[END_REF][START_REF] Ballesteros | Mediterranean coralligenous assemblages: a synthesis of present knowledge[END_REF] but, to our knowledge, it has never been described at the species level and demonstrated with a specific experimental set up. The difficult in situ taxonomic identification of CCA [START_REF] Steneck | The role of environment in control of morphology in Lithophyllum congestum, a Caribbean algal ridge builder[END_REF] could have discouraged benthic surveys at the species level for this group. However, a few studies on scleractinians (e.g [START_REF] Harrington | Recognition and selection of settlement substrata determine post settlement survival in corals[END_REF][START_REF] Ritson-Williams | Larval settlement preferences of Acropora palmata and Montastraea faveolata in response to diverse red algae[END_REF][START_REF] Quéré | Coralline algae disease reduces survival and settlement success of coral planulae in laboratory experiments[END_REF], as well as the present results on octocorals, show a species-specific effect of CCA on coral settlement which should be further investigated.

It is worth to note that the presence of CCA does not affect only the density of recruits, but also the dynamics of settlement. According to our results, E. singularis larvae, differently than P. clavata and C. rubrum ones, spent more time in the water column in absence of CCA (79 days) than in their presence (41 and 57 days for L. stictaeforme and L. incrustans respectively) (Fig. 3). Data on the time interval between attachment and completion of metamorphosis for coral larvae under ideal conditions are very scarce (Miller andMundy, 2003a, 2003b), and almost non-existent for octocorals. In E. singularis, recruit density is higher in presence of L. incrustans and L. stictaeforme, and larvae settle at a faster rate. The faster settlement in the presence of the two CCA species could result in a reduction of pelagic larval duration (PLD). On the one hand, a shorter PLD could result in lower mortality rates: the less time a larva spends in the water column, the lower is the probability of being predated, having more energy available for growth (not spent in searching for a settlement place, [START_REF] Viladrich | Variation of lipid and free fatty acid contents during larval release in two temperate octocorals according to their trophic strategy[END_REF]. This has important consequences not only for the population viability through time, but also for connectivity and metapopulation dynamics [START_REF] Connolly | Estimating dispersal potential for marine larvae: dynamic models applied to scleractinian corals[END_REF]. On the other hand, a shorter PLD could negatively affect potential connectivity: the potential dispersal distance is, at some extent, positively related to the PLD. In general, the longer a larva remains in the water column, the further it is transported by currents [START_REF] Padrón | Passive larval transport explains recent gene flow in a Mediterranean gorgonian[END_REF]Miller andMundy, 2003a, 2003b). Current regime plays an essential role in the retention/dispersion of larvae [START_REF] Shanks | Pelagic larval duration and dispersal distance revisited[END_REF][START_REF] Martínez-Quintana | Quantification of larval traits driving connectivity: the case of Corallium rubrum (L. 1758)[END_REF][START_REF] Padrón | Passive larval transport explains recent gene flow in a Mediterranean gorgonian[END_REF] and together with larval behavior and PLD, it should be taken into account in the modeling of larval dispersal. In the case of E. singularis and P. clavata, however, a shorter PLD would probably not affect dispersal as it has been shown that, at least in the habitat configuration of the Gulf of Lion and Liguria Sea, gene flow among different populations is best explained by PLDs ranging from 7 to 14 days (Padron et al., 2018). In the case of E. singularis, the faster and more abundant settlement in presence of CCA could explain the recovery capabilities after a mass mortality event observed in 2018 in the Gulf of Lion (Bramanti, L. data not published).

The frequency of climate change-related disturbances affecting Mediterranean gorgonian populations has been increasing in the last 20 years and for some species, such as C. rubrum, mass mortalities are coupled with harvesting pressure [START_REF] Bramanti | Mathematical modelling for conservation and management of gorgonians corals: young and olds, could they coexist?[END_REF][START_REF] Rossi | Effects of global warming on reproduction and potential dispersal of Mediterranean cnidarians[END_REF]. Larval settlement is a key bottleneck to the recovery of damaged populations, and it depends, in part on the capacity of larvae to select the optimal substrate [START_REF] Harrington | Recognition and selection of settlement substrata determine post settlement survival in corals[END_REF][START_REF] Fabricius | Factors determining the resilience of coral reefs to eutrophication: a review and conceptual model[END_REF]. This capacity could be further reduced by the negative effects of warming and acidification on CCA cover [START_REF] Webster | Elevated seawater temperature causes a microbial shift on crustose coralline algae with implications for the recruitment of coral larvae[END_REF][START_REF] Ragazzola | Ocean acidification weakens the structural integrity of coralline algae[END_REF][START_REF] Doropoulos | High CO2 reduces the settlement of a spawning coral on three common species of crustose coralline algae[END_REF][START_REF] Webster | Ocean acidification reduces induction of coral settlement by crustose coralline algae[END_REF], resulting in a reduction of suitable substrate for new recruits [START_REF] Comeau | Contrasting effects of ocean acidification on coral reef "animal forests" versus seaweed "kelp forests[END_REF]. In a warmer and more acidic ocean, the negative effects on gorgonian populations could be amplified by the diminished effectiveness of CCA as settlement inducers. Changes in the type of substrate indirectly affect the population dynamics of benthic species. In the Caribbean, for example, a spread of a peyssonnelid algal crust is changing substrate availability [START_REF] Bramanti | The encrusting alga Peyssonnelia preempts vacant space and overgrows corals in St. John, US Virgin Islands[END_REF], probably favoring the observed shift between scleractinians and gorgonians [START_REF] Edmunds | A spatially aggressive peyssonnelid algal crust (PAC) threatens shallow coral reefs in St. John, US Virgin Islands[END_REF][START_REF] Lenz | Long-term variation of octocoral populations in St. Johns, US Virgin Islands[END_REF]. The occupation of the substrates by turf algae [START_REF] Birrell | Effects of algal turfs and sediment on coral settlement[END_REF] or the bleaching of CCA [START_REF] Rindi | Coralline algae in a changing Mediterranean Sea: how can we predict their future, if we do not know their present?[END_REF][START_REF] Martone | Bleaching of an intertidal coralline alga: untangling the effects of light, temperature, and desiccation[END_REF], may be disrupting factors for colonization, and this may be a potential scenario also in the Mediterranean Sea [START_REF] Hereu | Bleaching of crustose coralline alage in the Mediterranean Sea[END_REF].

Conclusions

Our study does not aim at an exhaustive description of all the cues available for the larvae of the three gorgonian species, but it shows that Mediterranean gorgonians larvae also react to the presence of CCA. Mediterranean gorgonians are key ecosystem engineers and the populations dwelling in the shallower part of their bathymetrical distribution are affected by natural and anthropogenic dis turbances [START_REF] Garrabou | Mass mortality in Northwestern Mediterranean rocky benthic communities: effects of the 2003 heat wave[END_REF][START_REF] Cerrano | A catastrophic mass mortality episode of gorgonians and other organisms in the Ligurian Sea (North-Western Mediterranean), summer 1999[END_REF]. Conservation of biogenic structures should be a priority, and to this aim, substrate composition and dynamics should be included in management and conservation plans, as the complex equation of population dynamics and maintenance of benthic organisms (including anthozoans) is tightly linked to the species and substrate composition of the seascape.
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U N C O R R E C T E D P R O O F

Fig. 1 .

 1 Fig. 1. Schematic diagram of the experimental design: (A) after release, larvae were collected and then distributed among the three replicates of each treatment for each gorgonian species; (B) boxplot reporting recruit density (cm -2 ) at the end of the experiment for the three species in the different treatments. Letters (a and b) indicate statistical difference at p < .05.

Fig. 2 .

 2 Fig. 2. Larvae of the three gorgonian species: (A) Eunicella singularis, (B) Paramuricea clavata, (C) Corallium rubrum.

Fig. 3 .

 3 Fig. 3. Primary polyps of the three gorgonian species: (A) polyp of Eunicella singularis, (B) polyp of Paramuricea clavata, (C) polyp of Corallium rubrum, (D) spat of Corallium rubrum.

Fig. 4 .

 4 Fig. 4. Settlement trends: density of polyps (cm -2 ) for the three species in the different treatments. (A) Eunicella singularis. (B) Paramuricea clavata. (C) Corallium rubrum. Pre-competence period (light grey band) is the number of days between larval release and first Spat period (dark grey band) is the time interval between settlement and metamorphosis in primary polyp and it has been observed only for C. rubrum. Larval age is the number of days since larval release. E. singularis and P. clavata larvae have been released between day 0 and day 2. C. rubrum larvae have been released between day 0 and day17.
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Table 1

 1 Number of days marking the start and the end of the experiments for each gorgonian species and treatments as well as recruit density at the end of the experiment. Polyp density = number of polyps cm -2 .

		E. singularis			P. clavata			C. rubrum		
	Treatment	Day of first settlement	Day of experiment end	Polyp density at the end	Day of first settlement	Day of experiment end	Polyp density at the end	Day of first settlement	Day of experiment end	Polyp density at the end
	L. stictaeforme L. incrustans Control	8 8 13	41 57 79	3.65 (± 0.42 SE) 3.46 (± 0.31SE) 1.88 (± 0.10 SE)	11 11 11	59 59 59	0.89 (± 0.15 SE) 1.25 (± 0.13 SE) 0.31 (± 0.10 SE)	27 27 27	49 49 49	3.68 (± 0.22 SE) 1.30 (± 0.14 SE) 2.64 (± 0.36 SE)

Table 2 (

 2 A) Results of the one-way ANOVA test comparing the recruit density on the final day between treatments for each gorgonian species. df = degrees of freedom; SS = Sums of squares value; MS = mean square value; F F ratio; * indicate p < .05; ** indicate p < .01. (B) Tukey post hoc comparisons for each gorgonian species. Diff = Difference in density; lwr and upr = lower and upper bounds of 95% confidence interval; p adj = p adjusted for multiple comparisons.

	Source	df	Eunicella singularis			Paramuricea clavata			Corallium rubrum		
			SS	MS	F	P(>F)	SS	MS	F	P(>F)	SS	MS	F	P(>F)
	A. One-way Anova Treatment Residuals B. Tukey post-hoc L. incrustans-Control L. stictaeforme-Control L. stictaeforme-L. incrustans	2 6	5.652 1.716 diff 1.5800 1.7667 0.1867	2.826 0.286 lwr 0.2401 0.4268 -1.1532	9.880 upr 2.9199 3.1066 1.5266	0.012* p adj 0.0259 0.0159 0.9057	1.336 0.286 diff 0.5867 0.9333 0.3467	0.668 0.048 lwr 0.0398 0.3864 -0.2002	14.010 upr 1.1336 1.4802 0.8936	0.0055** p adj 0.0047 0.0381 0.2068	8.562 1.229 diff 1.3367 2.3833 1.0467	4.281 0.205 lwr 0.2029 1.2495 -0.0871	20.900 upr 2.4705 3.5171 2.1805	0.002** p adj 0.0259 0.0670 0.0016
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