Long-term survey of intertidal rocky shore macrobenthic community metabolism and structure after primary succession
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Abstract
Ecological succession involves the transition from opportunistic ephemeral species, which display a minimal variation in functional traits, to slow growing, more functionally diverse, perennial species. The present study aimed in measuring the functional effect of changes in the community structure through succession and to compare the timing of successional sequences in communities dominated by canopy-forming algae established at two levels of the emersion gradient in a rocky shore. Granite slabs were set at two tidal levels, in the Fucus vesiculosus and F. serratus areas, in February 2013. Communities settled on the slabs during the first year exhibited low Fucus density (≈ 6 ind m-2), low taxa richness (≈ 17 taxa) and low metabolic activity (gross primary production, GPP, about 100 mg C m-2 h-1) at both levels. Communities established on the slabs were similar to the surrounding communities for the 5 and 3 following years in the F. vesiculosus and F. serratus area respectively. Communities were then characterized by high Fucus density (≈ 35 and 67 ind m-2), high taxa richness (≈ 26 and 39 taxa) and high metabolic activity (GPP ≈ 350 and 550 mg C m-2 h-1). However, Fucus populations did not persist on slabs on which communities turned into limpet dominated, with low Fucus density, low taxa richness and low metabolic activity. 10 years after the slabs setting, limpet densities averaged 34 and 92 ind m-2. Given the long life-span of Fucus and Patella, the survey needs to be pursued to test for cyclical changes of dominance. 
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Introduction
Rocky shores are naturally disturbed environments where secondary and tertiary successions occur due, notably, to direct and indirect action of waves removing biota (Hawkins, Pack, Hyder, Benedetti-Cecchi, & Jenkins, 2020). Patchiness is thus a fundamental feature of most rocky shores where macrobenthic communities correspond to mosaics of species assemblages on various spatial scales in different succession stages, from cleared rock to complete cover by a dominant species (Raffaelli & Hawkins, 1999). Primary succession, the colonization of virgin substrata, can also be initiated on rocky shores, either naturally by flaking of the rock or artificially by the placement of human-made structures. The early physicochemical events occurring over very short time periods allow the rapid colonisation of bare substrata by bacteria and diatoms. After this microbiotic phase, the macrobiotic succession on rocky shores typically involves a transition from a suite of opportunistic and ephemeral species which display minimal variation in functional traits, to a more functionally diverse mature, more or less stable, community including slow-growing perennial species (Noël et al., 2009). This general pattern and the mechanisms implied in the replacement of species are influenced by a number of physical and biological factors. Macrobiotic succession on rocky shores is thus highly variable and context dependent. Furthermore, on most rocky shores, it is likely that succession never stops with small-scale disturbances opening up resources all the time (Raffaelli & Hawkins, 1999) and the perception of the establishment of a stable community is largely temporal scale dependent (Jenkins & Uya, 2016). 
On sheltered and semi-exposed intertidal rocky shores, the mature community is often characterized by canopy-forming brown algae. Canopy-forming algae are foundation species that play a pivotal role by mitigating stressful abiotic conditions (Bulleri, 2009) and constitute highly productive systems (Mann, 1973). Loss or reduction of canopy-forming algae, as a consequence of local and global stressors, have direct and indirect effects on benthic communities, reflected in diversity and abundance reductions, shifts in composition and ecosystem functioning (Mineur et al., 2015). There is thus a clear need to understand the mechanisms that control their establishment and persistence. Succession has been the focus of intensive research on rocky shores (Hawkins et al., 2020 and references therein) but few studies have explicitly measured changes in community primary production through succession from opportunistic ephemerals to dense canopy. A species-specific productivity decrease with increasing successional status is predictable but differences in the productivity of component species, measured per unit biomass, do not necessarily scale to the productivity of the community as a whole (Noël et al., 2009).
The present study associates long-term macrobenthic community primary production measurements and community structure assessments over succession initiated experimentally by placing bare substrata in a semi-exposed intertidal rocky shore. The experiment was conducted in two communities adjacent over the emersion gradient, the mid and low-mid intertidal communities dominated by canopy-forming algae, Fucus vesiculosus and Fucus serratus respectively. These communities consist of dense and complex assemblages composed of Fucus spp with associated epibiont and understory algae and invertebrates. Both communities exhibit high metabolic activity, gross community primary production reaching 1 gC m-2 h-1 during spring and summer midday emersions (Bordeyne, Migné, & Davoult, 2015). Experimental bare substrata units consisted on slabs built with materials of the same nature of the rock and which surface was made rough as surrogates of the natural habitat. Those slabs were spread out in winter in the established communities to be influenced by the same local environmental variation and supply of propagules. With this survey, we intended to measure the functional effect of changes in the community structure through succession and to compare the timing of successional sequences at two levels of the emersion gradient in a rocky shore system. We hypothesized that, due to hasher environmental conditions, the timing of successional sequences would be slower in the mid intertidal than in the low-mid intertidal.

Materials and Methods
Study site and experiment set up
[bookmark: _Hlk68772810]This experiment was conducted on an intertidal boulder reef (Karreg Ar Vraz) located in front of the Roscoff Marine Station (48°43.754’N, 3°59.420’W) in the southwestern part of the English Channel. This semi-exposed shore is subjected to a semi-diurnal tidal cycle, with a maximal range of about 9 m. It presents a typical vertical distribution of communities dominated by canopy-forming brown algae. The mid-intertidal level (3.0 to 4.0 m above chart datum) is characterized by a Fucus vesiculosus community and the low mid-intertidal level (2.5 to 3.0 m above chart datum) is characterized by a F. serratus community. At the mid-intertidal level, F. vesiculosus density is about 45 ind m-2, accounting for 2 to 5 kgFW m-2 according to the season (Bordeyne, 2016). At the low mid-intertidal level, F. serratus density is about 70 ind m-2 accounting for 2 to 12 kgFW m-2 (Bordeyne, 2016). Both communities are known to exhibit high metabolic activity year-round: gross primary production in the range 400-1000 mg C m-2 h-1 and respiration in the range 100-500 mg C m-2 h-1, when measured at the beginning of emersion period (Bordeyne et al., 2015). 
In February 2013, bare granite slabs (0.4 × 0.4 m) with rough surface were haphazardly attached (as flat as possible) to large boulders of the mid-intertidal level in the F. vesiculosus area and of the low mid-intertidal level in the F. serratus area of the Karreg Ar Vraz site. Slabs (21 in the F. vesiculosus area, 20 in the F. serratus area) were arranged to be 1 to 3 m away one from each other within areas, and were separated by a distance of approx. 30 m between areas.
Macrobenthic community metabolism
[bookmark: _Hlk168406626][bookmark: _Hlk168408341]The metabolism of settled communities was assessed from March 2013 to September 2019 (i.e. from one month to 78 months, 6.5 years, after the setup of slabs), with a delay between two sampling dates varying from 1 to 7 months (leading to a total of 25 sampling dates). At each sampling date, metabolism of settled communities was assessed on 3 to 7 randomly chosen slabs in each area. Metabolism was assessed by measuring carbon dioxide (CO2) fluxes at the air-slab interface inside benthic chambers, at the onset of emersion period of spring tides (around midday). This period has previously been shown to be the most favourable for primary production of such intertidal fucoid stands (Migné, Duong, Menu, Davoult, & Gévaert, 2021). Each benthic chamber, which is made of a transparent Perspex® dome with a transparent air-tight Perspex® base, has a covering surface of 0.3 x 0.3 m and a total volume of 17.7 or 26.5 L (depending on the amount of Fucus settled on the slabs). It was sealed to the slab (using bungees) and was connected to an infrared CO2 gas analyzer (LiCor Li-820) in a closed air circuit (with a flow of about 1 L min-1). CO2 air concentration (μmolCO2 molair-1) was recorded every 15 s for 5 to 15 min during incubation to calculate CO2 fluxes as described in Migné et al. (2002). Net community production (NCP) and community respiration (CR) were examined successively in ambient light and in darkness (by covering the chamber), respectively. Photosynthetically available radiations (PAR, in µmol of photons m-2 s-1) were measured close to the incubation chambers, using a planar sensor (Li-Cor QuantumSA-190). PAR were recorded every minute to ensure that measurements in ambient light were performed under saturating irradiance, assuming that the onset of light saturation for coastal macroalgal communities is reached, on average, at 291 µmolphotons m-2 s-1 (Middelboe, Sand-Jensen, & Binzer, 2006). That is PAR levels above the onset of light saturation which was previously determined to vary seasonally between 250 and 800 µmol m-2 s-1 for the F. vesiculosus community and between 200 and 500 µmol m-2 s-1 for the F. serratus community (Bordeyne, 2016). Benthic chambers were opened between two consecutive incubations to renew the ambient air. Gross community production (GCP) was calculated as the sum of NCP and CR. Metabolic rates were calculated according to the covering surface of incubation chambers (i.e. 0.09 m²) and expressed in carbon units (mg C m-2 h-1) assuming a molar volume of 22.4 L mol-1 at standard temperature and pressure and a molar mass of 12 g C molCO2-1.
Macrobenthic community structure
The survey of the structure of settled communities started as far as some settled Fucus were identifiable to the species level, that was in September 2013 (i.e. seven months after the setup of slabs) and continued until March 2023 (i.e. 121 months, 10 years, after the setup of slabs). Non-destructive sampling of biota colonising the slabs was conducted during low tide, every 3 months until September 2016 and then every 6 months (leading to a total of 25 sampling dates in each area). Algae and invertebrates were identified in the field to the lowest possible taxonomic level, being usually the species level but genus, family, or order level for some colonial invertebrates (e.g. bryozoans, ascidians) and morphologically similar taxa (e.g. ectocarpales, amphipods). Density was determined for Fucus identifiable to the species level and for countable invertebrates (e.g. gastropod species). Identification and count were done on all available slabs (i.e. not detached and returned during the survey) in the F. vesiculosus area (21 slabs until March 2017 and 17 to 14 slabs from September 2017 to March 2023), on all available slabs in the F. serratus area (20 slabs until June 2015 and 19 to 15 slabs from March 2018 to March 2023) or on 9 to 12 haphazardly chosen slabs at the period of the highest colonisation by Fucus (from September 2015 to September 2017).
[bookmark: _Hlk168409246]Before any data analysis, the sampling effort was homogenised by randomly selecting 9 slabs among the slabs on which the structure of the macrobenthic community was assessed at each sampling date, in each area. Given the small size of the slabs and the high small spatial scale variability on rocky shores, data were pooled for the 9 slabs (representing a sampling surface of 1.44 m2) to better highlight the temporal variability of diversity metrics in each area. Shannon diversity and Pielou evenness were calculated based on abundance data of countable invertebrates obtained after pooling the 9 slabs (representing a sampling surface of 1.44 m2) at each sampling date in each area. Pooling the data for the 9 slabs also allowed to calculate the The occurrence of each taxa was measured (as the number of slabs bearing the taxa among the 9 slabs) and to analyse similarities between sampling dates and areas based on quantitative data for all the observed taxa. (using Bray-Curtis coefficient)similarity between every pair of samples wasere calculated between every pair of samples on the occurrence data (in a 72 taxa x 50 samples matrix using the software PRIMER). Samples were then grouped by hierarchical clustering (group-average link) based on the Bray-Curtis similarities to explore spatio-temporal structuring. 
Results
Macrobenthic community metabolism

Figure 1. Mean gross community primary production (GCP, A) and community respiration (CR, B) measured over time on slabs set in the Fucus vesiculosus (Fves) and Fucus serratus (Fser) areas. Error bars indicate standard errors (3 ≤ n ≤ 7)
Metabolism of the macrobenthic communities settled on the slabs over the 6.5-year survey showed the same global temporal trend at the two intertidal levels, reaching higher rates in the lower level (i.e. in the Fucus serratus area, Figure 1).
Mean (± se) gross community production (GCP) measured on slabs set at mid-intertidal level in the F. vesiculosus area ranged from 15.53 ± 5.72 to 428.58 ± 171.35 mg C m-2 h-1. The minimum and the maximum were observed 5 and 54 months after the slabs setting respectively (Figure 1A). Mean GCP measured on slabs set at low mid-intertidal level in the F. serratus area ranged from 10.60 ± 8.70 to 839.44 ± 309.13 mg C m-2 h-1. The minimum and the maximum were observed 3 and 27 months after the slabs setting respectively (Figure 1A).
Mean (± se) community respiration (CR) measured on slabs set at mid-intertidal level in the F. vesiculosus area ranged from 5.80 ± 0.92 to 311.08 ± 157.76 mg C m-2 h-1. The minimum and the maximum were observed 6 and 30 months after the slabs setting respectively (Figure 1B). Mean CR measured on slabs set at low mid-intertidal level in the F. serratus area ranged from 1.25 ± 0.75 to 761.02 ± 459.58 mg C m-2 h-1. The minimum and the maximum were observed 10 and 43 months after the slabs setting respectively (Figure 1B).
Macrobenthic community structure


Figure 2. Mean number of individuals of Fucus vesiculosus, Fucus serratus and Patella sp. observed over time per slab (0.4 x 0.4 m) set in the F. vesiculosus (Fves, A) and F. serratus (Fser, B) areas. Error bars indicate standard errors (n = 9)
First Fucus individuals settled on slabs that were identifiable to the species level were Fucus vesiculosus individuals in both areas (7 and 10 months after the slabs setting in the F. vesiculosus and F. serratus area respectively). Their density increased rapidly to reach a mean (± se) of 13 ± 5 ind/slab (28 months after the slabs setting) in the F. vesiculosus area (Figure 2A) and of 15 ± 4 ind/slab (16 months after the slabs setting) in the F. serratus area (Figure 2.B.). The F. vesiculosus density then decreased in both areas with mean less than 1 ind/slab since March 2019 (72 months after the slabs setting) in the F. vesiculosus area (Figure 2A) and since March 2018 (61 months after the slabs setting) in the F. serratus area (Figure 2B). 
Few Fucus serratus individuals settled on slabs set in the F. vesiculosus area (with a mean in the range 0.1-1.6 ind/slab during the period 37-66 months after the slabs setting, Figure 2A). F. serratus individuals were identifiable on slabs set in the F. serratus area 16 months after the slabs setting, at a mean density of 3 ± 2 ind/slab (Figure 2B). Their mean density increased to 7 ± 3 ind/slab 37 months after the slabs setting and then decreased to less than 1 ind/slab 66 months after the slabs setting (Figure 2B).
At the beginning of the survey, the Patella sp. density increased concurrently with the F. vesiculosus density on slabs in the F. vesiculosus area and with F. serratus density on slabs in the F. serratus area. The Patella sp. density continued to increase when Fucus densities decreased and its mean reached a maximum of 16 ind/slab (85 months after the slabs setting) in the F. vesiculosus area (Figure 2A) and of 20 ind/slab (79 months after the slabs setting) in the F. serratus area (Figure 2B). The Patella sp. density decreased at the end of the survey and, 121 months after the slabs setting, its mean was 5 ind/slab in the F. vesiculosus area (Figure 2A) and 15 ind/slab in the F. serratus area (Figure 2B).
Mean (± se) taxa richness per slab (0.4 x 0.4 m) (± se), including macroalgae and invertebrates, varied over the survey in the range 3.4 ± 0.4 - 16.4 ± 3.3 in the F. vesiculosus area and in the range 5.4 ± 1.0 - 21.9 ± 3.7 in the F. serratus area. The maximum was observed in June 2016 (40 months after the slabs setting) in both areas. On the 9 pooled slabs (i.e. sampling surface of 1.44 m2), total taxa richness (Stotal) varied in the range 6 - 39 in the F. vesiculosus area and in the range 7 - 51 in the F. serratus area, with a maximum observed in June and September 2016 (40 and 43 months after the slabs setting) in the F. vesiculosus area (Figure 3A) and in September 2016 in the F. serratus area (Figure 3C). Richness in countable invertebrates (Scount) varied in the range 3 - 15 in the F. vesiculosus area (Figure 3A) and in the range 5 - 19 in the F. serratus area (Figure 3C), with a maximum observed in June 2016 in both areas. Shannon diversity (H’) and Pielou’s evenness (J), calculated based on countable invertebrate taxa on the 9 pooled slabs, tended to decrease over the survey in the F. vesiculosus area with maximum values of 2.54 and 0.81 observed 10 and 7 months after the slabs setting, respectively, and minimum values of 0.73 and 0.37 observed 109 months after the slabs setting (Figure 3B). In the F. serratus area, H’ remained higher than 2.00 until September 2017 then decreased to values around 1.00 since March 2020 while J decreased over the survey with a maximum value of 0.82 observed 12 months after the slabs setting and a minimum value of 0.27 observed 102 months after the slabs setting (Figure 3D).
	
	

	
	


[bookmark: _Hlk139882684]Figure 3. Total number of taxa (Stotal) and number of countable invertebrate taxa (Scount) on the 9 pooled slabs (1.44 m2), Shannon diversity index (H’) and Pielou’s evenness (J) calculated based on countable invertebrate taxa on the 9 pooled slabs observed over time in the Fucus vesiculosus (Fves, A and B) and Fucus serratus (Fser, C and D) areas

A total of 72 taxa were identified along the survey, including 27 algae and 45 invertebrates, most being observed in both areas (23 algae and 31 invertebrates). Among taxa commonly observed but only in one area, there were the barnacle Austrominius modestus in the F. vesiculosus area and the brown alga Ascophyllum nodosum, the gastropod Calliostoma zizyphinum and the bryozoan Flustrellidra hispida in the F. serratus area. The hierarchical clustering based on Bray-Curtis similarity between occurrence of taxa on slabs through time showed five groups of samples (Figure 4). Four groups were formed by samples performed in the same area during a certain period: from 16 to 73 and from 85 to 121 months after the slabs setting (grouped, respectively, at a 57 and 72% similarity level) in the F. vesiculosus area and from 16 to 49 and from 55 to 121 months after the slabs setting (grouped, respectively, at a 65 and 69% similarity level) in the F. serratus area. The fifth group were formed (at a 53% similarity level) by the samples performed during the first year of the survey in both areas.
[image: ][image: ]
Figure 4. Dendrogram obtained by hierarchical clustering (average linkage) based on Bray-Curtis similarity between occurrence of taxa on 9 slabs through time (from 7 to 121 months after setting) in the Fucus vesiculosus (V7-V121) and Fucus serratus (S7-S121) areas
Discussion
Primary succession at two tidal levels of a rocky shore
The present 10-year survey of the structure of communities established on bare substrata at two tidal levels on a rocky shore showed three distinct periods. The first period corresponded to the first year following the availability of bare substrata at both tidal levels. The second period was longer at the higher tidal level, about 6 years in the Fucus vesiculosus area at mid-intertidal versus 4 years in the Fucus serratus area at low mid-intertidal level. The third period corresponded to the last years of the survey: from about the seventh and fifth year after bare substrata was available at mid-intertidal and low mid-intertidal level respectively. While of different duration, these three periods presented similar characteristics at the two tidal levels (Figure 5). During the first period, communities with a low density of Fucus (averaging 6 ind m-2) and a rather low richness of taxa (about 17 taxa observed in an area of 1.44 m2) exhibited low metabolic activity (gross primary production about 100 mg C m-2 h-1 and respiration about 10 mg C m-2 h-1). During the second period, communities with a high density of Fucus (averaging 35 and 67 ind m-2 in the F. vesiculosus and the F. serratus area respectively) and a rather high richness of taxa (about 26 and 39 taxa in the F. vesiculosus and the F. serratus area respectively) exhibited high metabolic activity (gross primary production about 350 and 550 mg C m-2 h-1 and respiration about 150 and 300 mg C m-2 h-1 in the F. vesiculosus and the F. serratus area respectively). During the third period, communities with a low density of Fucus (less than 5 ind m-2) and a rather low richness of taxa (about 9 and 22 taxa in the F. vesiculosus and the F. serratus area respectively) exhibited low metabolic activity (gross primary production about 100 mg C m-2 h-1 and respiration about 50 mg C m-2 h-1 in the F. serratus area, no data for the F. vesiculosus area). During the second period, that is after recruitment and growth of Fucus, the structure and metabolism of the communities set on the slabs were then similar to the structure and metabolism of the communities established at each tidal level (Bordeyne, 2016; Bordeyne et al., 2015). The transition between the second and the third period was marked by the loss of Fucus individuals. The loss of the foundation species (either F. vesiculosus or F. serratus) was accompanied by a decline in taxa richness as well as a decline in diversity of mobile invertebrates (Figure 5). During the first and the second periods, the dominant mobile invertebrate, accounting for about 30% of the total abundance of counted invertebrates, was a top shell or a periwinkle (Phorcus lineatus and Steromphala umbilicalis in the F. vesiculosus area the first and second period respectively; Steromphala pennanti and Littorina obtusata in the F. serratus area the first and second period respectively). During the third period, the dominant mobile invertebrate was a limpet (Patella sp.) accounting for about 75% of the total abundance of counted invertebrates in both areas.
	
	

	
	

	
	

	
	


Figure 5. Comparison of the means of the various parameters measured over the 3 periods of succession observed on slabs (0.4 x 0.4 m) set in the Fucus vesiculosus (Fves) and Fucus serratus (Fser) areas: gross community primary production (GCP), community respiration (CR), number of individuals of Fucus per slab, number of Patella per slab, total number of taxa on the 9 pooled slabs (Stotal), number of countable invertebrate taxa on the 9 pooled slabs (Scount), Shannon diversity index calculated based on countable invertebrate taxa on the 9 pooled slabs (H’) and Pielou’s evenness calculated based on countable taxa on the 9 pooled slabs (J). Error bars indicate standard errors (GCP and CR: n = 2, 17 and 0 for period 1, 2 and 3 in the F. vesiculosus area and 3, 12, 4 in the F. serratus area; nb Fucus, nb Patella, S, H’, J: n = 3, 15 and 7 for period 1, 2 and 3 in the F. vesiculosus area and 3, 11, 1 for period 1, 2 and 3 in the F. serratus area)
Insights from long-term survey
[bookmark: _Hlk168410050][bookmark: _Hlk168415211]Placing bare substrata in two communities adjacent over the emersion gradient, we hypothesized that the timing of successional sequences would be slower in the mid intertidal than in the low-mid intertidal. Surprisingly, first Fucus individuals identifiable to the species level were observed 3 months sooner in the F. vesiculosus area (mid intertidal) than in the F. serratus area (low-mid intertidal). Moreover, those individuals belonged to the F. vesiculosus species in both areas and, at low-mid intertidal level, first F. serratus individuals were observed only 6 months after F. vesiculosus individuals. However, the two species fulfilled the same functional role in the community and one year after the slabs setting, as the surrounding communities, communities established on the slabs were characterized by high Fucus density, high taxa richness and high metabolic activity at both tidal levels. The transition between the first and the second period pointed above for this 10-year survey was concomitant in the two areas, that could invalidate our hypothesis. Nevertheless, the transition between the second and third period pointed above appeared later in the mid intertidal than in the low-mid intertidal (that is respectively 6- and 4-years post deployment of fouling plates). This confirmation of our hypothesis would not have been possible within the duration of most intertidal field experimental studies (Jenkins & Uya, 2016). The long-term observations made here following the provision of bare substrata revealed late transition from communities dominated by canopy-forming algae to grazing limpet dominated communities. Fucoid algae and grazing patellid limpet interactions are known to be greatly variable and to have various effects on the community structure of intertidal rocky shores of north west Europe (Jenkins et al., 2005). The present survey suggests that Fucus sp. and Patella sp. interactions changed over succession time, depending on the life-stage of the species and the development stage of the populations, and owing to the plasticity of the diet of the grazer (Schaal & Grall, 2015). Fucus sp. and Patella sp. interactions had direct and indirect effects on the structure and functioning of the whole macrobenthic communities, which also varied over succession time. During the first period, the few small individuals of Patella sp. that had recruited on slabs could either have had no effect on Fucus sp. recruitment or have facilitated it by grazing pioneer ephemeral algae. During the second period, Patella sp. and Fucus sp. individuals and populations grew on slabs concurrently until algae naturally decayed (the Fucus life-span being about 3 years). The limpet individuals and populations growth at that time could have been facilitated on slabs by the dampening effect of the Fucus canopies at emersion (amelioration of tide-out temperatures and relative humidity), particularly at the mid-intertidal level. In parallel, diverse flora and fauna also benefited from the canopies, due either to the shelter or to the substratum complexification they provided. Finally, community primary productivity was high during this second phase. The detachment of the Fucus sp. individuals from the slabs was thus accompanied by community taxa richness and primary productivity reductions, and also by a limpet mortality on slabs in the mid intertidal level. In the low-mid intertidal level, the emersion stress was weaker and limpets were still protected on slabs by the denser surrounding canopy. The numerous large individuals of Patella sp. on slabs were not suspected to outcompete Fucus sp. for space, but rather to prevent subsequent Fucus sp. recruitment by grazing germlings. Indeed, bare substrata persisted on slabs over the survey and the only Fucus sp. individuals remaining on slabs after 10 years had settled and developed on Patella sp. shells. 
Communities established on slabs versus surrounding communities
[bookmark: _Hlk169017133][bookmark: _Hlk168412211][bookmark: _GoBack]Even made of natural materials and with enhanced roughness, artificial hard substrata are known to constitute poor surrogates of natural habitats that support assemblages different to those found on natural shores (Cacabelos et al., 2016). In particular, the experimental slabs used here offered less refuges for fucoid germlings to escape grazing than the surrounding natural boulder reef. At the end of the 10-year survey, communities established on slabs were dominated by limpets and differed from the surrounding communities dominated by fucoid algae at both tidal levels. The last year of the survey, the Patella sp. density was higher on slabs at mid-tidal level (about 40 ind m-2) than in the surrounding Fucus vesiculosus community (averaging 28 ind m-2 over the whole 10-year period, unpublished data) and much higher on slabs at mid-low tidal level (about 93 ind m-2) than in the F. serratus surrounding community (averaging 8 ind m-2, unpublished data). Limpets have long been shown to control Fucoid recruitment (Jones, 1946), and their important community regulating role as grazer has been widely documented on European rocky shores (Coleman et al., 2006). This community regulating role involves a complex series of interactions and depends on local environmental conditions. The threshold density beyond which limpets prevent the establishment of Fucus sp. might have been surpassed here on the experimental slabs (Jonsson et al., 2006). Further settlement of Fucus might thus depend upon a decrease in the limpet population as the adult limpets die off, and long-term cyclical changes of dominance between these two organisms, as documented in the Lough Hyne Marine Reserve of Ireland (Little et al., 2017), could occur. However, the peculiar environmental conditions experienced on artificial substratum potentially influence the structure of the colonising populations. For example, recent studies in the Irish Sea showed that dislodgement of Fucus vesiculosus was higher and that limpets were larger on artificial structures than on natural shores (Earp et al., 2023; Farrugia Drakard et al., 2021). Such effects could allow the limpet dominance to persist on the experimental slabs within an established community exhibiting low diversity and low metabolic activity. Given the relatively long life-span of Fucus (about 3 years) and Patella (up to 15 years), very long-term (i.e. multi-decades) data series are required to test for cyclical changes of dominance. The persistence of limpet dominated communities or the alternance of limpet and fucoid dominated communities on the experimental slabs should then be checked by going on the survey for a further decade. Findings would then be of interest considering those slabs as surrogates of artificial structures which are proliferating worldwide. 
Acknowledgements
Thanks are due to Gabin Droual and Erwann Legrand for their help in setting up the heavy slabs on the shore and to Olivier Bohner for his assistance in data field acquisition. The authors thank John Griffin for his constructive comments that contribute to the improvement of the paper.
Funding
This work benefited from the support of the Brittany Regional Council and the French National Research Agency through the Investments for the Future program IDEALG ANR-10-BTBR.
Conflict of interest disclosure
The authors declare that they comply with the PCI rule of having no financial conflicts of interest in relation to the content of the article.
Data accessibility
Data are available on line (https://doi.org/10.5281/zenodo.10401814).
References
Bordeyne, F. (2016). Production primaire et fonctionnement de communautés intertidales à canopée de Fucus. (PhD), Paris VI University, France. 
Bordeyne, F., Migné, A., & Davoult, D. (2015). Metabolic activity of intertidal Fucus spp. communities: evidence for high aerial carbon fluxes displaying seasonal variability. Marine Biology, 162(10), 2119-2129. https://doi.org/10.1007/s00227-015-2741-6
Bulleri, F. (2009). Facilitation research in marine systems: state of the art, emerging patterns and insights for future developments. Journal of Ecology, 97(6), 1121-1130. https://doi.org/10.1111/j.1365-2745.2009.01567.x
Cacabelos, E., Martins, G. M., Thompson, R., Prestes, A. C. L., Azevedo, J. M. N., & Neto, A. I. (2016). Material type and roughness influence structure of inter-tidal communities on coastal defenses. Marine Ecology-an Evolutionary Perspective, 37(4), 801-812. https://doi.org/10.1111/maec.12354
Coleman, R. A., Underwood, A. J., Benedetti-Cecchi, L., Aberg, P., Arenas, F., Arrontes, J., . . . Hawkins, S. J. (2006). A continental scale evaluation of the role of limpet grazing on rocky shores. Oecologia, 147(3), 556-564. https://doi.org/10.1007/s00442-005-0296-9
Earp, H. S., George, R., Brooks, P. R., Drakard, V. F., Thompson, B. J., Fisher, B., . . . Moore, P. J. (2023). The population structure, sex ratio and reproductive potential of limpets (Patella spp.) on natural shores and artificial structures in the Irish Sea. Marine Environmental Research, 184. https://doi.org/10.1016/j.marenvres.2022.105853
Farrugia Drakard, V., Brooks, P., Crowe, T. P., Earp, H. S., Thompson, B., Bourke, N., . . . Moore, P. J. (2021). Fucus vesiculosus populations on artificial structures have potentially reduced fecundity and are dislodged at greater rates than on natural shores. Marine Environmental Research, 168. https://doi.org/10.1016/j.marenvres.2021.105324
Hawkins, S. J., Pack, K. E., Hyder, K., Benedetti-Cecchi, L., & Jenkins, S. R. (2020). Rocky shores as tractable test systems for experimental ecology. Journal of the marine biological Association of the United Kingdom, 100(7), 1017-1041. https://doi.org/10.1017/s0025315420001046
Jenkins, S. R., Coleman, R. A., Della Santina, P., Hawkins, S. J., Burrows, M. T., & Hartnoll, R. G. (2005). Regional scale differences in the determinism of grazing effects in the rocky intertidal. Marine Ecology Progress Series, 287, 77-86. https://doi.org/10.3354/meps287077
Jenkins, S. R., & Uya, M. (2016). Temporal scale of field experiments in benthic ecology. Marine Ecology Progress Series, 547, 273-286. https://doi.org/10.3354/meps11659
Jones, N. S. (1946). Browsing of Patella. Nature, 158(4016), 557-558. https://doi.org/10.1038/158557b0
Jonsson, P. R., Granhag, L., Moschella, P. S., Aberg, P., Hawkins, S. J., & Thompson, R. C. (2006). Interactions between wave action and grazing control the distribution of intertidal macroalgae. Ecology, 87(5), 1169-1178. 
Little, C., Trowbridge, C. D., Pilling, G. M., Stirling, P., Morritt, D., & Williams, G. A. (2017). Long-term fluctuations in intertidal communities in an Irish sea-lough: Limpet-fucoid cycles. Estuarine Coastal and Shelf Science, 196, 70-82. https://doi.org/10.1016/j.ecss.2017.06.036
Mann, K. H. (1973). Seaweeds: their productivity and strategy for growth. Science, 182(4116), 975-981. https://doi.org/10.1126/science.182.4116.975
Migné, A., Davoult, D., Spilmont, N., Menu, D., Boucher, G., Gattuso, J.-P., & Rybarczyk, H. (2002). A closed-chamber CO2-flux method for estimating intertidal primary production and respiration under emersed conditions. Marine Biology, 140(4), 865-869. https://doi.org/10.1007/s00227-001-0741-1
[bookmark: _Hlk168406723]Migné, A., Duong, G., Menu, D., Davoult, D., & Gévaert, F. (2021). Dynamics of Fucus serratus thallus photosynthesis and community primary production during emersion across seasons: canopy dampening and biochemical acclimation. Peer Community Journal, 1, e32. https://doi.org/10.24072/pcjournal.42
Mineur, F., Arenas, F., Assis, J., Davies, A. J., Engelen, A. H., Fernandes, F., . . . De Clerck, O. (2015). European seaweeds under pressure: Consequences for communities and ecosystem functioning. Journal of Sea Research, 98, 91-108. https://doi.org/10.1016/j.seares.2014.11.004
Noël, L. M. L. J., Griffin, J. N., Moschella, P. S., Jenkins, S. R., Thompson, R. C., & Hawkins, S. J. (2009). Changes in diversity and ecosystem functioning during succession. In M. Wahl (Ed.), Marine Hard Bottom Communities: Springer-Verlag Berlin Heidelberg.
Raffaelli, D., & Hawkins, S. (1999). Intertidal ecology. Dordrecht, Boston, London: Kluwer Academic Publishers.
Schaal, G., & Grall, J. (2015). Microscale aspects in the diet of the limpet Patella vulgata L. Journal of the marine biological Association of the United Kingdom, 95(6), 1155-1162. https://doi.org/10.1017/s0025315415000429

 
Stotal	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	85	90	97	102	109	115	121	12	21	16	17	27	26	19	31	29	26	31	39	39	21	22	21	28	16	12	10	11	13	7	6	7	Scount	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	85	90	97	102	109	115	121	7	11	8	7	11	11	8	13	10	11	12	15	12	8	8	7	8	8	6	5	3	5	4	4	4	time from slabs setting (month)


S




Stotal	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	79	85	97	102	109	115	121	14	21	18	28	35	34	29	44	45	43	38	48	51	38	39	31	24	18	28	20	17	18	14	20	18	Scount	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	79	85	97	102	109	115	121	6	9	9	10	11	13	10	15	14	14	12	19	16	12	12	10	7	7	7	6	5	6	5	7	6	time from slabs setting (month)


S




H'	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	85	90	97	102	109	115	121	2.2818544741379361	2.5394173262512769	2.3247281514928742	2.1709210582904839	2.2866791975512495	2.1041683689717092	1.9552777897178253	2.2321467046543018	1.6880827187536289	2.0239515352673294	2.1736357951966134	1.9977840406374903	1.8251400466339909	1.8796120804137244	1.8669665635377424	1.6067104254508149	1.8946410586833073	1.6500584511088889	1.1340882032277753	1.4940221987370608	1.2014948972580126	1.3533272753897889	0.73249762278302277	1.0139657940581817	1.3140500149905348	J	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	85	90	97	102	109	115	121	0.81281296362252931	0.73405622836146045	0.77490938383095809	0.77329768360722384	0.660998525084879	0.60824106412040047	0.65175926323927513	0.6032112058768021	0.50816353350684651	0.585053199017873	0.60632037148487927	0.51134885703814414	0.50910994083392591	0.62653736013790817	0.62232218784591409	0.57232180114696829	0.63154701956110249	0.55001948370296294	0.43872520507024221	0.64344033823732016	0.75805887944436146	0.58284633291171728	0.36624881139151139	0.50698289702909083	0.65702500749526738	time from slabs setting (month)


H' and J




H'	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	79	85	97	102	109	115	121	2.053287664991494	2.5514399646785191	2.6129148794710244	2.2061178268521675	2.5703313985179133	2.6723935365954885	2.442234292440622	2.4081453345411989	2.5741010115680405	2.5351086907938409	2.440187433681857	2.2500825887392386	2.1121552884385717	2.2049756476909672	1.976449650766408	1.7315709725260582	1.471442740868822	1.3380043765808423	1.2660483661897675	1.0787183520337584	1.038582131934809	0.70935982018942112	0.70987994092953532	1.1515583995830283	0.79456474122927412	J	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	79	85	97	102	109	115	121	0.79432009726201647	0.80488969408349298	0.8242828705039239	0.66410763985153953	0.74299239929199434	0.72218269723306272	0.7351857784638266	0.61638412328413761	0.67608643382711553	0.66584511890575082	0.68067307069208816	0.52968949720029657	0.52803882210964292	0.61506240225592623	0.55131668751592866	0.52125480235139499	0.5241384797154014	0.47660677532008461	0.45097552726316426	0.41730522269967796	0.44729297785821015	0.27441783777966722	0.30572864960487589	0.41019337830608632	0.30737960067413184	time from slabs setting (month)


H'




Fves	31.907568750000017	18.255176118662661	31.907568750000017	18.255176118662661	period 1 	period 2	period 3	104.33707500000001	333.96428537232862	Fser	32.530752951260567	39.751257896891417	32.651831282231832	32.530752951260567	39.751257896891417	32.651831282231832	103.47820357142855	541.16861419328507	115.1965	
GCP mgC m-2 h-1




Fves	4.7241089285714235	18.268239069616829	4.7241089285714235	18.268239069616829	period 1 	period 2	period 3	13.345273214285715	164.82014611419862	Fser	1.9368009674800868	54.436963613628599	6.7411502636223686	1.9368009674800868	54.436963613628599	6.7411502636223686	4.9376678571428565	296.21418569082823	52.802125000000004	
CR mgC m-2 h-1




Fves	0.37	0.91	0.04	0.37	0.91	0.04	period 1 	period 2	period 3	0.7	5.54	0.11	Fser	0.81	1.46	0.34	0.81	1.46	0.34	period 1 	period 2	period 3	1.3	10.67	0.77	
nb Fucus/slab




Fves	0.06	0.81	1.35	0.06	0.81	1.35	period 1 	period 2	period 3	2.33	10.9	8.3699999999999992	Fser	0.32	1.07	1.83	0.32	1.07	1.83	period 1 	period 2	period 3	1.1499999999999999	7.32	16.510000000000002	
nb Patella/slab




Fves	2.6	1.82	1.04	2.6	1.82	1.04	period 1 	period 2	period 3	16.329999999999998	26.13	9.43	Fser	2.0299999999999998	2.27	2.2400000000000002	2.0299999999999998	2.27	2.2400000000000002	period 1 	period 2	period 3	17.670000000000002	39.36	22.45	
Stotal




Fves	1.2	0.63	0.36	1.2	0.63	0.36	period 1 	period 2	period 3	8.67	9.93	4.43	Fser	1	0.82	0.64	1	0.82	0.64	period 1 	period 2	period 3	8	13.27	7.09	
Scount




Fves	0.08	0.05	0.09	0.08	0.05	0.09	period 1 	period 2	period 3	2.38	1.96	1.18	Fser	0.18	0.06	0.12	0.18	0.06	0.12	period 1 	period 2	period 3	2.41	2.4	1.21	
H'




Fves	0.02	0.02	0.05	0.02	0.02	0.05	period 1 	period 2	period 3	0.77	0.6	0.56000000000000005	Fser	0.01	0.02	0.03	0.01	0.02	0.03	period 1 	period 2	period 3	0.81	0.65	0.43	
J




Fves area	28.244935564197181	5.7244466120220121	9.3374981675725319	35.663548862290014	63.324397373067463	90.913443751276944	59.580130124530037	174.70309275902181	81.223289469019065	98.033401742567435	136.57516843812363	135.83957336315385	208.63069341734581	142.93683498395882	158.01597843861111	163.92288781533694	169.58874027650808	194.01622572674518	177.566	97.525000000000006	171.34800000000001	95.125	124.52800000000001	96.677999999999997	54.826999999999998	28.244935564197181	5.7244466120220121	9.3374981675725319	35.663548862290014	63.324397373067463	90.913443751276944	59.580130124530037	174.70309275902181	81.223289469019065	98.033401742567435	136.57516843812363	135.83957336315385	208.63069341734581	142.93683498395882	158.01597843861111	163.92288781533694	169.58874027650808	194.01622572674518	177.566	97.525000000000006	171.34800000000001	95.125	124.52800000000001	96.677999999999997	54.826999999999998	1	3	4	5	5	6	6	8	8	10	10	12	13	14	15	16	16	18	18	20	20	23	23	25	25	27	27	29	30	31	32	35	37	37	39	40	43	43	49	49	54	54	62	62	67	67	73	73	78	79	48.851367857142861	15.53069642857143	22.971281250000001	72.429506250000003	136.24464375000002	189.65813392857146	190.27268214285712	395.03073943422299	247.53734464285716	373.85971607142852	389.8379696428571	409.09462142857137	425.63295357142829	411.72214107142855	259.12062500000008	346.74492585392289	345.5615249999999	331.5572896128686	273.75799999999998	322.80799999999999	428.57799999999997	253.404	297.04700000000003	166.09800000000001	120.223	Fser area	8.6999265302059943	27.06	126.06254278921055	70.208410212832135	59.454477089229123	32.049477025584025	94.408770452918631	76.79618030743562	91.168784596097197	132.89056323390565	133.63891916947767	112.22704636545865	134.85443064151821	309.12728859739769	301.41487969348975	282.35593685363546	93.419895858882754	229.9714275621858	189.327	157.39099999999999	217.05500000000001	64.174000000000007	14.364000000000001	82.296999999999997	13.298	8.6999265302059943	27.06	126.06254278921055	70.208410212832135	59.454477089229123	32.049477025584025	94.408770452918631	76.79618030743562	91.168784596097197	132.89056323390565	133.63891916947767	112.22704636545865	134.85443064151821	309.12728859739769	301.41487969348975	282.35593685363546	93.419895858882754	229.9714275621858	189.327	157.39099999999999	217.05500000000001	64.174000000000007	14.364000000000001	82.296999999999997	13.298	1	3	4	5	5	6	6	8	8	10	10	12	13	14	15	16	16	18	18	20	20	23	23	25	25	27	27	29	30	31	32	35	37	37	39	40	43	43	49	49	54	54	62	62	67	67	73	73	78	79	10.602089285714284	121.4	219.68639464285712	114.18680892857141	107.11945178571429	45.400974107142851	157.91418482142853	92.423536857142849	536.80644295073148	285.28312142857141	565.25824464285722	416.86239285714288	509.23848214285709	839.44156964285696	671.27035119047616	637.40964903057875	538.26610285714276	553.7020135762067	488.28500000000003	452.2	625.529	179.96700000000001	62.396000000000001	162.779	55.643999999999998	time from slabs setting (month)


GCP mgC m-2 h-1




Fves area	1.9746141622046272	0.80970569106015444	0.91606399301493435	0.95534864153760746	15.209037575141927	12.123609908866849	15.577908041751947	169.50415194814713	37.699377281497583	43.814281974413973	51.471056406754322	103.57748638290225	171.58185392004199	157.7645216937743	56.175366737789446	78.299237533623156	76.896152490560951	130.74695009293947	158.28408712510486	45.035022363711555	66.565508421103502	51.802721496654961	31.249634920427475	39.347685364941093	33.900429444772527	1.9746141622046272	0.80970569106015444	0.91606399301493435	0.95534864153760746	15.209037575141927	12.123609908866849	15.577908041751947	169.50415194814713	37.699377281497583	43.814281974413973	51.471056406754322	103.57748638290225	171.58185392004199	157.7645216937743	56.175366737789446	78.299237533623156	76.896152490560951	130.74695009293947	158.28408712510486	45.035022363711555	66.565508421103502	51.802721496654961	31.249634920427475	39.347685364941093	33.900429444772527	1	3	4	5	5	6	6	8	8	10	10	12	13	14	15	16	16	18	18	20	20	23	23	25	25	27	27	29	30	31	32	35	37	37	39	40	43	43	49	49	54	54	62	62	67	67	73	73	78	79	7.1851464285714286	7.6329142857142855	5.7967499999999994	8.6211642857142845	18.069382142857144	25.339572857142855	49.280719285714291	262.27206698305059	82.497424285714288	115.75657767857142	112.27059428571428	202.26927857142857	280.13183142857139	311.08436857142851	64.596276428571429	134.57684805695172	126.05434285714287	193.60055812756414	206.8638333333333	150.04299999999998	239.8015	109.0365	138.71833333333333	72.369150000000005	72.175499999999985	Fser area	0.73436322875498683	2.6	58.650013805120096	2.1392480892559411	6.2606493108467269	0.75006925150520043	2.7834166206814444	1.0595569208306208	81.72796206230079	48.295726575430358	50.18979217108059	44.903152075496898	66.722405912894189	263.14196243882236	210.946978219459	227.70180907080268	83.681588804541917	171.05756727240168	459.58409872268209	104.47214394804003	138.14902745483471	24.045891519712416	4.2262307214716834	19.541602873101276	6.4650080364305129	0.73436322875498683	2.6	58.650013805120096	2.1392480892559411	6.2606493108467269	0.75006925150520043	2.7834166206814444	1.0595569208306208	81.72796206230079	48.295726575430358	50.18979217108059	44.903152075496898	66.722405912894189	263.14196243882236	210.946978219459	227.70180907080268	83.681588804541917	171.05756727240168	459.58409872268209	104.47214394804003	138.14902745483471	24.045891519712416	4.2262307214716834	19.541602873101276	6.4650080364305129	1	3	4	5	5	6	6	8	8	10	10	12	13	14	15	16	16	18	18	20	20	23	23	25	25	27	27	29	30	31	32	35	37	37	39	40	43	43	49	49	54	54	62	62	67	67	73	73	78	79	2.4459714285714287	17.86	67.423303571428562	9.7851499999999998	7.8128642857142845	1.2520642857142856	5.748075	5.7952116857142855	236.6965435792375	70.361419285714277	203.59627285714288	108.96006214285714	176.91516642857138	521.73139500000002	323.49882142857138	374.45340340679513	235.83543214285712	274.65251201819223	761.01919999999996	266.85000000000008	379.6875	63.916666666666664	36.497666666666667	63.837499999999999	46.956666666666671	time from slabs setting (month)


CR mgC m-2 h-1




F. vesiculosus	0.1111111111111111	0.41992771486803027	0.88514526652812353	3.3687110718662536	0.60348780506667865	1.7519122205668376	2.0069324297987161	4.85912657903775	4.1076474845272273	4.0003857838654868	3.9405301391789629	4.065436972550156	2.9297326385411577	1.4603821586772128	1.3517250067329376	1.5723301886761005	1.0929064207170001	0.66202084932294369	0.22222222222222221	0.14698618394803281	0.14698618394803281	0.1111111111111111	0	0	0	0.1111111111111111	0.41992771486803027	0.88514526652812353	3.3687110718662536	0.60348780506667865	1.7519122205668376	2.0069324297987161	4.85912657903775	4.1076474845272273	4.0003857838654868	3.9405301391789629	4.065436972550156	2.9297326385411577	1.4603821586772128	1.3517250067329376	1.5723301886761005	1.0929064207170001	0.66202084932294369	0.22222222222222221	0.14698618394803281	0.14698618394803281	0.1111111111111111	0	0	0	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	85	90	97	102	109	115	121	0.1111111111111111	0.625	1.375	5.75	1.4444444444444444	4.375	4	13	7.875	7.5555555555555554	7	10.666666666666666	6	2.2222222222222223	2.7777777777777777	4	2.3333333333333335	0.77777777777777779	0.22222222222222221	0.22222222222222221	0.22222222222222221	0.1111111111111111	0	0	0	F. serratus	0	0	0	0	0	0	0	0	0	0	0.1111111111111111	0.66666666666666663	1.1069366025095153	0	0.5527707983925666	0.14698618394803281	0.1111111111111111	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.1111111111111111	0.66666666666666663	1.1069366025095153	0	0.5527707983925666	0.14698618394803281	0.1111111111111111	0	0	0	0	0	0	0	0	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	85	90	97	102	109	115	121	0	0	0	0	0	0	0	0	0	0	0.1111111111111111	0.66666666666666663	1.5555555555555556	0	0.66666666666666663	0.22222222222222221	0.1111111111111111	0	0	0	0	0	0	0	0	Patella sp.	0.98287811183078511	0.91455986850857374	0.62360956446232352	2.448229392947856	1.0900787150193656	1.6841673768026799	1.859244503409057	2.5276251480171834	3.1977036513684798	2.5337231668869733	2.247083157350743	3.0159043440311026	3.4120338961742416	2.3629078131263044	3.5276684147527875	3.5202237583201974	3.7172437685155786	3.1446603773522011	2.3213980461973533	1.3855515459266581	1.2741494379088574	0.63343079172174355	1.3551456575167187	1.9578900207451218	1.3551456575167187	0.98287811183078511	0.91455986850857374	0.62360956446232352	2.448229392947856	1.0900787150193656	1.6841673768026799	1.859244503409057	2.5276251480171834	3.1977036513684798	2.5337231668869733	2.247083157350743	3.0159043440311026	3.4120338961742416	2.3629078131263044	3.5276684147527875	3.5202237583201974	3.7172437685155786	3.1446603773522011	2.3213980461973533	1.3855515459266581	1.2741494379088574	0.63343079172174355	1.3551456575167187	1.9578900207451218	1.3551456575167187	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	85	90	97	102	109	115	121	2.2222222222222223	2.4444444444444446	2.3333333333333335	6.7777777777777777	6.7777777777777777	6.5555555555555554	8.1111111111111107	11	10.555555555555555	9.4444444444444446	11.222222222222221	15.111111111111111	13.555555555555555	8.3333333333333339	12	15.555555555555555	14.111111111111111	14.333333333333334	16	8.5555555555555554	7.8888888888888893	7.8888888888888893	5.4444444444444446	7.333333333333333	5.4444444444444446	time from slabs setting (month)
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F. vesiculosus	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	79	85	97	102	109	115	121	0	1.1111111111111112	2.7777777777777777	14.777777777777779	1.1111111111111112	10.888888888888889	12.888888888888889	9.3333333333333339	10.777777777777779	6.7777777777777777	4.8888888888888893	7	3.1111111111111112	2.8888888888888888	1.6666666666666667	0.55555555555555558	0.22222222222222221	0	0	0	0	0	0	0.22222222222222221	0	F. serratus	0	0	0	1.8257418583505538	0.2421610524189263	1.3333333333333333	1.5525765124980133	1.6731355940417327	1.3517250067329376	1.1915339216404008	3.1451510788262578	1.0153148268053924	1.3099806802835106	1.0378634273483003	1.5345808129925702	0.66202084932294369	0.5527707983925666	0.1111111111111111	0.55555555555555558	0.33333333333333331	0.14698618394803281	0	0	0	0.2421610524189263	0	0	0	1.8257418583505538	0.2421610524189263	1.3333333333333333	1.5525765124980133	1.6731355940417327	1.3517250067329376	1.1915339216404008	3.1451510788262578	1.0153148268053924	1.3099806802835106	1.0378634273483003	1.5345808129925702	0.66202084932294369	0.5527707983925666	0.1111111111111111	0.55555555555555558	0.33333333333333331	0.14698618394803281	0	0	0	0.2421610524189263	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	79	85	97	102	109	115	121	0	0	0	2.6666666666666665	0.55555555555555558	2.3333333333333335	2.7777777777777777	3.7777777777777777	4.2222222222222223	1.5555555555555556	6.5555555555555554	2.4444444444444446	2.7777777777777777	3.2222222222222223	1.7777777777777777	1.2222222222222223	0.66666666666666663	0.1111111111111111	0.55555555555555558	0.33333333333333331	0.22222222222222221	0	0	0	0.55555555555555558	Patella sp.	0.5527707983925666	0.32394177193585	0.2421610524189263	1.3414107186277373	0.30932024237944561	0.68718427093627676	1.0729559953237759	0.9493337494797256	1.0686324478706299	1.1600340565456169	1.4792807728549275	1.7873008824606014	1.199279619162384	0.97182531580755016	1.8741253103814446	2.192861595110061	1.9914942587705473	1.8484227510682363	1.6666666666666667	1.9083960041464074	1.9444444444444444	1.3414107186277378	1.4624940645653537	2.287917809108222	2.4209731743889917	0.5527707983925666	0.32394177193585	0.2421610524189263	1.3414107186277373	0.30932024237944561	0.68718427093627676	1.0729559953237759	0.9493337494797256	1.0686324478706299	1.1600340565456169	1.4792807728549275	1.7873008824606014	1.199279619162384	0.97182531580755016	1.8741253103814446	2.192861595110061	1.9914942587705473	1.8484227510682363	1.6666666666666667	1.9083960041464074	1.9444444444444444	1.3414107186277378	1.4624940645653537	2.287917809108222	2.4209731743889917	7	10	12	16	19	22	25	28	31	34	37	40	43	49	55	61	66	73	79	85	97	102	109	115	121	1.6666666666666667	1.2222222222222223	0.55555555555555558	3.7777777777777777	3.1111111111111112	3.3333333333333335	4.8888888888888893	5.1111111111111107	9.4444444444444446	7.8888888888888893	7.2222222222222223	11	12.777777777777779	12	13.888888888888889	15.555555555555555	17.777777777777779	17	19.666666666666668	15.444444444444445	16.555555555555557	19.222222222222221	16.666666666666668	15.111111111111111	14.666666666666666	time from slabs setting (month)
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