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Biomass is an essential indicator for assessing the quality, stability, productivity,

and health of ecosystems and it is increasingly used as a practical monitoring

parameter within the Essential Ocean Variables (EOV) framework. In the

Mediterranean Sea, vermetid reefs - unique bioconstructions structurally

comparable to fringing coral reefs - play a significant role in coastal dynamics

yet remain understudied. This study aimed to quantify the biomass distribution of

the main structural species Dendropoma cristatum, seaweeds, and associated

fauna found across three distinct reef zones: the inner edge (adjacent to the

mainland with limited water movement), the cuvette (a central zone

characterized by shallow, sheltered pools), and the outer edge (directly

exposed to constant wave action). Rather than testing for a causal “zone

effect”, we provide a site-specific quantitative baseline that can be used to

track future change and to generate hypotheses on the environmental drivers

of biomass patterns. Samples were collected from a vermetid reef in north-

western Sicily, Italy, and biomass was estimated as ash-free dry weight (AFDW; a

measure of organic matter excluding mineral content). This exploratory study of

spatial patterns within one reef site revealed an average biomass of 321.4 g AFDW

m−2, with values that increased from the inner edge to the outer zone within the

single site studied. D. cristatum biomass was highest at the outer edge (likely

reflecting its preference for stronger water movement and higher food supply),

while seaweed biomass peaked in the outer edge and cuvette, where macroalgal

diversity was greatest. Phytal fauna biomass was strongly correlated with

seaweed biomass (R² = 0.68), emphasizing the role of macroalgae as

ecosystem engineers, whereas vagile fauna were more abundant in the inner

edge and cuvette, possibly benefiting from increased structural complexity and

reduced predation. These site-specific findings illuminate spatial patterns of

biomass distribution within this vermetid reef and provide essential baseline

data for monitoring this location, whilst generating hypotheses for testing at

other Mediterranean vermetid reef sites.
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1 Introduction

Biomass, or body mass - the weight of all living organisms in a

given area or volume in terrestrial or aquatic habitats - is an

essential quantitative indicator for assessing ecosystems’ quality

reflecting its stability, productivity, and health (Bar-On et al., 2018;

Kissling et al., 2018; Miloslavich et al., 2018). Research in the marine

environment led to identify biomass as one of the Essential Ocean

Variables (EOV), being a valid indicator of oceanic health and

productivity (Constable et al., 2016; Levin et al., 2019; Miloslavich

et al., 2018). This variable supports the assessment and monitoring

of the material and energy flows in ecosystems (Tomlinson et al.,

2014), the study of ecosystem structure and functioning (Bar-On

et al., 2018), and the quantification of many ecosystem services

(Benoist et al., 2019). Biomass census represents a first step in the

investigation of the marine environment, providing pivotal

information, especially for habitats where data are scarce or

perhaps non-existent. These data are essential for understanding

the role these habitats play at a large ecosystem scale, which is

crucial for planning management and conservation actions (Benoist

et al., 2019).

In the Mediterranean Sea, vermetid reefs are a unique

bioconstruction superficially comparable in structure to fringing

coral reefs in tropical areas (Safriel and Ben-Eliahu, 1991; Antonioli

et al., 1999; Chemello and Silenzi, 2011). They are built by the

gregarious gastropods belonging to the genus Dendropoma and the

coralline alga Neogoniolithon brassica-florida (Harvey) Setchell &

L.R.Mason that cements the tubular shells of the gastropod

(Milazzo et al., 2016). The resulting structures are horizontal

platforms that extend from land to sea in the lower intertidal

zone, composed by three distinct zones: an inner edge (IE), the

border between the reef and the mainland; a cuvette (CV), a central

area characterized by shallow pools; and an outer edge (OE), which

separates the structure from the sea (Chemello and Silenzi, 2011).

Vermetid reefs provide important regulating ecosystem services

such as coastal stabilization and protection against erosion

(Chemello and Silenzi, 2011; Milazzo et al., 2016); mediating

sediment transport (Milazzo et al., 2016); providing refuge from

predation to interstitial organisms (Chemello and Milazzo, 2002;

Danovaro and Fraschetti, 2002; Frame et al., 2007; Gee and

Warwick, 1994; Milazzo et al., 2016) and maintaining nursery

populations for many species (Franzitta et al., 2016; Ingrosso

et al., 2018; Milazzo et al., 2016). In addition, the presence of the

vermetid reefs in the coastal seascape increases its structural

complexity (Picone and Chemello, 2023), creating different

micro-habitats that promote high biodiversity levels, including

numerous sessile organisms. Among these, macroalgae play an

important role as they further increase the complexity of the

structure and provide additional refuge from predation.

Different studies report an overall deterioration status of

vermetid reefs attributable to several stressors between global

warming and local impacts occurring in the last few decades in

the region (Badreddine et al., 2019; Bisanti et al., 2024, 2022; Di

Franco et al., 2011; Rilov, 2016). Despite their vulnerability,

vermetid reefs are only generically protected under the European
Frontiers in Marine Science 02
Habitat Directive (92/43/EEC, code 1170) and not explicitly

considered in many conservation management plans. Despite

being acknowledged as a bioconstruction to be protected,

vermetid reefs remain a neglected habitat, with a general lack of

scientific interest and of data on their status and spatial distribution

(Picone et al., 2022). Information on benthic assemblages inhabiting

vermetid reefs is scarce or absent, and many references are sourced

from grey literature. Previous studies on benthic communities such

as gastropods (Chemello et al., 1997), polychaetes (Safriel and Ben-

Eliahu, 1991), macroalgae (Mannino, 1992) and meiofaunal

organisms (Ape et al., 2018) have shown a high diversity and

abundance of species at a small spatial scale with differences in

distribution along the vermetid reef. However, a quantitative census

of biomass within vermetid reef zones and their associated

assemblages is still lacking, creating a knowledge gap that this

baseline study seeks to address.

This study therefore offers a first site-specific census of biomass

partitioning across the three morphological zones (IE, CV, OE) of a

Mediterranean vermetid reef, focusing on the reef-builder

Dendropoma cristatum (Biondi-Giunti, 1859), macroalgae and

their associated fauna. The results are intended as site-specific

baseline data rather than as generalized evidence of a zone effect,

providing a foundation for hypothesis generation and future

comparative studies across multiple vermetid reef sites.
2 Materials and methods

2.1 Study area and sample collection

The study was carried out on the rocky shore of the AMP “Capo

Gallo - Isola delle Femmine”, Palermo (north-western Sicily, Italy;

38.211566, 13.288540) during the summers (July) of 2018 and 2019.

Data from both years were pooled for analysis; we acknowledge that

interannual variability was not explicitly tested, which represents a

limitation of this baseline study. The coastline is characterized by

dolomitic limestone substrates from which extensive vermetid reefs

built by the mollusk D. cristatum (Biondi-Giunti, 1859) develop

(Chemello and Silenzi, 2011) (Figure 1). In this area, the seaweed

community growing on the vermetid reefs is mainly composed of

species of the Laurencia complex (Martin-Lescanne et al., 2010),

which are uniformly distributed across the reef. The brown

seaweeds Halopteris filicina (Grateloup) Kützing, Padina pavonica

(Linnaeus) Thivy 1960 and Dyctiota spp. are mainly present in the

cuvette area, along with some species of the Cystoseira sensu lato

complex (Molinari Novoa and Guiry, 2020; Orellana et al., 2019),

such as Ericaria amentacea (C. Agardh) Molinari & Guiry,

Cystoseira compressa (Esper) Gerloff & Nizamuddin 1975,

Ericaria brachycarpa (J.Agardh) Molinari & Guiry 2020, and C.

humilis Schousboe ex Kützing 1860. The Corallinales Jania rubens

(Linnaeus) J.V. Lamoroux and Ellisolandia elongata (J.Ellis &

Solander) K.R.Hind & G.W. Saunders 2013 are found,

respectively, as epiphyte or over the substrate and underneath the

brown algae canopy. The outer edge of the vermetid reef is often

characterized by the presence of E. amentacea, forming a
frontiersin.org
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continuous fringe in optimal environmental conditions (Milazzo

et al., 2016).

Because conservation constraints prevented destructive

sampling at multiple reefs, the three zones were treated as sub-

areas of a single 50m reef section, and subsequent analyses are

therefore exploratory and descriptive rather than inferential.

Samples were collected randomly on the inner edge (IE), cuvette

(CV) and outer edge (OE) along a 50 m vermetid reef section during

low-tide conditions. To minimize disturbance to this sensitive

habitat, spatial replication was intentionally limited to a single

reef section. Different structuring taxa were considered for

biomass analysis, with 10 replicates collected for each taxon: the

reef builder D. cristatum, the dominant seaweeds C. compressa, E.

amentacea, E. elongata, H. filicina, J. rubens, Lithophyllum byssoides

(Lamarck) Foslie 1900, P. pavonica (Linnaeus), and algae belonging

to the Laurencia complex. Moreover, the main macrofauna

(Crustacea , Mollusca , Polychaeta , Sipunculoidea and

Echinodermata) was collected and categorized into phytal and

vagile assemblages.

Within each vermetid reef section (IE, CV, OE), the biomass of

D. cristatum was estimated by taking the individuals present in

quadrates of 10 x 10 cm (n = 3). This sample surface was chosen to

minimize the effect of the sampling phase on this vulnerable species.

Seaweed taxa and associated macrofauna were sampled using

quadrats of 20 x 20 cm (n = 3) placed on homogeneous algal

patches, with this larger quadrat size selected to ensure

representative sampling while still limiting habitat disturbance.
Frontiers in Marine Science 03
The quadrats were entirely scraped and quickly placed into plastic

bags to avoid loss of organisms. Additionally, five visual census

transects (5 m long and 1 m wide; n = 5) were randomly performed

to sample vagile assemblages; all censused organisms were weighed

on field with an analytical balance. For these organisms, biomass

was estimated indirectly by collecting at least five individuals of each

identified species and using them to calculate weight-to-weight

conversion factors such as DW/WW (dry weight/wet weight),

AFDW/WW (ash-free dry weight/wet weight) and AFDW/DW

for all taxa (Van der Meer et al., 2005). All the collected samples

were stored at -20°C for further analysis.
2.2 Biomass estimation

The collected seaweeds were rinsed under tap water and the

associated fauna was sieved through a 0.5 mm mesh, after a

previous sieving through 2 mm mesh. Phytal fauna were sorted

into taxonomic macro-groups using a stereomicroscope. For the

biomass estimation, all samples (D. cristatum, macroalgae,

macrofauna) were weighed to obtain the wet weight (WW) and

oven-dried for 48 hours at 80°C to reach the dry weight (DW). After

drying, the ash mass was obtained by burning samples in a muffle

furnace at 550°C for 4 hours. Finally, biomass was calculated as ash-

free dry weight (AFDW) by subtracting ash mass from DW (Van

der Meer et al., 2005). Biomass values were standardized in g

AFDW m-2 before data analysis.
FIGURE 1

Sampling area at Fossa del Gallo (Palermo, northwestern Sicily).
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2.3 Statistical analysis

Zone-level biomass was summarized as means ± SE and

explored with one-way ANOVA; full outputs are provided in the

Supplementary Material and serve only to visualize within-reef

heterogeneity, so post-hoc Tukey contrasts are omitted from the

main text. Differences in phytal-fauna biomass among host

seaweeds (seven seaweed species/groups: E. elongata, H. filicina, J.

rubens, P. pavonica, C. compressa, E. amentacea and the Laurencia

complex of species) were explored with PERMANOVA

(Permutational multivariate analysis of variance). The analysis

was performed using a Bray-Curtis distance matrix based on

square-root transformed epifaunal biomass, using 9999

permutations. Homogeneity of multivariate dispersion was

checked with PERMDISP (Anderson et al., 2008), and pairwise

tests were used to determine which seaweed species drove any

significant differences. Variation of the phytal fauna community

structure was visualized with a principal coordinate analysis

(PCoA) plot (based on a Bray-Curtis distance matrix). Taxon

vectors were overlaid (using Pearson correlation) to highlight taxa

most responsible for the ordination. All statistical analyses are

treated as exploratory and descriptive tools to visualize within-

reef heterogeneity and generate hypotheses for future studies, rather

than as inferential tests of ecological patterns, given the spatial

dependence of zones within a single site. Statistical analyses were

performed using R open access statistical software 4.1.2 (R Core

Team, 2021).
3 Results

The biomass of D. cristatum changed within the single vermetid

reef examined, with an overall average value of 43.6 g AFDW m-2. D.

cristatum showed the highest biomass in the outer edge (OE = 60.5 ±

10.9 g AFDW m-2), roughly 1.8-fold higher biomass than the inner

edge (IE = 33.0 ± 7.1 g AFDW m-2) and cuvette (CV = 37.3 ± 10.9 g
Frontiers in Marine Science 04
AFDWm-2) (Figure 2a, see Supplementary Material). These zone-wise

means are presented descriptively to illustrate spatial patterns within

this single reef site; exploratory statistical outputs are supplied in the

Supplementary Material but are not interpreted as evidence of a

replicated habitat-zone effect.

The overall average seaweeds biomass for a square meter (g AFDW

m-2 representing organic biomass) of vermetid reef was 46 ± 31.Within

the study site, organic biomass values were 42 ± 18 g AFDW m-2 for

the cuvette (CV), 68 ± 44 g AFDWm-2 for the outer edge (OE), and 19

± 8 g AFDW m-2 for the inner edge (IE) (Figure 2b). The outer edge

thus showed the greatest seaweed biomass, whereas the inner edge

supported the lowest. Four seaweeds species were found in the cuvette

(C. compressa, H. filicina, J. rubens, P. pavonica), while two (E.

amentacea and species of the Laurencia complex) and one (E.

elongata) species were recorded, respectively, in the outer and inner

edges (Figure 2b).

In total, 13 species of vagile macrofauna were identified in the

samples. Specifically, 6 crustacean species (Clibanarius erythropus

(Latreille, 1818), Eriphia verrucosa (Forskål, 1775), Pachygrapsus

marmoratus (Fabricius, 1787), Pachygrapsus maurus (Lucas, 1846),

Pachygrapsus transversus (Gibbes, 1850), Palaemon serratus (Pennant,

1777)), and 7 mollusc gastropod species (Cerithium lividulum Risso,

1826, Patella ulyssiponensis Gmelin, 1791, Patella caerulea Linnaeus,

1758, Phorcus turbinatus (Born, 1778), Pisania striata (Gmelin, 1791),

Stramonita haemastoma (Linnaeus, 1767), Steromphala divaricata

(Linnaeus, 1758)) were found. The overall biomass of the vagile

fauna was higher in the IE (10 species, 28.1 ± 1.3 g AFDW m-2) and

CV (8 species, 27.5 ± 3 g AFDWm-2) and markedly lower in the OE (4

species, 5 ± 1.6 g AFDWm-2) (Supplementary Tables S5, S6, Figure 2c).

Phytal fauna biomass was most abundant in the OE compared

with the other two zones (IE and CV) (Figure 3a, Supplementary

Tables S7, S8) and was positively correlated with seaweed biomass

(R2 = 0.68). The composition of the phytal fauna community did

not change among zones (Figure 3b) or seaweeds (Figures 4a, b),

and it was composed by five taxa overall (i.e., Crustacea,

Echinodermata, Mollusca, Polychaeta e Sipunculoidea).
FIGURE 2

Average biomass (± SE) of Dendropoma cristatum (A), seaweeds (B), and vagile fauna (C) across the three zones (inner edge IE, cuvette CV and outer
edge OE) of the vermetid reef. Note the high variability and small sample sizes inherent in this single-site exploratory study.
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Sipunculoidea accounted for around 50% of total biomass, followed

by Polychaeta (ranging from 10 to 30%), Mollusca, Echinodermata

and Crustacea (Figures 4a, b).

Exploratory PERMANOVA indicated that phytal faunal

biomass structure differed among seaweeds hosts (p < 0.001; see

Supplementary Table S9); pairwise contrasts showed that E.

amentacea and C. compressa supported higher biomass across

taxa than the other seaweeds (Figure 5, see Supplementary Table

S10), though these patterns should be viewed as hypothesis-

generating observations for future multi-site studies rather than

as robust statistical inferences.
4 Discussion

This study provides a first site-specific baseline of biomass

distribution patterns across the three zones of a Mediterranean

vermetid reefs, offering crucial insights into the structure and

functioning of these unique intertidal ecosystems. Our single-reef

baseline reveals a total biomass like values reported for other

intertidal systems (321 g m−2), suggesting that vermetid reefs may

act as localized hotspots of biomass (Figure 6).

This value is comparable to other rocky intertidal systems in

temperate regions 100–500 g AFDW m−2 (Ricciardi and Bourget,

1999), as well as coral reefs in the Red Sea 240 g m−2 (Sawall et al.,

2015). While the ecological roles and environmental contexts differ,

this comparison underscores the potential significance of vermetid

reefs as biomass hotspots in the Mediterranean and highlights the

significant contribution of these ecosystems to coastal productivity

at local scales.

Within this single reef site, biomass is unevenly distributed both

spatially, across the three vermetid zones, and functionally, among
Frontiers in Marine Science 05
different biotic groups, with a clear increasing trend from the inner

edge to the outer edge. Using the average biomass values obtained

here, we produced a back-of-the-envelope estimate of the total

organic matter contained in the 50 m reef section sampled (~93 kg

AFDW, ca 32 g m−2). This calculation is meant solely as a

contextual figure for this particular site and should not be

extrapolated to larger spatial scales (Figure 7).

The higher biomass of D. cristatum observed in the outer edge

relative to the inner edge and cuvette at small spatial scale reflects

the species’ ecological preferences and the reef-formation processes.

This spatial distribution pattern likely indicates the gastropod’s

need for constant water movement and food supply, which are

more pronounced at the reef’s seaward margin (Chemello and

Silenzi, 2011; Milazzo et al., 2016). The observed gradient of

gradual increase in D. cristatum biomass from the inner edge to

the outer edge within this reef is likely driven by the environmental

gradients of wave exposure, water quality, and food availability.

The seaweeds community showed a distinct zonation pattern at

small spatial scale site, with higher biomass in the outer edge and

cuvette, while being markedly lower in the inner edge. However, the

biomass distribution of macroalgae did not directly reflect species

richness, as diversity was highest in the cuvette. This discrepancy

suggests that while the cuvette zone may host a greater variety of

algal species due to its intermediate environmental conditions, the

outer edge provides more favorable conditions for biomass

accumulation at this location. The distinct environmental

stressors across zones, particularly desiccation and wave action

(Milazzo et al., 2016), are likely key factors shaping these patterns.

The phytal fauna biomass was highest in the outer edge, closely

correlating with macroalgal biomass at small spatial scale. This

relationship underscores the importance of macroalgae as

ecosystem engineers, providing habitat and resources for
FIGURE 3

Average biomass (± SE) (A) and percentage of each taxonomic group (B) of the seaweeds and associated fauna in the three portions of the vermetid
reef (inner edge IE, cuvette CV and outer edge OE). High variability reflects the exploratory nature of this single-site study.
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associated fauna (Gee and Warwick, 1994; Mancuso et al., 2023).

Among seaweeds, E. amentacea and C. compressa hosted highly

abundant fauna compared to other macroalgae in our samples. This

result aligns with previous findings on Sicilian vermetid

bioconstruction, which reported a greater abundance and

diversity of phytal organisms associated with Cystoseira sensu lato
Frontiers in Marine Science 06
species compared to other algae harbored by the vermetid reefs

(Ape et al., 2018; Chemello and Milazzo, 2002; Mancuso et al.,

2023). Interestingly, despite similar biomass levels of C. compressa

and other seaweeds in the cuvette zone at our site, C. compressa

hosted significantly higher phytal fauna biomass. This highlights the

structural role of Cystoseira sensu lato species in supporting
FIGURE 4

Average seaweeds biomass (± SE) (A) and composition of the associated fauna (B) associated with the macroalgal species colonizing the vermetid
reef. IE, inner edge; CV, cuvette; OE, outer edge. Note the considerable variability among samples within this single reef site.
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FIGURE 5

Principal-coordinate analysis (PCoA) of phytal-fauna biomass associated with the seven host seaweeds. Points are individual samples (Bray–Curtis
distances on square-root–transformed biomass) colored by algal species; ellipses delimit 95% confidence regions. Vectors represent taxa whose
biomass is strongly correlated with the ordination space, highlighting those that drive the largest differences among seaweeds. This exploratory
analysis generates hypotheses about host-specific patterns for testing in future multi-site studies.
FIGURE 6

Total number of species and average biomass of each group among the vermetid zones. M.L.S. = mean sea level. Data are specific to the single 50-m reef
section studied.
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biodiversity (Chemello and Milazzo, 2002; Mancuso et al., 2023,

2021). The consistent proportion of fauna across reef zones and

seaweeds, dominated by Sipunculoidea and Polychaeta, suggests a

degree of spatial consistency in community structure despite

varying environmental conditions within this reef site. Rather

than inferring community stability, we refer to this spatial

consistency as a pattern that warrants investigation through

temporal studies. A more detailed taxonomic identification would

allow for a better understanding of differences in phytal fauna

composition among seaweeds.

The biomass of mobile macrofauna was greatest in the inner

edge and cuvette and much lower in the outer edge, suggesting that

the more sheltered zones provide better refuge from wave action

and predation (Donnarumma et al., 2021; Chemello et al., 1997;

Safriel and Ben-Eliahu, 1991).

The observed patterns of biomass distribution small spatial

scale have significant implications for the stability and resilience of

vermetid reef ecosystems. In this context, we define stability as the

persistence of community composition and structure over time,

while resilience refers to the system’s capacity to recover from

disturbances. The spatial and functional partitioning of biomass

across reef zones suggests that resource availability and habitat

complexity are key factors influencing these ecosystem properties

locally. The high biomass of D. cristatum in the outer edge suggests

that the vermetid reef is well-structured and in a healthy state,

which allows the bioconstruction to keep providing the regulating

services of coastal protection and sediment stabilization (Chemello

and Silenzi, 2011; Milazzo et al., 2016). Meanwhile, the diverse
Frontiers in Marine Science 08
macroalgal community, particularly in the cuvette, enhances habitat

complexity, increasing the reef’s potential to support biodiversity

and act as a nursery ground at local scale.

The distribution of faunal biomass across the reef suggests a

functional redundancy among species utilizing different zones small

spatial scale, which could enhance resilience to environmental

changes. For example, the strong association between phytal

fauna and macroalgal biomass indicates that alterations in algal

communities due to anthropogenic stressors (e.g., climate change-

induced heatwaves) could trigger cascading effects throughout the

ecosystem (Badreddine et al., 2019; Bisanti et al., 2022). Recently,

Bisanti et al. (2024) reported drastic biomass reductions of key

macroalgal species in Sicilian vermetid reefs, leading to the collapse

of associated faunal communities during summer periods in terms

of both abundance and species richness. This highlights the

vulnerability of the reef ecosystem to temperature-driven shifts in

algal assemblages.

Given the threats faced by vermetid habitats and their

diversified algal and faunal assemblages due to global and local

stressors, establishing baseline data for monitoring future changes

and informing conservation efforts is crucial. The distinct biomass

distribution pattern across reef zones observed reinforces the need

for a seascape approach (integration of spatial complexity and

geomorphological features at landscape scales) in vermetid reef

ecology. Considering the peculiar role of vermetid reefs in shaping

the coastal seascape and enhancing its structural complexity

(Picone and Chemello, 2023), it is essential to account for the

spatial heterogeneity of these bioconstructions in assessment and
FIGURE 7

Biomass estimation of the investigated vermetid reef in this study. This schematic representation applies only to the specific 50-m reef section
studied and is not intended as an extrapolation across broader reef systems.
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monitoring studies. Future research on vermetid reefscapes (as

defined by Picone and Chemello, 2023) will need to explore

species assemblage composition and biomass distributions in

relation to the structural complexity of the reefs, assessing how

structural changes might influence biodiversity across multiple

spatial scales.

This baseline study, whilst providing the first quantitative

biomass assessment for Mediterranean vermetid reefs, has several

limitations that should be acknowledged. Our study focuses on a

single 50-m vermetid reef section, with the three zones (IE, CV, OE)

representing spatial sub-areas rather than independent replicates,

which limits broader spatial generalizations but allows for detailed

characterization of within-reef patterns. Sampling was conducted

during summer months (July 2018 and 2019), providing a snapshot

of peak biomass conditions but leaving seasonal variability

unexplored. Due to conservation restrictions on this protected

habitat, statistical analyses should be interpreted as exploratory

tools for pattern detection and hypothesis generation rather than

definitive tests of ecological processes. These constraints mean that

our results provide valuable site-specific baseline data and generate

testable hypotheses for future comparative studies across multiple

vermetid reef sites and temporal scales.

Future research should consider annual temporal variations and

broader geographical scales to capture the full range of variability in

these marine ecosystems. By improving our understanding of

biomass distribution patterns at the site scale, this study supports

targeted conservation and management of these unique and

vulnerable Mediterranean habitats, while generating hypotheses

for testing across additional sites and temporal scales in

future research.
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