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Abstract

Alcyonium coralloides has traditionally been classified as an opportunistic epibiont of ex-
posed gorgonian skeletons. However, the ecological nature of its interaction remains
poorly understood. Using Marine Strategy Framework Directive (MSFD) monitoring
data (2015-2025) across 310 ROV transects (30-100 m depth) along the Ligurian coast
(NW Mediterranean Sea) and long-term photographic series of infested colonies from the
Tavolara—Punta Coda Cavallo MPA (Sardinia, NW Mediterranean Sea), we investigated
its distribution and host associations in the NW Mediterranean. A. coralloides occurred in
~50% of the surveyed gorgonian forests, significantly increasing with host density. Infes-
tation rates were markedly higher on Eunicella cavolini (10.1 & 4.2%) than on Paramuricea
clavata, E. verrucosa, and Leptogorgia sarmentosa (1.5-1.9%). While host necrosis facilitates
initial settlement, time-series data revealed rapid overgrowth rates (30-55 cm yr~!) along
host branches. Direct contact zones between the coenenchimes of the epibiont and that
of the host exhibited portions of denuded host skeletons, hypertrophic tissue borders,
and reduced host polyp expansion adjacent to the advancing parasitic margin. These
results indicate that the ecological interaction extends beyond simple opportunistic epibio-
sis. We propose that A. coralloides represents an intermediate stage along a continuum
between epibiosis and active spatial competition, shaping community dynamics within
Mediterranean animal forests.

Keywords: coralligenous habitats; ecological interactions; host preference; growth
rate; ROV

1. Introduction

Alcyonium coralloides (Pallas, 1766) is a colonial octocoral of the family Alcyoniidae
(order Malacalcyonacea) and one of the most distinctive soft corals associated with Mediter-
ranean coralligenous assemblages [1,2]. The species is widely distributed throughout the
Mediterranean Sea and extends into the northeastern Atlantic Ocean, from the Iberian
Peninsula to the British Isles, although Atlantic populations are more fragmented and eco-
logically differentiated than their Mediterranean counterparts [3,4]. Originally described as
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Gorgonia coralloides by Pallas [5] and later assigned to the genus Parerythropodium Kiikenthal,
1916, subsequent morphological and molecular studies confirmed its placement within the
genus Alcyonium Linnaeus, 1758 [6,7]. The taxonomic history of the species was described
in detail by Groot and Weimberg [4].

The ecology of A. coralloides is closely associated with hard-bottom habitats and circalit-
toral communities characterized by low light levels, moderate to strong hydrodynamisms,
and the dominance of suspension-feeding organisms [8]. Throughout the Mediterranean
Sea, the species typically develops as an acrophilic epibiont on several gorgonian species,
including Paramuricea clavata (Risso, 1826), Eunicella cavolini Koch, 1887, E. singularis Esper,
1791, E. verrucosa (Pallas, 1766) and Leptogorgia sarmentosa (Esper, 1791) [3,9,10]. Colonies
frequently overgrow exposed gorgonian axes following tissue necrosis, although progres-
sive replacement of living host tissues has also been documented, suggesting complex
interactions that may range from opportunistic epibiosis to competition for space and
resources [1,11]. By exploiting elevated biogenic substrates, A. coralloides benefits from en-
hanced water flow and increased access to suspended food particles, potentially improving
feeding efficiency in oligotrophic Mediterranean environments [12].

The intimate association between A. coralloides and gorgonians has been recognized
since the earliest natural history accounts. Pallas [5], citing observations by Boccone (1671),
reported the species growing on the “wood” of marine shrubs, likely referring to the
horny axes of gorgonians. Although these early authors misinterpreted the organism as a
developmental stage of red coral, their observations represent the first description of the
ecology of the species.

The species exhibits remarkable morphological plasticity across its distribution range.
Mediterranean colonies are generally encrusting and display bright white, red, pink, orange,
or yellow pigmentation, whereas Atlantic populations often develop lobate or digitiform
forms directly attached to rocky substrates [4,13,14].

Reproductive traits also show geographic variability. Mediterranean populations are
gonochoric and display a seasonal reproductive cycle, whereas Atlantic colonies appear to
rely predominantly on brooding and possibly parthenogenetic reproduction, resulting in
reduced dispersal potential and more fragmented distributions [4,13,15]. These differences
may contribute to the contrasting biogeographic patterns observed across the species range.

The close dependence of this species on gorgonian forests links its fate to the conser-
vation status of these habitat-forming organisms, which are increasingly threatened by
fishing activities, sedimentation, marine heatwaves, and climate-driven Mass Mortality
Events (MMEs) affecting Mediterranean octocoral communities [16,17].

Despite its conspicuous appearance and widespread occurrence, information on the large-
scale distribution of A. coralloides remains surprisingly scarce, and the factors controlling its
spatial variability are still poorly understood. In particular, it remains unclear whether regional
distribution patterns in the Mediterranean basin are primarily driven by environmental
gradients or by the availability and composition of gorgonian host assemblages.

In this study, we analysed data collected within the framework of the Marine Strategy
Framework Directive (MSFD; 2008 /56 /EC) monitoring program to investigate the distri-
bution of A. coralloides along the entire Ligurian coast (north-western Mediterranean Sea).
Using this extensive dataset obtained from Remotely Operated Vehicle (ROV) surveys, we
aimed to: (i) describe the spatial distribution of the species on a regional scale; (ii) assess
its putative preference for different gorgonian hosts; (iii) determine whether host-specific
associations may represent one of the main factors driving its regional distribution; and
(iv) provide a first estimate of the rate of colony expansion and host colonization by com-
paring images of affected gorgonian colonies acquired at different time intervals from two

https://doi.org/10.3390/d18080473


https://doi.org/10.3390/d18080473

Diversity 2026, 18, 473

3 0f 20

Sardinian sites. In fact, to our knowledge, quantitative information on the colonization
dynamics of A. coralloides is currently lacking.

2. Materials and Methods
2.1. Study Area

Located in the NW Mediterranean, the Ligurian coast covers over 350 km between La
Spezia and Ventimiglia (Figure 1). The coast forms a large southern-facing arc, exposing
different sectors to prevailing winds: southwest in the eastern province of La Spezia
and eastern Genoa, south along the central Genoa—-Savona stretch, and southeast around
Imperia in the west. Similarly, the continental shelf tapers from east to west, moving from
a wide, low-gradient zone to a narrow shelf heavily incised by submarine canyons [18].
Water circulation along the shore moves predominantly westward, driven by the main
cyclonic flow of the Ligurian basin. Frequent upwelling and mesoscale anticyclonic eddies
characterize this dynamic system, enhancing nutrient enrichment within the euphotic
layer [19].

|
|
Ligurian Sea

|
1
|
|

Figure 1. The Ligurian coast showing the location of the ROV transects where Alcyonium coralloides
abundance (white dots) was assessed across areas within each of the three considered macro-areas
(A1, Eastern Liguria; A2, Central Liguria; A3, Western Liguria). Further details are fully reported in
Supplementary Materials.

2.2. ROV Video Analysis and Distribution Assessment

Field surveys were carried out within the European Marine Strategy Framework
Directive monitoring program (MSFD, 2008/56/EC) conducted between 2015 and 2025
(Supplementary Material). The sampling design targeted mesophotic megabenthic assem-
blages distributed along the entire Ligurian coastal arc (NW Mediterranean) on corallige-
nous and rocky reefs. This study followed a well-established methodology previously
applied in the same geographic sub-region to assess key macrozoobenthic species [20-24].
The study region was divided into three broad macro-areas (A1, A2, and A3), corresponding
to its eastern, central, and western sectors, respectively. Within each macro-area, four areas
were assessed through repeated ROV video transects—totaling 310 surveys conducted
between 2015 and 2025 across a depth range of 20 to 100 m (Supplementary Materials).
In line with the Marine Strategy Framework Directive protocol for monitoring corallige-
nous habitats (Module 7; [25]), each transect measured roughly 200 m in length, covering
approximately 100 m? of the seabed. Comprehensive technical details regarding ROV
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instrumentation, transect design, and video processing methods are described by Enrichetti
et al. [20]. Because replicate surveys were executed in different years, each individual
transect was treated as an independent statistical sampling unit.

In each transect, all the gorgonian colonies completely framed by the camera were
counted, and their density was calculated, referring only to the percentage of hard bottom
seafloor present in the transect, thus excluding soft bottom areas unsuitable for the settling.
The percentage of colonies affected by (i) epibiontic organisms (such as sponges, anthozoans,
bryozoans, annelids), (ii) necrosis (branches deprived of coenenchyme and showing the
barren proteinaceous skeleton) and (iii) entanglement in fishing gear was used to estimate
the health status of the populations considering 100 specimens. In transects with less than
100 gorgonians per species, all the colonies were considered (Table 1).

All colonies of A. coralloides observed in the video transects and the specific identity
of every infested host colony were annotated. The abundance data were expressed as the
number of specimens per 100 m?. The infestation rate of A. coralloides (percent of infested
colonies of each host species) was calculated retaining only transects where at least 100
colonies per each gorgonian species were present (n = 126). To evaluate host selectivity
while controlling for relative host availability, Vanderploeg and Scavia’s Relativized Elec-
tivity Index (E*) was calculated for each gorgonian species [26]. First, the species-specific
selectivity coefficient (W;) was computed as

ri/ pi

W= P
Lt (ri/pj)

where 1; is the proportion of infested colonies belonging to species i, p; is the proportion of
species i available in the environment, and m is the total number of host species (m = 4).
Subsequently, the Relativized Electivity Index (E;) was derived as

EF = Wl_(l/m)
LW+ (1/m)

The index ranges from —1 (complete avoidance/low susceptibility) to +1 (maximum
preference), with 0 indicating random /opportunistic infestation directly proportional to
host availability.

2.3. Statistical Analyses

Variations in Alcyonium coralloides abundance, gorgonian forest structures and their
health status (i.e., percentages of epibiosis, necrosis, and entanglement) were investigated
using a multivariate distance-based statistical approach. To stabilize variance and balance
the contribution of rare versus highly abundant variables, the primary biological matrix
was square-root transformed. A resemblance matrix was subsequently calculated using the
Bray—Curtis similarity coefficient.

Principal Coordinates Analysis (PCO) was performed considering all the transects
where A. coralloides was found and vector of each species variables (abundances, epibiosis,
necrosis, and entanglement) based on Pearson correlation coefficients were plotted to
visually identify the underlying descriptive gradients.
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Table 1. List of the explored ROV transects in the 2015-2025 period, with abundance (col. 100 m~?2) and number of Alcyonium coralloides and the most conspicuous
gorgonians (Eunicella cavolini, E. verrucosa, Leptogorgia sarmentosa and Paramuricea clavata), together with the relative percentage of specimens affected by Epibiosis
(Epi%), Necrosis (Nec%) and Entanglement (Ent%).

Macroarea Year ID Transect A. coralloides E. cavolini E. verrucosa L sarmentosa P. clavata
Abundance N Abundance N Epi% Nec% Ent% Abundance N Epi% Nec% Ent% Abundance N Epi% Nec% Ent% Abundance N Epi% Nec% Ent%

Al 2020 PMMN_S1_T1 0.56 56 0.92 92 234 17.0 87 457 457 33.0 27.0 4.4 0.27 27 0 0 37
2016 PMMN_S2_T1 0.49 30 233 142 8.5 120 204 0.57 35 8.6 54.3 20.0 0.90 55 18 109 60.0
2020 0.29 14 1.08 53 22.6 5 39.6 0.27 13 23.1 0 53.8 0.20 10 60.0 50.0 80.0
2022 0.02 2 1.07 107 2.0 20 73 031 31 9.0 6.5 16.1 0.02 2 0.0 50.0 0
2016 PMMN_S2_T2 0.39 7 2.89 52 58 0 3.8 1.56 28 0 464 10.7 3.56 64 125 14.1 15.6
2020 0.19 15 4.30 340 5.0 2.0 24 0.43 34 125 42 0 0.84 66 159 9.1 45
2022 0.01 1 3.92 309 0.6 0 1.6 0.57 45 22 111 0 0.83 66 9.1 9.1 3.0
2025 0.1 4 2.79 279 3.0 0 3.0 0.57 57 1.8 0 6.2 1.88 188 120 6.0 37
2016 PMMN_S2_T3 0.04 2 148 72 7.4 88 41 3.70 181 0.6 0 B]
2020 0.01 1 022 17 59 59 0.0 0.51 39 7.7 2.6 17.9
2016 PMMN_S3_T1 0.11 1 3.11 34 7.1 179 58 0.67 7 0 0 0
2016 PMMN_S3_T2 0.29 7 0.58 14 214 214 214 0.13 3 0.0 66.7 Bt 2.54 61 13.1 24.6 6.6
2015 SLMO_S1_T1 0.09 4 1.68 79 215 10.1 20.2 0.15 7 714 14.3 57.1 0.09 4 50.0 50.0 0.0
2020 0.24 20 0.01 1 0 0 0 237 197 33.0 6.0 16.2 0.04 3 100 50.0 1.0 255 212 76.0 45.0 222
2022 0.02 1 238 143 8.0 2.0 1.0 0.03 2 0 0 0 0.80 48 146 10.4 21
2025 0.01 2 2.54 254 10.0 3.0 10 0.01 1 0 0 0 023 23 13.0 87 0
2020 SLMO_S2_T2 0.04 2 125 65 33 0 31 1.81 94 BZ5 225 9.6
2020 SLMO_S3_T1 0.27 7 523 136 9.0 0 60.9 0.11 3 0 0 100 4.05 105 40.0 31.0 77.6
2025 0.04 2 143 75 53 13 0 0.10 5 0 0 0 0.82 43 32.6 25.6 0.0
2015 SLMO_S3_T2 0.08 3 0.90 32 257 8.6 3.1 1.03 37 425 20.0 16.3
2020 0.12 6 2.08 106 7.0 1.0 30.2 0.61 31 29.0 32 67.7
2015 SLMO_S3_T3 0.01 0 0.52 15 29 0.0 6.8 0.04 1 33.3 0.0 89.3 179 50 175 10.8 17.9
2022 0.10 8 0.38 30 13.3 133 0 0.08 6 16.7 16.7 33.3 3.60 284 56.0 56.0 11
2015 SLMO_S3_T4 0.01 1 093 56 9.1 6.1 9.0 0.06 3 25.0 0 0 1.99 119 184 121 5.0
2020 0.01 1 152 102 37.0 7.6 29.4 0.13 9 8765 25.0 44.4 142 95 89.4 71.8 46.3
2022 0.04 4 179 177 1.0 2.0 40 0.08 8 0 50.0 0.0 0.95 94 39.4 574 Y]
2025 0.02 2 1.83 174 3.0 0 10.0 0.08 8 0 25.0 156.3 0.96 91 42.9 33.0 24
2016 AMPP_S1_T1 0.64 57 9.40 836 54 6.1 18.3 0.21 19 10.5 158 215 0.01 1 0 0 1022 0.27 24 36.0 16.0 8.2
2020 0.81 44 8.65 467 17.0 16.0 4.1 022 12 25.0 25.0 0 0.09 5 20.0 20.0 1.0 0.96 52 46.7 44.4 58
2022 0.38 34 5.10 421 18.0 18.0 49.0 020 18 222 5.6 0 0.01 1 0.0 100 0 0.17 15 40.0 20.0 40.0
2025 1.35 116 16.62 1429 25.0 3.0 3.1 1.01 87 8.0 34 13.2 0.02 2 0 0 0 0.69 59 6.8 34 57
2016 AMPP_S1_T2 0.13 2 1.88 30 B 16.7 100 0.06 1 0 0 100
2016 AMPP_S1_T3 0.63 4 8.85 797 7.3 5.1 7.7 2,92 263 57 2.3 11.8 0.08 8 0 0 13.3 2.90 261 52 6.9 23
2020 0.01 1 6.82 682 18.0 17.0 9.5 2.31 231 11.0 3.0 13.0 0.04 4 75.0 75.0 25.0 1.15 115 58.8 55.3 9.6
2022 0.18 16 7.90 703 7.0 2.0 12.0 2.50 223 3.0 0.0 10 0.56 50 10.0 43 0
2025 0.40 28 9.47 947 6.0 9.0 14 7.00 700 3.0 3.0 21 0.06 6 0 0 0 2.96 284 19.0 49.0 35
2016 AMPP_S3_T1 0.02 1 0.02 1 0 0 0
2016 AMPP_S3_T2 0.01 1 0.02 2 0 0 0 838 838 104 18.4 32
2020 0.01 1 0.76 76 0 0 0 833 833 36.0 20.0 16
2025 0.01 1 0.03 3 0 333 0 2.09 209 25.0 16.0 8.1
2019 AMPP_S3_T3 0.14 8 0.60 34 21.9 94 88 4.36 248 33.0 23.0 11.7
2025 0.02 1 2.98 137 2.0 0 0 0.61 28 429 214 12.8
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Table 1. Cont.
A. coralloides E. cavolini E. verrucosa L sarmentosa P. clavata
Macroarea Year ID Transect Abundance N Abundance N Epi% Nec% Ent% Abundance N Epi% Nec% Ent% Abundance N Epi% Nec% Ent% Abundance N Epi% Nec% Ent%
A2 2015 NOAR_S1_T1 0.03 1 7.22 180 48 28.6 222 0.03 1 0 0 0

2021 0.02 2 159 146 17.0 6.0 5.0 0.04 4 0 0 0
2025 0.02 1 3.37 215 27.0 1.0 19.0 0.03 2 50.0 0 0
2021 NOAR _S1_T2 0.01 1 0.03 3 0 0 0 3.58 315 79.0 38.0 31.0
2025 0.01 1 0.06 5 0 0 0 5.80 493 57.0 13.0 19.7
2018 NOAR_S2_T1 0.04 2 0.35 18 222 5.6 88.9 4.62 240 29.6 5.0 525 3.98 207 285 16.4 50.7
2022 0.05 4 242 210 7.0 8.0 11.0 3.32 289 3.0 0 36.0 129 113 16.4 134 3.0
2025 0.01 3 3.78 344 0.0 0 0.9 8.25 751 22.0 1.0 0.5 3.00 273 9.0 24.0 55
2019 NOAR_S2_T2 0.02 3 0.07 4 25.0 0 0 0.73 35 60.0 29 48.6 3.00 144 785 5316) 222
2019 NOAR_S2_T3 0.11 6 1.94 105 20.0 1.0 324 1.50 81 66.7 16.0 76.5
2022 0.01 1 0.89 77 16 0 0 0.03 3 33.3 66.7 0
2015 NOAR S3_T1 0.62 41 4.88 327 13.0 Bl 220 0.12 8 0 0 0 0.07 5 0 0 40.6
2019 0.50 27 9.44 510 11.6 57 322 0.09 5 80.0 40.0 60.0
2022 0.62 55 4.03 359 17.0 10.0 25.0 0.03 3 50.0 0 0
2025 0.52 42 9.31 754 9.0 2.0 63.0 0.02 2 0 0 0
2015 NOAR_S3_T2 0.02 1 2.89 214 0.5 7.0 6.1 0.02 1 100 100 0 0.20 15 154 46.2 0
2019 0.23 20 3.65 226 115 9.7 17.3 0.06 4 75.0 75.0 75.0 0.06 4 0 0 100
2022 0.07 5 452 308 23.0 3.0 14.0 0.13 9 0 0 0 0.16 11 36.4 0 182
2015 NOAR _S3_T3 1.66 86 248 153 66.2 72.8 36.5 0.05 3 33.3 333 32.8 0.20 12 41.7 91.7 0.0
2019 0.81 29 1.33 48 91.7 91.7 66.7 0.17 6 59 0.0 98.0 2.76 99 424 15.6 231
2019 NOAR_S4_T1 0.02 2 0.33 33 3.0 0.0 78.8
2022 0.03 1 0.38 11 0 0 0 1.50 44 18.6 209 0
2025 0.04 2 0.35 29 24.1 31.0 2.0 6.20 521 12.0 14.0 213
2015 NOAR_S4_T2 0.08 7 0.42 41 5.1 359 17.0 0.08 7 0.0 57.1 0 1.86 180 111 14.6 35.5]
2019 0.44 35 0.24 19 842 842 84.2 0.15 12 25.0 25.0 33.3 227 179 7.8 3.9 97.2
2022 0.16 7 0.12 5 40.0 20.0 1.0 0.02 1 100 0 1.0 2.09 90 282 20.5 12.8
2025 0.47 16 0.06 2 50.0 0 0 0.18 6 50.0 16.7 0 1.62 55 20.0 182 9.1
2015 NOAR _S4_T3 0.01 1 0.96 84 0 13.7 275 0.01 1 0 0 0 0.01 1 0 0 0
2023 0.08 2 0.38 10 20.0 0 102 0.38 10 0.0 0 0 0.04 1 100 0 0
2019 NOAR S4 T4 0.05 2 0.11 9 222 0 100 120 101 23.8 2.0 94.1 0.02 2 50.0 0 0 323 271 42.1 17.7 87.8
2022 0.02 2 0.01 1 0 0 0 119 100 7.4 0 1.1 1.64 138 36.0 23.0 14.0
2019 NOAR_S4_T5 0.20 20 113 113 0.9 0.1 95.6 0.01 1 0 0 100 3.82 382 20.7 14.1 79.8
2022 0.01 1 0.63 53 18.2 15.9 0 0.01 1 0 0 1.0 0.01 1 0 0 0 4.20 353 30.0 18.0 58.0
2019 NOAR_S4_T6 244 53 2.38 190 36.8 374 279 0.39 32 235 0 0 0.44 35 54.3 543 743
2022 0.10 6 043 26 55.9 50.0 40
2025 0.75 47 021 13 0 0 0 048 30 3813 0 10.0 1.59 100 26.0 21.0 15.0
2019 NOAR _S4_T7 0.09 9 0.13 12 83 0 50.0 3.09 297 15.8 0.3 452 0.71 68 103 10.3 36.8
2019 NOAR _S4_T8 0.06 6 0.07 7 0 0 429 3.09 300 15.8 03 447 6.60 640 108 45 60.0
2019 NOAR_S4_T9 127 52 161 66 28.8 28.8 30.3 027 11 27.3 9.1 182 1.83 75 32.0 17.3 20.0
2022 0.19 7 0.08 3 0 0 0 027 10 0 0 0 0.95 35 194 0 32
2025 0.19 13 0.13 9 0 0 0 0.68 47 6.4 0 0 1.12 77 15.6 24.7 2.6
2016 SVCL_S1_T1 0.14 9 1.02 66 P78 212 9.1 0.17 11 9.1 0 0
2020 0.14 8 123 69 66.7 29.6 21.7 0.16 9 25.0 0 111 0.03 2 100 100 0
2022 0.22 14 239 153 39.0 7.0 B] 0.08 5] 100 40.0 0
2025 0.05 4 222 184 14.0 0 9.0 0.14 12 16.7 0 0 0.04 3 0 0 0
2022 SVCL_S1_T2 0.11 3 215 60 58.3 17 10.0 0.07 2 0.0 50.0 0
2016 SVCL_S1_T3 0.34 15 4.66 205 137 10.2 63 0.23 10 10.0 0 10.0 0.02 1 0 100 0
2020 0.20 8 5.70 228 30.0 15.0 1.8 0.10 4 0 0 0
2022 114 33 748 217 36.0 22.0 3.2 0.03 1 0 100 100
2025 0.19 9 1521 943 89.0 27.0 3.0 0.06 4 0 0 0
2016 SVCL_S2_T1 0.63 54 6.22 535 84 8.0 14.8 0.05 4 0 25.0 0 1.09 94 19.1 62.8 426
2020 0.62 49 6.54 517 340 33.0 126 0.14 11 222 222 9.1 0.10 8 100 100 0
2022 132 108 493 404 35 5.0 144 0.12 10 10.0 0 0 0 0.34 28 60.7 929 25.0
2025 2.67 144 12.93 698 49.0 12.0 1.1 0.19 10 10.0 0 0 0.17 9 44.4 55.6 0
2016 SVCL_S2 T2 0.08 7 3.49 301 53 18.4 33 0.08 7 429 429 289 435 374 4.2 94 353
2020 0.06 4 0.35 25 100 100 0 0.01 1 100 100 0
2016 SVCL_S2_T3 0.23 15 0.70 47 20.0 20.0 6.4 0.52 35 21.6 10.8 20.0
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Table 1. Cont.
A. coralloides E. cavolini E. verrucosa L sarmentosa P. clavata

Macroarea Year ID Transect Abundance N Abundance N Epi% Nec% Ent% Abundance N Epi% Nec% Ent% Abundance N Epi% Nec% Ent% Abundance N Epi% Nec% Ent%
2016 SVCL_S3_T1 0.23 12 4.40 224 7.6 7.1 3.6 0.02 1 0 0 0 1.06 54 5.9 59 11.1
2020 0.25 10 6.55 262 11.0 3.0 5.0 0.50 20 85.0 0 5.0
2022 0.04 3 4.87 409 49 17 2 0 0.10 8 50.0 62.5 12.5
2025 0.02 2 272 220 9.0 0 18.0 021 17 118 235 0
2016 SVCL_S3_T2 0.02 1 147 88 6.9 34 10.2 0.03 2 0 0 0 493 296 3.4 7.2 26.0
2020 0.10 4 2.90 119 194 104 19.3 3.85 158 51.0 48.0 215
2025 0.01 3 248 231 10.0 2.0 9.0 0.01 1 0 0 0
2025 SVCL_S3_T3 0.02 1 0.06 3 100 0 0 115 61 18.0 1.6 5.4 0.02 1 100 0 0 1.81 96 18.8 13.5 6.5
2017 BONO_S1_T2 0.39 3 0.77 46 21.7 43 47 348 209 29 0.0 37 0.02 1 0 0 0 2.04 123 4.9 1.6 10.0
2023 0.09 5 0.21 12 0 50.0 3.0 2.08 117 2.0 6.0 10.7 0.05 3 0 0 0 3.49 196 15.0 28.0 11.3
2018 BONO_S1_T3 0.18 6 0.14 6 0 0 0 3.57 157 19 0 12.5 0.02 1 0 0 0 5.06 222 3.6 49 15.9
2021 0.06 5 3.47 295 1.0 0 1.0 5.33 453 120 10.0 57
2018 BONO_S1_T4 0.03 5 1.72 112 45 1.8 10.5 0.31 20 5.0 0 99.5 0.32 21 0 48 9.5
2021 BONO_S3_T1 0.23 13 1.81 103 19.0 0 12.6 0.33 19 26.3 10.5 0

A3 2019 SSDM_S1_T2 0.03 1 1.92 115 8.7 0 11.3 0.02 1 0 0 100 1.98 119 55.5 151 68.9

2015 SSDM_S3_T1 0.11 4 227 200 46.5 19.8 0 025 22 59.1 36.4 9.2 0.01 1 100 0 0 0.36 32 188 3.1 6.3
2019 0.56 22 6.20 409 313 10.5 4.6 0.09 6 167 0 0 0.03 2 0 0 0 0.12 8 875 25.0 0
2019 SSDM_S3_T3 0.04 3 0.04 3 333 0 0 0.15 10 0 0 10.0
2018 SRSST_S1_T3 0.03 2 0.03 2 0 0 100 0.55 43 0 0 53.8 0.01 1 0 0 0 2.90 226 187 16.4 20.6
2021 CMBO_S1_T1 0.02 1 0.06 4 0 0 0 532 351 43.0 2.0 2.6 047 31 19.68 12.26 6.5 8.42 556 7.0 2.0 34
2024 0.03 1 0.05 4 0 25.0 0 5.44 419 7.0 2.0 05 0.10 8 0 0 0 10.05 774 100 11.0 7.9
2016 CMBO_S1_T2 0.05 2 0.07 3 0 0 36.8 021 8 0 111 0.0 0.05 2 0 0 115 4.26 162 8.9 101 21.6
2016 CMBO_S2_T1 0.07 2 0.33 12 0 0 17.1 153 54 0 30.4 11.2 0.20 7 333 66.7 14.3
2016 CMBO_S2_T3 0.10 7 2.99 200 27.0 31.0 325 0.76 51 2.0 11.8 314
2019 0.24 8 3.33 240 342 10.4 35.0 1.65 119 19.3 109 33.6
2024 0.39 34 241 212 37.0 0 8.0 0.44 39 1.0 0 17.9
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To identify which specific variables drove the multivariate differences observed, a
Distance-based Linear Model (DistLM) was applied; the model was initially evaluated
using Marginal Tests to assess the explanatory power of each variable individually. Subse-
quently, a Step-wise selection procedure was performed, utilizing the Akaike Information
Criterion (AIC) to identify the optimal, most parsimonious combination of variables ex-
plaining the greatest proportion of cumulative variance. The results of the optimal model
were visualized graphically using a distance-based Redundancy Analysis (dbRDA) ordi-
nation plot. All statistical analyses were conducted using PRIMER-e version 7.0 with the
PERMANOVA+ add-on, with the significance threshold set at alpha = 0.05) [27,28].

2.4. Overgrowth and Growth Patterns

The morphology and the temporal dynamics of Alcyonium coralloides overgrowth
were investigated using an underwater photographic archive of one of us (ET), targeting
gorgonian colonies (Eunicella cavolini and E. verrucosa) affected by the epibiosis of the
alcyonacean coming from two dive sites at the Tavolara—Punta Coda Cavallo Marine
Protected Area (TPCCMPA) in Northeastern Sardinia (Tyrrhenian Sea) characterized by
a coralligenous assemblages between 35 and 55 m depth. Photographs were taken using
the same perspective and a ruler as a size reference. A Sony A6000 camera (manufacturer,
city, country) (24 megapixels, two Inon S2000 strobes, colour temperature 5000 K) with
Sony 16-50 lens (focal length 19 mm), Nauticam WW1 wet wide lens (130° rectilinear field
angle), and a Sea & Sea MDXA6000 underwater case with a flat porthole was used.

The dynamics of A. coralloides growth were estimated over time by calculating the
positive variation in the epibionted fan surface in photos of the same specimen with
available metric references and suitable perspectives taken at different time intervals.
Considering that the fan shape of the gorgonian hosts is roughly planar, the fan surface
was calculated on the projected area of the branches following the contour of the colony as
precisely as possible. Image analysis was performed using the graphic software Image]J
(1.53t Version) [29]. Close-ups were used to document contact zones between A. coralloides
and living host tissues.

3. Results
3.1. Host Specificity and Distribution

In the Ligurian Sea, Alcyonium coralloides was widely distributed wherever gorgonian
forests occurred. Of the 310 transects surveyed, 250 (69 in the eastern sector, 100 in the
central sector and 81 in the western sector) contained at least one species among Eunicella
cavolini, E. singularis, E. verrucosa, L. sarmentosa and P. clavata. A. coralloides was recorded in
half of these transects (126), corresponding to 43 transects in the eastern sector, 71 in the
central sector and 12 in the western sector (Table 1).

Colonization was often extensive, particularly in forests dominated by E. cavolini,
where the epibiont developed on both apparently healthy and partially necrotic colonies
(Figure 2a,b). Colonies of A. coralloides originated either from the basal portion of the host or
from central and apical branches (Figure 2c). A similar pattern was observed on E. verrucosa
(Figure 2d,e). In P. clavata, the epibiont was also recorded on healthy colonies (Figure 2f)
but occurred more frequently on severely affected or dead ones (Figure 2g).

Virtually, no colonies were recorded in gorgonian forests composed of either a single or
multiple host species when host density was below 100 colonies per 100 m2. The frequency
of occurrence increased with host density, although the rate progressively slowed in forests
with higher densities (Figure 3).
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Figure 2. The parasitic epibiosis of Alcyonium coralloides on gorgonians in the Ligurian Sea.
(a,b) In the wide forests of Eunicella cavolini recorded in the central sector, the purple parasitic
octocoral epibiont (purple) was frequently observed on healthy colonies mainly in the basal portion
but also on apical branches (arrows) (c). (d) On E. verrucosa, A. coralloides was present both on healthy
and necrotic colonies (e). (g) On Paramuricea clavata, the octocoral epibiont was sporadically recorded
on intact colonies (f) but more frequently on colonies damaged by diseases (arrows).

According to the Principal Coordinates Analysis (PCO) performed on the biological
matrix across all investigated ecological components (species abundance, percentage of
gorgonian epibiosis, necrosis and entanglement), the first two axes explained 63.4% of the
total variation (PCO1: 39.3%; PCO2: 24.1%). Regarding species abundance, A. coralloides
and E. cavolini showed a congruent trajectory (Figure 4a). When considering percent
epibiosis of each gorgonian species, E. cavolini and A. coralloides again mirrored the previous
trend (Figure 4b). Regarding percent of necrosis, A. coralloides abundance agreed with
E. cavolini and E. verrucosa (Figure 4c). Finally, the ordination of gorgonian entanglement
showed that higher entanglement rates in E. verrucosa were associated with the highest
presence of the parasite (Figure 4d).
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In panels (b—d), the vector labelled Aco represents the abundance of Alcyonium coralloides, which was
overlaid as a vector (via Pearson correlation) and was not included in the computation of the PCO.
(e) Distance-based Redundancy Analysis (dbRDA) ordination plot showing the optimal DistLM
model based on AIC selection criterion. Vector overlays in the dbRDA plot illustrate the conditional
effects of the significant health-related and biotic predictors structuring the multivariate data. Blue,
areas within macroarea Al; green, A2; red, A3. Abbreviations for variables: Aco = Alcyonium corall
oides, Eca: Eunicella cavolini, Eve: E. verrucosa, Lsa: Leptogorgia sarmentosa, Pcl: Paramuricea clavata.

The distance-based Redundancy Analysis (AbRDA) (Figure 4e) and the DistLM marginal
tests indicated that several health-related descriptors and biotic variables significantly explained
the multivariate variance of the system. E. cavolini abundance emerged as the most critical driver,
accounting for 18.9% of the total variation (Pseudo-F = 29.78, p = 0.0001), followed by its relative
percentage of epibiosis (10.6% of the variance, Pseudo-F = 15.07, p = 0.0002). Significant minor
contributions were also observed for tissue damage indicators, particularly E. cavolini necrosis
(7.9%, p = 0.0006) and L. sarmentosa necrosis (5.5%, p = 0.0027), while E. verrucosa epibiosis
accounted for 4.6% of the total variation (p = 0.0083) (Table 2).

Table 2. Distance-based Linear Model (DistLM) results evaluating the influence of health-related
and biotic predictors (gorgonian abundance (Ab), percentage of Epibiosis (Epi%), Necrosis (Nec%)
and Entanglement (Ent%)) on the multivariate structure of the Ligurian gorgonian forests in relation
with Alcyonium coralloides abundance. Both Marginal Tests (evaluating the individual explanatory
power of each variable isolated) and Sequential Tests (forward step-wise selection optimizing the
Akaike Information Criterion, AIC) are displayed based on a square-root transformed resemblance
matrix (Bray—Curtis similarity). Significant p values are reported in bold. Eca: Eunicella cavolini; Eve:
E. verrucosa; Lsa: Leptogorgia sarmentosa; Pcl: Paramuricea clavata.

Total SS(Trace): <0.0001

Marginal Tests:
Variable: SS(Trace) Pseudo-F P Prop.
Eca_Ab 22.587 29.775 0.0001 0.18992
Eca_Epi% 12.615 15.069 00002 0.10607
Eca_Nec% 9405.4 10.907 0.0006 0.079086
Eca_Ent% 3998.5 44.185 0.0253 0.033622
Eve_Ab 1239.3 13.374 0.2565 0.010421
Eve_Epi% 5454.7 61.051 0.0083 0.045867
Eve_Nec% 3088.5 33.861 0.0464 0.02597
Eve_Ent% 2868.7 31.391 0.0587 0.024121
Lsa_Ab 5230.4 58.424 0.0066 0.04398
Lsa_Epi% 1278.5 13.802 0.2348 0.010751
Lsa_Nec% 6612.6 74.773 0.0027 0.055603
Lsa_Ent% 1145.1 12.347 0.2663 0.0096285
Pcl_Ab 2647.8 28.919 0.0786 0.022264
Pcl_Epi% 985.69 10.614 0.3121 0.0082883
Pcl_Nec% 1298.4 14.018 0.2364 0.010917
Pcl_Ent% 1575.5 1.705 0.182 0.013248

At regional level, host-specific infestation patterns were analyzed in forests comprising
at least 100 gorgonians of a single species per 100 m?. While the infestation on E. verrucosa,
P. clavata and L. sarmentosa did not show any significant difference (1.5-1.9%) higher levels
were recorded in E. cavolini (10.1 # 4.2%) (Kruskal-Wallis x? (3) = 12.78, p = 0.0051) (Figure 5a).
Vanderploeg and Scavia’s Relativized Electivity Index (E*) revealed marked non-random
host selection by A. coralloides across the four gorgonian species. E. cavolini was preferentially
targeted by the epibiont (E* = +0.29), representing 33.4% of total infested colonies (r; = 0.334)
despite constituting only 18.5% of the overall gorgonian assemblage (p; = 0.185). Conversely,
E. verrucosa exhibited near-neutral electivity (E* = +0.05), indicating opportunistic infestation
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directly proportional to its natural availability (p; = 0.395, r; = 0.440). In contrast, strong
negative selection (avoidance/lower susceptibility) was observed for P. clavata (E* = —0.30)
and L. sarmentosa (E* = —0.30). Notably, despite P. clavata being a co-dominant host species
(p; = 0.386), it accounted for a disproportionately lower share of infested colonies (r; = 0.207)
(Figure 5b).
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Figure 5. Epibiont infestation across host species. (a) Percentage of colonies (£SE) infested by
Alcyonium coralloides for each host species. (b) Host selectivity evaluated using Vanderploeg and
Scavia’s Relativized Electivity Index (E*) for epibiont settlement, showing positive selection for
Eunicella cavolini and E. verrucosa, and negative selection/avoidance for Paramuricea clavata and
Leptogorgia sarmentosa.

The geographic distribution of A. coralloides along the Ligurian coast varied according
to host species. Infestation of E. cavolini was relatively low in the eastern and western sectors
(approximately 4-5%) and reached its highest value in the central sector (approximately
15%) (Figure 6a). In contrast, infestation of E. verrucosa increased progressively from
east (approximately 1%) to west (approximately 4%) (Figure 6b). In P. clavata, it showed
an opposite pattern, with the highest infestation levels in the eastern sector (3%) and
progressively lower values westwards (0.2%) (Figure 6¢). In L. sarmentosa, it was recorded
only in the eastern sector, reaching approximately 2.5% (Figure 6d). On E. singularis,
the epibiont was recorded only sporadically. In addition, A. coralloides was occasionally
observed growing on anthropogenic substrates, particularly abandoned fishing lines.

For the three most widespread host species (E. cavolini, E verrucosa and P. clavata), we
have evaluated the putative relationship of the infestation with the level of integrity of
the host. In particular, we have considered the percentage of colonies showing epibio-
sis (excluding that due to A. coralloides), the percentage of colonies affected by necrosis
(branches deprived of coenenchyme and showing the barren proteinaceous skeleton) and
the percentage of colonies entangled in lost fishing lines. The infestation levels showed
a different relationship with the level of epibiosis of the forests according to gorgonian
species. In E. cavolini, the relationship was negative while for E. verrucosa and P. clavata was
positive (Figure 6e-g). In all the three hosts the infestation was positively related to the
percentage of colonies showing necrotic tissues. This relationship was particularly strong
in P. clavata and E. verrucosa (Figure 6h—j). Finally, in E. cavolini, a clear relationship was
observed between infestation and entanglement with lost fishing lines in contrast with
what observed for the other two species (Figure 6k—m).
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Figure 6. (a—d) Trends of percentage of infestation of Alcyonium coralloides on the four considered
gorgonian species in the three sectors of the Ligurian Sea. Relationship between the percentage of
epibionted (e-g), necrotic (h—j), and entangled colonies (k-m) and the infested ones respectively in
Eunicella cavolini, E. verrucosa and Paramuricea clavata.

3.2. Colonization Dynamics and Host Responses

In a time series of underwater images collected by one of the authors (ET), a colony of
Eunicella cavolini photographed in 2018 and revisited in 2022 and 2023 showed extensive
colonization by Alcyonium coralloides during the interval between surveys (Figure 7a—c). No
epibiosis was visible during the first observation (2018), whereas the second survey (2022)
revealed colonization of both the basal and central portions of the colony. Over this period,
the gorgonian colony exhibited a 37.5% reduction in total surface area, decreasing from
700 cm? in 2018 to 443 cm? in 2023. Out of this remaining fan surface, 56% (248 cm?) was
found colonized by A. coralloides in 2022. The epibiont covered approximately 276 cm of
branch development, corresponding to a minimum colonization rate of about 55 cm yr—1.
During 2023, the epibionted portion increased to 324 cm (+17%, corresponding to 48 cm of
branch development).

A similar pattern was observed in a colony of E. verrucosa photographed in 2012 and
2014 (Figure 7c—e). A branch partially colonized in 2012 showed a marked increase in
the extent of epibiosis two years later, from approximately 13 cm? (3.5% of the total fan
surface) to 41 cm? (about 12%) of branch length, corresponding to a linear development
increasing from 22 cm to 46 cm (12 cm yr~1). In addition, a new infestation focus developed
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in the central portion of the colony covering about 12 cm? of branches (1.8% of the total fan
surface), equal to 13 cm.

2
uﬁ‘f

Figure 7. (a—c) The same colony of Eunicella cavolini photographed over a span of time of six years
(2018-2023). In the second image (2022), the central portion of the colony is covered by purple Alcyonium
coralloides. Contemporaneously, several branches on the right part of the colony were progressively lost.
(d,e) The same colony of E. verrucosa photographed after two years. In the first image (2012), a branch in
the lower portion was covered by A. coralloides (d), while in 2014, the epibionts widely increased the
infestation while a new area in the central portion of the fan was infested (e).

Close-ups of the in situ photographs documented direct contact between A. coralloides
and living host tissues. In colonies of Paramuricea clavata, partially or completely denuded
portions of the gorgonian axis were frequently visible between the advancing margin of
the epibiont and the living host coenenchyme (Figure 8a,b). In one case, the host colony
exhibited localized development of polyps with elongated thread-like tentacles adjacent
to the contact zone (Figure 8a). Another colony showed direct contact between the two
coenenchymes, both forming conspicuous hypertrophic borders at the interface (Figure 8c).
In this area, P. clavata polyps were partially contracted, whereas those of A. coralloides
displayed thread-like tentacles as well.

Similar patterns were observed in E. cavolini, where portions of exposed gorgonian
skeleton occurred adjacent to the epibiont (Figure 7d). In E. verrucosa, colonies affected
by epibiosis displayed contracted polyps, whereas those of the epibiont remained fully
expanded (Figure 8e).

4. Discussion

The present study provides the first regional-scale assessment of the abundance, dis-
tribution and host associations of Alcyonium coralloides in Ligurian mesophotic gorgonian
forests. Although the species is widely recognized as one of the most characteristic octo-
corals of Mediterranean coralligenous assemblages [1,8], its ecological relationship with
gorgonian hosts has remained largely descriptive and based on local observations [3,9]. By
combining extensive ROV surveys with long-term photographic observations, our results
revealed consistent patterns of host use and suggested that the interaction between A.
coralloides and Mediterranean gorgonians may be more dynamic than previously assumed.

The distribution of A. coralloides along the Ligurian coast appears to be strongly de-
pendent on the occurrence and density of gorgonian forests. Infestation levels markedly
increased with host density and became common only in assemblages exceedingly ap-
proximately 100 colonies per 100 m?. This pattern suggests that the abundance of suitable
biological substrates is one of the principal factors controlling the distribution of the species.
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Similar relationships between epibiotic suspension feeders and habitat-forming hosts have
been reported in a variety of benthic ecosystems, where elevated biogenic structures pro-
vide access to enhanced water flow and increased food availability [30,31].

Figure 8. Close-ups of the contact portions of Alcyonium coralloides and the coenenchyme of different
species of gorgonians. (a,b) In an infested colony of Paramuricea clavata, there is a portion of nude
skeleton between the coenenchyme of the two octocorals (arrows). The living polyps of P. clavata
show the typical thread-like tentacles (tt) (a). (c) The hypertrophic coenenchyme in the contact zone
(arrows). (d) In the infestation of E. cavolini a portion of nude skeleton was evident between the two
octocorals (arrows). (e) The contact point between E. verrucosa and A. coralloides. (f) A. coralloides
spawning event recorded in the middle of May at the Tavolara MPA. (g) The similar behaviour of A.
corallodes and (h) Savalia savaglia in covering lost fishing lines.

The observed relationship probably reflects several interacting ecological processes. At
low host densities, the scarcity of suitable settlement substrata, together with reduced larval
retention within sparse gorgonian forests, is likely to limit recruitment. Since A. coralloides
planulae remain close to the female colony [32], increasing host density is expected to
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enhance both the probability of larval encounter with suitable substrata and local larval
retention, resulting in the rapid increase in infestation frequency observed at intermediate
forest densities [33,34]. At the highest host densities, however, the relationship became
progressively weaker, suggesting that host availability gradually ceases to be the main
limiting factor. Once suitable substrata become sufficiently abundant, further increases
in gorgonian density provide only marginal additional opportunities for settlement, and
local recruitment may instead become regulated by other processes, such as larval supply,
post-settlement mortality, or competition for space on host colonies [35,36].

Although A. coralloides was observed on all major Ligurian gorgonian species, host
occupation was clearly non-random. The markedly higher infestation levels recorded on
Eunicella cavolini compared with Paramuricea clavata, E. verrucosa and Leptogorgia sarmentosa
indicate a strong host preference. Such specificity is particularly interesting because previ-
ous studies generally described the species as a facultative epibiont capable of colonizing a
broad spectrum of gorgonian hosts [3,37]. The regional consistency of the pattern observed
here suggests that host identity plays a more important ecological role than previously
recognized. A frequent association of A. coralloides and E. cavolini in the Ligurian Sea was
already suggested by Enrichetti et al. [20].

The relationship between infestation and gorgonian condition provides additional
insight into the ecology of the interaction. Although all the trends of the parameters of stress
considered were not completely consistent among the studied species, infestation levels
increased with the degree of stress affecting the gorgonians. In particular, the occurrence of
necrotic tissues showed strong relationship with infestation in P. clavata and E. verrucosa.
The lower correlation between necrosis and infestation observed for E. cavolini in our
opinion could be interpreted as the possibility for the parasitic epibiont to settle also on
healthy or only slightly stressed colonies without a large portion of necrotic tissue.

A certain degree of physiological stress—partially linked to the host’s own biological
cycle—is likely a prerequisite for successful epibiont settlement. Previous studies suggested
that the spring reproductive timing of A. coralloides represents an adaptation to optimize the
colonization of its host. In fact, A. coralloides larvae are ready to settle in early summer when
the hosts are probably more vulnerable because of their own reproductive cycle coming
to an end [15,38]. In the Tavolara MPA, the emission of sexual products by A. coralloides
has been documented around mid-May, followed by recruitment roughly two weeks later,
occurring concurrently with the spawning event of P. clavata [38].

Necrotic branches of gorgonians provide stable, elevated substrata free from living
tissue and therefore constitute ideal settlement sites for sessile suspension feeders. Mediter-
ranean gorgonian forests are increasingly affected by marine heatwaves, disease outbreaks,
sedimentation and fishing-related impacts [16,17,39,40]. By generating exposed skeletal
surfaces, these disturbances may create suitable settlement areas for opportunistic epibionts.
In this context, the abundance of A. coralloides could potentially increase in stressed forests,
not as a primary cause of decline but as a secondary response to habitat degradation.

At the Cap de Creus Marine Protected Area rocky bottoms dominated by E. cavolini

2 co-occur with A. coralloides. The latter was

which reaches densities of up to 51 col. m~
identified as the most prevalent epibiont species, showing a striking predominance in Maga
d’Oros (70.3%), an area characterized by both the highest density of anthropogenic debris
and twice the rate of dead colonies. The main fraction of this marine litter was composed
by fishing lines (80.7% of the debris) [41]. It is known that the friction of lost fishing lines
on the gorgonian branches produce the local abrasion of the coenenchyme inducing the
settlement of epibiontic organisms, particularly A. coralloides [38,39].

Time-series observations indicate that once established, colonies of A. coralloides may

expand rapidly, covering substantial portions of the host colony. Moreover, the contact
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zones between the two octocorals frequently exhibited narrow bands of denuded skele-
ton, while host polyps adjacent to the interface often appeared retracted or only partially
expanded. In particular, in P. clavata, we observed for the first time in natural environ-
ment the presence of thread-like tentacles testifying a strong level of competition for space
between the host and the epibiont, as already associated with aggressive/defensive re-
sponse not only in octocorals (and specifically in P. clavata) but also in scleractinians and
antipatharians [37,42-44].

This body of evidence is difficult to reconcile with a purely opportunistic occupation of
already dead substrates and instead suggests the existence of direct ecological interactions
between A. coralloides and its gorgonian hosts. Competition for space is one of the princi-
pal processes structuring sessile benthic communities [36,45,46]. Colonial cnidarians are
particularly effective spatial competitors because they progressively occupy available sur-
faces through vegetative growth and may directly interfere with neighbouring colonies by
physical contact, overgrowth, or allelochemical interactions involving nematocysts [47-49].

However, the ecological role of the gorgonian host may extend beyond simply pro-
viding a settlement surface. In plant ecology, climbing plants have been described as
“structural parasites” because they exploit the architecture of trees to reach more favourable
environmental conditions without directly depending on them for nutrition [50]. A com-
parable ecological strategy may apply to A. coralloides. By colonising living gorgonian
colonies, the soft coral gains access to an elevated position within the water column, where
water flow and suspended food availability are likely to be greater, while sediment accu-
mulation and possibly benthic predation are reduced. The host thus functions not only as a
substratum but also as a three-dimensional biological structure that enhances the ecological
performance of the epibiont.

Although no experimental evidence is currently available for A. coralloides, the patterns
documented in this study suggest that the interaction with gorgonians may represent an
intermediate step in a continuum ranging from opportunistic epibiosis to active spatial
competition/parasitism.

A useful comparison may be provided by the zoantharian Savalia savaglia, Bertoloni
1819, another Mediterranean anthozoan that uses gorgonians as biological substrates and
progressively overgrows host branches through skeletal deposition [51]. Although the
biological mechanisms involved are partially different, both species exploit elevated living
substrates and appear capable of expanding over time at the expense of host surface
availability. Preliminary observations from the present study suggest that A. coralloides
may spread more rapidly than S. savaglia, (30-45 cm y~! vs. 9-11 cm y~!) [51,52] although
quantitative estimates remain limited and require further validation.

The comparison of the ecology of A. coralloides with S. savaglia becomes more congruent
when considering that both species, parasitic epibionts of gorgonians, are able in peculiar
settings, to form colonies without their host [4,51]. In rare cases both species were recorded
able to grow also on non-living substrate as lost nylon lines (Figure 8g,h).

5. Conclusions

Overall, our results suggest that A. coralloides should not be regarded merely as a passive
parasitic epibiont of dead gorgonian branches. Its distribution is strongly linked to the
occurrence of dense gorgonian forests, host use appears selective, and photographic evidence
indicates the possibility of direct interactions with living host tissues. These findings reveal
a previously underappreciated aspect dimension of the ecological relationships occurring
within Mediterranean animal forests and highlight the need for experimental studies aimed
at disentangling the relative importance of substrate availability, host susceptibility and
competitive interactions in shaping the dynamics of this remarkable octocoral.
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