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This study reports the first attempt to quantitatively describe a Dendrophyllia ramea
population on the Apollo bank (Ionian Sea), revealed in summer 2021 through a remotely
operated vehicle (ROV) survey. The habitat description, bathymetric distribution,
population density, and structure of the species were assessed by image analysis.
A well-developed population of D. ramea, located on boulders on a sedimentary plateau
at 70–80 m depth, was observed. The density ranged on average between 0.17 ± 0.04
and 0.8 ± 2.4 colonies m−2 with dense patches up to 8 colonies m−2. The population
consisted primarily of many isolated single corallites and colonies of various sizes, some
of which reached a maximum height of more than 40 cm. Deepwater fishing activities,
primarily longline fishing, negatively affected this species. The newly collected data add
knowledge about this vulnerable scleractinian coral. The documented negative effect of
fishing activities on vulnerable marine ecosystem (VME) species further highlights the
need for urgent conservation measures.

Keywords: scleractinian corals, Dendrophyllia ramea, fishing impact, Mediterranean Sea, ROV imaging, MPAs

INTRODUCTION

The orange tree coral Dendrophyllia ramea (Linnaeus, 1758) is an Atlantic-Mediterranean species
belonging to the family Dendrophyllidae Gray, 1847. It is an arborescent scleractinian with white
tentacles and pale orange polyps and can form large, branched colonies exceeding 100 cm in height
(Salomidi et al., 2010; Bo and Fisheries and Aquaculture Resources Use and Conservation Division,
2017).

It is distributed in the eastern Atlantic Ocean, recorded in Azores (Braga-Henriques et al., 2013),
Canary Islands (Arístegui et al., 1987; Bianchi et al., 2000; Reyes et al., 2000; Brito and Ocaña,
2004; Aguilar et al., 2010a), in the Gulf of Cadiz (Aguilar et al., 2010b), and further south along
the African coast [Morocco, Cape Verde, Gulf of Guinea, Ghana, and Nigeria (Zibrowius, 1980)].
In the Mediterranean, this species has been reported mainly in the southern basin with a patchy
distribution, and it is considered rare (Orejas et al., 2019a). Recently, Salvati et al. (2021) updated
the D. ramea Mediterranean distribution with new records from northeastern Sicily. In this basin,
D. ramea generally developed in the circalittoral zone on rocky substratum or bioconstruction
characterized by moderate currents and turbidity, usually between 40 and 80 m depth, up to the
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maximum recorded depth of ∼240 m (Bonfitto et al., 1994;
Jiménez et al., 2016; Orejas et al., 2017). In the Aegean Sea (Greece
and Cyprus), this scleractinian has also been observed dwelling
on the soft bottom at 125–170 m depth (Salomidi et al., 2010;
Orejas et al., 2019a).

Knowledge about D. ramea is scarce. Some biological
information comes from experiments carried out in aquaria
(Orejas et al., 2019b; Reynaud and Ferrier-Pagès, 2019). It
is known for its use for ornamental purposes in both the
Mediterranean Sea and the Atlantic Ocean. Moreover, it is
affected by bycatch and entanglement in lost fishing gear (Salvati
et al., 2021). For these reasons, it is listed as Vulnerable in the
Mediterranean Red List (Anthozoans) (Otero et al., 2017) of the
International Union for the Conservation of Nature (IUCN) and
as Data Deficient in the Italian IUCN Red List (Italian corals)
(Salvati et al., 2014). Recently (December 2017), it has also been
included in Annex II (List of endangered or threatened species)
of the Barcelona Convention for all European States of the
Mediterranean (EC No. 338/97, UNEP/MAP-SPA/RAC, 2018).

Assessing the species distribution, population structure,
and conservation status is of paramount importance to
obtain valuable information to establish adequate management
and conservation plans, particularly for vulnerable species.
Understanding the ecological interactions of vulnerable marine
ecosystem (VME) with environmental and human constraints
has important implications for biodiversity conservation.

Considering the limited knowledge on the ecology of this
scleractinian, a population of D. ramea was investigated in the
southern shelf off Syracuse (Sicily, Ionian Sea, Italy) to contribute
to bridge this gap. The presence of this species in the area has
been reported by technical divers and local fishermen, but, to the
best of our knowledge, no information is available on its density
and distribution in the Ionian Sea.

The aim of this study was to characterize the D. ramea
population by investigating its distribution and density patterns
as well as population structure, and associated megabenthic
species. Moreover, the main threats affecting this vulnerable coral
in the study area are also discussed.

MATERIALS AND METHODS

Study Area
The study area is in the southeastern part of the Sicilian
continental margin (Ionian Sea, Central Mediterranean Sea) and
encompasses the so-called Apollo bank. The insular shelf is
narrow, up to 4-km wide, with the shelf break characterized
by the presence of numerous canyon heads. The oceanography
of the area is characterized by three water masses (Bonanno
et al., 2006; Bergamasco and Malanotte-Rizzoli, 2010; Celentano
et al., 2020): the Modified Atlantic Water (MAW) coming from
the Strait of Sicily and flowing eastward in the upper layer
(∼200 m); the Levantine Intermediate Water (LIW) flowing in
the intermediate layer, westward toward the Strait of Sicily, and
northward entering the Adriatic Sea; and water of Adriatic origin
in the deepest layer. The Ionian Sea is also characterized by
a bimodal phenomenon in the subbasin, i.e., Adriatic-Ionian

Bimodal Oscillating System (BiOS, Gačić et al., 2010, 2011),
a reversal of the circulation from cyclonic to anticyclonic at
decadal timescale, having important implications for the surface
transport of larvae and litter (Bergamasco and Malanotte-Rizzoli,
2010; Celentano et al., 2020).

No precise information is available in the literature about
the Apollo bank, but the information collected by fishermen
and recreational/technical divers reported the presence of
D. ramea colonies, locally called “Apollo corals,” along the entire
continental margin at the bathymetric range between 70 and 90 m
depth. The area is of high importance for fisheries; several fleets
operate targeting both pelagic and demersal species, by longlines,
and at deeper depths by trawling. The explored sites are located
approximately ≈1.5 NM offshore the coast between Plemmirio
and Avola villages (Figure 1). They are in front of the Natural
Reserve Cavagrande and of the mouth of the Cassibile river, one
of the most important rivers of Sicily.

Sampling Design
In summer 2021, a research campaign was carried out on board
the R/V Astrea of Istituto Superiore per la Protezione e Ricerca
Ambientale (ISPRA). Two exploratory dives, carried out in the
depth range of 70–80 m using a remotely operated vehicle (ROV,
Perseo, L3 Calzoni), revealed the presence of D. ramea in the
study area (Figure 1 and Table 1). The ROV was equipped
with a Kongsberg high-definition video camera (1,920 × 1,080
pixels), two lasers 16 cm apart used as a metric scale, and a
manipulator arm to take samples. In addition, ROV position
was acquired every 2 s using an ultrashort baseline (USBL)
underwater compact positioning system (µPAP 200, Kongsberg)
with up to 0.25◦ accuracy. Specific attention was paid to maintain
a constant ROV cruising speed of approximately 0.5 knots and an
altitude of approximately 1.5 m from the bottom.

The smooth plot of the georeferenced ROV tracks was
imported into the geographic information system (GIS) software
ArcGIS v10.3.1, and each ROV video track was divided into 2-
m-long sampling units (SUs; 2 m long × 1.5 m wide), according
to the studies by Corbera et al. (2019) and Castellan et al.
(2020). Overall, 1 h 30 min of ROV footage at the bottom was
processed using the free Internet software VLC. The portions
of the video (SUs) that is not relevant (i.e., ascent and descent
ROV phases, sample collection, recording close-up images, and
frames with poor visibility or out of focus) were not considered
in the analyses.

The substratum type along the tracks was visually classified
according to three categories, namely, mud, boulders on mud,
and rocky shoal. The prevalent substratum type was assigned to
each SU. A total of 328 SUs were extrapolated, and all megafaunal
organisms visible along each SU were classified to the lowest
taxonomic level. The population of D. ramea was estimated both
by the occupancy (frequency of occurrence in the SUs, %) and
by the density (no. of colonies m−2), calculated for each SU,
and expressed as mean ± SE. Information on the habitat and
megabenthic species associated with D. ramea was also collected.

Still images, captured from each video by DVDVideoSoft
software, were used for the morphometric analysis of D. ramea
colonies. Each frame was analyzed, and, when possible, colonies
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FIGURE 1 | Investigated area: (A) Apollo Bank. Black dots represent the locations of the two remotely operated vehicle (ROV) tracks where Dendrophyllia ramea
was found. Background bathymetry was obtained from EMODnet. (B,C) ROV track for each exploratory dive with the location of relative coral range abundance per
size class and an indication of the type of substratum.

were measured using ImageJ/Fiji software and the laser beams
as a scale. The estimated length values and/or the number
of calyxes were used for a preliminary assessment of the
population structure in terms of skewness and kurtosis. Each
coral colony was assigned to one of the four size classes as defined
by Orejas et al. (2019a).

The presence of benthic litter and abandoned, lost, or
otherwise discarded fishing gear (ALDFG) along with their
interaction with coral species was recorded following the method
described by Angiolillo et al. (2021).

RESULTS

The explored sites were mainly characterized by soft bottom
with scattered boulders. Overall, hard substratum covered up to
75.8% of the explored sea bottom (Figure 2A). The boulders were
covered by calcareous algae and encrusting sponges and dwelled
by bryozoans, serpulids, mollusks, and tunicates.

Turbidity was high, and a thin layer of sediment covered the
encrusted boulders. Rocky shoal substratum was recorded only
in the first dive (T1) and was characterized by the co-presence
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TABLE 1 | Summary of remotely operated vehicle (ROV) tracks performed in the
study area with an indication of geographical coordinates, depth, total length,
useful sampling units (SUs), Dendrophyllia ramea colonies (no.), occupancy (%),
density (colonies m−2), and percentage frequency (%) of entangled colonies by
abandoned, lost, or otherwise discarded fishing gear (ALDFG), along with litter
number (no.) and density (items m−2).

Track 1 Track 2

Date 10/07/2021 11/07/2021

Latitude start 36◦54′41.49′′ N 36◦55′01.42′′ N

Longitude start 15◦11′35.69′′ E 15◦11′40.78′′ E

Depth range (m) 72–79 70–72

Transect length (m) 468 188

Useful SU (no.) 160 72

Colony number (no.) 78 93

D. ramea occupancy (%) 24.4 38.9

D. ramea density (colonies m−2
± se) 0.17 ± 0.04 0.88 ± 0.24

Litter number (no.) 27 3

Litter density (items m−2
± se) 0.05 ± 0.01 0.01 ± 0.01

Entangled D. ramea colonies (no.) 8 0

Total entangled D. ramea colonies (%) 10.2 –

Entangled D. ramea colonies 20–30 cm (%) 23.0 –

Entangled D. ramea colonies > 40 cm (%) 100.0 –

of D. ramea and several healthy colonies of Corallium rubrum
(Figures 1, 3A). No other relevant structuring of Cnidarian
species was observed, except for the scattered presence of the
gorgonian Eunicella cavolini and some specimens of Alcyonium
acaule and Cerianthus sp. Several echinoderms were observed,
such as the starfish Echinaster sepositus, Chaetaster longipes, and
Peltaster placenta and the echinoids Echinus melo, Cidaris cidaris,
and Centrostephanus longispinus. The presence of the lobster
Palinurus elephas is remarkable. Associated megafauna observed
within the coral forest included 25 taxa. Three of the taxa found
are listed in at least one of the main legal instruments for species
conservation and management ongoing in the Mediterranean Sea
(Relini and Tunesi, 2009).

A total of 171 colonies of D. ramea (Figure 3) were counted
along the two tracks over an area of approximately 350 m2.

No colonies were observed on the soft substratum, except for a
few single corallites (Figure 3D) recorded in the proximity of
boulders (Figure 1). Overall, the colonies showed 24.4–38.9%
occupancy (Table 1), up to 82.4% when considering the part
of tracks characterized only by hard substratum. An average
abundance of 0.6± 0.4 to 1.1± 2.2 colonies per SU was observed,
with a density ranged between 0.17 ± 0.04 colonies m−2 and
0.88 ± 0.24 colonies m−2 (maximum density of 8 colonies
m−2) (Table 1).

Size-frequency histograms for each site showed that 97.0%
of the colonies were smaller than 40 cm (Figure 2B).
About 50.2% of the overall colonies showed single corallites.
The distributions were leptokurtic and highly skewed, with
evident right tails represented by big adults up to 49.5 cm
in height and 79.9 cm in wide. Particularly, the second
track (T2) shows the dominance of small colonies and
some medium-sized colonies (Figures 3D–F), whereas, in
the track T1, very large colonies were more abundant
(Figures 1, 3B,C,G–J). Along the two tracks, small and
larger colonies were associated with each other, with a
patchy distribution.

A total of 30 litter items were recorded. The dominant litter
types (96.6%) were related to fishing activities: lost lines and
bottom longlines made up the most significant portion of the
litter (63.3%), followed by ropes (30%) and nets (3.3%). An
unidentified waste was also found. All the three size classes of
marine litter were observed; however, 60% of the items were
assigned to the third class (>10 m2), mainly represented by ropes
and longlines, which showed the highest occurrence. Average
litter density ranged between 0.05 ± 0.01 and 0.01 ± 0.01 items
m−2 (Table 1). Of the total litter items, 26.6% were observed
to entangle sessile invertebrates (Figures 3G–J). Entanglement
affected 44% of the largest colonies of D. ramea (Table 1),
followed by a specimen of ascidian Microcosmus sp. Fresh
rubble of scleractinian was observed on the seafloor near
living colonies. The presence of epibionts was observed only
on the larger colonies entangled in ALDFG. Unidentified
bryozoans, sponges, and bivalves were settled on dead parts
of the colonies.

FIGURE 2 | (A) Percentage composition of substratum type. (B) Size distribution of colony height of D. ramea colonies in the study area.
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FIGURE 3 | D. ramea and the anthropogenic impact in the study area. (A) D. ramea (white arrows) and healthy Corallium rubrum colonies dwelling on a rocky shoal.
(B,C) Candelabra-shaped D. ramea colony with a close-up image. (D) Single corallites (white arrows) on the soft bottom. (E,F) Boulders with different sized
branched colonies of D. ramea. (G,H) Larger colonies of D. ramea entangled and broken by old lines (white arrows). (I,J) Very large bushy-shaped colonies of
D. ramea abraded by lines (white arrows). Approximated scale bar: 16 cm.

The remaining litter was recorded lying on the bottom
(73.3%). In these cases, it was not always possible to verify if litter
produced injury to organisms. Fishing-related litter was almost

completely covered by epibionts: hydroids were always recorded,
followed by high occurrences of coverage by encrusting sponges,
coralline algae, oysters, and bryozoans.
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DISCUSSION

To the best of our knowledge, this is the first quantitative study
of a Dendrophyllia ramea population on the Apollo bank, despite
the presence of the species in this area is known so far.

In the study area, this species thrives on boulders on a
sedimentary plateau at 70–80 m depth, as described by several
authors in other Mediterranean areas (Zibrowius, 1980; Aguilar
et al., 2006; Templado et al., 2009). Moreover, the bathymetric
range is similar to that observed by Salvati et al. (2021) in
northern Sicily. Some isolated D. ramea corallites were also
observed on the soft substratum (Figure 3D) between boulders.
However, colonies growing directly on the soft bottom, as
described by Orejas et al. (2017), were not recorded. This species
inhabits different geomorphologic settings, all characterized by
highly dynamic systems (Salvati et al., 2021). The peculiar
characteristic of the Ionian Sea in the dynamics and processes
of water exchange, important in determining biological patterns
(Bonanno et al., 2006; Bergamasco and Malanotte-Rizzoli,
2010; Celentano et al., 2020), could support the flourishing
settlement of D. ramea in this area. More detailed studies of
the environmental and hydrographical conditions should be
performed to confirm this hypothesis.

The population of D. ramea studied showed a patchy
distribution, with maximum densities up to 8 colonies m−2 and
average densities of 0.17 ± 0.04 and 0.8 ± 2.4 colonies m−2

(Table 1). Smaller colonies formed patches at higher densities.
These results are comparable with those recently obtained by
Orejas et al. (2017), while they are higher than those reported by
Salvati et al. (2021) for northern Sicily.

The size structure of the D. ramea population is asymmetrical,
mainly dominated by small colonies and single corallites. There
are also very large, lush colonies that show a bushy shape
(Figure 3J). The presence of small- and medium-sized colonies
together with large colonies suggests an active recruitment
(Orejas et al., 2017). The high number of small-sized colonies may
indicate young colonies, originated from sexual reproduction
and low larvae dispersion or by the fragmentations of larger
colonies (Wallace, 1985; Bruckner and Bruckner, 2001; Okubo
et al., 2007). Fragmentation can be a consequence of both natural
and anthropic stresses, as observed with other anthozoans (e.g.,
Wallace, 1985; Coppari et al., 2019). Relatively small colony sizes
might also be due to the presence of fishing impacts.

The anthropogenic impact revealed by the ROV footage
suggests that the remarkable D. ramea population described
is far from being in a pristine state. All largest colonies
are entangled by fishing gear (Table 1 and Figures 3I,J),
and broken branches are observed together with fragments,
suggesting a frequent disturbance to the coral population in the
area. An entangled colony shows detached branches with the
basal portions conspicuously turned up and exposed. Periodic
disturbances could cause upturning of entire colonies and their
possible fragmentation (Orejas et al., 2019c). No dead D. ramea
colonies have been recorded, but the colonies at direct contact
with fishing gear are often covered by epibionts, suggesting
that the tissue abrasion may enhance infections as well as the
susceptibility to epibiosis (Bo et al., 2014; Angiolillo, 2019).

Almost all litter items observed are related to fishing activities
and are more abundant in the track with more rocky outcrops
and more larger colonies (T1). The rocky nature and abrupt
morphology of the sites that were explored meant that fishermen
frequently damage bottom nets or snag their lines in rocks or
corals. The Apollo bank is severely exploited by commercial
fishing activities targeting valuable commercial species such
as lobsters and large fishes. Local fishermen knew about the
presence of the Dendrophyllia population at Apollo bank, which
they call “Apollo coral,” because all along the southern coast
of Syracuse at that bathymetric range of D. ramea is bycatch;
nets can completely remove entire colonies, and longlines
can bring up, damage, or cut off the branches of colonies.
Moreover, in the proximity of canyon heads, the area is also
intensively trawled (Global Fishing Watch, globalfishingwatch.
org, and Marine Traffic, marinetraffic.com). Although it has
not yet been quantified and characterized, sediment loads and
turbidity may increase if trawling occurs nearby of the area and
may cause mechanical damage, producing colony fragmentation
and material accumulation.

The destructive effects of ALDFG on benthic VME and
habitat-forming species are widely documented (Bo et al., 2014;
Galgani et al., 2018; Angiolillo and Fortibuoni, 2020), and its
use should be regulated or banned in areas characterized by
coral forests (Chimienti et al., 2019), because it may severely
threaten the survival of arborescent corals (Fabri et al., 2014;
Angiolillo, 2019; Otero and Marin, 2019; Chimienti et al., 2020;
Angeletti et al., 2021).

The co-presence of the vulnerable D. ramea with the precious
C. rubrum and other protected species such as C. longispinus
and P. elephas, all listed in different annexes of several legal
instruments (i.e., SPA/BIO Protocol of Barcelona Convention,
Berne Convention, and Habitat Directive 92/43/EEC), is
remarkable for the area.

Understanding the species and community distribution,
population structure, and state of conservation of vulnerable
corals and their ecological interactions with environmental and
human constraints has important implications for biodiversity
conservation (de la Torriente et al., 2019; Moccia et al.,
2019). This type of information is fundamental to identify and
implement appropriate management and conservation plans
to ensure biodiversity conservation/restoration and to shape
specific management measures also within the Marine Strategy
Framework Directive (EC, 2008).

CONCLUSION

These preliminary data on the D. ramea population at Apollo
bank highlight the need for the conservation of this remarkable
assemblage in the area. The collection of new data at the
Mediterranean scale is required to enlarge the knowledge
on the distribution of this vulnerable scleractinian and add
information about the biodiversity of the mesophotic zone.
Further exploratory studies are essential to deepen the biology
and ecology of the species and to assess the ongoing and
future responses of this coral to natural- and human-induced
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changes (e.g., increasing human pressures and climate change)
affecting the Mediterranean Sea. Data acquired in this study,
although spatially limited, together with those recently reported
by Salvati et al. (2021) for the northeastern Sicilian waters, add
new knowledge on D. ramea and its vulnerability to fishing
activity and may be useful to bridge the gap in the data-deficient
assessment in the Italian IUCN Red List.
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Gačić, M., Civitarese, G., Eusebi-Borzelli, G. L., Kovačević, V., Poulain, P.-
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