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Coralligenous bioconstructions are among the most important Mediterranean habitats for biodiversity maintenance.
However some characteristic and sensitive organisms, such as the fan corals, are considered endangered in the international
community; indeed, they may be severely damaged by fishing activities causing mechanical damage and increasing sedimen-
tation rate. ROV (Remotely Operated Vehicle) investigations were carried out in order to characterize different morphological
types of coralligenous habitat (rim, bank and shoal) located in the southern Bay of Naples (Italy), and to assess the presence of
lost fishing gears and their impact on these benthic communities. A rapid classification of different fishing pressures and
impacts was obtained through the development of new, representative and synthetic categories. Image analysis revealed
the presence of rich and diversified communities, characterized by several fan coral colonies. However, fishing activity dra-
matically affects these coralligenous habitats, entangling and covering benthic assemblages and leading to necrosis and to
parasitic epibionts growth especially on branched organisms. Monitoring programmes may provide a detailed assessment
of coralligenous habitats characterization, distribution and health status. An accurate evaluation of fishing pressure and
impact may be considered a useful tool to improve sustainable management of these valuable habitats.
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I N T R O D U C T I O N

Coralligenous assemblage is a hard bottom habitat character-
istic of the Mediterranean Sea and particularly important for
its extent, biodiversity and role in carbon dynamics
(Ballesteros, 2006; Relini & Giaccone, 2009; Piazzi et al.,
2010). It originates from biogenic formations produced by
the accumulation of crustose coralline algae, growing at low
irradiance and stable environmental conditions, and creating
calcareous layers overlapping with other carbonate organisms
(True, 1970; Laborel, 1987; Marti et al., 2004). These biocon-
structions are structurally complex and permanent, and have
great ecological importance in creating heterogeneous habitats
and representing an attractive substrate for the settlement of
many invertebrate species and sessile organisms (Laubier,
1966; Sartoretto et al., 1996; Relini, 2009).

Coralline algae are among the main bioconstructor organ-
isms of coral reefs (Finckh, 1904; Hillis-Colinvaux, 1986).
While they are usually restricted to littoral or shallow sublit-
toral environments in tropical areas (Lee, 1967; Littler,
1973), the coralline algal concretions thrive in deeper waters
(20–120 m depth) in the coralligenous frameworks of the
Mediterranean Sea (Ballesteros, 2006). Two major forms of
coralligenous habitats have been described: (i) rims, growing

on coastal rocks (e.g. vertical cliffs, overhangs and outer
parts of marine caves); (ii) platform outcrops, developing on
the horizontal continental shelves over consolidated sedi-
ments, coalesced rhodolites or pre-existing rocky substrates
(Pérès & Picard, 1964; Laborel, 1987; Ballesteros, 2006).

Coral reefs represent one of the most threatened ecosys-
tems in tropical seas, just as the coralligenous bioconstructions
are among the most endangered Mediterranean habitats,
as confirmed by international protection agreements
(Habitat Directive 92/43/CEE; SPA/BIO Protocol; Barcelona
Convention; Berne Convention), since they are characterized
by the presence of species highly sensitive to human disturb-
ance, such as the fan corals Corallium rubrum, Eunicella cavo-
linii and Paramuricea clavata (Brown & Macfadyen, 2007;
Relini & Tunesi, 2009; Bavestrello et al., 2014). Many
anthropic activities, such as fishing, have negative effects par-
ticularly on hard bottom benthic communities (Collie et al.,
2000). Fishing may lead to modifications in communities
structure and functioning, shifting species composition
towards opportunistic assemblages composed of rapid
growth rates species (Schiaparelli et al., 2001; Clark &
Koslow, 2007; Daskalov et al., 2007). Furthermore, the pres-
sure of fishing activities reduces coverage, diversity and abun-
dance of habitat-forming species and associated organisms
(Blanchard et al., 2004; Althaus et al., 2009; Maynou &
Cartes, 2012). Within coralligenous assemblages, erect and
branched organisms with calcareous skeletons and those
that are large, such as bryozoans and fan corals, are the
most endangered by fishing gears, since their colonies are
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often damaged, broken and upturned, and show necrosis due
to mechanical friction, leading to their being overgrown by
epibionts (Hall-Spencer et al., 2002; UNEP, 2009; Bo et al.,
2014a; Angiolillo et al., 2015).

Over the past decade there has been an increase in the
amount, distribution and effects of lost fishing gears, due to
the rapid expansion of fishing effort and fishing grounds
(Gilman, 2015). Lost fishing gears, such as nets and longlines,
from both professional and recreational fishing activities can
pose substantial ecological and socioeconomic problems.
Indeed, ghost fishing, mainly represented by lost nets and
longlines, continues to catch target, non-target and protected
species (such as turtles, seabirds and marine mammals), alters
the benthic environment, introduce synthetic material into
the marine food web, facilitates the introduction of alien
species and passively entangles marine organisms (Macfadyen
et al., 2009).

Generally, lost gears of artisanal fishing (longlines, hooks,
etc.) mainly affect the coralligenous assemblages on rocky
cliffs and shoals, where fishes are gathered (Sbrescia et al.,
2008). Professional fishing such as trawling, practiced on the
shelf soft bottoms, may affect the deep coralligenous banks
scattered on these bottoms. This kind of pressure is unfortu-
nately very common in different areas of the Tyrrhenian Sea
(Colloca et al., 2003; Mangano et al., 2013); it is among the
most destructive fishing methods causing the degradation of
large coralligenous bioconstructions, both by damaging the
biological structures mechanically, and by affecting the pro-
duction of crustose algae with the increase of turbidity and
sedimentation rates (Kaiser et al., 2001; Ballesteros, 2006;
Clark & Koslow, 2007; Althaus et al., 2009).

The Bay of Naples has been chosen among the assessment
areas for inclusion in the Marine Strategy Framework
Directive (MSFD-2008/56/EC) in order to study benthic com-
munities. The seabed fauna of the Bay of Naples has been
extensively studied since the 19th century (Colombo, 1887;
Mazzarelli & Mazzarelli, 1918; Ranzi, 1930). However, infor-
mation on the types and distribution of benthic habitats has

only recently been acquired; particularly, Russo et al. (2008)
described seascape habitats of some MPAs established long-
shore of the Gulf of Naples.

Along the Campania’s coasts, several mass mortality events
of benthic communities, especially fan corals, recorded mostly
during the summer period, were detected (Gambi et al., 2010;
Bavestrello et al., 2014). The density of some characteristic
species of coralligenous assemblages, such as Eunicella cavoli-
nii (Koch, 1887), E. singularis (Esper, 1791), Paramuricea
clavata (Risso, 1826) and Corallium rubrum (L., 1758), has
been drastically reduced (Sbrescia et al., 2008). In all these
cases the highest mortality rates were recorded around
30–40 m depth during the summer and this is mainly corre-
lated with the increase in Mediterranean surface water tem-
peratures, lowering the thermocline at higher depths,
possibly in relation with the global warming (Cinelli et al.,
2009). The human stress has played, however, an important
role in the degradation of these habitats since the areas have
been exploited by fishing activities for centuries (Colombo,
1887; Russo et al., 2004).

In this study, a first analysis of some of the most exploited
coralligenous habitats of the Bay of Naples was performed, in
order to evaluate the characteristics of the different coralligen-
ous assemblages and to assess the extent of fishing impact on
these bioconstructions.

M A T E R I A L S A N D M E T H O D S

Study area
Although coralligenous habitats are scattered in the whole
study area, they are mainly grouped on the north-west side
where the large number of rocky outcrops (mostly remains
of submarine volcanic cones) play an important biological
role as hotspots of biodiversity in a widely distributed
muddy bottom (Russo, 1997). The distribution of coralligen-
ous habitat patches in the Bay of Naples is shown in Figure 1.

Fig. 1. Coralligenous habitat patches scattered in the whole Bay of Naples.
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The south-east side, consisting mostly of a large muddy plat-
form that gently degrades until 200 m depth, is more regular
than the north-west side. In this area there are many little out-
crops of coralligenous bioconstructions surrounded by soft
bottom, principally resulting from accumulation and compac-
tion of biogenic sediment, more or less isolated and variable in
size. Their presence, however, is reported mainly from the
empirical knowledge of fishermen. At the south-east side, the
Sorrento Peninsula separates the Bay of Naples and the Bay of
Salerno. Here, the continental slope starts steeply at about
70 m depth and is characterized by a high hydrodynamic
regime determining the presence of environmentally and eco-
nomically important species such as the precious red coral
Corallium rubrum (Bavestrello et al., 2014; Cattaneo et al., 2016).

Field activities
Following the Marine Strategy protocols (MSFD-2008/56/EC)
for coralligenous habitats, surveys with a ROV (Remotely
Operated Vehicle) were performed in high natural value
areas represented, in this case, by three coralligenous
patches. A ROV (Perseus by Ageotec) equipped with a high
definition (HD) camera, 2 lights, 2 parallel laser beams for
the evaluation of size of the organisms, was used. In addition,
a navigation camera with underwater positioning system
USBL (Ultra Short Base Line System) interfaced with an
on-board navigation system, which allows determination in
real time of the geographic location and the exact depth in
which the ROV is located, was mounted on the ROV.

The study area was selected on the basis of cartographic
and bibliographic information (Russo, 1992, 2000) and in
relation to the results of some recent video-surveys aimed to
assess the presence and the preservation status of some
ancient red coral populations (Corallium rubrum) in the
Bay of Naples (Bavestrello et al., 2014).

A preliminary campaign was carried out in May 2014, in
order to map and to assess the ecological status of coralligen-
ous habitats. In particular, three sites, located at the SE part of
the Bay of Naples were investigated: Bocca Piccola, a platform
coralligenous outcrop, located at the north of Sorrentino
Peninsula (about 120 m depth); Secchitiello, a small shoal
located at SW of Sorrento Peninsula, with a bathymetric
range of 55 and 75 m; Ieranto, the shallower part of continen-
tal slope, located at about 0.5 miles south off Sorrentino
Peninsula, ranging from �70–150 m depth, with a mean
slope of �258 (Figure 2). These three sites may be considered
as representative of the different coralligenous habitats present
in the Bay and are exposed to many anthropic impacts affect-
ing deep hard bottoms.

Detailed information on type of substrate and structure
was acquired for each site through multibeam and side-scan
sonar (SSS) surveys. ROV survey routes were then outlined
on the basis of the above data, according to the monitoring
programme (MFSD).

Data management
Georeferenced videos were defragmented using DVDVideoSoftw

software, in order to obtain random frames every 10 s. Of these,
only images containing coralligenous bioconstructions were
considered.

A random selection of frames featuring coralligenous habi-
tats were analysed and processed in order to assess the total

coralligenous cover and abundance of the different morpho-
logical groups within macro and mega benthos (from about
2 cm in serpulids and madrepores to several tens of centi-
metres in sponges and fan corals). Subsequently, the image
analysis was carried out using Seascapew software, based on
the image segmentation through different tone shades; this
software allows the choice of the appropriate level of segmen-
tation and the selection of different segments of the same
colour, corresponding to a species or a morphological
group; covering surfaces are then calculated. Areas of each
frame, referred to the two ROV laser beams, are also calcu-
lated using ImageJw software. Densities on square metres of
conspicuous sessile organisms (e.g. fan corals) were finally
calculated.

In addition, the total number of frames containing coralli-
genous bioconstructions was analysed to identify lost fishing
gears and different types of damages, especially on fan
corals, such as broken or necrotic branches or overgrown
with epibionts, or whole ripped colonies, found upturned on
the bottom, or, in general, coralligenous bioconstructions
entangled or covered by fishing gears, in order to describe
and quantify the human pressure and its impact. In particular,
fishing pressure was calculated as percentage of frames pre-
senting lost fishing gears, while fishing impact was estimated
as percentage of frames presenting damaged coralligenous
structures. Longlines and nets (trawl nets, gillnets or
trammel nets), the two main lost fishing gears affecting the
coralligenous substrate, were considered for fishing pressure,
while other lost gears, such as traps, ropes, moorings,
anchors, etc., were gathered under the name of ‘other’

Fig. 2. Sites position within the study area.
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(Table 1). Different impacts of fishing activities were classified
into three new categories (Figure 3 and Table 1): BUC
(Broken/Upturned fan coral Colonies), CNE (Colonies with
Necrosis/Epibionts), GCE (Gears Covering/Entangling coral-
ligenous habitat).

A multivariate analysis was performed in order to detect
statistical differences among sites. A distance-based permuta-
tion multivariate analysis of variance (PERMANOVA;
Anderson, 2001), based on Euclidian distance, was carried
out on lost gears and fishing impact categories. The statistical
analysis design involved the factor Site (fixed, 3 levels), N ¼ 1.
Post hoc pair-wise comparisons, using the PERMANOVA
t-statistic and 4999 permutations, were also conducted in
order to investigate differences among sites. All computations
were made with Primer 6 software (Clarke & Gorley, 2006).

Finally, additional information regarding sediment cover,
type and inclination of substrate, depth, temperature, cur-
rents, salinity and turbidity were considered in order to
describe the coralligenous habitat in each site and evaluate
the anthropic impact.

R E S U L T S

After defragmentation a total of 782 images containing coral-
ligenous bioconstructions were randomly obtained. A total of
119 best quality images (about 40 for each site) were then
selected to perform the image analysis. At the end of this
process, each photo appears as a heterogeneous mosaic of dif-
ferent size and colour segments representative of different
species or morphological groups, for which it was possible
to calculate the percentage of surface occupied.

For each analysed photographic area, a list of morpho-
logical groups with respective percentage cover or densities
(number of individuals/colonies m22), for the erect organisms
with large dimensions and a height up to about 50 cm (e.g. fan
corals), was thus obtained. The list of all morphological
groups present at each site is shown in Table 2. A total of
10 morphological groups was detected at Bocca Piccola,
while 15 and 14 were respectively detected at Secchitiello
and Ieranto.

Subsequently, the morphological group abundances and
the other coralligenous substrate cover (when no morpho-
logical groups are evident) were summed in order to evaluate
the total coralligenous surface cover, compared with sediment
cover or bare substrate, at each site.

The mean value of coralligenous coverage was 23% at Bocca
Piccola site (with soft corals, fan corals and crustose coralline
algae being dominant), where the lowest number of morpho-
logical groups is also recorded. Secchitiello site showed a coral-
ligenous cover of 75% (erect red algae, encrusting sponges, fan
corals and crustose coralline algae are the dominant forms),
while Ieranto site had 59% cover (fan corals, encrusting and
massive sponges, and crustose coralline algae represent the
dominant groups) (Figure 4). Generally, fan corals, encrusting
sponges and crustose coralline algae are the most abundant
morphological groups in the study area.

A clear change of species distribution, correlated with
bathymetric gradient, was evident at Ieranto site, as also pre-
viously shown in a preliminary investigation (Ferrigno et al.,
2015); in particular, the shallower margin of the cliff is char-
acterized by the dominance of Paramuricea clavata (4.63 +
1.83 colonies m22); with the increase of depth Corallium
rubrum (43.85 + 9.01 colonies m22) and E. cavolinii
(13.50 + 5.85 colonies m22) become more abundant, and,
finally, the deepest part (115–155 m depth) is dominated by
sponges mainly of genera Haliclona and Aplysina (Figure 5).

About 53% of frames were impacted by lost gears at Bocca
Piccola (46% represented by nets, 38% by longlines, and 16%
by other gears); about 31% of frames were impacted by lost
gears at Secchitiello (80% represented by longlines, 16% by
other gears and 4% by nets); about 27% of frames were
impacted by lost gears at Ieranto (78% represented by long-
lines and 22% by nets) (Figure 6).

GCE (gears covering/entangling coralligenous habitat) is
the most frequent category of fishing impact, with the
highest values at Bocca Piccola (GCE ¼ 36%), where the
highest BUC (broken/upturned fan coral colonies) value was
also detected (BUC ¼ 5%); at Secchitiello site the highest
values of CNE (fan coral colonies with necrosis/epibionts)
was detected (CNE ¼ 10%). The alcionarian Alcyonium coral-
loides (Pallas, 1766), followed by hydroids, serpulids and
encrusting bryozoans were the main epibiontic organisms
detected.

Overall, 48% of coralligenous habitat was impacted at
Bocca Piccola, 33% at Secchitiello, and 35% at Ieranto
(Figure 7).

Multivariate analyses show statistical differences, based on
lost gears, between Bocca Piccola and Ieranto sites and
between Bocca Piccola and Secchitiello sites; while, based on
fishing impact, differences were detected only between
Bocca Piccola and Secchitiello (Table 3, Figures 6 & 7).

Fig. 3. Categories of fishing impact: (A) broken/upturned fan coral colonies (BUC); (B) fan coral colonies with necrosis/epibionts (CNE); (C) gears covering/
entangling coralligenous habitats (GCE).
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D I S C U S S I O N

Hard bottom assemblages and especially coralligenous habi-
tats are very sensitive to human activities, showing changes
in structure and composition (Bavestrello et al., 2015).
Fishing is among the main anthropic activities along coastal
areas, affecting several bottom communities (MacDonald
et al., 1996; Bavestrello et al., 1997; Collie et al., 2000; Kaiser
et al., 2001; Blanchard et al., 2004; Brown & Macfadyen,
2007; Deidun et al., 2010). Particularly, trawl fishing, due to
contact with the seabed, increases turbidity, sedimentation
rate and nutrient resuspension, generating plumes which
redeposition extends up to about 500 m after 4 h, depending
on currents (Durrieu De Madron et al., 2005). Furthermore,
trawling may cause severe damage to branched organisms,
mostly in the form of broken and smothered colonies
(Bavestrello et al., 2015).

In this study, an assessment of fishing pressure and impact
was carried out using ROV-imaging. Particularly, new, repre-
sentative and synthetic categories for the detection of the main
lost fishing gears (longlines, nets and other) and their impact
(BUC, CNE and CGE) on sensitive benthic organisms, such as
fan corals, were developed. Since the last decade, ROV surveys
in the Mediterranean Sea have provided clear evidence of
fishing impacts, through the use of footage analysis; this tech-
nology is particularly useful in obtaining quantitative data on
lost fishing gears and other litter (Hyland et al., 2005; Bo et al.,
2014a, b; Angiolillo et al., 2015; Vieira et al., 2015;
Cánovas-Molina et al., 2016; Clark et al., 2016). ROV
surveys have highlighted the widespread presence of fishing
impact in the western Mediterranean Sea by reducing the

coverage of habitat-forming taxa and lastly the diversity and
abundance of associated invertebrates and fish (Orejas et al.,
2009; Bo et al., 2014a, b). Furthermore, Angiolillo et al.
(2015) showed the positive correlation between the number
of dead colonies and the presence of lost gears in the
habitat, indicating the destructive effects of fishing activities.

The study area, located in the Bay of Naples, presents
several coralligenous bioconstructions (Colombo, 1887; Lo
Bianco, 1909; Mazzarelli & Mazzarelli, 1918; Ranzi, 1930;
Russo, 1992, 1997, 2000; Gambi et al., 2003), most of which
are not yet characterized. From this work it emerges that the
analysed sites have specific coralligenous assemblages
varying in richness and abundance, probably linked to par-
ticular geographic and environmental characteristics, and
they significantly differ for both fishing pressure and impact.

Bocca Piccola site is a deep and small coralligenous outcrop
created by bioconstructors, located on a wide muddy platform
at about 120 m depth and, due to the inner position in the Bay
of Naples, it is affected by slow local currents and water turn-
over, with a resulting higher turbidity (De Ruggiero et al.,
2016). It is probably an important refuge from adverse condi-
tions for marine benthic organisms and demersal fishes, being
on a wide and muddy bottom far away from the coast
(Bongaerts et al., 2010). Here trawling activity was very
heavy, as highlighted by a high number of lost nets affecting
coralligenous assemblages; trawling may cause several types
of damage, particularly on mega-benthic assemblages, due to
mechanical impact and increase of sedimentation rate, espe-
cially with deeper and finer sediments, also far away from
the trawled seabed (Durrieu De Madron et al., 2005;
Bavestrello et al., 2015), leading to loss of richness, diversity

Table 2. List of coralligenous morphological groups, with respective phylum, found in the analysed sites.

Phylum Morphological group Bocca Piccola Secchitiello Ieranto

Annelida Serpulids X X X
Bryozoa Encrusting bryozoans X X
Bryozoa Erect bryozoans X X
Chlorophyta Other erect algae X X
Chlorophyta Encrusting algae X
Chordata Ascidians X
Cnidaria Colonial madrepores X
Cnidaria Fan corals X X X
Cnidaria Hydroids X X X
Cnidaria Soft corals X X X
Cnidaria Solitary madrepores X X X
Mollusca Encrusting bivalves x
Porifera Encrusting sponges X X X
Porifera Erect sponges X
Porifera Massive sponges X X X
Rhodophyta Erect red algae X X
Rhodophyta Crustose coralline algae X X X

Turf X

Table 1. New categories for classification of main lost gears and fishing impacts.

Lost gears Fishing impact

Longlines BUC (broken/upturned fan coral colonies)
Nets (trawl, gillnet, or trammel) CNE ( fan coral colonies with necrosis/epibionts)
Other (anchors, ropes, doors, moorings, etc.) GCE (gears covering/entangling coralligenous habitat)
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and density of communities (Smith et al., 2000; Althaus et al.,
2009; Clark et al., 2016).

Secchitiello was the richest and most diverse site, with the
highest number of morphological groups, coralligenous cover
and fan coral densities. This site is an offshore rocky shoal,
surrounded by sandy and debris bottom, attracting numerous
and different organisms and representing a hotspot of bio-
diversity. The distance from the coast may partially protect
this site from pollution and might also allow growth of a
high number of species (Devlin & Brodie, 2005; Bo et al.,
2011). Due to the high biodiversity of this site, artisanal
fishing is popular here and, indeed, as demonstrated by high

number of longlines entangling the coralligenous bioconstruc-
tions, is quite intense. No strongly different hydrology among
sites should be observed and the environmental variables are
quite homogeneous (Cianelli et al., 2012); nevertheless,
Secchitiello, the shallower site, shows slight differences, with
temperature higher by about 0.58C and salinity lower by
about 0.5 PSU (De Ruggiero et al., 2016).

Fig. 4. Abundances of morphological groups: (A) Bocca Piccola, (B)
Secchitiello, (C) Ieranto.

Fig. 5. Schematic representation of dominant species distribution, along
bathymetric gradient, at Ieranto site (from Ferrigno et al., 2015).

Fig. 6. Abundances of lost fishing gears, in the study area, and differences
among sites from PERMANOVA (n.s. ¼ not significant; ∗∗∗P , 0.001).

Fig. 7. Abundances of different type of fishing impacts, in the study area, and
differences among sites from PERMANOVA (n.s. ¼ not significant; ∗∗∗P ,

0.001).
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Ieranto site is a vertical underwater cliff close to the south-
ern coast of the Sorrento Peninsula, and it is located at the
edge of continental shelf. Here, strong upwelling currents
(De Ruggiero et al., 2016) generating water turnover and pro-
moting nutrients dispersion allowed the establishment of a
deep well-structured fan corals facies down to about 115 m
depth. Beyond this depth the coralligenous richness and abun-
dance decreased, probably due to an effect of the observed
increase of sediment accumulation. The presence of several
morphological groups and, overall, a high coralligenous
cover, characterizes the Secchitiello and Ieranto sites, where
sediment cover is lower compared with Bocca Piccola,
which is surrounded by muddy bottoms. They host a very
rich and diversified coralligenous assemblage mainly domi-
nated by big and erect suspension feeders, such as the fan
corals Eunicella cavolinii, Paramuricea clavata and
Corallium rubrum, characteristic species of highly hydro-
dynamic (Bo et al., 2009) and quite eutrophic (Ballesteros,
2006) environments. However, the results showed that at
depths greater than �110 m the coralligenous habitat exten-
sion decreases and sediment cover increases. This was
observed also with slope decrease; indeed, Bocca Piccola site,
where coralligenous assemblage develops on horizontal sub-
strate, seems to be less rich and diverse than the other sites.

The surveys documented an important presence of coralli-
genous assemblages impacted by lost fishing gears at all sites,
confirming the heavy fishing pressure of the area, as previ-
ously reported (Sbrescia et al., 2008). Bocca Piccola was sig-
nificantly different from the other sites, with the highest
anthropic pressure and impact. Despite its offshore location,
here the highest number of lost nets entangling and covering
coralligenous assemblages was detected. On the contrary, in
the other two sites, longlines used by artisanal and recreational
fishing were mainly detected. Usually a higher abundance of
marine litter is observed closer to the coastline and urban
centres (Mordecai et al., 2011). However, Watters et al.
(2010) observed this pattern does not always occur and there
may be a positive relationship between density of lost gears
and distance from the coast. This applies to Bocca Piccola
site, and it is probably due to the presence of commercially rele-
vant fishing stocks inhabiting off-shore deep rocky banks,
attracting local recreational and professional fishermen (Bo
et al., 2014b). Indeed, occurrence of commercial target
species, along with physical characteristics of an area, such as
depth and topography, influence the fishing effort and conse-
quently the impact on benthic communities (Bo et al., 2014a).

Between 2003 and 2014 the fishing fleet has constantly con-
tracted up to 20% and, in particular, trawling activity is the
most affected by the downsizing process, followed by
small-scale fishing (MIPAAF, 2014). Nevertheless, trawling
and small-scale fishing are among the major fishing
methods, representing respectively 10 and 81% of the

number of vessels, with 118 and 957 units, and 30 and 17%
of GT (gross tonnage), operating during 2010 in the Bay of
Naples (IREPA, 2011), highlighting the strong fishing effort
in the study area.

Strong human pressure may endanger high biodiversity
areas (Sandulli et al., 2004), affecting the benthic communities
by breaking and upturning large and branched colonies and
inducing diseases due to mechanical friction (Asoh et al.,
2004; Bo et al., 2014a; Ferrigno et al., 2016). Several sensitive
organisms of coralligenous habitats, such as C. rubrum,
already seriously damaged as a result of a long history of com-
mercial exploitation (Gallmetzer et al., 2010; Tsounis et al.,
2010; Bavestrello et al., 2014), and, for this reason, added to
the IUCN Red List of Threatened Species, are present in this
area. Some coral mortality events were observed particularly
in branched colonies of C. rubrum, E. cavolinii and
P. clavata (Bavestrello et al., 1994; Cerrano et al., 2000,
2005; Garrabou et al., 2001; Gambi et al., 2010; Gambi &
Barbieri, 2012), probably due to thermal crisis, hydrodynamic
exchanges and water pollution. Nevertheless, fishing activities
might also induce stressing conditions leading to the prolifer-
ation and infection of pathogenic microorganisms on fan
coral colonies (Bally & Garrabou, 2007; Vezzulli et al., 2010).

In this study, the impact of fishing activities on biocoenoses
was also emphasized by different types of damage caused by
several lost gears covering or entangling coralligenous
habitat. Furthermore, several fan coral colonies were broken
or upturned on the bottom and damaged by necrosis or over-
grown with epibionts, particularly at Secchitiello site, confirm-
ing the high sensitivity to fishing of fan corals. Differently
from C. rubrum, the elastic skeletons of E. cavolinii and
P. clavata usually do not break, but, if abraded by longlines
friction became necrotic and may be colonized by epibionts,
which cover and smother the colonies (Bo et al., 2014a, b;
Angiolillo et al., 2015). Among the most common epibionts
is the parasitic Alcyonium coralloides; other opportunistic
fast growing organisms, such as hydroids, polychaetes and
bryozoans have been widely found on dead coral branches.

In areas exploited by trawl fishing, a detailed assessment of
communities distribution and fishing routes may provide
useful management information, allowing the design and
management of Marine Protected Areas with different protec-
tion levels (Bavestrello et al., 2015). Particularly, the abun-
dance and the health status of the most structuring species,
such as fan corals, may be considered in order to evaluate
the fishing impact (Bo et al., 2014a). Management tools,
extended to coralligenous habitats, should propose guidelines
for a more sustainable fishing, also including fishing ban
periods or allocating a budget for removal of lost fishing
gears found on the bottom. Moreover, several technical mea-
sures could significantly reduce the fishing impact on these
benthic ecosystems. For example, the contact zone of trawling
nets with bottom can be reduced by decreasing the net length
or by using composite and soft material; for gillnets and
trammel nets, adjusting the mesh size, and choosing the size
of the targeted species, may significantly reduce the capture
of unwanted organisms (Sacchi, 2012). Past assessments of
regional fisheries management organizations concluded that
there are substantial deficits in monitoring, surveillance and
enforcement (Gilman, 2015). Thus, monitoring high biodiver-
sity areas and drawing due attention to identify needed
improvements in local and international management is
urgently required.

Table 3. Pair-wise comparisons for differences in site factor for lost gears
and fishing impact.

Lost gears Fishing impact

Bocca Piccola–Ieranto ∗∗∗ n.s.
Bocca Piccola–Secchitiello ∗∗∗ ∗∗∗

Secchitiello–Ieranto n.s. n.s.

n.s., not significant; ∗∗∗P , 0.001.
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C O N C L U S I O N S

ROV-imaging detected a general decrease of coralligenous per
cent cover and morphological groups number and abun-
dances with increasing depth or decreasing slope, probably
due to sedimentation rate increase. In particular, the studied
sites are characterized by rich and diversified coralligenous
assemblages, with a high presence of fan corals; particularly
Eunicella cavolinii and Paramuricea clavata were abundant
at Secchitiello site, while several colonies of the sensitive and
quite rare Corallium rubrum were present at Ieranto site.

Nevertheless, different fan corals colonies were clearly
damaged by fishing gears, entangling these branched organ-
isms and leading to overgrowth of epibiontic and parasitic
species, such as the alcionarian Alcyonium coralloides. The
pressure of fishing activities was particularly demonstrated
at Bocca Piccola by the high presence of lost gears on coralli-
genous habitats. Overall, a moderate presence of coralligenous
assemblages covered or entangled by gears was detected at all
sites (on average 28% of analysed frames). The impact of
fishing activities was, instead, established by damaged coralli-
genous assemblages, shown by high values of gears covering or
entangling coralligenous habitat at Bocca Piccola and by fan
coral colonies with necrosis or epibionts at Secchitiello.

The continuous exploitation of these rich and diverse cor-
alligenous habitats may lead to endangerment of the whole
ecosystems, these being highly sensitive to human activities
and particularly to fishing, as confirmed by this study.
Nevertheless, still too little is known about fishing impact
on benthic and deep habitats of hard bottoms. More sustain-
able fishing techniques, protection measures and monitoring
programmes are urgently required, in order to improve the
ecosystem management.
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Russo G.F., Sandulli R., Santangelo G. and Bavestrello G. (2016)
An Italian overexploited treasure: past and present distribution and

48 federica ferrigno et al.

https://doi.org/10.1017/S0025315417001096 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315417001096


exploitation of the precious red coral Corallium rubrum (L., 1758)
(Cnidaria: Anthozoa). Italian Journal of Zoology 83, 443–455.

Cerrano C., Arillo A., Azzini F., Calcinai B., Castellano L., Muti C.,
Valisano L., Zega G. and Bavestrello G. (2005) Gorgonian population
recovery after a mass mortality event. Aquatic Conservation: Marine
and Freshwater Ecosystems 15, 147–157.

Cerrano C., Bavestrello G., Bianchi C.N., Cattaneo-Vietti R., Bava S.,
Morganti C., Morri C., Picco P., Sara G., Schiaparelli S., Siccardi
A. and Sponga F. (2000) A catastrophic mass-mortality episode of
gorgonians and other organisms in the Ligurian Sea (Northwestern
Mediterranean), summer 1999. Ecology Letters 3, 284–293.

Cianelli D., Uttieri M., Buonocore B., Falco P., Zambardino G. and
Zambianchi E. (2012) Dynamics of a very special Mediterranean
coastal area: the Gulf of Naples. In Williams G.S. (ed.)
Mediterranean ecosystems: dynamics & conservation. Hauppauge,
NY: Nova Science Publishers, pp. 1–22.

Cinelli F., Relini G. and Tunesi L. (2009) Aspetti di conservazione e ges-
tione. In Relini G. (ed.) Quaderni Habitat: Biocostruzioni marine –
Elementi di architettura naturale. Udine: Ministero dell’Ambiente e
della tutela del Territorio e del Mare, and Museo Friulano di Storia
Naturale, pp. 115–141.

Clark M.R., Althaus F., Schlacher T.A., Williams A., Bowden D.A. and
Rowden A.A. (2016) The impacts of deep-sea fisheries on benthic
communities: a review. ICES Journal of Marine Science 73, i51–i69.

Clark M.R. and Koslow J.A. (2007) Impacts of fisheries on seamounts. In
Pitcher T.J., Morato T., Hart P.J.B., Clark M.R., Haggan N. and Santos
R.S. (eds) Seamounts: ecology, fisheries and conservation. Oxford:
Blackwell Publishing, pp. 413–441.

Clarke K.R. and Gorley R.N. (2006) PRIMER v6: user manual/tutorial.
Plymouth: PRIMER-E.

Collie J.S., Hall S.J., Kaiser M.J. and Poiner I.R. (2000) A quantitative
analysis of fishing impacts on shelf-sea benthos. Journal of Animal
Ecology 69, 785–798.

Colloca F., Cardinale M., Belluscio A. and Ardizzone G. (2003) Pattern
of distribution and diversity of demersal assemblages in the central
Mediterranean sea. Estuarine, Coastal and Shelf Science 56, 469–480.

Colombo A. (1887) La fauna sottomarina del Golfo di Napoli. Rivista
Marittima 20, 1–107.

Daskalov G.M., Grishin A.N., Rodionov S. and Mihneva V. (2007)
Trophic cascades triggered by overfishing reveal possible mechanisms
of ecosystem regime shifts. Proceedings of the National Academy of
Sciences USA 104, 10518–10523.

Deidun A., Tsounis G., Balzan F. and Micallef A. (2010) Records of
black coral (Antipatharia) and red coral (Corallium rubrum) fishing
activities in the Maltese Islands. Marine Biodiversity Records 3, e90.

De Ruggiero P., Napolitano E., Iacono R. and Pierini S. (2016) A high-
resolution modelling study of the circulation along the Campania
coastal system, with a special focus on the Gulf of Naples.
Continental Shelf Research 122, 85–101.

Devlin M.J. and Brodie J. (2005) Terrestrial discharge into the Great
Barrier Reef Lagoon: nutrient behavior in coastal waters. Marine
Pollution Bulletin 51, 9–22.

Durrieu De Madron X., Ferré B., Le Corre G., Grenz C., Conan P.,
Pujo-Pay M., Buscail R. and Bodiot O. (2005) Trawling-induced
resuspension and dispersal of muddy sediments and dissolved ele-
ments in the Gulf of Lion (NW Mediterranean). Continental Shelf
Research 25, 2387–2409.

Ferrigno F., Appolloni L., Sandulli R., Casoria P. and Russo G.F. (2015)
Deep coralligenous assemblages off Punta Campanella (Tyrrhenian
Sea), with special reference to some facies with fan corals. Biologia
Marina Mediterranea 22, 89–90.

Ferrigno F., Bianchi C.N., Lasagna R., Morri C., Russo G.F. and
Sandulli R. (2016) Corals in high diversity reefs resist human
impact. Ecological Indicators 70, 106–113.

Finckh A.E. (1904) Biology of the reef-forming organisms at Funafuti
Atoll, Part VI. In Harrison & Sons (eds) The Atoll of Funafuti:
borings into a coral reef and the results. London: Royal Society of
London, pp. 125–150.

Gallmetzer I., Haselmair A. and Velimirov B. (2010) Slow growth and
early sexual maturity: bane and boon for the red coral Corallium
rubrum. Estuarine Coastal Shelf Sciences 90, 1–10.

Gambi M.C. and Barbieri F. (2012) Population structure of the gorgon-
ian Eunicella cavolinii in the ‘Grotta Azzurra’ cave off Palinuro, after
the mass mortality event in 2008. Biologia Marina Mediterranea 19,
174–175.

Gambi M.C., Barbieri F., Signorelli S. and Saggiomo V. (2010)
Mortality events along the Campania coast (Tyrrhenian Sea) in
summers 2008 and 2009 and relation to thermal conditions. Biologia
Marina Mediterranea 17, 126–127.

Gambi M.C., Dappiano M., Lanera P. and Iacono B. (2003) Biodiversità
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