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Abstract
The existence of deep red coral (Corallium rubrum) banks in the gulfs of Naples and Salerno (South Tyrrhenian Sea,
Mediterranean Sea) is well known in historical records due to the heavy coral harvesting that occurred during the 19th and
20th centuries, by both trawling gears and scuba diving. In 2010 and 2012, during two Remotely Operated Vehicle (ROV)
surveys on board of the Research Vessel (R/V) Astrea, red coral banks were detected in 16 of the 25 visited localities, between
45 and 150 m depth. Seven of these banks, located in the inner part of the Gulf of Naples, were already explored in 1918 by
a scientific survey reporting the occurrence of red coral. Healthy populations (densities > 90 colonies m−2) were present
only around the coasts of the Phlegrean Islands (Ischia and Procida Islands). Very low densities (< 5 colonies m−2) or the
absence of coral were recorded in all other sites of the Gulf of Naples (including all historical re-visited banks), and a variable
percentage of dead colonies was observed. This evidence suggests a huge state of stress likely favoured by the hydrodynamic
conditions in the Gulf, enhancing water pollution and sedimentation rate. Finally, the documented high fishing pressure
plays a major role in the hard-bottom communities’ degradation. A recent mass mortality episode was also recorded along
the Amalfi coast, around Li Galli Islands (Gulf of Salerno), at a depth range between 80 and 100 m, where the mortality
affected 80% of the largest colonies, estimated to be around 70 years old. Several possible reasons for this mortality have
been hypothesised, such as the formation of local down-welling currents inducing an unusual drop of the thermocline, or
sudden warm water emissions (sulphur springs) in an area characterised by important volcanic activities, or local landslides
generating turbidity currents along the steep slopes.
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Introduction

The coralligenous reefs (Ballesteros 2006) are
important Mediterranean biodiversity hotspots
thanks to their three-dimensional shape and the pre-
sence of several habitat-forming species such as
sponges, bryozoans, gorgonians and the red coral
Corallium rubrum (L., 1758). These organisms act
as ecosystem engineers, enhancing the local biodi-
versity by creating heterogeneity in light intensity,
water movement and sedimentation rates and
favouring pelagic-benthic coupling processes
(Cerrano et al. 2010). At present, in different areas
of the western Mediterranean Sea, these assemblages
are endangered by several impacts: high silting levels,
fishing, scuba diving tourism and the general dete-
rioration of the littoral marine environment.

Moreover, trans-phyletic mass mortality episodes,
due to summer heat-waves (caused by sea water
temperatures 3–6°C above the usual values within
40 m depth), induced strong stressing conditions in
several species that become prone to the proliferation
of pathogenic bacteria (Bavestrello et al. 1994;
Cerrano et al. 2000; Garrabou et al. 2001; Bally &
Garrabou 2007; Huete-Stauffer et al. 2011). In the
western Mediterranean Sea, besides two large-scale
episodes in September 1999 (Cerrano et al. 2000;
Perez et al. 2000) and July 2003 (Schiaparelli et al.
2007), mass mortalities occurred also in 2002, 2005,
2006, 2008 and 2009 (Garrabou et al. 2009), always
impacting shallow-water communities (above 40 m
depth) where the seasonal temperature oscillations
are wider.
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The list of the organisms struck is long and
includes the red coral, a species of EU interest
(Annex V of the European Union Habitats
Directive) that can constitute facies with very high
densities up to a depth of about 120–150 m (Rossi
et al. 2008). In addition, the long history of commer-
cial exploitation of this species, coupled with its sen-
sitivity to environmental stresses and its slow growth
rate (Cattaneo-Vietti & Bavestrello 2010; Tsounis
et al. 2010), has induced preoccupation about its
fate (Bruckner 2009, 2014; Bussoletti et al. 2010).

In Italy, the harvesting of red coral is carried out
only by professional scuba divers below 50 m depth,
and trawling devices have been completely forbidden
since 1994. The harvesting of branches less than
10 mm in basal diameter is not permitted.
Particularly in Sardinia, a specific regional law reg-
ulates the fishing effort by limiting the number of
licenses, fishing periods and areas.

In the gulfs of Naples and Salerno (southern
Tyrrhenian Sea), the occurrence of red coral banks
is historically documented since they have been com-
mercially exploited for a long time on cliffs or shoals
down to 200 m depth. Already in 1785, Cavolini
provided information on some fishing areas at Vico
Equense, while Costa (1871) reported the presence
of the coral between Capri and Punta Campanella.
Lo Bianco (1909) indicated numerous coral banks,
the so-called “coralliere”, 150–200 m depth, along
sea-lanes starting from Naples towards Capri and
Torre del Greco in the southern area of the Gulf.

At the beginning of the 20th century, the largest
colonies collected on these banks, 35 cm high and
30 cm wide, were sold by the Zoological Station of
Naples to several museums around the world
(Mazzarelli & Mazzarelli 1918).

The most comprehensive study on these coral
banks is the one by Mazzarelli and Mazzarelli
(1918) who provided a detailed map with 23 loca-
tions exploited by fishermen in the Gulf of Naples.
Despite this, no quantitative data were given on the
entity of the coral fishery: probably several hundred
kilos per year according to Lo Bianco (1909).

According to Mazzarelli and Mazzarelli (1918),
the best coral, according to shape and size of the
colonies, was obtained in the shoal named
Pampano. Some vernacular names of the banks,
though, are considered nowadays indicative of coral
abundance: for example, the Mano di dentro shoal
(the hand inside shoal) was named after fishermen
used to state that in this site “sinking the hand in
the sea was enough to drag out a handful of coral
branches” (Mazzarelli & Mazzarelli 1918). These
coral populations were heavily harvested during the
19th and 20th centuries with trawling gear, and the

state of conservation of some of them was already
compromised in the early decades of the 20th cen-
tury: according to Mazzarelli and Mazzarelli (1918),
some banks were “almost completely stripped of
their coating of coral”, and the harvesting was
defined as “wretched” (Mazzarelli 1915) in Punta
Licosa (southern limit of the Gulf of Salerno) after
28 dredging operations and a week of work.
Unfortunately, for nearly a century, no research has

been conducted on these banks, still subjected to occa-
sional exploitation by scuba divers. Therefore, both our
past and present knowledge of the structure and health
status of the Campania red coral banks is still very poor.
This paper aims to give a general assessment of the

health status of the deep red coral banks of the
Phlegrean Islands (Ischia and Procida Islands) and
of the gulfs of Naples and Salerno (South
Tyrrhenian Sea, Mediterranean Sea) and to describe
the characteristics of localised deep mortality on a
bank situated along the Amalfi coast, suggesting
possible causative agents.

Materials and methods

During a series of Remotely Operated Vehicle
(ROV) investigations on board of the Research
Vessel (R/V) Astrea in the Gulf of Naples and in
the Gulf of Salerno in July 2010 and 2012, 25 cliffs
and shoals from 45 to 280 m depth were explored for
a total of about 37 hours of video material (Figure
1a). The explored sites were clustered in three local-
ities: Phlegrean Islands (Ischia and Procida), the
Gulf of Naples and the Amalfi coast in the Gulf of
Salerno. Seven sites of the Gulf of Naples (Table I)
matched the historical banks already studied by
Mazzarelli and Mazzarelli (1918).
The ROV “Pollux III” was equipped with a digital

camera (Nikon D80, 10 megapixel), a strobe (Nikon
SB 400), a high-definition (HD) video camera (Sony
HDR-HC7) and three jaw grabbers. The ROV car-
ried also a depth sensor, a compass, three parallel
laser beams providing a 10-cm scale for the measure-
ment of the frame area and the size of organisms,
and an Ultra Short Base Line (USBL) underwater
acoustic positioning system, providing every second
the ROV’s geographic position.
In each video track, the length of which is variable

according to the shoal dimension (ranging between
23 and 267 minutes), HD images were taken every
minute and those taken on patches of soft bottom
were discarded (Table I). A total of 2487 images
taken on rocky bottom were successively analysed
with ImageJ software. Each image covers about
1.25 m2 for a total explored rocky area of about
3000 m2. The presence of red coral patches (% of
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images with presence of red coral), the average col-
ony density (expressed as number of colonies m−2

only considering images with red coral presence) and
the percentage of living colonies were recorded.
Fishing impact was evaluated as the percentage of
frames showing lost fishing gear.

A one-way Analysis of Similarity (ANOSIM) was
carried out to test for differences in average coral
density, percentage occurrence of red coral, percen-
tage of living colonies and percentage of fishing
impact among the three studied localities (PH,
Phlegrean Islands; GN, Gulf of Naples; AC, Amalfi
Coast) considering the entire data set [transformed
sqr(x) data, Bray-Curtis similarity measure, with

n = 7, 11 and 7 respectively for PH, GN and AC].
Analyses were performed using PAST for Windows
version 1.91 (Hammer et al. 2001).
Some dead colonies of Corallium rubrum were col-

lected at Li Galli Island by means of the ROV grab-
ber and were dry preserved to estimate the age of the
largest specimens, using the technique of staining the
organic matrix found in the axial calcareous skeleton
(Marschal et al. 2004).

Results

During the ROV surveys, red coral was found in 16
of the 25 visited sites (Figure 1a, Table I): colonies

Figure 1. a, Distribution of the explored sites in the study area. The numbers correspond to the list provided in Table I. The sites from 8 to
14, in the inner part of the Gulf of Naples, are those visited by Mazzarelli and Mazzarelli (1918). b, average density and percentage of dead
(grey sectors) and healthy (white sectors) colonies. X indicates the absence of the red coral in the considered site.
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showed the characteristic aggregate distribution,
with patches of different extension and density
(Table I). Below 150 m depth, no colonies were
found.

In the seven banks reported by Mazzarelli and
Mazzarelli (1918) that were re-visited in this study,
the red coral is now absent from four sites (Biondo
Palomba, Nisida, Carenella and Mano di dentro
shoals). In Pampano shoal, a large part of the red
coral population was found dead, while in Zio
Antonino and La Montagna shoals, the banks show
an evident impoverishment, with very low densities
of living colonies.

The one-way ANOSIM test performed on the
collected data reveals a significant difference among
the Gulf of Naples and the other two localities in
terms of percentage of red coral occurrence
[p < 0.05, R = 0.0269, (PH = AC > GN)], coral
density [p < 0.01, R = 0.2372, (PH = AC > GN)],
percentage of living colonies [p < 0.05, R = 0.2152,
(PH = AC > GN)] and percentage of fishing impact
[p < 0.001, R = 0.4343, (PH = AC < GN)].

Along the western coast of Ischia Island, red coral was
recorded in 16–26% of the studied frames, with densi-
ties ranging from 13 to 20 colonies m−2 (Figure 1b). On
the southern coast of Ischia and Procida Islands, the
coral presence reached 64–92% of the studied frames,
with densities often up to about 150 colonies m−2

(Figure 1b). In the entire area of the Phlegrean
Islands, the percentage of frames including lost fishing
gear did not exceed 40% without any correlation with
the percentage of framewith red coral, coral density and
percentage of living colonies (Figure 2a).

In the inner portion of the Gulf of Naples, the
presence of the species dropped down to 13–32%
of the analysed frames, with densities lower than 5
colonies m−2 (Figure 1b). In this area, up to 87% of
the observed frames showed the presence of aban-
doned fishing gear on the sea bottom, testifying to
heavy fishing activity close to the urban centre of
Naples. This gear (nets, long lines and cables) pro-
duces a mechanical disturbance of the red coral
populations (Figure 3, Table I). In this area, strong
negative correlations among the presence of fishing
gear vs coral density and percentage of frames with
red coral were found (Figure 2b).

Along the Amalfi coast, the presence of red coral
increased to 35–71% of the studied frames, with den-
sities comprising between 10 and 30 colonies m−2

(Figure 1b, Table I). In this area, no correlations
were recorded among these parameters and the per-
centage of frames including lost gear (Figure 2c).

Healthy populations, showing no dead or damaged
colonies, were present only around the Phlegrean
Islands. In all other sites, a variable percentage of

dead colonies was observed (Figure 1b). Most of the
sites showing serious mortalities are located in the
innermost area of the Gulf of Naples (for example,
on the Pampano shoal, 73% of the rare colonies were
dead). However, the most dramatic mortality was
recorded at Li Galli Islands (Amalfi coast), where
about 82% of the colonies within 90–110 m depth
(Table I, Figure 1b) were diseased (partially covered
by living coenenchyme) or dead (completely deprived
of coenenchyme) (Figure 4a–d).
The mortality mainly struck large colonies

(Figure 4a), while young ones, with a maximal
height not exceeding 4 cm and only one or two
branches, were generally covered by coenenchyme
(Figure 4e). The largest collected dead colony, with

Figure 2. Presence of coral patches (expressed as % of analysed
frames including red coral colonies, circles), coral density (con-
sidering only the frames including patches, squares) and living
colonies (expressed as % of living colonies, triangles) vs fishing
impact (expressed as % of analysed frames including lost fishing
gears) in the area of Phlegrean Islands, Gulf of Naples and Gulf of
Salerno. A significant correlation was recorded between presence
and density vs impact only in the Gulf of Naples.
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a basal diameter of about 20 mm, was estimated to
be around 70 years old, on the basis of the annual
growth rings according to Marschal et al. (2004).

The size frequency distribution of the height of the
entire population was unimodal and symmetric, with
the mode in the size class 6–8 cm (Figure 5). Inside

this distribution, healthy colonies were mainly
included in the size classes 0–2 and 2–4 cm
(Figure 5).
Dead colonies were found intact, attached to their

substrate with the exposed calcareous scleraxis
(Figure 4a) covered by a large amount of epibionts

Figure 3. Lost fishing gear’s impact on the red coral populations inside the Gulf of Naples. a, a lost line close to a group of dead red coral
colonies; b, cables and a trammel net floating close to an old dead colony base and to an unbranched living one; c, a portion of a trammel
net entangled on a living colony of red coral.

Figure 4. Red coral mass mortality at Li Galli Islands. a, image of the population showing only one colony with living coenenchyme. Dead
colonies are recognisable for the absence of coenenchyme, while the scleraxis is covered by a turf of benthic organisms, mainly hydrozoans.
b, a whole large dead colony in situ, demonstrating the absence of mechanical injuries. c, a diseased colony with a large part of the branches
deprived of coenenchyme found only at the apex of the ramifications. d, enlargement of the previous image, showing the expanded polyps
arising from the living portion. e, arrows indicate two 1–2 cm high recruits with expanded polyps.
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(Figure 6a–c), including a dense turf of small hydro-
ids (Figure 4a–b), several corallites of the scleracti-
nian Caryophyllia sp. (Figure 6b) and a net of
serpulids (Figure 6c). All the collected colonies
were infested by the boring sponge Spiroxya laevis-
pira (Topsent, 1898), producing large sub-spherical
or irregular boring chambers at the base of the main
stem of the colonies (Figure 6d–e).

Discussion

These data represent the first analysis, after more
than a century, of one of the most exploited rocky

bottoms in the Mediterranean Sea, where red coral
has been collected for centuries. Although a quanti-
tative comparison among historical (Mazzarelli &
Mazzarelli 1918) and present data is impossible, it
is relevant that an area where the coral fishing was
economically sustainable 100 years ago is now
almost completely deprived of red coral, as demon-
strated by data obtained from the seven re-visited
sites in the inner part of the Gulf of Naples.
The dramatic reduction of the red coral popula-

tions induces suspicion of a more extensive degrada-
tion of the entire deep community. This process is
indeed alarming, considering that for at least
150 years, the Gulf of Naples was the main site for
the study of biodiversity of the Mediterranean Sea, as
evidenced by the 40 monographs of Flora Fauna und
der Neaples published over a century, by the
Zoological Station “Anton Dohrn”.
Based on present data, the main healthy red coral

banks within the gulfs of Naples and Salerno are now
limited to the Ischia and Procida Islands cliffs (Gambi
et al. 2003) that are partially included in the “Regno di
Nettuno”Marine Protected Area (MPA), and in most
of the sites of the Amalfi coast. These populations
appear in good condition: red coral occupancy, density
and average percentage of living colonies is signifi-
cantly higher, while the number of frames showing
lost fishing gear is lower. In contrast, the populations

Figure 5. Size-frequency distribution of the height of the colonies
of the red coral population of Li Galli Islands. White portions,
living colonies; grey portions, dead colonies.

Figure 6. a, Large dead colony of Corallium rubrum collected at Li Galli Islands. The scleraxis is widely colonised by scleractinians of two
sizes (b) and by a net of serpulid tubes (c). The basal portion of the scleraxis shows the typical boring chambers of Spiroxya laevispira (d, e).
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of the inner part of the Gulf of Naples, between 110–
140 m depth, are evidently in a suffering condition,
being characterised by significatively lower densities (<
5 colonies m−2) and a higher incidence of diseased or
dead colonies. These conditions, after centuries of
exploitation of the banks, are also probably related to
an increase in water pollution and sedimentation due
to the strong urban and industrial development of the
area. Moreover, the complex geomorphology (Aiello
et al. 2001) and dynamics of the Gulf favour water
stagnation and enhance pollution and sedimentation
rates (DeMaio et al. 1985; Cianelli et al. 2011). In fact,
when the Tyrrhenian current moves southeastward,
the outer part of the Gulf of Naples shows a cyclonic
gyre, while the inner part remains isolated, forming
anticyclonic gyres (De Maio et al. 1985; Cianelli et al.
2011) that prevent the circulation of the coastal waters.

Additionally, our survey has documented a signif-
icant impact of fishing activities on the deep rocky
communities, especially on the shoals in the proxi-
mity of the city of Naples, as indicated by the large
amount of lost fishing gear observed on the explored
sea bed. This kind of pressure, unfortunately very
common in several Tyrrhenian fishing grounds,
negatively impacts benthic communities by eradicat-
ing large arborescent colonies or by inducing dis-
eases due to mechanical friction (Bo et al. 2014).

A peculiar situation has been recorded at Li Galli
Island, a well-known population already reported by
Colombo in 1887, where widespread red coral mor-
tality has been observed. This episode is particularly
interesting, since it occurred below 90 m depth, in
an area not subjected to strong urban pollution. The
Li Galli Islands mortality episode, involving pluri-
decennial colonies, was probably a single event in
the last century, and opens new perspectives in
determining the causes of deep water mortalities,
beyond the invoked effects due to global warming
(Garrabou et al. 2009).

A tentative determination of when this mortality
occurred has been made on the basis of the size of
the coral recruits. While all the large colonies were
struck, the young ones, settled after the event and
not exceeding 4 cm high, were all in healthy condi-
tion. Considering that dead colonies remain in situ
for a short span of time due to the boring sponge
activity (Cerrano et al. 2001), it is reasonable to
hypothesise that the episode occurred in the last
few years. Moreover, since the growing rate in height
of newborn corals is about 1 cm y−1 (Cattaneo-Vietti
& Bavestrello 1994), it is possible to estimate their
age to be around 2–4 years. These data support the
hypothesis that the described mortality occurred
between 2 and 4 years before our observations and,
therefore, overlapped the lethal episodes involving

sea fans that occurred in the same area in 2008–
2009 at shallower depths (Gambi et al. 2010;
Gambi & Barbieri 2012).
Understanding the causes of this mortality is a

difficult task. A human impact seems unlikely,
although fishermen exploited this bank for centuries
(Colombo 1887). The occurrence of entire dead
colonies in situ, without evident ruptures of
branches, excludes, in fact, mechanical injuries,
such as those produced by fishing activities. Neither
can the mortality simply be attributed to pollution or
thermal anomalies related to global changes
(Cerrano et al. 2000; Coma et al. 2009; Garrabou
et al. 2009), owing to the offshore location of the site
and the depth at which is situated.
So far, no significant mortalities have ever been

recorded below the summer thermocline, at a depth
range characterised by seawater temperatures gener-
ally considered stable throughout the year. In the
Mediterranean Sea, only Rivoire (1987, 1991)
described a partial gorgonian and red coral mortality
off the Provence coastline at a depth ranging from 80
to 160 m, tentatively attributed to polluted waters
driven by dominant currents.
In the Gulf of Naples and along the Campanian

coast, several local mass mortalities of gorgonians
were recorded repeatedly in the late summers of
1999, 2002, 2005, 2008 and 2009. The Eunicella
cavolinii (Koch, 1887) populations in the marine
cave Grotta Azzurra at Palinuro Cape were drasti-
cally reduced, as well as Eunicella singularis (Esper,
1791), E. cavolinii and Paramuricea clavata (Risso,
1826) populations along the coast of the island of
Ischia and Punta Campanella (Gambi et al. 2006;
Cigliano & Gambi 2007; Sbrescia et al. 2008; Gambi
et al. 2010; Gambi & Barbieri 2012). In all these
cases, mortalities were recorded at a maximal depth
of 30–40 m and were related to water-surface tem-
perature anomalies that occurred in those summers.
The temporal coincidence hypothesised between

the deep red coral mortality and the shallow-water
episodes in the study area induces a reconsideration
of the relationships between shallow- and deep-water
layers. The calcareous coast of the Sorrentine
Peninsula, facing the Li Galli Islands, is an area
exposed to landslides (Calcaterra & Santo 2004)
and includes volcanoclastic deposits able to induce
debris flows triggered by heavy or prolonged rainfalls
along the steep slopes. Locally, these phenomena
could produce turbidity currents and a consequent
unusual drop of the summer thermocline.
An alternative hypothesis takes into consideration

sudden warm water emissions, in an area charac-
terised by important volcanic activities. The recently
described mass mortality in the nearby Grotta
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Azzurra cave of Palinuro Cape, characterised by sul-
phur springs (Bianchi et al. 1995; Stüben et al.
1996), may support this hypothesis. Similar events
are probably at the origin of the huge sub-fossil red
coral banks (the so-called Sciacca red coral) discov-
ered in 1875 in the Sicily Channel, which provided
14,000 tons of precious coral (Rajola 2012). The
typical orange colour of the Sciacca coral would
indeed be a consequence of prolonged exposure of
the skeletons to hydrothermal emissions (Rajola
2012). The restricted action of a volcanic spring
would also explain the limited extension of the
dead bank of Li Galli, considering that some nearby
explored locations still host living red coral.

Finally, we have to consider that all these environ-
mental stressors may also induce infections by patho-
genicmicroorganisms (Martin et al. 2002; Vezzulli et al.
2010; Pasquale et al. 2011), whichmay extend from the
shallow populations to the deepest colonies. In this case,
it seems that the stress is higher for larger colonies than
smaller ones, the latter exhibiting a higher chance of
survival. A higher sensitivity of the larger colonies to
stress was shown in the E. cavolinii and P. clavata popu-
lations of the Portofino Promontory, after the 1999
thermal crisis (Cerrano et al. 2005), as well as in the
Grotta Azzurra cave (Palinuro Cape) (Gambi et al.
2010; Gambi & Barbieri 2012). It is very likely that
reproductive effort could affect the sensitivity of the
colonies towards environmental stressors. Considering
that red coral reaches its first reproductive age when the
colony is 3 cm high (Santangelo et al. 2003, 2004;
Torrents et al. 2005; Gallmetzer et al. 2010), we can
assume that smaller colonies, not involved in reproduc-
tive efforts, are less sensitive.

The deep red coral mortalities observed in the gulfs
of Naples and Salerno might then be attributed to
different causes: in a semi-closed basin, such as the
Gulf of Naples, with relatively modest hydrodynamic
exchanges, water pollution is very likely the primary
cause, whether it is important not to underestimate
the fishing pressure, likely reducing the chance of
recovery of these populations. On the contrary, at Li
Galli Islands, some occasional events such as turbidity
currents or thermal springs may have caused a very
localised die-off, the effects of which could be
reduced, in the long term, by recruitment.
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