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Gorgonian disease outbreak in the Gulf of Naples:
pathology reveals cyanobacterial infection linked
to elevated sea temperatures
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ABSTRACT: In recent years, mass mortality events of benthic invertebrates in the Mediterranean
Sea have been documented to coincide with the increased seawater temperatures associated with
global climate change. Following a disease outbreak in gorgonians during the summer seasons of
2008 and 2009 in the Gulf of Naples (Tyrrhenian Sea), we conducted gross and microscopic analyses of healthy and diseased specimens of Eunicella cavolinii and E. singularis using both light and
electron microscopy (SEM). Macroscopically, diseased colonies exhibited evident tissue thinning,
and dead colonies showed a complete loss of polyps and coenenchyme, exposing their skeletons
to settlement by fouling organisms. Histopathology revealed chronic inflammatory lesions at the
polyp and axial level, characterized by amoebocyte infiltration of tissue accompanied by new
apposition of melanin/gorgonin sheets. We interpreted this response as a defense against different kinds of pathogens — identified as mainly a heterogeneous consortium of filamentous cyanobacteria — and which gradually led to enlargement and hardening of the coral axis, which resembled a wood-like structure at the final stage of the disease. These processes elicited the formation
of multiple inflammatory nodules and capsules, some of which were macroscopically visible. A
parallel 16S rRNA and ITS analysis of the diseased tissue identified Synechococcus, Arthrospira
and other uncultured cyanobacteria grouped within the Oscillatoriales. These results suggest that
a cyanobacterial consortium is involved in the pathogenesis of the inflammatory disease leading
to the mortality of Gorgoniaceae in the area. Finally, there were anomalously high temperatures
(up to 25°C) between 10 and 20 m depth during the sampling period, particularly in June 2009.
This supports the hypothesis that the coral skeleton may serve as a reservoir for the pathogens in
cooler seasons, with warmer conditions leading to pathogen reactivation and recurring mortality
events.
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The world’s coral reefs have recently experienced
severe declines; for example, hard coral cover on
Caribbean reefs reportedly decreased by an average of 80% in 30 yr (Gardner et al. 2003), while
Indo-Pacific reefs have suffered an estimated coral
cover loss of 50% over a similar period (Bruno &

Selig 2007). The causes of these declines are various and complex (De Vico & Carella 2008), including water pollution, habitat destruction, overfishing,
invasive species, pathogens and global climate
change (Walker & Ormand 1982, Bryant et al. 1998,
Bellwood et al. 2004). Since the first coral disease
was described in 1973, evidence from field studies
documenting the population- and community-level
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impacts of disease on coral reef ecosystems worldwide has been accumulating (Patterson et al. 2002,
Weil 2004, De Vico & Carella 2008, Mouchka et al.
2010), and it is now clear that coral diseases have
the potential to cause widespread mortality and significantly alter reef community structure (Porter et
al. 2001, Patterson et al. 2002, De Vico & Carella
2008, Miller et al. 2009, Mouchka et al. 2010). Up to
30 coral diseases have been identified worldwide, 5
of which are identified as infectious diseases for
which the respective causative agents have been
characterised (Kushmaro et al. 1996, Geiser et al.
1998, Ben-Haim & Rosenberg 2002, Patterson et al.
2002, Ben-Haim et al. 2003, Denner et al. 2003,
Thompson et al. 2006). These diseases can be responsible for acute mortality leading to a rapid loss
of diversity and abundance, or may have chronic,
sub-lethal effects, ultimately resulting in progressive
tissue loss and partial mortality of the affected
colonies (De Vico & Carella 2008). The outcome of
various disease states may result in reduced growth,
decreases in reproductive effort and recruitment
and increased incidences of a number of coral disease-related conditions and mortality — all of which
ultimately lead to ecosystem deterioration (Woodley
et al. 2008). However, beyond the identification of
macroscopic signs documenting disease in situ, e.g.
abnormal coloration, extent and pattern of tissue loss
or skeletal anomalies, little is known about disease
ethiopathogenesis. This significantly hinders disease
management and the detection of direct mechanistic
links between the occurrence of disease and environmental perturbation (De Vico & Carella 2008).
In recent years, mass mortality events of benthic
invertebrates from various phyla have occurred in
the temperate Mediterranean Sea with catastrophic
effects on the coastal marine ecosystem and coral
populations (Cerrano et al. 2000, Garrabou et al.
2009, Vezzulli et al. 2013). In 1999, the recorded
events affected approx. 30 benthic species over hundreds of kilometres of the NW Mediterranean Sea,
including Italian, French and Spanish coasts (Cerrano et al. 2000, Perez et al. 2000). Anomalous high
temperature conditions during summer 1999 were
identified as the main factor triggering this mortality.
In this context, gorgonian populations (Eunicella
cavolinii, E. singularis and Paramuricea clavata) experienced extensive damage, although differences in
the degree of these impacts were observed among
various geographic areas. In the above cases, the diseases were linked to a low chlorophyll content, Vibrio sp., parasites and prolonged high sea temperatures (Cerrano et al. 2000, Vezzulli et al. 2010). In late

summer 2008 and 2009, local mass mortality events
of anthozoans and other invertebrates were also
observed in different areas along the Campania coast
(Tyrrhenian Sea) and were linked to high water temperatures (Garrabou et al. 2009, Gambi et al. 2010).
The present paper describes the findings of gross,
histopathological and scanning electron microscopy
analyses of the sea fans Eunicella singularis and
E. cavolinii during a disease outbreak occurring in
summer 2008 and 2009 in the Gulf of Naples, in the
Banco di Santa Croce area (Tyrrhenian Sea). Potential pathogens associated with the observed lesions
were also tentatively identified using molecular diagnostic techniques. Finally, water temperature data
for June 2008 and 2009 were analysed to assess the
potential role of anomalous temperature conditions
in the occurrence of this event.

MATERIALS AND METHODS
Sampling in the Banco di Santa Croce area
The Banco di Santa Croce is a submerged seamount complex located approximately 300 m from
Castellammare on the eastern side of the Gulf of
Naples (Tyrrhenian Sea) (40° 40.68’ N, 14° 26.00’ E). It
is a marine protected area of high naturalistic interest
composed of various rocky seamounts that rise from
60 m to approximately 11 m, forming a circular structure (Bussotti et al. 1999) (Fig. 1). In June 2008 and
2009, samples of yellow gorgonians (Eunicella cavolinii) and white gorgonians (E. singularis) were collected from the Banco di Santa Croce at approx. 18 m
depth with technical support from Nucleo Carabinieri Subacquei of Naples, the local police divers
service. Previous visual inspections were conducted
to select representative sampling sites, which were
photographed with a Nikon D90 digital camera.
Fragments of apical branches (2 cm in length) were
collected from randomly chosen, apparently healthy
colonies (i.e. with no visible signs of disease) and diseased colonies using shears and placed in plastic
bags underwater. Each clipping was returned to the
laboratory in a cool box for processing within 3 h of
collection. The samples were preserved in 4%
buffered formalin, for both light and electron microscopy. Attached epibiont organisms were removed
under a dissecting microscope, and the various species present were identified.
Parallel temperature profiling from the surface to a
20 m depth was carried out weekly during June 2008
and 2009 using an Idromar IM52 CTD probe.
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video camera mounted on a Nikon 50i microscope
and connected to a computer. An arbitrary scale was
applied to define the stage of the disease (early, intermediate or final) through macro- and microscopic
observation of the gorgonian axis.

Scanning electron microscopy (SEM)
Samples preserved in 4% formaldehyde were
dehydrated in an ethanol series (10, 25, 50, 70, 80, 95,
100%) and critical-point dried. This method allows
the integrity of the samples and of the associated
microorganisms to be maintained. The fragments
were mounted on stubs and coated with platinum for
SEM (JEOL JSM-6700F).

DNA isolation, PCR amplification, cloning
and sequencing

Fig. 1. Sampled study area in the Campania region of the
Mediterranean Sea

Light microscopy
Gorgonian clippings were cut into both transverse
and longitudinal sections, then decalcified in a 1 to
3% series of formic acid for approx. 30 min, cleared
in distilled water and stored in 70% ethanol. Subsequently, the sections were dehydrated in a graded
alcohol series (50, 70, 80, 100%), cleared in xylene
and embedded in paraffin wax (Bioptica). Sections (4
to 6 µm) were cut using a rotary microtome and
stained with haematoxylin and eosin (H&E), in addition to special stains such as the Gram, Giemsa and
PAS (periodic acid Schiff) stains (Mazzi 1977). All
micrographs were captured using a Nikon DS-Fi1

Following histopathological examination of the Eunicella specimens, DNA was isolated from formalinpreserved coral branches according to the protocol
described by Wirgin et al. (1997), with some modifications to enhance the recovery of cyanobacterial DNA
(Saha et al. 2005). Branch clippings (4 mm length)
from diseased (n = 4) and healthy (n = 4) corals were
incubated in 10 ml of TE9 buffer (500 mM Tris, 20 mM
EDTA, 10 mM NaCl; pH 9) at room temperature
overnight with shaking. The buffer was then removed, and 10 ml of fresh TE9 buffer was added, followed by incubation for 2 h, after which the buffer
was changed 3 times every 3 h during an overnight
incubation. On the third day, samples were scraped
from the gorgonian polyps and axis with a sterile
scalpel blade, then minced and homogenised in
200 µl of TE buffer (50 mM Tris, 10 mM EDTA; pH 8.0)
with 50 µl of lysozyme (25 mg ml−1), and the mixture
was incubated for 1 h at 37°C. Immediately after
lysozyme treatment, 50 µl of 10% sodium dodecyl sulphate (SDS) was added, and the sample was vortexed.
Approximately 10 min later, the tubes were incubated
for 1 h at 55°C with 3 µl of Proteinase K (20 mg ml−1).
The homogenates were incubated overnight at 55°C.
One additional aliquot of both Proteinase K and SDS
was added to the homogenates over the course of the
next 24 h. Subsequently, phenol/chloroform/isoamyl
alcohol purification was performed according to Andres & Thummel (1994). The quality of the extracted
DNA was verified on a 1% agarose gel stained with
ethidium bromide and quantified with a NanoDrop
2000c spectrophotometer (ThermoScientific).
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The universal cyanobacterial primers CYA106F
(CGG ACG GGT GAG TAA CGC GTG A) and
CYA781R — an equimolar mixture of CYA781R(a)
(GAC TAC TGG GGT ATC TAA TCC CAT T) and
CYA781(b) (GAC TAC AGG GGT ATC TAA TCC
CTT T; Nübel et al. 1997) — were used to amplify an
approx. 650 bp region of the 16S rRNA gene, applying the thermal conditions reported in Nübel et al.
(1997). Moreover, specific primers for the amplification of the ribosomal ITS from the genus Arthrospira
(approx. 350 bp) were used (16S3’F: TGY GGC TGG
ATC ACC TCC TT; CLIR: CAG TCA CCA ACT CTC
AAT TTC TCA A) (Baurain et al. 2002). Each reaction
mixture contained 0.2 mM each primer, 0.2 mM each
dNTP, 1× PCR reaction buffer, 0.08% (w/v) bovine
serum albumin, 1.25 units of Taq DNA polymerase
(Sigma) and 10 to 20 ng of template DNA, in a final
volume of 50 µl. Amplification was performed with
initial melting at 95°C for 5 min, followed by 35 cycles
of 94°C for 1 min, 60°C for 1 min and 72°C for 1 min,
with a final extension at 72°C for 10 min.
The amplified fragments were gel-eluted and
cloned using the pGEM-T Easy Vector Cloning Kit
(Promega) before being sequenced using the T7 and
SP6 plasmid-specific universal primers. The sequencing reactions were run in a 310 Automated Sequencer (Applied Biosystems).
The best BLAST hits for the obtained nucleotide
sequences were downloaded and aligned with
their corresponding sequences (16S rRNA or ITS)
using ClustalW. The 2 alignment files were employed to construct neighbour-joining (NJ) trees with
1000 bootstrap replicates using the software MEGA
v. 5.2 (Tamura et al. 2011). The trees were rooted
using the 16S rRNA sequence of Solibacter usitatus
and the ITS sequence of Oscillatoria cf. curviceps,
respectively.

RESULTS
Field observations, gross and
microscopical signs
Local analysis of water temperature profiles for
June 2008 and 2009 showed higher values in 2009,
with a maximum temperature of 26.04°C being observed at the water surface. The average and maximum water temperature values recorded in the 0 to
10 and 10 to 20 depth layers are reported in Table 1.
Images of the area revealed extensive death of
colonies in populations of E. cavolinii and E. singularis, represented by partial to total denudation of the

axial skeleton. This loss of tissue was accompanied in
some cases by colonisation by macroscopic taxa such
as hydroids, bryozoans, serpulid polychaetes or algae
(Fig. 2).
In transverse sections, gross observations of the
polyps and axial skeletons of diseased specimens in
different stages of the disease revealed a progressive
thinning, flattening and shrinking of the polyps, with
a parallel enlargement and hardening of the axis,
which changed in colour from light yellow to brown
or black, becoming darker as the disease severity
increased (Figs. 3A & 4A,C,E). In some cases, multiple prominent nodules coalescing in cauliflower-like
structures, composed of few polyps and sometimes
accompanied by branch fusion, were visible
(Fig. 4G).
Histopathological examination of the tissues revealed chronic inflammatory lesions characterised by
an infiltration of granular amoebocytes associated
with layering of melanin and gorgonin at both the
polyp and skeleton levels, sometimes accompanied
by the formation of nodules/capsules and tissue
necrosis (Figs. 4 & 5). In healthy individuals, the gorgonian axis was composed of gorgonin fibrils in the
centre and a thin layer of gorgonin at the periphery
(Fig. 3B). In diseased individuals, a large increase
in amoebocytes was observed, depositing yellowbrown melanin/eosinophilic gorgonin material from
the periphery to the centre of the axis, leading to
increased skeletal dimensions (Fig. 4B,D). In the late
stage of the disease, the axial skeleton was the
widest and hardest and was mainly composed of
overlying sheets of melanin and gorgonin, which
were macroscopically brown or black in colour and
presented a wood-like structure. In this condition,
the polyps were flattened and reduced in their
dimensions (Fig. 4E,F). Within the reactive skeleton,
Gram staining revealed the presence of filamentous
Gram-negative bacteria morphologically resembling
filamentous cyanobacteria were present both in the

Table 1. Mean and maximum temperatures (°C) in the 0 to
10 m and 10 to 20 m depth layers during June 2008 and 2009
at Banco di Santa Croce
0−10 m

10−20 m

2008
Mean
Maximum

23.6
25.8

21.4
23.5

2009
Mean
Maximum

24.7
26.0

22.6
25.3
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Ultrastructure
SEM images of the skeletons of
the host corals confirmed the existence of an extensive cyanobacterial consortium present at both
the coenenchyme and axial levels. In some cases, this consortium
was composed of several different
spiral coiled filaments resembling
the Arthrospira genus, which
actively penetrated the coral
skeleton and were present into
the overlying coral tissue. Interestingly, the images showed that
the elicited defensive reaction
involved either layering of hard
sheets of melanin and gorgonin
over the entire axis, deposited by
amoebocytes, or a local defence
mechanism within the axial
skeleton, embedding the filamentous pathogens (Fig. 6).

Sequence analysis
Fig. 2. Populations of Eunicella cavolinii and E. singularis at the Banco di Santa
Croce in June 2008 and 2009. (A,B) Eunicella sp. with totally denuded skeletons
and loss of tissue, in some cases covered by fouling organisms (arrowheads); (C) E.
cavolinii with evident loss of tissue (arrowheads) and exposed skeleton; (D) higher
magnification of detail of E. singularis and a dead branch with a wood-like structure
colonised by different epibiont organisms (arrowheads)

No PCR products were obtained
from healthy specimens. From
diseased animals, a total of 20
colonies were screened both for
16S rRNA and ITS sequence, and
the obtained results matched
coenenchyme and within the axis. In other cases,
cyanobacteria for 4 (20%) and 3 (15%) clones,
cyanobacteria were also detected into the overlying
respectively. The remaining cloned fragments
tissue of the corals, throughout the mesoglea
showed positive matches with various strains of
between tissue layers (coral epidermis and gastrouncultured bacteria. The identity of the sequences
dermis) (Fig. 5).
from this study were very similar to cyanobacterial
sequences present in GenBank, ranging from 97% (COL13 vs. Halospirulina sp.) to 100% (COL1 vs. Arthrospira indica).
Fig. 7 shows the NJ trees based on
the alignment of the nucleotide sequences of the 16S rRNA and ITS
sequences obtained in the present
study with their best-matching BLAST
hits downloaded from GenBank. The
16S rRNA tree (Fig. 7A) shows that
COL2 and COL13 are grouped together with uncultured cyanobacteria
Fig. 3. (A) Gross and (B) microscopic observation of the axial skeleton in consister group of Halospirulina sp. and
trol specimens of Eunicella singularis. A: axis; P: polyp. Scale bars = (A) 1 mm,
Planktothricoides sp. (Oscillatoriales).
(B) 500 µm
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COL11 and COL18 belong to a different branch of uncultured cyanobacteria that includes Synechococcus
sp. (Chroococcales). The topology of
the tree obtained from the analysis of
ITS sequences (Fig. 7B) indicates
that COL1 and COL5 are grouped
together with Arthrospira indica,
whereas COL3 is more similar to
A. platensis (Oscillatoriales).
The obtained sequences were deposited in GenBank under the following accession numbers: KJ574138
for COL11, KJ574139 for COL18,
KJ574140 for COL13, KJ574141 for
COL2, KJ574142 for COL3, KJ574143
for COL5, and KJ574144 for COL1.

DISCUSSION

Fig. 4. Gross (left) and microscopic (right) observations of the axial skeletons of
diseased specimens in different stages of the disease. (A,B) Detailed image of
the axis and black border (arrowhead in A) of melanin in an early stage of the
disease; in (B) amoebocytes depositing eosinophilic/yellowish material (arrows) are also visible. (C,D) Deposition of gorgonin (arrowheads) by amoebocytes (arrows in D) in an intermediate stage of the disease. (E,F) Gross appearance of a denuded skeleton with a black/brownish colour and yellow sheets, in
which histology revealed various layers of melanin (large arrowheads) and
eosinophilic gorgonin (small arrowheads) sheets; late stage of the disease and
the presence of filamentous PAS-positive cyanobacteria (arrows in inset). (G)
Visible nodules (large arrowheads) and branch fusion (small arrowheads) in
the coral skeleton. (H) Inflammatory nodules composed of gorgonin and
melanin (arrowheads). A: axis; P: polyp; m: melanin; g: gorgonin; C: cyanobacteria; M: mesoglea. Scale bar for gross observations = 1 mm; scale bar for
histology = 500 µm; scale bar in G = 5 mm

The sea fans Eunicella cavolinii
and E. singularis are gorgonians that
dominate the benthic shallow-water
communities found on rock faces in
the Mediterranean Sea (Weinberg
1978, Gili & Ros 1985, Bo et al. 2011).
Reports of diseases among this genus
are limited to Vibrio infections of E.
verrucosa in UK waters and E. singularis and E. cavolinii in the Tyrrhenian Sea (Martin et al. 2002), or to ciliate infections in the same geographic
area (Cerrano et al. 2000). Along the
Campania coast (Tyrrhenian Sea),
mortality events in Mediterranean
species were documented in the Gulf
of Naples in 2002 and 2003, related to
a large-scale heatwave (Garrabou et
al. 2009), and in 2005, related to a
local thermal anomaly (Cigliano &
Gambi 2007). Despite the increasing
number of coral diseases being
reported globally, little is known
about many of these pathological
conditions, including their aetiologies
and ethiopathogenesis and the steps
that can be taken to prevent, control,
or reduce their impacts (Pollock et al.
2011). In the present study, the
observed gross and microscopic features revealed a chronic inflammatory reaction towards a consortium of
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nate or natural immunity, which
is a nonspecific ability to react to
invading microorganisms by
actively producing barriers to the
potential invader (De Vico &
Carella 2012). Basic host defences include mechanical or
physical barriers (e.g. mucus,
epidermis), secretion of chemicals (e.g. acid) or production of
bioactive compounds (e.g. antimicrobial peptides), in addition to
phagocytic cells that can engulf
and destroy microorganisms on
contact (Robbins et al. 1999). The
cellular response consists of fixed
or circulating amoeboid phagocytes that ingest microscopic organisms and kill them by exposure to proteolytic enzymes and
free oxygen radicals (Mullen et
Fig. 5. Histological observations of the polyps and axes of Eunicella cavolinii and E.
al. 2004). Moreover, gorgonian
singularis harbouring a consortium of filamentous cyanobacteria. (A) Necrotic area
cells can be induced to produce
at polyp level (arrowhead) of E. cavolinii (scale bar = 150 µm); (B) Gram-negative
gorgonin to wall off infiltrating
filamentous bacteria within the axis (arrowheads) in E. singularis (scale bar = 20 µm);
(C) heterogeneous consortium of cyanobacteria within the axis (arrowheads) and
fungi and algae, leading to the
evidence of members of the Arthrospira genus (insert) in E. cavolinii (scale bar =
formation of defensive nodules or
50 µm); (D) filamentous cyanobacteria (small arrowheads) associated with evident
capsules (Morse et al. 1977). In
formation of an inflammatory capsule composed of yellow melanin and eosinophilic
addition to the cell-mediated sysgorgonin E. singularis (scale bar = 10 µm). A: axis; P: polyp; m: melanin; G: gorgonin;
a: amoebocytes
tem, corals produce melanin as
the end-point of the prophecyanobacteria involved in a disease outbreak in the
noloxidase cascade, which is usually activated durcorals E. cavolinii and E. singularis during the suming pathogen invasion. Melanin deposition within
mer seasons of 2008 and 2009 in the Gulf of Naples.
the context of skeletal layering represents an integral
In this context, histopathology has been advocated as
part of the immune-inflammatory response in this
a well-established diagnostic technique for detecting
taxon and is involved in pathogen encapsulation,
the pathogens present in coral lesions, which are
which constitutes a potent physiochemical barrier to
useful for suggesting possible pathogenetic mechamicrobial spreading within host tissues (Mydlarz et
nisms for coral diseases (Work et al. 2008). Thus,
al. 2010, Mydlarz & Palmer 2011, Pollock et al. 2011).
histopathology provides clues about organisms that
In this work, the defensive reaction against the
could be associated with disease. For example, a
observed pathogens consisted of thick layers of
potential etiologic agent (bacterium, fungus, parasite
melanin and gorgonin released by granular amoeboor virus) may be visibly associated with cellular and
cytic cells. Interestingly, this response gradually led
tissue damage when viewed under either light or
to an enlargement/hardening of the coral skeleton,
electron microscopy. A strong assumption of an assowhich typically resembled a wood-like structure in
ciation can be inferred in cases where the presumpthe final stage of the disease. Other studies have
tive aetiology is consistently associated with lesions
shown that gorgonians may react to invasion by sepand is absent, or greatly reduced, in healthy tissue
arating the pathogens from host tissue with a pro(Work et al. 2008). In the present study, in diseased
teinaceous capsule, along with melanin deposition
animals, cyanobacterial infections were observed
(Goldberg et al. 1984). Gorgonia ventalina responds
within the coral skeleton and penetrating into coral
to infiltrating filamentous algae by forming grossly
tissue, linked to tissue injury.
visible nodules that are mostly composed of gorgonin
Like other invertebrates, both scleractinians (Hexaand melanin (Morse et al. 1977), which has also been
corallia) and gorgonians (Octocorallia) possess inreported by Petes et al. (2003) during mycotic infec-
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ease in the Caribbean gorgonian
Briareum asbestinum during a
bleaching event associated with
high sea surface temperatures
(Harvell et al. 2001). In the
present study, a parallel 16S
rRNA and ITS analysis identified
Synechococcus, Arthrospira and
other uncultured cyanobacteria
grouped within the Oscillatoriales, which are often identified in
coral diseases.
Increased temperatures and
light intensities can enhance the
progression and spread of cyanobacterial infection (e.g. Porter et
al. 2001, Boyett et al. 2007, Sato
et al. 2011). Under this scenario,
diseases involving microbial
agents are often considered opportunistic infections. Temperature is a key environmental facFig. 6. Scanning electron microscopy (SEM) images of diseased Eunicella cavolinii
tor that affects organisms at all
and E. singularis at the Banco di Santa Croce. (A) Transverse section of a gorgonian
axis showing evidence of the presence of sheets of melanin (large arrowheads)
levels of organisation by controlwithin the coenenchyme and axial skeleton, reaching the polyps, and the presence
ling their physiological and ecoof filamentous bacteria within the axis (small arrows); (B) detail of (A) showing
logical processes (Calosi et al.
amoebocyte deposition of melanin (arrowheads); (C) Cyanobacteria (Arthrospira;
2008). As a result of physiological
arrowhead) migrating within and between the septae of the coenenchyme and
stress due to increased seawater
coral polyps; (D) inflammatory capsule circumscribing the pathogen (arrowheads).
A: axis; P: polyp
temperatures, host resistance is
reduced, and unchecked growth
tions and in Pseudoplexaura sp., where defensive
of bacteria that are normally benign and non-pathoencapsulation (improperly referred to as ‘tumours’)
genic occurs (Glas et al. 2012). The association
was observed in specimens in the Florida Keys
between increased global temperatures and the
infected by the green algae Entocladia endozoica
emergence of coral diseases has been correlated with
(Goldberg et al. 1984).
elevated temperatures in the water column worldInfectious diseases are recognised as significant
wide, consistent with the hypothesis that climate
contributors to the dramatic loss of corals observed
change facilitates the growth of opportunistic pathoworldwide. Multiple species of cyanobacteria have
gens, leading to disease. Among the most strongly
been identified as being responsible for human and
affected organisms are sessile invertebrate species,
coral disease (Carmichael et al. 2001, Miller et al.
which play important roles in the structure and func2011). In particular, cyanobacteria are involved in the
tion of their habitats (Helmuth et al. 2002, Somero
so-called BBD (black Band Disease), a well-defined
2005, Oliver & Palumbi 2011). In this context, disease
disease mostly observed in massive frameworkoutbreaks have impacted an increasing range of
building corals that is macroscopically defined by a
marine organisms in different geographic regions
dark or red band composed of a specific, complex
worldwide (Harvell et al. 1999, 2007, Carella et al.
microbial assemblage and associated with a sulphi2011, 2013a,b,c). In the Mediterranean Sea, mortality
de-rich microbial mat and heterotrophic bacteria. In
has been recorded in the context of regional warmgorgonian soft corals, the cyanobacterium Phormiding (Romano et al. 2000, Crisci et al. 2011), and therium corallyticum has been observed in infections
mally dependent pathogens are considered to share
of Pseudopterogorgia acerosa in the northern
the responsibility for mass mortalities and coral
Florida Keys (Feingold 1988), causing the mortality
bleaching (e.g. Bally & Garrabou 2007), which has
of several animal colonies. Moreover, Scytonema
also been reported in both deep and coastal waters in
spp. cyanobacteria have been associated with disthe Campania region (Bethoux et al. 1990, Cigliano &
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Fig. 7. Neighbor-joining trees obtained
from the nucleotide alignment of (A) 16S
rRNA and (B) ITS in both species studied
of diseased gorgonians. The alphanumerical code indicates the GenBank accession number; the numbers at the nodes
represent the bootstrap percentages (values lower than 50% are not indicated).
*Sequences obtained in the present work

Gambi 2007, Diffenbaugh et al. 2007, Vargas-Yanez
et al. 2008). Previous studies have indicated that gorgonians have been affected by mass mortality events
in the northwestern Mediterranean basin, encompassing Italy, Spain and France (Cerrano et al. 2000,
Perez et al. 2000, Coma et al. 2006, 2009, FerrierPagès et al. 2009, Garrabou et al. 2009), providing
clear evidence of the absence of a single mass mortality threshold for species and populations, which
may be modulated by both physical and biological

factors. Moreover, many coral diseases display seasonal variations in prevalence, with higher prevalences being observed in warm summer months
(Rosenberg & Ben-Haim 2002). The hypothesis that
has been put forth concerning summer mortality
episodes, which has also been applied in other cases
of disease (Kuta & Richardson 1997, Sato et al. 2009,
Miller et al. 2011), is that the coral skeleton may
serve as a reservoir of pathogens that persist in low
numbers in cooler seasons. When more favourable
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warmer conditions return, cyanobacterial numbers
may again increase and reinfect the coral. In the
present study, the temperature values recorded during the month of June in the 2 different years were
relatively high, especially in 2009, with an average
temperature of 22.6°C observed in the 10 to 20 m
layer (i.e. at the depth of the E. singularis and
E. cavolinii populations) confirming the existence of
warming in the summer in the Gulf of Naples (Gambi
et al. 2010).
Taken together, the above environmental, molecular and histopathological findings strongly suggest
that the cyanobacteria detected within damaged
coral tissues in the present study could be part of a
pathogenic community affecting E. singularis and
E. cavolinii from the Banco di Santa Croce in the
warming Tyrrhenian Sea. To the best of our knowledge, this represents the first report suggesting an
association between a cyanobacterial consortium
and a disease outbreak involving octocorals in the
Mediterranean basin, further supporting the current
concern about the ecological and biomedical consequences of global climate change and the associated
redistribution of pathogens at the latitudes of this
study.
The correlation between the long-term data on
environmental conditions, such as temperature and
turbidity, in relation to the distribution of colony densities and damage among E. singularis and E. cavolinii shows that these species could be potential
indicators of environmental variations (Painting &
Forster 2013). Hence, analyses of the spatial and temporal evolution of these species could be applied
within the framework of Marine Strategy Framework
Directive as an indicator of anthropogenic impacts as
well as the influence of climate change.
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