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INTRODUCTION

Montecristo Island is one of the least accessible and
most protected areas in the Mediterranean Sea. The
island is the core of the Tuscan Archipelago National
Park (Italy), has been a State Natural Re serve since

1971, and is designated as a Special Protection Area
(IT5160014; European Directive 79/409/ EEC). The
distance from the mainland and other populated is-
lands (i.e. 41 km south of Elba Island, the nearest pop-
ulated area), coupled with its impervious nature, has
meant that historically only few people have inhabited
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ABSTRACT: Mediterranean gorgonian forests are species-rich habitats, and like many other mar-
ine habitats they are threatened by anthropogenic disturbances and mass mortality events. These
mortality events have often been linked to anomalies in the temperature profiles of the Medi -
terranean region. On 5 September 2017, colonies of the gorgonians Eunicella singularis and Euni-
cella cavolini exhibited rapid tissue loss, down to a depth of 30 m along the steep cliffs of Monte-
cristo Island, Tuscan Archipelago National Park, Tyrrhenian Sea, Italy. Interestingly, Montecristo
has previously been identified as a reference site for the ecological quality assessment of the west-
ern Mediterranean benthic assemblages on rocky bottoms. The observed mortality event oc -
curred during a period of increased sea temperature. By utilising a combination of high-resolution
oceanographic analysis, forecast models and citizen science initiatives, we propose that an early
warning system for the concomitance of heat waves and mortality events can be put in place.
A temperature-based coral disease surveillance tool could then be established for the entire Medi-
terranean Sea. Such a tool would allow for the timely study of mass mortality phenomena and the
implementation of prompt mitigation and/or restoration initiatives. Finally, this specific mortality
event, in a Marine Protected Area, offers a unique opportunity to monitor and assess the resilience
of gorgonian populations and associated benthic assemblages in the absence of other, more
directly, anthropogenic disturbances such as pollution and land runoff.
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this island. The island is also inaccessible to tourists
and far away from major human disturbances, which
have been shown to threaten the vast majority of the
rest of the Mediterranean coast (e.g. coastal develop-
ment, destructive fishing practices, and land based
pollution; Micheli et al. 2013). For these reasons,
Montecristo Island has been considered among the
best preserved sites in this region, both on land and
underwater. Its well-preserved benthic assemblages
have therefore been used as a reference condition in
the development of biotic indices for ecological
quality assessment throughout the western Mediter-
ranean Sea (see Cecchi et al. 2014 and references
therein). To our knowledge, Montecristo has not been
affected by severe benthic mass mortality events,
which have been reported in many other locations
within the Mediterranean over recent years (e.g. Cer-
rano et al. 2000, Calvo et al. 2011, Rivetti et al. 2014).
The only exception was a localised and restricted
mortality event, which affec ted the purple gorgonian
Paramuricea clavata (Risso, 1826). This mortality

event was reported in the late 1980s by the film direc-
tor and underwater photographer Gerry Guldenschuh
(in Bavestrello et al. 1994). Here we report the early
stage of a mass mortality event affecting 2 other gor-
gonian species, Eunicella singularis (Esper, 1791) and
Eunicella cavolini (Koch, 1887) off Montecristo Island.
We further assessed if the anomalous water tempera-
ture that occurred at the end of summer 2017 could be
one of the causes of the mass mortality.

MATERIALS AND METHODS

Two scuba diving surveys were conducted by 6 sci-
entific divers on 5 September 2017 at Montecristo
Island (Tyrrhenian Sea; Fig. 1): one on the north-
western side of the island, Punta del Diavolo (42°
21.10’ N, 10° 17.97’ E), and the other on the south-
eastern side, Punta Forata (42° 19.11’ N, 10° 19.60’ E).
Surveys were initially conducted in order to collate
data on the abundance and depth distribution of
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Fig. 1. Location of study sites, Punta del Diavolo and Punta Forata, at Montecristo Island, in the Tyrrhenian Sea. Numbers
 indicate the location and year of mass mortality events that have affected gorgonians in the western Mediterranean Sea as
 reported in Table S1 in Supplement 2. The larger the font of the number the wider the regional event. Open-source base maps: 

MapSurfer ASTER GDEM-SRTM Hillshade and ESRI Ocean; Mercator projection, WGS84 datum
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selected ecological indicator species (including gor-
gonians). This was undertaken by conducting visual
observations along random paths down to a depth of
40 m, in accordance with the Reef Check monitoring
protocol for the Mediterranean Sea (Cerrano et al.
2017). Photos and videos were recorded by 2 Canon
PowerShot cameras (models: G15 with a Patima case,
and a G7 X with a Fantasea case), both equipped
with Inon strobes. In situ depth and temperature
were simultaneously recorded by 2 dive computers at
4 s intervals (models: Scubapro/Uwatec Aladin 2G
and Tec 3G), with clocks synchronised to the cam-
eras. At each site, mean temperature (± SE) at 1 m
depth intervals was obtained by combining the data
of the 2 dive computers.

In order to analyse the temporal trend of water tem-
perature and any observed anomalies, daily mean
water column temperature in the sampling area was
downloaded from the European Union Copernicus
Marine Environment Monitoring Service (CMEMS).
The daily mean temperatures for 2017 were obtained
from the Mediterranean Sea Physical Analysis and
Forecasting product, which is based on a hydro -
dynamic model with a horizontal grid resolution of
1/24° (ca. 4.6 km in latitude) and 141 unevenly
spaced depth levels (Clementi et al. 2017). By compa -
rison, the daily climatological temperatures be tween
1987−2015 were computed from the Medi terra nean
Sea Physical Reanalysis product (MEDREA), based
on a hydrodynamic model with a horizontal grid reso-
lution of 1/16° (ca. 6.9 km in latitude) and 72 un evenly
spaced depth levels also available on CMEMS (Si-
moncelli et al. 2014). The coastline of Montecristo
 Island falls into 4 calculation cells of the first hydrody-
namic model and in 2 cells of the second. Since data
from these cells were almost identical, in both cases
the data from the first upper-left cell was utilised. It
should be noted that the accuracy of these models
varies both in space and depth. The root-mean-
square error (RMSE) throughout the water column is
on average 0.3°C, with a peak of 0.8°C at 30 m depth
(Simoncelli et al. 2014, Clementi et al. 2017). Further-
more, a higher error ratio is likely to occur nearest to
the coast. All data was analysed and plotted using the
geographical information system QGIS and the com-
putational software R (R Core Team 2018), with the
package OceanView (Soetaert 2016).

RESULTS AND DISCUSSION

Along the investigated submerged cliffs at Monte-
cristo Island, the white gorgonian Eunicella singularis

formed dense populations that shaped ‘marine animal
forests’ (see Ponti et al. 2018). Colonies of E. singularis
were found from 10 m to more than 40 m depth with
higher densities (up to 10 ind. m−2) be tween 15 and
25 m. In contrast, the yellow sea whip E. cavolini was
much less dense than E. singularis, but colonies were
found across a similar depth range (from 15 m to more
than 40 m). Relatively higher densities of this species
were found between 25 and 35 m (up to 5 ind. m−2).
Colonies of Paramuricea clavata were also observed
but only in areas deeper than 25 m.

On 5 September 2017, colonies of E. singularis and
E. cavolini exhibited signs of ‘rapid tissue loss’ at
Punta Forata and Punta del Diavolo. The coenen -
chyme of affected colonies exhibited either partial or
total detachment from the skeleton (Fig. 2). No
encrusting epibionts were observed on any of the
denuded skeletons assessed, suggesting the lesion
progression was rapid in a similar manner to the tis-
sue loss often seen in scleractinian corals on tropical
reefs (e.g. Work et al. 2012). Interestingly, in a few
colonies the coenenchyme appeared to remain
attached when initially observed. However the tissue
was easily dislodged by minor water movement (e.g.
by a diver’s hand moving in front of the coral; see
Video S1 in Supplement 1 at www. int-res. com/
articles/ suppl/ d131 p079_ supp/). This may be indica-
tive of an early stage of the disease. Colonies which
were affected by this rapid tissue loss were more
commonly found above the thermocline, which
reached to depths of 30 m at the sites surveyed. At
Punta Forata, diseased colonies of both E. singularis
and E. cavolini were observed down to 17 and 21 m
depth respectively. These corresponded to water
temperatures of 23 and 22°C, respectively (Fig. 3A).
At Punta del Diavolo affected colonies were observed
down to 25 m for E. cavolini, and 30 m for E. singu-
laris, and these correlated with temperatures of 21
and 19°C, respectively (Fig. 3B).

The vertical profiles of daily mean water tempera-
ture (collected from 1 March to 30 November 2017 at
Montecristo Island), showed an anomalous thermo-
cline formation (Fig. 4) when compared to the clima-
tology for the same period between 1987 to 2015
(MEDREA). In March 2017, water temperatures were
almost 1°C warmer than the climatological reference
period from the surface down to 60 m depth. In April,
this anomaly increased to 2.5°C at 10 m depth and by
the end of June, in shallow waters, rose to 3°C above
the average. From July, the warming moved to
greater depths until reaching the temperature anom-
aly of 4°C at depths of 25−30 m at the beginning of
September.
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Mass mortality events of gorgonians are not undoc-
umented. Indeed, such events have been recorded
throughout the western Mediterranean Sea over re -
cent decades, as reported in Fig. 1 (see Table S1 in
Supplement 2 for an updated review). The first docu-
mented case of mass mortality in gorgonians oc -
curred in the north-western Mediterranean Sea (the
Gulf of Lion and the Ligurian Sea) in the 1980s. Over-
all, colonies of P. clavata and E. singularis were the
most commonly affected species. However, Eunicella
die-offs were never reported at Montecristo Island,

even during the most extensive mass mortality
events which oc curred in the region in 1999 and 2003
(Cerrano et al. 2000, Garrabou et al. 2009).

Thermal stress plays an important role in the onset
of gorgonian mass mortality events (e.g. Cerrano et
al. 2000, Coma et al. 2009, Garrabou et al. 2009, Vez-
zulli et al. 2010, Calvo et al. 2011, Rivetti et al. 2014,
Rubio-Portillo et al. 2016). Longer-lasting, hotter
summer periods result in positive sea water tempera-
ture anomalies, strong water column stratification
and a decrease in the available oxygen for benthic
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Fig. 2. Examples of colonies of (A,B) Eunicella singularis and (C) E. cavolini at Montecristo Island suffering from ‘rapid tissue loss’
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organisms. These stressors have a direct effect on the
health of many benthic organisms, including gor-
gonians (Cerrano et al. 2000, Cerrano & Bavestrello
2008, Gar rabou et al. 2009). For example, during
these periods gorgonians exhibit re duced energetic
reserves, likely because of investment in reproduc-
tion and low food availability (Coma et al. 2009). Fur-

thermore, due to physiological stress, the gorgonians
may lose the capacity to regulate their microbiome
through the production of antimicrobial and quorum-
sensing interfering compounds (see van de Water et
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Fig. 3. Vertical water temperature (±SE) profiles and depth
range associated with diseased colonies of E. cavolini and
E. singularis at (A) Punta Forata and (B) Punta del Diavolo
on the 5 September 2017. In situ mean water temperatures
were obtained from 2 dive computers at 1 m depth intervals Fig. 4. Vertical profiles of water temperature at Montecristo

Island from 1 March 30 November: (A) daily averages from
2017 CMEMS analysis; (B) daily climatological values (1987−
2015) from CMEMS reanalysis; (C) daily thermal anomalies 

in 2017. The dashed line indicates the survey date
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al. 2018 and references therein). For example, alter-
ation of the microbiome to a pathobiome state results
in the onset of disease in various marine organisms
(Sweet & Bulling 2017). Indeed, gorgonians harbour
relative stable core microbial communities (La Riv-
ière et al. 2015, van de Water et al. 2017), which
likely play important roles in the health and fitness of
these organisms. However, the true function of these
core microbes remains to be fully understood (see La
Rivière et al. 2015 and references therein).

While the purpose of this study was not to ascertain
the causal agent of this die-off, other studies have
assessed possible causal agents of previous events.
For example, increases in microbes of the genus Vib-
rio (a commonly referenced marine pathogenic ge -
nus) have been found in diseased P. clavata and E.
singularis when compared to healthy individuals
from the same locations (Vezzulli et al. 2010, Rubio-
Portillo et al. 2016). In another case, a heterogeneous
consortium of filamentous cyanobacteria (including
representatives from the genera Synechococcus, Ar -
throspira and other unculturable species belonging
to the order Oscillatoriales) were more prevalent
in diseased colonies of E. singularis and E. cavolini
(Carella et al. 2014) when compared to healthy indi-
viduals. Regardless of the causal agent or agents, the
trend in epidemics and pandemics in both marine
and terrestrial systems is worrying, and any out-
break — especially mass die-offs — warrants further
study.

Gorgonian marine forests are species-rich habitats
and therefore ecologically important (Ponti et al.
2014, 2016, 2018). The increase in frequency, inten-
sity and depth of thermal anomalies in these habitats
is therefore alarming (Coma et al. 2009, Calvo et al.
2011, Rivetti et al. 2014). However, it is often argued
that the resulting decline in reef health (cold water,
temperate or tropical) stems from a combined effect
of climate change and other, more local, stressors. In
order to attempt to untangle such a complex network
of stress effects, it is essential that reliable baselines
are available for any given ecosystem (Harvell et al.
2002), especially for sites where other anthropogenic
stressors (non-climate related) are reduced or non-
existent, i.e. locations such as Montecristo Island.

Such baseline studies, together with the advent of
CMEMS and the availability of real-time analysis,
forecasting and reanalysis products for the whole
Mediterranean Sea, may enable the development of
an efficient temperature-based disease surveillance
tool (Maynard et al. 2016). Access to high spatial res-
olution oceanographic data, as well as a 10 day fore-
casting capability, means an early warning system

for the most sensitive of locations can be put in place,
especially where marine forests exist, such as the one
studied here. Such a tool should likely include other
variables which may change in response to climate
change; for example, oxygen levels, salinity, turbidity
and availability of plankton biomass. The involve-
ment of citizen scientists could also be utilised to
develop such a management tool (Cerrano et al.
2017, Di Camillo et al. 2018).

In conclusion, we highlight a new mass mortality
die-off of gorgonian forests in the Mediterranean
Sea, and indicate that thermal anomalies are likely
key triggers in the onset of the disease in this in -
stance. We also illustrate that with a better under-
standing of the environmental conditions and other
stressors (which may lead to future disease out-
breaks), an ecosystem-based management plan can
be adopted which attempts to prevent or mitigate the
ecological damage caused by the loss of these marine
forests.
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