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Abstract
In the temperate Mediterranean Sea, Cladocora caespitosa is the unique species of zooxanthelate reef-building coral and it
threatened by different kinds of human pressure. The present study aims at evaluating the effects of a benthic mucilagenous
aggregates bloom on a bed of Cladocora caespitosa. Colony density, cover and necrosis of the bed before and after the benthic
mucilagenous aggregates bloom were compared. After the event there was an increase in necrosis which caused a decrease
in colony density and cover. The study quantified the damage as an increase of necrosis of about 55% and an overall loss of
percentage cover of about 85% of living C. caespitosa, suggesting that benthic mucilagenous aggregates may be a serious
threat for this endemic Mediterranean hermatypic coral.

Introduction
In the temperate Mediterranean Sea, the long-living Cladocora caespitosa (Linnaeus, 1767) is the unique species
of zooxanthelate reef-building coral, as most of hermatypic
corals disappeared at the end of Miocene (Vertino et al.
2014). This ecosystem engineer has been recorded in areas
with contrasting environmental characteristics, from shallow waters to deeper subtidal (Morri et al. 1994; Kersting
and Linares 2012). Allelochemical defense mechanisms
coped with its ability to up-regulate heterotrophy are valid
explanations of C. caespitosa spread in different habitats
(Hoogenboom et al. 2010; Ferrier-Pagès et al. 2011; Kersting et al. 2014a). Hydrodynamic conditions, type of substratum and sea floor morphology may determine different types of spatial development and colony morphology
(Chefaoui et al. 2017; Kersting et al. 2017). C. caespitosa
normally occurs in scattered colonies but, in some cases,
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can form aggregates of large number of distinct subspherical colonies, named beds, and, in some others, can develop
large colonies, reaching several decimeters in height, able
to colonize wide areas forming the so called banks (Peirano et al. 1998). However, large bioconstructions have
become rare in the Mediterranean Sea probably because
they are threatened by different kinds of human pressure
(Kružić and Benković 2008; Kersting and Linares 2012).
Sea water thermal anomalies, for example, are causing worrying mass mortalities of C. caespitosa at increasing rate
(Rodolfo-Metalpa et al. 2005; Kersting et al. 2013; Kružić
et al. 2014; Jiménez et al. 2014). Further effects related to
anthropic disturbances, such as pollution and spreading of
invasive species (Zuljevic and Nikolic 2008; Kersting et al.
2014a, 2015; El Kateb et al. 2017) may also interact causing
drastic negative consequences on this endangered species. In
relation to its ecological role (Koukouras et al. 1998; Peirano
et al. 2001; Pitacco et al. 2014) and sensitivity to human
impacts, C. caespitosa has been included as endangered in
the IUCN Red List (Casado-Amezúa et al. 2015).
Among the threats that can potentially affect C. caespitosa population, benthic mucilaginous aggregates have been
recently recorded in the eastern Adriatic Sea (Kružić and
Požar-Domac 2007). Mediterranean benthic mucilagineous
aggregates (BMA) are constituted by different algal species
and by organic matter, mostly containing polysaccharides,
released by these algae (Giani et al. 2016). The development
of BMA may be caused by the free-living Phaeophyceae
Acinetospora crinita (Carmichael ex Harvey) Kornmann,
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Material and methods
The study was carried out in Meloria Shoals, a rocky platform located in front of the Tuscany coast (Italy), in the
north-western Mediterranean Sea. The Shoals were included
in a Marine Protected Area since 2010. The area colonized
by C. caespitosa covers a calcareous sandstone bottom of
about 0.05 km2 between 6.5 and 7.5 m depth. All the colonized area was subjected to BMA mostly due to Acinetospora crinita in summer 2019 (from July to September).
The surveys were performed in summer 2018 and in summer 2020, before and after the occurrence of BMA. In 2019,
the presence of BMA, which completely covered the substrate and colonies of C. caespitosa, prevented any survey.
Two different methods were used to monitor the C. caespitosa bed: visual surveys along belt transects and permanent
photo quadrates.
For the visual survey, three sites of about 5000 m2 were
selected within the area colonized by C. caespitosa, and
in each site three transects 25 m long were sampled. For
each transect the number of living colonies were counted
in a stretch of substrate 1 m wide; moreover, the diameter
of each colony was measured and the percentage of necrosis was visually estimated. The abundance of colonies was
expressed as density (number of colonies m−2). The density
of colonies and the percentage of necrosis were analyzed
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by a permutational analysis of variance (Primer6+ PERMANOVA, Anderson 2001) based on the Euclidean Distance matrix. A two-way model was used with the factor
Time (before vs. after) fixed and the factor Site (three levels)
random and orthogonal. Three replicate transects were considered for each site.
For the photographic sampling, three plots of 1 m2 surface were marked and photographed in each year (2018 and
2020). The percent cover of living colonies was evaluated
through the software ImageJ. The differences in percent
cover of living colonies between before and after the BMA
event were analyzed with one-way PERMANOVA.

Results and discussion
A total of 251 colonies of Cladocora caespitosa were
recorded with a density of 3.4 ± 1.8 (mean ± SE, n = 3) colonies m−2 (Fig. 1A); colonies’ size was similar among study
sites with a mean diameter of 12.9 ± 1.3 cm. After the BMA
events, the percentage of necrosis significantly increased
(Pseudo-F1,2 = 1239.6, P(Perm) = 0.015) from 24.1 ± 5.2 to
79.7 ± 2.2 (Fig. 1B) and the density significantly decreased to
2.1 ± 1.3 colonies m−2 (Pseudo-F1,2 = 8.2, P(Perm) = 0.033)
(Fig. 1A). In the permanent quadrates, the percent cover of
living colonies significantly dropped (Pseudo-F1,4 = 224.2,
P(Perm) = 0.002) after the BMA event from 16.3 ± 0.9 to
2.2 ± 0.6 (Fig. 2, Fig. 3).
The study confirmed some previous observations on the
effects of BMA on C. caespitosa (Kružić and Požar-Domac
2007; Schiaparelli et al. 2007) and quantified the damage
as an overall loss of percentage cover of about 80%. This
result identifies the BMA as a worrying, serious threat for
this endemic Mediterranean hermatypic coral. Parallel to
other tridimensional organisms (Giuliani et al. 2005; Schiaparelli et al. 2007), C. caespitosa can represent a suitable
substrate for the development of BMA, especially when it
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and the fast-growing benthic Pelagophyceae Nematochrysopsis marina (Feldmann) Billard, Chrysonephos lewisii
(Taylor) and Chrysophaeum taylorii Lewis and Bryan (Sartoni and Sonni 1991; Sartoni et al. 1995; Caronni et al. 2014;
Giani et al. 2016). The specific composition of BMA is quite
variable, as more species can co-occur and living bacteria,
microalgae and detrital particles are commonly embedded
(Sartoni et al. 2008). In the last decades, blooms by BMA
increased in frequency and duration (Lorenti et al. 2005;
Caronni et al. 2014; Piazzi et al. 2018), and they have been
associated to global warming that might enhance the spread
of the main algae producing mucilage (Innamorati et al.
2001). BMA can seriously damage benthic organisms by
overgrowing (Giuliani et al. 2005; Schiaparelli et al. 2007),
reducing light penetration (Lorenti et al. 2005) and causing
benthic hypoxia as a consequence of the degradation of large
amounts of organic material (Cornello et al. 2005). Although
negative effects of BMA on C. caespitosa can be predictable and the problem is widely recognized and discussed,
quantitative investigations are lacking. In fact, BMA events
are not foreseeable, preventing the researchers from planning
adequate monitoring programs.
The present study aims to quantify the effects of a BMA
bloom on a C. caespitosa bed using data before and after
the event to compare density, cover and necrosis of the bed.
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Fig. 1  Density a and necrosis b of colonies between before and after
the occurrence of benthic mucilagineous aggregates (mean ± SE,
n = 3)
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Fig. 2  Percent cover of living colonies between before and after the
occurrence of benthic mucilagineous aggregates by photographic
samples (mean ± SE, n = 3)

constitutes beds or banks. Recovery of C. caespitosa populations from this sort of impact can be possible, as polyps
subjected to stress may be able to adopt a transitory resistance phase, to reduce their size and to grow re-colonizing
dead colony areas (rejuvenation process, Kersting and Linares 2019). However, eventual recovery process needs several years (Kersting and Linares 2019) and the increasing
frequency of BMA events and/or climatic anomalies that
can affect already damaged individuals, could prevent the
colonies from a recovery that would have been possible
under undisturbed conditions. In fact, the current climatechange scenario, with increasing water temperature, may
act as synergic factor that interferes negatively (Kružić et al.

2012) on the slow growth rates of this species (Peirano et al.
2001; Rodolfo-Metalpa et al. 2008) and its ability of recovery (Kersting et al. 2014b). C. caespitosa resilience may be
further reduced by adding source of impacts. In fact, the
resistance of colonies to disturbances, for instance the spread
of invasive organisms, depends on their state of health and
on the wideness of the necrotized portions that can be easily colonized by allochthonous algae (Zuljevic and Nikolic
2008; Kersting et al. 2014a, 2015).
Severe negative consequences have been highlighted
comparing a C. caespitosa bed before and after a BMA
event, even this correlative study does not allow evaluating
the occurrence of other additive or synergetic factors, such
as climatic anomalies. Moreover, the percentage of necrosis before the BMA event showed that this population had
been affected by other mortality events in the past, but the
lack of previous monitoring programs allows only speculations about these supposed events. It is well known that a
longer monitoring period would be necessary to completely
evaluate the damage of BMA to C. caespitosa having this
specie a long recovery time. Despite the absence of longterm observations, this kind of threat needs to be seriously
taken into account for the conservation of C. caespitosa.
Furthermore, BMA do not occur as a response to a direct
human pressure and MPAs or other local protection measures are not effective to reduce this threat. In this contest,
it is important to identify the occurrence of C. caespitosa
populations and to monitor the phenomenon trying to avoid
synergisms with other local human induced impacts that can
lead to very severe effects on this endemic Mediterranean
hermatypic coral.

Fig. 3  Images of Cladocora caespitosa bed before (left) and after (right) the occurrence of benthic mucilagineous aggregates
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