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Abstract
This is the first paper documenting research on a selection of marine caves located along the coast of Capo
Milazzo in the southern Tyrrhenian Sea. Three submarine and one semi-submerged caves were surveyed and
sampled using underwater photo sampling. Surveys have only taken into account the sessile species belonging to
the main taxa: Porifera, Anthozoa, Bryozoa and Polychaeta. Diversity indices and abundances were calculated for
three sections within each explored cave: the Entrance Zone, Intermediate Zone and Bottom Zone. The richest
group was Porifera with 21 taxa, followed by cnidarians, (Anthozoa), with 8 taxa, Polychaeta (5 taxa), and Bryozoa
(5 taxa). Among Porifera, the presence of Petrobiona massiliana, a protected species according to SPA/BIO
Protocol and the Bern Convention, must be highlighted. The encrusting forms were dominant in the Bottom Zone,
the massive forms in the Intermediate Zone and the arborescent forms in the Entrance Zone. Generally, the
percentage coverage of each morphological group showed a decline in the Intermediate Zone and a general
increase in the Dark Zone within each cave. The S, H’ and J values showed different trends in the five caves. These
differences, also evidenced by Permanova analysis, depend on the topographic specificity of each cave which, in
turn, affects the gradients of the biotic and abiotic parameters. Finally, no horizontal gradient of rarefaction of the
benthic sessile fauna has been detected. This study represents an important step for the management and
conservation practices of these fragile ecosystems, especially in view of the forthcoming establishment of the Marine
Protected Area.

Keywords Marine caves; Benthic biodiversity; Photographic census;
Mediterranean Sea; Conservation

Introduction
According to Annex 1 of the ‘Habitats’ EC Directive 92/43, the
submerged and semi-submerged caves, (code 8330), are natural
habitats of community interest. Habitat and associated species, (semidark cave habitats), have been included in the Action Plan, (AP),
regarding the conservation of habitats and species associated with
seamounts, underwater caves and canyons, aphotic hard beds and
chemo-synthetic phenomena in the Mediterranean Sea [1].
Management procedures involve enacting laws aimed at regulating
human activities likely to affect dark populations and permit their
long-term conservation.
The AP asserts (B.2–Setting up MPAs) that “the institution of a
Marine Protected Area intended to permit more efficacious
conservation of these dark assemblages must be based on the
identification of emblem sites on the basis of the criteria: uniqueness or
rarity, particular importance for species biological stages, importance
for threatened, endangered or declining habitats or species,
vulnerability and reduced recuperative capacity after disturbance,
biological productivity, biological diversity and naturality” [1].
Mediterranean marine caves play a valuable role as ‘reservoirs’ for
the restocking of valuable species [2-5] and show a significant
ecological [6] value in relation to their function of habitat/refuge
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and/or ecological islands. Moreover, the marine caves [l] are
considered a link between closed habitats, (hard and soft substrata,
seagrass bed, coralligenous assemblages) [6,7]. The caves also play an
important role economically for a local diving centre due to the high
frequency of requests from divers to explore them (pers. comm.).
Management action will need to be evaluated in order to reduce and
prevent the impact of recreational divers on the benthic community
[8,9].
Over the past 15 years, several studies focused on the biodiversity of
marine caves [4,10-15], their conservation [9,16-19] and the
occurrence of non indigenous species [20] and references therein] have
been carried out worldwide. In Sicily, several studies were carried out
on Bryozoa, Brachiopoda, Serpuloidea and Floristic macroalgal
diversity of some submerged caves [21-25].
The presence of submerged and semi-submerged caves has also
helped to strengthen the decision making criteria in support of the
establishment of marine protected areas in the Mediterranean Sea [26];
about 66% of these protected areas include submerged caves [27].
About 4000 caves have been surveyed in the Mediterranean in 14
European countries [28]. The biodiversity, also linked to the presence
of alien species [20], and the community structure of these particular
habitats have been investigated. But there is also a large gap between
the studies on biodiversity and animal community structure between
the western and eastern Mediterranean caves [13], with 3262 western
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Mediterranean caves surveyed versus only 738 in the eastern
Mediterranean.
In Italy, several studies have been conducted on the benthic
populations or single species of the underwater caves [6,11,16,29-33]
and have often been limited to Marine Protected Areas
[8,9,13,19,21,22,34-47].
There are still many caves to survey and further intensive studies on
the biology and ecology of these areas are needed.
The description of the caves considered in this paper represents the
first contribution to the knowledge of these environments along the
north-eastern coast of Sicily.
Although the seabeds along the promontory of Capo Milazzo have
been designated as Marine Protected Areas of forthcoming
establishment and the terrestrial part of the promontory represents a
Site of Community Interest (SCI), no scientific information is available
on the faunal composition of local submerged and semi-submerged
caves.
The purpose of this work is therefore: a) to provide the first data on
the 2-D morphology of three submerged and one semi-submerged
caves at Capo Milazzo; b) to provide further data on the biodiversity of
these environments, paying special attention to the presence of
protected species included in the lists of international conventions.

Figure 1: Study area with caves location.

Material and Methods
Study Site
The promontory of Capo Milazzo is a small peninsula that stretches
northwards for about 6 km from the northern coast of Sicily, (Figure
1), with a maximum width of about 1.3 km. The coastal profile appears
steep and rugged.
The exposed area is classified as a Site of Community Importance,
(code ITA030032 ‘Capo Milazzo’), according to the EC ‘Habitats’
Directive 92/43, (ordinary supplement n. 167 to the Official Gazette no.
170 of 24 July 2007). In addition, since January 2014, the submerged
part of the promontory of Capo Milazzo was included in the list of the
Marine Protected Areas of Gathering, (Law 27 December 2013, n. 147
ordinary supplement n. 87 to the Official Gazette n. 302 of 12.27.2013),
and then, from August 2014, following the economic, social and
environmental investigations commissioned by the Italian Ministry of
the Environment and Protection of Land and Sea to ISPRA, Capo
Milazzo was proposed as an MPA.
The bedrock of the peninsula is formed by metamorphic rocks
covered by Upper Miocene reef limestones and Upper Pliocene- Lower
Pleistocene marls and marly limestone [48].
The studied caves are located at different depths, (from 0 to -30 m
u.s.l), and distances from the coast and show different morphogenesis.
Three submerged caves (“Delle Corvine” (CCO) “Secca di Levante”
(CLE) and “Del Cristo” (CCR) and one semi-submerged, “Gamba di
Donna” (CGD)), have been described (Figure 2).
Figure 2: 2D plans of surveyed caves.
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Results

Sampling
Sampling was conducted during summer 2010. Photographic
samples were taken on vertical rocky walls using a Canon G12
PowerShot with an underwater case and two electronic strobes. Within
each site five 20 × 20 cm square frames were positioned, randomly, on
both vertical walls of the cave and at three levels of distance, (sectors),
from the entrance: Entrance Sector, Intermediate Sector and Bottom
Sector. Each sampling level was chosen relying on cave morphology:
total length, presence of chambers and/or niches.
A metal pole was attached to the camera to indicate the height the
camera needed to be held above the benthos to ensure that the width
of the photograph was 400 cm2. Each photograph was high quality and
between 6 and 9 MB in size.
Then, the sampling led to the collection of 10 spatial replicates per
sector, (S1-5-S6-10 Figure 2), for a total of 30 samples for each cave.
The images were transferred to a PC for the taxonomic recognition at
the lowest taxonomic level, (whenever possible), while the coverage
percentages for each species or colony were calculated using
photoQuad software [49]. Additionally, during the survey, some
specimens of each taxon were collected in order to identify at specific
level the benthic fauna present in the photoquadrats. Surveys have only
taken into account the sessile fauna in the caves belonging to the
following taxa: Porifera, Anthozoa, Bryozoa and Polychaeta.
Photographic sampling was chosen as it provides a good compromise
between optimal resolution and conservation of the habitat, although it
could probably lead to the underestimation of small and cryptic
species. Furthermore, the non-destructive methodological approach
obtaining biodiversity data through the analysis of images is suitable
for studying marine benthic communities in Marine Protected Areas
and vulnerable habitats.
Four morphological categories have been identified [50]: Encrusting
(EN), Massive (MA), Arborescent (AR), and Tubular (TU). For each
category and for each sector, coverage in cm2 and percentage were
calculated and the differences in morphological categories were
observed through the horizontal development of the caves, (EntranceBottom Cave).

Data analysis
The macrobenthic assemblages were characterized by calculating
the following diversity indices for each cave and cave sectors,
(Entrance Zone - Intermediate Zone - Bottom Zone): species richness,
(S), expressed as the total number of species observed in the images
collected in each sampling sector; the Shannon-Wiener diversity index,
(H’) [51], calculated as �' = −

∑

�

� ln�� where pi is the
�=1 �

proportion of specimens in the ith species, and the Pielou’s evenness
index, (J), expressed as J=H’/lnS; where H’ is the Shannon-Wiener
diversity index value and S is the species richness.
Statistical analyses were performed using the PRIMER6 &
PERMANOVA+ software packages [52,53]. To evaluate potential
variations in the values of each of the three diversity indices in relation
to the factors “cave” and “sector”, a two-way crossed non-parametric
univariate analysis of variance, (PERMANOVA), was performed. Data
was analyzed on the basis of Euclidean distance, (4999 permutations).
Pairwise comparisons were computed when significant differences,
(p<0.05), among factor levels were detected.
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Description and plans of surveyed caves
Secca di Levante cave (CLE): The cave, formed by marine erosion on
the calcareous rock, is located about 400 m off the coast of Capo
Milazzo. The entrance is at -30 m depth and the cave extends
horizontally for about 40 m in a NW-SE direction, having an average
width of 2.60 meters, and consisting of 3 connected rooms. The final
part is completely dark, while the intermediate part has cracks in the
roof that allow in light filtering from outside and that connect it with
the top of the shoal at a depth of 18 m. Coarse sand and organic
detritus originate from the disintegration of organisms that colonise
the walls and the vault covering the bottom up to 15 m from the
entrance. This cave is subject to strong currents. Muddy sand covers
the back part of the cave bottom. This cave, as it is easy to explore, and
for the presence of numerous encrusting taxa, (Porifera, Bryozoa), and
numerous cavities inhabited with Plesionika sp., Conger conger and
Phycis phycis, has been visited by the diving centre as well as
independent divers.
Gamba di donna cave (CGD): This is a small semi-submerged cave
located on the westernmost tip of Capo Milazzo. It develops
horizontally within a carbonatic rock layer running N-S. The entrance
is located at a depth of -1.5 m. The cave extends for about 14 m inside
the promontory without further links with the outside.
It is only accessible from the sea. The entrance, about 1.5 meters
wide and 2 meters high, 1 m of which is outside the water, is visible
from the surface, but develops largely below the surface level.
Del Cristo cave (CCR): This cave is located inside a small rocky
outcrop about 50 m off the west coast of the cape. It is part of a small
system of cavities and caves from -5 to -20 m depth. The cave is 27 m
long; its entrance is located at a depth of -18 m. The Intermediate Zone
is linked to the outside through a cracking of the roof It has a modestly
sized side tunnel of about 2 meters. The floor of the cave is covered by
a thin, sandy sediment and is littered with rocks and boulders. This
cave is often visited by divers, also due to the presence of a statue of
Christ placed there years ago.
Delle Corvine cave (CCO): The cave is located on the south-western
side of the promontory. It has a predominantly horizontal development
within the metamorphic rock. The entrance is at a depth of -12 m; the
cave extends for about 50 m and consists of 4 main cavities connected
to each other by narrow passages. At about 16 m from the entrance
there is a small secondary branch that connects the cave with the
external environment at a depth of -5 m. The last room ends with two
small tunnels that are not accessible to divers. The semi-dark area is
limited to the first 10 m from the entrance, while the remaining part is
dark. The floor of the cave is covered by fine sediments. Inside there
are numerous individuals of Sciaena umbra. It is the only cave, among
those documented in this work, where there is the presence of
individuals of Grammonus ater (Osteichthyes-Bythitidae).

Taxonomic composition
Overall, 37 taxa belonging to 4 phyla were observed (Table 1). The
most numerous group was Porifera, with 21 taxa, followed by Cnidaria
(Anthozoa) with 8 taxa, Annelida, (5 taxa of Polychaeta), and Bryozoa
(3 taxa).
Porifera were represented by species frequently found in cave
environments such as Petrosia ficiformis, Spirastrella cunctatrix,
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Clathrina clathrus and Agelas oroides [10,13,16,41]. Of remarkable
importance is the presence of protected species Petrobiona massiliana,
(Annex II of the SPA/BIO Protocol of the Barcelona Convention and
Morphological groups

Classes

Species

MA

Calcarea

Clathrina clathrus

EN

Calcarea

Petrobiona massiliana

MA

Homoscleromorpha

Corticium sp.

MA

Demospongiae

Aaptos sp.

MA

Demospongiae

MA

Annex II of the Bern Convention), inside the Gamba di Donna (CGD)
cave.

CCO

CLE

CCR

CGD

4.4

Cave sector
EZ,IZ,BZ

16.79

EZ,IZ,BZ

1.5

IZ,BZ

2.5

5.7

EZ,IZ,BZ

Agelas oroides

1.6

5.8

Demospongiae

Axinella cf. verrucosa

2.8

EZ

MA

Demospongiae

Axinella cf. damicornis

3.2

EZ

MA

Demospongiae

Axinella sp

2.5

MA

Demospongiae

Chondrosia reniformis

EN

Demospongiae

Crambe sp.

EN

Demospongiae

Dendroxea sp.

EN

Demospongiae

Dysidea fragilis

40.83

EZ, BZ

EN

Demospongiae

Dysidea sp.

21.31

EZ,IZ,BZ

MA

Demospongiae

Haliclona sp.

25.25

IZ,BZ

EN

Demospongiae

Haliclona (Halichoclona)
fulva

MA

Demospongiae

Ircinia cf. oros

10.2

MA

Demospongiae

Ircinia sp.

2.4

MA

Demospongiae

Ircinia variabilis

4.8

MA

Demospongiae

Petrosia ficiformis

17.7

EN

Demospongiae

Phorbas sp

19.88

EN

Demospongiae

Spirastrella cunctatrix

28.86

7.6

EZ,IZ,BZ

MA

Anthozoa

Astroides calycularis

7.62

21.04

EZ,IZ,

AR

Anthozoa

Cornularia cornucopiae

62.5

EZ

TU

Anthozoa

Lepsosammia pruvoti

15.43

5.3

EZ,IZ,BZ

AR

Anthozoa

Pachyceriantus solitarius

1

IZ

TU

Anthozoa

Paracyathus pulchellus

31.25

EZ

AR

Anthozoa

Parazoanthus axinellae

MA

Anthozoa

Phyllangia
mouchezii

EN

Anthozoa

Polycyathus muellerae

EN

Polychaeta

Filograna implexa

EN

Polychaeta

Josephella marenzelleri

39.25

EN

Polychaeta

Protula tubularia

12.5

EN

Polychaeta

Serpula vermicularis

12.5
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18.44

EZ,IZ,BZ

1.8

7.75

EZ,IZ,BZ

18.6

50

EZ,IZ,BZ

30.65

EZ,IZ,BZ
11.42

3.5
8.4

9.7

IZ

70

EZ,IZ,

16

IZ

63

IZ,BZ

5.9

15.6

4.8

EZ,IZ,BZ

EZ,IZ,BZ

3.4

EZ,IZ

25

americana 13

EZ
IZ

25

45
16

2.6

EZ,IZ,BZ
BZ

41

IZ,BZ

1.9

EZ,IZ,BZ

1.3

EZ,BZ
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EN

Polychaeta

Vermiliopsis
infundibulum

AR

Gymnolaemata

Margaretta cereoides

AR

Gymnolaemata

Myriapora truncata

MA

Gymnolaemata

Reteporella grimaldii

18.56

26.75

EZ, BZ

27.5

EZ

14.3

EZ,IZ

4.6

EZ,IZ,BZ

Table 1: Taxonomic list of species with relative morphological groups, and % coverage assessed in each of the studied cave. MA: massive; EN:
encrusting; AR: arborescent; TU: tubular. EZ: entrance zone; IZ: Intermediate zone; BZ: bottom zone; CCO: Corvine cave; CLE: Secca di Levante
cave; CCR: Cristo cave; CGD: Gamba di donna cave.
Anthozoans, mostly belonging to the coralligenous assemblages,
such as Parazoanthus axinellae and Leptopsammia pruvoti, are also
represented by taxa belonging to the community of dark and semidark caves, such as Cornularia cornucopiae, Paracyathus pulchellus
and Polycyathus muellerae [54-56].
Among the bryozoans, shade-tolerant species and coralligenous
taxa, (Reteporella grimaldii), and representatives of photophilic
communities under strong currents, (Margaretta cereoides), were
found only in the first sectors, (Entrance Zone), of the CLE caves.
With regards to polychaetes, species found inside the caves of Capo
Milazzo are exclusively serpulids typical of shady and coralligenous
environments, (Vermiliopsis infundibulum, Filograna implexa,
Josephella marenzelleri, Protula tubularia), and are widely distributed
in the Italian submarine caves [57].
Considering the three sectors of the 4 investigated caves and the 4
morphological categories, (Encrusting - EN, Massive - MA,
Arborescent - AR, Tubular - TU), the encrusting forms showed a
percentage of coverage higher in the Bottom Zone in all explored
caves, whereas the massive and tubular forms were more abundant in
the Intermediate Zone. The Entrance zone presents all morphological
categories with a dominance of arborescent and massive forms (Figure
3).
Percentage of coverage of each taxa show highest values at the
Entrance Zone, (71.44%), a decrease in the Intermediate Zone,
(42.15%) and an increase in the Bottom Zone, (49.96%) within each
cave. Anthozoans, (Cornularia cornucopiae, Parazoanthus axinellae),
and encrusting forms of some species of sponges, (Dendroxea sp., S.
cunctatrix, Ircinia variabilis), covered the walls at the entrance of the
caves. In the Intermediate Zone of each cave, sponges grow
significantly, reaching considerable sizes (A. oroides, P. ficiformis),
while the percent coverage of Anthozoa and Polychaeta decreases.
Reteporella grimaldii and Myriapora truncata represent the only
Bryozoa species located in the Intermediate Zone. In the Bottom Zone,
percent coverage of encrusting forms of serpulids, (Vermiliopsis
infundibulum, Serpula vermicularis, Josephella marenzeller) and
porifera (Dysidea fragilis and I. variabilis) (Figure 4), increases and
showed the highest coverage values.
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Figure 3: % coverage of each morphological groups in each cave
sector: entrance, intermediate and bottom zone. EN: encrusting,
MA: massive, TU: tubular, AR: arborescent. CCO: Corvine Cave,
CLE: Levante Cave, CCR: Cristo cave, CGD: Gamba di Donna cave.
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lowest average values of the diversity indices were recorded in CGD,
(S=2.3 ± 1.2; H’=0.5 ± 0.4). Regarding the sectors, the highest average
values of species richness, (S=7.0 ± 1.9), and the Shannon diversity
index, (H’=1.6 ± 0.2), were recorded in the Intermediate Zone of CLE.
S, H' and J’ values showed different trends in each of the five caves.
Cave

Sector

S

H'

J

entrance

2

0.2

0.5

intermediate

3.6

1

0.8

bottom

2.8

0.6

0.6

total

2.8

0.6

0.6

entrance

5.2

0.4

0.8

intermediate

3.6

1

0.9

bottom

3.4

0.7

0.6

total

4.1

0.7

0.8

entrance

3

0.7

0.7

intermediate

1.8

0.3

0.7

bottom

2

0.7

1

total

2.3

0.5

0.8

entrance

4.2

0.7

0.8

intermediate

7

1.6

0.9

bottom

4.8

1.4

0.9

total

5.3

1.2

0.9

Corvine (CCO)

Cristo (CCR)

Gamba donna (CGD)

Levante (CLE)

Table 2: Average values of the diversity indices calculated for each
sector of the explored caves

Figure 4: % coverage of each morphological groups in each cave
sector: entrance, intermediate and bottom zone. EN: encrusting;
MA: massive; TU: tubular; AR: arborescent; CCO: Corvine Cave;
CLE: Levante Cave; CCR: Cristo cave; CGD: Gamba di Donna cave.

Biodiversity patterns of the benthic assemblages
The average values of the diversity indices for each sector of the
caves are reported in Table 2.
On the whole, the richest and most diverse macrobenthic
community resulted in CLE, (S=5.3 ± 2.1; H’=1.2 ± 0.5), while the
lowest average values of the diversity indices were recorded in CGD,
(S=2.3 ± 1.2; H’=0.5 ± 0.4). Regarding the sectors, the highest average
values of species richness, (S=7.0 ± 1.9), and the Shannon diversity
index, (H’=1.6 ± 0.2), were recorded in the Intermediate Zone of CLE.

The Intermediate Zones showed the highest H' values except in
Gamba di Donna, (CGD), (Figure 5). Diversity values decrease in the
Bottom Zones of the 4 examined caves, (Table 2). This aspect has
already been found in other Mediterranean [12-14] and Black Sea [57]
caves.
Species richness (S), follows the trend of diversity (H’), in CCO,
CLE and CGD. Reverse trends of S are found in CCR.
Results of the two-way crossed PERMANOVA performed on the
Shannon diversity index, (H’), indicated significant differences,
(p<0.01), for all the considered factors. The two-way crossed
PERMANOVA performed on the species richness index, (S), revealed
significant differences between caves, (F=13.393; p<0.01), and between
sectors across all caves, (F=3.2587; p<0.05), but no significant
differences between cave sectors. Pairwise comparisons performed on
the factor “Cave” showed significant differences among all caves except
between CCO and CGD (Table 3).
The pairwise test conducted between levels of the “Cave” factor
pointed out Levante, (CLE), as significantly different from all the other
caves, (p<0.01), (Table 3).

On the whole, the richest and most diverse macrobenthic
community resulted in CLE, (S=5.3 ± 2.1; H’=1.2 ± 0.5), while the
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The same test conducted on the “Cave sector” factor indicated
significant differences among all the levels considered, (p<0.01), except
for the comparison between the Bottom Zone and Intermediate Zone.
Examining the Pielou Evenness Index, (J), the PERMANOVA
analysis revealed significant differences for the Cave factor, (F=3.0864;
p<0.05), and the interaction factor Cave x Sector (F=2.3545; p<0.05).
Pairwise comparisons performed on the Cave factor, showed
significant differences between CCO Vs CCR and CCO Vs CLE, (Table
3).
Species
Richness
Groups
CCO
CCR

vs

CCO
CGD

vs

CCO
CLE

vs

CCR
CGD

vs

CCR
CLE

vs

CGD
CLE

vs

Shannon diversity
T

p

Groups

3.042

**

CCO
CCR

1.254

n.s.

4.642

T

Pielou Evenness
p

Groups

vs 1.17
2

n.s

CCO
CCR

vs

CCO
CGD

vs 0.02
9

n.s

CCO
CGD

vs

***

CCO
CLE

vs 4.76
5

***

CCO
CLE

vs

3.689

***

CCR
CGD

vs 1.18
2

n.s

CCR
CGD

vs

2.179

*

CCR
CLE

vs 4.46
2

***

CCR
CLE

vs

4.755

***

CGD
CLE

vs 4.51
7

***

CGD
CLE

vs

T

p

2.277

*

1.028

n.s

2.659

*

1.038

n.s

0.455

n.s

1.417

n.s

Table 3: Results of the pairwise comparisons among caves performed
for each index. CCO: Corvine Cave, CLE: Levante Cave, CCR: Cristo
cave, CGD: Gamba di Donna cave.*P<0.05; **P<0.01; ***P<0.001; n.s.
= not significant.

Discussion
This study aims to improve the knowledge of the macrobenthic
diversity of some submerged and semi-submerged caves around Capo
Milazzo, an area selected as an MPA. The sampling method, not
invasive and ethically acceptable for a forthcoming MPA, surely
contributed to the knowledge of these particular environments.
According to our results, the diversity index showed a clear pattern,
generally increasing from the entrance to the intermediate zone in
most of the explored caves, (CCO, CLE and CCR).
The high values of H 'and S observed in the Intermediate Zones may
be due to openings and cracks in the cave roofs. A small number of
species were found in the Intermediate Zone of Gamba di Donna,
(CGD), cave, which doesn’t have external links. In addition, being a
semi-submersible cave exposed to strong northwestern winds, it is
subject to strong hydrodynamism generated by N-NW winds and this
condition may be responsible for the lower values of S, H’ and J
observed in its Intermediate Zone.
Figure 5: Trend of biodiversity indices calculated for the benthic
communities of each of the surveyed cave and in each cave sector:
entrance, intermediate and bottom zone. CCO: Corvine Cave; CLE:
Levante Cave; CCR: Cristo cave; CGD: Gamba di Donna cave; H’:
Shannon-Wiener diversity; S: Species richness; J: Pielou’s evenness
index.
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The Intermediate Zone, in all the examined caves, appears to
represent a discontinuity area in terms of total coverage percentages,
distribution of animal populations and presence of rare species,
(Haliclona fulva, Ircinia sp., Phyllangia americana mouchezii). In
particular, the different morphology of the four examined caves could
be responsible for the benthic fauna variability. In fact, differences in
the assemblage of the caves probably depend on the topographic
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specificity of each cave which, in turn, affects the gradients of biotic
and abiotic parameters [14,16,55,58-60]. Strong currents in the CLE
cave, for example, may be responsible for the presence of Margaretta
cereoides in the Entrance Zone.
In conclusion, it is possible to recognize a pool of species,
distributed along a horizontal axis, Entrance-Bottom Zone, whose
specific composition includes: coral species located mostly in the
Entrance Zone, (Parazoanthus axinellae, Paracyathus pulchellus,
Cornularia cornucopiae), species of the "semi-obscure" biocenosis,
(shaded areas), and "dark", (sensu Pérès & Picard), [61] located in the
darkest parts of the caves, (Bottom Zone), (Petrobiona massiliana,
Spiraserpula massiliensis, Haliclona fulva).
In some cases these species aggregate together generating different
patterns of abundance and coverage which probably depend on abiotic
factors such as light, (that may filter through cracks even in the
intermedian areas of the caves; i.e. CCR, CLE), hydrodynamism,
(strong currents), and cave morphology, (presence of branches and
niches).
Sponges and the cnidarians anthozoans represent the most
representative taxa at the entrance and middle areas of each cave. The
sea worms serpulids, with encrusting sponges, have a significant role in
the internal sector, (Bottom Zone).
Improving the available knowledge on these particular marine
habitats and their species assemblages is extremely important
considering that recreational activities such as diving may negatively
affect them. Monitoring studies of these caves and their biodiversity
are required for the management and conservation practices of these
fragile ecosystems, especially in view of the new MPA establishment.

Acknowledgements
We thank Marzia Bo for her valuable assistance in the
determination of anthozoa and sponges and Salvatore Pasta for the
critical revision of the text. We are grateful to Gemma Bevan for the
English revision of the manuscript.

8.
9.

10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.

References
1.

2.
3.
4.
5.
6.

7.

UNEP-MAP-RAC/SPA (2015) Action Plan for the conservation of
habitats and species associated with seamounts, underwater caves and
canyons, aphotic hard beds and chemo-synthetic phenomena in the
Mediterranean Sea. Dark Habitats Action Plan. Ed. RAC/SPA, Tunis:
1-17.
Cicogna F, Bianchi CN, Ferrari G, Forti P (2003) Grotte marine:
cinquant’anni di ricerca in Italia. Ministero dell’Ambiente e della Tutela
del Territorio, Roma.
Harmelin JG, Vacelet J, Vasseur P (1985) Les grottes sous-marines
obscures: un milieu extrême et un remarquable biotope refuge. Téthys 11:
214-229.
Harmelin JG (1997) Diversity of bryozoans in a Mediterranean sublittoral
cave with bathyal-like conditions: role of dispersal processes and local
factors. Mar Ecol Prog Ser 153: 139-152.
Chevaldonné P, Lejeusne C (2003) Regional warming-induced species
shift in north-west Mediterranean marine caves. Ecol Lett 6: 371-379.
Rastorgueff PA, Bellan-Santini D, Nike Bianchi C, Bussotti S,
Chevaldonné P, et al. (2015) An ecosystem-based approach to evaluate
the ecological quality of Mediterranean undersea caves. Ecol Indic 54:
137-152.
Bussotti S, Di Franco A, Francour P, Guidetti P (2015). Fish assemblages
of Mediterranean marine caves. PloS one 10: e0122632.

J Marine Sci Res Dev, an open access journal
ISSN:2155-9910

22.
23.

24.

25.

26.
27.

Di Franco A, Milazzo M, Baiata P, Tomasello A, Chemello R (2009) Scuba
diver behaviour and its effects on the biota of a Mediterranean marine
protected area. Environmental Conservation 36: 32-40.
Di Franco A, Ferruzza G, Baiata P, Chemello R, Milazzo M (2010). Can
recreational scuba divers alter natural gross sedimentation rate? A case
study from a Mediterranean deep cave. ICES Journal of Marine
Science 67: 871-874.
Gerovasileiou V, Voultsiadou E (2012) Marine caves of the Mediterranean
Sea: A sponge biodiversity reservoir within a biodiversity hotspot. PLoS
One 7: e39873.
Gerovasileiou V, Voultsiadou E (2014) Mediterranean marine caves as
biodiversity reservoirs: a preliminary overview. Symposia on the
conservation of Mediterranean marine key habitats, Tunis.
Martí R, Uriz MJ, Ballesteros E, Turon X (2004). Benthic assemblages in
two Mediterranean caves: Species diversity and coverage as a function of
abiotic parameters and geographic distance. J Mar Biol Assoc UK 84:
557-572.
Madonna A, Alwany MA, Rabbito D, Trocchia S, Labar S, et al. (2015)
Caves biodiversity in the Marine Area of Riviera d’Ulisse Regional Park,
Italy: Grotta del Maresciallo overview. J Biodivers Endanger Species.
Bell JJ (2002) The sponge community in a semi-submerged temperate sea
cave: Density, diversity and richness. Mar Ecol 23(4): 297-311.
Uiblein F, Ott J, Stachowitsch M (editors) (1996) Deep sea sponges in
Mediterranean cave. In Deep-sea and extreme shallow-water habitats:
affinities and adaptations. Biosystematics and Ecology Series 11: 299-312.
Bussotti S, Terlizzi A, Fraschetti S, Belmonte G, Boero F (2006) Spatial
and temporal variability of sessile benthos in shallow Mediterranean
marine caves. Mar Ecol Prog Ser 325: 109-119.
Milazzo M, Chemello R, Badalamenti F, Camarda R, Riggio S (2002) The
impact of human recreational activities in marine protected areas: What
lessons should be learnt in the Mediterranean Sea?. Mar Ecol 23: 280-290.
Lloret J, Zaragoza N, Caballero D, Riera V (2008) Impacts of recreational
boating on the marine environment of Cap de Creus (Mediterranean
Sea). Ocean Coast Manag 51: 749-754.
Guarnieri G, Terlizzi A, Bevilacqua S, Fraschetti S (2012) Increasing
heterogeneity of sensitive assemblages as a consequence of human impact
in submarine caves. Marine BiologyMar Biol 159: 1155-1164.
Gerovasileiou V, Voultsiadou E, Issaris Y, Zenetos A (2016a) Alien
biodiversity in Mediterranean marine caves. Mar Ecol 37: 239-256.
Rosso A, Sanfilippo R, Taddei Ruggiero E, Di Martino E (2013) Faunas
and ecological groups of Serpuloidea, Bryozoa and Brachiopoda from
submarine caves in Sicily (Mediterranean Sea). Bollettino della Società
Paleontologica Italiana 52: 168.
Rosso A, Di Martino E, Sanfilippo R, Di Martino V (2013) Bryozoan
communities and thanatocoenoses from submarine caves in the
Plemmirio marine protected area (SE Sicily).
Sanfilippo R (2009) Systematics and life habit in Serpula israelitica
Amoureux, 1977 (Polychaeta Serpulidae) from the Mediterranean with
remarks on other soft-bottom serpulids. Journal of Natural History, 43:
2009-2025.
Di Geronimo I, Allegri L, Improta S, La Perna R, Rosso A, et al. (1997).
Spatial and temporal aspects of benthic thanatocoenoses in a
Mediterranean infralittoral cave. Rivista Italiana di Paleontologia e
Stratigrafia (Research In Paleontology and Stratigraphy).
Alongi G, Cormaci M, Furnari G, Catra M (2012) Floristic macroalgal
diversity in selected submarine caves located within two marine protected
areas off Lampedusa Island and Sicily (Italy). Botanica Marina, 55:
387-397.
Tunesi L, Diviacco G (1993) Environmental and socio‐economic criteria
for the establishment of marine coastal parks. Int J Environ Stud 43:
253-259.
Abdulla A, Gomei M, Maison É, Piante C (2008) Status of Marine
Protected Areas in the Mediterranean Sea. IUCN, Malaga and WWF,
France.

Volume 7 • Issue 7 • 1000238

Citation:

Scotti G, Consoli P, Esposito V, Chemello R, RomeoT, et al. (2017) Marine caves of the Southern Tyrrhenian Sea: a First Census of
Benthic Biodiversity. J Marine Sci Res Dev 7: 238. doi:10.4172/2155-9910.1000238

Page 9 of 9
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.
40.
41.
42.

43.
44.
45.

Giakoumi S, Sini M, Gerovasileiou V, Mazor T, Beher J, et al. (2013).
Ecoregion-Based conservation planning in the Mediterranean: Dealing
with large-scale heterogeneity. PloS one 8: e76449.
Denitto F, Bussotti S, Poto M, Onorato R, Belmonte G (2010) Prima
indagine faunistica della Grotta Del Sifone (Canale D'Otranto, Salento
meridionale, Italia). Thalassia Salentina 32: 129-138.
Todaro MA, Leasi F, Bizzarri N, Tongiorgi P (2006) Meiofauna densities
and gastrotrich community composition in a Mediterranean sea
cave. Marine Biology 149: 1079-1091.
Onorato R, Denitto F, Belmonte G (1999) Le grotte marine del Salento:
classificazione, localizzazione e descrizione. Thalassia salentina 23:
67-116.
Nepote E, Bianchi CN, Morri C, Ferrari M, Montefalcone M (2017)
Impact of a harbour construction on the benthic community of two
shallow marine caves. Marine pollution bulletin 114: 35-45.
Sanfilippo R (2000) Serpula cavernicola Fassari & Mòllica, 1991
(Annelida Polychaeta): diagnostic features of the tubes and new
Mediterranean records. Marine Life 10: 27-32.
Bianchi CN, Morri C (1994) Studio bionomico comparativo di alcune
grotte marine sommerse: definizione di una scala di confinamento. Mem
Ist It Speleol 6: 107-123.
Pitruzzello P, Russo GF (2008) Particolarità ambientali di due grotte
sottomarine dell’area marina protetta del Plemmirio (Siracusa, Sicilia).
Biologi Italiani 11: 41-47.
Colantoni P, Gamba R, Alvisi M (1989) La Grotta dell’Accademia e il
complesso sotterraneo della Pastizza nell’isola di Ustica. Quaderni
dell’Accademia internazionale di Scienze e Tecniche subacquee di Ustica.
Russo M (2005) Caratterizzazione dei popolamenti bentonici delle grotte
superficiali dell’isola di Marettimo ai fini di una corretta gestione dell’area
marina protetta. MSc Thesis. University of Palermo.
Corriero G, Scalera Liaci L, Gristina M, Chemello R, Riggio S, et al.
(1997) Composizione tassonomica e distribuzione della fauna a poriferi e
briozoi in una grotta semisommersa della Riserva Naturale Marina "Isola
di Ustica". Biol Mar Medit 4: 34-43.
Morri C, Bianchi CN, Degli Innocenti F, Diviacco G, Forti S, et al. (1994)
Gradienti fisico-chimici e ricoprimento biologico nella Grotta Marina di
Bergeggi (Mar Ligure). Mem Ist It Speleol Bologna 6 : 85-94.
Sanfilippo R, Rosso A, Guido A, Mastandrea A, Russo F, et al. (2015)
Metazoan/microbial biostalactites from present‐day submarine caves in
the Mediterranean Sea. Mar Ecol 36: 1277-1293.
Corriero G, Scalera Liaci L, Ruggiero D, Pansini M (2000) The sponge
community of a semi‐submerged Mediterranean cave. Marine
Ecology 21: 85-96.
Parravicini V, Guidetti P, Morri C, Montefalcone M, Donato M, et al.
(2010) Consequences of sea water temperature anomalies on a
Mediterranean submarine cave ecosystem. Estuarine Coastal and Shelf
Science 86: 276-282.
Pani D, Montinaro S, Trainito E, Cao G (2013) Caves and protected areas
in Sardinia (It): the example of the grotta del papa cave system in the isle
of tavolara in 16th international congress of speleology .
Bussotti S, Denitto F, Guidetti P, Belmonte G (2002) Fish assemblages in
shallow marine caves of the Salento Peninsula (Southern Apulia, SE
Italy). Marine Ecology 23: 11-20.
Ferrari G (2006) Grotte marine a Lampedusa. Thalassia Salentina 29:
117-138.

J Marine Sci Res Dev, an open access journal
ISSN:2155-9910

46.
47.

48.

49.

50.
51.
52.
53.
54.
55.
56.
57.

58.

59.
60.

61.

Alvisi M, Barbieri F, Colantoni P (1994) Le grotte marine di Capo
Palinuro. Grotte Marine d’Italia. Memorie dell’Istituto Italiano di
Speleologia, Bologna 143-181.
Manconi R, Ledda FD, Serusi A, Corso G, Stocchino GA (2009) Sponges
of marine caves: Notes on the status of the Mediterranean palaeoendemic
Petrobiona massiliana (Porifera: Calcarea: Lithonida) with new records
from Sardinia. Italian Journal of Zoology 76: 306-315.
Scicchitano G, Spampinato CR, Ferranti L, Antonioli F, Monaco C, et al
(2011) Uplifted Holocene shorelines at Capo Milazzo (NE Sicily, Italy):
evidence of co-seismic and steady-state deformation. Quaternary
International 232: 201-213.
Trygonis V, Sini M (2012) photoQuad: a dedicated seabed image
processing software, and a comparative error analysis of four
photoquadrat methods. Journal of Experimental Marine Biology and
Ecology 424: 99-108.
Bell JJ, Barnes DK (2000) The influences of bathymetry and flow regime
upon the morphology of sublittoral sponge communities. J Mar Biol
Assoc UK 80: 707-718.
Shannon CE, Weaver W (1963) The mathematical theory of
communication. University of Illinois Press, Urbana.
Clarke KR, Warwick RM (2001) Change in marine communities: An
approach to statistical analysis and interpretation (2nd ed.), Plymouth:
PRIMER-E,UK.
Anderson MJ, Gorley RN, Clarke KR (2008) PERMANOVA+ for
PRIMER: guide to software and statistical methods Plymouth: PRIMERE, UK.
Martí R, Uriz MJ, Ballesteros E, Turon X (2004b) Temporal variation of
several structure descriptors in animal-dominated benthic communities
in two Mediterranean caves. J Mar Biol Assoc UK 84: 573-580.
Gerovasileiou V, Voultsiadou E (2016b) Sponge diversity gradients in
marine caves of the eastern Mediterranean. J Mar Biol Assoc UK 96:
407-416.
Ballesteros E (2006) Mediterranean coralligenous assemblages: a synthesis
of present knowledge. Oceanogr Mar Biol 44: 123-195.
Ereskovsky AV, Kovtun OA, Pronin KK (2016) Marine cave biota of the
Tarkhankut Peninsula (Black Sea, Crimea), with emphasis on sponge
taxonomic composition, spatial distribution and ecological
particularities. Journal of the Marine Biological Association of the United
Kingdom 96: 391-406.
Pansini M, Pronzato R, Fresi E, Cinelli F, Mazzella L, et al. (1977)
Evoluzione delle biocenosi bentoniche di substrato duro lungo un
gradiente di luce in una grotta marina superficiale: Poriferi. Atti del IX
Congresso SIBM, Lacco Ameno, Ischia.
Balduzzi A, Bianchi CN, Boero F, Cattaneo Vietti R, Pansini M, et al.
(1989) The suspension-feeder communities of a Mediterranean Sea cave.
Sci Mar 53: 387-395.
Cinelli F, Fresi E, Mazzella L, Pansini M, Pronzato R, et al. (1977)
Distribution of benthic phyto- and zoocoenoses along a light gradient in
a superficial marine cave. Biology of benthic organisms, Pergamon Press,
Oxford.
Pérès JM, Picard J (1964) Nouveau manuel de bionomie benthique de la
mer Méditerranée. Station Marine d’Endoume. Recueil des Travaux de la
Station marine d’Endoume 31: 5-137.

Volume 7 • Issue 7 • 1000238

