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Abstract

Sea caves are priority habitats in need of protection according to the Habitat Directive of the
European Union and to the Mediterranean Action Plan of the United Nations Environment
Programme, and most Mediterranean Marine Protected Areas (MPAs) include sea caves. The
rocky cliffs of the Portofino MPA (Ligurian Sea) host a number of sea caves, which are habitual
destinations for recreational scuba divers. This notwithstanding, these caves have never been the
subject of dedicated studies, and no specific management plans exist. The aims of this paper are
to take stock of present knowledge, to report on the results of expeditious topographic surveys of
some cavities, and to provide a first inventory of the most conspicuous species that inhabit them.
The sea caves of Portofino MPA are essentially rockfall and/or marine erosion cavities, with few
or no speleothems due to the geological nature of the rock (conglomerate). Some of Portofino sea
caves reach the surface and include an emerged part; most of them, however, are completely
submerged, and open at depths that can be grouped in three levels: 7-10 m, 20-25 m, and 33-38
m. All are rather small, their lengths being mostly comprised between 10 m and 20 m. Among the
conspicuous species inhabiting the caves, Corallium rubrum, Homarus gammarus, Palinurus
elephas, and Sciaena umbra are of conservation interest. Dearth of knowledge, divers’ safety and
need of protection for habitats and species combine to claim for developing management plans
for the sea caves of Portofino MPA.
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Introduction

Mediterranean sea caves are ecosystems of great scientific interest (Bianchi et al., 1996)
and represent major biodiversity hot spots (Gerovasileiou & Voultsiadou, 2014); yet, they
are vulnerable to many anthropogenic threats (Rastorgueff et al., 2015; Montefalcone et
al., 2018), and are therefore classified as in need of protection by the Habitat Directive of
the European Union and the Mediterranean Action Plan of the United Nations
Environment Programme (Giakoumi et al., 2013; Gerovasileiou & Bianchi, 2021). Most
Mediterranean Marine Protected Areas (MPAs) include sea caves (Abdulla et al., 2008).
The rocky cliffs of the Portofino MPA (Ligurian Sea) host a number of sea caves
(Bavestrello et al., 2022), which are well known to recreational scuba divers but have
never been the subject of topographic surveys and/or detailed biospeleological studies
(Canessa et al., 2014). Consequently, no management plan (monitoring, access
regulations, etc.) for Portofino sea caves is available.

This paper aims at: i) taking stock of present knowledge on Portofino sea caves; ii)
reporting on the results of expeditious topographic surveys of some of the cavities; and
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ii1) providing a first inventory of the most conspicuous species that inhabit them, with
special attention to those of conservation interest according to European Directives and
other international agreements (Relini, 1999).

Materials and methods

Information on the sea caves of the Portofino MPA has been collated from the literature
and direct field observations by scuba diving. Expeditious topographic surveys have been
carried out in some of the caves, and schematic plans and sections are provided, in which
depths are measured instrumentally (dive computer) while lengths and width have been
estimated by eye, fin-strokes and/or arms stretch. The inventory of the most conspicuous
species has been undertaken visually.

Results and Discussion

Some of the sea caves of Portofino reach the surface and include an emerged part; almost
all of them are mentioned in the volume of Bixio (1987) and listed, without a cadastral
number, in the census of Ferrari (2003). Most of the sea caves of the Promontory,
however, are completely submerged or include a major submerged part, and are
frequently visited by recreational divers. From west to east, they include (Tab. 1): the
Shrimps Cave (Grotta dei Gamberi); the Dragon Tunnel (Tunnel del Dragone); the
Tortonese Cave (Grotta Tortonese); the Armatum Cave (Grotta dell’Armato); the
Marcante Cave (Grotta Marcante); the Ravioli Rock Caves (Grotte dello Scoglio del
Raviolo) I and II; the Halocline Cavern (Caverna dell’ Aloclino); the Saint George Church
Cave (Grotta della Chiesa di San Giorgio); the Paraggi Castle Cave (Grotta del Castello
di Paraggi); and the Paraggi Crib Grotto (Grottina del Presepe di Paraggi). Other smaller
cavities, however, are widespread throughout the Promontory.

Tab. 1: Topographic features of the main submerged cavities of the Portofino Marine
Protected Area, listed from west to east. Length and width measurements are approximate.

Name of the cavity Depth (m) Length (m) Width (m)
Shrimps Cave 38-32 15 3
Dragon Tunnel 25-10 15 2
Tortonese Cave 10-0 20 3
Armatum Cave 24-20 10 1
Marcante Cave 36-31 10 5
Ravioli Rock Cave I 28 10 1.5
Ravioli Rock Cave II 35 10 2.5
Halocline Cavern 7-5 4 5
Saint George Church Cave 10 15 5
Paraggi Castle Cave 7-15 24 2
Paraggi Crib Grotto 20 2 2

The Shrimps Cave takes its name from the huge numbers of the unicorn striped shrimp
Plesionika narval that find shelter in the dark part of this blind-ended cave (Fig. 1). The
semi-dark portion of the cave is home to several individuals of the forkbeard Phycis
phycis. The sponge Axinella verrucosa colonizes the rocky portions of the otherwise
sandy pavement, while encrusting sponges (Petrosia ficiformis and others) and serpulid
tubeworms are the main space occupiers of the walls. Schools of the cardinal fish Apogon
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imberbis occur through the cave. The cave also harbours juveniles of the European lobster
Homarus gammarus and of the spiny lobster Palinurus elephas.

P. narval is also found in the two caves of Paraggi, located at the opposite end of the
Promontory. The Paraggi Castle Cave is a blind-end cavity (Fig. 1), whose walls are
colonized by massive sponges, ascidians and hydrozoans in a first zone after the entrance
and then by encrusting sponges, while most of the cave has almost bare walls, with
serpulids only. In addition to the shrimp, the motile fauna is represented by the common
prawn Palaemon serratus, the brown meagre Sciaena umbra and the cardinal fish 4.
imberbis (Bianchi & Morri, 1994). Not far from this cavity is the small Paraggi Crib
Grotto, with a pavement of fine sediment and the walls covered by massive sponges. The
motile fauna includes, besides P. narval, the golden coral shrimp Stenopus spinosus and
the leopard-spotted goby Thorogobius ephippiatus. The squid Loligo vulgaris visits the
grotto, as evidenced by the presence of the typical ootheca hanging from the ceiling
(Bianchi & Morri, 1994).
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Fig. 1: Location of the main sea caves of the Portofino Promontory, and expeditious survey
schemes of some of them (horizontal scale approximate). A) Armatum Cave; C) Paraggi
Castle Cave; D) Dragon Tunnel; G) Shrimps Cave; H) Halocline Cavern; M) Marcante
Cave; P) Paraggi Crib Grotto; R) Ravioli Rock Caves (I and II); S) Saint George Church
Cave; T) Tortonese Cave.

A major system of cavities is represented by the three Dovecot Caves (Grotte delle
Colombara), located at different depths on the same rock spur. The shallowest is the
Tortonese Cave (Fig. 1), named in honour of Enrico Tortonese (1911-1987), who first
cited it in a study on the benthos of the region (Tortonese, 1961). The yellow cluster
anemone Parazoanthus axinellae and the calcareous sponge Ascandra contorta abound
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at the entrance, while the ceiling is colonized by the sunset cup coral Leptopsammia
pruvoti. In the inner part, the rock is almost bare, apart from scattered encrusting sponges.
H. gammarus, S. spinosus and A. imberbis are the commonest motile species. The eastern
branch of the cave surfaces to an inner ‘lake’. The emerged walls of the lake show some
modest speleothems due to the percolation of meteoric water and the vault has a window
through which the sky and the terrestrial vegetation can be seen. The submerged walls
are colonized only by serpulids, while the midlittoral rock of the lake is encrusted by the
barnacle Microeuraphia depressa; P. serratus swims in the water. The Armatum Cave
occurs deeper: is a tunnel-shaped passage between boulders (Fig. 1). The entrance arch is
characterized by the abundance of the hydrozoan Eudendrium armatum, from which the
cave takes its name. The moray eel Muraena helena, attended by the cleaner shrimp
Lysmata seticaudata, may be encountered. L. pruvoti colonizes the ceiling, while the
walls are populated by Agelas oroides, P. ficiformis and other massive or encrusting
sponges; a small chamber on the eastern side of the tunnel has bare rock with scattered
serpulids. The deep Marcante Cave was first mentioned by Tortonese (1958), which
illustrated its location thanks to the indications of the diver Duilio Marcante (1914-1985).
It is a wedge-shaped cavity (Fig. 1), which houses a rich population of the red coral
Corallium rubrum on the ceiling (Cattaneo-Vietti et al., 1993; Bavestrello et al., 1994),
together with L. pruvoti and P. ficiformis; the terminal portion of the cave has almost
completely bare rock, with few serpulids.

C. rubrum also occurs on the ceiling of the Dragon Tunnel (Fig. 1), which is however
mostly characterized by the scleractinians L. pruvoti, Madracis pharensis and
Polycyathus muellerae; the sponge P. ficiformis is also abundant. P. phycis takes refuge
inside the tunnel.

The Halocline Cavern is a large and low blind-ended opening in the rocky cliff, which
has not been surveyed yet. The biota is poor overall: the pavement is colonized by
Chondrosia reniformis and P. ficiformis, the ceiling by L. pruvoti, the walls by
Spirastrella cunctatrix and Protula tubularia. In the terminal part, the percolation of
meteoric water through the cracks of the rocky cliff creates a freshwater lens floating on
seawater, with a permanent halocline easily perceived by divers.

Neither topographical surveys nor faunal inventories are available for the remaining sea
caves of the Portofino MPA.

Concluding remarks

Combining literature data and field observations, it has been possible to provide
preliminary data on eleven main sea caves of the Portofino MPA; information on the biota
inhabiting eight of them has been collated, and expeditious topographic surveys have
been provided for six of them.

These caves are essentially landslide and/or marine erosion cavities, with rare or absent
speleothems due to the geological nature of the rock (puddinga). The major sea caves in
Liguria are located in karst areas, and originate from the marine entry into pre-existing
terrestrial cavities (Canessa et al., 2014).

Only a few caves reach the surface and include an emerged part; most are completely
submerged, and open at depths that can be grouped into three levels: 7-10 m, 20-25 m,
and 33-38 m, which may represent the outcomes of sea-level stands during the Holocene
transgression.

All are quite small, mostly between 10 m and 20 m in length and only few meters wide.
The small size can represent a problem for diving visitors, who may remain entrapped,
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especially in presence of undertow. There have been cases of rescue intervention (three
people in Tortonese Cave), and unfortunately fatalities occurred among recreational
divers (four people in Saint George Church Cave).
Among the conspicuous species that inhabit the sea caves of Portofino, the red coral
Corallium rubrum, the European lobster Homarus gammarus, the spiny lobster Palinurus
elephas, and the brown meagre Sciaena umbra are of conservation importance, in
accordance with EU directives and international agreements (Relini, 1999; Ouerghi et al.,
2019). This short list is surely far from complete.
Dearth of knowledge, divers’ safety, and need of protection for habitats and species
combine to urge the development of management plans for the sea caves of the Portofino
MPA. Diving centres should be provided with maps of the caves and diving guides and
instructors should be informed about the vulnerability of the cave habitat and species to
visitation by divers.

Acknowledgments
Thanks are due to Stefano Zachopoulos, Eleonora Zanon and Elena Castelli (Subtribe, Genoa) for
logistic support, and to Giorgio Barsotti, Claudio De Angelis and Giuseppe Galletta (GDA,
Genoa) for help during field work.

Bibliography
ABDULLA A., GOMEI M., MAISON E., PIANTE C. (2008) - Status of Marine Protected Areas
in the Mediterranean Sea. IUCN, Malaga, and WWEF, Paris: 152 pp.
BAVESTRELLO G., BETTI F., BIANCHI C.N., BO M., CAPPANERA V., CORRADI N.,
MONTEFALCONE M., MORRI C., RELINI G. (2022) - Il promontorio di Portofino: 150
anni di storia di biologia marina. Notiz. Soc. It. Biol. Mar., 81: 53-114.
BAVESTRELLO G., CATTANEO-VIETTI R., SENES L. (1994) - Micro and macro differences

in Mediterranean red coral colonies in and outside a cave. Boll. Mus. Ist. Biol. Univ. Genova,

58-59: 117-123.
BIANCHI C.N., CATTANEO-VIETTI R., CINELLI F., MORRI C., PANSINI M. (1996) - Lo
studio biologico delle grotte sottomarine: conoscenze attuali e prospettive. Boll. Mus. Ist. Biol.
Univ. Genova, 60-61: 41-69.
BIANCHI C.N., MORRI C. (1994) - Studio bionomico comparativo di alcune grotte marine
sommerse: definizione di una scala di confinamento. Mem. Ist. It. Speleol., ser. 11, 6: 107-123.
BIXIO R. (1987) - Le nostre grotte. Guida speleologica ligure. Sagep, Genova: 176 pp.
CANESSA M., MONTEFALCONE M., CANOVAS MOLINA A., COPPO S., DIVIACCO G.,
BAVESTRELLO G., MORRI C., BIANCHI CN. (2014) - Submerged marine caves of Liguria:

updating the knowledge. /n: Langar H., Bouafif C., Ouerghi A. (eds), Proceedings of the Ist

Mediterranean symposium on the conservation of dark habitats, UNEP/MAP-RAC/SPA, Tunis: 27-32.
CATTANEO-VIETTI R., BAVESTRELLO G., SENES L. (1993) - Il popolamento a corallo
rosso del Promontorio di Portofino (Mar Ligure). /n: Cicogna F., Cattaneo-Vietti R. (eds), 1/
corallo rosso in Mediterraneo: arte, storia e scienza, Ministero delle Risorse Agricole
Alimentari Forestali, Roma: 109-130.
FERRARI G. (2003) - Censimento. /n: Cicogna F., Bianchi C.N., Ferrari G., Forti P. (eds), Grotte
marine: cinquant’anni di ricerca in Italia, Ministero dell’Ambiente e della Tutela del
Territorio, Roma: 431-448.

GEROVASILEIOU V., BIANCHI C.N. (2021) - Mediterranean marine caves: a synthesis of

current knowledge. Oceanogr. Mar. Biol. Ann. Rev., 59: 1-88.

GEROVASILEIOU V., VOULTSIADOU E. (2014) - Mediterranean marine caves as biodiversity

reservoirs: a preliminary overview. In.: Langar H., Bouafif C., Ouerghi A. (eds), Proceedings
of the Ist Mediterranean Symposium on the Conservation of Dark Habitats, UNEP/MAP—
RAC/SPA, Tunis: 45-50.

57



3rd Mediterranean Symposium on the conservation of Dark Habitats (Genoa, Italy, 21-22 September 2022)

GIAKOUMI S., SINI M., GEROVASILEIOU V., MAZOR T., BEHER J., POSSINGHAM H.P.,
ABDULLA A., CINAR M.E., DENDRINOS P., GUCU A.C., KARAMANLIDIS A.A.,
RODIC P., PANAYOTIDIS P., TASKIN E., JAKLIN A., VOULTSIADOU E., WEBSTER
C., ZENETOS A., KATSANEVAKIS S. (2013) - Ecoregion-based conservation planning in
the Mediterranean: dealing with large-scale heterogeneity. PLoS ONE, 8 (10): €76449.

MONTEFALCONE M., DE FALCO G., NEPOTE E., CANESSA M., BERTOLINO M.,
BAVESTRELLO G., MORRI C., BIANCHI C.N. (2018) - Thirty year ecosystem trajectories
in a submerged marine cave under changing pressure regime. Mar. Environ. Res., 137: 98-
110.

OUERGHI A., GEROVASILEIOU V., BIANCHI C.N. (2019) - Mediterranean marine caves: A

synthesis of current knowledge and the Mediterranean Action Plan for the conservation of

“dark habitats”. In: Oztiirck B. (ed), Marine Caves of the Eastern Mediterranean Sea:
Biodiversity, Threats and Conservation, Publication no. 53, Turkish Marine Research
Foundation (TUDAYV), Istanbul, Turkey: 1-13.
RASTORGUEFF P.A., BELLAN-SANTINI D., BIANCHI C.N., BUSSOTTI S.,
CHEVALDONNE P., GUIDETTI P., HARMELIN J.G., MONTEFALCONE M., MORRI C.,
PEREZ T., RUITTON S., VACELET J., PERSONNIC S. (2015) - An ecosystem-based
approach to evaluate the ecological quality of Mediterranean undersea caves. Ecol. Indic., 54:
137-152.
RELINI G. (1999) - Italy and biodiversity conservation in the Mediterranean Sea. Biol. Mar.
Medit., 6 (1): 151-171.
TORTONESE E. (1958) - Bionomia marina della regione costiera fra Punta della Chiappa e
Portofino (Riviera ligure di levante). Arch. Oceanogr. Limnol., 11 (2): 167-210.
TORTONESE E. (1961) - Nuovo contributo alla conoscenza del bentos della scogliera ligure.
Arch. Oceanogr. Limnol., 12 (2): 163-183.

58



#MedSymposia

Y N Mediterranean ————

\ Y q >
UN‘@’ y e | S22
environment ) Barcelona ==
programme Convention SPA/RAC

symposia.spa-rac.org

3 MEDITERRANEAN SYMPOSIUM
ON THE CONSERVATION OF THE DARK HABITATS

21122 September 2022
Genoa, Italy

— DISTAV o
Partners @@_ﬂ‘_‘\ b;g.):._m:_. Hi“g'ﬁ‘ [ﬂw S‘;%Bﬁ j"a

s St o e # e

D y - Co-funded by
onors M AVA the European Union

,--n...

-

The Mediterranean Symposia are an Ocean Decade Action @
endorsed by IOC-UNESCO 202 United Natons Decase

2030 o Satainatsa Deveiopment




Disclaimer

The designations employed and the presentation of material in this publication do
not imply the expression of any opinion whatsoever on the part of the Specially
Protected Areas Regional Activity Centre (SPA/RAC), United Nations Environment
Programme/Mediterranean Action Plan (UNEP/MAP) or the Secretariat of the Uni-
ted Nations concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries.

Copyright

All property rights of texts and content of different types of this publication belong
to SPA/RAC. Reproduction of these texts and contents, in whole or in part, and in
any form, is prohibited without prior written permission from SPA/RAC, except for
educational and other non-commercial purposes, provided that the source is fully
acknowledged.

© 2022

United Nations Environment Programme
Mediterranean Action Plan

Specially Protected Areas Regional Activity Centre
Boulevard du Leader Yasser Arafat

B.P.337 - 1080 Tunis Cedex - TUNISIA
car-asp@spa-rac.org

For bibliographic purposes, this document may be cited as:

UNEP/MAP — SPA/RAC, 2022. Proceedings of the 3@ Mediterranean Symposium on
the conservation of Dark Habitats (Genova, Italy, 21-22 September 2022).
BOUAFIF C., OUERGHI A., edits, SPA/RAC publi., Tunis, 124 p.

Cover photo
© Oceana

This publication has been prepared with the financial support of the MAVA Founda-
tion and the European Union.

For more information
www-spa-rac.org
symposia.spa-rac.org



	Proceedings MSDH 2022
	Montefalcone et al 38_OK




