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Abstract

The present Mediterranean molluscan biodiversity, comprising more than 2,000 species,
was shaped by the multiple events connected with the geodynamic and climatic evolution
of this basin in the last million years coupled with the process of biological evolutionary
processes on the global scale. Climate, hydrology, basin physiography, and connections via
seaways were and are the main forcing factors tuning the type of molluscs making the
Mediterranean diversity at any geological instant, resulting in (often cyclical) taxonomic
additions and subtractions. However, this basic motif operating in the Mediterranean since
its formation as an independent basin over millions of years, has been seriously perturbed
by the deliberate or accidental introduction of non-indigenous (alien or non native) species
in the last decades. The taxonomic addition of mostly warm-water species is taking place at
an unprecedented pace with respect to even the dramatic changes that have marked glacial-
interglacial transitions, thus making the present day Mediterranean Sea a planetary biogeo-
graphic unicum.
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Introduction

surface area of the basin (ca. 2.5 million km?, 0,7 % of the
global ocean surface) is the net result of the basin’s com-

The Mediterranean Sea is considered as a biodiversity
hotspot of exceptional planetary value (Coll et al. 2010).
With a present estimate of ca. 17,000 marine species it
accounts for as much as 7.5 % of total marine diversity
(Coll et al. 2010; Danovaro et al. 2010). Such comparably
high richness when contrasted with the relatively small
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plex geological history, mid-latitude geographic position,
hydrological regimes, varied coastal (rocky shores, sandy
beaches, lagoons, islands etc.) and submarine topography
(shelves, bathyal plains, canyons, seamounts, active subma-
rine volcanoes, anoxic bottoms, mud volcanoes etc.), wide
bathymetric range (the mean depth is about 1,525 m, and
the deepest point is the Matapan Deep System or Matapan—
Vavilov Deep in the Hellenic Trench at ca. 5,121 m), and
the past and present regional variability of climate within
the basin (Taviani 2002; Sarda et al. 2004; Danovaro et al.
2010) (Fig. 16.1).

The Mollusca is one of the most species-rich phyla inhab-
iting the Mediterranean waters from brackish lagoons to
bathyal depths. For instance, among macro-invertebrates,
molluscs outnumber all other taxonomic groups (Relini 2008,
2010). The Mediterranean molluscan fauna is considered as
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Fig.16.1 Snapshots of
Mediterranean mollusc
biodiversity. The
established present
situation (a) the
quintessential
Mediterranean endemic
bivalve Pinna nobilis
(Linnaeus 1758) embedded
in coarse sandy sediment at
10 m within a seagrass
meadow, Montecristo
island, Tyrrhenian Sea

(© E. Lipparini 2009). The
recent past (b) a shell
assemblage dominated by
the pectinid
Pseudamussium peslutrae,
one of the most common
bivalves in the Quaternary
Mediterranean basin, CNR
Cruise SETE of R/V
Urania, southern Adriatic
Sea, ca.—350 m. The
on-going change (c) screen
from an industrial plant in
Augusta, Sicily heavily
biofouled by the non-
indigenous invasive mussel
Brachidontes pharaonis
(© M. Faimali 2008)

the best known in the world (Oliverio 2003), numbering more
than 2,000 species (Coll et al. 2010), although this figure is
being steadily increased by the addition of new taxa, includ-
ing introduced species. Interestingly but not surprisingly,
even among the non-indigenous species, Mollusca play a
leading role accounting for almost one fifth of exotic taxa
presently known from the Mediterranean (Zenetos et al. 2010;
CIESM 2012).

In this chapter we discuss the present day Mediterranean
molluscan biodiversity, tracing its history and evaluating
its potential developments in the mid term. One major
advantage of using molluscs for such an analysis is the
phylum’s high biodiversity and ecological adaptability
promoting colonization of virtually all marine environ-
ments. Another is the occurrence in most member species
of a durable mineral skeleton, the shell, which notoriously
permits an easier evaluation of taxonomy (therefore diver-
sity and biogeography) through time at various temporal
scales. By large, the focus of our discussion is centred
upon shell-bearing benthic molluscs that also permits a
comparison with the fossil record.

From Past to Present

The Mediterranean marine biodiversity as presently known
is the result of many interacting factors of both regional and
global scale. The present situation is but the very last of the
many “diversity snapshots” configuring at any temporal
instant the biological load of this basin. Today’s biodiversity
is intimately linked but not equal to past and future changes.
Various studies have tried to describe and explain the history
of the marine biota of the Mediterranean in light of its very
complex and dynamic geologic and climatic evolution and
the reader should refer to these papers for details (Péres
1989; Por and Dimentman 1989; Bianchi and Morri 2000;
Corselli 2001; Taviani 2002, with references).

Most Authors agree upon the pivotal event represented by
the late Miocene Messinian Salinity Crisis (CIESM 2008;
Roveri et al. 2008). In short, a widely shared view is that the
marine stenoecious Mediterranean marine fauna was annihi-
lated within a hydrologicaly-compromised basin, and then
completely renewed by the following Pliocene inundation
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from the Atlantic Ocean at 5.33 million years (Hsti et al. 1977;
Taviani 2004; Monegatti and Raffi 2010, with references
therein). Some Authors contend, however, that this
Mediterranean reflooding might have taken place already in
the terminal Miocene during the so-called Lago-mare event
(Carnevale et al. 2008; Ligios et al. 2012). At any event, the
post-Messinian crisis Mediterranean marine molluscan bio-
diversity basically evolved from this wave of invaders. On the
other hand, this view is not unanimously accepted and is con-
trasted on some aspects as it does not explain all observations.
For instance, Por (2009), on the basis of records of fossil fish
and of certain benthic species (e.g., echinoids: Néraudeau
et al. 2001) in the westernmost part of the basin, admits the
permanence of trans-Messinian marine stocks in coastal areas,
beside the presence of supposedly Tethyan relics such as the
present endemic seagrass Posidonia oceanica (L) Delile 1813,
to the Mediterranean. Tethyan relics, basically marine organ-
isms echoing the times when the proto-Mediterranean was
still in direct connection with the Indo-Pacific region, may
include molluscs both in the Plio-Pleistocene and recent
Mediterranean fauna (e.g., Ponder 1989; La Perna 2005, 2006;
La Perna and D’ Abramo 2011). However, the significance of
Tethyan relics has been discussed by Taviani (2002) that
opposes the view that these faunal elements did survive
permanently inside the Mediterranean.

We can probably accept that at least a substantial part of
the post-crisis Mediterranean benthic fauna is of Atlantic
origin and that the core of the Mediterranean mollusc diver-
sity in the Pliocene is represented by Miocene species (Raffi
1993), most of which hypothetically to have necessarily
survived the crisis outside the basin in the Atlantic (Sabelli
and Taviani 1984; Jones 1984; Taviani 2004). Monegatti and
Raffi (2010) argue that most of the paleoendemic molluscan
fauna inhabiting the pre-Messinian proto-Mediterranean
basin vanished before the salinity crisis and that the mollus-
can fauna replenishing the Mediterranean in the early Pliocene
was shaped in the Miocene of the adjacent Atlantic Ocean.
This Miocene core was later modified by the addition of neo-
endemics (putatively) evolved within the basin (Oliverio
1995b; Le Renard et al. 1996; Pedriali and Robba 2001; Forli
et al. 2002, 2004; Landau et al. 2004, and many others).

In any case, within 3 million years this Pliocene fauna was
exposed to the dramatic oceanographic and climatic modifica-
tions associated with the change from the tropical-subtropical
situation of the Pliocene (Zanclean-Piacenzian, from ca. 5.33
to 2.59 Ma) to the cooler times of the Pleistocene starting with
the Gelasian (2.59—-1.80 Ma), which had important repercus-
sions on the marine biota (Taviani 2002; Monegatti and Raffi
2010). These events have been documented to have strongly
impacted the molluscan diversity of the Mediterranean caus-
ing for instance the selective extinction within this basin of a
number of taxa of warm-water affinity inhabiting the conti-
nental margin (Le Renard et al. 1996; Monegatti and Raffi
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2001, 2010; La Perna et al. 2002, 2004; Ceregato et al. 2007).
The deep water mollusc fauna does not necessarily conform
completely to the trend observed in shallower water environ-
ments although, at least some bivalves, such as Acharax
doderleini Mayer 1861, seems to be disappeared in the
Piacenzian (Taviani et al. 2011a). As suggested by diversity in
family Nuculidae, the Plio-Pleistocene Mediterranean mol-
lusc fauna contained putative endemic shallow water taxa up
to the Early Pleistocene, some of which did not survive further
into the basin (La Perna 2007)

It has been repeatedly observed that many Neogene
Mediterranean gastropods only differ from their Pleistocene
to Recent counterparts in the typology of their embryonic
shell (Solsona and Martinell 1999). This is the case for
instance of Neverita olla (de Serres, 1829) vs N. josephinia
Risso 1826 (Pedriali and Robba 2009), Pagodula vaginata
(De Cristofori and Jan 1832) vs P. echinata (Kiener 1842)
(La Perna 1996), Cyclope migliorinii (Bevilacqua 1928) vs
C. neritea Linnaeus 1758 (Gili and Martinell 2000), some
Terebridae (Bouchet 1981) and many others. This rather
mysterious trend has not yet been satisfactory explained
apart from a generic attribution to climatic driven causes.
The real taxonomic significance of such chronological pairs
still needs to be properly addressed and fully understood.

Ultimately, as the Pleistocene progressed, the Mediterra-
nean achieved a great part of its present status of a temperate
marine basin at least as regards seawater temperature. The
onset of cyclical glacial ages on Earth caused the periodic
entry inside the basin of benthic elements, mostly molluscs,
from the adjacent Eastern Atlantic Ocean (e.g., Gignoux
1913; Pelosio and Raffi 1973; Raffi 1986; Malatesta and
Zarlenga 1988; Taviani et al. 1991; Bellomo 1993; Marabini
et al. 1995). With respect to the Mediterranean mollusc
fauna, these periodical cold times of intense colonization of
its coastal habitats by such Atlantic Boreo-Celtic species
(referred to in the literature as “cold” or “northern guests”),
i.a. Arctica islandica (Linnaeus 1767), Modiolus modiolus
Linnaeus 1758, Pseudamussium peslutrae (Linnaeus 1771),
Mpya truncata Linnaeus 1758, Panomya norvegica (Spengler
1793), Buccinum undatum Linnaeus 1758, Buccinum hum-
phreysianum Bennet 1824, Neptunea contraria (Linnaeus
1771), profoundly impacted the structure of the basin’s biota
for the longest duration of the post-Gelasian Quaternary. The
last expansion of these north-eastern Atlantic molluscs took
place during the last glacial epoch (Mars 1958; Colantoni
1973; Colantoni et al. 1975; Taviani 1978; Domeénech and
Martinell 1980, 1982; Curzi et al. 1984; Taviani et al. 1991),
after which they (temporarily) withdrew from the
Mediterranean except B. humphreysianum and P. peslutrae
(see below). Shorter-lasting temperature reversals (intergla-
cials) allowed the colonisation of the Mediterranean by sub-
tropical elements the best known examples of which is
Strombus and the associate ‘Senegalese’ fauna of the last
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interglacial (also known as “warm guests” in the literature)
comprising a cohort of subtropical species (Gignoux 1913;
Issel 1914; Ruggieri and Buccheri 1968; Bellomo 1996;
Taviani 2002 with references). More in detail, the Strombus
fauna includes a number of extant West African taxa, such as
Persististrombus latus (Gmelin 1791) (better known in the
literature as Strombus bubonius Lamarck 1822), Polinices
lacteus (Guilding 1834), Monoplex trigonus (Gmelin 1791),
Gemophos viverratus (Kiener, 1834), Conus ermineus Born
1778, Brachidontes puniceus (Gmelin 1791), and many oth-
ers that apparently only once reached and established them-
selves successfully in the Mediterranean, during the short
time of the penultimate interglacial (ca. 125 ka BP: Marine
Isotope Stage Se, commonly recorded in the Mediterranean
stratigraphy as the Tyrrhenian Stage: Antonioli et al. 2008).
This could have also been the time when Patella ferruginea
Gmelin 1791, spread in the Mediterranean where it appar-
ently acclimatized successfully up to present, although only
in the western basin.

As for the deep sea, it is noteworthy that during the
Pliocene (at least from the Piacenzian) and part of the
Pleistocene, bottom water temperature kept the Mediterranean
basin within psycrospheric conditions (Di Geronimo and La
Perna 1996, 1997; Rosso and Di Geronimo 1998; Corselli
2001; La Perna 2003, 2004, 2007; La Perna et al. 2004).
Such cooler than present temperature favoured the establish-
ment of a diverse molluscan fauna in the Pliocene and up to
the Sicilian stage in the Pleistocene decreasing in diversity
from then onwards with the establishment of warm homo-
thermal conditions (Raffi and Taviani 1984; Di Geronimo
and La Perna 1997; La Perna 2004; Tabanelli 2008). Glacial
times seem to be more propitious in the last 700 ka for tem-
poral increases in the deep sea benthic diversity as docu-
mented by Late Glacial submerged subfossil taphocoenoses
containing various Atlantic species no longer living at pres-
ent in the Mediterranean (Taviani 1974; Raffi and Taviani
1984; Taviani et al. 2011b).

In summary, what we see today in the Mediterranean Sea
is the (temporary) result of various filters. Above all, the geo-
dynamic evolution of the basin controls through time the
opening and closure of seaways at various times and the estab-
lishment of a variety of physiographic conditions, the global
climate with its regional responses influenced land and sea
(Taviani 2002), and both factors acted together in driving the
oceanographic properties of Mediterranean water masses
that sustain its benthic fauna.

The Marine Molluscs of the Mediterranean:
How Many Species at Present?

The term biodiversity usually refers to the main three levels of
genes, species and ecosystems (Wilson 1988), and is here lim-
ited to the species level (species diversity or species richness).
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Table 16.1 Comparison between shells-only vs living mollusc records
from different Mediterranean localities

Locality Dead Living Ratio
Secche Tor Paterno (Latium)?* 223 134 0.60
Gulf of Trieste® 481 319 0.66
El Maresma (Barcelona)® 332 213 0.64
Punta Pioppeto (Procida Is., Naples)* 405 152 0.38
Gulf of Gabes (Tunisia)® 400 145 0.36
Gulf of Valencia (only gastropods)" 359 127 0.35
Tremiti Is. (Apulia)® 388 96 0.25
Gulf of Manfredonia (Apulia)" 84 8 0.1

Data from:

*PG Albano (personal communication)
*Vio and De Min (1996)

‘Peiias et al. (2009)

dSoppelsa et al. (2007)

*Cecalupo et al. (2008)

fOliver Baldovi (2007)

eMazziotti et al. (2008)

"Panetta et al. (2007)

Molluscs represent the 18 % of the entire marine fauna of the
Mediterranean sea, they are only surpassed by crustaceans
(19 %) but exceed the annelids (10 %) representing the third
most diverse marine invertebrate taxon (Coll et al. 2010). The
most recent catalogues of the marine Mollusca species inhab-
iting the Mediterranean Sea list more than 2,100 species (see
Coll et al. 2010). Mediterranean molluscs include members of
all known existing classes, i.e. Caudofoveata 9 species (0.4 %),
Solenogastres 29 species (1.4 %), Monoplacophora 1 species
(0.04 %: no living individuals collected so far), Polyplacophora
30 species (1.4 %), Gastropoda 1,558 species (73 %), Bivalvia
430 species (20 %), Scaphopoda 14 species (0.7 %) and
Cephalopoda 65 species (3 %). Molluscs are mainly benthic,
but some gastropods are holoplanktic: essentially Heteropoda
(14 species) and Thecosomata (49 species), while cephalo-
pods are mostly nektonic (45 species). Holoplanktic molluscs
are not treated here and the reader may refer to the monograph
on the eastern Mediterranean by Janssen (2012) and to Janssen
and Peijnenburg (Chap. 20, this volume) for the recentmost
update.

Besides depending upon the authorial concept of species,
any number given is far from being definitive and the tally is
in need of constant updating mostly because of the steady
addition of novel taxa through deliberate or unintentional
human action. Furthermore, some species are only known
from their mineralized exoskeleton (the shell), rather than
from living individuals (Table 16.1). This fact introduces a
potential bias (that is, an over-estimation) in assessing the
present biodiversity especially as regards deep water taxa
and holoplanktonic species which could well represent, in
some cases, pre-modern remains. This holds particularly true
for deep sea molluscs whose empty shells may at time even
pertain to former late Pleistocene communities (e.g., Taviani
1974, 1978; Taviani and Colantoni 1979; Di Geronimo and
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Bellagamba 1985; Taviani and Taviani 1986; Bouchet and
Taviani 1989; Bonfitto et al. 1994; Pons-Moya and Pons
2000; Panetta et al. 2003).

With respect to the shelled molluscs, three contributions
deserve special attention. Monterosato (1878) published the
first complete compendium by listing 989 species. About a
century later Piani (1980) published a list of 1,502 species, a
figure which has now risen to 1667 due to the work of Coll
et al. (2010) representing an average increase of about five
species/year.

The discrepancies apparent from a simple comparison
of recently produced lists underlies the current uncertain-
ness in defining species in Mollusca. For example, the
most recent compilations by Coll et al. (2010) and
Cossignani and Ardovini (2011) report 1,221 vs. 1,341
shelled gastropods and 430 vs. 441 bivalves, respectively.
Such substantial differences derive from the various crite-
ria accepted by different authors as to as to which entities
are valid species. Alpha taxonomy of shell bearing mol-
luscs was, and still is, primarily based on shell morphol-
ogy and colour pattern, and occasionally on morphometric
analysis (Carvajal-Rodriguez et al. 2005, 2006; Criscione
et al. 2009; Criscione and Patti 2010). It is always impor-
tant to keep in mind that shelled molluscs have for millen-
nia captured human attention for their aesthetic value
(Taviani and Fiocchi 1997). This attitude, similarly for
Lepidoptera (butterflies) or Coleoptera (beetles), has
direct implications for the taxonomy of the Phylum that
may be both positive and negative. The positive aspect is
that fascination with this group has resulted in a vast num-
ber of workers, a large proportion of whom are amateurs,
actively searching for shells, thus making enormous quan-
tities of data and material available for study. The other
side of the coin might be a sort of distressed superficiality
or incompleteness in defining species based upon hasty
subjective evaluation of shell features only (the frenzy for
“discovering” new species as evoked by Ghisotti 1974a).
In the last decades taxonomy benefitted by the routinely
application of advanced technologies such as scanning
electron microscopy that permit study of morphology at a
great level of detail representing a substantial step for-
wards in assessing species, especially in morphologically
complex groups. An excellent case of this is the family
Triphoriidae where SEM images of larval stages (Thiriot-
Quivrieux and Rodriguez-Babio 1975; Bouchet 1984),
coupled with the radular morphology and of the colour
patterns of the living mollusc, resulted in the identifica-
tion of a number of Atlanto-Mediterranean species and
genera out of what was previously considered a single
very variable species Triphora perversa with its variants
(Bouchet and Guillemot 1978; Bouchet 1984, 1995). In
fact, besides the shell, the radula is often used to delimit
taxa at species level in Gastropoda but its value is some-
what controversial primarily because of its variability in
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relation to ontogeny (Warén 1990), sex (Fretter 1984;
Mutlu 2004), and phenotypic plasticity (Padilla 1998).
The integration of shell and soft part morphologic fea-
tures has been used for unravelling the systematics of
complex groups such as for example Marginellidae and
Cerithiidae (Gofas 1992; Garilli and Galletti 2006).

A further issue with strong repercussions on gastropod
taxonomy is the occurrence of species pairs characterized
by possessing an identical teleconch but distinct proto-
conchs (size, sculpture and number of whorls). The proto-
conch is assumed to reflect contrasting developmental
pathways, i.e. direct and/or lecithotrophic vs. planktotro-
phic and this bears on taxonomic evaluation (see Oliverio
1996 and bibliography therein). The current view is that
such mollusc pairs that only differ in shell protoconch type
could be considered as distinct specific entities (Bouchet
1989; Solsona and Martinell 1999; Mariottini et al. 2009).
The alternative hypothesis postulated by some authors that
the same mollusc species could present two different kind
of development (poecilogony) is still to be demonstrated
(Hoagland and Robertson 1988; Bouchet 1989). However,
some authors admit to this possibility attesting the uncer-
tainness still reigning on this crucial issue (Cumming
1993; Gibson and Chia 1995; Chester 1996; Krug 2007).
The adoption of the protoconch morphology (= develop-
mental strategy) as diagnostic in separating species has in
the last 30 years resulted in establishing many new taxa of
Mediterranean gastropods solely or almost entirely based
upon this criterion. The most emblematic case in point is
offered by the species-rich family Rissoidae. Before the
1960s, the family included 98 nominal species, but this
figure has now reached 154; many of these additions are
based upon species pairs as described before. Similar con-
siderations apply to other families as well (i.e.
Nassariidae, Conidae, Pyramidellidae). Some species
have also been split primarily by their very different egg
capsules, such as the gastropods Nassarius cuvierii
(Payraudeau, 1826) and N. unifasciatus (Kiener, 1834)
(Moreno and Templado 1994).

The isozyme electrophoresis approach, although scantily
adopted by European malacologists, has contributed to clarify-
ing the status of some Mediterranean taxa, especially when inte-
grated with the more traditional descriptors just outlined. For
examples, it has been possible to resolve such controversial taxa
as the bivalves Chamelea gallina (Linnaeus 1758) and C. stria-
tula (Da Costa 1778) (Backeljau et al. 1994) and, among the
gastropods, Nassarius reticulatus (Linnaeus 1758) and N. niti-
dus (Jeffreys, 1867) (Sanjuan et al. 1997), species within the
Rissoidae (Oliverio 1984; Colognola et al. 1986; Munksgaard
1990) and Cerithiidae (Boisselier-Dubayle and Gofas 1999).

To date, the growing application of molecular techniques is
bringing fresh breath to the alpha taxonomy of Mediterranean
molluscs. Sequencing of DNA or RNA represents the most
recent approach widely and successfully used for supraspecific
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and phylogenetic recontructions (e.g., Schiaparelli et al. 2005;
Plazzi et al. 2011; Donald et al. 2012; Sharma et al. 2012). The
application of bio-molecular methods for species-level defini-
tion is gaining momentum but still presents its own problems;
nevertheless, such methods have revealed sibling species in
bivalves (the Mactra corallina group: Guarniero et al. (2010),
and resolved debated morphospecies in Polyplacophora
(Acanthochitona crinita (Pennant 1777)-A. oblonga (Leloup
1981)): Bonfitto et al. 2011) and in the gastropod genera
Ocinebrina (Crocetta et al. 2012) and Cerithiopsis (Modica
et al. 2013). The intertidal habitat-engineering vermetid gastro-
pod Dendropoma petraeum (Monterosato 1884) has been
shown to likely contain four criptic species at least (Calvo
et al. 2009), and the existence of one possible cryptic species
in the eastern Mediterranean has also been proposed for
the limpet Patella rustica Linnaeus 1758 (Sa-Pinto et al.
2010). Interestingly two main lineages within the common
brackish water bivalve Cerastoderma glaucum (Poiret
1789), one Aegean-Ponto-Caspian, the other central-western
Mediterranean-Boreo Atlantic, diverged considerably, possibly
suggesting an incipient speciation (Nikula and Viinold 2003).
Finally, the genetic screening of a non-native bivalve of
unknown original provenance known for long as Anadara
demiri Piani 1981 has finally identified this widespread inva-
sive taxon as being the common east American arcid Anadara
transversa Say, 1822 (Albano et al. 2009).

The combination of multiple descriptors (genetics, shell
morphology, anatomy, egg masses and ecological function)
is probably the best approach thus far to try categorizing a
species. As regards Mediterranean molluscan diversity, some
points strictly linked to the foregoing discussion need to be
explored further: the role and meaning of endemic, deep-sea
molluscs and non-indigenous species.

Endemics

The Mediterranean marine fauna is considered to host a large
number of endemic taxa which also include molluscs (Bianchi
and Morri 2000; Coll et al. 2010, with references therein). To
the best of our knowledge, no synoptic review dealing specifi-
cally with the Mediterranean endemic malacofauna as a whole
has been published to date. This topic has been partly dis-
cussed by Gofas (1998) while treating the malacofauna around
the Gibraltar Strait. Most of such endemics are distributed in
shallow waters, while only a few have been recorded from
bathyal depths (see below). Endemic molluscs total several
tens of putative species, and belong largely to the Gastropoda
(iconography in Cossignani and Ardovini 2011). A full dis-
cussion of the taxonomic status of all species to date only
reported from the Mediterranean basin is beyond the scope of
this paper. Here we prefer to limit ourselves to some
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emblematic cases. Perhaps the best known is Pinna nobilis
Linnaeus 1758, the largest Mediterranean bivalve, considered
an endangered species under strict protection (Council
Directive 92/43/EEC 1992) since its populations appear in
decline (Vicente 1990).

Up to the present, many ‘endemic’ species have been rec-
ognized as such based solely upon distinct morphological
features of their shells. This is, for example, the case of the
‘historic’ endemic trochids Gibbula spratti (Forbes 1844)
from the Aegean Sea and G. albida (Gmelin 1791) from the
Adriatic (and in the Black Sea where it was originally
described as G. euxinica Andrjewski 1937). The three ascer-
tained extant species within Clathromangelia are non
planktotrophic endemics of which C. granum is distributed
in the central and eastern Mediterranean, while the other two
(C. strigillata Pallary 1904 and C. loiselieri Oberling 1970)
are localized in the Aegean-Levant and the Gabés basin
(Oliverio 1995b). It equally applies to the many Rissoidae
(especially taxa in the genus Alvania); Muricidae (e.g.,
Muricopsis cevikeri Houart 2000), Fasciolariidae (Fusinus
spp. and others, most of which have been described in the
last decades (i.e., Houart 2000; Buzzurro and Russo 2007)).
Supplementary developmental and ecological information
additional to shell morphology is provided only in some
cases (e.g., Rissoa auriscalpium-R. italiensis: Russo and
Patti 2005). The application of electrophoresis lends support
to specific status of the bivalve Chamelea gallina (Linnaeus
1758) relative to its prevalently Atlantic couterpart C. striatula
(da Costa 1778) making this abundant species Mediterranean
endemics (Backeljau et al. 1994).

An interesting condition showing the operational rele-
vance in systematics of integrating more descriptors is
offered by one of the most classic of Mediterranean endem-
ics, the sublittoral trochid Gibbula nivosa (A. Adams, 1851)
only known from Malta (a rare case of punctiform geographic
range: Evans et al. 2011), and considered as probably extinct
(Schembri et al. 2007) until the recent finding of live popu-
lations (Evans et al. 2010). Although established on its
peculiar shell morphology and coloration on-going molecu-
lar research provides full support for its specific status
(Barco et al. 2013). Such an integrated approach would
surely solve the many taxonomic problems of the presumed
endemic fauna of semi-confined marine coastal settings in
the Mediterranean Sea, like the Venice lagoon (home to for
example the gastropods Calliostoma virescens Coen 1833
and Ocinebrina ingloria (Crosse 1865)), the Ganzirri and
Pantano del Faro marine lakes near Messina (home to the
gastropod Nassarius tinei (Maravigna 1840)), and above all
the Gulf of Gabés, on the north African shore of the
Mediterranean. The latter situation has been described as a
potential species factory (Sabelli and Taviani 1980) because
of the high proportion of apparently exclusive species
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inhabiting this Tunisian site (Ghisotti 1972a, b, c). The
recent work by Cecalupo et al. (2008) overall lists 584 spe-
cies, of which 33 are considered as endemics, that is to say
about the 7 % a value similar to the 6 % suggested by Sabelli
and Taviani (1980). These putative neoendemics all have a
sibling species in the Mediterranean from which they likely
derived.

The Mediterranean deep sea also includes some ascer-
tained mollusc endemic molluscs, especially those associated
with hydrocarbon/sulphide seepage sites (treated below).

An intriguing case of a very localized and putative
endemic-rich site that merits to be studied by integrating
available taxonomic techniques, are the volcanic “caves”
along the Sicilian coast (Palazzi and Villari 2001) said to
host 5 exclusive species, some not formally described
(Puncturella picciridda, Monophorus sp., Muricopsis sp.,
Neolepton discriminatum, Lucinoma spelaeum). Another
endemic gastropod (Skeneoides digeronimoi La Perna 1998)
is reported from a volcanic ‘cave’ at Ustica island in the
Tyrrhenian Sea (La Perna 1998b), and an arcid bivalve
(Asperarca magdalenae) has been described from the
Gymnasium calcareous cave off southeast Sicily and as a
Pleistocene fossil also from Sicily (La Perna 1998a).

Most such endemic taxa established solely on their shell
morphology are currently accepted as valid (WoRMS 2012).
Clearly, the final acceptance of the specific status of morpho-
logically different entities regarded as endemics to the
Mediterranean, urgently requires a comparative and in-depth
screening of their genetics.

The Deep Sea

In general, the deep-sea benthic fauna of the Mediterranean
Sea (200—4,000 m: Danovaro et al. 2010) is considered to be
an impoverished annex of the deep Atlantic Ocean, further
characterized by a longitudinal gradient of decreasing biodi-
versity from the Strait of Gibraltar eastwards (Fredj and
Laubier 1985; Bouchet and Taviani 1992a; Sarda et al. 2004;
Tecchio et al. 2011). At present, the supposedly marked tax-
onomic depauperation of the Eastern Mediterranean vs the
Western Mediterranean deep sea fauna has been re-
dimensioned when considering prokaryota and eukarya all
together (Danovaro et al. 2010) but still seems to hold true
for megabenthos (Tecchio et al. 2011), and it also applies to
molluscs which show a comparably higher diversity in the
west, especially in the Alboran and Gibraltar areas (Bouchet
and Taviani 1992a,b; Salas 1996), a trait shared with other
taxonomic groups as well (Abell6 et al. 2002; Arvanitidis
et al. 2002; Danovaro et al. 2007).

Based upon deep-sea gastropod distribution Bouchet and
Taviani (1992a) have proposed that at least part of the
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Mediterranean deep sea benthos derives from planktotrophic
larval influxes from the Atlantic Ocean entering the
Mediterranean  via  the  surface  Atlantic = water
(MAW =Modified Atlantic Water, Font et al. 1998), thus
breaching the otherwise insurmountable Gibraltar sill.
Relying upon empirical data showing a prominence of plank-
totrophic gastropods and concomitant eastward decrease in
diversity, these authors hypothesize therefore the existence
of pseudopopulations (i.e. not self-maintaining in the basin)
in the Mediterranean deep-sea benthos. While this is a pos-
sible dispersal and settling mechanism for some species, as
admitted by Bouchet and Taviani (1992a) this concept does
not apply to the deep sea benthos as a whole. In fact, Sarda
et al. (2004, with references therein) make the point that vari-
ous benthic organisms in the deep Levantine basin consist of
self-maintaining viable autochthonous populations (see also
Koutsoubas et al. 2000 regarding more specifically mol-
luscs). La Perna (2004) observes that the Mediterranean
deep water fauna of protobranchiate bivalve is partly inher-
ited from the past and therefore is a permanent and viable
resident component, without excluding the potential pres-
ence of neo-endemics as a result on intrabasinal evolution. In
this respect, only a few species of deep sea molluscs are at
present considered endemic to the Mediterranean (i.e.
Yoldiella ovulum, Yoldiella wareni, Ledella marisnostri: La
Perna 2004). In fact, the most consistent number of endemics
at bathyal depths pertain to specialized molluscs inhabiting
chemosynthetic cold seep habitats. Many data on deep sea
molluscs traditionally derive from sampling of soft-sediment
habitats and accordingly mostly reflect life in the relatively
monotonous muddy bathyal bottoms. In the recent years
however, substantial improvements in submarine technology
had led to the exploration of many habitats previously either
poorly known or totally unsampled. A case in point are the
deep water coral banks, canyon heads, seamounts and steep
cliffs (e.g., Zibrowius and Taviani 2005; Freiwald et al. 2009;
Mastrototaro et al. 2010). Research on such hard bottoms is
steadily providing important information on remarkable and
elusive molluscan life as well, including giant oysters (Gofas
et al. 2007), large sessile bivalves (Lopez-Correa et al. 2005)
and rare gastropods (Taviani et al. 2009). Even more remark-
able and productive in terms of upgrading our knowledge on
deep-sea biodiversity is the on-going research on cold
seep chemosynthetic habitats, such as mud volcanoes and
pockmarks releasing hydrogen sulphide and hydrocarbons.
These habitats are widespread in the Mediterranean deep sea
and host an exclusive mollusc fauna largely made up of
endemic species (Taviani 2004; Taviani et al. 2011a). These
taxa include mainly bivalves, most of which associated with
bacterial symbionts, e.g., “Solemya” sp., Idas modiolaefor-
mis (Sturany 1896), Lucinoma kazani Salas and Woodside
2002, Myrtea amorpha (Sturany 1896), Thyasira striata
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(Sturany 1896), and subordinately gastropods, e,g. Lurifax
vitreus Warén and Bouchet 2001, Clelandella myriamae
Gofas 2004 (Corselli and Basso 1996; Salas and Woodside
2002; Gofas 2004; Olu-le Roy et al. 2004; Rodrigues et al.
2011; Taviani et al. 2011a; Chap. 5 by Taviani, this volume).
It should be noticed that many of these Mediterranean
endemics were described long ago (Sturany 1896) and have
thus been included in the classic Mediterranean catalogues
of molluscs. However, most of these species have yet to be
studied genetically to ascertain their species status as distinct
species compared to closely related Atlantic taxa.

Non-indigenous (Alien or Non-native)
Species

The recent conquest of the Mediterranean Sea by an increas-
ing armada of non-native species is an unprecedented event
in the biogeography of the Mediterranean, because of the
number of species involved (Zibrowius 1991; CIESM 2002;
Leppikoski et al. 2002; Zenetos et al. 2003; Dumont et al.
2004; Galil 2008; Zenetos et al. 2010; Occhipinti-Ambrogi
et al. 2011; Chap. 22 by Goren, this volume; Chap. 27 by
Galil, this volume). Probably no other large marine basin on
Earth could claim to house in excess of 209 species of exotic
origin, of which 109 established, as does the Mediterranean
Sea (Zenetos et al. 2010). Some of these species are ecologi-
cally (and some economically: Garaventa et al. 2012) impact-
ing the Mediterranean, locally assuming a key role in the
marine costal ecosystems (Streftaris and Zenetos 2006; Galil
2007). The highest number of ascertained alien molluscs in
the Mediterranean have come from the Red Sea via the Suez
Canal and are so-called Lessepsian migrants (Gofas and
Zenetos 2003). The latest estimate records 117 such species
(Zenetos et al. 2010), all of them exclusively occurring in
shallow water habitats (Chemello and Oliverio 1996). In
addition to Lessepsians, other Indo-West Pacific immigrants
have reached the Mediterranean possibly through ship-
mediated transport as it has been postulated for the gastropod
Cantharus tranquebaricus (Gmelin 1791) (Mienis 2003),
and the strombid Conomurex persicus (Swainson 1821) (see
Zibrowius 2002) sometimes uncorrectly cited as C. decorus
(Roding 1798) (Moolenbeck and Dekker 1993). As for a few
other tropical elements, C. persicus is spreading quite suc-
cessfully in the eastern Mediterranean (Oliverio 1995a).
Remarkably, it represents a renewed situation with Strombus
s.l. forming part of the Mediterranean marine fauna as seen
up to the Pliocene and once again in the last interglacial, pro-
viding an argument in favour of the concept of Godot basins
(Taviani 2002; Oliverio and Taviani 2004). The arrival of
Atlantic tropical aliens is on the contrary a rare phenomenon.
An example is the gastropod Mitrella psilla (Duclos 1846)
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found in the Bay of Tunis and thought to have been acciden-
tally introduced by shipping (Antit et al. 2010). Besides such
tropical elements, many other molluscan taxa now form part
of the Mediterranean fauna, often reaching the status of sta-
ble reproducing populations in the basin (Gofas and Zenetos
2003; Occhipinti-Ambrogi et al. 2011). Major dispersal
pathways for such molluscs are deliberate, such as aquacul-
ture (UNEP/MAP-RAC/SPA 2008), or unintentional
anthropic introduction (CIESM 2002). This phenomenon is
far from being concluded as new taxa are continuously intro-
duced (i.a. Kabasakal et al. 2005; Louizidou et al. 2007;
Ovalis and Zenetos 2007; Tzomos et al. 2011; Oztiirk 2012),
and some acclimatize themselves in the Mediterranean
(Fabbri and Landi 1999; Keppel et al. 2012), while already-
established non-native species steadily expand their range
within the basin (e.g., Russo 1999; Russo and Mel 2002;
Oztiirk and Poutiers 2005; Zenetos et al. 2005; Ceviker and
Albayrak 2006; Oztiirk et al. 2007; Sara et al. 2008; Tzomos
et al. 2011; Crocetta 2011; Tsiakkiros and Zenetos 2011;
Turk and Furlan 2011). Beside the case of Strombus dis-
cussed before, some non-tropical aliens appear to be particu-
larly successful even while confronting the long-established
autochthonous mollusc fauna. An emblematic example is
presented by the arcid bivalve Anadara kagoshimensis
(Tokunaga 1906), an invasive species mainly recorded in the
Mediterranean literature as Scapharca cornea (Reeve 1844)
or Anadara inaequivalvis (Bruguiere 1789). First spotted in
clean and well-sorted sands of fully marine coastal waters in
the Adriatic Sea (e.g., Ghisotti 1973; Ghisotti and Rinaldi
1976) and in the Black Sea (Gomoiu 1981) surprisingly it
soon successfully invaded very confined brackish and muddy
waters in northern Adriatic lagoons (Poluzzi et al. 1981;
Taviani et al. 1985; Poluzzi and Taviani 1986). Nowadays, it
is a common and well-established faunal element of many
coastal and lagoonal systems in the Mediterranean (e.g.,
Occhipinti-Ambrogi et al. 2011). A rather similar case is that
of the Japanese clam Ruditapes philippinarum, originally
introduced for aquaculture purposes in the 1980s (Bodoy
et al. 1981; Lazzari and Rinaldi 1994; Breber 1985, 2002;
Cesari and Pellizzato 1985), and expanding quite successfully
in the Mediterranean from coastal marine settings to con-
fined lagoons (Zamouri-Langar et al. 2006). Similar consid-
erations could be applied to other non-tropical species (some
of which are very invasive) such as the gastropods Crepidula
fornicata (Linnaeus 1758) and Rapana venosa (Valenciennes
1846), and the bivalves Arcuatula senhousia (Benson in
Cantor 1842), Limnoperna securis (Lamarck 1819),
Crassostrea gigas (Thunberg 1793) and Mya arenaria
(Linnaeus 1758) (Ghisotti 1974b; Stora 1976; Clanzig 1989;
Cachia 1981; Madhioub and Zaouali 1988; Hoenselaar and
Hoenselaar 1989; Zibrowius 1991; Blanchard 1997,
Porcheddu et al. 1999; Zenetos et al. 2005; Crocetta 2011).
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Biogeographic Considerations

Multiple factors influence the biogeography of marine
benthos, including historical legacy, physical barriers and
seaways, oceanographic vectors (currents), and dispersal
mechanisms. The Mediterranean Sea is a distinct province
included in the Temperate Northern Atlantic realm
(Spalding et al. 2007). The overall biogeographic com-
plexity of this region is evident when considering that the
Mediterranean province itself is subdivided into as many
as seven ecoregions that are west to east: Alboran Sea,
Western Mediterranean, lonian Sea, Tunisian Plateau/
Gulf of Sidra, Adriatic Sea, Levantine Sea, Aegean Sea
(Spalding et al. 2007).

As a consequence, the total benthic molluscan stock
inhabiting the Mediterranean is unevenly distributed in the
basin (see Table 16.2). It should be said that the geographic
range of individual molluscan taxa only seldom, if ever,
strictly coincides with the boundary of any ecoregion. In
fact, there is a substantial number of species whose range is
almost basinwide, although each region seems characterized
by its own peculiarities.

To provide examples, the Alboran Sea, a region much
influenced by the Atlantic fauna, contains many species
that are localized or endemic in that general area, some
expanding on both sides (Atlantic and Mediterranean) of
the Gibraltar Strait (Gofas 1998; Gofas et al. 2011a, b).
This area is to date one of the best known in the entire
Mediterranean Sea. It has been receiving attention from
malacologists beginning from the pioneering works of
Pallary (1902, 1920). Van Aartsen et al. (1984) list around
380 species, an estimate substantially upgraded by Pefias
et al. (2006) who listed 603 species found around the island
of Alboran. Finally, the recent monographs by Gofas et al.
(2011a, b) provide a synoptic and critical overview of all
molluscs known from Andalusia which is largely located in
the Alboran Sea ecoregion. Some 30 molluscs inhabit a
very restricted geographic range (1 to 2° in latitude) cen-
tred on the Strait of Gibraltar and could be considered
endemics to this area (Gofas 1998; Pefas et al. 2006).
Besides, about 40 tropical Atlantic species have spread into
the Alboran Sea but decrease in number along a west to east
gradient with about 25 reaching up to Algeria and five into
the westernmost part of the Mediterranean (Gofas and
Zenetos 2003). As much as 11 % of the Alboran mollusc
fauna appears to be exclusive of this Mediterranean ecozone
and 4 % are endemic.

The far distant northern Adriatic hosts some remarkable
endemics as well, as described above (e.g. Calliostoma vire-
scens Coen 1933), or species that are preferentially distrib-
uted in that sector of the basin influenced by cooler waters
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Table 16.2 Comparison among check lists of shelled gastropods and
bivalves, plotting Mediterranean vs selected localities

Gastropoda Bivalvia

Mediterranean Sea? 1,221 430
Andalucia® 668 275
Italy® 835 315
Greece? 539 230
Turkey® 380 206
Israel® 408 193
Data from:

3Coll et al. (2010)

"Gofas et al. (2011a, b)

¢Cattaneo Vietti and Giovine (2008), Oliverio (2008), and Schiaparelli
(2008)

9Tenekidis (1989)

*Demir (2003)

‘Barash and Danin (1992)

*The Andalucia checklist has been selected in the absence of recent
compilations on the Spanish Mediterranean malacofauna as a whole,
and also because of its substantial peculiarity with respect to the north-
ern Iberian molluscan fauna

and reduced salinity, like Gibbula albida (Gmelin 1791),
Gibbula adriatica (Philippi 1844), and Littorina saxatilis
(Olivi 1792). Furthermore, Alvania schwartziana Brusina
1866, Trivia multilirata (Sowerby G. B. II 1870) and
Ocinebrina ingloria (Crosse 1865) also appear to be limited
to this sub-basin. It is noteworthy that all these species, apart
from T. multilirata, are non planktotrophic or are direct
developers like L. saxatilis. This latter presents a puzzling
disjunct distribution (Atlantic Ocean and Venice lagoon:
Cesari 1994). However, biomolecular evidence seems to
support a recent, possibly anthropic northern Adriatic intro-
duction in historical times (Panova et al. 2011).

Noticeably, some warm temperate species are modally
distributed along the south-western Mediterranean coasts,
although reaching up to eastern Sicilian waters (e.g.
Bivetiella cancellata (Linnaeus 1767)) or Sardinia and the
Tuscan Archipelago (e.g. Patella ferruginea). On the other
hand, cold temperate species, possibly leftovers from the
last glacial times, display a localized Mediterranean distri-
bution, such as, Pseudamussium peslutrae Linnaeus 1771
(=P. septemradiatum (Miiller 1776)), in the deep Alboran
Sea (Salas 1996), and Buccinum humphreysianum Bennet
1824, extending as north as the Gulf of Lion (Casamor and
Ghisotti 1968).

One of the leading physical factors governing the distri-
bution of molluscs in the Mediterranean, and therefore their
biogeography, is obviously hydrography. Firstly, on the
basinal scale the current regime (summarized in Font et al.
1998) is offering the avenues for dispersal. Secondly, seawater
attributes such as salinity and temperature set additional con-
straints on the successful establishment of any given taxon.
Salinity for instance selects the marine benthic molluscs
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capable of living within euryaline seawater bodies such as
lagoons. Brackish lagoons do not seem to host endemic spe-
cies but molluscan assemblages nevertheless differ biogeo-
graphically inside the Mediterranean basin (Bedulli and
Sabelli 1990). Temperature may act to impede or favour the
dispersal of taxa within the basin even in the face of propi-
tious current directions, as seen in the sub-tropical non-
native species of the Levantine basin.

Biologically, the type of development and the length of
larval life are of paramount importance in determining the
biodiversity achievable within the Mediterranean Sea. A few
papers address specifically the issue of larval life length
related to the distribution of molluscs (Bouchet 1981, 1989;
Oliverio 1996). The latter compares the larval strategies of
gastropods found in Posidonia beds along a west—east tran-
sect from Spain to Levantine Turkey observing an increase in
the ratio of non planktotrophic to planktotrophic species.
This trend is interpreted as being directly dependent on the
evolution of different larval developmental pathways.

The developmental strategy in Mollusca is so relevant to
the biogeography and biodiversity of the Mediterranean as to
deserve to be treated in some detail.

Developmental Strategies and Their
Biogeographic Consequences

All marine molluscs develop inside an egg envelope in a first
larval form (known as pericalymma in protobranch bivalves),
and in a trochophore-like larva in gastropods and non-
protobranch bivalves (Page 2009). The following larval
stage, the veliger, is in most cases a swimming one, a strat-
egy enabling in principle a widespread dispersion in benthic
species of reduced vagility. Veligers in various species have
different lifespans ranging from a few hours to a week in
lecithotrophic larvae, and from one to several weeks or even
years in planktotrophic larvae (Strathmann and Strathmann
2007). The shell keeps memory of the type of development.
Thus, the occurrence of only one or two kinds of protoconch
(prodissoconch in bivalves) in shells is generally informative
about direct/lecithotrophic, or planktotrophic development.
The planktotrophic larval stage is securing a dispersal over
long distances as well documented for instance by amphiat-
lantic species among deep water gastropods (e.g. Bouchet
and Warén 1980, 1985; Taviani and Taviani 1986).
Obviously, great caution should be applied when trying
inferring the actual dispersal capability of any given species,
based solely upon indirect information as larval shell mor-
phology. In fact, the effectiveness of dispersal is constrained
primarily by the requirements of the metamorphosing
larva. It seems that the more a veliger swims away from the
parental habitat, the more difficult is for them finding a
suitable place for metamorphosis. Remarkably, a wide
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geographic area characterized by little if any habitat dis-
continuity in its extension has been documented to be settled
successfully by “direct” developers or short swimming
larvae in just a few generations. Examples of such are pro-
vided by Foighil (1989) for the bivalve genus Lasea, and by
Scheltema and Williams (2009) for the family Nuculidae.
These observations support the “paradox of Rockall”, an
island in the northeastern Atlantic whose littoral zone is
uniquely inhabited by benthic invertebrates lacking a plank-
tonic larva (Johanesson 1988). In this island, only the brooding
Littorina saxatilis (Olivi 1792) is present while the
planktonic L. littorea Linnaeus 1758, is absent, in spite that
they normally co-exist along both the western and eastern
continental coasts.

Regarding constraints to dispersion, another case of some
interest is presented by the gastropod Cerithium scabridum
Philippi 1848, an alien species firstly reported from the
Levantine basin about 140 years ago (Keller 1883). This
locally invasive species possesses a planktotrophic larval
phase lasting 45-60 days (Ayal and Safriel 1982) in principle
providing a potential wide dispersal capability. Adults
exhibit unspecialized feeding habits, occurring on all kind of
substrata in intertidal or shallow water of fully marine and
brackish habitats and displaying a high level of genetic vari-
ability (Lavie and Nevo 1986). All together such characteris-
tics should enable an almost unlimited distribution within the
Mediterranean but this does not seem to be the case. In fact,
Cerithium scabridum exhibits a continuous distribution
within the Levantine basin but a rather patchy distribution in
the southern Mediterranean with local populations often rich
in individuals. To account for this spotty distribution, Gofas
and Zenetos (2003) hypothesized that this species was likely
introduced by shipping, first in Sicily and later in Tunisia.
Recent findings of dead shells within harbours at Vibo
Valentia, Tyrrhenian Sea (Crocetta et al. 2009) and of a liv-
ing population in Otranto, Apulia (Albano and Trono 2008)
lend support to such a hypothesis.

The swimming or buoyancy capability of larvae and their
resulting passive drift with currents is not the only mode of
dispersal. Molluscs lacking a planktonic larval stage can be
dispersed by mucous threads (Martel and Chia 1991), as
propagules: young crawling stages or even sexually mature
adults in the case of small sized species (e.g. Sullivan 1948;
Bradley and Cooke 1959; Sellmer 1967 for bivalves and
Newell 1964; Anderson 1971; Little and Nix 1976; Levinton
1979 for gastropods). A peculiar dispersal mechanism has
been described in Mytilus edulis Linnaeus 1758, whose post-
larvae are able to remain pelagic by secreting a gas bubble
into the mantle cavity (Nelson 1925). Tidal currents spread
young specimens sometimes over tens of kilometers (Beukema
and Vlas 1989). Noticeably, a basic circadian periodicity in
migratory rhythms of drifting juvenile molluscs has been
observed (Armonies 1992). Frequent drifting excursions
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enhance rafting opportunities thus favouring long distance
dispersal (Martel and Chia 1991). Floating material (plastic
debris, algae, logs and other) is usually concentrated by wind
and currents into drift lines that can then travel hundred kilo-
meters (Birkeland 1971), becoming available to floating ani-
mals within a few hours or days (Highsmith 1985). This
mechanism can be more effcient than normally envisaged. A
high proportion of widely distributed Antarctic benthic
invertebrate taxa brood or produce egg capsules from which
benthic juveniles hatch, preventing in principle a large diffu-
sion: On the contrary, many such taxa are widely distributed
so that it has been envisaged that algal rafting likely plays a
role as dispersal mechanism (Dell 1972; Simpson 1977;
Pearse 1979; Picken 1980). Furthermore, Dell (1972) posits
that a brooding female is a better colonist than a larva.

The classic passive transport by wading birds (Rees 1965;
Green and Figuerola 2005) or by other migrant marine ani-
mals like turtles (Oliverio et al. 1992), is by now evolved to
include humans as a significant dispersal mechanism of
overwhelming importance.

About 15 % of the exotic molluscs currently found in the
Mediterranean basin have been introduced by shipping/bal-
last waters or aquaculture, and for three species, i.e. Gibbula
albida, Siphonaria pectinata (Linnaeus 1758) and Perna
perna (Linnaeus 1758), an intra-Mediterranean transfer has
been reported (Gofas and Zenetos 2003). Moreover, this
kind of transfer is also hypothesized for other alien species:
Cerithium scabridum, Rapana venosa (Valenciennes 1846)
and Fulvia fragilis (Forskal in Niehbur 1775) (Crocetta
et al. 2008).

If dispersal mechanism represents the main source of
construction of the past and present Mediterranean biodiver-
sity, ecology constitutes a constraint to the diversity and
distribution of molluscs mostly affecting larval settlement
and metamorphosis or juvenile life. As shown by Zenetos
(1997) there is a substantial uniformity in the diversity of
marine Bivalvia in a geographic area as large as Greece, but
ecological patterns, such as depth and degree of confine-
ment, nevertheless play here a major role in the distribution
of individual species. Under this respect, Table 16.3 presents
a comparison among shelled gastropods, bivalves and their
ratio in several Mediterranean localities with different attri-
butes. The role of ecological factors in shaping distribution
of marine organisms is well exemplified by the noteworthy
transformation of bottom communities in the Adriatic Sea.
In about 50 years the variation in sedimentation rate, organic
load and flocculation resulted in the substitution of the
Turritella community described by Vatova (1949) with a
Corbula-Amphiura filiformis community (Scaccini 1967,
Schiaparelli et al. 2000; Chiantore et al. 2001), with rarefaction
and possible local extinction of some of the species asso-
ciated with the former. Another striking case is oyster
reefs (Ostrea edulis Linnaeus 1758) much more abundant in
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Table 16.3 Comparison among shelled gastropods, bivalves and their
ratio in several Mediterranean localities with different attributes

Locality Gastropoda Bivalvia Gastr/biv
Mediterranean® 1,221 430 2.8
Barcelona® 213 105 2
Valencia® 359 184 2
Andalucia? 668 275 2.4
Algeciras® 266 110 2.4
Alboran® 454 136 3.3
Tuscany® 426 214 2
Procida (Naples)" 288 105 2.7
Tor Paterno (Rome)' 124 29 4.3
Scilla (Calabria) 369 87 42
Adriatick 511 254 2
Gulf of Trieste' 294 172 1.7
N Adriatic (tegnue)™ 124 68 1.8
off Venice lagoon” 121 82 1.5
Venice lagoon® 78 86 0.9
Emilia Romagnar 68 115 0.6
Rovigno 199 142 1.4
Cattaro” 164 146 1.1
Tremiti Islands® 275 113 24
Gulf of Manfredonia' 30 51 0.6
Greece" 539 230 2.3
Turkey” 380 206 1.8
Ciprus® 442 172 2.6
Israel* 408 193 2.1
Malta¥ 609 242 2.5
Gulf of Gabes? 390 157 2.5
Data from:

3Coll et al. (2010)

"Pefias et al. (2009)

Oliver Baldovi (2007) and Tamayo Goya (2008)
dGofas et al. (2011a, b)

¢van Aartsen et al. (1984)
fPefias et al. (2006)

€Terreni (1981)

"Soppelsa et al. (2007)

PG Albano unpublished
iVazzana (2010)

kCoen (1937)

'Vio and De Min (1996)
mCasellato and Stefanon (2008)
"Cesari and Mizzan (1994)
°Cesari (1994)

PRinaldi (1991)

9Coen and Vatova (1932)
"Stjepeevi¢ and Parenzan (1980)
*Mazziotti et al. (2008)

Panetta et al. (2007)

“Tenekidis (1989)

VDemir (2003)

“Oztiirk et al. (2004)

*Barash and Danin (1992)
YCachia et al. (2004)

“Cecalupo et al. (2008)

the Mediterranean coastal areas in the recent past and at
present in strong recession with few exceptions (Airoldi
and Beck 2007).
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Threats to the Mediterranean Mollusc
Diversity

There is a widespread perception that in the current
Anthropocene (sensu Crutzen and Stoermer 2000) the marine
biodiversity is under attack on a global scale often because of
direct or indirect human actions (Gray 1997; Hoegh-
Guldberg and Bruno 2010). Among the main causes often
considered by scientists as serious threats to marine biodi-
versity at all levels from species to ecosystems we can list:
(1) global warming, (2) ocean acidification, (3) habitat loss,
(4) pollution, and (5) overfishing (Gray 1997; Sala and
Knowlton 2006). In this scenario, the Mediterranean is not
exception (Airoldi and Beck 2007; Claudet and Fraschetti
2010; UNEP 2010; Coll et al. 2011).

Global Warming

The present trend of rising temperature as a result of increas-
ing levels of greenhouse gases in the atmosphere is generat-
ing a growing concern about its pernicious impact on marine
ecosystems. According to projections, global warming may
potentially depressing habitat complexity, rearranging tro-
phic webs, fostering new ecological assemblages, favouring
exotic newcomers, and introducing diseases (Hoegh-
Guldberg and Bruno 2010). In the Mediterranean, an increase
of seawater temperature is already causing visible alterations
in the marine biota (Danovaro et al. 2004; Peirano et al.
2005; Bianchi 2007; CIESM 2008; Parravicini et al. 2009;
Por 2009; Coll et al. 2010; Faimali and Taviani 2011; Chap.
17 by Albano, this volume). The macroscopic evidence
regarding molluscs is surely the amazing increase in the
number of exotic species, both Lessepsians or accidentally-
introduced, steadily added to the autochtonous molluscs
fauna of the basin and by large represented by warm-affinity
organisms (Zibrowius 1991; Galil 2008, 2009; Occhipinti-
Ambrogi et al. 2011). Although such species-increment
appears as the most evident outcome of tropicalization, it is
the influence of rising seawater temperature on Mediterranean
habitats as a whole that deserves attention. In fact, many
important habitats, as for example seagrass beds house vari-
ous exclusive or preferentially associating autochtonous
molluscs (e.g., Péres and Picard 1964; Terlizzi and Russo
1995; Beqiraj et al. 2008; Gofas et al. 2011a, b; Albano and
Sabelli 2012) that may respond to thermal variations by
reduction, displacement or eradication.

Ocean Acidification

Ocean acidification (OA), induced by uptake by seawater of
anthropogenic CO,, might adversely impact the calcification
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potential of carbonate shelled organisms (Orr et al. 2005),
and have important repercussions on other physiological
functions and ultimately on the trophic web (Fabry et al.
2008; Rossoll et al. 2012; Seibel et al. 2012). Therefore, OA
is clearly a potential factor controlling the Mediterranean
mollusc fauna. Aragonitic holoplanktonic species for
instance, such as thecosomatous pteropods, are supposedly
at risk from increasingly acidified water masses (Comeau
et al. 2009, 2012). Tank experiments on larvae of the
Mediterranean Cavolinia inflexa (Leseur 1813) exposed to
decreasing seawater pH documented a strong reduction in
shell secretion (Comeau et al. 2010). Moreover, ocean acidi-
fication has been shown to alter other metabolic processes
beside calcification. However, in face of such negative sce-
narios, a recent metabolic study on Pacific pteropods which
include also taxarepresented in the present-day Mediterranean
fauna (Hyalocylis striata (Rang 1828), Clio pyramidata
Linnaeus 1767, Diacavolinia longirostris (Blainville 1821),
and Creseis virgula Rang 1828) seem to demonstrate an indi-
vidual resilience to augmented acidification (Maas et al.
2012), as also other calcifiers and non-calcifying organisms
(Nielsen et al. 2010; McCulloch et al. 2012a, b). Regarding
benthic molluscs, data from naturally acidified waters do not
straightforwardly lend support that they are detrimental to
the calcification capacity of Mediterranean shelled molluscs
(Rodolfo-Metalpa et al. 2011). Much still needs to be learned
about the mid and long term effects of OA on organisms with
carbonate skeletons, but it is unlikely that it could be consid-
ered, on the short term at least, as a serious threat to
Mediterranean molluscs

Habitat Loss

Habitat degradation, and in some cases complete loss,
induced by human activity is for sure one of the most serious,
if not the most important, menaces to marine biodiversity
(Airoldi and Beck 2007; Coll et al. 2010). Human-induced
habitat fragmentation is documented for the important
endemic habitat-forming Posidonia oceanica that already
suffers from competition by invasive species (Peirano et al.
2005; Airoldi and Beck 2007; Montefalcone et al. 2010a, b).
It is likely that the decline and the possible loss of local
stands of this seagrass might result in the rarefaction or even
extinction of those molluscan taxa associated with it, which
are often restricted to specific geographic sectors of the
Mediterranean Sea. Fishing malpractices (including over-
fishing) can, in some cases, be considered as causing habitat
loss through inducing sensitive changes both directly in the
ecological structure of biological communities (species
removal, trophic web disruption, etc.) and indirectly in the
physical environment (Coll et al. 2010). For instance, the
over-trawling of sectors of the Adriatic continental shelf is
stressing the exploitable (as well as the co-occurring
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non-commercial) living stocks (e.g., Chamelea gallina) with
local decline in populations inhabiting soft sediments, as
well as impacting the recruitment through unnatural stirring
and ploughing of the sediment (Romanelli et al. 2009).
Another case in point centred on molluscs is the now-illegal
collection through rock-hammering or rock blasting of edi-
ble boring molluscs (such as the date-mussel Lithophaga
lithophaga Linnaeus 1758) that has caused considerable and
long-lasting ecological damage on limestone coasts (Russo
and Cicogna 1991; Fanelli et al. 1994; Bianchi and Morri
2000; Fraschetti et al. 2001; Guidetti and Boero 2004;
Devescovi et al. 2005; Rovere et al. 2009).

Pollution

Habitat degradation due to pollution is another factor
adversely impacting marine ecosystems from coastal lagoons
down to bathyal depths (WWEF/IUCN 2004; Coll et al. 2010).
It encompasses a variety of phenomena, from the release at
sea of dangerous and toxic substances to oil spills and solid
waste dumping (Valavanidis and Vlachogianni 2011 with
references therein). At the species level, chemicals may
interfere with body functions generally in a negative way
(including lethality) and cause a decrease in the viability of
organisms due to histo-pathological alterations in their
organs, chromosomal aberrations and breaks, DNA damage
(Bresler et al. 1999, 2003), or the biochemistry of the gonads
during the spawning phase (Hamdani and Soltani-Mazouni
2011). Biotoxins and heavy metals may cause physiological
stress in bivalves, as seen, for example, in Mytilus gallopro-
vincialis Lamarck 1819, from the Albanian coast (Sadikaj
et al. 2009). At least one organotin pollutant, tributyltin
(TBT), has been documented to act directly on molluscs
eventually driving a decline in populations (e.g. the muricid
Stramonita haemastoma Linnaeus 1767, Terlizzi et al. 2001).
TBT is a xenobiotic used (but now banned in many coun-
tries) as a biocide in marine antifouling paints and wood pre-
servatives; it is recognized as inducing an alteration in the
reproductive system of prosobranch gastropods known as
imposex (Braber 1970). Imposex has been demonstrated in
several Atlanto-Mediterranean species including several
muricids and nassariids (Gibbs et al. 1990; Oehlmann et al.
1996, 1998; Garaventa et al. 2007; Lemghich and Benajiba
2007; Wirzinger et al. 2007; Rodriguez et al. 2009). As
clearly demonstrated by Oehlmann et al. (1996) in Ocinebrina
aciculata (Lamarck 1822), TBT not only induces the devel-
opment of an additional male sexual organs (mainly the
penis and/or vas deferens) in females, sterilization and sex
change, but also damages of capsule gland (inhibition of
breeding) and the occlusion of vulva by vas deferens tissue
(a barrier to copulation) (Bryan et al. 1986) even if recent
findings about TBT effect, pointed out that, at least in
Hexaplex trunculus Linnaeus 1758, it could be not the only
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imposex cue (Garaventa et al. 2006). Sewage related pollu-
tion has been documented to negatively affect rocky shore
assemblages (Terlizzi et al. 2002), including the structuring
of molluscan assemblages (Terlizzi et al. 2005). Changes in
soft bottom molluscan assemblages has been also quantified
as a results of offshore gas platforms (Terlizzi et al. 2008).
There is however no strong evidence that pollution is really
threatening extinction of any Mediterranean mollusc,
although some concern exists for the endangered Patella fer-
ruginea as, for example, in the populations in the Ceuta har-
bour (Espinosa et al. 2007).

Final Remarks

The present Mediterranean diversity is transient. Biodiversity
per se is in a sense ephemeral, and the durability and resil-
ience of its components are accordingly transitory. As the
natural historical evolution of our planet teaches, every
diversity of every single place at any particular time is per-
manently liable to be partly or totally jeopardized by a vari-
ety of factors thus vanishing, evolving or adapting. The
present (mollusc) marine diversity is thus only the result of
a collection of evolving diversities without solution of con-
tinuity accompanying the highly complex history of this basin.

The Mediterranean is by now in an ultra-dynamic and
accelerated situation of aggrading diversity especially in
response to an alien expansion that has no equal in its geo-
logical past. But is this present trend going to set the pace for
this basin on a longer time scale? The answer is probably
negative as soon as we consider the global paleoclimatic
behaviour as understood to date. In fact, according to the
theory that cyclity of Quaternary ice ages is astronomically
tuned by precessional forcing at ca. 11 kyrs periodicity, the
current interglacial (Holocene or Marine Isotope Stage 1)
should by now be approaching its end (Kukla et al. 1972).
Because of the uncertainties linked to increasing atmospheric
carbon dioxide concentrations, however, this termination
could be deferred by many centuries (Tzedakis et al. 2012).
At some time in the future, however, a new ice age will
impose a drastic climatic deterioration over the Earth which
in turn will in all likeliness dictate once again the typology of
marine ecosystems of the Mediterranean basin. The expected
depression of the temperature will seal the fate of the hun-
dreds of Lessepsian and other ‘warm water’ alien species
presently inhabiting the Mediterranean and causing so much
concern at present (Oliverio and Taviani 2004). Thus, the
evocative prophecy by Por (2009) of a Mediterranean Sea
returning to the warm days of Tethys times might in fact col-
lide with a major change in climatic direction governed by
astronomical causes. In such a scenario temperate invasive
species could in principle be spared by climatic deteriora-
tions as those routinely experienced by the Mediterranean in
the Pleistocene.
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