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Abstract An updated synthesis is presented for the records of introduced Mollusca in the
Mediterranean basin. The rationale for taking molluscan records as significant is discussed. The
Mediterranean Sea, with some 1800 native species of Mollusca, currently houses 139 exotic
species, of which 85 form established populations, 52 are aliens recorded once or twice, and two
are questionable. Ten species (the gastropods Cerithium scabridum, Rhinoclavis kochi, Strom-
bus persicus and Bursatella leachi and the bivalves Pinctada radiata and Brachidontes pharao-
nis in the eastern Mediterranean, the gastropod Rapana venosa and the bivalves Anadara
inaequivalvis, Musculista senhousia, and Xenostrobus securis in the northern Adriatic and the
western Mediterranean lagoons) are locally invasive.

The bulk of the introduced species (118 species, of which 70 are established, 46 aliens, and
two questionable) are species of Indo–Pacific origin found mainly in the eastern basin of the
Mediterranean. Among these species, some which live in the Suez Canal are most likely to have
spread by their own means through this waterway (these are the “lessepsian immigrants” in the
most restricted sense). For other species, the intervention of transport by ship hulls or ballast
water can be suspected. Only two of these Indo–Pacific immigrants are found, very locally, in
the western Mediterranean. The process of immigration has become unprecedented in magni-
tude since the 1970s and is not slowing down.

The remaining introductions of marine species are connected with mariculture and/or ship-
ping. These vectors account for the occurrence or dissemination of only 29 exotic species in the
Mediterranean basin, but four of these are invasive.

The data regarding the Mollusca do not support any substantial faunal change caused by an
influx of subtropical faunal elements through the Straits of Gibraltar. Some local species bound-
aries may have changed slightly in the past decades but not a single newcomer to the Mediter-
ranean basin by this route could be detected in this survey.

The open sea localities of the western Mediterranean remain virtually free of immigrant
mollusc species. The areas most severely affected by the occurrence of exotic species (eastern
Mediterranean, Adriatic and lagoons in the western Mediterranean) are those where the species
richness of the native fauna is low. It is speculated that this low diversity is a crucial contribu-
tion to the success of the newcomers. In the affected areas, the impact on the local fauna is con-
siderable in terms of species composition of the assemblages but so far no native Mediterranean
species can be reported as endangered as an effect of a biological invasion.



SERGE GOFAS & ARGYRO ZENETOS

238

Introduction

Molluscs are an important component of marine benthic fauna worldwide, and may make up
to 15–25% of the benthic macrofauna both in number of species and in number of indi-
viduals. Thus, any important change in the species composition of molluscan assemblages
will have a visible impact on the benthic community in general.

The exotic species, which are the subject of this review, are those which do not belong to
the native fauna and have arrived recently (i.e. within historical times). An organism that has
colonised an area outside its native range with human assistance, intentional or uninten-
tional, is said to be introduced. Much attention has been given to introduced species, at first
terrestrial (Elton 1958) but later also to marine species (e.g. Carlton & Geller 1993, Carlton
1996a), because it has been realised how much of a threat they are for the balance in native
faunas. Other organisms extend their geographical range following natural or man-made
changes in the environment (Vermeij 1996). Some species may thrive in their new environ-
ment, displace the original components of the biota, and be regarded as “invasive”.

The Mediterranean Sea holds approximately 1800 native species of molluscs (Sabelli et
al. 1990). It is generally believed that the Mediterranean marine fauna vanished, or at least
was greatly depleted, during the Late Miocene salinity crisis between 5.96mya and 5.33mya
(Hsü et al. 1973, McKenzie 1999). During this time, marine species survived only in nearby
areas of the Atlantic Ocean. Earlier during the Miocene, c.12mya, the connection between
the Atlanto–Mediterranean realm and the Indo–Pacific was closed (Robba 1987), and was
never restored until the opening of the Suez Canal in 1869. The opening of the Red Sea in
the Pliocene brought the two realms very close but the threshold was impassable for the
marine fauna, and allowed considerable divergence to take place. At the time of the planning
of the Suez Canal, biologists were concerned about a possible dramatic merging of the Ery-
threan and Mediterranean faunas. Several surveys of the Bay of Suez (Fischer 1865, Vaillant
1865, Issel 1869, MacAndrew 1870) were conducted, pioneering what is today known as
baseline studies. Fischer (1865) correctly concluded that the two shores of the Suez Isthmus
do not share any species of their marine mollusc faunas. The only species to have crossed
the isthmus by natural means was Potamides conicus, a paralic gastropod also capable of
colonising landlocked waters (Plaziat 1989).

The communication between the Mediterranean and the Atlantic, nevertheless, was never
interrupted since the beginning of the Pliocene. Without being aware of the salinity crisis,
malacologists with a good knowledge of the Mediterranean fauna considered that it was
derived from the Atlantic fauna. Pallary (1907), who gathered experience from the North
African coast, wrote that “the Mediterranean having received its population from the Ocean,
there is no such thing as a Mediterranean fauna” (in translation). The eastern limit, towards
the Mediterranean, of those species occurring in the Ibero–Moroccan area of the Atlantic
had time to reach an equilibrium position.

In the past decades, human activity has exposed the Mediterranean fauna to considerable
factors of change. The invasion of exotic species in the Mediterranean basin is something
that has been going on for some time but lately the number of reported species has increased
dramatically; currently it amounts to 139 species and is certain to increase further. Three-
quarters of these species have been recorded in the past three decades, in part because some
conditions have changed, but also as a result of greater attention being given to micromol-
luscs in the eastern basin of the Mediterranean.

The most spectacular change in the Mediterranean fauna is the influx of Indo–Pacific
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species through the Suez Canal, a process for which Por (1978) coined the term “lessepsian
migration” (more accurately, immigration, see Vermeij (1996)). Important post-canal
surveys of the Mollusca were published by Keller (1882), Tillier & Bavay (1905), Tomlin
(1927) and O’Donoghue (1929). Moazzo (1939) provided a comprehensive survey of the
Mollusca in the Suez Canal, based on original collections and on the reports of previous
authors. His original material is currently in Goulandris Museum of Natural History, Kifis-
sia, Greece, so that some specimens could be checked by the authors. The Hebrew Univer-
sity – Smithsonian Institution joint programme 1967–72, was aimed at understanding some
of the characteristics of the successful migrants, and produced some collections.

It has been suggested in the past decade that the distribution of tropical or subtropical
Atlantic species in the Mediterranean is in progress and that this may reflect a trend in cli-
matic change. This viewpoint has been substantiated essentially by fish data (e.g. Francour
et al. 1994, Bombace 2001, Golani et al. 2002), occasionally by invertebrate data (Morri et
al. 2001) and has been termed the “tropicalisation” or “meridionalisation” of the Mediter-
ranean Sea. This aspect is here addressed for the Mollusca, among which there is not yet any
documented case of this effect.

Shipping and mariculture also brought their share of exotic species. Reports are scattered
in a large number of publications, usually reporting single finds, and there have been few
attempts at a synthesis of this information (e.g. Zibrowius 1992).

The purpose of this paper is to summarise and discuss the data gathered for the ongoing
Atlas of Exotic molluscan species prepared by the International Commission for the Scient-
ific Exploration of the Mediterranean Sea (CIESM), based in Monaco (Zenetos et al., in
press, and online Internet version at http://www.ciesm.org/atlas; hereafter referred as “the
CIESM Atlas”) to which we refer for details of species occurrences and distributions.
Several questions require to be addressed.

(1) Which processes are involved in the introduction of exotic species?
(2) Is the rate of influx slowing down, stable, or accelerating? Does the influx meet

geographical limits?
(3) What are the reasons for the success of some particular species as invaders, or

for the success of invaders in some particular environments?
(4) What is the impact on the native fauna? Has any native species become extinct

because of invaders?

Methods

Geographic scope

The CIESM Atlas covers the Mediterranean basin, including the Adriatic but not the Black
Sea. In addition to the Atlas species, in the present review three cases of introductions from
one area to another within the Mediterranean basin are considered. These are Gibbula
albida, a north Adriatic endemic introduced into western Mediterranean lagoons (Clanzig
1989), Siphonaria pectinata, an eastern Atlantic species occurring naturally in the Alboran
Sea and Algeria but introduced to Greece (Nicolay 1980), and Perna picta, also eastern
Atlantic and western Mediterranean, reported from the Adriatic (De Min & Vio 1998).
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Criteria for the selection of data

In the process of compiling data for the CIESM Atlas, records for nearly 200 species were
reviewed, of which only 136 exotics (plus Alvania dorbignyi, a cryptogenic species reported
in 1982) were accepted and given a full coverage. A list of spurious records that continue to
exist in twentieth century checklists or identification guides or published in the past three
decades, is presented in Table 1. For those 62 species, a statement of the reasons for which
the record is not accepted is given in the Atlas. Faulty records (see below) from earlier than
1900 were omitted.

The rejected records can be classified under the following headings.

Table 1 Species excluded from the CIESM Atlas of Exotic Mollusca (62 entries). Abbreviations
used for origin, RS: Red Sea; IP: Indo–Pacific, Carib.; Caribbean. Those entries where the Mediter-
ranean citation is considered to proceed from a misidentification of a native species are denoted by
(m). Some species with a native eastern Atlantic/Mediterranean range are listed here because they
were explicitly presented as exotic in a published report.

Class GASTROPODA, subclass Prosobranchia Origin Date Date Where 
collected published found

Clelandella infucata (Gould, 1861) IP 1982 Sicily
Gibbula cineraria (Linné, 1758) NE Atlantic 1979 Malta
Umbonium vestiarium (Link, 1807) RS, IP 1969 1970 Libya
Littorina littorea (Linné, 1758) NE Atlantic 1982 Italy
Littorina obtusata (Linné, 1758) NE Atlantic 1997 Alboran Sea
Cerithium caeruleum Sowerby G.B., 1855 RS, IP 1989 Israel
Cerithium echinatum Lamarck, 1822 RS, IP 1980 1986 Israel
Cerithium erythraeoense Lamarck 1822 RS, IP 1937 Israel
Bittium proteum (Jousseaume, 1930) RS, IP 1977 Egypt
Potamides conicus (Blainville, 1824) RS, S. Medit. 1824 S. Medit.
Scaliola elata Issel, 1869 RS, IP 1974 1977 Egypt
Callostracum gracile (Maltzan, 1883) West Africa 1981 Israel
Mesalia opalina (Adams & Reeve, 1850) West Africa 1967 Italy
Rissoina chesneli (Michaud, 1832) Caribbean 1886 France
Rissoina decussata (Montagu, 1803) Caribbean 1886 France
Natica marochiensis Gmelin, 1791 W. Africa, Carib. 1997 Alboran Sea
Polynices lacteus (Guilding, 1834) W. Africa, Carib. 1970 Tunisia
Cypraea pantherina Solander in Lightfoot, 1786 RS endemic 1970 Lampedusa
Erronea caurica (Linné, 1758) RS, IP 1932 1968 Greece
Monetaria moneta (Linné, 1758) RS, IP 1886 France
Monetaria annulus (Linné, 1758) RS, IP 1937 Israel
Staphylaea nucleus (Linné, 1758) RS, IP 1993 Israel
Strombus lentiginosus Linné, 1758 IP 1934 Israel
Bursa marginata (Gmelin, 1791) W. Africa 1997 Alboran Sea
Rapana rapiformis (von Born, 1778) RS, IP 1976 1977 Israel
Coralliobia madreporarum (Sowerby, 1832) RS, IP 1970 Italy
Latirus polygonus (Gmelin, 1791) IP 1958 2000 Israel
Mazatlania cosentini (Philippi, 1836) Caribbean 1836 Sicily
Vasum turbinellus (Linné, 1758) RS, IP 1956 1973 Israel
Strigatella virgata (Reeve, 1844) RS, IP 1970 Italy
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Table 1 continued

Class GASTROPODA, subclass Prosobranchia Origin Date Date Where 
collected published found

Vexillum depexum (Deshayes in Laborde, 1834) South Arabia 1984 1985 Israel
Cymbium rubiginosum (Swainson, 1822) NW Africa 1991 Sardinia
Lophiotoma indica (Röding, 1798) RS, IP 1939 Egypt
Pusionella nifat (Bruguière, 1789) West Africa 1862 Algeria
Conus arenatus Hwass in Bruguière, 1792 RS, IP 1937 Israel

Class GASTROPODA, subclass Opisthobranchia
Cylichna cf. mongii (Audouin, 1826) (m) 1996 Cyprus
Aglaja taila Marcus & Marcus, 1966 E. Atlantic, Medit. 1976 Italy
Melanochlamys seurati (Vayssière, 1926) Tunisia 1999 Israel
Atys blainvilliana (Recluz, 1843) France 1992 Israel
Aplysia juliana Quoy & Gaimard, 1832 (m) (no definite

data)
Notarchus indicus Schweiger, 1820 IP 1970 Israel
Petalifera gravieri (Vayssière, 1906) (m) 1970 (no definite

data)
Dolabrifera holboelli Bergh, 1872 ? Greenland 1972 (no definite

data)
Berthellina citrina (Rüppell & Leuckart, 1828) (m) 1970 Israel
Sclerodoris cf. tuberculata Eliot, 1904 (m) 1985 Italy
Chromodoris clenchi (Russell, 1935) (m) 1983 Israel

Class BIVALVIA
Anadara notabilis (Röding, 1798) (m) 1974 Morocco
Hochstetteria munieri Bernard, 1879 (uncertain) 1879 France
Arctinula groenlandica (Sowerby, 1842) (m) 1974 Italy
Crassostrea virginica (Gmelin, 1791) NW Atlantic 1915 Italy
Placopecten magellanicus (Gmelin, 1791) NW Atlantic 1973 Italy
Spondylus spectrum Reeve, 1856 IP 1934 Israel
Spondylus limbatus Sowerby, 1847 IP 1998 Israel
Galeomma polita Deshayes, 1855 (m) 1969 (no definite

data)
Linga aurantia Deshayes, 1832 Caribbean 1992 Israel
Hippopus hippopus (Linné, 1758) IP 1937 Israel
Parvicardium hauniense (Høpner-Petersen & Baltic Sea 1992 France

Russell, 1971)
Laevicardium flavum (Linné, 1758) IP 1980 1986
Mactrinula tryphera Melvill, 1899 IP 2000 Israel
Saxidomus purpuratus (Sowerby, 1852) IP 1956 1999 Egypt
Petricola hemprichii Issel, 1869. RS 1905 Egypt
Penicillus vaginiferus (Lamarck, 1818) IP 1968 (no definite

data)
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Unsupported records

These are statements that an exotic species exists, or may exist in the Mediterranean, or even
merely a name of an exotic species within a list of Mediterranean molluscs, which are not
supported by data regarding locality of collecting and actual specimens.

Records based on mislabelled or misidentified material

This refers to a few cases where a genuinely Mediterranean species was misidentified as an
exotic species.

Records of species finally regarded as native

The only case of a native Red Sea and Mediterranean range is that of the lagoon snail
Potamides conicus. Otherwise, this important question regards the Atlanto–Mediterranean
species which have an Atlantic type locality and recorded range, and were subsequently
found in the Mediterranean. The reverse also occurs (i.e. “Mediterranean” species that were
subsequently found in the Canaries or the Ibero–Moroccan area as the fauna became better
known). In such cases there is no reason to suspect the authenticity of the records but the
hypothesis that those species are “invaders” which have moved through the Strait of Gibral-
tar must be considered with a high degree of caution. Rare species may have been in both
the Mediterranean and the Atlantic for a long time, and the apparent trend is only an artifact
due to the timing of records. The possible influx of Atlantic species into the Mediterranean
as a dynamic process has been kept under scrutiny; however, the authors retain as “intro-
duced” only those species which have obviously been brought into the Mediterranean by
human interference, an example being Mya arenaria (see Pelorce 1995).

Records based on the accidental input of isolated specimens or shells, in a
context which cannot, or did not, prove to be viable

This situation accounts for most rejections. Unsupported records are a particularly serious
problem with Mollusca because their shells may last for a long time after the animal has
died, having been transported by man for food or ornament, and left or lost in places where
the animals do not live. Unfortunately, reports of molluscs based on empty shells are com-
monplace in the malacological literature. Petit de la Saussaye (1869) was already aware of
the problem and warned, in the introduction to his Catalogue of European Shells that “these
records are not more meaningful for biogeography than the finding of a crocodile in the river
Seine or a monkey in the forest of Fontainebleau” (in translation).

In the eighteenth and nineteenth centuries, the occurrence of exotic shells on European
shores was mainly a result of the discharge of ballast sand by ocean-going ships and these
shells cannot be considered as introductions. Most of such exotic species in the early
descriptive literature were reported without the authors being aware that the species were not
native, so that several taxa were named with an erroneous European type locality.

Nowadays, the meaningless records of exotic shells derive mainly from the souvenir
trade and from material brought in by fishermen operating in remote areas. The occurrence
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of several Indo–Pacific species, including the spectacular Cypraea tigris (Linné 1758) and
Cymbiola vespertilio (Linné 1758), was reported by Bini (1983) from the Caprolace lagoon
on the coast of Latium. There, the occurrence of the shells was correctly interpreted as
purely accidental inputs, which would not result in the introduction of these species in the
Mediterranean. Other authors were not so cautious and presented such findings as “new
records” without any evidence that the isolated shell(s) found had been the founders of
locally-sustained populations. Some records are not tenable for biological reasons, like the
alleged occurrence in the Mediterranean of the tridacnid bivalve Hippopus hippopus, based
on a single record by Haas (1937). This species requires a coral reef environment that does
not exist in the Mediterranean (Taviani 1994).

Some old records of exotic species have now fallen into oblivion (e.g. records of Mone-
taria annulus, a common Indo–Pacific cowry that has long been used as currency). Others
are perpetuated in checklists based (often not explicitly) on the same, unconfirmed single
original citation. Such species are sought after by some collectors who are eager to possess
every species but do not have the background to decide if the occurrences are meaningful. If
a species is listed as Mediterranean but does not actually live there, specimens of spurious
origin will sooner or later show up, as has happened for a long time with the elusive
Caribbean species Mazatlania cosentini (see Bouchet & Gofas 1983). The authors believe
that there is a need to remove such species from checklists and guides, because otherwise
their mention will trigger more unwarranted citations and finally give the impression that the
species does exist in the region.

Also rejected are records of species which, though found alive, were later proved to be
unable to establish populations or to spread. An example is a population of Littorina littorea
reported by Barsotti & Campani (1982) but later reported as absent (Johannesson 1988). A
similar case is that of a bushel of live Patella vulgata, a north Atlantic species, discarded from a
nearby fish market in the harbour of Le Brusc, Mediterranean France, in 1968. Some individuals
managed to crawl up the side of the pier but died after a few days (S. Gofas, pers. obs.).

Attributes of the species

The complete list of exotic species recorded in the Mediterranean basin, with the associated
data, is presented in Table 2. For each species that has passed the selection criteria, informa-
tion has been gathered under the following headings.

Year and place of first collection and year of first publication

This normally post-dates the actual time of introduction by several years, maybe decades, in
the less-explored areas. Nevertheless, it is the only objective datum. In the case where the
original publication does not state the year of collecting, the date of publication is taken by
default.

Recorded Mediterranean range

This range is established from the compilation of all published data, museum material and
personal communications from colleagues. In the case of established species (see below) it
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Table 2 List of exotic species recorded in the Mediterranean Sea. This list includes all species
treated in the CIESM Atlas except the cryptogenic Alvania dorbignyi, and three species (Gibbula
albida, Siphonaria pectinata, Perna picta) not covered in the Atlas but for which intra-Mediterranean
transfers have been reported. Abbreviations used: Date, Pub: Date of publication of first report; Rec:
Actual collecting date, if mentioned. Current range, Can: Suez Canal; Lev: Levantine coast (Israel,
Lebanon and Syria); T/C: Turkey and/or Cyprus; Egy: Egyptian Mediterranean coast. Ion: Ionian Sea, 

Date Range
Pub. Rec. Can. Lev. T/C Egy.

Class POLYPLACOPHORA
Chiton hululensis (Smith E.A. in Gardiner, 1903) 1974 1934 *

Class GASTROPODA, Subclass Prosobranchia
Cellana rota (Gmelin, 1791) 1967 1961 * * *
Haliotis pustulata cruenta Reeve, 1846 1971 * *
Diodora ruppellii (Sowerby, 1834) 1948 * * *
Smaragdia souverbiana (Montrouzier, 1863) 1994 *
Nerita sanguinolenta Menke, 1829 1973 1968 * *
Trochus erythraeus Brocchi, 1821 1973 1968 * * * *
Gibbula albida (Gmelin, 1791) 1989

Pseudominolia nedyma (Melvill, 1897) 1972 1966 * * *
Stomatella impertusa (Burrow, 1815) 2000 1999 *
Cerithium nesioticum Pilsbry & Vanatta, 1906 1977 1970 * *
Cerithium scabridum Philippi, 1848 1882 * * * *
Cerithium egenum Gould, 1849 2001 1971 *
Rhinoclavis kochi (Philippi, 1848) 1973 1963 * *
Clypeomorus bifasciatus (Sowerby G.B. II, 1855) 1985 1983 * * *
Angiola punctostriata (Smith E.A., 1872) 1977 1950 *
Planaxis griseus (Brocchi, 1821) 1905 * * *
Gibborissoa virgata (Philippi, 1849) 1989 1970 * *
Finella pupoides Adams A., 1860 1977 1958 * * *
Clathrofenella ferruginea (Adams A., 1860) 1977 1970 * * *
Diala varia Adams A., 1860 1976 1935 * * *
Cerithiopsis pulvis (Issel, 1869) 1983 1978 * *
Cerithiopsis tenthrenois (Melvill, 1896) 1989 1982 * *
Metaxia bacillum (Issel, 1869) 1985 1978 * *
Rissoina bertholleti Issel, 1869 1973 1965 * *
Rissoina spirata Sowerby, 1825 1984 1974 *
Voorwindia tiberiana (Issel, 1869) 1980 * * *
Strombus persicus Swainson, 1821 1983 1978 * *
Strombus mutabilis Swainson, 1821 2001 1991 *
Sabia conica (Schumacher, 1817) 1986 1980 *
Crepidula aculeata (Gmelin, 1791) 1992 1973
Crepidula fornicata (Linné, 1758) 1982 1957
Erosaria turdus (Lamarck, 1810) 1986 1980 * * *
Purpuradusta gracilis notata (Gill, 1858) 1983 1981 * *
Palmadusta lentiginosa (Gray, 1825) 1990 1989 *
Natica gualteriana Récluz, 1844 1986 1966 * *
Cycloscala hyalina (Sowerby, 1844) 1994 1992 *
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Origin Status Mode of introduction
Ion. Gab. Aeg. Others Less. L? Ship. Aq. ???

RS, IP A *

* RS, IP E *
RS, IP A *
RS, IP E *
RS, IP E *

* RS endemic A *
* RS endemic E *

W Med. Adriatic E *
lagoons

RS, IP E *
RS, IP A *
RS, IP A *

* * RS, IO E * *
RS, IP A *
RS, IP E *
RS, IP A *
RS A *
RS endemic A *
RS, IP E *
RS, IP E *
RS, IP E *
RS, IP E *
RS, IP E *
IP E *
RS, IP E *
RS, IP E *
RS, IP A *
RS, IP A *

* IO, Persian Gulf E *
RS, IP A *

* RS, IP A *
Spain S. Atlantic E *

* ** N. Atlantic E * *
RS, IP A *
RS, IP E *
RS, IP A *
RS, IP E *
RS, IP E *

including Malta but not the North African shores. Gab: Gulf of Gabès. Aeg.: Aegean Sea. Geographic
origin, RS: Red Sea; IO: Indian Ocean; IP: Indo–Pacific. Status, E: Established; A: Alien; Q: Question-
able. Mode of Introduction, Less: Lessepsian; L?: Suspected lessepsian; Ship.: Shipping; Aq.: Mari-
culture; ???: Unknown. Some species are scored for more than one mode. There are in total 139 exotic
species, of which 85 are established, 52 alien and 2 questionable. The ten invasive species appear in
boldface.
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Table 2 continued

Date Range
Pub. Rec. Can. Lev. T/C Egy.

Sticteulima cf. lentiginosa (Adams A., 1861) 1994 *
Ergalatax obscura Houart, 1996 1995 *
Thais lacera (Born, 1778) 1939 1939 * * * *
Thais sacellum (Gmelin, 1791) 2002 2000 *
Rapana venosa (Valenciennes, 1846) 1974 1974
Murex forskoehlii Röding, 1798 1905 * * *
Nassarius arcularius plicatus (Röding, 1798) 1977 1968 * *
Fusinus verrucosus (Gmelin, 1791) 1905 * * *
Zafra savignyi (Moazzo, 1939) 1963 1954 * *
Zafra selasphora (Melvill & Standen, 1901) 1993 1980 * *
Conus fumigatus Hwass in Bruguière, 1792 1986

Class GASTROPODA, Subclass Heterobranchia
Murchisonella columna (Hedley, 1907) 1995 *
Chrysallida fischeri (Hornung & Mermod, 1925) 1979 1974 * *
Chrysallida maiae (Hornung & Mermod, 1924) 1963 1935 * * * *
Chrysallida pirintella Melvill, 1910 1989 1982 * *
Adalactaeon fulvus (Adams A., 1851) 1981 1967 * *
Adalactaeon amoenus (Adams A., 1851) 1985 1978 * *
Styloptygma beatrix Melvill, 1911 1992 1989 * *
Cingulina isseli (Tryon, 1886) 1983 1980 * *
Turbonilla edgari (Melvill, 1896) 1989 1980 * *
Syrnola fasciata (Jickeli, 1882) 1987 1958 * *
Syrnola cinctella Adams A., 1860 1998 1994 *
Odostomia lorioli (Hornung & Mermod, 1924) 1987 1974 *
Oscilla jocosa Melvill, 1904 1989 1984 *
Iolaea neofelixoides (Nomura, 1936) 1998 1994 *
Hinemoa cylindrica (de Folin, 1879) 2001 1992 *
Leucotina cf. eva Thiele, 1925 2001 1995 *

Class GASTROPODA, Subclass Opisthobranchia
Acteocina mucronata (Philippi, 1849) 1990 1986 * *
Cylichnina girardi (Audouin, 1826) 1976 * * * *
Pyrunculus fourierii (Audouin, 1826) 1987 * * *
Bulla ampulla Linné, 1758 1982 1978 * *
Haminaea callidegenita Gibson & Chia, 1989 1993 1992

Haminaea cyanomarginata Heller & Thompson, 2002 2001
1983
Chelidonura fulvipunctata Baba, 1938 1961 1959 * *
Bursatella leachi de Blainville, 1817 1940 * *
Pleurobranchus forskalii Rüppell & Leuckart, 1828 1977 1975 *
Polycerella emertoni Verrill, 1881 1965 1964
Polycera hedgpethi Marcus Er., 1964 1991 1986
Plocamopherus ocellatus Rüppell & Leuckart, 1828 1982 1977 * *
Discodoris lilacina (Gould, 1852) 1977 1974 *
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Origin Status Mode of introduction
Ion. Gab. Aeg. Others Less. L? Ship. Aq. ???

IP A *
RS, IP E *
IP E *
RS, IP E *

* ** NW Pacific E *
RS endemic E *
RS, IP A *
RS endemic E *
RS E *
RS, IP E *

Libya RS, IP A *

RS, IP A *
RS, IP E *
RS, IP E *
RS, IP E *
RS, IP E *
RS, IP E *
RS, IP E *
RS, IP E *
RS, IP E *
RS, IP E *
RS, IP A *
RS, IP A *
RS, IP A *
IP A *
IP A *
IP A *

* * RS, IP E *
* RS, IP E *

RS, IP E *
* RS, IP E *

Venice N Atlantic E *
lagoon

* RS, IP A *

* * IP E *
* * * RS, IP E *

RS, IP A *
* ** N Atlantic E *

Italy S Atlantic A *
RS, IP E *
RS, IP E *



SERGE GOFAS & ARGYRO ZENETOS

248

Table 2 continued

Date Range
Pub. Rec. Can. Lev. T/C Egy.

Hypselodoris infucata (Rüppell & Leuckart, 1830) 1977 1965 * *
Chromodoris quadricolor (Rüppell & Leuckart, 1986 1982
1830)
Dendrodoris fumata (Rüppell & Leuckart, 1830) 1986 1980 *
Melibe fimbriata Alder & Hancock, 1864 1984 1982
Cuthona perca (Marcus Er., 1958) 1995 1977
Flabellina rubrolineata (O’Donoghue, 1929) 1993 1988 * *
Caloria indica (Bergh, 1896) 1993 1986 *
Aeolidiella indica (Bergh, 1888) 1968

Class GASTROPODA, Subclass Pulmonata
Siphonaria crenata Blainville, 1827 1972 1965 * * *
Siphonaria pectinata (Linné, 1758) 1980

Class BIVALVIA
Acar plicata (Dillwyn, 1817) 1986 1978 * *
Anadara demiri (Piani, 1981) 1977 1972
Anadara inaequivalvis (Bruguiere, 1789) 1973 1969
Anadara natalensis (Krauss, 1848) 1937 1935 * * * *
Glycymeris arabica (Adams H., 1871) 1977 1966 *
Limopsis multistriata (Forsskål, 1775) 1977 1965 * *
Perna picta (Born, 1780)

Musculista perfragilis (Dunker, 1857) 1971 1960 * * *
Musculista senhousia (Benson in Cantor, 1842) 1971 1964 * *
Modiolus auriculatus (Krauss, 1848) 1937 * *
Xenostrobus securis (Lamarck, 1819) 1994 1992
Brachidontes pharaonis (Fischer P., 1870) 1877 * * * *
Septifer forskali Dunker, 1855 2001 1999 * *
Crassostrea gigas (Thunberg, 1793) 1964
Saccostrea commercialis (Iredale & Roughley, 1985 1984
1933)
Saccostrea cucullata (Born, 1778) 2001 1999 * * *
Dendrostrea frons (Linné, 1758) 2001 1998 *
Pinctada margaritifera (Linné, 1758) 1974 *
Pinctada radiata (Leach, 1814) 1878 1874 * * * *
Malvufundus regulus (Forsskål, 1775) 1931 1931 * * * *
Chlamys lischkei (Dunker, 1850) 1985 1985
Spondylus spinosus Schreibers, 1793 1993 1988 * * *
Spondylus groschi Lamprell & Kilburn, 1995 1998 *
Spondylus cf. multisetosus Reeve, 1856 2001 1992 *
Divalinga arabica Dekker & Goud, 1994 1979 1956 * * *
Trapezium oblongum (Linné, 1758) 1980 1980 *
Diplodonta cf. subrotunda Issel, 1869 1999 * *
Chama pacifica Broderip, 1834 1905 * * * *
Pseudochama corbieri (Jonas, 1846) 1946 * *
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Origin Status Mode of introduction
Ion. Gab. Aeg. Others Less. L? Ship. Aq. ???

RS, IP E *
Ligurian Sea RS, IP A *

RS, IP A *
* * * IP E *

Adriatic S. Atlantic A *
RS, IP A *
RS, IP A *

* RS, IP A *

RS, IP E *
* Atlantic, E *

W.Med.
E

RS, IP A *
* Adriatic SE Asia E *

** NW Pacific E * *
RS, IP E *
RS, IP A *
RS, IP A *

Adriatic Atlantic, A *
W.Med.
RS, IP E *

** SE Asia E * *
RS, IP E *

** SE Asia E *
* * RS, IP E * *

RS A *
* ** NW Pacific E *

S Australia A *

RS, IP A *
RS, IP E *
RS, IP E *

* * * RS, IP E * *
* RS, IP E *

** S. Atlantic A *
RS, IP E *
RS, IP Q *
RS, IP Q *
RS, IP E *
RS, IP A *
RS, IP A *
RS, IP E *

* RS, IP A *
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Table 2 continued

Date Range
Pub. Rec. Can. Lev. T/C Egy.

Fulvia australis (Sowerby G.B., 1834) 1948 * *
Fulvia fragilis (Forsskål, 1775) 1973 1955 * * *
Afrocardium richardi (Audouin, 1826) 1999 1999 * * *
Tellina valtonis Hanley, 1844 1977 1970 * * *
Psammotreta praerupta (Salisbury, 1934) 1999 1992 * *
Hiatula rueppelliana (Reeve, 1857) 1905 * *
Mactra olorina Philippi, 1846 1889 * * *
Mactra lilacea Lamarck, 1818 2001 1972 *
Atactodea glabrata (Gmelin, 1791) 1977 1973 * *
Gafrarium pectinatum (Linné, 1758) 1905 * * * *
Circenita callipyga (Born, 1778) 1986 1972 * *
Clementia papyracea (Gray, 1825) 1948 * * *
Paphia textile (Gmelin, 1791) 1939 * * * *
Mercenaria mercenaria (Linné, 1758) 1965
Ruditapes philippinarum (Adams & Reeve, 1850) 1981 1981
Antigona lamellaris Schumacher, 1817 1999 1992 * *
Dosinia erythraea Römer, 1860 1905 * *
Timoclea roemeriana (Issel, 1869) 1999 1997 * *
Petricola pholadiformis Lamarck, 1818 1994
Sphenia rueppelli Adams A., 1850 1986 1978 * *
Mya arenaria Linné, 1758 1976
Gastrochaena cymbium (Spengler, 1783) 1973 1960 * * *
Laternula anatina (Linné, 1758) 1905 * * * *

Totals (questionable not included) 53 92 66 34

generally represents the current range at the time of publication, and is likely to expand.
Conversely, for the species recorded as “alien”, records more than a few years old may rep-
resent occasional findings or failed introductions, and records do not imply that the species
currently lives there.

Relation to current Mediterranean range

The geographical ranges of living organisms are subject to fluctuate both on a historical
timescale and on a broader geological timescale. The “current” range is actually the
summary of records over many years in historical times (some records dating back from the
late eighteenth century) and ignores small short-term variations. The concept of an exotic
species refers to new occurrences which clearly depart from this “current” range. The
following categories can be considered.

Exotic (or non-indigenous) All species, in the broader sense, that are not native. This cat-
egory encompasses species that have arrived within historical times with the help of human
intervention or by their own means. Broadly, this grouping includes lessepsian immigration,
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Origin Status Mode of introduction
Ion. Gab. Aeg. Others Less. L? Ship. Aq. ???

RS, IP E *
* * RS, IP E * *

RS, IP E *
RS, IP E *
RS, IP A *
RS, IP E *
RS, IP E *
RS, IP E *
RS, IP A *
RS, IP E *
RS, IP A *
RS, IP E *
RS, IP E *

** N. Atlantic E *
** NW Pacific E *

RS, IP A *
RS, IP A *
RS, IP E *

* N. Atlantic A *
RS, IP A *

* ** N. Atlantic E *
* RS, IP E *

RS, IP E *

10 7 21 47 43 17 12 25

the possible immigration of Atlantic species into the Mediterranean through the Straits of
Gibraltar, and introduced species.

Introduced A term used here only for species which have been transported by man or his
artifacts. These are clearly identified as not belonging to the native fauna, and have a known
range from which a source area may be hypothesised. In most cases, there are reliable
surveys indicating their absence at some particular time prior to introduction.

Cryptogenic Carlton (1996b) coined this term for species which cannot be readily deter-
mined as members of the native fauna, or as exotic ones. This usually includes species
which, if introduced, have been brought in a long time ago (typically, before AD 1800) so
that the history of introduction has not been witnessed. Reasons for suspecting introduc-
tions include historical texts, discrepancies with usual biogeographical patterns, and obser-
vations that the Mediterranean populations form a disjunct part of the total range. The
cryptogenic species (except one, Alvania dorbignyi – see below) have been excluded from
the CIESM Atlas for the reason of being long-established, but these will be discussed
herein.
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Native (or indigenous) Species, not considered in this survey, with a “current” Mediter-
ranean range stable at least since historical times. Evidence for this status comes from early
surveys (for the Mediterranean, prior to 1869) and museum material, and from fossil occur-
rences in Pleistocene or Holocene deposits.

Native range, as given by the literature

The worldwide native range, which includes the source area, was taken from literature data,
referring as much as possible to first-hand data in revisions or reports with an actual material
examined, not to general statements in identification guides.

Introduced range outside the Mediterranean

Reports of introductions in other parts of the world were also taken into account, since there
are many cases of species prone to introduction worldwide.

Establishment status

This entry considers the success of invasion and perenniality of introduced populations.
Because the recorded species are not usually monitored continuously through time, the
following standards have been used.

Established when documented by at least three reliable records, or when the available
information shows that there are perennial populations in the Mediterranean. Several records
or observations at the same site but at least one year apart are counted as separate records
(e.g. Crepidula aculeata).

Alien based on one or two records. Among these, most records more than a few years old
do not imply current occurrence of the species at the reported sites (otherwise, they would
probably qualify as “established”).

Questionable This has been used for a few taxa for which there are unsettled taxonomic
issues, and which may in the future be placed in synonymy. The species with this status will
not be considered further in the species counts and evaluation of trends.

Mode of arrival

The mode of arrival is seldom known with certainty. Usually, it is surmised from the distrib-
ution data and the circumstances of the earliest record. The following categories were con-
sidered in this review.

Lessepsian The term was proposed by Por (1978) for species which have penetrated from
the Red Sea into the Mediterranean, via the Suez Canal using their natural means of disper-
sal. This pathway is verified for species that have become established in the Suez Canal
prior to their settlement in the Mediterranean, and have penetrated progressively along the
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shores of the Suez Canal and the eastern Mediterranean. Species that are recorded in the Red
Sea, in the Suez Canal, and in Egypt or the Levantine coast are scored as lessepsian. The
species that occur in the Red Sea and first showed up in Egypt or along the Levantine coast
but are not recorded from the Canal were scored as probable lessepsian. Conversely, species
of Indo–Pacific origin that first showed up in more distant Mediterranean localities (e.g.
Turkey, Ionian Sea) were scored with unknown mode of introduction.

Shipping Species that were first noticed as isolated populations in a major harbour are
scored as introduced by shipping.

Mariculture Species that were voluntarily introduced to be cultivated or species that were
first observed in areas dedicated to mariculture were scored as introduced with mariculture.
The species maintained exclusively in artificial conditions, or in aquaria, are not considered.

For species suspected to have arrived in the Mediterranean after previous introductions to
intermediate areas, and not directly from their native range (e.g. Mya arenaria, Rapana
venosa), it is the final step that is taken into account. In a few cases more than one mode is
considered for the same species, regarding different subranges within the Mediterranean.

Type of larval development

The larval stage is known to be crucial for dispersal in the Mollusca. Species that have a
long planktonic larval stage are likely to be transported to remote sites by currents but also
in ballast water of ocean-going ships.

In shelled gastropods, the type of larval development can be inferred from shell morphol-
ogy (Jablonski & Lutz 1980, Levin & Bridges 1995). The type of larval development has
been scored for all the prosobranch species involved, because in this group the interpretation
of protoconch features is quite straightforward. All vetigastropods have been scored as
“acteplanic”, because they release short-lived larval stages that stay a few days in the plank-
ton but do not feed prior to metamorphosis.

Sources of the exotic species

Cryptogenic species

The authors view as cryptogenic five molluscan species of the Mediterranean, which are dis-
cussed hereafter but are not considered in the species counts. Only one of them was treated
in the CIESM Atlas, complying with the editorial policy of not considering very old records.

Littorina saxatilis (Olivi, 1792) was originally described from Venice, which is part of a
limited subrange of the species in the northern Adriatic. It also occurs in small subranges in
the Gulf of Gabès, Tunisia, in the Straits of Gibraltar, and currently has its main range in the
North Atlantic from Canada, Greenland and northern Norway south to Portugal. Two con-
flicting hypotheses can be considered for the Mediterranean occurrences (Reid 1996: 331):
that it is a relict from a former range that included the Mediterranean at the time of
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Pleistocene cold spells, or an old introduction through navigation. The relict hypothesis is
tenable because the localities involved are those in the Mediterranean with a substantial tidal
range, and at least one reliable fossil occurrence is known in Pleistocene deposits off Mar-
seille, France (one shell in Muséum National d’Histoire Naturelle, Paris, unpubl. datum). A
genetic analysis attempted to investigate the latter hypothesis but remained inconclusive
(Janson 1985). A tenable alternative is a natural airborne introduction by wading birds (see
Rees 1965), which could also explain the occurrences in Tunisia and southern Morocco.

There are some uncertainties regarding the small rissoid Alvania dorbignyi Audouin,
1826 (see Mienis 1985). In favour of accepting it as a native Mediterranean species, it
belongs to a species group including several well-known Mediterranean natives, for
example, A. discors (Allan 1818), A. lanciae (Calcara 1841) and A. consociella di Mon-
terosato, 1884. All these species live among brown algae in clean, shallow open sea loca-
tions. Conversely, all undisputed native Indo-Pacific Rissoidae belong to different genera or,
at least, different species groups. The origin of Audouin’s specimen is uncertain, because
that material included Mediterranean as well as Red Sea species, and the subsequent records
of A. dorbignyi in the Gulf of Suez (Moazzo 1939) are well after the opening of the Suez
Canal. The point is that there are no documented introductions of Mediterranean molluscs
into the Red Sea. There is no reason to believe that this species, rather rare on the Levantine
coast and not particularly hardy, would be one of the few exceptions. A further support for
holding this species as Indo-Pacific is that a very similar, if not conspecific, form has been
found living on the coast of New Caledonia (S. Gofas, pers. obs. 1993).

Barash & Danin (1973, 1992) suggested Aspella anceps (Lamarck 1822) as an Indo-
Pacific species immigrating into the Mediterranean. The same species is also found in Pleis-
tocene deposits bordering the Red Sea at Hurghada, Egypt (Houart & Vokes 1995),
indicating that it is definitely native in the Indo–Pacific realm. However, the Mediterranean
populations were recorded very early by di Monterosato (1880) who described it as a new
species Epidromus gladiolus from specimens collected in sponges of undetermined origin,
and from two specimens dredged in the harbour of Alexandria, Egypt (Gaglini 1987).
Pallary (1912) recorded as two separate entries di Monterosato’s species and a “Ranella sp.”
which, judging from the description given and source, is the same. Modern records (Houart
& Vokes 1995) do not extend beyond the eastern basin of the Mediterranean. It is very
unlikely that this rare, sublittoral species, not recorded from the Suez Canal, could be one of
the pioneer migrant species, whereas all the other early migrants (see below) are euryhaline
species well installed in the canal. One possibility is that it has been brought into the
Mediterranean in historical times (independently from the opening of the Suez Canal) with
the trade of commercial sponges from the Red Sea, or that all Mediterranean records are
based on discards from the sponge trade. The alternative interpretation, also unproved, is
that the Mediterranean population is native, and that there is a morphologically indistin-
guishable sibling species in the Indo–Pacific.

Mytilus galloprovincialis Lamarck, 1819 has its type locality in the French Mediterranean,
but is prone to introductions worldwide and is recorded as one of the “top 100 invasive
species”. There are reasons to suspect that some Mediterranean populations are introduced,
particularly where the species is cultured. For the populations found in the western Mediter-
ranean, particularly in the Alboran Sea, there is a continuity of the range with the Atlantic
Ibero–Moroccan area, and there is little doubt that in this area the species is native.

Teredo navalis (Linné 1758) first appeared around 1730 in the North Sea where it
severely affected the Dutch maritime constructions (Selli 1733, Reise et al. 1999, Hoppe
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2002). It was probably brought from SE Asia by wooden ships (indiamen). The extent and
origin of its occurrence in the Mediterranean is not easy to determine, and there are few
positive records (e.g. the Venice lagoon, see Olivi 1792: 197).

Immigrants from the Indo–Pacific

The bulk of the exotic species recorded from the Mediterranean is of Indo–Pacific origin
(marked IP, RS or Persian Gulf on Table 2). There are 47 species classified as lessepsian, 43
more as probable lessepsians, which makes a total of 65% of the exotic species. To this list
may be added the 17 tropical Indo–Pacific species which are not found near the Mediter-
ranean entrance of the Suez Canal but occur on the coasts of Turkey, one species (Pinctada
margaritifera) introduced deliberately, two species (Thais lacera and T. sacellum) intro-
duced by shipping, scattered occurrences of unknown pathway (Rissoina spirata, Conus
fumigatus, Melibe fimbriata, Haminaea cyanomarginata, Chromodoris quadricolor), and
the two questionable species of Spondylus, bringing the share of tropical Indo–Pacific
exotics to a total of 118 (85%).

The data in Table 3, comparing current results with Moazzo’s (1939) survey, demonstrate
that having established populations in the Suez Canal is an efficient launching pad for sub-
sequent settling in the Mediterranean. Of the 57 species recorded by Moazzo as established
in the Suez Canal (scored as “common” or “quite common” at least in one section of the
Canal), about half are now present in the Mediterranean. The other half never made the
move. Conversely, of the 152 species recorded from the Gulf of Suez but not in the Suez
Canal, only 15 (10%) are now found in the Mediterranean. The percentage is only slightly
higher (23%) if one considers species that do occur in the Suez Canal but are scarce.

The influx of Indo–Pacific species into the Mediterranean is a dynamic process. The early
settlers have expanded their first ranges, and both the number of species and the affected
areas have been increasing since 1869.

There are only four Indo–Pacific molluscan species which were proved to be established
in the Mediterranean prior to 1900. These are Cerithium scabridum, Brachidontes
pharaonis, Pinctada radiata, and Mactra olorina. All four were recorded in the Suez Canal
by Tillier & Bavay (1905) and later authors, and three of them are now at the forefront of the
penetration of lessepsians in the eastern basin of the Mediterranean.

Cerithium scabridum was mentioned from Port Said, Egypt by Keller (1882). By the end
of the nineteenth century, it had reached the Levantine coast. There are specimens from

Table 3 Status of molluscan species in the Suez Canal according to Moazzo (1939) and previous
records cited therein, compared with current status in the Mediterranean Sea according to CIESM
Atlas data.

Suez Canal data (Moazzo 1939) Current status in the Mediterranean
Established Alien Not recorded or

questionable

Established in the Canal 57 22 7 28
Others present in Canal 79 10 8 61
Recorded in Gulf of Suez 152 11 4 137

but not in Canal
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Jaffa (now Yafo, near Tel Aviv) in the Vignal collection, Muséum National d’Histoire
Naturelle, Paris, collected in 1899. Pallary (1938) later mentions it as well established on the
coasts of Syria and Lebanon. The species was found on the east coast of Sicily in the late
1970s (Di Natale 1978), in the harbour of Porto Megarese. An extensive survey of mollus-
can faunas around Djerba, Tunisia carried out in 1982 by P. Bouchet and colleagues (unpub-
lished material in Muséum National d’Histoire Naturelle, Paris) did not detect C. scabridum,
but our own collecting in October 1999 yielded large numbers at several sites around this
island. This means that the Sicilian population was introduced at one or more point sources,
possibly by ships calling at Porto Megarese, and not by progressive spreading along the
North African coast and across the Sicily straits.

Pinctada radiata was first recorded by di Monterosato (1878, 1884) from Alexandria
(collected in 1874) and the Mediterranean populations were later named as a new species
Meleagrina savignyi di Monterosato 1884. It was recorded in the Gulf of Gabès, Tunisia, by
1890 (Seurat 1929) but had not been found there in a previous survey in 1882. It was also
established in Cyprus in the late nineteenth century (di Monterosato 1899).

Brachidontes pharaonis was recorded very early at Port Said but only later along the
Mediterranean coast. It had reached the Levantine coast by 1931, and now extends to Cyprus,
southern Turkey and a few Aegean localities. It was reported from Sicily in 1969 (Di Geron-
imo 1971) and is now well established there. As with Cerithium scabridum, the most likely
cause for this latter occurrence is transportation by ships from the Middle East. The species
was not found in the Gulf of Gabès in any of the previously mentioned samplings.

The fourth early settler, Mactra olorina, is extremely common in the Suez Canal but,
possibly due to the lack of suitable habitats, the established Mediterranean populations
remain mainly confined to the Egyptian coast.

The progress of the Indo–Pacific immigrants in the first half of the twentieth century is
difficult to assess, because there were no data for the coastline of Turkey and Cyprus. Tillier
& Bavay (1905) confirmed the occurrence of the above four species, and reported seven
additional immigrants in the harbour of Port Said and one more at Alexandria. It is notewor-
thy that the very thorough survey of Pallary (1912) for the Mediterranean coast of Egypt did
not reveal any novel immigrant. This finding means that the figures published at that time
are realistic, and that no more than 12 Indo–Pacific species had a foothold in the Mediter-
ranean in the early twentieth century (see Fig. 1). At the same time, the molluscan fauna of
the Gulf of Gabès was quite well known (Pallary 1904–6) and by then Pinctada radiata was
the only Indo–Pacific species to occur there.

The reports of Haas (1937, 1948) and Pallary (1938) brought new data for the Levantine
coast, and at the same time Moazzo (1939) provided an update for the Egyptian coast.
Moazzo confirmed all previous records except Planaxis griseus, and added Paphia undulata
and Thais lacera. Malvufundus regulus, now well established on the Levantine coast, was
first recorded there by Gruvel & Moazzo (1931). Haas reported from Palestine Anadara
natalensis, Modiolus auriculatus, and O’Donoghue & White (1940) added the opistho-
branch Bursatella leachi. A few more species (Chiton hululensis, Diala varia and Chrysal-
lida maiae) were mentioned in later literature from specimens collected in the 1930s.
Several records by Aharoni (1934), Haas (1937) and Steuer (1939) have been rejected in the
present review because they are based on shells only; their records are for species which
were never found again and require environments that are not found in the Mediterranean.
These are Cerithium erythraeoense, Strombus lentiginosus, Lophiotoma indica, Conus are-
natus and Hippopus hippopus. The detailed survey of the Levantine fauna by Pallary (1938)
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did not involve any previously unrecorded species. The number of Indo–Pacific molluscs in
the eastern Mediterranean at that time, when pruned of unwarranted occurrences, amounted
to 21 species. Of these, only four (Cerithium scabridum, Pinctada radiata, Brachidontes
pharaonis, Malleus regulus) had significantly spread out and became common, whereas 10
(Fusinus verrucosus, Thais lacera, Planaxis griseus, Chama pacifica, Hiatula rueppelliana,
Mactra olorina, Dosinia erythraea, Gafrarium pectinatum, Paphia textile, Laternula
anatina) were still confined to the Egyptian coast. Data are totally wanting for the coastlines
of Turkey and Cyprus in the same period but a realistic number of exotics in that region
could have comprised between four (the four species whose range is expanding) and 12 (the
total number of species then mentioned for the Levantine coast). It is after 1950 that many
species were reported from the Levantine coast. The number of new reports increased dra-
matically in the 1970s (Fig. 1), but if dates of collecting are considered rather than dates of
first publication, the histogram is less skewed to the right. Two major events have been
invoked to explain the acceleration in the rate of immigration: the construction of the Aswan
high dam in 1964 (Oren 1969, El Sayed & van Dijken 1995), which dramatically reduced
the freshwater outflow from the Nile, and the closure of the Suez Canal from 1967 to 1975,
which allowed marine life to develop in the canal without disturbance. The data indicate that
some important immigrants (Finella pupoides, Rhinoclavis kochi, Zafra savignyi, Syrnola
fasciata, Chrysallida maiae, Fulvia fragilis) were already in the Mediterranean prior to
those events. Nevertheless, it cannot be disputed that the bulk of the immigrants post-date
them.

Figure 1 Numbers, per decade, of newly recorded immigrant molluscan species in the
Mediterranean basin, and of publications regarding the subject (based on the reference list of
the CIESM Atlas, Zenetos et al. in press). For each decade, the right column shows the years
when the species was first reported in a publication, the left column the year of actual collect-
ing (by default, same as year of publication). The questionable and cryptogenic species are not
counted. Dark grey: species of tropical Indo–Pacific origin, light grey: others.
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The species which now have the widest distribution are those that have been in the
Mediterranean for a long time. The seven species present in Gulf of Gabès and/or Sicily had,
by 2001, a mean of 74yr in the Mediterranean, compared with the 39yr mean residence of
the 90 species present on the Levantine and/or Egyptian coast but not in the outposts 
of Gabès or Sicily. Figures are not given for Turkey as these would be of little value because
of the lack of data before 1980.

Figure 2 shows the progress in numbers of Indo–Pacific immigrants in the last quarter of
the twentieth century. The data for Figure 2A are essentially the same as those considered by
Por (1978: 138). The counts are slightly at odds with Por’s because in the present review the
authors (a) counted as Mediterranean the species established at Port Said, whereas Por
classified them as Suez Canal species, (b) rejected several of the records considered in Por
(1978), here listed in Table 1, and (c) added species which had been collected before 1975
but published later.

The very low number of immigrants (the bivalves Pinctada radiata, Malvufundus regulus
and the opisthobranch Chelidonura fulvipunctata) registered for Turkey and Cyprus by 1975
may be an artifact, since this coastline was virtually unexplored until the 1980s. Otherwise,
the figures show that the number of immigrants has approximately doubled in 25yr and that
the incidence of immigrants has extended to other areas of the eastern Mediterranean. The
Gulf of Gabès, which for a long time housed only Pinctada radiata, today features also
Cerithium scabridum, Bursatella leachi, Melibe fimbriata, Acteocina mucronata and Fulvia
fragilis.

Among the Indo–Pacific immigrants reported from the Mediterranean in the 1980s and
1990s, there is a pool of species recorded from the southern coast of Turkey and from
Cyprus, but not from the Levantine coast nor from Egypt. The most noteworthy is Strombus
persicus, first sighted in the Mediterranean in 1978 (Nicolay & Romagna-Manoja 1983)
from SW Turkey, and today invasive in several areas. It rapidly expanded its range to
include Israel (Mienis 1984), Rhodes (Verhecken 1984), Cyprus (Bazzocchi 1985) and
Lebanon (Bogi & Khairallah 1987). It is now invasive in most of these places and was sold
on the Yafo fish market (Mienis 1999). This species, which is native to the Persian Gulf and
southern Arabia and does not occur in the Red Sea, has been presented as an example of
“non lessepsian” immigration (Oliverio 1995). It was postulated that S. persicus may have
arrived in Iskenderun in discharged ballast water from oil tankers coming from the Persian
Gulf. However, the gastropod has been found far from oil terminals, and because tankers at
the time lacked segregated ballast tanks, oil-laden vessels would not carry ballast water.

Other species which present a distributional gap between the Suez Canal and their
Mediterranean subrange are the prosobranchs Smaragdia souverbiana, Stomatella imper-
tusa, Cycloscala hyalina, Sticteulima cf. lentiginosa, Ergalatax obscura, five species of het-
erobranchs, and the bivalves Saccostrea cucullata, Dendrostrea frons, Septifer forskali,
Psammotreta praerupta and Antigona lamellaris. These species have not been seen on the
Levantine coast despite appropriate attention in the same period, or have been recorded there
later than in Turkey. Thus, their pattern of spreading is unlikely to be a progression along
the shore starting from the Suez Canal.

Two conflicting hypotheses may be considered:

(1) they have been introduced by other means, probably shipping (the tanker termi-
nal at Iksenderun has been proposed as a possible source, but Mersin is also a
major port in this area);



EXOTIC MOLLUSCS IN THE MEDITERRANEAN BASIN

259

Figure 2 (A) Situation by year 1975 of the exotic species of tropical Indo–Pacific origin.
(B) Situation by year 2001 of the exotic species of tropical Indo–Pacific origin. (C) Same,
considering only the established species. For each area, the numbers in parenthesis indi-
cate species occurring also in the Red Sea (RS) and within the Suez Canal (SC). The ques-
tionable, cryptogenic and cultivated species are not included in the counts.
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(2) these species came through the Suez Canal as larvae, which could find appropri-
ate environments to settle in southern Turkey but not in Egypt nor on the Levan-
tine coast. As a support for the latter hypothesis, five of the gastropods cited
above have multispiral larval shells indicating planktotrophic development, and
the other species have planktonic, albeit short-lived, larvae.

Other records may remain unexplained. The isolated live specimen of the Indo–Pacific nudi-
branch Chromodoris quadricolor collected in 1982 in the Ligurian sea (Cattaneo-Vietti
1986) may have escaped from a tropical aquarium – a pathway that contributed to the
Mediterranean flora, the well-known invasive alga Caulerpa taxifolia.

Introductions for mariculture

The introduction of molluscs as a consequence of mariculture is considered when it is the
cultured species which has become established or when the species first became established
on sites used for mariculture.

It does not appear that any pre-1950 introductions have resulted in establishing viable
populations in the Mediterranean. An Italian company imported live Meleagrina margari-
tifera (the pearl oyster) from the Dahalak Islands, Red Sea around 1860 and kept them in an
aquarium, where they grew, reproduced and even produced pearls (Bellet 1899). There were
plans to introduce the species on the Calabrian coast between Bova and Torre di Riacci, but
there are no ascertained records.

The importation process gained in importance in the 1960s, and reports often appear in
unpublished reports (“grey literature”) which makes them difficult to trace. One such record
refers to the occurrence of the pearl oyster in Abou-Kir Bay, Alexandria, Egypt (Hasan
1974).

The oyster Crassostrea gigas was one of the earliest introductions but it first became
established on the Atlantic coast of Europe (see Lambert et al. 1929, for details) and was
brought much later to the Mediterranean (Raimbault 1964). Lamarck (1819) described
Gryphaea angulata as originating from the Tagus estuary, Portugal, and did not relate it to
the Japanese species. Populations introduced from Portugal to the Atlantic coast of France in
1869 were long known as “Portuguese” oysters and believed to be a native European
species. In the 1970s, when oyster farms were depleted by a disease and Japanese spat of
Crassostrea gigas was imported to Europe, it was realised that both stocks freely interbred
and could be considered conspecific (Menzel 1974). Two pieces of evidence support the
introduction hypothesis. First, the early nineteenth century range of the “Portuguese” oyster
does not match any pattern observed in native species; molluscs occurring in Portugal are
found as a rule elsewhere on the European and/or Moroccan Atlantic coast. Second, such
similar gene pools could not have been maintained since the Miocene (supposing a Tethyan
relict) without divergence. The history of Lisbon as a cosmopolitan port makes introduction
a very likely explanation. Recent evidence from sequences of the mitochondrial genome
suggests Taiwan as the likely source for the Portuguese populations (Ó Foighil et al. 1998),
and also indicates that sufficient divergence has taken place for both lineages to be traced
(Fabioux et al. 2002). Japan is the main source for the recent imports of spat.

Transfers in the context of mariculture may also result in the introduction of native
Mediterranean species to parts of the basin where they did not occur naturally. This is veri-
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fied for the endemic Adriatic trochid Gibbula albida, which has been successfully intro-
duced to the French Mediterranean lagoons (Clanzig 1989) and to the Ebro delta (S. Gofas,
pers. obs.). Large amounts of the naticid Neverita josephina (Risso 1826), which does not
occur in the Alboran Sea, are brought to southern Spain with Adriatic catches of the com-
mercial venerid Chamelea gallina (Linné 1758). They are occasionally discarded in har-
bours, and shells are found, but to date this has not resulted in an introduction of the former
species.

An important addition was Ruditapes philippinarum. In 1983, 200000 juvenile indi-
viduals originating from an English hatchery and, in 1984, another 500000 individuals of
Atlantic origin were imported in the Venice lagoon for marine farming. The species was
subsequently imported in various Italian localities where it was acclimatised, successfully
farmed and spread in the wild, locally displacing the native R. decussatus. The species has
become of high commercial importance. It is now farmed in lagoonal areas where it reaches
a density of 1000 ind.m�2 (Cesari & Pellizzato 1985, Breber 2002). In French lagoons the
species was also imported in the 1980s, where it became well established, acclimatised and
spread rapidly forming natural populations. A number of accompanying exotic species have
been attributed to the import of R. philippinarum.

Among oysters, the farming of Crassostrea gigas has been successful in the French
Mediterranean lagoons and sustains a prosperous commercial activity (Gangnery et al.
2001). Conversely, the introduction of Saccostrea commercialis in the Venice area was not,
and the species has not been seen in recent years (Mizzan 1999).

Accidental introductions may accompany the voluntary transfers. A typical example of an
accidental invader with mariculture is that of Musculista senhousia, a fouling organism
which is an aggressive invader, with adaptations to a variety of habitats. The species origi-
nates from the West Pacific whence it was introduced to northwest America in 1941
(Carlton 1992) and to Australia in 1983 (Willan 1987). In the Mediterranean it is now
common in lagoons of the Adriatic and France. On the Pacific coast of America the dramatic
increase of the mussel’s population is presumably as a result of transfer in the ballast waters
of ships. French populations of this species were probably imported with oysters from Japan,
around 1978 (Hoenselaar & Hoenselaar 1989). Similarly, the Adriatic populations were pos-
sibly introduced with the clam Ruditapes philippinarum, which was massively imported for
mariculture in 1986 (Lazzari & Rinaldi 1994). Very similar in behaviour, and invasive in
character, are the bivalves Xenostrobus securis and Anadara inaequivalvis whose massive
presence in the Adriatic lagoons is related to intense shellfish farming in the area (Occhip-
inti-Ambrogi 2000).

Introduction via shipping

The introduction via shipping routes results from transport on ships’ hulls or in ballast water.
An occurrence first reported in a harbour is, of course, a clue to this pathway of introduction.

Some of the Indo–Pacific species in the eastern Mediterranean have been discussed above
and may enter this category. Other records are haphazard and sometimes cannot be clearly
demarcated from those resulting from mariculture activities. The occurrence of Crepidula
aculeata in the harbour of Alicante, Spain, registered in 1980 and still observed in 1997, is a
representative example.

In several cases, transport via shipping routes may have occurred in combination with
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other pathways of arrival. This situation can apply to exotic species already established in
one part of the Mediterranean as, for example, the introduction to Sicily of the lessepsian
migrants Cerithium scabridum and Brachidontes pharaonis. Preliminary results of molecu-
lar studies have shown that there are some Red Sea genotypes of the latter species in the
Mediterranean Sea, but the non-Red Sea genotypes are fairly common and their frequency
increases with distance from the Suez Canal (A. Abelson, pers. comm.). This suggests that
ship transport from elsewhere may have occurred for this species rather that natural migra-
tion.

Like mariculture, shipping can also affect the range of species originally native in a
separate part of the Mediterranean, such as the pulmonate Siphonaria pectinata, originally
restricted to the Alboran Sea and western Algeria (Morrison 1972) and now thriving in the
Saronikos Gulf, Greece (Nicolay 1980, and S. Gofas, pers. obs.).

Figure 3 summarises occurrences of molluscs of other than tropical Indo–Pacific origin in
the Mediterranean, in total 21 species (15 established and 6 alien). Among these, 10 origi-
nate from temperate areas of the Pacific Ocean, eight from the American Atlantic, and three
were native in a distinct part of the Mediterranean. It is noteworthy that among the Amer-
ican species, four (Crepidula fornicata, Mercenaria mercenaria, Petricola pholadiformis,
Mya arenaria) were well established as introduced species on the Atlantic European coast
before proceeding to the Mediterranean.

Are any species entering from the Atlantic?

The current data regarding the Mollusca do not support any hypothesis of dynamic faunal
change caused by an influx of subtropical faunal elements through the Straits of Gibraltar. In
Table 4, a selection of shelled Mollusca (mainly prosobranchs and bivalves) is listed that
have the main part of their range in the tropical or subtropical Atlantic, and which extend
northwards at least to southern Morocco. This list is necessarily a choice, because the biotic

Figure 3 Situation by year 2001 of the introduced species of other than tropical
Indo–Pacific origin. The introduced species on the Atlantic coastline, and some isolated
occurrences of these in the Mediterranean, are not shown.
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units in this area are not straightforward (see Ekman 1953: 81). Many of the species present
on the coastline of northwest Africa extend northwards to temperate Europe (including the
British Islands and Scandinavia) and the Mediterranean, and belong to the Lusitanian
province. The list of Table 4 is based on the data used by Gofas (1999) for latitudinal ranges
in northwest Europe and Morocco, from which have been deleted all species with a northern
boundary north of 45ºN, all species with a southern boundary within Morocco or further
north, and some widespread species with teleplanic larvae (e.g. tonnoideans). The remaining
taxa represent a pool of tropical/subtropical species which are liable to enter the Mediter-
ranean.

Most tropical/subtropical species which occur in Atlantic Morocco, north of Agadir have
had a limited range within the Mediterranean for a long time (Fig. 4), occurring on the
coasts of Morocco (Pallary 1920), Algeria (Pallary 1900) and southern Spain (Hidalgo
1917). There are only a few exceptions to this: two (Osilinus sauciatus and Nassarius pfeif-
feri) are intertidal, have a sharp boundary at the Strait of Gibraltar and are barred from the
Mediterranean by the lack of a suitable habitat, and a few more species (e.g. Solatia piscato-
ria or Marginella glabella) are established in Atlantic Morocco but do not enter the Mediter-
ranean.

The eastern boundary of the species which penetrate into the Alboran Sea may yet
experience some variations. One example is Patella nigra, a large, prevalently West African
limpet which also lives along the coasts of North Africa and southern Spain. On European
shores, prior to 1998, this species was found only to the west of the city of Málaga, whereas
it now thrives at Rincón de la Victoria, some 20km further east. This is, however, an anthro-
pophilous species, which rapidly builds up populations in perturbated sites, especially where
new artificial rock piers are built. Another possible “natural” change in Mediterranean distri-
butions regards the small prosobranch Tricolia miniata, originally described from the North

Figure 4 The occurrence, inside and near the Mediterranean,
of Mollusca with a main range in tropical or subtropical West
Africa. Most of the species reach a natural, stable limit near
Gibraltar.
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African coast, but never mentioned from France in the nineteenth century literature. In 1988,
the authors recorded large numbers of this species in Les Embiez, southern France.

These isolated case histories can be balanced by others in the opposite direction. There
are nineteenth century records regarding tropical Atlantic species which are nowadays estab-
lished in the southern Iberian Peninsula but are not found further inside the Mediterranean.
Examples are Cancellaria cancellata and Siphonaria pectinata, reported for the coast of
France by Locard (1886). The prosobranch Sinum bifasciatum is well established on the
coast of Málaga, but there are scanty nineteenth century records from the Balearics and
southern Italy (see Rueda & Gofas 2000, and references therein).

Several recent records of tropical West African species in Mediterranean localities have
been disregarded since they were based on discards from fishing boats. Examples are the
records of West African Mesalia opalina in the Ionian Sea (Garavelli & Melone 1967) and
of Cymbium cucumis in Sardinia (Giuseppetti et al. 1991).

To summarise, the authors do not know of any tropical or subtropical Atlantic molluscan
species recently found in the Mediterranean that could be suspected of being a newcomer,
which has arrived from the Atlantic in a dynamic process comparable with lessepsian immi-
gration. The possible variation in boundaries of the species listed in Table 4 should be the
focus of ongoing studies, because some may expand their range inside the Mediterranean
and this may be in response to long-term climatic change.

Summary of invasion pathways

The processes inferred for the arrival of exotic species (without considering the questionable
species) in the Mediterranean are summarised in Figure 5. The main process, termed “Ery-
threan invasion” by Galil & Zenetos (2002), is clearly the influx from the Red Sea. These
are not “introduced” species in the strict sense (i.e. man is responsible for the construction of
the new waterway, but not the transport of the molluscs themselves).

Shipping is the next most important vector and is extremely unpredictable. Among the
137 established or alien exotic molluscs of the Mediterranean, only 17 appear to have
arrived or have been transported within the Mediterranean via shipping.

Transport of live molluscs for mariculture was a vector for 12 species, of which six are
deliberate introductions (two rock oysters: Crassostrea gigas and Saccostrea commercialis;
two pearl oysters: Pinctada margaritifera and Pinctada radiata; and two clams: Mercenaria
mercenaria and Ruditapes philippinarum); the others have been accidental introductions.

Possible reasons for success

Much has already been written on invasive species, both plant and animal. Investigations
have focused on the genetic background of the successful invaders, the breadth of trophic
niche and the life-history strategy (Golani 1998). The molluscan data in the Mediterranean
suggest that some important factors are associated with the characteristics of the recipient
environment, and with the intensity and time of exposure to the immigrants.

In the Mediterranean, 10 species are locally invasive. These are the gastropods Cerithium
scabridum, Rhinoclavis kochi, Strombus persicus and Bursatella leachi, and the bivalves
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Pinctada radiata and Brachidontes pharaonis in the eastern Mediterranean, the gastropod
Rapana venosa, and the bivalves Anadara inaequivalvis, Musculista senhousia and Xeno-
strobus securis in the northern Adriatic and/or the western Mediterranean lagoons. There is
a rule-of-thumb that for every 100 species brought alive to an exotic locality, 10 will settle
and one may become invasive (Williamson & Fitter 1996). If this is applicable in the
Mediterranean, some 1000 species may have had an opportunity to settle.

Ecological characters related to successful establishment

There has been much debate on the life-history characteristics that make a successful
invader (review in Morton 1996). Regarding Mediterranean exotics, Ritte & Pashtan (1982)
and Lavie & Nevo (1986) tried to investigate a possible relationship between the profile of
successful colonisers and the amount of genetic variation evidenced by allozyme polymor-
phism but a clear picture did not emerge.

Species which have been introduced or have invaded tend to occur in a similar manner
elsewhere in the world. Among the species introduced in the Mediterranean, examples are
Rapana venosa (see Mann et al. 2002), Musculista senhousia (see Willan 1987). Table 5
lists the Mediterranean exotic or cryptogenic species which are known to have been intro-
duced (or are regarded as cryptogenic) in other areas, namely the Black Sea (Zaitsev &
Ozturk 2001), North Sea (Reise et al. 1999), European Atlantic coast (Goulletquer et al.
2002), North American Atlantic coast (Carlton 1992, Mann et al. 2002), Pacific coast of
North America (Carlton 1992), and Australasia (Willan 1987).

Some studies find that exotics are “typical” opportunistic species, while others state that
there are as many exceptions to this generalisation as there are examples supporting it. A
good example of an opportunist that fits the classical concept is that of Musculista
senhousia. It is a short-lived mussel that suffers high mortality, can experience very high,
but often variable, population size, is small in body size, grows quickly and has a long
planktonic dispersal stage (Crooks 1996). It is depicted as an “opportunist which is likely to
pre-empt food and space” (Willan 1987). Brachidontes pharaonis, another very successful
mytilid, is described as an euryhaline species by Morton (1988). Pinctada radiata, a very

Figure 5 The inferred pathways for exotic molluscan species in the Mediterranean
basin. Seven species (see Table 2) are considered twice because two different modes of
introduction are assumed. The questionable and cryptogenic species are not considered.
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successful and early settler in the Mediterranean, is described as a sturdy, euryhaline and
eurythermal species, which can stay alive after several days out of the water (Seurat 1929).
The superfamily Cerithioidea, which includes many euryoecious shallow marine species, is
also illustrative of the success of opportunistic species.

Nevertheless, the family with the highest number of recorded immigrant species is the
Pyramidellidae (Fig. 6), which are specialised animals, obligate ectoparasites of other inver-
tebrates, mainly polychaetes and molluscs. There is a loose specificity of the parasite species
to the host species, but a pyramidellid species will parasitise hosts only within a given
phylum. The success of the pyramidellids as immigrants relies on their ability to adapt to
new host species of the appropriate higher taxon. The pyramidellid Adalactaeon amoenus
has been observed (Oliverio 1994) on Acanthocardia tuberculata, a native Mediterranean
species which cannot be its original host in the Red Sea. Nevertheless, another factor in this
case may be the high number of species present in the Red Sea (47 species according to
Dekker & Orlin 2000, certainly underestimated).

The exotic species experience changes in their niche. The newcomers may find some
companion species but will usually find drastic changes in their biotoic environment com-
pared with their place of origin. The small columbellid Anachis selasphora certainly was not
an inhabitant of Posidonia meadows, but now thrives in the cavities of the rhizomes of Posi-
donia in southern Turkey (Tringali & Villa 1995). In the long run, such shifts may lead to
evolutionary change and this will make the Mediterranean an extraordinary natural labora-
tory for the study of adaptive evolution.

Pattern of larval development

The pattern of larval dispersal should have some bearing on colonisation success. Marine
invertebrates, including molluscs, can be roughly divided into species with a pelagic larval

Figure 6 Ranking of molluscan families according to the number of immigrant
species registered in the Mediterranean.
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stage, and those with so-called direct development. The former remain several days to
several weeks in the plankton, on which they feed before they settle down for adult life, and
this makes them prone to a broad dispersal. The direct developers hatch directly as small
benthic organisms and normally settle at the same place as their progenitors. However, there
is no straightforward picture as to which are the more aggressive invaders.

Among prosobranchs (Table 6), where the type of larval development is best assessed
because it can be deduced from the morphology of the protoconch, more than half of the
recorded species are planktotrophic, and this pattern holds true even when only the estab-
lished species are considered. This figure is similar to the natural occurrence of plank-
totrophic species in temperate latitudes (Thorson 1950) and does not indicate that larval
planktotrophy is a key factor for the success of immigration. It is nevertheless noteworthy
that the invasive gastropods Cerithium scabridum, Rhinoclavis kochi, Strombus decorus,
Rapana venosa and also the invasive bivalve Musculista senhousia have a planktotrophic
development.

Factors related to the recipient sites

Vermeij (1996) posed the question of how the assemblages rich in immigrants could differ
from those in which few or no foreign species have become established. The data collected
in the Mediterranean show that the occurrence of an immigrant component in the fauna is
significant in the eastern Mediterranean as a whole, in the Adriatic and in the western
Mediterranean lagoons.

In the eastern Mediterranean, the present day fauna is possibly not as diverse as its
environment could support, because the area is not readily accessible to tropical Atlantic
species and thus the niche for tropical/subtropical elements may be only partly occupied.

In the western Mediterranean, there are only two reported lessepsians, and they did not
arrive before the 1990s. These are the bivalve Fulvia fragilis found at Cullera, Valencia,
Spain (collected 1991 by J. Trigo; original observation communicated by E. Rolán, Vigo)
and the opisthobranch Bursatella leachi, reported in various points of the Tyrrhenian Sea
and in Cagliari, Sardinia (original observation, communicated by A. Olita). The finding of
the Indo–Pacific nudibranch Chromodoris quadricolor in 1982 was an isolated occurrence.
The occurrence of the other introduced species is limited to lagoons, to the coastal northern
Adriatic, which is a secluded area and in this respect is comparable to lagoons, and to har-
bours. Any randomly taken sample in the open sea is currently free of exotic molluscs.

The authors speculate that the rarity of exotic species in the western Mediterranean can
be explained because that area has a higher species richness and is closer to the potential
source in the Atlantic. According to this view, the western Mediterranean open-sea is satu-
rated for the sustainable species richness compatible with the heterogeneity and the

Table 6 Numbers of species, among the prosobranchs listed in Table 2, according to their type of
larval development and their establishment status.

Planktotrophic Non-planktotrophic
Total Established Invasive Total Established Invasive

25 17 4 17 11 –
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resources of the environment. Thus, it is a difficult place for the penetration of alien species.
The same conclusion was reached by Carlton (1992: 500) regarding the open-sea communit-
ies of the American Pacific coast.

Conversely, lagoons and other marginal marine sites have low species richness compared
with the surrounding open sea. Their environment is constrained by demanding physical
factors, which make them unsuitable for most of the locally available open-sea species.
Thus, lagoons are oligospecific because they have a limited pool of eligible species locally
available. In this context, any species belonging to marginal marine biota from a remote area
makes a very likely successful coloniser. Success in the new environments may be enhanced
by the lack of natural competitors and enemies. The native species in general do not have
means to compete with the aliens because they had not co-evolved with them.

Impact on the native fauna and prospects

In those areas with high impact of immigrants, and where the native fauna was formerly
species poor, the newcomers imply a major reorganisation of the faunal assemblages. The
impact of the Indo–Pacific fauna is restricted to the eastern basin of the Mediterranean, but
there it is of major significance. A comparison of the results of Tom & Galil (1991) with
those of Gilat-Gottlieb (1959) revealed massive penetration of four Indo–Pacific species,
among which are the gastropods Rhinoclavis kochi and Minolia nedyma. Rhinoclavis kochi
was first reported from Haifa Bay in 1963, and in the 1970s large numbers were collected
(Barash & Danin 1973). In a benthic sample collected off Haifa (leg. B. Galil, 9.1997), 15
species out of 119 (i.e. 12%) were lessepsian, and these comprised 270 individuals out of
894 (i.e. 30%). The most abundant species was Rhinoclavis kochi, and the second most
abundant was also an immigrant, Finella pupoides. The Israeli coast holds 90 exotic species
of Erythrean origin (25%) in a total of 372 species cited by Barash & Danin (1992).

At some 300km away from the Levantine coast, in a sample from Kyrenia, northern
Cyprus (leg. Zibrowius 11.1998), six species out of 76 (7.9%) were lessepsian but they rep-
resent only 13 specimens out of 527 (2.5%) of the specimens. More globally, 32 out of 627
(5%) of the species of molluscs cited from Cyprus (Cecalupo & Quadri 1996, Buzzurro &
Greppi 1997) are exotics. In Greece figures are still lower, with only 23 exotic species
(2.3%) out of a total of 1095 (Delamotte & Vardala-Theodorou 2001).

Data illustrated in Figures 1 and 2 (pp.257, 259) indicate that the rate of influx for
migrants from the Red Sea remains steady with no sign of saturation. Both the total number
of Red Sea species and the extension of the area colonised by at least one Red Sea species
are increasing. There is still a pool of about 90 species (see Table 3, p. 255) reported from
the Suez Canal which are likely to be found in the Mediterranean in the near future but none
of these has been seen there yet. The total number of Red Sea species, amounting to a
conservative figure of 1765, cited by Dekker & Orlin (2000), shows that the source area has
as least as many species as the Mediterranean itself.

Only two lessepsian immigrants have settled in the western Mediterranean, and they did
not arrive before the 1990s. The number of such immigrants is likely to increase in the
future.

The non-lessepsian introductions, and especially those connected with mariculture, seem
to have reached a peak in the 1960s (Crassostrea gigas and Mercenaria mercenaria,
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introduced deliberately; Rapana venosa, Polycerella emertoni, Anadara inaequivalvis, and
Musculista senhousia, introduced inadvertently). Their later movements have been mainly
inside the basin, namely, from the Black Sea to the Adriatic and thence to the western
Mediterranean coastal lagoons. Nothing remains of the nineteenth century attempts to intro-
duce certain molluscs for farming (the American oyster Crassostrea virginica shipped to
Sicily, see di Monterosato (1915), and the pearl oyster Pinctada margaritifera, which was
not mentioned by Seurat (1929)).

In the 1980s, there were several non-lessepsian newcomers (Polycera hedgpethi, Chro-
modoris quadricolor, Melibe fimbriata, Chlamys lischkei, Saccostrea commercialis, Rudi-
tapes philippinarum) but only the last two are related to mariculture and only Melibe
fimbriata and Ruditapes philippinarum have become established. Displacements may occur,
as can be observed on the Adriatic coast for R. decussatus driven out by R. philippinarum. In
the 1990s, apart from the Red Sea migrants, Haminaea callidegenita and Xenostrobus
securis were added to the Mediterranean fauna. The slow-down is real, and can be explained
because the commercial routes for circulation of spat repeatedly carry the same species.
Thus, those species from the current donor areas which were brought to the Mediterranean,
and were likely to settle, became established exotics, whereas others that are regularly pre-
sented but cannot survive (e.g. Littorina littorea, several species of Gibbula from the Euro-
pean Atlantic coast) remain barred. A new wave of immigrants is to be expected only if new
sources of species are made available.

The most unpredictable source of non-native species remains transportation by ships,
both through ballast waters, on hulls, and as discards from fishing operations. For these
introductions, the limiting factors (i.e. space where physical factors and/or the native fauna
will not bar the immigrants) are the same as for mariculture but the potential source areas
are virtually unlimited. However alarming this may look, the situation is still such that there
is no recorded extinction of a marine species in the Mediterranean by anthropogenic means.
Furthermore, among the factors of extinction in the marine realm (see Carlton et al. 1999,
Roberts & Hawkins 1999), the impact of introduced species comes far behind those of over-
exploitation and of urban development.

References

Aharoni, J. 1934. From Asquelon to Rubin. Nature and Country 2, 473–476 (cited in Barash & Danin
1973).

Barash, A. & Danin, Z. 1973. The Indo-Pacific species of mollusca in the Mediterranean and notes on
a collection from the Suez Canal. Israel Journal of Zoology 21, 301–374.

Barash, A. & Danin, Z. 1992. Fauna Palaestina: Mollusca I. Annotated list of Mediterranean molluscs
of Israel and Sinai. Jerusalem: The Israel Academy of Sciences and Humanities.

Barsotti, G. & Campani, E. 1982. Il promontorio di Castiglioncello (LI): III. Rinvenimento di una
popolazione di Littorina littorea (L.) – Moll. Gastropoda Prosobranchia. Quaderni del Museo di
Storia Naturale di Livorno 3, 65–71.

Bazzocchi, P. 1985. Prima segnalazione di Strombus (Conomurex) decorus raybaudii Nicolay and
Romagna-Manoja, 1983 per l’Isola di Cipro. Bollettino Malacologico 21, 64 only.

B[ellet], D. 1899. La culture des huîtres perlières en Italie. La Nature (Paris: Masson), 27(1355), 375 only.
Bini, G. 1983. Immissione antropica di molluschi esotici nel Mediterraneo: I – Il lago di Caprolace.

Studi per l’Ecologia del Quaternario, Firenze 5, 113–125.



EXOTIC MOLLUSCS IN THE MEDITERRANEAN BASIN

273

Bogi, C. & Khairallah, N.H. 1987. Nota su alcuni molluschi de provenienza Indo-Pacifica raccolti
nella baia di Jounieh (Libano) – Contributo I-. Notiziario del CISMA 10, 54–60.

Bombace, G. 2001. Influence of climatic changes on stocks, fish species and marine ecosystems in the
Mediterranean Sea. Archivio di Oceanografia e Limnologia 22, 67–72.

Bouchet, P. & Gofas, S. 1983. “Terebra” cosentini Philippi, 1836 an American columbellid species.
The Nautilus 97, 26–28.

Breber, P. 2002. Introduction and acclimatisation of the Pacific carpet clam, Tapes philippinarum, to
Italian Waters. In Invasive aquatic species of Europe: distributions, impacts and management, E.
Leppäkoski et al. (eds). Dordrecht: Kluwer Scientific, 120–126.

Buzzurro, G. & Greppi, E. 1997. Notes on the molluscs of Cyprus, with special attention to the alloc-
tone species. La Conchiglia 283, 21–31, 61–62.

Carlton, J.T. 1992. Introduced and estuarine mollusks of North America: an end-of-the-20th-century
perspective. Journal of Shellfish Research 11, 489–505.

Carlton, J.T. 1996a. Marine bioinvasions: the alteration of marine ecosystems by nonindigenous
species. Oceanography 9, 36–43.

Carlton, J.T. 1996b. Biological invasions and cryptogenic species. Ecology 77, 1653–1655.
Carlton, J.T. & Geller, J.B. 1993. Ecological roulette: the global transport of nonindigenous marine

organisms. Science 261, 78–82.
Carlton, J.T., Geller, J.B., Reaka-Kudla, M.L. & Norse, E.A. 1999. Historical extinctions at sea.

Annual Review of Ecology and Systematics 30, 515–538.
Cattaneo-Vietti, R. 1986. On the probable presence of Chromodoris quadricolor quadricolor (Mol-

lusca: Nudibranchia) in the Mediterranean Sea. Bollettino Malacologico 22, 167–168.
Cecalupo, A. & Quadri, P. 1996. Contributo alla conoscenza malacologica per il nord dell’ isola di

Cipro. Bollettino Malacologico 31, 95–118.
Cesari, P. & Pellizzato, M. 1985. Molluschi pervenuti in Laguna di Venezia per apporti volontari o

casuali. Acclimazione di Saccostrea commercialis (Iredale and Roughley, 1933) e di Tapes philip-
pinarum (Adams and Reeve, 1850). Bollettino Malacologico 21, 237–274.

Clanzig, S. 1989. Invertébrés d’introduction récente dans les lagunes Mediterranéennes du Languedoc-
Roussilon (France). Bulletin de la Societé Zoologique de France 114, 151–152.

Crooks, J.A. 1996. The population ecology of an exotic mussel Musculista senhousia, in a southern
California Bay. Estuaries 19, 42–50.

Dekker, H. & Orlin, Z. 2000. Check list of Red Sea Mollusca. Spirula 47 (Suppl.), 1–46.
Delamotte, M. & Vardala-Theodorou, E. 2001. Shells from the Greek seas (2nd edn). Athens: Goulan-

dris Natural History Museum.
De Min, R. & Vio, E. 1998. Exotic molluscs in the northern Adriatic. Annals for Istran and Mediter-

ranean Studies, Annales 13, Serie historia naturalis 3, 43–54.
Di Geronimo, I. 1971. Prima segnalazione sulle costa italiane di Brachiodontes variabilis (Krauss).

Bollettino delle sedute dell’ Accademia Gioenia di Scienze Naturali in Catania 10, 847–852.
di Monterosato, T.A. 1878. Enumerazione e sinonima delle conchiglie mediterranee. Giornale di

Scienze Naturali ed Economiche di Palermo 13, 61–115.
di Monterosato, T.A. 1880. Notizie intorno ad alcune conchiglie delle coste d’Africa. Bullettino della

Società Malacologica Italiana 5, 213–233.
di Monterosato, T.A. 1884. Nomenclatura generica e specifica di alcune conchiglie mediterranee,

Palermo: Virzi.
di Monterosato, T.A. 1899. Coquilles marines de Chypre. Journal de Conchyliologie 47, 392–401.
di Monterosato, T.A. 1915. Ostreae ed Anomiae del Mediterraneo. Annali del Museo Civico di Storia

Naturale di Genova (3a)7, 7–16, pl. 1–4.
Di Natale, A. 1978. Note sur la présence et la répartition de Cerithium scabridum Philippi, 1849 (Mol-

lusca, Gastropoda) sur les côtes siciliennes. Bulletin de l’Office National des Pêches de Tunisie 2,
193–198.

Ekman, S. 1953. Zoogeography of the sea. London: Sidgwick & Jackson.



SERGE GOFAS & ARGYRO ZENETOS

274

Elton, C.S. 1958. The ecology of invasions by animals and plants. London: Methuen.
El Sayed, S. & van Dijken, G.L. 1995. The southeastern Mediterranean ecosystem revisited: thirty

years after the construction of the Aswan High Dam. Quarterdeck (Department of Oceanography,
Texas A&M University) 3, 1–4.

Fabioux, C., Huvet, A., Lapègue, S., Heurtebise, S. & Boudry, P. 2002. Past and present geographical
distribution of populations of Portuguese (Crassostrea angulata) and Pacific (C. gigas) oysters
along the European and North African Atlantic coasts. Haliotis 31, 33–44.

Fischer, P. 1865. Note sur les faunes conchyliologiques des deux rivages de l’Isthme de Suez. Journal
de Conchyliologie 13, 241–248.

Francour, P., Boudouresque, C.F., Harmelin, J.G., Harmelin-Vivien, M.L. & Quignard, J.P. 1994.
Are the Mediterranean waters becoming warmer? Information from biological indicators. Marine
Pollution Bulletin 28, 523–526.

Gaglini, A. 1987. Nota su Epidromus gladiolus Monterosato (�Aspella anceps Lamarck). Notiziario
del CISMA 10, 1–2.

Galil, B. & Zenetos, A. 2002. A sea change – exotics in the eastern Mediterranean. In Invasive aquatic
species of Europe: distributions, impacts and management, E. Leppäkoski et al. (eds.). Dordrecht:
Kluwer Scientific, 325–336.

Gangnery, A., Bacher, C. & Buestel, D. 2001. Assessing the production and the impact of cultivated
oysters in the Thau lagoon (Mediterranée, France) with a population dynamics model. Canadian
Journal of Fisheries and Aquatic Science 58, 1012–1020.

Garavelli, C.L. & Melone, N. 1967. Ritrovamenti malacologici nel Mediterraneo. Conchiglie 3, 132–148.
Gilat-Gottlieb, E. 1959. Study on the benthos in Haifa Bay. Ecology and zoogeography of inverte-

brates. Haifa: Special Publication of Sea and Fisheries Research Station.
Giuseppetti, G., Silesu, M., Manunza, B. & Doneddu, M. 1991. Finding of Cymbium cucumis Roeding,

1798 in the Gulf of Cagliari. La Conchiglia 260, 46–47.
Gofas, S. 1999. Marine molluscs with a very small range in the Strait of Gibraltar. Diversity and Dis-

tributions 4, 255–266.
Golani, D. 1998. Impact of Red Sea fish migrants through the Suez Canal on the aquatic environment

of the Eastern Mediterranean. Bulletin series, Yale School of Forestry and Environmental Studies
103, 375–387.

Golani, D., Orsi-Relini, L., Massuti, E. & Quignard, J.P. 2002. CIESM Atlas of exotic species in the
Mediterranean. Volume 1. Fishes, F. Briand (ed.). Monaco: CIESM.

Goulletquer, P., Bachelet, G., Sauriau, P.G. & Noel, P. 2002. Open Atlantic coast of Europe – a
century of introduced species into French waters. In Invasive aquatic species of Europe: distribu-
tions, impacts and management, E. Leppäkoski et al. (eds). Dordrecht: Kluwer Scientific, 276–290.

Gruvel, A. & Moazzo, G. 1931. Contribution à la faune malacologique marine des côtes Libano-
Syriennes. In Les etats de Syrie. Richesses marines et fluviales, A. Gruvel (ed.). Paris: Société des
Editions Géographiques, Maritimes et Coloniales, 437–453.

Haas, G. 1937. Mollusca marina. In Prodromus faunae Palestinae, F.S. Bodenheimer (ed.). Cairo:
Mémoires de l’Institut d’Egypte, 275–280.

Haas, G. 1948. Sur l’immigration de mollusques de l’Indo-Pacifique dans les eaux côtières de la Pales-
tine. Journal de Conchyliologie 88, 141–144.

Hasan, A.K. 1974. Studies on bottom Mollusca (gastropods and bivalves) in Abou-Kir Bay.MSc
thesis, Faculty of Science, University of Alexandria, Egypt.

Hidalgo, J.G. 1917. Fauna malacologica de España, Portugal y las Baleares – Moluscos testaceos
marinos. Trabajos del Museo Nacional de Ciencias Naturales (Série Zoológica) 30, 1–752.

Hoenselaar, H. J. & Hoenselaar, J. 1989. Musculista senhousia (Benson in Cantor, 1842) in the western
Mediterranean (Bivalvia, Mytilidae). Basteria 53, 73–76.

Hoppe, K. 2002. Teredo navalis – the cryptogenic shipworm. In Invasive aquatic species of Europe:
distributions, impacts and management, E. Leppäkoski et al. (eds.). Dordrecht: Kluwer Scientific,
116–119.



EXOTIC MOLLUSCS IN THE MEDITERRANEAN BASIN

275

Houart, R. & Vokes, E.H. 1995. On the identity of Aspella anceps (Lamarck, 1822) (Gastropoda,
Muricidae). Bollettino Malacologico 31, 13–16.

Hsü, K. J., Ryan, W.B.F. & Cita, M.B. 1973. Late Miocene desiccation of the Mediterranean. Nature
242, 240–244.

Issel, A. 1869. Malacologia del Mar Rosso. Pisa: Biblioteca Malacologica.
Jablonski, D. & Lutz, R.A. 1980. Molluscan larval shell morphology. Ecological and paleontological

applications. In Skeletal growth of aquatic organisms, D.C. Rhoads & R.A. Lutz (eds.). New York:
Plenum Press, 323–377.

Janson, K. 1985. A morphologic and genetic analysis of Littorina saxatilis (Prosobranchia) from
Venice, and on the problem of saxatilis-rudis nomenclature. Biological Journal of the Linnean
Society 24, 51–59.

Johannesson, K. 1988. The paradox of Rockall: why is a brooding gastropod (Littorina saxatilis) more
widespread than one having a planktonic larval dispersal stage (L. littorea)? Marine Biology 99,
507–513.

Keller, C. 1882. Die Fauna im Suez Kanal und die Diffusion der Mediterranen und Erythräischen
Thierwelt. Eine thiergeographische Untersuchung. Neue Denkschriften der allgemeinen Schweiz-
erischen Gesellschaft fur die gesammten Naturwissenschaften, Basel, 28, 1–39.

Lamarck, [J.B. de] 1819. Histoire naturelle des animaux sans vertèbres, Vol. 6(1). Paris: published by
the Author.

Lambert, L., Faideau, F. & Bluteau, R. 1929. Ostréiculture et Mytiliculture sur le littoral centre-ouest.
La Rochelle: Imprimerie Jean Foucher.

Lavie, B. & Nevo, E. 1986. Genetic diversity of marine gastropods: contrasting strategies of Cerithium
rupestre and Cerithium scabridum in the Mediterranean Sea. Marine Ecology Progress Series 28,
99–103.

Lazzari, G. & Rinaldi, E. 1994. Alcune considerazioni sulla presenza di specie extra Mediterranee
nelle lagune salmastre di Ravenna. Bollettino Malacologico 30, 195–202.

Levin, L.A. & Bridges, T.S. 1995. Pattern and diversity in reproduction and development. In Ecology
of marine invertebrate larvae, L. McEdward (ed.). Boca Raton: CRC Press, 1–48.

Locard, A. 1886. Prodrome de malacologie française. Catalogue général des Mollusques vivants de
France. Mollusque Marins. Paris: Baillière.

MacAndrew, R. 1870. Report on the testaceous Mollusca obtained during a dredging-excursion in the
Gulf of Suez in the months of February and March 1869. Annals and Magazine of Natural History
6, 429–450.

Mann, R., Occhipinti, A. & Harding, J.M. 2002. ICES special advisory report on the current status of
invasions by the marine gastropod Rapana venosa. In ICES Advisory Committee on the Marine
Environment. Report of the Working Group on Introductions and Transfers of Marine Organisms,
Gothenburg, Sweden 20–22 March 2002, Copenhagen: International Council for the Exploration of
the Sea, 117–134.

McKenzie, J.A. 1999. From desert to deluge in the Mediterranean. Nature 400, 613–614.
Menzel, R.W. 1974. Portuguese and Japanese oysters are the same species. Journal of the Fisheries

Research Board of Canada 31, 453–456.
Mienis, H.K. 1984. Strombus decorus persicus found in Israel. Hawaiian Shell News 32, 4 only.
Mienis, H.K. 1985. Is Alvania dorbignyi (Audouin, 1826) a lessepsian migrant? Levantina 59, 652

only.
Mienis, H.K. 1999. Strombus persicus on the fishmarket of Yafo, Israel. De Kreukel 35, 112 only.
Mizzan, L.1999. Le species alloctone del macrozoobenthos della Laguna di Venezia: il punto della

situazione. Bollettino del Museo Civico di Storia Naturale di Venezia 49, 145–177.
Moazzo, P.G. 1939. Mollusques testacés marins du Canal de Suez. Mémoires de l’Institut d’Egypte

38, 1–283.
Morri, C., Peirano, A. & Bianchi, C.N. 2001. Is the Mediterranean coral Cladocora caespitosa an indi-

cator of climatic change? Archivio di Oceanografia e Limnologia 22, 139–144.



SERGE GOFAS & ARGYRO ZENETOS

276

Morrison, J.P.E. 1972. Mediterranean Siphonaria: West and East – old and new. Argamon 3, 51–62.
Morton, B. 1988. The population dynamics and reproductive cycle of Brachidontes variabilis in a

Hong Kong mangrove. Malacological Review 21, 109–117.
Morton, B. 1996. The aquatic nuisance species problem: a global perspective and review. In Zebra

mussels and other aquatic nuisance species, F. D’itri (ed.). Ann Arbor: Ann Arbor Press, 1–54.
Nicolay, K. 1980. Siphonaria pectinata L., 1758 (Pulmonata, Siphonariidae). Prima segnalazione per

le acque della Grecia. La Conchiglia 130–131, 11 only.
Nicolay, K. & Romagna-Manoja, E. 1983. Strombus (Conomurex) decorus raybaudii n. ssp. La

Conchiglia 174–175, 20–21.
Occhipinti-Ambrogi, A. 2000. Biotic invasions in a Mediterranean Lagoon. Biological invasions 2,

165–176.
O’Donoghue, C.H. 1929. Report on the Opisthobranchiata. Zoological Results of the Cambridge

Expedition to the Suez Canal, 1924. Transactions of the Zoological Society of London 22, 713–841.
O’Donoghue, C. H. & White, K.M. 1940. A collection of marine molluscs, mainly opisthobranchs,

from Palestina. Proceedings of the Malacological Society of London 24, 92–96.
Ó Foighil, D., Gaffney, P.M. & Hilbish, T. J. 1998. Mitochondrial gene sequences support an Asian

origin for the Portuguese oyster, Crassostrea angulata (Lamarck, 1819). Marine Biology 131,
497–503.

Oliverio, M. 1994. On the record of a living lessepsian Pyramidellid from Turkey (Heterobranchia,
Heterostropha). Notiziario del CISMA 15, 79–82.

Oliverio, M. 1995. The status of the living Mediterranean Strombus or: What is a lessepsian migrant?
Notiziario del CISMA 16, 35–40.

Olivi, G. 1792. Zoologia Adriatica. Venice: Bassano.
Oren, O.H. 1969. Oceanographic and biological influence of the Suez Canal, the Nile and the Aswan

Dam on the Levant Basin. Progress in Oceanography 5, 161–167.
Pallary, P. 1900. Coquilles marines du littoral du Départment d’Oran. Journal de Conchyliologie 48,

211–422.
Pallary, P. 1904–6. Addition à la faune malacologique du Golfe de Gabès. Journal de Conchyliologie

52, 212–248; 54, 77–124.
Pallary, P. 1907. Sur l’extension de la faune équatoriale au nord-ouest de l’Afrique, et réflexions sur la

faune conchyliologique de la Méditerranée. Bulletin Scientifique de la France et de la Belgique 41,
421–427.

Pallary, P. 1912. Catalogue des mollusques du littoral méditerranéen de l’Egypte. Mémoires de l’Insti-
tut d’Egypte 7, 1–139.

Pallary, [P.] 1920. Exploration scientifique du Maroc organisée par la Société de Géographie de Paris
et continuée par la Société des Sciences Naturelles du Maroc. Deuxième fascicule. Malacologie
(1912). Rabat and Paris: Larose.

Pallary, P. 1938. Les mollusques marins de la Syrie. Journal de Conchyliologie 82, 5–57.
Pelorce, J. 1995. Un débarquement pacifique sur les cotes du Golfe du Lion! Xenophora 71, 5 only.
Petit de la Saussaye, S. 1869. Catalogue des Mollusques Testacés des Mers d’Europe. Paris: F. Savy.
Plaziat, J.C. 1989. Signification écologique et paléogéographique des peuplements oligotypiques de

Potamides Gastéropodes thalassiques. In Atti 3° simposio di Ecologia e Paleoecologia delle com-
munità bentoniche, Catania-Taormina 12–16 ottobre 1985, I. Di Geronimo (ed.). Catania: Univer-
sità di Catania, 25–52.

Por, F.D. 1978. Lessepsian migration: the influx of Red Sea biota into the Mediterranean by way of
the Suez Canal. Ecological Studies 23, Berlin: Springer, 1–228.

Raimbault, R. 1964. Croissance des huîtres atlantiques élevées dans les eaux méditerranéennes
françaises. Science et Pêche 126, 1–10.

Rees, W. J. 1965. The aerial dispersal of Mollusca. Proceedings of the Malacological Society of
London 36, 269–282.

Reid, D.G. 1996. Systematics and evolution of Littorina. London: The Ray Society.



EXOTIC MOLLUSCS IN THE MEDITERRANEAN BASIN

277

Reise, K., Gollash, S. & Wolff, W. J. 1999. Introduced marine species of the North Sea coasts. Hel-
goländer Meeresuntersuchungen 52, 219–234.

Ritte, U. & Pashtan, A. 1982. Extreme levels of genetic variability in two Red Sea Cerithium species
(Gastropoda, Cerithiidae). Evolution 36, 403–407.

Robba, E. 1987. The final occlusion of Tethys: its bearing on Mediterranean benthic mollusks. In
Shallow Tethys, K.G. McKenzie (ed.). Rotterdam: Balkema, 405–426.

Roberts, C.M. & Hawkins, J.P. 1999. Extinction risk in the sea. Trends in Ecology and Evolution 14,
241–246.

Rueda, J.L. & Gofas, S. 2000. Sinum bifasciatum (Récluz, 1851) (Gastropoda: Naticidae) confirmed in
Mediterranean fauna. Journal of Conchology 36, 81–82.

Sabelli, B., Giannuzzi-Savelli, R. & Bedulli, D. 1990. Catalogo annotato dei molluschi marini del
Mediterraneo. Vol. I. Bologna: Libreria Naturalistica Bolognese.

Selli, G. 1733. Historia naturalis Teredinis, seu Xylophagi marini tubuloconchoidis speciatim Belgici.
Arnhem: Christof Nebe.

Seurat, L.G. 1929. La petite Pintadine du Golfe de Gabès. Bulletin des travaux publiés par la Station
d’Aquaculture et de Pêche de Castiglione 1, 9–28.

Steuer, A. 1939. Die Fischereigründe vor Alexandrien. XIX. Mollusca. Thalassia 3, 3–143.
Taviani, M. 1994. Tridacne nel Pliocene Italiano. Bollettino Malacologico 29, 322–326.
Thorson, G. 1950. Reproductive and larval ecology of marine bottom invertebrates. Biological

Reviews 25, 1–45.
Tillier, L. & Bavay, A. 1905. Les mollusques testacés du Canal de Suez. Bulletin de la Société

Zoologique de France 30, 170–181.
Tom, M. & Galil, B. 1991. The macrobenthic associations of Haifa Bay, Mediterranean coast of Israel.

Marine Ecology 12, 75–86.
Tomlin, J.R. le B. 1927. Report on the Mollusca (Amphineura, Gastropoda, Scaphopoda, Pelecypoda).

Zoological Results of the Cambridge Expedition to the Suez Canal, 1924. Transactions of the Zoo-
logical Society of London 22, 291–320.

Tringali, L. & Villa, R. 1995. On the identity of the Lessepsian species of the genus Anachis H. and A.
Adams, 1853, subgenus Zafra A. Adams, 1860 found in the Levant Sea. La Conchiglia 274, 15–19.

Vaillant, E. 1865. Recherches sur la faune malacologique de la Baie de Suez. Journal de Conchyliolo-
gie 13, 97–127.

Verhecken, A. 1984. Strombus decorus raybaudii in de Middellandse Zee. Gloria Maris 23, 79–88.
Vermeij, G. J. 1996. An agenda for invasion biology. Biological Conservation 78, 3–9.
Willan, R.C. 1987. The mussel Musculista senhousia in Australasia; another aggressive alien high-

lights the need for quarantine at ports. Bulletin of Marine Science 41, 475–489.
Williamson, M. & Fitter, A. 1996. The varying success of invaders. Ecology 77, 1661–1666.
Zaitsev, Y. & Ozturk, B. 2001. Exotic species in the Aegean, Marmara, Black, Azov and Caspian

Seas. Turkish Marine Research Foundation Publication 8, 1–267.
Zenetos, A., Gofas, S., Russo, G. & Templado, J. in press. CIESM Atlas of exotic species in the

Mediterranean. Vol. 3: Molluscs, F. Briand (ed.). Monaco: CIESM.
Zibrowius, H. 1992. Ongoing modifications of the Mediterranean marine fauna and flora by the estab-

lishment of exotic species. Mesogée 51, 83–107.




