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Rësum~: Modifj~Jllion en cours de III flluDe el flore
mJlrines méditerranëennes plIF rélllbiissemenl d'l!Speœs
~xoliqut':S.

Même si des espCces exotiques ont probablement été
introduites, accidentellement. en Mêditerranêe au COU~ des
siecies passes. le nombre d'invasions rêussies a considera
blement augmenté avec l'âge technique et continue encore
a augmenter. La migralion lessepsienne (par le canal de
Suez), la navigation elles transferts intentionnels de coquil·
lages (les derniers entrainant habitueUement des imroduc
tians non-intentionnelles) expliquent la présence de la
plupart des organismes dont l'invasion a réussi. Mais on a
aussi des exemples de quelques voies d'arrivêe mineures.
Dans tout le bassin mêditerranéen divers groupes incluent
maintenant des espèces d'origine étrangère qui ont pu
établir des pOpulations se reproduisant. Divers nouveaux
arrivés 001 même acquis une imponance economique.
certains comme nuisances (organismes causant des salissu·
res biologiques), d'autres en devenant localement essentiels
pour la pèche commerciale. Celte contribution a l'intention
d'attirer l'anenlion sur le f.'1it que la r:lUne et (a flore marine
mcditerranéennes sont des entités qui changent en relation
avec des activités humaines. Mais elle ne prétend pas
dresser un inventaire exhaustif des espêces exotiques el de
la linérJture s'y rappartam.

Mots·c1és : McditerrJnée. espëces exotiques, migration
par le canal de Suez. navigation. transferts de coquillages.
Crassostre,~ gigas.

Summary, Although alien species have probably been
inlroduced. accidental1y, into the Mediterranean over the
past cenluries, the number of successful invasions increased
considerably with the technical age and is still increasing.
Lessepsian migration (through the Suez Canal). navigation
and intentional shellfish transfers (the laner commonly
causing non intentional introductions) explain the presence
ormoS! orthe successful invaders. but sorne minor ways or
arrivai are also illuSlrated by examples. Throughout the
Mediterranean basin diverse groups DOW ioclude alien
species that have bec:n able ta eSlablish reproducing popula
tions. Various ncwoomeT5 have even acquired economic
impOrtance. sorne as nuisances (fouling organisms). others
by becomÎng locally essential for commercial lisheries. This
contribution inlends to auract attention to the Mediterra
nean marine rauna and flora as being changing entities in
relation ta human acrivies. but it does not pretend to
provide an exhaustive inventory of aliens and the corres·
ponding literature.

KeY-"'ords : Mediterranon. exotic spedes. Suez Canal
migration. navigation, shetlfish transfers. Crassostrea gigas.

The tenn biological invasion is currently used ror the
arrivaI. establishment and diffusion or species or exotic
origin. In the Mediterranean colonizing alien species are
recognized among diverse groups. Their arrivai is due to
migration and various types of transportation. Rest studied
is the lessepsian migration, Le. the arrivai ofspecies of Red
Sea origin passing through the Suez Canal (opened in
1869) and the changes in ecosystems foltowing their
establisment and diffusion in the southeaslern part of the
Mediterranon sea. The first representative synthesis by Por
(1978) recognized 128 species as high-probability. and 76
species as low·probality lessepsian migrants. The list has
becn updated by Por (1989, 1990) and the ever increasing
literature continuoosly adds fiJnher species or lessepsian
migrants. These are not necessarily recent newcomers that
just passed the Suez Canal. As in the case of shipbome
aliens or spccies accompanying shellfish movements, the
arrivai and establishment may considerably precede actual
detection.

lessepsiao migration is best documented for benthic
organisms and fishes. although vurious planktonic species
(including Dinotlagellatae and Copepoda) are considered
us invaders (Halim. 1990: Kimor. 1990; Lakkis. 1990a,
1990b). For other planktonic groups specialists are affinna
tive: no Red Sca species ofTIlecosoma. Euphausiacea. and
Thali<lcea hnve yeL invnded the Meditermllcan (Rampal.
1990: B. Casanova. 1990: Godeaux. 1990).

Alien species invading the Mediterranean other than
lessepsian migrants and thereby potentially sho\\ing up in
diverse D'lrtS of the MeditermnC3n. have not yet been lhe
subject of a representative inventory comparable to Por's
studies of lessepsian migrants. An exhaustive inventory
cannOl be given here either. since it would require the
teamwork of many specialists. In spite or a long tr.tdition
of biological investigations, reliable inventories of the
Mediterranean fauna and flora nat available for al1 groups.
Il is alsa very difficult to keep inrormed of ail forthcoming
publications on alien species new to the MedÎlerranean.
Significant contributions may be published in joumals and
records wilh limited distribution. Furthennore. titles and
abstraets ofarticles do not a1ways provide an indication th:1I
aliens are mentioned in the text. And the e\'Cr open
questions are: are the identifications rdiable and the
previously known geographical range representative ? (set
remarks in Por. 1978, on rejected cases of les~psi:m

migration). The recognition ofcarly introductions ioto the
Medilerranean has frequently been obscured by taxonomic
difficulties that led to confusion with nati\'e species.

ft has tO be remembered (hat species originally described
from olher areas and now discovered in the Mediterranean,
are not necessarily newcomers that extend their range or
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have lheir arrivai related to human activities. ln faet, their
range of natural distribution may have been incompletely
know. On the other hand, occurrences of markedly exotic
species may be without consequences, not ail isolated
accidentai introductions resulting in reproducing popula
tions. Aceordingly. the discovery ofeach speeies new 10 the
inventory of the Mediterranean fauna and nora should be
interpreted with caution and the circumstances be carefully
analyzed.

This contribution intends to emphasize lhe faet in
diverse groups alien species are conlinuously added to the
Mediterranean marine fauna and Oora, which are nuctua
ting entities. The considerable enriehOlent in number of
alieo speeies of the Black Sea. a very particular annex basin
in lhe Mediterranean, is not especiaLly taken imo account
here ; an updated inventa!')' of lhe a1iells ill the Blat:k SC<l
should be prepared by specialists from the adjacent coun
lries.

For exotic species, means ofaccess to the Mediterranean
are diversified :

- migralion through the manmade Suez canal supported by
a predominant south to north current ;
. lransport of sessile (fouling) and vagile (clinging) species
on ship hulls. driJling platforms and possibly other towed
manmade structures, with vagi le species able 10 shelter in
empty barnacle shells :
- transport with ballast waler and, in former times, trans
port with solid ballast such as sand and stones;
- intentional introductions of species in view of commercial
use. i. e., essentially shellfish movements ;
- accidentai introductions of species accompanying inten·
tionally introduced species ;
- discarding from the market and back to the sea. for
whatever reasons, of intentionally imported live specimens,
eventually together with an aecompanying fauna ; titis may
indude species used as bait and the fauna of algae used as
packing material ;
. escape from aquaria. especially through an open circuit
without trcatment.

Migration through the Suez canal has been Ihoroughly
analyzed by Por (1978, 1989. 1990), who also coined the
lerm "Iessepsian migration". Spanier and Galil (1991)
provided a synthesis of major impact data. The other means
of arrivai in a Ilew area have also been widely discussed in
the literature (Cana. 1876; Man, 1913, 1914; Hanna,
1966: Relini and Montanari. 1973; Carlton. 1975, 1979,
1981, 1985, 1989; Forster and Willan, 1979; Andrews,
1980 ; Williams et al.. 1988).

ln the following, the lessepsian migration lhal in fact
represents the strongest and besl documented inl10w of
newcomers, is summarized. whereas species that have
entered the Mediterranean by other ways are given prefe
remial attentÎon and a more detailed presentation. Excep
tional1y. sorne species that had mistakenly or hypolhetically
been eonsidered as aliens, but that are now revealed to be
naturally present in the Mediterranean, are alsa discussed.

To reiterale, this elaboration is not exhaustive, either in
number of species discussed or in number of publications
cited. Like any other selection, emphasis given to one
aspect rather than to another is subjectively biased. For
convenience, the alien species are grouped under various
higher category headings (phylum. c1ass, order, etc.).
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BENTHIC ALGAE

Por (1978) listed various species of bemhic algae from
the Levantine basin as lessepsian migrants.

Sorne other algae, now widely distributed and abundant
on the Atlantic coasts of Europe and the Mediterranean,
are rather recent and very successful colonizers that most
likely have been brought by ship a few decades ago (Farn
ham, 1980; (CES, 1982; Hartog and Velde, 1987). e. g.
the cholorophycean COt1ium frllgi/e (Suringar) Hariot.
native of the nonhwestem Pacifie, and the rhodophycean
Aspllrllgopsis arma/a Harvey, native of the southwestern
Pacifie. Even modern antifouling treaunents do not always
stop algal seUlement on ship hulls (Callow, 1986).

First noticed in the Mediterranean in the Livomo area
before berna found on the coast of France, the rhodophy
cean Acrothamnion preissii (Sonder) Wollaston, has been
interpreted as an alien inlroduced by navigation from the
Pacific (?) to ltaly and subsequently dispersed to the west
by lhe Ligurian CUITent (Baillot et al., 1982; Cinelli and
Sartoni. 1969. 1970; Thêlin, 1985).

OIher species arrived with carelessly imported oysters
and invaded the coasts of Europe, Mediterranean included.
Crnssostrea gigas has Ihus been the veetor of several
Japanese algae brought to Etang de Thau, from where sorne
already have spread along the open coast of Languedoc
(Pêrez et al., 1981, 1984: ISTPM, 1982; Boudouresque
et al., 1985a, 1985b: Belsher et al.. 1985, 1988; Knoeplf
ler-Peguy el al., 1985: Gerbai. 1986: Ben Maïz et al..
1987: Verlaque and Riouall, 1989; Knoepffier et al.
1990: Floc'h et al., 1991). AI least six species, the
phaeophyeeans (Fucophyceae) LaminRrill jllponÙ:1l Are
schoug. Sargassum muticum (Yendo) Fensholt, Sphllero
trichiR dir:uicatR (C. Agardh) Kylin. and Undllria pin
nlltifida (Harvey) Suringar : and the rhodophyceans Anthi
/hamnion nipponicum Yamada and Inagak.i and Chrysy
ncmiR It'rightii (Harvey) Yamada have thus been imported
by negligence.

Undarill pinnatifida had becn found in Etang de Thau
as carly as 197 1. ln arder to minimize the significance of
the accidentai arrivaI. it has been suggested that the new
alga be considered as a benefit : it is cultivated and eaten
in the Far East. When U. pinnatifida appeared at Port
Vendres. far to the southwest of Etang de Thau and near the
Spanish border, it has alsa becn hypothesized that it may
have arrived independently. together with bait imported
frorn Korea or lapan. But it has been shown elsewhere that
Ihe alga can be dispersed travelling on ship hulls (Hay,
1990). ln the case of SargJlssum muticum it has not yet
beeo suggested that it should enrich French gastronomy.
The species that most successfully has invaded the Atlantic
coasts of Europe (Rueness,1989), bas also had much
auention in the Mediterranean. Knoepffler-Peguy et al.
(1986) were able to repon il from 17 localities along ca.
100 km of the coast of Languedoc. 10 the cast and to the
west of Etang de Thau. Knoepffier et al. (1990) reported
further spreading, including ta the Banyuls area near the
SpanÎsh border and to Costa Brava. northern Spain.

The rhodophycean GrRteJoupia rJoryphorR {Montagne)
Howe, first noticed in Elang de Thau in 1982, appears 10
illustrate a dilferenl situation (Riouall et al.. 1985; Ben
Maiz et al., 1986). Allhough introduction together with
oyslers may have occured there, this does not mean pene
tration iOlo an eolirely new area, the species having been



recorded from the nonheastem Atlantic and from the
Mediterranean since the tum of this century. But human
aetivities may have contributed to its present. admitledly
world·wide. distribution.

A recent speetacular case of an alien alga colonizing the
Mediterranean on a large scale is that reported by Meinesz
and Hesse (1991) of the large chlorophycean Cllu/erpa
tuifolia (Vahl) C. Agardh. Already wide spread in tropi
cal seas. this alga in ail likelihood escaped from Ihe
Oceanographie Museum of Monaco where it had been on
display for many years in the tropical aquarium. In 1985 il
was tirst seen settled in the natural environment nex.lto the
museum. Resisting winter temperatures as low II- 13° C. il
gradually sprcad over ail types of substrate, including rock.
sand. and mud. at depths of 3-35 m. Areas supporting
stands of the indigenous phanerogams Cymodocea nodosa
(Ucria) Ascherson and Posidonia oceanica (L.) Delile are
now covered by fronds of C. taxi/oHa. which measure up to
45 cm in length. Originally. Meinesz and Hess reported the
exotic Caulerpa from the Monaco area and from Toulon.
far to the west. but when their paper was tinally printed.
additional localities were known (A. Meinesz. pers. com.
1991): to the ltalian border in the cast, and in the west
closing the gap between the Monaco and Toulon areas.
This is not one of the lessepsian migrants in the genus
Cauferpa listed by Por (978).

PHANEROGAMS

A marine phanerogam of Red Sea origin also invaded Ihe
Mediterrancan: Ha/opbila stipulacea (Forsskâl) Ascher
son is a very succcssfui colonizer of the southeasl that
reached Cyprus, various Greek islands. the Greek main
land, Malta. and recently was recognized on the eastem
coast of Sicily (Biliotti and Abdelahad, 1990). In spite of
its evident spreading in the last decades. Por (1978) did
not entirely exclude a prelessepsian arrivai in the Mediter~

ranean (prior to the opening of the Suez canal). Beyond the
range indicated by Lipkin (l975a. 1975b.). il was found in
1977 in the Gulf of Corinth near Aspra Spitia (Zibrowius.
1992). According to Haritonidis and Diapoulis (1990) it
is now very abundant in the Gulf.

PORIFERA

Presumedly alien sponges are reported only From the
Levantine arca. Por (1978) Iisted 5 species as high-proba
bility and 2 species as 10w-probabililY lessepsian migrants.
The difficulties of distinguishing species of the genera in
question. logether with the proportionally high number (5)
of presumedly antilessepsian migrants listed by Por. suggest
!hat a critical reevaluation is needed for this group.

HYDROrDEA

Various species of hydroids are part the Mediterranean
harbour and ship fouling communities (see Chimenz
Gusso and Rivosccchi Taramelli, 1975 ; Marri and Botro.
1986). Some are said to have a cosmopolitan distribution,
and this may in part he due to navigation (see Carlton,
1975. 1979. for examples from the Califomian fauna).

Human activities (navigation, introduction of oysters)
may have caused the arriV'"dl on the Atlantic coasts of
Europe of the brackish water Gar..eia franCÎsc8na (Torrey.

1902), a species that became abundant in the Zuiderzee
(Vervoort. 1964) before heing replaced by the freshwaler
CordyJophora caspia (Pallas, 1771), G. fmncisC1ma. the
type locality of which is San Fmncisco Bay (but where it
may also have been introduced: Carlton. 1975, 1979) has
lately been found established in the Mediterranean. the
lagoon of Venice being ils first recognized locality (Morri
et al.. 1982: Morri, 1982; Sacchi et al .. 1983, 1989).

Edwards (1976) explained the wide distribution (nor
them hemisphere) of the genus Gonionemus, possibly
comprising only one species (Gonionefflus rerlens Agas
siz. 1865 ; the medusa is beller known than the polyp) as
resulting mainly from oyster tmnsfers. According to Ed
wards' review of the abundant literature, GoniolJ(:mus
seems to have arrived first on the Atlantic coasts of Europe
and subsequently in the Mediterranean.

Por (1978) Iisted 3 species of hydroids as low-probabi
lilY lessepsian migrants. The difficult taxonomy and the
proportionally high number (8) of presumedly antilessep
sian migrants suggest that a crilical reevaluation is needed
for this group.

Eucheilota parado:r.ica is a small Leptomedusa widely
distributed in tropical and substropical sens (type 10C'"Jlity:
Aorida). In the Mediterranean it was discovered in 1967
in the Southem Adriatic Trough (Schmidt and Benovii:.
1977). in 1977 in the Bay of Villefranche. France (Carre
and Carre. 1990). and in 1981 (abundant) in the Alboran
Sea and (rare) between Ihe 8alearic Islands and Sardinia
(Dallot et al.. 1988). ln the Bay of Villefranche, well
Known for its thoroughly investigated plancton. E. para
doxica has occurred, since then, in grcal abundance every
year. always during the same season. !ts sudden appearence
followed by regular mass occurrences suggests a recent
introduction (Carre and Carre. 1990; Goy. 1991), Most
likely ils abilily to reproducc asexually, including the forma
tion of resting frustules. favoured bolh its accidentai arrivai
by transportation and ils successfiJl establishment in an area
where sexual maturity is not reachcd because of 100 low
water temperatures.

SCYPHOZOA

Alien species reported from Ihe soulheastem Mediterra
ncan (Goy et al .. 1990; Lakkis et al .. 1990; Galil and
Spanier, 1990; Galil el al.; 1990; Spanier and Galil,
1991) are likely to he lessepsian migrants: Phyllorhiza
punctata Lendenfeld. 1884; RbopiJema nomadica Galil
and Spanier. 1990: and Cassiopcia andromeda(Forsskâl.
1775). llie former are pelagie species, whereas the latter is
a benthic medusa possessing zooxanthellae and living
"upside down" on shaJlow soft bottoms. C. andromeda is
said to he recorded from Cyprus as early as 1903, ncar
Thira (Aegan Sea) in 1955, and from Lebanon in 1988. R.
nomadica appeared on the coast of Israel in the mid- 1970s
and, being fairly common, is now weil known for the
severity of ilS sting (Spanier and Galil. 1991). Ils life eycle
has been elucidated (Lotan et al.. 1892).

ACfINIARIA

The present distribution of certain actinian species
undoubtedly resulls from navigation and oyster transfers
(see Carlton, 1975. 1979, for examples from the Califor
nian fauna). One of these, Halip/anelJa /ineata (Verrill.
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1869) 1... fi. luciae (Verrill. 1898)]. has been considered
as an alien in western Europe and the Mediterranean
(Stephenson, 1935 ; Manuel 1981). Jt frequently accurs in
harbour fouling communities and has been presumed to be
of nOllhwestern Pacific origin. Kiener ( 1971) reported it as
particulary eurybiont from lagoons in Corsica and on the
Mediterranean coast of France.

The abundance ofa small actinian species (not identified
because of poor preservation. D. D(JUmenc. pers. corn.
(978) in the fouling community sampled at Toulon har
bour (14.12.1977) from a ship arriving from the Indian
Ocean via the Suez canal (see Zibrowius, 1979) shows that
in this group navigation may be a factor of faunal transfer.

There is no observation of actinians being introduced
into the Mediterranean together with oysters. But it should
be remembered that Crassostrea gigas had been importe<!
straight from Japan (0 Etang de Thau (France) under
conditions similar ta those of importation to the Atlantic
coast of France (Gruet et aL 1976). On its arrivai on the
Atlantic coast the Japanese oyster carried an actinian
species that was found still thriving in the Atlantic oyster
parks one year after introduction. In Gruet et al. (1976) it
is mentioned as Aiplasia puJchelJa Carlgren. 1943 (iden
tified by D. Doumenc), but the iHustrated specimen is
another species. almost certainly Haliplanel/a lineata (Ver·
rill. (869) (R.L. Manuel. pers. com. 1983. 1991 ; J.c. den
Hanog. pers. com. 1991). D. Doumenc (pers. corn. 1991)
confirms that the illustration in Gruet et al. «(976) does
not confonn to the species submitted to him for identifi
cation.

SCLERACflNIA

Typically. sderactinian comls are not pan of fouling
communities that ships may contact in harbour areas.
Benelsen and Ussing (1936) reported on reefcorals as ship
fouling. In fact, several species of scleractinians and one
species of hydrocoral (MiJlepora) were found on the huU
of an old ship thal had been towed to Copenhagen from
Bermuda where it had served for many years as a coaLing
station near a reef rather than in a typical hurbour environ
ment. For obvious rcasons. tropical reef corals had not the
slightest chance to colonize the Danish coasts.

The first. and up to now unique, case of a scleractinian
spccies accidentally introduced to a distant area where it
successfully established reproducing populations. is that
reponed from the Mediterranean by Zibrowius (1974,
1980) and Zibrowius and Ramos (1983) as OculinB
patagQnica De Angelis. 1908. The hypothesis of the spe
cies being an alien, and its identification do not appear to
have been questioned or contmdicted. The colonial shallow
water coml in question possesses zooxanthellae and thrives
in a variety of environments that are otherwise unusual for
Mediterrancan sclerdctillians : harbours and llearby pollu
ted areas. the coast of a mining area with heavy metals
pollution discharge, rock substmte exposed ta heary silting
and. elsewhere, to abrasion effoct by sand. Being successful
under such variable and generally unfavorable conditions.
as weil as in natural infralittoral rock comrnunities of
pho{ophilous algae, suggests that it is a strong opportunis
tic colonizer, a fealUre that generally characterizes invaders.

The species was first dicovere<! (in 1966 and (978) in
two localities of the Savona area (Ligurian coast. Italy) and
subsequently found in many localities (including Alicante
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harbour) along ca. 300 km of coast in southcastern Spain.
between Cabo de Gata and Cabo de la Nao. In Alicante
harbour it was first noticed in the late 19605 and more
formally recognized in 1973. The late discovery of the
coral. althoUgh it is very obvious in shallow water because
of its frequently large encrusting colonies. suggests a relati·
vely rceent addition to the Mediterranean fauna, ln Liguria.
the arrivai of the coral has centatively been explained
(Zibrowius. 1974) by the re1ease of larvae from a mature
colony on the hull of an old ship imported for the local
steel industry. The subsequent discovery of the coral as
wide-spread and abondant in southeastem Spain (induding
Alicante harbour), suggests an carlier arrivaI. possibly as
carly as the Spanish colonial period in South America.

As for the origin of the coral. the temperdte Atlantic
coast of South America has becn suggested. where 0.
paf:Jgonica was described from Pleistocene samples from
the coastal area and is presumed to be part of the present
(auna. Significant coincidence : the South American gas
tropo<! Crepidula calytmeifonnis also accurs in Alicante
harbour.

Colonies obtained by transplanting fragments from the
Savona area and from Portman, southeastem Spain, are
experimentaUy grown in the Marseille area, respectively.
since 1972 and 1987. They easily invade the surrounding
algae covered rock and may attain a linear growth of 2 cm
per ycar. The species appears weil adapted 10 a wide range
of dimatic conditions in the Mediterranean and is likely to
be increasingly successful in that sea.

MOLLUSCA
(GENERAL INFORMATION)

Although alien molluscs showed up in various pans of
the Mediterranean, lessepsian migrants are by far the most
numerous; in facto mol1uscs are one of the 'ïcading"
groups of the lessepsian migration. together with decapod
crustaceans and fishes (Por, 1989).

Por (1978) listed 27 species as high-probabilityand 13
species as low·probability lessepsian migrants. Various
species subsequently got promotion to the fonner rank. e.
g. when weil establishcd populations were found instead of
isolated empty sheUs of the original record. Gastropods
(induding various opisthobmnchs and one marine pulmo·
nale) outnumber bivalves. a tendency confinned by later
investigations: the ever increasing list still includes a single
polyplacophoran species. Bardsh and Danin (1986) listed
92 species of molluscs of Indo-Pacific origin. induding
species of Scapharca and Rapana that are not strictly
speaking lessepsian migrants. The last census by Aansen et
al. (1989). again of Indo·Pacific immigrants, incrcased the
number to 104 identified species and included the follo
wing remark; "sorne 30 add species also found in the
eastem MediterrJnean and in ail 1ikelihood immigrants
from the Indo-Pacific province. still wait for definite iden·
tification" ; at least one of these has been identified now
(Aartsen el al., (990). The local impact ofsome lessepsian
migrants on species associations has been pointed out by
Tom and Gali1 (1991),

Lessepsian migrants (hat mpidly spread to the west
(southem Italy) may have been helped by ship transport in
addition to their natural spreading capacities.
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POLVPLACOPHORA

An slien species. Chiton pllltl'i Thiele. 1910, bas becn
reponed (rom the coast of Israel as a lessepsian mignmt
(Barash and Danin, 1977: Por. 1978).

GASTROPODA PROSOBRANCHIA

Gibbul. ci~1I (Linnaeus) is a oommon NE Atlantic
troehid (No~y to the Straiu of Gibraltar) that aise
penetrales iota the Alboran Se&. Live specimens have becn
collecte<! (rom the floating cages containing oysters of an
experimental shellfish culture at Mistra Bay, Malta
(Schembri, 1979). Spat of Ostrea edulis and Crassostrea
gigss had been imported from Britain (Anglesey, Wates)
where C. cineria is common. and this may weil be the
origin of the Maltese specimens. Even though no repro·
ducing population was likely 10 result (rom the isolated
accidentai introduction. this weil illuslrates oysters heing
the vector of ether species.

The lessepsian migrant Cl'rithium sc1lbridum (Philippi.
1849) rapidly invaded the southeastem Mediterranean
(Por, 1978; Bogi and Khairallah. 1987; Tringali and Villa.
1990) and attained the coasts of Sicily where it becarne
Iocally abondant, especially in the highly polluted bay of
Augusta (Piani, 1979; Di Natale, 1982).

C",iduJ. forDk.t. Unnaeus, 1758, is native of the
Atlantic coast of North America from where it accidentally
arrived. with the oyster Crsssostrea virginica (Gmelin.
1791). on the Pacifie coast of Nonh America (Hanoa,
1966; Carlton, 1975, 1979) as weil as in southem Eng
land. From this staning point. where it was fint noticed in
1872, it învaded (oyster transfers helping) the coasts of
western Europe as far as southem Sweden and southwes·
tem France. 1be literature is abondant on its nuisances ta
oysler and mussel cultures because of the competitionJor
space and food (filter fceder).

C. fomicata has repeatedly becn found in the Mediterra·
nean. A specimen in the Marseille museum may represenl
the oldest record (previously unpublished) : it was found in
ca. 1957 on the cultivatcd mussels at La Seyne·sur·Mer.
near Toulon, France. where shipments from the Atlantic
were currently received (J. Devidts. corn. pers. 1991). Di
Natale (1982) mentioned a population from the lagoon of
Faro. near Messina. Sicily. where Atlantic mussels were
conunonly imported. Aceordin8 to Clanzig (1989). c.
fomicata has appearcd (in 1989) in the lagoon of $aIses·
Leucate, southem France, one of the Lan8uedoc lagoons
with extensive aquaculture that implies species transfers
from the Atlantic coast. Especially in the Languedoc la·
gaons C. fomic8ta may have a chance to become esta
blished pennanently.

Cachia (1981) reponed C fomicata from Marsarnxeu
Harbour of Malta (collected alive in 1975. on rock together
with oyesters) and from Marsaxlokk Bay (fresh dead shell
found in 1973 on beach), and presumed its accidental
introduction by foreign vessels. This occurrence. in sou
tllem Mediterranean harbour situations. reminds the occur·
rence of another Crepidula species in the harbour of
Alicante (below), but the identification ofthe material from
Malta bas becn verified by comparison with t)'pical Atlantic
specimens from England (C. Cachia. pers. corn. 1991).

A very dense population of Crepidula was discovered in
the harbour of Alicante, southeastem Spain, by A.A.

Ramas, first noticed in the late 19605. more formally
recognized in 1973. and revisited by him and HL in 1981
when studying the population of the alien scleractinian
Oculina pat1lgonica (see Zibrowius and Ramos. 1983). Il
has been recognized by P.M. Arnaud (pers. corn. 1981) as
not being C. fomicatll. and has now been identifie<! by S.
Gofas (pers. corn. 1991) as Crepidulll c.lyptraeiformis
Oeshayes, 1830. Additional information provided by S.
Gofas : Type material of C. caJyptraeifonnis is in the Paris
museum. Deshayes (1830) did not know where the shell
came from but presumed a Peruvian origin (purchased
together with shells from Peru). Hoagland (1977) first
Iîsted C. calyplr8eifonnis among the nomina dubia and
nuda (as from Pern, an unjustified assertion), then (1983)
as poorly preserved specimens of C. acu1eala (Gmelin.
1791), a species said to have a very wide distribution. S.
Goras now considers C. caJyptraeifonnis as a distinct
spccies whose occurrence on the coast of Uruguay is
confirmed by material of weil known origin at the Paris
museum (including collectings by A. Teissière in 1931,
French consul in Uruguay). Since in Alicante harbour C.
calyptraeifonnis co·occurs with a thriving population orthe
scleractinian Oculina patagonica. of similar South Ameri
can origin. the snail and the coral may have anived together
by navigation.

The presence of the alien C. c:aJyplr8eifonnis in the
harbour of Alicante is similar ta the case of Crepidlll. onyx
Sowerby. 1824. native of the Pacific coast of America
(Califomia to Costa Rica) that settled in Hong Kong

'" harbour (Huang et al., 1893; Morton, 1987).

Littorinll /ittOTe. Linnaeus, 1758, is native of the
Atlantic coasts of Europe. from Scandinavia to southem
Portugal. 115 presence in nonheastem North America has
becn explained by natural tnlnsatlantic colonization during
the Holocene post-glacial climatic optimum or secondary
climatic optimum; by introduction via lceland by eariy
Norse settlers (ca. 1 000 years ago) ; and by more rceent
accidentai arrivais (sec Kraeuter, 1976: Carlton et al.
1982). 11 has also been brought to the Pacifie coast of
North America, probably together with oysters (Hanna.
1966; Carlton, 1975, 1979). Di. Natale (1982) reponed
L. IiICorea from the Iagoon ofFara. ncar Messina. Sicily. un
doubted1y imported together with Atlantic mussels (Myti
Iw from the Netherlands and PortUgal). Another popula
tion was found by Barsotti and Campani (1982) in rock
pools at Punta Righini, Castiglioncello Promontory ca.
20 km south of Livomo in the nonhern Tyrrhenian Sea. No
morphometric dilferences were found between Nonh
Atlantic populations and this one from the Tyrrhenian Sea.
the origin of which is not evident.

Uttorisll s••utilis (Olivi, 1792) is another species typi
cal of the tidal zone on the Atlantic coasts of Europe. But
it also exists in the Iagoons of the nonhem Adriatic and in
the Gulf of GabCs. the IWO areas of the Mediterranean with
notable tides (Sacchi et al.• 1989). L. SllXaûlishas occasio
nally been considered as iIlustrating the "subatlantic"
characten of these areas, or as being a faunal relect, but
$acchi and Torelli (1974), Smith (1982). and Janson
(1985) admitted, or at least did not exclude, a relatively
recent introduction of L SllX8lilis ta the northem Adriatic
(via Veniee) where it seules, essentially. on-hard artificial
substrates. Olivi (1792) had the impression that this spe
cies was not abundant in the lagoon ofVeniee. 1t should he
noted that the species ha<! becn described from Veniee
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(saxlJtilis Qlivi. 1792) slightly earlier than from England
(rodis Malon, 1797).

It îs dîfficult to believe that Quoyula madreporJlrum
(Sowerby. 1832). well-known in the Indo·Pacific and the
Red $ca as a symbîonl of sclernctinian Teef corn1s of the
genus Pocillopora (see Schumacher. 1976). should have
been able to colonize the Medilerrnnean where its usual
host species do nol exist Whatsoever. GhisonÎ ()968.
1974b) refelTed 10 Q. madreporarum three gastropods
found in the Bari area. southem Adriatic. in a colony of
Cladocora cacspÎtosa (Linnaeus. 1767). a typical Mediter
ranean shallow W3ter scleractinian (Zibrowius. 1980) ; but
Ghisoni also made sorne remarks on dilferences observed
bel.....een these shells and Iypical Indo-Pacific individuals.
An empty shell from the harbour of Aci Trezza. eastem
coast ofSîcily. has also been referred 10 Q. madreporarom
by Di Natale ()979. 1982).

lbe large muricid RafJJIna ,·eoos#(Valenciennes. 1847)
(- R. lhomasiana Gosse. 1861 a ; - R. pontica Nordsied::.
1969; Nordsieck. 1982. mistakenly ascribed the author
ship of R. pontica to Milachewitch. 1916. autbor ofspecies
named pontifica in various olher genera ; for synonymy see
Ghisoni. 1971 ; Mienis. 19761 is native of the north.....es
lem Pacific and is also known from the Pacific coasl of
Nonh America. where il accidentally arrive<! wilh the
Japanese oyster Crassostretl gigas (sec Hanna. 1966).
Probably brought to the new area on ship huUs or with
oysters (Ihe latler means of transpon suggested by Kinzel
bach. 1986) it was lirst notieed in the Black Sea in 1947
and originally ascribed. by mislake. ta the sîmilar bul more
southem. Pacific R. bcZo.7r (Linnaeus. 1767). R. venosa
soon spread throughout lhe Black Sea and became a
considerable nUÎsance in the oyster and musser beds. as
frequently stated in the literature. Il passed the Bosphorus
(Kin1.elb.,.,ch. 1986) and now is currently fished in the
Mannara Sea (B. Oztürk. pers. corn. 1990). Grossu and
Lupu (1964) predicted its penetration into the Mediterra·
nean where il liTS! appeared in the northern Adriatic:
Ravenna (Ghisoni. 1974a), lagoon of Venice where il is
now weil established (Mel. 1976; Cesari and Pelizzato,
1985a, 1985b. Sacchi et al.. 1989). Rimini (Rinaldi.
1985b). GulfofTriesle (Cucaz. 1983). Firsl recol}ls in'the
northern Tyrrhenian Sea were from EIIxl (Terreni. 1980.
1981) and Fonullino. ca. 15 km south of Livomo (Paolini.
1987). Another representative of the genus. Rapana rapi.
formis (Born. 1778). is a lessepsian migrant and has been
found as far north as Rhodes (Barash and Danîn. 1988).

The invasion oflhe eastern Mediterranean by Strombus
dcrorus (Rôding. 1978). a large-sized gastropod occasio
nally exceeding 6 cm. does not appea.r to confonn to
lessepsian migration: unknown in the Red Sea. ils nearesl
ocallTence is in the nonhwestem Indian Ocean (Gulf of
Aden. Arabian Sea. Persian GuIO. while the first localities
to be known in Ihe Mediterranean (laie 19705. ~rly

19805) are on the south C03SI ofTurkey. far away from the
Suez canal (Nicolay and Romagna Manoja. 1983). It has
becn hypolhesized that ils arrivai could have been due 10

navigation. Subsequent records are from LebanOn (Bogi
and Khairnllah. 1987). Cyprus (Bazzocchi. 1985; Bogi et
al .. 1989). Rhodes (Verhecken. 1984; Barash and Danin.
1899). and from additional Iocalilies in Turkey (Tringali
and Villa. 1990). Prior to this recent invasion. the genus
Strombus had becn eXlinct in the Mediterranean since the
Pleistocene. the fonnerty represented Strombus
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bubonius Lamarck. 1802. surviving only on lhe wesl coast
of Africa.

GASTROPODA OPISTHOBRANCHIA

lbe large aplysiid 8uTSJltellJl /eJlehi Blainville. 1817. is
the most successful of the immigrant Indo-Pacific opistho
brunchs and accordingly is menlioned in many publica·
tions. mast records being referred to the subspecies savig
niaJl3 Audouin. 1826 (Bebbington. 1972; Ghisotti.
1974b; Barnsh and Danin. 1973. 1977. 1986; Por. 1978;
Tonorici and Panetta. 1917; Parrinello and Catalano,
1978; Catalano et al.. 1978; Piani. 1980: BeUo. 1982;
Cattaneo and Barletta. 1984; Vaccarella and Postorelli.
1984: Vaccarella. 1986: JakIin and Vio, 1989). It is
comman in the Levantine basin ...."here il appears 10 have
no native competitor. Il has progressed to Groece (Rhodes
and Aegean Sea) and has auained the lonian Islands.
Malta. Sicily. soulhem ltaly (Bari and Taranto areas). and
the nonhem Adriatic. Locally (Sicily. nonhem Adriatic).
the subspecies B. /eachi savigniana ""'aS said ta encounter
the nominale subspecies B. leac:hi leachi. but Julin and Vio
(1989) consider that distinction ofsubspecies îs not justi
lied and the colonizalion of the Mediterranean is entirely
Icsscpsi3n (opinion shared by Ph. Bouchet. per.>. corn.
1990).

Originally described from the Red Sea. Chromodoris
quadricolor (Rlippell and Leuckan.1872) a1so exislS in the
Indian Ocean (Tanzania) but had been confused elsewhere
in the Indo-Pacific wilh severaJ similar species (sec Rud·
mann. 1982). Cattaneo Vieui (1986) referred to it a
nudibmnch from Capo Mortola (Imperia) on the Ligurian
coast. nonhweslern Mediterranean. and suggested that it
courd be an immigr...nt species previously not reœrded
from the Mediterrnnean. It appears that the Ligurian
opisthobrdnch was correctly identified (Ph. Bouchet. pers.
com. 1990).

When first deseribed from nonhwestem Corsica. Fryt!
ria ba)'i Bouchet. J983. was the fiTSt representalive of this
Indo-Pacific nudibranch genus to be known from the
Medilerrànean. Although Bouchet did not entirely exc1ude
that it could he a lessepsian migrant. he considered it to be
likely an autochthonous Mediterranean species in a genus
natural1y more widely dislribuled and possîbly to he found
also in the Atlantic. New records from the Straits of
Gibraltar have subsequently confirmed this imerpretation
(Ph. Bouchet. pers. corn. 1990).

The large-sized IClhyid Melibe fimbriata Alder and
Hancock. 1864. previously known from the Indian Ocean.
has becn reponed (countless specimens. up to 14 cm in
lenghl) from ASlakos Inlet on the lonian coasl of Greece
and been considered as a lessepsian migrant (Thompson
and Crampton. 1984: Barash and Danin. 1986).

GASTROPODA PUlMONATA

An alien species. 5iphonaria I.:urracbaensis Reeve.
1856. has becn reported from the coast of Israel as a
lessepsian migram (Barash and Danin. 1977; Por. 1978).
SiphoJl3ria from the Athens area. Greeœ. has been referred
10 Siphonaria poctinal. Lînnaeus. 1758. by Nicolay
(1980). a species known from the eastern Atlantic (Por
tugal 10 Angola). If correctly idemified. ilS isolated (?)
occulTence in Greece would suggest a recent introduction_



BIVALVIA OSTREIDAE

Oyslers are by fur the most transferred commercial
bivalves. For various purposes they often have been trans·
ferred over greal distances. (rom one continent or ocean to
aoother : for live storage priar 10 sale; in order to be grown
(rom introduced spa!; or to he introduced mio new areas
for sustaining an oyster industt;'. These large scale oyster
movements \\-"ete slaned in the 19th century. Transporta
tion by ship and rail W.lS replace<! by air freight in the
1960s. Various a1ien species of oysters have thus been
brought 10 the Mediterranean «(requently togelher .....ilh the
accompanying (auna). There appears 10 exisl no precise
înventory of these introductions, or whether they prave<!
"successful" or nol. Daw are widely dispersed, including in
technieal reports. and il i5 probable that many introduc
tions (not only among the early ones) did not leave traces
in official records. Accordingly one can have ooly a vaguc
idea which species of oysters have been (tematively) intro
duced and where they came from (not necessarily straight
from their native area). The remarks below should he
considered as merely indicative. Addilional species may
have been brought to the Mediterranean.

It appears that originaUy Cr:tSS()str~a angu/al;l (La
marck, 1819) was limited 10 the southwest of the lberian
peninsula before transfers 10 other areas in Europe ....-ere
staned in the 19th œmury. Given the affinities between thal
"Ponuguese" oysler and Crassoslrea gig1JS from eastem
Asia (molllhologicaJ resemblances. easy hybridization).
sorne authon even hypothesized Ihat Portuguese sailors
might have inlroduecd the oyster From Japan to Portugal as
early as in the 16th century. In the laie 19th century C.
angu/ata staned 10 be imported 10 oyslerparks on the
Allanlic coast of France wherc it finally became cstablished
(Pérez. 1906: ICES. 1972; Marteil, 1977: Andrews,
1980). Il is said thal a wholc shipment Ihrown overhoard
for sanitary rcasan in the Gironde estuary in 1868 largely
eontributed to the suecessful seuling in that area. C
ungulata was then transferred 10 the Meditermncan coast of
France. from both the Atlantic COllsl of France and straight
From Portugal. Especially in Etang de Thau it had thus
become a main rcsource (Raimbault. 1964 ; Pallio. 1981).

Tentative introductions to ltaly (lagooo of Fusano) date
back 10 1905 and have been reconducled at a larger scale
From 1966 on. on lhe Tyrrhenian coast (La Spezia. Ru
micino. Iagoons of Fusano and Paola, elc.). in the lonian
Sea (Taranlo) and in Ihe northem AdriatÎc (Venice). These
inlroductions implied multiple transfers , oys!ers from the
Gironde estuary even transiled by Etang de 11lau and (he
Arcachon basin O, e. back to the Atlantic) before arrîving
in ltaly (Matta. 1969). C. anguMta of uncertain origin has
been discovered in the Po delta. and populations have been
reponed from the lagoon of Veniœ (Malla, 1970: Ghi·
sotti. 1971b. 1971c: Renzoni, 1974: Costa et al.,1976:
Poluui et al. 1981 : Cesari and Pcliz1..310. 1985b). Proba
bly, C. angulat3 ms becn dispersed more widely throughout
the Mediterranean.

Native ofnortheastem Asia (Sibiriun coast orthe Japan
Sen. Korea, Japan). Crassosirea gigas (Thunberg. 1793)
is now the most widely distributed oyster. introduced
world·wide in temperate 10 tropical seas (Hawaii. Pacifie
coast of Nonh America. South Pacifie Islands. New Zea
land. Australia. Mascarene Islands. nonhern Red Sea.
South Mrica. Brazil ; Atlantic coasts of France. Europe and

Morocco; Mediterranean. etc.). Partial inventories of
earlier transfers can be found in Walford and Wick.lund
(1973). Mann (1979). Andrews (1980). ICES (1972.
1982). Coleman (1986). HUlchîngs et al. (1987). Intro
duction to Europe staned in Fmnce in the late 19605. firsl
on the Atlantic coast. then in the Meditemme.an (Maurin
and Le Dantec. 1979). The official version is that "the first
specimens of C. gigas were probably imported about 1966
by French oystennen in response to the dedining produc
tion of CmSSQsrrca angulata" (Grizel. 1983; Ste also
Grizel and Heral, 1991). Oyslcrs were imported on large
scale by air freighl from Japan and later also from the
Pacifie coast of North America. Particular aspectS of the
introductions (nonconformity to quarantinc conditions
lcading to the joint introduction of accompanying fauna.
parasites and oyster diseases) have been commented else
where (Gruet et .11..1976: Zibrowius. 1978. 1983b; Ben
Maïz et al., 1987). The Japunese oyster has also been the
vector for the arrivai in European waters (Atlantic and
Medilerranean) of various alien seaweeds. probably indu
ding Sarg;/ssum muticum as the most conspÎcuous one.

Early unconlrolled introduclions of C. gigas perfcctly
iIIustrale what could have been a main action confonning
to a black humour proposai (Sinderman, 1991): the "In
ternalional Decade of Indiscriminate Ocean Transfers {Pro
ject IDIOT)". The core of project being "a decade o(
delibemte unrestricted movements of animais and plants
(rom one place to another. whether for aquaculture. orna·
mental purposes. or for any olher resson (or no reason at
a1l). Theo. after the expccted great ecosystem disruptions
and epizootics subsided (which mighl take half a century
or 10nger).lhere would he no need forconcem about fulure
introductions. no oppressive regulations. no inspections at
any border for diseuses or pests".

As soon as il WdS implllntcd in France. including lhe
lagoons of the Medîtermnean coust. C. gigas was a[so
introduced elsewhere in the Mediterranean (Italy. Aigeria.
Tunisia, Malta, Cyprus.... ). In ituly lhe Adriatic lugoons
(Venice. Grado. VanlIlo. Foggia. etc.) were specially targe·
ted(BJundoctal..1972;Yallietal..1979:Rinaldi.1985;
Cesari and Pelizzato. 1985b). Hrs·Benko (1982) reponed
larvae of C. gigas From the plankton of the Limski Kanal
in Ilonherm Yugoslavia ; this showed lhat the oyster was
colonizing new areas From its st..'lr1ing points on the Italian
coast. Agius et aL (1971. 1978) reported the Iirst introduc·
tions 10 Malta. Infonnation on carly introduction in Tunîsia
is found in Madhioub and Zaouali (1988).

Saccostœa commercialis(lredale and Roughley. 193))
is native of the soulhwesl of Australia (New South Wa1es)
and has occasionally been transferred to Tasmania (Hut
chings et al.. 1987). Cesari and Pelizzato (198Sb) repOlted
ilS recenl introduction (details unk..nown) in the lagoon of
Venice (also mentioned by Sacchi et al.. 1989).

BIVALVIA OTHER TIlAN OSTREIDAE

Arcîdae of Indo-Pacific origin of the genus !)cllpharca
have been reported from the Mediterr.mean under six
different names. but there are fewer spccies involved. III the
southeast (Sinai and Israel) S. lJata/cnsis (Krauss. 1848)
is considered as a lessepsian migrant; S. rufescens (Reevc,
1844). previous[y reported From the same area. may be lhe
same species (Barash and D'Jnin. 1973. 1977; Por. 1978).
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On the CQasts of ltaly the names S. in1lequirll/ris (Bru
guière, 1789) and S. corne1l (Reeve, 1844). have been
used. the former having priOrilY (al5O over S. rufescens and
S. naf8/ensis). according 10 Ghi50tti and Rinaldi (1976).
Ftrst nollced near Ravenna in the nonhern Adrialic. where
an accidentai inlTOduction by ship lnlnspon is mes! likely.
S. intlequivajvis rapidly invaded the Adriatic 10 the nonh
and 10 the south (Ghisotti. 1973. 1974b; Ghisotti and
Rinaldi. 1976; Rinaldî. 1977. 1985b; D·lnuono. 1980;
Lazzari and Rinaldi. 1981; Poluzzi et al.. 1981; Cesari
and Peflizzato. 1985b; Taviani et al.. 1985; Sacchi el al.
1989; etc.). Its capacity to survive in cxueme conditions
has a/sa been noted and the littrature record bas bea:Jme
aoondant. The species bas further been reponed from the
coasts of Calabria and Sicîly (Di Natale.1982) and even
earlier from Naples and Gell(lYa (Ghisoni and Rinaldi.
1976).11 has also senled in the Black SCa. where it was first
reported from Romania (Gomoiu. 1984; Tiganus. 1988).

Demir (I977) reported an Arcidae abundant in the
harbour of Izmir. Aegean coast ofTurkey, weil known for
its heavy pollution; it \VaS then ceferm:l. 10 S. aInygda1um
(Philippi. 1847). a preocœpied name [hat was replaced by
S. demirl Piani, 1982. Pending a detaiJed comparison of
the fOTms reported as differeJll species (5. nataJensis/JUfcs
cens, S. /naequivaJsis/comea. S. demiri/amygdaium) from
different pans of the Mediterranean, its remains uneertain
whether more than one invading species is invo1ve<!.

The mytilid Brllcbidontes semistrilltus (Krauss. 1848)
(- B. variabjJ/s (Krauss, 18481 is a vel)' suceessfullessep
sian migrant that rapidly oolonized tile southeastem
Mediterranean (Barash and Danin. 1973. 1977. 1989;
Fe1senoorg and Safriel. 1974; Por 1978; Kinzelbach.
J984 ; Tringali and Villa. 1990) and te Ote wesl attained
the CQasts of Calabria and Sicily (Di Geronimo, J971 ;
Arcidiaeono and Di Geronimo. 1976; lanca, 1976;
Berdar et al.• 1977; Di Natale. 1979. 1982).

The mytilid MUSClllist1l s('nboas/1I (Densen in Cantor.
1842) is native of East Asia. from the Sibirian coast of the
Sea of lapan to Singapore. 115 arrivai on the Pacifie coast
of North America was probably due to accidentai transfer
witb the Japanese oyster Crnssostrea gigas and lead to
defmite establishment (Carlton, 1975. 1979). Sta!ting in
1980 and 1982 respecti\lely. M. senhousia aise proved to
he a sucees.sful colonizer in New Zealand and Australia
(W"tIlan. 1987; Hutehings et ai., 1987) where it probably
arrived among fouling on ship hulls or as larvae in ballast
water. M. senhousia is opportunistic in i15 ecology, able to
adapt to a variety of habitats. both on soft and on hard
bonoms. By establisbing dense colonies (mat ooilding), it
may radically alter the biota and stabilize fine sed.iment$ ;
colonies may be 50 !hick as 10 exclude infaunaJ species.
Accordingly. i15 arriv.ll in New Zesland and Austra1ia was
greeted with much concem.

M. senheus/a WaS part ofthe alien fauna imported to the
Atlantic coast of France together with the Japanese oyster
Crassosrrea gigas (Sec Gruet et al.. 1976). Hoenselaar and
Hoenselaar (1989) then reponed this species from two
lagoons of the Mediterranean coast of France (discovered
in 1982 in Etang de Thau ; mQre recent records in Etang
de Leucafe). Acoording ro Hoenselaar and Hoenselaar, Ihis
is identical with Modio/a (Ncu1Ita/a) tlrcualu/lI Hanley,
1844, considered of wide Indo-Pacifie distribution. Under
the latter name a bivalve bad been reported by Barnsh and
Danin (l97t) from the Mediterranean coast of Israel.
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Independently. the alien bivalve has summarily been ceper
led by Clanzig (1989) as Arcuatuia cf. senholJsia from
three lagoons on the Mediterranean cast of France (Etang
de Salses·Leucate since 1985. Etang d'Or and Etang de
Thau since 1988), information that confirms that by
Hoenselaar and Hoenselaar (1989). GÎ\'en !he extensive
shel1fish culture in the Languedoc lagoons and the related
invasions by many aliens. M. senhousm undoubtedly was
brought in together with shipmen15 of Crassostrea gigas.

The pearl oyster Pinclad/l radiattl (Leach. 1814) was
considered a low-probability lessepsian migrant by Por
(1978). who admitted that it may have eutered the
Mediterranea.n previous. 10 the consuuction of the Suez
canal. or that i15 presence in the Mediterranean might he
pan ofa wide ciTcurntropical dislribuûon (presence in the
Gulf of Gabès. Tunisia, was noticed as early as 1890).
Whatever. P. radiata is present in the Red Ses and the Suez
Canal and is now abondant throughout the Levantine basin
(Barash and Danin. 1973, 1977. 1989a. 1989b. Por.
1978; Zibrowius and Bitar, 1981; Kinzelbach. 1984;
Tringali and Villa, 1990) and sbows a tenck:ncy of dynarnie
expansion away &om chis ami ; in the north it has altained
Cyprus. Rhodes. Turkey and Greece. in the west Malta,
Sicilyand the AeoJian Islands (Barosh and Danin, J9873,
1988; Ghisoni, 1974b; Di Natale, 1982). The rapid
spreading of P_ radiata may have benefited from dispersal
by ship-bome individuals, as it is suggesled byan observa
tion made in 1977 in Toulon harbour, France; severa!
specimens were present in the fouling community sampled
on a ship that arrived via the Suez Canal after a croise of
7 monlhs in the western Indian Ooean (Zibrowius. 1979).

SCrbetis (1963) referred to anolher lndo-Pacifie pearl
eyster. Pincllt(/a marg1lritifer. (Linnaeus. 1758), popuÙl
tions discovered in 1961 in the Atbens area. He even
transplanted the pearl o)'Steni 10 other areas in Greeee with
the intention of ereating a pearl industry. Most Iikely these
pearl oysters were misidentifieJ P. rad/al1l. a species fuat
Kalopissis (1982) reponed from the ume area near Athens
(Saronikos GulO.

Pelrico/a pho/1Idi!ormis Lamarck, 1819, native of the
Atlantic coast of North America, is able to bore in rather
sot!: substrates (clay, chaIl, consolidated mud. elc.). ln
southem England it was first found in an ares where the
American oyster CnJSSaStfrJI Yi1'gink3 bad been imported.
It then cxtended its range a]ong the Atlantic coasts of
Europe and also colonized the Mediterranean and the
Black sea (Duval, 1963; tCES, 1972; Tebble, 1966).

The venerid RtJdilapes phi/ippinarum (Adams and
Reeve. 18S0). with a rich synonymy (- R. japonica (Des
haye;. 1853); - R. scmidecus.sata (ReeYe, 1864); occa
sionally referred te the genera Paphia. Tapes. Venernpis/.
is native of the western Pacifie. Accidentally introduced. it
became an impolUlnt commercial species on the Pacifie
coast of North America; probably it had arrived together
with the Japanese oyster Crsssoslrea. gigas (Hanna, 1966;
Carlton. 1975). R. philippinarum bas intentionallY been
introduced in France, first on the Atlantic coast (lSTM.
1977. 1979; Maurin 1980; tCES. 1982. 1983). then in
the Meditemnean lagoo85 of Languedoc (Bodoy et al.
1981 ; Maitre·AlIain. 1983a, 1983b. 1985). In ltaly, if was
tirs! established in the lagoon of Venice (Breber, 1985;
Cesari and Peliz:zaro. 1985b; Sacchi el al., 1989). Hybri·
dization wilh indigenous species is unlik.ely to occur (Dorsa
and Thiriot-Quiê:vreux, 1990).



The venerid Merœnaria mercenaria (Linnaeus, 1758)
from the Atlantic coast of North America became establis
hed in southem England and on the Atlantic cœst of
Fran<:e by intentional and accidentai introductions started
in the 19th centul)'. A flf'St tentative introduction to the
Medit~mmean coast of France (no further details are
reponed) was contemporal)' with those on the Atlantic
coast (Bretagne, 1863; Fischer, 1864, 1865). The intro
duction has been tried again, successfully, beginnîng in
1965, in the lagoons of Languedoc, espedally in Etang de
Thau, with specimens from Connecticut and the Atlantic
coast of France (Bascheri, 1965, 1969. 1970). M. merce
nada is oow weU established there.

POLYCHAEfA
(GENERAL INFORMATION)

Based on literature lhat unfortunately comprised sorne
panicularly unreliable aider publications, Por (1978) listed
9 s~cies of polychaetes (inc1uding one species of Serpuli
dae) as high-probabîlity, and 14 species (inc1uding one
species of Serpulidae) as low-probability lessepsian mi·
grants, and 20 species (including two species of Serpuli
dae) as antilessepsian migrants. A partial correction and
updating was provided by Zibrowius ( 1983b) ; in particu
lar, it was stated that considerably more serpulid species of
Indo·Pacific origin had settled on the Levantine coast. Por
(1989, 1990) was able to refer to new data obtained by
Ben-Eliahu (1989, 1991b) on Nereidae (6 species) and
Serpulidae (sec below), whereas data for other polychaete
families remain problematical.

POLYCHAEfA SERPULIDAE
AND SPIRORBIDAE

The serpulids of Red Sea/lndo-Pacific origin presently
known from the coasts oflsmel and Lebanon are; Hydroi
des cf. brachYBcllnlha Rioja, 1941 : H, noyaeponmrera
nise Augener, 1925 1- H. grubeiPillai, 1965J ; H. hetero·
cers (Gmbe, 1868); H. homoeera Pixell. 1913; H.
mÎnax (Ombe, 1878) ; H. opercuJata (TreadwelL 1929) :
PQmalolcios kraussÜ (Baird, 1865); Spirobranchus te·
traœros(Schmarda, 1861) (sec Laubier, 1966 ; Zibrowius
and Bitar, 1981; Ben-Eliahu. 1988, 1989, 19913; Ben
Eliahu and Hove, 1990, 1992). ln addition to active
dispersal by planktonic larvae, passive dispersal as ship
fouling may have conlributed to lh~ir present range. In faet,
most of lhese species, together with HJ'droit/es ~/biccps

(Grobe, 1870), and H, stcinitziBen-Eliahu, 1972 (both of
Red Sea/lndo-Pacific origin). have also becn found amang
the fouling sampled at Toulon harbour from a ship arriving
from the Indian Ocean via the Suez canal (Zibrowius,
1979). As for Pomatoleios kraussii, it is wide-spread in the
Indo-Pacific (from lapan to South Afrien) and also occurs
in the Gulf of Guinea. This disjunct distribution may weU
be due to early dispersal by navigation (Zibrowius, 1983b).

Comprising world-wide > 80 species and partÎcularly
specious in tropical seas, the genus Hydroides is predomi
nant not only among lessepsian migrants, but also includes
the lhree earliest alien serpulids in the Meditemmean
(Zibrowius, 1971. 1973, 1978, 1983b; Zibrowius and
Thorp, 1990). Hydroides dianthus (Verrill, 1873), H.
dirampbll Moreh. 1863, and H. e/~ans Haswell. 1883.
have been collectee:! together at Naples from harbour fou-

Iing as carly as 1888, H. e/egans being quantitatively
dominant (an association cum:ntly observed in present
harbour fooHng thtoughout the Mediterranean). But two
species cao be traced to an even eariier date, H. dianthus
al Izmir (ye.ar of publication 1865) and at Trieste (year of
coUecting 1874) ; H. dirampha at Naples (year of publica
tion 1870). Allthree species are now widely dislributed in
the Meditemmean in harbours and coaslal lagoons. The
distribution is disjunct leaving out "natural" habitats of full
marine salinity, except in areas immediately adjacent to
harbours. Within this pattern, H. dirompha appears to he
absent From the northemmost parts of the Mediterranean
and to be more frequent in the south; i15 origin could be
the tropical American Atlantic. H. e/egans (frequently
confuse<! ""i1h the autochthonous northeaSlem Atlantic and
Mediterranean H. norvegica Gunnerus.1168) alsa appears
to he of tropical/subtropical origin, but its native area is
even less evident ; being tirst described from Austra1ia does
not proY(: an Australian origin. H. dianthus appears native
of the Atlantic cœst of North America where it occurs in
a vanety of"natural" habitats. Possibly Ihe arriva! with ship
fouling orthe Ihree Hydroidesspecies in the Mediterrnnean
considerably antedates their fil"it records. Considerable
fouling nuisances by H. elegans have been described by
Parenzan (1965) and Paoletti and Sebastio (1973).

Ficopomafus enigmaticus (Fauve!. 1923) probably was
brought to Europe with ship fouling during the tirst world
war. Dense brackish water populations were tirsl noticed at
London harbour and in a canal of northem France (Zibro·
wius and Thorp, 1990). A few years after its description F
enigmaricus invaded suitable biota in Ihe Meditemmean
where il is now wide-spread in coastal lagoons and estua·
ries. Its apparition in San Francisco Bayat the close of the
first world war, as evidenced by local newspaper aCCOUfl[S

(Carlton, 1975)_ was about contemporary with its appari
tion iD Europe. Fauvel's hypothes.is of an Indianflndone
sian origin can he mled out: other species of Ncopomatus,
but not F. enÎgmst;cus, exist in that area (Hove and
Weerdenburg,1978). The origin From a subtropical to
tempera{e arca, eventually southern Australia. appears
more likely (Zibrowius, 1978, 1983b).

The Spirorbidae Spirorbis marioniCaullel)' and Mesnil.
1897. and Pi/co/aria berkeJeyanll (Rioja. 1942) have
originaUy been described from the eastern Pacifie (Panama
and Mexico). In 1979 bath species wtre discovered on
stones in a harbour al Marseille where they did oot exist
sorne years before. Investigations of harbours and adjacents
areas motivated by this discovery and condueted for several
yean showed thal the two alien species were differently
dislributed in the Mediterrn.nean (Zibrowius and Bianchi,
1981; Zibrowius, 1983a, 198Jb). P. berkeley,ma was
found limilcd 10 harbours in U1e Marseille area sensu lato
(from the Gulf of Fos in the west tO Les Lecques in the
east) whereas S. marioni was already wide-spread, from
Morocco through Spain and France ta Italy (southem Iimit
of explorations at Monte Argentario promontory), indu
ding Elba, Corsica and Sardinia. 80th species frequently
occur in dense populations. It was also found that S.
man'oni and P. berke/eyana bac! becn present in the
Marseille area_ and S. madoniat Genova, as carly as 1977.
80th spirorbids are able 10 spread from harbour to harbour
by ship navigation since many of the investigated harbours
shelter mainly small sailing and motor boots that do not
travel far. S. marioni appears ta have better spreading
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abilities. but the previously studied coasts should he chec
ked again in order to see whether P. berke/cyana bas
exltnded its arca.

ln 1987 S. marionihas also becn found in Izmir Bay and
elsewhere on Ihe Turkish coast of Ihe Aege-dn Sea. a'ways
in harbour areas (Knight-Jones et al .• 1991). lt would he
of inlcrcsi to extend these investigations in view of alien
spirorbids to other parts of the Mcditerranean.

COPEPODA

ln ils native arta, the Japanese oyster Crossostrea gigas
is parasitized by M.rtilicolfl orienl/dis Mari. 1935. and
Myicola aslrelle Hoshina and Sugiura. 1953. 80th cape·
poe! species have negllgent!y been introduced. togetller with
their host_ to the oyster parks of the Atlantic coast of
Fr.mce and of Etang de "Thau. a Mediterranean coastal
lagoon. ln Etang de Thau they were observed for the {irst
lime in 1979 and 1980 (lSTPM. 1977; His. 1979; Pollio.
1981; ICES. 1982; C1anzig. 1989). Bolh species are able
to sertIe on other hast species.

Por (1978) listed 10 benthic and planktonic spe.des as
high-probability and 2 species as low-probability fesscpsian
migrants. Updating remarks taking into account more
recen! publications are found in Por (1989. 1990).
Indo-Pacifie immigrants among the planktonic copepods
are also summarily mentioned by Lak.k.is (1990a_ 1990b).

CIRRIPEDIA BALANOMORPHA

Ba/anomorph bamacles are usually weil represenled in
fouling communities on ship hulls und harbour structures,
bath in marine ~nd brackish waters (Southward and Crisp.
1963; Reuni and Montanari. 1973). Species that are
particularly resistent to low salinities and various aspects of
pollution arc more likcly ta seUle from harbour ta harbour.
The 1Îteralure on balanomorphs in harbour and fouling
communities is abundam and contains many indications on
wide ta cosmopolitan or disjunct distribution (see Carlton.
1975b) and the recent spreading ofvarious species. But Ils

in other groups. the native area of these species often
remains, at best. conjecturaL Balanus species have also
been found as fellow-traveller.;; on imponed exotic oysters.
as reported by Gruet et al. (1976) for the Atlantic coast of
Fr.mce.

11le presence orthe exotic Balanus rCliculafus Utinomi.
1967 (det A.J. Southward) in the fouling community
sampled at Toulon harbour (14.12.1977) from a ship
arriving from the Indian Ocean via the Suez Canal (sec
Zibrowius, 1979), once (!lore i\lustrates that navigation
may be a factor of introduction.

It is noteworthy lhat Elminlus modeslus Darwin, 1854
(see Southward and Crisp.1963) did oot yet coLonize
Mediterranean. This alkn oftempernte Austraiian and New
Zea1and origin proved rnost suc:eessfuJ along the western
European coasts (Derunark to Ponugal). startin& from
England where it arrived during the second wortd war. As
expressed repeatedly (e. g. Relini and Montanari. 1973),
funher spreading can be expeaed.
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CIRRIPEDIA RHIZOCEPHALA

Boschma (1972) summariud infonrnnioo 00 inl1'lXfuc
tion ofthîs group of pamsites together wilh their host erabs.
From the record of a rhizocephalan on Cs11inectes sapidus
Rathbun. 1896. in the Aegean $ca (lGnzelbach. 1965). he
deduced that un:olhylflcus ICXIInUS Boschma. 1933. had
followed ilS hos! species from lhe Atlantic coast of Norlh
America into the Mcditerranean (to be verified).

STOMATOPODA

OrJltOSi/lIi1ltJ mJJSSJlrensis (Kossmallll. J880). a Jessep
sian migrant. is now abundant from Egypt 10 Tuney and
has locally ecooomic importance for fisheries (Por. 1978;
lewinsohn and Manning, 1980 : Koka~. 1981 ; Tom and
Gali!. 1991).

COCltrary ra crroneous old records. anather lndo-Pacitie
s1omatopod. C'onodactylus f:lkslus (ForsskâL 1775). is
not established in the southeastem Mediterranean (Man
ning. 1977: Por, 1978: Lewinsohn and Manning. 1980:
R..B. Manning. pers. com. 1991).

DECAPODA

Being a "popular" group. decupods arriving in new
areas. especially when establishing reproducing popula·
tians. halJl:' a/ways special attcnfion. Crabs are quite olten
found on ship hul1s; e. g. Catta (1876). Bertelsen and
Ussing (1936), Boschma (1972) and Holthuis and Gou
lieb (1958) QUOted V3riOUS cases of exolic species acci
dentally tnmsponed to European waters. but unable to
settle. Pesta (1918) /isced a few exolic species ofDecapoda
previously rcported from the Adriatic Sea. In his opinion
these were likely 10 include two categories: erratie indivi
duals Ihal had been tmnsported to the Adriatic on ship
hulls. and specimens inverted and l11islabelled in museum
colleelions. Other means of transpol1 discusscd in the
liternture include ballast water tanks and oyster transfers
(Carlton, 1975. 1979).

A more modem version of travelling is by drilling
platform. Relini Orsi and Mori (1979) found an ovigerous
fernale of the wide-spread Indo·Pacific portunid crab Tba·
I:lmila gloriensisCrosnier. 1972. among the hrieh tropical
fauna" of a platefonn towed to Genova harbour from the
lodian Ocean via the Suez canal They a1so reported an
ovigerous fernale of T. glon"ensis from a rock. pool on the
west coast of Sardinia, and predicted the funher spread of
the species that appears able 10 seule in newenvironments.

The native area oflm: porfUnid crab Cal/ince/es SHflidus
Rathbun. 1896. is the western Atlantic where it is commer·
cially fished (Blue Crab) along the coast of North America.
Its first record from Europe was from Rochefort harbour in
the Bay of Biscay (Bouvier.190!), but only much 18ter
additional records became Imown from various arcas on ÙJe
Atlantic coasts. the Mediterrancan and the Black Sca. The
main records are given here arranged in geogmphica1
order; Denmark (Wolff, 1954: CQpenhagen). Germany
(Kûhl, 1965: Elbe estuary). the Netherlands (Hanog and
HoJthuis, 1951: Hohhuîs and GOlllieb, 1955; ICES,
1983). Bay of Biscay (Amanieu and Le Dantec. 1961:
Gironde estuary). Portugal (Gaudêncîo and Guell1l. 1979;
Tejo estuary), Ligurian Sea (Tortonese. 1965: Genova. La
Spezia), Sieily (Cavaliere and Berdar. 1977; previoos



records by Ghisoni, 1966, and Torchio, 1967. were
mistaken and referable to Portunus pelagjcus. see Torchio,
1968, and Ariani and Serra, 1969), MaLta (Schembri and
Lanfranco, 1984), Adriatic (Gîordani Soika. 1951, erra
neously under Neprunus pelagjcus; identification revised
by Holthuis and Gottlieb, 1955; see also Froglia. 1972.
and SteVèiê, 1990), Aegean Sea (Kinzelbach, 1965;
Georgiadis and Georgiadis 1974), south coast of Turkey
(Kokata~, and Katagan, 1983), Cyprus (Lewinsohn and
Hollhuis. 1986), Lebanon {Shiber. 1981). Israel (Holthuis
and Gottlieb, 1955: Snovsky and Galil, 1990). Egypt
(Banoub. 1963; Ramadan and Dowidar, 1976; Abdel
Razek. 1987), Sea of Marmora (Georgiadis and Georgia
dis. 1974; Müller. 1986; Istanbul fishmarket), Black Sea
(Monin, 1984), Il is notewonhy thal C. sapjdus. which
proved to be Il successful oolonizer of the Mediterranean
and Iocally of economic importance, alsa settled in Japan
(Williams. 1984).

ln the Aegean Sea, C. sapjdus has been found infested
with a rhizocephalan parasite (Kinzelbach, 1965). Without
[he opportunity of verifying, Boschma (1972) presume<:!
that this was Loxothy/acus lexanus Boschma, 1933. known
from the American Blue Crab populations,

The pDr1Unid crab Necorll pubcr(Linnaeus,1767). for
merly known as Macropjpus puber and common on the
Atlantic coaSLS of Europe. was said to he rare in Ihe
Mediterrranean since imprecisely reported from only a few
Iocalities (review by Holthuis, 1987), But Zariquiey Alva·
rez (1968) al50 stated thal it was frequent in the mussel
parks of Barcelona that received mlL<;se!s from Galicia.
nonhwestern Spain. In the Marseille area where the species
had been l'llrely nOliced before. il became abondant by the
end of the 1970s. espccially at the Fos oil tennînal and on
the jetty of the electric plant of Martigues·Ponteau, at the
entrance of Gulf of Fos (the neotype seleetcd by Holthuis,
1987. cornes from that locality). The populations possibly
originated from ship·borne specimens. The occasional (?)
presence of N. pubcr llear Athens (Holthuis and Gottlieb,
1958) may be due to the same type of introduction.

The freshwater grapsid crab ErjOc!lCjr sjncflsis H. Milne
Edwards. 1854, migrates 10 the eSluaries for reproduction,
Native of China. it has been found in Europe for the first
lime in 1912 in a river ofnorthern Germany. Il probably
had arrived with ballast water in a harbour ofthe North Sea.
E. sjnensjs subsequently invaded northern Europe to the
east (Finland) and to the west (France) and locally became
very abundant (Peters, 1933; Peters and P3nnîng, 1933:
Hoestland, 1948; Elton, 1958). By following an artificial
waterway (Canal du Midi) the crab appeared in 5Oul.hem
France and invaded the Languedoc lagoons (first captUred
in 1959, many captures from 1967 and 1968 : Petit, 1960 :
Pelit and Mi20ule, 1974).

A typica1 northeastem At!anlÎc species, the cancrid crab
c.lICH Plurus Linnaeus, 1758. bas occasionally becn
reported from the Meditermnean, including in the older
literature; Olivi's (1792; pl. 1) precise iIluslration of a
large specimen from Venice (as Cancer limbriatus; "found
on\y once, erring in the Lido harbour") excludes any
doubts on ilS identity, L. B, Holthuis (pers. èom. 1990)
al50 considers authentic a record from Livomo in 1828
(specimen in the Leiden museum, with the collectors
detailed account of the locality).

Zariquiey Alvarez (l968) summarily referred to early
fm)rds from Greece. Naples and Marseille. The record

from Greece (Peloponnese) by Guerin-Méneville (l832:
quoted by Holthuis and Gottlieb, 1955) may be confused
since C. pagul'lJs is said (0 occur "every where, but to be
less common than on our (i.e. the Frenchl coas15". As for
Naples, Costa (1838) did not report it from there even
though he inc1uded it in the Fauna dei Regna di Napoli.
Since the kingdom of Naples reached the (5OuthemJ
Adriatic, Costa referred 10 Olivi's (1792) record from the
lnonheml Adriatic. stating that C pagurus had not yet
been setn on the "Mediterranean"(i.e. Tyrrhenian] coast.
This contrasts with the precise reœrd from Marseille by
Gourret (1888); from the entrancc to the harbour and
from a Iocality close to the harbour (mos( Iikelyaccidental
and isolated introductions. set below).

Pesta (1918) admiued tbal C. pagUIUS Ilaturally occurs
in the Adriatic as a very rdre species. References compiled
by Pesta inc1ude Helier (1863) and Graeffe (1900). Helier
had no original data and vaguely referred to the literature
for previous records (Veoice, but al50 Genova, Naples, and
Greeœ): his vague indication 00 the occurrence "in
grenter depth at the Venitian coast" may be a very liberal
interprewion of Olivi's ( 1792) precise: indication, Origînal
information by Graeffe (1900) appears reliable; a speci·
men obtained al Trieste from local fishermen has been kept
in the aquarium of the Zoological Station for more than one
year. SteVèiê (I985, 1990) also knew about old records of
C. p8gurus from the Adriatic but referred to Marchesetti
(1882). who had expressed a doubt about iLS natural
occurrence. presuming that specimens on the fish mark.et
had been imported from the North Sea. However. SlcvCîê
(1985) was able ta report the capture near Rovînj (in
1982) of a large male. This appeared to indicate that C
pagurus occurs, though very rarely. in the Adriatic, but a
doubt subsistcd. the specics beîng again imported for the
ltalian market. And sa it is elsewhere. e.g. on the Medi
terrnnean coast of France. Zariquiey Alvarez (1968) indi
catcd that he had never found C. pt/gurus in the Mediterra
nean ("very rare"). except for the fact that it was corn·
monly imponed to Barcelona from Galicia, northwestern
Spain.

Being a sturdy species. C. pagurus is like[y to survive in
the MediterraneliO when dîscarded from the market and
returned to the sen. Should successful reproduction be
possible on the basis of a small stal1ing population. C.
pagurus might he able to resettle in the Mediterranean
where it was established in the Pleistocene (Berdar and
Guglielmo, 1979).

The gmpsid crab Pachygrllpsus lransrersus (Gibbes.
1850), wîde-spread in lower latitudes of the western and
eastern Atlantic, al50 occurs along the coast of North
Africa and in the southeastem Mediterranean (Manning
and Holthuis, 1981), Previously, in Ihe absence of records
from North Arrica, unccrtainty existed as 10 whether i15
eastem Mediterranean range was connected with the West
African, or found i15 origin in an accidentai introduction
(Holthuis and Gottlieb, 1958), Anyway, this species is
known to tolerate accidentai transponation, ft \V3S descri
bed by Catta (l876) as a new species. PachygI3pSUS
advenus, on the rosis of a population found on the hull of
a ship that arrivcd al Marseille from lndia (Pondichery) via
the Cape of Good Hope, Cana's inventory of the fouling
conununity also included additional species of crabs. iso-
pods, amphipods. cirripedia and green algae,

The importance of the Suez canal as an artificial passa·
geway for the immigration of Indo·Pacific decapods is
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evident l'rom the lists compiled by Holthuis and Gottlieb
(1958) and Por (l978). Por listed 23 species as high
probability and 8 species as low-probability lessepsian
migrants. About 10 more lessepsian migrants have been
added subsequently (Ramadan and Dowidar. 1976; Ab
del-Razek et al., 1981; Shiber, 1981; A1maça, 1985;
Galil, 1986. 1989, 1990; Galil et al., 1989; Galil and
Golani, 1990). Por (1989) considered decapods as one of
the "Icading" groups of lessepsian migration.

The portunid crab Portunus pelagicus (Linnaeus, 1758)
of the Red Sea and Indo-Pacific was the lirst lessepsian
migrant to he noticed in the Mediterranean alter the
opening of the Suez ca.nal (Por, 1978). This species is now
widely distributed in the eastem basin (Holthuis and
Gottlieb, 1955 ; Ramadan and Dowidar, 1976 ; Lewinsotm
and Manning, 1980; Lewinsohn and Holthuis, 1986;
Shiber, 1981; Galil, 1986, 1989; Abdel-Razak, 1987;
Halim, 1990) and has locally become of economic impor
tance (especially in Egypt), heing the dominant crab in
commercial ca.tches ail around the eastern Mediterranean.
Progressing westward, it attained Sicily (abundant in the
Siracusa area) where it is commercially fished (Ariani and
Serra, 1969; Lewinsohn and Manning, 1980). First re
cords l'rom Sicily had mistakenly been referred, by Ghisotti
(1966) and Torchio (1967), to CalfÎnecles sapidus, ano
ther alien portunid (identification revised by Torchio,
1968, and Ariani and Serra, 1969),

Lessepsian migrants include penaeid shrimps like Pc
naeu." japouicus Bate, 1888, that are commercially lished
in the eastern Mediterranean (Dowidar and Ramadan,
1976: Galil, 1986, 1989; Spanîer and Galil. 199U. As
reported by Lumare and Casalino (1986) and listed by
Stevéic (1990), P. japonicus has been ca.ught on the
Adriatic coast of ltaly. It is uncertain whether this occur
rence was due to a natural progressive extension of its area
l'rom the earlier colonized southeastern Mediterranean
(including Cyprus: Lewinsohn and I-Iolthuis, 1986), or
resulted l'rom restocking trials in Adriatic lagoons and
sowing in the open sea. 1n fact, P. japonÎcus is now widely
fanned, and this artificial distribution may give rise loca.lly
to new populations in the sea. Larvae have been released,
e.g. in the lagoons of Languedoc, France OC ES, 1983).

ln the Gulf of Naples a shrimp had been identified
(Caroli, 1947), by error, as Processa aeqllÎmana (Paulson,
1875) and considered as an immigrant from the Red Sea.
P. aequimana has further been reported from the North Sea
([arval stages) and considered as a recent importation with
ballast water (Rees and Cauley, 1949; Rces, 1955). The
presumed immigrant has later bcen referred to Processa
parva Holthuis, 195 l, distinct l'rom the Red Sea species
(Nouvel and Holthuis. 1957; Zariquiey Alvarez. 1968).
Finally, the use of the name P. parva was restrieted to the
west African region and the NE Atlantic-Mediternmean
populations were described as a new species, Processa
modica Williamson, 1979, with two subspecies, P. modÎcn
modica along the Atlantic coasts of Europe, and P. modica
caro/if in the Meditcrranean. Por ( 1978) apparently did not
know about this species mistakenly considered as a migrant
of Red Sea origin.

CUMACEA

Por (1978) listed 2 species as low-probabilîty lessepsian
mignmts.
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TANAIDACEA

The wide distribution of Lepfochelia dubia (Kmyer,
1842), subtropical-cosmopolitan according to Miller
( 1968) and also present in the Mediterranean, may be due
ta spreading by means of ship navigation.

Por (1978) listed one species as high-probability and
one species as low-probability lessepsian migrants.

ISOPODA

For evident reasons, wood-boring species of the genus
Limnoria have had early and more attention than other
isopods candidates for transportation by human activities
(Andre and Lamy, 1933). But it is no longer possible to
define the native area of subsequently wîde-spread specie~,

sorne of them present in the Mediterranean.

Sphacroma walkeri Stebbing, 1905, appears ta have its
origin in the northern 1ndian Ocean l'rom where navigation
has taken it to harbour and fouling oommunities elsewhere
in wann seas, including to California (Carlton and 1verson,
1981), Hong Kong (Mak et al., 1985) and the southeastern
Mediterrancan. Additional new records of S. walken(iden
tified by D.M. I-Ioldich, pers. corn. 1986) are l'rom
a fouling community sampled at Toulon harbour
(14.12.1977) l'rom a ship arriving l'rom the Indian Ocean
via the Suez canal (see Zibrowius, 1979), l'rom Alicante
harbour (H.Z" 4.4.1981), and l'rom Tanger harbour (H.Z.,
13.6.1982), just west of the Straits of Gibraltar (the two
latter records published by Jacobs, 1987). S. wa/ken may
now be more widely established in harbour communities of
the Mediterranean.

Originally described l'rom Califomia, Paraccrceis
sculpta (I-Iolmes, 1904) has been found elsewhere in the
tropical Pacific and Atlantic, trans-oceanic shipping heing
the Iikely vector (Harison and I-Ioldich, 1982a). lt has a1so
been recorded l'rom the Lake of Tunis (Rezig, 1978) and
the lagoon of Venice (Sacchi et al., 1983, 1985, 1989:
Fomiz and Sconfietti. 1985) and oould be a reccnt addition
to the Mediterranean fauna. Additional new records
(identified by D.M. I-Ioldich, pers. corn. 1986: published
by Jacobs, 1987) are l'rom Alicante harbour (HL.
4.4.198 1) and l'rom Tanger harbour (HL, 13.6.1982). P.
scu/ptn may now he more widely established in harbour
communities of the Mediterranean.

The sphaeromatid ParadeIJa dÎanae (Menzies, 1962),
originally described l'rom Baja California and subsequently
reported l'rom California, the Marshall Islands, Queens
land, West Austmlia, the Arabian Sea, Brazil and Puerto
Rico (I-Iarrison and Holdich, 1982b), was recorded for the
lirst time in the Mediterranean l'rom Alexandria, Egypt,
associated with superficial algae (Atta, 199 I). Jt may have
arrived with ship fouling. Harrison and I-Ioldich (1982b:
105) found it "noteworthy that in Australia it has been
found only near international ports, often amongst sessile
organisms helonging to groups commonly found attache<!
10 ship's hulls".

Por (1978) Ijsted one species of isopod as a low-pro
bability lessepsian migrant.

AMPHIPODA

Jt is commonly admitted that navigation and oyster
transports contribuled to the present wide distribution of



various amphipod species. Carlton (1975, 1979) listcd
about 15 species as rteent additions to the Califomian
fauna. EspeciaIly v.'OOd borers of the genus C/w/un and
tubicolous species of the genus Corophium (weB repre
sented in lagoon and harbour environments) appear 10 bave
spread world-wide thanks 10 human aclivities. The aspect
of additions to the Medilerranean fauna has not yet becn
widely talen ioto aecount, although it is occasionally
suggested (Taramelli and Scipione, 1977: Diviaceo and
Relini, 1981).

EI1lSmopus pectellicrus (Bate,1862). previously known
in the Mediterranean only from near the Suez canal (coast
of Israel and Egypt) and considered b)' Por (1978) as a
low·probability lessepsian migrant, has subsequently been
found established in the lagoon ofVenice. Known from the
Red Sea and the Indian Ocean. it is likely ta have attained
the northem Adr1atie as a ship-bome species (Moni et al.,
1982: Sconfietti, 1983; Sacchi et aL, 1983, 1985. 1989).

Par (1978) listed 2 species (one heing EJasmopus
peclenicrus) as low·probability lessepsian migrants.

PANTOPODA
The Indo-Paeifie Ammothea hilgendorfi (Bôhm, 1879),

found established in the lagooo of Venice. appears to be a
tecent addition to the Mediterranean fauna, probably intro
duced by ship transport (Moni et al., 1982: Krapp and
Sconfietti, 1983; Saeehi et al.• 1983, 1985, 1989). Il has
IlOwalso becn found in the Soient area, southem EngIand
(Bamber, 1986). .

Por (978) considered Anoplod.ctylus digit:ltus
(Bôhm, 1879) r- A. sazatilis Calman. 19231 from the
Mwiterranean coast of Israel as a high'probabHity Itslltp
sian migrant. According to Stock (1965, 1968) thi!
wide-spread Indo'Pacifie species also occurs in the Antil
1".

BRYOZOA
Various specics of bryozoans are part of the Mediterra·

ncao harbour fouling communities (see Powell, 1969;
Agius et al., 1977 ; Occhipinti Ambrogi. 1981). Sorne are
said to be of cosmopolitan distribution, and mis may in part
he due to navigation (Ryland. 1965, 1967). TricellJlrii.
;BD,ia1tJl Hondt and Occhipinti Arnbrogi, 1985, described
from the previously weil investigated lagoon of Venice
...'here it is active1y spreading (Occhipinti Ambrogi, 1991),
may indeed he a rectnt newcomer from an unknown origin.
Alien bryozoans imported together with exotie oysters have
been reported from the Atlantic coast of France (Grnet et
al., 1976; Hondl, 1984). No similar cases have yet been
formaUy recognized in the Mcditerranean, even though
Agius et al. (1977) found two species of Cellepor:lr;1,
apparently unrecorded from the Mediterranean, on oyster
cultures in Maltese waters.

ln the southeastem Mediterranean, Por (1978) eonside
red 4 species as high probability and 3 species as low
probability lessepsian migrants (mainly after Powell,
1969). Bul it should he remembered that sorne oftbesc: are
known from harbour and ship fouting communities
throoghout wann seas in general, and oot specifically from
the Red Sea and Indo-Pacifi.e. Accordingly, species Iike
lIiJJopot/iDtI fetjetnsis (Busk, 1884) could have arrived in
the southeastem Mediterranean by navigation.

Surprisingl)', Hondt's (1988) siudy of bryozoans &om
the coasts of Israel (Red Sea and Mediterranean) does not
refer to lessepsian migration or other ways of arrivai,
although the presence of lVtltusipora subtorquat:l (Orbi
gny, 1852) is confirmed for the Medite~.

CHAETOGNATHA

ln the Mediterranean this mainl)' planktonic group
appeared to inelude an alien species. Sagitta neglecta
Aida, 1897. reported from Alexandria. Egypt, on the basis
of an unique specimen (Guerguess and Halim, 1973).
While Por (1990) and Halim (1990) inclined to accept it
as a lessepsian migranl, J.P. Casanova (1990) did oot
comment on the case in his study of Red Sea ehaetognaths,
but now indicated (pers. corn. 1991) tbat the illustrations
of the A1exandria specimen suggest an incorrect identifi
cation.

ECHINODERMATA

ln general, human activities appear ta have had compara·
tively titlle impact on the distribution of echinoderms. ln
the Mediterranean alien species have been reported only
from the Levantine area. One asleroid and one ophiuroid
were considered by Por (1978) as high·probability, and
one ophiuroid as low-probability tessepsian migrants. In
fact, the asteroid reported as Asterill~ weg:l Perrier,1875,
or A. burton; Gray, 1840 (sec Tortonese, 1966; Achituv,
1969. 1.973; Achituv and Sheer, 1991) appears 10 have
spread rapidly and to have locally replaced the indigenous,
ecologica.lly simitar Astcrina gibbosa (Pennant, 1777).
There are now at least two ophiuroids of Red Sea origin
weil established on the coast oflsrael : OpbillCtis s1l'igny;
Müller and Troschel, 1842, and OpblufÎs p~Tf'1I Morten
sen, 1926 (dense populations reported from Haifa Bay by
Tom and Galil, 1991).

Tortonese (1947) reported the Red Sea holothurian
Synaptulll reciprocllns (Forsskâl, 1775) from Lake TIm
sah, Suez Canal (observed in 1944/45). Cherbonnier
(1986) found it in the Mediterranean (Israel, Cyprus), but
did not allude to lessepsian migration. although this woutd
be the most likely explanation of the apparent distribution
extension.

ENTEROPNEUSfA

8JI«Og/ossus guerne; Robinson 1927. described from
the Suez Canal (type locality) and subsequently reported
from the Mediterranean coast of Egypt near A1exandria
(problematie identification). was considered by Por (1978)
as a low-probability lessepsian migrant In fact, this un·
confrrmed case in a rarely studied group needs to be
carefully verified.

ASCIDIACEA

Navigation has efficiently contributed to the (world·)
wide distribution, Mediterranean included, that now cha
racterizes various species of ascidians that also, or main1y,
are known from harbour and ship fouting eommunities
(Millar, 1969; Monniot. 1981; Monniot and Monniot,
1983; Monniot et al., 1985). Generally, their spreading
from an area of origin cao no longer he traœd_
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Nevenheless sorne appear ralher recem additions ta the
Mediterranean fauna. Ascidians have also been tmnsfelTed
together with oysters (examples of the arrivaI on the
Atlantic coast of Fmnce in Gruet ct al .. 1976).

The circumlCopical and Mediterranean distribution of
MîcrOCOSnJUS r:\'Jlspcratus Helier. 1878. has been sumo
marized by MOMiot (l981). In the Mediternmean M.
cxaspemtus is known since 1963 as a species related to
navigation. present mainly in !latbouts and neighbouring
ateas. To the localities alteady listed by Monniot (Nice,
Vado Ligure, Savona, Pono Vecchio bay in Corsica,
Tamnto, Bizene) the following localities can he added , Le
Lavandou. Saint-Jwphaël, Cannes (new records in 1982,
C. MonniOL pers. cam. 1983); Pana Maurizio of Imperia
(H.Z, 31.5.1981) ; Magra estuary near la Spezia (Covre et
al., 1989); Nador on rM Mediterrnflean OO'01S1 of Morocco.
The tug "Choroub" examined (H.Z. 13.6.1982) in Tanger
harbour where il had becn transferred ta from Nador, was
round heavify (ouled by M. exasperarus. whcreas elsewhere
in Tanger harbour the species had nOl )'eL senled. It is aise
locally abundant on the Medilcrranean coast of Spain
(Turcn. 1987. 1990; Ramos, 1988; Ramos et '011.,1991).

Originally dcscrihed from the euslem Pacific (Peru) and
llJSO reponcd From BraziJ (MiJJar. 1958), PoJyandriX'arp
zorritclIsis (Van Name, ] 931) was found in the Mediterm·
nean for lhe first time in La Spezia hatbour (Brunetti.
198') where il appears 10 be a recem addition due 10
navigation.

There is no observdtion of ascidians being inuoduced
inte the Mediterranean together with oy1ters. But it shouJd
he remembered lhat ori&inally Cl"8SSOstrea gigas had becn
imported Slr.lighl From lapan lO Elang de Thau, France,
under conditions similar to thase of importations tO the
Atlantice coast. On its arrivai on the Atlantic coast the
Japanese oyster W'àS round 10 carry severa' specic:s of
ascidians (Gruel el al., J976).

Mainly referrinç 10 Pérès (J958), Por (J978) lis/cd 4
species as high·prob..1bility and 3 speci"es as low-probability
lessepsian migrants. Included in the liSl are spccies ofwide.
essential1y (ropical distribution and others of probJematic
identification. The list thus provides an inexact impression
oflessepsian migration among ascidians. Ascidia c:lnnelat~

Oken. 1820. may he the only true lessepsian migrant in the
list (c. Monniot, pers. corn. 1990).

PISCES

Fishes among Ihe lessepsian migrants have always recei.·
ved great anention (Kaspiris. 1976; Ben-Tuvia:1978,
1985; Ben-Tuvia and Golani. 1989; Golani and Ben
Tuvia.1989. J990;Golani.199Q;Por, 1878,1989,1990;
Goren and Galil, 1990; Papaconstantinou, 1990; Golani
and Diamant. 1991 ; Tsimenidcs et al.. 1991).

The arriva.l of many Red Sea species has had a great
impact on the composition of the southeastern Mediterra·
nean fish fauna. Ben-Tuvia (1978) lisled 36 immigrant
spedes and studied the dccrease of number of species away
from the most influenced coasts of Israel and Lebanon.
Sorne species had already reached the Aegean Sea. the Gulf
ofTaranto, and Tunisia. whereas only two successful immi
grall! species have becn found on the Ctetan shelf during
a survey of demersal fisheS in 1988·1990 (Tsîrnenides et
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al.. 1991). Ben·Tuvia (1985) reoognized 41 immîgrdnl
species. out of a total of about 310 species known in the
Levantine area. According to Pors (1990) census. 44
species have atrived, representing not less than 14 families
previously unknown in the Mediterranean. Fredj (1989 ;
see also Fredj and Meinardi, 1989) admited 45 species as
lessepsian migrantS [more reœnL publications slightly in
creased Ihîs numberJ, i. e. 7 % of Ihe 648 fish species
known from Ihe Meditermnean and about 10 % of the 469
species reporled from the eastern basin. Sorne of these
newcomers now fonn dense populations and are important
in commercial catches (Spanier and Gali!, 1991).

CONCLUSION

Man's impact on the composition of the Mediterrancan
marine fauna and fiora is related to three main aetivities :
narigation causcd lhe arriva!, probably over sevef8.I centu·
ries, of species of various origins; opening the sealevel
Suez canal in 1869 produced a passageway for progressive
invasion by species from the Red Sea ; commercial shellfish
movements and intentional introductions (especially of
Crassostrf:.1 sigas since the late 1960s) contributed to
accidentaI introductions, including that of oyster nuisances.
Colonizing by alien species is proponianaJ1y more impor·
tant in harbour, estuarine and other brackish environmenlS
throughout the Medilerranean, and in the near-shore envi
ronments of the southeastem basin. These types of envi'
ronmenls diverge from more standard conditions in the
western Meditermnean. Under the special abiolic and
biotic conditions, including a less diversifie<! fauna ofNonh
A!lantic affmities, potenli.al invaders proved particulsrly
sucœssfuI. in establishing reproducing populations. These
newcomers are now imegrated inlo MediLerranean ecosys
lems. the original slate ofwhich will he diffieull (0 know in
many cases. Varioas alien species acquired negative eco
nomic importance by fouling harbour structures, ship hulls.
cooJing systems. and oyster parks. Others are main corn·
mercially fishcd species in the southeastern Mcditcrranean
(lessepsian migrants among fishes and shrimps). Being
main commercial species also implies being main COnsu,
mers in the food web and competing succcssfully with
indigenous species.
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