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Introduction

The spread of alien biota in the Eastern Mediterranean 
may be the most impressive impact of non-indigenous 
species in the marine realm worldwide. Por (1971) 
coined the term “Lessepsian migration”, alluding to 
the builder of the Suez Canal, but it has now become 
clear that not all Indo Pacific species reached the 
Mediterranean through the Suez Canal, and that 
shipping has a large share as their primary vector 
(Zenetos et al. 2012: Fig. 7).

The timing of this invasion has until recently 
left Tunisia outside the mainstream of Indo-Pacific 
aliens. A baseline exploration of the Gulf of Gabès 
was carried out in 1982 by Muséum National 
d’Histoire Naturelle, Paris and, although very 
little has been published based on this material, the 
intensity of collecting (described below in “Material 
and Methods”) would not have left undetected any 
of the aliens later reported on. At that time, only 
three Indo-Pacific alien species of molluscs were 
reliably reported from Tunisia (Antit et al. 2011): the 
pioneer Pinctada radiata (arrived in the 1890s) and 
the two sea-slugs Melibe fimbriata and Bursatella 
leachii. Cerithium scabridum and Fulvia fragilis 
arrived later in the 1990s (Passamonti 1996; Ben 
Souissi et  al. 2003; Enzenroß & Enzenroß 2001; 
Antit et al. 2011) and are now at the forefront in the 
Western Mediterranean, reaching the coasts of Spain 
(Png–Gonzalez et  al. 2023). Another baseline study 
was set by Italian expeditions to the Gulf of Gabès 
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between 2000 and 2008 (Cecalupo et  al. 2008), an 
intense effort which only added the cowry Naria 
turdus (Lamarck, 1811). Yet, the balance between 
Indo-Pacific aliens arrived through the Levantine Sea 
and aliens of Atlantic origin arrived through shipping 
was still maintained (Antit et al. 2011: Fig. 14).

Recent collecting along the coasts of Gulf 
of Hammamet and Gulf of Gabès revealed an 
unprecedented prominence of (mostly small) alien 
molluscs of Indo-Pacific origin. The aim of this paper 
is to document these occurrences and encourage 
further search for more species, knowing that a pool 
of about 200 alien molluscan species is already next 
door.

Material and methods

Baseline studies

The Muséum National d’Histoire Naturelle of Paris 
has carried out since 1980 a series of workshops in 
distinct south European and North African locations, 
with the purpose to collect material for collections 
and obtain a complete census of the species which 
could occur in a radius of ca. 10 km. For this, divers 
and shore collectors would sample daily during 
1–2 months, in as many habitats as they could locate, 
using distinct collecting means (airlift pump, brush 
and basket, dredge, hand-picking). A provisional 
laboratory was set up, where the sorting was done 
under stereomicroscopes down to a size of 0.5  mm. 
Drawings and, in the later editions, photographs, 
were taken of the living animals, and the material was 
shared between MNHN and the Swedish Museum of 
Natural History, Stockholm. One of these workshops 
took place in May 1982, exploring the shore of the 
island of Djerba and the Bou Grara lagoon. This 
collecting effort is unlikely to miss any conspicuous 
alien species, and therefore the absence of a species 
in this material (seen by the second author) is taken 
as evidence for that species not having arrived in Gulf 
of Gabès at that time.

Cecalupo et  al. (2008) reported the results of 
field trips which took place from 2000 to 2008, in 
which they collected on shore, mostly around the 
island of Djerba but also in several other localities 
including Kerkennah Islands and Zarzis. They 
reported (Cecalupo et al. 2008: Table 1) 339 species 

down to the smallest size range and this work can 
also be taken as supporting absence of species at the 
corresponding dates.

Recent collecting

Our study site is near the harbour of Zarzis in the 
Gulf of Gabes, in ca. 1 m depth on a rocky platform 
(33.29.6°N, 11.07.6°E) bordering to the East the pier, 
and covered with algae. The quantitative samples 
were taken from four quadrats of 0.25 × 0.25  m 
(totalizing 0.25  m2), first collecting the algal cover 
in a fine mesh bag, then using a brush to collect all 
the fauna from the substrate within the perimeter 
of the frame. The algae were washed in a bucket of 
fresh water so that the small animals came off, then 
the total residue (brushing and algae washing) was 
sifted through a series of meshes down to 0.5  mm 
and each fraction sorted by species under a binocular 
microscope. Additional qualitative samples were 
collected inside the harbour with particular attention 
to possible alien species. Only live-collected 
specimens were taken into account in the census.

Species identification

Most species could be identified using general 
Mediterranean textbooks, e.g. Giannuzzi-Savelli et al. 
(1994–2003; 2014), Scaperrotta et  al. (2009–2022), 
Cecalupo et  al. (2008) and Gofas et  al. (2011). 
Identification of alien species may be challenging, 
because possible taxa to be considered draw from a 
large pool of species worldwide. Zenetos et al. (2003) 
was the basis for the identification of alien species, 
but scattered additional sources have been consulted 
and are listed in the taxonomic discussions below.

Repository of material

All the material used for this study will be conserved 
at Université de Tunis El Manar, Faculté des Sciences 
de Tunis under the supervision of the first author.

Results

A total of 55 species represented by 3708 speci-
mens (Table  1, Figs.  1, 2) were identified in the 
four replicates of the algal turf. Among these, 12 
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Table 1   Species counts in 
the four replicas in the algal 
turf next to the harbour 
of Zarzis. Alien species 
are denoted by asterisks 
(*: previously recorded in 
Tunisia; Bold and **: new 
records)

Species R1 R2 R3 R4 Total Dominance

Class Gastropoda, subclass Vetigastropoda
 Clanculus cruciatus (Linnaeus, 1758) 2 0 0 0 2 0.05
 Gibbula racketti (Payraudeau, 1826) 2 0 0 0 2 0.05
 Gibbula umbilicaris (Linnaeus, 1758) 2 0 0 0 2 0.05
 Jujubinus gravinae (Dautzenberg, 1881) 5 2 0 3 10 0.27
 Smaragdia viridis (Linnaeus, 1758) 3 1 4 0.11
 Tricolia miniata (Monterosato, 1884) 17 10 0 11 38 1.03
 Tricolia speciosa (Mühlfeldt, 1824) 2 0 0 0 2 0.05

Class Gastropoda, subclass Caenogastropoda
 Alvania mamillata Risso, 1826 11 8 3 10 32 0.86
 Alvania montagui (Payraudeau, 1826) 19 10 6 16 51 1.38
 Alvania rudis (Philippi, 1844) 1 0 0 0 1 0.03
 Alvania subcrenulata (Schwartz, 1869) 4 1 0 2 7 0.19
 Bittium reticulatum (da Costa, 1778) 103 62 33 109 307 8.28
 Caecum trachea (Montagu, 1803) 3 0 1 4 8 0.22
 Cerithiopsis sp. 4 0 0 3 7 0.19
 * Cerithium scabridum Philippi, 1848 101 70 21 99 291 7.85
 Cheirodonta sp. 2 0 0 0 2 0.05
 Conus mediterraneus (Bruguière, 1792) 3 0 0 0 3 0.08
 Echinolittorina punctata (Gmelin, 1791) 3 0 0 0 3 0.08
 Gibberula miliaria (Linné, 1758) 1 0 0 0 1 0.03
 Gibberula philippi (Monterosato, 1878) 6 1 0 5 12 0.32
 Granulina marginata (Bivona, 1832) 11 9 5 9 34 0.92
 Melanella sp. 3 0 0 0 3 0.08
 Melarhaphe neritoides (Linnaeus, 1758) 1 0 0 0 1 0.03
 Parastrophia asturiana de Folin, 1870 2 0 2 0 4 0.11
 Pusillina inconspicua (Alder, 1844) 2 0 0 0 2 0.05
 Pusillina philippi (Aradas & Maggiore, 1844) 3 1 2 4 10 0.27
 Pusillina sp 2 5 4 7 18 0.49
 Rissoa auriscalpium (Linnaeus, 1758) 0 0 0 4 4 0.11
 Rissoa guerinii Récluz, 1843 1 0 0 0 1 0.03
 Rissoa similis Scacchi, 1836 3 0 0 1 4 0.11
 Setia amabilis (Locard, 1886) 1 0 0 0 1 0.03
 ** Sticteulima lentiginosa(A. Adams, 1861) 23 14 8 19 64 1.73
 Vermetus granulatus (Gravenhorst, 1831) 1 0 0 0 1 0.03
 ** Zafra selasphora(Melvill & Standen, 1901) 51 16 23 37 127 3.43

Class Gastropoda, subclass Heterobranchia
 Odostomia conoidea (Brocchi, 1814) 2 0 0 0 2 0.05
 * Pyrgulina maiae Hornung & Mermod, 1924 22 13 7 20 62 1.67
 ** Cingula isseli(Tryon, 1889) 6 2 4 11 23 0.62
 ** Turbonilla edgarii(Melvill, 1896) 3 2 0 5 10 0.27
 ** Odetta zekiergeni Öztürk 2013 1 0 0 2 3 0.08
 ** Syrnola fasciata Jickeli, 1882 1 0 0 0 1 0.03
 Retusa truncatula (Bruguière, 1792) 2 0 0 0 2 0.05
 Haminaea sp. 2 0 0 0 2 0.05
 Bulla striata Bruguière, 1792 1 0 0 0 1 0.03
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species represented by 2887 specimens belong to 
alien species, of which 7 are newly recorded for 
Tunisian waters: the bivalve Isognomon bicolor (C. 
B. Adams, 1845) and the gastropods Sticteulima 
lentiginosa (A. Adams, 1861), Zafra selasphora 
(Melvill & Standen, 1901), Syrnola fasciata (Jick-
eli, 1882), Cingula isseli (Tryon, 1889), Turbonilla 
edgarii (Melvill, 1896), Odetta zekiergeni Öztürk 
2013. Pyrgulina maiae Hornung & Mermod, 1924, 
recorded in 2024 (Christidis et al 2024), can be con-
sidered along with this list of newcomers.

Further collecting inside the harbour of Zarzis 
yielded more specimens of Isognomon bicolor in a 
more adult stage and another new record, that of a 
species of Chama tentatively identified as Chama 
asperella Lamarck, 1819 (Fig.  3). Those bivalves 
were not seen in former field trips to the same place 
and were first noted during the summer of 2024.

Discussion

Taxonomic notes

Zafra selasphora (Melvill & Standen, 1901): 
The identification of the small columbellid here 
identified as Zafra selasphora has been controversial. 
Four species of Zafra have been reported so far in 
the Eastern Mediterranean (Zenetos et  al. 2003; 
Öztürk et  al. 2015): Z. savignyi (Moazzo, 1939), Z. 
selasphora (Melvill & Standen, 1901), Z. obesula 
(Hervier, 1899) and Z. pumila (Dunker, 1860). The 
first two have been confused for many years, albeit Z. 
savignyi can be readily distinguished: the inner part of 
the outer lip bears an elongate, smooth bulge instead 
of the series of denticles found in the other species 
here discussed, and the columella has a distinct, 
thick fold (see Zenetos et  al. 2003: 128) which is 

Table 1   (continued) Species R1 R2 R3 R4 Total Dominance

Class Bivalvia
*  Arcuatula senhousia(Benson in Cantor, 1842) 4 1 1 5 11 0.30
* Brachidontes pharaonis(P. Fischer, 1870) 651 479 426 585 2141 57.76
 Cardita calyculata (Linnaeus, 1758) 1 0 0 0 1 0.03
 Gregariella petagnae (Scacchi, 1832) 2 0 0 1 3 0.08
 Irus irus (Linné, 1758) 61 32 43 66 202 5.45
 ** Isognomon bicolor(C. B. Adams, 1845) 3 0 1 1 5 0.13
 Modiolus barbatus (Linnaeus, 1758) 2 1 0 0 3 0.08
 Musculus costulatus (Risso, 1826) 1 0 0 0 1 0.03
 Mytilaster minimus (Poli, 1795) 3 0 0 3 6 0.16
 Petricola lithophaga (Retzius, 1788) 1 0 0 0 1 0.03

*  Pinctada radiata (Leach, 1814) 57 25 27 40 149 4.02
 Venerupis geographica (Gmelin, 1791) 3 5 1 11 20 0.54

Total 1227 769 618 1094 3708

Fig. 1   Proportions of 
native, known alien and 
newly recorded alien spe-
cies in the sampling of the 
algal turf at Zarzis
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Fig. 2   Alien micromolluscs recorded for the first time in 
Tunisia, from the algal turf outside Zarzis harbour. a–d Zafra 
selasphora (Melvill & Standen, 1901), 3.4 and 3.6  mm. e 
Zafra selasphora, recently settled juvenile showing protoconch 
and incipient teleoconch. the arrows point to the protoconch/
teleoconch limit, where the upper and lower sinuses corre-
spond to the veliger larva’s velum. f–g Sticteulima lentiginosa 

(A. Adams, 1861), 1.9  mm. h-i Pyrgulina maiae Hornung & 
Mermod, 1924, 3.7  mm. j-k Cingula isseli (Tryon, 1889), 
3.2 mm. l-m Turbonilla edgarii (Melvill, 1896), 2.5 mm. n–o 
Protoconch and microsculpture of the same shell. p-q Syrnola 
fasciata (Jickeli, 1882), 1.7 mm. r-s Odetta zekiergeni Öztürk 
2013, 1.7 mm
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not seen in the other three species. Zafra pumila is 
also distinctive with much more crowded ribs and a 
colour pattern which is uniform or with spiral lines, 
but devoid of the zigzag flames seen in the other three 
species (Öztürk et al. 2015: Fig. 5). The species now 
identified as Z. selasphora was first recorded from 
Israel in 1980 and in 1986 from Turkey (Palazzi 1993; 
van Aartsen 1997) and then tentatively identified as 
Z. troglodytes (Souverbie, 1866). The latter species, 
originally described from New Caledonia and 
also with planktotrophic development, is virtually 
indistinguishable from Z. selasphora on adult shell 
characters but differs in having a keeled protoconch 
(smoothly rounded whorls in Z. selasphora), see 
Sleurs (1987: plate D Fig. 7) and Boyer et al. (2022: 

holotype of Z. troglodytes illustrated Fig.  94–96). 
Zafra obesula somewhat resembles Z. selasphora 
but differs in a stouter profile and above all a narrow, 
oblique aperture (Öztürk et  al. 2015: Fig.  4 B–C; 
Monsecour and Raines, 2024: Fig.  4 M–N). In our 
opinion, the specimen from Turkey figured by Öztürk 
et al., 2015: Fig. 4A is just one more specimen of Z. 
selasphora (a view with which Dr. Öztürk now agrees 
after correspondence).

Turbonilla edgarii (Melvill, 1896): This 
species is readily distinguished from other similar 
pyramidellids e.g. Pyrgulina maiae, by the 
protoconch, which has a coiling axis tilted 90° with 
respect to the adult shell axis (Fig. 2n), whereas in 
Pyrgulina spp. (e.g. P. maiae) it is tilted 180° i.e. 

Fig. 3   Alien bivalves recorded for the first time in Tunisia, from the harbour of Zarzis. a-c Isognomon bicolor (C. B. Adams, 1845), 
height 23.5 mm. d Chama asperella Lamarck, 1819, length 10 mm. e Chama asperella cemented to rock, length 7 mm
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the apex of the protoconch is immersed in the first 
teleoconch whorl. Its allocation in Turbonilla is 
questionable because species of that genus never 
have a columellar fold (quite obvious in T. edgarii), 
but we do not know of a genus which would agree 
better with this combination of characters. Solving 
this question is beyond the scope of this paper and 
we retain the accustomed placement (e.g. Zenetos 
et al. 2003).

Odetta zekiergeni Öztürk 2013 was described with 
a Turkish type locality although it is obviously non-
indigenous in the Mediterranean. The shell is small, 
conical, with a protoconch axis tilted ca. 130° with 
the shell axis and with a definite tooth in the aperture. 
Unlike any native Mediterranean pyramidellid, there 
are distinct spiral grooves on the spire whorls. A 
superficially similar species is Leucotina natalensis 
E. A. Smith, 1910 (reported as Adelactaeon amoenus 
(A. Adams, 1851) by Zenetos et al. 2003, reidentified 
by van Aartsen & Hori 2006), but there is no tooth on 
the columella, the embryonic whorls make an angle 
of about 150° with the shell axis (van Aartsen & Hori 
2006) and the last whorl is also more rounded. Odetta 
zekiergeni was compared by Öztürk (2013) to several 
Atlantic and Eastern Pacific species, but its origin is 
unknown. Similar shells have been reported from the 
Tyrrhenian Sea (Tempesti et al. 2022), also as aliens.

Isognomon bicolor (C. B. Adams, 1845) was 
first recorded in 2015 from the coast of Israel 
(Mienis et  al. 2016) and identified as Isognomon 
legumen (Gmelin, 1791) with the prejudice that 
alien species detected in the Levantine Sea should 
be of Indo-Pacific origin. Nevertheless Garzia et al. 
(2022) have shown, based on DNA data, that the 
Mediterranean alien species of Isognomon is the 
Caribbean I. bicolor.

Chama asperella Lamarck, 1819 was first recorded 
in the Mediterranean (southern Turkey by Mifsud 
& Ovalis 2007, Cyprus by Delongueville & Scaillet 
2010) under the name Chama aspersa Reeve, 
1846. Ovalis & Zenetos (2007) recorded both as 
separate species, following in that Delsaerdt (1986); 
nevertheless Huber (2010) considered that aspersa 
should be treated as a nomen dubium, and that the 
valid name for this common Indo-Pacific species was 
Chama asperella. It lives on the exposed surface of 
very shallow hard substrates and is morphologically 
similar to the native Chama gryphoides Linnaeus, 
1758, except for commonly having a colour pattern of 
red-brown bands radiating from the umbo on the right 
(non-attached) valve. Because the first records were 
in Greece and Turkey and not in the Levantine Sea, 
Ovalis & Zenetos (2007) proposed that ship fouling is 
the most likely mode of transport, although dispersal 
through the Suez Canal is not excluded.

Role of the invaders in the community

The large numbers in this community are achieved by 
filter feeders Brachidontes pharaonis and Pinctada 
radiata, both alien, and the scavengers Cerithium 
scabridum (alien) and Bittium reticulatum (native). 
The trophic group of Zafra selasphora has yet to be 
determined, as its family Columbellidae includes both 
carnivorous and herbivorous species (de Maintenon 
1999). In the species count of aliens, the prevalence of 
Pyramidellidae which are ectoparasites on molluscs 
or polychaetes (and also Sticteulima, ectoparasite 
of echinoderms) is remarkable. These aliens had to 
adapt to different host species in their newly acquired 
environment. Quite surprisingly, Pyramidellidae are 
one of the most successful families in invading  the 
Mediterranean and the high prevalence of epizoic 
parasite molluscs was already noted in the Levantine 
Sea (Oliverio & Taviani 2003).

Fig. 4   Cumulative count of alien molluscan species found at 
Zarzis as a function of the year of first record.
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Timing of the invasion

All the species reported here for the first time in Tuni-
sia have previous records elsewhere in the Eastern 
Mediterranean basin i.e. their arrival in Tunisia is the 
result of secondary spreading. Data from other groups 
shows that some time must elapse before newcomers 
to the Mediterranean become prevalent. The species 
of fishes of Indo-Pacific origin which reached the 
Eastern Mediterranean earlier have been shown to be 
more common or prevalent than newcomers (Golani 
1998: Fig. 1). Likewise, in our material (Fig. 4), the 
alien species which achieve high abundance are old 
settlers in the Mediterranean, with the exception of 
Zafra selasphora for which the planktotrophic devel-
opment can explain facility for a more rapid spread. 
Most of the other species, including all Pyramidelli-
dae, have pelagic larvae but with a small (< 2) num-
ber of larval whorls indicating that the pelagic phase 
is not very long, sufficient for local dispersal but not 
for long-distance.

Dwindling biodiversity in Gulf of Gabès

It has been postulated (Hobbs and Hunneke 1992; 
Stachowicz et  al. 1999) that disturbance and 
impoverishment alter biological diversity and weaken 
the resilience of ecosystems, thus creating favourable 
conditions for the establishment and spread of 
invasive species. It has been shown (Ben Rais Lasram 
et al. 2016; Mosbahi et al. 2021) that Gulf of Gabès 
is a region with unique biota but seriously affected 
by human activities such as overfishing, trawling, 
and industrial pollution. Faced with the degradation 
of biodiversity, Tunisian authorities have developed 
since the 2000s a comprehensive sustainable 
management strategy aimed at addressing the 
causes of biodiversity loss and have recognized the 
importance of an integrated approach to protecting 
natural resources. This work, though factual numbers, 
documents the decline of native diversity in the Gulf 
of Gabès caused by human activities and natural 
events such as climate change.
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