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Introduction
Over the last two centuries, the biodiversity of 
the Mediterranean Sea has been characterised by 
the introduction of new species. A major change 
took place with the opening of the Suez Canal in 
1869, which connected the Indo-Pacific Ocean 
with the Mediterranean Sea and allowed the entry 
of many new species (Zenetos et al. 2012, 2017, 
Katsanevakis et al. 2013). Furthermore, rapid 
increase in shipping traffic, aquaculture and the de-
velopment of the aquarium trade formed additional 
pathways for new species via fouling and ballast wa-
ters (Spagnolo et al. 2017). The introduction of 
non-native species is a permanent and complex pro-
cess, with numbers increasing at a rate of one new 
record every two weeks (Zenetos et al. 2012). As 
of now, 837 non-native species are recorded in the 
Mediterranean Sea (Zenetos et al. 2017) and many 
changes in the marine ecosystem have already been 
observed (Katsanevakis et al. 2016). Ecological 
impacts of invasive alien species range from sin-
gle-species interactions and reduction in individual 
fitness of native species to population declines, lo-
cal extinctions, changes in community composi-
*Corresponding author: mirko.djur@ac.me

tion and effects on entire ecosystem processes and 
wider ecosystem function (Blackburn et al. 2014, 
Katsanevakis et al. 2014).

Situated in the Central Mediterranean Basin, 
the Adriatic Sea is an elongated, 800 km long, semi-
closed basin, connected with the Ionian Sea by the 
Strait of Otranto, through which the circulation of 
water masses, nutrients’ flow and species’ migration 
takes place. Regarding the combination of depth, 
substratum type and temperature, the Adriatic Sea 
could be divided into three distinct sectors: north-
ern, middle and southern (Zavatarelli et al. 1998). 
The south-eastern cost is considered as a pathway of 
warm water from the Mediterranean to the Adriatic 
Sea. 

Although the problem of alien marine species 
affects the entire Adriatic Sea, the middle and north-
ern sectors of the sea are considerably better studied 
(Crocetta 2011, Lipej et al. 2012, Pećarević et al. 
2013) in comparison to the southern. Recorded in-
troduced species are more numerous in the Croatian 
part of the Adriatic Sea owing to the very exten-
sively developed aquaculture and maritime traffic 
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(Pećarević et al. 2013). Available relevant data 
from the South Adriatic Sea are fragmented and 
scarce (Zenetos et al. 2011, Katsanevakis et al. 
2011, Mačić et al. 2014, Petović & Mačić 2017).

Generating a list of the non-native species is 
a never-ending task for many reasons, such as the 
introduction of new species, some of which demon-
strate established populations and others are never 
recorded after a certain period. As the current knowl-
edge of the non-indigenous species from the South-
Eastern Adriatic coast is far from being systematic 
and comprehensive, the present paper is an attempt 
to collect all available data regarding non-indige-
nous and cryptogenic benthic species, aiming at pro-
ducing a fi rst inventory of the region and deepening 
our knowledge on species’ regional diversity. 

Materials and Methods
The southern Adriatic Sea is the deepest part of the 
basin and can be considered a link between Ionian 
and Adriatic waters. The Montenegrin coast lies 
along the eastern part of the South Adriatic, which 
is under the strong impact of the Mediterranean cur-
rents. Within this broader region, the southern sec-
tion close to the Albanian border is shallow, with 
fi ne sand bottoms, and is strongly infl uenced by the 
freshwater input of the Bojana River. To the north, 
the coast is steeper and rockier, including the bay 
of Boka Kotorska, a unique semi-enclosed fjord-like 
feature (Fig. 1).

For the needs of the present article we collected 
all available data regarding the non-native benthic 
species from the south-eastern part of the Adriatic 
Sea, including published scientifi c papers, technical 
reports and unpublished data (personal communica-
tions). The paper lists all species recognised as “al-
ien” by EASIN (http://easin.jrc.ec.europa.eu/), al-
though some of these are currently considered native 
species. Table 1 contains a list of all species present, 
together with an indication of the fi rst fi nding (loca-
tion, author/s and year of publication).

Results 
The collection of all available existing data revealed 
the presence of 23 non-native marine benthic species 
in the South-East Adriatic Sea (Table 1). These spe-
cies can be divided into two distinct groups: phyto-
benthic and zoobenthic.

Introduced phytobenthic species
Antithamnion amphigeneum A.J.K. Millar, 1990 – 
collected on the Montenegrin coast at Tivat, Boka 

Kotorska Bay (Mačić & Ballesteros 2016) as 
fouling organism from the pier in Porto Montenegro 
Marina. Filamentous algae, widespread in the 
Mediterranean Sea. This is the fi rst record for the 
Adriatic Sea.

Caulerpa cylindracea (Sonder) Verlaque, 
Huisman & Boudouresque, 2004 – fi rstly recorded 
at Budva (Mačić 2005), this alga, as one of the 100 
most invasive species, has since propagated intense-
ly and has disturbed the balance of benthic commu-
nities. In Montenegro, it has been recorded mostly 
in the area of o. Sv. Nikola near Budva, up to the 
Luštica Peninsula where it is widely distributed.

Asparagopsis taxiformis (Delile) Trevisan de 
Saint-Léon, 1845 – red alga that is widespread in the 
Mediterranean Sea. Firstly recorded at Herceg Novi, 
Boka Kotorska Bay, in 2006 (Zenetos et al. 2011).

Asparagopsis armata Harvey, 1855 – initially 
recorded from the entrance of the Boka Kotorska 
Bay (Špan & Antolić 1983). Currently, it is wide-
spread in the Mediterranean Sea.

Womersleyella setacea (Hollenberg) R. E. 
Norris, 1992 – invasive red alga described for the 
Mediterranean Sea in 1987. Firstly registered along 
the Montenegrin coast in 2003 at the entrance of the 
Boka Kotorska Bay (Žanjice, Mamula) (Batteli 
& Rindi 2008). Subsequently, it has become wide-
spread (Mačić 2008).

Introduced zoobenthic species
Paraleucilla magna Klautau, Monteiro & Borojevic, 
2004 – initially recorded on the pier in the Porto 

Fig. 1. Map of the study area: South-Eastern Adriatic Sea, 
Montenegro
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Montenegro marina (Tivat, Boka Kotorska Bay) 
during winter and spring in 2016 (Mačić & Petović 
2016). Subsequently, it has been found in many loca-
tions across the Boka Kotorska Bay, mainly at mari-
culture sites as a fouling species on ropes and nets. 

Aplysia dactylomela (Rang, 1828) – firstly re-
corded at Herceg Novi, Boka Kotorska Bay (Mačić 
& Kljajić 2012), although subsequent surveys found 
no specimens. This species has wide distribution in 
tropical and warm temperate waters. It is common in 
tropical Indian and Pacific Oceans, also quite well 
represented in the Caribbean and near Atlantic is-
lands, located along the west coast of Africa.

Bursatella leachi de Blainville, 1817 – a gas-
tropod species with a worldwide distribution in 
warm temperate and tropical waters. Along the coast 
of Montenegro, initially found at Sv. Nedjelja, Boka 
Kotorska Bay (Zenetos et al. 2011) and has since 
been recorded in many localities inside the bay (per-
sonal data). 

Melibe viridis Kelaart, 1858 – an Indo-Pacific 
gastropod species recorded along all Mediterranean 
coasts. First record from Montenegrin coast in 2003 
near Herceg Novi, Boka Kotorska Bay (Jančić 
2004). Subsequently, many specimens have been 
observed during field research throughout the bay 
(personal data). 

Thecacera pennigera (Montagu, 1813) – a 
nudibranch gastropod; a specimen was recorded on 
17th April 2017 during a biological monitoring pro-
gram focused on fouling communities, performed in 
Porto Montenegro (Tivat, Boka Kotorska) marina by 
SCUBA diving (Petović & Lipej 2017).

Anadara transversa (Say, 1822) – native to 
North-west Atlantic, from Cape Cod to Texas, intro-
duced to the Aegean and Adriatic Seas. Specimens 
have been collected from the Boka Kotorska Bay 
(Petović et al. 2017).

Arcuatula senhousia (Benson in Cantor, 1842) 
– a mussel species native to the Pacific Ocean from 
Siberia to Singapore, accidentally introduced and 
now invasive in numerous other areas worldwide. 
It has been recorded for the first time in the study 
region as a fouling organism in the Port of Bar 
(Petović et al. 2017).

Ruditapes philippinarum (Adams & Reeve, 
1850) – native to South-Eastern Asia (Indo-
Pacific), introduced for commercial purposes in the 
Mediterranean Sea (although only in the Adriatic 
Sea and tentative aquaculture in the Tyrrhenian Sea). 
Collected from soft-bottom open-sea sites (Petović 
et al. 2017).

Teredo navalis (Linnaeus, 1758) – the so-called 

naval shipworm is a saltwater clam. It has been 
recorded for the first time in the study region by 
Stjepčević (1967) in the Boka Kotorska Bay; later, 
Stjepčević & Parenzan (1980) and Petović et al. 
(2017) have reported it from open-sea sites. 

Pinctada imbricata radiata (Leach, 1814) – 
known as the ‘pearl oyster’, widespread in shallow 
waters of tropical and subtropical continental shelf 
regions, particularly abundant in the Indo-Pacific. 
Considered the first Lessepsian bivalve species re-
ported for the Mediterranean Sea (Monterosato 
1878). In Montenego, this species is, very numer-
ous in the Porto Montenegro Marina (Tivat, Boka 
Kotorska Bay) (Petović & Mačić 2017) and at 
many other sites across the Boka Kotorska Bay (per-
sonal data).

Magallana gigas (Thunberg, 1793) – Pacific or 
Japanese oyster, native to the Pacific coast of Asia, 
introduced in North America, Australia, Europe and 
New Zealand. It has been introduced in the Boka 
Kotorska Bay for aquaculture purposes (Stjepčević 
et al. 1977). However, no shells have been observed 
in the area for the last ten years (personal data).

Penaeus aztecus (Ives, 1891) – a species na-
tive to the western Atlantic coast. The first record in 
the Adriatic Sea was from the Boka Kotorska Bay 
(Marković et al. 2014). It is tolerant to a wide range 
of temperatures and salinities. 

Callinectes sapidus Rathbun, 1896 – first 
specimen collected from Ulcinj (Port Milena), Jaz 
and Oblatno (Zenetos et al. 2011), later in the Boka 
Kotorska Bay at Tivat (Marković & Djurović 
2014). Currently, it is widely distributed and very 
abundant along the Montenegrin coast (personal 
data).

Amphibalanus eburneus (Gould, 1841) – a spe-
cies occurring on the east coast of North America as 
well as from the Caribbean Sea and Gulf of Mexico. 
In Montenegro, it has been recorded as a fouling or-
ganism on aquaculture equipment (Igić 1983).

Hydroides dirampha Mörch, 1863 – a poly-
chete species, firstly collected from the Port of Bar as 
a fouling organism on piers (Spagnolo et al. 2017).

Palola valida (Gravier, 1900) – firstly recorded 
in the Port of Bar (Spagnolo et al. 2017).

Bugula neritina (Linnaeus, 1758) – widespread 
in port waters and mariculture sites across the study 
area as a fouling species. First record in the Port of 
Bar (Spagnolo et al. 2017).

Styela plicata (Lesueur, 1823) – numerous on 
piers in the Porto Montenegro Marina (Tivat-Boka 
Kotorska Bay) and on mariculture equipment (per-
sonal data).
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Discussion
The collection of all available published and unpub-
lished data on non-indigenous marine benthic spe-
cies from the South-Eastern Adriatic coast produced 
a total of 23 species, including five macroalgal and 
18 zoobenthic species (one taxon of Porifera, ten taxa 
of Mollusca, three of Crustacea, two of Polychaeta, 
one of Bryozoa and one of Ascidia). 

The majority of the recorded species (16) were 
first observed in the Boka Kotorska Bay, an area 
characterised by specific environmental conditions 
(Stjepčević & Parenzan 1980), with well-developed 
aquaculture (Mandić et al. 2014) and extensive nau-
tical tourism. These activities have opened the door 
to non-indigenous and cryptogenic species. Fourteen 
new species have been recorded since 2010, primar-
ily in ports that can be considered “hot points” for 
alien species (Spagnolo et al. 2017). Nevertheless, 
the number of the recorded species is significantly 
lower than the one in the Croatian part of the Adriatic 
Sea, where 60 introduced benthic species have been 
recorded (Pećarević et al. 2013), as well as the total 
of 190 alien species calculated for the whole Adriatic 
Sea (Zenetos et al. 2012). There are many possible 
reasons that could explain this difference. As the rest 
of the Adriatic Sea is characterised by more inten-
sive shipping traffic and more developed aquaculture, 
the main pathways are well established and there is 
more potential for the introduction of new species 
(Spagnolo et al. 2017). In addition, other Adriatic 
countries, that are already EU members, currently 
pay more attention on the subject and have made big 
efforts to conduct research on alien species and their 
impact on the ecosystems (Katsanevakis et al. 2016). 

Examination of the spatial patterns of alien 
marine species across the Ionian-Adriatic boundary 
(Katsanevakis et al. 2011) has revealed fewer spe-
cies than expected. Possible explanations for this in-
clude the presence of lower temperatures that restrict 
the northward expansion of the thermophilic alien 
species, as well as a low salinity layer that could act 
as a barrier for some species.

Although this number may increase and the list 
could be improved, for the moment a lack of both 
experts and financial support for further research is 
impeding such efforts. Nevertheless, we hope that 
the present study can act as a starting point for future 
work on this very important scientific field.         

Acknowledgements: We would like to thank to all our col-
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improve this manuscript. 

References 

Battelli C. & Rindi F. 2008. The extensive development of 
the turfforming red alga Womersleyella setacea (Hollen-
berg) R. E. Norris (Rhodophyta, Ceramiales) in the Bay of 
Boka Kotorska, Montenegro (southern Adriatic Sea). Plant 
Biosystems 142 (1): 120-125.

Blackburn T. M., Essl F., Evans T., Hulme P. E., Jeschke 
J. M., Kühn I., Kumschick S., Marková Z., Mrugała 
A., Nentwig W., Pergl J., Pyšek P., Rabitsch W., Ric-
ciardi A.,. Richardson D. M, Sendek A., Vilà M.,. 
Wilson J. R. U, Winter M., Genovesi P., Bacher S. 
2014. A unified classification of alien species based on the 
magnitude oftheir environmental impacts. PLoS Biology 
12, e1001850

Crocetta F. 2011. Marine alien Mollusca in the Gulf of Trieste 
and neighbouring areas: a critical review and state of 
knowledge (updated in 2011). Acta Adriatica 52: 247-260.

Igić Lj. 1983. Karakteristike obraštaja u Kotorskom zalivu-
Fouling characteristics in Kotor Bay. (In Serbian) Studia 
Marina 13-14: 275-292.

Jančić G. 2004. Melibe from the Adriatic. [Message in] Sea 
Slug Forum. Australian Museum, Sydney. http://www.
seaslugforum.net/find.cfm?id=12280.

Katsanevakis S., Zenetos A., Mačić V., Beqiraj S., Pour-
sanidis D. & Kashta L. 2011. Invading the Adriatic: 
spatial patterns of marine alien species across the Ionian–
Adriatic boundary. Aquatic Biology 13: 107–118.

Katsanevakis S., Zenetos A., Belchior C. & cardoso A. 
C. 2013. Invading European Seas: assessing pathways of 
introduction of marine aliens. Ocean Coastal Management 
76: 64–74.

Katsanevakis S., Wallentinus I., Zenetos A., Leppakoski E., 
Cssinar M. E., Ozturk B., Grabowski M., Golani D. 
& Cardoso A. C. 2014. Impacts of marine invasive alien 
specieson ecosystem services and biodiversity: a pan-
European review. Aquatic Invasions 9: 391–423.

Katsanevakis S., Tempera F. & Teixeira H. 2016. Mapping the 
impact of alien species on marine ecosystems: the Mediter-
ranean Sea case study. Diversity and Distributions 1–14.

Lipej L., Mavrič B., Orlando-Bonaca M. & Malej A. 
2012. State of the Art of the Marine Non-Indigenous Flora 
and Fauna in Slovenia. Mediterranean Marine Science 13: 
243-249.

Mačić V. 2005. Alga Caulerpa racemosa i na crnogorskom 
primorju. Hydrores Information 21 (26): 42-44.

Mačić V. 2008. Novo nalazište invazivne alge Womersleyella 
setacea (Hollenberg) R. E. Norris u crnogorskom primorju 
(In Serbian). Voda 2008, 37. Konferencija o aktuelnim 
problemima korišćenja i zaštite voda. Mataruška Banja, 
3-6. Jun, pp293-296.

Mačić V. & Kljajić Z. 2012. Pregled unešenih vrsta u crnogor-
skom podmorju (In Serbian). Vode, Divčibare, pp. 255-260.

Mačić V.,  Lučić D.,  Gangai Zovko B.,  Mandić M., 
Dulčić J., Žuljević A., Petović S., Drakulović D., 
Miloslavić M., Onofri I., Marković O., Joksimović 
A., Onofri V. & Pestorić B.  2014. Alohtone vrste 
istočne obale južnog Jadrana: Kratki pregled vrsta i ekologi-
je. Kotor. Institut za biologiju mora Univerziteta Crne Gore, 
Institut za more i priobalje Sveučilišta u Dubrovniku. 64 p.

Mačić V. & Ballesteros E. 2016. First record of the alien alga 
Antithamnion amphigeneum (Rhodophyta) in the Adriatic 



52

Petović S., O. Marković  & M. Đurović

Sea. Acta Adriatica 57 (2): 315–320.
Mačić V. & Petović S. 2016. New data on the distribution of 

the alien sponge Paraleucilla magna Klautau, Monteiro 
& Borojevic, 2004 in the Adriatic Sea. Studia Marina 29 
(1): 63-68.

Mandić M., Drakulović D., Petović S.,  Huter A. & 
Mandić S . 2014. Development perspectives of fish 
farming in Montenegro. Agriculture and Forestry 60 (2): 
233-243.

Marković O. & Djurović M. 2014. First documented record 
of the American blue crab, Callinectes sapidus  Rathbun, 
1896 in the Boka Kotorska Bay, South Adriatic sea, Monte-
negro. In: Kapiris et al., 2014. New Mediterranean Marine 
biodiversity records (April, 2014). Mediterranean Marine 
Science 15 (1): 198-212.

Marković O., Gökoğlu M., Petović S. & Mandić M. 2014. 
First record of the Northern brown shrimp, Farfantepenae-
us aztecus (Ives, 1891) (Crustacea: Decapoda: Penaeidae) 
in the South Adriatic Sea, Montenegro. Mediterranean 
Marine Science 15 (1): 165-167.

Monterosato T.A.  1878. Enumerazione e sinonimia delle 
conchiglie mediterranee. Giornale di Scienze Naturali ed 
Economiche di Palermo 13: 61-115.

Pećarević M., Mikuš J., Bratoš Cetinić A., Dulčić J. & 
Čalić M. 2013. Introduced marine species in Croatian 
waters (Eastern Adriatic Sea). Mediterranean Marine Sci-
ence 14 (1): 224-237.

Petović S. & Lipej L. 2014. First record of the sea slug Thecacera 
pennigera (Montagu, 1815), (Nudibranchia, Polyceridae) 
in the Adriatic Sea in: V. Gerovasileiou et al.: New Medi-
terranean Biodiversity Records, Mediterranean Marine 
Science 18: 366-368.

Petović S. & Mačić V. 2017. New data on Pinctada radiata 
(Leach, 1814) (Bivalvia: Pteriidae) in the Adriatic Sea. Acta 
Adriatica 58(2): 359 - 364.

Petović S., Gvozdenović S. & Ikica Z. 2017. An Annotated 
Checklist of the Marine Molluscs of the South Adriatic 
Sea (Montenegro) and a Comparison with Those of Neigh-
bouring Areas. Turkish Journal of Fisheries and Aquatic 
Sciences 17: 921-934. 

Spagnolo A., Auriemma R., Bacci T., Balković I., Bertasi 
F., Bolognini L., Cabrini M., Cilenti L., Cuicchi 
C., Cvitković I., Despalatović M., Grati F., Grossi 
L., Jaklin A., Lipej L., Marković O., Mavrič B., 
Mikac B., Nasi F., Nerlović V., Pelosi S., Penna 
M., Petović S., Punzo E., Santucci A., Scirocco T., 
Strafella P., Trabucco B., Travizi A. & Žuljević A. 

2017. Non-indigenous macrozoobenthic species on hard 
substrata of Selected harbours in the Adriatic Sea. Marine 
Pollution Bulletin (in press).

Špan A. & Antolić B. 1983. Prilog poznavanju fitobentosa 
Crnogorskog primorja, južni Jadran (A contribution to the 
knowledge of phytobenthos of an open region (Crnogorsko 
primorje) in the eastern South Adriatic). Studia Marina 
13/14: 87-110.

Stjepčević J. 1967. Makro-Mollusca Bokokotorskog zaliva 
(In Serbian). Studia Marina 2: 3-67.

Zavatarelli M., Raicich F., Artegiani A., Bregant D. & 
Russo A., 1998. Climatological biogeochemical charac-
teristics of the Adriatic Sea. Journal of Marine Systems 
18: 227-263.

Stjepčević J., Mandić S. & Dragović R. 1977. Mogućnost 
industrijskog uzgoja jestivih školjkaša u Bokokotorskom 
zalivu i uvođenja novih vrsta u proces uzogja (In Serbian). 
Ichthyologia 9 (1): 107-120.

Stjepčević J. & Parenzan P. 1980. Bokokotorski zaliv - opšte 
osobine i sastav bentoskih biocenoza sa ekološkom kartom 
Kotorskog i Risanskog zaliva (In Serbian). Studia Marina, 
9-10: 3-145.

Zenetos A. 2017. Progress in Mediterranean bioinvasions two 
years after the Suez Canal enlargement. Acta Adriatica 58 
(2): 347-358.

Zenetos A., Katsanevakis S., Beqiraj S., Mačić V., Pour-
sanidis D. & Kashta L. 2011. Rapid assessment survey 
of marine alien species in the Albanian and Montenegrin 
coast. Technical report. RAC/SPA, N° 37/38/39/2010: 54 p.

Zenetos A., Gofas S., Morri C., Rosso A., Violanti D., 
Gracia-Raso J. E., Cinar M. E., Almogi-labin A., 
Ates A. S., Azzurro E., Ballesteros E., Biachi C. N., 
Bilecenoglu M., Gambi M. C., Giangrande A., Gravili 
C., Hyams-Kaphzan O., Karachle P., Katsanevakis S., 
Lipej L., Mastrototaro F., Mineur F. , Pancucci M. 
A., Papadopoulou M. A., Ramos-Espla A., Salas C., 
San Martin G., Sfriso A., Streftaris N. & Velarque 
M. 2012. Alien species in the Mediterranean Sea by 2012. 
A contribution to the application of European Union’s 
Marine Strategy Framework Directive (MSFD). Part 2. 
Introduction trends and pathways. Mediterranean Marine 
Science 13: 328–352.

Zenetos A., Cinar M.E., Crocetta F., Golani D., Rosso 
A., Servello G., Shenkar N., Turon X. & Velarque 
M. 2017. Uncertainties and validation of alien species 
catalogues: the Mediterranean as an example. Estuarine, 
Coastal and Shelf Science 191: 171-187.

Received: 07.02.2018 
Accepted: 18.09.2018


