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Abstract 
A single Blue swimming crab Portunus segnis was captured on November 5th 2022 
close to the harbor of Ancona, off the central Adriatic coast (Italy) by artisanal 
fishers. Taxonomic comparisons were performed with collection materials, which 
also included two unreported specimens of the species from the Ionian coast of 
Calabria, Italy. The large distance between the Adriatic record of P. segnis and its 
invasion front, reinforces the hypothesis that human-mediated translocations contribute 
to the secondary dispersal or introduction of this invasive species in Mediterranean 
waters. 
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Introduction 

The blue swimming crab Portunus segnis (Forskål, 1775), native to the western 
Indian Ocean, including Red Sea and Persian Gulf (Lai et al. 2010), is a large 
omnivorous predator which can live in a wide range of infralittoral ecosystems, 
from bare coastal sands to bottoms with algal or seagrass cover, from the 
shallowest lagoon waters down to depths of 65 meters (Naderloo 2017). 

This tropical species, which is one of the earliest introductions through 
the Suez Canal, is responsible for one of the most spectacular invasions of 
the Mediterranean Sea (Streftaris and Zenetos 2006). After its first 
Mediterranean detection in Egypt in 1898 (Fox 1924), the species underwent 
a long lag time (sensu Azzurro et al. 2016) before establishing a permanent 
population in the Levant Sea (Gruvel 1931) and starting its westward 
geographical expansion (Castriota et al. 2022). Today P. segnis has successfully 
colonized extensive areas in the eastern and central parts of the basin 
(Katsanevakis et al. 2020), with recent occurrences documented in the Strait 
of Sicily (reviewed by Shaiek et al. 2021; Castriota et al. 2022).  

Besides its negative ecological and socio-economic impacts, the blue 
swimming crab represents today a new valuable fishery resource contributing 
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to food provision and local economies in a number of Mediterranean countries 
(Tsirintanis et al. 2022) and especially in southern Tunisia, where it is currently 
exploited as a novel fishery resource (Ennouri et al. 2021). Only in 2019, 
3500 tons of P. segnis were exported from Tunisia, in more than 20 world 
countries, for a total income exceeding 12 million euros (Rjiba Bahri et al. 
2022). New observations of the blue swimming crab are particularly useful 
to monitor its geographical spread and possible new introductions. 

Materials and methods 

A large swimming crab, with a coloration markedly different from that of 
the morphologically similar Callinectes sapidus Rathbun, nowadays 
common in the central Adriatic Sea (Cerri et al. 2020), was accidentally by-
caught by a professional small-scale fisher targeting turbots—
Scophthalmus maximus (L.). The fisher used a 80-mm meshed trammel net 
on a sandy bottom at 5.0 m of depth about 3 miles West of Ancona harbor. 
He brought the crab alive at the CNR-IRBIM Institute of Ancona, where it 
was identified as Portunus segnis, following the revision of the P. pelagicus 
species complex by Lai et al. (2010), photographed, measured and finally 
preserved in 80% ethanol. The specimen was subsequently compared with 
the material of P. segnis present in the C.F. decapods collection, which 
also includes two unreported specimens collected by another fisher in 
2018 off the Ionian coast of Calabria, Italy. Measures of Carapace Length 
(C.L.) and Width (C.W.), Cheliped Propodus and Merus Length were 
taken with a quadrant caliper (precision 0.1 mm). The study of this 
material is herein reported, together with some remarks on the literature 
record of P. pelagicus larvae in the Ligurian Sea 

Results 

Systematics 

Portunidae Rafinesque, 1815 
Portunus Weber, 1795 

Portunus segnis (Forskål, 1775) (Figure 1 inset, 2) 
Cancer segnis Forskål, 1775: 18, 91. 
Portunus segnis – Lai, Ng and Davie 2010: 215, figs 6B, 7B, 11–14, 20B, 21B, 22B, 23B, 23F, 24B. 

Material examined 

Adriatic Sea: 1 ♂ C.L. 64.5 mm, off Palombina (Ancona), 43°37′43″N; 
13°25′27″E, depth 5 m, fine sands, trammel net, collegit: C. Bernardini, [D2875]. 

Ionian Sea: 1 ♂ C.L. 61.6 mm, 1 ♀ C.L. 61.5 mm, off Roccella Ionica, 
depth 10 m, summer 2018, trammel net, collegit: A. Martino, [D2152]. – 1 ♂ 
C.L. 55.5 mm, 4 ♀ C.L. 39.5–59.2 mm, Bay of Siracusa, 22 June 1974, 
purchase from local fisher, collegit: C. Froglia and R.B. Manning, [D226]. 

https://doi.org/10.3391/bir.2023.12.4.15
https://www.invasivesnet.org


Portunus segnis reaches the Adriatic Sea 

 Grati et al. (2023), BioInvasions Records 12, https://doi.org/10.3391/bir.2023.12.4.15 3 

 
Figure 1. Capture locations (yellow stars) and picture of Portunus segnis caught out off Palombina, (Ancona, Italy, central 
Adriatic Sea) on November 5th 2022. Red dots show the former Mediterranean records of the species, modified with respect to the 
previous revision of Castriota et al. (2022). 

Levant Sea: 2 ♂ C.L. 52.2–54.8 mm, 4 ♀ C.L. 46.9–55.8 mm, St. George 
Bay (Lebanon), 10 July 1963, collegit C. George, [D319]. 

Red Sea: 1 ♀ C.L. 49 mm, Bay of Berenice (Egypt), depth 1 m, 2 May 1980, 
hand-net snorkeling, collegit C. Froglia, [D1840].  

All the specimens examined (i.e. C.F. collection), stored in 80% ethanol, 
are on the way of transfer to the Museo civico di Storia Naturale, in Verona. 

The species was reported and illustrated by earlier Mediterranean authors 
under the name Portunus pelagicus (see: Galil et al. 2002 and references therein) 
before Lai et al. (2010) separated P. segnis from the other species of the 
P. pelagicus complex on the basis of a molecular study and on minute 
morphological differences, among which those of the frontal region. The 
median teeth on the frontal margin have been described as “Minute and 
inconspicuous, almost obsolete; if present always small (Fig. 23B)”. In the 
Adriatic specimen, and in the other comparative material examined, the 
front, except for inner supraorbital teeth has only two acute lateral teeth, 
and the median margin is slightly sinuous without trace of median teeth 
(as in the fig. 23B in Lai et al. 2010); the acute epistome tooth extends 
forward beyond frontal margin, so that front may seem tridentate (Figure 2). 
In P. segnis, as in other portunids, sexual dimorphism in chelipeds size is 
evident: the sum of propodus plus merus length exceeds maximum 
carapace width in the males, being less than that in females (Table 1). 
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Figure 2. Portunus segnis, off Palombina (Ancona), male C.L. 64.5 mm, 5 Nov. 2022, detail of 
frontal region. Photograph by Carlo Froglia. 

Table 1. Biometrical measures (in mm) taken on examined specimens of P. segnis. 

Locality Sex C.L. C.W. Front W. Cheliped propodus L. Cheliped merus L. 
Adriatic Sea, off Palombina Male 64.5 140.4 22.0 100.7 60.0 
Ionian Sea, off Roccella Ionica Male 61.6 140.7 19.7 95.3 52.0 
 Female 61.5 140.0 19.0 73.8 52.0 
Ionian Sea, Bay of Siracusa Male 55.5 131.0 18.6 67.9 64.0 
  Female 59.2 126.3 18.6 68.3 47.4 
  Female 58.2 126.3 18.6 68.3 47.1 
  Female 50.6 112.0 16.2 59.1 41.7 
  Female 39.5 86.6 12.5 45.3 30.5 
Levant Sea, Lebanon Male 52.2 120.5 17.5 77.4 56.5 
 Female 46.9 106.9 14.2 56.1 39.5 
Red Sea, Egypt, Bay of Berenice Female 49.0 107.7 15.2 57.8 37.2 

Discussion 

Here we provide the first documented evidence on the occurrence of the 
blue swimming crab in the Adriatic Sea. Suboptimal conditions, especially 
the low winter temperatures of the central and northern Adriatic (Russo et al. 
2012), are expected to be a limit to its settlement in the area, even if in 
laboratory tests P. segnis could stand temperatures of 10 °C (Zainal and 
Noorani 2019). This also agrees with the current distribution of the species 
in its invaded range (Figure 1), being the established populations currently 
confined to the warmer sectors of the basin (Castriota et al. 2022). 

A significant observation, with respect to the last revisions (Castriota et al. 
2022) is that the Portunus larvae collected in the Golfo del Tigullio (Ligurian 
Sea) by Pessani and Salton (1998) cannot be attributed to P. segnis. Indeed 
these authors identified the species as Portunus pelagicus before the 
taxonomic revision of Lai et al. (2010), who splitted the P. pelagicus complex 
into four species and reinstated the name of P. segnis (Forskål, 1775). 
According to the description provided by Pessani and Salton (1998, Tab. 3), 
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the telson of the Tigullio larvae had 2 fork spines and thus belongs to the 
P. pelagicus complex, but not to P. segnis. Al-Aidaroos et al. (2019) described 
the complete larval development of P. segnis from laboratory rearing, and 
listed among the distinctive characters of its zoeae, the presence of 3 spines 
on telson, versus 2 spines for the zoeae of the other species in the P. pelagicus 
complex. 

The Blue Swimming Crab has recently expanded its distribution in many 
new sectors of the Mediterranean Sea. Many of the recent arrivals could be 
the result of natural dispersal mechanisms and for the purposes of EU Policies, 
their introduction should be considered as “unaided” (Zenetos et al. 2022). 
This is for instance the case of the P. segnis captured in Roccella Ionica, 
which could have arrived as larvae generated from the population in the 
eastern shores of Sicily, perhaps favored by the periodical reversal of the 
Ionian gyre (Menna et al. 2019). 

On the other hand, the present finding in the Adriatic Sea, over 1000 km 
from the nearest established populations (East Sicily and Crete), has to be 
of different origin, also keeping in mind that along the West Adriatic shore 
the main current flows southward (Russo and Artegiani 1996). The proximity 
(only 5 km), of the Adriatic P. segnis capture location to the international 
harbor of Ancona and its oil refinery terminal, supports the idea of secondary 
introduction mediated by human transport, likely shipping. This hypothesis, 
which also applies to many analogous cases of distant and disjointed 
occurrences of Mediterranean Non Indigenous Species (NIS) (Azzurro 
et al. 2022), must be considered in light of the general discontinuity of P. segnis 
distribution in the Mediterranean region (Castriota et al. 2022). As already 
suggested by Ariani ad Serra (1969), larvae, juveniles, or even adults of P. segnis 
could be inadvertently translocated by ships from the abundant populations 
of the eastern and central Mediterranean sectors up to new areas. Nevertheless, 
new introductions from the native areas are also possible. 

Even if direct observations are missing, the hypothesis of ship transport 
was also advanced to explain the capture of a single specimen in the Livorno 
harbor (Crocetta 2006). This also applies to the larvae of the P. pelagicus 
complex recorded in the Tigullio Gulf (Pessani and Salton 1998), not far from 
the Genova harbor, one of the largest commercial ports of the Mediterranean. 

Shipping is the most likely pathway of introduction for more than half of 
the species introduced in European Seas and 40% in the Mediterranean, 
and 127 NIS were supposed to be introduced by shipping into the Adriatic 
Sea (Slišković et al. 2021).  

Ship transport can significantly contribute to the connectivity between 
coastal regions (Costello et al. 2022) and it typically allows the primary or 
secondary dispersal of many aquatic invaders worldwide (Sieracki et al. 
2014). Efforts to control this vector in the global Ocean, are governed by 
the “International Convention on the Control and Management of Ships’ 
Ballast Water and Sediment” (hereafter the BWM Convention), adopted by 
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the International Maritime Organization in 2004 (see IMO 2022). The BWM 
Convention entered into force on 8 September 2017, with 67 ratifying states 
(Outinen et al. 2021). Despite this global effort, recent predictions integrated 
with global climate change projections and shipping-mediated invasion 
models, forecast an increase of 3- to 20-fold in global invasion risk by 2050, 
mostly due to global growth of maritime traffic (Sardain et al. 2019). 

Current strategies to reduce the risk of harmful invasions in marine 
systems require a thorough understanding of the factors which may facilitate 
their spread and further studies, especially molecular analyses, are certainly 
needed to clarify the origin of these disjointed records and the patterns of 
secondary dispersal for the blue swimming crab in the Mediterranean Sea. 
We should also consider the possibility of multiple and independent 
introductions of this species, which could contribute to the success of this 
invasion through both genetic and demographic mechanisms (Roman and 
Darling 2007), as illustrated in many aquatic invaders worldwide. 

Acknowledgements 
Authors warmly thank Claudio Bernardini, skipper of the small-scale fishing boat “Nuova 
Simba” (Ancona) and Antonio Martino, skipper of fishing boat “Harlock” (Marina di Gioiosa 
Ionica), who provided the P. segnis specimens and related information to the researchers of 
CNR-IRBIM of Ancona. Authors are also grateful to the work done by two anonymous 
reviewers, which improved the overall quality of the manuscript.  

Funding declaration 
This study was supported by the @CNR USEIt project - funded by the Italian National 
Research Council - and by the Resilience Plan (NRRP) Project “National Biodiversity Future 
Center – NBFC” code CN_00000033, Concession Decree No. 1034 of Italian Ministry of 
University and Research - funded by the European Union, NextGenerationEU. 

Authors’ contribution 
FG was contacted by the fisher, collected the P. segnis specimen and preserved it frozen; CF 
performed the morphological and taxonomic analyses on the P. segnis specimen, EA drafted a first 
version of the MS, All the authors equally contributed in writing the paper. 

References 
Al-Aidaroos A, Kumar AAJ, Al-Haj AE, Al-Sofyani A, Crosby MP, El-Sherbiny M (2019) 

Morphology of the complete larval stages of Portunus segnis (Forskål, 1775) (Crustacea: 
Brachyura: Portunidae) from the Gulf of Aqaba, Saudi Arabia. Zootaxa 4638: 199–218, 
https://doi.org/10.11646/zootaxa.4638.2.2 

Azzurro E, Maynou F, Belmaker J, Golani D, Crooks JA (2016) Lag times in Lessepsian fish 
invasion. Biological Invasions 18: 2761–2772, https://doi.org/10.1007/s10530-016-1184-4 

Azzurro E, Smeraldo S, D'Amen M (2022) Spatio‐temporal dynamics of exotic fish species in 
the Mediterranean Sea: Over a century of invasion reconstructed. Global Change Biology 
28: 6268–6279, https://doi.org/10.1111/gcb.16362 

Ariani AP, Serra V (1969) Sulla presenza del Portunus pelagicus (L.) in acque italiane, con 
osservazioni sulla morfologia della specie (Crustacea Decapoda). Archivio Botanico e 
Biogeografico Italiano 14(4): 187–206 

Castriota L, Falautano M, Maggio T, Perzia P (2022) The Blue Swimming Crab Portunus 
segnis in the Mediterranean Sea: Invasion Paths, Impacts and Management Measures. 
Biology 11: 1473, https://doi.org/10.3390/biology11101473 

Cerri J, Chiesa S, Bolognini L, Mancinelli G, Grati F, Dragičević B, Dulčic J, Azzurro E (2020) 
Using online questionnaires to assess marine bio-invasions: A demonstration with 
recreational fishers and the Atlantic blue crab Callinectes sapidus (Rathbun, 1986) along three 

https://doi.org/10.3391/bir.2023.12.4.15
https://www.invasivesnet.org
https://doi.org/10.11646/zootaxa.4638.2.2
https://doi.org/10.1007/s10530-016-1184-4
https://doi.org/10.1111/gcb.16362
https://doi.org/10.3390/biology11101473


Portunus segnis reaches the Adriatic Sea 

 Grati et al. (2023), BioInvasions Records 12, https://doi.org/10.3391/bir.2023.12.4.15 7 

Mediterranean countries. Marine Pollution Bulletin 156: 111209, https://doi.org/10.1016/ 
j.marpolbul.2020.111209 

Costello KE, Lynch SA, McAllen R, O’Riordan RM, Culloty SC (2022) Assessing the potential 
for invasive species introductions and secondary spread using vessel movements in maritime 
ports. Marine Pollution Bulletin 177: 113496, https://doi.org/10.1016/j.marpolbul.2022.113496 

Crocetta F (2006) First record of Portunus pelagicus (Linnaeus, 1758) (Decapoda, Brachyura, 
Portunidae) in the northern Tyrrhenian Sea. Crustaceana 79: 1145–1148, https://doi.org/10.1163/ 
156854006778859632 

Ennouri R, Zarrouk T, Fatnassi M, Mili S (2021) Development of the fishing and commercialization 
of the blue crabs in Bizerta and Ghar EL Melh lagoons: A case study of promotion 
opportunities of blue growth in Tunisia. Journal of Aquaculture & marine Biology 10: 66–74, 
https://doi.org/10.15406/jamb.2021.10.00308 

Fox HM (1924) The migration of a Red Sea crab through the Suez Canal. Nature 1924: 714–715, 
https://doi.org/10.1038/113714b0 

Galil BS, Froglia C, Noel P (2002) Crustaceans: decapods and stomatopods. In: Briand F (ed), 
CIESM Atlas of exotic species in the Mediterranean, Volume 2, CIESM Publishers, 
Monaco, 192 pp 

Gruvel A (1931) Les états de Syrie. Richesses marines et fluviales, Exploitation actuelle - Avenir. 
Société d'Editions Géographiques, Maritimes et Coloniales, Paris, 453 pp, 28 pls, 1 map 

Katsanevakis S, Poursanidis D, Hoffman R, Rizgalla J, Rothman SB-S, Levitt-Barmats Y, 
Hadjioannou L, Trkov D, Garmendia JM, Rizzo M, Bartolo AG, Bariche M, Tomas F, Kleitou P, 
Schembri PJ, Kletou D, Tiralongo F, Pergent C, Pergent G, Azzurro E, Bilecenoglu M, 
Lodola A, Ballesteros E, Gerovasileiou V, Verlaque M, Occhipinti-Ambrogi A, Kytinou E, 
Dailianis T, Ferrario J, Crocetta F, Jimenez C, Evans J, Ragkousis M, Lipej L, Borg JA, 
Dimitriadis C, Chatzigeorgiou G, Albano PG, Kalogirou S, Bazairi H, Espinosa F, Ben Souissi J, 
Tsiamis K, Badalamenti F, Langeneck J, Noel P, Deidun A, Marchini A, Skouradakis G, 
Royo L, Sini M, Bianchi CN, Sghaier Y-R, Ghanem R, Doumpas N, Zaouali J, Tsirintanis K, 
Papadakis O, Morri C, Çinar ME, Terrados J, Insacco G, Zava B, Soufi- Kechaou E, Piazzi L, 
Ounifi Ben Amor K, Andriotis E, Gambi MC, Ben Amor MM, Garrabou J, Linares C, 
Fortič A, Digenis M, Cebrian E, Fourt M, Zotou M, Castriota L, Di Martino V, Rosso A, 
Pipitone C, Falautano M, García M, Zakhama-Sraieb R, Khamassi F, Mannino AM, Ktari MH, 
Kosma I, Rifi M, Karachle PK, Yapıcı S, Bos AR, Balistreri P, Ramos Esplá AA, Tempesti J, 
Inglese O, Giovos I, Damalas D, Benhissoune S, Huseyinoglu MF, Rjiba-Bahri W, Santamaría J, 
Orlando-Bonaca M, Izquierdo A, Stamouli C, Montefalcone M, Cerim H, Golo R, Tsioli S, 
Orfanidis S, Michailidis N, Gaglioti M, Taşkın E, Mancuso E, Žunec A, Cvitković I, Filiz H, 
Sanfilippo R, Siapatis A, Mavrič B, Karaa S, Türker A, Monniot F, Verdura J, El Ouamari N, 
Selfati M, Zenetos A (2020) Unpublished Mediterranean records of marine alien and 
cryptogenic species. BioInvasions Records 9: 165–182, https://doi.org/10.3391/bir.2020.9.2.01 

Lai JCY, Ng PKL, Davie PJF (2010) A revision of the Portunus pelagicus (Linnaeus, 1758) 
species complex (Crustacea: Brachyura: Portunidae), with the recognition of four species. 
The Raffles Bulletin of Zoology 5: 199–237 

Menna M, Reyes Suarez NC, Civitarese G, Gačić M, Poulain P-M, Rubino A (2019) Decadal 
variations of circulation in the Central Mediterranean and its interactions with mesoscale 
gyres. Deep-Sea Research Part II 164: 14–24, https://doi.org/10.1016/j.dsr2.2019.02.004 

Naderloo R (2017) Atlas of Crabs of the Persian Gulf. Springer International Publishing, 
Switzerland, 444 pp, https://doi.org/10.1007/978-3-319-49374-9 

Outinen O, Bailey SA, Broeg K, Chasse J, Clarke S, Daigle RM, Gollasch S, Kakkonen JE, 
Lehtiniemi M, Normant-Saremba M, Ogilvie D (2021) Exceptions and exemptions under 
the ballast water management convention - Sustainable alternatives for ballast water management? 
Journal of Environmental Management 293: 112823, https://doi.org/10.1016/j.jenvman.2021.112823 

Pessani D, Salton L (1998) Planktonic larval stages of Brachyura in the Gulf of Tigullio 
(Ligurian sea, Italy). Invertebrate Reproduction and Development 33: 201–208, https://doi.org/10. 
1080/07924259.1998.9652632 

Rjiba Bahri W, Chaffai A, Ghanem R, Ben Souissi J (2022) Eat alien invasive blue crabs: yes 
but without running health risks! In: Bouafif C, Ouerghi A (eds), UNEP/MAP - SPA/RAC, 
2022. Proceedings of the 2nd Mediterranean Symposium on the non-indigenous Species 
(Genova, Italy, 22-23 September 2022). SPA/RAC publi., Tunis, pp 68–73 

Roman J, Darling JA (2007) Paradox lost: genetic diversity and the success of aquatic 
invasions. Trends in Ecology & Evolution 22: 454–464, https://doi.org/10.1016/j.tree.2007.07.002 

Russo A, Artegiani A (1996) Adriatic Sea hydrography. Scientia Marina 60(Supl. 2): 33–43 
Russo A, Carniel S, Sclavo M, Krzelj M (2012) Climatology of the Northern-Central Adriatic Sea. 

In: Wang SY, Gillies RR (eds), Modern Climatology. IntechOpen, London, UK, pp 177–212, 
https://doi.org/10.5772/34693 

Sardain A, Sardain E, Leung B (2019) Global forecasts of shipping traffic and biological 
invasions to 2050. Nature Sustainability 2: 274–282, https://doi.org/10.1038/s41893-019-0245-y 

Shaiek M, El Zrelli R, Crocetta F, Mansour L, Rabaoui L (2021) On the occurrence of three 
exotic decapods, Callinectes sapidus (Portunidae), Portunus segnis (Portunidae), and 
Trachysalambria palaestinensis (Penaeidae), in northern Tunisia, with updates on the 

https://doi.org/10.3391/bir.2023.12.4.15
https://www.invasivesnet.org
https://doi.org/10.1016/j.marpolbul.2020.111209
https://doi.org/10.1016/j.marpolbul.2020.111209
https://doi.org/10.1016/j.marpolbul.2022.113496
https://doi.org/10.1163/156854006778859632
https://doi.org/10.1163/156854006778859632
https://doi.org/10.15406/jamb.2021.10.00308
https://doi.org/10.1038/113714b0
https://doi.org/10.3391/bir.2020.9.2.01
https://doi.org/10.1016/j.dsr2.2019.02.004
https://doi.org/10.1007/978-3-319-49374-9
https://doi.org/10.1016/j.jenvman.2021.112823
https://doi.org/10.1080/07924259.1998.9652632
https://doi.org/10.1080/07924259.1998.9652632
https://doi.org/10.1016/j.tree.2007.07.002
https://doi.org/10.5772/34693
https://doi.org/10.1038/s41893-019-0245-y


Portunus segnis reaches the Adriatic Sea 

 Grati et al. (2023), BioInvasions Records 12, https://doi.org/10.3391/bir.2023.12.4.15 8 

distribution of the two invasive portunids in the Mediterranean Sea. BioInvasions Records 10: 
158–169, https://doi.org/10.3391/bir.2021.10.1.17 

Sieracki JL, Bossenbroek JM, Chadderton WL (2014) A spatial modeling approach to predicting 
the secondary spread of invasive species due to ballast water discharge. PLoS ONE 9: e114217, 
https://doi.org/10.1371/journal.pone.0114217 

Slišković M, Piria M, Nerlović V, Ivelja KP, Gavrilović A, Mrčelić GJ (2021) Non-indigenous 
species likely introduced by shipping into the Adriatic Sea. Marine Policy 129, 104516, 
https://doi.org/10.1016/j.marpol.2021.104516 

Streftaris N, Zenetos A (2006) Alien Marine Species in the Mediterranean - the 100 ‘Worst 
Invasives’ and their Impact. Mediterranean Marine Science 7: 87–118, https://doi.org/ 
10.12681/mms.180 

Tsirintanis K, Azzurro E, Crocetta F, Dimiza M, Froglia C, Gerovasileiou V, Langeneck J, 
Mancinelli G, Rosso A, Stern N, Triantaphyllou M, Tsiamis K, Turon X, Verlaque M, 
Zenetos A, Katsanevakis S (2022) Bioinvasion impacts on biodiversity, ecosystem services, and 
human health in the Mediterranean Sea. Aquatic Invasions 17: 308–352, https://doi.org/10.3391/ai 

Zainal K, Noorani A (2019) Temperature dependence of the heart rates in the blue swimming 
crab Portunus segnis (Forskal, 1775). Arabian Journal for Science and Engineering 44: 
6259–6265, https://doi.org/10.1007/s13369-019-03826-6 

Zenetos A, Tsiamis K, Galanidi M, Carvalho N, Bartilotti C, Canning-Clode J, Castriota L, 
Chainho P, Comas-González R, Costa AC, Dragičević B, Dulčcić J, Faasse M, Florin AB, 
Gittenberger A, Jakobsen H, Jelmert A, Kerckhof F, Lehtiniemi M, Livi S, Lundgreen K, 
Macic V, Massé C, Mavrič B, Naddafi R, Orlando-Bonaca M, Petovic S, Png-Gonzalez L, 
Carbonell Quetglas A, Ribeiro RS, Cidade T, Smolders S, Stæhr PAU, Viard F, Outinen O 
(2022) Status and Trends in the Rate of Introduction of Marine Non-Indigenous Species in 
European Seas. Diversity 14: 1077, https://doi.org/10.3390/d14121077 

Web sites and online databases 
IMO (2022) International Maritime Organization International Convention for the Control and 

Management of Ships’ Ballast Water and Sediments. https://www.imo.org/en/About/Conventions/ 
Pages/International-Convention-for-the-Control-and-Management-of-Ships%27-Ballast-Water-and 
Sediments-(BWM).aspx (accessed 5 November 2022) 

   
   

https://doi.org/10.3391/bir.2023.12.4.15
https://www.invasivesnet.org
https://doi.org/10.3391/bir.2021.10.1.17
https://doi.org/10.1371/journal.pone.0114217
https://doi.org/10.1016/j.marpol.2021.104516
https://doi.org/10.12681/mms.180
https://doi.org/10.12681/mms.180
https://doi.org/10.3391/ai
https://doi.org/10.1007/s13369-019-03826-6
https://doi.org/10.3390/d14121077
https://www.imo.org/en/About/Conventions/Pages/International-Convention-for-the-Control-and-Management-of-Ships%27-Ballast-Water-and%20Sediments-(BWM).aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-for-the-Control-and-Management-of-Ships%27-Ballast-Water-and%20Sediments-(BWM).aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-for-the-Control-and-Management-of-Ships%27-Ballast-Water-and%20Sediments-(BWM).aspx


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


