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Editor’s note: 

This study was first presented at the 9th International Conference on Marine Bioinvasions held in Sydney, Australia, 
January 19–21, 2016 (http://www.marinebioinvasions.info/previous-conferences). Since their inception in 1999, 
ICMB series have provided a venue for the exchange of information on various aspects of biological invasions in 
marine ecosystems, including ecological research, education, management and policies tackling marine bioinvasions. 

Abstract 

The Suez Canal is the main pathway of introduction of non-indigenous species into the Mediterranean Sea. The successive 
enlargements of the Suez Canal have raised concern over increasing propagule pressure resulting in continuous introductions 
of new non-indigenous species and associated degradation and loss of native populations, habitats and ecosystem services. 
The United Nations Environment Programme (UNEP) through its Barcelona Convention has pledged to protect the biological 
resources, habitats and ecosystem services of the Mediterranean Sea, and have committed to spatial protection measures. Yet, 
UNEP shied away from discussing, let alone managing, the influx of tropical non-indigenous biota introduced through the 
Suez Canal. Surveys, funded by the Regional Activity Centre for Specially Protected Areas (UNEP RAC/SPA), established 
by the Contracting Parties to the Barcelona Convention, revealed that marine protected areas in the eastern Mediterranean 
have been inundated by these non-indigenous species, and may in fact function as hubs for their secondary dispersal. We call 
attention to the failure of an environmental policy that left the entire Mediterranean Sea prone to colonization by highly 
impacting non-indigenous species, including poisonous and venomous ones. Scientific research has been documenting this 
bioinvasion for over a century, yet beyond the ambit of marine scientists there is a lack of awareness of the scale of 
Mediterranean-wide consequences and scant appetite to enact the necessary environmental policies. 

Key words: marine protected areas, Mediterranean Sea, non-indigenous species, United Nations Environment Programme, 
Barcelona Convention 

 
“If we do not understand and mitigate the 

ecological risks associated with the expansion of 
the Suez Canal, the integrity of a large part of the 

Mediterranean ecosystem could be in jeopardy.” 

Samaha, zu Dohna and Bariche, 2016 

Introduction: erythraean introductions and 
their consequences 

Complex and fundamental alterations to the Medi-
terranean Sea are underway, including increases in 
non-indigenous species (NIS), which have affected 

the structure and functioning of the sea and the 
consequent provision of goods and services (Micheli 
et al. 2013; EEA 2015; Galil et al. 2016). The number 
of recorded introductions into the Mediterranean Sea 
is far higher than in other European seas: nearly 
triple the number of records known from the 
Western European margin (Galil et al. 2014). About 
two thirds of the 751 multicellular NIS introduced 
into the Mediterranean Sea are considered Erythraean 
NIS (ENIS)—species introduced through the Suez 
Canal. As concerns ENIS, a succession of spatially 
and temporally directional (“stepping stones”) records 
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Figure 1. The number of non-indigenous species (NIS) in some Mediterranean countries. In red, the fraction of species probably introduced 
through the Suez Canal. The circle sizes are proportionate to the total number of NIS recorded in the country. 
 

from the Red Sea, the Suez Canal, and along the 
coasts of the Levant confirms a species status as a 
naturally dispersing ENIS (Galil 2006). ENIS numbers 
more than doubled between 1980 and 2016 and are 
substantially greater in the Levant than in the western 
Mediterranean (Galil et al. 2016). The Levantine 
countries (Egypt, Israel, Lebanon, Syria, Turkey, 
Cyprus, Greece), and to lesser degree Malta, Libya 
and Tunisia, saw an increase in the number of 
introductions through the Suez Canal (Figure 1). 

These Erythraean macrophytes, invertebrates and 
fish are prominent in many coastal habitats in the 
Mediterranean Sea and in particular have profoundly 
altered the composition of the biota of the south-
eastern Mediterranean Sea (Steinitz 1970; Por 1978; 
Galil 2007). It is difficult to disentangle confounding 
factors in evaluating impacts of most bioinvasions: 
where populations of indigenous Mediterranean species 
appear to have been outcompeted or displaced by 
ENIS, these changes could be part of a profound 
anthropogenic alteration of the marine environment. 
With few exceptions, the ecological impact of NIS 
on the indigenous Mediterranean biota is poorly 
known (Zibrowius 1992; Boudouresque 2004; 
Katsanevakis et al. 2014b), although it is believed 
that some species have caused major shifts in 
community composition. A number of ENIS have 
drawn the attention of scientists, managers and 
media for the conspicuous impacts on the native 
biota attributed to them. 

Perhaps the best studied ENIS are two species of 
rabbitfish, Siganus rivulatus and S. luridus, which 
were first recorded in the Mediterranean Sea off the 

coast of Israel in 1924 and 1955, respectively (Steinitz 
1927; Ben-Tuvia 1964). The two species are now 
found as far west as Tunisia and France (Ktari-
Chakroun and Bahloul 1971; Ktari and Ktari 1974; 
Daniel et al. 2009). These schooling, herbivorous fishes 
form thriving populations in the Levant Sea where 
“…million of young abound over rocky outcropping 
grazing on the relatively abundant early summer 
algal cover” (George and Athanassiou 1967). These 
siganids recently comprised a significant segment 
(up to 95%) of fish biomass in Levantine shallow 
rocky habitats (Goren and Galil 2001; Bariche et al. 
2004; Sala et al. 2011), and have replaced native 
herbivorous fish in the Levant (Papaconstantinou 1987; 
Bariche et al. 2004). Their food-web interactions 
have significant impacts on the structure of the algal 
community: the siganids, by selective feeding, have 
nearly extirpated some of their favorite algal taxa 
locally (Lundberg et al. 2004); “once flourishing 
algal forests have disappeared to leave space to 
sponges and wide areas of bare substratum… The 
shift from well-developed native algal assemblages 
to ‘barrens’ implies a dramatic decline in biogenic 
habitat complexity, biodiversity and biomass… with 
effects that may move up the food chain to the local 
fisheries.” (Sala et al. 2011). In the southern 
Cyclades, where S. luridus accounted for 90% of 
herbivorous fish abundance in 2008, a significant 
decline was noted in the cover of canopy-forming 
algae, mainly Dictyotales and Cystoseira spp. 
(Giakoumi 2014). A survey along one thousand 
kilometers of Greek and Turkish coasts found that in 
regions with abundant siganids canopy-forming 
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algae were 65% less abundant, benthic biomass was 
reduced by 60%, and species richness by 40% 
(Vergés et al. 2014). 

The non-indigenous mytilid mussel Brachidontes 
pharaonis in the early 1970s was “…250 times 
rarer” than the native mytilid Mytilaster minimus, 
which formed dense Mytilaster beds on intertidal 
rocky ledges along the Israeli coastline (Safriel et al. 
1980). Recently “the same rocks are …. completely 
covered with the Erythrean B. pharaonis, while M. 
minimus is only rarely encountered.” (Mienis 2003). 
The non-indigenous mytilid has spread westwards: 
in southern Italy it forms dense populations with 
over 25,000 specimens per m² (Sarà et al. 2006), and 
has spread to Corsica, France (Merella et al. 1994). 
Many more replacements have been observed in the 
southeastern Mediterranean Sea (Galil 2007). 

Some ENIS pose substantial health hazards. The 
most notorious is the lethally poisonous pufferfish, 
Lagocephalus sceleratus, which has spread 
throughout the Levant and westwards to Italy, Spain, 
Tunisia and Algeria (Jribi and Bradai 2012; Kapiris 
et al. 2014; Katsanevakis et al. 2014a; Kara et al. 
2015) and northwards to Croatia (Sulić Šprem et al. 
2014). Its internal organs contain tetrodotoxin, a 
strong paralytic neurotoxin inducing symptoms 
ranging from vomiting to respiratory arrest, seizures, 
cardiac arrest, coma and death (Islam et al. 2011). 
Between 2005 and 2008 several persons were treated 
for poisoning by this species in Israel (Bentur et al. 
2008). The striped eel catfish, Plotosus lineatus, has 
venom glands in the spines of the dorsal and pectoral 
fins, as well as glandular cells in its skin secreting a 
potent proteinaceous toxin. It has spread along the 
Levant coastline from Egypt to Turkey (Doğdu et al. 
2016), and the injuries it inflicts, mainly to fishers, 
are quite severe (Gweta et al. 2008). Twenty years 
after the first specimen of Pterois miles, the highly 
venomous lionfish, was recorded from the Levant, a 
spate of records from Israel, Lebanon, Cyprus, 
Turkey and Tunisia (Bariche et al. 2013; Turan et al. 
2014; Oray et al. 2015; Kletou et al. 2016; Dailianis 
et al. 2016) attests to the presence of an established 
population in the Levant and north Africa. If its 
population expands, injuries to bathers, divers and 
fishers may be expected (Steinitz 1959) as well. Yet 
the largest numbers of envenomisations along the 
southern Levant coast have been caused by the 
scyphozoan jellyfish Rhopilema nomadica. First 
recorded in the Mediterranean in the 1970s, it is 
notorious for the large swarms it has formed each 
summer since the early 1980s (Galil et al. 1990; 
Galil 2012). Lately it has spread to Pantelleria 
Island (Crocetta et al. 2015), as well as to Tunisia, 

where, in summer 2013, densities as high as 10–100 
individuals per 1000 m³ were observed (Daly Yahia 
et al. 2013). The annual swarming results each year 
in victims of envenomation suffering effects that 
may last for weeks and months after the event and 
which may require hospitalization (Benmeir et al. 
1990; Silfen et al. 2003; Yoffe and Baruchin 2004; 
Sendovski et al. 2005; Öztürk and İşinibilir 2010). 
The swarms adversely affect tourism: a socio-
economic survey, carried out in Israel in 2013, 
estimated that swarming reduces the number of 
seaside visits, with an annual monetary loss of up to 
6.2 million € (Ghermandi et al. 2015). Coastal 
trawling and purse-seine fishing are disrupted for the 
duration of the swarming due to net clogging and 
difficulty to sort the catch. Water intake pipes 
blocked by jellyfish occasionally pose a threat to 
desalination plants and the seawater cooling systems 
of coastal power plants: in the summer of 2015 the 
Israel Electric Company had to remove tons of 
jellyfish from its seawater intake pipes at its 
Ashkelon power plant (http://www.haaretz.com/Israel-
news/premium-1.662930). Outbreaks of R. nomadica 
may impact the ecosystem in ways we are neither 
able to predict nor fully understand, and which may 
be more significant than the obvious impacts to the 
economy and human health. 

When opened in 1869 the Suez Canal was 8 m 
deep. In time, the waterway was widened, deepened 
and five sections were doubled (Port Said, Ballah, 
Timsah, Deversoir, Kabret). The typical cross-
sectional area was 304 m² (8 m deep) in 1869, 1200 m² 
(14 m) in 1956, 1800 m² (15.5 m) in 1962, 3600 m² 
(19.5 m) in 1980, and 5200 m² (24 m) in 2010 
(http://www.suezcanal.gov.eg/sc.aspx?show=12). In August 
2015 the latest expansion, dubbed the “New Suez 
Canal” was opened, added a 72.4 km lane parallel to 
the existing canal (https://www.theguardian.com/world/ 
2014/aug/05/egypt-build-new-suez-canal). 

The successive enlargements of the Suez Canal 
have raised concern over increasing propagule 
pressure resulting in introductions of additional 
ENIS and associated degradation and loss of native 
populations, habitats and ecosystem services. 

In this study we examine the environmental 
policy as it relates to NIS in the Mediterranean Sea, 
and especially the role of the Suez Canal as the main 
pathway of NIS introduction. Specifically, we highlight 
the implications of the successful establishment of 
ENIS at Marine Protected Areas (MPAs) and how 
this has led to a failure to fulfill the obligation to 
protect native biodiversity. We follow the 
identification of policy shortfalls with suggestions 
for feasible and viable management interventions. 
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Conservation challenge: no reserve is an island 

Marine protected areas, created to conserve the indi-
genous diversity, are meant to offer an ecosystem-
based approach to conservation, and to provide 
protection to species, habitats, ecosystems, and 
insurance against environmental or management 
uncertainty (Lubchenco et al. 2003). The prevailing 
theory holds that MPAs, owing to their high species 
diversity and putative abundance of indigenous 
predators/competitors/parasites, are resistant to intro-
duction of NIS (Francour et al. 2010). It is, however, 
questionable whether MPAs, or even networks of 
MPAs, are able to conserve the indigenous biota 
under a high NIS load (Simberloff 2000). We 
present examples from MPAs in several countries 
(Turkey, Syria, Lebanon, Israel, Libya, Italy) which 
suggest that these MPAs have been overwhelmed by 
ENIS, and that unless bioinvasion management is 
incorporated in the spatial planning of the Mediter-
ranean Sea, we endanger the conservation of the 
indigenous biota. 

Extensive diving surveys conducted in 2005–2006 
in the Gökova Specially Protected Area, Turkey, 
documented scores of ENIS, including the barren-
forming rabbitfish. A study of rabbitfish populations 
at three sites on the coast of Turkey—Kaş-Kekova, 
Fethiye-Göcek and Bodrum—found that their 
percentage of the herbivorous fish biomass was only 
a little lower in the protected (Kaş-Kekova and 
Fethiye-Göcek; 83%) than in a non-protected area 
(Bodrum; 95%) (Sala et al. 2011). Similarly, the four 
MPAs—Karpathos, Fethiye, Kaş and Adrasan—
examined by Vergés et al. (2014) were all charac-
terized by a high abundance of rabbitfish. Indeed, 
the highest abundance of Erythraean fish (Fistularia 
commersonii, Pteragogus pelycus, Sargocentron 
rubrum, S. luridus, S. rivulatus) among rocky reef 
fish assemblages in the Mediterranean was observed 
at Gökova, Fethiye, Kaş, and Adrasan, Turkey 
(Guidetti et al. 2014). These results led the authors 
to suggest that “the mechanisms of invasion are not 
affected by protection” and that conversely, MPAs 
may enhance the number and densities of NIS. 
Indeed, a survey of opisthobranch species along the 
coast of Turkey from Bodrum to the Gulf of 
Iskenderun revealed that the largest numbers (13 of 
18 ENIS) were recorded in the Kaş-Kekova Specially 
Protected Area (Yokes et al. 2012). 

A survey along the Syrian coastline (from Ras 
Samra to Arwad Island and Tartous near the Syrian-
Lebanese border), was aimed at identifying sites 
suitable for MPAs and was conducted in 2003 (Bitar 
et al. 2003).  At Ras Samra the rocky banks were 

totally covered with the Erythraean alga Stypopodium 
schimperi and the fauna comprised many ENIS 
(Conomurex persicus (as Strombus decorus), Malleus 
regula, Chama pacifica, Pinctada imbricata radiata, 
Synaptula reciprocans, F. commersonii, Pempheris 
rhomboidea (as P. vanicolensis), S. rubrum, S. 
rivulatus). At Ras El Bassit, S. schimperi colonized 
the major part of the hard substrate whereas the 
sandy bottom was covered with a meadow of the 
Erythraean seagrass Halophila stipulacea, and S. 
decorus was “very abundant”. At Ibn Hani, the non-
indigenous rhodophyte Galaxaura rugosa covered 
“almost entirely the rocky substrate” (Bitar et al. 
2003), accompanied by many non-indigenous fish 
and invertebrates. In their summary Bitar et al. (2003) 
noted that S. schimperi formed very dense popu-
lations down to 40 meters depth, colonizing the 
major part of the hard substrates, and that Erythraean 
mollusks and fish formed a “large proportion” (7 of 
24 spp., 8 of 36 spp., respectively) of the fauna. Yet, 
according to the Network of Marine Protected Area 
Managers in the Mediterranean (MedPan), three 
MPAs have been designated along that coast (Fanar 
Ibn Hani, Om al Toyour, Ras El Bassit). In 
December 2004, additional MPAs were proposed at 
Ras Samra, between Om al Toyour and Ras El 
Bassit, and between Ras Ibn Hani and Borg Islam, in 
a project co-financed by UNEP—Mediterranean 
Action Plan (MAP) (http://ec.europa.eu/maritimeaf 
fairs/documentation/studies/documents/syria_01_en.pdf, 
viewed 5 October 2016). 

Along the Lebanese coast (Enfeh Peninsula, Ras 
Chekaa cliffs, Raoucheh, Saida, Tyre and Nakoura) 
surveys were undertaken in 2012 and 2013 in the 
framework of the “Regional Project for the 
Development of a Mediterranean Marine and 
Coastal Protected Areas” (MedMPAnet Project). 
The resulting report (RAC/SPA - UNEP/MAP 2014) 
highlights the prevalence of ENIS at all sites, inclu-
ding 31% and 21% respectively of the recorded 
mollusc and fish species. ENIS have established 
large populations at all surveyed sites and have been 
frequently the most common species encountered: 
the mytilid Brachidontes pharaonis “dominates the 
abrasion platform and it forms a marked belt in the 
lower part of the midlittoral”, “…the rocky substrata 
is bare and empty of erected soft macroalgae this 
overgrazing is due to the herbivorous pressure of the 
fishes Siganus rivulatus and S. luridus”,  the stinging 
feathery hydroid Macrorynchia philippina “is distri-
buted in all of the observed areas, between 0–7 m 
depths”, and on “vertical rock between 0–6 m depth… 
Chama-Spondylus reefs create a complex habitat… 
develop original facies, without comparison along the 
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whole Mediterranean” with another Erythraean bivalve, 
M. regula. Synaptula reciprocans is by far the most 
common echinoderm (RAC/SPA - UNEP/MAP 2014). 

Along the Mediterranean coast of Israel there are 
9 designated, and 8 proposed marine nature reserves 
(http://www.mpatlas.org/region/nation/ISR/ viewed 5 
October 2016). The Israel Nature and Parks 
Authority has yet to publish a faunal inventory for 
any of them (http://www.parks.org.il/ParksAndReserves/ 
yamTichon/Documents/boyaJuly2015.pdf ). 

However, a biodiversity study of the Rosh 
Haniqra-Akhziv nature reserves was conducted in 
2004, financed by UNEP-MAP and MedMPA 
(Ramos Esplá and Pérez 2004). It documents the 
overwhelming presence of NIS from the littoral to 
the depth of 40 m. The mytilid B. pharaonis forms a 
marked belt in the lower part of the midlittoral 
(Ramos Esplá and Pérez 2004). Shallow rocky reefs 
(1–22 m) are covered by S. spinosus and C. pacifica 
formations, overgrown with the stinging Erythraean 
hydrozoan M. philippina. Other common non-
indigenous molluscs are P. imbricata radiata, M. 
regula, C. persicus (as S. persicus), Trochus 
erythraeus. Stipopodium schimperi is omnipresent 
(Ramos Esplá and Pérez 2004). The abundance of 
non-indigenous fish (F. commersonii, P. rhomboidea 
(as P. vanicolensis), S. rubrum, S. luridus, S. rivulatus, 
and Stephanolepis diaspros) “is noteworthy”, 
comprising 37.3% of the total number of individual 
fish observed. The most important NIS were the 
siganids “…because the genus Siganus sp. 
represented about the 100% of the observed 
herbivorous, since Salpa salpa has been very rare. 
With regards to the shadowy biotopes (caves, 
overhangs, crevices), P. vanicolensis, S. rubrum and 
A. nigripinnis [Apogonichthyoides pharaonis] 
(especially the first ones) have dominated these 
habitats.” The infralittoral rhodolith facies was 
noteworthy for “the great abundance of Red Sea 
alien species: M. philippina, P. radiata, Spondylus 
spinosus, M. regulus, Phallusia nigra, S. persicus, 
Charybdis helleri, Apogon nigripinnis (juv.), and S. 
diaspros.” (Ramos Esplá and Pérez 2004). Other 
studies confirm the results of that survey: an 
inventory of the mollusc fauna in the same Rosh 
Haniqra-Akhziv nature reserve, compiled from 
literature and samples deposited in the National 
Collections, private collections and the Zoological 
Museum of Copenhagen, comprised 283 species, 
including 38 Erythraean species, most of the latter 
only recently collected (Mienis and Ben-David-
Zaslow 2004). Other newly reported ENIS were 
noted in that marine nature reserve: the apogonid 
Cheilodipterus novemstriatus (Rothman et al. 2012), 
the “marble shrimp”, Saron marmoratus (Rothman 

et al. 2013), and the rare nudibranch Plocamopherus 
ocellatus (Rothman and Galil 2015). 

A survey of El-Kouf National Park, Libya, was 
conducted in 2010 and 2012 within the framework 
of the MedMPAnet Project implemented by 
UNEP/MAP-RAC/SPA (Bazairi et al. 2013). As 
elsewhere, both siganids were abundant in El-Kouf, 
especially S. luridus; numerous schools were 
observed in different parts of the surveyed area, as 
well as F. commersonii, P. rhomboidea (as P. 
vanicolensis), L. sceleratus and Sphyraena flavicauda. 

The presence of ENIS in MPAs is not restricted 
to the eastern Mediterranean Sea. Azzurro and 
Andaloro (2004) recorded S. luridus from Linosa 
Island, Italy, within the Isole Pelagie MPA. Surveys 
of the infralittoral fringe in 2010–2011 revealed an 
increase in its population distribution and abun-
dance, as well as a population of Pinctada imbricata 
radiata (Lodola et al. 2013a, b). 

Yet, despite ample evidence, bioinvasions have 
been largely disregarded in marine conservation 
plans (Giakoumi et al. 2016). 

Biodiversity policies relating to NIS 
in the Mediterranean Sea 

The Barcelona Convention and the Mediterranean 
Action Plan 

The Convention for the Protection of the 
Mediterranean Sea against Pollution (Barcelona 
Convention) was adopted in 1976. In 1995 the 
Contracting Parties adopted an amended and renamed 
version as the Convention for the Protection of the 
Marine Environment and the Coastal Region of the 
Mediterranean that came into force on 9 July 2004. 
The Barcelona Convention and its protocols, 
together with the Mediterranean Action Plan, form 
part of the United Nations Environment Programme 
(UNEP) Regional Seas Programme. The Contracting 
Parties agreed they “…shall, individually or jointly, 
take all appropriate measures to protect and preserve 
biological diversity, rare or fragile ecosystems, as well 
as species of wild fauna and flora which are rare, 
depleted, threatened or endangered and their habitats, 
in the area to which this Convention applies.” 
(http://www.unep.org/NairobiConvention/docs/Barcelona
_Convention_full_version.pdf, Article 10). 

In recognition of the urgent need to address the 
impacts of invasive alien species, the Convention on 
Biological Diversity (CBD), signed in 1992, states 
that each contracting party shall, as far as possible and 
as appropriate “prevent the introduction of, control 
or eradicate those alien species which threaten eco-
systems, habitats or species” (https://www.cbd.int/con 

http://www.mpatlas.org/region/nation/ISR/
https://www.cbd.int/convention/articles/default.shtml?a=cbd-08
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vention/articles/default.shtml?a=cbd-08). The importance 
of marine and coastal biological diversity was 
underlined as part of the Ministerial Statement at the 
COP meeting in Jakarta in 1995 (the Jakarta Mandate) 
(https://www.cbd.int/doc/publications/jm-brochure-en.pdf). 
The Regional Seas Conventions and Action Plans 
are considered by UNEP to have a major role to play 
in the promotion of the Jakarta Mandate at the 
regional level (http://www.unep.org/regionalseas/partners/ 
meas/CBD/default.asp viewed 5 October, 2016). 

The Mediterranean region became the first 
Regional Seas Programme to develop a dedicated 
strategy on marine and coastal invasive species 
when it adopted its Action Plan concerning species 
introductions and invasive species in the 
Mediterranean Sea in 2003 (http://www.unep.org/ 
regionalseas/publications/brochures/pdfs/invasive_alien
_brochure.pdf, viewed 5 October, 2016). The preamble 
to that Action Plan states that its main objective is to 
promote the development of coordinated measures and 
efforts throughout the Mediterranean region in order 
to prevent, control and monitor the effects of species 
introduction; that the main known vectors of species 
introduction into the Mediterranean Sea are entry of 
Red Sea organisms through the Suez Canal, shipping 
(ballast water and sediments, fouling), aquaculture 
and trade in live marine organisms; and that “it is 
imperative to take immediate steps to prevent the 
introduction of non-indigenous species, control the 
spread of those already introduced and endeavor to 
mitigate the damage they cause to the marine 
ecosystem.” (UNEP/MAP-RAC/SPA 2005). The 
implementation timetable was set out in the “Annex” 
(UNEP/MAP-RAC/SPA 2005). The 20 “Actions” 
comprise developing programmes to raise the 
awareness of the general public and of target groups, 
including decision-makers, concerning the risks 
associated with species introduction, inventorying 
introduction vectors, elaborating the regional project 
on fouling, ballast water and sediment; establishing 
a directory of relevant specialists and organizations; 
launching the procedures for enacting or strengthe-
ning national legislation governing the control of 
introduction; developing programmes for data 
collection and monitoring, preparing guidelines for 
controlling the vectors, setting up a regional 
mechanism for collecting, compiling and circulating 
information on invasive non-indigenous species, 
preparing guides for risk analysis and impact 
assessment; compiling an inventory of introduced 
species and identifying public and private actors whose 
activity could introduce marine non-indigenous 
species (Table 1). 

The 19th Meeting of the Contracting Parties to the 
Barcelona Convention adopted an updated Action 

Plan concerning “Species Introductions and Invasive 
Species” (UNEP/MAP 2016c). It repeats (nearly 
verbatim) the 2005 exhortation “It is imperative to 
take immediate steps to prevent the introduction of 
alien species, control the spread of those already 
introduced and endeavour to mitigate the damage 
they cause to the marine ecosystem”. More than a 
decade after the launch of the previous Action Plan, 
the “Actions” still mostly concern data gathering and 
dissemination, and repeat, with scant changes, the 
earlier “Actions” (Table 1). The marine Mediterranean 
invasive alien species database (MAMIAS) was 
announced in April 2013 (http://rac-spa.org/sites/default/ 
files/racspa_newsletter_april_2013_pdf, viewed 5 October, 
2016), and presented to the meeting of the sub-
committee on marine environment and ecosystems 
(SCMEE) in February 2014 (https://gfcmsitestorage. 
blob.core.windows.net/documents/SAC/SCMEE/14/PPT/
MAMIAS_SCMEE2014_GFCM-SAC-RACSPA.pdf). In 
April 2015 it was announced that MAMIAS “gives 
information on invasive non-indigenous species in 
the Mediterranean (list of alien species, list of 
marine invasive species, list of vectors, etc) and 
allows the use of different filters to find required 
data and retrieve statistics at regional and national 
level about aliens and invasive species.” 
(UNEP/MAP-RAC/SPA 2015). Yet, a visit to the 
website (http://www.mamias.org, viewed 3 July 2016) 
reveals the following announcement “We’re 
working hard to improve our website and we'll ready 
to launch after 00 weeks 00 days, 00:00:00 
Copyright © 2014 - RAC/SPA”). A comparison of 
the two documents (see also Table 1) reveals willful 
procrastination and unwillingness to undertake the 
necessary steps to prevent and control NIS 
introductions in the Mediterranean Sea. 

The Suez Canal: the pathway that-must-not-be-named 

UNEP-MAP provided for the 2007 meeting of Focal 
Points for Specially Protected Areas (SPAs) a “Draft 
Guidelines for controlling the vectors of introduction 
into the Mediterranean of non-indigenous species 
and invasive marine species” (UNEP/MAP 2007). 
The opening paragraph of that document states that 
“the greatest influx of invaders resulted from the 
opening of the Suez Canal in 1869 that allowed 
entry of Indo-Pacific and Erythraean biota.” Yet, the 
guidelines are limited to ballast water, hull fouling 
and aquaculture. 

The “Draft decision on the Ecosystems Approach 
including adopting definitions of Good Environmental 
Status (GES) and targets” presented to the MAP 
Focal Points in 2013 (UNEP/MAP 2013a), went one 

https://www.cbd.int/convention/articles/default.shtml?a=cbd-08
http://www.unep.org/regionalseas/partners/meas/CBD/default.asp
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Table 1. Comparison of implementation timetable items of the “Action Plan concerning Species Introductions and Invasive Species in the 
Mediterranean Sea” (UNEP/MAP-RAC/SPA 2005) and the “Updated Action Plan concerning Species Introductions and Invasive Species in 
the Mediterranean Sea” (UNEP/MAP 2016c). 

Action Plan concerning Species Introductions and Invasive 
Species in the Mediterranean Sea UNEP-MAP-RAC/SPA 2005

Updated Action Plan concerning Species Introductions and 
Invasive Species in the Mediterranean Sea UNEP/MAP 2016c 

Developing programmes to raise the awareness of the general 
public and of target groups, including decision-makers, concerning 
the risks associated with species introduction (as soon as possible)  

Develop programmes to raise the awareness of the general public 
and target groups, including decision-makers, concerning the risks 
associated with species introduction (2017) 

Inventorying introduction vectors, elaborating the regional project 
on fouling, ballast water and sediment, elaborating education and 
awareness material (9 months) 

Preparation of material for public education and awareness (2020) 

Establishing a directory of relevant specialists and organizations 
(12 months) 

Establish/update a directory of relevant specialists and 
organizations (2017) 

Launching the procedures for enacting or strengthening national 
legislation governing the control of introduction (18 months) 

Launch the procedures for enacting or strengthening national 
legislation governing the control of alien species introduction 
(2017) 

Developing programmes for data collection and monitoring; 
preparing the Guidelines for controlling the vectors of non-
indigenous species and invasive marine species introduction into 
the Mediterranean; Preparing the Guide for risk analysis and 
impact assessment as regards the introduction of non-indigenous 
species (24 months)  

Develop programmes for data collection and monitoring (2017); 
Developing and implementing risk-assessment  techniques  (2018) 

Setting up the Regional Mechanism for collecting, compiling and 
circulating information on invasive non-indigenous species (24 
months); Compiling an inventory of introduced species. 
Identifying public and private actors whose activity could 
introduce marine non-indigenous species (36 months) 

Launch MAMIAS (2016); preparation of forms for reporting to 
MAMIAS (2016); Baseline study with information for MAMIAS 
(2016); Annual updates of national data for MAMIAS (2017-2019) 

Elaborating  the National Plans (36 months)  Elaborate the National Plans (2019) 

 

step further and sought to exclude “introduction 
through the Suez Canal” from “NIS linked to human 
activities”, “IAS [invasive alien species] introduced 
as a result of human activities”, and “main human 
related pathways and vectors of NIS introduction” in 
the “Integrated list of Mediterranean Good Environ-
mental Status and related targets”. A “Note by the 
Secretariat” (UNEP/MAP 2013b) to the participants 
of the 18th Meeting of the Contracting Parties to the 
“Barcelona Convention” in December 2013 annulled 
the exclusion. However, a few months later, in 
February 2014, in the “Secretariat Analysis of 
Common Indicators” presented to the meeting of the 
“Integrated correspondence groups of GES and 
Targets” the exclusion was bracketed, not removed 
(UNEP/MAP 2014). 

The 19th Meeting of the Contracting Parties to the 
“Barcelona Convention” adopted an “Integrated 
monitoring and assessment programme of the 
Mediterranean Sea and coast and related assessment 
criteria” (UNEP/MAP 2016a,b). Its Annex specifies 
“… monitoring of non-indigenous species (NIS), 
following the risk based approach, needs to be 
focused on the invasive alien species (IAS) in IAS 
introduction “hot spots” (e.g. ports and their 
surrounding areas, docks, marinas, aquaculture 

installations, heated power plant effluents sites, 
offshore structures).” The adopted “Integrated moni-
toring and assessment programme” fails to mention 
the hottest “hot spot” of all—the environs of the 
Suez Canal terminus and the southeast Levant. 
The Regional Activity Centre for Specially 
Protected Areas (RAC/SPA) was established by the 
Contracting Parties to the “Barcelona Convention” 
in order to assist Mediterranean countries in imple-
menting the creation, conservation, planning and 
management of SPAs. The Centre is fully aware that 
“For the Mediterranean, the introduction of marine 
non-native species is a phenomenon that has long 
been known and studied.” (http://www.rac-spa.org/aliens). 
In fact, surveys funded and directed by RAC/SPA in 
Syria, Lebanon and Israel (see above) have amply 
documented the dominance of NIS in MPAs along 
the Levant coast. Yet, the Centre’s publications 
concerning species introductions and invasive species 
fail to mention introductions through the Suez Canal 
(UNEP/MAP-RAC/SPA 2005, 2008a,b). Similarly, 
reports of meetings of focal points for specially 
protected areas (SPAs) fail to recognize the 
significance of introductions, and proceed to create 
additional SPAs, even in NIS dominated regions 
(e.g., UNEP/MAP 2011). 
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Figure 2. The enlargement of the Suez Canal (cross section, m²) and the numbers of species probably introduced through the Suez Canal. 
 

The RAC/SPA professes “Protected areas were 
conceived and set up as a tool of conservation and 
sustainable management of the littoral and marine 
environment so as to preserve the sites of great 
ecological value and the Mediterranean ecosystems 
in particular.” (http://www.rac-spa.org/sites/default/ 
files/doc_cop/asp_2010_en.pdf, viewed 18 October, 
2016). In point of fact, ENIS-ridden MPAs serve as 
“hotspots”, beachheads and dispersal hubs for their 
secondary spread, to the detriment of their ecological 
value, and undermine their declared function as 
conservation tools. 

Conclusions 

The unabated influx of the Erythraean biota into the 
Mediterranean Sea is rooted in the unceasing enlar-
gement of the Suez Canal that has enhanced its 
potential as a corridor allowing increasingly greater 
numbers of organisms to pass through it (Galil 2006; 
Galil et al. 2015). Complex changes in the Mediterra-
nean marine environment have undoubtedly increased 
the sea’s susceptibility to invasion by modifying its 
hydrologic and biological properties (Galil 2006; 
Occhipinti-Ambrogi 2007; Lejeusne et al. 2009). 
Many aspects of the Erythraean introductions remain 
unforeseeable. Amongst others, it is unknown which 
new species will pass through the Suez Canal and 
establish themselves and when, and what will be 
their interactions with the Mediterranean biota. 
However, it is clear that a larger and deeper Suez 
Canal allows cohorts of new potentially invasive 

species to gain admittance to the Mediterranean Sea 
(Figure 2), where increasing temperatures permit 
their further expansion westwards and northwards. 

There is a vast amount of scientific evidence 
confirming that the Contracting Parties to the 
Barcelona Convention who agreed, 40 years ago, 
that they “…shall, individually or jointly, take all 
appropriate measures to protect and preserve 
biological diversity”, failed completely to effectively 
manage the introduction of NIS through the Suez 
Canal. In the face of a century’s worth of scientific 
documentation, they dithered, shrank away from and 
evaded action. The biota across wide swaths of the 
Mediterranean Sea, including precious MPAs, has 
already been altered with dire ecological, econo-
mical and human health impacts. In an era of 
increased environmental concern, it is surprising that 
the environmental impacts associated with the 
expansion of the Suez Canal on the well-being of the 
Mediterranean Sea have raised no controversy, or 
even discussion on “environmental accountability” 
beyond the ambit of marine scientists. 

Recommendations 

We recommend the following actions to evaluate 
ENIS introductions through the Suez Canal 

A. Research focused on identification and 
quantitative assessment of the ecosystem services, 
human health and socio-economic impacts; 
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B. An independent, transparent and scientifically 
sound Environmental Impact Assessment (EIA) 
of transboundary ENIS impacts associated with 
the enlargement of the Suez Canal (the EIA would 
facilitate evaluation of choices for the implemen-
tation of cost-effective mitigating strategies);  

C. Research evaluating the efficacy of reinstating 
the former salinity barrier of the Bitter Lakes in 
curtailing viability of transported propagules; 

D. Research focused on the hydrodynamic regime 
throughout the Suez Canal and its impact on 
propagule transport. Should it be determined that 
currents drive the propagules northwards, 
engineering solutions may be sought. 

We recommend the following actions to manage 
spread of ENIS throughout the Mediterranean Sea 

A. Ballast taken in Levantine coastal waters should 
be held to exacting standards on release; 

B. Recreational vessels which berthed in Levantine 
coastal waters should be held to exacting 
standards concerning fouling. 

Recognizing that high ENIS load nullifies marine 
conservation strategies in MPAs, we recommend 
the following immediate actions 

A. New MPAs to be located away from the regional 
hubs of vectors and pathways of NIS 
introduction, i.e. the entire Levant littoral as well 
as ports and marinas; 

B. Established MPAs with high ENIS load to 
conduct risk assessment of secondary spread and 
analyze cost of effective options for long term 
control of ENIS populations. Should ENIS 
populations be at levels that adversely affect the 
MPA’s natural biodiversity and natural habitats, 
or risk secondary spread, mitigation actions or 
changes to the protection status should be 
implemented; 

C. Stakeholders should be informed of the extent of 
bioinvasions in MPAs, consulted as to manage-
ment actions and commitment of resources for 
their control, and possible changes to protection 
status. 

Finally, the recent entry into force of the Convention 
for the Control and Management of Ships’ Ballast 
Water and Sediments—a key international measure 
for environmental protection that aims to stop the 
spread of NIS (http://www.imo.org/en/MediaCentre/ 
PressBriefings/Pages/22-BWM-.aspx viewed October 
19, 2016) proves that scientists, stakeholders, national 
and international organizations can work together 

and achieve a significant milestone in the management 
of marine NIS. Unlike the global reach of shipping-
transported NIS, the bioinvasion through the Suez 
Canal affects mostly the Mediterranean Sea (but see 
Mantelatto and Dias 1999), and thus it falls to the 
Mediterranean countries to prevent and control it. 
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