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Introduction

The role that migrations of algae and 
animals from the Red Sea play in the  forma-
tion of the flora and fauna of the Mediter-
ranean Sea has been repeatedly discussed. 
General conclusions were presented by POR 
(1978), FURNESTIN (1979), ZENETOS et 
al. (2005), GALIL (2006), LAKKIS (1998). 
According to POR (1978), the Mediterra-
nean Sea harboured 204 species of Red Sea 
algae and animals known as Lessepsian im-
migrants (after Lesseps, the author of the 
project on construction of the Suez Canal). 
Of these,128 species were highly possibly  
immigrants. However, while aware that the 
available knowledge was incomplete, POR 
(1978) presumed that in the Mediterranean 

Sea about 500 species might be immigrants 
from the Red Sea. More recently (LAKKIS, 
1998), the number of Red Sea organisms 
that had immigrated into the Mediterranean 
Sea was determined as 300 species, that is 
26% of the species diversity in the Levantine 
basin. Ongoing investigations in the Medi-
terranean Sea have yielded more data about 
increasing fauna diversity in general and 
Lessepsian migrants in particular. For ex-
ample, in the eastern Mediterranean near the 
Turkish shore, more than 30 copepods have 
been registered as new for the area; presum-
ably many of them are Lessepsian migrants 
(KOVALEV et al. 2002).

Data on alien species in the Mediterra-
nean Sea belonging to all groups of animals 
and plants including Lessepsian immigrants 
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Abstract

The scientific evidence accumulated on the migrations that zooplankton make from the Red Sea to 
the Mediterranean through the Suez Canal was analyzed. A conclusion was reached that some of the 
zooplankton, e.g. copepods Pontellina plumata, Calocalanus pavoninus, Arietellus pavoninus, reported 
in the literature as immigrants from the Red Sea, may in fact come from the Atlantic.  The assumption 
is based on the fact that these organisms occur both in the eastern and the western Mediterranean. 
They inhabit the Atlantic Ocean, the Gibraltar Strait and the adjoining seawater, but are absent from 
the Suez Canal.

It can be presumed that some zooplankton species widespread in the world ocean entered the Medi-
terranean Sea through the Gibraltar Strait and the Suez Canal. 
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of different levels of probability are summa-
rized in a paper by ZENETOS et al. (2005), 
according to which 963 alien species are 
listed in the Mediterranean Sea. However, 
ZENETOS et al. (2005) remark that the spe-
cies names of some species are probably con-
fused with those of other species noted. On 
the other hand in their opinion, the number of 
alien species could be underestimated due to 
poor knowledge of the systematics of some 
groups.

The recent scientific evidence about dis-
tribution of the presumed Lessepsian immi-
grants in the world ocean and in the Mediter-
ranean Sea gives a reason for revising some 
of the species as originating from the Le-
vantine basin (KOVALEV, 1991; LAKKIS, 
1998). Taking some zooplankton organisms 
as an example, this paper intends to prove 
that such a revision is timely and essential. 

Materials and Methods

The present contribution is mainly 
based on data from the literature, including 
of works of the Institute of Biology of the 
Southern Seas. All investigators used differ-
ent planktonic nets. However, this was prac-
ticable, given our aim.

Results

Zooplankton that entered the Mediter-
ranean Sea through the Suez Canal are rela-
tively few. Seven tintinnids (Tintinnopsis 
aperta, T. dadayi, T. gracilis, T. mortensenii, 
T. tocantinensis, Codonelopsis bulbulosus, 
Metacilis annulifera), three copepods (Acar-
tia centrura, Calanopia elliptica, C. media) 
are regarded as exotic with high probability 
(POR, 1978). These organisms were reported 
from the seawater adjoining the mouth of the 
canal and from the narrow coastal seawater 
area of Israel. LAKKIS (1998) added more 
tintinnids to the list - Tintinnopsis compres-
sa, Epilocylis reticulatea, Codonaria sp. and 
Steenstruricela sp. Other zooplankton that 
immigrated into the Mediterranean through 

the Suez Canal are the copepods, Arietel-
lus pavoninus (MORAITOU-APOSTOL-
OPOULOU, 1969), Labidocera madurae, 
L. detruncata, L. pavo, L. agilis, Pontellina 
plumata, Acartia fossae (LAKKIS, 1981, 
1998), Euchaeta concinna (Casanova, 1973), 
Paracalanus crassirostris and Calocalanus 
pavoninus (GREZE et al., 1982), Centro-
pages furcatus (RAZOULS et al., 2007); 11 
medusae, for example, Laodicea fijiana, Eu-
physora bigelowi, Turritopsis nutricula and 
Rhopilema nomadica; the salp, Salpa cylin-
drica, and the chaetognath, Sagitta neglecta 
(FURNESTIN, 1979, LAKKIS, 1998).

It can be supposed, however, that for 
some of the cited species, primarily those 
widespread in the open oceanic waters of the 
world ocean, the fact of immigration through 
the Suez Canal is questionable. For exam-
ple, Pontellina plumata occurs all over the 
Mediterranean Sea (KOVALEV & SHME-
LEVA, 1982), in the temperate Atlantic 
(ROSE, 1933) and, in particular, in the sea-
water close to the Gibraltar Strait (VIVES, 
1982). Calocalanus pavoninus is abundantly 
found both in the eastern and in the western 
Mediterranean Sea and at both ends of the 
Gibraltar Strait – in the Mediterranean and in 
the Atlantic sectors (VIVES, 1982, GREZE 
et al., 1985). Copepods of this species were 
also found in samples collected in the Albo-
ranean Sea during the 90th expedition of the 
RV Akademik Kovalevsky in 1980, and are 
usual for the tropical and subtropical Atlantic 
Ocean (GORDEEVA & SHMELEVA, 1974, 
GREZE et al., 1984). Another inhabitant of 
the tropical Atlantic is Arietellus pavoninus 
(GORDEEVA & SHMELEVA, 1974), also 
found in the seawater around the Canary 
Islands (VIVES, 1982). These species are 
also known in the Indian Ocean (RAZOULS 
& DE BOVEE, 1998). Therefore it is only 
reasonable to suggest that Pontellina plu-
mata, Calocalanus pavoninus, and Arietellus 
pavoninus immigrated from the Atlantic into 
the Mediterranean Sea through the Gibraltar 
Strait, especially in consideration of the fact 
that these open-sea species have never been 
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registered in the Suez Canal (POR, 1978). 
Even assuming that copepods from the In-
dian Ocean were accidentally brought with 
the ballast water of a ship, it is unlikely that 
their acclimation would be a success. The 
insignificant numbers of the low-motile or-
ganisms and their fast dispersion over the 
unusual environment with turbulent seawater 
make their mass reproduction and therefore 
the formation of a viable population almost 
impossible. Other above-cited zooplankton 
might have actually penetrated through the 
Suez Canal. However, the absence of scien-
tific evidence of their occurrence in the Suez 
Canal and the scarcity of scientific literature 
on their distribution over the World Ocean 
prevents the makingof a definite statement.

Thus, the presently available scientific 
evidence suggests that the holoplankton 
accidentally transferred from the Red Sea 
contribute a minor share to the plankton 
zoocenosis of the Mediterranean Sea. Only 
combined with larvae of sea-bottom inverte-
brates and fish, do the Red sea immigrants 
make up a significant component of the pe-
lagic community in the coastal seawater of 
the eastern Mediterranean; moreover, not all 
of these species may be found in the open sea 
and the registered findings are rare.

Discussion

While connecting the Red and the Medi-
terranean seas, the Suez Canal is also a geo-
morphological and hydrological barrier that 
impedes immigration of marine organisms 
from the open Indian Ocean and the Red 
Sea into the Mediterranean. In this context 
two factors are of special significance – very 
saline seawater and the shallowness of the 
canal. In Lake Great Bitter which lies along 
the canal the salinity is estimated 68-80%o 
near the bottom and 50-52%o on the surface, 
which is fatal to the majority of Red Sea or-
ganisms moving towards the Mediterranean 
Sea. Therefore Pontellina plumata, Caloca-
lanus pavoninus and Arietellus pavoninus, 
the prevalent species in the world ocean and 

in the Atlantic sector close to Gibraltar, might  
have entered the Mediterranean through the 
Gibraltar Strait (KOVALEV, 1991; LAK-
KIS, 1998, (RAZOULS et al., 2007).

The route through the Suez Canal was 
usual for near-shore immigrant species. 
Brought into the Mediterranean with the 
along-shore current originating from the 
mouth of the canal, they inhabit the  coastal 
seawaters of Israel, Lebanon and Syria (POR, 
1978; LAKKIS, 1998).

As the salt covering the bottom of Lake 
Great Bitter dissolves, the salinity of the 
water decreases to 45-46%o near the bottom 
and to 43-44%o on the surface. More than 
1000 algae and animals occur in the canal 
and in lakes nearby (POR, 1978). At the 
same time, the shallowness and salinity of 
the Suez Canal do not permit holoplankton 
from the open Red Sea to enter the canal and 
to expand further into the Mediterranean Sea 
(POR, 1978).

During the 1960s and the 1980s the ca-
nal was deepened and broadened. This in-
vited a larger influx from the Red Sea into 
the Mediterranean. Besides, construction 
of the Aswan dam reduced influx from the 
Nile which made the seawater near Port Said 
more saline; as a result immigration of Red 
Sea organisms into the Mediterranean Sea 
increased. By 1970 the number of non-native 
species that had immigrated for the previous 
forty years had increased 9-fold compared 
with the earlier six-decade period (GALIL, 
2006). It is reasonable to expect that in future 
plankton organisms, mostly neritic, will be 
among immigrants.

Conclusion

Red Sea species play an important role 
in formation of the flora and fauna of the 
eastern Mediterranean, especially along the 
southeastern coast. After the dredging and 
widening of the  Suez Canal and the con-
struction of the Aswan dam that regulates the 
Nile inflow, the significance of Red Sea im-
migrant organisms has increased.
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All information about further migration 
from the Red Sea into the Mediterranean 
should be thoroughly checked; studying the 
distribution of those species over the world 
ocean - the tropical Atlantic in particular – 
from which they can be transferred with a 
current into the Gibraltar Strait and into the 
Mediterranean Sea, may shed more light on 
the topic. It is very likely that some wide-
spread species would enter the Mediterrane-
an through the Gibraltar Strait and the Suez 
Canal.
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