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Abstract The marine environment of the East Mediterranean has been considerably impacted in

modern times by two man-made changes: the creation of a waterway between the Indo-Pacific

and the Mediterranean basins and the control of the Nile fresh-water outflow. The opening of

the Suez Canal caused a migration generally from the Red Sea to the Mediterranean, and rarely

in the opposite direction as the Red Sea is generally saltier and more nutrient-poor than the

Atlantic, so the Red Sea species have advantages over Atlantic species in the salty and nutrient-

poor eastern Mediterranean. Accordingly Red Sea species invaded the Mediterranean ecosystem

and not vice versa; this phenomenon is known as the Lessepsian migration or erythrean invasion.

The composition of zooplankton in the eastern Mediterranean has been shown to include a large

proportion of Indo-Pacific and other circumtropical species which have successfully settled and pro-

liferated in this environment. During the present study, an overview is provided on zooplankton

migration through Suez Canal and its impact on the ecological system based on published literature.

It is also meant with the hydrographic and zooplankton characteristics of the adjacent seas. It is

clear that, except jellyfish Rhopilema nomadica, the negative impact of zooplankton Lessepsian

migratory species in the Egyptian Mediterranean waters is not evident. Finally, it would be con-

cluded that, a continuous monitoring programme will be needed to record the recent erythrean zoo-

plankton species and follow up the distribution and abundance of those previously recorded as

aliens to assess their impacts on the native biodiversity of the Mediterranean.
ª 2015 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Background

The Mediterranean Sea is one of the most oligotrophic semi-
enclosed basins and its marine life is heavily threatened by

habitat degradation due to human activities (Lancelot et al.,
2002). In the last few decades, the Mediterranean Sea environ-
ment had been affected as responses to climate change.

Evidence of a significant increase in temperature had been
recorded in the intermediate and deep waters in the Ligurian
Sea (Sparnocchia et al., 1994; Bethoux and Gentili, 1999).
The marine environment of the East Mediterranean has been

considerably impacted in modern times by two man-made
changes: the creation of a waterway between the Indo-Pacific
and the Mediterranean basins and the control of the

Nile fresh-water outflow (Halim, 1990). The Eastern
Mediterranean particularly the Levantine Basin is the most
impoverished oligotrophic water body in terms of productivity

and nutrient concentrations (Krom et al., 1991). The supply of
nutrients to the Mediterranean is limited by inputs from the
Atlantic Ocean and those of various rivers surround it

(Hecht and Gertman, 2001).
In aquatic environments, zooplankton plays an important

role in the transfer of energy from primary producers to the
higher levels in the food chain. Furthermore they are them-

selves favourite food items for many animals including eco-
nomic fishes. In this respect, the quantitative and qualitative
investigation of zooplankton organisms in any aquatic envi-

ronment is essential regarding the knowledge about the pro-
ductivity and diversity in that specific environment (Toklu
and Sarihan, 2003). The most numerous, important and wide

spread group of marine zooplankton is the Copepoda, forming
usually 50–90% numerically of the zooplankton community
(Mauchline, 1998; Steinberg et al., 2002; Steinberg et al.,

2004; Walter and Boxshall, 2008; Al-Mutairi, 2009; Krsinic
and Grbec 2012; El-Naggar, 2014). They constitute an impor-
tant part of the marine food chain because they serve as a pri-
mary food source for many carnivores (Bouley and Kimmerer

2006). El-Rashidy (1987) found that, most of the fish larvae in
the south-eastern Mediterranean feed on pelagic copepods.

The Suez Canal was opened in order to shorten the com-

mercial navigation ways between the Mediterranean and
Indian Ocean in 1869. Its effect on the water and salt budgets
of the adjacent seas had almost no significant impact, but its

biological role is especially more effective (Halim, 1990). The
opening of the Suez Canal caused a migration generally from
the Red Sea to the Mediterranean, and rarely in the opposite
direction as the Red Sea is generally saltier and more

nutrient-poor than the Mediterranean Sea, so the Red Sea spe-
cies have advantages over Mediterranean species in their toler-
ance to the new environment. Accordingly, Red Sea species

invaded the Mediterranean biota and not vice versa; this phe-
nomenon is known as the Lessepsian migration or erythrean
invasion. Several authors have focused their research activities

on the role of the Suez Canal as a pathway to the migration of
several marine organisms and their impact on the ecological
changes that occur in the Canal area. (Steinitz, 1967, 1968;
Por and Ferber, 1972; Kimor, 1972, 1983; Alvarino, 1974;

Lakkis, 1976; Halim, 1990; Por, 1990; Avsar, 1999; Abdel-
Rahman, 1997, 2005; Mavruk and Avsar, 2008). Studies
related to this phenomenon were concentrated mainly on
fish migration because of their economical importance.

Therefore, the present work provides an overview on zoo-
plankton migration through Suez Canal and its impact on
the ecological system based on published literature. It is also

meant with the hydrographic and zooplankton characteristics
of the adjacent seas.
Hydrographic characteristics of Mediterranean Sea, Red Sea

and Suez Canal

The Mediterranean Sea, as depicted in Fig. 1, is an enclosed

basin connected to the Atlantic Ocean by the narrow Strait
of Gibraltar whose width is 13 km and sill depth is 300 m
and connected to the Black Sea by the Dardanelles/Marmara

Sea/Bosphorus system. It is comprised of two sub-basins, the
Western Mediterranean (WMED) and the Eastern
Mediterranean (EMED), connected by the Strait of Sicily
whose width is about 35 km and whose sill depth is about

300 m. The EMED is more complicated than the WMED. It
consists of four sub-basins; the Ionian Sea, the Levantine,
the Adriatic, and the Aegean Seas.

The circulation and hydrography of the Mediterranean Sea
waters as described by Zavatarelli and Mellor (1995) are driven
by the net fresh water loss and heat loss to the atmosphere and

the exchange of salinity and heat through the Strait of
Gibraltar. The loss by evaporation exceeds the input by precip-
itation and river runoff and Black Sea exchange. The existence
of the two counterflows in the Strait of Gibraltar requires a

basin transformation to link the inflowing Atlantic Water with
the outflowing Levantine Intermediate Water (LIW). The sur-
face waters, the Modified Atlantic Water (MAW), flowing into

the Mediterranean are subject to evaporation and mixing with
the underlying waters, causing a progressive increase of the
salinity; the surface value increases from 36.25 psu in the

Gibraltar area to 37.25 psu in the Strait of Sicily and to values
higher than 38.50 psu in the Levantine Sea. Its west to east
path across the Mediterranean can be tracked by a subsurface

salinity minimum (Lacombe and Tchernia, 1960), representing
the signature of their Atlantic origin, which progressively
deepens 20–50 m.

The LIW depth range is 300–700 m in the WMED and 200–

400 m in the EMED. LIW is the result of winter convection
processes in the EMED occurring in the Rhodes-Cyprus area,
and probably in other sections of the Levantine Sea in winter

(Morcos, 1972; Said and Karam, 1990; Abdel-Moati and Said,
1987). At its source, LIW has a salinity of about 39.10 psu and
spreads to the whole Mediterranean (S& = 38.70 psu at the



Figure 1 The Mediterranean Sea.
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Strait of Sicily), reaching Gibraltar where it forms the
Mediterranean outflow into the Atlantic Ocean.

The Red Sea forms a long and narrow trench, roughly

NNW-SSE oriented, about 1930 Km long and 270 Km wide
between 12�N and 28�N (Maillard and Soliman, 1986).
North of 28�N the sea is bounded by the shallow Gulf of

Suez to the west and the deep Gulf of Aqaba on the eastern
side. The continental shelf (less than 50 m depth) is widely
extended in the southern half of the Red Sea. The central

trough more than 1000 m, deep is found north of 16�N; its
width is about 50 Km and the deepest parts reach 2700 m.
This long and narrow basin is connected with the Indian

Ocean through the narrow Strait of Bab al Mandab at the
south.

In the Red Sea, evaporation is active and largely exceeds
precipitation so that salinity and temperature are compara-

tively high. Surface salinity rapidly rises from less than
37 psu at the southern entrance, to 40–41 psu in the northern
Red Sea and the Gulf of Aqaba, and to more than 41 psu in

the Gulf of Suez. The average surface temperature fluctuates
between 25 �C and 32 �C in the south, 21.3 �C and 27.9 �C in
the northern Red Sea. The Gulf of Suez shows a slightly

greater amplitude, from 17.9 �C to 26.5 �C. The lower layers
from about 300 m downwards, are almost homothermal, near
21.7 �C, except for an adiabatic increase in the deeper waters,
and homohaline around 40.5–40.6 psu. The Red Sea deep

waters are warmer than any other marine basin at correspond-
ing levels. A layer of minimum oxygen is present at 300–600 m,
with very low values of 0.4–0.6 ml/l at the minimum (Halim,

1969).
The outline of the circulation pattern in the Red Sea (cited

in Morcos, 1970) is the inflowing water from the Gulf of Aden

in the south, which after passing the Strait, is deflected towards
the eastern coast. This less dense water occupies the upper stra-
tum, which by penetrating to the north, undergoes a gradual

increase of salinity and decrease of temperature. Arriving at
the northern edge of the Red Sea, it sends a branch in the
Gulf of Aqaba, turns to the west, and sends another branch
to the Gulf of Suez, but its main mass reaches the African
coast where becoming more saline through the influence of

the Gulf of Suez, it sets southwards along this coast.
The Suez Canal lies between longitudes 32�200 and 32�350E,

and between latitudes 29�550 and 31�150N (Fig. 2). It is a pas-

sage between the Mediterranean Sea at Port Said and Red Sea
at Port Taufiq. The Suez Canal has a total length of 193 Km
and a depth of 26 m creating the first salt-water passage

between the Mediterranean and Red Seas. The Red Sea is
higher than the Eastern Mediterranean, so the Canal serves
as a tidal strait that pours Red Sea waters into the

Mediterranean. The physico-chemical conditions within the
Suez Canal remained inhospitable for marine organisms from
both seas for long and hence the species that succeeded in
crossing the Canal and surviving in the opposite sea must have

remained limited in number until the conditions improved. The
Suez Canal being a narrow and shallow water course, its tur-
bidity and temperature are higher than those of the adjacent

seas. In addition, the Bitter Lakes, which are hyper saline nat-
ural lakes that form part of the Canal, south, and the Nile
fresh water dilution, north, acted as two selective salinity bar-

riers blocking the migration of the Red Sea species into the
Mediterranean for many decades, but as the salinity of the
lakes gradually equalized with that of the Red Sea, the barrier
to migration was removed, and plants and animals of the Red

Sea have begun to colonize the Eastern Mediterranean. The
construction of Aswan High Dam across the Nile River in
the 1965 reduced the inflow of fresh water and nutrient-rich silt

from the Nile into the Eastern Mediterranean, making condi-
tions there even more like the Red Sea and worsening the
impact of the invasive species. The migration process is

increasing from south towards the north of the Suez Canal
particularly after the disappearance of hydrological barriers
(Kimor, 1972) and the increasing salinity in the Levantine

Basin after the construction of Aswan High Dam (Oren,
1969; Por, 1971, 1978). The uplifting of the two salinity



Figure 2 The Suez Canal.
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barriers and considerable widening and deepening of the Canal

in recent times have created conditions which are likely to
accelerate the biological exchanges (Halim, 1990).
Zooplankton characteristics of Mediterranean Sea, Red Sea and

Suez Canal

The marine biota of the Mediterranean is derived primarily

from the Atlantic Ocean. The North Atlantic is considerably
colder and more nutrient-rich than the Mediterranean, and
the marine life of the Mediterranean had to adapt to its differ-
ing conditions in the five million years since the basin was

reflooded. A study of the currents and the general hydrogra-
phy of the area may provide a clue to the pattern of distribu-
tion. The composition of zooplankton has been shown to

include a large proportion of Indo-Pacific and other circum-
tropical species which have successfully settled and
proliferated in this environment. Emig and Geistdoerfer
(2004) mentioned the origin of the Mediterranean species as
follows; Atlantic origin 50.2%, endemic species 28.6%,

Atlantico-Pacific origin 16.8% and Indo-Pacific origin 4.4%.
In separate areas of the Mediterranean Sea, many observa-

tions on zooplankton have given valuable information on sys-

tematic, population structures and distribution. The
zooplankton of the Mediterranean Sea particularly the western
basin has attracted the attention of several investigators:

Giesbrecht (1892, 1897), Rose (1924, 1926, 1929, 1931, 1933),
Tregouboff and Rose (1957), Bernard (1958), Furnestin
(1960, 1965, 1966, 1968), Gaudy (1962, 1963, 1972, 1985),
Mazza (1962, 1963, 1966), Boucher and Thiriot (1972).

There were several articles concerning the specific composi-
tion and population assemblages of zooplankton in limited or
more extended areas of the western Mediterranean Sea (Riera

and Blasco, 1967; Bernard, 1967; Vives, 1967, 1978; Ehrhardt,
1967; Soenen, 1969; Hure and Scotto di Carlo, 1969; Hure
et al., 1980; Scotto di Carlo and Ianora, 1983; Seguin et al.,

1993; Ragosta et al., 1995; Champalbert 1996; Fernandez de
Puelles et al., 2007).

Copepods usually account for 45–95% of the zooplankton

population. They are particularly abundant in the Liguro-
Provenzal zone (Gilat et al., 1965; Gaudy, 1971b, 1972;
Champalbert, 1971a,b, 1975; Gaudy, 1985; Razouls and
Kouwenberg, 1993; Ragosta et al., 1995), as in the Balearic

Sea (Fernández de Puelles and Salvà Picó, 1992; Jansà and
Fernández de Puelles, 1990; Fernandez de Puelles et al., 2007).
Similarly, in the Bay of Alger and surroundings, proportions

of copepods ranged between 70 and 80% (Bernard, 1955).
In neritic waters, Clausocalanus arcuicornis, Centropages

furcatus, Paracalanus parvus, Centropages typicus,

Centropages chierchiae, Temora stylifera, Acartia clausi,
Oithona helgolandica, Oithona nana, Euterpina acutifrons,
Oncaeidae and Coryceaidae are the most abundant species or

families (Gaudy, 1962, 1971a,b, 1985). In the euphotic layer
C. arcuicornis, C. furcatus, P. parvus and C. typicus often
contribute for 75–95% of the copepods, Calanus minor,
Pleuromamma, Oncaeidae, Corycaeidae, Microsetellidae,

Euchaetidae, Candacidaea, Sapphiriniidae are more characteris-
tic of oceanic waters (Gaudy, 1985). In the neuston layer, pon-
tellids often constitute the major diurnal biomass

(Champalbert, 1969, 1975; Zaitsev, 1968), among the most
abundant species, Anomalocera patersoni, Pontella lobiancoi,
Pontella atlantica, Pontellopsis regalis have an Atlantic origin

and are abundant in oceanic waters whereas Pontella mediter-
ranea and Labidocera wollastoni are rather neritic species.

Cladocerans rank second in importance. They can account
for 19% (Rodrı́guez Martı́nez, 1979). In the Balearic Sea,

cladocerans often were about 7% of total planktons
(Fernández de Puelles and Salvà Picó, 1992). Frequently, they
are numerous in ports and eutrophicated areas (Patriti, 1973,

1984). In the Gulf of Naples, Podon polyphemoides, Evadne ter-
gestina and Penilia avirostris contribute 60% of the whole zoo-
planktonic population during summer (Ianora et al., 1985).

Appendicularians represent about 19% of the planktonic
population in the Catalan Sea (Vives, 1966), 4–6% in the
Balearic Sea (Fernández de Puelles and Salvà Picó, 1992) and

3.7% in the Sardinia channel (Ehrhardt, 1967). Usually, they
do not constitute high biomass in zooplankton communities
but their intense metabolisms induce immediate responses to
trophic conditions (Gorsky and Palazzoli, 1989; Gorsky et al.,
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1991) and as a consequence of their high excretion rate, they
participate in nitrogen reminerlization in the euphotic zone.
Moreover, their house secretions contribute significantly to

organic matter fluxes (Gorsky et al., 1984; Gorsky et al., 1991).
Chaetognaths (Sagitta setosa, Sagitta enflata) may repre-

sent about 2.5% of total zooplankton near Castellon (Vives,

1966), 2–3% in the Balearic Sea (Fernández de Puelles and
Salvà Picó, 1992).

Ostracods are more numerous in deep waters than in the

epipelagic zone (Leveau, 1965; Alcaraz, 1977; Scotto di
Carlo et al., 1984).

Gelatinous plankton is numerous in the Ligurian Sea
(Laval et al., 1989) and the Catalan coast (Sabatés et al.,

1989). Two species often occur sporadically in swarms
(Thalia democratica, Doliolium nationalis) making the major
part of the planktonic biomass.

From the Alboran Sea to the Sicilo-Tunisian Strait zoo-
plankton diversity is high. In frontal structures such as the
Almeria-Oran front Seguin et al. (1993) and Thibault et al.

(1994) found that copepods (both neritic and oceanic in origin)
made up 85-95% of the organisms among which more than
50% belonged to Oithona, Paracalanus, Clausocalanus genera;

Oncaea, Temora and Calanus were also fairly abundant. Along
the Algerian coast the Atlantic influence is important. In the
Bay of Alger, Bernard (1955) has highlighted the prevalence
of Atlantic elements often with a tropical character (Temora

longicornis, Acartia danae, C. chierchiae, Sagitta friderici, S.
tasmanica, S. planctonis). In the Sardinia channel, Soenen
(1969) reported 235 planktonic species among which 104 cope-

pod species were always more than 50% of the total plankton.
He noted the simultaneous presence of neritic and oceanic spe-
cies in areas with a narrow continental shelf. Among the cope-

pods, C. minor, C. arcuicornis, Eucalanus elongatus, T.
stylifera, C. typicus, Oithona plumifera were the most frequent
and among the other groups, S. enflata, Oikopleura fusiformis,

Oikopleura longicauda and Limacina inflata.
In lagoons or very littoral and eutrophic areas, only a few

eurybiotic species such as A. clausi, Sagitta setosa, P. polyphe-
moides, Balanus larvae can resist (Patriti, 1976, 1984; Della

Croce and Boero, 1976; Sertorio et al., 1980; Sertorio and
Zoli, 1980; Arfi et al., 1982; Champalbert and Patriti, 1982).

The eastern Mediterranean has received intensive work by

many authors: Kimor (1965, 1971), Chakroun (1966), Kimor
and Berdugo (1967), Evans (1968), Berdugo and Kimor
(1968), Seguin (1968), Kiortsis (1969), Lakkis (1971, 1974, 1976),

Soenen (1972), Kimor and Wood (1975), Pasteur et al. (1976).
Many studies have shown similar standing stocks in the

western and the eastern parts of the Mediterranean Sea.
Most species were found in both basins. In the eastern basin

the fauna is rich, but the Adriatic and the Black Sea behave
as specific ecosystems (Vucetic, 1957, 1971; Gamulin, 1979;
Hure et al., 1980; Porumb et al., 1981; Fonda Umani et al.,

1985, 1992; Petran, 1985; Vinogradov et al., 1985).
The Copepoda is by far the most important group in the

composition of the zooplankton both in regard to biomass

and number of species. This had been shown by Berdugo
(1969) regarding The Mediterranean coastal waters of Israel
and by Pasteur et al. (1976) in relation to coastal and inshore

waters of the eastern Mediterranean. Centropages violaceus
was considered by Della Croce (1959) and Gaudy (1963) as
an indicator of Atlantic species in the eastern Mediterranean.
Forty species of Copepoda had been recorded in the eastern
Mediterranean basin by Kimor and Wood (1975). Among
them, C. arcuicornis, C. furcatus, T. stylifera and Haloptilus
longicornis were the most important as biomass components.

In the Ponto-Mediterranean Province, the geographical distri-
bution of 19 species belonging to the family Acartiidae was
studied by Belmonte and Potenza (2001).

The Adriatic Sea encompasses two main parts with differ-
ent characteristics: the shallow northern region has a neritic
character and is influenced by river discharge; the southern

region, much deeper, has an oligotrophic character (Fonda
Umani et al., 1994; Fonda Umani, 1996; Russo and
Artegiani, 1996). Specific composition of zooplankton commu-
nities is very similar to that observed in other Mediterranean

regions (Hure et al., 1980; Regner et al., 1985; Fonda Umani
et al., 1992, 1994). Copepods are numerous, especially in the
north (41–99% in coastal areas; �94% in open sea). In the

central Adriatic, they represent 82% and 68% of overall
plankton in coastal and open sea waters respectively and, in
southern Adriatic 41% and 61% (Regner et al., 1985). In the

north and the central Adriatic Sea, P. avirostris, E. tergestina,
Euphausia spinifera, Evadne nordmanni and A. clausi are
numerous; A. clausi often alternates with P. avirostris

(Fonda Umani et al., 1985). The cladoceran species P. polyphe-
moides known as a neritic euryhaline species was considered by
Komarovsky (1952) as a possible indicator of the Nile flood off
the Mediterranean coast of Israel.

In the Aegean and the Levantine Seas, copepods were by
far the dominant component (64–92%), chaetognaths (10%)
were more abundant in deep zooplankton samples whereas

appendicularians mainly occurred in the upper layer (21%),
dolioles made 6–9% (Weikert and Trinkauss, 1990;
Pancucci-Papadopoulou et al.1992; Lakkis and Toklu, 2007).

Uysal et al. (2002) identified 76 copepod species from the
northern Levantine basin including four new species. 33 spe-
cies of Copepoda and 3 species of Cladocera were recorded

along Iskenderun Bay by Toklu and Sarihan (2003). An
increased number of ostracods were found in deep layers as
previously reported in Rhodes island waters by Kimor and
Wood (1975). These observations also agree with previous

investigations carried out in the Aegean and the Levantine
Sea (Delalo, 1966a; Pasteur et al., 1976; Moraitou-
Apostolopoulou, 1985; Siokou-Frangou and Pancucci-

Papadopoulou, 1988; Brautovic et al., 2007).
The diversity of copepods from Lebanese and Egyptian

waters is high and almost equivalent. Dowidar and El

Maghraby (1972), Dowidar (1985), Lakkis (1984, 1990,
1998), Lakkis and Zeidane (2004) found some Indo-pacific spe-
cies such as Labidocera pavo, Labidocera Madura, Calanopia
elliptica and Calanopia media whose presence is limited to a

short period of the year. The number of copepod species
(173) found in the eastern basin (Lakkis, 1990) is very close
to the number of species (70–176 species) found in the western

basin (Mazza, 1966; Vives, 1966; Razouls, 1972; Vives et al.,
1975; Gaudy, 1985). O. longicauda and Oikopleura dioica rep-
resent about 86% of the whole appendicularian populations in

the Lebanese waters (Lakkis and Zeidane, 1985).
Comparison of data from the eastern basin showed unifor-

mity of zooplankton composition in the western and eastern

Mediterranean Sea (Champalbert, 1996). Specific diversity is
lower inshore, especially when the continental shelf is narrower
than offshore. The neritic community consists of a few species
with P50% copepods. Specific assemblages with low diversity
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inhabit brackish or eutrophic areas. The oceanic community
encompasses neritic and oceanic species in low densities; but
its diversity is high. In the western basin, specific diversity

tended to decrease eastwards from the strait of Gibraltar and
the Alboran Sea, which is rich and influenced by water of
Atlantic origin (Champalbert, 1996). In the eastern basin, the

diversity was a maximum in the easternmost Levantine waters.
The deep water fauna, mainly composed of mesopelagic spe-
cies, is fairly uniform all over the Mediterranean but poorer

than the Atlantic deep fauna. Beside variations related to
hydrology and biotic factors, important changes of zooplank-
ton composition are induced by passive horizontal transport
(Champalbert, 1996).

Water mixing and consequent uniformization change the
distribution of zooplankton and induce important interactions
between neritic, oceanic and deep plankton: some species such

as Calanus helgolandicus, common in the neritic zone of
Atlantic waters, and frequent in Mediterranean offshore
waters, come from subsurface or deep waters by upwelling

(Champalbert, 1996). Comparisons between the western and
the eastern basin show that zooplankton composition is not
very different and the number of species is equivalent despite

a few exceptions and local fluctuations. In both basins, diver-
sity indexes decrease from the oceanic to the neritic and the
most coastal waters. The oceanic community includes species
of oceanic character with low densities and neritic species.

The neritic community is composed of few species which con-
stitute the bulk of the community. The deep water fauna,
which consists of mesopelagic species essentially, constitutes

a uniform community throughout the Mediterranean Sea, with
limited geographic variations (Mazza, 1967; Hure and Scotto
di carlo, 1968; Casanova, 1974). Eutrophic or brackish areas

are inhabited by specific assemblages with low diversity.
The Mediterranean zooplankton assemblage is very close to

that of the Atlantic and reveals both temperate and tropical

influences. Endemic species are rare and speciation seems
restricted to littoral waters (Crisafi, 1974; Furnestin, 1979).
The majority of copepods, from Indo-pacific origin (Sewell,
1948), belongs to the Mediterranean-Atlantic fauna and a

few species come from the Atlantic or the Arctic Ocean
(Gaudy, 1985). In the Alboran Sea and the southwestern basin,
enriched by the Atlantic flow, specific diversity and abundance

are much higher than in the Catalan Sea (Furnestin, 1968).
Species seem to be transferred towards the Sicilo-Tunisian
strait; their number decreasing eastwards with the lesser

importance of the Atlantic flow. In the eastern basin, tropical
and subtropical elements dominate and diversity is fairly high.
Some copepod species from Lebanese waters belong to the hot
temperate and subtropical types of the Mediterranean fauna

(Lakkis 1971; Gaudy, 1985) and a few species (genera
Calanopia, Arietellus) have been reported as new immigrants
through the Suez Canal in the eastern Mediterranean.

Studies carried out before and after the erection of Aswan
dam in Egypt showed drastic changes in copepod composition
and densities off Abu Kir and Nile delta (Dowidar, 1985). The

problem of the immigration of species from the Red Sea
remains complex (Dowidar, 1985). Zooplankton distribution
and migration are affected by both biotic (e.g. predation, com-

petition) and abiotic factors (David et al., 2005; Isari et al.,
2007; Marques et al. 2007a,b). Hydrological parameters are
directly influenced by climatic variations. Understanding how
hydrological shifts affect communities can reveal the
importance of the ecological role played by climate change
events on the structure of zooplankton communities
(Marques et al. 2007a).

The climate variability and anthropogenic activities have
great impacts on zooplankton community in the Egyptian
Mediterranean waters; increased temperatures are associated

with the successful establishment of both tropical non indige-
nous species and indigenous species with warm-water affinity
(Zakaria, 2014). On the other side, the ballast water regarded

as the main factor affecting the introduction of non-
indigenous aquatic organisms (Subba Rao et al., 1994;
Smith, 1995; Gollasch, 1996). Gollasch et al. (2000) empha-
sized that at least semiplanktonic organisms, such as harpacti-

coid copepods, are able to thrive and reproduce in ballast
water tanks. A ballast water tank can thus function as an incu-
bator during the cruise for some species. This fact may have

some impact on the release of non-indigenous species in the
destination harbour or in near-coastal waters where the ballast
tanks are emptied (El-Naggar, 2014).

Horizontal transport during vertical migration may, to a
certain extent, favour the exchange of fauna; transitional areas
contribute to connect the Mediterranean Sea and the adjacent

oceans and seas, i.e. the Alboran Sea with the Atlantic, the
North Aegean Sea with the Black Sea and the south-eastern
Mediterranean with the Red Sea (Champalbert, 1996).

Zooplankton of the Red Sea had been previously studied by

different authors. Ponomareva (1966) made a quantitative esti-
mation of zooplankton in the Red Sea. Delalo (1966b) esti-
mated the zooplankton biomass in the Red Sea and Gulf of

Aden. Halim (1969) reported a preliminary review on both
phytoplankton and zooplankton in the Red Sea and Gulf of
Aqaba. Further, Bergren and Boersma (1969) estimated the

planktonic Foraminifera from the Red Sea. Gordeyeva
(1970) studied the distribution of zooplankton in the northern
and central parts of the Red Sea. Weikert (1982) described the

vertical distribution of zooplankton as affected by the prevail-
ing ecological conditions along the central part of the Red Sea.
Al-Aidaroos (1984) studied the zooplankton communities with
special reference to Copepoda north of Jeddah. Echelman and

Fishelson (1988, 1990) studied the seasonal surface zooplank-
ton dynamics in the Gulf of Aqaba near Eilat. Beckmann
(1988) studied the seasonal patterns of mesopelagic calanoid

copepods in the central Red Sea. Almeida Prado-Por (1983,
1988) studied the diversity, dynamics and vertical migration
of calanoid copepods in the Gulf of Aqaba. Qualitative estima-

tion of phytoplankton and zooplankton of the northern Red
Sea and Gulf of Aqaba were carried out by El-Sherif and
Aboul-Ezz (2000). Dowidar (2003a) studied the mesozoo-
plankton distribution and abundance in the Gulf of Aqaba

and northern Red Sea. An examination of plankton samples
collected from the inshore and offshore waters in the vacancy
of Hurghada area in the Egyptian Red Sea coast revealed the

presence of a diverse community of planktonic tintinnids
(Abou Zaid and Hellal, 2012).

Planktonic Copepoda in the Red Sea attracted the attention

of different investigators. Bottger-Schnack (1995) recoded that
Copepoda were the dominant taxa in the central and southern
parts of the Red Sea contributing 84–92% to the total number

of the zooplankton. In the northern part of the Red Sea the
copepod population represents 86% of the total community
(Dowidar, 2003a). 158 species were compiled by Halim
(1969) from the records of Giesbrecht (1891, 1897), Steuer
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(1898), Cleve (1900, 1903), Scott (1902), Thompson (1900),
Thompson and Scott (1903), Sciacchitano (1930), Santucci
(1937) and Pesta (1941, 1943). Since then, nine more copepod

species were recorded from the Gulf of Aqaba, four from the
southern Red Sea and 32 from the main basin by Weikert
(1982).

Recent investigations of the Red Sea Copepoda revealed a
much greater wealth in species than was previously suspected
(Abdel-Rahman, 1999; El-Sherif and Aboul-Ezz, 2000;

Bottger-Schnack, 2001, 2002; El-Serehy and Abdel-Rahman,
2004; Abdel-Rahman and Aboul-Ezz, 2005). The recorded
Red Sea copepods now reach about 74% of the Indian
Ocean population. Their pattern of distribution characterized

by a decreasing gradient from the south to north and a period-
ical winter influx through Bab el Mandab, as outlined earlier
(Halim, 1969), remains valid and is confirmed by Schneider

et al. (1994). A gradual impoverishment in winter immigrants
is observed along the longitudinal axis of the Red Sea. In spite
of this a small number of species will succeed to reach the Gulf

of Suez, penetrate into the Canal and establish themselves in
its lakes (Halim, 1990).

Calanoid copepods are outstanding holoplanktonic cope-

pods and tend to dominate the zooplankton communities in
the Red Sea and its nearby water bodies of Gulf of Aqaba,
Gulf of Suez and Suez Canal. 124 calanoid copepods were
recorded for the period extending from 1897 till 2000

(Abdel-Rahman and El-Serehy, 2004). Only 60 calanoid spe-
cies are considered a distinctive local endemic fauna: Red
Sea (43 species), Gulf of Aqaba (9 species), Gulf of Suez (5 spe-

cies) and Suez Canal (3 species). The remainder 64 calanoid
species have been considered with common but not local ende-
mic distributional pattern.

Abdel-Rahman and El-Serehy (2004) recorded 43 calanoid
species restricted to the Red Sea. These are: Acartia danae
Giesbrecht, 1889, Acrocalanus monachus Giesbrecht, 1888,

Paracalanus denudatus Sewell, 1929, Paracalanus nanus Sars,
1925, Scolecithricella minor Brady, 1883, Scolecithricella orien-
talis Mori, 1937, Scolecithricella spinipedata Mori, 1937,
Scolecithricella tropica Grice, 1926, Scolecithrix auropecten

Gisbrecht, 1892, Scolecithrix chelipes Gisbrecht, 1896,
Scolecithrix tenuipes Scott, 1894, Labidocera orsinii
Giesbrecht, 1889, Pontella fera Dana, 1849, Pontellopsis kra-

meri Giesbrecht, 1896, Calcocalanus contractus Farran, 1926,
Candacia aethiopica Dana, 1863, Candacia bispinosa Claus,
1863, Candacia samassae Pesta, 1941, Centropages orsinii

Giesbrecht, 1889, Clausocalanus paululus Farran, 1926,
Clausocalanus pergens Farran, 1926, Clausocalanus longicornis
Mori, 1937, Eucalanus atenuatus Dana, 1849, Eucalanus bungii
Giesbrecht 1892, Eucalanus crassus Giesbrecht, 1888,

Eucalanus elongates Dana, 1849, Eucalanus mucronattus
Giesbrecht, 1888, Eucalanus pileatus Giesbrecht, 1888,
Eucalanus subcrassus Giesbrecht, 1888, Rhincalanus cornutus

Dana, 1849, Euchaeta marina Prestandrea, 1833, Euchaeta
plana Mori, 1937, Haloptilus acutifrons Giesbrecht, 1889,
Haloptilus plumosus Claus, 1863, Lucicutia clausi Giesbrecht,

1889, Lucicutia gemina Farran, 1926, Lucicutia ovalis
Giesbrecht, 1889, Lucicutia paraclausi Park, 1970,
Pleuromamma robusta Dahl, 1893, Xanthocalanus gigas

Snacchitano, 1930, Temora turbinate Dana, 1849, Tortanus
barbatus Brady, 1883 and Tortanus recticauda Giesbrecht,
1889. A new species of calanoid copepod, Centropages
aegypticus sp. nov. was recently identified from the northern
Red Sea by El-Sherbiny and Ueda (2008).

108 Tintinnid species have been recorded from the Red Sea

by Cleve (1900), Santucci (1937) and Komarovsky (1959,
1962). About 31 species are, so far, only known from south
of 18�N. 39 species seem to be widespread and common since

they have been recorded from different localities in the main
basin and most of them also extend to the Gulf of Aqaba,
the Gulf of Suez or both. The recent check list of plankton

in the northern Red Sea prepared by El-Sherif and Aboul-
Ezz (2000) indicated that only 23 tintinnid species were
recorded. Most of them were encountered in the
Mediterranean Sea. Few are typically Red Sea dwellers

namely, Rhabdonella brandt, Codonellopsis silvae,
Codonellopsis parva, Tintinnopsis tubulosa, Petalotricha major
and Sapingella secata. Ninety two tintinnid species were

recorded from the coast of Hurghada in the Red Sea by
Abou Zaid and Hellal (2012). Most of them were found in
the tropical waters, some are cosmopolitan while few are cold

water inhabitants.
The Red Sea is poor in Cnidaria, representing about 2% of

the total zooplankton density (Dowidar, 2003a). Only 26

siphonophore species were reported in Halim’s (1969) review.
Dowidar (2003b) recorded 29 Cnidaria species in the northern
Red Sea and Gulf of Aqaba; 16 hydromedusae, 11 siphono-
phore and 2 species belonging to Class Scyphozoa. Most spe-

cies were recorded in the upper 300 m layer, including:
Bougainvilla bitentaculata, Chelophyes contorta, Cytaeis tetra-
stylla, Euphysa aurata, Euphysilla pyramidata, Lensia meteori,

Liriope tetraphylla, Nausithoe punctata, Persa incolorata,
Podocoryne carnea, Podocoryne minima, Rhopalonema funerar-
ium, Rhopalonema velatum, Sminthea eurygaster,

Sphaeronectes irregularis, Sulculeolaria chuni, Sulculeolaria
quadrivalvis, Zanclea costata, and Zanclea orientalis.

Three species of pelagic amphipods were recorded from the

Red Sea namely; Rhabdosoma whitei, Oxycephalaus clausi and
Oxycephalaus erythraeus (Halim, 1969). The first two species
are diffused throughout the Red Sea basin, while O. erythraeus
occurring down to 800–900 m. Barnard (1937) reported

Phronima sedentaria, P. atlantica var. solitaria, Platyscelus
inermis and Rhabdosoma whitei from the southern half of the
Red Sea.

The chaetognath population of the Red Sea is decidedly
tropical Indo-Pacific in its affinity. Only 13 species were
recorded. The majority of the Red Sea chaetognaths appear

to be well established in this sea. Sagitta hexaptera, Sagitta
inflate, Sagitta pacifica, Sagitta robusta, Sagitta serratodentata
and Sagitta sibogae are permanent inhabitants of the Red Sea
and show no seasonal or geographical variation in relation to

the inflowing Gulf of Aden current. Both the Gulf of Suez and
Gulf of Aqaba are poorer in species than the main basin and
the latter gulf is poorer than the former. Their populations

are, however, less well known. The following seven species
are recorded from the Gulf of Suez: S. inflate, Sagitta neglecta,
Sagitta regularis, S. robusta, S. serratodentata, Krohnitta paci-

fica, Krohnitta subtilis and five from the Gulf of Aqaba,
namely; S. inflate, S. hexaptera, S. regularis, S. pacifica and
K. subtilis (El-Sherif and Aboul-Ezz, 2000 and Dowidar,

2003a). Sagitta bipunctata, abundant at Port Said, was totally
absent from the Suez Canal. S. neglecta was found throughout
the Canal.
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Previous records of planktonic Copepoda studies in the
Suez Canal were based on short collection periods, firstly esti-
mated at the end of the 19th century by Giesbrecht (1891,

1897), then Thompson (1900), Cleve (1900, 1903), Scott
(1902), Thompson and Scott (1903), Gurney (1927). Other esti-
mations were carried out by Mac Donald (1933) on the distri-

bution of phytoplankton and zooplankton in the Suez Canal
during the period from July to December, 1928. Kimor
(1972) studied the fauna of Suez Canal. Abu-Zeid (1990)

reported on the zooplankton population in Lake Timsah with
special reference to Copepoda. Halim (1990) gave a report on
the potential migration of Indo-Pacific plankton trough the
Suez Canal. Abdel-Rahman (1997) studied the distribution

of zooplankton communities in the Suez Canal. A compiled
list of copepod species recorded form the Gulf of Suez, Suez
Canal and Eastern Mediterranean by Abdel-Rahman (2005)

indicated that 43 species derived from Red Sea, 15 species
derived from Mediterranean and 19 species derived from both
Red and Mediterranean Sea.

Zooplankton migration through Suez Canal

The Red Sea is generally saltier and more nutrient-poor than

the Atlantic, so the Red Sea species have advantages over
Atlantic species in the salty and nutrient-poor eastern
Mediterranean. Accordingly Red Sea species invade the

Mediterranean biota and not vice versa; this phenomenon is
known as the Lessepsian migration or erythrean invasion.
Both the circulation pattern and the comparatively higher
salinity of the Suez Canal have favoured the penetration and

northward migration of erythrean species rather than of the
Mediterranean species in the opposite direction (anti-
Lessepsian migration). The infiltration of species successfully

passing through the Suez Canal from the Red Sea into the
Mediterranean Sea seems to continue for most of the year,
except for two or three months during the summer, when the

process is reversed and the waters of the Mediterranean flow
towards the Red Sea (Wust, 1934; Morcos, 1960).

A total of 50 copepod species recorded in the Suez Canal, of

which 35 species were observed as migrant species (15 species
recorded as erythrean migrants ‘‘northward migration or
Red-Med migrants’’, 7 species recorded as Med-Red migrants’’
migrated from Mediterranean to Red Sea, 13 species migrated

from both Red and Mediterranean Seas Abdel-Rahman
(2005).

Five copepod species of erythrean migrants were observed

as new migrated species namely: Acrocalanus gibber, L. pavo,
C. furcatus, Centropages gracilis and Oncaea rufa Abdel-
Rahman (2005).

Five copepod species of Med-Red migrants were observed
also as new migrated species namely: Acartia longiremis,
Aetideus armatus, Calocalanus pavo, Centropages ponticus
and Oncaea mediterranea Abdel-Rahman (2005).

Eight copepod species of Red-Med and Med-Red migrants
were observed as new migrated species namely: Paracalanus
crassirostris, C. violaceus, C. arcuicornis, Ctenocalanus vanus,

Lubbockia squillimana, Oncaea venusta, Corycaeus ovalis and
Oithona plumifera Abdel-Rahman (2005). Two Red Sea-
Indo-Pacific copepod species, C. elliptica and C. media, wide-

spread in the Red Sea and in the Gulf of Suez, remained
unknown from the Canal until the survey of Gurney (1927).
Afterwards, both species were present only in the southern
segment of the Canal. The two species have finally succeeded
in crossing the Canal, and in extending along the east coast
of the Levantine basin. Both are recorded from the hyper sal-

ine Bardaweel lagoon (Berdugo, 1968), the Bay of Haifa
(Berdugo, 1974) and the Lebanese waters (Lakkis, 1976).
Acartia centrura a species occurring in both the Atlantic and

Indian Oceans is known to be fairly abundant in the Gulf of
Suez and the central Red Sea. This species also remained
unknown from the Canal until recorded by Gurney (1927).

Acartia centrura extended then to all parts of the Canal, it
now extends to the east Levantine waters (Halim, 1990;
Belmonte and Potenza, 2001). Acartia (Acanthacartia) fossae
Red Sea species, recorded along the Lebanese coasts (Lakkis,

1976 and Lakkis, 1990) and in the Ponto-Mediterranean
Province (Belmonte and Potenza, 2001) as Lessepsian migrant.

Several other copepod species were reported as erythrean

migrants: Arietellus pavoninus in the Aegean Sea (Moraitou-
Apostolopoulou, 1985), Arietellus aculeatus, L. madurae,
Labidocera detruncata (Lakkis, 1976) and Euchaeta concinna

(Casanova, 1973) in the East Mediterranean. Gurney (1927)
noting the presence of Canthocalanus pauper (a
Mediterranean-Indo-Pacific species) and of Temora discaudata

(Indo-Pacific species) at Port Said concludes that this distribu-
tion affords evidence of a northward migration. Fox (1927)
considers T. stylifera, A. clausi and A. latisetosa to have
entered the Canal from the Mediterranean, and O. nana, P.

parvus and E. acutifrons from both ends. Acartia (Acartiura)
clausi and Paracartia latisetosa were recorded as anti-
Lessepsian migrants by (Belmonte and Potenza, 2001).

The protozoan species Tintinnopsis beroidea is a neritic spe-
cies found off the Syrian coast and Tintinnopsis radix recorded
in the Nile Delta (Kimor and Wood, 1975). Both of these spe-

cies had been recorded in the coastal waters from the Gulf of
Eilat and the Dahlak Archipelago off Massawa in the Red Sea
(Komarovsky, 1959, 1962). Tintinnopsis beroidea was recorded

among the frequent protozoan species in the coastal waters of
Alexandria (Zakaria, 2007).

The siphonophore species Chelophyes appendiculata which
had been recorded in the Levant Basin of the Mediterranean

Sea is considered as immigrant from the Mediterranean to
the Red Sea (Alvarino, 1974). The Red Sea siphonophore spe-
cies: Apolemia uvaria, Diphyes dispar, Lensia campanella, L.

meteori, L. subtilis and Sulcularia turgida were recorded in
the eastern Mediterranean basin by Kimor and Wood (1975).

Zakaria (1992, 2004 and 2006), during her work in the

Egyptian Mediterranean coast reported two siphonophore spe-
cies: Abyla trigona and Sulculeolaria angusta and one
Hydromedusa species: Olindias singularis which are belonging
to the Indian Ocean species (Browne, 1916, 1926; Kramp,

1965; Patriti, 1970; Vannucci and Navas, 1973) as new records
for Levant Basin and for the Mediterranean Sea as a whole
and migrated from the Red Sea through the Suez Canal.

The Indo-Pacific Chaetognatha S. neglecta is well repre-
sented in the Red Sea (Halim, 1969) and extends to the Suez
Canal up to Port Said (Burfield, 1927). One mature specimen

was found in the plankton of Alexandria in 1972 (Guergues
and Halim, 1973).

Zakaria (1992, 2006) found the pelagic amphipod species

Rhabdosoma whitei in the Eastern Mediterranean for the
first time. It was previously recorded in the Western
Mediterranean (Tregouboff and Rose, 1957), Indian Ocean
and Red Sea (Barnard, 1937; Fag, 1960; Halim, 1969).
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Impact of zooplankton migration on the ecological system

The significance of alien species in marine ecosystems world-
wide has been highlighted in recent years. International orga-

nizations (UNEP/MAP/RAC/SPA, FAO/DIAS, IUCN,
ICES, IMO, CIESM, 2015) and the scientific community have
addressed the issue through articles, review papers, databases

and directories (Zenetos et al., 2006). Following Por (1978)
who focused on introductions via the Suez Canal, the socalled
Lessepsian migrators, Zibrowius (1992) attempted a compila-
tion of data on alien species in the Mediterranean. He pointed

out that while taxa with well-known taxonomy and established
historical distribution records (e.g. benthic organisms, fish)
have received more attention than other groups, many of the

small, less-conspicuous, less studied species are necessarily
overlooked, leading to an underestimation of the extent of
aliens’ presence.

The previous work on aliens has been focused on certain
taxonomic groups, mainly fish and benthos (major ‘‘popular’’
groups treated extensively in the recent CIESM atlas series)

while many pelagic groups have not even been mentioned
(Zenetos et al., 2006). The recent efforts to compile updating
lists in zooplankton are those by Uysal et al. (2002) and
Bouillon et al. (2004). The list of marine zooplankton alien

species in the Mediterranean Sea is updated based on species
records up to December 2005 by Zenetos et al. (2006). Only
18 zooplanktonic alien species seem to be well established in

the Mediterranean, while 32 are considered casual or question-
able records (Table 1a–c) (Zenetos et al., 2006).

In the eastern Mediterranean, the huge increase of aquacul-

ture and commercial and tourism activities during the last cen-
tury have obviously enhanced the transport of planktonic
species in ballast waters. Relatively few seem to be planktonic
Table 1 Check list of zooplankton alien species in the Mediterrane

Group Species

a. Zooplankton established:

Copepoda Acartia (Acanthacartia) tonsa, Acartia centrura

Centropages furcatus, Labidocera madura, Labid

elongatus, Pteriacartia josephinae

Ctenophora Mnemiopsis leidyi

Cnidaria/Scyphozoa Rhopilema nomadic

Siphonophora Forskalia Formosa

Cnidaria/Hydrozoa Eucheilota paradoxica, Moerisia carine, Tetrorc

b. Zooplankton casual:

Copepoda Acartia (Acanthacartia) fossae, Calanopia biloba

subcrassus, Euchaeta concinna, Labidocera agilis

crassirostris, Parvocalanus elegans, Parvocalanus

valens, Spinocalanus terranovae

Cnidaria/Hydrozoa Aequorea conica, Kantiella enigmatica, Laodicea

Cnidaria/Scyphozoa Phyllorhiza punctata

Group Species Cite

c. Zooplankton questionable:

Copepoda Canuellina insignis Por

Enhydrosoma hopkinsi Por

Robertsonia salsa Por

Scottolana longipes Por

Stenheiia inopinata Por

Stenhelia rnimtta Por
lessepsian migrants, even though it is believed that their contri-
bution will increase with time, due to the decreasing of the Nile
fresh water inflow into the Mediterranean and lower salinity in

the Bitter lakes (Halim, 1990).
Documenting impacts of marine invaders is a subject of

strong debate. The evidence and nature of the impact of

invasive species on particular ecosystems and habitats are
often unclear and it appears that it is the interaction between
invaders and other anthropogenic stresses that influence the

impact (Ruiz et al., 1999). Invasion success depends not only
on the invader’s advantage over potential native enemies/com-
petitors but also on the environmental characteristics of the host
ecosystem (primarily species richness and disturbance) and the

level of stress already imposed on it (Simberloff, 1989; Ribera,
1995; Cohen and Carlton, 1998; Goodwin et al., 1999;
Occhipinti-Ambrogi, 2000; Keane and Crawley, 2002).

The adverse impacts of invasive species on genetics, popu-
lations, ecosystems and economics in the Mediterranean have
been discussed to some extent in studies (Boudouresque,

1994; Boudouresque and Ribera, 1994; Verlaque, 1994;
Ribera, 1995; Golani, 1998; Occhipinti-Ambrogi, 2000, 2001,
2002a,bGalil, 2000a,b, 2006; Zibrowius, 2002 Bouley and

Kimmerer 2006; Boudouresque and Verlaque, 2002a,b; Galil
and Zenetos, 2002; Occhipinti Ambrogi and Savini, 2003;
Gofas and Zenetos, 2003). According to the available litera-
ture, except jellyfish Rhopilema nomadica, the negative impact

of zooplankton Lessepsian migratory species in the Egyptian
Mediterranean waters is not evident.

In the Mediterranean, stressed environments (polluted or

physically degraded) appear to be more prone to invasion than
pristine sites (Ribera and Boudouresque, 1995; Galil, 2000b,
2006; Occhipinti-Ambrogi, 2000; Ribera, 2002; Occhipinti

Ambrogi and Savini, 2003). The fact that, mariculture
an Sea (Zenetos et al., 2006).

, Arietellus pavoninus, Calanopia elliptica, Calanopia media,

ocea pavo, Paracartia grant, Pontellina plumata, Pseudocalanus

his erythrogaster

, Calanopia minor, Corycaeus speciosus, Eucalanus crassus, Eucalanus

, Labidocera detruncata, Labidocera orsinii, Oncaea rufa, Paracalanus

latus, Scaphocalanus amplius, Scaphocalanus brevirostris, Scolecithrix

fijiana, Nubiella mitra, Paracytaeis octona, Russellia mirabilis

d by Reasoning

(1972) Old record. Only in Bardawil lagoon

(1972) Old record. Only in Bardawil lagoon

(1972) Old record. Only in Bardawil lagoon

(1964) Possible pre-lessepsian element (Por, 1978)

(1972) Old record. Only in Bardawil lagoon

(1964) Possible pre-lessepsian element (Por, 1964)
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introductions are mostly restricted to lagoonal or estuarine
habitats and vessel-transported aliens to polluted harbours,
environments that are known for their low biodiversity, sup-

port this theory (Zibrowius, 1992). A recent study of macro-
fouling organisms concluded that many more species are
found in a polluted than in a non-polluted marina (Koçak

et al., 1999). However, there are suggestions of the opposite.
According to Klein et al. (2005) there is no relationship
between the number of introductions, diversity of the host

ecosystem and disturbance acting on the community when
examining the impact of introduced macrophytes on the shal-
low subtidal macrophytic assemblages along the French
Mediterranean coast.

Conclusion

The problem of immigration from the Red Sea to the
Mediterranean remains complex. The zooplankton distribu-
tion and migration are affected by both biotic and abiotic fac-
tors. The climate variability and anthropogenic activities have

great impacts on zooplankton community composition in the
south eastern Mediterranean coast. Increased water tempera-
tures are associated with the successful establishment of both

tropical non indigenous species and indigenous species with
warm-water affinity. On the other side, the ballast water
regarded as the main factor affecting the introduction of

non-indigenous aquatic organisms. A ballast water tank can
thus function as an incubator during the cruise for some spe-
cies. This fact may have some impact on the release of non-
indigenous species in the destination harbour or in near-

coastal waters where the ballast tanks are emptied.
The immigration process of zooplankton organisms through

the SuezCanal is still going on andwith the improved conditions

within the Canal, it might be accelerating. The infiltration of
alien species via the Suez Canal may have both positive and neg-
ative impacts on themarine ecosystemof theMediterranean and

Red Sea. The positive impact is enriching the biodiversity of
both seas as the well diversified ecosystem become more stable
and healthy. The negative impact happens when the occurrence

of alien species might threat the diversity or abundance of the
native species of both seas. Another negative impact is
concerned with the human activities, health and/or economic
interest such as the invasion of jellyfishR. nomadica that entered

the Mediterranean via the Suez Canal and forms large swarms
annually along the Levantine coast. However, according to
the available literature, except jellyfishR. nomadica, the negative

impact of zooplankton Lessepsian migratory species in the
Egyptian Mediterranean waters is not evident.

A continuousmonitoring programme is needed to record the

recent erythrean zooplankton species in theEgyptianwaters and
follow up the distribution and abundance of those previously
recorded as alien species in the Egyptian Mediterranean and
Red Sea waters to assess their impacts on the native biodiversity

of both seas. The monitoring programme must be accompanied
with studies on the feeding habits of commercial fishes and other
living resources of economic importance in the Mediterranean

and Red Seas to detect the role of these alien species in the food
web (i.e. are these species preferable as a food or not grazed by
the native species). In this way, a more advanced technique

should be developed for identification such as DNA analysis
to reach the species level.
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physiques, chimiques et de pollution). Téthys 10, 211–217.
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Lakkis, S., 1971. Contribution à l’étude du zooplancton des eaux

libanaises. Mar. Biol. 11, 138–148.

Lakkis, S., 1974. Distributions saisonnieres du zooplancton dans les

eaux Libanaises. Rapp. Comm. Int. Mer Medit. 22 (9), 117–118.

Lakkis, S., 1976. Consideration on the distribution of pelagic copepods

in the eastern Mediterranean off the coast of Lebanon. Acta

Adriat. 18, 39–52.

Lakkis, S., 1984. On the presence of some rare copepods in the

Levantine basin. Crustaceana 7, 286–304.

Lakkis, S., 1990. Composition, diversité et successions des copépodes
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