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Abstract

The presence of marine alien species in EI-Kouf National Park and the neighbouring areas was assessed using a compilation
of available information and observations, a field survey conducted in October 2010 within the framework of the MedMPAnet
project and results of further monitoring during June and September 2012. A total of 9 alien species were reported: namely Rho-
dophyta Asparagopsis taxiformis (Delile) Trevisan de Saint-Léon, Chlorophyta Caulerpa racemosa var. cylindracea (Sonder)
Verlaque, Huisman & Boudouresque, the crab Percnon gibbesi (H. Milne-Edwards, 1853) and the fishes Fistularia commersonii
Riippell, 1838, Siganus luridus (Rippell, 1829), Siganus rivulatus Forsskal, 1775, Pempheris vanicolensis Cuvier, 1831, Lago-
cephalus sceleratus (Gmelin, 1789) and Sphyraena flavicauda Riippell, 1838. Several of these species were until now unknown
for the National Park. The list of alien marine species of Libya is updated and discussed. Until now 63 marine aliens species have
been recorded along the Libyan coastline. These include 3 Foraminifera, 3 Ochrophyta, 5 Rhodophyta, 5 Chlorophyta, 1 Magno-
liophyta, 11 Arthropoda, 13 Mollusca, 1 Echinodermata and 21 Chordata. Among these Non Indigenous Species, 43 are known
as established along the Libyan coast including 8 invasive, 11 casual, 5 questionable, 3 cryptogenic and 1 unknown. An in-depth
study of marine organisms would substantially increase the number of alien species occurring in Libya. Monitoring of marine
assemblages of MPAs provides a valuable opportunity for delving further into the knowledge of native and introduced species.

Keywords: Marine aliens, marine protected area, Libya, Mediterranean Sea.

Introduction

Marine species have been accidentally or intention-
ally transferred among the world’s seas for as long as
humans have crossed the oceans for exploration, colo-
nization, commerce and war. However, biological inva-
sions are being nowadays recognized as a major agent of
global change following the spectacular increase of inva-
sions by non-native marine and estuarine species in vari-
ous regions of the world (Occhipinti-Ambrogi, 2007).
Furthermore, biological invasions can interact with cli-
mate change and other components of global change
such as increasing deposition of nitrogen and pollutants,
and habitat disturbance by human activities (Vitousek et
al., 1997; Dukes & Mooney, 1999; Boudouresque & Ver-
laque, 2010). Many of the marine alien species exhibit
aggressive invasive behaviour and represent significant
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ecological pressures on marine and estuarine communi-
ties (Ruiz et al., 1999; Streftaris & Zenetos, 2006; Sala
etal., 2011). In addition to alterations in ecosystem func-
tioning and biodiversity loss, alien species can also cause
serious economic (fisheries, tourism and aquaculture)
and health impacts (Pimentel et al., 2000).

The Mediterranean Sea is highly concerned by spe-
cies introductions. Based on updated checklists (Zenetos
etal.,2010,2011,2012), a total of 986 alien species were
known in the Mediterranean by December 2012: 775 in
the Eastern basin, 308 in the Western basin, 249 in the
Central basin and 190 in the Adriatic Sea. According to
the Mediterranean Action Plan for Invasive Species (UN-
EP-MAP-RAC/SPA, 2005), the main known pathway/
vector of species introduction into the Mediterranean
Sea is the Suez Canal followed by shipping (ballast wa-
ter and sediments, anchoring and fouling), aquaculture
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(both marine and brackish species) and trade in live ma-
rine species (aquarium activities, fishing baits, seafood).
This is in agreement with recent evaluation of pathways
at Pan European level (Katsanevakis et al., 2013a). Med-
iterranean biota are driven towards a ‘tropicalization’ as
most of the alien species introduced there are of tropical
affinity and origin (Bianchi & Morri, 2003). An up-to-
date inventory of the alien species in the Mediterranean
Sea, apart from its scientific merits, can fulfil the needs
of regulatory requirements such as the EU Biodiversity
Strategy to 2020 (EU, 2011) and environmental manage-
ment options (Katsanevakis et al., 2013b).

Libya is located in the Central Mediterrancan Ba-
sin as adopted and described under the Marine Strategy
Framework Directive (MSFD) (EU, 2008). Data regard-
ing alien species are scarce and fragmented due to the
lack of long term monitoring survey undertaken in a
framework of national initiatives on alien species. It is
worth mentioning the inventory of exotic fish reporting
16 introduced species (Ben Abdallah et al., 2005) updat-
ed by Shakman & Kinzelbach (2007c¢).

This work reports on the alien marine species ob-
served in El-Kouf National Park and the neighbouring
areas. An updated list of alien marine species recorded
from Libya is presented and discussed.

Material and Methods

El-Kouf National Park

El-Kouf National Park (herein: El-Kouf NP) is part
of the Libyan coast of Cyrenaica. Located west off the
city of El-Beida (N 32.7586, E 21.7484), it occupies an
area of 32 000 ha, from the middle of Cyrenaica to Jar-Jar
Ummah (Fig. 1). El-Kouf NP was established in 1970 un-
der the supervision of the Arab Centre for the Studies of

Arid Zones and Dry Lands (ACSAD) and various surveys
regarding the geology, wildlife and marine environment
were conducted until the mid 1970s (Armsby, 1980).
The coastline of El-Kouf NP covers ca. 20 km between
Alhanya Village in the east (N 32.8412, E 21.5206) and
Alauglah Beach in the west (N 32.7712, E 21.3303). In
El-Kouf NP, the marine environment differs from west to
east. The western part is formed of open and long sandy
beaches with sandy bottoms, rocky patches and seagrass
meadows of Posidonia oceanica (L) Delile. The eastern
part is more rugged with few sandy lagoons and beaches
and a dominance of cliffs and rocky substrata.

Data collection

The presence of marine alien species in El-Kouf NP
and the neighbouring areas was assessed through field
surveys conducted in October 2010 and two additional
surveys conducted in June and September 2012 as part of
the local monitoring program.

Marine surveys were carried out in the National Park
and 9 Km towards the east and 6 Km towards the West.
A total of 86 stations were surveyed ranging from 0 to 46
m depth. Investigations were conducted directly from the
coast (direct observation mainly in the intertidal area), us-
ing a bathyscope, by snorkelling and by scuba diving (Fig.
1). The presence of alien species was recorded. Supple-
mentary data were obtained from professional fishermen.
Alien species observed were identified and photographed.

The nomenclature adopted in this paper follows the
World Register of Marine Species (WoRMS Editorial
Board, 2013) and contributing databases (AlgaeBase,
DAISIE, FishBase). The acclimatization (establishment)
status of alien species (Established, Casual, Question-
able, Cryptogenic or Invasive) in the Central Mediterra-
nean is according to Zenetos et al. (2010). The date of

® Scuba diving
@ Snorkeling
¥ Direct observation

e Bathyscope

Alhanya village

Fig. 1: Map showing the localization of the coastline of El-Kouf National Park and the surveyed stations.
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first sighting in Libya (or of publication when no date of
observation/collection was indicated) is also presented as
well as the origin of the species.

Finally, scientific literature, websites and unpub-
lished data were analysed to establish an updated list
of the alien marine species reported from Libya. Each
record has been carefully analyzed, with recourse to the
published literature and, where necessary and possible,
interviews with the authors.

Results and Discussion
El-Kouf National Park region

Nine alien marine species have been identified in El-
Kouf NP and the neighbouring areas; namely, Rhodophy-

ta Asparagopsis taxiformis (Delile) Trevisan de Saint-
Léon, Chlorophyta Caulerpa racemosa var. cylindracea
(Sonder) Verlaque, Huisman & Boudouresque, the crab
Percnon gibbesi (H. Milne-Edwards, 1853) and the fish-
es Fistularia commersonii Riippell, 1838, Lagocepha-
lus sceleratus (Gmelin, 1789), Pempheris vanicolensis
Cuvier, 1831, Siganus luridus (Rippell, 1829), Siganus
rivulatus Forsskal, 1775, and Sphyraena flavicauda Riip-
pell, 1838 (Table 1; Fig. 2).

Asparagopsis taxiformis is an alien red alga exhibiting
an invasive behaviour on several coasts of the Mediterra-
nean basin (Flagella et al., 2003). First reported from Libya
in 1895 (De Toni, 1895), it was largely observed in El-Kouf
NP and the neighbouring areas. Two cryptic taxa coexist
under the name of A. taxiformis in the Mediterranean Sea:

—_—

] ,,"quw-

Fig. 2: Alien marine species recorded in El-Kouf National Park and neighbouring areas. A: Asparagopsis taxiformis; B : Caulerpa
racemosa var. cylindracea; C : Percnon gibbesi ; D : Fistularia commersonii; E: Pempheris vanicolensis; F: Lagocephalus scel-
eratus; G: Siganus luridus; H: Siganus rivulatus; 1: Sphyraena flavicauda.
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Reference

Success
Est

1*t Libyan sighting'

2005

Distribution
Red Sea-Indian
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific

Authority

(continued) Table 1.

Species

456

Shakman & Kinzelbach (2007b,c)

Ben Tuvia (1966)

(Valenciennes, 1836)

Liza carinata

Est

1966
2004
1968
1982
1974
1968
1968
1998
1968
1965
1968
1994

(Valenciennes, 1847)

Cuvier, 1831

Parexocoetus mento

Ben Abdallah et al. (2004)

Stirn (1970)

Est

*Pempheris vanicolensis

Cas

(Forsskal, 1775)

Sargocentron rubrum

Zupanovic & El-Buni (1982)
Ben Abdallah ez al. (2003)

Est

Est

(Richardson, 1848)

Saurida undosquamis

(Lacepede, 1800)
(Riippell, 1829)

Scomberomorus commerson

Stirn (1970)

Est

Est

Red Sea-Indian
Red Sea

*Siganus luridus

Stirn (1970)

(Forsskal, 1775)
Riippell, 1838

*Siganus rivulatus

Ben Abdallah et al. (2003)

Est

Indo-Pacific
Indo-Pacific

Red Sea

*Sphyraena flavicauda

Stirn (1970); Shakman & Kinzelbach (2007b, c)

Zupanovic & El-Buni (1982)

Stirns (1970)

Est

Klunzinger, 1884

Sphyraena chrysotaenia

Est

Fraser-Brunner, 1940

(Bleeker, 1855)

Stephanolepis diaspros

Est

Est

Indo-Pacific

Upeneus moluccensis

Ben Abdallah et al. (2005)

Red Sea-Indian

Ben-Tuvia & Golani, 1989

Upeneus pori

1. When no date of record is mentioned, we report the date of publication.

2. Native and introduced populations probably occur in the Mediterranean Sea.

3. Described from Libya, C. gerloffii is very close to Cladophora herpestica and might be merely a junior synonym of this species. However, according to Leliaert and Coppejans (2006), C. gerloffii would be

a junior synonym of Cladophoropsis membranacea.
4. Sphyraena flavicauda Riippell, 1838 is considered a synonym of S. obtusata by Doiuchi and Nakabo (2005, 2007).

5. Sphyraena chrysotaenia is considered a synonym of S. pinguis by Doiuchi and Nakabo (2005, 2007).

the alga described in 1813 from Alexandria and confined
to the eastern Mediterranean Basin (Egypt, Lebanon,
Syria and likely Libya) and a more recently introduced
taxon exhibiting an invasive behaviour in the western ba-
sin and the Adriatic Sea. Molecular studies showed that
the first might be of Atlantic provenance, via the Strait of
Gibraltar, whereas the second colonized the Mediterra-
nean from the Indo-Pacific Ocean, probably via the Suez
Canal (Lessepsian species) (Ni Chualain et al., 2004; An-
dreakis et al., 2007). Identification of A. taxiformis spp
occurring in ElI-Kouf NP requires further investigation.

Caulerpa racemosa var. cylindracea was first ob-
served in the Mediterranean Sea in Libya (Tajora, Tripo-
1i) in 1990 on sandy rocky platforms in association with
Cystoseira species and Flabellia petiolata (Turra) Niza-
muddin (Nizamuddin, 1991). Shipping (ballast water)
and aquaria trade are considered as possible vectors of
introduction from the Indo-Pacific Ocean. Twenty three
years after its discovery in Libya, C. racemosa var. cy-
lindracea is present all around the Mediterranean Basin
and in the close Atlantic Ocean (Canary Islands) (Klein
& Verlaque, 2008; Marc Verlaque unpublished data). It is
probably one of the major invaders ever observed in the
Mediterranean Sea. In the EI-Kouf NP, C. racemosa var.
cylindracea was observed during a diving session along
the coast; it was found in small patches in two areas at a
depth of less than three meters and mixed with other na-
tive algae species such as Padina sp. and Cystoseira sp.
The two areas were sheltered by the small rocky islands
close to the coastline.

Percnon gibbesi is one of the most widely distrib-

uted Percnidae (Crustacea: Decapoda) in the world, with
a range extending from California to Chile, from Flor-
ida to Brazil, and from Madeira to the Gulf of Guinea
(Manning & Holthuis, 1981). It was first reported in the
Mediterranean Sea in 1999 at Linosa Island (Relini et
al., 2000). Its presence along the Libyan coast was first
recorded at Alhanya in 2004 (Elkrwe et al., 2008) before
to be mentioned in many other localities in the Cyrenaica
(Katsanevakis et al., 2011).
Since then, its abundance has increased rapidly, and it
has been observed at a few other sites. During our survey,
a total of 107 individuals of various size classes were
recorded in El-Kouf NP. Currently P. gibbesi seems well
established up to Ras Lateen near the Gulf of Bombah
(N 32.6250, E 23.1140) while its western distribution be-
yond the Cyrenaica remains to be investigated.

The bluespotted cornetfish Fistularia commersonii is
an Indo-Pacific species that invaded the Mediterranean Sea
through the Suez Canal. It was first observed in Israel in
2000 (Golani et al., 2002). Since then, it has been spreading
throughout the Mediterranean Sea (Azzurro et al., 2012).
Reported in Libya since 2004 (Ben Abdallah et al., 2005),
F commersonii was not yet abundant in the El-Kouf NP
region but it started to appear in local fishing markets.

Originating in the tropical Indo-Pacific Ocean,
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Fig. 3: Marine alien species in Libyan waters by taxonomic group.

Lagocephalus sceleratus has been listed as one of the
100 “worst invasive species” of the Mediterranean Sea
(Streftaris & Zenetos, 2006). Since its first report along
the coast of Turkey in 2003 (Akyol et al.,, 2005), new
findings have revealed that this Lessepsian species is
now very common along the Levantine coasts of Turkey
(Bilecenoglu et al., 2006) and the south Aegean (Corsini
et al., 2006; Petrou et al., 2011). In Libya, L. sceleratus
was first collected in 2006 (Kacem-Snoussi et al., 2009).
Fishermen caught the fish in 2010 inside and outside the
Ain Al Ghazala Lagoon and off Ain Al Ghazala (Milazzo
etal, 2012). L. sceleratus was not observed in situ in El-
Kouf NP but specimens were caught by fishermen work-
ing in the area in October 2010.

The sweeper fish Pempheris vanicolensis is an
Indo-Pacific species that invaded the Mediterranean
Sea through the Suez Canal. It was first recorded in
Lebanon in 1979 (Mouneimne, 1979). In Libya where
it was first reported in 2004 (Ben Abdallah et al., 2004),
P vanicolensis is frequently observed in relatively
high abundance (Shakman & Kinzelbach, 2007a-c). In
the surveyed area, the species formed small schools in
cracks and underwater caves. Locally, the species has no
economic value.

The dusky spinefoot S. luridus and the marbled
spinefoot S. rivulatus are widely distributed in the Indian
Ocean and the Red Sea, respectively. First observed in
the Mediterranean Sea in 1931 and 1924, respectively
(Ben-Tuvia, 1964), these two Lessepsian species are
considered as invasive in the Eastern and Central Medi-
terranean basins where they have become common com-
mercial fishes (Golani et al., 2002; Ben Abdallah ef al.,
2003, Streftaris & Zenetos, 2006; Shakman et al., 2008).
Siganus luridus and S. rivulatus were first reported from
Libya in 1968 (Stirn, 1970). According to Ben Abdallah
et al. (2003), S. luridus appeared in 1973 in commercial
catches and became one of the most abundant species in
captures by trammel and gill nets, though its abundance
decreases towards the west. Since then Siganus spp.
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have become very common in Libyan waters probably
outcompeting the two native herbivorous species Sarpa
salpa (Linnaeus, 1758) and Sparisoma cretense (Linnae-
us, 1758) (Stirn, 1970; Shakman & Kinzelbach 2007b).
Siganus rivulatus is mostly recorded from the eastern lit-
toral of Libya where it is found in small groups in inshore
waters close to sandy bottoms covered by seagrasses and
caught in small quantities mixed with S. /uridus (Ben Ab-
dallah et al., 2003), while S. luridus seems to be more
present in central and western parts of the littoral (Shak-
man & Kinzelbach, 2007¢). Both species were abundant
in El-Kouf NP, especially S. /uridus - numerous schools
were observed in different parts of the surveyed area.

Due to their similar morphology, alien barracuda
species often cause confusion. According to the distri-
bution of the two species in the CIESM Atlas of exotic
species (Golani et al., 2002), the common species in
Libya should be S. chrysotaenia collected since 1968
(Stirn 1970); S. flavicauda was collected three decades
later (Ben Abdallah et al., 2003). To-date, both species
are common (in terms of abundance) and largely distrib-
uted in Libyan waters (Shakman & Kinzelbach, 2007b,
¢). The yellowtail barracuda was not observed in situ in
El-Kouf NP but specimens were caught by fishermen
working in the area in June 2012.

Inventory of the alien marine species of Libya

A comprehensive inventory of marine alien species
for Libyan waters, along with their acclimatization sta-
tus, origin and date of first sighting (or publication when
no date of record is mentioned) was compiled.

Until now 63 marine aliens species have been re-
corded along the Libyan coastline. These include 3 Fo-
raminifera, 14 macrophytes, 11 Crustacea, 13 Mollusca,
1 Echinodermata and 21 fishes (Actinopterygii) (Table
1, Fig. 3). Among these Non Indigenous Species, 43 are
known as established including 8 invasive, 11 casual, 5
questionable, 3 cryptogenic and 1 unknown (Table 1).
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Fishes rank first probably because they are the most
studied taxon among alien marine organisms, and they
highly contribute to local fishery activities (Shakman &
Kinzelbach, 2007b). Besides the 16 species recorded by
Ben Abdallah et al. (2005), 4 more species were added
to the list at a later date: Hemiraphus far (Shakman &
Kinzelbach, 2006); Liza carinata (Shakmam & Kinzel-
bach, 2007b, c), L. sceleratus and L. suezensis (Kacem-
Snoussi et al., 2009; Ben Abdallah ez al., 2011). To these
we should add Atherinomorus forskalii reported by Nor-
man (1929) as Prasenus pinguis (Lacepéde, 1803). Of
the 21 alien fishes, that all are Actinopterygii, 18 have
established populations while 3 species (Sargocentron
rubrum, Lagocephalus sceleratus and L. suezensis) are
only known from one or two records. However this could
be the result of the limited number of studies. For exam-
ple, L. sceleratus is established in the Central Mediterra-
nean and is expanding its geographic range to the lonian
Sea (Zenetos et al., 2013). Other species such as Cepha-
lopholis taeniops (Valenciennes, 1828), Seriola rivoliana
Valenciennes, 1833, Sphoeroides pachygaster (Miller
& Troschel, 1848) and Synaptura lusitanica (Capello,
1868) were not considered in this study as they are of At-
lantic origin and it has been argued that their presence in
the Mediterranean is due to range expansion. The list of
newly introduced fish species in Libya is non-exhaustive.
The latest record is that of the Bermuda sea chub Kypho-
sus sectatrix (Linnaeus, 1758) (Elbarassi et al., 2013).
Zupanovic & El-Bini (1982) have reported Pomadasys
olivaceum Day, 1975 based on a single specimen collect-
ed off Zwara, Tripolitanian coast. This record has been
listed in the DAISIE inventory as Pomadasys stridens
(Forsskal, 1775). In the absence of voucher specimens
and based on the opinion of local experts who report only
its congeneric Pomadasys Incicus, a native Mediterra-
nean species, the record of P, stridens is herein excluded.

Macrophytes rank second on the list. The analysis of
literature (Nizamuddin et al., 1979, 1994; Nizamuddin,
1981, 1985, 1991, 1995; Shameel, 1983; Zarmouth &
Nizamuddin, 1991; Godeh et al., 1992, 2009; Ribera et
al., 1992; Gallardo et al., 1993; Nizamuddin & El Menifi
Fathalla, 1993; Babbini & Bressan, 1997; Gomez Gar-
reta et al., 2001; Taskin et al., 2012) gave a list of 240
native marine taxa of macrophytes. Four species not cor-
responding to valid taxa have been excluded, i.e. Cha-
etomorpha urbica (Zanardini) Kiitzing, Cladophora cat-
enata (J. Agardh) Hauck, Cladophoropsis puillis (Kiitz.)
Boergesen and Gracilaria verrucosa var. ramulosa (C.
Agardh) M.P. Reis, as well as the nine following alien
taxa reported by Nizamuddin (1991) and Godeh et al.
(1992, 2009), which we considered as misidentifications
[Bryopsis caespitosa Suhr ex Kiitzing (as Bryopsis caes-
pitosa Suhr in Kiitzing), Bryopsis pennata var. leprieurii
(Kiitzing) Collins & Hervey (as Bryopsis leprieurii Kiitz-
ing), Chaetomorpha indica (Kiitzing) Kiitzing, Chaeto-
morpha melagonium (F.Weber & Mohr) Kiitzing, Chon-
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dria oppositiclada E.Y.Dawson, Dasya villosa Harvey,
Gastroclonium ovatum (Hudson) Papenfuss, Laurencia
laxa (R.Brown ex Turner) Gaillon (as Laurencia laxa
Kiitzing) and Ulva taeniata (Setchell) Setchell & N.L.
Gardner]. In this study, we have listed a total of 14 al-
ien macrophytes, which represent 5.5 % of the Libyan
marine macroflora. All these alien species are established
except for Cladophora herpestica and Polysiphonia at-
lantica that are questionable and cryptogenic/question-
able, respectively. This group includes one of the most
invasive alien species in the Mediterranean, namely
Caulerpa racemosa var. cylindracea.

Molluscs are known to be one of the dominant alien
groups in the Mediterranean (Zenetos et al. 2012). Here,
they rank third on the list, with only six established species,
including two invasive bivalves (Pinctada imbricata radi-
ata and Fulvia fragilis) and one invasive gastropod (Burs-
atella leachii), the remaining ones being casual or question-
able. The presence of the limpet Cellana rota and the cowry
Monetaria annulus reported by Ben Souissi ef al. (2007) is
questionable because C. rofa can be easily confused with
the native limpets, and the majority of old records of M. an-
nulus were based on transported shells (the species was one
of the molluscan shells most often carried around, as cur-
rency or ornaments) (Gofas & Zenetos, 2003).

Crustaceans with 9 alien species rank fourth. Four
species are established and the other ones are casual or
questionable. This group includes one of the most inva-
sive alien species in the Mediterranean, namely the deca-
pod Percnon gibbesi.

Finally, Foraminifera and Echinodermata included 3
and 1 alien species and occupy the fifth and the sixth plac-
es, respectively. The absence of taxonomic groups such as
the Annelids, one of the major phyla ranking third in terms
of contributors to Mediterranean alien biota [with 132 spe-
cies], is indicative of the lack of taxonomic experts in the
area. It is also worth noting the absence or rarity of zoo-
planktonic species such as Cnidaria and Copepoda.

Up to December 2012, a total of 249 alien species were
known from the Central Mediterranean (Zenetos et al.,
2012). The majority of alien species in the Libyan waters
are of Indo-Pacific origin (53%), followed by Red Sea — In-
dian Ocean species (16%), Red Sea species (14%), Circum-
tropical (3%). Less than 5% of the alien introduced species
in Libya originate in the Atlantic as opposed to the Atlantic
species expanding their distribution in the Mediterranean
(reaching Libya) without human intervention as a result of
climate change. Libya, and globally the strait of Sicily, has a
special geographical position in the Mediterranean. For ap-
proximately 44 of the 63 alien species listed here, the first
Libyan record was also the first for the central Mediterra-
nean. This highlights the importance of the region for moni-
toring introductions in the Mediterranean. This sector is
regarded as an area of biogeographical transition (Bianchi,
2007) and it is located at the crossroads between different
Mediterranean basins and hydrographic conditions. In this
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area, significant changes have occurred in the biological
communities and many alien species have appeared in the
last few years. Lessepsian migration through the Suez Ca-
nal probably has a conspicuous influence on Libyan marine
biodiversity, but Libya also seems to harbour alien species
arriving from the West (Atlantic). In both cases, a warm
temperate or subtropical affinity of most species is evident.
Compared to other Mediterranean regions, the number
of alien species recorded in Libya is low: 63 species ver-
sus 107 in Tunisia and 232 in Egypt (Katsanevakis et
al., 2012; UNEP-MAP-RAC/SPA, 2013). However, this
number is certainly underestimated for various reasons.
The scientific effort of investigation, including taxonom-
ic expertise availability is limited; small-sized Lessep-
sian immigrants (macrophytes and invertebrates) have
been poorly studied and many species probably remain
undiscovered. Moreover, the deep benthic assemblages
were not investigated. As an example, the divergence be-
tween Tunisia and Libya in numbers is more obvious in
Decapoda (17 in Tunisia vs. 4 in Libya), Bivalvia (7 in
Tunisia vs. 3 in Libya), Gastropoda (15 in Tunisia vs 9 in
Libya) (UNEP-MAP-RAC/SPA, 2013). The difference is
also due to the lack of data for several groups in Libya
such as Phaeophyceae, Polychaeta, Copepoda, Isopoda,
Cephalopoda, Bryozoa, Cnidaria, Hydrozoa, Ascidiacea,
Echinodermata, Platyhelminthes and Elasmobranchii.

Conclusion

Marine protected areas in the Mediterranean have not
escaped biological invasions and most of them have been
affected by introduced invasive alien species that threat-
en marine biodiversity (Otero ef al., 2013). In El-Kouf
National Park, among the nine alien species recorded,
C. racemosa var. cylindracea, Siganus spp. and Percnon
gibbesi are classified among the major invaders of the
Mediterranean. However, no data are available on the en-
vironmental impact of these species on the El-Kouf NP.

An in-depth study of marine organisms would sub-
stantially increase the number of alien species occurring in
Libya, especially the proportion of Indo-Pacific species ar-
riving via the Suez Canal. Monitoring marine assemblages
of MPAs provides a valuable opportunity for further in-
depth knowledge of native and introduced species.

Acknowledgements

The surveys in the north-eastern part of Libya (the
Cyrenaican coast) were conducted within the frame-
work of the MedMPAnet Project implemented by UNEP/
MAP-RAC/SPA and funded by RAC/SPA, the European
Commission (EC), the Spanish Agency for International
Cooperation to Development (AECID), and the French
Global Environment Facility (FFEM).

Argyro Zenetos was supported from the Euro-

Medit. Mar: Sci., 14/2, 2013, 451-462

pean Community’s Seventh Framework Programme
([FP7/2007-2013]) under grant agreement n° 287600 -
PERSEUS project (Policy-oriented marine Environmen-
tal Research for the Southern European Seas).

The MedMPAnet Project activities implemented in
Libya were carried out thanks to the valuable support of
the Environment General Authority (EGA). We thank Mr.
El Maki Ayad Elagil and the EGA staff for their valuable
help during the field studies in the El-Kouf NP region.

The authors are very grateful to four anonymous re-
viewers for their kind and helpful contributions.

References

Akyol, O., Unal, V., Ceyhan, T., Bilecenoglu, M., 2005. First
confirmed record of Lagocephalus sceleratus (Gmelin,
1789) in the Mediterranean Sea. Journal of Fish Biology,
66, 1183-1186.

Al-Hassan, L.A.J., El-Silini, O.A., 1999. Check-list of bony
fishes collected from the Mediterranean coast of Benghazi,
Libya. Revista de Biologia Marina & Oceanografia, 34
(2),291-301.

Andreakis, N., Procaccini, G., Maggs, C., Kooistra, W.H.C.F.,
2007. Phylogeography of the invasive seaweed Aspara-
gopsis (Bonnemaisoniales, Rhodophyta) reveals cryptic
diversity. Molecular Ecology, 16, 2285-2299.

Armsby, J.K., 1980. Kouf National Park marine survey, final
report: April-July 1980, ACSAD. (published in Arabic).

Azzurro, E., Soto, S., Garofalo, G., Maynou, F., 2012. Fistularia
commersonii in the Mediterranean Sea: invasion history
and distribution modeling based on presence-only records.
Biological Invasions, 15 (5), 977-990.

Babbini, L., Bressan, G., 1997. Recensement de Corallinacées
de la Mer Méditerranée et considérations phytogéo-
graphiques. Bibliotheca Phycologica, 103, 1-421.

Ben Abdallah, A.R, Al-Turky A., Fituri, A.A., 2003. Commer-
cially exploited exotic fishes in Libya. Bulletin de I’Institut
National des Sciences et Technologies de la Mer (Salam-
mbd) n°spécial, (8), Actes des 6™ Journées de I’ ATSMer,
Tunis (Tunisie) 28-30 Novembre 2003, 53-55.

Ben Abdallah, A.R, Al-Turky A., Fituri, A.A., 2004. New records
of invasive fishes in the western Libyan coast. Bulletin de
IInstitut National des Sciences et Technologies de la Mer
(Salammbo) n°spécial, (9), Actes des 7% Journées de
I’ ATSMer, Zarzis (Tunisie)18-22 décembre 2004, 117-118.

Ben Abdallah, A.R, Al-Turky A., Fituri, A.A., 2005. Exotic
fishes along the coast of Libya (Arabic with English ab-
stract) Libyan Journal of Marine Science, (10), 48-56.

Ben Abdallah, A., Ben Souissi J., Méjri H., Capapé C., Golani
D., 2007. First record of Cephalopholis Taeniops (Valenci-
ennes) in the Mediterranean Sea. Journal of Fish Biology
(71), 610-614.

Ben Abdallah, A.R., Al-Turky, A., Nafti, A., Shakman, E.,
2011. A new record of a Lessepsian fish, Lagocephalus su-
ezensis (Actinopterygii: Tetraodontiformes: Tetraodonti-
dae), in the South Mediterranean (Libyan coast). Acta Ich-
thyologica & Piscatoria, 41 (1), 71-72.

Ben Souissi, J., Zaouali, J., Ben-Abdallah, A., 2007. Sur la
présence de nouvelles espéces exotiques dans la Grande et la
Petite Syrte. Rapport de la Commission internationale pour

459



I’Exploration Scientifique de la Mer Méditerranée, 38, 435.

Ben-Tuvia, A., 1964. Two siganid fishes of Red Sea origin in
the Eastern Mediterranean. Bulletin of Sea Fishery Re-
search of Haifa Station, 37, 3-9.

Ben-Tuvia, A. 1966. Red Sea fishes recently found in the Medi-
terranean. Copeia, 2, 254-275.

Bianchi, C.N., 2007. Biodiversity issues for the forthcoming
tropical Mediterranean Sea. Hydrobiologia, 580, 7-21.
Bianchi, C.N., Morri, C., 2003. Global sea warming and ““trop-
icalization” of the Mediterranean Sea: biogeographic and

ecological aspects. Biogeographia, 24, 319-327.

Bilecenoglu, M., Kaya, M., Akalin, S., 2006. Range expansion of
silverstripe blassop, Lagocephalus sceleratus (Gmelin, 1789)
to the northern Aegean Sea. Aquatic Invasions, 1(4),289-291.

Blanc-Vemet, L., Clairefond, P, Orsolini, P., 1979. Les Fo-
raminiféres. Annales de |’Université de Provence, 6, 171-209.

Boudouresque, C.F., Verlaque, M., 2010. Is global warming in-
volved in the success of seaweed introductions in the Med-
iterranean Sea? In: Seaweeds and their role in globally
changing environments. Israel, A., Einav, R. & Seckbach,
J. (Eds), pp. 31-50, Springer publ., Dordrecht.

Corsini, M., Margies, P., Kondilatos, G., Economidis, P.S.,
2006. Three new exotic fish records from the SE Aegean
Greek waters. Scientia Marina, 70, 319-323.

DAISIE: Delivering Alien Species In Europe: http://www.eu-
rope-aliens.org

De Toni, G.B., 1895. Phyceae japonicae novae addita enumera-
tione algarum in ditione maritima Japoniae hucusque col-
lectarum. Memorie del Reale Istituto Veneto di Scienze,
Lettere ed Arti, 25 (5), 78, 1I plates.

De Toni, G.B., Levi, D., 1888. Pugillo di alghe tripolitane.
Rendiconti della Reale Accademia Nazionale dei Lincei,
Roma, Serie 4, 4, 240-250.

Dukes, J.S., Mooney, H., 1999. Does global change increase
the success of biological invaders? Trends in Ecology and
Evolution, 14, 135-139.

Elbaraasi, H., Bograra, O., Elsilini, O., Bojwari, J., 2013. First
record of the Bermuda sea chub, Kyphosus saltatrix (Ac-
tinopterygii: Perciformes: Kyphosidae), in the coastal wa-
ters of Libya. Acta ichtyologica & Piscatoria,

Elkrwe, H.M, Elhawaj, H., Galil, B., Ben Abdallah, A., 2008. The
first record of Percnon gibbesi (H. Milne-Edwards, 1853)
(Crustacea: Decapoda: Plagusiidae) from the southern rim
of the Mediterranean. Aquatic Invasions, 3, 243-245.

EU, 2008. Directive of the European Parliament and the Coun-
cil Establishing a Framework for Community Action in the
Field of Marine Environmental Policy (Marine Strategy
Framework Directive). European Commission. Directive
2008/56/EC, OJ L 164.

EU, 2011. Our Life Insurance, Our Natural Capital: an EU
Biodiversity Strategy to 2020. European Commission.
COM/2011/244.

Flagella, M.M., Guala, 1., Lorenti, M., Buia, M.C., 2003. 4s-
paragopsis taxiformis and Caulerpa racemosa interaction
with algal community and ecophysiological traits. In: Pro-
ceedings of the third European Phycological Congress,
Belfast (UK), 21-26 July 2003, p. 37.

Gallardo, T., Gomez Garreta, A., Ribera, M.A., Cormaci, M., Fur-
nari, G. et al., 1993. Check-list of Mediterranean Seaweeds,
II. Chlorophyceae Wille S.1. Botanica Marina, 36, 399-421.

Giannuzzi-Savelli, R., Pusateri, F., Palmeri A., Ebreo, C., 1994.
Atlante delle Conchiglie marine del mediterraneo (1). La

460

Conchiglia, Roma.

Giannuzzi-Savelli, R., Pusateri, F., Palmeri A., Ebreo, C., 1997.
Atlante delle Conchiglie marine del mediterraneo. (2) Cae-
nogastropoda. La Conchiglia, Roma, 258p.

Giannuzzi-Savelli, R., Pusateri, F., Palmeri, A., Ebreo, C., Cop-
pini, M. et al., 2001. Atlante delle conchiglie marine del
Mediterraneo. Vol. 7: Bivalvia Protobranchia- Pteromor-
phia. Evolver, Roma, 246 p.

Godeh, M.M., Nizamuddin, M., Elmenifi F.A., 1992. Marine
algae from eastern coast of Libya (Cyrenaica). Pakistan
Journal of Botany, 24 (1), 11-21.

Godeh, M.M., El-Menifi, F.O., Said A.A., 2009. Marine algae
of Tobruk and Ain Ghazal coasts, Libya. Journal of Science
and its Applications, Garyounis University Press, 3, 42-55.

Gofas, S., Zenetos, A., 2003. Exotic molluscs in the Mediterra-
nean basin: current status and perspectives. Oceanography
& Marine Biology: an annual review, 41, 237-277.

Golani, D., Orsi-Relini, L., Massuti, E., Quignard, J.P., 2002.
Vol. 1. Fishes. In:, CIESM Atlas of Exotic Species in the
Mediterranean. Briand, F. (Ed.), CIESM Publishers,
Monaco, 256 pp.

Gomez Garreta, A., Gallardo, T., Ribera, M.A., Cormaci, M.,
Furnari, G. et al., 2001. Checklist of the Mediterranean
seaweeds. III. Rhodophyceae Rabenh. 1. Ceramiales Oltm.
Botanica Marina, 44, 425-460.

Halim, Y., 1990. On the potential migration of Indo-Pacific
plankton through the Suez Canal Bulletin de [’Institut
Océanographique de Monaco, n° special (7), 11-27.

Kacem-Snoussi, A., Ben Abdallah, R. A., El Turky, A. A., Ben
Moussa, N. M., 2009. Guide to bony fishes in Libyan wa-
ters (Arabic) (ed) Marine Research Center 237p.

Katsanevakis, S., Poursanidis, D., Yokes, B., Maci¢, V., Be-
qiraj, S. et al, 2011. Twelve years after the first report of
the crab Percnon gibbesi (H. Milne-Edwards, 1853) in the
Mediterranean: current distribution and invasion rates.
Journal of Biological Research-Thessaloniki, 16, 224-236.

Katsanevakis, S., Bogucarskis, K., Gatto, F., Vandekerkhove,
J., Deriu, L. et al., 2012. Building the European Alien Spe-
cies Information Network (EASIN): a novel approach for
the exploration of distributed alien species data. Biolnva-
sions Records, 1,235-245.

Katsanevakis, S., Zenetos, A., Belchior, C., Cardoso, A.C.,
2013a. Invading European Seas: assessing pathways of
introduction of marine aliens. Ocean & Coastal Manage-
ment, 76, 64-74.

Katsanevakis, S., Gatto, F., Zenetos, A., Cardoso, A.C., 2013b.
How many marine aliens in Europe? Management of Bio-
logical Invasions, 4, 1, 37-42.

Klein, J., Verlaque, M., 2008. The Caulerpa racemosa invasion:
a critical review. Marine Pollution Bulletin, 56, 205-225.

Langer, M.R., 2008. Foraminifera from the Mediterranean and
the Red Sea. Aqgaba-Eilat, the improbable Gulf. In: En-
vironment, Biodiversity and Preservation. Por, F.D.), pp.
399-417, Magnes Press.

Leliaert, F., Coppejans, E., 2006. A revision of Cladophorop-
sis Bargesen (Siphonocladales, Chlorophyta). Phycologia,
45, 657-679.

Maccagno, T.P., 1939. Contributo alla conoscenza dei crosta-
cei della Tripolitania. Bollettino dei Musei di Zoologia e
di Anatomia Comparata della Reale Universita di Torino,
47, 437-452.

Manning, R.B., Holthuis, L.B., 1981. West African brachyuran

Medit. Mar. Sci., 14/2, 2013, 451-462



crabs. Smithsonian Contributions to Zoology, 306: xii, 1-379.

Milazzo, M., Azzurro, E., Badalamenti, F., 2012. On the oc-
currence of the silverstripe blaasop Lagocephalus scelera-
tus (Gmelin, 1789) along the Libyan coast. Biolnvasions
Records, 1 (2), 135-137.

Monterosato T. A. (di), 1917. Molluschi viventi e quaternari
raccolti lungo le coste della Tripolitania dall’Ing. Camillo
Crema. Bollettino Zoologico Italiano Ser. 3, 4: 1-28, pl. 1
(fig. 1-35).

Mouneimne, N., 1979. Poissons nouveaux pour les cotes liba-
naises. Cybium (6), 105-110.

Muschler, R. 1910. Algae. In: Catalogue Raisonné des Plantes
de Tripolitaine. Florae Libycae Prodromus. Durand, E. &
Barratte, J.F.G. (Eds), pp. 293-313, Geneve.

Negoescu, 1., 1981. Contribution a I’étude des Isopodes Anthu-
ridés (Isopoda, Anthuridae) de la Mer Méditerranée. Rap-
ports de la Commission Internationale pour I’Exploration
Scientifique de la Mer Méditerranée, 27 (2), 219-220.

Ni Chualain, F., Maggs, C.A., Saunders, G.W., Guiry, M.D.,
2004. The invasive genus Asparagopsis (Bonnemaiso-
niaceae, Rhodophyta): Molecular systematics, morphol-
ogy, and ecophysiology of Falkenbergia isolates. Journal
of Phycology, 40, 1112-1126.

Nizamuddin, M., 1981. Contribution to the marine algae of
Libya. Dictyotales. Bibliotheca Phycologica, 54, 1-122,
XXXIX plates, 1 map.

Nizamuddin, M., 1985. A new species of Cystoseira C. Ag.
(Phaeophyta) from the Eastern part of Libya. Nova Hed-
wigia, 42, 119-122.

Nizamuddin, M., 1988. Cladophoropsis gerloffii, a new sipho-
nocladaceous alga from the coast of Libya. Willdenowia,
17,229-234.

Nizamuddin, M., 1991. The green marine algae of Libya. Bern,
Elga Publishers, 230 pp.

Nizamuddin, M., 1995. A caespitose-tophulose Cystoseira species
from Tripoli, Libya. Pakistan Journal of Botany, 27, 49-54

Nizamuddin, M., El Menifi Fathalla, A., 1993. A new species of
the genus Codium (Chlorophyta-Codiales) form the eastern
coast of Libya. Pakistan Journal of Botany, 25, 208-214.

Nizamuddin, M., Godeh, M., 1989. Stypopodium tubruquense
(Phaeophyta, Dictyotales) a new species from the Mediter-
rancan Sea. Willdenowia, 18, 603-608.

Nizamuddin, M., West, J.A., Mefiez, E.G., 1979. A list of ma-
rine algae from Libya. Botanica Marina, 24, 465-476.
Nizamuddin, M., El-Menifi, F., Godeh, M., 1994. Re-establish-
ment of the genus Poropsis Kutzing. Pakistan Journal of

Botany, 26, 215-219.

Norman, J.R., 1929. Notes on fishes of the Suez Canal. Pro-
ceedings of the Zoological Society (2), 616 p, London.
Occhipinti-Ambrogi, A., 2007. Global change and marine
communities: Alien species and climate change. Marine

Pollution Bulletin, 55, 342-352.

Ortiz, M., Petrescu, 1., 2007. The marine Amphipoda (Crusta-
cea: Gammaridea) of the Republic of Libya, SE Mediter-
ranean. Travaux du Muséum National d’Histoire Naturelle
“Grigore Antipa”, 1, 11-23.

Otero, M., Cebrian E., Francour, P., Galil, B., Savini, D., 2013.
Monitoring Marine Invasive Species in Mediterranean
Marine Protected Areas (MPAs): A strategy and practical
guide for managers. Malaga, Spain: [IUCN. 136 pages.

Petersen, H.E., 1918. Algae (excl. calcareous algae). In: Report
on the Danish Oceanographical Expeditions 1908-1910

Medit. Mar: Sci., 14/2, 2013, 451-462

to the Mediterranean and adjacent seas. Vol. II. Biology.
Schmidt, J. (Ed.) Vol. [Art.] K.3, 20 pp. Kebenhaven.

Petrou, A., Isaias, E., Chrysanthou, K., Scarcella, G., 2011. Fish-
ing yields of Lagocephalus sceleratus in Cyprus. Proceed-
ings of the Tenth International Conference on the Mediter-
ranean Coastal Environment, MEDCOAST 11, E. Ozhan
(Ed.), 25-29 October 2011, Rhodes, Greece, 445-452.

Pimentel, D., Lach, L., Zuniga, R., Morrison, D., 2000. Envi-
ronmental and economic costs of non-indigenous species
in the United States. BioScience, 50, 53-65.

Relini, M., Orsi-Relini, L., Puccio, V., Azzurro, E., 2000. The
exotic crab Percnon gibbesi (H. Milne Edwards, 1853)
(Decapoda, Grapsidae) in the Central Mediterranean. Sci-
entia Marina, 64, 337-340.

Ribera, M.A., Gémez-Garreta, A., Gallardo, T., Cormaci, M.,
Furnari, G. ef al., 1992. Check-list of Mediterranean Sea-
weeds. I. Fucophyceae (Warming 1884). Botanica Ma-
rina, 35, 109-130.

Rockel, D., 1986. Sensational find in the Mediterranean. La
Conchiglia, 18 (210-211), 12.

Ruiz, G.M., Fofonoff, P.W., Hines, A.H., Grosholz, E.D., 1999.
Non-indigenous species as stressors in estuarine and ma-
rine communities: assessing invasion impacts and interac-
tions. Limnology and Oceanography, 44, 950-972.

Sala, E., Kizilkaya, Z., Yildirim, D., Ballesteros, E., 2011.
Alien marine fishes deplete algal biomass in the Eastern
Mediterranean. PLoS ONE 6 (2), el17356. doi:10.1371/
journal.pone.0017356.

Sghaier, Y.R., Zakhama-Sraieb, R., Benamer, 1., Charfi—
Cheikhrouha, F., 2011. Occurrence of the seagrass Halo-
phila stipulacea (Hydrocharitaceae) in the southern Medi-
terrancan Sea. Botanica Marina, 54, 575-582.

Shakman, E., 2008. Lessepsian migrant fish species of the
coastal waters of Libya: Status, biology, ecology. PhD
Thesis, Universitat Rostock, 125s Rostock.

Shakman, E., Kinzelbach, R., 2006. The Halfbeak fish Hemir-
amphus far (Forsskél, 1775) in the coastal waters of Libya.
Zoology in the Middle East (Heidelberg), 39, 111-112.

Shakman, E., Kinzelbach, R., 2007a. First record of the Sweep-
er fish Pempheris vanicolensis Cuvier, 1821 on the eastern
Libyan coast. Rostocker Meeresbiologische Beitrdge, 18,
S. 79-81.

Shakman, E., Kinzelbach, R., 2007b. Commercial fishery and
fish species composition in coastal waters of Libya. Ros-
tocker Meeresbiologische Beitrdge, 18, S. 63-78.

Shakman, E., Kinzelbach, R., 2007¢. Distribution and charac-
terization of Lessepsian migrant fishes along the coast of
Libya. Acta Ichthyologica et Piscatoria, 37 (1), 7-15.

Shakman, E., Winkler, H.M., Oeberst, R., Kinzelbach, R.,
2008. Morphometry, age and growth of Siganus luridus
Riippell, 1828 and Siganus rivulatus Forsskal, 1775 (Siga-
nidae) in the central Mediterranean (Libyan coast). Revista
de Biologia Marina & Oceanografia, 43 (3), 521-529.

Shameel, M., 1983. Notes on the seaweeds of Tripoli, Libya.
Pakistan Journal of Botany, 15, 79-83.

Stirn, J., 1970. Some notes on western trends of Lessepsian
migration. In: Journées Ichthyologiques, Rome, 30 Nov- 1
Dec., pp. 187-190, CIESM, Monaco.

Streftaris, N., Zenetos, A., 2006. Alien marine species in the
Mediterranean - the 100 ‘worst invasives’ and their impact.
Mediterranean Marine Science, 7 (1), 87-118.

Taskin, E., Jahn, R., Oztiirk, M., Furnari, G., Cormaci, M.,

461



2012. The Mediterranean Cystoseira (with photographs).
pp. [2] 1-75. Manisa, Turkey: Celar Bayar University.
UNEP-MAP-RAC/SPA. 2005. Action Plan concerning species
introductions and invasive species in the Mediterranean

Sea . RAC/SPA (Ed.), Tunis, 30 pp.

UNEP/MAP-RAC/SPA. 2009. Report of the MedPosidonia
Project-Libya (Project to develop the inventorying, map-
ping and monitoring of Posidonia meadows in four Medi-
terranean countries: Algeria, Libya, Tunisia and Turkey).
RAC/SPA edition, Tunis. 29 pp.

UNEP-MAP-RAC/SPA, 2013. Marine Mediterranean Invasive
Alien Species (MAMIAS).

Vitousek, P.M., D’ Antonio, C.M., Loope, L.L., Rejm Nek, M.,
Westbrook, S.R., 1997. Introduced species: a significant
component of human-caused global change. New Zealand
Journal of Ecology, 21 (1), 1-16.

WoRMS Editorial Board, 2013. World Register of Marine
Species. Available from http://www.marinespecies.org at
VLIZ (Accessed May 2013)

Zaouali, J., Ben Souissi, J., Galil, B.S., D’Udekem D’Acoz,
C., Ben Abdellah, A., 2007a. Grapsoid crabs (Crustacea:
Decapoda: Brachyura) new to the Sirte Basin, southern
Mediterranean Sea - the roles of vessel traffic and climate
change. JMBA?2, Biodiversity Records, 5770.

Zaouali, J., Ben Souissi, J., Galil, B.S., D’Udekem D’Acoz, C.,
Ben Abdellah, A., 2007b. Contribution a I’étude des peu-
plements actuels des substrats solides de 1’étage médiolit-
toral de la Méditerranée méridionale. Rapports de la Com-
mission Internationale pour l’Exploration Scientifique de
la Mer Méditerranée, 38, 639.

Zarmouth, M.M., Nizamuddin, M., 1991. Sargassum rameta-
ceum (Phaeophyta, Fucales), a new species from eastern
coast of Libya. Willdenowia, 21, 269-273.

Zenetos, A., Gofas, S., Verlaque, M., Cinar, M.E., Garcia Raso,
J.E. etal, 2010. Alien species in the Mediterranean Sea by

462

2010. A contribution to the application of European Un-
ion’s Marine Strategy Framework Directive (MSFD). Part
1. Spatial distribution. Mediterranean Marine Science, 11
(2), 318-493.

Zenetos, A., Gofas, S., Verlaque, M., Cinar, M.E., Garcia Raso,
J.E. et al., 2011. Errata to the review article (Medit. Mar.
Sci., 11 (2): 318-493). Alien species in the Mediterranean
Sea by 2010. A contribution to the application of European
Union’s Marine Strategy Framework Directive (MSFD).
Part 1. Spatial distribution. Mediterranean Marine Sci-
ence, 12 (2), 509-514.

Zenetos, A., Gofas, S., Morri, C., Rosso, A., Violanti, D., ef al.,
2012. Alien species in the Mediterranean Sea by 2012. A
contribution to the application of European Union’s Ma-
rine Strategy Framework Directive (MSFD). Part 2. Intro-
duction trends and pathways. Mediterranean Marine Sci-
ence, 13 (2), 328-352.

Zenetos, A., Koutsogiannopoulos, D, Ovalis, P., Poursanidis,
D., 2013. The role played by citizen scientists in moni-
toring marine alien species in Greece. Cahier de Biologie
Marine, 54, 3, 419-426.

Zgozi, S.W, Haddoud, D.A., Rough, A., 2002. Influence of
environmental factors on distribution and abundance of
macrobenthic organisms at Al Gazala lagoon (Libya) (in
Arabic) Technical report of Marine Research center of
Tajura, 23-27.

Zupanovic, S., ElI-Buni, A.A., 1982. A contribution to demersal
fish studies off the Libyan coast. Bulletin of the Marine
Research Centre, Tripoli, Libya, 3, 78-122.

Websites visited

AlgaeBase: http://www.algaebase.org
DAISIE: http://www.europe-aliens.org
FishBase: http://www.fishbase.org

Medit. Mar. Sci., 14/2, 2013, 451-462



