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Abstract

The presence of marine alien species in El-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 | 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 ez 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 Mediterranean 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 (2007¢).

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
Ummabh (Fig. 1). EI-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
® 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 Rippell, 1838, Lagocepha-
lus sceleratus (Gmelin, 1789), Pempheris vanicolensis
Cuvier, 1831, Siganus luridus (Riippell, 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 ez 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 4. taxiformis in the Mediterranean Sea:

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.

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

453

http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 07/09/2017 15:11:59 |



http://epublishing.ekt.gr

(ponunuod)

0661 ‘wWijeH se) 0661 oyIoeJ-opuy (6781 ‘eueq) DUUIDUOD DI2DYINIDADJ
epodado)
(8L007) v 12 1jenoez se) L00T dyroed-opu] 9161 ‘A1gs[id DIUBOfIL DIV
eIpadrL)
(L007) nosanad 2 zZniQ se) L61 Jy1oRJ-0pu| (6L81 ‘T1omseH) DAISIUDY DAIDUIUDE]
(6£61) oudeodeN £1D 6561 Jy1deJ-opuy 9181 ‘Audiaes vsojif vsnppud)
epodiydury

VHDVLSNAD
(6002) <¢%\M@N~w. M “ﬁwwmﬁmm 189 600> 8IS pY UOSIAYISY ([8SS10.]) vaovndus vjiydopry
e)lydorjouseyy
(2661) 17 12 4apoD (6L61) 7P 12 uippnuezIN L 6L61 seag ojerodudl-uirepy dled Dw1sHf vA])
(sap10]1p.105 ") S “1661) UIpPAWEZIN 39 LL61 dyIded-opuy BAIS'Dd 11.40]4D1 wWnipo)
(1661) urppnuweziN 19 7861 oyoed MN joLey (1eSuLIng) 21184 ~dsqns a7150.4f wnipo)
(s1fjor1a3 sisdoroydopn]) se 1661 ‘8861) WPPNWERZIN sanQ) 9861 3G poy Suizny] (uSejuoN) vousad.ay vioydopv])
(1661) uppnweziN AU 0661 Jy1oeJ-opuy ‘onbsamopnog 2 uewsIny ‘Onbe[Iop (10pU0S)  PaIVUPUIAD “TeA DSOWID.L DAIIIND))
ejkydoaopy)
(vdavdo1ovut g se ‘7e61) 10 12 Yopony  snAD) 0661-6861 oy1oed N/ANUERNY N SLLION'N'[ 2 unexdey| voyuvv viuoydisajoq
(6L61) '1v 12 WIPPNWEZIN (816]) UdSINO 39 8161 dyIded-opuy Z oS (SuBEIUOIN) upuvwa]v] vipp>oydoT
(z661) 17 12 4apon 9 0661-6861 dnhuepy iseq Sroquaye (ypresy r) {SUBISAMU200 DLIPUOY)
(6L61) 7v 12 wppnuwiezIN *(S681) WOL 2 39 <681 dyided-opuy U09T-IUleS dp UeSIAALL (3[1[2() s1uL10fixv) s1sdo3p.ndsy
0161) JoTqosA (12719p .V%n%mw%ﬂ““ﬁ@ﬂ“ﬂﬂﬂ 189 8881 oyroeJ-opup ssnjuaded (9[110Q) suuiofippdou v.ioydoyyuvoy
ejdydopoyy
.@:EMMH&%&NM_MM NMMMW MMMM%M@ mMm.mw%va:MWMWQWMH 189 LL6T OYI0BJ IS9M\ Opu][ anbsamopnog 7 anbefioA (Suiziny x2 1o3uryong) riadwnyos wnipododqig
(s1mua) o se “1861) uppnuweziN 9 pL6T dyroed-opu] Aarqr, pundioq vuipog
{(paodsoud3 g se ‘186 ) UIPPNUWRZIN 189 YL6T JyIoeJ-opu] JJery] 2 1pUd[[Y 1U2s23120q PUIPDJ
eakydoaeyq - eyAydoaydQ

SALAHdOYDVIN

(8007) 108ue £1D 8007 Jy1oeJ-opuj 6€81 ‘Sroquaiyg nyoridway pardsourdso)
(6L61) v 12 19UIA -oUR[g 189 6L61 Teardonumaiyy 9L6]1 ‘udsIe v.2fiqo] purSajsiyduy
(8007) 108ue] yun 8002 [eardonwmoi) 6€81 ‘Sroquaiyyg nyoridway sniostyduty
RIJIUIUWIRAO ]

VOZOLOdd
U $sNg  Bunysis uekqry . uonnqLISIq Lroyny saradg

“eAQIT woxy QAN Y} Ul pajtodar siy sardads 2jed1pur pjoq ur sSunysis
[ UMW = Yu[) pue 9[qeuonsand) = sanQ) ‘0ruagoydL) = L1 ‘[ense)) = se) ‘PaySI[qrISd = IS SUOIIRIARIQQY "Papustie (([(7) 7» /2 S0}UIZ 0} SUIPIOIIL UBSUBLIDNIPIJA [BHUI)
AU) UI $SOIONS JUSWYSI[QR)ISS PUB UONNqLYsIp prrom ‘eAqr ur Sunysis sy Jo Jep Y} YPIm s1djem uekqr pue (y) SHed [eUOnEN JNOY-[d 9y} wolj pajiodar saroads suLIew ULy *| [qeL

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

454

http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 07/09/2017 15:11:59 |



http://epublishing.ekt.gr

(6007) ‘7P 12 1SSNOUS-WOL] seD) 6007 UBIPU[-BOS POY €561 ‘Teyon 2 yIe[) sisuazons snjpydo203oT
(6007) ‘v 12 1SSNOUS-WAIRY] se) 9007 Jy1oeJ-opuy (681 ‘urpown) SnID.42]22s SNIpYdad203DT,
(9°9£007) yorqrazury % ueunyeys s $00T vaS Py (£€81 “112ddiy) smvpound sdyy1s10P 42
(8007) ueuyeyS *(9°9£00T *900T) YorQ[oZUIy % UBUNeyS 9 9007 dyioed-opuy (SLLT ‘Tedss1o) Anf snydwv.quap]
(S002) 77 72 Ue[EPqY USg Aup 00T dyroed-opu| 8¢81 ‘Troddmy HUOSIIUIUIOD DIIDINISIA 5
(6661) UI[IS-[] 7% ULSSeH-[V 9 6661 UBIpU]-BOS Py (SLLT ‘Tedss1o) Susprua.to suapiial)
sinduid snuasp.ig sv (6761) UBWLION 189 6261 3G poy (8€81 ‘Treddny) 1]DYSA0f SNAOUWOULIDYI
(5002) 77 12 ye[[epqy uog 9 0661 dyioed-opuy (SLLT ‘Tedss10) vqupalp sadajy
nsiindoundy
HSIA
(9L007) 7v 12 1]enoeZ sanQ) L00T UBIPU[-BAS PAY (9181 “yoreweT) putipuado]ods vuwodorydo)
VLVINIAAONIHDA
(42002) 77 72 1enoez sanQ 9007 dyIded-opuy (Sz81 “aqrraurelg) viwo3 v.majdoyunoy
eroydoodedAjog
($661) ‘P 12 1[[9ABS-1ZZNUUEID) se) $661 LEINREN 6781 ‘YU DIUD]OUINSUDS DILION
(snpnuup pav.add) se ‘L(0g) Iv 12 1SSINOS udg song) 9002 oyroeg-opuj (8SL1 ‘snoeuury) SNIAUUD DIIDIDUOJN
661 IV 12 1[[oARS-1ZZNUULID) se) $661 UBIPU[-BAS POY P81 ‘0A0Y vuan.t> vipjnisnd snoyvLy
(L00T) v 12 158IN0S UG 9 L00T UBIpU]-BOS Py (0181 “orewe ) snpanj DLIDSOLT
(9861) 199y S 9861 B3S Py T6LT 21mIBnig ur sseMy snpStunf snuoy)
(sno1s.ad snquio.yg se/(0g) ‘v 12 1SSINOS uog 159 900T uedd() URIpU] (1781 ‘uosurems) snois.tod xonuouoy)
(L661) IV 12 1[]oAS-TzZnuueID) SeD P661 dyided-opuy (S$81 “I1 Aq1omos "g'D) DI2SLfiq sn1owoadd])
(9L007) 77 72 1enoeZ, sanQ L00T UBIpU]-83§ Py (16L1 ‘urpown) jo.s U)o
(2007) v 12 12057 AU] 000C UBIPU[-BIS Py L181 “d[piauteg nyovaj vjjemws.ing
epodoaysen)
(2007) 1w 12 12057 AUl L661 dyided-opuy (SLLT “IYNqIaN UI [BY[SSIO,]) SIS DI
(L161) 01ESOINUOIN Auj glel dyroed-opu] (P181 ‘yova) DIvIpv4 DIOLIGUIL DPDIOUL]
(1007) 1v 12 1[]oARS-1zZnuUeID) 39 100C dyided-opuy (SLLT “IYNQaIN UI [BY[SSIO,]) o3t (snpunfnapjy) snajy
elAfeAlg
VOSNTIONW
(2007) ‘v 12 12037 159 72007 UBIPU[-BIS POy (0881 ‘uuBWSSOY) sisuaapssou vjjinbso3n.ig
epodojewio)§
(2002) v 12 12057 seD) 1002 oyIoeJ-0pu] (2961 ‘sorzuoly) a0UDIp D]jIPYALG
(1861) nosa03aN 159 9L61 Jy1oed-opuy 0061 ‘3u1qqaIS sisuajppuns vaniypuvdy
epodosy
2007° v 12 12037 189 6661 Jyroe-opuy (S€81 ‘ueey a(1) DIDULD IDAINT
(9L007) v 12 1enoez 19 900 OyIoeJ-0pu] (06LT 15912H) psowvnbs visn3v]g
(8007) 1v 12 amM[q AUl 00C Snuepy M (€581 “SpIempH-OUIIA "H) 1529q13 UOULD ] 4
(9L007) ‘v 12 1]enoeZ se) 9007 IS pY €681 ‘Sprempg-ouliA ‘H snsopnup.3 snsdp.ioy
epodeddq
NUARYIY  $s00ng  Funysis uekqry uonnqLysiq Auoyny saadg

*I dqeL (panunuoo)

455

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

EKT | Downloaded at 07/09/2017 15:11:59 |

http://epublishing.ekt.gr | e-Publisher



http://epublishing.ekt.gr

Reference

Success

1% Libyan sighting'

2005

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

Authority
(Valenciennes, 1836)

(continued) Table 1.

Species

456

Shakman & Kinzelbach (2007b,c)

Ben Tuvia (1966)

Est

Est

Liza carinata

1966
2004

(Valenciennes, 1847)

Cuvier, 1831

Parexocoetus mento

Ben Abdallah ez al. (2004)

Stirn (1970)

Est

*Pempheris vanicolensis

Cas

1968
1982
1974
1968
1968
1998
1968
1965
1968
1994

(Forsskal, 1775)

Sargocentron rubrum

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

Est

(Richardson, 1848)
(Lacepede, 1800)
(Riippell, 1829)

Saurida undosquamis

Est

SC(Ilﬂbel'()lﬁ()l'lL? commerson

$tirn (1970)

Est

Est

Red Sea-Indian
Red Sea

*Siganus luridus

Stirn (1970)

(Forsskal, 1775)

*Siganus rivulatus

Ben Abdallah ez al. (2003)

Est

Indo-Pacific
Indo-Pacific

Red Sea

Riippell, 1838

*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

Indo-Pacific

Upeneus moluccensis

Ben Abdallah er al. (2005)

Est

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 Rippell, 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 ez al., 2004; An-
dreakis et al., 2007). Identification of A. taxiformis spp
occurring in El-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 El-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),
FE. 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 ef al., 2002; Ben Abdallah et 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.

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

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. Juridus (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, 2007c). Both species were abundant
in El-Kouf NP, especially S. luridus - 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 er 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, 20006); Liza carinata (Shakmam & Kinzel-
bach, 2007b, ¢), L. sceleratus and L. suezensis (Kacem-
Snoussi et al., 2009; Ben Abdallah et al., 2011). To these
we should add Atherinomorus forskalii reported by Nor-
man (1929) as Prasenus pinguis (Lacepede, 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 (Miiller
& 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 et al. (2007) is
questionable because C. rota 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 et 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.
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