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The distribution of the alien crab Percnon gibbesi in the Mediterranean Sea was assessed, based
on new data from four independent surveys in Albania-Montenegro, Tunisia, Libya, and Crete
(Greece), personal observations of the authors and a thorough compilation of existing informa-
tion. The species is reported herein for the first time from Albania, Algeria, Cyprus, Israel, and
Lebanon. Percnon gibbesi rapidly increased its spatial distribution in the Mediterranean Sea af-
ter its first report in 1999. At present, twelve years after its introduction, P. gibbesi is established
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in most Mediterranean coasts, especially in middle latitudes. It is absent from the Adriatic Sea
(except from its southern limit in the Albanian part of Otranto Strait), the Ligurian Sea, the Cor-
sica Island, and the northern Aegean Sea, possibly because of the low winter temperatures pre-
vailing in these areas. In the North African coasts, P. gibbesi has not yet been observed in Moroc-
co. After its initial introduction, its further spreading in the Mediterranean basin seems to be
governed primarily by natural dispersal via larval transport by currents. The invasion rate of P.
gibbesi was assessed in the Kag — Kekova Marine Protected Area in southern Turkey, based on
a time series of monitoring data from 2002 to 2010. The species was first observed in 2006 in two
sites and rapidly increased its occupancy and abundance the following years. Its occupancy (pro-
bability of presence in 500 m length of coastline) reached 23% within four years from its first
sighting. Its abundance increased exponentially with an intrinsic rate of increase = 0.79, corre-
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sponding to more than doubling of the population per year.

Key words: alien, Decapoda, invasion rate, Percnon gibbesi, Mediterranean Sea.

INTRODUCTION

The Mediterranean Sea is one of the most severely
affected by alien marine invasions regions worldwide,
fostered by the opening of the Suez Canal, fouling
and ballast transportation along shipping routes, a-
quaculture, aquarium trade and global climate chan-
ge (Streftaris et al., 2005; Galil, 2009; Zenetos et al.,
2009; Por, 2010). Nearly 1,000 alien marine species
have been recorded in the Mediterranean up to now,
of which more than 500 are considered to be estab-
lished and spreading (Zenetos, 2010; Zenetos et al.,
2010). The reported marine alien species in the Me-
diterranean Sea represent approximately 6% of the
known biodiversity, which is estimated to approxima-
tely 17,000 species (Coll et al., 2010). However, this
percentage is higher for certain taxa and may exceed
20% as for example in fish (140 introduced vs 534 na-
tive) (HCMR database). The number of recorded
alien species in the Mediterranean Sea keeps in-
creasing with a rate of one new record every 1.5
weeks (Zenetos, 2010). As most of these species are
of tropical affinity and origin, their high incidence is
driving the Mediterranean biota towards a phase of
‘tropicalization’ (Bianchi & Morri, 2003). Many of
the marine alien species exhibit aggressive invasive
behaviour, leading to alterations in ecosystem func-
tioning, biodiversity loss and negative impact to hu-
man activities such as fisheries, tourism, and aqua-
culture (Streftaris & Zenetos, 2000).

Percnon gibbesi (H. Milne Edwards, 1853) is a pri-
marily algivorous crab of the shallow infra-littoral ro-
cky shores. It is a widely distributed species, its range
extending from Cape San Lucas (Baja California) to
Chile, including the Galapagos islands in the eastern
Pacific, from Fort Macon (North Carolina), Bahamas
and Bermuda to Fernando de Noronha Archipelago,

Brazil, including Antilles in the western Atlantic, and
from Azores and Madeira to Angola in eastern At-
lantic (Nizinski, 2003). It was first recorded in the
Mediterranean Sea in 1999 in Linosa Island (Sicily
Strait), southeastern Sicily, and the Balearic Islands
(Relini et al., 2000; Garcia & Reviriego, 2000; Miiller,
2001; Mori & Vacchi, 2002). Since then, its popula-
tion in the Mediterranean Sea has expanded rapidly
(Katsanevakis et al., 2010).

The aim of this work was to study the distribution
of P. gibbesi in the Mediterranean Sea and assess its
invasion rate, by conducting targeted surveys in many
Mediterranean countries and compiling existing in-
formation.

MATERIALS AND METHODS

The present study of the distribution of Percnon gib-
besi was based on a thorough compilation of existing
information and on personal observations by the au-
thors during either targeted surveys for P. gibbesi or
occasional observations during surveys for other pur-
poses.

To compile existing information, apart from sci-
entific literature, we searched various sources of grey
literature such as conference proceedings, academic
dissertations, newsletters, newspapers, online data-
bases and internet forums. Records made by non-ex-
perts were acceptable only if verified by samples or
photos. We also contacted experts all over the Medi-
terranean requesting information on possible new re-
cords of the species.

The targeted surveys conducted by the authors in-
cluded (Fig. 1):

1. A survey in the Tunisian coastline during July-

August 2010. In ten study sites, standardized one-

hour transects of various lengths along the coast-
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line were surveyed by snorkeling, at depths be-
tween 0.5-3 m.

2. A two-week survey along the coastline of Albania
and Montenegro (NE Ionian Sea and SE Adriatic
Sea). The aim of this survey was the rapid assess-
ment of alien marine species in the Albanian and
Montenegrin coast; P. gibbesi was among the tar-
get species of the study. There was no previous re-
cord of the species from Albania or Montenegro.
The distributional patterns of the target species
were investigated by surveying 30 sites along the
rocky coasts of Albania and Montenegro during
September 2010 at depths between 0-5 m. At each
site, transects of 200 m length were defined along
the coastline with the use of a diving reel and were
surveyed by three independent trained observers
by snorkeling during standardized 20-min dives.

3. A two-day survey in western Crete. Katsanevakis
et al. (2010) reported the presence of P. gibbesi in
eastern Crete but relevant information for the
western part of the island was missing. Therefore,
a dedicated survey to document the possible pres-
ence of the species in the western part of the is-
land was conducted in October 2010. In eight sites,
standardized 30-min transects of various lengths
were surveyed by snorkeling, at depths between
0-3 m.

4. A survey in the northeast part of Libya (Cyrenai-
ca). In the framework of field work for biological
monitoring of the Al-Koof national park, the po-
tential presence of P. gibbesi was investigated in
July 2010 in four line transects during one-hour
dives by snorkeling, at depths between 1-5 m.

Distribution maps of P. gibbesi in the Mediterra-
nean were created based on available information. In
these maps, when there was a series of records (>5)
with a maximum distance between consecutive re-
cords less than 50 km, it was assumed that the species
was present along the entire coastline; this was de-
picted with a line along the coastline. In all other cases,
records of the species were illustrated as dots.

The invasion rate of P. gibbesi was assessed in the
Kas-Kekova Marine Protected Area (MPA) in south-
ern Turkey (Fig. 2) by processing a time series of pre-
sence/absence data. The entire MPA was divided in-
to 118 sections of 500 m coastline length. The 0-6 m
depth zone of the protected area has been regularly
monitored by snorkeling since 2002. The start and
end points of the sections were marked and divers
swam between marks without any interruption. Di-

vers recorded the number of P. gibbesi individuals ob-
served within each section. The species was first re-
corded and collected in the area in 2006 (Yokes &
Galil, 2006). The occupancy of the species in the area
was estimated as the percentage of the sites where
the species was present; a time series of occupancy
between 2002 and 2010 was estimated.

The relative abundance of the species in the en-
tire Kag-Kekova MPA (defined as the total number
of recorded individuals in all 500 m sections) was
used to estimate the intrinsic rate of increase r of the
local population. This was done by fitting the equa-
tion N(t) =N e", by non-linear least squares with it-
erations by means of Marquardt’s algorithm, where
N(t) is the relative abundance at time t and N, the
relative abundance at time 0 (i.e., the year of first
sighting).

RESULTS

In the Tunisian coastline, P. gibbesi was observed in 6
out of 10 surveyed sites (Table 1, Fig. 1A). The spe-
cies seemed to be very well established. It was highly
abundant, widely spread throughout the study area,
and many ovigerous females and small-sized individ-
uals were observed. In total, 155 individuals were
counted; the number of individuals per site varied be-
tween 2 and 50.

During the survey of the Albanian and Montene-
grin coastline, P. gibbesi was found in 6 sites, all of
them in the Albanian coastal waters (Table 1, Fig.
1B). The northernmost site of the species presence
was Sazani Island on the southern limit of the Adri-
atic Sea, where many individuals, including ovigerous
females, were observed. This record is the northern-
most in the Ionian-Adriatic basin and the first record
of the species in the Adriatic. No individuals were ob-
served along the rocky coasts of Montenegro al-
though the habitat was ideal in many surveyed sites
(boulders with low algal cover).

In western Crete, the species was observed in all
eight surveyed sites (Table 1, Fig. 1C) and thus the
species may be considered as present along the rocky
coastline of the entire island. Markedly large individ-
uals (with carapace lengths often exceeding 40 mm)
were observed in many sites in Crete, indicating favo-
rable conditions for its growth.

In the Al-Koof National Park survey (Libya), Per-
cnon gibbesi was recorded in all four transects. A to-
tal of 107 individuals of various size classes was re-
corded; the number of individuals per transect varied
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FIG. 1. Presence/absence maps of Percnon gibbesi in (A) Tunisia, (B) Albania and Montenegro, (C) Crete, and (D)
Libya, in the sites surveyed in 2010. Presence: dots; Absence: rectangles.
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TABLE 1. New records of P. gibbesi presented in this study
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Country  Site Lat Lon Year Source

Albania  Saranda 39.8731  20.0077 2010 this study

Albania  Porto Palermo 40.0627  19.7947 2010 this study

Albania ~ Dhermi 40.1377  19.6458 2010 this study

Albania  Himara Port 40.0990  19.7410 2010 this study

Albania  Sazani Island 40.4807  19.2871 2010 this study

Albania  Shen Jani 40.4325  19.3285 2010 this study

Algeria Skikda Bay 37.0252 6.5574 2010 Z.. Bouzaza, pers. obs.
Cyprus Dhekelia (Larnaca) 34.9909  33.7322 2006 L. Tsiakkiros, pers. obs.
Cyprus Lemessos 34.5843  33.0227 2007 L. Tsiakkiros, pers. obs.
Greece Limani Platanou (Crete) 354789  23.5681 2010 this study

Greece Limani Kastelliou (Crete) 355001  23.6441 2010 this study

Greece Agia Marina (Crete) 355177  23.9096 2010 this study

Greece Petres (Crete) 353614  24.4005 2010 this study

Greece Agios Nikolaos (Crete) 35.3928  24.6137 2010 this study

Greece Bali (Crete) 354119  24.7824 2010 this study

Greece Agia Roumeli (Crete) 352267  23.9586 2010 this study

Greece Loutro (Crete) 35.1970  24.0789 2010 this study

Greece Chania old harbour (Crete)  35.5178  24.0177 2010 S. Katsanevakis, pers. obs.
Greece Kato Galatas (Crete) 355135 23.9649 2010 S. Katsanevakis, pers. obs.
Greece Sougia (Crete) 35.2455  23.8050 2010 Y. Issaris, pers. comm.
Greece Kastellorizo 36.1499  29.5903 2004 G. Apostolopoulos, pers. comm.
Greece Pesatha (S Kefalonia) 38.1071  20.5899 2010 A. Panou, pers. comm.
Greece Eastern Saronikos Gulf 37.8115  23.8335 2010 G. Apostolopoulos, pers. comm.
Israel Nahariya 33.0124  35.0891 2009 B. Yokes, pers. obs.

Italy Carloforte port (W Sardinia) 39.1459 8.3089 2005 P. Panzalis, pers. comm.
Italy Asinara Island (N Sardinia) ~ 41.0582 8.2855 2005 E. Azzurro, pers. comm.
Lebanon El Heri 343112 35.7150 2010 G. Bitar, pers. obs.

Lybia Rass Amer 329400  21.7110 2008 I. Benamer, pers. obs.
Lybia Sosah 329150  21.8002 2009 I. Benamer, pers. obs.
Lybia Rass Al-helal 32.9089  22.1679 2009 I. Benamer, pers. obs.
Lybia Rass Alteen 32,6299  23.1140 2009 I. Benamer, pers. obs.
Lybia El Marakeb Island 32.2339  23.2739 2010 Y.R. Sghaier, pers. obs.
Lybia El Bardaa Island 32.3744  23.2333 2010 Y.R. Sghaier, pers. obs.
Lybia El Hania 32.8808  21.5703 2010 this study

Lybia El Hania 32.8353  21.5061 2010 this study

Lybia JarJar Ommah Island 32,7767  21.3383 2010 this study

Lybia JarJar Ommah 32.7789  21.3619 2010 this study

Tunisia Malloula 36.9631 8.7142 2010 this study

Tunisia Tabarka 36.9633 8.7619 2010 this study

Tunisia El Houaria 37.0411  11.0661 2010 this study

Tunisia Yasmine Hammamet 36.3733  10.5492 2010 this study

Tunisia Monastir marina 35.7794  10.8356 2010 this study

Tunisia Kuriat Island 35.8031  11.0289 2010 this study

Turkey Finike 36.2898  30.1495 2003 G. Apostolopoulos, pers. comm.
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FIG. 2. Presence/absence map of Percnon gibbesi in the Kas-Kekova Marine Protected Area in southern Turkey, based on
annual monitoring during the period 2002-2010. For clarity reasons the site codes are given only for the stations where the
species was observed at least once. Presence (at least once during 2006-2010): dots; Absence: rectangles.

between 5 and 45. P. gibbesi was first recorded in ~ 2006). Both occupancy and abundance increased ra-
northeastern Libya in 2004 (Elkrwe et al., 2008). Sin-  pidly the following years; in 2010 the species was ob-
ce then, it has been observed in a few other sites  served in 27 of the 118 sites that were surveyed (Ta-
(Elkrwe et al., 2008; present study, Table 1), its abun-  ble 2). During the monitoring period (2002-2010), P.
dance has increased rapidly and it now seems to be  gibbesi was observed in 30 sites at least once (Table 2,

well established. Fig. 2). Within four years from its first sighting in the

Additionally, many unpublished records of P. gib-  area, P. gibbesi occupancy reached 23% (Fig. 4). Con-
besi were revealed by our investigation in Algeria, Cy-  sidering that this naive estimator of occupancy (per-
prus, Greece, Israel, Italy, Lebanon, Libya, and Tur- ~ centage of sites where the species was present) igno-

key (Table 1). Thus, taking into account all previous- ~ T€s the fact of recording false absences due to imper-
ly published records of P. gibbesi in the Mediterra-  fect detectability (MacKenzie et al., 2006), our occu-
nean Sea (Relini ef al., 2000; Garcia & Reviriego, ~ Pancy estimates might be biased low, and thus real
2000; Miiller, 2001; Pipitone ef al., 2001; Mori & Vac- ~ Occupancies might be even higher than those present-
chi, 2002; Bellantoni & Corazza, 2002; Borg & At-  ¢d in Figure 4.

tard-Montalto, 2002; Galil et al., 2002; Abello et al., The relative abundance of the species reached 112
2003’ Cannicci et al., 2004’ Catalano, 2004’ Deudero individuals in 2010, from 2 individuals in 2006. Its
et al.. 2005: Russo & Villani. 2005: Cannicci et al. abundance has been increased exponentially since

2006; Thessalou-Legaki ef al., 2006; Yokes & Galil, 2000 (Fig. 4); the equation of population growth was

. 40,079 0 L
2006; Faccia & Bianchi, 2007; Sciberras & Schembri, ~ estimated as N'=4.9¢%™, with adj-R"=95%. The in
2007: Crocetta & Colamonaco. 2008: Elkrwe et al. trinsic rate of increase of the local population (+ SE)

2008; Katsanevakis & Tsiamis, 2009; Katsanevakis et wasr = 0.79£0.14, Whi(fh corresponds to more th.an
al. 2010: Félix-Hackradt et al.. 2010: Azzurro et al doubling of the population between two consecutive

2011) and all new information presented herein, the years (the growth rate of the population was 4 =’

. e . =e077=22).

temporal evolution of P. gibbesi invasion in the Medi-
terranean and the present distribution of the species
were assessed (Fig. 3). The species is reported herein DISCUSSION
for the first time from Albania, Algeria, Cyprus, Is-  Percnon gibbesi rapidly increased its spatial distribu-
rael, and Lebanon. tion in the Mediterranean Sea after its first records in

In the Kasg-Kekova Marine Protected Area, P. gib- 1999. In that year it had only been reported from Li-
besi was absent before 2006. At that year, two indi-  nosa Island, southeastern Sicily, and the Balearic Is-

viduals were observed at two sites (Yokes & Galil, lands (Relini et al., 2000; Garcia & Reviriego, 2000;
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Miiller, 2001; Mori & Vacchi, 2002) (Fig. 3A). Within ~ report, P. gibbesi seems to have colonized most Medi-
six years (by 2005) it had expanded in several regions,  terranean coasts, especially of middle latitudes, while
mainly of middle latitudes, especially along the coasts it is absent from the Adriatic Sea (Kirinéi¢ & Stevcic,
of Sicily, Tyrrhenian Sea, Balearic Sea, southern Ae- 2008; C Froglia, F Crocetta, pers. comm.) except
gean Sea and southwestern Turkey (Fig. 3B). Between  from its southern limit (Albanian part of the Otranto
2005 and 2010 the species has further expanded along ~ Strait), the Ligurian Sea (CN Bianchi, pers. obs.; P
the coastlines of the Ionian Sea, central Aegean Sea, Chevaldonne, pers. comm.), the Corsica Island, and
and many sites in the Levantine Sea and the African  the northern Aegean Sea (Th Koukouras, pers. comm.).
coasts (Fig. 3C). At present, twelve years after its first ~ The species had been previously reported along the
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FIG. 3. The spatial expansion of Percnon gibbesi in the Mediterranean Sea from the year of first sighting (1999) until now
(based on new and published records until October 2010). A: 1999; B: until 2005; C: present status.
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entire Italian coast of the Tyrrhenian Sea (Galil et al.,
2002; Cannicci et al., 2006; Katsanevakis et al., 2010).
However, to the north of the Gulf of Naples the spe-
cies has only been recorded on the islands of Ischia,
Procida, Vivara, Ventotene, Ponza and single records
at Giglio and Elba; thus, its distribution northern of
the Gulf of Naples is given herein as not continuous.

The part of Albania northern of the Otranto Strait
is characterized by sandy/muddy coasts, large estuar-
ine areas and substantial freshwater input. It is quite
possible that the low salinity surface layer and the in-
appropriate substrate have become a barrier for the
further distribution of P. gibbesi northwards along the
eastern Adriatic coastline. In the northern African
coasts, P. gibbesi has not yet been observed in Moroc-
co (H Bazairi, pers. comm.). Its absence from many
northern African sites cannot be definitive, as it is
suggested that many invaded locations still remain
unreported.

Two vectors of introduction of P. gibbesi have
been speculated, either through shipping (Mori &
Vacchi, 2002; Galil et al., 2002) or by larval drift by
the Atlantic surface current that enters the Mediter-
ranean Sea through the strait of Gibraltar (Pipitone
et al.,2001; Abellf et al., 2003). A third possible vec-
tor that may not be excluded is aquarium trade, as for
other Mediterranean aliens (Jousson et al., 1998; Pa-
dilla & Williams, 2004). The species is commonly
captured and traded by aquarium dealers (Calado,
2006) but large-sized individuals, which may prey on
aquarium invertebrates and small fish, are often re-
moved from their tanks and maybe released to the
sea. Regardless of the mode of introduction, its fur-
ther spreading in the Mediterranean basin seems to
be primarily the result of natural dispersal via larval
transport by currents. Ovigerous females have been
observed in most sites of the species occurrence in
the Mediterranean Sea (e.g., Balearic Islands: Deud-
ero et al., 2005; Sicily: Deudero et al., 2005; Rhodes:
Thessalou-Legaki et al., 2006; southern Turkey: Yo-
kes & Galil, 2006; Malta: Sciberras & Schembri, 2007;
Libyan coast: Elkrwe et al., 2008; Zakynthos: Katsa-
nevakis et al. 2010; Albanian coast: present study; Tu-
nisian coast: present study).

The wide distribution of breeding populations in
the Mediterranean Sea and the large duration of the
larval phase (Paula & Hartnoll, 1989), allowing for
long dispersal, justify the very rapid increase of both
occupancy and abundance of P. gibbesi. While recent
immigrants normally tend to remain concentrated in
the proximity of the area of their first entry, P. gibbe-

si has rapidly invaded the whole Mediterranean basin,
with the exceptions of its northern reaches such as the
central and northern Adriatic Sea, the Ligurian Sea
and the northern Aegean Sea (Fig. 3). Its present dis-
tribution conforms to that of many warm water spe-
cies within the Mediterranean Sea (Bianchi et al.,
2010). Bianchi (2007) suggested that the February
surface isotherms of 15°C and 14°C can be taken as
the ‘divides’ between a warmer and a colder water
biota within this basin. Satellite observations have
shown that surface water temperatures of the Medi-
terranean Sea have increased to around 0.8-1°C in
the period 1985 to 2006 (Nykjaer, 2009) and, conse-
quently, both the 15°C and the 14°C divides have ap-
parently moved northward in recent times (Coll et al.,
2010). Warming has been shown to favour both the
entry and the dispersal of tropical species in the Me-
diterranean Sea (Ben Rais Lasram et al., 2008; Rait-
sos et al., 2010), several of which have already reach-
ed the northernmost sectors of the Mediterranean
Sea (Dulci¢ et al., 2008; Daniel et al., 2009; Lipej et
al., 2009; Puce et al., 2009). The on-going northward
range extension of warm water species is favoured
not only by the direct influence of increased temper-
ature (some warm water species therefore succeeding
reproduction in the northern sectors — Sara et al.,
2005), but also by modifications in the emphasis of
water flow and in the pattern of water circulation
forced by climate change (Astraldi et al., 1995); this
mechanism may play a major role for species with
prolonged larval phase. Should the present trend of
seawater warming continue, it is likely that P. gibbesi
populations will be established also along the north-
ern Mediterranean shores, where currently Sea Sur-
face Temperature (SST) falls well below 14° C during
February (Fig. 5).

Percnon gibbesi appears to be an opportunistic
feeder, feeding primarily on algae, including a wide
variety of algal meals, such as filamentous algae, cal-
careous algae, corticated macrophytes, and foliose al-
gae (Puccio et al., 2006), but also on animal food such
as pagurids, polychaetes, gastropods, crustaceans, and
jellyfish (Cannicci et al., 2004; Deudero et al., 2005;
Sciberras & Schembri, 2008). Some of the possible
reasons explaining the successful establishment of the
species in the Mediterranean Sea are (i) the flexibili-
ty of P. gibbesi in feeding, (ii) the high fecundity of the
species, (iii) the large duration of the larval phase
(Paula & Hartnoll, 1989), (iv) the exceptionally large
megalopa from which a robust first crab stage is pro-
duced (Hartnoll, 1992), (v) favorable environmental
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TABLE 2. Number of P. gibbesi individuals recorded in each of the 30 sites, where the species was observed, in the Kas-Keko-
va Marine Protected Area in southern Turkey during 2002-2010 (maximum number of individuals observed in one dive)

Number of individuals observed in years

Station ~Coordinates 2002 2003 2004 2005 2006 2007 2008 2009 2010
(deg.min.sec)

5 36.09.4IN 0 0 0 0 0 2 4 4 6
29.37.43E

6 36.09.44N 0 0 0 0 ) 3 5 . s
29.37.40E

9 36.09.09N 0 0 0 0 0 0 1 2 3
29.37.32E

10 36.09.09N 0 0 0 0 0 0 . 0 .
29.37.48E

11 36.09.37N 0 0 0 0 0 0 2 2 4
28.39.01E

1 36.09.16N 0 0 0 0 0 0 0 . ;
29.39.20E

13 36.09.10N 0 0 0 0 0 0 0 5 .
29.39.25E

17 36.11.45N 0 0 0 0 0 ) 5 5 )
29.36.44E

18 36.11.23N 0 0 0 0 0 0 0 3 4
29.36.32E

22 36.09.07N 0 0 0 0 0 0 0 4 6
29.40.39E

18 36.08.55N 0 0 0 0 0 0 0 3 o
29.41.40E

40 36.08.53N 0 0 0 0 0 0 0 0 5
29.42.01E

45 36.09.57N 0 0 0 0 0 0 0 2 4
29.43.56E

13 36.09.31N 0 0 0 0 0 0 0 0 .
29.44.30E

49 36.09.43N 0 0 0 0 0 0 0 . 0
29.44.49E

50 36.09.34N 0 0 0 0 . 0 0 0 0
29.45.03E

58 36.11.50N 0 0 0 0 0 0 0 4 7
29.38.25E

59 36.11.42N 0 0 0 0 0 0 0 3 5
29.38.45E

62 36.10.54N 0 0 0 0 0 0 0 . 5
29.38.31E

63 36.11.49N 0 0 0 0 0 0 0 . o
29.36.45E

K3 36.09.29N 0 0 0 0 0 0 0 5 s
29.47.06E

K4 36.09.36N 0 0 0 0 0 0 ) 0 )
29.46.18E

KS 36.09.18N 0 0 0 0 0 0 0 . 0

29.45.32E
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(cont.)
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FIG. 5. Sea Surface Temperatures (in °C; monthly average) in the Mediterranean Sea, during February 2007. Nighttime SST
data, retrieved from the NASA Physical Oceanography Distributed Active Archive Center, based on the Advanced Very-
High-Resolution Radiometer (AVHRR) Pathfinder 5 dataset.
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conditions, especially due to the warming of the Me-
diterranean Sea, in particular after 1998 (Raitsos et
al.,2010), and (vi) absence of substantial competition
(Pipitone et al., 2001) and predation.

The structure of the Mediterranean coastal food
webs has been dramatically degraded in recent times,
mainly because of the impacts of fishing (Sala, 2004;
Guidetti, 2006). The most dramatic change is the shift
from shallow algal forests (such as Cystoseira commu-
nities) to rocky barrens (Sala et al., 1998; Sala, 2004;
Yildirim et al., 2010). In many parts of the eastern
Mediterranean Sea, the large abundance of the Les-
sepsian herbivorous rabbitfish Siganus luridus and S.
rivulatus has been proved an important obstacle for the
recovery and growth of Cystoseira forests. Based on
caging experiments, Yildirim et al. (2010) concluded
that these alien herbivores were able to sustain barrens
and contribute to the transformation of the ecosystem
from one dominated by lush and diverse brown algal
forests to another dominated by bare rock.

The invasion of yet another herbivore species in
the shallow rocky infralittoral zone of the Mediter-
ranean Sea may add further stress to the already al-
tered ecosystems. Although, herbivore crabs in both
temperate and tropical shores generally consume a
small fraction of primary production, direct and indi-
rect effects of their foraging may affect the structure
of benthic communities (Wolcott & O’Connor, 1992).
Percnon gibbesi keeps expanding rapidly and may
reach densities of many individuals per m? (Sciberras
& Schembri, 2008; Raineri & Savini, 2010). Its wide-
spread and expanding distribution along the Mediter-
ranean coasts and the high rates of increase in abun-
dance denote a highly invasive species. The magnitude
of its impact on shallow hard-substrate benthic com-
munities and possible cascade effects on trophic webs
may not yet be predicted in the absence of informa-
tion on its grazing intensity and the trophic inte-
ractions with other species. Further research is need-
ed to assess the impact of P. gibbesi invasion; it is cer-
tain that this species will stay under the spotlight of
marine ecologists in the Mediterranean Sea for long.
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