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ABSTRACT. — This study describes for the first time the presence of the subtropical crab
Percnon gibbesi (H. Milne Edwards, 1853) on east Algerian coasts. The morphology was stud-
ied on 102 individuals (10.2 < length of carapace < 41.05 mm) sampled from Cap de Garde
(West of the Gulf of Annaba). The crabs were sampled by free diving (< 2 m), between October
2015 and March 2016. The morphology was characterized using 16 metric descriptors and five
meristic descriptors (number of spines on the anterior margin of the five pairs of pereiopods).
The different parts of the body were expressed as a function of the length and width of the cara-
pace. Measurements on the left and right chela were based on the length and width of the left
and right chela. Possible variations of these dimensions were sought using linear regression with
the method of the least rectangle (reduced major axis). The mean numbers, modes and extreme
values of each meristic descriptor were calculated and the means were statistically compared

between the two sides of the crabs.

INTRODUCTION

The Mediterranean Sea is one of the most affected
by exotic invasions (Streftaris ez al. 2005, Zenetos et al.
2009, Quignard 2011). Indeed, there are 78 non-indige-
nous decapod species in the Mediterranean, including 20
in the Western basin (Zenetos et al. 2010). Among these
are four decapods on the Algerian coasts (Grimes et al.
2016), which include the crab Percnon gibbesi (H. Milne
Edwards, 1853). This subtropical brachyura is frequent in
the rocky coasts of the subtidal zone (Félix-Hackradt et
al.2018). It belongs to the superfamily Grapsoidea and
the family Percnidae (WoRMS 2019) and is considered
to be one of the most invasive decapods in the Mediter-
ranean (Cannicci et al. 2008).

Percnon gibbesi is native of the African and Ameri-
can inter-tropical Atlantic coasts as well as the American
Pacific (Kerstitch 1989). It has been reported from Cape
San Lucas on the California coast to Chile (Relini et al.
2000, Galil ef al. 2002, GBIF 2015). On the West Atlantic
coast, this species is found from North Carolina to Bra-
zil (Marine species identification portal 2015, Williams
1965, 1984), whereas on the east Atlantic coast, its pres-
ence ranges from Portugal (Bouvier 1940) till the South
African coasts (Barnard 1950).

In the Mediterranean, this species was reported for
the first time in the Siculo-Tunisian strait, specifically
on Linosa Island in 1999 (Andaloro 2000, Pipitone et al.
2001, Puccio et al. 2003), where it is considered to be
exotic and invasive (Relini et al. 2000, Galil et al. 2002,
Deudero et al. 2005, Cannicci et al. 2008, Katsanevakis

et al.2011, Otero et al. 2013, Stasolla et al. 2016, Suaria
et al.2017). Since its invasion, this species has colonized
the entire Mediterranean basin where natural populations
of P. gibbesi thrived rapidly (Cannicci et al. 2004, Deud-
ero et al. 2005).

On the Algerian coast, the species was reported by
Katsanevakis et al. (2011), following a point observa-
tion on the coast of Skikda in 2010, and in the western
part of Algiers in the localities of Rais Hamidou and Sidi
Fredj by Lamouti & Bachari (2011). In the extreme east-
ern region, the species was observed in 2012 for the first
time on the coast of Annaba within 50 cm depth (Derbal
pers obs).

This study aims to report the presence of P. gibbesi on
the coasts of the extreme east of Algeria and provides the
first data on the relative growth of this exotic species. It
focuses on the morphological characterization of a frac-
tion of the population of the Gulf of Annaba. Thus, this
information is considered crucial to bring a better under-
standing of the species intrusion and expansion along the
southern Mediterranean coasts.

MATERIALS & METHODS

The prospected area is located at Cap de Garde, at the
west of the Gulf of Annaba, about 10 km north of the city
(36°58°03.29”N 7°47°28 93”E) (Fig. 1).

The sampling area is shallow (=5 m), easy to access and pro-
tected from prevailing winds (Northwest) and hydrodynamic
action by two small islands. The area is rocky and presents rug-
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Fig. 1. — Geographic location and sampling location of Percnon
gibbesi crabs.

Fig. 2. — Photo showing a group of Percnon gibbesi moving
under a rock (Photo: A.A. Menail).

ged undersea features with blocks of varying sizes (scree, anfrac-
tuosities, and crevasses) (Fig. 2), partially covered with Chlo-
rophyceae and Rhodophyceae. The rocks are often interspersed
with tufts of very sparse Posidonia oceanica sea grass beds. The
site explored is home to a classical Mediterranean biodiversity:
echinoids (Arbacia lixula and Paracentrotus lividus), anthozoa
(Anemonia viridis) and Teleostei fish (Sparidae, Scorpaenidae,

Fig. 3. — Different measurements taken on Percnon gibbesi. 1:
LC (length of the carapace); 2: WC (width of the carapace); 3:
LPLD (left postero-lateral distance); 4: LALD (left antero-later-
al distance); 5: LLP (length of the left propodus); 6: LLD (length
of the left dactyl); 7: LLc (length of the left chela); 8: WLc
(width of the left chela); 9: TLc (thickness of the left chela). 10:
number of spines (counted on each pereiopod). Measures 3 to
10 were also done on the right side of the crab.

Labridae, Blennidae, Gobiidae). The average temperature in the
sampling area is estimated at 15 °C (Ayada er al. 2018).

Sampling was carried out during the day (daytime/daylight),
by free diving, between October 2015 and March 2016, on an
approximate coastline of 200 m, between 0 and —2 m. The dura-
tion of each dive varies between 1 h30’ and 3 h depending on the
diver’s physical condition and the state of the sea. Three tech-
niques were used according to their leakage reaction to the diver:
(i) manual capture when the crab evolves freely on the rock; (ii)
pin with a thin metal rod when sheltered or (iii) trapped in a dip
net when the animal attempts to conceal itself in an anfractuos-
ity. All captured specimens were placed in a hermetically sealed,
wide-necked plastic bottle and then transported before being
stored in a —18 °C freezer.

Once the crabs were thawed, 16 different measures were
taken on each intact crab; LC: length of the carapace, WC: width
of the carapace, LLD: length of the left dactyl, LLP: length of
the left propodus, LLc: length of the left chela, WLc: width of
the left chela, TLc: thickness of the left chela, LPLD: left pos-
tero-lateral distance, LALD: left antero-lateral distance, LRD:
length of the right dactyl, LRP: length of the right propodus,
LRec: length of the right chela, WRc: width of the right chela,
TRec: thickness of the right chela, RPLD: right postero-lateral
distance, RALD: right antero-lateral distance (Fig. 3).

Then the number of spines on the anterior margin of the
merus of the five pairs of pereiopods were counted with a ste-
reomicroscope (x 30). Due to the presence of small individu-
als in the fraction of the population sampled, two different
measurement methods were used: (i) the INGCO digital caliper
(accuracy: + 0.01 mm) for large individuals (LC > 13 mm), and
(ii) macrophotography for small individuals (LC < 13 mm). The
principle of this method consists of making the necessary mea-
surements using Leica LAS EZ software (version 2.0.0) from a
previously calibrated photograph.
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The different measured parts of the body were expressed as a
function of the length (LC) and the width of the carapace (WC).
The measurements made on the left and right chela were, respec-
tively, expressed as a function of the length and the width of the
left and right chela. In order to demonstrate possible changes in
these dimensions, the method of least rectangles (reduced major
axis) recommended by Teissier (1948) was used, the relation-
ship between variables is linear. It is written as follows:

Y=bX+a
where b: slope of reduced major axis forced through the ori-
gin; a: constant and equal to “0” (because the equation is forced
through the origin); X and Y: dimensions measured on the same
individual.

The value of coefficient b is compared statistically with
b, = 1 at the threshold o = 0.05 using Student’s t-test (Dagnelie
1975).

Before performing the statistical analysis, normality of distri-
bution were checked using Kolmogorov-Smirnov test supported
by Shapiro-Wilk test (o> 0.05).

Table 1. — Metric descriptors in the total population, males and females of Percnon gibbesi.

Acronyms: L: left; R: right; Min: minimum; Max: maximum.

The mean numbers, modes and extremes of each considered
meristic variable were calculated. The means were statistically
compared between the two sides of the crabs using the paired
student t-test (Minitab version 13.2).

RESULTS

In total, we collected 114 crabs (74 males and 40
females) for a sampling effort of 12 hours, with an aver-
age of about 10 crabs per hour of free diving. To minimize
sampling bias and assure the reliability of the results,
individuals with amputated pereiopods were not counted
in this present study. We performed metric measurements
on 102 individuals (65 males and 37 females valid on the
right and left side), of which 40 individuals (22 males and
18 females) were reserved for meristic characteristics.
We also observed in the sample the presence of 7 berried
females, representing 17.5 % of the female population.

Metric characters

Table I illustrates means,
modes and extreme values of

. Total population Male Female the metric characters in the
Pereiopods L R L R L R total population of males and
LC  Mean 25.69 24.89 27.51 females of P. gibbesi of Cap
Mode 29.69 99.69 _ de Garde. The le?,ngth of cara-
Min-Ma 10.2-41.05 10.81-41.05 10.2-39.22 pace (LC) varied between
in-viax ' ) ' ’ ’ ' 10.2 and 41.05 mm for total
WC  Mean 23.27 22.39 24.80 population, when it was
Mode 31.83 31.83 - between 10.81 and 41.05 mm
Min-Max 9.1-37.16 9.39-37.16 9.1-35.9 for males and between 10.2
LD  Mean 5.27 5.31 5.54 5.55 4.80 4.88 and 39.22 mm for females.
Mode 6.26 5.27 1.72 6.83 5.85 5.27 The width of carapace (WC)
Min-Max 1.34-12.06 1.7-10.9 1.72-12.06 1.71-10.9 1.34-6.84 1.7-6.88 of total population varied
LP  Mean 5.62 5.62 6.40 6.35 4.24 4.33 between 9.1 and 37.16 mm,
Mode 3.69 4.43 1.94 7.71 6.02 4.43 in males it was between 9.39
) and 37.16, and in females
Min-Max 1.4-17.34 1.45-13.64 1.47-17.34 1.45-13.64 1.4-621  1.49-6.94
between 9.1 and 35.9 mm.
Lc  Mean .87 9.90 10.70 10.65 8.41 8.57
Mode 9.17 3 3.76 3.75 9.17 - Measurements correlated to
Min-Max 2.88-25.91 3-22.31 2.88-2591 3-22.31 2.88-12.33 3-11.98 the length and width of
Wc  Mean 5.7 5.81 6.41 6.50 4.43 4.57 carapace (LC,WC)
Mode 2.02 1.46 2.02 1.97 4.65 4.61
Min-Max 1.4-15.07 1.46-13.75 1.4-15.07 1.46-13.75 1.4-6.47  1.46-7.19 In the total population
Tc  Mean  3.26 3.24 3.54 3.52 2.77 2.74 (N = 102), the morphomet-
Mode 3.25 5.96 114 5.96 3.25 - ric study revealed a signifi-
. cant correlation for all the
Min-Max 1.09-7.53 1.02-7.46 1.14-7.53 1.08-7.46 1.09-3.85 1.02-3.86 . .
measured descriptors (right
PLD Mean 10.41 10.36 10.24 10.19 10.69 10.66 and left) as a function of the
Mode 14.66 14.35 12.56 12.83 - - length of the carapace LC and
Min-Max 3.62-17.78 3.51-16.99 3.67-17.78 3.81-16.99 3.62-1521 3.51-14.9 its width WC (L: 0.783 <t <
ALD Mean 14.2 14.83 13.83 14.33 14.83 15.69 0.997; R: 0.823 <r < 0.997;
Mode 16.67 19.09 17.18 19.09 - - p < 0.05). We recorded that
Min-Max 5.79-22.68 5.72-23.09 5.79-22.68 5.8-23.09 5.81-21.69 5.72-22.4 all measured descriptors grew
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Table II. — Allometric types and allometric coefficients in the total population, male and female of Percnon gibessi of the
Cap de Garde, determined as a function of LC, WC, Lc and Wc. Acronyms: -: negative allometry; +: positive allometry,

=: isometry.
Total population Males Females
Parameters
wcC Lc Wc LC wC Lc Wc LC wC Lc Wc
LC e T o R B
1.04 1.04 1.03
LLD (-)0.48 (5 ) =) ¢) ¢) ) () (046 (047 () =
0.5 0.72 0.99 0.5 0.51 0.71 0.96 0.73 1.06
LLP (-)0.48 (5 ) =) ¢) ¢) ) =) Q) Q] Q] =)
0.5 0.71 0.99 0.51 0.53 0.74 0.99 0.42 0.44 0.67 0.98
LLc (0.07 (5 - (+) ¢) ¢) - (+) () Q] - +)
0.7 1.38 0.69 0.72 1.34 0.63 0.65 1.47
WLc (-)0.48 (5 ) - ¢) ¢) ) - ) Q] Q] -
0.5 0.72 0.52 0.54 0.73 0.43 0.45 0.68
TLe ) ) ) ¢) ¢) ¢) ) () (03 (031 () )
0.33 0.34 0.49 0.68 0.35 0.36 0.5 0.63 0.47 0.69
LD Qo7 @ - - 00 - =60 -
0.73 0.71 0.74 0.71 0.73
LALD ()0.85 (5 - - ¢) ¢) - - Q) Q] - -
0.84 0.81 0.84 0.81 0.84
LRD ()04 () ) =) ¢) ¢) ) =) ) Q] Q] =)
0.5 0.72 0.98 0.5 0.52 0.72 0.95 0.47 0.48 0.73 1.05
LRP ) ) ) =) ¢) ¢) () = () Q] Q] =
0.49 0.5 0.72 0.98 0.51 0.53 0.74 0.98 0.43 0.44 0.67 0.97
LRc (-)0.68 () - +) ¢ ) - +) Q! Q] - (+)
0.7 1.37 0.7 0.72 1.33 0.64 0.66 1.44
WRc ()0.49 (5 ) - ¢) ¢) () - () Q] Q] -
0.51 0.73 0.53 0.54 0.75 0.44 0.46 0.69
TRe (033 () ¢) ¢ ¢ ¢ ¢ Q! ) Q] Q] )
0.34 0.48 0.66 0.35 0.36 0.5 0.66 0.29 0.3 0.46 0.66
RPLD O 60 - - 6 0 - -0 6 - -
0.71 0.73 0.71 0.73 0.71 0.73
RALD ()0.82 (5 - - ¢ ) - - Q! Q] - -
0.85 0.82 0.85 0.83 0.85

less rapidly than the length (LC) and the width of cara-
pace (WC) (Table II).

In male population (N = 65), the different metric
characteristics studied showed a significant correlation
between all measured variables (right and left) and the
length of the carapace LC and its width WC (L: 0.922 <
r<0.998;R: 0941 <r=<0.99; p<0.05). The same type
of growth was observed in males as for the total popula-
tion, with minor allometric growth of all metric characters
compared to the length and width of carapace (Table II).

In females (N = 37), the different metric characteris-
tics studied have a significant correlation between all
measured descriptors (right and left) and the length of the
carapace LC and its width WC (L: 0.914 <r <0.996; R:
0.945 <1r <0.996; p <0.05). Just like males and the total
population, the minor allometry growth characterized all
variables according to the length and width of carapace
(15/15) (Table II).

Measurements correlated to the length and width of
chela (Lc,Wc)

In the total population (N = 102), we found a signifi-
cant correlation between all descriptors measured on left
and right chela, and the length and width of chela Lc, Wc
(L:0.829 =r=<0.99; R: 0.968 <1 <0.986; p <0.05). All
variables expressed minor growth according to length of
chela (Lc), while half of the metric descriptors (4/8) grew
at the same speed as the width of chela (LLD, LLP, LRD,
LRP), two cases of majorant growth (LLc, LRc) and two
others of minor growth (TLc, TRc) (Table II).

The morphometric study of the male chela (N = 65)
showed a significant correlation between all variables
measured on the right and left chela and the length and
width of the chela Lc, Wc (L: 0.986 <r <0.995; R: 0.967
<1=<0.992; p <0.05). The growth of different measure-
ments as function of the length of the chela is similar to
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Table III. — Statistical comparison (Student’s t-test) between right and left side of the
measurements taken at Percnon gibbesi for the total population, male and female.
Acronyms: MC: metric characters; t.,: t observed; p: probability; S: signification; n.s:

not significant.

173

The parameters measured on the
female chelipeds (N = 37) right and
left are significantly correlated with

the length and width of the chela Lc,

mc — o2l pobulation Male Female We (L: 0.968 < r < 0.983; R: 0.89 <
tove P S tw P S @ tm p__ S r < 0.982; p < 0.05). All measured

LD 038 0704 ns -0.02 0982 ns  -0.38 0.708 ns parameters (8/8) showed minor
LP 025 0800 ns 008 0935 ns -048 0632 ns growth as function of chela length,
Lc -0.05 0.763 ns 0.06 0.957 ns -0.44 0.664 ns just like total popu]ation and males
We -0.63 0.532 ns -0.16 0.873 ns -0.71 0482 ns (Table ITI). On the other hand and as
Tc -0.07 0.944 ns 009 0931 ns -025 0.805 ns function of chela width, we recorded
ALD -003 0978 ns 009 0930 ns -0.07 0943 ns that half of variables (4/8) showed
PLD -173 0087 ns -077 0446 ns -1.34 0189 ns isometric growth, with two cases of

minor growth: thickness of left and
right chela (TLc and TRc, respective-

Table IV. — Meristic characters (number of spines) measured in
the total population, males and females of Percnon gibbesi.
Acronyms: P1-P5: Pereiopod 1-5; L: left; R: right; Min: mini-
mum; Max: maximum.

Total population Male Female

Pereiopods
L R L R L R
P1 Mean 4 412 4 4.22 4 4
Mode 4 4 4 4 4 4
Min-Max 3-5 4-7 3-5 4-7 44 4-4
P2  Mean 7.22 775 722 772 716 7.77
Mode 7 7 7 7 7 7
Min-Max  4-10 7-11  4-10 7-10 6-8 7-11
P3  Mean 8.88 9.1 8.90 9.13 8.83 9.05
Mode 9 9 9 9 9 9
Min-Max  7-10 9-10 7-10 9-10 8-10 9-10
P4 Mean 9.9 9.82 995 995 983 9.66
Mode 10 10 10 10 10 10
Min-Max  8-12 6-12 9-12 9-12 8-11 6-10
P5  Mean 9.67 9.72 9.63 9.72 9.72 9.72
Mode 10 10 10 10 10 10
Min-Max  7-11 6-11  7-11 7-10 9-10 6-11

that of total population, with dominance of minor growth
(8/8). As function of wide of chela, we recorded 3/8 of
cases that presented minor growth (LLD, TLc, TRc), three
others expressed isometric growth (LLP, LRD, LRP) and
two cases of majorant growth (LLc and LRc) (Table II).

Table V. — Statistical comparison (Student’st-test) of the number of spines between
the 5 pairs of left and right pereiopods of Percnon gibbesi. Acronyms: NC: numeric
characters; t.,: t observed; p: probability; S: signification; ns: not significant; **:

very significant difference; -: similar number of spines.

ly) and two others of majorant growth: length of left and
right chela (LLc and LRc, respectively).

The statistical comparison between left and right
side measurements showed no significant difference in
the total population as well as in males and females of
P. gibbesi (Table III).

Meristic characters

The number of spines measured on the 5 pairs of
pereiopods of the P. gibbesi population in Cap de Garde
are presented in Table IV and showed that the mode is
identical on the left and right pereiopods of total popula-
tion, males and females.

The statistical comparison of the number of spines
between the 5 pairs of left and right pereiopods for the
total population (N = 40), males and females, shows that
apart from a very significant difference observed in the
2™ pair of pereiopods in the total population, the pereio-
pods 1, 3,4 and 5 show no difference, the first pair of
pereiopods in females has exactly 4 spines in both sides
(Table V).

DISCUSSION

Across the western coast, P. gibbesi has for a fact
gradually established itself and its spread ranges through-
out the Gulf of Annaba. It has been reported on shallow
rocky habitats throughout the Medi-
terranean basin (Pipitone et al. 2001,
Félix-Hackradt ef al. 2018 and Noe
et al. 2018). We have also observed

it in many other shallow rocky areas

Total population Male Female . .
NC Bob in the Gulf of Annaba, but with vary-
tobs p S tobs P S tobs p S . . . .

. ing numerical proportion according to
SpinesP1  -1.4 016 ns -142 117 ns - - - the explored sites during free diving
Spines P2 -2.81 0.008 * -1.86 0.07 ns -2.09 0.05 ns (Beaches: Belvedere, La Caroube, Gas-
Spines P3  -1.94 0.06 ns -131 020 ns -146 0.16 ns siot, Alzon, Draouch, Seraidi and El-
SpinesP4 055 0.58 ns 0 1 ns 0.82 042 ns Hanaya). At Cap de Garde, where this
SpinesP5 -0.31 076 ns -057 057 ns 0 1 ns exotic brachyura thrives actively, we
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sampled on a linear transect of about 200 m a total of 114
specimens for a total of underwater sampling effort of 12
h, at the range of approximately ten individuals per hour
of free diving.

At Cap de Garde, the largest specimen captured was
a male with a length and a carapace width of 41.05 mm
and 37.16 mm, respectively. The largest female sampled
measures 39.22 mm for a width of 35.9 mm. The smallest
individual is a female with a carapace measuring 10.2 mm
in length and 9.1 mm in width. These metric values are
higher than those described in the different populations
observed in the Mediterranean basin. In Italy, Relini ez al.
(2000) reported the presence of a male with a length of
25 mm and a width of 23 mm. On the Tunisian coasts,
the largest female and male individuals sampled are 25
and 39 mm long, respectively (Sghaier et al. 2011). The
population of Egypt sampled by Azzuro et al. (2010) is
of smaller size (LC = 17.5 mm, WC = 17 mm). On the
Greek coasts, the carapace lengths measured are between
15 and 35 mm (Thessalou-Legaki et al. 2006). These dif-
ferences in size between the riparian Mediterranean pop-
ulations and those sampled at Cap de Garde can probably
be explained by the favorable conditions in the studied
area, such as the limitation of inter-specific competition
for food and the diversity of refuges against predation and
hydrodynamic action. In fact, the prospected area is shal-
low with a mixed bottom (rocks and Posidonia oceanica
seagrass beds) consisting of numerous rocks of variable
volumes and shapes (pebbles, faults, blocks, caves) with a
strong cover of chlorophyte and rhodophyte algae.

The lack of precise information on the allometric
growth of the different populations of P. gibbesi to its
range does not allow a comparison of our morphometric
results in a wider geographical context.

Overall, all observed allometry in the male population
is almost always reflected in the total population. This is
explained by the fact that males are predominantly rep-
resented in the sampled population (63.73 %, compared
with 36.27 % of females), whereas other species of Grap-
soidea in the Mediterranean have a predominance of
females (Cannicci et al. 1999). This difference in sex ratio
could be attributed to the short sampling period and the
crab catching method. In our case, they were all caught
manually using free diving.

This study allowed us to describe for the first time the
presence of P. gibbesi on the east coast of Algeria. This
species is very abundant at highly shallow depths. The
population sampled by free diving includes different size
categories with even the presence of egg-bearing females
and very small individuals. All this information indicates
the presence of a stable and reproductive population on
Annaba coast. This species often evolves in small groups
(1-5) in the subtidal zone, sheltering between the rocks
and feeding mainly on algae.

In order to gain a better understanding of this exotic
and invasive species and its impact on the native biodi-

versity and possibly on boundary ecosystems, it is impor-
tant to complete this study across all Algerian East coasts
and also on the Algerian coastline using various sampling
methods, destructive (traps, manual capture, etc.) and
non-destructive (visual counts). All the ecological studies
(habitats of predilection, demographic structure, behav-
ior, abundance, frequency, interspecific competition, etc.)
and biological studies (growth, reproduction period, feed-
ing habits, etc.), need to be carried out in the near future
and are necessary, and even essential, for both the scien-
tific community and the managers, in the perspective of
initiating a monitored plan for this species and the other
exotics invasive plants and animals species of the Alge-
rian coast.

REFERENCES

Andaloro F 2000. Report on the current status of introductions
in Italy (marine environment). ICES.WGITMO, Parnu, Esto-
nia: 1-9.

Ayada L, Amira AB, Retima A 2018. Distribution of the Tripos
species (Dinoflagellata) from Annaba Bay (Southwestern
Mediterranean Sea). J Biol Environ Sci 12(2): 40-50.

Azzurro E, Matiddi M, Fanelli E, Guidetti P, Mesa G, Scarpato
A, Axiak V 2010. Sewage pollution impact on Mediterranean
rocky-reef fish assemblages. Mar Environ Res 69(5): 390-
397.

Barnard KH 1950. Descriptive catalogue of South African Deca-
pod Crustacea (Crabs and Shrimps). Ann S Afr Mus 38:
1-837.

Bouvier EL 1940. Décapodes Marcheurs. Faune de France,
Paris, Ed. Le chevalier et Fils, 37: 1-404.

Cannicci S, Paula J, Vannini M 1999. Activity pattern and spa-
tial strategy in Pachygrapsus marmoratus (Decapoda:
Grapsidae) from Mediterranean and Atlantic shores. Mar
Biol 133: 429-435.

Cannicci S, Badalamenti F, Milazzo M, Gomei M, Baccarella A,
Vannini M 2004. Unveiling the secrets of a successful invad-
er: preliminary data on the biology and the ecology of the
crab Percnon gibbesi (H. Milne Edwards, 1853). Rapp PV
réun — Comm Int pour Expl Sci Mer Médit, Monaco 37: 326.

Cannicci S, Garcia L, Galil BS 2008. Racing across the Medi-
terranean — first record of Percnon gibbesi (Crustacea: Deca-
poda: Grapsidae) in Greece. Mar Biodivers Rec 1: E32. doi
10.1017/S1755267206003009

Dagnelie P 1975. Théories et Méthodes statistiques. Applica-
tions agronomiques (2 vol.). Gembloux, Presse Agronomi-
que: 378 + 451 p.

Deudero S, Frau A, Cerda M, Hampel H 2005. Distribution and
densities of the decapod crab Percnon gibbesi, an invasive
Grapsidae, in western Mediterranean waters. Mar Ecol Prog
Ser (Halstenbek) 285: 151-158.

Félix-Hackradt FC, Sanchis-Martinez AM, Hackradt CW,
Trevino-Oton J, Garcia-Charton JA 2018. Distribution and
ecological relations among the alien crab, Percnon gibbesi
(H. Milne-Edwards, 1853) and autochthonous species, in
and out of an SW Mediterranean MPA. Hydrobiologia 806:
187.

Vie Milieu, 2019, 69 (2-3)



MORPHOLOGICAL CHARACTERIZATION OF PERCNON GIBBESI 175

Galil BS, Froglia C, Noé&l P 2002. Crustaceans: decapods and
stomatopods. CIESM atlas of exotic species in the Mediter-
ranean. CIESM publishers, Ed. F. Briand 2: 1-192.

GBIF 2015. Percnon gibbesi (H. Milne Edwards, 1853). GBIF,
http://www.gbif.org/species/2225783.

Grimes S, Dauvin J-C, Bakalem A 2016. Annotated checklist of
marine Algerian Crustacean Decapods. Medit Mar Sci 17(2):
384-395.

Katsanevakis S, Poursanidis D, Yokes MB, Maci¢ V, Beqira;j S,
Kashta L, Sghaier YR, Zakhama-Sraieb R, Bitar G, Bouzaza
Z, Magni P, Bianchi CN, Tsikkiros L, Zenetos A 2011.
Twelve years after the first report of the crab Percnon gibbesi
(H. Milne Edwards, 1853) in the Mediterranean: current dis-
tribution and invasion rates. J Biol Res 16: 224-236.

Kerstitch A 1989. Sea of Cortez Marine Invertebrates. Sea Chal-
lengers, Monterey, California: 1-114.

Lamouti S, Bachari N 2011. Records of alien species along the
Algerian coast. In Quillez-Badis G, Drake L Eds, 7" Int Conf
Mar Bioinvasions, Barcelona, Spain, 2011: 95.

Marine species identification portal 2015. Percnon gibbesi (H.
Milne Edwards, 1853). http://speciesidentification.org/spe-
cies.php?species_group=zsao&id=3891.

Noe S, Gianguzza P, Di Trapani F, Badalamenti F, Vizzini S,
Vega Ferndndez T, Bonaviri C2018. Native predators con-
trol the population of an invasive crab in no-take marine
protected areas. Aquat Conserv 28: 1229

Noél P 2015. Le Crabe plat des Oursins Percnon gibbesi (Mil-
ne-Edwards H., 1853). Mus Nat Hist Nat, Ed. 20 juillet 2015.
Inventaire national du Patrimoine naturel: 10 p.

Otero M, Cebrian E, Francour P, Galil B, Savini D 2013. Sur-
veillance des Espéces envahissantes marines dans les Aires
marines protégées (AMP) méditerranéennes : Guide pratique
et stratégique a I’attention des gestionnaires. UICN: 136 p.

Pipitone C, Badalamenti F, Sparrow A 2001. Contribution to the
knowledge of Percnon gibbesi (Decapoda, Grapsidae), an
exotic species spreading rapidly in Sicilian waters. Crusta-
ceana 74(10): 1009-1017.

Puccio V, Relini M, Azzurro E 2003. Notes about reproduction
of Percnon gibbesi (H. Milne Edwards, 1853) at Pelagie
Islands (Sicily, Italy). Biol Mar Medit 10(2) (Parte Prima):
267-272.

Quignard JP 2011. Biodiversité : la Méditerranée, évolution de
sa xénodiversité ichtyque, les Poissons lessepsiens et hercu-
1éens. Bull Acad Sci Lett, Montpellier, N.S, 42: 105-124.

Relini M, Orsi L, Puccio V, Azzurro E 2000. The exotic crab
Percnon gibbesi (H. Milne Edwards, 1853) (Decapoda,
Grapsidae) in the central Mediterranean. Sci Mar 64(3): 337-
340.

Sghaier YR, Zakhama-Sraieb R, Charfi-Cheikhrouha F 2011.
On the distribution of Percnon gibbesi (H. Milne Edwards,
1853) (Crustacea: Decapoda: Plagusiidae) along the Tunisian
coast. Medit Mar Sci 12(1): 233-238.

Stasolla G, Bertuccio V, Innocenti G 2016. The end of the run?
New evidence of the complete colonization of the Mediterra-
nean Sea by the Atlantic invader crab Percnon gibbesi (Crus-
tacea: Decapoda: Percnidae). J Medit Ecol 14: 63-39.

Streftaris N, Zenetos A, Papathanassiou E 2005. Globalisation
in marine ecosystems — The story of non indigenous marine
species across European Seas. Oceanogr Mar Biol Ann Rev
43:419-453.

Suaria G, Pierucci A, Zanello P, Fanelli E, Chiesa S, Azzurro E
2017. Percnon gibbesi (H. Milne Edwards, 1853) and Call-
inectes sapidus (Rathbun, 1896) in the Ligurian Sea: two
additional invasive species detections made in collaboration
with local fishermen. Biolnvasions Rec 6(2): 147-151.

Teissier G 1948. La relation d’allométrie. Sa signification statis-
tique et biologique. Biometrika 4: 14-18.

Thessalou-Legaki M, Zenetos A, Kambouroglou V, Corsini
Foka M, Kouraklis P, Dounas C, Nicolaidou A 2006. The
establishment of the invasive crab Percnon gibbesi (H. Milne
Edwards, 1853) (Crustacea: Decapoda: Grapsidae) in Greek
waters. Aquat Invasions 1: 133-136.

Williams AB 1965. Marine Decapod Crustaceans of the Caroli-
nas. Fish Bull, U S Fish and Wildlife Service, 65(1): i-xi,
1-298.

Williams AB 1984 .Shrimps, lobsters and crabs of the Atlantic
coast of the Eastern United States, Maine to Florida. Smith-
sonian Institution Press, Washington, DC, USA: i-xviii +
1-550.

WoRMS (2019). Percnon gibbesi (H. Milne Edwards, 1853).
Accessed at: http://www.marinespecies.org/aphia.
php?p=taxdetails&id=107458

Zenetos A, Pancucci-Papadopoulou MA, Zogaris S, Papaster-
giadou E, Vardakas L, Aligizaki, K, Economou AN 2009.
Aquatic alien species in Greece: tracking sources, patterns
and effects on the ecosystem. J Biol Res 12: 135-172.

Zenetos A, Gofas S, Verlaque M, Cinar ME, Garcia Raso JE,
Bianchi CN, Morri C, Azzuro E, Bilecenoglu M, Froglia C,
Siokou I, Violanti D, Sfriso A, San Martin G, Giangrande A,
Katagan T, Ballesteros E, Ramos-Espld A, Mastrototaro F,
Ocaiia O, Zingone A, Gambi MC, Streftaris N, 2010. Alien
species in the Mediterranean Sea by 2010. A contribution to
the application of European Union’s Marine Strategy Frame-
work Directive (MSFD). Part I. Spatial distribution. Medit
Mar Sci 11(2): 381-493.

Received on June 16,2018
Accepted on September, 20, 2019
Associated editor: A. Migné

Vie Milieu,2019, 69 (2-3)



