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ABSTRACT

Pinctada radiata, Leach, 1814, is considered the first Indo-Pacific bivalve introduced in the Mediterranean Sea after the Suez
Canal opening and it is now reckoned among the 100 most invasive species within the basin. It is important to assess and describe
its established populations in Mediterranean coastal ecosystems to understand the dynamics of this successful invasion and its
adaptability. Present research aims to describe the population of P. radiata inhabiting the Capo Peloro Coastal Lagoon (Central
Mediterranean Sea, Italy) also analyzing morphometric relationships and growth dynamics. Visual monitoring was carried out
along the infralittoral fringe of the Faro Lake and the Faro Canal. Three representative sites have been chosen to investigate their
distribution, abundance and associated habitats using the visual census technique, and performing seven strip transects, parallel
to the coastline and with constant depth. All the P. radiata specimens present have been counted and 115 individuals have been
randomly sampled during the entire study period. Several morphometric measurements have been recorded for morphometric
relationships and growth dynamic analyses, assessing the growth indexes, natural mortality parameters and recruitment pat-
terns. Results showed the presence of a mature P. radiata population, organized in banks and patches, confirming the ability of
this species to widely colonize the host environments. The information on morphometric relations and growth dynamics showed
that the studied area can promote the growth and the well-being of this species. Future studies are needed to fully understand
the negative or positive effects of the spreading of this species.

1 | Introduction Mediterranean basin (Streftaris and Zenetos 2006). It shows a
wide global distribution, inhabiting the tropical and temperate

The rayed pearl oyster Pinctada radiata, Leach, 1814, is marine waters of the Indo-Pacific Ocean and the Mediterranean

considered the first Indo-Pacific bivalve introduced in the
Mediterranean Sea after the Suez Canal opening. Since its first
report dated to the end of the VIII century (Gofas et al. 2003), it
is now reckoned among the 100 most invasive species within the

Sea, having almost entirely colonized it since its introduction
(Aguilo-Arce et al. 2023; Gavrilovi¢ et al. 2017; Gervis and
Sims 1992; Png-Gonzalez et al. 2021; Theodorou et al. 2019;
Tlig Zouari and Zaouali 1994). P. radiata is an epibenthic
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suspension feeder which exhibits a depth distribution from 0 to
30m, thriving in warm water where it attaches by the byssus
to hard natural and artificial substrates (Crocetta 2011; Deidun
et al. 2014; Lodola et al. 2013; Scuderi and Terlizzi 2012; Tlig-
Zouari et al. 2010, 2009). As a fouling species, its progressive
spread in this area could have occurred through the attachment
to migratory species (as reported by Oliverio et al. (1992)) who
mentioned specimens of P. radiata as epibionts of a Caretta
caretta, (Linnaeus, 1758), individual, and/or floating marine lit-
ter (Winston et al. 1997). However, at most introduction sites
the spreading mechanism remains still unknown. The maritime
transport and aquaculture activities are numbered as the only
known introduction vectors (Crocetta 2011; Gofas et al. 2003;
Katsanevakis 2011; Zenetos, Cinar, et al. 2005; Zenetos,
Koutsoubas, et al. 2005), also thanks to the first three planktonic
weeks of the life cycle which can allow the larvae long-distance
dispersal (Herdman and Hornell 1903; Meng et al. 1996).

To date, data on established populations of P. radiata have
been reported from several parts of the Mediterranean basin,
especially from the Central and Eastern geographical regions
(Barbieri et al. 2016; Lodola et al. 2013; Moutopoulos et al. 2021;
Stasolla et al. 2014; Theodorou et al. 2019), providing complete
descriptions of morphometric parameters and relations (Deidun
et al. 2014; Tlig-Zouari et al. 2010) and preliminary assessments
of the population dynamics and life history traits (Manousis
and Galinou-Mitsoudi 2013; Mohammed and Yassien 2003;
Moutopoulos et al. 2021). Due to its wide diffusion and high
population density, the interest on its commercial exploitation
is growing, especially in the Eastern Mediterranean Sea coun-
tries (mainly in Greece and Turkey) (Katsanevakis et al. 2011;
Theodorou et al. 2023; Yigitkurt et al. 2017). Indeed, P. radiata
shows good commercial interests, and is widely present from
several years in the restaurants and shellfish markets of Greece
(Theodorou et al. 2023; Zenetos et al. 2010), despite the lack of a
specific legislation, due to its absence from the list of exploited
shell mollusks (Katsanevakis et al. 2011). The high commercial
value of the pearl oyster species belonging to the Pinctada genus
was widely documented in the countries that fall within their
native distribution range area (such as Qatar, Saudi Arabia and
Australia), where they have been fished and cultured from centu-
ries due to their edible muscle, the nacreous shell and the ability
to produce pearl (Carpenter and Niem 2001; Giraldes et al. 2023;
Mohammed and Yassien 2003; Smyth, Al-Maslamani, Chatting,
et al. 2016; Smyth, Al-Maslamani, Giraldes, et al. 2016; Whalan
et al. 2021).

Another interesting aspect of the biology of this species is that,
as well as other oyster species, P. radiata is considered an im-
portant ecosystem engineer. It can provide a 3D complexity
to the sea bottom, forming large beds and banks which can
support considerable biodiversity and influence the trophic
relations and patterns involving the benthic domain, also act-
ing in the introduction areas as novel habitats for the autoch-
thonous biodiversity and ecosystems functioning (Abdelsalam
and Elebiary 2023; Giraldes et al. 2023; Smyth, Al-Maslamani,
Chatting, et al. 2016; Tlig-Zouari et al. 2011). In addition to the
stated above ecosystem services associated with the species, it
can also provide all the services related to oysters and mussels'
beds, increasing biofiltration and, consequently, water qual-
ity, providing food, supporting the life cycle of several species,

increasing sedimentation through its filter feeding activity
(which can induce a decrease in pelagic production), as stated by
the outcomes of recent research highlighting the positive effects
related to biological invasions (Cinar et al. 2014). According to
literature exploring the negative and positive effects of biological
invasions (Cinar et al. 2014; Tsirintanis et al. 2022), P. radiata
is considered a habitat-modifying species, capable of impact-
ing and altering the native biodiversity thanks to its gregarious
habits and its ability to reach very high density and form oyster
banks. The most negative impact of its introduction is related to
shellfish farming activities, due to its massive spreading (high
fouling ability of the species, which can colonize, on a huge
scale, commercial shellfish collectors and mussel lines), added
to its tendency to dominate benthic communities (competing for
resources, such as space and food, with native sessile species).
All these effects related to P. radiata introduction and spread-
ing make it a high-impacting invasive species for biodiversity
and ecosystem services. It is indeed capable of influencing, pos-
itively and/or negatively, the well-being of the marine coastal
ecosystems. This is causing great concern especially for those
environments most sensitive to anthropogenic pressure, exhibit-
ing for decades a constant decline and impoverishment, such as
the coastal lagoons.

According to the Habitat Directive (1992), coastal lagoons are
priority habitats, listed in the Annex I with the code *1150
(Council Directive 92/43/EEC 1992), and nowadays they are
counted among the Natura 2000 sites, preserved by the EU as
part of the over 27,852 protected sites numbered in the Natura
2000 network (Roschel et al. 2020). European coastal lagoons
have been widely exploited, modified, impacted and degraded
by humans. Recently, the attention of the scientific commu-
nity has been focused on these ecosystems' restoration, due
to their naturalistic, ecological and social importance (De Wit
and Boutin 2023). Among human impacts, biological invasions
are one of the most alarming for the maintenance of ecosystem
functioning and native biodiversity. The high sensitivity to this
phenomenon is strictly related to the aquaculture activities that
are often carried out in these sheltered and productive ecosys-
tems (Sacca 2016). Aquaculture activities are world-wide recog-
nized as one of the main vectors for the introduction of invasive
species due to the transfers of cultured species over long dis-
tances (Di Blasio et al. 2023). For this reason, several restoration
projects involving coastal lagoons have been focused on the con-
trol and removal of invasive alien species. This makes the mon-
itoring of their diffusion and establishment a main topic for the
conservation of Mediterranean coastal lagoons.

In this context, the present paper aims to assess and describe,
through a visual census and a morphometric analysis of sampled
specimens, the population of P. radiata successfully established
in the “Capo Peloro” Coastal Lagoon (Central Mediterranean
Sea, Italy, Sicily—Priority Habitat—European Habitats
Directive 92/43/EC). This coastal area hosts shellfish farming
from the beginning of the XVIII century, and it has been consid-
ered for decades a perfect study ground for the monitoring and
investigation of non-indigenous species (NIS) spreading in the
Central Mediterranean Sea (Manganaro et al. 2012). Data pro-
vided on this population of P. radiata can improve the knowl-
edge base regarding the adaptation of this species to the different
Mediterranean marine and brackish ecosystems, comparing the
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FIGURE1 | (A)Satellite image of the Italian Peninsula, with the Strait of Messina highlighted by a white rectangle; (B) satellite image of the Strait
of Messina, with the Capo Peloro Lagoon highlighted by a white rectangle; (C) satellite image of the Capo Peloro Lagoon, with the Ganzirri Lake
(d), the Faro Lake (h) and, highlighted by white rectangles, the Due Torri Canal (e), the Margi Canal (f), the Inglesi Canal (g) and the Faro Canal (i).

morphometric and life history data obtained with literature
from other geographical areas. This information can provide a
first base to understand its suitability for commercial purposes.
Moreover, providing information on its establishment in a very
sensitive ecosystem can increase the consciousness of the inva-
sion dynamics, and the effects correlated in the Mediterranean
coastal lagoons. This is essential for the conservation purposes
of native biodiversity and ecosystem functions of these sensitive
and important habitats.

2 | Materials and Methods
2.1 | Studied Area

The “Capo Peloro” Lagoon is a site of high ecological, cultural
and social interest. It is an Oriented Natural Reserve (ONR), a
Special Protection Zone (ZPS), and a priority habitat listed in
Annex I of the Habitat Directive (1992) (Ec 2007; European
Community 1979; Sicilia 2021). Its cultural and social relevance
is related to the shellfish farming activities (mainly involving
mussels, cockles, and oysters), carried out in this area from the
beginning of the XVIII century to nowadays (Sanfilippo 2000;
Mazzola et al. 2010; Manganaro et al. 2012). Geographically lo-
cated along the northeast Sicily corner, it is very close to the Strait
of Messina, a peculiar sea district of the Central Mediterranean
Sea (between the Ionian and the Tyrrhenian Sea). The Strait is
characterized by a unicity from a physiochemical and ecologi-
cal/zoological point of view, related to the strong hydrodynamic
regime affecting the area (De Domenico 1987; D'Iglio et al. 2024,
2023; Spano and De Domenico 2017). The closeness of the Capo
Peloro Lagoon to the Strait of Messina, to which it is connected
through several canals (Catuso, Due Torri, Faro and Inglesi
Canals), strongly influences its hydrography, resulting in an in-
stability of the water level of the entire lagoon, strictly related

to the strong tidal currents of the Strait, which change every 6
h following the moon phases. The lagoon comprises two lakes
(the Faro and the Ganzirri Lakes, two brackish ponds in which
the water salinity is influenced by the interaction between the
groundwater and the marine waters), connected to each other
via the Margi canal, the canals Catuso and Due Torri connecting
the Ganzirri Lake to the water of the Strait of Messina, and the
canals connecting the Faro Lake to the Strait of Messina (Faro
Canal) and to the Tyrrhenian Sea (Inglesi Canal) (Figure 1).

Concerning the Faro Lake, it is the deepest of the lagoon (it is
also the deepest brackish coastal lake of Italy), reaching a max-
imum depth of 29m and a total area of 0.263km?. It shows a
constant stratification of the water mass, with a well-mixed sur-
face layer (0-15m of depth), a temperature ranging from 10°C
to 36°C, a pH from 7.9 to 8.6, and a salinity from 26 to 36 PSU.
Otherwise, the almost total absence of water movement in the
layer deeper than 15m results in a constant physiochemistry,
characterized by ca. 15°C of temperature, ca 38 PSU of salin-
ity and a pH ranging from 7.0 to 7.4. Another peculiarity is the
mesotrophic character of both water and sediment in the entire
basin, supporting a massive productivity. Its connectivity to the
sea is provided by the two shallow canals (Faro and Inglesi).
The Faro Canal connects it permanently to the Strait of Messina
waters, while the Inglesi Canal (artificial) connects it to the
Tyrrhenian Sea only during the summer period, being closed for
the larger part of the year.

2.2 | Field Operations and Sample Processing

Between 2021 and 2022, a preliminary assessment on the pres-
ence and distribution of P. radiata in the Faro Lake and relative
canals was carried out. The infralittoral fringe of the west coast
of the Faro Lake (from 38°16’15” N 15°38’09” E to 38°16’03” N
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FIGURE2 | Satelliteimage of the Faro Lake, with the relative canals. The areas highlighted by the dashed lines represent the investigated sites (A:

Site A, B: Site B and C: Site C). Inside each dashed lined rectangle is reported a continuous orange line representing the extension of the performed

transects for each site.

15°38’03” E) and the entire Faro Canal were identified as the
areas with the largest density of P. radiata specimens. Inside
these areas, three representative sites (called Sites A, B and C),
characterized by high abundance of P. radiata specimens, were
selected (Sites A and B in the infralittoral fringe of the west coast
of the Faro Lake, and Site C which covered the entire Faro Canal)
to investigate the distribution and abundance of P. radiata.

From July to October 2022, seven strip transects (four in the
Faro Lake and three in the Faro Canal), parallel to the coastline
and with constant depth of 3m, inside the three selected sites (2
in the Site A, 2 in the Site B and 3 in the Site C) were surveyed
by free divers to collect data regarding the abundance and pop-
ulation density of P. radiata using the visual census technique
(Bianchi et al. 2003). In the Site C it was chose to perform three
transects instead of two since it represents the site with the larg-
est presence of P. radiata, as noticed during the preliminary
assessment. Free divers swam slowly along strips of different
length (transects in the Site A: 124 m; transects in the Site B:
219m; transects in the Site C: 350 m) (Figure 2), counting the P.
radiata specimens present within approximately 1m on either
side, for a total wide of 2m for each strip, also recording data
regarding the substratum preferences showed in each transect.

Two replicates for each transect were performed, and P. radiata
individuals were randomly sampled during the entire study pe-
riod, to reduce to the minimum the impact on the population,
given its ecological relevance as habitat former species and the
sensitivity of the studied ecosystem. Sampled individuals were
gently removed by scraping them from the substrate, taking
care to collect specimens from all size classes. Indeed, although
sampling was random and performed avoiding the collection
of too large individuals' number due to conservation concerns,

particular attention was paid to sample specimens from all vis-
ible size classes, reducing potential biases in the size distribu-
tion and morphometric analyses. Once collected, samples were
preserved in a hand net and transported to the laboratory for
further analysis.

Once in the laboratory, a digital caliper, with a precision of
0.1 mm, was used to record the following measurements from
the largest valves (usually the left): shell height (SH), shell length
(SL), shell width (SW), hinge length (HL). The length of the na-
creous shell part and the width of the nacreous shell part were
measured for both valves (LNR =length of the nacreous right
shell, WNR =width of the nacreous right shell, LNL=Ilength
of the nacreous left shell, WNL=width of the nacreous left
shell) (Figure 3). A precision scale was used to get the total wet
weight (TW) and once proceeded with dissection, the shell wet
weight (ShW).

2.3 | Data Analysis

A simple linear regression model (Y=a+ bX), assessed with R
(R Core Team 2024) (such as all the other statistical analyses)
using the “Im” function of the stats package, was fitted using
SH values as an independent variable (X), and the other param-
eter values as the dependent ones (Y: SL, SW, HL, LNR, WNR,
LNL, WNL, TW, SW). The Studentized Deleted Residuals (SDR)
method was applied to each linear regression model to identify
potential influential points and outliers, through the function
“ols_plot_resid_stud_fit” of the “olsrr” package. A threshold of 2
(in absolute value) was used to classify the observations as outli-
ers, removing them from further analysis, improving the robust-
ness of the model. A total of 1 to 3 observations per model were
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FIGURE 3 | Investigated morphometries of the left shells of the P.
radiata specimens: HL, hinge length, LNL, length of the nacreous left
shell; SH, shell height; SL, shell length; SW, shell width; WNL, width of
the nacreous left shell. The length and the width of the nacreous shell
were also measured for the right one (LNR and WNR, respectively).

classified as outliers and consequently removed (see Table S1).
They were found to be biologically extreme rather than related
to measurement error. Subsequent analyses were carried out on
the cleaned dataset obtained through the exclusion of the de-
tected outliers. According to the power-law scaling in allometric
relationships (Richardson et al. 1995; Warton et al. 2006), the
allometric relations among the recorded measurements were es-
tablished through the linear regression:

InY=a+bIln SH

where a and b are respectively the intercept and the slope. A
Student's t-test was applied on the b coefficients (slope) of each
linear regression to evaluate the significant difference from the
isometric growth (b=3, p=0.05 for TW and ShW; b=1, p=0.05
for the other morphometries). The visualization of the allometric
relations between the log-transformed variables was obtained
using a scatterplot with a fitted regression line and 95% confi-
dence intervals, generated with the “ggplot2” package. This
package was also used to plot the length-frequency distribution
graph (for both the total sample, and for the three investigated
sites) and the density distribution graph for each site, creating
length classes of 1 mm for the analyzed specimens from the SH
measurements.

Electronic Length Frequency Analysis (ELEFAN) was performed
on the SH measurements of the specimens collected during the
reporting period. The FiSAT II software (Gayanilo et al. 1996)
was first used to group data into size class intervals and then
to estimate the non-parametric scoring of the Von Bertalanffy
growth function (VBGF), the natural mortality parameters
and the recruitment pattern. More specifically, the VBGF (Von
Bertalanffy 1938) used to describe growth is shown below:

L =L, [1 - e-K(Hn)]

where L, is the length at time ¢, L_ is the asymptotic length, e
is the base of the neperian logarithm, K is the growth rate con-
stant, ¢ is the time of observation and ¢, the theoretical age at
which the size of oyster would be zero (Moutopoulos et al. 2021).
The growth constant K, where high values indicate slow growth
and low values indicate rapid growth, serves as an index of the
intrinsic growth rate of the species and is crucial for intraspe-
cific growth comparisons (Beverton and Holt 2012). The growth
performance index (®’) was assessed according with the equa-
tion (Munro and Pauly 1983):

@ =21log L, +log K

The above-mentioned variables were also used to estimate the
natural mortality (M) using Pauly equation (Pauly 1980):

log M = —0.0066 — 0.279 log L, + 0.6543 log K + 0.4634 log T

with the mean annual habitat temperature (T) set at 21°C.

Regarding the recruitment pattern, the relative recruitment
values in percentages for each month were determined by ret-
roactively projecting the length-frequency data along the time
axis using the growth parameters (Pauly 1986). Similar proto-
cols have been followed by other authors for the same species
(Derbali et al. 2019; Moutopoulos et al. 2021), as well as for sev-
eral bivalve species (Yambem Tenjing 2019).

3 | Results

The investigated sites of the Faro Lake and Faro Canal were
characterized by differences in sediment features and asso-
ciated biocenosis, with the wide presence of various kinds of
both muddy, soft substrate and hard substrates (such as rock
covered by sand and mud, gravel, dead oysters, and other bi-
valves, shells and small stones). According to Montefalcone
and colleagues (Montefalcone et al. 2021), the associated bio-
cenosis was that of both infralittoral rock, mud and sand, char-
acterized by the presence of transitional waters' habitats, and
particularly: associations with Fucales, associations with ma-
rine angiosperms and/or halophytes (e.g., Cymodocea nodosa
(Ucria) Ascherson, 1870), association with photophilic algae,
except Fucales (e.g., Halopithys incurva (Hudson) Batters 1902,
and Gracilaria sp), facies with Polychaeta (e.g., Branchiomma
luctuosum, Grube, 1870, Branchiomma bairdi, McIntosh, 1885,
Ficopomatus enigmaticus, Fauvel, 1923, Hydroides sp., Serpula
sp), facies with small sponges (e.g., Dictyonella incisa, Schmidt,
1880, Raspaciona sp) and facies with Bivalvia (e.g., Ostrea sp.,
Magallana gigas, Thunberg, 1793, and the studied species P.
radiata).

The Site A was mainly characterized by a muddy and mixed
sand/gravel substrate, with the irregular presence of hard sub-
strates (both natural and artificial) colonized by oysters, not only
belonging to the P. radiata species (Figure 4a—f). Indeed, they
were widely recognized large patches of the introduced oyster
M. gigas, and the native oysters belonging to the genus Ostrea,
often forming beds or reefs on hard substrates, both rocks and
anthropogenic debris (Figure 4e,f). P. radiata specimens were
mainly detected attached to small stones (Figure 4c,d) or marine
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litter (Figure 4a,b), often sharing the substrate with the alien
ascidian Botrylloides niger Herdman, 1886.

The sediment of the Site B was also muddy/sandy, with the al-
most total absence of hard substrate of natural origin. Indeed,
the P. radiata specimens were almost always found attached to
many different typologies of anthropogenic debris, completely
colonized by benthic organisms (Figure 5a-f). Among the other
benthic organisms sharing the substrates with the pear oysters,
the most abundant were Ascidiaceans (e.g., B. niger Herdman,
1886, Styela plicata, Lesueur, 1823), polychaetes belonging to the
genus Branchiomma and to the family Serpulidae, and brown and
red algae.

Concerning the Faro Canal (Site C) this showed a high ben-
thic biocenosis variability, with a sediment characterized by
dead oysters, and other bivalves, shells and small stones/
gravel. The first part of the canal showed the presence of
seagrass meadows formed by C. nodosa, (Figure 6a-c) to
which are associated P. radiata, and other benthic species. In
this site the pearl oysters formed diffused patches and beds
associated with seagrass, dead bivalves' shells, and, to a lesser
extent than Site A and B, anthropogenic debris (Figure 6b,d-f).
The second part of the canal showed the presence of diffused
pearl oyster beds associated with red algae, on a hard
bottom formed by small stones and dead bivalve shells
(Figure 7a-f).

FIGURE 4 | Images from the visual census performed in the Site A, reporting the P. radiata specimens (highlighted by white dotted rectangle)
associated to B. luctuosus (asterisks), Porifera species (white dots), B. niger (white squares) and Ostrea sp. (white triangles).

2

L

FIGURES5 | Images from the visual census performed in the Site B, reporting the P. radiata specimens (white dotted rectangle) colonizing marine
debris of different type, and associated to B. luctuosus (white asterisks), Porfera species (white dots), Ascidiacea (x white symbol) and other Sabellidae

species (white squares).
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FIGURE 6 | Images from the visual census performed in the first part of Site B, characterized by the presence of C. nodosa meadow (white aster-
isks), reporting the P. radiata specimens (white dotted rectangle) associated to Fucales species (white dots).

FIGURE 7 | Images from the visual census performed in the second part of Site B, characterized by the presence of P. radiata specimens (white

dotted rectangle) associated to Fucales species (white asterisks). White dot in figure f highlight the presence of dead P. radiata specimens.

3.1 | Visual Census Analysis

Results from the visual census showed the presence of P. radiata
in all the seven performed transects, with 23, 79 and 1007 total
individuals counted respectively in the transects of Site A, B and
C (Table 1).

The means individuals’ numbers were 11.25+3.86, 39.25+19.4
and 335.5+76.08, and abundance were 0.045+0.016,
0.09+0.044 and 0.48+0.109 respectively for Site A, B and
C. Site C showed the highest value of total individuals’ num-
ber, mean individuals' number and abundance (Figures 8 and
9). Transect 7 showed the highest mean individuals' number
(407.5+10.61) and mean abundance (0.582+0.015), followed by
transects 5 (Mean N. Ind.: 357 +4.24, Mean Abun.: 0.51 +0.006)
and 6 (Mean N. Ind.: 242+5.66, Mean Abun.: 0.346 £0.008).
Transect 4 was not belonging to the Site C area that showed the

highest individuals' numbers and abundance values (respec-
tively, 56 +£1.41 and 0.128 +0.003).

3.2 | Morphometric Relationships and Growth
Analysis

A total number of 115 individuals were collected during six
sampling surveys (19 from Site A, 32 from Site B and 64 from
Site C). The descriptive statistics (Table 2) of the morphometric
parameters showed the SH ranging from 31 to 87mm, with a
mean and a standard deviation of 63.32 and 13.82mm, respec-
tively. As shown by Figure 10, the length frequency distribution
of the 115 analyzed specimens highlighted that the majority of
them showed an SH ranging between 60 and 80 mm, with the
frequency peaks occurring between the length classes 60 and
70mm, and between the length classes 70 and 80mm. The
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TABLE1 | Asummary of the numbers of individuals (N. Ind.) and abundances (Abun., expressed in N. Ind./m?) evaluated with the visual census technique for the replicates performed for each transect;
the mean individuals’ numbers (Mean N. Ind. +d. st.), total individual numbers (Total N. Ind.), and mean abundances (Mean Abun.+d. st., expressed in N. Ind./m?) for each transect and site are also

reported, along with the relative standard deviations.

Site C

Site B

Site A

Transects

124 124 219 219 350 350 350

Transects
length

Replicates
N. Ind.
Abun.

415

400

238

246

360

354

57

55

24

21

14

15

0.340 0.571 0.593

0.351

0.056 0.028 0.036 0.048 0.055 0.126 0.130 0.506 0.514

0.060

14.5+0.71 8§+1.41 22.5+2.12 56+1.41 357+4.24 242 +5.66 407.5+£10.61

Mean N.

335.5+£76.08

39.25+19.4

11.25+3.86

Ind. +d. st.

1007

79

23

Total N. ind.

0.058 £0.03 0.032+0.06 0.051+0.005 0.128 £0.003 0.51+0.006 0.346+0.008 0.582+0.015

Mean

0.48+0.109

0.09+0.044

0.045£0.016

Abun. +d. st.

Note: Transects' lengths are expressed in m.

length classes below 40mm and above 80mm were the least
frequent among the analyzed specimens. The length-frequency
distribution assessed for each site (upper image of Figure 11)
showed for Site A the length classes between 45 and 65mm as
the most frequent (with the presence of three peaks inside this
length classes range), between 55 and 75 for Site B (with a peak
between 55 and 60mm) and between 60 and 80 mm for Site C
(with 4 peaks inside this length classes range). The density curve
of the length distribution for each site (lower image of Figure 11)
showed a relatively flat density curve for Site A, with a peak
around the length class of 50mm, for Site B a sharp peak be-
tween 65 and 75mm, and for Site C a broader curve with a peak
between 65 and 80 mm.

Asreported in Table 2, the morphometric relationships between
SH and the other evaluated morphometries were all significant
(p<0.05), with the determination coefficients (r?) ranging from
0.96 (for SL and LNL) to 0.76 (for SW). SL and LNL showed an
isometric relation with SH (b=1, p>0.05). HL (b<1, p<0.05),
TW and ShW (b<3, p<0.05) showed negative allometry with
SH, while SW, LNR, WNR and WNL showed positive allometry
(b>1, p<0.05).

According to Table 3, the analysis on growth rate reported an
estimated asymptotic length (L_) of 92.4 mm, with a growth co-
efficient (K) of 0.040year™! and a growth performance index (®*)
of 2.53 (Figure 12). The natural mortality (M) showed a value
of 0.14year™!, and the recruitment pattern exhibited the highest
values twice, in June and July, with the total absence of recruit-
ment in December, throughout the year (Figure 13).

4 | Discussion

Data here provided allowed, to the best of our knowledge, the
first description of an established population of P. radiata from
European brackish coastal lagoons, and the second from a
Mediterranean coastal lagoon (after the research of Tlig-Zouari
and colleagues on the distribution, habitat and population den-
sities of this species along the Tunisian Coast, including the
Ghar Elmelh Lagoon) (Tlig-Zouari et al. 2009). Moreover, this
represents the first investigation, since the first report (at the
beginning of the 2000s) (Giacobbe et al. 2010) of the spread-
ing inside the studied area of P. radiata, of its population dy-
namics, structure, abundance and distribution inside the Capo
Peloro Lagoon. Obtaining this information on non-indigenous
invasive species, especially on those with a strong invasive po-
tential (as P. radiata), is essential to monitor their diffusion in
the Mediterranean ecosystems, and the effect of their spreading
and dominance on the native communities. Moreover, consid-
ering the wide diffusion of aquaculture activities carried out
in the Mediterranean coastal lagoons, the data on these edi-
ble pearl oysters' populations can be useful to understand the
possible commercial potential related to their harvesting and
fisheries (as still widely explored in other Mediterranean coun-
tries and regions, such as Eastern Adriatic, Greece and Turkey)
(Jeli¢ Mrceli¢ et al. 2023; Moutopoulos et al. 2021; Theodorou
et al. 2023; Yigitkurt et al. 2017).

Concerning the visual census performed in the three inves-
tigated sites, it has confirmed the ability of this epibenthic
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FIGURE 8 | Histogram (created with the “ggplot2” package of R software) representing the Abundances evaluated for each replicate, divided for
site to which the replicates belong (A is for Site A, B is for Site B, C is for Site C). The bar colour changes in relation to the abundance values, following
a gradient from yellow to red, in which yellow represent a lower abundance value and red a higher abundance value.

species to widely colonize the host environments and commu-
nities, forming mature populations, organized in banks (as re-
ported for Site C) and patches (as reported for Sites A and B).
The abundances described by results were lower than those re-
ported by literature from other geographical areas. Indeed, in
the Tunisian coast they have described the presence of P. radiata
populations characterized by high abundances and individuals'
numbers (Tlig-Zouari et al. 2009). This could be related to the
settlement time of the studied species, which spread earlier in
the north African coast than in the Sicilian coast of the Central
Mediterranean Sea, creating stable and diffused populations.
Moreover, the length-frequency and density curve of length dis-
tribution showed that Site C was dominated by larger specimens
than the other two sites. This could suggest that the population
has acclimatized and established firstly in the Faro Canal, and
then in the Lake. It was confirmed its capability to create associ-
ations with several benthic species, also colonizing many differ-
ent substrates, both natural and artificial. This was in line with
the findings from previous literature from other Mediterranean
geographical areas, in which this pearl oyster species has been
found associated with a wide spectrum of benthic biocenosis
and attached to several anthropogenic structures (e.g., boats, fish
cages, plastic collectors, anthropogenic marine litter of different
nature) (Barbieri et al. 2016; Carpenter and Niem 2001; Deidun
et al. 2014; Dogan and Nerlovi¢ 2008; Lipej et al. 2017; Lodola
et al. 2013; Oliverio et al. 1992; Png-Gonzalez et al. 2021; Scuderi
and Terlizzi 2012; Theodorou et al. 2019; Vio and De Min 1996).
This ecological plasticity (added to its quick growth, pollution

tolerance, long life span and high reproduction rate (Jeli¢ Mrceli¢
et al. 2023; Tlig-Zouari et al. 2011)) allowed this species to spread
and adapt to many Mediterranean environments and habitats,
causing a growing concern regarding the effects of its invasion
on native biodiversity and ecological dynamics. According to
literature (Cinar et al. 2014; Tsirintanis et al. 2022), the effects
of the spreading of this species have been summarized as both
positive and negative. This is common for epibenthic ecosystem
engineer species, which can allow for multi-species impacts,
out-competing for space and trophic resources with the native
filter feeder species, dominating the benthic communities and
leading to a decrease in native biodiversity, though also irre-
versible modification in the epibenthic communities. Regarding
the investigated coastal lagoon, the co-occurrence (reported in
Site A transects) of P. radiata specimens with the native oys-
ters' species, which seem to dominate the colonized substrates
of Site A, could be evidence of a “pacific” coexistence. However,
the absence of community-level competition experiments or
time-series data on the distribution and abundance of the dif-
ferent oyster species doesn't allow for confirming the observed
trend. Further studies exploring the competition between P.
radiata and the native oyster species are required to confirm
or deny their pacific co-existence. This is common between bi-
valves, in which the coexistence between native and non-native
species can occur through patterns influenced by multiple com-
plex mechanisms, strictly related to environmental conditions
and gradients (Joyce et al. 2021). This is the case, for instance,
of Perna perna, Linnaeus, 1758, and Mytilus galloprovincialis,
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FIGURE9 | Histogram (created with the “ggplot2” package of R software) representing the number of individuals (N. Individuals) evaluated for
each replicate, divided for site to which the replicates belong (A is for Site A, B is for Site B, C is for Site C). The bar colour changes in relation to the
N. Individuals' values, following a gradient from yellow to red, in which yellow represent a lower individuals' number and red a higher individuals'
number.

TABLE 2 | Descriptive statistic (Max, maximum value; Min, minimum value; m.v., mean value; SD, standard error) and the parameters values
estimated for the relations In Y = a + b In SH among morphometric parameters of all the 115 left valves (except for LNR and WNR estimated for
the right valves) belonging to the investigated specimens of P. radiata; a and b are the coefficients (respectively, intercept and slope) of the relations;
SEa and SED are the standard errors for the coefficients a and b for the 95% confidence interval with 113 degrees of freedom; r? is the determination
coefficient of the relations; p, is the p-value of the correlation test, evaluated on the r? coefficient; r, is the test statistic on the slope for isometry by
comparing the estimated slope with the expected value b =3 for weights (TW and ShW) and b=1 for the other variables; p, is the p-value of the test
statistic on the slope for isometry; isom. column report the presence of isometry (isom), positive allometry (+) or negative allometry ().

Measurements m.v. SD Min  Max a b SEa SEb r? p; r P, isom.
SH (mm) 6332 13.82 31 87

SL (mm) 62.04 13.78 30 89 -0.05 1.01 0.08 0.02 096 0.000 0.44 0.6 isom.
HL (mm) 54.51 8.90 279 74.6 1.59 0.58 0.12 0.03 0.77 0.000 -14 0.000 -
SW (mm) 22.31 7.83 5 52 -3.47 1.57 034 0.08 0.76 0.000 6.87 0.000 +
LNR (mm) 45.88 10.74 19 69 -0.61 1.07 0.09 0.02 0.93 0.000 3.23 0.003 +
WNR (mm) 42.1 11.29 16 74 -1.23 119 012 0.03 094 0.000 6.51 0.000 +
LNL (mm) 49.9 11.36 21 75.5 -0.38 1.03 0.08 0.02 096 0.000 1.75 0.08 isom.
WNL (mm) 46.87 11.03 21 66 -0.59 1.07 0.09 0.02 0.95 0.000 2.92 0.004 +
TW (g) 43.94 26.4 4.4 125.52  -7.26 2.62 0.51 012 0.80 0.000 -3.05 0.003 -
Shw (g) 21.23 1256  2.43 58.53 -749 250 0.50 012 0.80 0.000 -—4.09 0.000 -
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FIGURE10 | Length-frequency distribution plot of the 115 analyzed P. radiata specimens. The length classes of 1 mm reported in the x axis have

been obtained from the SH measurements.

Lamarck, 1819, inhabiting the South African intertidal rocky
shore (Petes et al. 2008; Zardi et al. 2006). The first species is
autochthonous, while the second one is a non-indigenous spe-
cies that has widely colonized the entire South African coast. In
the rocky habitats of the intertidal fringe they have partitioned
the space, coexisting with no alarming impact on the abundance
and development of either of the two species, despite sharing
the same trophic and spatial niches. This space partitioning has
occurred thanks to the different tolerances to environmental
stressors, related to their different physiology (M. galloprovin-
cialis better resists desiccation, settling in the high intertidal
zone, while P. perna better resists wave action, settling in the
low intertidal zone). Moreover, the inter-specific relations be-
tween these two bivalves can provide some data regarding the
facilitation processes that often can be related to biological in-
vasion. Indeed, in the mid intertidal zone the presence of the
more tolerant non-indigenous M. galloprovincialis facilitates the
survival of the more sensitive autochthonous P. perna (Rius and
McQuaid 2009). Concerning the studied area, further analyses
are required to explore the inter-specific relation between the
studied species and other native bivalves (especially the native
oysters) to fully understand the impact of P. radiata on the na-
tive epibenthic community and ecological dynamics. According
to literature, a yearly manipulation experiment on the field can
be used to examine growth dynamics, condition indices, mortal-
ity and morphometrics of P. radiata and native filter feeder spe-
cies occurring in heterospecific and monospecific groups in the
studied area (Joyce et al. 2021). Exploring the variability of these
parameters can enlarge the knowledge base on the competition
degree between the alien pearl oyster species and the native
ones, exploring the effect of coexistence on native biodiversity.
Indeed coexistence can induce detrimental effects on both native
and non-native feeder species (as testified for the native mussel,
Mpytilus edulis, Linnaeus, 1758, and the invasive Pacific oyster,
M. gigas in Northern Ireland), strongly shaping also the asso-
ciated benthic communities. Competitive interactions can be
strongly influenced also by local environmental features (such as

water circulation), highlighting the need to improve information
on a local scale about the effects of biological invasion on native
ecosystems, especially the most sensitive ones, such as Brackish
Coastal lagoons.

The presence of P. radiata patches detected in Site B, an area
heavily impacted by the presence of anthropogenic debris on
the bottom, can not only confirm the necessity of this species
to find new space available for its settlement, but could also
give some data regarding the positive facilitation effects re-
lated to the spreading of this non-indigenous species in the
heavily anthropized Mediterranean environments. Indeed,
the successful settlement and colonization of P. radiata on
the marine debris can allow for an increase in habitat com-
plexity (enhancing biodiversity, the complexity of the benthic
communities and the settlement dynamics of other epibenthic
species), environmental quality (related to the filter feeders'
activity of this species) and community structure (creating a
new habitat for different kinds of benthic species, which can
become new sources of food, essential for the well-being of
several species exploiting this kind of community) in areas
strongly affected by anthropogenic pressure (evidenced by the
massive presence of debris of different kinds, sizes, and ori-
gins). The capability of this pearl oyster species to become a
fundamental ecosystem engineer, positively altering the host
environment, was also confirmed by the visual census data
performed in Site C. Indeed, in the Faro Canal, it was reported
(to our best knowledge, for the first time from a Mediterranean
coastal lagoon) the presence of massive oyster banks and beds.
The great abundance of P. radiata in Site C could be strictly
related to its environmental conditions (Ferrarin et al. 2013;
Manganaro et al. 2012; Sanfilippo et al. 2022). Indeed, the
Faro Canal is characterized by environmental instability,
with large fluctuations in physiochemical parameters (such
as temperature, salinity and pH), water levels and turbidity.
Being this the canal connecting Faro Lake to the Sea, there
is a 24h water flow, with direction and intensity regulated
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FIGURE 11 | Length-frequency (upper image), and the density curves of length distributions (lower image) of the analysed P. radiata specimens

for each site. The length classes of 1 mm reported on the x axis have been obtained from the SH measurements.

TABLE 3 | Evaluated growth and natural mortality parameters for
the studied population of P. radiata, using the ELEFAN I software.

Asymptotic length (L_, mm) 92.4
Growth coefficient (K, year™) 0.040
Growth performance index (®") 2.53
Temperature (°C) 21
Natural Mortality (M, year™) 0.14

by moon phases (Ferrarin et al. 2013; Umgiesser et al. 2014).
These environmental features, added to the intense currents
and the waters rich in nutrients, could have created the per-
fect conditions for the massive settlement and proliferation
of this species, differently from the other parts of the lagoon

(as shown by the smaller number of individuals and abun-
dance values reported in Sites A and B, compared to Site C).
Another peculiarity reported from Site C was the associa-
tion between P. radiata patches and beds, and the C. nodosa
meadow, a sensitive and ecologically essential habitat which
is suffering regression worldwide, related to climate change
and to the effects of coastal urbanization. According to the lit-
erature (Ramteke et al. 2023), the association between oysters
and seagrass habitats can facilitate the latter, thanks to the
oysters' capability to filter large volumes of water, reducing
water turbidity and assimilating organic matter. In addition,
the deposition in the sediment of feces and pseudo-feces, no-
tably rich in nutrients, benefits all the neighboring aquatic
vegetation (seagrasses included), as well as microbes and
benthic feeders. On the other hand, some evidence from the
Tunisian coast has highlighted the risk related to the massive
overgrowth of P. radiata populations on Posidonia oceanica,
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FIGURE 13 | Recruitment pattern (estimated using the ELEFAN I
software) of the collected P. radiata specimens for the studied area, with
the highest recruitment values in June and July, and the absence of re-
cruitment in December (as highlighted by the absence of the 12th bar
in the figure).

(Linnaeus) Delile, 1813, rhizomes, affecting the well-being of
the entire meadows (Amor et al. 2016). However, it should be
noted, according to the evidence provided by the performed
visual census, that the seagrass meadow was in excellent qual-
ity status. This can represent a preliminary observation on the
interaction between P. radiata and C. nodosa which requires
further studies to confirm or deny the no-harm coexistence
between these two ecologically relevant species. Indeed, a sea-
sonal monitoring of the ecological dynamics between the C.
nodosa meadow and the P. radiata patches and beds in the
Faro Canal is required to fully understand the effects of the

spread and perfect adaptation of this non-indigenous bivalve
on this protected seagrass.

Despite their ecological relevance, oyster habitats (reefs, banks
and beds) are showing an alarming decrease worldwide. In
Europe and in the Mediterranean basin, they are recognized
(especially those related to native oyster species, which are
disappearing at a regional scale) as sensitive habitats, with
great social and ecological value, requiring an improvement
in conservation policies and the adoption of active restoration
actions (Baggett 2014). In 2011, it was estimated that the
loss of 85% of the oyster habitats worldwide occurred, with
the surviving wild oyster populations of the Mediterranean
basin considered poor (with 90%-99% of lost oysters' habitats,
based on the historical abundance data) (Baggett 2014; Beck
et al. 2009). Among the main impacts, over-harvesting, to-
gether with habitat loss, pollution, biological invasion of non-
native species (with the related introduced diseases), coastal
urbanization, dredging activities and sedimentation increase,
are considered the main factors that have induced this alarm-
ing decline worldwide. This large concern regarding the con-
servation and loss of oyster habitats in the Mediterranean
basin highlights the necessity to improve the information
regarding their distribution and species composition, such as
on the community structure and ecological dynamics which
they support. Moreover, considering the widespread nature
of P. radiata in the entire Mediterranean basin, the neces-
sity to protect this species and the habitats it forms should be
considered by the academic community and the entire soci-
ety, despite this species being considered a non-indigenous
invader, which can strongly affect and dominate the native
Mediterranean benthic communities. This is particularly nec-
essary especially in the geographic areas (such as the studied
one) in which it creates large beds and banks, considering the
essential ecosystem services and functions provided by these
habitats to the entire marine ecosystem (Coen et al. 2007;
Coen and Humphries 2017; Grabowski and Peterson 2007).
For this reason, it is essential to improve the knowledge base
on the spreading, distribution, population dynamics, ecolog-
ical plasticity and adaptation shown by this species in the
different colonized Mediterranean habitats and geographical
areas, focusing also on the negative and positive local effects
related to its diffusion. Indeed, according to literature, the
impacts of its spreading in the Mediterranean Sea ecosys-
tems and coastal economy can be multiple, with both positive
and negative effects (Cinar et al. 2014; Galil 2007; Tsirintanis
et al. 2022). It was among the first invaders, having entered
thanks to the Suez Canal opening, and, since then, it has colo-
nized almost the entire basin, reaching very high densities in
several parts of it (Ballesteros et al. 2020; Crocetta et al. 2017;
Crocetta et al. 2013). It has been considered one of the invasive
species with the greatest potential impact on Mediterranean
marine protected areas (MPAs) (Otero et al. 2013), being ca-
pable of altering their ecological dynamics (given the ability
to strongly modify the native habitat structures and benthic
communities by forming extensive beds, and the potentially
strong competition that it can assert to native filter-feeding
species). Moreover, its tendency to affect shellfish farming
and aquaculture activities by forming fouling aggregations
represents a great economic loss in several areas of the basin
(Deidun et al. 2014; Theodorou et al. 2019). However, the
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TABLE 4 | Growth and morphometric parameters of the studied species reported in literature from populations inhabiting other geographical

areas.
References Area SH ™ Loo @’
Derbali et al. (2019) Tunisia — — 78.75 4.04
Tunisia — — 105 3.86
Mohammed and Yassien (2003) Arabian Gulf — — 132 3.77
Moutopoulos et al. (2021) Saronikos, Greece 61.1 30.2 103.04 3.61
Evoikos, Greece 100.63 3.68
Mohammed (1994) Qatar — — 107 3.46
Yassien (1998) Red Sea — — 102.3 3.63
Yassien et al. (2000) Mediterranean Sea — — 69.20 3.43
Pafras et al. (2024) South Evoikos Gulf, Greece 64.5 49.1 109.1 3.35
Lodola et al. (2013) Linosa Island, Italy 23.2 1.9 — —
Deidun et al. (2014) Maltese Islands 43.9 — — —
Gavrilovi¢ et al. (2017) Eastern Adriatic, Croatia 72.3 46.5 — —
Tlig-Zouari et al. (2009) Tunisia 52.08 — — —
Tunisia 33.57 — — —
Tunisia 38.46 — — —
Tunisia 63.5 — — —
Tunisia 49.86 — — —
Theodorou et al. (2019) Greece 23.7 40.9
Present Study Capo Peloro Lagoon, Italy 63.3 43.9 92.4 2.53

habitat-forming P. radiata can strongly contribute to improv-
ing habitat complexity, enhancing native biodiversity (giving
shelter and available substrates for other settlers), providing
food (for humans included), biofiltering the water, sequester-
ing carbon and regulating climate (as all the other mollusk
species), and helping a great variety of species to maintain
their life cycles (Cinar et al. 2014; Coen et al. 2007; Coen and
Humphries 2017; Grabowski and Peterson 2007; Tsirintanis
et al. 2022). It can also be an economic resource, as reported
in many areas of the world, being edible and capable of pro-
ducing pearls, and being a source of bioactive molecules and
pharmaceutical products (Ben Ammar et al. 2019; Mona
et al. 2018). In Mediterranean countries, despite consumers
not being used to this resource (excluding some exceptions,
such as Lebanon and Egypt) (Jeli¢ Mrceli¢ et al. 2023), it can
become a new valuable commercial species able to substitute
the main ones in times of scarcity, as testified by literature
exploring its marketing as a new edible bivalve product on the
Greek market (Theodorou et al. 2023). To improve its farming
and exploitation in the Mediterranean region, creating a new
economy and reducing the pressure on native scarce oyster
species, market promotion campaigns encouraging the con-
sumption of a non-native oyster species assume utmost impor-
tance (Jeli¢ Mrcelic et al. 2023). According to results, the Capo
Peloro Coastal lagoon, an area widely explored for centuries
for bivalve farming, can become a study ground to explore the
feasibility, cost-effectiveness and sustainability of P. radiata

farming in European countries, increasing the familiarity of
consumers with a novel bivalve.

In this context, the information on morphometric relations and
growth dynamics provided in this study could give some use-
ful data to compare with those given by literature from other
Mediterranean stable populations. This can provide a picture
of the well-being and adaptation dynamics of P. radiata in the
studied area, also regarding the possibility of being farmed,
given the widespread presence of an economically valuable
shellfish farming activity in the Capo Peloro coastal Lagoon.
The population from the studied area showed morphometric
values much higher than those shown by the species from other
coastal locations of the central and eastern Mediterranean Sea.
Indeed, specimens from Capo Peloro showed much higher left
shell (SH mean values of 63.32+13.82mm) than those reported
for populations of P. radiata from Turkey (with the highest SH
mean value of 23.9+3.7mm) (Gokoglu et al. 2006), other lo-
cations of Southern Italy (61.3+12.7mm) (Lodola et al. 2013),
Tunisian coast (60.98+0.68mm) (Derbali et al. 2019; Tlig-
Zouari et al. 2010, 2009), Montenegro waters (38.3+6.1 mm)
(Petovi¢ and Maci¢ 2017), and parts of Greece (58.96 +13.24mm)
(Moutopoulos et al. 2021). Otherwise, specimens from the
Gulf of Evoikos (64.21+14.91mm) (Moutopoulos et al. 2021)
and Evia Island (64.5+11mm) (Pafras et al. 2024) in Greece
showed slightly higher values than those reported by other re-
sults. Concerning TW mean value (43.94+26.4g), another very
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indicative morphometric parameter representative of the biomass
and the production of the studied species, it confirmed the greater
growth promoted in the studied area by the environmental con-
ditions of the Capo Peloro lagoon, with TW higher than parts of
Greece (30.2+17.7g) (Moutopoulos et al. 2021) and other loca-
tions of Southern Italy (1.9+5.07g) (Lodola et al. 2013). Indeed,
Faro Lake is a very productive environment, characterized by wa-
ters rich in nutrients, salinity and pH in line with those of a purely
brackish lagoon permanently connected to the sea, a temperature
which varies seasonally, as reported by literature (Manganaro
et al. 2012; Sanfilippo et al. 2022). These environmental condi-
tions could be able to promote the growth and the well-being of
this pearl oyster species, as also testified by the results from the
analysis of the growth dynamics, which showed Lo, ®’, M values
(respectively 92.4mm, 2.53, 0.14year™!) in line with those shown
by other Mediterranean populations (see Table 4).

According to literature (Derbali et al. 2019; Moutopoulos
et al. 2021), geographical differences in growth indexes have
been detected between the studied specimens and those ex-
hibited by populations from other Tunisian and Greek locali-
ties. Indeed, the Faro lakes' population were characterized by a
slower growth rate, as highlighted by the higher Loo value, and
the lower K and @’ values those of the others. However, it is im-
portant to notice that the data provided by results from growth
analysis are not from the entire year, so they give only a frag-
mentary picture of the growth dynamics of the studied popula-
tion. This can be also the reason why the M and K values from
Capo Peloro Lagoon was the smallest ever reported from the
entire basin. Moreover, the absence of recruitment in December
is another aspect strictly related to the lack of year-round sam-
pling. Indeed, under sampling and seasonal biases can strongly
influence data from the growth and recruitment pattern anal-
ysis. Given the high sensitivity and ecological relevance of the
studied area, and the essential ecosystem services related to the
studied species, samplings have been organized and performed
to cause the least damage possible to both, and to obtain data
regarding the population which can be the base for future inves-
tigations (such the recruitment period, completely in line with
those showed by the species in the entire Mediterranean basin,
which is an essential information to known for future sampling
designs and researches). Further analyses are required, with
a larger samples number from all the seasons, to deepen the
knowledge and fully confirm the growth dynamics described by
results. This will definitely give a complete picture on the popu-
lation dynamics, life cycle and stock assessment of the P. radiata
population from Capo Peloro lagoon.

5 | Conclusions

The information provided on the P. radiata population inhab-
iting the studied coastal lagoon gives a source of data which
can be helpful to build a complete picture regarding the ad-
aptation and spreading of this invasive non-indigenous spe-
cies, which entered the Mediterranean Sea at the beginning
of the Lessepsian invasion era. Understanding how this non-
indigenous pearl oyster interacts with the host environments
and native communities, especially those with which it has
been in contact for more time, can inform on how much this
habitat former invader negatively or positively interacts with

marine Mediterranean coastal habitats. Results have provided
a picture of how P. radiata interacts with the studied area, cre-
ating a mature and diffused population, perfectly adapted to
the surrounding environment. The stable habitat formed by
the species (as reported for the Faro Canal) could provide es-
sential space and resources for the well-being and life cycle of
several benthic and benthopelagic species, which could exploit
it to get sources of food and available space to settle. Moreover,
concerning the ecological relevance of transitional waters and
coastal lagoons, widely protected at the community level, the
ecosystem services and functions that could be related to this
filter feeder bivalve could make it an important factor in the
maintaining of the environmental quality of the Capo Peloro la-
goon. More data from systematic studies exploring the positive
or negative effects of this species on habitats and/or ecosystem
services of the area are necessary to confirm this hypothesis.
Finally, considering the economic value of this species, widely
exploited in several parts of the world, the data regarding the
growth dynamics and morphometric relation of the studied
population can be the first step to describe its population struc-
ture and dynamics, providing a useful knowledge base for its
farming and stock assessment. Future studies are needed to
fully understand the effect of this species on the focused envi-
ronment, especially regarding the native filter feeders’ species
which can strongly suffer from the spreading of P. radiata, and
the population dynamics of this species which could become
from a threat to be eradicated and contained to a resource to be
protected and valued.
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