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Abstract

The present paper reports the first occurrence of Polydora cornuta in the Bosphorus Strait and its
finding in a new locality in the Sea of Marmara, providing a link with its Aegean and Black Sea popula-
tions. The probable vector for the introduction of P. cornuta into the Sea of Marmara is shipping through
the Dardanelles Strait. Both soft and hard-bottom populations were examined and the importance and
prevalence of this species within the native macrozoobenthic communities were elucidated. Its abundance
ranged between 40 and 3390 ind.m™ (mean:1320 +1199.45 SD) and its percent contribution to the total
faunal populations ranged between 3.31 and 75.56 (mean:27.79 £25.00 SD) in the Sea of Marmara soft-
bottom community. During the sampling period, P. cornuta contributed little to the total faunal abun-
dance of the hard-bottom communities in the Bosphorus Strait. Its mean abundance in the hard substrate
ranged between 8.33 and 1000 ind.m (mean:117.36 +279.73 SD) and its percent contribution to the
total faunal populations ranged between 0.02 and 21.86 (mean:2.07 £6.25 SD).

The role of this invasive species in the soft-bottom macrobenthic community at an organically
enriched site examined in the Sea of Marmara is highlighted, and a comparison with Aegean Sea popu-
lations of the species is also included.

Keywords: Polydora cornuta; Polychaeta; Alien species; Macrozoobenthic communities; Bosphorus
Strait; Sea of Marmara.
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Introduction

According to a recently updated
annotated list of alien marine species in
the Mediterranean Sea (ZENETOS et al.,
2005, 2008)) there are 37 polychaete
species established or naturalized into the
Mediterranean, another 29 referred to
casual records, and another 19 with ques-
tionable or doubtful status. Among them,
some have been described as invasive or
locally invasive. The qualification as inva-
sive is based on the proliferation, and/or
geographical spread and/or impact of the
species on native populations. According
to STREFTARIS & ZENETOS (2006)
the spionid Polydora cornuta Bosc, 1802 is
considered one of the worst invasive alien
polychaetes together with Branchiomma
luctuosum (Grube, 1869), Streblospio
gynobranchiata Rice & Levin, 1998, Leon-
nates persicus (Wesenberg-Lund, 1949)
and Pseudonereis anomala Gravier, 1901.

Polydora cornuta was encountered for
the first time in the Mediterranean in
organically polluted sediments of Valen-
cia Harbor (Spain) (TENA et al, 1991).
Fourteen years later, this species was
reported in Alsancak Harbor in Izmir Bay
(Aegean Sea, Turkey) based on the speci-
mens collected between 1996-2004
(CINAR et al., 2005). This was the first
record for P. cornuta from the Aegean Sea
and represented a significant range exten-
sion within the Mediterranean. However,
a re-examination of the older material by
CINAR et al. (2005) showed that the
establishment of this species in Izmir Bay
may be dated to 1986, if not earlier. Spec-
imens collected along the Romanian coast
from 1995 to 2000 represent the first
record of this species in the Black Sea
(SURUGIU, 2005). In addition, a recent
report from Izmit Bay by DAGLI &

ERGEN (in press) represented the first
record of this species in the Sea of Mar-
mara and constituted a large range exten-
sion from its previously known distribu-
tion in the Mediterranean and Black Sea.
As RADASHEVSKY (1999) pointed
out, it is likely that P. cornuta has been
transported to new areas via the ballast
water of cargo ships. This species, which is
widely distributed from the Atlantic
(U.S.A., Mexico, Argentina and Europe)
to the Pacific (Australia, China, Taiwan
and Korea) (RADASHEVSKY &
HSIEH, 2000), has also been introduced
into the Mediterranean probably by ship-
ping, as a dense population was found in
and around a large commercial harbor in
Izmir Bay, which hosts many inter-oceanic
cargo ships (CINAR et al., 2005).
Taxonomic confusion in the genus
Polydora is a long-standing problem. This
has been demonstrated and discussed in
detail by RADASHEVSKY (2005).
Adult individuals of P. cornuta have
broadly similar morphology with those of
P. ciliata (Johnston, 1838), P. cirrosa
Rioja, 1943, P. limicola Annenkova, 1934
and P. nuchalis Woodwick, 1953. As
RADASHEVSKY (2005) states, P. cor-
nuta mainly differs from the others in
having a slender subdistal longitudinal
flange on falcate spines of chaetiger 5. In
addition, it differs from P. limicola and P.
ciliata in having an occipital antenna.
Polydora cornuta is unique in the mor-
phology of chaetiger 5 companion
chaetae which closely adhere to convex
side of spines. In other Polydora species,
companion chaetae are positioned close
to major falcate spines but not adhering
to them. This apparent variability of the
companion chaetae causes confusion
among some authors. In addition, P. cor-
nuta was erroneously considered to be a
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synonym of other species (e.g.
RASMUSSEN, 1973), as some studies
have showed considerable variation in
some features such as the presence of
eyes and occipital antenna, and the
appearance of the companion chaetae
(RADASHEVSKY, 2005). Moreover, a
recent study showed that the populations
of P. cornuta comprise a cryptic species
complex composed of at least three sepa-
rate species in North America (RICE et
al., 2008). Because of this confusion on
the taxonomic status of P. cornuta and
similar species and the difficulties in re-
examination of old material, the exact
dating of the first introduction of this
species into the Mediterranean remains
uncertain.

Pollution or physical disturbance can
make an ecosystem more prone to inva-
sion by alien species (GALIL, 2000). P.
cornuta, along with a similar species P. cil-
iata and some other congenerics, is known
to be one of the opportunistic species, and
has been widely found in organically
enriched and polluted environments
(GRASSLE & GRASSLE, 1974;
PEARSON & ROSENBERG, 1978). This
species was found in polluted areas in all
cases in the Mediterranean, the Sea of
Marmara and the Black Sea (TENA et al.,
1991; SURUGIU, 2005; CINAR et al,
2005, 2006, 2008; ERGEN et al, 2006;
DAGLI & ERGEN, in press). In addition,
it seems to be a very invasive species, and
there is evidence for it having caused
changes in native species composition and
abundance in hard- and soft-bottom ben-
thic communities (CINAR et al, 2005,
2006, 2008; ERGEN et al., 2006).

The present paper reports on (1) the
first occurrence of P. cornuta in the
Bosphorus Strait, extending the distribu-
tional range of this species to the gateway
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between the Sea of Marmara and the
Black Sea; (2) its finding in a new locality
in the Sea of Marmara, providing a link
with its Aegean and Black Sea popula-
tions. The importance and prevalence of
this species within the native soft- and
hard-bottom macrozoobenthic communi-
ties in the area are also elucidated.

Materials and Methods

Within the framework of the two the-
sis projects, benthic samples were collect-
ed to investigate the structure of soft-
and hard-bottom macrozoobenthic com-
munities in the Sea of Marmara and the
Bosphorus Strait. In the Sea of Marmara
stations, soft-bottom benthic samples
were collected using a van Veen grab,
with a sampling surface of 0.1 m? At
Bosphorus stations, three replicates were
taken at 0.5 m depth by scraping the hard
substrate on a quadrate of 400 cm?
Water salinity, dissolved oxygen and tem-
perature were recorded at the same time
as benthic samplings. The sieved (mesh
size 0.5 mm) samples were fixed in 4%
formalin in sea water in the field. After-
wards, the samples were re-sieved on 0.5
mm mesh sieve under fresh water and
transferred to 70% ethanol in the labora-
tory. After sorting out the organisms
from the samples, all specimens were
identified to the lowest possible taxo-
nomic level and counted for statistical
analyses.

A constant soft-bottom population of
P. cornuta was found in a sampling site
(station MK) located in the Sea of Mar-
mara at a depth of 8 m (Fig. 1). Sampling
of macrozoobenthos at this site first
occurred in September 2002 and with the
exception of the first month of sampling, a
population of this species was observed
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Fig. 1: Map showing the sampling sites of Polydora cornuta.

repeatedly every month between October
2002 and August 2003. This sampling site
with organically enriched sediment was
very close to the mouth of a heavily pol-
luted stream (Kurbagali Dere) and the
discharge point of a wastewater treatment
plant. Shortly thereafter, specimens
belonging to this spionid species were also
obtained from nine sampling sites on dif-
ferent sampling occasions in shallow water
(0.5 m depth) hard-bottom macrozooben-
thic communities in the Bosphorus Strait
from May 2004 to February 2005 (Fig. 1).
Five of these sampling sites (stations B7,

BS, B9, B13 and B14) were directly influ-
enced by sewage discharge and were char-
acterized as heavily polluted with poor
ecological status (KALKAN et al., 2007).
The others (stations B2, B3, B4 and B15)
were located far from any wastewater dis-
charge points and were assessed as unpol-
luted or slightly polluted with good or
moderate ecological status (KALKAN et
al., 2007). Details of the sampling sites are
given in Table 1.

Some statistical methods were used
to evaluate the biotic structure of the
benthic communities in which the popu-
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Table 1
Coordinates, depths, number of samplings and biotope characterizations of the sampling
sites (N: total number of samplings, NP: number of samplings containing Polydora cornuta).

Station Coordinates Depth (m) N NP Biotope

MK 40°58'36"N, 29°0129’E 8 12 11  Silty black mud with detritus

B2 41°11°55"N, 29°07°05"E 0.5 4 1 Rocky, Mytilus galloprovincialis community

B3 41°10°50”N, 29°0625"E 0.5 4 1  Rocky, Cystoseira spp. community

B4 41°11°08”N, 29°0439"E 0.5 4 1  Rocky, M. galloprovincialis community

B7 41°1022°N, 29°05'18"E 0.5 4 1  Rocky, Cystoseira spp. community

B8 H°1009°N, 9°0331°E 05 L Rocky, l?ryopsis spp. + M. galloprovincialis
community

B9 41°08'13"N, 29°05°05"E 0.5 4 1 Rocky, M. galloprovincialis community

B13 41°03°01”N, 29°03°08”E 0.5 4 2 Rocky, Bryopsis spp. community

B14 41°02’37°N, 29°02’31”E 0.5 4 2 Rocky, M. galloprovincialis community

BI15 41°02'19"N, 29°01’S6"E -~ 0.5 4 1 Rocky, M. galloprovincialis community

lations of P. cornuta were established.
The numerical abundance on a scale of 1
m? and the percent contribution (propor-
tional dominance) were estimated. Shan-
non-Wiener diversity index (H')
(SHANNON & WEAVER, 1963) and
Pielou’s evenness (J) (PIELOU, 1969)
were also calculated. Non-parametric
Spearman rank correlation coefficient
was employed to determine the relation-
ships between the number of P. cornuta
individuals and environmental parame-
ters (salinity, dissolved oxygen and tem-
perature). Furthermore, partial correla-
tion analysis was used for testing the rela-
tionships between density of the species
and environmental parameters and
uncovering hidden relationships, identi-
fying intervening variables and detecting
spurious relationships, because, in some
cases, no linear relationship between the
environmental parameters was revealed
(SOKAL & ROHLF, 1969). Coefficients
of variation (CV) were also calculated to
compare percent variability of environ-
mental parameters within the sampling
sites.
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Results and Discussion
Environmental Parameters

The annual variation in water temper-
ature at station MK ranged from 7.1°C in
March 2003 to 22°C in September 2002
and was highly variable (CV%=40.18)
throughout the year. Dissolved oxygen var-
ied between 5.35 mg/L in August 2003 and
10.65 mg/L in March 2003 (CV%=20.04),
and salinity ranged from 20.6 psu in
September 2002 to 28 psu in February
2003 and the least dispersion of probabili-
ty was observed in salinity measurements
among months (CV%=9.23) (Fig. 2).

The pattern of the temporal fluctua-
tion of dissolved oxygen and temperature
appeared to be similar in all stations in
which P. cornuta was found in the Bospho-
rus Strait. The water temperature showed
a regular annual cycle, ranging between
6°C in February (station B13) and 22°C in
August (station B3), resulting in that tem-
poral variation being characterized with
CV%=35.80. Dissolved oxygen values
fluctuated between 6.62 mg/L in August
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Fig. 2: Temporal changes in environmental variables and the abundance of Polydora cornuta in the Sea

of Marmara.

(station B3) and 8.9 mg/L in November
(station B9) (CV%=10.70), and salinity
ranged between 11 psu in February (sta-
tion B8) and 18.4 psu in May (station B2)
(CV%=12.36) (Fig. 3).

Opverall, fluctuation of individual envi-
ronmental parameters (temperature and
dissolved oxygen) presented higher varia-
tion in the Sea of Marmara than the
Bosphorus Strait. Temporal variability was
not considerably different for individual
parameters between the Sea of Marmara
and the Bosphorus Strait. Only dissolved
oxygen was temporally more fluctuating in
the Sea of Marmara as compared with the
Bosphorus Strait, where fluctuations were
less pronounced.

Soft-bottom Sea of Marmara Population

Polydora cornuta was found in all sam-
plings after September 2002 at station MK.

10

Its abundance ranged between 40 and
3390 ind.m? (mean: 1320 +1199.45 SD)
and its percent contribution to the total
faunal populations ranged between 3.31
and 75.56 (mean:27.79 +25.00 SD) after
the first sampling (Figs 2, 4; Table 2). Sim-
ilarly, this worm was reported as one of the
dominant and most frequent species in the
area near Alsancak Harbor (Izmir Bay) in
2004 (CINAR et al., 2006). Together with
the other alien polychaetes, Streblospio
gynobranchiata and Pseudopolydora pau-
cibranchiata Okuda, 1937, it was reported
to constitute more than 90% of the faunal
populations in the majority of samples col-
lected in Alsancak Harbor, which is locat-
ed at the most polluted part of the Izmir
Bay (CINAR et al, 2006; DAGLI &
CINAR, 2008).

Abundances of P. cornuta increased
with increasing water salinity and dis-
solved oxygen but decreased with
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increasing water temperature, as proved
by significant correlations among those
parameters (Spearman r=0.62, 0.88, and
-0.63 respectively). In addition, water
salinity was found to play a crucial role
in determining changes in the species
abundance as showed by the partial cor-
relation analysis (r=0.75, p=0.01).
Before the present study, no correlation
was reported between the number of
individuals of P. cornuta and any of these
environmental variables in any area
inhabited by this worm in the Mediter-
ranean or Black Sea. Nevertheless,
abundance of this worm was reported to
be negatively correlated with pH and
positively correlated with the silicate
concentration in Izmir Bay by
CINAR et al. (2006).

Before the population of Polydora
cornuta was encountered, there was a
very poor soft-bottom macrofaunal com-
munity represented by only three per-
acarid crustacean species at the sampling
site. It was rapidly transformed to a com-
munity dominated by opportunistic
species with high abundance. In this
recovery process, the initial colonizers
were three opportunistic polychaetes,
Capitella capitata (Fabricius, 1780),
Neanthes succinea (Frey & Leuckart,
1847) and P. cornuta. They are all consid-
ered deposit-feeders (FAUCHALD &
JUMARS, 1979) and highly pollution
tolerant (see e.g. PEARSON &
ROSENBERG, 1978). The first species
to appear in large numbers was C. capita-
ta and it was the dominant species in
most of the samplings. Polydora cornuta
was the secondary dominant species to
attain a large population and sometimes
outnumbered C. capitata during the sam-
pling period (Table 2).

The macrofaunal community hosting

12

the P. cornuta population was largely
dominated by polychaetes and although
the succession continued, the initial very
degraded community still corresponded
to a poor condition with very low diversi-
ty (range: 0.278-1.991, mean:1.194 +0.43
SD) and a low number of species (range:
3-22, mean:8.42 £5.93 SD) over the sam-
pling period (Table 2).

Most general models of community
structure are based on the concept that
biological communities do not form a
series of distinct groups of assemblages
along an environmental gradient, but
show a corresponding gradient in com-
munity composition. According to the
classical model of PEARSON &
ROSENBERG (1978) showing the varia-
tion of community parameters along a
gradient of increasing stress after a
defaunation event, a suite of first order or
primary opportunistic r-selected species
settle on the bottom, recruiting from lar-
vae originating from neighboring com-
munities (mostly polychaete species), and
this is gradually followed by secondary
opportunists leading towards ‘climax’
communities which are in equilibrium
with the physical/chemical conditions of
the habitat. This suite (or stages of suc-
cession) is defined by ELLIS (2003) as
‘sustaining ecological succession’ and
implies that the succession will continue
until a climax community has been
attained. In this sense, P. cornuta togeth-
er with C. capitata and N. succinea are
likely to constitute one of the major ele-
ments of the suite of primary oppor-
tunists sustaining themselves throughout
the year in the present study. These pri-
mary opportunists are initiating the suc-
cession that may be followed by further
stages, always in equilibrium with the
environmental conditions.
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Hard-Bottom Bosphorus Strait Population

Polydora cornuta was found at 9 out of
the 15 sampling sites and at 20% of the
samplings carried out on the shallow hard-
bottoms of the Bosphorus Strait (Table 1).
The only spionid found co-existing with
this alien species was Prionospio multi-
branchiata (Berkeley & Berkeley, 1927),
which was recorded for the first time in
this area. In addition, three nereidids
[Hediste diversicolor (O.F. Miiller, 1776),
Platynereis dumerilii (Audouin & Milne-
Edwards, 1833) and Perinereis cultrifera
(Grube, 1840)], a capitellid [C. capitata]
and a syllid [Salvatoria alvaradoi (San
Martin, 1984)], which is being recorded
for the first time on the coasts of Turkey,
co-existed with P. cornuta at these sam-
pling sites.

During the sampling period, P. cornuta
contributed little to the total faunal abun-
dance, contrary to its large contribution to
the soft-bottom community in the Sea of
Marmara. It attained its maximum density
in November 2004 at station B13. Its mean
abundance ranged between 8.33 and 1000
ind.m? (mean: 117.36 £279.73 SD) and its
percent contribution to the total faunal
populations ranged between 0.02 and 21.86
(mean: 2.07 £6.25 SD) (Figs 3, 5; Table 3).
Similarly, according to CINAR et al. (2008)
P. cornuta was not among the highly domi-
nant species (only 0.19% of overall abun-
dance) in hard-bottom mussel beds of the
area in or around Alsancak Harbor (Izmir
Bay), contrary to the previously studied
soft-bottoms (CINAR et al, 2006). The
maximum density of this worm was record-
ed in fall 2004 and was 1600 ind.m? in hard-
bottoms examined in Izmir Bay (CINAR et
al., 2008).

Abundance values of P. cornuta were
not significantly correlated with water tem-
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perature, salinity and dissolved oxygen at
p<0.05 (Spearman rank correlation and
partial correlation). The Strait’s hard-bot-
tom communities, mainly dominated by
peracarid crustaceans, showed better con-
dition with higher levels of diversity
(range:1.325-3.686, mean:2.77 +0.58 SD)
and number of species (range:13-38,
mean:26.42 =8.13 SD) than the soft-bot-
tom community in which the population of
this alien spionid was found in the Sea of
Marmara (Table 3).

The Sea of Marmara population of P.
cornuta shares some similarities with
soft-bottom populations in Izmir Bay
(Aegean Sea). In both cases, this species
was found in heavily polluted habitats at
a similar depth. The macrofaunal com-
munities studied were mainly colonized
by polychaetes and were characterized by
low diversity, low number of species and
high abundance in both the Sea of Mar-
mara and most sampling sites in Izmir
Bay (CINAR et al., 2005, 2006; ERGEN
et al., 2006). In addition, the two oppor-
tunistic polychaetes, Capitella capitata
and Neanthes succinea, were always
found co-existing with P. cornuta in Izmir
Bay, as in the Sea of Marmara soft-bot-
tom community. It is worth mentioning
that the polychaete species co-existing
with P. cornuta presented a higher diver-
sity in Izmir Bay (CINAR et al, 2006)
than those in the Sea of Marmara. On the
other hand, hard-bottom communities
hosting P. cornuta in the Bosphorus
Strait were dominated by peracarid crus-
taceans instead of polychaetes, which are
unlikely to be found in the hard-bottom
mussel beds examined in Izmir Bay. In
terms of diversity and number of species,
communities in Izmir Bay were substan-
tially richer than those of the Bosphorus
Strait (CINAR et al., 2008).
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Fig. 5: Percent contribution of Polydora cornuta to the total faunal abundance during the study period

in the Bosphorus Strait.

In the Sea of Marmara the highest den-
sity values of P. cornuta were recorded in
the winter months of the present study
(Table 2). In 2002, the maximum density of
this species was observed also in winter
(1940 ind.m?) in Izmir Bay (ERGEN et al,
2006). However, in 2003 maximum density
was observed in summer (3170 ind.m?)
(CINAR et al., 2005), and one year later the
density of this species attained its maximum
level in spring (CINAR et al, 2006). In
addition, because of limited sampling num-
ber and frequency and short sampling peri-
od, hard-bottom data do not allow making
any interpretations on the seasonality of
this species either in Izmir Bay or in the
Bosphorus Strait. Therefore, it is not possi-
ble to arrive at a conclusion about distinct
seasonal abundance pattern for P. cornuta
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in these regions. Unfortunately, TENA et
al. (1991) and SURUGIU (2005) gave no
data concerning the density or abundance
patterns of P. cornuta. Hence, it is not pos-
sible to compare the populations of the
study area with those of Valencia Harbor
(Western Mediterranean) or the Romanian
coast of the Black Sea. Changes in the
abundance pattern of this species may have
occurred asynchronously at different loca-
tions with variable ecological conditions.
Longer-term studies at different sites are
necessary to understand the environmental
variables affecting the abundance and sea-
sonality of this alien species.

The Turkish Straits System, consist-
ing of the Bosphorus and Dardanelles
Straits and the Sea of Marmara, is the
only connection between the Black Sea
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and the Mediterranean. The system hosts
a unique ecosystem formed by its peculiar
biological, physiographical and hydrolog-
ical characteristics (e.g. UNLUATA et
al., 1990; BESIKTEPE et al, 1994;
OZSOY et al, 1996; OZTURK &
OZTURK, 1996). It constitutes a transi-
tion zone between the Black Sea and the
Mediterranean, and plays significant
roles in the biology of these basins. It acts
as a biological barrier limiting the distri-
bution of certain species of both Mediter-
ranean and Black Sea origin. On the
other hand, by means of its two-layered
current regime, many species are able to
penetrate the Black Sea from the Aegean
Sea through the Sea of Marmara and vice
versa, thus the system serves as a biologi-
cal corridor. It is also an acclimatization
zone where some Mediterranean species
can slowly adapt to conditions more simi-
lar to those in the Black Sea, or Black Sea
species to conditions of the Aegean Sea
(OZTURK & OZTURK, 1996;
OZTURK, 2002). In this instance, it is
likely that the Turkish Strait System is the
route of introduction for P. cornuta into
the Black Sea. The system is one of the
busiest waterways in the world with
approximately 50,000 vessels per year
(OZTURK et al, 2001). Therefore, it is
suggested that the most likely vector for
the introduction of this alien species into
the Sea of Marmara is shipping through
the Dardanelles Strait. This species may
undergo a process of acclimatization in
the Sea of Marmara before its introduc-
tion into the Black Sea through the
Bosphorus Strait. In other words, the Sea
of Marmara population of P. cornuta may
be the source population for the intro-
duction of this species into the Black Sea.
However, it is also possible that the dis-
persal of this species in this area may be
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the result of multiple introduction events.
Consequently, the origin of the species’
Black Sea population may be an inde-
pendent introduction process by ships
from outside or inside the Mediter-
ranean. This ambiguity can be resolved by
investigating the spatial and temporal
dynamics of the invasion of this species in
the Mediterranean using molecular
genetic methods.

In conclusion, additional records and
further spatio-temporal studies are needed
to understand the current status of P. cor-
nuta in the Mediterranean. In addition,
long-term monitoring studies will enable
us to have better knowledge of its impact
on native benthic communities.
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