
Citation: Zangaro, F.; Pinna, M.;

Specchia, V. Environmental DNA as

Early Warning for Alien Species in

Mediterranean Coastal Lagoons:

Implications for Conservation and

Management. Diversity 2024, 16, 525.

https://doi.org/10.3390/d16090525

Academic Editors: Piero G. Giulianini,

Michael Wink and Stephan

Koblmüller

Received: 17 June 2024

Revised: 3 August 2024

Accepted: 24 August 2024

Published: 1 September 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

diversity

Article

Environmental DNA as Early Warning for Alien Species in
Mediterranean Coastal Lagoons: Implications for Conservation
and Management
Francesco Zangaro 1,2 , Maurizio Pinna 1,2,3,* and Valeria Specchia 1,2,*

1 Department of Biological and Environmental Sciences and Technologies, DiSTeBA, University of Salento,
Via Monteroni 165, 73100 Lecce, Italy; francesco.zangaro@unisalento.it

2 NBFC—National Biodiversity Future Center, 90133 Palermo, Italy
3 Research Centre for Fisheries and Aquaculture of Acquatina di Frigole, DiSTeBA, University of Salento,

73100 Lecce, Italy
* Correspondence: maurizio.pinna@unisalento.it (M.P.); valeria.specchia@unisalento.it (V.S.)

Abstract: Non-indigenous species (NIS) introduction notoriously threatens the Mediterranean Sea. In
addition, Mediterranean coastal lagoons play a crucial role as nurseries for marine species, which
new NIS arrivals can threaten. Therefore, monitoring and early warning of NIS presence is essential
in preserving biodiversity. An innovative technique for rapid and accurate species identification
and biodiversity screening is the application of environmental DNA (eDNA) metabarcoding. In
this research, different Penaeidae (Arthropoda, Crustacea, Decapoda) NIS specimens were collected
from a Mediterranean coastal lagoon after an early warning about a potentially invasive NIS arising
from next-generation sequencing data. DNA barcoding of the DNA extracted from tissue samples
and amplified with specifically designed primer pairs led to the recognition of Penaeus aztecus in
this NATURA 2000 protected ecosystem for the first time. DNA barcoding from DNA isolated from
the water where the living specimens were stored further validated the possibility of identifying
P. aztecus starting from eDNA. This approach demonstrated the validity of environmental DNA
analysis in the early screening of potentially invasive NIS presence in Mediterranean protected
areas and ecosystems. This work describes an applicative example of the efficacy in improving
the biomonitoring of lagoon ecosystems using molecular tools and it represents a guideline for the
validation of eDNA metabarcoding data for the presence of potentially invasive species.

Keywords: Penaeus aztecus; DNA barcoding; environmental DNA; eDNA metabarcoding;
non-indigenous species; invasive species; coastal lagoons

1. Introduction

With a surface area of 2,500,000 km2, the Mediterranean Sea represents less than 1%
of the world’s ocean area [1]. Despite this, the Mediterranean Sea is one of the richest
reservoirs in the world in terms of marine and coastal biodiversity [2]. The Mediterranean
Sea hosts more than 17,000 marine species, 20–30% of which are endemic, making it the sea
with the highest rate of endemism [1–5].

The impact of non-indigenous species (NIS) on native species is notoriously increas-
ing, leading the Mediterranean scientific community to highlight the importance of early
warnings and monitoring programs on NIS presence and distribution [6–10].

The main recognised source of NIS arrivals in the Mediterranean Sea is represented by
the Suez Canal, which allowed the so-called Lessepsian migration of Indo-Pacific origin
species [11,12]. Other recognised pathways for NIS arrivals in the Mediterranean Sea
include aquaculture, ornamental aquarium-pet trade, ballast waters, oil rigs, and climate
change [9,11,13–15].

Diversity 2024, 16, 525. https://doi.org/10.3390/d16090525 https://www.mdpi.com/journal/diversity

https://doi.org/10.3390/d16090525
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diversity
https://www.mdpi.com
https://orcid.org/0000-0002-5852-5104
https://orcid.org/0000-0001-8335-4098
https://orcid.org/0000-0002-1051-6014
https://doi.org/10.3390/d16090525
https://www.mdpi.com/journal/diversity
https://www.mdpi.com/article/10.3390/d16090525?type=check_update&version=1


Diversity 2024, 16, 525 2 of 12

The regulation (EU) N◦ 1143/2014 of the European Parliament and the Council of
22 October 2014 on the prevention and management of the introduction and spread of
NIS states that early warnings and monitoring programs are key requirements for the
conservation and monitoring of ecosystems [16].

Although a specific gap concerning the NIS barcode availability for the Mediterranean
Sea still needs to be filled, DNA-based approaches are taking place quickly for species
identification and biomonitoring of ecosystems [17–22]. In particular, DNA barcoding
refers to single-species identification using a short DNA fragment. In the metabarcoding
technique, DNA is extracted from a pool of organisms/species, amplified, and then high-
throughput sequenced [18,19,23,24].

The advent of environmental DNA (eDNA) metabarcoding is further facilitating the
data collection for species assessments and ecosystem biomonitoring. Environmental
DNA (eDNA) is DNA from cells, faeces, mucous, gametes, degrading cells or tissues,
and fragments from predation, retrieved in environmental samples like water or sedi-
ment [17–20,22–24].

This approach has not been applied widely for NIS identification, although some
results demonstrate its validity in early warnings in marine and freshwater environ-
ments [25,26].

In this work, we demonstrated that eDNA metabarcoding data can represent an early
alert of potentially invasive NIS presence. We provide a practical guideline for DNA-
based monitoring of NIS using species-specific primer pairs. Specifically, a previous eDNA
metabarcoding assessment performed in a protected Mediterranean lagoon, using Cy-
tochrome c Oxidase subunit I (COI) as the gene marker, unveiled an Operational taxonomic
unit (OTU) annotated as Penaeus genus. These results raised awareness since different
Penaeus NIS were discovered in the Mediterranean Sea [21]. Consequently, the sampling
effort in the lagoon increased and we collected several Penaeus specimens. DNA barcoding
from tissue and water samples was used for species identification through species-specific
primer pairs. The results confirmed the presence of the NIS shrimp Penaeus aztecus in
the lagoon.

2. Materials and Methods
2.1. Study Area and Sampling Protocol

The Aquatina di Frigole lagoon is the study area. It is a coastal lagoon included within
the NATURA 2000 site “Aquatina di Frigole” (IT50003) in southeastern Italy. The lagoon
represents about 3% of the NATURA 2000 site. The surface area is about 42 ha and the
length is about 2 km parallel to the dune cordon. The maximum registered depth is about
1.5 m and the annual maximum registered tidal excursion is about 34 cm.

The lagoon directly connects with the Adriatic Sea through a 400 m long and 15 m
wide channel on the southern boundary. On the northern boundary, a lateral ramification
of the Giammatteo canal represents the freshwater input.

The NATURA 2000 site hosts the Research Centre for Fisheries and Aquaculture of
Aquatina di Frigole, University of Salento, which routinely monitors the biodiversity and
abiotic gradients of the Aquatina di Frigole lagoon in seven surveyed sampling points [22].

On the 3 June 2022, a monthly routine sampling was held in the lagoon. In corre-
spondence with the fourth sampling station, four shrimps were collected using a hand net
(mesh size 0.5 cm). The shrimps were placed in a 10 L bucket filled with water from the
same sampling station and stored for about an hour, until the end of the sampling. All the
collected samples were transported to the Research Centre for Fisheries and Aquaculture,
located adjacent to the lagoon.

Once in the research centre, one litre of water was isolated from the bucket, filtered,
and processed for eDNA applications.

Because of the absence of adult traits and mature gonads, the morphological identifica-
tion of the collected shrimps was doubtful. The identification was approached by applying
the taxonomic keys provided by Pérez Farfante (1988) [27].
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2.2. Penaeus Aztecus Species-Specific Primer Pairs Design

For the molecular confirmation of the Penaeus aztecus species, we designed species-
specific primer pairs. For this purpose, we downloaded from the NCBI GenBank database
(https://www.ncbi.nlm.nih.gov/genbank/ accessed on 3 March 2024) three COI DNA
barcodes per each of three species: Penaeus aztecus, Penaeus vannamei, and Penaeus kerathurus.

We used the open-source software MEGA v.11 (https://www.megasoftware.net ac-
cessed on 4 March 2024) [28] to multi-align the sequences using the Clustal omega (ClustalW)
algorithm. Following the multi-alignment, we identified regions of approximately 20 base
pairs (bp) uniquely conserved for Penaeus aztecus along the entire COI shared sequence.
These uniquely conserved regions guarantee species-specificity during the amplification
phase. The potential primers identified were divided into forward (FWD) and reverse
(REV), named and numbered.

The melting temperature (Tm), the probability of secondary structure generation, and
the possibility of self-annealing into primer dimers were carefully evaluated to guarantee
the primers’ functionality.

The primer pairs (FWD and REV) that presented the most suitable characteristics
for the experimental application were tabulated and subsequently synthesised with the
support of BMR Genomics (Padova, Italy).

2.3. DNA Barcoding Approach

About 800 mg of fresh tissue was isolated from the abdomen of one specimen, carefully
avoiding contamination from the intestinal tract. The isolated tissue was rinsed with
ultrapure sterile water and dried at 37 ◦C for 24 h.

The resulting 220 mg of dry tissue was divided into two equal sub-samples and
processed independently. Each sub-sample was homogenised in 0.7 mL of TNES solution
(Tris 50 mM, NaCl 400 mM, EDTA 100 mM, 0.5% SDS); 5 µL of Proteinase K was added
and the solution was left in a bath at 65 ◦C for 3 h, vortexing every 30 min.

The DNeasy PowerSoil kit (QIAGEN, Hilden, Germany) was applied for DNA extrac-
tion starting from step 5 of the manufacturer’s protocol. The DNA was stored at –20 ◦C
immediately after extraction.

A portion of the COI marker gene was amplified from both DNA samples using the
species-specific primers PaztF4 (5′-GTCACAGCTCACGCTTTC-3′) and PaztR4
(5′-AGGGTCAAAGAAGGATGTATTG-3′). The obtained amplicon is about 450 bp in length.

The PCR reactions were performed in a volume of 50 µL composed of 5 µL 10X reaction
buffer; 1 µL MgCl2 (50 mM); 1 µL dNTP mix (10 mM); 1 µL forward primer (10 µM); 1 µL
reverse primer (10 µM); 10 ng DNA; 0.2 µL Platinum Taq (5 U/µL; Life Technologies,
Carlsbad, CA, USA); and sterile water to reach a volume of 50 µL.

The amplification programs included the following phases: initial denaturation at
95 ◦C for 5 min, followed by thirty cycles of denaturation (95 ◦C for 30 s), annealing (55 ◦C
for 30 s), extension (72 ◦C for 1 min), and a final extension at 72 ◦C for 10 min.

The amplicons were purified using the PCR Purification kit following the manufacturer’s
protocol. The purified amplicons were Sanger-sequenced by BMR Genomics (Padova, Italy).
The sequencings were encoded as DNA_Pazt_Rev4_1; and DNA_Pazt_Rev4_2.

2.4. Mapping of Previous Observations in the Mediterranean Sea

Scientific literature about P. aztecus occurrences in the Mediterranean Sea was obtained
from multiple databases related to cross-disciplinary research, such as Web of Science
(http://www.webofknowledge.com/ accessed on 8 January 2024), Science Direct (http:
//www.sciencedirect.com accessed on 10 January 2024), and Google Scholar (http://
scholar.google.com accessed on 12 January 2024). Scientific literature published up to
December 2023 was selected. Different combinations of the keywords “Penaeus aztecus”,
“Farfantepenaeus aztecus”, “brown shrimp” and “Mediterranean Sea” were used.

Scientific literature data were mapped at the Mediterranean Sea scale using QGIS
v3.32.0 (https://qgis.org accessed on 28 February 2024). Data published in peer-reviewed

https://www.ncbi.nlm.nih.gov/genbank/
https://www.megasoftware.net
http://www.webofknowledge.com/
http://www.sciencedirect.com
http://www.sciencedirect.com
http://scholar.google.com
http://scholar.google.com
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scientific journals were preferred, as this is believed to ensure data reliability owing to the
peer-review process before publication.

2.5. Environmental DNA (eDNA) Barcoding for NIS Biomonitoring

One litre of the water in which the living shrimps were stored and transported to the
Research Centre for Fisheries and Aquaculture of Aquatina di Frigole was filtered through
a 0.45 µm cellulose filter of 47 mm diameter (Mixed Cellulose Ester filters, Advantec®,
Taipei, Taiwan).

The DNA was extracted from the filter using the DNeasy PowerWater kit (QIAGEN,
Hilden, Germany) following the manufacturer’s protocol. The extracted DNA was immedi-
ately stored at –20 ◦C.

A portion of the COI marker gene was amplified using the species-specific primers PaztF3
(5′-TACAGCTCTTAGACTTATCATT-3′), PaztR2 (5′-GTGTTGATATAAGACAGGATCT-3′),
PaztF4, and PaztR4. The obtained amplicon for the first primer set is about 560 bp long,
and about 450 bp for the second primer set.

Both PCR reactions were performed in a volume of 50 µL composed of 5 µL 10X
reaction buffer; 1 µL MgCl2 (50 mM); 1 µL dNTP mix (10 mM); 1 µL forward primer
(10 µM); 1 µL reverse primer (10 µM); 10 ng DNA; 0.2 µL Platinum Taq (5 U/µL; Life
Technologies, Carlsbad, CA, USA); and sterile water to reach a volume of 50 µL.

The first amplification program included the following phases: initial denaturation at
95 ◦C for 5 min, followed by thirty cycles of denaturation (95 ◦C for 30 s), annealing (50 ◦C
for 30 s), extension (72 ◦C for 1 min), and a final extension at 72 ◦C for 10 min.

The second amplification program included the following phases: initial denaturation
at 95 ◦C for 5 min, followed by thirty cycles of denaturation (95 ◦C for 30 s), annealing
(55 ◦C for 30 s), extension (72 ◦C for 1 min), and a final extension at 72 ◦C for 10 min.

The amplicons were purified using the PCR Purification kit following the manu-
facturer’s protocol. The purified amplicons were Sanger-sequenced by BMR Genomics
(Padova, Italy). The sequencings were encoded as eDNA_Pazt_For4; eDNA_Pazt_For3;
eDNA_Pazt_Rev4; and eDNA_Pazt_Rev2.

2.6. Maximum Likelihood Species Delimitation Analysis

Chromatograms were examined for both DNA and eDNA barcoding approaches.
Sequences whose chromatograms displayed baseline noise were not included in further
analysis. Chromatograms were analysed using the software MEGA v.11. The initial and
final regions of the retained sequences were discarded.

GenBank was queried for downloading 5 COI sequences per each of three species:
Penaeus aztecus, Penaeus vannamei, and Penaeus kerathurus. The search engine was queried
as (“Species name” [Organism] OR Species name [All Fields]) AND COI [All Fields]. The first
five results for each species were downloaded for analysis.

The sequences were multi-aligned using the ClustalW algorithm using the MEGA v.11
alignment options. The multi-alignment was used to construct the maximum likelihood
tree in MEGA v.11. For the tree construction, the test of phylogeny was set on bootstrap with
1000 bootstrap replications. The nucleotide substitution model was set on Jukes–Cantor
with no outgroup. The statistical method was set on maximum likelihood.

The resulting tree was used to infer putative species boundaries by applying a Bayesian
implementation of the Poisson tree processes (bPTP) model for species delimitation [29].
For the bPTP model, 100,000 Markov chain Monte Carlo (MCMC) generations with 123
seed and 0.1 burn-in were applied.

The final rendering of the maximum likelihood phylogenetic tree with species delimi-
tation was obtained through the interactive tree of life (iTOL) v.5 tool [30].
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3. Results
3.1. Early Warning and Taxonomic Validation

The first early warning about a living population of non-indigenous penaeids in the
lagoon dates back to October 2020 from an eDNA metabarcoding survey [21]. In this
survey, the COI marker gene was used to assess the biodiversity of Aquatina di Frigole
lagoon [21]. As reported in the Supplementary Table S2 [21], a COI OTU was annotated as
Penaeus genus.

In June 2022, four uncommon juvenile shrimps were collected during biological sam-
plings held in the Aquatina di Frigole lagoon (Figure 1). Because of the absence of adult
traits and mature gonads, the morphological identification was doubtful. The morphologi-
cal keys suggested the identification of juvenile specimens of Penaeus aztecus [27].
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Figure 1. One specimen of the shrimps collected in June 2022 in the coastal lagoon of Aquatina,
located in the Aquatina di Frigole NATURA 2000 site (IT9150003): (a) dorsal view; (b) lateral view;
(c) detail of the cephalothorax; (d) detail of the last abdominal segment.

DNA barcoding was performed to overcome the taxonomic annotation issue. Through
BLASTn in NCBI, the results of the Sanger sequencing confirmed the annotation of the
collected shrimps as Penaeus aztecus (Table 1).

Table 1. Synthetic table of the BLASTn results for the Sanger sequences of the DNA and eDNA
amplicons.

Sequence Taxonomic Annotation Query Cover Percentage of Identity

DNA_Pazt_Rev4_1 Penaeus aztecus 99% 99.50%
DNA_Pazt_Rev4_2 Penaeus aztecus 100% 99.75%
eDNA_Pazt_For3 Penaeus aztecus 100% 100%
eDNA_Pazt_Rev4 Penaeus aztecus 100% 100%

These results confirmed the taxonomic annotation of the collected shrimps as juvenile
Penaeus aztecus and the presence of a population of this NIS in the Aquatina di Frigole
lagoon for the first time.
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3.2. Validation of the Presence of P. aztecus DNA in Water

The water in which the shrimps were stored was used for DNA extraction and amplifi-
cation to validate the P. aztecus DNA release in water. Sanger sequencing of COI amplicons
and BLASTn in NCBI confirmed the annotation of the barcodes belonging to Penaeus.
aztecus (Table 1).

The results from this experiment confirmed the validity of eDNA extracted from water
samples to monitor the presence and distribution of Penaeus aztecus in Mediterranean
coastal waters. Also, these results demonstrate the validity of this approach in monitoring
potentially invasive NIS through eDNA isolated from environmental matrices.

3.3. Maximum Likelihood Species Delimitation

The sequences obtained through DNA and eDNA barcoding and the reference se-
quences obtained from GenBank (File S1 were used to create a maximum likelihood phylo-
genetic tree. The tree was then used for the bPTP species delimitation analysis.

Applying the bPTP model to infer putative species boundaries resulted in good MCMC
chains convergence (Figure S1). This validates the reliability of the Bayesian support values
reported in the highest Bayesian-supported solution tree (Figure S2 and Table S1).

Through iTOL v.5, the maximum likelihood phylogenetic tree displaying species
boundaries was built (Figure 2). The sequences obtained in our experiments clustered with
Penaeus aztecus COI sequences.
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rus COI sequences for bPTP species delimitation analysis. The reported codes refer to GenBank
accession numbers.
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3.4. Distribution of P. aztecus in the Mediterranean Sea

Our results add a new coastal lagoon ecosystem within the known distribution range
of the NIS Penaeus aztecus in the Mediterranean Sea. The first observation in the Mediter-
ranean Sea dates back to 2009 in the Gulf of Antalya [29], probably due to the unintentional
transport of larvae via ballast waters. In the following years, Penaeus aztecus presence was re-
ported in different localities in the Mediterranean Sea (Table 2 and Figure 3), demonstrating
its potential invasiveness.

Table 2. First records of Penaeus aztecus in the Mediterranean Sea, ordered by date.

Locality and the First Observation Reference

Serik 2009 [31]
Papanika Lagoon 2012 [32]
Papapouli Lagoon 2012 [32]

Nile Delta 2012 [33]
Gulf of Antalya 2013 [34]
Gulf of Finike 2013 [34]

Gulf of İskenderun 2013 [34]
Yumurtalık 2013 [34]

Corfu Island 2013 [35]
Thermaikos Gulf 2013 [36]

Boka Kotorska Bay 2013 [37]
Argolikos Gulf 2013 [38]

Kyllini 2014 [39]
Castiglione della Pescaia 2014 [40]

Follonica Gulf 2014 [40]
Chalki Island 2014 [41]

Nestos River estuaries 2014 [38]
Le Grau-du-Roi 2015 [42]

Palmahim 2015 [42]
Gela 2015 [43]

Mazzara del Vallo 2015 [43]
Porto Empedocle 2015 [43]

Bari 2015 [44]
Pescara 2015 [44]

Çandarlı Bay 2016 [45]
Ildır Bay 2016 [45]
Termoli 2016 [44]

The Ibrice 2016 [46]
Hvarski kanal 2016 [47]
Vivari Lagoon 2017 [48]
The Bozkurt 2017 [46]

İskenderun Bay 2017 [49]
Mersin Bay 2017 [49]

Neretvanski kanal 2017 [47]
Marzamemi 2018 [50]

Pozzallo 2018 [50]
Vlora Bay 2018 [50]

Murtersko more 2018 [47]
Viški kanal 2018 [47]

Cape Teulada 2019 [51]
Cavtat 2019 [47]

Tunisi Gulf 2020 [52]
Abu-Qir 2020 [53]

Umm-Hufayn Lagoon 2020 [54]
Ancona 2021 [55]

Porto Civitanova 2021 [55]
Roccella Ionica 2021 [55]

San Benedetto del Tronto 2021 [55]
Aquatina di Frigole 2022 Present Study
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Figure 3. First confirmed records of Penaeus aztecus, showing its distribution in the Mediterranean Sea.
The focus is on the Aquatina di Frigole coastal lagoon, in the present study. The map was generated
using QGIS v3.32.0 (https://qgis.org accessed on 28 February 2024).

4. Discussion

The Directive 2008/56/EC of the European Parliament and of the Council of 17 June
2008 established a framework for community action in marine environmental policy (Ma-
rine Strategy Framework Directive). To help EU countries achieve good environmental
status (GES), the directive set out 11 illustrative qualitative descriptors. Specifically, de-
scriptor 2 states “non-indigenous species do not adversely alter ecosystems”.

Reaching the descriptor 2 objective requires much information about NIS in the
Mediterranean Sea. Gathering information about NIS presence and distribution requires
constant early warnings and monitoring programs.

In this work, results from an eDNA metabarcoding survey [21] raised awareness
concerning the presence of non-indigenous penaeids in a NATURA 2000 protected Mediter-
ranean coastal lagoon. The OTU annotations were limited to the genera, but the unusual
retrieving of the genus Penaeus in a shallow Mediterranean coastal lagoon represented an
alert about the presence of a new NIS in the area. This led to the need for biomonitoring ac-
tions to shed light on the presence of potentially invasive NIS in the lagoon. The following
samplings allowed the collection of some uncommon juvenile shrimps.

Molecular tools can face some difficulties, e.g., the need for short DNA fragments, the
requirement of specific template concentrations, and the correct binding efficiency of the
primers during reactions. However, the application of DNA-based tools, exploiting both
DNA isolated from tissue and eDNA isolated from water, allowed the first identification of
Penaeus aztecus in the Aquatina di Frigole lagoon.

The results from a molecular survey conducted in October 2020 [21] and the identifica-
tion of juvenile Penaeus aztecus in 2022 suggest the presence of a stable and reproducing
population in the protected Aquatina di Frigole lagoon.

https://qgis.org
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The application of DNA barcoding on DNA samples isolated from water further
confirmed the efficacy of eDNA-based approaches for the early warnings and monitoring
programs that are essential for gathering information about NIS in the Mediterranean Sea.
These are fast, reliable, cost-effective approaches requiring low personnel effort.

The application of the bPTP model for maximum likelihood species delimitation anal-
ysis and the obtained results confirmed the reliability of COI as a marker gene for species
identification, not only in tissue samples but also in environmental samples. Although a
barcode gap still exists for Mediterranean-confirmed NIS [20], these findings highlight that
eDNA metabarcoding surveys are effective in raising awareness and extensively monitoring
the presence and distribution of NIS in the Mediterranean Sea.

Moreover, coastal lagoons are transitional water bodies between marine and freshwater
ecosystems that represent important nurseries for many species reproducing in these
areas [56–59]. The finding of juvenile Penaeus aztecus specimens in a NATURA 2000
protected coastal lagoon demonstrates the importance of monitoring these ecosystems, in
which potentially invasive NIS may find the ideal conditions for reproduction.

In addition, the design and validation of species-specific primer pairs for Penaeus
aztecus allowed the identification of this NIS, providing a useful guideline for monitoring
the presence and distribution of P. aztecus and other NIS in the Mediterranean Sea. For such
reasons, we not only encourage collaboration among researchers in this sector, but we also
stress the importance of training and involvement of researchers from countries that are
potential sources of new and hard-to-detect NIS.

In conclusion, it is essential to underline that molecular techniques represent a great
opportunity to improve studies about the occurrence and distribution of NIS. Hence, a
specific gap needs to be filled by the scientific community to make molecular identification
efficient and independent at a regional, national, and international level.

Supplementary Materials: The following supporting information can be downloaded at: https:
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trace plot of MCMC iterations after thinning; Figure S2: Highest Bayesian supported solution
tree annotated with Bayesian support values; Table S1: Most supported partition found by simple
heuristic search.
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et al. New Alien Mediterranean Biodiversity Records (March 2020). Mediterr. Mar. Sci. 2020, 21, 129–145. [CrossRef]

10. Tsiamis, K.; Azzurro, E.; Bariche, M.; Çinar, M.E.; Crocetta, F.; De Clerck, O.; Galil, B.; Gómez, F.; Hoffman, R.; Jensen, K.R.; et al.
Prioritizing Marine Invasive Alien Species in the European Union through Horizon Scanning. Aquat. Conserv. 2020, 30, 794–845.
[CrossRef]

11. Galil, B.S.; Marchini, A.; Occhipinti-Ambrogi, A.; Minchin, D.; Narščius, A.; Ojaveer, H.; Olenin, S. International Arrivals:
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