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ABSTRACT

Aim: This research investigates the distribution of the non-indigenous calanoid copepod Pseudodiaptomus marinus Sato, 1913
in Italian coastal waters as retrieved by the data collected in the Marine Strategy Framework Directive (MSFD) programme in
the 2015-2023 time window.

Location: Italian marine coastal waters, Mediterranean Sea.

Taxon: Pseudodiaptom marinus Sato, 1913 (Copepoda, Calanoida).

Methods: The occurrence of P. marinus along the Italian coasts was checked in the Italian MSFD database, focusing on
Descriptor 1 (D1: marine biodiversity) and Descriptor 2 (D2: non-indigenous species). The temporal and seasonal patterns at a
key site (port of Civitavecchia) were also examined.

Results: The MSFD records account for a ~15% increase in the number of P. marinus occurrences in Italian waters, expanding
the documented range of this species. Records were more abundant in ports and coastal sites, and copepodites dominated the
observations. In addition, the seasonal analysis at the port of Civitavecchia showed late-summer peaks, indicating recurrent
recruitment and establishment.

Main Conclusions: These findings demonstrate the ongoing expansion and successful establishment of P. marinus along the
Italian coasts and confirm the role of coastal infrastructures as primary introduction pathways. This study highlights the im-
portance of constant monitoring of the coastal areas to assess the introduction and establishment of non-indigenous species, and
underlines the pivotal role of broad-scale initiatives like the MSFD to solicit transnational initiatives.

1 | Introduction and altering ecosystem functioning (Briggs 2007; Katsanevakis

et al. 2014). The Mediterranean Sea is a global hotspot for ma-
Biological invasions are major drivers of biogeographical rine bioinvasions due to intense maritime traffic and multiple
change in marine ecosystems, reshaping community structure introduction pathways (e.g., Suez Canal, shipping, aquaculture)
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(Galilet al. 2018). Within the Mediterranean Sea, Italy is the most
invaded EU country currently hosting 282 non-indigenous spe-
cies (NIS) and ranking third at basin scale following Israel (457
NIS) and Tiirkiye (437) (Galanidi et al. 2023). The number of NIS
in Italy has increased over the years (Occhipinti-Ambrogi 2002;
Occhipinti-Ambrogi et al. 2011; Servello et al. 2019), following
the same trend reported at the Mediterranean and global scale
(Richardson et al. 2025).

Zooplankton invaders are increasingly recognised as sensitive
indicators of ecosystem change and shifting biogeographical
boundaries (Dexter and Bollens 2020). Among Crustacea, the
second most abundant taxon following macrophyta, nine non-
indigenous copepods have been recorded in Italian waters to
date, including the calanoid Pseudodiaptomus marinus Sato,
1913 (Servello et al. 2019). This species was recognised as one of
the 26 top-priority NIS in a horizon-scanning study performed
at European level (Tsiamis et al. 2020), and is included in the
information systems AquaNIS—Aquatic Non-Indigenous and
Cryptogenic Species (AquaNIS 2025) and EASIN—European
Alien Species Information Network (EASIN 2025). However,
due to its small dimensions and the taxonomic expertise re-
quired to identify it, this species is presently not ranked among
the 18 ones suitable for risk assessment (Tsiamis et al. 2020). In
Italy, P. marinus has been recorded since 2007, first in the North
Adriatic Sea (de Olazabal and Tirelli 2011) and then progres-
sively in all Italian seas over a time interval of approximately
18years (Sabia et al. 2015; Uttieri et al. 2020, 2023), raising ques-
tions about its establishment success, seasonal population dy-
namics and dispersal pathways. These previous records come
from heterogeneous sampling efforts, including periodic long-
term samplings and oceanographic cruises (as reviewed in:s
Uttieri et al. 2020, 2023). As such, these datasets differ in spatial
coverage and sampling methodology, limiting their ability to
provide a unified view of invasion patterns.

The constant monitoring of coastal areas is pivotal in the as-
sessment of ecosystem biodiversity, in particular with reference
to the introduction and establishment of NIS (Galil et al. 2018),
one of the major human-derived pressures in the global ocean
(Georgian et al. 2022). The European Water Frame Directive
(2000/60/EEC) was committed to achieve Good Ecological
Status (GES) in the water bodies of the Member States, but it
did not explicitly mention NIS, which were indirectly and ge-
nerically accounted for as ‘other significant anthropogenic im-
pacts’ (Council of the European Communities 2000). Later on,
NIS formally became a key descriptor for the assessment of GES
in the Marine Strategy Framework Directive (MSFD) (Boon
et al. 2020). The MSFD offers a unique opportunity to overcome
the above limitations by applying standardised methods across a
national coastline. In particular, Descriptor 2 (D2) of the MSFD
(non-indigenous species; European Commission 2010) boosted
the overall knowledge about the time of arrival, introduction
pathway, potential invasiveness and establishment success of
NIS at European scale (e.g., Tsiamis et al. 2019, 2018; Zenetos
et al. 2010; Zenetos, Tsiamis, et al. 2022).

In this study, the MSFD data collected in Italy over the 2015-
2023 window were systematically used to integrate and expand
upon the distribution of P. marinus along the Italian coastline
(Sabia et al. 2015; Uttieri et al. 2020, 2023). The new records

presented in this contribution provide a more exhaustive view
of the presence of this NIS in Italian waters, witnessing a signif-
icant expansion of P. marinus in new areas, while at the same
time assessing the successful establishment of this NIS in nu-
merous previously introduced sites. In addition, they provide
insight into the relationship between the presence of this spe-
cies and environmental parameters (salinity, temperature and
sea depth), as well as into the interannual seasonal patterns of
abundance of this species at a key site. Through this approach,
we aim to advance knowledge of the introduction trajectory of
P. marinus in the Mediterranean Sea and to demonstrate the
central role of transnational programmes, such as the MSFD, to
monitor biological invasion biogeography in near real time.

2 | Methods

2.1 | Zooplankton Sampling and Taxonomic
Analysis

Zooplankton data collected along the Italian coasts between
2015 and 2023 under the MSFD programme were down-
loaded from the publicly available ISPRA (Italian Institute for
Environmental Protection and Research) repository (http://
www.db-strategiamarina.isprambiente.it/app/#/datiMonito
raggio20182023). In particular, the attention was focused here
on Descriptor 1 (D1: marine biodiversity) and Descriptor 2 (D2:
non-indigenous species) to improve the monitoring of the occur-
rence of Pseusodiaptomus marinus along the Italian coastline.
The analysis of the zooplankton community in terms of taxa
composition and abundance was carried out for Descriptor 1
(D1: marine biodiversity) and Descriptor 2 (D2: non-indigenous
species), presented as Module 1 and 3 on the website, respec-
tively. Zooplankton samples were collected through vertical
hauls using a WP2 plankton net (200um mesh size). The net
was towed from —50m to the surface in coastal areas, and
from —100m to the surface in offshore ones. If the site depth
was <50m, the net was towed starting 1 m above the bottom
(SNPA 2024).

The sampling strategy differed between the two descriptors.
For D1, samples were collected at three sites located at 3, 6 and
12 miles off the coast along a series of transects (between two and
seven for each administrative region, according to the mapping
provided in SNPA 2024), every 3 months. For D2, samples were
collected at a minimum of two sampling stations in each admin-
istrative region in highly impacted locations, namely in ports
(docks for loading/unloading of goods; areas for the discharge
of ballast waters) and in proximity of shellfish farming (but suf-
ficiently distant from port areas), every 2months (SNPA 2024).
No D2 sampling was carried out in the Basilicata and Molise
regions. In the following sections, the term ‘location’ is used to
define the geographic toponym of the surveyed area, whereas
‘sampling station ID’ refers to the actual site where the samples
have been collected (Table 1). Details on the sampling stations
and dates are summarised in the Table S1 and Figure S1.

Mesozooplankton samples were immediately preserved in 70%
ethanol solution, stored at 4°C and preferentially analysed within
2weeks to avoid organism deterioration (SNPA 2024). For abun-
dance and taxonomic composition, zooplankton individuals were
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TABLE1 | Listofall Pseudodiaptomus marinus finds during the 2015-2023 MSFD campaign.

D Location (Sampling Station ID) Lat (°N) Lon (°E) Y M ind.m™3 Stage P.marinus status

1 Gaeta (IT_m1lt01_12) 41.039 13.604 2019 7 1.23 A N

1 Gaeta (IT_m1lt01_3) 41.198 13.611 2019 7 11.76 A N

1 Gaeta (IT_m11t01_6) 41.152 13.608 2019 6 2.23 A N_nE

1 Gaeta (IT_m11t01_6) 41.152 13.608 2019 6 2.23 C N_nE

1 Gaeta (IT_m11t01_6) 41.152 13.608 2019 7 3.42 A N_nE

1 Gulf of Olbia (0129-MS00730_TR03) 40.963 9.626 2016 1 0.70 A N

1 Ladispoli (IT_m1rm03_6) 41.863 11.996 2019 8 4.97 A N

1 Lido di Tarquinia (IT_m1vt04_3) 42.208 11.637 2018 11 3.33 A N_E

1 Lido di Tarquinia (IT_m1vt04_3) 42.208 11.637 2019 6 12.00 C N_E

1 Lido di Tarquinia (IT_m1vt04_3) 42.208 11.637 2022 10 4.66 C N_E

1 Lignano Sabbiadoro (ITAO6SMLG1) 45.643 13.181 2015 11 11.33 A E

1 Lignano Sabbiadoro (ITAO6SMLG1) 45.643 13.181 2016 7 4.71 A E

1 Lignano Sabbiadoro (ITAO6SMLG1) 45.643 13.181 2016 11 1.49 A E

1 Lignano Sabbiadoro (ITAO6SMLG1) 45.643 13.181 2017 7 2.83 C E

1 Lignano Sabbiadoro (ITAO6SMLG1) 45.643 13.181 2020 7 13.05 C E

1 Lignano Sabbiadoro (ITAO6SMLG1) 45.643 13.181 2020 11 6.52 C E

1 Lignano Sabbiadoro (ITAO6SMLG1) 45.643 13.181 2023 11 0.88 C E

1 Lignano Sabbiadoro (ITAO6SMLG2) 45.608 13.233 2016 7 2.57 A E

1 Lignano Sabbiadoro (ITAO6SMLG3) 45.55 13.318 2016 7 4.04 A E

1 Ofanto river mouth (3F002bis) 41.404 16.235 2022 2 5.86 A N

1 Pellestrina island (50530) 45.288 12.38 2019 7 0.18 A N_E?

1 Pellestrina island (50530) 45.288 12.38 2021 7 0.61 A N_E?

1 Pellestrina island (60530) 45.285 12.45 2017 11 0.23 A N_nE

1 Pellestrina island (60530) 45.285 12.45 2021 7 0.85 A N_nE

1 Pellestrina island (70530) 45.278 12.592 2017 7 0.22 A N_E

1 Pellestrina island (70530) 45.278 12.592 2017 7 0.05 C N_E

1 Pellestrina island (70530) 45.278 12.592 2020 6 0.05 C N_E

1 Pellestrina island (70530) 45.278 12.592 2021 7 0.08 C N_E

1 Rimini (2017) 44.209 12.812 2021 12 0.60 A E

1 Rimini (617) 44113 12.636 2022 11 0.85 C E

1 Rosolina Mare (50720) 45.098 12.417 2017 7 0.39 A E

1 Rosolina Mare (50720) 45.098 12.417 2018 7 1.78 A E

1 Rosolina Mare (50720) 45.098 12.417 2018 7 7.11 C E

1 Rosolina Mare (50720) 45.098 12.417 2021 7 0.07 C E

1 Rosolina Mare (60720) 45.122 12.482 2021 7 0.36 A N

1 Rosolina Mare (60720) 45.122 12.482 2021 7 22.74 C N

1 Rosolina Mare (70720) 45.168 12.606 2017 11 0.28 A nE

1 Rosolina Mare (70720) 45.168 12.606 2018 1 0.72 A nE
(Continues)
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TABLE1 | (Continued)

D Location (Sampling Station ID) Lat (°N) Lon (°E) Y M ind.m™3 Stage P.marinus status

1 Salerno (M1GS6) 40.566 14.735 2021 7 2.51 A E

1 Trieste (ITAO6SMTS1) 45.649 13.695 2015 11 46.90 C E

1 Trieste (ITAO6SMTS1) 45.649 13.695 2016 7 3.53 A E

1 Trieste (ITAO6SMTS1) 45.649 13.695 2016 11 23.56 A E

1 Trieste (ITAO6SMTS1) 45.649 13.695 2017 5 1.66 A E

1 Trieste (ITAO6SMTS1) 45.649 13.695 2021 7 7.07 C E

1 Trieste (ITAO6SMTS1) 45.649 13.695 2023 11 2.69 C E

1 Trieste (ITAO6SMTS2) 45.638 13.626 2016 7 2.83 A E

1 Trieste (ITAO6SMTS2) 45.638 13.626 2016 11 5.93 A E

1 Trieste ITAO6SMTS2) 45.638 13.626 2017 7 3.77 C E

1 Trieste ITAO6SMTS2) 45.638 13.626 2021 11 1.55 C E

1 Trieste (ITAO6SMTS2) 45.638 13.626 2022 11 1.66 C E

1 Trieste ITAO6SMTS2) 45.638 13.626 2023 11 9.42 C E

1 Trieste ITAO6SMTS3) 45.615 13.487 2015 11 11.00 C E

1 Trieste ITAO6SMTS3) 45.615 13.487 2016 11 2.98 A E

1 Trieste ITA0O6SMTS3) 45.615 13.487 2019 7 3.53 C E

1 Trieste ITAO6SMTS3) 45.615 13.487 2021 7 2.83 C E

1 Trieste ITAO6SMTS3) 45.615 13.487 2022 7 1.57 C E

1 Trieste ITAO6SMTS3) 45.615 13.487 2023 11 1.13 C E

1 Volturno mouth (M1FV3) 40.996 13.869 2021 7 0.20 A N

2 Gioia Tauro (M3T2A) 38.443 15.898 2019 9 3.59 A nE

2 Gioia Tauro (M3T2B) 38.455 15.904 2018 12 6.68 A nE

2 La Spezia (SPNIS1) 44.071 9.857 2023 10 1.10 A N

2 Marina di Ravenna (RAOUT) 44.489 12.315 2015 11 11.50 A E

2 Marina di Ravenna (RAOUT) 44.489 12.315 2018 7 2.60 A E

2 Marina di Ravenna (RAOUT) 44.489 12.315 2022 11 6.06 C E

2 Pellestrina island (50530) 45.288 12.38 2015 12 0.52 A N_E?

2 Pellestrina island (50530) 45.288 12.38 2017 7 0.39 A N_E?

2 Pellestrina island (50530) 45.288 12.38 2017 11 0.30 A N_E?

2 Pellestrina island (50530) 45.288 12.38 2021 7 0.42 A N_E?

2 Pellestrina island (80530) 45.302 12.501 2015 12 2.81 A E

2 Pellestrina island (80530) 45.302 12.501 2016 9 0.45 A E

2 Pellestrina island (80530) 45.302 12.501 2017 5 0.44 A E

2 Pellestrina island (80530) 45.302 12.501 2017 7 0.41 A E

2 Pellestrina island (80530) 45.302 12.501 2017 11 0.20 A E

2 Pellestrina island (80530) 45.302 12.501 2021 7 0.22 A E

2 Port of Brindisi (M3_BR02) 40.649 17.967 2020 9 7.00 A N

2 Port of Brindisi (M3_BR02) 40.649 17.967 2022 7 179.00 A N

(Continues)
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TABLE1 | (Continued)

D Location (Sampling Station ID) Lat (°N) Lon (°E) Y M ind.m™3 Stage P.marinus status
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2015 11 7.73 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2015 11 7.73 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2016 2 7.12 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2016 2 7.12 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2016 9 12.29 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2016 9 841.90 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2017 1 1.43 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2017 2 3.61 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2017 11 0.91 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2017 11 40.19 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2018 1 2.00 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2018 1 11.00 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2018 10 74.00 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2018 10 864.54 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2018 11 115.00 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2018 11 118.00 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2019 2 4.92 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2019 5 18.11 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2019 9 8.00 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2019 12 12.88 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2020 1 2.44 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2020 5 41.96 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2020 7 74.79 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2020 11 155.40 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2021 4 22.07 C E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2022 1 15.45 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2022 6 6.76 A E
2 Port of Civitavecchia (IT_m3rm1) 42.099 11.777 2023 1 23.66 A E
2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2015 11 5.30 C E
2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2016 9 5.41 A E
2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2016 9 600.20 C E
2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2017 3 4.74 C E
2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2017 11 24.14 C E
2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2018 10 4.00 A E
2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2018 10 219.00 C E
2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2018 11 2.00 A E
2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2018 11 97.00 C E
2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2019 2 1.25 C E
(Continues)
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TABLE1 | (Continued)

D Location (Sampling Station ID) Lat (°N) Lon (°E) Y M ind.m™3 Stage P.marinus status

2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2019 3 10.01 C E

2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2019 5 4.19 C E

2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2019 8 3.98 A E

2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2019 9 7.14 C E

2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2019 12 1.80 A E

2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2019 12 1.80 C E

2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2020 5 120.80 C E

2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2020 7 42.49 C E

2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2020 11 204.60 C E

2 Port of Civitavecchia (IT_m3rm?2) 42.104 11.768 2021 4 86.30 C E

2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2022 9 15.90 A E

2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2023 1 23.33 A E

2 Port of Civitavecchia (IT_m3rm2) 42.104 11.768 2023 3 1.57 A E

2 Port of Naples (M3PN1) 40.837 14.264 2021 5 0.22 A N

2 Port of Naples (M3PN2) 40.827 14.261 2021 7 6.69 A N

2 Port of Salerno (M3PS1) 40.67 14.749 2022 9 50.16 A N

2 Port of Taranto (M3_TAO01) 40.468 17.19 2023 3 5.00 A nE

2 Porto Corsini (RAIN) 44.495 12.294 2022 9 1.00 C E

2 Porto Corsini (RAIN) 44.495 12.294 2022 11 33.83 M E

2 Porto Corsini (RAIN) 44.495 12.294 2023 1 1.23 A E

2 Sacchetta Trieste basin 45.652 13.756 2015 7 0.77 C E
(ITAO6SMNTI1)

2 Sacchetta Trieste basin 45.652 13.756 2015 9 0.59 C E
(ITAO6SMNI1)

2 Sacchetta Trieste basin 45.652 13.756 2015 11 1.77 A E
(ITAO6SMNI1)

2 Sacchetta Trieste basin 45.652 13.756 2015 11 31.04 C E
(ITAO6SMNI1)

2 Sacchetta Trieste basin 45.652 13.756 2016 1 1.87 Cc E
(ITAO6SMNI1)

2 Sacchetta Trieste basin 45.652 13.756 2016 7 3.24 A E
(ITAO6SMNT1)

2 Sacchetta Trieste basin 45.652 13.756 2016 9 1.26 C E
(ITAO6SMNT1)

2 Sacchetta Trieste basin 45.652 13.756 2016 11 1.26 A E
(ITAO6SMNI1)

2 Sacchetta Trieste basin 45.652 13.756 2016 11 8.08 C E
(ITAO6SMNI1)

2 Sacchetta Trieste basin 45.652 13.756 2017 9 0.16 A E
(ITAO6SMNI1)

(Continues)
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TABLE1 | (Continued)

D Location (Sampling Station ID) Lat (°N) Lon (°E) Y M ind.m™3 Stage P.marinus status

2 Sacchetta Trieste basin 45.652 13.756 2017 11 0.50 A E
(ITAO6SMNTI1)

2 Sacchetta Trieste basin 45.652 13.756 2020 7 0.54 Cc E
(ITAO6SMNI1)

2 Sacchetta Trieste basin 45.652 13.756 2020 9 1.36 C E
(ITAO6SMNT1)

2 Sacchetta Trieste basin 45.652 13.756 2020 11 5.96 A E
(ITAO6SMNT1)

2 Sacchetta Trieste basin 45.652 13.756 2021 7 4.71 C E
(ITAO6SMNT1)

2 Sacchetta Trieste basin 45.652 13.756 2021 11 7.49 C E
(ITAO6SMNT1)

2 Sacchetta Trieste basin 45.652 13.756 2022 1 0.27 A E
(ITAO6SMNTI1)

2 Sacchetta Trieste basin 45.652 13.756 2022 7 0.50 C E
(ITAO6SMNI1)

2 Sacchetta Trieste basin 45.652 13.756 2022 11 0.50 Cc E
(ITAO6SMNI1)

2 Sacchetta Trieste basin 45.652 13.756 2023 11 3.53 C E
(ITAO6SMNT1)

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2015 9 0.24 A E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2015 9 0.94 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2015 11 1.47 A E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2015 11 13.84 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2016 1 0.94 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2016 7 1.99 A E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2016 9 0.34 A E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2016 9 1.01 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2016 11 14.41 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2017 5 0.44 A E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2017 7 2.45 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2017 9 1.33 A E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2017 11 0.47 A E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2018 11 0.44 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2019 7 0.25 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2019 11 0.27 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2020 7 0.81 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2020 9 6.80 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2020 11 2.29 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2021 7 15.08 C E

2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2021 11 4.91 C E

(Continues)
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TABLE1 | (Continued)

D Location (Sampling Station ID) Lat (°N) Lon (°E) Y M ind.m™3 Stage P.marinus status
2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2022 7 0.98 C E
2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2022 9 1.35 C E
2 Settimo Trieste (ITAO6SMNI2) 45.623 13.747 2023 11 9.98 C E

Note: The first column (D) reports in which descriptor the record was scored. For each find, information on the location and sampling station (with MSFD ID) together
with its coordinates (latitude, Lat; longitude, Lon) are reported, along with year (Y) and month (M) of sample. The ind. m~ column reports the density of individuals
found, while the S column describes the stage composition (adults, A; copepodites, C; or a mix of both, M). The information on whether the record in that sampling
station was new, established or not established following Zenetos, Albano, et al. (2022) is reported in the last column (N=new find, N_E =New and Established, N_

nE=New and not Established, nE =not Established).

2pellestrina island (50530) sampling site was surveyed both in D1 and D2. The records from both descriptors were merged for the assessment of the introduction status

sensu Zenetos, Albano, et al. (2022).

counted at the stereoscope and identified to the lowest taxonomic
level (mainly genus or species level) using taxonomic keys from
the literature and on line references (e.g., https://copepodes.obs-
banyuls.fr/en/). For both descriptors, out of the total volume (200-
500mL), subsamples (5mL each) or fractions (1/2, 1/4,1/8 or 1/16)
of the entire sample were taken, always ensuring the counting of
at least 800-1000 individuals for eutrophic/mesotrophic areas,
and a minimum of 400 individuals for oligotrophic areas (or when
the sample was collected in seasons of low abundance). In addi-
tion, samples collected for D2 were entirely examined to check the
presence of NIS. Mesozooplankton abundance was expressed as
the number of individuals per cubic metre (ind. m~3). More details
on the quali-quantiative analysis of the samples are reported in
SNPA (2024) and references therein.

Copepods were often identified at species level and distinguished
as copepodites and adults. For P. marinus, only in two cases sam-
ple counts were labelled as a mix of both stages, and in a minority
of samples young stages were labelled as ‘Pseudodiaptomidae co-
pepodites’; since to date only P. marinus is known to be present in
Ttalian waters, these records were here assigned to this NIS.

2.2 | Quality Assurance/Quality Control
Procedures

All datasets for the different descriptors, years and geographic sub-
regions (Western Mediterranean Sea, MWE; Ionian Sea and the
Central Mediterranean Sea, MIC; Adriatic Sea, MAD; following
the description by the European Environment Agency 2020) were
merged into a single dataset. During this process, formatting in-
consistencies and typographical errors in the raw files were fixed,
including: different column header names between files, alloca-
tion of information in the wrong column (e.g., species name in
the class name, latitude instead of longitude). The occurrence of
P. marinus was assessed for each region and compared to previous
literature (Sabia et al. 2015; Stefanni et al. 2018; Uttieri et al. 2020,
2023). First records (considering either copepodites, adults or
a mix of the two stages) were flagged as ‘new’, while ‘not estab-
lished’ or ‘established’ referred to records confirmed at the same
site up to two or more than three times, respectively, as per the
definition by Zenetos, Albano, et al. (2022) (‘(ESTABLISHED: this
includes species with more than two records distributed in space
and time, indicating self-sustaining populations and locally estab-
lished species.”). When both adults and copepodites were scored
at the same site during the same sampling, the record was con-
sidered only once for the flagging scheme. All the records were

then merged with earlier ones for the same geographical area
based on previous literature (Sabia et al. 2015; Stefanni et al. 2018;
Uttieri et al. 2020, 2023; Varrella et al. 2025) and used to gener-
ate an updated map of occurrences for the Italian regions using
QGIS v3.38.3 (QGIS.org 2025). The projection used for all maps
was spherical (orthogonal method).

2.3 | Statistical Analyses

The median abundance across all years and months and the cor-
responding inter-quartile range were plotted for each sampling
station, descriptor and stage as barplots. Different variables
(temperature, salinity and sea bottom depth) were tested to ex-
plore their effect on the abundance and number of finds measur-
ing their correlation. Of all MSFD sites, the port of Civitavecchia
was the one with the highest number of P. marinus finds and
the one with samples from most months. In order to explore the
seasonal distribution of P. marinus, the D2 abundance data from
the port of Civitavecchia (sampling stations ID: IT_m3rm1 and
IT_m3rm2, Table 1 and Table S1) were log, -transformed and
plotted against months. Individual values were displayed over
boxplots, which show the corresponding median values (hori-
zontal black line), inter-quartile range (the box itself) and the
5th/95th percentiles (bottom and top whiskers) (Tukey 1977).
To investigate the seasonal abundance distribution, a polyno-
mial regression model was fitted between copepod abundance
(dependent variable, calculated as ind. m™3) and months (in-
dependent variable), across all years and for both stages sepa-
rately. The degree chosen for the polynomial regression was 3
(y = a + bx3 + cx? + dx), based on the lowest AIC value (125.38)
among different degrees (Akaike 1973), and the residuals re-
sulted normally distributed (p>0.05 following Shapiro-Wilk
test; Shapiro and Wilk 1965). Boxplots were produced also to
describe the distribution of salinity and temperature values re-
corded across all samples of the 2015-2023 MSFD campaign. All
analyses and plots were made with R Statistical Software (v4.4.1;
R Core Team 2021).

3 | Results

The analysis of the occurrence of Pseudodiaptomus marinus
in the 2015-2023 MSFD dataset permitted an update of the
distribution of this NIS in Italian waters (Figure 1). Compared
to previous reviews (Sabia et al. 2015; Uttieri et al. 2020, 2023)
(Figure 1a), the data presented here confirmed the establishment

8 of 19

Diversity and Distributions, 2026

85U8017 SUOLULLIOD BANEaID el jdde aup A peusenob afe sejone VO ‘8sN Jo Sa|nJ Joj Akeiq)T8ulUQ A8]IM UO (SUOTIPUOD-PUB-SWLBY WO A8 | 1M AlRIq | BU1 [UO//:SANY) SUORIPUOD PUe SWe 1 84} 885 *[920Z/0T/Tz] Uo ARiqiTauliuo A8|IMm ‘sfeuoizeN oiips| aisell 1 sBO Aq 9220. IPP/TTTT OT/I0pAW00 A8 1w AReIq 1l juo//Sdny W1y pepeojumod ‘9 ‘9202 ‘Zvovz.LyT


https://copepodes.obs-banyuls.fr/en/
https://copepodes.obs-banyuls.fr/en/

of P. marinus in a number of already introduced areas, but they
also highlighted the first record of this NIS in specific areas
from both D1 and D2 (Figure 1b,c), resulting in a general in-
crease in the occurrence of this species in Italian coastal waters
(Figure 1d). All detailed information on stations, coordinates,
months and years, and corresponding abundance of P. marinus
(differentiating between adults, copepodites and mix of stages,
depending on available information) is reported in Table 1 and
Table S1.

Overall, over the 2015-2023 MSFD campaign P. marinus was re-
corded 178 times: ~32% of finds were recorded in D1 and ~68% in
D2 (Table 1 and Table S1). Specifically, it was found in 23 sampling
sites (out of 181, ~13% of total sites) over 12 locations in D1, and in
16 sampling sites (out of 44, ~36% of total sites) over 12 localities
in D2 (Table 1 and Table S1). A total of 17 new unique sampling
stations (12 in D1 and 6 in D2 over 8 and 5 locations, respectively)
were scored, with Pellestrina island station (ID: 50530) shared be-
tween the two descriptors. This resulted in a ~15% increase in the
number of P. marinus occurrences in Italian waters compared to
the latest review (Uttieri et al. 2023). A total of 4684 ind. m~— have
been found across 16% of all stations, with a maximum value of
864.50 ind. m~ and a median value of 2.83 ind. m~ [IQR: 7.12]
considering both copepodites and adults. ~5% of total ind. m~3
were counted in D1 and ~95% in D2. Overall, copepodites repre-
sented the majority of ind. m=3 (~85%; Figure 2).

Following Zenetos, Albano, et al. (2022), the analysis of the
2015-2023 MSFD dataset (Figure 3) showed that among all re-
cords of P. marinus: 45% confirmed a previous establishment
of this NIS at the sampled sites; 47% represented new intro-
ductions, of which 10% (relative to all stations with P. marinus
records) were subsequently followed by establishment; 37% of
stations indicated an occurrence without evidence of establish-
ment. These proportions revealed the spreading distribution of
P. marinus, distinguishing between confirmed establishments,
recent introductions and transient occurrences.

Regarding the salinity and temperature ranges across all sam-
ples of the 2015-2023 MSFD campaign collected in both D1
and D2, median values of 37.8 [IQR: 1.2] for salinity and 17.5°C
[IQR: 6.9] for temperature were detected (Figure 4). The ranges
of salinity and temperature in which P. marinus was found were
33-39 and 9°C-27°C, respectively. Average sea depth differed
between the two descriptors: ~40m in D1 (maximum value:
145m; minimum value: 11 m) and ~17 m in D2 (maximum value:
35m; minimum value: 6 m). P. marinus abundance or number of
records never significantly correlated with either salinity, tem-
perature or sea depth (not shown).

A description of the MSFD records for each administrative
region, as grouped following the European Environment
Agency (2020), is here given. All details are presented in
Table 1.

3.1 | Western Mediterranean Sea (MWE)

For the first time (as per literature), P. marinus was found along
the coastline of Liguria near an aquaculture mussel farm at La
Spezia (D2) in October 2023.

Pseudodiaptomus marinus was not detected along the Ligurian
Sea coast of Tuscany, where it had been previously recorded
near Massa di Carrara and Livorno (Uttieri et al. 2023). No P.
marinus was tallied along the Tyrrhenian coasts of Tuscany
as well. In Lazio, new finds of P. marinus were recorded in
three locations: (1) in the most coastward site of the Lido di
Tarquinia transect (D1), where it was found in November
2018, June 2019 and October 2022; (2) in the central site of the
Ladispoli transect (D1), in August 2019; and (3) at all three
sites of the transect off the coast of Gaeta (D1) between June
and July 2019 (Figure 5a). Compared to Uttieri et al. (2023) and
Varrella et al. (2025), the establishment status of P. marinus in
Lazio was reconfirmed in the port of Civitavecchia (D2), where
it was found each year and month from 2015 to 2023, setting
the highest abundances recorded across the whole period with
938.54 ind. m~3 (74.00 adults and 864.54 copepodites m~3) in
October 2018 and 854.19 ind. m~3 (12.29 adults and 841.90 co-
pepodites m~—3) found in September 2016. The presence of P.
marinus was not recorded at San Felice Circeo station (D1),
where it had been scored previously (Uttieri et al. 2020).

In Campania, P. marinus was found for the first time at 3 nau-
tical miles from the Volturno river mouth (D1) in July 2021
(Figure 5a). In the Gulf of Naples, P. marinus was found only
in proximity of the port of Naples (D2) for the first time in May
and July 2021 (Figure 5a). No other finds were recorded in the
rest of the basin, despite its presence was considered well es-
tablished according to previous literature (Uttieri et al. 2023)
(Figure 5a). In the Gulf of Salerno, P. marinus was found at a
density of 50.16 ind. m~2 in the port area (D2) for the first time
in September 2022; in addition, the NIS was found in the second
station of the transect off the coast (D1) in July 2021, in the same
area where it had already been recorded in September 2019
(Uttieri et al. 2023) and in February 2021 (Montalbano and Di
Capua 2025) (Figure 5a), thus being considered as ‘established’
sensu Zenetos, Albano, et al. (2022).

In Calabria, P. marinus was found inside the port of Gioia
Tauro (D2) in December 2018 (as previously reported in Uttieri
et al. 2020) and in September 2019.

The first record of the NIS in Sardinia was reported in the Gulf
of Olbia in January 2016 (D1), at the site located 3nm from
the coast.

3.2 | Ionian Sea and Central Mediterranean Sea
(MIC)

In this basin, P. marinus was found only along the Ionian coast
of Apulia, in the port of Taranto (D2) in March 2023. This re-
cord confirmed previous occurrences in the same area as from
taxonomic identification (July 2022) and eDNA metabarcoding
(October 2022) (Varrella et al. 2025).

3.3 | Adriatic Sea (MAD)

Pseudodiaptomus marinus was newly recorded along the
Adriatic coast of Apulia too: in the port of Brindisi (D2),
making it the southernmost record in the Adriatic Sea, in
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FIGURE1 | Pseudodiaptomus marinus records along the Italian coastlines: (a) presence of P. marinus according to previous literature; (b) records
of P. marinus presence (red symbols) and absence (dashed empty grey circles) based on Descriptor 1 (marine biodiversity) samplings from 2015 to
2023 MSFD; (c) records of P. marinus presence (yellow symbols) and absence (empty grey circles) based on Descriptor 2 (non-indigenous species)
samplings from 2015 to 2023 MSFD; (d) integrated reconstruction of the presence of P. marinus along the Italian coasts based on panels (a-c). Labels
on land refer to Italian administrative regions, labels on the sea refer to the different basins: Western Mediterranean Sea (MWE); Ionian Sea and
Central Mediterranean Sea (MIC); Adriatic Sea (MAD). The projection of all maps is spherical (orthogonal method). References for panel a: Fiori
et al. (2019)!; Stefanni et al. (2018)%; Uttieri et al. (2020)%; Sabia et al. (2015)% Uttieri et al. (2023)% Margiotta et al. (2020)°; Pansera et al. (2014)7;
Zagami and Brugnano (2013)%; Karuza et al. (2016)%; de Olazabal and Tirelli (2011)'%; Vidjak et al. (2019)!!; Varrella et al. (2025)'?; Montalbano and
Di Capua (2025)"3.
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FIGURE1 | (Continued)

September 2020 and July 2022, in this latter case registering a
relatively great abundance (179.00 ind. m~3); and at the sam-
pling station closest to the coast at the mouth of the Ofanto
river (D1) in February 2022.

In Molise, Abruzzo and Marche P. marinus was not recorded in
the 2015-2023 period compared to previous scores collected in
September 2014 (Stefanni et al. 2018).

In Emilia-Romagna (Figure 5b), individuals of P. marinus
were found in Porto Corsini (D2) in 2022 (September and
November) and 2023 (January), at Marina di Ravenna in
November 2015, July 2018 and November 2022 (D2), and off
the coast of Rimini (D1) in December 2021 and November
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2022. P. marinus was previously found in the proximity of all
these locations (Fiori et al. 2019; Stefanni et al. 2018; Uttieri
et al. 2020), hence confirming its establishment. However,
P. marinus was not recorded at other sites where it had been
scored previously (Fiori et al. 2019; Stefanni et al. 2018; Uttieri
et al. 2020) (Figure 5b).

In Veneto (Figure 5c), both stages of P. marinus were found: in
the transect off the coast of Rosolina Mare (D1; new records)
in 2017 (July and November), in 2018 (January and July), and
2021 (July); in the transect (D1) and in the D2 sites off the coast
of Pellestrina island, in 2015 (December), in 2016 (September),
in 2017 (May, July and November), and from 2019 to 2021 (June
and July), all representing new sites with the only exception of
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FIGURE2 | Abundance of Pseudodiaptomus marinus in the 2015-2023 MSFD: median abundance (vertical bar; ind. m~3) and IQR (vertical black
line) of adults and copepodites (colour indexed as in the legend at the bottom) at each station and separately for each descriptor. Note the different

range scale between the abundance of individuals in the two descriptors.

the most offshore D2 site where P. marinus had been previously
found (Uttieri et al. 2020).

In Friuli Venezia Giulia (Figure 5d) P. marinus was recorded
in locations where its presence was already assessed (Stefanni
et al. 2018; Uttieri et al. 2020, 2023; Varrella et al. 2025): co-
pepodites were found in all three sampling stations of the
Lignano Sabbiadoro transect (D1) in 2015, 2016, 2017, 2020
and 2023, and in all three sampling stations of the transect
off the coast of Trieste (D1) in 2016, 2017, 2019, 2021, 2022
and 2023. The establishment of P. marinus was confirmed in
the port area of Trieste too: in Sacchetta Trieste basin (D2),
individuals were found between 2015 and 2023, in different
months depending on the year, and off the coast of Settimo
Trieste (D2) over the whole 2015-2023 period, in several
months depending on the year.

3.4 | Abundance and Seasonality

Abundance data from the port of Civitavecchia site showed a
late summer/early autumn-centred distribution (Figure 6). More
specifically, copepodites peaked between August and September,
whereas adults showed their peak the following months, roughly
between September and October. This was based on the abun-
dance peak described by the 3™ degree polynomial fitting line
between abundance (y) and months (x), whose equations are

37%

New and not Established
0,

45 A’ Not Established

New and Established

Established

8%
10%

FIGURE 3 | Pseudodiaptomus marinus status along Italian coasts:
the pie chart shows the percentage of finds among all four different sta-
tuses as per Zenetos, Albano, et al. (2022). ‘Established’ refers to oc-
currences with more than two records distributed in space and time,
indicating self-sustaining populations and locally established species.
‘New’ refers to finds in locations where P. marinus had not been record-
ed previously.

here reported: y = 0.85 + 0.02x3 — 0.15x2 — 0.77x for adults and
y =1.31 — 1.59x3 — 2.06x? — 1.15x for copepodites.
4 | Discussion

The Mediterranean Sea is considered the most invaded basin
worldwide (Bailey et al. 2020; Tsiamis et al. 2018), with 1006
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ends of the rectangle) and the median (central vertical white line). Black points indicate each measurement (1) across the whole 2015-2023 MSFD

campaign.

certified records as of December 2020 (Galanidi et al. 2023).
National NIS inventories are available only for some European
countries (Katsanevakis et al. 2023), among which Italy
(Occhipinti-Ambrogi et al. 2011; Servello et al. 2019), setting a
baseline for the ecosystem diversity and assessing the introduc-
tion of new species. A host of reasons may affect NIS recording
both in terms of correct species identification and time of intro-
duction (Ojaveer et al. 2018, 2014), including different sampling
methodologies and the need for specialist taxonomic expertise.
The data presented here, collected within the framework of the
Italian 2015-2023 MSFD monitoring for the descriptors D1 and
D2, used standardised sampling protocols, uniform levels of

taxonomic description and a common list of taxa, and aimed to
achieve uniform levels of taxonomic identification through na-
tional training courses for analysts, providing a unique opportu-
nity to investigate the presence of NIS at national level.

The MSFD records provide an updated distribution of P. mari-
nus along the Italian coasts. Although the number of locations in
which this species was found was equal between both descrip-
tors, ~95% of individuals were found in D2, highlighting the
importance of targeted surveys in more impacted areas, such
as aquaculture farms, ports and highly trafficked ship routes
where NIS may be introduced by the discharge of ballast waters.

Diversity and Distributions, 2026

13 0f 19

B5UBD17 SUOWWIOD BA eSO d[cfedljdde au Aq paueAoh a2 S9N VO (38N JO S3INJ 10} AR BUIIUO AB|1M U (SUONIPUCD-PUR-SLLLIBI WD A3 1M Akeq) U1 |UO//:SONY) SUORIPUOD Pue SULB | 34} 835 *[9202/0T/TZ] uo Ariqiauliuo Ao|im ‘BfeuoizeN oiniis| a1sa11L sBO A 9220L IPP/TTTT OT/I0p/wW0d A3 1M AReuq U1 |UO//SO1Y WO papeoumMod ‘9 ‘9202 ‘2v9ve.yT



41°0'N

L
13°30’E 14°0’E 14°30'E
£ -
E
o
<
;A
A
-
- Adriatic Sea
o
I
<
<
=
S
&
<+
= i |
12°0°E 12°30'E 13°0'E 13°30°E

z a
2 . .
\_J : B
& I Adriatic Sea
«
v
v v -
+
+
b +
] \
)
£
2 O\ %
AN _.
12°30'E 13°0’E

Slovank

Adriatic Sea

45°30'N

" —
13°0°E 13°30°E

FIGURE 5 | Geographic insets of Campania (a), Emilia Romagna (b), Veneto (c) and Friuli Venezia Giulia (d). Detailed descriptions of the pres-
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In both descriptors, the majority of individuals were represented
by copepodites (~85%), similar to previous studies (Deschutter
et al. 2018; Gubanova et al. 2020; Liang and Uye 1997; Seregin
and Popova 2023).

As previously reported (Sabia et al. 2015; Uttieri et al. 2020),
the demersal behaviour of P. marinus during daylight can re-
duce capture efficiency in morning vertical tows (procedure
used also in the framework of the MSFD), potentially lead-
ing to its underestimation. While in the vast majority of the
cases the abundance of this NIS was very low, episodic high
values were reported, reaching values of hundreds of ind.
m~3, always in port areas (Table 1). Although no specific an-
notations on the MSFD datasheet were associated with these
scores, such abundances seem to confirm previous evidence
by Luci¢ et al. (2015), who hypothesized that the manoeuvre
by tugboats led to the resuspension of individuals lying on the
bottom during daytime.

Another aspect deserving attention is the mesh size used for the
collection of the zooplankton samples. Specifically for P. mari-
nus, uncertainties may derive from the use of different nets,
which may lead to differences in sampling effectiveness (e.g.,
Kourkoutmani and Michaloudi 2022; Pansera et al. 2014; Uttieri
et al. 2020). The adoption of common protocols in the Italian
MSFD (WP2 net with 200 um mesh size) provides a common
ground for a sound comparison among sites, but the use of nets
equipped with finer meshes could provide better insight into the
abundance of juvenile stages (Pansera et al. 2014).

Approximately 50% of P. marinus detections occurred in
the MAD basin, for the most part in its northern sector. The
presence of this species in this basin is well proven (Uttieri
et al. 2023), and these new records indicate that this area is
particularly favourable to its establishment. Nonetheless, its
actual occurrence in Italian waters may still be, at least in
part, underestimated, considering the sampling criticalities
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FIGURE 6 | Seasonal abundance distribution of Pseudodiaptomus
marinus at Civitavecchia: abundance values are reported on the y-axis
as log,, (ind. m~3) and are scattered against months (on the x-axis) for
copepodites (above) and adults (below). Observations are depicted as
black points on boxplots. Blue lines indicate the polynomial regression
lines (see text for equations).

discussed above. This could also explain the evidence that
this species has not been scored in numerous areas where it
had been previously recorded (e.g., at several sites in Emilia-
Romagna, Marche, Abruzzo), as clear from the comparison
of the panels in Figure 1. An alternative interpretation of
this outcome may be that at given sites the previous records
have not been followed by a stable establishment of this NIS.
Additional future sampling efforts in selected areas may raise
the curtain on this aspect.

The great amount of P. marinus finds and abundance in D2 al-
lowed to visualise the seasonal distribution of this species in
a single and very impacted location, the port of Civitavecchia,
which showed a peak of abundance of adult individuals be-
tween September and October. This is consistent with the
unimodal seasonal distribution reported in other introduced
sites (Deschutter et al. 2018; Gubanova et al. 2020; Seregin and
Popova 2023), with a major peak in late summer/early autumn.
Interestingly, studies from the native area of this species (Inland
Sea of Japan) had detected a bimodal seasonal distribution with
a major peak in early summer (around June) and a secondary
peak around October (Liang and Uye 1997; Uye et al. 1982). It is
important to note that studies on the seasonality of P. marinus
are primarily based on data from a limited number of years (up

to five). Therefore, additional data from long-term monitoring
such as the MSFD time series at fixed stations are essential to
gain a deeper understanding of the ecology of this species as well
as of other NIS.

In Italy, the major vector of NIS primary introductions is ship-
ping, followed by aquaculture (Nunes et al. 2014; Solak-Fiskin
et al. 2025). Interestingly, the occurrence of P. marinus has
been scored both in D1 (23/181 sampling stations, 12.7%) and
D2 (16/44 sampling stations, 34.1%), indicating that this species
is not restricted to areas subject to intense anthropic stress like
those surveyed in D2. The results presented here point not only
to human-mediated introductions (e.g., by ballast waters in port
areas; Cabrini et al. 2019; Lawrence and Cordell 2010), but also
to possible mechanisms of secondary introduction at play sup-
porting the further spread of this NIS, which is catalogued as
polyvectic (Uttieri et al. 2020).

Beyond documenting new occurrences, the spatial pattern
observed along the Italian coastline illustrates key invasion
biogeographic processes underlying the establishment of P.
marinus. Its presence in areas subject to intense human activ-
ities points to an initial phase dominated by anthropogenic vec-
tors, enabling establishment in introduction hubs (e.g., Cabrini
et al. 2019; Vidjak et al. 2019). The recurrent detections in less
impacted coastal areas suggest subsequent natural secondary
spread, consistent with invasion stage progression from ini-
tial introduction to wider spatial integration (Zenetos, Albano,
et al. 2022). Although the expansion is not directly quantified
in our study, the proportion of sites classified as introduction
(37%; Figure 3) and establishment (45%; Figure 3) suggests a
system trending towards broader expansion (Zenetos, Albano,
et al. 2022). Such continued spread is expected, as many marine
NIS show no sign of having reached their full potential alloch-
thonous range and display instead accelerating expansion rates
worldwide (Richardson et al. 2025).

Under the main umbrella of the MSFD targets, each country
adopts specific actions for monitoring and conservation pur-
poses (Garcia-Bardn et al. 2019; Pierson et al. 2021). As for zoo-
plankton, the mandatory parameters do not include the analysis
of the community composition (Uusitalo et al. 2016). However,
the effort to characterise the species composition of the pelagic
habitat carried out in the Italian implementation of the MSFD
has recently allowed the use of zooplanktonic NIS for the as-
sessment of the GES (https://strategiamarina.isprambiente.it/
report-comunitari/msfd-paper-report-2024/). The integration of
literature data and MSFD surveys was used to determine an up-
dated baseline of NIS new introductions, following the primary
criterion D2C1 of the Decision 2017/848/UE aiming to minimise
their presence. This step is fundamental to apply the breakpoint
analysis, by which identifying abrupt shifts in the rate of NIS
introductions over time (Magliozzi et al. 2025).

The present study represents one of the first attempts to use
MSFD data to witness the expanding distribution and estab-
lishment of a benthopelagic NIS (P. marinus). In a wider per-
spective, the approach used in this work could be extended to
other planktonic species present in the MSFD database thus
significantly ameliorating our understanding of the invasion
processes.
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The use of molecular tools is strongly advocated not only as a
support to the taxonomical identification of NIS, but also as an
early-warning detection system and to investigate introduction
pathways (Brown et al. 2016; Katsanevakis et al. 2023; Ojaveer
et al. 2014; Stefanni et al. 2018; Varrella et al. 2025). With the
aim of retrieving a more exhaustive description of the zooplank-
ton community, future monitoring programmes should include
the metabarcoding of the bulk samples and/or the analysis of
eDNA from both aqueous and sediment matrices, as recently
discussed in Varrella et al. (2025) and in Tagliabue et al. (2026).
In combination with the morphological examination of the net-
collected samples, the molecular investigations may help reveal
the hidden diversity of the zooplankton assemblage, as recently
discussed in Di Capua et al. (2023). Molecular analyses would
be particularly supportive in the identification of rare species
and meroplanktonic taxa, whose presence in bulk zooplankton
samples may be underestimated. Specifically for P. marinus, an
increasing number of sequences using different molecular mark-
ers is being made available (Di Capua et al. 2022, 2021; Guy-
Haim et al. 2022; Sabia et al. 2017), facilitating its identification
and the reconstruction of their phylogeographic connections.
However, more sequences from different regions worldwide, in-
cluding both native and introduced areas, are advocated to im-
prove the knowledge of this NIS.

Very recently, P. marinus was found in the gut content of
European sardines (Sardina pilchardus) from the Thessaloniki
Bay (Syrri et al. 2025), showing the presence of this species in
the food web in an introduced area. Future efforts may be de-
voted to investigating the trophic role of this NIS using not only
morphological analyses but also molecular approaches, which
may provide further insights into complex trophic relationships
as demonstrated for the European hake (Merluccius merluccius)
(Riccioni et al. 2018). It is worth noting that P. marinus alter-
nates an epibenthic phase during the morning with a pelagic
phase at night, a behaviour that could severely underestimate its
presence (Tirelli et al. 2024; Uttieri et al. 2020, 2023). Nocturnal
samplings are difficult to carry out but could be of crucial impor-
tance to record hyperbenthic taxa as in the case of the Japanes
NIS Metacalanus acutioperculum Ohtsuka, 1984, recently found
in the Gulf of Trieste (Bariche et al. 2025).

The study of biological invasions can benefit from the integration
of biogeography and ecology (Briggs 2007). Future climate sce-
narios will increasingly support the spread and establishment of
organisms that can more effectively adapt to stressful conditions
(e.g., Glamuzina et al. 2024; Sara et al. 2018). Monitoring pro-
grammes can shed light on the response of marine ecosystems
to changes in local and global stressors (Chiba et al. 2018), and
provide a near real-time assessment of the arrival of NIS (e.g.,
Zenetos et al. 2010). The knowhow acquired through the MSFD
programme can set a baseline for future transnational actions,
by which getting up-to-date information on the status of coastal
systems.

Author Contributions

Conceptualisation: V. Tirelli and M. Uttieri. Data curation: S. Corona,
V. Tirelli and M. Uttieri. Formal analysis: S. Corona and M. Uttieri.
Funding acquisition: V. Tirelli and M. Uttieri. Investigation: all authors.

Methodology: all authors. Project administration: V. Tirelli and M.
Uttieri. Supervision: V. Tirelli and M. Uttieri. Visualisation: S: Corona.
Writing - original draft: S. Corona, M. Uttieri. Writing - review and
editing: all authors.

Acknowledgements

The authors thank all the technicians and analysts who collected and
analysed the zooplankton samples for the MSFD (2015-2023) in Italian
waters. The authors also thank the WGEUROBUS of the International
Council for the Exploration of the Sea (ICES) for facilitating this re-
search. M.U. is grateful to M. Pottek for the design of the PIRATES and
WGEUROBUS cartoons. Open access publishing facilitated by Istituto
Nazionale di Oceanografia e Geofisica Sperimentale, as part of the
Wiley - CRUI-CARE agreement.

Funding

This study was partly financed by the European Union—Next Generation
EU, Mission4 Component 1, CUP Master: C53D23003240006 (PIRATES—
Pseudodiaptomus marinus blo-ecological tRAits through mulTIdisci-
plinary approachES; ID: 2022F3HFE). This work was partly funded under
the National Recovery and Resilience Plan (NRRP), Mission 4 Component
2 Investment 1.4—Call for tender No. 3138 of 16 December 2021, rectified
by Decree n. 3175 of 18 December 2021 of the Italian Ministry of University
and Research funded by the European Union—NextGenerationEU;
Award Number: Project code CN_00000033, Concession Decree No.
1034 of 17 June 2022 adopted by the Italian Ministry of University and
Research, CUP C63C22000520001 (SZN) and F83B22000050001 (OGS),
Project title ‘National Biodiversity Future Center - NBFC’.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The complete data sets used in this work are freely available at the URL:
http://www.db-strategiamarina.isprambiente.it/app/#/datiMonitoraggi
020182023.

Peer Review

For transparency, the peer review documents associated with this arti-
cle are available at https://doi.org/10.1111/ddi.70226.

References

Akaike, H. 1973. “Information Theory and an Extension of the
Maximum Likelihood Principle.” In Proceedings of the Second
International Symposium on Information Theory, edited by B. N. Petrov
and F. Csaki, 267-281. Akademiai Kiado.

AquaNIS. 2025. “Information system on Aquatic Non-Indigenous
and Cryptogenic Species. World Wide Web electronic publication.
Pseudodiaptomus marinus.”  https://aquanisresearch.com/aquanis/
species/view/id/1308.

Bailey, S. A., L. Brown, M. L. Campbell, et al. 2020. “Trends in the
Detection of Aquatic Non-Indigenous Species Across Global Marine,
Estuarine and Freshwater Ecosystems: A 50-Year Perspective.” Diversity
and Distributions 26, no. 12: 1780-1797. https://doi.org/10.1111/ddi.
13167.

Bariche, M., S. M. Abd Ellah, O. Akyol, et al. 2025. “New Records of
Introduced Species in the Mediterranean Sea (December 2025).”
Mediterranean Marine Science 26, no. 4: 941-971. https://doi.org/10.
12681/mms.43526.

Boon, P.J,, S. A. Clarke, and G. H. Copp. 2020. “Alien Species and the EU
Water Framework Directive: A Comparative Assessment of European

16 of 19

Diversity and Distributions, 2026

85U8017 SUOLULLIOD BANEaID el jdde aup A peusenob afe sejone VO ‘8sN Jo Sa|nJ Joj Akeiq)T8ulUQ A8]IM UO (SUOTIPUOD-PUB-SWLBY WO A8 | 1M AlRIq | BU1 [UO//:SANY) SUORIPUOD PUe SWe 1 84} 885 *[920Z/0T/Tz] Uo ARiqiTauliuo A8|IMm ‘sfeuoizeN oiips| aisell 1 sBO Aq 9220. IPP/TTTT OT/I0pAW00 A8 1w AReIq 1l juo//Sdny W1y pepeojumod ‘9 ‘9202 ‘Zvovz.LyT


http://www.db-strategiamarina.isprambiente.it/app/#/datiMonitoraggio20182023
http://www.db-strategiamarina.isprambiente.it/app/#/datiMonitoraggio20182023
https://doi.org/10.1111/ddi.70226
https://aquanisresearch.com/aquanis/species/view/id/1308
https://aquanisresearch.com/aquanis/species/view/id/1308
https://doi.org/10.1111/ddi.13167
https://doi.org/10.1111/ddi.13167
https://doi.org/10.12681/mms.43526
https://doi.org/10.12681/mms.43526

Approaches.” Biological Invasions 22, no. 4: 1497-1512. https://doi.org/
10.1007/s10530-020-02201-z.

Briggs, J. C. 2007. “Marine Biogeography and Ecology: Invasions and
Introductions.” Journal of Biogeography 34, no. 2: 193-198. https://doi.
0rg/10.1111/j.1365-2699.2006.01632.x.

Brown, E. A.,F.J.J. Chain, A. Zhan, H. J. Maclsaac, and M. E. Cristescu.
2016. “Early Detection of Aquatic Invaders Using Metabarcoding
Reveals a High Number of Non-Indigenous Species in Canadian Ports.”
Diversity and Distributions 22, no. 10: 1045-1059. https://doi.org/10.
1111/ddi.12465.

Cabrini, M., F. Cerino, A. de Olazabal, et al. 2019. “Potential Transfer
of Aquatic Organisms via Ballast Water With a Particular Focus on
Harmful and Non-Indigenous Species: A Survey From Adriatic Ports.”
Marine Pollution Bulletin 147: 16-35. https://doi.org/10.1016/j.marpo
1bul.2018.02.004.

Chiba, S., S. Batten, C. S. Martin, S. Ivory, P. Miloslavich, and L. V.
Weatherdon. 2018. “Zooplankton Monitoring to Contribute Towards
Addressing Global Biodiversity Conservation Challenges.” Journal of
Plankton Research 40, no. 5: 509-518. https://doi.org/10.1093/plankt/
fby030.

Council of the European Communities. 2000. “Directive 2000/60/EC
of the European Parliament and of the Council of 23 October 2000
Establishing a Framework for Community Action in the Field of Water
Policy.” Official Journal of the European Union L327: 1-73.

de Olazabal, A., and V. Tirelli. 2011. “First Record of the Egg-Carrying
Calanoid Copepod Pseudodiaptomus marinus in the Adriatic Sea.”
Marine Biodiversity Records 4: e85. https://doi.org/10.1017/S175526721
1000935.

Deschutter, Y., G. Vergara, J. Mortelmans, K. Deneudt, K. De
Schamphelaere, and M. De Troch. 2018. “Distribution of the Invasive
Calanoid Copepod Pseudodiaptomus marinus (Sato, 1913) in the Belgian
Part of the North Sea.” Biolnvasions Records 7, no. 1: 33-41. https://doi.
org/10.3391/bir.2018.7.1.05.

Dexter, E., and S. M. Bollens. 2020. “Zooplankton Invasions in the Early
21st Century: A Global Survey of Recent Studies and Recommendations
for Future Research.” Hydrobiologia 847, no. 1: 309-319. https://doi.org/
10.1007/s10750-019-04096-x.

Di Capua, I, R. D'Angiolo, R. Piredda, et al. 2022. “From Phenotypes to
Genotypes and Back: Toward an Integrated Evaluation of Biodiversity
in Calanoid Copepods.” Frontiers in Marine Science 9: 833089. https://
doi.org/10.3389/fmars.2022.833089.

Di Capua, I., R. Piredda, R. D'Angiolo, et al. 2023. “Is Integrated
Taxonomy Useful to Study Diversity and Ecology? An Example From
Crustacean Zooplankton at the Long-Term Ecological Research Site
MareChiara (LTER-MC).” Marine Ecology 44, no. 3: €12752. https://doi.
org/10.1111/maec.12752.

Di Capua, I, R. Piredda, M. G. Mazzocchi, and A. Zingone. 2021.
“Metazoan Diversity and Seasonality Through eDNA Metabarcoding
at a Mediterranean Long-Term Ecological Research Site.” ICES Journal
of Marine Science 78, no. 9: 3303-3316. https://doi.org/10.1093/icesjms/
fsab059.

EASIN. 2025. “Pseudodiaptomus marinus.”

European Commission. 2010. “Commission Decision of 1 September
2010 on Criteria and Methodological Standards on Good Environmental
Status of Marine Waters (Notified Under Document C(2010) 5956) (Text
With EEA Relevance) (2010/477/EU).” Official Journal of the European
Union L232: 14-24.

European Environment Agency. 2020. “Marine Regions and
Subregions.” https://www.eea.europa.eu/data-and-maps/figures/
marine-regions-and-subregions.

Fiori, E., M. Benzi, C. R. Ferrari, and C. Mazziotti. 2019. “Zooplankton
Community Structure Before and After Mnemiopsis leidyi Arrival.”

Journal of Plankton Research 41, no. 6: 803-820. https://doi.org/10.1093/
plankt/fbz060.

Galanidi, M., M. Aissi, M. Ali, et al. 2023. “Validated Inventories of
Non-Indigenous Species (NIS) for the Mediterranean Sea as Tools for
Regional Policy and Patterns of NIS Spread.” Diversity 15, no. 9: 962.
https://doi.org/10.3390/d15090962.

Galil, B. S., A. Marchini, and A. Occhipinti-Ambrogi. 2018. “East Is
East and West Is West? Management of Marine Bioinvasions in the
Mediterranean Sea.” Estuarine, Coastal and Shelf Science 201: 7-16.
https://doi.org/10.1016/j.ecss.2015.12.021.

Garcia-Baron, 1., M. Authier, A. Caballero, et al. 2019. “Modelling the
Spatial Abundance of a Migratory Predator: A Call for Transboundary
Marine Protected Areas.” Diversity and Distributions 25, no. 3: 346-360.
https://doi.org/10.1111/ddi.12877.

Georgian, S., S. Hameed, L. Morgan, et al. 2022. “Scientists’ Warning of
an Imperiled Ocean.” Biological Conservation 272: 109595. https://doi.
0rg/10.1016/j.biocon.2022.109595.

Glamuzina, B., L. Vilizzi, M. Piria, et al. 2024. “Global Warming
Scenarios for the Eastern Adriatic Sea Indicate a Higher Risk of
Invasiveness of Non-Native Marine Organisms Relative to Current
Climate Conditions.” Marine Life Science & Technology 6, no. 1: 143—
154. https://doi.org/10.1007/s42995-023-00196-9.

Gubanova, A., I. Drapun, O. Garbazey, O. Krivenko, and E.
Vodiasova. 2020. “Pseudodiaptomus marinus Sato, 1913 in the Black
Sea: Morphology, Genetic Analysis, and Variability in Seasonal and
Interannual Abundance.” PeerJ 8: €10153. https://doi.org/10.7717/peet;.
10153.

Guy-Haim, T., X. Velasquez, T. Terbiyik-Kurt, I. Di Capua, M. G.
Mazzocchi, and A. R. Morov. 2022. “A New Record of the Rapidly
Spreading Calanoid Copepod Pseudodiaptomus marinus (Sato, 1913) in
the Levantine Sea Using Multi-Marker Metabarcoding.” Biolnvasions
Records 11, no. 4: 964-976. https://doi.org/10.3391/bir.2022.11.4.14.

Karuza, A., C. Caroppo, M. Monti, et al. 2016. ““End to End’ Planktonic
Trophic Web and Its Implications for the Mussel Farms in the Mar
Piccolo of Taranto (Ionian Sea, Italy).” Environmental Science and
Pollution Research 23, no. 13: 12707-12724. https://doi.org/10.1007/
$§11356-015-5621-1.

Katsanevakis, S., S. Olenin, R. Puntila-Dodd, et al. 2023. “Marine
Invasive Alien Species in Europe: 9 Years After the IAS Regulation.”
Frontiers in Marine Science 10: 1271755. https://doi.org/10.3389/fmars.
2023.1271755.

Katsanevakis, S., I. Wallentinus, A. Zenetos, et al. 2014. “Impacts of
Invasive Alien Marine Species on Ecosystem Services and Biodiversity:
A Pan-European Review.” Aquatic Invasions 9, no. 4: 391-423. https://
doi.org/10.3391/ai.2014.9.4.01.

Kourkoutmani, P., and E. Michaloudi. 2022. “First Record of the
Calanoid Copepod Pseudodiaptomus marinus Sato, 1913 in the North
Aegean Sea, in Thessaloniki Bay, Greece.” Biolnvasions Records 11, no.
3: 738-746. https://doi.org/10.3391/bir.2022.11.3.15.

Lawrence, D. J., and J. R. Cordell. 2010. “Relative Contributions of
Domestic and Foreign Sourced Ballast Water to Propagule Pressure in
Puget Sound, Washington, USA.” Biological Conservation 143, no. 3:
700-709.

Liang, D., and S. Uye. 1997. “Population Dynamics and Production of
the Planktonic Copepods in a Eutrophic Inlet of the Inland Sea of Japan.
IV. Pseudodiaptomus marinus, the Egg-Carrying Calanoid.” Marine
Biology 128, no. 3: 415-421.

Luci¢, D., P. Mozetic, J. Francé, P. Luci¢, and L. Lipej. 2015. “Additional
Record of the Non-Indigenous Copepod Pseudodiaptomus marinus
(Sato, 1913) in the Adriatic Sea.” Acta Adriatica 56, no. 2: 275-282.

Magliozzi, C., A. C. Cardoso, M. O. Son, et al. 2025. “Data Towards
Assessing non-Indigenous Species Introductions in the Black Sea.”

Diversity and Distributions, 2026

17 of 19

B5UBD17 SUOWWIOD BA eSO d[cfedljdde au Aq paueAoh a2 S9N VO (38N JO S3INJ 10} AR BUIIUO AB|1M U (SUONIPUCD-PUR-SLLLIBI WD A3 1M Akeq) U1 |UO//:SONY) SUORIPUOD Pue SULB | 34} 835 *[9202/0T/TZ] uo Ariqiauliuo Ao|im ‘BfeuoizeN oiniis| a1sa11L sBO A 9220L IPP/TTTT OT/I0p/wW0d A3 1M AReuq U1 |UO//SO1Y WO papeoumMod ‘9 ‘9202 ‘2v9ve.yT


https://doi.org/10.1007/s10530-020-02201-z
https://doi.org/10.1007/s10530-020-02201-z
https://doi.org/10.1111/j.1365-2699.2006.01632.x
https://doi.org/10.1111/j.1365-2699.2006.01632.x
https://doi.org/10.1111/ddi.12465
https://doi.org/10.1111/ddi.12465
https://doi.org/10.1016/j.marpolbul.2018.02.004
https://doi.org/10.1016/j.marpolbul.2018.02.004
https://doi.org/10.1093/plankt/fby030
https://doi.org/10.1093/plankt/fby030
https://doi.org/10.1017/S1755267211000935
https://doi.org/10.1017/S1755267211000935
https://doi.org/10.3391/bir.2018.7.1.05
https://doi.org/10.3391/bir.2018.7.1.05
https://doi.org/10.1007/s10750-019-04096-x
https://doi.org/10.1007/s10750-019-04096-x
https://doi.org/10.3389/fmars.2022.833089
https://doi.org/10.3389/fmars.2022.833089
https://doi.org/10.1111/maec.12752
https://doi.org/10.1111/maec.12752
https://doi.org/10.1093/icesjms/fsab059
https://doi.org/10.1093/icesjms/fsab059
https://www.eea.europa.eu/data-and-maps/figures/marine-regions-and-subregions
https://www.eea.europa.eu/data-and-maps/figures/marine-regions-and-subregions
https://doi.org/10.1093/plankt/fbz060
https://doi.org/10.1093/plankt/fbz060
https://doi.org/10.3390/d15090962
https://doi.org/10.1016/j.ecss.2015.12.021
https://doi.org/10.1111/ddi.12877
https://doi.org/10.1016/j.biocon.2022.109595
https://doi.org/10.1016/j.biocon.2022.109595
https://doi.org/10.1007/s42995-023-00196-9
https://doi.org/10.7717/peerj.10153
https://doi.org/10.7717/peerj.10153
https://doi.org/10.3391/bir.2022.11.4.14
https://doi.org/10.1007/s11356-015-5621-1
https://doi.org/10.1007/s11356-015-5621-1
https://doi.org/10.3389/fmars.2023.1271755
https://doi.org/10.3389/fmars.2023.1271755
https://doi.org/10.3391/ai.2014.9.4.01
https://doi.org/10.3391/ai.2014.9.4.01
https://doi.org/10.3391/bir.2022.11.3.15

Marine Policy 178: 106696. https://doi.org/10.1016/j.marpol.2025.
106696.

Margiotta, F., C. Balestra, A. Buondonno, et al. 2020. “Do Plankton
Reflect the Environmental Quality Status? The Case of a Post-Industrial
Mediterranean Bay.” Marine Environmental Research 160: 104980.
https://doi.org/10.1016/j.marenvres.2020.104980.

Montalbano, A., and I. Di Capua. 2025. “Biomonitoring of Zooplankton
Community in North-Western Mediterranean Sea (Gulf of Salerno): The
Status During a Dredging Operation.” Plankton and Benthos Research
20, no. Spec: s31-s39. https://doi.org/10.3800/pbr.20.s31.

Nunes, A. L., S. Katsanevakis, A. Zenetos, and A. C. Cardoso. 2014.
“Gateways to Alien Invasions in the European Seas.” Aquatic Invasions
9, no. 2: 133-144. https://doi.org/10.3391/ai.2014.9.2.02.

Occhipinti-Ambrogi, A. 2002. “Current Status of Aquatic Introductions
in Italy.” In Invasive Aquatic Species of Europe. Distribution, Impacts
and Management, edited by E. Leppidkoski, S. Gollasch, and S. Olenin,
311-324. Springer Netherlands.

Occhipinti-Ambrogi, A., A. Marchini, G. Cantone, et al. 2011. “Alien
Species Along the Italian Coasts: An Overview.” Biological Invasions 13,
no. 1: 215-237.

Ojaveer, H., B. S. Galil, J. T. Carlton, et al. 2018. “Historical Baselines in
Marine Bioinvasions: Implications for Policy and Management.” PLoS
One 13, no. 8: €0202383. https://doi.org/10.1371/journal.pone.0202383.

Ojaveer, H., B. S. Galil, D. Minchin, et al. 2014. “Ten Recommendations
for Advancing the Assessment and Management of Non-Indigenous
Species in Marine Ecosystems.” Marine Policy 44: 160-165. https://doi.
0rg/10.1016/j.marpol.2013.08.019.

Pansera, M., A. Granata, L. Guglielmo, R. Minutoli, G. Zagami, and C.
Brugnano. 2014. “How Mesh-Size Selection Reshape the Description
of Zooplankton Community Structure in Coastal Lakes?” Estuarine,
Coastal and Shelf Science 151: 221-235. https://doi.org/10.1016/j.ecss.
2014.10.015.

Pierson, J., E. Camatti, R. Hood, et al. 2021. “Mesozooplankton and
Gelatinous Zooplankton in the Face of Environmental Stressors.”
In Coastal Ecosystems in Transition: A Comparative Analysis of the
Northern Adriatic and Chesapeake Bay, edited by T. C. Malone, A.
Malej, and J. Faganeli, 105-127. American Geophysical Union.

QGIS.org. 2025. “QGIS Geographic Information System: QGIS
Association.” http://www.qgis.org.

R Core Team. 2021. “R: A Language and Environment for Statistical
Computing.” https://www.R-project.org/.

Riccioni, G., M. Stagioni, C. Piccinetti, and S. Libralato. 2018. “A
Metabarcoding Approach for the Feeding Habits of European Hake in
the Adriatic Sea.” Ecology and Evolution 8, no. 21: 10435-10447. https://
doi.org/10.1002/ece3.4500.

Richardson, E. L.,J. M. Pringle, and J. E. Byers. 2025. “Increasing Global
Expansion Speeds of Marine Invaders.” Diversity and Distributions 31,
no. 12: €70111. https://doi.org/10.1111/ddi.70111.

Sabia, L., I. Di Capua, I. Percopo, M. Uttieri, and A. Amato. 2017. “ITS2
in Calanoid Copepods: Reconstructing Phylogenetic Relationships
and Identifying a Newly Introduced Species in the Mediterranean.”
European Zoological Journal 84, no. 1: 104-115. https://doi.org/10.1080/
11250003.2016.1276639.

Sabia, L., G. Zagami, M. G. Mazzocchi, E. Zambianchi, and M. Uttieri.
2015. “Spreading Factors of a Globally Invading Coastal Copepod.”
Mediterranean Marine Science 16, no. 2: 460-471. https://doi.org/10.
12681/mms.1154.

Sara, G., E. M. D. Porporato, M. C. Mangano, and N. Mieszkowska.
2018. “Multiple Stressors Facilitate the Spread of a Non-Indigenous
Bivalve in the Mediterranean Sea.” Journal of Biogeography 45, no. 5:
1090-1103. https://doi.org/10.1111/jbi.13184.

Seregin, S., and E. Popova. 2023. “Seasonal and Interannual Dynamics
of the Abundance of the Black Sea Alien Species Pseudodiaptomus
marinus Sato, 1913 (Copepoda, Calanoida, Pseudodiaptomidae) in the
Crimean Coastal Waters: Influence of the Temperature Factor.” Russian
Journal of Biological Invasions 14, no. 1: 111-117. https://doi.org/10.
1134/S2075111723010101.

Servello, G., F. Andaloro, E. Azzurro, et al. 2019. “Marine Alien Species
in Italy: A Contribution to the Implementation of Descriptor D2 of the
Marine Strategy Framework Directive.” Mediterranean Marine Science
20, no. 1: 1-48. https://doi.org/10.12681/mms.18711.

Shapiro, S. S., and M. B. Wilk. 1965. “An Analysis of Variance Test
for Normality (Complete Samples).” Biometrika 52, no. 3/4: 591-611.
https://doi.org/10.2307/2333709.

SNPA. 2024. Schede metodologiche utilizzate nei programmi di monitor-
aggio del secondo ciclo della Direttiva Strategia Marina (D.M. 2 febbraio
2021). Pubblicazioni tecniche SNPA.

Solak-Fiskin, C., M. Cihan, and M. R. Giil. 2025. “The Collective Effects
of Potential Drivers on the Incidence of Non-Indigenous Species in the
Mediterranean: A Long-Term Investigation.” Marine Pollution Bulletin
214:117753. https://doi.org/10.1016/j.marpolbul.2025.117753.

Stefanni, S., D. Stankovi¢, D. Borme, et al. 2018. “Multi-Marker
Metabarcoding Approach to Study Mesozooplankton at Basin Scale.”
Scientific Reports 8, no. 1: 12085. https://doi.org/10.1038/s41598-018-
30157-7.

Syrri, M., P. Kourkoutmani, P. K. Karachle, and E. Michaloudi. 2025.
“Presence of the Non-Indigenous Copepod Pseudodiaptomus marinus
Sato, 1913 in the Stomach Content of Sardina pilchardus (Walbaum,
1792).” Marine Ecology 46, no. 6: €70057. https://doi.org/10.1111/maec.
70057.

Tagliabue, A., G. Furfaro, A. Pallavicini, et al. 2026. “Comparative
Multi-Marker Environmental DNA Metabarcoding of Marine Metazoan
Communities: Water vs. Sediment.” Molecular Ecology Resources 26, no.
3:€70126. https://doi.org/10.1111/1755-0998.70126.

Tirelli, V., I. Di Capua, E. Putelli, Y. Carotenuto, and M. Uttieri. 2024.
“First Insight on Molecular Identification and Nycthemeral Vertical
Distribution of Pseudodiaptomus marinus (Copepoda: Calanoida)
in Italian Waters.” Rapports de la Commission Internationale Pour
Lexploration Scientifique de la Mer Méditerranée 43: 222.

Tsiamis, K., E. Azzurro, M. Bariche, et al. 2020. “Prioritizing Marine
Invasive Alien Species in the European Union Through Horizon
Scanning.” Aquatic Conservation: Marine and Freshwater Ecosystems
30, no. 4: 794-845. https://doi.org/10.1002/aqc.3267.

Tsiamis, K., A. Palialexis, K. Stefanova, et al. 2019. “Non-Indigenous
Species Refined National Baseline Inventories: A Synthesis in the
Context of the European Union's Marine Strategy Framework
Directive.” Marine Pollution Bulletin 145: 429-435. https://doi.org/10.
1016/j.marpolbul.2019.06.012.

Tsiamis, K., A. Zenetos, I. Deriu, E. Gervasini, and A. C. Cardoso.
2018. “The Native Distribution Range of the European Marine Non-
Indigenous Species.” Aquatic Invasions 13, no. 2: 187-198. https://doi.
org/10.3391/ai.2018.13.2.01.

Tukey, J. W. 1977. Exploratory Data Analysis. Addison-Wesley.

Uttieri, M., L. Aguzzi, R. Aiese Cigliano, et al. 2020. “WGEUROBUS
- Working Group “Towards a EURopean OBservatory of the Non-
Indigenous Calanoid Copepod Pseudodiaptomus Marinus”.” Biological
Invasions 22, no. 3: 885-906. https://doi.org/10.1007/s10530-019-

02174-8.

Uttieri, M., O. Anadoli, E. Banchi, et al. 2023. “The Distribution of
Pseudodiaptomus marinus in European and Neighbouring Waters — A
Rolling Review.” Journal of Marine Science and Engineering 11, no. 6:
1238. https://doi.org/10.3390/jmse11061238.

18 of 19

Diversity and Distributions, 2026

B5UBD17 SUOWWIOD BA eSO d[cfedljdde au Aq paueAoh a2 S9N VO (38N JO S3INJ 10} AR BUIIUO AB|1M U (SUONIPUCD-PUR-SLLLIBI WD A3 1M Akeq) U1 |UO//:SONY) SUORIPUOD Pue SULB | 34} 835 *[9202/0T/TZ] uo Ariqiauliuo Ao|im ‘BfeuoizeN oiniis| a1sa11L sBO A 9220L IPP/TTTT OT/I0p/wW0d A3 1M AReuq U1 |UO//SO1Y WO papeoumMod ‘9 ‘9202 ‘2v9ve.yT


https://doi.org/10.1016/j.marpol.2025.106696
https://doi.org/10.1016/j.marpol.2025.106696
https://doi.org/10.1016/j.marenvres.2020.104980
https://doi.org/10.3800/pbr.20.s31
https://doi.org/10.3391/ai.2014.9.2.02
https://doi.org/10.1371/journal.pone.0202383
https://doi.org/10.1016/j.marpol.2013.08.019
https://doi.org/10.1016/j.marpol.2013.08.019
https://doi.org/10.1016/j.ecss.2014.10.015
https://doi.org/10.1016/j.ecss.2014.10.015
http://www.qgis.org
https://www.R-project.org/
https://doi.org/10.1002/ece3.4500
https://doi.org/10.1002/ece3.4500
https://doi.org/10.1111/ddi.70111
https://doi.org/10.1080/11250003.2016.1276639
https://doi.org/10.1080/11250003.2016.1276639
https://doi.org/10.12681/mms.1154
https://doi.org/10.12681/mms.1154
https://doi.org/10.1111/jbi.13184
https://doi.org/10.1134/S2075111723010101
https://doi.org/10.1134/S2075111723010101
https://doi.org/10.12681/mms.18711
https://doi.org/10.2307/2333709
https://doi.org/10.1016/j.marpolbul.2025.117753
https://doi.org/10.1038/s41598-018-30157-7
https://doi.org/10.1038/s41598-018-30157-7
https://doi.org/10.1111/maec.70057
https://doi.org/10.1111/maec.70057
https://doi.org/10.1111/1755-0998.70126
https://doi.org/10.1002/aqc.3267
https://doi.org/10.1016/j.marpolbul.2019.06.012
https://doi.org/10.1016/j.marpolbul.2019.06.012
https://doi.org/10.3391/ai.2018.13.2.01
https://doi.org/10.3391/ai.2018.13.2.01
https://doi.org/10.1007/s10530-019-02174-8
https://doi.org/10.1007/s10530-019-02174-8
https://doi.org/10.3390/jmse11061238

Uusitalo, L., J. A. Fernandes, E. Bachiller, S. Tasala, and M. Lehtiniemi.
2016. “Semi-Automated Classification Method Addressing Marine
Strategy Framework Directive (MSFD) Zooplankton Indicators.”
Ecological Indicators 71: 398-405. https://doi.org/10.1016/j.ecolind.
2016.05.036.

Uye, S.-I., Y. Iway, and S. Kasahara. 1982. “Reproductive Biology of
Pseudodiaptomus marinus (Copepoda: Calanoida) in the Inland Sea of
Japan.” Bulletin of the Plankton Society of Japan 29, no. 1: 25-35.

Varrella, S., S. Livi, C. Corinaldesi, et al. 2025. “A Comprehensive
Assessment of Non-Indigenous Species Requires the Combination
of Multi-Marker eDNA Metabarcoding With Classical Taxonomic
Identification.” Environment International 199: 109489. https://doi.org/
10.1016/j.envint.2025.109489.

Vidjak, O., N. Bojani¢, A. de Olazabal, et al. 2019. “Zooplankton in
Adriatic Port Environments: Indigenous Communities and Non-
Indigenous Species.” Marine Pollution Bulletin 147: 133-149. https://doi.
org/10.1016/j.marpolbul.2018.06.055.

Zagami, G., and C. Brugnano. 2013. “Diel, Seasonal and Man-Induced
Changes in Copepod Assemblages and Diversity, With Special
Emphasis on Hyperbenthic Calanoid Species, in a Mediterranean
Meromictic System (Lake Faro).” Marine and Freshwater Research 64,
no. 10: 951-964.

Zenetos, A., P. G. Albano, E. Lopez Garcia, N. I. R. Stern, K. Tsiamis,
and M. Galanidi. 2022. “Established Non-Indigenous Species Increased
by 40% in 11Years in the Mediterranean Sea.” Mediterranean Marine
Science 23, no. 1: 196-212. https://doi.org/10.12681/mms.29106.

Zenetos, A., S. Gofas, M. Verlaque, et al. 2010. “Alien Species in the
Mediterranean Sea by 2010. A Contribution to the Application of
European Union's Marine Strategy Framework Directive (MSFD).
Part 1. Spatial Distribution.” Mediterranean Marine Science 11, no. 2:
381-493.

Zenetos, A., K. Tsiamis, M. Galanidi, et al. 2022. “Status and Trends in
the Rate of Introduction of Marine Non-Indigenous Species in European
Seas.” Diversity 14, no. 12: 1077. https://doi.org/10.3390/d14121077.

Supporting Information

Additional supporting information can be found online in the Supporting
Information section. Figure S1: plots summarising the mesozooplank-
ton sampling dates in the 2015-2023 MSFD campaign for each marine
basin (reported on the right; MAD, Adriatic Sea; MIC, Ionian Sea and
Central Mediterranean; MWE, Western Mediterranean Sea), with years
on the x-axis and months on the y-axis for both Descriptors (reported
on top). White cells correspond to sampling months, with coloured dots
highlighting P. marinus finds. Grey cells indicate months in which sam-
pling was not done. Table S1: list of information (descriptor, region,
station ID, station name, coordinates, bottom depth) of each sampling
station of both descriptors for all Italian administrative regions, as re-
ported in the MSFD dataset. Text is in bold when referring to a station
where P. marinus has been found.
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