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Abstract: Mediterranean marine fauna is constantly changing due to the entry of non-indigenous
(NI) species and the loss of endemic biodiversity. In this framework, it is very important to monitor
this constant change and investigate possible new pathways of dispersion. Marinas and ports are
considered key stations to detect and study some important ecological aspects, such as NI and
invasive species, the effects of climate change, and pollution. Here, we reported the case of a group of
NI species that presumably reached the Mediterranean Sea together, each of them being ecologically
associated with one another. The bryozoan Amathia verticillate and the sea slugs Favorinus ghanensis
and Polycerella emertoni were found in the shallow waters of Fezzano’s marina in the gulf of La
Spezia (Ligurian Sea, Mediterranean Sea). Molecular analyses were carried out to exclude cryptic
diversity and to investigate the phylogenetic relationships occurring between closely related taxa.
The spreading of these two NI sea slugs into the Mediterranean Sea was confirmed and the first record
of P. emertoni from the Ligurian Sea reported. These findings shed some light on the poorly known
ecology of these species that could be useful for future monitoring and conservation strategies.

Keywords: Heterobranchia; Nudibranchia; NIS; trophic chain; citizen science; Ligurian Sea

1. Introduction

The Mediterranean Sea is a semi-closed basin that is considered an important hotspot
for marine biodiversity and endemism [1–3]. In fact, it is currently accepted that, with only
0.82% of the global oceanic surface, the Mediterranean Sea has more than 4% of all known
marine species, with a rate of endemism estimated at 45% [1,4–6]. While the Mediterranean
Sea is considered a hotspot for biodiversity, it is also highly affected by invasions of
allochthonous organisms. This tendency has increased in the last decades, especially in
the European Atlantic and Mediterranean waters, as suggested by the growing literature
that has been published on this issue lately [7–11]. This problematic threat is favored by
the abundant presence of lagoons, estuaries, and marinas [12]; favorable geographic and
climatic conditions [13]; and intense human activity [10]. In fact, the anthropic impact and
the constantly growing marine human activities (freight transport, ferries, cruise ships,
and yachting) constitute a powerful drive that has increased the spread of non-indigenous
(NI) species with negative effects on Mediterranean marine biodiversity and ecosystem
functioning [14]. In this context, an important role is played by harbors and marinas,
considered as being particularly vulnerable habitats to biological invasion since they are
subject to the high pressures of boating and cruising, which can act as vectors for alien
species distribution [15].

Mollusks are one of the most representative groups in terms of diversity, with about
100,000 identified species and ca. 2500 inhabiting the Mediterranean basin, of which 71%
live in Italian waters [16], making the Italian malacofauna a very remarkable part of the
Mediterranean fauna. Mediterranean mollusks also include the greatest number of in-
vading taxa, with 156 alien, NI species recently catalogued [9,10,17,18], of which 44 were
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reported from Italian seas [16]. Among Gastropoda, the amount of alien species to date
reported is 101, with new Heterobranchia constantly being added [18–25]. Nudibranch
sea slugs are known to show specialized feeding strategies that directly influence species’
distribution patterns [26]. This ecological characteristic could represent one of the main
limits to the spreading of NI species that, in fact, need to find sources of available food to
settle and establish in a new, invaded habitat. Cases that confirm this behavior are new
alien food webs with prey–predator relationships involving only NI species [20,21,25,27,28].
These new trophic chains, usually composed by a NI sessile prey eaten by an allochthonous
sea slug species, have mainly been reported from small lakes, marinas, or harbor areas
near mussel farms and characterized by high human impact [20,21,27,28]. Considering that
shipping activities are the most plausible vector of introduction and that, frequently, the
same vector can introduce whole clusters of associated organisms, as widely demonstrated
also for algal species [29], it could be extremely important to monitor these anthropogenic
habitats to detect new possible cases of biological invasions. A sustainable monitoring
program that promotes the long-lasting engagement of volunteers in citizen science re-
search activities can represent the opportunity of an early warning system [30]. Regarding
this topic, the coastal monitoring program of the project “Percorsi nel Blu” (“Blue Paths”),
promoted by the ISA2 Institute of La Spezia, Italy [24,31], can be considered a valid support
for scientific investigation and to check the spreading of alien species [23,24,32,33]. Since
2011, the project has been setting up a network among schools, institutions, and research
centers for citizen science research activities throughout the coastal areas located in the Lig-
urian and Tyrrhenian Seas and surrounding the “Pelagos” Mammals’ Sanctuary [24,31,34].
Furthermore, since November 2019, the project has been promoting “Fantastic Creatures
and where to find them”, an operative program focused on the coastal monitoring of the
fouling community along artificial floating pontoons in marinas located in the Gulf of La
Spezia [23,24], which achieved interesting results on the presence of indigenous and non-
indigenous marine Heterobranchia, including the first Italian report of Favorinus ghanensis
Edmunds, 1968 [23,24].

Taking all these considerations into account, the main aims of this study are to:
(1) investigate the possible presence of new NI species, (2) unravel possible cases of new
NI trophic webs not reported before from the studied area, (3) investigate the phyloge-
netic relationships between NI species and their closely related taxa, and (4) speculate
on the possible way of introduction to promote alternative and more efficient future
conservation strategies.

2. Materials and Methods

Marina of Fezzano is in an inlet on the western side of the Gulf of La Spezia facing
northeast (44◦4′52.2′′ N, 9◦49′37.8′′ E). It houses the mooring of the residents’ boats and is
subject to intense maritime traffic due to the nearby cruise terminal of the port of La Spezia.
Fezzano’s marina is a complex of floating piers made with one principal pier from which
four secondary ones branch off (Figure 1).

The pier’s boardwalk floats on parallelepiped-shaped, concrete pontoons with di-
mensions of 180 × 225 × 100 cm (width × depth × height) (Figure 1C). This kind of pier
provides protection from the wind and shelter for the boats, creating a harbor character-
ized by shallow water and a quiet sea surface that represents the ideal condition for the
spreading of the bryozoan Amathia verticillata (delle Chiaje, 1822). The monitoring surveys
were realized at the inner and central areas of the floating complex on 4 September and
10 October 2021. During the surveys, five floating units with a draft of 50 cm depth each
were analyzed within a linear transect of 20 m long. Sampling was carried out on the
bryozoan A. verticillata by leaning out from the edge of the pier and hand-picking at the
lateral side of the artificial floating units in a depth range of 0–30 cm. The specimens
collected were observed under a ‘Solomark Microscope’ stereomicroscope, photographed
using the camera of a Smartphone Xiaomi Note 10T Lite, preserved in 96% ethanol (EtOH),
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and deposited in the Heterobranchia collection of the Department of Science, University of
Roma Tre, Rome, Italy (Vouchers RM3_2283-2293).
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Figure 1. (A) Map showing the geographical position of the marina of Fezzano (44◦4′52.2′′ N,
9◦49′37.8′′ E) highlighted by the blue star, located in the Gulf of La Spezia in the eastern portion of
the Ligurian Sea (north of Mediterranean Sea); (B) photograph of the marina of Fezzano; (C) floating
piers of the marina of Fezzano bordering the monitoring site, characterized by shallow water and a
quiet sea surface.

2.1. DNA Barcoding

DNA was extracted from a small piece of tissue by using the ‘salting out’ proce-
dure [35], following the same steps described in Furfaro et al. [36]. Amplifications of the
barcode fragment of the cytochrome oxidase subunit I (COI) were performed by PCR using
universal primers: LCO1490 and HCO2198 [37]. The universal primers pairs 16Sar-L and
16Sbr-H [38] and H3AD-F and H3BD-R [39] were used for the mitochondrial 16S and the
nuclear H3 markers, respectively. The PCR reaction mix had a final volume of 20 µL and
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consisted of 14.6 µL dH2O, 4.0 µL 5× FIREPol Mastermix (5× reaction buffer (0.4 M tris-
HCl, 0.1 M (NH4)2SO4, and 0.1% w/v Tween-20), 12.5 mM MgCl2, and 1 mM dNTP), 0.2 µL
each of the forward and reverse primers (20 µM), and 1.0 µL DNA [36]. PCR conditions
were the same for the three markers and included an initial denaturation step at 94 ◦C,
which lasted 5 min. This step was followed by 35 cycles consisting of 30 s at 94 ◦C for the
denaturation step, 60 s at an annealing temperature of 46–50 ◦C (48◦, 46◦, and 50◦ for the
COI, 16S, and H3, respectively), and 60 s of elongation at 72 ◦C. After this last cycle, the
temperature was held for an additional 7 min at 72 ◦C. Once all these steps were completed,
the amplified products were cooled down at 10 ◦C [40]. All amplicons were sequenced at
the European Division of Macrogen Inc. (Amsterdam, The Netherlands). The resulting
sequences were assembled and edited with Staden Package 2.0.0b9 [41]. A BLASTN [42]
search was conducted in the GenBank database to confirm the identity of the sequenced
fragments and to exclude contamination. COI consensus sequences were aligned with Gen-
Bank (https://www.ncbi.nlm.nih.gov/nucleotide/) (accessed on 1 August 2022) sequences
using the Muscle algorithm implemented in MEGA 6.0 [43]. Since the COI mitochondrial
marker is the most-used for species barcoding in Heterobranchia [44–47], a comparison
between the new sequences here reported and the ones already deposited in GenBank was
carried out. An ASAP (available at http://wwwabi.snv.jussieu.fr/public/abgd/) (accessed
on 10 August 2022) species delimitation analysis was conducted to detect the barcode gap
in the distribution of pairwise distances calculated on the COI sequence alignment [48,49].
The ASAP analysis was performed on the ingroup dataset using Jukes–Cantor genetic
distance and the default setting parameters.

2.2. Phylogenetic Analyses

Two different COI datasets were generated. One included all Favorinus Gray, 1850 species
already available in GenBank; members belonging to the Flabellina McMurtrie, 1831 genus
(sensu Furfaro et al. [46]); and Coryphella verrucosa (M. Sars, 1829). Duvaucelia striata (Hae-
felfinger, 1963) was used as the outgroup for this analysis [46]. The second dataset was
focused on P. emertoni specimens in addition to representatives of the most-related gen-
era: Palio Gray, 1857; Polycera Cuvier, 1816; and Thecacera J. Fleming, 1828. Thecacera
pennigera (Montagu, 1813) was used as the outgroup for this second dataset. The best-
fitting evolutionary model for each dataset was determined using JModelTest version
2.1.10 under the BIC model [50]. Two distinct phylogenetic analyses were carried out
per each dataset: a Bayesian inference (BI) analysis and a maximum likelihood (ML)
analysis. The former was carried out using the program of MrBayes (v. 3.2.6) [51].
Four independent MCMC (Markov-Chain-Monte-Carlo) runs were conducted with four
five million generations each, a sample frequency of one tree per 1000 generations, and
a burn-in of 25%. The maximum likelihood analysis was performed using raxmlGUI
1.5b2 [52], a graphical front-end for RAxML 8.2.1 [53], with 100 independent ML searches
and 1000 bootstrap replicates. FigTree (v. 1.4.3), a tree figure drawing tool (available at
https://github.com/rambaut/figtree/releases/tag/v1.4.3) (accessed on 1 August 2022),
was used to visualize the resulting topologies.

3. Results

During the sampling activities that were carried out between September and October 2021,
a great number of individuals belonging to Favorinus ghanensis and Polycerella emertoni Verril,
1880 (Gastropoda and Nudibranchia), were observed under the pier of Fezzano’s marina in the
Gulf of La Spezia (Ligurian Sea, Mediterranean Sea). The specimens collected were all together
on a single unit of the artificial floating pontoon (44◦04′44′′ N, 9◦49′43′′ E) (Figure 1C). Four
specimens of F. ghanensis 5–9 mm long (vouchers RM3_2290-2293) and seven P. emertoni
individuals 2–3 mm long (vouchers RM3_2283-2289) were collected, photographed, and
stored in the collection of the department of Science of the Roma Tre University (Table 1).

https://www.ncbi.nlm.nih.gov/nucleotide/
http://wwwabi.snv.jussieu.fr/public/abgd/
https://github.com/rambaut/figtree/releases/tag/v1.4.3
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Table 1. Species names and voucher codes, as well as COI, 16S, and H3 GenBank accession numbers,
of the specimens collected from the marina of Fezzano (Ligurian Sea) are listed. In bold are the
specimens that were molecularly analyzed.

Species Name Voucher COI 16S H3
Favorinus ghanensis RM3_2290 OP223449 OP221319 OP251348

RM3_2291 OP223450 OP221320 OP251349
RM3_2292 OP223451 OP221321 OP251350
RM3_2293 ——– ——– ——–

Polycerella emertoni RM3_2283 ——– ——– ——–
RM3_2284 ——– ——– ——–
RM3_2285 OP218058 OP218055 OP251346
RM3_2286 OP218059 OP218056 OP251347
RM3_2287 ——– ——– ——–
RM3_2288 ——– ——– ——–
RM3_2289 ——– ——– ——–

3.1. Morphological Identification

Favorinus ghanensis was originally described by Edmunds [54] based on 13 speci-
mens from Thema Harbor, Ghana [54]: “The animals are translucent greyish white with
a few white dots on the head, oral tentacles, back and tail. The rhinophores have three
small swellings on them. The tip is clear greyish with white dots, the rest of the stalk
is purple-brown or maroon (the colour being in closely set dots). The liver ducts are
only normally visible in the body of live animals if they are old and unhealthy when
they appear as dark lines joining the bases of the cerata. The liver in the cerata is cream
or brown with purple-brown blotches, so that its general appearance is purple-brown.
The cnidosac is minute, 0.08–0.09 mm long, and not visible at all in the living animal.
The cerata have a few white dots on the surface, and a few white glands at the tip.
The cerata are arranged in arches towards the front of the animal, in rows further
back”. This morphological description perfectly matches with the color pattern and
body shape characterizing the Ligurian specimens (Figure 2A,B). After its description,
F. ghanensis was recorded only twice: Ben Souissi et al. [55] reported a high number of
specimens from Rade‘s Harbor (Tunisia) and Tamsouri et al. (2014) from the marina of
Agadir (Morocco).

Polycerella emertoni was originally described by Verrill [56] (1880) from Connecticut.
This species has a widespread distribution [28], being reported as common from
Massachusetts to Brazil [57] and having been reported from Agadir, Morocco [28],
at Thema Harbor, Ghana [58], along the Atlantic coast of the Iberian Peninsula [59–63],
and in the Mediterranean Sea from Alfacs bay, Ebro Delta, (Spain) [64], Fusaro lake,
and the Tuscany coasts of Italy [65,66], Malta [67,68], Greece [7,69], and Tunisia [70].
The external morphology of the collected Polycerella individuals is coherent with those
reported in the original description and in the following published papers focused
on this species (Figure 2C), leaving no doubt on its morphological identification. Its
finding in the marina of Fezzano constitutes the first record of this species in the
Ligurian Sea.

3.2. Molecular Analyses

Three sequences per each COI, 16S, and H3 (517 bp, 425 bp, and 261 bp, respectively)
from F. ghanensis individuals and two COI, 16S, and H3 (637 bp, 411 bp, and 324 bp,
respectively) from P. emertoni specimens were obtained (Tables 1 and 2).
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Figure 2. (A,B) Pictures of F. ghanensis obtained in laboratory (A) and in situ (B). Highlighted by the
white arrow is an egg ribbon, possibly laid by F. ghanensis. (C) Polycerella emertoni photographed in
laboratory under a stereomicroscope. (D) Colonies of A. verticillata living in the marina of Fezzano.

Table 2. Species names, collection localities, vouchers, and COI accession numbers of the specimens
included in the molecular analyses. The ‘*’ symbol indicates the outgroups. In bold are the Ligurian
specimens that were molecularly analyzed.

Species Name Locality Voucher COI

Favorinus auranoralis Pacific Ocean: Marshall Islands, Kwajalein, Atoll, Loi Island,
South Loi sandspit

CASIZ 181353 JX220463

Philippines: Luzon, Batangas Province, Maricaban Island, Bethlehem CASIZ 182795 JX220462
Favorinus auritulus Atlantic Ocean: North Atlantic Ocean, Bermuda, Hamilton Parish,

Shelly Bay
CASIZ 181172 JX220476

Atlantic Ocean: North Atlantic Ocean, Bermuda, Hamilton Parish,
Walsingham Bay

CASIZ 181196 JX220475

Atlantic Ocean: North Atlantic Ocean, Bermuda, Hamilton Parish,
Walsingham Bay

CASIZ 181202 JX220474

Atlantic Ocean: North Atlantic Ocean, Bermuda, Hamilton Parish,
Walsingham Bay

CASIZ 181203 JX220473

——————————— SRR1950950 KX889733
Favorinus blianus United Kingdom: Scotland, Outer Hebrides, St. Kilda, Hirta,

Village Bay
CASIZ 118892 JX220472

Favorinus branchialis Italy: Latium, Sabaudia, Lago di Paola BAU2676 LT596562
Spain: Cadiz MNCN15.05/53695 HQ616761
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Table 2. Cont.

Species Name Locality Voucher COI

Favorinus bullitis Pacific Ocean: Marshall Islands, Kwajalein, Atoll, Gugeegue Island,
Gugeegue sandspit

CASIZ 181361 JX220461

Pacific Ocean: Marshall Islands, Kwajalein, Atoll, Little Shell sandspit CASIZ 185769A JX220460
Pacific Ocean: Marshall Islands, Kwajalein, Atoll, Little Shell sandspit CASIZ 185769B JX220459
Pacific Ocean: Marshall Islands, Kwajalein, Atoll, Little Shell sandspit CASIZ 185769C JX220458
Philippines: Luzon, Batangas Province, Calumpan, Peninsula,
Balayan Bay

CASIZ 186045 JX220457

Favorinus
elenalexiarum

Costa Rica: Guanacaste, Isla Plata CASIZ178875 HM162755

Mexico: Jalisco, Bahia de Banderas, Puerto Vallarta, Marietas
and Los Arcos

CASIZ 174060A JX220471

Favorinus
fuscunaris

Philippines: Luzon, Batangas Province, Balayan, Bay, Anilao,
Anilao Harbor

CASIZ 186046 JX220455

Favorinus ghanensis Italy: Liguria, La Spezia, Fezzano’s marina RM3_2290 OP223449
Italy: Liguria, La Spezia, Fezzano’s marina RM3_2291 OP223450
Italy: Liguria, La Spezia, Fezzano’s marina RM3_2292 OP223451

Favorinus inflatus Philippines: Luzon, Batangas Province, Balayan, Bay, Anilao,
Anilao Harbor

CASIZ 186438 JX220456

Favorinus japonicus Philippines: Luzon, Batangas Province, Maricaban Island, Devil’s
Point

CASIZ 177286 JX220470

USA: Hawaii, Maui, Airport Beach CASIZ 180309 JX220469
Philippines: Sibuyan Sea, Romblon Province, Tablas Island, north tip
of Tablas Island

CASIZ 182291 JX220468

Favorinus mirabilis Philippines: Luzon, Batangas Province, Calumpan Peninsula,
Maricaban Strait, Twin Rocks

CASIZ 177474 JX220467

Philippines: Luzon, Batangas Province, Maricaban Island, Devil’s
Point

CASIZ 177672A JX220466

Pacific Ocean: Marshall Islands, Kwajalein Atoll, Kwajalein Harbor CASIZ 181347A JX220465
Pacific Ocean: Marshall Islands, Kwajalein Atoll, North Loi Island CASIZ 182194A JX220464

Favorinus sp. Indonesia Fasp_17Bu-1 MK514329
Favorinus sp. Indonesia Fasp_15Bu-1 MK514328
Favorinus sp. French Polynesia: Moorea PW-2014 KJ522462
Favorinus
tsuruganus

Philippines: Luzon, Batangas Province, Maricaban Island, Bethlehem CASIZ 177373 JX220454

Philippines: Luzon, Batangas Province, Maricaban Island, Bethlehem CASIZ 177374 JX220453
Philippines: Luzon, Batangas Province, Balayan Bay,
east of Dive’n Trek

CASIZ 177652 JX220452

Philippines: Sibuyan Sea, Romblon Province, Romblon Island,
Bon Bon Beach

CASIZ 182284 JX220451

Philippines: Luzon, Batangas Province, Maricaban
Island, Caban Island, Kirby’s Rock

CASIZ 186044 JX220450

Coryphella
verrucosa

WS14499 MZ832555

ZMBN106122 MZ832557
Flabellina affinis Italy: Latium, Ponza Is. BAU2806 LT718555

Italy: Latium, Ponza Is. BAU2807 LT718556
Greece: Lefkada BAU2808 LT718557
Spain: Cadiz BAU2809 LT718558

Flabellina cavolini Italy: Sardinia, Tavolara RM3_1390 LR813668
Italy: Liguria, La Spezia, Scoglio Ferale RM3_1560 LR813669
Italy: Liguria, Genova, Portofino, Il faro RM3_1751 LR813670

Flabellina gaditana Italy: Apulia, Tremiti Islands RM3_461 LR813671
Italy: Sardinia, Tavolara Island RM3_783 LR813672
France: Arcachon MCNCN/ADN51998 JX087557

Duvaucelia striata * Italy: Tuscany, Giannutri Is. BAU2695 LT596540
Italy: Grosseto, Le Formiche Is. BAU2696 LT596541

Palio dubia USA: Maine, Portland CASIZ 182030 MZ382786
Russia:White Sea ZMMU:Op-751 MZ425304
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Table 2. Cont.

Species Name Locality Voucher COI
Canada: Quebec, Baie Ste-Marguerite, Trait 7 CCDB-15498-E04 KF644300
Canada: Quebec, Baie Ste-Marguerite, Trait 7 CCDB-15498-E07 KF643719
Canada: Quebec, Baie Ste-Marguerite, Trait 7 CCDB-15498-E06 KF643686
Sweden:Kristineberg, Bohuslän MNCN:15.05/55467 JX274100
Sweden:Kristineberg, Bohuslän ————– AJ223272

Polycera atra USA: California, San Francisco Bay, USA, San Francisco Marina CASIZ 170506b JX274085
USA: California, San Francisco Bay, USA, San Francisco Marina CASIZ 170506a JX274084

Polycera quadrilineata Sweden: Gothenborg, Tjarno MNCN:15.05/55466 JX274073
Sweden: Gothenborg, Tjarno MNCN:15.05/55463 JX274074

Polycerella emertoni Italy: Liguria, La Spezia, Fezzano’s marina RM3_2285 OP218058
Italy: Liguria, La Spezia, Fezzano’s marina RM3_2286 OP218059
Spain: Cadiz, Santi Petri, Pantalan MNCN:15.05/55482 JX274099
Spain: Cadiz, Santi Petri, Pantalan MNCN:15.05/55482 JX274098
Spain: Cadiz, Santi Petri, Pantalan MNCN:15.05/55479.2 JX274097
Spain: Cadiz, Santi Petri, Pantalan MNCN:15.05/55479.1 JX274096
Spain: Cadiz, Santi Petri MNCN:15.05/55480 JX274095
Spain: Cadiz, Andalusia ————– AJ223273

Thecacera pennigera * Spain: Cadiz, Andalusia ————– AJ223277
South Africa: Cape Province, Atlantic Coast, Oudekraal CASIZ 176285 JX274094

The molecular analysis on the F. ghanensis dataset involved 51 COI sequences (657 bp),
37 of which are currently ascribed to 15 Favorinus species (Table 2). TPM3uf + I + G
resulted to be the best evolutionary model for this dataset. The Bayesian inference (BI)
and maximum likelihood (ML) analyses were congruent with each other (Figure 3), with
most of the relationships weakly supported. The ingroup taxa consisted of a strongly
supported monophyletic clade (BI = 1, ML = 100), which in turn included two distinct
clades: a basal one (BI = 1, ML = 86) composed of F. mirabilis Baba, 1955; F. auranoralis West
and Gosliner, 2012; and a Favorinus sp.; as well as a second big clade with no statistical
support, that included all the remaining Coryphella, Favorinus, and Flabellina species. All the
terminal nodes were strongly supported, being informative at a species taxonomic level,
while the internal nodes were weakly resolved. The clades that were statistically supported
were the Flabellina one (BI = 1, ML = 90), which included the sisters F. cavolini (Vérany,
1846) and F. gaditana (Cervera, García-Gómez, and F. J. García, 1987) (BI = 1, ML = 100),
in turn sister (BI = 1, ML = 90) to the species F. affinis (Gmelin, 1791) (BI = 1, ML = 100),
and the monophyletic clade composed by Favorinus ghanensis (BI = 1, ML = 100), sister to
F. fuscunaris West and Gosliner, 2012, forming a monophyletic clade (BI = 1, ML = 92) with
a Favorinus sp. as the sister taxon (BI = 0.97, ML = 76). The third statistically supported
internal node (BI = 1, ML = 73) grouped Flabellina spp. in a monophyletic clade with
Favorinus bullitis West and Gosliner, 2012, and F. inflatus West and Gosliner, 2012, as the
sister group. These results suggested a polyphyletic condition of the Favorinus genus that
should deserve future in-depth analyses. Future comparisons with F. ghanensis specimens
from the type locality are also desirable to exclude possible cases of cryptic diversity.

The Polycerella emertoni dataset included a total of 21 sequences (618 bp) belonging to
four ingroup taxa. TrN + I + G resulted to be the best evolutionary model for this dataset.
Results from the P. emertoni BI and ML analyses were congruent and confirmed the mor-
phological identification of this species (Figure 4). In fact, Ligurian P. emertoni specimens
were grouped in a well-supported monophyletic clade (BI = 1, ML = 100), which included
other conspecifics collected from Atlantic Spain. The P. emertoni COI distance values were
within the currently accepted range of intraspecific variability [45,46]. Phylogenetic rela-
tionships with other genera were not resolved and in-depth analyses, including additional
molecular markers and species, are needed to clarify the evolutionary relationships oc-
curring between P. emertoni and its closely related genera. All the species included in the
analyses were monophyletic except Palio dubia (M. Sars, 1829), which was separated into
two distinct, well-supported phylogenetic lineages (BI = 1, ML = 96 and BI = 1, ML = 100
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respectively). Additional morphological and molecular analyses (that are beyond the scope
of the present study) are needed to exclude possible cases of misidentification and to resolve
the systematic statuses of these two potential separated species.
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Figure 3. Maximum likelihood topology based on the COI dataset with results from species delimi-
tation analyses (left, top). Numbers at nodes indicate Bayesian posterior probability (BPP; left) of
the BI and bootstrap support (BP; right) from the ML. BPP < 0.50 and BP < 50% were not reported.
The histogram in the upper left part shows the distribution of the pairwise genetic distances (JC69)
in intraspecific (left, light grey) and interspecific (right, dark grey) comparisons. The red-colored
rectangle highlights F. ghanensis specimens. The ‘-’ symbol indicates unsupported values.



Diversity 2022, 14, 687 10 of 16Diversity 2022, 14, x FOR PEER REVIEW 12 of 18 
 

 

 
Figure 4. Maximum likelihood topology based on the COI dataset with results from species delimita-
tion analyses (right, top). Numbers at nodes indicate Bayesian posterior probability (BPP; left) of the
BI and bootstrap support (BP; right) from the ML. BPP < 0.50 and BP < 50% were not reported. The
histogram in the upper right part shows the distribution of the pairwise genetic distances (JC69) in
intraspecific (left, light grey) and interspecific (right, dark grey) comparisons. The orange-colored
quadrants highlight P. emertoni Ligurian specimens.

4. Discussion

Investigations on non-indigenous (NI) organisms carried out during citizen science
programs in the Gulf of La Spezia have allowed the unravelling of an NI trophic web new
to the Mediterranean Sea that was here reported and investigated. Two NI nudibranchs
entered the Mediterranean Sea travelling on a NI bryozoan. These NI travellers, the cryp-
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togenic bryozoan Amathia verticillata, the rare Favorinus ghanensis (to date reported only
from this Italian locality [23,24]), and Polycerella emertoni (commonly found in association
with this widespread bryozoan and reported here for the first time in the Ligurian Sea) are
linked to each other by deep prey–predator relationships. Interestingly, the same food web
was already reported by Tamsouri et al. [28] from Agadir (Morocco). In their paper, the au-
thors state that A. verticillata was preyed upon by P. emertoni, while they hypothesized that
F. ghanensis could eat the eggs laid by P. emertoni. A recent paper [58] demonstrated that,
contrary to what was expected, P. emertoni is a micro-herbivore feeding on the periphyton
covering A. verticillate, with several diatom taxa also found in its stomach contents. This
is quite surprising and opens new perspectives on the need to investigate the epiphytic
algal community associated with NI and invasive taxa. Regarding the trophic behavior of
F. ghanensis, our observations support the hypothesis made by Tamsouri et al. [28], consid-
ering that the egg masses of P. emertoni are the main prey of F. ghanensis. It is interesting
to note that three out of the total four records of F. ghanensis have reported it in sympatry
with P. emertoni. Even in the Tunisian record of this species [55], which is the only one
that does not explicitly report this sympatric association, the first record of P. emertoni was
made six years later than that of F. ghanensis from the same locality. Considering that the
authors themselves stated that ‘The species may have been present in the Bay of Tunis for a
long time and remained unnoticed because it is extremely inconspicuous’ [70], it could be
hypothesized that P. emertoni was already present when F. ghanensis was firstly recorded,
making 100% of its records in sympatry with P. emertoni. This observation could indicate
a strong and not fully understood ecological association between these two elusive and
inconspicuous sea slugs that remains unnoticed so far. In fact, it could be speculated that
F. ghanensis shows a monophagous diet by selectively preying on the eggs laid by P. emertoni,
making the presence of the latter species essential for the former sea slug. Another pos-
sibility is that F. ghanensis shares the same ecological niche characterizing P. emertoni but
with low plasticity. This last hypothesis is also supported by the fact that Favorinus spp. are
known to secondarily feed on cnidarians to store nematocysts into their small cnidosacs for
defensive purposes [71]. However, the difficulty of studying in a natural condition and the
high number of ecological parameters involved make it difficult to exclude one possibility
or another. Furthermore, considering the increasing number of Mediterranean nudibranch
cryptic species recently revealed by molecular methods [36,45,72,73], we investigated the
Ligurian specimens using a molecular approach to exclude possible cases of cryptic diver-
sity and to investigate on the phylogenetic relationships occurring with closely related taxa.
Results from Bayesian and maximum likelihood molecular analyses, as well as species
delimitation methods, confirmed the identity of P. emertoni and demonstrated P. emertoni’s
Ligurian population to be genetically linked to the eastern Atlantic one, although further
studies are needed to confirm the amphi-atlantic status of this widespread species. The
lack of GenBank reference sequences ascribed to F. ghanensis prevented excluding cryptic
diversity within this species, but the presence of characteristic diagnostic external features
and the perfect match between the Ligurian phenotype and the one originally reported
for the species left no doubt on the morphological identification of this favorinid sea slug.
Sequences obtained from the Ligurian specimens were deposited in GenBank for the first
time, which could be useful for future molecular comparison between populations from dif-
ferent geographical areas. Interestingly, molecular analyses carried out on a broad dataset,
which included all the Favorinus species to date available, revealed a possible polyphyletic
condition of the genus Favorinus that needs to be clarified. Indeed, an unexpected closely
relationship was revealed here between some Favorinus species and members of the family
Flabellinidae that deserves future in-depth phylogenetic investigations.

From a conservation strategy point of view, it is interesting to note that the role of
A. verticillata as a powerful vector able to introduce multiple NI species through transport on
vessel hulls, vessel fouling, and mussel imports, has been previously demonstrated [21,74,75]
and was here confirmed. This should be considered to promote targeted monitoring
programs and more effective environmental protection actions. In fact, even if it is usually
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observed that this characteristic pattern of multiple colonization takes advantage of the
availability of ‘empty’ ecological niches, with apparently no negative effects for endemic
fauna, in most cases a newly realized NI niche is generated as a response to the new hosting
habitat features [21,76]. Moreover, A. verticillata, supposed to be native to the Caribbean
ecoregion [77] but cautiously considered as cryptogenic (i.e., a species with uncertain
geographical origin [78]), is distributed worldwide and, consequently, able to support
epiphytic fauna from all over the world. However, the shift observed in Ligurian Sea from
an endemic Mediterranean food web to a new and NI one perfectly describes the high
increase in change within the long story of Mediterranean faunal transformation, whose
consequence is an impoverishment of indigenous biodiversity and of endemic habitats and
whose sequel is unknown and yet unpredictable [25]. Finally, the results here presented
confirmed the importance of harbors and marinas, such as the marina of Fezzano, as
strategic key stations for the early detection of NI species. Furthermore, considering the
numerous boats hosted in this Ligurian marina, we could also speculate that recreational
vessels, and not only commercial boats, can effectively facilitate alien species dispersal [15].
Indeed, it is worth mentioning that the NI species reported here appeared to be introduced
from the Atlantic Ocean instead of the Suez Canal, and this is quite rare considering the
large amount of alien species that reach the Mediterranean Sea using this latter entry
point. In this framework, it is important to highlight how a sustainable coastal monitoring
project scheduling operative surveillance plans within public research activities of citizen
science, as “Percorsi nel Blu” project does, can play a fundamental key role in monitoring
and conservation strategies. Citizen science monitoring programs focused on these kinds
of ‘sentinel stations’ are helpful to increase and update data collection, to deepen the
knowledge of ecological aspects linked to such interesting anthropogenic marine habitats,
to detect new NI taxa, and to promote effective and suitable conservation strategies.

5. Conclusions

In conclusion, with this study, an NI trophic chain new to the Mediterranean Sea was
reported, which involved three different actors: Amathia verticillata, Polycerella emertoni
(which feeds on the diatom community associated to this bryozoan), and Favorinus ghanensis
(which feeds mainly on the eggs laid by the polycerid sea slug). The two travelling
NI sea slugs were investigated from morphological and molecular points of view, and
phylogenetic relationships with closely related taxa were reported. The rare F. ghanensis was
morphologically identified, and molecular data from Ligurian individuals were reported
and deposited for the first time. Polycerella emertoni was recorded for the first time from the
Ligurian Sea, expanding its current known range of distribution, and molecular intraspecific
divergence within the Mediterranean and Atlantic populations unraveled. Finally, the
key role of marinas and ports in the early warning of alien invasions was confirmed, and
the need to implement research activities and monitoring strategies also involving citizen
science was highlighted.
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