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Abstract Alien land planarians have been scarcely
recorded in Italy and the aim of this work was to
update the distribution of alien planarians in Italy
using a citizen science and, whenever possible, a
molecular approach. We received 133 records of at
least 15 species (Anisorhynchodemus cf. signata,
Australopacifica atrata, Australoplana cf. sanguinea
alba, Bipalium kewense, B. vagum, Caenoplana cf.
dendyi, C. cf. decolorata, C. coerulea, C. variegata,
Diversibipalium  multilineatum,  Diversibipalium
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“black”, Endeavouria septemlineata, and Obama
nungara) and some undescribed or unidentifiable-to-
species taxa. Records came from all Italian regions
except for those characterized by the lowest human
population densities (Valle d’Aosta, Molise, and
Basilicata) and 83% of records come from private
gardens. Most records have been observed in spring
and early autumn and seem to increase with increasing
rainfall. Citizen-science data significantly expanded
the distribution area of these species in Italy, and thus
the citizen-science platforms represent an effective
tool for the early detection of these alien pest species.
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Introduction

The Mediterranean basin is highly exposed to biolog-
ical invasions because of its mild climate and high
habitat diversity, potentially suitable for species of
tropical/subtropical origin, especially in a scenario of
rising temperatures (Di Castri et al. 2012).

Among successful invaders, land flatworms (Platy-
helminthes: Tricladida: Continenticola: Geoplanidae)
include more than 900 species which live throughout
the world with exception of Antarctica, although most
species are native to moist soils of tropical forests
(Sluys 2016). Based on traditional taxonomy, it seems
that the European fauna of terrestrial planarians
includes few indigenous species compared to other
continents (N = 9 species: Minelli 1977; Jones 1998),
but recent works using molecular methods have shown
that many more species, especially microplanids, are
present (Mateos et al. 2017; Alvarez-Presas et al.
2018).

Currently, many places in the world have been
invaded by land flatworm species, accidentally stowed
away in the soil of imported ornamental plants (Sluys
2016; Vardinoyannis and Alexandrakis 2019), and a
total of 36 species of terrestrial planarians are known
to have been introduced in different countries around
the globe (Alvarez-Presas et al. 2014). Invasion by
land planarians has been long overlooked, as impacts
of these species on native ecosystems are still mostly
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unknown. On the contrary, some species are being
reported as voracious, potentially affecting popula-
tions of native invertebrate species (snails, slugs,
earthworms, and even other planarians) by predation
and in several cases strongly affecting local ecosys-
tems and human health (Boag et al. 2010). Despite
tetrodotoxin has been detected in a land planarian,
there is no evidence yet that alien flatworms represent
a direct threat to human health (Stokes et al. 2014).
Invasive edaphic organisms can indeed have dramatic
effects on the environment, due to the direct effects on
native soil organisms, and through their interactions
with the environment aboveground (Sluys 2016).

In Europe, at least 20 species of alien planarians
have been recorded, and some of them are considered
as invasive, e.g., Platydemus manokwari (Alvarez-
Presas et al. 2014; Justine et al. 2014, 2018, 2020).
Several species have been described in the invasive
range before being discovered in the native one (e.g.,
Bipalium kewense in the UK, Caenoplana decolorata
in Spain: Moseley 1878; Mateos et al. 2020). Deter-
mination of land planarians at the specific level
generally demands genetic analyses apart from some
species which can be identified by their morphology
and color pattern (Alvarez-Presas et al. 2014).

According to the Fauna Europaea Database (de
Jong et al. 2014), Italy is the European country with
the largest number of confirmed animal and plant
species. Also, Italy hosts the highest species richness
in terms of animal species, including endemic ones
(Blasi et al. 2007). Alien land planarians have been
scarcely recorded in Italy since 2015, with only a few
species recorded: Bipalium kewense, Caenoplana
variegata (reported as C. bicolor), Diversibipalium
multilineatum, and Obama nungara (Carbayo et al.
2016; Mazza et al. 2016; Dorigo et al. 2020; Justine
et al. 2020; Novarini and Lebech Nissling Iversen
2020).

Since our first work (Mazza et al. 2016), a major
media campaign was followed by a high number of
photographic reports of alien terrestrial flatworms
from non-scientists in several Italian localities. Alien
flatworms are often brightly coloured and are able to
capture the attention of the general public, and to be
recorded through citizen-science platforms (Alvarez-
Presas et al. 2014; Justine et al. 2020). Thus, this work
is aimed to update the distribution of alien planarians
in Italy using a citizen science approach and to collect
samples from the greatest possible number of sites
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where they are reported to occur and to determine the
number of terrestrial flatworm species introduced in
Italy through visual identification of photos and
molecular analyses.

Materials and methods

Since the first report of an alien land planarian
population in Italy (Mazza et al. 2016), we started a
media campaign in main newspapers and on social
networks (Facebook, Twitter) to collect as much data
as possible of the occurrence of alien land planarian
species. Further data were searched on the platform
iNaturalist (www.inaturalist.org). Every photograph
sent by citizen have been examined (by EM, GM, MM
and ES) and the identification has been validated by
specialists (i.e., by JLJ, LW).

We made contact with the authors of each record
asking for dates, coordinates, and if possible, the
number of observed individuals and to send us
specimens stored in absolute ethanol to preserve them
for molecular identification analyses. We then filled a
dataset including an unequivocal code for each record,
some photos of each individual, the locality, the
coordinates, the date, the habitat type where each
photo was taken, and whether a sample for molecular
analyses was collected. Concerning habitat type, we
followed Alvarez-Presas et al. (2014) and we identi-
fied: (1) private gardens, (2) nurseries and plantations,
(3) semi-natural areas, (4) human indoor (including
houses and cellars), (5) urban areas (including urban
parks) and (6) botanical gardens. Species for which
reliable information on their habitat type was unavail-
able were classified as “not available: NA”. We
performed a Hermans-Rasson test to evaluate whether
a random detection of records was exhibited over the
12 months (Landler et al. 2019).

At first, morphological identification was con-
ducted through the analysis of received photos, which
allowed us to determine flatworm species through an
expert-based approach. In other cases, samples were
collected and stored in Eppendorf tubes with absolute
ethanol for molecular analyses (see below).

DNA extraction, PCR and sequencing

Total DNA was extracted from a 3 mm® fragment of
body tissue taken from each individual using phenol—

chloroform method described by Mereghetti et al.
(2019), with a modification in tissues disruption step,
that in this study was performed using sterile pestles.
DNA was then used as template for the amplification
of a segment of the gene cytochrome c oxidase subunit
I (COI) by PCR using the primers pair BarS (Alvarez-
Presas et al. 2011) and COIR (Lazaro et al. 2009).
PCRs were performed in a volume of 25 pL reaction
mix containing: 1X GoTaq reaction Buffer, 0.2 mM of
each deoxynucleoside triphosphate, 0.5 pmol of each
primer, 0.6 U of GoTaq G2 Hot Start Polymerase and
100 ng of template DNA. The following thermal
protocol was adopted: 2 min at 95 °C followed by 30
cycles of 50 s denaturation at 94 °C, 45 s annealing at
43 °Cand 1 mine 10 s extension at 72 °C, with a final
single extra extension step of 10 min at 72 °C.
Positive amplicons, determined via agarose gel elec-
trophoresis, were directly sequenced on both strands
using Sanger sequencing (Microsynth, Balgach,
Switzerland). Consensus sequences were obtained
after assembling and editing electropherograms
through Geneious 10.0.9 (Biomatters Ltd., Auckland,
New Zealand); the presence of open reading frame
was verified using the on-line tool EMBOSS Transeq
(http://www.ebi.ac.uk/Tools/st/emboss_transeq/). All
nucleotide sequences developed in this study were
deposited in the European Nucleotide Archive (ac-
cession numbers: FR989842-FR989861; Supplemen-
tary Material Table S1).

Molecular identification and phylogenetic
inference

The obtained COI sequences were compared with
those available in GenBank database by performing
Basic Local Alignment Search Tool analyses
(BLAST: http://www.ncbi.nlm. nih.gov/BLAST;
Altschul et al. 1990) with default parameters. Species-
level identification was assigned only when a
sequence identity > 99% and a E-value < 1 x 107°
were obtained in the comparison between query and
reference sequences, as a standard procedure in
molecular identification (e.g., Pajoro et al. 2018;
Kubisz et al. 2020; Olivieri et al. 2021). To further
support the molecular identifications obtained, for the
genera Caenoplana, Bipalium and Obama a phyloge-
netic analysis was carried out. A COI tree for each
genus was thus inferred on alignments including the
sequences developed in this study plus a selection of
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orthologous sequences of the genus available in
GenBank and one outgroup sequence for each genus.
For the other two genera molecularly identified in this
study, Endeavouria and Diversibipalium, phyloge-
netic analysis was not performed since in GenBank
orthologous sequences were available only for one
species. The COI sequences used for phylogenetic
analyses were aligned using MUSCLE (Edgar 2004)
with default parameters and then haplotypes reduced
using R library Haplotypes (https://biolsystematics.
wordpress.com/r/). Phylogenetic inference was con-
ducted as in a previous study (Montagna et al. 2013).
Briefly, the best nucleotide substitution models were
estimated for each data set using jModelTest 2 (Dar-
riba et al. 2012) and selected according to Akaike
Information Criterion (AIC) (Akaike 1974). In the
case of Obama sequence alignment, the best model of
nucleotide substitution resulted the General Time
Reversible (GTR; Lanave et al. 1984) + gamma dis-
tribution (I') and a proportion of invariant sites; for
Caenoplana alignment the best model of nucleotide
substitution resulted the GTR (Lanave et al.
1984) 4+ I'; while for Bipalium the best model of
nucleotide substitution resulted the GTR + a propor-
tion of invariant sites. Maximum likelihood phyloge-
netic inferences were performed using PhyML version
3.0 (Guindon et al. 2010) with the following options:
evolutionary nucleotide substitution models as
obtained by model selection procedure; the best of
NNI and SPR tree searching operation; approximate
likelihood ratio test as node support (aLRT; Anisi-
mova et al. 2011).

Results

We collected 133 records of alien land planarians in
Italy between 2010 and 2021, distributed in all Italian
regions except for Valle d’Aosta (i.e., an Alpine
mountainous region) and the two regions with the
lowest human density in Italy (Molise and Basilicata:
Fig. 1). The highest number of records came from
Sicily (n = 27), followed by Latium (n = 23) and
Tuscany (n = 21, Fig. 1a). Most recorded individuals
were morphologically identified from the photos
provided by citizen-scientists (individuals from 113
records); in the cases in which citizen-scientists were
able to collect and appropriately store the recorded
individuals both morphological and molecular

@ Springer

Fig. 1 Distribution of records of alien land planarians in Italy.»
a Distribution across regions; b-f each map corresponds to a
genus, with records of genera represented by 1-2 observations
clumped in only one map

identification were performed (individuals from 13
records). In some cases, when only partial individuals
were collected, only molecular identification was
performed (7 records). Molecular and morphological
approaches led to the identification of eight genera of
alien land planarians in Italy, in three subfamilies:
Bipaliinae, Rhynchodeminae, and Geoplaninae
(Figs. 1b-1f and 2d).

The number of records increased between 2015 and
2020-2021. The low number of records in 2017 might
be related to low rainfall that year (Fig. 2a).

Most records were observed in spring and early
autumn (peaks in May and October, Hermans-Rasson
test: ¥ = 67.27, p < 0.05: Fig. 2b), i.e., at the peaks of
rainfall in Italy. Of the 133 records, 111 were from
domestic gardens (83.45%), six from botanical gar-
dens, five from urban areas, four from plant nurseries,
three from human indoor sites, three not known and
only one from seminatural areas.

In our records, 94% of individuals were identifiable
to species, the remainder to the level of genus. A total
of 15 species of eight genera were identified
(Anisorhynchodemus cf. signata, Australopacifica
atrata, Australoplana cf. sanguinea alba, Bipalium
kewense, B. vagum, Caenoplana cf. dendyi, C. cf.
decolorata, C. coerulea, C. variegata, Diversibipal-
ium multilineatum, Diversibipalium “black”, Endeayv-
ouria septemlineata, and Obama nungara) Wwith
further unidentified taxa requiring investigation
(Table 1; Supplementary Material Table S1).34

Among unidentified species, some individuals
belonging to the genus Diversibipalium were recorded
in three Italian localities (Latium and Veneto regions).
They present morphological characters attributable to
a taxon recorded for the first time in France (unnamed
Diversibipalium ‘black’, Justine et al. 2018), belong-
ing to a new species under description. Other two taxa
not identified to the species level, for which only one
individual each was recorded, were both morpholog-
ically assigned to the genus Caenoplana. For these
individuals, molecular identifications were also per-
formed. One of them (named Caenoplana sp. 1
FR989859) has the highest identity (> 99%) with a
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sequence labelled as Caenoplana sp. present in
GenBank (accession number: KJ659650), the other
(named as Caenoplana sp. 2 FR989860) has an
identity < 89% with different sequences belonging
to Caenoplana present within the same reference
database. The maximum likelihood tree inferred from
the alignment of Caenoplana COI sequences confirms
the placement of the two Caenoplana variegata
individuals collected in Italy (FR989857-FR989858)
in a well-supported (aLRT = 1) monophyletic group
together with other sequences of Caenoplana varie-
gata mined from GenBank (Fig. 3). Whereas, the
other two individuals of the genus included in this
study, Caenoplana sp. 1 FR989859 and Caenoplana
sp. 2 FR989860, grouped into two separate groups
(aLRT of 0.99 and of 0.97, respectively) (Fig. 3).

In the maximum likelihood tree inferred from the
Obama COI sequences alignment, the sequences
developed in this study resulted in a monophyletic
group consisting of Obama nungara (aLTR = 0.99),
thus confirming the molecular identification obtained
through BLAST. Specifically, the Obama nungara
individuals collected in Italy clustered into two
separate and well supported clades, one including
representative of the Argentina 1 clade (according to

@ Springer

Justine et al., 2020) and the others grouping with
representatives of Argentina 2 clade (Justine et al.,
2020; Figure S1 in Supplementary Material 2). The
phylogenetic placement of the Bipalium individual
recorded in this study (accession number FR989861)
was consistent with BLAST identification to Bipalium
vagum (Figure S2 in Supplementary Material 2).

Discussion

Our work showed an extensive level of planarian
invasion in Italy, with at least 15 species and some
undescribed and unidentified at species-level taxa
detected in five years of monitoring, making Italy one
of the European countries, together with UK and
France, with the highest diversity of alien planarian
species. Among those, Obama nungara, native to
South America, seems to be the most successful
invader, with 34 records from 11 Italian regions and
more than 100 specimens found in a private garden in
Lombardy. This finding is supported by the fact that
most of Italy is suitable for the establishment of this
flatworm (Negrete et al. 2020; Fourcade 2021), as well
as most of Southern Europe (Carbayo et al. 2016). We
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Table 1 Genera and species of alien land planarians detected in Italy. N, number of records; Mor, morphological identification based

on photo analysis; Mol, molecular analyses

Genus and species N Identification BLASTN % of identity with best match Accession Native range
numbers

Anisorhynchodemus 1

cf. signata 1 Mor Far East

Australopacifica 1

atrata 1 Mor New South Wales and

Moluccan Islands

Australoplana 1

cf. sanguinea alba 1  Mor Australia

Bipalium 35

kewense 29 Mor South-East Asia

sp. 2 Mor Unknown

vagum 4 Mor mol 100% Bipalium vagum MG655593 FR989861 Australasia

Caenoplana 29

cf. dendyi 1 Mor Australia

coerulea 4  Mor Australia

sp. 1 Mor Unknown

sp. 1 1 Mor and mol 99.8% Caenoplana sp. KJ659650 FR989859 Unknown

sp. 2 1 Mor and mol 88.1% Caenoplana sp. KJ659643 FR989860 Unknown

cf. decolorata 1 Mor Unknown

variegata 20 Mor and mol  99.3% Caenoplana variegata MN990648 FR989857; Australia

FR989858

Diversibipalium 30

multilineatum 27 Morl and mol 100% Diversibipalium multilineatum FR989851- Japan
MG655612 FR989854

sp. “black” 3 Mor Unknown

Endeavouria

septemlineata 2 Morl and mol 100% Endeavouria septemlineata FR989855;
MH572010 FR989856

Obama 34

nungara 34  Mor and mol > 99.2% Obama nungara MN529567/ FR989842- South America
MN529563/MN529572/KJ659654 / FR989850

also provided the first molecular evidence of the
occurrence of Bipalium vagum and Endeavouria
septemlineata in Europe. All planarian species are
hermaphrodites, which means that their reproduc-
tive system has both male and female genital struc-
tures. Furthermore, planarians show an amazing
ability to regenerate missing body part, i.e. different
pieces of a single planarian may regenerate missing
body parts, forming a complete individual. Therefore,
even where single individuals have been observed, it is
not possible to assess the invasion status (sensu
Blackburn et al. 2011), although we are confident that

areas hosting over 10 individuals (cf. Supplementary
Material 1) includes self-sustaining populations.
Records of alien planarians in Italy came from all
Italian regions except for those characterised by the
lowest human population densities (i.e., 38—67 human
inhabitants/kmz), and the smallest area (3,260-10,070
km?: www.istat.it, accessed on 15.03.2021). In these
regions, fewer introductions may have occurred,
therefore resulting in a lower density of populations
and variety of introduced planarian species. This may
represent a bias of citizen-science sampling, thus not
reflecting an actual absence of alien planarians, but

@ Springer
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possibly due to cultural differences between urban
populations accustomed to using smartphones and
social media, and rural populations, often charac-
terised by people less familiar with modern technol-
ogy (Justine et al. 2020). Furthermore, the lack of
records in winter may be due to a combination of a
lower number of worms in this season and of the fact
that people usually do not work in their gardens in cold
months. Accordingly, Justine et al. (2020) reported
that, although it is probably true that O. nungara is less
abundant in winter (December—February), it is not
possible to exclude with certainty if this is an actual
decrease of abundance, or if the number of records is
low simply because gardeners spend less time in their
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Microplana sp. MH056875

gardens in cold months. Moreover, during the winter
the terrestrial planarians limit their activity in a sort of
hibernation period, staying in the interstitial zones of
the soil and emerging later on, in spring, i.e. when the
conditions are more suitable for their vital activity
(Cannon et al. 1999).

Anecdotal observations showed that successful
invasion of alien flatworms in Italy is influenced by
soil moisture, in line with previously published works
(Fraser and Boag 1998). Alien planarians were mostly
recorded in private gardens or at least in human-
modified habitats (possibly because these areas are
more sampled by citizen-scientists with respect to
natural ones). Where detected, alien planarians were

terms of use apply. Rights reserved.
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always associated with ornamental plants (Boag et al.
1994; Alford et al. 1996; Moore et al. 1998) and found
in microhabitats with moist conditions. This may
explain why the highest number of records came from
the largest regions, where human population density is
high (e.g. Tuscany, Latium, Sicily, and Lombardy).
Citizen-science data significantly expanded the distri-
bution area colonized by these species in Italy, and
thus social networks and citizen-science platforms
represent an effective tool for the early detection of
pest species as already highlighted in Mazza et al.
(2020) and Farina et al. (2021).

Since many of these alien planarians are recent
colonizers (Justine et al. 2014), it is not possible to
predict what their status will be in the future, because
alien species often exhibit their invasiveness only after
an initial period of adaptation (lag phase), which may
be rather long (Crooks 2005), as acclimatization to
new environmental conditions plays an important role
during establishment (Hénfling et al. 2011).

Moreover, for several species, taxonomy is debated
or undefined. Thus, there is a remarkable doubt on
their geographic origins. An exemplar case is those of
individuals belonging to Caenoplana genus recorded
within this study. The maximum likelihood tree
inferred from COI sequences of this genus confirmed
the results obtained from the molecular identification
using BLASTn tool (Altschul et al. 1990), including
the impossibility to define the species to which two
Caenoplana individuals recorded in Italy (Caeno-
plana sp. 1 FR989859 and Caenoplana sp. 2
FR989860) belong. From the tree, it is possible to
define that these individuals belong to two different
entities, both possibly attributable to undescribed new
species of the genus Caenoplana. In any case, the
possibility that they belong to morphologically
described species that are not represented in GenBank
from conspecifics identified to species level has also to
be considered. In general, the inferred tree is repre-
sentative of the taxonomic uncertainly related to the
genus Caenoplana. Individuals identified based on
their morphotypes are split into few groups, forming
well-supported clusters with individuals identified to
genus-level, suggesting that a taxonomic redefinition
of alien planarians in general may be advisable and
possibly resulting in the description of species new to
science.

Colonization by alien species is promoted by
international trade and their establishment is favoured

by human-driven climate change (Bertolino et al.
2020). Ecosystem resistance and resilience encoun-
tered by invaders are weakened by environmental
alterations and by higher environmental temperatures
in human settlements, factors that may facilitate the
establishment of newcomers (Masters and Norgrove
2010; Pysek et al. 2020).

The introduction of land planarians, recognized as
top predators of the invertebrate soil fauna, poses a
risk to the native invertebrates in those areas where
they have been accidentally introduced (Murchie and
Gordon 2013; Molfini et al. 2020). For instance,
Platydemus manokwari, categorized as one of the 100
worst invasive species, has caused a rapid decline in
terrestrial invertebrates in areas where it has been
introduced (Gerlach et al. 2021). The ‘‘New Zealand’’
flatworm Arthurdendyus triangulatus was introduced
in the UK, Ireland, and Faroe Islands, causing a serious
risk to earthworms and, potentially, to native planari-
ans (Boag et al. 2006; Murchie and Gordon 2013). As
to Italy, a quantification of impacts by introduced
planarians is still lacking but deserves further research.
In addition, since the vast majority of the observations
comes from anthropogenic areas, further research
should focus the evaluation of the expansion from
private areas to nearby natural ones.

When prevention fails, early warning and rapid
response is the best option to avoid the spread of alien
species (Genovesi et al. 2015). Threats posed by
introduced alien species should be thus monitored,
starting from the distribution of established ones, the
assessment of their impacts, and the early detection of
new invasions (Bertolino et al. 2020; Molfini et al.
2020).

Acknowledgements Authors would like to thank all citizens
who sent us collected samples and records: Simone Angelini,
Elisa Antognini, Roberto & Marisa Pierini Armaroli, Giuliana
Artioli, Antonio Attanasio, Caterina Azara, Sara Bagarozza,
Gaia Bandini, Andrea Battaglini, Alessandro Barra, Maria
Cristina Berto, Stefano Bioni, Cesare Bonifazi Martinozzi,
Bernardo Borri, Neike Boventi, Emanuele Brenna, Corrado
Britolli, Giacomo Bruni, Simona Bruno, Emanuela Busia,
Francesco Calderaro, Alessandro Campanaro, Enzo Cannata,
Dino Carraro, Giuliano Carrozza, Tiziana Carta, Giulia
Casamento, Sara Cipriani, Giovanni Cococo, Sara Comis,
Mattia Corsato, Enrico Crino, Tiziano D’Elia, Enrico De
Lillo, Giuseppe De Martin, Laura Demil, Vincenzo Di Dio,
Lucrezia Di Domenico, Piergiorgio Di Pompeo, Angelo Ditta,
Alessandro Durastante, Lydia Espinoza, Roberto Fabbri,
Daniela Fale, Davide Ferro, Simona Fiore, Christian Florenti,
Rosario Galesi, Kiki Ghiro, Simone Grassi, Tommaso La

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



E. Mori et al.

Mantia, Vittorio Lamera, Marco Luporini, Lia Maestri
Piamonte, Riccardo Maltagliati, Raoul Manenti, Irene Marion,
Isabel Marzahn, Federico Massa, Agnes Maurice, Lara
Mazzocco, Consuelo Messeri, Valeria Michelucci, Marcel
Mircea, Pietro Missiaggia, Giuliana Modesti, Laetitia
Montagna, Manuel Morelli, Onofrio Murolo, Cristina Nardi,
Simone Nicolini, Stefano Nicolosi, Matteo Pagliari, Ilaria
Patrignano, Marco Pecoraro, Marco Pellegrini, Cristina
Pennisi, Giulia Picciotto, Andrea Pierantonio, Gabriella Pili,
David Piperno, Gianfranco Pisa, Leonardo Platania, Jacopo
Polvere, Lorenzo Racchetti, Gianfranco Repetto, Gianluca
Riezzo, Federica Rescigno, Massimiliano Resta, Eliseo Roma,
Luigi Romani, Iacopo Romano, Gianni Romeo, Aurelio
Sanguinetti, Anna Santagiuliana, Alessio Serra, Sonia Serra,
Elisabetta Sbrega, Santi Scibilla, Vasco Sfondrini, Karol
Tabarelli De Fatis, Vincenzo Talarico, Laura Tezzon,
Giuseppe Urso, Viviana Vangelista, Roberto Viviano, Marco
Zanelli, Sergio Zappa, and Pierpaolo Zatta. Support for this
research to MM (grant LCF/BQ/DR20/11790020) was provided
by ‘La Caixa’ Foundation (ID 100010434). Two anonymous
reviewers and the Associate Editor Petr PySek kindly took the
time to improve the first version of our MS with their comments.

Data availability Data used in this study is available in
Table S1 of the Electronic Supplementary Material.

Declarations

Conflict of interest The authors state no conflicts of interest.

References

Akaike H (1974) A new look at the statistical model identifi-
cation. System identification and time-series analysis.
IEEE Trans Automat Contr 19:716-723

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990)
Basic local alignment search tool. ] Mol Biol 215:403-410

Alvarez-Presas M, Carbayo F, Rozas J, Riutort M (2011) Land
planarians (Platyhelminthes) as a model organism for fine-
scale phylogeographic studies: understanding patterns of
biodiversity in the Brazilian Atlantic Forest hotspot. J Evol
Biol 24:887-896

Alvarez-Presas M, Mateos E, Tud6 A, Jones HD, Riutort M
(2014) Diversity of introduced terrestrial flatworms in the
Iberian Peninsula: a cautionary tale. PeerJ 2:35

Alvarez-Presas M, Mateos E, Riutort M (2018) Hidden diversity
in forest soils: characterization and comparison of terres-
trial flatworm’s communities in two national parks in
Spain. Ecol Evol 8:7386-7400

Anisimova M, Gil M, Dufayard JF, Dessimoz C, Gascuel O
(2011) Survey of branch support methods demonstrates
accuracy, power, and robustness of fast likelihood-based
approximation schemes. Syst Biol 60:685-699

Bertolino S, Ancillotto L, Bartolommei P, Benassi G, Capizzi D,
Gasperini S, Lucchesi M, Mori E, Scillitani L, Sozio G,
Falaschi M, Ficetola GF, Cerri J, Genovesi P, Carnevali L,
Loy A, Monaco A (2020) A framework for prioritising

@ Springer

present and potentially invasive mammal species for a
national list. NeoBiota 62:31-54

Blackburn TM, Pysek P, Bacher S, Carlton JT, Duncan RP,
Jarosik V, Wilson JRU (2011) Richardson, D.M. A pro-
posed unified framework for biological invasions. Trends
Ecol Evol 26:333-339

Blasi C, Boitani L, La Posta S, Marchetti M (2007) Biodiversity
in Italy. Contribution to the national biodiversity strategy.
Palombi Editions, Rome, Italy. Boag B, Palmer LF, Neil-
son R, Chambers SJ. (1994) Distribution and prevalence of
the predatory planarian Artioposthia triangulate (Dendy)
(Tricladida: Terricola) in Scotland. Ann Appl Biol
124:165-171

Boag B, Neilson R, Scrimgeour CM (2006) The effect of star-
vation on the planarian Arthurdendyus triangulatus (Tri-
cladida: Terricola) as measured by stable isotopes. Biol
Fertil Soils 43:267-270

Boag B, Neilson R, Jones HD (2010) Quantifying the risk to
biodiversity by alien terrestrial planarians. Asp Appl Biol
104:55-61

Cannon RJC, Baker RHA, Taylor MC, Moore JP (1999) A
review of the status of the New Zealand flatworm in the
UK. Ann Appl Biol 135:597-614

Crooks JA (2005) Lag times and exotic species: The ecology
and management of biological invasions in slow-motion.
Ecoscience 12: 316-329

Carbayo F, Alvarez-Presas M, Jones HD, Riutort M (2016) The
true identity of Obama (Platyhelminthes: Geoplanidae)
flatworm spreading across Europe. Zool J Linnean Soc
177:5-28

Darriba D, Taboada GL, Doallo R, Posada D (2012) jModelTest
2: more models, new heuristics and parallel computing. Nat
Methods 9:772

Dorigo L, Dal Lago T, Menchetti M, Sluys R (2020) First
records of two alien land flatworms (Tricladida, Geo-
planidae) from Northeastern Italy. Zootaxa 4732:332-334

De Jong Y, Verbeek M, Michelsen V, de Place BP, Los W,
Steeman F, Hagedorn G, Wetzel FT, Glocker F, Kroupa A,
Korb G, Hoffmann A, Hiuser C, Kohlbecker A, Miiller A,
Glintsch A, Stoev P, Penev L (2014) Fauna Europaea—all
European animal species on the web. Biodiv Data J
2:¢4034

Di Castri F, Hansen AJ, Debussche M (2012) Biological inva-
sions in Europe and the Mediterranean Basin (Vol. 65).
Springer Science & Business Media Editions, New York,
USA

Edgar RC (2004) MUSCLE: a multiple sequence alignment
method with reduced time and space complexity. BMC
Bioinform 5:113

Fraser PM, Boag B (1998) The distribution of lumbricid earth-
worm communities in relation to flatworms: a comparison
between New Zealand and Europe. Pedobiologia
42:542-553

Farina P, Mazza G, Benvenuti C, Cutino I, Giannotti P, Conti B,
Bedini S, Gargani E (2021) Biological Notes and Distri-
bution in Southern Europe of Aclees taiwanensis Kono,
1933 (Coleoptera: Curculionidae): a new pest of the fig
tree. Insects 12:5

Fourcade Y (2021) Fine-tuning niche models matters in inva-
sion ecology. A lesson from the land planarian Obama
nungara. Ecological Modelling 457:109686

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Discovering the Pandora’s box: the invasion of alien flatworms in Italy

Genovesi P, Carboneras C, Vila M, Walton P (2015) EU adopts
innovative legislation on invasive species: a step towards a
global response to biological invasions? Biol Invasions
17:1307-1311

Gerlach J, Barker GM, Bick CS, Bouchet P, Brodie G, Chris-
tensen CC, Collins T, Coote T, Cowie RH, Fiedler GC,
Griffiths OL, Vincent Florens FB, Hayes KA, Kim J,
Meyer J-Y, Meyer WM, Richling I, Slapcinsky JD, Winsor
L, Yeung NW (2021) Negative impacts of invasive
predators used as biological control agents against the pest
snail Lissachatina fulica: the snail Euglandina ‘rosea’ and
the flatworm Platydemus manokwari. Biol Invasions
23:997-1031

Guindon S, Dufayard JF, Lefort V, Anisimova M, Hordijk W,
Gascuel O (2010) New algorithms and methods to estimate
maximum-likelihood phylogenies: assessing the perfor-
mance of PhyML 3.0. Syst Biol 59:307-321

Hianfling B, Edwards F, Gherardi F (2011) Invasive alien
Crustacea: dispersal, establishment, impact and control.
Bio Control 56: 573-595

Jones HD (1998) The African and European land planarian
fauna, with an identification guide for field workers in
Europe. Pedobiologia 42:477-489

Justine JL, Winsor L, Gey D, Gros P, Thévenot J (2014) The
invasive New Guinea flatworm Platydemus manokwari in
France, the first record for Europe: time for action is now.
Peer] 2:¢297

Justine JL, Winsor L, Gey D, Gros P, Thévenot J (2018) Giant
worms chez moi! Hammerhead flatworms (Platy-
helminthes, Geoplanidae, Bipalium spp., Diversibipalium
spp.) in metropolitan France and overseas French territo-
ries. Peer] 6:¢467

Justine JL, Winsor L, Gey D, Gros P, Thévenot J (2020) Obama
chez moi! The invasion of metropolitan France by the land
planarian Obama nungara (Platyhelminthes, Geo-
planidae). PeerJ 8:e8385

Kubisz D, Magoga G, Mazur MA, Montagna M, Scibio R,
Tykarski P, Kajtoch L (2020) Biogeography and ecology of
geographically distant populations of sibling Crypto-
cephalus leaf beetles. Eur Zool J 87:223-234

Lanave C, Preparata G, Saccone C, Serio G (1984) A new
method for calculating evolutionary substitution rates.
J Mol Evol 20:86-93

Landler L, Ruxton GD, Ep M (2019) The Hermans-Rasson test
as a powerful alternative to the Rayleigh test for circular
statistics in biology. BMC Ecol 19:1-8

Lazaro EM, Sluys R, Pala M, Stocchino GA, Baguiia J, Riutort
M (2009) Molecular barcoding and phylogeography of
sexual and asexual freshwater planarians of the genus
Dugesia in the Western Mediterranean (Platyhelminthes,
Tricladida, Dugesiidae). Mol Phylogenet Evol 52:835-845

Masters G, Norgrove L (2010) Climate change and invasive
alien species. CABI Working Paper. 1: 1-30

Mateos E, Sluys R, Riutort M, Alvarez-Presas M (2017) Species
richness in the genus Microplana (Platyhelminthes, Tri-
cladida, Microplaninae) in Europe: as yet no asymptote in
sight. Invertebr Syst 31:269-301

Mateos E, Jones HD, Riutort M, Alvarez-Presas M (2020) A
new species of alien terrestrial planarian in Spain:
Caenoplana decolorata. Peer] 8:¢10013

Mazza G, Menchetti M, Sluys R, Sola E, Riutort M, Tricarico E,
Justine JL, Cavigioli L, Mori E (2016) First report of the
land planarian Diversibipalium multilineatum (Makino &
Shirasawa, 1983) (Platyhelminthes, Tricladida, Continen-
ticola) in Europe. Zootaxa 4067:577-580

Mazza G, Nerva L, Strangi A, Mori E, Chitarra W, Carapezza A,
Mei M, Marianelli L, Roversi PF, Campanaro A, Cian-
feroni F (2020) Scent of jasmine attracts alien invaders and
records on citizen science platforms: multiple introduc-
tions of the invasive Lacebug Corythauma ayyari (Drake,
1933)(Heteroptera: Tingidae) in Italy and the Mediter-
ranean Basin. Insects 11(9):620

Mereghetti V, Chouaia B, Limonta L, Locatelli DP, Montagna
M (2019) Evidence for a conserved microbiota across the
different developmental stages of Plodia interpunctella.
Insect Sci 26:466-478

Minelli A (1977) A taxonomic review of the terrestrial pla-
narians of Europe. Boll Zool 44:399-419

Molfini M, Zapparoli M, Genovesi P, Carnevali L, Audisio P, Di
Giulio A, Bologna MA (2020) A preliminary prioritized
list of Italian alien terrestrial invertebrate species. Biol
Invasions 22:2385-2399

Montagna M, Sassi D, Giorgi A (2013) Pachybrachis holerorum
(Coleoptera: Chrysomelidae: Cryptocephalinae), a new
species from the Apennines, Italy, identified by integration
of morphological and molecular data. Zootaxa
3741:243-253

Moseley HN (1878) XXVIII.—Description of a new species of
land-planarian from the hothouses at Kew Gardens. J Nat
Hist 1:237-239

Negrete L, Lenguas Francavilla M, Damborenea C, Brusa F
(2020) Trying to take over the world: potential distribution
of Obama nungara (Platyhelminthes: Geoplanidae), the
Neotropical land planarian that has reached Europe. Global
Change Biol 26:4907-4918

Novarini N, Lebech Niéssling Iversen N (2020) First records of
the alien land planarian Diversibipalium multilineatum
(Makino & Shirasawa, 1983) in Veneto and Trentino
(North-East Italy). Boll Museo Storia Nat Venezia
71:29-34

Olivieri E, Kariuki E, Floriano AM, Castelli M, Tafesse YM,
Magoga G, Kumsa B, Montagna M, Sassera D (2021)
Multi-country investigation of the diversity and associated
microorganisms isolated from tick species from domestic
animals, wildlife and vegetation in selected african coun-
tries. Exp Appl Acarol 83:427—-448

Pajoro M, Pistone D, Varotto Boccazzi I, Mereghetti V, Bandi
C, Fabbi M, Scattorin F, Sassera D, Montagna M (2018)
Molecular screening for bacterial pathogens in ticks (/x-
odes ricinus) collected on migratory birds captured in
northern Italy. Folia Parasitol (praha) 65(2018):008

Pysek P, Hulme PE, Simberloff D, Bacher S, Blackburn TM,
Carlton JT, Dawson W, Essl F, Foxcroft LC, Genovesi P,
Jeschke JM, Kiihn I, Liebhold AM, Mandrak NE, Meyer-
son LA, Pauchard A, Pergl J, Roy HE, Seebens H, van
Kleunen M, Vila M, Wingfield MJ, Richardson DM (2020)
Scientists’ warning on invasive alien species. Biol Rev
95:1511-1534

Sluys R (2016) Invasion of the flatworms. Am Sci
104(5):288-295

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



E. Mori et al.

Stokes AN, Ducey PK, Neuman-Lee L, Hanifin CT, French SS,
Pfrender ME, Brodie ED III, Brodie ED Jr (2014) Confir-
mation and distribution of tetrodotoxin for the first time in
terrestrial invertebrates: two terrestrial flatworm species
(Bipalium adventitium and Bipalium kewense). PLoS ONE
9:¢100718

Vardinoyannis K, Alexandrakis G (2019) First record of the land
planarian  Caenoplana  bicolor  (Graff, 1899)

@ Springer

(Platyhelminthes, Tricladida, Continenticola) in Greece.
Biolnvasions Rec 8:500-504

Publisher’s Note Springer Nature remains neutral with
regard to jurisdictional claims in published maps and
institutional affiliations.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).
Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”),
for small-scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are
maintained. By accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use
(“Terms”). For these purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or
a personal subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or
a personal subscription (to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the
Creative Commons license used will apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data
internally within ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking,
analysis and reporting. We will not otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of
companies unless we have your permission as detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that
Users may not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to
circumvent access control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil
liability, or is otherwise unlawful,

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by
Springer Nature in writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer
Nature journal content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates
revenue, royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain.
Springer Nature journal content cannot be used for inter-library loans and librarians may not upload Springer Nature journal
content on a large scale into their, or any other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any
information or content on this website and may remove it or features or functionality at our sole discretion, at any time with or
without notice. Springer Nature may revoke this licence to you at any time and remove access to any copies of the Springer Nature
journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express
or implied with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or
warranties imposed by law, including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be
licensed from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other
manner not expressly permitted by these Terms, please contact Springer Nature at

onlineservice@springernature.com



mailto:onlineservice@springernature.com

