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W) Check for updates

New molecular data attest to the absence of cospeciation patterns
between Placobdella costata (Fr. Miiller, 1846) (Hirudinea) and
freshwater turtles (Emys spp.) in Italy

L. VECCHIONI @!, F. MARRONE @!*, M. LIUZZO
G. BAZAN &', V. ARIZZA @', & M. ARCULEO &'

2 D. SEGLIE®, R. CAVALCANTE?,

' Department of Biological, Chemical and Pharmaceutical Sciences and Technologies (STEBICEF), University of Palermo,
Palermo, Italy, 2Dipartimento di Scienze Ambientali, Informatica e Statistica, Universita Ca’ Foscari di Venezia, Campus
Scientifico, Venezia, Italy, and >Centro Emys Piemonte, Livorno Ferraris, Iralia

(Received 5 May 2021; accepted 24 Fuly 2021)

Abstract

The only Palearctic representative of the leech genus Placobdella Blanchard, 1893 is P. costata, an ectoparasite of freshwater
turtles. To date, no conclusive evidence about the possible presence of coevolutionary patterns between this leech and its turtle
hosts is available due to the paucity of DNA sequence data available for P. costata; moreover, comparative host data is also
mostly lacking, making any inferences more difficult. The discovery of new populations of the species in northern Italy and
Sicily allowed us to generate novel mitochondrial DNA sequences and to compare the topology of the resulting phylogenetic
trees with the phylogeny of the turtle hosts occurring in the study area, i.e., Emys orbicularis and E. trinacris. The branching
pattern of the phylogenetic tree for P. costata is not congruent with that of its turtle hosts, thus suggesting the lack of
coevolutionary or cospeciation phenomena between these taxa. The lack of a coevolutionary pattern might be ascribed to
the different dispersal ability of Placobdella costata and Emys spp. and to the host generality of the leech, as confirmed by the
occurrence of P. costara on aquatic turtles belonging to the genus Mauremys in areas where Emys spp. are rare or absent.

A single leech cytochrome ¢ oxidase subunit 1 haplotype was found in each study region, and the overall nucleotide
diversity was very low throughout the investigated distribution. This apparent lack of a clear phylogeographical pattern was
unexpected in the P. costata populations occurring in the circum-Mediterranean areas, where the occurrence of high
haplotype and nucleotide diversity is customary for most terrestrial and freshwater species. Based on the available data, we
suggest a recent, post-glacial origin of the studied P. costata populations.
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Introduction . . .
Based on their shared evolutionary history charac-

Cospeciation and coevolution are assumed to often
occur in host-parasite systems although the actual
frequency of real cospeciation patterns has recently
been shrouded in doubt (De Vienne et al. 2013). In
ideal cases, the cospeciation should follow the
“Fahrenholz rule”, i.e., the phylogeny of permanent
and specialised parasites should follow that of the
host taxa (Fahrenholz 1913). However, exceptions
are known, and these are mostly ascribed to host
switching, intra-host speciation or parasite inertia
(Paterson & Banks 2001; Legendre et al. 2002).

terised by the colonisation of the Palearctic from the
Nearctic region (Siddall et al. 2005), and on the
allegedly close trophic relationships that occur
between them (Minelli 1979; Nesemann & Neubert
1999), a cospeciation pattern could be expected
between the leech Placobdella costara and its emydine
turtle hosts Emys spp. Instead, the exploratory data
produced by Marrone et al. (2016) rather suggested
the existence of independent evolutionary patterns in
these taxa or a possible human-mediated introduc-
tion of Placobdella costata in Sicily from the southern
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Italian peninsula (Naselli-Flores & Marrone 2019).
However, the inclusion of P. costata samples originat-
ing from a single locality in each investigated region
did not provide definitive evidence, and further in-
depth surveys were strongly advocated by the
authors.

The recent findings of new Italian P. costata popula-
tions in Sicily and Piedmont (Evangelista & Seglie
2016; F. Marrone, unpubl. data) and the deposition of
some European and Asian P. costata sequences in the
publicly accessible GenBank database provided an
opportunity to better investigate the molecular diversity
pattern of this rare leech species in Italy, and to compare
it with the phylogeny of its sympatric hosts, i.e., fresh-
water turtles belonging to Emys trinacris, E. orbicularis
galloitalica and E. orbicularis hellenica (Vamberger et al.
2015).

Materials and methods

Placobdella costara individuals were collected from their
turtle hosts in novel occurrence sites located in
Piedmont and Sicily (Italy) (Figure 1) preserved
i sitw in 90% ethanol, and identified according to
Minelli (1977, 1979) and Nesemann and Neubert

(1999). Details about the sampled localities are
reported in Table I. Eight P. costata specimens from
Sicily and Piedmont were deposited at the Museo di
Storia Naturale, Sezione di Zoologia “La Specola”,
Universita di Firenze (S.M.A.), Italy under the collec-
tion numbers MZUF AN/6922/6154 - AN/6927/
6159; further, specimens are stored in the authors’
collection at the University of Palermo, Italy, and are
available for loan on request. When enough specimens
were available, total DNA was extracted from two
P. costata individuals from each site, and a fragment
of the mitochondrial gene cytochrome ¢ oxidase sub-
unit 1 (COI) was amplified following the procedures
described in Marrone et al. (2016), sequenced with an
ABI 3130xL. sequencer (Applied Biosystems) by
Macrogen SPAIN, and uploaded to the public data-
base GenBank under accession numbers MW935927-
MW935939.

In addition, all the P. costata COI sequences avail-
able on GenBank on 15/04/2021 and a sequence of
P. ornara (Verrill, 1872) to be used as outgroups were
downloaded from GenBank and included in the ana-
lyses (“Placobdella dataset”; see Table I and Figure 2(a)
for their Accession Numbers, AN). All sequences were
aligned using the software MEGAX (Kumar et al.
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Figure 1. Geographic location of the sampled sites. See Table I for their coordinates and information on the collected Placobdella costata
specimens and their hosts. Codes refer to those listed in Table I. The geographic coordinates of the Portuguese and Iranian sites are
unknown; accordingly, orange and yellow dots show their approximate locations.



Source

Solgi et al.
(Unpublished)

Marrone et al. 2016
Present study
Present study
Present study
Siddall et al. 2005
Present study
Present study
Present study
Marrone et al. 2016
Present study
De Carle et al. 2017
Saglam et al.

Associated Host
E. o. hellenica

E. o. hellenica
E. o. hellenica
E. o. hellenica

8.405365 E. o. hellenica

14.39019
14.49755
14.39542
14.55136
14.56649

E. o. persica

E. o. galloitalical
Emys trinacris
Emys trinacris
Emys trinacris
Emys trinacris
Emys trinacris
E. o. occidentalis
E. o. orbicularis

Longitude
B
16.22326
8.37511
8.28793
8.39044

Latitude
N)
38.83116
45.38125
45.23615
45.37490
45.42193
37.83184
37.95124
37.90103
37.94931
37.98346

Location
Natural Park of the Lame del Sesia

Lake Sambughetti Campanito

Lake Gianferraro
Lake Urio Quattrocchi

Fontana Gigante
Madonna delle Vigne
Pantana

Cavo Regina
San Fratello

Imbutillo

Region
Calabria (CAL)
Piedmont (PDM)
Piedmont (PDM)
Piedmont (PDM)
Piedmont (PDM)

Sicily (SIC)
Sicily (SIC)
Sicily (SIC)
Sicily (SIC)
Sicily (SIC)

- ARN)

Portugal - (PRT)

Country

Iran
ITtaly
Ttaly
ITtaly
Italy
ITtaly
Ttaly
Italy
ITtaly
Italy
Italy

KT363866, KT382521- KT382533

MW935932, MW935933
MF067142- MF067143

Table I. Origin and GenBank Accession Numbers (A.N.) of the analysed Placobdella costata specimens. Geographical coordinates are expressed in terms of decimal degrees (Map Datum:

WGS84).

MW935929, MW935930
MW935927, MW935928

MW935934, MW935935
MW935931

MW935936, MW935937
AY962461

MT260059
KT382534, KT363867
MW935938, MW935939

AN.

Absence of cospeciation berween P. costata and Emys spp. 961

2018) with the ClustalW method (Thompson et al.
1994). Pairwise haplotype uncorrected p-distances
were calculated with MEGAX (Kumar et al. 2018).

The phylogenetic relationships among the studied
populations were investigated using Bayesian inference
(BD) and maximum likelihood (ML) methods as imple-
mented in the software packages MrBayes v. 3.2.7
(Ronquist et al. 2012) and PhyML v. 3 (Guindon &
Gascuel 2003). In accordance with the best evolution-
ary model selected by PartitionFinder v. 1.0.1 (Lanfear
et al. 2012), both BI and ML analyses were performed
under a General Time Reversible model of sequence
evolution with a proportion of invariable sites (GTR
+I). As a measure of branch support, bootstrap values
were calculated with 1000 replicates in the ML trees.
For the BI analysis, two independent Markov Chain
Monte Carlo (MCMC) analyses were run with
1.000.000 generations (temp.: 0.2; default priors).
The convergence of the runs was assessed with Tracer
v1.6 (Rambaut et al. 2014), obtaining effective sample
size (ESS) values above 200 for all parameters.

In order to compare the branching pattern of
Placobdella costata trees with that of its Italian
hosts, selected Emys spp. cytochrome b (cytb)
sequences were downloaded from GenBank. Since
comparative GenBank P. costata sequences from
Portugal, Iran and Turkey were included in the
“Placobdella dataset”, cytb sequences of Emys orbicu-
laris occidentalis, E. orbicularis persica and Emys orbi-
cularis orbicularis from these countries were included
in the “Emys dataset” as well (see Figure 2(b) for
their Accession Numbers). The BI and ML analyses
of the “Emys dataset” were performed under
a Hasegawa—Kishino—Yano model of evolution
with a proportion of invariable sites (HKY + I)
implementing the settings reported above for the
“Placobdella dataset”.

A haplotype network including all Placobdella cost-
ata sequences were constructed based on the
“Placobdella dataset” using the software PopART
v. 1.7 (http://popart.otago.ac.nz) implementing the
median-joining network algorithm as suggested by
Bandelt et al. (1999).

37.10989 30.58071
(Unpublished)

Kirkgoz

Turkey Antalya (TRK)

Results

New P. costata populations were found in four sites
in Sicily and three sites in Piedmont. The number of
investigated leeches per site and their turtle hosts are
reported in Table I.

Overall, a 577-bp long COI fragment was success-
fully amplified and sequenced from 13 P. costata
individuals originating from seven novel sites; novel
sequences were aligned with the further 21 COI
P. costata sequences and a single P. ornata sequence

MK185711
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Figure 2. (a) Bayesian phylogram (95% majority rule consensus tree) of Placobdella costata based on a 540 bp fragment of the mtDNA COL.
A sequence of P. ornata (A.N. JQ812136) was used as an outgroup to root the tree. See Table I for the geographic origin of each sequence. Novel
sequences are reported in bold. Node statistical support is reported as nodal posterior probabilities (Bayesian Inference of phylogeny, BI)/
bootstrap values (Maximum Likelihood, ML). Asterisks indicate a bootstrap support value lower than 50. The colours of the pie chart refer to
those shown in Figure 2(b) and refer to the hosts (Emys spp.) of the parasite (P. coszaza) in each analysed area. (b) Bayesian phylogram (95%
majority rule consensus tree) of Emys spp. based on a 1031 bp fragment of the mtDNA Cytb. Node statistical support is reported as nodal
posterior probabilities (Bayesian Inference of phylogeny, BI)/bootstrap values (Maximum Likelihood, ML). (c) Median-joining haplotype
network based on the mtDNA COI of Placobdella costata. Dashes indicate substitutions steps. Each circle represents a haplotype, and its size is
proportional to its frequency. All the analysed specimens are reported using the codes listed in Table I.

downloaded from GenBank (Table I). After having
trimmed the sequence tails which are not present in
all the sequences, a 540-bp long aligned COI frag-
ment was obtained for the “Placobdella dataset”. All

the sequenced P. costata individuals from Sicily pre-
sented the same haplotype already observed by
Marrone et al. (2016) in Sicily and southern
Calabria, whereas all the new P. costata individuals
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from Piedmont showed the same COI haplotype
already observed in a specimen from Piedmont by
Siddall et al. (2005), thus consistently highlighting
a noteworthy homogeneity of the local populations
of the species.

The phylogenetic tree rooted at Placobdella ornata
(Figure 2(a)) shows the presence of two well-
supported clades, one including the single available
Turkish sequence and the Italian sequences from
Sicily and Calabria (southern Italy), the other
including the sequences from Piedmont (northern
Italy), Portugal, and Iran. The first clade is further
divided into two subclades, including the sequences
from P. costata individuals from southern Italy and
from Turkey, respectively, the second clade is char-
acterised by the presence of three haplotypes with
unresolved relationships, each one related to
sequences with different geographical origins (i.e.,
northern Italy, Portugal, and Iran). Oddly enough,
the mtDNA diversity pattern observed in the
“Placobdella dataset” does not show a large-scale
geographical pattern and suggests close relationships
between distantly located populations (e.g., among
P. costata populations occurring in Portugal, north-
ern Italy, and Iran) and vice-versa, a significant phy-
logenetic distance between geographically closer
populations (i.e., among the northern vs. southern
Italian study sites). The uncorrected pairwise dis-
tance occurring among the observed haplotypes is
reported in Table II.

A phylogenetic tree based on selected Emys spp.
cytb sequences (Figure 2(b)) is in general agreement
with the phylogenetic relationships known to occur
between Emys species and subspecies (e.g., Stuckas
et al. 2014).

With regard to the geographic localities from which
the specimens were collected, the branching patterns
of the phylogenetic trees based on the “Placobdella
dataset” and on the “Emys dataset” are incongruent
since two distantly related P. costara lineages are found
to occur on Emys orbicularis hellenica and, conversely,
a single P. costara haplotype is shared by three different

turtle hosts, i.e., E. trinacris, E. orbicularis galloitalica,
and E. orbicularis hellenica. Such a result is further
stressed by the haplotype network (Figure 1(c)),
which shows that a single COI P. costata haplotype is
shared by different turtle hosts and, conversely, differ-
ent and distantly related P. costara haplotypes can be
observed in Emys orbicularis hellenica.

Discussion

The analysis of the “Placobdella dataset” showed the
existence of distinct P. costara COI haplotypes and
clades occurring in different areas although their phy-
logenetic relationships do not seem to follow any clear
geographical pattern; the close relationship between the
haplotype found in southern Italy and that found in
Turkey or between the haplotype found in northern
Italy and those found in Portugal and Iran, do not
have any straightforward biogeographical explanation
(Figure 2(a)). Moreover, based on the available evi-
dence, the phylogenetic relationships among the
Italian P. costara populations are completely indepen-
dent from those observed in their host taxa (Figure 2
(a), (b), (c)) since the host differentiation is not mir-
rored by a parallel diversification of the parasite. This
pattern is here ascribed to the different dispersal ability
of the two studied taxa, and to the non-exclusive link
between the hosts and the parasite; conversely, the
alternative hypothesis of a recent human-mediated
introduction of P. costara in Sicily proposed by
Marrone et al. (2016) and Arizza et al. (2016) is made
unparsimonious by the available data since the incon-
gruence between Emys spp. and P. costata phylogenies
is apparent also for other geographical areas.

The dispersal ability of freshwater turtles is relatively
limited and, with few exceptions (e.g., Vamberger et al.
2014), it is deeply influenced by sea straits and moun-
tain ranges, e.g., in a recent study carried out in Sicily,
Vecchioni et al. (2020) showed that different E. zrinacris
independent management units can be singled out even
at the scale of few tens or hundreds of kilometres, in
accordance with the known philopatry of aquatic

Table II. Pairwise uncorrected p-distance between the cytochrome oxidase subunit 1 (COI) haplotypes observed in Placobdella costata.

Codes refer to those listed in Table 1.

Italy Italy
(SIC-CAL) (PDM) PRT IRN TRK
P. costata Italy (SIC-CAL) - - - - -
Italy (PDM) 0.015 - - - -
PRT 0.017 0.006 - - -
IRN 0.023 0.006 0.012 - -
TRK 0.048 0.056 0.059 0.062 -
P. ornata (Outgroup) 0.152 0.146 0.152 0.155 0.159
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turtles. Conversely, Placobdella spp. can be passively
dispersed over long ranges by biological vectors
(Davies et al. 1982; Vamberger & Trontelj 2007);
thus, presenting a molecular diversity pattern which is
expected to mirror that of its avian or mammal dispersal
vectors rather than those of its primary hosts.
Moreover, a growing evidence shows that the alleged
strict link between P. costata and aquatic turtles belong-
ing to the genus Emys was overestimated, since the
species routinely occurs on Mauremys spp. (e.g.,
Romero et al. 2014; Bashirichelkasari &
Yadollahvandmiandoab 2017; Laghzaoui et al. 2020)
where Emys hosts are rare or absent. Cospeciation
requires tight physiological interactions between hosts
and parasites, and the acquisition of new hosts, or the
parasite dispersal mediated by alternative hosts are
known to prevent cospeciation or coevolutionary phe-
nomena from occurring (Ricklefs et al. 2004). In light
of the obtained results, the existence of cospeciation or
coevolutionary patterns between the Italian P. costata
populations and their turtle hosts can likely be ruled
out, and the possible non-native status of P. costara in
Sicily is not supported.

A strikingly low mtDNA diversity was observed
for the leech species at both Italian and West
Palearctic scales, which contrasts with the high
genetic diversity expected to occur in the circum-
Mediterranean countries. In fact, southern
European peninsulas acted as refugia during the
Pleistocene glacial cycles, allowing the persistence
of ancient local haplotypes and ultimately bringing
to a high local haplotype diversity belonging to
endemic haplogroups in each refugial area (e.g.,
Hewitt 2004; Arias et al. 2021). Conversely, the
observed pattern shows the existence of a few widely
spread and closely related haplotypes, with
a negligible diversity occurring at a local scale.
This pattern suggests a post-glacial (re)colonization
of the study areas by P. costata originating from an
unknown source area as already observed in the
Italian peninsula and Sicily in the freshwater crab
Potamon fluviatile (Herbst, 1785) (Vecchioni et al.
2017; Marrone et al. 2020). The causes underlying
the current molecular diversity patterns of P. costata
are to date unclear, and a dedicated study to explore
the phylogeography of the species throughout its
distribution range is desirable.
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