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Abstract
The Mediterranean Sea is a hot spot for marine biodiversity, and this is particularly evident taking into consideration the 
diversity observed in many animal groups, among them the Molluscs. In the last decade, several works have revealed a high 
rate of cryptic diversity characterizing the Molluscan fauna of the Mediterranean Sea and an increasing number of endemic 
and/or new species inhabiting this semi-enclosed basin have been recorded or described. The DNA-barcoding method is 
considered an essential step in the integrative taxonomy applications, to unravel cryptic diversity and for species identifica-
tion. Here we report the case of DNA-barcoding technique applied to identify a nudibranch (Heterobranchia) collected 
from the Adriatic Sea, in the Bay of Kotor (Montenegro), for which a standard morphological identification was not 
possible. Mediterranean specimen belonging to Pruvotfolia pselliotes (Labbé, 1923) is for the first time molecularly identified 
and its COI DNA sequence compared with the one of an individual collected from the type locality. In addition, this is the 
first verified report of this species from the Adriatic Sea. Finally, the potential of using DNA-barcoding is here discussed, 
together with the habitat and the geographical distribution of this uncommon species.
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Introduction

The Mediterranean Sea is a semi-enclosed marine 
basin considered a hot spot for marine biodiversity 
(Coll et al. 2010; Danovaro et al. 2010; Lejeusne 
et al. 2010). In this context, Mollusca is one of the 
more represented group with about 2,200 accepted 
species (Coll et al. 2010), approximately 550 of which 
belonging to the Heterobranchia subclass (Trainito & 
Doneddu 2014). The study of Mediterranean 
Heterobranchia diversity is particularly interesting due 
to the continuous discovery of new and/or cryptic spe-
cies, often endemic of this semi-closed marine basin 
(Furfaro & Trainito 2017; Martín-Hervás et al. 2019; 
Furfaro & Mariottini 2020). Within this group, the 
order Nudibranchia includes organisms with soft 

bodies and lacking shells, whose identification can be 
often difficult or not possible based on images or 
external anatomy. Moreover, samples immediately 
preserved in ethanol for molecular studies can unavoid-
ably undergo the loss of their colours, which in some 
species is of diagnostic importance. DNA barcoding 
can support the specific identification of specimens 
collected with destructive sampling methods, or in 
case where taxonomically important characters are 
not properly visible. This molecular approach is routi-
nely used to study biodiversity, and nowadays is con-
sidered an essential step in the integrative taxonomy 
applications to many animal taxa (e.g. Mastrototaro 
et al. 2019, 2020; Furfaro & Mariottini 2020). This 
paper reports the DNA-barcoding applied to the 
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identification of the nudibranch Pruvotfolia pselliotes 
(Labbé, 1923) in the Mediterranean Sea, with the 
first documented record of the species in the Adriatic 
Sea. This Facelinidae nudibranch has been previously 
observed in the Atlantic Ocean, from south England to 
Ghana, including Cape Verde, the Canary Islands, and 
the Mediterranean Sea (Ortea & Urgorri 1981; Moro 
et al. 1995; Rolán 2005; Edmunds 2015). In this latter 
basin, P. pselliotes has been reported from Maltese 
waters (Mifsud & Cachia 2011), the Levantine Sea 
(Karhan et al. 2010) and the Marmara Sea (Albayrak 
& Çağlar 2016). The species has been also observed 
along the coasts of Spain and off Split (Croatia), 
according to the OPK platform (https://opistobran 
quis.info/ca), although without scientific evidences. In 
fact, the few Mediterranean records reported thus far 
refer mostly to photos and in vivo observations, while 
a proper morphological or molecular analysis has not 
been carried out thus far. Considering the high number 
of Mediterranean cryptic species and the lack of genetic 
data from populations of P. pselliotes inhabiting this 
basin, here we report for the first time results from 
molecular comparison between Mediterranean speci-
men and the one from the Atlantic type locality. Finally, 
since a clear-cut morphological identification is often 
not possible, the potential of using DNA-barcoding is 
here discussed, together with the habitat and the geo-
graphical distribution of the species.

Materials and methods

Sampling was carried out by scuba diving during 
January 2018 in the Bay of Kotor, Montenegro 
(42°28.791ʹN, 18°42.708ʹE) (Figure 1), at 40 m 
depth. The Bay is composed by three major basins, 
connected by two narrow straits with a maximum 
depth of 67 m and a penetration of the sea to the 
inland for over 20 km (Bortoluzzi et al. 2017). The 
sampling site is located in the central sector of 
Morinj-Risan-Kotor Bay, characterized by several 
depressions of circular to elliptical shape that display 
a well-developed, funnel-shape vertical section, 
representing groundwater discharge such as spring 
outlets (Bortoluzzi et al. 2017). The nudibranch 
collected was immediately preserved in 95% ethanol 
(EtOH), and deposited with voucher MO18-46 in 
the Zoology Laboratory of the University of Bari.

DNA was extracted from a small piece of tissue by 
using the “salting out” procedure (Aljanabi & Martinez 
1997). Amplifications were performed by PCR using 
universal primers: LCO1490 and HCO2198 (Folmer 
et al. 1994) for the barcode fragment of the Cytochrome 
Oxidase subunit I (COI). PCR conditions were: 5 min 

of initial DNA denaturation step at 94°C; 35 cycles 
of 94°C/30 s (DNA denaturation step), 48°C/60 s 
(annealing step), 72°C/60 s (elongation step); and 
7 min of final extension at 72°C (Furfaro et al. 2016). 
All amplicons were sequenced at the European Division 
of Macrogen Inc. (Amsterdam, The Netherlands). 
Sequences from each DNA strain were assembled and 
edited with Staden Package 2.0.0b9 (Staden et al. 
2000). BLASTN (Altschul et al. 1990) search was con-
ducted in the GenBank database to confirm the identity 
of the sequenced fragment and to exclude contamina-
tion. Consensus sequence was aligned together with 
GenBank (https://www.ncbi.nlm.nih.gov/nucleotide/) 
sequence using the Muscle algorithm implemented in 
MEGA 6.0 (Tamura et al. 2013). Since the COI mito-
chondrial marker is the most used for species barcoding 
in Heterobranchia, a comparison between the new 
sequence here reported and the one already deposited 
in GenBank was carried out. The number of COI base 
differences per site from averaging over the sequence 
pair was calculated, and the mean uncorrected p-dis-
tances were obtained using MEGA 6.0 software.

Results

Collected specimen showed an elongated body, 
a series of single cerata, lamellate rhinophores shorter 
than the elongated oral tentacles and a transparent oral 
veil, features commonly shared by representatives of 
the Facelinidae family. Furthermore, it presented 
a translucent white to yellow body colour pattern 
with the apical portion of the oral tentacle and the 
rhinophores being from yellowish to light brown. 
The brown ramifications of the digestive gland are 

Figure 1. Map showing the sampling localities. The red star 
highlights the type locality of Pruvotfolia pselliotes from where the 
GenBank specimen was collected, while the red square indicates 
the sampling locality of the Mediterranean specimen here stu-
died. In the upper left box is reported the COI divergence (p-dis-
tance) between the two compared specimens.

460 G. Furfaro et al.

https://opistobranquis.info/ca
https://opistobranquis.info/ca
https://www.ncbi.nlm.nih.gov/nucleotide/


visible through the transparent coating of cerata. 
Unfortunately, the bad weather conditions of the sea 
during the sampling did not allow to take a picture of 
the specimen collected and did not permit the more 
detailed in vivo observation of the diagnostic charac-
ters before it was stored in alcohol solution. The DNA 
barcoding was then considered the more suitable 
method to obtain a clear-cut identification of the spe-
cimen collected. The COI sequence obtained from the 
voucher MO18-46 were 650 bp (base pairs of nucleo-
tides) has been deposited in GenBank with the acces-
sion number LR813620. The only one specimen 
belonging to P. pselliotes present in GenBank (voucher: 
MNCN15.05/53705) was deposited by Carmona 
et al. (2011) and was collected from Cap Ferret in 
France, Atlantic Ocean (COI accession number: 
HQ616762). The resulting alignment was 634 bp 
with four variable sites. The comparison between the 
new COI sequence here reported and the one present 
in the GenBank showed 0.63% of COI p-distance 
value (Figure 1).

Discussion

Taxonomic identification of rare or uncommon spe-
cies is often based on one single specimen, due to 
the substantial difficulty of collecting biological 
material. Immediate storage in EtOH for future 
molecular studies allows DNA to be correctly pre-
served but inevitably causes the loss of some mor-
phological traits, as well as the strong contraction of 
the specimens, which can be hard to identify basing 
only on morphology. Albeit it has been found from 
6 to 120 m depth in the Mediterranean Sea (Karhan 
et al. 2010; Mifsud & Cachia 2011), its records are 
very few and often uncertain. Zenetos et al. (2016) 
have reviewed the Adriatic opisthobranch fauna, 
providing an updated checklist of the taxa occurring 
in this distinguished basin of the Mediterranean 
Sea, in particular adding 15 species to the previous 
Montenegrin Heterobranchia inventory counting 
only 26 taxa. These authors also mentioned that 
the coastline of Montenegro was indeed poorly stu-
died in the past and the few references focused on 
the molluscan biodiversity inhabiting this country 
provided limited information (Stjepčević 1967; 
Stjepčević & Parenzan 1980, 1982). The last new 
records by Petović and Lipej (2017) and Petović 
(2018) added 4 nudibranch species to the 
Montenegrin heterobranchs checklist. Although 
the Heterobranchia fauna of Montenegro has been 
recently revised and updated (Jovanović et al. 
2019), P. pselliotes was not found thus far. This 
study reports the first documented record of 

P. pselliotes in the Adriatic Sea, adding an additional 
species to the Montenegrin list, and the first 
application of DNA barcoding to Mediterranean 
specimen. The genetic comparison between 
Mediterranean specimen and the one from Cape 
Ferret, ca. 300 km far from the type locality (Le 
Croisic, France, Atlantic Ocean), in fact, resulted in 
0.63% of COI p-distance that is within the range of 
intraspecific divergence commonly used for species 
identification in Heterobranchia (<3%, see Furfaro 
et al. 2018). Considering the bathymetric range of 
distribution of P. pselliotes, from shallow to meso-
photic seabed, as well as its Atlantic-Mediterranean 
areal, it is expected that further records of the spe-
cies will occur all over the Mediterranean Sea. The 
ongoing exploration of mesophotic environments 
and the concomitant increasing use of the DNA- 
barcoding approach could support new occurrences 
of this species, as well as of other rare or unknown 
marine taxa.
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