Biologia (2024) 79:1695-1704
https://doi.org/10.1007/s11756-024-01639-z

ORIGINAL ARTICLE q

Check for
updates

New marine leech species of Branchellion Savigny, 1822 (Hirudinida:
Piscicolidae) and new host record of Pontobdella muricata in the Gulf
of Tunis

Feriel Youssef'© . Bouchra Benmansour'2® . Violetta M. Yurakhno®® . Lamjed Mansour*

Received: 27 June 2023 / Accepted: 7 February 2024 / Published online: 8 March 2024
© The Author(s), under exclusive licence to Plant Science and Biodiversity Centre, Slovak Academy of Sciences (SAS), Institute of Zoology, Slovak Acad-
emy of Sciences (SAS), Institute of Molecular Biology, Slovak Academy of Sciences (SAS) 2024

Abstract

Studies of Hirudinea species infesting elasmobranchs are scarce and scattered worldwide and they are inexistent off the
Tunisian waters. In this work, we aimed to assess the occurrence of these parasites on two ray species in the Gulf of Tunis
(Tunisia). Between 2017 and 2021, 254 fish specimens belonging to two Torpedinidae species (marbled electric ray, Torpedo
marmorata Risso, 1810, and common torpedo, Torpedo torpedo (Linnaeus, 1758)) were examined for leech infestation.
Morphological and molecular characterizations based on 18S rDNA and cytochrome ¢ oxidase (COI) sequences allowed
us to identify two leech species: Pontobdella muricata (Linnaeus, 1758) and a new Branchellion Savigny, 1822 species
Branchellion tunisensis sp. n. This new species (B. tunisensis) exhibited distinctive traits unlike other Branchellion, includ-
ing a transparent body marred with dark green along the abdomen and neck, long trachelosome (about 1/3 of the length of
the body), distinctive two eye spots, the presence of a pair of lateral branchiae per somite except for the last 2 somites and
cup-shaped posterior sucker. Molecular analysis of the 18S rDNA and COI gene fragments shows more than 10% diver-
gence of B. tunisensis from other Branchellion spp. and high identity score of P. muricata with other sequenced isolates.
This work allowed us to report the presence of P. muricata for the first time off the Tunisian coasts and to identify a new
marine leech species parasitizing electric rays in the Gulf of Tunis.
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Introduction and the remaining are largely predators but rarely scav-

engers. Most of them inhabit freshwater, although there

Leeches (Annelida: Clitellata: Hirudinea) (Sawyer 1986)
are common worldwide (Yamauchi et al. 2008). Many
leeches are blood-sucking on vertebrates or invertebrates,
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are marine and terrestrial species as well (Basusta et al.
2015). Hirudinea is a monophyletic group that includes
14 families (Sket and Trontelj 2008). Among these
families, Piscicolidae and Glossiphoniidae are known
to parasite predominantly freshwater or marine fishes
(Govedich et al. 2004). Hirudinea is the only group of
annelids known to include species that parasitize elas-
mobranchs (Caira and Healy 2004) and such parasitism
is restricted to marine leeches of the family Piscicolidae
(Benz and Bullard 2004; Utevsky and Trontelj 2004).
In fact, elasmobranchs (sharks and rays) are host to a
great variety of parasites in nature, particularly helminths
(Merlo-Serna and Garcia-Prieto 2016). More than 1500
helminth species including several leech species of the
family Piscicolidae have been recorded in association
with these hosts worldwide (Caira et al. 2012).
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These parasites can potentially affect the health of fish
in a variety of ways. Indeed, they feed on blood from
sharks and rays and are known to be vectors of hemato-
zoa (Caira and Healy 2004; Utevsky and Trontelj 2004).
Moreover, marine leeches’ damage on areas of feeding
or attachments on the fish reduces the economic value
of the demanded fish. They act as vectors of potentially
pathogenic organisms for the fish hosts (Bulguroglu et al.
2014). Thus, marine leeches, especially those with para-
sitic habits, are important components of the ecosystem
(Wunderlich et al. 2011). Investigations on these parasites
from the marine environment remain relatively scarce and
geographically scattered (Bakopoulos and Ksidia 2014).
In Tunisia, the Gulf of Tunis provides an important habi-
tat for Torpedinid ray species like Torpedo marmorata
and T. torpedo (Azouz 1973; Hattour 2000; Zarrad et al.
2000). However, to our knowledge marine leeches have
not previously been investigated in Tunisian waters. Thus,
the aim of this work was to assess the occurrence of these
parasites on the two most common ray species in the Gulf
of Tunis.
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Materials and methods
Fish sampling and identification

Between September 2017 and September 2021, 254 repre-
sentatives of the family of Torpedinidae namely common
torpedo Torpedo torpedo (Linnaeus, 1758) and marbled
electric ray Torpedo marmorata Risso, 1810, were col-
lected bi-monthly from fishermen working in the Gulf of
Tunis (136°49°2.99” N, 10°1810.80” E) as soon as they
entered the bay of “La Goulette” city (Fig. 1; Table 1).
Then, they were transported in ice to the laboratory where
they were examined on the same day. The different host
species were identified according to Fisher et al. (1987)
and Séret (2006). Host nomenclature is according to Froese
and Pauly (2023).

Study area

The Gulf of Tunis is characterized by rugged relief, bris-
tling with shoals and reefs (Azouz 1973). The average
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Fig. 1 Sampling sites (black star indicating the selected site for sampling)
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Table 1 Leech species,
their hosts and their global

parasitological indices

1697
Parasite species Host NEF NIF PN P (%) MI A
Pontobdella muricata Torpedo marmorata 142 5 5 3.52 1 0.16
Branchellion tunisensis sp. n. Torpedo torpedo 112 9 11 8.03 1.2 0.09

NEF Number of examined fish, NIF number of infested fish, PN collected parasites number, P (%) preva-
lence, M1 mean intensity, A abundance

salinity is around 37%o throughout the year (Hattour
2000). The average surface temperature is between 13 °C
in winter and 28 °C in summer (Zarrad et al. 2000). At
a depth of 60 m, it drops and reaches 4 °C (Zarrad et al.
2000). In fact, this geographical area seems to be the
favorite spot for Torpedinidae species with a fairly high
abundance in comparison with the other gulfs in Tunisia.

Parasite extraction and morphology

The leech species were transported alive along with their
freshly captured hosts to the research laboratory. They
were picked up from the dorsal and ventral surfaces of
their hosts and observed under a stereo microscope. Then,
they were preserved in 70% ethanol without relaxation.
Subsequently, the fixed parasites were examined again
under a stereo microscope. Length and width, diameters
of oral and caudal suckers of parasites were measured.
Annulation on the body surface of parasites was separated
as al, a2 and a3 annulus. After, somites on these annuli
were examined in terms of morphological characteristics
and then these somites were counted according to dorsal,
lateral and ventral regions. Parasites morphometry and
identification follow Richardson (1949), and Llewellyn
(1966) keys.

DNA extraction, amplification, and sequencing

Genomic DNA from leech specimens was extracted from
the caudal sucker using a DNeasy Blood & Tissue Kit (Qia-
gen, Valencia, CA, USA) according to the manufacturer’s
instructions. Briefly, fragments from three specimens of
each leech species were macerated and transferred in a ster-
ile Eppendorf tube containing 200 ul of lysis buffer and 20
ul of proteinase K (20 mg/ml). The mixture was incubated
at 56 °C for 2 to 4 h until the tissue was compltetely lysed.
The DNA was purified and washed as recommended by the
manufacture. Quantification of the DNA was done with a
Nano Drop (ND-1000, USA). DNA concentrated at 50-100
ng was preserved at -20 °C until use.

For PCR amplification, different universal primers were
used for screening Helminth organisms. These primers were
used to target partial fragments of the 18S rDNA, ITS and

COlI region. For the 18S rDNA, two couple of primers were
used to amplify this region:

1 F:5'-TACCTGGTTGATCCTGCCAGTAG-3', 5R:5'-
CTTGGCAAATGCTTTCGC-3' (Giribet et al. 1996);

3 F:5-GTTCGATTCCGGAGAGGGA-3, '9R: 5-GAT
CCTTCCGCAGGTTCACCTAC-3' (Giribet et al. 1996).

For ITS sequence amplification, we have used forward
ITS-1-F: 5’>-TTTCCGTAGGTGAACCT-3’ (Cunningham
1997) and reverse ITS-2-R: 5’-GGTAATCACGCTTGA
ATC-3’ (Matejusova et al. 2001).

The COI sequence was amplified using the universal
primers LCO1490: 5'-GGTCAACAAATCATAAAGATA
TTGG-3" and HCO2198: 5'-TAAACTTCAGGGTGACCA
AAAAATCA-3' (Folmer et al. 1994).

PCR conditions were as follows: initial denaturation at
95 °C for 5 min, followed by 35 cycles of 94 °C for 20 s,
with an annealing temperature of 50-54 °C for 20-60 s,
and an extension step of 72 °C for 2 min and a final
extension of 72 °C for 10 min. The PCR products were
subjected to sequencing by the commercial sequencing
company (Macrogen Inc., Seoul, South Korea) for both
directions using the same PCR primers. The obtained
sequences were deposited in GenBank and used to query
similar sequences using the Basic Local Alignment Search
Tool (BLAST) tool. Sequences were selected for align-
ment using the Clustal x2.1.0.12 program applying the
default parameters (Larkin et al. 2007).

Phylogenetic analyses were performed with Maximum
Likelihood (ML) and Neighbor Joining using the Mega V7
(Kumar et al. 2016). The ML method was conducted based
on the General Time Reversible model with Gamma dis-
tributed rate, and Invariant sites (GTR + G + 1) determined
using ModelTest (Darriba et al. 2012). Nodal support was
obtained for a bootstrap analysis with 1,000 replicates. All
distance values among the dataset sequences were calcu-
lated using the MEGA V7. Genetic divergences between
sequences were conducted using the Kimura 2-parameter
model (Kimura 1980). The rate variation among sites was
modeled with a gamma distribution (shape parameter =5).
The analysis involved 20 nucleotide sequences of 18S and
16 sequences of COI. All positions with less than 95%
site coverage were eliminated. That is, fewer than 5%
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alignment gaps, missing data, and ambiguous bases were
allowed at any position.

Statistical analysis

Rates of infestation were evaluated using statistical indices
frequently used in parasite ecology. The terms prevalence
(P%), mean intensity (MI) and abundance (A) were used
as defined by Margolis et al. (1982) and modified by Bush
et al. (1997).

Statistical analyses were carried out using excel 2020
software. Prevalence of parasite infection was compared
among all four seasons using a Chi-square test. Statistical
significance was accepted when p <0.05.

Results

The examination of two Torpedinidae species (marbled
electric ray, Torpedo marmorata and common torpedo, 7.
torpedo ) from the Tunisian coast allowed us to collect two
Hirudinea species: Branchellion tunisensis sp. n. and Pon-
tobdella muricata (Linnaeus, 1758) (Table 1).

General morphological description

Branchellion tunisensis sp. n. (Fig. 2)

Diagnosis. Transparent body with dark green stains along
the abdomen and neck. Long trachelosome, about 1/3 of the
length of the body. One pair of lateral branchiae per somite
except the last two somites. The presence of two distinguish-
able eye spots on the anterior sucker and the circular concave
almost cup-shaped posterior sucker.

Fig.2 Morphological features
of Brnachellion tunisensis sp.
n. a Dorsal view of a specimen
showing the anterior sucker
(As) and the posterior sucker
(Ps), scale bar =2 mm; b
anterior sucker; ES: eye spots; ¢
posterior sucker; SS: secondary
suckers
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Description

External morphology (based on 5 specimens)

Total length 16-23 mm; maximum width (excluding
branchiae) 1.75-2.8.

Regarding the color, when pulled, the body is transparent
with some stains of dark green colors along the abdomen
and neck (Fig. 2a). At rest, these parts become darker. The
clittelar region is transparent. As for the two suckers, they
are transparent except for the capules (secondary suckers)
which have a darker color. The skin of the body is smooth
without any tubercules. The body is distinctly divided into
trachelosome and urosome and 2 suckers (Fig. 2a).

The anterior sucker is flat, disc-like shaped and is directed
ventrally, its width is equal to the maximum width of the
abdomen. On the outer side, two elongated eye spots are
clearly separated from each other and covered with brownish
pigments and are visible at 2/3rd of the length of the sucker
(Fig. 2b). Circular and flattened secondary suckers cover its
ventral side.

The urosome terminates in a large and ventrally directed
sucker. The posterior sucker is centrally attached, circu-
lar concave almost cup-shaped and exactly terminal, with
membrane-like papillae at its external extremities and circu-
lar secondary suckers, of the same shape as on the anterior
sucker, at its ventral side (Fig. 2c¢).

The trachelosome is fusiform, relatively of the same
width as the urosome and is about 1/3 of the length of the
body. It is distinctly divided into a head, including the eccen-
trically attached anterior sucker and multiple somites.

The clittelar region counts two segments smaller in
width than the neck. It presents a construction separating
the last somite of the trachelosome and the first somite of
the urosome.
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The urosome is distinctly annulated, more conspicuously
on the dorsal side. It is slightly conical where the segments
widen gradually from the first somite. The different abdomi-
nal somites are approximately the same length except for the
first two, thinner and smaller. The urosome consists through-
out its length of gill-bearing somites, each final annuli bear-
ing a pulsatile vesicle at the base of the branchia on either
side except the last two somites that do not bear any gill.
Each branchia has a broad proximal region while their ante-
rior region is more rounded.

Type-host: Torpedo torpedo (Linnaeus, 1758). English
common name: Common torpedo.

Type-locality: La Goulette (Gulf of Tunis) (136°49°2.99”
N, 10°18°10.80” E), Tunisia.

Type-material. A holotype (Fig. 2a) was deposited in
the parasitological collection of the Zoology Department
Museum, College of Science, King Saud University, Riyadh,
Saudi Arabia, with the number (LeeTun221018). Partial
sequences of the 18S rDNA- ITS and COI were deposited
in GenBank under the accession numbers OR519898 and
OR506480 respectively.

Prevalence: 8.03% (9/112)

Number of collected specimens: 11

Site on host: Dorsal and ventral surface.

Etymology. The name of this leech is related to Tunisia
and to the Gulf of Tunis.

Remarks. The external diagnostic characters proved
that B. tunisensis sp. n. is different from the other known
Branchellion species (see discussion).

Pontobdella muricata (Linnaeus, 1758) (Fig. 3)

The morphological features of the collected specimens
of P. muricata (Fig. 3) during this study are in accordance
with the description of Sawyer (1986). The size of the col-
lected specimens varies between 4 and 4.7 cm long and the
maximum width, the urosome, varies between 0.8 and 1 cm.
The trachelosomal region compromises about % of the total
length, while the urosomal region compromises the remain-
ing % of the total length.

Fig.3 Pontobdella muricata
(Linnaeus, 1758) fixed on

the dorsal region of Torpedo
marmorata from the North-
eastern Tunisian coast. Ps:
Small terminal posterior sucker;
As: cup-shaped anterior sucker.
Scale bar =10 mm

The upper part (trachelosome and clitellum) of the body
along with the two suckers of this species have a yellow
color while the abdomen has a brown or olive green color
(Fig. 3).

The body is fusiform, narrowing gradually towards its
ends (Fig. 3). It is clearly divided into five regions: the oral
sucker, the trachelosome, the clitellum (with the genital
openings), the urosome and the posterior sucker. The head
region counts segments I-VI, the neck region segments VII-
IX and the clitellum segments X-XII. Segmentations of
the abdomen region are not well visible on the harvested
specimens.

Pontobdella muricata have no eyes. The anterior sucker
is cup-shaped (Fig. 3) and attached eccentrically so that the
dorsal surface is longer than the ventral. It presents on its
edges a rounded marginal fringe. This sucker is significantly
wider than the anterior part of the leech, measuring 3.2 mm.
At the level of the mouth, there are no jaws but an exsertile
trunk. There are no visible gills. The posterior sucker is very
deeply cupped and is a little smaller than the anterior sucker
measuring 3 mm.

The skin is rough and strongly warty (Fig. 3), and the
rings have tubercles or globular papillae, ending in weaker
points on the 3rd ring of each segment. The summit of the
tubercles bears stiff projections like thorns and arranged in
a circle.

Molecular characterization

Partial sequences of the 18S rDNA gene and cytochrome
¢ oxidase subunit I (COI) were obtained for each species.
For Pontobdella muricata, the obtained sequences of 18S
rDNA (1462 bp) and COI (629 bp) were submitted in Gen-
Bank under accession numbers OR500914 and OR501021,
respectively. These two sequences show 99.7% and 99.52%
of identity with P. muricata (accession number KY659070)
reported by Bottari et al. (2017) from the Tyrrhenian Sea
on the brown ray, Raja miraletus (Linnaeus, 1758), and
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Table 2 Percentage of

identity based on partial COI
gene, between sequenced
Branchellion species showing
the divergence between the new
species B. tunisensis sp. n. and
related ones

Species 1 2 3 4 5
1 Brachellion tunisensis sp. n. (OR506480) -
2 Branchellion lobata (DQ414308) 89.38 -
3 Branchellion parkeri (DQ414267) 89.17 89.39 -
4 Branchellion brevicaudata (ON920890) 88.49 87.48 87.76 -
5 Branchellion torpedinis (MH087669) 87.23 89.23 95.37 85.71
6 Branchellion sp. (DQ414313) 88.14 89.71 99.36 87.12 94.79

the spotted ray, R. montagui (Fowler, 1910) (Table 2). For
Branchellion tunisensis sp. n. the partial sequences of 18S
rDNA-ITS2 (1564 bp) and COI (678 bp) were also submit-
ted to GenBank under the accession numbers OR519898
and OR506480, respectively. Both sequences showed a low
degree of identity with already published sequences in Gen-
eBank. The highest identity was obtained with Branchellion
lobata Moore, 1952 with 87.9% for the 18S rDNA (acces-
sion number OX387249) and 89.38% for COI (GenBank
Entry, 0X387263). A slightly lower identity was observed
also with Branchellion parkeri Richardson, 1949 (89.17%)
for the COI gene.

Phylogenetic analysis inferred by maximum likelihood
based on 18S rDNA (Fig. 4a) and COI (Fig. 4b) gives trees
with similar topology. Both trees show clustering of the col-
lected P. muricata with the sequenced P. muricata isolates
(GenBank entries, KY659070 and AY336029) and two
Stibarobdella species with strong bootstrap support. The

Branchellion torpedinis (AF115993)
Branchellion sp. (DQ414267)

Branchellion parkeri (DQ414262)
Branchellion lobata (DQ414261)
Branchellion ravenelii (DQ414263)
— Bathybdella sawyeri (DQ414265(
51— Piscicolidae sp. (MN312187)

- Johanssonia arctica (DQ414274)
— Limnotrachelobdella sinensis (LC275139)

Piscicola geometra (AF115995)
70
loo Calliobdella vivida (AF115992)
Cystobranchus salmositicus (DQ414270)

Malmiana buthi (DQ414276)

= Notobdella notothenige (DQ414283)
g5 [ Pontobdella muricata (OR500914)
g9 | =Pontobdella muricata (KY659070)
Stibarobdella macrothela (AF115996)
85L Stibarobdella tasmanica (DQ414298)

Lumbricus terrestris (AJ272183)

0.020

Fig.4 Phylogenetic trees of the 18S rDNA (a) and the COI (b) genes
based on Maximum Likelihood method showing the relative positions
of the two newly sequenced species Branchellion tunisensis sp. n.

@ Springer

Branchellion tunisensis. sp. n. (OR519898)

second species, B. tunisensis sp. n. cluster with other seven
Brachellion spp., including B. lobata, B. torpedinis with
high nodal support.

Parasitological indexes of the collected species

The analysis of the parasitological indexes of the collected
leeches shows that the prevalence of B. tunisensis sp. n.
(P=8.03%) is higher than the prevalence of P. muricata
(P=3.52%) (Table 1).

The prevalence of B. tunisensis increased during winter
(P=16%) and spring (P =19.35%) while the prevalence of
P. muricata increased during autumn (P=3.33%) and winter
(P=13.33%) (Table 3).

No significant differences were detected between the four
seasons in the prevalence of P. muricata (Table 3). However,
we noted a significant difference between autumn/winter,
Autumn/spring, winter/spring and spring/summer in the

;jL— Branchellion lobata (DQ414307)
Branchellion parkeri (DQ414308)

8 Branchellion tunisensis sp. n. (OR506480)

Branchellion torpedinis (MH087669)

s ][ Branchellion brevicaudatae (ON920890.1)

] Branchellion sp. Borneo (DQ414312)

r— Piscicola sibirica (0Q152300.)

10 J Piscicola geometra (BK059172)
ok Piscicola pojmanskae (MH395321)
Bathybdella sawyeri (DQ414311)

Stibarobdella macrothela (AF116022)

89

Stibarobdella tasmanica (DQ414343)
Pontobdella muricata (AY336029)

‘“4. Pontobdella muricata (OR501021)
ol Pontobdella muricata (KY659072)

Lumbricus terrestris (HQ024632)

0.10

and Pontobdella muricata (in bold) with related Piscicolidae species.
Node labels show the bootstrap support of the consensus trees
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Table 3 Seasonal variation of
the prevalence (P%) by Chi-

Autumn (A)

square test of the two leech
species

Branchellion tunisensis sp.n. 0

Pontobdella muricata 3.33

1701
Winter (W)  Spring (SP)  Summer (SM) p > 0.05
16 19.35 2.94 A/SP; A/SP; W/SP; SP/SM
13.33 0 0 *

*No significant differences

Fig.5 Fixation traces of Pontobdella muricata on Torpedo mar-
morata. As: traces of the anterior sucker; Ps: traces of the posterior
sucker

prevalence of B. tunisensis (Table 3). Furthermore, B. tuni-
sensis is the only species to possess a mean intensity higher
than 1 (MI=1.2) recorded during the spring season.

Macroscopic observation of lesions caused by the Hirudinea
species on their hosts

Both B. tunisensis sp. n. and P. muricata were fixed on the
dorsal and the ventral surfaces of their respective hosts. Dur-
ing the extraction, we were able to notice the occurrence of
many lesions near the edges of both body surfaces of their
hosts (Fig. 5).

The trauma left by B. tunisensis was much less conspicu-
ous macroscopically with no hemorrhage or lesion. While
the trauma left by P. muricata on T. marmorata was more
evident. In fact, skin petechias, hemorrhages and swelling
were observed in the attachment site of this leech species.

After the detachment of the leech a roundish shallow
trauma is observed and two typical lesions on the epidermal
tissues of T. marmorata were found. The major lesion was
caused by oral sucker and the minor lesion was induced by
caudal sucker of leeches (Fig. 5). On the anterior surface of
the skin, we noted the presence of hemorrhage where the

parasites were fixed with no evidence of the lesion reaching
the muscle tissue.

Discussion

Leech species are common on chondrichthyans, and many
species have been reported from the skins of sharks and
rays including thornback ray (Raja clavata Linnaeus, 1758),
sand-tiger shark (Carcharias taurus Rafinesque, 1810) and
Argentina angel shark (Squatina argentina Marini, 1930)
from various locations such as the Indian Ocean, the Atlantic
Ocean, Japan, and southern Brazil (Oka 1910; Soto 2000;
Wunderlich et al. 2011).

During our work, we were able to characterize a new
leech species B. tunisensis sp. n. found on Torpedo tor-
pedo and to record the occurrence of Pontobdella muri-
cata on T. marmorata. Indeed, T. marmorata is well
known to host Branchellion torpedinis Savigny, 1822
(Narvaez and Osaer 2017) and P. muricata Linnaeus,
1758 (Saglam et al. 2003; Bolognini et al. 2017).

The Pontobdellinae (Piscicolidae) encompasses the
majority of marine leeches, which are characterized by a
large size, the presence of tubercles on their body, and para-
sitism on Chondrichthyans (Utevsky et al. 2007). Pontob-
della muricata is an ectoparasite of benthic elasmobranch
species rarely found on bony fish (Minelli 1979). It was
reported from several host species, namely Dasyatis pastin-
aca (Linnaeus, 1758) (Bakopoulos and Ksidia 2014; Bagusta
et al. 2015), Dipturus batis (Linnaeus, 1758) (Olsson 1876),
Mpyliobatis aquila (Linnaeus, 1758) (Bolognini et al. 2017),
Raja clavata Linnaeus, 1758 (Saglam et al. 2003; Oktener
and Utevsky 2010; Gaevskaya 2012; Bakopoulos and Ksidia
2014; Bolognini et al. 2017), R. miraletus Linnaeus, 1758,
R. montagui Fowler, 1910 (Bottari et al. 2017), and T. mar-
morata (Saglam et al. 2003; Bolognini et al. 2017). This
species presents a large geographical distribution in the East
banks of the Mediterranean (Greece and Turkey) (Saglam
et al. 2003; Oktener and Utevsky 2010; Gaevskaya 2012;
Bakopoulos and Ksidia 2014), in the Adriatic Sea (Minelli
2008; Bolognini et al. 2017) and in the Tyrrhenian Sea (Bot-
tari et al. 2017). However, this is its first record in the Tuni-
sian coasts.

Branchellion Savigny, 1822 species are parasites of rays
and sharks (Pauls and Provenzano 1999). These species
are distributed in distinct marine realms (Sawyer 1986):
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B. angeli Sigalas, 1921 in the South-Western Indian Ocean
and North Atlantic; B. borealis Leigh-Sharpe, 1933 known
only in the English Channel; B. lobata Moore, 1952 in the
Eastern Pacific; B. parkeri Richardson, 1949 in the Indo-
Pacific; B. plicobranchus Sanjeeva Raj, 1954 in the Indian
Ocean; B. ravenelii (Girard, 1850) in the Western Atlantic,
B. spindolaorum in the Eastern Pacific (Ruiz-Escobar and
Oceguera-Figueroa 2019), the type-species B. forpedinis
Savigny, 1822 in the Atlantic (Ruiz-Escobar and Oceguera-
Figueroa 2019) and B. brevicaudata in the West Pacific (Jimi
et al. 2023). Among the nine known species of this genus
(Jimi et al. 2023), only one species (B. torpedinis) was found
in the Mediterranean (Bagusta et al. 2015).

The molecular characterization of B. tunisensis sp. n.
based on the 18S rDNA and COI did not show identity
with any of the deposited leech sequences. The most related
sequences belong to other Branchellion spp. and exhibited
a high genetic divergence (more than 10%) with other pub-
lished sequences of Branchellion spp. including B. lobata
which shows less than 89% of identity for the 18S rDNA
and 89.38% for the COI with almost 100% coverage, and
B. pakeri with lower than 89% of identity for the COI
gene and less than 70% coverage for the 18S rDNA. This
result supports the membership of this new species to the
genus Branchellion and its divergence from all the species
sequenced till now. Moreover, we noted some morphological
characteristics of this new species that differentiate it from
the most related Branchellion spp., mainly B. lobata and B.
pakeri. According to Richardson (1949), B. pakeri has 31
pairs of fully developed gills (although a minute reduced
lobe represents a gill on xiii a2), and is unique in the pos-
session of only 10 pairs of pulsatile vesicles, while the abdo-
men of B. tunisensis sp. n. consists throughout its length of
gill-bearing somites, with a pulsatile vesicle at the base of
the gill on either side except for the last two segments that
are not bearing any gill or pulsatile vesicles. On the other
hand, B. lobata is characterized by a short trachelosome and
a much longer urosome, the branchiae leaf-like morphology
and the caudal sucker heart-like morphology (Moore 1952)
whereas B. tunisensis is characterized by a long trachelo-
some (1/3 of the body length) and the oral sucker counts
secondary suckers, the posterior sucker is circular concave
and almost cup-shaped and the branchiae are characterized
by a broad proximal region and a rounded anterior region.
Regarding the eye spots, the anterior sucker of B. parkeri
bears two transverse, band-like, black pigment patches, one
on either side of the mid-dorsal line, and several irregu-
lar radiating areas marked by a black pigment (Richardson
1949), B. lobata has no distinct eye spots but the presence of
a pair of irregular groups of ocellar elements (Moore 1952),
while on the posterior sucker of B. tunisensis two rectangu-
lar lateral eye spots are observed. Moreover, B. parkeri is
mostly known in New Zealand (Richardson 1949; Hewitt

@ Springer

and Hine 1972) and in Tasmania (Ingram 1957) attack-
ing Callorhinchidae, Rajidae, and Triakidae species and
B. lobata has a wide geographic distribution in the Eastern
Pacific (Ruiz-Escobar and Oceguera-Figueroa 2019).

Pontobdella muricata was mainly attached to the lower
part of the disk of T. marmorata both on the ventral and
dorsal areas. Our results are in concordance with Bolognini
et al. (2017) who proved that the attachment site of P. muri-
cata varies with the host and that the tail/disc area is the
preferred site of attachment of this leech on 7. marmorata.
On the other hand, B. tunisensis sp. n. was fixed on the upper
and lower part of the disk of 7. torpedo on both ventral and
dorsal areas and it did not show any preferences for a spe-
cial site of fixation. Marine leech species are well known to
inflict damage on areas of feeding or attachments on the fish
and to play an important role as vectors of potentially patho-
genic organisms for their hosts (Bulguroglu et al. 2014). The
examination of feeding sites of P. muricata has disclosed
skin petechiae, hemorrhage, and swelling consistent with the
results of Sawyer (1986), Saglam et al. (2003), Bakopoulos
and Ksidia (2014), and Bolognini et al. (2017). According
to Bakopoulos and Ksidia (2014), the lesions induced by
this parasite consist of rounded wounds with red exposed
muscles in the center. On the other hand, the lesion left by
B. tunisensis on T. torpedo was less visible with no notable
hemorrhage.

The study of parasitological indices shows that the two
leech species exhibited relatively high infestation rates.
However, B. tunisensis sp. n. presented a higher prevalence
and mean intensity (P=8.03%; MI=1.2) than P. muricata
(P=3.52%; MI=1). This may be due to the difference in
size of the two species and the impact induced by these two
species on their hosts. Indeed, B. tunisensis is smaller in
size than P. muricata which can induce a less intra-specific
competition for food and space. Moreover, we noted that the
indices of increased B. tunisensis during winter and spring
while those of P. muricata increased during autumn and
winter. According to Bolognini et al. (2017), this peak cor-
responds with the reproduction period of the hosts. Indeed,
according to Quignard and Capapé (1974), the mating period
of T. torpedo occurs from January to May in Tunisian waters,
while it occurs at the end of autumn and in the winter for T.
marmorata (Capapé 1979). However, B. tunisensis was also
found during the autumn season and it exhibited a slightly
higher mean intensity (MI=1.2) recorded during the spring
season. These results may suggest that this species has a
longer period of fixation on its host.

The present study allowed us to report for the first time
the presence of P. muricata along the Tunisian coasts and
to identify a new species of Branchellion, increasing the
number of known species belonging to this genus to ten. The
preliminarily morphological identification and the molecular
characterization of the collected specimens confirm that B.
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tunisensis sp. n. is a new species. In addition, it seems very
interesting to study the presence of these parasite species
on other host species and from different locations along the
Tunisian coast. Indeed, our findings prove that our knowl-
edge about the diversity and geographical distribution of
leech species is far from being complete and studies of these
parasites are still needed.
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