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The cestode family Gymnorhynchidae Dollfus, 1935 (Trypanorhyncha) comprises
three genera and six valid species that are typically intestinal parasites of large
pelagic sharks. Members of Gymnorhynchidae show a wide geographic distribution
and represent a global sanitary concern because as larvae they infect the edible
flesh of several commercially important fishes with some species having allergenic
potential. Larval Gymnorhynchidae collected from the muscles of the Atlantic pomfret
Brama brama from various localities in the Mediterranean Sea were identified and
characterized by combining traditional morphology, scanning electronic microscopy,
and molecular analyses using newly generated nuclear 18S and 28S rRNA sequences.
Overall, 98 larvae were collected from 20 (100%) Atlantic pomfrets (intensity of
infection: 4.9; range: 1-12). High-quality sequences were obtained for 54 larvae. Of
these, 11 and 43 larvae were identified as Molicola uncinatus and Gymnorhynchus
gigas, respectively. The phylogenetic analysis showed the existence of three main
clades within  Gymnorhynchidae. The first included species of G. gigas and M.
uncinatus from the Mediterranean and Atlantic; the second and third major clades
included an unidentified species of Molicola from the Indian Ocean and specimens
of Gymnorhynchus isuri from the Mediterranean and Atlantic, respectively. Finally,
Chimaerarhynchus rougetae was the basal and most diverging taxon. The phylogenetic
analysis suggested that G. gigas is more closely related to the members of Molicola. We
demonstrated the coinfection of M. uncinatus and G. gigas from all localities studied and
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extended the intermediate hosts and geographical range of M. uncinatus by including
the Atlantic pomfret and the Tyrrhenian and lonian Seas, respectively. The present results
supported the previous proposal that G. gigas and Molicola species should be included
in the same genus. Our study demonstrated the usefulness of the integrative taxonomy
for the unequivocal recognition of larval trypanorhynch species, resolving the current
difficulties in the taxonomy, and elucidating the poorly known ecological and biological
aspects of members of Gymnorhynchidae.

Keywords: larval trypanorhynchs, phylogenetic analysis, scanning electronic microscopy, 18S rDNA, 28S rDNA,

fish parasites

INTRODUCTION

The cestode family Gymnorhynchidae Dollfus, 1935 (order
Trypanorhyncha) comprises three genera: Gymmnorhynchus
Rudolphi, 1819, Molicola Dollfus, 1935 and Chimaerarhynchus
Beveridge and Campbell, 1989, with six valid species [i.e.,
M. horridus (Goodsir, 1841) Dollfus, 1935, M. uncinatus
(Linton, 1924) Palm, 2004, M. walteri Palm, 2004, G. gigas
(Cuvier, 1817) Rudolphi, 1819, G. isuri Robinson, 1959,
and C. rougetae Beveridge and Campbell, 1989] (1-4). All
species at the adult stage infect the intestine of large pelagic
sharks (2, 4). The life cycle for members of this family
has not yet been elucidated, but it has been proposed that
copepods serve as first, pelagic euphausiids or schooling fish
as second, and larger predatory fishes as third intermediate
hosts (2). Species of Gymnorhynchidae show a wide geographic
distribution and represent a global sanitary concern because
as larvae they infect the edible flesh of several commercially
important fishes (2).

According to the published records of Gymnorhynchidae in
the Mediterranean Sea based on morphological identification of
larvae, only M. horridus in the muscles of the swordfish Xiphias
gladius (5, 6), and in the liver of the ocean sunfish Mola spp. (6-
8), and G. gigas in the muscle of the Atlantic pomfret Brama
brama [syn. Brama raji; (9, 10)] and of the silver scabbardfish
Lepidopus caudatus (11-13) have been reported. Giarratana et al.
(10) describing the infection of larvae of G. gigas in the muscles of
the Atlantic pomfret from Sicilia and Calabria waters of southern
Italy wrote “Non si procedeva ad identificazione microscopica delle
larve, considerata la nota, assoluta, prevalenza di Gymnorhynchus
spp. in B. raji nellambito dei macroparassiti muscolari.” The same
method for larvae identification was used when Panebianco et al.
(12) reported that larvae of G. gigas may interfere with values
of total volatile basic nitrogen and trimethylamine nitrogen in
the edible musculature of the silver scabbardfish. In both cases,
Giarratana et al. (10) and Panebianco et al. (12) assumed that
those larvae belonged to a single parasite species without even
studying them. Recently, the application of molecular analyses
for the identification of trypanorhynchs in Mediterranean fishes
revealed that the larvae from the liver and muscles of the
sunfish and the silver scabbardfish belonged to G. isuri (14)
and M. uncinatus (15), respectively. This likely implies that the
majority of the studies carried out so far from the Mediterranean
Sea using questionable assumptions or morphological criteria

alone for larvae identification reported misidentification of some
Gymnorhynchidae species.

Nevertheless, misidentification of Gymnorhynchidae larvae
using morphological criteria alone may occur because the
isolation of their scoleces is difficult and often the partial
or total invagination of their tentacles prevent the study
of their most important taxonomic characteristics (2, 3, 14,
15). When this occurs, the use of molecular analysis allows
for species identification of trypanorhynch larvae that are
challenging or not possible (14-17). Correct identification of
species is required to assess the biodiversity of an ecosystem.
Misidentification of Gymnorhynchidae species can be confusing
to our understanding of their ecological and biological
aspects that include their poor known life cycles, geographical
distribution, and host specificity (2). Moreover, regarding the
sanitary risks for consumers, the correct identification of
Gymnorhynchidae larvae from the flesh of fishes used for
human consumption is of pivotal importance because of the
allergenic potential of some species, such as M. horridus and
G. gigas (18-21).

The aim of this study was to characterize, for the first
time, by using an integrative taxonomic approach [scanning
electronic microscopy (SEM) and molecular analysis], the larvae
of Gymnorhynchidae that infect the edible musculature of the
Atlantic pomfret in the Mediterranean and by generating new
molecular data to discuss the phylogenetic relationships within
the family.

MATERIALS AND METHODS

General Data and Parasitological Analysis
In total, 20 individuals of Atlantic pomfret were studied for
trypanorhynch larvae between May 2021 and March 2022. Fish
were obtained from off the Tyrrhenian coasts of Campania
(Sorrento, n = 1), Latium (Saline di Tarquinia, n = 2), Sicily (Gulf
of Palermo, n = 4), and Tyrrhenian and Ionian coasts of Calabria
(Vibo Valentia, n = 3; Bagnara Calabra, n = 4; Cariati, n = 6)
regions of Italy (Figure 1). Fish were collected by professional
fishermen at ~500 m depth using a longline and purchased on
landing. The fish were refrigerated (+4°C) (n = 6) and examined
within 24h from capture or frozen (—20°C) (n = 14) for 2
weeks before thawing and dissection. They were measured (fork
length—FL) to the nearest 0.1 cm and sex was determined by
gonadal examination at dissection.
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FIGURE 1 | Sampling localities of the Atlantic pomfret in the Mediterranean
Sea, 2021-2022. B, Bagnara Calabra; C, Cariati; P, Gulf of Palermo; S,
Sorrento; T, Saline di Tarquinia; V, Vibo Valentia.

FIGURE 2 | Schematic distribution of Gymnorhynchidae larvae in four muscle
sections of the Atlantic pomfret. AD, anterior-dorsal; PD, posterior-dorsal; AV,
anterior-ventral; PV, posterior-ventral.

Fish were manually eviscerated, and to assess the distribution
of larvae in the skeletal muscles, the fillets of each fish
were divided into four portions (i.e., anterior-dorsal, posterior-
dorsal, anterior-ventral, and posterior-ventral; see Figure 2).
Each portion of the fillets was first cut into thin slices and
examined under a dissecting microscope for trypanorhynch
larvae. Then, each slice was shredded in a Petri dish with purified
seawater and all parasites were collected and counted (17). Live
parasites were extracted from the muscles using scissors and
tweezers and subsequently, were placed in Petri dishes with
physiological saline or ringer lactate solutions (2, 3). To make
free the scolex of larvae from the surrounding cyst, we used the
methods described by Palm (2), i.e., slicing lengthwise the part
below the pars bulbosa of the larva then the anterior part of
the scolex was gripped and evaginated using forceps. The freed
scoleces were placed overnight in saline or ringer lactate solutions
to allow for evagination of their tentacles (2, 3).

Before preserving the scoleces in 70% ethanol for
morphological identification, a fragment from the posterior
portion of each scolex was frozen (—20°C) for molecular
analyses. For morphological identification, the scoleces were
clarified in Amman’s lactophenol, and the main characters of
the scolex and their tentacular apparatus were used to identify
the larvae at the lowest possible taxonomic level, according to
the identification keys proposed by Palm (2). The intensity of
infection [fstandard deviation] followed Bush et al. (22).

For SEM analyses, 10 scoleces were also fixed overnight in
2.5% glutaraldehyde, then transferred to 40% ethanol (10 min),
rinsed in 0.1 M cacodylate buffer, postfixed in 1% OsOy for 2h,
and dehydrated in ethanol series, critical point dried, and sputter-
coated with platinum. Observations were made using a JEOL JSM
6700F SEM operating at 5.0 kV (JEOL, Basiglio, Italy). Parasites
were identified at the species level according to the description of
Palm (2) and Casado et al. (23, 24).

Molecular and Phylogenetic Analyses

Total genomic DNA (gDNA) was extracted from
60 Gymnorhynchidae larvae, wusing the Quick-gDNA
Miniprep Kit (Zymo Research), following the standard
manufacturer-recommended protocol. The partial large
subunit ribosomal DNA (IsrDNA, 28S) and the small
subunit ribosomal DNA (sstDNA, 18S) were amplified using
the primers ZX-1 (5-ACCCGCTGAATTTAAGCATAT-
3", 1500R (5'-GCTATCCTGAGGGAAACTTCG-3')
(25, 26), WormA (5-GCGAATGGCTCATTAAATCAG-
3), and WormB (5-CTTGTTACGACTTTTACTTCC-3)
(27), respectively.

Both polymerase chain reactions (PCRs) were carried out
in a 25 pl volume containing 0.6 pl of each primer 10 uM,
2 ul of MgCl2 25mM (Promega), 5 pl of 5x buffer
(Promega), 0.6 pl of deoxynucleoside triphosphates (dNTPs)
10uM (Promega), 0.2 pl of Go-Taq Polymerase (5 U/pl)
(Promega), and 2 pl of total DNA. PCR temperature conditions
were the following: 94°C for 3min (initial denaturation),
followed by 35 cycles at 94°C for 30s (denaturation), 53°C
for 30s (annealing), 72°C for 2min (extension), followed by
post-amplification at 72°C for 7min. PCR amplicons were
purified using the AMPure XP Kit (Beckman Coulter) following
the standard manufacturer-recommended protocol and Sanger
sequenced from both strands using the same primers through
an Automated Capillary Electrophoresis Sequencer 3730 DNA
Analyzer (Applied Biosystems), by the BigDye® Terminator v3.1
Cycle Sequencing Kit (Life Technologies). Contiguous sequences
were assembled and edited using MEGA X v. 11 (28). Sequence
identity was checked using the Nucleotide Basic Local Alignment
Search Tool (BLASTn) (29). The 28S and 18S sequences obtained
in the present study were aligned with the available sequences
of Gymnorhynchidae using ClustalX v. 2.1 (30). Regions of
ambiguous alignment were defined in a NEXUS character
exclusion set. The 28S and 18S sequences were combined, using
SequenceMatrix (31), while the best partition schemes and best-
fit models of substitution were identified using Partition Finder
(32) with the Akaike information criterion [AIC; (33)].
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TABLE 1 | Species, life-history (L, larva; A, adult), host species, locality of collection, and GenBank accession numbers of 28S and 18S sequences of taxa of the family

Gymnorhynchidae included in the phylogenetic analysis shown in Figure 5.

Species Life-history Host species Locality 28S 18S References
Chimaerahynchus rougetae A Squalus megalops New Caledonia DQ642744 DQ642906 (36)
Gymnorhynchus gigas L Brama brama Tyrrhenian Sea ON197557-61 ON197572-76 This study
Gymnorhynchus isuri A Isurus oxyrinchus USA DQ642747 DQ642909 (36)
L Mola mola Tyrrhenian Sea MT667258 MT667257 (14)
Molicola uncinatus L Thyrsites atun Australia DQ642746 DQ642908 (36)
L Lepidopus caudatus Malta coast MT823197 MT823193 (15)
Mola mola Tyrrhenian Sea ON197562-66 ON197567-70 This study
Molicola sp. L Taractes rubescens Indonesia FJ572949 FJ572913 (25)
L Xiphias gladius Sri Lanka KX712337-41 KX712332-36 (37)
Pintneriella musculicola (outgroup) A Odontaspis ferox Indonesia FJ572948 FJ572912 (25)

The phylogenetic trees were constructed using both the
Bayesian inference (BI) and maximum likelihood (ML) method.
BI analysis was performed by MrBayes, v. 3.2.7 (34), using
the Markov Chain Monte Carlo (MCMC) algorithm, with four
chains, 0.2 as the temperature of heated chains, nst = 6, rates
= invgamma, ngammacat = 4 models of evolution, 5,000,000
generations, with a subsampling frequency of 500, and a burn-
in fraction of 0.25. Posterior probabilities (PP) were estimated
and used to assess support for each node. Values with a 0.90
PP were considered well supported. ML analysis was performed
using IQ-TREE (35) with 1,000 ultrafast bootstrap replicates
(UFboot). Clades were considered to have high nodal support
if the ML bootstrap resampling is >95%. The phylogenetic trees
were rooted using Pintneriella musculicola Yamaguti, 1934 (15).
For the phylogenetic tree construction, only the species with
both 18S and 28S sequences were selected. The 28S and 18S
sequences from GenBank included in the phylogenetic tree are
listed in Table 1. Genetic distances were computed using the
Kimura 2-Parameters (K2P) model (38) with 1,000 bootstrap
resampling, by MEGA 7.0 (28). Representative sequences
obtained in the present study were deposited in GenBank under
the accession numbers ON197557-66 for 28S and ON197567-76
for 18S.

RESULTS

General Data and Parasitological Analysis

Out of the 20 Atlantic pomfret, nine were males and 11 were
females ranging in FL from 26.5 to 47.5cm. Overall 98 larvae
were collected from 20 (100%) Atlantic pomfrets. The intensity
of infection was 4.9 & 3.2 ranging from 1 to 12. Most of the
larvae were found in the posterior ventral portion (73.5%) of
the fillets, the rest were from the posterior dorsal (14.3%) and
anterior ventral portions (12.2%) of the fillets. Larvae from
the skeletal muscles of the Atlantic pomfret were large and
whitish or yellowish (Figure 3), with a sub-spherical blastocyst
surrounding the invaginated scolex. Based on the morphological
characters of the scolex, all larvae examined were conformed to
earlier descriptions of genera of Gymnorhynchidae. We obtained
only 18 scolices with at least a tentacle completely everted

FIGURE 3 | Larvae of Molicola uncinatus (A) and Gymnorhynchus gigas (B)
sequenced in the present study from the muscles of the Atlantic pomfret.

just from the refrigerated fish to be used for morphological
study. These larvae based on the morphological characters
were assigned to M. uncinatus (n = 6) and G. gigas (n =
12), respectively (Figure 4). In particular, the specimens of M.
uncinatus showed a band of spiniform hooks on the external
surface of the tentacle, uncinated hooks 1(1’) of similar size to
hooks 2(2'), hooks 4-6(4'-6') beaklike, and 12-15 macrohooks
at the base of the tentacle (vs. 8-10 and 25-30 macrohooks
in M. horridus and M. walteri, respectively). Conversely, the
specimens of G. gigas showed a double chainette of elements
on the middle of the external tentacle surface and more than
20 falciform macrohooks at the tentacle base (vs. 8-15 in
G. isuri).

Molecular and Phylogenetic Analyses

High-quality sequences at both 28S (1,450 bp) and 18S
(1,928 bp) gene loci were successfully obtained for 54
larvae. According to BLAST analysis, 11 larvae showed 100%
similarity with the sequences (28S: MT823197-DQ642746 and
18S: MT823193-DQ642908) of M. uncinatus, available in
GenBank. The remaining sequences of 43 larvae obtained
at the 28S and 18S gene loci, of which 12 individuals had
been morphologically identified as G. gigas, showed 298.90
and 99.40% similarities, respectively, with the sequences of
M. uncinatus (28S: MT823197-DQ642746 and 18S: MT823193-
DQ642908) available in GenBank. Coinfection by both parasite
species was found in all localities studied. Genetic distance values
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FIGURE 4 | Scanning electron micrographs of Gymnorhynchus gigas (A-C)
and Molicola uncinatus (D-F) sequenced in the present study. (A,D) Bothria
and tentacular apparatus. (B,C,E,F) Particular of tentacles. Note the presence
of winged chainette elements on the external surface of metabasal armature of
G. gigas (B,C), and the beaklike tips of principal hooks and the band of
spiniform hooks on the external surface of metabasal armature of M. uncinatus
(E). (F) Basal armature of tentacle of M. uncinatus.

between species of Gymnorhynchidae based on 28S and 18S
sequences data sets are given in Table 2. While no intraspecific
variation was found, a certain degree of genetic differentiation
was observed at the interspecific level. In particular, the K2P value
ranged between M. uncinatus and G. gigas from a minimum of
0.0082 = 0.0024 and 0.0039 % 0.0023, to a maximum of 0.0791
=+ 0.0080 and 0.0559 =+ 0.0089 between G. isuri and C. rougetae,
at the 28S and 18S gene loci, respectively. Phylogenetic tree was
carried out using both separately (data not shown) and combined
18S and 28S gene loci data sets (Figure5). Because BI and
ML analyses yielded identical topologies, only ML is shown in
Figure 5. Within the family Gymnorhynchidae, three clades were
detected. Specimens of M. uncinatus and G. gigas were clustered
in a first clade with high nodal support (PP = 1.0, UFboot =
99). In particular, the newly generated sequences of M. uncinatus
clustered with high nodal support (PP = 1.0, UFboot = 100)
with those of M. uncinatus previously deposited in GenBank. In
the same clade, a novel sister clade of M. uncinatus was formed
with high nodal support (PP = 1.0, UFboot = 100) by the
newly generated sequences of G. gigas. The second major clade,
with high nodal support (PP = 1.0, UFboot = 88), included an
unidentified species of Molicola. The third clade was formed by
specimens of G. isuri.

DISCUSSION

Trypanorhynchs have a unique morphological feature, with both
adults and larvae having the scolex equipped with a tentacular
apparatus consisting of four retractile tentacles adorned with
hooks (2, 39). According to Palm (2), the three genera of
Gymnorhynchidae can be distinguished on the basis of the
armature patterns of their tentacles (heterocanthous typical
in Molicola; poeciloacanthous multitypical in Gymnorhynchus;
and poeciloacanthous typical in Chimaerarhynchus) and the
absence (in Molicola) or presence (in Gymmnorhynchus and
Chimaerarhynchus) of winged chainette elements on the surface
of their tentacles. Morphological characters of the present
specimens of M. uncinatus and G. gigas were in agreement
with descriptions of Palm (2) and Casado et al. (23, 24).
Molecular analysis confirmed the morphological identification
of M. uncinatus being the sequences obtained identical to those
of M. uncinatus previously collected in Thyrsites atun and L.
caudatus (15, 36). The sequences of G. gigas here obtained,
revealing closer similarity with those of M. uncinatus, represent
the first molecular data available for G. gigas, which should
be considered a starting point for comparative analyses and
molecular identification of this species. In the present study,
the identification of Gymnorhynchidae larvae found in the
musculature of the Atlantic pomfret from various localities
within the Mediterranean was obtained by combining traditional
morphology, SEM, and molecular analyses because only a few
live larvae everted their tentacles, which represent organs with
essential diagnostic characters (2, 39). Therefore, the use of
the integrative taxonomy allowed for accurate discrimination
between M. uncinatus and G. gigas.

The supposed life-history strategy of Gymnorhynchydae
might explain the coinfection with M. uncinatus and G. gigas
in the Atlantic pomfret. According to the parasite-host list of
Palm (2) and subsequent literature (15, 36), M. uncinatus infects
Alopias vulpinus (Lamniformes) as definitive host and Thyrsites
atun, Taractes rubescens, Taractichthys steindachneri, and L.
caudatus (Scombriformes) as intermediate hosts. However, as a
sporadic finding, it was also reported in the liver of M. mola
(Tetraodontiformes), and in the musculature of Allothunnus
fallai (Scombriformes) and X. gladius (Carangiformes) (2).
Conversely, G. gigas infects Carcharodon carcharias, Isurus
oxyrinchus, Lamna nasus (Lamniformes), and Oxynotus centrina
(Squaliformes) as definitive hosts and B. brama as intermediate
host (2). The present results confirm the importance of
Scombriformes fishes in the life-cycle of both the trypanorhynch
species. Moreover, all Scombriformes usually involved in their
biological cycle are benthopelagic fishes (occurring along the
upper slope down to 400-1,000 m), which prey on small fishes,
cephalopods, amphipods, and euphausiids (40). It has been
suggested that different species of trypanorhynchs have evolved
different life-history strategies occupying different ecological
niches, also in terms of vertical distribution (2, 17, 41). Indeed,
each parasite species has its depth preferences, following the most
common feeding ecology and depth range of its definitive host.
Currently, there is no information on the feeding behavior of
the Atlantic pomfret, however, studies on the feeding ecology
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TABLE 2 | K2P genetic distance + standard error (SE) between species of family Gymnorhynchidae.

M. uncinatus Molicola sp. G. gigas G. isuri C. rougetae
M. uncinatus - 0.0095 + 0.0035 0.0039 + 0.0023 0.0195 + 0.0050 0.0522 + 0.0082
Molicola sp. 0.0137 + 0.0030 - 0.0055 + 0.0027 0.0156 + 0.0044 0.0497 + 0.0081
G. gigas 0.0082 + 0.0024 0.0156 + 0.0033 - 0.0154 + 0.0044 0.0495 + 0.0080
G. isuri 0.0349 + 0.0049 0.0279 + 0.0046 0.0381 + 0.0054 - 0.0559 + 0.0089
C. rougetae 0.0744 + 0.0078 0.0780 + 0.0082 0.0771 £ 0.0080 0.0791 + 0.0080 -

28S K2P values are reported below the diagonal and 18S K2P values are above the diagonal.

ON197563-ON197567 Molicola uncinatus
ON197564-ON197568 Molicola uncinatus

ON197566-ON197569 Molicola uncinatus
LUI00L ON197562-ON197570 Molicola uncinatus

ON197565-ON197571 Molicola uncinatus

DQ642746-DQ642908 Molicola uncinatus

1.0/80

1.0/100

1.0/97

1L.o/88— KX712338-KY 712333 Molicola sp.

L0s99 MT823197-MT823193 Molicola uncinatus
ON197557-ON197572 Gymnorhynchus gigas
ON197558-ON197573 Gymnorhynchus gigas

L0381 ON197561-ON197576 Gymnorhynchus gigas
ON197560-ON197574 Gymnorhynchus gigas
ON197559-ON197575 Gymnorhynchus gigas

F1572949-FJ572913 Molicola sp.

KX712337-KX712332 Molicola sp.

KX712339-KY 712334 Molicola sp.

KX712340-KY 712335 Molicola sp.

KX712341-KY712336 Molicola sp.
1.0/100———MT667258-MT667257 Gymnorhynchus isuri

L DQ642747-DQ642909 Gymnorhynchus isuri

FJ572948-F1572912 Pintneriella musculicola

respectively. Pintneriella musculicola was used as outgroup.

FIGURE 5 | Phylogenetic concatenated tree from maximum likelihood (ML) based on 28S and 18S sequences obtained in the present study (in bold), with respect to
the Gymnorhynchidae sequences at the same gene loci available in GenBank. Nodal support is indicated for Bl (posterior probabilities) and ML (ultrafast bootstrap),

DQ642744-DQ642906 Chimaerarhynchus rougetae

0.2

of other Bramidae fishes and known intermediate and definitive
hosts of G. gigas and M. uncinatus support that these fishes take
consistent vertical movements in the water column for feeding
(40). The vertical migration could allow the infection with
Gymnorhynchidae by feeding on infected prey, and at the same
time, it could increase the possibility of parasite transmission
exposing the Atlantic pomfret to the attack of pelagic sharks. Our
results suggest that the benthopelagic deep habitat may represent
the preferred food-web system in which larvae of M. uncinatus
and G. gigas are found in the Mediterranean.

The high migratory habits of the known intermediate and
definitive hosts of both M. uncinatus and G. gigas confirm
that their wide geographical dispersion may be associated with
the movements of their hosts (2, 42). Indeed, the geographical
range so far reported of M. uncinatus and G. gigas seems to
mirror the migratory behavior and distribution of their definitive
hosts being both known from north and south-east Pacific,
north-west and south Atlantic, North Sea, and Mediterranean
Sea (2, 15). The Atlantic pomfret and the Tyrrhenian and
Ionian Seas represent new host and new geographical records
for M. uncinatus, respectively. Indeed, in the Mediterranean,
this parasite has only been recently found off the Malta
coast (15).

Regarding the larvae distribution, the higher occurrence of
both species in the ventral portions of fillets may be linked
to the shortest distance of the larvae penetrating from the
guts into the musculature as proposed by Seyda (43), while
the higher occurrence in its posterior portions could provide
greater possibilities to enhance the transmission of parasites.
This is in agreement with previous observations (16, 17, 44) and
may be explained by the hunting strategy followed by several
sharks (definitive hosts), which use a tail-on approach, preying
from behind.

Phylogeny of Gymnorhynchidae derived from the sequences
available in GenBank plus those generated in the present study
revealed the existence of three main clades. The first involved
species of G. gigas and M. uncinatus all from Mediterranean
teleosts, except for a specimen of M. uncinatus collected from the
south-east Pacific (Australian waters) in T. atun (36). The second
and third clades included an undetermined species of Molicola
infecting the swordfish X. gladius, the pomfret Taractes rubescens,
and Taractichthys steindachneri from the Indian Ocean, and G.
isuri infecting M. mola and I. oxyrinchus from the Mediterranean
and Atlantic, respectively. Finally, C. rougetae was the basal
and most diverging taxon in all the elaborations from the two
different data sets.
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The phylogenetic analysis based on both genetic markers
supported the hypothesis that G. gigas is very closely related to
members of the genus Molicola rather than to the other species
of the genus Gymnorhynchus. This finding seems to suggest that
the morphological character, i.e., the presence vs. the absence
of winged chainette elements on the external surface of their
tentacles as proposed by Palm (2) to differentiate Gymmnorhynchus
and Molicola, respectively, has no taxonomic value for the genus
diagnosis. A similar situation was found in the phylogenetic
inference of the anisakid species of the Contracaecum osculatum
(s..) (Rudolphi, 1802) Baylis, 1920 complex plus Phocascaris
cystophorae (Berland, 1963), which formed a well-supported
monophyletic group (46), in spite of the morphological character
presence/absence of interlabia on which the distinctiveness at
the genus level, has been based. Unfortunately, the anatomical
characters of segments of adult G. gigas type species of the genus
Gymnorhynchus are unknown as this species was described from
larval material (2, 3, 6, 45). This prevents the identification of
further distinctive morphological characters between the two
genera until a redescription of adult G. gigas from the type locality
will be made.

The present phylogenetic results support Dollfuss (6)
proposal according to which G. gigas and Molicola species
were included in the same genus. Indeed, Dollfus (6) placed
Gymnorhynchus and Molicola in the same genus suggesting
the subgenus Molicola for species that did have a band of
hooks on the external surface of their tentacles instead of
winged chainette elements. Afterward, based on the tentacle
characters, the members of Gymnorhynchus were separated into
the families Gymnorhynchidae and Molicolidae by Beveridge
and Campbell (1). A subsequent cladistic analysis based on
shared morphological characters of 49 recognized genera of
Trypanorhyncha supported the close relationship between
Gymnorhynchidae and Molicolidae (45), then more recently,
Palm (2) included Gymnorhynchus and Molicola into the
same family.

CONCLUSIONS

The present study demonstrated the usefulness of the
integrative taxonomy for the unequivocal recognition of
larval trypanorhynch species in fish when coinfection with
similar species occurs. The present phylogenetic analysis also

strongly supported the hypothesis that G. gigas is very closely
related to species of Molicola. Finally, the coinfection within the
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