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Abstract

Trematodes of the genus Plesiochorus were recovered from the urinary bladder of a stranded
female adult loggerhead sea turtle, Caretta caretta, on a beach in Rio de Janeiro State, Brazil.
Morphological analysis of the specimens revealed characteristics resembling the sub-species
Plesiochorus cymbiformis elongatus rather than the recently synonymised Plesiochorus
cymbiformis. Molecular phylogenetic analysis of the ITS2 region also showed that P. c.
elongatus was distinct from P. cymbiformis and related taxa. Further analysis of the ITS2
revealed substantial differentiation between P. cymbiformis from the USA and Brazil and the
newly sequenced P. c. elongatus from Brazil, while a previously unspecified Plesiochorus sp.
from the USA closely related to the novel Brazilian P. c. elongatus was reconciled as a USA

isolate of P. c. elongatus. Based on both the morphological and molecular data it is suggested



that P. c. elongatus should be referred to as Plesiochorus elongatus and be considered as the

second species in the genus.
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Introduction

The Gorgoderidae Looss, 1899 are a distinctive group of trematodes which have radiated
among a wide range of aquatic vertebrate hosts including fish, amphibians and reptiles [1,2].
Those infecting chondricthyan fish are found in the body cavity and those found largely
associated with urinary-bladder infections parasitize actinopterygians and tetrapods [1].
Morphologically the Gorgoderidae have a wide range of characters, including a non-spinous
tegument, a highly restricted vitellarium but extensive uterus, and simple male terminal

genitalia [1,2].

Recent molecular studies have illustrated the phylogenetic stability of the Gorgoderidae and
confirmed the family to be formed of three distinct well supported subfamilies, namely the
Degeneriinae Cutmore et al., 2013, the Anaporrhutinae Looss, 1901a and the Gorgoderinae
Looss, 1899. However, all recent phylogenetic studies have highlighted the paucity of
available data needed to disentangle the interrelationships between closely related species,
especially those species that had historically been erected based solely on morphological
characters before the advent of molecular systematics and phylogenetic analyses  [2,3,4,5].
Cutmore et al. [2] highlighted this point showing that, based on phylogenetic reconstruction
using ribosomal gene markers, the genera Gorgodera and Xystretrum were in fact nested
within the diverse genus Phyllodistomum, illustrating that the application of molecular

techniques is crucial to delineate genera.



The subfamily Anaporrhutinae, which is composed of seven genera including the
turtle parasites within the genus Plesiochorus, has received little attention relative to the
Gorgoderinae. Plesiochorus Looss 1901 was proposed by Looss [6] [type species
Plesiochorus cymbiformis (Rudolphi, 1819) Looss, 1901, syn. Distoma cymbiforme Rudolphi
1819]. The parasite is cosmopolitan and is found infecting the urinary bladders of sea turtles
worldwide [see 7]. Currently, P. cymbiformis is regarded as the only species within the genus.
Pigulevski [8] proposed the subspecies Plesiochorus cymbiformis elongatus for some worms
reported by Looss [9]. He appears to have misunderstood the host and collection data
provided in Looss’ paper and claimed that the worms were from a freshwater turtle from New
Guinea Island. In fact, Looss’ specimens were from loggerhead sea turtle (Caretta caretta) in
the Mediterranean Sea. Pigulevski [8] apparently regarded characteristics such as longer body
and internal organs as being sufficient to merit naming a new subspecies, but this was never
confirmed by molecular analyses. Studies on freshwater gorgoderids [10,11] illustrated the
use of ribosomal markers, particularly the internal transcribed spacer region (ITS), for
disentangling true cryptic species which were impossible to differentiate on morphology
alone. We have applied the same approach to the genus Plesiochorus. In this current study we
report here molecular analysis of Plesiochorus species infecting loggerhead sea turtle on the
east coast of Brazil, which most closely resemble P. c. elongatus morphologically. However,
levels of molecular divergence between Plesiochorus isolates reveal two distinct species
rather than subspecies, therefor the authors suggest that the Brazilian specimens of P. c.

elongatus should now be referred to as Plesiochorus elongatus.

Materials and Methods

Parasite material



In March 2014, the carcass of a stranded female adult loggerhead sea turtle (94.2 cm curved
carapace length) was found on ‘“Praia do Sul” beach — Sdo Francisco de Itabapoana City
(21°29°04.80”°S and 41°03"36.36""W) the State of Rio de Janeiro, Brazil. At post mortem
examination the loggerhead sea turtle showed linear marks around the flippers and neck
indicating interaction with fishing net. During the necropsy eight specimens of the
Plesiochorus sp. were collected from the urinary bladder and fixed in 70% alcohol for
morphological and molecular identification. Examples of the helminths (n=3) collected were
deposited in the Helminthological Collection of the Biosciences Institute (CHIBB number

7454) Sdo Paulo State University (UNESP), Botucatu, Séo Paulo.

Morphological analysis

For morphometric analysis the specimens were stained with carmine and cleared with
eugenol. Data were determined with the aid of an image analysis program (ImageJ, National
Institutes of Health) and drawings were made using a drawing tube. The identification keys of
genera by Campbell [1], the original descriptions by Looss [6] and Pigulevski [8] and papers
by Caballero y Caballero [12], Blair and Limpus [7] and Santoro and Morales [13] were used

for the morphological and morphometric comparison.

DNA extraction, PCR and Sequencing

Total genomic DNA was extracted from three, of the eight, Brazilian Plesiochorus i following
the manufacturer’s specifications for the Qiagen DNeasy Blood and Tissue Kit. Due to the
limted amount of comparable molecular data available for species within the genus
Plesiochorus, only the second internal transcribed spacer region (ITS2) of the nuclear rDNA
was sequenced as there were three available comparable sequences of Plesiochorus species
available on GenBank, two representing P. cymbiformis from the USA (Acc: KC494054) and

Brazil (Acc: KF578463) and the other representing an unspecified Plesiochorus species also



from the USA (KF013154). Unlike other studies on the identification of Gorgoderidae, which
have favored the use of 28S rDNA to resolve interspecies relationships, there is currently only
a single 28S rDNA sequence available for Plesiochorus which was not identified to species
and cannot therefore be used as species reference sequence. Furthermore, the ITS region has
been wused extensively for platyhelminth molecular systematics due to high rates of
evolutionary change, providing variation that can be used to infer the existence of cryptic
species [2,14,15,16]. The complete ITS region was amplified using primers and cycling
conditions described by Wang et al. [17] and PCR reactions were performed using 12.5 pl of
DreamTaq'¥ PCR master mix (2X DreamTaq buffer, 0.4 mM of each dNTP, 4mM MgCl,)
and 1-2 ng/l DNA. The final reactions were made up to 25 gl with PCR-grade water and
reactions took place on a Veriti 96 well thermal cycler (Applied Biosystems'™). Using only 5
ul of the PCR product, the resultant amplicons were visualized on a 1% agarose gel stained
with gel red (Bioline). The remaining 20 Yl PCR products were sequenced at the Natural
History Museum, London, using fluorescent dye terminator sequencing kits (Applied

Biosystems' ™), then run on an Applied Biosystems 3730KL automated sequencer.
Alignments and phylogenetic analysis

Forward and reverse ITS sequences were visualised and assembled into contigs using Bioedit
[18] and then subjected to BLASTn searches for initial identification performed against the
GenBank sequence database housed at NCBI (http/Avww.ncbi.nim.nih.gov/). This showed
the novel ITS sequences generated in this study (Acc: MK577499-MK577501) to be most
closely related to Plesiochorus 1TS2 sequences represented by KC494054, KF013154 and
KF578463 as described above. Phylogenetic analysis was performed on the obtained
sequences using alignments with published ITS sequences from other Gorgoderidae. Species
representing the three subfamilies were used to provide substantial diversity across the family

to validate the true identification of the Brazilian Plesiochorus sequences. The analysis



included species from the genera Nagmia, Staphylorchis and Anaporrhutum as representatives
of the Anaporrhutinae and species within the genera Phyllodistomum, Gorgodera and
Xystretrum to represent the Gorgoderinae. As in Cutmore et al. [2] Bunodera luciopercae
(Acc: FJ874917) and Paracreptorematina limi (Acc: HQ833706) were used as outgroups.
DNA sequence alignments were performed using the MUSCLE sequence alignment tool
(http/Amww.ebi.ac.uk) and the ends of the alignment were edited by eye using Bioedit [18] to
ensure that the relative lengths of the sequences within the alignment were equal. Final
curaton of the alignment ~was  performed using the  Gblocks  server
(http//molevol.cmima. csic.es/castresana/Gblocks_server.html) = [19] with default parameters
for block selection to remove any alignment gaps and ambiguities that could have caused
erroneous phylogenetic inferences during analysis. Phylogenetic analysis was performed on a
final alignment of approximately 290bp containing the most phylogenetically informative
characters and both maximum likelihood (ML) and maximum parsimony (MP) phylogenetic
analysis were implemented in MEGA6 [20]. The Kimura 2-parameter model with gamma
distribution of evolutionary rates (K2+G) was identified as the most suitable nucleotide
substitution model by MEGAG6 [20] based upon the lowest Bayesian information criterion
scores relative to the other models tested, and was used to perform the ML phylogenetic
reconstruction. The Subtree-Pruning-Regrafting (SPR) algorithm with a search level of 5 was
used to perform the MP phylogenetic analysis. Subsequent trees in the MP analysis were
obtained by random addition of sequences (10 replicates) from which a consensus tree was
drafted. In both ML and MP reconstructions all positions containing gaps and missing data
were eliminated from the analysis and nodal support values were estimated using 1000

bootstrap replicates.

A second alignment was constructed only containing ITS2 sequences from

Plesiochorus in order to identify any species-specific nucleotide substitutions and to measure



divergence between sequences which could arise between distinct species.  For clear species
comparisons the alignment was edited based on the smallest available Plesiochorus ITS2
sequence producing a final alignment of 261bp. Using MEGA6 [20] the total number of
substitutions was calculated between each sequence and uncorrected p-distance was also

calculated as a measure of divergence between sequences also.

Results

Morphological description and morphometric analysis of the Brazilian Plesiochorus reveals

the distinct species Plesiochorus elongatus

Description (Fig. 1, Table 1): Parasites with rounded posterior and anterior, without
tegumental spines and constricted in ventral sucker region; anterior region elongated and
more narrow than posterior region, posterior region of body completely filled by uterine
loops containing numerous eggs; oral sucker subterminal; muscular pharynx present, rounded
in shape; oesophagusshort and sinuous; caeca thin following body margin to end near
posterior end of body where they are obscured by uterine loops; testes, two, large, opposite,
irregular in shape and deeply lobed, in hind body posterior to level of ovary, occupy much to
body width; ventral sucker large and rounded, located about one-third body length from
anterior end; genital pore between caecal bifurcation and ventral sucker; vitelline follicles
located after constriction of body, ventral to cecacum, with quite distinct lobes resembling
“petals of a flower”; ovary at level of vitelline follicles, oval in shape, submedian, Ileft;
Mehlis” gland oval, between ovary and ventral sucker; uterus replete with eggs and filling
posterior of body [a characteristic that distinguishes the Brazilian Plesiochorus as P.
elongatus rather than P. cymbiformis(see Pigulevski, 1953], near the testicular region largely

median, passing between testes then dorsal in body until genital pore.



Molecular phylogenetic analysis of the ITS2 fragments

Both the ML and MP analysis produced congruent phylogenies with high nodal support
(bootstrap >50) with the MP analysis appearing to have the highest level of support with
12/14 nodes within the Gorgoderidae in group supported with bootstraps of 100 (Fig. 2).
Although the overall tree topology was the same in the ML reconstruction only 11/14 nodes
within the in-group were supported with bootstraps >50 of which only six had bootstrap
values higher than 90 but none at 100. However, two distinct clades representing the
subfamilies Anaporrhutinae and Gorgorderinae emerged with same interspecies relationships
reported in previous ITS2 phylogenetic analysis by Cutmore et al. [2]. All three of the
Brazilian Plesiochorus sequences fell within the Anaporrhutinae clade clustering most closely
with other species of Plesiochorus. The shark parasites Nagmia sp. (KF013168),
Staphylorchis cymatodes (HM486321) and Anaporrhutum sp. (KF013159) formed a
monophyletic clade distinct from the Plesiochorus as reported previously [2]. In both ML and
MP analysis sequences of Plesiochorus formed two clear sub-clades illustrating that P.
cymbiformis and Brazilian Plesiochorus were in fact distinct sister taxa infecting the
loggerhead sea turtle from the USA and Brazil. Sub-clade A contained the two P. cymbiformis
ITS2 sequences from the USA (Acc: KC494954) and Brazil (Acc: KF578463) and sub-clade
B appeared as a polytomy containing all the Brazilian Plesiochorus sequence generated in this

study including the previously unspecified Plesiochorus species (KF013154) from the USA

(Fig. 2).

Comparisons of ITS2 sequences between Plesiochorus species

When all six sequences representing species only from the genus Plesiochorus were analyzed,

14 polymorphic sites were identified at positions 67 — 69, 73, 135, 168, 174, 209, 221, 232,



234, 246, 249 and 254 of which all were considered to be parsimoniously informative except
for mutations at 174 -. Nucleotide diversity within the genus was relatively high (= = 0.0281+
0.00855) within an average of 7.333 nucleotide differences. Variation within each sub-clade
was extremely low with sub-clade A showing 1 nucleotide difference between the USA and
Brazilian P. cymbiformis (nucleotide diversity of @ = 0.00383+ 0.00192). Low levels of
variation were also seen between sequences within sub-clade B (nucleotide diversity of m =
0.00192+ 0.00102). All three of the novel Brazilian Plesiochorus had identical ITS haplotypes
but differed from the USA unspecified Plesiochorus species by a single nucleotide at position
246. The uncorrected p-distance also showed substantial differentiation between the USA and
Brazilian P. cymbiformis and the novel P. elongatus sequences from Brazil with a 5-5.4%
divergence (Table 2). Conversely, the unspecified Plesiochorus species from the USA
(KF013154) only showed a 0.4 % divergence relative to the novel Brazilian P. elongatus

sequences (Table 2).

Discussion

Plesiochorus cymbiformis elongatus was described by Pigulevsky [8] who analysed
different morphological features of P. cymbiformis presented by Looss [9]. Unfortunately, the
Pigulevsky™ description  includes apparent errors and lacks discussion. Pigulevsky [8] (see
page 567) cites P. c. elongatus as collected from the bladder of Carettochelys insculpta (syn.
Thalassochelys corticata), (i.e. a freshwater turtle found only in Australia and New Guinea),
from New Guinea. An observation of the manuscript of Looss [9] [see p. 469, as quoted by
Pigulevsky [8] the author describes the occurrence of P. cymbiformis in loggerhead sea turtle
and green turtle (Chelonia mydas), implicating them as the apparent hosts of the parasites
around the coast of Egypt. There is strong evidence that Pigulevisky [8] made a mistake in
transcribing the data originally presented by Looss [9]. This information had previously been

observed by Blair and Limpus [7] in a review of the genus.



Although only subtle differences in morphoetric data were found between P.
cymbiformis and the Brazilian Plesiochorus (Table 1), the esophagus width and the ovary
length were greater in the latter. However, when the morphometric data of only Brazilian
Plesiochorus was compared with the specimens reported by Pigulevsky [8], all measurements
were in the same range as those in Pigulevsky [8] except the Brazilian isolates from this study
were slightly shorter in body length, which the authors interpret as typical of intra population
variation. Despite the morphological similarities between P. cymbiformis and the Brazilian
Plesiochorus the uterine loops in the latter are closer to the edge of the parasite than in
specimens of P. cymbiformis, and it appears to have a more elongated body shape. These two
characteristics were used to identify the Brazilian Plesiochorus originally as P. c. elongatus in
the present study and are practically identical to the observations made by Pigulevsky [8].
However, it is important to note that there is no reference to the number of parasites reported
by Pigulevsky [8], who only provided body length and width morphometrics records, as well
as oral and ventral sucker diameter and eggs dimensions. Thus, the current study provides
new detailed morphometric data which supports the creation of P. elongatus as a separate
species, which is also supported by molecular phylogenetic analyses as described below.
However, we agree that there is great body shape and morphological variation in the genus as
observed by various authors [see 7, 9,12,13,21 and present study)] and that further study is

needed between these two species.

The phylogenetic analysis of ITS2 resolved the Plesiochorus species as a monophyletic clade
distinct from other anaporrhutine species which infect elasmobranchs as shown by Cutmore et
al. [2]. The Plesiochorus clade contains two well supported sub-clades separating P.
cymbiformis from the Brazilian Plesiochorus again supporting the occurrence of P. elongatus
as a distinct species owing to the occurrence of two distinct evolutionary lineages within the

genus. Initially, it was suspected that these two sub-clades represented potential geographical



variants of the same species as ITS2 has been shown to vary between populations of
trematode species, with haplotypes found to be associated with specific geographical
locations [22, 23,24,25]. However, the occurrence of genotypes from both the USA and
Brazil in both sub-clade A and B supports strong separation of the two non-location specific
lineages which appear to occur sympatrically. There was low variation within each sub-clade
with KC49054 and KF578463 (sub-clade A) being identical, except for a single substitutional
change at position at 174bp. Similarly, in sub-clade B, KF013154 was distinct from the novel
sequences by a single base change at position 246. However, nucleotide divergence and the
p-distance analysis between the sub-clades showed up to 5% divergence. Such divergence
between ribosomal sequences falls within the range of those recorded between cryptic species
of Gorgoderidae [10,26] and for other marine trematodes [25]. Therefore, based on the
molecular evidence the authors conclude again that the Brazilian Plesiochorus is distinct from
P. cymbiformis and not a sub species, and thus should be considered as the separate species

Plesiochorus elongatus.

The current study illustrates the challenge of identifying closely related parasites that have
poor morphological distinguishing features and the need to use molecular tools for accurate
species identification and to provide insights into the evolution and radiation of such
parasites. Both P. elongatus and P. cymbiformis do share hosts (Table 3) and are sympatric
with genotypes of both species being found in loggerhead sea turtles from the USA and
Brazil. Loggerhead sea turtles are found across the world and known to migrate great
distances. There is genetic evidence of movement of loggerhead sea turtles from South East
Asia, to South America and then up into the waters of North America [45]. The distribution of
parasites is intimately linked to the movement of hosts [22, 23, 24]: given the global
connectivity of loggerhead sea turtle populations, the occurrence of such sympatry in

populations of P. cymbiformis and P. elongatus in the USA and Brazil is not surprising.



Acknowlegements

The authors would like to thank the Molecular Sequencing Facility at the Natural History
Museum, London for performing the sequencing reactions. The authors are grateful to Dr.
David Blair and Paula Baldassin for critical reading and suggestions to improve the
manuscript and the CTA Meio Ambiente Company, for granting access to the biological
material used in this study. The analyses of the parasites were authorized by federal licenses
for activities with scientific purposes (SISBIO 30600-1) and export permit - Cites license

number 14BR014285/DF.

References
[1] R.A. Campbell, Family Gorgoderidae Looss, 1899, in: R.A. Bray, D.I. Gibson, A. Jones
(Eds.), Keys to the Trematoda. Vol.3, CABI Publishing and the Natural History Museum,

Wallingford, 2008, pp. 191-213.

[2] S.C. Cutmore, T.L. Miller, S.S. Curran, M.B. Bennett, T.H. Cribb, Phylogenetic
relationships of Gorgoderidae (Platyhelminthes: Trematoda), including the proposal of a new

subfamily (Degeneriinae n. subfam.). Parasitol Res. 112 (2013) 3063-3074.

[3] A. Choudhury, R.R. Valdez, R.C. Johnson, B. Hoffmann, G.P.P de Leon, The
phylogenetic position of Allocreadiidae (Trematoda: Digenea) from partial 18S and 28S

ribosomal RNA genes. J. Parasitol. 93 (2007) 192-196.

[4] S.S. Curran, V.V. Tkach, R.M. Overstreet, A review of Polyekithum Arnold, 1934 and its
familial affinities using morphological and molecular data, with a description of Polyekithum

catahoulensis sp nov. Acta Parasitol. 51 (2006) 238-248.



[5] P.D. Olson, T.H. Cribb, V.V. Tkach, R.A. Bray, D.T.J. Littlewood, Phylogeny and
classification of the Digenea (Platyhelminthes: Trematoda). Int. J. Parasitol. 33 (2003) 733-

755.

[6] A. Looss, Natura doceri, eine Erklarung und Begriindung einiger Grundsatze, welche
mich bei meinem "Versuch einer natiirlichnen Gliederung des Genus Distomum Retzius"

geleitet haben. Zentralbl. Bakteriol. Parasitenkd. Abt. 1 Orig. 29 (1901) 191-210.

[7] D. Blair, C.J. Limpus, Some Digeneans (Platyhelminthes) Parasitic in the Loggerhead

Turtle, Caretta caretta (L.), in Australia. Aust. J. Zool. 30 (1982) 653-680.

[8] S.V. Pigulevskii, Family Gorgoderidae, in: K.l. Skrjabin (Ed.), Trematodes of Animals

and Man vol. 8, Akademii Nauk, Moscow, 1953, pp. 253-615.

[9] A. Looss, Ueber neue und bekannte Trematoden aus Seeschildktroten. Nebst Erérterungen

zur Systematik und Nomenclatur. Zool. Jahrb. Abt. Syst. 16 (1902) 411-894.

[10] U. Razo-Mendivil, G.P.P. de Leon, M. Rubio-Godoy, Integrative taxonomy identifies a
new species of Phyllodistomum (Digenea: Gorgoderidae) from the twospot livebearer,
Heterandria bimaculata (Teleostei: Poecilidae), in Central Veracruz, Mexico. Parasitol. Res.

112 (2013) 4137-4150.



[11] R. Rosas-Valdez, A. Choudhury, G.P.P. de Leon, Molecular prospecting for cryptic
species in Phyllodistomum lacustri (Platyhelminthes, Gorgoderidae). Zoolgic Scripta 40

(2011) 296-305.

[12] E. Caballero y Caballero, Helmintos de la Republica de Panama. X. Alguns Trematddeos
de Chelone mydas (L.) tortuga marina comestible Del Ocedno Pacifico Del Norte. An. Esc.

Nac. Cienc. Biol. Mex. 8 (1954) 31-58.

[13] M. Santoro, J.A. Morales, Some digenetic trematodes of the Olive Ridley sea turtle,
Lepidochelys olivacea (Testudines, Chelonidae) in Costa Rica. Helminthologia 44 (2007) 25—

28.

[14] D. Blair, A. Campos, M.P. Cummings, J.P. Laclette, Evolutionary biology of parasitic

helminthes: the role of molecular phylogenetics. Parasitol. Today. 12 (1996) 66—71.

[15] P.A. Chapman, T.H. Cribb, D. Blair, RJ. Traub, M.T. Kyaw-Tanner, M. Flint, P.C.
Mills, Molecular analysis of the genera Hapalotrema Looss, 1899 and Learedius Price, 1934
(Digenea: Spirorchiidae) reveals potential cryptic species, with comments on the validity of

the genus Learedius. Syst. Parasitol. 90 (2015) 67-79.

[16] M.J. Nolan, T.H. Cribb, The Use and Implications of Ribosomal DNA Sequencing for

the Discrimination of Digenean Species. Adv. Parasitol. 60 (2005) 101-163.



[17] C.R. Wang, L. Li, H.B. Ni, Y.Q. Zhai, A.H. Chen, J. Chen, X.Q. Zhu, Orientobilharzia
turkestanicum is a member of Schistosoma genus based on phylogenetic analysis using

ribosomal DNA sequences. Exp. Parasitol. 121 (2009) 193-197.

[18] T.A. Hall, BioEdit: a user friendly biological sequence alignment program editor and

analysis program for Windows 95/98/NT. Nucleic Acid Symp. Ser. 41 (1999) 95-98.

[19] G. Talavera, J. Castresana, Improvement of phylogenies after removing divergent and
ambiguously aligned blocks from protein sequence alignments. Syst. Biol. 56 (2007) 564-

o7,

[20] K. Tamura, G. Stecher, D. Peterson, A. Filipski, S. Kumar, SMEGA6: Molecular

Evolutionary Genetics Analysis version 6.0. Mol. Biol. Evol. 30 (2013) 2725-2729.

[21] D.R. Chattopadhyaya, Studies on the trematode parasite of reptiles found in India.
(Digenetic  flukes from the marine turtles, from the Gulf of Manar, South India.

Helminthologia 11 (1970) 63-75.

[22] S. Farjallah, B.B. Silmane, C.M. Piras, N. Amor, G. Garippa, P. Merella, Molecular
characterisation of Fasciola hepatica from Sardinia based on sequence analysis of genomic

and mitochondrial gene markers. Exp. Parasitol. 135 (2013) 471-478.

[23] S.P. Lawton, G. Majoros, A foreign invader or a reclusive native? DNA bar coding

reveals a distinct European lineage of the zoonotic parasite Schistosoma turkestanicum (syn.



Orietobilharzia turkestanicum (Dutt and Srivastava, 1955). Infect. Genet. Evol. 14 (2013)

186-193.

[24] S.P. Lawton, R.M. Lim, J.P. Dukes, R.T. Cook, A.J. Walker, R.S. Kirk, Identification of
a major causative agent of human cercarial dermatitis, Trichobilharzia franki (Mdller and

Kimmig 1994), in southern England and its evolutionary relationships with other European

populations. Parasite Vector 7 (2014) 277. http://doi:10.1186/1756-3305-7-277

[25] M.K.A. McNamara, T.L. Miller, T.H. Cribb, Evidence for extensive cryptic speciation in
trematodes of butterfiyfishes (Chaetodntidae) of the tropical Indo-West Pacific. Int. J.

Parasitol. 44 (2014) 37-48.

[26] R. Petkeviciite, O. Kudlai, V. Stunzénas, G. StaneviCité, G., Molecular and
karyological identification and morphological description of cystocercous cercariae of
Phyllodistomum umblae and Phyllodistomum folium (Digenea, Gorgoderidae) developing in

European sphaeriid bivalves. Parasitol. Int. 64 (2015) 441-447

[27] E. Binoti, M.C. Gomes, A. Calais Junior, M.R. Werneck, I.V.F. Martins, J.N. Boeloni,
Helminth fauna of Chelonia mydas (Linnaeus, 1758) in the south of Espirito Santo State in

Brazil. Helminthologia 53 (2016) 195-199

[28] A. Looss, Weitere Beitrdge zur Kenntniss der Trematoden - Fauna Aegyptens, Zugleich
Versuch einer natlrlichen Gliederung des Genus Distomum Retzius. Zool. Jahrb. Abt. Syst,

12 (1899) 521-784.



[29] A. Looss, Notizen zur helminthologie Egyptens. [V. Ueber trematoden aus
seeschildkroten der Egyptischen kisten. Zentralbl. Bakteriol. Parasitenkd. Abt. 1. Orig. 30

(1901) 555-569.

[30] C.A. Rudolphi, Entozoorum synopsis cui acedunt mantissa duplex et indices

locupletissimi. (Berolini) (1819)

[31] E.C. Greiner, Parasites of marine turtles, in: J. Wyneken, K.J. Lohmann, J.A. Lutz (eds.),

The biology of sea turtles, Vol. 3, CRC Press, Boca Raton, 2013, pp. 427-446.

[32] J.H. Fischtal, A.D. Acholonu, Some digenetic trematodes from the Atlantic hawksbill
tutle, Eretmochelys imbricata imbricata (L.) from Puerto Rico. Proc. Helm. Soc. Wash. 43

(1976) 174-185.

[33] M.R. Werneck, A. Mastrangelli R. Velloso, H. Jerdy, E.C.Q. Carvalho. Chronic Cystitis
Associated with  Plesiochorus - cymbiformis (Rudolphi, 1819) Looss, 1901 (Digenea:
Gorgoderidae) in a Loggerhead Turtle Caretta caretta (Linnaeus 1758) (Testudines,

Cheloniidae) from Brazil: A Case Report. J. Parasitol. 104 (2018) 334-336.

[34] O. Sey, Examination of helminh parasites of marine turtles caught along the Egyptian

coast. Acta Zool. Acad. Sci. Hung. 23 (1977) 387-394.

[35] M. Santoro, F.J. Badillo, S. Mattiucci, G. Nascetti F. Bentivegna, G. Insacco, A.

Travaglini, M. Paoletti J.M. Kinsella, J. Tomas, J.A. Raga, F.J. Aznar. Helminth



communities of loggerhead turtles (Caretta caretta) from central and western Mediterranean

Sea: The importance of host’s ontogeny. Parasitol. Int. 59: 367-375.

[36] M. Braun, Trematoden der Dahl'schen Sammlung aus Neu-Guinea nebst Bemerkungen

Uber endoparasitisch Trematoden der Cheloniden. Zentralbl. Bakteriol. Parasitenkd. Abt. |

Orig. 25 (1899) 714-25.

[37] P. Sonsino, Tremtodi di rettili e anfibi della collezione del Museo de Pisa. Atti. Soc.

Toscana Sci. Nat. Pis P. V. Mem. 8 (1893) 183-190.

[38] M. Stossich, Notizie elmintologiche. Boll. Soc. Adriat. Sci. Nat. 16 (1895) 33-46.

[39] M. Stossich, Note parassitologiche. Boll. Soc. Adriat. Sci. Nat 18 (1897) 1-10.

[40] M.T. Manfredi, G. Piccolo, C. Meotti, Parasites of Italian sea turtle. 11 Loggerhead turtles

(Caretta caretta Linnaeus, 1758) Parassitologia, 40 (1996) 305-308.

[41] H.S. Prat, Trematodes of the loggerhead turtle (Caretta caretta) of the Gulf of Mexico.

Arch Parasitol. 16 (1914) 411-427

[42] L.R. Carly, Report on investigations at tortugas. Studies on miracidia. Yearb. Carnegie

Inst. Wash, 29 (1930) 325-329.

[43] Y. Oguro, Short report of trematodes of chelonians. Zool. Mag. 54 (1942) 164.



[44] R.L. Parra, Estudio de alguns monogéneos y trematodos parasitos de reptiles de México.

Tes. Grad. Universidad Nacional Auténoma de México.1983.

[45] B.W. Bowen, S.A. Karl, Population genetics and phylogeography of sea turtles. Mol.

Ecol. 16 (2007) 4886—4907.

Figure legends

Fig. 1 Plesiochorus elongatus Pigulevski 1953 (Digenea: Gorgoderidae) found in Caretta

caretta Linnaeus 1758 (Testudines, Cheloniidae) from Brazil. (scale bar = 500 um)

Fig. 2 The phylogenetic relationships between Plesiochorus cymbiformis and
Plesiochorus elongatus in the context of other gorgoderid species. Both maximum
likelihood (A) and maximum parsimony (B) analysis of the ITS2 fragment show the over all
same topology separating P. cymbiformis and P. c. elongatus into separate sub-clades and
distinguishing them from each other. Bootstrap values are used to illustrate nodal support but

values <50 are not shown

Tables
Table 1. Morphometric data of the genus Plesiochorus (Digenea: Gorgoderidae) from
marine turtles (Testudines: Chelonidae). Data are presented as range (mean only or Mean £

SD) and measurements are in millimeters

Table 2. Genetic distances between ITS2 sequences of Plesiochorus species from the USA

and Brazil represented as uncorrected p-distances in the bottom left and numbers of



nucleotide substitutions between sequences in the top right. The shaded regions illustrate

the major differences between Plesiochorus cymbiformis and Plesiochorus elongatus

Table 3. Plesiochorus species reported in sea turtles.



Table 1. Morphometricdata of the genus Plesiochorus (Digenea: Gorgoderidae) from marine turtles
(Testudines: Chelonidae). Data are presented as range (mean only or Mean + SD) and measurements

are in millimeters.

Plesiochorus cymbiformis Plesiochorus elo

Caballero Blair & Limpus (1982) Santoro & Morales (2007) Pigulevsky, Pre

(1954) 1953
C. mydas C. caretta L. olivacea C. caretta C

Panama Australia Costa Rica New Guine

uB UB UB UB
'S 3 31 (10 mens.) ? 8
2.5-3.2 2.97-7.21 (5.47) 12.8-15.7(14+1.0) 12 6.8—7
1.21-1.27 1.31-3.7 (2.2) 4.4-5.4 (5.10.2) 2.4 2.5-3
0.13-0.24 0.41-0.86 (0.62) 0.84-1.07 (0.96 £ 0.86) 0.77* 0.66-0.
0.28-0.29 0.42-0.85 (0.64) 1.14-1.32 (1.24 £ 0.05) - 0.74-0.
0.038-0.057 - 0.31-0.56 (0.44 + 0.10) - 0.21-0.
0.038-0.046 - - - 0.08-0.:
0.068-0.076 0.15-0.3 (0.21) 0.25-0.37 (0.32+ 0.04) - 0.23-0..
0.099-0.10 0.18-0.37 (0.25) 0.36-0.37 (0.37 £ 0.005) - 0.26-0.
0.076-0.114 - 0.09-0.:
th 0.37-0.39 0.5-1.26 (0.95) 1.51-1.89 (1.72 £ 0.12) 1.3* 1.1-1
th 0.40-0.41 0.62-1.37 (0.95) 1.57-1.89 (1.73£0.11) - 1.0-1.
0.27-0.28 0.48-1.52 (0.9) 2.39-3.46 (2.83+0.37) - 1.3-1.
0.19-0.2 0.43-1.15 (0.7) 1.57-2.14 (1.93 £ 0.19) - 1.0-1.
0.26-0.33 0.48-1.52 (0.9) 2.4-3.4 (2.9+0.31) - 1.2-1.
0.11-0.17 0.43-1.15 (0.7) 1.63-2.2 (1.95 £ 0.17) - 1.0-1.

gth 0.2-0.28




ith

)
cleslength
cles width
eslength

es width

erior end

0.038-0.057

0.11-0.14

0.084-0.087

0.065-0.095

0.095-0.152

0.042-0.046

0.027-0.030

0.614-0.797

0.23-0.37 (0.29)

0.21-0.37 (0.29)

0.19-0.42 (0.32)
0.19-0.5 (0.28)
0.19-0.42 (0.32)
0.19-0.5 (0.28)
0.03-0.047 (0.038)

0.022-0.041 (0.031)

0.44-0.63 (0.53 + 0.07)
0.37-0.69 (0.57 + 0.09)
0.18-0.31 (0.28 + 0.04)
0.18-0.37 (0.28 + 0.05)
0.56-0.94 (0.79 + 0.16)
0.31-0.63 (0.50+0.11)
0.56-0.88 (0.73+0.11)
0.50-0.56 (0.57 + 0.05)
0.032-0.039 (0.034+ 0.003)

32

0.038 —0.04

0.052 —0.034

0.5-0.8

0.41-0.:

0.24-0.-

0.24-0.!

0.45-0.

0.3-0.7

0.35-0.¢

0.48-0.

0.076-0

0.052-0.0

1.7-2.

Legend: *=diameter



Table 2. Genetic distances between ITS2 sequences of Plesiochorus species from the USA

and Brazil represented as uncorrected p-distance in the bottom left and numbers of

nucleotide substitutions between sequences in the top right. The shaded regions are

KC494054
Plesiochorus
cymbiformis USA
KF578463
Plesiochorus
cymbiformis Brazil
KF013154
Plesiochorus sp.SCC-
2013

Plesiochorus
cymbiformis
elongatus 1 Brazil
Plesiochorus
cymbiformis
elongatus 2 Brazil
Plesiochorus
cymbiformis
elongatus 3 Brazil

KC494054

Plesiochorus
cymbiformis
USA

Plesiochorus
cymbiformis

KF578463
Brazil

KF013154
Plesiochorus
sp.SCC-2013

Plesiochorus
elongatus 1
Plesiochorus
elongatus 2
Brazil
Plesiochorus
elongatus 3
Brazil

Brazil

=

0.004
0.046 0.05
0.05 0.054
0.05 0.054

0.05 0.054

=
N

13

0.004

0.004

0.004

| cymbiformis

w
—| cymbiformis

w
| cymbiformis

w

0.00 0

0.00 0.00

illustrate the

elongatus

major

differences between

Plesiochorus

cymbiformis and Plesiochorus c.




Table 3. Plesiochorus species reported in sea turtles.

Host Locality Reference
Brazil [27]
Egypt [6, 9, 28, 29]
India [21]
Chelonia mydas
Italy [30]
Panama [12]
USA [31]
India [21]
Eretmochelys imbricata Puerto Rico [32]
USA [31]
Australia [7]
Plesiochorus cymbiformis
Brazil [33]
Egypt [6, 9, 28, 29, 34]
Caretta caretta Spain [35]
Greece [36]
Italy [37, 38, 39, 40]
USA [31, 41, 42]
Costa Rica [13]
Lepidochelys olivacea Japan [43]
Mexico [44]

Plesiochorus elongatus Caretta caretta* Brazil Present report
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A) Maximum likelihood phylogeny B) Maximum parsimony phylogeny
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