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Abstract A new nematode Parapharyngodon hugoi

n. sp. (Oxyuroidea: Pharyngodonidae) is described

parasitising the large intestine of the tree frog

Trachycephalus typhonius (Linnaeus) (Anura: Hyli-

dae) from the wetlands of Pantanal, State of Mato

Grosso do Sul, Brazil. The new species exhibits a

unique structure of the posterior cloacal lip in males,

which is supported by a rigid V-shaped structure.

Parapharyngodon hylidae parasitic in hylid frogs,

including T. typhonius, from Mexico, is the most

similar congener to P. hugoi n. sp. but is distinguished

from the new species by the presence of a

gubernaculum (vs absence), by the lateral alae in

males ending far anterior to cloacal opening (vs near to

it) and because in gravid females the ovaries encircle

the oesophageal corpus. Additionally, the new species

differs from its congeners as well as from species of

Thelandros Wedl, 1862, a very closely related genus,

by the combination of features such as spicule length,

number of caudal papillae, morphology of the anterior

cloacal lip, which is echinate, and position of ovaries.

The geographical distribution of hosts seems to play

an important role in the speciation process of Para-

pharyngodon spp.; however, due the lack of molecular

data this issue along with the validity of both

Thelandros and Parapharyngodon are still questions

to be solved in the future, after improvement of the

genetic database. A key to the species of Parapharyn-

godon parasitic in amphibians from the American

continent is provided.
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Introduction

Much has been discussed about the synonymy of

Parapharyngodon Chatterji, 1933 with Thelandros

Wedl, 1862 (e.g. Freitas, 1957; Garcia-Calvante,

1958; Adamson, 1981; Vicente et al., 1993; Anderson

et al., 2009). In fact, the boundaries that separate both

genera are fragile and still blurry. However, most of

the recent studies deal with Parapharyngodon and

Thelandros as separate genera (e.g. Bursey & Gold-

berg, 2015; Velarde-Aguilar et al., 2015; Garduño-

Montes de Oca et al., 2016).

Currently, the genus Parapharyngodon in the

Neotropical and Caribbean Regions (sensu Proches

& Ramdhani, 2012) is composed by 20 species. Of

those, five infect anurans, 14 lizards and one has been

reported in both groups (Araujo Filho et al., 2015;

Bursey & Goldberg, 2015; Velarde-Aguilar et al.,

2015; Garduño-Montes de Oca et al., 2016; Ramallo

et al., 2016).

During a survey of helminth parasites of amphib-

ians from the Pantanal wetlands, State of Mato Grosso

do Sul, Brazil, some nematodes were recovered from

the large intestine of the tree frog Trachycephalus

typhonius (Linnaeus) (Anura: Hylidae). Detailed

morphological examination based on light and scan-

ning electron microscopy (SEM) revealed that the

specimens represent a new species of Parapharyn-

godon, which is described herein.

Materials and methods

One specimen of Trachycephalus typhonius was

collected in the Pantanal Biome, municipality of

Corumbá, State of Mato Grosso do Sul, Brazil

(18�590S, 56�390W) and immediately dissected for

analysis. Host nomenclature and classification follows

Frost (2016). Nematodes were found alive, washed in

saline solution (0.9% NaCl), fixed in hot 4% formalin

and preserved in 70% ethanol. For measurements and

drawings, specimens were cleared in glycerine and

observed under a light microscope Olympus BX51

with an attached drawing tube. Measurements are

given in micrometres, unless otherwise stated. Two

males and two females were taken for scanning

electron microscopy (SEM), dehydrated through a

graded ethanol series, dried in hexamethyl disilazane,

coated with gold and examined in a JEOL JSM-740

1F, at an accelerating voltage of 4 kV. Parasites were

deposited in the Coleção Helmintológica do Instituto

Oswaldo Cruz (acronym CHIOC) and the host in the

Coleção Zoológica de Referência da Universidade

Federal do Mato Grosso do Sul (acronym ZUFMS).

Family Pharyngodonidae Travassos, 1920

Genus Parapharyngodon Chatterji, 1933

Parapharyngodon hugoi n. sp.

Type-host: Tree frog Trachycephalus typhonius (Lin-

naeus) (Anura: Hylidae), 66 mm snout cloacal length

(ZUFMS AMP3263).

Type-locality: Pantanal Biome, municipality of Mir-

anda, State of Mato Grosso do Sul, Brazil, near research

base of the UFMS (coordinates not available).

Site in host: Large intestine.

Intensity: 19 specimens found in a single frog

examined.

Type-material: Holotype and alotype CHIOC

(38371a), 12 paratypes (6 males CHIOC and 6 females

CHIOC 38371b).

ZooBank registration: To comply with the regulations

set out in article 8.5 of the amended 2012 version of

the International Code of Zoological Nomenclature

(ICZN, 2012), details of the new species have been

submitted to ZooBank. The Life Science Identifier

(LSID) for Parapharyngodon hugoi n. sp. is urn:lsid:-

zoobank.org:act:B6AE93F7-C07C-4C33-81A5-

60E217A0A273.

Etymology: The new species is named after Hugo

Bisaggio Henriques, son of the first author.

Description (Figs. 1, 2)

General. Small, whitish nematodes. Cuticle thin,

delicate, brittle, with marked annulations, extending

from cephalic end to tail region (Fig. 1E, J). Sexual

dimorphism evident. Cephalic end of male with

triangular mouth aperture internally outlined by

cuticular projections, surrounded by 6 well-developed

papillose lips: 2 dorsal, 2 ventral, each bearing poorly

developed cephalic papillae, and 2 sublateral; sublat-

eral lips bi-lobed, inferior lobe bearing large amphi-

dial pore (Figs. 1C, F, 2A). Cephalic end of female

with oval oral aperture internally outlined by cuticular

projection, surroudend by 6 flattened lips: 2 dorsal, 2

ventral, each bearing small cephalic papillae, and 2

lateral; lateral lips bearing large amphidial pore
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Fig. 1 Parapharyngodon hugoi n. sp. ex Trachycephalus typhonius . Holotype (male) and allotype (female). A, Anterior extremity of

male, ventral view; B, Anterior extremity of female, lateral view; C, D, Cephalic end of male and female, respectively, apical views; E,

Female specimen, ventral view; F, G, Cephalic end of male and female, dorsoventral and lateral view, respectively; H, Egg; I, Spicule; J,

Male specimen, lateral view; K, L, Tail of male, ventral and lateral views, respectively; M, Vulva, lateral view; N, Tail of female, lateral

view
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Fig. 2 Parapharyngodon hugoi n. sp. ex Trachycephalus typhonius. Scanning electron micrographs. A, Cephalic end of male, apical

view (asterisks indicate damaged lateral lip); B, Tail of male, lateral view; C, Detail of double papillae and phasmid in caudal

appendage of male; D, Cephalic end of female, apical view; E, Cloacal region, lateral view (arrowhead indicates V-shaped structure

supporting the posterior cloacal lip); F, Anterior cloacal lip, subventral view (arrowheads indicate lip flanges); G, Tail of female, lateral

view; H, Detail of phasmid in female tail. Abbreviations: a, amphid; l, lateral ala; p, phasmid
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(Figs. 1C, G, 2D). Oxyuroid oesophagus muscular,

composed of long narrow corpus, followed by short

isthmus, connected to well-developed bulb provided

with non-sclerotised muscular valve; oesophageal

bulb opens into intestine through muscular bi-lobed

valve (Fig. 1A, B). Nerve-ring encircling oesophagus

at first 1/3 of its length (Fig. 1A, B, E, J). Excretory

pore posterior to oesophageal bulb, supported by

internal rounded sclerotised plate (Fig. 1A, B, E, F).

Lateral alae only in males (Fig. 1A).

Male [Based on 9 adult specimens, measurements of

holotype in parentheses.] Body length 2–2.6 (2.5) mm,

width at level of excretory pore 154–200 (193).

Cuticular annulations about 13 in holotype. Lateral

alae beginning at 265–349 (337) from cephalic end,

ending at 250–331 (331) from posterior extremity.

Oesophageal corpus 395–441 (400) long, 29–36 (35)

wide; isthmus 32–38 (35) long, 29–32 (32) wide; bulb

79–99 (98) long, 73–100 (92) wide. Entire length of

oesophagus 478–528 (498), representing 19–24 (20)%

of total body length. Nerve-ring and excretory pore at

148–171 (171) and 682–874 (855), respectively, from

anterior extremity. Testis bents near level of excretory

pore, never reaching oesophageal region (Fig. 1J).

Caudal alae absent. Anterior cloacal lip echinate,

posterior one supported by stark V-shaped structure

(Figs. 1K, L, 2E, F). Caudal papillae 3 pairs: 2 pairs

adcloacal, 1 subventral and 1 sublateral; third pair

fused located ventrally on caudal appendage; pair of

small papilliform phasmids slightly anterior to fused

papillae (Figs. 1K, L, 2B, C, E, F). Spicules poorly

sclerotised, translucent with proximal enlargement

and distal sharp point (Fig 1I); 40–58 (51) long,

representing 1.7–2.9 (2.0)% of total body length.

Posterior extremity of body bearing ventrally directed

caudal appendage, ending in thin tip, 86–121 (109)

long (Figs. 1K, L, 2B).

Female [Based on 9 adult ovigerous specimens,

measurements of alotype in parentheses.] Body length

3.6–5.3 (4.2) mm, width at level of vulva 302–497

(369). Cuticular annulations about 15 in holotype.

Oesophageal corpus 578–656 (400) long, 38–42 (38)

wide; isthmus 31–35 (31) long, 35–38 (38) wide; bulb

108–135 (108) long, 117–158 (117) wide. Entire

length of oesophagus 699–776 (707), representing

15–20 (17)% of total body length. Nerve-ring and

excretory pore at 138–162 (162) and 1,000–1,400

(1,100), respectively, from anterior extremity. Vulval

lips not elevated, followed by short vagina and

muscular ovijector (Fig. 1M). Vulva in anterior half

of body, 1.7–2.5 (1.9) mm from anterior end, at 44–48

(44)% of body length. Uterus amphidelphic. Ovaries

never encircling oesophageal corpus (Fig. 1E). Eggs

widely ellipsoid, thin shelled, non-embryonated, with

subterminal single operculum (Fig. 1H), measuring

136–149 9 62–68. Tail conical, with long, narrow,

pointed appendage, bearing small lateral phasmids

located at its posterior half, visible only in SEM

micrographs (Fig. 2G, H). Distance from anus to

posterior extremity of body 361–593 (405).

Remarks

The present specimens were placed in Parapharyn-

godon exclusively because the eggs possess a single

subterminal operculum and were non-embryonated in

all females analysed. These are the main features

differentiating Parapharyngodon from Thelandros

according to the most recent publications (Bursey

et al., 2013; Velarde-Aguilar et al., 2015).

Eighty-two nominal species have been assigned to

Parapharyngodon, but according to recent publica-

tions only 51 are valid (Araujo Filho et al., 2015;

Bursey & Goldberg, 2015; Velarde-Aguilar et al.,

2015; Garduño-Montes de Oca et al., 2016; Ramallo

et al., 2016). Thus, we compared our material with all

of the 82 species emphasising those parasitic in

amphibians as well as those from the American

continent.

Besides the new species, other two congeners have

been reported parasitising the tree frog T. typhonius

namely, P. duniae Bursey & Brooks, 2004 in Costa

Rica and P. hylidae Velarde-Aguilar, Mata-López,

Guillén-Hernandez & León-Règagnon, 2015 in Mex-

ico. Parapharyngodon hugoi n. sp. resembles P. hyl-

idae biometrically and in many morphological

aspects, but differs from the latter by the position of

ovaries in large females (not encircling oesophageal

corpus vs encircling it), by the posterior extension of

lateral alae in males (ending near cloacal region vs

ending far anterior to it), because the new species lacks

a gubernaculum, and mainly based on differences in

the structure of the postcloacal lip that is supported by

a stark V-shaped pointed structure in P. hugoi n. sp. (vs

bearing a pedunculate, cylindrical projection with

apical ornamentations in P. hylidae) (Velarde-Aguilar
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et al., 2015). The new species also differs from P.

duniae based on the position of the excretory pore in

females that is well posterior to oesophagus end in P.

hugoi n. sp. and anterior to the oesophageal bulb in P.

duniae (see Bursey & Brooks, 2004).

Seven other species of Parapharyngodon have been

described in amphibians, P. garciai (Schmidt &

Whittaker, 1975) parasitic in Eleutherodactylus por-

toricensis Schmidt from Porto Rico, P. japonicus

Bursey & Goldberg, 1999 in Onychodactylus japon-

icus (Houttuyn) from Japan and P. silvoi have smooth-

edge anterior cloacal lip in males (Schmidt & Whit-

taker, 1975; Bursey & Goldberg, 1999; Araujo Filho

et al., 2015) different from the same structure in P.

hugoi n. sp., which is clearly echinate. Furthermore, P.

japonicus has the caudal appendage reduced in males

and rounded tail ending in a stout spike in females

(Bursey & Goldberg, 1999), different from P. hugoi n.

sp. that has long thin appendages in both male and

female tails. Parapharyngodon garciai and P. silvoi,

along with P. chamelensis Velarde-Aguilar, Mata-

López, Guillén-Hernandez & León-Règagnon, 2015

parasitic in Diaglena spatulata (Günther) from Mex-

ico, P. grenadaensis Bursey, Drake, Cole, Sterner,

Pinckney & Zieger, 2013 in Rhinella marina (Lin-

naeus) from Grenada and P. osteopili Adamson, 1981

in Osteopilus sptentrionalis (Duméril & Bibron) from

Cuba have different number of caudal papillae than the

new species (other than three pairs) (Schimidt &

Whittaker, 1975; Adamson, 1981; Bursey at al., 2013;

Araujo-Filho et al., 2015; Velarde-Aguilar et al.,

2015). In females of P. grenadaensis and P. osteopili

the ovaries are pre-bulbar, encircling the oesophageal

corpus, males of P. chamelensis have a gubernaculum

and those of P. osteopili lack the lateral alae

(Adamson, 1981; Bursey at al., 2013; Velarde-Aguilar

et al., 2015).

Parapharyngodon alvarengai Freitas, 1957 origi-

nally described as a parasite of the lizard Trachylepis

atlantica (Schmidt), has been recorded once parasitis-

ing the toad Rhinella icterica (Spix) (Luque et al.,

2005). This species differs from P. hugoi sp. in the

morphology of anterior cloacal lip (smooth vs echi-

nate), in the length of spicule (80–100 vs 40–58 lm),

in the position of ovaries (anterior to oesophageal bulb

vs posterior to it) and in the structure of tail in females

(ending in a stout spike vs conical long thin

appendage).

The remaining 17 species of Parapharyngodon in

the American continent are all parasites of lizards;

they differ from P. hugoi n. sp. as follows. Para-

pharyngodon ayotzinapensis Garduño-Montes de

Oca, Mata-López, León-Règagnon, 2016, P. bainae

Pereira, Sousa & Souza Lima, 2011, P. guerreroensis

Bursey & Goldberg, 2015, P. grismeri Bursey &

Goldberg, 2007, P. riojensis Ramallo, Bursey &

Goldberg, 2002, P. sanjuanensis, P. senisfaciecaudus

Freitas, 1957, P. sceleratus (Travassos, 1923) and

P. tikuinii Garduño-Montes de Oca, Mata-López,

León-Règagnon, 2016 have longer spicule than the

new species (minimum 70 vs 40–58 lm). Para-

pharyngodon californiensis (Read & Amrein, 1952),

P. largitor Alho & Rodrigues, 1963, P. maestro

Jiménez, León-Règagnon & Pérez-Ramos, 2008,

P. ocalaensis Bursey & Telford, 2002 and P. verru-

cosus Freitas & Dobbin, 1959 have males bearing the

anterior cloacal lips with smooth edges. Females of

Parapharyngodon colonensis Bursey, Goldberg &

Telford, 2007, P. iguanae Telford, 1965 and

P. lamothei Jiménez, León-Règagnon & Pérez-

Ramos, 2008 have the ovaries encircling the oeso-

phageal corpus. Furthermore, males of P. colonensis

and P. lamothei have four and three pairs of caudal

papillae, respectively, plus an unpaired one (vs only

three pairs in the new species). Males of P. iguanae

also have the lateral alae beginning at midlength of

body (vs at level of oesophageal corpus in P. hugoi n.

sp.).

Due to the taxonomic proximity and possible

confusions when separating species within Para-

pharyngodon and Thelandros, the newly collected

material was compared with the species assigned to

the former genus. Currently, there are only three

species of Thelandros parasitic in amphibians. The-

landros salamandrae (Schad, 1960), a parasite of

salamanders from the genus Aneides Baird in New

Mexico and California, differs from P. hugoi n. sp.

because males lack lateral alae, the cloacal lip is

smooth and they have four pairs of caudal papillae

(Schad, 1960). The other two species namely, T.

minutus Read & Amrein, 1952 and T. magnavulvaris

(Rankin, 1937) were incompletely described, and the

male of T. magnavulvaris is still unknown (Rankin,

1937; Read & Amrein, 1952). Thus, according to

Bursey & Goldberg (2005) the referred species should

be considered as species inquirendae.
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Four additional species of Thelandros have been

reported in the American continent, T. capacyupanquii

(Freitas, Vicente & Ibañez, 1968) parasite of the lizard

Dicrodon holmbergi Schmidt in Bazil (Freitas et al.,

1968), differs from P. hugoi n. sp. based upon many

features such as males with four pairs of caudal

papillae (vs three pairs), longer spicule (120–130 vs

40–58 lm) and precloacal lip of smooth edge (vs

echinate edge), and females with tail ending in short

filament (vs long thin conical filament) (Freitas et al.,

1968). The three remaining species have been reported

as parasites of lizards from North America, i.e.

T. bicaudatus Read & Amrein, 1952, T. pseudotha-

parius Lucker, 1951 and T. xantusi Lucker, 1951, all

clearly differing from the new species by having a

longer spicule (minimum 125 lm long vs 40–58 lm)

(Read & Amrein, 1952; Telford, 1965). Moreover,

females of T. bicaudatus and T. xantusi have the tail

ending in short filament and males of T. pseudotha-

parius have anterior cloacal lip with smooth edge as in

T. capacyupanquii (see Read & Amrein, 1952;

Telford, 1965).

Considering all the differences discussed above, we

strongly believe that P. hugoi n. sp. undoubtedly

represents a new taxon. A taxonomic key to the

species of Parapharyngodon parasitising amphibians

from the American continent is provided.

Key to the species of Parapharyngodon parasitic

in amphibians from the American continent

1a Anterior cloacal lip in males with smooth edge

………………………………………………. 2

1b Anterior cloacal lip in males with echinate edge

………………………………………………. 4

2a Males with more than three pairs of caudal

papillae ……………………………………… 3

2b Males with three pairs of caudal papillae

…………………………………. P. alvarengai

3a Males with four pairs of caudal papillae

……………………………………... P. garciai

3b Males with four pairs of caudal papillae plus

unpaired one …………………………. P. silvoi

4a Males with three pair of caudal papillae

………………………………………………. 5

4b Males with more than three pairs of caudal

papillae ……………………………………… 6

5a Lateral alae in males ending far anterior to

cloacal region ……………………… P. hylidae

5b Lateral alae in males ending in the level of

cloacal opening ……….………. P. hugoi n. sp.

6a Males with three pairs of caudal papillae plus

unpaired one ………………………………… 7

6b Males with four pairs of caudal papillae ……. 8

7a Gubernaculum present ……….. P. chamelensis

7b Gubernaculum absent ……………… P. duniae

8a Females with vulva conspicuously prominent

……………………………….. P. sanjuanensis

8b Females without prominent vulva ………….. 9

9a Males with lateral alae ……… P. grenadaensis

9b Males without lateral alae ………… P. osteopili

Discussion

It is quite challenging to deal with the taxonomy of

Parapharyngodon and Thelandros due their great

morphological proximity, unclear boundaries and

considerable number of poorly described species.

From all the features that have been used to separate

both genera, e.g. presence/absence of lateral alae in

males and structure of the tail in both sexes, the most

reliable seem to be the position of the operculum in

eggs (i.e. terminal or subterminal) as well as the stage

of embryonic development during posture (see Bursey

et al., 2013). Molecular approaches may represent an

important tool for the resolution of the real relation-

ships between Parapharyngodon and Thelandros.

However, the current data are scarce and the phyloge-

netic approaches have been superficial, inconclusive

and with dubious morphological identification of some

species (see Chaudary et al., 2013 as an example).

Species of Parapharyngodon seem to exhibit low

host specificity, since a single species may parasitise

several different hosts from different families and,

conversely more than one parasite of the genus may

occur a single host (Vellarde-Aguilar et al., 2015;

Garduño-Montes de Oca et al., 2016). In this sense, the

host range of P. alvarengai represents an interesting

finding because this is the only species originally

described parasitising a lizard (Freitas, 1957) that was

also reported in an amphibian (Luque et al., 2005);

however, it cannot be discarded that Luque et al.

(2005) misidentified the nematode since their study

was focused on ecology and not on taxonomy.
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Parapharyngodon hylidae, the congener most

closely related to the new species, was also reported

as a parasite of the tree frog T. typhonius, but in

Mexico (Velarde-Aguilar et al., 2015). According to

Chabaud & Brygoo (1962), the specificity of nema-

todes parasitic in reptiles is generally low, and the

geographical distribution of their hosts plays an

important role in the speciation process. Our results

seem to support this assertion, even though further

genetic evaluation is highly recommended.

Finally, we agree with Velarde-Aguilar et al. (2015)

that the description of cephalic structures (i.e. cephalic

papillae, amphids, lips) in Parapharyngodon is still

poorly detailed, and several species lack studies using

SEM of these structures. The cephalic end in Para-

pharyngodon bears important intraspecific morpho-

logical features and usually shows sexual dimorphism;

thus an accurate description of this region is highly

recommended (Velarde-Aguilar et al., 2015).

Parapharyngodon hugoi n. sp. represents the first

species in the genus with postcloacal lip supported by

a V-shaped structure, and the first reported parasitising

an amphibian in the Pantanal wetlands, Brazil.
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