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bstract

During an inventory of the helminths of amphibians in Mexico, specimens of an undescribed species of Haematoloechus  were collected from
he lungs of Rana  zweifeli  and Rana  sp. in southwestern Mexico. The objective of this study is to describe this species. The new species differs
rom other known species of Haematoloechus  by the combination of the following characters: spindle shaped body, oral sucker/acetabulum ratio
:0.31, longitudinal extracecal uterine loops extending to the level of posterior testis, ovary irregular, lobed and testes elongate, lobed.

 2017 Universidad Nacional Autónoma de México, Instituto de Biología. This is an open access article under the CC BY-NC-ND license
http://creativecommons.org/licenses/by-nc-nd/4.0/).
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esumen

Durante el desarrollo del inventario de helmintos de anfibios en México se recolectaron ejemplares de una especie aún no descrita del género
aematoloechus  de los pulmones de Rana  zweifeli  y Rana  sp. en el suroeste de México. El objetivo de este trabajo es describir esta especie. La

specie nueva difiere de las conocidas de Haematoloechus  por la combinación de los siguientes caracteres: cuerpo en forma de huso, relación
entosa oral/acetábulo 1:0.31, asas uterinas longitudinales extracecales extendiéndose hasta el nivel del testículo posterior, ovario irregular, lobulado
 testículos alargados, lobulados.
 2017 Universidad Nacional Autónoma de México, Instituto de Biología. Este es un artículo Open Access bajo la licencia CC BY-NC-ND

http://creativecommons.org/licenses/by-nc-nd/4.0/).

alabras clave: Helmintos; Anfibios; Anura; Rana zweifeli; Códigos de barras de ADN
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Haematoloechus  spp., is a species-rich genus with more
han 50 described species around the globe. These digeneans
re common parasites occurring in the lungs of frogs, and are
arely found in other groups of amphibians (toads or salaman-
ers). Morphological variability within species of this genus has

aused controversy regarding species validity (Kennedy, 1981;
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dening, 1960; Prokopic & Krivanek, 1974), and molecular
haracters have demonstrated to be useful in the differenti-
tion of species in this genus, validating the use of some
orphological characters (León-Règagnon, Brooks, & Pérez-
once de León, 1999; León-Règagnon, Brooks, & Zelmer,
001; León-Règagnon & Paredes-Calderón, 2002). Particularly,
NA barcoding (Hebert, Cywinska, Ball, & deWaard, 2003)
as proven to be a useful tool in the prospection of cryptic
pecies of Haematoloechus.  León-Règagnon (2010) used par-

ial COI sequences to differentiate species of Haematoloechus  in

exico including several specimens that according to morphol-
gy did not correspond to any of the known described species
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Figure 1. Haematoloechus nicolasi n. sp. Ventral view. Scale = 1 mm.
56 V. León-Règagnon / Revista Mexica

f the genus. The sequence of one of this specimens (GenBank
Q141707) appeared a as an independent lineage in the resulting

rees, with a minimum genetic divergence of 9.9% with the other
equences, contrary to a maximum of 2.2% among sequences of
he same species, representing a potential undescribed species.

The aim of this study is to morphologically describe and name
his species that parasites R.  zweifeli  Hillis, Frost and Webb, 1984
nd Rana  sp. in southwest Mexico, and that was detected using
NA barcodes by León-Règagnon (2010).

aterials  and  methods

Twenty two specimens of Rana  zweifeli  were collected in
antiago Tamazola, Oaxaca (17◦39′35.2′ N, 98◦13′21.08′ W) in
000, 21 in Amojileca, Guerrero (17◦34′11.50′ N, 99◦34′12.77′
) in 2001, and 9 specimens of Rana  sp. were collected in San

ernando, Chiapas (16◦40′50.85′ N, 93◦13′06.69′ W) in 1999.
ll specimens were collected under the scientific collection per-
it FAUT0056 issued to VLR, and representative specimens of

he hosts were deposited at Museo de Zoología de la Facultad de
iencias, UNAM (MZFC 14634, 14642, 14644, 14789-14792,
4887-14893, 12900).

Frogs were captured manually or using dip nets and killed by
n overdose of sodium pentobarbital. Helminthological exami-
ation was done in the following 24 hours from capture. Worms
ollected from freshly killed amphibians were initially placed
n saline (0.65%). Some specimens were fixed in 95% ethanol
or molecular study; for morphological study they were fixed
y sudden immersion in hot 4% formaldehyde and then pre-
erved in 70% ethanol. Specimens were stained with Mayer’s
aracarmine or Gomori’s trichrome, dehydrated, cleared in
ethyl salicylate, and mounted permanent slides using Canada

alsam. Some specimens were permanently mounted in Cobb
lides. Measurements are presented as the range with means
n parentheses and expressed in micrometers, unless other-
ise is stated. Figures were drawn with the aid of a drawing

ube. The following abbreviations are used: CNHE, Colec-
ión Nacional de Helmintos, Instituto de Biología, Universidad
acional Autónoma de Mexico.

escription

aematoloechus nicolasi n.  sp.  (Fig.  1)

Description based on 12 mature specimens: body spindle
haped, with pointed anterior and posterior ends; 2.52–6.04
3.89) mm long, 0.84–1.97 (1.25) mm of maximum width
t the preovaric region. Tegument thick, no spines, show-
ng plications forming a grid. Oral sucker terminal, round,
71.6–417.1 (348.39) long, 217.6–407.4 (339.5) wide; open-
ng directed ventrally. Pharynx oval, 126.1–242.5 (183.42)
ong, 106.7–213.4 (168.43) wide; oral sucker/pharynx ratio
:0.39–0.62 (0.52). Gland cells surrounding anterior region

f pharynx. Esophagus 48.5–126.1 (76.21) long, surrounded
nteriorly by gland cells, sometimes obscured by uterus. Ceca
ifurcating at 465.6–649.9 (559.95) [10.6–16.8 (14.28)% of
ody length (BL)] from anterior extremity. Ceca narrow,
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erminating blindly near posterior extremity. Ventral sucker
eakly developed, sometimes obscured by ascending uterus,
7–135.8 (106.7) long, 87.3–135.8 (109.93) wide, at 1.32–2.04
1.66) mm [33.7–47.2 (41.33)% of BL] from anterior extrem-
ty. Suckers length ratio 1:0.23–0.36 (0.31). Testes 2, elongate
lightly lobed, oblique, immediately posterior to ovary. Ante-
ior testis opposite to ovary, 388–873 (583.94) long, 194–339.5
258.02) wide. Posterior testis 582–1115.5 (725.56) long,
52.2–417.1 (308.63) wide. Cirrus sac obscured by ascend-
ng uterus. Ovary irregular, lobed, 339.5–679 (521.64) long,
42.5–436.5 (312.56) wide; at 1.2–2.39 (1.83) mm [40.6–56.81
47.94)% of BL] from anterior extremity. Seminal recepta-
le adjacent partially overlapping ovary; 291–533.5 (430.68)
ong, 194–407.4 (291.97) wide. Mehlis gland dorsal to semi-
al receptacle. Laurer’s canal not observed. Vitellaria forming
lusters overlapping with each other, distributed sidelong, dor-
ally invading space between caeca in their anterior limit and in
he postesticular region. Anterior limit of vitellaria 242.5–485
419.04) [7.43–11.56 (10.91)% of BL] from anterior end; poste-
ior limit at level of posterior testis on the ovarian side of body,
t end of caeca on the opposite side of ovary. Descending uterus
orming transversal and diagonal loops on ovarian side of body,
artially overlapping testis, filling intra and extracecal space
oward posterior end of body. Ascending uterus forming longi-
udinal loops oriented anteriorly reaching the level of posterior
estis, and continuing anteriorly forming transversal and short
ongitudinal loops at the level of testes, partially overlapping
nterior testis and seminal receptacle, and filling with transver-
al loops the entire preovarian region. Genital pore ventral to
osterior border of oral sucker. Eggs dark brown, 16.95–26.63
21.11) long, 9.68–16.95 (13.59) wide. Excretory vesicle not
bserved. Excretory pore terminal.

axonomic  summary

Host: Rana  zweifeli.
Site  of  infection: lungs.
Holotype: CNHE 10039.
Paratypes: CNHE 10040, 10041, 10043.
Locality: Santiago Tamazola, Oaxaca, Mexico.
Etymology: species name dedicated to my son, Nicolás Flo-

es, who is my savior and motivation.
Other hosts  and  localities: R.  zweifeli, Amojileca, Guerrero;

ana sp. San Fernando, Chiapas.
Other records: R.  zweifeli, Santiago Tamazola, Oaxaca

León-Règagnon, 2010) based on COI sequences, referred as
aematoloechus  sp. Ha65.

emarks

The new species differs from other American species of
aematoloechus and resembles H.  breviplexus  Stafford, 1902,
. floedae  Harwood, 1932, H.  longiplexus  Stafford, 1902,
. macrorchis  Caballero, 1941 and H.  parviplexus  Irwin, 1929
n having an acetabulum less than half of the size of the oral
ucker and longitudinal extracecal uterine loops (Table 1).

The new species differs from all known species of the
enus by the combination of several characters that have been
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roven to be useful to differentiate species of Haematoloechus
Bolek & Janovy, 2007; León-Règagnon & Brooks, 2003; León-
ègagnon, Brooks, & Pérez-Ponce de León, 1999; Zamparo,
errao, Brooks, Bettaso, & Mata-López, 2011), as follows.

It differs from other species in the shape of the body, which
s spindle shaped, with pointed anterior and posterior ends;
osterior end can be invaginated. Maximum width of body in
he preovarian region. When worms are alive, it is notorious the

anner in which they extended both extremities of the body
hile keeping the middle part unchanged in width. Specimens
f other species extend or contract the entire body when alive.
ody shape can vary depending on the fixation technique, and
ther species of the genus may show a similar shape in mounted
pecimens, this is why this character is useful to differentiate
he new species only in conjunction with the other diagnostic
haracters.

It differs from H.  floedae, H.  longiplexus, and H.  macrorchis
n the extension of the extracecal longitudinal uterine loops,
hich reach the level of the ovary in H.  floedae  and
. macrorchis, the level of the pharynx in H.  longiplexus

nd only the level of the posterior testis in the new species. It
lso differs from H.  floedae  in the shape of the testes, being oval
r elliptical in that species and elongate and lobed in H.  nicolasi,
nd in the position of the genital pore, which is at the medium
evel of the pharynx in H.  floedae  and in the anterior border of
he pharynx in H.  nicolasi  (Harwood, 1932; León-Règagnon,
uillén-Hernández, & Arizmendi-Espinosa, 2005).
The new species also differs from H.  longiplexus  and

. macrorchis  in the size of the acetabulum compared to the
ral sucker, which is larger in those species [1:0.40–0.50 (0.43)
n H.  longiplexus, 1:0.41–0.49 (0.45) in H.  macrorchis  and
:0.23–0.36 (0.31) in H.  nicolasi] (Cort, 1915; Caballero, 1941;
tafford, 1902).

Haematoloechus  nicolasi  resembles H.  breviplexus  and
. parviplexus  in the extent of the extracecal longitudinal uter-

ne loops, which in the 3 species reach the level of the posterior
estis. It differs from H.  breviplexus  in the size of the acetabulum
ompared with the oral sucker, which is larger in that species
1:0.5 vs. 1:0.23–0.36 (0.31)]; also differs in the position of the
enital pore, being ventral to the posterior region of the pharynx
n H.  breviplexus  (Cort, 1915; Stafford, 1902) and at the level of
he anterior border of this organ in H.  nicolasi.

The new species also differs from H.  parviplexus  in the size of
he acetabulum compared with the oral sucker, which is smaller
n that species [1:0.19–0.29 (0.24) vs. 1:0.23–0.36 (0.31)]
nd in the shape of the testes, oval in H.  parviplexus  and elongate,
obed in the new species.

Partial COI sequence of this species was published by León-
ègagnon (2010). In that study, the author mentions that she was
ot able to differentiate this sample from others collected from
he same host and locality using morphology. Nevertheless, COI
equences served to separate those samples in independent lin-
ages, one corresponding to the new species described herein

nd other corresponding to H.  longicollum  León-Règagnon and
omero-Mayén (2017). These 2 species differ in the size of the
cetabulum, which is less than half of the size of the oral sucker
n H.  nicolasi, and in the presence of longitudinal uterine loops,
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Table 1
Morphological comparison between American Haematoloechus species with acetabulum less than half of the size of the oral sucker and with extracecal longitudinal
uterine loops.

H. breviplexus 1, 2 H. floedae 3, 4 H. longiplexus 1, 2 H. macrorchis 5 H. nicolasi n. sp. H. parviplexus 6, 7

BLa 5.8–12.0 (9.05) 2.04–11.1 (6.29) 4.64–8.0 (6.54) 5.6–6.37 (5.98) 2.52–6.04 (3.89) 2.32–6.15 (5.96)
BWa 2.0–2.74 (2.13) 0.72–2.75 (1.67) 1.17–2.55 (1.9) 1.62 0.84–1.97 (1.25) 0.40–1.60 (1.09)
OS:PH 1:0.47–0.52 (0.33) 1:0.38–0.60 (0.44) 1:0.50–0.64 (0.52) 1:0.51–0.54 (0.53) 1: 0.39–0.55 (0.52) 1:0.42–0.66 (0.53)
OS:VS 1:0.5 1:0.30–0.41 (0.35) 1:0.40–0.50 (0.43) 1:0.41–0.49 (0.45) 1: 0.23–0.36 (0.31) 1:0.19–0.29 (0.24)
VS-AE (%) 30 38.5–50.2 (43.5) 38 38 34–47 (41) 37–53 (43)
OV Irregular, lobed Irregular, lobed Irregular, lobed Irregular, lobed Irregular, lobed Irregular, lobed
T Elongate, lobed Oval to elliptical Elongate Elongate, lobed Elongate, lobed Oval
ELUL Posterior testis Ovary Pharynx Ovary Posterior testis Posterior testis
GP Posterior region of

pharynx
Middle region of
pharynx

Anterior region of
pharynx

Anterior region of
pharynx

Anterior border of
pharynx

Anterior border of
pharynx

Ranges followed by average in parentheses; measurements obtained from original descriptions and redescriptions 1 = Stafford, 1902; 2 = Cort, 1915; 3 = Harwood,
1932; 4 = León-Règagnon et al., 2005; 5 = Caballero, 1941; 6 = Irwin, 1929; 7 = Bolek and Janovy, 2007.

a mm.
BL = body length; BW = body width; OS = oral sucker; PH = pharynx; VS = acetabulum; AE = anterior end; % = Percentage of body length; OV = ovary; T = testes;
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LUL = extension of extracecal longitudinal uterine loops; GP = genital pore po

hich are absent in H.  longicollum.  When the worms are alive,
pecimens of both species present an elongated anterior part of
he body and it is difficult to observe the size of the acetabulum
r the arrangement of the uterine loops. The shape of the poste-
ior part of the body is different, but not enough to differentiate
hem by itself. It was only after measuring mounted specimens
nd at the light of the molecular evidence that both species were
learly diagnosed.

iscussion

Differentiation and validation of species of Haematoloechus
as been controversial because of the intraspecific variability
f species (Kennedy, 1980, 1981), and also because of the
ack of details in the original descriptions of many species
Seely, 1906; Stafford, 1902). Molecular markers have served
o identify those characters that are reliable in the differen-
iation of species in the genus, some of which are the oral
ucker/pharynx ratio, oral/ventral suckers ratio, the arrangement
f the uterine loops in mature worms (presence of extracecal
oops, presence and extension of longitudinal loops), the shape
f ovary and testes and body shape (León-Règagnon & Brooks,
003; León-Règagnon, Brooks, & Pérez-Ponce de León, 1999;
eón-Règagnon, Brooks, & Zelmer, 2001; León-Règagnon &
aredes-Calderón, 2002; León-Règagnon & Romero-Mayén,
017; Zamparo et al., 2011). Although all of them show some
ntraspecific variation, the combination of several of them can
e used to distinguish species of this genus with confidence; in
he case of H.  nicolasi  n. sp., the combination of body shape,
ral sucker/acetabulum ratio, the extension of extracecal longi-
udinal uterine loops and the shape of ovary and testes, define
his new species.

León-Règagnon (2010) using DNA barcodes (COI

equences), detected several undescribed lineages of Haem-
toloechus, one of which is H.  nicolasi  n. sp. In that study,
equences of H.  nicolasi  n. sp. appear as the sister taxon of
. illimis  Caballero, 1942. Morphologically, these 2 species

s
o
I
P

.

iffer in the size of the acetabulum, which is 83% the size of
he oral sucker in H.  illimis  (vs. 31% in H.  nicolasi); also differ
n the extension of the extracecal longitudinal uterine loops,
hich are absent in H. illimis  (Caballero, 1942), and reach

he level of the posterior testis in H.  nicolasi.  Apparently, the
ize of suckers and the extension of extracecal longitudinal
terine loops, although very useful to differentiate species, are
haracters with no phylogenetic value, but further investigation
n the evolution of these characters is needed in a phylogenetic
ramework involving more than one molecular marker.

Haematoloechus  nicolasi  is the second species of the genus
o be described as parasite of frogs of the tarahumarae group
ensu Hillis and Wilcox (2005); the first was H.  longicollum,
rom R.  psilonota  and R.  zweifeli  (León-Règagnon & Romero-

ayén, 2017). Both species were found infecting the same host
pecies in the same localities. Other groups of frogs have been
ampled in Mexico, but H.  nicolasi  was found preferably in
. zweifeli, and only in one specimen of Rana  sp., which belongs

o an undescribed species of leopard frogs (Pérez-Ramos, com.
ers.). According to the evidence obtained with mitochondrial
equences (León-Règagnon, 2010), H.  nicolasi  and H.  longi-
ollum (GenBank HQ141704, HQ141706) are not each other
losest relatives, suggesting 2 independent colonization events
o the tarahumarae group of frogs. Further investigation on the
hylogeny of Haematoloechus  is needed in order to clarify its
oevolutionary history.
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