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Abstract: Four species of Pseudopaludicola, Pseudopalud-
icola boliviana, P. falcipes, P. mystacalis and P. ternetzi, are
usually cited for Paraguay. However, after analyzing 407
specimens assigned to this genus in herpetological col-
lections of the country, we conclude that there are no
specimens of P. falcipes in Paraguayan collections or
vouchers cited in the literature, and almost all individu-
als referred to P. ternetzi are most probably P. ameghini.
At the same time, a recently described species, P. motorz-
inho, is recorded for the first time in the country. Infor-
mation on the distribution of these and the remaining
species of Pseudopaludicola in Paraguay (P. boliviana and
P. mystacalis) is provided.

Key words: Amphibia; Leiuperinae; dwarf swamp
frogs; distribution assessment

INTRODUCTION

Pseudopaludicola Miranda Ribeiro, 1926 currently
contains 21 species, which occur mainly in the lowlands
of Argentina, Bolivia, Brazil, Colombia, Guyana, Suri-
name, Peru, Paraguay, Uruguay and Venezuela (Frost
2016). The genus includes very small (<30 mm snout-
vent length), cryptic and highly polychromatic species
(Lynch 1971; Haddad and Cardoso 1987; Pansonato
et al. 2013; Carvalho et al. 2015a, 2015b). The genus
is diagnosed by the presence of a hypertrophied ante-
brachial tubercle, epicoracoid cartilages slightly (or
not) superposed, posterolateral process of the hyoid
outlined or absent (Lynch 1989; Lobo 1995), and by
ribosomal RNA sequences (Veiga-Menoncello et al.
2014). The conservative morphology of the taxa leads
to the use of acoustic, chromosomal and molecular data
to address taxonomic studies (Veiga-Menoncello et al.
2014; Carvalho et al. 2015a, 2015b).

In Paraguay, four species of Pseudopaludicola are
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usually reported: P. falcipes (Hensel, 1867), P. mystacalis
(Cope, 1887), P. boliviana Parker, 1927 and P. ternetzi
Miranda-Ribeiro, 1937 (see Weiler et al. 2013 and
references therein). The occurrence of P. falcipes in
Paraguay is widely cited in the literature (Freiberg
1942; Cei 1980; Gallardo 1987; Langone 1994; Aquino
et al. 1996; Brusquetti and Lavilla 2006; Lavilla and
Brusquetti 2010; Weiler et al. 2013 and Motte et al.
2015). More recently, the distribution of this species in
Paraguay was challenged by Langone et al. (2015), based
on the absence of material of this species from Paraguay
in some collections of Argentina, Brazil and Uruguay.
However, these authors did not analyze material from
Paraguayan collections. In turn, Pseudopaludicola
ternetzi was cited by Lobo (1995) from the departments
of Amambay, Concepcién, Misiones, Caaguazu, Central,
and San Pedro, including under this name the putative
sample cited by McDiarmid and Foster (1987) as P.
ameghini. Brusquetti and Lavilla (2006), extended
the distribution of P. ternetzi to the departments
of Boquerén and Presidente Hayes. However, the
revalidation of Pseudopaludicola ameghini (Cope, 1887)
from the synonymy of P. ternetzi by Pansonato et al.
(2013) generates doubts about the identification of
these Paraguayan populations. Of the remaining two
species cited for the country, Pseudopaludicola mystacalis
was reported only from Itapta Department by Lobo
(1995), and Pseudopaludicola boliviana was first cited
for Asuncién (capital district) by Parker (1935). Later,
Lobo (1994b) extended its range to the departments of
Alto Paraguay (but stated coordinates indicate a locality
in Presidente Hayes near Pozo Colorado), Amambay,
Caaguazu, Central, Concepcién, Cordillera, Presidente
Hayes and San Pedro, and Brusquetti and Lavilla (2006)
extended its distribution to Paraguari Department.
Finally, in a recent contribution, Pansonato et al.
(2016) described two new Pseudopaludicola species,
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one of them, Pseudopaludicola motorzinho Pansonato,
Veiga-Menoncello, Mudrek, Jansen, Recco-Pimentel,
Martins & Striissmann, 2016, with distribution records
in the states of Mato Grosso and Mato Grosso do Sul
(Brazil), and in the department Santa Cruz (Bolivia),
near the Paraguay border, so we consider its presence
possible in Paraguay. Faced with these expectations (the
absence of P. falcipes and the presence of P. motorzinho in
the Paraguayan batrachofauna), the main goals of this
contribution are to provide an update of the distribution
of the genus Pseudopaludicola in Paraguay, to investigate
the presence or absence of P. falcipes in the country,
and to reanalyze all the available material assigned to
Pseudopaludicola in Paraguayan collections.

MATERIALS AND METHODS

We analyzed all the specimens of the genus Pseudo-
paludicola housed at Museo Nacional de Historia Natural
del Paraguay (MNHNP, San Lorenzo), in the herpetolog-
ical collection of the Instituto de Investigacién Biolégica
del Paraguay (IIBP-H, Asuncién) and in the Coleccién
Zoolégica of the Facultad de Ciencias Exactas y Naturales
(FACEN), Universidad Nacional de Asuncién (CZCEN,
San Lorenzo). The identifications were corroborated
following the descriptions, diagnoses and redescrip-
tions of each species (Hensel 1867; Cope 1887; Parker
1927; Miranda-Ribeiro 1937; Lobo 1994a, 1995, 1996;
Pansonato et al. 2013, 2016). Localities contained in
museum catalogs were georeferenced using gazetteers
(Paynter 1989; Anonymous 1992), GPS records from
collectors, estimations from maps and the information
in Brusquetti and Lavilla (2006). We generated the map
showing the distribution of Pseudopaludicola species in
Paraguay using ArcGIS version 10.4. For ecoregions, we
follow Dinerstein et al. (1995).

RESULTS

The examination of 407 specimens of Pseudopaludicola
from 56 localities inside Paraguay (Table 1) resulted in
the identification of four Pseudopaludicola species in the
country, P. motorzinho being a new record for the country,
and the reassignments of all P. falcipes records to the four
abovementioned species.

Pseudopaludicola ameghini (Cope, 1887):

Figures 1G and H
Paludicola ameghini Cope (1887): 24.
Pseudopaludicola ameghini — Parker (1927): 20.

Body aspect robust, larger (SVL 16-22 mm) than P
mystacalis (Pansonato et al. 2013). Head subtriangular in
ventral view. When hind leg is adpressed, heel reaches the
posterior margin of the eye. Dorsal surface of the body
with planar warts, specimens lack a vertebral line, which
validates the identity of the vouchers as P. ameghini (see
Discussion). Dorsal coloration in preserved specimens
uniformly brown; a few individuals with two bright
dorsolateral lines (Lobo 1996), ventral coloration white,
immaculate. The Paraguayan specimens attributed to this
species have 2n = 20 chromosomes (Cardozo et al. 2016,
as P, ternetzi).

Pseudopaludicola boliviana Parker, 1927:

Figures 1A and B, 2A and 2B
Pseudopaludicola boliviana — Parker (1927): 20.
Pseudopaludicola mirandae — Mercadal de Barrio and Barrio (1994): 16.

Tongue with small pigments at the base. Slender body,
antebrachial tubercle developed; small, conical tubercle on
the outer edge of heels. Toes slightly dilated distally, with
T-shaped finger tips (Parker 1927; Lobo 1995, Cardozo and
Suarez 2012). In addition, the presence of minute tubercles
on upper eyelids (suggested by Lynch 1989) is variable
(Figure 2). 2n = 20 chromosomes (Cardozo et al. 2016).

Table 1. Examined specimens of Pseudopaludicola (all localities from Paraguay).

Current Previous
identification  identification Catalogue numbers Locality Department
P.ameghini P. mystacalis MNHNP 3953 Estancia Apa-mi, 8 km SW from Bella Vista Amambay
P.ameghini P. mystacalis MNHNP 1173-1184, 1208, 1210-1212, 6285 Estancia San Juan, 20 km S from Bella Vista Amambay
P.ameghini P. mystacalis MNHNP 1336-1375, 1384-1385, 3480 Estancia Félix Ocariz, 2 km W from Bella Vista Amambay
P.ameghini P. mystacalis MNHNP 1196-1198, 1201-1207, 1334, 1376, Parque Nacional Cerro Cor4, admin. Amambay
1378-1379, 1381, 4501, 5711, 7607
P.ameghini P. mystacalis MNHNP 1195-1198, 4514, 5386 Parque Nacional Cerro Cord, 2 km S from admin. Amambay
P.ameghini P. mystacalis MNHNP 4428, 5689-5690 Parque Nacional Cerro Cord, 3 km E from admin. Amambay
P.ameghini P. mystacalis MNHNP 4392, 4425, 4495, 4508, 8973 Parque Nacional Cerro Cor4, 4.5 km N from the Amambay
command
P.ameghini P. mystacalis MNHNP 1185-1194, 1199, 1218-1219, 1335, 1380 Capitigo stream, 85 km NE from Concepcién Concepcién
P.ameghini P. ternetzi 1IBP-H 815-831, 856, 867, 878-880, 898 EstanciaEstancia Garay Cué S.A., Cerrados del Tagatiya Concepcién
P.ameghini P. mystacalis CZCEN 255 Estancia Garay Cué S.A., Cerro Ministro Concepcion
P.ameghini P. mystacalis MNHNP 1377, 1382-1383 Horqueta Concepcion
P.ameghini P. mystacalis MNHNP 11120 Ministro Hill Concepcion
P.ameghini P. ternetzi IIBP-H 2528-2530, 2556-2569, 2571, 2581-2582 San Alfredo district, Cerrados del Tagatiya Natural Concepcién
Reserve
P.ameghini P. mystacalis MNHNP 6982, 7021-7022, 7034, 7039, 7042-7043 Rancho Z Concepcién
P.ameghini P. mystacalis MNHNP 5368 19 km NE de Concepcién, on the route to Loreto Concepcién
Continued
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Current Previous

identification  identification Catalogue numbers Locality Department

P. ameghini P. falcipes MNHNP 1209 Cabana Guavyray in San Ignacio Misiones

P.ameghini P. ternetzi 1IBP-H 743 Unespecified location Presidente Hayes

P. boliviana P. boliviana MNHNP 1386-1397 24 km N Coronel Oviedo Caaguazu

P. boliviana Psp MNHNP 1390 24 km N Coronel Oviedo Caaguazu

P. boliviana P. falcipes CZCEN 677 Bahia de Asuncién Central

P. boliviana P. boliviana CZCEN 234,369, 528-531, IIBP-H 1432 Surubi’i Central

P. boliviana P. boliviana MNHNP 1399, 4504 Villeta Central

P. boliviana P. boliviana MNHNP 4460 19 km NE de Concepcion, on the route to Loreto Concepcién

P. boliviana P. boliviana MNHNP 1398, 3819-3820, 4423, 6616 85 km NE Concepcion, stream Capitigo Concepcién

P. boliviana P. boliviana IIBP-H 1029 Vallemi, beaches of the Apa river, in a lagoon Concepcién

P. boliviana P. boliviana 1IBP-H 419, 1956-1958 Emboscada district, Cabafia Las Marias, Cerro Vy Cordillera

P. boliviana P. boliviana IIBP-H 1267-1272 Natalicio Talavera Guaira

P. boliviana P. boliviana IIBP-H 678 Estancia San José Neembucu

P. boliviana P. boliviana MNHNP 4468, 4490 Parque Nacional Ybycui, Fundicién La Rosada Paraguari

P. boliviana P. boliviana IIBP-H 2422-2423, 2444-2460, 2471-2472 Estancia Fortin Salazar, Irala Fernandez district Presidente Hayes

P. boliviana P. boliviana MNHNP 3336, 6629-6630, 8296-8298, 8316-8320 Estancia Juan de Salazar Presidente Hayes

P. boliviana P. boliviana MNHNP 2125, 3322-3335, 3824, 3832, 8583 Estancia La Golondrina Presidente Hayes

P. boliviana P. boliviana MNHNP 4432, 6613-6615, 6617 Estancia La Golondrina, 25 km NW from Villa Hayes Presidente Hayes

P. boliviana P. boliviana MNHNP 4457 Estancia La Golondrina, 30 km NW from Villa Hayes Presidente Hayes

P. boliviana P. falcipes MNHNP 4527 30 km NW to Villa Hayes Presidente Hayes

P. boliviana P. boliviana MNHNP 7543 Road to Falcon Presidente Hayes

P. boliviana P. boliviana CZCEN 391, 545-555, MNHNP 7136-7138, 7760 Estancia Karanda Presidente Hayes

P. boliviana P. boliviana MNHNP 3823, 5663-5669, 8203, 11476-11479 Estancia La Victoria Presidente Hayes

P. boliviana P. boliviana MNHNP 6596-6597, 8119, 8185, 8191, 8520 Estancia Palo Santo Presidente Hayes

P. boliviana P. boliviana MNHNP 10382 Estancia Santa Maria de la Doce, Fundacién La Piedad, Presidente Hayes
Retiro San Juan, km 61.5 Route Transchaco, 5 km W from
the house

P. boliviana P. falcipes MNHNP 7358, 7377, 7384, 7520-7523, 9083 Estancia Santa Catalina, km 330 Transchaco route; Presidente Hayes
General Bruguez

P. boliviana P. boliviana MNHNP 9240-9241 Montelindo river Presidente Hayes

P. boliviana P. boliviana MNHNP 4512, 5691-5694 Rio Negro Hotel, Transchaco route, km 174 Presidente Hayes

P. boliviana P. boliviana MNHNP 3831 Transchaco route km 344, 21 km NW from Rio Verde Presidente Hayes

P. boliviana P. boliviana MNHNP 4507 Transchaco route km 223 Presidente Hayes

P. boliviana P. boliviana MNHNP 6620-6628 Transchaco route km 93 Presidente Hayes

P. boliviana P. boliviana MNHNP 5688, 5815 Transchaco route km 86 Presidente Hayes

P. boliviana P. boliviana MNHNP 7695, 7758-7763 Transchaco route km 65 Presidente Hayes

P. boliviana P. boliviana MNHNP 3825, 3828, 4412,4525,6618 Riacho Negro, 44 km W to Concepcién Presidente Hayes

P. boliviana P. boliviana MNHNP 4511, 8543 Aguaray Guazu river, 73.9 km NW Benjamin Aceval, Ruta  Presidente Hayes
Transchaco

P. boliviana P. boliviana MNHNP 4491 Aguaray Guazu river, 2 km NW from Lima San Pedro

P. boliviana P. boliviana MNHNP 4431, 6612, 6619 Lima San Pedro

P. boliviana P. boliviana MNHNP 1400-1402 Villa del Rosario, Compaiiia Mbocaya San Pedro

P. motorzinho P. boliviana 11BP-H 1087-1088, 1097-1108 Estancia Pira Potrero (Vierci), Arroyo Guasu punto 22 Amambay

P. cf. motorzinho  P. boliviana MNHNP 1182, 1213-1214 Estancia San Juan, 20 km S Bella Vista Amambay

P. cf. motorzinho P, falcipes MNHNP 3319-3321 Colonia Potrerito Alto Paraguay

P. cf. motorzinho  P. boliviana MNHNP 3826-3827, 8217 Laguna General Diaz Alto Paraguay

P. mystacalis P. falcipes MNHNP 5000, 5032-5034 Isla Yacyretd, Estancia Melgarejo Itapua

P. mystacalis P. mystacalis 1IBP-H 1241-1244 Route Mariscal Lopez, 11 km W from General Delgado Itapta

P. mystacalis P falcipes MNHNP 67 Alcaraz Cué colony, 5 km NW from San Patricio Misiones

P. mystacalis P. falcipes MNHNP 1200 Isla Yacyretd, 15 km SE from Ayolas, Base Aeronaval Misiones

P. mystacalis P. boliviana MNHNP 3821 San Ignacio, Cabafia Guaviray Misiones

P. mystacalis P. falcipes MNHNP 3822, 5670-5687, 8209 San Ignacio, Cabafa Guaviray Misiones

P. mystacalis P. mystacalis IIBP-H 273, 282, 289, 303, 346, 676-677,832-833  Estancia San José Neembucu

P. mystacalis P sp. MNHNP 10048 Pilar, 19.8 km SW Neembucu

Physalaemus sp.  P. falcipes MNHNP 7146 Parque Nacional Defensores del Chaco road to Cerro Alto Paraguay

(juvenile) Ledn

Physalaemus sp. P, falcipes MNHNP 6603, 6605 37.6 km S de Platanillo, on route to Pirizal (Linea 1) Boquerdn

(juvenile)

Physalaemus sp. P, falcipes MNHNP 3830 Km 695, Transchaco route Boquerdén

(juvenile)

Physalaemus sp.  P. ternetzi MNHNP 3829, 6602 Km 695, Transchaco route Boquerdn

(juvenile)
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B

10 mm

Figure 1. Pseudopaludicola species examined in Paraguayan collections. Dorsal (A) and ventral (B) views of P. ameghini (IIBP-H 2571). Dorsal (C) and
ventral (D) views of P. boliviana (IIBP-H 1270). Dorsal (E) and ventral (F) views of P. motorzinho (IIBP-H 1087). Dorsal (G) and ventral (H) views of P. mystacalis

(I1BP-H 289).
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C D

Figure 2. Detail of the upper eyelid of Pseudopaludicola boliviana and P. motorzinho. Smooth upper eyelids (A) and presence of tubercles (B) in P. bolivi-
ana (IIBP-H 2444, LGE 3019). Smooth upper eyelids (C) and presence of tubercles (D) in P. motorzinho (I1BP-H 1088, 1IBP-H 1087).

Pseudopaludicola motorzinho Pansonato, Veiga-
Menoncello, Mudrek, Jansen, Recco-Pimentel, Martins
& Strissmann, 2016

Figures 1C and D, 2C and 2D

Pseudopaludicola boliviana (in part) — Parker (1927): 20; Lobo
(1994b) : 231; Valdujo et al. (2012): 77.

Pseudopaludicola falcipes (in part) — Hensel (1867): 33; Souza et al.
(2010): 473.

Pseudopaludicola sp. — Valério-Brun et al. (2010): 124; Pansonato et
al. (2011): 81; Santos et al. (2011): 456. Pansonato et al. (2014): 258;
Veiga-Menoncello et al. (2014): 263.

Pseudopaludicola sp. A — Jansen et al. (2011): 572.

Pseudopaludicola sp. 1 — Favero et al. (2011): 828; Santos et al.
(2015): 1497.

Pseudopaludicola motorzinho is morphologically cryptic
inrelation to P. boliviana, and the difference suggested by
Pansonato et al. (2016) (absence of tubercles on upper
eyelid) is not diagnostic (Figure 2). The identification of
P. motorzinho from Estancia Pird Potrero in Amambay
Department was based on 13 specimens with 2n = 22
chromosomes, distinguishable from P. boliviana, whose
karyotype is 2n = 20 chromosomes (Favero et al 2011, as
Pseudopaludicola sp.; Cardozo et al. 2016).

Pseudopaludicola mystacalis (Cope, 1887):

Figures 1E and F

Paludicola mystacalis — Cope (1887): 24; Milstead (1963): 1963;
Malnate (1971): 123.

Physalaemus mysticalis — Nieden (1923): 46; Parker (1927): 20.
Pseudopaludicola mystacalis — Haddad and Cardoso (1987): 36.

Slender body, smaller (SVL 10 to 17 mm) than P.
ternetzi (Lobo 1996). Fingertips knobbed, head slightly
elongated in ventral view. When hind leg is adpressed,
heel goes beyond the eye, near the nostril. Dorsal
coloration in preserved specimens brown, with few
darker spots; some specimens with a vertebral line and
two pale dorsolateral lines (Cope 1887; Lobo 1996),
ventral coloration variable from immaculate to densely
spotted. 2n = 16 chromosomes (Cardozo et al. 2016).

DISCUSSION

Although Pseudopaludicola falcipes has been the
most cited species for the country, as noted above,
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no specimen of Pseudopaludicola with an absent or
incomplete abdominal fold was recorded in any of the
Paraguayan collections, which supports the suggestion
of Langone et al. (2015) that this species does not
occur in Paraguay. Furthermore, the specimen of P.
falcipes from Bahia Negra (Motte et al. 2015), previously
identified as P. boliviana by Brusquetti and Lavilla (2006)
and Langone et al. (2015), was tentatively re-identified
as P. motorzinho, while those referred by Brusquetti and
Lavilla (2006) were re-identified mostly as P. mystacalis,
plus nine specimens as P. boliviana and one as P. ameghini;
three individuals from Boquerén and one from Alto
Paraguay were re-identified as juveniles of a species of
Physalaemus.

Pseudopaludicola ameghini was found in the depart-
ments of Amambay, Concepcién, Misiones and Presidente
Hayes, in transitional areas between Humid Chaco, Cer-
rado and Atlantic Forest ecoregions (Figure 3B). The only
record from Misiones (MNHNP 1209), isolated from the
main distribution of the species, is doubtful and prob-
ably is a curatorial error in the transcription of collection
data. The species is also distributed in Chapada dos
Guimaries and Vila Bela da Santissima Trindade, Mato
Grosso, Brazil (Pansonato et al. 2013) and probably is in
adjacent Bolivia (Frost 2016).

Based on the absence of a vertebral line in the exam-
ined specimens, we assigned the Paraguayan specimens,
previously Pseudopaludicola ternetzi, to P. ameghini. In
fact, the line, which might be present in specimens of P.
ternetzi, is the only externally visible character suggest-
ed by Pansonato et al. (2013) to distinguish P. ameghini
from P. ternetzi. However, as P. ameghini and P. ternetzi
share similar external morphologies, advertisement
calls with overlapping ranges (Pansonato et al. 2013;
Cardozo and Toledo 2013), and chromosome number
2n=20 (Favero et al. 2011; Cardozo et al. 2016, as P.
ternetzi), we cannot discard the possibility that some of
these specimens could be in fact P. ternetzi.

Pseudopaludicola boliviana is the most widely dis-
tributed species of the genus in the country (Figure
3B), mainly in the Humid Chaco ecoregion, but is also
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Ecoregions

I Atta Parand Atlantic forests
[ | Araucaria moist forests

[ ] Cerrado

[ Chaco

I chiquitano dry forests
I Humid Chaco

[ Pantanal

- Parana flooded savanna
I Southern Cone Mesopotamian savanna
- Uruguayan savanna

Species of Pseudopaludicola
P. ameghini
P. ameghini (doubtful locality)
P, boliviana
P. cf. motorzinho
P. motorzinho

P. mystacalis

Figure 3. Distribution of Pseudopaludicola species in Paraguay. Map of Paraguay and ecoregions (A) according to Dinerstein et al. (1995); and current
distribution of species in the country (B).
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present in some localities of the Atlantic Forest. The
specimens from Cerrado and Dry Chaco ecoregions
are probably P. motorzinho, although the absence of
diagnostic characters in external morphology does
not allow us to an accurate identification, which is also
hampered by the absence of acoustic information, DNA
samples or chromosomal data. Our results confirm, in
part, the distribution of P. boliviana in Paraguay, which
was previously reported by Lobo (1994b) and Brus-
quetti and Lavilla (2006), with the inclusion of one new
departmental record in southern Neembucu (Estancia
San José, I[IBP-H 678). In South America, P. boliviana is
distributed in two discontinuous areas (De la Riva et al.
2000), while Pseudopaludicola motorzinho has unques-
tionable records (IIBP-H 1087 and IIBP-H 1088, IIBP-H
1097 to IIBP-H 1108) from the Department of Amam-
bay. Besides, we consider that the specimens referred as
P. falcipes in Motte et al. (2015) and those from Laguna
General Diaz (MNHNP 3826-3827, 8217) are assign-
able to this species. Pseudopaludicola boliviana and P.
motorzinho probably inhabit in syntopy in a wide area
of their distribution, and using only the morphologi-
cal features mentioned by Pansonato et al. (2016), it is
almost impossible to assign specimens to either species.
In Paraguay, P. motorzinho is probably associated with
Chaco Seco and Cerrado ecoregions.

Pseudopaludicola mystacalis is distributed in southern
Paraguay (Humid Chaco), in the departments of
Misiones and Neembucti, and western Itapta (Figure
3B). The species was first cited for Paraguay by Lobo
(1995), based on individuals in the National Museum
of Natural History, Smithsonian Institution (USNM
253526 to USNM 253528), this reference followed by
Brusquetti and Lavilla (2006) (not included in Figure
3, because we were unable to examine the specimens).
The general distribution of P. mystacalis also includes
Argentina (Santa Fé and Entre Rios provinces; Alcalde
and Williams 2004), Bolivia (Beni and Santa Cruz
departments; De la Riva et al. 2002) and Brazil (Sdo
Paulo, Goiads, Mato Grosso, Mato Grosso do Sul, Piaui,
Maranhio and Para states; Pansonato et al. 2014).
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