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ARTICLE

OLDEST RECORD OF LEPTODACTYLUS FITZINGER, 1826 (ANURA, LEPTODACTYLIDAE),
FROM THE EARLY PLIOCENE OF THE SOUTH AMERICAN PAMPAS

RAÚL O. GÓMEZ,*,1,2 CELESTE M. PÉREZ BEN,1,2 and M. IGNACIO STEFANINI2

1CONICET, Consejo Nacional de Investigaciones Cientı́ficas y Técnicas, Argentina;
2Departamento de Ciencias Geológicas, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Ciudad

Universitaria, Buenos Aires 1428, Argentina, raulgomez@gl.fcen.uba.ar; cperezben@gl.fcen.uba.ar; nachostefanini@gmail.com

ABSTRACT—The Neotropical frog genus Leptodactylus is one of the most taxonomically diverse of all neobatrachian anu-
rans. Despite the genus being highly diversified and widely distributed today, the fossil record is scanty and restricted to the
Quaternary of the Neotropics. Here, we report and describe a new record of total group Leptodactylus from the Chapad-
malalan (early Pliocene) of the South American Pampas. We evaluate both qualitative and quantitative characters and discuss
the taxonomic value of body size in the context of living Leptodactylus. A number of features of the fossil elements suggests an
affinity with the living species of the L. latrans species group and, particularly, with L. latrans. However, the lack of resolution
of Leptodactylus interrelationships and, thus, the lack of osteological synapomorphies of the species groups and species within
the genus conspire to force allocation of the fossils to crown Leptodactylus until they are studied in a rigorous phylogenetic
context. In any case, the new material constitutes the oldest record of total group Leptodactylus and extends their stratigraphic
range back to the early Pliocene.

INTRODUCTION

The frog genus Leptodactylus Fitzinger, 1826, composed of 81
extant species (AmphibiaWeb, 2012), is one of the most taxonom-
ically diverse of all neobatrachian anurans. The genus is divided
into four nominal species groups (L. fuscus, L. melanonotus, L.
latrans, and L. pentadactylus groups) on morphological and be-
havioral grounds (Heyer, 1969; Maxson and Heyer, 1988). A fifth
species group, the L. marmoratus group, is regarded by several au-
thors as a separate genus, namely Adenomera (Heyer, 1974; Pon-
ssa and Heyer, 2007; Kwet et al., 2009). Although there is still
no consensus on interrelationships within Leptodactylus, recent
phylogenetic studies agree in recovering these phenotypic species
groups as essentially monophyletic (Ponssa, 2008; Heyer and de
Sá, 2011; Pyron and Wiens, 2011).

Species of Leptodactylus are widely distributed in the Neotrop-
ics, occupying a variety of environments, from Texas to southern
South America and the West Indies (Cei, 1980; AmphibiaWeb,
2012). In Argentina, 12 species representing all major groups of
Leptodactylus are present in northern and central regions of the
country, although only members of the L. fuscus (L. mystacinus, L.
gracilis, and L. latinasus) and L. latrans (L. latrans) species groups
are found in the Pampas (Cei, 1980; Lavilla et al., 2000).

Despite the genus Leptodactylus being highly diversified and
widely distributed today, their fossil record is scanty and restricted
to the Quaternary (Sanchiz, 1998). The aim of this paper is to re-
port and describe the oldest known record of Leptodactylus from
the South American Pampas, to discuss its systematic relation-
ships, and to ponder its significance in the context of the known
fossil record of the genus.

Institutional Abbreviations—FCEN, Facultad de Ciencias Ex-
actas y Naturales, Universidad de Buenos Aires, Buenos Aires,
Argentina; FML, Instituto de Herpetologı́a de la Fundación

*Corresponding author.

Miguel Lillo, Tucumán, Argentina; MACN, Museo Argentino
de Ciencias Naturales ‘Bernardino Rivadavia,’ Buenos Aires,
Argentina; MCN, Museo de Ciencias Naturales, Universidad Na-
cional de Salta, Salta, Argentina; MLP, Museo de La Plata, Fac-
ultad de Ciencias Naturales y Museo, Universidad Nacional de La
Plata, La Plata, Argentina.

GEOLOGIC AND PALEONTOLOGIC CONTEXT

The new frog fossil remains come from stratigraphic levels of
the Monte Hermoso Formation outcropping at Farola de Monte
Hermoso, a well-known paleontological locality situated about
53 km east of Bahı́a Blanca and 12 km southwest of Pehuen-Có, on
the coast of southern Buenos Aires Province, Argentina (Fig. 1).
The materials studied herein come from Lithostratigraphic Unit
II of Cione and Tonni (2005). This unit comprises the upper lev-
els of the Monte Hermoso Formation, which have yielded a rich
vertebrate fauna that was recognized as the Neocavia depressidens
Biozone, the biostratigraphic basis of the lower Chapadmalalan
Stage, early Pliocene (Zavala, 1993; Cione and Tonni, 2005; De-
schamps et al., 2012). These deposits have been interpreted as the
result of a fluvial channel migrating over its associated floodplain
(Zavala and Navarro, 1993).

Previous paleontological work at this locality has provided a
scanty record of fossil anurans and is restricted to hyperossified
frogs, including the bufonid Rhinella cf. schneideri (Gasparini and
Báez, 1974) and the ceratophryid species Ceratophrys ameghi-
norum (Fernicola, 2001) and Lepidobatrachus laevis (Tomassini
et al., 2011). Smaller and less ossified frogs that inhabit the Pampas
today, such as hylids and leptodactylines, have not been recorded
in this locality so far.

MATERIALS AND METHODS

The fossil specimens described herein are housed at the MLP
and include a proximal part of a right ilium (MLP 87-II-25-5)
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FIGURE 1. Map showing the provenance of
the fossil material in the south of Buenos Aires
Province.

and a nearly complete sacrum with the left diapophysis bro-
ken off (MLP 87-II-25-6). These bones are three-dimensionally
preserved and, despite their incompleteness, show good anatomi-
cal detail to allow meaningful comparisons with extant taxa.

The taxonomic assessment of the new material was based on
unique combinations of characters, which were identified by the
examination of the ilium and sacrum of a wide sample of extant
anurans (Appendix 1). Given our preliminary observations, we
focused subsequent comparisons within the extant genus Lepto-
dactylus and collected data from dried skeletons of 11 species (Ap-
pendix 1) representing previously recognized phenotypic groups
(Maxson and Heyer, 1988). This way, comparisons were made
reflecting taxonomic diversity within the genus rather than geo-
graphic location or temporal age in order to avoid biases in the
identification process (Bever, 2005; Bell et al., 2010).

Observations and drawings were done under a Nikon SMZ
1000 stereoscope with an attached camera lucida and photographs
were taken with a Nikon Coolpix 990 digital camera. Osteological
and operational terminology follows that of Maglia et al. (2007),
Báez et al. (2012), and references therein. Linear measurements
(Fig. 2A; Appendix 2) were taken to the nearest 0.01 mm with a
digital caliper, under a stereoscope. Measured dimensions of the
ilium are similar to those considered by Bever (2005).

The linear measurements (for the ilium and sacrum separately)
were size-scaled using the geometric mean (Mosimann, 1970) to
adjust for isometric scaling. Jitter plots (Fig. 2B) and bivariate
scatter plots (Fig. 2C, D) of adjusted as well as uncorrected mea-
surements were used to highlight quantitative differences and sim-
ilarities among the fossils and species of Leptodactylus. The linear
measurements were regressed on snout-vent length (SVL) in or-
der to estimate the SVL of the individuals represented by the fos-
sils using reduced major axis (RMA) regressions passing through
the origin in the statistical package PAST (Hammer et al., 2001;
Appendix 2).

SYSTEMATIC PALEONTOLOGY

ANURA Fischer von Waldheim, 1813
NEOBATRACHIA Reig, 1958

LEPTODACTYLIDAE Werner, 1896
LEPTODACTYLUS Fitzinger, 1826

LEPTODACTYLUS, sp. indet.
(Fig. 3)

Referred Specimens—MLP 87-II-25-5, right ilium; MLP 87-II-
25-6, sacrum.

Locality and Age—Farola Monte Hermoso, about 12 km west
of Pehuen-Có, southern Buenos Aires Province. Monte Hermoso
Formation, Lithostratigraphic Unit II (Cione and Tonni, 2005),
Neocavia depressidens Biozone, lower Chapadmalalan Stage,
early Pliocene (Deschamps et al., 2012).

Description—MLP 87-II-25-5 is a right ilium lacking a small
part of the ventral acetabular expansion and most of the shaft
(Fig. 3A–C). The proximal portion of the shaft has an oval cross-
section, being mediolaterally compressed. A well-developed dor-
sal crest is present on the preserved portion of the shaft; it is
slightly curved medially and gently slopes distally from a large
dorsal prominence. The dorsal prominence merges with the dor-
sal crest anteriorly and obliquely slopes posteriorly. It is located in
a relatively anterior position, since about two-thirds of its length
lies anterior to the anterior limit of the acetabular fossa. The
dorsal prominence bears on most of its medial surface a bulky
dorsal protuberance, which has an almost quadrangular contour
with protruding margins (Fig. 3A). A conspicuous supraacetabu-
lar fossa is present dorsal to the acetabular fossa and slightly an-
terior to the posterior slope of the dorsal prominence. The mod-
erately developed dorsal acetabular expansion projects slightly
posterodorsally. The ventral acetabular expansion is broad and
well exposed in acetabular view, forming an acute angle with the
iliac shaft (Fig. 3A). Although the anteroventral margin of the
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GÓMEZ ET AL.—OLDEST LEPTODACTYLUS FROM ARGENTINA 1323

FIGURE 2. Morphometrics of the ilium and sacrum of fossil specimens and species of Leptodactylus. A, linear measurements of ilium (top) and sacrum
(bottom). B, jitter plot of size-scaled CL (Mosimann variable); the gray rectangle depicts the second quartile (25–75%, calculated by interpolation)
for the L. latrans species group. Comparative bivariate scatter plots of selected linear measurements of ilium (C) and sacrum (D). Abbreviations:
AH, acetabular fossa height; AL, acetabular fossa length; CL, centrum length; CW, condyle width; DH, dorsal acetabular expansion height; PrW,
prezygapophyseal width; SdL, sacral diapophyseal proximodistal length; VH, ventral acetabular expansion height.

ventral acetabular expansion is incompletely preserved, it is al-
most certain that the structure did not extend much more ante-
riorly than the conspicuous preacetabular zone. The rounded ac-
etabular fossa is broad and moderately deep, being well delimited
by a distinct acetabular rim with equally extruded ventral and dor-
sal margins. Medially (Fig. 3C), a narrow but distinct interiliac tu-
bercle is present. The ilio-ischiadic junction, visible in posterior
view (Fig. 3B), is relatively thin. The available evidence indicates
that the ilium was not fused to the ischium and that the pubis pre-
sumably was cartilaginous.

MLP 87-II-25-6 is an almost complete sacrum, only lacking most
of the left diapophysis (Fig. 3D–F). The centrum is procoelous and
slightly depressed dorsoventrally (Fig. 3E). It bears posteriorly
two slightly ventrally projected condyles that articulated with the
urostyle and are clearly separated from one another by a deep
notch (Fig. 3D, F). The neural canal is dorsoventrally depressed

and kidney-shaped in anterior view. The relatively wide and
short neural arch bears rounded and obliquely dorsally inclined
prezygapophyses that project well beyond the anterior margin of
the neural arch roof. The neural arch bears a low neural ridge
dorsally, and a high transverse crest extending onto the proximal
part of the diapophyses (Fig. 3D). The sacral diapophyses are nar-
row, only slightly expanded distally, and almost rounded in lateral
view. They are proximodistally short, posterolaterally oriented,
and mildly inclined dorsally. Faint, short ridges are visible on the
anterior and dorsal surfaces of the right diapophysis (Fig. 3D, E).

DISCUSSION AND CONCLUSIONS

Despite the paucity and the fragmentary condition of the fos-
sil material, the anatomical detail of the specimens and the co-
occurrence of some particular osteological features permit an
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FIGURE 3. Fossil material of Leptodactylus from Farola de Monte Hermoso. Right ilium (MLP 87-II-25-5) in A, acetabular; B, posterior; and C,
medial views. Sacrum (MLP 87-II-25-6) in D, dorsal; E, anterior; and F, ventral views. Abbreviations: acf, acetabular fossa; cd, condyle; ct, cotyle;
dae, dorsal acetabular expansion; dc, dorsal crest; dpm, dorsal prominence; dpt, dorsal protuberance; ij, ischiadic junction; is, iliac shaft; it, interiliac
tubercle; nac, neural arch transverse crest; prz, prezygapophysis; sd, sacral diapophysis; vae, ventral acetabular expansion; VSA, angle between the
ventral acetabular expansion margin and the iliac shaft. Scale bars equal 5 mm.

accurate taxonomic assessment. An ilium with a well-developed
dorsal crest, broad ventral acetabular expansion forming an
acute angle with the ilial shaft, and only moderately developed
dorsal acetabular expansion, on one hand, and a procoelous
sacrum with narrow rounded diapophyses, and bicondylar condi-
tion posteriorly, on the other, are known to occur jointly only in
nobleobatrachian hyloids. Furthermore, only a few groups among
nobleobatrachians show this combination of features, including
species of Terrarana (sensu Hedges et al., 2008), some hylodids,
and Leptodactylus. However, besides the overall morphology, cer-
tain anatomical peculiarities of the ilium (e.g., morphology of the
dorsal protuberance, deep supracetabular fossa) and the sacrum
(e.g., high, sharp transverse crest on the neural arch) from the
Monte Hermoso Formation only agree with that of living species
of Leptodactylus.

The genus Leptodactylus has been regarded as osteologically
homogeneous (Lynch, 1971). However, although the overall mor-
phology of the ilium and sacrum is quite uniform among different
taxa, the fossils show a combination of qualitative and quantita-
tive characters that are not widespread within the genus. In this
regard, the combined presence of (1) a dorsal prominence that
is relatively low with a truncated dorsal edge, (2) a proportion-
ally small acetabular fossa, and (3) a dorsal acetabular expansion
that is as high as it is long in the fossil ilium (MLP 87-II-25-5) dis-
tinguishes it from most species of Leptodactylus (Figs. 2, 3). This
combination of features is only shared with members of the L. la-
trans species group (Fig. 3A) among the species that were avail-
able for comparisons (Appendix 1). In members of other species

groups, the dorsal prominence is higher and distally rounded and
the dorsal acetabular expansion is longer than it is high (e.g. L.
mystacinus, L. labyrinthicus; Fig. 4B, C). Also, the ventral acetab-
ular expansion of MLP 87-II-25-5 is clearly shorter with respect to
the acetabular fossa than in L. chaquensis, resembling the condi-
tion in L. latrans (Fig. 4A).

The fossil sacrum (MLP 87-II-25-6) also conforms to that seen
in the L. latrans species group (Fig 3D) and contrasts with those
of other examined species of Leptodactylus because of the joint
occurrence of (1) nearly rounded prezygapophyses; (2) a sharp,
high transverse crest on the neural arch; (3) relatively proximodis-
tally short diapophyses; and (4) a proportionally longer centrum.
Other taxa have transversely elongated prezygapophyses (e.g., L.
labyrinthicus; Fig. 4E), a lower transverse crest (e.g., L. fuscus, L.
bufonius), longer diapophyses (e.g., L. podicipinus, L. labyrinthi-
cus; Fig. 4E), and/or comparatively shorter centra (e.g., L. gracilis,
L. mystacinus; Fig. 2B) than MLP 87-II-25-6.

In contrast with the relatively uniform overall morphology of
the skeletal elements, there is considerable and consistent varia-
tion in absolute size among Leptodactylus species groups. In this
regard, adults of the L. latrans group are characteristically larger
than those of the L. fuscus and L. melanonotus groups and of
similar size or smaller than those of the L. pentadactylus group
(Fig. 2C, D). It has been noted that clear differences in body size
between populations might constitute sound evidence of the oc-
currence of multiple species within otherwise phenotypically uni-
form groups (e.g., Sota et al., 2000; Sistrom et al., 2012). In the case
of Leptodactylus species groups, the apparent divergence in body
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GÓMEZ ET AL.—OLDEST LEPTODACTYLUS FROM ARGENTINA 1325

FIGURE 4. Ilial and sacral morphology of extant Leptodactylus. Right ilia in acetabular view of A, L. latrans (FCEN 283); B, L. mystacinus (FCEN
113); and C, L. labyrinthicus (FCEN 825). Sacra in dorsal view of D, L. latrans (FCEN 283) and E, L. labyrinthcus (FCEN 825). Abbreviations: acf,
acetabular fossa; cd, condyle; dae, dorsal acetabular expansion; dc, dorsal crest; dpm, dorsal prominence; dpt, dorsal protuberance; nac, neural arch
transverse crest; prz, prezygapophysis; sd, sacral diapophysis; vae, ventral acetabular expansion; VSA, angle between the ventral acetabular expansion
margin and the iliac shaft. Scale bars equal 5 mm.

size might have played an important role in the differentiation and
evolution of these lineages.

The fossil ilium and sacrum are consistent with adults of roughly
66 and 87 mm SVL, respectively (Appendix 2), being within the
size range of adults of the L. latrans species group and particularly
within that of L. latrans.

From the foregoing comparisons, it is clear that the fossil il-
ium and sacrum from the Monte Hermoso Formation represent
a species of total group Leptodactylus. The morphology of the fos-
sil elements most closely resembles that of L. latrans and suggests
an affinity with the L. latrans species group. However, the lack of
resolution of Leptodactylus interrelationships and, thus, the lack
of osteological synapomorphies of the species groups and species
do not allow establishing whether the morphology of L. latrans
is primitive or derived within Leptodactylus. In other words, the
fossils could represent either a species of stem Leptodactylus or a
member of the L. latrans species group. Therefore, until new in-
formation shed light on the phylogenetic relationships within the
clade, the available data only support an identification of the fos-
sils to total group Leptodactylus.

So far, the known fossil record of Leptodactylus is scanty and
is restricted to the Quaternary of the Neotropics, being reported
from a few localities in Mexico, the West Indies, Bolivia, Brazil,
Uruguay, and Argentina (Vergnaud-Grazzini, 1968; Lynch, 1971;
Mones, 1975; Pregill, 1981; Van Devender et al., 1985; Lezcano
et al., 1993; Sanchiz, 1998). These records have been ascribed
either to extant forms or have been regarded as indeterminate
species. The putative record of Leptodactylus from the Miocene of
Florida, ‘Leptodactylus’ abavus (Holman, 1965), was subsequently

removed from the genus and ascribed to Rana (Lynch, 1971).
Therefore, the specimens described herein constitute the oldest
record of the total group Leptodactylus, and potentially of the
crown group, and extend their stratigraphic range back to the early
Pliocene. To date, the use of the Plio-Pleistocene fossil record as
calibration points in estimating divergence times in Neotropical
frogs is far from having been thoroughly explored. New discover-
ies and reliable identifications, as with the one presented herein,
will improve our still limited knowledge on the South American
batrachofauna during the last few million years and will surely en-
hance the potential use of the anuran fossil record in dating phy-
logenies.
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APPENDIX 1. Specimens examined. Abbreviations: CS, clea-
red and stained; DL, data taken from the literature; DS, dry skele-
ton; UN, uncataloged.

Alytidae: Discoglossus pictus FCEN UN, DS.
Bufonidae: Melanophryniscus stelzneri MCN UN, CS; FCEN

UN, DS. Rhinella arenarum FCEN 724, 1014, UN, DS.
Rhinella fernandezae FCEN 294, UN, DS.

Calyptocephalellidae: Calyptocephalella gayi FCEN 1433, UN,
DS.

Ceratophryidae: Ceratophrys ornata FCEN 1015, 1580, DS.
Lepidobatrachus laevis FCEN 319, 665, DS. Telmatobius
scrocchii FML 1515, DS.

Cycloramphidae: Cycloramphus dubius FCEN 758, DS. Eup-
sophus vertebralis MACN 43704, DS. Odontophrynus amer-
icanus FCEN 1096, 1285, DS. Odontophrynus occidentalis
FCEN 1218, DS.

Eleutherodactylidae: Eleutherodactylus inoptatus FCEN 1616,
DS. E. martinicensis FCEN 978, DS.

Hemiphractidae: Hemiphractus fasciatus DL (Trueb,
1974).

Hylidae: Hypsiboas pulchellus FCEN UN, DS. Phyllomedusa
sauvagii MCN 795, CS; FCEN 305, DS. Pseudis platensis
MCN 812, CS; FCEN 727, DS. Scinax granulatus FCEN UN,
DS.

Hylodidae: Hylodes asper FCEN 762, ES.
Leiuperidae: Physalaemus biligonigerus MCN 802, CS. Pleu-

rodema cinereum FCEN 93, DS.
Leptodactylidae: Leptodactylus bufonius MCN 074, CS; FCEN

412-1, 416, DS. L. chaquensis MCN 039, CS; FCEN 57-1, 350,
DS. L. fuscus FCEN 1704, 2062, DS. L. gracilis FCEN 1525,
UN, DS. L. labyrinthicus FCEN 825, DS. L. laticeps FCEN
2067, FML 00611, DS. L. latinasus FCEN UN, DS. L. la-
trans FCEN 283, 1931, UN, FML 00571, DS. L. mystaceus
FCEN 1752, DS. L. mystacinus FCEN 113, DS. L. podicipi-
nus FCEN 730, DS.

Limnodynastidae: Platyplectrum ornatum MACN 42620, DS.
Microhylidae: Dermatonotus muelleri MCN 997, CS.
Myobatrachidae: Mixophyes schevilli FCEN UN, DS.
Ranidae: Lithobates catesbeianus FCEN UN, DS. Rana tempo-

raria FCEN 1545–1549, DS.
Strabomantidae: Oreobates discoidalis MCN 462, CS; FCEN

1764, DS.

APPENDIX 2. Length measurements (in mm) of selected ilial (AH, AL, DH, VH) and sacral (PrW, CW, SdL, CL) dimensions of the fossils and
species of Leptodactylus. Abbreviations: AH, acetabular height; AL, acetabular fossa length; CL, centrum length; CW, condyle width; DH, dorsal
acetabular expansion height; PrW, prezygapophyseal width; SdL, sacral diapophyseal proximodistal length; SVL, snout-vent length; VH, ventral
acetabular expansion height.

Specimen AH AL DH VH PrW CW SdL CL SVL

MLP 87-II-25-5 (ilium) 3.65 3.31 1.92 1.81 — — — 66
MLP 87-II-25-6 (sacrum) — — — — 5.71 3.85 6.67 3.32 87
L. bufonius FCEN 412 2.68 4.49 1.61 2.88 2.81 2.02 3.57 1.89 47
L. bufonius FCEN 416 2.63 4.21 1.59 2.74 3.41 2.12 3.76 1.74 51
L. chaquensis FCEN 350 2.85 3.32 1.94 2.25 4.2 2.63 4.65 2.36 65
L. chaquensis FCEN 57-1 3.08 3.37 2.15 2.33 4.12 2.76 5.78 2.57 67
L. fuscus FCEN 1704 2.97 1.67 1.92 1.20 2.83 2.2 4.79 1.87 50
L. fuscus FCEN 2062 1.75 1.86 1.34 0.77 2.37 1.67 2.67 1.26 40
L. gracilis FCEN 1525 2.06 2.17 1.19 1.87 2.47 1.98 3.03 1.43 43
L. gracilis FCEN UN 2.57 1.53 1.80 1.31 3.23 1.93 4.31 1.72 42
L. labyrinthicus FCEN 825 8.19 5.36 6.16 4.14 10.08 6.34 14.83 5.69 145
L. laticeps FCEN 2067 5.56 5.08 3.53 2.92 5.59 4.4 7.43 3.52 90
L. laticeps FML 00611 5.95 5.17 3.22 3.61 6.36 4.13 7.93 3.89 93
L. latrans FCEN 283 4.43 2.52 2.65 0.88 5.56 3.54 6.16 3.12 80
L. latrans FCEN UN 3.15 3.64 2.51 2.67 4.5 3.08 5.35 2.75 69
L. latrans FML 00571 5.54 4.71 3.31 4.80 5.96 4.58 8.47 3.48 95
L. mystaceus FCEN 1752 1.90 2.93 0.76 1.54 2.57 1.56 3.29 1.52 38
L. mystacinus FCEN 113 1.97 3.49 1.24 2.78 2.78 1.85 3.34 1.35 45
L. podicipinus FCEN 730 1.89 1.50 0.98 0.92 2.51 1.05 2.78 1.44 38

SVL values of the fossil ilium and sacrum (in bold) were estimated by reduced major axis regressions passing through the origin of AH and PrW,
respectively, on SVL.
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