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Abstract: Galea tixiensis Quintana 2001, an extinct caviid
species whose taxonomic status was questioned, has been
identified at the Salto de Piedra (SPPL) paleontological site in
Buenos Aires Province (Argentina). Morphological and
morphometric analyses of these SPPL remains, together
with contemporary and type locality specimens, support the
taxonomic validity of this species. This identification dates
the species back to ~16,300 cal BP and extends its geographic
distribution ~200 km eastward in the Pampasic Domain.
Other caviine include the extinct Microcavia cf. M. robusta.
Paleoenvironmental correlations suggest that this diverse
caviine fauna likely correspond to climatic and ecological
shifts during the Pleistocene-Holocene transition. Species
like M. robusta and Galea ortodonta disappeared as grass-
lands replaced shrub steppes in the region during the
Holocene, and Cavia aperea arrived here from the north.
Today, C. aperea is the only caviine species inhabiting the
core of the Pampasic Domain, Microcavia australis and
Galea leucoblephara remain restricted to southern xeric
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coastal environments and G. tixiensis appears to have
become extinct in the 19th century. This study provides
valuable insights into faunal shifts within the Pampasic
Domain, linking these findings to broader patterns of Late
Pleistocene biodiversity and environmental dynamics in
South America.

Keywords: Galea tixiensis; Microcavia robusta; zoogeog-
raphy; extinction

1 Introduction

The subfamily Caviinae is a diverse South American group of
small Caviidae rodents, represented by three extant genera
(Cavia, Galea, and Microcavia) and five extinct genera
(Dolicavia, Neocavia, Orocavia, Orthomyctera and Palae-
ocavia). These genera have a complex taxonomic history,
diversity, and evolutionary record, well represented in
central and northern Argentina since the Late Miocene
(Dunnum 2015; Madozzo-Jaén and Pérez 2024; Madozzo-Jaén
et al. 2018; Verzi and Quintana 2005). The extant genera
include multiple living species, as well as some extinct spe-
cies from the Late Neogene and Quaternary periods of South
America, particularly abundant in the Pampasic Domain
(e.g., Quintana 1996, 1998, 2001; Tonni et al. 1988; Verzi and
Quintana 2005).

The evolutionary divergence of species from the genus
Galea appears to have occurred during the Pliocene (Bezerra
2008; Dunnum and Salazar Bravo 2010), while the origin of
Microcavia seems to date to the mid-Pliocene in the Pam-
pasic Domain (e.g., Quintana 1996; Teta et al. 2017; Ubilla et al.
1999). The genus Galea Meyen, 1833, commonly known as the
Yellow-toothed Cavy, includes two extinct — Galea ortodonta
Ubilla and Rinderknecht, 2001 and Galea tixiensis Quintana,
2001 — and five extant — Galea comes Thomas, 1919, Galea
flavidens (Brandt, 1835), Galea leucoblephara Burmeister,
1861, Galea musteloides Meyen, 1833 and Galea spixii
(Wagler, 1831) — species of small, colonial and diurnal,
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terrestrial herbivores that inhabit open shrublands and
grasslands exclusively in South America (Bezerra 2008;
Cabrera 1953; Dunnum 2015; Francia et al. 2012). Among the
currently recognized living species, G. leucoblephara is
notable for inhabiting arid and semi-arid regions in central-
western and southern Argentina, reaching the southern
areas of Buenos Aires Province (Argentina) (Dunnum 2015;
Massoia 1985; Pardifias and Cenizo 2023; Reig 1964; Figure 1).

The extinct species, G. ortodonta, has been recorded from
the Late Pleistocene of Uruguay and the Pleistocene of Bolivia.
Another extinct species, G. tixiensis, was found in the Pam-
pasic Domain, specifically within Holocene and historical
sediments (Lujanian and Platan Stages/Ages) in the Tandilia
hill system at the Cueva Tixi and Cueva El Abra archaeological
sites in the eastern Pampasic Domain (e.g., Quintana 2001).
G. tixiensis was later discovered in Late Pleistocene deposits
(Lujanian Stage/Age) within the Parand River basin at the
Arroyo Toropi paleontological site, in the Subtropical Domain,
western Corrientes Province of Argentina (Francia et al. 2012;
Figure 1).

However, Teta and Campo (2017), using both qualitative
and quantitative cranial characteristics of specimens from the
three currently recognized subspecies of G. leucoblephara,
suggested that G. tixiensis should be considered synonymous
with G. leucoblephara. Nevertheless, other authors have
pointed out that the lack of comprehensive studies on type
specimens limits the ability to conclusively determine the
taxonomic validity of this species (e.g., Hadler et al. 2024;
Pardifias and Cenizo 2023).

On the other hand, the genus Microcavia Gervais and
Ameghino, 1880, known as the Mountain Cavy, includes four
extinct and four extant species. Living species of Microcavia
inhabit arid and semi-arid regions of Bolivia, western and
southern Argentina, and Chile (Dunnum 2015). Microcavia
australis (I. Geoffroy Saint-Hilaire and d’Orbigny, 1833) is the
only extant species (like G. leucoblephara) that reaches the
southern part of Buenos Aires Province (Dunnum 2015;
Fernandez et al. 2012; Figure 1). This species has also been
found in Late Pleistocene and Holocene deposits within the
Pampasic Domain (Quintana 1996). The four extinct species
are Microcavia chapalmalensis Ameghino, 1908, associated
with the Chapadmalalan Stage/Age (Early to Late Pliocene);
Microcavia reigi Quintana, 1996, related to the Marplatan
Stage/Age (Late Pliocene to Early Pleistocene); Microcavia
robusta Gervais and Ameghino, 1880, linked to the Ensena-
dan Stage/Age (Early to Middle Pleistocene) and the Lujanian
Stage/Age (Late Pleistocene to Early Holocene); and Micro-
cavia criollensis Ubilla, Pifieiro, and Quintana, 1999, assigned
to the Lujanian Age (Quintana 1996; Ubilla et al. 1999).

The taxonomic diversity of caviine rodents during the
Late Pleistocene in the eastern Pampasic Domain, also
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known as the Humid Pampas due to its higher rainfall,
remains an open question, awaiting further findings that
could help clarify existing taxonomic gaps. In this study, we
examined the cranial and dental morphology of caviine
rodents from Late Pleistocene sediments in Buenos Aires
Province. Based on the findings of extinct and extant species
of Galea and Microcavia that no longer inhabit the region,
we discuss zoogeographical considerations in light of the
paleoenvironmental conditions during the Late Pleistocene
and the transition to the Early Holocene. For this purpose,
we applied various morphometric analyses to explore sim-
ilarities and differences between the extinct and extant
species.

2 Regional settings

Fossil remains here analysed have been recovered within
the Humid Pampa Subregion of the Pampean Region, largely
overlapping with the boundaries of Buenos Aires Province.
This subregion is a vast plain interrupted in the southeast by
the Tandilia and Ventania hill systems. The area’s climate is
influenced by the Atlantic anticyclone, with an average
annual temperature of approximately 18°C and mean
annual precipitation around 1,200 mm (Burgos 1968). This
subtropical climate, combined with organic-rich surface
soils, supports pseudo-steppe grasslands dominated by
Poaceae genera, such as Briza, Danthonia, Melica, Nassella,
Piptochaetium, and Poa, characteristic of the Southern
Pampa phytogeographic unit (Oyarzabal et al. 2018). The
influence of the ocean decreases from northeast to south-
west, creating a progressively more arid climate in the
southwestern area, where mean annual precipitation is
around 600-800 mm and mean annual temperature is
approximately 14 °C (Burgos 1968). Consequently, the vege-
tation gradually changes to arid steppes with more xeric
shrubs and trees typical of the Espinal and Monte phyto-
geographic units (Oyarzabal et al. 2018).

Zoogeographically, the grassland covering most of the
Humid Pampas is part of the Pampasic Domain of the
Guyano-Brazilian Subregion within the Neotropical Region
(Ringuelet 1955, 1961). This Domain includes Buenos Aires
Province (except the south) and parts of neighbouring
Cordoba, Santa Fé, and La Pampa Provinces (Figure 1). The
Pampasic Domain acts as a large ecotone hetween the Sub-
tropical Domain (Guyano-Brazilian Subregion) to the north,
the Central or Subandean Domain (Andean-Patagonian
Subregion) to the west and south, and the Patagonian
Domain (Andean-Patagonian Subregion) to the south.
Currently, Brazilian or Subtropical fauna, with no endemic
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Figure 1: Map of the Southern Cone of South America with the location of the studied sites in the Pampasic Domain (sensu Ringuelet 1955, 1961), the
current distribution of Galea leucoblephara and Microcavia australis and the upper part of the stratigraphic sequence of Salto de Piedra site (black star). The
colored dots referred to the different caviine species recovered in the fossil sites. Localities mentioned in the text: 1. Bahia Blanca; 2. Oriente; 3. Miramar;
4. Camet Norte; 5. El Abra and Cueva Tixi; 6. Libertad or Dolores Fm; 7. Sopas Fm; 8. Arroyo Toropi; 9. Salto de Piedra (this work).
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species (Ringuelet 1955, 1961), characterize the Pampasic
Domain.

However, during Quaternary cold-dry climatic phases,
such as the Last Glacial Maximum (LGM, 26,000-18,000 BP),
the Antarctic Cold Reversal (ACR, 14,700-13,000 BP), or the
Little Ice Age (LIA, 1,300-1,900 AD), the range of Subtropical
faunas contracted, allowing the expansion and intercon-
nection of Patagonian and Sub-Andean faunas. During
warm-wet phases, such as the Holocene Climate Optimum
(HCO, 7,500-4,500 BP) or the Medieval Climatic Anomaly
(MCA, 800-1,300 AD), the opposite occurred, enabling the
spread of Subtropical faunas (Tonni 2017).

3 Materials and methods
3.1 Fossil sites and study samples

The new caviine remains presented in this work come from
Salto de Piedra (SPPL) open-air paleontological site (upper
basin of Tapalqué Creek (36°56'54.6" S, 60°22'19.9” W; 173 m asl)
in Buenos Aires Province, Argentina (see Figure 1). This small
valley is carved into Plio-Pleistocene loessic sediments that
intermittently outcrop along the creek banks. The surround-
ing interfluves are covered by a layer of Late Pleistocene and
Holocene eolian deposits, which serve as the parent material
for most of the region’s present-day soils (Favier-Dubois et al.
2021; Prado et al. 2019). The site has been systematically
excavated using 3D Total Station coordinates, within two
specific areas along the river-banks of the Tapalqué Creek:
Section I downstream and Section II upstream (Favier-Dubois
et al. 2021; Prado et al. 2019). Based on stratigraphic and
sedimentological analyses, Favier-Dubois et al. (2021) divided
the sedimentary sequence into six depositional allounits
(U) separated by erosive unconformities and identified 12
facies (F), each with distinct sedimentary and taphonomic
characteristics (Figure 1, top of the sequence). These allounits,
labelled from U1 to U6, are summarized in the Supplementary
Material.
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They are broadly correlated with the Upper Pampean
(U1), Lujanian (U2 to U5), and La Postrera (U6) Formations
(Favier-Dubois et al. 2021; Prado et al. 2019, 2024). The fossil
samples analysed in this study were recovered from U4 (F7-
F9) within the Guerrero Member of the Lujanian Formation.
This unit has been dated to the post-LGM period near the
Pleistocene-Holocene transition using radiocarbon methods
(Table 1).

The Galea specimens recovered were notably larger
than the present-day G. leucoblephara species. Thus, our
fossil remains were compared with Galea specimens from
Cueva Tixi (CT), where a larger species of the Galea group
(G. tixiensis, Quintana 2001) was described for the Pampasic
Domain.

Cueva Tixi (CT) is the type locality of G. tixiensis Quin-
tana 2001. This is an archaeological cave site located in the La
Vigilancia hills within the Tandilia hill system, composed of
Paleozoic sedimentary rocks from the La Tinta Formation
(37°57'48" W; 58°2'30" S; 190 m asl, Buenos Aires Province; see
Figure 1). The cave is approximately 1.80 m in height and
covers an area of about 50 m?, opening onto a narrow valley
through which a tributary of the San Pedro stream flows
(Quintana 2001; Tonni et al. 1988). The site was discovered by
Carbonari in the 1980s, who invited J.L. Prado to study the
faunal assemblage recovered from the first test excavation.
Initial reports based on earlier fossil sampling (Prado et al.
1985; Tonni et al. 1988) led to systematic excavations con-
ducted under Diana Mazzanti’s direction since the mid-1980s
onwards. Our present study evaluates eight mandibles (four
left and four right) from the first sampling at CT (Tonni et al.
1988) bearing partial dentition from Galea specimens. In
their analysis, these authors examined 650 bone remains
from 16 artificial 5-cm levels within a 1.5 x 1.5m square,
following the stratigraphic framework by Figini et al. (1985),
who designated five natural strata with a total thickness of
about 80 cm. Pardifias (1999, 2000) later refined this chro-
nostratigraphy, which is described in detail in the Supple-
mentary material.

The faunal remains are distributed across four of these
strata (b-e). Stratum e is divided into an upper (mid-Holocene)

Table 1: Radiocarbon dates obtained from F9, F8 and F7 facies of the U4 unit in Salto de Piedra palaeontological site.

Facies Sample dated Lab number Dating method Age BP Reference Calibrated years BP (20)
F9 Bone GrA-49131 AMS 10140 + 60 Prado et al. (2015) 11,920-11,3241
Bone PSUAMS 16314 AMS 11610 + 60 Bellinzoni pers. com. 13,515-13,315
F8 Bone PSUAMS 13960 AMS 12305 + 45 Bellinzoni pers. com. 14,880-13800
Bone 5095.1.1 AMS 13329 + 60 Prado et al. (2024) 16,195-15,766
F7 Bone PSUAMS 16313 AMS 13430 + 70 Bellinzoni pers. com. 16,530-15,780
Bone GrA-47178 AMS 13590 + 60 Prado et al. (2015) 16,581-16,151

PSUAMS, Pennsylvania State University AMS Radiocarbon Laboratory; GrA, Centre for Isotope Research in Groningen, AMS Radiocarbon Laboratory.
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and lower (Pleistocene-Holocene boundary) section based on
its chronological, archaeological, and faunal contexts (Figini
et al. 1985). The Galea remains analysed here, from levels 4, 5
(stratum b), level 8 (stratum d), and levels 9-12 (upper stratum
e), correspond to the mid-Holocene, Late Holocene, and his-
torical periods (Supplementary Table S1).

Both, the Galea specimens from SPPL and CT, as well as
Microcavia, are housed at the Instituto de Investigaciones
Arqueoldgicas y Paleontoldgicas del Cuaternario Pampeano
(INCUAPA) from the Facultad de Ciencias Sociales (FCS) of
Universidad Nacional del Centro de la Provincia de Buenos
Aires (UNICEN). To obtain a reliable reference collection for
further comparisons, contemporary and archaeological
specimens of the current species, G. leucoblephara, were also
included. Present-day specimens come from Chaco, Cérdoba,
and La Pampa Provinces, and are housed at the Museo
Argentino de Ciencias Naturales Bernardino Rivadavia
(MACN, Buenos Aires) and at the Grupo de Estudios en
Arqueometria, Facultad de Ingenieria (GEArq—FIUBA, Bue-
nos Aires). Archaeological samples of G. leucoblephara come
from the Agua de Mula (Mendoza Province), Gruta del Indio-
Rincon del Atuel (Mendoza Province), and Cueva Huenul I
(Neuquén Province) Late Holocene archaeological sites, all
housed at GEArq—FIUBA (Supplementary Table S1).

Finally, Microcavia remains from SPPL were analysed
and compared with molariform measurements of extinct
Microcavia species (M. robusta, M. chapalmalensis and
M. reigi) extracted from the literature (Quintana 1996; Ubilla
etal. 1999) and with present-day M. australis specimens from
Neuquén Province (GEArq—FIUBA).

3.2 Methods

Calibration of radiocarbon ages from the study sites were
obtained using OxCal with the SHCal20 calibration curve (2o
cal BP), to provide the most probable time interval (Hogg
et al. 2020).

The taxonomic nomenclature used for molariforms and
mandibles of the caviid specimens here analysed follows
that of Quintana (1996) and Madozzo-Jaén et al. (2018),
respectively.

Four lower premolars (pm4) of Galea specimens recov-
ered from SPPL were initially set aside due to their large size.
In this sense, the lower premolar was selected as it was
the only tooth available across all specimens, allowing for
consistent morphometric and statistical comparisons. These
samples, together with the Galea specimens recovered from
CT, Late Holocene archaeological sites from Mendoza and
present-day specimens, were photographed in occlusal view
with a digital camera Leica DMC4500 installed on a binocular
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stereomicroscope Leica S6D. For consistency, images of left
premolars were used; when left premolars were not avail-
able, images of right premolars were mirrored prior to
landmark placement. Premolar shape analysis was per-
formed using two-dimensional (2D) geometric morphomet-
rics, with eight landmarks placed at the points of maximum
curvature on the salient and interior angles common to all
specimens.

Landmark location was carried out using TPSdig2 v.2.32
(Rohlf 2006) (see Figure 2). To assess the repeatability of
landmark positioning, each specimen was re-digitized five
times. Measurement error was estimated through a MAN-
OVA to verify that differences in landmark placement across
specimens were not significant. Results confirmed high
repeatability, with no significant differences found in land-
mark positions (p = 0.999).

Morphometric analyses were conducted using PAST soft-
ware v. 4.16¢ (Hammer et al. 2001). As a preliminary step, the
2D landmark coordinates were scaled using general Procrustes
analysis (GPA). Posteriorly, a linear discriminant analysis
(LDA) was performed. LDA is commonly used for classifying
data into predefined groups or categories, maximizing the
separation between groups while minimizing variation within
each group. Since our goal is to classify the SPPL specimens
into known groups (Present Day, Late Holocene, and Cueva
Tixi reference collections), we applied LDA to identify the
features most useful for distinguishing between groups. To
determine if the morphological differences indicated by the
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Figure 2: Scheme of the pm4 from Galea genus indicating the maximum
width and length measurements and position of the eight landmarks
used for capturing the shape of the teeth. The landmarks were positioned
in areas easily distinguishable in all the pm4 analysed, amongst them the
internal flexid (If), the anterior (pI) and posterior (pII) prism, the
hypoflexid (Hi), the additional cleft (aC) and the additional extension (aE).
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LDA between the reference collections were statistically sig-
nificant, a MANOVA test was applied.

Measurements of the length and width of each pm4
were also taken (Figure 2, Supplementary Table S1). Differ-
ences in length and width were analysed using ANOVA, and
the results were presented in boxplots and XY plots to clas-
sify the specimens in two-dimensional space, comparing
length versus width.

4 Results and discussion

4.1 Systematic paleontology and
comparative analysis

Order Rodentia Bowdich, 1821

Suborder Hystricomorpha Brandt, 1955
Infraorder Hystricognathi Tullberg, 1899
Superfamily Cavioidea Fischer de Waldheim, 1817
Family Caviidae Fischer de Waldheim, 1817
Subfamily Caviinae Fischer de Waldheim, 1817
Genus Galea Meyen, 1833

Galea tixiensis Quintana, 2001

Referred material: anterior fragment of left
mandible, with complete premolar (pm4) recovered from
U4-F7 (FCS-P.320). Anterior part of left mandible, with
complete premolar (pm4), and fragments of first lower and
second molars (m1, m2) recuperated from U4-F7 (FCS-P.321).
One complete rightisolated lower premolar recorded at U4-
F7 (FCS-P.322). One complete left isolated lower premolar
documented at U4-F7 (FCS-P.323).

Both anterior fragments of mandibles are robust,
featuring a horizontal crest on its labial side that extends
below the middle part of the pm4, along with a pronounced
dorsal fossa (Figure 3A-D). These features are consistent
with those described for the genus Galea by Kraglievich
(1930), Cabrera (1953) and Contreras (1964). Additionally, the
mandible exhibits a distinct ridge at the centre of the dia-
stema, visible in dorsal view, and an oval-shaped mentonian
foramen positioned immediately anterior to pm4, at the
level of the lower part of the crest (Figure 3A). These char-
acteristics are also present in the mandibles from CT speci-
mens examined here (Figure 3E and F), as well as in
G. leucoblephara (Cabrera 1953; Contreras 1964; Dunnum
2015). The robustness of the jaws appears more pronounced
in the SPPL and CT specimens compared to G. leucoblephara
(Figure 4G and H). In fact, Quintana (2001) pointed out that
the difference between the two species lies in the fact that
the skulls, mandibles, and molariforms of G. tixiensis are
larger than those of G. leucoblephara. Therefore, size
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appears to be the most prominent distinguishing variable
between G. leucoblephara and G. tixiensis.

The pm4 found at SPPL and CT have a biprismatic
lanceolate-shaped in occlusal view, being lingually convex and
labially pointed (Figure 4A-F). It also features a large ante-
roposterior curved hypoflexid, filled with cement in the
deeper area. These characteristics align with those of the Galea
and Palaeocavia genera (Contreras 1964). In contrast, the Cavia
genus exhibits hypoflexids filled with abundant cement, but
the prisms are laminated (Quintana 1998; Verzi and Quintana
2005). The hypoflexid in Microcavia is not filled with cement
(Quintana 1996). The enamel is interrupted around the lingual
side, except in the internal or lingual flexid, as observed in
other caviines (Madozzo-Jaén et al. 2018). In species of Galea,
the posterior prism has a straight base and an internal flexid
with a fold on the lingual side, appearing as a notch (Figure 4).
The anterior prism exhibits a rounded additional extension,
delimited by both, an additional and internal cleft (Figure 4A-B
and E-F). This feature, although more attenuated, is also
observed in the specimens of G. tixiensis examined here from
CT (Figure 4C and D). Notably, this feature is rarely present in
G. leucoblephara (Figure 4G and H). However, previous
research has noted the intraspecific variability in the shape of
the prism and additional extension, as well as for the config-
uration of flexids and clefts in the pm4 of populations of both
G. leucoblephara (Contreras 1964) and G. tixiensis (Quintana
2001). In fact, Quintana (2001) pointed out that the molariforms
of G. tixiensis fall within the same variability range observed
for G. leucoblephara.

The LDA indicates a separation between the reference
groups (Figure 5) and correctly classified the 88.24 % of the
specimens by their shape. More specifically, the 87.5 % of PD
specimens, the 100 % of CT specimens and the 84.2 % of LH
specimens were correctly classified (Table 2, Supplementary
Tables S2 and S3). The Axis 1 explains most of the variability
(67.37 %) while Axis 2 explains the 32.63 % of the variability
of the shape. CT and the majority of LH specimens are
distributed along negative values of Axis 1, while most of the
contemporary reference specimens are along positive
values of the same axis. On the other hand, it is remarkable
the separation of the LH specimens along the negative values
of Axis 2. However, to test the significance of the differences
observed in the LDA, a MANOVA test was applied to
corroborate them. Results initially obtained from this test
indicated significant differences (p-value = 0.003). Nonethe-
less, pairwise comparisons show that these differences are
mostly due to the fact that CT and LH samples are morpho-
logically different from PD ones (p-value< 0.02), but similar
between them (CT vs. LH p-value = 0.221). These results
indicate that archaeological samples are morphologically
different from present-day ones. A possible explanation to
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this fact could be related to environmental differences
associated with the geographical location where samples
were recovered. Nonetheless, phenotypic shifts between
past and present samples could also be triggered by human
influence on habitat and environment (Cucchi et al. 2014).
Thus, it cannot be discarded that the variation in shape
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Figure 3: Mandibles of Galea tixiensis recovered
from Salto de Piedra (SPPL) compared with G.
tixiensis from Cueva Tixi (CT), and Galea
leucoblephara from recent collection of La
Pampa Province (GEArg-FIUBA, Buenos Aires
city). (A-B) left mandibular fragment with pm4
assigned to G. tixiensis in lateral and frontal
views (FCS-P.320, U4-F7); (C-D) left mandibular
fragment with pm4, m1 and m2 assigned to
G. tixiensis in lateral and frontal views (FCS-
P.321, U4-F7); (E-F) left mandibular fragment
with pm4, m1 and m2 of G. tixiensis in lateral
and frontal views (CT stratum b); (G-H) left
mandibular of modern G. leucoblephara in
lateral and frontal views (La Pampa Province).
Abbreviations: dF, dorsal fossa; hC, horizontal
crest; Mf, mentonian foramen; pjs, posterior
joint of the symphysis; rd; ridge of the dia-
stema. Scales =5 mm.

Figure 4: Oclussal views of lower premolars
(pm4) of Galea tixiensis recovered from Salto
de Piedra (SPPL) compared with G. tixiensis
from Cueva Tixi (CT), Galea leucoblephara from
Late Holocene (Agua de la Mula, Mendoza
Province), and G. leucoblephara from recent
collection of La Pampa Province (GEArg-FIUBA,
Buenos Aires city). (A-B) left and right pm4
assigned to G. tixiensis (FCS-P.320, FCS-P.322,
U4-F7); (C-D) left pm4 of G. tixiensis (CT stratum
b); (E-F) left pm4 assigned to G. tixiensis (FCS-
P.321, FCS-P.323, U4-F7); (G) left pm4 G. leuco-
blephara (Agua de la Mula); (H) left pm4 of
modern G. leucoblephara (La Pampa Province).
Abbreviations: aC, additional cleft; aE, addi-
tional extension; ¢, cement; Hi, hipoflexid; iC,
internal cleft; If, internal flexid; pl, anterior
prism; pll, posterior prism. Scales =1 mm.

morphology between the archaeological samples (LH and
CT) and PD samples may respond to human causes such as
agricultural activities. Further analyses with larger sample
sizes should be done in this respect. Finally, although the
LDA and MANOVA do not indicate significant morphological
differences of the CT samples, Galea specimens recovered
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MANOVA: p-value = 0.003
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Figure 5: Linear discriminant analysis (LDA) results for each of the groups used as reference to compare with SPPL Galea specimens (red dots). Salto de

Piedra samples: FCS-P. 321; FCS-P. 323; FCS-P. 322; FCS-P. 320.

Table 2: Reference samples classification within the groups established
for the LDA.

PD CcT LH % Correctly classified
PD 21 0 87.5
cT 0 8 100
LH 1 2 16 84.2
SPPL 0 4 0 =

Reference sample only includes LH (Late Holocene), PD (Present Day) and
CT (Cueva Tixi) specimens with the purpose to obtain a statistically
significant sample for further classifying Salto de Piedra (SPPL) specimens
and evaluate their similarities and differences with the reference sample.
Only two samples were incorrectly classified for the LH as PD samples, one
sample was incorrectly classified as LH from PD specimens and all the
specimens from CT were correctly classified.

from SPPL are classified as morphologically similar to CT
(Table 1, Figure 5).

Regarding specimens size, ANOVA tests revealed signifi-
cant differences in length measurements, while width mea-
surements did not show notable differences. Specifically, PD
and LH specimens were similar in length (p-value = 0.778)
but differed significantly from CT specimens (LH vs. CT:
p-value = 0.011; PD vs. CT: p-value = 0.030). Visual inspection
through boxplots supports the ANOVA results, showing that
CT and SPPL specimens generally exhibit greater average
length values (Figure 6A). Notably, a potential bimodal dis-
tribution in CT specimens suggests the presence of two

phenotypes differing in size, likely representing G. tixiensis
and G. leucoblephara (Figure 6A and C). In fact, two CT spec-
imens fall within the smallest range for both length and width
measurements (Figure 6C). However, a larger sample size
could further clarify these distinctions.

For width values (Figure 6B), boxplots indicate no sig-
nificant differences, though the bimodal distribution of CT
specimens still apparent. Based on length measurements,
SPPL specimens align more closely with CT samples; how-
ever, significant differences exist between these two groups
and the PD and LH reference collections. Only one specimen
from SPPL (FCS-P.323) falls among the lowest length values,
while the FCS-P.320 specimen (Figure 6E) consistently ranks
as the largest, regardless of length or width. Given the
morphological and size similarities between CT and SPPL
specimens, Galea remains from SPPL may be better assigned
to G. tixiensis than to G. leucoblephara, with FCS-P.320
possibly representing the upper range of the phenotypic
variability for the species. Overall, the measurements from
this study suggest that both, SPPL and CT samples, exhibit
larger length values compared to contemporary and Late
Holocene G. leucoblephara remains (Figure 6).

In contrast, Teta and Campo (2017) found that the
craniodental measurements of G. tixiensis fell within the
variability range of G. leucoblephara when compared to
numerous specimens from the three recognized subspecies:
G. L leucoblephara Burmeister, 1861; G. L demissa Thomas,
1921; and G. L littoralis Thomas, 1901. Unfortunately, these
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Figure 6: Graphic representation for length versus width values. (A) Violin and box plots for length and width showing the mean values and the 25 and 75
percentiles. (B) XY plot classifying all the specimens by their length and width. (C) Length vs. width measurements of Present Day, Late Holocene, Cueva
Tixi and Salto de Piedra specimens. Note that the FCS-P. 320 SPPL specimen is clearly separated from the rest. ANOVA tests indicate that length values
show significant differences between the reference groups, being the samples of Cueva Tixi (CT) different from the Present Day (PD) and Late Holocene

(LH) ones. Salto de Piedra (FCS-P. 321; FCS-P. 323; FCS-P. 322; FCS-P. 320) samples are mostly classified as similar to CT specimens.

authors relied on digital measurements (using the software
tpsdig2) based on photographs of the G. tixiensis holotype
(taken by Bezerra 2008; Francia et al. 2012), as the curator of
the Archaeology Laboratory of the Faculty of Humanities at
the National University of Mar del Plata (Buenos Aires)
declined to provide the holotype for its study (Teta and
Campo 2017: 210, 213). Although we did not examine the

G. tixiensis holotype in this study, we were able to make

comparisons with specimens recovered from the type

locality (Cueva Tixi), collected by Tonni et al. (1988).

Genus Microcavia Gervais and Ameghino, 1880

Microcavia cf. M. robusta Gervais and Ameghino, 1880
Referred material: fragment of left maxilla without

teeth recovered from U4-F7 (FCS-P.324). Complete left upper
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first molar (M1) recorded at U4-F9 (FCS-P.328). Complete third
molar (M3) found in U4-F7 (FCS-P.325). Complete left lower
premolar (pm4) recovered from U4-F7 (FCS-P.326). Complete
left lower first molar (m1) recorded at U4-F7 (FCS-P.327).

The fragmented maxilla recovered from SPPL shows
the posterior edge of the incisive foramina with irregular,
elongated margins, nearly reaching the anterior most
point of the PM4 alveolus (Figure 7A). This characteristic is
found in the genus Microcavia (Quintana 1996; Udrizar
Sauthier 2020). The size of the recovered maxilla
(length = 14.70 mm; width = 12.93 mm) indicates that it
belongs to an extinct species larger than the extant
M. australis (length = 10.41-11.49 mm; width = 9.63-
10.40 mm). The molariforms have pear-shaped, cross-
sections, with prisms (without interprism cement), labi-
ally convex and lingually pointed in the upper molars (M1
and M3), and conversely in the lower molars (PM4 and M1)
(Figure 7B-E). These features match those of the genus
Microcavia (Cabrera 1953; Contreras 1964; Quintana 1996).

The measurements obtained from the four molariforms
fall within the range of values for the extinct species,
particularly M. robusta, but clearly differ from M. australis
(Supplementary Table S4; Figure 8). Notably, the M3 recov-
ered exhibits a moderate external flexus, a long additional
prism, and an additional flexus with parallel, deep, pene-
trating internal margins (Figure 7C). This feature is charac-
teristic of M. robusta, distinguishing it from M. criollensis, in
which the additional flexus of M3 has diverging and deep
internal margins (Ubilla et al. 1999). Quintana (1996) noted a
lack of intraspecific variation in the morphological pattern
of M3 in the extinct species M. robusta. In contrast, there is
considerable intraspecific morphological variation in extant
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Microcavia species, particularly concerning some dental
features, such as the size and shape of prisms and the flexus/
flexids of the PM4/pm4 (Contreras 1964; Kraglievich 1930;
Quintana 1996). The pm4 found at SPPL, with the poorly
developed anterior prism extension delimited (Figure 7D), is
similar to the pm4 of M. robusta illustrated by Quintana
(1996: fig. 8E). Finally, the m1 displays a posterior prism
slightly larger than the first ones, separated by a deep and
oblique hypoflexid, with a fold on the lingual side (delimited
by the internal flexid) that appears as a notch (Figure 7E). In
summary, the measurements and morphological pattern of
the specimens from SPPL allow us to assign these materials
to Microcavia cf. M. robusta.

4.2 Zoogeographical and
paleoenvironmental aspects

The discovery of the extinct G. tixiensis and Microcavia cf.
M. robusta caviine rodents at SPPL (Guerrero Member of the
Lujanian Formation - Late Pleistocene), is significant not only
from a taxonomic point of view but also for its biogeographical
and palaeocological implications. Notably, the levels contain-
ing specimens of Galea from SPPL are chronostratigraphically
correlated with the oldest levels (~12,600 cal BP) of the nearby
Campo Laborde archaeological site (Favier-Dubois et al. 2021;
Prado et al. 2019), where a specimen of G. leucoblephara was
found (Scheifler et al. 2015: fig. 3e). Additionally, M. robusta and
G. leucoblephara are present in Lujanian sediments associated
with the Last Glacial Maximum (LGM) at the Camet Norte
paleontological site (southern coast of Buenos Aires) (Pardifias
et al. 1998; Figure 1). Moving toward the Holocene, several

Figure 7: Microcavia cf. M. robusta specimens
recovered from SPPL. (a) Left maxilla (FCS-
P.324, U4-F7); (b) left upper M1 (FCS-P.328, U4-
F9); (c) left upper M3 (FCS-P.325, U4-F7); (d) letf
lower pm4 (FCS-P.326, U4-F7); (e) left lower m1
(FCS-P.327, U4-F7). Abbreviations: aC, addi-
tional cleft; aE, additional extension; AF, addi-
tional flexus; AP, additional prism; EF, external
flexus; HI, hipoflexus; Hi, hipoflexid; If, internal
flexid; PI (upper) and plI (lower), anterior
prism; PII (upper) and pII (lower), posterior
prism; PEIF, Posterior edge of incisive
foramina; ZM, zygomatic process of maxillary.
Scales =1 mm.
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Figure 8: Ranges of maximum and minimum measurements of the M1, M3, pm4 and m1 molariforms from species of the genus Microcavia. Red dot
corresponds to Salto de Piedra (FCS-P.328; FCS-P.325; FCS-P.327; FCS-P.326) specimens. (A) M1 width and length; (B) M3 width and length; (C) pm4 width

and length; (D) m1 width and length.

fossil records of G. leucoblephara and M. australis are reported
from the Pampasic Domain (e.g., Gémez and Bonomo 2019;
Messineo and Scheifler 2016; Pardifias 1999; Quintana 1996;
Salemme 1990; Scheifler et al. 2012; Scheifler and Messineo
2016; Tonni 1985).

The living species of caviine rodents inhabiting nearby
areas (M. australis and G. leucoblephara) are almost exclu-
sively found in the arid and semi-arid environments of the
Andean-Patagonian Subregion (sensu Ringuelet 1961) (e.g.,
Dunnum 2015; Teta et al. 2017). Both species reach the
southern part of Buenos Aires Province (Figure 1), which
coincides with the north-easternmost portion of the Pata-
gonian Subregion (Ringuelet 1955). Even the subspecies G. L
littoralis, which mainly occurs in the northern part of the
Patagonian Domain and the southern Subandean Domain,
has its type locality in Bahia Blanca, located in the southern
part of Buenos Aires Province (Figure 1; Dunnum 2015).
However, the findings of G. leucoblephara and M. australis
along the southeastern shore of Buenos Aires Province,
suggest that both species (Figure 1; Ferndndez et al. 2012;
Pardifias and Cenizo 2023; Reig 1964) may have utilized
coastal dunes as xeric corridors leading north. It appears

that the same corridor was also used by the sigmodontine
rodents Eligmodontia typus and Phyllotis sp. during the arid
and colder conditions, which prevailed in the Late Glacial
Interval (LGI) (Pardifias 1999; Pardifias et al. 2010). Certainly,
neither Microcavia nor Galea currently inhabit the typical
grasslands of the interior of the Pampas phytogeographic
unit, which almost entirely coincides with the Pampasic
Domain, where SPPL is located.

The zoogeographic pattern of the Pampasic Domain
(sensu Ringuelet 1955, 1961) during the Late Pleistocene
differs significantly from the present-day pattern (e.g.,
Tonni 2025). During the Last Glacial Maximum (LGM),
South America experienced the greatest extent of ice sheets
favouring the presence of the characteristic open envi-
ronments of the last glacial cycle (Clapperton 1993; Rabassa
et al. 2022; Tonni 2025; Vivo and Carmignotto 2004). Unit 4 of
SPPL (~16,300 to ~11,600 cal BP), which contains the faunal
remains studied here, corresponds chronologically with
the post-LGM deglaciation process and with the glacial re-
advance of the Antarctic Cold Reversal (ACR) (Rabassa et al.
2022; Tonni 2025). Various lines of evidence -isotopic,
faunal, palynological, sedimentological- (e.g., Bonadonna
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et al. 1999; Muhs and Zarate 2001; Prado and Alberdi 1999;
Quattrocchio et al. 2008; Tonello and Prieto 2008, 2010;
Tonni et al. 1999, 2003), suggest that the expansion of the
landmass resulting from a lower sea level along the Atlantic
coast was associated with more continental conditions,
leading to a more arid climate and the expansion of
shrubby environments in the Pampas during the Late
Pleistocene (~16,000 to ~11,700 BP). The mammalian taxo-
nomic structure of the Pampasic Domain changed abruptly
after the end of the LGM, particularly after the late glacial
expansion of the ACR, when all megamammals and most
species of large mammals went extinct (e.g., Cione et al.
2009, 2011). Although the significant climate changes and,
possibly, the arrival of the first humans primarily affected
the larger species (e.g., Cione et al. 2009; Prates and Perez
2021), some smaller species also became extinct (e.g., Par-
difias 1999; Quintana 1996, 1998; Teta et al. 2014).

During the Late Pleistocene, M. australis and M. robusta
coexisted in most of the Pampasic Domain (Brambilla et al.
2021; Quintana 1996). The former has retreated to the west
and south, avoiding the increasing humidity during the
Holocene in the Pampasic Domain. The latter species was
recorded in the southeastern and northern Pampean region,
becoming extinct at the Pleistocene-Holocene boundary
(Brambilla et al. 2021; Quintana 1996). The fossil records of
these caviines at SPPL are located more than 250 km
northeast of the current geographic distribution of the living
species from these genera. Additionally, the extinct G. tix-
iensis, besides being found at SPPL and CT, also has a Late
Pleistocene (Lujanian age) fossil record in Arroyo Toropi,
located in Corrientes Province (Francia et al. 2012), within
the Subtropical Domain, approximately 250 km northeast of
the Pampasic Domain and 210 km east of the current dis-
tribution of G. leucoblephara (Figure 1). The loss of caviine
diversity in the Pampasic Domain is evident since the Late
Pleistocene-Holocene transition, where four species were
recorded, to the Early Holocene and historical times, when
G. tixiensis and Cavia aperea coexisted, at least in the Tan-
dilia system (e.g., Quintana 1996, 1998, 2001). G. tixiensis ap-
pears to have become extinct in the 19th century, likely due
to the negative effects of exotic livestock and intensive
agriculture (Teta et al. 2014).

Another species of Galea could be added to the list of
caviines from the Late Pleistocene of the Pampas if we
consider the records of G. ortodonta in the grasslands on the
northern bank of the Rio de la Plata in southern Uruguay
(Figure 1; Ubilla and Rinderknecht 2001, 2014). Conversely,
M. criollensis, associated with the same period (Lujanian
age), was found in the Sopas Formation (northern Uruguay,
Figure 1), outside the Pampas grassland (Quintana 1996;
Ubilla et al. 1999).
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Currently, the Subtropical species C. aperea Erxleben,
1777 is the only caviine inhabiting the grasslands of the
Pampasic Domain area in Buenos Aires Province, reaching
Bahia Blanca (Cabrera 1953; Dunnum 2015; Massoia 1973).
Even the Subtropical large caviid Hydrochoerus hydro-
chaeris (Linnaeus, 1766) continues its migration north-
south, as evidenced by recent records in southern Buenos
Aires Province near Bahia Blanca (Doumecq Milieu et al.
2021). In the southern part of Buenos Aires Province, we
find the boundary between the Patagonian and Subtropical
mammal faunas (Ferndndez et al. 2012), marking the
presence of greater diversity in caviine rodents (C. aperea,
G. leucoblephara, and M. australis).

Finally, Holocene mammal communities of the Pampa-
sic Domain have become well adapted to the grassland en-
vironments and warmer, wetter conditions, which peaked
during the Holocene Climatic Optimum (HCO, 7,500-4,500 BP)
and the Medieval Climatic Anomaly (MCA, 800-1,300 AD).
This period saw the northward expansion of subtropical
species, such as the sigmodontine rodents Bibimys cf. B. tor-
resi, Pseudoryzomys simplex, and Scapteromys aquaticus
(Garcia-Morato et al. 2021; Pardifias 1999, 2000; Pardifias
et al. 2010; Tonni 2025; Tonni et al. 1988).

5 Conclusions

(1) Galea tixiensis morphometric comparisons with speci-
mens from its type locality (Cueva Tixi), confirm the
taxonomic status of this caviine rodent as a distinct
species.

(2) The expanded original description of the mandible and
lower premolar of G. tixiensis, provided in this study, is
particularly noteworthy.

(3) The presence of this caviine in Salto de Piedra expands
its chronological framework to approximately
16,300 years BP, which is 5,000 years earlier than pre-
viously recorded, and its distribution range by about
200 km further east within the Pampasic Domain.

(4) The discovery of the extinct G. tixiensis and Microcavia
cf. M. robusta caviine rodents at Salto de Piedra
(Guerrero Member of the Lujanian Formation, ~16,300-
11,700 cal BP), along with other species recorded in
different localities (M. australis, G. leucoblephara and
G. ortodonta), suggests a greater diversity of caviine
rodents during the Late Pleistocene in the Pampasic
Domain compared to later periods.

(5) With rising temperatures and humidity during the Ho-
locene, and the gradual replacement of shrub steppes by
grasslands, M. robusta and G. ortodonta became extinct,
while C. aperea arrived from the north. This latter
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species is now the only caviine rodent inhabiting the
typical grasslands of the Pampasic Domain.

(6) The higher diversity of caviid rodents in the Late Pleis-
tocene of the Pampasic Domain is comparable to the
current situation in the southern region of Buenos Aires
Province. Here, the transition zone between Patagonian
and subtropical mammal fauna results in a higher di-
versity of caviine rodents (C. aperea, G. leucoblephara,
and M. australis). This suggests that the greater diversity
of caviine rodents observed during the Late Pleistocene
could be associated with the displacement of the
Pampean/Patagonian ecotone into more interior areas
of the Pampasic Domain.

(7) During the Holocene, M. australis and G. leucoblephara
were restricted to southern coastal environments, while
G. tixiensis apparently became extinct in the 19th cen-
tury, likely due to the negative impacts of exotic live-
stock and intensive agriculture.

Acknowledgments: The authors would like to express their
gratitude to Pablo Teta who kindly provided the Galea speci-
mens housed at MACN (Buenos Aires City) under his curato-
rial care, which were used for comparison. Two anonymous
reviewers and the editors provided valuable suggestions that
greatly contributed to improving the clarity of this work.
Thanks are also extended to Dario Fidalgo, whose comments
and suggestions greatly improved the morphometric analyses
included in this paper. This is a contribution included in the
research line of the TAPHIOS Group.

Research ethics: Not applicable.

Informed consent: Not applicable.

Author contributions: F.J. Fernandez: conceptualization, data
curation, formal analysis, investigation, methodology, writing,
original draft preparation, review and editing, visualization. S.
Garcia-Morato: data curation, formal analysis, investigation,
methodology, writing, original draft preparation, review and
editing, visualization. G. Gémez: data curation, investigation,
writing. J.L. Prado: supervision, project administration, re-
sources, writing, review and editing. Y. Ferndndez-Jalvo:
investigation, project administration, resources, writing, re-
view and editing. All coauthors contributed to manuscript
drafts and gave final approval for publication. All authors have
accepted responsibility for the entire content of this manu-
script and approved its submission.

Use of Large Language Models, AI and Machine Learning
Tools: None declared.

Conflict of interest: All authors declare that they have no
conflict of interest.

Research funding: This research has been funded by Research
Projects [PGC2016-79334-P and PID2021-126933NB-100] from the

F.J. Fernandez et al.: Rediscovery of an extinct species —— 465

Spanish Ministry of Science and Innovation, and from the
Spanish Council of Research (CSIC) [I-COOPB 20589]. This work
has also received a Grant from the National University of
Central Argentina (UNICEN) and CONICET, three projects from
Agencia Nacional de Promocién Cientifica y Técnica of
Argentina: PICT 2019-03480, PICT-2018-00959 and PICT-2021-
00034, and one from the National University of La Plata (UNLP):
11/N983.

Data availability: Not applicable.

References

Bezerra, A. (2008). Revisdo taxonémica do género Galea Meyen, 1832 (Rodentia,
Caviidae, Caviinae), PhD thesis. Universidad de Brasilia, Brasilia.

Bonadonna, F.P., Leone, G., and Zanchetta, G. (1999). Stable isotope
analyses on the last 30 ka molluscan fauna from Pampa grassland,
Bonaerense region, Argentina. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 153: 289-308.

Brambilla, L., Lépez, P., and Ibarra, D. (2021). Report of Microcavia cf. robusta
(Rodentia, Caviidae) from the Late Pleistocene of Santa Fe, Argentina.
Bol. del Inst. Fisiogr. Geol. 91: 17-20.

Burgos, J.J. (1968) Los climas de la provincia de Buenos Aires en relacién con
la vegetacion natural y el suelo. In: Cabrera, A.L. (Ed.). Flora de la
provincia de Buenos Aires. Volume IV. Coleccién Cientifica, Instituto
Nacional de Tecnologia Agropecuaria, Buenos Aires, pp. 33-99.

Cabrera, A. (1953). Los roedores argentinos de la familia “Caviidae”.
Ministerio Educacion. Fac. Agron. Vet., UBA, Esc. Vet., Publicacion 6:1-90.

Cione, A.L., Tonni, E.P., and Soibelzon, L.H. (2009) Did humans cause the
Late Pleistocene-early Holocene mammalian extinctions in South
America in a context of shrinking open areas? In: Haynes, G. (Ed.).
American megafaunal extinctions at the end of the Pleistocene. Springer,
Berlin, pp. 125-144.

Cione, A.L., Tonni, E.P., and Soibelzon, L. (2011). Mammal extinction at the
Pleistocene-Holocene boundary in South America. Curr. Res.
Pleistocene 28: 24-25.

Clapperton, C. (1993). Nature and environmental changes in South America
at the last glacial maximum. Palaeogeogr. Palaeoclimatol. Palaeoecol.
101: 189-208.

Contreras, J.R. (1964). Datos acerca de la variacién intrapoblacional de la
morfologia de los molares de entidades de los géneros Galea y
Microcavia (Rodentia, Caviidae). Ameghiniana 3: 235-255.

Cucchi, T., Barnett, R., Martinkova, N., Renaud, S., Renvoisé, E., Evin, A,
Sheridan, A., Mainland, I., Wickham-Jones, C., Tougard, C., et al. (2014).
The changing pace of insular life: 5000 years of microevolution in the
orkney vole (Microtus arvalis orcadensis). Evolution 68: 2804-2820.

Doumecq Milieu, R.E., Morici, A., and Nigro, N.A. (2021). Ampliacién de la
distribucién austral del carpincho (Hydrochoerus hydrochaeris) en la
provincia de Buenos Aires, Argentina. Nétulas Faunisticas Sequnda Serie
92: 1-10.

Dunnum, J.L. (2015) Family Caviidae. In: Patton, J.L., Pardifias, U.F,J., and
D’Elia, G. (Eds.). Mammals of South America, Volume 2: Rodents. The
University of Chicago Press, Chicago, pp. 690-726.

Dunnum, J.L. and Salazar-Bravo, J. (2010). Phylogeny, evolution, and
systematics of the Galea musteloides complex (Rodentia: Caviidae).

J. Mammal. 91: 243-259.



466 —— F). Fernandez et al.: Rediscovery of an extinct species

Favier Dubois, C.M., Herrera Villegas, D., Bonini, R., Gémez, G.N., Steffan, P.,
Bax, M., Flores, A., Bellinzoni, J., Alberdi, M.T., and Prado, J.L. (2021).
Alluvial deposit stratigraphy from the Salto de Piedra Paleontological
Locality (Argentine Pampas): evidence from last glacial-interglacial
cycles. Neues Jahrbuch Geol. Palaontol. Abhand. 299: 29-48.

Fernéndez, FJ., Idoeta, F., Garcia-Esponda, C., Carrera, J.D., Moreira, GJ.,
Ballejo, F., De Santis, L.J.M., and Moreira, G.J. (2012). Small mammals
(Didelphimorphia, Rodentia and Chiroptera) from Pampean region,
Argentina. Check List 8: 130-134.

Figini, A., Huarte, R., Carbonari, J., Gbmez, G., Zubiaga, A., Tonni, E., and
Fidalgo, F. (1985) Edad isotépica de los carbonatos de la Cueva Tixi,
partido de Gral. Alvarado provincia de Buenos Aires. In: I Jornadas
Geoldgicas Bonaerenses. Comision de Investigaciones Cientificas,
Buenos Aires, pp. 128-130.

Francia, A., Carlini, A., Zurita, A., and Verzi, D. (2012). Galea (Rodentia,
Caviidae) in the Late Pleistocene of Corrientes province (Argentina):
taxonomic and paleobiogeographic implications. Neues Jahrbuch Geol.
Palaontol. 266: 173-184.

Garcia-Morato, S., Fernandez-Jalvo, Y., Montalvo, C.I., Andrews, P., Marin-
Monfort, M.D., Fagoaga, A., Dominguez-Garcia, A.C., Alberdi, M.T.,
Bonini, R., Cerdefio, E., et al. (2021). New palaeoecological approaches
to interpret climatic fluctuations in holocenic sites of the Pampean
Region of Argentina. Quat. Sci. Rev. 255: 106816.

Gémez, G., and Bonomo, M. (2019). Micromammal taphonomy and site
formation process of Nutria Mansa 1 archaeological site (Buenos
Aires, Argentina). International Journal of Osteoarchaeology 29: 3-13.

Hadler, P., Galliari, C.A., and Pardifias, U.F.J. (2024) Chancy history of a
supposedly vanished South American rodent, Lagostomus crassus, with
remarks on recent extinctions in caviomorphs. In: Rasia, L.L.,
Barbeito, C.G., and Acufia, F. (Eds.). Plains vizcachas: biology and evolution
of a peculiar Neotropical caviomorph rodent. Springer, Berlin, pp. 81-97.

Hammer, @., Harper, D., and Ryan, P. (2001). PAST: paleontological statistics
software package for education and data analysis. Palaeontol. Electron.
4:1-9.

Hogg, A.G., Heaton, T.J., Hua, Q., Palmer, J.G., Turney, C.S., Southon, J.,
Bayliss, A., Blackwell, P.G., Boswijk, G., Bronk Ramsey, C., et al. (2020).
SHCal20 southern hemisphere calibration, 0-55,000 Years cal BP.
Radiocarbon 62: 759-778.

Kraglievich, L. (1930). Diagnosis osteolégico-dentaria de los géneros
vivientes de la subfamilia “Caviinae”. Anales Museo Nacional Hist. Nat.
Buenos Aires 36: 59-96.

Madozzo-Jaén, M.C. and Pérez, E. (2024). Redescription of a small Caviidae
(Rodentia: Hystricognathi) from the Neogene of northwestern Argentina
and its systematic implications. Comptes. Rendus Palevol. 23: 269-292.

Madozzo-Jaén, M.C., Pérez, E., Montalvo, M., and Tomassini, R. (2018).
Systematic review of Neocavia from the Neogene of Argentina:
phylogenetic and evolutionary implications. Acta Palaeontol. Pol. 63:
241-260.

Massoia, E. (1973). Zoogeografia del género Cavia en la Republica Argentina
con comentarios sistematicos y bioecolégicos (Mammalia-Rodentia-
Caviidae). Rev. Investig. Agropecu. 10: 21-37.

Massoia, E. (1985). Andlisis de regurgitados de Asio flammeus del arroyo
Chasicé. Acintacnia 15: 7-9.

Messineo, P.G. and Scheifler, N. (2016). Investigaciones arqueologicas en el
sitio Laguna Cabeza de Buey 2 (San Carlos de Bolivar, Buenos Aires).
Cincuenta afios después de las industrias culturales definidas por
Bormida. Intersecc. Antropol. 17: 213-227.

Muhs, D.R. and Zarate, M. (2001) Late Quaternary eolian records of the
Americas and their paleoclimatic significance. In: Markgraf, V. (Ed.).
Interhemispheric climate linkages. Academic Press, London, pp. 183-211.

DE GRUYTER

Oyarzabal, M., Clavijo, J., Oakley, L., Biganzoli, F., Tognetti, P., Barberis, L.,
Maturo, H.M., Aragon, R., Campanello, P.L, Prado, D., et al. (2018).
Unidades de vegetacion de la Argentina. Ecologia Austral 28: 40-63.

Pardifias, U.F.J. (1999). Los roedores muroideos del Pleistoceno Tardio-
Holoceno en la Regién Pampeana (sector este) y Patagonia (Republica
Argentina): aspectos taxonémicos, importancia bioestratigrdfica y
significacion paleoambiental, Ph.D. thesis. Universidad Nacional de La
Plata, La Plara.

Pardifias, U.F.J. (2000). Micromamiferos y paleoambientes del Holoceno en
el sudeste de la provincia de Buenos Aires (Argentina): el caso de
Cueva Tixi. Revista Cuaternario Ciencias Ambient. 1: 31-36.

Pardifias, U.F.J. and Cenizo, M. (2023). Cambios en las comunidades de
micromamiferos durante el Holoceno tardio-Antropoceno en el
sudeste de la provincia de Buenos Aires (Argentina). Publicacién
Electrénica Assoc. Paleontol. Argent. 23: 407-476.

Pardifias, U.F.)., Tonni, E.P., and Figini, A. (1998) Camet Norte: diversidad
faunistica préxima al Ultimo Maximo Glacial en el sudeste de la
provincia de Buenos Aires, Argentina. In: Scillato-Yané, G., Tonni, E.P.,
Carlini, A., and Noriega, J.I. (Eds.). 70° Congreso Latinoamericano de
Geologia y 6° Congreso Nacional de Geologia Econémica, Buenos Aires,
pp. 257-262.

Pardifias, U.F.., Teta, P., and D’Elia, G. (2010) Roedores sigmodontinos de la
Region Pampeana: historia evolutiva, sistemética y taxonomia. In:
Polop, J.J., and Busch, M. (Eds.). Biologia y ecologia de pequefios
roedores de la region Pampeana de Argentina: enfoques y perspectivas.
Universidad de Cérdoba, Cérdoba, pp. 9-36.

Prado, J.L. and Alberdi, M.T. (1999). The mammalian record and climatic
change over the last 13,000 years in the Pampean Region, Argentina.
Quat. Int. 57-58: 165-174.

Prado, J.L., Goin, F., and Tonni, E.P. (1985). Lestodelphys halli (Mammalia,
Didelphidae) in Holocene sediments of southeastern Buenos Aires
Province (Argentina): morphological and palaeoenvironmental
considerations. Quaternary of South America and Antarctic Peninsula.
3:93-108.

Prado, J.L., Martinez-Maza, C., and Alberdi, M.T. (2015). Megafauna
extinction in South America: a new chronology for the Argentine
Pampas. Palaeogeogr. Palaeoclimatol. Palaeoecol. 425: 41-49.

Prado, J.L., Bonini, R., Favier-Dubois, C., Gdmez, G., Steffan, P., and
Alberdi, M.T. (2019). Horses from the Late Pleistocene of Tapalqué
Creek (Buenos Aires province, Argentina. Neues Jahrbuch Geol.
Palaontol. Abhand. 294: 285-305.

Prado, J.L., Duval, M., Demuro, M., Santos-Arévalo, F., Alberdi, M.T.,
Tomassini, R., Montalvo, C.I,, Bonini, R., Favier-Dubois, C., Burrough,
S., et al. (2024). Refining the chronology of middle/Late Pleistocene in
the Argentine Pampas. Quat. Sci. Rev. 344: 108958.

Prates, L. and Perez, S. (2021). Late Pleistocene South American megafaunal
extinctions associated with rise of fishtail points and human
population. Nat. Commun. 12: 1-11.

Quattrocchio, M.E., Borromei, A.M., Deschanps, C.M., Grill, S.C., and Zavala,
C.A. (2008). Landscape evolution and climate changes in the Late
Pleistocene-Holocene, southern Pampa (Argentina): evidence from
palynology, mammals and sedimentology. Quat. Int. 181: 123-138.

Quintana, C. (1996). Diversidad del roedor Microcavia (Caviomorpha,
caviidae) de América del sur. Mastozool. Neotrop. 3: 63-86.

Quintana, C. (1998). Relaciones filogenéticas de roedores Caviinae
(Caviomorpha, Caviidae), de América del Sur. Bol. R. Soc. Esp. Hist. Nat.
Actas 94: 125-134.

Quintana, C. (2001). Galea (Rodentia, Caviidae) del Pleistoceno Superior y
Holoceno de las sierras de Tandilia Oriental, Provincia de Buenos
Aires, Argentina. Ameghiniana 38: 399-408.



DE GRUYTER

Rabassa, ., Coronato, A., Martinez, O., and Reato, A. (2022) Last glacial
maximum, late glacial and Holocene of Patagonia. In: Miotti, L.,
Salemme, M., and Hermo, D. (Eds.). Archaeology of piedra museo
locality: an open window to the early population of Patagonia. The
Latin American Studies Book Series. Springer Nature, Berlin,
pp. 59-84.

Reig, O. (1964). Roedores y marsupiales del partido de General Pueyrredén
y regiones adyacentes (provincia de Buenos Aires, Argentina).
Publicaciones Mus. Munic. Ciencias Nat. Mar Plata 1: 203-224.

Ringuelet, R.A. (1955). Panorama zoogeografico de la Provincia de Buenos
Aires. Notas Mus. La Plata Zool. 18: 1-45.

Ringuelet, R.A. (1961). Rasgos fundamentales de la zoogeografia de la
Argentina. Physis 22: 151-170.

Rohlf, F.J. (2006). TpsDig: digitize landmarks and outlines, Version 2.05. Stony
Brook, State University of New York, New York.

Salemme, M. (1990). Zooarchaeological studies in the humid pampas,
Argentina. Quaternary of South America and Antarctic Peninsula 6:
309-335.

Scheifler, N. and Messineo, P. (2016). Exploitation of faunal resources by
hunter-gatherers in the center of the Pampa grasslands during the
Holocene: the archaeofauna of the Laguna Cabeza de Buey 2 site (San
Carlos de Bolivar, Buenos Aires, Argentina). Quat. Int. 24: 61-73.

Scheifler, N., Teta, P., and Pardifias, U.F.J. (2012). Small mammals
(Didelphimorphia and Rodentia) of the archaeological site Calera
(Pampean region, Buenos Aires province, Argentina): taphonomic
history and late Holocene environments. Quat. Int. 278: 32-44.

Scheifler, N., Messineo, P., and Pardifias, U.F.J. (2015). Implicancias
tafonémicas y paleoambientales de los pequefios vertebrados del
sitio arqueoldgico Campo Laborde (centro de los pastizales
pampeanos, Buenos Aires, Argentina). Archaeofauna 24: 187-208.

Teta, P. and Campo, D.H. (2017). Is Galea tixiensis Quintana, 2001 a synonym
of G. leucoblephara Burmeister, 1861? Therya 8: 209-216.

Teta, P., Formoso, A., Tammone, M., de Tommaso, D., Fernandez, F.J.,
Pardifas, U.F.J., and Pardifias, U.F.J. (2014). Micromamiferos, cambio
climético e impacto antrépico: ;Cudnto han cambiado las
comunidades del sur de América del Sur en los Gltimos 500 afios?
Therya 5: 7-38.

Teta, P., Ojeda, R.A,, Lucero, S.0., and D’ Elia, G. (2017). Geographic variation
in cranial morphology of the Southern Mountain Cavy, Microcavia
australis (Rodentia, Caviidae): taxonomic implications, with the
description of a new species. Zool. Stud. 56: 1-18.

Tonello, M.S. and Prieto, A.R. (2008). Modern vegetationpollen-climate
relationships for the Pampa grasslands of Argentina. J. Biogeogr. 35:
926-938.

Tonello, M.S. and Prieto, A.R. (2010). Tendencias climaticas para los
pastizales pampeanos durante el Pleistoceno tardio-Holoceno:
estimaciones cuantitativas basadas en secuencias polinicas fésiles.
Ameghiniana 47: 501-514.

Tonni, E.P. (1985). Mamiferos del Holoceno del partido de Loberia, Provincia
de Buenos Aires. Aspectos Paleoambientales y bioestratigraficos del

F.J. Fernandez et al.: Rediscovery of an extinct species —— 467

Holoceno del Sector Oriental de Tandilia y Area Interserrana.
Ameghiniana 22: 283-288.

Tonni, E.P. (2017). Cambios climaticos en la regién pampeana oriental
durante los ultimos 1000 afios. Una sintesis con énfasis en la
informacién zoogeogréfica. Rev. Mus. La Plata 2: 1-11.

Tonni, E.P. (2025). El cambio climético en la Argentina desde el Ultimo
Maximo Glacial, las variaciones en las asociaciones faunisticas y las
extinciones. In: Miotti, L. and Fernandez, F.J. (Eds.). Zooarqueologia de
vertebrados en América. Un enfoque tedrico, metodoldgico y prdctico.
Universidad Nacional de La Plata, La Plata, pp. 295-311.

Tonni, E.P., Bargo, M., and Prado, J. (1988). Los cambios ambientales
en el Pleistoceno tardio y Holoceno del S.E. de la Prov. de Buenos
Aires a través de una secuencia de mamiferos. Ameghiniana 25:
99-110.

Tonni, E.P., Cione, A., and Figini, A. (1999). Predominance of arid climates
indicated by mammals in the pampas of Argentina during the Late
Pleistocene and Holocene. Palaeogeogr. Palaeoclimatol. Palaeoecol.
147: 257-281.

Tonni, E.P., Huarte, R., Carbonari, .E., and Figini, AJ. (2003). New
radiocarbon chronology for the Guerrero Member of the Lujén
formation (Buenos Aires, Argentina): palaeoclimatic significance.
Quat. Int. 109: 45-48.

Ubilla, M. and Rinderknecht, A. (2001). El género Galea Meyen 1831
(Rodentia, Caviidae) en el Pleistoceno de Uruguay, primeros registros
y descripcién de una nueva especie extinguida. Bol. R. Soc. Esp. Hist.
Nat. Ser. Geol. 96: 111-122.

Ubilla, M. and Rinderknecht, A. (2014). Comparative analysis of Galea
(Rodentia, Caviidae) and expanded diagnosis of Galea ortodonta Ubilla
and Rinderknecht, 2001 (Late Pleistocene, Uruguay). Geobios 47:
255-269.

Ubilla, M., Pifieiro, G., and Quintana, C.A. (1999). A new extinct species of the
genus Microcavia (Rodentia, Caviidae) from the upper Pleistocene of
the northern basin of Uruguay, with palaeobiogeographic and
palaeoenvironmental comments. Stud. Neotrop. Fauna Environ. 34:
141-149.

Udrizar Sauthier, D.E., Formoso, A.E., Andrade, A., Podest4, D. and Teta, P.
(2020). Key to cranial and mandibular remains of non-flying small
mammals from southern South America. Journal of Archaeological
Science Reports 31: €102310.

Verzi, D.H. and Quintana, C.A. (2005). The caviomorph rodents from the San
Andre’s Formation, east-central Argentina, and global Late Pliocene
climatic change. Palaeogeogr. Palaeoclimatol. Palaeoecol. 219:
303-320.

Vivo, M. and Carmignotto, A. (2004). Holocene vegetation change and the
mammal faunas of South America and Africa. J. Biogeogr. 31: 943-957.

Supplementary Material: This article contains supplementary material
(https://doi.org/10.1515/mammalia-2025-0020).


https://doi.org/10.1515/mammalia-2025-0020

	Rediscovery of an extinct species of caviine rodent of the Late Pleistocene after the Last Glacial Maximum in the Pampasic Domain (Argentina)
	1 Introduction
	2 Regional settings
	3 Materials and methods
	3.1 Fossil sites and study samples
	3.2 Methods

	4 Results and discussion
	4.1 Systematic paleontology and comparative analysis
	4.2 Zoogeographical and paleoenvironmental aspects

	5 Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


