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Abstract

Nothrotheriops is mainly recorded during the Pleistocene of the United States, but it is also present in
South America. Among the species of Nothrotheriops, N. texanus differs from N. shastensis in size (N.
shastensis being larger) and in cranial and dental proportions (regarding the mandible, the relationship of
the predental length and the length of the molariform toothrow). A dentary fragment (MRP-G-Pv 041)
from the Puerto San Martin Formation (Late Pleistocene, Santa Fe Province, Argentina) is herein
described. The size and general morphology of MRP-G-Pv 041 allow to locate the specimen in
Nothrotheriops. Given it is not possible to calculate the relative length of the molariform toothrow of
MRP-G-PV 041, the assignment to N. shastensis or N. texanus is not possible. In addition, the fact that
the type mandible of Nothropus carcaranensis lacks the caniniform suggests that Nothropus could
represent a junior synonym of Nothroteriops. Taking into account 1) differences between N. shastensis
and N. texanus, and 2) the assignment of Nothropus carcaranensis to Nothrotheriops; referring MRP-G-PV
041 to any of the known species of Nothrotheriops is not sustained, justifying its assignment to
Nothrotheriops sp. Sedimentological, stratigraphic, and paleontological evidence from the Puerto San
Martin Formation suggest a heterogeneous and complex paleoenvironment, contrasting with the mostly
dry/desert ones in which Nothrotheriops is typically recorded in North America.

Introduction

Folivora (Xenarthra, Pilosa), commonly known as sloths, represents one of the most characteristic
groups of Cenozoic mammals from South America, later expanding into Central and North America. The
earliest record of the clade is tentatively referred to Pseudoglyptodon, whereas extant diversity is
restricted to the arboreal genera Bradypus and Choloepus. The fossil record reveals a wide ecological
diversity, including arboreal, semiarboreal, and terrestrial forms.

Traditionally four main clades are recognized within Folivora: Megatheriidae, Megalonychidae,
Nothrotheriidae, and Mylodontidae (Gaudin 2004; Brandoni et al. 2016). However, molecular analyses
support a more subdivided arrangement, recognizing families such as Acratocnidae, Parocnidae,
Choloepodidae, Megalonychidae, Mylodontidae, Megatheriidae, Nothrotheriidae, and Bradypodidae
(Delsuc et al. 2019). Within Nothrotheriidae, Nothrotheriinae represents the most diverse and widely
distributed subclade during the Neogene and Quaternary. Members of this group—including Nothropus,
Nothrotherium, Pronothrotherium, Nothrotheriops, Mionothropus, Lakukullus, Aymaratherium, and
Mcdonaldocnus— are known from the Middle Miocene of Bolivia and Argentina to the Late Pleistocene of
South America, Central America, and North America (see Brandoni 2014; Pujos et al. 2014; De luliis et al.
2015; Brandoni and McDonald 2015; Brandoni and Vezzosi 2019). During the Pleistocene, the group is
mainly represented by Nothrotherium, recorded from Brazil, Argentina, and Uruguay (Kraglievich 1926;
Hoffstetter 1954; Paula Couto 1971; Cartelle and Fonseca 1983; Perea 2007; Costa da Silva et al. 2019;
Vezzosi et al. 2019a); Nothrotheriops, recorded from the United States, Mexico, Belize, Argentina, and
Uruguay (McDonald 1995; McDonald and Jefferson 2008; De luliis et al. 2015; Brandoni and Vezzosi
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2019; Varela et al. 2023; Vazquez et al. 2025; McDonald et al. 2026); and Nothropus, recorded from
Argentina and Bolivia (Brandoni and McDonald 2015; Quifiones et al. 2017).

In Argentina, species of Quaternary Nothrotheriinae were reported from several Pleistocene localities in
Buenos Aires (e.g., Nothrotherium torresi) and Santa Fe [e.g., Nothropus carcaranensis, Nothrotherium
escrivanense, Nothrotherium roverei, Nothrotherium cf. torresi, Nothrotheriops sp.] provinces (Brandoni
and McDonald 2015; Vezzosi et al. 2019a; Brandoni and Vezzosi 2019; Brambilla et al. 2019).
Additionally, molecular evidence from dung recovered at Cuchillo Curd (Neuquén Province) indicates the
presence of a nothrotheriing, although the absence of associated skeletal remains prevents a more
precise taxonomic assignment (Hofreiter et al. 2003).

Pleistocene deposits of Santa Fe Province are dominated by lithologically homogeneous sequences of
sandy silts and silty sand of aeolian (loess) and/or fluvial origin, with intercalated paleosols and
calcretes (Iriondo and Kréhling 2009; Iriondo 2010). These deposits have historically been locally known
as the ‘Pampas Formation’ (Roth 1888) or ‘Belgranense’ deposits (sensu Castellanos 1943), both
included within the traditional concept of the Pampean Formation sensu lato (see Toledo 2011; Tonni
2011; Prado et al. 2021; Voglino et al. 2023; among others). Under the current lithostratigraphic
framework, they are subdivided into several Middle—Late Pleistocene units, including the Puerto San
Martin, Palo Negro, Timbues, Fortin Tres Pozos, Carcaraiid, and Tezanos Pinto formations (Iriondo and
Krohling 2009; Brunetto et al. 2010; Iriondo 2010; Kréhling and Brunetto 2013; Brunetto et al. 2017).
These units are highly fossiliferous and have yielded abundant remains of continental vertebrates
(Frenguelli 1928; Castellanos 1945; Vezzosi 2016; Vezzosi and Kerber 2018; Vezzosi et al. 2019a, 2019b;
Carrillo-Bricefio et al. 2023; Le Verger 2023). Particularly, the most abundant records include large
Xenarthra, with fragments of dorsal carapace and/or isolated osteoderms of various cingulate armored
species, as well as isolated cranial and postcranial remains of giant sloths, including members of
Megatheriidae, Mylodontidae, and Nothrotheriinae (Brandoni and McDonald 2015; Brandoni and Vezzosi
2019; Vezzosi et al. 2019b, Zamorano et al. 2026).

Along the right margin of the Parana River (Santa Fe Province), the Late Pleistocene Puerto San Martin,
Timbues, and Carcarafid formations crop out extensively (Iriondo and Kréhling 2009; Vezzosi 2015).
Particularly, the Puerto San Martin Formation crops out discontinuously in the cliffs between Coronda
and San Lorenzo localities (Iriondo and Kroéhling 2009) and has yielded a relatively scarce terrestrial
mammalian record (see Vezzosi 2015). However, fossil mammals reported from this sector were
originally assigned to the Pampean Formation sensu lato (Roth 1888; Frenguelli 1926; Rusconi 1931;
Castellanos 1945, 1973, 1980; Carrillo-Bricefio et al. 2023; Le Verger 2023), prior to the establishment of
the current lithostratigraphic framework.

Here, we report and describe a mandibular fragment referred to Nothrotheriops sp. from the Late
Pleistocene of Santa Fe Province, Argentina, providing morphological insights and ecological flexibility in
a heterogeneous paleoenvironment.
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Material and methods

In order to identify and characterize the specimen described herein, comparative analyses were
conducted using mandibular material referred to several species of Nothrotheriinae. The sample
includes Miocene to Pleistocene taxa: Nothrotheriops shastensis, Nothrotheriops texanus, Nothrotherium
maquinense, Nothropus carcaranensis, Nothropus tarijensis, Nothropus priscus, Pronothrotherium typicum,
Pronothrotherium mirabilis (including Pronothrotherium figueirasi, see Gaudin et al. 2020)

and Mionothropus cartellei (Table 1). For chronological purposes, we follow the International
Chronostratigraphic Chart (Cohen et al. 2013; ICS 2026). Measurements were taken using a digital
caliper (accuracy: 0.01 mm) and are reported in millimeters; additional measurements were obtained
using the open-source software ImageJ.

Linear regression analysis was performed using mandibular depth vs molariform toothrow length (see
Supplementary Electronic Data). The hypsodonty index (HI=mandibular depth/molariform toothrow
length) was calculated for each complete specimen and used to compare Neogene and Quaternary
Nothrotheriinae (Table 1).

Institutional abbreviations. CMGS, Ghizzoni Personal Collection, Salto, Uruguay; FC-DPV, Facultad de
Ciencias - Coleccion de Vertebrados Fosiles, Montevideo, Uruguay. GRCA, Grand Canyon National Park,
(US National Park Service), Arizona, USA; INAH, Instituto Nacional de Antropologia e Historia, México;
LACM, Natural History Museum of Los Angeles County, Los Angeles, USA; LACM HC, Natural History
Museum of Los Angeles County, Hancock collection at the Rancho La Brea Tar Pits and Museum, Los
Angeles, USA; MACN A, Coleccion Ameghino, Museo Argentino de Ciencias Naturales “Bernardino
Rivadavia”, CABA, Argentina; MACN Pv, Coleccion Paleontologia Vertebrados, Museo Argentino de
Ciencias Naturales “Bernardino Rivadavia”, CABA, Argentina; MNRJ, Museu Nacional, Rio de Janeiro,
Brazil, MRP-G-Pv, Museo del Rio Parang, Puerto San Martin, Santa Fe, Argentina; UA, University of
Arizona, Tucson, USA; UCMG, Universidade Catolica de Minas Gerais, Minas Gerais, Brazil; UF, Florida
Museum of Natural History, University of Florida, Gainesville, USA; UMMP, University of Michigan
Museum of Paleontology, Ann Arbor, USA; USNM, United States National Museum of Natural History,
Washington D.C., USA.

Anatomical abbreviations. mf, molariform; po, posterolateral opening of the mandibular canal.
Geological setting

Three major geomorphological regions are recognized in Santa Fe Province: the Austral Chaco, Northern
Pampa, and Southern Pampa plains (Iriondo 2010). The specimen MRP-G-Pv 041 (herein described) was
recovered near the historical site known as Bajada Quebracho (32° 40' 41.69640" S, 60° 43' 35.84280"
W), between the industrial area and the vicinity of Puerto San Martin city, Santa Fe Province, Argentina
(Fig. 1A). The study area is located within to the Northern Pampa plain (NPP), as defined in regional
geological maps, and is characterized by the Unequal Blocks Area (Iriondo 2010; Brunetto et al. 2025).
The lithostratigraphic and chronological framework of the NPP comprises Middle Pleistocene—Holocene
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fluvial, lacustrine, and eolian sedimentary sequences (Krohling and Iriondo 1999, 2003; Iriondo 2010;
Krohling and Brunetto 2013; Krohling and Carignano 2014; Brunetto et al. 2017).

Based on field observations, MRP-G-Pv 041 comes from deposits of the Puerto San Martin Formation
(Iriondo and Krohling 2009; Brunetto et al. 2025). This unit is exposed at the base of the cliff from the
mouth of the Coronda River to the locality of Puerto San Martin (Iriondo 1987, 2010; Iriondo and Kréhling
2009), and it is overlain by younger Late Pleistocene deposits (Fig. 1B). Depending on the exposure, the
overlying units correspond to the Palo Negro, Ituzaingé, Carcaraig, or Tezanos Pinto formations (Iriondo
and Krohling 2009). The Puerto San Martin Formation consists mainly of yellowish-brown to olive silty
deposits with pedogenic structure, locally including ferruginous mottles, carbonate rhizoconcretions, and
calcretized horizons (Iriondo and Kréhling 2009; Franco et al. 2019). These deposits record the
alternation of low-energy fluvial-palustrine environments with intervals of eolian sedimentation,
reflecting phases of increased accommodation and aggradation. The fossil-bearing levels analyzed here
occur below the calcretized upper sector of the succession.

Recent Optically Stimulated Luminescence (OSL) dating and sequence stratigraphic analyses from the
Frias Stream, south of the study area, provide novel chronological constraints (see Vezzosi 2015;
Vezzosi et al. 2019a; Brunetto et al. 2023). At this stream, exposed basal deposits that underlie deposits
correlated with the Puerto San Martin Formation are interpreted as being at least Middle Pleistocene in
age (Chibanian; Cohen et al. 2013; Brunetto et al. 2023; ICS 2026). Thus, the fossil-bearing levels of the
Puerto San Martin Formation from which MRP-G-PV 041 derives are interpreted as belonging to the early
part of the Late Pleistocene, an interpretation consistent with their subsequent correlation to the Last
Interglacial (MIS 5).

At a broader regional scale, the Northern Pampa and Southern Mesopotamia preserve sedimentary
successions that record the interglacial—glacial cyclicity characteristic of the Quaternary (Brunetto et al.
2010, 2015; Ferrero et al. 2017; Thalmeier et al. 2021). At these latitudes, high sea-level stands are
associated with humid periods typical of interglacial stages (Vezzosi et al. 2019a; Brunetto et al. 2010,
2025), exerting a strong control on fluvial dynamics through variations in the regional base level. In this
context, the Puerto San Martin Formation records humid intervals associated with high sea-level
conditions and enhanced fluvial aggradation during the Last Interglacial MIS 5 (Iriondo, 2010, 2012;
Brunetto et al., 2015, 2017, 2025). Comparisons with nearby fluvial successions, including those of the
Carcaraia River, further support this interpretation (Vezzosi et al. 2019b).

Systematic paleontology

Superorder XENARTHRA Cope, 1889

Order FOLIVORA Delsuc, Catzeflis, Stanhope, and Douzery, 2001
Family NOTHROTHERIIDAE Ameghino, 1920

Subfamily NOTHROTHERIINAE Ameghino, 1920
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Genus Nothrotheriops Hoffstetter, 1954

Type species. Nothrotheriops shastensis.

Nothrotheriops sp.

Figure 2, Table 1

Referred material. MRP-G-Pv 041 fragment of the right dentary.

Geographic and Stratigraphic provenance. Bajada Quebracho (32° 40' 41.69640" S, 60° 43' 35.84280"
W), vicinity of Puerto San Martin locality, Santa Fe Province (Fig. TA), NPP, Unequal Blocks Area (Iriondo
2010; Brunetto et al. 2025), central Argentina; Puerto San Martin Formation, Late Pleistocene (Fig. 1B).

Description and comparison

MRP-G-Pv 041 is similar in size to most of the specimens of N. texanus and Nothropus carcaranesis;
whereas Mionothropus cartellei, Pronothrotherium typicum, P. mirabilis, and Nothrotherium maquinense
are smaller, and most of the specimens of N. shastensis and Nothropus tarijensis are larger (Fig. 3, Table

1).

As in M. cartellei, P. typicum, P. mirabilis, N. texanus, N. shastensis, Nothropus priscus, N. tarijensis, and N.
carcaranensis, in MRP-G-Pv 041 the ventral margin of the dentary (i.e., ventral margin of the bulge) is
convex (Fig. 2A, B, D), with its maximum depth at the plane of the mf2; whereas in N. maquinense it is
nearly horizontal with the ventral bulge less pronounced. The hypsodonty index (HI=mandibular
depth/molariform toothrow length) is 1.01 in MRP-G-Pv 041; whereas in N. shastensis ranges from 0.9 to
1.20, in N. texanus ranges from 0.89 to 1.1, and in Nothropus spp. ranges from 1.005 to 1.08 (see Table

1.

As in M. cartellei, P. typicum, P. mirabilis, N. texanus, N. shastensis, N. priscus, N. tarijensis, and N.
carcaranensis, in MRP-G-Pv 041 the anterior margin of the coronoid process is posterior to the posterior
plane of mf3, making this tooth visible in lateral view (Fig. 2A). The posterolateral opening of the
mandibular canal is closer to the anterior margin of the coronoid process, entirely posterior to the plane
of the mf3, and below to the occlusal plane (Fig. 2A). The described position of posterolateral opening of
the mandibular canal is similar in most other Nothrotheriinae, but in P. typicum the posterolateral opening
of the mandibular canal is slightly anterior, close to the plane of the posterior margin of the mf3.

As in Nothrotherium and Nothrotheriops, in MRP-G-Pv 041 the toothrow is composed by three
molariforms (Fig. 2C), and the caniniform is considered to be absent (see Casali et al. 2026); whereas in
Mionothropus cartellei and the species of Pronothrotherium the caniniform is present and separated from
the mf1 by a short diastema. In N. carcaranensis a very small foramen appears in front of the anterior
margin of m1, which was considered by Quifiones et al. (2017) to be the alveoli of the caniniform. In
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MRP-G-Pv 041 a small foramen is located near the anterior wall of the m1 (Fig. 4A), but as occur in N.
carcaranensis (Fig. 4B) and Nothrotheriops (Figure 4C) it seems like it is a vascular foramen and not de
alveoli of a caniniform.

The occlusal surface of the molariforms has mesial and distal lophids separated by an open transverse
‘V’ valley, and as in other Nothrotheriinae the molariforms (mf1 and mf2) have lingual and labial vertical
grooves (Fig. 2C). The mf1 is subtrapezoidal in outline (length: 11.02 mm; width: 14.53 mm), has its
anterior face slightly concave and the posterior one convex; the mf2 is subrectangular in outline (length:
11.72 mm; width: 14.00 mm) has its anterior face slightly convex and the posterior one convex, and as
was mentioned above, has lingual and labial vertical grooves; the mf3 is quadrangular in outline (length:
13.00 mm; width: 13.33 mm) having its anterior face slightly convex and the posterior one flat.

Linear regression analysis of mandibular depth against molariform toothrow length (N = 36, r = 0.9221, p
< 0.0001; see Supporting Electronic Data) places MRP-G-Pv 041 (within the 95% bootstrapped
confidence interval) closest to Nothrotheriops texanus and slightly distant to N. shastensis and Nothropus
carcaranensis (Fig. 3). This quantitative result is consistent with the qualitative morphological
comparisons presented above, in which MRP-G-Pv 041 is similar to specimens referred to
Nothrotheriops.

Discussion

In the Pleistocene of America, Nothrotheriinae is represented by Nothrotherium, Nothrotheriops, and
Nothropus. Among these, Nothrotherium and Nothrotheriops (clade Nothrotheriini; De luliis et al. 2011)
are relatively well-studied, based on multiple specimens, whereas Nothropus is mainly represented by
isolated dentaries (see Burmeister 1882; Bordas 1942; Quifiones et al. 2017). Morphological differences
between Nothrotheriops and Nothrotherium were discussed by Paula Couto (1971) and De luliis et al.
(2011), among others. In the dentary, the main differences are related to size, with Nothrotherium being
smaller than Nothrotheriops, and the shape of the ventral bulge, which is convex in Nothrotheriops and
horizontal in Nothrotherium.

The dentary of Nothropus carcaranensis is similar in size to those of Nothrotheriops texanus, and slightly
smaller than most of the specimens assigned to Nothrotheriops shastensis (Table 1, Fig. 3). Additionally,
in both Nothrotheriops texanus and Nothrotheriops shastensis the caniniform is absent; whereas in
Nothropus carcaranensis it is likewise absent or at least not observable (but see Quifiones et al. 2017).
However, this tooth is present in Nothropus priscus and Nothropus tarijensis.

The general morphology of MRP-G-Pv 041, including the presence of three molariforms and absent

caniniform, the shape of the ventral bulge, and overal size, supports its assignment to Nothrotheriops.

Among the species of this genus, N. texanus differs from N. shastensis in size (N. shastensis being larger

than N. texanus) and in cranial and dental proportions, particularly in the relationship between predental

length and molariform toothrow length (McDonald 1995; McDonald and Jefferson 2008). In this sense,

the molariform toothrow of N. shastensis is relatively larger than that in N. texanus. Given the predental
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region is not preserved in MRP-G-PV 041, this ratio cannot be assessed, precluding assignment to either
species. In addition, as noted by Brandoni and McDonald (2015), the absence of a caniniform in the type
mandible of Nothropus carcaranensis and the convexity of the ventral margin of the bulge raises the
possibility that this taxon may not belong to Nothropus, and could instead be assigned to Nothrotheriops.
Taken together, these considerations support the assignment of MRP-G-Pv 041 to the genus
Nothrotheriops. However, taking into account the abovementioned considerations regarding the 1) the
diagnostic differences between N. shastensis and N. texanus, and 2) the taxonomic uncertainty
surrounding N. carcaranensis, the assignment of MRP-G-PV 041 to a particular species is not sustained,
then its assignment to Nothrotheriops sp. results appropriate.

For the Late Pleistocene of Santa Fe Province, Nothrotheriinae comprises Nothropus carcaranensis,
Nothropus priscus, Nothrotherium escrivanense, Nothrotherium roverei, Nothrotherium cf. torresi, and
Nothrotheriops sp. (see Quifiones et al. 2017; Vezzosi et al. 2019b; Brandoni and Vezzosi 2019; Brambilla
et al. 2019; Le Verger 2023). Although this taxonomic diversity seems to be high for a relatively small
geographical area, most taxa are represented by isolated, non-overlapping elements from different parts
of the skeleton (e.g., dentaries for Nothropus spp., a humerus for Nothrotherium roverei, a partial femur
for N. cf. torresi), precluding direct comparisons among them. This issue and its systematic implications
have been discussed by Brandoni and McDonald (2015) for several femora referred as Nothrotheriinae
indet., which show similarities to a femur assigned to Nothrotheriops sp. by Brandoni and Vezzosi
(2019). Besides, Quinones et al. (2017) considered N. priscus as a species inquirenda (“a species of
doubtful identity needing further investigation.” ICZN, 1999: 116), suggesting that the diversity of
Nothrotheriinae in the Late Pleistocene of Santa Fe Province may be overestimated.

In the case of N. escrivanense, the specimen PIMUZ A/V 477 (Roth collection at PIMUZ) was collected
from the cliffs of the Carcaraia River. Although Le Verger (2023) suggested a possible Plio—Middle
Pleistocene age for this fossil and other xenarthran remains recovered from the area, the exposed cliffs
are predominantly composed of deposits of Late Pleistocene age sensu stricto (Kréhling 1999; Iriondo
and Krohling 2009; Brunetto et al. 2017, 2023, 2025; Vezzosi et al. 2019b), suggesting a younger age for
N. escrivanense. Thus, although the available geological evidence favors a Late Pleistocene age, a
Middle Pleistocene age for this taxon cannot be completely ruled out. A comprehensive systematic
revision of Pleistocene Nothrotheriinae, incorporating precise stratigraphic and geographic data, is
needed to better resolve the taxonomic diversity of the group.

The exact age of the sediments where the specimen MRP-G-Pv 041 was recovered (i.e. Puerto San
Martin Formation) is unknown; however, taking into consideration the evidence from chronological dates
from deposits correlated with the Puerto San Martin Formation (see Vezzosi 2015; Brunetto et al 2017),
the available chronology indicates that this stratigraphic sequence in the area was deposited during the
last Pleistocene interglacial interval (MIS 5), approximately 90 to 118 kyr ago. The MIS 5 interval has
been interpreted as a relatively warm and humid climatic phase in northeastern Argentina, characterized
by the expansion of fluvial systems and wetlands (Brunetto et al. 2017), environmental conditions that
may have favored the southward expansion of warm-adapted mammals. The record of Nothrotheriops
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sp. from Santa Fe Province (herein reported) chronologically coincides with the earliest records of
Nothrotheriops shastensis, suggesting a broad geographic distribution of Nothrotheriops during the Late
Pleistocene, ranging from 33°-36°N (e.g., states of California and Arizona, USA) to 32°S (Bajada
Quebracho, Santa Fe Province, Argentina). Thus, Nothrotheriops would have dispersed from North
America (where Nothrotheriops has early records, Calabrian—Middle Pleistocene) to South America
where localities bearing Nothrotheriops or its allies are Late Pleistocene in age (Brandoni and Vezzosi
2019), a dispersal that may have been facilitated by the favorable paleoenvironmental conditions
prevailing during the MIS 5 interglacial.

In general, species of Nothrotheriinae have been interpreted as inhabitants of predominantly open
environments, browsing on a variety of xerophytic vegetation (Thompson et al. 1980; Ghilardi et al.
2011). In North America, Nothrotheriops has likewise been considered well adapted to arid and semi-arid
environments, although it was also associated with a greater variety of habitats, including mesic and
riparian environments (see McDonald and Jefferson 2008; Green 2009; McDonald 2023; Kurre and
DeSantis 2025; McDonald and Ruddell 2025). Additional lines of evidence, including paleobotanical and
molecular data, have also supported a more opportunistic browsing or mixed-feeding strategy for
Nothrotheriops shastensis (see Poinar et al. 1998; Hofreiter et al. 2000). In sum, compared with other
sloths recorded during the Pleistocene of North America, Nothrotheriops is the most adapted genera to
xeric environments (McDonald 2023); however, the occupation of heterogeneous environments was also
considered.

In South America, Nothrotheriops has been recorded from Pleistocene deposits of Argentina, Brazil, and
Uruguay (Oliveira et al. 2017; Brandoni and Vezzosi 2019; Varela et al. 2023). Stable isotope data from
the Arroyo del Vizcaino site, Uruguay (ca. 30 ka, Late Pleistocene; Farifia et al. 2014) indicate 6'3C values
consistent with C; plant-dominated diets, and 680 values suggesting relatively dry and/or warm climatic
conditions (Varela et al. 2023). Records from central Brazil likewise suggest drier conditions with
expanded open vegetation during the Pleistocene—Holocene transition (Oliveira et al. 2017). However,
studies in America have emphasized that Nothrotheriops was capable of inhabiting a wide range of
environmental conditions, from cold and arid to warm and humid (De Iuliis et al. 2015; Brandoni and
Vezzosi 2019; Vezzosi et al. 2019a). In this context, Brandoni and Vezzosi (2019) proposed relatively
more humid conditions for the lowlands of southern South America (including Santa Fe Province) during
interglacial phases of the Late Pleistocene.

As was mentioned, the sedimentological and stratigraphic evidence from the Puerto San Martin
Formation indicates deposition in low-energy fluvial-palustrine systems developed under conditions of
increased accommodation and aggradation, consistent with extensive wetlands and relatively humid
climatic conditions. Paleobotanical data, including the occurrence of Proteaceae fossil wood
(Scalarixylon sp.), further support the presence of heterogeneous vegetation cover and environmentally
dynamic conditions, reflecting alternating humid and relatively drier phases during deposition, as well as
the development of forested or densely vegetated sectors under warmer and humid conditions (Franco
et al. 2019). The mammalian assemblage, including both mega- and micromammals (Equidae, Cervidae,
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Chinchillidae, Chlamyphoridae, Gomphotheriidae, and Proterotheriidae; Vezzosi et al. 2019), supports the
interpretation of environmentally heterogeneous landscapes composed of open woodland. Furthermore,
chronological constraints indicate that these deposits were formed during the Last Interglacial (MIS 5), a
period characterized in this region by increased humidity and higher base levels.

The presence of Nothrotheriops in Puerto San Martin Formation suggests that Nothrotheriops was
capable of exploiting heterogeneous and environmentally complex landscapes during the Late
Pleistocene. Together, the sedimentology, stratigraphy, and paleontological evidence further supports the
interpretation of dynamic environmental mosaics in the NPP during MIS 5, within which Nothrotheriops
likely occupied a broad range of available habitats. Such ecological flexibility, together with the
expansion of suitable habitats during the Last Interglacial, may also have facilitated the southward
dispersal of the genus into southern South America.

Conclusion

The record of Nothrotheriops sp. from the Late Pleistocene of Santa Fe Province expands the known
distribution of the genus in southern South America and provides new insights into its paleoecology. The
geo-paleontological evidence indicates that the specimen likely derives from fluvial-palustrine deposits
of the Puerto San Martin Formation, formed under low-energy floodplain conditions during MIS 5.
Paleoenvironmental data suggest the development of heterogeneous landscapes, including wetlands,
open areas, and vegetated patches associated with Proteaceae, under relatively humid climatic
conditions. The contrasting paleoenvironmental conditions documented across the Pleistocene record
of Nothrotheriops, together with the paleoenvironmental framework reconstructed here for Puerto San
Martin Formation, are consistent with the occurrence of the genus across a broad range of
paleoenvironmental conditions. These conditions may have provided suitable environments and plant
resources during interglacial phases, potentially facilitated the dispersion of the genus into southern
South America during the Late Pleistocene, as proposed for other taxa under interglacial regimes.
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Taxon / Specimen

Mionothropus cartellei / LACM #6°%/117533

Nothropus carcaranensis / MACN Pv 11555

Nothropus priscus / MACN Pv 975
Nothropus tarijensis / MACN A 1112
Nothrotherium maquinense / CMGS-c10-1.
Nothrotherium maquinense / MNRJ 2115
Nothrotherium maquinense / UCMG 1020
Nothrotheriops sp. / INAH PF 2050-428
Nothrotheriops sp. / MRP-G-PV 041
Nothrotheriops shastensis / GRCA 21959
Nothrotheriops shastensis / LACM 1840
Nothrotheriops shastensis / LACM 5-5-9
Nothrotheriops shastensis / LACM 3029
Nothrotheriops shastensis / LACM 3031
Nothrotheriops shastensis / LACM 15125
Nothrotheriops shastensis / LACM 21749
Nothrotheriops shastensis / LACM HC 166
Nothrotheriops shastensis / LACM HC 203
Nothrotheriops shastensis / LACM HC 418
Nothrotheriops shastensis / LACM HC 636
Nothrotheriops shastensis / LACM HC 637
Nothrotheriops shastensis / UA no #
Nothrotheriops texanus / UF 64348
Nothrotheriops texanus / UF 64349
Nothrotheriops texanus / UF 83100
Nothrotheriops texanus / UF 83594
Nothrotheriops texanus / UF 83900
Nothrotheriops texanus / UF 84626
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Length
36.8
441
33.5
53.9
40.5
33
37
46.7
43.3
50.1
45.5
42.9
54.6
53.5
53.5
42.3
57.3
57.3
52.3
53.7
50
53
44.2
31.9
47.5
44.5
43.1
45.6

Depth
45
47.7
36.1
54.2
36.5
30
31.4
432
44
48.6
48.3
38.7
56.9
51.5
51
40.8
54.3
57.7
52.7
53.5
60.3
52.4
42.5
28.5
43.9
46.4
41.8
46.8

HI

1.223
1.081
1.077
1.005
0.901
0.909
0.849
0.925
1.016
0.970
1.062
0.902
1.042
0.963
0.953
0.965
0.948
1.007
1.008
0.995
1.206
0.989
0.962
0.893
0.924
1.043
0.970
1.026



Nothrotheriops texanus / UF 86121 45.7 44.3 0.969

Nothrotheriops texanus / UF 86899 45.4 46.2 1.018
Nothrotheriops texanus / UMMP V3352 45 50.3 1.118
Nothrotheriops texanus / USNM 11665 47.7 51 1.069
Pronothrotherium mirabilis / FC DPV 271 25.7 29.2 1.136

Pronothrotherium mirabilis (=P. figueirasi) / FC DPV 270  30.3 26.5 0.875
Pronothrotherium typicum / MACN Pv 8140 37 34.5 0.932
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Figure 1

A) Sketch map showing the Nothrotheriopssp. (MRP-G-Pv 041) record from Northern Pampa plain, Santa
Fe Province, Argentina. B) deposits of the Puerto San Martin Formation at Bajada Quebracho from which
Nothrotheriops sp. (MRP-G-Pv 041, red star) was recovered.
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Figure 2

Fragment of the right dentary of MRP-G-Pv 041 in A) labial, B) lingual, C) occlusal views, and D)
schematic reconstruction of the right dentary in labial view. Abbreviations: mf, molariform tooth; po,
posterolateral opening of the mandibular canal. Scale bars equal 1 cm.
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Figure 3

Linear regression of mandibular depth against molariform toothrow length for fossil Neogene and
Quaternary American Nothrotheriinae. The position of MRP-G-Pv 041 (red star) is indicated for
comparison. Dotted lines represent the 95% bootstrapped confidence interval.
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Figure 4

Comparison in occlusal view of A) MRP-G-Pv 041, B) Nothropus carcaranensis from South America
(MACN 11555, Santa Fe, Argentina), and C) Nothrotheriopssp. from North America (INAH PF 2050-428,
Aguas Calientes, México). Abbreviation: mf, molariform tooth Scale bars equal 1 cm.
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