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PROTEROTHERIIDAE AND MACRAUCHENIIDAE (LITOPTERNA, MAMMALIA)
FROM THE PLEISTOCENE OF RIO GRANDE DO SUL STATE, BRAZIL

ABSTRACT –  New materials of the order Litopterna from the late Pleistocene (Lujanian) of Rio Grande do Sul State are
presented here. The specimens are an astragalus and calcaneum, assigned to cf. Neolicaphrium recens, and fragments of
mandible, humeri, tibia and fibula, astragali, besides vertebrae and metatarsal, all of them attributed to Macrauchenia
patachonica. The material described here comes from the municipalities of Santa Vitória do Palmar (Hermenegildo Beach,
Chuí Creek), Uruguaiana (Touro Passo Creek), Alegrete (Sanga da Cruz Creek) and Pantano Grande (Sanga Borba Creek).
The record of these taxa in the Lujanian of Rio Grande do Sul State shows a greater similarity with the fauna in the same
latitudinal belt of Argentina and Uruguay than that of the intertropical region.
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RESUMO – São aqui apresentados novos materiais da Ordem Litopterna para o Pleistoceno final (Lujanense) do Estado do
Rio Grande do Sul. Os espécimes constam de astrágalo e calcâneo, atribuídos a cf. Neolicaphrium recens; e fragmentos de
mandíbula, úmeros, tíbia e fíbula, astrágalos, além de vértebras e metatarsal, todos atribuídos a Macrauchenia patachonica.
O material aqui descrito provém dos municípios de Santa Vitória do Palmar (Balneário Hermenegildo e Arroio Chuí),
Uruguaiana (Arroio Touro Passo), Alegrete (Sanga da Cruz) e Pantano Grande (Sanga Borba). O registro destes táxons para
o Lujanense do RS evidencia, mais uma vez, a maior similaridade da fauna deste estado com a da mesma faixa latitudinal da
Argentina e do Uruguai, do que com a da região intertropical.
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INTRODUCTION

The Litopterna Ameghino, 1889 are native ungulates of
South America that had a wide distribution on this continent
since the late Paleocene until the late Pleistocene. The order
Litopterna (sensu McKenna & Bell, 1997) includes the families
Protolipternidae Cifelli, 1983 (late Paleocene), Notonychopidae
Soria, 1989 (late Paleocene), Adianthidae Ameghino, 1891
(early Eocene - middle Miocene), Proterotheriidae Ameghino,
1887 (late Paleocene - late Pleistocene) and Macraucheniidae
Gervais, 1855 (late Paleocene - late Pleistocene), the last two
being the main goal of this work.

The Proterotheriidae include two subfamilies and 18
genera (sensu McKenna & Bell, 1997), of small and middle
size forms. They are characterized mainly by brachydont to
mesodont dentition and a marked trend toward monodactily,
with digit III more developed, digits I and V lost, and digits II
and IV reduced (Bond, 1999; Bond et al., 2001). They are
recorded for the Tertiary in Argentina, Brazil, Bolivia, Chile,
Colombia and Uruguay (Marshall et al., 1983; Frailey, 1986;
Bond et al., 1995; Bergqvist, 1996; Cifelli & Guerrero, 1997;

Bergqvist et al., 1998; Bond, 1999; Flynn et al., 2002; Kramarz
& Bond, 2005). Since the Mio-Pliocene, their diversity was
reduced and they were considered extinct in the late Pliocene
(Bond, 1999). However, Neolicaphrium recens Frenguelli,
1921 was described for the Lujanian (late Pleistocene, Cione
& Tonni, 2005, including Bonaerian, sensu Bond et al., 2001)
of Argentina (Cordoba Province), and further, finds of this
species were recorded for the Lujanian (including Bonaerian)
of Uruguay (Salto Department) and Argentina (Cordoba,
Corrientes and Santa Fe Provinces) and also for the
Ensenadan (early to middle Pleistocene, Cione & Tonni, 2005)
(Córdoba Province, Argentina) (Alvarez, 1974; Perea et al.,
1998; Tauber, 2000; Bond et al., 2001; Ubilla et al., 2007; Vezzosi
et al., 2009). Pitana et al. (2005) reported the presence of an
undetermined Proterotheriidae material for the Lujanian of
southern Brazil (Figure 1).

The family Macraucheniidae includes three subfamilies
and 16 genera of middle size to very large forms. The
representatives of this family are more conservative in dental
and postcranial aspects than proterotherids, and are
characterized mainly by the retraction of the nasals and the
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backward shift of the narines and by complete dental formula
(Bond, 1999). They are recorded for the Tertiary of Argenti-
na, Brazil, Bolivia, Colombia and Chile (Marshall et al., 1983;
Perea et al., 1994; Bond et al., 1995; Cifelli & Guerrero, 1997;
Bond, 1999; Flynn et al., 2002; Croft et al., 2004, 2007). For
the Pleistocene of the Buenos Aires Province (Argentina),
Ameghino (1888) described Macrauchenia ensenadensis,
later transferred to the genus Macraucheniopsis by Paula-
Couto (1945). Currently, this species is considered as valid
for the Ensenadan of the Pampean region of Argentina (Bond,
1999). Macrauchenia patachonica Owen, 1838 is recorded
since the Ensenadan, by only one find for the Pampean region
of Argentina (Bond, 1999), and more abundantly for the
Lujanian (including the Bonaerian) of Argentina, in the
Pampean (Buenos Aires, Santa Fe and San Luis Provinces),
Mesopotamian (Corrientes and Entre Rios Provinces),
Patagonian (Santa Cruz Province) and northern regions (For-
mosa and Jujuy Provinces) (Ameghino, 1889; Bond, 1999;
Ferrero et al., 2007; Ferrero, 2009). This species was also
recorded for the Lujanian of southern Brazil, Uruguay,

Paraguay, northern and southern Chile, Peru and Bolivia (from
the Ñuapua and Tarija faunas, where deposits are assigned
to Ensenadan or Lujanian, according to different authors)
(Souza-Cunha, 1959; Marshall et al., 1984; Marshall &
Sempere, 1991; Oliveira, 1992; Buchmann, 1994; Ubilla et al.,
1994; MacFadden & Shockey, 1997; Bond, 1999; Casamiquela,
1999; Ubilla, 2004; López & Labarca, 2005; Scherer et al.,
2006; Coltorti et al., 2007). Macrauchenia patachonica was
recorded for the northeastern Brazilian states of Pernambuco,
Bahia, Ceará, Paraíba and Minas Gerais (e.g., Winge, 1906;
Paula-Couto, 1947, 1954, 1970, 1980; Vidal, 1946, 1955).
Xenorhinotherium bahiense Cartelle & Lessa, 1988 was
described based on material from states of Bahia
(northeastern Brazil) and Minas Gerais (southeastern Brazil).
These authors suggested that all the Macraucheniidae mate-
rial previously recorded from the northeastern Brazil should
belong to this taxon. Later records of macraucheniids from
states of Bahia, Pernambuco, Ceará, Paraíba and Rio Grande
do Norte  were also assigned to X. bahiense (Oliveira et al.,
1989; Bergqvist, 1993; Bergqvist et al., 1997).  Recently, Guérin
& Faure (2004) suggested that this taxon could be a synonym
of Macrauchenia patachonica, including new material from
Piauí State. Nevertheless, some authors (e.g., Socorro, 2006)
do not follow this proposition, considering X. bahiense as a
valid taxon. Xenorhinotherium bahiense was also recently
recorded for the Muaco, Taima Taima and Cuenca del Lago
de Valencia faunas from Venezuela (Socorro, 2006). Recently,
Dias-Neto et al. (2008) referred to the presence of the
Macraucheniidae in the Pleistocene of Alagoas State, but
these authors did not assign the material to Macrauchenia
or Xenorhinotherium due to the absence of diagnostic
elements. For Rio Grande do Sul State, Macrauchenia
patachonica has been recorded for the Coastal Plain of Rio
Grande do Sul, by Souza-Cunha (1959), for Sanga da Cruz
Creek (Alegrete) by Oliveira (1992), Lessa & Oliveira (1996),
Milder (2000) and Scherer & Da-Rosa (2003), and for the
Pantano Grande Municipality by Scherer et al. (2003). Scherer
et al. (2006) revised the material of the Macraucheniidae from
this state and referred the material from the municipalities of
Santa Vitória do Palmar (Hermenegildo Beach), Uruguaiana
(Touro Passo Creek) and Alegrete (Sanga da Cruz Creek) to
Macrauchenia patachonica (Figure 1).

This work provides a description and comparison of fossil
remains of Macraucheniidae and Protherotheriidae from
Pleistocene of Rio Grande do Sul State, and includes a
discussion about the taxonomic relevance of its osteological
and dental features.

GEOLOGICAL SETTING

The material of Litopterna from Rio Grande do Sul State
comes from Pleistocene fluvial and lagoonal deposits, from
the municipalities of Uruguaiana (Touro Passo Creek), Ale-
grete (Sanga da Cruz Creek), Pantano Grande (Sanga Borba
Creek) and Santa Vitória do Palmar (Hermenegildo Beach and
Chuí Creek).

Touro Passo Creek is a tributary on the left bank of the

Figure 1. Geographic distribution of the Macraucheniidae and
Proterotheriidae during the Pleistocene in South America, according
to Paula-Couto (1945), Alvarez (1974), Marshall et al. (1984),
Cartelle & Lessa (1988), Oliveira et al., (1989), Bergqvist (1993),
Bergqvist et al. (1997), MacFadden & Shockey (1997), Perea et al.
(1998), Bond (1999), Casamiquela (1999), Tauber (2000), Bond et
al. (2001), Guérin & Faure (2004), Ubilla (2004), López & Labarca
(2005), Scherer et al. (2006),  Coltorti et al. (2007),  Ubilla et al.
(2007), Socorro (2006), and Vezzosi et al. (2009).
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Uruguay River and is situated 13 km north of  Uruguaiana
City, and its best studied area is at 29°40’S and 56°50’W
(Bombin, 1976) (Figure 2A). In this creek, Bombin (1976)
defined the Touro Passo Formation, composed of a
conglomeratic member, characterized by conglomerates that
could represent channel deposits, overlapped by a muddy
member, characterized by mudstone with sandy lenses and
CaCO

3
 levels (rhizoconcretions), deposited in the floodplain.

The material from Touro Passo Creek does not include details
about the locality and level of collection, but according to
the preservation, it is possible to infer that it comes from the
carbonatic level (middle portion of muddy member) (Figure
2B). Bombin (1976) presented an absolute age of about 11,010
± 190 years BP (Before Present) (14C) for a carbonized wood
sample collected at the base of the muddy member. Milder
(2000) did not regard the members of Bombin (1976) as formally
proposed and called them conglomeratic and muddy facies.
Oliveira & Lavina (2000) proposed that the members of Bombin
(1976) should be just local episodes of sedimentation. Milder
(2000) performed thermoluminescence dating for the middle
portion of the muddy facies, resulting in 15,400 ± 750 years
BP and 16,327 ± 800 years BP (Figure 2B), and Kotzian et al.
(2005) carried out radiocarbon dating based on mollusks found
at the same level, resulting in 15,970 ± 90 years BP and 16,650
± 203 years BP.

Sanga da Cruz Creek is a drainage of Ibicuí River, situated
23 km north of  Alegrete City, at 29º34’S and 55º42’W (Da-
Rosa, 2003; Scherer & Da-Rosa, 2003) (Figure 2A). At some
points of this creek, called Salatiel II, there is the same kind of
lithology as found in Touro Passo Creek, with a lower
conglomeratic level and an upper muddy level, but in such
deposits the strata are thinner. The fossils, including those
studied here, are found in the conglomeratic level, incomplete
and isolated, suggesting a post-fossilization reworking and
with cementation with ferrous material (Scherer & Da-Rosa,
2003). For these levels, thermoluminescence dating indicated
about 14,925 ± 800 and 14,830 ± 750 years BP at the lower
level, associated with mammal fossils, and 13,880 ± 800 and
11,740 ± 600 years BP for the upper muddy facies (Milder,
2000, Da-Rosa, 2003) (Figure 2C). Oliveira (1992) accepted
the ages of 17,830 ± 100 and 17,850 ± 190 years BP reported
by Miller (1987) for these fossil-bearing deposits (including
the material studied here), but these ages were determined
from carbonized wood collected at another lower level of the
Ibicuí River (Ribeiro & Scherer, in press). At another location
of Sanga da Cruz Creek, next to the mouth of the Ibicuí River,
there are only muddy deposits, with some levels differentiated
by the presence of carbonate concretions, like those found
in Touro Passo Creek, although there is none found of
Litopterna in these deposits. Miller (1987) performed 14C
dating that resulted in 12,770 ± 220 years BP for these last
deposits based on a skull of Glossotherium.

Sanga Borba Creek is located about 3 km north of Pantano
Grande City, at 30°09’S and 52°05’W (Scherer et al., 2002,
2003) (Figure 2A). The deposits are composed of white

mudstones partially exposed, eroded, and overlapped by a
conglomerate with a muddy matrix, which constitute the floor
of the drainage and contain the disarticulated and fragmented
fossil material, suggesting reworking. This lithology
represents an alluvial deposition, characterized by a fluvial
facies at the base of the deposition, and slip processes on
top (Átila da Rosa, personal communication). At the moment,
there is no absolute dating for these deposits, but the presence
of Equus (Amerhippus) neogaeus fossils suggest a Lujanian
age (Ribeiro & Scherer, in press).

The Coastal Plain of Rio Grande do Sul had its origin
related to the opening of the Atlantic Ocean in the early
Cretaceous, and has been modified with sea level fluctuations.
The current landscape was developed through lateral
juxtaposition of a depositional system of alluvial fans and
four lagoon-barrier systems formed by transgressive-
regressive events; systems I, II and III are Pleistocene in age,
while system IV is Holocene (Villwock & Tomazelli, 1995)
(Figure 2E). The material studied here was collected along
the shoreline of the Hermenegildo Beach (Figures 2D) and in
Chuí Creek, both of them in the Santa Vitória do Palmar
Municipality (Figure 2A). These fossils are associated with
the deposits of Lagoon-Barrier System III, which have an
estimated age of about 120,000 years BP (Villwock &
Tomazelli, 1995). The Chuí Creek material was collected in
situ in layers exposed near the ridge between Santa Vitória
do Palmar City and Hermenegildo Beach (33°35’26,39’’S and
53°20’22,11’’W) (Lopes et al., 2005). The deposits along this
creek show beach facies at the base, characterized by middle-
grained sandstone, overlapped by a thick layer of muddy
sandstone, probably fluvial or lagoonal in its origin, where
there are the mammal fossils (Lopes et al., 2005). There is no
absolute dating for this fossiliferous level, but the assemblage
permits a Lujanian age to be inferred (Oliveira et al., 2005;
Lopes et al., 2005). The fossils collected in Chuí Creek are
well preserved and sometimes articulated, but can also be
found to be fractured and disarticulated (like the specimen
MCN-PV 3155), suggesting little transport (Lopes et al., 2001).
According to Lopes et al. (2001), the fossils collected on
Hermenegildo Beach should be originally deposited in
lagoonal facies (like those of Chuí Creek), and then reworked
and cemented with calcium carbonate in a marine shore
environment and preserved in parcels and submerged banks
(foreshore and continental platform) along the coast of Rio
Grande do Sul State. The fossil material comes from several
source-areas, such as the Hermenegildo parcel, and presently
these deposits have been eroded and transported due to the
action of present hydrodynamic processes, until the coastline,
where they are found rolled (Buchmann, 1994; Buchmann,
2002).

MATERIAL AND METHODS

The studied material consists of mandibular and
postcranial elements deposited in the Paleovertebrates
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Collection of Museu de Ciências Naturais of the Fundação
Zoobotânica do Rio Grande do Sul and Laboratório de
Estratigrafia e Paleobiologia of the Universidade Federal de
Santa Maria.

The bony terminology follows Sisson & Grossman (1963)
and Schaller (1992), whenever possible. The dental
terminology follows Cartelle & Lessa (1988). The systematics
follows Cartelle & Lessa (1988), for the Macraucheniidae,
and Bond et al. (2001) and Soria (2001) for the Proterotheriidae.
Abbreviations. AMNH, American Museum of Natural
History, New York; DGM, Divisão de Geologia e Mineralo-
gia do Departamento Nacional de Produção Mineral, Rio
de Janeiro; FUMDHAM, Fundação Museu do Homem Ame-
ricano, São Raimundo Nonato; MACN Pv, Museo Argen-
tino de Ciencias Naturales “Bernardino Rivadavia”, Buenos
Aires; MCL, Museu de Ciências Naturais of Pontifícia Uni-
versidade Católica de Minas Gerais, Belo Horizonte; MCN-
PV, Museu de Ciências Naturais of Fundação Zoobotânica
do Rio Grande do Sul, Paleovertebrates Collection, Porto
Alegre; MGGC, Museo Municipal de Ciencias Naturales
Guillermo Gómez Cadret, San Jose; MNRJ, Museu Nacio-
nal do Rio de Janeiro, Rio de Janeiro; MLP, Museo de La
Plata, La Plata; TAR, Collection Tarija, Muséum National
d`Histoire Naturelle, Paris; UFSM , Laboratório de
Estratigrafia e Paleobiologia, Universidade Federal de San-
ta Maria.

SYSTEMATIC PALEONTOLOGY

Order LITOPTERNA Ameghino, 1889
Suborder LOPHOLIPTERNA Cifelli, 1983

Superfamily PROTEROTHERIOIDEA Ameghino, 1887
Family PROTEROTHERIIDAE Ameghino, 1887

Subfamily PROTEROTHERIINAE Ameghino, 1887
cf. Neolicaphrium recens Frenguelli, 1921

(Figures 3A, D, Tables 1-2)

Material. MCN-PV 6976, left astragalus; MCN-PV 8948, left
calcaneum.
Geographical provenance. Hermenegildo Beach (Santa Vitó-
ria do Palmar).
Description. The specimen MCN-PV 6976 (Figure 3A) has
an elongated and slightly narrow morphology; its trochlea is
pulley-shaped with strong vertical crests roughly parallel to
the astragalar body. The lateral crest is greater than the medial
one; the neck is short and shows a very concave fossa at the
base of the neck, located on the dorsal face, which supports
the anterior process of the tibia distal end. The head is convex
with a medial expansion, formed exclusively by the navicular
facet, which extends over the dorsal and plantar surfaces of
the neck, which permits an increase in flexion and extension
movements. Continuous to this facet, the sustentacular facet
is narrowed and slightly convex. The ectal facet is very

Figure 2. A, Location of outcrops where the Litopterna fossils were found in Rio Grande do Sul State; B, Touro Passo Creek, stratigraphic
profile and datings (from Da-Rosa, 2003); C, Sanga da Cruz Creek, stratigraphic profile and datings (from Da-Rosa, 2003); D, general view
of Hermenegildo Beach (from Francisco Buchmann); E, profile of deposits of Coastal Plain of Rio Grande do Sul State (from Tomazelli &
Villwock, 2000).
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concave and deep, forming a large contact with the calcaneum.
Proximolaterally, there is a flat fibular facet, and,
proximomedially, the maleolar facet is characterized by a
slightly concave area continuous with the distal surface.

The calcaneum MCN-PV 8948 (Figure 3D) has an
elongated general morphology with the distal articular portion
broader than the body, which is lateromedially flat and
dorsoplantarly thick, uniformly narrow and thick in all its
extension; there is no differentiated neck. The tuberosity is
broken, but it seems to be slightly broader and thicker than
the calcaneal body. The ectal facet is convex and oblique,
posteriorly and medially extended over the calcaneal body.
The fibular facet was not observed, probably due to poor

preservation. The dorsally directed sustentacular facet is wide
and oval-shaped with greater anteroposterior diameter
extending it until the cuboidal facet margin. A prominent crest
extends from the ectal facet until the cuboid’s facet. The region
between this crest and the sustentacular facet is very concave
and rugose, possibly related to ligament insertion. The dorsal
portion of the cuboid facet is triangular, slightly concave and
medially turned, while the plantar portion of this facet is
lacking.
Discussion. The studied material by its morphology is referred
to the litoptern Proterotheriidae and was compared with the
proterotheriids of the Santacrucian (early Miocene, Flynn &
Swisher, 1995): Diadiaphorus majusculus Ameghino, 1887;

Figure 3. A, cf. Neolicaphrium recens, MCN-PV 6976, left astragalus in dorsal, plantar, lateral and medial views (left to right) (1. neck base
fossa; 2. ectal facet; 3. sustentacular facet); B, Eoauchenia primitiva, MLP 12-2401, right astragalus, in dorsal (left) and plantar (right)
views; C, Epecuenia thoatherioides, MLP 37-III-7-12, left astragalus, in dorsal (left) and plantar (right) views; D, cf. Neolicaphrium
recens, MCN-PV 8948, left calcaneum in dorsal (left), plantar (center) and lateral (right) views (4. calcaneal body; 5. ectal facet; 6.
sustentacular facet). Scale bars = 10 mm.
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Thoatherium minusculum Ameghino, 1887; Anisolophus
floweri (Ameghino, 1887); Tetramerorhinus mixtum
(Ameghino, 1894); Tetramerorhinus cingulatum
(Ameghino, 1891) (Scott, 1910; Soria, 2001); Huayquerian
(late Miocene, Flynn & Swisher, 1995): Epecuenia
thoatherioides Cabrera, 1939; and Montehermosan (early
Pliocene, Flynn & Swisher, 1995): Eoauchenia primitiva
Ameghino, 1888 (Cabrera, 1939; Soria, 2001) (Table 1 and
2, Figure 3). Unfortunately, there is no astragalus or
calcaneum preserved for Neolicaphrium recens, the only
species known for the Pleistocene.

The proterotherid astragali are very similar, but it is
possible to observe that MCN-PV 6976 differs from D.
majusculus and Tetramerorhinus mixtum in the absence of
trochlea inclination, and from Eoauchenia primitiva and
Epecuenia thoatherioides by the head projected
distomedially.

A line graph was made (Figure 4A) comparing the
available measurements of the species of the above mentioned
Proterotheriidae. According to this graph and Table 1, it was
observed that MCN-PV 6976 differs from A. floweri (AMNHN
9271, 15711), D. majusculus (AMNH 9196) and Eoauchenia
primitiva (MLP 12-2401), by its small size, mainly in the
mediolateral diameter and length, but shows a mediolateral
diameter of the head similar to that of Epecuenia
thoatherioides (MLP 37-III-7-12, 37-III-7-4) and
Tetramerorhinus cingulatum (AMNH 15436) and
Tetramerorhinus mixtum (AMNH 15107). The studied
specimen differs from Thoatherium minusculum (AMNH 9167
and 15719) by the greater size in all compared measurements.
Thus, MCN-PV 6976 is similar to Tetramerorhinus and
Epecuenia thoatherioides in size, although this latter species
has slightly greater mediolateral diameter and length, showing
that these are smaller forms than in Anisolophus,
Diadiaphorus and Eoauchenia.

The general aspect of the calcaneum is similar to that of

other compared Proterotheriidae, differing from Thoatherium
by the greater sustentacular facet, smaller concavity of
cuboid facet and absence of fibular facet and third facet on
the ectal protuberance referred to by Bergqvist et al. (1997).
However, the absence of these last facets is not considered
here as very relevant because they could disappear due to
the abrasion process suffered during the reworking of the
material. Relative to the size, the specimen MCN-PV 8948 is
smaller than Diadiaphorus majusculus and Anisolophus
floweri, with its measurements being closer to that of
Tetramerorhinus cingulatum and Thoatherium minusculum
(Table 2, Figure 4B).

Neolicaphrium recens is the only species recorded for
the Pleistocene, in the Argentinean provinces of Córdoba
(Pampean Formation, Ensenadan and Bonaerian), Corrientes
(Yupoí Formation, ?Bonaerian) and Santa Fe (Tezanos Pinto
Formation, Lujanian) (Alvarez, 1974; Tauber, 2000; Bond et
al., 2001; Vezzosi et al., 2009), and in Uruguay in the Salto
Departament (Sopas Formation, Lujanian) (Perea et al., 1998;
Bond et al., 2001; Ubilla et al., 2007). At this moment, all the
finds assigned to this species are skull, mandible, teeth and
some carpal bones. Moreover, as there is no homologous
material of tarsal bones of N. recens, it is impossible to safely
attribute the specimens MCN-PV 6976 and 8948 to this
species.  Therefore, these material, like others known for
Neolicaphrium, show small size (similar to forms of
Thoatherium minusculum, Epecuenia thoatherioides and
Tetramerorhinus mixtum) and because these finds have a
pleistocenic age, we decided to assign them to cf.
Neolicaphrium recens, confirming the presence of
proterotherids in the Quaternary of the Rio Grande do Sul
State, Brazil. This tentative attribution of the astragalus and
the calcaneum to N. recens is also in accordance with the
geographical distribution of the other finds of this taxon, in
the same restricted latitudinal range in Argentina, Uruguay
and now in southern Brazil.

Figure 4. Line graphs. A, comparing the measurements of mediolateral diameter (MD), length (L) and mediolateral diameter of the head
(MDH) of the astragali of cf. Neolicaphrium recens (MCN-PV 6976), Diadiaphorus majusculus (AMNH 9196), Thoatherium minusculum
(AMNH 15719, 9167), Epecuenia thoatherioides (MLP 37-III-7-12, 37-III-7-4), Eoauchenia primitiva (MLP 12-2401), Tetramerorhinus
cingulatum (AMNH 15436) and Tetramerorhinus mixtum (AMNH 15107); B, comparison of the measurements of length (L), length of the
body (LB) and mediolateral diameter of tuberosity (MDT) of calcanea of cf. Neolicaphrium recens (MCN-PV 8948), Diadiaphorus majusculus
(AMNH 9196, 9270, 15799), Thoatherium minusculum (AMNH  9167), and Anisolophus floweri (AMNH 9271).
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Superfamily MACRAUCHENIOIDEA Gervais, 1855
Family MACRAUCHENIIDAE Gervais, 1855

Subfamily MACRAUCHENIINAE Gervais, 1855
Macrauchenia Owen, 1838

Macrauchenia patachonica Owen, 1838
(Figures 5-6, Tables 3-6)

Material. MCN-PV 1487, incomplete right dentary with the
symphyseal region; MCN-PV 2160 and 8842, incomplete
thoracic vertebrae; MCN-PV 324 and 437, distal portions of
left and right humeri, respectively; MCN-PV 3155, distal
portion of right tibia and fibula; MCN-PV 7283 and 8083, left
astragali; UFSM 11184, right astragalus; MCN-PV 1476, left
metatarsal II.
Geographical provenance. MCN-PV 2160 from Touro Passo
Creek (Uruguaiana); MCN-PV 1487, 1476 from Sanga da Cruz
Creek (Alegrete); UFSM 11184 from Sanga Borba Creek
(Pantano Grande); MCN-PV 8842, 324, 437, 7283, 8083 from
Hermenegildo Beach (Santa Vitória do Palmar); MCN-PV 3155
from Chuí Creek (Santa Vitória do Palmar).
Description. The partial mandible (MCN-PV 1487, Figure 5)
includes the symphyseal region, with the alveoli of right and
left I

1-3
, right C and P

1
; the left C and the incomplete right

dentary with P
2
-M

3
 are also preserved. The symphyseal region

is strongly fused and laterally expanded. The dentary body
is elongated, lower in the anterior portion becoming gradually
higher until the posterior region. The ventral margin is
rounded and slightly convex. The lateral surface is flat and
slightly anteroposteriorly concave, with three foramina in
the anterior portion. The first one, located at the P

2
 level, is

greater and oval-shaped, the second one, at the P
4
 level, is

similar to the first but smaller in size, and the third one, at the
M

1
 level, is the smallest and rounded. The medial face is

convex, mainly at the M
3
 level. The mandible ramus is thinner

and expanded dorsally in the coronoid process about 25 mm
from the M

3
. The coronoid process extends dorsally in an

obtuse angle (more than 90°) in relation to the alveolar margin,
with its anterior margin very straight. This process becomes
very narrow in its dorsal portion, the dorsal portion being
fractured. The mandibular notch is shallow and extends
ventrally 15 mm from the dorsal margin of the mandibular
condyle, where there is an increase in the lateromedial
diameter of the ramus. The dorsal surface of the mandibular
notch is continuous with the condylar articular facet, which
is partially fractured, and the preserved portion is flat and
posteriorly turned. The posterior margin of the ramus, which
participates in the angular process, is thin and extends in an
almost square angle in relation to the condyle. In spite of the
posterior portion being fractured, it is possible to observe
that the angular process passes posterior to the condyle
level, as well as passing ventral to the dentary body. The
mandibular foramen is oval and very deep, located about 30
mm below the alveolar margin, opening posteriorly in a wide
elliptical fossa, whose dorsal margin is more evident than the
ventral one.

In the specimen MCN-PV 1487, the I
1-3

 alveoli are triangu-
lar, while the C alveolus is rounded and that of P

1
 is elliptical,

with a larger mesiodistal diameter. The left canine is spatulate
and has two shallow grooves separated by a longitudinal
crest on the lingual face. The premolars and molars show a
rectangular general pattern elongated in the mesiodistal
direction and implanted parallel to the dentary. The P

2-3
 are

Table 1. Measurements of astragali of Proterotheriidae.  Abbreviations: DC, distance between the two crests; DD, dorsoplantar
diameter; DDH, dorsoplantar diameter of the head; L, length;  LMd, length of the middle portion (between the two crests); MD, mediolateral
diameter; MDH, mediolateral diameter of the head. 1from Scott (1910), *measurements taken from photographs.

Table 2. Measurements of calcanea of Proterotheriidae. Abbreviations: DD, dorsoplantar diameter; L, length; LB, length of the body; MD,
mediolateral diameter; MDT, mediolateral diameter of tuberosity. 1from Scott (1910), *approximate measurements.

Taxon  Specimen Number DC DD DDH L LMd MD MDH 
cf. Neolicaphrium recens MCN-PV 6976 12.1 16.2 12.2 30.6 26.8 18.4 16.4 
Diadiaphorus majusculu s AMNH 9196  19.0 26.0 11.7 39.0 32.8 24.8 15.0 

AMNH 157991 - - - 44.0 - 26.0 - 
Thoather ium min usculum AMNH 157191 - - - 28.5 - 16.0 14.0 

AMNH 9167 10.7 18.2 10.4 26.4 22.7 16.7 14.3 
Epecuenia thoatherioides MLP 37-III-7-12* 13.5 21.5 11.3 34.0 29.0 21.5 16.0 

MLP 37-III- 7-4* 12.5 20.0 10.5 32.0 27.5 22.0 15.5 
Eoauchenia primitiva MLP 12-2401* 14.0 22.0 16.0 37.7 31.0 23.5 19.7 
Anisolophus floweri AMNH 92711  - - - 41.0 - 23.0 - 

AMNH 157111 - - - 38.5 - 21.0 - 
Tetra merorhinus cingulatum AMNH 154361 - - - 32.0 - 17.0 16.5 
Tetra merorhinus mixtum AMNH 151071 - - - 32.0 - 18.0 16.0 

 

Taxon  Specimen  Number DD L LB MD MDT 
cf. Neolicaphrium recens MCN-PV 8948 21.0 62.0 * 35.8* 15.9 10.0* 
Diadiaphorus majusculus AMNH 9196 30.0 74.3 * 44.2 26.0 18.4 

AMNH 92701 - 86.0 43.0 - 18.0 
AMNH 157991 - 88.0 44.0 - 21.0 

Thoatherium minusculum AMNH 157191 - 56.0 - - - 
AMNH 9167 21.2 54.0 35.6 15.6 11.0 

Anisolophus floweri AMNH 92711 - 81.0 43.0 - 16.0 
Tetramerorhinus cingulatum AMNH 154361 - 64.5 - 24.0 16.0 

AMNH 157121 - 69.0 - 23.0 15.0 
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buccolingually narrower than the other teeth and have few
marked ectoflexids. In the premolars, the metaconid is well
developed and represents the highest portion of the tooth,
and the lingual basal cingulum borders the two grooves on
both sides of the metaconid. The P

4
 is molariform with the

hypoconid and the paraconid well developed, ectoflexids
more marked and metaconid more robust than in P

2-3
, and

ento- and metaflexids very deep. The molars do not show an
entolophid, the metaconid is very wide and para- and
entoconids are less developed, although they are fractured
in M

2-3
. The M

1
 shows narrower and flatter ectoflexids than

in M
2-3

, which are broad and deep. In the molars and in the P
4
,

the talonids and trigonids are buccally rounded, except the
M

3
 talonid which is V-shaped.
The thoracic vertebra (MCN-PV 2160, Figure 6A) is almost

complete, lacking just the most dorsal portion of the neural
spine. The neural canal is triangular, and the centrum is
rounded in cross-section and slightly convex on the cranial
face and oval section, and flattened on the caudal face. On
both faces, the centrum is bordered laterally by the facets for
the rib capitulum. These facets are ventrally turned, with
elliptical outline and very concave on the cranial face, while
the facets of the caudal face are caudally turned, subcircular-
shaped and less concave than that previously cited. The
transverse process is short and robust, and shows the facet
for the tubercle rib, which is not clear due to preservation.
The postzygapophyses have a rounded outline and the
prezygapophyses are obliterated by concretion (due fragility,
the specimen was not prepared). Because this vertebra is

isolated, it is not possible to recognize its position in the
vertebral sequence. The other thoracic vertebra (MCN-PV
8842) is incomplete, lacking the neural spine, part of the neural
arch, the cranial and caudal faces of the vertebral body and
part of the transverse processes. However, it is possible to
recognize the wide capitulum’s facets, which shows a
morphologic pattern similar to that of specimen MCN-PV 2160.

The incomplete humeri (MCN-PV 324 and 437) (Figures
6B, C) show just the distal portions and a small part of the
body; both specimens show signs of reworking. The humerus
is relatively robust with the distal portion widened gradually
relative to the body, and the most distal mediolateral diameter
is at the epicondylar level. The medial and lateral faces of the
distal portion are flattened. The condyles are wide and simi-
lar to each other in morphology and size, the lateral one being
slightly more expanded distally while the medial one
anteroposteriorly thicker. In anterior view, the trochlea is
bordered by the shallow and subcircular coronoid fossa and,
posteriorly, by the deep and elliptical olecranon fossa. The
ectepicondyle is more developed than the entepicondyle.

The specimen MCN-PV 3155 (Figure 6D) corresponds to
a distal fragment of tibia and fibula partially fused, lacking
the anterior portion of the tibia. Because of the fragmentation
of this material, it was impossible to take its measurements.
The medial and posterior faces of tibia are smooth and flat,
becoming slightly rugose near the articular distal portion.
The distal articular facet of the tibia is characterized by two
concavities with rounded outline separated by a thick
rounded and broad crest, which articulates with the astragalar

Figure 5. Macrauchenia patachonica, MCN-PV 1487, mandible fragment in lateral (top) and occlusal (middle and bottom) views. Scale
bars = 50 mm.
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trochlea. The fibula has two articular facets; the first one is
medially turned, narrow, and slightly concave and articulates
with the fibular facet of the astragalus. The other facet is
distally turned, similar to the first one but more concave
anteriorly and articulates with the calcaneum.

The astragali MCN-PV 7283, 8083 and UFSM 11184 (Fi-
gures 6E-G) are relatively well preserved; the first two show
the major part of the plantar portion eroded, with just the
ectal facet remaining. The third astragalus has the lateral crest
fractured, but the ectal and sustentacular facets are intact.

Figure 6. Macrauchenia patachonica. A, MCN-PV 2160, complete thoracic vertebra in cranial (left) and caudal (right) views; B, MCN-PV
324, distal portion of left humerus; C, MCN-PV 437, distal portion of right  humerus, both in anterior (left) and posterior (right) views; D,
MCN-PV 3155 distal portion of right tibia and fibula in anterior (top) and distal (bottom) views (1. astragalar facet of tibia; 2. calcaneal facet
of fibula); E,  UFSM  11184, right astragalus; F, MCN-PV 8083, left astragalus. G, MCN-PV 7283, left astragalus, all in dorsal (top) and plantar
(bottom) views (3. astragalar trochlea, 4. ectal facet, 5. sustentacular facet); H, MCN-PV 1476, left metatarsal II in dorsal (left), medial
(center) and plantar (right) views.
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The astragali are quadrangular-shaped; the medial and distal
portions of the lateral surface are rugose and flat, while the
proximal portion of the lateral surface shows a wide fibular
facet, which is eroded in MCN-PV 7283 and 8083 and
incomplete in UFSM 11184. The proximal portion of the
astragalus, the trochlea, is wider than the distal portion, the
astragalar head. The trochlea is pulley-shaped, large with
rounded crests separated by a wide and shallow groove, and
covers about two-thirds of the dorsal surface, reaching just a
small portion of the plantar surface. The lateral crest is more
proximally extended than the medial one. The neck is short
and bears the neck base fossa, which is wide and very
concave. The neck is not clearly differentiated from the
astragalar head, having just a small lateral constriction, best
observed in UFSM 11184. The head is characterized by a
convexity at the border with the neck, becoming flat in the
articular facet for the navicular. The ectal facet is lateromedially
elongated, and the sustentacular one is flat and elongated
proximodistally and narrow lateromedially. These two facets
are separated by a narrow and deep groove.

The specimen MCN-PV 1476 (Figure 6H) is a left metatarsal
II, which is elongated with a total length of about 195 mm. Its
medial face is slightly convex and the lateral one shows a
curvature more evident near the distal portion. The medial
and dorsal faces are flat and smooth, and a short and low
crest arises near the proximal articular facet and extends
distally. The distal portion is wide relative to the proximal
one, the mediolateral diameters being  50.1 mm and 32.3 mm,
respectively. On the other hand, the proximal portion is thicker
than the distal one, being about 49.1 mm and 43.3 mm,
respectively. The semilunar proximal articular portion is narrow
lateromedially and elongated in the dorsoplantar direction.
The proximal lateral articulation has two facets separated by a
distance of  20 mm. The dorsal facet of lateral face is concave
and lies 10 mm below the margin of the proximal articular
facet. The plantar facet of lateral face is flat and rounded, and
continues with the proximal facet. The distal articular facet is
rounded, extending on the dorsal and plantar faces, being
divided in two parts by a central crest, which is more
prominent on the plantar face.
Discussion. The material of the Macraucheniidae from Rio
Grande do Sul State was compared, with specimens from Ar-
gentina attributed to Macraucheniopsis ensenadensis by
Paula-Couto (1945); Macrauchenia patachonica, from Ar-
gentina described by Owen (1838), Pascual et al. (1966) and
Ferrero (2009), and material from Bolivia and northeastern of
Brazil attributed to this species by Guérin & Faure (2004);
and with Xenorhinotherium bahiense, from northeastern and
southeastern Brazil described by Cartelle & Lessa (1988), as
well as with that described by Vidal (1955) attributed to
Macrauchenia patachonica. The postcranial elements could
not be compared with M. ensenadensis because there are not
homologous elements referable to this species; and the
postcranial material associated with the type of X. bahiense
is still under study (G. Lessa, personal communication).

The specimen MCN-PV 1487 previously studied by Oli-
veira (1992) and Lessa & Oliveira (1996), was revaluated on

the basis of other characters, material as well compared to
new specimens of X. bahiense and Macrauchenia
patachonica described posteriorly.  This specimen was
compared with the Macraucheniidae forms described for the
South American Pleistocene: Macraucheniopsis
ensenadensis, from the Ensenadan of the Pampean region of
Argentina (Paula-Couto, 1945); Xenorhinotherium bahiense,
from the late Pleistocene of northeastern Brazil (Cartelle &
Lessa, 1988, and the material described by Vidal, 1955 as
Macrauchenia patachonica); Macrauchenia patachonica,
from the Lujanian of Pampean region of Argentina (Vidal,
1955; Pascual et al., 1966) and the material from northeastern
Brazil and Bolivia  studied by Guérin & Faure (2004) (Tables
3-4). The specimen MCN-PV 1487 differs from
Macraucheniopsis ensenadensis and X. bahiense by the
wider symphyseal region and anterior border laterally
expanded, P

4
 and M

1
 with similar mesiodistal length, shorter

molars and canines, and premolars implanted parallel to
dentary, characters present in Macrauchenia patachonica.
The dentary MCN-PV 1487, as in Macrauchenia patachonica,
differs from Macraucheniopsis ensenadensis by the
anteroposteriorly compressed and lateromedially enlarged
condyle, smaller teeth (Table 4) and low dentary (Table 3)
(Paula-Couto, 1945), where the last character is also observed
in X. bahiense. Relative to dentition, MCN-PV 1487 differs
from X. bahiense by the absence of an entolophid in the P

4

and M
1-2

, by the rounded shape of talonids and trigonids and
shallow ectoflexids of these teeth; these characters are simi-
lar to those of Macrauchenia patachonica and
Macraucheniopsis ensenadensis (Cartelle & Lessa, 1988).
Comparing the studied material with that referred to by Guérin
& Faure (2004), it was observed that the Rio Grande do Sul
specimen is smaller than that from São Raimundo Nonato,
Piauí State (FUMDHAM s/n°) and that of Tarija (TAR 816),
in all measurements of the teeth. These specimens also differ
from MCN-PV 1487 by a P

4
 longer than the M

1
, like in

Macraucheniopsis ensenadensis and X. bahiense. However,
this character, often used to distinguish these taxa
(Macrauchenia patachonica with P

4 
and M

1
 with similar

length, and X. bahiense and Macraucheniopsis ensenadensis
with the P

4
 longer) (Cartelle & Lessa, 1988) can be variable,

because there are specimens of Macrauchenia patachonica
(MACN Pv 2, from Argentina) with P

4
 longer than M

1
, as well

others attributed to X. bahiense by Cartelle & Lessa (1988),
with these two teeth being similar in length (MNRJ 01-V, from
Pernambuco) or even  M

1
 being longer than the P

4
 (DGM

151-M, from Bahia). Relative to tooth size, it was observed
that MCN-PV 1487 is similar to Macrauchenia patachonica
(Table 4). In the graph comparing the length measurements of
the teeth (P

4
 and M

1-3
) of Pleistocene Macraucheniidae (Figu-

re 7A), it is evident that the P
4
 length is the most representative

measurement to differentiate Macrauchenia patachonica
from X. bahiense and Macraucheniopsis ensenadensis, while
in the M

1
 and M

2
 length there is a specimen attributed to

Macraucheniopsis cf. M. ensenadensis by Cartelle & Lessa
(1988) (MACN Pv 11450, from Argentina) showing similarity
to Macrauchenia patachonica. On the other hand, the M

3
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Figure 7. Line graphs. A, Comparison of the measurements of P
4
, M

1-3 
length (L) of Macrauchenia patachonica (MCN-PV 1487, MLP 1424,

2465, MACN Pv 2, MGGC s/n°); Macraucheniopsis ensenadensis (MLP 1426, 1456, MACN Pv 11450) and Xenorhinotherium bahiense
(MCL 2644/02 (holotype), 3577); B, Comparison of the measurements of P

3-4
, M

1-2 
length (L) of Macrauchenia patachonica (MCN-PV 1487,

MLP 2465, MGGC s/n°, TAR 816, FUMDAHM s/n°); Macraucheniopsis ensenadensis (MLP 1426, 1456, MACN Pv 11450) and
Xenorhinotherium bahiense (MCL 2644/02, 3577).

Table 3. Measurements of dentaries of Macraucheniidae. Abbreviations: DM1, depth of dentary at the M1 level; DM3, depth of dentary at
the M3 level; LD, length of dentary from the posterior condylar limit until the anterior symphyseal edge; MDM1, mediolateral diameter of
dentary at the M1 level; MDM3, mediolateral diameter of dentary at the M3 level. 1from Paula-Couto (1945), 2Paula-Couto (1947), 3Vidal (1955),
4Ferrero (2009).

Taxon  Specimen Number DM1 DM 3 LD MDM1 MDM3 
Macrauchenia patachonica MCN-PV 1487 60.9 69.5 417.3 27.9 32.9 

MLP 14241. 2 54.0 - 455.0 29.0 - 
MLP 24651. 2 61.0 - 426.0 28.6 - 
MACN 21.2.3 63.0 71.4 438.0 29.0 - 
MGGC s/n°4 49.0 64.5 - - - 

Macraucheniopsis ensenadensis MLP 14561 70.0 - - - - 
MLP 14261 66.0 - 485.0 - - 

Xenorhinotherium bahiense DGM 151-M2 57.2 74.0 - 29.0 38.0 
MNRJ 01-V3 47.0 - - 29.0 - 

 
Table 4. Measurements of teeth of Macraucheniidae. Abbreviations: P2L, P2 length; P2W, P2 width; P3L, P3 length; P3W, P3 width; P4L, P4

length; P4W, P4 width; M1L, M1 length; M1W, M1 width; M2L, M2 length; M2W, M2 width; M3L, M3 length; M3W, M3 width. 1from Paula-Couto (1945),
2Vidal (1955), 3Cartelle & Lessa (1988), 4Paula-Couto (1947), 5Guérin & Faure (2004), 6Ferrero (2009). *approximate measurements, **mean.

Taxon Specimen 
Number 

P2L P2W P3L P3W P4L P4W M1L M1W M2L M2W M3L M3W 

Macrauchenia 
patachonica 

MCN-PV 1487 24.3 10.8 24.3 12.3 30.0 15.8 29.7 18.2 37.2 18.8 40.1 18.5 
MLP 14241 22.1 12.0 - - 29.0 14.0 29.0 15.0 38.0 17.2 41.5 18.0 
MLP 24651 22.5 12.5 25.2 14.2 31.3 15.7 32.0 19.8 37.2 20.3 43.0 22.6 
MACN 22 - - - - 29.8 15.7 27.4 20.3 36.5 20.0 38.8 18.5 
MGGC s/n°6 22.9 8.5 26.4 12.0 32.4 17.7 29.8 21.2 39.3 21.9 45.9 21.6 
TAR 8165 - - 38.5 16.0 43.0 20.0 39.0 21.5 48.5 22.5 49.0 - 
FUMDHAM 
s/n°5** 

26.8 13.8 30.3 14.2 38.0 17.0 36.6 19.5 43.3 19.5 - - 

Macraucheniopsis 
ensenadensis 

MLP 14261 29.0 14.2 30.5 14.0 37.0* 17.0* 35.0 19.7 47.5 19.2 47.0 18.0 
MLP 14561 32.0 14.9 34.8 16.3 40.0 18.5 36.0 22.0 48.8 23.5 56.0 19.2 
MACN 114503 28.0 13.3 30.0 14.0 36.5 15.6 33.0 19.4 41.0 19.0 45.4 17.8 

Xenorhinotherium 
bahiense 

DGM 151-M 4 - - - - 32.4 14.9 38.8* 18.3 - - 47.0 21.4 
MNRJ 01-V2 - - - - 36.0 17.0 36.0 18.0 40.0 18.0 - - 
MCL 2644/023 27.6 14.3 30.0 15.0 37.7 18.0 36.0 19.0 43.0 20.3 43.0 20.0 
MCL 35773 30.5 13.5 33.0 13.0 37.6 17.0 36.0 18.0 46.0 18.0 46.0 17.4 

 

length is not a representative measurement in the size
distinction between these species, because there is a
specimen of Macrauchenia patachonica where tooth size is
within the variation of Macraucheniopsis ensenadensis and
X. bahiense, and a specimen of X. bahiense among the
Macrauchenia patachonica with regard to tooth size. Besides
this, a specimen of Macraucheniopsis ensenadensis has a

M
3
 length much greater than the others of the analyzed mate-

rial. Also, a graph was made comparing the length of P
3
 to M

2

measurements, to include a greater number of comparable
specimens, mainly those from São Raimundo Nonato and
Tarija. In the graph (Figure 7B), it was possible to observe
that the length of P

3
 and P

4
 are the most representative

measurements to distinguish Macrauchenia patachonica
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and the other species, confirming what was observed in the
aforementioned graph (Figure 7A). Although the length of
M

1
 and, mainly M

2
, did not permit the differentiation of the

Macraucheniidae species, as observed in the aforementioned
graph, the specimen MACN Pv 11450 (referred to
Macraucheniopsis cf. M. ensenadensis) showed a
measurement of M

1-2
 length very similar to that of

Macrauchenia patachonica. On the other hand, it is possible
to see that the specimens referred to by Guérin & Faure (2004)
as Macrauchenia patachonica (TAR 816 and FUMDHAM
s/n°) show values of measurements of the teeth within the
variation of Macraucheniopsis ensenadensis and X.
bahiense. In this way the specimen MCN-PV 1487 is attributed
to Macrauchenia patachonica, on the basis of its similarity
to the Argentinean specimens, than to X. bahiense or to
Macraucheniopsis ensenadensis. We did not follow Guérin
& Faure (2004) proposition because they interpreted
erroneously some dental and cranial features diagnostic of
X. bahiense, in order to consider this species as synonym of
Macrauchenia patachonica, for instance that in X. bahiense
the entolophid occurs only in the P

4
, but not in M

1-2.
 It is

important a complete revision of the material studied by
Guérin & Faure (2004).

The thoracic vertebra (MCN-PV 2160) was previously
reported by Scherer et al. (2006) and is here better described
and discussed. The thoracic vertebrae (MCN-PV 2160, 8842)
were assigned to Macrauchenia patachonica because its
morphology and size compares well with that figured by
Burmeister (1864). Moreover, the studied specimens show a
greater size than MNRJ 211-V, from Pernambuco, which was
referred to by Vidal (1946, 1955) as a lumbar vertebra, but
analyzing this specimen we conclude that it is an incomplete
thoracic vertebra that can be assigned to X. bahiense
according to the proposal of Cartelle & Lessa (1988). This is
in according to Lessa & Cartelle (1995), who considered that
the vertebrae of Macrauchenia patachonica are greater than
ones of X. bahiense.

Relative to the humeri, reported also by Scherer et al.
(2006), here it were taken several measurements of the distal
portion of specimens MCN-PV 324 and 437 (Table 5), which
are smaller than the Argentinean material referred to by
Burmeister (1864), Alvarez (1943) and Sefve (1925), and relative
to the morphology, are very similar to that figured and
described by these authors. The studied material is also
smaller than the humerus from São Raimundo Nonato and
that from Argentina (mediolateral diameter of 140.5 mm and

anteroposterior diameter of 98.5 mm) referred to by Guérin &
Faure (2004). On the other hand, when compared to the com-
plete humerus from Pernambuco, described by Vidal (1955)
(MNRJ 180-V), the specimens from Rio Grande do Sul are
more robust, mainly MCN-PV 437. Vidal (1955) also presented
measurements of the Macrauchenia patachonica humerus
from the Pampean region of Argentina, where the distal
mediolateral diameter is greater and the distal articular
mediolateral diameter smaller than the material from Rio Gran-
de do Sul. Thus, based on the humerus, it is not possible to
differentiate the species of the Macraucheniidae from
northeastern Brazil and those from the Pampean region, as
already referred to by Cartelle & Lessa (1988).

Because the tibia and fibula (MCN-PV 3155) are
incomplete, it was impossible to obtain exact measurements;
thus, its identification as Macrauchenia patachonica was
based on comparative analysis with the illustration of the
material referred to by Owen (1838). In spite the specimen is
incomplete; it shows some features described by Owen (1838),
like the tendinous groove in the lateral face of the fibula.

The astragali (UFSM 11184, MCN-PV 7283 and 8083,
reported by Scherer et al. (2003, 2006)) do not show
morphologic differences relative to that described and figured
by Owen (1838). On the other hand, they differ from the
specimen FUMDHAM 48901 (from Piauí State, figures 4 B, C
of Guérin & Faure (2004)), which has a plantar expansion of
the trochlea, and an astragalar head with a lateral expansion,
characters not observed in the MCN-PV 7283, 8083 and UFSM
11184. The last feature was observed also in the specimen
MNRJ 09-V figured by Vidal (1955) as Macrauchenia
patachonica, and considered as X. bahiense by Cartelle &
Lessa (1988). Relative to the size, (Table 6, Figure 8), MCN-
PV 7283 and 8083 have measurements within the variation
observed for Macrauchenia patachonica from Argentina.
These specimens from Rio Grande do Sul are larger in almost
all measurements in comparison to the finds from São
Raimundo Nonato, Piauí State (Toca da Barra do Antonião
and Lagoa de São Vitor) (FUMDHAM 1648, 7955, 48901)
studied by Guérin & Faure (2004). However, the
anteroposterior diameter of the astragalar head of specimens
MCN-PV 7283 and 8083 had much smaller values than all
compared specimens, which can be due to the erosion of this
face on this material. The specimen UFSM 11184 is smaller
than most of the astragali analyzed, being more similar in size
with the material from Piauí. The material of X. bahiense from
Pernambuco (MNRJ 09-V), referred to by Cartelle & Lessa

Table 5. Measurements of humeri of Macraucheniidae. Abbreviations: ADD, anteroposterior diameter of distal portion; HOF, height of the
olecranon fossa; MDD, mediolateral diameter of distal portion;  MDDA, mediolateral diameter of distal articular surface; MDOF, mediolateral
diameter of the olecranon fossa. 1from Vidal (1955), 2Guérin & Faure (2004),3Alvarez (1943).

Taxon  Sp ecimen Number ADD HOF MDD MDDA MDOF 
Macrau chenia patachonica MCN-PV 324 82.6 4 2.3 127.7 93.9 54.5 

MCN-PV 437 78.6 - 131.7 94.8 61.7 
MACN 96763 - 4 1.4 144.0 83.0 58.0 
MLP 14 24 1 - - 138.0 88.0 - 
MLP 24 65 1 - - - 75.0 - 
FUMDHAM 2673 2 87.5 - 136.0 - - 

Xenorhinotherium bahiense MNRJ 180 -V 1 - - 124.0 67.0 - 
MNRJ 181 -V 1 - - 120.0 57.0 - 
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(1988), has measurements very similar to the variation
observed for Macrauchenia patachonica. Thus, it is possible
to conclude that the astragalus, like other postcranial
elements, does not show a size pattern that permit the
Macraucheniidae material from Argentina and southern Brazil
to be distinguished from that of northeastern Brazil representing
Macrauchenia patachonica and Xenorhinotherium
bahiense respectively. More complete material could
contribute to the differentiation between these forms.

The identification of MCN-PV 1476 (reported by Scherer
et al., 2006) as Macrauchenia patachonica was mainly based
on the description of a metatarsal II by Guérin & Faure (2004)
and on the fractured metatarsal described and figured by
Owen (1838). Relative to size, MCN-PV 1476 is longer, about
195 mm, compared to the Piauí specimens, where the longest
specimen is only 188 mm. Therefore, it is possible to conclude
that the Rio Grande do Sul metatarsal is slightly larger than
the material from São Raimundo Nonato, studied by Guérin

& Faure (2004). This observation suggests that the
proposition of Cartelle & Lessa (1988) could be acceptable,
because they considered that the metapodials of
Macrauchenia patachonica are more robust than those from
northeastern Brazil, attributing them to X. bahiense.

The dentary shows conclusive characters that permit to
assign to Macrauchenia patachonica. However, the
postcranial elements did not present any diagnostic
characters to be assigned to this species. Since the material
from Rio Grande do Sul State is late Pleistocene, from which
the only known species is Macrauchenia patachonica, and
due to the geographic location, the postcranial elements are
here tentatively attributed to that species. Still, previous works
(e.g., Lessa & Cartelle, 1988, Lessa & Cartelle, 1995) considered
that there is no difference in the postcranial skeleton between
these two species.

FINAL CONSIDERATIONS

Here, is described and confirmed the presence of the
Proterotheriidae in the Pleistocene from Rio Grande do Sul
State. This record was based on an astragalus and calcaneum,
tentatively assigned to cf. Neolicaphrium recens, the only
species of the family known for the Pleistocene. The hind
limb elements of this species are unknown, but the size of the
studied specimens is very small (similar to forms of
Thoatherium and Epecuenia) like the other cranial and man-
dibular specimens already known for N. recens. These finds
add a new record of Proterotheriidae confined to a restricted
latitudinal belt in the Pleistocene of South America.

The finds of the Macraucheniidae from Rio Grande do
Sul State are scarce and incomplete; being almost only
postcranial specimens, and therefore, their identification is
difficult, since the cranial and dental material provide the
most diagnostic characters at a particular level. The Rio Gran-
de do Sul specimens here were assigned to Macrauchenia
patachonica, because the mandible fragment and the most
postcranial studied specimens are similar in size and
morphology to that from Argentina pertaining to this species.

Figure 8. Line graph comparing the measurements of mediolateral
diameter (MD), mediolateral diameter of the head (MDH) and
dorsoplantar diameter of the head (DDH) of the astragali of
Macrauchenia patachonica (MCN-PV 7283, 8083, UFSM 11184,
MLP 2503, 2504, 2347, 2465, FUMDAHM 48901, 1648) and
Xenorhinotherium bahiense (MNRJ 09-V).

Table 6. Measurements of astragali of Macraucheniidae. Abbreviations: DC, distance between the two crests; DDH, dorsoplantar
diameter of the head; DDL, dorsoplantar diameter of the lateral face; DDM, dorsoplantar diameter of the medial face; L, length; LL, length
of the lateral face; LM, length of the medial face; LMd, length of the middle portion (between the two crests); MD, mediolateral diameter;
MDH, mediolateral diameter of the head. 1from Vidal (1955), 2Guérin & Faure (2004).

Taxon  Specimen 
Number 

DC DDH DDL DDM L LL LM LMd MD MDH 

Macrau chenia 
patachonica 

MCN-PV 7283 46.4 33.7* 36.8* 47.9* 87.8 85.5 85.1 74.1 70.7 53.0 
MCN-PV 8083 49.0 33.0* 35.5* 42.7 94.2 89.6 89.0 75.9 72.6 52.9 
UFSM 11184 46.6 33.6 - 48.8 - - 72.5 62.3 61.6 49.4 
MLP 25031 - 51.0 57.0 - 99.0 - - - 83.0 61.0 
MLP 25041 - 51.0 64.0 - 89.0 - - - 75.0 60.0 
MLP 23471 - 45.0 52.0 - 80.0 - - - 69.0 55.0 
MLP 24651 - 53.0 62.0 - 91.0 - - - 73.0 61.0 
FUMDHAM 
489012 

62.0* 41.0 35.5 55.5 81.0 79.5 78.5 66.5 67.0 51.5 

FUMDHAM 
16482 

59.5 38.0* 38.0 - 80.0 81.0 81.0 67.0 64.0* 47.0* 

FUMDHAM 
79552 

- - - - 78.0 - 78.0 67.0 - - 

Xenorhinotherium 
bahiense 

MNRJ 09-V1 - 45.0 59.0 - 86.0 - - - 69.0 57.0 
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The comparisons and graphic analysis carried out here
indicated, as referred to by Cartelle & Lessa (1988), that there
are few postcranial differences between the material from
northeastern Brazil (that could pertain  totally to X. bahiense)
and that of Macrauchenia patachonica from Argentina.

We believe it is necessary to restudy the material referred
to by Guérin & Faure (2004) to determine whether the materi-
al from Piauí State truly pertains to Macrauchenia
patachonica, since the latitudinal position, characters and
size of the material (see discussion above) indicate that they
could pertain to another species of the Macraucheniidae.
The record of Macrauchenia patachonica for Rio Grande
do Sul is in accordance with the biogeographic segregation
proposed by Cartelle & Lessa (1988) that this species had an
austral distribution, from Bolivia to southern Chile, whereas
X. bahiense occurred in the intertropical region, in
northeastern Brazil and Venezuela.
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