
New records of Hippidion principale and Equus neogeus from Salado 
River (Buenos Aires Province, Argentina)

José L. Prado, María T. Alberdi, Ricardo Bonini, and Héctor Crispiani †

With 6 figures and 5 tables

Abstract: This study describes several remains referred to Hippidion principale and Equus neogeus 
from a classic locality in Buenos Aires Province: the Salado River. For taxonomic identification of 
the appendicular remains was performed a multivariate analysis that included the metacarpals and 
phalanges described and several remains recorded in various locations in Argentina and Brazil. For 
determination of the skull remains was made a comparative study with other skulls from different 
localities. These data increasing the record of Equidae in South America and provide new evidence 
about the chronological distribution. Radiometric data was obtained by the AMS method and dating 
the site between 12 to 14 KYBP. In general, bearing sediments are referable to the Lujanian Age and 
the Biozone of Equus neogeus.
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1. Introduction

Horses are a conspicuous group of immigrant mammals 
from North America that arrived in South America du-
ring the late Pliocene and no survived the megafaunal 
extinction approximately ten thousand years ago. The 
most recent papers of Equidae in South America (Al-
berdi 1987; Alberdi & PrAdo 1992, 1993, 2004; PrAdo 
et al. 1987, 1998, 2000, 2005, 2013a, b; Alberdi et al. 
1989, 2001a, b, 2003; PrAdo & Alberdi 1994, 1996, 
2012; among others) distinguish two genera: Equus and 
Hippidion. Each genus has specific dental morphology, 
with a clear intraspecific variability. Hippidion has a 
more primitive morphology than Equus, and its body 
structure is most robust (PrAdo 1984; Alberdi 1987; 
Alberdi et al. 1986, 1987; PrAdo & Alberdi 1994, 2014, 
2016; der SArkiSSiAn et al. 2015, among others). The 
Hippidion genus was defined by owen (1869) based on 
a molar from the Lagoa Santa (Brazil) and figured by 
lund (1846). Alberdi & PrAdo (1993) and PrAdo & 
Alberdi (1996) recognized this genus as endemic from 

South America, where it is recorded from the Pliocene 
to the late Pleistocene mainly in Argentina, Bolivia, 
Brazil, Chile, Peru, and Uruguay. Alberdi & PrAdo 
(1993) reviewed this group and recognized three spe-
cies: Hippidion principale (lund), Hippidion devillei 
(GervAiS), and Hippidion saldiasi (roth).

The earliest appears of Equus in South America 
record corresponds to the middle Pleistocene of Ta-
rija (Bolivia), dated by MAcFAdden et al. (1983) and 
MAcFAdden (2013) around 1.0-0.8 Ma. Many articles 
have been published to arrange the knowledge of the 
Equus species in South America. PrAdo & Alberdi 
(2017) reviewed this group and recognized three va-
lid species: Equus andium brAnco, 1883 ex wAGner 
(1860), Equus insulatus AMeGhino, 1904, and Equus 
neogeus lund, 1840.

The Amerhippus subgenus was created by hoFF-
Stetter (1950) to include all different species of Equus 
genus from South America. Recently, PrAdo & Alberdi 
(2017) questioned the use of subgenus Amerhippus. The 
new molecular data increases the known phenotypic 
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plasticity of horses and consequently cast doubt on the 
taxonomic validity of the subgenus Amerhippus (or-
lAndo et al. 2008).

The new remains of horse analyzed here come from 
the fossiliferous locality called La Chumbiada, Gene-
ral Belgrano town, in the Salado River near the city 
of Las Flores in the Buenos Aires Province (Fig. 1). 
Dr. criSPiAni and oteGui recorded the fossils. These 
specimens constitute a new record of horses in South 
America that complete the description of these species. 
The aim of this paper is to present a detailed descrip-
tion of this material, its precise taxonomic status, and 
stratigraphic location. In addition, through the morpho-
logical and biometric analysis of the remains described, 
the paleoenvironmental adaptations of these findings 
are analyzed.

2. Stratigraphical and chronological context

Fossils equids described in this contribution came from 
several points along Salado River, close to La Chum-
biada locality (35°43’34.39” S, 58°46’33.56” W). In 

recent years, different authors proposed several geolo-
gical schemes (FidAlGo et al. 1973; dillon & rAbASSA 
1985; dAnGAvS & blASi 2002; dAnGAvS 2009; dAnGAvS 
& reynAldi 2008; Fig. 2). FidAlGo described for the 
lower sector of the Salado River basin, the Lujan For-
mation (upper Pleistocene-Holocene in age) composed 
by two members: Guerrero, of the fluvial origin, and 
Río Salado, lacustrine (FidAlGo et al. 1975, 1991). In 
addition, this author describes the edaphostratigraphic 
units Puesto Callejón Viejo and Puesto Berrondo, deve-
loped at the top of Guerrero and Río Salado members, 
respectively; and crowned this sequence, the current 
alluvial deposits. dillon & rAbASSA (1985) proposed 
a new stratigraphic unit from the basal deposits of the 
Guerrero Member, which called La Chumbiada Mem-
ber (late Pleistocene in age). In this way, the Lujan 
Formation recognized on the banks of Salado River, 
would be comprised since base to top by La Chum-
biada, Guerrero and Río Salado members. Moreover 
recently, new stratigraphic, geomorphological, chrono-
logical and paleontological studies reveal lithological 
and temporal differences with respect to the original 
descriptions (FuckS et al. 2007, 2012; MAri et al. 2013; 

Fig. 1. Location map with sampling site.
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PrAdo et al. 2013b; ScAnFerlA et al. 2013; PiSAno & 
FuckS 2016). Since this new data, FuckS et al. (2015) 
propose a new stratigraphic scheme to the sedimen-
tary sequences outcropping along of the lower sector 
of the Salado River basin. While it is a new propo-
sal, the researchers keep the name of the formational 
unit (i.e. Lujan Formation) given the tradition of this 
name for fluvial deposits of the region; as well as the 
lower subdivision. In La Chumbiada we can observe a 
typical sequence described by FuckS et al. (2015). In 
the base, we can recognize La Chumbiada Member, 
which lies unconformably on the Pampean Fm. (sensu 
González bonorino 1965). This unit is composed by 
brown to pinkish gravel muds to sandy muds, homo-
geneous to very stratified, compact but friable (FuckS 
et al. 2015), and their origin is related to floodplains 
deposits. ScAnFerlA et al. (2013) recognized a muddy 
gray and black deposit 1.5 m thick is inserted in the 
La Chumbiada Member and associated with a paleo-
lake, in which found remains of fossils mammals like 
Hippidion principale, Smilodon populator, Doedicurus 
clavicaudatus, and Megatherium americanum, among 
others. This level was dated between 12 to 14 KYBP 
(Table 1). Also, are recognized the overlying deposits 
to La Chumbiada Member that were reconsidered by 
FuckS et al. (2015) and PiSAno & FuckS (2016). This 
authors recognized the Gorch Member from the gray-
ish sandy mud deposits of the basal part (which could 
correspond to part of Guerrero Member sensu FidAlGo 
et al. 1973), to gray to pale yellow sands mud slightly 
gravely to slightly gravely sands grayish, in the upper 

part (it would correspond to the Río Salado Member). 
In addition, a large amount of pulverulent calcium car-
bonate and gypsum, which can also appear as small 
rosettes are present. The age of this member is boun-
ded by the approximately 11.6 to 5.6 KYBP. At the top 
of Lujan Formation, FuckS et al. (2015) and PiSAno & 
FuckS (2016) recognized the Puente las Gaviotas Mem-
ber, which is represented by grayish to brownish sands, 
dated between approximately 3 KYBP to 600 YBP.

The profile presented in Fig. 3 illustrates the sedi-
mentary succession exposed on the right bank of the 
Salado River near the La Chumbiada site. It is repre-
sented by a succession of approximately seven meters 
of thickness, sediments of mainly fluvial-lacustrine 
origin. The level A it is represented by a dark gray 
edaphised level 0.3 to 0.5 m tick and corresponds to 
the current soil. Level B it is characterized by light 
grayish siltstones, with a slight horizontal lamination. 
In this level, in some cases, freshwater mollusks are 
recognized. Level C it is composed by light grayish to 
yellowish and, in some case, pale green-yellow sands to 
silty sands deposits. These deposits generally are mas-
sive in which canaliculus; bioturbations and carbonate 
concretions are evident. This level should be assigned 
to the Gorch Member (sensu FuckS et al. 2015). Level 
D it constitutes the base to the relieved sequence. This 
is composed by brown, reddish to gray pinkish sandy 
siltstones sediments with canaliculus and in some cases 
carbonate concretions. This unit could be associated 
with the La Chumbiada Member.

Fig. 2. Stratigraphic schemes of the study area (modified from dAnGAvS & reynAldi 2008). 
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3. Material and methods

The fossil remains belong to the collection of Dr. Héctor G. 
criSPiAni, which are stored at the paleontological collection 
of the Museum of the city of Las Flores and the Museum 
of the city of Rauch kindly ceded by Dr. E. oteGui (cited 
below).

For morphometric and comparative analysis we used data 
on South American horses described by PrAdo & Alberdi 
(1994, 2008, 2012), Alberdi & FrASSinetti (2000), Alberdi 
et al. (2003), Alberdi & PrAdo (2004), PrAdo et al. (2005), 
and rincón et al. (2006). For determination of the skull re-
mains was made a comparative study with other skulls from 
different localities. The nomenclature and measurements are 
based on the recommendations and rules elaborated by the 
“Hipparion Conference” (eiSenMAnn et al. 1988). All dimen-
sions are in millimeters.

For comparative analysis new remains are incorpora-

ted into the large database already used in previous works 
(PrAdo & Alberdi 2016). Specifically, the remains of the 
metapodials and phalanges from different localities (MCIII, 
MTIII, 1PHIII and 2PHIII) were analyzed through principal 
component analysis (PCA) in order to examine the relation-
ships between the different groups of equids known in South 
America. The PCA of Hippidion skeletal measurements are 
based on 74 1PHIII and 67 2PHIII and the PCA of Equus 
skeletal measurements are based on 65 MCIII, 75 MTIII, 149 
1PHIII and 101 2PHIII.

To explore which group of these new data are associated 
we used the discriminant analysis (AD) that allowed us to 
know the affinity of the new remains with one of the known 
groups. In this analysis, we included all the variables tog-
ether leaving the group under study in order to observe with 
which group of those already known have a greater relation-
ship and the degree of it. The statistical package SPSS 15.0 
was used for these analyzes.

Fig. 3. Stratigraphic section at the studied locality, near to the “La Chumbiada” location, Salado River, Buenos Aires.

Fig. 4. Principal Component Analysis (PCA) of MCIII, MTIII, 1PHIII and 2PHIII of Equus and 1PHIII and 2PHIII of 
Hippidion. 
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Fig. 4.
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Fig. 5. Discriminant Analysis (DA) of MCIII, MTIII, 1PHIII and 2PHIII of Equus and 1PHIII and 2PHIII of Hippidion. 
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4. Results

The PCA distinguished two main groups, one small 
in size and another large in size, between them an in-
termediate size overlapping in different degree. In the 
PCA of 1PHIII the explanation of the cumulative va-
riance of the first three components reaches 87.08% 
and that of the 2PHIII is 96.78%. In Fig. 4 we see how 
both elements are distributed between rather large, 
although 2PHIII is also close to those of intermediate 
size. The characters that most influence the first three 
components are indicated in Table 2. In the case of the 
PCA of the MCIII, the cumulative variance of the first 
three components reaches a percentage of 89.59%; in 
the case of the MTIII, the cumulative variance reaches 
89.97%; in the 1PHIII, the cumulative variance reaches 
95.38%; and in the 2PHIII the cumulative variance rea-
ches 96.23%. In Figure 4 we see how all these elements 
are distributed among the largest known shapes. The 
characters that most influence the first three compon-
ents are indicated in Table 2. The DA analyses based 
on the PCA groups can provide a correct identificati-
on and its significance degree. Results of DA indicate 
that among the analyzed specimens of MCIII the four 
specimens from Salado River were correctly identified 
(100%) into the Equus neogeus group (Table 5). In case 
of MTIII (75) were correctly identified in 100% of ca-
ses originally classified (one specimen, Table 5). In 
case of 1PHIII and 2PHIII were correctly identified in 
100% of cases originally classified (4 and 2 specimens 
respectively). In the case of the genus Hippidion the re-
mains are even smaller since we only have one 1PHIII 
and one 2PHIII. The results of the discriminant analy-
sis of the 1PHIII indicate that this specimen is clearly 
included among the remains of Hippidion principale 
already known with a correct previous classification of 
89% of the cases (Fig. 5). The 2PHIII is grouped with 
Hippidion devillei but this element is not significant 
because they are very similar and do not clearly discri-
minate the groups.

5. Systematic paleontology

Order Perissodactyla owen, 1848
Family Equidae GrAy, 1821

Subfamily Equinae GrAy, 1821
Tribe Equini GrAy, 1821

Subtribe Pliohippina PrAdo & Alberdi, 1996
Equus neogeus lund, 1840

Synonymy: See PrAdo & Alberdi (2017).

Holotype: Right metacarpal III, number 866, stored in Zoo-
logisk Museum, Peter W. lund Collection. Copenhagen, 
Denmark.

Geographic distribution: Main remains came from the 
Pampean Region, Argentina; others from Lagoa Santa (lund 
1840), Corumba (cunhA 1981), Sao Raimundo Nonato, Piaui 
(Guérin 1991), Chique-Chique and Aguas do Araxa (PAulA 
couto 1979), and Cota dos Ossos (Alberdi et al. 2003) in 
Brazil; and Arapey Grande creek and Sopas Creek in the 
Sopas Formation, Uruguay; Cerro Gordo (PortA 1960) and 
Tibitó (correAl urreGo 1981), Colombia.

Stratigraphic distribution: Upper Pleistocene of Buenos 
Aires province, Argentina, Brazil, Colombia, and Uruguay. 
PortA (1960) correlated Cerro Gordo (Colombia) with the 
Punian in Ecuador (sensu hoFFStetter 1952).

Type horizon: Lujanian Land Mammal Age.

Studied material: Fragment of left maxilla with P2-M3 and 
part of the area of the vomer and part of the distal area of 
the skull that could correspond to the same individual (no. 
5): two jaws quite complete, one is missing only the left p3 
(no. 4) and the other is missing the left ascending branch (no. 
7); and a fragment of the right jaw with p3-m3 (no. 5). The 
postcranial skeleton has a right humerus, a right radius-ulna 
and several carpal bones (1 right magnum, 1 right lunatum, 
1 right scaphoid, 1 pyramidal or triquetum, 1 proximal se-
samoid, 4 metacarpals, 2 right and 2 left). Three right cal-
caneus; one left metatarsal; four first phalanges, two second 
phalanges and three third phalanges of the central finger, 
only one complete phalanx, all numbered than 4 (Fig. 6).

Description: Two fragments of a skull (no. 5) possibly of 
the same individual that could reach a length between the 
occipital part and the P2 around 405 mm. One retains the 
upper series, P2-M3 left, with the almost complete part of 
the palate; and the other part corresponds to the occipital 
area with the back part of the vomer and the part of the left 
orbit almost complete. The vomer begins at the distal level 
of the protocone of M2. The triangular protocone except in 
P2, which is more oval, with a marked caballin fold in the 
premolars while in the molars, are being lost. The hypocone 
open and more or less oval except in M3 that is isolated 
into the lopho. The wide styles in the premolars with a very 
marked fold in the mesostyle, while in the molars are thin-
ner, narrow and without groove (dimensions of the molars 
in Table 3). 

The jaw (no. 7) is quite complete and preserves the right 
and left series with p2-m3. Lacks the left ascending branch 
or ramus and also conserves the complete symphysis with the 
incisors, i1-i3 right and left in a straight line, and the canines 
are rather strong. The morphology is typical of Equus neo-
geus: with the double knot metaconid-metastylid elongated 
and the linguaflexid very open, protoconid and hypoconid 
with the straight border; the ectoflexid without crossing the 
isthmus in premolars and practically in contact with the lin-
guaflexid in molars. Protostylid is not observed and it seems 
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Fig. 6.
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to have an advanced wear although it still conserves the well-
marked occlusal drawing, except in the m1 that begin to be 
lost (Table 3). 

The dimensions of the jaw (no. 7) are the following: the 
total length of the jaw from the point between the alveoli 
of the i1 to the back of the condyle is 421.5 mm; the length 
of the muzzle is 112 mm; the length of the right premolar 
series p2-p4 is 84 mm, the molar series m1-m3 is 77.5 mm, 
and the total length p2-m3 is 161.5 mm. The same data of the 
left series are 84 / 77 / 160.5 mm, respectively; the straight 
distance between the back of the alveole of m3 and the po-
sterior edge of the ascending ramus is 127 mm; the distance 
between the posterior alveolar borders of the i3 is 67 mm; the 
height of the jaw at the condyle is 221.5 mm; the height of the 
right ascending ramus is 210 mm; the height of the mandible 
posterior to m3 is 116 mm; the height of the jaw between p4 
and m1 is 77 mm; the height of the jaw in front of p2 is 65.5 
mm; length of the symphysis is 89 mm; the minimal breadth 
of the symphysis is 38 mm. 

The other mandible (no. 4) is similar to the previous 
one, it only differs in that it has the two ascending ramus 
completes and lacks the left p3, even the symphysis with the 
previous series (i1-i3 right and left totally straight) and the 
canines rather strong. In addition, we have a younger jaw 
fragment, without symphysis neither ascending ramus. Teeth 
p3-m3 with the figures all well formed and differentiated by 
the presence on p3 and p4 of a strong pli caballinid in the 
ectoflexid that does not cross the isthmus; while in molars, 
m1-m3, it crosses it and is practically in contact with the 
linguaflexid in m2 and m3 (no. 5). The measurements of 
the premolars and molars are in Table 3. The remains of the 
appendicular skeleton present the typical characters of Equus 
neogeus, it seems that they could all correspond to the same 
individual (all marked with No. 4; see Fig. 6).

Genus Hippidion owen, 1869
Hippidion principale (lund, 1846)

Synonyms: See PrAdo & Alberdi (2017).

Holotype: Upper right M2 from the older breccia of the 
Lagoa Santa cave (Brazil), figured by lund (1846, pl. 49, 
fig. 1). Peter W. lund Collection (ZMK).

Type locality: Lagoa Santa, Minas Gerais State, Brazil.

Geographic distribution: South America, from several lo-
calities of the Buenos Aires and Santa Fé provinces (Argen-
tina), Tarija (Bolivia), Artigas Department (Uruguay) and 
Toca dos Ossos and Lagoa Santa (Brazil).

Stratigraphic distribution: Upper Pleistocene, Lujanian 
Land Mammal Age.

Studied material: One young mandible (No. 6) that retains 
the series p2-m3 right and p2-m1 left (i3 and canines come to 
the surface and the right m3 little worn teeth); one fragment 
of jaw that conserves only the i2-i3 in the symphysis and the 
p2 very worn; and one first and a second phalanges of the 
third finger (the two latter without number).

Description: The jaw No. 6 corresponds to a young animal. 
This jaw keeps the symphysis complete, narrow and long, the 
i3 and the canines in germ and lacks the ascending ramus. 
The right jaw has p2-m3 while the left only p2-m1. Only the 
following dimensions can be taken: the muzzle length is ap-
proximately 150 mm; on the right row: premolar length p2-
p4 is 101.5 mm, molar length m1-m3 is 103.6 mm, and total 
length p2-m3 is 208 mm, in the left series only the premolar 
length is 104.7 mm; the muzzle breadth between the poste-
rior alveolar borders of the i3 is 62.1 mm; the height of the 
jaw between p4 and m1 is approximately 90 mm; the height 
of the jaw in front of p2 is around 67 mm; length of the sym-
physis is approximately 115 mm; the minimal breadth of the 
symphysis is 40 mm. The fragment of the right jaw with part 
of the symphysis with the i2 and i3 and the p2 very worn, 
possibly correspond to a rather old animal (without No.); and 
one 1PHIII and 2PHIII from Rauch Museum (without No.) 
(Fig. 6.6, 6.11). The measurements of the premolar and molar 
are in Table 3 and bones in Table 4.

6. Discussion

The morphological features of dental and the appen-
dicular skeleton of the remains from Salado River are 
diagnostic of Equus neogeus. We observe in the PCA 
how both MCIII and MTIII are grouped with larger 
size remains. The multivariate analyzes of PCA and 
DA permitted an assignation to the largest and most 
slender horse in South America, widely distributed in 

Fig. 6. Remains of Equus neogeus and Hippidion principale from Salado River. 1 – Fragment of Equus neogeus skull with 
P2-M3 right (no. 5); 2 – mandible of Equus neogeus almost complete with p2-m3 left and right and symphysis (no. 7); 3 – 
mandible of Hippidion principale with p2-m3 right and p2-m1 left and symphysis (no. 6); 4 – mandible of Equus neogeus 
with p2-m3 right and left (in the latter was missing p3; no. 4); 5 – a fragment of hemimandible of Equus neogeus with p3-
m3 right (no. 5); 6 – a fragment of symphysis with i2 and i3 and jaw with p2 right of Hipparion principale (without no.); 
7 – MCIII right of Equus neogeus (No. 4); 8 – MTIII left of Equus neogeus (Rauch Museum, without no.); 9 – two astragali 
right of Equus neogeus (No. 4); 10 – two 1PHIII of Equus neogeus (no. 4); 11 – 1PHIII and 2PHIII of Hippidion principale 
(Rauch Museum, without no.). Scales in centimeters.
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Brazil, Uruguay, and Argentina: Equus neogeus. The 
PCA analysis on our data in both autopodial remains 
yielded positive value for the coefficients of component 
one, indicating that this component described variation 
in size among the groups. The characters that weigh 
more in this component permit a good identification 
of the groups with minor overlapping between them 
(Fig. 4; Table 2). Which is one more indicator of how 
the adaptation of this group of animals to the environ-
ment is reflected in the distal part of the extremities 
and fundamentally in the metapodials. In the case of 
the phalanges there is an overlap due to the fact that 
both phalanges, anterior and posterior of the same 
animal, present differences in size and are included in 
a single analysis (Fig. 5). In the case of DA, the re-
mains of Salado River are grouped directly with the 
largest species. All this allows us to conclude that the 
remains of Equus horses from Salado River correspond 
to Equus neogeus. In the case of the remains of Hippi-
dion from the Salado River, the PCA and DA analyzes 
of the 1PHIII indicate that it corresponds to Hippidion 
principale. Recently MAchAdo et al. (2017) questioned 
the use of proportions of the bones of the autopodia for 
distinguishing among different horse species in South 
America. We believe that this methodology is com-
plementary to studies of traditional morphology and 
has proven to be a valuable tool in the study of several 
equid groups (dive & eiSenMAnn 1991; ForSten 1998). 
Several proxies utilized for the study of late Pleistocene 
paleoclimate indicated arid environmental conditions 
in the Pampean region, associated with more conti-
nental conditions and environments related to a lower 
sea level (tonni et al. 1999; QuAttrocchio et al. 2008; 
tonello & Prieto 2010). Nevertheless, ScAnFerlA et 
al. (2013) suggest that the predominance of fluvial and 
fluvio-lacustrine deposits recognized in Salado basin 
indicates that around 14 KYBP more humid conditi-
ons prevailed than previously suggested. Hippidion 
principale and Equus neogeus were found in Salado 
River in association with other large mammals such 
as saber-toothed cat (Smilodon populator), the giant 
ground sloth (Megatherium americanum), and a large 
glyptodont (Doedicurus clavicaudatus). ScAnFerlA et 
al. (2013) suggest that this faunal association, composed 
basically of taxa adapted to cold and arid environment 
present during the late Pleistocene, is compatible with 
a glacial period, involving the last glacial stage, which 
also includes the last glacial maximum.

From a biostratigraphy point of view, this faunal 
association was referred to the Lujanian Age (c. 130-
13 KYBP; Alberdi et al. 2003; cione & tonni 2005; 

zuritA et al. 2005). Stratigraphic unit, La Chumbiada 
and Guerrero members of the Lujan Formation, as a 
whole represent the Lujanian, which is biostratigraphi-
cally based on the Equus neogeus biozone (cione et 
al. 2009). More recently, toledo (2011) reinterpreted 
the “Piso Lujanense” based on a sequence stratigraphy 
analysis and AMS, OSL, and ESR dating in the Lu-
jan section. This author proposed that the Pleistocene 
Pampean valley fill spans from OIS 4 to OIS 2 with 
sequence boundaries at 75, 55, 30, 17 and 13 KYBP. 
Hence, this association is consistent with a glacial pe-
riod, possibly involving the last glacial stage, which 
also includes the last glacial maximum (c. 18 KYBP).

Recent studies using carbon isotope analyses reveal 
that these horses had different food adaptations (Sán-
chez et al. 2006; PrAdo et al. 2011). Due to their high 
crowned teeth, it has traditionally been thought that 
horses fed on abrasive grasses. However, carbon isoto-
pic data from the Pampean Region indicate that these 
horses ranged from mixed feeders to more specialized 
C3 grazers. Specimens of Hippidion principale from 
the latest Pleistocene showed a more restricted diet, fee-
ding in primarily wooded C3 grassland, in comparison 
to Equus neogeus that showed a wider plasticity on its 
dietary preferences. Equus neogeus has a wide range 
of δ13C values. Sample from Pampas has δ13C values 
typical of woodland and open C3 grasslands, whereas 
the samples from northeast of Argentina yielded δ13C 
values of C4 areas, with very few samples falling in a 
mixed C3–C4 environment.

7. Remarks and conclusions

Although the horse remains from Salado River are 
scarce, they are enough distinctive in morphology and 
size to be assigned unequivocally to Equus neogeus and 
Hippidion principale.

Equus neogeus is the largest and most slender spe-
cies of the known South American horses (PrAdo & 
Alberdi 2017), and appears to have predominated at 
middle and lower latitudes in eastern South America 
(Argentina, Uruguay, and Brazil). This species occu-
pied savannas or xerophytic grasslands, and conse-
quently would have been better adapted to open and 
arid landscapes. Hippidion were equids characterized 
by a retracted nasal notch, which has been interpreted 
as an adaptation to the presence of a proboscis and 
limbs with robust metapodials. Likewise, Hippidion 
principale, appears to have predominated at middle and 
lower latitudes in eastern South America. This species 
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lived in open habitats under a cold and wet climate 
(Alberdi & PrAdo 1992, 1993; PrAdo & Alberdi 2016, 
2017).
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Appendix

Table 1. Radiocarbon ages in years BP and calibrated of the taxa recorded in the Salado River profile. 

Species 14C Age Cal BP 
old

Cal BP 
young

Cal BP 
median Lab number Material dated Reference Collection 

number

Doedicurus clavicaudatus 14140 ±60 17330 17092 17211 GrA-48480 (AMS) Bone (vertebrae) Prado et al. 2015 MACN-2821

Doedicurus clavicaudatus 12860 ±50 15435 15220 15328 GrA-48961(AMS) Bone (plate) Prado et al. 2015 MACN-6744

Megatherium americanum 11590 ±60 13473 13348 13411 GrA-49130(AMS) Tooth (M1) Prado et al. 2015 MACN-2321

Hippidion principale 14190 ±60 17396 17166 17281 GrA-49323(AMS) bone Prado et al. 2015 MLP-without 
number

Doedicurus clavicaudatus 12380 ±190 14845 14117 14481 LP-2568 (standard) bone Scanferla et al. 2013 MHM-P 63

Smilodon populator 13400 ±200 16399 15818 16109 LP-2140 (standard) bone Scanferla et al. 2013 MHM-P 53

Hippidion principale 12860 ±120 15560 15176 15368 LP-2259 (standard) bone Scanferla et al. 2013 MHM-P 54

Hippidion principale 14120 ±50 17169 16961 17065 Beta-311032(AMS) Tooth (P3) Prado et al. 2013a MHM-P 54

Table 2. Characters most important for Principal Component Analysis (PCA) 1, 2 and 3 components for Equus and Hippidion 
species. The numbers correspond to the measurements recommended in the “Hipparion Conference” New York 1981 (see 
eiSenMAnn et al. 1988). Abbreviations: MCIII, third metacarpal; MTIII, third metatarsal; 1PHIII, first phalanx of the third 
digit; 2PHIII, second phalanx of the third digit. 

Principal 
components

Character 
numbers

Eigen 
value

Equus neogeus
MCIII   
component 1 MCIII13 0.981

MCIII14 0.976
MCIII10 0.973
MCIII5 0.971
MCIII11 0.969

component 2 MCIII16 0.871
MCIII9 -0.713
MCIII3 -0.272

component 3 MCIII8 0.484
MCIII2 -0.440
MCIII1 -0.288

MTIII   
component 1 MTIII11 0.973

MTIII10 0.976
MTIII13 0.966
MTIII14 0.954
MTIII12 0.946

component 2 MTIII8 0.933
MTIII9 -0.313
MTIII2 -0.280

component 3 MTIII9 0.846
MTIII1 -0.300
MTIII2 -0.295

1PHIII   
Component 1 1PHIII6 0.970

1PHIII7 0.968
1PHIII4 0.964
1PHIII1 0.960

Component 2 1PHIII9 0.440
1PHIII8 -0.316
1PHIII2 0.316

Principal 
components

Character 
numbers

Eigen 
value

Component 3 1PHIII5 0.420
1PHIII8 -0.230

2PHIII   
Component 1 2PHIII4 0.955

2PHIII1 0.952
2PHIII3 0.945
2PHIII5 0.919

Component 2 2PHIII2 0.439
2PHIII3 -0.247

Component 3 2PHIII5 -0.364
 2PHIII6 0.315
Hippidion principale
1PHIII   
Component 1 1PHIII7 0.914

1PHIII8 0.897
1PHIII1 0.880
1PHIII5 0.870

Component 2 1PHIII9 0.674
1PHIII6 -0.435
1PHIII2 0.353
1PHIII4 -0.340

Component 3 1PHIII9 0.586
1PHIII2 -0.316
1PHIII3 0.205

2PHIII   
Component 1 2PHIII4 0.966

2PHIII3 0.934
2PHIII5 0.917
2PHIII1 0.902

Component 2 2PHIII6 -0.453
2PHIII1 0.393
2PHIII2 0.392

Component 3 2PHIII5 -0.389
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Table 3. Measurements of Equus neogeus and Hippidion principale teeth from Salado River (Buenos Aires Province). All 
dimensions are expressed in millimeters. Abbreviations: Ls, occlusal length; Bs, occlusal breadth; PrL, occlusal length of 
the protocone; postfl., occlusal length of the postflexid. 

Upper tooth Species Locality Tooth Ls Bs Height PrL
num. 5 Equus neogeus Río Salado P2 right 38.0 23.8 48.0 9.5
num. 5 Equus neogeus Río Salado P3 right 29.6 27.3 64.5 13.0
num. 5 Equus neogeus Río Salado P4 right 28.0 27.6 70.0 12.3
num. 5 Equus neogeus Río Salado M1 right 25.6 26.8 63.0 11.9
num. 5 Equus neogeus Río Salado M2 right 25.9 26.5 69.5 13.5
num. 5 Equus neogeus Río Salado M3 right 25.8 22.8 72.0 14.0

Lower tooth Species Locality Tooth Ls Bs Height Postfl.
num. 7 Equus neogeus Río Salado p2 right 29.8 16.7
num. 7 Equus neogeus Río Salado p3 right 26.9 16.5 11.8
num. 7 Equus neogeus Río Salado p4 right 25.5 16.6 10.0
num. 7 Equus neogeus Río Salado m1 right 23.5 15.7 6.6
num. 7 Equus neogeus Río Salado m2 right 23.0 14.5 6.8
num. 7 Equus neogeus Río Salado m3 right 29.0 13.9 8.3
num. 7 Equus neogeus Río Salado p2 left 29.0 16.4
num. 7 Equus neogeus Río Salado p3 left 27.1 17.9 11.0
num. 7 Equus neogeus Río Salado p4 left 25.5 17.2 10.7
num. 7 Equus neogeus Río Salado m1 left 24.1 17.0 5.9
num. 7 Equus neogeus Río Salado m2 left 23.5 14.8 6.1
num. 7 Equus neogeus Río Salado m3 izq 28.6 13.0 6.1
num. 5 Equus neogeus Río Salado p3 right 31.0 18.3 14.5
num. 5 Equus neogeus Río Salado p4 right 28.0 18.0 13.2
num. 5 Equus neogeus Río Salado m1 right 26.0 16.3 10.5
num. 5 Equus neogeus Río Salado m2 right 26.0 15.3 10.2
num. 5 Equus neogeus Río Salado m3 right 30.9 13.5 10.0
num. 16 Hippidion principale Río Salado p2 right 37.1 20.2
num. 16 Hippidion principale Río Salado p3 right 32.8 22.0
num. 16 Hippidion principale Río Salado p4 right 30.7 21.6
num. 16 Hippidion principale Río Salado m1 right 31.0 18.0
num. 16 Hippidion principale Río Salado m2 right 32.1 17.2
num. 16 Hippidion principale Río Salado m3 right 38.3 14.9
num. 16 Hippidion principale Río Salado p2 left 39.7 20.6
num. 16 Hippidion principale Río Salado p3 left 32.3 20.6
num. 16 Hippidion principale Río Salado p4 left 31.7 20.5
num. 16 Hippidion principale Río Salado m1 left 30.0 20.2 53.0
without num. Hippidion principale Río Salado p2 right 38.4 19.5   
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Table 4. Measurements of Equus neogeus and Hippidion principale bones from Salado River (Buenos Aires Province). 
Numbers following eiSenMAnn et al. (1988). All dimensions are expressed in millimeters. Abbreviation: SI, slender index. 

Collect number Bone Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 SI

Col. HGC-4 MCIII left Equus neogeus 249 238.7 34 27.7 56 34 42 18.2 9.4 49.6 54 40.7 30.5 32.6 6.5 13.65

Col. HGC-4 MCIII right Equus neogeus 234 225 36 27 54 32.4 43.3 16 7.2 51 54.3 37 28.7 32 5.2 15.38

Col. HGC-4 MCIII right Equus neogeus 250 240 34.1 27.9 56 35 46 18.5 7.2 50 54.2 40.3 31.2 32.8 6 13.64

Col. HGC-4 MCIII left Equus neogeus 242 231 34.2 27.8 49 32 39 17 8.5 47 49.6 37 28.5 30.2 3 14.13

Museo Rauch MTIII left Equus neogeus 282 268.5 35 32.5 52 43 45.6 15.1 7.2 50.4 52 38.3 28.7 30 12.41

Col. HGC-4 CAL right Equus neogeus 120 75 20.1 35.7 55.1 58 56

Col. HGC-4 CAL right Equus neogeus 117.1 74.3 18.7 32.6 52 55 53.6

Museo Rauch CAL right Equus neogeus 118.5 74 20.7 33.5 53.2 58 56

Col. HGC-4 1PHIII Equus neogeus 96 87 44.9 71.4 46 58.5 53.2 33.5 55.4

Col. HGC-4 1PHIII Equus neogeus 98 87.6 41 65 40.7 55 51 29 59

Col. HGC-4 1PHIII Equus neogeus 98.3 90.1 35.2 56.8 36.8 45.6 45.6 24 62.2

Col. HGC-4 1PHIII Equus neogeus 89 79.2 35 60 40 48.5 45.7 26.2 50

Col. HGC-4 2PHIII Equus neogeus 51.2 42.2 46 53 33 52.2

Col. HGC-4 2PHIII Equus neogeus 48 38 48.7 57 33 53

Museo Rauch 1PHIII Hippidion principale 74 71 46 55.5 39.7 49 48.4 27.5 40.5

Museo Rauch 2PHIII Hippidion principale 46 34.5 50 54 33 51           

Table 5. Percentage of correct classification of Discriminant Analysis (DA) of Equus and Hippidion from Salado River 
(Buenos Aires province, Argentina).

 Original Equus neogeus Equus insulatus Equus andium Total
McIII E. neogeus 100% 0 0 9
Equus E. insulatus 0 100% 0 8

E. andium 0 0 100% 24
 Rio Salado 100% 0 0 4
MtIII E. neogeus 92.9% 7.1% 0 14
Equus E. insulatus 0 100% 0 21

E. andium 0 0 100% 29
 Rio Salado 100% 0 0 1
First E. neogeus 87.5% 12.5% 0 28
phalanx E. insulatus 5.9% 92.2% 2% 51
Equus E. andium 0 1.6% 98.4% 62
 Rio Salado 100% 0 0 4
Second E. neogeus 81.8% 13.6% 4.5% 22
phalanx E. insulatus 26.5% 73.5% 0 34
Equus E. andium 0 7% 93% 42
 Rio Salado 100% 0 0 2
  Hippidion principale Hippidion devillei Hippidion saldiasi  
First H. principale 100% 0 0 32
phalanx H. devillei 0 90% 10% 10
Hippidion H. saldiasi 3.2% 19.4% 77.4% 31
 Rio Salado 100% 0 0 1
Second H. principale 92.9% 7.1% 0 14
phalanx H. devillei 0 100% 0 4
Hippidion H. saldiasi 0 0 100% 48
 Rio Salado 0 100% 0 1


