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ABSTRACT

Fourteen dental and bone parts of a horse excavated from the Pilauco paleontological site, Osorno (40º39’ S-73º07’ 
W) are analysed and interpreted. This site was formed in association with a peat bog located on the banks of the old 
Damas River and has conserved abundant late Pleistocene mammalian fauna and fl ora materials. A date of 11457 
± 140 14C yrs B.P. was obtained from a molar and agrees with our stratigraphic age model. We have identifi ed the 
fossils as pertaining to the species Equus (Amerhippus) andium, which confi rms its presence in central-south Chile. 
Furthermore, the recorded geographic location indicate that the metapodial adaptations of the specimens previously 
described agree with the reconstructed late Pleistocene landscape of Pilauco, dominated by soft volcanic soils and 
isolated forest patches over large extensions of grasslands.
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RESUMEN

Se analizan e interpretan 14 fósiles correspondientes a dientes y huesos de caballo registrados en el sitio Pilauco, 
Osorno (40º39’ S-73º07’ W). El sitio se formó asociado a un pantano en un borde del antiguo río Damas; en él se ha 
conservado abundante material de mastofauna y fl ora pleistocénica. Una fecha radiocarbónica de 11457 ± 140 A.P. 
obtenida de un molar, es concordante con el modelo de edad del sitio. La identifi cación taxonómica permite asociar 
a los fósiles a la especie Equus (Amerhippus) andium, lo que confi rma la presencia de la especie en el centro-sur 
de Chile. Por otra parte, la posición geográfi ca de los hallazgos y la reconstrucción del paisaje indicarían que se 
trata de ejemplares cuyas adaptaciones en los metapodios son concordantes para el paisaje pleistocénico de Pilauco 
dominado por suelos volcánicos blandos, con presencia de bosquetes dispersos en grandes extensiones de praderas de 
gramíneas.

Palabras clave: Equus, Equus (Amerhippus) andium, late Pleistocene, Pilauco.

INTRODUCTION

Hippidiforms and equidiforms coexisted 
until the extinction of megafauna in the late 
Pleistocene around 10 ka (kiloannun) (Orlando 
et al. 2003, Orlando et al. 2008, Orlando et al. 
2009). Equids have been extensively studied 
in the nor thern hemisphere in relation to 
their evolutionary traits and paleoenvironment 
(MacFadden 1992). In South America, fossil 
horses are found in sediments from the late 
Pliocene to the late Pleistocene (Prado et 

al. 1998, Alberdi & Prado 2004, Cerdeño et 
al. 2008). The most common and prominent 
feature of South American horses is their 
relatively large skull when compared to their 
respective body size (Alberdi & Prado 2004, 
Alberdi et al. 2006). They are all grouped in the 
family Equidae Gray, 1821 and are divided in 
two genera; Hippidion Owen, 1869, endemic to 
South America (Alberdi & Prado 1993, Prado & 
Alberdi 1996, Alberdi & Prado 1998) and Equus 
Linné, 1758, which includes the subgenus 
Equus (Amerhippus) sp. Hof fstetter, 1950, 
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described for Chile in the late Pleistocene from 
31º to 39º S (Tamayo & Frassinetti 1980, Alberdi 
& Frassinetti 2000, Alberdi & Prado 2004).

This study presents the descriptions and 
taxonomic analyses of six teeth, a scapula 
fragment, one phalanx, one coxal, a pelvis 
fragment and a diaphysis from an unspecifi ed 
long bone from the Pilauco site (40º39’ S-73º07’ 
W) located in the city of Osorno, Los Lagos 
Region, Chile.

METHODS

The Pilauco site

The Pilauco site was discovered in 1986 and is located 
near the Damas River currently within the urban sprawl 
of Osorno (Fig. 1). It was discovered by workers who 
accidentally uncovered several skeletal remains of a 
gomphothere. Twenty years later the material was 
reanalyzed and the site re-excavated and studied since 
2007 to date.

The fi eldwork uncovered nine sediment layers. The 
PB-1 to PB-6 layers are composed by volcanoclastic 
and terrigenous sediments, which form a hill deposited 
between the Valdivia interglacial (Latorre et al. 2007) 
and the beginning of the Llanquihue glaciation (Mercer 
1976). Above these layers and in the south facing slope 
the PB-7 and PB-8 layers are located, composed by peat 
and gravel clasts dispersed in the matrix. Both layers 
intercalate to the south to gravel sediments interpreted 
as fl uvial deposits (Fig. 1). The fossils of mammalian 
fauna, birds, plants, diatoms and insects, among others, 
are associated to the PB-7 layer, dated between 12540 
± 90 and 11122 ± 178 14C yrs B.P. (Fig. 2 and Table 1). 
The site stratigraphy is overlain by a layer of peat (PB-
9). The peats were deposited in an ox-bow lake which 
then became a peat-bog, in a former channel of the old 
Damas River, after the fl uvial erosion of the south side of 
the Pleistocene volcaniclastic and detrital sediments that 
conformed the northern raised area (Pino & Miralles 
2008).

The analyzed fossils are deposited in the Museo 
Historico Municipal de Osorno and in the Pilauco site 
collection of the Laboratorio de Paleoecología, Instituto 
de Ciencias Ambientales y Evolutivas at Universidad 
Austral de Chile. The fossils are the following dental 
remains and elements of the appendicular skeleton: 
complete incisives MHMOP/PI/65, MHMOP/PI/69, 
MHMOP/PI/71; complete upper molar MHMOP/PI/66; 
upper molar fragment MHMOP/PI/67; complete lower 
molar MHMOP/PI/63; scapula fragment MHMOP/
PI/544; fi rst phalanx MHMOP/PI/520; portion of the 
pelvis MHMOP/PI/21 (Fig. 3); fragments of upper 
molar buccal border MHMOP/PI/62, MHMOP/PI/68, 
MHMOP/PI/70, MHMOP/PI/541; and undetermined 
long bone diaphysis MHMOP/PI/60. All the material 
was collected in the 2007-2008 season, except for the 
coxal excavated in 1986. The grid and level (measured 
in relation to a local point of 10 m elevation) in which 
these fossils where found are shown in Fig. 4 and Table 
2. The comparative study was developed with fossils of 
Hippidium principale, Equus (Amerhippus) neogeus and 
Equus (Amerhippus) sp. These fossils are deposited 
in the collections of the Museo de La Plata and Museo 

Argentino de Ciencias Naturales “Bernardino Rivadavia” 
in Buenos Aires. In addition, Equus caballus skeletons 
from the Instituto de Anatomía Veterinaria of the 
Universidad Austral de Chile collection were used to 
support the morphological identifi cation. Furthermore, 
the measurements proposed in the 1981 Hipparion 
Conference (Eisenmann et al. 1988) and the descriptions 
by Alberdi & Frassinetti (2000) were also used for 
diagnosing the material.

The radiocarbon date reported in this study was 
obtained form a molar fragment of the PB-7 layer, grid 
7G, local height of 4.46 m, and carried out by the NSF-
Arizona AMS Laboratory, Arizona University, USA 
(AA1810) (Table 1).

RESULTS

Systematics
Class Mammalia Linneo, 1758
Order Perissodactyla Owen, 1848
Family Equidae Gray, 1821
Subfamily Equinae Gray, 1821
Genus Equus Linneo, 1758
Subgenus Amerhippus Hoffstetter, 1950

Einsenmann & Turlot (1978) have described 
the systematics of the genus Equus. Within this 
genus, Alberdi & Frassinetti (2000), Alberdi & 
Prado (2004), and Rincón et al. (2006) describe 
in detail the species Equus (Amerhippus) sp. 
Among the different species assigned to this 
subgenus only Equus (Amerhippus) andium 
Branco, 1883 ex Wagner, 1860 has been 
described for Chile. The diagnosis done by 
Alberdi & Prado (2004) describes this horse 
as having similar morphological characteristics 
to the subgenus, standing out for its small size 
in relation to other species of the group and its 
wider ocular orbit located more laterally and 
in a lower position. The appendicular skeleton 
features short and robust limbs, represented 
mainly by the radius and metapodials.

Description of the material

Of the six molars collected in this study, only 
three can be diagnosed analytically since 
the rest are fragments, which lack specific 
structures for aiding their determination. 
The first piece is the upper right molar 
(MHMOP/PI/66) corresponds to an M1-2 
with narrow styles and without a groove in 
style. In the occlusal sur face it is possible 
to observe a well defined pli caballinid, and 
the triangular protocone, longer in its distal 
than its mesial por tion and joined to the 
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Fig. 1: (A) Location of the Pilauco site; (B) Schematic stratigraphy of the Pilauco site. PB-1: Lapilli tuff. PB-2: La-
pilli tuff with abundant volcanic ash matrix. PB-3: Lapilli tuff with medium sand matrix. PB-4: Volcanic ash. PB-5: 
Terrigenous coarse sand, with scattered angular pebbles. PB-6: Gravel composed by clasts ranging from 1 to 15 
cm in diameter. PB-7: Peat with very dark brown matrix (10YR 3/1) including isolated gravel clast of Andean 
source up to 7 cm, poorly selected. Rest with erosion unconformity over PB-2 y PB-6. It contains the bones of ex-
tinct megamammals and extant mammals, plus countless plant and invertebrate remains. PB-8: Peat very similar 
to PB-7, but slightly more Brown in color (2.5Y 4/2). PB-9: Black peat (2.5 Y 2/0).

(A) Ubicación del sitio Pilauco; (B) Esquema estratigráfi co del sitio Pilauco. PB-1: Toba de lapilli. PB-2: Toba de lapilli con 
abundante matriz de ceniza volcánica. PB-3: Toba de lapilli con matriz de arena media. PB-4: Ceniza volcánica. PB-5: Arena 
gruesa terrígena, con guijarros angulosos dispersos. PB-6: Grava compuesta por clastos de 1 a 15 cm de diámetro. PB-7: Tur-
ba de matriz marrón muy oscuro (10YR 3/1) con clastos aislados de origen andino de hasta 7 cm, muy mal seleccionados. Se 
apoya con discordancia erosiva sobre PB-2 y PB-6. Contiene los huesos de la megamamíferos extintos y de los micromamíferos 
extantes; además innumerables restos vegetales y de invertebrados. PB-8: Turba de composición muy similar a PB-7, pero de 
color levemente más marrón (2.5Y 4/2). PB-9: Turba de color negro (2.5 Y 2/0).
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Fig. 2: Distribution of radiocarbon ages on the Pilauco site with respect to the measured depth relative to the 
local height of 10 m (calendar years, CalPal 2007). Type of dated materials and excavation units are indicated. 

Distribución de las edades radiocarbónicas en el sitio Pilauco con respecto a la profundidad medida en relación a la cota local 
de 10 m (en años calendario, CalPal 2007). Se indican los materiales fechados y las cuadrículas de donde provienen.

TABLE 1
Three radiocarbon dates presented in this study. Radiocarbon dates were converted to “calendar” 
years (Median. prob. Age) using the Calib 5.0 program (Stuiver & Becker 1993).
Tres fechas radiocarbónicas presentadas en este estudio. Las fechas radiocarbónicas fueron convertidas en años 
“calendario” usando el programa Calib 5.0 (Stuiver & Becker 1993).

14C yr B.P. ± 1σ error Cal yr B.P. 1σ ranges Median. prob. age

11122 ±178 12790-13170 13045

11457 ±140 13173-13438 13321

12540 ±90 14519-15040 14680

protoloph. The second piece is the upper left 
molar (MHMOP/PI/67), corresponds to an 
P3-4 by the width in their styles. It is also 
possible to obser ve the pli caballinid, with 
a triangular protocone, shorter in its distal 
portion than the first molar and also joined to 
the protoloph. The third piece is a lower left 
molar (MHMOP/PI/63). It is dif ficult to assign 
this piece to a position, nevertheless the open 
angle of the linguaflexid is in accordance with 
an m1-2. Its protostylid joins the protoconid 
and there is a well marked pli caballinid. 
The ectoflexid is deep but not enough to 

connect with the linguaflexid. It has a double 
knot formed by a rounded metaconid and a 
sharp metastylid, which is typical of Equus 
(Amerhippus). The dimensions of the above 
described molars are presented in Table 3.

The three incisives are signifi cantly worn 
out due to natural use by the animal. The 
incisives MHMOP/PI/65 and MHMOP/PI/71 
show dental pulp in their occlusal sur face 
forming a structure with a triangular shape, 
which at this level is commonly known as dental 
star.

A right scapula was recovered from the 



A NEW RECORD OF EQUUS (MAMMALIA: EQUIDAE) IN CHILE 539

Fig. 3: Fossils analyzed in this study. A (MHMOP/
PI/65), B (MHMOP/PI/71) and C (MHMOP/PI/69) 
incisives in labial view and oclusal view (a, b and c); 
D (MHMOP/PI/66) upper right molar and E (MH-
MOP/PI/67) upper left molar in labial view, occlusal 
view (d and e), F (MHMOP/PI/63) lower left molar 
in lingual view and occlusal view (f); G (MHMOP/
PI/520) fi rst phalanx in anterior (g1) and posterior 
(g2) view; I (MHMOP/PI/544) right scapula, glenoid 
cavity (i1), upper view of the scapula (i2), lower view 
(i3) and laterals view (i4 and i5); H (MHMOP/PI/21) 
right portion of the pelvis.

Fósiles analizados en este estudio. A (MHMOP/PI/65), B 
(MHMOP/PI/71) y C (MHMOP/PI/69) incisivos en vista 
labial y vista oclusal (a, b y c); D (MHMOP/PI/66) molar su-
perior derecho y E (MHMOP/PI/67) molar superior izquier-
do en vista labial, vista oclusal (d y e), F (MHMOP/PI/63) 
molar inferior izquierdo en vista lingual y vista oclusal (f); 
G (MHMOP/PI/520) primera falange en vista anterior (g1) 
y posterior (g2); I (MHMOP/PI/544) escápula derecha, ca-
vidad glenoidea (i1), vista superior de la escápula (i2), vista 
inferior (i3) y vistas laterales (i4 y i5); H (MHMOP/PI/21) 
porción derecha de la pelvis.

Fig. 4: Pilauco site excavation map, modifi ed from 
Pino & Miralles (2008). The grid shows the distribu-
tion of the one-by-one m units in which horse fossils 
were found. Units 20I, 20J, 20K, 7AC, 8AC y 9AC 
mark the limits of the Pleistocene swamp formed on 
the banks of the Damas River.

Mapa de la excavación del sitio Pilauco, modifi cado de Pino 
y Miralles (2008). Se aprecia la distribución de cuadrículas 
en las cuales fueron encontrados fósiles de caballo. Las cua-
drículas 20I, 20J, 20K, 7AC, 8AC y 9AC marcan los límites 
del pantano pleistocénico, a orillas del antiguo río Damas.

TABLE 2
Fossil depths used in this study, measured in 
relation to a local point of 10 m elevation.
Profundidades de los fósiles utilizados en este estudio. Las 
medidas fueron hechas desde un punto local de cota 10 m.

Code Depths

MHMOP/PI/69 1.50

MHMOP/PI/60 4.25

MHMOP/PI/63 4.30

MHMOP/PI/68 3.85

MHMOP/PI/541 4.36

MHMOP/PI/520 4.30

MHMOP/PI/62 4.09

MHMOP/PI/67 4.46

MHMOP/PI/544 4.22

MHMOP/PI/71 4.33

MHMOP/PI/65 -

MHMOP/PI/66 3.81

MHMOP/PI/70 -



540 RECABARREN ET AL.

TABLE 3
Measurements taken for the scapula (MHMOP/PI/544), right portion of the pelvis (MHMOP/
PI/21), the fi rst phalanx (MHMOP/PI/50), upper molars (MHMOP/PI/66; MHMOP/PI/67), lower 
molar (MHMOP/PI/63) according to the Hipparion Conference (Eisenmann et al. 1988). The ac 
letters indicate the approximate value of the measure. All measurements are in millimetres.
Medidas tomadas a la escápula (MHMOP/PI/54), la primera falange (MHMOP/PI/50), molares superiores 
(MHMOP/PI/66; MHMOP/PI/67), molar inferior (MHMOP/PI/63) según la Hipparion Conference (Eisenmann et al. 
1988). Las letras ac indican un valor aproximado de la medida. Las dimensiones se expresan en milímetros.

Code Fossil 1 2 3 4 5 6 7 8 9

MHMOP/PI/544 Scapula 187ac 52ac 62 47 48 24ac - - -

MHMOP/PI/21 Right portion of the pelvis 74.6 - - - - - - - -

MHMOP/PI/50 First phalanx 70 65 33 42 26 34 27 15 37

MHMOP/PI/66 M1-2 43.7 20.7 9.9 22.5 - - - - -

MHMOP/PI/67 P3-4 - 31.6 8.4 23.2 - - - - -

MHMOP/PI/63 m1-2 18.6 20.8 5.3 13 4.6 12.4 - - -

appendicular skeleton, which presents a 
posterior rim with parts of the distal spine and 
a complete glenoid cavity (Table 3). The fi rst 
phalanx have clear signs of wear by transport, 
but shows the V shaped trigonum falangis, 
characteristic of Equus (Amerhippus). Although 
the spatial pattern of the fossils is highly 
dispersed (Fig. 4), the absence of repeated 
pieces does not insure the presence of more 
than one specimen. The worn out upper and 
lower molars and incisives indicate an adult 
stage of the specimen.

According to the above description and 
based on the dentition and first phalanx, 
the remains found in the Pilauco site can be 
classified as Equus (Amerhippus) sp. The 
11457 ± 140 yrs B.P. radiocarbon dating places 
the fossil in the late Pleistocene and is in 
accordance with the other dates of the site.

DISCUSSION

Despite the low numbers of horse fossils in 
the Pilauco site they can all be related to the 
descriptions done for Equus (Amerhippus) sp. 
(i.e. Alberdi & Prado 2004). For this subgroup, 
the southernmost record in Chile is in the 
locality of Huimpil 38º S, identifi ed through a 
left M3 without a stratigraphic context (Alberdi 
& Frassinetti 2000).

In South America the most souther n 

distribution of the genus Equus (Equus 
(Amerhippus) neogeus; Alberdi & Prado 2004), 
has been recorded at 39º S in the pampean 
region of Argentina. This report expands the 
geographic distribution of the genus Equus to 
40º S.

The lack of horse metapodials and skulls 
from Pilauco prevents any discussion regarding 
of morphological similarities or dif ferences 
with the previously described species north 
of 40º S, e.g., E. (Amerhippus) andium and E. 
(Amerhippus) neogeus. The latter has been 
described as the largest species, with long 
and robust appendicular bones, standing out 
for its slenderness within the subgenus that 
inhabited the pampean region (Alberdi & 
Prado 2004, Prado & Alberdi 2008). Moreover, 
Equus (Amerhippus) andium is a smaller sized 
species, with shor t metapodial morphology 
especially adapted to mountain habitats (Prado 
& Alberdi 1994), being similar to Hippidion 
saldiasi. This species has shor t and wide 
limbs adapted to rocky and irregular surfaces 
and possibly to frozen areas (Paunero et al. 
2008). According to Alberdi & Prado (2004), 
the Hippidion and Equus metapodials dif fer 
according to soil type. Hard and calcareous 
soils of the pampean region would be related to 
the above described bones of E. (Amerhippus) 
neogeus ,  whereas the transversally wider 
metapodials described for E. (Amerhippus) 
andium would be better adapted to soft soils 
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such as the Andisols (Soil Survey Staff 2003) of 
southern Chile.

At the end of the Pleistocene, the dominant 
landscapes of  central -south Chile were 
temperate rainforests dominated by Nothofagus 
and conifers, which survived at low elevation 
sites (such as Pilauco) with their populations 
reduced to areas between 40º and 42º S 
(Villagrán 1991, Villagrán 2001, Solari 2007). 
Based on pollen analyses, Abarzúa & Gajardo-
Pinchicura (2008) describe the dominant 
families species of Pilauco between 11800 
and 11150 14C yrs B.P. such as Poaceae 
and Asteraceae, forming an open landscape 
similar to a park. This analysis also revealed 
the presence of patches of conifer forests 
with species such as lleuque (Prumnopitys 
andina), mañío (Podocarpus nubigenus and 
Saxegothaea conspicua) and ciprés de las 
Guaitecas/alerce (Fitzroya/Pilgerodendron). 
A variety of Myrtaceae, coigües (Nothofagus 
similar to dombeyi), maitén (Maytenus sp.), 
olivillo (Aextoxicon punctatum), as well as ferns 
and aquatic plant species were also present at 
that time. This environment appears to be more 
related with the morphological adaptations 
described for E. (Amerhippus) andium. As 
Alberdi & Frassinetti (2000) mention, this 
variety of horses could have migrated from 
Ecuador through the Andes mountains down 
to central-south Chile, where they found an 
appropriate environment to live.

In conclusion, the current state of genetic 
studies for the genus Equus in addition to 
morphological comparisons with fossils, 
support the attribution of the Pilauco horse 
fossil (specifi cally the molars and fi rst phalanx) 
to the subgenus Equus (Amerhippus) sp., based 
on the arguments given above, we propose that 
this fossil belongs to the the species Equus 
(Amerhippus) andium. This fi nding makes it 
the southernmost record of this horse from the 
late Pleistocene (Lujanian).
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