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Abstract

The composition of Hippidion diet, and possible changes that could relate to its extinction, were evaluated in the Argentinean-Chilean

Central Andes, a Neotropical environment characterized by arid to semiarid conditions (Andean hot and cold deserts). Microhistological

analyses were made on feces of Hippidion found at Los Morrillos (311430S–681420W, 3000m a.s.l.) and Gruta del Indio (341350S,

681220W, 660m a.s.l.). At Gruta del Indio the diet of Hippidion was based mainly on woody species. At Los Morrillos, it was based on

herbaceous species.

This flexibility in diet composition could be a relative adaptive advantage allowing a longer permanence of this species in comparison

to others recorded in the region (such as Megatherium and Mylodon). Nevertheless, this advantage was not enough to guarantee its

survival during the Holocene. Extinction could have been affected by diverse agents, such as growing aridification of the area, increasing

competition with other species (mainly Lama guanicoe), and human presence, along with a relatively low population density (as expected

from the limited presence of Hippidion at the archaeological and palaeontological sites of South America. At Gruta del Indio significant

changes in the diet of Hippidion corresponding to different intervals of the period 31,000–9000 14C BP are not evident. Given this

evidence for similar diets for Hippidion throughout the late Quaternary, other factors need to be considered to explain the extinction of

this horse.

r 2007 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

The relation between the biogeographic history of the
Neotropics and the general trends in the interactions
between human populations and the neotropical fauna was
one of the main concerns of the Symposium ‘‘Neotropical
Zooarchaeology and Taphonomy’’ (ICAZ Conference,
México, 2006). From this viewpoint, the disappearance of
the Pleistocene mammal species was one of the most
significant processes recorded at a continental range,
although its understanding requires much further informa-
tion regarding particular areas and cases.
e front matter r 2007 Elsevier Ltd and INQUA. All rights re
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The Argentinean-Chilean Central Andes, characterized
by arid to semiarid environment conditions (Andean hot
and cold deserts), with a critical role of water in vegetation
and animal development, constitute an excellent area for
analysing and evaluating the changes produced in the late
Pleistocene and their possible relation to the early human
peopling of the region. On the western slope, several
Pleistocene archaeological sites have yielded an interesting
archaeofaunal record associated with diverse cultural
materials, mainly a rich lithic artefactual record (Varela
et al., 1993; Núñez et al., 1994a; Jackson et al., 1997–98,
2004; Rojas et al., 2004). On the Argentine slope,
archaeological and paleoecological Pleistocene sites are
scarce (Lagiglia, 1956, 1979; Schobinger, 1971; Gambier,
1995; Garcı́a and Lagiglia, 1999a; Garcı́a et al., 1999;
Garcı́a, 2003). Nevertheless, some include in their strati-
graphy feces of some species that became extinct in the late
served.
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Fig. 1. Relative location of early archaeological sites.

Fig. 2. Pleistocene mammal excrement assigned to Hippidion (from Gruta

del Indio).
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Pleistocene or early Holocene. This allows improvement of
knowledge on the composition of their diets, and evalua-
tion of possible changes that could relate to their
disappearance. The analyses of feces of Hippidion found
at the sites Los Morrillos (Gruta 1) (311430S–681420W,
3000m a.s.l.) and Gruta del Indio (341350S, 681220W, 660m
a.s.l.) constitute the basis of present knowledge at a
regional level, and an essential data source.

2. Materials and methods

The analysed feces were obtained from archaeological
excavations made in the second half of the XXth Century.
Gruta 1 of Los Morrillos was excavated in 1977 (Gambier,
1995) by removing artificial layers 10 cm thick. The feces
were gathered from the western area of the back of the
shelter, from a depth of 1.5m; they were associated with
bones and hooves of Hippidion. At Gruta 2 of the same
locality, feces of Hippidion appeared along with bones and
feces of Megatherium. These excrements were dated to
27,5307800 14C BP (A 2930).

Samples from Gruta del Indio come from excavations
done between 1997 and 2000. These feces coincide in size,
form, and structure with those collected at Los Morrillos,
which were assigned to Hippidion. The analysed feces have
ovoid form and their size commonly ranged from 50 to
80mm long and from 40 to 65mm width. On the upper
part of the layer containing the excrements, droppings were
dry and their content showed good conservation, allowing
observing the structure of the botanical elements. At the
bottom of the layer, the excrements were more disaggre-
gated and mixed with the sedimentary matrix. Lagiglia had
previously recovered some bigger and more irregularly
formed feces, which are assumed to correspond to Mylodon

and/or Megatherium. Due to their morphology, smaller
feces (Figs. 1 and 2) were assigned to Hippidion. In this
sense, it is interesting to remember that Martin (1995), who
was at Gruta del Indio in 1972, commented that the
megafauna feces he saw at the site were smaller than any he
and Austin Long had seen in the US and much smaller
than the specimens they collected at the Mylodon Cave in
Chile. For Martin (1995), the source of the feces remained
a mystery.

At Gruta del Indio, sediment removal was carried out by
decapaging with brush and metallic trowel two squares (R8
and R9) at the dripping line. The analysed feces come from
the lower part of the stratigraphic sequence (Layer 3; Fig.
3). The feces were isolated, spatially associated with one
another, and showed high levels of integrity (that decreases
from the upper to the bottom part of the layer). Several
specimens (obtained from different artificial levels inside
this layer) were dated (Table 1) to ca. 31,000–9000 14C BP
(LP 918, 925, 929, 1072, and 1075; Garcı́a 2003).

Each coprolite was regarded as a basic sampling unit.
A 10-g sample was randomly obtained from each coprolite.
For Gruta del Indio 37 samples were observed (L3: 2; L4:
4; L5: 10; L6: 10; and L9: 11), and 3 for Los Morrillos. This
material was prepared for microscopic analysis using the
methodology proposed by Dacar and Giannoni (2001).
The relative frequency of appearance of different taxa was
quantified for each of the 50 randomly chosen fields, at
400� under an optical microscope. A comparison was
made between microhistological plant samples and materi-
als from Ruiz Leal (IADIZA) and Geobotany herbaria.
Form and size of the stomas, occlusive cells, fibres and
trichomes, and form of the testa (seed coat) of seeds were
considered. Current plant communities were floristically
studied in an area of 300m around each site. The presence
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Fig. 3. Stratigraphy of the right area of Gruta del Indio, and location of

the last dates obtained.

Table 1

Chronology of the artificial levels included in layer 3 of Gruta del Indio

and at the bottom of Los Morrillos

Site Level Chronology Laboratory and number

Gruta del Indio 3 ca. 48000o8990

Gruta del Indio 4 ca. 48000o8990

Gruta del Indio 5 8990790 LP-925

Gruta del Indio 6 24,1407510 LP-1075

Los Morrillos Bottom 27,5307800 A-2930

Gruta del Indio 8 28,6707700 LP-1072

Gruta del Indio 10 30,2007800 LP-929

Gruta del Indio 11 30,8007700 LP-918
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of plant species determined for each archaeological level is
indicated in Table 2. This data matrix was standardized by
columns and analysed using cluster analysis, applying the
Squared Euclidean distance for similarity and the Centroid
method for amalgamation.

3. Results

Determinations obtained from microhistological ana-
lyses show the presence of numerous plant species, as
observed in Table 2. Two groups were obtained from the
similarity method: one including current and archaeologi-
cal plant species from Los Morrillos (Puna level), and the
other with samples from Gruta del Indio (Monte level)
(Fig. 4).
According to these results, the diet of Hippidion at Gruta
del Indio was based mainly on woody species (Senna

aphylla, Prosopis flexuosa var., and Acantholippia seri-

phioides), which are common in the arid and hot lowland
area. These plants were complemented by some herbaceous
ones (such as Aristida adscencionis and Digitaria californi-

ca). Megathermic species such as Pappophorum caespito-

sum, P. flexuosa var. depressa and Schinus fasciculata

indicate summer precipitation favouring the sprouting of
shrubs and browsing. At Los Morrillos, instead, in an
environment with vegas (wetlands) dominated by grami-
neous plants and scarce shrubs, the diet was based on
herbaceous species (Stipa frigida, Hordeum sp.), which
constitute 70% of the components in the analysed samples.
A few woody plants typical of arid and cold environments
(e.g. Ephedra) complement this diet. Usually, large
mammals browse the foliage of shrubs and small trees.
The capability of adapting to a diverse foraging offer
would help explain the presence of Hippidion sp. in the cold
and dry environment of Puna, as well as its longer
permanence at Gruta del Indio. In the Monte environment
(Gruta del Indio) browsing of shrubs, generally with
protein contents higher than 6 g%gDM (Table 3),
predominates; at Los Morrillos, the herbaceous forage
available in the vegas, such as Hordeum comosum, common
on the border of these humid environments, complements
that of the scarce woody plants. Obtained data suggest that
Hippidion would have made in each environmental situa-
tion a specialized use of the resources, related to the better
protein quality of the forage offer (browsing of woody
plants in dry and warm environments and foraging of
herbaceous plants from vegas in the dry and cold ones).
This versatility would explain its presence in two so
dissimilar environments with an altitudinal difference of
about 2000m.
These data allow consideration of diverse aspects

concerning the diet of Hippidion and the disappearance of
this species. Firstly, differences between the diets at both
analysed sites (only 350 km apart) are remarkable. This
situation would indicate a high degree of variability in the
feeding habits of this species at a regional level, directly
related to the specific plant supply in each area. Thus, the
contents of feces of Gruta del Indio and Los Morrillos
would, respectively, reflect predominance of woody plants
in the vegetation structure of Monte (steppe), correspond-
ing to the first locality, and superiority of gramineous
plants in the vega (wetland) environment characterizing the
second site.
Secondly, as observed in Tables 1 and 2, no marked

differences in the diet composition of specimens of ca.
31,000 and ca. 9000 14C BP are recorded, indicating that
the extinction of Hippidion in the area would not be related
to an eventual modification of the traditional food supply
due to environmental changes occurred during the Last
Glacial Maximum and to the subsequent warming during
the Pleistocene–Holocene transition. The absence of
Accantholippia and Capparis in the samples of levels 3
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Table 2

Botanical determinations of contents of feces from Gruta del Indio and Los Morrillos, and comparison with current vegetation

Species/stratigraphic level Gruta del Indio

(Mendoza)

Current vegetatation (Gruta del

Indio)

Los Morrillos (San

Juan)

Current vegetation (Los

Morrillos)

L3 L4 L5 L6 L9 Bottom

Senna aphyllaa * * * * * *
Prosopis flexuosa var. depressaa * * * * * *
Pappophorum caespitosumb

* * * *
Acantholippia seriphioidesa * * *
Schinus fasciculataa * * * * *
Capparis atamisqueaa * * *
Aristida adscencionisb * *
Digitaria californicab * * *
Larrea divaricataa * *
Chenopodiaceae (Chenopodium af

Papulosum ?) *

Chloridea (Chloris af Castilloniana) *
Poa sp. *
Lecanophora heterophyllab *
Tephrocactus aoracanthusb *
Bulnesia retamaa *
Trichocereus candicansb *
Lycium tenuispinosuma

*
Larrea cuneifoliaa *
Cercidium praecoxa

*
Fabiana peckiia * *
Ephedra breanaa * *
Descourainia sp.b *
Stipa frigidab * *
Hordeum sp.b *
Hordeum comosumb

*
Stipa chrysophyllab *
Tarasa antofagastanab *
Artemisia echegarayiia *

aWoody plants.
bHerbaceous plants.

Fig. 4. Clustering considering presence of plant species at artificial levels and in current vegetation for both sites, Gruta del Indio and Los Morrillos.
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Table 3

Protein contents (g%gDM—dry matter) of species included in the diet of Hippidion

Total protein (g%gDM)

Gruta del Indio Los Morrillos

Senna aphyllaa 5.86

Prosopis flexuosa var. depressaa 19

Pappophorum caespitosumb 7.39

Acantholippia seriphioidesa 7.0

Schinus fasciculatea 7.28

Capparis atamisqueaa

Aristida adscencionisb 4.6

Digitaria californicab 6.06

Chenopodiaceae (Chenopodium af papulosum ?) 11.7

Chloridea (Chloris af castilloniana) 9.14

Fabiana peckiia 9.59

Ephedra breanaa 15.26

Descourainia sp.b

Stipa frigidab –c

Hordeum sp. (af. comosum)b 8.5

aWoody plants.
bHerbaceous plants.
cIn these environments values fluctuate between 4.4 and 5.9 g%gDM.
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and 4 (between 8000 and 9000 14C BP) could be interpreted
as indicative of a decline in the availability of those taxa.
However, the Hippidion ability to adapt its diet to the
resources available would have counteracted any negative
incidence of a vegetation shift in the area.

This flexibility of the diet could have been an advantage
that would have contributed to a longer permanence of this
species compared to others that shared the same territory
(such as Megatherium and Mylodon) that probably
disappeared some 1000 years before. Excavations made
in Gruta del Indio since the middle of the XXth Century
(Lagiglia, 1956, 1974, 1977; Semper and Lagiglia, 1962–68;
Lagiglia and Garcı́a, 1999; Garcı́a and Lagiglia, 1999b)
have yielded remains of diverse extinct megafauna species
mainly associated with samples of feces dated to the late
Pleistocene (Lagiglia, 1979; Garcı́a, 2003). Only one case
had an early Holocene date: a bone of Megatherium dated
to 9560790 14C BP (GrN 5772) (Lagiglia, 1979).

The diet adaptability of Hippidion would have enabled
this species to inhabit territories with as marked environ-
mental and altitudinal differences as the cold and dry Puna
of San Juan (above 3000m) and the warm Monte in the
plain and piedmont in the centre of Mendoza, where Gruta
del Indio is located at 660m (Martı́nez Carretero et al.,
2004).

This characterization of Hippidion as a consumer
capable of diversifying its diet according to plant avail-
ability fits with the expectations of other researchers. For
instance, Kaiser and Franz-Odendaal (2004), based on the
opportunistic feeding strategies of modern Equus and on
teeth marks of equine specimens from diverse African
habitats, suggested that during the middle Pleistocene the
South African species Equus capensis was able to behave as
a forager in a habitat and as a mixed consumer in another
habitat with less availability of grasses. The data imply that
in this latter case Hippidion was not only capable of
diversifying its diet but also of basing it mainly on woody
plants (rich in proteins).

4. On the extinction of the regional megafauna

The search for the causes of extinction of the Pleistocene
megafauna continues to be based on the classical positions
related to anthropic actions (Martin, 1967, 1973; Mosi-
mann and Martin, 1975), to environmental changes
(Grayson, 1991; Yesner, 1996), and to diverse forms of
interaction between both agents (Barnosky, 1989; Stuart,
1993; Barnosky et al., 2004). So, alternative ways of
approaching the subject are necessary (MacPhee and
Marx, 1997; Barnosky et al., 2004), one of these being
the study of megafaunal feces.
Previous information indicates that in the Argentinean-

Chilean Central Andes there is no agreement on the
interpretations proposed for explaining the extinction. For
Lagiglia (1974), early humans played a decisive role in the
process of disappearance of Pleistocene megaherbivores. In
a similar sense, although Núñez and collaborators (based
on studies performed in Quereo and Taguatagua) con-
sidered at first that extinction was a response to the
environment changes of the late Pleistocene (Núñez et al.,
1987), in later papers they remarked on the incidence of
human activity (Varela et al., 1993; Núñez et al., 1994a, b)
and considered the early human groups as ‘‘hunters
specialized on the overexploitation of microhabitats or
eco-refuges’’ of extinct fauna.
On the other hand, Garcı́a (1999) has pointed out the

scarcity of remains of extinct megafauna effectively
associated with human activities in the analysed area, and
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the previous presence and disappearance of some species in
places only later inhabited by humans (including the
shelters of Los Morrillos or the Gruta El Manzano).

The more recent archaeological information comes from
the site Agua de la Cueva and from the last excavations at
Gruta del Indio. At Agua de la Cueva, a shelter located in
the transition of Monte–Puna conditions in the pre-
Andean area of Mendoza, many lithic and archaeofaunistic
remains were recovered from stratigraphic levels corre-
sponding to the late Pleistocene and early Holocene. The
numerous charcoal concentrations allowed obtaining a
series of dates ranging from 10,9007190 (Beta 61409) to
74507140 (Beta 90740) 14C BP (Garcı́a, 2004). The
analysis of more than 800 lithic artefacts and 16,000 lithic
remains indicates the development of behaviours related to
the exploitation of basically local lithic and faunal
resources. Almost all of the species recorded are extant at
present. The only exception could be some specimens that
have not yet been precisely determined, and could
correspond to the extant vicuña (Lama vicugna vicugna)
or to the extinct Lama vicugna gracilis. Nevertheless, these
items are very few (n ¼ 16). The record indicates a marked
predominance of Lama guanicoe, complemented by minor
species such as Lagidium viscacia and Chaetophratus

vellerosus, although consumption of these species has not
yet been proved (Garcı́a, 2004). In the case of species like
Megatherium or Mylodon, their absence at Agua de la
Cueva can be explained by the relatively low carrying
capacity of the area in relation to the feeding necessities of
these animals.

The absence of equines at Agua de la Cueva is more
difficult to understand. This probably could be related to
competition with camelids (species showing an absolute
predominance in the pre-Andean region in the last 11,000
years) and probably to environmental conditioning factors.
Another alternative could be specialized hunting, mainly
focused on guanacos, which would take the other species
out of the archaeological record of the site, although this
option is not considered viable because of the apparent
opportunistic character of the hunting events recorded on
diverse early sites from Chile and Argentina. During more
recent excavations at Gruta del Indio, a few lithic remains
were found into layers located above the one containing the
remains of extinct megafauna. Those artifacts were only
three little flakes, probably affected by postdepositional
removal from upper layers (Garcı́a and Lagiglia, 1999b).
No other evidence (e.g. hearths) was recorded in direct
association with megafauna feces or with the little
fragments of bones of extinct fauna found in this layer.
Some of the bones lately recovered at the site could be
assigned to Machrauquenia sp. and Hippidion sp. (Miotti,
personal communication; Garcı́a, 2003).

Despite the numerous available 14C dates from mega-
fauna feces (tentatively assigned by Lagiglia to Megather-

ium or Mylodon), all are late Pleistocene, between
10,6107210 (A 1351) (Lagiglia, 1979; Long et al., 1998)
and 12,3757115 (A 9571) 14C BP (Garcı́a, 2003). On the
other hand, the cultural remains found by Lagiglia (1979)
are so few (n ¼ 4) that (even accepting the human–mega-
herbivores relation) it is too difficult to relate them to an
important incidence on the extinction of local megafauna.
Human activity is not involved in the disappearance of
megafauna at Los Morrillos, since its record (Hippidion sp.
and Megatherium sp.) has a chronology much earlier than
the human arrival to the region.
Environmental hypotheses do not explain by themselves

the megafauna extinction in the study area. Thus,
according to the Habitat Loss hypothesis this process
would have reduced or eliminated the areas with adequate
conditions for megafauna survival (Barnosky, 1986; Koch
and Barnosky, 2006). Nevertheless, in the Gruta del Indio
area, the species included in the Hippidion diet had an
increasingly growing presence in relation to the expansion
of the arid Monte vegetation during the final Pleistocene
and Holocene (D’Antoni, 1983). Also, this environmental
situation does not support a regional co-evolutionary
disequilibrium (Graham and Lundelius, 1984), which not
only would have affected differentially the diverse mega-
fauna species, but also could have been effectively
responded to by the higher mobility and apparent diet
diversification capacity of Hippidion.

5. Concluding remarks

In the current state of the debate, no firm proof exists of
an important incidence of human activity on the disap-
pearance of Pleistocene species at the regional level. On the
other hand, available data do not permit causal linkage of
this phenomenon to late Pleistocene environment changes.
At Gruta del Indio significant changes in the composition
of the feces of Hippidion corresponding to different
intervals of the period ca. 31,000–9000 14C BP are not
evident. So, a forced negative shift of diet (resulting from
eventual marked environment changes related to the Last
Glacial Maximum) should be discarded as cause of the
regional extinction of Hippidion. At any rate, if these
changes existed, the capacity of feeding diversification of
this species, reflected by the record of Los Morrillos, would
have constituted an efficient response to secure its survival
(Garcı́a et al., 2006). This flexibility in diet composition
could be a relative adaptive advantage allowing for a
longer permanence of this species in comparison to others
recorded in the region (such as Megatherium and Mylo-

don), whose extinction in the Gruta del Indio area could
have been some 100 or 1000 years earlier. Nevertheless, this
advantage was not enough to guarantee its survival during
the Holocene, which could have been affected by diverse
agents, such as growing aridification of the area, increasing
competition with other species (mainly L. guanicoe), and
human presence, all of these related to a relatively low
population density, as expected from the poor presence of
Hippidion at the archaeological and palaeontological sites
of Argentina (e.g. Alberdi et al., 2001). In short, although it
could be a simple problem of sample scarcity, the
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chronological differences observed in the records of
Hippidion from Los Morrillos and Gruta del Indio also
suggest that the factors above mentioned could be part of a
process explainable by a general mechanism (e.g. climate
change) with specific regional situations involving other
agents, as suggested by Borrero (1997) for Patagonia. In
this case, this model of regional variability coincides with
the marked climate change observed by authors such as
D’Antoni (1980, 1983), Heusser (1983, 1990) and Núñez et
al. (1994a, b) for the Pleistocene–Holocene transition in the
Central Andes of Argentina and Chile.
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