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ABSTRACT

In this paper we present the taphonomic analysis of the
Rodrigo Botet Collection, an assembly of fossil bones
excavated from the Region of the Pampas (Argentina) which
display evidence of having been subject to anthropic action.
This collection of South American mammals is housed at the
Natural Science Museum of Valencia (Spain), and is the most
important of its type in Europe. In order to better comprehend
the evidence found in this collection a palacoecological
framework was applied. This framework was linked to the
relations established between Homo sapiens and the native
megafauna, which may have implied new forms of niche
construction or colonization in South American spaces. The
distribution of the different species over the landscape, the
general ecological characteristics of these mammals, and the
presence of possible competitors were taken into account

https://doi.org/10.7203/sjp.30.1.17199

RESUMEN

En este trabajo se presenta el analisis tafonomico realizado
en la Coleccion Rodrigo Botet, proveniente de la Region
Pampeana (Argentina) donde se hallaron distintos huesos
con evidencias de intervencion antrdpica. Esta coleccion de
mamiferos Sudamericanos se encuentra alojada en el Museo
de Ciencias Naturales de Valencia (Espafia) y es la mas
importante de este tipo en Europa. Un marco paleoecologico
fue aplicado a fin de entender la evidencia encontrada. Este
se vinculd con las relaciones que Homo sapiens establecid
con la megafauna nativa y que pudo significar la construccion
y/o colonizacién de nichos en los espacios sudamericanos.
Para analizar esta dindmica se tuvo en cuenta la distribucion
de las diferentes especies en el paisaje, las caracteristicas
ecologicas de estos mamiferos y la posible presencia de
competidores. En este contexto, las poblaciones humanas se
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during the research. In this context we emphasise that human
beings behaved as an invasive species in this continent
during the first peopling of America. Special attention is also
placed on comparing different early human dispersal events
in different scenarios. America and Europe are exemplary
case studies for making further discoveries on the several
anthropic impacts that our species has exerted in different
times and spaces.

Keywords: American peopling, megafauna, Pleistocene-
Holocene Transition, Pampean Region, Argentina.

habrian comportado como una especie invasora durante el
primer poblamiento americano. También se hace un énfasis
especial en la importancia de comparar distintas situaciones
de dispersiones tempranas en distintos escenarios. En este
sentido, América y Europa son excelentes casos de estudio
para dar cuenta de los distintos tipos de impacto que nuestra
especie realizé en diferentes espacios y tiempos.

Palabras clave: Poblamiento americano, megafauna,
Transicion Pleistoceno-Holoceno, Region Pampeana,
Argentina.

1. INTRODUCTION

The dispersal of Homo sapiens in Eurasia and in America
has been a challenge for researchers. In both continents, the
entry of our species occurred in unique palacoecological
contexts: in Eurasia, there have been pulses of colonization
by species of the genus Homo since at least the early
Pleistocene. They introduced some environmental
modifications and, in the last millennium, competed with
Homo sapiens for the exploitation of resources. This was
not the case in America, since Homo sapiens was the first
and only Homo species that thrived in this continent during
the late Pleistocene. Specifically, in South America, the
human population found a unique assortment of animals,
the South American megafauna, that had developed thanks
to the relative isolation of the continent during part of the
Cenozoic Era until 3 Ma ago (Webb, 1978; Farifia et al.,
2013). In both continents, Eurasia and South America,
geographical dispersal took place successfully which,
as a result, affected the diversity in species and changed
their native relationships. Specifically, this paper focuses
on presenting how this happened in the Pampas, a nodal
sector for the evolution of populations of megafauna
and for the dispersal of Homo sapiens, since it joins the
Brazilian and Guayanian regions and the southernmost
part of the continent.

To further explore the matter, we studied the interaction
between Homo sapiens and megafauna through a series of
taphonomic analyses on the items in the Rodrigo Botet
Collection at the Natural Science Museum of Valencia
(Spain) (Chichkoyan, 2011, 2013; Chichkoyan et al.,
2013). This collection is the most important of its kind in
Europe and has been kept in Spain since the end of the
19th century. Several fossil bones in this collection were
detected to have been subject to human action. In order to
analyse these results, a palacoecological framework was
applied. This approach allows for its interpretation from the
general perspective of interaction. The resulting aggregate
of species in the space, their ecological characteristics,
like the fact that they had never before been in contact

with humans or their sexual maturity and reproduction
strategies and, also, the low interspecific competition
among carnivores, might have favoured the creation of new
paleoecological relationships, such as niche construction
or colonization of those already existent. This could be
related to the possible invasive nature (sensu Lanata et
al., 2008a, b) of Homo sapiens during their first dispersal
in the Americas, destabilizing in the process of its native
trophic chain.

Firstly, we will offer an explanation of the general
specifications of our materials and methods and, further on,
of the fauna that displayed signs of anthropic action. The
following section will describe the results of the analysis.
The paper ends with the discussion and conclusions drawn
from these findings, integrated into a general overview of
the palaeoecological interactions between human beings
and megafauna.

2. MATERIALS AND METHODS

The American Southern Cone is a relevant space for
the comprehension of the palacoecological relationships
established by humans with other large mammal species.
Although South America, especially the Southern Cone,
offers plentiful evidence of the interaction between human
beings and megafauna, this information is still relative
poorly understood (Borrero, 2008, 2009) and has not been
integrated to the new general dispersal models of human
population for different environments.

The focus here will be placed on the Pampean Region,
one of the richest in megamammals during the Pleistocene.
The discovery of various mammalian skeletons in this area
enabled the creation of a chronostratigraphic sequence
for the entire continent (Cione ef al., 2009). This region
was characterized by an arid and dry weather, with a low
vegetation strata and the predominance of open spaces. It is
located between 31 degrees and 39 degrees South and is an
ecotonal biotope located between two large biogeographical
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regions: the Brazilian Region to the North and the Patagonic
Region to the South. Thus, it has always been influenced by
the palaeoenvironmental changes of both regions (Rabassa
et al., 2005; Ortiz-Jaureguizar & Cladera, 2006; Gutiérrez
& Martinez, 2008; Cione et al., 2009).

South American megafaunal extinction is an issue of
great relevance when dealing with these species of native
fauna. However, even if it is the subject of an important
academic debate, the issue will not be addressed in this
paper, for our primary concern is merely to discuss
human palacoecological relationships established during
the first peopling of America. A good overview of this
debate can be found in Koch & Barnosky (2006), and
references therein. In this sense, it is necessary to go
beyond the event of extinction itself and elucidate the
human migration process through the territory during
niche construction. This relates to the modifications
that the organism caused in the environment, disturbing
or changing the relationships between organisms and
bringing about evolutionary change (Odling-Smee et
al., 2003). As to further this line of investigation, it is
necessary to incorporate archaeological information backed
up by evidence provided by palacoecology, in order to
allows us to integrate historical, ecological, taphonomic
and geological concepts for the better understanding
of life in the past (Wing et al., 1992). Therefore the
evidence provided by our research will merge with the
palaeoecological characteristics of the native fauna and
paleontological and palacoecological concepts. It is useful
to understand the relationships in the faunal population
before the irruption of human beings, the expansion of a
new species into a novel environment, its interaction with
the native species, the influence that it could have exerted
on the environment and how it overcame natural barriers
(Harding et al., 2006). All these elements apply to the case
of Homo sapiens in the New World, a Homo species with a
more flexible capacity for adapting when compared to the
last million years of its evolution (Surovell et al., 2005).

In order to further the research on the palacoecological
consequences that humans caused during their dispersal
in the American environment, it is necessary not only
to consider the information from excavations under
stratigraphic control, but also, to gather information from
collections housed in different museums. Even though
they lack context, this kind of material may provide
important information, for they may be analysed by means
of new methodologies and theoretical frameworks (Pérez
de Micou, 1998; Huster, 2013) and later integrated into
different studies carried out in the region. This kind of
analysis is fundamentally important to the study of general
patterns of human behaviour in the past and their overall
relation with the different palacoregions on a large scale.
This is one of the essential objectives of this work of
palaeobiological and archaeological research that at the
same time also allows interregional comparison (Stiner,

1994; Gamble, 2002). Consequently, the study of this
material is a key element for the advancement of current
investigations, not only because it minimizes the impact
that a campaign of excavation has on the environment,
by avoiding the destruction of the sites, but also because
the material may be re-evaluated in new studies (Goetze
& Mills, 1991; Pérez de Micou, 1998; Pérez et al., 2005;
Huster, 2013). In addition, it integrates material into
ongoing research carried out in Argentina and the rest of
South America but which is kept elsewhere.

These collections are composed of fossil elements that
were extracted from non-stratigraphical excavations carried
out during the 19th century, when different voyagers
undertook journeys to both the Pampean and Patagonian
regions (Chichkoyan, 2011). They are composed of
different large mammals — over 44 kg in weight — and
species of megafauna — over 1,000 kg — and most of
them, have never been studied from this perspective,
so they may prove an important source of information.
Although these 19th century collections lack a precise
stratigraphic context, it is possible to obtain chronologies
from bones with evidence of human activity, providing
reliable evidence and enabling the contextualisation of
this interaction. This can be used to generate new research
expectations and/or interpretative models that integrate
both archaeological and palacoecological information.

The taphonomic study carried out on the Rodrigo Botet
Collection, is an exemplary case study and relevant to this
subject (Chichkoyan, 2011, 2013; Chichkoyan et al., 2013).
This is the most important collection of South American
fossil megafauna in Europe and has been the subject of
paleontological studies performed by Bosca y Casanoves,
first curator of the collection (Bosca y Casanoves, 1899,
1902, 1917, 1919, 1921, 1923a, b; among others). It was
donated to the Museum of Valencia by Rodrigo Botet at the
end of the 19th Century and is the result of non-systematic
excavations executed by Enrique de Carles in the north-
eastern sector of the Pampean Region: Samborombon Bay,
and different zones near the rivers of La Plata, Salado, and
Samborombon (Fig. 1). The collection is composed of 29
genera and 66 species, such as Smilodon, Mylodontidae,
Glyptodonts, and Notoungulata, among others. It was part
of the first Paleontological Museum in Europe and it is
characterized by the quantity and diversity of material.
It also includes important human remains, such as the
“Samborombén skeleton”, used by Ameghino to discuss
when the first American peopling took place (Martel San
Gil & Aguirre Enriquez, 1964; Salinas Jaques, 2001; Catala
Gorges, 2004; Belinchon et al., 2009).

The bones of which this collection is composed were
analysed by means of taphonomic methodologies. Studies
on bone surfaces are useful not only to find and describe
anthropic cut marks, but also to discover paleoenvironmental
and ecological information (Behrensmeyer & Kidwell,
1985; Bonnichsen, 1989; Bello & Soglio, 2008). The
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Figure 1. Geographical setting. A) Argentina. B) Buenos Air
Collection. (Modify from IGM).

traces left on bones can be linked to their causal agency
and, in this way, can be used to determine the element
that brought them about (Gifford-Gonzalez, 1991; Lyman,
1994). This can be put into practice not only in the case of
human-made marks, but also for imprints that were caused
by other natural elements (Binford, 1981; Behrensmeyer,
1991; Lyman, 1994; Coard, 1999; Fernandez Lopez,

es Province. C) General provenance of the Rodrigo Botet

2000; Dominguez-Rodrigo et al., 2009). Therefore, the
taphonomic history of the bones housed in the museums,
which lack any sedimentary context, may be interpreted.

For this work, 11,466 bones over 2 cm long, with
their cortical surface in an adequate state of preservation
were selected. Firstly, they were analysed with the aid
of magnifying glasses and stereoscopic microscopes
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— Olympus SZ-PT — in order to differentiate any bone
presenting human action from those affected by eroding
agents such as carnivores, roots, weathering, trampling,
wind or fluvial transport and any other natural factor
(details in Chichkoyan, 2011). Currently, new studies and
new methodologies are being applied on the material. It has
been re-viewed with the aid of microscopes equipped with
6.4, 16 and 40X magnification lenses — Wild Heerbrugg
M3B —, and other processing methodologies will also be
applied in the future in order to retrieve the maximum
information possible from the sample or improve previous
results derived from the collection.

However, the material will be presented in the same
fashion as in previous works (Chichkoyan, 2011, 2013;
Chichkoyan et al., 2013). Only bones that display signs of
human intervention and have been assigned to a taxonomic
group are presented in this study. Although other
researchers describe and classify the cut marks (Walker &
Long, 1977; Abe et al., 2002; Bello & Soglio, 2008; Bello
et al., 2009; De Juana, 2010; among others) we considered
that any bone that displayed V-shaped markings in areas
consistent with the process of butchering, and which
had occurred prior to any other type of post-depositional
process, such as weathering, trampling, deterioration by
the action of roots, manganese stains or other eroding
factors like water or wind, would have been subject to
anthropic action (Binford, 1981; Shipman, 1981; Lyman,
1994; Bunn, 1999; Fernandez Ldépez, 2000; Dominguez-
Rodrigo ef al., 2009). Several elements of the collection
that had been subject to human action could be the result
of intentional patterns created as a result of anthropic
polish. Markings were described in terms of orientation,
general position on the bone, and their relative position

with other marks derived from non-human activity, plus
any other information considered relevant, not only of
the mark itself but also of its surrounding context. This
allowed for the understanding of the taphonomic history of
the different bones with cut marks. In addition, the species
on which these were found offers information on the
ecological characteristics, chronology and distribution of
these populations. The relative position of the markings on
the bone grants insight on the general butchering process
and stages of the animal’s exploitation by human beings.

In the following section, the general characteristics of
the species that have been subject to human intervention in
the Rodrigo Botet Collection are described. And later on,
the results of the analyses will be presented and discussed.

3. SYSTEMATICS

Phylum CHORDATA Bateson, 1885
Class MAMMALIA Linnaeus, 1758
Order XENARTHRA Cope, 1889
Family Mylodontidae Gill, 1872

Mylodons (Fig. 2) are part of the Order Xenarthra,
which originated in South America. This order is divided
into Cingulata — an explanation will be offered later on —
and Pilosa, which is in turn divided into Vermilingua or
anteaters and the Folivora or Tardigrada, better known
as sloths (Vizcaino et al., 2012). Mylodontidae is a
member of the latter group along with three other families
— Megalonychidae, Nothrotheiidae and Megatheriidae —

Figure 2. Mylodon (S. carlesi) from the Rodrigo Botet Collection (from Belinchon et al., 2009).
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(Farifia et al., 2013). Mylodontidae in turn is composed
by two clades: Mylodontinae — the Glossotherium,
Mylodon and Lestodon genera — and Scelidotheriinae —
the Scelidotherium, Scelidodon, Catyonyx and Valgipes
genera — (Farifia et al., 2013). This family is comprised of
megamammals that are over 1 tonne in body mass, although
some species such as Scelidotherium leptocephalum were
smaller, with an average weight of 633 kg (Farifia et al.,
1998, 2013); in other cases, like Glossotherium robustum,
some specimens weighed less than 1 tonne, which is
explained by sexual dimorphism in the species (Christiansen
& Farifia, 2003; Farifa et al., 2013). This group was adapted
to live in cold and dry environments, such as the Pampean
Region during the Pleistocene. During this period of time
savannah-grassland habitats developed, which allowed for
the diversification of this family. It became extinct by the
early Holocene, after a change in the climate conditions
(Deschamps, 2005; Ortiz-Jaureguizar & Cladera, 2006;
Prevosti & Vizcaino, 2006; Mifio-Boilini & Carlini, 2009).
These animals had a set of molariform, hypsodont teeth,
intimately related to their different consumption habits
(Paula de Couto, 1979; Farifia et al., 2013).

Phylum CHORDATA Bateson, 1885
Class MAMMALIA Linnaeus, 1758
Order XENARTHRA Cope, 1889
Family Megatheriinae Owen, 1842
Genus Megatherium Cuvier, 1796

This group, member of Tardigrada, is related to the
Mylodontidae but is characterized by its enormity. In fact,
the largest specimens belong to this clade, such as the
well-known Megatherium americanun, which could weigh
over 4 tonnes (Fig. 3). As was the case with Mylodons,
this group also thrived in open spaces and was typical of
the Pampean Region, although it expanded as far as the
region of Ecuador, by using the Andes as a corridor as
did many other species (Pujos, 2008). They developed an
herbivorous diet which was probably complemented with
animal protein derived from scavenging or maybe even
predatory activity (Farifia, 1996; Farifia & Blanco, 1996;
Pujos, 2008). This animal was typical of the Pleistocene
period and was especially abundant during the Lujanian
period (Brandoni et al., 2008; Pujos, 2008).

Phylum CHORDATA Bateson, 1885

Class MAMMALIA Linnaeus, 1758

Order XENARTHRA Cope, 1889

Family Glyptodontidae Burmeister, 1879
Genus Neosclerocalyptus Paula Couto, 1957

In previous research, the provenance of the material
that belonged to this family — an osteoderm — could be

b

Figure 3. Megatherium americanum currently exhibited at
the Natural Science Museum of Valencia (from
Chichkoyan, 2011).

determined only as far as family level. In this second
round of revision, we were able to identify the genus it
belongs to. The families Glyptodontidae and Dasipodidae
— which are the following to be explained — are part of
the Cingulata. Although their general appearance differs
from that of the Tardigrada, the presence of an extra joint
in their vertebrae and their low basal metabolism are a
characteristic feature of this order; and in addition, they
are also K-selected animals when it comes to reproduction
strategy (Gaudin, 1999; McDonald, 2005; Farifia et al.,
2013). A remarkable feature of these animals was that they
were covered with a hard shell that protected their entire
body and part of their extremities. This exoskeleton was
characterized by its fixed osteoderms (Fig. 4). Glyptodons
also presented a merged spinal cord to support the weight
of their shell (Gaudin, 1999). The Neosclerocalyptus sp.,
in turn belonged to the subfamily Hoplophorinae, and was
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Figure 4. Several re-constructions of Cingulata, by Mauricio Antén. From left to right: Glyptodon, Neosclerocalyptus
and Eutatus (from Belinchon et al., 2009).

one of the smallest species of the Family Glyptodontidae
(Farifia et al., 2013). This family survived until the
early Holocene and some species were part of human
exploitation activities in the Pampean region, such as the
Doedicurus clavicaudatus, that was excavated from La
Moderna (Gutiérrez & Martinez, 2008; Gutiérrez et al.,
2010; Soibelzon et al., 2012).

Phylum CHORDATA Bateson, 1885
Class MAMMALIA Linnaeus, 1758
Order XENARTHRA Cope, 1889
Family Dasipodidae Bonaparte, 1838
Genus Eutatus Gervais, 1867

Eutatus is also a member of the Cingulata, and belonged
to the Family Dasipodidae (Vizcaino & Bargo, 1998).
These members of the group are characterized by their
smaller size, 50 kg in body mass, and mobile osteoderms
(Vizcaino & Bargo, 1998; Krmpotic et al., 2009; Farifia et
al., 2013). In contrast with other members of this order, it is
suggested that this family was characterized by an R-select
reproduction strategy (McDonald, 2005). Although its body
size does not qualify for it to be considered megafauna,
this species belongs to the Order Xenarthra, of which there
is anthropic evidence, and survived until recent times,
as opposed to the rest of the megamammals, that were

hardly able to survive the Pleistocene-Holocene boundary
(Krmpotic et al., 2009; Gutiérrez et al., 2010) (Fig. 4).

Phylum CHORDATA Bateson, 1885
Class MAMMALIA Linnaeus, 1758
Order LITOPTERNA Ameghino, 1889
Family Machraucheniidae Gill, 1872
Genus Machrauchenia Owen, 1839

Macrauchenia patachonica Owen, 1839

Along with the Order Xenarthra, Litopterna is a group
native to South America. This order was very diverse, as
a result of its extensive evolution that dates back to the
late Paleocene (Vizcaino et al., 2012). Macrauchenia
patachonica weighed over 1 tonne and the shape of its
body was similar to that of a camel or a horse (Farifia et
al., 1998, 2005) (Fig. 5). It emerged during the Ensenadan
and Lujanian ages and was typical of arid climates (Bond e?
al., 1995). Although its size was a natural defence against
predatory attacks, it has been suggested that this animal
also adopted swerving and dodging strategies to avoid
falling prey to predators (Farifia ez al., 2005).
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Figure 5. Macrauchenia patachonica by Mauricio Antén (from
Belinchén et al., 2009).

4. RESULTS

Ten elements from different species displayed traces
of different types of anthropic action (Chichkoyan,
2011): four elements belonged to Mylodon, one rib to
Megatherium sp., another two ribs to Macrauchenia
patachonica and three osteoderms, one of them belonging
to Neosclerocalyptus sp. and another two to Eutatus sp.
Thanks to the new technologies in use, one of the bones
of Macrauchenia patachonica previously reported to bear
cut marks, is currently under process of study in order to
determine the origin of the marks it display. The number of
markings and their distribution can be viewed in Table 1.

The diversity of the species evidencing human
intervention in the collection is a very good sample of
the fauna native to South America that once lived in the
region and disappeared upon human arrival — with the
only exception of Eutatus sp., which survived until more
recent times (Chichkoyan, 2011, 2013; Chichkoyan et
al., 2013). This fauna was very diverse throughout the
Quaternary. The Ensenadan and Bonarean ages — during
the early and middle Pleistocene — show an abundant and
assorted fauna, for both extant and extinct species were
detected in the biostratigraphical units. However, at the end
of the Lujanian age — 130,000 to 7,000 B.P. — especially
between 21,000 to 10,000 B.P., at least 52 species and 38
genera went extinct in South America: particularly, large
animals and megamammals (Lessa & Farifia, 1996; Lessa
et al., 1997; Cione et al., 2009). This coincided with the

rise in temperature and the wetter conditions that followed
the Last Glacial Maximum — 20,000/16,000 B.P. (Rabassa
et al., 2005) — which was, in general terms, essentially
similar to the interglacial periods that characterized the
Pleistocene.

Table 1. Material with anthropic traces found in the Rodrigo
Botet Collection.

TYPE OF
SPECIES BONE SIZE (mm)

length  width  high
Mylodontidae Rib 105 10 35
Mylodontidae Scapula 180 40 70
Mylodontidae S:r‘t‘:tff;e 105 140 95
Mylodontidae Metatarsal 30 35 95
Megatherium sp. Rib 1000 55 70
Z“ZZZZ‘;;}Z’?Z’” Rib 480 15 40
%ﬁ;ﬁ;ﬁ;’:ﬁg"’ Rib 460 15 30
Neosclerocalyptus sp.  Osteoderm 20 10 20
Eutatus sp. Osteoderm 15 5 10
Eutatus sp. Osteoderm 15 5 15

With regard to the species that display anthropic action,
we have noticed that out of all the groups that present
anthropic cut marks, marks on the Family Mylodontidae
are the most abundant in the collection; the bones
bearing marks include: one rib fragment, one scapula, a
fragmented cervical vertebrae and a metatarsal. The rib
shows three transversal cut marks in the shaft sector; it has
some manganese stains along its entire surface (Fig. 6).
The scapula has one transversally oriented cut mark 11
cm from the glenoid cavity (Fig. 7). This element was
highly affected by taphonomic agents such as roots and
trampling, but the resulting imprints were left over the cut
mark, indicating that the human activity occurred prior to
these agents affecting the bone. The same was observed
when examining the cervical vertebrae (Fig. 8), which
had cut marks on its dorsal surface that were inflicted
before the occurrence of trampling and manganese stains.
The last of the Mylodontidae items that displayed signs
of human intervention was a metatarsal (Fig. 9). Its level
of preservation was quite good and the cut marks were
identified on its distal epiphysis. An insect hole could also
be observed in some of these marks, indicating that the
cut marks happened prior to its deposition (Chichkoyan,
2011; Chichkoyan et al., 2013). The amount of cut marks
in Mylodontidae bones may be related to the fact that this
type of animal was the most abundantly identified in the
collection — N: 1.124 or 25, 12 % of the material identified.
However, it could also be related to its characteristic
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Figure 6. Mylodontidae rib with anthropic cut marks. Detail of

the middle incision viewed with 40X magnification
factor.

Figure 7. Mylodontidae scapulae with anthropic cut marks.
Detailed view, 6.4X magnification factor.

Figure 8. Mylodontidae cervical vertebrae with anthropic cut
marks. The two surfaces where they were detected are
shown: 1) From below: a general view of the incision.
From above: Detailed view. 40X magnification factor.
2) From above: Distribution of the cut marks over the
right dorsal tuberculae. From below: Detailed view,
6.4X magnification factor.

Figure 9. Mylodontidae metatarsal presenting anthropic cut
marks. Close up view of the distal epiphysis and
detailed view, 16X magnification factor.

distribution, since it was one of the most abundant taxa
in the Pampean region, as we have mentioned previously.

Another fossil with cut marks, which also belongs to
the Order Xenarthra, was a rib belonging to Megatherium
sp. In this case, the first time it was studied, we detected
that the bone had four cut marks in its distal sector with
some original sediment still attached to part of the cut mark
cavity. Three of them are in the shape of an inverted N
and the other is spaced apart from these. This element had
been weathered and is missing part of its cortical tissue; it
also presents some old restoration work carried out at the
museum. Other materials belonging to this order which
have been subject to human activity were osteoderms of
Neosclerocalyptus sp. and Eutatus. They present what
may probably be anthropic polish on their sides, although
one of them was also affected by fluvial erosion that
rounded the item’s shape. In the case of the osteoderm of
Neosclerocalyptus sp., it shows trails of manganese stains
along two contiguous surfaces, which would indicate that
this agent developed after human intervention. In addition
striations derived from polishing were also detected (Fig. 10)
(Chichkoyan, 2011; Chichkoyan et al., 2013).

Finally, cut marks were identified on two ribs belonging
to Macrauchenia patachonica. One set of marks were near
the distal side of the rib, and the other was under the old
restoration work (Fig. 11), however, given the general
pattern of these markings it is possible they were the result
of human intervention. The other rib that was originally
presented is currently being studied.

We also observed the skeletal elements of specimens
that presented anthropic action. Regarding the chances of
detecting this kind of evidence, it is generally assumed
that larger animals have reduced chances of tools coming
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into contact with their skeleton (Borrero, 2001; Pérez
et al., 2005; Borrero & Martin, 2012) as is the case for
big mammals such as Proboscideans (Gaudzinski et al.,
2005) although the authors also point out that anthropic
marks can also be detected in rhinoceros. In Aridos 2,
for example, a middle Pleistocene site from Spain, bones
belonging to elephants were found to display cut marks
(Yravedra et al., 2010). Therefore, the record of cut marks
on skeletal elements is intimately related to way in which
the animal was processed. In our case, most of the material
corresponds to parts of the axial skeleton: four ribs and
one cervical vertebrae. This could be linked to the fact that
these parts are closer to the skin and a tool will more
readily make contact with the bone. However, only two
items of the appendicular skeleton were found to possess
cut marks: the scapula and the metatarsal. The larger
size of the appendicular skeleton must have hampered
transporting the whole limb, and therefore, it seems more
probable that only portions of meat were extracted. As a
result there would be fewer marks present in these parts,
and also, given the amount of muscles present, it is less
probable that lithic tools would touch the bone.

Figure 10. Glyptodontidae osteoderm. From above: detailed view
of two surfaces where continuous manganese stains
are visible. From below: Detailed view of the area
where the parallel striations resulting from polish
were detected. 40X magnification factor.

Figure 11. Rib of Macrauchenia patachonica. 1) Detailed view
of the cut mark beneath the restoration work and
2) Possible cut mark on its the distal section. 40X
magnification factor.

S. DISCUSSION

The cut marks on the material of the Rodrigo Botet
Collection are good indication of the various large
animals and megamammals that were consumed by human
beings during their first dispersal in the Pampean Region.
Although other animals could have well been the base
of human diet, such as the Lama guanicoe (Politis et al.,
2004; Cione et al., 2009), this does not imply that other
species, such as the megafauna mentioned in this paper,
were not consumed. There is enough evidence supporting
that human beings have exploited megamammals as a
natural resource in the past.

However, the possibility that human beings only
scavenged meat from animals killed by other carnivores or
other natural causes must still be taken into consideration,
especially if we bear in mind these events happened during
a moment of paleoenvironmental change. An interesting
fact related to this option is that carnivores in the ecological
scenario of the Pampean region had a low predatory
activity (Farifia, 1996), although they may have been an
important factor in other regions such as the Patagonia
(Borrero & Martin, 2012) or Chile (Lépez Mendoza, 2007).
This is consistent with fact that there were large quantities
of herbivorous biomass and that Carnivora made a late
arrival into the environment. The latter occurred in the
late Pliocene when the two Americas were united by the
Isthmus of Panama (Lessa & Farifia, 1996; Soibelzon &
Prevosti, 2008; Woodburne, 2010). Although the imbalance
hypothesis has been reassessed, and a more balanced
ecological scenario has been suggested for the Pampean
region, the fact remains that only Smilodon populator
and eventually Panthera onca, Puma concolor and Canis
nehringi were capable of predation on megammamals
(Prevosti & Vizcaino, 2006) and it is also probable that
Megatheium americanum could have had access to animal
proteins, although this would have occurred as a result of
its activity as an opportunistic scavenger (Farifia, 1996;
Farifia & Blanco, 1996). The size of these animals (Lessa
& Farifia, 1996) rendered them inaccessible to carnivores,
the same way other large animals are inaccessible to
predators in other environments around the globe. Lions,
however, occasionally kill large prey, such as giraffes,
buffalos or rhinoceros. Regardless, for this to happen,
they must hunt cooperatively given the strain of bringing
large prey down (Schaller, 1972; Bertram, 1979; Hayward
& Kerley, 2005). Therefore, the chances of human beings
scavenging animals killed by other carnivores are reduced.
It is also relevant to note that until now, no evidence of
attacks by other carnivores could be found on any of the
items of the collection. However, it is also important to
consider that the sudden arrival of Homo sapiens could
have significantly reduced the availability of prey for
the native carnivores and therefore had a negative effect
on their survival (Cione et al., 2009). The great capacity
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to modify their environment and adapt, plus the ability
to produce weapons, rendered Homo sapiens the most
formidable predator for both herbivores and carnivores
alike, either directly or indirectly. However, another
possibility is that humans benefitted from animals that
had perished due to natural causes. Finding archaeological
evidence of this is considerably more complicated since
the material we studied lacks context.

Nevertheless, we may provide arguments that have been
put forward to help analyse the issue. Generally speaking, it
is always complicated to prove a certain animal was being
hunted by human beings in the absence of direct evidence,
such as a piece of lithic lodged in a bone of an animal,
like the one found at Taima Taima in Venezuela (Borrero,
2009). We consider that this idea is supported by the
information drawn from several stratigraphically controlled
sites in the northern and southern Pampean region, which
indicates human beings directly predated on megafauna.
Sites such as La Moderna, Campo Laborde, Paso Otero
or Cueva Tixi, in the South, have revealed that activities
took place which hint towards the species Doedicurus
clavicaudatus, Megatherim americanum, Equus neogeus,
Hippidion sp. or Eutatus seguini being accessible to human
beings. In the first of these sites, elements pertaining to
Doedicurus clavicaudatus were associated with quartz
tools. The animal’s mandible, its axial parts, and its
carapace had not been removed from the site grounds.
In Campo Laborde, a rib belonging to Megatherium
americanum displaying cut marks was found, and meat
and viscera of the animal had seemingly been transported
elsewhere, away from the carcass of the animal. In
addition, the bones of megafauna had been used as fuel for
kindling, for burnt bones were found at the site Paso Otero
5. In Cueva Tixi, three phalanx bones and six osteoderms
belonging to Eutatus seguini had been burnt and found
near what used to be a fireplace (Mazzanti & Quintana,
1997; Politis & Gutiérrez, 1998; Gutiérrez & Martinez,
2008; Politis & Messineo, 2008). Other important findings
related to human-megafauna interaction have also been
reported from Arroyo del Vizcaino, Uruguay, located in the
northern sector of the region. Here a non-contextualized
clavicle belonging to Lestodon displayed cut marks as the
result of human activity. In addition, several other bones
from stratigraphically controlled excavations also presented
several types of incisions (Arribas et al., 2001; Farifia,
2002; Farifia & Castilla, 2007; Farifna et al., 2014). The
anatomic positions of the cut marks on fragments of the
animal’s skeleton seem to indicate that human beings had
direct access to different types of megamammals.

In this particular case, the information drawn from
the analysis of the markings reveals that some elements
are consistent with the first stages in animal processing
proposed by Binford (1981). Even though this model
is based on butchering procedures for medium-sized
animals, the author does point out that the basic patterns

of dismemberment are common for most animals since
these procedures depend on the generalised anatomy of
the skeleton. While the animals referred to in this work are
larger in size, the general procedures for the separation of
the axial and appendicular parts of the body are useful to
understand how butchering of the animal could have taken
place. The presence of cut marks on the cervical vertebrae,
for example, is related to the process of separating the body
from the skull, one of the first actions carried out during the
processing of the animal (Binford, 1981). In addition, the
evisceration of the carcass and skinning is also one of the
first stages of the process (Binford, 1981). These actions
usually cause marks on the ribs, such as those detected on
several ribs of Mylodon, Macrauchenia patachonica and
Megatherium sp. in the Rodrigo Botet Collection. The
polishing we noticed on the osteoderms of Glyptodontidae
and Eutatus is also worth discussing. This kind of activity
must have been carried out on fresh material; if the
osteoderm had been polished after it had fossilised, the
lack of collagen in the item would have caused it to break.
The rest of the material in the Rodrigo Botet Collection
subject to human activity is harder to relate to any other
particular stage of the processing of an animal; although
the markings on the scapula belonging to Mylodontidae,
since they are located close to the joint, could be attributed
to the action of separating the appendicular hind limb from
the rest of the body, which could also be consistent with
the stages of dismemberment proposed by Binford (1981).
Even though affirming that Homo sapiens had had direct
access to these species of megafauna might be premature
at this stage, evidence suggests that human beings were
actually present from the very first stages of the process
of butchering (Chichkoyan, 2011, 2013; Chichkoyan et al.,
2013). Since the specimens lack any context, elucidating
whether the animal was hunted or scavenged after a natural
death is still complicated.

Having reached this point, it becomes relevant to relate
this information to the paleoecological context of these
species and the environment they inhabited. This will
contextualize and aid us as we interpret the material in
the Rodrigo Botet Collection in the context of different
ecological settings. This information was provided by
several research papers that grant us insight on how these
species lived in the past. Therefore, non-contextualized
cut marks can be integrated into a general framework
of interaction between human beings and native fauna.
Two issues are worth highlighting: on the one hand, the
general ecological characteristics of the native fauna, such
as their naivety in relationship with an invader species
and their reproduction strategy; and on the other hand, the
distribution of the species over the terrain.

Firstly, it is necessary to note that none these of
species had ever come into contact with human predation
previously (Cione et al., 2009). The lack of contact with an
invading species contributes to the success of the invasion
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and destabilizes the established trophic chain (Kondoh,
2006). Given the relatively late arrival of our species to
the continent, these species were not prepared to survive
predation by the hand of a super social, technological and
carnivorous primate such as Homo sapiens. The several
taxa that indeed did survive the presence of human beings
were those adapted to survive in areas that were not
accessible to humans, such as wetlands, mountainous areas,
or forests (Cione ef al., 2009). The same circumstance still
applies to the distribution of proboscideans nowadays that
inhabit tropical forest biomes in Africa and Asia, areas
where human populations hardly ever settle (Surovell
et al., 2005). Other species with speedier reproductive
cycles, such as guanacos (Lama guanicoe) and smaller
species have been able to survive over time (Cione ef al.,
2009). Consequently, the lack of natural defences against
a technologically superior predator such as Homo sapiens,
could have favoured the decline of these slow and naive
populations of megafauna.

Secondly, the rate at with which these animals became
extinct varied in accordance to the speed of their sexual
development and reproductive strategy (Cione et al.,
2009). Megafauna, such as Megatherium sp., Mylodons,
or Macrauchenia patachonica followed K-selected
reproductive strategies or had low basal metabolisms, this
meant they had fewer offspring per individual (Johnson,
2002; McDonald, 2005; Cione ef al., 2009; Souza Lima-
Ribeiro & Felizola Diniz-Filho, 2013). In this sense
sporadic killings of members of these species would have
negatively affected birth rates for its entire population, let
alone continuous depredation. Consequently, this meant
several taxa would become extinct in a relatively short time
period, as is the case of those species that barely passed
the Pleistocene-Holocene boundary. Their situation differs
from that of Eutatus, for example, which due to its great
reproductive capability (McDonald, 2005) and plentiful
numbers, survived until more recent times (Krmpotic et al.,
2009). These circumstances also applied to other smaller
mammals, such as Lama guanicoe (Cione et al., 2009).
Material belonging to genus Eutatus other than that of the
collection also evidence anthropic action, for example the
material found in the depths of the Cueva Tixi (Mazzanti
& Quintana, 1997).

The distribution of these animals over the terrain must
also be discussed and, although additional information
is still required as to gain full understanding of their
distribution, some insight on interesting issues has been
gained this work of research and other related publications.
Given the evidence collected from several Pampean
sites and the evidence gathered during the analysis of
the Rodrigo Botet Collection, we may suggest that the
population density of these species in this region must
have been higher than that of, for example, the Patagonia.
Altogether, migrations, distribution, and population density
must have been dependent on climatic forces, among other

factors (Bennet & Provan, 2008) and caused the differential
spreading of the species. In this case, the Pampean Region,
from where the Rodrigo Botet Collection originates, may
have functioned as an shelter area (Bennett & Provan,
2008) where these animals could have converged due to the
cold and dry climatic conditions that prevailed throughout
of the Pleistocene (Cione et al., 2009). During this period
of time, climatic fluctuations influenced the expansion and
dwindling of the native populations of fauna, but never
caused the total extinction of taxa (Cione et al., 2009).
Consequently, their numbers must have been less plentiful
when Homo sapiens arrived, their population being denser
in the more adequate areas for their survival. In addition
to fewer species being present throughout the terrain, a
new and unique, technologically superior predator such
as Homo sapiens was added to the equation. Additionally,
this uneven distribution may have caused heterogeneous
dispersal among regions and consequently the differential
access of human beings to them.

Therefore several variables influenced the development
of the new palacoecological relationships caused by the
novel presence of Homo sapiens (Martinez et al., 2013).
New approaches on the subject consider the arrival of
Homo sapiens in America a “species invasion” (sensu
Lanata et al., 2008a, b; Lanata, 2011) since they focus on
the high demographic levels of human dispersal in different
environments. This is related to the distribution of available
resources, which must have created a hierarchy of spaces.
Thus, they would have influenced the dynamics of their
dispersal, resulting in “hot and cold spots” (Smith e al.,
2011). Palacoecological guidelines relate these variable
resources to different scenarios of niche construction
or colonization. If these modifications are persistent
throughout a certain period of time, they could bring about
evolutionary change during the lifespan of the species
(Odling-Smee et al., 2003). In this sense, the colonization
of South American environments by Homo sapiens might
have been an important factor in the destabilisation of the
natural adaptations that the native prehistoric fauna had
developed to face the climatic oscillation typical of the
Pleistocene (Cione et al., 2009; Martinez et al., 2013). This
would have meant that humans had occupied, displaced,
and created new positions of predation in the trophic
chain, and developed new forms of niche construction or
colonization. Simultaneously, this type of activity probably
brought about the extinction of certain taxa both directly
and indirectly (Cione ef al., 2009; Martinez et al., 2013) for
they altered the established palacoecological relationships.
The consequences of the invasion by Homo sapiens varied
from area to area, and several factors have to be taken
into account in order to fully comprehend this process.
In this study, we took into consideration the distribution
of the different species over the terrain, the ecological
characteristics of the megafauna, such as the K-selected
strategies of reproduction and their vulnerability before
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the novel presence of a highly superior predator like
Homo sapiens, or the low level of competition with other
carnivores. The predation on a native fauna with these
characteristics would have affected the ability for survival
of the population of megafaunal species and this implies
new forms of niche construction.

In more general terms, the influence that human presence
exerted on the prehistoric native fauna in South America
can be considered part of the Sixth Great Extinction
(Molina, 2008). Although this event is geologically recent
and specific to mammals and megafauna (Molina, 2008;
Femias Gual & Colino Polo, 2011), it has been thoroughly
studied since it is intimately related to the arrival of Homo
sapiens and anthropic activity, which was highly destructive
for the environment (Molina, 2008; Hortola & Martinez-
Navarro, 2012). Consequently, it is important to advance
in an interdisciplinary line of research that contemplates
the dispersal of Homo sapiens in different environments as
a complex process and the various consequences that this
must have brought about. America and Europe are excellent
case studies, especially the Southern Cone of South
America and the Iberian Peninsula. These are two regions
characterized as being the last portion of a larger continental
mass to be colonized by human beings during their initial
dispersion. However, the first takes place in a latitudinal
direction and is located in the Southern Hemisphere whilst
the second extends in a longitudinal fashion and occurred in
the Northern Hemisphere. This implies that the first arrivals
of Homo sapiens in both continents occurred in a context
of generalized palacoenvironmental diversity. Ensuing work
will offer information on the chronologies of the material
that was presented in this paper. Other techniques for the
study of the material are and will continue to be applied
in order to detect cut marks and this new information will
improve the results obtained so far. These will also reveal
evidence in other specimens for the better understanding
of the first dispersal of human beings and their impact on
both continents.

6. CONCLUSIONS

The findings drawn from the analysis of the Rodrigo Botet
Collection and their integration with a palaeocological
theoretical framework support the notion that human beings
colonized different geographic and palaeoecological zones
during the first peopling of America. Some of them, such
as the Pampean Region, would have turned into a shelter
zone for the survival of megamammals throughout the
Pleistocene. This would have allowed significant human
predation on the native fauna, which was affected by the
palaeoenvironmental changes of this period (Cione et al.,
2009). Thus, the irruption of Homo sapiens in the region

could have disrupted the natural state of equilibrium in the
ecosystem. This can be interpreted as a phenomenon of
“species invasion” (sensu Lanata et al., 2008a, b; Lanata,
2011) where, in the context of fast dispersion, several
processes of niche construction or colonization would have
taken place due to the new palacoecological relationships
established by the arrival of Homo sapiens.

This paper is just an example of the several
interdisciplinary studies that are being conducted in order to
understand the dispersal of Homo spp. in different spaces.
The Southern Cone of South America is an example of
how our species has altered native palacoenvironments. In
Europe, other scenarios might have occurred since the early
arrival of several species of Homo spp. The final invasion
of Homo sapiens — which has also been characterized as
an invasive species in this palaeolandscape — must have
destabilised the structural relations among these first Homo
species and the rest of the populations of fauna, resulting
in the loss of biodiversity and extinction of several species,
including Homo neandertalensis (Hortola & Martinez-
Navarro, 2012). It is important to study in detail both
continents as case studies, where different situations
developed, and thereby understand the impact caused by
human beings in different spaces throughout time.
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