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a b s t r a c t

Paso Otero archaeological locality (Pampean region, Argentina) has provided detailed paleoenvir-
onmental reconstructions and faunal assemblages from the Pleistocene/Holocene transition and Early
Holocene. This time span is represented by Paso Otero 5 (c. 10 450e10 200 14C BP; 12 593e11 353 cal. BP)
and Paso Otero 4 (c. 9900e7700 14C BP; 10 667e7982 cal. BP). Palaeoenvironmental studies have been
carried out on the basis of data derived from geoarchaeological, sedimentary, palynofacies, pollen, dia-
toms and silica microremains. Unlike other areas of the Pampean region, bone assemblages from Paso
Otero include high representation and diversity of taxa. In this paper, paleoenvironmental reconstruc-
tions and faunal assemblages from both sites are integrated in order to discuss the consistency of the
inferences derived from the two lines of evidence, its contribution to the paleoecological scenarios, and
to faunal extinctions. It is suggested that not only hunting pressure but the mere presence of humans was
a factor in ecosystem disturbance and is the most parsimonious explanation for the process of extinction.

� 2012 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

Geological, paleontological, stratigraphic, chronological and
paleoclimatic studies conducted in the middle basin of the Que-
quén Grande River have provided useful paleoenvironmental
scenarios for interpreting hunteregatherer adaptation at the local
and regional scales (Tonni and Laza, 1980; Tonni and Politis, 1981;
Prado et al., 1987; Bonadonna et al., 1995; Prado and Cerdeño, 1998;
Zárate et al., 2000; Favier Dubois, 2006; among others). In the last
two decades, archaeological projects at sites in the Paso Otero
locality, chronologically situated at the Late Pleistocene and Holo-
cene, have provided much useful information. Topics related to the
adaptation and evolution of the hunteregatherer societies that
inhabited this sector of the basin have been addressed through the
study of the organization of lithic technology, faunal exploitation,
patterns of mobility, and settlement systems (Politis et al., 1991;
Martínez, 2001, 2006; Gutiérrez et al., 2010a, 2011; Martínez and
Gutiérrez, 2011; and cites therein). Other lines of research,
including taphonomy, diagenesis, chronology, geoarchaeology, site
formation processes, and paleoenvironmental studies, as well as
artínez).
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those related to the survival of extinct species into the Early
Holocene, have been pursued (Johnson et al., 1998, 2012; Gutiérrez
et al., 2001, 2010b, 2011; Grill et al., 2007; Gutiérrez and Kaufmann,
2007; Osterrieth et al., 2008; Martínez and Gutiérrez, 2011).

Paleoenvironmental reconstructions generated for the locality
and faunal assemblages recovered from the Pleistocene/Holocene
transition and Early Holocene archaeological sites are particularly
important for the purposes of this paper. This time span is repre-
sented at the locality by Paso Otero 5 (PO5) (c. 10 450e
10 200 14C BP; 12 593e11 353 cal. BP) and Paso Otero 4 (PO4)
archaeological sites (c. 9900e7700 14C BP; 10 667e7982 cal. BP).
The same lines of evidence were followed at both sites, which lie
1.2 km apart (Fig. 1). Thus, palaeoenvironmental reconstructions
have been addressed through the generation of data derived from
geoarchaeological, sedimentary, palynofacies, pollen, diatoms and
silica microremains (Grill et al., 2007; Osterrieth et al., 2008;
Gutiérrez et al., 2011). Bone assemblages recovered from these sites
show a high representation and diversity of taxa (Martínez, 2001;
Gutiérrez et al., 2011; Martínez and Gutiérrez, 2011). Unlike other
areas of the Pampean region (such as the Tandilia mountain range),
where few sites contain faunal remains, the archaeological contexts
of the Interserrana Bonaerense area and, particularly, the middle
basin of the Quequén Grande River have provided well-represented
faunal assemblages (see discussion in Mazzanti and Quintana,
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Fig. 1. Map showing the location of PO4 and PO5 within the Paso Otero locality.
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2001; Politis et al., 2004; Gutiérrez and Martínez, 2008; Politis and
Messineo, 2008; Salemme, in press).

Consequently, paleoenvironmental reconstructions in conjunc-
tion with the faunal assemblages recovered from the Pleistocenee
Holocene transition and the Early Holocene enable: a) comparison
of data from both sites to establish local paleoclimatic conditions
(in the middle basin of the Quequén Grande River) and exploration
of whether they accord with established regional models; b) eval-
uation of the faunal assemblages of both sites in order to highlight
differences and similarities in terms of the taxa represented and
paleoecological conditions; and c) discussion of models of faunal
extinctions and survival.

2. Stratigraphic context, chronology, and the archaeological
record

Unless otherwise stated, the dates in this article will be provided
in 14C BP. Table 1 shows the principal dates related to the period
under study in this paper obtained from both sites. The total list of
radiocarbon dates and discussion about their validity andwhich are
finally considered can be consulted elsewhere (Martínez and
Gutiérrez, 2011, Table 1, p. 275 for PO5 and Gutiérrez et al., 2011,
Table 1, p. 40 for PO4). The data of Table 1 are expressed in 14C and
calendar years (cal.) BP since the latter allows comparisons among
paleoclimatic reconstructions for both Northern and Southern
hemispheres. The beginning of the Holocene has been set at
11 700 cal. BP (International Commission on Stratigraphy, 2009).

Both sites are located along the banks of the Quequén Grande
River and share the major stratigraphic aspects of the typical
sedimentary sequences of the river valleys of Buenos Aires Province
(Fig. 2). The stratigraphic sequence is composed of sediments of the
Luján Formation, which in turn consists of the Late Pleistocene
Guerrero and the Early to Middle Holocene Río Salado Members
(Tonni and Fidalgo, 1978). In the latter member, several “A” buried
horizons have been detected, two of them assigned to the region-
wide Puesto Callejón Viejo (c. 10 000 14C BP) and Puesto Ber-
rondo Paleosols (c. 5000e2000 14C BP) (Gutiérrez et al., 2011;
Johnson et al., 2012). The chronology of these soils, the main
Holocene pedogenetic events in the Pampean region, has recently
been the subject of debate. In different areas of the region the top of
the Guerrero Member of the Luján Formation and the paleosol that
covers it ePuesto Callejón Viejoe has been established at c.



Table 1
Radiocarbon dates of PO4 and PO5 for the PleistoceneeHolocene transition and Early Holocene. RSMeLF: Río Salado Member, Luján Formation; PCVP: Puesto Callejón Viejo
Paleosol. H: Humates; R: Residues. Calibrations from Calib 6.0, IntCal09, 2 sigmas (Stuiver et al., 2005; Reimer et al., 2009). Only the selected age for the available pair of ages
(Humates and Residues) for each soil sample is presented in calendar years BP.

Site/dated material Sample/
stratigraphy

Lab. N� 14C BP Cal. BP ages d 13C (&) References

Paso Otero 5 (Bones; Megamammal
bone fragments)

PCVP AA-39363 10 440 � 100 12 028e12 593 �19.8 Martínez and Gutiérrez (2011)
PCVP AA-19291 10 190 � 120 11 353e12 384 �20.6 Martínez and Gutiérrez (2011)

Paso Otero 4
Sediment sample “A” buried soil

horizons (Lower levels)

RSM (LF) AA-85157 (H) 7314 � 73 �20.3 Gutiérrez et al. (2011)
AA-85157(R) 7729 � 48 8421e8591 �20.3 Gutiérrez et al. (2011)

RSM (LF) AA-87938 (H) 8305 � 67 �20.5 Gutiérrez et al. (2011)
AA-87938 (R) 8913 � 49 9800e10 206 �20.2 Gutiérrez et al. (2011)

SPCV AA-87939 (H) 9912 � 53 11 217e11 602 �17.6 Gutiérrez et al. (2011)
AA-87939 (R) 9283 � 83 �20.7 Gutiérrez et al. (2011)
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8500 14C BP (Fucks et al., 2007). In the middle basin of the Quequén
Grande River the Puesto Callejón Viejo Paleosol has yielded dates
between c. 9000 and 10 000 14C BP (Zárate et al., 2000; Gutiérrez
et al., 2011; Johnson et al., 2012). Although the chronology of this
soil can vary regionally, local evidence has placed it at the
PleistoceneeHolocene transition.

La Postrera Formation (Tonni and Fidalgo, 1978) is not recorded
in all sequences of the locality, or its presence is described in
combination with other facies (e.g., fluvial) (Favier Dubois, 2006;
Gutiérrez et al., 2011; Martínez and Gutiérrez, 2011; Johnson et al.,
2012). Themain differences among the two stratigraphic sequences
(PO4 and PO5) essentially correspond to the different number of
stabilization surfaces (“A” buried Horizons) recorded throughout
the profiles that indicate distinct sedimentary and pedogenetic
histories (Fig. 3).

Although the radiocarbon chronology of PO5 relies on both bone
and soil organic matter, the chronology of PO4 is based entirely on
the latter. Radiocarbon dating on bone was very difficult to obtain
in all sites in the locality due to the lack of, or poor, collagen
preservation (Gutiérrez et al., 2001). Organic matter dating from
buried soils was carried out on bulk, humate and residue fractions,
although most of the dates for the sites were obtained using the
latter two methods. In a recent publication (Johnson et al., 2012),
most of the radiocarbon data for the middle basin of the Quequén
Grande River were presented (Paso Otero 1, 3 and 5) and the
procedures for the selection of ages in the case of each soil
described.

PO5 is located on the right bank of the Quequén Grande River
(Fig. 2). The sequence starts with sediments belonging to the
GuerreroMember of the Luján Formation (Tonni and Fidalgo,1978),
Fig. 2. Panoramic views of the excavations of PO4 (A) and PO5 (B). The Luján Formation and
Salado Member, Luján Formation; PCVP: Puesto Callejón Viejo Paleosol.
on top of which the Puesto Callejón Viejo Paleosol is found. The
archaeological component is mostly located in this buried soil, at
the PleistoceneeHolocene transition, in a local unit defined as Ab6
(Fig. 3; Martínez, 2001; Martínez and Gutiérrez, 2011). The soil
developed on a slowly aggrading surface, under saturated or
swampy conditions in a more stable setting (Grill et al., 2007). Five
landscape stabilization surfaces (buried soils) were recorded at c.
9600 14C BP (Puesto Callejón Viejo Paleosol), c. 8800 14C BP, c.
7800 14C BP, c. 6600 14C BP and c. 4200 14C BP (probably the Puesto
Berrondo Paleosol). Finally, at the top of the sequence a radiocarbon
date indicates the beginning of the alluvium at c. 2500 14C BP. The
chronology of the human occupation was established through
radiocarbon dating of buried soils and bones. Organic matter from
the Puesto Callejón Viejo Paleosol (unit Ab6), where the archaeo-
logical component is recorded, provided an age of c. 9400 14C BP. As
discussed elsewhere (see Holliday et al., 2003; Johnson et al., 2012),
organic matter fractions (bulk, humates and residues) always
provide earlier dates than true ones and must be interpreted as
minimal chronologies. From a broader set of radiocarbon dates
obtained from bone, the accepted chronological range for the early
human occupation of the site is c. 10 450e10 200 14C BP (Martínez
and Gutiérrez, 2011; see also Steele and Politis, 2009, p. 425; Table 1
and Fig. 3).

In addition to the radiocarbon data, artifactual and faunal
assemblages also support the chronology assigned to the early
human occupation. This datawill be treated in depth below, but it is
worth noting here that it is mostly represented by extinct mega-
mammals (Table 2). PO5’s lithic assemblage (N¼ 86) is composed of
tools (n ¼ 6) and debris (n ¼ 80). The most outstanding items are
two fish-tail projectile points associated with the megamammal
its Members are highlighted. GMeLF: Guerrero Member, Luján Formation; RSMeLF: Río



Fig. 3. Stratigraphic profiles, chronology, and archaeological components and levels of Paso Otero 5 and Paso Otero 4.
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assemblage. An edge-basal stem fragment that belongs to one of
the projectile points was also recovered. The rest of the artifacts
consist of composite, bifacial and unifacial tools. Microdebris was
also found, some refitted to the composite tool. Although most of
the lithic raw material originated from the Tandilia mountain
range (e.g., quartzite, quartz, chalcedony, etc.), the presence of
tools such as a fish-tail projectile point made of exotic rock (silic-
ified limestone) whose quarries are located in southern Uruguay is
remarkable (Flegenheimer et al., 2003). Thus, the ranges for the
acquisition of lithic raw material are from 50e70 km to 400e
500 km from the site. In general terms, some of the artifacts
described resemble those found in other early sites of the Pampean
region (Flegenheimer et al., 2003; Mazzanti, 2003; Politis and
Messineo, 2008).

Finally, the site has been referred to as a locus of specific
activities, with human occupations related to hunting and/or
mammal scavenging (Martínez, 2001). Prey procurement, primary
processing tasks, and bone selection would have been carried out
near the site, with further transportation to the site where
secondary butchering and consumption would have taken place
(Martínez and Gutiérrez, 2011).

PO4 is located on the left margin of the river (Fig. 2). The
exposed sequence begins with the Guerrero Member of the Luján
Formation (Tonni and Fidalgo, 1978), Unit 1 at the site (Fig. 3). The
Puesto Callejón Viejo Paleosol separates the latter unit from the Río
SaladoMember or Unit 2. The sequence ends with the deposition of
Unit 3 and the modern soil (Fig. 3). Ten surfaces of landscape
stabilization have been recorded throughout the stratigraphic
sequence. Seven have been dated, yielding ages of c. 9900 14C BP
(Puesto Callejón Viejo Paleosol), c. 8900 14C BP, c. 7700 14C BP, c.
6700 14C BP, c. 5600 14C BP, c. 4600 14C BP and c. 2300 14C BP (Puesto
Berrondo Paleosol) (Fig. 3). As is the case for other sites in the
locality, no radiocarbon dates from bone could be obtained due to
lack of collagen; eight attempts at bone dating failed. Consequently,
the chronology of the human occupation relies exclusively on the
dating of soil organic matter.

The archaeological record at PO4 was collected entirely from the
Río Salado Member (Unit 2) of the Luján Formation, interpreted as
the result of low energy deposition occurring within inter-
connected lagoons throughout the landscape (Gutiérrez et al.,
2011). The section of the stratigraphy that contains the archaeo-
logical record was dated to c. 8900 and 4600 14C BP. Faunal and
lithic materials are continuously recorded in Unit 2, with little
evidence of changes in the presence, distribution and frequencies of
items throughout the sequence. However, on the basis of differ-
ential faunal representation the sequence was segregated into
lower and upper levels (Gutiérrez et al., 2011). The lower levels
consist of the section of the stratigraphy dated to between 8900
and 7700 14C BP (Fig. 3), and the upper levels are that part of the
column dated to between c. 7700 and 4600 14C BP. Given the aims
of this paper, the lower levels, which belong to the Early Holocene,
will be the subject of analysis.

The lithic assemblage found in the lower levels (N ¼ 176) is
representedby tools (n¼11), debitage (n¼158) and ecofacts (n¼7).



Table 2
Presence (NISP) of species at PO4 and PO5 sites, indicating those with evidence of
human consumption.

Species Paso Otero 5
(c. 10 450
e10 200 14C BP)

Paso Otero 4
(c. 8900
e7700 14C BP)

NISP Human
processing

NISP Human
processing

Xenarthra indet. 5
Pilosa indet. 1
Eutatus seguini 15 C

Eutatus seguini (scutes) 38
Glyptodon sp. 1
Scelidotherium sp. 1
Glossotherium sp. 2
Mylodon sp. 1
Lestodon armatus 2
Megatherium americanum 29
Equus sp. 1
Equus (Amerhippus) neogaeus 2
Toxodon sp. 3
Hemiauchenia sp. 1 C

Litopterna cf. Macrauchenia 2
Macrauchenia patachonica 1
Camelidae indet. 3
Lama guanicoe 2 124 C

Ozotoceros bezoarticus 71 C

Caviidae 2
Cricetidae 4
Ctemomys sp. 5
Lagostomus maximus 144 C

Dolichotis patagonum 2
Holochilus brasilensis 1
Dasipodidae 418
Chaetophractus villosus 116 C

Chaetophractus villosus (scutes) 478
Zaedyus pichiy (scutes) 441 C

Canidae 29 C

Dusicyon avus 1
Dusicyon gimnocercus 1
Felidae 8 C

Conepatus sp. 2 C

Lyncodon patagonicus 1
Rhea americana 20 C

Rhea americana (eggshells) 3755
Tinamidae 9 C

Ophidia 4
Anura 54
Marine gastropods 7
Total 58 1 5749 11
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The tool classes includeutilizedflakes, slightly bevel-edgedartifacts,
cutting edges, notches, scrapers, and so on. Tools are simple, with
maintainable designs and low morphological standardization (i.e.,
informal tools). The best represented rawmaterial is quartzite (93%),
whose outcrops are in the Tandilia mountain range, followed by
basalt, chert and undetermined rocks. Blanks were mostly brought
to the site without cortex, and most stages of tool production took
place in situ, as did artifact maintenance activities. The archaeo-
logical record supports the hypothesis that PO4 was a huntere
gatherer site where activities such as the processing and
consumption of a great variety of faunal species took place.

3. Paleoenvironmental trends at Paso Otero locality

The proxy data described here for inferring paleoclimatic
conditions at PO4 and PO5 derive from pollen and palynofacies,
silica microremains and diatoms. Details of the remaining lines of
evidence (e.g., geoarchaeology, sedimentology, etc.) and their
integration to the proxies described here can be consulted else-
where (Grill et al., 2007; Osterrieth et al., 2008; Gutiérrez et al.,
2011; Martínez and Gutiérrez, 2011; Johnson et al., 2012).
Palynofacial analyses at PO5 indicate that during the deposition
of the sediments belonging to the upper part of the Guerrero
Member (c. 12 000e10 450 14C BP), processes of environmental
disturbance and/or a plant community dominated by ruderal taxa
became established toward the Final Late Pleistocene. Semi-arid,
cold to temperate conditions and a strong aeolian activity that
inhibited Gramineae development favored the spread of colonizing
species. This scenario is in tune with studies that indicate that
vegetation cover was scarce and periods of water deficit occurred
under semi-arid environmental conditions (Grill et al., 2007;
Osterrieth et al., 2008).

During the PleistoceneeHolocene transition (c. 10 450e
9400 14C BP) palynofacies and siliceous microremains indicate
more benign and stable climatic conditions associated with pale-
osol development. Temporary ponds and water table fluctuations
within the valley have been inferred. Accordingly, siliceous
microremains show greater moisture availability, a dense vegeta-
tion cover and pulses associated with changes in river flow. The
development of the Puesto Callejón Viejo Paleosol witnessed
temperate and humid environmental conditions, hydromorphism
and a moderate vegetation cover. In addition, grass communities
indicating temperate-humid environmental conditions have been
recorded (Grill et al., 2007; Osterrieth et al., 2008).

Siliceous microremains analysis also indicates that immediately
after the development of the soil, during the Early Holocene, water
availability was limited and remained so until c. 8800 14C BP. After
that event, a shift towards environmental stability and conditions
of dense vegetation occurred, to change again at c. 7800 14C BP to
water availability restrictions and reduced grass communities as
part of the vegetation cover (Osterrieth et al., 2008). This trend is
not so marked in the case of the palynofacial analysis carried out on
Early Holocene material, although one of the explanations for
pollen destruction is the presence of wetedry cycles (Grill et al.,
2007). Local humid conditions, grass communities and temporary
ponds related to flood margins have been recorded towards the
Middle Holocene (c. 6600 14C BP).

In the case of PO4, proxy data derived from pollen analyses
indicate that for the Final Late Pleistocene (pre e 10 000 14C BP)
environmental disturbances occurred caused by strong aeolian
activity and aridity (Gutiérrez et al., 2011). Vegetation communities
were characterized by wild grasses at the expense of pastures.
Siliceous microremains also show a dominance of dry conditions.
The Puesto Callejón Viejo Paleosol (c. 9900 14C BP), at the
PleistoceneeHolocene transition, indicates an eroded and trun-
cated Bt horizon. In general terms, events related to local humidity
(ponds, swamps, river banks, etc.) are registered from the Early to
the Late Holocene. Nevertheless, the paleoenvironmental and
landscape dynamics from the Early Holocene portion of the stra-
tigraphy (9900e7700 14C BP) include some remarkable aspects,
depending on the proxy data considered. Pollen analyses indicate
the development of edaphic communities or ponds in psammo-
phytic steppes that developed under subhumid-dry conditions. A
noticeable feature is the pollen composition of a sample associated
with a date of c. 8900 14C BP that has nomodern analogs. The pollen
composition of this sample is difficult to interpret in a naturally
developed environment; its origin is explained by disturbances
produced by human activity. Diatom assemblages indicate a dry
pulse under temperate-warm conditions at that time framed by
moments of more humid conditions. For the Early Holocene, sili-
ceous microremains indicate a semi-arid, warm temperate climate
with occasional oscillations in water availability. Towards the
Middle Holocene another pulse of aridity is registered by the pollen
results (Gutiérrez et al., 2011).

From the above described paleoenvironmental reconstructions
some general trends can be drawn for the sites:
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- Final Late Pleistocene, upper part of the Guerrero Member (c.
12 000e10 000 14C BP): Semi-arid, cold to temperate condi-
tions; strong aeolian activity; environmental disturbance;
ruderal taxa predominate over grasses.

- PleistoceneeHolocene transition, Puesto Callejón Viejo Paleo-
sol (c. 10 000 14C BP): more benign and stable climatic condi-
tions; temperate and humid climates; development of
paleosol; grass communities and moderate cover vegetation;
fluctuations in water availability.

- Early Holocene, lower part of the Río Salado Member of Luján
Formation (c. 10 000e6600 14C BP): subhumid-dry climatic
conditions; edaphic communities or ponds; psammophytic
steppes; wetedry cycles and episodes of limited water avail-
ability from c. 8800 to 7700 14C BP.

As discussed elsewhere (Gutiérrez et al., 2011) the results ob-
tained from this proxy are applicable both to the local settings (e.g.,
events such us droughts, water availability, etc.) and can be used to
account for areal and regional palaeoclimatic trends (e.g., aridity).
At the local scale, it is interesting to note the return (whether
episodic or in longer lapses) to more arid conditions after the
climatic amelioration indicated by the landscape stability and
pedogenetic events signaled by the Puesto Callejón Viejo Paleosol.
At PO1, located on the opposite bank of the Quequén Grande River
to PO5, Bonadonna et al. (1995) studied the isotopic composition of
freshwater gastropods. As previously noted in the case of PO4,
these authors highlighted the existence of an erosive contact
(unconformity) between the Puesto Callejón Viejo Paleosol and the
Río Salado Member of the Luján Formation. This is interpreted as
a return to drier conditions after a pulse of higher humidity and
temperature (see Fig. 5 in Bonadonna et al., 1995, p. 92). Moreover,
at the lower stratigraphic section of the Río Salado Member of the
Luján Formation, significant isotopic variation in freshwater
gastropods recorded at a level dated to c. 8700 14C BP also indicates
drier conditions (Bonadonna et al., 1995). At a regional scale, this
return to arid conditions during the Early Holocene has also been
proposed by other authors (Tonni, 1992; Iriondo and García, 1993;
Bonadonna et al., 1995; Tonni et al., 2003).

Fig. 4 represents a summary of different paleoclimatic and
vegetal community’s reconstructions for different areas of the
Pampean region. While some of them are based on single proxies
such as pollen, fauna and isotopes (Bonadonna et al., 1995; Prieto,
1996; Prado and Alberdi, 1999), others are built on multi-proxy
studies including sedimentology, malacology, palynology, and
Fig. 4. Paleoclimatic and vegetation community reconstructions for different sites and areas
Otero locality.
mammals (Prieto et al., 2004; Quattrocchio et al., 2008). For
comparative purposes, the last column of this figure shows the
trends obtained at Paso Otero locality. The scales of the recon-
structions vary from single locality (e.g., Bonadonna et al., 1995) to
larger areas as the Northeastern and Southern Pampas (Prieto et al.,
2004; Quattrocchio et al., 2008). This certainly affects the scale of
paleoclimatic reconstructions and plant communities inferred in
each case. However, in general, terms, the paleoclimatic trends
inferred from PO4 and PO5 are in agreement with other general
models proposed for the region (Tonni, 1992; Bonadonna et al.,
1995; Prieto, 1996; Tonni et al., 1999, 2003; Zárate et al., 2000;
Grill et al., 2007; Quattrocchio et al., 2008; among others).

4. Faunal assemblages from PO5 and PO4 sites

At PO5, a total of 77 114 complete and fragmented bones of
extinct megamammals and modern species were recorded in
a 98 m2 excavated surface. Among them, only 58 specimens were
identifiable taxonomically (Table 2). The bone remains recovered
correspond to at least 12 genera of which 10 are extinct species. The
skeletal parts represented are mainly forelimb and rearlimb bones.
The state of preservation of the faunal assemblage is extremely
poor, presenting deep desiccation cracks and a rugged texture. Cut
marks produced by lithic artifacts or any other sort of cultural or
natural modifications are difficult to identify due to preservation
conditions. A possible anthropic fracture was identified on a frag-
ment of tibia of Hemiauchenia sp. With the exception of this taxon,
it is impossible to determine if any other species at the site provides
evidence of human consumption (Martínez and Gutiérrez, 2011).
The number of taxonomically undetermined bones is high
(n ¼ 77 056). From this sample c. 88% is smaller than 0.5 cm. These
results are indicative of a significant degree of combustion and
fragmentation. A striking feature of the site is the high percentage
of burnt megamammal bones (c. 91%); these have been interpreted
as raw material for fuel (Martínez, 2001; Joly et al., 2005).

At PO4, a total of 28 938 complete and fragmented bones were
recovered from an excavated area of 14 m2. From this total, 2051
specimenswere identified taxonomically (Álvarez et al., inpress). As
was previously stated, the archaeological deposit was divided into
lower (c. 8900e770014CBP) andupper (c. 7700e460014CBP) levels.
The lower levels, belonging to the Early Holocene, are those
considered here. The zooarchaeological assemblage is composed of
a total of 10 906 specimens, including 619 bones that were taxo-
nomically determined (Table 2; Álvarez et al., in press). Of the total,
of the Pampean region (modified from Politis and Messineo, 2008), including the Paso
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5130 are small fragments of eggshells of the South American rhea
and armadillo scutes. A large number of species (n ¼ 11) present
evidence of humanmodification, cutmarks, anthropic fractures, and
thermal alteration being the most frequent.

Two extinct species have been identified in PO4’s Early Holo-
cene assemblage: the extinct giant armadillo (Eutatus seguini) and
the extinct canid (Dusicyon avus) (Table 2). A minimum of two giant
armadillos have been identified; approximately 50% of the bones
show evidence of consumption (i.e., cut marks). No evidence of
human modification was found on the extinct canid. The abun-
dance of skeletal parts and the high proportion of bones with cut
marks in E. seguini are uncommon for Pampean archaeological
sites. Moreover, the evidence of this species has been used to
support the hypothesis of the survival of xenarthrans into the
Holocene (Gutiérrez et al., 2010b).

5. Discussion

5.1. Paleoecological interpretation of the faunal assemblages

Themegamammals and largemammalswere remarkably rich in
South America before the entrance of humans. During the latest
Pleistocene, 36 megamammals and 47 large mammals that became
extinct were present in the continent. Besides, there were different
areas of endemism. Many were restricted to northern or southern
areas and others to highlands or lowlands. Few reached southern
South America. Consequently, although the total number of meg-
amammals was outstanding, they were not present in all areas.
Regarding the zooarchaeological record, 51 genera have been
recorded in the Pampean region for the Late PleistoceneeEarly
Holocene period, among these, 17 (c. 33%) show evidence of
exploitation (Gutiérrez and Martínez, 2008).

The contrast between PO4 and PO5 is especially remarkable in
regards to the evidence of extant species. At PO5, megammamal or
extinct large mammal remains dominated and only scant remains
of Lama guanicoe and Dusicyon gymnocercus were recorded
(Table 2). The Late Pleistocene fauna from the Pampean region
was characterized by Equus (Amerhippus) neogaeus (Cione et al.,
1999; Cione and Tonni, 2005). In addition, other common fossils
include Hippidion principale, Megatherium americamun, Glyptodon
reticulatus,Macrauchenia patachonica, Toxodon platensis, Doedicurus
clavicaudatus, Glossotherium robustum, and Scelidotherium
leptocephalum (Cione and Tonni, 2005). At PO5, six of these species
were recovered; some are good climatic indicators. E. (Amerhippus)
neogaeus is a typical horse adapted to open and arid landscapes
(Prado and Alberdi, 1994). Among the xenarthrans, the most
frequent is themylodon, G. robustum. Bothwere adapted to an open
biomass (Czerwonogora et al., 2011), as was the Glyptodon ssp.
(Vizcaíno et al., 2006). M. patachonica and T. platensis inhabited
similar environments. The faunal evidence recovered for PO5
suggests arid conditions that coincided at certain times with lower
temperatures than at present, as indicated by the presence of
Patagonian fauna (Tonni et al., 1999).

The faunal data is consistent with paleoclimatic reconstructions
inferred for the end of the Pleistocene from the different paleo-
climatic proxies summarized in this paper for PO5 and PO4. Bone
specimens at PO5 were deposited during the period 12 360e
11 900 cal. BP, which corresponds in the Southern Hemisphere to
the end of the Antarctic Cold Reversal (Jouzel et al., 2007). During
this period arid climatic conditions have been ascertained for the
Pampas region, as well as the prevalence of erosion and aeolian
deposits (Iriondo, 1999; Tonni et al., 1999) and low primary
productivity, to which the xenarthrans were well adapted. This
adaptation was further confirmed by recent isotopic studies
showing that certain xenarthrans, such as G. robustum, were
adapted to the consumption of C3 plants for the period considered,
which are similar to those that currently grow at approximately
40� S in the northern Patagonia (Czerwonogora et al., 2011).

In the faunal assemblage of PO5, out of a total of 10 extinct
species recorded, 6 (60%) are Xenarthra, which is consistent with
other paleontological and archaeological sites with similar chro-
nologies in the Pampean region. Towards the end of the Pleisto-
cene, a remarkable decline in native ungulates occurred (c. 10% of
total), which, together with the Proboscidea, Perissodactyla and
Artiodactyla, reached almost 30% of the total diversity of animals
larger than 100 or 500 kg (Vizcaíno et al., 2012). In contrast,
Xenarthra (two suborders, Tardigrada and Cingulata) represent
over 50% of the diversity, the majority being megammamals
(>1000 kg) (Vizcaíno et al., 2012). Hence, xenarthrans predomi-
nated at the end of the Late Pleistocene, a group that had certain
characteristics that were more favorable compared to other taxa.
Among the adaptive advantages of xenarthrans compared with
epitherians of similar mass, low basal metabolic rates, less energy
requirements and non-specialized diet are notable (Vizcaíno et al.,
2006; see also Gutiérrez et al., 2010b and cites therein). It is
possible that xenarthrans were better adapted to survive in parti-
tioned and unstable environments such as those that characterized
the PleistoceneeHolocene transition.

There is an extinct xenarthran, E. seguini, represented in the
zooarchaeological record of PO4. Another extinct species of this
assemblage that survived beyond the Early Holocene is D. avus
(Tonni and Politis, 1981). The remaining taxa correspond to living
species. These latter groups of species occur in stratigraphic
contexts of the Río Salado Member of the Luján Formation at PO4
and are largely present in the Guerrero Member of this same
formation in different areas of the Pampean region (Cione et al.,
1999). One exception is Ozotoceros bezoarticus, a holarctic immi-
grant that is recorded in the Pampas region from the Early Holo-
cene. It is unknownwhether the presence of this species is directly
linked to paleoenvironmental aspects, as part of a process of
turnover among cervids. Thus, while species of the genus Paraceros
and Morenelaphus, present since at least the Middle Pleistocene,
became extinct, others such as Blastoceros dichotomus and O.
bezoarticus entered the Pampean region during the Holocene
(Cione et al., 1999).

Considering mammals with living representatives inhabiting
the Pampas, PO4 produced a total of 11 species. Of these, four are
currently not found in the area (L. guanicoe, Zaedyus pichiy, Lynco-
don patagonicus, and Dolichotis patagonum) due to environmental
climatic factors. Additionally, the regional extinction of O. bezoar-
ticus may have occurred as a result of intensive hunting pressure,
especially during the second half of the nineteenth century
(González et al., 1994). Prior to the sixteenth century, the camelid
L. guanicoe had a wide distribution in the Pampean region during
the arid and semi-arid phases of the Late Pleistocene and Holocene
(Politis and Pedrotta, 2006; and references therein). Currently this
species is found in the mountain area of Ventania and in the
transition between Pampa and Patagonia regions (Politis and
Pedrotta, 2006). Chaetophractus villosus and Z. pichiy are now
sympatric species south of 40� S, currently located in the transition
between the Eastern Pampa and Patagonia regions. Today, Z. pichiy
lives “... in xeric shrublands and Grasslands, as well as Patagonian
steppe habitats” (Abba and Superina, 2010, p. 178). The mustelid L.
patagonicus does not currently inhabit the area. The closest
geographic record of this species is c. 200 km NWof the Paso Otero
locality (36� 470 S, 59� 510 W, see Prevosti and Pardiñas, 2001).
However, this record corresponds to the nineteenth century when
arid and semi-arid climatic conditions were recorded in the
Pampean region (Tonni, 2006). Currently, L. patagonicus is recorded
south of 40� S in Buenos Aires province, at the transition of the
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Eastern Pampas and Patagonia regions (Prevosti and Pardiñas,
2001). Today, D. patagonum lives west of 64� W in the Pampean
region (Campos et al., 2001).

The distribution and habitat of species that are no longer found
in the area of Paso Otero locality appear to be adapted to Patagonian
or central arid environments. Together with the species that still
inhabit the area, as a group they are better adapted to more arid
conditions than today. The evidence of Holochilus, a Brazilian
cricetids, two species of which are now found in the province of
Buenos Aires (Holochilus brasiliensis and Holochilus chacarius, see
Voglino et al., 2004), accords well. Recent records of H. brasiliensis
demonstrate the southern distribution of this eurioic rodent is in
semiarid to arid conditions, such as those that occur at c. 40� S, and
includes other eurioic and stenoic cricetids and rodents that char-
acteristically inhabit arid environments (Formoso et al., 2010). This
species has been recorded in these latitudes during the Late
Holocene (Prates, 2008; Stoessel et al., 2008; Fernández et al.,
2011).

The Early Holocene faunal assemblage from PO4 is composed of
species adapted to arid to semi-arid environments. After the brief
climatic amelioration recorded for the PleistoceneeHolocene
transition a return to arid conditions has been proposed (Tonni,
1992; Iriondo and García, 1993; Bonadonna et al., 1995; Tonni
et al., 2003). This climatic pattern coincides with the evidence
provided by various paleoenvironmental proxies at PO4 and PO5.

5.2. Faunal extinctions and the role of hunteregatherers

The issue of continuity and change in relation to both paleo-
environmental changes and faunal communities has been
addressed by various disciplines (i.e., paleontology, biology, arche-
ology, etc.) during the past several years around the world. Partic-
ularly, faunal extinctions have been the subject of a stimulating
debate. Among the principal causes that have been proposed for the
extinction and/or survival of mammals, the most commonly
mentioned are the interaction with hunteregatherers and climate
change, or a combination of both. Other models also invoke other
causes such as hypervirulent diseases and synergetic processes
trigger by human and natural interactions (e.g., fires, vegetation
changes and habitat transformation). The degree of influence of
these factors and the timing of the extinctionprocess (i.e., gradual or
catastrophic) varies according to the proposed models (Martin,
1984; MacPhee and Marx, 1997; Alroy, 2001; Grayson, 2001;
Haynes, 2002; Johnson, 2002; Burney and Flannery, 2005; Miller
et al., 2005; Steadman et al., 2005; Fiedel, 2009; Barnosky and
Lindsey, 2010; Crowley, 2010; among many others).

A recent stimulating debate about the causes of faunal extinc-
tion in North America has been fuelled by many scholars (Haynes,
2002; Grayson and Meltzer, 2003, 2004; Grayson, 2007; Fiedel,
2009; among many others). A diversity of fauna, mostly large
mammals, became extinct between 12 000e10 000 BP (see
discussion in Grayson, 2007; Barnosky and Lindsey, 2010).
Conversely, the survival of megamammals and large mammals
until c. 7000 14C BP in South America indicates extinctions occurred
through an extended period (c. 6000e4000 14C BP) in relation to
the timing of human dispersal in the southern cone of South
America (see discussion in Steele and Politis, 2009; Barnosky and
Lindsey, 2010; and references therein).

The process of extinction in the South America has been tackled
by several authors. Prado et al. (2001) have proposed that
maximum species diversity occurred in c. 14 000 14C BP, with
a steady decline since. These authors suggest that the extinction of
large mammals was a process that primarily began as a result of
climatic change (that is, before the arrival of humans) but was
accelerated by co-existence with hunteregatherers. Politis and
Messineo (2008) argued that extinctions in South America were
the result of a combination of climatic/environmental changes and
anthropogenic causes that present strong regional variations (see
also Borrero, 2006, 2009). Politis et al. (1995) proposed that
humans played a secondary role in the extinction of the native
fauna of South America and immigrant species (e.g., horse,
mastodon, etc.) were most affected. Cione et al. (2009) indicated
that extinctions would have focused on taxa of South American
origin. It has been suggested that without the arrival of humans on
the continent the wide variety of large mammals and mega-
mammals present in South America during the Pleistocene could
have recovered as recorded for each of the previous interglacial
periods (Cione et al., 2009). This argument is the basis of the Broken
Zig-Zag Model, which originally proposed “... that megamammal
and large mammal extinction in South America during the Late
PleistoceneeEarliest Holocene was caused by human foragers”
(Cione et al., 2003, p. 10). In a later work, Cione et al. (2009, p. 126)
argued that “humans certainly did not exterminate all the extinct
taxa (e.g., the large carnivores), but killed off many and provoked
changes that occasioned the disappearance of the remaining ones”.

This brief summary of the proposals that explain the extinction
of Pleistocene fauna shows a large variety of situations and inter-
related factors. In any case, the factor common to all is human
presence on the continent. The arrival of humans in the southern
cone of South America c 13 000 cal. BP (Steele and Politis, 2009) can
be considered the unique novel factor in the paleoecological
scenario during the present interglacial period (Cione et al., 2003).

The archaeological and paleontological record often presents
important temporal and spatial gaps (Crowley, 2010). In this regard,
the Paso Otero locality is an important case study considering the
brief temporal gap represented between the two studied sites. The
assemblages from PO5 and PO4 highlight the change in faunal
stocks that involves a remarkable process of extinction and
replacement over a relatively short period of time (c. 2500 cal. BP).
The extinction process marked the end of the megamammal
trophic level, which had been part of the Pampean terrestrial
ecosystem since at least the Upper MioceneePliocene (Mon-
tehermosense, with Trigodon gaudryi among others), and perhaps
even the Early Upper Miocene (Chasiquense, with Chasicotherium
rothi). Also, along a brief time span (c. 12 500e8500 cal. BP)
important and fluctuating climatic changes (e.g., arid-semiarid
and cold e temperate and humid e dry and return to arid condi-
tionse temperate and humid conditions/hypsithermal) occurred as
it was shown in a local and regional scale (Fig. 4).

In this new socio-environmental scenario, the archaeological
record potentially informed about the role that humans played in
mammal extinctions. For the Late PleistoceneeEarly Holocene (c.
12 000e7000 14C BP) subsistence of human populations has been
characterized as a generalized regional economy (Miotti and
Salemme, 1999; Mazzanti and Quintana, 2001; Martínez and
Gutiérrez, 2004). It has been argued that diet was focused on
large mammals (principally artiodactyls) followed by small
mammals and birds, while megamammals occupied a marginal
position (Gutiérrez and Martínez, 2008). However, based on the
zooarchaeological evidence from the few sites with the earliest
human occupations (c. 12 000 to 10 000 14C BP) in the Interserrana
Area (e.g., Arroyo Seco 2 and Paso Otero 5; Martínez and Gutiérrez,
2011; Politis et al., in press) it is still difficult to know what would
have been the role of the various fauna in human subsistence. As
such, for the critical period during which extinctions occurred, the
record of modern species is as scant as is that of extinct ones in
terms of both presence and evidence of consumption. In this sense,
for this period no records of mass killing sites in the Pampas have
been registered. The MNI of extinct taxa recorded at each site are
very low (�2) and the intra site variability does not suggest any
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function related to massive kills (Politis et al., 1995; Cione et al.,
2003; Borrero, 2006; Gutiérrez and Martínez, 2008). Further-
more, clear evidence of butchering on Pleistocene fauna bone
surfaces is not always recognized. Context of scavenging have been
proposed (Politis and Gutiérrez, 1998; Martínez and Gutiérrez,
2004; Politis and Messineo, 2008; Borrero and Martin, 2012)
although they are difficult to infer.

The scarcity of early sites and anthropic evidences of predation
is one expected result of the Blitzkrieg model, due to the fact that
a rapid killing of faunas would leave very little evidence of human-
prey interaction given the short period of coexistence in certain
places (see discussion in Johnson, 2002, p. 2225; Burney and
Flannery, 2005, p. 398). In the Pampean case, the evidence of
sites and butchery marks are not abundant despite the survival of
some Pleistocene faunas would give more time for the coexistence
and interaction between humans and prey. Clearly, the hypothesis
of Blitzkrieg and a process of overkill are not supported by the data
(see also Politis and Messineo, 2008; Borrero, 2009; Cione et al.,
2009; Barnosky and Lindsey, 2010, among others). Regarding the
climatic changes as a factor that promote extinctions, explanations
are still inadequate as unique major global processes. Regardless of
the environmental changes occurring at the PleistoceneeHolocene
boundary, other severe climate changes have occurred over the last
50 000 years and there is not a single climatic shift that may explain
the uneven processes of extinction and survival of faunas in
different parts the globe (Cione et al., 2003, 2009; Burney and
Flannery, 2005; Miller et al., 2005; Hubbe et al., 2007; Gutiérrez
and Martínez, 2008; Politis and Messineo, 2008).

The intensity of human colonization and how it impacted faunas
and ecosystems still remain to be discussed. Humans can produced
direct effects on faunas, such as over-hunting, but they also can
induce indirect effects (Norton et al., 2010). Human impacts other
than hunting can be also considered: ecosystem reorganization by
firing, diseases, reductions and transformation of habitats, compe-
tition between humans and animals for the same resources, among
others (Johnson, 2002; Burney and Flannery, 2005; Miller et al.,
2005; Crowley, 2010). Consequences of this indirect human
impact are several. In the Australian case, systematic burning by
Pleistocene hunters changed the biomass, reduced plant diversity,
and produced a dramatic change at the base of the food web (Miller
et al., 2005). In Madagascar, human predation during Late Holocene
had an uneven effect on faunas considering both the fauna size and
the eco-region of the island. Nevertheless, Crowley (2010, p. 2601)
indicates that “.humans affected the ecologies of the endemic
vertebrate communities before the establishment of substantial
human settlements, vegetation transformation, or increase in fire
frequency”. According to Burney and Flannery (2005, p. 398), “low
density humanpopulations do things to the environment other than
killing animals”, and these human activities are traceable through
the study of other lines of evidence such as pollen. The pollen
assemblage recorded in levels of Paso Otero 4 chronologically
located at c. 8900 BP (Early Holocene) has no modern analogs, and
the natural environments can not be taken into account for
providing explanations about the association of some plant species.
This pattern has been interpreted as the result of disturbances by
human-induced activities (Gutiérrez et al., 2011, p. 44).

Barnosky and Lindsey (2010) suggested that ecological pressure
induced by humans entering new ecosystems combined with
abrupt climatic changes was critical for megafauna. Thus, these
authors proposed that a synergetic direct and indirect human
impacts and climatic changes accelerate faunal extinctions.

Declines in faunas are also the result of a combination of hunting,
climatic change, and habitat reduction and transformation. This
indirect consequences of hunteregatherers populations are also
mentioned by Johnson (2002, pp. 2225e2226): “. an explanation
for the Late Quaternary megafauna extinctions is environmental
change, driven either by climatic change or by human impact on the
environment”. This author also mentioned that, “. hunting need
not have accompanied the extinctions, but it may have increased the
risk of extinction for species already stressed by environmental
change”. Interaction between humans and animals could cause the
transfer of diseases (MacPhee and Marx, 1997) and it has been
proposed in the context of competition for the same places for
dwelling (Grayson, 2001; Borrero and Martin, 2012). Recently, Cajal
et al. (2010) have proposed for South America that the extinction of
some large mammals (e.g., Lama gracilis) can also be attributed to
anthropic action that not only includes the hunt burden but also
other factors such as environmental and ethological changes caused
by the presence of humans. In this vein, Gutiérrez and Martínez
(2008, p. 63) suggest that the combination of diet, habitat prefer-
ences, body mass and physiology has a role in the pattern of
extinctions and survival. Johnson (2002) also proposed that the
large size of extinct species was not necessarily related to risk of
extinction, but species with slow reproductive rates. As has been
discussed elsewhere (Gutiérrez and Martínez, 2008), the human
impact on large mammal and megamammal populations is gener-
ally considered as negative in terms of survival. However, human
behaviors mediated by food preferences and hunting strategies
could also have promoted the survivorship of some species. In this
context, the few remains of L. guanicoe from the Late Pleistocene
may indicate either that this camelid was sparsely represented in
Lujanian times, or that their capture represented a low “appetite
index” (sensu Valverde, 1964).

6. Conclusion

To sum up, the zooarchaeological record of the Pampean region
for the timing of the earliest human settlement do not support the
models related to overkill. Thus, hunting pressure must have been
one more of the factors at play, but not the only one.

No doubt climatic change played a role and contributed to the
process of extinction, but changes should be tied to particular
natural disappearance of these faunas and the characteristics of
differential survival according to particular taxa inhabiting specific
areas into regions. Human presence and its impact in fauna and
landscapes is also variable depending of particular colonization
processes, and how prolonged or intermittent occupational histo-
ries of region have been. The evidence provided by PO4 and PO5
sites, in the context of other Pampean sites, supports the hypothesis
that not simply hunting pressure but the mere presence of humans
was a factor in ecosystem disturbance, and is thus the most parsi-
monious explanation for the process of extinction.
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