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Abstract
The present study analyses small mammal bone and tooth accumulations recovered in three open-air archaeological sites from
northern Mendoza (Argentina) in the central Monte Desert, one of the most arid rangelands of South America. The sites, with
radiocarbon dates between ca. 2100 and 400 years BP, are located on the margins of a now-extinct swamp that formed a more
widespread wetland environment in the past. In order to recognize the agents responsible for such bone and tooth accumulations,
a taphonomic analysis was conducted evaluating relative abundances of skeletal elements, breakage patterns, digestive corrosion,
signs of anthropic activity and post-depositional processes. The taphonomic analysis allowed the detection of owls and humans
as the agents responsible for small mammal accumulations. On the one hand, the low proportion and degree of digested
diagnostic elements, among other taphonomic processes, suggest owl pellet-derived small mammal assemblages. On the other
hand, the thermo-altered elements detected, some showing a differential burning pattern, the abundance of large-sized and
gregarious small mammals and the identification of cut-marks on a caviid femur shaft are possibly due to human exploitation/
consumption of small mammals.

Keywords Zooarchaeology .Microvertebrates . Taphonomy . Raptors . Resource intensification .Monte Desert . Mendoza

Introduction

Vertebrate bone remains recovered in archaeological contexts
have a long history of research interest (e.g. Olsen 1971;

Gifford-González 2018). Increasingly, zooarchaeological
and taphonomic analyses have been established as valuable
tools to understand the processes and agents involved in the
formation of the archaeological record, the evolution of hu-
man and environmental systems through time and the dynam-
ics of the human and animal world existing in the past
(Efremov 1940; Behrensmeyer et al. 2000). However, small
vertebrate remains recovered from archaeological sites, in-
cluding small mammals (≤ 1 kg), have generally been
overlooked in archaeological studies for various reasons.
Some of them are difficulties related to taxonomic
determination/ deficiencies in the recovery of fieldwork sam-
ples, the lack of a coherent theoretical-methodological model
applied to the study of such remains at a regional perspective,
the small size bone remains associated with low energy return
and an often unfounded assumption that past human groups
did not exploit small vertebrates or that such exploitation can
hardly be demonstrated archaeologically (Simonetti and
Cornejo 1991; Pardiñas 1999; Fernández et al. 2017a).

For the past decades, a considerable increase in the research
of small mammal remains recovered from archaeological sites
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in different regions of the world has demonstrated the poten-
tial of these remains to strengthen the discussion and under-
standing of human systems in the past and their evolution over
time (e.g. Simonetti and Cornejo 1991; Andrade 2015;
Andrade and Fernández 2017; Fernández et al. 2017a;
Fernández-García et al. 2018, 2020; López-García et al.
2018; Mignino et al. 2018; Rhodes et al. 2018, 2019). Most
of the research carried out in South America has been focused
on the Pampean, Patagonian and Northwestern regions of
Argentina (Frontini and Escosteguy 2015; Fernández et al.
2017a, and references therein). Some works have assessed
archaeological small mammal bone and tooth accumulations
recovered in Central Western Argentina (CWA) from a
zooarchaeological, taphonomical and palaeoenvironmental
perspective. Most of them were conducted in the southern
sector of the area—33°–34° S—(Gasco et al. 2006;
Fernández et al. 2009, 2015a, 2015b; Fernández 2012;
Fernández and Pardiñas 2018), whereas in the northern sec-
tor—32°–33° S—this type of research is still scarce (López
et al. 2016; Castillo et al. 2018a; López and Chiavazza 2019,
2020). These research works have contributed to our knowl-
edge and discussion of modern and past small mammal as-
semblages and their significance in palaeoecological terms,
identifying landscapes more heterogeneous during the Late
Holocene than in present times. In this regard, this growing
body of research has generally been oriented towards the dis-
cussion of the biological/palaeoecological significance of
small mammal remains recovered from regional archaeologi-
cal sites. Comparatively, the distinction of taphonomic pat-
terns of anthropic activity on small mammal remains and the
discussion of human-resource relationships over time has
been poorly explored (Fernández 2012; Fernández et al.
2017a; López et al. 2019a). A clear example of this trend
can be found in the extensive actualistic taphonomic research
carried out in CWA on the signals that several non-human
predators generate on small mammal bone and tooth accumu-
lations as a result of their predation (e.g. Montalvo et al.
2016a, 2016b; Montalvo and Fernández 2019; López et al.
2017a, b, 2018, 2019b; López 2020).

Few regional zooarchaeological studies have systematical-
ly and suitably analysed bone sets of “non-classical” fauna
(small fauna, such as small mammals and fishes) following
appropriate and specific methodologies (e.g. Fernández 2012;
Fernández et al. 2009, 2015a, 2015b; López et al. 2016;
Corbat et al. 2017; Castillo et al. 2018a; López and
Chiavazza 2019). A lack of interest in systematic studies of
small mammal remains has been one of the reasons why re-
gional zooarchaeological research assumes, often erroneous-
ly, the cultural or intrusive entity of such remains recovered in
archaeological sites by applying neither suitable nor specific
methodologies (e.g. Chiavazza 2007, 2010; Ots et al. 2016).
In this respect, a zooarchaeological and taphonomic analysis
of small mammal bone and tooth accumulations can assess,

discuss and broaden our understanding of the taphonomic
patterns generated by possible accumulating agents in archae-
ological sites, including humans. At the same time, it can also
contribute to the study of the subsistence of human groups in
the past and its variations over time, as shown in other regions
of southern South America, such as central Chile, Pampa and
Patagonia (e.g. Simonetti and Cornejo 1991; Pardiñas 1999;
Alcaráz 2015; Santiago et al. 2016; Fernández et al. 2017a).

In recent times, appropriate recovery techniques have been
incorporated in field and laboratory work in the arid zones of
South America, particularly the drylands of CWA. Specific
and systematic taphonomic analyses of zooarchaeological re-
mains corresponding to lower-ranked resources have also
grown in number and with a more cultural perspective.
These include the study of small fishes and small mammals,
apparently captured without the necessary technologies to en-
able mass capture (Corbat et al. 2017; López et al. 2019a).
This new framework was triggered by growing interest in the
ability of theoretical concepts such as Human Behavioural
Ecology (HBE) to address problems related to the imbalance
between resources and demography, including resource de-
pression and intensification processes (sensu Broughton
1994; Broughton et al. 2011; Morgan 2015), which have been
little explored in CWA (Neme 2007; Otaola 2013; Neme et al.
2015; López et al. 2019a).

Archaeological research conducted in CWA and guided by
HBE has detected a broader dietary breadth within human
groups since ca. 2000 years BP, associated with the incorpo-
ration of agriculture, pottery and the occupation of new areas
related with a rapid human population growth and an increas-
ing imbalance between humans and resources (e.g. Cortegoso
2006; Chiavazza 2013; Gil et al. 2014; Ots et al. 2016; López
et al. 2019a). Analyses of archaeological contexts from north-
ern Mendoza after ca. 2000 BP indicate a more diversified
economy than in previous periods. This has been connected
with the incorporation of lower-ranked resources in the human
diet as a result of high-ranked resource depression after ca.
2000 BP (Corbat et al. 2017; López et al. 2019a). The most
profitable regional prey items for these human groups were
guanaco (Lama guanicoe) and armadillos—mainly Zaedyus
pichiy, Chaetophractus villosus and Chaetophractus
vellerosus—(Corbat et al. 2017).

The present study analyses small mammal bone and tooth
accumulations recovered from three archaeological sites in
northern Mendoza, the northern sector of Central Western
Argentina. It aims to assess the possible accumulating agents
of such bone sets and carry out a taphonomic analysis to
dist inguish natural and anthropic agents in each
zooarchaeological assemblage, including the evaluation of
post-depositional processes. Research results are discussed
in the framework of a possible resource depression and inten-
sification process (declining foraging efficiency) after ca.
2000 BP in northern Mendoza (López et al. 2019a).
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Study area and archaeological contexts

Central Western Argentina is an area with significant environ-
mental, archaeological and ethnographic diversity. It has been
considered a peripheral and transitional region between cul-
tural areas from North Western Argentina to the north (NWA)
and Patagonia to the south. The modern climate is arid to
semi-arid, with annual rainfalls ranging between 100 and
350 mm, occurring mainly in summer. The region also expe-
riences highly variable temperatures and considerable season-
al climate differences (Rundel et al. 2007). Few rivers cross
the area from west (Andean cordillera) to east (lowlands
plains). Water availability in the region depends on the melt-
ing of glaciers and snow in the Andean cordillera. The study
area is located within the South American Arid Diagonal
(Abraham et al. 2020).

The Monte Desert, the most arid rangeland of Argentina,
where the archaeological sites of the present study are located,
is a phytogeographic unit that covers more than 50% of the
territory of Central Western Argentina, located east of the
cordilleran area. It is an arid to semi-arid area characterized
by shrubby steppes of Larrea spp. and Bulnesia retama spe-
cies, edaphic steppes of halophytes and arboreum stratums
dominated by Prosopis flexuosa and Geoffroea decorticans
(Rundel et al. 2007; Abraham et al. 2009). One of the most
distinctive features of the Monte is the varied composition of
its mammal fauna, particularly small mammals (Ojeda et al.
2002).

The small mammal bone and tooth accumulations analysed
in the present study were recovered during fieldwork from
open-air archaeological sites in the Monte Desert lowlands
of northern Mendoza, using a 1.5-mm screen mesh. The sites
are located on the margins of a recently drained large swamp
that covered 58.000 ha, part of an extensive wetland environ-
ment that occupied the east of Mendoza until the beginnings
of the twentieth century. This wetland environment was quite
different from the present landscape, which is characterized by
general aridity with scarce water sources, urban development,
massive implantation of exotic flora (mainly trees) and an
intensive agricultural system of wine production since the
mid-nineteenth century (Chiavazza 2011; Prieto and
Chiavazza 2006; Prieto and Rojas 2012; Mafferra 2017,
2018; López and Chiavazza 2019). The taxonomic composi-
tion of the small mammal assemblages in the present study
reflects that wetland environment, indicating a considerable
recent loss of biodiversity (extirpation and extinction of small
mammals) (López 2018; López and Chiavazza, ms). The sites
have 14C chronologies dating the deposits between ca. 2100
and 400 years BP (Fig. 1; Table 1). Two of the sites are located
in the low piedmont of the Andean cordillera, in Mendoza
city, Ruinas de San Francisco sector Pilastra Noroeste (SF-
PNO) and Memorial de la Bandera (MB), whereas the site
Punto Arqueológico 13.1 (PA13.1) is located in a sector of

eastern plains associated to the Mendoza river course, in the
locality of San José (Lavalle). Human occupation of the pied-
mont and plains of the Monte Desert from CWA occurred
after ca. 2000 BP and can be considered a marginal area in
comparison with the Andean precordillera to the west, which
was occupied since ca. 11,000 BP and associated with the
exploitation of wild camelids, the highest-ranked resources
of the region (Chiavazza 2007; Corbat et al. 2017).

SF-PNO (32° 52′ S; 68° 49′W; ca. 738 m a.s.l.) is a sector
of a colonial Franciscan church, located a few metres west of
the Cacique Guaymallén irrigation canal (existing since pre-
historic times and still extant). Despite historical connotations
of this site, thermoluminiscence dating corresponding to a
pottery fragment resulted in 530 ± 50 BP (UCTL 1971)—
290–300 cm depth—. In other sector of the same temple,
but at the same depth, a charcoal sample was radiocarbonic
dated to 440 ± 40 BP (URU 0279), pointing to human occu-
pations previous to historical times. An area of 8 m2 (4 × 2 m)
was excavated in arbitrary layers of 5 cm until a depth of
410 cm, distinguishing silty to clayey soils, mainly (Prieto
Olavarría and Chiavazza 2009; Chiavazza et al. 2010).
Small mammal remains were mainly recovered under
100 cm, in temporal contexts before the eighteen century.
Medium-sized mammals, armadillos, small fishes and
camel ids (Cas t i l lo e t a l . 2018b) dominated the
zooarchaeological record. Both MB and SF-PNO are close
to one another, separated by only 1.5 km between them, in
the same urban area and sedimentary context. This fact is
interesting, taking into account their different chronology,
which also allow evaluating them diachronically.

MB (32° 53′ S; 68° 50′W; ca. 780 m a.s.l.) was detected in
archaeological rescue works and was excavated to a depth of
460 cm, divided into 1-m2 grids, which became one of the
largest archaeological excavations conducted in Central
Western Argentina (100 m2). It is located near to an alluvial
channel called Zanjón Frías. The soils were relatively homog-
enous with slight inclinations, varying from silty to clayey.
Four radiocarbon samples of charcoal were reported at 370
± 50 BP (LP2645) at 200 cm depth, 1230 ± 60 BP (LP2644) at
400 cm depth (Chiavazza 2015), 1910 ± 80 (LP3180) at
450 cm depth and 2100 ± 80 years BP (LP3195) at 460 cm
depth (Prieto-Olavarría et al. 2019). Combustion structures,
hearths and pit-houses were detected. Small and medium-
sized birds, small fishes, reptiles, armadillos and camelids
(Ch i avazz a 2015 ; López 2018 ) composed t h e
zooarchaeological record. Small mammal remains were only
identified in pre-hispanic contexts (ca. 1200–2100 BP).

PA13.1 (32° 23′ S, 68° 14′W; ca. 565 m a.s.l.) corresponds
to a surface excavation (0–10 cm; 16 m2) on sandy soils (sand
dune). The ceramic material recovered provides a relative
chronology (1600–200 BP), whereas a carbon sample from
an adjacent excavation in the same site resulted in 1330 ± 70
BP (URU 0281) (Chiavazza 2014). Armadillos and small
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Fig. 1 Top: Study area in phytogeographic perspective and
archaeological sites of the present study: 1, Memorial de la Bandera
(MB); 2, Ruinas de San Francisco sector Pilastra Noroeste (SF-PNO);
3, Punto Arqueológico 13.1 (PA13.1). Small mammal bone accumula-
tions previously studied in Central Western Argentina: 4, Agua de la
Tinaja (López et al. 2020); 5, Rincón de los Helados; 6, Vaquería Gruta
1 (López et al. 2016); 7, Vaquería Gruta 2 (López and Chiavazza 2020);
8, Agua de los Pajaritos; 9, PA52; 10, PA14.7; 11, PA24.2; 12, PA46.4;

13, PA68.1 (López and Chiavazza 2019); 14, Laguna el Sosneado; 15,
Arroyo Malo 3; 16, Cueva Palulo; 17, Cueva Arroyo Colorado
(Fernández 2012); 18, Gruta del Indio (Fernández and Pardiñas 2018);
19, Rincón del Atuel 1; 20, Agua de los Caballos; 21, Agua de la Mula;
22, Cueva de Luna; 23, La Peligrosa (Fernández 2012). Area of Bermejo
swamp was recovered from Prieto and Rojas (2012). Down: Schematic
profile of the relief in the study area (northern Mendoza) from a biogeo-
graphic and geomorphologic perspective
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fishes (≤ 1 kg) stand out among the fauna detected (Chiavazza
2007).

Materials and methods

The small mammal bone and tooth accumulation recovered
from each site was analysed as a pool. This decision was made
considering both the temporal range of the sites (last two
millennia at most) and the need to obtain reliable taphonomic
results taking into account sample sizes.

A total of 251 small mammal bone and tooth remains was
recovered in MB (all detected in pre-hispanic contexts), of
which 146 corresponded to cranial remains. A total of 464
remains was recovered in SF-PNO, of which 73 were cranial
remains. Lastly, 253 remains were recovered in PA13.1, of
which 72 corresponded to cranial elements.

Bone and tooth remains were examined using a stereomi-
croscope (× 8–× 50). Taxonomic identifications were made to
the highest possible resolution level (species level, when pos-
sible), based on cranial and tooth remains by comparison with
current specimens from the Vertebrate Collection of IADIZA
(CCT CONICET Mendoza) and with specialized literature
(Fernández et al. 2011a, 2017b; Pardiñas et al. 2013; Patton
et al. 2015). Some rodent species are indistinguishable from
cranial or dental remains allowing identifications at genus
level only, such as Ctenomys and Eligmodontia. The number
of identified specimens per taxon (NISP), minimal number of
individuals (MNI) and minimal number of elements (MNE)
were calculated (Lyman 2008). MNI was calculated on the
basis of the best represented homologous cranial element.

A taphonomic analysis was conducted to distinguish pat-
terns generated by human and non-human predators on small
mammal bone and tooth accumulations. Generally, each type
of predator generates taphonomic patterns that allow to distin-
guish the action among types of predators, at least (e.g. owls,
eagles, carnivores, humans). The taphonomic methods pro-
posed by Andrews (1990), Fernández-Jalvo and Andrews
(1992), Fernández-Jalvo et al. (2016) and Fernández et al.
(2017b) were followed to evaluate the action of natural pred-
ators on small mammal bone and tooth accumulations. This
methodology is based on three main variables: relative abun-
dance of skeletal elements, breakage patterns and digestion.
Each predator produces enough taphonomic signals and
trends to be recognized and distinguished (Andrews 1990).
Relative abundances of skeletal elements were calculated con-
sidering the representation of each element in the whole sam-
ple (MNEi) based on the expected number of each element in
one individual (Ei) and on MNI by using the following for-
mula: MNEi / (Ei x MNI) × 100 (Dodson and Wexlar 1979).
In order to evaluate relationships between cranial and postcra-
nial elements, two indexes were calculated: postcrania/crania
(pc/c) and femora+humeri/mandibles+maxillae (Andrews

1990). Values lower than 1 indicate better representation of
cranial elements, whereas values higher than 1 show a better
representation of postcranial remains (Andrews 1990). To
evaluate relationships between the representation of distal
and proximal parts of the skeleton, the following index was
used: tibiae+radii or ulnae/femora+humeri (Andrews 1990).
Values lower than 1 mean a better representation of proximal
elements, whereas results higher than 1 indicate a better rep-
resentation of distal elements. Two calculations were used to
measure tooth loss: empty mandibular and maxillary alveoli/
molars and empty mandibular and premaxillary alveoli/
incisors (Andrews 1990). Values higher than 1 indicate loss
of molars and incisors, whereas results lower than 1 reflect
loss of mandibles and maxillae/premaxillae. Owls, which gen-
erally swallow their prey whole, generate little bone loss and a
more equitable representation between skeletal parts than oth-
er predators, like diurnal birds of prey, mammalian carnivores
and humans (Andrews 1990).

Breakage patterns on cranial (skulls, mandibles, teeth) and
postcranial bones (femora, humeri, tibiae, ulnae) were
analysed considering the degree of completeness of each ele-
ment, in which the percentage of breakage was also calculated
considering complete and fractured elements separately. Four
categories were used for skull breakage: complete, maxillary
with zygomatic, maxillary without zygomatic and minor frag-
ments. Four degrees were used for mandible breakage: com-
plete, ascendant ramus broken, without ascendant ramus and
without ascendant ramus and inferior edge broken. Breakage
of diagnostic long bones (femora, humeri, tibiae and ulnae)
was recorded as complete, proximal, shaft and distal parts
(Andrews 1990).

Modifications by digestion were evaluated on molars,
incisors, femora and humeri distinguishing four degrees
of digestive corrosion (light, moderate, heavy and ex-
treme). Digestion is one of the most reliable taphonomic
variables to identify accumulating agents of small mammal
bone and tooth remains from archaeological and
palaeontological sites. In fact, its clear taphonomic signals
can be differentiated from other taphonomic alterations,
and its traces are not modified by post-depositional pro-
cesses (Andrews 1990; Fernández-Jalvo et al. 2014;
Fernández et al. 2017b). Recently, Fernández et al.
(2017b) developed a new methodology following
Andrew’s book (Andrews 1990), but applied to South
American small mammals, which generally have different
tooth morphologies from those reported by that pioneer
book and, indeed, different ways in which teeth are modi-
fied by digestion (Fernández et al. 2017b).

In order to strengthen the interpretation of possible accu-
mulating agents, predictability and size indexes were calculat-
ed (Pardiñas 1999). The first was calculated to evaluate rela-
tionships between proportions of grouped and non-grouped
small mammals, using the following formula: (MNI colonials
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+ MNI gregarious + MNI grouped) / (MNI cryptic + MNI
solitaries). Values higher than 1 could indicate accumulations
generated by humans, carnivores or diurnal raptors, whereas
values lower than 1 could be a signal of the action of nocturnal
avian raptors. The second index allows the distinction be-
tween small mammal accumulations generated by nocturnal
raptors (mainly strigiformes) and those accumulated by other
predators (including humans) and was calculated through the
following formula: (MNI small-sized [≤ 50 g] + MNI
medium-sized [50 to 150 g] / MNI large-sized [≥ 150 g]).
Values higher than 1 indicate sets generated by nocturnal rap-
tors. Considering that humans, in contrast with the great ma-
jority of avian raptors, generally prey on large-sized small
mammals, values lower than 1 could indicate anthropic ex-
ploitation, if and when, they could be connected with other
taphonomic variables. In this sense, it would be more likely to
detect anthropic action/exploitation in grouped/gregarious,
large-sized small mammal species, which are conspicuous
and predictable in landscape, rather than in owls, for instance,
which generally feed on cryptic, solitary and smaller small
mammals than eagles, carnivores and humans (Pardiñas
1999).

Anthropic signals were evaluated by taking into account
relative abundance of skeletal elements, proportions of large-
sized/gregarious or grouped small mammals and thermal al-
terations and cut-marks (Pardiñas 1999; Quintana 2005;
Medina et al. 2012; Braun et al. 2016; Romaniuk et al.
2016). Thermal alterations in elements were evaluated with
a chromatic scale (unburnt bones = white-cream; burnt
bones = yellow-reddish-brown-black; calcined bones = blue-
greyish) (Shipman et al. 1984; Stiner 1994) and by
distinguishing between partial and completely thermo-
altered bones (Medina et al. 2016; Romaniuk et al. 2016).
The last distinction was also made in order to differentiate
between natural/human-indirect fires (generally burnt or
charred and calcined bones on the whole surface, respectively)
(Rhodes et al. 2016) and anthropic burning patterns from ex-
posing small mammals directly to fire (partially/heteroge-
neously/differentially burnt bones) (Medina et al. 2012). In
general, cut-marks generated by humans are lineal on the bone
surface and of variable width, showing linear marks with a V-
shaped cross-section generally restricted to the cortical area
and showing parallel striations, an internal surface with longi-
tudinal micro-striations and shallow micro-striations transver-
sal to the long axis (Blumenschine et al. 1996). Marks mim-
icking cut-marks generated by post-depositional processes,
like trampling or water transport, differ from those produced
by humans (mimic marks are generally less deep, shorter and
much more frequent) (Fernández-Jalvo and Andrews 2016).

The most profitable, highest-ranked faunal resources for
CWA pre-hispanic human groups were L. guanicoe
(guanaco) and armadi l los (Corba t e t a l . 2017) .
Complementarily for the present study and exploring future

and possible applications from the analysis of archaeological
small mammal remains—extensible to low-ranked faunal re-
mains—, a regional high-ranked resources index was calcu-
lated (HRI =∑NISP Artiodactyls + ratio Armadillos/∑NISP
total; after Corbat 2015 and Corbat et al. 2017). This index
(with values ranging from 0 to 1) allows assessing abundance
and dependence of human groups on faunal resources.
Decreasing values in this index have proven to be a good
predictor of resource depression/diversification processes
(López et al. 2019a). Regarding small mammals, only remains
of large-sized/and gregarious or grouped taxa were considered
in this calculation.

Post-depositional processes were also analysed, such as
weathering, trampling, the action of root traces and abrasion
(Andrews 1990; Fernández-Jalvo et al. 2014). To distinguish
between pre- and post-depositional breakage, rough and an-
gled broken edges (by trampling) were differentiated from
breakage by predation (rounded and digested broken edges)
(Andrews 1990).

In order to explore sample ordination in a multivariate
space, a principal components analysis (PCA) was addition-
ally conducted against previously reported modern and ar-
chaeological small mammal samples using the software
PAST (Hammer et al. 2001). The PCA worked over a data
matrix composed of digestion percentage on isolated incisors,
isolated molars, incisors in situ, molars in situ, femora and
humeri; percentage of breakage of skulls, mandibles, femora
and humeri; calculated indexes of relative abundance and total
average of relative abundance of skeletal elements.

Results

A total of 968 bone and tooth specimens was recovered and
analysed from which 248 corresponded to cranial and tooth
elements identifiable taxonomically (119 from MB, 58 from
SF-PNO and 71 from PA13.1). A total MNI of 72 was calcu-
lated (25 fromMB, 23 from SF-PNO and 24 from PA13.1). A
high proportion of large-sized/gregarious small mammals was
detected in MB (68%) and PA13.1 (75%), whereas in SF-
PNO, it was about 20%. The Predictability Index (PI) resulted
in values greater than 1 in MB and PA13.1, whereas the Size
Index (SI) was lower than 1 in such sets. A contrary trend was
detected for SF-PNO, where PI and SI resulted in values lower
and higher than 1, respectively (Table 2).

Femora from SF-PNO and humeri from PA13.1 were the
most abundant elements, with relative abundances close to
100%, followed by mandibles (MB and SF-PNO) and femora
and astragali from PA13.1 with relative abundances between
60 and 70% each. Humeri, tibiae and pelvises from SF-PNO
represented between 50 and 55% each, whereas a relative
abundance close to 50% was calculated for tibiae recovered
from MB. A low proportion (≤ 15% each) of isolated molars,
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ribs, vertebrae, scapulae, radii, metapodials and phalanges
was detected in the three sites (Fig. 2). Average values of
relative abundance for the total sample per site did not exceed
28% (Tables 1 and 3).

The indexes calculated to evaluate relationships be-
tween cranial and postcranial elements indicated a better
representation of postcranial elements than cranial ones in
SF-PNO and PA13.1, whereas in MB, cranial elements
were better represented than postcranial ones (Table 1).
In relation to the index calculated to measure relationships
between distal/proximal parts of the skeleton, in MB, dis-
tal elements were more abundant than proximal ones,
whereas in SF-PNO and PA13.1, proximal elements were
considerable better represented than distal ones. Alv/i in-
dex showed loss of mandibles and premaxillae in MB and
SF-PNO, whereas loss of incisors was detected in PA13.1.
Alv/m index showed an equal representation of empty
alveoli and isolated molars in MB, a considerable loss
of molars in SF-PNO and loss of mandibles and maxillae
in PA13.1.

Breakage of cranial elements was considerably high in the
three sets (≥ 95% each) (Tables 1 and 4). The proportions of

broken postcranial elements were also high (≥ 76% in each
set), although lower than in cranial elements. The great ma-
jority of broken bones (≥ 95 in each set) showed rough and/or
angled edges, probably as a consequence of trampling.

Alterations by digestion, mainly light, were observed on
diagnostic elements from the three small mammal bone and
tooth accumulations (Tables 1 and 5). Long bones were the
most modified elements by digestive corrosion (between 25
and 54% per set). Molars and incisors were affected in lesser
proportions (≤ 22% and ≤ 18%, respectively). Isolated teeth
were generally more affected than those detected in situ, with
the exception of SF-PNO, where the two isolated molars re-
covered not were modified by digestion. InMB, digested teeth
and postcranial elements were also recovered from inside
combustion structures.

Thermal alterations were detected in cranial and post-
cranial elements recovered from MB and PA13.1 (10.35%
and 27.66%, respectively) (Fig. 3, Tables 1 and 6), where-
as no thermo-altered elements were found in SF-PNO. All
thermo-altered elements (n = 26) in MB were only detect-
ed from inside the combustion structures or hearths asso-
ciated with pit-houses on bones corresponding to large-

Table 1 Summary and
comparison of taphonomic values
of small mammal bone
accumulations recovered in
archaeological sites from northern
Mendoza. Archaeological sites:
MB, Memorial de la Bandera; SF-
PNO, Ruinas de San Francisco
sector Pilastra Noroeste; PA13.1,
Punto Arqueológico 13.1; NISP,
number of specimens identified
by taxon; ARA, average relative
abundance of skeletal elements;
pc, postcranial; c, cranial; md,
mandible; mx, maxillae; f, femur;
h, humerus; t, tibiae; u, ulnae; i,
incisors; m, molars; A, absent; L,
light; M, moderate

Archaeological site MB SF-PNO PA13.1

Chronological range 14C (years BP) 2100–400 600–400 1600–300

M2 excavated 100 8 16

NISP 251 464 253

MNE 220 432 245

ARA % 16.28 27.71 21.18

pc/c index 0.90 4.11 2.19

f + h/md+mx index 0.37 1.66 3.17

t + u (or t + r) /f + h index 1.59 0.57 0.17

Alv i index 0.24 0.72 2.29

Alv m index 1.03 30.5 0.78

Postcranial digestion % (n tot = 13/69/76) 53.85 39.13 25.00

Incisor digestion % 5.97 17.95 10.00

Incisors in situ % (n tot = 29/11/3) 3.45 0.00 0.00

Isolated incisors % (n tot = 38/28/7) 7.89 25.00 14.29

Molar digestion % 15.70 21.43 10.64

Molars in situ % (n tot = 85/54/6) 11.76 22.22 0.00

Isolated molars % (n tot = 36/2/41) 25.00 0.00 12.2

Main total digestion degrees A-L A-L A-L

Main digestion degrees on teeth A-L-M A-L A-L

Main digestion degrees on postcranials A-L-M A-L-M A-L

Breakage maxillae and mandibles % 96.3 95.9 100.00

Breakage long bones % 80.39 66.39 98.9

Weathering % 29.1 16.6 79.44

Thermal alterations % 10.35 0.00 27.66
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sized small mammals (caviomorph and cricetid rodents).
On the one hand, about 60% of thermo-altered elements
from this site (n = 15) presented a distinctive burning pat-
tern (distal, differential or heterogeneous burning) on the
distal extremities of long bones, on one vertebrae and on
one hemimandible corresponding to the extinct cricetid
rodent Holochilus lagigliai. In turn, the surface of the
remaining thermo-altered elements was completely burnt
or calcined. On the other hand, 70 elements from PA13.1
showed thermal alterations, all corresponding to large-
sized rodents (caviomorphs). Of them, 18.6% (n = 13)
was differentially, partially or heterogeneously burnt,
65.7% (n = 46) was completely burnt on the whole sur-
face, whereas 15.7% (n = 11) was calcined. No thermo-
altered elements showed evidence of digestion. Only two
short and shallow oblique/transversal cut-marks were de-
tected on the shaft of a complete caviid femur recovered

from SF-PNO, showing a V-shaped cross-section restrict-
ed to the cortical area and parallel striations (Fig. 3).
Digested elements were also recovered mixed in the same
layer where such femur was recovered.

PCA was performed considering the taphonomic values
of archaeological samples from the present study, archae-
ological small mammal accumulations probably generated
(partial or completely) by humans and modern small
mammal bone accumulations generated by several avian
raptors, where components 1 and 2 accounted for 85.19%
of inertia (Fig. 4; Electronic supplementary material S1
and S2). The Regional High-Ranked Resources Index
yielded low values: 0.05 for MB, 0.068 for SF-PNO and
0.32 for PA13.1, indicating low dependence on high-
ranked resources (Fig. 5).

Weathering was recorded in 29.1% (n = 73) of elements
from MB, in 16.6% (n = 77) of elements from SF-PNO and

Table 2 Taxonomic composition of small mammal bone and tooth
accumulations recovered in archaeological sites from northern
Mendoza. Minimal number of individuals (MNI and MNI%) and

number of specimens identified per taxon (NISP and NISP%). MNI and
NISP based on cranial and tooth elements

Memorial de la Bandera Ruinas de San Francisco sector
Pilastra NO

Punto Arqueológico 13.1

Average body mass (g) MNI MNI% NISP NISP% MNI MNI% NISP NISP% MNI MNI% NISP NISP%

Rodentia

Caviidae

Caviidae indet 3 12.00 16 13.44 8 33.33 25 35.21

400 Cavia aperea 1 4.35 2 3.45

190 Galea leucoblephara 3 12.00 11 9.24 1 4.35 1 1.72 5 20.83 17 23.94

223.2 Microcavia australis 6 24.00 17 14.29 1 4.35 4 6.9 5 20.83 14 19.72

Ctenomyidae

161.1 Ctenomys sp. 4 16.00 38 31.93 1 4.35 1 1.72

Octodontidae

84.4 Tympanoctomys barrerae 4 16.67 10 14.08

Cricetidae

Sigmodontinae indet 2 8.00 23 19.33 4 17.39 14 24.14 1 4.17 4 5.63

34.7 Akodon dolores 2 8.00 4 3.36 3 13.04 4 6.9

20.5 Calomys musculinus 4 17.39 11 18.97

21.1 Eligmodontia sp. 1 4.00 1 0.84 1 4.35 2 3.45

66.7 Graomys griseoflavus 3 12.00 7 5.88 3 13.04 7 12.07

307.5 Holochilus lagigliai 1 4.00 2 1.68

23.3 Oligoryzomys flavescens 2 8.69 6 10.34

Muridae

18 Mus musculus 1 4.35 1 1.72

Didelphimorphia

21.4 Thylamys pallidior 1 4.35 5 8.62 1 4.17 1 1.41

Total 25 119 23 58 24 71

Predictability Index (PI) 1.77 0.21 11.0

Size Index (SI) 0.47 4.75 0.33
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in 80% (n = 201) of elements recovered from PA13.1
(Table 1). In MB and SF-PNO, only category 1 weathering
was observed (slight cracking), whereas in PA13.1, most of
the weathered bones presented slight cracking (n = 191), al-
though category 2 weathering (more extensive cracking) was
detected in 10 elements. Root traces were detected infrequent-
ly (≤ 5.9% per sample, at most). Traces of abrasion by water
transport were not detected.

Discussion

The results obtained from the taphonomic analysis of small
mammal bone and tooth remains recovered in MB, SF-
PNO and PA13.1 archaeological sites suggest that more
than one type of accumulating agent generated each accu-
mulation. The small sample sizes have probably influenced
the results obtained, but the taphonomic signals assignable
to the action of owls and humans could be distinguished in

each accumulation. López and Chiavazza (in press) detect-
ed a considerable effect of sample size on the species
richness observed in these three accumulations when
discussing the palaeoecological implications of these
assemblages.

The low average values of relative abundance of skel-
etal elements and the high proportions of broken bones
with rough and angled edges suggest the action of de-
structive post-depositional processes, like trampling, and
consequent bone loss in small mammal accumulations
(Andrews 1990). The presence of complete burnt bones
may have biased the original taphonomic features of each
bone set, modifying breakage patterns and relative abun-
dances, mainly (Fig. 2).

Weatheringwas considerably high in PA13.1 which, added
to the effects of trampling, reflect a low preservation of bones
and suggest a bone assemblage probably never incorporated
into the sedimentary matrix of the site, as is the case of sub-
surface archaeological sites in the sandy soils of plains from
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Fig. 2 Comparison of relative
abundance of skeletal elements.
Top: Archaeological sites from
Northern Mendoza (present
study) and archaeological
accumulations where humans
generated small mammal bone
accumulations (always mixed
with the participation of different
kind of predators). MB,Memorial
de la Bandera; SF-PNO, Ruinas
de San Francisco Sector Pilastra
Noroeste; PA13.1, Punto
Arqueológico 13.1; A1,
Angostura 1 (Fernández et al.
2011b); KV502 (Dewar and
Jerardino 2007). Down:
Archaeological sites from north-
ern Mendoza (present study) and
small mammal bone accumula-
tions generated by avian raptors
(Montalvo and Fernández 2019)
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the Monte Desert in southern South America (Fernández
2012; López and Chiavazza 2019). The lowest proportions
of weathered and broken elements in MB and SF-PNO indi-
cate a better preservation and faster incorporation into the
sedimentary matrix of such sites.

Owls as accumulating agents

Small mammals (≤ 1 kg) (rodents, marsupials and bats) repre-
sent the most important component of owls diet from southern
South America, but rodents are particularly the most abundant
prey of these raptors (e.g. Bellocq 2000; Nabte et al. 2006;
Montalvo et al. 2020). In fact, rodents were the most common
small mammal remains found in the present study.

The low proportion of diagnostic elements affected by di-
gestion and the main digestion degree detected (light) suggest
the action of avian raptors, particularly owls, in the accumu-
lation of small mammal remains. Generally, owls swallow
their prey whole, generating low bone breakage in the regur-
gitated pellets. They also generate a relative equal representa-
tion among skeletal parts, with loss of elements from the
autopodium, and mainly, a low proportion and degree of di-
gestive corrosion on bones and teeth (Andrews 1990). Despite
the fact that post-depositional processes could have biased
some taphonomic signals generated by predators, both the
degree and proportion of digested elements suggest the action

of an owl more destructive than the barn owl (Tyto
furcata, López 2020; Tyto alba, Andrews 1990), such as the
Great horned owl Bubo virginianus/Bubo magellanicusor the
burrowing owl Athene cunicularia. These raptors generate
higher frequencies of elements modified by digestion, more
bone loss andmore disproportions between elements and skel-
etal parts than the barn owl, albeit always within a general
taphonomic owl pattern (modification categories 2–3 at most,
sensu Andrews 1990) (Gómez 2005; Montalvo et al. 2016a,
2020; Montalvo and Fernández 2019). Avian raptors, and
specifically owls, are the most common accumulating agents
of small mammal remains identified in archaeological sites
from CWA (Fernández et al. 2009, 2015a, 2015b;
Fernández 2012; López et al. 2016; Fernández and Pardiñas
2018; López and Chiavazza 2019, 2020).

Humans as accumulating agents

Both the detection of thermal alterations in MB and PA13.1
and the presence of cut-marks on a caviid femur shaft from
SF-PNO might suggest anthropic activity in the generation of
the small mammal bone and tooth assemblages of these three
sets. PI and SI indexes indicated a greater representation of the
grouped/colonial/gregarious and the largest species inMB and
PA13.1 than the smallest and cryptic/solitary ones, whereas
the latter were more abundant only in SF-PNO. The high

Table 3 Relative abundance of
skeletal elements (based on the
MNI) in the archaeological small
mammal assemblages recovered
in sites from northern Mendoza at
Central Western Argentina.MNE,
minimal number of elements; RA,
relative abundance of skeletal
elements

Memorial de la
Bandera

Ruinas de San Francisco sector Pilastra
Noroeste

Punto Arqueológico
13.1

MNE RA MNE RA MNE RA

Maxillae 11 22.00 13 28.26 17 35.41

Mandibles 35 70.00 29 63.04 7 14.58

Isolated incisors 38 38.00 29 31.52 7 7.29

Isolated molars 36 10.28 2 0.72 41 10.67

Vertebrae 9 0.65 153 12.09 17 1.28

Ribs 11 1.69 12 2.17 1 0.16

Scapulae 8 16.00 7 15.21 1 2.08

Humeri 6 12.00 25 54.34 47 97.91

Ulnae 3 6.00 15 32.60 8 16.66

Radii 2 4.00 3 6.52 0 0.00

Pelvis 6 12.00 23 50.00 1 2.08

Femora 11 22.00 45 97.82 29 60.41

Tibiae 24 48.00 25 54.34 5 10.41

Metapodials 9 1.8 28 6.08 0 0.00

Calcanea 4 8.00 4 8.69 18 37.50

Astragali 2 4.00 3 6.52 30 62.50

Phalanges 5 0.35 16 1.24 16 1.19

Total 220 432 245
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representation of grouped/colonial/gregarious and large-sized
small mammals could also be identified among the signals of
anthropic activity.

The presence of partial, differential or heterogeneously
burnt bones in MB and PA13.1 (Fig. 3, Table 6)—mainly
burnt on their extremities or distal parts—can be associ-
ated with human activity and, particularly, with a cooking
method that consists of exposing these small prey directly
on fire (Medina et al. 2012; Fernández et al. 2017a). High
temperature produces a retraction of the muscles and meat
of the axial and appendicular distal portions, which can be
directly exposed to fire, burning the exposed unmeaty
portions of the bones (e.g. Pardiñas 1999; Medina et al.
2012). In this sense, small mammals could have been
burnt or cooked while they were still in a partial or com-
plete articulate state with some of their tissues intact
(sensu Romaniuk et al. 2016). The high representation
of the largest small mammals (≥ 150 g) in MB and
PA13.1 does not suggest the action of nocturnal avian
raptors (Strigiformes), which generally feed on smaller
prey (≤ 150 g) (e.g. Andrews 1990; Bellocq 2000;
Montalvo et al. 2016a; López et al. 2018). The detection
of completely burnt bones could also be due to natural/
post-depositional fires (e.g. Rhodes et al. 2016).

The detection of cut-marks only on the shaft of a com-
plete caviid femur (large-sized rodent, ≥150 g) recovered
from SF-PNO suggests that this accumulation was partial-
ly generated by humans. First, it is not common to find
cut-marks on archaeological small mammal bones accu-
mulated by humans (Fernández et al. 2017a). The detec-
tion of cut-marks in this type of assemblage is scarce
because pre-cooking processing does not require difficult
tasks or the intensive use of cutting tools (Fernández-
Jalvo et al. 1999; Fernández et al. 2017a; Martínez-
Polanco 2017). The scarcity of this type of evidence in
SF-PNO, the greater abundance of cryptic/solitary/
smallest species, the absence of thermo-altered bones
and the presence of a considerable proportion of bones
with evidence of light digestion (probably generated by
owls) could support the idea that Quintana (2005) defined
as isolated butchery activities. This interpretation is relat-
ed with the scarce representativeness of all the body parts
in relation to marks and traces connected with anthropic
processing of small mammal bones. Second, the absence
of burnt bones in SF-PNO could also be associated with
another cooking technique. Thus, zooarchaeological anal-
ysis of the largest fauna (≥ 1 kg)—which presented a low
proportion of thermo-altered bones—, added to the anal-
ysis of pottery from SF-PNO, has suggested that in SF-
PNO food could have been boiled (Castillo et al. 2018b).
The absence of burnt bones in archaeological small verte-
brate assemblages could be due to the fact that, under
certain circumstances, the defleshed meat was cooked

Table 4 Amount and percentages of breakage of cranial and postcranial
elements recovered in open-air archaeological sites from northern
Mendoza at Central Western Argentina

Memorial
de la
Bandera

Ruinas de
San
Francisco
sector
Pilastra
NO

Punto
Arqueológico
13.1

N % N % N %

Mandible Complete 2 6.06 2 6.89 0 0.00

Ascendant ramus
broken

4 12.12 6 20.69 0 0.00

Without ascendant
ramus

20 60.61 18 62.07 2 28.57

Without ascendant
ramus and
inferior edge
broken

7 21.21 3 10.34 5 71.43

Total 33 29 7

Maxilla Complete 0 0.00 0 0.00 0 0.00

With zygomatic 8 38.09 9 45.00 13 59.09

Without zygomatic 3 14.29 4 20.00 4 18.18

Minor fragments 10 47.62 7 35.00 5 22.73

Total 21 20 22

Femur Complete 3 23.08 18 34.62 0 0.00

Proximal 4 30.77 26 50.00 29 100.00

Shaft 0 0.00 1 1.92 0 0.00

Distal 6 46.15 7 13.46 0 0.00

Total 13 52 29

Humerus Complete 1 16.66 11 42.31 1 2.00

Proximal 0 0.00 3 11.54 3 6.00

Shaft 0 0.00 0 0.00 0 0.00

Distal 5 83.33 12 46.15 46 92.00

Total 6 26 50

Tibia Complete 3 11.11 4 15.38 0 0.00

Proximal 3 11.11 6 23.08 0 0.00

Shaft 15 55.56 1 3.85 0 0.00

Distal 6 22.22 15 57.69 5 100.00

Total 27 26 5

Ulna Complete 2 66.67 6 40.00 0 0.00

Proximal 1 33.33 9 60.00 8 100.00

Shaft 0 0.00 0 0.00 0 0.00

Distal 0 0.00 0 0.00 0 0.00

Total 3 15 8

Radius Complete 1 50.00 2 66.67 0 0.00

Proximal 1 50.00 1 33.33 0 0.00

Shaft 0 0.00 0 0.00 0 0.00

Distal 0 0.00 0 0.00 0 0.00

Total 2 3 0
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separately from the bone, the muscle mass was eaten
uncooked-undercooked or that the elements were cooked,
but the fire did not affect the bone (e.g. Blasco and
Fernández Peris 2009; Medina et al. 2012). Considering
the frequency and intensity of affected elements and the
taphonomic signals detected, the human contribution is
probably quite small compared with elements accumulat-
ed by avian raptors in the three sites but, particularly, in
SF-PNO.

So far, the detection of anthropic signals on small mammal
accumulations from archaeological sites in CWA has been
scarce, in one site from the southern transitional region with

North Patagonia, corresponding to isolated and weak tapho-
nomic signals of anthropic activity (Fernández et al. 2009,
2017a; Fernández 2012; Fig. 1, sites 17, 19 and 23). These
studies interpreted the incorporation of small mammals to the
human diet as casual. Only in one archaeological site from an
intermountain valley in the highlands of northern Mendoza
(100 km west of the present study area) did the considerable
number of thermo-altered elements of large-sized small mam-
mals (many of them presenting a partial, differential or het-
erogeneous burning pattern) suggest that humans could have
been partially responsible for such small mammal accumula-
tion (López et al. 2020; Fig. 1, site 4). Simonetti and Cornejo

Table 5 Amount and percentages of digestive corrosion degrees from the small mammal bone accumulations recovered in archaeological sites from
northern Mendoza (present study)

Digestion on teeth Absent % Light % Moderate % Heavy % Extreme %

Memorial de la Bandera

Incisors in situ 28 96.55 1 3.44 0 0.00 0 0.00 0 0.00

Isolated incisors 35 92.10 1 2.63 0 0.00 2 5.26 0 0.00

Total 63 2 0 2 0

Molars in situ 75 88.23 8 9.41 0 0.00 2 2.35 0 0.00

Isolated molars 27 75.00 5 13.88 3 8.33 1 2.77 0 0.00

Total 102 13 3 3 0

Digestion on postcranials

Femora 3 42.85 1 14.28 3 42.85 0 0.00 0 0.00

Humeri 3 50.00 3 50.00 0 0.00 0 0.00 0 0.00

Total 6 4 3 0 0

Ruinas de San Francisco sector Pilastra Noroeste

Incisors in situ 11 100.0 0 0.00 0 0.00 0 0.00 0 0.00

Isolated incisors 21 75.00 6 21.43 1 3.57 0 0.00 0 0.00

Total 32 6 1 0 0

Molars in situ 42 77.77 11 20.37 1 1.85 0 0.00 0 0.00

Isolated molars 2 100.0 0 0.00 0 0.00 0 0.00 0 0.00

Total 44 11 1 0 0

Digestion on postcranials

Femora 25 56.81 14 31.81 5 11.36 0 0.00 0 0.00

Humeri 17 68.00 8 32.00 0 0.00 0 0.00 0 0.00

Total 42 22 5 0 0

Punto Arqueológico 13.1

Incisors in situ 3 100.0 0 0.00 0 0.00 0 0.00 0 0.00

Isolated incisors 6 85.71 1 14.29 0 0.00 0 0.00 0 0.00

Total 9 1 0 0 0

Molars in situ 6 100.0 0 0.00 0 0.00 0 0.00 0 0.00

Isolated molars 36 87.80 4 9.75 1 2.44 0 0.00 0 0.00

Total 42 4 1 0 0

Digestion on postcranials

Femora 18 62.07 11 37.93 0 0.00 0 0.00 0 0.00

Humeri 39 82.98 8 17.02 0 0.00 0 0.00 0 0.00

Total 57 19 0 0 0
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(1991) reported frequent human exploitation on largest-sized
(≥ 150 g) and colonial small mammals due to the detection of
burnt bones belonging to caviomorph rodents in two late
Holocene sites from the Andean Cordillera in central
Chile. Based on the zooarchaeological information available
in CWA, López et al. (2019a) interpreted that the exploitation

of different faunal resources after ca. 2000 BP in northern
Mendoza could reflect a process of resource diversification
as a consequence of high-ranked resource depression. A re-
cent study identified a broader diet after ca. 2000 BP as ever
before for prehistoric human groups from northern Mendoza,
associating it with an intensification process probably due to a
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Fig. 3 Taphonomic
modifications on small mammal
bone and tooth accumulations
recovered in archaeological sites
from northern Mendoza:
Taphonomic signals possibly
consequence of anthropic
activity: a–g Burning on the distal
extremities. a–d Burnt bones
from PA 13.1 (a, humerus; b,
tibia; c, astragalus; d, tibia—
caviomorph rodents—); e–g
Burnt bones from Memorial de la
Bandera (e and g Hemimandible
of Holochilus lagigliai; f humer-
us); h Cut-marks possibly made
by humans on a femur shaft.
Taphonomic signals of digestion
generated by owls. i Light diges-
tion on cricetid femur; j Light di-
gestion on cricetid humerus
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Table 6 Amount and percentages of thermo-altered bones recovered in archaeological sites from northernMendoza at CentralWestern Argentina.MB,
Memorial de la Bandera archaeological site; PA13.1, Punto Arqueológico 13.1 archaeological site

Completely burnt Partially/differentially/heterogeneously burnt Calcined

MB PA13.1 MB PA13.1 MB PA13.1
n = 7 % n = 46 % n = 15 % n = 13 % n = 4 % n = 11 %

Maxillae 0 0.00 2 4.35 0 0.00 3 23.08 0 0.00 1 9.09

Mandibles 0 0.00 1 2.17 1 6.66 1 7.69 1 25.00 0 0.00

Isolated incisors 0 0.00 2 4.35 1 6.66 0 0.00 0 0.00 0 0.00

Isolated molars 0 0.00 1 2.17 1 6.66 0 0.00 0 0.00 1 9.09

Vertebrae 0 0.00 4 8.70 1 6.66 0 0.00 0 0.00 0 0.00

Ribs 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Scapulae 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Humeri 0 0.00 7 15.21 2 13.33 1 7.69 0 0.00 4 36.36

Ulnae 0 0.00 2 4.35 0 0.00 0 0.00 0 0.00 0 0.00

Radii 0 0.00 0 0.00 0 0 0 0.00 0 0.00 0 0.00

Pelvis 1 14.29 0 0.00 1 6.66 0 0.00 1 25.00 0 0.00

Femora 0 0.00 11 23.91 1 6.66 2 15.38 1 25.00 3 27.27

Tibiae 6 85.71 2 4.35 7 46.67 2 15.38 1 25.00 0 0.00

Metapodials 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Calcanea 0 0.00 2 4.35 0 0.00 1 7.69 0 0.00 2 18.18

Astragali 0 0.00 8 17.39 0 0.00 3 23.08 0 0.00 0 0.00

Phalanges 0 0.00 4 8.70 0 0.00 0 0.00 0 0.00 0 0.00

Modern samples generated by non-human predators

Archaeological samples from the present study

Archaeological samples where anthropic activity was

identified

Archaeological samples accumulated by avian raptors

Eigenvalue C1: 6425.5
Eigenvalue C2: 2301.84 

Fig. 4 Principal component
analysis (based on taphonomic
variables) of small mammal bone
accumulations recovered in three
archaeological sites from northern
Mendoza (MB, Memorial de la
Bandera; SF-PNO, Ruinas de San
Francisco sector Pilastra
Noroeste; PA13.1, Punto
Arqueológico 13.1) and
comparison both with small
mammal accumulations from
archaeological sites probably
accumulated by human beings
and with modern small mammal
bone samples generated by
several raptors. Archaeological
sites: A1 (Angostura 1; Fernández
et al. 2011a) and KV502 (Dewar
and Jerardino 2007). Raptors:
Athene cunicularia (Montalvo
et al. 2020); Tyto furcata
1(Gómez 2007); Tyto furcata 2
(Iglesias 2009); Puma concolor
(Montalvo et al. 2007); Wildcats
(López et al. 2017a); Bubo
magellanicus (Montalvo et al.
2016a); Geranoaetus
melanoleucus and Geranoaetus
polyosoma (López et al. 2017b);
Strix chacoensis (López et al.
2018)
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declining foraging efficiency as a consequence of an increase
in human demography and occupation of new and marginal
areas of piedmont and plains from CWA (López et al. 2019a).
Low-ranked resources identified after that date are generally
small mammals and fishes detected without specific technol-
ogy suggesting mass capture (Chiavazza 2013; Corbat et al.
2017; López et al. 2019a). The results obtained in the present
study contribute to supporting this intensification hypothesis.

The low HRI values calculated for the zooarchaeological
accumulations of the present study reflect a low dependence
on high-ranked resources (Fig. 5; López et al. 2019a; López
et al. 2020). However, in the remaining zooarchaeological
studies conducted in CWA, in the great majority of sites (see
Fig. 1), other non-human predators—mainly owls—were the
accumulating agents of small mammal bone and tooth remains
( Fernández 2012; López et al. 2016; Castillo et al. 2018a;
Fernández and Pardiñas 2018; López 2018; López and
Chiavazza 2019).

The prevalence of the largest-sized small mammals (≥ 150 g)
in PA13.1—a subsurface site on sandy soils strongly affected by
trampling and weathering—could be the consequence of

differential preservation and should not be attributable to the
dietary preferences of certain predators. Thus, small mammal
bones corresponding to larger species could be better preserved
than bones from smaller species due to their differences in size
and density (Denys et al. 1997). In this site, however, burnt bones
with a pattern assignable to human consumption were also
detected.

The higher availability of patch resources evidenced in the
past by a greater environmental heterogeneity than at
present—inferred from ethnohistorical research and archaeo-
logical small mammal assemblages (e.g. Prieto and Chiavazza
2006; Prieto and Rojas 2012; López and Chiavazza in
press)—could have influenced the broader human diet detect-
ed after ca. 2000 BP, hinting at an ecological rather than cul-
tural pattern. However, based on small mammal assemblages
as ecological indicators, these environmental heterogeneity
conditions would have been stable in Central Western
Argentina, at least, during the last 4000 years (Fernández
2012; Fernández et al. 2015a, b, 2017c; López et al. 2016;
Castillo et al. 2018a; López 2018; López and Chiavazza
2019). Since the occupation of CWA by human groups (ca.
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Fig. 5 High-ranked resources
index (HRI =Σ NISP artiodactyls
+ armadillos/ Σ NISP total; after
Corbat 2015; Corbat et al. 2017;
López et al. 2020) for
zooarchaeological contexts from
northern Mendoza, based on av-
eraged and calibrated ages (after
López et al. 2019). The figure in-
cludes the new results from Punto
Arqueológico 13.1 (PA13.1),
Memorial de la Bandera (MB)
and Ruinas de San Francisco sec-
tor Pilastra Noroeste (SF-PNO),
including in the calculation NISP
of large-sized small mammals
from these sites
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11,000 BP), the human diet always depended almost
completely on high-ranked resources, mainly wild
camelids—L. guanicoe—(López et al. 2019a). Only after ca.
2000 BP is a diet breath expansion detected as well as a de-
crease in high-ranked resource dependence. For that reason,
the changes detected in the human diet after ca. 2000 BP could
be due to cultural factors.

The detection of more than one accumulating agent in the
small mammal bone sets (humans and owls) probably pre-
cludes a clear discrimination of the specific accumulating
agent of each bone set. However, various types of predators
are often responsible for the small mammal bone accumula-
tions recovered in archaeological sites from different parts of
the world, generating mixed assemblages both by different
kinds of natural predators and by human and non-human pred-
ators (e.g. Matthews 2006; Fernández et al. 2011b, 2017a,
2019; López et al. 2017a).

A complementary PCA yielded values grouping the ar-
chaeological samples of MB, SF-PNO and PA13.1 together
and with two archaeological samples where humans were ac-
cumulating agents, separating them from samples generated
by Strigiformes and Accipitriformes (Fig. 4; Fig. S1 and
Table S2). However, as noticed, the PCA usually isolates
modern from archaeological or palaeontological samples due
to the influence of post-depositional effects caused by tram-
pling, weathering and burning. The fact that the modern sam-
ples appear grouped and separated from archaeological sam-
ples does not necessarily mean that humans are involved in the
generation of the latter, but that post-depositional processes
and time averaging may be acting as well. For example, the
former may affect the archaeological record increasing ele-
ment loss and breakage and the mixture of taphonomic signals
(Andrews 1990), while the latter may influence the increase of
species richness and the representation of each species (Terry
2010), among other factors.

Conclusions

The taphonomic analysis of small mammal bone and tooth
accumulations recovered in three archaeological sites from cen-
tral northern Mendoza with chronologies after ca. 2000 BP
indicates that humans and avian raptors were probably the ac-
cumulating agents responsible for such bone sets. Traces of
digestion, mainly light, were observed on teeth and postcranial
elements which, added to the relative abundance of skeletal
elements and breakage patterns, suggest the action of owls. A
prejudiced taphonomic view only addressed to distinguishing
non-human predators of archaeological small mammal accu-
mulations can bias our interpretations and analysis. Indeed,
taphonomic traces probably assignable to human activity, like
thermal alterations (MB and PA13.1), cut-marks (SF-PNO)
and/or higher proportions of gregarious/grouped and large-

sized small mammals (MB and PA13.1) were detected in the
three archaeological small mammal bone sets from northern
Mendoza analysed in the present study. Humans would have
exploited small mammals as a consequence of high-ranked
resource depression. Archaeological small mammal accumula-
tions from northern Mendoza that present taphonomic traces
assignable to human predatory activity have only been detected
in Monte Desert sites. From a biogeographic point of view, this
is interesting for future archaeological and palaeoecological
discussions.

The mixture of predators could account for the originality
detected in the taxonomic structure of archaeological small
mammal assemblages, considering the differences in the die-
tary preferences of owls and humans. Therefore, the partici-
pation of more than one accumulating agent with different
habits and feeding behaviours could have influenced the abun-
dance and presence of certain species and taphonomic
patterns.

The present study aims to develop new and bigger regional
research of small mammal accumulations recovered in archae-
ological sites from a zooarchaeological, taphonomic and
palaeoenvironmental perspective to strengthen our under-
standing of human and environmental systems through space
and time. At the same time, further zooarchaeological studies
based on complete faunal assemblages from northern
Mendoza are required to strengthen our understanding of
changes in human subsistence of regional pre-hispanic
societies.
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