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Abstract
This study provides a taphonomic and paleoenvironmental analysis of the micromammal (˂1 kg) accumulations from the archaeo-
logical site Álvarez 4 (AZ4), a rock shelter located at the middle basin of the Limay River, Río Negro Province, northwestern 
Patagonia, Argentina. Based on taphonomic and taxonomic features, several skeletal remains accumulated in Period I (963 cal. 
BP), Period II (187 cal. BP), and square C3 (963 cal. BP) are assigned to the action of Strigiformes, while pellets found in the 
surface layer (SL) (187 cal. BP) would have been deposited by Accipitriformes. Pellet bones were more protected from tram-
pling than bones recovered from the sieved sediments of the SL. In addition, some Caviidae remains from Period II and square 
C3 were likely incorporated in human consumption. This low-ranked resource might have complemented the otherwise high-
ranked animals found in Álvarez 4, which would suggest a similar diet breadth to that frequently seen at several archaeological 
sites in the area. The paleoenvironmental analysis based on the small mammals recovered from AZ4 shows the development of 
open areas of shrubby-grassy Patagonian steppe and large rocky outcrops with overall stability of habitats, with a dominance 
of shrublands and steppes in the last ~1000 years. Past environments were more heterogeneous than today, as evidenced by 
the absence of some species and the expansion of opportunistic species in the modern pellet samples near to the rock shelter.

Keywords  Taphonomy · Paleoenvironment · Pellets · Faunistic resources · Late Holocene · Limay Basin

Introduction

Most of the Quaternary small mammal remains from the 
Limay River, Río Negro Province, northwestern Patagonia 
come from archaeological sites (e.g., Andrade and Boschín 

2015; Ceballos 1982; Crivelli Montero et  al. 1996; 
Fernández et al. 2016, 2018; Guillermo et al. 2020a, b; 
Hajduk and Albornoz 1999; Massoia 1982, 1987; Pardiñas 
1999a, b; Pardiñas and Teta 2013; Pearson 1987; Pearson 
and Pearson 1993; Tammone et al. 2014, 2020; Teta et al. 
2005). The oldest records of micromammals from this area 
were found at basal levels (sterile from the archaeological 
point of view) dated toward the end of the Late Pleistocene, 
during the Last Glacial Maximum (Tammone et al. 2014). 
However, most findings of micromammals are associated 
with the Holocene, especially toward its end (Crivelli 
Montero et al. 1996; Fernández et al. 2016; Pardiñas 1999a; 
Pardiñas and Teta 2013; Pearson 1987; Pearson and Pearson 
1993; Teta et al. 2005). This temporal distribution of the 
micromammal findings is coincident with the peopling 
of the area. The oldest dating associated with humans 
corresponds to the Pleistocene-Holocene transition. The 
human populations increase up to ca. 6200 14C BP; then, 
they decrease sharply between ca. 5000 and 3000 14C BP, 
and finally they grow steadily since 3000 14C BP (e.g., 
Boschín 2009; Crivelli Montero 2010; Crivelli Montero 
et al. 1993, 1996; Hajduk et al. 2006, 2007).

This article is part of the Topical Collection on Microvertebrate 
Studies in Archaeological Contexts: Middle Paleolithic to early 
Holocene past environments
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The taphonomic studies on fossil assemblages of micro-
mammals in this area stand out for the predatory activity 
of two types of accumulating agents: Strigiformes birds 
(Guillermo et al. 2020b; Tammone et al. 2014) and human 
hunter-gatherers (Andrade and Boschín 2015; Bond et al. 
1981; Ceballos 1982, 1987; Fernández et al. 2017a; Fernán-
dez 1988-1990; Hajduk and Albornoz 1999; Lezcano et al. 
2010; Pardiñas and Teta 2013; Tammone 2017), or a combi-
nation of both (Andrade 2015; Crivelli Montero et al. 2017; 
Fernández et al. 2016; Guillermo et al. 2020a; Pardiñas 
1999a, b; Pardiñas and Teta 2013; Silveira and Cordero 
2014; Tammone et al. 2020; Teta et al. 2005). However, the 
present study on the micromammal assemblage from the 
archaeological site Álvarez 4 (AZ4) reveals a different type 
of small-mammal accumulation that had not been reported 
before for northwestern Patagonia. This kind of deposit is 
characterized by various sequential and temporal deposition 
episodes yielded by humans and two different non-human 
agents and has been defined as a palimpsest by different 
authors in other sites (Bailey 1981, 2007; Binford 1981; 
Malinsky-Buller et al. 2011).

Micromammal assemblages of the upper and middle 
basin of the Limay River have shown taxonomic stability, 
or minor variations, during the Holocene (Crivelli Montero 
et al. 1996; Fernández et al. 2016, 2018; Pardiñas 1999a; 
Pardiñas and Teta 2013; Pearson 1987; Pearson and Pearson 
1993; Tammone et al. 2020; Teta et al. 2005). However, 
since the Post-Hispanic period, a gradual entry of domestic 
exotic fauna (horse, cow, and sheep) to northwestern Patago-
nia took place (see more details on entry of each species in 
Menéndez 1896: 218; Rosales 1877; Viedma 1938: 1-26; 
Vignati 1964: 497), giving rise to a series of environmental 
modifications, mainly in the soil and vegetation cover, by 
the action of trampling and overgrazing (e.g., Bertiller and 
Bisigato 1998). This also led to a restructuring of the small-
mammal communities in the area, with the prevalence of 
generalist or opportunistic species, such as Abrothrix oliva-
cea, Calomys musculinus, Eligmodontia sp., and Oligoryzo-
mys longicaudatus (Crivelli Montero et al. 1996; Fernández 
et al. 2016; Pardiñas 1999a; Pardiñas and Teta 2013; Pearson 
1987; Pearson and Pearson 1993; Tammone et al. 2020; Teta 
et al. 2005).

The archaeological site Álvarez 4, located in the middle 
basin of the Limay River, offers an archaeofaunal assem-
blage from the latest Holocene. It stands out by the pres-
ence of mollusks, birds, and mammal remains of different 
body masses, including micromammals, in addition to pel-
lets preserved in stratigraphy. This study is focused on the 
taphonomic and taxonomic assessment of the micromam-
mal assemblage collected from AZ4, in order to identify the 
main agents that account for the bone accumulations, both 
natural and anthropic. In addition, this study contributes to 
the knowledge of the paleoenvironmental conditions of the 

area at the time of the deposition of the remains, as well as to 
the information on the use of faunal resources by the human 
groups that inhabited the middle basin of the Limay River 
during the end of the Late Holocene.

Study area and archaeological context

The archaeological site AZ4 is a rock shelter located in 
the Department of Pilcaniyeu, Province of Río Negro, 
northwestern Patagonia (40°48′38.8″ S, 70°27′12.9″ W, 
917 m asl; Fig. 1a). It is about 300 m west of the Coquelén 
creek, in a tuff outcrop at 910 m above sea level (Crivelli 
Montero and Palacios 2010). The Coquelén creek is an 
affluent of the left bank of the Comallo creek, tributary 
of the Limay River (Fig. 1b). The valley was carved in 
granitic rocks of the Mamil Choique Formation that are 
widely exposed in the area, and in the younger tuffs of the 
Collón Curá Formation, assigned to the Middle Miocene 
(Rodríguez et al. 2007). About 200 m from AZ4, there is a 
small weed/turf habitat (mallín) generally dry, but through 
which sometimes water flows, as suggested by a narrow 
runoff channel (Crivelli Montero and Palacios 2010).

The average annual rainfall in the area is 220 mm, 
reaching its maximum in autumn and winter, and a maxi-
mum water deficit in summer. The mean annual tempera-
ture is 7°C and the annual temperature is 16°C (Paruelo 
et al. 1998). Concerning phytogeography, AZ4 is located 
within the Occidental District of the Patagonian Prov-
ince, close to the Central District, characterized by a 
shrub-gramineous steppe (Oyarzabal et al. 2018; Fig. 1a). 
Grasses such as Pappostipa speciosa, P. humilis, Poa ligu-
laris, and P. lanuginosa and the shrubs Adesmia volck-
mannii, Berberis microphylla, Mulinum spinosum, Senecio 
filaginoides, and Ephedra frustillata are abundant (Oyar-
zabal et al. 2018).

The surface of the rock shelter AZ4 is 3.5 × 3.5 m 
(Fig. 1c, d). Its mouth, oriented in a NW direction, offers 
little shelter to the prevailing winds from the west or west-
erlies. The excavation was carried out in 2007, under the 
direction of Dr. Eduardo Crivelli Montero. Three squares 
of 1 m2 and two of 0.50 m2 were excavated (Fig. 1d) fol-
lowing visible “natural” strata, when possible. It was also 
excavated in artificial levels 5 to 10 cm thick; the strati-
graphic thickness reached 1.25 m at its contact with the 
bed-rock (Crivelli Montero and Palacios 2010; Fig. 1e).

The surface of AZ4 was covered by a layer of sheep 
guano, variable in thickness depending on the square 
(Fig. 1e), together with few archaeological and modern 
material. This section was called surface layer (SL), which 
extends from conventional level 0 to 35–40 cm in depth in 
squares B3–B4, C2, and C4, while in C3 it reaches 50 cm. 
In almost the entire square C3 and part of the SL of square 
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Fig. 1.   a Map of the study area, northwest Patagonia, Argentina, 
superimposed on the main phytogeographic districts of the study area 
(cf. Oyarzabal et al. 2018), including the location of the archaeologi-
cal site Álvarez 4 (white triangle), other archaeological sites (black 
triangles) mentioned in this work (LL: Epullán Grande; CLC1: 
Cañadón Las Coloradas 1; Mar 1: La Marcelina 1; CPL: Cueva 
y Paredón Loncomán; CPO: Casa de Piedra de Ortega; Sarita I, II, 
IV caves), and the pellet samples (circles) analyzed in this study: 
(1) Pampa de Nestares; (2) Barda Esteban; (3) Cañadón Las Colo-

radas; (4) Cerro Castillo; (5) Pampa de los Guanacos; (6) Cañadón 
Fuquelén; (7) Corralito; (8) Canteras Comallo; (9) Pipilcura; (10) 
Paso de los Molles; (11) Cooperativa Escuela; (12) ONO Comallo; 
(13) Estancia Picañeu; (14) Paraje Leleque. b Detail of the Álvarez 
4, Álvarez 3, and Sauce Guacho location based on a satellite image. 
White arrows indicate the tuffs of the Collón Curá Formation. c 
Inside rock shelter before excavation (picture taken by Eduardo Criv-
elli Montero). d Excavation plan of Álvarez 4 (modified from Crivelli 
Montero and Palacios 2010: Fig. 4). e Schematic profile of Álvarez 4
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C2, there is a disturbed sedimentary fill and evidence of 
recent looting activity. Other sectors show no clear evi-
dences of alteration (Fig. 1d and e). An accumulation 
of pellets was found at the base of the SL in square B3, 
between 40 and 45 cm deep, and dated older than 210 ± 90 
14C BP (probabilistic x 187 cal. BP) (Fig. 1e). Below SL, 
the sediment is homogeneous, with a gravitational matrix, 
and no occupation events are recognized. The sequence 
was divided into two temporal sections according to depth 
and radiocarbon dating: Period I (PI) dated to 1100 ± 70 
14C BP (probabilistic x 963 cal. BP) and Period II (PII) 
dated to 210 ± 90 14C BP (probabilistic x 187 cal. BP). 
Square C3, with maximum chronologies (963 cal. BP), 
was studied separately due to evidence of recent human 
disturbance.

In AZ4, various types of lithic projectile points made of 
dacite and silex were found, as well as two plate fragments 
engraved with carved signs and ceramic fragments (Criv-
elli Montero and Palacios 2010). Additionally, the zooar-
chaeological and taphonomic studies of the mollusks, birds, 
and medium to large mammals (more than 900 specimens) 
have revealed that the subsistence of the human groups that 
inhabited AZ4 was based on the exploitation of the gua-
naco (Lama guanicoe) and was complemented with smaller 
mammals such as Molina’s Hog-nosed Skunk (Conepatus 
chinga), the large hairy armadillo (Chaetophractus villo-
sus), the lesser rhea (Rhea pennata), the Pampas gray fox 
(Lycalopex gymnocercus), the pichi (Zaedyus pichiy), and 
the southern viscacha (Lagidium viscacia) (Guillermo and 
Fernández 2021). Two exotic species were also identified—
the sheep (Ovis orientalis aries) and the European hare 
(Lepus europaeus)—although no taphonomic evidence sug-
gesting their incorporation into human subsistence for his-
torical context was found (Guillermo and Fernández 2021). 
The scarcity of archaeological finds and the low anthropic 
alteration of the sediments preliminarily indicated that the 
site had brief and not very intensive human occupations 
(Crivelli Montero and Palacios 2010). However, in the vicin-
ity of AZ4, there are two archaeological sites (Fig. 1b), one 
located at the base of the cliff (Álvarez 3) and a large open-
air site (Sauce Guacho), where residential activities were 
carried out (Crivelli Montero and Palacios 2010).

Material and methods

All the recovered small mammal remains were observed 
with a 10× hand lens and under a Leica A60 binocular mag-
nifying glass, with a zoom of up to 40×, when necessary. 
Pellets were photographed and measured with a digital cali-
per before their disaggregation and cleaning. Afterwards, 
they were immersed in a container with warm water for 5 

s, and then, the bone remains were separated with surgical 
instruments. In this work, 400 specimens were analyzed, 263 
were scattered in the stratigraphy, and 137 were contained 
in pellets recovered from SL.

Anatomical identification and quantification were based 
on reference collections from the Museo Argentino de Cien-
cias Naturales “Bernardino Rivadavia” (MACN, Ciudad 
Autónoma de Buenos Aires) and osteological atlas (Pear-
son 1995; Udrizar Sauthier et al. 2020). Body mass clas-
sification of the mammals herein considered includes small 
mammals below 1 kg (Didelphidae, Ctenomyidae, Caviidae, 
and Cricetidae) and mesomammals ranging from 1 to 15 kg 
(Mephitidae and unidentified medium mammals recovered 
from pellet samples). The average body mass of the species 
represented was obtained from the Macroecological Data-
base of Mammalian Body Mass (MOM), version 4.1 (Smith 
et al. 2003). The percentage of biomass contributed by each 
prey species for each archaeological and recent pellet sample 
was estimated as (Bi) = [(Spi Ni) / Σ(Spi Ni)] × 100, where 
Spi is the weight of species i and Ni is the number of con-
sumed individuals of species i (Marti et al. 2007).

The taphonomic analysis followed the methodology pro-
posed by Andrews (1990), Fernández-Jalvo and Andrews 
(1992), and Fernández et al. (2017b). The minimum number 
of specimens (NISP), minimum number of skeletal elements 
(MNE), and minimum number of individuals (MNI) were 
calculated following Badgley (1986).

Assessment of the relative abundance of skeletal elements 
considers the representation of each element in the context 
of the MNI in the sample, MNEi / Ei × MNI) × 100, where 
MNEi is the minimum number of a given skeletal element 
in the sample, and Ei is the expected number of this skeletal 
element in one individual (Andrews 1990). Two indexes of 
proportion of elements were evaluated using MNE: relation 
between cranial and postcranial elements (femora + humeri) 
/ (mandibles + maxillae) × 100, and relation between proxi-
mal and distal limb elements (tibiae + ulnae) / (femora + 
humeri) × 100.

Breakage of skull and mandibles was evaluated consider-
ing the methodology proposed by Montalvo et al. (2020), 
and breakage of postcranial elements following Andrews 
(1990).

The categories of digestive corrosion on teeth were also 
evaluated according to Fernández et al. (2017b), who dis-
tinguished digestive corrosion patterns on different tooth 
morphologies of South American rodents and marsupials. 
Digestive corrosion on the postcranial elements was evalu-
ated using proximal portions of femora and distal portions of 
humeri (Andrews 1990; Marín-Monfort et al. 2019).

Anthropic exploitation of micromammals was evaluated 
according to the taphonomic attributes of cutting marks and 
thermoalterations, and taxonomical concepts that include 
abundance of large species and/or of diurnal and social 
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habits (Pardiñas 1999b; Fernández et al. 2017a, and refer-
ences therein). Thermoalteration was evaluated distinguish-
ing between partial (mainly on the distal ends of premaxil-
laries and incisors, and zeugopodial bones) and complete 
(e.g., Medina et al. 2012; Pardiñas 1999b), and through a 
chromatic scale: white-cream = unburnt bones, yellow-red-
dish-brown-black = burnt bones, and blue-grayish = cal-
cined bones (Shipman et al. 1984). Both attributes help to 
differentiate between natural/human-indirect fires (generally 
burnt or calcined bones on the whole surface, respectively) 
and human cooking from exposing small mammals directly 
to charcoal fire (López and Chiavazza 2020, and references 
therein).

Paleoenvironmental analyses are usually based on pres-
ence/absence of some species and relative changes of their 
frequencies of MNI. Most small mammals have relatively 
narrow environmental requirements, being frequently asso-
ciated with particular habitats. With adequate taphonomic 
control, temporal changes in the abundance and distribution 
of small-mammal taxa can reveal the environmental con-
ditions at the time of deposition of the assemblages (e.g., 
Andrews 1990; Pardiñas 1999a; Stahl 1996).

Fourteen samples of micromammals from pellets of avian 
raptors (Tyto furcata, Bubo magellanicus (Strigiformes), and 
Geranoaetus melanoleucus (Accipitriformes)) were used as 
actualistic parameters of the zooarchaeological materials. 
These samples were taken within a 40 km radius from the 
archaeological site and in the main environmental units of 
the study area (Fig. 1a; Table S1).

Taking into account the variation in sample size of the 
different archaeological and recent pellet samples, rarefac-
tion curves were calculated for each sample in order to 
assess reliability of richness (S) and relative abundance 
of species in terms of MNI. A box plot was used to graph 
the median and interquartile range of the measurements 
of each pellet recovered from SL and pellet samples of 
different avian raptors reported by Trejo and Ojeda (2002: 

Table 1) for the study area. The Shannon diversity index 
(H) was estimated for each sample based on MNI. A cor-
respondence analysis was conducted in order to explore 
species and sample ordination in a multivariate space. 
This exploration was made on a data matrix of relative 
abundance (MNI) log-transformed (ln). Statistical analyses 
were performed using the program PAST (PAleontological 
STatistics), version 4.03 (Hammer 1999-2020).

Finally, a taxonomic habitat index (THI) was calculated 
for archaeological and selected recent pellet samples. The 
THI was employed following the proposal of Evans et al. 
(1981), slightly modified by Pardiñas (1999a), as follows: 
THI = Σ ([pi. MNIi] / MNI) / S, where pi = proportion 
of the species i in a landscape unit; MNIi = MNI for the 
i species; MNI = MNI for the total sample; and S = total 
number of species in the sample. This index was applied 
to show the overall representation of each type of habitat 
(i.e., forest, shrubland, steppe, grassland, weed/turf, rocky, 
and bare). The probability of occurrence of a species in 
each habitat, expressed as a proportion, derives from the 
trapping data provided by Pearson (1995: Table 2) for 
northwestern Patagonia, although, due to the lack of data 
for some species, other more general bibliographic sources 
were used (e.g., Patton et al. 2015; SAREM 2019). This 
index is a good complement to those aforementioned 
methodologies to infer environmental evolution on a large 
scale (e.g., Pardiñas 1999a).

Table 1   Pellet measurements (in cm) for each complete (A–G) or 
incomplete (H, I, in brackets) specimen from the surface layer of the 
archaeological site Álvarez 4. The letters of the pellets are explained 
in Fig. 2

Pellets Length Width Thickness

A 5.9 2.9 2.5
B 4.7 2.5 2.2
C 3.9 3.0 2.9
D 2.6 2.5 2.3
E 3.5 2.0 2.2
F 4.0 3.0 2.3
G 8.1 2.6 2.4
H (10.6) (10.0) (2.1)
I (4.5) (4.4) (1.2)

Table 2   Minimum number of elements (MNE) of each skeletal ele-
ment for each archaeological sample of Álvarez 4. Thermoaltered 
bone remains are not included (MNE=26)

PI PII C3 SL
MNE MNE MNE MNE

Mandible 6 19 13 19
Maxilla 5 11 13 14
Scapula 1 3 0 0
Humerus 3 4 7 9
Radii 0 1 1 4
Ulna 3 1 6
Pelvis 2 2 3 7
Femur 1 7 1 12
Tibia 5 7 6 17
Vertebra 1 5 5 37
Incisor 12 9 11 5
Molar 0 13 7 1
Metapodial 6 4 1 7
Phalange 1 4 0 6
Calcaneus 1 0 1 1
Astragalus 0 0 0 0
Rib 2 1 0 14
Total 46 93 70 159
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Results

Pellet description

Seven pellets in good state of preservation (Fig. 2a–g) and 
two incomplete ones (Fig. 2h, i) were recovered from the 
base of SL in B3–B4 squares. Measurements of each speci-
men are detailed in Table 1. Mean and standard deviation 
of each variable of complete pellets are as follows: length x 
= 4.7 (σ = 1.8); width x = 2.6 (σ = 0.4); thickness x = 2.4 
(σ = 0.2).

Anatomical representation

The total MNE is 368, of which 134 were recovered from 
pellets, so the highest MNE comes from the SL, and 128 
correspond to cranial elements (Table 2). It should be noted 
that, in addition, 26 bone remains (not included in Table 2) 
were recovered with evidence of thermoalteration.

Calculated indexes are shown in Table 3. In all archaeo-
logical units, crania (including teeth) are the most frequent 
skeletal elements. For limb bones, tibiae and humeri are the 
most frequent in PI and SL, and femora and tibiae predomi-
nate in PII and C3 (Table 3).

The curves derived from the analysis of relative abun-
dance of skeletal elements are shown in Fig. 3a. The average 
of relative abundance is low in the PI (16.9%), PII (12.7%), 
C3 (12.8%), and SL (20.2%) samples. In PI and, to a lesser 

Fig. 2.   Pellets recovered from 
the surface layer of the archaeo-
logical site Álvarez 4. a–g Com-
plete pellets. h, i Incomplete 
pellets. Scales = 1 cm
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degree, in PII, the maxillae, mandibles, and isolated incisors 
reveal similar percentages, followed by tibiae with slightly 
lower values. C3 results show very low percentages for post-
cranial elements and only slightly higher for the cranial ele-
ments. SL is the level with the most complete representation, 
with high frequency values for cranial elements, tibiae, and, 
to a lesser extent, humeri.

Breakage degree

Categories of breakage of skulls, mandibles, and long bones 
are detailed in Table 4 and Fig. 4.

Regarding the completeness of skulls, category 4 is repre-
sented in all levels in high frequencies (Table 4). Complete 
skulls were recovered only in SL (particularly from pellets), 
but also very broken skulls (categories 7 and 8) were found 
in the sediment without pellet remains (pellets would protect 
the skulls). In PI and PII, skulls of categories 5 and 7 are 
also recorded; in PII and C3, remains are less modified (cat-
egories 2 and 3). Evaluation of mandible breakage reveals 
that the most frequent specimens belong to categories 2 and 
3 in all levels and in pellets (Table 4). Unbroken mandibles 
are present in C3 and SL. The greatest modifications are 
found in PI and C3 (category 5) and in PII (category 4). Con-
cerning postcranial elements, the most frequent in all lev-
els is the presence of complete remains, with femora being 
the best preserved. In SL there are differences in breakage 
between the remains recovered from sieved sediments and 
from pellets, although the postcranial elements were mainly 
complete.

Digestion degree

Evidences of digestive action are indicated for all levels in 
Table 5. Figure 4a–f illustrate different examples of modifi-
cations by digestive corrosion.

In all samples (NISP = 279), remains without evidence 
of digestion predominate (NISP = 194); only one remain 
from PI presents slight evidence of digestion. In PII, remains 
with light evidence of digestion increase compared to PI, 
and there are also one incisor with light digestion and one 
with heavy digestion. In C3, there are three remains with 

light and four with moderate evidences of digestion. In SL, 
remains with light digestion predominate, but there are 
remains (NISP=12) with moderate, heavy, and extreme evi-
dences. Extreme digestion is mainly found among remains 
still included in the pellets

Table 3   Taphonomic indexes for each archaeological sample of Álva-
rez 4 site

Indexes PI PII C3 SL

(femora + humeri) / 
(mandibles + maxil-
lae) × 100

36.4 36.7 30.8 63.6

(tibiae + ulnae) / 
(femora + humeri) 
× 100

125 90.9 87.5 109.5

Fig. 3.   a Relative abundance of skeletal elements (based on the MNI 
of each unit) from archaeological samples of Álvarez 4. b Relative 
abundance of skeletal elements from Periods I (PI) and II (PII), and 
square C3, compared with small-mammal assemblages generated by 
average of Athene cunicularia (Montalvo et  al. 2020), Bubo magel-
lanicus (Montalvo et  al. 2016), and Tyto alba (Andrews 1990).  c 
Relative abundance of skeletal elements from the surface layer 
(SL), compared with  small-mammal assemblages produced by aver-
age of Caracara plancus, Geranoaetus melanoleucus (two sam-
ples  described by López et  al. 2017), and G. polyosoma (Montalvo 
and Tallade 2009)
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Processes affecting bone color

In PI and PII, impregnation with manganese oxides is 
observed in several remains (NISP%=0.7), including 
changes of the original surface color to small dark brown 
stains.

Evidence of thermoalteration (NISP = 26) is recorded in 
low proportions in cranial and postcranial remains recov-
ered from PI (NISP% = 8.0), PII (NISP% = 10.4), and C3 
(NISP% = 13.4) (Fig. 4), whereas thermoaltered remains 
were not found in SL. In PI, some isolated molars (NISP% 
= 6.0) and maxillae (NISP% = 2.0) are completely burnt 
(reddish-brown). In PII, some mandibles (NISP% = 0.9), 
maxillae (NISP% = 1.9), humeri (NISP% = 0.9), tibiae 
(NISP% = 5.7), and one humerus are also completely burnt 
(reddish-brown). In C3, isolated incisors (NISP% = 1.2) and 
remains of mandibles (NISP% = 2.4), maxillae (NISP% = 
1.2), and tibiae (NISP% = 4.9) are completely burnt (red-
dish-brown), and one mandible from this unit is completely 
calcined. Finally, two tibiae of Caviinae from PII and C3 
(NISP% = 0.9 and NISP% = 1.2, respectively) present burn-
ing pattern on their distal extremities (Fig. 4g).

Taxonomical representation 
and paleoenvironmental analysis

Rarefaction curves reflect the strong relationship between 
specific richness (S) and sample sizes (MNI). The archae-
ological units and recent pellet samples never reached an 
asymptote, unlike other pellet samples (Fig. S1), a situation 
that, coupled with the small MNI studied, hinders the scope 
of our interpretation. This circumstance, however, does not 
prevent us from observing general trends on a coarse scale.

The taxonomic identification of mammals in AZ4, their 
abundances (expressed as NISP and MNI), and the per-
centage of biomass they represent are detailed in Table 6. 
Recorded taxa at genus or species level include one marsu-
pial, one mephitid carnivore, three caviomorph rodents, and 
eight sigmodontine rodents. PI is the unit with the lowest 
taxonomic richness (S = 4) and diversity (H′ = 1.3). On the 
contrary, PII registers the highest taxonomic richness (S = 
9) and diversity (H′ = 1.9). Intermediate levels of richness 
and diversity are found in C3 (S = 7; H′ = 1.8) and SL (S = 
6; H′ = 1.6).

All bones assigned to Ctenomys sp. are referred to C. 
haigi, the smallest morphotype recorded in the Limay River 

Table 4   Category of breakage for each archaeological sample of 
Álvarez 4. Proportion of skulls: (1) complete; (2) at least half of the 
cranium and intact maxillae and frontal bones; (3) frontal bones and 
zygomatic region intact; (4) maxillary fragment lacking the zygo-
matic process; premaxillae with or without incisors; (5) premaxillae 
with or without incisors; (6) maxillae, lacking the zygomatic process, 
and premaxillae; (7) maxilla and premaxilla, with or without inci-
sor, and nasal; (8) premaxilla, with or without incisor, and nasal; (9) 
maxilla. Proportion of mandibles: (1) complete; (2) broken ascending 
ramus; (3) ascending ramus missing; (4) ascending ramus and dias-
tema missing; (5) isolated diastema. Proportion of femur, humerus, 
radius, tibia and ulna, considering complete, proximal, distal, and 
shaft

PI% PII% C3% SL%

Skull breakage categories
   1 - - - 14.3
   2 - 9.1 7.7 -
   3 - - 7.7 -
   4 60 54.6 84.6 50
   5 - 9.1 - -
   6 - - - -
   7 40 27.3 - 28.6
   8 - - - 7.1
   9 - - - -

Mandible breakage categories
   1 - - 23.1 31.6
   2 50 26.3 23.1 31.6
   3 16.7 63.2 38.5 36.8
   4 - 10.5 - -
   5 33.3 - 15.4 -

Long bone breakage categories
  Femur
   Complete 100 100 100 83.3
   Proximal - - - -
   Shaft - - - 8.3
   Distal - - - 8.3
  Tibia
   Complete 20 71.4 83.3 82.4
   Proximal - - - -
   Shaft 80 28.6 16.7 17.7
   Distal - - - -
  Humerus
   Complete 66.7 100 85.7 77.8
   Proximal - - - -
   Shaft - - - 11.1
   Distal 33.3 - 14.3 11.1
  Ulna
   Complete - 100 100 66.7
   Proximal - - - -
   Shaft - - - 33.3
   Distal - - - -
  Radius
   Complete - 100 100 100
   Proximal - - - -

Table 4   (continued)

PI% PII% C3% SL%

   Shaft - - - -
   Distal - - - -
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basin for the Holocene (e.g., Fernández et al. 2016; Pardiñas 
1999a; Pardiñas and Teta 2013; Tammone et al. 2020). The 
caviomorphs Ctenomys cf. haigi and Microcavia australis 
and the sigmodontine Phyllotis xanthopygus are recorded 
in all units; the caviid Galea leucoblephara is present in PII 
and C3, and the sigmodontine Reithrodon auritus is found 
in PII, C3, and SL. However, most small mammals are only 
observed in one or two units: the marsupial Lestodelphys 
halli in PII and C3; the sigmodontines Eligmodontia sp., 
Euneomys chinchilloides, and Loxodontomys micropus in 
PII; the sigmodontines Abrothrix hirta, Akodon iniscatus, 
and Calomys musculinus in PI, C3, and SL, respectively; 
and the mephitid Conepatus chinga only in the pellet sample 
of SL.

In term of biomass, the caviomorphs are the most impor-
tant prey items in AZ4 with values ranging from 30 to 70% 
(Table 6), whereas the sigmodontine rodents hardly contrib-
ute to the biomass (up to 30%) in all units of AZ4 (Table 6). 
Recent samples from Strigiformes (B. magellanicus and T. 
furcata) show overall similar tendencies (samples 1–6, 9, 10, 

and 13; Table S1). It is also noted that in the pellets included 
in SL, the contribution of mesomammals to the biomass is 
higher than that of the small mammals, as within the modern 
sample #7 produced by G. melanoleucus (Table S1).

These micromammal assemblages broadly suggest the 
development of open areas of shrubby-grassy Patagonian 
steppe and large rocky outcrops (e.g., Pardiñas et al. 2003). 
In addition, the aforementioned taxa are also found in recent 
pellets yielded by different raptor species (B. magellanicus, 
G. melanoleucus, and T. furcata) occurring within a ~40 km 
radius from the rock shelter, suggesting fairly stable ecologi-
cal conditions for the last ~1000 years. A minor change is 
suggested by the presence of G. leucoblephara, which is 
known to inhabit the Monte desert, and is found in PII and 
C3 units of AZ4, but not within the recent samples recovered 
from close to the rock shelter. However, in some modern pel-
let samples (1, 4, 5, 8, 10, 12–14), less diversity is detected 
(Table S1).

The values of the taxonomic habitat index (THI) show an 
overall fairly stable habitat from the latest Late Holocene to 

Fig. 4.   Taphonomic exam-
ples from the archaeological 
site Álvarez 4. a Femur of a 
mesomammal, with extreme 
digestion on the distal epiphysis 
(surface layer, pellet H). b Man-
dibular fragment of Caviinae 
with heavy digestion (surface 
layer). c Skull fragment of 
Ctenomys cf. C. haigi with light 
digestion on incisors (surface 
layer). d Femur of Sigmodonti-
nae, with extreme digestion on 
the proximal epiphysis (surface 
layer). e Tibia of Mammalia 
indet., with heavy corrosion 
on proximal epiphysis (surface 
layer). f Mandible of Phyllotis 
xanthopygus, with heavy diges-
tion on teeth (surface layer). g 
Tibia of Caviinae with burned 
distal end (Period II). Scales = 
1 cm
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recent times (Fig. 5a). A major proportion of shrublands and 
steppes (ranging from ~15 to 25%) is observed during the 
end of the Late Holocene, and a visible increment of weed/
turf (~25 to 30%) and bare habitat (~5 to 18%) in recent 
samples (Fig. 5a). In fact, small mammal assemblages from 
AZ4 and recent pellet samples show remarkable similarity, 
suggesting only minor environmental changes during the last 
~1000 years (Table 6). In overall terms, past and present 
samples are characterized by the continuous co-occurrence 
of P. xanthopygus and R. auritus along with other taxa (e.g., 
Eligmodontia sp. and E. chinchilloides) which guarantees 
the permanency of the aforementioned habitats (Fig. 5b).

Correspondence analysis results (Fig. 6) of the archaeo-
logical sample ordination reveal positive values on axis 1 
(29% of the total variance) and negative values on axis 2 
(19.4% of the variance), mainly affected by the caviid spe-
cies (G. leucoblephara and M. australis). Contrary to the 
archaeological samples, some generalist and opportunistic 
modern species (Abrothrix olivacea, Eligmodontia sp., and 
Oligoryzomys longicaudatus) are ordered toward negative 

values on axis 1 and positive values on axis 2. Positive val-
ues of both axes group a mixture of Patagonian (L. halli, R. 
auritus) and Monte taxa (Akodon dolores, A. iniscatus, Cal-
omys musculinus, and Thylamys pallidior), whereas negative 
values group taxa typically allied to the forest and humid 
environments (A. hirta, Geoxus valdivianus, L. micropus, 
and Paynomys macronyx). The species most strongly associ-
ated with the forest (G. valdivianus) is not present in AZ4, 
suggesting that this biome did not reach this area during the 
last ~1000 BP.

Discussion

Taphonomical interpretation

The finding of pellets in SL of AZ4 is not striking in the con-
text of Patagonia, where the preservation of these regurgita-
tions is quite common in archaeological sites (e.g., Crivelli 
Montero et al. 1996; Fernández et al. 2012, 2016; Pardiñas 

Table 5   Percentage of digestion 
in teeth (incisors and molars) 
and postcranial bones (proximal 
femur and distal humerus) for 
each archaeological sample of 
Álvarez 4

Without digestion Light Moderate Heavy Extreme
NISP / % NISP / % NISP / % NISP / % NISP / %

PI
   Molar in situ 9/100 - - - -
   Incisor in situ 1/100 - - - -
   Isolated molar 11/100 - - - -
   Isolated incisor 10/100 - - - -
   Humerus 1/50 1/50 - - -
   Femur 1/100 - - - -

PII
   Molar in situ 30/76.9 9/23.1 - - -
   Incisor in situ 11/73.3 4/26.7 - - -
   Isolated molar 5/62.5 3/37.5 - - -
   Isolated incisor 6/75 1/12.5 - 1/12.5 -
   Humerus 5/100 - - - -
   Femur 4/57.1 3/42.9 - - -

C3
   Molar in situ 31/96.9 1/3.1 - - -
   Incisor in situ 9/90 1/10 - - -
   Isolated molar 6/60 - 4/40 - -
   Isolated incisor 9/100 - - - -
   Humerus 5/83.3 1/16.7 - - -
   Femur 1/100 - - - -

SL
   Molar in situ 26/49.1 22/41 - 2/3.8 3/5.7
   Incisor in situ 6/40.1 8/53.3 - - 1/6.7
   Isolated molar 1/33.3 2/66.7 - - -
   Isolated incisor 3/42.8 4/57.2 - - -
   Humerus 1/8.3 8/66.7 3/25 - -
   Femur 2/40 2/40 - 1/20
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1999a, b). This conservation is due to features of the site 
(cave and rock shelters), high-speed burial in soft soils, low 
biological activity (mainly lepidopteran larvae that feed on 
hairs and feathers), low temperatures, and low humidity 
(Andrews 1990; Pardiñas 1999b; Terry 2004). The box plot 
in Figure S2 shows that the length of the pellets from SL is 
above the mean of pellets from avian raptors that inhabit 
the area, being similar to the value of pellets assigned to 
Geranoaetus polyosoma (Trejo and Ojeda 2002). The width 
calculated for pellets from SL is slightly above that observed 
for 50% of the samples, matching with the width of pellets 
of Parabuteo unicinctus (Trejo and Ojeda 2002). Modern 
samples assigned to P. unicinctus were not evaluated in this 
work, but the distribution of this species is within the area 
of AZ4. However, Trejo and Ojeda (2002) found an overlap-
ping in pellet measurements among the large raptors, sug-
gesting that the aforementioned identifications regarding 
AZ4 pellet origin may be questionable.

In PII and C3, the proportion between biomass values 
obtained for Ctenomys cf. haigi and M. australis is similar 
to those indicated for B. magellanicus (Zapata et al. 2015). 
However, the values from PI, PII, and C3 also coincide with 
the possible range of contribution of caviomorph rodents to 

the diet of Athene cunicularia (Montalvo et al. 2020, and ref-
erences therein). In this sense, several studies stated the great 
variability of the contribution of caviomorphs to the diet of 
A. cunicularia, pointing out the opportunistic feeding habits 
of this owl (Montalvo et al. 2020, and references therein). 
In SL, the proportion of biomass values for caviomorph and 
cricetid rodents, together with the identification of small to 
medium mammals, may suggest accumulations produced 
by diurnal birds (e.g., Bó et al. 2007). Accordingly, some 
diurnal birds inhabiting the area, such as G. melanoleucus 
and Caracara plancus, besides consuming microvertebrates, 
may feed on dead animals of different sizes (Montalvo and 
Fernández 2019).

Cranial elements predominate at all levels, as well as, to 
a lesser extent, isolated teeth and limb bone elements (with 
slight differences between levels). Indexes obtained for all 
units are similar to those for South American prey of diurnal 
birds and mammals (Montalvo and Fernández 2019). Even 
so, it must be considered that factors unrelated to predatory 
activity (trampling, dispersal) may have modified the pro-
portion of each type of remain. When only the SL level con-
taining the pellets is evaluated, the indexes are close to those 
obtained for prey of G. melanoleucus (López et al. 2017).

Table 6   Taxonomic abundances (expressed as NISP and MNI) and percentage of biomass (%B) of the small mammals from the different archae-
ological units of Álvarez 4

Taxa Chronology 963 cal. BP 187 cal. BP 963 cal. BP 187 cal. BP

Temporal sections PI PII C3 SL

Body mass (g) NISP MNI %B NISP MNI %B NISP MNI %B NISP MNI %B

Mammalia indet. (meso) 26 1
Carnivora, Mephitidae
Conepatus chinga 1917 1 1 62.9
Didelphidae indet. 1
Lestodelphys halli 76 1 1 2 1 1 2.8
Rodentia indet. 5 2
Ctenomyidae
Ctenomys cf. C. haigi 164 14 3 42.5 14 2 8.5 26 4 24.3 13 2 10.8
Caviinae indet. 23 44 24 9
Galea leucoblephara 480 6 3 37.3 1 1 17.8
Microcavia australis 286.1 5 2 49.4 21 6 44.4 11 4 42.5 4 1 9.4
Cricetidae
Sigmodontinae indet. 6 10 5 89
Reithrodon auritus 70.9 1 1 1.8 5 2 5.3 9 3 7
Akodon iniscatus 28.7 1 1 1.1
Eligmodontia sp. 16.9 1 1 0.4
Euneomys chinchilloides 86.6 1 1 2.2
Abrothrix hirta 37.6 1 1 3.3
Loxodontomys micropus 72.7 1 1 1.9
Calomys musculinus 20.1 1 1 0.7
Phyllotis xanthopygus 56.3 1 1 4.9 1 1 1.5 5 3 6.3 10 5 9.2
Total 50 7 100 106 17 100 82 16 100 162 14 100
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Fig. 5.   a Taxonomical 
habitat index calculated for the 
archaeological site Álvarez 4 
and selected owl pellet samples 
from the main phytogeographic 
units of the area close to the 
archaeological site. b Temporal 
variation of the relative abun-
dance (MNI) of selected rodent 
taxa for the same samples in the 
previous graph

Fig. 6   Correspondence analysis 
of the relationships among 
species abundance between 
archaeological and modern 
samples at regional scale
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The average of relative abundance is low in all cases. It is 
worth noting that Montalvo and Fernández (2019) reported 
an average relative abundance of 42.9% for Strigiformes 
samples and an average of 20% for diurnal raptor pellets. 
Values for levels PI, PII, and C3 are lower than those of 
modern raptors, and only the average of SL displays a simi-
lar value to that obtained for different diurnal birds (Mon-
talvo and Fernández 2019), but it should be noted that the 
small size of the archaeological samples may be contributing 
to this variance. In Fig. 3c, the curves of relative abundance 
of units PI, PII, and C3 are compared with the averages 
obtained from samples generated by A. cunicularia (Mon-
talvo et al. 2020), B. magellanicus (Montalvo et al. 2016), 
and T. alba (Andrews 1990) (Fig. 3b), whereas those of level 
SL (that includes the pellets) are compared with samples 
generated by C. plancus (Montalvo and Tallade 2009), G. 
melanoleucus, and G. polyosoma (López et al. 2017).

In PI, PII, and C3, percentages of preserved remains are 
in all cases lower than those of nocturnal raptors, except for 
the isolated incisors recovered from PI. There are strong 
differences in the representation of limb bones, as well 
as in the skull elements, which are very low in the strati-
graphic units. These results may be biased by the break-
age and loss of skeletal elements, related to trampling in 
spaces with reduced mobility, such as the rock shelter AZ4 
(Pardiñas 1999a). Trampling by predators themselves may 
cause dispersion and destruction of consumed bones. The 
abundance of isolated incisors may be related to skull and 
mandible breakage; the scarcity of isolated molars, as well 
as other fragile skeletal elements such as scapulae and verte-
brae, may also be attributed to this process. The comparison 
between the degree of breakage of bones from pellets and 
those recovered from the sieved sediments of the SL shows 
that the proportion of broken elements is higher in the latter 
(pellets = 31.2%; SL without pellets = 73.7%). This dif-
ference is statistically significant (chi-square = 32.337; df 
= 6; p = 0.0001; Monte Carlo p = 0.0002). In particular, 
the standardized residuals observed for broken postcranial 
elements from the SL sieved sediments and for complete 
postcranial elements from pellets have higher values than 
expected (>1.96). This result supports that the pellet bones 
are better protected from trampling than elements on SL 
sediments (see Andrews 1990; Pardiñas 1999b). In SL and 
mainly among remains from pellets, which are the most 
frequent in this level, there is a high representativeness of 
cranial elements and tibiae, and the generated curve is simi-
lar (although with low proportions) to pellets of the two 
species of Geranoaetus (Fig. 3c). Two skulls and five man-
dibles were found complete in the archaeological pellets, 
as well as complete mandibles in C3. In all units, the repre-
sentativeness of the different breakage categories of skulls 
and mandibles varies. Regarding the postcranial elements, 
femora, radii, and ulnae are preserved complete in all units 

in which they were recorded. Humeri display more vari-
ability; although complete humeri are abundant in all units 
of the profile, distal portions are also preserved in a lower 
proportion. Based on these features, the breakage degree is 
similar to the average observed for Strigiformes (Montalvo 
and Fernández 2019), and the differences may be attributed 
to trampling processes. The completeness of the remains 
found in pellets is compared with prey bones accumulated 
by species of Geranoaetus, Caracara plancus, and Milvago 
chimango, which show a very high degree of skull breakage, 
but mandibles have a high proportion of complete elements. 
The breakage degree of limb bones is variable for these spe-
cies, but some complete elements were recorded (Montalvo 
and Fernández 2019).

The degree of digestion on bones from units PI, PII, and 
C3 is similar to that observed in prey of nocturnal raptors 
(Strigiformes). The values obtained for prey remains of Tyto 
furcata show that the absence of digestion is the most com-
mon evidence (Montalvo and Fernández 2019), whereas 
prey of A. cunicularia and B. magellanicus, as in AZ4 lev-
els, shows light, moderate, and extreme digestion values in 
different proportions (Montalvo et al. 2016, 2020). These 
species nest in caves and rocky shelters, and mainly feed 
on nocturnal and twilight-active small mammals within a 
hunting range of 3 km (Andrews 1990). In the particular case 
of PII and C3, the record of some isolated teeth with moder-
ate and heavy digestive corrosion, respectively, suggests the 
action of B. magellanicus (samples from A. cunicularia and 
T. furcata show scarce isolated teeth with these features; 
Montalvo and Fernández 2019). The averages obtained for 
AZ4 units are also comparable to those of the species of 
Geranoaetus (Fig. S3). The results show strong differences 
in the proportions of each digestion category, mainly con-
cerning remains without digestive evidence. In sum, the 
presence of remains without evidence of digestion supports 
the action of a nocturnal raptor for the accumulations of PI, 
PII, and C3 of AZ4.

Remains with moderate, heavy, and extreme digestion 
predominate in pellets. Only a few skeletal elements lack evi-
dence of digestion, as was stated by López et al. (2017) and 
Montalvo and Tallade (2009) for samples of Geranoaetus  
spp. and C. plancus, respectively. A moderate to high pro-
portion of specimens with light digestive corrosion is also 
observed, as well as a moderate to high percentage of post-
cranial remains with moderate digestive corrosion. Heavy 
digestion is observed on teeth in situ, while the extreme 
type is recorded in femora. These results are similar to 
those obtained in samples of diurnal raptors (Montalvo and 
Fernández 2019). Particularly, the obtained values are simi-
lar to those of samples of Geranoaetus spp. from Mendoza 
Province studied by López et al. (2017), although there are 
some differences that may be attributed to the sample size. 
In AZ4, the MNE (134; Fig. S4a) is low with respect to the 
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samples from Villavicencio (MNE = 424; Fig. S4b), Agua 
de la Mula (MNE = 318; Fig. S4c), and Arroyo Panchino II 
(MNE = 1177; Fig. S4d).

Small mammals and human subsistence

The finding in PII and C3 of two tibiae of Caviinae rodents 
distally burned indicates human consumption. This ther-
moalteration pattern is related to the cooking of the cavi-
omorph rodents directly on charcoal fire, through which 
the muscles and tissues of distal zeugopodials are retracted, 
leaving bones exposed to high temperatures (e.g., Fernán-
dez et al. 2017a; López and Chiavazza 2020; Medina et al. 
2012; Pardiñas 1999b). Two species of Caviinae—Micro-
cavia australis and Galea leucoblephara—are identified 
in AZ4. These species and Ctenomys have also been part 
of the food of humans recorded in several archaeologi-
cal sites located in the Limay River basin, mainly of Late 
Holocene age (Andrade 2015; Andrade and Boschín 2015; 
Bond et al. 1981; Ceballos 1982, 1987; Crivelli Montero 
et al. 1996, 2017; Fernández et al. 2016; Guillermo et al. 
2020a; Hajduk and Albornoz 1999; Lezcano et al. 2010; 
Pardiñas 1999a, b; Pardiñas and Teta 2013; Silveira and 
Cordero 2014; Tammone 2017; Teta et al. 2005). These 
low-ranked resources play a complementary role in the 
overall context of diet breadth, where large- (Lama guani-
coe and Rhea pennata) and medium-sized (Chaetophractus 
villosus, Conepatus chinga, Lagidium viscacia, Lycalopex 
gymnocercus, and Zaedyus pichiy) animals have a greater 
relevance to the human economy, such as at AZ4 and other 
synchronic archaeological sites in the area (e.g., Andrade 
and Boschín 2015; Fernández et al. 2016, 2017a; Guillermo 
and Fernández 2019; Guillermo et al. 2020a; Silveira and 
Cordero 2014).

The broader diet is framed in a regional intensification 
process that embraces a set of cultural patterns that have 
certain visibility in the archaeological record. In a general 
framework of environmental stability with some variabil-
ity (vide infra) ~3000 years BP (taking into account uncer-
tainties of radiocarbon dates), the human population of 
the Limay River basin increased. This is inferred from the 
observation of successive new technologies, such as pot-
tery, bone tools and arrowheads, more use of local lithic 
sources, increased artifact deposits, the proliferation of 
rock and mobiliar art, and the occurrence of specialized 
archaeological sites (e.g., Boschín 2009; Crivelli Montero 
2010; Crivelli Montero and Fernández 2004). According to 
this scenario, the Late Holocene regional hunter-gatherers 
reduced their residential mobility and moved toward semi-
nomadic conditions (living within well-defined territories), 
increased their logistical mobility (Bettinger et al. 2015; 
Binford 1980), and exploited a wide range of resources from 
high to low energy return. In this way they decreased their 

foraging efficiency compared to hunter-gatherers from the 
Early and Middle Holocene (e.g., Ceballos 1982; Cordero 
2009, 2011a, b; Crivelli Montero et al. 1993, 1996; Hajduk 
et al. 2004, 2007).

Paleoenvironments

The taphonomic analysis suggests that the micromammal 
remains found in AZ4 were incorporated by nocturnal and 
diurnal raptors, and also humans. These predators have dif-
ferent home ranges and hunting preferences; hence, they 
yield their own kind of accumulations. For example, South 
American Strigiformes feed mainly on nocturnal and solitary 
sigmodontine rodents within a small home range, whereas 
Accipitriformes and humans direct their hunting toward 
larger and diurnal rodents, such as caviids and ctenomyids, 
within a larger home range (e.g., Andrews 1990; Fernán-
dez et al. 2017a). These differential taphonomic trajecto-
ries, along with the small-sized sample and the disturbed 
area found in part of the AZ4 sequence, yield limitations for 
paleoenvironmental interpretations.

The paleoenvironmental analysis based on the small 
mammals recovered from AZ4 shows a fairly overall stabil-
ity of type of habitats, where the dominance of shrublands 
and steppes, intermixed with large rocky outcrops, signed 
the last ~1000 years. The finding of a higher taxonomic 
diversity and the presence of Galea leucoblephara in AZ4 
(absent in the modern pellet samples nearest to the rock shel-
ter) suggests more heterogeneous environments than today. 
Some variability is also expressed in other small mammal 
fossil records close to AZ4. For example, the sequence 
of small mammals from the archaeological sites Cueva y 
Paredón Loncomán, La Marcelina 1, and Sarita I, II, and IV 
caves (Fig. 1a) is fairly similar to that of AZ4, although some 
elements are allied to more humid conditions (Holochilus 
vulpinus in La Marcelina 1) for the last 2800 years (Crivelli 
Montero et al. 2017; Massoia 1982; Teta et al. 2005). In 
contrast, the archaeological site Casa de Piedra de Ortega, 
located in the same environment as AZ4 (Fig. 1a), revealed 
a small mammal assemblage typically allied to Monte desert 
(Calomys musculinus, Galea leucoblephara, Graomys gri-
seoflavus) and grasslands (Reithrodon auritus) about 300 
years BP (Guillermo et al. 2020a). Other small mammal 
fossil records from the upper and middle Limay River show 
minor variations during the Holocene (Crivelli Montero 
et al. 1996; Fernández et al. 2016, 2018; Guillermo et al. 
2020b; Pardiñas 1999a; Pardiñas and Teta 2013; Pearson 
1987; Pearson and Pearson 1993; Tammone et al. 2014, 
2020; Teta et al. 2005).

The pollen records and charcoal data from the upper Limay 
River basin show a general stability through the Late Holocene, 
with some minor variations associated with the interannual cli-
mate variability of El Niño-Southern Oscillation (e.g., Bianchi 
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2007; Heusser 1993; Markgraf 1983; Whitlock et al. 2006). In 
addition, the pollen record from the archaeological site Epullán 
Grande, located in the middle Limay River basin in the same 
biogeographic unit as AZ4 (Fig. 1a), displays a mixed scrubby-
herbaceous steppe ~2200 years cal. BP (Prieto and Stutz 1996). 
On the other hand, the progressive advance of forests due to the 
increasing rainfall during the Early and Late Holocene, detected 
by these paleoenvironmental proxies, did not reach the AZ4 
area and surroundings. This is evidenced by the absence of 
small mammals typically allied to forests (e.g., Geoxus val-
divianus) in the archaeological sequences of AZ4, Cañadón 
Las Coloradas 1, Casa de Piedra de Ortega, Cueva y Paredón 
Loncomán, Epullán Grande, La Marcelina 1, and Sarita I, II, 
and IV caves (Fig 1a), among other archaeological sites in the 
Patagonian steppe (Crivelli Montero et al. 1996, 2017; Fernán-
dez et al. 2016; Guillermo et al. 2020b; Massoia 1982; Pardiñas 
1999b; Pardiñas and Teta 2013; Teta et al. 2005).

On a broader scale, the small mammals, parasites, pollen, 
macrobotanical remains, and packrat midden records recovered 
from the archaeological site Cueva Huenul 1, located in an eco-
tone of Monte and Patagonian steppe in the extreme north of 
Neuquén Province, revealed a fair stability with minor changes 
since the end of the Last Glacial Maximum to the present 
(Fernández et al. 2012; Llano et al. 2020). These records show an 
environment characterized by a mosaic of shrubby steppes, open 
bare areas, and large rocky outcrops, possibly a little less arid than 
today by the absence of typical Monte elements (Fernández et al. 
2012; Llano et al. 2020). This stability contrasts with other Late 
Pleistocene/Holocene small mammal records from upper Limay 
River basin and suggests differential biotic responses that could 
be associated with distance to under-ice zones (Pearson 1987; 
Pearson and Pearson 1993; Tammone et al. 2014, 2020).

Finally, modern pellet samples of the area have a lower taxo- 
nomic diversity and an increase of some generalist and oppor-
tunistic species, such as Abrothrix olivacea, Eligmodontia  
sp., and Oligoryzomys longicaudatus (Crivelli Montero  
et al. 1996; Fernández et al. 2016; Pardiñas 1999a; Pardiñas 
and Teta 2013; Pearson 1987; Pearson and Pearson 1993;  
Tammone et al. 2014, 2020; Teta et al. 2005). This new config-
uration of modern small-mammal communities was triggered 
by the widespread environmental degradation mostly caused 
by livestock during the Anthropocene (e.g., Tammone et al.  
2020), characterized by the increase of shrubby areas with  
large patches of bare soils and the loss of herbaceous cover 
(e.g., Bertiller and Bisigato 1998).

Conclusion

In view of their taxonomic and taphonomic characteristics, 
the accumulations of micromammals from PI, PII, and C3 
(963–187 cal. BP) may be attributed to the action of Strigi-
formes (possibly Athene cunicularia or Bubo magellanicus). 

In turn, pellets and dispersed bones found in the SL (187 cal. 
BP) would have been deposited by Accipitriformes (likely 
Geranoaetus). Bones from pellets were more protected from 
trampling than the other bones recovered from the sieved 
sediments of the SL. In addition, some remains of Caviidae 
(Galea leucoblephara and/or Microcavia australis) from 
PII and square C3 would have been incorporated by human 
consumption. This low-ranking resource may have comple-
mented the otherwise high-ranking animals found in AZ4, 
suggesting a significant diet breadth as it is frequently seen 
in other archaeological sites in the same area.

In this context, the results of the taphonomic analysis of 
the micromammal assemblage from AZ4 suggest the action 
of nocturnal and diurnal raptor birds, and humans. This 
palimpsest generated by these three types of predators is 
recorded for the first time in the Limay River basin.

The paleoenvironmental analysis based on the small 
mammals recovered from AZ4 shows the development of 
open areas of shrubby-grassy Patagonian steppe and large 
rocky outcrops with a rather overall stability of habitats, 
where the dominance of shrublands and steppes signed the 
last ~1000 years. The past environments were more het-
erogeneous than today as evidenced by the absence of the 
species Galea leucoblephara and the expansion of general-
ist and opportunistic species, such as Abrothrix olivacea, 
Eligmodontia sp., and Oligoryzomys longicaudatus, in the 
modern pellet samples nearest to the rock shelter.
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