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Archaeobotanical studies carried out in the southern Sierras Pampeanas of Argentina (San Luis Province) are
reported, which add new information about the presence of cultigens in the area during the late Holocene and
the variety of wild species used in this period. The presence of starch grains of Zea mays (corn), Cucurbita sp.
(squash), undifferentiated tubers, and Phaseolus sp. (beans), as well as phytoliths of Panicoideae, Chloridoideae,
Arundinoideae, Bambuseae, Cyperaceae, Asteraceae, Arecaceae and woody dicotiledons are documented from
analyses on knapped tools. The obtained data allow discussing the diversity of the resources utilized and the

importance of cultigens in prehispanic times in a context that is currently considered the southern limit of
prehispanic food production economies.

1. Introduction

Ever since the archaeological research of Gonzélez (1952, 1960),
the Sierras Pampeanas of Argentina have been considered an archae-
ological region with its own characteristics, distinguishable from the
northwest of Argentina and from other areas. In this context, even
today it is proposed that the historical trajectories of local groups are
related (Berberian et al., 2013; Laguens and Bonnin, 2009). However,
there is a lack of balance regarding archaeological data between the
two main sectors of the Sierras Pampeanas, namely Sierras de Cérdoba
and Sierras de San Luis (Cattaneo et al., 2013; Heider and Curtoni,
2016).

Sierras de Cordoba has been the focus of a profuse research on
domestic and wild vegetables, their importance on human diet and
intensification processes, among other issues (Berberidn and Roldan,
2001; Lépez and Recalde, 2016; Medina and Pastor, 2006; Medina
et al., 2016, 2017; Pastor, 2007). The lines of evidence used have been
varied: colonial documents from the 16th century that report an agri-
cultural system based on maize, beans, quinoa, squash and peanuts
(Berberian, 1987; Medina et al., 2009; Piana de Cuestas, 1992; among
others), complemented with the collection of locust bean (Prosopis spp.)
and chanar (Geoffroea decorticans) (i.e. Castro Olaneta, 2006; Pastor,
2007). Additionally, bioarchaeological studies with stable isotopes and
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osteo-dental paleopathological research have indicated the existence of
a diet rich in carbohydrates and C4 plants (i.e. Bordach et al., 1991;
Fabra et al., 2006). These developments, together with the sharp in-
crease in regional work, the development of micro-botanical analyses
and new radiocarbon dates, have produced significant advances. Lately,
open-air residential-agricultural archaeological sites (traditionally
considered sedentary) have been rethought in terms of their dynamics
of occupation, chronology and articulation with productive spaces, as
well as the role they played in the context of socio-political processes in
the region (Medina et al., 2016).

In the mountain portion of San Luis, however, the evidence for pre-
hispanic use of vegetable resources during the late Holocene is almost
exclusively indirect, and was obtained in the late twentieth century
(Heider and Curtoni, 2016). Wild resources are hardly mentioned in the
literature and agriculture has traditionally been considered as a possi-
bility based on the identification of residential bases in potentially
cultivable land, the presence of milling instruments (mortars and con-
anas), lithic axes and ceramic pots, and the identification of small open-
air archaeological sites that have been interpreted as crop fields
(Gambier, 1998).

The earliest evidence for the processing and consumption of maize
in the Sierras Pampeanas of Argentina dates back to the final Holocene,
approximately 2500 years BP (Pastor et al.,, 2012). In terms of
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agricultural practices, archaeological discoveries of cultivated plants,
including pumpkin (Cucurbita sp.), quinoa (Chenopodium quinoa), beans
(Phaseolus vulgaris and Phaseolus lunatus) and maize, became more
abundant only after 1100 years BP. However, maize and crops in gen-
eral were not a main subsistence resource (Pastor and Lopez, 2011).
Recent research has shown the high incidence of wild plants in the
subsistence of late societies, with cultigens occupying a secondary role
in the diet (Lopez, 2015; Medina et al., 2011; Medina et al., 2016;
among others).

This paper reports the results of an archaeobotanical study on
knapped artifacts obtained from the excavation of the Alero Dupuy and
La Vertiente sites, located at the Sierras de San Luis (San Luis province).
Their significance is discussed within the framework of the subsistence
strategies of the human groups that inhabited central Argentina in the
late Holocene. Specifically, based on the archaeobotanical evidence, we
discuss the used taxa and their importance in economic terms. The
approach is novel in two respects: on the one hand, the application of
archaeobotanical methodologies to knapped artifacts has been scarce in
Argentina (Alvarez et al., 2009; Escola et al., 2013); on the other hand,
the studied area has no research history related to the discussion on the
southern boundaries of pre-Hispanic food production and the currently
proposed models (Gil et al., 2014; Heider and Lépez, 2016; Medina
et al., 2016, 2017; among many others).

2. Study cases and their paleo-environmental context

The materials analyzed (knapped tools) were recovered from ex-
cavations of two archaeological sites (Alero Dupuy and La Vertiente)
located in the central-north area of the San Luis province (Fig. 1). The
geomorphological context corresponds to the southern foothills of
Sierras de San Luis, with outcrops of igneous and metamorphic rocks of
the Palaeozoic basement. Due to its location, the area comprises an
ecotone between the phytogeographic provinces of the Chaco (Serrano
district and dry Chaco district) and the Espinal (Caldén district and
Algarrobo district) (Soriano et al., 1992). The former is characterized by
the predominance of Schinopsis haenkeana, with less presence of species
such as Lithraea ternifolia, Fagara coco, Celtis chichape, Acacia caven,
Aspidosperma quebracho-blanco, Schinus areira, Prosopis torquata, Jodina
rhombifolia, Ruprechtia apetala, Acacia visco and Chorisia insignis. Among
the grasses, the most important genera are Stipa and Fastuca. In the
Espinal, however, the genus Prosopis predominates, species such as
Prosopis nigra, Prosopis alba, Celtis spinosa, Prosopis caldenia, and Geof-
froea decorticans are common and the more frequent grasses are Tri-
chloris crinita, Elionurus muticus, Schizachyrium consanguineum, Setaria
mendocina, Setaria globulifera, Stipa gynerioides, Stipa tenuissima, Stipa
tennis, Poa lanuginosa and Poa ligularis (Cabrera, 1971).

Paleoclimatic studies are well developed in the San Luis province. In
a macro-regional context, this area occupies part of the South American
Arid Diagonal. Two climate groups -Pampean and Patagonic- can be
distinguished on the sides of this Diagonal (Piovano et al., 2009).
During the middle Holocene this mountain range presented humid
conditions (Chiesa et al., 1997). At approximately 3500 BP, there was a
reduction in rainfall, and since then, conditions similar to the current
ones have been observed. However, the studies by Strasser et al. (2010)
show locally wetter conditions in the highland pampas than in the
piedmont during the final Holocene.

The two sites where the analyzed material was recovered are con-
trasting in several ways. Alero Dupuy is a rock shelter located in a
sector of xerophilous forest, close to the Pantanillo Stream (a tributary
to the Quinto River), at 1154 MASL. After the excavation, two radio-
carbon dates were obtained: the first one corresponds to times of
Hispanic-Indigenous contact (from coal fragments recovered in the
combustion structure dated to 560-280 calBP [LP 2878]), and the
second belongs to the middle Holocene, dated to Cal 5570-5010 calBP
(taken on a guanaco bone fragment with cut marks [AA 105423]),
which places the first occupations of the rock shelter towards the
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middle Holocene. Alero Dupuy has been described as a multi-activity
site with long-term and semi-permanent occupations (Curtoni et al.
2017).

La Vertiente is an open-air site, used for specific activities and lo-
cated in a small high pampa on the side of the River Conlara, at 1157
MASL. In the lower part of the excavation, a guanaco bone fragment
with cut marks was dated to 4900-4540 calBP' (AA107246) (Curtoni
et al., 2016), also placing initial occupation in the middle Holocene.
Occupation during the late Holocene has been proposed from indirect
evidence, namely, the presence of ceramics on surface and at the initial
levels of the excavation (Curtoni et al., 2016). An additional difference
between the two sites is the amount of archaeological material re-
covered, with half as much evidence as collected in Alero Dupuy
(Curtoni et al., 2016). Finally, considering the archaeological evidence
recovered in the sites, it has been estimated that hunting of small and
medium-sized animals was the main component of subsistence, com-
bined with gathering of wild resources and the exploitation of domestic
ones (Curtoni et al. 2016, 2017).

3. Materials and methods

The materials selected for analysis were, in all cases, quartz
knapped artifacts (n = 9) (Table 1; Fig. 2). The selection took into ac-
count both the stratigraphic position in the excavation and macroscopic
analysis once the pieces were clean.

Due to the overall sample size of the sites (144 and 30 artifacts
formatted for Alero Dupuy and La Vertiente, respectively), the set from
Alero Dupuy was twice as large as that from La Vertiente. The techno-
typological analysis was based on the concepts proposed by Aschero
(1975-1983) and Aschero and Hocsman (2004). Since there are no
functional studies on these raw materials for the region, the primary
functions were determined following Hocsman (2006), who postulates
that the morphology of the formatted artifacts provides tools to define
what would potentially be the best possible use, within the framework
of a limited range of actions.

An adaptation of the protocols of Dickau (2005) and Loaiza (per-
sonal communication 2016) was used for the recovery of the micro-
remains. The first step was a soft wash of the artifacts with deionized
water and a toothbrush to remove sediment and allow their description.
Following Kealhofer et al. (1999), it was assumed that different
methods of sampling provide different types of information, that is, the
analysis of the soil around the artifacts produce data concerning the
context, and the “artifact sample” obtained directly from the artifacts
using sonication provide direct evidence for its use. To avoid con-
tamination, the artifacts were washed with deionized water applied
with pressure and using a different toothbrush for each. Subsequently,
each instrument was sonicated in deionized water for 5-minute cycles.
The liquid containing the residues was concentrated by centrifugation
cycles of 15min at 2500 rpm, eliminating as much water as possible.
For the separation of the starch grains, a solution of Zinc Bromide
(ZnBr,) with a density of 1,79 g/cm® was added to each sample, fol-
lowing the protocol of Dickau (2005). After the extraction of the starch
grains the materials with densities greater than 1,79 g/cm® (remaining
at the bottom of the test tube) were washed by adding deionized water
and centrifuging at 2500 rpm for 15 min, then decanting until the layer
created by the zinc bromide solution was not visible. This material was
used for the extraction of phytoliths. In the particular case of the
samples obtained from knapped instruments, deflocculating and sieving
of the sediment were omitted, on account of the small amount of
phytoliths obtained. The carbonates were removed using hydrochloric
acid (HCI) and nitric acid (HNO3) was added in a hot water bath for the
removal of organic matter. After each acid bath the samples were

1 The dates of both sites were calibrated using CalPal 2016.2 software and the
INTCAL 2013 calibration curve.
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Fig. 1. Sites location.
Table 1
Description of the artifacts.
Sample id.  Site Instrument Provenance
ml3 Alero Dupuy  Single scraper + notched points E3N7
ml4 Single scraper + notched points D2N3
ml5 Single scraper + notched points D2N3
ml6 Single scraper + notch + notch E3N11
ml7 Single scraper on lateral edge D2N3
ml8 Undifferentiated broken artifact D2N3
with bifacial edge
m65 La Vertiente  Undifferentiated artifact with Superficial
bifacial edge/bifacial edge collection
asymmetrical bevel
m68 End-scraper broken on frontal/ F1UE1
lateral edge
m69 Notch + knife F1UE1

centrifuged, decanted and washed by adding deionized water and
centrifuging repeatedly. The flotation was carried out with a solution of
ZnBr, with a density of 2,8 g/cm?, so that phytoliths and other particles
of similar densities could be easily extracted with a pipette. The upper
layer of the liquid was then deposited in a new test tube, ZnBr, was
removed by washing with deionized water, and the sample was con-
centrated by centrifuging and then dried in the air with the aid of
acetone.

The assemblage medium for the starch grains was distilled water
with 10% glycerin. On the other hand, the phytolith plates were as-
sembled by mixing the resulting sediment (in all cases > 0.5 mg) and
one milliliter of Entellan. For both types of micro-remains the entire
plate was counted. To avoid over-representation of Poaceae, only the
short, most representative cells were counted as being more specific to
the family or subfamilies (Babot, 2011; Neumann et al., 2017). The
appearance of bulliform cells was recorded, but they were not included
in the count because of their wide distribution in different families.

The samples were analyzed using an Olympus CX41 microscope, an

Fig. 2. Artifacts. From right to left, top to bottom: m13, m14, m15, m16, m17,
m18, m65, m68, m69.

AxioCam ERc5s camera and the Axio vision Rel. 4.8 software. For the
identification of phytoliths, the morphotypes described by several au-
thors (i.e. Babot et al., 2017; Erra et al., 2011; Fernandez Honaine et al.,
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2009; Piperno, 2006, 2009; Pearsall et al., 2003) and the University of
Missouri database (Pearsall, 2016) were employed. The starch grains
were identified using reference material from the study area, biblio-
graphic material (Babot, 2003; Bonomo et al., 2011; Escola et al., 2013;
Giovannetti et al., 2008) and a personal reference collection (Lalinde,
2009). Grain shape and size and the presence or absence of features
such as hilum and lamella were considered (Henry et al., 2011).

To avoid contamination, powder free gloves were used at every
stage of the process and in each step a control sample consisting of
distilled water was processed as the others and observed in the mi-
croscope. Consumables and glassware were sterilized using a 5% NaOH
and 5% KOH solution (Crowther et al., 2014) and a set with the ne-
cessary instruments was labelled for each sample, thus avoiding cross
contamination between them (Horrocks, 2005).

4. Results

The analysis of knapped lithic artifacts is summarized in Table 1. As
can be seen, in all cases they constitute elements whose primary func-
tion corresponds to scraping, cutting off and undifferentiated surfaces.
The archaeobotanical study allowed observing domestic and wild ve-
getal resources, as well as undifferentiated elements.

The domestic resources (Table 2, Fig. 3) are represented by the
presence of starches and phytoliths identified as possible maize (cf. Zea
mays), as well as starch grains of squash (cf. Cucurbita spp.) and beans
(cf. Phaseolus spp.). The identification of cf. Zea mays was accounted for
by the combined presence of wavy top rondel phytoliths and large
polyhedron starch granules with a central linear hilum. Although the
granules exceeded the average size (12.69 um) they were within max-
imum size values (29.15 um) (Medina and Salas, 2008). The size ranges
of the granules identified as cf. Zea mays overlap with the known values
for Prosopis ssp. (between 10 and 19.99 um), for which polyhedron,
irregular granules with punctate or linear hilum and central cavity have
been described (Giovannetti et al., 2008). However, this plant was not
considered in the identification since in the project reference collection
the starch granules obtained from Prosopis alba and Prosopis nigra differ
greatly from those cited above (See SOM 1). The starches of possible
Cucurbitaceous were identified by shape, symmetry, grain size, shape of
the hilum and number of facets of pressure following Lalinde (2009).
Finally, cf. Phaseolus spp. was identified from one of the most common
morphotypes of this genus, the reniform morphotype, whose average
size can vary between 27 and 57.9 ym depending on the variety. This
morphotype usually has an open, elongated hilum that follows the
shape of the grain (see Fig. 3g) and on which cracks tend to occur. The
grains of this genus are very susceptible to heat in the presence of
moisture, rapidly gelatinizing after cooling to look like the grain in the
figure (Lalinde, 2009). In some of the starch grains, damage of various
types was observed, including cracks, fractures, gelatinization and
partial loss of the content (Fig. 4). The raw data set is available in SOM
2.

Several taxa were identified among wild resources, among them
phytoliths of the Asteraceae (Piperno, 2006: 196), Arecaceae (Trithrinax
campestris) (Piperno, 2006: 192-193, Benvenuto et al., 2015), Cyper-
aceae and Poaceae families. Very small solid globular echinate and solid

Table 2
Identified domestic species. References: AD (AleroDupuy), LV (La Vertiente); S
(starch grains); P (Phytoliths).

Site Sample Identification
cf. Zea mays cf. Cucurbita spp. cf. Phaseolus spp.
AD M13 S
M14 S S
LV M65 P
M69 S
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globular psilate morphotypes were identified as woody dicotyledons
(Garnier et al., 2012) and groups of morphotypes representative of the
main Poaceae subfamilies (Piperno, 2006: 30-31) present in the study
area were found (Table 3, Fig. 5). The Cyperaceae family was re-
presented by the hat-shaped morphotype, common in the leaves (see
Pearsall, 2016, recno 430-463). As regard starches, included in this
category were those assigned to unidentified tubers (large, elongated
and smooth: Hardy et al., 2009) and those that have not been identified
yet. In the unidentified phytolith category several morphotypes were
included, such as tricome, acuminate, bulliform, bulbous, asymmetric
trapeziform, rhomboid, orbicular reticulate, irregular scrobiculate, and
conical facetate, among others.

5. Discussion

The Sierras Pampeanas have traditionally been considered as the
southern limit for agricultural practices in South America. In this per-
spective, the adoption of agriculture would have had notorious con-
sequences in the historical trajectories of local human groups (Laguens
and Bonnin, 2009; Serrano, 1945). However, recent archaeological
studies have postulated that the hunter-farmer transition had a high
dynamism in the Late Prehispanic processes in Sierras de Cérdoba. On
the other hand, investigations along this line in the southern and
western portions of the Sierras Pampeanas (province of San Luis) have
not shown the same progress. In fact, archaeological studies of the late
Holocene in general, and of subsistence in particular, have been scarce
in this area (Heider and Curtoni, 2016) Models on adoption of agri-
culture have traditionally been based on indirect evidence (i.e. presence
of ceramics or grinding artifacts) and two distinctly opposite stages
have been distinguished, one of hunter-gatherers or pre-ceramic times
and another belonging to sedentary groups with herding activities and
pottery technology (Gambier, 1998).

The results obtained here allow us to advance along two related
lines: a) verifying the feasibility of obtaining archaeobotanical in-
formation in the knapped stone artifacts recovered in central Argentina;
b) addressing, for the first time and using direct data, the discussion on
late Holocene subsistence strategies in the southern boundary of pre-
hispanic agriculture. Both lines are aimed at rethinking the traditional
tendency to consider hunter-gatherer societies or agricultural societies
as extremes, ignoring the broad spectrum of behaviors and alternatives
that can be found between these two categories (Smith, 2001).

As argued by Babot (2011, 2014), a consequence of such dualistic
view is that some artifacts are typically considered as indicators of
agricultural activities (grinding artifacts, axes and hoes), and thus the
absence of them validates the proposal of subsistence models in which
the role of plant resources is not considered. In this way, the functions
pre-assigned to certain types of artifacts condition their eligibility to
perform specific laboratory analyses, thus creating a bias (Hardy et al.,
2009). In fact, only two works carried out in Argentina have inquired
about the processing of plants with knapped artifacts based on ar-
chaeobotanical analysis (Alvarez et al., 2009; Escola et al., 2013). The
present study revealed plant micro-remains in all the artifacts analyzed.
Regardless of the micro-remains obtained, their very presence con-
stitutes a clear sign of the unsuitability resulting from a dualistic view.
Moreover, evidence can be extracted even when the artifacts are made
of non-porous raw materials such as quartz.

Regarding subsistence practices, some noticeable differences be-
tween the two archaeological sites here analyzed were observed. At the
Alero Dupuy site, located in a landscape with relatively more favorable
climatic conditions, a greater number of wild species was recorded
(Table 3), with only some unidentified morphotypes, Panicoideae spp.
and the Chloridoideae spp., present in both sites.

Gramineae constitute the most represented group in the phytoliths.
The great variety observed may be accounted for not only by their
presence in the environment, but also to their use and consumption.
Recent ethnographic and archaeological research has reconsidered the
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Fig. 3. a: cf. Zea mays starch grain; b—d: cf. Zea mays wavy top rondel phytoliths; e—f: cf. Cucurbita spp. Starch; g-h: cf. Phaseolus spp. starch.

role played by grasses in subsistence practices, rather than considering
them only as environmental indicators, and have proposed the con-
sumption of species such as Bromus unioloi (Heider, 2017; Muino, 2011;
Musaubach, 2014).

In Alero Dupuy a remarkable presence of Cyperaceae was observed;
with all the artifacts showing evidence of having being used to process
them. In contrast, only one of the artifacts in La Vertiente showed
evidence for this family. Cyperaceae are represented by several types of
dermal appendages, such as circular or rectangular base cones, found in
the epidermis of the leaves and the cane of the plants (Fernandez
Honaine et al., 2009). The fact that some species of the genera Scirpus
and Cyperus produce tuberous roots that can be consumed (Babot,
2011), added to their relationship with humid, sunny environments and
habitats with anthropic alteration, such as channels and ditches
(Reznicek, 2017), make their presence in the artifacts of special in-
terest, since this implies knowledge of the areas where they could be
found and possible consumption. The use of Cyperaceae has been ar-
chaeologically recorded in neighboring areas at sites such as Gruta del
Manzano (Neme et al., 2011) and Arroyo Malo 3 (Llano, 2008), both
located west of the study area.

The Arundinoideae and the unidentified Poaceae were present in
both sites (n = 3 artifacts in each case) though, considering the sample
size analyzed, they can be said to be more represented in La Vertiente.
Those Poaceae epidermal cells that were not representative of a specific

subfamily were classified as unidentified Poaceae, so they were only
considered as indicators of the presence of grasses. On the other hand,
Arundinoideae were represented by 8 genera. In this subfamily it was
difficult to establish a direct association with environmental conditions,
since different species may prefer arid and semi-arid environments
(Babot et al., 2017) to humid and temperate ones (Shakoor et al., 2016).
Woody resources were also present in both sites, being more
abundant in Alero Dupuy. Both monocotyledons and dicotyledons were
identified. Among the former, only Trithrinax campestris (Caranday
palm) currently exists in the province of San Luis. A review of the
ethnographic literature in this regard indicates that the caranday palm
has been used as raw material in basketry, in addition to consumption
of its fresh fruits (Carosio et al., 2008). At present, this species is found
on the western slope of the Sierra de San Luis and Sierra de Los Co-
mechingones, both belonging to the Sierras Pampeanas (Del Vitto et al.,
1994). In turn, the presence of dicotyledons was confirmed by the
globular psilate and globular granulate morphotypes, though these
morphotypes did not allow for more specific identifications. Ethno-
graphically, the use of trees and woody shrubs as fuel, material for
construction and raw material for artifacts of different types has been
reported in different regions (Carosio et al., 2008; Lopez, 2015).
Asteraceae, Bambuseae and unidentified tubers were observed only
in the Alero Dupuy site. Argentina has been proposed as the centre of
origin of Asteraceae, since it has 1500 species and more than 200 native

Fig. 4. Damaged starch grains: a. fractured grain, b. pitted grain, c. retrodegradated compound (Hardy et al., 2009), d. fractured grain, e. gelatinized grain.
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Table 3
wild resources and unidentified. References: AD (AleroDupuy), LV (La Vertiente); P (Phytoliths); S (starch grains); N/I (unidentified).
Site Sample Identification
Cyperaceae  Asteraceae Arecaeae Panicoideae Chloridoideae Arundinoideae Bambuseae Unidentified Poaceae N/I Tuber N/I ~ Woody dicot
AD M13 P P P P P P S S P
M14 P P P P S S P
M15 P P P P P S P
M16 P P P P P S P
M17 P P P P P P S P
M18 P P P P P P S
LV M65 P P P P S P P
M68 P P P P S P
M69 P P P S P

Fig. 5. Phytoliths of wild resources. a-b: Cyperaceae hat-shaped morphotype; c:
Asteraceae: Opaque plate w/perforations; d: Arecaeae, globular echinate mor-
photype, with size, shape and decoration like the reported by Benvenuto et al.,
2015; e: woody dicotyledons, f-i: Poaceae.

genera (Del Vitto and Petenatti, 2009), with 12 tribes present in San
Luis, where several species are used in folk medicine, among them
Acanthospermum austral, Bacharis articulata, Coniza bonariensis, Cyclo-
lepsis genistoides and Gaillardia megapotamica (Katinas et al., 2007). The
Bambuseae are represented in the province by a single species, Leersia
Hexandra, which blooms and fructifies in spring and summer (Rosa
et al., 2005), and are considered typical of temperate tropical areas
(Garnier et al., 2012).

Finally, the consumption of tubers such as sweet potato (popularly
known as “batata”) is documented by ethno-historical references in the
Pampas mountains and plains (Lopez, 2007; Heider and Lopez, 2016;
Musaubach, 2014). However, it is possible that the popular name “ba-
tata” does not refer to Ipomoea batata, but rather to Boerhavia diffusaor
Prosopanche americana, which the criollos of Northwestern Chaco pre-
sently call “batata ‘e cuchi” and whose subterranean fruits are also
consumed nowadays (Scarpa, 2012). The starch grains belonging to
tubers did not correspond to Ipomoea batata, therefore, comparison
materials of more species with underground edible organs available in
the area should be obtained.

Among domestic resources, only corn was identified in both sites,
based on the observation of wavy top rondel phytoliths and starch
grains. Beans and squash starch grains were only identified in Alero
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Dupuy. These three species constitute the typical food production triad
in archaeological sites in central Argentina (Yacobaccio and Korstanje,
2007). Although they have been previously identified in the Sierras
Pampeanas (Berberian et al., 2008; Lopez, 2011, 2015; Medina et al.,
2008; Pastor et al., 2012, among others), peanuts (Arachis hypogaea),
quinoa (Chenopodium quinoa) and coca (Erythroxylum coca) were not
recorded in the sample here analyzed.

The presence of maize has been recorded in the southern plains of
the province of San Luis and squash has been identified in the mountain
sector of the La Angostura site. In the plains, phytoliths and starch
grains of corn have been identified in grinding stone artifacts, in-
dicating only the consumption of this vegetable (Heider and Lépez,
2016). On the other hand, the identification of Cucurbitaceae from a
seed recovered during the excavation of the La Angostura site, together
with further indirect evidence such as the amount of grinding stone
artifacts, pottery fragments and projectile point typology present in the
sites, allowed Gambier (1998) to propose the presence of an agro-pas-
toral period.

The set here identified shows the manipulation of an important
group of vegetables, including domestic species. However, in the ar-
chaeological sites, apart from grinding artifacts, no other evidence of
agricultural technology has been identified (Curtoni et al. 2017). The
importance of hunting in the economy is reflected in the variety of
species exploited during the late Holocene (Gomez et al., 2016; Curtoni
et al. 2017). Transferring the expectations of the agro-pastoral model
proposed by Gambier (1998) to the occupations of the area may lead to
underestimating some particularities of other kinds of interactions be-
tween human groups and plants, such as harvesting, protection, culti-
vation of non-domesticated species, promotion and eradication (Harlan,
1992). Moreover, the exchange mechanisms and the consequent pos-
sibility of obtaining goods and resources from other regions could have
led to the use of plants by groups that did not harvest, care or produce
them (Babot, 2011).

The archaeobotanical record identified shows a landscape in-
habiting situation where the hunter-gatherer/farmer duality does not
account for the particularities of the local groups. This claim is sup-
ported by the identification of domesticated resources in groups where
hunting was the main component of subsistence during the final
Holocene (Gémez et al., 2016). On the other hand, the wild species
identified in knapped artifacts, specifically the wild grasses, would ac-
count for the harvesting of pastures for consumption in a broad sense
(Escola et al., 2013). Furthermore, the presence of tubers and Cyper-
aceae allows verifying the consumption of species traditionally not
considered in the archaeological bibliography, although recently iden-
tified in neighboring areas (Musaubach, 2014; Heider and Lépez,
2016).

Moreover, although the climate and soil characteristics do not favor
the preservation of wood in the archaeological record, the identification
of micro-remains of woody species provides evidence for the im-
portance it may have had in a wide range of activities, for instance, as
supports for different types of handles and in housing construction,
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among other uses. Similarly, the identification of stem and leaf phyto-
liths of Trithrinax campestris indicates that, independently of the form of
income of this non-local resource (exchange, seasonal mobility), its
presence reflects a possible use of caranday palm for basketry produc-
tion. In addition to the ethnographic evidence, the use of the caranday
palm has been proposed indirectly, from the negative imprint as dec-
oration of ceramic pots at the Pampean region (Rocchietti, 2012).

The existence of an intensification processes aimed at the im-
plementation of agricultural practices has been proposed for the
neighboring areas located north of the Sierras Pampeanas and in
Central west Argentina (Pastor and Berberian, 2007; Neme and Gil,
2008). However, the latest interpretations of the data following Smith
(2001) propose a low level food production economy which, at least for
the last 1500 years, combined harvesting of a broad set of wild and
domestic plant species, hunting, small-scale domestic production and
seasonal mobility between valley sectors and highland pampas (Medina
et al., 2016; Chiavazza and Mafferra, 2007; Gil et al., 2018; Aschero and
Hocsman, 2011; Giovannetti et al., 2015, among others). More and
more studies in different continents show the consumption of plants
cultivated by hunter-gatherer groups (Freeman, 2007, Planella et al.,
2011, Aceituno and Loaiza, 2018, among many others). We believe that
the archaebotanical data presented in this paper could represent, in
part, a similar scenario, in which the identification of a wide variety of
wild and domestic plants is associated with evidence of hunting activ-
ities. The Alero Dupuy site seems to particularly reflect the develop-
ment of a mixed economy that combines the use of a wide diversity of
plants resources with the exploitation of a broad spectrum of animals,
since a lower diversity of animal and plant resources were recorded In
La Vertiente.

Although stone axes have not been recovered in the sites excavated
so far, the fact that they are mentioned in the bibliography on the area
(Gambier, 1998; Vignati, 1951) and their presence in museum collec-
tions make it possible to speculate that the cultivation of plants took
place at some point, possibly at a small scale. However, further research
including more sites and artifacts should be necessary to determine
whether domestic resources were cultivated in the area or obtained by
exchange.

A gradual, though not always definitive, incorporation of domestic
elements to the diet is an attractive option for an archaeological record
where residence mobility is reflected (Curtoni et al., 2016, 2017a,
2017b). Analysis of a greater number of sites and artifacts should be
necessary to provide a more definitive answer to this point.

6. Final considerations

The data presented here demonstrates the relevance of the analysis
of botanical micro-remains in knapped artifacts as a proxy in the study
of human-plant interaction. This implies an extension of the range of
activities related to the processing of plants that can be observed in the
archaeological record. Likewise, the simultaneous exploitation of wild
and domestic resources was proved, suggesting a mixed economy of low
level food production, in which some domestic resources (corn, beans
and squash) were probably consumed. The cultivation of these plants in
the area, however, has yet to be proven.

The main contribution of this work is to provide the first archae-
ological direct evidence for domestic plant resources at more than one
degree south latitude from the current agricultural frontier in South
America. Additionally, this work intends to include the area of San Luis
province in the macro-regional discussion, in the understanding that
contributing new evidence may reflect local characteristics of sub-
sistence practices at the ecotone zone. Here, the duality of terms such as
hunter-gatherer/farmer or artifacts for agricultural use vs. other types
of artifacts may hinder the understanding of the dynamics of the native
peoples who inhabited the agricultural frontier during the late
Holocene. Along these lines, it is necessary to increase the number of
studies on archaeological artifacts, as well as on the paleo-climatic
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conditions of the area. In this way, more elements for the macro-re-
gional discussion on mobility and subsistence strategies can be in-
corporated.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jasrep.2018.08.025.
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