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Abstract The purpose of this paper is to discuss recent

methodological advances in Argentinean archaeobotany

that incorporate the use of ethnobotany as an ethnoar-

chaeological tool for interpreting ancient food systems in

South America. This is an integrative paper that takes into

account both published and unpublished results. The role of

ethnobotany is examined with reference to ethnobotanical

and experimental food processing studies on Prosopis, a

wild food plant, and two cultivated ones Chenopodium

quinoa and Cucurbita spp., followed by laboratory exam-

inations with microscopy to identify diagnostic changes in

plant morphology and anatomy. Experimental materials are

then compared with archaeological specimens to identify

different types of ancient food processing, and to make

inferences about prehistoric post-harvest systems. We

demonstrated that: (a) it was critical for our food pro-

cessing studies to achieve the best taxonomical identifica-

tion resolution that the plant remains allow; (b) a multi-

proxy approach was highly advantageous; (c) ethnobotani-

cal data were crucial to identify food processing pathways

of individual plants and combinations of them; (d) the

understanding of commensality in the wider sense of the

term allows us to determine food patterns both in domestic

and funerary contexts. These investigations, the first ones

of this type in Argentina, constitute a qualitative step in the

methodology for this country because they expand our

abilities to interpret the nature of routine plant processing

from archaeobotanical assemblages, and they are also a

substantial contribution to the development of our disci-

pline in general because the taxa discussed in this paper are

distributed throughout South America, as well as in other

parts of the world.

Keywords Argentina � Archaeobotany � Ethnobotany �
Experimental studies � Food processing

Introduction

The purpose of this paper is to discuss recent advances in

Argentinean archaeobotany that incorporate ethnobotany

used as an ethnoarchaeological tool for interpreting

ancient food systems in South America. Ethnobotany is

understood here as the study of the dynamic interrelation-

ship(s) between human societies and plant communities

within particular socio-cultural and environmental contexts

(Alcorn 1995) and its ethnoarchaeological applications as

the study of the living culture from archaeological per-

spectives (David and Kramer 2001; Kuznar 2001). By

means of data obtained from these disciplines, and by
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developing experimental methods, we were able to find

diagnostic criteria for the identification of food pathways of

Prosopis spp., Cucurbita spp. and Chenopodium spp.

within diverse archaeobotanical assemblages from Argen-

tina. These case studies are described here and discussed

from an integrative perspective. They include mostly

information already published, although some recently

completed unpublished reports contribute with original

data.

Because food has social implications that go beyond

nutrition and energy, we consider both its role in social

practices as well as in routine activities related to subsis-

tence (Twiss 2007 and references therein). Most of the

ethnobotanical and archaeobotanical literature on food

provisioning, which includes, for example, collecting,

allocating/sharing, cooking, eating and clearing up, can be,

with more or less variation, represented by the phases of

procurement, storage, preparation, consumption and dis-

posal; all of these are embedded in a range of cultural

factors such as economics, politics, social or belief systems

(Goody 1982; Twiss 2007, 2012). Each of these phases, as

Samuel (1996) stated, have different material correlates

that allow us to study the archaeology of food. Following

Samuel (1996), we use the term ‘‘food’’ in its wider sense,

to include raw ingredients through intermediate and final

stages of preparation up to the point at which the food

product is ready for consumption; we also include by-

products and discarded elements associated with food-

related sequences of techniques.

Plant resources procurement can also be arranged into

the spheres of harvest, post-harvest and consumption

(Wollstonecroft 2007). For this paper we are particularly

interested in post-harvest systems (understood in the sense

of Wollstonecroft 2007) and their potential to stimulate

social change (Van der Veen 2003, 2007; Wollstonecroft

2007). Post-harvest systems are comprised of sequences of

techniques and technologies for the purpose of promoting

and/or retaining plant food quality, quantity and to creating

safer and more stable foods (Wollstonecroft 2011; Woll-

stonecroft et al. 2008). Post-harvest practices are funda-

mentally linked to consumption patterns but, unlike the act

of eating, post-harvest activities leave most of the types of

archaeological evidence that can be studied (Wollstone-

croft 2007).

As Sherratt (1991) stated, people do not eat species; they

eat meals, thus the aim of our research is to move beyond a

list of identified species to reconstruct the actual meal or

food that could have been consumed. In recognition of the

fact that meals may be prepared from a single plant or

combinations of plants, we consider both types of meal

preparation in this paper. Meal preparation may involve

several different methods of food processing, for example

mechanical, microbial or thermal activities (Valamoti

2011), each of which may produce different evidence in

hearths, ovens, tools (such as mortars, querns, flint and

metal blades) and vessels, as well as the deposition of

particular food residues and remains at each different stage

of processing (Samuel 1996). Therefore, we recognize food

processing as an activity that provides an essential frame-

work for archaeobotanical interpretation, since practices of

processing lie between the ancient acquisition of plants and

the preserved remains of archaeology (Capparelli et al.

2011 and references therein). In the cases presented here we

discuss critical information for identifying evidence of plant

processing from macro and/or microremains of the three

taxonomic genera already mentioned, which come from

different types and periods of past Argentine societies (see

Materials, below). It is worth mentioning that despite the

fact that the history of food processing studies in Old World

archaeobotany dates back almost 40 years (Capparelli et al.

2011), in Argentina archaeobotanical interpretations have

rarely gone beyond general suggestions of plant use, and

processing in particular has scarcely been considered, apart

from Babot’s (2009, among others) experimental research

into evidence of processing upon starch grains. Food pro-

cessing sequences are seen here, as proposed by Woll-

stonecroft (2011, p. 144), as ‘‘more than the study of

‘‘chaines operatoires’’, because it requires an understanding

of plants as living, biological entities that are subject to their

own physiological processes’’, so this type of study allows

us to link functional properties of the plants consumed by

people in the past with the technology they employed to

prepare them, and its implications about their routine

activities, dietary choices, health and disease prevention,

and dietary change (Wollstonecroft 2011, p. 114).

Finally, and no less importantly, we take into account

that meals have a fundamental element which is com-

mensality, that derives from the Latin com = together

with, and mensa = table (Pollock 2012, p. 2). Commen-

sality is far more than just the physical act of eating and

drinking together, but also comprises myriad social and

political elements entailed in each occasion of ‘‘co-pre-

sence’’, each one of which has the act of sharing at the

heart of the commensal act (Pollock 2012). In this paper

the information presented is examined from an approach

that considers commensality within its wider cultural

meaning(s). That is, not only for the living people but also

for the dead, and other components of the commensal act,

such as the surrounding environment that, under local

cosmovisions (for further details within local cosmovisions

see for example Allen 2002), might need to be ‘‘fed’’ for

renewing the power of nature, deities and governors

(Lema et al. 2012a). To investigate food in this wide sense,

we are of the view that a multi-proxy study (macro ?

microremains from associated instruments; ethnobotany ?

experimentation ? archaeobotany) is the best approach.
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Materials and methods

The case studies discussed here were recovered from 13

archaeological sites representing various types of past

societies, chronological periods and socio-economic orga-

nizations (Table 1). They are located in three main

archaeological areas, from north to south (Fig. 1): North-

west, where agriculture replaced hunting and gathering at

3,000–2,000 BP; Midwest, where crop consumption was

incorporated into hunting and gathering subsistence by

2,000 BP, and Patagonia, where hunting and gathering

continued as the main subsistence pattern throughout the

Holocene. All of these sites are distributed along the

Argentinean Arid Diagonal, which spans a region from

across the northwest of the country to its southeast

extremity. This region is distinct in that it has had stable

climatic conditions for the last 12,000 years (Abraham

et al. 2000), thus we can assume that, in terms of envi-

ronmental factors, archaeological sites have been subject to

similar post-depositional processes throughout this period.

Other kinds of post-depositional processes which may have

affected archaeobotanical remains were considered in each

study case in particular, such as post-depositional frag-

mentation at Angostura I (see below) and rodent marks at

Puente del Diablo (Capparelli and Lema 2011). It is within

the Arid Diagonal that the majority of archaeobotanical

macroremains have been recovered in Argentina. The most

frequent taxa recovered (in terms of ubiquity) are Prosopis,

Zea, Cucurbitaceae, Phaseolus, Chenopodium and Capsi-

cum. Few taxonomic identifications were made beyond

genus, and in the case of polytypic genera, only rarely was

there an emphasis on distinguishing between species.

This paper is organised firstly by taxa (Prosopis spp.,

Chenopodium spp. and Cucurbita spp.). Secondly, results

are presented and discussed by research stages: archaeo-

botanical recognition of relevant features, registration of

ethnobotanical information used, and analysis of ethnoar-

chaeological samples/design of experimental protocols

addressing recognition of past food processing in

archaeological material. As previously mentioned, this

paper’s methodological discussion is made mostly on the

basis of published results (Capparelli 2011; Capparelli and

Lema 2011; Capparelli and Prates 2015; Lema 2011; Lema

et al. 2012b; Lòpez et al. 2011, 2012; Llano and Andreoni

2012; Llano et al. 2012; Ratto et al. 2014). However it also

includes original food processing information from the

archaeological sites of Las Champas, Finispatriae (North-

west area), Gruta del Indio (Midwest area), Médano I and

P26SJ (Patagonian area), some of which were previously

described only in internal reports.

Recovery techniques of archaeobotanical macroremains

for each study case are described in Table 1. Ethnobotanical

investigation used here deals with the recording of local

knowledge. Here it was approached mainly by means of

direct field research, however, as the past is involved,

documents and first-hand information from historical eth-

nobotany records were used (Medeiros 2010). Interviews,

observation and documents, have been used in the same

way. Interviews were of an open-ended and semi-structured

type, and have been used to explore the procurement,

preparation and consumption of food along with observa-

tions of daily activities of its preparation. Documents were

particularly useful in cases where traditional uses of the

studied taxa are not found nowadays, but only historically

(Lema 2011; Ciampagna and Capparelli 2012). Field work

has been performed in Catamarca, Argentina, and Lipez,

Bolivia, where 43 and 10 people have been interviewed

respectively (Capparelli and Lema 2011; López et al. 2011,

2012). Modern voucher specimens of plants were gathered

during ethnobotanical research, as well as ethnoarchaeo-

logical plant material from each processing stage, where

possible from Chenopodium quinoa var. quinoa, Prosopis

flexuosa and P. chilensis. In most cases, traditional food

processing practices were reproduced in the laboratory as

experimental archaeology, as detailed below. In the cases of

taxa used in similar ways in the past and present (P. flexu-

osa, P. chilensis in the Northwest area) those experiments

allowed us to control several variables that could not be

measured in the field, such as characteristics of soaked pod

parts during drinks preparation. But experimental archae-

ology was also useful in the cases of taxa used in the past

and present, but in different ways (Prosopis spp. in the

Midwest area), taxa used in the past but not used at present

(P. denudans, P. alpataco), and combinations of plants that

are not used nowadays but which were identified archaeo-

logically (C. quinoa var. melanospermum/Cucurbita max-

ima). Experimental archaeology allowed us to control

carbonization effects in the case of charred archaeobotani-

cal remains (Prosopis spp. and C. quinoa). Archaeological,

ethnobotanical and experimental samples were described by

means of macro and microscopical observation using SEM

and optical and stereoscopic microscopy.

As stated above, we used a multiproxy approach with an

emphasis on macroremains, but microremains were con-

sidered when necessary. Microremains recovery was done

by obtaining three kinds of samples from the active sur-

faces of stone mortars and pestles that were first cleaned

superficially with a synthetic cleaning cloth (Lema et al.

2012b and references therein): First by gentle brushing of

the surface with a disposable brush, secondly by scratching

with a sterilized metallic instrument, and thirdly by

washing with distilled water. In addition, three control

samples recovered in the same ways were collected from

the non-active surfaces of the artefacts.
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Results and discussion

Prosopis spp.

Archaeobotanical remains

Prosopis was present in archaeobotanical assemblages from

more than thirty sites in Argentina, including those from

societies with a range of different subsistence patterns, and

the remains occurred throughout entire occupation chro-

nologies (Giovannetti et al. 2008). In this paper we discuss

Prosopis food pathways recognized by examining charred

and desiccated pod remains obtained from domestic,

funerary, floor and ritual contexts, as well as microremains

recovered from stone tool residues (Table 1). The finds

correspond to nine archaeological sites in different areas,

from Huachichocana, Puente del Diablo and El Shincal in

the Northwest, La Olla in the Midwest, Angostura I,

P26SJ, Médano I, Aquihuecó and Michacheo in Patagonia,

and various periods in the early, middle and late Holocene.

The diagnostic features of these archaeobotanical remains

are summarized in Table 1 and comprise a variety of

Prosopis pod parts with distinctive characteristics, as well

as starch grains and resin bodies from the mesocarp of the

legume.

Ethnobotanical information and experimental protocols

for recognition of past food processing

Ethnobotanical research on traditional uses of Prosopis

fruits carried out in northwest Argentina has shown that

modern inhabitants use a variety of techniques to prepare

various algarrobo products: the pods may be roughly

pounded and reduced in boiling water to make arrope jam,

or they can be finely pounded to extract the sweet floury

mesocarp from which can be prepared patay bread of sun-

dried very compacted flour, and other drinks, such as ulpo,

a mixture of toasted maize and algarrobo flour in cold

water, añapa non-fermented juice or aloja, a kind of beer.

In the information from historical chronicles and other

ethnohistorical documents we see that most of these prac-

tices have a strong historical root deep in time, not only in

the Northwest of Argentina (Capparelli and Lema 2011),

but also in the Midwest (Llano et al. 2012) and Patagonia

(Ciampagna and Capparelli 2012), which is in accordance

with the distribution of Prosopis spp. along the Arid

Diagonal. Each of the Prosopis products are prepared by

using traditional techniques in their own distinctive

sequence, but complexity of post-harvest processing of

Prosopis pods is evident because the preparation of foods

such as patay leaves residues that may be used for the

making of drinks such as añapa. Using all this information,

we designed experimental procedures for interpreting

Prosopis remains from different parts of the Arid Diagonal.

Firstly, we reproduced Northwestern traditional activi-

ties in order to evaluate the characteristics of each stage of

each type of P. flexuosa and P. chilensis processing

(commonly called algarrobo negro and blanco) as well as

the final products and residues (Capparelli and Lema

2011). This information, which was also applicable to P.

nigra and P. alba respectively, allowed us to distinguish

between soaked (drinks) and non-soaked (foods) in desic-

cated archaeological specimens of algarrobo from the sites

Huachichocana and Puente del Diablo. We could identify a

predominance in the preparation of aloja or añapa in Hu-

achichocana from the Early Formative (3,000–1,470 BP) to

the Inka and Hispanic aboriginal periods (414 BP), while

the preparation of algarrobo flour appears to have been

more important at Puente del Diablo from the Archaic

(10,000 BP) to the Early Formative period (Table 1).

Diversification of processing techniques was observed in

the latter contexts of both sites, suggesting, especially at

Huachichocana, an increasing importance of algarrobo

drinks for consumption and probably exchange, between

both living and dead people, for Inka society in northwest

Argentina (Capparelli and Lema 2011).

Fig. 1 Location of the Argentinean Arid Diagonal, the archaeolog-

ical areas comprised in it, and the archaeological sites mentioned in

this paper (for reference numbers, see Table 1)
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We subsequently evaluated the qualitative effect of

carbonization on each stage of the experimental food pro-

cessing procedure as well as the differential preservation of

each Prosopis pod part (Capparelli 2011). This allowed us

to recognize, at the Inka site of El Shincal, preparation of

various food and drink products (Table 1), and a distinctive

distribution pattern of pod production within different

buildings (Capparelli 2011)..We further identified the

grinding of flour, supported by the recovery of Prosopis

starch grains from a mortar (Giovannetti et al. 2008).This

indicates specialized Prosopis production and suggests

post-harvest intensification (sensu Wollstonecroft 2007).

Moreover, the ritual significance of Prosopis is suggested

by the fact that the largest number of seeds was recovered

from the usno ritual hearth, some of which present evi-

dence of añapa or aloja making (Capparelli 2011; Cap-

parelli et al. 2005).

From the Midwest archaeological area site of La Olla

(Fig. 1), a residential multiple activity site of hunter

gatherers, came the only effective evidence of desiccated

patay from Argentina. It was found occasionally by Lagi-

glia (1956) associated with a human burial context. Recent

excavations near the burial allowed the recovery of more

Prosopis remains, charred and in association with a

domestic hearth (Table 1; Llano and Andreoni 2012).

Curiously, algarrobo endocarps from La Olla showed

longitudinal and perpendicular marks on their surfaces

(Fig. 2a) that were not seen in the material experimentally

ground with a mortar, as done in the Northwest. Therefore,

new experiments on grinding P. flexuosa were made by

Llano et al. (2012) involving the comparison between the

results from a stone mill with a more or less level basal

stone and a pestle which is moved in a circular motion

(Fig. 2b) and those from a mortar with a basal stone with a

deep hole and a pestle which is moved vertically, artefacts

that were recovered from La Olla (Fig. 2c). They observed

that it was milling which left marks on the endocarp sur-

faces similar to those of the La Olla macroremains and

concluded that mills had been used there to make the

Prosopis flour. They also observed that, even when the

flour produced in a mortar and a mill had the same nutri-

tional values, mortar grinding had lower processing costs

than mill grinding; however mortars would have been more

costly to manufacture and transport.

Finally, the first Prosopis remains from Patagonia were

recovered recently at Angostura I (Fig. 1; Capparelli and

Prates 2010). Its interpretation also required new types of

experiments for several reasons. First, the Prosopis species

identified, P. alpataco and P. denudans, were different

from those recovered at the previous sites. Secondly, the

recovered charred pods had a particular and more or less

homogeneous fragmentation pattern with predominant half

joints (Table 1; Fig. 2d). The presence of meso- and epi-

carp in the majority of the remains allowed us to suppose

that these pods were not a residue from grinding for flour.

New exercises in experimental grinding of sun-dried pods

with a stone pestle and mortar demonstrate that this method

does not leave half joints, but clean endocarps and large

fragments of epicarp and external mesocarp (Capparelli

and Prates 2015). Epicarp and mesocarp tissues of Pata-

gonian Prosopis species are more fibrous than those of the

Northwestern ones. From a vast compilation of written

chronicles and documents about plants used specifically in

Patagonia (Ciampagna and Capparelli 2012), we discov-

ered that the pods were usually toasted before grinding. We

reproduced these practices experimentally by embedding

Fig. 2 Food processing related to study cases of Prosopis. a, grinding

marks (arrow) on Prosopis flexuosa endocarps from La Olla

archaeological site; experimental grinding on P. flexuosa pods, b,

by mill; c, by mortar; D, Prosopis denudans half joints (arrow) from

Angostura 1 archaeological site; e–f, normal and polarized view

Prosopis starch grain from a mortar recovered at P26SJ location; G–

L, microbotanical finds ascribable to Prosopis sp. from a mortar

recovered at Medano 1 archaeological site; g, resin body; h–j, tector

hairs
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pods in hot sand at 400 �C for 2 min and by grinding them

in the same way as previously mentioned. We observed

that for P. alpataco, P. denudans and P. caldenia, the

epicarp and mesocarps are reduced to flour easily if the

pods have been toasted. Also, that the fragmentation pat-

tern of toasted pods was similar to those of the charred

pods found at Angostura I. Therefore, we pulverized

experimentally, with a stone pestle, artificially charred

pods to simulate patterns of post-depositional fragmenta-

tion and obtained as a result half joints similar to those

from Angostura I. We thus concluded that Prosopis pods

from the Angostura 1 site had been charred accidentally

while they were being toasted (Table 1) and that the

fragmentation patterns here correspond to post-depositional

factors rather than to grinding for flour (Capparelli and

Prates 2015).

Apart from Angostura1, seed remains in Patagonia are

scarce, so pestles and mortars or mills may provide sec-

ondary evidence of ancient plant processing (Ciampagna

and Capparelli 2012). Thirteen archaeological stone arte-

facts have been analyzed so far, from four different sites of

the late Holocene, Aquihuecó and Michacheo with funer-

ary contexts (Lema et al. 2012b) and Médano I and P26SJ

that correspond to domestic activity areas (Ciampagna

2012). In six of the analysed artefacts there were Prosopis

starch grains. Identifications of Prosopis starch grains are

based on previous work of some of the authors, (Fig. 2e–f;

Table 1; Giovannetti et al. 2008), together with other plant

microremains possibly also assignable to Prosopis

(Fig. 2g–j) and to medicinal plants (Prosopidastrum sp.).

All of these finds were on active faces of the tools and they

were absent on inactive faces, confirming the practice of

Prosopis grinding in nearly the 46 % of the analysed

artefacts.

Chenopodium spp.

Archaeobotanical remains

Chenopodium quinoa (quinoa) is one of the main subsis-

tence resources for many Andean societies. Its remains

have been found at archaeological sites in different parts of

South America, in a range of contexts, including hearths,

burials, storage structures, human digestive tracts and

coprolites (Bruno 2008; López et al. 2011, 2012). Cheno-

podium from three Argentinean sites (from the Northwest

to the Midwest archaeological area) are analyzed here

(Table 1). Isolated seeds of C. quinoa var. quinoa (quinoa)

were recovered from Finispatriae, while isolated entire

fruits of C. quinoa var. melanospermum (ajara) came from

Gruta del Indio (Fig. 3a). In contrast, the Las Champas site

(Northwest area) presented a culinary combination of C.

quinoa var. melanospermum with Cucurbita seeds

(Fig. 3b–d; Table 1).

Ethnobotanical information and experiments

on recognition of past food processing

Traditional processing of quinoa is very rare in Argentina

today and ethnohistorical data scarce; consequently we

carried out ethnobotanical field research in Lı́pez, Bolivia

(López et al. 2011). As mentioned above, during the

fieldwork we collected quinoa samples and associated

knowledge from local people. Specimens of quinoa from

Fig. 3 Food processing related to study cases of Cucurbita and

Chenopodium. a, unprocessed C. quinoa var. melanospermun (ajara)

seed grains from Gruta del Indio archaeological site; boiled ajara

seed grains from Las Champas archaeological site; b, general view of

ajara stuck to a C. maxima ssp. maxima seed; c, detail of ajara

wrinkled testa; d, probable Cucurbita epidermis cells stuck to ajara

grain surface; e, experimental boiling of ajara seed grains; f, C.

maxima ssp. maxima, thin pericarp, from Pampa Grande archaeolog-

ical site; C. moschata seed, reference material; g, general view of the

seed; h, after experimental boiling, cross section of the seed showing

lamination (arrow) in sclereid cells; i, archaeological C. maxima seed

from Las Champas site, cross section. B–D and G–T taken from Ratto

et al. (2014)
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long term storage to each post-harvest stage of ‘‘enhance-

ment’’ and to short term storage were collected. By

enhancement we refer to a series of detoxification stages

that reduce saponins to a non-toxic level (López et al.

2011).The type of grain enhancement varies for each

culinary use of quinoa, whether it is to be consumed as

whole grains, in soups, or to be reduced to flour known as

pitu, and it also varies for each local landrace, and involves

a sequence of various techniques including parching,

treading, rinsing and rubbing, pounding and soaking. We

found that 65–82 % of the processed quinoa grain, after

detoxification, included just small parts of the pericarp or

none. Quinoa enhanced for pitu preparation takes different

forms than those consumed as a boiled grain or in soups

because, even when perisperm is preserved well, soaking

makes the seed testa wrinkled, and more intense parching

leaves a major covering of a brownish colour (López et al.

2011). Once enhanced, the grains can be stored for a short

time, mainly in cooking areas. Boiling is the main way of

preparing grains that are consumed entire or in soups. As

we could not obtain direct samples of ethnoarchaeological

boiled grains, we experimented boiling them in water over

a hearth heated to 350–400 �C, similar conditions to the

traditional ones (López et al. 2012). Enhanced grains of

quinoa for consumption entire and in soups and ajara

grains (ajara grows nowadays as a weed in quinoa plots)

were boiled for 15 min until cooked. After experimental

boiling individual specimens of both taxa had: a, the small

portions of the remnant pericarp separated from the testa;

b, testa wrinkled and heavily folded, and c, perisperm

deteriorated and gelatinized (Fig. 3e). However, we could

distinguish that while quinoa grains have a fragile aspect,

ajara grains had a more robust appearance, possibly due to

their thicker testa. Apart from that, we also found that

foods prepared by boiling quinoa, enhanced to be con-

sumed as whole grains, could be distinguished from those

prepared by boiling quinoa enhanced for soups. Assem-

blages of the former had a brownish coloured testa, absence

of the annular embryo, presence of pits on the perisperm,

and a low value (% 1.6) for the ratio of whole grain to

separated parts of embryo. On the contrary, those of the

latter contained several grains with an annular embryo,

exhibited pits on the perisperm, deformation of the peri-

sperm and episperm, and a high value (% 6) for the ratio of

whole grain to separated parts of embryo.

With this information we interpreted C. quinoa var.

quinoa (quinoa) finds from Finispatriae (Table 1) as

already enhanced grains not yet boiled, due to the absence

of pericarp and the testa neither wrinkled nor folded. They

may have been accidentally charred and disposed of from

cooking areas. In contrast, ajara entire grains from the

funerary context of Gruta del Indio, which had the entire

pericarp, were found to be non-processed ones (Fig. 3a),

which are characteristic of long term storage, according to

an internal report sent to Dr. Gil, Natural Science Museum

of San Rafael, Mendoza (López, personal communication).

On the other hand, ajara grains stuck to Cucurbita maxima

seeds at Las Champas, which had only traces of pericarp,

wrinkled testa (Fig. 3c), absence of perisperm and embryo

and patches of possible Cucurbita seed epidermis (Fig. 3d),

were interpreted as grains enhanced for consumption as

entire grains that, after enhancing, were boiled (Table 1).

Cucurbita maxima

Archaeobotanical remains

As mentioned in the introduction of this paper,

Cucurbitaceae are one of the best represented taxa out of

the Arid Diagonal macroremains (Lema 2011). However,

from all the recovered fruit part samples of the taxa, post-

harvest activities, some of them linked to food preparation

for consumption, could be inferred just from funerary

contexts of the Las Champas site (Ratto et al. 2014) and

from funerary and domestic contexts of the Pampa Grande

site, both in the Northwest area (Fig. 1). In the former, the

ajara seeds previously described were stuck to desiccated

C. maxima ssp. maxima seeds (Fig. 3b), while in the latter,

diverse desiccated pericarp remains of C. maxima ssp.

maxima and ssp. andreana were found (Fig. 3f; Table 1;

Lema 2011).

Ethnobotanical information and experiments

for recognition of past food processing

Ethnographically and historically reported uses for C.

maxima ssp. maxima in Argentinean local communities

mention several methods of post-harvest processing: a,

dehydration of halved fruits in hot ashes for storage, which

are boiled just prior to consumption; b, cooking the halved

fruits in hot ashes and consumption once cold; c, cooking

the fruits in pit ovens; and d, fruits cut up and boiled (Lema

2011). In the case of fruits with a thick pericarp, the rind

may either be discarded or used as a container. On the other

hand, C. maxima ssp. andreana fruits, a species which

grows nowadays as a weed in squash plots, must be

detoxified in hot ashes prior to consumption. Also, Cu-

curbita spp. seeds may be roasted and pounded for

consumption.

It is interesting to note that, even in cases where food

processing pathways of the ajara grains from Las Champas

could be recognized, the Cucurbita seeds did not exhibit

morphological features that allowed us to infer food pro-

cessing methods from them. However, in cases where ajara

grains and Cucurbita seeds were stuck together we thought

that they had been subjected to the same food preparation,
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probably involving some kind of wetting, before they dried

on the ground surface. This suggests that boiling was

applied not only to ajara but also to Cucurbita seeds. We

carried out experimental boiling of C. moschata seeds to

observe whether or not diagnostic characteristics were

evident at a micromorphological level (Fig. 3g). Experi-

mentation consisted of boiling approximately 100 squash

seeds as part of a starchy vegetable stew. The ingredients,

mainly potato and Cucurbita seeds, were put in cold water

and once the boiling started it was maintained for 20 min

until the stew was ready to eat. Finally the preparation was

allowed to cool. Ten squash seeds were then separated,

washed and dried for a week in an open space, and

observed by optical microscopy. We found that experi-

mental boiling produced a tiny lamination in the sclereid

walls and a homogenization of the appearance of the epi-

dermis cells in experimental seeds (Fig. 3h). Unfortu-

nately, sclereid lamination is difficult to determine in

ancient seeds (Fig. 3i) and the epidermis is such a partic-

ularly soft layer that it is rarely preserved.

With respect to the Pampa Grande pericarp remains, we

concluded that cucurbits with thicker rinds were used as

containers, because they displayed holes and strings which

were probably used as part of the support system (Lema

2011). Indeed, fruits with thicker pericarps are usually

associated with this kind of use, while thinner pericarped

fruits are commonly associated with food consumption;

such may be the case of Pampa Grande. However C.

maxima fruits with thick pericarps are also used as con-

tainers for cooking stews, like a stewpot. In such cases, the

mesocarp of the fruit as part of the consumed food is

archaeologically poorly visible. We have yet to understand

the type(s) of consumption that might explain Cucurbita

finds of both rinds and seed remains, even when they may

be charred. However, because of the association of Cu-

curbita seeds with those of boiled ajara at the Las

Champas site, we deduced that it is likely that boiling was

one type of ancient Cucurbita food processing method

(Table 1).

Summarizing, consumption habits are principal human

selection criteria for the plants used and food processing

pathways used. However, actual plant consumption is

archaeologically difficult to identify unless remains are

found in coprolites or the digestive tracts of human remains

(Wollstonecroft 2011). But even with such evidence, the

reconstruction of food consumption practices from indi-

vidual food plants is a difficult task unless an integrated

approach is employed, comprised of multiple methods of

analysis (Van der Veen et al. 2010). A single plant may

constitute a meal, or a drink; such is the case of Prosopis,

but these are not the most common cases. A meal often

involves a combination of several plants or parts of plants.

Thus, the Las Champas archaeobotanical ajara/Cucurbita

association provides a significant key to recognizing

preparation methods. That find, together with a charred

mass of various plant tissues recovered from the ritual

context of the ceremonial usno ritual hearth of the El

Shincal Inka site (Capparelli et al. 2005), where epidermis

of Phaseolus and Capsicum were found as part of a single

mass, are the unique evidence of culinary combinations to

date from Argentina.

Modelling methodological proposals for the understanding

of food in archaeological contexts

Our investigations into food processing in different

archaeological areas, chronological periods and socio-

economic types of early Argentine societies permit us to

put forward some important insights into the identification

of food processing from archaeobotanical assemblages.

First of all, it is critical to achieve the best taxonomical

identification resolution that the plant remains allow. Dif-

ferent species within the same families and genera can

produce diverse plant parts and in different quantities, even

when they were processed with the same techniques, as

with Prosopis flexuosa and P. chilensis. Different species

within the same taxon, or varieties within the same species,

often require processing in different ways, depending on

their physical and chemical properties, as in the case with

Patagonian and Northwestern Prosopis species, and with

thicker and thinner C. maxima pericarp. Likewise, varieties

of the same species may have different ecological traits,

require distinct detoxification methods and/or have diverse

cultural significance such as the weed-crop complexes in

Cucurbita and Chenopodium. The need for high-level

species identifications might be obvious to archaeobotan-

ists working elsewhere, but in Argentina it is a polemic

issue as most macroremains identifications continue to be

made at genus level.

Secondly, it is highly advantageous to use a multiproxy

approach for investigating prehistoric food patterns, taking

into consideration Samuel’s statement that there is far more

to food than the raw materials (Samuel 1996). This

approach allows one to take into account the type and part

of the plant involved, the mode of consumption, as well as

the processing pathways, discard patterns and consequent

archaeological preservation potential of the remains.

Within this multiproxy approach, the analysis of microre-

mains is a necessary addition to macroremains interpreta-

tions, particularly when the latter are scarce, and it permits

assignment of functions to some ancient artefacts. As

observed above, linking evidence from macro- and mic-

roremains has led to a deeper understanding of the different

steps of the processing sequences. In microremain analysis

it is usual to find a combination of plant taxa, as at

Michacheo, with Prosopis and Zea mays starch gains,
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however it is difficult to discern if this is the result of

different processing events of individual plants or a unique

processing event of different plants for one or more culi-

nary purposes. A similar limitation affects coprolite ana-

lysis. On the other hand, macroremains have a major

potential for defining culinary combinations of plant taxa.

In addition, as not all taxa produce clear signals of pro-

cessing, combinations of plants, when found, can be useful

for recognizing food processing patterns in mixed remains,

provided that a contextual association can be clearly rec-

ognized, as with the ajara seed grains with Cucurbita seeds

from Las Champas.

Experimentation, based on ethnobotanical and ethno-

historical records, for the purpose of reproducing of tradi-

tional plant practices is a crucial way to explore food

pathways, in terms of both macro- and microremains as at

the Patagonian sites. The reproduction of post-depositional

fragmentation patterns and carbonization effects for the

interpretation of charred archaeological remains is also

necessary. In the case of Angostura1, post-depositional

processes were recognized as the cause of the fragmentation

patterns, and experiments in grinding fresh and toasted pods

allowed us to recognize innovations in post-harvest prac-

tices. For example, the possible toasting of Prosopis pods in

the hearth, which preserved the materials and increased

their archaeological visibility when resulted accidentally

charred. On the other hand, experimentation and the study

of evidence of discarded material at Huachichocana

allowed identification of changes in plant processing

methods during the time of the Inka society. This example

shows how the study of food pathways might contribute to

recognition of changes in social identities (Twiss 2007).

As mentioned before, commensality is understood here

in its wider conception (Lema et al. 2012a). This is

reflected by the analysis of the processed ajara and

Cucurbita ‘‘meal’’ that was deposited together with the

human remains recovered from the cave at Las Champas,

while unprocessed ajara was recovered from another

funerary context in the Midwest area, at Gruta del Indio.

The identification of ajara grains from burial sites may

reflect a different use of them, compared with the domestic

contexts in which quinoa is usually found, as at the Fini-

spatriae site. Here again, the accurate taxonomic identifi-

cation allowed us to learn about cultural selection and the

cultural significance of individual plants. Although cur-

rently Bolivian people consume ajara only as a famine

food (Bruno 2008), our knowledge about modern ajara

food processing is lacking. From the contexts of the Las

Champas site, we can conclude that it was processed in

similar ways to quinoa grains, but it appears in a different

kind of context, a funerary one. It is interesting to note that

some traditional Andean societies use it in ritual activities

(Nielsen, personal communication). People from Lipez,

Bolivia, for example, recognize ajara as a wild seed that

represents their ancestors before the Hispanic conquest,

while maize represents their Christian side. Thus their

current ritual activities include the consumption of both,

ajara and maize (Nielsen, personal communication). We

can see from these examples how food can be a powerful

symbol of identity, as expressed by Twiss (2007), even

when it is not literally incorporated into the human body, as

occurs in funerary contexts. In this kind of context, ajara

meals might represent a commensality that goes beyond

daily subsistence, as well as cultural identity. In the ritual

context of the El Shincal usno mentioned before, a

Phaseolus-Capsicum mixture exemplifies a commensality

pattern in which the earth is fed by processed and non-

processed plants being deposited in it (Capparelli et al.

2005). It is an interesting paradox that daily consumption, a

dynamic activity of any society, is poorly visible archae-

ologically because the food effectively disappears when

eaten, while the feeding of the dead is highly visible in the

finds of culturally significant plant material found in

graves. However, funerary contexts might also shed light

on daily practices, such as for example at the Michacheo

and Aquihuecó sites, where stone mortars and pestles, used

in everyday life, were deposited with the dead in the burials

(Lema et al. 2012b).

Finally, our archaeological and experimental analysis of

plant remains from La Olla has shown that food processing

also needs to be evaluated in terms of bioaccessibility, the

proportion of a nutrient that is released from a food matrix,

and bioavailability, the proportion of the food or nutrient

capable of being absorbed into the human body, as well as

in terms of processing costs and calorific returns, which

lead to a more complete view of the whole post-harvest

system (Wollstonecroft et al. 2008) and its human potential

implications for social change.

Conclusions

Historically there has been little emphasis on going beyond

the presence or absence and the possible economic and

social uses of plant taxa in archaeobotanical interpretation

in Argentina. This study shows how a combination of

ethnobotany and experimental archaeology can substan-

tially contribute to the understanding of plant processing

patterns, culinary practices, changes in culinary practices

through time and space, and functional applications of

artefacts, among others. In this paper we have explained

how ethnobotanical approaches, used as an ethnoarchaeo-

logical tool, can permit the exploration of food as a com-

plex social factor in addition to its commensality; in other

words, food systems feed more than simply the necessary

daily subsistence practice. Our methodology involves the
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integration of macro- with microremains from associated

artefacts, with ethnobotany by experimentation, and with

archaeobotany for the purpose of identifying, interpreting

and comparing food processing patterns from hunter-

gatherer and agro-farmer societies. These investigations are

the first ones of this type in Argentina and constitute a

qualitative step in the methodology for this country. This is

mainly because they expand our abilities to interpret the

nature of routine plant processing from archaeobotanical

assemblages. The taxa discussed in this paper are distrib-

uted throughout South America as well as in other parts of

the world, therefore, although the details of processing

practices may vary, we propose that the techniques

involving boiling, toasting and soaking and their effects on

closely related plants could be similar. For this reason, we

believe that the research described in this paper is a sub-

stantial contribution to the development of our discipline in

general.
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Sudamérica: el caso de Patagonia. Chungara

Capparelli A, Lema V, Giovannetti M, Rodolfo R (2005) The

introduction of Old World crops (wheat, barley and peach) in

Andean Argentina during the 16th century A.D.: archaeobotan-

ical and ethnohistorical evidence. Veget Hist Archaeobot

14:472–484

Capparelli A, Valamoti SM, Wollstonecroft M (2011) After the

harvest: investigating the role of food processing in past human

societies. Archaeol Anthropol Sci 3:1–5
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e Etnoecologia. Núcleo de Publicaçóes en Ecologı́a e Ethno-

botánica Aplicada, Recife, Brazil pp 127–142

Pollock S (2012) Towards an archaeology of commensal spaces: an

introduction. J Anc Stud 2:1–20

Ratto N, Lema VS, Lopez ML (2014) Entierros y ofrendas: Prácticas
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