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Management of South American camelids in the eastern Andes of Northwestern Argentina: a comparative study of archaeological cases in the last two millennia
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Human-camelid interactions were an essential component in the everyday life of the societies that inhabited the South and Central Andes. While numerous studies have concentrated on this topic, they have primarily focused on the Puna plateaus, where camelids remain a key resource today. In contrast, the eastern Andean regions of Northwestern Argentina have been historically viewed as marginal and the presence of camelids in zooarchaeological assemblages has been often attributed to hunting or specialized pastoralist production for political and administrative centers located in the western valleys. Recent research in this area challenges and reshapes this view. This paper reassesses the presumed marginality of these regions by critically looking at zooarchaeological information including taxonomic, osteometric, age profiles and skeletal parts representation analyses from several key sites. We propose a preliminary model of camelid management in these environments, contributing to broader discussions of similar practices in non-high-Andean regions of South America.
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1 Introduction

South American camelids (SAC), including the wild species Vicugna vicugna (vicuña) and Lama guanicoe (guanaco), and their domestic counterparts Lama pacos (alpaca) and Lama glama (llama), have been fundamental for human populations that inhabited the continent from the early Holocene to the present day (Bonavia, 2008; Mengoni Goñalons and Yacobaccio, 2006; Olivera and Elkin, 1994; Yacobaccio and Vilá, 2013). In the past, Andean societies hunted wild camelids (Custred, 1979; Dedenbach-Salazar Sáenz, 1990; Kent, 1982; Tomka, 1992; Wheeler, 1999; Aschero and Martínez, 2001; Grant, 2017; López, 2008; Moreno, 2011; Olivera, 1997) and herded domesticated ones, establishing technological, spatial, and symbolic ties with them (Grebe, 1984; Arnold et al., 1992; Van Kessel and Condori Cruz, 1992; Lecoq and Fidel, 2003; Yacobaccio, 2010; Núñez and Nielsen, 2011; Vilá, 2014; Gabelman, 2015; Berenguer and Martínez, 2016; Arnold and Yapita, 2018). Archaeological evidence from various regions of the Andes suggests that camelid domestication occurred approximately 6,000 to 4,000 years ago, laying the foundation for pastoral economies and the establishment of long-distance trade networks via llama caravans (Mengoni Goñalons and Yacobaccio, 2006). This domestication process brought about significant lifestyle changes across the Andean region (Yacobaccio and Vilá, 2013).

The European conquest and colonization that started in the 15th century caused substantial changes in Andean societies. Among these was the introduction of European livestock, including cattle, horses, goats, sheep, and pigs, which posed challenges largely unknown to the local populations as well as wild and domestic SAC. European populations settled mostly in the plains and valleys, showing less interest in the Andean highlands except for the exploitation of certain resources, such as minerals. As a consequence, SAC were confined to the highlands, where competition was less intense given the difficulties European livestock faced in adapting to high-altitude environmental conditions (Bonavia, 2008; Miller and Gill, 1990; Wheeler, 1991; Vilá, 2012). This fostered the persistence of traditional pastoral practices in high Andean landscapes involving both SAC domesticated species (Caracotche, 2001; Flores Ochoa, 1968, 1977; Göbel, 2002; Tomka, 1992).

This contextualization, albeit brief, shows how historical landmarks have influenced the main conceptualization of the intertwined history of humans and SAC. Traditional models of domestication and herding were developed based on ethnohistorical and ethnographic data, alongside archaeological evidence, primarily focused on high Andean landscapes (Flores Ochoa, 1968, 1977; Webster, 1973; Browman, 1974; Gundermann, 1984; Kuznar, 1991; Tomka, 1992; Nielsen, 1997-1998; Yacobaccio, 2007; Caracotche, 2001; Göbel, 2002; Berenguer, 2004; Wawrzyk and Vilá, 2013). These studies were largely inspired by Murra's (1972) model for the Central Andes, which posits that human subsistence and social reproduction relied on economic interactions between environments at different altitudes. According to this model, the arid highlands were primarily used for llama and alpaca herding, considered as the most suitable economic practice for the region. Additionally, these areas provided wild resources, such as guanacos and vicuñas, and became the focus of extensive research on hunting strategies and associated technologies (Custred, 1979; Dedenbach-Salazar Sáenz, 1990; Kent, 1982; Tomka, 1992; Aschero and Martínez, 2001; Moreno, 2011). SAC are uniquely adapted to these conditions, making their breeding and herding a fitting productive practice for these areas. In some instances, herding was seen as the only possible economic activity in such landscapes. The associated development of caravan exchange and the circulation of goods between different ecological zones were considered as crucial for social reproduction (Browman, 1980; Nielsen, 2006; Núñez and Dillehay, 1995).

Recent studies, however, have challenged this proposal, suggesting that herding practices may have also occurred in areas of greater biodiversity—regions where SAC are no longer present today due to the aforementioned factors (Bonavia, 2008; Moreno et al., 2022; Shimada and Shimada, 1985; Szpak et al., 2014). One example of this is the eastern border of the Andes in Argentina, which spans the eastern foothills of Northwestern Argentina (NWA) and extends westward to the semi-arid Chaco plains. This area is often seen as a frontier for complex pre-Hispanic cultural developments, primarily concentrated in the Intermontane valleys region (Figure 1).
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FIGURE 1
 Location of the study area and main archaeological sites and microenvironments mentioned through the text.


This paper aims to explore the management models of domestic SAC outside traditional Andean environments in NWA, critically examining ecological models that assume productive practices are solely determined by local environmental characteristics. Drawing on several case studies, we will discuss analytical strategies for identifying domestic species and propose novel management models and herding production strategies for these regions. By integrating information from multiple lines of evidence and diverse zones within the study area, we will analyze similarities and differences to provide meaningful insights into this issue. Our focus will be on the first millennium of the Common Era (CE), a period during which most of the evidence from the case studies is concentrated, although we will make some references to periods both preceding and following this timeframe. This article's primary contribution lies in integrating data from several recently excavated archaeological sites, cross-referencing previously published information, and systematizing it within a unified framework. It also develops a theoretical interpretive approach to modeling camelid management within the study region. Additionally, it offers a new perspective on pastoralism, challenging preconceived notions about productive and economic systems in these environments, which have traditionally been viewed as peripheral to cultural developments in the pre-Hispanic Andes. Ultimately, this proposal is based on the concept of alternative management, where various production strategies are integrated in the same space, in which herding takes place on a small scale—i.e., small herds managed in spaces neighboring habitation areas—leveraging the micro-regional environmental diversity. This paper also aims to serve as a starting point for this proposal, comparing nearly all the information obtained from faunal assemblages in the region for the chronological period of interest and proposing an integrative approach that does not overlook local particularities. In the future, we aim to incorporate additional relevant data from other analytical techniques, some of which have been used only sparingly or are currently under development, such as stable isotope analysis (Moreno et al., 2022) or collagen peptide mass spectrometry fingerprinting (ZooMS) (Buckley et al., 2009; Pilaar Birch et al., 2019).



2 South American camelids and narratives about the past in Northwestern Argentina

There is a substantial body of archaeological, ethnohistorical, historical, and ethnographic literature on Andean pastoralism, particularly regarding llamas. The classic model typically emphasizes mobility between different altitudinal levels, over 3,000 meters above sea level (masl), following an annual cycle determined by the availability of pasture and water. However, literature on camelid pastoralism outside the high Andes is more limited. This underscores the importance of reconsidering proposals that emphasize the special adaptation of SAC to high Andean environments. While these animals are well-suited to the high-elevation Puna plateaus, they also thrive in other environments, as demonstrated by various studies across South America (Ayala Vargas, 2018; Browman, 1974; Marcoppido and Vila, 2013; Quispe Peña, 2011; Troll, 1958; Urquieta and Martinez, 1992).

In NWA, llamas and domesticated plants played a central role in shaping human settlement patterns over the last three millennia. Archaeological narratives typically refer to this period as the Formative Period (1,000 BCE to 1,000 CE approximately), which is marked by the development of diversified economic strategies—such as agriculture, herding, gathering, and hunting—and the creation of cultural landscapes where domestic structures were closely tied to productive territories (Korstanje et al., 2015). Subsequently, at the beginning of the second millennium, the Late Period was characterized by the consolidation of residential nuclei with greater architectural clustering than the one observed during the first millennium CE. Additionally, agricultural systems and productive practices were developed in response to population aggregation. These general characteristics, of course, exhibited local particularities shaped by social decisions and microenvironmental conditions. Later, in the 14th century, the process of Inka domination began in certain regions of Northwestern Argentina, lasting until the 16th century, when Spanish conquest and colonization fostered the disarticulation of Indigenous societies. The economic, social, and demographic impacts of this process were profound and catastrophic (Bethel, 1990; Todorov, 2007).

Beyond differences in settlement and production strategies, as well as micro-scale social processes, a key aspect is the importance of SAC for these populations. Camelid herding would have been a key strategy for producing food and other products, particularly in the Andean highlands and Puna plateaus. Studies of camelid management in NWA have largely followed this perspective, often replicating models from the broader South-Central Andes and focusing mainly on the western Puna highlands and the mesothermal valleys of Jujuy, Salta, Catamarca, and Tucumán provinces (Belloti López de Medina, 2015; Dantas et al., 2014; Göbel, 2002; Izeta, 2007; Izeta et al., 2009a; López, 2008; López et al., 2015; Mengoni Goñalons, 2013; Mercolli, 2010; Miyano, 2018; Olivera, 1991; Yacobaccio et al., 1997-1998). Outside these areas, research has primarily focused on guanaco hunting (Medina et al., 2014; Neme and Gil, 2008; Wolverton et al., 2015). The eastern slopes and plains of NWA have often been portrayed as a frontier that separated the agro-pastoral populations of the western Andes from the hunter-gatherer groups of the eastern lowlands (González, 1998). This narrative, largely shaped by both the region's environmental characteristics and the paucity of research, emphasized its role in providing wild resources and limiting the extension of Andean cultural and productive strategies. However, the eastern Andean slopes, which are the focus of this paper, present a promising case study. Our aim is to challenge these traditional narratives and explore the possibility of camelid herding in these so-called “marginal” regions (Ardissone, 1945; González, 1998; Kriscautzky, 1999; Pérez Gollán, 1991; Togo, 2005), which have been overlooked in the broader studies of the western Andean valleys and highlands.

This narrative has been challenged by recent systematic research conducted in the region, along with new theoretical and methodological perspectives that explore the ways people inhabited and produced in these territories. Multiple lines of evidence indicate the existence of established settlements with diversified economies and a significant investment of labor to modify the natural landscape, which span the last two millennia, at least until the Spanish conquest (Cruz, 2010; del Papa, 2020; Ortiz et al., 2017; Quesada et al., 2016; Taboada, 2017; Ventura, 2001; Zuccarelli Freire et al., 2022). While our primary aim is not to provide an extensive review of these proposals, we seek to contribute to the discussion by examining how local populations interacted with SAC, particularly in relation to the possibility of locally developed herding practices. In this regard, zooarchaeological studies provide valuable insights, highlighting the significance of SAC for past populations. In the eastern slope of the NWA Andes, in Jujuy province, Ortiz et al. (2017) identified camelid remains, osteometrically assigned to llamas and guanacos, at archaeological sites located in river terraces at altitudes below 1,000 masl and dated to the early CE. Unfortunately, the sample size was too small to determine whether these llamas were locally managed or acquired through exchange from high-altitude environments. In the eastern foothills of Tucumán province, the Yánimas 1 archaeological site reveals a high variability of faunal resources, including llamas, which are associated with herding activities. However, it remains unclear whether the herding occurred locally or if the animals were brought from elsewhere. Notably, wild species dominate the faunal assemblage from the site, with large mammals like deer and guanacos, as well as smaller species such as fish and reptiles (Nasif and Miguez, 2014). Eguía et al. (2016) propose that the scarce presence of camelid remains in archaeological sites at Guayamba in the El Alto-Ancasti mountain range (Catamarca province) could be explained by trade with populations from other areas, as this region may not have been favorable for SAC breeding. The presence and use of domestic SAC in the lowlands of Santiago del Estero province have sparked ongoing debate. Some researchers support their presence based on early colonial documents (e.g., Gramajo de Martínez Moreno, 1978; Palavecino, 1948; Raffino, 1975; Togo, 2004, 2005), while others argue that llamas were restricted to highland areas, suggesting that ecological and ethological constraints would have prevented its adaptation to lowland environments (Cione et al., 1979; Lorandi, 1978, 2015; Lorandi and Lovera, 1972).

One final aspect we wish to address is the frequent presence of rock art representations of SAC in the eastern slopes of the Andes. These images, often associated with anthropomorphic figures, highlight significant and longstanding human-camelid relationships in the region (Gheco, 2017, 2020; Gheco et al., 2019; Taboada and Rodríguez Curletto, 2022). The connection between rock art and the understanding of human-animal relationships requires further investigation and in-depth analysis. Nevertheless, it is crucial to acknowledge the importance of these representations in the region, especially the abundance, diversity, and complexity of SAC depictions, which illustrate a range of actions, designs, and interactions with other beings (Figure 2). These representations offer valuable insights into the central role of camelids in the lives of local populations.
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FIGURE 2
 Some examples of the relationships between humans and camelids in rock art from the eastern Andes. (A) digital reproduction of figures found at Ampolla archaeological site (Taboada and Rodríguez Curletto, 2022), (B–D) cases documented in the locality of Oyola (Gheco, 2017, 2020).




3 Environmental characteristics and archaeological cases of the eastern Andes in Northwestern Argentina

The case studies presented here encompass several locations, including the El Alto-Ancasti mountain range in the eastern region of Catamarca province, as well as the Guasayán mountain range and the Dulce River basin, situated respectively in the western and central areas of Santiago del Estero province, Argentina. These areas' unique environmental and cultural characteristics are essential for understanding human occupation patterns and the role of South American camelids in these contexts (see Figure 1).

The El Alto-Ancasti mountain range stretches approximately 140 km in a north-south direction, forming the eastern Andean foothills. Its topography is notable for a steep western slope, which descends toward the central valley of Catamarca, while the eastern slope is less steep, starting at around 2,000 masl in the highest areas and gradually descending to 500 masl at the western edge of the semi-arid Chaco plain. This topographical variation creates diverse microenvironments, which have been historically interpreted as supporting specific and specialized functions. In the higher elevations (up to about 1,500 masl), a highland grassland predominates, with sparse vegetation primarily consisting of grass species from the genera Stipa and Festuca. A second microenvironment develops between 1,200 and 700 masl, featuring a distinct vegetation profile, characterized by the presence of large trees. The cebil tree (Anadenanthera colubrina) is a prominent indicator species in this area, alongside other tree species such as algarrobo negro (Neltuma nigra), algarrobo blanco (Neltuma alba), and orco quebracho (Schinopsis haenkiana). Finally, around 500 masl, a dry forest microenvironment is present (Morlans, 1995). The most abundant species in this forest include quebracho blanco (Aspidosperma quebracho-blanco), mistol (Ziziphus mistol), algarrobo (Neltuma sp.), and quebracho colorado (Schinopsis balansae) (Zuccarelli Freire, 2020). In the El Alto-Ancasti mountain range, our research focuses on three case studies across three ecological zones: the high-altitude grasslands in El Taco, the montane dry forest in Oyola, and the semi-arid Chaco ecological zone in the northern part of the range, near Ampolla. Our case studies capture the environmental diversity of the region (Figure 1) and provide an opportunity to compare different zooarchaeological assemblages dated to the first millennium CE (Figure 3), which are relatively scarce for the region.
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FIGURE 3
 Chronological dates of the archaeological sites analyzed. The dates were calibrated with OxCal online software (version 4.4) using the Southern Hemisphere calibration curve SHCal20 (Hogg et al., 2020).


El Taco is situated within the highland grasslands and exhibits a settlement pattern that connects domestic compounds with agricultural terraces. This pattern has been identified in other environmentally similar regions within the study area (Dlugosz, 2005; Eguía et al., 2016; Gordillo et al., 2017; Quesada et al., 2012, 2016; Zuccarelli Freire, 2020; Zuccarelli Freire et al., 2022). Initially, this type of cultural landscape was conceptualized as primarily focused on herding, due to its environmental characteristics. However, it is now evident that this area was also intended for long-term habitation, requiring significant labor investments. Systematic surveys have uncovered numerous domestic compounds and agricultural terraces, suggesting the presence of integrated residential settlements with clearly defined domestic zones (Quesada et al., 2012; Zuccarelli Freire et al., 2022). Excavations at one of these compounds, El Taco 19 (ET19) (Figures 4A–C), have yielded faunal remains that offer valuable insights into animal consumption and use during the latter half of the first millennium CE (Egea and Moreno, 2021; Gastaldi et al., 2023; Moreno et al., 2022; Quesada et al., 2012). El Taco 19 has been interpreted as a large domestic compound consisting of 27 enclosures constructed with stones of varying shapes and sizes. Two of these enclosures were excavated, revealing walls that follow a particular construction sequence: the base features a double row of vertical stone slabs embedded into the sediment, which can reach a height of 1 meter. The sequence is completed by the placement of irregular blocks, though with the more regular sides selected to face the interior of the enclosure. The gaps between the slabs were filled with earth and rubble, while mortar was observed in the case of the blocks that complete the walls. Enclosure 1 measures approximately 5 meters on each side, with an opening facing south, while Enclosure 2 is larger and appears to have been open toward the south. It has been interpreted as a possible open space, likely unroofed or partially roofed (Gastaldi et al., 2023; Quesada et al., 2012).
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FIGURE 4
 Archaeological sites at El Alto-Ancasti mountain range: (A) Plan of El Taco 19 archaeological site, (B, C) Photographs of El Taco 19, (D) External view of Oyola 7 rockshelter, (E) Interior view during excavation of Oyola 7, (F) Plan of the Pobladito de Ampolla site showing the location of Ampolla 1, 8, 9, and 10 structures (A1, A8, A9, and A10) (modified from Salvatore, 2016). (G) Excavation of Ampolla 8 structure.


Oyola, located at the montane forest, is notable for its pre-Hispanic rock art (see Figures 2B–D), which features anthropomorphic, zoomorphic, and geometric figures typical of the region. These motifs have been linked to a possible ritual use, associated with the presence of cebil with hallucinogenic properties (Gheco, 2020). However, beyond the significant rock art records, intensive surveys and local knowledge of current residents led us to domestic compounds associated with agricultural terraces, evidence that suggests the configuration of a cultural landscape similar to that described for the highland grasslands (Quesada et al., 2012, 2016; Zuccarelli Freire, 2020; Zuccarelli Freire et al., 2022). To explore these occupations further, we excavated two domestic compounds (Oyola 50 and Oyola 51) and one rockshelter (Oyola 7) (Figures 4D, E). The compounds exhibit several similarities to ET19, not only in terms of chronology but also in the activities that took place there, which suggest similar forms of production and social reproduction despite microenvironmental differences (Gastaldi et al., 2023; Zuccarelli Freire et al., 2022). In contrast, the excavation of the rockshelter indicates an intermittent mode of occupation during the first millennium CE. Periods of greater intensity feature activities such as the use of fire and food consumption, while periods of lower occupation intensity are marked by occupational levels covered by sediments, possibly reflecting site disuse or abandonment (Gastaldi et al., 2016; Gheco, 2017; Gheco et al., 2019).

To the west of the previous area, in the semi-arid Chaco, the archaeological site of Pobladito de Ampolla (PDA) reveals itself as a place of residence and social reproduction, challenging the view of this area as merely transitional or peripheral (Taboada, 2011). The site comprises approximately twenty independent features, including various stone structures, isolated walls, small stone-covered mounds, larger earthen mounds, and 19 bedrock mortars (Figure 4F). These structures cover an area of about 8 hectares (400 × 200 meters), with features spaced 15 meters apart on average. This layout suggests a cohesive residential settlement with distinct domestic compounds, refuse disposal areas, grinding zones, and other spaces of undetermined function. Radiocarbon dates (see Figure 3) and associated ceramic materials indicate that PDA was occupied from the early first millennium to the end of that period or the beginning of the second millennium CE (Taboada, 2017; Taboada and Rodríguez Curletto, 2022). The information presented here derives from three excavated structures. Ampolla 8 is a semi-subterranean structure measuring 9 × 6 meters, primarily constructed from rock and earth. It shows possible signs of remodeling and partial roofing (Figure 4G). Evidence of domestic activities was found there, including combustion structures, burnt ceramic fragments, lithic artifacts (such as grinding and percussion tools), quartz debitage, beads, and faunal remains with cut marks and thermal alterations (Salvatore, 2016; Mercolli and Taboada, 2016). Ampolla 9 is a smaller stone structure featuring two intersecting walls built with unselected, rounded rocks. The limited material recovered—mostly ceramics, lithics, and faunal remains—and the absence of an identifiable occupation layer suggest it had a distinct, possibly non-domestic function. In contrast, Ampolla 10 appears to be a mound formed by the accumulation of cultural materials, including ceramic fragments, abundant faunal remains, lithics, beads, charcoal, and more. This structure is interpreted as a discard area.

Additionally, PDA includes both high- and medium-visibility rock art panels (Ampolla 1) dated to the site's period of use. These panels are located 300 meters southwest on a terrace containing 40 mortars, suggesting an integration of domestic and productive landscapes. The rock art depicts various animal motifs, including camelids, canids, and birds—species also represented in the archaeofaunal record. Camelid imagery exhibits signs of domestication, management, and/or care, such as depictions of harnesses and associations with human figures (see Figure 2A). These scenes likely reflect activities related to pastoralism (Taboada and Rodríguez Curletto, 2022).

In the case of Santiago del Estero province, its physiography consists of a vast loess sedimentary plain, interrupted at its southern, western, and northwestern edges by several mountain ranges, none of which reach significant elevations (Basualdo et al., 1985). This region lies within Argentina's semi-arid, continental subtropical zone, characterized by a scarcity of permanent water sources. Water is primarily concentrated in the province's two main rivers, the Dulce and Salado, as well as in springs and wells located near the mountain ranges. The Dulce and Salado rivers flow parallel to each other across the province from northwest to southeast, traversing low-gradient terrain. Their courses contribute to the formation of lagoons, marshes, swamps, and wetlands, particularly along the Salado River.

The Guasayán mountain range is a small, low elevation formation, approximately 80 km in length and 4 km in width at its widest point, with a maximum elevation of 790 masl (Roic and Villaverde, 1987). The eastern slope of the range is steeper than the western slope, resulting in higher rainfall on the eastern side and, consequently, denser vegetation. This vegetation is primarily composed of thorny bush clumps and cacti. For this area, we will consider the results obtained at two archaeological sites: Villa La Punta Guayacán (VP) and Maquijata (MJ). VP site is an open-air location lacking stone walls or artificial elevations, with human occupation evidence found in the natural profile of the creek (Figure 5A). Based on radiocarbon dates (Figure 3) and the homogeneity of the recovered materials, the site appears to reflect a short occupation period. Maquijata consists of a group of mounds that appear to have been reused over time and are closely associated with nearby water sources (Figure 5B). The mounds vary in height and size, forming a relatively extensive conglomerate. Radiocarbon dates place the occupation of the site at the transition between the end of the first millennium and the beginning of the second millennium CE.
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FIGURE 5
 Archaeological sites from Guasayán mountain range and Dulce River basin: (A) Excavation at Villa La Punta Guayacán (credits: José Togo), (B) General view of Maquijata (credits: José Togo), (C) General view of Rincón de Atacama, from one of the water spillways of Río Hondo dam (credits: José Togo), (D) General view of La Cañada (credits: José Togo), (E) Sketch of Beltrán Onofre Banegas-Lami Hernández archaeological site, (F) General view of a mound at Media Flor (credits: José Togo).


In contrast, the Santiago plain placed within the semi-arid Chaco, where the Dulce River flows, is characterized by a xerophytic and semi-deciduous forest. In the past, the forest canopy was predominantly composed of quebracho colorado santiagueño (Schinopsis lorentzii) and quebracho blanco (Aspidosperma quebracho-blanco) (Torrella and Adámoli, 2006). For this area, we will consider four case studies: Rincón de Atacama (RA), La Cañada (CA), Beltrán Onofre Banegas-Lami Hernández (BB), and Media Flor (MF). The RA site lies within the floodplain of the Termas de Río Hondo dam and is accessible only during drought periods. Although no visible structures reveal its full extent, the site was originally situated approximately 1,000 meters from the watercourse prior to the dam's construction in 1967 (Figure 5C). Evidence suggests that this area was occupied between 400 and 600 CE (Figure 3). CA is an archaeological site identified by the discovery of a large funerary urn, dated between 650 and 1,100 CE (Figure 5D). BB is characterized by the presence of mounds situated near a paleochannel of the Dulce River. At least four mounds have been identified, although there were likely more, as anthropogenic activities have leveled the terrain in recent years (Figure 5E). Occupations at this site have been dated to the Late Period (1,400–1,600 CE). MF site is located on the natural hillsides adjacent to a flood-prone area of the Dulce River (Figure 5F).



4 Materials and methods

Faunal remains from archaeological sites in the mentioned locations were analyzed using standard zooarchaeological methods. To assess the state of preservation of the faunal assemblages from the various archaeological sites, we took into account the different stages of weathering proposed by Behrensmeyer (1978). Taxonomic identification was carried out using reference samples and osteological manuals (Benavente et al., 1993; Olrog and Lucero, 1981; Pacheco Torres et al., 1979), taking into account factors such as skeletal part identification, laterality, and other relevant characteristics. For the quantification of bone specimens, species representation was estimated using NISP (Number of Identified Specimens per Taxon) (Grayson, 1984; Payne, 1975). Regarding the age profile, SAC were categorized into three groups based on bone fusion stages: early fusion (12–18 months), intermediate fusion (18–36 months), and late fusion (36–48 months). This classification follows the framework established by Mengoni Goñalons (2013), which builds on earlier works by Kaufmann (2009), Kent (1982), and Wheeler (1999). In this system, fused bone elements within each group indicate animals that survived beyond the specified age range (e.g., older than 12–18 months), but their exact age at death remains uncertain. Conversely, non-fused bone elements suggest that the animals died before reaching the particular age range (e.g., younger than 12–18 months). For the analysis of the identified skeletal parts, we considered the percentage value of Minimum Animal Units (%MAU) (Binford, 1984). This value is calculated by dividing the Minimum Number of Elements (MNE) by the number of times that element occurs in the skeleton. Since the objective is to analyze the relative importance of different anatomical parts, the values were standardized and expressed as percentages, with 100% assigned to the skeletal part with the highest MAU value (Mengoni Goñalons, 1988).

For interspecific identification of SAC, osteometric analysis was employed, a method widely used in the region to differentiate camelid species (Cartajena, 2009; Dantas, 2012; del Papa, 2020; Izeta et al., 2009b; Medina et al., 2014; Yacobaccio, 2010). This analysis involved measuring the maximum length and width of the proximal epiphysis of the 1st and 2nd phalanges recovered during excavation. The results were then compared with reference measurements for SAC (Izeta et al., 2009b; Mengoni Goñalons and Elkin, 2021; Mondini and Muñoz, 2017). It is important to note that, despite certain limitations, osteometry has proven to be a valuable tool for the taxonomic characterization of SAC, as discussed by del Papa (2020). Some of these limitations include dietary and environmental differences between reference samples and archaeological specimens (Cartajena et al., 2007), as well as the significant size variation observed within individuals of the same species, as demonstrated by Yacobaccio (2010) in the case of llamas. Nevertheless, osteometry remains a useful source of information, contributing to the integration of multiple lines of evidence.

It is important to highlight that some of the information presented here has been previously published by certain authors of this article. The composition of the samples from the various cases analyzed, along with the taxonomic and taphonomic analyses and osteometric data, can be examined in detail in those sources (Ahumada et al., 2015–2016; del Papa, 2012, 2020; del Papa et al., 2017; Mercolli and Taboada, 2016; Moreno and Ahumada, 2018; Moreno et al., 2022). In this article, this information has been systematized and consolidated through the standardization of criteria and the incorporation of additional analyses, such as the calculation of MAU% and osteometric comparisons, which introduce new data. Furthermore, previously scattered information—constituting virtually the only available zooarchaeological data for the region—has been integrated into a single dataset, facilitating new interpretations through comparative analysis. We consider this a foundational step toward advancing this line of research, with the future incorporation of methodologies we are currently exploring, such as ZooMS and stable isotope analyses, among others (Moreno et al., 2022).



5 South American camelids in the Argentinian eastern Andes

We will now present the zooarchaeological information obtained from the different case studies, with a particular emphasis on the importance of camelids in each case and, specifically, on the osteometric and interspecific identification data available.


5.1 Highland grasslands: El Taco

The faunal remains recovered from El Taco 19 archaeological site account for 1,029 skeletal fragments, which are generally very well-preserved (Figure 6), allowing for the taxonomic identification of 37% of the assemblage (Table 1). Notably, the highest percentages of identification correspond to the Camelidae family and the Artiodactyla order, together accounting for over 85% of the analyzed sample (Figure 7A) (Ahumada et al., 2015–2016; Moreno and Ahumada, 2018; Moreno et al., 2022). This underscores the significant role of large mammals, particularly SAC, within the subsistence strategies of the inhabitants of the site.
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FIGURE 6
 Weathering stages of the faunal remains of the archaeological sites considered, following Behrensmeyer (1978).



TABLE 1 Representation of the total number of recovered faunal remains, the number of identified specimens, and the percentage representation of South American camelids for each archaeological site considered here.
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FIGURE 7
 Left: Taxonomic representation identified in (A) El Taco 19, (C) Oyola 7, and (E) Pobladito de Ampolla faunal assemblages. Right: Representation of skeletal parts according to %MAU at (B) El Taco 19, (D) Oyola 7, and (F) Pobladito de Ampolla.


The results of the osteometric study of the first phalanges revealed three size groups, which likely correspond to small camelids (possibly vicuña), as well as larger groups that could be associated with llamas and guanacos (Moreno et al., 2022). Also, our analysis shows the presence of nearly all camelid skeletal parts, including both those with higher and lower economic yield (Figure 7B). This suggests that the slaughter of these animals likely occurred near ET19, as there would be no need to transport them, thus avoiding selective removal of skeletal parts (Binford, 1984; De Nigris and Catá, 2005; Mengoni Goñalons, 1999; Miller, 1979).

When evaluating the ages at death, we observe a relatively balanced distribution of newborns, young animals, and adults (Table 2). This pattern is typical of slaughter ages in herds managed for diverse purposes, suggesting the exploitation of both primary (such as meat) and secondary products (such as wool). Therefore, the information regarding the highland grasslands area aligns with the idea of a space where pastoral practices were carried out, not with a focus on specialization, but rather on a diversified economy. In this economy, agriculture, herding, gathering, hunting (including guanacos), and resource exchange with neighboring groups would have played key roles in supporting daily social reproduction in these spaces (Moreno et al., 2022; Quesada et al., 2012).


TABLE 2 Age profiles percentages representation for each archaeological site analyzed.

[image: Table 2]



5.2 Montane dry forest: Oyola

The faunal assemblages recovered from the Oyola sites were very scarce and poorly preserved (Figure 6). However, some relevant data were obtained, particularly from the excavation of Oy7 (Moreno et al., 2022). The faunal remains consist of only 117 bone fragments, with camelids and other mammals predominating within the assemblage (Table 1, Figure 7C). Due to the absence of first and second phalanges, an osteometric analysis could not be conducted. However, analysis of the identified skeletal parts revealed the presence of skulls and the distal ends of both front and hind limbs—parts that are typically associated with a low economic yield (Figure 7D). While the zooarchaeological data from the Oyola sites may not provide as much detail as those from ET19, it still highlights the importance of SAC in the region (Moreno et al., 2022).

One aspect we were particularly interested in evaluating was the potential relationship between highland grasslands environments, which likely served as herding areas for SAC, and forest environments, which may have functioned as consumption areas. To explore this further, we conducted stable isotope analysis (δ13C and δ15N values) to compare the diets of SAC from ET19 and Oy7. The results of this analysis revealed differences in the diets of the animals consumed at each location. Based on these findings, it is likely that the breeding areas for the camelids at El Taco and Oyola were different, as would be expected if they were raised locally within their respective environments (Moreno et al., 2022).



5.3 Western semi-arid Chaco: Pobladito de Ampolla

The faunal remains analyzed were recovered from excavations in three structures at PDA: a sub-quadrangular structure (Ampolla 8), an indeterminate-shaped structure (Ampolla 9), and an earthen mound (Ampolla 10). These excavations were conducted in reduced areas of the three sectors of these archaeological sites, which explains the relatively small sample of faunal remains, as the overall state of preservation is good (Figure 6). The represented taxa show a predominance of gastropods; however, considering body size and dietary contribution, SAC are clearly the most important resource (Table 1, Figure 7E). Also, there is an important presence of viscachas, armadillos, canids, cervids, fish, birds, and undetermined eggshell fragments. Cervid remains were identified only in Ampolla 10, leading to the broader taxonomic category Artiodactyla being applied to bones that could not be definitively assigned to camelids or cervids. Osteometric analysis of five first phalanges allowed taxonomic differentiation of SAC, with four measurements indicative of llamas and one of guanaco. This identification is further supported by incisor morphology, which aligns with the anatomy of llamas and guanacos. Thus, both domestic and wild camelids appear to be represented, with osteometric data suggesting a higher prevalence of llamas. Despite the limited sample size, skeletal elements from both axial and appendicular regions are present (Mercolli and Taboada, 2016), indicating that inhabitants likely had access to whole animals rather than specific body parts (Figure 7F). This pattern suggests herding of domestic llamas, complemented by hunting of wild guanacos. Regarding the age at death estimates for camelids, it was not possible to establish a clear mortality profile due to the limited number of specimens wherein epiphyseal fusion could be observed. Additionally, a diverse range of faunal resources—including those from hunting, fishing, and gathering—was utilized. This evidence indicates that Pobaldito de Ampolla's inhabitants primarily relied on wild resources, supplemented by the use and consumption of domesticated camelids.



5.4 Guasayán mountain range

Villa La Punta Guayacán (VP) shows a faunal assemblage composed of 2,582 well preserved faunal remains (Figure 6), from which 1,273 were taxonomically assigned. A total of 110 specimens were identified as camelids, representing 8.6% of the specimens attributed to a specific taxon (Table 1), making camelids the third most abundant taxon after dolichotine (known as conejo de los palos) and other rodents (Figure 8A). Osteometric analysis at this site was limited to a single second phalanx, identified as Lama glama (del Papa, 2020). Camelid remains include various skeletal portions (Figure 8B) from both axial and appendicular regions, suggesting the processing of whole carcasses (del Papa, 2012). The age profile of the camelid remains shows a nearly balanced distribution between juvenile (54.5%) and adult (45.5%) animals, which may reflect a diversified subsistence strategy that relied on both primary and secondary products (Table 2).
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FIGURE 8
 Left: Taxonomic representation identified in (A) Villa La Punta Guayacán and (C) Maquijata faunal assemblages. Right: Representation of skeletal parts according to %MAU at (B) Villa La Punta Guayacán and (D) Maquijata.


Analysis of the faunal remains obtained at Maquijata archaeological site revealed a well preserved assemblage (Figure 6), in which 30.7% of the taxonomically identified specimens belong to Camelidae (Table 1, Figure 8C). Osteometric analysis examined eight first phalanges and five second phalanges, identifying nine phalanges (both first and second) as Lama glama, one as Lama guanicoe, and three first phalanges as part of the llama-guanaco group (del Papa, 2015, 2020). Camelid remains at the site include a variety of skeletal elements from both axial and appendicular regions, suggesting the processing of whole carcasses (Figure 8D). The age profile is dominated by juvenile animals (Table 2), which may indicate a meat-sourcing strategy focused on young individuals or reflect calf mortality within herd management practices (del Papa, 2012). The predominance of camelid remains at the MJ site aligns with a more specialized subsistence strategy, likely reflecting an increased reliance on domesticated camelids during a period of favorable climatic conditions, with higher relative humidity and growing human populations (Drube, 2009).



5.5 Dulce River basin

In all the faunal assemblages of this region, the state of preservation is similar, with weathering stages 1 and 2 prevailing (Behrensmeyer, 1978), as shown in Figure 6.

In Rincón de Atacama, camelids account for 30.8% of taxonomically identifiable remains (Table 1, Figure 9A). Measurements of two first phalanges identified them as Lama glama (del Papa, 2020). The camelid remains include various skeletal elements, indicating whole-carcass processing (Figure 9B). The age profile is predominantly composed of sub-adult individuals (Table 2), which aligns with patterns observed at MJ, despite differences in the temporal contexts of their occupations.
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FIGURE 9
 Left: Taxonomic representation identified in (A) Rincón de Atacama, (C) La Cañada, (E) Beltrán Onofre Banegas-Lami Hernández, and (G) Media Flor faunal assemblages. Right: Representation of skeletal parts according to %MAU at (B) Rincón de Atacama, (D) La Cañada, (F) Beltrán Onofre Banegas-Lami Hernández, and (H) Media Flor.


A total of 952 faunal remains were identified at the La Cañada archaeological site, with only 6.3% attributed to camelids (Table 1, Figure 9C). Fishes (Teleostei) were the most represented group. One second phalanx was measured and identified as Lama glama (del Papa, 2020). Camelid remains include various skeletal portions, indicating whole-carcass processing (Figure 9D). However, differential destruction—likely influenced by bone mineral density and potential fluvial transport—was observed (analysis in del Papa, 2012). The age profile is evenly split between young animals (including offspring and juveniles) and adults, suggesting a diversified strategy aimed at obtaining both primary and secondary products (Table 2).

At Beltrán Onofre Banegas-Lami Hernández, camelids account for only 5.1% of the identified faunal remains. This site is distinguished by the presence of a collection comprising 15,962 faunal remains, representing a significantly larger sample than those considered in other cases discussed here (Table 1, Figure 9E). Measurements of three first phalanges identified two as Vicugna vicugna and one as Lama guanicoe, while a second phalanx was assigned to Lama glama. The camelid remains include various skeletal portions, indicating whole-carcass processing (Figure 9F). The age profile is predominantly composed of sub-adult individuals (Table 2). The presence of vicuña underscores the complex social interaction networks established by the ancient inhabitants of Santiago del Estero during this period. This is supported by the fact that vicuñas are adapted to environments above 3,500 masl (Puna, Figure 1), but also by the increased presence of foreign material in later temporalities, such as marine shells and pottery (del Papa, 2012, 2020).

Finally, at Media Flor, camelids accounted for just 2.6% of the identified remains (del Papa, 2012) (Table 1, Figure 9G). Measurements of two first phalanges identified them as Lama guanicoe (del Papa, 2020). No llama remains were identified at this site; however, their absence may be attributed to the limited amount of osteological elements available for osteometric analysis. Camelid remains included various skeletal elements, suggesting whole-carcass processing (Figure 9H). The age profile is evenly split between young and adult animals, which may reflect a diversified strategy aimed at obtaining both primary and secondary products (Table 2).

The findings suggest that llamas were present throughout the analyzed sequence and across both areas of the semi-arid Chaco region. However, resource procurement through hunting and fishing played a significant role, with strategies adapting to the specific microenvironment studied. These strategies and their importance in social reproduction varied significantly, taking into account environmental particularities such as proximity to watercourses, as well as paleoenvironmental changes that could have influenced them (Cione and Tonni, 1981).




6 Discussion

The archaeological cases presented here offer new insights into the historical trajectories of human occupation and productive strategies in the regions studied, challenging traditional perspectives that viewed them as marginal areas in cultural development, solely specialized in the production of specific resources. Additionally, the new data discussed here allow us to revisit the relationship between humans and SAC, exploring the potential management of domestic SAC within this landscape. Camelid management appears to have been part of a diversified economy that incorporated agriculture, hunting, gathering, fishing, and other subsistence practices.

First, it is essential to address the marginal role traditionally attributed to environments located in the eastern foothills of the Andes. Recent studies are reevaluating the characteristics of the populations that inhabited this region, revealing greater complexity and a profound understanding of these environments. Notable examples include the Llanos de Moxos (Bolivia) and Amazonia (Brazil), among many others (Cruz, 2010; Jaimes Betancourt, 2012; Lombardo and Prümers, 2010; Neves, 2007; Ortiz, 2007; Rostain and Jaimes Betancourt, 2017; Valdez, 2013). For the specific case presented in this paper, evidence points toward a long term occupation (Figure 3). In some cases, long-lasting architecture was accompanied by the development of diversified economies that leveraged and enhanced local resources according to microenvironmental conditions and consistent efforts to modify the environment to particular productive strategies (del Papa, 2012, 2020; Quesada et al., 2012, 2016; Taboada, 2011; Taboada et al., 2013; Zuccarelli Freire et al., 2022). This challenges traditional narratives that emphasized the complementarity of different ecozones within mountain ranges while portraying the plains as exclusively inhabited by hunter-gatherer populations. Moreover, the concept of “periphery,” often used to describe pre-Hispanic human populations in South America, particularly in Northwestern Argentina, warrants reevaluation.

One noteworthy aspect is the relative synchrony of the occupations identified across all the cases discussed, which predominantly span the 1st millennium and part of the 2nd millennium CE. For the ET19 and Oy7 sites, the synchrony is almost exact, with dates ranging between the 5th and 10th centuries CE. PDA sites show slightly earlier occupations, beginning in the early 1st millennium for Ampolla 10 and somewhat later for Ampolla 8. In contrast, sites in Guasayán mountain range and Dulce River basin reveal a longer occupation period with notable differences, particularly in the use of faunal resources (see Figure 3). In Guasayán (e.g., MJ), the Late Period (1,200–1,400 CE) showed a predominance of camelids, a trend associated with population growth and the absence of water necessary for large-scale agriculture. During the Late Period in the Dulce River basin, population growth and proximity to the river likely encouraged the exploitation of other resources, such as fish, and possibly a shift toward agricultural predominance (Lorandi, 2015; Togo, 2005). Another significant aspect observed in this Late Period—both in PDA and the Dulce River basin—is an increase in the interregional circulation of objects, evidenced by the discovery of goods from distant regions, as well as indications of population growth (del Papa, 2012; Drube, 2009; Taboada, 2019; Taboada and Rodríguez Curletto, 2022).

The analyzed results reveal significant differences between the areas and sites studied, particularly in relation to the state of preservation of the various assemblages. One notable observation is the differential impact of environmental conditions on their preservation. In the case of the montane forest, faunal assemblages are more heavily affected by post-depositional processes, which significantly limits the potential for information recovery. Furthermore, substantial differences are observed in the taxa present and their relative relevance. The importance of camelids must be considered in relation to their body weight compared to other species. However, we observe that in some cases, particularly in the El Alto-Ancasti mountain range, camelids predominate considerably, whereas in other cases, such as BB or MF, other species are more prevalent. This discrepancy may be attributed to microenvironmental conditions and differential access to certain species. It may also be related to occupation patterns and historical changes.

Furthermore, these particularities underscore the importance of recognizing the diverse ways in which these populations inhabited the eastern Andean landscapes. Rather than adhering to a single model, their subsistence and settlement strategies were shaped by microenvironmental conditions and the diversification of social reproduction strategies. Focusing on the primary objective of this paper, SAC were clearly important for these populations, emerging as one of the primary taxa across the analyzed sites. In most cases, camelids were found alongside other species, including other large animals such as deer, peccaries, and foxes, as well as smaller animals like rodents, reptiles, armadillos, fish, and snails. This diversity highlights the wide range of animals utilized by these populations.

Common patterns are evident in the camelid remains, particularly in the representation of skeletal elements, which show no evidence of selective transport based on economic yield or other criteria indicative of intentional selection. The age profiles of camelids across most analyzed records reveal a balanced distribution of age classes, including juvenile, adult, and even senile individuals. These findings have been interpreted as evidence of domestic camelid herd management. This interpretation is supported by the expectation that, if these were wild animals, only the skeletal elements with higher economic value would typically have been transported from hunting sites to residential areas for consumption (Capriles, 2016; Miller, 1979). These findings provide evidence suggesting the presence of llamas in these assemblages. However, this does not preclude the presence of wild animals, i.e., guanacos, as indicated by osteometric data, particularly in cases where such analyses confirm the exclusive presence of guanacos, as observed at MF. This underscores the role of hunting in the subsistence strategies of populations with diversified economies. Guanaco hunting, along with the exploitation of other wild animals, appears to have been central to these populations. Given the challenges in clearly distinguishing llamas from guanacos using osteometric techniques—and the fact that none of the studies conducted allow for precise differentiation—the integration of multiple analytical approaches is essential for understanding the significance of domestic camelids in these assemblages. Future research in the region, combined with the application of new methodological tools, may further refine taxonomic identification among South American camelid species.

Moreover, the comprehensive processing of carcasses through a diversified strategy of primary and secondary resource utilization more closely aligns with patterns associated with domesticated animals. The balanced age profiles observed suggest herd management strategies aimed at obtaining both primary and secondary resources. Primary resources include meat, bones, and tendons, while secondary resources encompass wool and transport. However, in specific cases from the semi-arid Chaco region (e.g., MJ, RA, BB), sub-adults predominate (del Papa, 2012). This pattern has primarily been linked to a subsistence strategy focused on primary resources, as well as the constraints inherent in herd management practices.

Osteometry can shed light on the presence of SAC in this region through a comparative analysis of different sites. Figures 10, 11 present the measurements taken from the first and second phalanges, revealing three size groups. The smallest group likely represents vicuñas, which may have arrived in the region through trade or the circulation of goods, such as hides. The intermediate group corresponds primarily to indeterminate individuals considered as llama/guanaco, while the largest elements could indicate llamas, given that northern guanacos are generally smaller. Based on this analysis, we can propose the presence of both llamas and guanacos, which were likely consumed by the populations inhabiting these sites. However, the data raises an important question: were the domestic camelids breeded locally, or did they originate in other areas?


[image: Figure 10]
FIGURE 10
 Comparative osteometry of first phalanges from various archaeological sites under consideration. Vicuña, guanaco, and llama measurements correspond to modern samples. All measurements are in mm.



[image: Figure 11]
FIGURE 11
 Comparative osteometry of second phalanges from various archaeological sites under consideration. Vicuña, guanaco, and llama measurements correspond to modern samples. All measurements are in mm.


Another indirect but significant source of information for understanding the interactions between SAC and humans in the eastern Andes is rock art, as highlighted in previous studies such as those carried out at Oyola and Pobladito de Ampolla (Gheco, 2017, 2020; Gheco et al., 2019; Taboada and Rodríguez Curletto, 2022). Many rock art sites depict not only anthropomorphic and camelid figures but also scenes of interaction, including the use of ropes or other binding tools. While this aspect requires further in-depth analysis, we include it here as an additional element to consider when exploring llama husbandry.

In this context, we propose the existence of local camelid breeding based on certain evidence, such as the osteometric information, the selection of skeletal parts, and the age profiles. Additionally, this hypothesis aligns with the idea of a diversified economy that incorporates various practices, one of which may have been herding. In this regard, one practice that likely played a significant role is hunting, as evidenced by the presence of various wild species, including vicuñas and possibly guanacos, as we noted previously (del Papa, 2012, 2020; Mercolli and Taboada, 2016; Moreno et al., 2022).

This brings us to the final subject we wish to address, that is herd management and specifically how this practice may have been carried out in the study area. To approach this question, we must first acknowledge the well-established general model for llama pastoralism. This model, supported by a wide range of archaeological, ethnohistorical, historical, and ethnographic sources, outlines the dynamics of herding practices, including mobility patterns, associated architectural features, labor organization, and ritual activities (Flores Ochoa, 1968, 1977; Webster, 1973; Browman, 1974; Gundermann, 1984; Kuznar, 1991; Tomka, 1992; Nielsen, 1997-1998; Yacobaccio, 2007; Caracotche, 2001; Göbel, 2002; Berenguer, 2004; Wawrzyk and Vilá, 2013). Here, we focus on two key aspects. The first one concerns the presence of structures associated with pastoralism, such as enclosures (corrals) and herding shelters (puestos) (Chaiavassa-Arias and Franco Salvi, 2024; Göbel, 2002; Yacobaccio, 2007; Yacobaccio et al., 1997-1998). In the study area, no stone corrals have been identified to date, though they may have been constructed using perishable materials. This possibility is supported by the abundant presence of bushes and trees in the region, which could have provided suitable building materials, as described in ethnohistorical references (Fernández, [1571]1914). Additionally, there is evidence of similar structures still in use in some parts of the area today. The second aspect relates to the herding dynamics specific to these environments. In the high Andean region, herding traditionally followed a mobility pattern linked to an annual cycle, dictated by the seasonal availability of pasture and water (Caracotche, 2001; Flores Ochoa, 1968, 1977; Göbel, 2002; Tomka, 1992). In contrast, the management of resources in the eastern Andes may have differed. It is possible that animals were allowed to roam freely across various spaces to graze on a mix of pastures, shrubs, and trees, reflecting an adaptation to the specific ecological conditions of this region.

Additionally, we believe it is important to consider the size of the herds that may have been managed by these populations. Commonly, large llama herds are associated with the specialization of pastoralism in the high Andes. This view reflects the environmental constraints of those regions, where herding is often seen as the primary adaptive strategy. In contrast, we propose that in the environments under study, characterized by the specific nature of the sites and their productive and reproductive dynamics, smaller herds were likely managed. These smaller herds would have been oriented toward self-sufficiency, meeting food and other resource needs on a more localized scale. This perspective considers the feasibility of managing smaller herds within a diversified economy, which would have included a variety of productive activities. For instance, strategies would have been necessary to prevent animals from grazing on cultivated areas, even if agricultural production in some cases might have been directed toward animal fodder.

A possible dynamic that may have occurred, particularly in the El Alto-Ancasti area, involves the exchange of animal parts among different domestic units. At El Taco, for example, a community-based settlement pattern has been proposed (Gastaldi et al., 2023; Quesada et al., 2012), where houses were situated within sight of one another and connected by marked paths. This spatial organization could have facilitated the exchange of resources. For instance, when an animal such as a llama was butchered, parts of it may have been shared or traded with neighboring households. This practice would have been especially practical in a warm and humid climate like this, where meat preservation poses serious challenges, unlike in the high Andes. Such exchange is a practice frequently carried out today: when an animal is slaughtered and butchered, neighbors are informed, and parts of the animal are sold.

Regarding the case studies presented here, we believe it is essential to expand the volume of data collected thus far and to generate more baseline information. Nevertheless, this work represents a significant initial step toward developing models that explore pre-Hispanic populations' interactions with their environments. These models not only provide insights into how different social groups in the past interacted, adapted, and formed communities but also shed light on how such processes persist in the present.



7 Final remarks

In this paper, we have explored the characteristics of pre-Hispanic SAC herding beyond the High Andean region. Our analysis focused on the eastern sector of the Andes, specifically the provinces of Catamarca and Santiago del Estero, in Argentina addressing two key discussion points. The first concerns the degree of determinism in how pre-Hispanic productive practices are understood in relation to local environmental characteristics. This perspective is closely tied to the integration of ecological zones and the adoption of similar productive strategies in comparable environments. The second discussion point, which builds on the first, examines the peripheral status often ascribed to regions like the eastern Andes within the broader narrative of pre-Hispanic cultural developments in the Andes.

Various studies, including our own, have challenged this perspective by highlighting the diverse strategies of social reproduction and economic production employed in these environments. These studies demonstrate how pre-Hispanic human populations adapted to these settings in ways that diverged significantly from previously proposed frameworks of domination and peripheral subordination to political-administrative centers (Cruz, 2010; del Papa, 2020; Ortiz et al., 2017; Quesada et al., 2016; Taboada, 2017; Ventura, 2001; Zuccarelli Freire et al., 2022).

Within this framework, the integration of diverse economic strategies and environmental interactions takes on particular significance, with camelid herding emerging as a key method for resource acquisition in these settings. Drawing on this theoretical and methodological approach, we have evaluated the available data to assess not only the presence of domesticated SAC in the study area but also their potential management practices. To this end, we synthesized information from various archaeological sites, where faunal remains underscore the importance of SAC. Osteometry is a crucial tool for interspecific differentiation among South American camelids. In the cases considered here, we have identified different size groups, which could primarily indicate the presence of llamas and guanacos. In addition to this analysis, zooarchaeological data—such as the representation of skeletal elements and age profiles—provided further evidence supporting the presence of domestic camelids in these assemblages, while also acknowledging the presence and significance of wild species.

Thus, the economic diversification of these populations is reinforced, as camelid husbandry, wild game hunting, gathering, agriculture, and other forms of production developed integrally during the first millennium and part of the second millennium CE.

In this context of diversified production, we propose a herding system centered on small herds with few animals, tailored to the needs of a family-based production scale. In this model, other productive activities would also contribute to securing the resources necessary for social reproduction. Notable differences emerge among the cases studied. In some areas, gathering or fishing may have held greater importance, while in others, agriculture likely played a more dominant role. These variations are further reflected in shifts in production and territoriality over time, particularly during the second millennium CE. Consequently, our proposal does not present a generalized model of land use and productive strategies for the eastern Andes. Instead, it highlights the need for detailed analyses and locally grounded perspectives to better understand the diverse ways of life of these populations.

Significant work remains to be done, particularly in the taxonomic differentiation of SAC species, which would enable more precise characterizations. Advancing new research approaches, such as stable isotope analysis, paleoproteomics, and paleogenetic studies, holds great potential for yielding valuable insights into the species represented in faunal assemblages. The integration of new evidence and innovative analytical techniques will be particularly relevant for taxonomic characterization and dietary analysis of the South American camelid populations under study. Moreover, perspectives such as those presented here—which aim to critically examine established narratives regarding productive strategies in different regions of Northwestern Argentina, particularly along the eastern Andean slopes—will contribute to the continued development of novel approaches to understanding human-animal relationships in these environments.
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