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Abstract

During the Late Holocene, hunter-gatherer interaction networks significantly grew in inten-

sity and extension across Patagonia. Although this growth is evidenced by the increased

flow of exotic items across the region, the mechanisms behind these strengthening social

networks remain unclear. Since evidence suggests that some individuals might have per-

formed long-distance trips, this article aims to address the potential relationship between

these individuals and the flows of exotic items in North Patagonia. We analyzed 54 enamel

teeth for strontium isotopes and reconstructed their probable mobility using mixed-effect

models and isotope-based geographic assignments. We inferred population and individual

mobility trends and compared them against the flow of exotic items built from a standardized

compilation. Our results indicate that most individuals have isotopic composition compatible

with residence within their burial and surrounding areas. However, a few individuals show

isotopic composition incompatible with their burial areas, which suggests axes -from the

burial location to the most likely isotope integration area- of extraordinary mobility. At the

same time, the flows of exotic items overlap with these axes around the eastern sector of

the study area suggesting that this location could have been a central point of convergence

for people and items. We argue that small-scale socially driven mobility could have played a

relevant role as a general mechanism of interaction that fostered and materialized Patago-

nian interaction networks during the Late Holocene.
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Introduction

Human mobility has been a relevant issue in archaeological research for decades and most of

the attention has been placed on discussing large-scale and/or organized population mobility,

which are usually associated with clear material expressions (e.g., seasonal rounds: [1, 2]; inva-

sions: [3–5]; migrations and diasporas: [6–9]). Less attention has been paid to small-scale

mobility (i.e., one or few individuals), that might be regular but discrete in terms of archaeo-

logical evidence [10]. In hunter-gatherers, this mobility has been mainly related to daily subsis-

tence tasks [11–13], but also to social aims such as visit acquaintances, relieving boredom and/

or exchange [14–16]. “Exotic” items might represent a key archaeological expression of this

small-scale socially driven mobility since they are powerful vehicles to model and materialize

networks [17–19]. By combining an item-based approach with isotope analysis on human

remains [20, 21], we will focus on detecting this mobility in North Patagonia (Fig 1).

North Patagonia is a region of the Southern Cone of South America where hunter-gatherer

interaction networks grew more extensive and intense during the Late Holocene (ca. 3000–

250 years BP) (e.g., [22–25]). A context of fluid interactions has been proposed from human

mobility [26], flow of stylistic expressions (portable and rock art: [27, 28]; pottery: [29]; egg

shells: [30]; cranial modification: [31]), and largely by exotic item circulation (lithic, mollusks

and ornaments: [23–25, 32–34]; pottery: [35, 36]; ritual artefacts: [22]; edibles: [37, 38]). Previ-

ous research based on oxygen isotopes (δ18O) on human enamel and water sources in this area

showed that the drinking water values of some individuals did not match with the water base-

line built from the main available sources [26]. The presence of these individuals with uniden-

tified drinking water sources might be related to “extraordinary” mobility patterns, which in

this context would be characterized by long-distances and/or potential connections with dis-

tinct environments relative to their burial place. Several questions derive from this hypothesis:

is there a causal relationship between these extraordinary mobility patterns and the flow of

Fig 1. Study area and locations of the archaeological sites with human remains analyzed in this study (lat. -42˚ to -38˚ S, long.

-70˚ to -62˚ W). From Somuncurá Foothills (SF): 1-Comallo; 2-Matadero Jacobacci; 3-Colitoro; 4-Chipauquil; 5-Paja Alta;

6-Valcheta; 7-Aguada Cecilio; 8-Cueva Galpón. From Negro River (NR): 9- Museo Beltrán, Pomona; 10-Negro Muerto 2 and 3; 11-La

Victoria 5; 12-Caitacó, 13-Loma de los Muertos; 14-San Javier; 15-Laguna del Juncal. Adapted from A. Serna Unpublished PhD thesis

under a CC BY license, with permission of the author, original copyright 2018.

https://doi.org/10.1371/journal.pone.0281089.g001
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items? Could small-scale mobility be operating as a general mechanism of interaction? Who

moved and carried these items across the landscape the most, large groups or a few

individuals?

Here we tackle these questions by studying human paleomobility and exotic item flows in

northern Patagonia, Argentina (Fig 1). First, we explore trends of mobility -with particular

attention to individuals with unidentified drinking water sources- by analyzing strontium iso-

topes in human enamel and performing probabilistic geographic assignments. Then, we evalu-

ate the potential role of small-scale mobility by comparing trends of mobility with the flow of

exotic items reconstructed from a standardized compilation. If small-scale mobility worked as

a relevant mechanism of interaction in these societies, we would expect that the individuals

with extraordinary mobility show compatibility with regions where the exotic items come

from or, similarly, areas where item flow most likely occurred (i.e., an “overlap” between

human mobility and item flow).

Materials and methods

Strontium and sample background

The strontium isotope ratio (87Sr/86Sr) is one of the most common isotope tracers used to

address past mobility. This is because bioavailable Sr is propagated predictably from the geo-

sphere to the biosphere. The 87Sr/86Sr of mineralized tissues is directly related to the 87Sr/86Sr

of bioavailable Sr on the dietary catchment exploited during the time of tissue development

(see reviews in [39, 40]). Hence, the comparison between the isotope ratios of a given sample

against a baseline is necessary and can be achieved by different quantitative approaches [41].

Given that the study region counts with a high-resolution baseline [42], this work will adopt a

continuous probabilistic approach to perform the geolocation on the archaeological samples.

The samples analyzed in this work come from northern Patagonia, Argentina (Fig 1). The

arid/semi-arid conditions that reign in most of this region are the result of the Andes inter-

cepting the humid air masses from the Pacific, leaving them with less moisture as they pass

over the mountains to the east [43, 44]. Regardless of some local variations, paleoclimate

reconstructions show that these general conditions have prevailed for the last ca. 3000 years BP

[45]. The scarcity and distribution of freshwater sources have defined a fragmented environ-

ment characterized by large “dry lands” with very low availability of temporary water bodies

intersected by highly productive “wet stripes” defined by rivers and streams (Fig 1) [46, 47].

These drylands are the Negro-Colorado interfluve and the area located south of the Negro

River valley (“travesía”), which is known as one of the harshest landscapes in Patagonia [48].

These dry lands are delineated by the Colorado and Negro river valleys, two of the most rele-

vant permanent watercourses in Patagonia, and by the streams draining from the Somuncurá

Foothills [46, 47].

Human burials occurred in natural niches and rock mound burials (i.e., chenques), and

-more usual- they are located in elevated dunes near paleochannels [25, 49–52]. The spatial

association of human burials with remains of residential occupations (e.g., faunal remains,

lithic flakes, and pottery sherds) is one of the most common archaeological patterns in the

region, and it has been understood as the result of the recurrent use of the same location

through time [49]. This selection would have been based on positive features of the landscape

and the knowledge about these locations probably transmitted as a part of the interaction net-

works that took place during the Late Holocene among North Patagonian and neighbouring

people [49]. Apart from the circulation of items and stylistic expressions, cranial modifications

could have also played a role as another correlate of these networks that implied material and

non-material exchange at a macro-regional scale (see [31]).
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The analyzed samples come from hunter-gatherer sites located at the Negro River and the

Somuncurá Foothills (Fig 1). As it has been recognized in neighbouring regions [53], they bur-

ied their dead in a non-standardized way, including primary, secondary, simple and multiple

modes, being funerary goods rarely involved [49, 51]. Some of the analyzed individuals were

dated in the Late Holocene (Table 1), which is congruent with the majority of the archaeolog-

ical sites in the study area [23, 25, 46, 51]. These remains are housed at the División Arqueolo-

gı́a, Museo de La Plata, Universidad Nacional de La Plata (Argentina).

Sampling and laboratory procedures

We analyzed the strontium isotopes and strontium concentration in the enamel of 54 perma-

nent teeth from 33 individuals of both sexes (males = 14; females = 13 and indet. = 6) from the

Negro River and the Somuncurá Foothills (NR = 23; SF = 10). Following AlQahtani et al. [54]

dental development scheme, two teeth with different crown mineralization periods were sam-

pled per individual (mostly M2 and M3, respectively) (Table 1).Samples were prepared and

analyzed at the Departments of Archaeology and Geological Sciences of the University of Cape

Town (UCT). Around 20 mg of enamel chunk was removed from the crown following the

root axis and abraded -inner and outer layer- with a Dremel 3000 drill, with diamond heads

washed with ethanol and ultrasonicated in MilliQ water to avoid cross-contamination [59].

Once the enamel chunk was mechanically cleaned, it was washed and ultrasonicated with

MilliQ water for 20 min. It was then digested with 2 mL of 65% HNO3 in a closed Teflon bea-

ker on a hotplate at 140˚C for an hour. The samples were dried, re-digested in 1.7 mL of 2 M

HNO3 and quantitatively split by weight into a 1.5-ml-fraction for strontium separation chem-

istry and a 0.2-ml-fraction for strontium element abundance analysis. The 0.2 ml fraction was

analysed by quadrupole-ICP-MS for strontium elemental abundance using a Thermo Series II

and a calibration curve constructed using artificial concentration standards. The elemental

strontium in the 1.5 ml fraction was isolated with 200 μl of Triskem Sr.Spec resin following

well-established routines [60]. The separated strontium fraction for each sample was dried

down, dissolved in 2 mL 0.2% HNO3 and diluted to 200 ppb Sr concentrations for isotope

analysis. Isotope ratios were measured using a Nu Instruments NuPlasma HR multicollector

inductively-coupled-plasma mass spectrometer (MC-ICP-MS). Sample analyses were refer-

enced to bracketing analyses of NIST SRM987 (87Sr/86Sr = 0.710255). Instrumental mass frac-

tionation was corrected using the exponential mass bias law and a true 86Sr/88Sr value of

0.1194. Results for repeat analyses of an in-house carbonate standard processed and measured

with the samples (87Sr/86Sr = 0.708925; 2σ = 0.000035; n = 33) agree with long-term results in

this facility (87Sr/86Sr = 0.708911; 2σ = 0.000039; n = 545).

Statistical analysis

The analysis was organized in two levels -population and individual- under a significance of

a = 0.05 in R4.1.1 [61]. To perform a population level assessment, the human teeth 87Sr/86Sr

data was described via Tukey’s IQR boxplot method and, complementary, kernel density esti-

mation (package MASS::kde2d) by location and by sex. A generalized linear mixed-effect

model was applied to evaluate the differences of the 87Sr/86Sr means grouping by different fac-

tors (package lmerTest, [62]). This kind of approach is particularly suitable for small, unbal-

anced and longitudinal datasets [63]. The model was built setting “87Sr/86Sr” as the dependent

variable, and “Location”, “Sex” and “Mineralization” as fixed-effect factors with two levels

each. The “Individual” was used as a random-effect factor to explicitly account for the non-

independence among observations (i.e., some individuals have two isotope measurements gen-

erating pseudoreplication) [63]. This election is important since the violation of the
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Table 1. Isotope data of the analyzed samples.

Loc. Site Ind. 14C (years

BP)

Sex Tootha Mineral.b Lab code

(UCT)

87Sr/86Sr ±2σ Δ87Sr/86Sr [Sr]

(ppm)

1/[Sr] Δ1/[Sr] Reference

(14C)

NR 13 LM_1 2088 ± 46 M LR-M3 late� 18789 0.707238 0.000016 - 256 0.0039 - [55]

LM_3 2718 ± 47 F UL-M3 late� 18791 0.707267 0.000010 0.0005 222 0.0045 0.0008 [55]

F UL-M2 early� 18792 0.707785 0.000013 - 273 0.0037 - -

LM_4 Indet. UL-M2 early 18793 0.706197 0.000010 - 169 0.0059 - -

10 NM2_1 F UL-M3 late 18794 0.706151 0.000010 0.0000 332 0.0030 0.0006 -

F LR-M2 early 18795 0.706189 0.000013 - 413 0.0024 - -

NM2_2 1586 ± 47 F UR-M3 late 18796 0.706372 0.000013 0.0002 218 0.0046 0.001 [56]

F LL-M2 early 18797 0.706239 0.000014 - 277 0.0036 - -

NM2_3 1637 ± 48 F LR-M2 early� 18798 0.706054 0.000010 - 234 0.0043 - [56]

NM3_1 M UR-M3 late 18799 0.706154 0.000011 0.0000 257 0.0039 0.0001 -

M UL-M2 early 18800 0.706169 0.000014 - 264 0.0038 - -

NM3_2 M LR-M3 late� 18801 0.706120 0.000011 0.0001 233 0.0043 0.0011 -

M LL-M2 early 18802 0.706159 0.000010 - 185 0.0054 - -

NM3_3 1091 ± 35 M UR-M3 late� 18803 0.706508 0.000011 0.0000 223 0.0045 0.0004 [38]

M UR-M2 early� 18804 0.706495 0.000014 - 204 0.0049 - -

NM3_4 M LL-M3 late 18805 0.706124 0.000010 0.0001 182 0.0055 0.0004 -

M LR-M2 early 18806 0.706247 0.000011 - 197 0.0051 - -

NM3_5 F LL-M3 late 18807 0.706154 0.000010 0.0000 200 0.0050 0.0018 -

F LL-M2 early� 18808 0.706180 0.000013 - 147 0.0068 - -

9 Po_1 986 ± 36 M LR-M3 late 18809 0.706357 0.000012 0.0001 260 0.0038 0.0011 [25]

M LR-M2 early 18810 0.706300 0.000013 - 206 0.0049 - -

11 LV5_1 928 ± 39 F UR-M3 late 18811 0.706756 0.000013 0.0001 334 0.0030 0.0003 [57]

F UR-M2 early 18812 0.706682 0.000011 - 305 0.0033 - -

LV5_2 868 ± 48 F UL-PM2 early� 18813 0.706722 0.000013 - 229 0.0044 - [57]

9 MB_1 F UL-M2 early 18817 0.706514 0.000011 - 221 0.0045 - -

12 Cai_1 M UR-PM1 early 18818 0.706221 0.000013 - 164 0.0061 - -

14 SJ_C F UR-M2 early� 18819 0.707351 0.000012 - 187 0.0053 - -

SJ_J M UL-PM1 early� 18821 0.706927 0.000010 - 131 0.0076 - -

SJ_Ñ M UL-M2 early� 18824 0.708920 0.000012 - 206 0.0049 - -

SJ_GQ Indet. UL-M3 late� 18825 0.708907 0.000012 0.0018 155 0.0064 0.0004 -

Indet. UL-M2 early 18826 0.707131 0.000010 - 147 0.0068 - -

15 JunVal_1 Indet. UL-M2 late� 18827 0.706850 0.000010 0.0000 154 0.0065 0.0003 -

Indet. UL-PM2 early� 18828 0.706890 0.000011 - 147 0.0068 - -

JunJa_1 F UR-M3 late 18829 0.707024 0.000014 0.0001 176 0.0057 0.0002 -

F UR-M2 early� 18830 0.706947 0.000012 - 170 0.0059 - -

JunJa_2 M UR-M3 late 18831 0.706920 0.000011 0.0003 260 0.0038 0.0006 -

M UR-M2 early� 18832 0.707208 0.000013 - 228 0.0044 - -

SF 8 CvG_1 ca. 3300�� Indet. LL-M3 late� 18833 0.707329 0.000009 0.0002 193 0.0052 0.0007 [58]

Indet. LR-M2 early� 18834 0.707136 0.000009 - 220 0.0045 - -

CvG_2 ca. 3300�� F LL-M2 early� 18835 0.707237 0.000009 - 210 0.0048 - [58]

7 AgC_1 350 ± 64 M UR-M3 late� 18839 0.706782 0.000010 0.0001 251 0.0040 0.0003 [46]

M UL-PM1 early� 18840 0.706854 0.000009 - 232 0.0043 - -

5 PA_1 340 ± 40 M UR-M3 late� 18842 0.705603 0.000011 0.0006 114 0.0088 0.0017 [51]

M LR-M2 early 18843 0.706155 0.000014 - 141 0.0071 - -

6 Val_1 F UL-M3 late� 18845 0.707367 0.000012 0.0018 276 0.0036 0.0042 -

F UL-M2 early 18846 0.709156 0.000012 - 128 0.0078 - -

(Continued)
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independence assumption have massive effects on the type I error [64]. The Satterthwaite’s

method was implemented for approximating degrees of freedom for the F tests and, conse-

quently, more accurate p-values [62]. The residuals of the model were inspected to look for

any deviation from normality and homoscedasticity that might obscure the results.

The individual level assessment was performed exploring the 87Sr/86Sr isotope data against

Sr concentrations in scatterplots (Table 1), where the offsets of paired early and late minerali-

zation teeth were studied as absolute values and noted as Δ87Sr/86SrE-L and Δ1/[Sr]E-L for Sr

isotope ratios and concentrations, respectively. Hierarchical Cluster analyses (ward method)

were performed to organize the data into clusters based on the isotope and concentration simi-

larities among individuals. To evaluate the most likely location that individuals exploited dur-

ing the time of enamel formation, we implemented a continuous-surface probabilistic

assignment approach using the package assignR [65]. We compared observed 87Sr/86Sr ratio in

enamel with the bioavailable 87Sr/86Sr isoscape and its associated uncertainty (Fig 2); the func-

tion pdRaster creates a probability-of-provenance map where the sum of all cells on that map

is 1.

Table 1. (Continued)

Loc. Site Ind. 14C (years

BP)

Sex Tootha Mineral.b Lab code

(UCT)

87Sr/86Sr ±2σ Δ87Sr/86Sr [Sr]

(ppm)

1/[Sr] Δ1/[Sr] Reference

(14C)

4 Chi_1 84 ± 28 M LR-M3 late� 18848 0.706067 0.000009 0.0002 155 0.0064 0.0004 [51]

M LR-PM2 early� 18849 0.706279 0.000011 - 146 0.0068 - -

3 Coli_1 Indet. UL-M3 late� 18850 0.705962 0.000010 0.0000 173 0.0058 0.0003 -

Indet. LL-M2 early� 18851 0.706003 0.000014 - 181 0.0055 - -

2 MatJa_1 Indet. LR-M3 late� 18852 0.707872 0.000009 0.0000 186 0.0054 0.0011 -

Indet. LR-PM1 early� 18853 0.707944 0.000011 - 153 0.0065 - -

1 Co_1 F LL-M3 late� 18854 0.706140 0.000012 0.0006 142 0.0070 0.0013 -

F LL-M2 early� 18855 0.706663 0.000011 - 121 0.0083 - -

Site refers to locations on Fig 1.
aU/L (Upper/Lower) L/R (Left/Right)—PM1/PM2/M1/M2/M3 (first and second premolar/first, second and third molar).
bEarly crown mineralization ca. 2.5–8 years old and late ca. 13.5–15 years old [54].

�individuals with unidentified drinking water source [26].

��Chronology by direct association with human and mortuary structure remains of 3314 ± 51 and 3264 ± 38 years BP, respectively.

https://doi.org/10.1371/journal.pone.0281089.t001

Fig 2. Bioavailable 87Sr/86Sr and uncertainty isoscapes. The maps represent the study area from which the bioarchaeological samples come from. Base map

sourced from the R software package rworldmap (https://journal.r-project.org/archive/2011/RJ-2011-006/index.html).

https://doi.org/10.1371/journal.pone.0281089.g002

PLOS ONE Small-scale mobility fostering interaction networks in Patagonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0281089 February 15, 2023 6 / 18

https://doi.org/10.1371/journal.pone.0281089.t001
https://journal.r-project.org/archive/2011/RJ-2011-006/index.html
https://doi.org/10.1371/journal.pone.0281089.g002
https://doi.org/10.1371/journal.pone.0281089


Results

Distribution-based population assessment

Elemental and isotopic data from the enamel samples are listed in Table 1. Sr concentrations

([Sr]) and Sr isotope ratios (87Sr/86Sr) of the whole dataset (N = 54) range from 114.2 to 413.3

and 0.7056 to 0.7092 with median values of 202.1 and 0.7066, and mean values of 207.1 (±
59.8) and 0.7068 (± 0.0008) (0.7066 ± 0.0005, excluding outliers), respectively. When the
87Sr/86Sr dataset is split according to mineralization (Early and Late), similar patterns in the

distributions arise in terms of location and sex (Fig 3). The interquartile ranges of the 87Sr/86Sr

by location (Negro River -NR- and Somuncurá Foothills -SF-) are almost identical between

teeth (Early NR = 0.7062–0.7069 vs Late NR = 0.7062–0.7070; Early SF = 0.7063–0.7072 vs

Late SF = 0.7061–0.7073). Regardless of the teeth, the distributions of SF tend to overlap and

show higher dispersion than those from NR (S1 Table). The kernel density plots illustrate the

shapes of these distributions, showing that both Early and Late NR curves share a peak around

0.7061–0.7062 with the difference of a smoother descent in the latter. The SF curves share a

smooth top around 0.7060 and the Late also displays a shoulder at ~0.7073 (S1 Fig).

The interquartile ranges by sex are similar between teeth (Early Male = 0.7062–0.7069 vs

Late Male = 0.7061–0.7067; Early Female = 0.7062–0.7072 vs Late Female = 0.7062–0.7071)

and, regardless of the teeth, they overlap, being female slightly wider. The interquartile range

of indet. sex tends to show higher 87Sr/86Sr (0.7069–0.7079) and more dispersion from the

mean (0.7070 ± 0.000922) for the late mineralization than for the early mineralization

(0.7064–0.7071; 0.7068 ± 0.000787) (S1 Table). The kernels show that both early and late min-

eralization teeth in males have peaks at ~0.7061. The female curves are different between teeth,

with the early mineralization teeth showing a bell-shaped curve with a peak at 0.7066, while

the late mineralization teeth display both a moderate peak at ~0.7061 and a distinct shoulder

Fig 3. Dispersion of 87Sr/86Sr values. By location and sex from early (top row) and late (bottom row) mineralization

teeth. NR: Negro River, SF: Somuncurá Foothills, M: male, F: female, I: indet. Grey diamonds represent the means.

https://doi.org/10.1371/journal.pone.0281089.g003
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around 0.7070. The indet. sex curves are both nearly bell-shaped, the early mineralization

teeth showing a peak and shoulder at ~0.7071 and ~0.7061, respectively; and the late minerali-

zation teeth displaying a smooth top around 0.7076 (S1 Fig). Three outliers with values of

0.7089 (SJ_Ñ-early, SJ_GQ-late) and 0.7092 (Val_1-early) were detected by the boxplots and

represented as small curves set apart from the rest of the distributions by the kernels (Fig 3 and

S2 Fig). The results of the linear mixed-effect model, excluding outliers and individuals of

indet. sex, indicate that there are no statistically significant differences between locations

(F1,21.67 = 0.1047, p = 0.7493), sexes (F1,21.7 = 1.8174, p = 0.1915) and time of teeth development

(F1,15.65 = 3.3433, p = 0.0866). These results were validated by checking that the residuals of the

model do not deviate from normality or homoscedasticity (S2 Fig).

Baseline-based individual assessment

The 87Sr/86Sr and [Sr] from SF suggest two clusters (aggl. coef. = 0.9, S3A Fig), one of them dis-

playing higher values than the other one (Fig 4A). Two individuals surpass the upper limit of

the bioavailable 87Sr/86Sr isoscape defined for the study area during childhood and/or adoles-

cence/early adulthood (Val_1-early = 0.7092; MatJa_1-early, late = 0.7079). Our results also

show that the individuals from SF are tightly clustered around small offsets (� 0.0006

and� 0.0017 1/ppm, respectively), being the only exception Val_1, who displays a remarkable

change from a high Sr value and low concentration in childhood to a lower Sr value and higher

concentration in adolescence/early adulthood (Fig 4B).

The values from NR show a cloudy pattern that might be organized into three clusters

(aggl. coef. = 0.83, S3B Fig), one of them around 0.706 with [Sr] as its main axis of variation,

and the other two around 0.707 with less variation in [Sr] (Fig 4C). The scatter plot also shows

three outliers that exceed upper limit of the bioavailable 87Sr/86Sr isoscape at least in one

moment of their lives: SJ_GQ-late (0.7089, 0.0064 1/ppm), SJ_Ñ-early (0.7089, 0.0049 1/ppm)

and LM_3-early (0.7078, 0.0037 1/ppm) (Fig 4C). Similar to SF, the overall NR maintains the

small strontium offset (� 0.0005) with one exception (SJ_GQ: 0.0018, 0.0004 1/ppm), but the

sample is more scattered along the concentration axis, continuously ranging from 0.0001 to

0.0011 1/ppm, with one extreme value registered by NM3_5 (0.0018 1/ppm) (Fig 4D).

Probabilistic geographic assignment. The probability maps for the SF sample show that

one of the aforementioned clusters -mostly eastern burials- contains individuals that are rela-

tively local with potential region-of-origin in the nearby coast or, in some cases, in northern

river valleys (Fig 5A–5F). Burials from the western side of the Foothill show the highest proba-

bility of origin in nearby coastal areas (Fig 5G and 5H). The other cluster from the SF sample

also has burials from both east and west of the Foothill. Those buried at the east have high

probabilities over western Foothills (Fig 5I), northern valleys (Fig 5J), and the Somuncurá Pla-

teau (Fig 5K). Individuals from the west show higher probabilities around the northeastern

(Fig 5L) and the Somuncurá and El Cuy Plateaus (Fig 5M–5O).

For the NR sample, its three clusters comprise individuals with high probability of origin in

the northern areas and/or the coast around western Foothills (Fig 6G–6P). The other individu-

als are mostly compatible with a local exploitation of Negro and Colorado valleys (Fig 6A–6C)

and with the Somuncurá Plateau (Fig 6D–6F).

Discussion

General mobility trends

Most of the individuals have 87Sr/86Sr values around ~0.706–0.707 (Figs 3, 4A and 4C), and

show limited differences based on location, sex and mineralization. The study of the offsets

also shows relative stability of the 87Sr/86Sr for most of the individuals as they advance in age
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(Fig 4B and 4D). These isotope values are compatible with the bioavailable 87Sr/86Sr baseline

predicted for the study area (Fig 2), reinforcing its suitability to evaluate past human mobility

(see discussion in [42]). These results also indicate that most individuals buried in the study

area most likely dwelled or predominantly exploited this region during the time of tissue devel-

opment. While the southwest -location with the lowest 87Sr/86Sr- does not seem to have been

intensively exploited, there is an overall sustained use of northern Negro and Colorado valleys

and Somuncurá/coast -locations with higher 87Sr/86Sr- (Fig 2). Regardless of the ecological

and/or social motivations, the recurrent use of specific locations is expected in Patagonia. The

archaeological and bioarchaeological records show that Late Holocene hunter-gatherers often

Fig 4. Strontium isotope ratios (87Sr/86Sr) vs strontium concentrations (1/[Sr]). Somuncurá Foothills -SF- (A) and Negro River -NR- (C). Early-late

mineralization teeth paired samples are linked by arrows. Empty squares enclose individuals with unidentified drinking water sources (Table 1). Numbered

boxes illustrate the relative locations of the main clusters suggested by the Hierarchical Cluster analysis (see the details of each cluster individual-by-individual

in S3 Fig). The absolute values of the offsets of 87Sr/86Sr and 1/[Sr] between early-late paired enamel samples are from SF (B) and NR (D). Labelled individuals

are mentioned in the text.

https://doi.org/10.1371/journal.pone.0281089.g004
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re-used the same locations (“persistent places”, sensu [66]) for settlement and inhumation

through time (see examples in [49, 67, 68]). As long as critical resources are available, the daily

circulation around the same area for an indefinite amount of time is one possible landscape

exploitation strategy among hunter-gatherer groups [15, 69–71].

Individual mobility and flow of exotic items

The assignments of the SF sample suggest sustained local exploitation of the eastern Foothills

including the adjacent coast for some individuals buried in the East (Fig 5A–5F). For other

individuals, whose burial locations vary across the Foothills, their strontium isotope ratios

point towards different sectors of this southern area (Fig 5G–5O). The NR sample highlights

two general patterns of potential exploitation: -local- Negro and Colorado valleys (Fig 6A–6C),

and -southern- Somuncurá Plateau (Fig 6D–6F) and the coast around the eastern Foothills

(Fig 6G–6P). The surfaces of high probability are broad, which limit a more precise interpreta-

tion, but they also represent highly unproductive “drylands” such as the travesía and the

Negro-Colorado interfluve (see Fig 1) [26, 46, 47]. Once dismissed these landscapes of unlikely

systematic exploitation, some patterns may arise. Aside from cases of local exploitation, high

probabilities also suggest virtual connections between burial locations and distant exploitation

areas (see Fig 7A). These connections, that describe extraordinary mobility, might be summa-

rized and hypothesized as three general axes: 1) east-west of the Somuncurá Foothills, 2)

Negro-Colorado River valleys and 3) Negro River-Somuncurá/coast. These results are compat-

ible with our previous knowledge based on oxygen (δ18O), which pointed to the first two axes

of mobility [26], but they also make evident the potential connection between the Negro River

and Somuncurá. Although these axes of mobility are hypothetical, the environmental con-

straints imposed by the water availability and the dangers of crossing the travesía [48] make

Fig 5. Probabilistic geographic assignment maps estimated using human enamel 87Sr/86Sr from SF sample. Black dots signal burial location. Numbered

boxes on the bottom-right corner of each map refer to the clusters (see Fig 4A and S3A Fig). Base map sourced from the R software package rworldmap

(https://journal.r-project.org/archive/2011/RJ-2011-006/index.html).

https://doi.org/10.1371/journal.pone.0281089.g005
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them highly plausible. On the one hand, the natural corridor created by the drainage system of

the Somuncurá Foothills would have allowed a fluid east-west transit between the coast and

the steppes/foothills [26, 46, 47]. On the other hand, the ecological conditions of the coast

(e.g., high bio-productivity, availability of raw materials, springs) [72] would have been favor-

able enough to guarantee a safe north-south transit between the Negro River and Somuncurá.

Similarly to the axes of extraordinary mobility above mentioned (Fig 7A), the flow of exotic

items (S2 Table) might be summarized as two main axes of flowing: coast and peri-Andes via

South (southern east-west connection), and Foothills/coast and Negro River via East (eastern

north-south connection) (see Fig 7B and 7C). Overall and considering the less likely systematic

exploitation of the travesía, both human mobility and item flowing axes overlap around the

eastern Somuncurá/coast. This convergence indicates that this location could have been rele-

vant for articulating people and items (e.g., as an intermediate location for trading). At least in

colonial times, several roads converged in this location that was known as one of the main

nodes connecting southern and northern Patagonia [48]. The fact that the potential axes of

extraordinary mobility overlap with the predominant flows of exotic items could indicate that

some kind of small-scale socially driven mobility might have operated. In terms of Whallon

[14], this mechanism of interaction is known as “non-utilitarian” mobility and, without being

related to subsistence tasks, it seeks to expand and reinforce social ties through the exchange of

items and information, as well as to fulfil social expectations.

Considering the non-utilitarian mobility as a potential mechanism of interaction, it is also

possible to state that the objects might have been the ones circulating -rather than large groups

of people moving and settling-. Aside from the fact that a few individuals presented isotope

Fig 6. Probabilistic geographic assignment maps estimated using human enamel 87Sr/86Sr from NR sample. Black dots signal burial location. Numbered

boxes on the bottom-right corner of each map refer to the clusters (see Fig 4C and S3B Fig). Base map sourced from the R software package rworldmap (https://

journal.r-project.org/archive/2011/RJ-2011-006/index.html).

https://doi.org/10.1371/journal.pone.0281089.g006
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values compatible with extraordinary patterns of mobility, the distances between the sources

and the locations of the exotic items are also suggestive. According to Whallon’s geographic

model ([14]: 266), the vast majority of flows in the study area would exceed the limits (ca.

>123 km) of a maximal band -i.e., smaller bands linked in mutual contact-, and they would

occur between adjacent maximal bands (n = 46, 79%) and beyond (n = 2, 3%) (S2 Table).

Three basic procurement mechanisms might be considered to discuss these flows: embedded

procurement within regular regional mobility, direct procurement by specific trips to the

sources, and indirect procurement through exchange networks [73]. According to ethno-

graphic data on hunter-gatherers [74], daily forays are usually short (ca.<10 km from the

camp), and even those of large distances with overnights do not exceed 100 km (88 km, 20

km/day). Although we do not discard the influence of the direct procurement by specific trips,

our results suggest that part of the exotic item circulation might have occurred through

exchange networks fostered by small parties of individuals that visited acquaintances, carried

exotic materials and resided in different -distant- locations within North Patagonia.

Individuals performing some kind of non-utilitarian mobility carrying and exchanging

items between social units are aligned with ethnographic inferences, which indicate that the

annual inter-band interaction rate among hunter-gatherers is high and that the ritual relation-

ship is a strong driver of this interaction [16]. Hence, it is expected that the archaeological

record from neighbouring regions shows potential evidence of this kind of process. Located in

the Dry Pampas -north of the study area-, the Late Holocene Chenque I cemetery has at least

two individuals potentially from the distant Andean region, which supports long-distance net-

works among groups from Central Argentina and the Andes [75]. Although it occurred during

Fig 7. Human mobility and flow of exotic items within the study area during the Late Holocene. A) Potential axes of extraordinary mobility based on the

assignments from Figs 5 and 6. Arrows represent more than one individual with similar assignment; B) Flow of lithics, metals/minerals, and vegetables; C)

Flow of malacological material. WAMB: exotic within adjacent maximal band; BAMB: exotic between adjacent maximal band; BeAMB: exotic beyond adjacent

maximal band. Items from colonial period are not included. For cases with multiple potential sources, only the closest ones are included (see details in S2

Table). Adapted from A. Serna Unpublished PhD thesis under a CC BY license, with permission of the author, original copyright 2018.

https://doi.org/10.1371/journal.pone.0281089.g007
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colonial (equestrian) times, the Rawson site in the lower valley of the Chubut River -south of

the study area- displays one of the most striking pieces of evidence of exotic items in Patagonia

with the finding of a bronze ceremonial axe potentially from the Argentinian Northwest [76].

Regardless of the items either flowing within or between different social units, it is probable

that the exchange -in any way- has played a crucial role in the exotic item circulation in the

study area and beyond. While the variety of the specific interaction mechanisms deserves

attention, this work evidences the relevance of small-scale socially driven mobility for the

materialization and maintenance of the Patagonian hunter-gatherer exchange networks and

promotes reflection on how mobile these groups were and how they interacted with each

other.

Conclusions

In this paper, we have explored the hunter-gatherer mobility patterns and their potential con-

nections with the flow of exotic items in North Patagonia during the Late Holocene. The analy-

sis of strontium isotopes fits with previous findings about mobility and suggests a

predominant exploitation of a dietary catchment within the study area for most of the individ-

uals. Nevertheless, the isotope values of some individuals suggest extraordinary mobility that

could be compatible with the main flows of exotic items in the study area. As in colonial times,

the eastern sector of the Somuncurá Foothills must have been a central point of convergence

of people and items from different locations from around the broader region.

Without neglecting the multipurpose nature of mobility, we argue that small-scale non-util-

itarian mobility (sensu [14]) might have operated in the study area and that the exotic items

were the ones circulating rather than large groups of people moving and settling. Supported by

ethnographic and archaeological evidence, most of the observed flows of exotic items might

have occurred through exchange networks fostered by individuals with extraordinary mobility

that visited people, carried exotic materials, and resided occasionally in different locations.

While our results highlight the relevance of small-scale human circulation as a foster for the

Patagonian exchange networks, future follow-up work is needed to better understand the

mechanisms and the role of specific agents and locations in this process.
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76. Gómez Otero J, Dahinten S. Bioarqueologı́a de la costa centro-septentrional de Patagonia Argentina.

In: Cruz I, Caracotche MS, editors. Arqueologı́a de la costa patagónica Perspectivas para la conserva-

ción. Rı́o Gallegos: Universidad Nacional de la Patagonia Austral; 2006. pp. 82–90.

PLOS ONE Small-scale mobility fostering interaction networks in Patagonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0281089 February 15, 2023 18 / 18

https://doi.org/10.1371/journal.pone.0281089

