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Abstract

This paper explores how significant are the ecalalgiand climatic variables to
influence the stable isotopes of guanadasma guanicoebone collagen carbon and
nitrogen stable isotope ratios are assumed as somegional average value in west
Argentina, mostly as a baseline to model archagmbgpuman diet. If stable isotopes
on mammals reflex ecology and climate, we need riowk how those variables
influence mammals bone stable isotope ratio. Thkipep analyses th&C/°C and
15N/*N ratio on bone collagen on 122 guanacos from Neeth Patagonia during the
Holocene. The results confirm significant variatiarboth isotopes between Monte and
Andean-Patagonian specimens. Guanacos from Montesshighe@'*C andz™N than
those from Andean-Patagonian. Temporal trends atelizariation through Holocene
but this variation is not spatially homogeneousthils paper we suggest that Medieval
Climatic Anomaly had stronger effect in Monte déstran in Patagonia desert,
generating driest and/or hottest conditions betw&2B0 to 600 years BP. Those
variations need to be considered to reconstructamudiet at least during the second

part of the Holocene.

Keywords:Lama guanicogstable isotopes; Patagonia; Holocene; archaeology
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1. Introduction

Guanaco lfama guanicogis one of the most significant South Americanotgses
exploited by humans since the early human coloimzato historic times (Borrero,
1990, Martinez et al., 2017; Rindel, 2017; Yacohmet al., 2017). The stable isotopes
in camelid bone are both necessary and populadonstruct the human diet in terms
of its significance (Barberena et al., 2009; Giakt 2016; Samec et al., 2018; Loponte
and Corriale, 2019). As herbivorous, its stabletopes values-mostly@*N- are
frequently used as a baseline to define the tropénel of omnivorous human
population. Using that “guanaco baseline” interisagl human diet trajectories are
frequently compared (Catella et al., 2017). On loared, previous research on camelids
bone collagen stable isotope indicated strong iitia on B**C in the macro spatial
scale clearly reflecting the spatial distributioh@y/C,4 plants. In the other, th™N
values on camelid show variation but in minor degrenz**C and until today was not
clearly explained (Gil et al., 2016; Barberena et 32009, 2018). Those studies
proposed a big picture of the pattern of variatioa™*C andz*°N. This macro regional
pattern of variation is useful to interregional qarison but it averages different trends
that are meaningful in a smaller spatial scaletHeumore, this isotopic spatial pattern
average different chronologies assuming ecosystafilisy. Temporal variation had
been explored weakly and was assumed that it hasigaificant variation through the
Holocene (Barberena et al., 2009, 2018; Gil e28i16). Barberena et al. (2009) show a
non-significant temporal variation o*C guanaco bone collagen suggesting the
absence of temporal tendencies. But, as the authates that absence of marked

temporal trends is not unexpected, due to the Ispgéal scale considered in that study,
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which averages different climatic and ecologicédtiisgs. The analysis of stable isotopes
variability in smaller spatial and temporal scaléeo an opportunity to have better
control on the ecological variation, and allow asionitor in spatial units, sometimes
more significant to understand human diet and ntgb{Barberena et al., 2018).
Assuming this potential, the present paper focusNmmthwest Patagonia (South
Mendoza/North Neuquén area), in order to evaluagevalidity of this bigger spatial
pattern on this area. Previous study in this regsmow significant variability in
guanaco stable isotopes but it was not clearlyametl in terms of geography and
environment. Barberena et al. (2009) found no tation between altitude arffC
and BN values. This lack of correlation was explained asregional average
consequence of guanaco year round mobility. Gibklet(2016) noted a latitudinal
variation in2*C confirmed recently by Barberena et al. (2018)is Nariability was

explained as a consequence of latitudinal varidtidhe proportion of €and G plants.

The present paper use phytogeography as spatiakgcal units assuming that it
reflects variation in climate and, consequently, tba primary producer of isotopic
signature. First, we evaluate the variation indpatial isotopic pattern between deserts
(Monte and Andean-Patagonian). Second, we evathatéemporal variation ia**C
and "N in order to discuss how stable was guanaco igotsignature through the

Holocene in each desert.

2. Camélids and Ecosystemsin Northwest Patagonia

L. guanicoeis the largest terrestrial wild mammal in south&wuth America, which
weighs between 85 and 120 kg on average for diffeesgions (Gonzalez et al., 2006).

This camelid lives in herds composed of femalesingoindividuals and a dominant
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male. However, the presence of bachelor males farseparate herd is common
(Raedeke, 1978). Guanacos inhabit preferably im @peas with grasslands, flat terrain
and low hiding cover (Cajal, 1980), although theg &nown to inhabit forested
environments (Raedeke, 1978). This species typi¢adds on the herbaceous stratum,
but also alternate seasonally between grazing aoevsing, according to forage
availability; this behavior allows defining the guao as an adaptable mixed feeder that
has the ability to digest low quality forage (P@gal., 1996, 2014; Gonzalez et al.,
2006). There are records from the Monte desertatlig that guanacos do not strongly
select against {grasses due to its capacity to digest high filbatent taxa (Puig et al.,
1996). Currently, guanacos are more abundant inPdagonian steppe and in the
foothills of the Andean Mountains (Cajal, 1980).

In the presence of stable climatic conditions arwbdg forage quality, guanaco
populations show a tendency to sedentary life @r tbstance migration (Raedeke,
1979; Franklin, 1982; Puig et al., 2014; Bolgel®18). However, some populations
make seasonal movements, in the course of fath farge herds, through the fusion of
territorial and non-territorial groups, to move @ngs the winter ranges. This behavior
is likely in areas with unstable weather, heavyvdatl where forage quality is
seasonally low (Raedeke, 1979; Bolgeri, 2016).

Northwest Patagonia is crossed in a north—soutitin by the South American Arid
Diagonal (SAD) (Bruniard, 1982), which is the climedimit of influence of two main
sources of humidity in the South American subtrepi€ast of the SAD, precipitation
comes from the Atlantic Ocean and Amazonia mainlyrdy the summer, whereas the
western part receives most of the precipitatiowimter from Pacific Ocean air masses
(Garreaud, 2009). This climatic setting coincideghwthe 12°C annual isotherm

(Labraga and Villalba, 2009) that determines theettgment of hot or cold deserts,
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each with its typical vegetation (Rundel et al.020D Hot desert develops below
1400/1600 masl to the east of the SAD, represdmyeddonte vegetation dominated by
C,4 plants (Cavagnaro, 1988). The cold desert is émcatest of the SAD at an altitude
above 1400/1600 masl and is represented in theraa&ndes slopes and foothills by
Andean and Patagonian vegetation dominatedipladts (Cavagnaro, 1988).
Northwestern Patagonia, here South Mendoza anchN&tiquén, is the home to three
desert biomes, each with distinct vegetation: thentd desert, the Patagonian desert
and Altoandina desert (Abraham et al., 2009, Cabr&®76; Roig et al., 2009). The
Monte desert occurs along a lowland plain betwe@gh &xd 1400 masl. It is a warm,
temperate region, with summer-dominant rainfalklosm order of 100-350 mm per year,
influenced primarily by conditions in the Atlantiébraham et al., 2009, Labraga and
Villalba, 2009; Abraham et al., 2009; Roig et aD09; Figure 1). The vegetation of the
Monte is rather uniform, being creosoteafrea spp.) shrub steppes and mesquite
(Prosopis spp.) and paloverdeGgoffroea decorticanswoodlands, the most typical
landscapes. The area also includes a range of wéngr taxa, particularly cacti and
various bunch grasses. The Patagonian is one ofatgest desert of the world; it
extends from Mendoza to Tierra del Fuego (35° S4tt5) (Cabrera, 1976). Cold, dry,
and wind-swept, it spans the width of Argentinaar south. By the time it reaches
Central-Western Argentina it becomes restricteda tpiedmont fringe bordering the
Andean cordillera between 1000 and 2000 masl (EBigyr The Patagonian desert is
influenced by Pacific air masses (Paruelo et 898}, leading to a shift from summer
dominant to winter dominant rainfall (Prohaska, @@ A/egetation consists of shrub
steppe, psammophilus xeric grasses, and relicergafbrests of peppertree (Cabrera
1976). Most of this vegetation utilizeg ghotosynthesis, but CAMS photosynthesizers

such as columnar and cushion cacti can also belfecattered throughout. All species
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are well adapted to the cold, arid environmentg&giof the region. Patagonia Desert is
biogeographically close to Altoandina as far both part of the Dominio Andino-
Patagonico (Cabrera, 1976). The Altoandina desaréldps west to the area of study.
At 1400 masl, when Monte desert limit with Patagodesert, annual precipitation is
only 300 mm but near 3000 masl, in Altoandina dsserecipitation falls mainly as
snow, averaging 800 mm per annum. At 2000 mashétav, mean annual temperature
Is 9°C; at 3000 masl this number drops to 0°C, keted by maxima and minima of 25°

C and -30° C, respectively. Elevations betwear2000 masl and 3000 masl fall within
the Altoandina desert dominated by low shrub (Asteae) and grass (Poaceae) steppes
(Cabrera, 1976). On brushy hillsidefia amarilla(Adesmia pinifoliq which grows up

to 3400 masl and is often used for firewoquBtaguilla colimamil(Anarthropphyllum
sp.), and molle §chinus odoneli are common. Small seeded species and greens
exploited by humans likealafate (Berberis empetrifolip molle Schinus poligamus
and Schinus johnstoniii aleli de las sierrasRbhodophiala tuberosumand porotera
(Senna arnottianaare also found on Altoandean hill slopes. Grasseountered in
mountain valleys are pasto hiloPdaholci formi$, tussock grass Deschamp
siavenustul and coirén duroRappostipa chrysophilla Various cacti (e.gMaihuenia
patagonicd are found throughout the Altoandina province (@&, 1976; Muifio et al.,

2012).

3. Isotopes as ecological, climatic, and dietary proxy: Modeling Expectations in

B*3C and BN to Northwest Patagonia Deserts Guanacos
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Carbon isotope fractionation depends primarily ohiclw of three photosynthetic
pathways (G, C;, CAM) a plant uses to metabolize carbon dioxidal€Enger and
Cerling, 2002; O’Leary, 1981, 1988). The procesmininates most strongly against
heavy carbon isotopes and plants using the CalyoteQG), which have tissues with
an averagé*C value of -26.7+2.7%.. Bushes and tropical grassesG (Hatch-Slack)
photosynthesis that discriminates less against yneavbon isotopes and produces
averaged™C values of -12.5+1.1%.. Another species exhibithidt photosynthetic
pathway, Crassulacean acid metabolism (CAM; Laméesdd., 2008:75-81), which can
shift between gand G photosynthesis and produce varying isotope sigastit®C -
27%o to -12%o). In addition, photosynthetic pathway @ major determinant &*C
values in terrestrial plants also varies dependmgoil salinity, temperature, and water
availability as they affect evapotranspiration avater-use efficiency (Ben-David and

Flaherty, 2012).

Nitrogen cycles in terrestrial environments enter trophic chain from the absorption
of soil NHs+ and NQ-, or through fixation of atmospheric,Nia symbiosis with
nitrogen fixing bacteria in plants or living in trs®il (Virginia and Delwiche, 1982;
Ambrose, 1990; Fry, 2007). Among the most signifidactors that influence variation
in nitrogen isotope values are aridity, mean antem@peratures, and soil salinity (Pate,
1994; van Groenigen and van Kessel, 2002). Theaegsneral pattern across the globe
of ®N enrichment in soils and plants with increasinigiar (Heaton, 1987; Schulze et
al., 1998; Austin et al., 1999; Handley et al., 998ranibar et al., 2004; Diaz et al.,
2016). The pattern of°N enrichment of soils and plants observed with éasing
aridity is thought to reflect the degree of “opessiein the nitrogen cycle (Handley et
al., 1999; Amundson et al., 2003). In arid enviremts, the input of atmospheric kb

the soil is low and*>N values of soils is high (Ambrose, 1991). In dojisand soils
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with high pH and high temperatures, s&iPN increases because of the preferential
volatilization of *NH; (Ambrose, 1991). Other research shows a positiveekation
between plan§*°N values and mean annual temperatures (Amundsah, &003) and
saline soils. With regard to the relation betweeil salinity and$™N values, van
Groenigen and van Kessel (2002) hypothesize treketirichment observed in plants
living in salty soils might be because of higher Nblatilization caused by high pH

combined with a relative increaseNifl,;+ uptake by the plant under saline conditions.

Isotopic concentrations in terrestrial faunas depeinly on the isotopic composition
of the plants that are the base of the food chalhsources of isotope variation in
plants are passed up the food chain (Cormie and&ch, 1996; Stevens et al., 2006;
Hartman, 2011), leading to a changesfiC and &N (DeNiro and Epstein, 1981;
Ambrose and Norr, 1993). The isotopic values ofblveare tissues, as guanaco,
correlate positively with the values of the platitey eat (Ambrose, 1991). Given the
close relationship between consumers and their tietkey factor that determin&s'c
values in animals is the distribution o @nd G plants (Van der Merwe and Vogel,

1978; De Niro and Epstein, 1978).

Ecological research in Northwest Patagonia showsnaarse relationship between
altitude and ¢grass frequency (Llano 2009). There is a dominaf€g plants over ¢
plants between 2200 and 1500 masl. (58.9%v& 41.1% @), the same altitude
associated with the Patagonian desert, and anasedeavailability of ¢ plants below
1600 masl., in Monte desert (95.5%; @.5% G) (Cavagnaro,1988). There is also a
correlation between the seasonal distribution oécipitation and &C; plants
frequency (Cabido et al., 2008), with, @lants most common in areas with summer-

dominant rainfall like the Monte desert (53 to 86%&he total annual rainfall; Cabido et
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al., 2008), and ¢€plants most common in areas with winter-dominantfall, such as

the Patagonian Desert.

As proposed by Gil et al. (2016) and Otaola ef20118) and considering the differences
in altitude, and spatial distribution of photosyetib patterns in our area of study
(Cabido et al., 1997; Cavagnaro, 1988; Cabido ¢t28l08), animals feeding in the
Monte desert should have highigfC values than those feeding in the Patagonian and
Altoandino Desert. A similar pattern is expected differences in5*>N values. Monte
vegetation should have high&t°N values than Patagonia/Altoandino desert due to
increased aridity and a more open nitrogen sys@ief al., 2016; Samec et al., 2017).
Consequently, animal bone collagen stable isotepiges should be higher in Monte
than in Patagonia/Altoandino if they are confinedetich desert (Yacobaccio et al.,

2009; Samec, 2014; Samec et al., 2017).

4. Materialsand Methods

The analyses were carried out on 122 guanaco bolfegen. Most of these samples
(59) are reported in this paper for first time. faxtion of bone collagen and apatite was
performed in the Laboratorio de Is6topos Estableencias Ambientales (LIECA-
IDEVEA [San Rafael, Mza; Argentina]; sample lab eddSR). For each sample we
cleaned approximately 1 g of cortical bone. Theebmas then demineralized whole in
0.6 N HCI at 4 °C, changing the acid daily untietBupernatant became clear and
homogeneous. After demineralization the collagerugemorph was rinsed to
neutrality and treated with 5% KOH to remove organontaminants and residual

lipids, again changing the supernatant daily. Tleared collagen pseudomorph was



259 then rinsed to neutrality, lyophilized, and weighedobtain an initial collagen vyield.
260  Approximately 100 mg of lyophilized collagen wadaiaed for analysis and the rest
261 was archived. The 100 mg sample was gelatinizédrmi of acidified water (pH 3) for
262 24 hr 120 °C. Water soluble and water in solublasgls were separated by filtration
263  through a 0.45 mm poly vinylidene fluoride (PVDFHiker, the water soluble phase
264  lyophilized, and a final collagen yield calculatédiditional details on methods can be
265 found in Coltrain et al. (2006). Stable carbon artdogen isotopic compositions were
266 determined using a Thermo Scientific DELTA V Advage continuous flow isotope
267  ratio mass spectrometer coupled via ConFlo IV tentéintar Analyzer Flash 2000 in
268 LIECA (CONICET & UTN FRSR). Stable carbon and ngem isotopic compositions
269  were calibrated relative to the V-PDB and AIR ssalsing USGS-40 and USGS-41a.
270 Measurement uncertainty was monitored using in-baalagen standards with well-
271 characterized isotopic compositions: Caffeine LIECAS™C -33.02%0,6"°N -2.02%o),
272 SRM-14 polar beer bone collagest’C -13.66%0,6"°N +21.52%0), and bone collagen
273 LIECA-17 (3"°C -18.16%0,6"°N +11.07%o). Precision (u(Rw)) was determined + @4
274  for both3'°C and3*N on the basis of repeated measurements of catibratandards,
275 check standards, and sample replicates. Accuracgystematic error (u(bias)) was
276  determined to be +0.07 fai°C and +0.11 fors>N on the basis of the difference
277  between the observed and knowrvalues of the check standards and the long-term
278  standard deviations of these check standards. Wlsengquations presented in Szpak et
279 al. (2016; Appendix F), the total analytical uneerty was estimated to be +0.07,

280 0,06, +0.06%0 fo*3C and 0.1, +0.1, +0.06 f&'°N.

281  The8C values measured on modérmma guanicoenaterial have been corrected for
282 the shift due to anthropogenic €@missions. This correction used the formifiCam

283 = -6.429-0.0060exp [0.0217(t-1740)] from Feng (1988d set to &'°C value of
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atmospheric C® of -6.429%., according to the actual date of deafttthe modern

individuals of guanaco (Bocherens et al. 2015; @tabal. 2018)

Table 1 detail the stable isotope information f@3 larchaeological and 19 modern
camelid samples identified adama guanicoe Taxonomic identification of
archaeological and modern camelids is limited bg thfficulty of distinguishing
between wild and domesticated species based oncpstl osteological evidence
alone (e.g.L. guanicoevs. L. glamaor V. vicugnavs. V. pacos Wheeler et al., 1995;
Wheeler, 2012; Yacobaccio, 2010). However, allh&se camelid bones are recorded
south of 321 SL, and they are defined dsama guanicoebased in camelids
biogeography and biomolecular analysis. Table &id#te estimated chronology, and
environmental context of the samples. Most ageroetations of the bone samples
were obtained via radiocarbon dating of associataterial rather than directly dating
the faunas. These associations were consideringttaéigraphic precedence of the
guanaco bone and the dated organic material. imstef the environmental context, the
present study includes 24 Monte, 92 Patagonian,sand\ltoandina samples from a
range of different latitudes and altitudes (Tabl€&igure 1). Given the biogeographical
similarity between Altoandina and Patagonia desanis$ the low number of samples
available for the former, this work include bothogps of samples under the unit
“Andean-Patagonian desérComplementary information from bone collagen péea
published previously is in the papers detailed he tmentioned table. Descriptive
statistic and significance differences among samplere evaluated using Microsoft
Excel and PAST 3.24 (Hammer et al., 2001). Tempioealds in the stable isotope data
were examined by plotting a Loess smooth curve §LBolynomial Regression) with R
using ggplot2 (Wickham 2016), gridExtra (Auguie1Z). The Loess method works by

defining a neighborhood of points about each valueand fitting a linear or quadratic
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regression model within each neighborhood to ptatiE smoothed values at x (Baxter
2015). The appearance and smoothness of an estisndtetated by the size of the
neighborhood, is determined by the span in theslasooth function, and precise

fitting procedure (Hammer et al., 2001; Baxter, 202015).

5. Results and Discussion

Figure 2 shows a scatterplot®fC andz™N with all individuals bone collagen stable
isotopes ratio and considering both deserts. Thiemal2**C indicate a mean value of -
19.0 +1.3%0 (n=122) range between -21%o to -12.9%. @8l median 5.2+1.2 %o

(n=122) range between 11.7%o. to 2.8%0 (Figure 2; @&)) showing a significant range
of variation. The correlation betwe&rC andz™N is 0.15 (Spearman’s)r In order to

understand the isotopic pattern of variation, a &gea finer grained characterization of
spatial/temporal variation in stable isotope raticC and N in camelids bone, we will
explore trends in different spatial units (MontedaAndean-Patagonian) and using

temporal units.

Assuming an herbivore diet composed of &d G plants, where a 100%3;Qliet
produces a bone collag@h’C value of -21.5%. and a 100%, @enerates &°C of -
7.5%0 the mean contribution of;@lants to the guanaco diet should be in the orfler o
90%. According to this assumption, the resultsdati there is guanaco’s individual
diet ranging between 100% and 65% pant on its diet. This isotopic broad range is
reflecting diet flexibility. The foraging flexibity of guanacos is a common response to
climate variation (Puig et al., 2014). It confirtiet guanaco shows dietary flexibility
that allows it to live in a diversity of habitatstiv contrasting vegetation structure and

composition (Puig et al., 2014).



333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

5.1 Biogeographic Pattern: general trends

To examine the spatial variation, we employ phybggaphy criteria as spatial unit with
ecological meaning as far they reflect some degrfe@niform environmental and
climatic patterns. Andean-Patagonian has the lonean value in both isotopes (Table
2; Figure 3). On the other hand, Monte recordshigaer mean in both stable isotopes
(Table 2; Figure 3). Other tendency to highlighthis bigger variation that has theé*C

in Andean-Patagonian than in Monte (Table 2, Fi@)rdn the other hand, Monte has
broader variation inJ**N than in Andean-Patagonian (Table 2; Figure 3)r&ation
betweerz™*C andz™N is low in Andean-Patagonia (Spearmar=s(.04) but moderate
in Monte (Spearman’ssr 0.42). Using Mann-Whitney test, tf&>C median were
significantly different between deserts (Mann-WhagnU=98, p=0.04). Similar trends
are found ind"N where the Monte/Andean-Patagonian has a signifidéference in
median (Mann-Whitney U=799.5, p=0.03). These resalinfirm the expectation of
differences among desert environments based oacthlegy and spatial distribution of
Cs; and G photosynthesizing plants. Monte and Andean-Patagoguanacos differ in
the manner expected, with Monte samples with highean of2**C and@'N than
Andean-Patagonia (Table 2; Figure 3). When thdeygthre not included, the statistical
significance does not change. It is interestingdte that outliers are more frequent in
modern®'®C Andean-Patagonian desert (corrected by Suesst)efféhis interesting
pattern on modern samples needs to be considefatuie research. Our hypothesis is
that changes in the mobility of modern guanacogarehvironmental climatic changes

would explain the trend.
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5.2 Biogeographic Pattern and its implications

The isotopic segregation between Monte and Andedag®nian allow us to return to
the classic topic in North Patagonia archaeolodpgué guanaco migration which is
assumed as annual round trip. Archaeological ma®sit highland human occupation
proposed the human mobility was influenced in salegree by guanaco’s migration
(Lagiglia, 1977; Gambier, 1985; Duran and Ferraf92). These models assumed
guanaco migration throughout the year round betweetand (Monte), in fall/winter,
and highland (Andean-Patagonian) during spring/samm@ur results contradict this
idea. By the contrary, the guanaco isotopic patienm Monte is different to those from
Andean-Patagonian. This means that the guanacdalspange is smaller than
previously proposed and cannot be assumed thatrnbkyde bigger migration areas in
annual movement. Ecological and behavioral reseanchmodern camelids population
proposed this to Payunia (Bolgeri, 2016). Puigle{2014) mention that in extremely
severe weather and extensive deep snow cover tldeainenvironments force the
guanaco to migrate seasonally across the altitudiralient (Puig et al., 2011; 2014).
But Puig et al. (2014) research was focused at S22and -69° WL where the three
deserts are very close (see Gil et al., 2016 talainsituation norther Northwest
Patagonia). Interestingly Puig et al. (2014) addttin less severe weather in
Precordillera, guanacos can stay all year in anhefthree phytogeographic provinces
(Puig et al., 2008; 2014). Archaeological isotopattern presented in this paper does
not mean that there were no changes in migratiomange size during the entire
Holocene. However, Holocene guanaco migration dod imclude all Northwest
Patagonia as a transhumance pattern between laWighidnd. Our results show a
distinctive isotopic signature to each desert.uggests that the Holocene guanacos

from Northwest Patagonia occupied and foraged rmdiffe ecosystem, without



382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

significant ecosystems overlapping through theirgratory movements. Today,
guanacos live mostly in protected areas locatednaean-Patagonian ecosystems
(Laguna EI Diamante Protected Area and PayuniaeBed Area) and in their
surroundings. Our results confirm that Monte deseas occupied by guanaco in an
effective way, and not marginally from the nucléemdean-Patagonian populations.
Important to mention here, and as far as thereotsangeographic barrier between

deserts, in the Monte/Andean-Patagonian boundtméepattern are blurred.

Human paleoecology has something to learn fromethiesults. Isotopic differences
between deserts mean that the same resource,sircdbe guanaco, shows different
isotopic signals between these deserts. A morestjureconstruction of the human
isotopic diet must take into account this variatidimese trends have implication in
order to explore human isotope values in a regidrahework. In terms of human

mobility, we can expect a lack of significant igoito differentiation between human

bone isotopic values from both deserts, if the ilial spatial range is broad and
include theses deserts. On the contrary, if humanebcollagen isotopes show
significant differences between deserts in the sdegree that was found between
camelids, a spatial human segregation (more resdrimobility) could be proposed.

This isotopic trend between deserts is a framewbak allows us to evaluate human

mobility as long as isotopic tendencies are analyegionally.

5.3 Paleoecological Scale: Temporal Pattern

To evaluate the long-term trends of the stableo®tvalues on guanaco bone collagen,
we explore the temporal trends on both elementr(€ M) in each desert. The Monte

stable isotopes bones samples include specimens tfie last 1200 years (Table 1,
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Figure 1). The Andean-Patagonian set includes sssripm all the Holocene, frooa
9500 years BP to present (Table 1; Figure 1). Téngporal distribution of our samples
from both desert reflect the actual available chlogy of zooarchaeological record,
younger in Monte than in Andean-Patagonian (NentkGih 2008). At the same time,
the fewer number of guanaco bones analyzed in Mttratie in Andean-Patagonian is
concordant with the zooarchaeological record ohhagserts. The zooarchaeological
record in Monte (South Mendoza and North Neuguénlinited to late Holocene,
basically the last 2000 years (Gil, 2006; Otaolalet2015; Rindel, 2017; Otaola et al.,
2018). Zooarchaeological record in Monte indicatest the guanaco was never the
most frequent taxa, with very few bone specimenach site (Gil, 2006; Otaola,
2012). On the other hand, Andean-Patagonian zoaeobtbgical record has ea
10.000 years span. Although discontinuous, and rmabrendant during the last 6000
years, the guanaco in Andean-Patagonian was thé impertant prey with values
between 80-90% of the NISP (Otaola et al., 2015tb&ana et al., 2015). This
difference between Monte and Andean-Patagonianrzbaeaological records explains

the time/space structure of the samples analyz#dsmpaper.

Figure 4 shows the Holocene temporal trends by rtessd using Loess smooth
analysis. Between 9500 years BP to 1250 yearsH&®'iC Andean-Patagonian shows
a decrease between -18%o t0 -19.5%0. After 1250 yBRrto present the trends reverses
this decline and increase from -19.5%0 to -18%. (Fégda). In Monte deserts the
temporal@'®C trend starta. 1250 years BP when increase between -20%o to -16%o a
ca 400 years BP. After this date, the trend revedsepping to -20%o. at 200 years BP.

From 200 years BP to pres@itC increase until -19%. (Figure 4a).

Unlike to what was found im**C temporal trends, the">N in Andean-Patagonian

desert seem more stable through time (Figure 4md.Mear2™N is around 5%, vary
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between 4.5%. and 5.5%.. Startirgp. 9500 years BPca. 5%. shows a smooth
enrichment to 5.5%. between ca. 1200 to 300 yearsABRr this date, there is a light
decline to 4.5%0 at the present (Figure 4b). A défe pattern is noted in Monte desert
where the temporal variation @°N is bigger than in Andean-Patagonian, and similar
in magnitude and chronology to the Monte deBEIE temporal trend (Figure 4b). From
1300 toca. 600 years BP Monte des&ltN mean vary from 4%. to 8%o. This variation
in N correlates temporally and positively wiit>C in Monte (Figure 4a). The
magnitude of this correlation is confirmed with 8pwaan correlation between 1250 to
600 years BP with coefficient=1 (p=0.01). Finalfypm 600 years BP t@N the

present there is a drop to 5%o.

Stable isotope ratios (C and N) on camelid bonts afformation about the stability of
the floral communities over time and climate as #table isotope of carbon and
nitrogen are reflecting the water balance of therenment (Yacobaccio et al., 2017).
The temporal trends in both isotopes show that #reyvariable through time (Figure
4). This temporal variability is higher in Monteathin Andean-Patagonian (Figure 4).
The Holocene Andean-Patagonian guar@¢e trends oscillate between -18%. and -
19%o, but individuals values are higher and lowemntlthis modeled trend. The early
Holocene bone samples are more positiv@*fic than Late Holocene camelid bone
samples from this area. This result confirms iregianal scale the trend &°C and
2'°N noted in local/archaeological site scale by Bezha et al. (2018). As in Andean-
Patagonian desert, early Holocene guanaco bonesHrenul Cave have enrich@rC
than late Holocene in the same cave. It was indégdrby Barberena et al. (2018) as
reflecting a greater abundance of @rasses in the early Holocene than in Late

Holocene. This isotopic pattern, early Holocenehbigin@**C than in Late Holocene,
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could be older than early Holocene and startedhenlate Pleistocene as was proposed
using isotopic values on other faunas to this medip Praderio et al. (2012). Increase
frequency of G over G plants during late Pleistocene/early Holocene caxplain
this. Alternatively, the proportion of differentapit taxa, and its photosynthetic pattern,
could be similar but the isotopic signature of theould be slightly enricher as a
physiologic adaptation to climatic condition as W@la et al. 2012). Both scenarios,
the increase in £plants frequency and/or variationG°C as physiological response,
indicate a driest and/or warmer climatic condititvan today. Recent research used
stable carbon isotope&*{C) in bulk sediment organic matter as indicator€pand G
vegetation to evaluate the climate and phytogedwyraguring the Pleistocene and
Holocene in the piedmont of central western Argemtclose to our study area (Rojo et
al. 2018). That research found in a Pleistocenest¢¢wie transition palaeosol level (~12
to 8.9 cal. kyr BP) the least negati&C values (-18%o to —15%o) in comparison with
the complete all the Pleistocene and Holocene segudrojo et al. (2018) interpreted
this high'“C/*°C ratio as the result of a higher contribution gfpfants to the sediment,
indicating a major influence of the Monte deseanp$ by that time than during the rest
of the Holocene. Rojo et al. (2018) add that thdye&lolocene/late Pleistocene
paleosoils3'C values suggest an environment warmer than theepteThose results
explain the enricher value in guanacos from th&t faart of the Holocene as shows in
Figure 3. From the early Holocene to the middlehef Late Holocene, the mealtC
values drop only 1%.. After 1250 years BP this treexersed to start an increase in the

83C reaching similar values to the early HolocengFé 3).

The®'N temporal trends, between 4.5%o to 5.5%. confirmltve variation in@™*C as
reflecting general stability of the Andean-Patagonécosystem during the last 10.000

years. This does not imply lack of climatic changet, the isotopic structure of Andean-
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Patagonian could be low sensitive and or the degfedimatic variation was not big
enough to imprint change in the isotopic signatilites isotopic stability seems clearer
when it is compared with Monte desert trends. lis tipeneral Andean-Patagonian
stability, the Figure 4 highlights the trend revens although subtle, from 1250 years
BP to present. After this date, tBEC start a mild enrichment that increases in the las

century.

The Monte show a drastic increaseBC (4%o) between 1250 to 400 years BP,
correlating with a notable increase G°N as well (4%o). At the same tim@&'C
decrease between 400 to 200 years BP ugatit20%.. During the last 200 years, the
record shows a small enrichment®fC. Similar to carbon isotopes stable ratio trend,
the ™N/**N decrease from ca. 600 years BP to 200 years Bfa.t6%. with a small

increase to the present (ca. 5.2%o).

Heaton et al. (1986; Sealey et al., 1987; Ambrase@ BeNiro, 1989) demonstrate
that°>N/*N ratios in modern herbivore bone collagen are nhigher in arid areas than
in humid areas. Strong negative correlation betwegmfall and thez™N values of
herbivore bone collagen has been recorded in soukieica and Australia (Heaton et
al. 1986; Sealy et al.1987; Pate and Anson 200&)s@ observations suggest that stable
nitrogen isotopes serve as a proxy for climationstruction (Ambrose and DeNiro
1989; Veth et al. 2018). Ambrose and DeNiro (198Bpws that both carbon and
nitrogen isotope ratios of herbivores reflect eoninental changes. For this reason,
Ambrose and DeNiro (1989) suggest the use of siabtepe ratios of herbivore bone
as a valid proxy to environmental reconstructiohe enrichment in both isotopes is
expected as response to an increase in the aimikyx specifically to camelids

(Yacobaccio et al., 2017). Guanaco bone collagablestisotope values could be a
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useful tool for reconstruct certain aspects of alies and habitats. ;(plants grow
optimally in hot, dry, sunny environments, whilg @lants do best in cool, moist,
shaded environments (Bjorkman and Berry, 1933)C ands™N for both G and G
plants decreased significantly with increasing meanual precipitation. Ma et al.
(2012) concluded that water availability is thenpary environmental factor controlling
the variability of plant**C and$™N and soil5'*C in the studied arid and semi-arid
regions. Carbon isotope composition is useful facihg environmental precipitation
changes. Plant nitrogen isotope composition cdeatefelative openness of ecosystem

nitrogen cycling.

The positive co-variation in stable isotopes froathbelements (C and N) indicates a
change in climatic conditions. These results shovnarease i3-*C plus an increase to
3'°N between 1250 years BP and 400/600 years BP.rfdans during these dates an
increase in ¢plants abundance as a response to the new cliseitario, and/or an
increase in the isotopic ratio of carbon as a mespdo a drop in water availability.
Changes irg™N values move in the same direction which couldekplained as a
response to a rainfall diminution too. This chargesimilar in both deserts but

significantly more pronounced in Monte than in AadePatagonian.

The higher isotopic variation in Monte than Anddatagonia guanaco bone collagen
could imply a different degree of sensitivity tointatic change between both
ecosystems. A lacustrine record of Holocene chaiode&cates in Laguna El Sosneado
a low fire frequency and a spatial expansion of tddmetween 1900 to 500 years BP.
This pattern means an increase in dryness (Naeaib, 2012). We return here to Rojo
et al. (2018) analyses &t°C in bulk sediment organic matter in piedmont froemtral
western. In the sedimentary sequence, they fouatlttire contribution of Monte C

tends to surpass increase, particularly duringabe1200/1400 years BP, as is shown
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by the changing trend towards higlséfC values, culminating with -19%. in the soil of
the topmost part of the sequence. They found thgamic material from sediments
deposit after 1280 years BP &€C higher in comparison with previous samples from
the regional sequence (Rojo et al., 2018). Thislte®mes from the sediments, and it
might imply other temporal scales of resolution d§jean et al., 2003), but it is
indicating changing ecological scenarios aftar 1280 years BP. Rojo et al. (2018)
interpret this increment if*C/*?C as a rise of £grass frequency in the area (Rojo et al.
2018). Even though these two studies are basedoxep that have a different spatial
and temporal scale in the resolution of environmledlimate reconstruction (Grosjean
et al., 2003), they show the same tendency betwaeh250 and 600/400 years BP,
indicating an increase in the aridity and the inseeof G. The camelid bone®*C and
BN values increase during the same period is comcordith the paleoecological
reconstruction suggested by Rojo et al. (2018) l[dadarro et al. (2010). Monte and
Andean-Patagonian show similar trends but more pahbruthe first one than in the
second one. Andean-Patagonian desert show sinatterp in both isotope after 1250
years BP, but much more tenuows.(0.5%0 to 1%o). Since not all bone guanaco
samples have direct radiocarbon date, but closgas@essociation with radiocarbon
dated material, these trends can be understocehst dbn the centennial or millennial

scale.

In recent years, an increasing number of studies haen published describing patterns
of the Medieval Climate Anomaly-MCA (Stine 2000;nés and Schwitalla 2008;

Williams et al., 2010). The general time frame thus epoch is generally taken to span
from ca. 1000-650 AP (Diaz et al. 2011). South Anzer paleoecological sites suggest

a warm MCA (Luning et al. 2019). There is no speai¢search in Northwest Patagonia
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about MCA. However, the contemporaneity of the gldddCA with detected changes

in paleoecological record of Laguna El SosneadoLanBstacada is striking.

The significant increase in the isotopic ratio GdNring a specific time period has
important implications in arid ecosystems paleoagpland human diet reconstruction.
The isotopic human diet in northwest Patagonia been mostly modeled using an
average isotopic value of Carbon and Nitrogen measfrom bone collagen (Gil,
2003; Gil et al., 2011; Gordon et al., 2017). Thgaanaco average values to modern
samples (Otaola et al., 2018) varyadhC between -18.9+3%. (Patagonia) to -20.1%o
(Monte) ands™N between 4+0.6%. (Patagonia) to 3.9%. (Monte). Rége@il et al.
(2018) used to reconstruct human diet on threeHatecene archaeological site located
on Monte, a@™°C of -17,6 +1,9%. an@'°N of 6,8 +2,1%.. Those values have a more
depleted isotopic ratio in C and N than isotop@rafound in Monte guanacos around
700 years BP (c@&'C = -16%0 and5*°N= 8%o). Like in Africa (Ambrose and DeNiro,
1989), these findings should generate a re-evaluati the interpretation of some past
human diets. As time average, our study found terdifit regional median between
Monte and Andean-Patagonian, but the values ar¢ooodifferent. To5**C, the inter
desert between median difference is 0.7%o an@'ihl is 0.5%.. But if the temporal
trends are considered, these differences are higgézast during some time period as
the case between 1250 to 600 years BP. At thegmaega 700 years BP the
differences between deserts is close to 3%. in ésmope. Guanaco is not the more
significant resource in Monte, but is the biggeresand the highest ranked prey. This
isotopic enrichment on guanaco could be a genefté¢nm manifested in other faunas
and plants too. Clearly, the significant differerbimween Monte and Patagonia could
be stronger during some period where Monte ressusm#opic signals react faster and

stronger than Patagonia until climatic variatioheaCtly, this preliminary trend needs to
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be confirmed increasing the number of guanaco Isangples and broaden its temporal

and spatially range.

6. Final Remarks

Stable isotopic analyses of herbivorous mammal bare a powerful tool for

reconstructing past environments and ecologicalohés from archaeological and
paleontological sites (Ambrose and DeNiro, 1999%thv&t al., 2018; Yacobaccio et al.,
2017). Guanaco and camelids, in general, show pakntial for applying isotopes
analyses to trace ecological relationships dueattiqulars concerning their distribution
and feeding ecology. In a simple way’C reflect relative intake of different vegetation
types, and'°N vary with annual precipitation (Heaton et al.869 Clementz, 2012;

Veth et al., 2018).

Our research confirms the high variation in guandied in terms of @C, plants, but
still with a dominance of €plant in any case. Using biogeographic units, maper

confirms significant differences i®**C and B'°N between Monte and Andean-
Patagonian guanacos. Although subtle, valilé8 and2™N are higher in Monte than

in Patagonia confirming our expectation based onate and ecology.

An unprecedented and surprising tendency was foumeh temporarily analyzing the
average values of both elements throughout theddal® and segregated by desert. We
assume™*C/*%C and >N/*N vary according to climate. Both deserts show temip
variation, but more notably in Monte than in Anddatagonian. In the last, higher

81°C tend to decline through the Holocene until ca $8ars BP. After 300 years BP
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the trend reverts until the present. At the same,i*°N shows low long-term variation
in this desert. Contrarily, Monte shows a drastidation between ca. 1250 to 600 years
BP. Bothd'*C and2™N, increase an after decay in contemporary timeofding to our
interpretation about how climatic variation couldgact in**C/*C and **N/**N, we
interpret this as an increase in mean annual teatyrer and/or a decrease in annual
mean precipitation. It calls attention about asegi signal record of Medieval Climatic

Anomaly in this part of North Patagonia, strongeMonte than in Andean-Patagonian.

These results offer new stable isotopes values famthwest Patagonia as a tool and
baseline to better understand the Holocene evolwdfdHuman diet. At the same time
invites to consider the time scale variation of buman diet modeling, mostly during
the second part of the late Holocene. Future staayd focus on this temporal Monte

guanac®@*C andz™N increase during the Late Holocene.

Stable isotope on faunal bone, as this and otheerpashows, are now useful not only
as by-product to interpret human diet, but alsoificrmative itself about ecology and
climate, improving our information about the Holoeesocio-natural environment

evolution.
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10|MSR-A237 Cueva Huent Al-3 RA 150C 100( -36.¢ -69.81 | ANDEAN-PATAGONIA | -19.9¢ -19.¢ 4.2 3.3[Gil et al. 2016

10| AIE-32272 Cueva Huent AIE1-E D 159C 100( -36.¢ -69.81 | ANDEAN-PATAGONIA| -18.¢ -18.¢ 5.¢ 3.1[Barberena et al. 2018
10| AIE-3227¢ Cueva Huent AIE1-E D 175: 100¢ -36.¢ -69.81 | ANDEAN-PATAGONIA -19 -19.C 4.8 3.1[Barberena et al. 2018
10| MSR-A23¢ Cueva Huent A9-4 RA 900(¢ 100¢ -36.¢ -69.81 | ANDEAN-PATAGONIA | -19.4¢ -19.5 4.5 3.2[Gil et al. 2016
10|MSR-A241] Cueva Huenul A9-4 D 9000 1000 -36.9 -69.81  ANDERNTAGONIA | -18.17 -18.2 4.9 3.2 Gil et al. 2016
10| AIE-32273 Cueva Huenul AIE9-E D 9295 1000 -36.9 -69.81  AMDEPATAGONIA | -17.4 -17.4 5.6 3.1|Barberena et al. 2018
10| AIE-32274] Cueva Huenul AIE9-E D 9375 1000 -36.9 -69.81  AMDEPATAGONIA | -17.4 -17.4 4.4 3.1|Barberena et al. 2018
10| AIE-32293 Cueva Huenul SUPERFICIE e 1004 -36.9 -69.81  EMN-PATAGONIA -21 -21.0 5.8 3.4|Barberena et al. 2018
10| AIE-32291] Cueva Huenul SUPERFICIE e 1004 -36.9 -69.81  EMN-PATAGONIA| -20.4 -20.4 5.2 3.3|Barberena et al. 2018
10| MSR-A51 Cueva Huenul SC 1000 -36.9 -69.81| ANDEAN-PATAGONIA  -20.33 -20.3 5.8 3.1/Gil et al. 2016

10| AIE-32288 Cueva Huenul SUPERFICIE e 1004 -36.9 -69.81  EMN-PATAGONIA| -20.2 -20.2 4.7 3.4|Barberena et al. 2018
10| AIE-32282] Cueva Huenul SUPERFICIE e 1004 -36.9 -69.81  EMN-PATAGONIA| -19.9 -19.9 6.3 3.2|Barberena et al. 2018
10| MSR-A50 Cueva Huenul SC 1000 -36.9 -69.81| ANDEAN-PATAGONIA  -19.67 -19.7 5.4 3.2|Gil et al. 2016

10| AIE-32279 Cueva Huenul B1 LEVEL 6 SC 1000 -36.9 -69.81  AMNIN-PATAGONIA| -19.6 -19.6 4.8 3.2|Barberena et al. 2018
10| MSR-A52 Cueva Huenul SC 1000 -36.9 -69.81| ANDEAN-PATAGONIA  -19.58 -19.6 4.7 3.2|Gil et al. 2016

10| MSR-A53 Cueva Huenul SC 1000 -36.9 -69.81| ANDEAN-PATAGONIA  -19.54 -19.5 5.3 3.1/Gil et al. 2016

10| AIE-32278 Cueva Huenul SUPERFICIE e 1004 -36.9 -69.81  EMN-PATAGONIA| -19.5 -19.5 4.4 3.1|Barberena et al. 2018
10| AIE-32281 Cueva Huenul SUPERFICIE e 1004 -36.9 -69.81  EMN-PATAGONIA| -19.5 -19.5 5.0 3.2|Barberena et al. 2018
10| AIE-32292] Cueva Huenul SUPERFICIE e 1004 -36.9 -69.81  EWN-PATAGONIA| -19.4 -19.4 5.4 3.2|Barberena et al. 2018
10| MSR-A54 Cueva Huenul SC 1000 -36.9 -69.81| ANDEAN-PATAGONIA  -19.37 -19.4 5.9 3.2|Gil et al. 2016

10| AIE-32768 Cueva Huenul B1-3 SC 1000 -36.9 -69.81  ANDEANTRGONIA | -19.3 -19.3 5.7 3.3|Barberena et al. 2018
11| MSR-A3 Cueva de la Luna RA 200 1300 -36.08| -69.72  ANDERAFAGONIA | -19.89 -19.9 4.4 3.1]in this paper

11| MSR-Al Cueva de la Luna RA 200 1300 -36.08| -69.72  ANDERAFAGONIA | -19.69 -19.7 4.2 3.1/Gil et al. 2016

11| MSR-A2 Cueva de la Luna RA 200 1300 -36.08| -69.72  ANDERAFAGONIA | -19.15 -19.1 5.0 3.1/Gil et al. 2016

11| MSR-A5 Cueva de la Luna RA 1490 1300 -36.08 -69.12  ANDEPATAGONIA | -19.75 -19.8 4.9 3.3|Gil et al. 2016

11| USF-6172] Cueva de la Luna RA 1490 130 -36.0: -69.72  ANDPATAGONIA | -19.4 -19.4 4.6 3.4/Gil et al. 2006

11| MSR-A4 Cueva de la Luna A3-A RA 3830 1300 -36.08] -69.72  DEMN-PATAGONIA| -19.75 -19.8 5.0 3.1/Gil et al. 2016

12| MSR-1037 Alero Puesto Carrasco NSF-75 RA 300 135 -36.1 69.69 | ANDEAN-PATAGONIA| -20.44 -20.4 5.5 3.3|in this paper

12| MSR-A12 Alero Puesto Carrasco RA 300 1300 -36.1] -69.69 DENN-PATAGONIA| -18.62 -18.6 5.4 3.1|Gil et al. 2016

12| MSR-A13 Alero Puesto Carrasco RA 500 1300 -36.1] -69.69 DENN-PATAGONIA| -19.85 -19.9 4.6 3.2|Gil et al. 2016

13| MSR-104( Cueva Salamanca NSF-104 RA 1350 166 -35.28 6969. ANDEAN-PATAGONIA| -19.62 -19.6 4.1 3.3|in this paper

13| MSR-1044 Cueva Salamanca NSF-103 RA 1350 166 -35.28 6969. ANDEAN-PATAGONIA| -19.61 -19.6 5.2 3.3|in this paper




13| MSR-1041 Cueva Salamanca NSF-99 RA 1350 1660 -35.48 969.ANDEAN-PATAGONIA | -19.25 -19.25 4.90 3.3[in this paper
13| MSR-1061 Cueva Salamanca NSF-99 RA 1350 1660 -35.48 969.ANDEAN-PATAGONIA | -19.03 -19.0 4.9 3.3[in this paper
13| MSR-819 Cueva Salamanca NSF-31 RA 1500 1660 -35.28 -69|BINDEAN-PATAGONIA |  -19.3 -19.3 4.8 3.3[in this paper
13| MSR-823 Cueva Salamanca NSF-98 RA 1600 1660 -35.28 -69|BINDEAN-PATAGONIA |  -19.2 -19.2 4.4 3.3[in this paper
13| MSR-838 Cueva Salamanca NSF-12 RA 2000 1660 -35.28 -69|BINDEAN-PATAGONIA |  -19.5 -19.5 4.8 3.3[in this paper
13| MSR-1048 Cueva Salamanca NSF-13 RA 2000 1660 -35.48 969.ANDEAN-PATAGONIA | -19.44 -19.4 4.9 3.3[in this paper
14| MSR-1071 L. Diamante LDIAM-M RA 10 3300 -34.19 -69.69 ANBE-PATAGONIA | -21.28 -19.6 3.5 3.3[in this paper
15| MSR-1039 Ojo de Agua NSF-109 RA 200 1600 -35.14 -69.64 BNN-PATAGONIA| -19.71 -19.7 5.8 3.4(in this paper
15| MSR-1053 Ojo de Agua NSF-109 RA 200 1600 -35.14 -69.64 BNN-PATAGONIA| -19.5 -19.5 5.9 3.3[in this paper
15| MSR-A8 Ojo de Agua RA 200 1600 -35.15 -69.64| ANDEAN-PATAGONIA  -19.45 -19.4 95. 3.2[Gil et al. 2016
15| USF-8356 Ojo de Agua RA 200 1600 -35.15 -69.64| ANDEAN-PATAGONIA  -18.7 -18.7 6.6 3.3Gil et al. 2006
15| MSR-489 Ojo de Agua OA1-5665 RA 200 1600 -35.15 -69.64  AMD-PATAGONIA| -18.2 -18.2 2.8 3.3[in this paper
16| MSR-1069 El Perdido 1 EP1 URS 44 D 2600 223 -34.66 -69/6 NDBAN-PATAGONIA| -19.42 -19.4 5.7 3.4(in this paper
17| MSR-825 Gruta El Mallin NSF-29 D 1483 2260 -34.66 -69. AMIN-PATAGONIA | -19.4 -19.4 5.2 3.3[in this paper
17| MSR-833 Gruta El Mallin NSF-30 D 8400 2260 -34.66 -69. DIBAN-PATAGONIA|  -18.8 -18.8 5.1 3.3[in this paper
18| MSR-1060 Cueva El Manantial CEM-1060 D 983 2300 -34.6 .669| ANDEAN-PATAGONIA| -19.06 -19.1 4.7 3.4(in this paper
19| MSR-1120 Diamante Vega Manantial VEMA MOD|1 RA 10 2463 3464 -69.57 | ANDEAN-PATAGONIA  -21.08 -19.5 3.2 3.3[in this paper
20| MSR-1072 Cerro Manantial C.MAN RA 10 2463 -34.64 -69.56 DBAN-PATAGONIA| -21.01 -19.3 3.8 3.3[in this paper
21| MSR-A6 El Carrizalito RA 500 2311 -34.53 -69.45| ANDEAN-PATAGONIA  -19.01 -19.0 74. 3.1[Gil et al. 2016
22| MSR-107( Vega Cruz de Piedra LDVCP-M RA 10 327 -34.2 9.46 | ANDEAN-PATAGONIA| -21.18 -19.4 3.6 3.3[in this paper
23| MSR-1042 Alero Montiel NSF-39 RA 920 2200 -34.55 -69.30 DEAN-PATAGONIA| -18.98 -19.0 4.8 3.3[in this paper
23| MSR-831 Alero Montiel NSF-43 RA 1320 2200 -34.55 -69.30 PEAN-PATAGONIA| -19.2 -19.2 5.2 3.3[in this paper
24| MSR-1119 Puesto Gil Abajo GIL AB 01 RA 10 1600 -34.73 &0 | ANDEAN-PATAGONIA| -21.40 -19.7 3.8 3.3[in this paper
25| MSR-106§ Medano Puesto Diaz MPD C4 106 D 6000 1530 534 -69.2 | ANDEAN-PATAGONIA[ -18.00 -18.0 4.2 3.4(in this paper
26| MSR-1079 Diamante Ao Hondo DAH-M SC 1480 -34.56 -69.17  ANMN-PATAGONIA| -17.13 -15.4 5.7 3.3[in this paper
27| MSR-1062 El Perdido NSF-123 SC 1440 -36.13 -69.12  ANDEANFRGONIA | -18.62 -18.6 4.0 3.3[in this paper
28| MSR-482 Volcan El Hoyo VEH-05 RA 10 1440 -36.13 -69.15  ARIEN-PATAGONIA| -16.5 -14.8 4.4 3.3[in this paper
28| MSR-484 Volcan El Hoyo VHE-08 RA 10 1440 -36.13 -69.15  ARIEN-PATAGONIA| -15.6 -13.9 4.4 3.3[in this paper
28| MSR-483 Volcan El Hoyo VEH-07 RA 10 1440 -36.13 -69.15  ARIEN-PATAGONIA| -14.6 -12.9 5.0 3.3[in this paper
29| MSR-826 Cueva Volcan El Hoyo NSF-91 RA 500 1440 -36.1 9.18 [ ANDEAN-PATAGONIA| -17.5 -17.5 7.9 3.6[in this paper
30| MSR-A46 Payunia RA 10 1500 -36.15 -68.69| ANDEAN-PATAGONIA  -16.93 -15.2 4.8 3.1[Gil et al. 2016
31|MSR-A35( Puesto Cupertino RA 10 2280 -35.52 -68.45 ANDERATAGONIA | -22.24 -20.6 3.3 3.2[Gil et al. 2016
31{MSR-A11( Puesto Cupertino RA 10 2300 -35.52 -68.45 ANDERATAGONIA| -22.11 -20.4 4.1 3.2[Gil et al. 2016
32| USF-8864 La Correder USF1-F RA 193( 130( -36.52 -68.5: | ANDEAN-PATAGONIA | -19.Z -19.5 6.3 3.2[Gil et al. 2006
33| AIE-32769 Cueva Yagui SUPERFICIH SC 1379 -36.93 69.88 ANNEPATAGONIA | -20.1 -18.6 6.0 3.2[Barberena et al. 2018
33| AIE-32289 Cueva Yagui SUPERFICIH SC 1379 -36.93 69.88 ANNEPATAGONIA | -19.3 -17.8 5.2 3.2[Barberena et al. 2018
34| MSR-829 Agua de Perez NSF-87 D 685 148 -36.84 -69.48 MONTE -18.7 -18.7 6.3 3.3[in this paper
34| MSR-835 Agua de Pérez NSF-28 D 1010 148 -36.84 -69.48 MONT -19.4 -19.4 4.9 3.4(in this paper
35|MSR-A12Q Sierra de Chachauén RA 10 800 -37.0 -68.p2 MONT -21.62 -19.9 3.9 3.2|Gil et al. 2016
36| MSR-1052 Fuerte San Rafael del Diamante NSF-11 RA 200 860 -34.58 -68.55 MONTE -20.12 -20.1 5.2 3.3[in this paper
36| MSR-103§ Fuerte San Rafael del Diamante NSF-11 RA 200 860 -34.58 -68.55 MONTE -20.10 -20.1 5.2 3.3[in this paper
36| MSR-1035 Fuerte San Rafael del Diamante NSF-66 RA 200 60 8 -34.58 -68.55 MONTE -19.29 -19.3 5.5 3.3[in this paper
36| MSR-828 Fuerte San Rafael del Diamante NSF-67 RA 200 0 84 -34.58 -68.55 MONTE -19.3 -19.3 5.0 3.3[in this paper
37|MSR-113( Aguita de Reyes EA 160218 RA 10 713 -37.37 B8.p MONTE -20.13 -18.4 4.8 3.3[in this paper
38| MSR-859 Puelén Puel-1 RA 10 743 -37.37 -68.43 MONTE 218 9.61 5.7 3.3[in this paper
39| MSR-1067 Corcovo Corc 1M RA 10 730 -37.4 -68.4 MONTE -20.80 -19.1 4.5 3.4(in this paper
40| MSR-1129 Corcovo Flia Diaz COR 14021 RA 10 730 -37.2 .668 MONTE -21.60 -19.9 5.2 3.3[in this paper
41| MSR-858 Luenco Plu-1 RA 10 800 -37.19 -68.4 MONTE -19 417. 5.1 3.3[in this paper
42| MSR-A20(0 Nacimiento de Los Leones SC 1101 -35.2 -68J4 NBN -17.6 -17.6 7.9 3.2|Gil et al. 2016
43| MSR-822 Zanjon El Morado NSF-84 D 1365 685 -34.76 -68.37 NT@ -19.6 -19.6 4.4 3.3[in this paper
44| MSR-820 Los Leones-6 NSF-78 RA 300 935 -35.2 -68.31 MONTE 18.7 -18.7 5.5 3.4(in this paper
44| MSR-834 Los Leones 6 NSF-79 RA 300 935 -35.2 -68.31 MONTE 17.8 -17.8 4.4 3.4(in this paper
45| MSR-861 Pto. La Tapera Lat-1 RA 10 760 -37.19 -68.8 MONTE 21.4 -19.7 5.6 3.3[in this paper
46| MSR-860 Agua de La Vidriera Avi-1 RA 10 750 -37.17 -68.3 OMTE -20.6 -18.9 6.1 3.3[in this paper
47| USF-8865| Agua de los Caballos RA 360 1.02p -35.3¢ -68|3 ONVIE -18.5 -18.5 7.€ 3.3|Gil et al. 2006
47| MSR-A16 Agua de los Caballos RA 360 1.024 -35.37 -68.3 e -17.47 -17.5 9.9 3.1|Gil et al. 2016
47| MSR-836 Agua de los Caballos NSF-14 RA 360 1.025 -35.37 -68.3 MONTE -17.2 -17.2 9.4 3.3|in this paper
47| USF-6171 Agua de los Caballos RA 360 1.02p -35.3¢ -68|3 ONVIE -14.7 -14.7 5.0 3.4/Gil et al. 2006
47| MSR-818 Agua de los Caballos NSF-58 RA 640 1.025 -35.37 -68.3 MONTE -17.79 -17.8 7.8 2.8]in this paper
48| MSR-821 La Olla NSF-21 RA 660 491 -34.89 -67.74 MONTE -17.4 174 11.7 3.3[in this paper

ruC, BN from guanaco bone collagen. Chronological assignment of the samples: D= direct radiocarbon on sample; SC= without chronology; RA= chronology assined by association to other samples with numerical age estimat:




Ref Map ID Procedend8ample Coq Associatiorpnology (yed — masl SL WL Desert %% crrstc 5N |Atomic C/N Referencels
10| AIE-32293Cueva HuenSUPERFICI SC 1000 -36.9 -69.81 FAN-PATAG -21 -21.C 5.8 3.4|Barberena et al.
12| MSR-103" p Puesto C§ NSF-75 RA 300 135( -36.1 -69.6¢ EAN-PATAG -20.4¢ -20.4 5.t 3.3[in this paper |
10| AIE-32291Cueva HuenSUPERFICI SC 1000 -36.9 -69.81 FAN-PATAG -20.4 -20.4 5.2 3.3|Barberena et al.
10| MSR-A51 Cueva Huent SC 1000 -36.9 -69.81 FAN-PATAGF -20.33 -20.2 5.8 3.1|Gil et al. 2016
10| AIE-32283Cueva Huen A1-3E RA 1500 1000 -36.9 -69.81 FAN-PATAG -20.3 -20.2 6.C 3.4|Barberena et al.
10| AIE-32288Cueva HuenSUPERFICI SC 1000 -36.9 -69.81 FAN-PATAG -20.2 -20.2 4.7 3.4|Barberena et al.

3] MSR-A9 fa Arroyo Colorac RA 1380 2000 -35.18 -70.05 FAN-PATAG  -20.1¢/ -20.1 5.C 3.1|Gil et al. 2016

1| MSR-105( los Peuquerl NSF-15 RA 280 303¢ -34.€ -70.0¢  EAN-PATAG -20.11 -20.1 5.2C 3.5(in this paper
36| MSR-105: jan Rafael d| NSF-11( RA 200 86(C -34.5¢ -68.5¢ MONTE -20.12 -20.1 5.2 3.3|in this paper
36| MSR-103¢ }an Rafael d| NSF-110 RA 200 86( -34.5¢ -68.5¢ MONTE -20.1( -20.1 5.2 3.3[in this paper
10| MSR-A236[ueva Huen Al-3 RA 1500 1000 -36.9 -69.81 FAN-PATAE -19.94 -19.¢€ 54 3.3|Gil et al. 2016
10| MSR-A237Cueva Huen Al-3 RA 1500 1000 -36.9 -69.81 FAN-PATAE -19.94 -19.¢€ 4.2 3.3|Gil et al. 2016
10| AIE-32284ueva Huen B1-5 RA 550 1000 -36.9 -69.81 EFAN-PATAG -19.9 -19.¢€ 4.8 3.2|Barberena et al.
10| AIE-32282[Cueva HuenSUPERFICI SC 1000 -36.9 -69.81 FAN-PATAG -19.9 -19.¢€ 2 3.2|Barberena et al.
11f MSR-A3 pevade la Lur RA 200 1300 -36.08 -69.72 EAN-PATAF -19.89 -19.¢€ 4.4 3.1[in this paper

3| MSR-82i ta Arroyo Cd NSF-£ RA 770 2000 -35.18 -70.05 EAN-PATAG -19.8i -19.¢€ 4.¢ 3.3|in this paper
12| MSR-A13 p Puesto Carras RA 500 1300 -36.1 -69.69 FAN-PATAG -19.8f -19.¢ 4.€ 3.2|Gil et al. 2016

3| MSR-104¢}a Arroyo Cq NSF-33 RA 770 2000 -35.18 -70.05FAN-PATAG -19.8¢ -19.¢ 5.C 3.3|in this paper |
10| MSR-A244Cueva Huen B1-5 RA 550 1000 -36.9 -69.81 FAN-PATAG -19.8 -19.¢ 51 3.2|Gil et al. 2016

3| MSR-841 ja Arroyo Cq NSF-2: RA 1380 2000 -35.18 -70.05 EAN-PATAE -19.7¢ -19.¢ 4.¢ 3.3|in this paper |
11f MSR-A5 peva de la Lur RA 1490 1300 -36.08 -69.72 EAN-PATAE -19.75 -19.¢ 4.¢ 3.3|Gil et al. 2016
11f MSR-A4 Levadelal{ A3-A RA 3830 1300 -36.08 -69.72 FAN-PATAG -19.75 -19.¢ 5.C 3.1|Gil et al. 2016
10| AIE-32275Cueva Huen AIE1-E D 1269 1000 -36.9 -69.81 FAN-PATAG -19.7 -19.7 5.€ 3.1|Barberena et al.

1| MSR-104" los Peuquerl NSF-35 RA 280 303¢ -34.¢€ -70.0¢  EAN-PATAG -19.6¢ -19.7 5.9¢ 3.3[in this paper
15| MSR-103¢ |Ojo de Agu@ NSF-109 RA 200 1600 -35.15 -69.68AN-PATAF -19.71 -19.7 5.8 3.4(in this paper
10| MSR-A50 Cueva Huent SC 1000 -36.9 -69.81 FAN-PATAF -19.67 -19.7 54 3.2|Gil et al. 2016
11f MSR-Al1 pLevade la Lur RA 200 1300 -36.08 -69.72 EAN-PATAGF -19.69 -19.7 4.2 3.1|Gil et al. 2016

3| MSR-104¢a Arroyo Cq NSF-7 RA 770 2000 -35.18 -70.05FAN-PATAG -19.6¢ -19.7 4.¢ 3.3|in this paper
13| MSR-104( beva Salam{ NSF-104 RA 1350 166( -35.2¢ -69.6¢ EAN-PATAF -19.6:2 -19.€ 4.1 3.3[in this paper
13| MSR-104« leva Salam{ NSF-103 RA 1350 166( -35.2¢ -69.6¢ EAN-PATAF -19.61 -19.€ 5.2 3.3[in this paper
10| AIE-32271Cueva Huen AIE3-E D 373 1000 -36.9 -69.81 EAN-PATAG -19.6 -19.¢ 54 3.1|Barberena et al.
10| AIE-32279ueva HuenB1 LEVEL € SC 1000 -36.9 -69.81 FAN-PATAG -19.6 -19.¢ 4.8 3.2|Barberena et al.
43[ MSR-822 |njon El Mor| NSF-84 D 1365 685 -34.76 -68.37 MONTE -19.6 -19.6 4.4 3.3[in this paper
10 MSR-A52 Cueva Huent SC 1000 -36.9 -69.81 FAN-PATAG -19.58 -19.€ 4.7 3.2|Gil et al. 2016
10 MSR-A53 Cueva Huent SC 1000 -36.9 -69.81 FAN-PATAG -19.54 -19.5 .3 3.1|Gil et al. 2016
10| AIE-32278Cueva HuenrSUPERFICI SC 1000 -36.9 -69.81 FAN-PATAG -19.5 -19.5 4.4 3.1|Barberena et al.
10| AIE-32281ueva HuenrSUPERFICI SC 1000 -36.9 -69.81 FAN-PATAG -19.5 -19.5 5.C 3.2|Barberena et al.
10{ MSR-A239Cueva Huenl  A9-4 RA 9000 1000 -36.9 -69.81 FAN-PATAG  -19.49 -19.5 4.t 3.2|Gil et al. 2016
13| MSR-83¢ peva Salam{ NSF-1- RA 2000 166( -35.2¢ -69.6¢ EAN-PATAG -19.t -19.t 4.8 3.3(in this paper
15| MSR-105:|Ojo de Agua NSF-10¢ RA 20C 1600 -35.15 -69.64 EAN-PATAG -19.t -19.t 5.¢ 3.3(in this paper

2| MSR-A7 pyo El Dese A5-A RA 5600 2000 -35.18 -70.05 FAN-PATAG -19.4¢ -19.5 4.C 3.1|Gil et al. 2016
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13| MSR-104¢ heva Salam{ NSF-13 RA 2000 166( -35.2¢ -69.6¢ EAN-PATAG -19.4¢ -19.4 4.¢ 3.3]in this paper
15| MSR-A8 |Ojo de Agup RA 200 1600 -35.15 -69.64AN-PATAG  -19.45 -19.4 5.¢ 3.2(Gil et al. 2016
16| MSR-106¢ |[El Perdido 1 EP1 URS 49 D 2600 223¢ -34.6¢ -69.€¢  EAN-PATAG -19.4: -19.4 5.7 3.4]in this paper
17| MSR-825 pruta El Mal| NSF-29 D 1483 2260 -34.66 -69.6 FAN-PATAG -19.4 -19.4 5.2 3.3|in this paper
10| AIE-32292ueva HuenSUPERFICI SC 1000 -36.9 -69.81 FAN-PATAF -19.4 -19.4 54 3.2|Barberena et al. 2018
11| USF-6172peva de la Lur RA 1490 1300 -36.08 -69.72 FAN-PATAG  -194 -19.4 4.€ 3.4|Gil et al. 2006
34| MSR-835 pgua de Pél NSF-28 D 1010 1480 -36.84 -69.48 MONTE -19.4 -19.4 4.9 3.4]in this paper |
10| MSR-A54 Cueva Huent SC 1000 -36.9 -69.81 FAN-PATAG  -19.37 -19.4 5.6 3.2[Gil et al. 2016
4| MSR-1043| ElIndigenp NSF-107 R A 900 3300 -34.49 -69.98 FAN-PATAG -19.34 -19.3 6.05 3.3]in this paper |
10| AIE-32285ueva Huen Al-2W RA 1400 1000 -36.9 -69.81 FAN-PATAG  -19.3 -19.5 5.t 3.2|Barberena et al. 2018
10| AIE-32768ueva Huen B1-3 SC 1000 -36.9 -69.81 FAN-PATAG  -19.3 -19.5 5.7 3.3|Barberena et al. 2018
La
3| USF-8884) (o odera] YSFLF RA 1930 1300 -36.52 6853 An-paTAg 193 -19.3 6.3 3.2|Gil et al. 2006
1] MSR-A15 |os Peuquen: RA 280 3089 -34.6 -70.09 FAN-PATAG -19.28 -19.2 54 3.2|Gil et al. 2016
36| MSR-103! jan Rafael d| NSF-66 RA 200 86( -34.5¢ -68.5¢ MONTE -19.2¢ -19.2 5.E 3.3[in this paper
36| MSR-82¢ jan Rafael d| NSF-67 RA 20C 86( -34.5¢ -68.5¢ MONTE -19.2 -19.2 5.C 3.3|in this paper
13| MSR-81¢ lieva Salam{ NSF-3] RA 1500 166( -35.2¢ -69.6¢ FAN-PATAG -19.2 -19.2 4.8 3.3|in this paper
13| MSR-104: beva Salami NSF-99 RA 1350 166( -35.2¢ -69.6¢ FAN-PATAGF -19.2¢ -19.2¢ 4.9C 3.3]in this paper
13| MSR-82: peva Salamij NSF-98 RA 1600 166( -35.2¢ -69.6¢ FAN-PATAG -19.2 -19.2 4.4 3.3]in this paper
3| MSR-A10 fa Arroyo Cq  A3-0 RA 3190 2000 -35.18 -70.05 FAN-PATAF -19.1¢ -19.2 4.7 3.3|Gil et al. 2016
23| MSR-831 Alero Montig NSF-4: RA 132(C 220C -34.5¢ -69.3¢ FAN-PATAG -19.2 -19.2 5.2 3.3]in this paper |
1] MSR-A14 |os Peuquen: RA 280 3089 -34.6 -70.09 FAN-PATAE -19.17 -19.2 3.1 3.3|Gil et al. 2016
9] MSR-83: |Cueva Palu| NSF-6( RA 130 232( -34.9¢ -69.8¢ EAN-PATAG -19.2 -19.2 6.1 3.3]in this paper |
11] MSR-A2 pevade la Lur RA 200 1300 -36.08 -69.72 FAN-PATAG -19.15 -19.1 5.C 3.1|Gil et al. 2016
3| USF-6170fa Arroyo Colorac RA 770 2000 -35.18 -70.05 FAN-PATAG -19.1( -19.1 .2 3.3|Gil et al. 2006
10| AIE-32277ueva Hued B1-5 RA 550 1000 -36.9 -69.81 FAN-PATAG  -19.1 -19.1 e 3.1|Barberena et al. 2018
7] MSR-A11 puna Sosheadc D 650 2000 -34.83 -69.9 FAN-PATAG -19.09 -19.1 e 3.2|Gil et al. 2016
18| MSR-106( eva El Mand CEM-1060 D 983 2300 -34.6¢ -69.6 FAN-PATAG -19.0¢ -19.1 4.7 3.4{in this paper
13| MSR-106: beva Salam{ NSF-99 RA 1350 166( -35.2¢ -69.6¢ FAN-PATAG -19.0¢ -19.C 4.¢ 3.3|in this paper
21l MSR-A6 [l Carrizalitc RA 500 2311 -34.53 -69.45 FAN-PATAG -19.01 -19.C 4.7 3.1|Gil et al. 2016
10| AIE-32276ueva Huen AIE1-E D 1753 1000 -36.9 -69.81 FAN-PATAG -19 -19.C 4.6 3.1|Barberena et al. 2018
23| MSR-104: Alero Montig NSF-39 R A 920 220C -34.5¢ -69.3¢ FAN-PATAGF -18.9¢ -19.C 4.8 3.3]in this paper
9] MSR-84: |Cueva Palu| NSF-1¢ RA 2050 232C -34.9¢ -69.8¢ FAN-PATAG -19.C -19.C 4.7 3.2|in this paper
7] USF-8357puna Sosneadc D 650 2000 -34.83 -69.9 FAN-PATAG -18.9 -18.¢ 6.1 3.3|Gil et al. 2006
10| AIE-32272 ueva Hued AIE1-E D 1590 1000 -36.9 -69.81 FAN-PATAG  -18.9 -18.¢ 5.6 3.1|Barberena et al. 2018
3| USF-6179fa Arroyo Colorac RA 770 2000 -35.18 -70.05 FAN-PATAG -18.8( -18.€ .2 3.4|Gil et al. 2006
6] USF-8355Mrroyo Malo & SC 2000 -34.87 -69.9 FAN-PATAF -18.8( -18.€ 4.8 3.3|Gil et al. 2006
17| MSR-833 jruta EI Mal| NSF-30 D 8400 2260 -34.66 -69.6 FAN-PATAG -18.8 -18.8 5.1 3.3]in this paper
5| USF-8354| La Gotera RA 1000 1800 -35.81 -69.95AN-PATAG  -18.7 -18.7 6.2 3.4(Gil et al. 2006
34| MSR-82¢ pgua de Penf  NSF-81 D 685 148( -36.8¢ -69.4¢ MONTE -18.7 -18.7 6.2 3.3]in this paper
44| MSR-82( |Los Leones] NSF-7¢ RA 300 93¢t -35.2 -68.31 MONTE -18.7 -18.7 5.8 3.4]in this paper
15| USF-8356| Ojo de Agya RA 200 1600 -35.14 -69.68AN-PATAG  -18.7 -18.7 6.€ 3.3[Gil et al. 2006
27 MSR-106:| El Perdido| NSF-123 SC 144( -36.1: -69.12 EAN-PATAG -18.62 -18.€ 4.C 3.3]in this paper




12| MSR-A12 jp Puesto Carras RA 300 1300 -36.1 -69.69 FAN-PATAG -18.62 -18.€ 5.4 3.1|Gil et al. 2016
33| AIE-32769|Cueva YagiSUPERFICI SC 1379 -36.93 69.88 FAN-PATAGF -20.1 -18.€ 6.C 3.2[Barberena et al. 2018
47| USF-8865}a de los Caball RA 360 1.025 -35.37 -68.3 MONTH -18.5 -18.5 7.€ 3.3|Gil et al. 2006
10 MSR-A241Cueva Huen A9-4 D 9000 1000 -36.9 -69.81 FAN-PATAG -18.17 -18.2 4. 3.2|Gil et al. 2016
15| MSR-48¢ |Ojo de Agua OA1-566¢ RA 20C 1600 -35.15 -69.64 EAN-PATAG -18.2 -18.2 2.8 3.3(in this paper
25| MSR-1068dano PuestiMPD C4 106 D 6000 1530 -34.65 -69.2 EAN-PATAG -18.00 -18.0 4.2 3.4(in this paper
10| MSR-A233Cueva Huen Al-2 RA 300 1000 -36.9 -69.81 FAN-PATAG -17.98 -18.C 6.t 3.2|Gil et al. 2016
8| MSR-837 | Rio Barroso NSF-53 RA 500 2450 -34.39 -69.87 FAN-PATAG -17.9 -17.9 55 3.3[in this paper
44| MSR-83¢ |Los Leones| NSF-7¢ RA 300 93¢t -35.2 -68.31 MONTE -17.€ -17.€ 4.4 3.4(in this paper
33[ AIE-32289|Cueva YaglSUPERFICI SC 1379 -36.93 69.88 FAN-PATAG -19.3 -17.¢ 5.2 3.2|Barberena et al. 2018
47| MSR-81¢ Jade los Cal NSF-58 RA 640 1.025 -35.37 -68.3| MONTE -17.7¢ -17.€ 7.8 2.8|in this paper |
42| MSR-A200jiento de Los Leon SC 1100 -35.2 -68.4 MONTE -17.6 -17.¢ 7.6 3.2|Gil et al. 2016
29| MSR-826 f/a Volcan E| NSF-91 RA 500 1440 -36.14 -69.12FAN-PATAG -17.5 -17.5 7.9 3.6|in this paper |
47 MSR-A16 Ja de los Caballi RA 360 1.025 -35.37 -68.3 MONTH -17.47 -17. 9.€ 3.1|Gil et al. 2016
10| AIE-32273Cueva Huen AIES-E D 9295 1000 -36.9 -69.81 FAN-PATAG -17.4 -17.2 5.€ 3.1|Barberena et al. 2018
10| AIE-32274Cueva Huen AIES-E D 9375 1000 -36.9 -69.81 FAN-PATAG -17.4 -17.2 4.4 3.1|Barberena et al. 2018
48[ MSR-82! La Olla NSF-2! RA 66(C 491 -34.8¢ -67.7¢4 MONTE -17.4 -17.4 11.7 3.3[in this paper
47| MSR-83¢ Jade los Ca] NSF-1« RA 360 1.025 -35.37 -68.3 MONTE -17.2 -17.2 9.4 3.3|in this paper
26 MSR-107¢ |mante Ao H DAH-M SC 148( -34.5¢ -69.17 EAN-PATAF -17.1c -15.4 5.7 3.3[in this paper
47( USF-6171})a de los Caballi RA 360 1.025 -35.37 -68.3 MONTH -14.7 -14.5 5.C 3.4|Gil et al. 2006




Procedenc{SampIe Cod Associatiorpnology (yed  masl SL WL Desert stc crrétc 5N  |Atomic C/N| Referencep
Lesto Cupertir R A 10 228( -35.52 -68.5¢  FAN-PATAG -22.2¢ -20.€ 3.2 3.2|Gil et al. 2016
Liesto Cupertir RA 10 230( -35.52 -68.5¢ FAN-PATAG -22.11 -20. 4.1 3.2|Gil et al. 2016
Lesto Gil Al GIL AB 01 RA 10 160C -34.7: -69.21 EAN-PATAG -21.4( -19.7 3.8 3.3]in this paper
L. Diamant{ LDIAM-M RA 10 330( -34.1¢ -69.6¢ EAN-PATAG -21.2¢ -19.€ 3.t 3.3[in this paper

a Cruz de  LDVCP-M RA 10 327( -34.2: -69.4 EAN-PATAG -21.1¢ -19.4 3.€ 3.3|in this paper
hnte Vega MEMA MOD RA 10 2467 -34.6¢ -69.57 FAN-PATAG -21.0¢ -19.k 3.2 3.3]in this paper
erro Manan| C.MAN RA 10 2463 -34.6¢ -69.5¢ EAN-PATAG -21.01 -19.2 3.8 3.3]in this paper
Cueva HuenSUPERFICI SC 100( -36.¢ -69.81 FAN-PATAG -21 -21.C 5.8 3.4|Barberena et al.
0 Puesto Cqd NSF-7¢ RA 30C 135( -36.1 -69.6¢ EAN-PATAG -20.4¢ -20.4 5t 3.3]in this paper |
Cueva HuenSUPERFICI SC 100( -36.¢€ -69.81 FAN-PATAG -20.4 -20.4 5.2 3.3|Barberena et al.
Cueva Huent SC 100( -36.¢ -69.81 FEAN-PATAG -20.3: -20.2 5.8 3.1|Gil et al. 2016|
Cueva Huen Al1-3E RA 150C 100( -36.€ -69.81 FAN-PATAG -20.8 -20.2 6.C 3.4|Barberena et al.
Cueva HuenSUPERFICI SC 100C -36.€ -69.81 FAN-PATAG -20.2 -20.z 4.7 3.4|Barberena et al.
a Arroyo Colorac RA 138C 200C -35.1¢ -70.0t  EAN-PATAG -20.1¢ -20.1 5.C 3.1|Gil et al. 2016
Llos Peuquell NSF-1t RA 28C 303¢ -34.€ -70.0¢  EAN-PATAG -20.11 -20.1 5.2C 3.5]in this paper
Cueva YagiSUPERFICI SC 137¢ -36.9:% 69.8¢ FAN-PATAG -20.1 -18.€ 6.C 3.2|Barberena et al.
Cueva Huen Al-3 RA 150C 100C -36.¢€ -69.81 FEAN-PATAG -19.9¢ -19.¢ 54 3.3|Gil et al. 2016
Cueva Huen  Al1-3 RA 150( 100( -36.¢ -69.81 EAN-PATAG -19.9¢ -19.¢€ 4.2 3.3|Gil et al. 2016
Cueva Huen B1-5 RA 55(C 100C -36.€ -69.81 FAN-PATAG -19.€ -19.€ 4.8 3.2|Barberena et al.
Cueva HuenSUPERFICI SC 100( -36.€ -69.81 FAN-PATAG -19.¢€ -19.¢ 6.2 3.2|Barberena et al.
Leva de la Lur RA 20C 130C -36.0¢ -69.7: FAN-PATAG -19.8¢ -19.¢ 4.4 3.1]in this paper
a Arroyo Cd NSF-£ RA 77C 200C -35.1¢ -70.08  FAN-PATAG -19.8i -19.¢ 4.¢ 3.3]in this paper
o Puesto Carras RA 50C 130( -36.1 -69.6¢ FAN-PATAG -19.8¢ -19.¢ 4.€ 3.2|Gil et al. 2016
a Arroyo Cq NSF-3: RA 77C 200( -35.1¢ -70.0¢  FAN-PATAG -19.8t -19.¢ 5.C 3.3]in this paper
Cueva Huen B1-5 RA 55(C 100C -36.€ -69.81 EAN-PATAG -19.¢ -19.¢ 5.1 3.2|Gil et al. 2016
a Arroyo Cq NSF-2¢ RA 138( 200C -35.1¢ -70.08  FAN-PATAG -19.7¢ -19.¢ 4.¢ 3.3]in this paper
ueva de la Lur R A 149( 130( -36.0¢ -69.72 EAN-PATAG -19.7¢ -19.¢ 4.6 3.3|Gil et al. 2016
pevadelall A3-A RA 383( 130( -36.0¢ -69.7: FAN-PATAG -19.7¢ -19.¢ 5.C 3.1|Gil et al. 2016
Ojo de Agu{ NSF-10¢ RA 20C 160C -35.1F -69.6¢ FAN-PATAG -19.71 -19.7 5.8 3.4|in this paper
Cueva Huen AIE1-E D 126¢ 100( -36.¢ -69.81 FAN-PATAG -19.7 -19.7 5.€ 3.1|Barberena et al.
Ll0s Peuquell NSF-3¢ RA 28C 303¢ -34.€ -70.0¢  EAN-PATAG -19.6¢ -19.7 5.9¢ 3.3]in this paper
Leva de la Lur RA 20C 130( -36.0¢ -69.7: FAN-PATAG -19.6¢ -19.7 4.2 3.1|Gil et al. 2016
Cueva Huent SC 100( -36.¢ -69.81 FAN-PATAG -19.67 -19.7 54 3.2|Gil et al. 2016
a Arroyo C  NSF-i RA 77C 200( -35.1¢ -70.0¢  FAN-PATAG -19.6f -19.7 4.€ 3.3]in this paper
lleva Salam{ NSF-10:- RA 135( 166( -35.2¢ -69.6¢ EAN-PATAG -19.62 -19.€ 4.1 3.3|in this paper
lleva Salam{ NSF-10: RA 135( 166( -35.2¢ -69.6¢ FAN-PATAG -19.61 -19.¢€ 5.2 3.3]in this paper
Cueva Huen AIE3-E D 373 100C -36.¢€ -69.81 FAN-PATAG -19.€ -19.€ 5.4 3.1|Barberena et al.

2018

2018

2018

2018

2018

2018
2018

2018

2018



Cueva HuenB1 LEVEL § SC 100( -36.€ -69.81 FAN-PATAG -19.¢ -19.¢ 4.8 3.2|Barberena et al. 2018
Cueva Huent SC 100( -36.¢ -69.81 FAN-PATAG -19.5¢ -19.¢ 4.7 3.2|Gil et al. 2016
Cueva Huent SC 100( -36.€ -69.81 EAN-PATAG -19.5¢ -19.5 5.2 3.1|Gil et al. 2016
Cueva HuenSUPERFICI SC 100( -36.¢ -69.81 FAN-PATAG -19.t -19.t 4.4 3.1[Barberena et al. 2018
Cueva HuenSUPERFICI SC 100( -36.¢ -69.81 FAN-PATAG -19.t -19.5 5.C 3.2|Barberena et al. 2018
Ojo de Agu{ NSF-10¢ RA 20C 160( -35.1¢ -69.6¢ FAN-PATAG -19.F -19.t 5.¢ 3.3|in this paper
Cueva Huen  A9-4 RA 900( 100( -36.€ -69.81 EAN-PATAG -19.4¢ -19.t 4.t 3.2|Gil et al. 2016
leva Salam{ NSF-1: RA 200( 166( -35.2¢ -69.6¢ EAN-PATAG -19.t -19.t 4.8 3.3|in this paper
pyo El Dese A5-A RA 560( 200C -35.1¢ -70.0t  EAN-PATAG -19.4¢ -19.5 4.C 3.1|Gil et al. 2016
Ojo de Agui RA 20C 160( -35.1¢ -69.6¢ EAN-PATAG -19.4¢ -19.4 5.¢ 3.2|Gil et al. 2016
lleva Salam{ NSF-1: RA 200C 166( -35.2¢ -69.6¢ FAN-PATAG -19.4¢ -19.4 4.¢ 3.3]in this paper

El Perdido |EP1 URS 4 D 260( 223¢ -34.6¢ -69.€ EAN-PATAG -19.4: -19.4 5.7 3.4|in this paper
bruta El Malll  NSF-29 D 1483 2260 -34.66 -69.6 FAN-PATAG -19.4 -19.4 5.2 3.3|in this paper
Cueva HuenSUPERFICI SC 100( -36.¢ -69.81 FAN-PATAG -19.4 -19.4 5.4 3.2|Barberena et al. 2018
Leva de la Lur RA 149( 130( -36.0¢ -69.7: FAN-PATAG -19.4 -19.4 4.€ 3.4|Gil et al. 2006
Cueva Huent SC 100( -36.¢ -69.81 FAN-PATAG -19.37 -19.4 5.¢ 3.2|Gil et al. 2016

El Indigend NSF-107 RA 900 3300 -34.49 -69.98 FAN-PATAG -19.34 -19.3 6.05 3.3|in this paper
Cueva Hueng A1-2W RA 140(C 100( -36.¢ -69.81 FAN-PATAG -19.¢ -19.¢ 5.t 3.2[Barberena et al. 2018
Cueva Huen B1-3 SC 100C -36.¢ -69.81 FAN-PATAG -19.5 -19.z 5.7 3.3|Barberena et al. 2018

La

Correder | OSTLF RA 1930 1300 3652 6853 \\.paTagd 193 193 6.3 3.2|Gil et al. 2006
Cueva YagSUPERFICI SC 137¢ -36.9¢ 69.8¢ FAN-PATAG -19.2 -17.¢ 5.2 3.2|Barberena et al. 2018
L0s Peuquen: RA 28( 308¢ -34.€ -70.0¢  EAN-PATAG -19.2¢ -19.2 5.4 3.2|Gil et al. 2016
lleva Salam{ NSF-31 RA 150C 166( -35.2¢ -69.6¢ FAN-PATAG -19.¢ -19.2 4.8 3.3]in this paper
leva Salam{ NSF-9¢ RA 135(C 166( -35.2¢ -69.6¢ EAN-PATAG -19.2¢ -19.2¢ 4.9C 3.3|in this paper
Cueva Palul NSF-6( RA 13C 232( -34.9¢ -69.8¢ FAN-PATAG -19.2 -19.2 6.1 3.3]in this paper
leva Salam{ NSF-9¢ RA 160( 166( -35.2¢ -69.6¢ EAN-PATAG -19.2 -19.2 4.4 3.3|in this paper
aArroyoCd  A3-0 RA 319C 200C -35.1¢ -70.0t  EAN-PATAG -19.1¢ -19.2 4.7 3.3|Gil et al. 2016
Alero Monti§g NSF-4: RA 132(C 220( -34.5¢ -69.3¢  EAN-PATAG -19.2 -19.2 5.2 3.3]in this paper
L0s Peuquen R A 28( 308¢ -34.€ -70.0¢  EAN-PATAG -19.17 -19.2 3.1 3.3|Gil et al. 2016
ueva de la Lur RA 20C 130( -36.0¢ -69.7. FAN-PATAG -19.1°F -19.1 5.C 3.1|Gil et al. 2016

a Arroyo Colorac RA 77C 200C -35.1¢ -70.0t  EAN-PATAG -19.1( -19.1 4.3 3.3|Gil et al. 2006
Cueva Huerl B1-5 RA 55C 100( -36.¢€ -69.81 FAN-PATAG -19.1 -19.1 2 3.1|Barberena et al. 2018
juna Sosneadc D 65( 200( -34.8: -69.¢  EAN-PATAG -19.0¢ -19.1 5.8 3.2|Gil et al. 2016
eva El Mang CEM-106( D 98- 230( -34.6¢ -69.€  EAN-PATAG -19.0¢ -19.1 4.7 3.4|in this paper
lleva Salam{ NSF-9¢ RA 135( 166( -35.2¢ -69.6¢ FAN-PATAG -19.0: -19.C 4.¢ 3.3]in this paper
El Carrizalitc RA 50C 2311 -34.5% -69.4t  EAN-PATAG -19.01 -19.C 4.7 3.1|Gil et al. 2016
Cueva Huer| AIE1-E D 175° 100C -36.¢ -69.81 FAN-PATAG  -19 -19.C 4.¢ 3.1|Barberena et al. 2018




Alero Monti§ NSF-3¢ RA 92C 220( -34.5¢ -69.3¢ FAN-PATAG -18.9¢ -19.C 4.8 3.3[in this paper
Cueva Palul NSF-1¢ RA 205( 232( -34.9¢ -69.8¢ EAN-PATAG -19.C -19.C 4.7 3.2|in this paper
juna Sosneadc D 65( 200( -34.8: -69.¢  EAN-PATAG  -18.¢ -18.¢ 6.1 3.3|Gil et al. 2006
Cueva Huerl AIE1-E D 159( 100( -36.¢€ -69.81 FAN-PATAG -18.¢ -18.¢ 5.¢ 3.1|Barberena et al. 2018
a Arroyo Colorac RA 77C 200C( -35.1¢ -70.0t  EAN-PATAG -18.8( -18.€ 4.2 3.4|Gil et al. 2006
A\rroyo Malo @ 200( -34.87 -69.¢ FAN-PATAG -18.8( -18.¢ 4.8 3.3|Gil et al. 2006
ruta El Mall NSF-30 D 8400 2260 -34.66 -69.6 FAN-PATAG -18.8 -18.8 5.1 3.3|in this paper
La Goteri RA 100( 180( -35.87 -69.9t  FAN-PATAG  -18.7 -18.7 6.2 3.4|Gil et al. 2006
Ojo de Agui RA 20C 160( -35.1¢ -69.6¢ FAN-PATAG -18.7 -18.7 6.€ 3.3|Gil et al. 2006
El Perdid( | NSF-12: SC 144 -36.1: -69.12 EAN-PATAG -18.6: -18.€ 4.C 3.3|in this paper
0 Puesto Carras R A 30C 130C -36.1 -69.6¢ FAN-PATAG -18.62 -18.€ 5.4 3.1|Gil et al. 2016
Ojo de Agu{ OA1-566¢ RA 20C 160( -35.1¢ -69.6¢ EAN-PATAG -18.2 -18.2 2.8 3.3|in this paper
Cueva Huen  A9-4 D 900( 100( -36.€ -69.81 EAN-PATAG -18.17 -18.2 4.C 3.2|Gil et al. 2016
dano Puest¢(MPD C4 106 D 6000 1530 -34.65 -69.2 EAN-PATAG -18.00 -18.0 4.2 3.4|in this paper
Cueva Huen  Al-2 RA 30C 100( -36.€ -69.81 EAN-PATAG -17.9¢ -18.C 6.t 3.2|Gil et al. 2016
Rio Barrosp NSF-53 RA 500 2450 -34.39 -69.87 EAN-PATAF -17.9 -17.9 5.5 3.3|in this paper
va Volcan E[ NSF-91 RA 500 1440 -36.14 -69.12FAN-PATAF -17.5 -17.5 7.9 3.6|in this paper
Cueva Huenq AIE9-E D 929~ 100( -36.¢ -69.81 FAN-PATAG -17.4 -17.4 5.€ 3.1|Barberena et al. 2018
Cueva Huery AIE9-E D 937¢ 100( -36.¢ -69.81 FAN-PATAG -17.4 -17.4 4.4 3.1|Barberena et al. 2018
rra deChachauén RA 10 800 -37.08 -68.97 MONTIE -21.6p -19.9 3.9 3.2|Gil et al. 2016
brcovo Flia [COR 14021 RA 10 73C -37.2 -68.¢€ MONTE -21.6( -19.€ 5.2 3.3[in this paper
Pto. La Tapgd  Lat-1 RA 10 76C -37.1¢ -68.2 MONTE -21.4 -19.7 5.€ 3.3|in this paper
Puelén Puel-1 RA 10 743 -37.37 -68.43 MONTE| -21.3 -19.6 5.7 3.3|in this paper
Corcovc Corc 1V RA 10 73C -37.4 -68.4 MONTE -20.8( -19.1 4.t 3.4|in this paper
la de LaVid Avi-1 RA 10 75C -37.17 -68.2 MONTE -20.€ -18.¢ 6.1 3.3]in this paper
guita de Rey] EA 16021t RA 10 713 -37.3i -68.52 MONTE -20.1: -18.¢ 4.8 3.3|in this paper
an Rafael d| NSF-11( RA 20C 86(C -34.5¢ -68.5¢ MONTE -20.1z -20.1 5.2 3.3]in this paper
an Rafael d| NSF-11( RA 20C 86( -34.5¢ -68.5¢ MONTE -20.1C -20.1 5.2 3.3|in this paper
njon El Mor| NSF-84 D 1365 685 -34.76 -68.37 MONTE -19.6 -19.6 4.4 3.3|in this paper
A\gua de Pérf NSF-28 D 1010 1480 -36.84 -69.48 MONTE -19.4 -19.4 4.9 3.4|in this paper
an Rafael d| NSF-6¢ RA 20C 86C -34.5¢ -68.5¢ MONTE -19.2¢ -19.: 5t 3.3[in this paper
an Rafael d| NSF-67 RA 20C 86( -34.5¢ -68.5¢ MONTE -19.z -19.2 5.C 3.3|in this paper
Luencc Plu-1 RA 10 80C -37.1¢ -68.4 MONTE -19.1 -17.4 5.1 3.3]in this paper
A\gua de Perl NSF-8i D 68E 148( -36.8¢ -69.4¢ MONTE -18.7 -18.7 K 3.3|in this paper
Los Leones]{ NSF-7¢ RA 30C 93t -35.2 -68.31 MONTE -18.7 -18.7 5t 3.4]in this paper
a de los Caballi RA 36( 1.02¢t -35.37 -68.2 MONTE -18.F -18.t 7.€ 3.3|Gil et al. 2006
Los Leones| NSF-7¢ RA 30C 93t -35.2 -68.31 MONTE -17.¢€ -17.¢ 4.4 3.4]in this paper
adelos Cal NSF-5¢ RA 64C 1.02¢ -35.37 -68.¢ MONTE -17.7¢ -17.€ 7.8 2.8]in this paper




iento de Los Leon SC 110C -35.2 -68.4 MONTE -17.€ -17.€ 7.S 3.2|Gil et al. 2016
a de los Caballi RA 36C 1.02¢ -35.37 -68.¢2 MONTE -17.47 -17.5 9.¢ 3.1|Gil et al. 2016
La Olla NSF-21 RA 66(C 491 -34.8¢ -67.7¢ MONTE -17.4 -17.4 11.7 3.3|in this paper
adelos Cal] NSF-1¢ RA 36C 1.02¢ -35.37 -68.7 MONTE -17.2 -17.2 9.4 3.3]in this paper
a de los Caball RA 36C 1.02¢ -35.31 -68.% MONTE -14.7 -14.7 5.C 3.4|Gil et al. 2006




J13C JlSN
N | Mean | Median | SD | Max. | Min. | Mean | Median | SD | Max. | Min.
Northwest Patagoniaglobal | 122 | -19.0 | -19.3 |1.3(-129|-21.0| 5.2 50 |12]|117]| 28

Monte global 24 |-186| -188 |1.2|-147|-20.1| 6.1 53 |20]117] 39
Andean-Patagonianglobal | 98 | -19.1 | -194 |1.3|-129|-21.0| 5.0 50 |(08| 79 | 2.8
Monte arch. 16 | -18.3| -186 |1.4]|-147|-20.1| 6.6 55 |22]|117| 44

Andean-Patagonian arch. 87 |-19.2| -194 |0.7|-17.4|-21.0| 51 51 |08| 79 | 2.8
Table 2. Descriptive statistics of Lama guanicoe stable isotope ratio on Carbon and
Nitrogen
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Figure Captions

Figure 1. Study region and provenience site of Lama guanicoe bone samples analyzed.

Locations 1 to 33: Andean-Patagonian; locations 34 to 48: Monte.

Figure 2. Scatterplot of 2*3C and BN values for guanacos samples from Northwest

Patagonia.
Figure 3. Box Plot and Histogram density by deserts (2*°C and B*N).

Figure 4. Temporal distribution of §**C and §"°N of guanaco bone samples. The dots
and triangles represent individual samples from Andean-Patagonian and Monte
respectively. The line shows the data smoothed with Loess smooth model
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