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SI Materials and Methods
Bayesian Coalescent Simulations and Description of Models.We used
the software program BayeSSC (Bayesian serial SimCoal) to de-
termine the demographic scenario that would most likely sup-
port the observed population genetic diversity and differentiation
observed among the ancient South American populations. Under
the null hypothesis (H0), we considered one continuous, panmictic
population for the whole Rio Grande de Nasca drainage (RGND),
with an effective population size ranging from 1,000 to 1 million
females and an exponential growth starting from a small deme
of 5–1,000 females 448 generations ago. The maximum value of
the prior distribution of the South American Late Intermediate
Period (LIP) deme effective population size (Ne) represents ∼3%
(1/28th) of the present-day census size of ∼27.9 million people in
Peru based on the July 29, 2007 estimate by the United Nations
(1). Growth rates were drawn from the uniform prior distri-
butions based on the natural logarithm function of the respective
deme sizes.
Model H1 assumes two exponentially growing populations,

a coastal deme and a highland deme, of equal size (1,000–1
million) with no gene flow between the demes, and that these
coalesce sometime between 81 and 500 generations ago (allow-
ing for a population divergence at any time since the peopling of
the continent until the Early Horizon, ∼600 BC). Model H2 is
identical in structure but allows for constant bidirectional gene
flow between the two demes at a rate of m = 0.05 (5% per
generation). Model H3 differs from the previous scenario in
allowing only unidirectional gene flow from the highlands to the
coast at a rate of 2% per generation. Models H4–H9 use similar
scenarios with two demes but, instead of a constant gene flow,
we included distinct migration events with various proportions
of migrants and both directions, exploring the timing of the events
across the temporal range between our observed ancient groups.
Model H4 simulates a single substantial migration event of 25%
migrants from the highlands to the coast occurring 1–15 gen-
erations (25–375 y) before our start date 0 (∼1400 AD). This
model assumes that no emigration to the highlands occurred at
the end of the Nasca Period (Early Intermediate Period–Middle
Horizon transition) but that subsequent climatic and social
conditions pushed people to migrate into the lower valley in the
early to middle LIP (exploring the time from 1000 to 1375 AD).
The three variants (a, b, c) under model H5 extend the previous
scenario by exploring the contribution of migrants from the
highlands to the coast using three different percentages (a, 25%;
b, 50%; c, 75%) and adding a single reverse migration (10%)
from the coast to the highlands 17–55 generations before 1400
AD. This model considers the proposed exodus from the lower
valleys in the Late Nasca Period by exploring the timing of events

between 25 and 975 AD, which includes the start of the LIP
(∼600 AD). Variants of model H6 are identical to model H5 but
assume a larger number of migrants (20%) to the highlands
during the earlier event. Model H7 is similar in setup to H5 but
with the direction of migration reversed to provide a comparable
“null hypothesis” to our migration event models. Model H8a
assumes a balanced proportion of migrants during both migra-
tion events (50% migrants from the coast to the highlands 17–55
generations ago, followed by a back-migration to the coast 1–15
generations before 1400 AD), whereas model H8b explores the
same proportions of migrants but in the reverse direction (50%
migrants from the highlands to the coast 17–55 generations ago,
followed by a back-migration to the highland 1–15 generations
before 1400 AD). Model H9a is again identical in setup but as-
sumes a small number of migrants (5%) during the early migration
to the highlands and a rather extreme number of recent back-
migrants (80%) from the highlands to the coast 1–15 generations
ago. H9b explores the reverse direction of migrants. We con-
sidered these models in comparison with H5–H8 to test whether
the actual number of migrants per event or the ratio of migrants
in different directions is driving our models. Schematic illus-
trations of the 10 basic models (H0–H9) are given in Fig. S2.
All models were simulated using 1 million genealogies in

BayeSSC (www.stanford.edu/group/hadlylab/ssc/index.html). Sum-
mary statistics were calculated on the observed and simulated
data using a customized executable script to overcome the differ-
ences in underlying parameter calculations (SCStat.exe). To con-
dition the runs and compare simulated and observed data with
summary statistics, two within-population parameters (Tajima’s D
and haplotype diversity) and one between-population parameter
(FST; average pairwise distances) were chosen, which best re-
flected population differentiation between the South American
cultures (Fig. 2 and Fig. S2). We compared simulated and ob-
served values by applying an approximate Bayesian computation
(ABC) framework (2) in R 2.14.1 (www.r-project.org) using
available scripts (www.stanford.edu/group/hadlylab/ssc/index.html).
The fraction of simulations with the smallest Euclidian distance
to observed population statistics was retained (1%) to construct
posterior distributions of population parameters using the mle
function to select the “maximum credible” version of each model.
The prior distribution of these model versions was replaced with
maximum-likelihood estimation values from the posterior dis-
tributions, and each model was run for 1,000 genealogies. Good-
ness of fit for the different models tested was compared using
Akaike information criteria (3) and Akaike weights ω (4). Re-
sults of the simulations and ABC are given in summarized form
in Table S2 and Dataset S2.
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Fig. S1. Temporal network and median-joining network analysis of all ancient mitochondrial haplotypes applied in this study. The left temporal network
(A) combines all sequences diachronically, whereas the right median-joining networks compare the synchronous LIP populations of the coast and the highlands
(C) or the Middle Horizon populations, respectively (B). The latter networks have been calculated using the recommended weighting of nucleotide positions
following Bandelt et al. (1) and by excluding substitutions at nucleotide position (np)16182 and np16283.

1. Bandelt HJ, Forster P, Röhl A (1999) Median-joining networks for inferring intraspecific phylogenies. Mol Biol Evol 16(1):37–48.
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Fig. S2. General setup and schematic illustration of the main demographic scenarios. (A) The general setup, timeline, priors, and parameter settings used in
our scenarios. (B) The relationship of summary statistics between the observed and simulated values between our six groups. (C) A number of schematic
scenarios exploring population splits, independent growth, gene flow, and/or migration events to explain the observed genetic differentiation between our
ancient groups, as shown in Fig. 2.

Table S1. Mitochondrial haplotypes shared between the six
analyzed populations

Population C_EH C_EIP C_MH C_LIP H_MH

C_EIP 9 (7)
C_MH 1 (0) 3 (1)
C_LIP 3 (0) 5 (0) 2 (0)
H_MH 1 (0) 3 (1) 1 (0) 6 (4)
H_LIP 2 (0) 4 (1) 2 (0) 7 (4) 6 (3)

Numbers in parentheses denote diagnostic haplotypes, whereas the other
number includes the founding haplotypes of A, B, C, and D commonly
shared between all Native American populations (Table S2). Population:
ecogeographical origin: C, coast/foothills; H, highlands/upper valleys; archae-
ological period: EH, Early Horizon; EIP, Early Intermediate Period; LIP, Late
Intermediate Period; MH, Middle Horizon.
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Table S2. Ancient and modern indigenous South American populations used for comparison
in this study

Population* In MDS† n Location Source

Laramate (MH) HMH 39 Central Andes (highlands) This study and (1)
Laramate (LIP) HLIP 38 Central Andes (highlands) (1)
Palpa (LIP) CLIP 22 Central Andes (coast) This study
Palpa (EH) CEH 31 Central Andes (coast) (2)
Palpa (EIP) CEIP 66 Central Andes (coast) This study and (2)
Palpa (MH) CMH 11 Central Andes (coast) This study and (2)
Arequipa ARE 22 Central Andes (3)
San Martin SAN 21 Central Andes (3)
Ancash ANC 33 Central Andes (4)
Mapuche 1 MAP 34 South Andes (5)
Pehuenche1 PEHU 24 South Andes (5)
Yaghan 1 YAG 15 Tierra del Fuego (5)
Puno Qechua QUP 30 Central Andes (6)
Yungay YUN 36 Central Andes (6)
Tupe TUP 16 Central Andes (6)
Puno Aymara AYP 14 Central Andes (6)
Conchapata (MH) COMH 10 Central Andes (highlands) (7)
Huari (LIP) HUA 17 Central Andes (highlands) (7)
Pampa Grande (EIP-MH) PAM 19 Central Andes (highlands) (8)
Titicaca Quechua QUT 37 Central Andes (9)
Titicaca Aymara AYT 20 Central Andes (9)
Titicaca Uros URT 7 Central Andes (9)
Bolivia Quechua QUB 93 Central Andes (10)
Bolivia Aymara AYB 97 Central Andes (10)
Tompullo (LH) TOM 24 Central Andes (highlands) (11)
Kawésqar KAW 13 Tierra del Fuego (12)
Atacameno ATA 28 Central Andes (highlands) (12)
Chile Aymara AYC 38 Central Andes (12)
Huiliche HUI 47 South Andes (12)
Mapuche2 MAP2 19 South Andes (12)
Pehuenche2 PEHU2 42 South Andes (12)
Telhueche TEL 23 South Andes (12)
Yamana YAM 21 Tierra del Fuego (12)

*Ancient population is set in bold; archaeological period is set in parentheses.
†Fig. 2.
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