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Genomic insights into the early peopling of the Caribbean
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The Caribbean was one of the last regions of the Americas to be settled by humans, but how, when, and
from where they reached the islands remains unclear. We generated genome-wide data for 93 ancient
Caribbean islanders dating between 3200-400 cal. BP and find evidence of at least three separate
dispersals into the region, including two early dispersals into the Western Caribbean, one of which seems
connected to radiation events in North America. This was followed by a later expansion from South
America. We also detect genetic differences between the early settlers and the newcomers from South
America with almost no evidence of admixture. Our results add to our understanding of the initial peopling
of the Caribbean and the movements of Archaic Age peoples in the Americas.

Archaeological evidence suggests that people first moved into
the Caribbean around 8000 calibrated years before present
(cal. BP) (1, 2). Apart from Trinidad, which is located closer
to the American mainland, the earliest securely dated archae-
ological sites in the region date to around 5,000 cal. BP and
are located in Barbados, Cuba, Curacao, and St. Martin, fol-
lowed by Hispaniola and Puerto Rico (2). The location of
these sites suggests that the early settlers took long and rapid
leaps of exploration across the Caribbean Sea. As a result,
there is no gradual wave of advance that would point back-
ward to a point of origin. In the absence of clear chronologi-
cal clues, archaeologists have relied on stylistic comparisons
of artifact assemblages to suggest possible links between the
Caribbean and surrounding mainland (3, 4), while others
have studied the prevailing winds and currents to suggest
possible dispersal routes (5).

Starting around 2800 cal. BP new people began to enter
the islands. Their arrival marks the beginning of the Ceramic
Age in the Caribbean as a distinctive new style of pottery
starts to appear along with more permanent settlements and
agricultural practices (I). Archaeological and genetic evi-
dence indicates that the new settlers came from South
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America (6, 7), but how they reached the islands is debated.
Two models have been put forward: The traditional model
suggests that people gradually moved northward through the
Lesser Antilles until they reached Puerto Rico, and then even-
tually further west into Hispaniola and Cuba (6). Alterna-
tively, it has been suggested that the new settlers first reached
Puerto Rico, bypassing the Lesser Antilles before expanding
southwards (8). Whichever way this expansion took place, it
seems likely that the newcomers encountered indigenous
communities in the islands, but the nature of their interac-
tions are unclear (9).

To shed light on the population history of the Caribbean,
we retrieved genome-wide data from 93 ancient Caribbean
islanders from 16 archaeological sites dating between 3200-
400 cal. BP (Fig. 1 and tables S1 to S3) (10). The skeletal sam-
ples derive from two distinct archaeological contexts, which
are referred to as “Archaic” and “Ceramic”, respectively (10).
The 52 Archaic-related individuals come from seven sites in
Cuba and date to c. 3200-700 cal. BP, while the 41 Ceramic-
related individuals stem from nine sites in Cuba, the Baha-
mas, Puerto Rico, Guadeloupe, and St. Lucia, dating around
1500-400 cal. BP (Fig. 1). To overcome the challenges posed
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by poor DNA preservation, we used a hybridization capture
method targeting ~1.2 million genome-wide SNPs (10). In ad-
dition, we report mtDNA haplogroups for 89 of the 93 indi-
viduals and Y-chromosome haplogroups for 40 of the 47
males (table S1). Contamination estimates were low (on aver-
age <1% on both nuclear and mitochondrial estimates) except
for five individuals not included in the final dataset (table
S4).

The mtDNA data reveal clear differences in haplogroup
frequencies between the individuals from the two contexts
(fig. S1). While most of the individuals from Cuba 3200-700
cal. BP carry haplogroups D1 and Cld (with a frequency of
47% and 30%, respectively), these haplogroups are less com-
mon among individuals from Ceramic-related contexts, in-
cluding those reported in previous studies (71, 12). Overall,
mtDNA diversity is higher among Ceramic Age individuals,
with haplogroups B2, Clb, and Clc unique to this group (fig.
S1).

To explore these differences at a genome-wide level, we
performed a principal component analysis (PCA) on the cap-
ture data using twelve present-day Native American popula-
tions as reference (10) (Fig. 2A) and we find that the
individuals fall into two distinct clusters consistent with their
archaeological context. When plotting the ancient Caribbean
individuals with other ancient and modern Native Americans
(7, 13-17), we find that individuals from Ceramic Age con-
texts, including those from Cuba, cluster with present-day in-
dividuals from South America, as well as a published 1000-
year-old genome from the Bahamas (7). In contrast, individ-
uals from Archaic-related contexts in Cuba 3200-700 cal. BP
cluster outside present-day Native American variation (fig.
S2).

To assess whether the observed clustering reflects differ-
ent genetic affinities, we grouped individuals by site and com-
puted fi-statistics of the form f; (Mbduti, Test; Early San
Nicolas, Preacher’s Cave), measuring the amount of allele
sharing between the tested groups (7est) and the 1000-year-
old individual from the Bahamas (Preacher’s Cave) (7) versus
4900-year-old individuals from California’s Channel Islands
(Early San Nicolas) (16) who represent a branch splitting off
the main Native American lineage prior to the diversification
of ancient Central and South Americans (Fig. 2B and table
S5) (15). As expected, the individuals from Preacher’s Cave
show the highest affinity to the genome from the same site
(7), followed by all other Ceramic-related groups. By contrast,
all individuals from Cuba 3200-700 cal. BP show less affinity
to the Bahamian genome, with one individual from the site
of Cueva del Perico (CIP009) being slightly closer to the indi-
viduals from California’s Channel Islands (16). These differ-
ences are largely driven by a greater similarity of Ceramic-
related groups to present-day populations from northeastern
South America (Fig. 2C and figs. S3 and S4) (7).

To test if the two groups derived from the same or distinct
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ancestral populations we used gpWave (18), which estimates
the minimum number of sources necessary to explain the ge-
netic composition of an individual or group of individuals
(10). This analysis was consistent with the groups deriving
from at least two separate streams of ancestry (chi-square,
p=1.68e-17), demonstrating that the distinction we observe in
the PCA cannot be explained by genetic drift alone (table S6).
This is also reflected in a supervised clustering analysis,
which results in two separate components (fig. S5A) (10).

The radiocarbon dates associated with the individuals
(Fig. 1B) indicate that both groups were present in the Carib-
bean at the same time. However, using gpnAdm (19), we do not
detect any notable levels of admixture, except for one individ-
ual (PDI009) from the Ceramic Age site of Paso del Indio in
Puerto Rico who is dated to 1060-910 cal. BP and carries a
minor proportion of Archaic-related ancestry (13 + 7.7%) (ta-
ble S7). Considering the mounting evidence of the influence
of Archaic Age communities on the development of later Car-
ibbean societies (20, 21), it is surprising to find so little evi-
dence of admixture between the two groups. However, it is
possible that the result is influenced by our limited sampling
coverage of the transitional period and islands such as His-
paniola.

We also detect two distinct ancestries in Cuba around
2700-2500 cal. BP represented by the oldest individuals from
Cueva del Perico (CIP009) and Guayabo Blanco (GUY002)
(Fig. 3, A and B), suggesting multiple early dispersals into the
western Caribbean, prior to the arrival of Ceramic Age
groups. Using gpWave (18), we find that some of the oldest
individuals in our dataset (i.e., CIP009 and the individuals
from Guayabo Blanco) cannot be modeled as descendants of
the same ancestral source (chi-square, p=0.013) (table S6).
When we try to model CIP009 alongside other ancient Native
American genomes (I4-16) using gpGraph (18), a model
where CIP009 branches off the main Native American lineage
with the individuals from California’s Channel Islands (16)
and prior to the radiation of ancient South and Central Amer-
icans fits the data best (Fig. 3A). By contrast, all other Ar-
chaic-related individuals, including the 2500-year-old
individual from Guayabo Blanco (GUY002), require addi-
tional gene flow from ancient South Americans to improve
the models (Fig. 3B and fig. S6). Together, these results sup-
port multiple dispersals into the western Caribbean prior to
the arrival of Ceramic Age groups. While it is difficult to de-
termine where these early dispersals originated, it seems that
at least one of them was connected to radiation events in
North America prior to the diversification of Central and
South Americans (14, 15).

After 2800 cal. BP, there followed another expansion,
which originated in South America and is well attested ar-
chaeologically (7). When we model this expansion using the
Ceramic Age genomes in our dataset, we find that a stepping-
stone model with people originating in South America
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gradually moving northwards through the Lesser Antilles fits
the data better than a model assuming a southward expan-
sion from Puerto Rico (Fig. 3C and fig. S7). However, since we
do not have any individuals with Ceramic-related ancestry
from the earliest phase of the Ceramic Age expansion (c.
2800-2200 cal. BP), it is difficult to model this process accu-
rately. The expansion of Ceramic Age groups stalled in Puerto
Rico for at least 1000 years before resuming sometime after
1500 cal. BP and it is generally assumed that the advance was
halted by the presence of Archaic Age communities in His-
paniola and Cuba (I, 6). Our results are consistent with a tem-
poral gap, as we do not detect any Ceramic-related ancestry
in Cuba until 500 cal. BP. However, it is still unclear whether
we are dealing with a period of genetic turnover (19, 22) or a
more complex history of interaction with intermittent epi-
sodes of admixture similar to those that have been observed
in other parts of the world (23, 24).

The new genetic evidence supports the notion that the
Caribbean was settled and resettled by successive population
dispersals that originated on the American mainland. We
find support for at least three separate population dispersals
into the region, including two early dispersals, one of which
appears to be connected to radiation events in North Amer-
ica. Clearly, Archaic Age peoples had the seafaring abilities to
conquer the Caribbean (5). In fact, there is mounting evi-
dence to suggest that, far from being an insuperable barrier,
the Caribbean Sea functioned as an “aquatic motorway” that
people crossed frequently, despite its occasional unpredicta-
bility (25). The initial peopling of the Caribbean was later fol-
lowed by another expansion from South America. As the
newcomers arrived in the islands, they must have encoun-
tered descendants of the early settlers, but we find surpris-
ingly little evidence of admixture, raising questions regarding
the nature of their interactions and the role of the early set-
tlers in the development of later Caribbean societies. Addi-
tional data and multiple lines of evidence will be needed to
explore these questions further and to shed more light on the
complex population history of the Caribbean.

REFERENCES AND NOTES

1. W. F. Keegan, C. L. Hofman, The Caribbean Before Columbus (Oxford Univ. Press,
2017).

2. M. F. Napolitano, R. J. DiNapoli, J. H. Stone, M. J. Levin, N. P. Jew, B. G. Lane, J. T.
0’'Connor, S. M. Fitzpatrick, Reevaluating human colonization of the Caribbean
using chronometric hygiene and Bayesian modeling. Sci. Adv. 5, eaar7806 (2019).
doi:10.1126/sciadv.aar7806 Medline

3.W.R. Coell, ADistinctive Artifact Common to Haiti and Central America. Am. Antig.
22,280-282 (1957). doi:10.2307/276564

4. S.M. Wilson, H. B. Iceland, T. R. Hester, Preceramic Connections between Yucatan
and the Caribbean. Lat. Am. Antig. 9, 342-352 (1998). d0i:10.2307/3537032

5.R. T. Callaghan, Comments on the Mainland Origins of the Preceramic Cultures of
the Greater Antilles. Lat. Am. Antig. 14, 323-338 (2003). doi:10.2307/3557564

6. |. Rouse, The Tainos: Rise and Decline of the People Who Greeted Columbus (Yale
Univ. Press, 1992).

7. H. Schroeder, M. Sikora, S. Gopalakrishnan, L. M. Cassidy, P. Maisano Delser, M.
Sandoval Velasco, J. G. Schraiber, S. Rasmussen, J. R. Homburger, M. C. Avila-

First release: 4 June 2020

WWWw.sciencemag.org

Arcos, M. E. Allentoft, J. V. Moreno-Mayar, G. Renaud, A. Gdmez-Carballa, J. E.
Laffoon, R. J. A. Hopkins, T. F. G. Higham, R. S. Carr, W. C. Schaffer, J. S. Day, M.
Hoogland, A. Salas, C. D. Bustamante, R. Nielsen, D. G. Bradley, C. L. Hofman, E.
Willerslev, Origins and genetic legacies of the Caribbean Taino. Proc. Natl. Acad.
Sci. U.S.A. 115, 2341-2346 (2018). doi:10.1073/pnas 1716839115 Medline

8. S. M. Fitzpatrick, Seafaring Capabilities in the Pre-Columbian Caribbean. J. Mari.
Arch. 8,101-138 (2013). doi:10.1007/s11457-013-9110-8

9. A.T. Antczak, C. L. Hofman, in Early Settlers of the Insular Caribbean: Dearchaizing
the Archaic, C. L. Hofman, A. T. Antczak, Eds. (Sidestone Press, 2019), pp. 29-42.

10. See supplementary materials.

11. C. Lalueza-Fox, F. L. Calderdn, F. Calafell, B. Morera, J. Bertranpetit, MtDNA from
extinct Tainos and the peopling of the Caribbean. Ann. Hum. Genet. 65, 137-151
(2001). doi:10.1046/1.1469-1809.2001.6520137 X Medline

12. M. A. Nieves-Coldn, W. J. Pestle, A. W. Reynolds, B. Llamas, C. de la Fuente, K.
Fowler, K. M. Skerry, E. Crespo-Torres, C. D. Bustamante, A. C. Stone, Ancient
DNA Reconstructs the Genetic Legacies of Precontact Puerto Rico Communities.
Mol. Biol. Evol. 37, 611-626 (2020). doi:10.1093/molbev/msz267 Medline

13. D. Reich, N. Patterson, D. Campbell, A. Tandon, S. Mazieres, N. Ray, M. V. Parra,
W. Rojas, C. Duque, N. Mesa, L. F. Garcia, O. Triana, S. Blair, A. Maestre, J. C. Dib,
C. M. Bravi, G. Bailliet, D. Corach, T. Hiinemeier, M. C. Bortolini, F. M. Salzano, M.
L. Petzl-Erler, V. Acufia-Alonzo, C. Aguilar-Salinas, S. Canizales-Quinteros, T.
Tusié-Luna, L. Riba, M. Rodriguez-Cruz, M. Lopez-Alarcén, R. Coral-Vazquez, T.
Canto-Cetina, I. Silva-Zolezzi, J. C. Fernandez-Lopez, A. V. Contreras, G. Jimenez-
Sanchez, M. J. Gémez-Vazquez, J. Molina, A. Carracedo, A. Salas, C. Gallo, G.
Poletti, D. B. Witonsky, G. Alkorta-Aranburu, R. I. Sukernik, L. Osipova, S. A.
Fedorova, R. Vasquez, M. Villena, C. Moreau, R. Barrantes, D. Pauls, L. Excoffier,
G. Bedoya, F. Rothhammer, J.-M. Dugoujon, G. Larrouy, W. Klitz, D. Labuda, J.
Kidd, K. Kidd, A. Di Rienzo, N. B. Freimer, A. L. Price, A. Ruiz-Linares,
Reconstructing Native American population history. Nature 488, 370-374
(2012). doi:10.1038/naturel1258 Medline

14. J. V. Moreno-Mayar, L. Vinner, P. de Barros Damgaard, C. de la Fuente, J. Chan, J.
P. Spence, M. E. Allentoft, T. Vimala, F. Racimo, T. Pinotti, S. Rasmussen, A.
Margaryan, M. Iraeta Orbegozo, D. Mylopotamitaki, M. Wooller, C. Bataille, L.
Becerra-Valdivia, D. Chivall, D. Comeskey, T. Deviése, D. K. Grayson, L. George, H.
Harry, V. Alexandersen, C. Primeau, J. Erlandson, C. Rodrigues-Carvalho, S. Reis,
M. Q. R. Bastos, J. Cybulski, C. Vullo, F. Morello, M. Vilar, S. Wells, K. Gregersen, K.
L. Hansen, N. Lynnerup, M. Mirazén Lahr, K. Kjaer, A. Strauss, M. Alfonso-Durruty,
A. Salas, H. Schroeder, T. Higham, R. S. Malhi, J. T. Rasic, L. Souza, F. R. Santos,
A.-S. Malaspinas, M. Sikora, R. Nielsen, Y. S. Song, D. J. Meltzer, E. Willerslev, Early
human dispersals within the Americas. Science 362, eaav262l (2018).
doi:10.1126/science.aav2621 Medline

15. C. Posth, N. Nakatsuka, |. Lazaridis, P. Skoglund, S. Mallick, T. C. Lamnidis, N.
Rohland, K. Nagele, N. Adamski, E. Bertolini, N. Broomandkhoshbacht, A. Cooper,
B. J. Culleton, T. Ferraz, M. Ferry, A. Furtwéngler, W. Haak, K. Harkins, T. K. Harper,
T. Hinemeier, A. M. Lawson, B. Llamas, M. Michel, E. Nelson, J. Oppenheimer, N.
Patterson, S. Schiffels, J. Sedig, K. Stewardson, S. Talamo, C.-C. Wang, J.-J.
Hublin, M. Hubbe, K. Harvati, A. Nuevo Delaunay, J. Beier, M. Francken, P.
Kaulicke, H. Reyes-Centeno, K. Rademaker, W. R. Trask, M. Robinson, S. M.
Gutierrez, K. M. Prufer, D. C. Salazar-Garcfa, E. N. Chim, L. Muller Plumm Gomes,
M. L. Alves, A. Liryo, M. Inglez, R. E. Oliveira, D. V. Bernardo, A. Barioni, V.
Wesolowski, N. A. Scheifler, M. A. Rivera, C. R. Plens, P. G. Messineo, L. Figuti, D.
Corach, C. Scabuzzo, S. Eggers, P. DeBlasis, M. Reindel, C. Méndez, G. Politis, E.
Tomasto-Cagigao, D. J. Kennett, A. Strauss, L. Fehren-Schmitz, J. Krause, D.
Reich, Reconstructing the Deep Population History of Central and South America.
Cell175, 1185-1197.e22 (2018). d0i:10.1016/j.cell.2018.10.027 Medline

16. C. L. Scheib, H. Li, T. Desai, V. Link, C. Kendall, G. Dewar, P. W. Griffith, A.
Marseburg, J. R. Johnson, A. Potter, S. L. Kerr, P. Endicott, J. Lindo, M. Haber, Y.
Xue, C. Tyler-Smith, M. S. Sandhu, J. G. Lorenz, T. D. Randall, Z. Faltyskova, L.
Pagani, P. Danecek, T.C.0'Connell, P.Martz, A. S. Boraas, B. F. Byrd, A. Leventhal,
R. Cambra, R. Williamson, L. Lesage, B. Holguin, E. Ygnacio-De Soto, J. Rosas, M.
Metspalu, J. T. Stock, A. Manica, A. Scally, D. Wegmann, R. S. Malhi, T. Kivisild,
Ancient human parallel lineages within North America contributed to a coastal
expansion. Science 360, 1024-1027 (2018). doi:10.1126/science.aar6851
Medline

17. G. A. Gnecchi-Ruscone, S. Sarno, S. De Fanti, L. Gianvincenzo, C. Giuliani, A.
Boattini, E. Bortolini, T. Di Corcia, C. Sanchez Mellado, T. J. Davila Francia, D.

(Page numbers not final at time of first release) 3

0202 ‘v aunc uo /B10°BewasusIos aousIds//:dny Wol) papeojumod


http://www.sciencemag.org/
http://dx.doi.org/10.1126/sciadv.aar7806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31976370&dopt=Abstract
http://dx.doi.org/10.2307/276564
http://dx.doi.org/10.2307/3537032
http://dx.doi.org/10.2307/3557564
http://dx.doi.org/10.1073/pnas.1716839115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29463742&dopt=Abstract
http://dx.doi.org/10.1007/s11457-013-9110-8
http://dx.doi.org/10.1046/j.1469-1809.2001.6520137.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11427174&dopt=Abstract
http://dx.doi.org/10.1093/molbev/msz267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31710665&dopt=Abstract
http://dx.doi.org/10.1038/nature11258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22801491&dopt=Abstract
http://dx.doi.org/10.1126/science.aav2621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30409807&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2018.10.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30415837&dopt=Abstract
http://dx.doi.org/10.1126/science.aar6851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29853687&dopt=Abstract
http://science.sciencemag.org/

18.

Gentilini, A. M. Di Blasio, P. Di Cosimo, E. Cilli, A. Gonzalez-Martin, C. Franceschi,
Z. A. Franceschi, O. Rickards, M. Sazzini, D. Luiselli, D. Pettener, Dissecting the
Pre-Columbian Genomic Ancestry of Native Americans along the Andes-
Amazonia  Divide.  Mol.  Biol.  Evol. 36, 1254-1269  (2019).
doi:10.1093/molbev/msz066 Medline

N. Patterson, P. Moorjani, Y. Luo, S. Mallick, N. Rohland, Y. Zhan, T. Genschoreck,
T. Webster, D. Reich, Ancient admixture in human history. Genetics 192, 1065—
1093 (2012). doi:10.1534/genetics.112.145037 Medline

19. W. Haak, I. Lazaridis, N. Patterson, N. Rohland, S. Mallick, B. Llamas, G. Brandt, S.

Nordenfelt, E. Harney, K. Stewardson, Q. Fu, A. Mittnik, E. Banffy, C. Economou,
M. Francken, S. Friederich, R. G. Pena, F. Hallgren, V. Khartanovich, A. Khokhlov,
M. Kunst, P. Kuznetsov, H. Meller, O. Mochalov, V. Moiseyev, N. Nicklisch, S. L.
Pichler, R. Risch, M. A. Rojo Guerra, C. Roth, A. Szécsényi-Nagy, J. Wahl, M. Meyer,
J. Krause, D. Brown, D. Anthony, A. Cooper, K. W. Alt, D. Reich, Massive migration
fromthe steppe was a source for Indo-European languages in Europe. Nature 522,
207-211(2015). doi:10.1038/naturel4317 Medline

20. W. F. Keegan, Archaic Influences in the Origins and Development of Taino

2L

22.

23.

24.

25.

26.

27.

28.

Societies. Caribb. J. Sci. 42,1 (2006).

C. L. Hofman, A. T. Antczak, Eds., Early Settlers of the Insular Caribbean:
Dearchaizing the Archaic (Sidestone Press, 2019).

M. E. Allentoft, M. Sikora, K.-G. Sjogren, S. Rasmussen, M. Rasmussen, J.
Stenderup, P. B. Damgaard, H. Schroeder, T. Ahlstrom, L. Vinner, A.-S.
Malaspinas, A. Margaryan, T. Higham, D. Chivall, N. Lynnerup, L. Harvig, J. Baron,
P. Della Casa, P. Dabrowski, P. R. Duffy, A. V. Ebel, A. Epimakhov, K. Frei, M.
Furmanek, T. Gralak, A. Gromov, S. Gronkiewicz, G. Grupe, T. Hajdu, R. Jarysz, V.
Khartanovich, A. Khokhlov, V. Kiss, J. Kolar, A. Kriiska, I. Lasak, C. Longhi, G.
McGlynn, A. Merkevicius, |. Merkyte, M. Metspalu, R. Mkrtchyan, V. Moiseyev, L.
Paja, G. Palfi, D. Pokutta, . Pospieszny, T. D. Price, L. Saag, M. Sablin, N. Shishlina,
V. Smréka, V. I. Soenov, V. Szeverényi, G. Téth, S. V. Trifanova, L. Varul, M. Vicze,
L. Yepiskoposyan, V. Zhitenev, L. Orlando, T. Sicheritz-Pontén, S. Brunak, R.
Nielsen, K. Kristiansen, E. Willerslev, Population genomics of Bronze Age Eurasia.
Nature 522, 167-172 (2015). doi:10.1038/naturel4507 Medline

H. McColl, F. Racimo, L. Vinner, F. Demeter, T. Gakuhari, J. V. Moreno-Mayar, G.
van Driem, U. Gram Wilken, A. Seguin-Orlando, C. de la Fuente Castro, S. Wasef,
R. Shoocongdej, V. Souksavatdy, T. Sayavongkhamdy, M. M. Saidin, M. E.
Allentoft, T. Sato, A.-S. Malaspinas, F. A. Aghakhanian, T. Korneliussen, A.
Prohaska, A. Margaryan, P. de Barros Damgaard, S. Kaewsutthi, P. Lertrit, T. M.
H. Nguyen, H. C. Hung, T. Minh Tran, H. Nghia Truong, G. H. Nguyen, S. Shahidan,
K. Wiradnyana, H. Matsumae, N. Shigehara, M. Yoneda, H. Ishida, T. Masuyama,
Y. Yamada, A. Tajima, H. Shibata, A. Toyoda, T. Hanihara, S. Nakagome, T.
Deviese, A.-M. Bacon, P. Duringer, J.-L. Ponche, L. Shackelford, E. Patole-
Edoumba, A. T. Nguyen, B. Bellina-Pryce, J.-C. Galipaud, R. Kinaston, H. Buckley,
C. Pottier, S. Rasmussen, T. Higham, R. A. Foley, M. M. Lahr, L. Orlando, M. Sikora,
M. E. Phipps, H. Oota, C. Higham, D. M. Lambert, E. Willerslev, The prehistoric
peopling  of  Southeast Asia.  Science 361, 88-92 (2018).
doi:10.1126/science.aat3628 Medline

C. Posth, K. Nagele, H. Colleran, F. Valentin, S. Bedford, K. W. Kami, R. Shing, H.
Buckley, R. Kinaston, M. Walworth, G. R. Clark, C. Reepmeyer, J. Flexner, T. Maric,
J. Moser, J. Gresky, L. Kiko, K. J. Robson, K. Auckland, S. J. Oppenheimer, A. V. S.
Hill, A. J. Mentzer, J. Zech, F. Petchey, P. Roberts, C. Jeong, R. D. Gray, J. Krause,
A. Powell, Language continuity despite population replacement in Remote
Oceania. Nat. Ecol. Evol. 2, 731-740 (2018). doi:10.1038/541559-018-0498-2
Medline

C. L. Hofman, A. J. Bright, R. R. Ramos, Crossing the Caribbean Sea: Towards a
holistic view of Pre-Colonial mobility and exchange. J. Caribb. Archaeol. 3, 1-18
(2010).

L. A. Curet, The Taino: Phenomena, Concepts, and Terms. Ethnohistory 61, 467—
495 (2014). doi:10.1215/00141801-2681759

W. F. Keegan, Creating the Guanahatabey (Ciboney): The modern genesis of an
extinct culture. Antiquity 63, 373-379 (1989).
doi:10.1017/50003598X00076109

I. Rouse, The Classification of Artifacts in Archaeology. Am. Antig. 25, 313-323
(1960). doi:10.2307/277514

29. J.M. Cruxent, . Rouse, An Archaeological Chronology of Venezuela (Pan American

30.

First release: 4 June 2020

Union, 1958).
M. Roksandic, W. Mark Buhay, Y. Chinique de Armas, R. Rodriguez Suarez, M. C.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42

43.

44,

45.

46.

Peros, I. Roksandic, S. Mowat, L. M. Viera, C. Arredondo, A. Martinez Fuentes, D.
Gray Smith, Radiocarbon and Stratigraphic Chronology of Canimar Abajo,
Matanzas, Cuba. Radiocarbon 57, 755763 (2015). d0i:10.2458/azu_rc.57.18313
A. Boomert, Trinidad, Tobago, and the Lower Orinoco Interaction Sphere: An
Archaeological/Ethnohistorical Study (Cairi Publications, 2000).

Y. Chinique de Armas, M. Roksandic, R. R. Suarez, D. G. Smith, W. M. Buhay, in
Cuban Archaeology in the Caribbean, |. Roksandic, Ed. (Univ. of Florida Press,
2016).

C. Gamba, E. R. Jones, M. D. Teasdale, R. L. McLaughlin, G. Gonzalez-Fortes, V.
Mattiangeli, L. Dombordczki, I. Kévari, I. Pap, A. Anders, A. Whittle, J. Dani, P.
Raczky, T. F. G. Higham, M. Hofreiter, D. G. Bradley, R. Pinhasi, Genome flux and
stasis in a five millennium transect of European prehistory. Nat. Commun. 5, 5257
(2014). doi:10.1038/ncomms6257 Medline

P. B. Damgaard, A. Margaryan, H. Schroeder, L. Orlando, E. Willerslev, M. E.
Allentoft, Improving access to endogenous DNA in ancient bones and teeth. Sci.
Rep. 5, 11184 (2015). doi:10.1038/srep11184 Medline

R. Longin, New method of collagen extraction for radiocarbon dating. Nature 230,
241-242 (1971). doi:10.1038/230241a0 Medline

T.F. G. Higham, R. M. Jacobi, C. B. Ramsey, AMS Radiocarbon Dating of Ancient
Bone  Using  Ultrafiltration.  Radiocarbon 48, 179-195  (2006).
doi:10.1017/50033822200066388

R. J. A. Hopkins, C. Snoeck, T. F. G. Higham, When Dental Enamel is Put to the Acid
Test: Pretreatment Effects and Radiocarbon Dating. Radiocarbon 58, 893-904
(2016). doi:10.1017/RDC.2016.52

M. Stuiver, H. A. Polach, Discussion Reporting of #C Data. Radiocarbon 19, 355—
363 (1977). doi:10.1017/S0033822200003672

P. J. Reimer, E. Bard, A. Bayliss, J. W. Beck, P. G. Blackwell, C. B. Ramsey, C. E.
Buck, H. Cheng, R. L. Edwards, M. Friedrich, P. M. Grootes, T. P. Guilderson, H.
Haflidason, I. Hajdas, C. Hatté, T. J. Heaton, D. L. Hoffmann, A. G. Hogg, K. A.
Hughen, K. F. Kaiser, B. Kromer, S. W. Manning, M. Niu, R. W. Reimer, D. A.
Richards, E. M. Scott, J. R. Southon, R. A. Staff, C. S. M. Turney, J. van der Plicht,
IntCall3 and Marinel3 Radiocarbon Age Calibration Curves 0-50,000 Years cal
BP. Radiocarbon 55, 1869-1887 (2013). doi:10.2458/azu_js_rc.55.16947

J. Dabney, M. Knapp, I. Glocke, M.-T. Gansauge, A. Weihmann, B. Nickel, C.
Valdiosera, N. Garcia, S. Paabo, J.-L. Arsuaga, M. Meyer, Complete mitochondrial
genome sequence of a Middle Pleistocene cave bear reconstructed from
ultrashort DNA fragments. Proc. Natl. Acad. Sci. U.S.A. 110, 15758-15763 (2013).
N. Rohland, M. Hofreiter, Ancient DNA extraction from bones and teeth. Nat.

Protoc. 2,1756-1762 (2007). doi:10.1038/nprot.2007.247 Medline

.M. A. Nieves-Coldn, A. T. Ozga, W. J. Pestle, A. Cucina, V. Tiesler, T. W. Stanton, A.

C. Stone, Comparison of two ancient DNA extraction protocols for skeletal
remains from tropical environments. Am. J. Phys. Anthropol. 166, 824-836
(2018). doi:10.1002/ajpa.23472 Medline

N. Rohland, E. Harney, S. Mallick, S. Nordenfelt, D. Reich, Partial uracil-DNA-
glycosylase treatment for screening of ancient DNA. Phil. Trans. R. Soc. B 370,
20130624 (2015). doi:10.1098/rsth,2013.0624 Medline

M. Meyer, M. Kircher, lllumina Sequencing Library Preparation for Highly
Multiplexed Target Capture and Sequencing. Cold Spring Harb. Protoc. 2010,
pdb.prot5448 (2010). doi:10.1101/pdb prot5448

M. Kircher, S. Sawyer, M. Meyer, Double indexing overcomes inaccuracies in
multiplex sequencing on the lllumina platform. Nucleic Acids Res. 40, e3 (2012).
C. Carge, S. Gopalakrishnan, L. Vinner, S. S. T. Mak, M. H. S. Sinding, J. A.
Samaniego, N. Wales, T. Sicheritz-Pontén, M. T. P. Gilbert, Single-tube library
preparation for degraded DNA. Methods Ecol. Evol. 9, 410-419 (2018).
doi:10.1111/2041-210X.12871

47.N.Rohland, D. Reich, Cost-effective, high-throughput DNA sequencing libraries for

target capture. Genome Res. 22, 939-946

Medline

multiplexed (2012).

doi:10.1101/¢r. 128124111
48.Q.Fu, A. Mittnik, P. L. F. Johnson, K. Bos, M. Lari, R. Bollongino, C. Sun, L. Giemsch,

49.

WWWw.sciencemag.org

R. Schmitz, J. Burger, A. M. Ronchitelli, F. Martini, R. G. Cremonesi, J. Svoboda, P.
Bauer, D. Caramelli, S. Castellano, D. Reich, S. Paabo, J. Krause, A revised
timescale for human evolution based on ancient mitochondrial genomes. Curr.

Biol. 23, 553-559 (2013). d0i:10.1016/j.cub.2013.02.044 Medline
Q. Fu, M. Hajdinjak, O. T. Moldovan, S. Constantin, S. Mallick, P. Skoglund, N.

(Page numbers not final at time of first release) 4

0202 ‘v aunc uo /B10°BewasusIos aousIds//:dny Wol) papeojumod


http://www.sciencemag.org/
http://dx.doi.org/10.1093/molbev/msz066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30895292&dopt=Abstract
http://dx.doi.org/10.1534/genetics.112.145037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22960212&dopt=Abstract
http://dx.doi.org/10.1038/nature14317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25731166&dopt=Abstract
http://dx.doi.org/10.1038/nature14507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26062507&dopt=Abstract
http://dx.doi.org/10.1126/science.aat3628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29976827&dopt=Abstract
http://dx.doi.org/10.1038/s41559-018-0498-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29487365&dopt=Abstract
http://dx.doi.org/10.1215/00141801-2681759
http://dx.doi.org/10.1017/S0003598X00076109
http://dx.doi.org/10.2307/277514
http://dx.doi.org/10.2458/azu_rc.57.18313
http://dx.doi.org/10.1038/ncomms6257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25334030&dopt=Abstract
http://dx.doi.org/10.1038/srep11184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26081994&dopt=Abstract
http://dx.doi.org/10.1038/230241a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4926713&dopt=Abstract
http://dx.doi.org/10.1017/S0033822200066388
http://dx.doi.org/10.1017/RDC.2016.52
http://dx.doi.org/10.1017/S0033822200003672
http://dx.doi.org/10.2458/azu_js_rc.55.16947
http://dx.doi.org/10.1073/pnas.1314445110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24019490&dopt=Abstract
http://dx.doi.org/10.1038/nprot.2007.247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17641642&dopt=Abstract
http://dx.doi.org/10.1002/ajpa.23472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29603124&dopt=Abstract
http://dx.doi.org/10.1098/rstb.2013.0624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25487342&dopt=Abstract
http://dx.doi.org/10.1101/pdb.prot5448
http://dx.doi.org/10.1093/nar/gkr771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22021376&dopt=Abstract
http://dx.doi.org/10.1111/2041-210X.12871
http://dx.doi.org/10.1101/gr.128124.111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22267522&dopt=Abstract
http://dx.doi.org/10.1016/j.cub.2013.02.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23523248&dopt=Abstract
http://science.sciencemag.org/

50.

Patterson, N. Rohland, I. Lazaridis, B. Nickel, B. Viola, K. Prufer, M. Meyer, J. Kelso,
D. Reich, S. Paabo, An early modern human from Romania with a recent
Neanderthal ancestor. Nature 524, 216-219 (2015). doi:10.1038/naturel4558
Medline

M. Ghodsi, B. Liu, M. Pop, DNACLUST: Accurate and efficient clustering of
phylogenetic marker genes. BMC Bioinformatics 12, 271 (2011). doi:10.1186/1471-
2105-12-271 Medline

51. A. Peltzer, G. Jager, A. Herbig, A. Seitz, C. Kniep, J. Krause, K. Nieselt, EAGER:

52.

53.

54.

55.

56.

Efficient ancient genome reconstruction. Genome Biol.
doi:10.1186/513059-016-0918-z Medline

M. Schubert, S. Lindgreen, L. Orlando, AdapterRemoval v2: Rapid adapter
trimming, identification, and read merging. BMC Res. Notes 9, 88 (2016).

17, 60 (2016).

doi:10.1186/513104-016-1900-2 Medline
H. Li, R. Durbin, Fast and accurate short read alignment with Burrows-Wheeler
transform. Bioinformatics 25, 1754-1760 (2009).

doi:10.1093/bicinformatics/btp324 Medline

H. Li, B. Handsaker, A. Wysoker, T. Fennell, J. Ruan, N. Homer, G. Marth, G.
Abecasis, R. Durbin; 1000 Genome Project Data Processing Subgroup, The
Sequence Alignment/Map format and SAMtools. Bioinformatics 25, 2078-2079
(2009). d0i:10.1093/bioinformatics/btp352 Medline

S. Mallick, H. Li, M. Lipson, |. Mathieson, M. Gymrek, F. Racimo, M. Zhao, N.
Chennagiri, S. Nordenfelt, A. Tandon, P. Skoglund, I. Lazaridis, S. Sankararaman,
Q. Fu, N. Rohland, G. Renaud, Y. Erlich, T. Willems, C. Gallo, J. P. Spence, Y. S.
Song, G. Poletti, F. Balloux, G. van Driem, P. de Knijff, |. G. Romero, A. R. Jha, D. M.
Behar, C. M. Bravi, C. Capelli, T. Hervig, A. Moreno-Estrada, O. L. Posukh, E.
Balanovska, O. Balanovsky, S. Karachanak-Yankova, H. Sahakyan, D. Toncheva, L.
Yepiskoposyan, C. Tyler-Smith, Y. Xue, M. S. Abdullah, A. Ruiz-Linares, C. M. Beall,
A. Di Rienzo, C. Jeong, E. B. Starikovskaya, E. Metspalu, J. Parik, R. Villems, B. M.
Henn, U. Hodoglugil, R. Mahley, A. Sajantila, G. Stamatoyannopoulos, J. T. S. Wee,
R. Khusainova, E. Khusnutdinova, S. Litvinov, G. Ayodo, D. Comas, M. F. Hammer,
T. Kivisild, W. Klitz, C. A. Winkler, D. Labuda, M. Bamshad, L. B. Jorde, S. A.
Tishkoff, W. S. Watkins, M. Metspalu, S. Dryomov, R. Sukernik, L. Singh, K.
Thangaraj, S. Paabo, J. Kelso, N. Patterson, D. Reich, The Simons Genome
Diversity Project: 300 genomes from 142 diverse populations. Nature 538, 201-
206 (2016). doi:10.1038/nature18964 Medline

A.-S. Malaspinas, 0. Lao, H. Schroeder, M. Rasmussen, M. Raghavan, I. Moltke, P.
F. Campos, F. S. Sagredo, S. Rasmussen, V. F. Gongalves, A. Albrechtsen, M. E.
Allentoft, P. L. F. Johnson, M. Li, S. Reis, D. V. Bernardo, M. DeGiorgio, A. T.
Duggan, M. Bastos, Y. Wang, J. Stenderup, J. V. Moreno-Mayar, S. Brunak, T.
Sicheritz-Ponten, E. Hodges, G. J. Hannon, L. Orlando, T. D. Price, J. D. Jensen, R.
Nielsen, J. Heinemeier, J. Olsen, C. Rodrigues-Carvalho, M. M. Lahr, W. A. Neves,
M. Kayser, T. Higham, M. Stoneking, S. D. J. Pena, E. Willerslev, Two ancient
human genomes reveal Polynesian ancestry among the indigenous Botocudos of
Brazil. Curr. Biol. 24, R1035-R1037 (2014). doi:10.1016/j.cub.2014.09.078
Medline

57. M. Rasmussen, M. Sikora, A. Albrechtsen, T. S. Korneliussen, J. V. Moreno-Mayar,

58.

59.

60.

First release: 4 June 2020

G. D. Poznik, C. P.E. Zollikofer, M. P. de Ledn, M. E. Allentoft, I. Moltke, H. Jénsson,
C. Valdiosera, R. S. Malhi, L. Orlando, C. D. Bustamante, T. W. Stafford Jr., D. J.
Meltzer, R. Nielsen, E. Willerslev, The ancestry and affiliations of Kennewick Man.
Nature 523, 455-458 (2015). d0i:10.1038/naturel4625 Medline

M. Raghavan, P. Skoglund, K. E. Graf, M. Metspalu, A. Albrechtsen, I. Moltke, S.
Rasmussen, T. W. Stafford Jr., L. Orlando, E. Metspalu, M. Karmin, K. Tambets, S.
Rootsi, R. Méagi, P. F. Campos, E. Balanovska, O. Balanovsky, E. Khusnutdinova, S.
Litvinov, L. P. Osipova, S. A. Fedorova, M. . Voevoda, M. DeGiorgio, T. Sicheritz-
Ponten, S. Brunak, S. Demeshchenko, T. Kivisild, R. Villems, R. Nielsen, M.
Jakobsson, E. Willerslev, Upper Palaeolithic Siberian genome reveals dual
ancestry  of  Native  Americans.  Nature 505, 87-91 (2014).
doi:10.1038/nature12736 Medline

J. V. Moreno-Mayar, B. A. Potter, L. Vinner, M. Steinrticken, S. Rasmussen, J.
Terhorst, J. A. Kamm, A. Albrechtsen, A.-S. Malaspinas, M. Sikora, J. D. Reuther,
J.D.Irish,R. S. Malhi, L. Orlando, Y. S. Song, R. Nielsen, D. J. Meltzer, E. Willerslev,
Terminal Pleistocene Alaskan genome reveals first founding population of Native
Americans. Nature 553, 203-207 (2018). doi:10.1038/nature25173 Medline

M. Rasmussen, S. L. Anzick, M. R. Waters, P. Skoglund, M. DeGiorgio, T. W.
Stafford Jr., S. Rasmussen, |. Moltke, A. Albrechtsen, S. M. Doyle, G. D. Poznik, V.
Gudmundsdottir, R. Yadav, A.-S. Malaspinas, S. S. White 5th, M. E. Allentoft, O. E.

Cornejo, K. Tambets, A. Eriksson, P. D. Heintzman, M. Karmin, T. S. Korneliussen,
D. J. Meltzer, T. L. Pierre, J. Stenderup, L. Saag, V. M. Warmuth, M. C. Lopes, R. S.
Malhi, S. Brunak, T. Sicheritz-Ponten, I. Barnes, M. Collins, L. Orlando, F. Balloux,
A. Manica, R. Gupta, M. Metspalu, C. D. Bustamante, M. Jakobsson, R. Nielsen, E.
Willerslev, The genome of a Late Pleistocene human from a Clovis burial site in
western Montana. Nature 506, 225-229 (2014). doi:10.1038/nature13025
Medline

61. J. Lindo, R. Haas, C. Hofman, M. Apata, M. Moraga, R. A. Verdugo, J. T. Watson, C.

62.

63.

64.

Viviano Llave, D. Witonsky, C. Beall, C. Warinner, J. Novembre, M. Aldenderfer, A.
Di Rienzo, The genetic prehistory of the Andean highlands 7000 years BP though
European contact. Sci. Adv. 4, eaau4921 (2018). doi:10.1126/sciadv.aaud921
Medline

C. de la Fuente, M. C. Avila-Arcos, J. Galimany, M. L. Carpenter, J. R. Homburger,
A. Blanco, P. Contreras, D. Cruz Davalos, O. Reyes, M. San Roman, A. Moreno-
Estrada, P. F. Campos, C. Eng, S. Huntsman, E. G. Burchard, A.-S. Malaspinas, C.
D. Bustamante, E. Willerslev, E. Llop, R. A. Verdugo, M. Moraga, Genomic insights
into the origin and diversification of late maritime hunter-gatherers from the
Chilean Patagonia. Proc. Natl. Acad. Sci. U.S.A. 115, E4006-E4012 (2018).
D. J. Kennett, S. Plog, R. J. George, B. J. Culleton, A. S. Watson, P. Skoglund, N.
Rohland, S. Mallick, K. Stewardson, L. Kistler, S. A. LeBlanc, P. M. Whiteley, D.
Reich, G. H. Perry, Archaeogenomic evidence reveals prehistoric matrilineal
dynasty. Nat. Commun. 8, 14115 (2017). doi:10.1038/ncomms14115 Medline

Q. Fu, C. Posth, M. Hajdinjak, M. Petr, S. Mallick, D. Fernandes, A. Furtwangler, W.
Haak, M. Meyer, A. Mittnik, B. Nickel, A. Peltzer, N. Rohland, V. Slon, S. Talamo, I.
Lazaridis, M. Lipson, I. Mathieson, S. Schiffels, P. Skoglund, A. P. Derevianko, N.
Drozdov, V. Slavinsky, A. Tsybankov, R. G. Cremonesi, F. Mallegni, B. Gély, E.
Vacca, M. R. G. Morales, L. G. Straus, C. Neugebauer-Maresch, M. Teschler-Nicola,
S. Constantin, 0. T. Moldovan, S. Benazzi, M. Peresani, D. Coppola, M. Lari, S.
Ricci, A. Ronchitelli, F. Valentin, C. Thevenet, K. Wehrberger, D. Grigorescu, H.
Rougier, I. Crevecoeur, D. Flas, P. Semal, M. A. Mannino, C. Cupillard, H.
Bocherens, N. J. Conard, K. Harvati, V. Moiseyev, D. G. Drucker, J. Svoboda, M. P.
Richards, D. Caramelli, R. Pinhasi, J. Kelso, N. Patterson, J. Krause, S. Paabo, D.
Reich, The genetic history of Ice Age Europe. Nature 534, 200-205 (2016).
doi:10.1038/nature17993 Medline

65.T.S. Korneliussen, A. Albrechtsen, R. Nielsen, ANGSD: Analysis of Next Generation

66.

67.

68.

69.

70.

71.

72

73

74.

Sequencing Data. BMC Bioinformatics 15, 356 (2014). doi:10.1186/512859-014-
0356-4 Medline

G. Renaud, V. Slon, A. T. Duggan, J. Kelso, Schmutzi: Estimation of contamination
and endogenous mitochondrial consensus calling for ancient DNA. Genome Biol.
16, 224 (2015). doi:10.1186/513059-015-0776-0 Medline

F. M. Key, C. Posth, J. Krause, A. Herbig, K. |. Bos, Mining Metagenomic Data Sets
for Ancient DNA: Recommended Protocols for Authentication. Trends Genet. 33,
508-520 (2017). doi:10.1016/j.tig.2017.05.005 Medline

A. Furtwangler, E. Reiter, G. U. Neumann, I. Siebke, N. Steuri, A. Hafner, S. Losch,
N. Anthes, V. J. Schuenemann, J. Krause, Ratio of mitochondrial to nuclear DNA
affects contamination estimates in ancient DNA analysis. Sci. Rep. 8, 14075
(2018). doi:10.1038/541598-018-32083-0 Medline

D. H. Alexander, J. Novembre, K. Lange, Fast model-based estimation of ancestry
in unrelated individuals. Genome Res. 19, 1655-1664 (2009).

N. Patterson, A. L. Price, D. Reich, Population structure and eigenanalysis. PLOS

Genet. 2, €190 (2006). doi:10.1371/journal.pgen.0020190 Medline
W. F. Keegan, The People Who Discovered Columbus: The Prehistory of the
Bahamas (Univ. Press of Florida, 1992).

. W. C. Schaffer, R. S. Carr, J. S. Day, M. P. Pateman, Lucayan-Taino burials from

Preacher’s cave, Eleuthera, Bahamas. Int. J. Osteoarchaeol. 22, 45-69 (2010).
doi:10.1002/0a.1180

.M. J. Berman, P. L. Gnivecki, M. P. Pateman, in The Oxford Handbook of Caribbean

Archaeology, W. F. Keegan, C. L. Hofman, R. R. Ramos, Eds. (Oxford Univ. Press,
2013), pp. 264-280.

M. L. P. Hoogland, C. L. Hofman, R. Panhuysen, in Island Shores, Distant Pasts:
Archaeological and Biological Approaches to the Pre-Columbian Settlement of the
Caribbean, S. M. Fitzpatrick, A. H. Ross, Eds. (Univ. Press of Florida, 2010), pp.
148-162.

75. C. J. Beets, S. R. Troelstra, P. M. Grootes, M.-J. Nadeau, K. Borg, A. F. M. Jong, C.

WWWw.sciencemag.org

(Page numbers not final at time of first release) 5

0202 ‘v aunc uo /B10°BewasusIos aousIds//:dny Wol) papeojumod


http://www.sciencemag.org/
http://dx.doi.org/10.1038/nature14558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26098372&dopt=Abstract
http://dx.doi.org/10.1186/1471-2105-12-271
http://dx.doi.org/10.1186/1471-2105-12-271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21718538&dopt=Abstract
http://dx.doi.org/10.1186/s13059-016-0918-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27036623&dopt=Abstract
http://dx.doi.org/10.1186/s13104-016-1900-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26868221&dopt=Abstract
http://dx.doi.org/10.1093/bioinformatics/btp324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19451168&dopt=Abstract
http://dx.doi.org/10.1093/bioinformatics/btp352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19505943&dopt=Abstract
http://dx.doi.org/10.1038/nature18964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27654912&dopt=Abstract
http://dx.doi.org/10.1016/j.cub.2014.09.078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25455029&dopt=Abstract
http://dx.doi.org/10.1038/nature14625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26087396&dopt=Abstract
http://dx.doi.org/10.1038/nature12736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24256729&dopt=Abstract
http://dx.doi.org/10.1038/nature25173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29323294&dopt=Abstract
http://dx.doi.org/10.1038/nature13025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24522598&dopt=Abstract
http://dx.doi.org/10.1126/sciadv.aau4921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30417096&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1715688115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29632188&dopt=Abstract
http://dx.doi.org/10.1038/ncomms14115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28221340&dopt=Abstract
http://dx.doi.org/10.1038/nature17993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27135931&dopt=Abstract
http://dx.doi.org/10.1186/s12859-014-0356-4
http://dx.doi.org/10.1186/s12859-014-0356-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25420514&dopt=Abstract
http://dx.doi.org/10.1186/s13059-015-0776-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26458810&dopt=Abstract
http://dx.doi.org/10.1016/j.tig.2017.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28688671&dopt=Abstract
http://dx.doi.org/10.1038/s41598-018-32083-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30232341&dopt=Abstract
http://dx.doi.org/10.1101/gr.094052.109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19648217&dopt=Abstract
http://dx.doi.org/10.1371/journal.pgen.0020190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17194218&dopt=Abstract
http://dx.doi.org/10.1002/oa.1180
http://science.sciencemag.org/

L. Hofman, M. L. P. Hoogland, Climate and pre-Columbian settlement at Anse a la
Gourde, Guadeloupe, Northeastern Caribbean. Geoarchaeol. 21, 271-280 (2006).

do0i:10.1002/gea.20096
76. C. L. Hofman, in The Oxford Handbook of Caribbean Archaeology, W. F. Keegan, C.
L. Hofman, R. Rodriguez Ramos, Eds. (Oxford Univ. Press, 2013), pp. 205-220.
77.C. L. Hofman, A. J. Bright, A. Boomert, S. Knippenberg, Island Rhythms: The Web
of Social Relationships and Interaction Networks in the Lesser Antillean
Archipelago between 400 B.C.and A.D.1492. Lat. Am. Antig. 18, 243-268 (2007).
doi:10.2307/25478180

78.C. L. Hofman, M. L. P. Hoogland, in Communities in Contact: Essays in Archaeology,
Ethnohistory and Ethnography of the Amerindian Circum-Caribbean, C. L. Hofman,
A.van Duijvenbode, Eds. (Sidestone Press, 2011), pp. 14-44.

79. A. K. Bullen, R. P. Bullen, “The Lavoutte site : A Carib Ceremonial Center"” in
Proceedings of the Third International Congress for the Study of Pre-Columbian
Cultures of the Lesser Antilles (Grenada National Museum, 1970), pp. 61-86.

80. M. L. P. Hoogland, C. L. Hofman, Expansion of the Taino cacicazgos towards the
Lesser Antilles. J. Soc. Am. 85, 93-113 (1999). d0i:10.3406/sa.1999.1731

81. C. L. Hofman, A. J. Bright, M. L. P. Hoogland, W. F. Keegan, Attractive Ideas,
Desirable Goods: Examining the Late Ceramic Age Relationships between Greater
and Lesser Antillean Societies. J. Island Coast. Archaeol. 3, 17-34 (2008).
doi:10.1080/15564890801984097

82. C. L. Hofman, M. L. P. Hoogland, Connecting Stakeholders: Collaborative
preventive archaeology projects at sites affected by natural and/or human
impacts. Caribbean Connections 5, 1-31 (2016).

83. C. L. Hofman, M. L. P. Hoogland, H. L. Mickleburgh, J. E. Laffoon, D. A. Weston, M.
H. Field, Life and death at precolumbian Lavoutte, Saint Lucia, Lesser Antilles. J.
Field Archaeol. 37, 209-225 (2012). d0i:10.1179/00934690127.00000000020

84.P.E.Siegel, Ed., Ancient Borinquen: Archaeology and Ethnohistory of Native Puerto
Rico (Univ. of Alabama Press, 2005).

85. R. Rodriguez Ramos, in Ancient Borinquen: Archaeology and Ethnohistory of Native
Puerto Rico, P. E. Siegel, Ed. (Univ. of Alabama Press, 2005), pp. 1-54.

86. W. J. Pestle, “Diet and society in prehistoric Puerto Rico an isotopic approach,”
thesis, University of lllinois at Chicago (2010).

87. M. Rodriguez Loépez, “Arqueologia de Punta Candelero, Puerto Rico” in
Proceedings of the XIII International Congress of the International Association for
Caribbean Archaeology, E. N. Ayubi, J. B. Haviser, Eds. (IACA, 1991), pp. 605-627.

88. A. L. Curet, L. M. Stringer, Eds., Tibes: People, Power, and Ritual at the Center of
the Cosmos (Univ. of Alabama Press, 2010).

89. W. J. Pestle, M. Colvard, Bone collagen preservation in the tropics: A case study
from ancient Puerto Rico. J. Archaeol. Sci. 39, 2079-2090 (2012).

90. J. Orihuela Ledn, R. A. Viera Mufioz, L. Pérez Orozco, Contribucién a la cronologia
y la paleodieta de un individuo aborigen excavado en el sitio arqueoldgico El
Morrillo (Matanzas, Cuba). Cuba Arqueoldgica 10, 16-31 (2017).

91.Y. Chinique de Armas, W. M. Buhay, R. Rodriguez Suérez, S. Bestel, D. Smith, S. D.
Mowat, M. Roksandic, Starch analysis and isotopic evidence of consumption of
cultigens among fisher—gatherers in Cuba: The archaeological site of Canimar
Abajo, Matanzas. J.  Archaeol.  Sci. 58,  121-132  (2015).

d0i:10.1016/1.jas.2015.03.003

92. 1. Rouse, Archaology of the Maniabon Hills, Cuba (Yale Univ. Press, 1942).

93. E. Tabio, E. Rey, Nueva periodizacién para el estudio de las comunidades
aborigenes de Cuba. Islas Universidad Central de Las Villas 78, 34-35 (1984).

94. J. M. Guarch Delmonte, Estructura para las Comunidades Aborigenes de Cuba
(Ediciones Holguin, 1990).

95. A. P. Cordova, O. Arredondo, “Analisis de restos dietarios del sitio arqueolégico El
Mango, Rio Cauto, Granma" in Anuario de Arqueologia, Centro de Arqueologia y
Etnologia (Editorial Academia, 1988), pp. 111-132.

96. M. Pino, E. Alonso, Excavaciones en la Cueva del Perico |. Serie Espeleoldgica y
Carsoldgica 45, 5-32 (1973).

97.R.T.Ruiz, D.R. Hernéandez, M. R. de la Calle, S. M. Jaca, Estudio de los restos 6seos
humanos aborigenes encontrados en la Cueva del Perico |, Pinar del Rio, Cuba.
Biologia 13 (1999).

98. J. Cooper, Modelling mobility and exchange in pre-Columbian Cuba: GIS led
approaches to identifying pathways and reconstructing journeys from the
archaeological record. J. Caribb. Archaeol. 3,122-137 (2010).

99. E. E. Tabio, E. Rey, Prehistoria de Cuba (Academia de Ciencias de Cuba, 1966).

First release: 4 June 2020

WWWw.sciencemag.org

100. H. Weissensteiner, D. Pacher, A. Kloss-Brandstétter, L. Forer, G. Specht, H.-J.
Bandelt, F. Kronenberg, A. Salas, S. Schénherr, HaploGrep 2: Mitochondrial
haplogroup classification in the era of high-throughput sequencing. Nucleic Acids

Res. 44, W58-W63 (2016). doi:10.1093/nar/gkw233 Medline
ACKNOWLEDGMENTS

We thank the Comision Nacional de Monumentos de la Reptiblica de Cuba, the
Consejo para la Proteccion del Patrimonio Arqueoldgico Terrestre de Puerto Rico,
The Antiquities, Monuments and Museum Corporation of the Bahamas (AMMC),
the Direction des affaires culturelles de Guadeloupe, and the St. Lucia
Archaeological and Historical Society for supporting this study and giving us
access to samples. Special thanks go to the staff of the Centro Ceremonial
Indigena de Tibes for assistance with sampling and curation at the Tibes site.
Funding: The research was funded by the Max Planck Society and the European
Research Council under the 7th Framework Program (grant agreement no.
319209, ERC Synergy Project “NEXUS1492"). HS was supported by the HERA
Joint Research Program “Uses of the Past” (“CitiGen") and the European
Union's Horizon 2020 research and innovation program under grant agreement
no. 649307. WJP and MAN were supported by the National Science Foundation
(BCS-0612727 and BCS-1622479). CLF was supported by a grant from the
Ministry of Science, Innovation and Universities (PGC2018-0955931-B-100,
AEI/FEDER, UE). MR was supported by the Social Sciences and Humanities
Research Council of Canada (435-2016-0529). MR, YCA, UGH and STHG were
supported by the Social Sciences and Humanities Research Council of Canada
(Standard Research Grant SSHRC - 410-2011-1179 and SSHRC Postdoctoral
Fellowship - 756-2016-0180) and several University of Winnipeg internal grants
(Major Grant 2017, 2018, Partnership Development Grant 2017, 2018,
Discretionary Grant 2017, 2018). Author contributions: HS, KN, CP and JK
conceived and led the study. MR and YCA funded and coordinated excavations in
Cuba with administrative and academic support of AMF. UGH led the excavation
of the Playa del Mango site. SHG led the excavation at the sites of Canimar
Abajo. ECT excavated and curated individuals from the sites of Punta Candelero,
Los Indios and Paso del Indio. CLH and MH led the archaeological excavations at
the site of Anse a la Gourde and Lavoutte. WJP sampled and MNC extracted DNA
from the individuals excavated at Paso del Indio, Punta Candelero and Tibes. KN,
MIO, RR, MS and DM processed the rest of the samples. KN, CP, and HS analyzed
the data with input from TL and JRM. KN, HS, CP and JK interpreted the data
with critical input and contextualization from YCA, UGH, SHG, CAA, ARR, CLF, IR,
and MR for Cuba, WP, MNC and AS for Puerto Rico, RC, JD and WS for the
Preacher’s Cave, and CLH, JL and MH for the sites in the Lesser Antilles. KN and
HS wrote the manuscript with critical input from CP, JK, MR, CLH and the
remaining authors. Competing interests: The authors declare no competing
interests. Data and materials availability: Alignment files of the nuclear and
mitochondrial DNA sequences for all analyzed individuals are available at the
ENA database under the accession number PRJEB37518.

SUPPLEMENTARY MATERIALS

Materials and Methods
Supplementary Text

Figs. S1to S7

Tables S1to S7

References (26-100)

MDAR Reproducibility Checklist

28 February 2020; accepted 18 May 2020

Published online 4 June 2020
10.1126/science.aba8697

(Page numbers not final at time of first release) 6

0202 ‘v aunc uo /B10°BewasusIos aousIds//:dny Wol) papeojumod


http://www.sciencemag.org/
http://dx.doi.org/10.1002/gea.20096
http://dx.doi.org/10.2307/25478180
http://dx.doi.org/10.3406/jsa.1999.1731
http://dx.doi.org/10.1080/15564890801984097
http://dx.doi.org/10.1179/0093469012Z.00000000020
http://dx.doi.org/10.1016/j.jas.2012.03.008
http://dx.doi.org/10.1016/j.jas.2015.03.003
http://dx.doi.org/10.1093/nar/gkw233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27084951&dopt=Abstract
https://science.sciencemag.org/cgi/content/full/science.aba8697/DC1
http://science.sciencemag.org/

~ \\ Beharmas

.
.~
o/
: _ Puerto Rico
. - R} H N
: N TN .

Greater Antilles

"E Guadeloupe

Lesser Antilles o Lugia

' ) L]

B
3000BP 2000BP

1000BP

t + + t u + + + + t + t + t

Canimar Abajo, Cuba
Cueva del Perico, Cuba
Guayabo Blanco, Cuba

Playa del Mango, Cuba
Las Carolinas Il, Cuba

Cueva Calero, Cuba

Manuelito, Cuba @

El Morillo, Cuba €
Cueva de los Esqueletos, Cuba \ )

Punta Candelero, Puerto Rico
Tibes, Puerto Rico
Preacher's Cave, Bahamas (e
Paso del Indio, Puerto Rico 1670 - 690

Anse a la Gourde, Gouadeloupe ¢

N

Lavoutte, St.Lucia
Los Indios, Puerto Rico @

0202 ‘v aunr uo /B1o Bewasuslds 8uslds//:dny wolj papeojumoq

Fig. 1. Sites and samples. (A) Map of the Caribbean showing the location of
the sites discussed in the text including the number of individuals analyzed
per site. Squares represent sites with samples from Archaic-related
contexts while circles denote Ceramic-related contexts. (B) Date ranges for
each site are reported in calibrated years BP. Date ranges derive from
directly dated skeletal remains and do not necessarily represent the entire
period of occupation of the site. For sites with single individuals mean point
dates are provided. The date ranges for the Cueva Calero individuals are
based on archaeological context and indirect radiocarbon dates (10).
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Fig. 2. Population substructure of ancient Caribbean islanders. (A) Principal component
analysis (PCA) of ancient Caribbean islanders projecting the ancient individuals onto principal
components calculated from present-day Native American populations (10). Three Ceramic Age
individuals (ALGOO1, LOIO01 and PCAQOQ1) cluster outside their main grouping, but fi-statistics
indicate that they are more closely related to Ceramic-related than Archaic-related individuals
(table Sb5). (B) fa-statistics measuring the differential affinities of ancient Caribbean islanders to
4900-year-old individuals from the California Channel Islands (Early San Nicolas) (16) and a
published 1000-year-old individual from the Bahamas (7). The Bahamas genome serves as a
proxy for ancient north-eastern South American components not available from the mainland. (C)
Differential affinities of ancient Caribbean islanders to present-day Piapoco (y-axis) and Mixe (x-
axis). Light blue lines indicate two standard errors. Squares indicate samples from Archaic-related
contexts while circles denote Ceramic-related contexts.
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Fig. 3. Admixture graphs modeling the ancestry of ancient Caribbean islanders. (A to C) We show the
best-fitting model for each individual or group as inferred from the final fit score (10) for individual CIPO0O9
from the Cueva del Perico (A), individual GUY0O02 from Guayabo Blanco (B), and several Ceramic Age groups
(C). CIPOQO9 (2700 cal. BP) branches off the main Native American lineage together with individuals from the
California Channel Islands (16) prior to the diversification of Central and South Americans, while GUY002
(2500 cal. BP) requires some South American-related ancestry to make the model fit. The expansion of
South American groups after 2000 cal. BP can best be modeled as a stepping-stone process, while a
southward model results in a worse fit (fig. S7). The geographical position of ancient groups corresponds to
their approximate location. Arrows do not indicate dispersal routes and node placements do not show the
actual geographic region where the split took place. Numbers to the right of solid edges are proportional to
optimized drift; percentages to the right of dashed edges represent admixture proportions. Peru ~9000 BP
includes Peru Cunchaicha 9000 BP and Peru Lauricocha 8600 BP (15). For other groups see the
supplementary materials (10).
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