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Abstract: 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
shed light on the initial peopling of the Caribbean and the movements of Archaic Age peoples in

the Americas.

One Sentence Summary: Ancient genomics provides insights into the initial peopling of the

Caribbean.

Main Text: Archaeological evidence suggests that people first moved into the Caribbean around
8000 calibrated years before present (cal. BP) (7, 2). Apart from Trinidad, which is located closer
to the American mainland, the earliest securely dated archaeological sites in the region date to
around 5,000 cal. BP and are located in Barbados, Cuba, Curagao, and St. Martin, followed 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 backward to a point of origin. In the absence of clear chronological 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
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appear along with more permanent settlements and agricultural practices (/). Archaeological and
genetic evidence indicates that the new settlers came from South 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 eventually further west into Hispaniola and Cuba (6). Alternatively, it has been suggested
that the new settlers first reached Puerto Rico, bypassing the Lesser Antilles before expanding
southwards (§). Whichever way this expansion took place, it seems likely that the newcomers
encountered indigenous communities in the islands, but the nature of their interactions 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; Tables S1-S3) (/0). The skeletal samples derive from two distinct archaeological
contexts, which are referred to as “Archaic-" and “Ceramic”, respectively (/0). The 52 Archaic-
related individuals come from seven sites in Cuba and date to ¢. 3200-700 cal. BP, while the 41
Ceramic-related individuals stem from nine sites in Cuba, the Bahamas, Puerto Rico, Guadeloupe,
and St. Lucia, dating around 1500-400 cal. BP (Fig. 1). To overcome the challenges posed by poor
DNA preservation, we used a hybridization capture method targeting ~1.2 million genome-wide
SNPs (/0). In addition, we report mtDNA haplogroups for 89 of the 93 individuals and Y-
chromosome haplogroups for 40 of the 47 males (Table S1). Contamination estimates were low
(<1%) 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 C1d (with a frequency of 47% and 30%, respectively), these

haplogroups are less common among individuals from Ceramic-related contexts, including those
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reported in previous studies (//, 12). Overall, mtDNA diversity is higher among Ceramic Age
individuals, with haplogroups B2, C1b, and Clc unique to this group (Fig. S1).

To explore these differences, we performed a principal component analysis (PCA) on the
genome-wide data using 12 present-day Native American populations as reference (/0) (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 contexts, including those from
Cuba, cluster with present-day individuals from South America, as well as a published 1000-year-
old genome from the Bahamas (7). In contrast, individuals 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 different genetic affinities, we grouped
individuals by site and computed fs-statistics of the form fyMbuti, 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 c¢. 5000-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, Table S5). 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 closer to the
individuals from California’s Channel Islands (/6). These differences are largely driven by a
greater similarity of Ceramic-related groups to present-day populations from northeastern South
America (Fig. 2C, Figs. S3 and S4) (7).

To test if the two groups derived from the same or distinct ancestral populations we used

gpWave (18), which uses summary statistics to estimate the minimum number of sources necessary
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to explain the genetic composition of an individual or group of individuals (/0). 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 Caribbean at the same time. To detect signs of admixture between the two
groups, we used gpAdm (19), but do not detect any notable levels of admixture, except for one
individual (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%) (Table
S7). Considering the mounting evidence of the influence of Archaic Age communities on the
development of later Caribbean societies (20, 21), it is surprising to find so little evidence 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 Hispaniola.

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) (Figs.
3A,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 from Cueva del Perico 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 (/4—16) using gpGraph (18), a
model where CIP009 branches off the main Native American lineage with the individuals from
California’s Channel Islands (/6) and prior to the radiation of South and Central Americans fits
the data best (Fig. 3A). By contrast, all other Archaic-related individuals, including the 2500-year-

old individual from Guayabo Blanco (GUY002), require additional gene flow from ancient South
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Americans to improve the models (Fig. 3B and Fig. S6). Together, this supports multiple dispersals
into the Western Caribbean prior to the arrival of Ceramic Age groups. While it is difficult to
determine 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 archaeologically (/). 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 gradually moving northwards through the Lesser Antilles fits the data better than a model
assuming a southward expansion from Puerto Rico (Fig. 3C, 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 accurately. 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 Hispaniola and Cuba (/, 6). Our results are consistent with this 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 (/9, 22) or a more complex
history of interaction with intermittent episodes 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 America. Clearly, Archaic Age
peoples had the seafaring abilities to conquer the Caribbean (5). In fact, there is mounting evidence

to suggest that, far from being an insuperable barrier, the Caribbean Sea functioned as a kind of
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aquatic highway that people crossed frequently, despite its occasional unpredictability (25). The
initial peopling of the Caribbean was later followed by another expansion, this time from South
America. As the newcomers arrived in the islands, they must have encountered descendants of the
early settlers, but we find surprisingly little evidence of admixture, raising questions regarding the
nature of their interactions and the role of the early settlers in the development of later Caribbean
societies. Additional 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:

1.  W.F.Keegan, C. L. Hofman, The Caribbean before Columbus (Oxford University Press, 2017).
2. M. F. Napolitano et al., Sci. Adv. 5, eaar7806 (2019).

3. W.R. Coe, Am. Antig. 22, 280-282 (1957).

4. S. M. Wilson, H. B. Iceland, T. R. Hester, Lat. Am. Antiquity 9, 342-352 (1998).

5. R.T. Callaghan, Lat. Am. Antiquity 14, 323-338 (2003).

6. L. Rouse, The Tainos: rise and decline of the people who greeted Columbus (Yale University Press,
New Haven, 1992).

7. H. Schroeder et al., Proc. Natl. Acad. Sci. U. S. A. 115, 2341-2346 (2018).
8. S. M. Fitzpatrick, J. Marit. Archaeol. 8, 101-138 (2013).

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, Leiden, 2019), pp. 29-42.

10. See supplementary materials.

11. C. Lalueza-Fox, F. Calderon, F. Calafell, B. Morera, J. Bertranpetit, Ann. Hum. Genet. 65, 137-151
(2001).

12. M. A. Nieves-Colon et al., Mol. Biol. Evol. 37, 611-626 (2020).
13. D. Reich et al., Nature 488, 370-374 (2012).

14. J. V. Moreno-Mayar et al., Science 362, eaav2621 (2018).

15. C.Posthetal, Cell. 175, 1185-1197.€22 (2018).

16. C. L. Scheib et al., Science 360, 1024-1027 (2018).

8/48



Science

AVAAAS Draft manuscript - please do not cite or circulate

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

G. A. Gnecchi-Ruscone ef al., Mol. Biol. Evol. 36, 1254-1269 (2019).
N. Patterson et al., Genetics 192, 1065-1093 (2012).

W. Haak et al., Nature 522,207-211 (2015).

W. F. Keegan, Caribb. J. Sci. 42, 1 (2006).

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

M. E. Allentoft et al., Nature 522, 167-172 (2015).

H. McColl et al., Science 361, 88-92 (2018).

C. Posth et al., Nat Ecol Evol. 2, 731-740 (2018).

C. L. Hofman, A. J. Bright, R. R. Ramos, J. Caribb. Archaeol. 10, 1-18 (2010).

L. A. Curet, The Taino: Phenomena, Concepts, and Terms. Ethnohistory 61 (2014), pp. 467-495.
W. F. Keegan, Antiquity 63, 373-379 (1989).

L. Rouse, The Classification of Artifacts in Archaeology. Am. Antiquity 25 (1960), pp. 313-323.

J. M. Cruxent, 1. Rouse, An Archaeological Chronology of Venezuela (Pan American Union, 1958).
M. Roksandic et al., Radiocarbon 57, 755-763 (2015).

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, 1. Roksandic, Ed. (University of Florida Press, Gainesville, 2016).

C. Gamba et al., Nat. Commun. 5, 5257 (2014).

P. B. Damgaard et al., Sci. Rep. 5, 11184 (2015).

R. Longin, Nature 230, 241-242 (1971).

T. F. G. Higham, R. M. Jacobi, C. Bronk Ramsey, Radiocarbon 48, 179—195 (2006).

R. J. A. Hopkins, C. Snoeck, T. F. G. Higham, Radiocarbon 58, 893—904 (2016).

M. Stuiver, H. A. Polach, Radiocarbon 19, 355-363 (1977).

P. J. Reimer et al., Radiocarbon 55, 1869—1887 (2013).

J. Dabney, M. Knapp, 1. Glocke, Proc. Natl. Acad. Sci. U. S. A. 110, 15758-15763 (2013).
N. Rohland, M. Hoftreiter, Nat. Protoc. 2, 1756-1762 (2007).

M. A. Nieves-Colon et al., Am. J. Phys. Anthropol. 166, 824—-836 (2018).

N. Rohland, E. Harney, S. Mallick, S. Nordenfelt, D. Reich, Philos. Trans. R. Soc. Lond. B Biol. Sci.

9/48



Science

AVAAAS Draft manuscript - please do not cite or circulate

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

370, 20130624 (2015).

M. Meyer, M. Kircher, Cold Spring Harb. Protoc. 2010, db.prot5448 (2010).
M. Kircher, S. Sawyer, M. Meyer, Nucleic Acids Res. 40, e3—3 (2011).

C. Carge et al., Methods Ecol. Evol. 9,410—419 (2018).

N. Rohland, D. Reich, Genome Res. 22, 939-946 (2012).

Q. Fuetal., Curr. Biol. 23, 553-559 (2013).

Q. Fuet al., Nature 524, 216-219 (2015).

M. Ghodsi, B. Liu, M. Pop, BMC Bioinformatics 12, 271 (2011).

A. Peltzer et al., Genome Biol. 17, 60 (2016).

M. Schubert, S. Lindgreen, L. Orlando, BMC Res. Notes. 9, 88 (2016).

H. Li, R. Durbin, Bioinformatics 25, 1754—1760 (2009).

H. Li et al., Bioinformatics 25, 2078-2079 (2009).

S. Mallick et al., Nature 538, 201-206 (2016).

A.-S. Malaspinas et al., Curr. Biol. 24, R1035-7 (2014).

M. Rasmussen ef al., Nature 523, 455-458 (2015).

M. Raghavan et al., Nature 505, 87-91 (2014).

J. V. Moreno-Mayar et al., Nature 553, 203-207 (2018).

M. Rasmussen et al., Nature 506, 225-229 (2014).

J. Lindo et al., Sci Adv. 4, eaaud4921 (2018).

C. De la Fuente et al., Proc. Natl. Acad. Sci. U. S. 4. 115, E4006-E4012 (2018).
D. J. Kennett et al., Nat. Commun. 8, 14115 (2017).

Q. Fu et al., Nature 534, 200-205 (2016).

T. S. Korneliussen, A. Albrechtsen, R. Nielsen, BMC Bioinformatics 15, 356 (2014).
G. Renaud, V. Slon, A. T. Duggan, J. Kelso, Genome Biol. 16, 224 (2015).

F. M. Key, C. Posth, J. Krause, A. Herbig, K. 1. Bos, Trends Genet. 33, 508-520 (2017).
A. Furtwingler et al., Sci. Rep. 8, 14075 (2018).

D. H. Alexander, J. Novembre, K. Lange, Genome Res. 19, 1655-1664 (2009).
N. Patterson, A. L. Price, D. Reich, PLoS Genet. 2, ¢190-20 (2006).

W. F. Keegan, The people who discovered Columbus: the prehistory of the Bahamas (University
10/48



Science

AVAAAS Draft manuscript - please do not cite or circulate

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

&3.

&4.

85.

86.

&7.

88.

&9.

90.

91.

92.

Press of Florida, Gainesville, 1992).
W. C. Schaffer, R. S. Carr, J. S. Day, M. P. Pateman, Int. J. Osteoarchaeol. 22, 45—69 (2010).

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 University 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. (University Press of Florida Gainesville, 2010), pp. 148—162.

C.J. Beets et al., Geoarchaeol. 21, 271-280 (2006).

C. L. Hofman, in The Oxford Handbook of Caribbean Archaeology, W. F. Keegan, C. L. Hofman,
R. Rodriguez Ramos, Eds. (Oxford University Press, Oxford, 2013), pp. 205-220.

C. L. Hofman, A. J. Bright, A. Boomert, S. Knippenberg, Lat. Am. Antiquity 18, 243 (2007).

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 Leiden, 2011), pp. 14—44.

A. K. Bullen, R. P. Bullen, in Proceedings of the 3rd International Congress for the Study of Pre-
Columbian Cultures of the Lesser Antilles. Grenada: Grenada National Museum (1970), pp. 61-86.

M. L. P. Hoogland, C. L. Hofman, Journal de la Société des américanistes 85, 93—113 (1999).

C. L. Hofman, A. J. Bright, M. L. P. Hoogland, W. F. Keegan, J. Island Coast. Archaeol. 3, 17-34
(2008).

C. L. Hofman, M. L. P. Hoogland, Caribbean Connections 5, 1-31 (2016).
C. L. Hofman et al., J. Field Archaeol. 37, 209-225 (2012).

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

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

W. J. Pestle, Diet and Society in Prehistoric Puerto Rico an Isotopic Approach (University of
[linois at Chicago, 2010).

M. Rodriguez Lopez, in Proceedings of the XIII International Congress of the International
Association for Caribbean Archaeology (1991), pp. 605—627.

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

W. J. Pestle, M. Colvard, J. Archaeol. Sci. 39, 2079-2090 (2012).
J. Orihuela Ledn, R. A. Viera Muifioz, L. Pérez Orozco, Cuba Arqueologica 10, 16-31 (2017).
Y. Chinique de Armas et al., J. Archaeol. Sci. 58, 121-132 (2015).

L. Rouse, Archaology of the Maniabon Hills, Cuba (Yale University Press, New Haven, 1942).
11/48



Science

AVAAAS Draft manuscript - please do not cite or circulate

93. E. Tabio, E. Rey, Islas Universidad Central de Las Villas, 34-35 (1984).

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

95. A.P. Cordova, O. Arredondo, Anuario de Arqueologia, Centro de Arqueologia y Etnologia. La
Habana: Editorial Academia, 111-132 (1988).

96. Y. Chinique de Armas et al., Radiocarbon (2020).

97. M. Pino, E. Alonso, Serie Espeleologica y Carsologica 45, 5-32 (1973).

98. R.T.Ruiz, D. R. Hernandez, M. R. de la Calle, S. M. Jaca, Biologia 13 (1999).

99. J. Cooper, J Caribb Archaeol. 3, 122—137 (2010).

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

101.  H. Weissensteiner et al., Nucleic Acids Res. 44, W58—W63 (2016).

Acknowledgments: We thank the Comision Nacional de Monumentos de la Republica de Cuba,
the Consejo para la Proteccion del Patrimonio Arqueologico 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 providing 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 Programme (grant agreement no. 319209, ERC Synergy Project
“NEXUS1492”). HS was supported by the HERA Joint Research Programme “Uses of the Past”
(“CitiGen”) and the European Union’s Horizon 2020 research and innovation programme under
grant agreement no. 649307. MR was supported by the Social Sciences and Humanities Research
Council of Canada (435-2016-0529). 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).

12/48



Science

AVAAAS Draft manuscript - please do not cite or circulate

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. 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 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: Raw bam files of the nuclear reads and mitochondrial reads of
all analyzed individuals mapped to the respective human reference genome version hgl9 are

available from ENA database under the accession number PRJEB37518.

Supplementary Materials:
Supplementary Text
Materials and Methods
Figures S1-S7

Tables S1-S6

References 26-101

13/48



Science

AVAAAS Draft manuscript - please do not cite or circulate

B
3000BP 20008P 1000BP

Canimar Abajo, Cuba
Cueva del Perico, Cuba (@RECERFEY
Guayabo Blanco, Cuba

Playa del Mango, Cuba 2130 - 1700
Las Carolnas I, Cuba Sl )

Cueva Calero, Cuba

Manuelito, Cuba ()
El Marrillo, Cuba €

Cueva de los Esqueletos, Cuba (=)
Punta Candedero, Puerto Rico

Tibes, Puerto Rico m

Preacher's Cave, Bahamas LB
Paso del Indio, Pueto Rico 0
Ange & la Gourde, Gouadeloupe -

Lavoutte, St.Lucla
Los Indioe, Puerto Rico @

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 given in calibrated years BP. Date ranges are 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 (/0).
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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 (/0). Three Ceramic Age
individuals (ALGO01, LOI001 and PCAO001) cluster outside their main grouping, but fs-statistics
indicate that they are more closely related to Ceramic-related than Archaic-related individuals
(Table S5). (B) fi-statistics measuring the differential affinities of ancient Caribbean islanders to
4900-year-old individuals from California’s Channel Islands (Early San Nicolas) (/6) 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 (AG) modeling the ancestry of ancient Caribbean islanders. We
show the best-fitting model for each genome (or group of genomes) as inferred from the final fit
score (/0) for individual CIP009 from the Cueva del Perico (A), individual GUY002 from
Guayabo Blanco (B), and several Ceramic Age groups (C). CIP009 (2700 cal. BP) branches off
the main Native American lineage together with individuals from California’s Channel Islands
(16) prior to the diversification of Central and South Americans, while GUY002 (2500 cal. BP)
requires some South American 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 (/0).
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