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            Abstract
During the Last Glacial Maximum, continental ice sheets isolated Beringia (northeast Siberia and northwest North America) from unglaciated North America. By around 15 to 14 thousand calibrated radiocarbon years before present (cal. kyr bp), glacial retreat opened an approximately 1,500-km-long corridor between the ice sheets. It remains unclear when plants and animals colonized this corridor and it became biologically viable for human migration. We obtained radiocarbon dates, pollen, macrofossils and metagenomic DNA from lake sediment cores in a bottleneck portion of the corridor. We find evidence of steppe vegetation, bison and mammoth by approximately 12.6 cal. kyr bp, followed by open forest, with evidence of moose and elk at about 11.5 cal. kyr bp, and boreal forest approximately 10 cal. kyr bp. Our findings reveal that the first Americans, whether Clovis or earlier groups in unglaciated North America before 12.6 cal. kyr bp , are unlikely to have travelled by this route into the Americas. However, later groups may have used this north–south passageway.
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                    Figure 1: Setting and study area.[image: ]


Figure 2: Selected pollen, DNA and biometrical results.[image: ]


Figure 3: Ecological interpretation and implications of this study.[image: ]


Figure 4: Colonization models.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Topographic transects.
The red and white lines on Fig. 1b mark topographic transects of Charlie Lake and Spring Lake in relation to the four phases of Glacial Lake Peace13. CIC, Cordilleran ice complex; m.a.s.l., metres above sea level.


Extended Data Figure 2 Visual and physical descriptions and age-depth model for the studied lake sediments.
a, b, Charlie Lake (a) and Spring Lake (b) span the Pleistocene to Holocene transition (dotted grey line); magnetic susceptibility (continuous black line); and compressed high-resolution images from the ITRAX core scanner and the sedimentary log are shown. Age-depth models for Charlie Lake (a) and Spring Lake (b) were generated with P_Sequence deposition models in OxCal v. 4.2 using the IntCal13 radiocarbon calibration curve57,59,61. The probability envelopes represent the 68.2% and 95.4% confidence ranges, respectively (see Methods and Supplementary Information).


Extended Data Figure 3 Charlie Lake pollen and macrofossil diagrams.
a, Pollen are presented as influx and bullet points indicate taxa with less than 2 grains cm−2 year−1. The diagram was zoned using CONIIC31 with a stratigraphically constrained cluster analysis on the information statistic. b, Relative proportions of ecologically important taxa. c, Macrofossils were identified but not enumerated. Bullet points represent presence.

                          Source data
                        


Extended Data Figure 4 Spring Lake pollen and macrofossil diagrams.
a, Pollen are presented as influx and bullet points represent taxa with less than 50 grains cm−2 year−1. The diagram was zoned using CONIIC31 with a stratigraphically constrained cluster analysis on the information statistic. b, Relative proportions of ecologically important taxa. c, Macrofossils were identified but not enumerated. Bullet points represent presence.

                          Source data
                        


Extended Data Figure 5 Charlie Lake DNA diagram.
DNA results are presented as normalized counts to allow comparison on the temporal scale for each taxon. All are unique sequences with 100% sequence identity to taxa. Histogram width equals the accumulation period. a, Viridiplantae, bullet points represent counts less than 50. b, Algae, bullet points represent counts less than 50. c, Metazoans, bullet points represent counts equal to 1.

                          Source data
                        


Extended Data Figure 6 Spring Lake DNA diagram.
DNA results are presented as normalized counts to allow comparison on the temporal scale for each taxon. All are unique sequences with 100% sequence identity to taxa. Histogram width equals the accumulation period. a, Viridiplantae, bullet points represent counts less than 50. b, Algae, bullet points represent counts less than 50. c, Metazoans, bullet points represent counts equal to 1.

                          Source data
                        


Extended Data Figure 7 DNA damage accumulation model.
Maximum-likelihood DNA damage rates were estimated from nucleotide misincorporation patterns using MapDamage2.0 (ref. 40). a, Each full circle is the mean of cytosine to thymine mutation frequencies at the first position (n ≥ 2 species) with above 500 reads aligned to reference bars that represent ± 1 s.d. b, Table of species used for determining the DNA damage rates.
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Extended Data Table 1 AMS 14C determinations of terrestrial plant macrofossil samples from Charlie and Spring LakesFull size table
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During much of the last ice age, continental ice sheets prevented humans from migrating into North America from Beringia, the area between Siberia and what is now the Bering Strait. At some point, a route opened up between the Cordilleran and Laurentide ice sheets, but it is thought that this 1,500-kilometre-long ice-free corridor may have been too cold to act as a human migration route. Eske Willerslev and colleagues present a series of environmental reconstructions based on coring of lake sediments in what was once the ice-free corridor. Their data indicate that the corridor would have still been inhospitable even after humans are known to have arrived in the Americas south of the ice. This implies that humans migrated by a coastal route, now submerged by the risen sea.
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