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            Abstract
In European and many African, Middle Eastern and southern Asian populations, lactase persistence (LP) is the most strongly selected monogenic trait to have evolved over the past 10,000 years1. Although the selection of LP and the consumption of prehistoric milk must be linked, considerable uncertainty remains concerning their spatiotemporal configuration and specific interactions2,3. Here we provide detailed distributions of milk exploitation across Europe over the past 9,000 years using around 7,000 pottery fat residues from more than 550 archaeological sites. European milk use was widespread from the Neolithic period onwards but varied spatially and temporally in intensity. Notably, LP selection varying with levels of prehistoric milk exploitation is no better at explaining LP allele frequency trajectories than uniform selection since the Neolithic period. In the UK Biobank4,5 cohort of 500,000 contemporary Europeans, LP genotype was only weakly associated with milk consumption and did not show consistent associations with improved fitness or health indicators. This suggests that other reasons for the beneficial effects of LP should be considered for its rapid frequency increase. We propose that lactase non-persistent individuals consumed milk when it became available but, under conditions of famine and/or increased pathogen exposure, this was disadvantageous, driving LP selection in prehistoric Europe. Comparison of model likelihoods indicates that population fluctuations, settlement density and wild animal exploitation—proxies for these drivers—provide better explanations of LP selection than the extent of milk exploitation. These findings offer new perspectives on prehistoric milk exploitation and LP evolution.
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                    Fig. 1: Geographical and temporal distribution of archaeological milk fat residues in potsherds.


Fig. 2: Regional variation in milk use in prehistoric Europe.


Fig. 3: Regional variation in prehistoric LP allele frequencies in Europe.


Fig. 4: LP variant association with health outcomes.
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Extended data figures and tables

Extended Data Fig. 1 Regional fluctuations in milk use throughout European prehistory.
Percentage of milk fats through time, calculated using all animal fat residues. Grey bars and black lines illustrate 95%, 50% CI and MAP in each time slice, using a uniform prior.


Extended Data Fig. 2 Summary of model selection results for the tested ecological time series.
Inverse solar insolation, fluctuations in population level, and residential density yield models significantly better than a null model of constant selection (significance computed by likelihood ratio test). See Extended Data Table 1 for corresponding parameter estimates, and multiple testing correction (no change in the set of significant models). Abbreviations: assimilation (assi.), inverse (inv.), fluctuation (fluc.).


Extended Data Fig. 3 Inverse insolation as a driver of selection strength.
Optimized parameters, resulting selection strength- and LP allele frequency curves for inverse (inv.) insolation, one of the four ecological proxy variables yielding likelihoods significantly better than a constant selection model. Although LP is generally thought of as a dominant trait, we only show the additive model results as the parameter estimates barely differ.


Extended Data Table 1 Model selection results for the tested ecological time seriesFull size table


Extended Data Table 2 Lactase genotype frequency and test for departure from Hardy–Weinberg equilibriumFull size table


Extended Data Table 3 Lactase persistence genotype correlation between spousal pairs in UK BiobankFull size table


Extended Data Fig. 4 Population fluctuation as a driver of selection strength.
Optimized parameters, resulting selection strength- and LP allele frequency curves for population (pop.) fluctuations (fluc.), one of the four ecological proxy variables yielding likelihoods significantly better than a constant selection model. Although LP is generally thought of as a dominant trait, we only show the additive model results as the parameter estimates barely differ.


Extended Data Fig. 5 Settlement density as a driver of selection strength.
Optimized parameters, resulting selection strength- and LP allele frequency curves for the cluster statistic, one of the four ecological proxy variables yielding likelihoods significantly better than a constant selection model. Although LP is generally thought of as a dominant trait, we only show the additive model results as the parameter estimates barely differ.


Extended Data Fig. 6 Wild animal consumption as a driver of selection strength.
Optimized parameters, resulting selection strength- and LP allele frequency curves for proportion of wild versus domestic animal, one of the four ecological proxy variables yielding likelihoods significantly better than a constant selection model. Although LP is generally thought of as a dominant trait, we only show the additive model results as the parameter estimates barely differ.


Extended Data Table 4 Proportion of significant likelihood differences between constant and fluctuating selection model driven by milk exploitationFull size table
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