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            Abstract
Southeast Asia has emerged as an important region for understanding hominin and mammalian migrations and extinctions. High-profile discoveries have shown that Southeast Asia has been home to at least five members of the genus Homo1,2,3. Considerable turnover in Pleistocene megafauna has previously been linked with these hominins or with climate change4, although the region is often left out of discussions of megafauna extinctions. In the traditional hominin evolutionary core of Africa, attempts to establish the environmental context of hominin evolution and its association with faunal changes have long been informed by stable isotope methodologies5,6. However, such studies have largely been neglected in Southeast Asia. Here we present a large-scale dataset of stable isotope data for Southeast Asian mammals that spans the Quaternary period. Our results demonstrate that the forests of the Early Pleistocene had given way to savannahs by the Middle Pleistocene, which led to the spread of grazers and extinction of browsersâ€”although geochronological limitations mean that not all samples can be resolved to glacial or interglacial periods. Savannahs retreated by the Late Pleistocene and had completely disappeared by the Holocene epoch, when they were replaced by highly stratified closed-canopy rainforest. This resulted in the ascendency of rainforest-adapted species as well as Homo sapiensâ€”which has a unique adaptive plasticity among homininsâ€”at the expense of savannah and woodland specialists, including Homo erectus. At present, megafauna are restricted to rainforests and are severely threatened by anthropogenic deforestation.
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                    Fig. 1: Map of the Indochinese and Sundaic subregions.[image: ]


Fig. 2: Distribution of Î´13C values across geological subepochs and epochs.[image: ]
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Extended Data Fig. 1 Distribution of Î´13C values across the Quaternary.
Distribution is shown with a jitter plot and corresponding kernel density for Indochina (blue) and Sundaland (red). Kernel densities are exaggerated vertically, such that the peaks for both provinces are equal. Shaded boxes represent the division between Î´13C values associated with forests (left) and grasslands (right).


Extended Data Fig. 2 Temporal trends of Î´13C and Î´18O values under different geochronological scenarios.
a, Î´13C values assuming minimum age for each site. b, Î´18O values assuming minimum age for each site. c, Î´13C values assuming median age for each site. d, Î´18O values assuming median age for each site. e, Î´13C values assuming maximum age for each site. f, Î´18O values assuming maximum age for each site. Each panel is shown relative to the Lisiecki Raymo benthic oxygen-isotope stack. The 95% confidence interval for each curve was based on 999Â random replicates using resampling of residuals.


Extended Data Fig. 3 Distribution of Î´13C values for browsers across fossil sites through Southeast Asia.
Indochina, dark green; Sundaland, light green. Horizontal line represents the âˆ’29â€° zone that indicates the beginning of subcanopy and closed-canopy environments. The long lower whiskers in the box and whisker plot, which indicate a very negatively skewed distribution, are most closely associated with highly stratified forests. The boxes show the median and the lower (25%) and upper (75%) quartiles; the whiskers encompass the minimum and maximum values. Independent sample sizes: Juyuandong, nÂ =Â 4; Longudong, nÂ =Â 26; Mohui, nÂ =Â 5; Sanhe, nÂ =Â 25; Semedo, nÂ =Â 6; Sangiran, nÂ =Â 4; Upper Pubu, nÂ =Â 4; Khok Sung, nÂ =Â 5; Pha Bong, nÂ =Â 15; Tham Wiman Nakin, nÂ =Â 10; Baxian, nÂ =Â 32; Boh Damban, nÂ =Â 18; Nam Lot, nÂ =Â 39; Quzai, nÂ =Â 32; Sibrambang, nÂ =Â 6; Wajak, nÂ =Â 4; Cipeundeuy, nÂ =Â 2; Indochina, nÂ =Â 74; and Sundaland, nÂ =Â 158.


Extended Data Fig. 4 Changes in mean Î´13C and Î´18O values for mammals classified at the ordinal level.
Continuities (non-significant differences in mean) of Î´13C values within orders between epochs are illustrated with arrows at the top of each plot. Continuities between orders in a single epoch are illustrated with circles bounding similar Î´13C means. Variation within orders and epochs is indicated at 1 s.d.


Extended Data Table 1 Sites included in the analyses with corresponding sources for the isotope dataFull size table


Extended Data Table 2 Univariate statistics for each geological subepoch and biogeographical provinceFull size table


Extended Data Table 3 Univariate statistics for each geological subepoch and trophic groupFull size table


Extended Data Table 4 Count data for Early and Middle Pleistocene herbivores and omnivoresFull size table
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