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Paleoenvironments in Southern Brazil

At Serra dos Órgãos, a subrange of Serra do Mar, 2130 m a.s.l. ( Fig 3, number 92; [1]), conditions in the early Holocene suggest the presence of “campos” (grassy savannah) since 12.4 ka BP. Between 12.3 and 11.8 ka BP, campos vegetation decreases and arboreal taxa increase, suggesting warm and wet conditions. The trend is reverted between 11.8 and 10.8 ka BP, with another expansion of campos and regression of forest. Between 10.8 and 4.9 ka BP there is a relatively steady balance between “campos” and forest taxa, with a slow upward migration of forest taxa and the local extinction of Araucaria. Climatic conditions remained practically the same since 4.9 ka BP up to present times, with a slight increase in moisture around 880 cal BP.
At Serra da Bocaina (Fig 3, number 84; [2]) pollen data from two cores, one at 1500 m a.s.l. and the other 1650 m a.s.l. show a lesser frequency of herbs in the Early Holocene (10.8 to 7.3 ka BP) when compared to the Late Glacial. However, the presence of herbs is still predominant. The interpretation is of a relatively warm but still dry climate, with the absence of Araucaria trees. Between 7.3 and 4.6 ka BP there is a marked forest expansion, suggesting a moister climate, and from 4.6 and 1.3 ka BP a slight decrease in forest taxa, a scenario that is very similar to Morro de Itapeva (Fig 3, number 89; [3]). For the Campos do Jordão region, (Fig 3, number 85; [4]) it was found evidence of soil formation (climatic stability) at 11.5 ka BP and since 8.3 ka BP. 

Seixas et al. [5] presented a phytolith and carbon isotope study at Paraíba do Sul valley (Fig 3, number 93). The soil profile showed two stone lines, which we interpret as evidence of rhesistatic conditions. The lower stone line, at 150-158 cm depth, was dated at 8.9 ka BP. The upper stone line, at 125-138 cm depth was dated at 8.4 ka BP [6], both ages obtained by 14C AMS on soil organic matter (SOM, which imparts some uncertainties as we will discuss below). The authors found a trend of strong variability in the D/P phytolith index (which measures the density of tree cover) and also in the Bi index (hydric stress) in the lowermost portion of the profile (before 8.2 ka BP). 
At Colônia, (Fig 3, number 86; [7]) it was found an increase in moisture since the beginning of the Holocene, with a full development of rainforest after 9 ka BP, but between 6.2 and 3.7 ka BP there was a major reduction in tree cover, followed by another expansion until reaching present-day fully developed rainforest.
In the Tamanduá river, Turcq et al. [8,9] (Fig 3, number 87) found evidence of a major erosion episode somewhere between 11.5 and 6.9 ka BP, followed by deposition suggesting climatic stability until the present.
Storani and Perez-Filho [10] detected a terrace formation at Mogi-Guaçu river (Fig 3, number 108) dated at 1.9 ka BP, considered by the authors as evidence of a dry climatic pulse. 
Cruz [11] presented speleothem data from São Paulo (Santana cave - Fig 3, number 88) and Paraná (Botuverá cave - Fig 3, number 97) suggesting the expansion of rain forest and stability of the precipitation regime from 9.0 – 8.0 ka BP onwards. At Serra dos Campos Gerais, Paraná hinterland, (Fig 3, number 95; [12]), the Holocene is marked by an increase in temperature and moisture. Even so, the area was still occupied mainly by grassy savannah from 11.0 to 3.0 ka BP. Forest taxa increased when compared to the Late Glacial, suggesting an expansion of the forest patches in the valley bottoms. Between 3.0 and 1.4 ka BP there is an increase in Araucaria, that had been probably confined to the valleys, and which start to occupy the highest portions of the landscape.
At Serra de Araçatuba (Fig 3, number 94; [13]), the data suggest the permanence of cold and dry conditions (prevalence of herbaceous vegetation, virtually no trees) during almost the whole Holocene, from 12.9 to 2.0 ka BP, probably due to the height of 1500 m a.s.l.. From 2.0 ka BP onwards, there is an increase in the proportion of trees, suggesting wetter conditions. Towards the coast, only 40 km east of Serra de Araçatuba but 1500 m lower, data from Volta Velha (Fig 3, number 98; [14]) suggests that rainforest started to develop only in the beginning of the Holocene, probably expanding from the north in a successional way. By 7.7 ka BP rainforest is fully established.
In the hinterlands of Rio Grande do Sul, at São Francisco de Assis ( Fig 3, number 100; [15]), vegetation cover was composed mainly of grassy savannah (“campos”) since the LGM, even when climate changed from cold and dry to warm and dry in the Pleistocene / Holocene transition. An increase in gallery forest started only about 5.2 ka BP, signalling wetter conditions. By 1.6 ka BP the gallery forest was even more developed. The increase in humidity during the mid-Holocene and the full establishment of forests around 1.0 ka BP was perceived in other locations of Rio Grande do Sul, such as Cambará do Sul (Fig 3, number 101; [16]) and São Francisco de Paula (Fig 3, number 102; [17]). In this last locality, Leonhardt and Lorscheitter [18] found signals of cold and dry climate between 25 ka BP and 12.5 ka BP, with a peak of aridity ca. 16 ka. From 12.5 ka onwards the climate became moister, with dry and warm conditions appearing from 9.7 ka BP to 6.5 ka BP. A gradual increase in humidity was observed between 6.5 ka BP and 4 ka BP. Between 4 ka BP and 2 ka BP Araucaria  expanded, suggesting moister conditions. 
The Mina Modelo pond (Fig 3, number 109), studied by Gadens-Marcon et al. [19] using pollen and geochemical analyses, showed evidence of climatic instability between  6.8 and 6.0 Ka BP. According to the authors,“the rainfall remained relatively constant until about 7000 years ago. Thereafter, rainfall patterns become irregular. (...).The oscillations between high and low rainfall periods become progressively more frequent and the high moisture levels of early Holocene tend to decrease” ([19]:111).
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