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ABSTRACT 

Alpine glaciers worldwide will lose most of their volume by the end of the 21st century, placing 

alpine ecosystems and human populations at risk. The emerging ice-free lands, however, provide an 

opportunity for novel alpine ecosystems to develop. Previous studies have usually focused on wider 

areas through satellite imagery or on smaller areas using in situ floristic evaluations. Extending these 

studies, I couple field data collection and aerial photogrammetry to study the distribution and 

composition of pioneer alpine communities in glacier forelands. For a total of nine proglacial landscapes 

distributed between the Alps and the Peruvian Tropical Andes, I combine satellite imagery and 

multispectral UAVs models with in-situ floristic and geomorphologic surveys. In addition, I study how 

proglacial land management can enhance the ecological transition from recently deglacierized land to 

productive ecosystems—i.e., providing ecosystem services for mountain communities. To this end, I 

use an experimental approach to test if Andean camelids (llamas) can act as seed dispersers, soil 

fertilizers, and zoogeomorphologic agents, and favor the upslope shift of Andean grasslands, shrublands, 

and wetlands at a pace relevant to climate change.  
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