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Climate change is one of the greatest challenges facing conservation and it is predicted that its impact will be 

most significant in the Mediterranean and Tropical regions due mainly to increase variability in climatic 

conditions. Climate change can significantly modify the structure and functioning of ecosystems and 

consequently reduce their biodiversity and provision of goods and services. Learning how to anticipate the 

effects of these global factors on ecosystems associated to climate change is therefore a major need. Many 

ecological systems can exist in 2 or more states that differ in abundance or composition of species, rates of 

ecological processes, and the level of ecosystem services provided. Transitions over time between two 

ecosystems states can be gradual (e.g. succession) or abrupt and unexpected (tipping points). This leads to 

rapid and difficult-to-reverse degradation of biodiversity, ecosystem services and human well-being. Climatic 

changes may accelerate this process of abrupt transitions. Thus, we need to develop early warning signals 

for predicting approaching tipping points and strategies to steer away from thresholds. Such forecasting is 

difficult because there are many different causes and existing approaches demand large databases over 

time. To simulate the changes that occur in a catastrophic process between 2 alternative ecosystem states 

(e.g. savanna to desert) over time, we propose to use spatial gradients produced by important ecosystem 

transitions to more arid ones. We expect that from the analysis of the spatial patterns at a series of 

ecosystem transitions (along ecotones) associated with climatic gradients, we will be able to derive a 

universal pattern of temporal change in a way that will allow us to learn how to anticipate ecological tipping 

points. Transition to more arid ecosystems will be the focus of our work since they: i) cover about 40% of 

earth terrestrial surface; ii) impact 25% of the world's population; iii) are amongst the most sensitive 

ecosystems to environmental change; iv) may be converted to deserts; and v) recovery will be difficult. We 

evaluated vegetation and lichen functional groups along a climatic gradient in Portugal and Brazil. The 

results showed that lichen functional diversity, plants functional diversity and vegetation structure can be 

used as early warning indicators of climate change both in Mediterranean and Tropical areas. The more 

universal use of these indicators in areas such as Mozambique will be further discussed. Our results show 

that is possible to find common functional vegetation patterns of the proximity of ecosystem transitions and 

those patterns, once identified, can be used as tools for developing universal indicators that allow us to stay 

away from the edge and to avoid ecological typical points over time. 
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