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Environmental changes caused by urbanization and human daily activities are 

among the major threats to natural environment and biodiversity in urban 

and peri-urban areas. Due to the complexity of urban ecosystems, reliable 

ecological indicators are required to evaluate the consequences of 

urbanization on the environment. In this work, we tested lichen functional 

groups as potential biological indicators of the effects of urbanization in a 

case study carried out in forest remnants in a Mediterranean urban area 

(Almada, Portugal). A GIS was used to design a stratified random sampling 

taking into account location and size of the forest fragments. A total of 48 

patches were selected. At each sampling site, lichens were sampled on Pinus 

pinaster and P. pinea, the most common tree species in the area, and lichen 

functional diversity was assessed. Lichen diversity resulted mostly correlated 

with microclimatic conditions, confirming its suitability as indicator of 

microclimatic changes induced by urbanization (Urban Heat Island). 

Lichens not only provided an integrated response to microclimatic 

modifications occurring in urban environments, but also allowed the 

identification of critical areas and forest fragments with high potentiality for 

conservation. This can help effectively decision-makers  to develop strategies 

for a sustainable urbanization. 


