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Introduction: Decades of research in the driest re-

gions on Earth allow us to reconstruct a pathway of 
ecological evolution with increasing dryness. Here, we 
propose that a similar sequence of ecological transi-
tions would have directed the long-term evolution of 
an early martian biosphere. 

Ecological transitions with increasing dryness: 
Deserts on Earth are categorized based on increasing 
dryness as semi-arid, arid and hyperarid. In arid deserts 
there is a continuous zone of colonization where poi-
kilohydric microorganisms colonize the top few centi-
meters of soil and rock substrates, with the community 
largely sustained by phototrophic organisms. Relative-
ly complex microbial communities can develop as bio-
logical soil crusts (BSC), which cover up to 70% of the 
total area [1], and soil organic carbon (OC) is recycled 
within decades to centuries.  

Microbial patterns of colonization in hyperarid 
soils become increasingly fragmented or patchy, and 
there is a significant decline of cells abundance and 
species richness [2]. Soil communities and BSC be-
come discontinuous, and the latter are gradually re-
placed by desert pavements. Soil OC drops by 3-5 or-
ders of magnitude, and soil biomass falls to the lowest 
levels anywhere on Earth [2], leading to carbon cycling 
rates of tens of thousands of years [3]. The coloniza-
tion of lithic substrates is the most successful survival 
strategy in hyperarid deserts by extending the range of 
conditions under which liquid water can occur [4]. Yet, 
trends of extinction exist also within lithic habitats, 
which point to a dry limit of habitability on Earth. For 
example, in the high elevation Dry Valleys of Antarc-
tica sandstone endolithic communities appear to be at 
the brink of extinction, and in some areas endolithic 
colonies are largely fossilized [5]. A similar trend of 
extinction is observed in hypolithic habitats with de-
creasing rainfall in the Atacama Desert [6]. At the dri-
est end of hyperaridity on Earth, the only known active 
microbial communities are found in the interior of po-
rous, hygroscopic salt crusts, which use liquid brines 
that form in the interior of the salt substrate from the 
vapor phase, via deliquescence [7,8].  

We propose a sequence of evolutionary transitions 
that could depict the history of habitability of Mars 
(Fig 1). Assuming an early colonization of land, a dry-
land biosphere would have followed, consisting of 
well-adapted soil communities shaped by environmen-
tal factors such as temperature, salinity, and radiation, 

and dependent on atmospheric sources of water such as 
rain and snow. With increasing dryness, a widespread 
dryland biosphere would have evolved into a more 
subdued lithic biosphere, increasingly dependent on 
meager sources of atmospheric water. Ultimately, the 
survival of surface dwellers would have depended on 
habitat selection, rather than physiological adaptation, 
and specifically on the availability of certain lithic re-
doubts such as translucent stones, porous rocks, and 
ultimately hygroscopic salts. Such late habitats might 
still contain relatively well-preserved evidence of ei-
ther extant or extinct life.    
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Figure 1. Long-term evolution of a martian biosphere 
as a function of water availability, based on the ecolog-
ical transitions that occur in terrestrial deserts.  
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