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Introduction: Salts have been discovered on 
Mars, and at least some of them appear to be distrib-
uted globally [1-8]. These salts can absorb water mole-
cules from atmospheric water vapor, ice, and interfa-
cial water, then deliquesce and form brines [3-10]. The 
Phoenix Mars mission discovered direct evidence for 
liquid brines at its landing site on Mars’ Arctic. Here, 
we propose that in order to search for life on Mars, we 
should follow the brines because many terrestrial mi-
croorganisms thrive on brines as saline as those ex-
pected to be liquid on Mars [11, 12]. 
 

Brines and microbial life: Sulfate, chloride, 
and perchlorate salts are present on Mars and, at least 
some of these salts appear to be distributed globally [1-
3]. Water molecules from atmospheric water vapor, ice 
and interfacial water can deliquesce these salts and 
form brines [3-8]. NASA´s Phoenix lander made the 
first direct measurement of deliquescence and the for-
mation of liquid brines on Mars [4-5]. Ionic interac-
tions allow brines to remain liquid down to tempera-
tures around 200 K [3-10]. Since halophilic bacteria 
thrive on brines, following the brines may lead to life 
or biomarkers on Mars, if any exists there [11, 12].  

On Earth, hypersaline conditions do not deter 
life; on the contrary, halophilic microorganisms thrive 
in environments with salt concentrations approaching 
saturation levels. Indeed, extremely halophilic archaea 
have been isolated from ancient (195-280 million years 
old) subsurface salt sediments [12]. Perchlorate-
reducing bacteria found in terrestrial aquifers might be 
relevant to astrobiology [13] because several terrestrial 
microbes, ranging from autotrophs (photosynthetic 
cyanobacteria and chemoautotrophic sulfur oxidizers) 
through anaerobic chemoorganotrophs, sulfate re-
spires, to methanogens and acetogens can live in 
brines, even extremely cold brines. An unanswered 
question is how cold can brines be and still allow well-
adapted microorganisms to stay alive or sustain 
growth. On Mars, current surface temperatures can be 
high enough to allow even terrestrial brine-dwellers to 
grow. Possible Martian habitats for halophilics include 
dark spots on polar sand dunes [14]. 

 
 Climate change and evolution: Climate and 

environmental changes were likely faster and more 
global on Mars than on Earth. Thus, if microbial life 
arose on Mars when it was warmer and wetter, the 
selection pressures on Martian microorganisms were 
stronger and more widespread than on terrestrial mi-

croorganisms, including terrestrial extremophiles. 
Then, even if terrestrial and Martian microorganisms 
had a common origin, evolution on the two planets 
would have taken different paths because of the differ-
ent environmental conditions on them.  

If early microorganisms were abundant on 
Mars, then natural selection under Mars’ extreme con-
ditions would have acted on a larger fraction of the 
total population. In contrast, on Earth where extreme 
conditions are less prevalent, extremophiles would 
have evolved only in special niches. Mircoorganisms 
under selection for multiple extremophilicity (toler-
ance of desiccation, high salt concentration, low tem-
peratures, irradiation, and a thinning atmosphere) are 
likey to have had higher population numbers on Mars 
than on earth. Also, these selection pressures were 
more enduring on Mars than on Earth. This would 
have given a chance for extremely rare mutations, from 
a terrestrial perspective, to emerge on Mars and fixate 
by directional selection (the emergence of mutants is 
proportional to the population size, N). Large popula-
tions allow finer tuning of adaptations than smaller 
populations because the effect of drift is smaller; that 
is, the minimum selection coefficient difference that 
can be seen by natural selection is inversely propor-
tional to N. Therefore, more spectacular extremophiles 
could have developed on early Mars than on Earth 
[14]. 

 
Conclusions: The main goals of this article 

are to point out that there are many direct evidence that 
liquid saline water currently exists on Mars, and that 
terrestrial microorganism thrives on brines as saline as 
those expected on Mars. We speculate that since the 
selection pressure was stronger on Mars and the popu-
lation of extremophiles potentially larger, more 
spetacular microorms could have developed there than 
on Earth. Therefore, in order to search for life, future 
missions should follow the brines and be open to the 
discovery of spetacular extremophiles that could thrive 
on extremely cold brines. 
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Fig. 1. Evidence for spheroids of liquid brines on a 
strut of the Phoenix lander [4, 5]. 
 

 
Fig. 2. Evidence for rheological flow (probably flow-
ing brines) on the slopes of an unnamed crater at 68.9o 
S 209.5o E. HiRISE Image PSP_003609_1110 [14]. 
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