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Introduction:  The Rio Tinto is a Mars analog site 

with acidic (pH < 3) waters, high heavy metal concen-
trations, and an exclusively microbial community. A 
variety of instrumentation makes it possible to measure 
environmental parameters and study the microbial 
communities at finer temporal and spatial scales. Labo-
ratory microcosms allow manipulations with replica-
tion and provide better understanding as to what can 
cause the striking differences in communities at differ-
ent sites in the river.  

Instrumentation:  Most studies of the microbial 
community of the Río Tinto have sampled on a scale 
relevant to the investigator, but humans are unusually 
large, long-lived organisms. Stations are generally 
meters to kilometers apart, and individual samples 
integrate over centimeters of distance or liters of water. 
Time points are generally separated by weeks or 
months. These scales are a practical necessity for many 
instruments, methods, and human schedules, but they 
are orders of magnitude greater than the scale that af-
fects individual microbes and their ecology. It is likely 
therefore that we are missing important changes, gra-
dients, and microenvironmental differences that are 
influencing microbial distributions. In addition, phys-
ico-chemical and biological changes may operate on 
different time scales. The community sampled at a 
point in time may reflect the response to previous con-
ditions rather than the present environment, making it 
difficult to relate physico-chemical measurements to 
the biological community collected on the same day. 
Loggers and other automated systems are the only 
practical way to account for time scale shifts and to 
monitor environmental conditions on a scale appropri-
ate for microbial communities[1]. We used off-the-
shelf sensors, electrochemical instrumentation and 
custom loggers to monitor conditions at a variety of 
temporal and spatial scales in Rio Tinto. 

Biofilms:  In the Río Tinto, most eukaryotes occur 
as members of complex biofilm communities with 
distinct structure and zonation [2]. Biofilms or micro-
bial mats are communities of microbial organisms 
forming complex three dimensional structures that 
dominate the microbial community in most shallow 
aquatic systems [3]. Conditions change with time and 
with depth in biofilms due to the physical environment 

(light, diffusion), immigration/emigration of cells to 
the community, and also due to the metabolic activities 
of the organisms themselves. The gradients within 
these structures can be very steep and can change rap-
idly. Microenvironments within the biofilm provide 
refuges from extreme conditions for organisms that 
might not thrive in the overlying water [4]. Biofilms 
vary considerably seasonally and sampling these com-
plex biological structures quantitatively can be chal-
lenging. In addition, while field studies provide corre-
lations between environmental parameters and micro-
bial communities, actual experimental manipulation in 
the field is difficult and replication impossible. 

Microcosms:  We have developed small (500ml) 
microcosms that allow us to maintain and propagate 
natural communities of microbes in the laboratory un-
der various conditions from the river. The small size 
and use of artificial substrate (glass beads) allow us to 
perform manipulations with replicates and to sample 
the biofilms more quantitatively in order to investigate 
the effect of environmental conditions on to the result-
ing microbial community. 

Understanding how environmental parameters con-
trol the biological community and how the biological 
community modifies the environment at different 
scales in the Río Tinto may also provide important 
insights for detecting evidence of life on other planets. 
Astrobiology and the expanded search for life in the 
universe increased interest in both the biology and 
geology of the Río Tinto, especially when Mars mis-
sions found mineralogy similar to geologic features 
seen along the river [5,6,7]. The river was designated 
as a Mars analog site and various projects have used 
the Río Tinto as a model system to develop methods 
for detecting biomarkers [8] and to drill and detect life 
on other planets [9].   
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