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Introduction:  Habitability is a foundational con-

cept in astrobiology. It underpins our science at the 
broad, conceptual level and shapes our sense of the 
possibility and probability for life elsewhere in the 
universe. It is also a heuristic tool that has focused, and 
will increasingly focus, the study and exploration of 
the solar system and beyond. 

In the functional sense, the assessment of habitabil-
ity – even at the most basic level – can yield a strong 
sense of priority in the allocation of limited mission 
and scientific resources to the study of a virtually limit-
less array of extraterrestrial targets. The recent and 
forthcoming decades of planetary missions, for exam-
ple, largely reflect prioritization of targets having evi-
dence of liquid water (as a first-order indicator of habi-
tability). 

As missions of solar system and extrasolar explora-
tion increasingly include an astrobiological compo-
nent, our understanding of habitability must evolve to 
provide an increasingly discriminating guide. Even 
within our solar system, a decade of “following the 
water” has yielded an array of astrobiologically-
interesting targets that are too numerous to all receive 
detailed study and yet, with liquid water as the sole 
metric of habitability, are effectively equivalent. We 
must elaborate and refine our concept of habitability to 
enable prioritization among such targets – to capture 
the simple reality that some places are more habitable 
than others. We must develop multi-faceted, quantita-
tive, and predictive models of habitability that go be-
yond water. At the same time, we must strive consis-
tently to define life and habitability in the broadest 
terms – to learn from, but not be biased by, our knowl-
edge of life on Earth. 

To date, research has focused principally on map-
ping the boundaries of habitability or “limits of life” – 
the dividing line between possible and not possible. 
Habitability has been defined by the presence or ab-
sence of water, energy, and raw materials, in qualita-
tive and largely binary terms (present/absent = possi-
ble/not possible), and by physicochemical conditions 
(temperature, pH, and so forth) that fall either within or 
outside of empirically established ranges. As such, 
present models of habitability, especially as applied to 
planetary exploration, do little to resolve varying ex-
tents or degrees of habitability; rather, they provide a 
series of “checkboxes” that, when filled, yield a set of 
equivalent possibilities. 

Our knowledge of the relationship of biology to 
physicochemical extremes derives largely from labora-
tory culture work. Traditionally, and often by necessity 
or design, these studies focus on individual organisms 
and individual “extremes”, with other conditions opti-
mized. In natural systems on Earth, physicochemical 
conditions often act in compound fashion, rather than 
individually; yet we have little sense of how a variation 
in one parameter affects habitability with respect to 
another. Such conditions act on complex and interde-
pendent communities of organisms, rather than on iso-
lated species; yet our understanding of community-
level adaptations to extremes is significantly less de-
veloped than our understanding of organism-level ad-
aptations. Conditions in such systems are seldom op-
timized in all regards in all but a single variable, yet 
we have defined the boundaries of habitability in ex-
actly this way. 

As defined by either biomass abundance or func-
tional/genetic diversity, the habitability of Earth’s eco-
systems represents a continuum that spans many orders 
of magnitude. This variability derives from the com-
pound effects of physicochemical conditions, energy 
and element availability, and ecological interactions. 
Such systems present a goal for developing models of 
habitability – models that move beyond binary resolv-
ing power to capture and resolve the full spectrum of 
possibility. At the same time, these systems provide 
the means: the natural laboratory, by which to develop, 
parameterize, calibrate, and test these new models.  
 
Proposal: We propose an initiative that moves from a 
binary (“checkbox”) view of habitability to an integra-
tive, quantitative model, through a focus on microbial 
ecology in complex natural ecosystems.  

The goal of developing more quantitative and inte-
grative models of habitability provides a framework to 
continue asking the next generation of questions and 
defining the relationship between environment and 
microbial ecology. The timing is ideal given the large 
investment that the Department of Energy and other 
federal agencies have made in community sequencing. 
Many of these projects involve parallel environmental 
characterization including defining parameters such as 
temperature, pH, salinity, and organic and inorganic 
nutrient composition. Some of the more compelling 
questions that link limits of life and habitability to po-
tential predictive models for exploration and climate 
change include:  
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• What are the key environmental and/or biological 
parameters that underpin the presence or absence 
of a specific mode of metabolism? 

• Is there a relationship between energy availability, 
phylogeny, evolution, and microbial ecology?  

• If so, can the energetic potential of an environ-
ment be used to predict the phylogeny or ecology 
of a microbial assemblage? For example, what pa-
rameters or combination of parameters constrain 
photosynthesis to temperature transects of <73°C? 
Why are cyanobacteria constrained to environ-
ments with circumneutral to alkaline pH (>4.5)? 

• Are these observations universal and perhaps gov-
erned by evolutionary phenomena, physicochem-
istry, energetic constraints, etc.?  

Such model questions provide starting points for 
evaluating not only the adaptations to environmental 
conditions conferred by some organisms, but also the 
habitability continuum. 

Knowledge of genetic and functional diversity in 
the context of the physicochemistry and energetics of a 
diversity of environments will advance our understand-
ing of the links between environment, ecology, 
phylogeny, and evolution. Moreover, this understand-
ing could be used to develop new tools and more accu-
rate approaches for predicting adaptive change (cli-
mate change). 
 
Infrastructure for Information Integration: In order 
to facilitate the working relationships that will be re-
quired to accurately correlate environmental parame-
ters and ecology at a level such that predictive models 
can be generated, there is a tremendous need for re-
search integration and coordination. A logical first step 
toward organizing ourselves in this regard would be 
the development of a NAI-based infrastructure for the 
coordinated collection, dissemination, and analysis of 
chemical, energetic, and biological information in di-
verse environments worldwide. Such an infrastructure 
may include chemical (chemical speciation, aqueous 
species concentration, solid phase chemistry), biologi-
cal (genetic and or biochemical biomarkers, taxonomy, 
physiology, phylogeny, evolution), and energetic 
(chemical speciation, redox couples, kinetic considera-
tions) databases and integrative tools to accurately map 
the network of variables that underpin microbial com-
munities, with the ultimate goal of habitability predic-
tive power.  
 
Interdisciplinary Field Collaboration: To initiate 
this level of collaborative integration, we propose to 
hold a series of field workshops in a variety of extreme 
environments in order to expose multiple groups to 
effective mechanisms of acquiring samples in the field 
and obtaining data in the field. Active discussion at 
these field workshops will focus on developing a con-

sensus on how and what measurements are to be made 
in the field so that comparisons between different envi-
ronments can be effectively achieved. 
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