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Abstract 

Earth contains hypersaline environments so extreme they seem incompatible with life yet organisms 
not only survive in these brines, they thrive.  Don Juan Pond in Antarctica, with salinity reaching 40 - 
70%, provides a natural laboratory for understanding how biology adapts to extreme osmotic stress, 
unusual ionic chemistry and subfreezing temperatures.  These adaptations offer powerful analogs for 
potential life in Martian brines, Europa’s subsurface pockets and chemically exotic worlds across the 
galaxy. 
 

Introduction 

When we imagine “habitable environments,” we often picture mild temperatures, liquid water and 
chemistry familiar to Earth’s biosphere.  But life on Earth routinely defies these expectations.  In 
Antarctica’s McMurdo Dry Valleys lies Don Juan Pond, a shallow basin so salty it remains liquid at 
50°C.  Within this syrup-thick brine, microscopic organisms persist in conditions that would kill most 
life instantly. 

 

Don Juan Pond in Antarctica’s McMurdo Dry Valleys.  With salinity levels reaching 40–70%, this syrupy 
calcium-chloride brine remains unfrozen even at –50°C, serving as a key Earth analog for potential life in alien brines. 

 

Understanding how these organisms survive expands our concept of habitability.  It also provides a 
foundation for exploring alien biochemistries, from methane oceans to ammonia-water mixtures.  This 
article uses hypersaline life as a bridge between Earth extremophiles and the exotic environments 
explored later in this article. 
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Background Concepts 

Understanding how organisms survive in hypersaline environments requires a foundation in 
several key scientific ideas.  These concepts help readers appreciate both the biological 
challenges and the remarkable adaptations that halophiles and psychrohalophiles have 
evolved. 

Halophiles 

Halophiles are organisms that require high salt concentrations to survive.  Unlike typical microbes that 
experience osmotic shock in salty environments, halophiles have evolved proteins, membranes and 
metabolic pathways that function optimally in brines.  Their enzymes often contain acidic amino acids 
that stabilize protein structure in ionic conditions that would denature most life.  Halophiles are central 
to this article because they demonstrate how life can thrive in environments that appear chemically 
hostile. 

Psychrohalophiles 

Psychrohalophiles combine two extreme adaptations: 

• tolerance for high salinity, and 

• ability to function in subfreezing temperatures.  These organisms are especially relevant to 
Don Juan Pond and other Antarctic brines, where salt depresses the freezing point and creates 
liquid water at temperatures far below 0°C.  Psychrohalophiles provide a natural analog for 
potential life in cold extraterrestrial brines, such as those suspected on Mars and Europa. 

 

A conceptual overview of survival mechanisms in hypersaline and sub-freezing environments.  This diagram contrasts  
the challenges of osmotic stress and dehydration (left) with the key adaptations used by psychrohalophiles to  

maintain water balance and protect internal biochemistry.  These organisms offer insights into potential  
habitable environments on Mars and Europa. 
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Osmotic Stress 

Osmotic stress occurs when the external environment contains more dissolved solutes than the 
inside of a cell.  Water naturally flows out of the cell, causing dehydration and loss of function. 
Hypersaline environments impose extreme osmotic pressure, forcing organisms to evolve strategies 
to maintain internal water balance.  Without these adaptations, cells would shrivel and die within 
seconds. 
 

Compatible Solutes 

Compatible solutes are small organic molecules such as glycerol, trehalose and ectoine that protect 
cellular proteins without interfering with biochemical reactions.  Organisms that use this strategy avoid 
taking in external salt.  Instead, they manufacture or accumulate solutes that counterbalance osmotic 
pressure.  This approach is common in halophilic algae like Dunaliella salina, which produces 
massive amounts of glycerol to survive in hypersaline ponds. 
 

Salt-In Strategy 

Some halophiles take the opposite approach: they allow salt into their cytoplasm.  To survive this, 
their proteins must be specially adapted to fold and function in high ionic concentrations.  These 
proteins often have unique surface charges and structural features that prevent denaturation.  This 
strategy is especially common in halophilic archaea, which thrives in environments that would destroy 
typical cellular machinery. 
 

Calcium-Chloride Brines 

Don Juan Pond’s chemistry is dominated by calcium chloride, a salt that depresses the freezing point 
far more effectively than sodium chloride (table salt).  This means the pond remains liquid at 
temperatures as low as –50°C, creating a stable, ultra-cold brine.  Calcium-chloride brines are 
important in astrobiology because similar salts may exist on Mars, where they could create transient 
or persistent pockets of liquid water. 
 

Why These Concepts Matter 

Together, these background concepts explain the biological challenges of hypersaline environments 
and set the stage for understanding the remarkable adaptations described later in the article.  They 
also provide the scientific vocabulary needed to explore broader astrobiology themes, such as 
alternative solvents, exotic membranes, and habitability beyond water. 
 

Story: Setting the Stage 

Imagine walking across the coldest desert on Earth.  The air is razor-dry, the wind slices 
across the valley floor and the landscape looks more like Mars than Antarctica.  Ahead of you 
lies a shallow pool of liquid that shouldn’t exist - not at these temperatures, not in this place. 
 
The water is thick, almost syrupy.  Salt crystals fringe on the edges like frost.  You dip a 
gloved finger into the brine and feel a strange resistance, as if the liquid itself is reluctant to 
move.  This pond remains unfrozen at -50°C, defying every intuition you have about water.  
 
And yet, beneath the surface, life persists. 
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A extreme environment field explorer, heavily bundled and wearing a specialized, ice-encrusted 
glove, tentatively dips a finger into the highly viscous, syrupy brine of Don Juan Pond, Antarctica.  
The unique combination of ultra-high salinity and extreme cold creates a liquid that is deceptively 

 dense and resistant to movement. 
 

Tiny organisms invisible to the naked eye navigate this chemical labyrinth with ease.  They are not 
merely surviving; they are thriving in a world where ordinary life would die in seconds.  Their 
existence challenges everything we assume about habitability and hints at what life might look like on 
Mars, Europa, or worlds far beyond our own. 
 

Discussion of Key Concepts 

1. Core Environment / Context 

Hypersaline environments represent some of the most chemically extreme habitats on Earth.  Among 
them, Don Juan Pond in Antarctica’s McMurdo Dry Valleys stands out as one of the most 
remarkable.  This shallow basin, only a few centimeters deep in places contains brine so salty that it 
remains liquid at temperatures that would freeze seawater solid.  Understanding this environment 
provides the essential backdrop for exploring how life survives in 40 - 70% salinity. 
 

The McMurdo Dry Valleys: Earth’s Cold Desert 

The Dry Valleys are one of the most extreme deserts on the planet.  Despite being in Antarctica, they 
receive almost no precipitation and katabatic winds sweep down from the polar plateau, evaporating 
moisture and chilling the landscape.  The result is a region that is simultaneously ultra-cold, 
ultra-dry and ultra-salty, a combination rarely found elsewhere on Earth. 
 
These conditions make the Dry Valleys one of the closest terrestrial analogs to Martian polar 
regions, where similar cold, dry and saline conditions may exist. 
 

Don Juan Pond: A Natural Laboratory of Extremes 

Don Juan Pond’s salinity ranges from 40% to 70%, depending on micro-pockets and seasonal 
changes.  Unlike seawater, which is dominated by sodium chloride, Don Juan Pond’s chemistry is rich 
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in calcium chloride, a salt that depresses the freezing point far more effectively.  This unique 
chemistry allows the pond to remain liquid at -50°C, creating a stable brine even during the harsh 
Antarctic winter. 
 
The pond’s water is so dense and viscous that it behaves almost like a chemical syrup.  Salt crystals 
form along the edges and the brine’s surface tension is noticeably higher than that of freshwater. 
These physical properties create a challenging environment for life, yet microbial communities persist. 
 

Sources of the Brine 

 

Hydro-geological mechanics of Don Juan Pond.  Calcium-rich groundwater seeps upward through frozen  
sediment, combining with capillary action and evaporation to concentrate salts and create an unfrozen,  

highly viscous brine at -50°C. 
 

The brine in Don Juan Pond is thought to originate from several sources: 

• Deep groundwater seeps that slowly deliver calcium-rich water to the surface 

• Melting of nearby snow patches, which dissolve salts in the soil 

• Capillary action drawing brine upward through the sediment 

• Evaporative concentration, which increases salinity over time 

These processes create a dynamic environment where salinity, temperature and water availability 
fluctuate, forcing organisms to adapt to constant chemical stress. 
 

Chemical Challenges for Life 

The pond’s chemistry presents multiple challenges: 

• Extreme osmotic pressure threatens to dehydrate cells 

• High ionic strength destabilizes proteins and membranes 

• Low water activity limits biochemical reactions 

• Subfreezing temperatures slow metabolism and risk ice formation 
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Despite these obstacles, halophiles and psychrohalophiles have evolved strategies to survive and 
even thrive in this environment. 
 

Planetary Analog Significance 

 

Bridging Earth and Mars: The hypersaline, sub-freezing conditions of Don Juan Pond (left) serve as a vital 
 terrestrial analog for understanding dark brine flows (Recurring Slope Lineae) hypothesized on Mars (right). 

 

Don Juan Pond is more than an Earth curiosity; it is a planetary analog for environments that may 
exist elsewhere in the solar system.  Its combination of cold, dryness, and hypersalinity resembles 
conditions hypothesized for: 

• Martian brine streaks (recurring slope lineae) 

• Europa’s subsurface salt pockets 

• Enceladus’s ocean plume chemistry 

• Cold exoplanets with surface brines or subsurface reservoirs 

Studying Don Juan Pond helps astrobiologists understand how life might persist in environments 
where liquid water exists only because of extreme salinity. 
 

2. Key Organisms / Systems / Mechanisms 

Halophiles are specialists in high-salt environments.  Their proteins, membranes and enzymes are 
engineered for ionic concentrations that would destroy ordinary cells. 

Key groups include: 

• Halophilic archaea — often red or purple due to carotenoid pigments. 

• Halophilic bacteria — such as Salinibacter ruber, thriving at 20 - 30% salinity. 

• Halophilic algae — especially Dunaliella salina, which produces glycerol to balance osmotic 
pressure. 
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Key microbial groups adapted to extreme salinity: vibrant red and purple halophilic archaea, Salinibacter  
ruber bacteria and glycerol-producing Dunaliella salina algae.  In sub-freezing Antarctic brines, these  

microbes overlap with cold-tolerant species to form psychrohalophiles. 
 

In Antarctic brines, these organisms often overlap with cold-loving microbes, forming 
psychrohalophiles, life adapted to both salt and cold. 
 

3. Processes, Adaptations, or Mechanisms 

Life in hypersaline environments faces a barrage of chemical and physical challenges: extreme 
osmotic pressure, destabilizing ionic strength, low water activity and subfreezing temperatures.  To 
survive, halophiles and psychrohalophiles have evolved a suite of biochemical strategies that push 
the limits of what we consider “Earth-like” life.  These adaptations are not merely defensive, they are 
elegant, optimized solutions to living in brines that would kill most organisms instantly. 
 

3.1 Salt-In Strategy 

Some halophiles embrace the salt rather than avoid it.  Instead of trying to keep ions out, they allow 
sodium, calcium and chloride to flood into their cytoplasm.  This seems counterintuitive because high 
ionic concentrations normally denature proteins, but halophiles have evolved salt-tolerant proteins 
with unique structural features: 

• Highly acidic amino acid surfaces that stabilize protein folding 

• Reduced hydrophobic cores that prevent aggregation 

• Specialized charge distributions that maintain enzyme activity in brine 

These proteins are so specialized that they often cannot function in freshwater.  In other words, the 
salt-in strategy creates organisms that are not merely tolerant of salt, they are dependent on it. 
This adaptation is especially common in halophilic archaea, whose bright red or purple pigments 
often color hypersaline ponds. 
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3.2 Compatible Solutes 

Other organisms take the opposite approach: they keep salt out and protect themselves internally.  To 
do this, they synthesize or accumulate compatible solutes, small organic molecules that stabilize 
proteins without interfering with cellular chemistry. 

Common compatible solutes include: 

• Glycerol — used extensively by Dunaliella salina 

• Trehalose — a sugar that protects membranes and proteins 

• Ectoine — a powerful osmoprotectant found in many halophilic bacteria 

Compatible solutes act like molecular “padding,” preventing dehydration and maintaining enzyme 
function even when external salinity is extreme.  This strategy is energetically expensive because 
producing glycerol or ectoine requires metabolic investment, but it allows organisms to remain flexible 
and responsive to changing salinity. 

 

Two distinct molecular strategies for surviving extreme salinity: The Salt-In Strategy (left) adapts  
internalproteins to function directly in concentrated ion solutions, while Compatible Solutes (right)  

create protective organic padding around biomolecules to keep salt out. 
 

3.3 Salt-Stabilized Membranes 

Cell membranes are especially vulnerable in hypersaline environments.  High ionic strength can 
disrupt lipid bilayers, causing leakage or collapse.  Halophiles counter this with specialized 
membrane chemistry: 

• Ether-linked lipids (common in archaea) that resist chemical breakdown 

• Highly saturated fatty acids that maintain structural integrity 

• Unique lipid headgroups that interact favorably with ions 

These membranes remain fluid and functional even when surrounded by concentrated brine.  In 
psychrohalophiles, membranes also incorporate cold-adapted lipids that prevent rigidity at 
subfreezing temperatures, allowing transport proteins and ion channels to continue functioning. 
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3.4 Antifreeze Proteins 

Even though hypersaline brines resist freezing, psychrohalophiles still face cold stress.  To survive, 
they produce antifreeze proteins (AFPs) that bind to ice crystals and prevent them from growing. 
AFPs work by: 

• Attaching to ice surfaces 

• Blocking further crystal formation 

• Lowering the freezing point of intracellular fluids 

This prevents ice from forming inside cells, where even tiny crystals can puncture membranes and kill 
the organism.  AFPs are also found in Antarctic fish, insects, and plants, making them one of the most 
widespread cold-adaptation strategies on Earth. 

 

Antifreeze proteins (AFPs) binding to the surface of growing ice crystals.  By blocking crystal expansion,  
AFPs prevent sharp ice structures from puncturing internal membranes in sub-freezing Antarctic brines. 

 

3.5 DNA and Protein Repair Systems 

Hypersaline environments often coincide with high UV exposure, especially in Antarctica’s Dry 
Valleys.  Halophiles have evolved robust DNA repair systems, including: 

• Photoreactivation enzymes that reverse UV damage 

• Excision repair pathways that remove damaged nucleotides 

• Protein chaperones that refold denatured enzymes 

These systems allow halophiles to survive in environments where radiation and salt work together to 
destabilize biomolecules. 
 

3.6 Metabolic Flexibility 

Many halophiles exhibit metabolic versatility that helps them survive fluctuating conditions: 

• Some use light-driven proton pumps (like bacteriorhodopsin) to generate energy. 
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• Others switch between aerobic and anaerobic metabolism depending on oxygen availability. 

• Some psychrohalophiles slow metabolism dramatically during cold periods, entering a 
quasi-dormant state. 

This flexibility allows them to persist in environments where nutrients are scarce and conditions 
change rapidly. 
 

Why These Adaptations Matter 

Together, these mechanisms demonstrate that life can evolve solutions to chemical extremes far 
beyond what we once thought possible.  They also provide a blueprint for imagining how alien life 
might adapt to: 

• methane oceans 

• ammonia-water mixtures 

• sulfuric acid clouds 

• supercritical CO₂ environments 

This section is the biological heart of Article 2 and the bridge to the exotic biochemistries explored in 
future articles. 
 

4. Implications or Applications 

Hypersaline environments are not just biological curiosities—they are windows into how life might 
survive beyond Earth.  The adaptations seen in halophiles and psychrohalophiles reveal strategies 
that could allow organisms to persist in brines on Mars, icy moons and cold exoplanets.  These 
implications extend across astrobiology, planetary exploration and even biotechnology. 
 

Hypersaline Brines as Extraterrestrial Habitats 

Salt dramatically lowers the freezing point of water.  In environments where temperatures routinely fall 
below 0°C, hypersaline brines can remain liquid long after freshwater freezes.  This makes brines one 
of the most promising habitats for extraterrestrial life. 
 
On Mars, recurring slope lineae (RSL) may be seasonal brine flows.  If these brines contain calcium 
chloride or perchlorates, they could remain liquid at Martian surface temperatures.  Halophiles on 
Earth demonstrate that life can survive in similar conditions, suggesting that Martian brines, if they 
exist, could be chemically habitable. 
 
On Europa, fractures in the ice shell may contain pockets of saltwater enriched with magnesium 
sulfate or sodium chloride.  Psychrohalophiles show that life can persist in cold, salty environments 
with limited nutrients, making Europa’s subsurface brines compelling targets for future missions. 
 
On Enceladus, plume chemistry indicates dissolved salts in the subsurface ocean.  If brine pockets 
exist near the ice-water interface, they could host microbial communities similar to those in Earth’s 
hypersaline lakes. 
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Subsurface brine pockets in the icy shells of Europa and Enceladus.  High salinity depresses the freezing  
point of water beneath kilometers of ice, creating liquid micro-habitats where psychrohalophilic life  

could potentially persist. 
 

Chemical Stability and Longevity of Brines 

Hypersaline brines are chemically stable over long timescales.  Salt inhibits freezing, slows 
evaporation and protects water from sublimation.  This stability makes brines ideal refuges for life in 
harsh environments. 
 
For example, Don Juan Pond remains liquid year-round despite extreme cold and dryness.  Similar 
stability could occur on Mars, where brines might persist for decades or centuries in sheltered 
locations. 
 

Radiation Shielding and Habitability 

Saltwater provides natural radiation shielding.  On Mars, where the thin atmosphere allows intense 
UV and cosmic radiation to reach the surface, brines could protect microbial life.  Even shallow brine 
layers offer significant shielding, especially if covered by dust or ice. 
 
This means that hypersaline environments may be more habitable than dry soils or exposed rock 
surfaces. 
 

Biochemical Lessons for Alien Life 

The adaptations of halophiles and psychrohalophiles offer clues about how alien life might function: 

• Salt-in strategies show that proteins can evolve to operate in extreme ionic conditions. 

• Compatible solutes demonstrate that organisms can protect themselves without altering 
external chemistry. 

• Antifreeze proteins reveal how life can remain active in subfreezing environments. 
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• Salt-stabilized membranes illustrate how cells can maintain integrity in chemically hostile 
environments. 

These mechanisms could be mirrored or even surpassed by life in methane oceans, ammonia-water 
mixtures, or sulfuric acid clouds. 
 

Implications for Planetary Protection 

If hypersaline brines can support life, missions to Mars, Europa and Enceladus must avoid 
contaminating these environments.  Halophiles are hardy and could potentially survive spacecraft 
sterilization processes.  Understanding their resilience helps refine planetary protection protocols and 
ensures that exploration does not compromise potential extraterrestrial ecosystems. 
 

Biotechnology and Industrial Applications 

 

From extreme brines to practical technology: Halophiles provide salt-tolerant enzymes, protective compatible 
solutes like ectoine, and antifreeze proteins used in industrial processes, skincare and cryopreservation. 

 

Halophiles are not just astrobiological analogs - they have practical uses on Earth: 

• Salt-tolerant enzymes function in industrial processes where typical proteins fail. 

• Compatible solutes like ectoine are used in pharmaceuticals and skincare. 

• Pigments from halophilic archaea have applications in food and cosmetics. 

• Antifreeze proteins are used in cryopreservation and food storage. 

Studying hypersaline life expands our toolkit for biotechnology and synthetic biology. 
 

Why These Implications Matter 

Hypersaline environments challenge our assumptions about habitability.  They show that life can 
thrive in conditions once considered impossible, expanding the range of environments we should 
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explore in the search for extraterrestrial life.  They also provide practical insights for mission design, 
planetary protection and biotechnology. 
 
In short, hypersaline life teaches us that habitability is not a narrow concept.  It is a spectrum, 
and Earth’s extremophiles occupy its outer edges. 
 

5. Broader Connections 

Hypersaline environments do more than demonstrate biological resilience.  They reshape our 
understanding of what life is and where it might exist.  The adaptations seen in halophiles and 
psychrohalophiles connect directly to broader themes in astrobiology, planetary science and the 
emerging field of exotic biochemistry.  These connections help us build a more flexible, inclusive 
definition of habitability that extends far beyond Earth’s familiar environments. 
 

Life as a Spectrum, Not a Category 

Traditional definitions of habitability often assume moderate temperatures, neutral pH and low salinity. 
Yet hypersaline organisms show that life can thrive in conditions that violate these assumptions.  This 
forces us to rethink habitability as a spectrum, not a narrow category.  If life can adapt to 70% 
salinity, then perhaps it can adapt to: 

• methane oceans 

• ammonia-water mixtures 

• sulfuric acid clouds 

• supercritical CO₂ atmospheres 

• hydrocarbon lakes 

• exotic membrane chemistries 

This broader perspective is essential for interpreting data from missions like Europa Clipper, 
Dragonfly and Mars Sample Return. 
 

Connections to Alternative Solvents 

Hypersaline brines are chemically extreme, but they still rely on water.  Their adaptations, however, 
provide analogs for life in non-water solvents. For example: 

• The salt-in strategy parallels how life might adapt to ionic liquids or ammonia-rich oceans. 

• Compatible solutes resemble strategies needed in methane or ethane environments, where 
water activity is extremely low. 

• Salt-stabilized membranes foreshadow the need for exotic lipid structures in hydrocarbon 
solvents. 

This section connects directly to future articles such as Life in a Methane Ocean and Ammonia as a 
Solvent for Life. 
 

Planetary Science and Mission Design 

Understanding hypersaline environments informs how we design missions to search for life: 

• Instruments must detect low-water-activity environments. 

• Spectrometers must identify compatible solutes or analog molecules. 

• Landers must be able to sample brines beneath ice. 
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• Planetary protection protocols must consider salt-tolerant contaminants. 

Hypersaline biology helps engineers anticipate what alien life might look like and how to avoid 
harming it. 
 

Habitability Beyond Earth 

 

The habitability spectrum across our solar system.  Studying Earth's hypersaline brines informs mission planning  
and targeted life-detection strategies for extreme environments on Mars, Europa, Enceladus and Titan. 

 

Hypersaline environments connect directly to planetary bodies across the solar system: 

• Mars - brine streaks may be chemically similar to Don Juan Pond. 

• Europa - subsurface salt pockets could host psychrohalophiles. 

• Enceladus - plume chemistry suggests dissolved salts in the ocean. 

• Titan - although methane-based, may contain subsurface ammonia-water brines. 

• Cold exoplanets - brines could exist beneath ice layers on super-Earths. 

These connections help astrobiologists prioritize targets and interpret ambiguous data. 
 

Exotic Biochemistry and the Limits of Life 

Hypersaline organisms demonstrate that life can evolve: 

• radically different protein structures 

• unusual membrane chemistries 

• extreme osmotic adaptations 

• antifreeze mechanisms 
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• metabolic flexibility under chemical stress 

These traits are stepping stones toward understanding truly exotic biochemistries, such as: 

• silicon-based life 

• hydrocarbon-solvent life 

• sulfuric-acid life 

• high-pressure supercritical CO₂ life 

• membrane-free protocells 

 

Bridging Earth extremophiles to exotic biochemistry.  Biological solutions developed in hypersaline  
Water such as salt-stabilized membranes and compatible solutes foreshadow how life might adapt to  

non-water solvents like methane, ammonia and supercritical carbon dioxide. 
 

This article becomes a conceptual bridge to Exotic Membranes for Alien Life and Habitability 
Beyond Water. 
 

Philosophical and Scientific Implications 

Hypersaline life challenges our assumptions about what life “should” look like.  It suggests that: 

• Life is opportunistic. 

• Chemistry is flexible. 

• Evolution finds solutions even in hostile environments. 

• Habitability is not defined by comfort, but by possibility. 

This broader perspective encourages scientists, educators and the public to imagine life not as a rare 
miracle, but as a natural outcome of chemistry wherever conditions allow complexity to emerge. 
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CrossLinking: Articles & Resources 

• Why Water Isn’t the Only Game in Town - foundational concepts for alternative solvents. 

• Life in a Methane Ocean - next step in exploring exotic biochemistries. 

• Ammonia as a Solvent for Life - expanding solvent possibilities. 

• Exotic Membranes for Alien Life - biochemical adaptations beyond salt. 

• Habitability Beyond Water - broader astrobiology context. 
 

Conclusion 

Hypersaline environments reveal a profound truth: life is far more adaptable than we once believed. 
Halophiles and psychrohalophiles demonstrate that biology can flourish in conditions that seem 
chemically impossible - extreme salinity, low water activity and subfreezing temperatures. 
 
These organisms expand our understanding of habitability and provide a blueprint for imagining life in 
alien oceans, icy moons and exotic chemical environments across the galaxy.  They remind us that 
habitability is not defined by comfort, but by possibility. 
 
As we explore Mars, Europa, Enceladus and distant exoplanets, the lessons from Earth’s hypersaline 
ponds will guide our search.  Life at the edge teaches us that the universe may be more biologically 
diverse and more alive than we ever imagined. 

“Life doesn’t merely endure extreme chemistry.  It evolves to master it, revealing 
that alien biochemistries may be far more diverse than we imagine.” 
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