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1 a : the quality that distinguishes a vital and functional being from a dead body b : a principle or force that is considered to underlie the distinctive quality of animate beings c : an organismic state characterized by capacity for metabolism (see metabolism sense 1), growth, reaction to stimuli, and reproduction 2 a : the sequence of physical and
mental experiences that make up the existence of an individual children are the joy of our livesAgnes S. Turnbull b : one or more aspects of the process of living 3 : biography sense 1 the life of George Washington 4 : spiritual existence transcending (see transcend sense 1c) physical death his craving for the release into the life to comeRodney Gilbert
5 a : the period from birth to death b : a specific phase of earthly existence c : the period from an event until death a judge appointed for life d : a sentence of imprisonment for the remainder of a convict's life 6 : a way or manner of living the life of the colonists 7 : livelihood The fishing village drew its life from the sea. 8 : a vital or living being
specifically : person many lives were lost in the disaster 9 : an animating and shaping force or principle the life of the constitution has been not logic but experienceF. A. Ogg and Harold Zink 10 : spirit, animation saw no life in her dancing 11 : the form or pattern of something existing in reality 12 : the period of duration, usefulness, or popularity of
something the expected life of the batteries 13 : the period of existence (as of a subatomic particle) compare half-life 14 : a property (such as resilience (see resilience sense 1) or elasticity) of an inanimate (see inanimate sense 1) substance or object resembling the animate quality of a living being 15 : living beings (as of a particular kind or
environment) 16 b : animate activity and movement c : the activities of a given sphere, area, or time the political life of the country 17 : one providing interest and vigor 18 : an opportunity for continued viability gave the patient a new life 19 capitalized Christian Science : god sense 1b 20 : something resembling animate life a grant saved the project's
life First published Tue Nov 30, 2021 Open a textbook in biology and youll find a purporteddefinition of life, usually in the form of a list of characteristicsthat apply to organisms, their parts, their interactions, or theirhistory. Often these definitions will be nothing more than descriptionsor rely on more controversial theoretical commitments. Like many
basic concepts, it is difficult to non-controversiallydefine life. Most people simply avoid the issue by ignoring marginalcases, accepting the vagueness of the boundary cases, or setting asidethe whole issue as beyond their scope. Nonetheless, there are manypeople whose work seems to require a rigorous demarcation of life,especially in new scientific
contexts, such as astrobiology, origins oflife, or synthetic biology. As such, the nature of life continues to bea hotly debated topic. This article focuses on the subject matter of biology: life. Thefirst half of this article will focus on attempts to characterize lifeby both philosophers and scientists. The first section will describealternative accounts of
definitions, its two subsections will coverhistorical and contemporary definitions, and section 2 covers therecent countertrend in skepticism toward definitions of life.Because the various stakeholders have different goals, the second halfwill focus on those goals. Sections 3, 4, and 5 cover topics thatsome believe require a definition of life: artificial and
syntheticlife, the origin(s) of life, and the search for life in the Universe.Section 6 covers entities that are much larger or smaller thanorganisms, while section 7 covers the role life takes in the contextof society, especially with respect to questions raised by newtechnology. Few things in biology have been more extensively discussed than thedefinition
of life. It is frustrating so little progress has been madeon the topic in the face of so much research, theory, anddebate. There are many reasons for this failure: disagreements abouthow abstract or specific definitions should be, different commitmentsas to what ought to be included in a definition, and even disagreementabout the nature of definitions
themselves. This section covers thenature and role of definitions. Each of these has been used in approachingthe question of life. Historically, when philosophers and scientists define a concept,the aim is to provide necessary and sufficient conditions. Thesetheoretical definitions (alsocalled real, ideal or philosophicaldefinitions) are often impractical or
fragile as they can bechallenged with a single imagined counterexample. A classic case isthe definition of bachelors as unmarriedmales. It is trivial to find examples that fit this definitionwithout intuitively being bachelors: male dogs, baby boys, widowers,etc. Similarly, for any definition of life, one can either show livingcases that are left out of the
definition or non-living cases that areincluded by it. Life is organized, but so are geologicalformations. Life processes energy, but so does fire. Life evolvesusing complex biochemistry, but so do prions. Life is self-sustaining,but parasites are not. Life is at thermodynamic disequilibrium, but sois much else. As well see shortly, perhaps
theoreticaldefinitions are too rigid a standard. The real world is far toocomplex for limited criteria to decide every marginal case. Non-philosophers are typically quite frustrated by theback-and-forth that results from theoretical definitions. To that end,some favor operational (or working) definitions,ones that work in practice to narrow down the range
of phenomena underconsideration. This approach is often not considered a kind ofdefinition by philosophers (see Gupta 2021). Operational definitionstend to be philosophically shallow. For example, NASAsoperational definition of life as a self-sustaining chemicalsystem capable of Darwinian evolution (Joyce 1994) mightinclude viruses while excluding
mules. The lack of depth of anoperational definition can frustrate theoretically minded people,including other scientists. There are several other conceptions of definition, as well. Thenominal (also lexicographer or dictionary)definition is determined by analyzing usage. It will not work forcutting edge or controversial issues because such definitions
followthe slow process of cultural acceptance rather than provide guidanceto researchers at the forefront of these debates. Scholars are morelikely to quote a dictionary definition than be illuminated byone. There are also demonstrative or ostensivedefinitions, which are concepts we can convey by mere sharedobservations: that is red while pointing
at a redobject, for instance. Potter Stewart famously defined pornography inthis manner by saying I know it when I see it (Stewart1964). Knowledge by ostension may reflect epistemic access to anatural kind, although this may feel indistinguishable from aninternalized cultural category. There is huge variation among whatscientists consider life, even
among objects on Earth,like viruses and prions, which suggests this kind of definition is notviable for this target. Then there are stipulative definitions, which are terms introducedand defined by fiat. A circle in Euclidean geometry can be defined as around plane figure whose boundary consists of infinite pointsequidistant to a single other point. There
are no possiblecounterexamples to this definition, given the axioms of Euclideangeometry. This approach provides little refuge in the real world.Consider an attempt to define swans as white birds with longnecks. By stipulation, storks, great egrets, and many craneswould be swans, while Australias black swans would not. Such aquick and dirty
definition seems to define the category out of hand andperhaps only works within accepted axioms or theories. Life could bestipulated as carbon-based reproducing entities, whichwould rule out silicon-based life by fiat. Such a definition merelypushes the debate to the scenarios in which the stipulated definitiongoes against intuitive notions. The 20th
century saw some steps away from definitions towardalternative views of concepts,notably prototypes, exemplars, andtheories (Machery 2009). Prototype concepts areabstract features shared by most, but not all members of a category(Rosch & Mervis 1975; Rosch 1978; Hampton 1979, 2006; Smith2002). The definitions of life in biology textbooks
might becharitably understood as prototype concepts. So, too, are theproperty cluster natural kinds popular in philosophy of biology (Boyd1991, 1999, 2010; Diguez 2013; Slater 2015). Exemplars areconcepts built around similarity to a particular individual case(Medin & Schaffer 1978, Nosofsky 1986). Both prototypes andexemplar concepts rely on
similarity to paradigmatic cases, with theformer being an imagined ideal and the latter being a real instance(Komatsu 1992). For similarity-based concepts to work in scientificcases such as life, we need an account of which similarities matter,how much, and why. In contrast to similarity-based concepts, therequirements of theory concepts are
somewhat morenebulous. Theory concepts are modeled on scientific theoriesand thus reflect their diversity (Carey 1985, Murphy & Medin 1985,Gopnik & Meltzoff 1997). At the core, theory concepts rely onexplanations for why the members of a category share certainproperties. Marginal cases of life, such as viruses, prions, orprotocells, might be
included in some theories of life but notothers. In sum, there are many potential approaches to definitions, eachwith different benefits, drawbacks, and standards of success. Much morecould be said about these and other possible approaches, but this willsuffice for our purposes. Some of the disagreements about defining lifedissolve upon clarifying
which type of definition or concept is beingused. Many of the explicit attempts to define life have focused oneither operational and philosophical definitions, while often notacknowledging or misunderstanding the distinction between these. Onewill note these two definitions are at cross-purposes operational definitions can be quick and dirty, but
philosophicaldefinitions seek to give necessary and sufficient conditions. Less workhas been done on life as a non-definitional concept, although that isperhaps changing. 1.1 Definitions of Life from Antiquity to Darwin This subsection briefly explores historical definitions of life. Thereare more in depth treatments of the matter, to which an
interestedreader should turn (Bedau & Cleland 2010, Riskin 2015, Mix 2018).Approaches to this issue vary widely across historians, philosophers,and scientists, so some skepticism about any individual authorsapproach to the topic is warranted. We begin with the Greeks. In several dialogues, notably thePhaedrus, Timeaus, and Republic, Platodivided
life into three parts: vegetable life, animal life, andrational life. All living creatures possessed the first in the form ofnutrition and reproduction, animals were additionally capable ofsensation and locomotion, and humans also had rational souls.Platos subsequent influence in Christian theology may beapparent in spirit if not in detail. In Christian
theology, human lifewas not only rational, but also involved an eternal, spiritual soul andan internal, conscious life. Platos student, Aristotle, had a different notion in whichliving things had an appropriate form, material, and goal-directedness(De Anima, 412a1416b). Aristotle held life to be aform of self-motion, perpetuation, or self-alteration (Byers
2006). ForAristotle, the capacity to resist internal and external perturbationswas the essential distinction between living beings and non-livingobjects. Other features were accidental. This quest for demarcating theessential from the accidental for life has persisted to this day insearches for theoretical definitions of life as well as in attacksagainst
those not interested in such definitions. Centuries later, Descartes drew a sharper distinction between animallife and rational life than between inanimate objects and animal life.This was a turn away from medieval approaches, which had taken the gapbetween vegetables and animals to be broader. For Descartes, animalsare analogous to complex
clocks and lack the inner or spiritual lifecentral to the human experience (Descartes 2010/1664). As such,Descartes category of life neither mapped onto Greek conceptionsnor current conceptual frameworks. The mechanistic view developed byDescartes and his followers is often thought to be continuous withcurrent scientific thinking, but this is
perhaps anachronistic, as muchof the theoretical underpinning separating animal life and rationallife is no longer accepted. The responses to Descartes came to be grouped under theheading vitalism. Vitalism, which spanned threecenturies, was a heterogenous philosophical position unified byadherents doubt of a fully mechanistic view of life.
Vitalistshad ontologies of defining features of life as varied as immaterialcauses, particular arrangements of matter, a special life fluid, aparticular end goal, or even mental forces. A whiggish history ofbiology will declare the death of vitalism with FriedrichWhlers synthesis of urea from ammonium cyanate. Thesuggestion is that if biological chemicals
can be produced from merechemistry, then biology is also mere chemistry. Although this was animportant step, many chemists already had accepted a mechanistic worldview, and many other researchers continued to develop vitalist theorieswell into the 20th century (Bergson 1959, Driesch 1905/1914). 1.2 Contemporary Definitions of Life The 20th
century largely saw the mechanist/vitalist dividedissipate. Despite the difficulties described above about definitions,hundreds of scientists, philosophers, and others have tried their handat defining life. Much of the interest is motivated by new science andnew technologies including artificial life, synthetic biology,origins of life, and astrobiology which
complicate the issueby violating some of the traditional groupings of propertiesassociated with life. There are numerous books, articles, andworkshops on the nature of life (Plyi et al. 2002, Popa 2004,Bedau & Cleland 2010). Popa2004Trifonov2011Malaterre& Chartier2019 Matter & Energy Mechanistic: pragmatic interpretations that see lifeas a
complex machine, including thermodynamic approaches Energy: relating to terms like force Material-Related: those based on biochemistry and otherfeature of life on Earth Matter: relating to terms likeorganic, material, and molecules 1.Matter/Energy, including the categories: Holistic Definitions: function- and purpose-relateddescriptions that treat
life as a collective property System: relating to terms: systems,organization, organism, order, network, etc. 1a. Metabolism: including digestion,fermentation, digestion, and thermodynamics Chemical: relating to terms: process,metabolism, reactions, etc. 1b. Catalysis and Synthesis of Proteins:including everything from monomers to macromolecules
Structure Reductionist: definitions which focus on underlyingstructures common to life 2. Structural, including the single subcategory: Cellularist: views of life that take single cellsto be the relevant origin and, hence central feature of life 2a. Cellular/Structural Features: including celldivision, stressors, and transporters Environment Environment:
relating to terms: external,etc. 3. Environmental Interactions, a broad category thatincluded: 3a. Micro/Macro Environment: including all sorts ofmutualisms and properties for interacting with other creatures 3b. Plant/animals related: including those intersecting with human society: ticks, farming, spillover diseases,etc. 3c. Human related: including
phenomena thatresemble human physiology or produces immune responses, primarily inhumans Evolution Evolution: relating to terms: evolve,change, mutation, etc. 4. Evolution, including the single subcategory: 4a. Evolvability: including most features ofheredity and evolution, such as variation, adaptation, andspeciation Information Minimalist:
approaches that use the least amount ofinformation to demarcate life from non-life Complexity: relating to terms:complex, information, etc. 5. Information, including the single subcategory: Genetic: views of life that take replication andvariability to be the origin and key feature of life Reproduction: relating to terms:reproduce, replication, etc. 5a.
Genetics: including all geneticmaterial, transcription and translation, and subsequent epigeneticmodification Miscellaneous Cybernetic: approaches to life that abstract insuch a way as to incorporate computer-based artificial life Ability: relating to terms:ability,capacity, etc. Generalist: approaches that are broad,obscurantist, or otherwise
purposefully vague Vitalist: definitions that take life to be anas-yet mysterious force, organization of matter, or otherphenomenon Parametric: definitions that identify one or morerelevant features of life Table 1. Some recent attempts at meta-categoriesfor life definitions. Each column is one accounts categories,the rows are lined up according to
rough similarity. There are perhaps thousands of competing definitions proposedacross hundreds of articles. A true survey of that variety would bebeyond the scope of this article and beyond your patience as a reader.Nevertheless, some broad categories have been proposed that mightoffer some insight into current contending definitions. Table
1summarizes three of the most rigorous attempts this century tocategorize definitions of life. Each of these authors used different approaches to arrive at theircategories. Popa 2004 and Trifonov 2011 attempted to reverse engineerthe categories from dozens of definitions collected from many dozens ofexperts, while Malaterre and Chartier 2019
conducted a more extensive,text-mining approach across 30,000 scientific articles selected fromjournals that published pieces in biology. As one can see, there areareas of rough overlap, but each categorization scheme has its ownunique categories as well. Most of the definitions considered by these authors straddle some ofthese distinctions and are
often ambiguous as to whether they areintended to be theoretical definitions, operational definitions, orsomething else. For example, Popa 2004 considers definitions rangingfrom Oparin 1961s Any system capable of replication andmutation is alive to Schulze-Makuch et al. 2002: We propose to define living systems as those that are: (1)composed of
bounded micro-environments in thermodynamic equilibriumwith their surroundings; (2) capable of transforming energy to maintaintheir low-entropy states; and (3) able to replicate structurallydistinct copies of themselves from an instructional code perpetuatedindefinitely through time despite the demise of the individual carrierthrough which it is
transmitted. Categorizing definitions such as thesenecessarily requires some choices and reasonable people can disagreeabout whether each belongs in one or more categories. The takeaway from current understandings of the definition of lifeis that there is no consensus forthcoming in the near future. One concern is that these are summaries of
attempts to define a category for which there is only loose agreement.Many scientists disagree as to the phenomena a definition of life isintended to unify. Some scientists would include prions, viruses, andentities only hypothesized to exist in the origin of life, while otherswould completely reject them. Some might accept digital organisms asalive,
others would deny this approach. Conceptual equivocation couldhave significant costs for research. One field recently quantified thiscost, suggesting it is more than a merely theoretical concern (Trombleyand Cottenie 2019). Given the diversity described above, one may betempted to adopt a definitional pluralism: there are many ways to bealive. For
some reason, that approach is not common in theliterature. 2. Definitional Skepticism Nearly everybody agrees there is a distinction between life andnon-life, typically understood as a difference in kind rather than oneof degree. Furthermore, most people involved accept that life is somesort of natural kind, rather than a human psychological concept.
Thatsaid, a common theme in recent philosophical work has been to expressskepticism of life definitions as a goal. The literature on thedefinition of life is vast, repetitive, and utterly inconclusive.Philosophers have disagreed as to the ultimate source of the lack ofconsensus, citing unstated assumptions in either the definersapproach or the question
itself. Note that many scientists are lesslikely to be skeptical of the goal of defining life, though also moreresistant to engaging in the philosophical debate. One skeptical view has arisen from the observation that theoreticaldefinitions of life presume a theory of life (Cleland and Chyba 2002,Benner 2010, Cleland 2019). Although it is not obvious that
the authorsallude to the theory-theory of concepts, described in section 1, acommon analogy is to early chemical theory. According to this analogy,early alchemists likened the alchemists Aqua regia(royal water) and Aqua fortis (strongwater). Development of atomic theory revealed, Cleland argues,that the true nature of water was H20, while the
otherwaters were HNO3 + 3 HCl andHNO3, respectively. Cleland advocates avoiding definitions altogether,fearing they will blind us to new instances of life, and instead optsfor tentative criteria, which she believes avoid the implicit dogma ofeven operational definitions. Other authors have pointed out that the explanandum of life isitself up for
debate (Tsokolov 2009, Mix 2020, Parke 2020). Accordingto Emily Parke, some accept life as applying to individuals, whereasother definitions apply to collectives first (including entire planets)and individuals derivatively. Relatedly, most believe life is some kindof entity rather than some kind of relation or process (but seeNicholson and Dupr 2018).
Parke also points out that somedefinitions seek a material basis, perhaps limiting lifessubstrate to the biochemistry we know on Earth, while others arefunctional. Sagan famously worried about biochemical definitionsbecause they were prone to Earth Chauvinism forprivileging our own biochemistry (1970). Other authors take ourbiochemistry to be
independently justified as universal (Pace 2001,Benner et al. 2004, but see Bains 2004). Finally, Parke distinguishesbetween those that seek clean boundaries and those that accept thepossibility of a continuum of lifelikeness. Other authors have advocated a kind of quietism about definitions,maintaining that folk concepts need not match up with
scientific ones(Machery 2011), any definitions would not change scientific practice(Szostak 2012), advocated a radical conceptual rethinking (Mariscal& Doolittle 2020), or denied the distinction between life & non-life entirely (Jabr 2013). This last position of eliminativism could be expanded as it helpsillustrate all other life skeptical positions. Cowie
2009 classifieseliminativist goals as either linguistic or ontological. Ontologicaleliminativists dont believe the objects they are eliminatingtruly exist. Were all eliminativists about something, perhapsghosts or fairies. Linguistic/conceptual eliminativists, on the otherhand are merely suspicious of theoretical terms or concepts, whatRamsey 2020 calls
category dissolution or conceptual fragmentation. In essence, its not thatthere arent living things, its just that the category life is heterogeneous rather than a natural kind. According to Cowie, one can deny that anything matching our theoretical definition of lifeactually exists in the world while still accepting it as a useful fiction. Conversely, one may
think scientific theories about life are fruitless or that the term is too vague and confused to be useful, without doubting life exists. If we accept any of thesealternatives, we should perhaps avoid ever using the termlife in isolation and instead reference Metabolic Life and Evolutionary Life and all the other conceptions. At play in these various forms of
skepticism are severalunderlying assumptions. Among other disagreements, researchers disagreeabout what life is, whether it is a natural kind with an essence or ahuman construct; they disagree as to the purpose of defining life,especially if it will not change scientific practice; and they disagreeas to the features of life that are relevant and the ones
that are mereconsequences. When researchers hold unstated assumptions such as these,they are liable to mistake the source of their disagreement. 3. Artificial and Synthetic Life The rest of this article will focus on uses of the various lifeconcepts. Some of the definitions described above are derived from, ornecessary for, specific scientific and
societal purposes. This sectionfocuses on artificial and synthetic life. In principle, most contemporary scientists and philosophers believelife can be created, but there is broad disagreement as to what needsto be recreated for something to be life. In functional approaches,mere formal organization sufficiently similar to organisms may beenough.
Complexly configured robots (hardware) or computer programs (software) might qualify. This view is known as Strong Artificial Life (A-Life for short) and has received much of the same pushback as the Strong Artificial Intelligenceapproach before it (Sober 1991, Boden 1999, Brooks 2001). Those whoreject the Strong A-Life view believe that
functional approaches misssome of the essential features of biology for either epistemic orontological reasons. Epistemic objections might be consistent with thepossibility of Strong A-Life, but doubt that we have the knowledge torecreate the relevant biological functions in a digital framework.Conversely, most of the objections to Strong A-Life have
beenontological, resting on the view that representations cannot beequivalent to that which they represent and that perhaps life requires chemical embodiment, ruling Strong A-Life impossible by fiat. Weak A-Life approaches, on the other hand, dont presume theontological equivalence of structurally similar circuits and cells.Instead, proponents
suggest the more modest goal of developing a deeperunderstanding of life as we know it by exploring the effects of variousparameters in simulations, effectively placing life in a broadercontext of possible biology (Langton 1989, 1995). For example, in theTerra program, software was pitted against other software forprocessing power (Ray 1993).
Unexpected by the researchers at the time,software parasitism evolved: software would co-opt the reproductiveprocessing of other software. Policing mechanisms also evolved, leadingto an arms race between free-riders and the software trying to stopthem. Whether one accepts the strong or weak interpretation of A-Life,these in silico approaches are
cheaper than equivalent work done inreal organisms. They also offer possibilities that are not available inordinary biology, such as programming alternative parameters to takethe place of laws of nature and exploring relationships across deeptime and space quickly and efficiently. Another approach worth highlighting is that of synthetic
life(wetware). Less conceptually troubled, synthetic life canalso address some questions of A-Life, while allowing for a finer grainof realism. Synthetic life approaches have explored creatingself-replication (Lincoln & Joyce 2009), minimal genomes (Koonin2000, Hutchinson et al. 2016), a chemical evolution (Gromski et al.2020), and other projects. Not
all synthetic biology is in the businessof investigating life as it could be, as not all computer programmingis A-Life. Nevertheless, the tools developed by both can beilluminating. By exploring possibilities, scientists can discoverpreviously hidden relationships, revealing which aspects of life aremore or less plausible than expected. 4. Origin(s) of Life
Inextricable from the question of lifes nature is thequestion of its origin. Ancient and modern thinkers accepted that lifeoften arose spontaneously from non-life. Two centuries of experimentseventually overturned this widely accepted view, culminating in LouisPasteurs swan-neck bottle experiments. Since then, the puzzle ofLifes origin has been one
of the biggest and most important inall of science. Darwin was famously silent about the problem, although in a letterto his friend Joseph Hooker, Darwin confided that he imagined lifeoriginating in some warm little pond (see Other Internet Resources below; and Peret et al. 2009).Subsequent work on the subject was sparse until the 1920s
whenAlexander Oparin and J.B.S. Haldane independently proposed hypothesesfor lifes origin in then plausible early Earth conditions(Haldane 1929; Oparin 2010/1936). As a graduate student in the 1950s,Stanley Miller tested the proposal, discovering dozens of amino acidsin the mixture (1953). Since then, the field of origins-of-life studieshas
expanded dramatically. Our earliest reliable records of this planet, some 3.5 billion yearsago, contain distinctive evidence of microbial fossils, includingdistinctive shapes that correlate to the sizes and shapes of currentprokaryotes, as well as carbon-ratios distinctive to life as we know it(Schopf 1993, Schopf et al. 2017). Many analyses have pushed
ourconfidence in lifes earlier origin significantly further back,suggesting that basically as soon as Earth was not molten, it wasfilled with life (Pearce et al. 2018, Lineweaver 2020). How lifestarted and why it started so quickly remains one of the most pressingopen questions in science. There are many open philosophical issues in origins of
liferesearch. Several of these are centered around the explanandum inquestion and epistemological limits to our knowledge. Researchersdiffer, for example, as to whether the purpose of origins-of-liferesearch is to discover how life could have originated or how it didoriginate (Scharf et al. 2015, Mariscal et al. 2019). Some steps in theprocess could
have been chancy, others could have been deterministicbut highly contingent, still others could have been the only way lifeever originates anywhere in the Universe. There are several broad approaches to investigating the origin oflife. Bottom-Up approaches begin with pre-biotic chemistry and explore how it could withstand stressors in orderfor
lifelike entities to form and evolve. At present, there are manyunsolved problems, most notably that most energetically favorable interactions wouldconsume the proto-life forms involved. Scientists have cleverlyattempted to ease the problem by relaxing assumptions: perhaps theenvironment provided our first boundaries (Koonin 2009), or perhaps
itprovided porto-genetic material (Mathis et al. 2017), all of this couldhave occurred in a viscous solvent instead of a cell (He et al. 2017),or on a surface (Wchtershuser 1988), or using a variety ofentities that eventually became encapsulated (Eigen & Schuster1977). Nevertheless, the gulf between the pre-biotic chemistry and thesimplest life forms is
still huge and any number of explanations onlyaccount for a tiny portion of the conceptual distance. Another approach, Top-Down, uses current taxa to inferthe nature and timing of the origin of life on Earth. To do so, we takecurrent examples of life on Earth and trace their ancestry, bycomparing the nearly hundred shared genes, primarily associated
withbiological translation (Koonin 2011). All life shares a last universalcommon ancestor, LUCA for short. There may have beenseveral origins of life, but our evidence is insufficient todistinguish this scenario from a single origin. Nevertheless, at leastone origin, presumably in Earthly pre-biotic conditions, led to theexistence of LUCA, an important
constraint upon theorizing about theorigin of life. It is widely expected that LUCA was merely one creaturein a larger population and existed long after the origin of the firstorganism. There are also a variety of concerns with respect to LUCA:whether it was simple or complex (Mariscal & Doolittle 2015);whether it had a membrane that resembled any
of the current membranes(Koonin 2011); whether the genes it contained were ancestors of our owngenes or subsequently acquired (Doolittle & Brown 1994, Woese &Fox 1977; Woese 1998); whether its genome was made of DNA (Forterre2006a), whether it was a heterotroph or autotroph; where it lived; andwhen it lived. The gap between Top-Down
and Bottom-Up approaches is huge: untoldgenerations passed between pre-biotic chemistry and LUCA. We may neverbe able to solve Lifes origin, but each step brings us closer tounderstanding the trajectory. 5. Search For Life Even the most pessimistic analyses of the likelihood of lifesuggests life on Earth is not unique (Frank & Sullivan 2016).
Manyscientists take that as a good reason to search for life elsewhere inthe Universe. The current search for life elsewhere focuses on twoextremes: the chemical byproducts of life and the technological signalsof intelligent life. The social interactions of alien populations mightbe interesting, but they are hard to study as of yet. Thus, we searchfor
biosignatures that might uniquely identify life from a greatdistance. Well take each in turn. Biosignatures, as the name implies, are purported to be markers oflife. Chemical biosignatures are compounds either rarely or neverproduced without the assistance of life on Earth. Finding biosignaturesthus implies a material conception of life, likely in the
form ofbiochemistry, metabolism, or thermodynamics. There have been manyattempts to detect biosignatures, primarily on Mars. These approachesinclude experiments done on planetary surfaces, observations from Earthor low-earth orbit, and study of meteors and other debris from nearbyplanetary bodies. More practically, satellite or telescope
observations of otherplanets have been used to search for gasses outside of thermodynamicequilibrium. Methane has been sporadically detected on Mars since 2004(Formisano et al. 2004, Webster et al. 2018) with an accompanying claimof formaldehyde detection (Peplow 2005). Venus has also been a sourceof attention, with phosphine gas detected
in the clouds above Venus(Greaves et al. 2020). A controversial finding, it nevertheless caughtthe scientific imagination. Future scientific research is expected toaccelerate this method of observation, especially with new data gathered by the newJames Webb Space Telescope (JWST). With its equipment, JWST is able to image exoplanets at resolutions
allowing the detection of gas biomarkers in the atmospheres of exoplanets (Loeb & Maoz 2013). By contrast, there have been scarce attempts to detectchemical life while on the surface of another planet. In 1975, NASAsent the Viking landers to Mars, tasked with a variety of scientificexperiments including some that were purported to detect life if it
waspresent. One, the Labeled Release Experiment, did, but its results wereinconsistent with the other on-board experiments, so the result wasdeemed inconclusive (Levin & Straat 1976, Ezell & Ezell 1984).The current Perseverence rover on Mars is able to assesscertain biosignatures and upcoming missions by NASA, the ChineseNational Space
Administration, and the Japanese Aerospace ExplorationAgency all seek to determine whether Mars has evidence of past orcurrent life. It is not obvious that life on Mars would be a separate origin thanlife on Earth, as the two planets exchange tons of rocks each year andit is at least theoretically possible that life could have formed onone planet and
been subsequently transferred to the other (McKay 2010).Since Mars is a smaller body than Earth, it coalesced before Earth andthus it is conceivable that life might have formed there first,although this is a relatively marginal view in the astrobiologycommunity. Meteorites from Mars and other planetary bodies havealso been the source of purported
biosignatures. The Martian meteoriteALH84001 was instrumental in forming the science of astrobiology in1996, after NASA scientists discovered bacteria-like structures (McKayet al. 1996). Subsequent meteorites have also garnered scientificinterest (e.g. White et al. 2014). The other major attempt to search for life, that of searching forintelligence,
more readily captures the imagination. The search forextraterrestrial intelligence (SETI) has been ongoing for centuries(Dick 1982). Fierce debates between those that took Earth to beunique and those that took it to be one of a plurality of worldspersisted for millennia (and still do, to some extent). Advocates ofthe plurality of worlds view searched
their telescopes for evidence. Afamous instance is Percival Lowells drawings of Martian canalsin the 1890s. Influenced by the mid-1800s observations of what appearedto be channels criss-crossing Mars, Lowell drew a series of canalsbased on his observations. Science fiction soon picked up theobservation and conjectured a dying civilization, hoping
to squeezewater out of the last bits of remaining ice in the Martian poles. Partially driven by the science fiction following Lowellsdrawings, the early 20th century saw increased interest in detectingradio signals from Outer Space. This interest accelerated after thelaunch of Sputnik in 1957 and was more systematically and formallyapproached starting
in the late 1970s. SETI research has not beenpublicly funded since 1994, but private and public donors, as well asacademic and lay researchers have kept the program going since. Thereare many technical challenges to the search: space is unimaginablyhuge, signals are weak, possibilities of interstellar communication aremyriad, and our searches
can only cover an insignificant portion of thetask. More controversially, many dozens of messages have been sent intoOuter Space since 1974. A few have been in the form of physical objectsaboard spacecraft, but most have been radio signals aimed at promisingstars or star clusters. sometimes called Active SETI or METI (MessagingExtraterrestrial
Intelligence). Although the practice continues due toits low cost and relative ease, many philosophers, scientists, andpolicy experts have come out against the practice largely due to therisk of broadcasting our presence to potentially hostile forces onbehalf of future generations that cannot consent (Smith 2020). 6. The Macro and the Micro
Perspectives Scientists grow more concerned about philosophical questions whenscientific limitations or conceptual choices are made apparent to them.Those scientists who study deep time, deep space, abstract issues, orquestions of ethics are often keenly aware of the philosophical choicesthat influence their research from identification of research
questionto interpretation of the data. This section briefly goes throughother scientific contexts in which how life is defined is relevant,which address scales well below and well above the organism level. There are several biological entities for which it is an openquestion as to whether they are alive. Viruses, for example, are unitsof genetic material
encased in a protein coat. It is unknown whether allviruses share common ancestor (Koonin et al. 2006, Moreira andLpez Garcia 2009) nor how they originated, be it escapedtransposable elements, reduced cells, or some ancestral third option(Forterre 2006b). The status of viruses as living is mired with controversy, with some people holding virons to
be alive, othersbelieving them not to be, and a third camp has them as living only inthe context of an infected cell, but a mere seedotherwise (Forterre 2010). There are other entities in the twilight zone ofmicrobiology, including transposable elements, viroids,unculturable (but putatively existing) microbes, organisms invegetative states, and prions
(Postgate 1999). The problems facing eachof these are similar: several of them can evolve by natural selection,are biochemically complex, but lack other properties associated withlife. For example, prions are protein products of life that can foldother prions in a way that allows for cumulative evolution (Li et al.2010). They are rarely included in the
category life dueto their inactivity in most settings and rather simple origin as amisfold of a functional protein. If there is a twilight zone of microbiology, there is also atwilight zone of ecology. Organisms form populations, species,lineages, clades, and ecosystems. The status of each of these is anopen question, but they have many of the same features
associated withlife as described above. Perhaps the strongest case can be made foreusocial insects, such as some ants, bees, wasps, and termites. Inseveral species, there are rigid distinctions between the castes thatreproduce and those that do not, with many of the latter serving therole of caring for the young (Hlldobler & Wilson 2009). Onemight
note that entities above the organism level are as a rule lessintegrated and connected than the organisms that comprise them. This isperhaps a general feature of life: from the perspective of every itemin the biological hierarchy, its parts are much more homogenous than itis. Our cells seem much more integrated and self-contained than ourbodies, so,
too, are individual insects more self-contained than thecolonies to which they belong. Most controversial has been the case of Gaia. Gaia is a term fromGreek mythology; she is a personification of the planet Earth. In 1979,James Lovelock, revived the concept in his book, Gaia: A New Lookat Life on Earth. In his view, the Earth-wide set of
interlockingecosystems could be viewed as a single entity. One insight ofLovelocks was already mentioned in the previous section:planet-wide interactions are the scale that matters in detecting lifeelsewhere. Lovelocks book sparked controversy centered aroundthe plausibility of his model of the Earth as a self-regulatinghomeostatic system. In the
view of many at the time, it was aninaccurate description: Earth could not evolve in principle, andthe subsequent ontological move of granting Earth the status of lifewas unmotivated (Doolittle 1981). Recent attempts to revitalize thenotion of Gaia on a more theoretic footing involve both abiotic andbiotic regulatory mechanisms and natural selection
acting at the levelof clades (Lenton et al. 2018, Doolittle 2019). Regardless of currentattempts at a theoretical justification, the thought of Earth as aliving entity motivated many in the environmental movement and the idearemains a common reference. 7. Ethics, Law, and Politics The term life is important outside of biology. Often,the focus is not on
the concept of life or life in general, but on thestatus of individual living entities. Typically, the focus is on thebeginning and end stages of individual lives, which raises legal,religious, and moral questions. The start of an individual lifehas been the source of contraception and abortion discussions (Noonan 1967, Dellapenna 1978). Unfortunately,
developmental biologydoes not provide an uncontroversial starting point for whenlife begins (Maienschein 2014). The end of individual lives was also a heated debate in the 20th century as new technologies wereable to keep human bodies alive long after they would have died innature (DeGrazia 2016). Any discussion of defining life in these contexts
should begin bydistinguishing between life and other phenomena that are oftenconflated with it in public discourse, such as sentience, personhood,and moral considerability. Its unclear how much ontological,epistemic, or moral weight the category of life has independently ofother properties. Attributing moral worth to non-living entities isstill a
minority position in environmental or comparative philosophy(but see Leopold 1949, Basl 2019). Thus, a starting position might bethat life is a prerequisite for moral considerability. Nonetheless,most humans dont mind killing bacteria for the sake ofcleanliness and many people eat or wear the flesh of animals. So, inmany discussions, life is only
valuable when it is the vehicle forother equally nebulous properties like sentience, personhood, orimmaterial souls. If any living entities have a distinct moral or ontological status,most philosophers would accept that humans are among them (Rolston1975, Goodpaster 1978). In these contexts, it matters when individualhumans come into being and
acquire such a status in their own right, beit conception, birth, or some time period in between. Consideredopinions differ as to when this occurs and in virtue of what, be itmere possibility of self-sustained life, sentience, or other features.There is still a rampant pro-life/pro-choice split in culturalpolitics, which is somewhat lessened in European
countries (Corbella2020). There are equivalent, but less tendentious analogues in thecontexts of euthanasia, the death penalty, war, and the prevention ofdeath and disease. In these debates, both ethical and metaphysicalcommitments matter. The public questions of life are often raised by new technologies.In the abortion discussion above, for
example, new techniques to endpregnancies, from birth control to abortion procedures, as well as newmedical technologies facilitating premature deliveries made the topicmore contentious. Other technological innovations also raise questionsabout life. One such area is that of transhumanism (c.f. More andVita-More 2013). Transhumanism is the
movement aimed toward the use oftechnology for the human enhancement of social, psychological, andphysical lives. These can range from prosthetics to implants or frompharmaceuticals to mental uploading. There arebioconservatives, who argue against transhumanism for practical, moral,or aesthetic reasons. There are also posthumanists, who
look forward toa world in which humans are replaced or eliminated by subsequentartificial intelligence. The debate over whether such posthumans mightbe alive is similar in structure to the artificial lifediscussion in section 3. Bioconservatives also argue against this view.Among the topics in these debates are whether a particular technologycounts
as therapy or enhancement, whether the risks of alterationoutweigh the benefits, whether certain goals of transhumanism are evenpossible, and which alterations will affect the moral or ontologicalstatus of the people that receive them. That life is a source of ethical, legal, and political controversyis to be expected. And although it is beyond the scope
of this articleto adjudicate these debates, advocates ought to be aware of the deepvagueness in biology and disagreement within philosophy with respect towhat life is, what an individual living organism is, when individuallives begin or end, and what features of life ground moralconsiderability. 8. Conclusion Although the conceptual terrain of life
concepts is well covered,there is no accepted view as yet. This is unlikely to change given thedisciplinary backgrounds, explanatory values, and theoreticalcommitments of the stakeholders involved. A wide range of practicesrely on competing conceptions of life: including artificial life,origins-of-life research, the search for life, and other
projectsdescribed above. Future scientific discoveries or inventions may break this impasse,as they have in other cases of theoretical gridlock. The development ofatomic theory, discussed in section 2, created new categoricaldivisions that scientists accepted as more real than the categories ofthe ancients or alchemists. With this conceptual
fragmentation, oldcategories were discarded and new ones accepted. One can imaginesomething similar happening in the case of life: many discoveries might showa clear cluster of how complex, lifelike entities can form fromprebiotic chemistry, eventually winning over the majority of thescientific and philosophical community (e.g. Weber 2007,
2010). Conversely, a simple decision might be made based on shared valuesor explanatory goals. The example of death may be illustrative. Afterdecades of debate, a new decision, not a discovery, was made.Physicians concluded the irreversibility of death was the mostimportant property for their purposes. They adopted the concept ofwhole-brain
death as their operational criterion (DeGrazia 2016). Thefacts on the ground did not change, but the shared understandingdid. Finally, perhaps life will be accepted as a polysemous concept witheach definitional cluster applying to a subset of the whole:biochemical life, evolutionary life, metabolic life, etc. Researchersmay rely on context, accept some
miscommunication, or simply stipulatethe kind of life they mean. The example of planets, discussed in Brusse2016 may help make this point. There was always a huge diversity withinthe category planet, which included the Sun and Moon until theRenaissance. In the early 1800s, asteroids were discovered. Initially,they were considered planets, they
were demoted to minorplanets a few decades later, then simply asteroids afterthe 1950s. Pluto was discovered in 1930, recognized as the smallestplanet by the 1970s. From 1992 until 2006, many objects similar toPluto were discovered until astronomers decided that the term planetactually covered at least two distinct, but scientifically
interestingcategories: typical planets and dwarf planets. Similarly, perhaps someof the categories described in section 1.2 will form the basis ofaccepted sub-categories of life. It is still an open question as to how long the current situationwill persist before a discovery forces a scientific reckoning or adecision obviates the need. For now, the debate
continues. First published Fri Aug 15, 2003; substantive revision Mon Nov 7, 2011 Life is often defined in basic biology textbooks in terms of a list ofdistinctive properties that distinguish living systems fromnon-living. Although there is some overlap, these lists are oftendifferent, depending upon the interests of the authors. Each attemptat a definition
are inextricably linked to a theory from which itderives its meaning (Benner 2010). Some biologists and philosopherseven reject the whole idea of there being a need for a definition,since life for them is an irreducible fact about the naturalworld. Others see life simply as that which biologists study. Therehave been three main philosophical approaches
to the problem ofdefining life that remain relevant today: Aristotle's view of life asanimation, a fundamental, irreducible property of nature; Descartes'sview of life as mechanism; and Kant's view of life as organization, towhich we need to add Darwin's concept of variation and evolutionthrough natural selection (Gayon 2010; Morange 2008). In
addition wemay add the idea of defining life as an emergent property ofparticular kinds of complex systems (Weber 2010). The focus of this entry is primarily the attempts to define lifeduring the twentieth century with the rise of biochemistry andmolecular biology. But this was the century that saw the rise ofartificial intelligence, artificial life, and
complex systems theoryand so the concern includes these perspectives. Animate beings share arange of properties and phenomena that are not seen together ininanimate matter, although examples of matter exhibiting one or theother of these can be found. Living entities metabolize, grow, die,reproduce, respond, move, have complex organized
functionalstructures, heritable variability, and have lineages which can evolveover generational time, producing new and emergent functionalstructures that provide increased adaptive fitness in changingenvironments. Reproduction involves not only the replication of thenucleic acids that carry the genetic information but the epigeneticbuilding of the
organism through a sequence of developmentalsteps. Such reproduction through development occurs within a largerlife-cycle of the organism, which includes its senescence anddeath. Something that is alive has organized, complex structures thatcarry out these functions as well as sensing and responding tointerior states and to the external
environment and engaging inmovement within that environment. It must be remembered thatevolutionary phenomena are an inextricable aspect of living systems;any attempt to define life in the absence of this diachronicperspective will be futile. It will be argued below that livingsystems may be defined as open systems maintained in steady-
states,far-from-equilibrium, due to matter-energy flows in which informed(genetically) autocatalytic cycles extract energy, build complexinternal structures, allowing growth even as they create greaterentropy in their environments, and capable, over multigenerationaltime. of evolution. The last words written by Shelley in his unfinished poem
TheTriumph of Life were Then, what is life? I cried. ClearlyShelley meant this in the everyday sense rather than the technicalusage of what distinguishes animate from inanimate. C.U.M Smith (1976)in his The Problem of Life sets out to answer Shelley'squestion by addressing the problem not only of how matter could bealive but also be conscious.
Although conscious, living matter was aproblem for Democritean philosophers, it was not for otherpre-Socratics nor for Aristotle for whom living beings whereparadigmatic. The phenomenon which seemed to [Aristotle] mostbasic in the apparent flux of the world was the unity and persistenceof the individual living being (Smith 1976, p. 72).
Indeed,Aristotle's biology and the philosophy he developed from it wassophisticated and enduring (Lennox 2001). Thus for Aristotle there wasno problem of life, although there was a problem for an atomist view ofnature that seemed inconsistent with biological phenomena (Rosen 1991).Descartes radically reconceptualized the problem by his dualism
ofmatter and mind; life was a problem for which an explanation was to besought in the mechanistic interactions of matter, and there was thequestion of how mind was related to the matter in living beings. Aschemistry developed as a discipline in the eighteenth and nineteenthcenturies the goal of most advanced thinkers was to develop
explanatorytheories of living things in terms of chemical matter and mechanisms.Such attempts at what must be admitted to be premature reduction wereresisted by critics, including some vitalists, whose positions covereda wide range from romantic anti-materialists, through chemists seekinga new type of Newtonian force (vital force) in nature,
tomaterialists who had an intuition of the importance of the organizedwhole (Fruton 1972, 1999). The debate between the mechanists and thevitalists about the relationship of matter and life aswell as matter and mind, spilled over into the twentieth century,especially during the time that biochemists were defining their fieldas a separate discipline
from chemistry or physiology. Four bookspublished around 1930 capture the flavor of the debate (Woodger 1929;Haldane 1929, 1931; Hogben 1930). ]J.S. Haldane, a physiologist,resisted reduction of biological phenomena to mechanistic explanations,as he saw the structure of biological organisms and their action beingdisanalogous to what was seen
in physical systems. The laws ofchemistry and physics just were not robust enough to account forbiology. It is life we are studying in biology, and notphenomena which can be represented by causal conceptions of physics andchemistry Haldane 1931, p. 28). He rejects, however, the searchfor a vital force since it would reduce the complexity of
biologicalphenomena to a single principle. Rather, the phenomena of biology canonly be understood in a holistic perspective that is faithful to thecomplexity observed in biological phenomena. Lancelot Hogben, in hisbook The Nature of Living Matter, which was dedicated toBertrand Russell, argues for a reductionist epistemology and ontology.For
Hogben, as for Haldane, consciousness is seen as an integral partof the problem of life, an inquiry into the nature of life andthe nature of consciousness presupposes the necessity of formulatingthe problem in the right way (Hogben 1930, pp. 3132). Indeed,no problem of philosophy is more fundamental than the nature oflife (Hogben 1930, p. 80). But
for Hogben the nature, indeedglory, of science is that its answers are always incomplete and it doesnot seek the finality that he saw as the goal of philosophy. He saw noneed to abandon the reductionist methodology that biochemistry wasdeveloping and argued that Whitehead's assumption that science wouldreveal a universe consistent with human
ethical predilections should bereversed and that philosophy would have to conform with the findings ofscience. Woodger saw the issues in the mechanist-vitalist debate asmore complex than either side admitted. The resolution would come froma recognition of the primary importance of biological organization andof levels of biological organization, by
a cell therefore Ishall understand a certain type of biological organization, not aconcrete entity (Woodger 1929, p. 296, emphasis in original).Woodger urged abandoning the use of the word life inscientific discourse on the grounds that living organismwas what had to be explained. He saw the question of how life arose asbeing outside science. 2. The
Biochemical Conception of Life Perhaps the venue where the issue of the nature of life was mosturgently addressed was the Department of Biochemistry at the Universityof Cambridge. During the first half of the twentieth century, under theguidance of its first Sir William Dunn Professor of Biochemistry, SirFrederick Gowland Hopkins, the
department set much of the conceptualframework, methodology, as well as educating many of the leaders in thefield (Needham & Baldwin 1949; Weatherall and Kamminga 1992;Kamminga & Weatherall 1996; Weatherall & Kamminga 1996;Kamminga 1997; de Chadarevian 2002). Hopkins's vision of the emergingfield of biochemistry was that it was a
discipline in its own right(not an adjunct to medicine or agriculture nor applied chemistry) thatneeded to explore all biological phenomena on the chemical level. Moreimportantly, Hopkins had a belief that although living things did notdisobey any physical or chemical laws they instantiated them in waysthat required understanding of biological
phenomena, constraints, andfunctional organization. In his influential address to the BritishAssociation for the Advancement of Science given in 1913, Hopkinsrejected both the reductionism of organic chemists who sought to deducein vitro what had to happen in vivo and the crypto-vitalism of manyphysiologists who viewed the protoplasm of living
cells as itself aliveand irreducible to chemical analysis (Hopkins 1913 [1949]). WhatHopkins offered instead was a view of the cell as a chemical machine,obeying the laws of thermodynamics and physical chemistry generally,but having organized molecular structures and functions. The chemistryunderlying metabolism was catalyzed and regulated by
enzymes, proteincatalysts, and involved, because of biological necessity, small changesin structure and energy of well-defined chemical intermediates. Theliving cell is not a mass of matter composed of a congregationof like molecules, but a highly differentialed system: the cell, in themodern phraseology of physical chemistry, is a system of co-
existingphases of different constitutions (Hopkins 1913 [1949] p. 151).Understanding how the organization was achieved was just as importantas knowing how the chemical reactions occurred. For Hopkins life isa property of the cell as a whole, because it depends upon theorganization of processes (Hopkins 1913 [1949] p. 152). Indeed,Hopkins was
impressed with the philosophy of Whitehead with itspart/whole relationships and emphasis on processes rather than entities(Hopkins 1927 [1949]; Kamminga & Weatherall 1996) and it formed anexplicit foundation for the research program he developed at Cambridgeand became an implicit assumption in the research programs developed bymany of
the students who trained there (Prebble & Weber 2003). Amember of the department, Joseph Needham became actively engaged incarrying Hopkins's vision to the broader intellectual community writingon the philosophical basis of biochemistry (Needham 1925). He followedHopkins too in asserting that the crucial question no longer was
therelationship of living and non-living substance but also of mind and body,with biochemistry conceding to philosophy and the then incipientneurosciences, the latter question, so that it could focus on learningabout living matter. Another member of the biochemistry department,N.W. Pirie, tackled the question of defining life and concluded that
itcould not be adequately defined by a list of qualities nor evenprocesses since life cannot be defined in terms of onevariable (Pirie 1937, p. 2122). There was a challenge forHopkins's program to figure out how rather simple physical and chemicallaws could produce the complexity of living systems. During the 1930s an informal group, known as the
BiotheoreticalGathering met in Cambridge and included several members of thebiochemistry department (Joseph & Dorothy Needham, and ConradWaddington) as well as a number of other Cambridge scientists (such ascrystallographers J.D. Bernal and Dorothy Crowford Hodgkins) andphilosophers (J.H. Woodger and Karl Popper). This group was
consciouslyexploring the philosophical approach of Whitehead with the goal ofbuilding a trans-disciplinary theoretical and philosophical biologywhich helped lay the foundation for the conceptual triumph of molecularbiology after World War II (Abir-Am 1987; de Chadarevian 2002). Theresearch program of Hopkins was well established by this period
andespecially through the Needhams it was linked with the work of theBiotheoretical Gathering, influencing J.B.S. Haldane, who made majorcontributions to enzymology and to forging the modern evolutionarysynthesis or neo-Darwinism. Haldane, along with Bernal, would play amajor, early role in moving the concern from beyond the nature of lifeto
its origin as a subject for scientific study. Haldane suspected,along with Pirie, that a fully satisfactory definition of life wasimpossible, but he asserted that the material definition was areasonable goal for science. He saw life as a pattern ofchemical processes. This pattern has special properties. It begets asimilar pattern, as a flame does, but it
regulates itself as a flamedoes not. (Haldane 1947, p. 56). Use of the flame metaphor forcellular metabolic activity implied a nonequilibrium process in an opensystem capable of reproduction but also, by the limit of the metaphor,self regulation. In this Haldane reflected the shifting concern toworking out how matter and physical laws could lead to
biologicalphenomena. By the time of World War II it was meaningful to address the questionof what is life? in molecular terms and fundamentalphysical laws. It was clear that there were several distinct ways inwhich matter in living systems behaved in ways different fromnon-living systems. For example, how could genetic information beinstantiated
at a molecular level given that ensembles of atoms ormolecules behaved statistically? Or, how could biological systemsgenerate and maintain their internal order in the face of theimperative of the second law of thermodynamics that all naturalsystems proceed with increasing entropy? 3. Schrdinger's What is Life? In 1943 Erwin Schrdinger gave a
series of lectures at the DublinInstitute for Advanced Studies, which were published as What isLife? in 1944 (Schrdinger 1944). This little book had a majorimpact on the development of twentieth century biology, especially uponFrancis Crick and James Watson and other founders of molecular biology(Judson 1979; Murphy & O'Neill 1995). Schrdinger
did not breaknew ground, as has been pointed out by Perutz (1987), but rathergathered together several strands of research and stated his questionsin a stark and provocative manner. Building upon the demonstration byMax Delbrueck that the size of the target of mutationscaused by X-rays had the dimensions of a molecule of a thousand or soatoms,
Schrdinger wondered how it could be that there could besustained order in the molecules responsible for heredity when it waswell known that statistical ensembles of molecules quickly becamedisordered (with increased entropy as predicted by the second law ofthermodynamics). The problem of heredity then was reformulated at themolecular level
as to how order could give rise to order? The othermain topic that concerned Schrdinger was the thermodynamics of livingthings in general, that is, how could they generate order from disorderthrough their metabolism? It was through answering these two specificquestions from the perspective of a physicist that Schrdinger soughtto answer the big
question, what is life? It was the answer to the first question that captured the attentionof the founders of the new biology. Schrdinger argued that themolecular material had to be an aperiodic solid that hadembedded in its structure a miniature code. That is, thepattern of constituent atoms comprising the molecule of heredity wouldnot have a simple
periodic repetitive order of the same constituents orsubunits, but rather would have a higher-level order due to the patternof its molecular subunits; it was this higher-level but aperiodic orderthat would contain the coded information of heredity. The elucidationof the structure of DNA and the explosion of our understanding ofmolecular genetics has
eclipsed the other, but to Schrdinger equal,arm of the argument, namely that the most important aspect ofmetabolism is that it represents the cell's way of dealing with all theentropy that it cannot help but produce as it builds its internalorder, what Schrdinger termed negentropy. He noted thatthe cell must maintain itself in a state away from
equilibrium sincethermodynamic equilibrium is the very definition of death. By creatinginternal order and organization within a living system (cells,organisms or ecosystems) the metabolic activities must produce greaterdisorder in the environment, such that the second law is not violated.He tied the two notions, of order from order and order from
disorder,together by claiming, an organism's astonishing gift ofconcentrating a stream of order on itself and thusescaping the decay into atomic chaos of drinkingorderliness from a suitable environment seems to beconnected with the presence of aperiodic solids, thechromosome molecules, which doubtless represent the highest degree ofwell-ordered
atomic association we know of much higher than theordinary periodic crystal in virtue of the individual roleevery atom and every radical is playing here (Schrdinger 1944,77). Although Schrdinger was giving a physicist's answer to Shelley'squestion, he did not confine himself only to the question of whatdistinguished the living from the non-living and
in the epiloguereflects on free will and consciousness. As with so many previousattempts to address the nature of life, the issue of consciousness wasseen by Schrdinger too as connected to that of life itself. 4. Schrdinger's Dual Legacy The impact of Schrdinger's slim volume on a generation ofphysicists and chemists who were lured to biology and
who foundedmolecular biology is well chronicled (Judson 1979; Kay2000). Knowledge about the protein and nucleic acid basis of livingsystems continues to be obtained at an accelerating rate, with thesequencing of the human genome as a major landmark along this path ofdiscovery. The self-replicating DNA has become a majormetaphor for
understanding all of life. The world is divided intoreplicators, which are seen to be fundamental and to controldevelopment and be the fundamental level of action for naturalselection, and interactors, the molecules and structures coded by thereplicators (Dawkins 1976, 1989). Indeed, Dawkins relegates organismsto the status of epiphenomenal gene-
vehicles, or survival machines. Areaction has set in to what is perceived as an over-emphasis onnucleic acid replication (see for example Keller 1995, 2002; Moss2003). In particular developmental systems theorists have argued for acausal pluralism in developmental and evolutionary biology (see essaysand references in Oyama, Griffiths, & Gray
2001). However, therapid progress in gene sequencing is producing fundamental insightsinto the relationship of genes and morphology and has added importantdimensions to our understanding of evolutionary phenomena (see forexample Graur & Li 2000; Carroll, Grenier, & Weatehrbee2001). What is less known is the over half-a-century of work
inspired, inpart, by the other pillar of Schrdinger's argument, namely howorganisms gain order from disorder through the thermodynamics of opensystems far from equilibrium (Schneider & Kay 1995). Prominentamong early students of such nonequilibrium thermodynamics was IlyaPrigogine (1947). Prigogine influenced J. D. Bernal in his
1947lectures on the physical basis of life to start to understand both howorganisms produced their internal order while affected theirenvironment by not only their activities but through created disorderin it (Bernal 1951). Harold Morowitz explicitly addressed the issue ofenergy flow and the production of biological organization,
subsequentlygeneralized in various ways (Morowitz 1968; Peacocke 1983; Brooks andWiley 1986: Wicken 1987; Schneider 1993; Swenson 2000; Morowitz 2002).Internal order can be produced by gradients of energy (matter/energy)flows through living systems. Structures so produced help not only drawmore energy through the system, lengthen its
retention time in thesystem, but also dissipate degraded energy, or entropy, to theenvironment, thus paying Schrdinger's entropy debt.Living systems then are seen an instance of a more general phenomena ofdissipative structures. With the help of this energy and matterexchange with the environment, the system maintains its innernon-equilibrium,
and the non-equilibrium in turn maintains the exchangeprocess. A dissipative structure continuously renews itself andmaintains a particular dynamic regime, a globally stable space-timestructure (Jantsch 1980). However, thermodynamics can deal onlywith the possibility that something can occur spontaneously; whetherself-organizing phenomena
occur depend upon the actual specificconditions (initial and boundary) as well as the relationships amongcomponents (Williams & Frausto da Silva 1999). Seeing the cell as a thermodynamic dissipative structurewas not to be considered as reducing the cell to physics, as Bernalpointed out, rather a richer physics of what Warren Weaver
calledorganized complexity (in contrast to simple order ordisorganized complexity) was being deployed (Weaver1948). The development of this new physics of opensystems and the dissipative structures that arise in them was thefulfillment of the development that Schrdinger foresaw (Rosen 2000).Dissipative structures in physical and chemical
systems are phenomenathat are explained by nonequilibrium thermodynamics (Prigogine &Stengers 1984). The emergent, self-organizing spatio-temporal patternsobserved in the Belousov-Zhabotinski reaction are also seen inbiological systems (such as in slime mold aggregation or electricalpatterns in heart activity) (Tyson 1976; Sole and Goodwin



2000).Indeed, related self-organizational phenomena pervade biology(Camazine et al. 2001). Such phenomena are seen not only in cells andorganisms, but in ecosystems, which reinforces the notion that abroader systems perspective is needed as part of the new physics(Ulanowicz 1997). Important to such phenomena are the dynamics ofnon-linear
interactions (where responses of a system can be muchlarger than the stimulus) and autocatalytic cycles (reaction sequencesthat are closed on themselves and in which a larger quantity of one ormore starting materials is made through the processes). Given that thecatalysts in biological systems are coded in the genes of the DNA, oneplace to start
defining life is to view living systems as informed,autocatalytic cyclic entities that develop and evolve under the dualdictates of the second law of thermodynamics and of natural selection(Depew & Weber 1995; Weber & Depew 1996). Such an approachnon-reductively connects the phenomena of living systems with basiclaws of physics and chemistry
(Harold 2001). Others intuit that aneven richer physics is needed to adequately capture theself-organizing phenomena observed in biology and speculate that afourth law of thermodynamics about such phenomena mayultimately be needed (Kauffman 1993, 1995, 2000). In any event,increasingly the tools developed for the sciences ofcomplexity and
being deployed to develop better models ofliving systems (Depew & Weber 1995; Kauffman 2000). Robert Rosenhas reminded us that complexity is not life itself but what he termsthe habitat of life and that we need to make our focuson the relational. Organization inherently involves functionsand their interrelations (Rosen 1991, 280). Whether
theexisting sciences of complexity are sufficient or a newer conceptualframework is needed remains to be seen (Harold 2001). Living beingsexhibit complex, functional organization and an ability to become moreadapted to their environments over generational time, which phenomenarepresent the challenge to physically-based explanations based
uponmechanistic (reductionistic) assumptions. By appealing to complexsystems dynamics there is the possibility of physically-based theoriesthat can robustly address phenomena of emergence without havingrecourse to the type of vitalism that was countenancedby some in the earlier part of the twentieth century. 5. Origin (Emergence) of Life One of
the biggest and most important of emergent phenomena is that ofthe origin or emergence of life. Franklin Harold ranks the mystery oflife's origin as the most consequential facing science today (Harold2001, 235). Michael Ruse claims that it is essential to incorporateorigin of life resarch into Darwinism since it is a necessarycondition for a
scientifically and philosophically adequate definitionof life (Ruse 2008, 101). Robert Rosen argued that the reason thatthe question what is life? is so hard to answer is thatwe really want to know much more than what it is, we want to know whyit is, we are really asking, in physical terms, why a specificmaterial system is an organism and not
something else (Rosen1991, 15). To answer this why question we need to understand how lifemight have arisen. While not attracting the attention nor levels offunding of molecular biology, there was a continuous research programduring much of the twentieth century on the origin of life (forhistorical summaries see Fry 2000; Lahav 1999). During the
1920s Alexander Oparin and J.B.S. Haldane independentlyproposed the first modern hypotheses as to how life might haveoriginated on earth (Oparin 1929; Haldane 1929/1967). Keyassumptions were that the geophysical conditions on the primitive earthwere quite different from the present, most importantly there wouldhave been no molecular
oxygen in the atmosphere (oxygen arising verymuch later in time with the appearance of photosynthetic organisms thatused light energy to split water) and that in this chemically reducingatmosphere an increasingly complex soup or organicmolecules would arise from which the precursors of living systems couldarise (for a recent discussion about
the early atmosphere see Miyakawaet al. 2002). In effect this type of approach can be termed ametabolism-first view. After the demonstration that some amino acids could be produced bythe action of an electrical discharge through a mixture of gasesthought to be present in the primitive atmosphere (Miller 1953),another possible starting point for
the sequence to living things wasconsidered, namely proteins, the polymers of amino acids formed underconditions of high temperature (Fox & Harada 1958). Thisprotein-first view suggested that the chemistry that lead to life couldhave occurred in a sequestered environment (globs of proteins) thatmight also have some weak catalytic activity that
would havefacilitated the production of the other molecular components needed(Fox 1988). With the understanding of the structure of DNA focus shifted to theabiotic routes to nucleic acids, which could serve then serve astemplates for their own replication. Although Dawkins assumed a nucleicacid, formed by chance, would be the start of life since
it wouldself replicate (Dawkins 1976), many approaches to gettingto nucleic acids involve a role for minerals to help form scaffolds thatserve as sorts of ordering templates and even as catalysts for nucleicacid formation (Cairns-Smith 1982; see summary in Lahav 1999). Thediscovery that RNA is capable of some catalytic activity has led to
thepostulate of not only a nucleic acids first but more generally of anRNA world (Gilbert 1986). Variants of this approachrepresent the dominant mode of thinking about the early phases of theemergence of life (Maynard Smith and Szathmary 1995). Given that sometype of metabolism would be needed to sustain RNA replication, a numberof
approaches blend replication-first with metabolism-first (Dyson1982, 1999; de Duve 1995; Eigen 1992). An alternative view, congenial to a thermodynamic and systems approachto the emergence of life, takes the above move a step further andemphasizes the need the presence of the main factors that distinguishcells from non-cells: metabolism via
autocatalytic cycles of catalyticpolymers, replication, and a physical enclosure within a chemicalbarrier like that provided by the cell membrane. This might be termeda proto-cell-first approach (Morowitz 1992; Weber 1998; Williams &Frausto da Silva 2002, 2003). Chemical constraints and theself-organizing tendencies of complex chemical systems in
such a viewwould have been critical in determining the properties of the firstliving beings. (Kauffman 1993, 1995, 2000; Williams & Frausto daSilva 1999, 2002, 2003; Weber 2007, 2009). With the emergence of thefirst entities that could be termed living would come the emergence ofbiological selection or natural selection in which contingency plays
amuch greater part. Darwin famously bracketed the question of the origin of life fromquestions of descent with modification through natural selection.Indeed, Darwinian theories of evolution can take living systems as agiven and then explore how novelties arise through a combination ofchance and necessity. However, an understanding of how life
might haveemerged would provide a bridge between our view of the properties ofliving systems and the evolutionary phenomena they exhibit. Such anunderstanding ultimately is needed to anchor living systems in matterand the laws of nature (Harold 2001, 235). This remains a challenge tobe met in order for science to provide a more full answer to
Shelley'squestion. 6. Artificial Life Advances in computer technology in recent years have permittedexploration of life in silico as it were. Whilecomputer simulations are utilized by many theoretical biologists, thosewho explore Artificial Life or A-Life seekto do more than model known living systems. There goal is to place lifeas it is known on earth in a
larger conceptual context of any possibleforms of life (Langton 1989, 1995). Work in A-Life shifts our focus onthe processes in living things rather than the material constituents oftheir structures per se (Emmeche 1994). In some ways this is a revivalof the process thinking of the Cambridge biochemists of the 1930s, butinvolves a level of abstraction
about the material structures thatinstantiate these processes that they would not have shared. However,such studies emphasize the organizational relationship betweencomponents rather than the components themselves, an important focus inthe emerging age of proteomics in which, in the posthuman genome era, the complex, functional
interactions of the largearray of cellular proteins is being studied (Kumar & Snyder 2002). A-Life studies can help us to sharpen our ideas about whatdistinguishes living from non-living and contribute to our definitionof life. Such work can help delineate the degree of importance of thetypical list of attributes of living entities, such as

reproduction, metabolism, functional organization, growth, responsiveness to theenvironment, movement, and short- and long-term adaptations. A-Lifework can also allow exploration about which features of life are due tothe constraints of being enmattered in a particular manner and subjectto physical and chemical laws, as well as exploring a variety
offactors that might affect evolutionary scenarios (Etxeberria 2002). Forexample, the relative potential roles of selection andself-organization in the emergence of novel traits in evolutionary timemight be evaluated by A-Life research. It is too soon yet to know howimportant the contribution of the A-Life program will be, but it islikely to become more
prominent in the discourse on the origin andnature of life. 7. Conclusions Our increased understanding of the physical-chemical basis of livingsystems has increased enormously over the past century and it ispossible to give a plausible definition of life in these terms.Living organisms are autopoietic systems: self-constructing,self-maintaining, energy-
transducing autocatalytic entities inwhich information needed to construct the next generation of organismsis stabilized in nucleic acids that replicate within the context ofwhole cells and work with other developmental resources during thelife-cycles of organisms, but they are also systems capable ofevolving by variation and natural selection: self-
reproducingentities, whose forms and functions are adapted to their environmentand reflect the composition and history of an ecosystem (Harold2001, 232). Such a perspective represents a fulfillment of the basicdual insights of Schrdinger near mid-century. Much remains to beelucidated about the relationships among the complex molecular
systemsof living entities, how they are constrained by the system as a wholeas well as by physical laws. Indeed, it is still an open question forsome as to whether we have yet a sufficiently rich understanding ofthe laws of nature or whether we need to seek deep laws that lead toorder and organization (Kauffman 2000). At the start of the newcentury
there is a sense of the importance of puttingSchrdinger's program into a systems context ( seefor example Rosen 1991, 2000; Kauffman 1993, 1995, 2000; Depew andWeber 1995; Weber & Depew 1996, 2001; Ulanowicz 1997, 2001;Williams and Frausto da Silva 1999; 2002, 2003; Harold 2001; Morowitz2002; Bunge 2003; Macdonald and Macdonald
2010). Significantchallenges remain, such as fully integrating our new view of organismsand their action with evolutionary theory, and to understand plausibleroutes for the emergence of life. The fulfillment of such a programwill give us a good sense of what life is on earth. Work in A-Life andempirical work seeking evidence of extra-terrestrial life
may help theformulation of a more universal concept of life. Science Biology life, living matter and, as such, matter that shows certain attributes that include responsiveness, growth, metabolism, energy transformation, and reproduction. Although a noun, as with other defined entities, the word life might be better cast as a verb to reflect its essential
status as a process. Life comprises individuals, living beings, assignable to groups (taxa). Each individual is composed of one or more minimal living units, called cells, and is capable of transformation of carbon-based and other compounds (metabolism), growth, and participation in reproductive acts. Life-forms present on Earth today have evolved
from ancient common ancestors through the generation of hereditary variation and natural selection. Although some studies state that life may have begun as early as 4.1 billion years ago, it can be traced to fossils dated to 3.53.7 billion years ago, which is still only slightly younger than Earth, which gravitationally accreted into a planet about 4.5
billion years ago. But this is life as a whole. More than 99.9 percent of species that have ever lived are extinct. The several branches of science that reveal the common historical, functional, and chemical basis of the evolution of all life include electron microscopy, genetics, paleobiology (including paleontology), and molecular biology.The phenomenon
of life can be approached in several ways: life as it is known and studied on planet Earth; life imaginable in principle; and life, by hypothesis, that might exist elsewhere in the universe (see extraterrestrial life). As far as is known, life exists only on Earth. Most life-forms reside in a thin sphere that extends about 23 km (14 miles) from 3 km (2 miles)
beneath the bottom of the ocean to the top of the troposphere (lower atmosphere); the relative thickness is comparable to a coat of paint on a rubber ball. An estimated 1030 million distinguishable species currently inhabit this sphere of life, or biosphere.reed frogReed frog perched on a lily.Much is known about life from points of view reflected in the
various biological, or life, sciences. These include anatomy (the study of form at the visible level), ultrastructure (the study of form at the microscopic level), physiology (the study of function), molecular biology and biochemistry (the study of form and function at chemical levels), ecology (the study of the relations of organisms with their
environments), taxonomy (the naming, identifying, and classifying of organisms), ethology (the study of animal behaviour), and sociobiology (the study of social behaviour). Specific sciences that participate in the study of life focus more narrowly on certain taxa or levels of observatione.g., botany (the study of plants), lichenology (the study of lichens,
leafy or crusty individuals composed of permanent associations between algae or photosynthetic bacteria and fungi), herpetology (the study of amphibians and reptiles), microbiology (the study of bacteria, yeast, and other unicellular fungi, archaea, protists, viruses), zoology (the study of marine and land animals), and cytology (the study of cells).
Although the scientists, technicians, and others who participate in studies of life easily distinguish living matter from inert or dead matter, none can give a completely inclusive, concise definition of life itself. Part of the problem is that the core properties of lifegrowth, change, reproduction, active resistance to external perturbation, and
evolutioninvolve transformation or the capacity for transformation. Living processes are thus antithetical to a desire for tidy classification or final definition. To take one example, the number of chemical elements involved with life has increased with time; an exhaustive list of the material constituents of life would therefore be premature. Nonetheless,
most scientists implicitly use one or more of the metabolic, physiological, biochemical, genetic, thermodynamic, and autopoietic definitions given below.Metabolic definitions are popular with biochemists and some biologists. Living systems are objects with definite boundaries, continually exchanging some materials with their surroundings but
without altering their general properties, at least over some period of time. However, there are exceptions. There are frozen seeds and spores that remain, so far as is known, perfectly dormant. At low temperatures they lack metabolic activity for hundreds, perhaps thousands, of years but revive perfectly well upon being subjected to more clement
conditions. A candle flame has a well-defined shape with a fixed boundary and is maintained by metabolizing its organic waxes and the surrounding molecular oxygen to produce carbon dioxide and water. Similar reactions, incidentally, occur in animals and plants. Flames also have a well-known capacity for growth. These facts underscore the
inadequacy of this metabolic definition, even as they suggest the indispensable role of energy transformation to living systems. (See metabolism.)Venus flytrapActive traps of the Venus flytrap (Dionaea muscipula), a carnivorous plant. If depressed at least twice, thin pressure-sensitive hairs in the trap stimulate the lobes to clamp tightly over an
insect.Physiological definitions of life are popular. Life is defined as any system capable of performing functions such as eating, metabolizing, excreting, breathing, moving, growing, reproducing, and responding to external stimuli. But many such properties are either present in machines that nobody is willing to call alive or absent from organisms,
such as the dormant hard-covered seed of a tree, that everybody is willing to call alive. An automobile, for example, can be said to eat, metabolize, excrete, breathe, move, and be responsive to external stimuli. A visitor from another planet, judging from the enormous number of automobiles on Earth and the way in which cities and landscapes have
been designed for the special benefit of motorcars, might well believe that automobiles are not only alive but are the dominant life-form on the planet. (See physiology.) Facts You Should Know: The Human Body Quiz A biochemical or molecular biological definition sees living organisms as systems that contain reproducible hereditary information
coded in nucleic acid molecules and that metabolize by controlling the rate of chemical reactions using the proteinaceous catalysts known as enzymes. In many respects, this is more satisfying than the physiological or metabolic definitions of life. However, even here there are counterexamples. Viruslike agents called prions lack nucleic acids,
although the nucleic acids of the animal cells in which they reside may be involved in their reproduction. Ribonucleic acid (RNA) molecules may replicate, mutate, and then replicate their mutations in test tubes, although by themselves they are not alive. Furthermore, a definition strictly in chemical terms seems peculiarly vulnerable. It implies that,
were a person able to construct a system that had all the functional properties of life, it would still not be alive if it lacked the molecules that earthly biologists are fond ofand made of. (See biochemistry.) Science Biology timeline of life on EarthOver hundreds of millions of years, life spread through the seas and over Earth's surface. The first life-forms
were small and simple. Later forms were more complicated and diverse.The existence of diverse definitions of life, as detailed in the previous section, surely means that life is complex and difficult to briefly define. A scientific understanding of living systems has existed since the second half of the 19th century. But the diversity of definitions and lack
of consensus among professionals suggest something else as well. As detailed in this section, all organisms on Earth are extremely closely related, despite superficial differences. The fundamental pattern, both in form and in matter, of all life on Earth is essentially identical. Also, as noted in this section, this identity implies that all organisms on Earth
are evolved from a single instance of the origin of life. To generalize from a single example is difficult, especially when the example itself is changing, growing, and evolving. In this respect the biologist is fundamentally handicapped, as compared with, say, the chemist, physicist, geologist, or meteorologist, each of whom can now study aspects of his
discipline beyond Earth. If truly only one sort of life on Earth exists, then perspective is lacking in a most fundamental way. On the other hand, the historical continuity of all life-forms means that ancient life, perhaps even the origins of life, may be glimpsed by studying modern cells.EarthThe planet Earth.Reconnaissance missions to the planets of the
inner solar system have revealed stark and barren landscapes. From the heavily cratered and atmosphereless surfaces of both Mercury and the Moon to the hot sulfurous fogs of Venus and the dusty, windswept surface of Mars, no sign of life is apparent anywhere. The biosphere, by definition the place where all Earths life dwells, is a delight with its
green, wet contrast. Austrian geologist Eduard Suess invented the term biosphere to match the other envelopes of the planet: the atmosphere of gas; the hydrosphere of oceans, lakes, rivers, springs and other waters; and the lithosphere, or the solid rock surface of the outer portion of Earth. Yet it was the great Russian crystallographer and
mineralogist Vladimir I. Vernadsky who brought the term into common parlance with his book of the same name. In The Biosphere (1926) Vernadsky outlines his view of life as a major geological force. Living matter, Vernadsky contends, erodes, levels, transports, and chemically transforms surface rocks, minerals, and other features of Earth. If the
biosphere is the place where life is found, the biota (or the biomass as a whole) is the sum of all living forms: flora, fauna, and microbiota.During the second half of the 20th century, study of the deep sea, the upper atmosphere, the Antarctic dry deserts, newly opened caves, sulfurous tunnels, and granitic rocks showed that Earths surface is vigorously
inhabited in places that were unknown to Vernadsky and his colleagues. Vernadskys international school of thought ushered in the field of biogeochemistry, and chemists and geologists were recruited to consider life as a planetary phenomenon. But not until giant, mouthless, red-gilled tube worms were videographed in the late 1970s and 80s did the
extent and the weirdness of Earths biota begin to be fathomed. Entire large ecosystems were recognized on the oceans bottom that live not by the usual plant photosynthesis but rather by chemolithoautotrophy, a kind of metabolism in which organisms make food from carbon dioxide using energy from the oxidation of sulfide, methane, or other
inorganic compounds. These discoveries have led to a deeper understanding of lifes varied modes of nutrition and sources of energy. Bacterial symbionts living in the tissues of some polychaete worms (alvinellids) or pogonophora (such as Riftia pacytila) provide the animals with their total nutritional needs. The submarine ecosystems supported by
bacteria thrive along the worldwide rift zones that extend along the borders of huge continental plates at the Mid-Atlantic Ridge, on the East Pacific Rise, at 21 north of the Equator off the coast of Baja California, Mex., and at a dozen other newly studied sites. By the beginning of the 21st century it had become abundantly clear that many life-forms
and ecosystems remained unknown or under-studied. Those in the Siberian tundra, in the thickly forested portions of the Amazon River valley and its tributaries, at the tops of remote mountains and inside granitic rocks in temperate zones, and in the centre of Africa remain as inaccessible to most naturalists as they have been throughout history. The
easily accessed woodlands and fields of well-lit land surfaces are another story.On land, 24 percent of the productivity of organic carbon biomass generated by plants is directly controlled by burgeoning populations of one species, humans. As Vernadsky noted, life in general and human life in particular tend to accelerate the number of materials and
the rate of flow of these materials through the biosphere, the place where all life existsso far.Vernadsky anticipated new discoveries of life inside hot springs and granitic rock. Although he qualified this statement by asserting that it would not hold for temporary, abnormal circumstances, such as during a lava flow or a volcanic eruption, he wrote,
Facts You Should Know: The Human Body Quiz Thus far, we have seen that the biosphere, by structure, composition, and physical makeup, is completely enclosed by the domain of life, which has so adapted itself to biospheric conditions that there is no place [on Earth] in which it is unable to manifest itself in one way or another.Although much is not
known about life in the depths of the rocks and the sea, determination of the total range and mass (biomass) of the biota, the sum of all life in the biosphere, is a reasonable scientific goal.animal cellPrincipal structures of an animal cellCytoplasm surrounds the cell's specialized structures, or organelles. Ribosomes, the sites of protein synthesis, are
found free in the cytoplasm or attached to the endoplasmic reticulum, through which materials are transported throughout the cell. Energy needed by the cell is released by the mitochondria. The Golgi complex, stacks of flattened sacs, processes and packages materials to be released from the cell in secretory vesicles. Digestive enzymes are
contained in lysosomes. Peroxisomes contain enzymes that detoxify dangerous substances. The centrosome contains the centrioles, which play a role in cell division. The microvilli are fingerlike extensions found on certain cells. Cilia, hairlike structures that extend from the surface of many cells, can create movement of surrounding fluid. The nuclear
envelope, a double membrane surrounding the nucleus, contains pores that control the movement of substances into and out of the nucleoplasm. Chromatin, a combination of DNA and proteins that coil into chromosomes, makes up much of the nucleoplasm. The dense nucleolus is the site of ribosome production.Human beings, like mammals in
general, are ambulatory collections of some 1014 cells. Human cells are in all fundamental respects the same as those that make up the other animals. Each cell typically consists of one central, spherical nucleus and another heterogeneous region, the cytoplasm. (Only bacterial cells lack nuclei; those of plants, fungi, and all other organisms contain
one or more nuclei.) A living nucleated cell, a marvel of detailed and complex architecture, appears frenetic with activity when seen through a microscope. On a deeper chemical level, it is known that lifes large molecules, the proteins and nucleic acids, are synthesized at a very fast rate. Enzymes, which speed up chemical reactions, are all proteins,
but by no means are all proteins enzymes. An enzyme catalyzes the synthesis of more than 1,000 other molecules per second. The total mass of a metabolizing bacterial cell can be synthesized in 20 minutes. The information content of a small cell has been estimated as about 1010 bits, comparable to about 106 (or one million) pages of the print
version of the Encyclopdia Britannica. Although some feel debased by the implication that people are nothing more than a frenetic collection of interacting molecules, others are thrilled with the power of science to reveal the inner workings of the chemistry of life. The spectacular success of biochemistry and molecular biology in the 20th century
suggests that laws of biology are derived from the interaction of atoms, thermodynamic principles, and lifes chemistry, which has persisted with faithful continuity since its origin some 3.7 billion to 3.5 billion years ago. Cast & crewUser reviewsTriviaFAQSign in to rate and Watchlist for personalized recommendationsSign inSuggest an edit or add
missing contentYou have no recently viewed pagesA difficult term to define, life can be considered the characteristic state of living organisms and individual cells, or that quality or property that distinguishes living organisms from dead organisms and inanimate objects. Although universal consensus on a definition is lacking, biological properties
common to the known organisms found on Earth (plants, animals, fungi, protists, archaea, and bacteria) are that they are carbon-and-water-based, are cellular with complex organization, use energy and undergo metabolism, possess a capacity to grow, maintain homeostasis, respond to stimuli, reproduce, and have various adaptations to the
environment. Not every definition of life considers all of these properties to be essential. For example, the capacity for descent with modification is often taken as the essential property of life. This definition notably includes viruses, which do not qualify under narrower definitions as they are acellular and do not metabolize. Broader definitions of life
may also include theoretical non-carbon-based life. Beyond the biological manifestations of matter, some philosophical perspectives, notably the Aristotelian theory of the soul and modern vitalism, add that living organisms possess an inner aspect or character that confers the quality of life (below). They do not agree with a modern biological
orientation that explains the phenomena of life only in terms of external principles of chemistry and physics.Although it cannot be pinpointed exactly, evidence suggests that life on Earth has existed for about 3.7 billion years.[1] Biological characteristics of lifeLiving organisms share many universal characteristics, including that they are composed of
cells; pass on their heredity using a nearly universal genetic code; need energy from the environment to exist, grow, and reproduce; and maintain their internal environment; among others. These are the common set of characteristics identified by biologists that distinguish living organisms from nonliving things. Non-living entities may exhibit some of
these characteristics, but not all of them.Cells. With the exception of viruses, all organisms consist of cells. A cell is the basic unit of life, being the smallest unit that can carry on all the processes of life, including maintenance, growth, and even self-repair. Some simple life forms, such as the paramecium, consist of a single cell throughout their life
cycle and are called unicellular organisms. Multicellular organisms, such as a whale or tree, may have trillions of cells, and have differentiated cells that perform specialized functions.Carbon-based biochemistry. Living organisms are characterized by a common carbon-based biochemistry. All organisms pass on their heredity via the genetic material
that is based upon nucleic acids, such as DNA, using a nearly universal genetic code. Every cell, no matter how simple or complex, utilizes nucleic acids for transmitting and storing the information needed for manufacturing proteins.Complex organization. Living organisms are complex and organized, both at the molecular and cellular levels. The
energy and materials from the environment are organized, such as the internal structure of a cell, or the organization of multicellular organisms into tissues, organs, and systems. Nonliving things may be complex, but the organization in living things is much more complex. In essence, living organisms, utilizing energy from without, reverse entropy.
Whereas the general tendency is for non-living entities to lose energy and tend toward disorder, or to exist in order only due to such external forces as gravitation or electro-magnetic forces, living organisms process energy and use it to exist in states of complex order.Energy and metabolism. Every living being needs energy from the environment in
order to exist, grow, and reproduce. Living things require energy to maintain internal organization (homeostasis) and to produce the other phenomena associated with life, such as movement and work. The sun is the main source of energy and is captured through a process of photosynthesis, a process by which plants, algae, and some bacteria
harness the energy of sunlight to produce food. Ultimately, nearly all living things depend on energy produced from photosynthesis for their nourishment, making it vital to life on Earth. There are also some bacteria that utilize the oxidation of inorganic compounds such as hydrogen sulfide or ferrous iron as an energy source. An organism that
produces organic compounds from carbon dioxide as a carbon source, using either light or reactions of inorganic chemical compounds as a source of energy, is called an autotroph. Other organisms do not make their own food but depend directly or indirectly on autotrophs for their food. These are called heterotrophs. Metabolism is the biochemical
modification of chemical compounds, including converting nonliving material into complex organic molecules (synthesis) and decomposing organic matter (catalysis), yielding energy-carrying molecules and essential building-block molecules.Development and growth. Living things grow and develop as they age. This involves maintenance of a higher
rate of synthesis than catalysis, with growth of the organism taking place through cell enlargement and cell division. A growing organism increases in size in all of its parts, rather than simply accumulating matter. In most metazoan organisms, the basic steps of the early embryo development share similar morphological stages and include similar
genes.Homeostasis: All living organisms, whether unicellular or multicellular, exhibit homeostasis. Homeostasis is the property of an open system to regulate its internal environment so as to maintain a stable condition. Homeostasis can manifest itself at the cellular level through the maintenance of a stable internal acidity (pH); at the organismal
level, warm-blooded animals maintain a constant internal body temperature; and at the level of the ecosystem, for example when atmospheric carbon dioxide levels rise, plants are theoretically able to grow healthier and thus remove more carbon dioxide from the atmosphere. Tissues and organs can also maintain homeostasis.Response to stimuli. All
living organisms respond to the environment. A response to stimuli can take many forms, from the contraction of a unicellular organism when touched to complex reactions involving all the senses of higher animals. A response is often expressed by motion, for example, the leaves of a plant turning toward the sun or an animal chasing its prey. A
cockroach may respond to light by running for a dark place. When there is a complex set of response, it is called a behavior. For example, the migration of salmon is a behavioral response.Adaptation. Living organisms have characteristics that give them a survival/reproductive advantage in an environment; that is, they have adaptations to the
environment. Living organisms show variability in these adaptations, allowing the species to continue in a fluctuating or changing environment.Reproduction. Reproduction is the ability to produce new organisms. Reproduction can be the division of one cell to form two new cells. Usually the term is applied to the production of a new individual (either
asexually, from a single parent organism, or sexually, from at least two differing parent organisms), although strictly speaking it also describes the production of new cells in the process of growth. Sexual reproduction is a trait that is almost universal, if not universal, among living beings. Asexual reproduction is not uncommon. In fact, it is
widespread among fungi and bacteria, many insects reproduce in this manner, and some reptiles and amphibians. Nonetheless, sexual reproduction is also seen in these same organisms, including in bacteria which will exchange genetic material between donors (+ mating type) and recipients (- mating type). Evolutionary biologist and geneticist John
Maynard Smith maintained that the perceived advantage for an individual organism to pass only its own entire genome to its offspring is so great that there must an advantage by at least a factor of two to explain why nearly all animal species maintain a male sex.It is important to note that reproduction as a characteristic applies primarily at the level
of species, so even though many individuals of any given species do not reproduce, possibly because they belong to specialized sterile castes (such as ant workers) or are sterile for other reasons, including age or disease, these are still considered forms of life. Likewise one could say that the property of life is inherited; hence, sterile hybrid species
such as the mule are considered life although not themselves capable of reproduction. For similar reasons, viruses and aberrant prion proteins are often considered replicators rather than forms of life, a distinction warranted because they cannot reproduce without very specialized substrates such as host cells or proteins, respectively. However, most
forms of life rely on foods produced by other species, or at least the specific chemistry of Earth's environment.Philosophical characteristic of lifeIn addition to the above, generally recognized biological characteristics, some philosophers recognize another quality that comprises living organisms.10. Life-factor. This additional characteristic is an
immaterial, inner aspect that distinguishes living organisms, such as plants and animals, from inanimate objects, such as atoms, molecules, and minerals. This quality or characteristic of "life" is an invisible, non-material force that underlies the physical, and Aristotle calls it the "soul" (psyche). According to Aristotle, every existing thing is composite
of "form" (its essence or whatness) and "matter" (the material stuff it is made of), and form and matter are inseparable from each other (hylomorphism). The "form" of a living thing, whether it is a plant or an animal, is the soul, while its "matter" is the body. Life is none other than the soul of a living thing, which is the ability to engage, through the
body, in the activities that are characteristic of living things in the worldactivities such as self-nourishment, growth, reproduction, locomotion, perception, and intellect. While the plant soul can only engage in self-nourishment, growth, and reproduction, the animal soul can engage in locomotion and perception as well as in the activities of the plant
soul. The human soul can engage not only in all these activities but also in intellect.Aristotle, perhaps the very first biologist in the West, understands the soul (life) to be always inseparable from the body, and this notion of the soul is very different from our modern understanding of it as something immortal beyond physical life. If this Aristotelian
view is applied, the DNA and proteins of a cell may only be the external or physical aspect of lifethe base of life or the part that carries life, and there is an immaterial "life field" that guides the DNA. By analogy, the chemistry and structures of a cell is like a radio while life is like the radio waves that give meaning to its sound; or the structures of a
cell forms the computer while the life-force is like the software that runs on the computer to do meaningful tasks. The life-factor has the quality of mind; it carries the qualities of consciousness. In process philosophy, the internal aspect of living organisms is regarded as a subset of the two qualities that living organisms share with all existent beings,
the quality of dual characteristics or polarity. Alfred North Whitehead (1861-1947) calls it the "dipolarity" of reality, which means that every actual entity in the universe has two distinguishable yet inseparable poles: mental and physical. Both Aristotle and Whitehead find the dual characteristics of form and matter (Aristotle) or of mental and physical
poles (Whitehead) in nonliving beings as well. For them, however, living beings have a higher degree of the development of the internal than nonliving beings, thus having activities of life. Another school relevant to this discussion is vitalism, according to which living organisms possess a non-physical inner force such as the "entelechy" of Hans
Driesch (18671941) and the "lan vital" of Henri Bergson (1874-1948), to which the biological activities of living organisms can be ascribed. Vitalism is opposed to biological mechanism which maintains that phenomena of life can be explained exclusively in terms of chemistry and physics that deal with matter.Origin of lifeMain article: Origin of life The
Grand Prismatic Spring of Yellowstone National ParkThere is no truly "standard" model for the origin of life, but most currently accepted scientific models build in one way or another on the following discoveries, which are listed roughly in order of postulated emergence:Plausible pre-biotic conditions result in the creation of the basic small molecules
of life.Phospholipids spontaneously form lipid bilayers, the basic structure of a cell membrane.Procedures for producing random RNA molecules can produce ribozymes, which are able to produce more of themselves under very specific conditions.There are many different hypotheses regarding the path that might have been taken from simple organic
molecules to protocells and metabolism. Many models fall into the "genes-first" category or the "metabolism-first" category, but a recent trend is the emergence of hybrid models that do not fit into either of these categories.From a philosophical or religious perspective, the external manifestation of the development of life was guided at every stage of
the process by the internal life-force, and ultimately by the Supreme Being or Creator.Main articles: Extraterrestrial lifeEarth is the only planet in the universe known to harbor life. The Drake equation has been used to estimate the probability of life elsewhere, but scientists disagree on many of the values of variables in this equation. Depending on
those values, the equation may either suggest that life arises frequently or infrequently.Notes Origin of lifeGaia hypothesis Durrant, Michael, ed. 1993. Aristotle's De Anima in Focus. London: Routledge. ISBN 0415053404Margulis, L., and D. Sagan. 1995. What Is Life? Simon & Schuster. ISBN 0684810875Schrodinger, E. 2000. What is Life?
Cambridge University Press. ISBN 0521427088Towle, A. 1989. Modern Biology. Austin, TX: Holt, Rinehart and Winston. ISBN 0030139198
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