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Preface


Since the time of ancient Greece and perhaps well before that, mankind has dreamed of alien worlds and the beings who might inhabit them. But this long period of speculation may be about to end.

In this book we shall argue that there’s powerful evidence to suggest we’re not alone in the universe and, in fact, that we have company close at hand, within the Solar System. Data collected over the past three decades indicate that one of our neighbouring worlds almost certainly harbours life and several others may do so. That is the central, controversial claim of this book. We may be on the brink of finally proving that extraterrestrial biology exists – right here, in our cosmic midst.

The authors come from quite different backgrounds but share a common belief: that the signatures of life beyond Earth have already been detected. Dirk Schulze-Makuch, of Washington State University, has been at the forefront in recent years of scientific debate about life on Mars, Venus, and Titan. His explanations of spacecraft data in terms of extraterrestrial biology have attracted worldwide media attention. He is also involved with planning for future space missions. Author and astronomer David Darling has written extensively about the new science of astrobiology.
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Figure 24 The surface of Titan at the landing site of the Huygen’s probe on 14 January 2005. (Credit: ESA, NASA, JPL, and the University of Arizona)

Figure 25 Drainage pattern of what appears to be liquid hydrocarbons flowing into a lake or ocean on Titan. (Credit: NASA [Cassini-Huygens Mission])

Figure 26 This Cassini radar image shows a big island in the middle of one of the larger lakes on Titan. The island is the size of the Big Island of Hawaii (~ 90 x 150 km). Further down the image, several smaller lakes are seen that seem to be controlled by local topography. The lakes are thought to be filled with liquid methane and ethane plus some nitrogen. (Credit: NASA/JPL)

Figure 27 Pitch Lake in Trinidad & Tobago; (a) overview look, (b) sampling one of the soft spots where liquid asphalt is seeping toward the surface.

Figure 28 Artist’s depiction of a possible scenario for a future mission to Titan, as conceived for the Titan Saturn System Mission (TSSM), a joint NASA/ESA proposal for the exploration of Saturn and its moons. While a Titan-dedicated orbiter provides global remote science, context information, and relaying communications to and from Earth, a comprehensive in situ investigation is accomplished via a hot-air balloon circumnavigating Titan at altitudes between 2 km and 10 km, and a probe with the capability to land on the surface of a northern lake to study the liquid composition. (Credit: Corby Waste, NASA, JPL)



Chronology of the Quest for Alien Life




	165

	Lucian of Samosata writes his True History, in which extraterrestrial life is talked about (whimsically) in detail for the first time.




	c.1450

	Nicholas of Cusa revives the ancient idea that planets might be inhabited.




	1650

	Christiaan Huygens observes Syrtis Major, the first permanent feature observed on another planet (Mars).




	1859

	Charles Darwin publishes The Origin of Species.




	1862

	French astronomer Emmanuel Liais suggests that dark areas on Mars might be vegetation.




	1877

	Italian astronomer Giovanni Schiaparelli reports seeing what he calls “canali” (channels) on Mars.




	1893

	British biologist James Reynolds suggests that life could be based on silicon.




	1894

	Percival Lowell founds his observatory in Arizona and publishes his first book, Mars.




	1897

	H. G. Wells publishes War of the Worlds.




	1918

	Swedish chemist Svante Arrhenius publishes his ideas about life on Venus.




	1929

	British geneticist J. B. S. Haldane speculates about the chemical origin of life.




	1932

	Carbon dioxide found in the atmosphere of Venus.




	1937

	Dutch-American astronomer Peter van der Kamp begins the search for extrasolar planets.




	1943

	Dutch-born American astronomer Gerard Kuiper discovers the atmosphere on Titan.




	1953

	Stanley Miller and Harold Urey carry out their famous origin-of-life experiment.




	1954

	J. B. S. Haldane suggests the possibility of ammonia-based life.




	1958

	Panel on Extraterrestrial Life, formed to discuss the problem of what extraterrestrial life might be like and how to look for it.




	1959

	First grant awarded by NASA, to Wolf Vishniac, to develop a prototype alien life detector.




	1960

	NASA begins planning to send a spacecraft to search for life on Mars.




	1962

	Mariner 2 flies past Venus.




	1965

	Mariner 4 flies past Mars.




	1967

	Soviet probe Venera 4 enters the atmosphere of Venus.




	1970

	Amino acids found in the Murchison meteorite.




	1971

	Mariner 9 goes into orbit around Mars.




	 

	American astronomer John Lewis suggests the possibility of an underground ocean on Europa.




	1976

	Viking 1 and 2 land on Mars.




	1977

	Hydrothermal vent communities found on Earth’s ocean floor.




	1985

	Experiments show that bacteria could survive in space.




	1988

	First tentative detection of an extrasolar planet which was subsequently confirmed (in 2003).




	1995

	First definitive detection of an extrasolar planet around a Sun-like star, 51 Pegasi, by Swiss astronomers Michel Mayor and Didier Queloz.




	1996

	Claim of Martian “fossils” and other biogenic remains in Martian meteorite ALH 84001 by David McKay and colleagues.




	 

	Data from the Galileo probe suggest the presence of an underground ocean on Jupiter’s moon Europa.




	1999

	First multiple planetary system found around a Sun-like star (Upsilon Andromedae).




	2000

	Mars Global Surveyor finds ancient water channels on Mars.




	2004

	The Mars Exploration Rovers Spirit and Opportunity land on Mars to explore its surface geology.




	 

	Discovery of methane on Mars.




	2005

	Images from the Mars Global Surveyor show the formation of a new gully between 2001 and 2005, indicating the presence of liquid water on Mars still today.




	 

	Huygens probe lands on Titan.




	2006

	The Cassini orbiter discovers lakes of methane and a hydrological cycle of methane on Saturn’s moon Titan.




	2007

	First Earth-like extrasolar planets (Gliese 851c and 851d) found within the habitable zone of their star.




	2008

	Phoenix Lander touches down on Mars.




	2009

	Kepler launched on its mission to identify Earth-like extrasolar planets.




	2011

	Mars Science Laboratory scheduled for launch.




	2018

	ExoMars scheduled for launch.







Introduction


Is Earth unique? Is life somehow special to this planet, or is it widespread throughout the cosmos? And, if there is life elsewhere, what is it like? Philosophers and poets alike have grappled with these questions for centuries. Today we are still intrigued by the possibility of extraterrestrial life. The difference now is that we have real data to work with. We’ve become familiar with some of our planetary neighbours, seen them close up, even in some cases landed on them and sampled their soil.

The quest for life beyond Earth has shifted from the realm of pure speculation into that of mainstream science. More than 2,000 years ago, Greek thinkers began the debate about the “plurality of worlds” – whether other Earths exist out there. In the first century A.D., the Syrian satirist Lucian of Samosata wrote an entire book about weird and wonderful life forms on the Moon, the Sun, and elsewhere. With the invention of the telescope, speculation intensified. Kepler and Galileo both thought the Moon might be inhabited. But, as time went on, scientific attention focused more and more on the planet Mars as the likeliest abode of life beyond Earth. Changes on its surface were glimpsed through eyepieces, suggestive of the seasonal comings and goings of vegetation. Some observers thought they could see evidence of water channels on the surface of the Red Planet – a claim that helped fire public interest in nearby alien life and even the prospect of other-worldly intelligence.

To some extent there has always been a disconnection between popular and scientific expectations about life elsewhere. By and large over the past century, public opinion has been enthusiastically positive, while the hopes of scientists have waxed and waned almost as seasonally as the colour changes on Mars. At the dawn of the space age, hopes were high of finding at least microbial life on Mars and possibly even lichen or more advanced vegetation. In this period of optimism, mankind’s first (and so far only) in situ life-detection mission – Viking – was conceived. But by the time it arrived at the Red Planet, biological expectations had plummeted because of the bleak, Moon-like pictures returned by the pioneering Mars flyby probe, Mariner 4. It was against the backdrop of this negative mind-set that the results of the Viking biology experiments, which initially seemed to point to the presence of life, were interpreted. A consensus emerged that Viking had drawn a blank. But had it? In the decades that followed, the Viking results have been reinterpreted, and there have been recent suggestions that they may indeed point to life, though of a very different order to that with which we’re familiar.

Just as the debate about Martian life has been thrown wide open, so has the case for astrobiology elsewhere in the Solar System. Unexpected potential locales for life have turned up on icy moons orbiting Jupiter and Saturn and even in the atmosphere of Venus. The evidence is stacking up that, even within the Sun’s domain, we have company. Meanwhile, the greater universe beckons, with the prospect of billions of uncharted worlds and life of a diversity we can barely begin to grasp.

We invite you now to consider why we are not alone.



Part I


There’s no place like Mars – for the astrobiologist, that is. It isn’t that Mars stands alone, among the worlds we know, in its prospects for supporting life. Mars is special, from the alien-hunter’s point of view, due to a combination of factors. It’s close at hand (the second-nearest planet to Earth, after Venus). It has an aura of mystery about it because viewed through telescopes its surface seems to change subtly from one season to the next. Environmentally, it’s the most Earth-like place we know, and, spacecraft observations have revealed, it was even more Earth-like in the past. Not least, it’s the subject of numerous science fiction stories and speculative science works going back well over a century.

It would be surprising and disappointing if incontrovertible proof of past or present life were not found on the fourth planet from the Sun. It would seriously downgrade our hopes that life is reasonably common throughout space and time, because this is a world where, by every indication, organisms of some kind should exist. Fortunately, the evidence for Martian life is excellent. We are not alone, we shall argue, even within a cosmic stone’s throw of our home world.
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Life Signs

There was a time when talk of life beyond Earth would have branded you a philosophical daydreamer, a writer of fiction, or an eccentric, but certainly not a true scientist. After all, where were the data? Science thrives on what it can observe. But who had ever seen a Mercurian albatross, a Venusian orchid, or a giant Jovian cloud-dweller? Where was the barest inkling of alien biology?

True, there’d been no shortage of fanciful speculation about life “out there.” For more than two millennia, folk had wondered whether the Moon and other worlds might have their own home-grown flora and fauna. The nineteenth century saw a philosophical and theological debate rumble about how often, if ever, life took hold elsewhere in the cosmos. Following the birth of Darwinism, and the growing acceptance among biologists that life had evolved naturally here on Earth, that debate intensified and bled into the margins of science. After all, if organisms had sprung up here and flowered into a multitude of forms, why not also on Venus, Mars, and a million other worlds throughout space? Why shouldn’t Darwinian evolution be universal in scope?


Rise of the Martians


By the last quarter of the nineteenth century, astronomers and fiction writers alike had honed in on the Red Planet, Mars, as the likeliest abode of life in our cosmic neighbourhood. It was smaller, cooler, and drier than Earth, and its atmosphere was a good deal thinner. Yet it was by far the least hostile-seeming place by fragile human standards. Some who had eyed the planet keenly through their telescopes claimed it had features that looked suspiciously like water-courses. The respected Italian astronomer Giovanni Schiaparelli was among those who thought he saw these markings. He called them canali, which means nothing more presumptuous than “channels.” But inevitably the word was mistranslated as the much more loaded term “canals.” That hint of artificiality, though never intended, was all the encouragement that American businessman-turned-astronomer Percival Lowell needed to fuel an obsession that would last the rest of his life.
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