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Main article

Nature

Nature, in the broadest sense, is equivalent
to the natural, physical, or material world
or universe. "Nature" refers to the
phenomena of the physical world, and also
to life in general. It ranges in scale from the
subatomic to the cosmic.

The word nature is derived from the Latin
word natura, or "essential qualities, innate
disposition”, and in ancient times, literally
meant "birth". Natura was a Latin
translation of the Greek word physis
(¢pvowg), which originally related to the
intrinsic characteristics that plants, animals,
and other features of the world develop of
their own accord.!'™! The concept of nature
as a whole, the physical universe, is one of
several expansions of the original notion; it
began with certain core applications of the
word @Uowg by pre-Socratic philosophers,
and has steadily gained currency ever since.
This usage was confirmed during the advent
of modern scientific method in the last
several centuries.’¥
Within the various uses of the word today,
"nature" often refers to geology and
wildlife. Nature may refer to the general
realm of various types of living plants and
animals, and in some cases to the processes

associated with inanimate objects — the way

Hopetoun Falls, Australia

Bachalpsee in the Swiss Alps

that particular types of things exist and change of their own accord, such as the weather and geology of the Earth,

and the matter and energy of which all these things are composed. It is often taken to mean the "natural

environment" or wilderness—wild animals, rocks, forest, beaches, and in general those things that have not been
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substantially altered by human intervention,
or which persist despite human intervention.
For example, manufactured objects and
human interaction generally are not
considered part of nature, unless qualified
as, for example, "human nature" or "the
whole of nature". This more traditional
concept of natural things which can still be
found today implies a distinction between
the natural and the artificial, with the

artificial being understood as that which has o ) ) 3 )
. . Lightning strikes during the eruption of the Galunggung volcano, West Java, in
been brought into being by a human
1982.
consciousness or a human mind. Depending
on the particular context, the term "natural" might also be distinguished from the unnatural, the supernatural, or

synthetic.

Earth

Earth (or, "the earth") is the only planet presently known to support
life, and its natural features are the subject of many fields of scientific
research. Within the solar system, it is third closest to the sun; it is the
largest terrestrial planet and the fifth largest overall. Its most prominent
climatic features are its two large polar regions, two relatively narrow
temperate zones, and a wide equatorial tropical to subtropical region.
Precipitation varies widely with location, from several metres of water
per year to less than a millimetre. 71 percent of the Earth's surface is
covered by salt-water oceans. The remainder consists of continents and

islands, with most of the inhabited land in the Northern Hemisphere.

Earth has evolved through geological and biological processes that
have left traces of the original conditions. The outer surface is divided View of the Earth, taken in 1972 by the Apollo

into several gradually migrating tectonic plates. The interior remains 17 astronaut crew. This image is the only

photograph of its kind to date, showing a fully

active, with a thick layer of plastic mantle and an iron-filled core that sunlit hemisphere of the Earth.

generates a magnetic field.

The atmospheric conditions have been significantly altered from the original conditions by the presence of
life-forms, which create an ecological balance that stabilizes the surface conditions. Despite the wide regional
variations in climate by latitude and other geographic factors, the long-term average global climate is quite stable
during interglacial periods, and variations of a degree or two of average global temperature have historically had

major effects on the ecological balance, and on the actual geography of the Earth.
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Geology

Geology is the science and study of the solid

and liquid matter that constitutes the Earth. & %:-r-'_,_j _%,_ B

G
g

The field of geology encompasses the study _ : o
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of the composition, structure, physical =
properties, dynamics, and history of Earth \ \\ \ :

materials, and the processes by which they P e R o
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are formed, moved, and changed. The field P t o Tl S M it tion T
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is a major academic discipline, and is also ——— s
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important for mineral and hydrocarbon
extraction, knowledge about and mitigation
of natural hazards, some Geotechnical
. . . . Three types of geological plate tectonic boundaries.
engineering fields, and understanding past

climates and environments.

Geological evolution

The geology of an area evolves through time as rock units are deposited and inserted and deformational processes

change their shapes and locations.

Rock units are first emplaced either by deposition onto the surface or intrude into the overlying rock. Deposition can
occur when sediments settle onto the surface of the Earth and later lithify into sedimentary rock, or when as volcanic
material such as volcanic ash or lava flows, blanket the surface. Igneous intrusions such as batholiths, laccoliths,

dikes, and sills, push upwards into the overlying rock, and crystallize as they intrude.

After the initial sequence of rocks has been deposited, the rock units can be deformed and/or metamorphosed.
Deformation typically occurs as a result of horizontal shortening, horizontal extension, or side-to-side (strike-slip)
motion. These structural regimes broadly relate to convergent boundaries, divergent boundaries, and transform

boundaries, respectively, between tectonic plates.

Historical perspective

Earth is estimated to have formed 4.54 billion years ago from the solar
nebula, along with the Sun and other planets. The moon formed
roughly 20 million years later. Initially molten, the outer layer of the
planet cooled, resulting in the solid crust. Outgassing and volcanic
activity produced the primordial atmosphere. Condensing water vapor,
most or all of which came from ice delivered by comets, produced the
oceans and other water sources. The highly energetic chemistry is
believed to have produced a self-replicating molecule around 4 billion

years ago.

Continents formed, then broke up and reformed as the surface of Earth

reshaped over hundreds of millions of years, occasionally combining to

Plankton inhabit oceans, seas and lakes, and have
existed in various forms for at least 2 billion make a supercontinent. Roughly 750 million years ago, the earliest

years. known supercontinent Rodinia, began to break apart. The continents

later recombined
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to form Pannotia which broke apart about 540 million years
ago, then finally Pangaea, which broke apart about 180 million

years ago.

There is significant evidence that a severe glacial action during
the Neoproterozoic era covered much of the planet in a sheet of
ice. This hypothesis has been termed the "Snowball Earth", and
it is of particular interest as it precedes the Cambrian explosion
in which multicellular life forms began to proliferate about

530-540 million years ago.

Since the Cambrian explosion there have been five distinctly

identifiable mass extinctions. The last mass extinction occurred

An animation showing the movement of the continents
some 66 million years ago, when a meteorite collision probably from the separation of Pangaea until the present day.

triggered the extinction of the non-avian dinosaurs and other
large reptiles, but spared small animals such as mammals, which then resembled shrews. Over the past 66 million

years, mammalian life diversified.

Several million years ago, a species of small African ape gained the ability to stand upright. The subsequent advent
of human life, and the development of agriculture and further civilization allowed humans to affect the Earth more
rapidly than any previous life form, affecting both the nature and quantity of other organisms as well as global
climate. By comparison, the Great Oxygenation Event, produced by the proliferation of algae during the Siderian

period, required about 300 million years to culminate.

The present era is classified as part of a mass extinction event, the Holocene extinction event, the fastest ever to have
occurred. Some, such as E. O. Wilson of Harvard University, predict that human destruction of the biosphere could
cause the extinction of one-half of all species in the next 100 years. The extent of the current extinction event is still

being researched, debated and calculated by biologists.[s]

Atmosphere, climate, and weather

The atmosphere of the Earth serves as a key factor in
sustaining the planetary ecosystem. The thin layer of
gases that envelops the Earth is held in place by the
planet's gravity. Dry air consists of 78% nitrogen, 21%
oxygen, 1% argon and other inert gases, carbon dioxide,
etc.; but air also contains a variable amount of water
vapor. The atmospheric pressure declines steadily with
altitude, and has a scale height of about 8 kilometres at
the Earth's surface: the height at which the atmospheric
pressure has declined by a factor of e (a mathematical

constant equal to 2.71...). The ozone layer of the Earth's

atmosphere plays an important role in depleting the

Lightning

amount of ultraviolet (UV) radiation that reaches the
surface. As DNA is readily damaged by UV light, this
serves to protect life at the surface. The atmosphere also retains heat during the night, thereby reducing the daily

temperature extremes.
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Terrestrial weather occurs almost exclusively in the
lower part of the atmosphere, and serves as a
convective system for redistributing heat. Ocean
currents are another important factor in determining

climate, particularly the major underwater thermohaline

circulation which distributes heat energy from the
equatorial oceans to the polar regions. These currents
help to moderate the differences in temperature =
between winter and summer in the temperate zones.
Also, without the redistributions of heat energy by the
ocean currents and atmosphere, the tropics would be

Blue light is scattered more than other wavelengths by the gases in

much hotter, and the polar regions much colder. the atmosphere, giving the Earth a blue halo when seen from space

Weather can have both beneficial and harmful effects.
Extremes in weather, such as tornadoes or hurricanes
and cyclones, can expend large amounts of energy
along their paths, and produce devastation. Surface
vegetation has evolved a dependence on the seasonal
variation of the weather, and sudden changes lasting
only a few years can have a dramatic effect, both on the
vegetation and on the animals which depend on its

growth for their food.

The planetary climate is a measure of the long-term

trends in the weather. Various factors are known to

influence the climate, including ocean currents, surface

A tornado in central Oklahoma

albedo, greenhouse gases, variations in the solar
luminosity, and changes to the planet's orbit. Based on historical records, the Earth is known to have undergone

drastic climate changes in the past, including ice ages.

The climate of a region depends on a number of factors, especially latitude. A latitudinal band of the surface with
similar climatic attributes forms a climate region. There are a number of such regions, ranging from the tropical
climate at the equator to the polar climate in the northern and southern extremes. Weather is also influenced by the
seasons, which result from the Earth's axis being tilted relative to its orbital plane. Thus, at any given time during the
summer or winter, one part of the planet is more directly exposed to the rays of the sun. This exposure alternates as
the Earth revolves in its orbit. At any given time, regardless of season, the northern and southern hemispheres

experience opposite seasons.

Weather is a chaotic system that is readily modified by small changes to the environment, so accurate weather
forecasting is currently limited to only a few days.[7@°" needed] gyerall two things are currently happening
worldwide: (1) temperature is increasing on the average; and (2) regional climates have been undergoing noticeable

changes.
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Water on Earth

Water is a chemical substance that is
composed of hydrogen and oxygen and is
vital for all known forms of life. In typical
usage, water refers only to its liquid form or
state, but the substance also has a solid state,
ice, and a gaseous state, water vapor or
steam. Water covers 71% of the Earth's

surface. On Earth, it is found mostly in The Iguazu Falls on the border between Brazil and Argentina
oceans and other large water bodies, with

1.6% of water below ground in aquifers and 0.001% in the air as vapor, clouds (formed of solid and liquid water
particles suspended in air), and precipitation.[é]m Oceans hold 97% of surface water, glaciers and polar ice caps
2.4%, and other land surface water such as rivers, lakes and ponds 0.6%. Additionally, a minute amount of the
Earth's water is contained within biological bodies and manufactured products.

Oceans

A view of the Atlantic Ocean from Leblon, Rio

de Janeiro.

Earth's
oceans
. Arctic
. Pacific
. Atlantic
. Indian
. Southern
World Ocean
. \%
. t
. e [8]

An ocean is a major body of saline water, and a principal component of the hydrosphere. Approximately 71% of the

Earth's surface (an area of some 361 million square kilometers) is covered by ocean, a continuous body of water that
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is customarily divided into several principal oceans and smaller seas. More than half of this area is over 3,000 meters
(9,800 ft) deep. Average oceanic salinity is around 35 parts per thousand (ppt) (3.5%), and nearly all seawater has a
salinity in the range of 30 to 38 ppt. Though generally recognized as several 'separate' oceans, these waters comprise
one global, interconnected body of salt water often referred to as the World Ocean or global ocean.11% Thig
concept of a global ocean as a continuous body of water with relatively free interchange among its parts is of

fundamental importance to oceanography.[1 1

The major oceanic divisions are defined in part by the continents, various archipelagos, and other criteria: these
divisions are (in descending order of size) the Pacific Ocean, the Atlantic Ocean, the Indian Ocean, the Southern
Ocean and the Arctic Ocean. Smaller regions of the oceans are called seas, gulfs, bays and other names. There are
also salt lakes, which are smaller bodies of landlocked saltwater that are not interconnected with the World Ocean.

Two notable examples of salt lakes are the Aral Sea and the Great Salt Lake.

Lakes

A lake (from Latin lacus) is a terrain feature (or physical feature), a
body of liquid on the surface of a world that is localized to the bottom
of basin (another type of landform or terrain feature; that is, it is not
global) and moves slowly if it moves at all. On Earth, a body of water
is considered a lake when it is inland, not part of the ocean, is larger
and deeper than a pond, and is fed by a river. The only world other
than Earth known to harbor lakes is Titan, Saturn's largest moon, which
has lakes of ethane, most likely mixed with methane. It is not known if

Titan's lakes are fed by rivers, though Titan's surface is carved by
numerous river beds. Natural lakes on Earth are generally found in Lake Mapourika, New Zealand
mountainous areas, rift zones, and areas with ongoing or recent
glaciation. Other lakes are found in endorheic basins or along the courses of mature rivers. In some parts of the
world, there are many lakes because of chaotic drainage patterns left over from the last Ice Age. All lakes are
temporary over geologic time scales, as they will slowly fill in with sediments or spill out of the basin containing

them.

Ponds

A pond is a body of standing water, either natural or man-made, that is
usually smaller than a lake. A wide variety of man-made bodies of
water are classified as ponds, including water gardens designed for
aesthetic ornamentation, fish ponds designed for commercial fish
breeding, and solar ponds designed to store thermal energy. Ponds and
lakes are distinguished from streams via current speed. While currents
in streams are easily observed, ponds and lakes possess thermally
driven microcurrents and moderate wind driven currents. These

features distinguish a pond from many other aquatic terrain features,

The Westborough Reservoir (Mill Pond) in
Westborough, Massachusetts.

such as stream pools and tide pools.
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Rivers

The Nile river in Cairo, Egypt's capital city

. . 12
A river is a natural watercourse,[ I

usually freshwater, flowing toward
an ocean, a lake, a sea or another river. In a few cases, a river simply
flows into the ground or dries up completely before reaching another
body of water. Small rivers may also be called by several other names,
including stream, creek, brook, rivulet, and rill; there is no general rule
that defines what can be called a river. Many names for small rivers are
specific to geographic location; one example is Burn in Scotland and
North-east England. Sometimes a river is said to be larger than a
creek,m] but this is not always the case, due to vagueness in the
language.[m] A river is part of the hydrological cycle. Water within a

river is generally collected from precipitation through surface runoff,

groundwater recharge, springs, and the release of stored water in natural ice and snowpacks (i.e., from glaciers).

Streams

A stream is a flowing body of water with a current, confined within a
bed and stream banks. In the United States a stream is classified as a
watercourse less than 60 feet (18 metres) wide. Streams are important
as conduits in the water cycle, instruments in groundwater recharge,
and they serve as corridors for fish and wildlife migration. The
biological habitat in the immediate vicinity of a stream is called a
riparian zone. Given the status of the ongoing Holocene extinction,
streams play an important corridor role in connecting fragmented
habitats and thus in conserving biodiversity. The study of streams and

waterways in general involves many branches of inter-disciplinary

A rocky stream in Hawaii

natural science and engineering, including hydrology, fluvial

geomorphology, aquatic ecology, fish biology, riparian ecology and others.

Ecosystems

Loch Lomond in Scotland forms a relatively isolated

ecosystem. The fish community of this lake has
remained unchanged over a very long period of time.

Ecosystems are composed of a variety of abiotic and biotic
components that function in an interrelated way. The structure and
composition is determined by various environmental factors that
are interrelated. Variations of these factors will initiate dynamic
modifications to the ecosystem. Some of the more important
components are: soil, atmosphere, radiation from the sun, water,

and living organisms.

Central to the ecosystem concept is the idea that living organisms
interact with every other element in their local environment.
Eugene Odum, a founder of ecology, stated: "Any unit that
includes all of the organisms (ie: the "community") in a given area
interacting with the physical environment so that a flow of energy

leads to clearly defined trophic structure, biotic diversity, and

material cycles (i.e.: exchange of materials between living and
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nonliving parts) within the system is an ecosystem."[ls] Within the
ecosystem, species are connected and dependent upon one another
in the food chain, and exchange energy and matter between
themselves as well as with their environment. The human
ecosystem concept is grounded in the deconstruction of the
human/nature dichotomy and the premise that all species are

ecologically integrated with each other, as well as with the abiotic

constituents of their biotope.

[citation needed)

Lush green Aravalli Mountain Range in the Desert A smaller unit of size is called a microecosystem. For example, a

country-Rajasthan, India. A wonder how such greenery microsystem can be a stone and all the life under it. A

can exist in hot Rajasthan, a place well known for its

Thar Desert . .
drainage basin.

An aerial view of a human ecosystem. Pictured is

the city of Chicago

Wilderness

Wilderness is generally defined as areas that have not been
significantly modified by human activity. The WILD Foundation 1%
goes into more detail, defining wilderness as: "The most intact,
undisturbed wild natural areas left on our planet — those last truly wild
places that humans do not control and have not developed with roads,
pipelines or other industrial infrastructure." Wilderness areas can be
found in preserves, estates, farms, conservation preserves, ranches,
national forests, national parks and even in urban areas along rivers,
gulches or otherwise undeveloped areas. Wilderness areas (161 4nd
protected parks are considered important for the survival of certain

species, ecological studies, conservation, solitude, and recreation.

macroecosystem might involve a whole ecoregion, with its

Old growth European Beech forest in Biogradska
Gora National Park, Montenegro.

Some nature writers believe wilderness areas are vital for the human spirit and creativity,m] and some Ecologists

consider wilderness areas to be an integral part of the planet's self-sustaining natural ecosystem (the biosphere). They

may also preserve historic genetic traits and that they provide habitat for wild flora and fauna that may be difficult to

recreate in zoos, arboretums or laboratories.
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Life

Although there is no universal agreement on the definition of life, scientists
generally accept that the biological manifestation of life is characterized by
organization, metabolism, growth, adaptation, response to stimuli and
reproduction. Life may also be said to be simply the characteristic state of

organisms.

Properties common to terrestrial organisms (plants, animals, fungi, protists,
archaea and bacteria) are that they are cellular, carbon-and-water-based with
complex organization, having a metabolism, a capacity to grow, respond to

stimuli, and reproduce. An entity with these properties is generally considered

Female mallard and ducklings — life. However, not every definition of life considers all of these properties to be

reproduction is essential for essential. Human-made analogs of life may also be considered to be life.
continuing life
The biosphere is the part of Earth's outer shell — including land, surface rocks,

water, air and the atmosphere — within which life occurs, and which biotic processes in turn alter or transform. From
the broadest geophysiological point of view, the biosphere is the global ecological system integrating all living
beings and their relationships, including their interaction with the elements of the lithosphere (rocks), hydrosphere
(water), and atmosphere (air). Currently the entire Earth contains over 75 billion tons (150 trillion pounds or about

6.8x10" kilograms) of biomass (life), which lives within various environments within the biosphere.[lg]

Over nine-tenths of the total biomass on Earth is plant life, on which animal life depends very heavily for its
existence. More than 2 million species of plant and animal life have been identified to date, and estimates of the
actual number of existing species range from several million to well over 50 million."®! The number of individual
species of life is constantly in some degree of flux, with new species appearing and others ceasing to exist on a

continual basis.!*” The total number of species is presently in rapid decline.

Evolution

Life is only known to exist on the planet Earth.(cf
Astrobiology) The origin of life on Earth is not
well understood, but it is known to have occurred
at least 3.5 billion years ago,[zl][m] during the
hadean or archean eons on a primordial Earth that
had a substantially different environment than is

found at present. These life forms possessed the

basic traits of self-replication and inheritable

An area of the Amazon Rainforest shared between Colombia and Brazil.

traits. Once life had appeared, the process of
The tropical rainforests of South America contain the largest diversity of

evolution by natural selection resulted in the species on Earth.

development of ever-more diverse life forms.

Species that were unable to adapt to the changing environment and competition from other life forms became
extinct. However, the fossil record retains evidence of many of these older species. Current fossil and DNA evidence

shows that all existing species can trace a continual ancestry back to the first primitive life forms.

The advent of photosynthesis in very basic forms of plant life worldwide allowed the sun's energy to be harvested to
create conditions allowing for more complex life. [ n¢ded] The regultant oxygen accumulated in the atmosphere

and gave rise to the ozone layer. The incorporation of smaller cells within larger ones resulted in the development of

yet more complex cells called eukaryotes. Cells within colonies became increasingly specialized, resulting in true

multicellular organisms. With the ozone layer absorbing harmful ultraviolet radiation, life colonized the surface of
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Earth.

Microbes

The first form of life to develop on the Earth were microbes, and they remained
the only form of life on the planet until about a billion years ago when
multi-cellular organisms began to appear. Microorganisms are single-celled
organisms that are generally microscopic, and smaller than the human eye can

see. They include Bacteria, Fungi, Archaea and Protista.

These life forms are found in almost every location on the Earth where there is
liquid water, including the interior of rocks within the planet. Their reproduction
is both rapid and profuse. The combination of a high mutation rate and a
horizontal gene transfer ability makes them highly adaptable, and able to survive
in new environments, including outer space. They form an essential part of the

planetary ecosystem. However some microorganisms are pathogenic and can

A microscopic mite Lorryia formosa.

post health risk to other organisms.

Plants and Animals

A selection of diverse plant species

Originally Aristotle divided all living things between plants, which
generally do not move fast enough for humans to notice, and animals.
In Linnaeus' system, these became the kingdoms Vegetabilia (later
Plantae) and Animalia. Since then, it has become clear that the Plantae
as originally defined included several unrelated groups, and the fungi
and several groups of algae were removed to new kingdoms. However,
these are still often considered plants in many contexts. Bacterial life is
sometimes included in flora, and some classifications use the term

bacterial flora separately from plant flora.

Among the many ways of classifying plants are by regional floras,
which, depending on the purpose of study, can also include fossil flora,
remnants

of plant life from a previous era. People in many regions and countries
take great pride in their individual arrays of characteristic flora, which
can vary widely across the globe due to differences in climate and

terrain.

Regional floras commonly are divided into categories such as native

flora and agricultural and garden flora, the lastly mentioned of which

are intentionally grown and cultivated. Some types of "native flora" actually have been introduced centuries ago by

people migrating from one region or continent to another, and become an integral part of the native, or natural flora

of the place to which they were introduced. This is an example of how human interaction with nature can blur the

boundary of what is considered nature.
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Another category of plant has historically been carved out for weeds.
Though the term has fallen into disfavor among botanists as a formal
way to categorize "useless" plants, the informal use of the word
"weeds" to describe those plants that are deemed worthy of elimination
is illustrative of the general tendency of people and societies to seek to
alter or shape the course of nature. Similarly, animals are often
categorized in ways such as domestic, farm animals, wild animals,

pests, etc. according to their relationship to human life.

Animals as a category have several characteristics that generally set
them apart from other living things. Animals are eukaryotic and
usually multicellular (although see Myxozoa), which separates them
from bacteria, archaea and most protists. They are heterotrophic,
generally digesting food in an internal chamber, which separates them
from plants and algae. They are also distinguished from plants, algae,

and fungi by lacking cell walls.

With a few exceptions, most notably the sponges (Phylum Porifera),

[citation needed) A selection of diverse animal species

animals have bodies differentiated into separate tissues.
These include muscles, which are able to contract and control

locomotion, and a nervous system, which sends and processes signals. There is also typically an internal digestive
chamber. The eukaryotic cells possessed by all animals are surrounded by a characteristic extracellular matrix
composed of collagen and elastic glycoproteins. This may be calcified to form structures like shells, bones, and
spicules, a framework upon which cells can move about and be reorganized during development and maturation, and

which supports the complex anatomy required for mobility.

Human interrelationship

Although humans currently comprise only a minuscule proportion of
the total living biomass on Earth, the human effect on nature is
disproportionately large. Because of the extent of human influence, the
boundaries between what humans regard as nature and "made
environments" is not clear cut except at the extremes. Even at the
extremes, the amount of natural environment that is free of discernible

human influence is presently diminishing at an increasingly rapid pace.

The development of technology by the human race has allowed the
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greater exploitation of natural resources and has helped to alleviate i ) ' '
Despite their natural beauty, the secluded valleys

some of the risk from natural hazards. In spite of this progress, along the Na Pali Coast in Hawaii are heavily
however, the fate of human civilization remains closely linked to modified by introduced invasive species such as
changes in the environment. There exists a highly complex feedback She-oak.

loop between the use of advanced technology and changes to the

environment that are only slowly becoming understood. Man-made threats to the Earth's natural environment include
pollution, deforestation, and disasters such as oil spills. Humans have contributed to the extinction of many plants

and animals.
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Humans employ nature for both leisure and economic activities. The
acquisition of natural resources for industrial use remains the primary
component of the world's economic system. Leitation needed] g e
activities, such as hunting and fishing, are used for both sustenance and
leisure, often by different people. Agriculture was first adopted around
the 9th millennium BCE. Ranging from food production to energy,

nature influences economic wealth.

Although early humans gathered uncultivated plant materials for food

SR Eiind s
and employed the medicinal properties of vegetation for healing, most Sochi dendrarium is an example of confluence of
modern human use of plants is through agriculture. The clearance of "natural” and a "made" environment

large tracts of land for crop growth has led to a significant reduction in
the amount available of forestation and wetlands, resulting in the loss of habitat for many plant and animal species as

well as increased erosion.

Aesthetics and beauty

Beauty in nature has historically been a prevalent theme in art and books, filling
large sections of libraries and bookstores. That nature has been depicted and
celebrated by so much art, photography, poetry and other literature shows the
strength with which many people associate nature and beauty. Reasons why this
association exists, and what the association consists of, are studied by the branch
of philosophy called aesthetics. Beyond certain basic characteristics that many
philosophers agree about to explain what is seen as beautiful, the opinions are
virtually endless.??! Nature and wildness have been important subjects in various

eras of world history. An early tradition of landscape art began in China during

the Tang Dynasty (618—907). The tradition of representing nature as if is became
one of the aims of Chinese painting and was a significant influence in Asian art.

Pinguicula grandiflora, commonly

known as a Butterwort .
Although natural wonders are celebrated in the Psalms and the Book of Job,

wilderness portrayals in art became more prevalent in the 1800s, especially in the
works of the Romantic movement. British artists John Constable and J. M. W. Turner turned their attention to
capturing the beauty of the natural world in their paintings. Before that, paintings had been primarily of religious
scenes or of human beings. William Wordsworth's poetry described the wonder of the natural world, which had
formerly been viewed as a threatening place. Increasingly the valuing of nature became an aspect of Western

(24] This artistic movement also coincided with the Transcendentalist movement in the Western world. A

culture.
common classical idea of beautiful art involves the word mimesis, the imitation of nature. Also in the realm of ideas
about beauty in nature is that the perfect is implied through perfect mathematical forms and more generally by
patterns in nature. As David Rothenburg writes, "The beautiful is the root of science and the goal of art, the highest

possibility that humanity can ever hope to see". 281
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Matter and energy

Some fields of science see nature as matter in motion, obeying certain
laws of nature which science seeks to understand. For this reason the Hydrogen Wave Functic
most fundamental science is generally understood to be "physics" — the
name for which is still recognizable as meaning that it is the study of

nature.

Matter is commonly defined as the substance of which physical objects

are composed. It constitutes the observable universe. The visible

-
$
9

-
<

<

components of the universe are now believed to compose only 4.9

percent of the total mass. The remainder is believed to consist of 26.8

WL
-

percent cold dark matter and 68.3 percent dark energy. The exact
nature of these components is still unknown and is currently under The first few hydrogen atom electron orbitals

intensive investigation by phySiCiStS. shown as cross-sections with color-coded

probability density
The behavior of matter and energy throughout the observable universe

appears to follow well-defined physical laws. These laws have been employed to produce cosmological models that
successfully explain the structure and the evolution of the universe we can observe. The mathematical expressions of
the laws of physics employ a set of twenty physical constants that appear to be static across the observable universe.

The values of these constants have been carefully measured, but the reason for their specific values remains a

mystery.

Beyond Earth

Outer space, also simply called space, refers
to the relatively empty regions of the
universe outside the atmospheres of celestial
bodies. Outer space is used to distinguish it
from airspace (and terrestrial locations).
There is no discrete boundary between the
Earth's atmosphere and space, as the
atmosphere  gradually attenuates with
increasing altitude. Outer space within the
Solar System is called interplanetary space,

which passes over into interstellar space at

what is known as the heliopause.

Planets of the Solar System (Sizes fo scale, distances and illumination not to scale)

Outer space is sparsely filled with several
dozen types of organic molecules discovered to date by microwave spectroscopy, blackbody radiation left over from
the big bang and the origin of the universe, and cosmic rays, which include ionized atomic nuclei and various
subatomic particles. There is also some gas, plasma and dust, and small meteors. Additionally, there are signs of

human life in outer space
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today, such as material left over from previous manned and unmanned
launches which are a potential hazard to spacecraft. Some of this debris

re-enters the atmosphere periodically.

Although the planet Earth is currently the only known body within the
solar system to support life, current evidence suggests that in the
distant past the planet Mars possessed bodies of liquid water on the
surface. For a brief period in Mars' history, it may have also been
capable of forming life. At present though, most of the water remaining

on Mars is frozen. If life exists at all on Mars, it is most likely to be

located underground where liquid water can still exist. NGC 4414 i a spiral galaxy in the constellation

. . Coma Berenices about 56,000 light years in
Conditions on the other terrestrial planets, Mercury and Venus, appear ! gy

[citation needed] But it has diameter and approximately 60 million light years

to be too harsh to support life as we know it. from Earth
been conjectured that Europa, the fourth-largest moon of Jupiter, may

possess a sub-surface ocean of liquid water and could potentially host life.

Nowadays, astronomers started to discover extrasolar Earth analogs — planets that lie in the habitable zone of space

surrounding a star, and therefore could possibly host life as we know i1
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Etymology

Nature (philosophy)

Nature is a concept with two major sets of inter-related meanings, referring on the one hand to the things which are
natural, or subject to the normal working of "laws of nature", or on the other hand to the essential properties and

causes of those things to be what they naturally are, or in other words the laws of nature themselves.

How to understand the meaning and significance of nature has been a consistent theme of discussion within the
history of Western Civilization, in the philosophical fields of metaphysics and epistemology, as well as in theology
and science. The study of natural things and the regular laws which seem to govern them, as opposed to discussion

about what it means to be natural, is the area of natural science.

The word "nature" derives from Latin natiira, a philosophical term derived from the verb for birth, which was used
as a translation for the earlier Ancient Greek term phusis which was derived from the verb for natural growth, for
example that of a plant. Already in classical times, philosophical use of these words combined two related meanings
which have in common that they refer to the way in which things happen by themselves, "naturally", without
"interference" from human deliberation, divine intervention, or anything outside of what is considered normal for the

natural things being considered.

Understandings of nature depend on the subject and age of the work where they appear. For example Aristotle's
explanation of natural properties differs from what is meant by natural properties in modern philosophical and

scientific works, which can also differ from other scientific and conventional usage.

Classical nature and Aristotelian metaphysics

The Physics (from physis, Greek for "nature") is Aristotle's principal work on nature. In Physics II.1, Aristotle
defines a nature as "a source or cause of being moved and of being at rest in that to which it belongs primarily".[l] In
other words, a nature is the principle within a natural raw material that is the source of tendencies to change or rest in
a particular way unless stopped. For example a rock would fall unless stopped. Natural things stand in contrast to
artifacts, which are formed by human artifice, not because of an innate tendency. (The raw materials of a bed have
no tendency to become a bed.) In terms of Aristotle's theory of four causes, the word natural is applied both to the

innate potential of matter cause and the forms which the matter tends to become naturally.[z]

According to Leo Strauss,m

the beginning of Western philosophy involved the "discovery or invention of nature"
and the "pre-philosophical equivalent of nature" was supplied by "such notions as 'custom' or 'ways". In ancient
Greek philosophy on the other hand, Nature or natures are ways that are "really universal" "in all times and places".
What makes nature different is that it presupposes not only that not all customs and ways are equal, but also that one

"non

can "find one's bearings in the cosmos" "on the basis of inquiry" (not for example on the basis of traditions or
religion). To put this "discovery or invention" into the traditional terminology, what is "by nature" is contrasted to
what is "by convention". The concept of nature taken this far remains a strong tradition in modern western thinking.
Science, according to Strauss' commentary of Western history is the contemplation of nature, while technology was

or is an attempt to imitate i 14!

Going further, the philosophical concept of nature or natures as a special type of causation - for example that the way
particular humans are is partly caused by something called "human nature" is an essential step towards Aristotle's

teaching concerning causation, which became standard in all Western philosophy until the arrival of modern science.
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Whether it was intended or not, Aristotle's inquiries into this subject
were long felt to have resolved the discussion about nature in favor of

one solution. In this account, there are four different types of cause:

* The material cause is the "raw material" - the matter which
undergoes change. One of the causes of a statue being what it is
might be that it is bronze. All meanings of the word nature
encompass this simple meaning.

* The efficient cause is the motion of another thing, which makes a
thing change, for example a chisel hitting a rock causes a chip to
break off. This is the way which the matter is forming into a form so

that it become substance like what Aristotle said that a substance

must have a form and matter in order to call it substance. This is the

motion of changing a single being into two. This is the most

obvious way in which cause and effect works, as in the descriptions AR SO
of modern science. But according to Aristotle, this does not yet il vl A
explain that of which the motion is, and we must "apply ourselves to Aristotle

the question whether there is any other cause per se besides

matter".[s]

e The formal cause is the form or idea which serves as a template towards which things develop - for example
following an approach based upon Aristotle we could say that a child develops in a way partly determined by a
thing called "human nature". Here, nature is a cause.

* The final cause is the aim towards which something is directed. For example a human aims at something

perceived to be good, as Aristotle says in the opening lines of the Nicomachean Ethics.

The formal and final cause are an essential part of Aristotle's "Metaphysics" - his attempt to go beyond nature and
explain nature itself. In practice they imply a human-like consciousness involved in the causation of all things, even

things which are not man-made. Nature itself is attributed with having aims.[!

The artificial, like the conventional therefore, is within this branch of Western thought, traditionally contrasted with
the natural. Technology was contrasted with science, as mentioned above. And another essential aspect to this
understanding of causation was the distinction between the accidental properties of a thing and the substance -
another distinction which has lost favor in the modern era, after having long been widely accepted in medieval

Europe.

To describe it another way, Aristotle treated organisms and other natural wholes as existing at a higher level than
mere matter in motion. Aristotle's argument for formal and final causes is related to a doctrine about how it is
possible that people know things: "If nothing exists apart from individual things, nothing will be intelligible;
everything will be sensible, and there will be no knowledge of anything—unless it be maintained that
sense-perception is knowledge“.m Those philosophers who disagree with this reasoning therefore also see

knowledge differently from Aristotle.
Aristotle then, described nature or natures as follows, in a way quite different from modern science...

"Nature" means:

(a) in one sense, the genesis of growing things — as would be suggested by pronouncing the v of qn')(n;[g]
long—and

(b) in another, that immanent thing from which a growing thing first begins to grow.

(¢) The source from which the primary motion in every natural object is induced in that object as such. All
things are said to grow which gain increase through something else by contact and organic unity (or adhesion,
as in the case of embryos). Organic unity differs from contact; for in the latter case there need be nothing
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except contact, but in both the things which form an organic unity there is some one and the same thing which
produces, instead of mere contact, a unity which is organic, continuous and quantitative (but not qualitative).
Again, "nature" means

(d) the primary stuff, shapeless and unchangeable from its own potency, of which any natural object consists
or from which it is produced; e.g., bronze is called the "nature" of a statue and of bronze articles, and wood
that of wooden ones, and similarly in all other cases. For each article consists of these "natures," the primary
material persisting. It is in this sense that men call the elements of natural objects the "nature," some calling it
fire, others earth or air or water, others something else similar, others some of these, and others all of them.
Again in another sense "nature" means

(e) the substance of natural objects; as in the case of those who say that the "nature" is the primary
composition of a thing, or as Empedocles says: Of nothing that exists is there nature, but only mixture and
separation of what has been mixed; nature is but a name given to these by men. Hence as regards those things
which exist or are produced by nature, although that from which they naturally are produced or exist is already
present, we say that they have not their nature yet unless they have their form and shape. That which
comprises both of these exists by nature; e.g. animals and their parts. And nature is both the primary matter
(and this in two senses: either primary in relation to the thing, or primary in general; e.g., in bronze articles the
primary matter in relation to those articles is bronze, but in general it is perhaps water—that is if all things
which can be melted are water) and the form or essence, i.e. the end of the process, of generation. Indeed
from this sense of "nature,”" by an extension of meaning, every essence in general is called "nature," because
the nature of anything is a kind of essence. From what has been said, then, the primary and proper sense of
"nature” is the essence of those things which contain in themselves as such a source of motion; for the matter
is called "nature" because it is capable of receiving the nature, and the processes of generation and growth are
called "nature" because they are motions derived from it. And nature in this sense is the source of motion in

natural objects, which is somehow inherent in them, either potentially or actually.
— Metaphysics 1014b-1015a, translated by Hugh Tredennick, emphasis added.””!

It might be argued, as indeed it has been, that this type of theory represented an oversimplifying diversion from the
debates within Classical philosophy, possibly even that Aristotle saw it as a simplification or summary of the debates
himself. But in any case the theory of the four causes became a standard part of any advanced education in the
Middle Ages.
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Modern science and laws of nature: trying to avoid metaphysics

In contrast, Modern Science took its distinctive turn with Francis
Bacon, who rejected the four distinct causes, and saw Aristotle as
someone who "did proceed in such a spirit of difference and
contradiction towards all antiquity: undertaking not only to frame new
words of science at pleasure, but to confound and extinguish all ancient
wisdom". He felt that lesser known Greek philosophers such as
Democritus "who did not suppose a mind or reason in the frame of
things", have been arrogantly dismissed because of Aristotelianism
leading to a situation in his time wherein "the search of the physical

causes hath been neglected, and passed in silence".['"!

And so Bacon advised...

Physic doth make inquiry, and take consideration of the same
natures : but how? Only as to the material and efficient causes of

them, and not as to the forms. For example; if the cause of

whiteness in snow or froth be inquired, and it be rendered thus, ) ) )
A Renaissance representation of Democritus the

that the subtile intermixture of air and water is the cause, it is laughing philosopher, by Agostino Carracci
well rendered ; but, nevertheless, is this the form of whiteness?
No; but it is the efficient, which is ever but vehiculum formee.
This part of metaphysique I do not find laboured and

performed...

— Francis Bacon, Advancement of Learning 11.VIIL.6 (i

In his Novum Organum Bacon argued that the only forms or natures
we should hypothesize are the "simple" (as opposed to compound)
ones such as the ways in which heat, movement, etc. work. For

example in aphorism 51 he writes:

51. The human understanding is, by its own nature, prone to
abstraction, and supposes that which is fluctuating to be fixed.
But it is better to dissect than abstract nature; such was the

method employed by the school of Democritus, which made

greater progress in penetrating nature than the rest. It is best to

consider matter, its conformation, and the changes of that

Francis Bacon

conformation, its own action, and the law of this action or
motion, for forms are a mere fiction of the human mind, unless

you will call the laws of action by that name.

Following Bacon's advice, the scientific search for the formal cause of things is now replaced by the search for "laws
of nature" or "laws of physics" in all scientific thinking. To use Aristotle's well-known terminology these are
descriptions of efficient cause, and not formal cause or final cause. It means modern science limits its hypothesizing

about non-physical things to the assumption that there are regularities to the ways of all things which do not change.

These general laws, in other words, replace thinking about specific "laws", for example "human nature". In modern
science, human nature is part of the same general scheme of cause and effect, obeying the same general laws, as all
other things. The above-mentioned difference between accidental and substantial properties, and indeed knowledge

and opinion, also disappear within this new approach that aimed to avoid metaphysics.
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As Bacon knew, the term "laws of nature" was one taken from medieval Aristotelianism. St Thomas of Aquinas for
example, defined law so that nature really was legislated to consciously achieve aims, like human law: "an ordinance
of reason for the common good, made by him who has care of the community and promulgated".[lz] In contrast,
roughly contemporary with Bacon, Hugo Grotius described the law of nature as "a rule that [can] be deduced from
fixed principles by a sure process of reasoning”.[13] And later still, Montesquieu was even further from the original

legal metaphor, describing laws vaguely as "the necessary relations deriving from the nature of things".m]

One of the most important implementors of Bacon's proposal was
Thomas Hobbes, whose remarks concerning nature are particularly
well-known. His most famous work, Leviathan, opens with the word
"Nature" and then parenthetically defines it as "the art whereby God
hath made and governes the world". Despite this pious description, he
follows a Baconian approach. Following his contemporary, Descartes,
Hobbes describes life itself as mechanical, caused in the same way as
clockwork:

For seeing life is but a motion of Limbs, the beginning whereof
is in some principall part within; why may we not say, that all

Automata (Engines that move themselves by springs and

wheeles as doth a watch) have an artificiall life?

Thomas Hobbes

On this basis, already being established in natural science in his
lifetime, Hobbes sought to discuss politics and human life in terms of "laws of nature". But in the new modern
approach of Bacon and Hobbes, and before them Machiavelli (who however never clothed his criticism of the
Aristotelian approach in medieval terms like "laws of nature"),[lsl such laws of nature are quite different to human
laws: they no longer imply any sense of better or worse, but simply how things really are, and, when in reference to

laws of human nature, what sorts of human behavior can be most relied upon.

"Late modern'' nature

Having disconnected the term "law of nature" from the original
medieval metaphor of human-made law, the term "law of nature" is

now used less than in early modern times.

To take the critical example of human nature, as discussed in ethics
and politics, once early modern philosophers such as Hobbes had
described human nature as whatever you could expect from a
mechanism called a human, the point of speaking of human nature

became problematic in some contexts.

In the late 18th century, Rousseau took a critical step in his Second
Discourse, reasoning that human nature as we know it, rational, and
with language, and so on, is a result of historical accidents, and the
specific up-bringing of an individual. The consequences of this line of

reasoning were to be enormous. It was all about the question of nature.

In effect it was being claimed that human nature, one of the most

important types of nature in Aristotelian thinking, did not exist as it Jean-Jacques Rousseau: a civilized man, but a

had been understood to exist person who questioned whether civilization was

according to human nature.
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The survival of metaphysics

The approach of modern science, like the approach of Aristotelianism,
is apparently not universally accepted by all people who accept the

concept of nature as a reality which we can pursue with reason.

Bacon and other opponents of Metaphysics claim that all attempts to
go beyond nature are bound to fall into the same errors, but
Metaphysicians themselves see differences between different
approaches.

Immanuel Kant for example, expressed the need for a Metaphysics in

quite similar terms to Aristotle.

...though we cannot know these objects as things in themselves,

we must yet be in a position at least to think them as things in

Benjamin West's "The Death of General Wolfe".
The section shows the Native American. West's

themselves; otherwise we should be landed in the absurd
portrayal of the Native American has been cited conclusion that there can be appearance without anything that
as an example of the "noble savage", a concept appears.

associated with Rousseau's Second Discourse. .. . ..
) i ) — Critique of Pure Reason pp. Bxxvi-xxvii
The Discourse itself used stories of great apes to

help explain what man would be like in the state As in Aristotelianism then, Kantianism claims that the human mind
of nature. must itself have characteristics which are beyond nature, metaphysical,
in some way. Specifically Kant argued that the human mind comes

ready-made with a priori programming, so to speak, which allows it to make sense of nature.

The study of nature without metaphysics

Authors from Nietzsche to Richard Rorty have claimed that science, the study of nature, can and should exist
without metaphysics. But this claim has always been controversial. Authors like Bacon and Hume never denied that
their use of the word "nature" implied metaphysics, but tried to follow Machiavelli's approach of talking about what

works, instead of claiming to understand what seems impossible to understand.

Eastern civilization and the philosophical question of nature

The discussion so far above focuses upon the Western philosophical tradition, where the word "nature" has a very
specific history. But despite claims mentioned above to the contrary, it is not universally accepted that Greek

philosophy was the one occasion upon which the concept of nature was discovered and emphasized in this way.

In Chinese, the term "nature” may be rendered as either ziran (H#X), or xing (£). The same terms appear in the
philosophical literature of nations that adopted the Chinese writing such as Japan and Korea. In the early Chinese
literature, nature appears in what might be called, a "pre-Socratic" sense akin to Dao (€), or "the Way", in antiquity,
similar to fa (¥%£) or "Law" [itation needed] Indeed, in ancient Daoism, the Way is above all, the way of nature
(B#XZJH ziran zhi dao). The term "Dao" is sometimes compared to the enigmatic way Heraclitus used "Logos". In
older extant Chinese texts (e.g. #75 P& Huangdi Sijing, or Scripture of the Yellow Emperor), Dao (as the Dao of
nature) has at once a metaphysical and legal character, strongly suggesting that the source of legislation is to be
found in the nature of things.[Cimion needed] while at first, the nature of things was intended as an impulse (i& zhi or
> xin), in later Confucianism the distinction would be stressed between mind and will, or between life and the
"principle" or "mind" of life (f4 xing). In Mencius, for instance, life and its principle are juxtaposed in a way that
later scholars establish to be mind, as a principle, independent of human will (thus, for example, the mind of nature).

Confucius articulates, a question of natural principle, or the standard of interpretation of names. When Confucius
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seeks beyond the plane of convention or custom—when he reaches out to the roots of names—he does not find the
will of gods and spirits. What he did find remains the subject of interpretation for the scholarship of thousands of
years. That subject is usually called nature or the mind thereof, [/ /@/ion needed]

The philosophical tradition of Legalism, generally may be understood as a quest for the mind of nature, 1@ needed]

and as a struggle to preserve that quest against "heretical" (F8& xiadao) tendencies to seek nature (or the mind
thereof) outside the law. Accordingly, throughout ancient China, scholarship of the period generally remained tied to
political problems, or problems of legal interpretation. Metaphysical problems were understood as eminently legal
problems (and vice versa),[cation neededly ooalism (Chinese philosophy) so that the interpretation or study (22 xue)
of Justice or Right (% yi) emergeed as the philosophical activity par excellence: to ask "what is Justice?", a favorite
question of Confucius, is both to probe the essential (interior) nature of names, or "to know speech”" (515 zhiyan),
in principle, by virtue of the constituent names.

The rise of Buddhism in ancient China, stimulated the debate on nature once again. NowWikipedia:Manual of

[citation needed]

Style/Dates and numbers#Chronological items nature was unequivocally regarded as the mind of all

things, or as "Buddha-nature" (14 foxing). This was also the mind of "the Empire" (KN tianxia), or the
monarchic principle common to all nations, 74" "¢¢ded] (hepce an identification—notably in Japan—of Buddha as

the essence of the Emperor). nature, regarded as utterly beyond both imagination and speech, was that which "cannot

S

be imagined or deliberated", (/NA] B bukesiyi) In the act of being revealed universally, that which is neither
externally, nor internally, accessible to the delusional sensory capabilities of one's misappropriating ego
disappears.Wikipedia:Vagueness Facing of the threat of a solar eclipse, or the depths of the problem of
nature,Wikipedia: Vagueness and the consequent decay of civil life into "chaos"Wikipedia:Vagueness or (&L luan),
the Chan or Zen (1) revival of "the Buddha Way" ({18 fodao) emerged. This emphasized the original
coincidenceWikipedia:Vagueness of the Buddha mind (the metaphysical) and the everyday mind (the political). The
name Buddha, refers neither to something outside the ego (3% wo), nor to ego as a self-appropriating poetic
faculty. Wikipedia: Vagueness From this approach, the Buddha was understood as "original" nature, or original mind,
yet "very ordinary" because Buddha is not the constitutive principle of an order beyond the civil order, or public
morality. Of "this very order",Wikipedia:Avoid weasel words not the ego's deluded physical motion or nominal
forms, the ordering principle of both speech and sensory experience "gathers" common experience under a global
scope with universal names declared as "direct pointers", for example, (ELf§ zhi) to "the moon" (H yue) or "the

original mind". The foremost task of a student of the way was thus to recover the constitutive principle of the
common experience, their original mind. [citation needed] ypen understood in this way, "original mind" was thought to

conform with normative public morality. Ultimately,Wikipedia:Please clarify Chan was no less a return to

wlcitation needed)

"piety (% xiao), than it was a return to nature as the common principle of the constitution of civil life.
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[9] Greek, with emphasis added as a guide: @¥o1g AéyeTan Eva uv TpodTOV 1) TV Quonévmy yéveotg, olov €l Tig mekTeivag AéyoL 1O v, Eva 8
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motel &vth Tod [25] dmreoBan oupepukévarl Kol elvar v katd 1O ouveytg Kol moodv, dAa w katd 10 owdv. L 8t @ioig Aéyeton ¢E 0d
TpdTov f) Borw §) yiyveral T 1@V gioel dvrmv, dppubuiotov dvtog kai duetafiitov 8k Tig duvdpewg Tig attod, olov dvdpLdvtog Kol
TOV OKEVDY TOV YaAKDV 6 KoAkOG 1) [30] @uoig héyetal, Tdv 8t Evhivwv EVhov: dpolmg 8t kal £l TV drhwv: £k ToUTOV Yap 0TtV
Exaotov doomfoptvng Tig Tpdtng VANG: Toltov yip TOV TpOmOV Kol TdV (ioeL SvTov T oTorEld paoty elval @Uoty, ot utv wip ol Ot
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[10] Bacon Advancement of Learning I11.VIL.7 (http://www.archive.org/stream/advancementlea0Obacouoft#page/90/mode/2up/search/
democritus)

[11] http://www.archive.org/stream/advancementleaOObacouoft#page/88/mode/2up/search/whiteness

[12] Summa Theologiae I-II Q90, A4

[13] On the Law of War and Peace, Proleg. 40

[14] The Spirit of the Laws, opening lines

[15] The Prince 15:- "...since my intent is to write something useful to whoever understands it, it has appeared to me more fitting to go directly to
the effectual truth of the thing than to the imagination of it. And many have imagined republics and principalities that have never been seen or
known to exist in truth; for it is so far from how one lives to how one should live that he who lets go of what is done for what should be done
learns his ruin rather than his preservation. For a man who wants to make a profession of good in all regards must come to ruin among so
many who are not good. Hence it is necessary to a prince, if he wants to maintain himself, to learn to be able not to be good, and to use this

and not use it according to necessity."
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A photograph of Earth, taken by NASA

Orbital characteristics

Epoch J2000.0

Aphelion 152098232 km
1.01671388 AU

Perihelion 147098290 km
0.98329134 AU
Semi-major axis 149598261 km

1.00000261 AU

Eccentricity 0.01671123

Orbital period 365.256363004 d
1.000017421 yr

Average orbital speed 29.78 km/s

107200 km/h
Mean anomaly 357.51716°
Inclination 7.155° to Sun's equator

1.57869° to invariable plane

Longitude of ascending node | 348.73936°

Argument of perihelion 114.20783°

Satellites 1 natural (the Moon),

1070 operational artificial satellites, & 21000 pieces of debris > 10 cm (as of 24 October 2013[1])

Physical characteristics

Mean radius 6371.0 km
Equatorial radius 6378.1 km
Polar radius 6356.8 km

Flattening 0.0033528
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Circumference 40075.017 km (equatorial) l
40007.86 km (meridional)[Z]

Surface area 510072000 km>
148940000 km?> (29.2%) land
361132000 km> (70.8 %) water

Volume 1.08321x10'2 km? (volume of the Earth)
Mass 5.97219x10* kg

3.O><10_6 Suns
Mean density 5515¢ Jom?

Equatorial surface gravity 0780327 m/s>

0.99732 g (Earth gravity)
Escape velocity 11.186 km/s
Sidereal rotation period 0.99726968 d

23" 56™ 4.100°

Equatorial rotation velocity | 1,674.4 km/h (465.1 m/s)

Axial tilt 23°26'21.4119”
Albedo 0.367 (geometric)
0.306 (Bond)
Surface temp. | min mean | max
Kelvin 184 K 288 K| 330 K
Celsius -89.2°C | 15°C |56.7 °C
Atmosphere
Surface pressure 101.325 kPa (at MSL)
Composition 78.08% nitrogen (N 2) (dry air)
20.95% oxygen (02)
0.93% argon
0.039% carbon dioxideB]
About 1% water vapor (varies with climate)

Earth is the third planet from the Sun. It is the densest and fifth-largest of the eight planets in the Solar System. It is
also the largest of the Solar System's four terrestrial planets. It is sometimes referred to as the world or the Blue
Planet.

Earth formed approximately 4.54 billion years ago, and life appeared on its surface within its first billion years.
Earth's biosphere then significantly altered the atmospheric and other basic physical conditions, which enabled the
proliferation of organisms as well as the formation of the ozone layer, which together with Earth's magnetic field
blocked harmful solar radiation, and permitted formerly ocean-confined life to move safely to land. The physical

properties of the Earth, as well as its geological history and orbit, have allowed life to persist.

Earth's lithosphere is divided into several rigid segments, or tectonic plates, that migrate across the surface over
periods of many millions of years. Over 70% percent of Earth's surface is covered with water, with the remainder
consisting of continents and islands which together have many lakes and other sources of water that contribute to the
hydrosphere. Earth's poles are mostly covered with ice that is the solid ice of the Antarctic ice sheet and the sea ice
that is the polar ice packs. The planet's interior remains active, with a solid iron inner core, a liquid outer core that

generates the magnetic field, and a thick layer of relatively solid mantle.
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Earth gravitationally interacts with other objects in space, especially the Sun and the Moon. During one orbit around
the Sun, the Earth rotates about its own axis 366.26 times, creating 365.26 solar days, or one sidereal year. The
Earth's axis of rotation is tilted 23.4° away from the perpendicular of its orbital plane, producing seasonal variations
on the planet's surface with a period of one tropical year (365.24 solar days). The Moon is Earth's only natural
satellite. It began orbiting the Earth about 4.53 billion years ago (bya). The Moon's gravitational interaction with
Earth stimulates ocean tides, stabilizes the axial tilt, and gradually slows the planet's rotation.

The planet is home to millions of species of life, including humans. Both the mineral resources of the planet and the
products of the biosphere contribute resources that are used to support a global human population. These inhabitants
are grouped into about 200 independent sovereign states, which interact through diplomacy, travel, trade, and

military action.

Name and etymology

The modern English noun earth developed from Middle English erthe (recorded in 1137), itself from Old English
eorthe (dating from before 725), deriving from Proto-Germanic *ertho. Earth has cognates in all other Germanic
languages, including Dutch aarde, German Erde, and Swedish, Norwegian, and Danish jord.[4] The Earth is

personified as a goddess in Germanic paganism (appearing as J6rd in Norse mythology, mother of the god Thor).[s]

In general English usage, the name earth can be capitalized or spelled in lowercase interchangeably, either when
used absolutely or prefixed with "the" (i.e. "Earth", "the Earth", "earth", or "the earth"). Many deliberately spell the
name of the planet with a capital, both as "Earth" or "the Earth". This is to distinguish it as a proper noun, distinct
from the senses of the term as a mass noun or verb (e.g. referring to soil, the ground, earthing in the electrical sense,
etc.). Oxford spelling recognizes the lowercase form as the most common, with the capitalized form as a variant of it.
Another common convention is to spell the name with a capital when occurring absolutely (e.g. Earth's atmosphere)
and lowercase when preceded by "the" (e.g. the atmosphere of the earth). The term almost exclusively exists in
lowercase when appearing in common phrases, even without "the" preceding it (e.g. "It does not cost the earth.",

"What on earth are you doing?").

Composition and structure

Earth is a terrestrial planet, meaning that it is a rocky body, rather than a gas giant like Jupiter. It is the largest of the
four terrestrial planets in size and mass. Of these four planets, Earth also has the highest density, the highest surface

gravity, the strongest magnetic field, and fastest rotation, and is probably the only one with active plate tectonics.

Shape
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The shape of the Earth approximates an
oblate spheroid, a sphere flattened along the
axis from pole to pole such that there is a
bulge around the equator. This bulge results
from the rotation of the Earth, and causes
the diameter at the equator to be 43 km
(kilometer) larger than the pole-to-pole
diameter. For this reason the furthest point
on the surface from the Earth's center of
mass is the Chimborazo volcano in
Ecuador.®! The average diameter of the
reference spheroid is about 12742 km,

which is approximately 40,000 km/m, as the

Stratocumulus clouds over the Pacific, viewed from orbit.

meter was  originally  defined as
1/10,000,000 of the distance from the
equator to the North Pole through Paris, France.

Local topography deviates from this idealized spheroid, although on a global scale, these deviations are small: Earth
has a tolerance of about one part in about 584, or 0.17%, from the reference spheroid, which is less than the 0.22%
tolerance allowed in billiard balls. The largest local deviations in the rocky surface of the Earth are Mount Everest
(8,848 m above local sea level) and the Mariana Trench (10911 m below local sea level). Due to the equatorial
bulge, the surface locations farthest from the center of the Earth are the summits of Mount Chimborazo in Ecuador

and Huascaran in Peru.

Chemical composition of the crust

Compound Formula Composition

Continental | Oceanic

silica SiO2 60.2% | 48.6%
alumina AIZO3 152% | 16.5%
lime CaO 55%| 123%
magnesia MgO 3.1% 6.8%
iron(II) oxide FeO 3.8% 6.2%
sodium oxide NaZO 3.0% 2.6%
potassium oxide K20 2.8% 0.4%
iron(III) oxide Fezo 5 2.5% 2.3%
water H20 1.4% 1.1%
carbon dioxide CO , 1.2% 1.4%
titanium dioxide TiO , 0.7% 1.4%
phosphorus pentoxide | P, 2O s 0.2% 0.3%
Total 99.6% | 99.9%
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Chemical composition

The mass of the Earth is approximately 5.98x10%* kg. It is composed mostly of iron (32.1%), oxygen (30.1%),
silicon (15.1%), magnesium (13.9%), sulfur (2.9%), nickel (1.8%), calcium (1.5%), and aluminium (1.4%); with the
remaining 1.2% consisting of trace amounts of other elements. Due to mass segregation, the core region is believed
to be primarily composed of iron (88.8%), with smaller amounts of nickel (5.8%), sulfur (4.5%), and less than 1%

trace elements.

The geochemist F. W. Clarke calculated that a little more than 47% of the Earth's crust consists of oxygen. The more
common rock constituents of the Earth's crust are nearly all oxides; chlorine, sulfur and fluorine are the only
important exceptions to this and their total amount in any rock is usually much less than 1%. The principal oxides are
silica, alumina, iron oxides, lime, magnesia, potash and soda. The silica functions principally as an acid, forming
silicates, and all the commonest minerals of igneous rocks are of this nature. From a computation based on 1,672
analyses of all kinds of rocks, Clarke deduced that 99.22% were composed of 11 oxides (see the table at right), with

the other constituents occurring in minute quantities.

Internal structure

The interior of the Earth, like that of the other terrestrial planets, is divided into layers by their chemical or physical
(rheological) properties, but unlike the other terrestrial planets, it has a distinct outer and inner core. The outer layer
of the Earth is a chemically distinct silicate solid crust, which is underlain by a highly viscous solid mantle. The crust
is separated from the mantle by the Mohorovici¢ discontinuity, and the thickness of the crust varies: averaging 6 km
(kilometers) under the oceans and 30-50 km on the continents. The crust and the cold, rigid, top of the upper mantle
are collectively known as the lithosphere, and it is of the lithosphere that the tectonic plates are comprised. Beneath
the lithosphere is the asthenosphere, a relatively low-viscosity layer on which the lithosphere rides. Important
changes in crystal structure within the mantle occur at 410 and 660 km below the surface, spanning a transition zone
that separates the upper and lower mantle. Beneath the mantle, an extremely low viscosity liquid outer core lies
above a solid inner core. The inner core may rotate at a slightly higher angular velocity than the remainder of the

planet, advancing by 0.1-0.5° per year.

Geologic layers of the Earth

Depth Density
km 3
- Component Layer | g/cm
——— e
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] Tust
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35-2890 | Mantle 3.4-5.6
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Earth cutaway from core to exosphere. Not to scale. | 5100-6378 | Inner core 12.8-13.1
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Heat

Earth's internal heat comes from a combination of residual heat from planetary accretion (about 20%) and heat
produced through radioactive decay (80%). The major heat-producing isotopes in Earth are potassium-40,
uranium-238, uranium-235, and thorium-232. At the center, the temperature may be up to 6,000 °C (10,830 °F),[9]
and the pressure could reach 360 GPa. Because much of the heat is provided by radioactive decay, scientists believe
that early in Earth's history, before isotopes with short half-lives had been depleted, Earth's heat production would
have been much higher. This extra heat production, twice present-day at approximately 3 byr, would have increased
temperature gradients within Earth, increasing the rates of mantle convection and plate tectonics, and allowing the

production of igneous rocks such as komatiites that are not formed today.

Present-day major heat-producing isotopes

Isotope | Heat release | Half-life Mean mantle Heat release
W/kg isotope |  years concentration W/kg mantle
kg isotope/kg mantle
BBy | 946x107° | 447 x 10° 30.8 x 107 291 x 10712
By | 569x107* | 7.04 % 10° 0.22 x 107 1.25x 10712
Bip | 2.64% 107 | 1.40% 10'° 124 x 1077 327x 1072
Vg | 292x107 | 125%10° 36.9x 107 1.08 x 10712

The mean heat loss from Earth is 87 mW m_z, for a global heat loss of 4.42 x 108 w. A portion of the core's
thermal energy is transported toward the crust by mantle plumes; a form of convection consisting of upwellings of
higher-temperature rock. These plumes can produce hotspots and flood basalts. More of the heat in Earth is lost
through plate tectonics, by mantle upwelling associated with mid-ocean ridges. The final major mode of heat loss is
through conduction through the lithosphere, the majority of which occurs in the oceans because the crust there is

much thinner than that of the continents.
Tectonic plates

Earth's main plates

Plate name Area
10® km?

Pacific Plate 103.3
African Plate 78.0
North American Plate 75.9
Eurasian Plate 67.8
Antarctic Plate 60.9
Indo-Australian Plate 47.2
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South American Plate 43.6

The mechanically rigid outer layer of the Earth, the lithosphere, is broken into pieces called tectonic plates. These
plates are rigid segments that move in relation to one another at one of three types of plate boundaries: Convergent
boundaries, at which two plates come together, Divergent boundaries, at which two plates are pulled apart, and
Transform boundaries, in which two plates slide past one another laterally. Earthquakes, volcanic activity,
mountain-building, and oceanic trench formation can occur along these plate boundaries. The tectonic plates ride on
top of the asthenosphere, the solid but less-viscous part of the upper mantle that can flow and move along with the

plates, and their motion is strongly coupled with convection patterns inside the Earth's mantle.

As the tectonic plates migrate across the planet, the ocean floor is subducted under the leading edges of the plates at
convergent boundaries. At the same time, the upwelling of mantle material at divergent boundaries creates
mid-ocean ridges. The combination of these processes continually recycles the oceanic crust back into the mantle.
Due to this recycling, most of the ocean floor is less than 100 myr old in age. The oldest oceanic crust is located in
the Western Pacific, and has an estimated age of about 200 myr. By comparison, the oldest dated continental crust is
4030 myr.

The seven major plates are the Pacific, North American, Eurasian, African, Antarctic, Indo-Australian, and South
American. Other notable plates include the Arabian Plate, the Caribbean Plate, the Nazca Plate off the west coast of
South America and the Scotia Plate in the southern Atlantic Ocean. The Australian Plate fused with the Indian Plate
between 50 and 55 mya. The fastest-moving plates are the oceanic plates, with the Cocos Plate advancing at a rate of
75 mm/year and the Pacific Plate moving 52—69 mm/year. At the other extreme, the slowest-moving plate is the

Eurasian Plate, progressing at a typical rate of about 21 mm/year.

Surface

Features of Earth's solid surface shown as percentages of the planet's total surface area
Oceanic ridges (22.1%)
Ocean basin floors (29.8%)
Continental mountains (10.3%)
Continental lowlands (18.9%)
Continental shelves and slopes (11.4%)
Continental rise (3.8%)
Volcanic island arcs, trenches, submarine volcanoes, and hills (3.7%)

The Earth's terrain varies greatly from place to place. About 70.8% of the surface is covered by water, with much of
the continental shelf below sea level. This equates to 361.132 million km? (139.43 million sq mi). The submerged
surface has mountainous features, including a globe-spanning mid-ocean ridge system, as well as undersea

volcanoes, oceanic trenches, submarine canyons, oceanic plateaus and abyssal plains. The remaining 29.2%
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(148.94 million kmz, or 57.51 million sq mi) not covered by water consists of mountains, deserts, plains, plateaus,

and other geomorphologies.

The planetary surface undergoes reshaping over geological time periods due to tectonics and erosion. The surface
features built up or deformed through plate tectonics are subject to steady weathering from precipitation, thermal
cycles, and chemical effects. Glaciation, coastal erosion, the build-up of coral reefs, and large meteorite impacts also

act to reshape the landscape.

The continental crust consists of lower
density material such as the igneous rocks
granite and andesite. Less common is basalt,
a denser volcanic rock that is the primary
constituent of the ocean floors. Sedimentary
rock is formed from the accumulation of
sediment that becomes compacted together.
Nearly 75% of the continental surfaces are
: covered by sedimentary rocks, although they
form only about 5% of the crust. The third

form of rock material found on Earth is

Present-day Earth topography [m]

metamorphic rock, which is created from

L6000 —4000 ~9000 0 2000 4000 6000 the transformation of pre-existing rock types
Present-day Earth altimetry and bathymetry. Data from the Naticl)nal Geophysical through high pressures, high temperatures,
Data Center's TerrainBase Digital Terrain Model . or both. The most abundant silicate minerals

on the Earth's surface include quartz, the
feldspars, amphibole, mica, pyroxene and olivine. Common carbonate minerals include calcite (found in limestone)

and dolomite.

The pedosphere is the outermost layer of the Earth that is composed of soil and subject to soil formation processes. It
exists at the interface of the lithosphere, atmosphere, hydrosphere and biosphere. Currently the total arable land is
13.31% of the land surface, with only 4.71% supporting permanent crops. Close to 40% of the Earth's land surface is
presently used for cropland and pasture, or an estimated 1.3x10” km? of cropland and 3.4x10” km? of pastureland.

The elevation of the land surface of the Earth varies from the low point of —418 m at the Dead Sea, to a
2005-estimated maximum altitude of 8,848 m at the top of Mount Everest. The mean height of land above sea level
is 840 m.

Besides being divided logically into Northern and Southern Hemispheres centered on the earths poles, the earth has
been divided arbitrarily into Eastern and Western Hemispheres. The surface of the Earth is traditionally divided into
seven continents and various seas. As people settled and organized the planet, nearly all the land was divided into
nations. As of 2013, there are about 196 recognized nations.'!) An example of how major geographical regions can

be broken down is Africa, America, Antarctica, Asia, Australia, and Europe.
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Hydrosphere

The abundance of water on Earth's surface is
a unique feature that distinguishes the "Blue B Elevation Histogram of the Earth'’s Crust
Planet" from others in the Solar System. The :

Earth's hydrosphere consists chiefly of the

6,000 \

+highes da, southerm Peru (5,100 m / 16,728 ft}

oceans, but technically includes all water Sl ne b L

surfaces in the world, including inland seas, =
lakes, rivers, and underground waters down
to a depth of 2,000 m. The deepest

underwater location is Challenger Deep of
the Mariana Trench in the Pacific Ocean

with a depth of 10,911.4 m.

The mass of the oceans is approximately
1.35x10'® metric tons, or about 1/4400 of
the total mass of the Earth. The oceans

of the surface of the earth
6,560 km?)

each tick-mark represer
(about 51,

. El ion hi f th it f the Earth
cover an area of 3.618x10° km? with a mean evation histogram of the surface of the Eart

depth of 3682 m, resulting in an estimated
volume of 1.332x10° km”>. If all the land on Earth were spread evenly, water would rise to an altitude of more than
2.7 km.[lz] About 97.5% of the water is saline, while the remaining 2.5% is fresh water. Most fresh water, about

68.7%, is currently ice.

The average salinity of the Earth's oceans is about 35 grams of salt per kilogram of sea water (3.5% salt). Most of
this salt was released from volcanic activity or extracted from cool, igneous rocks. The oceans are also a reservoir of
dissolved atmospheric gases, which are essential for the survival of many aquatic life forms. Sea water has an
important influence on the world's climate, with the oceans acting as a large heat reservoir. Shifts in the oceanic

temperature distribution can cause significant weather shifts, such as the El Nifio-Southern Oscillation.

Atmosphere

The atmospheric pressure on the surface of the Earth averages 101.325 kPa, with a scale height of about 8.5 km. It is
78% nitrogen and 21% oxygen, with trace amounts of water vapor, carbon dioxide and other gaseous molecules. The
height of the troposphere varies with latitude, ranging between 8 km at the poles to 17 km at the equator, with some

variation resulting from weather and seasonal factors.

Earth's biosphere has significantly altered its atmosphere. Oxygenic photosynthesis evolved 2.7 bya, forming the
primarily nitrogen—oxygen atmosphere of today. This change enabled the proliferation of aerobic organisms as well
as the formation of the ozone layer which blocks ultraviolet solar radiation, permitting life on land. Other
atmospheric functions important to life on Earth include transporting water vapor, providing useful gases, causing
small meteors to burn up before they strike the surface, and moderating temperature. This last phenomenon is known
as the greenhouse effect: trace molecules within the atmosphere serve to capture thermal energy emitted from the
ground, thereby raising the average temperature. Water vapor, carbon dioxide, methane and ozone are the primary
greenhouse gases in the Earth's atmosphere. Without this heat-retention effect, the average surface would be —18 °C,

in contrast to the current +15 °C, and life would likely not exist.
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Weather and climate

The Earth's atmosphere has no definite boundary, slowly becoming
thinner and fading into outer space. Three-quarters of the atmosphere's
mass is contained within the first 11 km of the planet's surface. This
lowest layer is called the troposphere. Energy from the Sun heats this

layer, and the surface below, causing expansion of the air. This

lower-density air then rises, and is replaced by cooler, higher-density

air. The result is atmospheric circulation that drives the weather and Satellite cloud cover image of Earth using
climate through redistribution of thermal energy. NASA's Moderate-Resolution Imaging
Spectroradiometer

The primary atmospheric circulation bands consist of the trade winds
in the equatorial region below 30° latitude and the westerlies in the mid-latitudes between 30° and 60°. Ocean
currents are also important factors in determining climate, particularly the thermohaline circulation that distributes

thermal energy from the equatorial oceans to the polar regions.

Water vapor generated through surface evaporation is transported by circulatory patterns in the atmosphere. When
atmospheric conditions permit an uplift of warm, humid air, this water condenses and settles to the surface as
precipitation. Most of the water is then transported to lower elevations by river systems and usually returned to the
oceans or deposited into lakes. This water cycle is a vital mechanism for supporting life on land, and is a primary
factor in the erosion of surface features over geological periods. Precipitation patterns vary widely, ranging from
several meters of water per year to less than a millimeter. Atmospheric circulation, topological features and

temperature differences determine the average precipitation that falls in each region.

The amount of solar energy reaching the Earth's decreases with increasing latitude. At higher latitudes the sunlight
reaches the surface at lower angles and it must pass through thicker columns of the atmosphere. As a result, the mean
annual air temperature at sea level decreases by about 0.4 °C per degree of latitude away from the equator. The Earth
can be subdivided into specific latitudinal belts of approximately homogeneous climate. Ranging from the equator to
the polar regions, these are the tropical (or equatorial), subtropical, temperate and polar climates. Climate can also be
classified based on the temperature and precipitation, with the climate regions characterized by fairly uniform air
masses. The commonly used Koppen climate classification system (as modified by Wladimir Koppen's student
Rudolph Geiger) has five broad groups (humid tropics, arid, humid middle latitudes, continental and cold polar),

which are further divided into more specific subtypes.

Upper atmosphere

Above the troposphere, the atmosphere is usually divided into the
stratosphere, mesosphere, and thermosphere. Each layer has a different
lapse rate, defining the rate of change in temperature with height.
Beyond these, the exosphere thins out into the magnetosphere, where

the Earth's magnetic fields interact with the solar wind. Within the

stratosphere is the ozone layer, a component that partially shields the
surface from ultraviolet light and thus is important for life on Earth.

The Karman line, defined as 100 km above the Earth's surface, is a

This view from orbit shows the full Moon

working definition for the boundary between atmosphere and space.
partially obscured and deformed by the Earth's

Thermal energy causes some of the molecules at the outer edge of the atmosphere. NASA image
Earth's atmosphere to increase their velocity to the point where they

can escape from the planet's gravity. This causes a slow but steady leakage of the atmosphere into space. Because

unfixed hydrogen has a low molecular weight, it can achieve escape velocity more readily and it leaks into outer

space at a greater rate than other gasses. The leakage of hydrogen into space contributes to the pushing of the Earth
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from an initially reducing state to its current oxidizing one. Photosynthesis provided a source of free oxygen, but the

loss of reducing agents such as hydrogen is believed to have been a necessary precondition for the widespread

accumulation of oxygen in the atmosphere. Hence the ability of hydrogen to escape from the Earth's atmosphere may

have influenced the nature of life that developed on the planet. In the current, oxygen-rich atmosphere most

hydrogen is converted into water before it has an opportunity to escape. Instead, most of the hydrogen loss comes

from the destruction of methane in the upper atmosphere.

Magnetic field

The Earth's magnetic field is shaped roughly
as a magnetic dipole, with the poles
currently located proximate to the planet's
geographic poles. At the equator of the
magnetic field, the magnetic field strength at
the planet's surface is 3.05 x 107 T, with
global magnetic dipole moment of 7.91 x
10° T m’. According to dynamo theory, the
field is generated within the molten outer
core region where heat creates convection
motions of conducting materials, generating
electric currents. These in turn produce the
Earth's magnetic field. The convection
movements in the core are chaotic; the
magnetic poles drift and periodically change

alignment. This causes field reversals at

Magnetotail

____Deflected solar
i wind particles

~Incoming solar

] wind particles
Polar cus Plasma sheet

Neutral sheet

Earth's atmosphere
0-100km

Bow shock

Magnetosheath

Schematic of Earth's magnetosphere. The solar wind flows from left to right

irregular intervals averaging a few times every million years. The most recent reversal occurred approximately

700,000 years ago.

The field forms the magnetosphere, which deflects particles in the solar wind. The sunward edge of the bow shock is

located at about 13 times the radius of the Earth. The collision between the magnetic field and the solar wind forms

the Van Allen radiation belts, a pair of concentric, torus-shaped regions of energetic charged particles. When the

plasma enters the Earth's atmosphere at the magnetic poles, it forms the aurora.
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Orbit and rotation

Rotation

Earth's rotation period relative to the Sun—its
mean solar day—is 86,400 seconds of mean
solar time (86,400.0025 SI seconds). As the

Earth's solar day is now slightly longer than it

was during the 19th century due to tidal CELESTAL EQYTT
acceleration, each day varies between 0 and 2 SI
ms longer.m] N
Earth's rotation period relative to the fixed stars, ) i
called its stellar day by the International Earth
Rotation and Reference Systems Service (IERS),
is 86,164.098903691 seconds of mean solar time
(UT1), or 23" 56™ 4.098903691%. Earth's rotation

. . . . SOUTH
period relative to the precessing or moving mean CELESTIAL
POLE

vernal equinox, misnamed its sidereal day, is Earth's axial tilt (or obliquity) and its relation to the rotation axis and plane of
86,164.09053083288 seconds of mean solar time orbit

(UT1) (23" 56™ 4.09053083288") as of 1982[1].
Thus the sidereal day is shorter than the stellar day by about 8.4 ms. The length of the mean solar day in SI seconds
is available from the IERS for the periods 1623—2005 and 1962—2005.

of T
)

Apart from meteors within the atmosphere and low-orbiting satellites, the main apparent motion of celestial bodies in
the Earth's sky is to the west at a rate of 15°/h = 15'/min. For bodies near the celestial equator, this is equivalent to an
apparent diameter of the Sun or Moon every two minutes; from the planet's surface, the apparent sizes of the Sun and

the Moon are approximately the same.

Orbit

Earth orbits the Sun at an average distance of about 150 million kilometers every 365.2564 mean solar days, or one
sidereal year. From Earth, this gives an apparent movement of the Sun eastward with respect to the stars at a rate of
about 1°/day, which is one apparent Sun or Moon diameter every 12 hours. Due to this motion, on average it takes
24 hours—a solar day—for Earth to complete a full rotation about its axis so that the Sun returns to the meridian.
The orbital speed of the Earth averages about 29.8 km/s (107,000 km/h), which is fast enough to travel a distance
equal to the planet's diameter, about 12,742 km, in seven minutes, and the distance to the Moon, 384,000 km, in

about 3.5 hours.

The Moon revolves with the Earth around a common barycenter every 27.32 days relative to the background stars.
When combined with the Earth—Moon system's common revolution around the Sun, the period of the synodic month,
from new moon to new moon, is 29.53 days. Viewed from the celestial north pole, the motion of Earth, the Moon
and their axial rotations are all counterclockwise. Viewed from a vantage point above the north poles of both the Sun
and the Earth, the Earth revolves in a counterclockwise direction about the Sun. The orbital and axial planes are not
precisely aligned: Earth's axis is tilted some 23.4 degrees from the perpendicular to the Earth—Sun plane (the
ecliptic), and the Earth—Moon plane is tilted up to +5.1 degrees against the Earth—Sun plane. Without this tilt, there
would be an eclipse every two weeks, alternating between lunar eclipses and solar eclipses.

The Hill sphere, or gravitational sphere of influence, of the Earth is about 1.5 Gm or 1,500,000 km in radius. This is

the maximum distance at which the Earth's gravitational influence is stronger than the more distant Sun and planets.

Objects must orbit the Earth within this radius, or they can become unbound by the gravitational perturbation of the
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Sun.

Earth, along with the Solar System, is situated in the Milky Way galaxy and orbits about 28,000 light years from the
center of the galaxy. It is currently about 20 light years above the galactic plane in the Orion spiral arm.

Axial tilt and seasons

Due to the axial tilt of the Earth, the amount of sunlight reaching any given point on the surface varies over the
course of the year. This causes seasonal change in climate, with summer in the northern hemisphere occurring when
the North Pole is pointing toward the Sun, and winter taking place when the pole is pointed away. During the
summer, the day lasts longer and the Sun climbs higher in the sky. In winter, the climate becomes generally cooler
and the days shorter. Above the Arctic Circle, an extreme case is reached where there is no daylight at all for part of
the year—a polar night. In the southern hemisphere the situation is exactly reversed, with the South Pole oriented

opposite the direction of the North Pole.

By astronomical convention, the four seasons are determined by the solstices—the point in the orbit of maximum
axial tilt toward or away from the Sun—and the equinoxes, when the direction of the tilt and the direction to the Sun
are perpendicular. In the northern hemisphere, Winter Solstice occurs on about December 21, Summer Solstice is
near June 21, Spring Equinox is around March 20 and Autumnal Equinox is about September 23. In the Southern
hemisphere, the situation is reversed, with the Summer and Winter Solstices exchanged and the Spring and

Autumnal Equinox dates switched.

The angle of the Earth's tilt is relatively stable over
long periods of time. The tilt does undergo nutation; a
slight, irregular motion with a main period of
18.6 years. The orientation (rather than the angle) of the
Earth's axis also changes over time, precessing around
in a complete circle over each 25,800 year cycle; this
precession is the reason for the difference between a

sidereal year and a tropical year. Both of these motions

are caused by the varying attraction of the Sun and
NASA's Cassini spacecraft photographs the Earth and Moon (visible Moon on the Earth's equatorial bulge. From the

bottom-right) from Saturn (July 19, 2013). perspective of the Earth, the poles also migrate a few
meters across the surface. This polar motion has
multiple, cyclical components, which collectively are termed quasiperiodic motion. In addition to an annual
component to this motion, there is a 14-month cycle called the Chandler wobble. The rotational velocity of the Earth

also varies in a phenomenon known as length of day variation.

In modern times, Earth's perihelion occurs around January 3, and the aphelion around July 4. These dates change
over time due to precession and other orbital factors, which follow cyclical patterns known as Milankovitch cycles.
The changing Earth—Sun distance causes an increase of about 6.9% in solar energy reaching the Earth at perihelion
relative to aphelion. Since the southern hemisphere is tilted toward the Sun at about the same time that the Earth
reaches the closest approach to the Sun, the southern hemisphere receives slightly more energy from the Sun than
does the northern over the course of a year. This effect is much less significant than the total energy change due to

the axial tilt, and most of the excess energy is absorbed by the higher proportion of water in the southern hemisphere.
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Habitability

A planet that can sustain life is termed habitable, even if life did not
originate there. The Earth provides liquid water—an environment
where complex organic molecules can assemble and interact, and
sufficient energy to sustain metabolism. The distance of the Earth from
the Sun, as well as its orbital eccentricity, rate of rotation, axial tilt,
geological history, sustaining atmosphere and protective magnetic field
all contribute to the current climatic conditions at the surface.

This ancient impact crater, now filled with water,

marks Earth's surface

Biosphere

A planet's life forms are sometimes said to form a "biosphere". The
Earth's biosphere is generally believed to have begun evolving about
3.5 bya. The biosphere is divided into a number of biomes, inhabited
by broadly similar plants and animals. On land, biomes are separated
primarily by differences in latitude, height above sea level and
humidity. Terrestrial biomes lying within the Arctic or Antarctic
Circles, at high altitudes or in extremely arid areas are relatively barren

of plant and animal life; species diversity reaches a peak in humid

lowlands at equatorial latitudes.

Coral reef and beach

Evolution of life

Highly energetic chemistry is thought to have produced a self-replicating molecule around 4 bya and half a billion
years later the last common ancestor of all life existed. The development of photosynthesis allowed the Sun's energy
to be harvested directly by life forms; the resultant oxygen accumulated in the atmosphere and formed a layer of
ozone (a form of molecular oxygen [03]) in the upper atmosphere. The incorporation of smaller cells within larger
ones resulted in the development of complex cells called eukaryotes. True multicellular organisms formed as cells
within colonies became increasingly specialized. Aided by the absorption of harmful ultraviolet radiation by the
ozone layer, life colonized the surface of Earth. The earliest evidences for life on Earth are graphite found to be
biogenic in 3.7 billion-year-old metasedimentary rocks discovered in Western Greenland and microbial mat fossils

found in 3.48 billion-year-old sandstone discovered in Western Australia.

Since the 1960s, it has been hypothesized that severe glacial action between 750 and 580 mya, during the
Neoproterozoic, covered much of the planet in a sheet of ice. This hypothesis has been termed "Snowball Earth", and
is of particular interest because it preceded the Cambrian explosion, when multicellular life forms began to

proliferate.

Following the Cambrian explosion, about 535 mya, there have been five major mass extinctions. The most recent
such event was 66 mya, when an asteroid impact triggered the extinction of the (non-avian) dinosaurs and other large
reptiles, but spared some small animals such as mammals, which then resembled shrews. Over the past 66 myr,
mammalian life has diversified, and several million years ago an African ape-like animal such as Orrorin tugenensis

gained the ability to stand upright. This enabled tool use and encouraged communication that provided the nutrition
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and stimulation needed for a larger brain, which allowed the evolution of the human race. The development of
agriculture, and then civilization, allowed humans to influence the Earth in a short time span as no other life form

had, affecting both the nature and quantity of other life forms.

Natural resources and land use

Estimated human land use, 2000

Land use Mha
Cropland 1,510-1,611
Pastures 2,500-3,410
Natural forests 3,143-3,871
Planted forests 126-215
Urban areas 66-351
Unused, productive land | 356—445

The Earth provides resources that are exploitable by humans for useful purposes. Some of these are non-renewable

resources, such as mineral fuels, that are difficult to replenish on a short time scale.

Large deposits of fossil fuels are obtained from the Earth's crust, consisting of coal, petroleum, natural gas and
methane clathrate. These deposits are used by humans both for energy production and as feedstock for chemical
production. Mineral ore bodies have also been formed in Earth's crust through a process of Ore genesis, resulting
from actions of erosion and plate tectonics. These bodies form concentrated sources for many metals and other

useful elements.

The Earth's biosphere produces many useful biological products for humans, including (but far from limited to) food,
wood, pharmaceuticals, oxygen, and the recycling of many organic wastes. The land-based ecosystem depends upon
topsoil and fresh water, and the oceanic ecosystem depends upon dissolved nutrients washed down from the land. In
1980, 5,053 Mha of the Earth's land surface consisted of forest and woodlands, 6,788 Mha were grasslands and
pasture, and 1,501 Mha was cultivated as croplands. The estimated amount of irrigated land in 1993 was 2,481,250

square kilometres (958,020 sq mi). Humans also live on the land by using building materials to construct shelters.

Natural and environmental hazards

Large areas of the Earth's surface are subject to extreme weather such as tropical cyclones, hurricanes, or typhoons
that dominate life in those areas. From 1980 to 2000, these events caused an average of 11,800 deaths per year.
Many places are subject to earthquakes, landslides, tsunamis, volcanic eruptions, tornadoes, sinkholes, blizzards,

floods, droughts, wildfires, and other calamities and disasters.

Many localized areas are subject to human-made pollution of the air and water, acid rain and toxic substances, loss
of vegetation (overgrazing, deforestation, desertification), loss of wildlife, species extinction, soil degradation, soil
depletion, erosion, and introduction of invasive species.

According to the United Nations, a scientific consensus exists linking human activities to global warming due to
industrial carbon dioxide emissions. This is predicted to produce changes such as the melting of glaciers and ice

sheets, more extreme temperature ranges, significant changes in weather and a global rise in average sea levels.
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Human geography
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The 7 continents of Earth:[l4] North America,  South America,  Antarctica, Africa, FEurope, Asia,

Australia

The Earth at night in 2000, a composite of DMSP/OLS ground illumination data on a simulated night-time image of
the world

Cartography, the study and practice of map making, and vicariously geography, have historically been the disciplines
devoted to depicting the Earth. Surveying, the determination of locations and distances, and to a lesser extent
navigation, the determination of position and direction, have developed alongside cartography and geography,

providing and suitably quantifying the requisite information.

Earth has reached approximately seven billion human inhabitants as of October 31, 2011. Projections indicate that
the world's human population will reach 9.2 billion in 2050. Most of the growth is expected to take place in
developing nations. Human population density varies widely around the world, but a majority live in Asia. By 2020,

60% of the world's population is expected to be living in urban, rather than rural, areas.

It is estimated that only one-eighth of the surface of the Earth is suitable for humans to live on—three-quarters is
covered by oceans, and half of the land area is either desert (14%), high mountains (27%), or other less suitable
terrain. The northernmost permanent settlement in the world is Alert, on Ellesmere Island in Nunavut, Canada.
(82°28’N) The southernmost is the Amundsen-Scott South Pole Station, in Antarctica, almost exactly at the South
Pole. (90°S)

Independent sovereign nations claim the planet's entire land surface, except for some parts of Antarctica and the odd
unclaimed area of Bir Tawil between Egypt and Sudan. As of 2013, there are 206 sovereign states, including the 193
United Nations member states. In addition, there are 59 dependent territories, and a number of autonomous areas,
territories under dispute and other entities. Historically, Earth has never had a sovereign government with authority

over the entire globe, although a number of nation-states have striven for world domination and failed.

The United Nations is a worldwide intergovernmental organization that was created with the goal of intervening in
the disputes between nations, thereby avoiding armed conflict. The U.N. serves primarily as a forum for international
diplomacy and international law. When the consensus of the membership permits, it provides a mechanism for

armed intervention.
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The first human to orbit the Earth was Yuri Gagarin on April 12, 1961.
In total, about 487 people have visited outer space and reached Earth
orbit as of July 30, 2010, and, of these, twelve have walked on the
Moon. Normally the only humans in space are those on the
International Space Station. The station's crew, currently six people, is
usually replaced every six months. The furthest humans have travelled
from Earth is 400,171 km, achieved during the 1970 Apollo 13

mission.

Cultural and historical viewpoint

The standard astronomical symbol of the Earth consists of a cross The first photograph ever taken by astronauts of
circumscribed by a circle. an "Earthrise", from Apollo 8

Unlike the rest of the planets in the Solar System, humankind did not

begin to view the Earth as a moving object in orbit around the Sun until the 16th century. Earth has often been
personified as a deity, in particular a goddess. In many cultures a mother goddess is also portrayed as a fertility deity.
Creation myths in many religions recall a story involving the creation of the Earth by a supernatural deity or deities.
A variety of religious groups, often associated with fundamentalist branches of Protestantism or Islam, assert that
their interpretations of these creation myths in sacred texts are literal truth and should be considered alongside or
replace conventional scientific accounts of the formation of the Earth and the origin and development of life. Such
assertions are opposed by the scientific community and by other religious groups. A prominent example is the

creation—evolution controversy.

In the past, there were varying levels of belief in a flat Earth, but this was displaced by spherical Earth, a concept that
has been credited to Pythagoras (6th century BC). Human cultures have developed many views of the planet,
including its personification as a planetary deity, its shape as flat, its position as the center of the universe, and in the

modern Gaia Principle, as a single, self-regulating organism in its own right.

Chronology

Formation

The earliest material found in the Solar
System is dated to 4.5672+0.0006 bya;
therefore, it is inferred that the Earth
must have been formed by accretion
around this time. By 4.54+0.04 bya the
primordial Earth had formed. The
formation and evolution of the Solar
System bodies occurred in tandem with
the Sun. In theory a solar nebula

partitions a volume out of a molecular

cloud by gravitational collapse, which
begins to spin and flatten into a Artist's impression of the birth of the Solar System
circumstellar disk, and then the planets

grow out of that in tandem with the star. A nebula contains gas, ice grains and dust (including primordial nuclides).
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In nebular theory planetesimals commence forming as particulate accrues by cohesive clumping and then by gravity.
The assembly of the primordial Earth proceeded for 10—20 myr. The Moon formed shortly thereafter, about
4.53 bya.

The Moon's formation remains debated. The working hypothesis is that it formed by accretion from material loosed
from the Earth after a Mars-sized object dubbed Theia impacted with Earth. The model, however, is not
self-consistent. In this scenario, the mass of Theia is 10% of the Earth's mass, it impacts with the Earth in a glancing
blow, and some of its mass merges with the Earth. Between approximately 3.8 and 4.1 bya, numerous asteroid
impacts during the Late Heavy Bombardment caused significant changes to the greater surface environment of the

Moon, and by inference, to the Earth.

Geological history

Earth's atmosphere and oceans formed by volcanic activity and outgassing that included water vapor. The origin of
the world's oceans was condensation augmented by water and ice delivered by asteroids, proto-planets, and comets.
In this model, atmospheric "greenhouse gases" kept the oceans from freezing while the newly forming Sun was only
at 70% luminosity. By 3.5 bya, the Earth's magnetic field was established, which helped prevent the atmosphere
from being stripped away by the solar wind. A crust formed when the molten outer layer of the planet Earth cooled
to form a solid as the accumulated water vapor began to act in the atmosphere. The two models that explain land
mass propose either a steady growth to the present-day forms or, more likely, a rapid growth early in Earth history
followed by a long-term steady continental area. Continents formed by plate tectonics, a process ultimately driven by
the continuous loss of heat from the earth's interior. On time scales lasting hundreds of millions of years, the
supercontinents have formed and broken up three times. Roughly 750 mya (million years ago), one of the earliest
known supercontinents, Rodinia, began to break apart. The continents later recombined to form Pannotia,

600—540 mya, then finally Pangaea, which also broke apart 180 mya.

The present pattern of ice ages began about 40 mya and then intensified during the Pleistocene about 3 mya.
High-latitude regions have since undergone repeated cycles of glaciation and thaw, repeating every

40—-100000 years. The last continental glaciation ended 10,000 years ago.

Predicted future

Estimates on how much longer the planet will be able to continue to support life range from 500 million years (myr),
to as long as 2.3 billion years (byr). The future of the planet is closely tied to that of the Sun. As a result of the steady
accumulation of helium at the Sun's core, the star's total luminosity will slowly increase. The luminosity of the Sun
will grow by 10% over the next 1.1 byr and by 40% over the next 3.5 byr. Climate models indicate that the rise in

radiation reaching the Earth is likely to have dire consequences, including the loss of the planet's oceans.

The Earth's increasing surface temperature will accelerate the inorganic CO2 cycle, reducing its concentration to
levels lethally low for plants (10 ppm for C4 photosynthesis) in approximately 500-900 myr. The lack of vegetation
will result in the loss of oxygen in the atmosphere, so animal life will become extinct within several million more
years. After another billion years all surface water will have disappeared and the mean global temperature will reach
70 °C (158 °F). The Earth is expected to be effectively habitable for about another 500 myr from that point, although
this may be extended up to 2.3 byr if the nitrogen is removed from the atmosphere. Even if the Sun were eternal and
stable, 27% of the water in the modern oceans will descend to the mantle in one billion years, due to reduced steam

venting from mid-ocean ridges.
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Life Cycle of the Sun
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The life cycle of the Sun

The Sun, as part of its evolution, will become a red giant in about 5 byr. Models predict that the Sun will expand out
to about 250 times its present radius, roughly 1 AU (150,000,000 km). Earth's fate is less clear. As a red giant, the
Sun will lose roughly 30% of its mass, so, without tidal effects, the Earth will move to an orbit 1.7 AU
(250,000,000 km) from the Sun, when the star reaches its maximum radius. The planet was, therefore, initially
expected to escape envelopment by the expanded Sun's sparse outer atmosphere, though most, if not all, remaining
life would have been destroyed by the Sun's increased luminosity (peaking at about 5,000 times its present level). A
2008 simulation indicates that the Earth's orbit will decay due to tidal effects and drag, causing it to enter the red
giant Sun's atmosphere and be vaporized. After that, the Sun's core will collapse into a white dwarf, as its outer
layers are ejected into space as a planetary nebula. The matter that once made up the Earth will be released into
interstellar space, where it may one day become incorporated into a new generation of planets and other celestial

bodies.

Moon

Characteristics

Diameter 3,474.8 km

Mass 7.349x102 kg

Semi-major axis | 384,400 km

Orbital period |27d7h43.7m

The Moon is a relatively large, terrestrial, planet-like Wigion iR = 1.738 60

Earth radius = 6,378 km

satellite, with a diameter about one-quarter of the
Earth's. It is the largest moon in the Solar System
relative to the size of its planet, although Charon is
larger relative to the dwarf planet Pluto. The natural

satellites orbiting other planets are called "moons" after
Earth's Moon.

Axial tilt ||
to orbit ||
=6.68°L

. . Axial tilt
The gravitational attraction between the Earth and to orbit

' [Earth center-barycenter = 4,641 km
Earth center-Moon center = 384,405 km (not to scale)

Moon causes tides on Earth. The same effect on the

Moon has led to its tidal locking: its rotation period is
Details of the Earth—Moon system. Besides the radius of each object,

the same as the time it takes to orbit the Earth. As a the radius to the Earth—Moon [bi%rf/center is shown. Photos from

result, it always presents the same face to the planet. As NASA 1 Data from NASA 1O The Moon's axis s Tocated by
the Moon orbits Earth, different parts of its face are Cassini's third law.
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illuminated by the Sun, leading to the lunar phases; the dark part of the
face is separated from the light part by the solar terminator.

Due to their tidal interaction, the Moon recedes from Earth at the rate
of approximately 38 mm a year. Over millions of years, these tiny
modifications—and the lengthening of Earth's day by about 23 us a
year—add up to significant changes. During the Devonian period, for
example, (approximately 410 mya) there were 400 days in a year, with
each day lasting 21.8 hours.

The Moon may have dramatically affected the development of life by

moderating the planet's climate. Paleontological evidence and

Full moon as seen from Earth's northern computer simulations show that Earth's axial tilt is stabilized by tidal
hemisphere interactions with the Moon. Some theorists believe that without this

stabilization against the torques applied by the Sun and planets to the

Earth's equatorial bulge, the rotational axis might be chaotically unstable, exhibiting chaotic changes over millions of

years, as appears to be the case for Mars.

Viewed from Earth, the Moon is just far enough away to have almost the same apparent-sized disk as the Sun. The
angular size (or solid angle) of these two bodies match because, although the Sun's diameter is about 400 times as

large as the Moon's, it is also 400 times more distant. This allows total and annular solar eclipses to occur on Earth.

The most widely accepted theory of the Moon's origin, the giant impact theory, states that it formed from the
collision of a Mars-size protoplanet called Theia with the early Earth. This hypothesis explains (among other things)
the Moon's relative lack of iron and volatile elements, and the fact that its composition is nearly identical to that of
the Earth's crust.

A scale representation of the relative sizes of, and average distance between, Earth and the Moon

Asteroids and artificial satellites

Earth has at least five co-orbital asteroids, including 3753 Cruithne and
2002 AA29. A trojan asteroid companion, 2010 TK7, is librating
around the leading Lagrange triangular point, L4, of Earth in Earth's

orbit around the Sun.

As of 2011[1], there are 931 operational, man-made satellites orbiting

the Earth. There are also inoperative satellites and over 300,000 pieces

of space debris. Earth's largest artificial satellite is the International

Space Station. T o o
The International Space Station is an artificial

satellite that orbits Earth.

Notes

[1] http://en.wikipedia.org/w/index.php?title=Earth&action=edit

[2] The Earth's circumference is almost exactly 40,000 km because the metre was calibrated on this measurement — more specifically,
1/10-millionth of the distance between the poles and the equator.

[3] National Oceanic & Atmospheric Administration (NOAA) — Earth System Research Laboratory (ESRL), Trends in Carbon Dioxide (http://
www.esrl.noaa.gov/gmd/ccgg/trends/#mlo).

[4] Barnhart, Robert K. (1995).
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Originally. from a Semitic (Arabic/Hebrew) root: _s,il aarth-or, y7% aerets (Hebrew) is the word for land, country
and Earth.

As per later Germanic roots, the Barnhart Concise Dictionary of Etymology, pages 228—229. HarperCollins. ISBN

0-06-270084-7

[5] Simek, Rudolf (2007) translated by Angela Hall. Dictionary of Northern Mythology, page 179. D.S. Brewer ISBN 0-85991-513-1

[6] The 'Highest' Spot on Earth? (http://www.npr.org/templates/story/story.php?storyld=9428163) NPR.org Consultado el 25-07-2010

[7] Locally varies between 5 and 200 km.

[8] Locally varies between 5 and 70 km.

[9] http://www.esrf.eu/news/general/Earth-Center-Hotter/Earth-Centre-Hotter

[10] http://www.ngdc.noaa.gov/mgg/topo/

[11] Number of countries (http://geography.about.com/cs/countries/a/numbercountries.htm)

[12] The total surface area of the Earth is . To first approximation, the average depth would be the ratio of the two, or 2.7 km.

[13] http://maia.usno.navy.mil/ser7/ser7.dat

[14] World (http://www.nationalgeographic.com/xpeditions/atlas/index.html?Parent=world&Mode=d& SubMode=w), National
Geographic — Xpeditions Atlas (http://www.nationalgeographic.com/xpeditions/). 2006. Washington, DC: National Geographic Society.

[15] http://visibleearth.nasa.gov/view_set.php?categorylD=2363

[16] http://nssdc.gsfc.nasa.gov/planetary/factsheet/moonfact.html
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Earth science

Earth science is an all-embracing term for the sciences
related to the planet Earth. It is arguably a special case
in planetary science, the Earth being the only known
life-bearing planet. There are both reductionist and
holistic approaches to Earth sciences. The formal
discipline of Earth sciences may include the study of
the atmosphere, hydrosphere, oceans and biosphere, as
well as the solid earth. Typically, Earth scientists will
use tools from physics, chemistry, biology, chronology,
and mathematics to build a quantitative understanding
of how the Earth system works, and how it evolved to

its current state.

Fields of study

The following fields of science are generally categorized within the

Earth Sciences:

* Geology describes the rocky parts of the Earth's crust (or
lithosphere) and its historic development. Major subdisciplines are
mineralogy and petrology, geochemistry, geomorphology,
paleontology, stratigraphy, structural geology, engineering geology,

and sedimentology.

* Physical geography covers aspects of geomorphology, soil study,
hydrology, meteorology, climatology, and biogeography.m

A volcanic eruption is the release of stored energy from below the
surface of Earth, originating from radioactive decay and gravitational
sorting in the Earth's core and mantle, and residual energy gained

during the Earth's formation.

Lava flows from the Kilauea volcano into the

ocean on the Island of Hawaii

* Geophysics and geodesy investigate the shape of the Earth, its

reaction to forces and its magnetic and gravity fields. Geophysicists explore the Earth's core and mantle as well as
the tectonic and seismic activity of the lithosphere.B”4J Geophysics is commonly used to supplement the work of
geologists in developing a comprehensive understanding of crustal geology, particularly in mineral and petroleum

exploration. See Geophysical survey.

Soil science covers the outermost layer of the Earth's crust that is subject to soil formation processes (or
pedosphere).[S] Major subdisciplines include edaphology and pedology.m

Ecology covers the interactions between the biota, with their natural environment. This field of study
differentiates the study of the Earth, from the study of other planets in our Solar System; the Earth being the only
planet teeming with life.

Hydrology (includes oceanography and limnology) describe the marine and freshwater domains of the watery
parts of the Earth (or hydrosphere). Major subdisciplines include hydrogeology and physical, chemical, and
biological oceanography, </ @/ion needed]
Glaciology covers the icy parts of the Earth (or cryosphere).

Atmospheric sciences cover the gaseous parts of the Earth (or atmosphere) between the surface and the exosphere
(about 1000 km). Major discipline are meteorology, climatology, atmospheric chemistry, and atmospheric

physics.
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Earth's interior

Plate tectonics, mountain ranges, volcanoes, and earthquakes are geological phenomena that can be explained in

terms of energy transformations in the Earth's crust.”]

Beneath the Earth's crust lies the mantle which is heated by the radioactive decay of heavy elements. The mantle is
not quite solid and consists of magma which is in a state of semi-perpetual convection. This convection process

causes the lithospheric plates to move, albeit slowly. The resulting process is known as plate tectonics.

Plate tectonics might be thought of as the process by which the earth is resurfaced. Through a process called seafloor
spreading, new crust is created by the flow of magma from underneath the lithosphere to the surface, through
fissures, where it cools and solidifies. Through a process called subduction, oceanic crust is pushed underground —
beneath the rest of the lithosphere—where it comes into contact with magma and melts—tejoining the mantle from

which it originally came.

Areas of the crust where new crust is created are called divergent boundaries, those where it is brought back into the
earth are convergent boundaries and those where plates slide past each other, but no new lithospheric material is
created or destroyed, are referred to as transform (or conservative) boundaries Earthquakes result from the movement
of the lithospheric plates, and they often occur near convergent boundaries where parts of the crust are forced into
the earth as part of subduction.

Volcanoes result primarily from the melting of subducted crust material. Crust material that is forced into the
asthenosphere melts, and some portion of the melted material becomes light enough to rise to the surface—giving
birth to volcanoes.

Earth's electromagnetic field

An electromagnet is a magnet that is created by a current that flows around a soft iron core. Earth has a solid iron
inner core surrounded by semi-liquid materials of the outer core that move in continuous currents around the inner

core; therefore, the Earth is an electromagnet. This is referred to as the dynamo theory of Earth's magnetism.

Atmosphere

The troposphere, stratosphere, mesosphere,
thermosphere, and exosphere are the five layers which
make up Earth's atmosphere. In all, the atmosphere is
made up of about 78.0% nitrogen, 20.9% oxygen, and
0.92% argon. 75% of the gases in the atmosphere are
located within the troposphere, the bottom-most layer.
The remaining one percent of the atmosphere (all but

the nitrogen, oxygen, and argon) contains small

amounts of other gases including CO2 and water

The magnetosphere shields the surface of Earth from the charged

vapors. Water vapors and CO2 allow the Earth's

, particles of the solar wind. It is compressed on the day (Sun) side due
atmosphere to catch and hold the Sun's energy through

to the force of the arriving particles, and extended on the night side.
a phenomenon called the greenhouse effect. This Image not 1o scale.
allows Earth's surface to be warm enough to have

liquid water and support life.

The magnetic field created by the internal motions of the core produces the magnetosphere which protects the Earth's
atmosphere from the solar wind. As the earth is 4.5 billion years old, it would have lost its atmosphere by now if

there were no protective magnetosphere.
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In addition to storing heat, the atmosphere also protects living organisms by shielding the Earth's surface from
cosmic rays. Note that the level of protection is high enough to prevent cosmic rays from destroying all life on Earth,

yet low enough to aid the mutations that have an important role in pushing forward diversity in the biosphere.[€74"

needed)

Methodology

Methodologies vary depending on the nature of the subjects being studied. Studies typically fall into one of three
categories: observational, experimental, or theoretical. Earth scientists often conduct sophisticated computer analysis
or go to many of the world's most exotic locations to study Earth phenomena (e.g. Antarctica or hot spot island

chains).

A foundational idea within the study Earth science is the notion of uniformitarianism. Uniformitarianism dictates
that "ancient geologic features are interpreted by understanding active processes that are readily observed."Lciration
needed] 1y other words, any geologic processes at work in the present have operated in the same ways throughout
geologic time. This enables those who study Earth's history to apply knowledge of how Earth processes operate in

the present to gain insight into how the planet has evolved and changed throughout deep history.

Earth's spheres

Earth science generally recognizes four spheres, the lithosphere, the hydrosphere, the atmosphere, and the
biosphere;[g] these correspond to rocks, water, air, and life. Some practitioners include, as part of the spheres of the
Earth, the cryosphere (corresponding to ice) as a distinct portion of the hydrosphere, as well as the pedosphere

(corresponding to soil) as an active and intermixed sphere.

Partial list of the major earth science topics

See: List of basic earth science topics

Atmosphere

* Atmospheric chemistry
* Climatology

* Meteorology

* Hydrometeorology

* Paleoclimatology

Biosphere

e Ecology
* Biogeography
e Paleontology
¢ Palynology
* Micropaleontology
* Geomicrobiology

* Geoarchaeology
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Hydrosphere

Hydrology
* Geohydrology

Limnology (freshwater science)

Oceanography (marine science)

* Chemical oceanography

* Physical oceanography

* Biological oceanography (marine biology)

* Geological oceanography (marine geology)

* Paleoceanography

Lithosphere or geosphere

Geology

Economic geology
Engineering geology
Environmental geology
Historical geology

¢ Quaternary geology
Planetary geology
Sedimentology
Stratigraphy

Structural geology

Geography

Physical geography

Geochemistry

Geomorphology

Geophysics

* Geochronology

¢ Geodynamics (see also Tectonics)
* Geomagnetism

¢ Gravimetry (also part of Geodesy)
* Seismology

Glaciology

Hydrogeology
Mineralogy

¢ Crystallography
¢ Gemology
Petrology
Speleology
Volcanology

Pedosphere

Soil science

* Edaphology
* Pedology

Systems

Environmental science
Geography

* Human geography
¢ Physical geography
Gaia hypothesis
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Others

* Cartography

¢ Geoinformatics (GIS)

* Geostatistics

* Geodesy and Surveying

* NASA Earth Science Enterprise
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External links

* Earth Science Picture of the Day (http://epod.usra.edu/), a service of Universities Space Research Association,
sponsored by NASA Goddard Space Flight Center.

* Geoethics in Planetary and Space Exploration (http://tierra.rediris.es/Geoethics_Planetary_Protection/).

* National Earth Science Teachers Association (http://www.nestanet.org/cms/content/welcome)

* Earth Sciences Degree Program Directory (http://www.geosciences.com)
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The interior structure of the Earth is
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samples brought to the surface from

greater depths by volcanic activity,

analysis of the seismic waves that pass through Earth, measurements of the gravity field of Earth, and experiments

with crystalline solids at pressures and temperatures characteristic of Earth's deep interior.

Assumptions

The force exerted by Earth's gravity can be used to calculate its mass, and by estimating the volume of the Earth, its
average density can be calculated. Astronomers can also calculate Earth's mass from its orbit and effects on nearby

planetary bodies.
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Earth's radial density distribution according to the preliminary reference earth model (PREM).
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Schematic view of the interior of Earth. 1. continental crust — 2. oceanic crust — 3. upper mantle — 4. lower mantle —
5. outer core — 6. inner core — A: Mohorovici¢ discontinuity — B: Gutenberg Discontinuity — C: Lehmann—Bullen
discontinuity.

The structure of Earth can be defined in two ways: by mechanical properties such as rheology, or chemically.
Mechanically, it can be divided into lithosphere, asthenosphere, mesospheric mantle, outer core, and the inner core.
The interior of Earth is divided into 5 important layers. Chemically, Earth can be divided into the crust, upper
mantle, lower mantle, outer core, and inner core. The geologic component layers of Earth are at the following depths

below the surface:
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Depth
Kilometres Miles Layer
0-60 0-37 Lithosphere (locally varies between 5 and 200 km)
0-35 0-22 ... Crust (locally varies between 5 and 70 km)
35-60 22-37 ... Uppermost part of mantle

35-2,890 22-1,790 | Mantle

100-200 62—125 ... Asthenosphere

35-660 22-410 ... Upper mesosphere (upper mantle)

660-2,890 | 410-1,790 | ... Lower mesosphere (lower mantle)

2,890-5,150 | 1,790-3,160 | Outer core

5,150—6,360 | 3,160—3,954 | Inner core

The layering of Earth has been inferred indirectly using the time of travel of refracted and reflected seismic waves
created by earthquakes. The core does not allow shear waves to pass through it, while the speed of travel (seismic
velocity) is different in other layers. The changes in seismic velocity between different layers causes refraction
owing to Snell's law, like light bending as it passes through a prism. Likewise, reflections are caused by a large

increase in seismic velocity and are similar to light reflecting from a mirror.

Core

The average density of Earth is 5,515 kg/m3. Since the average density of surface material is only around
3,000 kg/m3, we must conclude that denser materials exist within Earth's core. Seismic measurements show that the
core is divided into two parts, a "solid" inner core with a radius of ~1,220 km and a liquid outer core extending
beyond it to a radius of ~3,400 km. The densities are between 9,900 and 12,200 kg/m3 in the outer core and
12,600—-13,000 kg/m3 in the inner core.

The inner core was discovered in 1936 by Inge Lehmann and is generally believed to be composed primarily of iron
and some nickel. It is not necessarily a solid, but, because it is able to deflect seismic waves, it must behave as a
solid in some fashion. Experimental evidence has at times been critical of crystal models of the core. Other
experimental studies show a discrepancy under high pressure: diamond anvil (static) studies at core pressures yield
melting temperatures that are approximately 2000K below those from shock laser (dynamic) studies. The laser
studies create plasma, and the results are suggestive that constraining inner core conditions will depend on whether

the inner core is a solid or is a plasma with the density of a solid. This is an area of active research.

In early stages of Earth's formation about four and a half billion (4.5><109) years ago, melting would have caused
denser substances to sink toward the center in a process called planetary differentiation (see also the iron
catastrophe), while less-dense materials would have migrated to the crust. The core is thus believed to largely be
composed of iron (80%), along with nickel and one or more light elements, whereas other dense elements, such as
lead and uranium, either are too rare to be significant or tend to bind to lighter elements and thus remain in the crust

(see felsic materials). Some have argued that the inner core may be in the form of a single iron crystal.

Under laboratory conditions a sample of iron nickel alloy was subjected to the corelike pressures by gripping it in a
vise between 2 diamond tips, and then heating to approximately 4000 K. The sample was observed with x-rays, and

strongly supported the theory that Earth's inner core was made of giant crystals running north to south.!!

The liquid outer core surrounds the inner core and is believed to be composed of iron mixed with nickel and trace

amounts of lighter elements.

Recent speculation suggests that the innermost part of the core is enriched in gold, platinum and other siderophile

elements.
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The matter that comprises Earth is connected in fundamental ways to matter of certain chondrite meteorites, and to
matter of outer portion of the Sun. There is good reason to believe that Earth is, in the main, like a chondrite
meteorite. Beginning as early as 1940, scientists, including Francis Birch, built geophysics upon the premise that
Earth is like ordinary chondrites, the most common type of meteorite observed impacting Earth, while totally
ignoring another, albeit less abundant type, called enstatite chondrites. The principal difference between the two
meteorite types is that enstatite chondrites formed under circumstances of extremely limited available oxygen,
leading to certain normally oxyphile elements existing either partially or wholly in the alloy portion that corresponds
to the core of Earth.

Dynamo theory suggests that convection in the outer core, combined with the Coriolis effect, gives rise to Earth's
magnetic field. The solid inner core is too hot to hold a permanent magnetic field (see Curie temperature) but
probably acts to stabilize the magnetic field generated by the liquid outer core. The average magnetic field strength

in Earth's outer core is estimated to be 25 Gauss, 50 times stronger than the magnetic field at the surface.!

Recent evidence has suggested that the inner core of Earth may rotate slightly faster than the rest of the planet;
however, more recent studies in 2011Wikipedia:Avoid weasel words found this hypothesis to be inconclusive.
Options remain for the core which may be oscillatory in nature or a chaotic system. /7@ ne¢dedl 1 Ayoust 2005 a
team of geophysicists announced in the journal Science that, according to their estimates, Earth's inner core rotates

approximately 0.3 to 0.5 degrees per year relative to the rotation of the surface.l’!

The current scientific explanation for Earth's temperature gradient is a combination of heat left over from the planet's

initial formation, decay of radioactive elements, and freezing of the inner core.

Mantle

Earth's mantle extends to a depth of
2,890 km, making it the thickest layer of
Earth. The pressure at the bottom of the
mantle is ~140 GPa (1.4 Matm). The mantle
is composed of silicate rocks that are rich in
iron and magnesium relative to the
overlying crust. Although solid, the high
temperatures within the mantle cause the

silicate material to be sufficiently ductile

that it can flow on very long timescales. ~180° -120° 80 o 80 120 180’
| — ]

. . Maoho Depth [km]
Convection of the mantle is expressed at the 1020 90 40 50 60 70

surface through the motions of tectonic World map showing the position of the Moho.

plates. The melting point and viscosity of a

substance depends on the pressure it is under. As there is intense and increasing pressure as one travels deeper into
the mantle, the lower part of the mantle flows less easily than does the upper mantle (chemical changes within the
mantle may also be important). The viscosity of the mantle ranges between 10*! and 10%* Pa-s, depending on

depth.[4] In comparison, the viscosity of water is approximately 1073 Pa-s and that of pitch is 10 Pas.

Crust

The crust ranges from 5—70 km (~3—44 miles) in depth and is the outermost layer. The thin parts are the oceanic
crust, which underlie the ocean basins (5—10 km) and are composed of dense (mafic) iron magnesium silicate
igneous rocks, like basalt. The thicker crust is continental crust, which is less dense and composed of (felsic) sodium
potassium aluminium silicate rocks, like granite. The rocks of the crust fall into two major categories — sial and sima
(Suess,1831—-1914). It is estimated that sima starts about 11 km below the Conrad discontinuity (a second order

discontinuity). The uppermost mantle together with the crust constitutes the lithosphere. The crust-mantle boundary
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occurs as two physically different events. First, there is a discontinuity in the seismic velocity, which is known as the
Mohorovic¢i¢ discontinuity or Moho. The cause of the Moho is thought to be a change in rock composition from
rocks containing plagioclase feldspar (above) to rocks that contain no feldspars (below). Second, in oceanic crust,
there is a chemical discontinuity between ultramafic cumulates and tectonized harzburgites, which has been observed
from deep parts of the oceanic crust that have been obducted onto the continental crust and preserved as ophiolite

sequences.

Many rocks now making up Earth's crust formed less than 100 million (1><108) years ago; however, the oldest known
[5]

mineral grains are 4.4 billion (4.4><109) years old, indicating that Earth has had a solid crust for at least that long.

Historical development of alternative conceptions

In 1692 Edmund Halley (in a paper printed in Philosophical Transactions of
Royal Society of London) put forth the idea of Earth consisting of a hollow
shell about 500 miles thick, with two inner concentric shells around an
innermost core, corresponding to the diameters of the planets Venus, Mars,
and Mercury respectively.[6] Halley's construct was a method of accounting
for the (flawed) values of the relative density of Earth and the Moon that had
been given by Sir Isaac Newton, in Principia (1687). "Sir Isaac Newton has
demonstrated the Moon to be more solid than our Earth, as 9 to 5," Halley

remarked; "why may we not then suppose four ninths of our globe to be

cavity?"
Edmond Halley's hypothesis.
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Plate tectonics

The tectonic plates of the world were mapped in the second half of

the 20th century.

Remnants of the Farallon Plate, deep in Earth's mantle. It is thought
that much of the plate initially went under North America
(particularly the western United States and southwest Canada) at a

very shallow angle, creating much of the mountainous terrain in the

area (particularly the southern Rocky Mountains).
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Plate tectonics (from the Late Latin tectonicus, from the Greek: textovikdg "pertaining to building”)[z] is a

scientific theory that describes the large-scale motions of Earth's lithosphere. The model builds on the concepts of

continental drift, developed during the first few decades of the 20th century. The geoscientific community accepted

the theory after the concepts of seafloor spreading were developed in the late 1950s and early 1960s.

The lithosphere is broken up into tectonic plates. On Earth, there are seven or eight major plates (depending on how

they are defined) and many minor plates. Where plates meet, their relative motion determines the type of boundary:

convergent, divergent, or transform. Earthquakes, volcanic activity, mountain-building, and oceanic trench formation

occur along these plate boundaries. The lateral relative movement of the plates typically varies from zero to 100 mm

annually. 31
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Tectonic plates are composed of oceanic lithosphere and thicker continental lithosphere, each topped by its own kind
of crust. Along convergent boundaries, subduction carries plates into the mantle; the material lost is roughly
balanced by the formation of new (oceanic) crust along divergent margins by seafloor spreading. In this way, the
total surface of the globe remains the same. This prediction of plate tectonics is also referred to as the conveyor belt
principle. Earlier theories (that still have some supporters) proposed gradual shrinking (contraction) or gradual

expansion of the globe.w

Tectonic plates are able to move because the Earth's lithosphere has a higher strength than the underlying
asthenosphere. Lateral density variations in the mantle result in convection. Plate movement is thought to be driven
by a combination of the motion of the seafloor away from the spreading ridge (due to variations in topography and
density of the crust, which result in differences in gravitational forces) and drag, downward suction, at the
subduction zones. Another explanation lies in the different forces generated by the rotation of the globe and the tidal
forces of the Sun and the Moon. The relative importance of each of these factors is unclear, and is still subject to
debate.

Key principles

The outer layers of the Earth are divided into lithosphere and asthenosphere. This is based on differences in
mechanical properties and in the method for the transfer of heat. Mechanically, the lithosphere is cooler and more
rigid, while the asthenosphere is hotter and flows more easily. In terms of heat transfer, the lithosphere loses heat by
conduction, whereas the asthenosphere also transfers heat by convection and has a nearly adiabatic temperature
gradient. This division should not be confused with the chemical subdivision of these same layers into the mantle
(comprising both the asthenosphere and the mantle portion of the lithosphere) and the crust: a given piece of mantle

may be part of the lithosphere or the asthenosphere at different times, depending on its temperature and pressure.

The key principle of plate tectonics is that the lithosphere exists as separate and distinct tectonic plates, which ride
on the fluid-like (visco-elastic solid) asthenosphere. Plate motions range up to a typical 10—40 mm/year
(Mid-Atlantic Ridge; about as fast as fingernails grow), to about 160 mm/year (Nazca Plate; about as fast as hair
grows).[S] The driving mechanism behind this movement is described separately below.

Tectonic lithosphere plates consist of lithospheric mantle overlain by either or both of two types of crustal material:
oceanic crust (in older texts called sima from silicon and magnesium) and continental crust (sial from silicon and
aluminium). Average oceanic lithosphere is typically 100 km (62 mi) thick;[6] its thickness is a function of its age: as
time passes, it conductively cools and subjacent cooling mantle is added to its base. Because it is formed at
mid-ocean ridges and spreads outwards, its thickness is therefore a function of its distance from the mid-ocean ridge
where it was formed. For a typical distance oceanic lithosphere must travel before being subducted, the thickness
varies from about 6 km (4 mi) thick at mid-ocean ridges to greater than 100 km (62 mi) at subduction zones; for
shorter or longer distances, the subduction zone (and therefore also the mean) thickness becomes smaller or larger,
respectively.[7] Continental lithosphere is typically ~200 km thick, though this also varies considerably between
basins, mountain ranges, and stable cratonic interiors of continents. The two types of crust also differ in thickness,

with continental crust being considerably thicker than oceanic (35 km vs. 6 km).[S]

The location where two plates meet is called a plate boundary, and plate boundaries are commonly associated with
geological events such as earthquakes and the creation of topographic features such as mountains, volcanoes,
mid-ocean ridges, and oceanic trenches. The majority of the world's active volcanoes occur along plate boundaries,
with the Pacific Plate's Ring of Fire being most active and most widely known. These boundaries are discussed in
further detail below. Some volcanoes occur in the interiors of plates, and these have been variously attributed to

[

internal plate deformation %) and to mantle plumes.

As explained above, tectonic plates can include continental crust or oceanic crust, and many plates contain both. For
example, the African Plate includes the continent and parts of the floor of the Atlantic and Indian Oceans. The

distinction between oceanic crust and continental crust is based on their modes of formation. Oceanic crust is formed
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at sea-floor spreading centers, and continental crust is formed through arc volcanism and accretion of terranes
through tectonic processes; though some of these terranes may contain ophiolite sequences, which are pieces of
oceanic crust, these are considered part of the continent when they exit the standard cycle of formation and spreading
centers and subduction beneath continents. Oceanic crust is also denser than continental crust owing to their different
compositions. Oceanic crust is denser because it has less silicon and more heavier elements ("mafic") than
continental crust ("felsic").“O] As a result of this density stratification, oceanic crust generally lies below sea level
(for example most of the Pacific Plate), while the continental crust buoyantly projects above sea level (see the page
isostasy for explanation of this principle).

Types of plate boundaries

Three types of plate boundaries exist,[“]

with a fourth, mixed type, characterized by the way the plates move relative
to each other. They are associated with different types of surface phenomena. The different types of plate boundaries

are:

1. Transform boundaries (Conservative) occur where two lithospheric plates slide, or perhaps more accurately,
grind past each other along transform faults, wherein plates are neither created nor destroyed. The relative motion
of the two plates is either sinistral (left side toward the observer) or dextral (right side toward the observer).
Transform faults occur across a spreading center. Strong earthquakes can occur along fault. The San Andreas
Fault in California is an example of a transform boundary exhibiting dextral motion.

2. Divergent boundaries (Constructive) occur where two plates slide apart from each other. At zones of
ocean-to-ocean rifting, divergent boundaries form by seafloor spreading, allowing for the formation of new ocean
basin as continent splits: the ridge forms at spreading center; the ocean basin expands; plate area increases; and
causes many small volcanoes and/or shallow earthquakes. At zones of continent-to-continent rifting, divergent
boundaries may cause new ocean basin to form as continent splits: continent spreads; central rift collapses; and
ocean fills basin. Active zones of Mid-ocean ridges (e.g., Mid-Atlantic Ridge and East Pacific Rise), and
continent-to-continent rifting (such as Africa's East African Rift and Valley, Red Sea) are both examples of
divergent boundaries.

3. Convergent boundaries (Destructive) (or active margins) occur where two plates slide towards each other to form
either a subduction zone (if one plate moves underneath the other) or a continental collision. At zones of
continent-to-continent subduction (e.g., Western South America, and Cascade Mountains in western United
States): the dense oceanic lithosphere plunges beneath the less dense continental; earthquakes trace path of
downward-moving plate as it descends into asthenosphere; a trench forms; the subducted plate partially melts;
and magma rises to form continental volcanoes. At zones of ocean-to-ocean subduction (e.g., the Andes mountain
range in South America, Aleutian islands, Mariana islands, and the Japanese island arc): older, cooler, denser
crust slips beneath less dense crust; strong quakes, deep trench forms in arc shape; subducted plate heats in upper
mantle; magma rises to form curving chains of volcanic islands. Deep marine trenches are typically associated
with subduction zones, and the basins that develop along the active boundary are often called "foreland basins".
The subducting slab contains many hydrous minerals, which release their water on heating; this water then causes
the mantle to melt, producing volcanism. Closure of ocean basins can occur at continent-to-continent boundaries
(e.g., Himalayas and Alps): collision between masses of granitic continental lithosphere; neither mass is
subducted; plate edges are compressed, folded, uplifted.

4. Plate boundary zones occur where the effects of the interactions are unclear and the boundaries, usually occurring

along a broad belt, are not well defined, and may show various types of movements in different episodes.
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Three types of plate boundary.

Driving forces of plate motion

Plate tectonics is basically a kinematic
phenomenon: Earth scientists agree on the
observation and deduction that the plates
have moved with respect to one another, and
debate and find agreements as to how and
when. But still, a major question remains as
to what the motor behind this movement is -
the geodynamic mechanism - and here

science diverges in different theories.

Generally, it is accepted that tectonic plates

5 cmiyr
Hetlin &1 al., 2007.9

are able to move because of the relative

density of oceanic lithosphere and the

relative weakness of the asthenosphere. — -8"%==% w e e e
Dissipation of heat from the mantle is Plate motion based on Global Positioning System (GPS) satellite data from NASA
acknowledged to be the original source of JPL 2]. The vectors show direction and magnitude of motion.

energy driving plate tectonics, through

convection or large scale upwelling and doming. As a consequence, in the current view, although it is still a matter of
some debate, because of the excess density of the oceanic lithosphere sinking in subduction zones a powerful source
of plate motion is generated. When the new crust forms at mid-ocean ridges, this oceanic lithosphere is initially less
dense than the underlying asthenosphere, but it becomes denser with age, as it conductively cools and thickens. The
greater density of old lithosphere relative to the underlying asthenosphere allows it to sink into the deep mantle at
subduction zones, providing most of the driving force for plate motions. The weakness of the asthenosphere allows
the tectonic plates to move easily towards a subduction zone. Although subduction is believed to be the strongest
force driving plate motions, it cannot be the only force since there are plates such as the North American Plate which
are moving, yet are nowhere being subducted. The same is true for the enormous Eurasian Plate. The sources of plate
motion are a matter of intensive research and discussion among Earth scientists. One of the main points is that the
kinematic pattern of the movements itself should be separated clearly from the possible geodynamic mechanism that
is invoked as the driving force of the observed movements, as some patterns may be explained by more than one
mechanism.!'?! Basically, the driving forces that are advocated at the moment, can be divided in three categories:

mantle dynamics related, gravity related (mostly secondary forces), and Earth rotation related.
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Driving forces related to mantle dynamics

For a considerable period of around 25 years (last quarter of the twentieth century) the leading theory envisaged
large scale convection currents in the upper mantle which are transmitted through the asthenosphere as the main
driving force of the tectonic plates. This theory was launched by Arthur Holmes and some forerunners in the 1930s
and was immediately recognized as the solution for the acceptance of the theory discussed since its occurrence in the
papers of Alfred Wegener in the early years of the century. It was, though, long debated because the leading
("fixist") theory was still envisaging a static Earth without moving continents, up until the major break—throughs in

the early sixties.

Two— and three—dimensional imaging of the Earth's interior (seismic tomography) shows that there is a laterally
varying density distribution throughout the mantle. Such density variations can be material (from rock chemistry),
mineral (from variations in mineral structures), or thermal (through thermal expansion and contraction from heat

energy). The manifestation of this varying lateral density is mantle convection from buoyancy forces. 14

How mantle convection relates directly and indirectly to the motion of the plates is a matter of ongoing study and
discussion in geodynamics. Somehow, this energy must be transferred to the lithosphere for tectonic plates to move.

There are essentially two types of forces that are thought to influence plate motion: friction and gravity.

* Basal drag (friction): The plate motion is in this way driven by friction between the convection currents in the
asthenosphere and the more rigid overlying floating lithosphere.

 Slab suction (gravity): Local convection currents exert a downward frictional pull on plates in subduction zones
at ocean trenches. Slab suction may occur in a geodynamic setting wherein basal tractions continue to act on the
plate as it dives into the mantle (although perhaps to a greater extent acting on both the under and upper side of
the slab).

Lately, the convection theory is much debated as modern techniques based on 3D seismic tomography of imaging
the internal structure of the Earth's mantle still fail to recognize these predicted large scale convection cells.

Therefore, alternative views have been proposed:

In the theory of plume tectonics developed during the 1990s, a modified concept of mantle convection currents is
used, related to super plumes rising from the deeper mantle which would be the drivers or the substitutes of the
major convection cells. These ideas, which find their roots in the early 1930s with the so-called "fixistic" ideas of the
European and Russian Earth Science Schools, find resonance in the modern theories which envisage hot
spots/mantle plumes in the mantle which remain fixed and are overridden by oceanic and continental lithosphere
plates during time, and leave their traces in the geological record (though these phenomena are not invoked as real
driving mechanisms, but rather as a modulator). The modern theories that continue building on the older mantle
doming concepts and see the movements of the plates a secondary phenomena, are beyond the scope of this page and

are discussed elsewhere for example on the plume tectonics page.

Another suggestion is that the mantle flows neither in cells nor large plumes, but rather as a series of channels just
below the Earth's crust, which then provide basal friction to the lithosphere. This theory is called "surge tectonics"

and became quite popular in geophysics and geodynamics during the 1980s and 1990s.1]

Driving forces related to gravity

Gravity related forces are usually invoked as secondary phenomena within the framework of a more general driving

mechanism such as the various forms of mantle dynamics described above.

Gravitational sliding away from a spreading ridge: According to many authors, plate motion is driven by the higher
elevation of plates at ocean ridges,“fﬂ As oceanic lithosphere is formed at spreading ridges from hot mantle material,
it gradually cools and thickens with age (and thus distance from the ridge). Cool oceanic lithosphere is significantly
denser than the hot mantle material from which it is derived and so with increasing thickness it gradually subsides

into the mantle to compensate the greater load. The result is a slight lateral incline with distance from the ridge axis.



http://en.wikipedia.org/w/index.php?title=Arthur_Holmes
http://en.wikipedia.org/w/index.php?title=Alfred_Wegener
http://en.wikipedia.org/w/index.php?title=Seismic_tomography
http://en.wikipedia.org/w/index.php?title=Mantle_convection
http://en.wikipedia.org/w/index.php?title=Friction
http://en.wikipedia.org/w/index.php?title=Gravity
http://en.wikipedia.org/w/index.php?title=Slab_pull
http://en.wikipedia.org/w/index.php?title=Plume_tectonics
http://en.wikipedia.org/w/index.php?title=Hotspot_%28geology%29
http://en.wikipedia.org/w/index.php?title=Hotspot_%28geology%29
http://en.wikipedia.org/w/index.php?title=Mantle_plumes

Plate tectonics

61

This force is regarded as a secondary force and is often referred to as "ridge push". This is a misnomer as nothing is
"pushing" horizontally and tensional features are dominant along ridges. It is more accurate to refer to this
mechanism as gravitational sliding as variable topography across the totality of the plate can vary considerably and
the topography of spreading ridges is only the most prominent feature. Other mechanisms generating this
gravitational secondary force include flexural bulging of the lithosphere before it dives underneath an adjacent plate,
which produces a clear topographical feature that can offset or at least affect the influence of topographical ocean
ridges, and mantle plumes and hot spots, which are postulated to impinge on the underside of tectonic plates.

Slab-pull: Current scientific opinion is that the asthenosphere is insufficiently competent or rigid to directly cause
motion by friction along the base of the lithosphere. Slab pull is therefore most widely thought to be the greatest
force acting on the plates. In this current understanding, plate motion is mostly driven by the weight of cold, dense
plates sinking into the mantle at trenches.!!”) Recent models indicate that trench suction plays an important role as
well. However, as the North American Plate is nowhere being subducted, yet it is in motion presents a problem. The
same holds for the African, Eurasian, and Antarctic plates.

Gravitational sliding away from mantle doming: According to older theories one of the driving mechanisms of the
plates is the existence of large scale asthenosphere/mantle domes, which cause the gravitational sliding of
lithosphere plates away from them. This gravitational sliding represents a secondary phenomenon of this, basically
vertically oriented mechanism. This can act on various scales, from the small scale of one island arc up to the larger

. .1
scale of an entire ocean bas1n.[ 8l

Driving forces related to Earth rotation

Alfred Wegener, being a meteorologist, had proposed tidal forces and pole flight force as main driving mechanisms
for continental drift. However, these forces were considered far too small to cause continental motion as the concept
then was of continents plowing through oceanic crust. Therefore, Wegener converted to convection currents as the

main driving force in the last edition of his book in 1929.

In the plate tectonics context (accepted since the seafloor spreading proposals of Heezen, Hess, Dietz, Morley, Vine
and Matthews (see below) during the early 1960s) though, oceanic crust is in motion with the continents which

caused the proposals related to Earth rotation to be reconsidered. In more recent literature, these driving forces are:

1. Tidal drag due to the gravitational force the Moon (and the Sun) exerts on the crust of the Earth

2. Shear strain of the Earth globe due to N-S compression related to the rotation and modulations of it;

3. Pole flight force: equatorial drift due to rotation and centrifugal effects: tendency of the plates to move from the
poles to the equator ("Polflucht");

4. Coriolis effect acting on plates when they move around the globe;

5. Global deformation of the geoid due to small displacements of rotational pole with respect to the Earth crust;

6. Other smaller deformation effects of the crust due to wobbles and spin movements of the Earth rotation on a

smaller time scale.

For these mechanisms to be overall valid, systematic relationships should exist all over the globe between the
orientation and kinematics of deformation, and the geographical latitudinal and longitudinal grid of the Earth itself.
Ironically, these systematic relations studies in the second half of the nineteenth century and the first half of the
twentieth century do underline exactly the opposite: that the plates had not moved in time, that the deformation grid
was fixed with respect to the Earth equator and axis, and that gravitational driving forces were generally acting
vertically and caused only local horizontal movements (the so-called pre-plate tectonic, "fixist theories"). Later
studies (discussed below on this page) therefore invoked many of the relationships recognized during this pre-plate
tectonics period, to support their theories (see the anticipations and reviews in the work of van Dijk and

collaborators).[1 ol

Of the many forces discussed in this paragraph, tidal force is still highly debated and defended as a possible principle

driving force, whereas the other forces are used or in global geodynamic models not using the plate tectonics
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concepts (therefore beyond the discussions treated in this section), or proposed as minor modulations within the
overall plate tectonics model.
In 1973, George W. Moore[ZO]

the Earth's lithosphere with respect to the mantle, and, therefore, tidal forces or tidal lag or "friction" due to the

of the USGS and R. C. Bostrom!*"! presented evidence for a general westward drift of

Earth's rotation and the forces acting upon it by the Moon being a driving force for plate tectonics: as the Earth spins
eastward beneath the moon, the moon's gravity ever so slightly pulls the Earth's surface layer back westward, just as

I scientists reviewed and advocated these

proposed by Alfred Wegener (see above). In a more recent 2006 study,[22
earlier proposed ideas. It has also been suggested recently in Lovett (2006) that this observation may also explain
why Venus and Mars have no plate tectonics, since Venus has no moon and Mars' moons are too small to have

significant tidal effects on Mars. In a recent paper,[23]

it was suggested that, on the other hand, it can easily be
observed that many plates are moving north and eastward, and that the dominantly westward motion of the Pacific
ocean basins derives simply from the eastward bias of the Pacific spreading center (which is not a predicted
manifestation of such lunar forces). In the same paper the authors admit, however, that relative to the lower mantle,
there is a slight westward component in the motions of all the plates. They demonstrated though that the westward
drift, seen only for the past 30 Ma, is attributed to the increased dominance of the steadily growing and accelerating

Pacific plate. The debate is still open.

Relative significance of each driving force mechanism

The actual vector of a plate's motion must necessarily be a function of all the forces acting on the plate. However,

therein remains the problem regarding what degree each process contributes to the motion of each tectonic plate.

The diversity of geodynamic settings and properties of each plate must clearly result in differences in the degree to
which such processes are actively driving the plates. One method of dealing with this problem is to consider the
relative rate at which each plate is moving and to consider the available evidence of each driving force on the plate

as far as possible.

One of the most significant correlations found is that lithospheric plates attached to downgoing (subducting) plates
move much faster than plates not attached to subducting plates. The Pacific plate, for instance, is essentially
surrounded by zones of subduction (the so-called Ring of Fire) and moves much faster than the plates of the Atlantic
basin, which are attached (perhaps one could say 'welded') to adjacent continents instead of subducting plates. It is
thus thought that forces associated with the downgoing plate (slab pull and slab suction) are the driving forces which
determine the motion of plates, except for those plates which are not being subducted.!'” The driving forces of plate

motion continue to be active subjects of on-going research within geophysics and tectonophysics.
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Development of the theory

Summary

In line with other previous and

contemporaneous proposals, in 1912

the meteorologist Alfred Wegener
amply described what he called
continental drift, expanded in his 1915

book The Origin of Continents and
[24]

Oceans'”™ and the scientific debate G

started that would end up fifty years
later in the theory of plate tectonics.!>! _
Starting from the idea (also expressed S W
by his forerunners) that the present Detailed map showing the tectonic plates with their movement vectors.
continents once formed a single land

mass (which was called Pangea later

on) that drifted apart, thus releasing the continents from the Earth's mantle and likening them to "icebergs" of low
density granite floating on a sea of denser basalt.?! Supporting evidence for the idea came from the dove-tailing
outlines of South America's east coast and Africa's west coast, and from the matching of the rock formations along
these edges. Confirmation of their previous contiguous nature also came from the fossil plants Glossopteris and
Gangamopteris, and the therapsid or mammal-like reptile Lystrosaurus, all widely distributed over South America,
Africa, Antarctica, India and Australia. The evidence for such an erstwhile joining of these continents was patent to
field geologists working in the southern hemisphere. The South African Alex du Toit put together a mass of such
information in his 1937 publication Our Wandering Continents, and went further than Wegener in recognising the

strong links between the Gondwana fragments.

But without detailed evidence and a force sufficient to drive the movement, the theory was not generally accepted:
the Earth might have a solid crust and mantle and a liquid core, but there seemed to be no way that portions of the
crust could move around. Distinguished scientists, such as Harold Jeffreys and Charles Schuchert, were outspoken

critics of continental drift.

Despite much opposition, the view of continental drift gained support and a lively debate started between "drifters"
or "mobilists" (proponents of the theory) and "fixists" (opponents). During the 1920s, 1930s and 1940s, the former
reached important milestones proposing that convection currents might have driven the plate movements, and that
spreading may have occurred below the sea within the oceanic crust. Concepts close to the elements now
incorporated in plate tectonics were proposed by geophysicists and geologists (both fixists and mobilists) like

Vening-Meinesz, Holmes, and Umbgrove.

One of the first pieces of geophysical evidence that was used to support the movement of lithospheric plates came
from paleomagnetism. This is based on the fact that rocks of different ages show a variable magnetic field direction,
evidenced by studies since the mid—nineteenth century. The magnetic north and south poles reverse through time,
and, especially important in paleotectonic studies, the relative position of the magnetic north pole varies through
time. Initially, during the first half of the twentieth century, the latter phenomenon was explained by introducing
what was called "polar wander" (see apparent polar wander), i.e., it was assumed that the north pole location had
been shifting through time. An alternative explanation, though, was that the continents had moved (shifted and
rotated) relative to the north pole, and each continent, in fact, shows its own "polar wander path". During the late
1950s it was successfully shown on two occasions that these data could show the validity of continental drift: by

Keith Runcorn in a paper in 1956,[27] and by Warren Carey in a symposium held in March 1956.28!
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The second piece of evidence in support of continental drift came during the late 1950s and early 60s from data on
the bathymetry of the deep ocean floors and the nature of the oceanic crust such as magnetic properties and, more

generally, with the development of marine geology[zg]

which gave evidence for the association of seafloor spreading
along the mid-oceanic ridges and magnetic field reversals, published between 1959 and 1963 by Heezen, Dietz,

Hess, Mason, Vine & Matthews, and Morley.[3o]

Simultaneous advances in early seismic imaging techniques in and around Wadati-Benioff zones along the trenches
bounding many continental margins, together with many other geophysical (e.g. gravimetric) and geological
observations, showed how the oceanic crust could disappear into the mantle, providing the mechanism to balance the

extension of the ocean basins with shortening along its margins.

All this evidence, both from the ocean floor and from the continental margins, made it clear around 1965 that
continental drift was feasible and the theory of plate tectonics, which was defined in a series of papers between 1965
and 1967, was born, with all its extraordinary explanatory and predictive power. The theory revolutionized the Earth
sciences, explaining a diverse range of geological phenomena and their implications in other studies such as
paleogeography and paleobiology.

Continental drift

In the late 19th and early 20th centuries, geologists assumed that the Earth's major features were fixed, and that most
geologic features such as basin development and mountain ranges could be explained by vertical crustal movement,
described in what is called the geosynclinal theory. Generally, this was placed in the context of a contracting planet

Earth due to heat loss in the course of a relatively short geological time.

It was observed as early as 1596 that the opposite coasts of
the Atlantic Ocean—or, more precisely, the edges of the
continental shelves—have similar shapes and seem to have

once fitted together.[3 2

Since that time many theories were proposed to explain this
apparent complementarity, but the assumption of a solid

Earth made these various proposals difficult to accept.[m

The discovery of radioactivity and its associated heating
properties in 1895 prompted a re-examination of the

apparent age of the Earth.*®! This had previously been

estimated by its cooling rate and assumption the Earth's Alfred Wegener in Greenland in the winter of 1912-13.
surface radiated like a black body.[34] Those calculations

had implied that, even if it started at red heat, the Earth would have dropped to its present temperature in a few tens
of millions of years. Armed with the knowledge of a new heat source, scientists realized that the Earth would be
much older, and that its core was still sufficiently hot to be liquid.

By 1915, after having published a first article in 1912,[35] Alfred Wegener was making serious arguments for the
idea of continental drift in the first edition of The Origin of Continents and Oceans.** n that book (re-issued in four
successive editions up to the final one in 1936), he noted how the east coast of South America and the west coast of
Africa looked as if they were once attached. Wegener was not the first to note this (Abraham Ortelius,
Snider-Pellegrini, Eduard Suess, Roberto Mantovani and Frank Bursley Taylor preceded him just to mention a few),
but he was the first to marshal significant fossil and paleo-topographical and climatological evidence to support this
simple observation (and was supported in this by researchers such as Alex du Toit). Furthermore, when the rock
strata of the margins of separate continents are very similar it suggests that these rocks were formed in the same way,
implying that they were joined initially. For instance, parts of Scotland and Ireland contain rocks very similar to
those found in Newfoundland and New Brunswick. Furthermore, the Caledonian Mountains of Europe and parts of
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the Appalachian Mountains of North America are very similar in structure and lithology.

However, his ideas were not taken seriously by many geologists, who pointed out that there was no apparent
mechanism for continental drift. Specifically, they did not see how continental rock could plow through the much
denser rock that makes up oceanic crust. Wegener could not explain the force that drove continental drift, and his

vindication did not come until after his death in 1930.

Floating continents, paleomagnetism, and seismicity zones

As it b d early that although
S 1 was obseived cafly That athoug Preliminary Determination of Epicenters

granite existed on continents, seafloor 358,214 Events, 1963 - 1998

seemed to be composed of denser basalt, the

-

prevailing concept during the first half of
the twentieth century was that there were
two types of crust, named "sial" (continental
type crust) and "sima" (oceanic type crust).
Furthermore, it was supposed that a static .
shells of strata was present under the ‘
continents. It therefore looked apparent that
a layer of basalt (sial) underlies the

continental rocks.

Global earthquake epicenters, 1963—1998

However, based on abnormalities in plumb
line deflection by the Andes in Peru, Pierre
Bouguer had deduced that less-dense mountains must have a downward projection into the denser layer underneath.
The concept that mountains had "roots" was confirmed by George B. Airy a hundred years later, during study of
Himalayan gravitation, and seismic studies detected corresponding density variations. Therefore, by the mid—1950s,
the question remained unresolved as to whether mountain roots were clenched in surrounding basalt or were floating

on it like an iceberg.

During the 20th century, improvements in and greater use of seismic instruments such as seismographs enabled
scientists to learn that earthquakes tend to be concentrated in specific areas, most notably along the oceanic trenches
and spreading ridges. By the late 1920s, seismologists were beginning to identify several prominent earthquake
zones parallel to the trenches that typically were inclined 40—60° from the horizontal and extended several hundred
kilometers into the Earth. These zones later became known as Wadati-Benioff zones, or simply Benioff zones, in
honor of the seismologists who first recognized them, Kiyoo Wadati of Japan and Hugo Benioff of the United States.
The study of global seismicity greatly advanced in the 1960s with the establishment of the Worldwide Standardized
Seismograph Network (WWSSN) to monitor the compliance of the 1963 treaty banning above-ground testing of
nuclear weapons. The much improved data from the WWSSN instruments allowed seismologists to map precisely

the zones of earthquake concentration world wide.

Meanwhile, debates developed around the phenomena of polar wander. Since the early debates of continental drift,
scientists had discussed and used evidence that polar drift had occurred because continents seemed to have moved
through different climatic zones during the past. Furthermore, paleomagnetic data had shown that the magnetic pole
had also shifted during time. Reasoning in an opposite way, the continents might have shifted and rotated, while the
pole remained relatively fixed. The first time the evidence of magnetic polar wander was used to support the

movements of continents was in a paper by Keith Runcorn in 1956,[27]

and successive papers by him and his
students Ted Irving (who was actually the first to be convinced of the fact that paleomagnetism supported continental

drift) and Ken Creer.

This was immediately followed by a symposium in Tasmania in March 1956.%! In this symposium, the evidence

was used in the theory of an expansion of the global crust. In this hypothesis the shifting of the continents can be
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simply explained by a large increase in size of the Earth since its formation. However, this was unsatisfactory
because its supporters could offer no convincing mechanism to produce a significant expansion of the Earth.
Certainly there is no evidence that the moon has expanded in the past 3 billion years; other work would soon show

that the evidence was equally in support of continental drift on a globe with a stable radius.

During the thirties up to the late fifties, works by Vening-Meinesz, Holmes, Umbgrove, and numerous others
outlined concepts that were close or nearly identical to modern plate tectonics theory. In particular, the English
geologist Arthur Holmes proposed in 1920 that plate junctions might lie beneath the sea, and in 1928 that convection

currents within the mantle might be the driving force.l?”! Often, these contributions are forgotten because:

* At the time, continental drift was not accepted.

* Some of these ideas were discussed in the context of abandoned fixistic ideas of a deforming globe without
continental drift or an expanding Earth.

* They were published during an episode of extreme political and economic instability that hampered scientific
communication.

* Many were published by European scientists and at first not mentioned or given little credit in the papers on sea
floor spreading published by the American researchers in the 1960s.

Mid-oceanic ridge spreading and convection

In 1947, a team of scientists led by Maurice Ewing utilizing the Woods Hole Oceanographic Institution's research
vessel Atlantis and an array of instruments, confirmed the existence of a rise in the central Atlantic Ocean, and found
that the floor of the seabed beneath the layer of sediments consisted of basalt, not the granite which is the main
constituent of continents. They also found that the oceanic crust was much thinner than continental crust. All these

new findings raised important and intriguing questions.[38]

The new data that had been collected on the ocean basins also showed particular characteristics regarding the
bathymetry. One of the major outcomes of these datasets was that all along the globe, a system of mid-oceanic ridges
was detected. An important conclusion was that along this system, new ocean floor was being created, which led to
the concept of the "Great Global Rift". This was described in the crucial paper of Bruce Heezen ( 1960),[39] which
would trigger a real revolution in thinking. A profound consequence of seafloor spreading is that new crust was, and
still is, being continually created along the oceanic ridges. Therefore, Heezen advocated the so-called "expanding
Earth" hypothesis of S. Warren Carey (see above). So, still the question remained: how can new crust be
continuously added along the oceanic ridges without increasing the size of the Earth? In reality, this question had
been solved already by numerous scientists during the forties and the fifties, like Arthur Holmes, Vening-Meinesz,
Coates and many others: The crust in excess disappeared along what were called the oceanic trenches, where
so-called "subduction" occurred. Therefore, when various scientists during the early sixties started to reason on the

data at their disposal regarding the ocean floor, the pieces of the theory quickly fell into place.

The question particularly intrigued Harry Hammond Hess, a Princeton University geologist and a Naval Reserve
Rear Admiral, and Robert S. Dietz, a scientist with the U.S. Coast and Geodetic Survey who first coined the term
seafloor spreading. Dietz and Hess (the former published the same idea one year earlier in Nature,[40] but priority
belongs to Hess who had already distributed an unpublished manuscript of his 1962 article by 1960)[41] were among
the small handful who really understood the broad implications of sea floor spreading and how it would eventually
agree with the, at that time, unconventional and unaccepted ideas of continental drift and the elegant and mobilistic

models proposed by previous workers like Holmes.

In the same year, Robert R. Coats of the U.S. Geological Survey described the main features of island arc subduction
in the Aleutian Islands. His paper, though little—noted (and even ridiculed) at the time, has since been called
"seminal" and "prescient". In reality, it actually shows that the work by the European scientists on island arcs and
mountain belts performed and published during the 1930s up until the 1950s was applied and appreciated also in the
United States.
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If the Earth's crust was expanding along the oceanic ridges, Hess and Dietz reasoned like Holmes and others before
them, it must be shrinking elsewhere. Hess followed Heezen, suggesting that new oceanic crust continuously spreads
away from the ridges in a conveyor belt—like motion. And, using the mobilistic concepts developed before, he
correctly concluded that many millions of years later, the oceanic crust eventually descends along the continental
margins where oceanic trenches — very deep, narrow canyons — are formed, e.g. along the rim of the Pacific Ocean
basin. The important step Hess made was that convection currents would be the driving force in this process, arriving
at the same conclusions as Holmes had decades before with the only difference that the thinning of the ocean crust
was performed using Heezen's mechanism of spreading along the ridges. Hess therefore concluded that the Atlantic
Ocean was expanding while the Pacific Ocean was shrinking. As old oceanic crust is "consumed" in the trenches,
(like Holmes and others, he thought this was done by thickening of the continental lithosphere, not, as now
understood, by underthrusting at a larger scale of the oceanic crust itself into the mantle) new magma rises and
erupts along the spreading ridges to form new crust. In effect, the ocean basins are perpetually being "recycled," with
the creation of new crust and the destruction of old oceanic lithosphere occurring simultaneously. Thus, the new
mobilistic concepts neatly explained why the Earth does not get bigger with sea floor spreading, why there is so little

sediment accumulation on the ocean floor, and why oceanic rocks are much younger than continental rocks.

Magnetic striping
Beginning in the 1950s, scientists like Victor Vacquier, using magnetic
instruments (magnetometers) adapted from airborne devices developed Normal magnetic -
. . .. polarity
during World War II to detect submarines, began recognizing odd 5 <
. . C e o Reversed —
magnetic variations across the ocean floor. This finding, though m;;,:fic polarity b £E—5

unexpected, was not entirely surprising because it was known that
basalt—the iron-rich, volcanic rock making up the ocean
floor—contains a strongly magnetic mineral (magnetite) and can
locally distort compass readings. This distortion was recognized by
Icelandic mariners as early as the late 18th century. More important, Seafloor magnetic striping.
because the presence of magnetite gives the basalt measurable

magnetic properties, these newly discovered magnetic variations

provided another means to study the deep ocean floor. When newly
formed rock cools, such magnetic materials recorded the Earth's
magnetic field at the time.

As more and more of the seafloor was mapped during the 1950s, the
magnetic variations turned out not to be random or isolated
occurrences, but instead revealed recognizable patterns. When these
magnetic patterns were mapped over a wide region, the ocean floor
showed a zebra-like pattern: one stripe with normal polarity and the

adjoining stripe with reversed polarity. The overall pattern, defined by A demonstration of magnetic striping. (The

. . darker the color is the closer it is to normal
these alternating bands of normally and reversely polarized rock,

polarity)
became known as magnetic striping, and was published by Ron G.
Mason and co-workers in 1961, who did not find, though, an

explanation for these data in terms of sea floor spreading, like Vine, Matthews and Morley a few years later. %!

The discovery of magnetic striping called for an explanation. In the early 1960s scientists such as Heezen, Hess and
Dietz had begun to theorise that mid-ocean ridges mark structurally weak zones where the ocean floor was being
ripped in two lengthwise along the ridge crest (see the previous paragraph). New magma from deep within the Earth
rises easily through these weak zones and eventually erupts along the crest of the ridges to create new oceanic crust.
This process, at first denominated the "conveyer belt hypothesis" and later called seafloor spreading, operating over
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many millions of years continues to form new ocean floor all across the 50,000 km-long system of mid—ocean
ridges.

Only four years after the maps with the "zebra pattern” of magnetic stripes were published, the link between sea floor
spreading and these patterns was correctly placed, independently by Lawrence Morley, and by Fred Vine and
Drummond Matthews, in 196313 now called the Vine-Matthews-Morley hypothesis. This hypothesis linked these

patterns to geomagnetic reversals and was supported by several lines of evidence:*4!

1. the stripes are symmetrical around the crests of the mid-ocean ridges; at or near the crest of the ridge, the rocks
are very young, and they become progressively older away from the ridge crest;

2. the youngest rocks at the ridge crest always have present-day (normal) polarity;

3. stripes of rock parallel to the ridge crest alternate in magnetic polarity (normal-reversed-normal, etc.), suggesting
that they were formed during different epochs documenting the (already known from independent studies) normal

and reversal episodes of the Earth's magnetic field.

By explaining both the zebra-like magnetic striping and the construction of the mid-ocean ridge system, the seafloor
spreading hypothesis (SFS) quickly gained converts and represented another major advance in the development of
the plate-tectonics theory. Furthermore, the oceanic crust now came to be appreciated as a natural "tape recording" of
the history of the geomagnetic field reversals (GMFR) of the Earth's magnetic field. Today, extensive studies are
dedicated to the calibration of the normal-reversal patterns in the oceanic crust on one hand and known timescales
derived from the dating of basalt layers in sedimentary sequences (magnetostratigraphy) on the other, to arrive at

estimates of past spreading rates and plate reconstructions.

Definition and refining of the theory

After all these considerations, Plate Tectonics (or, as it was initially called "New Global Tectonics") became quickly

accepted in the scientific world, and numerous papers followed that defined the concepts:

* In 1965, Tuzo Wilson who had been a promotor of the sea floor spreading hypothesis and continental drift from

1451 2dded the concept of transform faults to the model, completing the classes of fault types

[46]

the very beginning
necessary to make the mobility of the plates on the globe work out.
* A symposium on continental drift was held at the Royal Society of London in 1965 which must be regarded as the
official start of the acceptance of plate tectonics by the scientific community, and which abstracts are issued as
Blacket, Bullard & Runcorn (1965). In this symposium, Edward Bullard and co-workers showed with a computer
calculation how the continents along both sides of the Atlantic would best fit to close the ocean, which became
known as the famous "Bullard's Fit".
* In 1966 Wilson published the paper that referred to previous plate tectonic reconstructions, introducing the
concept of what is now known as the "Wilson Cycle".W]
* In 1967, at the American Geophysical Union's meeting, W. Jason Morgan proposed that the Earth's surface
consists of 12 rigid plates that move relative to each other. 48!
* Two months later, Xavier Le Pichon published a complete model based on 6 major plates with their relative
motions, which marked the final acceptance by the scientific community of plate tectonics.[*”!
* In the same year, McKenzie and Parker independently presented a model similar to Morgan's using translations

and rotations on a sphere to define the plate motions.!>"!
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Implications for biogeography
Continental drift theory helps biogeographers to explain the disjunct biogeographic distribution of present day life

found on different continents but having similar ancestors.>! In particular, it explains the Gondwanan distribution of

ratites and the Antarctic flora.

Plate reconstruction

Reconstruction is used to establish past (and future) plate configurations, helping determine the shape and make-up

of ancient supercontinents and providing a basis for paleogeography.

Defining plate boundaries

Current plate boundaries are defined by their seismicity.[sz] Past plate boundaries within existing plates are identified

from a variety of evidence, such as the presence of ophiolites that are indicative of vanished oceans.””!

Past plate motions
Tectonic motion first began around three billion years ago.

Various types of quantitative and semi-quantitative information are available to constrain past plate motions. The
geometric fit between continents, such as between west Africa and South America is still an important part of plate
reconstruction. Magnetic stripe patterns provide a reliable guide to relative plate motions going back into the Jurassic
period. The tracks of hotspots give absolute reconstructions, but these are only available back to the Cretaceous.>!
Older reconstructions rely mainly on paleomagnetic pole data, although these only constrain the latitude and rotation,
but not the longitude. Combining poles of different ages in a particular plate to produce apparent polar wander paths
provides a method for comparing the motions of different plates through time.!> Additional evidence comes from
the distribution of certain sedimentary rock types, faunal provinces shown by particular fossil groups, and the

position of orogenic belts.>#!

Formation and break-up of continents

The movement of plates has caused the formation and break-up of continents over time, including occasional
formation of a supercontinent that contains most or all of the continents. The supercontinent Columbia or Nuna
formed during a period of 2,000 to 1,800 1561 million years ago and broke up about 1,500 to 1,300 571 million years
ago. The supercontinent Rodinia is thought to have formed about 1 billion years ago and to have embodied most or

all of Earth's continents, and broken up into eight continents around 600 (581

million years ago. The eight continents
later re-assembled into another supercontinent called Pangaea; Pangaea broke up into Laurasia (which became North

America and Eurasia) and Gondwana (which became the remaining continents).

The Himalayas, the world's tallest mountain range, are assumed to have been formed by the collision of two major

plates. Before uplift, they were covered by the Tethys Ocean.
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Current plates

Depending on how they are defined,

there are usually seven or eight
"major" plates: African, Antarctic,
Eurasian, North American, South
American, Pacific, and
Indo-Australian.  The  latter s
sometimes subdivided into the Indian

and Australian plates.

There are dozens of smaller plates, the

seven largest of which are the Arabian,

Caribbean, Juan de Fuca, Cocos,

Nazca, Philippine Sea and Scotia.

The current motion of the tectonic
plates is today determined by remote

sensing satellite data sets, calibrated with ground station measurements.

Other celestial bodies (planets, moons)

The appearance of plate tectonics on terrestrial planets is related to planetary mass, with more massive planets than
Earth expected to exhibit plate tectonics. Earth may be a borderline case, owing its tectonic activity to abundant

water (591 (silica and water form a deep eutectic.)

Venus

Venus shows no evidence of active plate tectonics. There is debatable evidence of active tectonics in the planet's
distant past; however, events taking place since then (such as the plausible and generally accepted hypothesis that the
Venusian lithosphere has thickened greatly over the course of several hundred million years) has made constraining
the course of its geologic record difficult. However, the numerous well-preserved impact craters have been utilized
as a dating method to approximately date the Venusian surface (since there are thus far no known samples of
Venusian rock to be dated by more reliable methods). Dates derived are dominantly in the range 500 to 750 [601
million years ago, although ages of up to 1,200 61 milion years ago have been calculated. This research has led to
the fairly well accepted hypothesis that Venus has undergone an essentially complete volcanic resurfacing at least
once in its distant past, with the last event taking place approximately within the range of estimated surface ages.
While the mechanism of such an impressive thermal event remains a debated issue in Venusian geosciences, some

scientists are advocates of processes involving plate motion to some extent.

One explanation for Venus' lack of plate tectonics is that on Venus temperatures are too high for significant water to
be present.[62] The Earth's crust is soaked with water, and water plays an important role in the development of shear
zones. Plate tectonics requires weak surfaces in the crust along which crustal slices can move, and it may well be that
such weakening never took place on Venus because of the absence of water. However, some researchers remain

convinced that plate tectonics is or was once active on this planet.
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Mars

Mars is considerably smaller than Earth and Venus, and there is evidence for ice on its surface and in its crust.

[

In the 1990s, it was proposed that Martian Crustal Dichotomy was created by plate tectonic processes. 631 Scientists

today disagree, and believe that it was created either by upwelling within the Martian mantle that thickened the crust

of the Southern Highlands and formed Tharsis'®* or by a giant impact that excavated the Northern Lowlands.[®”!

Valles Marineris is a tectonic boundary.

Observations made of the magnetic field of Mars by the Mars Global Surveyor spacecraft in 1999 showed patterns of
magnetic striping discovered on this planet. Some scientists interpreted these as requiring plate tectonic processes,

such as seafloor spreading. However, their data fail a "magnetic reversal test", which is used to see if they were

formed by flipping polarities of a global magnetic field.1%¢!

Galilean satellites of Jupiter

Some of the satellites of Jupiter have features that may be related to plate-tectonic style deformation, although the

materials and specific mechanisms may be different from plate-tectonic activity on Earth.

Titan, moon of Saturn

Titan, the largest moon of Saturn, was reported to show tectonic activity in images taken by the Huygens Probe,

which landed on Titan on January 14, 2005 .[67]

Exoplanets

On Earth-sized planets, plate tectonics is more likely if there are oceans of water; however, in 2007, two independent

teams of researchers came to opposing conclusions about the likelihood of plate tectonics on larger

[68][69] [70]

super-earths with one team saying that plate tectonics would be episodic or stagnant’ ' and the other team

saying that plate tectonics is very likely on super-earths even if the planet is dry.[59]
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External links

This Dynamic Earth: The Story of Plate Tectonics (http://pubs.usgs.gov/gip/dynamic/dynamic.html). USGS.
Understanding Plate Tectonics (http://pubs.usgs.gov/publications/text/understanding.html). USGS.

The PLATES Project (http://www.ig.utexas.edu/research/projects/plates/). Jackson School of Geosciences.
An explanation of tectonic forces (http://www.tectonic-forces.org). Example of calculations to show that Earth
Rotation could be a driving force.

Bird, P. (2003); An updated digital model of plate boundaries (http://peterbird.name/publications/
2003_PB2002/2003_PB2002.htm).

Map of tectonic plates (http://snobear.colorado.edu/Markw/Mountains/03/week3.html).

GPlates (http://www.gplates.org/), desktop software for the interactive visualization of plate-tectonics.
MORVEL plate velocity estimates and information (http://www.geology.wisc.edu/~chuck/MORVEL/). C.
DeMets, D. Argus, & R. Gordon.

Videos

Khan Academy Explanation of evidence (http://www.youtube.com/watch?v=6EdsBabSZ4g)
750 million years of global tectonic activity (http://www.ucmp.berkeley.edu/geology/tectonics.html). Movie.
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Geology (from the Greek vij, ge, i.e. "earth" and -Aoyia, -logia, i.e. "study of, discourse") is the science comprising

the study of solid Earth, the rocks of which it is composed, and the processes by which they change. Geology can

also refer generally to the study of the solid features of any celestial body (such as the geology of the Moon or Mars).

Geology gives insight into the history of the Earth, as it provides the primary evidence for plate tectonics, the

evolutionary history of life, and past climates. In modern times, geology is commercially important for mineral and

hydrocarbon exploration and exploitation and for evaluating water resources. It is publicly important for the

prediction and understanding of natural hazards, the remediation of environmental problems, and for providing

insights into past climate change. Geology plays a role in geotechnical engineering and is a major academic

discipline.

Geologic time

The geologic time scale encompasses the
history of the Earth.!?! It is bracketed at the
old end by the dates of the earliest solar
system material at 4.567 Ga, (gigaannum:
billion years ago) and the age of the Earth at
4.54 Ga¥l at the beginning of the informally
recognized Hadean eon. At the young end of
the scale, it is bracketed by the present day

in the Holocene epoch.

Important milestones

* 4.567 Ga: Solar system formation

* 4.54 Ga: Accretion of Earth

* c¢.4 Ga: End of Late Heavy
Bombardment, first life

* c. 3.5 Ga: Start of photosynthesis

* c. 2.3 Ga: Oxygenated atmosphere, first
snowball Earth

e 730-635 Ma (megaannum: million years

ago): two snowball Earths

2 Ma:
First Hoginids
230-65 Ma:

4550 Ma:
B = Formation of the Earth

?——-mm

ca. 380 Ma:
First veriebrate land animals

Geological time put in a diagram called a geological clock, showing the relative
lengths of the eons of the Earth's history.

e 542+ 0.3 Ma: Cambrian explosion — vast multiplication of hard-bodied life; first abundant fossils; start of the

Paleozoic
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* c. 380 Ma: First vertebrate land animals
e 250 Ma: Permian-Triassic extinction — 90% of all land animals die. End of Paleozoic and beginning of Mesozoic
* 66 Ma: Cretaceous—Paleogene extinction — Dinosaurs die; end of Mesozoic and beginning of Cenozoic

e ¢.7 Ma — Present: Hominins

* c. 7 Ma: First hominins appear

3.9 Ma: First Australopithecus, direct ancestor to modern Homo sapiens, appear

200 ka (kiloannum: thousand years ago): First modern Homo sapiens appear in East Africa

Brief time scale

The following four timelines show the geologic time scale. The first shows the entire time from the formation of the
Earth to the present, but this compresses the most recent eon. Therefore the second scale shows the most recent eon
with an expanded scale. The second scale compresses the most recent era, so the most recent era is expanded in the
third scale. Since the Quaternary is a very short period with short epochs, it is further expanded in the fourth scale.
The second, third, and fourth timelines are therefore each subsections of their preceding timeline as indicated by
asterisks. The Holocene (the latest epoch) is too small to be shown clearly on the third timeline on the right, another

reason for expanding the fourth scale. The Pleistocene (P) epoch. Q stands for the Quaternary period.

Millions of Years
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Relative and absolute dating

Geological events can be given a precise date at a point in time, or they can be related to other events that came
before and after them. Geologists use a variety of methods to give both relative and absolute dates to geological

events. They then use these dates to find the rates at which processes occur.

Relative dating

Methods for relative dating were
developed when geology first emerged
as a formal science. Geologists still use
the following principles today as a
means to provide information about
geologic history and the timing of

geologic events.

The principle of Uniformitarianism
states that the geologic processes

observed in operation that modify the

Earth's crust at present have worked in

Cross-cutting relations can be used to determine the relative ages of rock strata and other

much the same way over geologic i .
geological structures. Explanations: A - folded rock strata cut by a thrust fault; B - large

. 4] .
time. A fundamental principle of intrusion (cutting through A); C - erosional angular unconformity (cutting off A & B) on

geology advanced by the 18th century which rock strata were deposited; D - volcanic dyke (cutting through A, B & C); E - even
Scottish physician and geologist James younger rock strata (overlying C & D); F - normal fault (cutting through A, B, C & E).
Hutton, is that "the present is the key

to the past.” In Hutton's words: "the past history of our globe must be explained by what can be seen to be happening

"

now.

The principle of intrusive relationships concerns crosscutting intrusions. In geology, when an igneous intrusion
cuts across a formation of sedimentary rock, it can be determined that the igneous intrusion is younger than the
sedimentary rock. There are a number of different types of intrusions, including stocks, laccoliths, batholiths, sills
and dikes.

The principle of cross-cutting relationships pertains to the formation of faults and the age of the sequences
through which they cut. Faults are younger than the rocks they cut; accordingly, if a fault is found that penetrates
some formations but not those on top of it, then the formations that were cut are older than the fault, and the ones
that are not cut must be younger than the fault. Finding the key bed in these situations may help determine whether
the fault is a normal fault or a thrust fault.

The principle of inclusions and components states that, with sedimentary rocks, if inclusions (or clasts) are found
in a formation, then the inclusions must be older than the formation that contains them. For example, in sedimentary
rocks, it is common for gravel from an older formation to be ripped up and included in a newer layer. A similar
situation with igneous rocks occurs when xenoliths are found. These foreign bodies are picked up as magma or lava
flows, and are incorporated, later to cool in the matrix. As a result, xenoliths are older than the rock which contains

them.
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The principle of original horizontality
states that the deposition of sediments
occurs as essentially horizontal beds.
Observation of modern marine and
non-marine sediments in a wide variety of
environments supports this generalization
(although cross-bedding is inclined, the
overall orientation of cross-bedded units is

horizontal).

The principle of superposition states that a

Sedlmemary rock layer m a teCtomcauy The Permian through Jurassic stratigraphy of the Colorado Plateau area of

undisturbed sequence is younger than the southeastern Utah is a great example of both Original Horizontality and the Law of

one beneath it and older than the one above Superposition. These strata make up much of the famous prominent rock

it. Logically a younger layer cannot slip formations in widely spaced protected areas such as Capitol Reef National Park

and Canyonlands National Park. From top to bottom: Rounded tan domes of the

beneath a layer preVIOUSIY deposued. This Navajo Sandstone, layered red Kayenta Formation, cliff-forming, vertically

principle allows sedimentary layers to be jointed, red Wingate Sandstone, slope-forming, purplish Chinle Formation,
viewed as a form of vertical time line, a layered, lighter-red Moenkopi Formation, and white, layered Cutler Formation
parti al or ¢ ompl ete record of the time sandstone. Picture from Glen Canyon National Recreation Area, Utah.
elapsed from deposition of the lowest layer

to deposition of the highest bed.

The principle of faunal succession is based on the appearance of fossils in sedimentary rocks. As organisms exist at
the same time period throughout the world, their presence or (sometimes) absence may be used to provide a relative
age of the formations in which they are found. Based on principles laid out by William Smith almost a hundred years
before the publication of Charles Darwin's theory of evolution, the principles of succession were developed
independently of evolutionary thought. The principle becomes quite complex, however, given the uncertainties of
fossilization, the localization of fossil types due to lateral changes in habitat (facies change in sedimentary strata),

and that not all fossils may be found globally at the same time.”!

Absolute dating

Geologists can also give precise absolute dates to geologic events. These dates are useful on their own, and can also

be used in conjunction with relative dating methods or to calibrate relative methods.

A large advance in geology in the advent of the 20th century was the ability to give precise absolute dates to
geologic events through radioactive isotopes and other methods. The advent of radiometric dating changed the
understanding of geologic time. Before, geologists could only use fossils to date sections of rock relative to one
another. With isotopic dates, absolute dating became possible, and these absolute dates could be applied to fossil

sequences in which there was datable material, converting the old relative ages into new absolute ages.

For many geologic applications, isotope ratios are measured in minerals that give the amount of time that has passed
since a rock passed through its particular closure temperature, the point at which different radiometric isotopes stop
diffusing into and out of the crystal lattice. These are used in geochronologic and thermochronologic studies.
Common methods include uranium-lead dating, potassium-argon dating and argon-argon dating, and
uranium-thorium dating. These methods are used for a variety of applications. Dating of lavas and ash layers can
help to date stratigraphy and calibrate relative dating techniques. These methods can also be used to determine ages
of pluton emplacement. Thermochemical techniques can be used to determine temperature profiles within the crust,
the uplift of mountain ranges, and paleotopography.

Fractionation of the lanthanide series elements is used to compute ages since rocks were removed from the mantle.
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Other methods are used for more recent events. Optically stimulated luminescence and cosmogenic radionucleide
dating are used to date surfaces and/or erosion rates. Dendrochronology can also be used for the dating of

landscapes. Radiocarbon dating is used for young organic material.

Geologic materials

The majority of geological data come from research on solid Earth materials. These typically fall into one of two

categories: rock and unconsolidated material.

Rock

There are three major types of rock:

igneous, sedimentary, and metamorphic. ROCK CVCIe
The rock cycle is an important concept in

geology which illustrates the relationships ™ Sedimentary Rock

between these three types of rock, and
magma. When a rock crystallizes from melt
(magma and/or lava), it is an igneous rock.
This rock can be weathered and eroded, and
then redeposited and lithified into a
sedimentary rock, or be turned into a
metamorphic rock due to heat and pressure
that change the mineral content of the rock
and give it a characteristic fabric. The

sedimentary rock can then be subsequently

turned into a metamorphic rock due to heat

Igneous i
and pressure, and the metamorphic rock can Rock Met?qrggrkphlc

be weathered, eroded, deposited, and \_/
lithified, becoming a sedimentary rock. P’E‘ssu pefa“ﬁe
Sedimentary rock may also be re-eroded and re and Te™
redeposited, and metamorphic rock may also This schematic diagram of the rock cycle shows the relationship between magma
under 90 a dditional metam orphi sm. All three and sedimentary, metamorphic, and igneous rock
types of rocks may be re-melted; when this

happens, a new magma is formed, from which an igneous rock may once again crystallize.

The majority of research in geology is associated with the study of rock, as rock provides the primary record of the

majority of the geologic history of the Earth.
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Unconsolidated material

Geologists also study unlithified material, which typically comes from more recent deposits. Because of this, the
study of such material is often known as Quaternary geology, after the recent Quaternary Period. This includes the
study of sediment and soils, and is important to some (or many) studies in geomorphology, sedimentology, and

paleoclimatology.

Whole-Earth structure

Oceanic-continental convergence resulting in

subduction and volcanic arcs illustrates one effect

of plate tectonics.

Plate tectonics

In the 1960s, a series of discoveries, the most important of which was
6 showed that the Earth's lithosphere, which

includes the crust and rigid uppermost portion of the upper mantle, is

seafloor spreading,

separated into a number of tectonic plates that move across the
plastically deforming, solid, upper mantle, which is called the
asthenosphere. There is an intimate coupling between the movement of
the plates on the surface and the convection of the mantle: oceanic

plate motions and mantle convection currents always move in the same

direction, because the oceanic lithosphere is the rigid upper thermal

On this diagram, subducting slabs are in blue, and

boundary layer of the convecting mantle. This coupling between rigid continental margins and a few plate boundaries

plates moving on the surface of the Earth and the convecting mantle iS  ar¢ in red. The blue blob in the cutaway section is

called plate tectonics. the seismically imaged Farallon Plate, which is
subducting beneath North America. The remnants

The development of plate tectonics provided a physical basis for many of this plate on the Surface of the Earth are the

observations of the solid Earth. Long linear regions of geologic Juan de Fuca Plate and Explorer plate in the

features could be explained as plate boundaries. Mid-ocean ridges, Northwestern USA / Southwestern Canads, and

the Cocos Plate on the west coast of Mexico.

high regions on the seafloor where hydrothermal vents and volcanoes

exist, were explained as divergent boundaries, where two plates move

apart. Arcs of volcanoes and earthquakes were explained as convergent boundaries, where one plate subducts under
another. Transform boundaries, such as the San Andreas fault system, resulted in widespread powerful earthquakes.
Plate tectonics also provided a mechanism for Alfred Wegener's theory of continental drift, in which the continents
move across the surface of the Earth over geologic time. They also provided a driving force for crustal deformation,
and a new setting for the observations of structural geology. The power of the theory of plate tectonics lies in its
ability to combine all of these observations into a single theory of how the lithosphere moves over the convecting

mantle.
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Earth structure

= N W A~ U O

The Earth's layered structure. (1) inner core; (2)
outer core; (3) lower mantle; (4) upper mantle;
(5) lithosphere; (6) crust

Focus of
earth qualm

Kilometers

Earth layered structure. Typical wave paths from
earthquakes like these gave early seismologists
insights into the layered structure of the Earth

Advances in seismology, computer modeling, and mineralogy and
crystallography at high temperatures and pressures give insights into

the internal composition and structure of the Earth.

Seismologists can use the arrival times of seismic waves in reverse to
image the interior of the Earth. Early advances in this field showed the
existence of a liquid outer core (where shear waves were not able to
propagate) and a dense solid inner core. These advances led to the
development of a layered model of the Earth, with a crust and
lithosphere on top, the mantle below (separated within itself by seismic
discontinuities at 410 and 660 kilometers), and the outer core and inner
core below that. More recently, seismologists have been able to create
detailed images of wave speeds inside the earth in the same way a
doctor images a body in a CT scan. These images have led to a much
more detailed view of the interior of the Earth, and have replaced the

simplified layered model with a much more dynamic model.

Mineralogists have been able to use the pressure and temperature data
from the seismic and modelling studies alongside knowledge of the
elemental composition of the Earth at depth to reproduce these
conditions in experimental settings and measure changes in crystal
structure. These studies explain the chemical changes associated with
the major seismic discontinuities in the mantle, and show the

crystallographic structures expected in the inner core of the Earth.
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Geological development of an area

The geology of an area changes through

time as rock units are deposited and inserted

_"}’-...':Z‘-L:‘.'I

i Ancient Volcanic Features
iash plume

Active SO
Volcanism |

stock with
radiating dikes

recent
lava flows

and deformational processes change their ~  ZAESE _peon

shapes and locations.

Rock units are first emplaced either by
deposition onto the surface or intrusion into
the overlying rock. Deposition can occur
when sediments settle onto the surface of

the Earth and later lithify into sedimentary

rock, or when as volcanic material such as

pluton

volcanic ash or lava flows blanket the o ] ) 3
An originally horizontal sequence of sedimentary rocks (in shades of tan) are

surface. Igneous intrusions such as

batholiths, laccoliths, dikes, and sills, push

affected by igneous activity. Deep below the surface are a magma chamber and
large associated igneous bodies. The magma chamber feeds the volcano, and sends

off shoots of magma that will later crystallize into dikes and sills. Magma also

upwards into the overlying rock, and

. . advances upwards to form intrusive igneous bodies. The diagram illustrates both a
crystallize as they intrude. ) ] ) ]
cinder cone volcano, which releases ash, and a composite volcano, which releases

After the initial sequence of rocks has been both lava and ash.

deposited, the rock units can be deformed

and/or metamorphosed. Deformation typically occurs as a result of horizontal shortening, horizontal extension, or
side-to-side (strike-slip) motion. These structural regimes broadly relate to convergent boundaries, divergent

boundaries, and transform boundaries, respectively, between tectonic plates.

When rock units are placed under horizontal compression, they shorten and become thicker. Because rock units,
other than muds, do not significantly change in volume, this is accomplished in two primary ways: through faulting
and folding. In the shallow crust, where brittle deformation can occur, thrust faults form, which cause deeper rock to
move on top of shallower rock. Because deeper rock is often older, as noted by the principle of superposition, this
can result in older rocks moving on top of younger ones. Movement along faults can result in folding, either because
the faults are not planar, or because the rock layers are dragged along, forming drag folds, as slip occurs are along

the fault. Deeper in the
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Earth, rocks behave plastically, and fold instead of faulting. These folds can
either be those where the material in the center of the fold buckles upwards,
creating "antiforms", or where it buckles downwards, creating "synforms". If
the tops of the rock units within the folds remain pointing upwards, they are
called anticlines and synclines, respectively. If some of the units in the fold are
facing downward, the structure is called an overturned anticline or syncline,
and if all of the rock units are overturned or the correct up-direction is
unknown, they are simply called by the most general terms, antiforms and

synforms.

An illustration of the three types of

faults. Strike-slip faults occur when rock
units slide past one another, normal
faults occur when rocks are undergoing
horizontal extension, and thrust faults
occur when rocks are undergoing
horizontal shortening.

Even higher pressures and temperatures during horizontal shortening
can cause both folding and metamorphism of the rocks. This
metamorphism causes changes in the mineral composition of the rocks;
creates a foliation, or planar surface, that is related to mineral growth

under stress; and can remove signs of the original textures of the rocks,

such as bedding in sedimentary rocks, flow features of lavas, and

SYNCLINE

crystal patterns in crystalline rocks.
Ty p y A diagram of folds, indicating an anticline and a

Extension causes the rock units as a whole to become longer and syncline.

thinner. This is primarily accomplished through normal faulting and

through the ductile stretching and thinning. Normal faults drop rock units that are higher below those that are lower.
This typically results in younger units being placed below older units. Stretching of units can result in their thinning;
in fact, there is a location within the Maria Fold and Thrust Belt in which the entire sedimentary sequence of the
Grand Canyon can be seen over a length of less than a meter. Rocks at the depth to be ductilely stretched are often
also metamorphosed. These stretched rocks can also pinch into lenses, known as boudins, after the French word for

"sausage", because of their visual similarity.
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Where rock units slide past one another, strike-slip faults develop in shallow regions, and become shear zones at
deeper depths where the rocks deform ductilely.

The addition of new rock units, both depositionally and intrusively,

NORTHWEST KITTATINY MOUNTAIN SOUTHEAST
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intrusions, enter along cracks, and therefore often form in large

the emplacement of dike swarms, such as those that are observable

across the Canadian shield, or rings of dikes around the lava tube of a volcano.

All of these processes do not necessarily occur in a single environment, and do not necessarily occur in a single
order. The Hawaiian Islands, for example, consist almost entirely of layered basaltic lava flows. The sedimentary
sequences of the mid-continental United States and the Grand Canyon in the southwestern United States contain
almost-undeformed stacks of sedimentary rocks that have remained in place since Cambrian time. Other areas are
much more geologically complex. In the southwestern United States, sedimentary, volcanic, and intrusive rocks have
been metamorphosed, faulted, foliated, and folded. Even older rocks, such as the Acasta gneiss of the Slave craton in
northwestern Canada, the oldest known rock in the world have been metamorphosed to the point where their origin is
undiscernable without laboratory analysis. In addition, these processes can occur in stages. In many places, the
Grand Canyon in the southwestern United States being a very visible example, the lower rock units were
metamorphosed and deformed, and then deformation ended and the upper, undeformed units were deposited.
Although any amount of rock emplacement and rock deformation can occur, and they can occur any number of

times, these concepts provide a guide to understanding the geological history of an area.

Methods of geology

Geologists use a number of field, laboratory, and numerical modeling methods to decipher Earth history and
understand the processes that occur on and in the Earth. In typical geological investigations, geologists use primary
information related to petrology (the study of rocks), stratigraphy (the study of sedimentary layers), and structural
geology (the study of positions of rock units and their deformation). In many cases, geologists also study modern
soils, rivers, landscapes, and glaciers; investigate past and current life and biogeochemical pathways, and use
geophysical methods to investigate the subsurface.
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Field methods

Geological field work varies depending on the task at hand. Typical
fieldwork could consist of:

* Geological mapping
e Structural mapping: the locations of the major rock units and the
faults and folds that led to their placement there.

e Stratigraphic mapping: the locations of sedimentary facies

(lithofacies and biofacies) or the mapping of isopachs of equal

thickness of sedimentary rock

 Surficial mapping: the locations of soils and surficial deposits A standard Brunton Pocket Transit, used
* Surveying of topographic features commonly by geologists in mapping and
surveying

* Creation of topographic maps

* Work to understand change across landscapes, including:

» Patterns of erosion and deposition
e River channel change through migration and avulsion
* Hillslope processes

* Subsurface mapping through geophysical methods

¢ These methods include:

¢ Shallow seismic surveys

* Ground-penetrating radar o
P & A typical USGS field mapping camp in the 1950s

* Electrical resistivity tomography

* They are used for:

* Hydrocarbon exploration
* Finding groundwater
* Locating buried archaeological artifacts

* High-resolution stratigraphy

* Measuring and describing stratigraphic sections on the surface
* Well drilling and logging

* Biogeochemistry and geomicrobiology
* Collecting samples to:

* Determine biochemical pathways
* Identify new species of organisms
* Identify new chemical compounds

¢ And to use these discoveries to
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¢ Understand early life on Earth and how it functioned and
metabolized
* Find important compounds for use in pharmaceuticals.
» Paleontology: excavation of fossil material

* For research into past life and evolution

¢ For museums and education

Today, handheld computers with GPS and
geographic information systems software are
often used in geological field work (digital
geologic mapping).

* Collection of samples for geochronology and thermochronology
* Glaciology: measurement of characteristics of glaciers and their motion

Laboratory methods

Petrology

In addition to the field identification of rocks, petrologists identify rock
samples in the laboratory. Two of the primary methods for identifying
rocks in the laboratory are through optical microscopy and by using an
electron microprobe. In an optical mineralogy analysis, thin sections of
rock samples are analyzed through a petrographic microscope, where
the minerals can be identified through their different properties in
plane-polarized and cross-polarized light, including their birefringence,
pleochroism, twinning, and interference properties with a conoscopic
lens. In the electron microprobe, individual locations are analyzed for
their exact chemical compositions and variation in composition within
individual crystals. Stable and radioactive isotope studies provide

insight into the geochemical evolution of rock units.

Petrologists use fluid inclusion data and perform high temperature and

pressure physical experiments to understand the temperatures and A petrographic microscope, which is an optical

pressures at which different mineral phases appear, and how they microscope fitted with cross-polarizing lenses, a

. . . conoscopic lens, and compensators (plates of
change through igneous and metamorphic processes. This research can

anisotropic materials; gypsum plates and quartz
be extrapolated to the field to understand metamorphic processes and wedges are common), for crystallographic
the conditions of crystallization of igneous rocks. This work can also analysis.

help to explain processes that occur within the Earth, such as

subduction and magma chamber evolution.
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Structural geology
Structural geologists use microscopic
analysis of oriented thin sections of
,,-.,--"‘“C Pae ,‘, — ] geologic samples to observe the fabric
- e "‘":\.__u \cmn:mc* within  the rocks which gives
bt — Sl ---1 information about strain within the
Y T p— — o crystal structure 'of the rocks. They also
FOREAAND BASIN plot and combine measurements of

About 500 km

geological structures in order to better

A diagram of an orogenic wedge. The wedge grows through faulting in the interior and understand the orientations of faults

along the main basal fault, called the décollement. It builds its shape into a critical taper,

in which the angles within the wedge remain the same as failures inside the material and folds in order to reconstruct the

balance failures along the décollement. It is analogous to a bulldozer pushing a pile of history of rock deformation in the area.
dirt, where the bulldozer is the overriding plate. In addition, they perform analog and

numerical  experiments of  rock

deformation in large and small settings.

The analysis of structures is often accomplished by plotting the orientations of various features onto stereonets. A
stereonet is a stereographic projection of a sphere onto a plane, in which planes are projected as lines and lines are
projected as points. These can be used to find the locations of fold axes, relationships between several faults, and

relationships between other geologic structures.

Among the most well-known experiments in structural geology are those involving orogenic wedges, which are
zones in which mountains are built along convergent tectonic plate boundaries. In the analog versions of these
experiments, horizontal layers of sand are pulled along a lower surface into a back stop, which results in
realistic-looking patterns of faulting and the growth of a critically tapered (all angles remain the same) orogenic
wedge. Numerical models work in the same way as these analog models, though they are often more sophisticated
and can include patterns of erosion and uplift in the mountain belt. This helps to show the relationship between
erosion and the shape of the mountain range. These studies can also give useful information about pathways for

metamorphism through pressure, temperature, space, and time.

Stratigraphy

In the laboratory, stratigraphers analyze samples of
stratigraphic sections that can be returned from the
field, such as those from drill cores. Stratigraphers also
analyze data from geophysical surveys that show the
locations of stratigraphic units in the subsurface.
Geophysical data and well logs can be combined to
produce a better view of the subsurface, and
stratigraphers often use computer programs to do this in
three dimensions. Stratigraphers can then use these data

to reconstruct ancient processes occurring on the

surface of the Earth, interpret past environments, and = )
locate areas for water, coal, and hydrocarbon Exploration geologists examining a freshly recovered drill core.

extraction. Chile, 1994

In the laboratory, biostratigraphers analyze rock samples from outcrop and drill cores for the fossils found in them.

These fossils help scientists to date the core and to understand the depositional environment in which the rock units
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formed. Geochronologists precisely date rocks within the stratigraphic section in order to provide better absolute
bounds on the timing and rates of deposition. Magnetic stratigraphers look for signs of magnetic reversals in igneous
rock units within the drill cores. Other scientists perform stable isotope studies on the rocks to gain information

about past climate.

Planetary geology

With the advent of space exploration in the twentieth century,
geologists have begun to look at other planetary bodies in the same
way as the Earth. This led to the establishment of the field of planetary
geology, sometimes known as astrogeology, in which geologic

principles are applied to other bodies of the solar system.

Although the Greek-language-origin prefix geo refers to Earth,
"geology" is often used in conjunction with the names of other
planetary bodies when describing their composition and internal
processes: examples are "the geology of Mars" and "Lunar geology".
Specialised terms such as selenology (studies of the Moon), areology

(of Mars), etc., are also in use.

Surface of Mars as photographed by the Viking 2
lander December 9, 1977.

Although planetary geologists are interested in all aspects of the
planets, a significant focus is in the search for past or present life on
other worlds. This has led to many missions whose purpose is (or
whose purposes include) to examine planetary bodies for evidence of life. One of these is the Phoenix lander, which

analyzed Martian polar soil for water and chemical and mineralogical constituents related to biological processes.

Applied geology

Economic geology

Economic geologists help locate and manage the Earth's natural resources, such as petroleum and coal, as well as

mineral resources, which include metals such as iron, copper, and uranium.

Mining geology

Mining geology consists of the extractions of mineral resources from the Earth. Some resources of economic
interests include gemstones, metals, and many minerals such as asbestos, perlite, mica, phosphates, zeolites, clay,

pumice, quartz, and silica, as well as elements such as sulfur, chlorine, and helium.
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Petroleum geology

Petroleum geologists study the locations of the subsurface of the Earth
which can contain extractable hydrocarbons, especially petroleum and
natural gas. Because many of these reservoirs are found in sedimentary
basins, they study the formation of these basins, as well as their
sedimentary and tectonic evolution and the present-day positions of the
rock units.

Engineering geology

Engineering geology is the application of the geologic principles to Mud log in process, a common way to study the
engineering practice for the purpose of assuring that the geologic lithology when drilling oil wells.
factors affecting the location, design, construction, operation and

maintenance of engineering works are properly addressed.

In the field of civil engineering, geological principles and analyses are used in order to ascertain the mechanical
principles of the material on which structures are built. This allows tunnels to be built without collapsing, bridges

and skyscrapers to be built with sturdy foundations, and buildings to be built that will not settle in clay and mud.

Hydrology and environmental issues

Geology and geologic principles can be applied to various environmental problems, such as stream restoration, the
restoration of brownfields, and the understanding of the interactions between natural habitat and the geologic
environment. Groundwater hydrology, or hydrogeology, is used to locate groundwater, which can often provide a
ready supply of uncontaminated water and is especially important in arid regions, and to monitor the spread of

contaminants in groundwater wells.

Geologists also obtain data through stratigraphy, boreholes, core samples, and ice cores. Ice cores and sediment
cores are used to for paleoclimate reconstructions, which tell geologists about past and present temperature,
precipitation, and sea level across the globe. These data are our primary source of information on global climate

change outside of instrumental data.

Natural hazards

Geologists and geophysicists study natural hazards in order to enact safe building codes and warning systems that are
used to prevent loss of property and life.!”! Examples of important natural hazards that are pertinent to geology (as

opposed those that are mainly or only pertinent to meteorology) are:

* Avalanches

» Earthquakes

* Floods

* Landslides and debris flows

* River channel migration and avulsion
* Liquefaction

* Sinkholes

e Subsidence

e Tsunamis

Rockfall in the Grand Canyon

¢ Volcanoes
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History of Geology

The study of the physical material of the Earth dates back at least to
ancient Greece when Theophrastus (372-287 BCE) wrote the work
Peri Lithon (On Stones). In the Roman period, Pliny the Elder wrote in

detail of the many minerals and metals then in practical use, and

correctly noted the origin of amber.

I

Some modern scholars, such as Fielding H. Garrison, are of the
[8]

opinion that modern geology began in the medieval Islamic world.
Abu al-Rayhan al-Biruni (973—1048 CE) was one of the earliest
Muslim geologists, whose works included the earliest writings on the
geology of India, hypothesizing that the Indian subcontinent was once
a sea. Islamic Scholar Ibn Sina (Avicenna, 981-1037) proposed
detailed explanations for the formation of mountains, the origin of
earthquakes, and other topics central to modern geology, which
provided an essential foundation for the later development of the
science.[9] In China, the polymath Shen Kuo (1031-1095) formulated a

hypothesis for the process of land formation: based on his observation

T - £ v._'_"’:le\—‘_l.
of fossil animal shells in a geological stratum in a mountain hundreds ~ William Smith's geologic map of England, Wales,

of miles from the ocean, he inferred that the land was formed by and southern Scotland. Completed in 1815, it was
the second national-scale geologic map, and by

erosion of the mountains and by deposition of silt. >
far the most accurate of its time.

Nicolas Steno (1638—1686) is credited with the law of superposition,

the principle of original horizontality, and the principle of lateral continuity: three defining principles of stratigraphy.

The word geology was first used by Ulisse Aldrovandi in 1603,[10] then by Jean-André Deluc in 1778 and introduced
as a fixed term by Horace-Bénédict de Saussure in 1779. The word is derived from the Greek v}, gé, meaning
"earth" and AOyoc, logos, meaning "speech". But according to another source, the word "geology" comes from a
Norwegian, Mikkel Pedersgn Escholt (1600—1699), who was a priest and scholar. Escholt first used the definition in
his book titled, Geologica Norvegica (1657).[11]

William Smith (1769—-1839) drew some of the first geological maps and began the process of ordering rock strata

(layers) by examining the fossils contained in them.

James Hutton is often viewed as the first modern geologist.[l2] In 1785 he presented a paper entitled Theory of the
Earth to the Royal Society of Edinburgh. In his paper, he explained his theory that the Earth must be much older
than had previously been supposed in order to allow enough time for mountains to be eroded and for sediments to
form new rocks at the bottom of the sea, which in turn were raised up to become dry land. Hutton published a
two-volume version of his ideas in 1795 (Vol. 1 [13], Vol. 2 [14]).



http://en.wikipedia.org/w/index.php?title=William_Smith_%28geologist%29
http://en.wikipedia.org/w/index.php?title=Geologic_map
http://en.wikipedia.org/w/index.php?title=England
http://en.wikipedia.org/w/index.php?title=Wales
http://en.wikipedia.org/w/index.php?title=Scotland
http://en.wikipedia.org/w/index.php?title=File%3AGeological_map_Britain_William_Smith_1815.jpg
http://en.wikipedia.org/w/index.php?title=Ancient_Greece
http://en.wikipedia.org/w/index.php?title=Theophrastus
http://en.wikipedia.org/w/index.php?title=Roman_Empire
http://en.wikipedia.org/w/index.php?title=Pliny_the_Elder
http://en.wikipedia.org/w/index.php?title=Amber
http://en.wikipedia.org/w/index.php?title=Fielding_H._Garrison
http://en.wikipedia.org/w/index.php?title=Islamic_Golden_Age
http://en.wikipedia.org/w/index.php?title=Ab%C5%AB_al-Rayh%C4%81n_al-B%C4%ABr%C5%ABn%C4%AB
http://en.wikipedia.org/w/index.php?title=Geography_in_medieval_Islam
http://en.wikipedia.org/w/index.php?title=Geology_of_India
http://en.wikipedia.org/w/index.php?title=Indian_subcontinent
http://en.wikipedia.org/w/index.php?title=Avicenna
http://en.wikipedia.org/w/index.php?title=Polymath
http://en.wikipedia.org/w/index.php?title=Shen_Kuo
http://en.wikipedia.org/w/index.php?title=Stratum
http://en.wikipedia.org/w/index.php?title=Deposition_%28sediment%29
http://en.wikipedia.org/w/index.php?title=Silt
http://en.wikipedia.org/w/index.php?title=Nicolas_Steno
http://en.wikipedia.org/w/index.php?title=Law_of_superposition
http://en.wikipedia.org/w/index.php?title=Principle_of_original_horizontality
http://en.wikipedia.org/w/index.php?title=Principle_of_lateral_continuity
http://en.wikipedia.org/w/index.php?title=Stratigraphy
http://en.wikipedia.org/w/index.php?title=Ulisse_Aldrovandi
http://en.wikipedia.org/w/index.php?title=Jean-Andr%C3%A9_Deluc
http://en.wikipedia.org/w/index.php?title=Horace-B%C3%A9n%C3%A9dict_de_Saussure
http://en.wikipedia.org/w/index.php?title=Ancient_Greek
http://en.wikipedia.org/w/index.php?title=Logos
http://en.wikipedia.org/w/index.php?title=William_Smith_%28geologist%29
http://en.wikipedia.org/w/index.php?title=Rock_strata
http://en.wikipedia.org/w/index.php?title=James_Hutton
http://en.wikipedia.org/w/index.php?title=Geologist
http://en.wikipedia.org/w/index.php?title=Royal_Society_of_Edinburgh
http://en.wikipedia.org/w/index.php?title=Sediment
http://www.gutenberg.org/etext/12861
http://www.gutenberg.org/etext/14179

Geology

96

Followers of Hutton were known as Plutonists because they believed that
some rocks were formed by vulcanism, which is the deposition of lava from
volcanoes, as opposed to the Neptunists, led by Abraham Werner, who
believed that all rocks had settled out of a large ocean whose level gradually

dropped over time.

The first geological map of the U.S. was produced in 1809 by William
Maclure.'”! In 1807, Maclure commenced the self-imposed task of making a
geological survey of the United States. Almost every state in the Union was
traversed and mapped by him; the Allegheny Mountains being crossed and

recrossed some 50 times.[l6] The results of his unaided labours were

submitted to the American Philosophical Society in a memoir entitled
Scotsman James Hutton, father of Observations on the Geology of the United States explanatory of a Geological

modern geology Map, and published in the Society's Transactions, together with the nation's
first geological map.[m This antedates William Smith's geological map of

England by six years, although it was constructed using a different classification of rocks.

Sir Charles Lyell first published his famous book, Principles of Geology, in 1830. This book, which influenced the
thought of Charles Darwin, successfully promoted the doctrine of uniformitarianism. This theory states that slow
geological processes have occurred throughout the Earth's history and are still occurring today. In contrast,
catastrophism is the theory that Earth's features formed in single, catastrophic events and remained unchanged

thereafter. Though Hutton believed in uniformitarianism, the idea was not widely accepted at the time.

Much of 19th-century geology revolved around the question of the Earth's exact age. Estimates varied from a few
hundred thousand to billions of years. By the early 20th century, radiometric dating allowed the Earth's age to be
estimated at two billion years. The awareness of this vast amount of time opened the door to new theories about the

processes that shaped the planet.

Some of the most significant advances in 20th-century geology have been the development of the theory of plate
tectonics in the 1960s and the refinement of estimates of the planet's age. Plate tectonics theory arose from two
separate geological observations: seafloor spreading and continental drift. The theory revolutionized the Earth

sciences. Today the Earth is known to be approximately 4.5 billion years old.
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History of the Earth

The history of the Earth concerns the development of the planet Earth from its formation to the present day. Nearly
all branches of natural science have contributed to the understanding of the main events of the Earth's past. The age
of Earth is approximately one-third of the age of the universe. An immense amount of biological and geological

change has occurred in that time span.

Earth formed around 4.54 billion (4.54><109) years ago by accretion from the solar nebula. Volcanic outgassing
probably created the primordial atmosphere, but it contained almost no oxygen and would have been toxic to humans
and most modern life. Much of the Earth was molten because of extreme volcanism and frequent collisions with
other bodies. One very large collision is thought to have been responsible for tilting the Earth at an angle and
forming the Moon. Over time, the planet cooled and formed a solid crust, allowing liquid water to exist on the
surface. The first life forms appeared between 3.8 and 3.5 billion years ago. The earliest evidences for life on Earth
are graphite found to be biogenic in 3.7 billion-year-old metasedimentary rocks discovered in Western Greenland
and microbial mat fossils found in 3.48 billion-year-old sandstone discovered in Western Australia. Photosynthetic
life appeared around 2 billion years ago, enriching the atmosphere with oxygen. Life remained mostly small and
microscopic until about 580 million years ago, when complex multicellular life arose. During the Cambrian period it

experienced a rapid diversification into most major phyla.

Geological change has been constantly occurring on our planet since the time of its formation and biological change
since the first appearance of life. Species continuously evolve, taking on new forms, splitting into daughter species,
or going extinct in response to an ever-changing planet. The process of plate tectonics has played a major role in the
shaping of Earth's oceans and continents, as well as the life they harbor. The biosphere, in turn, has had a significant
effect on the atmosphere and other abiotic conditions on the planet, such as the formation of the ozone layer, the

proliferation of oxygen, and the creation of soil.
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Geologic time scale

The history of the Earth is organized

chronologically in a table known as the

geologic time scale, which is split into
intervals based on stratigraphic
analysis. A full-time scale can be
found at the main article.

The following four timelines show the
geologic time scale. The first shows
the entire time from the formation of
the Earth to the present, but this
compresses the most recent eon.
Therefore the second scale shows the
most recent eon with an expanded
scale. The second scale compresses the
most recent era, so the most recent era

is expanded in the third scale. Since

the Quaternary is a very short period
with  short CpOChS, it is further Geological time, condensed in a diagram displaying the relative lengths of the eons of
expanded in the fourth scale. The Earth'’s history

second, third, and fourth timelines are

therefore each subsections of their preceding timeline as indicated by asterisks. The Holocene (the latest epoch) is
too small to be shown clearly on the third timeline on the right, another reason for expanding the fourth scale. The

Pleistocene (P) epoch. Q stands for the Quaternary period.
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g [ —
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Millions of Years



http://en.wikipedia.org/w/index.php?title=Geologic_time_scale
http://en.wikipedia.org/w/index.php?title=File%3AGeologic_Clock_with_events_and_periods.svg
http://en.wikipedia.org/w/index.php?title=Stratigraphy
http://en.wikipedia.org/w/index.php?title=Quaternary
http://en.wikipedia.org/w/index.php?title=Holocene
http://en.wikipedia.org/w/index.php?title=Epoch_%28geology%29

History of the Earth 100

Solar System formation

The standard model for the formation of the Solar System (including
the Earth) is the solar nebula hypothesis. In this model, the Solar
system formed from a large, rotating cloud of interstellar dust and gas
called the solar nebula. It was composed of hydrogen and helium
created shortly after the Big Bang 13.8 Ga (billion years ago) and
heavier elements ejected by supernovae. About 4.5 Ga, the nebula

began a contraction that may have been triggered by the shock wave of

An artist's rendering of a protoplanetary disk

a nearby supernova. A shock wave would have also made the nebula
rotate. As the cloud began to accelerate, its angular momentum, gravity
and inertia flattened it into a protoplanetary disk perpendicular to its axis of rotation. Small perturbations due to
collisions and the angular momentum of other large debris created the means by which kilometer-sized protoplanets

began to form, orbiting the nebular center.

The center of the nebula, not having much angular momentum, collapsed rapidly, the compression heating it until
nuclear fusion of hydrogen into helium began. After more contraction, a T Tauri star ignited and evolved into the
Sun. Meanwhile, in the outer part of the nebula gravity caused matter to condense around density perturbations and
dust particles, and the rest of the protoplanetary disk began separating into rings. In a process known as runaway
accretion, successively larger fragments of dust and debris clumped together to form planets. Earth formed in this
manner about 4.54 billion years ago (with an uncertainty of 1%) and was largely completed within

1020 million years. The solar wind of the newly formed T Tauri star cleared out most of the material in the disk
that had not already condensed into larger bodies. The same process is expected to produce accretion disks around

virtually all newly forming stars in the universe, some of which yield planets.

The proto-Earth grew by accretion until its interior was hot enough to melt the heavy, siderophile metals. Having
higher densities than the silicates, these metals sank. This so-called iron catastrophe resulted in the separation of a
primitive mantle and a (metallic) core only 10 million years after the Earth began to form, producing the layered
structure of Earth and setting up the formation of Earth's magnetic field." J. A. Jacobs was the first to suggest that
the inner core—a solid center distinct from the liquid outer core—is freezing and growing out of the liquid outer core

due to the gradual cooling of Earth's interior (about 100 degrees Celsius per billion years). Extrapolations.¢"#"

needed] ) these observations estimate that the inner core formed approximately 2-4 billion years ago, from what was
previously an entirely molten core. If true, this would mean that the Earth's inner core is not a primordial feature

inherited during the planet's formation, since it would be younger than the age of Earth (about 4.5 billion years).

Hadean and Archean Eons

The first eon in Earth's history, the Hadean, begins with the Earth's formation and is followed by the Archean eon at
3.8 Ga®
about 4.4 Ga, soon after the formation of the Earth's crust and the Earth itself. The giant impact hypothesis for the

The oldest rocks found on Earth date to about 4.0 Ga, and the oldest detrital zircon crystals in rocks to

Moon's formation states that shortly after formation of an initial crust, the proto-Earth was impacted by a smaller

protoplanet, which ejected part of the mantle and crust into space and created the Moon.

From crater counts on other celestial bodies it is inferred that a period of intense meteorite impacts, called the Late
Heavy Bombardment, began about 4.1 Ga, and concluded around 3.8 Ga, at the end of the Hadean. In addition,
volcanism was severe due to the large heat flow and geothermal gradient. Nevertheless, detrital zircon crystals dated
to 4.4 Ga show evidence of having undergone contact with liquid water, suggesting that the planet already had

oceans or seas at that time.

By the beginning of the Archean, the Earth had cooled significantly. Most present life forms could not have survived
in the Archean atmosphere, which lacked oxygen and an ozone layer. Nevertheless it is believed that primordial life
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began to evolve by the early Archean, with candidate fossils dated to around 3.5 Ga. Some scientists even speculate
that life could have begun during the early Hadean, as far back as 4.4 Ga, surviving the possible Late Heavy

Bombardment period in hydrothermal vents below the Earth's surface.

Formation of the Moon

Earth's only natural satellite, the Moon, is larger relative to its planet
than any other satellite in the solar system.[z] but Pluto is defined as a
dwarf planet.</ref> During the Apollo program, rocks from the Moon's
surface were brought to Earth. Radiometric dating of these rocks has
shown the Moon to be 4.53 + .01 billion years old, at least 30 million
years after the solar system was formed. New evidence suggests the
Moon formed even later, 4.48 £ 0.02 Ga, or 70—110 million years after
the start of the Solar System.

Theories for the formation of the Moon must explain its late formation
as well as the following facts. First, the Moon has a low density (3.3 ~ Artists impression of the enormous collision that
times that of water, compared to 5.5 for the earth) and a small metallic probably formed the Moon
core. Second, there is virtually no water or other volatiles on the moon.
Third, the Earth and Moon have the same oxygen isotopic signature (relative abundance of the oxygen isotopes). Of
the theories that have been proposed to account for these phenomena, only one is widely accepted: The giant impact
hypothesis proposes that the Moon originated after a body the size of Mars struck the proto-Earth a glancing

blow.:256

The collision between the impactor, sometimes named Theia, and the Earth released about 100 million times more
energy than the impact that caused the extinction of the dinosaurs. This was enough to vaporize some of the Earth's
outer layers and melt both bodies. 2% A portion of the mantle material was ejected into orbit around the Earth. The
giant impact hypothesis predicts that the Moon was depleted of metallic material, explaining its abnormal
composition. The ejecta in orbit around the Earth could have condensed into a single body within a couple of weeks.

Under the influence of its own gravity, the ejected material became a more spherical body: the Moon.

First continents

Mantle convection, the process that drives plate tectonics today, is a
result of heat flow from the Earth's interior to the Earth's surface.’” It
involves the creation of rigid tectonic plates at mid-oceanic ridges.
These plates are destroyed by subduction into the mantle at subduction
zones. During the early Archean (about 3.0 Ga) the mantle was much
hotter than today, probably around 1600 "C,:82 so convection in the
mantle was faster. While a process similar to present day plate
tectonics did occur, this would have gone faster too. It is likely that
during the Hadean and Archean, subduction zones were more common,

and therefore tectonic plates were smaller. >

Geologic map of North America, color-coded by

The initial crust, formed when the Earth's surface first solidified,

. L . age. The reds and pinks indicate rock from the
totally disappeared from a combination of this fast Hadean plate Archean
tectonics and the intense impacts of the Late Heavy Bombardment.

However, it is thought that it was basaltic in composition, like today's oceanic crust, because little crustal

differentiation had yet taken place.:258 The first larger pieces of continental crust, which is a product of

differentiation of lighter elements during partial melting in the lower crust, appeared at the end of the Hadean, about
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4.0 Ga. What is left of these first small continents are called cratons. These pieces of late Hadean and early Archean

crust form the cores around which today's continents grew.

The oldest rocks on Earth are found in the North American craton of Canada. They are tonalites from about 4.0 Ga.
They show traces of metamorphism by high temperature, but also sedimentary grains that have been rounded by
erosion during transport by water, showing rivers and seas existed then. Cratons consist primarily of two alternating
types of terranes. The first are so-called greenstone belts, consisting of low grade metamorphosed sedimentary rocks.
These "greenstones" are similar to the sediments today found in oceanic trenches, above subduction zones. For this
reason, greenstones are sometimes seen as evidence for subduction during the Archean. The second type is a
complex of felsic magmatic rocks. These rocks are mostly tonalite, trondhjemite or granodiorite, types of rock
similar in composition to granite (hence such terranes are called TTG-terranes). TTG-complexes are seen as the

relicts of the first continental crust, formed by partial melting in basalt, haPterS

Oceans and atmosphere

Earth is often described as having had three

] Stages
atmospheres. The first atmosphere, captured os : 7 = ER
from the solar nebula, was composed of ' : : I
| | |
light (atmophile) elements from the solar 04— : E i ]
) E | i
1 @ | i |
nebula, mostly hydrogen and helium. A H E 03— 5 | : |
combination of the solar wind and Earth's EE : : I
< 0.2— | | |
heat would have driven off this atmosphere, i i :
as a result of which the atmosphere is now 04— : V<
2 |
depleted in these elements compared to 0 Ll i
cosmic abundances. After the Graph showing range of estimated partial pressure of atmospheric oxygen through
impact,Wikipedia:Please clarify the molten geologic time

Earth released volatile gases; and later more
gases were released by volcanoes, completing a second atmosphere rich in greenhouse gases but poor in oxygen. 1256

Finally, the third atmosphere, rich in oxygen, emerged when bacteria began to produce oxygen about
28 Ga.:83_84’116_117

In early models for the formation of the atmosphere and ocean, the second atmosphere was formed by outgassing of
volatiles from the Earth's interior. Now it is considered likely that many of the volatiles were delivered during
accretion by a process known as impact degassing in which incoming bodies vaporize on impact. The ocean and
atmosphere would therefore have started to form even as the Earth formed. The new atmosphere probably contained

water vapor, carbon dioxide, nitrogen, and smaller amounts of other gases.

Planetesimals at a distance of 1 astronomical unit (AU), the distance of the Earth from the Sun, probably did not
contribute any water to the Earth because the solar nebula was too hot for ice to form and the hydration of rocks by
water vapor would have taken too long. The water must have been supplied by meteorites from the outer asteroid
belt and some large planetary embryos from beyond 2.5 AU. Comets may also have contributed. Though most
comets are today in orbits farther away from the Sun than Neptune, computer simulations show they were originally

far more common in the inner parts of the solar system.:lSO_132

As the planet cooled, clouds formed. Rain created the oceans. Recent evidence suggests the oceans may have begun
forming as early as 4.4 Ga. By the start of the Archean eon they already covered the Earth. This early formation has
been difficult to explain because of a problem known as the faint young Sun paradox. Stars are known to get brighter
as they age, and at the time of its formation the Sun would have been emitting only 70% of its current power. Many
models predict that the Earth would have been covered in ice. A likely solution is that there was enough carbon
dioxide and methane to produce a greenhouse effect. The carbon dioxide would have been produced by volcanoes

and the methane by early microbes. Another greenhouse gas, ammonia, would have been ejected by volcanos but
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quickly destroyed by ultraviolet radiation.’?

Origin of life

One of the reasons for interest in the early atmosphere and ocean is that they form the conditions under which life
first arose. There are many models, but little consensus, on how life emerged from non-living chemicals; chemical
systems that have been created in the laboratory still fall well short of the minimum complexity for a living

organism.

The first step in the emergence of life may have been chemical reactions that produced many of the simpler organic
compounds, including nucleobases and amino acids, that are the building blocks of life. An experiment in 1953 by
Stanley Miller and Harold Urey showed that such molecules could form in an atmosphere of water, methane,
ammonia and hydrogen with the aid of sparks to mimic the effect of lightning. Although the atmospheric
composition was probably different from the composition used by Miller and Urey, later experiments with more
realistic compositions also managed to synthesize organic molecules. Recent computer simulations have even shown
that extraterrestrial organic molecules could have formed in the protoplanetary disk before the formation of the
Earth.

The next stage of complexity could have been reached from at least three possible starting points: self-replication, an
organism's ability to produce offspring that are very similar to itself; metabolism, its ability to feed and repair itself;
and external cell membranes, which allow food to enter and waste products to leave, but exclude unwanted

substances.

Replication first: RNA world

Even the simplest members of the three modern domains of life use DNA to
record their "recipes" and a complex array of RNA and protein molecules to
"read" these instructions and wuse them for growth, maintenance and

self-replication.

The discovery that a kind of RNA molecule called a ribozyme can catalyze both
its own replication and the construction of proteins led to the hypothesis that
earlier life-forms were based entirely on RNA. They could have formed an RNA
world in which there were individuals but no species, as mutations and horizontal
gene transfers would have meant that the offspring in each generation were quite
likely to have different genomes from those that their parents started with. RNA
would later have been replaced by DNA, which is more stable and therefore can
build longer genomes, expanding the range of capabilities a single organism can
have. Ribozymes remain as the main components of ribosomes, the "protein

factories" of modern cells.

Although short, self-replicating RNA molecules have been artificially produced
in laboratories, doubts have been raised about whether natural non-biological

synthesis of RNA is possible. The earliest ribozymes may have been formed of The replicator in virtually all known
simpler nucleic acids such as PNA, TNA or GNA, which would have been life is deoxyribonucleic acid. DNA is
replaced later by RNA. Other pre-RNA replicators have been posited, including far,more Com?lex thfm t,he original
-150 replicator and its replication systems

crystals” " and even quantum systems. are highly elaborate.

In 2003 it was proposed that porous metal sulfide precipitates would assist RNA

synthesis at about 100 °C (212 °F) and ocean-bottom pressures near hydrothermal vents. In this hypothesis, lipid
membranes would be the last major cell components to appear and until they did the proto-cells would be confined to

the pores.
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Metabolism first: iron—sulfur world

Another long-standing hypothesis is that the first life was composed of protein molecules. Amino acids, the building
blocks of proteins, are easily synthesized in plausible prebiotic conditions, as are small peptides (polymers of amino

acids) that make good catalysts.””*> 27

A series of experiments starting in 1997 showed that amino acids and
peptides could form in the presence of carbon monoxide and hydrogen sulfide with iron sulfide and nickel sulfide as
catalysts. Most of the steps in their assembly required temperatures of about 100 °C (212 °F) and moderate

pressures, although one stage required 250 °C (482 °F) and a pressure equivalent to that found under 7 kilometres

(4.3 mi) of rock. Hence self-sustaining synthesis of proteins could have occurred near hydrothermal vents.

A difficulty with the metabolism-first scenario is finding a way for organisms to evolve. Without the ability to
replicate as individuals, aggregates of molecules would have "compositional genomes" (counts of molecular species
in the aggregate) as the target of natural selection. However, a recent model shows that such a system is unable to

evolve in response to natural selection.

Membranes first: Lipid world

It has been suggested that double-walled "bubbles" of lipids like those that form
the external membranes of cells may have been an essential first step.
Experiments that simulated the conditions of the early Earth have reported the
formation of lipids, and these can spontaneously form liposomes, double-walled
"bubbles”, and then reproduce themselves. Although they are not intrinsically
information-carriers as nucleic acids are, they would be subject to natural
selection for longevity and reproduction. Nucleic acids such as RNA might then

have formed more easily within the liposomes than they would have outside.

The clay theory

Some clays, notably montmorillonite, have properties that make them plausible . .
Cross-section through a liposome

accelerators for the emergence of an RNA world: they grow by self-replication of

their crystalline pattern, are subject to an analog of natural selection (as the clay

"species" that grows fastest in a particular environment rapidly becomes dominant), and can catalyze the formation

of RNA molecules. Although this idea has not become the scientific consensus, it still has active supporters.:lso_158

Research in 2003 reported that montmorillonite could also accelerate the conversion of fatty acids into "bubbles",
and that the bubbles could encapsulate RNA attached to the clay. Bubbles can then grow by absorbing additional
lipids and dividing. The formation of the earliest cells may have been aided by similar processes.

A similar hypothesis presents self-replicating iron-rich clays as the progenitors of nucleotides, lipids and amino
acids.

Last universal ancestor

It is believed that of this multiplicity of protocells, only one line survived. Current phylogenetic evidence suggests
that the last universal ancestor (LUA) lived during the early Archean eon, perhaps 3.5 Ga or earlier. This LUA cell is
the ancestor of all life on Earth today. It was probably a prokaryote, possessing a cell membrane and probably
ribosomes, but lacking a nucleus or membrane-bound organelles such as mitochondria or chloroplasts. Like all
modern cells, it used DNA as its genetic code, RNA for information transfer and protein synthesis, and enzymes to
catalyze reactions. Some scientists believe that instead of a single organism being the last universal common

ancestor, there were populations of organisms exchanging genes by lateral gene transfer.
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Proterozoic Eon

The Proterozoic eon lasted from 2.5 Ga to 542 Ma (million years ago).:130

In this time span, cratons grew into
continents with modern sizes. The change to an oxygen-rich atmosphere was a crucial development. Life developed
from prokaryotes into eukaryotes and multicellular forms. The Proterozoic saw a couple of severe ice ages called
snowball Earths. After the last Snowball Earth about 600 Ma, the evolution of life on Earth accelerated. About

580 Ma, the Ediacara biota formed the prelude for the Cambrian Explosion.

Oxygen revolution

The earliest cells absorbed energy and food from the environment
around them. They used fermentation, the breakdown of more complex
compounds into less complex compounds with less energy, and used
the energy so liberated to grow and reproduce. Fermentation can only
occur in an anaerobic (oxygen-free) environment. The evolution of
photosynthesis made it possible for cells to manufacture their own
food.””’

Most of the life that covers the surface of the Earth depends directly or

indirectly on photosynthesis. The most common form, oxygenic Lithified stromatolites on the shores of Lake- h
photosynthesis, turns carbon dioxide, water and sunlight into food. It ~ Thetis, Western Australia. Archean stromatolites
captures the energy of sunlight in energy-rich molecules such as ATP, are the first direct fossil traces of life on Earth.
which then provide the energy to make sugars. To supply the electrons
in the circuit, hydrogen is stripped from water, leaving oxygen as a
waste product. Some organisms, including purple bacteria and green
sulfur bacteria, use an anoxygenic form of photosynthesis that use
alternatives to hydrogen stripped from water as electron donors;
examples are hydrogen sulfide, sulfur and iron. Such organisms are

mainly restricted to extreme environments such as hot springs and _ e
:379-382 thy Py g vl |
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A banded iron formation from the 3.15 Ga

hydrothermal vents.

The simpler anoxygenic form arose about 3.8 Ga, not long after the Moories Group, Barberton Greenstone Belt,
appearance of life. The timing of oxygenic photosynthesis is more South Africa. Red layers represent the times
controversial; it had certainly appeared by about 2.4 Ga, but some when oxygen was available, gray layers were
researchers put it back as far as 3.2 Ga. The latter "probably increased formed in anoxic circumstances.
global productivity by at least two or three orders of magnitude."

Among the oldest remnants of oxygen-producing lifeforms are fossil stromatolites.

At first, the released oxygen was bound up with limestone, iron, and other minerals. The oxidized iron appears as red
layers in geological strata called banded iron formations that formed in abundance during the Siderian period
(between 2500 Ma and 2300 Ma).”*?

finally began to accumulate in the atmosphere. Though each cell only produced a minute amount of oxygen, the

When most of the exposed readily reacting minerals were oxidized, oxygen

combined metabolism of many cells over a vast time transformed Earth’s atmosphere to its current state. This was

Earth’s third atmosphere.:so_s1:83_84’1 16-117

Some of the oxygen was stimulated by incoming ultraviolet radiation to form ozone, which collected in a layer near
the upper part of the atmosphere. The ozone layer absorbed, and still absorbs, a significant amount of the ultraviolet
radiation that once had passed through the atmosphere. It allowed cells to colonize the surface of the ocean and
eventually the land: without the ozone layer, ultraviolet radiation bombarding land and sea would have caused

unsustainable levels of mutation in exposed cells. 2197220
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Photosynthesis had another major impact. Oxygen was toxic; much life on Earth probably died out as its levels rose
in what is known as the oxygen catastrophe. Resistant forms survived and thrived, and some developed the ability to
use oxygen to increase their metabolism and obtain more energy from the same food.

Snowball Earth

The natural evolution of the Sun made it progressively more luminous during the Archean and Proterozoic eons; the
Sun's luminosity increases 6% every billion years.:]65 As a result, the Earth began to receive more heat from the Sun
in the Proterozoic eon. However, the Earth did not get warmer. Instead, the geological record seems to suggest it
cooled dramatically during the early Proterozoic. Glacial deposits found in South Africa date back to 2.2 Ga, at
which time, based on paleomagnetic evidence, they must have been located near the equator. Thus, this glaciation,
known as the Makganyene glaciation, may have been global. Some scientists suggest this and following Proterozoic
ice ages were so severe that the planet was totally frozen over from the poles to the equator, a hypothesis called
Snowball Earth.

The ice age around 2.3 Ga could have been directly caused by the increased oxygen concentration in the atmosphere,
which caused the decrease of methane (CH 4) in the atmosphere. Methane is a strong greenhouse gas, but with
oxygen it reacts to form COZ, a less effective greenhouse gas.:l72 When free oxygen became available in the
atmosphere, the concentration of methane could have decreased dramatically, enough to counter the effect of the

increasing heat flow from the Sun.

Emergence of eukaryotes

Modern taxonomy classifies life into three domains. The time of the
origin of these domains is uncertain. The Bacteria domain probably
first split off from the other forms of life (sometimes called Neomura),
but this supposition is controversial. Soon after this, by 2 Ga, the
Neomura split into the Archaea and the Eukarya. Eukaryotic cells
(Eukarya) are larger and more complex than prokaryotic cells (Bacteria
and Archaea), and the origin of that complexity is only now becoming

known.

Around this time, the first proto-mitochondrion was formed. A

Chloroplasts in the cells of a moss

bacterial cell related to today’s Rickettsia, which had evolved to

metabolize oxygen, entered a larger prokaryotic cell, which lacked that capability. Perhaps the large cell attempted to
digest the smaller one but failed (possibly due to the evolution of prey defenses). The smaller cell may have tried to
parasitize the larger one. In any case, the smaller cell survived inside the larger cell. Using oxygen, it metabolized
the larger cell’s waste products and derived more energy. Part of this excess energy was returned to the host. The
smaller cell replicated inside the larger one. Soon, a stable symbiosis developed between the large cell and the
smaller cells inside it. Over time, the host cell acquired some of the genes of the smaller cells, and the two kinds
became dependent on each other: the larger cell could not survive without the energy produced by the smaller ones,
and these in turn could not survive without the raw materials provided by the larger cell. The whole cell is now

considered a single organism, and the smaller cells are classified as organelles called mitochondria.

A similar event occurred with photosynthetic cyanobacteria entering large heterotrophic cells and becoming

chloroplasts. :60—-61:536-539

Probably as a result of these changes, a line of cells capable of photosynthesis split off
from the other eukaryotes more than 1 billion years ago. There were probably several such inclusion events. Besides
the well-established endosymbiotic theory of the cellular origin of mitochondria and chloroplasts, there are theories
that cells led to peroxisomes, spirochetes led to cilia and flagella, and that perhaps a DNA virus led to the cell

nucleus, though none of them are widely accepted.
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Archaeans, bacteria, and eukaryotes continued to diversify and to become more complex and better adapted to their
environments. Each domain repeatedly split into multiple lineages, although little is known about the history of the
archaea and bacteria. Around 1.1 Ga, the supercontinent Rodinia was assembling. The plant, animal, and fungi lines
had split, though they still existed as solitary cells. Some of these lived in colonies, and gradually a division of labor
began to take place; for instance, cells on the periphery might have started to assume different roles from those in the
interior. Although the division between a colony with specialized cells and a multicellular organism is not always
clear, around 1 billion years ago the first multicellular plants emerged, probably green algae. Possibly by around 900

Ma™*®® true multicellularity had also evolved in animals.

At first it probably resembled today’s sponges, which have totipotent cells that allow a disrupted organism to

:1483-487

reassemble itself. As the division of labor was completed in all lines of multicellular organisms, cells became

more specialized and more dependent on each other; isolated cells would die.

Supercontinents in the Proterozoic

Reconstructions of tectonic plate movement in the past 250 million
years (the Cenozoic and Mesozoic eras) can be made reliably using
fitting of continental margins, ocean floor magnetic anomalies and
paleomagnetic poles. No ocean crust dates back further than that, so
earlier reconstructions are more difficult. Paleomagnetic poles are
supplemented by geologic evidence such as orogenic belts, which mark
the edges of ancient plates, and past distributions of flora and fauna.
The further back in time, the scarcer and harder to interpret the data get

and the more diverse the reconstructions.ﬁm

Throughout the history of the Earth, there have been times when

continents collided and formed a supercontinent, which later broke up
into new continents. About 1000 to 830 Ma, most continental mass was A reconstruction of Pannotia (550 Ma).

:370

united in the supercontinent Rodinia. Rodinia may have been

preceded by Early-Middle Proterozoic continents called Nuna and Columbia.>"*

After the break-up of Rodinia about 800 Ma, the continents may have formed another short-lived supercontinent,
Pannotia, around 550 Ma. The hypothetical supercontinent is sometimes referred to as Pannotia or Vendia. 2217322
The evidence for it is a phase of continental collision known as the Pan-African orogeny, which joined the
continental masses of current-day Africa, South-America, Antarctica and Australia. The existence of Pannotia
depends on the timing of the rifting between Gondwana (which included most of the landmass now in the Southern
Hemisphere, as well as the Arabian Peninsula and the Indian subcontinent) and Laurentia (roughly equivalent to
current-day North America).:374 It is at least certain that by the end of the Proterozoic eon, most of the continental

mass lay united in a position around the south pole.
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Late Proterozoic climate and life

The end of the Proterozoic saw at least two Snowball Earths, so severe
that the surface of the oceans may have been completely frozen. This
happened about 716.5 and 635 Ma, in the Cryogenian period. The
intensity and mechanism of both glaciations are still under
investigation and harder to explain than the early Proterozoic Snowball
Earth. Most paleoclimatologists think the cold episodes were linked to
the formation of the supercontinent Rodinia. Because Rodinia was

centered on the equator, rates of chemical weathering increased and
carbon dioxide (COZ) was taken from the atmosphere. Because CO_is 5 O 60 70 80 9C

an important greenhouse gas, climates cooled globally.[mmmn "eeded%ln

A 580 million year old fossil of Spriggina
the same way, during the Snowball Earths most of the continental floundensi, an animal from the Ediacaran period.
surface was covered with permafrost, which decreased chemical Such life forms could have been ancestors to the
. . . .. . many new forms that originated in the Cambrian
weathering again, leading to the end of the glaciations. An alternative Exolosi
xplosion.
hypothesis is that enough carbon dioxide escaped through volcanic
outgassing that the resulting greenhouse effect raised global

temperatures. Increased volcanic activity resulted from the break-up of Rodinia at about the same time.

The Cryogenian period was followed by the Ediacaran period, which was characterized by a rapid development of
new multicellular lifeforms. Whether there is a connection between the end of the severe ice ages and the increase in
diversity of life is not clear, but it does not seem coincidental. The new forms of life, called Ediacara biota, were
larger and more diverse than ever. Though the taxonomy of most Ediacaran life forms is unclear, some were
ancestors of groups of modern life. Important developments were the origin of muscular and neural cells. None of
the Ediacaran fossils had hard body parts like skeletons. These first appear after the boundary between the

Proterozoic and Phanerozoic eons or Ediacaran and Cambrian periods.

Phanerozoic Eon

The Phanerozoic is the current eon on Earth, which started approximately 542 million years ago. It consists of three
eras: The Paleozoic, Mesozoic, and Cenozoic, and is the time when multi-cellular life greatly diversified into almost

all of the organisms known today.

Paleozoic Era

The Paleozoic era (meaning: era of old life forms) was the first and longest era of the Phanerozoic eon, lasting from
542 to 251 Ma. During the Paleozoic, many modern groups of life came into existence. Life colonized the land, first
plants, then animals. Life usually evolved slowly. At times, however, there are sudden radiations of new species or
mass extinctions. These bursts of evolution were often caused by unexpected changes in the environment resulting

from natural disasters such as volcanic activity, meteorite impacts or climate changes.

The continents formed at the break-up of Pannotia and Rodinia at the end of the Proterozoic would slowly move
together again during the Paleozoic. This would eventually result in phases of mountain building that created the

supercontinent Pangaea in the late Paleozoic.
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Cambrian explosion

The rate of the evolution of life as recorded by fossils accelerated in
the Cambrian period (542—488 Ma). The sudden emergence of many
new species, phyla, and forms in this period is called the Cambrian
Explosion. The biological fomenting in the Cambrian Explosion was
unpreceded before and since that time.?*” Whereas the Ediacaran life
forms appear yet primitive and not easy to put in any modern group, at
the end of the Cambrian most modern phyla were already present. The
development of hard body parts such as shells, skeletons or

exoskeletons in animals like molluscs, echinoderms, crinoids and

arthropods (a well-known group of arthropods from the lower

Trilobites first appeared during the Cambrian
Paleozoic are the trilobites) made the preservation and fossilization of period and were among the most widespread and

such life forms easier than those of their Proterozoic ancestors. For this diverse groups of Paleozoic organisms.

reason, much more is known about life in and after the Cambrian than
about that of older periods. Some of these Cambrian groups appear complex but are quite different from modern life;

examples are Anomalocaris and Haikouichthys.

During the Cambrian, the first vertebrate animals, among them the first fishes, had appeared.:357 A creature that
could have been the ancestor of the fishes, or was probably closely related to it, was Pikaia. It had a primitive
notochord, a structure that could have developed into a vertebral column later. The first fishes with jaws
(Gnathostomata) appeared during the next geological period, the Ordovician. The colonisation of new niches
resulted in massive body sizes. In this way, fishes with increasing sizes evolved during the early Paleozoic, such as

the titanic placoderm Dunkleosteus, which could grow 7 meters long.

The diversity of life forms did not increase greatly because of a series of mass extinctions that define widespread
biostratigraphic units called biomeres. After each extinction pulse, the continental shelf regions were repopulated by
similar life forms that may have been evolving slowly elsewhere. By the late Cambrian, the trilobites had reached

their greatest diversity and dominated nearly all fossil assemblages.:34

Paleozoic tectonics, paleogeography and climate

At the end of the Proterozoic, the supercontinent Pannotia had broken
apart in the smaller continents Laurentia, Baltica, Siberia and
Gondwana. During periods when continents move apart, more oceanic
crust is formed by volcanic activity. Because young volcanic crust is
relatively hotter and less dense than old oceanic crust, the ocean floors
will rise during such periods. This causes the sea level to rise.
Therefore, in the first half of the Paleozoic, large areas of the

continents were below sea level.

Early Paleozoic climates were warmer than today, but the end of the
Ordovician saw a short ice age during which glaciers covered the south

pole, where the huge continent Gondwana was situated. Traces of

glaciation from this period are only found on former Gondwana.

During the Late Ordovician ice age, a few mass extinctions took place, Pangaca was a supercontinent that existed from

in which many brachiopods, trilobites, Bryozoa and corals disappeared. about 300 to 180 Ma. The outlines of the modern

These marine species could probably not contend with the decreasing ~ continents and other landmasses are indicated on
this map.
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temperature of the sea water. After the extinctions new species evolved, more diverse and better adapted. They

would fill the niches left by the extinct species.

The continents Laurentia and Baltica collided between 450 and 400 Ma, during the Caledonian Orogeny, to form
Laurussia (also known as Euramerica). Traces of the mountain belt which resulted from this collision can be found in
Scandinavia, Scotland and the northern Appalachians. In the Devonian period (416—359 Ma) Gondwana and Siberia
began to move towards Laurussia. The collision of Siberia with Laurussia caused the Uralian Orogeny, the collision
of Gondwana with Laurussia is called the Variscan or Hercynian Orogeny in Europe or the Alleghenian Orogeny in
North America. The latter phase took place during the Carboniferous period (359—299 Ma) and resulted in the
formation of the last supercontinent, Pangaea.

Colonization of land

Oxygen accumulation from photosynthesis resulted in the formation of
an ozone layer that absorbed much of the Sun’s ultraviolet radiation,
meaning unicellular organisms that reached land were less likely to die,
and prokaryotes began to multiply and become better adapted to
survival out of the water. Prokaryote lineages had probably colonized
the land as early as 2.6 Ga even before the origin of the eukaryotes. For

a long time, the land remained barren of multicellular organisms. The

supercontinent Pannotia formed around 600 Ma and then broke apart a £ _
short 50 million years later. Fish, the earliest vertebrates, evolved in Artist's conception of Devonian flora
the oceans around 530 Ma.”>* A major extinction event occurred near

the end of the Cambrian period, which ended 488 Ma.

Several hundred million years ago, plants (probably resembling algae) and fungi started growing at the edges of the
138140 e oldest fossils of land fungi and plants date to 480—460 Ma, though molecular
evidence suggests the fungi may have colonized the land as early as 1000 Ma and the plants 700 Ma. Initially

water, and then out of it.

remaining close to the water’s edge, mutations and variations resulted in further colonization of this new
environment. The timing of the first animals to leave the oceans is not precisely known: the oldest clear evidence is
of arthropods on land around 450 Ma, perhaps thriving and becoming better adapted due to the vast food source
provided by the terrestrial plants. There is also unconfirmed evidence that arthropods may have appeared on land as
early as 530 Ma.

Evolution of tetrapods

At the end of the Ordovician period, 443 Ma, additional extinction
events occurred, perhaps due to a concurrent ice age. Around 380 to
375 Ma, the first tetrapods evolved from fish. It is thought that perhaps
fins evolved to become limbs which allowed the first tetrapods to lift

their heads out of the water to breathe air. This would allow them to Tiktaalik, a fish with limb-like fins and a
predecessor of tetrapods. Reconstruction from

live in oxygen-poor water or pursue small prey in shallow water. They
. . fossils about 375 million years old.

may have later ventured on land for brief periods. Eventually, some of

them became so well adapted to terrestrial life that they spent their

adult lives on land, although they hatched in the water and returned to lay their eggs. This was the origin of the

amphibians. About 365 Ma, another period of extinction occurred, perhaps as a result of global cooling. Plants

evolved seeds, which dramatically accelerated their spread on land, around this time (by approximately 360 Ma).

About 20 million years later (340 Ma'2?372%

survival advantage to tetrapod embryos. This resulted in the divergence of amniotes from amphibians. Another
30 million years (310 Ma 254256

), the amniotic egg evolved, which could be laid on land, giving a

) saw the divergence of the synapsids (including mammals) from the sauropsids



http://en.wikipedia.org/w/index.php?title=Continental_collision
http://en.wikipedia.org/w/index.php?title=Caledonian_Orogeny
http://en.wikipedia.org/w/index.php?title=Laurussia
http://en.wikipedia.org/w/index.php?title=Scandinavia
http://en.wikipedia.org/w/index.php?title=Scotland
http://en.wikipedia.org/w/index.php?title=Appalachia
http://en.wikipedia.org/w/index.php?title=Devonian
http://en.wikipedia.org/w/index.php?title=Uralian_orogeny
http://en.wikipedia.org/w/index.php?title=Variscan_Orogeny
http://en.wikipedia.org/w/index.php?title=Alleghenian_Orogeny
http://en.wikipedia.org/w/index.php?title=Carboniferous
http://en.wikipedia.org/w/index.php?title=Devonian
http://en.wikipedia.org/w/index.php?title=File%3ADevonianscene-green.jpg
http://en.wikipedia.org/w/index.php?title=Ultraviolet_radiation
http://en.wikipedia.org/w/index.php?title=Prokaryote
http://en.wikipedia.org/w/index.php?title=Prehistoric_fish
http://en.wikipedia.org/w/index.php?title=Cambrian%E2%80%93Ordovician_extinction_events
http://en.wikipedia.org/w/index.php?title=Algae
http://en.wikipedia.org/w/index.php?title=Arthropod
http://en.wikipedia.org/w/index.php?title=Tiktaalik
http://en.wikipedia.org/w/index.php?title=File%3ATiktaalik_BW.jpg
http://en.wikipedia.org/w/index.php?title=Ordovician
http://en.wikipedia.org/w/index.php?title=Ordovician%E2%80%93Silurian_extinction_event
http://en.wikipedia.org/w/index.php?title=Ordovician%E2%80%93Silurian_extinction_event
http://en.wikipedia.org/w/index.php?title=Ice_age
http://en.wikipedia.org/w/index.php?title=Tetrapod
http://en.wikipedia.org/w/index.php?title=Amphibian
http://en.wikipedia.org/w/index.php?title=Late_Devonian_extinction
http://en.wikipedia.org/w/index.php?title=Global_cooling
http://en.wikipedia.org/w/index.php?title=Seed
http://en.wikipedia.org/w/index.php?title=Amniotic_egg
http://en.wikipedia.org/w/index.php?title=Tetrapod
http://en.wikipedia.org/w/index.php?title=Amniote
http://en.wikipedia.org/w/index.php?title=Synapsid
http://en.wikipedia.org/w/index.php?title=Sauropsid

History of the Earth

111

(including birds and reptiles). Other groups of organisms continued to evolve, and lines diverged—in fish, insects,

bacteria, and so on—but less is known of the details.

Mesozoic Era

The Mesozoic ("middle life") era lasted from 251 Ma to 66 Ma. It is
subdivided into the Triassic, Jurassic, and Cretaceous periods. The era
began with the Permian—Triassic extinction event, the most severe
extinction event in the fossil record; 95% of the species on Earth died
out. It ended with the Cretaceous—Paleogene extinction event that
wiped out the dinosaurs. The Permian-Triassic event was possibly
caused by some combination of the Siberian Traps volcanic event, an

asteroid impact, methane hydrate gasification, sea level fluctuations,

and a major anoxic event. Either the proposed Wilkes Land crater in

Dinosaurs were the dominant terrestrial

Antarctica or Bedout structure off the northwest coast of Australia may )
vertebrates throughout most of the Mesozoic

indicate an impact connection with the Permian-Triassic extinction.

But it remains uncertain whether either these or other proposed

Permian-Triassic boundary craters are either real impact craters or even contemporaneous with the Permian-Triassic
extinction event. Life persevered, and around 230 Ma, dinosaurs split off from their reptilian ancestors. The
Triassic—Jurassic extinction event at 200 Ma spared many of the dinosaurs, and they soon became dominant among
the vertebrates. Though some of the mammalian lines began to separate during this period, existing mammals were
probably small animals resembling shrews. 1%
By 180 Ma, Pangaea broke up into Laurasia and Gondwana. The boundary between avian and non-avian dinosaurs is
not clear, but Archaeopteryx, traditionally considered one of the first birds, lived around 150 Ma. The earliest
evidence for the angiosperms evolving flowers is during the Cretaceous period, some 20 million years later
(132 Ma). 66 Ma, a 10-kilometre (6.2 mi) asteroid struck Earth just off the Yucatdn Peninsula where the Chicxulub
crater is today. This ejected vast quantities of particulate matter and vapor into the air that occluded sunlight,
inhibiting photosynthesis. Most large animals, including the non-avian dinosaurs, became extinct, marking the end of

the Cretaceous period and Mesozoic era.

Cenozoic Era

The Cenozoic era began at 66 Ma, and is subdivided into the Paleogene, Neogene, and Quaternary periods.
Mammals and birds were able to survive the Cretaceous—Paleogene extinction event which killed off the dinosaurs

and many other forms of life, and this is the era in which they diversified into their modern forms.

Diversification of mammals

Mammals have existed since the late Triassic, but prior to the Cretaceous—Paleogene extinction event they remained
small. During the Cenozoic, mammals rapidly diversified to fill some of the niches that the dinosaurs and other
extinct animals had left behind, branching out into many of the modern orders. With many marine reptiles extinct,
some mammals began living in the oceans and became cetaceans. Others became felids and canids, swift and agile
land predators. The drier global climate of the Cenozoic led to the expansion of grasslands and the evolution of
grazing and hoofed mammals such as equids and bovids. Some arboreal mammals became the primates, of which

one lineage would lead to modern humans.
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Human evolution

A small African ape living around 6 Ma was the last animal whose

X . Age (milion  Eyrope Africa Asia Americas
descendants would include both modern humans and their closest ’”2"’_9‘" ) S _ .
. — . . = Homoswpiens ——
relatives, the chimpanzees.'lOO 1ot Only two branches of its family tree o fiora B =" A
.. . 5 | neanderthalensis -~/ |
have surviving descendants. Very soon after the split, for reasons that , ‘ |
. . . L T (7" Homo |
are still unclear, apes in one branch developed the ability to walk : hadssiensis./
:95— . . . . ) 0.6 = N —— |
upright.‘95 % Brain size increased rapidly, and by 2 Ma, the first S~
. 08 = .;-
animals classified in the genus Homo had appeared.‘300 Of course, the [ Homo :‘,‘;::"J
1.0 = | Seeesmnt Y [ |
line between different species or even genera is somewhat arbitrary as A (
. . . 1.2 — |
organisms continuously change over generations. Around the same /
. . . 1.4 = =
time, the other branch split into the ancestors of the common \ =
. . . 6= \_ Ha =t
chimpanzee and the ancestors of the bonobo as evolution continued e wnfm ™
simultaneously in all life forms.zmo_101 S ,
20~ |

The ability to control fire probably began in Homo erectus (or Homo A reconstruction of human history based on fossil
ergaster), probably at least 790,000 years ago but perhaps as early as data.

1.5 Ma."” The use and discovery of controlled fire may even predate

Homo erectus. Fire was possibly used by the early Lower Paleolithic (Oldowan) hominid Homo habilis or strong

australopithecines such as Paranthropus.

It is more difficult to establish the origin of language; it is unclear whether Homo erectus could speak or if that
capability had not begun until Homo sapiens.:67 As brain size increased, babies were born earlier, before their heads
grew too large to pass through the pelvis. As a result, they exhibited more plasticity, and thus possessed an increased
capacity to learn and required a longer period of dependence. Social skills became more complex, language became
more sophisticated, and tools became more elaborate. This contributed to further cooperation and intellectual
development.:7 Modern humans (Homo sapiens) are believed to have originated around 200,000 years ago or earlier

in Africa; the oldest fossils date back to around 160,000 years ago.

The first humans to show signs of spirituality are the Neanderthals (usually classified as a separate species with no
surviving descendants); they buried their dead, often with no sign of food or tools.:17 However, evidence of more

sophisticated beliefs, such as the early Cro-Magnon cave paintings (probably with magical or religious

:17-19

significance)’ did not appear until 32,000 years ago. Cro-Magnons also left behind stone figurines such as

Venus of Willendorf, probably also signifying religious belief. !~

By 11,000 years ago, Homo sapiens had reached
the southern tip of South America, the last of the uninhabited continents (except for Antarctica, which remained
undiscovered until 1820 AD). Tool use and communication continued to improve, and interpersonal relationships

became more intricate.
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Civilization

Throughout more than 90% of its history, Homo sapiens lived in small

bands as nomadic hunter-gatherers.:8 As language became more
complex, the ability to remember and communicate information
resulted in a new replicator: the meme. Ideas could be exchanged
quickly and passed down the generations. Cultural evolution quickly
outpaced biological evolution, and history proper began. Between 8500
and 7000 BC, humans in the Fertile Crescent in Middle East began the

systematic husbandry of plants and animals: agriculture. This spread to

neighboring regions, and developed independently elsewhere, until
most Homo sapiens lived sedentary lives in permanent settlements as
farmers. Not all societies abandoned nomadism, especially those in
isolated areas of the globe poor in domesticable plant species, such as
Australia. However, among those civilizations that did adopt

agriculture, the relative stability and increased productivity provided

by farming allowed the population to expand.

Vitruvian Man by Leonardo da Vinci epitomizes

Agriculture had a major impact; humans began to affect the ) i i
the advances in art and science seen during the

environment as never before. Surplus food allowed a priestly or Renaissance.
governing class to arise, followed by increasing division of labor. This

led to Earth’s first civilization at Sumer in the Middle East, between 4000 and 3000 BC.:15 Additional civilizations
quickly arose in ancient Egypt, at the Indus River valley and in China. The invention of writing enabled complex
societies to arise: record-keeping and libraries served as a storehouse of knowledge and increased the cultural
transmission of information. Humans no longer had to spend all their time working for survival—curiosity and

education drove the pursuit of knowledge and wisdom.

Various disciplines, including science (in a primitive form), arose. New civilizations sprang up, traded with one
another, and fought for territory and resources. Empires soon began to develop. By around 500 BC, there were
advanced civilizations in the Middle East, Iran, India, China, and Greece, at times expanding, at times entering into
decline.” In 221 BC, China became a single polity that would grow to spread its culture throughout eastern Asia, and
it has remained the most populous nation in the world. The fundamentals of the Western world were largely shaped
by the ancient Greco-Roman culture. The Roman Empire was Christianized by Emperor Constantine in the early
fourth century and declined by the end of the fifth. Beginning with the seventh century, Christianization of Europe
began. In 610, Islam was founded and quickly became the dominant religion in western Asia. In 1054 CE the Great
Schism between the Roman Catholic Church and the Eastern Orthodox Church led to the prominent cultural

differences between Western and Eastern Europe.

:317-319 At that

time the Christian Church as a political entity lost much of its power. In 1492, Christopher Columbus reached the

In the fourteenth century, the Renaissance began in Italy with advances in religion, art, and science.

Americas, initiating great changes to the new world. European civilization began to change beginning in 1500,
leading to the scientific and industrial revolutions. That continent began to exert political and cultural dominance
over human societies around the planet, a time known as the Colonial era (also see Age of Discovery).:Z%_299 In the
eighteenth century a cultural movement known as the Age of Enlightenment further shaped the mentality of Europe
and contributed to its secularization. From 1914 to 1918 and 1939 to 1945, nations around the world were embroiled
in world wars. Established following World War I, the League of Nations was a first step in establishing
international institutions to settle disputes peacefully. After failing to prevent World War II, mankind's bloodiest
conflict, it was replaced by the United Nations. After the war, many new states were formed, declaring or being
granted independence in a period of decolonization. The United States and Soviet Union became the world's

dominant superpowers for a time, and they held an often-violent rivalry known as the Cold War until the dissolution
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of the latter. In 1992, several European nations joined in the European Union. As transportation and communication
improved, the economies and political affairs of nations around the world have become increasingly intertwined.

This globalization has often produced both conflict and cooperation.

Recent events

Change has continued at a rapid pace from the mid-1940s to today.
Technological developments include nuclear weapons, computers,
genetic engineering, and nanotechnology. Economic globalization
spurred by advances in communication and transportation technology
has influenced everyday life in many parts of the world. Cultural and

institutional forms such as democracy, capitalism, and

environmentalism have increased influence. Major concerns and
problems such as disease, war, poverty, violent radicalism, and
recently, human-caused climate change have risen as the world

population increases.

and, soon afterward, Yuri Gagarin became the first human in space. Astronaut Bruce McCandless II outside of the
space shuttle Challenger in 1984

In 1957, the Soviet Union launched the first artificial satellite into orbit

Neil Armstrong, an American, was the first to set foot on another
astronomical object, the Moon. Unmanned probes have been sent to all
the known planets in the solar system, with some (such as Voyager) having left the solar system. The Soviet Union
and the United States were the earliest leaders in space exploration in the 20th century. Five space agencies,
representing over fifteen countries, have worked together to build the International Space Station. Aboard it, there
has been a continuous human presence in space since 2000. The World Wide Web was developed in the 1990s and

since then has proved to be an indispensable source of information in the developed world.

Notes

[1] Charles Frankel, 1996, Volcanoes of the Solar System, Cambridge University Press, pp. 7-8, ISBN 0-521-47770-0
[2] The Earth's Moon is Pluto's satellite Charon is relatively larger,<ref>
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Atmosphere of Earth

The atmosphere of Earth is a layer of
gases surrounding the planet Earth that is
retained by Earth's gravity. The atmosphere
protects life on Earth by absorbing
ultraviolet solar radiation, warming the

surface through heat retention (greenhouse
effect), and reducing temperature extremes
between day and night (the diurnal
temperature variation).

The common name given to the atmospheric
gases used in breathing and photosynthesis
is air. By volume, dry air contains 78.09%

nitrogen, 20.95% oxygen, 0.93% argon, Blue light is scattered more than other wavelengths by the gases in the atmosphere,
0.039% carbon dioxide, and small amounts giving Earth a blue halo when seen from space onboard ISS at a height of 402—424
km.

of other gases. Air also contains a variable
amount of water vapor, on average around
1%. Although air content and atmospheric pressure vary at different layers, air suitable for the survival of terrestrial

plants and terrestrial animals currently is only known to be found in Earth's troposphere and artificial atmospheres.

The atmosphere has a mass of about 5.15><1018 kg, three quarters of which is within about 11 km (6.8 mi; 36,000 ft)
of the surface. The atmosphere becomes thinner and thinner with increasing altitude, with no definite boundary
between the atmosphere and outer space. The Karman line, at 100 km (62 mi), or 1.57% of Earth's radius, is often
used as the border between the atmosphere and outer space. Atmospheric effects become noticeable during
atmospheric reentry of spacecraft at an altitude of around 120 km (75 mi). Several layers can be distinguished in the
atmosphere, based on characteristics such as temperature and composition.

The study of Earth's atmosphere and its processes is called atmospheric science or aerology. Early pioneers in the

field include Léon Teisserenc de Bort and Richard Assmann.m
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Composition of Earth's atmosphere by volume.
The lower pie represents the trace gases which
together compose 0.038% of the atmosphere.
The numbers are from a variety of years (mainly
1987, with CO2 and methane from 2009) and do

not represent any single source.

Composition

Air is mainly composed of nitrogen, oxygen, and argon, which together R, -
constitute the major gases of the atmosphere. Water vapor accounts for 1
roughly 0.25% of the atmosphere by mass. The concentration of water
vapor (a greenhouse gas) varies significantly from around 10 ppmv in

the coldest portions of the atmosphere to as much as 5% by volume in

hot, humid air masses, and concentrations of other atmospheric gases

O, Terra MODOHD 4 AIOGSA50. D04, 00503 0814 het em

are typically provided for dry air without any water Vapor.m The Mean atmospheric water vapor
remaining gases are often referred to as trace gases, among which are

the greenhouse gases such as carbon dioxide, methane, nitrous oxide, and ozone. Filtered air includes trace amounts
of many other chemical compounds. Many substances of natural origin may be present in locally and seasonally
variable small amounts as aerosols in an unfiltered air sample, including dust of mineral and organic composition,
pollen and spores, sea spray, and volcanic ash. Various industrial pollutants also may be present as gases or aerosols,
such as chlorine (elemental or in compounds), fluorine compounds and elemental mercury vapor. Sulfur compounds
such as hydrogen sulfide and sulfur dioxide (SOz) may be derived from natural sources or from industrial air

pollution.
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Major constituents of dry air, by volume!

3]

ppmv: parts per million by volume (note: volume fraction is equal to mole fraction for ideal gas only, see volume
(thermodynamics))

Gas Volume

Nitrogen (N2) 780,840 ppmv (78.084%)

Oxygen (0) 209,460 ppmv (20.946%)

Argon (Ar) 9,340 ppmv (0.9340%)

Carbon dioxide (COZ) 397 ppmv (0.0397%)

Neon (Ne) 18.18 ppmyv (0.001818%)

Helium (He) 5.24 ppmv (0.000524%)

Methane (CH 4) 1.79 ppmv (0.000179%)

Not included in above dry atmosphere:

Water vapor (HZO) ~0.25% by mass over full atmosphere, locally 0.001%—5%

Structure of the atmosphere

Principal layers

In general, air pressure and density decrease with altitude in the atmosphere. However, temperature has a more
complicated profile with altitude, and may remain relatively constant or even increase with altitude in some regions
(see the temperature section, below). Because the general pattern of the temperature/altitude profile is constant and
recognizable through means such as balloon soundings, the temperature behavior provides a useful metric to

distinguish between atmospheric layers. In this way, Earth's atmosphere can be divided (called atmospheric

stratification) into five main layers. From highest to lowest, these layers are:

* Exosphere: >700 km (>440 miles)

* Thermosphere: 80 to 700 km (50 to 440 miles)
¢ Mesosphere: 50 to 80 km (31 to 50 miles)

» Stratosphere: 12 to 50 km (7 to 31 miles)

* Troposphere: 0 to 12 km (0 to 7 miles)

Earth's atmosphere Lower 4 layers of the atmosphere in 3 dimensions as seen diagonally from above the exobase. Layers drawn
to scale, objects within the layers are not to scale. Aurorae shown here at the bottom of the thermosphere can actually form at any

altitude in this atmospheric layer
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Exosphere

The exosphere is the outermost layer of Earth's atmosphere (i.e. the upper limit of the atmosphere). It extends from
the exobase, which is located at the top of the thermosphere at an altitude of about 700 km above sea level, to about
10,000 km (6,200 mi; 33,000,000 ft). The exosphere merges with the emptiness of outer space, where there is no

atmosphere.

This layer is mainly composed of extremely low densities of hydrogen, helium and several heavier molecules
including nitrogen, oxygen and carbon dioxide closer to the exobase. The atoms and molecules are so far apart that
they can travel hundreds of kilometers without colliding with one another. Thus, the exosphere no longer behaves
like a gas, and the particles constantly escape into space. These free-moving particles follow ballistic trajectories and

may migrate in and out of the magnetosphere or the solar wind.

The exosphere is located too far above Earth for any meteorological phenomena to be possible. However, the aurora
borealis and aurora australis sometimes occur in the lower part of the exosphere, where they overlap into the

thermosphere. The exosphere contains most of the satellites orbiting Earth.

Thermosphere

The thermosphere is the second-highest layer of Earth's atmosphere. It extends from the mesopause (which separates
it from the mesosphere) at an altitude of about 80 km (50 mi; 260,000 ft) up to the thermopause at an altitude range
of 500—1,000 km (310—620 mi; 1,600,000—-3,300,000 ft). The height of the thermopause varies considerably due to
changes in solar activity. Since the thermopause lies at the lower boundary of the exosphere, it is also referred to as

the exobase. The lower part of the thermosphere, from 80 to 550 km above Earth's surface, contains the ionosphere.

This atmospheric layer undergoes a gradual increase in temperature with height. Unlike the stratosphere, wherein a
temperature inversion is due to the absorption of radiation by ozone, the inversion in the thermosphere occurs due to
the extremely low density of its molecules. The temperature of this layer can rise as high as 1,500 °C (2,700 °F),
though the gas molecules are so far apart that its temperature in the usual sense is not very meaningful. The air is so
rarefied that an individual molecule (of oxygen, for example) travels an average of 1 kilometer between collisions
with other molecules.!*! Even though the thermosphere has a very high proportion of molecules with immense
amounts of energy, the thermosphere would still feel extremely cold to a human in direct contact because the total
energy of its relatively few number of molecules is incapable of transferring an adequate amount of energy to the
skin of a human. In other words, a person would not feel warm because of the thermosphere's extremely low

pressure.
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This layer is completely cloudless and free of water vapor. However non-hydrometeorological phenomena such as
the aurora borealis and aurora australis are occasionally seen in the thermosphere. The International Space Station
orbits in this layer, between 320 and 380 km (200 and 240 mi).

Mesosphere

The mesosphere is the third highest layer of Earth's atmosphere, occupying the region above the stratosphere and
below the thermosphere. It extends from the stratopause at an altitude of about 50 km (31 mi; 160,000 ft) to the
mesopause at 80—85 km (50-53 mi; 260,000—280,000 ft) above sea level.

Temperatures drop with increasing altitude to the mesopause that marks the top of this middle layer of the
atmosphere. It is the coldest place on Earth and has an average temperature around —85 °C (-120 °F; 190 K).

Just below the mesopause, the air is so cold that even the very scarce water vapor at this altitude can be sublimated
into polar-mesospheric noctilucent clouds. These are highest clouds in the atmosphere and may be visible to the
naked eye if sunlight reflects off them about an hour or two after sunset or a similar length of time before sunrise.
They are most readily visible when the Sun is around 4 to 16 degrees below the horizon. A type of lightning referred
to as either sprites or ELVES, occasionally form far above tropospheric thunderclouds. The mesosphere is also the
layer where most meteors burn up upon atmospheric entrance. It is too high above Earth to be accessible to
jet-powered aircraft, and too low to support satellites and orbital or sub-orbital spacecraft. The mesosphere is mainly

accessed by rocket-powered aircraft and unmanned sounding rockets.

Stratosphere

The stratosphere is the second-lowest layer of Earth's atmosphere. It lies above the troposphere and is separated from
it by the tropopause. This layer extends from the top of the troposphere at roughly 12 km (7.5 mi; 39,000 ft) above
Earth's surface to the stratopause at an altitude of about 50 to 55 km (31 to 34 mi; 164,000 to 180,000 ft).

The atmospheric pressure at the top of the stratosphere is roughly 1/1000 the pressure at sea level. It contains the
ozone layer, which is the part of Earth's atmosphere that contains relatively high concentrations of that gas. The
stratosphere defines a layer in which temperatures rise with increasing altitude. This rise in temperature is caused by
the absorption of ultraviolet radiation (UV) radiation from the Sun by the ozone layer, which restricts turbulence and
mixing. Although the temperature may be —60 °C (=76 °F; 210 K) at the tropopause, the top of the stratosphere is

much warmer, and may be near 0°C.

The stratospheric temperature profile creates very stable atmospheric conditions, so the stratosphere lacks the
weather-producing air turbulence that is so prevalent in the troposphere. Consequently, the stratosphere is almost
completely free of clouds and other forms of weather. However, polar stratospheric or nacreous clouds are
occasionally seen in the lower part of this layer of the atmosphere where the air is coldest. This is the highest layer

that can be accessed by jet-powered aircraft.

Troposphere

The troposphere is the lowest layer of Earth's atmosphere. It extends from Earth's surface to an average height of
about 12 km, although this altitude actually varies from about 9 km (30,000 ft) at the poles to 17 km (56,000 ft) at
the equator, with some variation due to weather. The troposphere is bounded above by the tropopause, a boundary

marked by stable temperatures.

Although variations do occur, the temperature usually declines with increasing altitude in the troposphere because
the troposphere is mostly heated through energy transfer from the surface. Thus, the lowest part of the troposphere
(i.e. Earth's surface) is typically the warmest section of the troposphere. This promotes vertical mixing (hence the
origin of its name in the Greek word Tpdmog, tropos, meaning "turn"). The troposphere contains roughly 80% of the
mass of Earth's atmosphere.[S] The troposphere is denser than all its overlying atmospheric layers because a larger

atmospheric weight sits on top of the troposphere and causes it to be most severely compressed. Fifty percent of the
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total mass of the atmosphere is located in the lower 5.6 km (18,000 ft) of the troposphere. It is primarily composed

of nitrogen (78%) and oxygen (21%) with only small concentrations of other trace gases.

Nearly all atmospheric water vapor or moisture is found in the troposphere, so it is the layer where most of Earth's
weather takes place. It has basically all the weather-associated cloud genus types generated by active wind
circulation, although very tall cumulonimbus thunder clouds can penetrate the tropopause from below and rise into
the lower part of the stratosphere. Most conventional aviation activity takes place in the troposphere, and it is the

only layer that can be accessed by propeller-driven aircraft.

Other layers

Within the five principal layers which are largely determined by
temperature, several secondary layers may be distinguished by other
properties:

* The ozone layer is contained within the stratosphere. In this layer

ozone concentrations are about 2 to 8§ parts per million, which is

much higher than in the lower atmosphere but still very small
compared to the main components of the atmosphere. It is mainly Space Shuttle Endeavour orbiting in the
located in the lower portion of the stratosphere from about thermosphere. Because of the angle of the photo,
1535 km (9.3-21.7 mi; 49,000~115,000 ft), though the thickness itappears to straddle the stratosphere and

varies seasonally and geographically. About 90% of the ozone in

mesosphere that actually lie more than 250 km.
below. The orange layer is the troposphere, which
our atmosphere is contained in the stratosphere. gives way to the whitish stratosphere and then the

. . . L. bl sosphere.
* The ionosphere is a region of the atmosphere that is ionized by solar e TESOSPHEre

radiation. It is responsible for auroras. During daytime hours, it

stretches from 50 to 1,000 km (31 to 621 mi; 160,000 to 3,280,000 ft) and includes the mesosphere,
thermosphere, and parts of the exosphere. However, ionization in the mesosphere largely ceases during the night,
so auroras are normally seen only in the themosphere and lower exosphere. The ionosphere forms the inner edge

of the magnetosphere. It has practical importance because it influences, for example, radio propagation on Earth.

* The homosphere and heterosphere are defined by whether the atmospheric gases are well mixed. The
surfaced-based homosphere includes the troposphere, stratosphere, mesosphere, and the lowest part of the
thermosphere, where the chemical composition of the atmosphere does not depend on molecular weight because
the gases are mixed by turbulence. This relatively homogeneous layer ends at the turbopause which is found at
about 100 km (62 mi; 330,000 ft), which places it about 20 km (12 mi; 66,000 ft) above the mesopause.

Above this altitude lies the heterosphere which includes the exosphere and most of the themosphere. Here the
chemical composition varies with altitude. This is because the distance that particles can move without
colliding with one another is large compared with the size of motions that cause mixing. This allows the gases
to stratify by molecular weight, with the heavier ones such as oxygen and nitrogen present only near the
bottom of the heterosphere. The upper part of the heterosphere is composed almost completely of hydrogen,

the lightest element.

* The planetary boundary layer is the part of the troposphere that is closest to Earth's surface and is directly affected
by it, mainly through turbulent diffusion. During the day the planetary boundary layer usually is well-mixed,
whereas at night it becomes stably stratified with weak or intermittent mixing. The depth of the planetary
boundary layer ranges from as little as about 100 meters on clear, calm nights to 3000 m or more during the

afternoon in dry regions.

The average temperature of the atmosphere at the surface of Earth is 14 °C (57 °F; 287 K) or 15 °C (59 °F; 288 K),

depending on the reference.
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Physical properties

Pressure and thickness 100

The average atmospheric pressure at sea level is 1

standard atmosphere (atm)=101.3 kPa

(kilopascals)=14.7 psi (pounds per square inch)=760

torr=29.92 inches of mercury (symbol Hg). Total
atmospheric mass is 5.1480x10'® kg (1.135><1019 Ib),

about 2.5% less than would be inferred from the

average sea level pressure and Earth's area of 51007.2

Geometric altitude (km)

megahectares, this portion being displaced by Earth's

mountainous terrain. Atmospheric pressure is the total

weight of the air above unit area at the point where the

pressure is measured. Thus air pressure varies with

location and weather.

0 H
Density (kg/m?) 0.
. . £
If the entire mass of the atmosphere had a uniform ;;fé‘ﬁ mﬁw 2?3 %% 350
. . . Temperature (K) 200 250 300
density from sea level, it would terminate abruptly at an
altitude of 8.50 km (27,900 ft). It actually decreases geometric altitude against air density, pressure, the speed of sound
exponentially with altitude, dropping by half every and temperature with approximate altitudes of various objects.
5.6 km (18,000 ft) or by a factor of 1/e every 7.64 km

(25,100 ft), the average scale height of the atmosphere below 70 km (43 mi; 230,000 ft). However, the atmosphere is

Comparison of the 1962 US Standard Atmosphere graph of

more accurately modeled with a customized equation for each layer that takes gradients of temperature, molecular
composition, solar radiation and gravity into account.

In summary, the mass of Earth's atmosphere is distributed approximately as follows:'”!

* 50% is below 5.6 km (18,000 ft).

* 90% is below 16 km (52,000 ft).

* 99.99997% is below 100 km (62 mi; 330,000 ft), the Kdrmén line. By international convention, this marks the
beginning of space where human travelers are considered astronauts.

By comparison, the summit of Mt. Everest is at 8,848 m (29,029 ft); commercial airliners typically cruise between
10 km (33,000 ft) and 13 km (43,000 ft) where the thinner air improves fuel economy; weather balloons reach
30.4 km (100,000 ft) and above; and the highest X-15 flight in 1963 reached 108.0 km (354,300 ft).

Even above the Karman line, significant atmospheric effects such as auroras still occur. Meteors begin to glow in
this region though the larger ones may not burn up until they penetrate more deeply. The various layers of Earth's
ionosphere, important to HF radio propagation, begin below 100 km and extend beyond 500 km. By comparison, the
International Space Station and Space Shuttle typically orbit at 350—400 km, within the F-layer of the ionosphere
where they encounter enough atmospheric drag to require reboosts every few months. Depending on solar activity,

satellites can experience noticeable atmospheric drag at altitudes as high as 700—800 km.
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Temperature and speed of sound

The division of the atmosphere into layers mostly by reference to
temperature is discussed above. Temperature decreases with
altitude starting at sea level, but variations in this trend begin
above 11 km, where the temperature stabilizes through a large
vertical distance through the rest of the troposphere. In the
stratosphere, starting above about 20km, the temperature

increases with height, due to heating within the ozone layer caused
by capture of significant ultraviolet radiation from the Sun by the
dioxygen and ozone gas in this region. Still another region of
increasing temperature with altitude occurs at very high altitudes,

in the aptly-named thermosphere above 90 km.

Because in an ideal gas of constant composition the speed of
sound depends only on temperature and not on the gas pressure or
density, the speed of sound in the atmosphere with altitude takes
on the form of the complicated temperature profile (see illustration
to the right), and does not mirror altitudinal changes in density or

pressure.

Density and mass

The density of air at sea level is about 1.2 kg/m3 (1.2 g/L). Density is
not measured directly but is calculated from measurements of
temperature, pressure and humidity using the equation of state for air
(a form of the ideal gas law). Atmospheric density decreases as the
altitude increases. This variation can be approximately modeled using
the barometric formula. More sophisticated models are used to predict

orbital decay of satellites.

The average mass of the atmosphere is about 5 quadrillion (5x1015)
tonnes or 1/1,200,000 the mass of Earth. According to the American
National Center for Atmospheric Research, "The total mean mass of
the atmosphere is 5.1480x10'® kg with an annual range due to water

vapor of 1.2 or 1.5x10" kg depending on whether surface pressure or

Atmosphesic Tempesature Trend (* C)
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These images show temperature trends in two thick
layers of the atmosphere as measured by a series of
satellite-based instruments between January 1979 and
December 2005. The measurements were taken by
Microwave Sounding Units and Advanced Microwave
Sounding Units flying on a series of National Oceanic
and Atmospheric Administration (NOAA) weather
satellites. The instruments record microwaves emitted

from oxygen molecules in the atmosphere. Source: [8]

Altkude (km)
+ g &% 2 2% ez £ % 22 2 32
ANEN P t T T
—
R - rn
e =
g = A
LE e - E
;: =
i ~— i
=
e ey hat - o
= = -
i e
|' = Pt s Dy | . S -
w- Tompersus | ]
LWHEL L]
MRLMSISE Standard Atmosphere Model

Temperature and mass density against altitude
from the NRLMSISE-00 standard atmosphere
model (the eight dotted lines in each "decade" are
at the eight cubes 8, 27, 64, ..., 729)

water vapor data are used; somewhat smaller

than the previous estimate. The mean mass of water vapor is estimated as 1.27x10'° kg and the dry air mass as

5.1352 £0.0003x10"® kg."
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Optical properties
Solar radiation (or sunlight) is the energy Earth receives from the Sun. Earth also emits radiation back into space, but

at longer wavelengths that we cannot see. Part of the incoming and emitted radiation is absorbed or reflected by the

atmosphere.

Scattering

When light passes through our atmosphere, photons interact with it through scattering. If the light does not interact
with the atmosphere, it is called direct radiation and is what you see if you were to look directly at the Sun. Indirect
radiation is light that has been scattered in the atmosphere. For example, on an overcast day when you cannot see
your shadow there is no direct radiation reaching you, it has all been scattered. As another example, due to a
phenomenon called Rayleigh scattering, shorter (blue) wavelengths scatter more easily than longer (red)
wavelengths. This is why the sky looks blue; you are seeing scattered blue light. This is also why sunsets are red.
Because the Sun is close to the horizon, the Sun's rays pass through more atmosphere than normal to reach your eye.

Much of the blue light has been scattered out, leaving the red light in a sunset.

Absorption

Different molecules absorb different wavelengths of radiation. For example, O2 and O3 absorb almost all
wavelengths shorter than 300 nanometers. Water (HZO) absorbs many wavelengths above 700 nm. When a molecule
absorbs a photon, it increases the energy of the molecule. This heats the atmosphere, but the atmosphere also cools

by emitting radiation, as discussed below.

The combined absorption spectra of the gases in the atmosphere leave

"windows" of low opacity, allowing the transmission of only certain
bands of light. The optical window runs from around 300 nm

(ultraviolet-C) up into the range humans can see, the visible spectrum
(commonly called light), at roughly 400—700 nm and continues to the

infrared to around 1100 nm. There are also infrared and radio windows

Rough plot of Earth's atmospheric transmittance

that transmit some infrared and radio waves at longer wavelengths. For
(or opacity) to various wavelengths of

electromagnetic radiation, including visible light. example, the radio window runs from about one centimeter to about

eleven-meter waves.

Emission

Emission is the opposite of absorption, it is when an object emits radiation. Objects tend to emit amounts and
wavelengths of radiation depending on their "black body" emission curves, therefore hotter objects tend to emit more
radiation, with shorter wavelengths. Colder objects emit less radiation, with longer wavelengths. For example, the
Sun is approximately 6,000 K (5,730 °C; 10,340 °F), its radiation peaks near 500 nm, and is visible to the human

eye. Earth is approximately 290 K (17 °C; 62 °F), so its radiation peaks near 10,000 nm, and is much too long to be
visible to humans.

Because of its temperature, the atmosphere emits infrared radiation. For example, on clear nights Earth's surface
cools down faster than on cloudy nights. This is because clouds (HZO) are strong absorbers and emitters of infrared

radiation. This is also why it becomes colder at night at higher elevations.

The greenhouse effect is directly related to this absorption and emission effect. Some gases in the atmosphere absorb
and emit infrared radiation, but do not interact with sunlight in the visible spectrum. Common examples of these are
CO2 and HQO.
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Refractive index

The refractive index of air is close to, but just greater than 1. Systematic variations in refractive index can lead to the
bending of light rays over long optical paths. One example is that, under some circumstances, observers onboard
ships can see other vessels just over the horizon because light is refracted in the same direction as the curvature of

Earth's surface.

The refractive index of air depends on temperature, giving rise to refraction effects when the temperature gradient is

large. An example of such effects is the mirage.

Circulation

Atmospheric circulation is the large-scale movement of air through the
troposphere, and the means (with ocean circulation) by which heat is :
distributed around Earth. The large-scale structure of the atmospheric . T g
circulation varies from year to year, but the basic structure remains
fairly constant because it is determined by Earth's rotation rate and the

difference in solar radiation between the equator and poles.

Evolution of Earth's atmosphere

Earliest atmosphere An idealised view of three large circulation cells.

The first atmosphere would have consisted of gases in the solar nebula,
primarily hydrogen. In addition, there would probably have been simple hydrides such as those now found in gas
giants like Jupiter and Saturn, notably water vapor, methane and ammonia. As the solar nebula dissipated, these

gases would have escaped, partly driven off by the solar wind.

Second atmosphere

The next atmosphere, consisting largely of nitrogen plus carbon dioxide and inert gases, was produced by outgassing
from volcanism, supplemented by gases produced during the late heavy bombardment of Earth by huge asteroids. A

major part of carbon dioxide emissions were soon dissolved in water and built up carbonate sediments.

Water-related sediments have been found dating from as early as 3.8 billion years ago.[g] About 3.4 billion years ago,
nitrogen was the major part of the then stable "second atmosphere". An influence of life has to be taken into account
rather soon in the history of the atmosphere, because hints of early life forms are to be found as early as 3.5 billion
years ago.[lo] The fact that this is not perfectly in line with the 30% lower solar radiance (compared to today) of the

early Sun has been described as the "faint young Sun paradox".

The geological record however shows a continually relatively warm surface during the complete early temperature
record of Earth with the exception of one cold glacial phase about 2.4 billion years ago. In the late Archaean eon an
oxygen-containing atmosphere began to develop, apparently from photosynthesizing cyanobacteria (see Great
Oxygenation Event) which have been found as stromatolite fossils from 2.7 billion years ago. The early basic carbon

]

isotopy (isotope ratio proportions) is very much in line with what is found today,[” suggesting that the fundamental

features of the carbon cycle were established as early as 4 billion years ago.
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Third atmosphere

The constant re-arrangement of continents by plate tectonics influences T

the long-term evolution of the atmosphere by transferring carbon P i Coutag oL st e Yed

dioxide to and from large continental carbonate stores."*! Free oxygen
did not exist in the atmosphere until about 2.4 billion years ago during
the Great Oxygenation Event and its appearance is indicated by the end

of the banded iron formations. Before this time, any oxygen produced

by photosynthesis was consumed by oxidation of reduced materials,

notably iron. Molecules of free oxygen did not start to accumulate in D s e
the atmosphere until the rate of production of oxygen began to exceed Oxygen content of the atmosphere over the last
the availability of reducing materials. This point signifies a shift from a billion years. This diagram in more detail

reducing atmosphere to an oxidizing atmosphere. O2 showed major
variations until reaching a steady state of more than 15% by the end of the Precambrian.!'*! The following time span

was the Phanerozoic eon, during which oxygen-breathing metazoan life forms began to appear.

The amount of oxygen in the atmosphere has fluctuated over the last 600 million years, reaching a peak of about
30% around 280 million years ago, significantly higher than today's 21%. Two main processes govern changes in the
atmosphere: Plants use carbon dioxide from the atmosphere, releasing oxygen. Breakdown of pyrite and volcanic
eruptions release sulfur into the atmosphere, which oxidizes and hence reduces the amount of oxygen in the
atmosphere. However, volcanic eruptions also release carbon dioxide, which plants can convert to oxygen. The exact
cause of the variation of the amount of oxygen in the atmosphere is not known. Periods with much oxygen in the
atmosphere are associated with rapid development of animals. Today's atmosphere contains 21% oxygen, which is

high enough for this rapid development of animals. !

Currently, anthropogenic greenhouse gases are accumulating in the

atmosphere, which is the main cause of global warming. . R
.

Air pollution ‘ﬁﬁy w "‘h} .

Air pollution is the introduction into the atmosphere of chemicals,

Dec 18

particulate matter, or biological materials that cause harm or
discomfort to organisms.[16] Stratospheric ozone depletion is believed This animation shows the buildup of tropospheric
to be caused by air pollution (chiefly from chlorofluorocarbons). CO, in the Northern Hemisphere with a
maximum around May. The maximum in the
vegetation cycle follows, occurring in the late
summer. Following the peak in vegetation, the
drawdown of atmospheric CO2 due to
photosynthesis is apparent, particularly over the
boreal forests.
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Images from space

Blue light is scattered more than other wavelengths by the gases in the atmosphere, giving the Earth a blue
halo when seen from space.

The geomagnetic storms cause beautiful displays of aurora across
the atmosphere.

Limb view, of Earth's atmosphere. Colours roughly denote the layers
of the atmosphere.
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This image shows the moon at centre, with the limb of Earth near the bottom transitioning into the orange-coloured
troposphere. The troposphere ends abruptly at the tropopause, which appears in the image as the sharp boundary
between the orange- and blue- coloured atmosphere. The silvery-blue noctilucent clouds extend far above Earth's
troposphere.

Earth's atmosphere backlit by the Sun in an eclipse observed from deep space
onboard Apollo 12 in 1969.
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External links

NASA atmosphere models (http://modelweb.gsfc.nasa.gov/spdf_models_home.html#atmo)

NASA's Earth Fact Sheet (http://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html)

American Geophysical Union: Atmospheric Sciences (http://atmospheres.agu.org/)

Outreach of the GEOmon project (http://www.geomon.eu/outreach/) See how Earth atmosphere is observed
and monitored by a European project that combines many approaches.

Layers of the Atmosphere (http://www.srh.noaa.gov/srh/jetstream/atmos/layers.htm)

Answers to several questions of curious kids related to Air and Atmosphere (http://www.scribd.com/doc/
22854/ Air-Atmosphere-and-Airplanes/)

The AMS Glossary of Meteorology (http://amsglossary.allenpress.com/glossary)

Paul Crutzen Interview (http://www.vega.org.uk/video/programme/111) Free video of Paul Crutzen Nobel
Laureate for his work on decomposition of ozone talking to Harry Kroto Nobel Laureate by the Vega Science
Trust.
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Climate is a measure of the average pattern of variation in temperature, humidity, atmospheric pressure, wind,
precipitation, atmospheric particle count and other meteorological variables in a given region over long periods of
time. Climate is different from weather, in that weather only describes the short-term conditions of these variables in
a given region.

A region's climate is generated by the climate system, which has five components: atmosphere, hydrosphere,

cryosphere, land surface, and biosphere.[z]

The climate of a location is affected by its latitude, terrain, and altitude, as well as nearby water bodies and their
currents. Climates can be classified according to the average and the typical ranges of different variables, most
commonly temperature and precipitation. The most commonly used classification scheme was originally developed
by Wladimir Koppen. The Thornthwaite system, in use since 1948, incorporates evapotranspiration along with
temperature and precipitation information and is used in studying animal species diversity and potential effects of
climate changes. The Bergeron and Spatial Synoptic Classification systems focus on the origin of air masses that

define the climate of a region.
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Paleoclimatology is the study of ancient climates. Since direct observations of climate are not available before the
19th century, paleoclimates are inferred from proxy variables that include non-biotic evidence such as sediments
found in lake beds and ice cores, and biotic evidence such as tree rings and coral. Climate models are mathematical
models of past, present and future climates. Climate change may occur over long and short timescales from a variety

of factors; recent warming is discussed in global warming.

Definition

Climate (from Ancient Greek klima, meaning inclination) is commonly defined as the weather averaged over a long
period. The standard averaging period is 30 years, but other periods may be used depending on the purpose. Climate
also includes statistics other than the average, such as the magnitudes of day-to-day or year-to-year variations. The

Intergovernmental Panel on Climate Change (IPCC) glossary definition is as follows:

Climate in a narrow sense is usually defined as the "average weather,"” or more rigorously, as the
statistical description in terms of the mean and variability of relevant quantities over a period ranging
from months to thousands or millions of years. The classical period is 30 years, as defined by the World
Meteorological Organization (WMO). These quantities are most often surface variables such as
temperature, precipitation, and wind. Climate in a wider sense is the state, including a statistical

description, of the climate system.m

The difference between climate and weather is usefully summarized by the popular phrase "Climate is what you
expect, weather is what you get."m Over historical time spans there are a number of nearly constant variables that
determine climate, including latitude, altitude, proportion of land to water, and proximity to oceans and mountains.
These change only over periods of millions of years due to processes such as plate tectonics. Other climate
determinants are more dynamic: the thermohaline circulation of the ocean leads to a 5 °C (9 °F) warming of the
northern Atlantic Ocean compared to other ocean basins.”> Other ocean currents redistribute heat between land and

(6] water

water on a more regional scale. The density and type of vegetation coverage affects solar heat absorption,
retention, and rainfall on a regional level. Alterations in the quantity of atmospheric greenhouse gases determines the
amount of solar energy retained by the planet, leading to global warming or global cooling. The variables which
determine climate are numerous and the interactions complex, but there is general agreement that the broad outlines

are understood, at least insofar as the determinants of historical climate change are concerned.

Climate classification

There are several ways to classify climates into similar regimes. Originally, climes were defined in Ancient Greece
to describe the weather depending upon a location's latitude. Modern climate classification methods can be broadly
divided into genetic methods, which focus on the causes of climate, and empiric methods, which focus on the effects
of climate. Examples of genetic classification include methods based on the relative frequency of different air mass
types or locations within synoptic weather disturbances. Examples of empiric classifications include climate zones

defined by plant hardiness,m

evapotranspiration, or more generally the Koppen climate classification which was
originally designed to identify the climates associated with certain biomes. A common shortcoming of these
classification schemes is that they produce distinct boundaries between the zones they define, rather than the gradual

transition of climate properties more common in nature.
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Bergeron and Spatial Synoptic

The simplest classification is that involving air masses. The Bergeron classification is the most widely accepted form
of air mass classification.[7@" me¢ded] A mass classification involves three letters. The first letter describes its
moisture properties, with ¢ used for continental air masses (dry) and m for maritime air masses (moist). The second
letter describes the thermal characteristic of its source region: T for tropical, P for polar, A for Arctic or Antarctic, M
for monsoon, E for equatorial, and S for superior air (dry air formed by significant downward motion in the
atmosphere). The third letter is used to designate the stability of the atmosphere. If the air mass is colder than the
ground below it, it is labeled k. If the air mass is warmer than the ground below it, it is labeled w. While air mass
identification was originally used in weather forecasting during the 1950s, climatologists began to establish synoptic

climatologies based on this idea in 1973.

Based upon the Bergeron classification scheme is the Spatial Synoptic Classification system (SSC). There are six
categories within the SSC scheme: Dry Polar (similar to continental polar), Dry Moderate (similar to maritime
superior), Dry Tropical (similar to continental tropical), Moist Polar (similar to maritime polar), Moist Moderate (a
hybrid between maritime polar and maritime tropical), and Moist Tropical (similar to maritime tropical, maritime

monsoon, or maritime equatorial).[g]

Koppen

The Koppen classification depends on average monthly values of
temperature and precipitation. The most commonly used form of the
Koppen classification has five primary types labeled A through E.
These primary types are A, tropical; B, dry; C, mild mid-latitude; D,
cold mid-latitude; and E, polar. The five primary classifications can be

further divided into secondary classifications such as rain forest,

monsoon, tropical savanna, humid subtropical, humid continental, maa
oceanic climate, Mediterranean climate, steppe, subarctic climate, Monthly average surface temperatures from
tundra, polar ice cap, and desert. 1961-1990. This is an example of how climate

) ) ) ) o ) varies with location and season
Rain forests are characterized by high rainfall, with definitions setting

minimum normal annual rainfall between 1,750 millimetres (69 in) and
2,000 millimetres (79 in). Mean monthly temperatures exceed 18 °C

(64 °F) during all months of the year.[9]

A monsoon is a seasonal prevailing wind which lasts for several
months, ushering in a region's rainy season. Regions within North

America, South America, Sub-Saharan Africa, Australia and East Asia
[10]

are monsoon regimes .

Monthly global images from NASA Earth
A tropical savanna is a grassland biome located in semiarid to Observatory

semi-humid climate regions of subtropical and tropical latitudes, with
average temperatures remain at or above 18 °C (64 °F) year round and rainfall between 750 millimetres (30 in) and
1,270 millimetres (50 in) a year. They are widespread on Africa, and are found in India, the northern parts of South

America, Malaysia, and Australia.[1 1

The humid subtropical climate zone where winter rainfall (and sometimes snowfall) is associated with large storms
that the westerlies steer from west to east. Most summer rainfall occurs during thunderstorms and from occasional
tropical cyclones. Humid subtropical climates lie on the east side continents, roughly between latitudes 20° and 40°

degrees away from the equator.[lz]
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A humid continental climate is marked by variable weather patterns
and a large seasonal temperature variance. Places with more than three
months of average daily temperatures above 10 °C (50 °F) and a

coldest month temperature below —3 °C (27 °F) and which do not meet

the criteria for an arid or semiarid climate, are classified as continental.

An oceanic climate is typically found along the west coasts at the
middle latitudes of all the world's continents, and in southeastern

Australia, and is accompanied by plentiful precipitation year round. 3! Humid continental climate, worldwide

The Mediterranean climate regime resembles the climate of the lands in the Mediterranean Basin, parts of western
North America, parts of Western and South Australia, in southwestern South Africa and in parts of central Chile. The

climate is characterized by hot, dry summers and cool, wet Winters.[m]

A steppe is a dry grassland with an annual temperature range in the summer of up to 40 °C (104 °F) and during the
winter down to —40 °C (=40 °F).["*!

A subarctic climate has little precipitation,[16]

and monthly temperatures which are above 10 °C (50 °F) for one to
three months of the year, with permafrost in large parts of the area due to the cold winters. Winters within subarctic

climates usually include up to six months of temperatures averaging below 0 °C (32 °F).[17]

Tundra occurs in the far Northern Hemisphere, north of the taiga belt,

including vast areas of northern Russia and Canada.

A polar ice cap, or polar ice sheet, is a high-latitude region of a planet
or moon that is covered in ice. Ice caps form because high-latitude
regions receive less energy as solar radiation from the sun than
(18]

equatorial regions, resulting in lower surface temperatures. Map of arctic tundra

A desert is a landscape form or region that receives very little

precipitation. Deserts usually have a large diurnal and seasonal temperature range, with high or low, depending on
location daytime temperatures (in summer up to 45 °C or 113 °F), and low nighttime temperatures (in winter down
to 0 °C or 32 °F) due to extremely low humidity. Many deserts are formed by rain shadows, as mountains block the

path of moisture and precipitation to the desert.[”!

Thornthwaite

Devised by the American climatologist and geographer C. W.
Thornthwaite, this climate classification method monitors the soil
water budget using evapotranspiration.[zo] It monitors the portion of
total precipitation used to nourish vegetation over a certain area. It uses
indices such as a humidity index and an aridity index to determine an
area's moisture regime based upon its average temperature, average
(21 The lower the value of the

rainfall, and average vegetation type.

index in any given area, the drier the area is. Precipitation by month

The moisture classification includes climatic classes with descriptors
such as hyperhumid, humid, subhumid, subarid, semi-arid (values of —20 to —40), and arid (values below —40).[22]
Humid regions experience more precipitation than evaporation each year, while arid regions experience greater

evaporation than precipitation on an annual basis. A total of 33 percent of the Earth's landmass is considered either

arid of semi-arid, including southwest North America, southwest South America, most of northern and a small part

of southern Africa, southwest and portions of eastern Asia, as well as much of Australia. Studies suggest that
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precipitation effectiveness (PE) within the Thornthwaite moisture index is overestimated in the summer and
underestimated in the winter. This index can be effectively used to determine the number of herbivore and mammal

species numbers within a given area. The index is also used in studies of climate change.[]

Thermal classifications within the Thornthwaite scheme include microthermal, mesothermal, and megathermal
regimes. A microthermal climate is one of low annual mean temperatures, generally between 0 °C (32 °F) and 14 °C
(57 °F) which experiences short summers and has a potential evaporation between 14 centimetres (5.5 in) and 43
centimetres (17 in). A mesothermal climate lacks persistent heat or persistent cold, with potential evaporation
between 57 centimetres (22 in) and 114 centimetres (45 in). A megathermal climate is one with persistent high
temperatures and abundant rainfall, with potential annual evaporation in excess of 114 centimetres (45 in). For

example climate in Nepal was very hot while the climate in united states was very cold.

Record

Modern

Details of the modern climate record are known through the taking of
0.6

measurements from such weather instruments as thermometers, —m—s Annual Average

Five Year Average 0.4 li

barometers, and anemometers during the past few centuries. The T

instruments used to study weather over the modern time scale, their " %

known error, their immediate environment, and their exposure have 0 %

changed over the years, which must be considered when studying the 02 §

climate of centuries past.m] 0.4 g
L 06

. lEI-BD 1900 1920 19‘4{] 19.6{1 19:80 2@
Paleoclimatology

Instrumental temperature record of the last 150
Paleoclimatology is the study of past climate over a great period of the years
Earth's history. It uses evidence from ice sheets, tree rings, sediments,
coral, and rocks to determine the past state of the climate. It demonstrates periods of stability and periods of change

and can indicate whether changes follow patterns such as regular cycles.[24]

Climate change

Climate change is the variation in global or regional climates over

r Bt e AT

time. It reflects changes in the variability or average state of the E

X f
. \ I-,_\ . ﬂ
. : o 3 W WA ML f\x:'ﬁ'w f
atmosphere over time scales ranging from decades to millions of years. ¥ 0 Ay .

These changes can be caused by processes internal to the Earth, |

In recent usage, especially in the context of environmental policy, the E

5

external forces (e.g. variations in sunlight intensity) or, more recently, §
[25]

EEQEAEN

human activities.

Bt crwmrie -

= ]
i 1 |."Wu. Lk-' i
ULV Y L I |

o = [l
-

. #
& #
WA
" \
-
|
-

term "climate change" often refers only to changes in modern climate,

including the rise in average surface temperature known as global Variations in CO,, temperature and dust from the
warming. In some cases, the term is also used with a presumption of Vostok ice core over the past 450,000 years
human causation, as in the United Nations Framework Convention on

Climate Change (UNFCCC). The UNFCCC uses "climate variability" for non-human caused variations.

Earth has undergone periodic climate shifts in the past, including four major ice ages. These consisting of glacial
periods where conditions are colder than normal, separated by interglacial periods. The accumulation of snow and

ice during a glacial period increases the surface albedo, reflecting more of the Sun's energy into space and



http://en.wikipedia.org/w/index.php?title=Herbivore
http://en.wikipedia.org/w/index.php?title=Mammal
http://en.wikipedia.org/w/index.php?title=File%3AInstrumental_Temperature_Record_%28NASA%29.svg
http://en.wikipedia.org/w/index.php?title=Thermometer
http://en.wikipedia.org/w/index.php?title=Barometer
http://en.wikipedia.org/w/index.php?title=Anemometer
http://en.wikipedia.org/w/index.php?title=Vostok%2C_Antarctica
http://en.wikipedia.org/w/index.php?title=File%3AVostok_Petit_data.svg
http://en.wikipedia.org/w/index.php?title=Environmental_policy
http://en.wikipedia.org/w/index.php?title=Temperature
http://en.wikipedia.org/w/index.php?title=Global_warming
http://en.wikipedia.org/w/index.php?title=Global_warming
http://en.wikipedia.org/w/index.php?title=United_Nations
http://en.wikipedia.org/w/index.php?title=UNFCCC
http://en.wikipedia.org/w/index.php?title=UNFCCC
http://en.wikipedia.org/w/index.php?title=Ice_age
http://en.wikipedia.org/w/index.php?title=Interglacial
http://en.wikipedia.org/w/index.php?title=Albedo

Climate 135

maintaining a lower atmospheric temperature. Increases in greenhouse gases, such as by volcanic activity, can

increase the global temperature and produce an interglacial. Suggested causes of ice age periods include the positions

of the continents, variations in the Earth's orbit, changes in the solar output, and Volcanism.[26]

Climate models

[27]

Climate models use quantitative methods to simulate the interactions of the atmosphere, oceans, land surface and

ice. They are used for a variety of purposes; from the study of the dynamics of the weather and climate system, to
projections of future climate. All climate models balance, or very nearly balance, incoming energy as short wave
(including visible) electromagnetic radiation to the earth with outgoing energy as long wave (infrared)

electromagnetic radiation from the earth. Any imbalance results in a change in the average temperature of the earth.

The most talked-about applications of these models in recent years have been their use to infer the consequences of
increasing greenhouse gases in the atmosphere, primarily carbon dioxide (see greenhouse gas). These models predict
an upward trend in the global mean surface temperature, with the most rapid increase in temperature being projected

for the higher latitudes of the Northern Hemisphere.
Models can range from relatively simple to quite complex:

* Simple radiant heat transfer model that treats the earth as a single point and averages outgoing energy
* this can be expanded vertically (radiative-convective models), or horizontally

* finally, (coupled) atmosphere—ocean—sea ice global climate models discretise and solve the full equations for

mass and energy transfer and radiant exchange.[28]

Climate forecasting is a way by some scientists are using to predict climate change. In 1997 the prediction division
of the International Research Institute for Climate and Society at Columbia University began generating seasonal
climate forecasts on a real-time basis. To produce these forecasts an extensive suite of forecasting tools was

developed, including a multimodel ensemble approach that required thorough validation of each model's accuracy

level in simulating interannual climate Variability.[zg]
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* A current view of the Bering Sea Ecosystem and Climate (http://www.beringclimate.noaa.gov/)



http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/climate_systems/mediterranean.html
http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/climate_systems/mediterranean.html
http://www.blueplanetbiomes.org/steppe_climate_page.htm
http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/climate_systems/subarctic.html
http://www.radford.edu/~swoodwar/CLASSES/GEOG235/biomes/taiga/taiga.html
http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/climate_systems/icecap.html
http://en.wikipedia.org/w/index.php?title=San_Diego_State_University
http://www-rohan.sdsu.edu/~batterso/port_arid/formation.html
http://www-rohan.sdsu.edu/~batterso/port_arid/formation.html
http://amsglossary.allenpress.com/glossary/search?p=1&query=Thornthwaite&submit=Search
http://amsglossary.allenpress.com/glossary/search?p=1&query=Thornthwaite&submit=Search
http://www.slabongrade.net/DesignSeminars/SeminarDownloads/Science_of_Expansive_Clay.pdf
http://www.slabongrade.net/DesignSeminars/SeminarDownloads/Science_of_Expansive_Clay.pdf
http://www.iao.florence.it/training/geomatics/Thies/Senegal_23linkedp6.htm
http://www.aip.org/history/climate/20ctrend.htm
http://en.wikipedia.org/w/index.php?title=National_Oceanic_and_Atmospheric_Administration
http://www.ncdc.noaa.gov/paleo/paleo.html
http://nsidc.org/arcticmet/glossary/climate_change.html
http://www.museum.state.il.us/exhibits/ice_ages/
http://www.cerfacs.fr/globc/research/variability/
http://www.climateprediction.net/science/model-intro.php
http://portal.iri.columbia.edu/portal/server.pt/gateway/PTARGS_0_0_2476_580_1063_43/http%3B/iriportal3.ldeo.columbia.edu%3B7087/publishedcontent/publish/development/climate_activities/prediction/climate_forecasts/climate_forecasts_overview__introduction/cf_intro_learn_more.html
http://portal.iri.columbia.edu/portal/server.pt/gateway/PTARGS_0_0_2476_580_1063_43/http%3B/iriportal3.ldeo.columbia.edu%3B7087/publishedcontent/publish/development/climate_activities/prediction/climate_forecasts/climate_forecasts_overview__introduction/cf_intro_learn_more.html
http://portal.iri.columbia.edu/portal/server.pt/gateway/PTARGS_0_0_2476_580_1063_43/http%3B/iriportal3.ldeo.columbia.edu%3B7087/publishedcontent/publish/development/climate_activities/prediction/climate_forecasts/climate_forecasts_overview__introduction/cf_intro_learn_more.html
http://www.americanscientist.org/issues/feature/2012/4/the-study-of-climate-on-alien-worlds
http://en.wikipedia.org/w/index.php?title=American_Scientist
http://img.kb.dk/tidsskriftdk/pdf/gto/gto_0048-PDF/gto_0048_69887.pdf
http://img.kb.dk/tidsskriftdk/pdf/gto/gto_0048-PDF/gto_0048_69887.pdf
http://www.bjerknes.uib.no/default.asp?lang=2
http://www.bjerknes.uib.no/default.asp?lang=2
http://www.cnrs.fr/climate
http://www.cnrs.fr/climate
http://www.climate.gov
http://www.igbp.net/page.php?pid=504
http://www.economics.noaa.gov/?goal=climate&file=home/
http://www.agclimate.org
http://en.wikipedia.org/w/index.php?title=Institute_of_Food_and_Agricultural_Sciences
http://128.194.106.6/~baum/climate_modeling.html
http://climateapps2.oucs.ox.ac.uk/cpdnboinc/
http://www.worldclimate.com
http://www.atmosphere.mpg.de/enid/1442
http://www.arctic.noaa.gov/climate.html
http://www.beringclimate.noaa.gov/

Climate 137

e Climate: Data and charts for world and US locations (http://www.climate-charts.com/index.html)

* MIL-HDBK-310, Global Climate Data (http://www.everyspec.com/MIL-HDBK/MIL-HDBK-0300-0499/
MIL_HDBK_310_1851/) U.S. Department of Defense Data on natural environmental starting points for
engineering analyses to derive environmental design criteria

* ClimateDiagrams.com (http://www.climatediagrams.com) Climate diagrams for over 3 000 weather stations
and different climate periods from around the world. Users can create their own diagrams with their own data.

e IPCC Data Distribution Centre (http://www.ipcc-data.org) Climate data and guidance on its use.

» HistoricalClimatology.com (http://historicalclimatology.com) Analysis and reconstructions of past, present and
future climates. Updated 2013.
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Weather is the state of the atmosphere, to the degree that it is hot or cold, wet or dry, calm or stormy, clear or

cloudy.m Most weather phenomena occur in the troposphere,mm

just below the stratosphere. Weather generally
refers to day-to-day temperature and precipitation activity, whereas climate is the term for the average atmospheric
conditions over longer periods of time. When used without qualification, "weather", is understood to mean the

weather of Earth.

Weather is driven by air pressure (temperature and moisture) differences between one place and another. These
pressure and temperature differences can occur due to the sun angle at any particular spot, which varies by latitude
from the tropics. The strong temperature contrast between polar and tropical air gives rise to the jet stream. Weather
systems in the mid-latitudes, such as extratropical cyclones, are caused by instabilities of the jet stream flow.
Because the Earth's axis is tilted relative to its orbital plane, sunlight is incident at different angles at different times
of the year. On Earth's surface, temperatures usually range +40 °C (—40 °F to 100 °F) annually. Over thousands of
years, changes in Earth's orbit affect the amount and distribution of solar energy received by the Earth and influence

long-term climate and global climate change.

Surface temperature differences in turn cause pressure differences. Higher altitudes are cooler than lower altitudes
due to differences in compressional heating. Weather forecasting is the application of science and technology to
predict the state of the atmosphere for a future time and a given location. The atmosphere is a chaotic system; so
small changes to one part of the system can grow to have large effects on the system as a whole. Human attempts to
control the weather have occurred throughout human history, and there is evidence that human activity such as

agriculture and industry has inadvertently modified weather patterns.

Studying how the weather works on other planets has been helpful in understanding how weather works on Earth. A
famous landmark in the Solar System, Jupiter's Great Red Spot, is an anticyclonic storm known to have existed for at
least 300 years. However, weather is not limited to planetary bodies. A star's corona is constantly being lost to space,

creating what is essentially a very thin atmosphere throughout the Solar System. The movement of mass ejected
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from the Sun is known as the solar wind.

Cause

On Earth, common weather phenomena include wind, cloud, rain,
snow, fog and dust storms. Less common events include natural
disasters such as tornadoes, hurricanes, typhoons and ice storms.
Almost all familiar weather phenomena occur in the troposphere (the
lower part of the atmosphere). Weather does occur in the stratosphere
and can affect weather lower down in the troposphere, but the exact

mechanisms are poorly understood.

Weather occurs primarily due to air pressure (temperature and

Stratocumulus perlucidus clouds

moisture) differences between one place to another. These differences
can occur due to the sun angle at any particular spot, which varies by
latitude from the tropics. In other words, the farther from the tropics one lies, the lower the sun angle is, which
causes those locations to be cooler due to the indirect sunlight.[4] The strong temperature contrast between polar and
tropical air gives rise to the jet stream.) Weather systems in the mid-latitudes, such as extratropical cyclones, are
caused by instabilities of the jet stream flow (see baroclinity).[6] Weather systems in the tropics, such as monsoons or

organized thunderstorm systems, are caused by different processes.

Because the Earth's axis is tilted relative to its orbital plane, sunlight is incident at different angles at different times
of the year. In June the Northern Hemisphere is tilted towards the sun, so at any given Northern Hemisphere latitude
sunlight falls more directly on that spot than in December (see Effect of sun angle on climate).m This effect causes
seasons. Over thousands to hundreds of thousands of years, changes in Earth's orbital parameters affect the amount

and distribution of solar energy received by the Earth and influence long-term climate. (See Milankovitch cycles).[g]

The uneven solar heating (the formation of zones of temperature and moisture gradients, or frontogenesis) can also
be due to the weather itself in the form of cloudiness and precipitation.m Higher altitudes are cooler than lower
altitudes, which is explained by the lapse rate. On local scales, temperature differences can occur because different
surfaces (such as oceans, forests, ice sheets, or man-made objects) have differing physical characteristics such as

reflectivity, roughness, or moisture content.

Surface temperature differences in turn cause pressure differences. A hot surface heats the air above it and the air
expands, lowering the air pressure and its density.[lo] The resulting horizontal pressure gradient accelerates the air
from high to low pressure, creating wind, and Earth's rotation then causes curvature of the flow via the Coriolis
effect. '] The simple systems thus formed can then display emergent behaviour to produce more complex systems
and thus other weather phenomena. Large scale examples include the Hadley cell while a smaller scale example

would be coastal breezes.

The atmosphere is a chaotic system, so small changes to one part of the system can grow to have large effects on the
system as a whole."'? This makes it difficult to accurately predict weather more than a few days in advance, though
weather forecasters are continually working to extend this limit through the scientific study of weather, meteorology.
It is theoretically impossible to make useful day-to-day predictions more than about two weeks ahead, imposing an

upper limit to potential for improved prediction skil.[?!
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Shaping the planet Earth

Weather is one of the fundamental processes that shape the Earth. The process of weathering breaks down the rocks

and soils into smaller fragments and then into their constituent substances.!'¥ During rains precipitation, the water

droplets absorb and dissolve carbon dioxide from the surrounding air. This causes the rainwater to be slightly acidic,

which aids the erosive properties of water. The released sediment and chemicals are then free to take part in chemical

reactions that can affect the surface further (such as acid rain), and sodium and chloride ions (salt) deposited in the

seas/oceans. The sediment may reform in time and by geological forces into other rocks and soils. In this way,

weather plays a major role in erosion of the surface.[!”!

Major Wind and Pressure Systems and Related Weather

Region Name Pressure Surface Winds Weather
Equator Doldrums (ITCZ) | Low Light, variable winds Cloudiness, abundant precipitation in all seasons; breeding ground
(0°) (equatorial low) for hurricanes. Relatively low sea-surface salinity because of high
rainfall relative to evaporation
0°-30°N Trade winds - Northeast in Northern Summer wet, winter dry; pathway for tropical disturbances
and S (easterlies) Hemisphere; Southeast in

Southern Hemisphere

30°N and S | Horse latitudes High Light, variable winds Little cloudiness; dry in all seasons. Relatively high sea-surface

salinity because of high evaporation relative to precipitation

30°-60°N | Prevailing - Southwest in Northern Winter wet, summer dry; pathway for subtropical high and low

and S Westerlies Hemisphere; Northwest in pressure
Southern Hemisphere

60°N and S | Polar front Low Variable Stormy, cloudy weather zone; ample precipitation in all seasons
60°-90°N | Polar easterlies - Northeast in Northern Cold polar air with very low temperatures
and S Hemisphere; Southeast in

Southern Hemisphere

90°N and S | Poles High Southerly in Northern Cold, dry air; sparse precipitation in all seasons

Hemisphere; Northerly in
Southern Hemisphere

Effect on humans

Effects on populations

Weather has played a large and sometimes direct part in human
history. Aside from climatic changes that have caused the gradual drift
of populations (for example the desertification of the Middle East, and
the formation of land bridges during glacial periods), extreme weather
events have caused smaller scale population movements and intruded
directly in historical events. One such event is the saving of Japan from
invasion by the Mongol fleet of Kublai Khan by the Kamikaze winds
in 1281." French claims to Florida came to an end in 1565 when a
hurricane destroyed the French fleet, allowing Spain to conquer Fort

[

Caroline. 17] More recently, Hurricane Katrina redistributed over one

New Orleans, Louisiana, after being struck by
Hurricane Katrina. Katrina was a Category 3
hurricane when it struck although it had been a
category 5 hurricane in the Gulf of Mexico.
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million people from the central Gulf coast elsewhere across the United States, becoming the largest diaspora in the
history of the United States.!'®!

The Little Ice Age caused crop failures and famines in Europe. The 1690s saw the worst famine in France since the
Middle Ages. Finland suffered a severe famine in 1696—1697, during which about one-third of the Finnish
population died.!"”!

Effects on individuals

d.2!

The human body is negatively affected by extremes in temperature, humidity, and win

Forecasting

Weather forecasting is the application of science and technology to | | .cwe.- .
predict the state of the atmosphere for a future time and a given
location. Human beings have attempted to predict the weather
informally for millennia, and formally since at least the nineteenth
century.m] Weather forecasts are made by collecting quantitative data

about the current state of the atmosphere and using scientific

understanding of atmospheric processes to project how the atmosphere

[22]

will evolve. Forecast of surface pressures five days into the

) ) . future for the north Pacific, North America, and
Once an all-human endeavor based mainly upon changes in barometric
[23]12

north Atlantic ocean as on 9 June 2008
pressure, current weather conditions, and sky condition, 4 forecast

models are now used to determine future conditions. Human input is still required to pick the best possible forecast
model to base the forecast upon, which involves pattern recognition skills, teleconnections, knowledge of model
performance, and knowledge of model biases. The chaotic nature of the atmosphere, the massive computational
power required to solve the equations that describe the atmosphere, error involved in measuring the initial
conditions, and an incomplete understanding of atmospheric processes mean that forecasts become less accurate as
the difference in current time and the time for which the forecast is being made (the range of the forecast) increases.

The use of ensembles and model consensus helps to narrow the error and pick the most likely outcome. 22112611271

There are a variety of end users to weather forecasts. Weather warnings are important forecasts because they are
used to protect life and property.[zglml Forecasts based on temperature and precipitation are important to

agriculture,BO] [311[321(33]

and therefore to commodity traders within stock markets. Temperature forecasts are used
by utility companies to estimate demand over coming days.[34][35][36] On an everyday basis, people use weather
forecasts to determine what to wear on a given day. Since outdoor activities are severely curtailed by heavy rain,
snow and the wind chill, forecasts can be used to plan activities around these events, and to plan ahead and survive

them.

Modification

The aspiration to control the weather is evident throughout human history: from ancient rituals intended to bring rain
for crops to the U.S. Military Operation Popeye, an attempt to disrupt supply lines by lengthening the North
Vietnamese monsoon. The most successful attempts at influencing weather involve cloud seeding; they include the
fog- and low stratus dispersion techniques employed by major airports, techniques used to increase winter
precipitation over mountains, and techniques to suppress hail.®”! A recent example of weather control was China's
preparation for the 2008 Summer Olympic Games. China shot 1,104 rain dispersal rockets from 21 sites in the city of
Beijing in an effort to keep rain away from the opening ceremony of the games on 8 August 2008. Guo Hu, head of
the Beijing Municipal Meteorological Bureau (BMB), confirmed the success of the operation with 100 millimeters

falling in Baoding City of Hebei Province, to the southwest and Beijing's Fangshan District recording a rainfall of 25
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millimeters.

Whereas there is inconclusive evidence for these techniques' efficacy, there is extensive evidence that human activity

such as agriculture and industry results in inadvertent weather modification:

* Acid rain, caused by industrial emission of sulfur dioxide and nitrogen oxides into the atmosphere, adversely
affects freshwater lakes, vegetation, and structures.

* Anthropogenic pollutants reduce air quality and visibility.

* Climate change caused by human activities that emit greenhouse gases into the air is expected to affect the
frequency of extreme weather events such as drought, extreme temperatures, flooding, high winds, and severe

storms.*®!

* Heat, generated by large metropolitan areas have been shown to minutely affect nearby weather, even at distances

as far as 1,600 kilometres (990 mi).

The effects of inadvertent weather modification may pose serious threats to many aspects of civilization, including

ecosystems, natural resources, food and fiber production, economic development, and human health.[39]

Microscale meteorology

Microscale meteorology is the study of short-lived atmospheric phenomena smaller than mesoscale, about 1 km or
less. These two branches of meteorology are sometimes grouped together as "mesoscale and microscale
meteorology” (MMM) and together study all phenomena smaller than synoptic scale; that is they study features
generally too small to be depicted on a weather map. These include small and generally fleeting cloud "puffs" and

other small cloud features.

Extremes on Earth

On Earth, temperatures usually range +40 °C (100 °F to —40 °F)

annually. The range of climates and latitudes across the planet can
offer extremes of temperature outside this range. The coldest air
temperature ever recorded on Earth is —89.2 °C (-128.6 °F), at Vostok
Station, Antarctica on 21 July 1983. The hottest air temperature ever
recorded was 57.7 °C (135.9 °F) at 'Aziziya, Libya, on 13 September
1922,[4O] but that reading is queried. The highest recorded average
annual temperature was 34.4 °C (93.9 °F) at Dallol, Ethiopia.l*!! The

coldest recorded average annual temperature was —55.1 °C (-67.2 °F)
[42]

Early morning sunshine over Bratislava, Slovakia

at Vostok Station, Antarctica.

The same area, just three hours later, after light

The coldest average annual temperature in a permanently inhabited snowfall

location is at Eureka, Nunavut, in Canada, where the annual average
temperature is —19.7 °C (-3.5 C’13).[43]



http://en.wikipedia.org/w/index.php?title=Acid_rain
http://en.wikipedia.org/w/index.php?title=Exhaust_gas
http://en.wikipedia.org/w/index.php?title=Sulfur_dioxide
http://en.wikipedia.org/w/index.php?title=Nitrogen_oxide
http://en.wikipedia.org/w/index.php?title=Atmosphere
http://en.wikipedia.org/w/index.php?title=Lake
http://en.wikipedia.org/w/index.php?title=Building
http://en.wikipedia.org/w/index.php?title=Human_impact_on_the_environment
http://en.wikipedia.org/w/index.php?title=Air_quality_index
http://en.wikipedia.org/w/index.php?title=Visibility
http://en.wikipedia.org/w/index.php?title=Climate_change
http://en.wikipedia.org/w/index.php?title=Greenhouse_gas
http://en.wikipedia.org/w/index.php?title=Extreme_weather
http://en.wikipedia.org/w/index.php?title=Flood
http://en.wikipedia.org/w/index.php?title=Storm
http://en.wikipedia.org/w/index.php?title=Storm
http://en.wikipedia.org/w/index.php?title=Heat
http://en.wikipedia.org/w/index.php?title=Natural_resource
http://en.wikipedia.org/w/index.php?title=Economic_development
http://en.wikipedia.org/w/index.php?title=Microscale_meteorology
http://en.wikipedia.org/w/index.php?title=Earth%27s_atmosphere
http://en.wikipedia.org/w/index.php?title=Mesoscale_meteorology
http://en.wikipedia.org/w/index.php?title=Meteorology
http://en.wikipedia.org/w/index.php?title=Synoptic_scale_meteorology
http://en.wikipedia.org/w/index.php?title=Weather_map
http://en.wikipedia.org/w/index.php?title=Bratislava
http://en.wikipedia.org/w/index.php?title=File%3ABratislava_sun.jpg
http://en.wikipedia.org/w/index.php?title=File%3ABratislava_snowy.jpg
http://en.wikipedia.org/w/index.php?title=Vostok_Station
http://en.wikipedia.org/w/index.php?title=Vostok_Station
http://en.wikipedia.org/w/index.php?title=Antarctica
http://en.wikipedia.org/w/index.php?title=%27Aziziya
http://en.wikipedia.org/w/index.php?title=%27Aziziya%23Geography_and_climate
http://en.wikipedia.org/w/index.php?title=Dallol%2C_Ethiopia
http://en.wikipedia.org/w/index.php?title=Vostok_Station
http://en.wikipedia.org/w/index.php?title=Antarctica
http://en.wikipedia.org/w/index.php?title=Eureka%2C_Nunavut

Weather 143

Extraterrestrial within the Solar System

Studying how the weather works on other planets has been seen as
helpful in understanding how it works on Earth. Weather on other
planets follows many of the same physical principles as weather on
Earth, but occurs on different scales and in atmospheres having
different chemical composition. The Cassini—Huygens mission to Titan
discovered clouds formed from methane or ethane which deposit rain
composed of liquid methane and other organic compounds. Earth's
atmosphere includes six latitudinal circulation zones, three in each
hemisphere.[44] In contrast, Jupiter's banded appearance shows many

%3] Titan has a single jet stream near the 50th parallel north

[47]

such zones,

latitude,[46] and Venus has a single jet near the equator.
Jupiter's Great Red Spot in 1979
One of the most famous landmarks in the Solar System, Jupiter's Great

Red Spot, is an anticyclonic storm known to have existed for at least 300 years. On other gas giants, the lack of a
surface allows the wind to reach enormous speeds: gusts of up to 600 metres per second (about 2,100 km/h or
1,300 mph) have been measured on the planet Neptune. This has created a puzzle for planetary scientists. The
weather is ultimately created by solar energy and the amount of energy received by Neptune is only about 1/900 of
that received by Earth, yet the intensity of weather phenomena on Neptune is far greater than on Earth. The strongest
planetary winds discovered so far are on the extrasolar planet HD 189733 b, which is thought to have easterly winds

moving at more than 9,600 kilometres per hour (6,000 mph).

Space weather

Weather is not limited to planetary bodies. Like all stars, the sun's
corona is constantly being lost to space, creating what is essentially a
very thin atmosphere throughout the Solar System. The movement of
mass ejected from the Sun is known as the solar wind. Inconsistencies
in this wind and larger events on the surface of the star, such as coronal
mass ejections, form a system that has features analogous to

conventional weather systems (such as pressure and wind) and is

generally known as space weather. Coronal mass ejections have been
(48] The activity of this

system can affect planetary atmospheres and occasionally surfaces.

Aurora Borealis

tracked as far out in the solar system as Saturn.

[49

The interaction of the solar wind with the terrestrial atmosphere can produce spectacular aurorae, !and can play

havoc with electrically sensitive systems such as electricity grids and radio signals.[so]
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Life

Plants in the Rwenzori Mountains, Uganda

Life on Earth:

» Non-cellular life (viruses) (

« Cellular life

Bacteria

Archaea

Eukarya
Protista
Fungi
Plantae

Animalia

Life is a characteristic that distinguishes objects that have signaling and self-sustaining processes from those that do

[2

not, I either because such functions have ceased (death), or else because they lack such functions and are classified

as inanimate."”’ Biology is the science concerned with the study of life.

Any contiguous living system is called an organism. Organisms undergo metabolism, maintain homeostasis, possess
a capacity to grow, respond to stimuli, reproduce and, through natural selection, adapt to their environment in
successive generations. More complex living organisms can communicate through various means. A diverse array of
living organisms can be found in the biosphere of Earth, and the properties common to these organisms—plants,
animals, fungi, protists, archaea, and bacteria—are a carbon- and water-based cellular form with complex

organization and heritable genetic information.
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Scientific evidence suggests that life began on Earth at least 3.5 billion years ago. The earliest evidences for life on
Earth are graphite found to be biogenic in 3.7 billion-year-old metasedimentary rocks discovered in Western
Greenland and microbial mat fossils found in 3.48 billion-year-old sandstone discovered in Western Australia. The
mechanism by which life emerged on Earth is unknown, although many hypotheses have been formulated. Since
then, life has evolved into a wide variety of forms, which biologists have classified into a hierarchy of taxa. Life can

survive and thrive in a wide range of conditions.

Though the existence of life is confirmed only on the planet Earth, many scientists think that extraterrestrial life is
not only plausible, but probable or even inevitable. Other planets and moons in the Solar System have been
examined for evidence of having once supported simple life, and projects such as SETI have attempted to detect
radio transmissions from possible alien civilizations. According to the panspermia hypothesis, microscopic life exists

throughout the Universe, and is distributed by meteoroids, asteroids and planetoids.[4]

The meaning of life—its significance, origin, purpose, and ultimate fate—is a central concept and question in
philosophy and religion. Both philosophy and religion have offered interpretations as to how life relates to existence
and consciousness, and on related issues such as life stance, purpose, conception of a god or gods, a soul or an
afterlife. Different cultures throughout history have had widely varying approaches to these issues.

Early theories

Materialism

An aerial photo of microbial mats around the Grand Prismatic Spring of Yellowstone National Park

Some of the earliest theories of life were materialist, holding that all that exists is matter, and that life is merely a
complex form or arrangement of matter. Empedocles (430 BC) argued that every thing in the universe is made up of
a combination of four eternal "elements" or "roots of all": earth, water, air, and fire. All change is explained by the
arrangement and rearrangement of these four elements. The various forms of life are caused by an appropriate
mixture of elements.
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Democritus (460 BC) thought that the essential characteristic of life is having a soul (psyche). Like other ancient
writers, he was attempting to explain what makes something a living thing. His explanation was that fiery atoms
make a soul in exactly the same way atoms and void account for any other thing. He elaborates on fire because of the

apparent connection between life and heat, and because fire moves.

Plato's world of eternal and unchanging Forms, imperfectly represented in matter by a divine Artisan, contrasts
sharply with the various mechanistic Weltanschauungen, of which atomism was, by the fourth century at least,
the most prominent... This debate persisted throughout the ancient world. Atomistic mechanism got a shot in
the arm from Epicurus... while the Stoics adopted a divine teleology... The choice seems simple: either show

how a structured, regular world could arise out of undirected processes, or inject intelligence into the system.
—R. J. Hankinson, Cause and Explanation in Ancient Greek Thought

The mechanistic materialism that originated in ancient Greece was revived and revised by the French philosopher
René Descartes, who held that animals and humans were assemblages of parts that together functioned as a machine.
In the 19th century, the advances in cell theory in biological science encouraged this view. The evolutionary theory
of Charles Darwin (1859) is a mechanistic explanation for the origin of species by means of natural selection.

Hylomorphism

Hylomorphism is a theory (originating with Aristotle (322 BC)) that all things are a combination of matter and form.
Biology was one of his main interests, and there is extensive biological material in his extant writings. In this view,
all things in the material universe have both matter and form, and the form of a living thing is its soul (Greek psyche,
Latin anima). There are three kinds of souls: the vegetative soul of plants, which causes them to grow and decay and
nourish themselves, but does not cause motion and sensation; the animal soul, which causes animals to move and
feel; and the rational soul, which is the source of consciousness and reasoning, which (Aristotle believed) is found
only in man.”> Each higher soul has all the attributes of the lower one. Aristotle believed that while matter can exist

without form, form cannot exist without matter, and therefore the soul cannot exist without the body.

This account is consistent with teleological explanations of life, which account for phenomena in terms of purpose or
goal-directedness. Thus, the whiteness of the polar bear's coat is explained by its purpose of camouflage. The
direction of causality (from the future to the past) is in contradiction with the scientific evidence for natural selection,
which explains the consequence in terms of a prior cause. Biological features are explained not by looking at future
optimal results, but by looking at the past evolutionary history of a species, which led to the natural selection of the

features in question.

Vitalism

Vitalism is the belief that the life-principle is non-material. This originated with Stahl (17th century), and held sway
until the middle of the 19th century. It appealed to philosophers such as Henri Bergson, Nietzsche, Wilhelm Dilthey,
anatomists like Bichat, and chemists like Liebig. Vitalism included the idea that there was a fundamental difference
between organic and inorganic material, and the belief that organic material can only be derived from living things.
This was disproved in 1828, when Friedrich Wohler prepared urea from inorganic materials. This Wohler synthesis
is considered the starting point of modern organic chemistry. It is of historical significance because for the first time

an organic compound was produced from inorganic reactants.

During the 1850s, Helmholtz, anticipated by Mayer, demonstrated that no energy is lost in muscle movement,
suggesting that there were no "vital forces" necessary to move a muscle. These results led to the abandonment of
scientific interest in vitalistic theories, although the belief lingered on in pseudoscientific theories such as
homeopathy, which interprets diseases and sickness as caused by disturbances in a hypothetical vital force or life

force.
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Definitions

It is a challenge for scientists and philosophers to define life in unequivocal terms. This is difficult partly because life
is a process, not a pure substance. Any definition must be sufficiently broad to encompass all life with which we are

familiar, and must be sufficiently general to include life that may be fundamentally different from life on Earth.

Biology

Since there is no unequivocal definition of life, the current understanding is descriptive. Life is considered a

characteristic of organisms that exhibit all or most of the following characteristics or traits:

1. Homeostasis: Regulation of the internal environment to maintain a constant state; for example, electrolyte
concentration or sweating to reduce temperature.

2. Organization: Being structurally composed of one or more cells — the basic units of life.

3. Metabolism: Transformation of energy by converting chemicals and energy into cellular components
(anabolism) and decomposing organic matter (catabolism). Living things require energy to maintain internal
organization (homeostasis) and to produce the other phenomena associated with life.

4. Growth: Maintenance of a higher rate of anabolism than catabolism. A growing organism increases in size in all
of its parts, rather than simply accumulating matter.

5. Adaptation: The ability to change over time in response to the environment. This ability is fundamental to the
process of evolution and is determined by the organism's heredity, diet, and external factors.

6. Response to stimuli: A response can take many forms, from the contraction of a unicellular organism to external
chemicals, to complex reactions involving all the senses of multicellular organisms. A response is often expressed
by motion; for example, the leaves of a plant turning toward the sun (phototropism), and chemotaxis.

7. Reproduction: The ability to produce new individual organisms, either asexually from a single parent organism,

or sexually from two parent organisms.

These complex processes, called physiological functions, have underlying physical and chemical bases, as well as

signaling and control mechanisms that are essential to maintaining life.

Alternatives

To reflect the minimum phenomena required, other biological definitions of life have been proposed, many of these
are based upon chemical systems. Biophysicists have commented that living things function on negative entropy. In
other words, living processes can be viewed as a delay of the spontaneous diffusion or dispersion of the internal
energy of biological molecules towards more potential microstates. In more detail, according to physicists such as
John Bernal, Erwin Schrédinger, Eugene Wigner, and John Avery, life is a member of the class of phenomena that
are open or continuous systems able to decrease their internal entropy at the expense of substances or free energy
taken in from the environment and subsequently rejected in a degraded form. At a higher level, living beings are
thermodynamic systems that have an organized molecular structure. That is, life is matter that can reproduce itself
and evolve as survival dictates. Hence, life is a self-sustained chemical system capable of undergoing Darwinian

evolution.

Others take a systemic viewpoint that does not necessarily depend on molecular chemistry. One systemic definition
of life is that living things are self-organizing and autopoietic (self-producing). Variations of this definition include
Stuart Kauffman's definition as an autonomous agent or a multi-agent system capable of reproducing itself or
themselves, and of completing at least one thermodynamic work cycle. Life can be modeled as a network of inferior
negative feedbacks of regulatory mechanisms subordinated to a superior positive feedback formed by the potential of
expansion and reproduction. Alternatively, life can be said to consist of things with the capacity for metabolism and

motion, or that life is self-reproduction "with variations" or "with an error rate below the sustainability threshold."
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Viruses

Viruses are most often considered replicators rather than forms of life.
They have been described as "organisms at the edge of life," since they
possess genes, evolve by natural selection, and replicate by creating

multiple copies of themselves through self-assembly. However, viruses

do not metabolize and they require a host cell to make new products.
Virus self-assembly within host cells has implications for the study of  Electron micrograph of adenovirus with a cartoon
the origin of life, as it may support the hypothesis that life could have to demonsrate ts icosahedral structure

started as self-assembling organic molecules.

Living systems theories

The idea that the Earth is alive is found in philosophy and religion, but the first scientific discussion of it was by the
Scottish scientist James Hutton. In 1785, he stated that the Earth was a superorganism and that its proper study
should be physiology. Hutton is considered the father of geology, but his idea of a living Earth was forgotten in the
intense reductionism of the 19th century. The Gaia hypothesis, proposed in the 1960s by scientist James Lovelock,
suggests that life on Earth functions as a single organism that defines and maintains environmental conditions

necessary for its survival.

The first attempt at a general living systems theory for explaining the nature of life was in 1978, by American
biologist James Grier Miller. 161 Such a general theory, arising out of the ecological and biological sciences, attempts
to map general principles for how all living systems work. Instead of examining phenomena by attempting to break
things down into component parts, a general living systems theory explores phenomena in terms of dynamic patterns
of the relationships of organisms with their environment. Robert Rosen (1991) built on this by defining a system
component as "a unit of organization; a part with a function, i.e., a definite relation between part and whole." From
this and other starting concepts, he developed a "relational theory of systems" that attempts to explain the special
properties of life. Specifically, he identified the "nonfractionability of components in an organism" as the

fundamental difference between living systems and "biological machines."

A systems view of life treats environmental fluxes and biological fluxes together as a "reciprocity of influence", and
a reciprocal relation with environment is arguably as important for understanding life as it is for understanding
ecosystems. As Harold J. Morowitz (1992) explains it, life is a property of an ecological system rather than a single
organism or species. He argues that an ecosystemic definition of life is preferable to a strictly biochemical or
physical one. Robert Ulanowicz (2009) highlights mutualism as the key to understand the systemic, order-generating
behavior of life and ecosystems.

Complex systems biology (CSB) is a field of science that studies the emergence of complexity in functional
organisms from the viewpoint of dynamic systems theory.m The latter is often called also systems biology and aims
to understand the most fundamental aspects of life. A closely related approach to CSB and systems biology, called

relational biology,[g][%

is concerned mainly with understanding life processes in terms of the most important
relations, and categories of such relations among the essential functional components of organisms; for multicellular
organisms, this has been defined as "categorical biology", or a model representation of organisms as a category
theory of biological relations, and also an algebraic topology of the functional organization of living organisms in

terms of their dynamic, complex networks of metabolic, genetic, epigenetic processes and signaling pathways.[am"on

needed)

It has also been argued that the evolution of order in living systems and certain physical systems obey a common
fundamental principle termed the Darwinian dynamic.[lo][“] The Darwinian dynamic was formulated by first
considering how macroscopic order is generated in a simple non-biological system far from thermodynamic
equilibrium, and then extending consideration to short, replicating RNA molecules. The underlying order generating

process for both types of system was concluded to be basically similar.
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Origin

Evidence suggests that life on Earth has existed for about 3.7 billion years, with the oldest traces of life found in
fossils dating back 3.4 billion years. In a National Institutes of Health study, the authors hypothesize that if
biological complexity increased exponentially during evolution, life in the universe may have begun nearly 10
billion years ago - billions of years before the Earth existed, suggesting that Earth was seeded by panspermia or
directed panspermia. All known life forms share fundamental molecular mechanisms, reflecting their common
descent; based on these observations, hypotheses on the origin of life attempt to find a mechanism explaining the
formation of a universal common ancestor, from simple organic molecules via pre-cellular life to protocells and
metabolism. Models have been divided into "genes-first" and "metabolism-first" categories, but a recent trend is the

emergence of hybrid models that combine both categories.

There is no current scientific consensus as to how life originated. However, most accepted scientific models build on

the following observations:

* The Miller-Urey experiment, and the work of Sidney Fox, show that conditions on the primitive Earth favored
chemical reactions that synthesize amino acids and other organic compounds from inorganic precursors.

* Phospholipids spontaneously form lipid bilayers, the basic structure of a cell membrane.

Living organisms synthesize proteins, which are polymers of amino acids using instructions encoded by
deoxyribonucleic acid (DNA). Protein synthesis entails intermediary ribonucleic acid (RNA) polymers. One
possibility for how life began is that genes originated first, followed by proteins; the alternative being that proteins

came first and then genes.

However, since genes and proteins are both required to produce the other, the problem of considering which came
first is like that of the chicken or the egg. Most scientists have adopted the hypothesis that because of this, it is

unlikely that genes and proteins arose independently.

Therefore, a possibility, first suggested by Francis Crick, is that the first life was based on RNA, which has the
DNA-like properties of information storage and the catalytic properties of some proteins. This is called the RNA
world hypothesis, and it is supported by the observation that many of the most critical components of cells (those
that evolve the slowest) are composed mostly or entirely of RNA. Also, many critical cofactors (ATP, Acetyl-CoA,
NADH, etc.) are either nucleotides or substances clearly related to them. The catalytic properties of RNA had not yet

been demonstrated when the hypothesis was first proposed, but they were confirmed by Thomas Cech in 1986.

One issue with the RNA world hypothesis is that synthesis of RNA from simple inorganic precursors is more
difficult than for other organic molecules. One reason for this is that RNA precursors are very stable and react with
each other very slowly under ambient conditions, and it has also been proposed that living organisms consisted of

(121 However, the successful synthesis of certain RNA molecules under the conditions

other molecules before RNA.
that existed prior to life on Earth has been achieved by adding alternative precursors in a specified order with the

precursor phosphate present throughout the reaction. This study makes the RNA world hypothesis more plausible.

Geological findings in 2013 showed that reactive phosphorus species (like phosphite) were in abundance in the
ocean before 3.5 Ga, and that Schreibersite easily reacts with aqueous glycerol to generate phosphite and glycerol
3-phosphate. It is hypothesized that Schreibersite-containing meteorites from the Late Heavy Bombardment could
have provided early reduced phosphorus, which could react with prebiotic organic molecules to form phosphorylated
biomolecules, like RNA.

In 2009, experiments demonstrated Darwinian evolution of a two-component system of RNA enzymes (ribozymes)
in vitro. The work was performed in the laboratory of Gerald Joyce, who stated, "This is the first example, outside of

biology, of evolutionary adaptation in a molecular genetic system."

Prebiotic compounds may have extraterrestrial origin. NASA findings in 2011, based on studies with meteorites
found on Earth, suggest DNA and RNA components (adenine, guanine and related organic molecules) may be

formed in outer space.
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Conditions

The diversity of life on Earth is a result of the dynamic interplay
between genetic opportunity, metabolic capability, environmental
challenges, and symbiosis. For most of its existence, Earth's habitable
environment has been dominated by microorganisms and subjected to
their metabolism and evolution. As a consequence of these microbial

activities, the physical-chemical environment on Earth has been
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changing on a geologic time scale, thereby affecting the path of
evolution of subsequent life. For example, the release of molecular
oxygen by cyanobacteria as a by-product of photosynthesis induced
global changes in the Earth's environment. Since oxygen was toxic to

most life on Earth at the time, this posed novel evolutionary

challenges, and ultimately resulted in the formation of our planet's Cyanobacteria dramatically changed the

major animal and plant species. This interplay between organisms and composition of life forms on Earth by leading to
their environment is an inherent feature of living systems. the near-extinction of oxygen-intolerant
organisms.

All life forms require certain core chemical elements needed for

biochemical functioning. These include carbon, hydrogen, nitrogen, oxygen, phosphorus, and sulfur—the elemental
macronutrients for all organisms—often represented by the acronym CHNOPS. Together these make up nucleic
acids, proteins and lipids, the bulk of living matter. Five of these six elements comprise the chemical components of
DNA, the exception being sulfur. The latter is a component of the amino acids cysteine and methionine. The most
biologically abundant of these elements is carbon, which has the desirable attribute of forming multiple, stable
covalent bonds. This allows carbon-based (organic) molecules to form an immense variety of chemical
arrangements. Alternative hypothetical types of biochemistry have been proposed that eliminate one or more of these

elements, swap out an element for one not on the list, or change required chiralities or other chemical properties.

Range of tolerance

The inert components of an ecosystem are the physical and chemical factors necessary for life — energy (sunlight or
chemical energy), water, temperature, atmosphere, gravity, nutrients, and ultraviolet solar radiation protection. In
most ecosystems, the conditions vary during the day and from one season to the next. To live in most ecosystems,
then, organisms must be able to survive a range of conditions, called the "range of tolerance." Outside that are the
"zones of physiological stress," where the survival and reproduction are possible but not optimal. Beyond these
zones are the "zones of intolerance,” where survival and reproduction of that organism is unlikely or impossible.
Organisms that have a wide range of tolerance are more widely distributed than organisms with a narrow range of

tolerance.
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To survive, selected microorganisms can assume forms that enable
them to withstand freezing, complete desiccation, starvation, high
levels of radiation exposure, and other physical or chemical challenges.
These microorganisms may survive exposure to such conditions for
weeks, months, years, or even centuries. Extremophiles are microbial
life forms that thrive outside the ranges where life is commonly found.
They excel at exploiting uncommon sources of energy. While all
organisms are composed of nearly identical molecules, evolution has
enabled such microbes to cope with this wide range of physical and
chemical conditions. Characterization of the structure and metabolic
diversity of microbial communities in such extreme environments is

ongoing.

On 17 March 2013, researchers reported data that suggested microbial

. . . Deinococcus radiodurans is an extremophile that
life forms thrive in the Mariana Trench, the deepest spot on the Earth.

can resist extremes of cold, dehydration, vacuum,
Other researchers reported related studies that microbes thrive inside acid, and radiation exposure.

rocks up to 1900 feet below the sea floor under 8500 feet of ocean off

the coast of the northwestern United States. According to one of the researchers,"You can find microbes

everywhere — they're extremely adaptable to conditions, and survive wherever they are."

Investigation of the tenacity and versatility of life on Earth, as well as an understanding of the molecular systems that
some organisms utilize to survive such extremes, is important for the search for life beyond Earth. In April 2012,

scientists reported that lichen could survive for a month in a simulated Martian environment.

Form and function

Cells are the basic unit of structure in every living thing, and all cells arise from pre-existing cells by division. Cell
theory was formulated by Henri Dutrochet, Theodor Schwann, Rudolf Virchow and others during the early
nineteenth century, and subsequently became widely accepted. The activity of an organism depends on the total
activity of its cells, with energy flow occurring within and between them. Cells contain hereditary information that is

carried forward as a genetic code during cell division.

There are two primary types of cells. Prokaryotes lack a nucleus and other membrane-bound organelles, although
they have circular DNA and ribosomes. Bacteria and Archaea are two domains of prokaryotes. The other primary
type of cells are the eukaryotes, which have distinct nuclei bound by a nuclear membrane and membrane-bound
organelles, including mitochondria, chloroplasts, lysosomes, rough and smooth endoplasmic reticulum, and
vacuoles. In addition, they possess organized chromosomes that store genetic material. All species of large complex
organisms are eukaryotes, including animals, plants and fungi, though most species of eukaryote are protist
microorganisms. The conventional model is that eukaryotes evolved from prokaryotes, with the main organelles of

the eukaryotes forming through endosymbiosis between bacteria and the progenitor eukaryotic cell.

The molecular mechanisms of cell biology are based on proteins. Most of these are synthesized by the ribosomes
through an enzyme-catalyzed process called protein biosynthesis. A sequence of amino acids is assembled and
joined together based upon gene expression of the cell's nucleic acid. In eukaryotic cells, these proteins may then be

transported and processed through the Golgi apparatus in preparation for dispatch to their destination.

Cells reproduce through a process of cell division in which the parent cell divides into two or more daughter cells.
For prokaryotes, cell division occurs through a process of fission in which the DNA is replicated, then the two copies
are attached to parts of the cell membrane. In eukaryotes, a more complex process of mitosis is followed. However,
the end result is the same; the resulting cell copies are identical to each other and to the original cell (except for

mutations), and both are capable of further division following an interphase period.
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Multicellular organisms may have first evolved through the formation of colonies of like cells. These cells can form
group organisms through cell adhesion. The individual members of a colony are capable of surviving on their own,
whereas the members of a true multi-cellular organism have developed specialties, making them dependent on the
remainder of the organism for survival. Such organisms are formed clonally or from a single germ cell that is
capable of forming the various specialized cells that form the adult organism. This specialization allows multicellular
organisms to exploit resources more efficiently than single cells.

Cells have evolved methods to perceive and respond to their microenvironment, thereby enhancing their adaptability.
Cell signaling coordinates cellular activities, and hence governs the basic functions of multicellular organisms.
Signaling between cells can occur through direct cell contact using juxtacrine signalling, or indirectly through the
exchange of agents as in the endocrine system. In more complex organisms, coordination of activities can occur
through a dedicated nervous system.

Classification

The first known attempt to classify organisms was conducted by the Greek
philosopher Aristotle (384—322 BC), who classified all living organisms
known at that time as either a plant or an animal, based mainly on their ability

to move. He also distinguished animals with blood from animals without blood

(or at least without red blood), which can be compared with the concepts of Domain

vertebrates and invertebrates respectively, and divided the blooded animals into
five groups: viviparous quadrupeds (mammals), oviparous quadrupeds (reptiles Kingdom
and amphibians), birds, fishes and whales. The bloodless animals were also
divided into five groups: cephalopods, crustaceans, insects (which included the Phylum
spiders, scorpions, and centipedes, in addition to what we define as insects
today), shelled animals (such as most molluscs and echinoderms) and
"zoophytes." Though Aristotle's work in zoology was not without errors, it was Class

the grandest biological synthesis of the time and remained the ultimate

authority for many centuries after his death. Order
The exploration of the American continent revealed large numbers of new SS A=
plants and animals that needed descriptions and classification. In the latter part A Family
of the 16th century and the beginning of the 17th, careful study of animals > =2 >
commenced and was gradually extended until it formed a sufficient body of A Genus
knowledge to serve as an anatomical basis for classification. In the late 1740s, -
Carolus Linnaeus introduced his system of binomial nomenclature for the

Species

classification of species. Linnaeus attempted to improve the composition and

J

reduce the length of the previously used many-worded names by abolishing

unnecessary rhetoric, introducing new descriptive terms and precisely defining
their meaning. By consistently using this system, Linnaeus separated

nomenclature from taxonomy.

The fungi were originally treated as plants. For a short period Linnaeus had
classified them in the taxon Vermes in Animalia, but later placed them back in

Plantae. Copeland classified the Fungi in his Protoctista, thus partially avoiding

The hierarchy of biological
classification's eight major taxonomic
ranks. Life is divided into domains,
which are subdivided into further
groups. Intermediate minor rankings

are not shown.

the problem but acknowledging their special status. The problem was eventually solved by Whittaker, when he gave
them their own kingdom in his five-kingdom system. Evolutionary history shows that the fungi are more closely

related to animals than to plants.
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As new discoveries enabled detailed study of cells and microorganisms, new groups of life were revealed, and the
fields of cell biology and microbiology were created. These new organisms were originally described separately in
protozoa as animals and protophyta/thallophyta as plants, but were united by Haeckel in the kingdom Protista; later,
the prokaryotes were split off in the kingdom Monera, which would eventually be divided into two separate groups,
the Bacteria and the Archaea. This led to the six-kingdom system and eventually to the current three-domain system,
which is based on evolutionary relationships. However, the classification of eukaryotes, especially of protists, is still

controversial.

As microbiology, molecular biology and virology developed, non-cellular reproducing agents were discovered, such
as viruses and viroids. Whether these are considered alive has been a matter of debate; viruses lack characteristics of
life such as cell membranes, metabolism and the ability to grow or respond to their environments. Viruses can still be
classed into "species" based on their biology and genetics, but many aspects of such a classification remain

controversial.

In the 1960s a trend called cladistics emerged, arranging taxa based on clades in an evolutionary or phylogenetic

tree.

Linnaeus Haeckel Chatton Copeland Whittaker Woese et Cavalier-Smith
1735 1866 1925 1938 1969 al. 1998
1990

2 kingdoms 3 kingdoms 2 empires 4 kingdoms 5 kingdoms 3 domains 6 kingdoms

(not treated) Protista Prokaryota Monera Monera Bacteria Bacteria
Archaea
Eukaryota Protoctista Protista Eucarya Protozoa
Chromista
Vegetabilia Plantae Plantae Plantae Plantae
Fungi Fungi
Animalia Animalia Animalia  Animalia Animalia

Extraterrestrial life

Earth is the only planet known to harbor life. Other locations within the
Solar System that may host life include subsurface Mars, the
atmosphere of Venus, and subsurface oceans on some of the moons of
the gas giant planets. The Drake equation, which predicts the number
of extraterrestrial civilizations in our galaxy with which we might

come in contact, has been used to discuss the probability of life

elsewhere, but many of the variables in this equation are difficult to

estimate. Panspermia hypothesis showing bacteria being

. . . carried to Earth by a comet
The region around a main sequence star that could support Earth-like

life on an Earth-like planet is known as the habitable zone. The inner

and outer radii of this zone vary with the luminosity of the star, as does the time interval during which the zone
survives. Stars more massive than the Sun have a larger habitable zone, but remain on the main sequence for a
shorter time interval. Small red dwarf stars have the opposite problem, with a smaller habitable zone that is subject to

higher levels of magnetic activity and the effects of tidal locking from close orbits. Hence, stars in the intermediate

mass range such as the Sun may have a greater likelihood for Earth-like life to develop. The location of the star

within a galaxy may also have an impact on the likelihood of life forming. Stars in regions with a greater abundance
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of heavier elements that can form planets, in combination with a low rate of potentially habitat-damaging supernova

events, are predicted to have a higher probability of hosting planets with complex life.

Panspermia, also called exogenesis, is the hypothesis that life originated elsewhere in the universe and subsequently
transferred to Earth in the form of spores via meteorites, comets, or cosmic dust. Conversely, terrestrial life may be
seeded in other solar systems through directed panspermia, to secure and expand some terrestrial life forms.
Astroecology experiments with meteorites show that Martian asteroids and cometary materials are rich in inorganic
elements and may be fertile soils for microbial, algal and plant life, for past and future life in our and other solar

systems.

Research

In 2004, scientists reported detecting the spectral signatures of anthracene and pyrene in the ultraviolet light emitted
by the Red Rectangle nebula (no other such complex molecules had ever been found before in outer space). This
discovery was considered a confirmation of a hypothesis that as nebulae of the same type as the Red Rectangle
approach the ends of their lives, convection currents cause carbon and hydrogen in the nebulae's core to get caught in
stellar winds, and radiate outward. As they cool, the atoms supposedly bond to each other in various ways and
eventually form particles of a million or more atoms. The scientists inferred that since they discovered polycyclic
aromatic hydrocarbons (PAHs) — which may have been vital in the formation of early life on Earth — in a nebula,

by necessity they must originate in nebulae.

In August 2009, NASA scientists identified one of the fundamental chemical building-blocks of life (the amino acid

glycine) in a comet for the first time.

In 2010, fullerenes (or "buckyballs") were detected in nebulae. Fullerenes have been implicated in the origin of life;
according to astronomer Letizia Stanghellini, "It's possible that buckyballs from outer space provided seeds for life
on Earth."

In August 2011, findings by NASA, based on studies of meteorites found on Earth, suggests DNA and RNA
components (adenine, guanine and related organic molecules), building blocks for life as we know it, may be formed

extraterrestrially in outer space.

In October 2011, scientists found using spectroscopy that cosmic dust contains complex organic matter ("amorphous
organic solids with a mixed aromatic-aliphatic structure") that could be created naturally, and rapidly, by stars. The
compounds are so complex that their chemical structures resemble the makeup of coal and petroleum; such chemical
complexity was previously thought to arise only from living organisms. These observations suggest that organic
compounds introduced on Earth by interstellar dust particles could serve as basic ingredients for life due to their
surface-catalytic activities. One of the scientists suggested that these compounds may have been related to the
development of life on Earth and said that, "If this is the case, life on Earth may have had an easier time getting

started as these organics can serve as basic ingredients for life."

In August 2012, astronomers at Copenhagen University reported the detection of a specific sugar molecule,
glycolaldehyde, in a distant star system. The molecule was found around the protostellar binary /RAS 16293-2422,
which is located 400 light years from Earth. Glycolaldehyde is needed to form ribonucleic acid, or RNA, which is
similar in function to DNA. This finding suggests that complex organic molecules may form in stellar systems prior

to the formation of planets, eventually arriving on young planets early in their formation.

In September 2012, NASA scientists reported that polycyclic aromatic hydrocarbons (PAHs), subjected to
interstellar medium (ISM) conditions, are transformed, through hydrogenation, oxygenation and hydroxylation, to
more complex organics - "a step along the path toward amino acids and nucleotides, the raw materials of proteins
and DNA, respectively". Further, as a result of these transformations, the PAHs lose their spectroscopic signature
which could be one of the reasons "for the lack of PAH detection in interstellar ice grains, particularly the outer

regions of cold, dense clouds or the upper molecular layers of protoplanetary disks."
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In June 2013, polycyclic aromatic hydrocarbons (PAHs) were detected in the upper atmosphere of Titan, the largest
moon of the planet Saturn.

In 2013, the Atacama Large Millimeter Array (ALMA Project) confirmed that researchers have discovered an
important pair of prebiotic molecules in the icy particles in interstellar space (ISM). The chemicals, found in a giant
cloud of gas about 25,000 light-years from Earth in ISM, may be a precursor to a key component of DNA and the
other may have a role in the formation of an important amino acid. Researchers found a molecule called
cyanomethanimine, which produces adenine, one of the four nucleobases that form the “rungs” in the ladder-like
structure of DNA. The other molecule, called ethanamine, is thought to play a role in forming alanine, one of the
twenty amino acids in the genetic code. Previously, scientists thought such processes took place in the very tenuous
gas between the stars. The new discoveries, however, suggest that the chemical formation sequences for these
molecules occurred not in gas, but on the surfaces of ice grains in interstellar space. NASA ALMA scientist Anthony
Remijan stated that finding these molecules in an interstellar gas cloud means that important building blocks for

DNA and amino acids can 'seed' newly formed planets with the chemical precursors for life. 1!

In January 2014, NASA reported that current studies on the planet Mars by the Curiosity and Opportunity rovers will
now be searching for evidence of ancient life, including a biosphere based on autotrophic, chemotrophic and/or
chemolithoautotrophic microorganisms, as well as ancient water, including fluvio-lacustrine environments (plains
related to ancient rivers or lakes) that may have been habitable. The search for evidence of habitability, taphonomy

(related to fossils), and organic carbon on the planet Mars is now a primary NASA objective.

In February 2014, NASA announced a greatly upgraded database 04 for tracking polycyclic aromatic hydrocarbons
(PAHs) in the universe. According to scientists, more than 20% of the carbon in the universe may be associated with
PAHs, possible starting materials for the formation of life. PAHs seem to have been formed shortly after the Big

Bang, are widespread throughout the universe, and are associated with new stars and exoplanets.

Death

Death is the permanent termination of all vital functions or life
processes in an organism or cell. It can occur as a result of an accident,
medical conditions, biological interaction, malnutrition, poisoning,
senescence, or suicide. After death, the remains of an organism re-enter
the biogeochemical cycle. Organisms may be consumed by a predator
or a scavenger and leftover organic material may then be further

decomposed by detritivores, organisms that recycle detritus, returning

it to the environment for reuse in the food chain. e e e

Animal corpses, like this African buffalo, are
One of the challenges in defining death is in distinguishing it from life. recycled by the ecosystem, providing energy and

Death would seem to refer to either the moment life ends, or when the nutrients for living creatures

state that follows life begins. However, determining when death has

occurred requires drawing precise conceptual boundaries between life and death. This is problematic, however,
because there is little consensus over how to define life. The nature of death has for millennia been a central concern
of the world's religious traditions and of philosophical inquiry. Many religions maintain faith in either a kind of

afterlife or reincarnation for the soul, or resurrection of the body at a later date.

Extinction is the process by which a group of taxa or species dies out, reducing biodiversity. The moment of
extinction is generally considered the death of the last individual of that species. Because a species' potential range
may be very large, determining this moment is difficult, and is usually done retrospectively after a period of apparent
absence. Species become extinct when they are no longer able to survive in changing habitat or against superior
competition. In Earth's history, over 99% of all the species that have ever lived have gone extinct; however, mass

extinctions may have accelerated evolution by providing opportunities for new groups of organisms to diversify.
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Fossils are the preserved remains or traces of animals, plants, and other organisms from the remote past. The totality
of fossils, both discovered and undiscovered, and their placement in fossil-containing rock formations and
sedimentary layers (strata) is known as the fossil record. A preserved specimen is called a fossil if it is older than the
arbitrary date of 10,000 years ago. Hence, fossils range in age from the youngest at the start of the Holocene Epoch
to the oldest from the Archaean Eon, up to 3.4 billion years old.

Artificial life

Artificial life is a field of study that examines systems related to life, its processes, and its evolution through
simulations using computer models, robotics, and biochemistry. The study of artificial life imitates traditional
biology by recreating some aspects of biological phenomena. Scientists study the logic of living systems by creating
artificial environments—seeking to understand the complex information processing that defines such systems. While
life is, by definition, alive, artificial life is generally referred to as data confined to a digital environment and

existence.

Synthetic biology is a new area of biological research and technology that combines science and biological
engineering. The common goal is the design and construction of new biological functions and systems not found in
nature. Synthetic biology includes the broad redefinition and expansion of biotechnology, with the ultimate goals of
being able to design and build engineered biological systems that process information, manipulate chemicals,
fabricate materials and structures, produce energy, provide food, and maintain and enhance human health and our

environment.

Notes

[1] The 'evolution' of viruses and other similar forms is still uncertain. Therefore, this classification may be paraphyletic because cellular life
might have evolved from non-cellular life, or polyphyletic because the most recent common ancestor might not be included.

[2] The American Heritage Dictionary of the English Language, 4th edition, published by Houghton Mifflin Company, via Answers.com (http://
www.answers.com/topic/life):

e "The property or quality that distinguishes living organisms from dead organisms and inanimate matter, manifested in functions such as
metabolism, growth, reproduction, and response to stimuli or adaptation to the environment originating from within the organism."

¢ "The characteristic state or condition of a living organism."

[3] Definition of inanimate. (http://wordnetweb.princeton.edu/perl/webwn?s=inanimate) WordNet Search by Princeton University.

[4] Rampelotto, P. H. (2010). Panspermia: A promising field of research. In: Astrobiology Science Conference. Abs 5224.

[5] Auristotle, De Anima, Book IT

[6] Cleland and Chyba wrote a chapter in Planets and Life: "In the absence of such a theory, we are in a position analogous to that of a
16th-century investigator trying to define 'water' in the absence of molecular theory." [...] "Without access to living things having a different
historical origin, it is difficult and perhaps ultimately impossible to formulate an adequately general theory of the nature of living systems".

[7] Baianu, L. C.: 2006, "Robert Rosen's Work and Complex Systems Biology", Axiomathes 16(1-2):25-34.

[8] * Rosen, R.: 1958a, "A Relational Theory of Biological Systems". Bulletin of Mathematical Biophysics 20: 245-260.

[9] * Rosen, R.: 1958b, "The Representation of Biological Systems from the Standpoint of the Theory of Categories.", Bulletin of Mathematical
Biophysics 20: 317-341.

[10] Bernstein H, Byerly HC, Hopf FA, Michod RE, and Vemulapalli GK. (1983) The Darwinian D ynamic. The Quarterly Review of Biology
58(2): 185-207. Published by: The University of Chicago Press

[11] Michod RE. (1999) Darwinian Dynamics: Evolutionary Transitions in Fitness and Individuality. Princeton University Press, Princeton, New
Jersey ISBN 0691050112, 9780691050119

[12] Cech, T.R. (2011). The RNA Worlds in Context. Source: Department of Chemistry and Biochemistry, University of Colorado, Boulder,
Colorado 80309-0215. Cold Spring Harb Perspect Biol. 2011 Feb 16. pii: cshperspect.a006742v1. .

[13] Finley, Dave, Discoveries Suggest Icy Cosmic Start for Amino Acids and DNA Ingredients, The National Radio Astronomy Observatory,
Feb. 28, 2013 (https://www.nrao.edu/pr/2013/newchem/)

[14] http://www.astrochem.org/pahdb/
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Biosphere

The biosphere is the global sum of all
ecosystems. It can also be termed the
zone of life on Earth, a closed system
(apart from solar and cosmic radiation
and heat from the interior of the Earth),
and largely self-regulating. By the
most general biophysiological
definition, the biosphere is the global
ecological system integrating all living
beings and  their relationships,
including their interaction with the

elements of the lithosphere,

hydrosphere, and atmosphere. The

biosphere is postulated to have A false-color composite of global oceanic and terrestrial photoautotroph abundance, from
September 1997 to August 2000. Provided by the SeaWiFS Project, NASA/Goddard

evolved, beginning with a process of oion mowded
Space Flight Center and ORBIMAGE. [“i/aion needed]

biopoesis (life created naturally from
non-living matter such as simple
organic compounds) or biogenesis (life created from living matter), at least some 3.5 billion years ago. The earliest

evidences for life on Earth are graphite found to be biogenic in 3.7 billion-year-old metasedimentary rocks
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discovered in Western Greenland and microbial mat fossils found in 3.48 billion-year-old sandstone discovered in

Western Australia.

In a general sense, biospheres are any closed, self-regulating systems containing ecosystems; including artificial ones

such as Biosphere 2 and BIOS-3; and, potentially, ones on other planets or moons.

Origin and use of the term
The term "biosphere" was coined by geologist Eduard Suess in 1875, which he defined as:t!!
"The place on Earth's surface where life dwells."

While this concept has a geological origin, it is an indication of the effect of both Charles Darwin and Matthew F.
Maury on the Earth sciences. The biosphere's ecological context comes from the 1920s (see Vladimir I. Vernadsky),
preceding the 1935 introduction of the term "ecosystem" by Sir Arthur Tansley (see ecology history). Vernadsky
defined ecology as the science of the biosphere. It is an interdisciplinary concept for integrating astronomy,
geophysics, meteorology, biogeography, evolution, geology, geochemistry, hydrology and, generally speaking, all

life and Earth sciences.

Narrow definition

Geochemists define the biosphere as being the total sum of living
organisms (the "biomass" or "biota" as referred to by biologists and
ecologists).[crarion needed] 1 yig sense, the biosphere is but one of four
separate components of the geochemical model, the other three being
lithosphere, hydrosphere, and atmosphere. The word ecosphere,

coined during the 1960s, encompasses both biological and physical
[citation needed]

components of the planet.

The Second International Conference on Closed Life Systems defined

biospherics as the science and technology of analogs and models of
[citation needed)]

A familiar scene on Earth which simultaneously
Earth's biosphere; i.e., artificial Earth-like biospheres. shows the lithosphere, hydrosphere and

Others may include the creation of artificial non-Earth biospheres—for atmosphere.
example, human-centered biospheres or a native Martian

biosphere—as part of the topic of biospherics.[amnon needed]

Gaia hypothesis

During the early 1970s, the British chemist James Lovelock and Lynn Margulis, a microbiologist from the United
States, added to the hypothesis, specifically noting the ties between the biosphere and other Earth systems. For
example, when carbon dioxide amounts increase in the atmosphere, plants grow more quickly. As their growth

continues, they remove more and more carbon dioxide from the atmosphere.

Many scientistsWikipedia:Avoid weasel words are now involved with new topics of study that examine interactions

between biotic and abiotic factors in the biosphere, such as geobiology and geomicrobiology.

Ecosystems occur when communities and their physical environment work together as a system. The difference

between this and a biosphere is simple—the biosphere is everything in general terms.



http://en.wikipedia.org/w/index.php?title=Western_Greenland
http://en.wikipedia.org/w/index.php?title=Microbial_mat
http://en.wikipedia.org/w/index.php?title=Fossils
http://en.wikipedia.org/w/index.php?title=Sandstone
http://en.wikipedia.org/w/index.php?title=Western_Australia
http://en.wikipedia.org/w/index.php?title=Biosphere_2
http://en.wikipedia.org/w/index.php?title=BIOS-3
http://en.wikipedia.org/w/index.php?title=Eduard_Suess
http://en.wikipedia.org/w/index.php?title=Charles_Darwin
http://en.wikipedia.org/w/index.php?title=Matthew_F._Maury
http://en.wikipedia.org/w/index.php?title=Matthew_F._Maury
http://en.wikipedia.org/w/index.php?title=Earth_sciences
http://en.wikipedia.org/w/index.php?title=Vladimir_I._Vernadsky
http://en.wikipedia.org/w/index.php?title=Arthur_Tansley
http://en.wikipedia.org/w/index.php?title=Ecology_%28history%29
http://en.wikipedia.org/w/index.php?title=Interdisciplinary
http://en.wikipedia.org/w/index.php?title=Astronomy
http://en.wikipedia.org/w/index.php?title=Geophysics
http://en.wikipedia.org/w/index.php?title=Meteorology
http://en.wikipedia.org/w/index.php?title=Biogeography
http://en.wikipedia.org/w/index.php?title=Geochemistry
http://en.wikipedia.org/w/index.php?title=Hydrology
http://en.wikipedia.org/w/index.php?title=Beach
http://en.wikipedia.org/w/index.php?title=File%3A90_mile_beach.jpg
http://en.wikipedia.org/w/index.php?title=Biomass_%28ecology%29
http://en.wikipedia.org/w/index.php?title=Biota_%28ecology%29
http://en.wikipedia.org/wiki/Citation_needed
http://en.wikipedia.org/w/index.php?title=Lithosphere
http://en.wikipedia.org/w/index.php?title=Hydrosphere
http://en.wikipedia.org/w/index.php?title=Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Citation_needed
http://en.wikipedia.org/w/index.php?title=Model_%28abstract%29
http://en.wikipedia.org/wiki/Citation_needed
http://en.wikipedia.org/w/index.php?title=Mars
http://en.wikipedia.org/wiki/Citation_needed
http://en.wikipedia.org/w/index.php?title=James_Lovelock
http://en.wikipedia.org/w/index.php?title=Lynn_Margulis
http://en.wikipedia.org/w/index.php?title=Carbon_dioxide
http://en.wikipedia.org/wiki/Avoid_weasel_words
http://en.wikipedia.org/w/index.php?title=Geobiology
http://en.wikipedia.org/w/index.php?title=Geomicrobiology

Biosphere 161

Extent of Earth's biosphere

Every part of the planet, from the polar ice caps to the equator, features
life of some kind. Recent advances in microbiology have demonstrated
that microbes live deep beneath the Earth's terrestrial surface, and that
the total mass of microbial life in so-called "uninhabitable zones" may,
in biomass, exceed all animal and plant life on the surface. The actual
thickness of the biosphere on earth is difficult to measure. Birds
typically fly at altitudes of 650 to 1,800 metres, and fish that live deep
underwater can be found down to -8,372 metres in the Puerto Rico

Trench.

There are more extreme examples for life on the planet: Riippell's

vulture has been found at altitudes of 11,300 metres; bar-headed geese
Water covers 71% of the Earth's surface. Image is migrate at altitudes of at least 8,300 metres; yaks live at elevations
the Blue Marble photographed from Apollo 17. between 3,200 to 5,400 metres above sea level; mountain goats live up
to 3,050 metres. Herbivorous animals at these elevations depend on

lichens, grasses, and herbs.

Microscopic organisms live at such extremes that, taking them into consideration, the thickness of the biosphere is
much greater. Culturable microbes have been found in the Earth's upper atmosphere as high as 41 km (25 mi)

(Wainwright et al., 2003, in FEMS Microbiology Letters), [cifation needed] 1 3¢ unlikely, however, that microbes are
active at such altitudes, where temperatures and air pressure are extremely minor and ultraviolet radiation very
intense. More likely, these microbes were brought into the upper atmosphere by winds or possibly volcanic
eruptions. Barophilic marine microbes have been found at more than 10 km (6 mi) depth in the Mariana Trench

(Takamia et al., 1997, in FEMS Microbiology Letters),[cifation needed] p g oy single-celled life forms have been found
in the deepest part of the Mariana Trench, Challenger Deep, at depths of 36,201 feet (11,034 meters).[z] Microbes are
not limited to the air, water or the Earth's surface. Culturable thermophilic microbes have been extracted from cores
drilled more than 5 km (3 mi) into the Earth's crust in Sweden,mm from rocks between 65-75 °C.

Temperature increases with increasing depth into the Earth's crust. The rate at which the temperature increases
depends on many factors, including type of crust (continental vs. oceanic), rock type, geographic location, etc. The
greatest known temperature at which microbial life can exist is 122 °C (Methanopyrus kandleri Strain 116), and it is

likely that the limit of life in the "deep biosphere" is defined by temperature rather than absolute depth.

Our biosphere is divided into a number of biomes, inhabited by fairly similar flora and fauna. On land, biomes are
separated primarily by latitude. Terrestrial biomes lying within the Arctic and Antarctic Circles are relatively barren
of plant and animal life, while most of the more populous biomes lie near the equator. Terrestrial organisms in
temperate and Arctic biomes have relatively small amounts of total biomass, smaller energy requirements, and
display prominent adaptations to cold, including world-spanning migrations, social adaptations, homeothermy,

estivation and multiple layers of insulation.
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Specific biospheres
For this list, if a word is followed by a number, it is usually referring to a specific system or number. Thus:

* Biosphere 1, the planet Earth.

* Biosphere 2, laboratory in Arizona, United States, which contains 3.15 acres (13,000 m?) of closed ecosystem.

* BIOS-3, a closed ecosystem at the Institute of Biophysics in Krasnoyarsk, Siberia, in what was then the Soviet
Union.

* Biosphere J (CEEF, Closed Ecology Experiment Facilities), an experiment in J apan.[s]

Extraterrestrial biospheres

No biospheres have been detected beyond the Earth; therefore, the existence of extraterrestrial biospheres remains
hypothetical. The rare Earth hypothesis suggests they should be very rare, save ones composed of microbial life
only.[m On the other hand, new research suggests that Earth analogs may be quite numerous, at least in the Milky
Way galaxy.[7] Given limited understanding of abiogenesis, it is currently unknown what percentage of these planets

actually develop biospheres.

It is also possible that artificial biospheres will be created during the future, for example on Mars.'®!
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External links

* Biosphere Definition (http://www.intechopen.com/books/the-biosphere)

* Article on the Biosphere at Encyclopedia of Earth (http://www.eoearth.org/article/Biosphere)

¢ GLOBIO.info (http://www.globio.info/), an ongoing programme to map the past, current and future impacts of
human activities on the biosphere

e Paul Crutzen Interview (http://www.vega.org.uk/video/programme/111), freeview video of Paul Crutzen
Nobel Laureate for his work on decomposition of ozone talking to Harry Kroto Nobel Laureate by the Vega
Science Trust.

* Atlas of the Biosphere (http://www.sage.wisc.edu/atlas/)
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Evolution is the change in the inherited characteristics of biological populations over successive generations.
Evolutionary processes give rise to diversity at every level of biological organisation, including species, individual

organisms and molecules such as DNA and proteins.

All life on Earth is descended from a last universal ancestor that lived approximately 3.8 billion years ago. Repeated
speciation and the divergence of life can be inferred from shared sets of biochemical and morphological traits, or by
shared DNA sequences. These homologous traits and sequences are more similar among species that share a more
recent common ancestor, and can be used to reconstruct evolutionary histories, using both existing species and the

fossil record. Existing patterns of biodiversity have been shaped both by speciation and by extinction.

Charles Darwin was the first to formulate a scientific argument for the theory of evolution by means of natural
selection. Evolution by natural selection is a process inferred from three facts about populations: 1) more offspring
are produced than can possibly survive, 2) traits vary among individuals, leading to different rates of survival and
reproduction, and 3) trait differences are heritable. Thus, when members of a population die they are replaced by the
progeny of parents better adapted to survive and reproduce in the environment in which natural selection takes place.
This process creates and preserves traits that are seemingly fitted for the functional roles they perform. Natural
selection is the only known cause of adaptation, but not the only known cause of evolution. Other, nonadaptive

causes of evolution include mutation and genetic drift.

In the early 20th century, genetics was integrated with Darwin's theory of evolution by natural selection through the

discipline of population genetics. The importance of natural selection as a cause of evolution was accepted into other
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branches of biology. Moreover, previously held notions about evolution, such as orthogenesis and "progress" became
obsolete. Scientists continue to study various aspects of evolution by forming and testing hypotheses, constructing
scientific theories, using observational data, and performing experiments in both the field and the laboratory.
Biologists agree that descent with modification is one of the most reliably established facts in science. Discoveries in
evolutionary biology have made a significant impact not just within the traditional branches of biology, but also in

other academic disciplines (e.g., anthropology and psychology) and on society at large.

History of evolutionary thought

The proposal that one type of animal could descend from an animal of another type goes back to some of the first
pre-Socratic Greek philosophers, such as Anaximander and Empedocles. Such proposals survived into Roman times.
The poet and philosopher Lucretius followed Empedocles in his masterwork De Rerum Natura.®) In contrast to these
materialistic views, Aristotle understood all natural things, not only living things, as being imperfect actualisations of
different fixed natural possibilities, known as "forms", "ideas", or (in Latin translations) "species". This was part of
his teleological understanding of nature in which all things have an intended role to play in a divine cosmic order.
Variations of this idea became the standard understanding of the Middle Ages, and were integrated into Christian
learning, but Aristotle did not demand that real types of animals always corresponded one-for-one with exact

metaphysical forms, and specifically gave examples of how new types of living things could come to be.l?!

In the 17th century the new method of modern science rejected Aristotle's approach, and sought explanations of
natural phenomena in terms of physical laws which were the same for all visible things, and did not need to assume
any fixed natural categories, nor any divine cosmic order. But this new approach was slow to take root in the
biological sciences, which became the last bastion of the concept of fixed natural types. John Ray used one of the
previously more general terms for fixed natural types, "species”, to apply to animal and plant types, but he strictly
identified each type of living thing as a species, and proposed that each species can be defined by the features that
perpetuate themselves each generation.[4] These species were designed by God, but showing differences caused by
local conditions. The biological classification introduced by Carolus Linnaeus in 1735 also viewed species as fixed

according to a divine plan.

B Other naturalists of this time speculated on evolutionary change of
. % species over time according to natural laws. Maupertuis wrote in 1751
of natural modifications occurring during reproduction and
accumulating over many generations to produce new species.[5] Buffon
suggested that species could degenerate into different organisms, and
Erasmus Darwin proposed that all warm-blooded animals could have
descended from a single micro-organism (or "filament"). The first
full-fledged evolutionary scheme was Lamarck's "transmutation"
theory of 18091 which envisaged spontaneous generation continually
producing simple forms of life developed greater complexity in parallel
lineages with an inherent progressive tendency, and that on a local
level these lineages adapted to the environment by inheriting changes

caused by use or disuse in parents. (The latter process was later called

Lamarckism.) These ideas were condemned by established naturalists

In 1842 Charles Darwin penned his first sketch of
what became On the Origin of Species.

as speculation lacking empirical support. In particular Georges Cuvier
insisted that species were unrelated and fixed, their similarities
reflecting divine design for functional needs. In the meantime, Ray's
ideas of benevolent design had been developed by William Paley into a natural theology which proposed complex

adaptations as evidence of divine design, and was admired by Charles Darwin.
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The critical break from the concept of fixed species in biology began with the theory of evolution by natural
selection, which was formulated by Charles Darwin. Partly influenced by An Essay on the Principle of Population by
Thomas Robert Malthus, Darwin noted that population growth would lead to a "struggle for existence" where
favorable variations could prevail as others perished. Each generation, many offspring fail to survive to an age of
reproduction because of limited resources. This could explain the diversity of animals and plants from a common
ancestry through the working of natural laws working the same for all types of thing.m[S] Darwin was developing his
theory of "natural selection" from 1838 onwards until Alfred Russel Wallace sent him a similar theory in 1858. Both
men presented their separate papers to the Linnean Society of London. At the end of 1859, Darwin's publication of
On the Origin of Species explained natural selection in detail and in a way that led to an increasingly wide
acceptance of Darwinian evolution. Thomas Henry Huxley applied Darwin's ideas to humans, using paleontology
and comparative anatomy to provide strong evidence that humans and apes shared a common ancestry. Some were

disturbed by this since it implied that humans did not have a special place in the universe.

Precise mechanisms of reproductive heritability and the origin of new traits remained a mystery. Towards this end,
Darwin developed his provisional theory of pangenesis. In 1865 Gregor Mendel reported that traits were inherited in
a predictable manner through the independent assortment and segregation of elements (later known as genes).
Mendel's laws of inheritance eventually supplanted most of Darwin's pangenesis theory. August Weismann made the
important distinction between germ cells (sperm and eggs) and somatic cells of the body, demonstrating that heredity
passes through the germ line only. Hugo de Vries connected Darwin's pangenesis theory to Weismann's germ/soma
cell distinction and proposed that Darwin's pangenes were concentrated in the cell nucleus and when expressed they
could move into the cytoplasm to change the cells structure. De Vries was also one of the researchers who made
Mendel's work well-known, believing that Mendelian traits corresponded to the transfer of heritable variations along
the germline. To explain how new variants originate, De Vries developed a mutation theory that led to a temporary
rift between those who accepted Darwinian evolution and biometricians who allied with de Vries. At the turn of the
20th century, pioneers in the field of population genetics, such as J.B.S. Haldane, Sewall Wright, and Ronald Fisher,
set the foundations of evolution onto a robust statistical philosophy. The false contradiction between Darwin's

theory, genetic mutations, and Mendelian inheritance was thus reconciled.[g]

In the 1920s and 1930s a modern evolutionary synthesis connected natural selection, mutation theory, and Mendelian
inheritance into a unified theory that applied generally to any branch of biology. The modern synthesis was able to
explain patterns observed across species in populations, through fossil transitions in palaeontology, and even
complex cellular mechanisms in developmental biology. The publication of the structure of DNA by James Watson
and Francis Crick in 1953 demonstrated a physical basis for inheritance. Molecular biology improved our
understanding of the relationship between genotype and phenotype. Advancements were also made in phylogenetic
systematics, mapping the transition of traits into a comparative and testable framework through the publication and
use of evolutionary trees. In 1973, evolutionary biologist Theodosius Dobzhansky penned that "nothing in biology
makes sense except in the light of evolution", because it has brought to light the relations of what first seemed
disjointed facts in natural history into a coherent explanatory body of knowledge that describes and predicts many
observable facts about life on this planet.

Since then, the modern synthesis has been further extended to explain biological phenomena across the full and

integrative scale of the biological hierarchy, from genes to species. This extension has been dubbed "eco-evo-devo".
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Heredity

Evolution in organisms occurs through changes in heritable traits — particular
characteristics of an organism. In humans, for example, eye colour is an inherited
characteristic and an individual might inherit the "brown-eye trait" from one of
their parents. Inherited traits are controlled by genes and the complete set of

genes within an organism's genome is called its genotype.

The complete set of observable traits that make up the structure and behaviour of
an organism is called its phenotype. These traits come from the interaction of its
genotype with the environment. As a result, many aspects of an organism's
phenotype are not inherited. For example, suntanned skin comes from the
interaction between a person's genotype and sunlight; thus, suntans are not
passed on to people's children. However, some people tan more easily than
others, due to differences in their genotype; a striking example are people with
the inherited trait of albinism, who do not tan at all and are very sensitive to

sunburn.

Heritable traits are passed from one generation to the next via DNA, a molecule

that encodes genetic information. DNA is a long polymer composed of four types

DNA structure. Bases are in the
of bases. The sequence of bases along a particular DNA molecule specify the centre, surrounded by

genetic information, in a manner similar to a sequence of letters spelling out a phosphate—sugar chains in a double
sentence. Before a cell divides, the DNA is copied, so that each of the resulting helix.

two cells will inherit the DNA sequence. Portions of a DNA molecule that

specify a single functional unit are called genes; different genes have different sequences of bases. Within cells, the
long strands of DNA form condensed structures called chromosomes. The specific location of a DNA sequence
within a chromosome is known as a locus. If the DNA sequence at a locus varies between individuals, the different
forms of this sequence are called alleles. DNA sequences can change through mutations, producing new alleles. If a
mutation occurs within a gene, the new allele may affect the trait that the gene controls, altering the phenotype of the
organism. However, while this simple correspondence between an allele and a trait works in some cases, most traits

are more complex and are controlled by multiple interacting genes.

Recent findings have confirmed important examples of heritable changes that cannot be explained by changes to the
sequence of nucleotides in the DNA. These phenomena are classed as epigenetic inheritance systems. DNA
methylation marking chromatin, self-sustaining metabolic loops, gene silencing by RNA interference and the three
dimensional conformation of proteins (such as prions) are areas where epigenetic inheritance systems have been
discovered at the organismic level. Developmental biologists suggest that complex interactions in genetic networks
and communication among cells can lead to heritable variations that may underlay some of the mechanics in
developmental plasticity and canalization. Heritability may also occur at even larger scales. For example, ecological
inheritance through the process of niche construction is defined by the regular and repeated activities of organisms in
their environment. This generates a legacy of effects that modify and feed back into the selection regime of
subsequent generations. Descendants inherit genes plus environmental characteristics generated by the ecological
actions of ancestors. Other examples of heritability in evolution that are not under the direct control of genes include

the inheritance of cultural traits and symbiogenesis.
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Variation

White peppered moth

Black morph in peppered moth evolution

An individual organism's phenotype results from both its genotype and the influence from the environment it has
lived in. A substantial part of the variation in phenotypes in a population is caused by the differences between their
genotypes. The modern evolutionary synthesis defines evolution as the change over time in this genetic variation.
The frequency of one particular allele will become more or less prevalent relative to other forms of that gene.
Variation disappears when a new allele reaches the point of fixation — when it either disappears from the population

or replaces the ancestral allele entirely.

Natural selection will only cause evolution if there is enough genetic variation in a population. Before the discovery
of Mendelian genetics, one common hypothesis was blending inheritance. But with blending inheritance, genetic
variance would be rapidly lost, making evolution by natural selection implausible. The Hardy-Weinberg principle
provides the solution to how variation is maintained in a population with Mendelian inheritance. The frequencies of

alleles (variations in a gene) will remain constant in the absence of selection, mutation, migration and genetic drift.

Variation comes from mutations in genetic material, reshuffling of genes through sexual reproduction and migration
between populations (gene flow). Despite the constant introduction of new variation through mutation and gene
flow, most of the genome of a species is identical in all individuals of that species. However, even relatively small
differences in genotype can lead to dramatic differences in phenotype: for example, chimpanzees and humans differ

in only about 5% of their genomes.
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Mutation

Mutations are changes in the DNA sequence of a cell's genome. When mutations occur,
they can either have no effect, alter the product of a gene, or prevent the gene from
functioning. Based on studies in the fly Drosophila melanogaster, it has been suggested
that if a mutation changes a protein produced by a gene, this will probably be harmful,
with about 70% of these mutations having damaging effects, and the remainder being

either neutral or weakly beneficial.

Mutations can involve large sections of a chromosome becoming duplicated (usually by
genetic recombination), which can introduce extra copies of a gene into a genome. Extra
copies of genes are a major source of the raw material needed for new genes to evolve.
This is important because most new genes evolve within gene families from pre-existing

genes that share common ancestors. For example, the human eye uses four genes to

make structures that sense light: three for colour vision and one for night vision; all four

are descended from a single ancestral gene.

New genes can be generated from an ancestral gene when a duplicate copy mutates and

acquires a new function. This process is easier once a gene has been duplicated because

it increases the redundancy of the system; one gene in the pair can acquire a new
function while the other copy continues to perform its original function. Other types of Duplication of part of a

mutations can even generate entirely new genes from previously noncoding DNA. chromosome.

The generation of new genes can also involve small parts of several genes being

duplicated, with these fragments then recombining to form new combinations with new functions. When new genes
are assembled from shuffling pre-existing parts, domains act as modules with simple independent functions, which
can be mixed together to produce new combinations with new and complex functions. For example, polyketide
synthases are large enzymes that make antibiotics; they contain up to one hundred independent domains that each

catalyse one step in the overall process, like a step in an assembly line.

Sex and recombination

In asexual organisms, genes are inherited together, or linked, as they cannot mix with genes of other organisms
during reproduction. In contrast, the offspring of sexual organisms contain random mixtures of their parents'
chromosomes that are produced through independent assortment. In a related process called homologous
recombination, sexual organisms exchange DNA between two matching chromosomes. Recombination and
reassortment do not alter allele frequencies, but instead change which alleles are associated with each other,
producing offspring with new combinations of alleles. Sex usually increases genetic variation and may increase the

rate of evolution.
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Gene flow

Gene flow is the exchange of genes between populations and between species. It can therefore be a source of
variation that is new to a population or to a species. Gene flow can be caused by the movement of individuals
between separate populations of organisms, as might be caused by the movement of mice between inland and coastal
populations, or the movement of pollen between heavy metal tolerant and heavy metal sensitive populations of

grasses.

Gene transfer between species includes the formation of hybrid organisms and horizontal gene transfer. Horizontal
gene transfer is the transfer of genetic material from one organism to another organism that is not its offspring; this is
most common among bacteria. In medicine, this contributes to the spread of antibiotic resistance, as when one
bacteria acquires resistance genes it can rapidly transfer them to other species. Horizontal transfer of genes from
bacteria to eukaryotes such as the yeast Saccharomyces cerevisiae and the adzuki bean beetle Callosobruchus
chinensis has occurred. An example of larger-scale transfers are the eukaryotic bdelloid rotifers, which have received
a range of genes from bacteria, fungi and plants. Viruses can also carry DNA between organisms, allowing transfer

of genes even across biological domains.

Large-scale gene transfer has also occurred between the ancestors of eukaryotic cells and bacteria, during the
acquisition of chloroplasts and mitochondria. It is possible that eukaryotes themselves originated from horizontal

gene transfers between bacteria and archaea.

Mechanisms

From a Neo-Darwinian perspective,
evolution occurs when there are changes in

the frequencies of alleles within a

population of interbreeding organisms. For
Mutation creates

example, the allele for black colour in a e
variation
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changes in allele frequencies include natural selected against
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Evolution by means of natural selection is more likely to survive
the process by which genetic mutations that
enhance reproduction become and remain ... and reproduce
more common in successive generations of a
population. It has often been called a Mutation followed by natural selection, results in a population with darker
"self-evident” mechanism  because it colouration.

necessarily follows from three simple facts:

* Heritable variation exists within populations of organisms.

* Organisms produce more progeny than can survive.

* These offspring vary in their ability to survive and reproduce.

These conditions produce competition between organisms for survival and reproduction. Consequently, organisms

with traits that give them an advantage over their competitors pass these advantageous traits on, while traits that do

not confer an advantage are not passed on to the next generation.
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The central concept of natural selection is the evolutionary fitness of an organism. Fitness is measured by an
organism's ability to survive and reproduce, which determines the size of its genetic contribution to the next
generation. However, fitness is not the same as the total number of offspring: instead fitness is indicated by the
proportion of subsequent generations that carry an organism's genes. For example, if an organism could survive well
and reproduce rapidly, but its offspring were all too small and weak to survive, this organism would make little

genetic contribution to future generations and would thus have low fitness.

If an allele increases fitness more than the other alleles of that gene, then with each generation this allele will become
more common within the population. These traits are said to be "selected for". Examples of traits that can increase
fitness are enhanced survival and increased fecundity. Conversely, the lower fitness caused by having a less
beneficial or deleterious allele results in this allele becoming rarer — they are "selected against". Importantly, the
fitness of an allele is not a fixed characteristic; if the environment changes, previously neutral or harmful traits may
become beneficial and previously beneficial traits become harmful. However, even if the direction of selection does

reverse in this way, traits that were lost in the past may not re-evolve in an identical form (see Dollo's law).

1

Natural selection within a population for a trait that can vary across a

1. Disruptive
Selection

2. Stabilizing range of values, such as height, can be categorised into three different
Selection

s.oiectonal types. The first is directional selection, which is a shift in the average

Selection

i Wi value of a trait over time — for example, organisms slowly getting

_—nfrer

taller. Secondly, disruptive selection is selection for extreme trait
values and often results in two different values becoming most

2 common, with selection against the average value. This would be when
«H- 435& —HD g g

either short or tall organisms had an advantage, but not those of

medium height. Finally, in stabilizing selection there is selection
against extreme trait values on both ends, which causes a decrease in

variance around the average value and less diversity. This would, for

example, cause organisms to slowly become all the same height.

A special case of natural selection is sexual selection, which is

selection for any trait that increases mating success by increasing the

attractiveness of an organism to potential mates. Traits that evolved

A chart showing three types of selection. 1. through sexual selection are particularly prominent among males of

Disruptive selection 2. Stabilizing selection 3. several animal species. Although sexually favoured, traits such as

Directional selection . . .
cumbersome antlers, mating calls, large body size and bright colours
often attract predation, which compromises the survival of individual

males. This survival disadvantage is balanced by higher reproductive success in males that show these hard to fake,

sexually selected traits.

Natural selection most generally makes nature the measure against which individuals and individual traits, are more
or less likely to survive. "Nature" in this sense refers to an ecosystem, that is, a system in which organisms interact
with every other element, physical as well as biological, in their local environment. Eugene Odum, a founder of
ecology, defined an ecosystem as: "Any unit that includes all of the organisms...in a given area interacting with the
physical environment so that a flow of energy leads to clearly defined trophic structure, biotic diversity and material

n[10] Each population within

cycles (ie: exchange of materials between living and nonliving parts) within the system.
an ecosystem occupies a distinct niche, or position, with distinct relationships to other parts of the system. These
relationships involve the life history of the organism, its position in the food chain and its geographic range. This
broad understanding of nature enables scientists to delineate specific forces which, together, comprise natural

selection.
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Natural selection can act at different levels of organisation, such as genes, cells, individual organisms, groups of
organisms and species. Selection can act at multiple levels simultaneously. An example of selection occurring below
the level of the individual organism are genes called transposons, which can replicate and spread throughout a
genome. Selection at a level above the individual, such as group selection, may allow the evolution of co-operation,

as discussed below.

Biased mutation

In addition to being a major source of variation, mutation may also function as a mechanism of evolution when there
are different probabilities at the molecular level for different mutations to occur, a process known as mutation bias. If
two genotypes, for example one with the nucleotide G and another with the nucleotide A in the same position, have
the same fitness, but mutation from G to A happens more often than mutation from A to G, then genotypes with A
will tend to evolve. Different insertion vs. deletion mutation biases in different taxa can lead to the evolution of
different genome sizes. Developmental or mutational biases have also been observed in morphological evolution.
For example, according to the phenotype-first theory of evolution, mutations can eventually cause the genetic

assimilation of traits that were previously induced by the environment.

Mutation bias effects are superimposed on other processes. If selection would favor either one out of two mutations,
but there is no extra advantage to having both, then the mutation that occurs the most frequently is the one that is
most likely to become fixed in a population. Mutations leading to the loss of function of a gene are much more
common than mutations that produce a new, fully functional gene. Most loss of function mutations are selected
against. But when selection is weak, mutation bias towards loss of function can affect evolution. For example,
pigments are no longer useful when animals live in the darkness of caves, and tend to be lost. This kind of loss of
function can occur because of mutation bias, and/or because the function had a cost, and once the benefit of the
function disappeared, natural selection leads to the loss. Loss of sporulation ability in a bacterium during laboratory
evolution appears to have been caused by mutation bias, rather than natural selection against the cost of maintaining
sporulation ability. When there is no selection for loss of function, the speed at which loss evolves depends more on
the mutation rate than it does on the effective population size, indicating that it is driven more by mutation bias than

by genetic drift.

Genetic drift

Genetic drift is the change in allele frequency from one generation to
the next that occurs because alleles are subject to sampling error. As a

result, when selective forces are absent or relatively weak, allele

frequencies tend to "drift" upward or downward randomly (in a random 4 \ .\-.. 7‘
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It is usually difficult to measure the relative importance of selection
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and neutral processes, including drift. The comparative importance of
adaptive and non-adaptive forces in driving evolutionary change is an
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The neutral theory of molecular evolution proposed that most evolutionary changes are the result of the fixation of
neutral mutations by genetic drift. Hence, in this model, most genetic changes in a population are the result of
constant mutation pressure and genetic drift. This form of the neutral theory is now largely abandoned, since it does
not seem to fit the genetic variation seen in nature. However, a more recent and better-supported version of this
model is the nearly neutral theory, where a mutation that would be neutral in a small population is not necessarily
neutral in a large population. Other alternative theories propose that genetic drift is dwarfed by other stochastic

forces in evolution, such as genetic hitchhiking, also known as genetic draft.

The time for a neutral allele to become fixed by genetic drift depends on population size, with fixation occurring
more rapidly in smaller populations. The number of individuals in a population is not critical, but instead a measure
known as the effective population size. The effective population is usually smaller than the total population since it
takes into account factors such as the level of inbreeding and the stage of the lifecycle in which the population is the

smallest. The effective population size may not be the same for every gene in the same population.

Genetic hitchhiking

Recombination allows alleles on the same strand of DNA to become separated. However, the rate of recombination
is low (approximately two events per chromosome per generation). As a result, genes close together on a
chromosome may not always be shuffled away from each other and genes that are close together tend to be inherited
together, a phenomenon known as linkage. This tendency is measured by finding how often two alleles occur
together on a single chromosome compared to expectations, which is called their linkage disequilibrium. A set of
alleles that is usually inherited in a group is called a haplotype. This can be important when one allele in a particular
haplotype is strongly beneficial: natural selection can drive a selective sweep that will also cause the other alleles in
the haplotype to become more common in the population; this effect is called genetic hitchhiking or genetic draft.
Genetic draft caused by the fact that some neutral genes are genetically linked to others that are under selection can

be partially captured by an appropriate effective population size.

Gene flow

Gene flow is the exchange of genes between populations and between species. The presence or absence of gene flow
fundamentally changes the course of evolution. Due to the complexity of organisms, any two completely isolated
populations will eventually evolve genetic incompatibilities through neutral processes, as in the
Bateson-Dobzhansky-Muller model, even if both populations remain essentially identical in terms of their adaptation

to the environment.

If genetic differentiation between populations develops, gene flow between populations can introduce traits or alleles
which are disadvantageous in the local population and this may lead to organism within these populations to evolve
mechanisms that prevent mating with genetically distant populations, eventually resulting in the appearance of new
species. Thus, exchange of genetic information between individuals is fundamentally important for the development

of the biological species concept (BSC).

During the development of the modern synthesis, Sewall Wright's developed his shifting balance theory that gene
flow between partially isolated populations was an important aspect of adaptive evolution. However, recently there

has been substantial criticism of the importance of the shifting balance theory.
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Outcomes

Evolution influences every aspect of the form and behaviour of organisms. Most prominent are the specific
behavioural and physical adaptations that are the outcome of natural selection. These adaptations increase fitness by
aiding activities such as finding food, avoiding predators or attracting mates. Organisms can also respond to
selection by co-operating with each other, usually by aiding their relatives or engaging in mutually beneficial
symbiosis. In the longer term, evolution produces new species through splitting ancestral populations of organisms

into new groups that cannot or will not interbreed.

These outcomes of evolution are sometimes divided into macroevolution, which is evolution that occurs at or above
the level of species, such as extinction and speciation and microevolution, which is smaller evolutionary changes,
such as adaptations, within a species or population. In general, macroevolution is regarded as the outcome of long
periods of microevolution. Thus, the distinction between micro- and macroevolution is not a fundamental one — the
difference is simply the time involved. However, in macroevolution, the traits of the entire species may be important.
For instance, a large amount of variation among individuals allows a species to rapidly adapt to new habitats,
lessening the chance of it going extinct, while a wide geographic range increases the chance of speciation, by making
it more likely that part of the population will become isolated. In this sense, microevolution and macroevolution
might involve selection at different levels — with microevolution acting on genes and organisms, versus

macroevolutionary processes such as species selection acting on entire species and affecting their rates of speciation

and extinction.[1 1

A common misconception is that evolution has goals or long-term plans; realistically however, evolution has no
long-term goal and does not necessarily produce greater complexity.[]zlm] Although complex species have evolved,
they occur as a side effect of the overall number of organisms increasing and simple forms of life still remain more
common in the biosphere. For example, the overwhelming majority of species are microscopic prokaryotes, which
form about half the world's biomass despite their small size, and constitute the vast majority of Earth's biodiversity.
Simple organisms have therefore been the dominant form of life on Earth throughout its history and continue to be
the main form of life up to the present day, with complex life only appearing more diverse because it is more
noticeable. Indeed, the evolution of microorganisms is particularly important to modern evolutionary research, since
their rapid reproduction allows the study of experimental evolution and the observation of evolution and adaptation

in real time.

Adaptation
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Adaptation is the process that makes
organisms  better  suited to their
habitat.!"1121 Also,

may refer to a trait that is important for an

the term adaptation

organism's survival. For example, the
adaptation of horses' teeth to the grinding of
grass. By using the term adaptation for the
evolutionary process and adaptive trait for
the product (the bodily part or function), the

two senses of the word may be

distinguished. Adaptations are produced by
natural selection. The following definitions Human Dog Bird Whale

. {Henoeex) (Cobaxa) (Mraya) (Kt
are due to Theodosius Dobzhansky.

L. . Homologous bones in the limbs of tetrapods. The bones of these animals have the
1. Adaptation is the evolutionary process
. same basic structure, but have been adapted for specific uses.
whereby an organism becomes better
able to live in its habitat or habitats.
2. Adaptedness is the state of being adapted: the degree to which an organism is able to live and reproduce in a
given set of habitats.
3. An adaptive trait is an aspect of the developmental pattern of the organism which enables or enhances the

probability of that organism surviving and reproducing.

Adaptation may cause either the gain of a new feature, or the loss of an ancestral feature. An example that shows
both types of change is bacterial adaptation to antibiotic selection, with genetic changes causing antibiotic resistance
by both modifying the target of the drug, or increasing the activity of transporters that pump the drug out of the cell.
Other striking examples are the bacteria Escherichia coli evolving the ability to use citric acid as a nutrient in a
long-term laboratory experiment, Flavobacterium evolving a novel enzyme that allows these bacteria to grow on the
by-products of nylon manufacturing, and the soil bacterium Sphingobium evolving an entirely new metabolic
pathway that degrades the synthetic pesticide pentachlorophenol. An interesting but still controversial idea is that
some adaptations might increase the ability of organisms to generate genetic diversity and adapt by natural selection

(increasing organisms' evolvability).

Adaptation occurs through the gradual
modification  of  existing  structures.
Consequently, structures with similar
internal organisation may have different

functions in related organisms. This is the

result of a single ancestral structure being
A baleen whale skeleton, a and b label flipper bones, which were adapted from adapted to function in different ways. The
front leg bones: while ¢ indicates vestigial leg bones, suggesting an adaptation . .
bones within bat wings, for example, are
from land to sea.

very similar to those in mice feet and

primate hands, due to the descent of all
these structures from a common mammalian ancestor. However, since all living organisms are related to some
extent, even organs that appear to have little or no structural similarity, such as arthropod, squid and vertebrate eyes,
or the limbs and wings of arthropods and vertebrates, can depend on a common set of homologous genes that control

their assembly and function; this is called deep homology.

During evolution, some structures may lose their original function and become vestigial structures. Such structures

may have little or no function in a current species, yet have a clear function in ancestral species, or other closely
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related species. Examples include pseudogenes, the non-functional remains of eyes in blind cave-dwelling fish,
wings in flightless birds, and the presence of hip bones in whales and snakes. Examples of vestigial structures in
humans include wisdom teeth, the coccyx, the vermiform appendix, and other behavioural vestiges such as goose

[16]

bumps" " and primitive reflexes.

However, many traits that appear to be simple adaptations are in fact exaptations: structures originally adapted for
one function, but which coincidentally became somewhat useful for some other function in the process.[”] One
example is the African lizard Holaspis guentheri, which developed an extremely flat head for hiding in crevices, as
can be seen by looking at its near relatives. However, in this species, the head has become so flattened that it assists
in gliding from tree to tree—an exaptation.m] Within cells, molecular machines such as the bacterial flagella and
protein sorting machinery evolved by the recruitment of several pre-existing proteins that previously had different
functions. Another example is the recruitment of enzymes from glycolysis and xenobiotic metabolism to serve as

structural proteins called crystallins within the lenses of organisms' eyes.

An area of current investigation in evolutionary developmental biology is the developmental basis of adaptations and
exaptations. This research addresses the origin and evolution of embryonic development and how modifications of
development and developmental processes produce novel features. These studies have shown that evolution can alter
development to produce new structures, such as embryonic bone structures that develop into the jaw in other animals
instead forming part of the middle ear in mammals. It is also possible for structures that have been lost in evolution
to reappear due to changes in developmental genes, such as a mutation in chickens causing embryos to grow teeth
similar to those of crocodiles. It is now becoming clear that most alterations in the form of organisms are due to

changes in a small set of conserved genes.

Co-evolution

Interactions between organisms can produce both conflict and
co-operation. When the interaction is between pairs of species, such as
a pathogen and a host, or a predator and its prey, these species can
develop matched sets of adaptations. Here, the evolution of one species
causes adaptations in a second species. These changes in the second
species then, in turn, cause new adaptations in the first species. This
cycle of selection and response is called co-evolution. An example is

the production of tetrodotoxin in the rough-skinned newt and the

evolution of tetrodotoxin resistance in its predator, the common garter
snake. In this predator-prey pair, an evolutionary arms race has -
Common Garter Snake (Thamnophis sirtalis

produced high levels of toxin in the“r;;:wt and correspondingly high sirtalis) which has evolved resistance to

levels of toxin resistance in the snake. tetrodotoxin in its amphibian prey.

Co-operation

Not all co-evolved interactions between species involve conflict. Many cases of mutually beneficial interactions have
evolved. For instance, an extreme cooperation exists between plants and the mycorrhizal fungi that grow on their
roots and aid the plant in absorbing nutrients from the soil. This is a reciprocal relationship as the plants provide the
fungi with sugars from photosynthesis. Here, the fungi actually grow inside plant cells, allowing them to exchange

nutrients with their hosts, while sending signals that suppress the plant immune system.

Coalitions between organisms of the same species have also evolved. An extreme case is the eusociality found in
social insects, such as bees, termites and ants, where sterile insects feed and guard the small number of organisms in
a colony that are able to reproduce. On an even smaller scale, the somatic cells that make up the body of an animal

limit their reproduction so they can maintain a stable organism, which then supports a small number of the animal's
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germ cells to produce offspring. Here, somatic cells respond to specific signals that instruct them whether to grow,
remain as they are, or die. If cells ignore these signals and multiply inappropriately, their uncontrolled growth causes

cancer.

Such cooperation within species may have evolved through the process of kin selection, which is where one
organism acts to help raise a relative's offspring. This activity is selected for because if the helping individual
contains alleles which promote the helping activity, it is likely that its kin will also contain these alleles and thus
those alleles will be passed on. Other processes that may promote cooperation include group selection, where

cooperation provides benefits to a group of organisms.

Speciation

Speciation is the process where a

Allopatric Peripatric Parapatric Sympatric species diverges into two or more
descendant species.

OrigiTiitl' O O O O There are multiple ways to define the
population

concept of "species". The choice of

definition is dependent on the

- particularities of the species concerned.

Initial step of E ) }

speciation or example, some species concepts

; apply more readily toward sexually

Barrier New habitat New habitat Genetic . . .

formation entered entered change reproducing organisms while others

_ lend themselves better toward asexual

Evgiution of O ' organisms. Despite the diversity of
s @D @ . Do b i

isolation various species concepts, these various

In isolation In isolated In adjacent Within the concepts can be placed into one of

habitat habitat population ] ]
three broad philosophical approaches:

;\Ipee‘::{,lglssg?t%tr @ @ @ @ interbreeding, ecological and
equilibration phylogenetic. The biological species
ofnew ranges concept (BSC) is a classic example of
The four mechanisms of speciation. the interbreeding approach. Defined by

Ernst Mayr in 1942, the BSC states

that "species are groups of actually or potentially interbreeding natural populations, which are reproductively isolated
from other such groups". Despite its wide and long-term use, the BSC like others is not without controversy, for
example because these concepts cannot be applied to prokaryotes, and this is called the species problem. Some

researchers have attempted a unifying monistic definition of species, while others adopt a pluralistic approach and

suggest that there may be different ways to logically interpret the definition of a species. "

Barriers to reproduction between two diverging sexual populations are required for the populations to become new
species. Gene flow may slow this process by spreading the new genetic variants also to the other populations.
Depending on how far two species have diverged since their most recent common ancestor, it may still be possible
for them to produce offspring, as with horses and donkeys mating to produce mules. Such hybrids are generally
infertile. In this case, closely related species may regularly interbreed, but hybrids will be selected against and the
species will remain distinct. However, viable hybrids are occasionally formed and these new species can either have
properties intermediate between their parent species, or possess a totally new phenotype. The importance of
hybridisation in producing new species of animals is unclear, although cases have been seen in many types of

animals, with the gray tree frog being a particularly well-studied example.
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Speciation has been observed multiple times under both controlled laboratory conditions and in nature.!'”! In

sexually reproducing organisms, speciation results from reproductive isolation followed by genealogical divergence.
There are four mechanisms for speciation. The most common in animals is allopatric speciation, which occurs in
populations initially isolated geographically, such as by habitat fragmentation or migration. Selection under these
conditions can produce very rapid changes in the appearance and behaviour of organisms. As selection and drift act
independently on populations isolated from the rest of their species, separation may eventually produce organisms
that cannot interbreed.

The second mechanism of speciation is peripatric speciation, which occurs when small populations of organisms
become isolated in a new environment. This differs from allopatric speciation in that the isolated populations are
numerically much smaller than the parental population. Here, the founder effect causes rapid speciation after an

increase in inbreeding increases selection on homozygotes, leading to rapid genetic change.

The third mechanism of speciation is parapatric speciation. This is similar to peripatric speciation in that a small
population enters a new habitat, but differs in that there is no physical separation between these two populations.
Instead, speciation results from the evolution of mechanisms that reduce gene flow between the two populations.
Generally this occurs when there has been a drastic change in the environment within the parental species' habitat.
One example is the grass Anthoxanthum odoratum, which can undergo parapatric speciation in response to localised
metal pollution from mines. Here, plants evolve that have resistance to high levels of metals in the soil. Selection
against interbreeding with the metal-sensitive parental population produced a gradual change in the flowering time of
the metal-resistant plants, which eventually produced complete reproductive isolation. Selection against hybrids
between the two populations may cause reinforcement, which is the evolution of traits that promote mating within a
species, as well as character displacement, which is when two species become more distinct in appearance.

Finally, in sympatric speciation species diverge without geographic
isolation or changes in habitat. This form is rare since even a small
amount of gene flow may remove genetic differences between parts of
a population. Generally, sympatric speciation in animals requires the
evolution of both genetic differences and non-random mating, to allow

reproductive isolation to evolve.

One type of sympatric speciation involves cross-breeding of two

related species to produce a new hybrid species. This is not common in
animals as animal hybrids are usually sterile. This is because during 1. Geospiza magnirostris 2, Geospiza Fortis
3. Geospiza parwula 4, Certhidea olivacea

meiosis the homologous chromosomes from each parent are from B B Rl G ar alaga

different species and cannot successfully pair. However, it is more Geographical isolation of finches on the
common in plants because plants often double their number of Gal4pagos Tslands produced over a dozen new
chromosomes, to form polyploids. This allows the chromosomes from species.

each parental species to form matching pairs during meiosis, since each

parent's chromosomes are represented by a pair already. An example of such a speciation event is when the plant
species Arabidopsis thaliana and Arabidopsis arenosa cross-bred to give the new species Arabidopsis suecica. This
happened about 20,000 years ago, and the speciation process has been repeated in the laboratory, which allows the
study of the genetic mechanisms involved in this process. Indeed, chromosome doubling within a species may be a
common cause of reproductive isolation, as half the doubled chromosomes will be unmatched when breeding with

undoubled organisms.

Speciation events are important in the theory of punctuated equilibrium, which accounts for the pattern in the fossil
record of short "bursts" of evolution interspersed with relatively long periods of stasis, where species remain
relatively unchanged.[zo] In this theory, speciation and rapid evolution are linked, with natural selection and genetic
drift acting most strongly on organisms undergoing speciation in novel habitats or small populations. As a result, the

periods of stasis in the fossil record correspond to the parental population and the organisms undergoing speciation
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and rapid evolution are found in small populations or geographically restricted habitats and therefore rarely being

preserved as fossils.

Extinction

Tyrannosaurus rex. Non-avian dinosaurs died out

in the Cretaceous—Paleogene extinction event at
the end of the Cretaceous period.

Extinction is the disappearance of an entire species. Extinction is not
an unusual event, as species regularly appear through speciation and
disappear through extinction. Nearly all animal and plant species that
have lived on Earth are now extinct, and extinction appears to be the
ultimate fate of all species. These extinctions have happened
continuously throughout the history of life, although the rate of
extinction spikes in occasional mass extinction events. The
Cretaceous—Paleogene extinction event, during which the non-avian
dinosaurs went extinct, is the most well-known, but the earlier
Permian—Triassic extinction event was even more severe, with

approximately 96% of species driven to extinction. The Holocene

extinction event is an ongoing mass extinction associated with humanity's expansion across the globe over the past

few thousand years. Present-day extinction rates are 100—1000 times greater than the background rate and up to 30%

of current species may be extinct by the mid 21st century. Human activities are now the primary cause of the

ongoing extinction event; global warming may further accelerate it in the future.

The role of extinction in evolution is not very well understood and may depend on which type of extinction is

considered. The causes of the continuous "low-level" extinction events, which form the majority of extinctions, may

be the result of competition between species for limited resources (competitive exclusion). If one species can

out-compete another, this could produce species selection, with the fitter species surviving and the other species

being driven to extinction. The intermittent mass extinctions are also important, but instead of acting as a selective

force, they drastically reduce diversity in a nonspecific manner and promote bursts of rapid evolution and speciation

in survivors.
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Evolutionary history of life

Origin of life

Highly energetic chemistry is thought to have produced a self-replicating molecule around 4 billion years ago, and
half a billion years later the last common ancestor of all life existed. The current scientific consensus is that the
complex biochemistry that makes up life came from simpler chemical reactions. The beginning of life may have

included self-replicating molecules such as RNA and the assembly of simple cells.

Common descent

All organisms on Earth are descended
from a common ancestor or ancestral
gene pool. Current species are a stage in

the process of evolution, with their

diversity the product of a long series of

speciation and extinction events. The

common descent of organisms was first

deduced from four simple facts about § .

organisms: First, they have geographic ﬁ;“’*‘&

distributions that cannot be explained - ; "

by local adaptation. Second, the Gibbon Human Chimpanzee Gorilla Orangutan
diversity of life is not a set of The hominoids are descendants of a common ancestor.

completely unique organisms, but

organisms that share morphological similarities. Third, vestigial traits with no clear purpose resemble functional
ancestral traits and finally, that organisms can be classified using these similarities into a hierarchy of nested
groups — similar to a family tree. However, modern research has suggested that, due to horizontal gene transfer, this
"tree of life" may be more complicated than a simple branching tree since some genes have spread independently

between distantly related species.

Past species have also left records of their evolutionary history. Fossils, along with the comparative anatomy of
present-day organisms, constitute the morphological, or anatomical, record. By comparing the anatomies of both
modern and extinct species, paleontologists can infer the lineages of those species. However, this approach is most
successful for organisms that had hard body parts, such as shells, bones or teeth. Further, as prokaryotes such as
bacteria and archaea share a limited set of common morphologies, their fossils do not provide information on their

ancestry.

More recently, evidence for common descent has come from the study of biochemical similarities between
organisms. For example, all living cells use the same basic set of nucleotides and amino acids. The development of
molecular genetics has revealed the record of evolution left in organisms' genomes: dating when species diverged
through the molecular clock produced by mutations. For example, these DNA sequence comparisons have revealed
that humans and chimpanzees share 98% of their genomes and analysing the few areas where they differ helps shed

light on when the common ancestor of these species existed.



http://en.wikipedia.org/w/index.php?title=Last_universal_common_ancestor
http://en.wikipedia.org/w/index.php?title=Scientific_consensus
http://en.wikipedia.org/w/index.php?title=Biochemistry
http://en.wikipedia.org/w/index.php?title=RNA
http://en.wikipedia.org/w/index.php?title=Ape
http://en.wikipedia.org/w/index.php?title=Common_descent
http://en.wikipedia.org/w/index.php?title=File%3AApe_skeletons.png
http://en.wikipedia.org/w/index.php?title=Organism
http://en.wikipedia.org/w/index.php?title=Common_descent
http://en.wikipedia.org/w/index.php?title=Homology_%28biology%29
http://en.wikipedia.org/w/index.php?title=Tree_of_life_%28science%29
http://en.wikipedia.org/w/index.php?title=Fossil
http://en.wikipedia.org/w/index.php?title=Bacteria
http://en.wikipedia.org/w/index.php?title=Archaea
http://en.wikipedia.org/w/index.php?title=Biochemistry
http://en.wikipedia.org/w/index.php?title=Nucleotide
http://en.wikipedia.org/w/index.php?title=Amino_acid
http://en.wikipedia.org/w/index.php?title=Molecular_genetics
http://en.wikipedia.org/w/index.php?title=Genome
http://en.wikipedia.org/w/index.php?title=Molecular_clock

Evolution

Evolution of life

Prokaryotes inhabited the Earth from

approximately 3—4 billion years ago. Fungi Gram-positives
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Another engulfment of

cyanobacterial-like organisms led to the formation of chloroplasts in algae and plants.

The history of life was that of the unicellular eukaryotes, prokaryotes and archaea until about 610 million years ago
when multicellular organisms began to appear in the oceans in the Ediacaran period. The evolution of
multicellularity occurred in multiple independent events, in organisms as diverse as sponges, brown algae,

cyanobacteria, slime moulds and myxobacteria.

Soon after the emergence of these first multicellular organisms, a remarkable amount of biological diversity
appeared over approximately 10 million years, in an event called the Cambrian explosion. Here, the majority of
types of modern animals appeared in the fossil record, as well as unique lineages that subsequently became extinct.
Various triggers for the Cambrian explosion have been proposed, including the accumulation of oxygen in the

atmosphere from photosynthesis.

About 500 million years ago, plants and fungi colonised the land and were soon followed by arthropods and other
animals. Insects were particularly successful and even today make up the majority of animal species. Amphibians
first appeared around 364 million years ago, followed by early amniotes and birds around 155 million years ago
(both from "reptile"-like lineages), mammals around 129 million years ago, homininae around 10 million years ago
and modern humans around 250,000 years ago. However, despite the evolution of these large animals, smaller
organisms similar to the types that evolved early in this process continue to be highly successful and dominate the
Earth, with the majority of both biomass and species being prokaryotes.

Applications
Concepts and models used in evolutionary biology, such as natural selection, have many applications.

Artificial selection is the intentional selection of traits in a population of organisms. This has been used for thousands
of years in the domestication of plants and animals. More recently, such selection has become a vital part of genetic
engineering, with selectable markers such as antibiotic resistance genes being used to manipulate DNA. Proteins
with valuable properties have evolved by repeated rounds of mutation and selection (for example modified enzymes

and new antibodies) in a process called directed evolution.

Understanding the changes that have occurred during organism's evolution can reveal the genes needed to construct
parts of the body, genes which may be involved in human genetic disorders. For example, the mexican tetra is an

albino cavefish that lost its eyesight during evolution. Breeding together different populations of this blind fish
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produced some offspring with functional eyes, since different mutations had occurred in the isolated populations that

had evolved in different caves. This helped identify genes required for vision and pigmentation.

Many human diseases are not static phenomena, but capable of evolution. Viruses, bacteria, fungi and cancers evolve
to be resistant to host immune defences, as well as pharmaceutical drugs. These same problems occur in agriculture
with pesticide and herbicide resistance. It is possible that we are facing the end of the effective life of most of
available antibiotics and predicting the evolution and evolvability of our pathogens and devising strategies to slow or

circumvent it is requiring deeper knowledge of the complex forces driving evolution at the molecular level.

In computer science, simulations of evolution using evolutionary algorithms and artificial life started in the 1960s
and was extended with simulation of artificial selection. Artificial evolution became a widely recognised
optimisation method as a result of the work of Ingo Rechenberg in the 1960s. He used evolution strategies to solve
complex engineering problems. Genetic algorithms in particular became popular through the writing of John
Holland. Practical applications also include automatic evolution of computer programmes. Evolutionary algorithms
are now used to solve multi-dimensional problems more efficiently than software produced by human designers and

also to optimise the design of systems.

Social and cultural responses

In the 19th century, particularly after the publication of On the Origin of Species
in 1859, the idea that life had evolved was an active source of academic debate
centred on the philosophical, social and religious implications of evolution.
Today, the modern evolutionary synthesis is accepted by a vast majority of

. . . . . . 21
scientists. However, evolution remains a contentious concept for some thelStS.[ I

While various religions and denominations have reconciled their beliefs with
evolution through concepts such as theistic evolution, there are creationists who
believe that evolution is contradicted by the creation myths found in their
religions and who raise various objections to evolution. As had been

demonstrated by responses to the publication of Vestiges of the Natural History

of Creation in 1844, the most controversial aspect of evolutionary biology is the :
implication of human evolution that humans share common ancestry with apes As evolution became widely
and that the mental and moral faculties of humanity have the same types of = accepted in the 1870s, caricatures of

. . . harles Darwin with
natural causes as other inherited traits in animals. In some countries, notably the Charles Darwin with an ape or

monkey body symbolised evolution.
United States, these tensions between science and religion have fuelled the
current creation-evolution controversy, a religious conflict focusing on politics
and public education. While other scientific fields such as cosmology and Earth science also conflict with literal
interpretations of many religious texts, evolutionary biology experiences significantly more opposition from

religious literalists.

The teaching of evolution in American secondary school biology classes was uncommon in most of the first half of
the 20th century. The Scopes Trial decision of 1925 caused the subject to become very rare in American secondary
biology textbooks for a generation, but it was gradually re-introduced later and became legally protected with the
1968 Epperson v. Arkansas decision. Since then, the competing religious belief of creationism was legally
disallowed in secondary school curricula in various decisions in the 1970s and 1980s, but it returned in
pseudoscientific form as intelligent design, to be excluded once again in the 2005 Kitzmiller v. Dover Area School
District case.
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e Dawkins, R. (2006). The Selfish Gene: 30th Anniversary Edition. Oxford University Press. ISBN 0-19-929115-2.
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Microorganism

A microorganism (from the Greek: wkpog, mikros,
"small" and Opyoaviopog, organismds, "organism") or
microbe is a microscopic organism, which may be a
single cell or multicellular organism. The study of
microorganisms is called microbiology, a subject that
began with Antonie van Leeuwenhoek's discovery of
microorganisms in 1675, using a microscope of his
own design. On 8 November 2013, scientists reported
the discovery of what may be the earliest signs of life
on Earth—the oldest complete fossils of a microbial

mat (associated with sandstone in Western Australia)

estimated to be 3.48 billion years old.

A cluster of Escherichia coli bacteria magnified 10,000 times

Microorganisms are very diverse; they include all of

the prokaryotes, namely the bacteria and archaea; and various forms of eukaryotes, comprising the protozoa, fungi,
algae, microscopic plants (green algae), and animals such as rotifers and planarians. Some microbiologists also
classify viruses as microorganisms, but others consider these as nonliving. Most microorganisms are microscopic,

but there are some like Thiomargarita namibiensis, which are macroscopic and visible to the naked eye.m

Microorganisms live in every part of the biosphere including soil, hot springs, on the ocean floor, high in the
atmosphere and deep inside rocks within the Earth's crust (see also endolith). Microorganisms are crucial to nutrient
recycling in ecosystems as they act as decomposers. As some microorganisms can fix nitrogen, they are a vital part

of the nitrogen cycle, and recent studies indicate that airborne microbes may play a role in precipitation and weather.

On 17 March 2013, researchers reported data that suggested microbial life forms thrive in the Mariana Trench. the
deepest spot in the Earth's oceans. Other researchers reported related studies that microbes thrive inside rocks up to
1900 feet (580 metres) below the sea floor under 8500 feet (2590 metres) of ocean off the coast of the northwestern
United States. According to one of the researchers,"You can find microbes everywhere — they're extremely

adaptable to conditions, and survive wherever they are."

Microbes are also exploited by people in biotechnology, both in traditional food and beverage preparation, and in

modern technologies based on genetic engineering. However there are many pathogenic microbes which are harmful

and can even cause death in plants and animals.'”
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History

Evolution

Single-celled microorganisms were the first forms of life to develop on Earth, approximately 3—4 billion years ago.
Further evolution was slow, and for about 3 billion years in the Precambrian eon, all organisms were microscopic.
So, for most of the history of life on Earth the only forms of life were microorganisms. Bacteria, algae and fungi
have been identified in amber that is 220 million years old, which shows that the morphology of microorganisms has

changed little since the Triassic period.

Microorganisms tend to have a relatively fast rate of evolution. Most microorganisms can reproduce rapidly, and
bacteria are also able to freely exchange genes through conjugation, transformation and transduction, even between
widely divergent species. This horizontal gene transfer, coupled with a high mutation rate and many other means of
genetic variation, allows microorganisms to swiftly evolve (via natural selection) to survive in new environments
and respond to environmental stresses. This rapid evolution is important in medicine, as it has led to the recent

development of "super-bugs", pathogenic bacteria that are resistant to modern antibiotics.

Pre-microbiology

The possibility that microorganisms exist was discussed for many centuries before their discovery in the 17th
century. The existence of unseen microbiological life was postulated by Jainism, which is based on Mahavira's
teachings as early as 6th century BCE."®! Paul Dundas notes that Mahavira asserted the existence of unseen
microbiological creatures living in earth, water, air and fire."Y The Jain scriptures also describe nigodas, which are
sub-microscopic creatures living in large clusters and having a very short life, which are said to pervade every part of
the universe, even the tissues of plants and animals.'®! The earliest known idea to indicate the possibility of diseases
spreading by yet unseen organisms was that of the Roman scholar Marcus Terentius Varro in a 1st-century BC book

titled On Agriculture in which he warns against locating a homestead near swamps:

... and because there are bred certain minute creatures that cannot be seen by the eyes, which float in the

air and enter the body through the mouth and nose and they cause serious diseases.!®!

In The Canon of Medicine (1020), Aba Alf ibn Sina (Avicenna) hypothesized that tuberculosis and other diseases
might be contagious
In 1546, Girolamo Fracastoro proposed that epidemic diseases were caused by transferable seedlike entities that

could transmit infection by direct or indirect contact, or even without contact over long distances.

All these early claims about the existence of microorganisms were speculative and were not based on any data or
science. Microorganisms were neither proven, observed, nor correctly and accurately described until the 17th

century. The reason for this was that all these early studies lacked the microscope.
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History of microorganisms' discovery

Antonie van Leeuwenhoek, the first
microbiologist and the first to
observe microorganisms using a

microscope

Lazzaro Spallanzani showed that
boiling a broth stopped it from
decaying

Louis Pasteur showed that

Spallanzani's findings held even if air
could enter through a filter that kept

particles out

Antonie Van Leeuwenhoek (1632—1723) was one of the first people to observe
microorganisms, using microscopes of his own design.m Robert Hooke, a
contemporary of Leeuwenhoek, also used microscopes to observe microbial life;
his 1665 book Micrographia describes these observations and coined the term

cell.

Before Leeuwenhoek's discovery of microorganisms in 1675, it had been a
mystery why grapes could be turned into wine, milk into cheese, or why food
would spoil. Leeuwenhoek did not make the connection between these processes
and microorganisms, but using a microscope, he did establish that there were
forms of life that were not visible to the naked eye. Leeuwenhoek's discovery,
along with subsequent observations by Spallanzani and Pasteur, ended the
long-held belief that life spontaneously appeared from non-living substances

during the process of spoilage.

Lazzaro Spallanzani (1729—-1799) found that boiling broth would sterilise it,
killing any microorganisms in it. He also found that new microorganisms could

only settle in a broth if the broth was exposed to air.

Louis Pasteur (1822—1895) expanded upon Spallanzani's findings by exposing
boiled broths to the air, in vessels that contained a filter to prevent all particles
from passing through to the growth medium, and also in vessels with no filter at
all, with air being admitted via a curved tube that would not allow dust particles
to come in contact with the broth. By boiling the broth beforehand, Pasteur
ensured that no microorganisms survived within the broths at the beginning of
his experiment. Nothing grew in the broths in the course of Pasteur's experiment.
This meant that the living organisms that grew in such broths came from outside,
as spores on dust, rather than spontaneously generated within the broth. Thus,
Pasteur dealt the death blow to the theory of spontaneous generation and

supported germ theory.

In 1876, Robert Koch (1843—1910) established that microbes can cause disease.
He found that the blood of cattle who were infected with anthrax always had
large numbers of Bacillus anthracis. Koch found that he could transmit anthrax
from one animal to another by taking a small sample of blood from the infected
animal and injecting it into a healthy one, and this caused the healthy animal to
become sick. He also found that he could grow the bacteria in a nutrient broth,
then inject it into a healthy animal, and cause illness. Based on these
experiments, he devised criteria for establishing a causal link between a microbe
and a disease and these are now known as Koch's postulates.[s] Although these
postulates cannot be applied in all cases, they do retain historical importance to

the development of scientific thought and are still being used today.
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Robert Koch showed that microorganisms caused

disease

Classification and structure

Microorganisms can be found almost

anywhere in the taxonomic Firmicutes
organization of life on the planet.

g . P Animalia . Chikmyian
Bacteria and archaea are almost always

. . . Planctomycetes
microscopic, while a number of Plantae
eukaryotes are also microscopic, Protozoa SR
including most protists, some fungi, as =, :
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Prokary otes Evolutionary tree showing the common ancestry of all three domains of life. Bacteria are
colored blue, eukaryotes red, and archaea green. Relative positions of some phyla are
Prokaryotes are organisms that lack a shown around the tree.

cell nucleus and the other membrane
bound organelles. They are almost always unicellular, although some species such as myxobacteria can aggregate

into complex structures as part of their life cycle.

Consisting of two domains, bacteria and archaea, the prokaryotes are the most diverse and abundant group of
organisms on Earth and inhabit practically all environments where the temperature is below +140 °C. They are found
in water, soil, air, animals' gastrointestinal tracts, hot springs and even deep beneath the Earth's crust in rocks.
Practically all surfaces that have not been specially sterilized are covered by prokaryotes. The number of prokaryotes
on Earth is estimated to be around five million trillion trillion, or 5 x 1030, accounting for at least half the biomass on
Earth.
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Bacteria

Almost all bacteria are invisible to the naked eye, with
a few extremely rare exceptions, such as Thiomargarita
namibiensis. They lack a nucleus and other
membrane-bound organelles, and can function and
reproduce as individual cells, but often aggregate in
multicellular colonies. Their genome is usually a single
loop of DNA, although they can also harbor small
pieces of DNA called plasmids. These plasmids can be
transferred between cells through bacterial conjugation.
Bacteria are surrounded by a cell wall, which provides
strength and rigidity to their cells. They reproduce by

binary fission or sometimes by budding, but do not

undergo meiotic sexual reproduction. However, many Staphylococcus aureus bacteria magnified about 10,000x
bacterial species can transfer DNA between individual

cells by a process referred to as natural transformation. (Also see Transformation (genetics)). In nature, the
development of competence for transformation is usually associated with stressful environmental conditions, and
seems to be an adaptation for facilitating repair of DNA damage in recipient cells.”! (Also see Natural competence.)
Some species form extraordinarily resilient spores, but for bacteria this is a mechanism for survival, not
reproduction. Under optimal conditions bacteria can grow extremely rapidly and can double as quickly as every 20

minutes.

Archaea

Archaea are also single-celled organisms that lack nuclei. In the past, the differences between bacteria and archaea
were not recognised and archaea were classified with bacteria as part of the kingdom Monera. However, in 1990 the
microbiologist Carl Woese proposed the three-domain system that divided living things into bacteria, archaea and
eukaryotes. Archaea differ from bacteria in both their genetics and biochemistry. For example, while bacterial cell

membranes are made from phosphoglycerides with ester bonds, archaean membranes are made of ether lipids.

Archaea were originally described in extreme environments, such as hot springs, but have since been found in all
types of habitats. Only now are scientists beginning to realize how common archaea are in the environment, with
crenarchaeota being the most common form of life in the ocean, dominating ecosystems below 150 m in depth.

These organisms are also common in soil and play a vital role in ammonia oxidation.

Eukaryotes

Most living things that are visible to the naked eye in their adult form are eukaryotes, including humans. However, a
large number of eukaryotes are also microorganisms. Unlike bacteria and archaea, eukaryotes contain organelles
such as the cell nucleus, the Golgi apparatus and mitochondria in their cells. The nucleus is an organelle that houses
the DNA that makes up a cell's genome. DNA itself is arranged in complex chromosomes.!'”! Mitochondria are
organelles vital in metabolism as they are the site of the citric acid cycle and oxidative phosphorylation. They
evolved from symbiotic bacteria and retain a remnant genome. Like bacteria, plant cells have cell walls, and contain
organelles such as chloroplasts in addition to the organelles in other eukaryotes. Chloroplasts produce energy from

light by photosynthesis, and were also originally symbiotic bacteria.

Unicellular eukaryotes consist of a single cell throughout their life cycle. This qualification is significant since most
multicellular eukaryotes consist of a single cell called a zygote only at the beginning of their life cycles. Microbial

eukaryotes can be either haploid or diploid, and some organisms have multiple cell nuclei (see coenocyte).
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Unicellular eukaryotes usually reproduce asexually by mitosis under favorable conditions. However, under stressful
conditions such as nutrient limitations and other conditions associated with DNA damage, they tend to reproduce

sexually by meiosis and syngamy. (Also see Meiosis.)

Protists

Of eukaryotic groups, the protists are most commonly unicellular and microscopic. This is a highly diverse group of
organisms that are not easy to classify. Several algae species are multicellular protists, and slime molds have unique
life cycles that involve switching between unicellular, colonial, and multicellular forms. The number of species of
protists is unknown since we may have identified only a small proportion. Studies from 2001-2004 have shown that
a large number of protist diversity exitsts in oceans, deep sea-vents, river sediment and an acidic river which

suggests that a large number of eukaryotic microbial communities have yet to be discovered.

Animals

Most animals are multicellular,[“] but some are too small to be
seen by the naked eye. Microscopic arthropods include dust
mites and spider mites. Microscopic crustaceans include
copepods and the cladocera, while many nematodes are too
small to be seen with the naked eye. Another particularly
common group of microscopic animals are the rotifers, which
are filter feeders that are usually found in fresh water.
Micro-animals reproduce both sexually and asexually and may
reach new habitats as some eggs can survive harsh environments
that would kill the adult animal. However, some simple animals,
such as rotifers and nematodes, can dry out completely and

remain dormant for long periods of time.

Fungi
The fungi have several unicellular species, such as baker's yeast A microscopic mite Lorryia formosa.
(Saccharomyces cerevisiae) and fission yeast

(Schizosaccharomyces pombe). Some fungi, such as the pathogenic yeast Candida albicans, can undergo phenotypic
switching and grow as single cells in some environments, and filamentous hyphae in others. Fungi reproduce both
asexually, by budding or binary fission, as well by producing spores, which are called conidia when produced

asexually, or basidiospores when produced sexually.

Plants

The green algae are a large group of photosynthetic eukaryotes that include many microscopic organisms. Although
some green algae are classified as protists, others such as charophyta are classified with embryophyte plants, which
are the most familiar group of land plants. Algae can grow as single cells, or in long chains of cells. The green algae
include unicellular and colonial flagellates, usually but not always with two flagella per cell, as well as various
colonial, coccoid, and filamentous forms. In the Charales, which are the algae most closely related to higher plants,

cells differentiate into several distinct tissues within the organism. There are about 6000 species of green algae.
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Habitats and ecology

Microorganisms are found in almost every habitat present in nature. Even in hostile environments such as the poles,
deserts, geysers, rocks, and the deep sea. Some types of microorganisms have adapted to the extreme conditions and
sustained colonies; these organisms are known as extremophiles. Extremophiles have been isolated from rocks as
much as 7 kilometres below the Earth's surface, and it has been suggested that the amount of living organisms below
the Earth's surface may be comparable with the amount of life on or above the surface. Extremophiles have been
known to survive for a prolonged time in a vacuum, and can be highly resistant to radiation, which may even allow
them to survive in space. Many types of microorganisms have intimate symbiotic relationships with other larger
organisms; some of which are mutually beneficial (mutualism), while others can be damaging to the host organism
(parasitism). If microorganisms can cause disease in a host they are known as pathogens and then they are usually

referred to as microbes.

Extremophiles

Extremophiles are microorganisms that have adapted so that they can survive and even thrive in conditions that are
normally fatal to most life-forms. For example, some species have been found in the following extreme

environments:

e Temperature: as high as 130 °C (266 °F),[12] aslowas—-17°C (1 OF)[B]
* Acidity/alkalinity: less than pH 0,[14] up to pH 11 5t

 Salinity: up to saturation' %!
e Pressure: up to 1,000-2,000 atm, down to 0 atm (e.g. vacuum of space)m]

» Radiation: up to 5kGy[18]

Extremophiles are significant in different ways. They extend terrestrial life into much of the Earth's hydrosphere,
crust and atmosphere, their specific evolutionary adaptation mechanisms to their extreme environment can be
exploited in bio-technology, and their very existence under such extreme conditions increases the potential for

extraterrestrial life.

Soil microorganisms

The nitrogen cycle in soils depends on the fixation of atmospheric nitrogen. One way this can occur is in the nodules
in the roots of legumes that contain symbiotic bacteria of the genera Rhizobium, Mesorhizobium, Sinorhizobium,

Bradyrhizobium, and Azorhizobium.

Symbiotic microorganisms

Symbiotic microbes such as fungi and algae form an association in lichen. Certain fungi form mycorrhizal symbioses

with trees that increase the supply of nutrients to the tree.

Importance

Microorganisms are vital to humans and the environment, as they participate in the Earth's element cycles such as the
carbon cycle and nitrogen cycle, as well as fulfilling other vital roles in virtually all ecosystems, such as recycling
other organisms' dead remains and waste products through decomposition. Microorganisms also have an important
place in most higher-order multicellular organisms as symbionts. Many blame the failure of Biosphere 2 on an

improper balance of microorganisms.
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Use in digestion

Some forms of bacteria that live in animals' stomachs help in their digestion.For example,cows have a variety of

different microbes in their stomachs that aid them in their digestion of grass and hay.

The gastrointestinal tract contains an immensely complex ecology of microorganisms. A typical person harbors more
than 500 distinct species of bacteria, representing dozens of different lifestyles and capabilities. The composition and

distribution of this menagerie varies with age, state of health and diet.

The number and type of bacteria in the gastrointestinal tract vary dramatically by region. In healthy individuals the
stomach and proximal small intestine contain few microorganisms, largely a result of the bacteriocidal activity of
gastric acid; those that are present are aerobes and facultative anaerobes. One interesting testimony to the ability of
gastric acid to suppress bacterial populations is seen in patients with achlorhydria, a genetic condition which
prevents secretion of gastric acid. Such patients, which are otherwise healthy, may have as many as 10,000 to

100,000,000 microorganisms per ml of stomach contents.

In sharp contrast to the stomach and small intestine, the contents of the colon literally teem with bacteria,
predominantly strict anaerobes (bacteria that survive only in environments virtually devoid of oxygen). Between
these two extremes is a transitional zone, usually in the ileum, where moderate numbers of both aerobic and

anaerobic bacteria are found.

The gastrointestinal tract is sterile at birth, but colonization typically begins within a few hours of birth, starting in
the small intestine and progressing caudally over a period of several days. In most circumstances, a "mature"

microbial flora is established by 3 to 4 weeks of age.

It is also clear that microbial populations exert a profound effect on structure and function of the digestive tract. For

example:

The morphology of the intestine of germ-free animals differs considerably from normal animals - villi of the small
intestine are remarkably regular, the rate of epithelial cell renew is reduced and, as one would expect, the number
and size of Peyer's patches is reduced. The cecum of germ-free rats is roughly 10 times the size of that in a
conventional rat. Bacteria in the intestinal lumen metabolize a variety of sterols and steroids. For example, bacteria
convert the bile salt cholic acid to deoxycholic acid. Small intestinal bacteria also have an important role in sex
steroid metabolism. Finally, bacterial populations in the large intestine digest carbohydrates, proteins and lipids that
escape digestion and absorption in small intestine. This fermentation, particularly of cellulose, is of critical
importance to herbivores like cattle and horses which make a living by consuming plants. However, it seems that
even species like humans and rodents derive significant benefit from the nutrients liberated by intestinal

microorganisms.

Use in food
Microorganisms are used in brewing, wine making, baking, pickling and other food-making processes.

They are also used to control the fermentation process in the production of cultured dairy products such as yogurt

and cheese. The cultures also provide flavour and aroma, and inhibit undesirable organisms.

Use in water treatment

The majority of all oxidative sewage treatment processes rely on a large range of microorganisms to oxidise organic
constituents which are not amenable to sedimentation or flotation. Anaerobic microorganisms are also used to reduce
sludge solids producing methane gas (amongst other gases) and a sterile mineralised residue. In potable water
treatment, one method, the slow sand filter, employs a complex gelatinous layer composed of a wide range of

microorganisms to remove both dissolved and particulate material from raw water.
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Use in energy

Microbes are used in fermentation to produce ethanol, and in biogas reactors to produce methane. Scientists are
researching the use of algae to produce liquid fuels, and bacteria to convert various forms of agricultural and urban

waste into usable fuels.

Use in production of chemicals, enzymes etc.

Many microbes are used for commercial and industrial production of chemicals, enzymes and other bioactive
molecules.

Examples of organic acid produced include

¢ Acetic acid: Produced by the bacterium Acetobacter aceti and other acetic acid bacteria (AAB)
* Butyric acid (butanoic acid): Produced by the bacterium Clostridium butyricum

* Lactic acid: Lactobacillus and others commonly called as lactic acid bacteria (LAB)

* Citric acid: Produced by the fungus Aspergillus niger

Microbes are used for preparation of bioactive molecules and enzymes.

» Streptokinase produced by the bacterium Streptococcus and modified by genetic engineering is used as a clot
buster for removing clots from the blood vessels of patients who have undergone myocardial infarctions leading
to heart attack.

* Cyclosporin A is a bioactive molecule used as an immunosuppressive agent in organ transplantation

» Statins produced by the yeast Monascus purpureus are commercialised as blood cholesterol lowering agents

which act by competitively inhibiting the enzyme responsible for synthesis of cholesterol.

Use in science

Microbes are also essential tools in biotechnology, biochemistry, genetics, and molecular biology. The yeasts
(Saccharomyces cerevisiae) and fission yeast (Schizosaccharomyces pombe) are important model organisms in
science, since they are simple eukaryotes that can be grown rapidly in large numbers and are easily manipulated.
They are particularly valuable in genetics, genomics and proteomics. Microbes can be harnessed for uses such as
creating steroids and treating skin diseases. Scientists are also considering using microbes for living fuel cells, and as

a solution for pollution.

Use in warfare

In the Middle Ages, diseased corpses were thrown into castles during sieges using catapults or other siege engines.

Individuals near the corpses were exposed to the deadly pathogen and were likely to spread that pathogen to others.

Importance in human health

Human digestion

Microorganisms can form an endosymbiotic relationship with other, larger organisms. For example, the bacteria that
live within the human digestive system contribute to gut immunity, synthesise vitamins such as folic acid and biotin,

and ferment complex indigestible carbohydrates.
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Diseases caused by microbes

Microorganisms are the cause of many infectious diseases. The organisms involved include pathogenic bacteria,
causing diseases such as plague, tuberculosis and anthrax; protozoa, causing diseases such as malaria, sleeping
sickness and toxoplasmosis; and also fungi causing diseases such as ringworm, candidiasis or histoplasmosis.
However, other diseases such as influenza, yellow fever or AIDS are caused by pathogenic viruses, which are not
usually classified as living organisms and are not, therefore, microorganisms by the strict definition. As of 2007[19],
no clear examples of archaean pathogens are known, although a relationship has been proposed between the presence

of some archaean methanogens and human periodontal disease.

Importance in ecology

Microbes are critical to the processes of decomposition required to cycle nitrogen and other elements back to the

natural world.

Hygiene
Hygiene is the avoidance of infection or food spoiling by eliminating microorganisms from the surroundings. As
microorganisms, in particular bacteria, are found virtually everywhere, the levels of harmful microorganisms can be

reduced to acceptable levels. However, in some cases, it is required that an object or substance be completely sterile,
i.e. devoid of all living entities and viruses. A good example of this is a hypodermic needle.

In food preparation microorganisms are reduced by preservation methods (such as the addition of vinegar), clean
utensils used in preparation, short storage periods, or by cool temperatures. If complete sterility is needed, the two
most common methods are irradiation and the use of an autoclave, which resembles a pressure cooker.

There are several methods for investigating the level of hygiene in a sample of food, drinking water, equipment, etc.
Water samples can be filtrated through an extremely fine filter. This filter is then placed in a nutrient medium.
Microorganisms on the filter then grow to form a visible colony. Harmful microorganisms can be detected in food by
placing a sample in a nutrient broth designed to enrich the organisms in question. Various methods, such as selective
media or polymerase chain reaction, can then be used for detection. The hygiene of hard surfaces, such as cooking
pots, can be tested by touching them with a solid piece of nutrient medium and then allowing the microorganisms to

grow on it.

There are no conditions where all microorganisms would grow, and therefore often several different methods are
needed. For example, a food sample might be analyzed on three different nutrient mediums designed to indicate the
presence of "total" bacteria (conditions where many, but not all, bacteria grow), molds (conditions where the growth

of bacteria is prevented by, e.g., antibiotics) and coliform bacteria (these indicate a sewage contamination).
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Plant

Plants
Temporal range:
Early Cambrian to recent, but see text, 520—0Ma

Scientific classification

Domain: Eukaryota
(unranked): Archaeplastida
Kingdom: Plantae
Haeckel, 1866Wikipedia: Verifiability

Divisions

Green algae

+ Chlorophyta
+ Charophyta

Land plants (embryophytes)
» Non-vascular land plants (bryophytes)

« Marchantiophyta—Tliverworts
 Anthocerotophyta—hornworts
« Bryophyta—mosses
+ THorneophytopsida
+ Vascular plants (tracheophytes)
+ TRhyniophyta—rhyniophytes
+ TZosterophyllophyta—zosterophylls
+ Lycopodiophyta—clubmosses
+ TTrimerophytophyta—trimerophytes
+ Pteridophyta—ferns and horsetails
+ TProgymnospermophyta
» Seed plants (spermatophytes)

+ fPteridospermatophyta—seed ferns
 Pinophyta—conifers

« Cycadophyta—cycads

+ Ginkgophyta—ginkgo

« Gnetophyta—gnetae

« Magnoliophyta—flowering plants

TNematophytes

Synonyms
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« Chloroplastida Adl et al., 2005

- Viridiplantae Cavalier-Smith 1981

« Chlorobionta Jeffrey 1982, emend. Bremer 1985, emend. Lewis and McCourt 2004
» Chlorobiota Kendrick and Crane 1997

Plants, also called green plants (Viridiplantae in Latin), are living multicellular organisms of the kingdom
Plantae. They form a clade that includes the flowering plants, conifers and other gymnosperms, ferns, clubmosses,
hornworts, liverworts and mosses, as well as, depending on definition, the green algae. Plants exclude the red and

brown algae, and some seaweeds such as kelp, the fungi, archaea and bacteria.

Green plants have cell walls with cellulose and characteristically obtain most of their energy from sunlight via
photosynthesis using chlorophyll contained in chloroplasts, which gives them their green color. Some plants are
parasitic and have lost the ability to produce normal amounts of chlorophyll or to photosynthesize. Plants are also
characterized by sexual reproduction, modular and indeterminate growth, and an alternation of generations, although

asexual reproduction is common.

Precise numbers are difficult to determine, but as of 2010[1], there are thought to be 300—315 thousand species of
plants, of which the great majority, some 260—290 thousand, are seed plants (see the table below). Green plants

provide most of the world's molecular oxygenl¢@/i" needed]

and are the basis of most of the earth's ecologies,
especially on land. Plants described as grains, fruits and vegetables form mankind's basic foodstuffs, and have been
domesticated for millennia. Plants serve as ornaments and, until recently and in great variety, they have served as the

source of most medicines and drugs. Their scientific study is known as botany, a branch of biology.

Definition

Plants are one of the two groups into which all living things were traditionally divided; the other is animals. The
division goes back at least as far as Aristotle (384 BC — 322 BC) who distinguished between plants which generally
do not move, and animals which often are mobile to catch their food. Much later, when Linnaeus (1707—1778)
created the basis of the modern system of scientific classification, these two groups became the kingdoms
Vegetabilia (later Metaphyta or Plantae) and Animalia (also called Metazoa). Since then, it has become clear that the
plant kingdom as originally defined included several unrelated groups, and the fungi and several groups of algae
were removed to new kingdoms. However, these organisms are still often considered plants, particularly in popular

contexts.

Outside of formal scientific contexts, the term "plant" implies an association with certain traits, such as being

multicellular, possessing cellulose, and having the ability to carry out photosynthesis.

Current definitions of Plantae

When the name Plantae or plant is applied to a specific group of organisms or taxon, it usually refers to one of four

concepts. From least to most inclusive, these four groupings are:
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Name(s)

Scope

Description

Land plants, also known as

Embryophyta or Metaphyta.

Plantae sensu

strictissimo

This group includes the liverworts, hornworts, mosses, and vascular plants, as well as fossil plants

similar to these surviving groups.

Green plants - also known
as Viridiplantae,
Viridiphyta or
Chlorobionta

Plantae sensu

stricto

This group includes the land plants plus various groups of green algae, including stoneworts. The
names given to these groups vary considerably as of July 2011[1]. Viridiplantae encompass a group
of organisms that possess chlorophyll a and b, have plastids that are bound by only two membranes,
are capable of storing starch, and have cellulose in their cell walls. It is this clade which is mainly the
subject of this article.

Archaeplastida, Plastida or
Primoplantae

Plantae sensu

lato

This group comprises the green plants above plus Rhodophyta (red algae) and Glaucophyta
(glaucophyte algae). This clade includes the organisms that eons ago acquired their chloroplasts
directly by engulfing cyanobacteria.

Old definitions of plant

Plantae sensu

amplo

Old classifications placed diverse algae, fungi and bacteria in Plantae (e.g., Plantaec Haeckel 1866
included land plants, some algae and fungi).

Another way of looking at the relationships between the different groups which have been called "plants" is through

a cladogram, which shows their evolutionary relationships. The evolutionary history of plants is not yet completely

settled, but one accepted relationship between the three groups described above is shown below.? Those which have

been called "plants" are in bold.

Glaucophyta (glaucophyte algae)

Archaeplastida

Rhodophyta (red algae)
Chlorophyta (part of green algae)
streptophyte algae (part of green algae)
Viridiplantae Charales (stoneworts, often
Streptophyta i, Juded

in green algae)

land plants or embryophytes

The way in which the groups of green algae are combined and named varies considerably between authors.
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Algae

Algae comprise several different groups of organisms which produce
energy through photosynthesis and for that reason have been included
in the plant kingdom in the past. Most conspicuous among the algae
are the seaweeds, multicellular algae that may roughly resemble land
plants, but are classified among the brown, red and green algae. Each
of these algal groups also includes various microscopic and
single-celled organisms. There is good evidence that some of these
algal groups arose independently from separate non-photosynthetic
ancestors, with the result that many groups of algae are no longer

classified within the plant kingdom as it is defined here.

The Viridiplantae, the green plants — green algae and land plants —
form a clade, a group consisting of all the descendants of a common
ancestor. With a few exceptions among the green algae, all green

plants have many features in common, including cell walls containing

cellulose, chloroplasts containing chlorophylls a and b, and food stores

in the form of starch. They undergo closed mitosis without centrioles,

Green algae from Ernst Haeckel's Kunstformen
and typically have mitochondria with flat cristae. The chloroplasts of der Natur, 1904.

green plants are surrounded by two membranes, suggesting they

originated directly from endosymbiotic cyanobacteria.

Two additional groups, the Rhodophyta (red algae) and Glaucophyta (glaucophyte algae), also have chloroplasts
which appear to be derived directly from endosymbiotic cyanobacteria, although they differ in the pigments which
are used in photosynthesis and so are different in colour. All three groups together are generally believed to have a
single common origin, and so are classified together in the taxon Archaeplastida, whose name implies that the
chloroplasts or plastids of all the members of the taxon were derived from a single ancient endosymbiotic event. This

is the broadest modern definition of the plants.

In contrast, most other algae (e.g. heterokonts, haptophytes, dinoflagellates, and euglenids) not only have different
pigments but also have chloroplasts with three or four surrounding membranes. They are not close relatives of the
Archaeplastida, presumably having acquired chloroplasts separately from ingested or symbiotic green and red algae.
They are thus not included in even the broadest modern definition of the plant kingdom, although they were in the

past.

The green plants or Viridiplantae were traditionally divided into the green algae (including the stoneworts) and the
land plants. However, it is now known that the land plants evolved from within a group of green algae, so that the
green algae by themselves are a paraphyletic group, i.e. a group which excludes some of the descendants of a
common ancestor. Paraphyletic groups are generally avoided in modern classifications, so that in recent treatments

the Viridiplantae have been divided into two clades, the Chlorophyta and the Streptophyta (or Charophyta).

The Chlorophyta (a name that has also been used for all green algae) are the sister group to the group from which the
land plants evolved. There are about 4,300 species of mainly marine organisms, both unicellular and multicellular.

The latter include the sea lettuce, Ulva.

The other group within the Viridiplantae are the mainly freshwater or terrestrial Streptophyta (or Charophyta), which
consist of several groups of green algae plus the stoneworts and land plants. (The names have been used differently,
e.g. Streptophyta to mean the group which excludes the land plants and Charophyta for the stoneworts alone or the
stoneworts plus the land plants.) Streptophyte algae are either unicellular or form multicellular filaments, branched
or unbranched. The genus Spirogyra is a filamentous streptophyte alga familiar to many, as it is often used in

teaching and is one of the organisms responsible for the algal "scum" which pond-owners so dislike. The freshwater
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stoneworts strongly resemble land plants and are believed to be their closest relatives. Growing underwater, they
consist of a central stalk with whorls of branchlets, giving them a superficial resemblance to horsetails, species of the

genus Equisetum, which are true land plants.

Fungi

The classification of fungi has been controversial until quite recently in the history of biology. Linnaeus' original
classification placed the fungi within the Plantae, since they were unquestionably not animals or minerals and these
were the only other alternatives. With later developments in microbiology, in the 19th century Ernst Haeckel felt that
another kingdom was required to classify newly discovered micro-organisms. The introduction of the new kingdom
Protista in addition to Plantaec and Animalia, led to uncertainty as to whether fungi truly were best placed in the
Plantae or whether they ought to be reclassified as protists. Haeckel himself found it difficult to decide and it was not
until 1969 that a solution was found whereby Robert Whittaker proposed the creation of the kingdom Fungi.
Molecular evidence has since shown that the most recent common ancestor (concestor), of the Fungi was probably

more similar to that of the Animalia than to that of Plantae or any other kingdom.

Whittaker's original reclassification was based on the fundamental difference in nutrition between the Fungi and the
Plantae. Unlike plants, which generally gain carbon through photosynthesis, and so are called autotrophs, fungi
generally obtain carbon by breaking down and absorbing surrounding materials, and so are called heterotrophic
saprotrophs. In addition, the substructure of multicellular fungi is different from that of plants, taking the form of
many chitinous microscopic strands called hyphae, which may be further subdivided into cells or may form a
syncytium containing many eukaryotic nuclei. Fruiting bodies, of which mushrooms are the most familiar example,

are the reproductive structures of fungi, and are unlike any structures produced by plants.

Diversity

The table below shows some species count estimates of different green plant (Viridiplantae) divisions. It suggests
there are about 300,000 species of living Viridiplantae, of which 85-90% are flowering plants. (Note: as these are
from different sources and different dates, they are not necessarily comparable, and like all species counts, are

subject to a degree of uncertainty in some cases.)

Diversity of living green plant (Viridiplantae) divisions

Informal group | Division name Common name No. of living species | Approximate No. in informal group
Green algae Chlorophyta green algae (chlorophytes) 3.800 (3] 4300 8,500 (6,600 - 10,300)
Charophyta green algae (e.g. desmids & stoneworts) | 5 ¢60. 4 000-6.000 [4]
Bryophytes Marchantiophyta | liverworts 6.000-8.000 [5] 19,000 (18,100 - 20,200)
Anthocerotophyta | hornworts 100-200 [6]
Bryophyta mosses 12,000
Pteridophytes Lycopodiophyta | club mosses 1,200 12,000 (12,200)
Pteridophyta ferns, whisk ferns & horsetails 11,000
Seed plants Cycadophyta cycads 160 260,000 (259,511)
Ginkgophyta ginkgo 1
Pinophyta conifers 630
Gnetophyta gnetophytes 70
Magnoliophyta flowering plants 258,650 (7]
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The naming of plants is governed by the International Code of Botanical Nomenclature and International Code of

Nomenclature for Cultivated Plants (see cultivated plant taxonomy).

Evolution

The evolution of plants has resulted in increasing levels of complexity, from the earliest algal mats, through
bryophytes, lycopods, ferns to the complex gymnosperms and angiosperms of today. The groups which appeared

earlier continue to thrive, especially in the environments in which they evolved.

Evidence suggests that an algal scum formed on the land 1,200 11 tillion years ago, but it was not until the
Ordovician Period, around 450 1 million years ago, that land plants appeared.[g] However, new evidence from the
study of carbon isotope ratios in Precambrian rocks has suggested that complex photosynthetic plants developed on
the earth over 1000 m.y.a.[lo] These began to diversify in the late Silurian Period, around 420 M illion years ago,
and the fruits of their diversification are displayed in remarkable detail in an early Devonian fossil assemblage from
the Rhynie chert. This chert preserved early plants in cellular detail, petrified in volcanic springs. By the middle of
the Devonian Period most of the features recognised in plants today are present, including roots, leaves and
secondary wood, and by late Devonian times seeds had evolved. Late Devonian plants had thereby reached a degree
of sophistication that allowed them to form forests of tall trees. Evolutionary innovation continued after the
Devonian period. Most plant groups were relatively unscathed by the Permo-Triassic extinction event, although the
structures of communities changed. This may have set the scene for the evolution of flowering plants in the Triassic
(~200 121 illion years ago), which exploded in the Cretaceous and Tertiary. The latest major group of plants to
evolve were the grasses, which became important in the mid Tertiary, from around 40 131 miltion years ago. The
grasses, as well as many other groups, evolved new mechanisms of metabolism to survive the low CO2 and warm,

dry conditions of the tropics over the last 10 14 million years.

(151 is as follows, with modification to the

A proposed phylogenetic tree of Plantae, after Kenrick and Crane,
Pteridophyta from Smith er al. The Prasinophyceae are a paraphyletic assemblage of early diverging green algal

lineages.

Prasinophyceae (micromonads)
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Chlorophyta

Trebouxiophyceae
(Pleurastrophyceae)

Chlorophyceae

Ulvophyceae

Embryophytes

The plants that are likely most familiar to us are the multicellular land
plants, called embryophytes. Embryophytes include the vascular
plants, such as ferns, conifers and flowering plants. They also include

the bryophytes, of which mosses and liverworts are the most common.

All of these plants have eukaryotic cells with cell walls composed of
cellulose, and most obtain their energy through photosynthesis, using
light, water and carbon dioxide to synthesize food. About three
hundred plant species do not photosynthesize but are parasites on other
species of photosynthetic plants. Plants are distinguished from green
algae, which represent a mode of photosynthetic life similar to the kind

modern plants are believed to have evolved from, by having

specialized reproductive organs protected by non-reproductive tissues.

Dicksonia antarctica, a species of tree fern

Bryophytes first appeared during the early Paleozoic. They can only

survive where moisture is available for significant periods, although

some species are desiccation-tolerant. Most species of bryophytes remain small throughout their life-cycle. This
involves an alternation between two generations: a haploid stage, called the gametophyte, and a diploid stage, called
the sporophyte. In bryophytes, the sporophyte is always unbranched and remains nutritionally dependent on its
parent gametophyte. The bryophytes have the ability to secrete a cuticle on their outer surface, a waxy layer that
confers resistant to desiccation. In the mosses and hornworts a cuticle is usually only produced on the sporophyte.
Stomata are absent from liverworts, but occur on the sporangia of mosses and hornworts, allowing gas exchange

while controlling water loss.

Vascular plants first appeared during the Silurian period, and by the Devonian had diversified and spread into many
different terrestrial environments. They developed a number of adaptations that allowed them to spread into
increasingly more arid places, notably the vascular tissues xylem and phloem, that transport water and food
throughout the organism. Root systems capable of obtaining soil water and nutrients also evolved during the
Devonian. In modern vascular plants, the sporophyte is typically large, branched, nutritionally independent and
long-lived, but there is increasing evidence that Paleozoic gametophytes were just as complex as the sporophytes.
The gametophytes of all vascular plant groups evolved to become reduced in size and prominence in the life cycle.

The first seed plants, Pteridosperms (seed ferns), now extinct, appeared in the Devonian and diversified through the
Carboniferous. In these the microgametophyte is reduced to pollen and the megagametophyte remains inside the
megasporangium, attached to the parent plant. A megasporangium invested in protective layer called an integument
is known as an ovule. After fertilisation by means of sperm deposited by pollen grains, an embryo develops inside
the ovule. The integument becomes a seed coat, and the ovule develops into a seed. Seed plants can survive and
reproduce in extremely arid conditions, because they are not dependent on free water for the movement of sperm, or
the development of free living gametophytes.
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Early seed plants are gymnosperms, as the ovules and subsequent seeds are not enclosed in a protective structure
(carpels or fruit), but are found naked, typically on cone scales. Pollen typically lands directly on the ovule. Four

surviving groups remain widespread now, particularly the conifers, which are dominant trees in several biomes.

Fossils

Plant fossils include roots, wood, leaves, seeds, fruit, pollen, spores,
phytoliths, and amber (the fossilized resin produced by some plants).
Fossil land plants are recorded in terrestrial, lacustrine, fluvial and
nearshore marine sediments. Pollen, spores and algae (dinoflagellates
and acritarchs) are used for dating sedimentary rock sequences. The
remains of fossil plants are not as common as fossil animals, although

plant fossils are locally abundant in many regions worldwide.

The earliest fossils clearly assignable to Kingdom Plantae are fossil
green algae from the Cambrian. These fossils resemble calcified
multicellular members of the Dasycladales. Earlier Precambrian fossils
are known which resemble single-cell green algae, but definitive

identity with that group of algae is uncertain.

The oldest known fossils of embryophytes date from the Ordovician,
though such fossils are fragmentary. By the Silurian, fossils of whole

plants are preserved, including the lycophyte Baragwanathia

longifolia. From the Devonian, detailed fossils of rhyniophytes have : i E j
been found. Early fossils of these ancient plants show the individual A petrified log in Petrified Forest National Park.
cells within the plant tissue. The Devonian period also saw the

evolution of what many believe to be the first modern tree, Archaeopteris. This fern-like tree combined a woody

trunk with the fronds of a fern, but produced no seeds.

The Coal measures are a major source of Paleozoic plant fossils, with many groups of plants in existence at this time.
The spoil heaps of coal mines are the best places to collect; coal itself is the remains of fossilised plants, though
structural detail of the plant fossils is rarely visible in coal. In the Fossil Forest at Victoria Park in Glasgow,

Scotland, the stumps of Lepidodendron trees are found in their original growth positions.

The fossilized remains of conifer and angiosperm roots, stems and branches may be locally abundant in lake and
inshore sedimentary rocks from the Mesozoic and Cenozoic eras. Sequoia and its allies, magnolia, oak, and palms
are often found.

Petrified wood is common in some parts of the world, and is most frequently found in arid or desert areas where it is
more readily exposed by erosion. Petrified wood is often heavily silicified (the organic material replaced by silicon
dioxide), and the impregnated tissue is often preserved in fine detail. Such specimens may be cut and polished using

lapidary equipment. Fossil forests of petrified wood have been found in all continents.

Fossils of seed ferns such as Glossopteris are widely distributed throughout several continents of the Southern
Hemisphere, a fact that gave support to Alfred Wegener's early ideas regarding Continental drift theory.

The earliest fossils attributed to green algae date from the Precambrian (ca. 1200 mya). The resistant outer walls of
prasinophyte cysts (known as phycomata) are well preserved in fossil deposits of the Paleozoic (ca. 250-540 mya). A
filamentous fossil (Proterocladus) from middle Neoproterozoic deposits (ca. 750 mya) has been attributed to the
Cladophorales, while the oldest reliable records of the Bryopsidales, Dasycladales) and stoneworts are from the

Paleozoic.
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Structure, growth and development

Most of the solid material in a plant is taken from the atmosphere. Through a process known as photosynthesis, most
plants use the energy in sunlight to convert carbon dioxide from the atmosphere, plus water, into simple sugars.
(Parasitic plants, on the other hand, use the resources of its host to grow.) These sugars are then used as building
blocks and form the main structural component of the plant. Chlorophyll, a green-colored, magnesium-containing

pigment is essential to this process; it is generally present in plant leaves, and often in other plant parts as well.

Plants usually rely on soil primarily for support and water (in quantitative terms), but also obtain compounds of
nitrogen, phosphorus, potassium, magnesium and other elemental nutrients. Epiphytic and lithophytic plants depend
on air and nearby debris for nutrients, and carnivorous plants supplement their nutrient requirements with insect prey
that they capture. For the majority of plants to grow successfully they also require oxygen in the atmosphere and
around their roots (soil gas) for respiration. Plants use oxygen and glucose (which may be produced from stored
starch) to provide energy. Some plants grow as submerged aquatics, using oxygen dissolved in the surrounding

water, and a few specialized vascular plants, such as mangroves, can grow with their roots in anoxic conditions.

Factors affecting growth

The genotype of a plant affects its growth. For example, selected
varieties of wheat grow rapidly, maturing within 110 days, whereas
others, in the same environmental conditions, grow more slowly and

mature within 155 days.[lﬁ]

Growth is also determined by environmental factors, such as

temperature, available water, available light, carbon dioxide and

available nutrients in the soil. Any change in the availability of these i

external conditions will be reflected in the plant's growth. The leaf is usually the primary site of
photosynthesis in plants.

Biotic factors are also capable of affecting plant growth. Plants
compete with other plants for space, water, light and nutrients. Plants
can be so crowded that no single individual produces normal growth,
causing etiolation and chlorosis. Optimal plant growth can be
hampered by grazing animals, suboptimal soil composition, lack of
mycorrhizal fungi, and attacks by insects or plant diseases, including

those caused by bacteria, fungi, viruses, and nematodes.

Simple plants like algae may have short life spans as individuals, but
their populations are commonly seasonal. Other plants may be
organized according to their seasonal growth pattern: annual plants live
and reproduce within one growing season, biennial plants live for two

growing seasons and usually reproduce in second year, and perennial

plants live for many growing seasons and continue to reproduce once

they are mature. These designations often depend on climate and other There is no photosynthesis in deciduous leaves in

environmental factors; plants that are annual in alpine or temperate autum.

regions can be biennial or perennial in warmer climates. Among the

vascular plants, perennials include both evergreens that keep their leaves the entire year, and deciduous plants which
lose their leaves for some part of it. In temperate and boreal climates, they generally lose their leaves during the

winter; many tropical plants lose their leaves during the dry season.

The growth rate of plants is extremely variable. Some mosses grow less than 0.001 millimeters per hour (mm/h),
while most trees grow 0.025-0.250 mm/h. Some climbing species, such as kudzu, which do not need to produce thick

supportive tissue, may grow up to 12.5 mm/h.
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Plants protect themselves from frost and dehydration stress with
antifreeze proteins, heat-shock proteins and sugars (sucrose is
common). LEA (Late Embryogenesis Abundant) protein expression is
induced by stresses and protects other proteins from aggregation as a

result of desiccation and freezing.

Dried dead plants

Plant cell

Plant cells are typically distinguished by their large water-filled central
vacuole, chloroplasts, and rigid cell walls that are made up of cellulose,
hemicellulose, and pectin. Cell division is also characterized by the
development of a phragmoplast for the construction of a cell plate in
the late stages of cytokinesis. Just as in animals, plant cells
differentiate and develop into multiple cell types. Totipotent

meristematic cells can differentiate into vascular, storage, protective

(e.g. epidermal layer), or reproductive tissues, with more primitive

plants lacking some tissue types.[m

Plant cell structure

Physiology

Photosynthesis

Plants are photosynthetic, which means that they manufacture their own food molecules using energy obtained from
light. The primary mechanism plants have for capturing light energy is the pigment chlorophyll. All green plants
contain two forms of chlorophyll, chlorophyll a and chlorophyll b. The latter of these pigments is not found in red or

brown algae.

Immune system

By means of cells that behave like nerves, plants receive and distribute within their systems information about
incident light intensity and quality. Incident light which stimulates a chemical reaction in one leaf, will cause a chain
reaction of signals to the entire plant via a type of cell termed a bundle sheath cell. Researchers from the Warsaw
University of Life Sciences in Poland, found that plants have a specific memory for varying light conditions which
prepares their immune systems against seasonal pathogens.[lsl Plants use pattern-recognition receptors to recognize
conserved microbial signatures. This recognition triggers an immune response. The first plant receptors of conserved
microbial signatures were identified in rice (XA21, 1995) and in Arabidopsis thaliana (FLS2, 2000). Plants also
carry immune receptors that recognize highly variable pathogen effectors. These include the NBS-LRR class of

proteins.
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Internal distribution

Vascular plants differ from other plants in that nutrients are transported between their different parts through
specialized structures, called xylem and phloem. They also have roots for taking up water and minerals. The xylem
moves water and minerals from the root to the rest of the plant, and the phloem provides the roots with sugars and

other nutrient produced by the leaves.

Ecology

The photosynthesis conducted by land plants and algae is the ultimate source of energy and organic material in
nearly all ecosystems. Photosynthesis radically changed the composition of the early Earth's atmosphere, which as a
result is now 21% oxygen. Animals and most other organisms are aerobic, relying on oxygen; those that do not are
confined to relatively rare anaerobic environments. Plants are the primary producers in most terrestrial ecosystems
and form the basis of the food web in those ecosystems. Many animals rely on plants for shelter as well as oxygen
and food.

Land plants are key components of the water cycle and several other biogeochemical cycles. Some plants have
coevolved with nitrogen fixing bacteria, making plants an important part of the nitrogen cycle. Plant roots play an

essential role in soil development and prevention of soil erosion.

Distribution

Plants are distributed worldwide in varying numbers. While they inhabit a multitude of biomes and ecoregions, few
can be found beyond the tundras at the northernmost regions of continental shelves. At the southern extremes, plants

have adapted tenaciously to the prevailing conditions. (See Antarctic flora.)

Plants are often the dominant physical and structural component of habitats where they occur. Many of the Earth's
biomes are named for the type of vegetation because plants are the dominant organisms in those biomes, such as

grasslands and forests.

Ecological relationships

Numerous animals have coevolved with plants. Many animals pollinate
flowers in exchange for food in the form of pollen or nectar. Many
animals disperse seeds, often by eating fruit and passing the seeds in
their feces. Myrmecophytes are plants that have coevolved with ants.
The plant provides a home, and sometimes food, for the ants. In
exchange, the ants defend the plant from herbivores and sometimes

competing plants. Ant wastes provide organic fertilizer.

The majority of plant species have various kinds of fungi associated
with their root systems in a kind of mutualistic symbiosis known as
mycorrhiza. The fungi help the plants gain water and mineral nutrients
from the soil, while the plant gives the fungi carbohydrates

manufactured in photosynthesis. Some plants serve as homes for

endophytic fungi that protect the plant from herbivores by producing The Venus flytrap, a species of carnivorous plant.
toxins. The fungal endophyte, Neotyphodium coenophialum, in tall

fescue (Festuca arundinacea) does tremendous economic damage to the cattle industry in the U.S.

Various forms of parasitism are also fairly common among plants, from the semi-parasitic mistletoe that merely
takes some nutrients from its host, but still has photosynthetic leaves, to the fully parasitic broomrape and toothwort

that acquire all their nutrients through connections to the roots of other plants, and so have no chlorophyll. Some
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plants, known as myco-heterotrophs, parasitize mycorrhizal fungi, and hence act as epiparasites on other plants.

Many plants are epiphytes, meaning they grow on other plants, usually trees, without parasitizing them. Epiphytes
may indirectly harm their host plant by intercepting mineral nutrients and light that the host would otherwise receive.
The weight of large numbers of epiphytes may break tree limbs. Hemiepiphytes like the strangler fig begin as
epiphytes but eventually set their own roots and overpower and kill their host. Many orchids, bromeliads, ferns and
mosses often grow as epiphytes. Bromeliad epiphytes accumulate water in leaf axils to form phytotelmata, complex

aquatic food webs.1!

Approximately 630 plants are carnivorous, such as the Venus Flytrap (Dionaea muscipula) and sundew (Drosera

species). They trap small animals and digest them to obtain mineral nutrients, especially nitrogen and phosphorus.[zo]

Importance

The study of plant uses by people is termed economic botany or
ethnobotany; some consider economic botany to focus on modern
cultivated plants, while ethnobotany focuses on indigenous plants
cultivated and used by native peoples. Human cultivation of plants is
part of agriculture, which is the basis of human civilization. Plant

agriculture is subdivided into agronomy, horticulture and forestry.

Food

Much of human nutrition depends on plants, either directly or
indirectly.

Human nutrition depends to a large extent on cereals, especially maize

(or corn), wheat and rice. Other staple crops include potato, cassava,

and legumes. Human food also includes vegetables, spices, and certain Potato plant. Potatoes spread to the

fruits, nuts, herbs, and edible flowers. rest of the world after European
contact with the Americas in the late

Beverages produced from plants include coffee, tea, wine, beer and i
15th and early 16th centuries and

alcohol. have since become an important field
Sugar is obtained mainly from sugar cane and sugar beet, and honey crop.

comes from flowers.

Cooking oils and margarine come from maize, soybean, rapeseed,
safflower, sunflower, olive and others.

Food additives include gum arabic, guar gum, locust bean gum, starch
and pectin.

Livestock animals including cows, pigs, sheep, goats and camels are all
herbivores; and most feed primarily or entirely on cereal plants,

particularly grasses.

Nonfood products

Timber in storage for later processing at a
Wood is used for buildings, furniture, paper, cardboard, musical sawmill.

instruments and sports equipment. Cloth is often made from cotton,
flax, rame or synthetic fibers derived from cellulose, such as rayon and acetate. Renewable fuels from plants include

firewood, peat and many other biofuels. Coal and petroleum are fossil fuels derived from plants.
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Medicines derived from plants include aspirin, taxol, morphine,
quinine, reserpine, colchicine, digitalis and vincristine. There are
hundreds of herbal supplements such as ginkgo, Echinacea, feverfew,
and Saint John's wort. Pesticides derived from plants include nicotine,
rotenone, strychnine and pyrethrins. Drugs obtained from plants
include opium, cocaine and marijuana. Poisons from plants include
ricin, hemlock and curare. Plants are the source of many natural
products such as fibers, essential oils, natural dyes, pigments, waxes,
tannins, latex, gums, resins, alkaloids, amber and cork. Products
derived from plants include soaps, paints, shampoos, perfumes,

cosmetics, turpentine, rubber, varnish, lubricants, linoleum, plastics,

inks, chewing gum and hemp rope. Plants are also a primary source of

A section of a Yew branch showing 27 annual

basic chemicals for the industrial synthesis of a vast array of organic arowth rings, pale sapwood and dark heartwood,

chemicals. These chemicals are used in a vast variety of studies and and pith (centre dark spot). The dark radial lines

experiments, are longitudinal sections of small branches which
became included by growth of the tree.

Aesthetic uses

Thousands of plant species are cultivated for aesthetic purposes as well as to provide shade, modify temperatures,
reduce wind, abate noise, provide privacy, and prevent soil erosion. People use cut flowers, dried flowers and
houseplants indoors or in greenhouses. In outdoor gardens, lawn grasses, shade trees, ornamental trees, shrubs, vines,
herbaceous perennials and bedding plants are used. Images of plants are often used in art, architecture, humor,
language, and photography and on textiles, money, stamps, flags and coats of arms. Living plant art forms include
topiary, bonsai, ikebana and espalier. Ornamental plants have sometimes changed the course of history, as in
tulipomania. Plants are the basis of a multi-billion dollar per year tourism industry which includes travel to
arboretums, botanical gardens, historic gardens, national parks, tulip festivals, rainforests, forests with colorful
autumn leaves and the National Cherry Blossom Festival. Venus Flytrap, sensitive plant and resurrection plant are
examples of plants sold as novelties.

Scientific and cultural uses

Tree rings are an important method of dating in archeology and serve as a record of past climates. Basic biological
research has often been done with plants, such as the pea plants used to derive Gregor Mendel's laws of genetics.
Space stations or space colonies may one day rely on plants for life support. Plants are used as national and state
emblems, including state trees and state flowers. Ancient trees are revered and many are famous. Numerous world
records are held by plants. Plants are often used as memorials, gifts and to mark special occasions such as births,
deaths, weddings and holidays. Plants figure prominently in mythology, religion and literature. The field of
ethnobotany studies plant use by indigenous cultures which helps to conserve endangered species as well as discover
new medicinal plants. Gardening is the most popular leisure activity in the U.S. Working with plants or horticulture
therapy is beneficial for rehabilitating people with disabilities. Certain plants contain psychotropic chemicals which

are extracted and ingested, including tobacco, cannabis (marijuana), and opium.
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Negative effects

Weeds are uncultivated and usually unwanted plants by gardeners. People have spread plants beyond their native
ranges and some of these introduced plants become invasive, damaging existing ecosystems by displacing native
species. Invasive plants cause costly damage in crop losses annually by displacing crop plants, they further increase

the cost of production and the use of chemicals to control them, which in turn affects the environment.

Plants may cause harm to animals, including people. Plants that produce windblown pollen invoke allergic reactions
in people who suffer from hay fever. A wide variety of plants are poisonous. Toxalbumins are plant poisons fatal to
most mammals and act as a serious deterrent to consumption. Several plants cause skin irritations when touched,
such as poison ivy. Certain plants contain psychotropic chemicals, which are extracted and ingested or smoked,
including tobacco, cannabis (marijuana), cocaine and opium. Smoking causes damage to health or even death, while
some drugs may also be harmful or fatal to people. Both illegal and legal drugs derived from plants may have
negative effects on the economy, affecting worker productivity and law enforcement costs. Some plants cause

allergic reactions when ingested, while other plants cause food intolerances that negatively affect health.
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Animal

Animals
Temporal range: Ediacaran — Recent

Scientific classification

Domain: Eukaryota
(Unranked) Opisthokonta
(Unranked) Holozoa
(Unranked) Filozoa
Kingdom: Animalia
Linnaeus, 1758

Phyla
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+ Subkingdom Parazoa

Porifera
Placozoa

+ Subkingdom Eumetazoa
- Radiata (unranked)

« Ctenophora
+ Chnidaria
- Bilateria (unranked)

+ Orthonectida

« Rhombozoa

« Acoelomorpha

+ Chaetognatha

+ Superphylum Deuterostomia

+ Chordata
+ Hemichordata
« Echinodermata
« Xenoturbellida
« Vetulicolia 1
+ Protostomia (unranked)

+ Superphylum Ecdysozoa

+ Kinorhyncha
+ Loricifera
 Priapulida
« Nematoda
« Nematomorpha
+ Onychophora
+ Tardigrada
 Arthropoda
+ Superphylum Platyzoa

« Platyhelminthes
 Gastrotricha
« Rotifera
« Acanthocephala
+ Gnathostomulida
« Micrognathozoa
+ Cycliophora

+ Superphylum Lophotrochozoa
+ Sipuncula
+ Hyolitha T
- Nemertea
+ Phoronida
- Bryozoa
- Entoprocta
+ Brachiopoda
+ Mollusca
« Annelida

Animals are multicellular, eukaryotic organisms of the kingdom Animalia or Metazoa. Their body plan eventually
becomes fixed as they develop, although some undergo a process of metamorphosis later on in their lives. Most
animals are motile, meaning they can move spontaneously and independently. All animals must ingest other
organisms or their products for sustenance (see Heterotroph).

Most known animal phyla appeared in the fossil record as marine species during the Cambrian explosion, about 542

million years ago. Animals are divided into various sub-groups, some of which are: vertebrates (birds, mammals,

amphibians, reptiles, fish); mollusks (clams, oysters, octopuses, squid, snails); arthropods (millipedes, centipedes,
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insects, spiders, scorpions, crabs, lobsters, shrimp); annelids (earthworms, leeches); sponges; and jellyfish.

Etymology

The word "animal" comes from the Latin word animalis, meaning "having breath". In everyday colloquial usage the
word incorrectly excludes humans—that is, "animal" is often used to refer only to non-human members of the
kingdom Animalia. Sometimes, only closer relatives of humans such as mammals and other vertebrates are meant in
colloquial use. The biological definition of the word refers to all members of the kingdom Animalia, encompassing

creatures as diverse as sponges, jellyfish, insects, and humans.

Characteristics

Animals have several characteristics that set them apart from other living things. Animals are eukaryotic and
multicellular, which separates them from bacteria and most protists. They are heterotrophic, generally digesting food
in an internal chamber, which separates them from plants and algae. They are also distinguished from plants, algae,
and fungi by lacking rigid cell walls. All animals are motile, if only at certain life stages. In most animals, embryos

pass through a blastula stage, which is a characteristic exclusive to animals.

Structure

With a few exceptions, most notably the sponges (Phylum Porifera) and Placozoa, animals have bodies differentiated
into separate tissues. These include muscles, which are able to contract and control locomotion, and nerve tissues,
which send and process signals. Typically, there is also an internal digestive chamber, with one or two openings.
Animals with this sort of organization are called metazoans, or eumetazoans when the former is used for animals in

general.

All animals have eukaryotic cells, surrounded by a characteristic extracellular matrix composed of collagen and
elastic glycoproteins. This may be calcified to form structures like shells, bones, and spicules. During development,
it forms a relatively flexible framework upon which cells can move about and be reorganized, making complex
structures possible. In contrast, other multicellular organisms, like plants and fungi, have cells held in place by cell
walls, and so develop by progressive growth. Also, unique to animal cells are the following intercellular junctions:

tight junctions, gap junctions, and desmosomes.

Reproduction and development

Nearly all animals undergo some form of sexual reproduction. They
have a few specialized reproductive cells, which undergo meiosis to
produce smaller, motile spermatozoa or larger, non-motile ova. These

fuse to form zygotes, which develop into new individuals.

Many animals are also capable of asexual reproduction. This may take
place through parthenogenesis, where fertile eggs are produced without

mating, budding, or fragmentation.

A zygote initially develops into a hollow sphere, called a blastula,

which undergoes rearrangement and differentiation. In sponges,

blastula larvae swim to a new location and develop into a new sponge.

A newt lung cell stained with fluorescent dyes

undergoing the early anaphase stage of mitosis In most other groups, the blastula undergoes more complicated
rearrangement. It first invaginates to form a gastrula with a digestive
chamber, and two separate germ layers — an external ectoderm and an internal endoderm. In most cases, a

mesoderm also develops between them. These germ layers then differentiate to form tissues and organs.
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Food and energy sourcing

All animals are heterotrophs, meaning that they feed directly or indirectly on other living things. They are often

further subdivided into groups such as carnivores, herbivores, omnivores, and parasites.

Predation is a biological interaction where a predator (a heterotroph that is hunting) feeds on its prey (the organism
that is attacked).[l] Predators may or may not kill their prey prior to feeding on them, but the act of predation always
results in the death of the prey.[z] The other main category of consumption is detritivory, the consumption of dead
organic matter. It can at times be difficult to separate the two feeding behaviours, for example, where parasitic
species prey on a host organism and then lay their eggs on it for their offspring to feed on its decaying corpse.
Selective pressures imposed on one another has led to an evolutionary arms race between prey and predator,

resulting in various antipredator adaptations.

Most animals indirectly use the energy of sunlight by eating plants or plant-eating animals. Most plants use light to
convert inorganic molecules in their environment into carbohydrates, fats, proteins and other biomolecules,
characteristically containing reduced carbon in the form of carbon-hydrogen bonds. Starting with carbon dioxide
(COZ) and water (HZO)’ photosynthesis converts the energy of sunlight into chemical energy in the form of simple
sugars (e.g., glucose), with the release of molecular oxygen. These sugars are then used as the building blocks for
plant growth, including the production of other biomolecules. When an animal eats plants (or eats other animals
which have eaten plants), the reduced carbon compounds in the food become a source of energy and building
materials for the animal. They are either used directly to help the animal grow, or broken down, releasing stored

solar energy, and giving the animal the energy required for motion.

Animals living close to hydrothermal vents and cold seeps on the ocean floor are not dependent on the energy of

sunlight. Instead chemosynthetic archaea and bacteria form the base of the food chain.

Origin and fossil record

Animals are generally considered to have evolved from a flagellated
eukaryote. Their closest known living relatives are the
choanoflagellates, collared flagellates that have a morphology similar
to the choanocytes of certain sponges. Molecular studies place animals
in a supergroup called the opisthokonts, which also include the
choanoflagellates, fungi and a few small parasitic protists. The name

comes from the posterior location of the flagellum in motile cells, such

as most animal spermatozoa, whereas other eukaryotes tend to have

anterior ﬂagena' Dunkleosteus was a 10-metre-long (33 ft)
prehistoric fish.

The first fossils that might represent animals appear in the Trezona

Formation at Trezona Bore, West Central Flinders, South Australia. These fossils are interpreted as being early

sponges. They were found in 665-million-year-old rock.

The next oldest possible animal fossils are found towards the end of the Precambrian, around 610 million years ago,
and are known as the Ediacaran or Vendian biota. These are difficult to relate to later fossils, however. Some may
represent precursors of modern phyla, but they may be separate groups, and it is possible they are not really animals
at all.

Aside from them, most known animal phyla make a more or less simultaneous appearance during the Cambrian
period, about 542 million years ago. It is still disputed whether this event, called the Cambrian explosion, is due to a

rapid divergence between different groups or due to a change in conditions that made fossilization possible.

Some paleontologists suggest that animals appeared much earlier than the Cambrian explosion, possibly as early as 1

billion years ago. Trace fossils such as tracks and burrows found in the Tonian era indicate the presence of
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triploblastic worms, like metazoans, roughly as large (about 5 mm wide) and complex as earthworms. During the

beginning of the Tonian period around 1 billion years ago, there was a decrease in Stromatolite diversity, which may

indicate the appearance of grazing animals, since stromatolite diversity increased when grazing animals went extinct

at the End Permian and End Ordovician extinction events, and decreased shortly after the grazer populations

recovered. However the discovery that tracks very similar to these early trace fossils are produced today by the giant

single-celled protist Gromia sphaerica casts doubt on their interpretation as evidence of early animal evolution.

Groups of animals

Ctenophora, Porifera, Placozoa,
Cnidaria and Bilateria

Phylogenetic analysis suggests that the
Porifera and Ctenophora diverged before a
clade (ParaHoxozoa) that gave rise to the
Bilateria, Cnidaria and Placozoa. Another
study based on the presence/absence of
introns suggests that Cnidaria, Porifera and
Placozoa may be a sister group of Bilateria
and Ctenophora.[4] A new study indicates
that Ctenophora are the basal first diverging
clade of animals, with Porifera, and

Placozoa and finally Bilateria and Cnidaria

Bryozoa
Porifera

M 14 Minor Phyla
Echinodermata
Cnidaria

M Annelida

M Nematoda

M Platyhelminthes

M Chordata

B Mollusca

M Arthropoda

subsequent derivatives.

Orange elephant ear sponge, Agelas

clathrodes, in foreground. Two
corals in the background: a sea fan,
Iciligorgia schrammi, and a sea rod,

Plexaurella nutans.

The relative number of species contributed to the total by each phylum of animals.

The sponges (Porifera) were long thought to have diverged from other animals
early. They lack the complex organization found in most other phyla. Their cells
are differentiated, but in most cases not organized into distinct tissues. Sponges
typically feed by drawing in water through pores. Archaeocyatha, which have
fused skeletons, may represent sponges or a separate phylum. However, a
phylogenomic study in 2008 of 150 genes in 29 animals across 21 phyla revealed
that it is the Ctenophora or comb jellies which are the basal lineage of animals, at
least among those 21 phyla. The authors speculate that sponges—or at least those
lines of sponges they investigated—are not so primitive, but may instead be

secondarily simplified.

Among the other phyla, the Ctenophora and the Cnidaria, which includes sea
anemones, corals, and jellyfish, are radially symmetric and have digestive
chambers with a single opening, which serves as both the mouth and the anus.
Both have distinct tissues, but they are not organized into organs. There are only
two main germ layers, the ectoderm and endoderm, with only scattered cells
between them. As such, these animals are sometimes called diploblastic. The tiny

placozoans are similar, but they do not have a permanent digestive chamber.

The remaining animals form a monophyletic group called the Bilateria. For the most part, they are bilaterally

symmetric, and often have a specialized head with feeding and sensory organs. The body is triploblastic, i.e. all three
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germ layers are well-developed, and tissues form distinct organs. The digestive chamber has two openings, a mouth
and an anus, and there is also an internal body cavity called a coelom or pseudocoelom. There are exceptions to each
of these characteristics, however — for instance adult echinoderms are radially symmetric, and certain parasitic

worms have extremely simplified body structures.

Genetic studies have considerably changed our understanding of the relationships within the Bilateria. Most appear
to belong to two major lineages: the deuterostomes and the protostomes, the latter of which includes the Ecdysozoa,
Platyzoa, and Lophotrochozoa. In addition, there are a few small groups of bilaterians with relatively similar
structure that appear to have diverged before these major groups. These include the Acoelomorpha, Rhombozoa, and
Orthonectida. The Myxozoa, single-celled parasites that were originally considered Protozoa, are now believed to

have developed from the Medusozoa as well.

Deuterostomes

Deuterostomes differ from the other Bilateria, called protostomes, in
several ways. In both cases there is a complete digestive tract.
However, in protostomes, the first opening of the gut to appear in
embryological development (the archenteron) develops into the mouth,
with the anus forming secondarily. In deuterostomes the anus forms
first, with the mouth developing secondarily. In most protostomes,

cells simply fill in the interior of the gastrula to form the mesoderm,

called schizocoelous development, but in deuterostomes, it forms s
through invagination of the endoderm, called enterocoelic pouching. Superb Fairy-wren, Malurus cyaneus
Deuterostome embryos undergo radial cleavage during cell division,

while protostomes undergo spiral cleavage.

All this suggests the deuterostomes and protostomes are separate, monophyletic lineages. The main phyla of
deuterostomes are the Echinodermata and Chordata. The former are radially symmetric and exclusively marine, such
as starfish, sea urchins, and sea cucumbers. The latter are dominated by the vertebrates, animals with backbones.

These include fish, amphibians, reptiles, birds, and mammals.

In addition to these, the deuterostomes also include the Hemichordata, or acorn worms. Although they are not

especially prominent today, the important fossil graptolites may belong to this group.

The Chaetognatha or arrow worms may also be deuterostomes, but more recent studies suggest protostome affinities.

Ecdysozoa

The Ecdysozoa are protostomes, named after the common trait of
growth by moulting or ecdysis. The largest animal phylum belongs
here, the Arthropoda, including insects, spiders, crabs, and their kin.
All these organisms have a body divided into repeating segments,
typically with paired appendages. Two smaller phyla, the Onychophora
and Tardigrada, are close relatives of the arthropods and share these

traits.

The ecdysozoans also include the Nematoda or roundworms, perhaps Yellow-winged darter, Sympetrum flaveolum
the second largest animal phylum. Roundworms are typically

microscopic, and occur in nearly every environment where there is water. A number are important parasites. Smaller
phyla related to them are the Nematomorpha or horsehair worms, and the Kinorhyncha, Priapulida, and Loricifera.

These groups have a reduced coelom, called a pseudocoelom.
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The remaining two groups of protostomes are sometimes grouped together as the Spiralia, since in both embryos

develop with spiral cleavage.

Platyzoa

The Platyzoa include the phylum Platyhelminthes, the flatworms.
These were originally considered some of the most primitive Bilateria,
but it now appears they developed from more complex ancestors. A
number of parasites are included in this group, such as the flukes and
tapeworms. Flatworms are acoelomates, lacking a body cavity, as are

their closest relatives, the microscopic Gastrotricha.

The other platyzoan phyla are mostly microscopic and

pseudocoelomate. The most prominent are the Rotifera or rotifers, s g

P

which are common in aqueous environments. They also include the Pseudobiceros bedfordi, (Bedford's flatworm)
Acanthocephala or spiny-headed worms, the Gnathostomulida,
Micrognathozoa, and possibly the Cycliophora. These groups share the presence of complex jaws, from which they

are called the Gnathifera.

Lophotrochozoa

The Lophotrochozoa, evolved within Protostomia, include two of the
most successful animal phyla, the Mollusca and Annelida. The former,
which is the second-largest animal phylum by number of described
species, includes animals such as snails, clams, and squids, and the

latter comprises the segmented worms, such as earthworms and

leeches. These two groups have long been considered close relatives
because of the common presence of trochophore larvae, but the
annelids were considered closer to the arthropods because they are Roman snail, Helix pomatia
both segmented. Now, this is generally considered convergent

evolution, owing to many morphological and genetic differences between the two phyla.

The Lophotrochozoa also include the Nemertea or ribbon worms, the Sipuncula, and several phyla that have a ring of
ciliated tentacles around the mouth, called a lophophore. These were traditionally grouped together as the
lophophorates. but it now appears that the lophophorate group may be paraphyletic, with some closer to the
nemerteans and some to the molluscs and annelids. They include the Brachiopoda or lamp shells, which are

prominent in the fossil record, the Entoprocta, the Phoronida, and possibly the Bryozoa or moss animals.

Model organisms

Because of the great diversity found in animals, it is more economical for scientists to study a small number of
chosen species so that connections can be drawn from their work and conclusions extrapolated about how animals
function in general. Because they are easy to keep and breed, the fruit fly Drosophila melanogaster and the
nematode Caenorhabditis elegans have long been the most intensively studied metazoan model organisms, and were
among the first life-forms to be genetically sequenced. This was facilitated by the severely reduced state of their
genomes, but as many genes, introns, and linkages lost, these ecdysozoans can teach us little about the origins of
animals in general. The extent of this type of evolution within the superphylum will be revealed by the crustacean,
annelid, and molluscan genome projects currently in progress. Analysis of the starlet sea anemone genome has
emphasised the importance of sponges, placozoans, and choanoflagellates, also being sequenced, in explaining the

arrival of 1500 ancestral genes unique to the Eumetazoa.
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An analysis of the homoscleromorph sponge Oscarella carmela also suggests that the last common ancestor of

sponges and the eumetazoan animals was more complex than previously assumed.

Other model organisms belonging to the animal kingdom include the house mouse (Mus musculus) and zebrafish

(Danio rerio).

History of classification

Aristotle divided the living world between animals and plants, and this was
followed by Carolus Linnaeus (Carl von Linné), in the first hierarchical
classification. Since then biologists have begun emphasizing evolutionary
relationships, and so these groups have been restricted somewhat. For instance,
microscopic protozoa were originally considered animals because they move, but
are now treated separately.

In Linnaeus's original scheme, the animals were one of three kingdoms, divided

into the classes of Vermes, Insecta, Pisces, Amphibia, Aves, and Mammalia.

Since then the last four have all been subsumed into a single phylum, the

Carolus Linnaeus, known as the
Chordata, whereas the various other forms have been separated out. The above father of modern taxonomy

lists represent our current understanding of the group, though there is some

variation from source to source.
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Ecology

Ecology

Ecology addresses the full scale of life, from tiny bacteria to processes that span the entire planet. Ecologists study many diverse and complex
relations among species, such as predation and pollination. The diversity of life is organized into different habitats, from terrestrial (middle) to
aquatic ecosystems.

Ecology (from Greek: oikoc, "house"; -hoyia, "study of”[A]) is the scientific study of interactions among organisms
and their environment, such as the interactions organisms have with each other and with their abiotic environment.
Topics of interest to ecologists include the diversity, distribution, amount (biomass), number (population) of
organisms, as well as competition between them within and among ecosystems. Ecosystems are composed of
dynamically interacting parts including organisms, the communities they make up, and the non-living components of
their environment. Ecosystem processes, such as primary production, pedogenesis, nutrient cycling, and various
niche construction activities, regulate the flux of energy and matter through an environment. These processes are
sustained by organisms with specific life history traits, and the variety of organisms is called biodiversity.

Biodiversity, which refers to the varieties of species, genes, and ecosystems, enhances certain ecosystem services.

Ecology is an interdisciplinary field that includes biology and Earth science. The word "ecology" ("Okologie") was
coined in 1866 by the German scientist Ernst Haeckel (1834—1919). Ancient Greek philosophers such as
Hippocrates and Aristotle laid the foundations of ecology in their studies on natural history. Modern ecology
transformed into a more rigorous science in the late 19th century. Evolutionary concepts on adaptation and natural
selection became cornerstones of modern ecological theory. Ecology is not synonymous with environment,
environmentalism, natural history, or environmental science. It is closely related to evolutionary biology, genetics,
and ethology. An understanding of how biodiversity affects ecological function is an important focus area in

ecological studies. Ecologists seek to explain:

» Life processes, interactions and adaptations

* The movement of materials and energy through living communities
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* The successional development of ecosystems, and

* The abundance and distribution of organisms and biodiversity in the context of the environment.

Ecology is a human science as well. There are many practical applications of ecology in conservation biology,
wetland management, natural resource management (agroecology, agriculture, forestry, agroforestry, fisheries), city
planning (urban ecology), community health, economics, basic and applied science, and human social interaction
(human ecology). Organisms and resources compose ecosystems which, in turn, maintain biophysical feedback
mechanisms that moderate processes acting on living (biotic) and nonliving (abiotic) components of the planet.
Ecosystems sustain life-supporting functions and produce natural capital like biomass production (food, fuel, fiber
and medicine), the regulation of climate, global biogeochemical cycles, water filtration, soil formation, erosion

control, flood protection and many other natural features of scientific, historical, economic, or intrinsic value.

Integrative levels, scope, and scale of organization

The scope of ecology covers a wide

Obd-gromth Cwlersiary

B

Old-grmth

T 1 %% @$$$i$m

array of interacting levels of

organization spanning micro-level R
ooy S

(e.g., cells) to planetary scale (e.g., i

biosphere) phenomena. Ecosystems, e prrpE— ey

for example, contain abiotic resources Ecosystems regenerate after a disturbance such as fire, forming mosaics of different age
and interacting life forms (i.e., groups structured across a landscape. Pictured are different seral stages in forested

individual organisms that aggregate ecosystems starting fr‘om pioneers col(?nizing a disturbed site and maturing in
successional stages leading to old-growth forests.

into populations which aggregate into

distinct  ecological ~communities).

Ecosystems are dynamic, they do not always follow a linear successional path, but they are always changing,
sometimes rapidly and sometimes so slowly that it can take thousands of years for ecological processes to bring
about certain successional stages of a forest. An ecosystem's area can vary greatly, from tiny to vast. A single tree is
of little consequence to the classification of a forest ecosystem, but critically relevant to organisms living in and on
it. Several generations of an aphid population can exist over the lifespan of a single leaf. Each of those aphids, in
turn, support diverse bacterial communities. The nature of connections in ecological communities cannot be
explained by knowing the details of each species in isolation, because the emergent pattern is neither revealed nor
predicted until the ecosystem is studied as an integrated whole. Some ecological principles, however, do exhibit
collective properties where the sum of the components explain the properties of the whole, such as birth rates of a

population being equal to the sum of individual births over a designated time frame.

Hierarchical ecology

System behaviors must first be arrayed into different levels of organization. Behaviors corresponding to higher levels occur at slow
rates. Conversely, lower organizational levels exhibit rapid rates. For example, individual tree leaves respond rapidly to momentary
changes in light intensity, CO2 concentration, and the like. The growth of the tree responds more slowly and integrates these

short-term changes.
O'Neill et al. (1986)7°

The scale of ecological dynamics can operate like a closed system, such as aphids migrating on a single tree, while at
the same time remain open with regard to broader scale influences, such as atmosphere or climate. Hence, ecologists
classify ecosystems hierarchically by analyzing data collected from finer scale units, such as vegetation associations,
climate, and soil types, and integrate this information to identify emergent patterns of uniform organization and

processes that operate on local to regional, landscape, and chronological scales.
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To structure the study of ecology into a conceptually manageable framework, the biological world is organized into a
nested hierarchy, ranging in scale from genes, to cells, to tissues, to organs, to organisms, to species, to populations,
to communities, to ecosystems, to biomes, and up to the level of the biosphere. This framework forms a panarchy
and exhibits non-linear behaviors; this means that "effect and cause are disproportionate, so that small changes to
critical variables, such as the number of nitrogen fixers, can lead to disproportionate, perhaps irreversible, changes in

the system properties.”:14

Biodiversity
Biodiversity refers to the variety of life and its processes. It includes the variety of living organisms, the genetic differences among
them, the communities and ecosystems in which they occur, and the ecological and evolutionary processes that keep them

functioning, yet ever changing and adapting.
Noss & Carpenter (1994)°

Biodiversity (an abbreviation of "biological diversity") describes the diversity of life from genes to ecosystems and
spans every level of biological organization. The term has several interpretations, and there are many ways to index,
measure, characterize, and represent its complex organization. Biodiversity includes species diversity, ecosystem
diversity, and genetic diversity and scientists are interested in the way that this diversity affects the complex
ecological processes operating at and among these respective levels. Biodiversity plays an important role in
ecosystem services which by definition maintain and improve human quality of life. Preventing species extinctions is
one way to preserve biodiversity and that goal rests on techniques that preserve genetic diversity, habitat and the
ability for species to migrate.[mation needed] ¢ onservation priorities and management techniques require different
approaches and considerations to address the full ecological scope of biodiversity. Natural capital that supports
populations is critical for maintaining ecosystem services and species migration (e.g., riverine fish runs and avian
insect control) has been implicated as one mechanism by which those service losses are experienced. An
understanding of biodiversity has practical applications for species and ecosystem-level conservation planners as

they make management recommendations to consulting firms, governments, and industry.

Habitat

The habitat of a species describes the environment over which a species is known to occur and the type of
community that is formed as a result. More specifically, "habitats can be defined as regions in environmental space
that are composed of multiple dimensions, each representing a biotic or abiotic environmental variable; that is, any
component or characteristic of the environment related directly (e.g. forage biomass and quality) or indirectly (e.g.
elevation) to the use of a location by the animal."”* For example, a habitat might be an aquatic or terrestrial
environment that can be further categorized as a montane or alpine ecosystem. Habitat shifts provide important
evidence of competition in nature where one population changes relative to the habitats that most other individuals of
the species occupy. For example, one population of a species of tropical lizards (Tropidurus hispidus) has a flattened
body relative to the main populations that live in open savanna. The population that lives in an isolated rock outcrop
hides in crevasses where its flattened body offers a selective advantage. Habitat shifts also occur in the
developmental life history of amphibians and in insects that transition from aquatic to terrestrial habitats. Biotope
and habitat are sometimes used interchangeably, but the former applies to a community's environment, whereas the

latter applies to a species' environment.

Additionally, some species are ecosystem engineers, altering the environment within a localized region. For instance,

beavers manage water levels by building dams which improves their habitat in a landscape.
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Biodiversity of a coral reef. Corals adapt to and
modify their environment by forming calcium
carbonate skeletons. This provides growing
conditions for future generations and forms a
habitat for many other species.

Niche

Definitions of the niche date back to 1917, but G. Evelyn Hutchinson
made conceptual advances in 1957 by introducing a widely adopted
definition: "the set of biotic and abiotic conditions in which a species is
able to persist and maintain stable population sizes.">1 The ecological
niche is a central concept in the ecology of organisms and is
sub-divided into the fundamental and the realized niche. The
fundamental niche is the set of environmental conditions under which a
species is able to persist. The realized niche is the set of environmental
plus ecological conditions under which a species persists. The
Hutchinsonian niche is defined more technically as a "Euclidean
hyperspace whose dimensions are defined as environmental variables
and whose size is a function of the number of values that the
environmental values may assume for which an organism has positive
ﬁ'tness.":71
Biogeographical patterns and range distributions are explained or

predicted through knowledge of a species' traits and niche

requirements. Species have functional traits that are uniquely adapted  Termite mounds with varied heights of chimneys
to the ecological niche. A trait is a measurable property, phenotype, or regulate gas exchange, temperature and other
characteristic of an organism that may influence its survival. Genes environmental parameters that are needed to

. . . sustain the internal physiology of the entire
play an important role in the interplay of development and colony
environmental expression of traits. Resident species evolve traits that

are fitted to the selection pressures of their local environment. This

tends to afford them a competitive advantage and discourages similarly adapted species from having an overlapping

geographic range. The competitive exclusion principle states that two species cannot coexist indefinitely by living
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off the same limiting resource; one will always outcompete the other. When similarly adapted species overlap
geographically, closer inspection reveals subtle ecological differences in their habitat or dietary requirements. Some
models and empirical studies, however, suggest that disturbances can stabilize the coevolution and shared niche
occupancy of similar species inhabiting species-rich communities. The habitat plus the niche is called the ecotope,

which is defined as the full range of environmental and biological variables affecting an entire species.

Niche construction

Organisms are subject to environmental pressures, but they also modify their habitats. The regulatory feedback
between organisms and their environment can affect conditions from local (e.g., a beaver pond) to global scales, over
time and even after death, such as decaying logs or silica skeleton deposits from marine organisms. The process and
concept of ecosystem engineering has also been called niche construction. Ecosystem engineers are defined as:
"organisms that directly or indirectly modulate the availability of resources to other species, by causing physical state

changes in biotic or abiotic materials. In so doing they modify, maintain and create habitats.">">

The ecosystem engineering concept has stimulated a new appreciation for the influence that organisms have on the
ecosystem and evolutionary process. The term "niche construction" is more often used in reference to the
under-appreciated feedback mechanisms of natural selection imparting forces on the abiotic niche. An example of
natural selection through ecosystem engineering occurs in the nests of social insects, including ants, bees, wasps, and
termites. There is an emergent homeostasis or homeorhesis in the structure of the nest that regulates, maintains and
defends the physiology of the entire colony. Termite mounds, for example, maintain a constant internal temperature
through the design of air-conditioning chimneys. The structure of the nests themselves are subject to the forces of
natural selection. Moreover, a nest can survive over successive generations, so that progeny inherit both genetic

material and a legacy niche that was constructed before their time.

Biome

Biomes are larger units of organization that categorize regions of the Earth's ecosystems, mainly according to the
structure and composition of vegetation. There are different methods to define the continental boundaries of biomes
dominated by different functional types of vegetative communities that are limited in distribution by climate,
precipitation, weather and other environmental variables. Biomes include tropical rainforest, temperate broadleaf and
mixed forest, temperate deciduous forest, taiga, tundra, hot desert, and polar desert. Other researchers have recently
categorized other biomes, such as the human and oceanic microbiomes. To a microbe, the human body is a habitat
and a landscape. Microbiomes were discovered largely through advances in molecular genetics, which have revealed
a hidden richness of microbial diversity on the planet. The oceanic microbiome plays a significant role in the

ecological biogeochemistry of the planet's oceans.

Biosphere

The largest scale of ecological organization is the biosphere: the total sum of ecosystems on the planet. Ecological
relationships regulate the flux of energy, nutrients, and climate all the way up to the planetary scale. For example, the
dynamic history of the planetary atmosphere's CO2 and O2 composition has been affected by the biogenic flux of
gases coming from respiration and photosynthesis, with levels fluctuating over time in relation to the ecology and
evolution of plants and animals. Ecological theory has also been used to explain self-emergent regulatory
phenomena at the planetary scale: for example, the Gaia hypothesis is an example of holism applied in ecological
theory. The Gaia hypothesis states that there is an emergent feedback loop generated by the metabolism of living
organisms that maintains the core temperature of the Earth and atmospheric conditions within a narrow

self-regulating range of tolerance.
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Population ecology

Population ecology studies the dynamics of specie populations and how these populations interact with the wider
environment. A population consists of individuals of the same species that live, interact and migrate through the

same niche and habitat.

A primary law of population ecology is the Malthusian growth model which states, "a population will grow (or
decline) exponentially as long as the environment experienced by all individuals in the population remains
constant." ' Simplified population models usually start with four variables: death, birth, immigration, and

emigration.

An example of an introductory population model describes a closed population, such as on an island, where
immigration and emigration does not take place. Hypotheses are evaluated with reference to a null hypothesis which
states that random processes create the observed data. In these island models, the rate of population change is
described by:

dN
S =B-D=bN-dN=(b-dN=rN,

where N is the total number of individuals in the population, B is the number of births, D is the number of deaths, b
and d are the per capita rates of birth and death respectively, and r is the per capita rate of population change. The

formula states that the rate of change in population size (dN/dT) is equal to births minus deaths (B — D).
Using these modelling techniques, Malthus' population principle of growth was later transformed into a model
known as the logistic equation:
dN N
=:gly (1 — —) ;
dr K

where N is the number of individuals measured as biomass density, a is the maximum per-capita rate of change, and

K is the carrying capacity of the population. The formula states that the rate of change in population size (dN/dT) is
equal to growth (aN) that is limited by carrying capacity (1 — N/K).

Population ecology builds upon these introductory models to further understand demographic processes in real study
populations. Commonly used types of data include life history, fecundity, and survivorship, and these are analysed
using mathematical techniques such as matrix algebra. The information is used for managing wildlife stocks and
setting harvest quotas. In cases where basic models are insufficient, ecologists may adopt different kinds of statistical
methods, such as the Akaike information criterion, or use models that can become mathematically complex as

"several competing hypotheses are simultaneously confronted with the data."

Metapopulations and migration

The concept of metapopulations was defined in 1969 as "a population of populations which go extinct locally and
recolonize." '% Metapopulation ecology is another statistical approach that is often used in conservation research.
Metapopulation models simplify the landscape into patches of varying levels of quality, and metapopulations are
linked by the migratory behaviours of organisms. Animal migration is set apart from other kinds of movement
because it involves the seasonal departure and return of individuals from a habitat. Migration is also a
population-level phenomenon, as with the migration routes followed by plants as they occupied northern post-glacial
environments. Plant ecologists use pollen records that accumulate and stratify in wetlands to reconstruct the timing
of plant migration and dispersal relative to historic and contemporary climates. These migration routes involved an
expansion of the range as plant populations expanded from one area to another. There is a larger taxonomy of
movement, such as commuting, foraging, territorial behaviour, stasis, and ranging. Dispersal is usually distinguished
from migration because it involves the one way permanent movement of individuals from their birth population into

another population.

In metapopulation terminology, migrating individuals are classed as emigrants (when they leave a region) or

immigrants (when they enter a region), and sites are classed either as sources or sinks. A site is a generic term that
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refers to places where ecologists sample populations, such as ponds or defined sampling areas in a forest. Source
patches are productive sites that generate a seasonal supply of juveniles that migrate to other patch locations. Sink
patches are unproductive sites that only receive migrants; the population at the site will disappear unless rescued by
an adjacent source patch or environmental conditions become more favourable. Metapopulation models examine
patch dynamics over time to answer potential questions about spatial and demographic ecology. The ecology of
metapopulations is a dynamic process of extinction and colonization. Small patches of lower quality (i.e., sinks) are
maintained or rescued by a seasonal influx of new immigrants. A dynamic metapopulation structure evolves from
year to year, where some patches are sinks in dry years and are sources when conditions are more favourable.

Ecologists use a mixture of computer models and field studies to explain metapopulation structure.

Community ecology

Community ecology examines how interactions among species and their
environment affect the abundance, distribution and diversity of species within

communities.

Johnson & Stinchcomb (2007)2°°

Community ecology is the study of the interactions among a
collections of species that inhabit the same geographic area. Research

in community ecology might measure primary production in a wetland

in relation to decomposition and consumption rates. This requires an

Interspecific interactions such as predation are a
understanding of the community connections between plants (i.e., key aspect of community ecology.

primary producers) and the decomposers (e.g., fungi and bacteria), or
the analysis of predator-prey dynamics affecting amphibian biomass. Food webs and trophic levels are two widely

employed conceptual models used to explain the linkages among species.

Ecosystem ecology

These ecosystems, as we may call them, are of the most various kinds and sizes. They form one category of the multitudinous

physical systems of the universe, which range from the universe as a whole down to the atom.

Tansley (1935)>%

Ecosystems are habitats within biomes that form
an integrated whole and a dynamically
responsive system having both physical and
biological complexes. The underlying concept
can be traced back to 1864 in the published work
of George Perkins Marsh ("Man and Nature").
Within an ecosystem, organisms are linked to the
physical and biological components of their
environment to which they are adapted.

Ecosystems are complex adaptive systems where

the interaction of life processes form
self-organizing patterns across different scales of —— . .

. A riparian forest in the White Mountains, New Hampshire (USA), an
time and space. Ecosystems are broadly

example of ecosystem ecology

categorized as terrestrial, freshwater,

atmospheric, or marine. Differences stem from

the nature of the unique physical environments that shapes the biodiversity within each. A more recent addition to

ecosystem ecology are technoecosystems, which are affected by or primarily the result of human activity.
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Food webs

A food web is the archetypal ecological network. Plants capture solar energy and use it to synthesize simple sugars
during photosynthesis. As plants grow, they accumulate nutrients and are eaten by grazing herbivores, and the
energy is transferred through a chain of organisms by consumption. The simplified linear feeding pathways that
move from a basal trophic species to a top consumer is called the food chain. The larger interlocking pattern of food
chains in an ecological community creates a complex food web. Food webs are a type of concept map or a heuristic

device that is used to illustrate and study pathways of energy and material flows.

Food webs are often limited relative to the real world. Complete

Chesapeake Bay Waterbird Foad Web

empirical measurements are generally restricted to a specific habitat,
such as a cave or a pond, and principles gleaned from food web
microcosm studies are extrapolated to larger systems. Feeding relations
require extensive investigations into the gut contents of organisms,
which can be difficult to decipher, or stable isotopes can be used to

trace the flow of nutrient diets and energy through a food web. Despite
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these limitations, food webs remain a valuable tool in understanding
community ecosystems.

Generalized food web of waterbirds from

Chesapeake Bay Food webs exhibit principles of ecological emergence through the

nature of trophic relationships: some species have many weak feeding
links (e.g., omnivores) while some are more specialized with fewer stronger feeding links (e.g., primary predators).
Theoretical and empirical studies identify non-random emergent patterns of few strong and many weak linkages that
explain how ecological communities remain stable over time. Food webs are composed of subgroups where
members in a community are linked by strong interactions, and the weak interactions occur between these
subgroups. This increases food web stability. Step by step lines or relations are drawn until a web of life is
illustrated.

Trophic levels

A trophic level (from Greek troph,
. b S : _ e
Ry PO, troph&, meaning "food" or
Secondary Predator | & g:’r " R .
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Biodiversity within ecosystems can be

A trophic pyramid (a) and a food-web (b) illustrating ecological relationships amon . . . . .

PRic Py ( ) ®) ¢ & P & organized into trophic pyramids, in
creatures that are typical of a northern Boreal terrestrial ecosystem. The trophic pyramid

roughly represents the biomass (usually measured as total dry-weight) at each level. which the vertical dimension
Plants generally have the greatest biomass. Names of trophic categories are shown to the represents feeding relations that
right of the pyramid. Some ecosystems, such as many wetlands, do not organize as a strict become further removed from the base
pyramid, because aquatic plants are not as productive as long-lived terrestrial plants such

. . . , , , of the food chain up toward top
as trees. Ecological trophic pyramids are typically one of three kinds: 1) pyramid of

numbers, 2) pyramid of biomass, or 3) pyramid of energy.:598 predators, and the horizontal
dimension represents the abundance or
biomass at each level. When the relative abundance or biomass of each species is sorted into its respective trophic

level, they naturally sort into a 'pyramid of numbers'.
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Species are broadly categorized as autotrophs (or primary producers), heterotrophs (or consumers), and Detritivores
(or decomposers). Autotrophs are organisms that produce their own food (production is greater than respiration) by
photosynthesis or chemosynthesis. Heterotrophs are organisms that must feed on others for nourishment and energy
(respiration exceeds production). Heterotrophs can be further sub-divided into different functional groups, including
primary consumers (strict herbivores), secondary consumers (carnivorous predators that feed exclusively on
herbivores) and tertiary consumers (predators that feed on a mix of herbivores and predators). Omnivores do not fit
neatly into a functional category because they eat both plant and animal tissues. It has been suggested that omnivores
have a greater functional influence as predators, because compared to herbivores they are relatively inefficient at
grazing.

Trophic levels are part of the holistic or complex systems view of ecosystems. Each trophic level contains unrelated
species that are grouped together because they share common ecological functions, giving a macroscopic view of the
system. While the notion of trophic levels provides insight into energy flow and top-down control within food webs,
it is troubled by the prevalence of omnivory in real ecosystems. This has led some ecologists to "reiterate that the
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notion that species clearly aggregate into discrete, homogeneous trophic levels is fiction. Nonetheless, recent

studies have shown that real trophic levels do exist, but "above the herbivore trophic level, food webs are better

characterized as a tangled web of omnivores." '

Keystone species

A keystone species is a species that is connected to a
disproportionately large number of other species in the food-web.
Keystone species have lower levels of biomass in the trophic pyramid

relative to the importance of their role. The many connections that a

keystone species holds means that it maintains the organization and =<t T I

y p i - & ] ; e N0
structure of entire communities. The loss of a keystone species results Sea otters, an example of a keystone species
in a range of dramatic cascading effects that alters trophic dynamics,

other food web connections, and can cause the extinction of other species.

Sea otters (Enhydra lutris) are commonly cited as an example of a keystone species because they limit the density of
sea urchins that feed on kelp. If sea otters are removed from the system, the urchins graze until the kelp beds
disappear and this has a dramatic effect on community structure. Hunting of sea otters, for example, is thought to
have indirectly led to the extinction of the Steller's Sea Cow (Hydrodamalis gigas). While the keystone species
concept has been used extensively as a conservation tool, it has been criticized for being poorly defined from an
operational stance. It is difficult to experimentally determine what species may hold a keystone role in each
ecosystem. Furthermore, food web theory suggests that keystone species may not be common, so it is unclear how

generally the keystone species model can be applied.

Ecological complexity

Complexity is understood as a large computational effort needed to piece together numerous interacting parts
exceeding the iterative memory capacity of the human mind. Global patterns of biological diversity are complex.
This biocomplexity stems from the interplay among ecological processes that operate and influence patterns at
different scales that grade into each other, such as transitional areas or ecotones spanning landscapes. Complexity
stems from the interplay among levels of biological organization as energy and matter is integrated into larger units
that superimpose onto the smaller parts. "What were wholes on one level become parts on a higher one."?%° Small
scale patterns do not necessarily explain large scale phenomena, otherwise captured in the expression (coined by

Aristotle) 'the sum is greater than the parts‘.[E]

"Complexity in ecology is of at least six distinct types: spatial, temporal, structural, process, behavioral, and

geometric.":3 From these principles, ecologists have identified emergent and self-organizing phenomena that operate
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at different environmental scales of influence, ranging from molecular to planetary, and these require different
explanations at each integrative level. Ecological complexity relates to the dynamic resilience of ecosystems that
transition to multiple shifting steady-states directed by random fluctuations of history. Long-term ecological studies
provide important track records to better understand the complexity and resilience of ecosystems over longer
temporal and broader spatial scales. These studies are managed by the International Long Term Ecological Network
(LTER). The longest experiment in existence is the Park Grass Experiment, which was initiated in 1856. Another

example is the Hubbard Brook study, which has been in operation since 1960.

Holism

Holism remains a critical part of the theoretical foundation in contemporary ecological studies. Holism addresses the
biological organization of life that self-organizes into layers of emergent whole systems that function according to
nonreducible properties. This means that higher order patterns of a whole functional system, such as an ecosystem,
cannot be predicted or understood by a simple summation of the parts. "New properties emerge because the

components interact, not because the basic nature of the components is changed.":8

Ecological studies are necessarily holistic as opposed to reductionistic. Holism has three scientific meanings or uses
that identify with ecology: 1) the mechanistic complexity of ecosystems, 2) the practical description of patterns in
quantitative reductionist terms where correlations may be identified but nothing is understood about the causal
relations without reference to the whole system, which leads to 3) a metaphysical hierarchy whereby the causal
relations of larger systems are understood without reference to the smaller parts. Scientific holism differs from
mysticism that has appropriated the same term. An example of metaphysical holism is identified in the trend of
increased exterior thickness in shells of different species. The reason for a thickness increase can be understood
through reference to principles of natural selection via predation without need to reference or understand the

biomolecular properties of the exterior shells.

Relation to evolution

Ecology and evolution are considered sister disciplines of the life sciences. Natural selection, life history,
development, adaptation, populations, and inheritance are examples of concepts that thread equally into ecological
and evolutionary theory. Morphological, behavioural and genetic traits, for example, can be mapped onto
evolutionary trees to study the historical development of a species in relation to their functions and roles in different
ecological circumstances. In this framework, the analytical tools of ecologists and evolutionists overlap as they
organize, classify and investigate life through common systematic principals, such as phylogenetics or the Linnaean
system of taxonomy. The two disciplines often appear together, such as in the title of the journal Trends in Ecology
and Evolution. There is no sharp boundary separating ecology from evolution and they differ more in their areas of
applied focus. Both disciplines discover and explain emergent and unique properties and processes operating across
different spatial or temporal scales of organization. While the boundary between ecology and evolution is not always
clear, ecologists study the abiotic and biotic factors that influence evolutionary processes, and evolution can be rapid,

occurring on ecological timescales as short as one generation.
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Behavioural ecology

Dominant coloration Submissive coloration All organisms can exhibit behaviours.
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members of their species, such as dominant (left) versus submissive (right) patterns mating dance of a salamander, or social

shown in the three species (A-C) above. .
gatherings of amoeba.

Adaptation is the central unifying concept in behavioural ecology. Behaviours can be recorded as traits and inherited

in much the same way that eye and hair colour can. Behaviours can evolve by means of natural selection as adaptive

traits conferring functional utilities that increases reproductive fitness.

Predator-prey interactions are an introductory concept into food-web studies as well as behavioural ecology. Prey
species can exhibit different kinds of behavioural adaptations to predators, such as avoid, flee or defend. Many prey
species are faced with multiple predators that differ in the degree of danger posed. To be adapted to their
environment and face predatory threats, organisms must balance their energy budgets as they invest in different
aspects of their life history, such as growth, feeding, mating, socializing, or modifying their habitat. Hypotheses
posited in behavioural ecology are generally based on adaptive principles of conservation, optimization or efficiency.
For example, "[t]he threat-sensitive predator avoidance hypothesis predicts that prey should assess the degree of
threat posed by different predators and match their behaviour according to current levels of risk" or "[t]he optimal
flight initiation distance occurs where expected postencounter fitness is maximized, which depends on the prey's
initial fitness, benefits obtainable by not fleeing, energetic escape costs, and expected fitness loss due to predation

risk."
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Elaborate sexual displays and posturing are encountered in the
behavioural ecology of animals. The birds of paradise, for example,
sing and display elaborate ornaments during courtship. These displays
serve a dual purpose of signalling healthy or well-adapted individuals
and desirable genes. The displays are driven by sexual selection as an

advertisement of quality of traits among suitors.

Social ecology

Social ecological behaviours are notable in the social insects, slime
moulds, social spiders, human society, and naked mole rats where
eusocialism has evolved. Social behaviours include reciprocally
beneficial behaviours among kin and nest mates and evolve from kin
and group selection. Kin selection explains altruism through genetic
relationships, whereby an altruistic behaviour leading to death is

rewarded by the survival of genetic copies distributed among surviving

relatives. The social insects, including ants, bees and wasps are most :
famously studied for this type of relationship because the male drones Symbiosis: Leafhoppers (Eurymela fenestrata)
are clones that share the same genetic make-up as every other male in ~ are protected by ants (Iridomyrmex purpureus) in
a symbiotic relationship. The ants protect the

the colony. In contrast, group selectionists find examples of altruism )
leafthoppers from predators and in return the

among non-genetic relatives and explain this through selection acting leafhoppers feeding on plants exude honeydew
on the group, whereby it becomes selectively advantageous for groups from their anus that provides energy and nutrients
if their members express altruistic behaviours to one another. Groups to tending ants.

with predominantly altruistic members beat groups with predominantly

selfish members.

Coevolution

Ecological interactions can be classified broadly into a
host and an associate relationship. A host is any entity
that harbours another that is called the associate.
Relationships within a species that are mutually or
reciprocally beneficial are called mutualisms. Examples
of mutualism include fungus-growing ants employing
agricultural symbiosis, bacteria living in the guts of
insects and other organisms, the fig wasp and yucca
moth pollination complex, lichens with fungi and

photosynthetic algae, and corals with photosynthetic

algae. If there is a physical connection between host L
and associate, the relationship is called symbiosis. Bumblebees and the flowers they pollinate have coevolved so that
Approximately 60% of all plants, for example, have a both have become dependent on each other for survival.
symbiotic relationship with arbuscular mycorrhizal

fungi living in their roots forming an exchange network of carbohydrates for mineral nutrients.
Indirect mutualisms occur where the organisms live apart. For example, trees living in the equatorial regions of the
planet supply oxygen into the atmosphere that sustains species living in distant polar regions of the planet. This

relationship is called commensalism because many others receive the benefits of clean air at no cost or harm to trees
supplying the oxygen. If the associate benefits while the host suffers, the relationship is called parasitism. Although
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parasites impose a cost to their host (e.g., via damage to their reproductive organs or propagules, denying the
services of a beneficial partner), their net effect on host fitness is not necessarily negative and, thus, becomes
difficult to forecast. Coevolution is also driven by competition among species or among members of the same
species under the banner of reciprocal antagonism, such as grasses competing for growth space. The Red Queen
Hypothesis, for example, posits that parasites track down and specialize on the locally common genetic defence
systems of its host that drives the evolution of sexual reproduction to diversify the genetic constituency of

populations responding to the antagonistic pressure.

Biogeography

Biogeography (an amalgamation of biology
and geography) is the comparative study of
the geographic distribution of organisms and
the corresponding evolution of their traits in
space and time. The Journal of
Biogeography was established in 1974.
Biogeography and ecology share many of
their disciplinary roots. For example, the
theory of island biogeography, published by
the mathematician Robert MacArthur and
ecologist Edward O. Wilson in 1967 is
considered one of the fundamentals of

ecological theory.

Biogeography has a long history in the
natural sciences concerning the spatial
distribution of plants and animals. Ecology
and evolution provide the explanatory

context for  biogeographical studies.

Biogeographical patterns result from

) ) Parasitism: A harvestman arachnid being parasitized by mites. The harvestman is
ecological processes that influence range being consumed, while the mites benefit from traveling on and feeding off of their
distributions, such as migration and host.

dispersal. and from historical processes that

split populations or species into different areas. The biogeographic processes that result in the natural splitting of
species explains much of the modern distribution of the Earth's biota. The splitting of lineages in a species is called
vicariance biogeography and it is a sub-discipline of biogeography. There are also practical applications in the field
of biogeography concerning ecological systems and processes. For example, the range and distribution of
biodiversity and invasive species responding to climate change is a serious concern and active area of research in the

context of global warming.

r/K-Selection theory

A population ecology concept is 1/K selection theory,[D] one of the first predictive models in ecology used to explain
life-history evolution. The premise behind the 1/K selection model is that natural selection pressures change
according to population density. For example, when an island is first colonized, density of individuals is low. The
initial increase in population size is not limited by competition, leaving an abundance of available resources for rapid
population growth. These early phases of population growth experience density-independent forces of natural
selection, which is called r-selection. As the population becomes more crowded, it approaches the island's carrying

capacity, thus forcing individuals to compete more heavily for fewer available resources. Under crowded conditions,
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the population experiences density-dependent forces of natural selection, called K-selection.

In the #/K-selection model, the first variable r is the intrinsic rate of natural increase in population size and the
second variable K is the carrying capacity of a population. Different species evolve different life-history strategies
spanning a continuum between these two selective forces. An r-selected species is one that has high birth rates, low
levels of parental investment, and high rates of mortality before individuals reach maturity. Evolution favours high
rates of fecundity in r-selected species. Many kinds of insects and invasive species exhibit r-selected characteristics.
In contrast, a K-selected species has low rates of fecundity, high levels of parental investment in the young, and low
rates of mortality as individuals mature. Humans and elephants are examples of species exhibiting K-selected

characteristics, including longevity and efficiency in the conversion of more resources into fewer offspring.

Molecular ecology

The important relationship between ecology and genetic inheritance predates modern techniques for molecular
analysis. Molecular ecological research became more feasible with the development of rapid and accessible genetic
technologies, such as the polymerase chain reaction (PCR). The rise of molecular technologies and influx of research
questions into this new ecological field resulted in the publication Molecular Ecology in 1992. Molecular ecology
uses various analytical techniques to study genes in an evolutionary and ecological context. In 1994, John Avise also
played a leading role in this area of science with the publication of his book, Molecular Markers, Natural History
and Evolution. Newer technologies opened a wave of genetic analysis into organisms once difficult to study from an
ecological or evolutionary standpoint, such as bacteria, fungi and nematodes. Molecular ecology engendered a new
research paradigm for investigating ecological questions considered otherwise intractable. Molecular investigations
revealed previously obscured details in the tiny intricacies of nature and improved resolution into probing questions
about behavioural and biogeographical ecology. For example, molecular ecology revealed promiscuous sexual
behaviour and multiple male partners in tree swallows previously thought to be socially monogamous. In a
biogeographical context, the marriage between genetics, ecology and evolution resulted in a new sub-discipline

called phylogeography.

Human ecology

The history of life on Earth has been a history of interaction between living things and their surroundings. To a large extent, the
physical form and the habits of the earth's vegetation and its animal life have been molded by the environment. Considering the
whole span of earthly time, the opposite effect, in which life actually modifies its surroundings, has been relatively slight. Only
within the moment of time represented by the present century has one species man acquired significant power to alter the nature of

his world.
Rachel Carson, "Silent Spring"

Ecology is as much a biological science as it is a human science. Human ecology is an interdisciplinary investigation
into the ecology of our species. "Human ecology may be defined: (1) from a bio-ecological standpoint as the study of
man as the ecological dominant in plant and animal communities and systems; (2) from a bio-ecological standpoint
as simply another animal affecting and being affected by his physical environment; and (3) as a human being,
somehow different from animal life in general, interacting with physical and modified environments in a distinctive

"3 The term was

and creative way. A truly interdisciplinary human ecology will most likely address itself to all three.
formally introduced in 1921, but many sociologists, geographers, psychologists, and other disciplines were interested

in human relations to natural systems centuries prior, especially in the late 19th century.

The ecological complexities human beings are facing through the technological transformation of the planetary
biome has brought on the Anthropocene. The unique set of circumstances has generated the need for a new unifying
science called coupled human and natural systems that builds upon, but moves beyond the field of human ecology.
Ecosystems tie into human societies through the critical and all encompassing life-supporting functions they sustain.

In recognition of these functions and the incapability of traditional economic valuation methods to see the value in
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ecosystems, there has been a surge of interest in social-natural capital, which provides the means to put a value on
the stock and use of information and materials stemming from ecosystem goods and services. Ecosystems produce,
regulate, maintain, and supply services of critical necessity and beneficial to human health (cognitive and
physiological), economies, and they even provide an information or reference function as a living library giving
opportunities for science and cognitive development in children engaged in the complexity of the natural world.
Ecosystems relate importantly to human ecology as they are the ultimate base foundation of global economics as

every commodity and the capacity for exchange ultimately stems from the ecosystems on Earth.

Restoration and management

Ecosystem management is not just about science nor is it simply an extension of traditional resource management; it offers a

fundamental reframing of how humans may work with nature.
Grumbine (1994)

Ecology is an employed science of restoration, repairing disturbed sites through human intervention, in natural
resource management, and in environmental impact assessments. Edward O. Wilson predicted in 1992 that the 21st
century "will be the era of restoration in ecology". Ecological science has boomed in the industrial investment of
restoring ecosystems and their processes in abandoned sites after disturbance. Natural resource managers, in forestry,
for example, employ ecologists to develop, adapt, and implement ecosystem based methods into the planning,
operation, and restoration phases of land-use. Ecological science is used in the methods of sustainable harvesting,
disease and fire outbreak management, in fisheries stock management, for integrating land-use with protected areas

and communities, and conservation in complex geo-political landscapes.

Relation to the environment

The environment of ecosystems includes both physical parameters and biotic attributes. It is dynamically interlinked,
and contains resources for organisms at any time throughout their life cycle. Like "ecology," the term "environment"
has different conceptual meanings and overlaps with the concept of "nature." Environment "... includes the physical

world, the social world of human relations and the built world of human crea‘tion.":62

The physical environment is
external to the level of biological organization under investigation, including abiotic factors such as temperature,
radiation, light, chemistry, climate and geology. The biotic environment includes genes, cells, organisms, members

of the same species (conspecifics) and other species that share a habitat.

The distinction between external and internal environments, however, is an abstraction parsing life and environment
into units or facts that are inseparable in reality. There is an interpenetration of cause and effect between the
environment and life. The laws of thermodynamics, for example, apply to ecology by means of its physical state.
With an understanding of metabolic and thermodynamic principles, a complete accounting of energy and material
flow can be traced through an ecosystem. In this way, the environmental and ecological relations are studied through
reference to conceptually manageable and isolated material parts. After the effective environmental components are
understood through reference to their causes, however, they conceptually link back together as an integrated whole,
or holocoenotic system as it was once called. This is known as the dialectical approach to ecology. The dialectical
approach examines the parts, but integrates the organism and the environment into a dynamic whole (or umwelt).

Change in one ecological or environmental factor can concurrently affect the dynamic state of an entire ecosystem.
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Disturbance and resilience

Ecosystems are regularly confronted with natural environmental variations and disturbances over time and
geographic space. A disturbance is any process that removes biomass from a community, such as a fire, flood,
drought, or predation. Disturbances occur over vastly different ranges in terms of magnitudes as well as distances
and time periods, and are both the cause and product of natural fluctuations in death rates, species assemblages, and
biomass densities within an ecological community. These disturbances create places of renewal where new
directions emerge from the patchwork of natural experimentation and opportunity. Ecological resilience is a
cornerstone theory in ecosystem management. Biodiversity fuels the resilience of ecosystems acting as a kind of

regenerative insurance.

Metabolism and the early atmosphere

Metabolism — the rate at which energy and material resources are taken up from the environment, transformed within an organism,

and allocated to maintenance, growth and reproduction — is a fundamental physiological trait.

Ernest et al.:991

The Earth was formed approximately 4.5 billion years ago. As it cooled and a crust and oceans formed, its
atmosphere transformed from being dominated by hydrogen to one composed mostly of methane and ammonia.
Over the next billion years, the metabolic activity of life transformed the atmosphere into a mixture of carbon
dioxide, nitrogen, and water vapor. These gases changed the way that light from the sun hit the Earth's surface and
greenhouse effects trapped heat. There were untapped sources of free energy within the mixture of reducing and
oxidizing gasses that set the stage for primitive ecosystems to evolve and, in turn, the atmosphere also evolved.

Throughout history, the Earth's atmosphere and biogeochemical cycles
have been in a dynamic equilibrium with planetary ecosystems. The
history is characterized by periods of significant transformation
followed by millions of years of stability. The evolution of the earliest
organisms, likely anaerobic methanogen microbes, started the process
by converting atmospheric hydrogen into methane (4H2 + CO2 — CH 4
+ 2H20). Anoxygenic photosynthesis reduced hydrogen concentrations

and increased atmospheric methane, by converting hydrogen sulfide

into water or other sulfur compounds (for example, 2st + CO2 + hv

The leaf is the primary site of photosynthesis in

olant - CHZO + HZO + 2S). Early forms of fermentation also increased
most plants.

levels of atmospheric methane. The transition to an oxygen-dominant
atmosphere (the Great Oxidation) did not begin until approximately

2.4-2.3 billion years ago, but photosynthetic processes started 0.3 to 1 billion years prior.

Radiation: heat, temperature and light

The biology of life operates within a certain range of temperatures. Heat is a form of energy that regulates
temperature. Heat affects growth rates, activity, behaviour and primary production. Temperature is largely dependent
on the incidence of solar radiation. The latitudinal and longitudinal spatial variation of temperature greatly affects
climates and consequently the distribution of biodiversity and levels of primary production in different ecosystems or
biomes across the planet. Heat and temperature relate importantly to metabolic activity. Poikilotherms, for example,
have a body temperature that is largely regulated and dependent on the temperature of the external environment. In

contrast, homeotherms regulate their internal body temperature by expending metabolic energy.
There is a relationship between light, primary production, and ecological energy budgets. Sunlight is the primary

input of energy into the planet's ecosystems. Light is composed of electromagnetic energy of different wavelengths.

Radiant energy from the sun generates heat, provides photons of light measured as active energy in the chemical
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reactions of life, and also acts as a catalyst for genetic mutation. Plants, algae, and some bacteria absorb light and
assimilate the energy through photosynthesis. Organisms capable of assimilating energy by photosynthesis or
through inorganic fixation of st are autotrophs. Autotrophs — responsible for primary production — assimilate

light energy which becomes metabolically stored as potential energy in the form of biochemical enthalpic bonds.

Physical environments

Water

Wetland conditions such as shallow water, high plant productivity, and anaerobic substrates provide a suitable environment for
important physical, biological, and chemical processes. Because of these processes, wetlands play a vital role in global nutrient and

element cycles.
Cronk & Fennessy (2001)>

Diffusion of carbon dioxide and oxygen is approximately 10,000 times slower in water than in air. When soils are
flooded, they quickly lose oxygen, becoming hypoxic (an environment with O2 concentration below 2 mg/liter) and
eventually completely anoxic where anaerobic bacteria thrive among the roots. Water also influences the intensity
and spectral composition of light as it reflects off the water surface and submerged particles. Aquatic plants exhibit a
wide variety of morphological and physiological adaptations that allow them to survive, compete and diversify in
these environments. For example, their roots and stems contain large air spaces (aerenchyma) that regulate the
efficient transportation of gases (for example, CO2 and 02) used in respiration and photosynthesis. Salt water plants
(halophytes) have additional specialized adaptations, such as the development of special organs for shedding salt and
osmoregulating their internal salt (NaCl) concentrations, to live in estuarine, brackish, or oceanic environments.
Anaerobic soil microorganisms in aquatic environments use nitrate, manganese ions, ferric ions, sulfate, carbon
dioxide and some organic compounds; other microorganisms are facultative anaerobes and use oxygen during
respiration when the soil becomes drier. The activity of soil microorganisms and the chemistry of the water reduces
the oxidation-reduction potentials of the water. Carbon dioxide, for example, is reduced to methane (CH 4) by
methanogenic bacteria. The physiology of fish is also specially adapted to compensate for environmental salt levels
through osmoregulation. Their gills form electrochemical gradients that mediate salt excretion in salt water and

uptake in fresh water.

Gravity

The shape and energy of the land is significantly affected by gravitational forces. On a large scale, the distribution of
gravitational forces on the earth is uneven and influences the shape and movement of tectonic plates as well as
influencing geomorphic processes such as orogeny and erosion. These forces govern many of the geophysical
properties and distributions of ecological biomes across the Earth. On the organismal scale, gravitational forces
provide directional cues for plant and fungal growth (gravitropism), orientation cues for animal migrations, and
influence the biomechanics and size of animals. Ecological traits, such as allocation of biomass in trees during
growth are subject to mechanical failure as gravitational forces influence the position and structure of branches and
leaves. The cardiovascular systems of animals are functionally adapted to overcome pressure and gravitational forces
that change according to the features of organisms (e.g., height, size, shape), their behaviour (e.g., diving, running,

flying), and the habitat occupied (e.g., water, hot deserts, cold tundra).

Pressure

Climatic and osmotic pressure places physiological constraints on organisms, especially those that fly and respire at
high altitudes, or dive to deep ocean depths. These constraints influence vertical limits of ecosystems in the
biosphere, as organisms are physiologically sensitive and adapted to atmospheric and osmotic water pressure
differences. For example, oxygen levels decrease with decreasing pressure and are a limiting factor for life at higher

altitudes. Water transportation by plants is another important ecophysiological parameter affected by osmotic
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pressure gradients. Water pressure in the depths of oceans requires that organisms adapt to these conditions. For
example, diving animals such as whales, dolphins and seals are specially adapted to deal with changes in sound due
to water pressure differences. Differences between hagfish species provide another example of adaptation to

deep-sea pressure through specialized protein adaptations.

Wind and turbulence

Turbulent forces in air and water affect the environment and ecosystem
distribution, form and dynamics. On a planetary scale, ecosystems are
affected by circulation patterns in the global trade winds. Wind power
and the turbulent forces it creates can influence heat, nutrient, and
biochemical profiles of ecosystems. For example, wind running over
the surface of a lake creates turbulence, mixing the water column and
influencing the environmental profile to create thermally layered
zones, affecting how fish, algae, and other parts of the aquatic
ecosystem are structured. Wind speed and turbulence also influence

evapotranspiration rates and energy budgets in plants and animals.

Wind speed, temperature and moisture content can vary as winds travel

The architecture of the inflorescence in grasses is
across different land features and elevations. For example, the subject to the physical pressures of wind and

westerlies come into contact with the coastal and interior mountains of shaped by the forces of natural selection
western North America to produce a rain shadow on the leeward side facilitating wind-pollination (anemophily).

of the mountain. The air expands and moisture condenses as the winds

increase in elevation; this is called orographic lift and can cause precipitation.Wikipedia:Please clarify This
environmental process produces spatial divisions in biodiversity, as species adapted to wetter conditions are
range-restricted to the coastal mountain valleys and unable to migrate across the xeric ecosystems (e.g., of the
Columbia Basin in western North America) to intermix with sister lineages that are segregated to the interior

mountain systems.

Fire

Forest fires modify the land by leaving behind an environmental mosaic that diversifies the landscape into different
seral stages and habitats of varied quality (left). Some species are adapted to forest fires, such as pine trees that open

their cones only after fire exposure (right).

Plants convert carbon dioxide into biomass and emit oxygen into the atmosphere. By approximately 350 million
years ago (the end of the Devonian period), photosynthesis had brought the concentration of atmospheric oxygen
above 17%, which allowed combustion to occur. Fire releases CO2 and converts fuel into ash and tar. Fire is a
significant ecological parameter that raises many issues pertaining to its control and suppression. While the issue of
fire in relation to ecology and plants has been recognized for a long time, Charles Cooper brought attention to the

issue of forest fires in relation to the ecology of forest fire suppression and management in the 1960s.
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Native North Americans were among the first to influence fire regimes by controlling their spread near their homes
or by lighting fires to stimulate the production of herbaceous foods and basketry materials. Fire creates a
heterogenous ecosystem age and canopy structure, and the altered soil nutrient supply and cleared canopy structure
opens new ecological niches for seedling establishment. Most ecosystems are adapted to natural fire cycles. Plants,
for example, are equipped with a variety of adaptations to deal with forest fires. Some species (e.g., Pinus
halepensis) cannot germinate until after their seeds have lived through a fire or been exposed to certain compounds
from smoke. Environmentally triggered germination of seeds is called serotiny. Fire plays a major role in the

persistence and resilience of ecosystems.

Soils

Soil is the living top layer of mineral and organic dirt that covers the surface of the planet. It is the chief organizing
centre of most ecosystem functions, and it is of critical importance in agricultural science and ecology. The
decomposition of dead organic matter (for example, leaves on the forest floor), results in soils containing minerals
and nutrients that feed into plant production. The whole of the planet's soil ecosystems is called the pedosphere
where a large biomass of the Earth's biodiversity organizes into trophic levels. Invertebrates that feed and shred
larger leaves, for example, create smaller bits for smaller organisms in the feeding chain. Collectively, these
organisms are the detritivores that regulate soil formation. Tree roots, fungi, bacteria, worms, ants, beetles,
centipedes, spiders, mammals, birds, reptiles, amphibians and other less familiar creatures all work to create the
trophic web of life in soil ecosystems. Soils form composite phenotypes where inorganic matter is enveloped into the
physiology of a whole community. As organisms feed and migrate through soils they physically displace materials,
an ecological process called bioturbation. This aerates soils and stimulates heterotrophic growth and production. Soil
microorganisms are influenced by and feed back into the trophic dynamics of the ecosystem. No single axis of
causality can be discerned to segregate the biological from geomorphological systems in soils. Paleoecological
studies of soils places the origin for bioturbation to a time before the Cambrian period. Other events, such as the
evolution of trees and the colonization of land in the Devonian period played a significant role in the early

development of ecological trophism in soils.

Biogeochemistry and climate

Ecologists study and measure nutrient budgets to understand how these materials are regulated, flow, and recycled
through the environment. This research has led to an understanding that there is global feedback between ecosystems
and the physical parameters of this planet, including minerals, soil, pH, ions, water and atmospheric gases. Six major
elements (hydrogen, carbon, nitrogen, oxygen, sulfur, and phosphorus; H, C, N, O, S, and P) form the constitution of
all biological macromolecules and feed into the Earth's geochemical processes. From the smallest scale of biology,
the combined effect of billions upon billions of ecological processes amplify and ultimately regulate the
biogeochemical cycles of the Earth. Understanding the relations and cycles mediated between these elements and

their ecological pathways has significant bearing toward understanding global biogeochemistry.

The ecology of global carbon budgets gives one example of the linkage between biodiversity and biogeochemistry. It
is estimated that the Earth's oceans hold 40,000 gigatonnes (Gt) of carbon, that vegetation and soil hold 2070 Gt, and
that fossil fuel emissions are 6.3 Gt carbon per year. There have been major restructurings in these global carbon
budgets during the Earth's history, regulated to a large extent by the ecology of the land. For example, through the
early-mid Eocene volcanic outgassing, the oxidation of methane stored in wetlands, and seafloor gases increased

atmospheric CO2 (carbon dioxide) concentrations to levels as high as 3500 ppm.

In the Oligocene, from 25 to 32 million years ago, there was another significant restructuring of the global carbon
cycle as grasses evolved a new mechanism of photosynthesis, C 4 photosynthesis, and expanded their ranges. This
new pathway evolved in response to the drop in atmospheric CO2 concentrations below 550 ppm. The relative
abundance and distribution of biodiversity alters the dynamics between organisms and their environment such that

ecosystems can be both cause and effect in relation to climate change. Human-driven modifications to the planet's
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ecosystems (e.g., disturbance, biodiversity loss, agriculture) contributes to rising atmospheric greenhouse gas levels.
Transformation of the global carbon cycle in the next century is projected to raise planetary temperatures, lead to
more extreme fluctuations in weather, alter species distributions, and increase extinction rates. The effect of global
warming is already being registered in melting glaciers, melting mountain ice caps, and rising sea levels.
Consequently, species distributions are changing along waterfronts and in continental areas where migration patterns
and breeding grounds are tracking the prevailing shifts in climate. Large sections of permafrost are also melting to
create a new mosaic of flooded areas having increased rates of soil decomposition activity that raises methane (CH 4)
emissions. There is concern over increases in atmospheric methane in the context of the global carbon cycle, because
methane is a greenhouse gas that is 23 times more effective at absorbing long-wave radiation than CO2 on a 100-year
time scale. Hence, there is a relationship between global warming, decomposition and respiration in soils and

wetlands producing significant climate feedbacks and globally altered biogeochemical cycles.

History

Early beginnings

Ecology has a complex origin, due in large part to its interdisciplinary nature. Ancient Greek philosophers such as
Hippocrates and Aristotle were among the first to record observations on natural history. However, they viewed life
in terms of essentialism, where species were conceptualized as static unchanging things while varieties were seen as
aberrations of an idealized type. This contrasts against the modern understanding of ecological theory where
varieties are viewed as the real phenomena of interest and having a role in the origins of adaptations by means of
natural selection. Early conceptions of ecology, such as a balance and regulation in nature can be traced to Herodotus
(died c. 425 BC), who described one of the earliest accounts of mutualism in his observation of "natural dentistry".
Basking Nile crocodiles, he noted, would open their mouths to give sandpipers safe access to pluck leeches out,
giving nutrition to the sandpiper and oral hygiene for the crocodile. Aristotle was an early influence on the
philosophical development of ecology. He and his student Theophrastus made extensive observations on plant and
animal migrations, biogeography, physiology, and on their behaviour, giving an early analogue to the modern
concept of an ecological niche.

Ecological concepts such as food chains, population regulation, and productivity were first developed in the 1700s,
through the published works of microscopist Antoni van Leeuwenhoek (1632—1723) and botanist Richard Bradley
(16887—1732). Biogeographer Alexander von Humboldt (1769—1859) was an early pioneer in ecological thinking
and was among the first to recognize ecological gradients, where species are replaced or altered in form along
environmental gradients, such as a cline forming along a rise in elevation. Humboldt drew inspiration from Isaac
Newton as he developed a form of "terrestrial physics." In Newtonian fashion, he brought a scientific exactitude for
measurement into natural history and even alluded to concepts that are the foundation of a modern ecological law on
species-to-area relationships. Natural historians, such as Humboldt, James Hutton and Jean-Baptiste Lamarck
(among others) laid the foundations of the modern ecological sciences. The term "ecology" (German: Oekologie,
Okologie) is of a more recent origin and was first coined by the German biologist Ernst Haeckel in his book
Generelle Morphologie der Organismen (1866). Haeckel was a zoologist, artist, writer, and later in life a professor

of comparative anatomy.

By ecology, we mean the whole science of the relations of the organism to the environment including, in the broad sense, all the
"conditions of existence."... Thus the theory of evolution explains the housekeeping relations of organisms mechanistically as the

necessary consequences of effectual causes and so forms the monistic groundwork of ecology.

Ernst Haeckel (1866):140 (Bl
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Ernst Haeckel (left) and Eugenius Warming (right), two founders of ecology

Opinions differ on who was the founder of modern ecological theory. Some mark Haeckel's definition as the
beginning; others say it was Eugenius Warming with the writing of Oecology of Plants: An Introduction to the Study
of Plant Communities (1895), or Carl Linnaeus' principles on the economy of nature that matured in the early 18th
century. Linnaeus founded an early branch of ecology that he called the economy of nature. His works influenced
Charles Darwin, who adopted Linnaeus' phrase on the economy or polity of nature in The Origin of Species.
Linnaeus was the first to frame the balance of nature as a testable hypothesis. Haeckel, who admired Darwin's work,
defined ecology in reference to the economy of nature, which has led some to question whether ecology and the

economy of nature are synonymous.

From Aristotle until Darwin, the natural world was predominantly
considered static and unchanging. Prior to The Origin of Species, there
was little appreciation or understanding of the dynamic and reciprocal
relations between organisms, their adaptations, and the environment.
An exception is the 1789 publication Natural History of Selborne by
Gilbert White (1720—1793), considered by some to be one of the
earliest texts on ecology. While Charles Darwin is mainly noted for his

The layout of the first ecological experiment,

carried out in a grass garden at Woburn Abbey in
treatise on evolution, he was one of the founders of soil ecology, and 816, was noted by Charles Darwin in The Origin

he made note of the first ecological experiment in The Origin of of Species. The experiment studied the

Species. Evolutionary theory changed the way that researchers performance of different mixtures of species

. . planted in different kinds of soils.
approached the ecological sciences.

Nowhere can one see more clearly illustrated what may be called the sensibility of such an organic complex,--expressed by the fact
that whatever affects any species belonging to it, must speedily have its influence of some sort upon the whole assemblage. He will
thus be made to see the impossibility of studying any form completely, out of relation to the other forms,--the necessity for taking a

comprehensive survey of the whole as a condition to a satisfactory understanding of any part.

Stephen Forbes (1887)

Since 1900

Modern ecology is a young science that first attracted substantial scientific attention toward the end of the 19th
century (around the same time that evolutionary studies were gaining scientific interest). Notable scientist Ellen
Swallow Richards may have first introduced the term "oekology" (which eventually morphed into home economics)
in the U.S. as early 1892.

In the early 20th century, ecology transitioned from a more descriptive form of natural history to a more analytical
form of scientific natural history. Frederic Clements published the first American ecology book in 1905, presenting
the idea of plant communities as a superorganism. This publication launched a debate between ecological holism and
individualism that lasted until the 1970s. Clements' superorganism concept proposed that ecosystems progress
through regular and determined stages of seral development that are analogous to the developmental stages of an
organism. The Clementsian paradigm was challenged by Henry Gleason, who stated that ecological communities
develop from the unique and coincidental association of individual organisms. This perceptual shift placed the focus
back onto the life histories of individual organisms and how this relates to the development of community
associations.
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The Clementsian superorganism theory was an overextended application of an idealistic form of holism. The term
"holism" was coined in 1926 by Jan Christiaan Smuts, a South African general and polarizing historical figure who
was inspired by Clements' superorganism concept.[c] Around the same time, Charles Elton pioneered the concept of
food chains in his classical book Animal Ecology. Elton defined ecological relations using concepts of food chains,
food cycles, and food size, and described numerical relations among different functional groups and their relative
abundance. Elton's 'food cycle' was replaced by 'food web' in a subsequent ecological text. Alfred J. Lotka brought in

many theoretical concepts applying thermodynamic principles to ecology.

In 1942, Raymond Lindeman wrote a landmark paper on the trophic dynamics of ecology, which was published
posthumously after initially being rejected for its theoretical emphasis. Trophic dynamics became the foundation for
much of the work to follow on energy and material flow through ecosystems. Robert E. MacArthur advanced
mathematical theory, predictions and tests in ecology in the 1950s, which inspired a resurgent school of theoretical
mathematical ecologists. Ecology also has developed through contributions from other nations, including Russia's
Vladimir Vernadsky and his founding of the biosphere concept in the 1920s and Japan's Kinji Imanishi and his
concepts of harmony in nature and habitat segregation in the 1950s. Scientific recognition of contributions to

ecology from non-English-speaking cultures is hampered by language and translation barriers.

This whole chain of poisoning, then, seems to rest on a base of minute plants which must have been the original concentrators. But
what of the opposite end of the food chain—the human being who, in probable ignorance of all this sequence of events, has rigged

his fishing tackle, caught a string of fish from the waters of Clear Lake, and taken them home to fry for his supper?
Rachel Carson (1962):48

Ecology surged in popular and scientific interest during the 1960—1970s environmental movement. There are strong
historical and scientific ties between ecology, environmental management, and protection. The historic emphasis and
poetic naturalist writings for protection was on wild places, from notable ecologists in the history of conservation
biology, such as Aldo Leopold and Arthur Tansley, were far removed from urban centres where the concentration of
pollution and environmental degradation is located. Palamar (2008) notes an overshadowing by mainstream
environmentalism of pioneering women in the early 1900s who fought for urban health ecology (then called
euthenics) and brought about changes in environmental legislation. Women such as Ellen Swallow Richards and

Julia Lathrop, among others, were precursors to the more popularized environmental movements after the 1950s.

In 1962, marine biologist and ecologist Rachel Carson's book Silent Spring helped to mobilize the environmental
movement by alerting the public to toxic pesticides, such as DDT, bioaccumulating in the environment. Carson used
ecological science to link the release of environmental toxins to human and ecosystem health. Since then, ecologists
have worked to bridge their understanding of the degradation of the planet's ecosystems with environmental politics,

law, restoration, and natural resources management.

Notes

A. ” In Ernst Haeckel's (1866) footnote where the term ecology originates, he also gives attribute to Ancient Greek:
ywpag khora “ywpa”, meaning "dwelling place, distributional area" - quoted from Stauffer (1957)

B. A This is a copy of Haeckel's original definition (Original: Haeckel, E. (1866) Generelle Morphologie der
Organismen. Allgemeine Grundzige der organischen Formen- Wissenschaft, mechanisch begriindet durch die von
Charles Darwin reformirte Descendenz-Theorie. 2 vols. Reimer, Berlin.) translated and quoted from Stauffer
(1957).

C. A Foster & Clark (2008) note how Smut's holism contrasts starkly against his racial political views as the father
of apartheid.

D. A First introduced in MacArthur & Wilson's (1967) book of notable mention in the history and theoretical
science of ecology, The Theory of Island Biogeography

E. ” Aristotle wrote about this concept in Metaphysics (Quoted from The Internet Classics Archive th
W. D. Ross. Book VIII, Part 6): "To return to the difficulty which has been stated with respect both to definitions

translation by
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and to numbers, what is the cause of their unity? In the case of all things which have several parts and in which
the totality is not, as it were, a mere heap, but the whole is something beside the parts, there is a cause; for even in

bodies contact is the cause of unity in some cases, and in others viscosity or some other such quality."
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Ecosystem

An ecosystem is a community of living organisms (plants, animals and
microbes) in conjunction with the nonliving components of their
environment (things like air, water and mineral soil), interacting as a
system.m These biotic and abiotic components are regarded as linked
together through nutrient cycles and energy flows. 2! As ecosystems are
defined by the network of interactions among organisms, and between
organisms and their environment,m they can be of any size but usually
encompass specific, limited spacesw (although some scientists say that

the entire planet is an ecosystem).[s]

Energy, water, nitrogen and soil minerals are other essential abiotic
components of an ecosystem. The energy that flows through
ecosystems is obtained primarily from the sun. It generally enters the

system through photosynthesis, a process that also captures carbon

from the atmosphere. By feeding on plants and on one another, animals

play an important role in the movement of matter and energy through =

. . . ) Coral reefs are a highly productive marine
the system. They also influence the quantity of plant and microbial

ecosystem.
biomass present. By breaking down dead organic matter, decomposers
release carbon back to the atmosphere and facilitate nutrient cycling by
converting nutrients stored in dead biomass back to a form that can be

readily used by plants and other microbes.®!

Ecosystems are controlled both by external and internal factors.
External factors such as climate, the parent material which forms the
soil and topography, control the overall structure of an ecosystem and

the way things work within it, but are not themselves influenced by the

ecosystem.m Other external factors include time and potential biota.

Rainforest ecosystems are rich in biodiversity.

Ecosystems are dynamic entities—invariably, they are subject to
This is the Gambia River in Senegal's

periodic disturbances and are in the process of recovering from some Niokolo-Koba National Park.

past disturbance. Ecosystems in similar environments that are located

in different parts of the world can have very different characteristics

simply because they contain different species. The introduction of non-native species can cause substantial shifts in
ecosystem function. Internal factors not only control ecosystem processes but are also controlled by them and are
often subject to feedback loops. While the resource inputs are generally controlled by external processes like climate
and parent material, the availability of these resources within the ecosystem is controlled by internal factors like
decomposition, root competition or shading. Other internal factors include disturbance, succession and the types of
species present. Although humans exist and operate within ecosystems, their camulative effects are large enough to

influence external factors like climate.

Biodiversity affects ecosystem function, as do the processes of disturbance and succession. Ecosystems provide a
variety of goods and services upon which people depend; the principles of ecosystem management suggest that
rather than managing individual species, natural resources should be managed at the level of the ecosystem itself.
Classifying ecosystems into ecologically homogeneous units is an important step towards effective ecosystem

management, but there is no single, agreed-upon way to do this.
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History and development

The term "ecosystem" was introduced by Arthur Roy Clapham in early 1930s and became more widely known via
the works of Arthur Tansley, a British ecologist.[g][g] Tansley devised the concept to draw attention to the
importance of transfers of materials between organisms and their environment.'”! He later refined the term,
describing it as "The whole system, ... including not only the organism-complex, but also the whole complex of
physical factors forming what we call the environment".[!! Tansley regarded ecosystems not simply as natural units,

but as mental isolates. Tansley later!'! defined the spatial extent of ecosystems using the term ecotope.

G. Evelyn Hutchinson, a pioneering limnologist who was a contemporary of Tansley's, combined Charles Elton's
ideas about trophic ecology with those of Russian geochemist Vladimir Vernadsky to suggest that mineral nutrient
availability in a lake limited algal production which would, in turn, limit the abundance of animals that feed on
algae. Raymond Lindeman took these ideas one step further to suggest that the flow of energy through a lake was the
primary driver of the ecosystem. Hutchinson's students, brothers Howard T. Odum and Eugene P. Odum, further
developed a "systems approach” to the study of ecosystems, allowing them to study the flow of energy and material

through ecological systems.

Ecosystem processes

Energy and carbon enter ecosystems through photosynthesis, are incorporated into living tissue, transferred to other
organisms that feed on the living and dead plant matter, and eventually released through respiration.m] Most mineral

nutrients, on the other hand, are recycled within ecosystems.[l4]

Ecosystems are controlled both by external and internal factors. External factors, also called state factors, control the
overall structure of an ecosystem and the way things work within it, but are not themselves influenced by the
ecosystem. The most important of these is climate. Climate determines the biome in which the ecosystem is
embedded. Rainfall patterns and temperature seasonality determine the amount of water available to the ecosystem
and the supply of energy available (by influencing photosynthesis). Parent material, the underlying geological
material that gives rise to soils, determines the nature of the soils present, and influences the supply of mineral
nutrients. Topography also controls ecosystem processes by affecting things like microclimate, soil development and
the movement of water through a system. This may be the difference between the ecosystem present in wetland

situated in a small depression on the landscape, and one present on an adjacent steep hillside.

Other external factors that play an important role in ecosystem functioning include time and potential biota.
Ecosystems are dynamic entities—invariably, they are subject to periodic disturbances and are in the process of
recovering from some past disturbance. Time plays a role in the development of soil from bare rock and the recovery
of a community from disturbance. Similarly, the set of organisms that can potentially be present in an area can also
have a major impact on ecosystems. Ecosystems in similar environments that are located in different parts of the
world can end up doing things very differently simply because they have different pools of species present. The

introduction of non-native species can cause substantial shifts in ecosystem function.

Unlike external factors, internal factors in ecosystems not only control ecosystem processes, but are also controlled
by them. Consequently, they are often subject to feedback loops. While the resource inputs are generally controlled
by external processes like climate and parent material, the availability of these resources within the ecosystem is
controlled by internal factors like decomposition, root competition or shading. Other factors like disturbance,
succession or the types of species present are also internal factors. Human activities are important in almost all
ecosystems. Although humans exist and operate within ecosystems, their cumulative effects are large enough to
influence external factors like climate.
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Primary production

Primary production is the production
of organic matter from inorganic
carbon sources. Overwhelmingly, this
occurs through photosynthesis. The
energy incorporated through this
process supports life on earth, while
the carbon makes up much of the
organic matter in living and dead
biomass, soil carbon and fossil fuels. It
also drives the carbon cycle, which
influences global climate via the

greenhouse effect.

Through the process of photosynthesis, ) )
Global oceanic and terrestrial phototroph abundance, from September 1997 to August

plants capture energy from light and 2000. As an estimate of autotroph biomass, it is only a rough indicator of primary

use it to combine carbon dioxide and production potential, and not an actual estimate of it. Provided by the SeaWiFS Project,
water to produce carbohydrates and NASA/Goddard Space Flight Center and ORBIMAGE.

oxygen. The photosynthesis carried out

by all the plants in an ecosystem is called the gross primary production (GPP).[IS] About 48—60% of the GPP is
consumed in plant respiration. The remainder, that portion of GPP that is not used up by respiration, is known as the
net primary production (NPP). Total photosynthesis is limited by a range of environmental factors. These include the
amount of light available, the amount of leaf area a plant has to capture light (shading by other plants is a major
limitation of photosynthesis), rate at which carbon dioxide can be supplied to the chloroplasts to support

photosynthesis, the availability of water, and the availability of suitable temperatures for carrying out photosynthesis.
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Left: Energy flow diagram of a frog. The frog represents a node in an extended food web. The energy ingested is
utilized for metabolic processes and transformed into biomass. The energy flow continues on its path if the frog is
ingested by predators, parasites, or as a decaying carcass in soil. This energy flow diagram illustrates how energy is
lost as it fuels the metabolic process that transforms the energy and nutrients into biomass.

Right: An expanded three link energy food chain (1. plants, 2. herbivores, 3. carnivores) illustrating the relationship
between food flow diagrams and energy transformity. The transformity of energy becomes degraded, dispersed, and
diminished from higher quality to lesser quantity as the energy within a food chain flows from one trophic species

into another. Abbreviations: I=input, A=assimilation, R=respiration, NU=not utilized, P=production, B=biomass.

The carbon and energy incorporated into plant tissues (net primary production) is either consumed by animals while
the plant is alive, or it remains uneaten when the plant tissue dies and becomes detritus. In terrestrial ecosystems,

roughly 90% of the NPP ends up being broken down by decomposers. The remainder is either consumed by animals
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while still alive and enters the plant-based trophic system, or it is consumed after it has died, and enters the
detritus-based trophic system. In aquatic systems, the proportion of plant biomass that gets consumed by herbivores
is much higher.[16] In trophic systems photosynthetic organisms are the primary producers. The organisms that
consume their tissues are called primary consumers or secondary producers—herbivores. Organisms which feed on
microbes (bacteria and fungi) are termed microbivores. Animals that feed on primary consumers—carnivores—are
secondary consumers. Each of these constitutes a trophic level. The sequence of consumption—from plant to
herbivore, to carnivore—forms a food chain. Real systems are much more complex than this—organisms will
generally feed on more than one form of food, and may feed at more than one trophic level. Carnivores may capture
some prey which are part of a plant-based trophic system and others that are part of a detritus-based trophic system
(a bird that feeds both on herbivorous grasshoppers and earthworms, which consume detritus). Real systems, with all

these complexities, form food webs rather than food chains.

Decomposition

The carbon and nutrients in dead organic matter are broken down by a group of processes known as decomposition.
This releases nutrients that can then be re-used for plant and microbial production, and returns carbon dioxide to the
atmosphere (or water) where it can be used for photosynthesis. In the absence of decomposition, dead organic matter
would accumulate in an ecosystem and nutrients and atmospheric carbon dioxide would be depleted.[m

Approximately 90% of terrestrial NPP goes directly from plant to decomposer.

Decomposition processes can be separated into three categories—leaching, fragmentation and chemical alteration of
dead material. As water moves through dead organic matter, it dissolves and carries with it the water-soluble
components. These are then taken up by organisms in the soil, react with mineral soil, or are transported beyond the
confines of the ecosystem (and are considered "lost" to it). Newly shed leaves and newly dead animals have high
concentrations of water-soluble components, and include sugars, amino acids and mineral nutrients. Leaching is

more important in wet environments, and much less important in dry ones.

Fragmentation processes break organic material into smaller pieces, exposing new surfaces for colonization by
microbes. Freshly shed leaf litter may be inaccessible due to an outer layer of cuticle or bark, and cell contents are
protected by a cell wall. Newly dead animals may be covered by an exoskeleton. Fragmentation processes, which
break through these protective layers, accelerate the rate of microbial decomposition. Animals fragment detritus as
they hunt for food, as does passage through the gut. Freeze-thaw cycles and cycles of wetting and drying also

fragment dead material.

The chemical alteration of dead organic matter is primarily achieved through bacterial and fungal action. Fungal
hyphae produce enzymes which can break through the tough outer structures surrounding dead plant material. They
also produce enzymes which break down lignin, which allows to them access to both cell contents and to the
nitrogen in the lignin. Fungi can transfer carbon and nitrogen through their hyphal networks and thus, unlike

bacteria, are not dependent solely on locally available resources.

Decomposition rates vary among ecosystems. The rate of decomposition is governed by three sets of factors—the
physical environment (temperature, moisture and soil properties), the quantity and quality of the dead material
available to decomposers, and the nature of the microbial community itself.[!8! Temperature controls the rate of
microbial respiration; the higher the temperature, the faster microbial decomposition occurs. It also affects soil
moisture, which slows microbial growth and reduces leaching. Freeze-thaw cycles also affect
decomposition—freezing temperatures kill soil microorganisms, which allows leaching to play a more important role
in moving nutrients around. This can be especially important as the soil thaws in the Spring, creating a pulse of

nutrients which become available.

Decomposition rates are low under very wet or very dry conditions. Decomposition rates are highest in wet, moist
conditions with adequate levels of oxygen. Wet soils tend to become deficient in oxygen (this is especially true in

wetlands), which slows microbial growth. In dry soils, decomposition slows as well, but bacteria continue to grow
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(albeit at a slower rate) even after soils become too dry to support plant growth. When the rains return and soils
become wet, the osmotic gradient between the bacterial cells and the soil water causes the cells to gain water
quickly. Under these conditions, many bacterial cells burst, releasing a pulse of nutrients. Decomposition rates also
tend to be slower in acidic soils. Soils which are rich in clay minerals tend to have lower decomposition rates, and
thus, higher levels of organic matter. The smaller particles of clay result in a larger surface area that can hold water.

1! and consequently, the lower the rate of

The higher the water content of a soil, the lower the oxygen conten
decomposition. Clay minerals also bind particles of organic material to their surface, making them less accessibly to
microbes. Soil disturbance like tilling increase decomposition by increasing the amount of oxygen in the soil and by

exposing new organic matter to soil microbes.

The quality and quantity of the material available to decomposers is another major factor that influences the rate of
decomposition. Substances like sugars and amino acids decompose readily and are considered "labile". Cellulose and
hemicellulose, which are broken down more slowly, are "moderately labile". Compounds which are more resistant to
decay, like lignin or cutin, are considered "recalcitrant". Litter with a higher proportion of labile compounds
decomposes much more rapidly than does litter with a higher proportion of recalcitrant material. Consequently, dead
animals decompose more rapidly than dead leaves, which themselves decompose more rapidly than fallen branches.
As organic material in the soil ages, its quality decreases. The more labile compounds decompose quickly, leaving
and increasing proportion of recalcitrant material. Microbial cell walls also contain a recalcitrant materials like

chitin, and these also accumulate as the microbes die, further reducing the quality of older soil organic matter.

Nutrient cycling
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energy and carbon with the wider - m“:::’:hfr: '("Nﬂ E R
environment; mineral nutrients, on the ?& fo \\ = *’.—‘r.
other hand, are mostly cycled back and < . i;.}"; e '\: _ﬁ,‘: o
forth  between lants,  animals, e Wﬁ pHpE ]

P * A It\""@

microbes and the soil. Most nitrogen R

enters ecosystems through biological
nitrogen fixation, is deposited through

precipitation, dust, gases or is applied
Nitrogen-fixing

as fertilizer. Since most terrestrial bacteria in = A
. o root nodules e Nitrates (NO5")
ecosystems are nitrogen-limited, of legumes
. . . . {aerabic and anasrabic
nitrogen cycling is an important bacteria and fungi)
rol ducti @ Nitrifying
control on ecosystem production. ATRCEEAtOn e — bacteria

oy G S et

. . Nitrogen-fixing Mitrifying
was the major source of nitrogen for 2ol | bacteria backerta
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ecosystems. Nitrogen fixing bacteria Biological nitrogen cycling

either live symbiotically with plants, or

live freely in the soil. The energetic cost is high for plants which support nitrogen-fixing symbionts—as much as
25% of GPP when measured in controlled conditions. Many members of the legume plant family support
nitrogen-fixing symbionts. Some cyanobacteria are also capable of nitrogen fixation. These are phototrophs, which
carry out photosynthesis. Like other nitrogen-fixing bacteria, they can either be free-living or have symbiotic
relationships with plants. Other sources of nitrogen include acid deposition produced through the combustion of
fossil fuels, ammonia gas which evaporates from agricultural fields which have had fertilizers applied to them, and

dust. Anthropogenic nitrogen inputs account for about 80% of all nitrogen fluxes in ecosystems.

When plant tissues are shed or are eaten, the nitrogen in those tissues becomes available to animals and microbes.

Microbial decomposition releases nitrogen compounds from dead organic matter in the soil, where plants, fungi and
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bacteria compete for it. Some soil bacteria use organic nitrogen-containing compounds as a source of carbon, and
release ammonium ions into the soil. This process is known as nitrogen mineralization. Others convert ammonium to
nitrite and nitrate ions, a process known as nitrification. Nitric oxide and nitrous oxide are also produced during
nitrification. Under nitrogen-rich and oxygen-poor conditions, nitrates and nitrites are converted to nitrogen gas, a
process known as denitrification.

Other important nutrients include phosphorus, sulfur, calcium, potassium, magnesium and manganese.[20]

Phosphorus enters ecosystems through weathering. As ecosystems age this supply diminishes, making
phosphorus-limitation more common in older landscapes (especially in the tropics). Calcium and sulfur are also
produced by weathering, but acid deposition is an important source of sulfur in many ecosystems. Although
magnesium and manganese are produced by weathering, exchanges between soil organic matter and living cells
account for a significant portion of ecosystem fluxes. Potassium is primarily cycled between living cells and soil

organic matter.

Function and biodiversity

Ecosystem processes are broad generalizations that actually take place
through the actions of individual organisms. The nature of the
organisms—the species, functional groups and trophic levels to which
they belong—dictates the sorts of actions these individuals are capable
of carrying out, and the relative efficiency with which they do so.
Thus, ecosystem processes are driven by the number of species in an
ecosystem, the exact nature of each individual species, and the relative

abundance organisms within these species.[m Biodiversity plays an

. . . 22
important role in ecosystem functlomng.[ ]

Loch Lomond in Scotland forms a relatively
Ecological theory suggests that in order to coexist, species must have isolated ecosystem. The fish community of this
some level of limiting similarity—they must be different from one lake has remained stable over a long period until

another in some fundamental way, otherwise one species would anumbertOf i:mj?fti?nsdin ﬂ: 19708
competitively exclude the other. Despite this, the cumulative effect of TR e e
additional species in an ecosystem is not linear—additional species
may enhance nitrogen retention, for example, but beyond some level of
species richness, additional species may have little additive effect. The
addition (or loss) of species which are ecologically similar to those
already present in an ecosystem tends to only have a small effect on
ecosystem function. Ecologically distinct species, on the other hand,
have a much larger effect. Similarly, dominant species have a large

impact on ecosystem function, while rare species tend to have a small

effect. Keystone species tend to have an effect on ecosystem function

Spiny forest at Ifaty, Madagascar, featuring

that is disproportionate to their abundance in an ecosystem. : )
various Adansonia (baobab) species, Alluaudia

procera (Madagascar ocotillo) and other
vegetation.

Ecosystem goods and services

Ecosystems provide a variety of goods and services upon which people depend. Ecosystem goods include the
"tangible, material products" of ecosystem processes—food, construction material, medicinal plants—in addition to
less tangible items like tourism and recreation, and genes from wild plants and animals that can be used to improve

domestic species. Ecosystem services, on the other hand, are generally "improvements in the condition or location of

things of value". These include things like the maintenance of hydrological cycles, cleaning air and water, the

maintenance of oxygen in the atmosphere, crop pollination and even things like beauty, inspiration and opportunities
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for research. While ecosystem goods have traditionally been recognized as being the basis for things of economic
value, ecosystem services tend to be taken for granted. While Gretchen Daily's original definition distinguished
between ecosystem goods and ecosystem services, Robert Costanza and colleagues' later work and that of the

Millennium Ecosystem Assessment lumped all of these together as ecosystem services.

Ecosystem management

When natural resource management is applied to whole ecosystems, rather than single species, it is termed
ecosystem management. A variety of definitions exist: F. Stuart Chapin and coauthors define it as "the application of
ecological science to resource management to promote long-term sustainability of ecosystems and the delivery of
essential ecosystem goods and services",m] while Norman Christensen and coauthors defined it as "management
driven by explicit goals, executed by policies, protocols, and practices, and made adaptable by monitoring and
research based on our best understanding of the ecological interactions and processes necessary to sustain ecosystem
structure and function" and Peter Brussard and colleagues defined it as "managing areas at various scales in such a
way that ecosystem services and biological resources are preserved while appropriate human use and options for

livelihood are sustained".

Although definitions of ecosystem management abound, there is a common set of principles which underlie these
definitions. A fundamental principle is the long-term sustainability of the production of goods and services by the
ecosystem; "intergenerational sustainability [is] a precondition for management, not an afterthought". It also requires
clear goals with respect to future trajectories and behaviors of the system being managed. Other important
requirements include a sound ecological understanding of the system, including connectedness, ecological dynamics
and the context in which the system is embedded. Other important principles include an understanding of the role of
humans as components of the ecosystems and the use of adaptive management. While ecosystem management can
be used as part of a plan for wilderness conservation, it can also be used in intensively managed ecosystems (see, for

example, agroecosystem and close to nature forestry).

Ecosystem dynamics

Ecosystems are dynamic entities—invariably, they are subject to
periodic disturbances and are in the process of recovering from some
past disturbance.ll' When an ecosystem is subject to some sort of
perturbation, it responds by moving away from its initial state. The
tendency of a system to remain close to its equilibrium state, despite
that disturbance, is termed its resistance. On the other hand, the speed
with which it returns to its initial state after disturbance is called its

resilience.

From one year to another, ecosystems experience variation in their
biotic and abiotic environments. A drought, an especially cold winter
and a pest outbreak all constitute short-term variability in
environmental conditions. Animal populations vary from year to year,
building up during resource-rich periods and crashing as they

overshoot their food supply. These changes play out in changes in

NPP, decomposition rates, and other ecosystem processes.

Temperate rainforest on the Olympic Peninsula in

Longer-term changes also shape ecosystem processes—the forests of Washington state.

eastern North America still show legacies of cultivation which ceased

200 years ago, while methane production in eastern Siberian lakes is
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controlled by organic matter which accumulated during the
Pleistocene.

Disturbance also plays an important role in ecological processes. F.
Stuart Chapin and coauthors define disturbance as "a relatively discrete
event in time and space that alters the structure of populations,
communities and ecosystems and causes changes in resources

availability or the physical environment".>*! This can range from tree

falls and insect outbreaks to hurricanes and wildfires to volcanic

b

] ] ] ) ) The High Peaks Wilderness Area in the
populations, as well soil organic matter content. Disturbance is 6,000,000-acre (2,400,000 ha) Adirondack Park

eruptions and can cause large changes in plant, animal and microbe

followed by succession, a "directional change in ecosystem structure is an example of a diverse ecosystem.

and functioning resulting from biotically driven changes in resources
supply."

The frequency and severity of disturbance determines the way it impacts ecosystem function. Major disturbance like
a volcanic eruption or glacial advance and retreat leave behind soils that lack plants, animals or organic matter.
Ecosystems that experience disturbances that undergo primary succession. Less severe disturbance like forest fires,
hurricanes or cultivation result in secondary succession. More severe disturbance and more frequent disturbance

result in longer recovery times. Ecosystems recover more quickly from less severe disturbance events.

The early stages of primary succession are dominated by species with small propagules (seed and spores) which can
be dispersed long distances. The early colonizers—often algae, cyanobacteria and lichens—stabilize the substrate.
Nitrogen supplies are limited in new soils, and nitrogen-fixing species tend to play an important role early in primary
succession. Unlike in primary succession, the species that dominate secondary succession, are usually present from
the start of the process, often in the soil seed bank. In some systems the successional pathways are fairly consistent,
and thus, are easy to predict. In others, there are many possible pathways—for example, the introduced

nitrogen-fixing legume, Myrica faya, alter successional trajectories in Hawaiian forests.

The theoretical ecologist Robert Ulanowicz has used information theory tools to describe the structure of
ecosystems, emphasizing mutual information (correlations) in studied systems. Drawing on this methodology and
prior observations of complex ecosystems, Ulanowicz depicts approaches to determining the stress levels on
ecosystems and predicting system reactions to defined types of alteration in their settings (such as increased or

reduced energy flow, and eutrophication.[zs]

Ecosystem ecology

Ecosystem ecology studies "the flow of energy and materials through
organisms and the physical environment". It seeks to understand the
processes which govern the stocks of material and energy in
ecosystems, and the flow of matter and energy through them. The
study of ecosystems can cover 10 orders of magnitude, from the

surface layers of rocks to the surface of the planet.[26]

There is no single definition of what constitutes an ecosystem. German

ecologist Ernst-Detlef Schulze and coauthors defined an ecosystem as ”. o
an area which is "uniform regarding the biological turnover, and A hydrothermal vent is an ecosystem on the
contains all the fluxes above and below the ground area under ocean floor. (The scale bar is 1 m.)

consideration." They explicitly reject Gene Likens' use of entire river
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catchments as "too wide a demarcation” to be a single ecosystem, given the level of heterogeneity within such an
area.l?” Other authors have suggested that an ecosystem can encompass a much larger area, even the whole planet.
Schulze and coauthors also rejected the idea that a single rotting log could be studied as an ecosystem because the
size of the flows between the log and its surroundings are too large, relative to the proportion cycles within the log.
Philosopher of science Mark Sagoff considers the failure to define "the kind of object it studies" to be an obstacle to

the development of theory in ecosystem ecology.

Ecosystems can be studied through a variety of approaches—theoretical studies, studies monitoring specific
ecosystems over long periods of time, those that look at differences between ecosystems to elucidate how they work
and direct manipulative experimentation. Studies can be carried out at a variety of scales, from microcosms and
mesocosms which serve as simplified representations of ecosystems, through whole-ecosystem studies. American
ecologist Stephen R. Carpenter has argued that microcosm experiments can be "irrelevant and diversionary" if they
are not carried out in conjunction with field studies carried out at the ecosystem scale, because microcosm

experiments often fail to accurately predict ecosystem-level dynamics.

The Hubbard Brook Ecosystem Study, established in the White Mountains, New Hampshire in 1963, was the first
successful attempt to study an entire watershed as an ecosystem. The study used stream chemistry as a means of
monitoring ecosystem properties, and developed a detailed biogeochemical model of the ecosystem. Long-term
research at the site led to the discovery of acid rain in North America in 1972, and was able to document the

consequent depletion of soil cations (especially calcium) over the next several decades.

Classification

Classifying ecosystems into ecologically homogeneous units is an
important step towards effective ecosystem management. A variety of
systems exist, based on vegetation cover, remote sensing, and
bioclimatic classification systems. American geographer Robert Bailey
defines a hierarchy of ecosystem units ranging from microecosystems
(individual homogeneous sites, on the order of 10 square kilometres
(4 sq mi) in area), through mesoecosystems (landscape mosaics, on the
order of 1,000 square kilometres (400 sq mi)) to macroecosystems

(ecoregions, on the order of 100,000 square kilometres

(40,000 sq mi)). Flora of Baja California Desert, Catavifia region,

Mexico.
Bailey outlined five different methods for identifying ecosystems: e

gestalt ("a whole that is not derived through considerable of its parts"),

in which regions are recognized and boundaries drawn intuitively; a map overlay system where different layers like
geology, landforms and soil types are overlain to identify ecosystems; multivariate clustering of site attributes;
digital image processing of remotely sensed data grouping areas based on their appearance or other spectral
properties; or by a "controlling factors method" where a subset of factors (like soils, climate, vegetation
physiognomy or the distribution of plant or animal species) are selected from a large array of possible ones are used
to delineate ecosystems.[29] In contrast with Bailey's methodology, Puerto Rico ecologist Ariel Lugo and coauthors
identified ten characteristics of an effective classification system: that it be based on georeferenced, quantitative
data; that it should minimize subjectivity and explicitly identify criteria and assumptions; that it should be structured
around the factors that drive ecosystem processes; that it should reflect the hierarchical nature of ecosystems; that it
should be flexible enough to conform to the various scales at which ecosystem management operates; that it should
be tied to reliable measures of climate so that it can "anticipat[e] global climate change; that it be applicable

worldwide; that it should be validated against independent data; that it take into account the sometimes complex
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relationship between climate, vegetation and ecosystem functioning; and that it should be able to adapt and improve
as new data become available".

Types
e Aquatic ecosystem
e Marine ecosystem

* Large marine ecosystem

* Freshwater ecosystem

* Lake ecosystem
* River ecosystem
e Wetland

* Terrestrial ecosystem

* Forest

* Greater Yellowstone Ecosystem

» Littoral zone

* Riparian zone

* Subsurface lithoautotrophic microbial ecosystem
* Urban ecosystem

* Movile Cave

* Desert

A freshwater ecosystem in Gran Canaria, an island of the Canary Islands.

Anthropogenic threats

As human populations grow, so do the resource demands imposed on ecosystems and the impacts of the human
ecological footprint. Natural resources are not invulnerable and infinitely available. The environmental impacts of
anthropogenic actions, which are processes or materials derived from human activities, are becoming more apparent
— air and water quality are increasingly compromised, oceans are being overfished, pests and diseases are extending
beyond their historical boundaries, and deforestation is exacerbating flooding downstream. It has been reported that
approximately 40-50% of Earth’s ice-free land surface has been heavily transformed or degraded by anthropogenic
activities, 66% of marine fisheries are either overexploited or at their limit, atmospheric CO2 has increased more than
30% since the advent of industrialization, and nearly 25% of Earth’s bird species have gone extinct in the last two
thousand years.BO] Society is increasingly becoming aware that ecosystem services are not only limited, but also that
they are threatened by human activities. The need to better consider long-term ecosystem health and its role in
enabling human habitation and economic activity is urgent. To help inform decision-makers, many ecosystem
services are being assigned economic values, often based on the cost of replacement with anthropogenic alternatives.
The ongoing challenge of prescribing economic value to nature, for example through biodiversity banking, is

prompting transdisciplinary shifts in how we recognize and manage the environment, social responsibility, business
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opportunities, and our future as a species.
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Human interrelationship

Wilderness

Wilderness or wildland is a natural environment
on Earth that has not been significantly modified
by civilized human activity. It may also be
defined as: "The most intact, undisturbed wild
natural areas left on our planet—those last truly
wild places that humans do not control and have
not developed with roads, pipelines or other
industrial infrastructure." Wilderness areas can be
found in preserves, estates, farms, conservation
preserves, ranches, National Forests, National
Parks and even in urban areas along rivers,
gulches or otherwise undeveloped areas. These
areas are considered important for the survival of
certain species, biodiversity, ecological studies,
conservation, solitude, and recreation. Wilderness
is deeply valued for cultural, spiritual, moral, and
aesthetic reasons. Some nature writers believe
wilderness areas are vital for the human spirit and
creativity.“] They may also preserve historic
genetic traits and provide habitat for wild flora
and fauna that may be difficult to recreate in zoos,
arboretums or laboratories.

The word wilderness derives from the notion of
"wildness"—in other words, that which is not
controlled by humans. The word's etymology is
from the wildeornes, which in turn derives from
wildeor meaning wild beast (wild + deor = beast,

deer) From this point of view, it is the wildness of

3 % oy g
Old growth European Beech forest in Biogradska Gora National Park,
Montenegro

Forrester Island Wilderness in the U.S. state of Alaska

a place that makes it a wilderness. The mere presence or activity of people does not disqualify an area from being

"wilderness." Many ecosystems

that are, or have been,
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inhabited or influenced by activities of
people may still be considered "wild." This
way of looking at wilderness includes areas
within which natural processes operate

without human interference.

The WILD Foundation states that
wilderness areas have two dimensions: they
must be biologically intact and legally

d.[2][3] The World Conservation

protecte
Union (IUCN) classifies wilderness at two
levels, Ia (Strict Nature Reserves) and Ib

(Wilderness Areas). Most scientists and

conservationistsWikipedia:Manual of Perku¢ Reserve in Puszcza Augustowska, Poland

Style/Words to watch#Unsupported

attributions agree that no place on earth is completely untouched by humanity, either due to past occupation by
indigenous people, or through global processes such as climate change. Activities on the margins of specific
wilderness areas, such as fire suppression and the interruption of animal migration also affect the interior of

wildernesses.

Especially in wealthier, industrialized nations, it has a specific legal meaning as well: as land where development is
prohibited by law. Many nations have designated wilderness, including Australia, Canada, New Zealand, South
Africa and the United States. Many new parks are currently being planned and legally passed by various Parliaments
and Legislatures at the urging of dedicated individuals around the globe who believe that "in the end, dedicated,
inspired people empowered by effective legislation will ensure that the spirit and services of wilderness will thrive

and permeate our society, preserving a world that we are proud to hand over to those who come after us. "4

History

Looked at through the lens of the visual arts,
nature and wildness have been important subjects
in various epochs of world history. An early
tradition of landscape art occurred in the Tang
Dynasty (618-907). The tradition of representing
nature as it is became one of the aims of Chinese
painting and was a significant influence in Asian
art. Artists in the tradition of Shan shui (lit.
mountain-water-picture), learned to depict
mountains and rivers "from the perspective of

nature as a whole and on the basis of their

understanding of the laws of nature... as if seen

Innoko Wilderness, Alaska USA in the summer.

through the eyes of a bird." In the 13th century,
Shih Erh Chi recommended avoiding painting

"scenes lacking any places made inaccessible by nature."!

The idea of wilderness having intrinsic value emerged in the Western world in the 19th century. British artists John
Constable and JMW Turner turned their attention to capturing the beauty of the natural world in their paintings. Prior

to that, paintings had been primarily of religious scenes or of human beings. William Wordsworth’s poetry described

the wonder of the natural world, which had formerly been viewed as a threatening place. Increasingly the valuing of
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nature became an aspect of Western culture.!®!

Over the course of the 19th century wilderness became viewed not as a place to fear but a place to enjoy and protect,
hence came the conservation movement in the latter half of the 19th century. Rivers were rafted and mountains were
climbed solely for the sake of recreation, not to determine their geographical context. Early conservationists
advocated the creation of a legal mechanism by which boundaries could be set on capitalistic ventures in order to
preserve natural and unique lands for the enjoyment and use of future generations. This profound shift in wilderness
thought reached a pinnacle in the US with the passage of the Wilderness Act of 1964, which allowed for parts of
U.S. National Forests to be designated as "wilderness preserves'". Similar acts, such as the 1975 Eastern Wilderness
Act, followed.

The 21st century has seen another slight shift in wilderness thought and theory. It is now understood that simply
drawing lines around a piece of land and declaring it a wilderness does not necessarily make it a wilderness. All
landscapes are intricately connected and what happens outside a wilderness certainly affects what happens inside it.
For example, air pollution from Los Angeles and the California Central Valley affects Kern Canyon and Sequoia
National Park. The national park has miles of "wilderness" but the air is filled with pollution from the valley. This

gives rise to the paradox of what a wilderness really is; a key issue in 21st century wilderness thought.

Preservation

For most of human history, the greater part of the
Earth's terrain was wilderness, and human attention
was concentrated in settled areas. The first known
laws to protect parts of nature date back to the
Babylonian Empire and Chinese Empire. Ashoka, the
Great Mauryan King, defined the first laws in the
world to protect flora and fauna in Edicts of Ashoka
around 3rd Century B.C. In the Middle Ages, the
Kings of England initiated one of the world’s first
conscious efforts to protect natural areas. They were

El Toro Wilderness within the Caribbean National Forest in Puerto Rico motivated by a desire to be able to hunt wild animals
in private hunting preserves rather than a desire to

protect wilderness. Nevertheless, in order to have animals to hunt they would have to protect wildlife from
subsistence hunting and the land from villagers gathering firewood. Similar measures were introduced in other

European countries.

Early in the 19th century, Wordsworth and other romanticists in the U.K., concerned about "the excesses of
industrialization and urbanization," called for a return to natural environments. This movement achieved some gains
in protecting sensitive ecosystems, but a more successful form of environmentalism emerged in Germany by the
mid-19th century. "Scientific Conservation," as it was called, advocated "the efficient utilization of natural resources
through the application of science and technology." Concepts of forest management based on the German approach

were applied in other parts of the world, but with varying degrees of success.!’]

By the later 19th century it had become clear that in many countries wild areas had either disappeared or were in
danger of disappearing. This realization gave rise to the conservation movement in the USA, partly through the
efforts of writers and activists such as John Burroughs, Aldo Leopold, and John Muir, and politicians such as U.S.
President Teddy Roosevelt.
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National parks

The creation of National Parks, beginning in the
19th century, preserved some especially attractive
and notable areas, but the pursuits of commerce,
lifestyle, and recreation combined with increases
in human population have continued to result in
human modification of relatively untouched areas.
Such human activity often negatively impacts
native flora and fauna. As such, to better protect
critical habitats and preserve low-impact
recreational opportunities, legal concepts of

"wilderness" were established in many countries,

beginning with the United States (see below). Wyoming, U.S.

The first National Park was Yellowstone, which

was signed into law by U.S. President Ulysses S. Grant on 1 March 1872.1%1 The Act of Dedication declared
Yellowstone a land "hereby reserved and withdrawn from settlement, occupancy, or sale under the laws of the
United States, and dedicated and set apart as a public park or pleasuring ground for the benefit and enjoyment of the

people.”

The world's second national park, the Royal National Park, located just 32 km to the south of Sydney, Australia, was
established in 1879.°!

The U.S. concept of national parks soon caught on in Canada, which created Banff National Park in 1885, at the
same time as the transcontinental Canadian Pacific Railway was being built. The creation of this and other parks
showed a growing appreciation of wild nature, but also an economic reality. The railways wanted to entice people to
travel west. Parks such as Banff and Yellowstone gained favor as the railroads advertised travel to "the great wild
spaces" of North America. When outdoorsman Teddy Roosevelt became president of the United States, he began to

enlarge the U.S. National Parks system, and established the National Forest system.

By the 1920s, travel across North America by train to experience the "wilderness" (often viewing it only through
windows) had become wildly popular. This led to the commercialization of some of Canada's National Parks with

the building of great hotels such as the Banff Springs Hotel and Chateau Lake Louise.
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Conservation vs. preservation

Two opposing factions had emerged within the
environmental movement by the early 20th
century:  the  conservationists and  the
preservationists. The conservationists (such as
Gifford Pinchot) focused on the proper use of
nature, whereas the preservationists sought the
protection of nature from use. Put another way,
conservation sought to regulate human use while
preservation sought to eliminate human impact

altogether.

The idea of protecting nature for nature's sake

Bachalpsee in the Swiss Alps; generally mountainous areas are less affected began to gain more recognition in the 1930s with
by human activity American writers like Aldo Leopold, calling for a

"land ethic" and urging wilderness protection. It
had become increasingly clear that wild spaces were disappearing rapidly and that decisive action was needed to
save them. Wilderness preservation is central to deep ecology; a philosophy that believes in an inherent worth of all

living beings, regardless of their instrumental utility to human needs.

Global conservation became an issue at the time of the dissolution of the British Empire in Africa in the late 1940s.
The British established great wildlife preserves there. As before, this interest in conservation had an economic
motive: in this case, big game hunting. Nevertheless, this led to growing recognition in the 1950s and the early 1960s
of the need to protect large spaces for wildlife conservation worldwide. The World Wildlife Fund (WWF), founded

in 1961, grew to be one of the largest conservation organizations in the world.

Nevertheless, initiatives for wilderness conservation continue to increase. There are a growing number of projects to
protect tropical rainforests through conservation initiatives. There are also large-scale projects to conserve
wilderness regions, such as Canada's Boreal Forest Conservation Framework. The Framework calls for conservation
of 50 percent of the 6,000,000 square kilometres of boreal forest in Canada's north.[lo] In addition to the World
Wildlife Fund, organizations such as the Wildlife Conservation Society, the WILD Foundation, The Nature
Conservancy, Conservation International, The Wilderness Society (United States) and many others are active in such

conservation efforts.

Formal Wilderness Designation

New Zealand

There are seven wilderness areas in New Zealand as defined by the National Parks Act 1980 and the Conservation
Act 1987 that fall well within the IUCN definition. Wilderness areas cannot have any human intervention and can

only have indigenous species re-introduced into the area if it is compatible with conservation management strategies.

In New Zealand wilderness areas are remote blocks of land that have high natural character. The Conservation Act
1987 prevents any access by vehicles and livestock, the construction of tracks and buildings, and all indigenous

natural resources are protected. They are generally over 40,000 ha in size.
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United States

In the United States, a Wilderness Area is an area of
federal land set aside by an act of Congress. Human
activities in wilderness areas are restricted to scientific
study and non-mechanized recreation; horses are
permitted but mechanized vehicles and equipment,

such as cars and bicycles, are not.

The United States was the first country to officially
designate land as "wilderness" through the Wilderness
Act of 1964. The Wilderness Act was—and is still—an

important part of wilderness designation because it

created the legal definition of wilderness and founded
the National Wilderness Preservation System. The

The Great Swamp of New Jersey, donated for federal protection by ] ] .
Wilderness Act defines wilderness as "an area where

concerned residents, was designated as the first wilderness refuge in
the United States - winter scene photographed in March, 2008 the earth and its community of life are untrammelled by
man, where man himself is a visitor who does not

remain."

Wilderness designation helps preserve the natural state of the land and protects flora and fauna by prohibiting

development and providing for non-mechanized recreation only.

The first administratively protected wilderness area in the United States was the Gila National Forest. In 1922, Aldo
Leopold, then a ranking member of the U.S. Forest Service, proposed a new management strategy for the Gila
National Forest. His proposal was adopted in 1924, and 750 thousand acres of the Gila National Forest became the
Gila Wilderness.

"The Great Swamp in New Jersey was the first formally designated wilderness refuge in the United States. It was
declared a wildlife refuge on 3 November 1960. In 1966 it was declared a National Natural Landmark and, in 1968,
it was given wilderness status. Properties in the swamp had been acquired by a small group of residents of the area,
who donated the assembled properties to the federal government as a park for perpetual protection. Today the refuge

amounts to 7,600 acres (31 kmz) that are within thirty miles of Manhattan.!'

While wilderness designations were originally granted
by an Act of Congress for Federal land that retained a
"primeval character", meaning that it had not suffered
from human habitation or development, the Eastern
Wilderness Act of 1975 extended the protection of the
NWPS to areas in the eastern States that were not
initially considered for inclusion in the Wilderness Act.

This act allowed lands that did not meet the constraints

of size, roadlessness, or human impact to be designated

S bt e
B o e e

as wilderness areas under the belief that they could be - 22 -2 : -
[12] = 4

returned to a "primeval" state through preservation.
T

- 2
Approximately 107,500,000 acres (435,000 km”) are Latir Peak Wilderness, taken from milepost 394 along US-285, ten
designated as wilderness in the United States. This miles north of Tres Piedras and 14 miles south of the New Mexico
accounts for 4.82% of the country's total land area; and Colorado border.

however, 54% of that amount is found in Alaska
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(recreation and development in Alaskan wilderness is often less restrictive), while only 2.58% of the lower
continental United States is designated as wilderness. Following the Omnibus Public Land Management Act of 2009
there are 756 separate wilderness designations in the United States ranging in size from Florida's Pelican Island at 5
acres (20,000 m2) to Alaska's Wrangell-Saint Elias at 9,078,675 acres (36,740.09 kmz).

Greece

In Greece there are some parks called "ethniki drimoi" (eBvixol dpuuol, national forests) that are under protection of
the Greek government. Such parks include: Olympus, Parnassos and Parnitha National Parks.

International movement

At the forefront of the international wilderness
movement has been The WILD Foundation, its founder
Ian Player and its network of sister and partner
organizations around the globe. The pioneer World
Wilderness Congress in 1977 introduced the wilderness
concept as an issue of international importance, and
began the process of defining the term in biological and
social contexts. Today, this work is continued by many

international groups who still look to the World

Wilderness Congress as the international venue for

wilderness and to The WILD Foundation network for - Monmem Valley in Utah, USA.
wilderness tools and action. The WILD Foundation

also publishes the standard references for wilderness professionals and others involved in the issues: Wilderness
Management: Stewardship and Protection of Resources and Values, the International Journal of Wilderness, A
Handbook on International Wilderness Law and Policy and Protecting Wild Nature on Native Lands are the
backbone of information and management tools for international wilderness issues.

The Wilderness Task Force within the World Commission on Protected Areas (WTF/WCPA) of the International
Union for the Conservation of Nature (IUCN) plays a critical role in defining legal and management guidelines for
wilderness at the international level and is also a clearing-house for information on wilderness issues. The ITUCN
Protected Areas Classification System defines wilderness as "A large area of unmodified or slightly modified land,
and/or sea retaining its natural character and influence, without permanent or significant habitation, which is
protected and managed so as to preserve its natural condition (Category 1b)." The WILD Foundation founded the
WTF/WCPA in 2002 and remains co-chair.
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Extent

According to a major study, Wilderness: Earth's Last
Wild Places, carried out by Conservation International,
46% of the world's land mass is wilderness. For
purposes of this report, "wilderness" was defined as an
area that "has 70% or more of its original vegetation
intact, covers at least 10,000 square kilometers
(3,900 sq mi) and must have fewer than five people per
square kilometer."["?! However, an IUCN/UNEP report
published in 2003, found that only 10.9% of the world's

land mass is currently a Category 1 Protected Area, that

is, either a strict nature reserve (5.5%) or protected

The Ahklun Mountains and the Togiak Wilderness within the Togiak
National Wildlife Refuge in the U.S. state of Alaska

wilderness (5 .4%).[14] Such areas remain relatively
untouched by humans. Of course, there are large tracts
of lands in National Parks and other protected areas that would also qualify as wilderness. However, many protected

areas have some degree of human modification or activity, so a definitive estimate of true wilderness is difficult.

The Wildlife Conservation Society generated a human footprint using a number of indicators, the absence of which
indicate wildness: human population density, human access via roads and rivers, human infrastructure for agriculture
and settlements and the presence of industrial power (lights visible from space). The society estimates that 26% of
the Earth's land mass falls into the category of "Last of the wild." The wildest regions of the world include the
tundra, the taiga, the Amazonian rain forest, the Tibetan Plateau, the Australian outback and deserts such as the
Sahara, and the Gobi.'> However from the 1970s, numerous geoglyphs have been discovered on deforested land in
the Amazon rainforest, leading to claims about Pre-Columbian civilizations. The BBC's Unnatural Histories claimed
that the Amazon rainforest, rather than being a pristine wilderness, has been shaped by man for at least 11,000 years

through practices such as forest gardening and terra preta.

It should be noted that the percentage of land area designated "wilderness" does not necessarily reflect a measure of
its biodiversity. Of the last natural wilderness areas, the taiga—which is mostly wilderness—represents 11% of the

(161 Tropical rainforest represent a further 7% of the world's land

total land mass in the Northern Hemisphere.
base.!”) Estimates of the Earth's remaining wilderness underscore the rate at which these lands are being developed,

with dramatic declines in biodiversity as a consequence.

Critique
The American concept of wilderness has been criticized - —- '——lvfm

by some nature writers. For example, William Cronon
writes that what he calls a wilderness ethic or cult may
"teach us to be dismissive or even contemptuous of
such humble places and experiences", and that
"wilderness tends to privilege some parts of nature at
the expense of others", using as an example "the
mighty canyon more inspiring than the humble
marsh."!"®! This is most clearly visible with the fact

that nearly all U.S. National Parks preserve spectacular

canyons and mountains, and it was not until the 1940s :
Cedar Mountain Wilderness in northern Utah, USA.
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that a swamp became a national park—the Everglades. In the mid-20th century national parks started to protect
biodiversity, not simply attractive scenery.

Cronon also believes the passion to save wilderness "poses a serious threat to responsible environmentalism" and
writes that it allows people to "give ourselves permission to evade responsibility for the lives we actually lead....to
the extent that we live in an urban-industrial civilization but at the same time pretend to ourselves that our real home

is in the wilderness,"

Michael Pollan has argued that the wilderness ethic leads people to dismiss areas whose wildness is less than
absolute. In his book Second Nature, Pollan writes that "once a landscape is no longer 'virgin' it is typically written
off as fallen, lost to nature, irredeemable."[lg] Another challenge to the conventional notion of wilderness comes
from Robert Winkler in his book, Going Wild: Adventures with Birds in the Suburban Wilderness. "On walks in the

unpeopled parts of the suburbs,” Winkler writes, "I've witnessed the same wild creatures, struggles for survival, and

natural beauty that we associate with true wilderness."?"!

Another source of criticism is that the criteria for wilderness designation is vague and open to interpretation. For
example, the Wilderness Act states that wilderness must be roadless. The definition given for roadless is "the
absences of roads which have been improved and maintained by mechanical means to insure relatively regular and
continuous use." However, there have been added sub-definitions that have, in essence, made this standard unclear
and open to interpretation.

Coming from a different direction, some criticism from the Deep Ecology movement argues against conflating
"wilderness" with "wilderness reservations", viewing the latter term as an oxymoron that, by allowing the law as a
human construct to define nature, unavoidably voids the very freedom and independence of human control that
defines wilderness. True wilderness requires the ability of life to undergo speciation with as little interference from
humanity as possible.
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Natural environment

The natural environment encompasses all living and non-living
things occurring naturally on Earth or some region thereof. It is an
environment that encompasses the interaction of all living species. The
concept of the natural environment can be distinguished by

components:

* Complete ecological units that function as natural systems without

massive human intervention, including all vegetation,

microorganisms, soil, rocks, atmosphere, and natural phenomena o )
Land management policies have been developed

that occur within their boundaries to preserve the natural characteristics of

* Universal natural resources and physical phenomena that lack Hopetoun Falls, Australia while allowing ample
clear-cut boundaries, such as air, water, and climate, as well as access for visitors
energy, radiation, electric charge, and magnetism, not originating

from human activity

The natural environment is contrasted with the built environment,
which comprises the areas and components that are strongly influenced

by humans. A geographical area is regarded as a natural environment.

It is difficult to find absolutely natural environments, and it is common
that the naturalness varies in a continuum, from ideally 100% natural

in one extreme to 0% natural in the other. More precisely, we can

consider the different aspects or components of an environment, and ) )
Bachalpsee in the Swiss Alps; generally

see that their degree of naturalness is not uniform. If, for instance, we mountainous areas are less affected by human
take an agricultural field, and consider the mineralogic composition activity

and the structure of its soil, we will find that whereas the first is quite

similar to that of an undisturbed forest soil, the structure is quite

different.

Natural environment is often used as a synonym for habitat. For
instance, when we say that the natural environment of giraffes is the

savanna.

A satellite image of the Sahara desert; the world's

largest hot desert and third-largest desert after
Antarctica and the Arctic
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Composition

= N W A O

The Earth's layered structure. (1) inner core; (2)
outer core; (3) lower mantle; (4) upper mantle;
(5) lithosphere; (6) crust

A volcanic fissure and lava channel.

Water on Earth

Coral reefs have significant

marine biodiversity.

Earth science generally recognizes 4 spheres, the lithosphere, the

hydrosphere, the atmosphere, and the biosphere[l]

as correspondent to
rocks, water, air, and life. Some scientists include, as part of the
spheres of the Earth, the cryosphere (corresponding to ice) as a distinct
portion of the hydrosphere, as well as the pedosphere (corresponding to
soil) as an active and intermixed sphere. Earth science (also known as
geoscience, the geosciences or the Earth Sciences), is an all-embracing
term for the sciences related to the planet Earth.!”! There are four major
disciplines in earth sciences, namely geography, geology, geophysics
and geodesy. These major disciplines use physics, chemistry, biology,
chronology and mathematics to build a qualitative and quantitative

understanding of the principal areas or spheres of the Earth system.

Geological activity

The Earth's crust, or lithosphere, is the outermost solid surface of the
planet and is chemically and mechanically different from underlying
mantle. It has been generated greatly by igneous processes in which
magma cools and solidifies to form solid rock. Beneath the lithosphere
lies the mantle which is heated by the decay of radioactive elements.
The mantle though solid is in a state of rheic convection. This
convection process causes the lithospheric plates to move, albeit
slowly. The resulting process is known as plate tectonics. 24!
Volcanoes result primarily from the melting of subducted crust

material or of rising mantle at mid-ocean ridges and mantle plumes.
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Oceans

Earth's
oceans
. Arctic
. Pacific
. Atlantic
. Indian
. Southern
World Ocean
. \'%
. t
. e [8]

An ocean is a major body of saline water, and a component of the hydrosphere. Approximately 71% of the Earth's

surface (an area of some 362 million square kilometers) is covered by ocean, a continuous body of water that is

customarily divided into several principal oceans and smaller seas. More than half of this area is over 3,000 meters

(9,800 ft) deep. Average oceanic salinity is around 35 parts per thousand (ppt) (3.5%), and nearly all seawater has a

salinity in the range of 30 to 38 ppt. Though generally recognized as several 'separate' oceans, these waters comprise

one global, interconnected body of salt water often referred to as the World Ocean or global ocean.®”! This concept

of a global ocean as a continuous body of water with relatively free interchange among its parts is of fundamental

importance to oceanography.[g] The major oceanic divisions are defined in part by the continents, various

archipelagos, and other criteria: these divisions are (in descending order of size) the Pacific Ocean, the Atlantic

Ocean, the Indian Ocean, the Southern Ocean and the Arctic Ocean.

Rivers

The Columbia River, along the border of the
United StatesU.S. states of Oregon and
Washington (U.S. state)Washington.

. . 9
A river is a natural WatCI'COllI'SC,[ !

usually freshwater, flowing toward
an ocean, a lake, a sea or another river. In a few cases, a river simply
flows into the ground or dries up completely before reaching another
body of water. Small rivers may also be termed by several other
names, including stream, creek and brook. In the United States a river
is generally classified as a watercourse more than 60 feet (18 metres)
wide. The water in a river is usually in a channel, made up of a stream
bed between banks. In larger rivers there is also a wider floodplain
shaped by waters over-topping the channel. Flood plains may be very
wide in relation to the size of the river channel. Rivers are a part of the
hydrological cycle. Water within a river is generally collected from
precipitation through surface runoff, groundwater recharge, springs,

and the release of water stored in glaciers and snowpacks.
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Streams

A stream is a flowing body of water with a current, confined within a
bed and stream banks. Streams play an important corridor role in
connecting fragmented habitats and thus in conserving biodiversity.
The study of streams and waterways in general is known as surface
hydrology.[lo] Types of streams include creeks, tributaries, which do
not reach an ocean and connect with another stream or river, brooks,

which are typically small streams and sometimes sourced from a spring

or seep and tidal inlets. A rocky stream in the U.S. state of Hawaii

Lakes

A lake (from Latin lacus) is a terrain feature, a body of water that is
localized to the bottom of basin. A body of water is considered a lake
when it is inland, is not part of an ocean, is larger and deeper than a

pond, and is fed by a river.

Natural lakes on Earth are generally found in mountainous areas, rift
zones, and areas with ongoing or recent glaciation. Other lakes are
found in endorheic basins or along the courses of mature rivers. In

some parts of the world, there are many lakes because of chaotic

drainage patterns left over from the last Ice Age. All lakes are The Lacar Lake is a lake of glacial origin in the
temporary over geologic time scales, as they will slowly fill in with province of Neuquén, Argentina.

sediments or spill out of the basin containing them.

Ponds

A pond is a body of standing water, either natural or man-made, that is
usually smaller than a lake. A wide variety of man-made bodies of
water are classified as ponds, including water gardens designed for
aesthetic ornamentation, fish ponds designed for commercial fish
breeding, and solar ponds designed to store thermal energy. Ponds and

lakes are distinguished from streams via current speed. While currents

in streams are easily observed, ponds and lakes possess thermally ; :
driven micro-currents and moderate wind driven currents. These A swamp area in Everglades National Park,
.. . . . Florida, USA.

features distinguish a pond from many other aquatic terrain features, onea

such as stream pools and tide pools.
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Atmosphere, climate and weather

The atmosphere of the Earth serves as a key factor in sustaining the
planetary ecosystem. The thin layer of gases that envelops the Earth is
held in place by the planet's gravity. Dry air consists of 78% nitrogen,

21% oxygen, 1% argon and other inert gases, such as carbon dioxide.
The remaining gases are often referred to as trace gases, among which
are the greenhouse gases such as water vapor, carbon dioxide,
methane, nitrous oxide, and ozone. Filtered air includes trace amounts
of many other chemical compounds. Air also contains a variable

amount of water vapor and suspensions of water droplets and ice Atmospheric gases scatter blue light more than

L. other wavelengths, creating a blue halo when
crystals seen as clouds. Many natural substances may be present in tiny

seen from space.
amounts in an unfiltered air sample, including dust, pollen and spores,
sea spray, volcanic ash, and meteoroids. Various industrial pollutants
also may be present, such as chlorine (elementary or in compounds),
fluorine compounds, elemental mercury, and sulphur compounds such

as sulphur dioxide [SOZ].

The ozone layer of the Earth's atmosphere plays an important role in
depleting the amount of ultraviolet (UV) radiation that reaches the
surface. As DNA is readily damaged by UV light, this serves to protect
life at the surface. The atmosphere also retains heat during the night,

thereby reducing the daily temperature extremes.

A view of Earth's troposphere from an airplane.

Atmospheric layers

Principal layers

Earth's atmosphere can be divided into five main layers. These layers
are mainly determined by whether temperature increases or decreases

with altitude. From highest to lowest, these layers are:
* Exosphere: The outermost layer of Earth's atmosphere extends from
the exobase upward, mainly composed of hydrogen and helium.

* Thermosphere: The top of the thermosphere is the bottom of the

exosphere, called the exobase. Its height varies with solar activity Lightning is an atmospheric discharge of
and ranges from about 350—800 km (220—500 mi; electricity accompanied by thunder, which
1,150,000-2,620,000 ft). The International Space Station orbits in typically occurs during thunderstorms, and

sometimes during volcanic eruptions or dust

this layer, between 320 and 380 km (200 and 240 mi).
* Mesosphere: The mesosphere extends from the stratopause to
80—85 km (50—-53 mi; 262,000—-279,000 ft). It is the layer where most meteors burn up upon entering the

atmosphere.

storms.

» Stratosphere: The stratosphere extends from the tropopause to about 51 km (32 mi; 167,000 ft). The stratopause,
which is the boundary between the stratosphere and mesosphere, typically is at 50 to 55 km (31 to 34 mi; 164,000
to 180,000 ft).

* Troposphere: The troposphere begins at the surface and extends to between 7 km (23,000 ft) at the poles and
17 km (56,000 ft) at the equator, with some variation due to weather. The troposphere is mostly heated by transfer
of energy from the surface, so on average the lowest part of the troposphere is warmest and temperature decreases
with altitude. The tropopause is the boundary between the troposphere and stratosphere.
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Other layers
Within the five principal layers determined by temperature are several layers determined by other properties.

* The ozone layer is contained within the stratosphere. It is mainly located in the lower portion of the stratosphere
from about 15-35 km (9.3—21.7 mi; 49,000—115,000 ft), though the thickness varies seasonally and
geographically. About 90% of the ozone in our atmosphere is contained in the stratosphere.

* The ionosphere, the part of the atmosphere that is ionized by solar radiation, stretches from 50 to 1,000 km (31 to
621 mi; 160,000 to 3,280,000 ft) and typically overlaps both the exosphere and the thermosphere. It forms the
inner edge of the magnetosphere.

* The homosphere and heterosphere: The homosphere includes the troposphere, stratosphere, and mesosphere. The
upper part of the heterosphere is composed almost completely of hydrogen, the lightest element.

* The planetary boundary layer is the part of the troposphere that is nearest the Earth's surface and is directly
affected by it, mainly through turbulent diffusion.

Effects of global warming

The potential dangers of global warming are being increasingly studied
by a wide global consortium of scientists. These scientists are
increasingly concerned about the potential long-term effects of global
warming on our natural environment and on the planet. Of particular

concern is how climate change and global warming caused by

< i e anthropogenic, or human-made releases of greenhouse gases, most
The Retreat of glaciers since 1850 of Aletsch notably carbon dioxide, can act interactively, and have adverse effects
Glacier in the Swiss Alps (situation in 1979, 1991 ' ypon the planet, its natural environment and humans' existence. It is
and 2002). due to global warming. clear the planet is warming, and warming rapidly. The most recent
report from the Intergovernmental Panel on Climate Change (the group
of the leading climate scientists in the world) concluded that the earth will warm anywhere from 2.7 to almost 11
degrees Fahrenheit between 1990 and 2100. Efforts have been increasingly focused on the mitigation of greenhouse
gases that are causing climatic changes, on developing adaptative strategies to global warming, to assist humans,
animal and plant species, ecosystems, regions and nations in adjusting to the effects of global warming. Some

examples of recent collaboration to address climate change and global warming include:

* The United Nations Framework Convention Treaty and convention
on Climate Change, to stabilize greenhouse gas concentrations in
the atmosphere at a level that would prevent dangerous

anthropogenic interference with the climate system.[1 1

* The Kyoto Protocol, which is the protocol to the international
Framework Convention on Climate Change treaty, again with the
objective of reducing greenhouse gases in an effort to prevent

anthropogenic climate change.[lz]

e The Western Climate Initiative, to identify, evaluate, and implement

Another view of the Aletsch Glacier in the Swiss

collective and cooperative ways to reduce greenhouse gasFtlsﬂm the Alps and because of global warming it has been

region, focusing on a market-based cap-and-trade system. decreasing
A significantly profound challenge is to identify the natural
environmental dynamics in contrast to environmental changes not within natural variances. A common solution is to
adapt a static view neglecting natural variances to exist. Methodologically, this view could be defended when
looking at processes which change slowly and short time series, while the problem arrives when fast processes turns

essential in the object of the study.
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Climate

Climate encompasses the statistics of temperature, humidity,
atmospheric pressure, wind, rainfall, atmospheric particle count and
numerous other meteorological elements in a given region over long
periods of time [¢c/tation needed] Climate can be contrasted to weather,

which is the present condition of these same elements over periods up
[citation needed]

to two weeks.

[ Y o Y
s D B e [ Climates can be classified according to the average and typical ranges
M v st Fsghianas
Worldwide climate classifications map of different variables, most commonly temperature and precipitation.

The most commonly used classification scheme is the one originally

[14]

developed by Wladimir Képpen. The Thornthwaite system,” " in use since 1948, incorporates evapotranspiration in

addition to temperature and precipitation information and is used in studying animal species diversity and potential

impacts of climate changes, [/ @/ion needed]

Weather

Weather is a set of all the phenomena occurring in a given atmospheric
area at a given time.."! Most weather phenomena occur in the

troposphere, (el

just below the stratosphere. Weather refers,
generally, to day-to-day temperature and precipitation activity, whereas
climate is the term for the average atmospheric conditions over longer
periods of time. When used without qualification, "weather" is

understood to be the weather of Earth.

Weather occurs due to density (temperature and moisture) differences

between one place and another. These differences can occur due to the

Rainbows are optical and meteorological
sun angle at any particular spot, which varies by latitude from the phenomenon that causes a spectrum of light to

tropics. The strong temperature contrast between polar and tropical air appear in the sky when the Sun shines onto
gives rise to the jet stream. Weather systems in the mid-latitudes, such droplets of moisture in the Barth's atmosphere.

as extratropical cyclones, are caused by instabilities of the jet stream

flow. Because the Earth's axis is tilted relative to its orbital plane, sunlight is incident at different angles at different
times of the year. On the Earth's surface, temperatures usually range +40 °C (100 °F to —40 °F) annually. Over
thousands of years, changes in the Earth's orbit have affected the amount and distribution of solar energy received by

the Earth and influence long-term climate

Surface temperature differences in turn cause pressure differences. Higher altitudes are cooler than lower altitudes
due to differences in compressional heating. Weather forecasting is the application of science and technology to
predict the state of the atmosphere for a future time and a given location. The atmosphere is a chaotic system, and
small changes to one part of the system can grow to have large effects on the system as a whole. Human attempts to
control the weather have occurred throughout human history, and there is evidence that human activity such as

agriculture and industry has inadvertently modified weather patterns.
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Life

" e =" e
An example of the many animal species on the
Earth.

Evidence suggests that life on Earth has existed for about 3.7 billion
years.[ls] All known life forms share fundamental molecular
mechanisms, and based on these observations, theories on the origin of
life attempt to find a mechanism explaining the formation of a
primordial single cell organism from which all life originates. There
are many different hypotheses regarding the path that might have been
taken from simple organic molecules via pre-cellular life to protocells

and metabolism.

Although there is no universal agreement on the definition of life,
scientists generally accept that the biological manifestation of life is
characterized by organization, metabolism, growth, adaptation,
response to stimuli and reproduction. Life may also be said to be
simply the characteristic state of organisms. In biology, the science of
living organisms, "life" is the condition which distinguishes active
organisms from inorganic matter, including the capacity for growth,

functional activity and the continual change preceding death.!"”!

A diverse variety of living organisms (life forms) can be found in the
biosphere on Earth, and properties common to these
organisms—plants, animals, fungi, protists, archaea, and bacteria—are
a carbon- and water-based cellular form with complex organization and
heritable genetic information. Living organisms undergo metabolism,
maintain homeostasis, possess a capacity to grow, respond to stimuli,
reproduce and, through natural selection, adapt to their environment in
successive generations. More complex living organisms can

communicate through various means.
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Ecosystems

Rainforests often have a great deal of biodiversity

with many plant and animal species. This is the
Gambia River in Senegal's Niokolo-Koba
National Park.

An ecosystem (also called as environment) is a natural unit consisting
of all plants, animals and micro-organisms (biotic factors) in an area
functioning together with all of the non-living physical (abiotic) factors

of the environment.

Central to the ecosystem concept is the idea that living organisms are
continually engaged in a highly interrelated set of relationships with
every other element constituting the environment in which they exist.
Eugene Odum, one of the founders of the science of ecology, stated:
"Any unit that includes all of the organisms (ie: the "community") in a
given area interacting with the physical environment so that a flow of
energy leads to clearly defined trophic structure, biotic diversity, and

material cycles (i.e.: exchange of materials between living and

nonliving parts) within the system is an ecosystem."

The human ecosystem concept is then grounded in the deconstruction
of the human/nature dichotomy, and the emergent premise that all
species are ecologically integrated with each other, as well as with the

abiotic constituents of their biotope.

A greater number or variety of species or biological diversity of an
ecosystem may contribute to greater resilience of an ecosystem,
because there are more species present at a location to respond to
change and thus "absorb" or reduce its effects. This reduces the effect
before the ecosystem's structure is fundamentally changed to a
different state. This is not universally the case and there is no proven
relationship between the species diversity of an ecosystem and its

ability to provide goods and services on a sustainable level.

The term ecosystem can also pertain to human-made environments,

Old-growth forest and a creek on Larch
Mountain, in the U.S. state of Oregon.

such as human ecosystems and

human-influenced ecosystems, and can describe any situation where there is relationship between living organisms

and their environment. Fewer areas on the surface of the earth today exist free from human contact, although some

genuine wilderness areas continue to exist without any forms of human intervention.

Biomes

Biomes are terminologically similar to the concept of ecosystems, and
are climatically and geographically defined areas of ecologically
similar climatic conditions on the Earth, such as communities of plants,
animals, and soil organisms, often referred to as ecosystems. Biomes
are defined on the basis of factors such as plant structures (such as
trees, shrubs, and grasses), leaf types (such as broadleaf and
needleleaf), plant spacing (forest, woodland, savanna), and climate.

Unlike ecozones, biomes are not defined by genetic, taxonomic, or

Map of Terrestrial biomes classified by

vegetation.

historical similarities. Biomes are often identified with particular patterns of ecological succession and climax

vegetation.
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Biogeochemical cycles

Global biogeochemical cycles are critical to life, most notably those of

water, oxygen, carbon, nitrogen and phosphorus.

[20]

The nitrogen cycle is the transformation of nitrogen and
nitrogen-containing compounds in nature. It is a cycle which
includes gaseous components.

The water cycle, is the continuous movement of water on, above,
and below the surface of the Earth. Water can change states among
liquid, vapor, and ice at various places in the water cycle. Although
the balance of water on Earth remains fairly constant over time,
individual water molecules can come and go.

The carbon cycle is the biogeochemical cycle by which carbon is
exchanged among the biosphere, pedosphere, geosphere,

hydrosphere, and atmosphere of the Earth.

Chloroplasts conduct photosynthesis and are

found in plant cells and other eukaryotic
organisms. These are Chloroplasts visible in the
cells of Plagiomnium affine — Many-fruited
Thyme-moss.

The oxygen cycle is the movement of oxygen within and between its three main reservoirs: the atmosphere, the

biosphere, and the lithosphere. The main driving factor of the oxygen cycle is photosynthesis, which is

responsible for the modern Earth's atmospheric composition and life.

The phosphorus cycle is the movement of phosphorus through the lithosphere, hydrosphere, and biosphere. The

atmosphere does not play a significant role in the movements of phosphorus, because phosphorus and phosphorus

compounds are usually solids at the typical ranges of temperature and pressure found on Earth.

Biogeochemical cycles

Nitrogen cycle
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Wilderness

A conifer forest in the Swiss Alps (National
Park).

The Ahklun Mountains and the Togiak
Wilderness within the Togiak National Wildlife
Refuge in the U.S. state of Alaska.

Wilderness is generally defined as a natural environment on Earth that
has not been significantly modified by human activity. The WILD
Foundation goes into more detail, defining wilderness as: "The most
intact, undisturbed wild natural areas left on our planet - those last truly
wild places that humans do not control and have not developed with
roads, pipelines or other industrial infrastructure." Wilderness areas
and protected parks are considered important for the survival of certain
species, ecological studies, conservation, solitude, and recreation.
Wilderness is deeply valued for cultural, spiritual, moral, and aesthetic
reasons. Some nature writers believe wilderness areas are vital for the

human spirit and creativity.m]

The word, "wilderness", derives from the notion of wildness; in other
words that which is not controllable by humans. The word's etymology
is from the Old English wildeornes, which in turn derives from wildeor
meaning wild beast (wild + deor = beast, deer).[m From this point of
view, it is the wildness of a place that makes it a wilderness. The mere
presence or activity of people does not disqualify an area from being
"wilderness." Many ecosystems that are, or have been, inhabited or
influenced by activities of people may still be considered "wild." This
way of looking at wilderness includes areas within which natural

processes operate without very noticeable human interference.

Wildlife includes all non-domesticated plants, animals and other

organisms. Domesticating wild plant and animal species for human

benefit has occurred many times all over the planet, and has a major impact on the environment, both positive and

negative. Wildlife can be found in all ecosystems. Deserts, rain forests, plains, and other areas—including the most

developed urban sites—all have distinct forms of wildlife. While the term in popular culture usually refers to animals

that are untouched by human factors, most scientists agree that wildlife around the world is impacted by human

activities.

Challenges

Before flue-gas desulfurization was installed, the

air-polluting emissions from this power plant in
New Mexico contained excessive amounts of
sulfur dioxide

It is the common understanding of natural environment that underlies
environmentalism — a broad political, social, and philosophical
movement that advocates various actions and policies in the interest of
protecting what nature remains in the natural environment, or restoring
or expanding the role of nature in this environment. While true
wilderness is increasingly rare, wild nature (e.g., unmanaged forests,
uncultivated grasslands, wildlife, wildflowers) can be found in many

locations previously inhabited by humans.

Goals commonly expressed by environmental scientists include:

* Reduction and cleanup of pollution, with future goals of zero

pollution;

* Cleanly converting non-recyclable materials into energy through direct combustion or after conversion into

secondary fuels;
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* Reducing societal consumption of non-renewable fuels;

* Development of alternative, green, low-carbon or renewable energy
sources;

¢ Conservation and sustainable use of scarce resources such as water,
land, and air;

* Protection of representative or unique or pristine ecosystems;

* Preservation of threatened and endangered species extinction;

* The establishment of nature and biosphere reserves under various Amazon Rainforest in Brazil. The tropical

types of protection; and, most generally, the protection of rainforests of South America contain the largest

biodiversity and ecosystems upon which all human and other life on diversity of species on Earth, including some that
have evolved within the past few hundred

earth depends.

thousand years.

Criticism
In some cultures the term environment is meaningless because there is no separation between people and what they

view as the natural world, or their surroundings.m] Specifically in the U.S., many native cultures do not recognize

. . .. 24
the "environment", or see themselves as env1ronmentahsts.[ ]
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Matter and energy

Matter

Matter

Matter is usually classified into three classical states, with plasma sometimes added as a fourth state. From top to bottom: quartz (solid), water
(liquid), nitrogen dioxide (gas), and a plasma globe (plasma).

Matter is a loosely defined term in science (see definitions below). The term often refers to a substance (often a
particle) that has rest mass. Matter is also used loosely as a general term for the substance that makes up all

observable physical objects.

All objects we see with the naked eye are composed of atoms. This atomic matter is in turn made up of interacting
subatomic particles—usually a nucleus of protons and neutrons, and a cloud of orbiting electrons. Typically, science
considers these composite particles matter because they have both rest mass and volume. By contrast, massless
particles, such as photons, are not considered matter, because they have neither rest mass nor volume. However, not
all particles with rest mass have a classical volume, since fundamental particles such as quarks and leptons
(sometimes equated with matter) are considered "point particles” with no effective size or volume. Nevertheless,
quarks and leptons together make up "ordinary matter,” and their interactions contribute to the effective volume of

the composite particles that make up ordinary matter.

Matter commonly exists in four states (or phases): solid, liquid and gas, and plasma. However, advances in
experimental techniques have revealed other previously theoretical phases, such as Bose—FEinstein condensates and
fermionic condensates. A focus on an elementary-particle view of matter also leads to new phases of matter, such as
the quark—gluon plasma. For much of the history of the natural sciences people have contemplated the exact nature
of matter. The idea that matter was built of discrete building blocks, the so-called particulate theory of matter, was
first put forward by the Greek philosophers Leucippus (~490 BC) and Democritus (~470-380 BC).
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Albert Einstein showed!!! that ultimately all matter is capable of being converted to energy (known as mass-energy
equivalence) by the famous formula E = mc2, where E is the energy of a piece of matter of mass m, times ¢ the
speed of light squared. As the speed of light is 299,792,458 metres per second (186,282 mi/s), a relatively small
amount of matter may be converted to a large amount of energy. An example is that positrons and electrons (matter)
may transform into photons (non-matter). However, although matter may be created or destroyed in such processes,

neither the quantity of mass or energy change during the process.

Matter should not be confused with mass, as the two are not quite the same in modern physics. For example, mass is
a conserved quantity, which means that its value is unchanging through time, within closed systems. However,
matter is not conserved in such systems, although this is not obvious in ordinary conditions on Earth, where matter is
approximately conserved. Still, special relativity shows that matter may disappear by conversion into energy, even
inside closed systems, and it can also be created from energy, within such systems. However, because mass (like
energy) can neither be created nor destroyed, the quantity of mass and the quantity of energy remain the same during
a transformation of matter (which represents a certain amount of energy) into non-material (i.e., non-matter) energy.

This is also true in the reverse transformation of energy into matter.

Different fields of science use the term matter in different, and sometimes incompatible, ways. Some of these ways
are based on loose historical meanings, from a time when there was no reason to distinguish mass and matter. As
such, there is no single universally-agreed scientific meaning of the word "matter." Scientifically, the term "mass" is
well-defined, but "matter" is not. Sometimes in the field of physics "matter" is simply equated with particles that
exhibit rest mass (i.e., that cannot travel at the speed of light), such as quarks and leptons. However, in both physics

and chemistry, matter exhibits both wave-like and particle-like properties, the so-called wave—particle duality.
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Definition

Common definition

The common definition of matter is
anything that has both mass and volume
(occupies space). For example, a car
would be said to be made of matter, as it

occupies space, and has mass.

The observation that matter occupies
space goes back to antiquity. However,
an explanation for why matter occupies

space is recent, and is argued to be a

result of the Pauli exclusion principle.

Two particular examples where the : H2N
exclusion principle clearly relates matter Phosphate-
to the occupation of space are white dEOXyI'ibOSEo?\,

dwarf stars and neutron stars, discussed
further below.

Relativity

In the context of relativity, mass is not an
additive quantity, in the sense that one
can add the rest masses of particles in a
system to get the total rest mass of the

system. Thus, in relativity usually a more

The DNAmolecule is an example of matter under the "atoms and molecules"

general view is that it is not the sum of definition.
rest masses, but the energy—momentum

tensor that quantifies the amount of matter. This tensor gives the rest mass for the entire system. "Matter" therefore is
sometimes considered as anything that contributes to the energy—momentum of a system, that is, anything that is not
purely gravity. This view is commonly held in fields that deal with general relativity such as cosmology. But in this

view, light and other types of insubstantial energy may be part of matter.

The reason for this is that in this definition, electromagnetic radiation (such as light) as well as the energy of
electromagnetic fields contributes to the mass of systems, and therefore appears to add matter to them. For example,
light radiation (or thermal radiation) trapped inside a box would contribute to the mass of the box, as would any kind
of energy inside the box, including the kinetic energy of particles held by the box. Nevertheless, isolated individual
particles of light (photons) and the isolated kinetic energy of massive particles, are normally not considered to be

matter.

A difference between matter and mass therefore may seem to arise when single particles are examined. In such cases,
the mass of single photons is zero. For particles with rest mass, such as leptons and quarks, isolation of the particle in

a frame where it is not moving, removes its kinetic energy.

A source of definition difficulty in relativity arises from two definitions of mass in common use, one of which is
formally equivalent to total energy (and is thus observer-dependent), and the other of which is referred to as rest
mass or invariant mass and is independent of the observer. Only the latter type of mass is loosely equated with matter
(since it can be weighed). However, energies which contribute to the first type of mass may be weighed also in

special circumstances, such as when trapped in a system with no net momentum (as in the box example above).
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Thus, a photon with no mass may add mass to a system in which it is trapped. Since such mass is measured as part of
ordinary matter in complex systems, the "matter" status of "massless particles” becomes unclear in such systems.
These problems contribute to the lack of a rigorous definition of matter in science, although mass is easier to define

as the total stress-energy above (this is also what is weighed on a scale, and what is the source of gravity).

Atoms definition

A definition of "matter" based on its physical and chemical structure is: matter is made up of atoms. As an example,
deoxyribonucleic acid molecules (DNA) are matter under this definition because they are made of atoms. This
definition can extend to include charged atoms and molecules, so as to include plasmas (gases of ions) and
electrolytes (ionic solutions), which are not obviously included in the atoms definition. Alternatively, one can adopt

the protons, neutrons, and electrons definition.

Protons, neutrons and electrons definition

A definition of "matter" more fine-scale than the atoms and molecules definition is: matter is made up of what atoms
and molecules are made of, meaning anything made of positively charged protons, neutral neutrons, and negatively
charged electrons. This definition goes beyond atoms and molecules, however, to include substances made from
these building blocks that are not simply atoms or molecules, for example white dwarf matter—typically, carbon and
oxygen nuclei in a sea of degenerate electrons. At a microscopic level, the constituent "particles" of matter such as
protons, neutrons, and electrons obey the laws of quantum mechanics and exhibit wave—particle duality. At an even
deeper level, protons and neutrons are made up of quarks and the force fields (gluons) that bind them together (see

Quarks and leptons definition below).

Quarks and leptons definition

As seen in the above discussion, many

early definitions of what can be called Pl p

2 Fa o
ordinary matter were based upon its woin > 12 flll & : i . o H
structure or building blocks. On the a9gs

scale of elementary particles, a
definition that follows this tradition

can be stated as: ordinary matter is

everything that is composed of
elementary fermions, namely quarks

and leptons. The connection between

1]

these formulations follows. g
]

Leptons (the most famous being the 0 8

. =

electron), and quarks (of which E g
baryons, such as protons and neutrons, <8 3
s o

are made) combine to form atoms,

Ly Under the "quarks and leptons" definition, the elementary and composite particles made
which in turn form molecules. Because ) ) )
of the quarks (in purple) and leptons (in green) would be matter—while the gauge bosons

atoms and molecules are said to be (in red) would not be matter. However, interaction energy inherent to composite particles
matter, it is natural to phrase the (for example, gluons involved in neutrons and protons) contribute to the mass of ordinary
definition as: ordinary matter is matter.

anything that is made of the same

things that atoms and molecules are made of. (However, notice that one also can make from these building blocks
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matter that is not atoms or molecules.) Then, because electrons are leptons, and protons, and neutrons are made of
quarks, this definition in turn leads to the definition of matter as being quarks and leptons, which are the two types of
elementary fermions. Carithers and Grannis state: Ordinary matter is composed entirely of first-generation particles,
namely the [up] and [down] quarks, plus the electron and its neutrino. (Higher generations particles quickly decay
into first-generation particles, and thus are not commonly encountered.)

This definition of ordinary matter is more subtle than it first appears. All the particles that make up ordinary matter
(leptons and quarks) are elementary fermions, while all the force carriers are elementary bosons. The W and Z
bosons that mediate the weak force are not made of quarks or leptons, and so are not ordinary matter, even if they

have mass./*! In other words, mass is not something that is exclusive to ordinary matter.

The quark—lepton definition of ordinary matter, however, identifies not only the elementary building blocks of
matter, but also includes composites made from the constituents (atoms and molecules, for example). Such
composites contain an interaction energy that holds the constituents together, and may constitute the bulk of the mass
of the composite. As an example, to a great extent, the mass of an atom is simply the sum of the masses of its
constituent protons, neutrons and electrons. However, digging deeper, the protons and neutrons are made up of
quarks bound together by gluon fields (see dynamics of quantum chromodynamics) and these gluons fields
contribute significantly to the mass of hadrons. In other words, most of what composes the "mass" of ordinary matter
is due to the binding energy of quarks within protons and neutrons. For example, the sum of the mass of the three
quarks in a nucleon is approximately 12.5 MeV/cz, which is low compared to the mass of a nucleon (approximately
938 MeV/cz). The bottom line is that most of the mass of everyday objects comes from the interaction energy of its

elementary components.

Smaller building blocks issue

The Standard Model groups matter particles into three generations, where each generation consists of two quarks and
two leptons. The first generation is the up and down quarks, the electron and the electron neutrino; the second
includes the charm and strange quarks, the muon and the muon neutrino; the third generation consists of the fop and
bottom quarks and the fau and fau neutrino. The most natural explanation for this would be that quarks and leptons
of higher generations are excited states of the first generations. If this turns out to be the case, it would imply that

quarks and leptons are composite particles, rather than elementary particles.

Structure

In particle physics, fermions are particles that obey Fermi—Dirac statistics. Fermions can be elementary, like the
electron—or composite, like the proton and neutron. In the Standard Model, there are two types of elementary

fermions: quarks and leptons, which are discussed next.

Quarks

Quarks are particles of spin- Vi , implying that they are fermions. They carry an electric charge of —1/3 e (down-type
quarks) or +2/3 e (up-type quarks). For comparison, an electron has a charge of —1 e. They also carry colour charge,
which is the equivalent of the electric charge for the strong interaction. Quarks also undergo radioactive decay,
meaning that they are subject to the weak interaction. Quarks are massive particles, and therefore are also subject to

gravity.
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Quark properties

name | symbol | spin electric mass mass comparable to | antiparticle | antiparticle

charge (MeV, /cz) symbol
(O]

up-type quarks

up u 1 2 1.5t03.3 ~ 5 electrons antiup u
/2 +7.

charm c L "y 1160 to 1340 ~ 1 proton anticharm c
2 3

top t L ey 169,100 to 173,300 |~ 180 protons or antitop t
2 3

~ 1 tungsten atom

down-type quarks

down d b y 3.5t06.0 ~ 10 electrons antidown d
2 3

strange s L _l 70 to 130 ~ 200 electrons antistrange s
2 3

bottom b L _Y 4130 to 4370 ~ 5 protons antibottom b
2 3

Baryonic matter

Baryons are strongly interacting fermions, and so are subject to Fermi-Dirac
statistics. Amongst the baryons are the protons and neutrons, which occur in atomic
nuclei, but many other unstable baryons exist as well. The term baryon usually

refers to triquarks—particles made of three quarks. "Exotic" baryons made of four

quarks and one antiquark are known as the pentaquarks, but their existence is not

generally accepted.

Baryonic matter is the part of the universe that is made of baryons (including all Quark structure of a proton: 2 up
atoms). This part of the universe does not include dark energy, dark matter, black quarks and 1 down quark.
holes or various forms of degenerate matter, such as compose white dwarf stars and

neutron stars. Microwave light seen by Wilkinson Microwave Anisotropy Probe (WMAP), suggests that only about
4.6% of that part of the universe within range of the best telescopes (that is, matter that may be visible because light

could reach us from it), is made of baryonic matter. About 23% is dark matter, and about 72% is dark energy.

Degenerate matter

In physics, degenerate matter refers to the ground
state of a gas of fermions at a temperature near absolute
zero. The Pauli exclusion principle requires that only
two fermions can occupy a quantum state, one spin-up
and the other spin-down. Hence, at zero temperature,
the fermions fill up sufficient levels to accommodate all
the available fermions—and in the case of many
fermions, the maximum kinetic energy (called the

Fermi energy) and the pressure of the gas becomes very

large, and depends on the number of fermions rather A comparison between the white dwarf IK Pegasi B (center), its

than the temperature, unlike normal states of matter. A-class companion IK Pegasi A (left) and the Sun (right). This white
dwarf has a surface temperature of 35,500 K.
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Degenerate matter is thought to occur during the evolution of heavy stars. The demonstration by Subrahmanyan
Chandrasekhar that white dwarf stars have a maximum allowed mass because of the exclusion principle caused a

revolution in the theory of star evolution.

Degenerate matter includes the part of the universe that is made up of neutron stars and white dwarfs.

Strange matter

Strange matter is a particular form of quark matter, usually thought of as a liguid of up, down, and strange quarks.
It is contrasted with nuclear matter, which is a liquid of neutrons and protons (which themselves are built out of up
and down quarks), and with non-strange quark matter, which is a quark liquid that contains only up and down
quarks. At high enough density, strange matter is expected to be color superconducting. Strange matter is
hypothesized to occur in the core of neutron stars, or, more speculatively, as isolated droplets that may vary in size

from femtometers (strangelets) to kilometers (quark stars).

Two meanings of the term ''strange matter"
In particle physics and astrophysics, the term is used in two ways, one broader and the other more specific.

1. The broader meaning is just quark matter that contains three flavors of quarks: up, down, and strange. In this
definition, there is a critical pressure and an associated critical density, and when nuclear matter (made of protons
and neutrons) is compressed beyond this density, the protons and neutrons dissociate into quarks, yielding quark
matter (probably strange matter).

2. The narrower meaning is quark matter that is more stable than nuclear matter. The idea that this could happen is
the "strange matter hypothesis" of Bodmer and Witten. In this definition, the critical pressure is zero: the true
ground state of matter is always quark matter. The nuclei that we see in the matter around us, which are droplets
of nuclear matter, are actually metastable, and given enough time (or the right external stimulus) would decay into

droplets of strange matter, i.e. strangelets.

Leptons

Leptons are particles of spin—l/z, meaning that they are fermions. They carry an electric charge of —1 e (charged
leptons) or 0 e (neutrinos). Unlike quarks, leptons do not carry colour charge, meaning that they do not experience
the strong interaction. Leptons also undergo radioactive decay, meaning that they are subject to the weak interaction.

Leptons are massive particles, therefore are subject to gravity.

Lepton properties

name symbol | spin electric mass mass comparable to antiparticle antiparticle
charge (MeV, /cz) symbol
©
charged leptons
electron e— L -1 0.5110 1 electron antielectron e+
2
muon u— L -1 105.7 ~ 200 electrons antimuon u+
2
tau - 1/ -1 1,777 ~ 2 protons antitau T+
2
neutrinos
electron neutrino v 1 0 < 0.000460 1 electron antineutrino v
/2 < /1000 electron
e e
muon neutrino v 1 /2 0 <0.19 <! /2 electron muon antineutrino v
n [
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tau neutrino Y 0 <18.2 <40 electrons tau antineutrino v

Phases

In bulk[3], matter can exist in several different forms,
or states of aggregation, known as phases, depending
on ambient pressure, temperature and volume. A phase
is a form of matter that has a relatively uniform

chemical composition and physical properties (such as
critical

point

density, specific heat, refractive index, and so forth).

Pressure

These phases include the three familiar ones (solids,
liquids, and gases), as well as more exotic states of
matter (such as plasmas, superfluids, supersolids,
Bose—FEinstein condensates, ...). A fluid may be a
liquid, gas or plasma. There are also paramagnetic and
As

conditions change, matter may change from one phase

>
Temperature

Phase diagram for a typical substance at a fixed volume. Vertical axis

ferromagnetic phases of magnetic materials.

into another. These phenomena are called phase
studied the field of

thermodynamics. In nanomaterials, the vastly increased

transitions, and are in is Pressure, horizontal axis is Temperature. The green line marks the

freezing point (above the green line is solid, below it is liquid) and
the blue line the boiling point (above it is liguid and below it is gas).

ratio of surface area to volume results in matter that can . ] ) o
So, for example, at higher 7, a higher P is necessary to maintain the

exhibit properties entirely different from those of bulk
material, and not well described by any bulk phase (see

nanomaterials for more details).

substance in liquid phase. At the triple point the three phases; liquid,
gas and solid; can coexist. Above the critical point there is no
detectable difference between the phases. The dotted line shows the

anomalous behavior of water: ice melts at constant temperature with

Phases are sometimes called states of matter, but this Increasing pressure.

term can lead to confusion with thermodynamic states.
For example, two gases maintained at different pressures are in different thermodynamic states (different pressures),

but in the same phase (both are gases).

Antimatter

List of unsolved problems in physics

Baryon asymmetry. Why is there far more matter than antimatter in the observable universe?

In particle physics and quantum chemistry, antimatter is matter that is composed of the antiparticles of those that
constitute ordinary matter. If a particle and its antiparticle come into contact with each other, the two annihilate; that
is, they may both be converted into other particles with equal energy in accordance with Einstein's equation E = mc®.
These new particles may be high-energy photons (gamma rays) or other particle—antiparticle pairs. The resulting
particles are endowed with an amount of kinetic energy equal to the difference between the rest mass of the products

of the annihilation and the rest mass of the original particle-antiparticle pair, which is often quite large.

Antimatter is not found naturally on Earth, except very briefly and in vanishingly small quantities (as the result of
radioactive decay, lightning or cosmic rays). This is because antimatter that came to exist on Earth outside the
confines of a suitable physics laboratory would almost instantly meet the ordinary matter that Earth is made of, and
be annihilated. Antiparticles and some stable antimatter (such as antihydrogen) can be made in tiny amounts, but not

in enough quantity to do more than test a few of its theoretical properties.
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There is considerable speculation both in science and science fiction as to why the observable universe is apparently
almost entirely matter, and whether other places are almost entirely antimatter instead. In the early universe, it is
thought that matter and antimatter were equally represented, and the disappearance of antimatter requires an
asymmetry in physical laws called the charge parity (or CP symmetry) violation. CP symmetry violation can be
obtained from the Standard Model, but at this time the apparent asymmetry of matter and antimatter in the visible
universe is one of the great unsolved problems in physics. Possible processes by which it came about are explored in
more detail under baryogenesis.

Other types of matter

Ordinary matter, in the quarks and leptons
definition, constitutes about 4% of the

energy of the observable universe. The

Dark Energy
73%

remaining energy is theorized to be due to
exotic forms, of which 23% is dark matter

and 73% is dark energy.

Nonluminous
Matter 3.6%
Luminous Matter

0.4%

Pie chart showing the fractions of energy in the universe contributed by different
sources. Ordinary matter is divided into luminous matter (the stars and luminous
gases and 0.005% radiation) and nonluminous matter (intergalactic gas and about
0.1% neutrinos and 0.04% supermassive black holes). Ordinary matter is
uncommon. Modeled after Ostriker and Steinhardt. For more information, see
NASA [4].
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Dark matter

In astrophysics and cosmology, dark

Speed (km/s)
A

matter is matter of unknown composition

that does not emit or reflect enough

electromagnetic radiation to be observed 250
directly, but whose presence can be inferred
from gravitational effects on visible matter.
Observational evidence of the early universe
and the big bang theory require that this

matter have energy and mass, but is not 150 >
composed of either elementary fermions (as 0 5 10 15
above) OR gauge bosons. The commonly Distance from center (kpcs)

accepted view is that most of the
dark . b L. A Galaxy rotation curve for the Milky Way. Vertical axis is speed of rotation about
TK-1m. T 1S non-paryoniCc 1n n Ie. . . P . .
a atter 1s non-baryonic ature s the galactic center. Horizontal axis is distance from the galactic center. The sun is

such, it is composed of particles as yet marked with a yellow ball. The observed curve of speed of rotation is blue. The

unobserved in the laboratory. Perhaps they predicted curve based upon stellar mass and gas in the Milky Way is red. The
are supersymmetric particles, which are not difference is due to dark matter or perhaps a modification of the law of gravity.
Standard Model particles, but relics formed

at very high energies in the early phase of

Scatter in observations is indicated roughly by gray bars.
the universe and still floating about.

Dark energy

In cosmology, dark energy is the name given to the antigravitating influence that is accelerating the rate of
expansion of the universe. It is known not to be composed of known particles like protons, neutrons or electrons, nor

of the particles of dark matter, because these all gravitate.

Fully 70% of the matter density in the universe appears to be in the form of dark energy. Twenty-six percent is
dark matter. Only 4% is ordinary matter. So less than 1 part in 20 is made out of matter we have observed
experimentally or described in the standard model of particle physics. Of the other 96%, apart from the
properties just mentioned, we know absolutely nothing.

— Lee Smolin: The Trouble with Physics, p. 16

Exotic matter

Exotic matter is a hypothetical concept of particle physics. It covers any material that violates one or more classical
conditions or is not made of known baryonic particles. Such materials would possess qualities like negative mass or

being repelled rather than attracted by gravity.

Historical development

Origins

The pre-Socratics were among the first recorded speculators about the underlying nature of the visible world. Thales
(c. 624 BC—c. 546 BC) regarded water as the fundamental material of the world. Anaximander (c. 610 BC—c. 546
BC) posited that the basic material was wholly characterless or limitless: the Infinite (apeiron). Anaximenes
(flourished 585 BC, d. 528 BC) posited that the basic stuff was pneuma or air. Heraclitus (c. 535—c. 475 BC) seems
to say the basic element is fire, though perhaps he means that all is change. Empedocles (c. 490—430 BC) spoke of
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four elements of which everything was made: earth, water, air, and fire. Meanwhile, Parmenides argued that change
does not exist, and Democritus argued that everything is composed of minuscule, inert bodies of all shapes called

atoms, a philosophy called atomism. All of these notions had deep philosophical problems.[s]

Aristotle (384 BC — 322 BC) was the first to put the conception on a sound philosophical basis, which he did in his
natural philosophy, especially in Physics book L1 He adopted as reasonable suppositions the four Empedoclean
elements, but added a fifth, aether. Nevertheless these elements are not basic in Aristotle's mind. Rather they, like

everything else in the visible world, are composed of the basic principles matter and form.

The word Aristotle uses for matter, O\ (hyle or hule), can be literally translated as wood or timber, that is, "raw
material" for building. Indeed, Aristotle's conception of matter is intrinsically linked to something being made or
composed. In other words, in contrast to the early modern conception of matter as simply occupying space, matter

for Aristotle is definitionally linked to process or change: matter is what underlies a change of substance.

For example, a horse eats grass: the horse changes the grass into itself; the grass as such does not persist in the horse,
but some aspect of it—its matter—does. The matter is not specifically described (e.g., as atoms), but consists of
whatever persists in the change of substance from grass to horse. Matter in this understanding does not exist
independently (i.e., as a substance), but exists interdependently (i.e., as a "principle") with form and only insofar as it
underlies change. It can be helpful to conceive of the relationship of matter and form as very similar to that between
parts and whole. For Aristotle, matter as such can only receive actuality from form; it has no activity or actuality in
itself, similar to the way that parts as such only have their existence in a whole (otherwise they would be independent

wholes).

Early modernity

René Descartes (1596—1650) originated the modern conception of matter. He was primarily a geometer. Instead of,
like Aristotle, deducing the existence of matter from the physical reality of change, Descartes arbitrarily postulated

matter to be an abstract, mathematical substance that occupies space:

So, extension in length, breadth, and depth, constitutes the nature of bodily substance; and thought constitutes
the nature of thinking substance. And everything else attributable to body presupposes extension, and is only a

mode of extended
— René Descartes, Principles of Philosophy

For Descartes, matter has only the property of extension, so its only activity aside from locomotion is to exclude
other bodies:!”! this is the mechanical philosophy. Descartes makes an absolute distinction between mind, which he
defines as unextended, thinking substance, and matter, which he defines as unthinking, extended substance. They are
independent things. In contrast, Aristotle defines matter and the formal/forming principle as complementary
principles that together compose one independent thing (substance). In short, Aristotle defines matter (roughly
speaking) as what things are actually made of (with a potential independent existence), but Descartes elevates matter

to an actual independent thing in itself.

The continuity and difference between Descartes' and Aristotle's conceptions is noteworthy. In both conceptions,
matter is passive or inert. In the respective conceptions matter has different relationships to intelligence. For
Aristotle, matter and intelligence (form) exist together in an interdependent relationship, whereas for Descartes,

matter and intelligence (mind) are definitionally opposed, independent substances.

Descartes' justification for restricting the inherent qualities of matter to extension is its permanence, but his real
criterion is not permanence (which equally applied to color and resistance), but his desire to use geometry to explain
all material properties.[g] Like Descartes, Hobbes, Boyle, and Locke argued that the inherent properties of bodies
were limited to extension, and that so-called secondary qualities, like color, were only products of human

perception. o1
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Isaac Newton (1643—1727) inherited Descartes' mechanical conception of matter. In the third of his "Rules of
Reasoning in Philosophy,” Newton lists the universal qualities of matter as "extension, hardness, impenetrability,

mobility, and inertia."[m] Similarly in Optics he conjectures that God created matter as "solid, massy, hard,

impenetrable, movable particles," which were "...even so very hard as never to wear or break in pieces."[m The

"primary" properties of matter were amenable to mathematical description, unlike "secondary" qualities such as color

or taste. Like Descartes, Newton rejected the essential nature of secondary qualities.m]

Newton developed Descartes' notion of matter by restoring to matter intrinsic properties in addition to extension (at
least on a limited basis), such as mass. Newton's use of gravitational force, which worked "at a distance," effectively

repudiated Descartes' mechanics, in which interactions happened exclusively by contact.

Though Newton's gravity would seem to be a power of bodies, Newton himself did not admit it to be an essential
property of matter. Carrying the logic forward more consistently, Joseph Priestley argued that corporeal properties
transcend contact mechanics: chemical properties require the capacity for attraction. He argued matter has other

inherent powers besides the so-called primary qualities of Descartes, et al.lt¥!

Since Priestley's time, there has been a massive expansion in knowledge of the constituents of the material world
(viz., molecules, atoms, subatomic particles), but there has been no further development in the definition of matter.

Rather the question has been set aside. Noam Chomsky summarizes the situation that has prevailed since that time:

What is the concept of body that finally emerged?[...] The answer is that there is no clear and definite
conception of body.[...] Rather, the material world is whatever we discover it to be, with whatever properties it
must be assumed to have for the purposes of explanatory theory. Any intelligible theory that offers genuine
explanations and that can be assimilated to the core notions of physics becomes part of the theory of the
material world, part of our account of body. If we have such a theory in some domain, we seek to assimilate it

to the core notions of physics, perhaps modifying these notions as we carry out this enterprise.
— Noam Chomsky, 'Language and problems of knowledge: the Managua lectures, p. 144

So matter is whatever physics studies and the object of study of physics is matter: there is no independent general
definition of matter, apart from its fitting into the methodology of measurement and controlled experimentation. In
sum, the boundaries between what constitutes matter and everything else remains as vague as the demarcation

problem of delimiting science from everything else.'

Late nineteenth and early twentieth centuries

In the 19th century, following the development of the periodic table, and of atomic theory, atoms were seen as being

the fundamental constituents of matter; atoms formed molecules and compounds.

The common definition in terms of occupying space and having mass is in contrast with most physical and chemical
definitions of matter, which rely instead upon its structure and upon attributes not necessarily related to volume and

mass. At the turn of the nineteenth century, the knowledge of matter began a rapid evolution.

Aspects of the Newtonian view still held sway. James Clerk Maxwell discussed matter in his work Matter and
Motion. He carefully separates "matter" from space and time, and defines it in terms of the object referred to in

Newton's first law of motion.

However, the Newtonian picture was not the whole story. In the 19th century, the term "matter" was actively
discussed by a host of scientists and philosophers, and a brief outline can be found in Levere.Wikipedia:Please

clarify A textbook discussion from 1870 suggests matter is what is made up of atoms:

Three divisions of matter are recognized in science: masses, molecules and atoms.

A Mass of matter is any portion of matter appreciable by the senses.

A Molecule is the smallest particle of matter into which a body can be divided without losing its
identity.

An Atom is a still smaller particle produced by division of a molecule.
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Rather than simply having the attributes of mass and occupying space, matter was held to have chemical and
electrical properties. The famous physicist J. J. Thomson wrote about the "constitution of matter" and was concerned

with the possible connection between matter and electrical charge.

Later developments

There is an entire literature concerning the "structure of matter", ranging from the "electrical structure" in the early
20th century, to the more recent "quark structure of matter", introduced today with the remark: Understanding the
quark structure of matter has been one of the most important advances in contemporary physics.Wikipedia:Please
clarify In this connection, physicists speak of matter fields, and speak of particles as "quantum excitations of a mode
of the matter field". And here is a quote from de Sabbata and Gasperini: "With the word "matter" we denote, in this
context, the sources of the interactions, that is spinor fields (like quarks and leptons), which are believed to be the
fundamental components of matter, or scalar fields, like the Higgs particles, which are used to introduced mass in a

gauge theory (and that, however, could be composed of more fundamental fermion fields)."Wikipedia:Please clarify

The modern conception of matter has been refined many times in history, in light of the improvement in knowledge

of just what the basic building blocks are, and in how they interact.

In the late 19th century with the discovery of the electron, and in the early 20th century, with the discovery of the
atomic nucleus, and the birth of particle physics, matter was seen as made up of electrons, protons and neutrons
interacting to form atoms. Today, we know that even protons and neutrons are not indivisible, they can be divided
into quarks, while electrons are part of a particle family called leptons. Both quarks and leptons are elementary

particles, and are currently seen as being the fundamental constituents of matter.!'>!

These quarks and leptons interact through four fundamental forces: gravity, electromagnetism, weak interactions,
and strong interactions. The Standard Model of particle physics is currently the best explanation for all of physics,
but despite decades of efforts, gravity cannot yet be accounted for at the quantum-level; it is only described by
classical physics (see quantum gravity and graviton). Interactions between quarks and leptons are the result of an
exchange of force-carrying particles (such as photons) between quarks and leptons. The force-carrying particles are
not themselves building blocks. As one consequence, mass and energy (which cannot be created or destroyed)
cannot always be related to matter (which can be created out of non-matter particles such as photons, or even out of
pure energy, such as kinetic energy). Force carriers are usually not considered matter: the carriers of the electric
force (photons) possess energy (see Planck relation) and the carriers of the weak force (W and Z bosons) are

[16]

massive, but neither are considered matter either." - However, while these particles are not considered matter, they

do contribute to the total mass of atoms, subatomic particles, and all systems that contain them.

Summary

The term "matter" is used throughout physics in a bewildering variety of contexts: for example, one refers to
"condensed matter physics", "elementary matter", "partonic" matter, "dark" matter, "anti"-matter, "strange" matter,
and "nuclear" matter. In discussions of matter and antimatter, normal matter has been referred to by Alfvén as
koinomatter (GK. common matter). It is fair to say that in physics, there is no broad consensus as to a general

definition of matter, and the term "matter" usually is used in conjunction with a specifying modifier.
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Physicist Matt Strassler

Energy

In physics, energy is one of the basic
quantitative properties describing a physical
system or object's state. Energy can be
transformed (converted) among a number of
forms that may each manifest and be
measurable in differing ways. The law of
conservation of energy states that the (total)
energy of a system can increase or decrease
only by transferring it in or out of the
system. The total energy of a system can be
calculated by simple addition when it is

composed of multiple non-interacting parts

or has multiple distinct forms of energy.

Energy transformation; In a typical lightning strike, 500 megajoules of electric
Common energy forms include the kinetic potential energy is converted into the same amount of energy in other forms, most

energy of a moving object, the radiant notably light energy, sound energy and thermal energy.

energy carried by light and other

electromagnetic radiation, and various types of potential energy such as gravitational and elastic. Energy is measured
in SI units of joules (J ). Common types of energy transfer and transformation include processes such as heating a
material, performing mechanical work on an object, generating or making use of electric energy, and many chemical

reactions.

Units of measurement for energy are usually defined via a work process. The work performed by a given body on
another is defined in physics as the force (SI unit: newton) applied by the given body, multiplied by the distance (SI
unit: metre) of movement against the opposing force exerted by the other body. Thus, the energy unit is the
newton-metre, which is called the joule. The SI unit of power (energy per unit time) is the watt, which is simply a
joule per second. Thus, a joule is a watt-second, so 3600 joules equal a watt-hour. The CGS energy unit is the erg,
and the imperial and US customary unit is the foot pound. Other energy units such as the electron volt, food calorie
or thermodynamic kcal (based on the temperature change of water in a heating process), and BTU are used in

specific areas of science and commerce and have unit conversion factors relating them to the joule.

Potential energy is energy stored by virtue of the position of an object in a force field, such as a gravitational, electric
or magnetic field. For example, lifting an object against gravity performs work on the object and stores gravitational
potential energys; if it falls, gravity does work on the object which transforms the potential energy to kinetic energy
associated with its speed. Some specific forms of energy include elastic energy due to the stretching or deformation
of solid objects, chemical energy such as is released when a fuel burns, and thermal energy, the microscopic kinetic
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and potential energies of the disordered motions of the particles making up matter.

Not all of the energy in a system can be transformed or transferred by a work process; the amount that can is called
the available energy. In particular the second law of thermodynamics limits the amount thermal energy that can be
transformed into other forms of energy. Mechanical and other forms of energy can be transformed in the other

direction into thermal energy without such limitations.

Any object that has mass when stationary (thus called rest mass), equivalently has rest energy as can be calculated
using Albert Einstein's equation E = me. Being a form of energy, rest energy can be transformed to or from other
forms of energy, while the total amount of energy does not change. From this perspective, the amount of matter in

the universe contributes to its total energy.

Similarly, all energy manifests as a proportionate amount of mass. For example, adding 25 kilowatt-hours (90
megajoules) of any form of energy to an object increases its mass by 1 microgram. If you had a sensitive enough
mass balance or scale, this mass increase could be measured. Our Sun (or a nuclear bomb) transforms nuclear
potential energy to other forms of energy; its total mass doesn't decrease due to that in itself (since it still contains the
same total energy even if in different forms), but its mass does decrease when the energy escapes out to its

surroundings, largely as radiant energy.

A new form of energy can't be defined arbitrarily. In order to be valid, it must be shown to be transformable to or
from a predictable amount of some known form(s) of energy, thus showing how much energy it represents in the
same units used for all other forms. It must obey conservation of energy, so it must never decrease or increase except
via such a transformation (or transfer). Also, if an alleged new form of energy can be shown not to change the mass

of a system in proportion to its energy, then it is not a form of energy.

Living organisms require available energy to stay alive; humans get such energy from food along with the oxygen
needed to metabolize it. Civilization requires a supply of energy to function; energy resources such as fossil fuels are
a vital topic in economics and politics. Earth's climate and ecosystem are driven by the radiant energy Earth receives
from the sun (as well as the geothermal energy contained within the earth), and are sensitive to changes in the

amount received.

Forms of energy
Energy exists in many forms:

In the context of physical sciences, several forms of energy have been identified. These

includeWikipedia: Verifiability:

* Kinetic (20), that of the motion of a body

* Potential, a category comprising many forms in this list

* Mechanical, the sum of (usually macroscopic) kinetic and potential energies

* Mechanical wave (20), a form of mechanical energy propagated by a material's oscillations, e.g. that of ocean
surface waves or that of sound

* Chemical

* Electric

e Magnetic

* Radiant (20), that of electromagnetic radiation including light

* Nuclear, that of binding nucleons to form the atomic nucleus

* Jonization, that of binding an electron to its atom or molecule

e Elastic

* Gravitational

* Intrinsic, the rest energy (=0) equivalent to an object's rest mass

* Thermal, a microscopic equivalent of mechanical energy
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* Heat is just that amount of thermal energy being transferred (in a
given process) in the direction of decreasing temperature.

* Mechanical work is just that amount of (mechanical) energy being
transferred (in a given process) due to displacement in the direction

of an applied force.

Some entries in the above list constitute or comprise others in the list.
The list is not necessarily complete. Whenever physical scientists

discover that a certain phenomenon appears to violate the law of

energy conservation, new forms are typically added that account for Thermal energy is energy of microscopic
the discrepancy_ constituents of matter, which may include both

kinetic and potential energy.
Heat and work are special cases in that they are not properties of

systems, but are instead properties of processes that transfer energy. In
general we cannot measure how much heat or work are present in an object, but rather only how much energy is
transferred among objects in certain ways during the occurrence of a given process. Heat and work are measured as

positive or negative depending on which side of the transfer we view them from.

Classical mechanics distinguishes between kinetic energy, which is determined by an object's movement through
space, and potential energy, which is a function of the position of an object within a field, which may itself be related
to the arrangement of other objects or particles. These include gravitational energy (which is stored in the way
masses are arranged in a gravitational field), several types of nuclear energy (which utilize potentials from the
nuclear force and the weak force), electric energy (from the electric field), and magnetic energy (from the magnetic
field).

Other familiar types of energy are a varying mix of both potential and kinetic energy. An example is mechanical
energy which is the sum of (usually macroscopic) kinetic and potential energy in a system. Elastic energy in
materials is also dependent upon electrical potential energy (among atoms and molecules), as is chemical energy,
which is stored and released from a reservoir of electrical potential energy between electrons, and the molecules or

atomic nuclei that attract them. Wikipedia:Verifiability.

Potential energies are often measured as positive or negative depending on whether they are greater or less than the

energy of a specified base state or configuration such as two interacting bodies being infinitely far apart.

Wave energies (such as radiant or sound energy), kinetic energy, and rest energy are each greater than or equal to
zero because they are measured in comparison to a base state of zero energy: "no wave", "no motion", and "no
inertia", respectively.

It has been attempted to categorize all forms of energy as either kinetic or potential, but as Richard Feynman points

out:

These notions of potential and kinetic energy depend on a notion of length scale. For example, one can speak
of macroscopic potential and kinetic energy, which do not include thermal potential and kinetic energy. Also
what is called chemical potential energy is a macroscopic notion, and closer examination shows that it is really
the sum of the potential and kinetic energy on the atomic and subatomic scale. Similar remarks apply to
nuclear "potential" energy and most other forms of energy. This dependence on length scale is
non-problematic if the various length scales are decoupled, as is often the case ... but confusion can arise when
different length scales are coupled, for instance when friction converts macroscopic work into microscopic

thermal energy.

Also, at relativistic speeds, defining kinetic energy is problematic because the energy due to the body's motion does

not simply contribute additively to the total energy as it does at classical speeds.

Energy may be transformed between different forms at various efficiencies. Items that transform between these

forms are called transducers.
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History of understanding

The word energy derives from the Greek évépyeiwo energeia, which
possibly appears for the first time in the work of Aristotle in the 4th

century BCE. (Ancient Greek: £vépyela energeia “activity, operation”)

The concept of energy emerged from the idea of vis viva (living force),
which Gottfried Leibniz defined as the product of the mass of an object
and its velocity squared; he believed that total vis viva was conserved.
To account for slowing due to friction, Leibniz theorized that thermal
energy consisted of the random motion of the constituent parts of
matter, a view shared by Isaac Newton, although it would be more than

a century until this was generally accepted.

In 1807, Thomas Young was possibly the first to use the term "energy"
instead of vis viva, in its modern sense. Gustave-Gaspard Coriolis

described "kinetic energy" in 1829 in its modern sense, and in 1853,

William Rankine coined the term "potential energy".

Thomas Young — the first to use the term
The law of conservation of energy, was first postulated in the early "energy" in the modern sense.

19th century, and applies to any isolated system. According to
Noether's theorem, the conservation of energy is a consequence of the fact that the laws of physics do not change
over time. Since 1918 it has been known that the law of conservation of energy is the direct mathematical

consequence of the translational symmetry of the quantity conjugate to energy, namely time.

It was argued for some years whether energy was a substance (the caloric) or merely a physical quantity, such as
momentum. In 1845 James Prescott Joule discovered the link between mechanical work and the generation of heat.

This led to the theory of conservation of energy, and development of the first law of thermodynamics.

Finally, William Thomson (Lord Kelvin) amalgamated these many discoveries into the laws of thermodynamics,
which aided the rapid development of explanations of chemical processes by Rudolf Clausius, Josiah Willard Gibbs,
and Walther Nernst. It also led to a mathematical formulation of the concept of entropy by Clausius and to the

introduction of laws of radiant energy by JoZef Stefan.

During a 1961 lecture for undergraduate students at the California Institute of Technology, Richard Feynman, a

celebrated physics teacher and Nobel Laureate, said this about the concept of energy:

There is a fact, or if you wish, a law, governing all natural phenomena that are known to date. There is no
known exception to this law—it is exact so far as we know. The law is called the conservation of energy. It
states that there is a certain quantity, which we call energy, that does not change in manifold changes which
nature undergoes. That is a most abstract idea, because it is a mathematical principle; it says that there is a
numerical quantity which does not change when something happens. It is not a description of a mechanism, or
anything concrete; it is just a strange fact that we can calculate some number and when we finish watching

nature go through her tricks and calculate the number again, it is the same.

—The Feynman Lectures on Physics

Units of measure

Energy, like mass, is a scalar physical quantity. The joule is the International System of Units (SI) unit of
measurement for energy. It is a derived unit of energy, work, or amount of heat. It is equal to the energy expended
(or work done) in applying a force of one newton through a distance of one metre. However energy is also expressed
in many other units such as ergs, calories, British Thermal Units, kilowatt-hours and kilocalories for instance. There

is always a conversion factor for these to the SI unit; for instance; one kWh is equivalent to 3.6 million joules.[l]
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Energy in various contexts

Classical mechanics

Classical
mechanics

. History

. Timeline

(2]

Work, a form of energy, is force times distance.

W= [ F-ds
C
This says that the work ( J}/) is equal to the line integral of the force F along a path C; for details see the

mechanical work article.

Work and thus energy is frame dependent. For example, consider a ball being hit by a bat. In the center-of-mass
reference frame, the bat does no work on the ball. But, in the reference frame of the person swinging the bat,
considerable work is done on the ball.

Chemistry

In the context of chemistry, energy is an attribute of a substance as a consequence of its atomic, molecular or
aggregate structure. Since a chemical transformation is accompanied by a change in one or more of these kinds of
structure, it is invariably accompanied by an increase or decrease of energy of the substances involved. Some energy
is transferred between the surroundings and the reactants of the reaction in the form of heat or light; thus the
products of a reaction may have more or less energy than the reactants. A reaction is said to be exergonic if the final
state is lower on the energy scale than the initial state; in the case of endergonic reactions the situation is the reverse.
Chemical reactions are invariably not possible unless the reactants surmount an energy barrier known as the
activation energy. The speed of a chemical reaction (at given temperature T) is related to the activation energy E, by

EIRT _ that is the probability of molecule to have energy greater than or equal

the Boltzmann's population factor e
to E at the given temperature 7. This exponential dependence of a reaction rate on temperature is known as the

Arrhenius equation.The activation energy necessary for a chemical reaction can be in the form of thermal energy.

Biology

In biology, energy is an attribute of all biological systems from the biosphere to the smallest living organism. Within
an organism it is responsible for growth and development of a biological cell or an organelle of a biological
organism. Energy is thus often said to be stored by cells in the structures of molecules of substances such as
carbohydrates (including sugars), lipids, and proteins, which release energy when reacted with oxygen in respiration.
In human terms, the human equivalent (H-e) (Human energy conversion) indicates, for a given amount of energy
expenditure, the relative quantity of energy needed for human metabolism, assuming an average human energy
expenditure of 12,500kJ per day and a basal metabolic rate of 80 watts. For example, if our bodies run (on average)
at 80 watts, then a light bulb running at 100 watts is running at 1.25 human equivalents (100 + 80) i.e. 1.25 H-e. For

a difficult task of only a few seconds' duration, a person can put out thousands of watts, many times the 746 watts in
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one official horsepower. For tasks lasting a few minutes, a fit human can generate perhaps 1,000 watts. For an
activity that must be sustained for an hour, output drops to around 300; for an activity kept up all day, 150 watts is
about the maximum. The human equivalent assists understanding of energy flows in physical and biological systems

by expressing energy units in human terms: it provides a “feel” for the use of a given amount of energym

Earth sciences

In geology, continental drift, mountain ranges, volcanoes, and earthquakes are phenomena that can be explained in
terms of energy transformations in the Earth's interior., while meteorological phenomena like wind, rain, hail, snow,
lightning, tornadoes and hurricanes, are all a result of energy transformations brought about by solar energy on the

atmosphere of the planet Earth.

Cosmology

In cosmology and astronomy the phenomena of stars, nova, supernova, quasars and gamma ray bursts are the
universe's highest-output energy transformations of matter. All stellar phenomena (including solar activity) are
driven by various kinds of energy transformations. Energy in such transformations is either from gravitational
collapse of matter (usually molecular hydrogen) into various classes of astronomical objects (stars, black holes, etc.),

or from nuclear fusion (of lighter elements, primarily hydrogen).

Energy and life

Any living organism relies on an external source of energy—radiation
Energy and human life

o

Che mical energy

from the Sun in the case of green plants; chemical energy in some form

in the case of animals—to be able to grow and reproduce. The daily
1500—2000 Calories (6—8 MJ) recommended for a human adult are

Chemical waste
- Carbon dioxide
- Water

taken as a combination of oxygen and food molecules, the latter mostly i<
- Carbohydrates Heat
carbohydrates and fats, of which glucose (C 6H | 2O 6) and stearin :g‘;‘irs an

(C57H1 10
oxidised to carbon dioxide and water in the mitochondria

o 6) are convenient examples. The food molecules are

C6H1206 + 602 - 6CO2 + 6H20

CH, O +81.50, = 57CO, + 55H,0

and some of the energy is used to convert ADP into ATP
ADP + HPO,*™ — ATP + H,0

Basic overview of energy and human life.

The rest of the chemical energy in the carbohydrate or fat is converted into heat: the ATP is used as a sort of "energy
currency”, and some of the chemical energy it contains when split and reacted with water, is used for other
metabolism (at each stage of a metabolic pathway, some chemical energy is converted into heat). Only a tiny fraction

of the original chemical energy is used for work: ¥

gain in kinetic energy of a sprinter during a 100 m race: 4 kJ

gain in gravitational potential energy of a 150 kg weight lifted through 2 metres: 3kJ

Daily food intake of a normal adult: 6—8 MJ
It would appear that living organisms are remarkably inefficient (in the physical sense) in their use of the energy they
receive (chemical energy or radiation), and it is true that most real machines manage higher efficiencies. In growing
organisms the energy that is converted to heat serves a vital purpose, as it allows the organism tissue to be highly
ordered with regard to the molecules it is built from. The second law of thermodynamics states that energy (and

matter) tends to become more evenly spread out across the universe: to concentrate energy (or matter) in one specific

place, it is necessary to spread out a greater amount of energy (as heat) across the remainder of the universe ("the
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surroundings").[s] Simpler organisms can achieve higher energy efficiencies than more complex ones, but the
complex organisms can occupy ecological niches that are not available to their simpler brethren. The conversion of a
portion of the chemical energy to heat at each step in a metabolic pathway is the physical reason behind the pyramid
of biomass observed in ecology: to take just the first step in the food chain, of the estimated 124.7 Pg/a of carbon
that is fixed by photosynthesis, 64.3 Pg/a (52%) are used for the metabolism of green plants,[6] i.e. reconverted into

carbon dioxide and heat.

Energy transformation

The concept of energy and its transformations is vital in explaining and predicting most natural phenomena. One
form of energy can often be readily transformed into another; for instance, a battery, from chemical energy to electric
energy; a dam: gravitational potential energy to kinetic energy of moving water (and the blades of a turbine) and

ultimately to electric energy through an electric generator.

There are strict limits to how efficiently energy can be converted into other forms of energy via work, and heat as
described by Carnot's theorem and the second law of thermodynamics. These limits are especially evident when an

engine is used to perform work. Some energy transformations can be quite efficient.

The direction of transformations in energy (what kind of energy is transformed to what other kind) is often described
by entropy (equal energy spread among all available degrees of freedom) considerations, as in practice all energy
transformations are permitted on a small scale, but certain larger transformations are not permitted because it is

statistically unlikely that energy or matter will randomly move into more concentrated forms or smaller spaces.

Energy transformations in the universe over time are characterized by various kinds of potential energy that has been
available since the Big Bang, later being "released" (transformed to more active types of energy such as kinetic or
radiant energy), when a triggering mechanism is available. Familiar examples of such processes include nuclear
decay, in which energy is released that was originally "stored" in heavy isotopes (such as uranium and thorium), by
nucleosynthesis, a process ultimately using the gravitational potential energy released from the gravitational collapse
of supernovae, to store energy in the creation of these heavy elements before they were incorporated into the solar
system and the Earth. This energy is triggered and released in nuclear fission bombs or in civil nuclear power

generation.

Similarly, in the case of a chemical explosion, chemical potential energy is transformed to kinetic energy and
thermal energy in a very short time. Yet another example is that of a pendulum. At its highest points the kinetic
energy is zero and the gravitational potential energy is at maximum. At its lowest point the kinetic energy is at
maximum and is equal to the decrease of potential energy. If one (unrealistically) assumes that there is no friction or
other losses, the conversion of energy between these processes would be perfect, and the pendulum would continue

swinging forever.

Conservation of energy and mass in transformation

Energy gives rise to weight when it is trapped in a system with zero momentum, where it can be weighed. It is also
equivalent to mass, and this mass is always associated with it. Mass is also equivalent to a certain amount of energy,
and likewise always appears associated with it, as described in mass-energy equivalence. The formula E = mc?,

derived by Albert Einstein (1905) quantifies the relationship between rest-mass and rest-energy within the concept of
special relativity. In different theoretical frameworks, similar formulas were derived by J. J. Thomson (1881), Henri
Poincaré (1900), Friedrich Hasenohrl (1904) and others (see Mass-energy equivalence#History for further

information).

Matter may be converted to energy (and vice versa), but mass cannot ever be destroyed; rather, mass/energy
equivalence remains a constant for both the matter and the energy, during any process when they are converted into

each other. However, since 2is extremely large relative to ordinary human scales, the conversion of ordinary
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amount of matter (for example, 1 kg) to other forms of energy (such as heat, light, and other radiation) can liberate

tremendous amounts of energy (~ g x 1(%joules = 21 megatons of TNT), as can be seen in nuclear reactors and nuclear

weapons. Conversely, the mass equivalent of a unit of energy is minuscule, which is why a loss of energy (loss of
mass) from most systems is difficult to measure by weight, unless the energy loss is very large. Examples of energy
transformation into matter (i.e., kinetic energy into particles with rest mass) are found in high-energy nuclear

physics.

Reversible and non-reversible transformations

Transformation of energy into useful work is a core topic of thermodynamics. In nature, transformations of energy
can be fundamentally classed into two kinds: those that are thermodynamically reversible, and those that are
thermodynamically irreversible. A reversible process in thermodynamics is one in which no energy is dissipated
(spread) into empty energy states available in a volume, from which it cannot be recovered into more concentrated
forms (fewer quantum states), without degradation of even more energy. A reversible process is one in which this
sort of dissipation does not happen. For example, conversion of energy from one type of potential field to another, is
reversible, as in the pendulum system described above. In processes where heat is generated, quantum states of lower
energy, present as possible excitations in fields between atoms, act as a reservoir for part of the energy, from which it
cannot be recovered, in order to be converted with 100% efficiency into other forms of energy. In this case, the
energy must partly stay as heat, and cannot be completely recovered as usable energy, except at the price of an
increase in some other kind of heat-like increase in disorder in quantum states, in the universe (such as an expansion

of matter, or a randomization in a crystal).

Transformation with the age of the universe

As the universe evolves in time, more and more of its energy becomes trapped in irreversible states (i.e., as heat or
other kinds of increases in disorder). This has been referred to as the inevitable thermodynamic heat death of the
universe. In this heat death the energy of the universe does not change, but the fraction of energy which is available
to do work through a heat engine, or be transformed to other usable forms of energy (through the use of generators

attached to heat engines), grows less and less.

In a slower process, radioactive decay of these atoms in the core of the Earth releases heat. This thermal energy
drives plate tectonics and may lift mountains, via orogenesis. This slow lifting represents a kind of gravitational
potential energy storage of the thermal energy, which may be later released to active kinetic energy in landslides,
after a triggering event. Earthquakes also release stored elastic potential energy in rocks, a store that has been
produced ultimately from the same radioactive heat sources. Thus, according to present understanding, familiar
events such as landslides and earthquakes release energy that has been stored as potential energy in the Earth's
gravitational field or elastic strain (mechanical potential energy) in rocks. Prior to this, they represent release of

energy that has been stored in heavy atoms since the collapse of long-destroyed supernova stars created these atoms.

In another similar chain of transformations beginning at the dawn of the universe, nuclear fusion of hydrogen in the
Sun also releases another store of potential energy which was created at the time of the Big Bang. At that time,
according to theory, space expanded and the universe cooled too rapidly for hydrogen to completely fuse into
heavier elements. This meant that hydrogen represents a store of potential energy that can be released by fusion.
Such a fusion process is triggered by heat and pressure generated from gravitational collapse of hydrogen clouds
when they produce stars, and some of the fusion energy is then transformed into sunlight. Such sunlight from our
Sun may again be stored as gravitational potential energy after it strikes the Earth, as (for example) water evaporates
from oceans and is deposited upon mountains (where, after being released at a hydroelectric dam, it can be used to
drive turbines or generators to produce electricity). Sunlight also drives many weather phenomena, save those

generated by volcanic events.
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An example of a solar-mediated weather event is a hurricane, which occurs when large unstable areas of warm
ocean, heated over months, give up some of their thermal energy suddenly to power a few days of violent air
movement. Sunlight is also captured by plants as chemical potential energy in photosynthesis, when carbon dioxide
and water (two low-energy compounds) are converted into the high-energy compounds carbohydrates, lipids, and
proteins. Plants also release oxygen during photosynthesis, which is utilized by living organisms as an electron
acceptor, to release the energy of carbohydrates, lipids, and proteins. Release of the energy stored during
photosynthesis as heat or light may be triggered suddenly by a spark, in a forest fire, or it may be made available
more slowly for animal or human metabolism, when these molecules are ingested, and catabolism is triggered by

enzyme action.

Through all of these transformation chains, potential energy stored at the time of the Big Bang is later released by
intermediate events, sometimes being stored in a number of ways over time between releases, as more active energy.

In all these events, one kind of energy is converted to other types of energy, including heat.

Conservation of energy

Energy is subject to the law of conservation of energy. According to this law, energy can neither be created

(produced) nor destroyed by itself. It can only be transformed.

Most kinds of energy (with gravitational energy being a notable exception) are subject to strict local conservation
laws as well. In this case, energy can only be exchanged between adjacent regions of space, and all observers agree
as to the volumetric density of energy in any given space. There is also a global law of conservation of energy,
stating that the total energy of the universe cannot change; this is a corollary of the local law, but not vice versa.l’]
Conservation of energy is the mathematical consequence of translational symmetry of time (that is, the

indistinguishability of time intervals taken at different time) - see Noether's theorem.

According to Conservation of energy the total inflow of energy into a system must equal the total outflow of energy

from the system, plus the change in the energy contained within the system.

This law is a fundamental principle of physics. It follows from the translational symmetry of time, a property of most
phenomena below the cosmic scale that makes them independent of their locations on the time coordinate. Put

differently, yesterday, today, and tomorrow are physically indistinguishable.

This is because energy is the quantity which is canonical conjugate to time. This mathematical entanglement of
energy and time also results in the uncertainty principle - it is impossible to define the exact amount of energy during
any definite time interval. The uncertainty principle should not be confused with energy conservation - rather it

provides mathematical limits to which energy can in principle be defined and measured.

Each of the basic forces of nature is associated with a different type of potential energy, and all types of potential
energy (like all other types of energy) appears as system mass, whenever present. For example, a compressed spring
will be slightly more massive than before it was compressed. Likewise, whenever energy is transferred between

systems by any mechanism, an associated mass is transferred with it.

In quantum mechanics energy is expressed using the Hamiltonian operator. On any time scales, the uncertainty in the

energy is by

AEAt >

B =t

which is similar in form to the Heisenberg uncertainty principle (but not really mathematically equivalent thereto,

since H and ¢ are not dynamically conjugate variables, neither in classical nor in quantum mechanics).

In particle physics, this inequality permits a qualitative understanding of virtual particles which carry momentum,
exchange by which and with real particles, is responsible for the creation of all known fundamental forces (more
accurately known as fundamental interactions). Virtual photons (which are simply lowest quantum mechanical
energy state of photons) are also responsible for electrostatic interaction between electric charges (which results in
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Coulomb law), for spontaneous radiative decay of exited atomic and nuclear states, for the Casimir force, for van der

Waals bond forces and some other observable phenomena.

Applications of the concept of energy

Energy is subject to a strict global conservation law; that is, whenever one measures (or calculates) the total energy
of a system of particles whose interactions do not depend explicitly on time, it is found that the total energy of the

system always remains constant.[g]

* The total energy of a system can be subdivided and classified in various ways. For example, it is sometimes
convenient to distinguish potential energy (which is a function of coordinates only) from kinetic energy (which is
a function of coordinate time derivatives only). It may also be convenient to distinguish gravitational energy,
electric energy, thermal energy, and other forms. These classifications overlap; for instance, thermal energy
usually consists partly of kinetic and partly of potential energy.

* The transfer of energy can take various forms; familiar examples include work, heat flow, and advection, as
discussed below.

* The word "energy" is also used outside of physics in many ways, which can lead to ambiguity and inconsistency.
The vernacular terminology is not consistent with technical terminology. For example, while energy is always
conserved (in the sense that the total energy does not change despite energy transformations), energy can be
converted into a form, e.g., thermal energy, that cannot be utilized to perform work. When one talks about
"conserving energy by driving less," one talks about conserving fossil fuels and preventing useful energy from

being lost as heat. This usage of "conserve" differs from that of the law of conservation of energy.

In classical physics energy is considered a scalar quantity, the canonical conjugate to time. In special relativity
energy is also a scalar (although not a Lorentz scalar but a time component of the energy-momentum 4-vector). In
other words, energy is invariant with respect to rotations of space, but not invariant with respect to rotations of

space-time (= boosts).

Energy transfer

A system can transfer energy to another system by simply transferring matter to it (since matter is equivalent to
energy, in accordance with its mass). However, when energy is transferred by means other than matter-transfer, the
transfer produces changes in the second system, as a result of work done on it. This work manifests itself as the

effect of force(s) applied through distances within the target system.

For example, a system can emit energy to another by transferring (radiating) electromagnetic energy, but this creates
forces upon the particles that absorb the radiation. Similarly, a system may transfer energy to another by physically
impacting it, but in that case the energy of motion in an object, called kinetic energy, results in forces acting over
distances (new energy) to appear in another object that is struck. Transfer of thermal energy by heat occurs by both
of these mechanisms: heat can be transferred by electromagnetic radiation, or by physical contact in which direct

particle-particle impacts transfer kinetic energy.

Because energy is strictly conserved and is also locally conserved (wherever it can be defined), it is important to
remember that by the definition of energy the transfer of energy between the "system" and adjacent regions is work.

A familiar example is mechanical work. In simple cases this is written as the following equation:

AE=W O

if there are no other energy-transfer processes involved. Here [ is the amount of energy transferred, and W}/

represents the work done on the system.Wikipedia:Disputed statement

More generally, the energy transfer can be split into two categories:
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AE=W4+Q |2

where ) represents the heat flow into the system.

There are other ways in which an open system can gain or lose energy. In chemical systems, energy can be added to
a system by means of adding substances with different chemical potentials, which potentials are then extracted (both
of these process are illustrated by fueling an auto, a system which gains in energy thereby, without addition of either
work or heat). Winding a clock would be adding energy to a mechanical system. These terms may be added to the
above equation, or they can generally be subsumed into a quantity called "energy addition term J " which refers to
any type of energy carried over the surface of a control volume or system volume. Examples may be seen above, and
many others can be imagined (for example, the kinetic energy of a stream of particles entering a system, or energy

from a laser beam adds to system energy, without either being either work-done or heat-added, in the classic senses).

AE=W+Q+E|®

Where F in this general equation represents other additional advected energy terms not covered by work done on a

system, or heat added to it.

Energy is also transferred from potential energy ( Ep) to kinetic energy ( K}, ) and then back to potential energy

constantly. This is referred to as conservation of energy. In this closed system, energy cannot be created or
destroyed; therefore, the initial energy and the final energy will be equal to each other. This can be demonstrated by

the following:

Ep;: + By = Ep;-‘ + By |

The equation can then be simplified further since Ep = mgh (mass times acceleration due to gravity times the

1
height) and Ej = Emvz (half mass times velocity squared). Then the total amount of energy can be found by

adding B, + Ex = Eygiar .

Energy and the laws of motion

In classical mechanics, energy is a conceptually and mathematically useful property, as it is a conserved quantity.

Several formulations of mechanics have been developed using energy as a core concept, as below;

The Hamiltonian

The total energy of a system is sometimes called the Hamiltonian, after William Rowan Hamilton. The classical
equations of motion can be written in terms of the Hamiltonian, even for highly complex or abstract systems. These

classical equations have remarkably direct analogs in nonrelativistic quantum mechanics."”!

The Lagrangian

Another energy-related concept is called the Lagrangian, after Joseph Louis Lagrange. This is even more
fundamental than the Hamiltonian, and can be used to derive the equations of motion. It was invented in the context
of classical mechanics, but is generally useful in modern physics. The Lagrangian is defined as the kinetic energy

minus the potential energy.

Usually, the Lagrange formalism is mathematically more convenient than the Hamiltonian for non-conservative

systems (such as systems with friction).
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Noether's Theorem

Noether's (first) theorem (1918) states that any differentiable symmetry of the action of a physical system has a

corresponding conservation law.

Noether's theorem has become a fundamental tool of modern theoretical physics and the calculus of variations. A
generalization of the seminal formulations on constants of motion in Lagrangian and Hamiltonian mechanics (1788
and 1833, respectively), it does not apply to systems that cannot be modeled with a Lagrangian; for example,

dissipative systems with continuous symmetries need not have a corresponding conservation law.

Energy and thermodynamics

Internal energy

Internal energy is the sum of all microscopic forms of energy of a system. It is the energy needed to create the
system. It is related to the potential energy, e.g., molecular structure, crystal structure, and other geometric aspects,
as well as the motion of the particles, in form of kinetic energy. Thermodynamics is chiefly concerned with changes

in internal energy and not its absolute value, which is impossible to determine with thermodynamics alone.['"!

The first law of thermodynamics

The first law of thermodynamics asserts that energy (but not necessarily thermodynamic free energy) is always
conserved and that heat flow is a form of energy transfer. For homogeneous systems, with a well-defined
temperature and pressure, a commonly used corollary of the first law is that, for a system subject only to pressure
forces and heat transfer (e.g., a cylinder-full of gas), the differential change in the internal energy of the system (with
a gain in energy signified by a positive quantity) is given as
dE =7TdS — PdV,

where the first term on the right is the heat transferred into the system, expressed in terms of temperature 7 and
entropy S (in which entropy increases and the change dS is positive when the system is heated), and the last term on
the right hand side is identified as work done on the system, where pressure is P and volume V (the negative sign
results since compression of the system requires work to be done on it and so the volume change, dV, is negative

when work is done on the system).

This equation is highly specific, ignoring all chemical, electrical, nuclear, and gravitational forces, effects such as
advection of any form of energy other than heat and pV-work. The general formulation of the first law (i.e.,
conservation of energy) is valid even in situations in which the system is not homogeneous. For these cases the

change in internal energy of a closed system is expressed in a general form by
dE = 6Q + 6W
where 4() is the heat supplied to the system and §4/ is the work applied to the system.

Equipartition of energy

The energy of a mechanical harmonic oscillator (a mass on a spring) is alternatively kinetic and potential. At two
points in the oscillation cycle it is entirely kinetic, and alternatively at two other points it is entirely potential. Over
the whole cycle, or over many cycles, net energy is thus equally split between kinetic and potential. This is called
equipartition principle; total energy of a system with many degrees of freedom is equally split among all available

degrees of freedom.

This principle is vitally important to understanding the behavior of a quantity closely related to energy, called
entropy. Entropy is a measure of evenness of a distribution of energy between parts of a system. When an isolated
system is given more degrees of freedom (i.e., given new available energy states that are the same as existing states),

then total energy spreads over all available degrees equally without distinction between "new" and "old" degrees.
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This mathematical result is called the second law of thermodynamics.

Oscillators, phonons, and photons

In an ensemble (connected collection) of unsynchronized oscillators, the average energy is spread equally between

kinetic and potential types.

In a solid, thermal energy (often referred to loosely as heat content) can be accurately described by an ensemble of

thermal phonons that act as mechanical oscillators. In this model, thermal energy is equally kinetic and potential.

In an ideal gas, the interaction potential between particles is essentially the delta function which stores no energy:

thus, all of the thermal energy is kinetic.

Because an electric oscillator (LC circuit) is analogous to a mechanical oscillator, its energy must be, on average,
equally kinetic and potential. It is entirely arbitrary whether the magnetic energy is considered kinetic and whether
the electric energy is considered potential, or vice versa. That is, either the inductor is analogous to the mass while

the capacitor is analogous to the spring, or vice versa.

1. By extension of the previous line of thought, in free space the electromagnetic field can be considered an
ensemble of oscillators, meaning that radiation energy can be considered equally potential and kinetic. This model is
useful, for example, when the electromagnetic Lagrangian is of primary interest and is interpreted in terms of

potential and kinetic energy.

2. On the other hand, in the key equation m2ct = F2? — p2c2, the contribution 4y, 2is called the rest energy, and

all other contributions to the energy are called kinetic energy. For a particle that has mass, this implies that the

kinetic energy is () _5p2 / mat speeds much smaller than ¢, as can be proved by writing B — e v
(1 + pzm_zc_z) and expanding the square root to lowest order. By this line of reasoning, the energy of a photon

is entirely kinetic, because the photon is massless and has no rest energy. This expression is useful, for example,

when the energy-versus-momentum relationship is of primary interest. o
The two analyses are entirely consistent. The electric and magnetic degrees of freedom in item 1 are transverse to

the direction of motion, while the speed in item 2 is along the direction of motion. For non-relativistic particles these
two notions of potential versus kinetic energy are numerically equal, so the ambiguity is harmless, but not so for

relativistic particles.

Quantum mechanics

In quantum mechanics energy is defined in terms of the energy operator as a time derivative of the wave function.
The Schrodinger equation equates the energy operator to the full energy of a particle or a system. In results can be
considered as a definition of measurement of energy in quantum mechanics. The Schrédinger equation describes the
space- and time-dependence of slow changing (non-relativistic) wave function of quantum systems. The solution of
this equation for bound system is discrete (a set of permitted states, each characterized by an energy level) which
results in the concept of quanta. In the solution of the Schrodinger equation for any oscillator (vibrator) and for
electromagnetic waves in a vacuum, the resulting energy states are related to the frequency by the Planck equation
FE = hy (where h is the Planck's constant and v the frequency). In the case of electromagnetic wave these

energy states are called quanta of light or photons.
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Relativity

When calculating kinetic energy (work to accelerate a mass from zero speed to some finite speed) relativistically -
using Lorentz transformations instead of Newtonian mechanics, Einstein discovered an unexpected by-product of
these calculations to be an energy term which does not vanish at zero speed. He called it rest mass energy - energy
which every mass must possess even when being at rest. The amount of energy is directly proportional to the mass of
body:

E = mc*

where
m is the mass,
c is the speed of light in vacuum,
E is the rest mass energy.

For example, consider electron-positron annihilation, in which the rest mass of individual particles is destroyed, but
the inertia equivalent of the system of the two particles (its invariant mass) remains (since all energy is associated
with mass), and this inertia and invariant mass is carried off by photons which individually are massless, but as a
system retain their mass. This is a reversible process - the inverse process is called pair creation - in which the rest
mass of particles is created from energy of two (or more) annihilating photons. In this system the matter (electrons
and positrons) is destroyed and changed to non-matter energy (the photons). However, the total system mass and

energy do not change during this interaction.

In general relativity, the stress-energy tensor serves as the source term for the gravitational field, in rough analogy to

the way mass serves as the source term in the non-relativistic Newtonian approximation.

It is not uncommon to hear that energy is "equivalent” to mass. It would be more accurate to state that every energy
has an inertia and gravity equivalent, and because mass is a form of energy, then mass too has inertia and gravity

associated with it.

Measurement
Because energy is defined as the ability to do work on objects, there is
no absolute measure of energy. Only the transition of a system from » ‘,.f""mmmm
one state into another can be defined and thus energy is measured in f
Absorber

relative terms. The choice of a baseline or zero point is often arbitrary *Heat Gapacity. C

and can be made in whatever way is most convenient for a problem. =
ermal Lini

For example in the case of measuring the energy deposited by X-rays Heat Sink Thermial Conductancd, &
as shown in the accompanying diagram, conventionally the technique
most often employed is calorimetry. This is a thermodynamic A schematic diagram of a Calorimeter - An

. . . instrument used by physicists to measure energy.
technique that relies on the measurement of temperature using a ; y Py o &y
In this example is it is X-Rays.

thermometer or of intensity of radiation using a bolometer.

Energy density

Energy density is a term used for the amount of useful energy stored in a given system or region of space per unit

volume.

For fuels, the energy per unit volume is sometimes a useful parameter. In a few applications, comparing, for
example, the effectiveness of hydrogen fuel to gasoline it turns out that hydrogen has a higher specific energy than
does gasoline, but, even in liquid form, a much lower energy density.
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Nature beyond Earth

Outer space

Outer space, or simply space, is the void that exists between celestial bodies, including the
Barth.!! 1t is not completely empty, but consists of a hard vacuum containing a low density of
particles: predominantly a plasma of hydrogen and helium, as well as electromagnetic radiation,
magnetic fields, neutrinos, dust and cosmic rays. The baseline temperature, as set by the
background radiation (from the theorized Big Bang), is 2.7 kelvin (K). Plasma with a density of
less than one hydrogen atom per cubic meter and a temperature of millions of kelvin in the space
between galaxies accounts for most of the baryonic (ordinary) matter in outer space; local
concentrations have condensed into stars and galaxies. In most galaxies, observations provide
evidence that 90% of the mass is in an unknown form, called dark matter, which interacts with
other matter through gravitational but not electromagnetic forces.”” Data indicates that the
majority of the mass-energy in the observable Universe is a poorly understood vacuum energy of
space which astronomers label dark energy.m Intergalactic space takes up most of the volume of

the Universe, but even galaxies and star systems consist almost entirely of empty space.

There is no firm boundary where space begins. However the Kdrman line, at an altitude of

100 km (62 mi) above sea level,[4]

is conventionally used as the start of outer space in space
treaties and for aerospace records keeping. The framework for international space law was
established by the Outer Space Treaty, which was passed by the United Nations in 1967. This
treaty precludes any claims of national sovereignty and permits all states to freely explore outer
space. In 1979, the Moon Treaty made the surfaces of objects such as planets, as well as the
orbital space around these bodies, the jurisdiction of the international community. Despite the
drafting of UN resolutions for the peaceful uses of outer space, anti-satellite weapons have been

tested in Earth orbit.

Humans began the physical exploration of space during the 20th century with the advent of
high-altitude balloon flights, followed by manned rocket launches. Earth orbit was first achieved
by Yuri Gagarin of the Soviet Union in 1961 and unmanned spacecraft have since reached all of
the known planets in the Solar System. Achieving low Earth orbit requires a minimum velocity
of 28,100 km/h (17,500 mph), much faster than any conventional aircraft. Outer space represents
a challenging environment for human exploration because of the dual hazards of vacuum and
radiation. Microgravity has a negative effect on human physiology, causing muscle atrophy and
bone loss. Space travel has been limited to low Earth orbit and the Moon for manned flight, and
the vicinity of the Solar System for unmanned vehicles. In August 2012, Voyager 1 became the

first man-made craft to enter interstellar space.
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Discovery

In 350 BC, Greek philosopher Aristotle suggested that nature abhors a vacuum, a principle that became known as
the horror vacui. This concept built upon a Sth-century BCE ontological argument by the Greek philosopher
Parmenides, who denied the possible existence of a void in space.[s] Based on this idea that a vacuum could not
exist, in the West it was widely held for many centuries that space could not be empty.[6] As late as the 17th century,

the French philosopher René Descartes argued that the entirety of space must be filled.[”!

In ancient China, there were various schools of thought concerning the nature of the heavens, some of which bear a
resemblance to the modern understanding. In the 2nd century, astronomer Zhang Heng became convinced that space
must be infinite, extending well beyond the mechanism that supported the Sun and the stars. The surviving books of
the Hstian Yeh school said that the heavens were boundless, "empty and void of substance". Likewise, the "sun,

moon, and the company of stars float in the empty space, moving or standing stil". 18!

The Italian scientist Galileo Galilei knew that air had mass and so was subject to gravity. In 1640, he demonstrated
that an established force resisted the formation of a vacuum. However, it would remain for his pupil Evangelista
Torricelli to create an apparatus that would produce a vacuum in 1643. This experiment resulted in the first mercury
barometer and created a scientific sensation in Europe. The French mathematician Blaise Pascal reasoned that if the
column of mercury was supported by air then the column ought to be shorter at higher altitude where the air pressure
is lower.[g] In 1648, his brother-in-law, Florin Périer, repeated the experiment on the Puy-de-Déme mountain in
central France and found that the column was shorter by three inches. This decrease in pressure was further
demonstrated by carrying a half-full balloon up a mountain and watching it gradually inflate, then deflate upon

descent.[lo]

In 1650, German scientist Otto von Guericke constructed the first

f;i-i
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‘ vacuum pump: a device that would further refute the principle of

horror vacui. He correctly noted that the atmosphere of the Earth
surrounds the planet like a shell, with the density gradually declining
with altitude. He concluded that there must be a vacuum between the
Earth and the Moon.!'!

Back in the 15th century, German theologian Nicolaus Cusanus
speculated that the Universe lacked a center and a circumference. He
believed that the Universe, while not infinite, could not be held as
finite as it lacked any bounds within which it could be contained.!'?
These ideas led to speculations as to the infinite dimension of space by
the Italian philosopher Giordano Bruno in the 16th century. He
extended the Copernican heliocentric cosmology to the concept of an

2 - infinite Universe filled with a substance he called aether, which did not

= . . . .
T cause resistance to the motions of heavenly bodies.!!! English
The original Magdeburg hemispheres (lower left)

. philosopher William Gilbert arrived at a similar conclusion, arguing
used to demonstrate Otto von Guericke's vacuum

pump (right) that the stars are visible to us only because they are surrounded by a

thin aether or a void.'¥ This concept of an aether originated with

ancient Greek philosophers, including Aristotle, who conceived of it as the medium through which the heavenly

bodies moved.[ls]

The concept of a Universe filled with a luminiferous aether remained in vogue among some scientists until the early
20th century. This form of aether was viewed as the medium through which light could propagate.[lé] In 1887, the
Michelson—Morley experiment tried to detect the Earth's motion through this medium by looking for changes in the
speed of light depending on the direction of the planet's motion. However, the null result indicated something was

wrong with the concept. The idea of the luminiferous aether was then abandoned. It was replaced by Albert
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Einstein's theory of special relativity, which holds that the speed of light in a vacuum is a fixed constant, independent

of the observer's motion or frame of reference.m]“g]

The first professional astronomer to support the concept of an infinite Universe was the Englishman Thomas Digges
in 1576.." But the scale of the Universe remained unknown until the first successful measurement of the distance to
a nearby star in 1838 by the German astronomer Friedrich Bessel. He showed that the star 61 Cygni had a parallax of
just 0.31 arcseconds (compared to the modern value of 0.287”). This corresponds to a distance of over 10 light
years.[ZO] The distance to the Andromeda Galaxy was determined in 1923 by American astronomer Edwin Hubble by
measuring the brightness of cepheid variables in that galaxy, a new technique discovered by Henrietta Leavitt. This

established that the Andromeda galaxy, and by extension all galaxies, lay well outside the Milky Way.m]

The earliest known estimate of the temperature of outer space was by the Swiss physicist Charles E. Guillaume in
1896. Using the estimated radiation of the background stars, he concluded that space must be heated to a temperature
of 5—6 K. British physicist Arthur Eddington made a similar calculation to derive a temperature of 3.18° in 1926.
1933 German physicist Erich Regener used the total measured energy of cosmic rays to estimate an intergalactic

temperature of 2.8 K.

The modern concept of outer space is based on the "Big Bang" cosmology, first proposed in 1931 by the Belgian
physicist Georges Lemaitre. This theory holds that the observable Universe originated from a very compact form that
has since undergone continuous expansion. The background energy released during the initial expansion has steadily
decreased in density, leading to a 1948 prediction by American physicts Ralph Alpher and Robert Herman of a
temperature of 5 K for the temperature of space.

The term outer space was used as early as 1842 by the English poet Lady Emmeline Stuart-Wortley in her poem
"The Maiden of Moscow".*?! The expression outer space was used as an astronomical term by Alexander von
Humboldt in 1845.%%1 1t was later popularized in the writings of H. G. Wells in 1901. The shorter term space is
actually older, first used to mean the region beyond Earth's sky in John Milton's Paradise Lost in 1667.

Formation and state

According to the Big Bang theory, the Universe originated in an extremely hot and dense state about 13.8 billion
years ago and began expanding rapidly. About 380,000 years later the Universe had cooled sufficiently to allow
protons and electrons to combine and form hydrogen—the so-called recombination epoch. When this happened,
matter and energy became decoupled, allowing photons to travel freely through space. The matter that remained
following the initial expansion has since undergone gravitational collapse to create stars, galaxies and other
astronomical objects, leaving behind a deep vacuum that forms what is now called outer space.[24] As light has a
finite velocity, this theory also constrains the size of the directly observable Universe. This leaves open the question

as to whether the Universe is finite or infinite.

The present day shape of the Universe has been determined from measurements of the cosmic microwave
background using satellites like the Wilkinson Microwave Anisotropy Probe. These observations indicate that the
observable Universe is flat, meaning that photons on parallel paths at one point will remain parallel as they travel
through space to the limit of the observable Universe, except for local gravity. The flat Universe, combined with the
measured mass density of the Universe and the accelerating expansion of the Universe, indicates that space has a

non-zero vacuum energy, which is called dark energy.[25]

Estimates put the average energy density of the Universe at the equivalent of 5.9 protons per cubic meter, including
dark energy, dark matter, and baryonic matter (ordinary matter composed of atoms). The atoms account for only
4.6% of the total energy density, or a density of one proton per four cubic meters. The density of the Universe,
however, is clearly not uniform; it ranges from relatively high density in galaxies—including very high density in
structures within galaxies, such as planets, stars, and black holes—to conditions in vast voids that have much lower
density, at least in terms of visible matter. Unlike the matter and dark matter, the dark energy seems not to be

concentrated in galaxies: although dark energy may account for a majority of the mass-energy in the Universe, dark
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energy's influence is 5 orders of magnitude smaller than the influence of gravity from matter and dark matter within
the Milky Way.

Environment

Outer space is the closest natural approximation to a perfect vacuum. It
has effectively no friction, allowing stars, planets and moons to move
freely along their ideal orbits. However, even the deep vacuum of
intergalactic space is not devoid of matter, as it contains a few
hydrogen atoms per cubic meter. By comparison, the air we breathe
contains about 10% molecules per cubic meter.?®! The sparse density
of matter in outer space means that electromagnetic radiation can travel
great distances without being scattered: the mean free path of a photon
in intergalactic space is about 107 km, or 10 billion light years.m] In
spite of this, extinction, which is the absorption and scattering of

photons by dust and gas, is an important factor in galactic and

intergalactic astronomy.

Part of the Hubble Ultra-Deep Field image
showing a typical section of space containing

Stars, planets and moons retain their atmospheres by gravitational o )
galaxies interspersed by deep vacuum. Given the

attraction. Atmospheres have no clearly delineated boundary: the finite speed of light, this view covers the last 13
density of atmospheric gas gradually decreases with distance from the billion years of the history of outer space.
object until it becomes indistinguishable from the surrounding

environment.*®! The Earth's atmospheric pressure drops to about 0.032 Pa at 100 kilometres (62 miles) of altitude,
compared to 100,000 Pa for the International Union of Pure and Applied Chemistry (IUPAC) definition of standard
pressure. Beyond this altitude, isotropic gas pressure rapidly becomes insignificant when compared to radiation
pressure from the Sun and the dynamic pressure of the solar wind. The thermosphere in this range has large gradients

of pressure, temperature and composition, and varies greatly due to space weather.

On the Earth, temperature is defined in terms of the kinetic activity of the surrounding atmosphere. However the
temperature of the vacuum cannot be measured in this way. Instead, the temperature is determined by measurement
of the radiation. All of the observable Universe is filled with photons that were created during the Big Bang, which is
known as the cosmic microwave background radiation (CMB). (There is quite likely a correspondingly large number
of neutrinos called the cosmic neutrino background.) The current black body temperature of the background
radiation is about 3 K (=270 °C; —454 °F). Some regions of outer space can contain highly energetic particles that
have a much higher temperature than the CMB, such as the corona of the Sun where temperatures can range over
1.2-2.6 MK.

Outside of a protective atmosphere and magnetic field, there are few obstacles to the passage through space of
energetic subatomic particles known as cosmic rays. These particles have energies ranging from about 10° eV up to
an extreme 10° eV of ultra-high-energy cosmic rays. The peak flux of cosmic rays occurs at energies of about
10° eV, with approximately 87% protons, 12% helium nuclei and 1% heavier nuclei. In the high energy range, the
flux of electrons is only about 1% of that of protons.[29] Cosmic rays can damage electronic components and pose a
health threat to space travelers.Bo] According to astronauts, like Don Pettit, space has a burned/metallic odor, similar
to that of the scent of an arc welding torch. The smell, which comes from particles (like atomic oxygen, among other
things) clinging to the astronaut's spacesuits and equipment, may be caused by the high-energy vibrations of ions as
well as polycyclic aromatic hydrocarbons.

Despite the harsh environment, several life forms have been found that can withstand extreme space conditions for
extended periods. Species of lichen carried on the ESA BIOPAN facility survived exposure for ten days in 2007.
Seeds of Arabidopsis thaliana and Nicotiana tabacum germinated after being exposed to space for 1.5 years. A strain
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of bacillus subtilis has survived 559 days when exposed to low-Earth orbit or a simulated martian environment. The
lithopanspermia hypothesis suggests that rocks ejected into outer space from life-harboring planets may successfully
transport life forms to another habitable world. A conjecture is that just such a scenario occurred early in the history
of the Solar System, with potentially microorganism-bearing rocks being exchanged between Venus, Earth, and
Mars.

Effect on human bodies

Sudden exposure to very low pressure, such as during a rapid
decompression, can cause pulmonary barotrauma—a rupture of the
lungs, due to the large pressure differential between inside and outside
of the chest. Even if the victim's airway is fully open, the flow of air
through the windpipe may be too slow to prevent the rupture. Rapid
decompression can rupture eardrums and sinuses, bruising and blood
seep can occur in soft tissues, and shock can cause an increase in

oxygen consumption that leads to hypoxia.

As a consequence of rapid decompression, any oxygen dissolved in the

blood will empty into the lungs to try to equalize the partial pressure

gradient. Once the deoxygenated blood arrives at the brain, humans : :
and animals will lose consciousness after a few seconds and die of Because of the hazards of a vacuum, astronauts

hypoxia within minutes. Blood and other body fluids boil when the ~ Mustwearapressurized space suit while outside

pressure drops below 6.3 kPa, and this condition is called ebullism. their spacecraft

The steam may bloat the body to twice its normal size and slow

circulation, but tissues are elastic and porous enough to prevent rupture. Ebullism is slowed by the pressure
containment of blood vessels, so some blood remains liquid.m] Swelling and ebullism can be reduced by
containment in a flight suit. Shuttle astronauts wear a fitted elastic garment called the Crew Altitude Protection Suit
(CAPS) which prevents ebullism at pressures as low as 2 kPa. Space suits are needed at 8§ km (5.0 mi) to provide
enough oxygen for breathing and to prevent water loss, while above 20 km (12 mi) they are essential to prevent
ebullism.*? Most space suits use around 30—39 kPa of pure oxygen, about the same as on the Earth's surface. This
pressure is high enough to prevent ebullism, but evaporation of blood could still cause decompression sickness and
gas embolisms if not managed.[33]
Because humans are optimized for life in Earth gravity, exposure to weightlessness has been shown to have
deleterious effects on the health of the human body. Initially, more than 50% of astronauts experience space motion
sickness. This can cause nausea and vomiting, vertigo, headaches, lethargy, and overall malaise. The duration of
space sickness varies, but it typically lasts for 1-3 days, after which the body adjusts to the new environment.
Longer term exposure to weightlessness results in muscle atrophy and deterioration of the skeleton, or spaceflight
osteopenia. These effects can be minimized through a regimen of exercise. Other effects include fluid redistribution,
slowing of the cardiovascular system, decreased production of red blood cells, balance disorders, and a weakening of
the immune system. Lesser symptoms include loss of body mass, nasal congestion, sleep disturbance, and puffiness
of the face.

For long duration space travel, radiation can pose an acute health hazard. Exposure to radiation sources such as
high-energy, ionizing cosmic rays can result in fatigue, nausea, vomiting, as well as damage to the immune system
and changes to the white blood cell count. Over longer durations, symptoms include an increase in the risk of cancer,
plus damage to the eyes, nervous system, lungs and the gastrointestinal tract. On a round-trip Mars mission lasting
three years, nearly the entire body would be traversed by high energy nuclei, each of which can cause ionization
damage to cells. Fortunately, most such particles are significantly attenuated by the shielding provided by the

aluminum walls of a spacecraft, and can be further diminished by water containers and other barriers. However, the
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impact of the cosmic rays upon the shielding produces additional radiation that can affect the crew. Further research

will be needed to assess the radiation hazards and determine suitable countermeasures.

Boundary

There is no clear boundary between Earth's atmosphere and space, as
the density of the atmosphere gradually decreases as the altitude

increases. There are several standard boundary designations, namely:

e The Fédération Aéronautique Internationale has established the
Karman line at an altitude of 100 km (62 mi) as a working
definition for the boundary between aeronautics and astronautics.
This is used because at an altitude of about 100 km (62 mi), as
Theodore von Karman calculated, a vehicle would have to travel

faster than orbital velocity in order to derive sufficient aerodynamic

. . [4] SpaceShipOne completed the first manned
lift from the atmosphere to support itself. private spaceflight in 2004, reaching an altitude
 The United States designates people who travel above an altitude of of 100.124 km (62.214 mi).
[34]

50 miles (80 km) as astronauts.

e NASA's mission control uses 76 mi (122 km) as their re-entry altitude (termed the Entry Interface), which roughly
marks the boundary where atmospheric drag becomes noticeable (depending on the ballistic coefficient of the
vehicle), thus leading shuttles to switch from steering with thrusters to maneuvering with air surfaces.

In 2009, scientists at the University of Calgary reported detailed measurements with a Supra-Thermal Ion Imager (an
instrument that measures the direction and speed of ions), which allowed them to establish a boundary at 118 km
(73 mi) above Earth. The boundary represents the midpoint of a gradual transition over tens of kilometers from the
relatively gentle winds of the Earth's atmosphere to the more violent flows of charged particles in space, which can
reach speeds well over 268 m/s (600 mph).

The altitude where the atmospheric pressure matches the vapor pressure of water at the temperature of the human
body is called the Armstrong line, named after American physician Harry G. Armstrong. It is located at an altitude of
around 19.14 km (11.89 mi). At or above the Armstrong line, fluids in the throat and lungs will boil away. More
specifically, exposed bodily liquids such as saliva, tears, and the liquids wetting the alveoli within the lungs will boil
away. Hence, at this altitude the human body requires a pressure suit, or a pressurized capsule, to survive.* Note
that the vascular blood, i.e. the blood within the circulatory system, does not boil because it remains pressurized
within the body. Also, human skin does not need to be protected from low pressure or vacuum and is gas-tight by
itself, but it still needs to be mechanically compressed to retain its normal shape. The region between the Armstrong

line and the Karman line is sometimes termed near space.
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Legal status

The Outer Space Treaty provides the basic framework for international
space law. It covers the legal use of outer space by nation states, and
includes in its definition of outer space the Moon and other celestial
bodies. The treaty states that outer space is free for all nation states to
explore and is not subject to claims of national sovereignty. It also
prohibits the deployment of nuclear weapons in outer space. The treaty
was passed by the United Nations General Assembly in 1963 and
signed in 1967 by the USSR, the United States of America and the
United Kingdom. As of January 1, 2008 the treaty has been ratified by
98 states and signed by an additional 27 states.

Beginning in 1958, outer space has been the subject of multiple
resolutions by the United Nations General Assembly. Of these, more
than 50 have been concerning the international co-operation in the

peaceful uses of outer space and preventing an arms race in space. Four

additional space law treaties have been negotiated and drafted by the

L

UN's Committee on the Peaceful Uses of Outer Space. Still, there 2008 launch of the SM-3 missile used to destroy

remains no legal prohibition against deploying conventional weapons American spy satellite USA-193

in space, and anti-satellite weapons have been successfully tested by

the US, USSR and China.”*® The 1979 Moon Treaty turned the jurisdiction of all heavenly bodies (including the
orbits around such bodies) over to the international community. However, this treaty has not been ratified by any

nation that currently practices manned spaceflight.

In 1976 eight equatorial states (Ecuador, Colombia, Brazil, Congo, Zaire, Uganda, Kenya, and Indonesia) met in
Bogotd, Colombia. They made the "Declaration of the First Meeting of Equatorial Countries," also known as "the
Bogotd Declaration", where they made a claim to control the segment of the geosynchronous orbital path

corresponding to each country. These claims are not internationally accepted.

Earth orbit

A spacecraft enters orbit when it has enough horizontal velocity for its centripetal acceleration due to gravity to be
less than or equal to the centrifugal acceleration due to the horizontal component of its velocity. For a low Earth
orbit, this velocity is about 7,800 m/s (28,100 km/h; 17,400 mph); by contrast, the fastest manned airplane speed
ever achieved (excluding speeds achieved by deorbiting spacecraft) was 2,200 m/s (7,900 km/h; 4,900 mph) in 1967
by the North American X-15.

To achieve an orbit, a spacecraft must travel faster than a sub-orbital spaceflight. The energy required to reach Earth
orbital velocity at an altitude of 600 km (370 mi) is about 36 MJ/kg, which is six times the energy needed merely to
climb to the corresponding altitude. Spacecraft with a perigee below about 2,000 km (1,200 mi) are subject to drag
from the Earth's atmosphere, which will cause the orbital altitude to decrease. The rate of orbital decay depends on
the satellite's cross-sectional area and mass, as well as variations in the air density of the upper atmosphere. Below
about 300 km (190 mi), decay becomes more rapid with lifetimes measured in days. Once a satellite descends to
180 km (110 mi), it will start to burn up in the atmosphere. The escape velocity required to pull free of Earth's
gravitational field altogether and move into interplanetary space is about 11,200 m/s (40,300 km/h; 25,100 mph).

Earth's gravity reaches out far past the Van Allen radiation belt and keeps the Moon in orbit at an average distance of
384,403 km (238,857 mi). The region of space where the gravity of a planet tends to dominate the motion of objects
in the presence of other perturbing bodies (such as another planet) is known as the Hill sphere. For Earth, this sphere
has a radius of about 1,500,000 km (930,000 mi).
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Regions

Space is a partial vacuum: its different regions are defined by the various atmospheres and "winds" that dominate
within them, and extend to the point at which those winds give way to those beyond. Geospace extends from Earth's
atmosphere to the outer reaches of Earth's magnetic field, whereupon it gives way to the solar wind of interplanetary
space. Interplanetary space extends to the heliopause, whereupon the solar wind gives way to the winds of the
interstellar medium. Interstellar space then continues to the edges of the galaxy, where it fades into the intergalactic

void.

Geospace

Geospace is the region of outer space near
the Earth. Geospace includes the upper
region of the atmosphere and the
magnetosphere.Bﬂ The Van Allen radiation
belt lies within the geospace. The outer
boundary of geospace is the magnetopause,
which forms an interface between the
planet's magnetosphere and the solar wind.
The inner boundary is the ionosphere. As
the physical properties and behavior of near

Earth space is affected by the behavior of

the Sun and space weather, the field of
is interlinked with heliophysics; o
geospace 15 te ed wit cliophysics, Aurora australis observed from the Space Shuttle Discovery, on STS-39, May 1991

the study of the Sun and its impact on the (orbital altitude: 260 km)
(38]

Solar System planets.
The volume of geospace defined by the magnetopause is compacted in the direction of the Sun by the pressure of the
solar wind, giving it a typical subsolar distance of 10 Earth radii from the center of the planet. However, the tail can
extend outward to more than 100-200 Earth radii.*®! The Moon passes through the geospace tail during roughly

four days each month, during which time the surface is shielded from the solar wind.[*!

Geospace is populated by electrically charged particles at very low densities, the motions of which are controlled by
the Earth's magnetic field. These plasmas form a medium from which storm-like disturbances powered by the solar
wind can drive electrical currents into the Earth’s upper atmosphere. During geomagnetic storms two regions of
geospace, the radiation belts and the ionosphere, can become strongly disturbed. These storms increase fluxes of
energetic electrons that can permanently damage satellite electronics, disrupting telecommunications and GPS
technologies, and can also be a hazard to astronauts, even in low Earth orbit. They also create aurorae seen near the

magnetic poles.

Although it meets the definition of outer space, the atmospheric density within the first few hundred kilometers
above the Kédrman line is still sufficient to produce significant drag on satellites. This region contains material left
over from previous manned and unmanned launches that are a potential hazard to spacecraft. Some of this debris

re-enters Earth's atmosphere periodically.
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Cislunar space

The region outside Earth's atmosphere and extending out to just beyond the Moon’s orbit, including the Lagrangian

points, is sometimes referred to as cis-lunar space.

Interplanetary space

Interplanetary space, the space around the Sun and planets of the Solar
System, is the region dominated by the interplanetary medium, which
extends out to the heliopause where the influence of the galactic
environment starts to dominate over the magnetic field and particle
flux from the Sun. Interplanetary space is defined by the solar wind, a
continuous stream of charged particles emanating from the Sun that
creates a very tenuous atmosphere (the heliosphere) for billions of
miles into space. This wind has a particle density of 5—10 plrotons/cm3
and is moving at a velocity of  350—400 km/s
(780,000-890,000 mph).!*!! The distance and strength of the

The sparse plasma (blue) and dust (white) in the

heliopause varies depending on the activity level of the solar wind. The tail of comet Hale—Bopp are being shaped by
discovery since 1995 of extrasolar planets means that other stars must pressure from solar radiation and the solar wind,
[42] respectively

possess their own interplanetary media.

The volume of interplanetary space is a nearly total vacuum, with a mean free path of about one astronomical unit at
the orbital distance of the Earth. However, this space is not completely empty, and is sparsely filled with cosmic
rays, which include ionized atomic nuclei and various subatomic particles. There is also gas, plasma and dust, small

meteors, and several dozen types of organic molecules discovered to date by microwave spectroscopy.

Interplanetary space contains the magnetic field generated by the Sun.*"! There are also magnetospheres generated
by planets such as Jupiter, Saturn, Mercury and the Earth that have their own magnetic fields. These are shaped by
the influence of the solar wind into the approximation of a teardrop shape, with the long tail extending outward
behind the planet. These magnetic fields can trap particles from the solar wind and other sources, creating belts of
magnetic particles such as the Van Allen radiation belt. Planets without magnetic fields, such as Mars, have their

atmospheres gradually eroded by the solar wind.

Interstellar space

Interstellar space is the physical space within a galaxy not occupied by
stars or their planetary systems. The contents of interstellar space are
called the interstellar medium. The average density of matter in this
region is about 10° particles per m3, but this varies from a low of about
10* - 10° in regions of sparse matter up to about 10® = 10'% in dark
nebula. Regions of star formation may reach 102 - 10" particles per
m’ (as a comparison, Earth's atmospheric density at sea level is on the
order of 10% particles per m3). Nearly 70% of the mass of the

interstellar medium consists of lone hydrogen atoms. This is enriched

with helium atoms as well as trace amounts of heavier atoms formed

Bow shock formed by the magnetosphere of the

through stellar nucleosynthesis. These atoms can be ejected into the o - .
young star LL Orionis (center) as it collides with

interstellar medium by stellar winds, or when evolved stars begin to the Orion Nebula flow

shed their outer envelopes such as during the formation of a planetary

nebula. The cataclysmic explosion of a supernova will generate an expanding shock wave consisting of ejected

materials.
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A number of molecules exist in interstellar space, as can tiny, 0.1 um dust particles.[43] The tally of molecules
discovered through radio astronomy is steadily increasing at the rate of about four new species per year. Large
regions of higher density matter known as molecular clouds allow chemical reactions to occur, including the
formation of organic polyatomic species. Much of this chemistry is driven by collisions. Energetic cosmic rays
penetrate the cold, dense clouds and ionize hydrogen and helium, resulting, for example, in the trihydrogen cation.
An ionized helium atom can then split relatively abundant carbon monoxide to produce ionized carbon, which in turn

can lead to organic chemical reactions.

The local interstellar medium is a region of space within 100 parsecs (pc) of the Sun, which is of interest both for its
proximity and for its interaction with the Solar System. This volume nearly coincides with a region of space known
as the Local Bubble, which is characterized by a lack of dense, cold clouds. It forms a cavity in the Orion Arm of the
Milky Way galaxy, with dense molecular clouds lying along the borders, such as those in the constellations of
Ophiuchus and Taurus. (The actual distance to the border of this cavity varies from 60 to 250 pc or more.) This
volume contains about 10*~10° stars and the local interstellar gas counterbalances the astrospheres that surround
these stars, with the volume of each sphere varying depending on the local density of the interstellar medium. The

Local Bubble contains dozens of warm interstellar clouds with temperatures of up to 7,000 K and radii of 0.5-5 pc.

When stars are moving at a sufficiently high peculiar velocity, their astrosphere can generate a bow shock as it
collides with the interstellar medium. For decades it was assumed that the Sun had a bow shock. In 2012, data from
Interstellar Boundary Explorer (IBEX) and Voyagers showed that the Sun's bow shock does not exist. Instead, these
authors argue that a subsonic bow wave defines the transition from the solar wind flow to the interstellar medium. A
bow shock is the third boundary of an astrosphere after the termination shock and the astropause (called the

heliopause in the Solar System).

Intergalactic space

Intergalactic space is the physical space between galaxies. The huge
spaces between galaxy clusters are called the voids. Surrounding and
stretching between galaxies, there is a rarefied plasma that is organized
in a galactic filamentary structure. This material is called the
intergalactic medium (IGM). The density of the IGM is 5-200 times
the average density of the Universe. It consists mostly of ionized
hydrogen; i.e. a plasma consisting of equal numbers of electrons and
protons. As gas falls into the intergalactic medium from the voids, it
heats up to temperatures of 10°K to 10’ K, which is high enough so
that collisions between atoms have enough energy to cause the bound
electrons to escape from the hydrogen nuclei; this is why the IGM is

ionized. At these temperatures, it is called the warm—hot intergalactic

medium (WHIM). (Although the gas is very hot by terrestrial A star forming region in the Large Magellanic
standards, 10> K is often called "warm" in astrophysics.) Computer Cloud, perhaps the closest Galaxy to Earth’s
simulations and observations indicate that up to half of the atomic Milky Way
matter in the Universe might exist in this warm-hot, rarefied state.
When gas falls from the filamentary structures of the WHIM into the galaxy clusters at the intersections of the
cosmic filaments, it can heat up even more, reaching temperatures of 10® K and above in the so-called intracluster

medium.
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Exploration and applications

For the majority of human history, space was explored by remote
observation; initially with the unaided eye and then with the telescope.
Prior to the advent of reliable rocket technology, the closest that
humans had come to reaching outer space was through the use of
balloon flights. In 1935, the U.S. Explorer Il manned balloon flight had
reached an altitude of 22 km (14 mi). This was greatly exceeded in
1942 when the third launch of the German A-4 rocket climbed to an
altitude of about 80 km (50 mi). In 1957, the unmanned satellite

Sputnik 1 was launched by a Russian R-7 rocket, achieving Earth orbit
at an altitude of 215-939 kilometres (134-583 mi).**! This was
followed by the first human spaceflight in 1961, when Yuri Gagarin The first image taken of the entire Earth by

was sent into orbit on Vostok 1. The first humans to escape Earth orbit astronauts was shot during the Apollo 8 mission

were Frank Borman, Jim Lovell and William Anders in 1968 on board

the U.S. Apollo 8, which achieved lunar orbit!*! and reached a maximum distance of 377,349 km (234,474 mi) from
[46]

the Earth.

The first spacecraft to reach escape velocity was the Soviet Luna 1, which performed a fly-by of the Moon in
1959.1471 1o 1961, Venera 1 became the first planetary probe. It revealed the presence of the solar wind and
performed the first fly-by of the planet Venus, although contact was lost before reaching Venus. The first successful

2.8 The first spacecraft to perform a fly-by of Mars

planetary mission was the Mariner 2 fly-by of Venus in 196
was Mariner 4, which reached the planet in 1964. Since that time, unmanned spacecraft have successfully examined
each of the Solar System's planets, as well their moons and many minor planets and comets. They remain a
fundamental tool for the exploration of outer space, as well as observation of the Earth.*" In August 2012, Voyager

1 became the first man-made object to leave the Solar System and enter interstellar space.

The absence of air makes outer space (and the surface of the Moon) ideal locations for astronomy at all wavelengths
of the electromagnetic spectrum, as evidenced by the spectacular pictures sent back by the Hubble Space Telescope,
allowing light from about 13.8 billion years ago—almost to the time of the Big Bang—to be observed. However, not
every location in space is ideal for a telescope. The interplanetary zodiacal dust emits a diffuse near-infrared
radiation that can mask the emission of faint sources such as extrasolar planets. Moving an infrared telescope out
past the dust will increase the effectiveness of the instrument. Likewise, a site like the Daedalus crater on the far side
of the Moon could shield a radio telescope from the radio frequency interference that hampers Earth-based

observations.

Unmanned spacecraft in Earth orbit have become an essential technology of modern civilization. They allow direct
monitoring of weather conditions, relay long-range communications including telephone calls and television signals,
provide a means of precise navigation, and allow remote sensing of the Earth. The latter role serves a wide variety of
purposes, including tracking soil moisture for agriculture, prediction of water outflow from seasonal snow packs,

detection of diseases in plants and trees, and surveillance of military activities.!>")

The deep vacuum of space could make it an attractive environment for certain industrial processes, such as those that
require ultraclean surfaces. However, like asteroid mining, space manufacturing requires a significant investment
with little prospect of an immediate return.
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The Universe is commonly defined as the totality of existence, including planets, stars, galaxies, the contents of
intergalactic space, the smallest subatomic particles, and all matter and energy. Similar terms include the cosmos, the

world, reality, and nature.

The observable universe is about 46 billion light years in radius. Scientific observation of the Universe has led to
inferences of its earlier stages. These observations suggest that the Universe has been governed by the same physical
laws and constants throughout most of its extent and history. The Big Bang theory is the prevailing cosmological
model that describes the early development of the Universe, which is calculated to have begun 13.798 * 0.037 billion

years ago. Observations of a supernovae have shown that the Universe is expanding at an accelerating rate.?!

There are many competing theories about the ultimate fate of the universe. Physicists remain unsure about what, if
anything, preceded the Big Bang. Many refuse to speculate, doubting that any information from any such prior state
could ever be accessible. There are various multiverse hypotheses, in which some physicists have suggested that the

Universe might be one among many universes that likewise exist. P14



http://en.wikipedia.org/w/index.php?title=Physical_cosmology
http://en.wikipedia.org/w/index.php?title=File%3AIlc_9yr_moll4096.png
http://en.wikipedia.org/w/index.php?title=Big_Bang
http://en.wikipedia.org/w/index.php?title=Age_of_the_universe
http://en.wikipedia.org/w/index.php?title=Chronology_of_the_universe
http://en.wikipedia.org/w/index.php?title=File:Crab_Nebula.jpg
http://en.wikipedia.org/w/index.php?title=Portal:Astronomy
http://en.wikipedia.org/w/index.php?title=File:Folder_Hexagonal_Icon.svg
http://en.wikipedia.org/w/index.php?title=Category:Physical_cosmology
http://en.wikipedia.org/w/index.php?title=Template:Physical_cosmology
http://en.wikipedia.org/w/index.php?title=Template_talk:Physical_cosmology
http://en.wikipedia.org/w/index.php?title=Template:Physical_cosmology&action=edit
http://en.wikipedia.org/w/index.php?title=Existence
http://en.wikipedia.org/w/index.php?title=Planet
http://en.wikipedia.org/w/index.php?title=Star
http://en.wikipedia.org/w/index.php?title=Galaxy
http://en.wikipedia.org/w/index.php?title=Outer_space%23Intergalactic_space
http://en.wikipedia.org/w/index.php?title=Subatomic_particle
http://en.wikipedia.org/w/index.php?title=Cosmos
http://en.wikipedia.org/w/index.php?title=World_%28philosophy%29
http://en.wikipedia.org/w/index.php?title=Reality
http://en.wikipedia.org/w/index.php?title=Observable_universe
http://en.wikipedia.org/w/index.php?title=Big_Bang
http://en.wikipedia.org/w/index.php?title=Planck_%28spacecraft%29%232013_data_release
http://en.wikipedia.org/w/index.php?title=1%2C000%2C000%2C000_%28number%29
http://en.wikipedia.org/w/index.php?title=Supernovae
http://en.wikipedia.org/w/index.php?title=Accelerating_Universe
http://en.wikipedia.org/w/index.php?title=Ultimate_fate_of_the_universe
http://en.wikipedia.org/w/index.php?title=Multiverse

Universe 323

Historical observation
Hubble eXtreme Deep Field (XDF)

XDF size compared to the size of the Moon — several thousand galaxies, each consisting of billions of stars, are in

this small view.

XDF (2012) view — each light speck is a galaxy — some of these are as old as 13.2 billion years — the visible
Universe is estimated to contain 200 billion galaxies.

XDF image shows fully mature galaxies in the foreground plane — nearly mature galaxies from 5 to 9 billion years

ago — protogalaxies, blazing with young stars, beyond 9 billion years.

Throughout recorded history, several cosmologies and cosmogonies have been proposed to account for observations
of the Universe. The earliest quantitative geocentric models were developed by the ancient Greek philosophers. Over
the centuries, more precise observations and improved theories of gravity led to Copernicus's heliocentric model and
the Newtonian model of the Solar System, respectively. Further improvements in astronomy led to the realization
that the Solar System is embedded in a galaxy composed of billions of stars, the Milky Way, and that other galaxies
exist outside it, as far as astronomical instruments can reach. Careful studies of the distribution of these galaxies and
their spectral lines have led to much of modern cosmology. Discovery of the red shift and cosmic microwave

background radiation suggested that the Universe is expanding and had a beginning.

History

According to the prevailing scientific model of the Universe, known as the Big Bang, the Universe expanded from
an extremely hot, dense phase called the Planck epoch, in which all the matter and energy of the observable universe
was concentrated. Since the Planck epoch, the Universe has been expanding to its present form, possibly with a brief
period (less than 107 seconds) of cosmic inflation. Several independent experimental measurements support this

theoretical expansion and, more generally, the Big Bang theory. The universe is composed of ordinary matter (5%)
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including atoms, stars, and galaxies, dark matter (25%) which is a hypothetical particle that has not yet been
detected, and dark energy (70%), which is a kind of energy density that seemingly exists even in completely empty
space.[S] Recent observations indicate that this expansion is accelerating because of dark energy, and that most of the
matter in the Universe may be in a form which cannot be detected by present instruments, called dark matter.'! The
common use of the "dark matter" and "dark energy" placeholder names for the unknown entities purported to
account for about 95% of the mass-energy density of the Universe demonstrates the present observational and

conceptual shortcomings and uncertainties concerning the nature and ultimate fate of the Universe.!”]

On 21 March 2013, the European research team behind the Planck cosmology probe released the mission's all-sky
map of the cosmic microwave background. The map suggests the universe is slightly older than thought. According
to the map, subtle fluctuations in temperature were imprinted on the deep sky when the cosmos was about 370,000
years old. The imprint reflects ripples that arose as early, in the existence of the universe, as the first nonillionth
(10_30) of a second. Apparently, these ripples gave rise to the present vast cosmic web of galaxy clusters and dark
matter. According to the team, the universe is 13.798 + 0.037 billion years old, and contains 4.9% ordinary matter,
26.8% dark matter and 68.3% dark energy. Also, the Hubble constant was measured to be 67.80 + 0.77 (km/s)/Mpc.

An earlier interpretation of astronomical observations indicated that the age of the Universe was 13.772 = 0.059
billion years, and that the diameter of the observable universe is at least 93 billion light years or 8.80x10% meters.
According to general relativity, space can expand faster than the speed of light, although we can view only a small
portion of the Universe due to the limitation imposed by light speed. Since we cannot observe space beyond the
limitations of light (or any electromagnetic radiation), it is uncertain whether the size of the Universe is finite or

infinite.

Etymology, synonyms and definitions

The word Universe derives from the Old French word Univers, which in turn derives from the Latin word
universum.’™ The Latin word was used by Cicero and later Latin authors in many of the same senses as the modern
English word is used. The Latin word derives from the poetic contraction Unvorsum — first used by Lucretius in
Book IV (line 262) of his De rerum natura (On the Nature of Things) — which connects un, uni (the combining
form of unus, or "one") with vorsum, versum (a noun made from the perfect passive participle of vertere, meaning

"something rotated, rolled, changed“).[]

An alternative interpretation of unvorsum is "everything rotated as one" or "everything rotated by one". In this sense,
it may be considered a translation of an earlier Greek word for the Universe, mepipopd, (periford,
"circumambulation"), originally used to describe a course of a meal, the food being carried around the circle of
dinner guests.[g] This Greek word refers to celestial spheres, an early Greek model of the Universe. Regarding Plato's
Metaphor of the sun, Aristotle suggests that the rotation of the sphere of fixed stars inspired by the prime mover,
motivates, in turn, terrestrial change via the Sun. Careful astronomical and physical measurements (such as the

Foucault pendulum) are required to prove the Earth rotates on its axis.

A term for "Universe" in ancient Greece was tO 7av (20 pdn, The All, Pan (mythology)). Related terms were matter,
(Tt 8hov, to dlon, see also Hyle, lit. wood) and place (t0 Kevov, 10 kenén).[lo] Other synonyms for the Universe
among the ancient Greek philosophers included koéopog (cosmos) and Uolg (meaning Nature, from which we
derive the word physics).[“] The same synonyms are found in Latin authors (tofum, mundus, natum)[lz] and survive
in modern languages, e.g., the German words Das All, Weltall, and Natur for Universe. The same synonyms are
found in English, such as everything (as in the theory of everything), the cosmos (as in cosmology), the world (as in

the many-worlds interpretation), and Nature (as in natural laws or natural philosophy).m]
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Broadest definition: reality and probability

The broadest definition of the Universe is found in De divisione naturae by the medieval philosopher and theologian
Johannes Scotus Eriugena, who defined it as simply everything: everything that is created and everything that is not

created.

Definition as reality

More customarily, the Universe is defined as everything that exists, (has existed, and will exist) [citation needed]
According to our current understanding, the Universe consists of three principles: spacetime, forms of energy,

including momentum and matter, and the physical laws that relate them.

Definition as connected space-time

It is possible to conceive of disconnected space-times, each existing but unable to interact with one another. An
easily visualized metaphor is a group of separate soap bubbles, in which observers living on one soap bubble cannot
interact with those on other soap bubbles, even in principle. According to one common terminology, each "soap
bubble" of space-time is denoted as a universe, whereas our particular space-time is denoted as the Universe, just as
we call our moon the Moon. The entire collection of these separate space-times is denoted as the multiverse. In
principle, the other unconnected universes may have different dimensionalities and topologies of space-time,
different forms of matter and energy, and different physical laws and physical constants, although such possibilities

are purely speculative.

Definition as observable reality

According to a still-more-restrictive definition, the Universe is everything within our connected space-time that
could have a chance to interact with us and vice versa. [ n¢eded] A qcording to the general theory of relativity,
some regions of space may never interact with ours even in the lifetime of the Universe due to the finite speed of
light and the ongoing expansion of space. For example, radio messages sent from Earth may never reach some

regions of space, even if the Universe would live forever: space may expand faster than light can traverse it.

Distant regions of space are taken to exist and be part of reality as much as we are, yet we can never interact with
them. The spatial region within which we can affect and be affected is the observable universe. Strictly speaking, the
observable Universe depends on the location of the observer. By traveling, an observer can come into contact with a
greater region of space-time than an observer who remains still. Nevertheless, even the most rapid traveler will not
be able to interact with all of space. Typically, the observable Universe is taken to mean the Universe observable

from our vantage point in the Milky Way Galaxy.

Size, age, contents, structure, and laws

The size of the Universe is unknown; it may be infinite. The region visible from Earth (the observable universe) is a
sphere with a radius of about 46 billion light years, based on where the expansion of space has taken the most distant
objects observed. For comparison, the diameter of a typical galaxy is 30,000 light-years, and the typical distance
between two neighboring galaxies is 3 million light-years.[14] As an example, the Milky Way Galaxy is roughly
100,000 light years in diameter, and the nearest sister galaxy to the Milky Way, the Andromeda Galaxy, is located
roughly 2.5 million light years away. There are probably more than 100 billion (1011) galaxies in the observable
Universe. Typical galaxies range from dwarfs with as few as ten million ( 107) stars up to giants with one trillion
(1012) stars, all orbiting the galaxy's center of mass. A 2010 study by astronomers estimated that the observable
Universe contains 300 sextillion (3x1023) stars.

The observable matter is spread homogeneously (uniformly) throughout the Universe, when averaged over distances

longer than 300 million light-years. However, on smaller length-scales, matter is observed to form "clumps", i.e., to
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cluster hierarchically; many atoms are condensed into stars, most stars into galaxies, most galaxies into clusters,
superclusters and, finally, the largest-scale structures such as the Great Wall of galaxies. The observable matter of
the Universe is also spread isotropically, meaning that no direction of observation seems different from any other;
each region of the sky has roughly the same content. The Universe is also bathed in a highly isotropic microwave
radiation that corresponds to a thermal equilibrium blackbody spectrum of roughly 2.725 kelvin. The hypothesis that
the large-scale Universe is homogeneous and isotropic is known as the cosmological principle,“sl which is
supported by astronomical observations.

The present overall density of the Universe is very low, roughly 9.9 x 107 grams per cubic centimetre. This
mass-energy appears to consist of 73% dark energy, 23% cold dark matter and 4% ordinary matter. Thus the density
of atoms is on the order of a single hydrogen atom for every four cubic meters of volume. The properties of dark
energy and dark matter are largely unknown. Dark matter gravitates as ordinary matter, and thus works to slow the
expansion of the Universe; by contrast, dark energy accelerates its expansion.

The current estimate of the Universe's age is 13.798 + 0.037 billion years old. The Universe has not been the same at
all times in its history; for example, the relative populations of quasars and galaxies have changed and space itself
appears to have expanded. This expansion accounts for how Earth-bound scientists can observe the light from a
galaxy 30 billion light years away, even if that light has traveled for only 13 billion years; the very space between
them has expanded. This expansion is consistent with the observation that the light from distant galaxies has been
redshifted; the photons emitted have been stretched to longer wavelengths and lower frequency during their journey.
The rate of this spatial expansion is accelerating, based on studies of Type Ia supernovae and corroborated by other
data.

The relative fractions of different chemical elements — particularly the lightest atoms such as hydrogen, deuterium
and helium — seem to be identical throughout the Universe and throughout its observable history. The Universe
seems to have much more matter than antimatter, an asymmetry possibly related to the observations of CP violation.
The Universe appears to have no net electric charge, and therefore gravity appears to be the dominant interaction on
cosmological length scales. The Universe also appears to have neither net momentum nor angular momentum. The
absence of net charge and momentum would follow from accepted physical laws (Gauss's law and the

non-divergence of the stress-energy-momentum pseudotensor, respectively), if the Universe were finite. ']
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The Universe appears to have a smooth
Leptons PP

Quarks space-time continuum consisting of three
spatial dimensions and one temporal (time)
dimension. On the average, space is
observed to be very nearly flat (close to zero
curvature), meaning that  Euclidean
geometry is experimentally true with high
Photon acc.uracy [17]through?ut most of the
Universe." '~ Spacetime also appears to have
a simply connected topology, at least on the
length-scale of the observable Universe.
However, present observations cannot
Higgs Boson exclude the possibilities that the Universe
has more dimensions and that its spacetime

The elementary particles from which the Universe is constructed. Six leptons and

six quarks comprise most of the matter; for example, the protons and neutrons of may have a multiply connected global

atomic nuclei are composed of quarks, and the ubiquitous electron is a lepton. topology, in analogy with the cylindrical or
These particles interact via the gauge bosons shown in the middle row, each toroidal topologies of two-dimensional

corresponding to a particular type of gauge symmetry. The Higgs boson is believed spaces
to confer mass on the particles with which it is connected. The graviton, a p ’

supposed gauge boson for gravity, is not shown. . .
The Universe appears to behave in a manner

that regularly follows a set of physical laws
and physical constants. According to the prevailing Standard Model of physics, all matter is composed of three
generations of leptons and quarks, both of which are fermions. These elementary particles interact via at most three
fundamental interactions: the electroweak interaction which includes electromagnetism and the weak nuclear force;
the strong nuclear force described by quantum chromodynamics; and gravity, which is best described at present by
general relativity. The first two interactions can be described by renormalized quantum field theory, and are
mediated by gauge bosons that correspond to a particular type of gauge symmetry. A renormalized quantum field
theory of general relativity has not yet been achieved, although various forms of string theory seem promising. The
theory of special relativity is believed to hold throughout the Universe, provided that the spatial and temporal length
scales are sufficiently short; otherwise, the more general theory of general relativity must be applied. There is no
explanation for the particular values that physical constants appear to have throughout our Universe, such as Planck's
constant & or the gravitational constant G. Several conservation laws have been identified, such as the conservation
of charge, momentum, angular momentum and energy; in many cases, these conservation laws can be related to

symmetries or mathematical identities.

Fine tuning

It appears that many of the properties of the Universe have special values in the sense that a Universe where these
properties differ slightly would not be able to support intelligent life. Not all scientists agree that this fine-tuning
exists. In particular, it is not known under what conditions intelligent life could form and what form or shape that
would take. A relevant observation in this discussion is that for an observer to exist to observe fine-tuning, the
Universe must be able to support intelligent life. As such the conditional probability of observing a Universe that is
fine-tuned to support intelligent life is 1. This observation is known as the anthropic principle and is particularly
relevant if the creation of the Universe was probabilistic or if multiple universes with a variety of properties exist

(see below).
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Historical models

Many models of the cosmos (cosmologies) and its origin (cosmogonies) have been proposed, based on the
then-available data and conceptions of the Universe. Historically, cosmologies and cosmogonies were based on
narratives of gods acting in various ways. Theories of an impersonal Universe governed by physical laws were first
proposed by the Greeks and Indians. Over the centuries, improvements in astronomical observations and theories of
motion and gravitation led to ever more accurate descriptions of the Universe. The modern era of cosmology began
with Albert Einstein's 1915 general theory of relativity, which made it possible to quantitatively predict the origin,
evolution, and conclusion of the Universe as a whole. Most modern, accepted theories of cosmology are based on
general relativity and, more specifically, the predicted Big Bang; however, still more careful measurements are

required to determine which theory is correct.

Creation

Many cultures have stories describing the origin of the world, which may be roughly grouped into common types. In
one type of story, the world is born from a world egg; such stories include the Finnish epic poem Kalevala, the
Chinese story of Pangu or the Indian Brahmanda Purana. In related stories, the Universe is created by a single entity
emanating or producing something by him- or herself, as in the Tibetan Buddhism concept of Adi-Buddha, the
ancient Greek story of Gaia (Mother Earth), the Aztec goddess Coatlicue myth, the ancient Egyptian god Atum
story, or the Genesis creation narrative. In another type of story, the Universe is created from the union of male and
female deities, as in the Maori story of Rangi and Papa. In other stories, the Universe is created by crafting it from
pre-existing materials, such as the corpse of a dead god — as from Tiamat in the Babylonian epic Enuma Elish or
from the giant Ymir in Norse mythology — or from chaotic materials, as in Izanagi and Izanami in Japanese
mythology. In other stories, the Universe emanates from fundamental principles, such as Brahman and Prakrti, the

(18]

creation myth of the Serers," ° or the yin and yang of the Tao.

Philosophical models

From the 6th century BCE, the pre-Socratic Greek philosophers developed the earliest known philosophical models
of the Universe. The earliest Greek philosophers noted that appearances can be deceiving, and sought to understand
the underlying reality behind the appearances. In particular, they noted the ability of matter to change forms (e.g., ice
to water to steam) and several philosophers proposed that all the apparently different materials of the world are
different forms of a single primordial material, or arche. The first to do so was Thales, who proposed this material is
Water. Thales' student, Anaximander, proposed that everything came from the limitless apeiron. Anaximenes
proposed Air on account of its perceived attractive and repulsive qualities that cause the arche to condense or
dissociate into different forms. Anaxagoras, proposed the principle of Nous (Mind). Heraclitus proposed fire (and
spoke of logos). Empedocles proposed the elements: earth, water, air and fire. His four element theory became very
popular. Like Pythagoras, Plato believed that all things were composed of number, with the Empedocles' elements
taking the form of the Platonic solids. Democritus, and later philosophers—most notably Leucippus—proposed that
the Universe was composed of indivisible atoms moving through void (vacuum). Aristotle did not believe that was
feasible because air, like water, offers resistance to motion. Air will immediately rush in to fill a void, and moreover,

without resistance, it would do so indefinitely fast.

Although Heraclitus argued for eternal change, his quasi-contemporary Parmenides made the radical suggestion that
all change is an illusion, that the true underlying reality is eternally unchanging and of a single nature. Parmenides
denoted this reality as 10 &v (The One). Parmenides' theory seemed implausible to many Greeks, but his student
Zeno of Elea challenged them with several famous paradoxes. Aristotle responded to these paradoxes by developing
the notion of a potential countable infinity, as well as the infinitely divisible continuum. Unlike the eternal and
unchanging cycles of time, he believed the world was bounded by the celestial spheres, and thus magnitude was only

finitely multiplicative.
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The Indian philosopher Kanada, founder of the Vaisheshika school, developed a theory of atomism and proposed
that light and heat were varieties of the same substance.'” In the 5th century AD, the Buddhist atomist philosopher
Dignaga proposed atoms to be point-sized, durationless, and made of energy. They denied the existence of

substantial matter and proposed that movement consisted of momentary flashes of a stream of energy.[zol

The theory of temporal finitism was inspired by the doctrine of Creation shared by the three Abrahamic religions:
Judaism, Christianity and Islam. The Christian philosopher, John Philoponus, presented the philosophical arguments
against the ancient Greek notion of an infinite past and future. Philoponus' arguments against an infinite past were
used by the early Muslim philosopher, Al-Kindi (Alkindus); the Jewish philosopher, Saadia Gaon (Saadia ben
Joseph); and the Muslim theologian, Al-Ghazali (Algazel). Borrowing from Aristotle's Physics and Metaphysics,
they employed two logical arguments against an infinite past, the first being the "argument from the impossibility of

the existence of an actual infinite", which states:
"An actual infinite cannot exist."

"An infinite temporal regress of events is an actual infinite."

.*.An infinite temporal regress of events cannot exist."

The second argument, the "argument from the impossibility of completing an actual infinite by successive addition",
states:

"An actual infinite cannot be completed by successive addition."

"The temporal series of past events has been completed by successive addition."

.- The temporal series of past events cannot be an actual infinite."

Both arguments were adopted by Christian philosophers and theologians, and the second argument in particular

became more famous after it was adopted by Immanuel Kant in his thesis of the first antinomy concerning time.

Astronomical models

Astronomical models of the Universe were proposed soon after R WSS A——————
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more profoundly on empirical evidence. The first coherent model was ) )
Aristarchus's 3rd century BCE calculations on the

proposed by Eudoxus of Cnidos. According to Aristotle's physical relative sizes of from left the Sun, Earth and
interpretation of the model, celestial spheres eternally rotate with Moon, from a 10th-century AD Greek copy
uniform motion around a stationary Earth. Normal matter, is entirely

contained within the terrestrial sphere. This model was also refined by Callippus and after concentric spheres were
abandoned, it was brought into nearly perfect agreement with astronomical observations by Ptolemy. The success of
such a model is largely due to the mathematical fact that any function (such as the position of a planet) can be
decomposed into a set of circular functions (the Fourier modes). Other Greek scientists, such as the Pythagorean
philosopher Philolaus postulated that at the center of the Universe was a "central fire" around which the Earth, Sun,
Moon and Planets revolved in uniform circular motion.'*!! The Greek astronomer Aristarchus of Samos was the first
known individual to propose a heliocentric model of the Universe. Though the original text has been lost, a reference
in Archimedes' book The Sand Reckoner describes Aristarchus' heliocentric theory. Archimedes wrote: (translated

into English)
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You King Gelon are aware the 'Universe' is the name given by most astronomers to the sphere the center
of which is the center of the Earth, while its radius is equal to the straight line between the center of the
Sun and the center of the Earth. This is the common account as you have heard from astronomers. But
Aristarchus has brought out a book consisting of certain hypotheses, wherein it appears, as a
consequence of the assumptions made, that the Universe is many times greater than the 'Universe' just
mentioned. His hypotheses are that the fixed stars and the Sun remain unmoved, that the Earth revolves
about the Sun on the circumference of a circle, the Sun lying in the middle of the orbit, and that the
sphere of fixed stars, situated about the same center as the Sun, is so great that the circle in which he
supposes the Earth to revolve bears such a proportion to the distance of the fixed stars as the center of

the sphere bears to its surface.

Aristarchus thus believed the stars to be very far away, and saw this as the reason why there was no parallax
apparent, that is, no observed movement of the stars relative to each other as the Earth moved around the Sun. The
stars are in fact much farther away than the distance that was generally assumed in ancient times, which is why
stellar parallax is only detectable with precision instruments. The geocentric model, consistent with planetary
parallax, was assumed to be an explanation for the unobservability of the parallel phenomenon, stellar parallax. The
rejection of the heliocentric view was apparently quite strong, as the following passage from Plutarch suggests (On
the Apparent Face in the Orb of the Moon):

Cleanthes [a contemporary of Aristarchus and head of the Stoics] thought it was the duty of the Greeks
to indict Aristarchus of Samos on the charge of impiety for putting in motion the Hearth of the Universe
[i.e. the earth], . . . supposing the heaven to remain at rest and the earth to revolve in an oblique circle,

while it rotates, at the same time, about its own axis. [1]

The only other astronomer from antiquity known by name who supported Aristarchus' heliocentric model was
Seleucus of Seleucia, a Hellenistic astronomer who lived a century after Aristarchus.!??! According to Plutarch,
Seleucus was the first to prove the heliocentric system through reasoning, but it is not known what arguments he
used. Seleucus' arguments for a heliocentric theory were probably related to the phenomenon of tides.[**! According
to Strabo (1.1.9), Seleucus was the first to state that the tides are due to the attraction of the Moon, and that the
height of the tides depends on the Moon's position relative to the Sun.*¥ Alternatively, he may have proved the
heliocentric theory by determining the constants of a geometric model for the heliocentric theory and by developing
methods to compute planetary positions using this model, like what Nicolaus Copernicus later did in the 16th
century.[zs] During the Middle Ages, heliocentric models may have also been proposed by the Indian astronomer,

Aryabhata,[%] and by the Persian astronomers, Albumasar'®”! and Al-Sijzi.
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T ————————— The Aristotelian model was accepted in the Western world for roughly
two millennia, until Copernicus revived Aristarchus' theory that the
astronomical data could be explained more plausibly if the earth
rotated on its axis and if the sun were placed at the center of the

Universe.
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Model of the Copernican Universe by Thomas
Digges in 1576, with the amendment that the
stars are no longer confined to a sphere, but
spread uniformly throughout the space
surrounding the planets.

In the center rests the sun. For who would place this lamp of a very beautiful temple in another or better place than this wherefrom it can
illuminate everything at the same time?

—Nicolaus Copernicus, in Chapter 10, Book 1 of De Revolutionibus Orbium Coelestrum (1543)

As noted by Copernicus himself, the suggestion that the Earth rotates was very old, dating at least to Philolaus (c.
450 BC), Heraclides Ponticus (c. 350 BC) and Ecphantus the Pythagorean. Roughly a century before Copernicus,
Christian scholar Nicholas of Cusa also proposed that the Earth rotates on its axis in his book, On Learned Ignorance
(1440).1%! Aryabhata (476-550), Brahmagupta (598—668), Albumasar and Al-Sijzi, also proposed that the Earth
rotates on its axis.[c7ation neededl phe fipgp empirical evidence for the Earth's rotation on its axis, using the

phenomenon of comets, was given by Tusi (1201—1274) and Ali Qushji (1403—1474) [cifation needed]

This cosmology was accepted by Isaac Newton, Christiaan Huygens
and later scientists.””) Edmund Halley (1720)[30] and Jean-Philippe de
Cheseaux (1744)P!

infinite space filled uniformly with stars would lead to the prediction

!
noted independently that the assumption of an

that the nighttime sky would be as bright as the sun itself; this became

known as Olbers' paradox in the 19th century.Bz] Newton believed that

an infinite space uniformly filled with matter would cause infinite

forces and instabilities causing the matter to be crushed inwards under

Johannes Kepler published the Rudolphine Tables
containing a star catalog and planetary tables

its own gravity. This instability was clarified in 1902 by the Jeans
instability criterion. One solution to these paradoxes is the Charlier
Universe, in which the matter is arranged hierarchically (systems of using Tycho Brahe's measurements.
orbiting bodies that are themselves orbiting in a larger system, ad

infinitum) in a fractal way such that the Universe has a negligibly small overall density; such a cosmological model
had also been proposed earlier in 1761 by Johann Heinrich Lambert.**! A significant astronomical advance of the

18th century was the realization by Thomas Wright, Immanuel Kant and others of nebulae.

The modern era of physical cosmology began in 1917, when Albert Einstein first applied his general theory of

relativity to model the structure and dynamics of the Universe.
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Theoretical models

Of the four fundamental interactions, gravitation is dominant at
cosmological length scales; that is, the other three forces play a
negligible role in determining structures at the level of planetary
systems, galaxies and larger-scale structures. Because all matter and
energy gravitate, gravity's effects are cumulative; by contrast, the
effects of positive and negative charges tend to cancel one another,
making electromagnetism relatively insignificant on cosmological
length scales. The remaining two interactions, the weak and strong
nuclear forces, decline very rapidly with distance; their effects are

confined mainly to sub-atomic length scales.

General theory of relativity

Given gravitation's predominance in shaping cosmological structures,
accurate predictions of the Universe's past and future require an

accurate theory of gravitation. The best theory available is Albert

Einstein's general theory of relativity, which has passed all

High-precision test of general relativity by the
experimental tests to date. However, because rigorous experiments Cassini space probe (artist's impression): radio

have not been carried out on cosmological length scales, general signals sent between the Earth and the probe

relativity could conceivably be inaccurate. Nevertheless, its  (8reen wave)are delayed by the warping of space

. .. . . . and time (blue lines) due to the Sun's mass.
cosmological predictions appear to be consistent with observations, so

there is no compelling reason to adopt another theory.

General relativity provides a set of ten nonlinear partial differential equations for the spacetime metric (Einstein's
field equations) that must be solved from the distribution of mass-energy and momentum throughout the Universe.
Because these are unknown in exact detail, cosmological models have been based on the cosmological principle,
which states that the Universe is homogeneous and isotropic. In effect, this principle asserts that the gravitational
effects of the various galaxies making up the Universe are equivalent to those of a fine dust distributed uniformly
throughout the Universe with the same average density. The assumption of a uniform dust makes it easy to solve

Einstein's field equations and predict the past and future of the Universe on cosmological time scales.

Einstein's field equations include a cosmological constant (A),[34] that corresponds to an energy density of empty
space.BsJ Depending on its sign, the cosmological constant can either slow (negative A) or accelerate (positive A) the
expansion of the Universe. Although many scientists, including Einstein, had speculated that A was zero, recent
astronomical observations of type Ia supernovae have detected a large amount of "dark energy"” that is accelerating
the Universe's expansion.[36] Preliminary studies suggest that this dark energy corresponds to a positive A, although
alternative theories cannot be ruled out as yet. Russian physicist Zel'dovich suggested that A is a measure of the
zero-point energy associated with virtual particles of quantum field theory, a pervasive vacuum energy that exists

everywhere, even in empty space. Evidence for such zero-point energy is observed in the Casimir effect.
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Special relativity and space-time

The Universe has at least three spatial and
one temporal (time) dimension. It was long
thought that the spatial and temporal
dimensions were different in nature and

independent of one another. However,

according to the special theory of relativity,
spatial and temporal separations are

interconvertible (within limits) by changing Ay

one's motion. '

. . . . . A
To understand this interconversion, it is ¢

helpful to consider the analogous n
interconversion of spatial separations along E
the three spatial dimensions. Consider the

two endpoints of a rod of length L. The

length can be determined from the = At + Aq'?
differences in the three coordinates Ax, Ay

and Az of the two endpoints in a given

reference frame

Only its length L is intrinsic to the rod (shown in black); coordinate differences

L? = Az? + Ay? + AZ?

using the Pythagorean theorem. In a rotated reference (depicted in blue and red, respectively).

between its endpoints (such as Ax, Ay or AE, An) depend on their frame of

reference frame, the coordinate differences

differ, but they give the same length

L? = A + An? + AC2.
Thus, the coordinates differences (Ax, Ay, Az) and (AE, An, AC) are not intrinsic to the rod, but merely reflect the
reference frame used to describe it; by contrast, the length L is an intrinsic property of the rod. The coordinate

differences can be changed without affecting the rod, by rotating one's reference frame.

The analogy in spacetime is called the interval between two events; an event is defined as a point in spacetime, a

specific position in space and a specific moment in time. The spacetime interval between two events is given by

= A —tANE = 08 oA
where c is the speed of light. According to special relativity, one can change a spatial and time separation (Ll, At])
into another (L2, At2) by changing one's reference frame, as long as the change maintains the spacetime interval s.
Such a change in reference frame corresponds to changing one's motion; in a moving frame, lengths and times are
different from their counterparts in a stationary reference frame. The precise manner in which the coordinate and

time differences change with motion is described by the Lorentz transformation.
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Solving Einstein's field equations

The distances between the spinning galaxies increase with time, but the distances between the stars within each
galaxy stay roughly the same, due to their gravitational interactions. This animation illustrates a closed Friedmann

Universe with zero cosmological constant A; such a Universe oscillates between a Big Bang and a Big Crunch.

In non-Cartesian (non-square) or curved coordinate systems, the Pythagorean theorem holds only on infinitesimal
length scales and must be augmented with a more general metric tensor gW, which can vary from place to place and
which describes the local geometry in the particular coordinate system. However, assuming the cosmological
principle that the Universe is homogeneous and isotropic everywhere, every point in space is like every other point;
hence, the metric tensor must be the same everywhere. That leads to a single form for the metric tensor, called the

Friedmann—Lemattre—Robertson—Walker metric
2 2 7,2 2 dr? 2 192 2 - 2 2
ds* = —c*dt* + R(t) m—!—r df* + r°sin” 8 do
— kr

where (r, 0, ¢) correspond to a spherical coordinate system. This metric has only two undetermined parameters: an
overall length scale R that can vary with time, and a curvature index k that can be only 0, 1 or —1, corresponding to
flat Euclidean geometry, or spaces of positive or negative curvature. In cosmology, solving for the history of the
Universe is done by calculating R as a function of time, given k and the value of the cosmological constant A, which
is a (small) parameter in Einstein's field equations. The equation describing how R varies with time is known as the

Friedmann equation, after its inventor, Alexander Friedmann.

The solutions for R(?) depend on k and A, but some qualitative features of such solutions are general. First and most
importantly, the length scale R of the Universe can remain constant only if the Universe is perfectly isotropic with
positive curvature (k=1) and has one precise value of density everywhere, as first noted by Albert Einstein. However,
this equilibrium is unstable and because the Universe is known to be inhomogeneous on smaller scales, R must
change, according to general relativity. When R changes, all the spatial distances in the Universe change in tandem;
there is an overall expansion or contraction of space itself. This accounts for the observation that galaxies appear to
be flying apart; the space between them is stretching. The stretching of space also accounts for the apparent paradox
that two galaxies can be 40 billion light years apart, although they started from the same point 13.8 billion years ago

and never moved faster than the speed of light.

Second, all solutions suggest that there was a gravitational singularity in the past, when R goes to zero and matter
and energy became infinitely dense. It may seem that this conclusion is uncertain because it is based on the
questionable assumptions of perfect homogeneity and isotropy (the cosmological principle) and that only the
gravitational interaction is significant. However, the Penrose—Hawking singularity theorems show that a singularity
should exist for very general conditions. Hence, according to Einstein's field equations, R grew rapidly from an
unimaginably hot, dense state that existed immediately following this singularity (when R had a small, finite value);
this is the essence of the Big Bang model of the Universe. A common misconception is that the Big Bang model
predicts that matter and energy exploded from a single point in space and time; that is false. Rather, space itself was
created in the Big Bang and imbued with a fixed amount of energy and matter distributed uniformly throughout; as

space expands (i.e., as R(t) increases), the density of that matter and energy decreases.

Space has no boundary — that is empirically more certain than any external observation. However, that does not imply that space is
infinite... (translated, original German)

Bernhard Riemann (Habilitationsvortrag, 1854)

Third, the curvature index k determines the sign of the mean spatial curvature of spacetime averaged over length
scales greater than a billion light years. If k=1, the curvature is positive and the Universe has a finite volume. Such
universes are often visualized as a three-dimensional sphere 5* embedded in a four-dimensional space. Conversely, if

k is zero or negative, the Universe may have infinite volume, depending on its overall topology. It may seem
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counter-intuitive that an infinite and yet infinitely dense Universe could be created in a single instant at the Big Bang
when R=0, but exactly that is predicted mathematically when k does not equal 1. For comparison, an infinite plane
has zero curvature but infinite area, whereas an infinite cylinder is finite in one direction and a torus is finite in both.
A toroidal Universe could behave like a normal Universe with periodic boundary conditions, as seen in
"wrap-around" video games such as Asferoids; a traveler crossing an outer "boundary" of space going outwards

would reappear instantly at another point on the boundary moving inwards.

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. / Galaxies, Planets, etc.
/ .

Inflation

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years

Illustration of the Big Bang theory, the prevailing model of the origin and expansion of spacetime and all that it contains. In this diagram time
increases from left to right, and one dimension of space is suppressed, so at any given time the Universe is represented by a disk-shaped "slice" of the

diagram.

The ultimate fate of the Universe is still unknown, because it depends critically on the curvature index k and the
cosmological constant A. If the Universe is sufficiently dense, k equals +1, meaning that its average curvature
throughout is positive and the Universe will eventually recollapse in a Big Crunch, possibly starting a new Universe
in a Big Bounce. Conversely, if the Universe is insufficiently dense, k equals 0 or —1 and the Universe will expand
forever, cooling off and eventually becoming inhospitable for all life, as the stars die and all matter coalesces into
black holes (the Big Freeze and the heat death of the Universe). As noted above, recent data suggests that the
expansion speed of the Universe is not decreasing as originally expected, but increasing; if this continues
indefinitely, the Universe will eventually rip itself to shreds (the Big Rip). Experimentally, the Universe has an
overall density that is very close to the critical value between recollapse and eternal expansion; more careful

astronomical observations are needed to resolve the question.
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Big Bang model

The prevailing Big Bang model accounts for many of the experimental observations described above, such as the
correlation of distance and redshift of galaxies, the universal ratio of hydrogen:helium atoms, and the ubiquitous,
isotropic microwave radiation background. As noted above, the redshift arises from the metric expansion of space; as
the space itself expands, the wavelength of a photon traveling through space likewise increases, decreasing its
energy. The longer a photon has been traveling, the more expansion it has undergone; hence, older photons from
more distant galaxies are the most red-shifted. Determining the correlation between distance and redshift is an

important problem in experimental physical cosmology.

Other experimental observations can

be explained by combining the overall o —s p+ +e” + e p+ < n’ —’21, D+ v
expansion of space with nuclear and %D‘ -+ p+ —*g He + v %D —I—% D —>g He 4 n°
atomic physics. As the. Universe %D _|_% D _’:f T p+ ?T _|_% D _>% He + n®
expands, the .energy. c.lens1ty of the gHe +% He _}g Liy %He 400 _)? T4 p+
electromagnetic radiation decreases - 3 i i3 5 i 5

more quickly than does that of matter, oke +1 D 3 He +p 2He +32 He Y Be +~
because the energy of a photon _E;Li + p+ —>‘21 He —|—% He zBe +n° —}Z Li+ p+

decreases with its wavelength. Thus, Chief nuclear reactions responsible for the relative abundances of light atomic nuclei

although the energy density of the observed throughout the Universe.
Universe is now dominated by matter,

it was once dominated by radiation; poetically speaking, all was light. As the Universe expanded, its energy density
decreased and it became cooler; as it did so, the elementary particles of matter could associate stably into ever larger
combinations. Thus, in the early part of the matter-dominated era, stable protons and neutrons formed, which then
associated into atomic nuclei. At this stage, the matter in the Universe was mainly a hot, dense plasma of negative
electrons, neutral neutrinos and positive nuclei. Nuclear reactions among the nuclei led to the present abundances of
the lighter nuclei, particularly hydrogen, deuterium, and helium. Eventually, the electrons and nuclei combined to
form stable atoms, which are transparent to most wavelengths of radiation; at this point, the radiation decoupled from

the matter, forming the ubiquitous, isotropic background of microwave radiation observed today.

Other observations are not answered definitively by known physics. According to the prevailing theory, a slight
imbalance of matter over antimatter was present in the Universe's creation, or developed very shortly thereafter,
possibly due to the CP violation that has been observed by particle physicists. Although the matter and antimatter
mostly annihilated one another, producing photons, a small residue of matter survived, giving the present
matter-dominated Universe. Several lines of evidence also suggest that a rapid cosmic inflation of the Universe
occurred very early in its history (roughly 107 seconds after its creation). Recent observations also suggest that the
cosmological constant (A) is not zero and that the net mass-energy content of the Universe is dominated by a dark
energy and dark matter that have not been characterized scientifically. They differ in their gravitational effects. Dark
matter gravitates as ordinary matter does, and thus slows the expansion of the Universe; by contrast, dark energy

serves to accelerate the Universe's expansion.
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Multiverse theory

Some speculative theories have proposed that this Universe
is but one of a set of disconnected universes, collectively The Universe we are living in
denoted as the multiverse, challenging or enhancing more
limited definitions of the Universe. Scientific multiverse
theories are distinct from concepts such as alternate planes of
consciousness and simulated reality, although the idea of a
larger Universe is not new; for example, Bishop Etienne
Tempier of Paris ruled in 1277 that God could create as
many universes as he saw fit, a question that was being hotly

debated by the French theologians.[37]

Max Tegmark developed a four-part classification scheme

Depiction of a multiverse of seven "bubble" universes, which

for the different types of multiverses that scientists have
are separate spacetime continua, each having different

suggested in various prOblem domains. An example of such a physical laws, physical constants, and perhaps even different
theory is the chaotic inflation model of the early Universe. numbers of dimensions or topologies.

Another is the many-worlds interpretation of quantum

mechanics. Parallel worlds are generated in a manner similar to quantum superposition and decoherence, with all
states of the wave function being realized in separate worlds. Effectively, the multiverse evolves as a universal
wavefunction. If the big bang that created our multiverse created an ensemble of multiverses, the wave function of

the ensemble would be entangled in this sense.

The least controversial category of multiverse in Tegmark's scheme is Level I, which describes distant space-time
events "in our own Universe". If space is infinite, or sufficiently large and uniform, identical instances of the history
of Earth's entire Hubble volume occur every so often, simply by chance. Tegmark calculated our nearest so-called
doppelgénger, is 10'°115 meters away from us (a double exponential function larger than a googolplex). In principle,
it would be impossible to scientifically verify an identical Hubble volume. However, it does follow as a fairly
straightforward consequence from otherwise unrelated scientific observations and theories. Tegmark suggests that
statistical analysis exploiting the anthropic principle provides an opportunity to test multiverse theories in some
cases. Generally, science would consider a multiverse theory that posits neither a common point of causation, nor the

possibility of interaction between universes, to be an idle speculation.

Shape of the Universe

The shape or geometry of the Universe includes both local geometry in the observable Universe and global
geometry, which we may or may not be able to measure. Shape can refer to curvature and topology. More formally,
the subject in practice investigates which 3-manifold corresponds to the spatial section in comoving coordinates of
the four-dimensional space-time of the Universe. Cosmologists normally work with a given space-like slice of
spacetime called the comoving coordinates. In terms of observation, the section of spacetime that can be observed is
the backward light cone (points within the cosmic light horizon, given time to reach a given observer). If the
observable Universe is smaller than the entire Universe (in some models it is many orders of magnitude smaller), one

cannot determine the global structure by observation: one is limited to a small patch.

Among the Friedmann—Lemaitre—Robertson—Walker (FLRW) models, the presently most popular shape of the
Universe found to fit observational data according to cosmologists is the infinite flat model,BS] while other FLRW
models include the Poincaré dodecahedral space and the Picard horn. The data fit by these FLRW models of space
especially include the Wilkinson Microwave Anisotropy Probe (WMAP) and Planck maps of cosmic background
radiation. NASA released the first WMAP cosmic background radiation data in February 2003, while a higher
resolution map regarding Planck data was released by ESA in March 2013. Both probes have found almost perfect
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agreement with inflationary models and the standard model of cosmology, describing a flat, homogenous universe
dominated by dark matter and dark energy.

Notes and references

[1] http://en.wikipedia.org/w/index.php?title=Template:Physical_cosmology&action=edit

[2] http://www.nobelprize.org/nobel_prizes/physics/laureates/2011/

[3] multiverse (http://www.astronomy.pomona.edu/Projects/moderncosmo/Sean's mutliverse.html). Astronomy.pomona.edu. Retrieved
2011-11-28.

[4] Palmer, Jason. (2011-08-03) BBC News — Multiverse' theory suggested by microwave background (http://www.bbc.co.uk/news/
science-environment-14372387). Retrieved 2011-11-28.

[5] Sean Carroll, Ph.D., Cal Tech, 2007, The Teaching Company, Dark Matter, Dark Energy: The Dark Side of the Universe, Guidebook Part 1
pages 1 and 3, Accessed Oct. 7, 2013, “...only 5% of the universe is made of ordinary matter, with 25 percent being some kind of unseen dark
matter and a full 70% being a smoothly distributed dark energy...”

[6] In contrast to dark energy, which is expansive ("negative pressure"), the dark matter leads to "clumping" through gravitation.

[71 Universe, ed. Martin Rees, pp. 54—55, Dorling Kindersley Publishing, New York 2005, ISBN 978-0-7566-1364-8

[8] The Compact Edition of the Oxford English Dictionary, volume II, Oxford: Oxford University Press, 1971, p. 3518.

[9] Liddell and Scott, p. 1392.

[10] Liddell and Scott, pp. 1345—1346.

[11] Liddell and Scott, pp. 985, 1964.

[12] Lewis, C. T. and Short, S (1879) A Latin Dictionary, Oxford University Press, ISBN 0-19-864201-6, pp. 1881-1882, 1175, 1189-1190.

[13] The Compact Edition of the Oxford English Dictionary, volume II, Oxford: Oxford University Press, 1971, pp. 909, 569, 3821-3822, 1900.

[14] Rindler, p. 196.

[15] Rindler, p. 202.

[16] Landau and Lifshitz, p. 361.

[17] WMAP Mission: Results — Age of the Universe (http://map.gsfc.nasa.gov/m_mm/mr_content.html). Map.gsfc.nasa.gov. Retrieved
2011-11-28.

[18] (Henry Gravrand, "La civilisation Sereer -Pangool") [in] Universitit Frankfurt am Main, Frobenius-Institut, Deutsche Gesellschaft fiir
Kulturmorphologie, Frobenius Gesellschaft, "Paideuma: Mitteilungen zur Kulturkunde, Volumes 43—44", F. Steiner (1997), pp. 144-5, ISBN
3515028420

[19] Will Durant, Our Oriental Heritage:

[20] Stcherbatsky, F. Th. (1930, 1962), Buddhist Logic, Volume 1, p. 19, Dover, New York:

[21] Boyer, C. (1968) A History of Mathematics. (http://archive.org/details/ AHistoryOfMathematics) Wiley, p. 54.

[22] William P. D. Wightman (1951, 1953), The Growth of Scientific Ideas, Yale University Press p. 38, where Wightman calls him Seleukos the
Chaldean.

[23] Lucio Russo, Flussi e riflussi, Feltrinelli, Milano, 2003, ISBN 88-07-10349-4.

[24] Bartel, p. 527

[25] Bartel, pp. 527-9

[26] Bartel, pp. 52934

[27] Bartel, pp. 534-7

[28] Misner, Thorne and Wheeler, p. 754.

[29] Misner, Thorne and Wheeler, p. 755-756.

[30] Misner, Thorne and Wheeler, p. 756.

[31] . Reprinted as Appendix II in

[32] . Reprinted as Appendix I in

[33] Misner, Thorne and Wheeler, p. 757.

[34] Rindler, pp. 226—229.

[35] Landau and Lifshitz, pp. 358-359.

[36] Hubble Telescope news release (http://hubblesite.org/newscenter/archive/releases/2004/12/text/). Hubblesite.org (2004-02-20).

Retrieved 2011-11-28.

[37] Misner, Thorne and Wheeler, p. 753.

[38] Will the Universe expand forever? (http://web.archive.org/web/20120601032707/http://map.gsfc.nasa.gov/universe/uni_shape.
html), WMAP website at NASA.



http://en.wikipedia.org/w/index.php?title=Template:Physical_cosmology&action=edit
http://www.nobelprize.org/nobel_prizes/physics/laureates/2011/
http://www.astronomy.pomona.edu/Projects/moderncosmo/Sean%27s%20mutliverse.html
http://www.bbc.co.uk/news/science-environment-14372387
http://www.bbc.co.uk/news/science-environment-14372387
http://en.wikipedia.org/w/index.php?title=Martin_Rees%2C_Baron_Rees_of_Ludlow
http://en.wikipedia.org/w/index.php?title=Dorling_Kindersley
http://map.gsfc.nasa.gov/m_mm/mr_content.html
http://en.wikipedia.org/w/index.php?title=Henry_Gravrand
http://en.wikipedia.org/w/index.php?title=Universit%C3%A4t_Frankfurt_am_Main
http://en.wikipedia.org/w/index.php?title=Will_Durant
http://archive.org/details/AHistoryOfMathematics
http://en.wikipedia.org/w/index.php?title=Seleucus_of_Seleucia
http://en.wikipedia.org/w/index.php?title=Chaldea
http://en.wikipedia.org/w/index.php?title=Lucio_Russo
http://hubblesite.org/newscenter/archive/releases/2004/12/text/
http://web.archive.org/web/20120601032707/http://map.gsfc.nasa.gov/universe/uni_shape.html
http://web.archive.org/web/20120601032707/http://map.gsfc.nasa.gov/universe/uni_shape.html

Universe

339

Bibliography

Bartel (1987). "The Heliocentric System in Greek, Persian and Hindu Astronomy". Annals of the New York
Academy of Sciences 500 (1): 525-545. Bibcode: 1987NYASA.500..525V (http://adsabs.harvard.edu/abs/
1987NYASA.500..525V). doi: 10.1111/j.1749-6632.1987.tb37224 x (http://dx.doi.org/10.1111/j.
1749-6632.1987.tb37224.x).

Landau, Lev, Lifshitz, E.M. (1975). The Classical Theory of Fields (Course of Theoretical Physics, Vol. 2)
(revised 4th English ed.). New York: Pergamon Press. pp. 358—397. ISBN 978-0-08-018176-9.

Liddell, H. G. and Scott, R. A Greek-English Lexicon. Oxford University Press. ISBN 0-19-864214-8.
Misner, C.W., Thorne, Kip, Wheeler, J.A. (1973). Gravitation. San Francisco: W. H. Freeman. pp. 703—-816.
ISBN 978-0-7167-0344-0.

Rindler, W. (1977). Essential Relativity: Special, General, and Cosmological. New York: Springer Verlag.
pp. 193—244. ISBN 0-387-10090-3.

Further reading

Weinberg, S. (1993). The First Three Minutes: A Modern View of the Origin of the Universe (2nd updated ed.).

New York: Basic Books. ISBN 978-0-465-02437-7. OCLC 28746057 (http://www.worldcat.org/oclc/
28746057). For lay readers.

Nussbaumer, Harry; Bieri, Lydia; Sandage, Allan (2009). Discovering the Expanding Universe (http://books.
google.com/books?id=RaNOJkQ4114C). Cambridge University Press. ISBN 978-0-521-51484-2.

External links

Is there a hole in the Universe? (http://www.howstuffworks.com/hole-in-Universe.htm) at HowStuffWorks
Stephen Hawking's Universe (http://www.pbs.org/wnet/hawking/html/home.html) — Why is the Universe
the way it is?

Cosmology FAQ (http://www.astro.ucla.edu/~wright/cosmology_faq.html)

Cosmos — An "illustrated dimensional journey from microcosmos to macrocosmos" (http://www.shekpvar.net/
~dna/Publications/Cosmos/cosmos.html)

Iustration comparing the sizes of the planets, the sun, and other stars (http://www.co-intelligence.org/
newsletter/comparisons.html)

My So-Called Universe (http://web.archive.org/web/20101225211703/http://www.slate.com/id/2087206/
nav/navoa/) — Arguments for and against an infinite and parallel universes

The Dark Side and the Bright Side of the Universe (http://cosmology.Ibl.gov/talks/Ho_07.pdf) Princeton
University, Shirley Ho

Richard Powell: An Atlas of the Universe (http://www.atlasoftheuniverse.com/) — Images at various scales,
with explanations

Multiple Big Bangs (http://www.npr.org/templates/story/story.php?storyld=1142346)

Universe — Space Information Centre (http://www.exploreuniverse.com/ic/)



http://en.wikipedia.org/w/index.php?title=Bartel_Leendert_van_der_Waerden
http://en.wikipedia.org/w/index.php?title=Bibcode
http://adsabs.harvard.edu/abs/1987NYASA.500..525V
http://adsabs.harvard.edu/abs/1987NYASA.500..525V
http://en.wikipedia.org/w/index.php?title=Digital_object_identifier
http://dx.doi.org/10.1111%2Fj.1749-6632.1987.tb37224.x
http://dx.doi.org/10.1111%2Fj.1749-6632.1987.tb37224.x
http://en.wikipedia.org/w/index.php?title=Lev_Landau
http://en.wikipedia.org/w/index.php?title=Evgeny_Lifshitz
http://en.wikipedia.org/w/index.php?title=Course_of_Theoretical_Physics
http://en.wikipedia.org/w/index.php?title=International_Standard_Book_Number
http://en.wikipedia.org/w/index.php?title=Special:BookSources/978-0-08-018176-9
http://en.wikipedia.org/w/index.php?title=International_Standard_Book_Number
http://en.wikipedia.org/w/index.php?title=Special:BookSources/0-19-864214-8
http://en.wikipedia.org/w/index.php?title=Charles_W._Misner
http://en.wikipedia.org/w/index.php?title=Kip_Thorne
http://en.wikipedia.org/w/index.php?title=John_Archibald_Wheeler
http://en.wikipedia.org/w/index.php?title=Gravitation_%28book%29
http://en.wikipedia.org/w/index.php?title=International_Standard_Book_Number
http://en.wikipedia.org/w/index.php?title=Special:BookSources/978-0-7167-0344-0
http://en.wikipedia.org/w/index.php?title=Wolfgang_Rindler
http://en.wikipedia.org/w/index.php?title=International_Standard_Book_Number
http://en.wikipedia.org/w/index.php?title=Special:BookSources/0-387-10090-3
http://en.wikipedia.org/w/index.php?title=Steven_Weinberg
http://en.wikipedia.org/w/index.php?title=International_Standard_Book_Number
http://en.wikipedia.org/w/index.php?title=Special:BookSources/978-0-465-02437-7
http://en.wikipedia.org/w/index.php?title=OCLC
http://www.worldcat.org/oclc/28746057
http://www.worldcat.org/oclc/28746057
http://books.google.com/books?id=RaNOJkQ4l14C
http://books.google.com/books?id=RaNOJkQ4l14C
http://en.wikipedia.org/w/index.php?title=International_Standard_Book_Number
http://en.wikipedia.org/w/index.php?title=Special:BookSources/978-0-521-51484-2
http://www.howstuffworks.com/hole-in-Universe.htm
http://en.wikipedia.org/w/index.php?title=HowStuffWorks
http://www.pbs.org/wnet/hawking/html/home.html
http://www.astro.ucla.edu/~wright/cosmology_faq.html
http://www.shekpvar.net/~dna/Publications/Cosmos/cosmos.html
http://www.shekpvar.net/~dna/Publications/Cosmos/cosmos.html
http://www.co-intelligence.org/newsletter/comparisons.html
http://www.co-intelligence.org/newsletter/comparisons.html
http://web.archive.org/web/20101225211703/http://www.slate.com/id/2087206/nav/navoa/
http://web.archive.org/web/20101225211703/http://www.slate.com/id/2087206/nav/navoa/
http://cosmology.lbl.gov/talks/Ho_07.pdf
http://www.atlasoftheuniverse.com/
http://www.npr.org/templates/story/story.php?storyId=1142346
http://www.exploreuniverse.com/ic/

Universe 340

Videos

Cosmography of the Local Universe (http://irfu.cea.fr/cosmography) at irfu.cea.fr (17:35) ( arXiv (http://
arxiv.org/abs/1306.0091))

The Known Universe (http://www.youtube.com/embed/17jymDnOW6U) created by the American Museum of
Natural History

Understand The Size Of The Universe (http://www.youtube.com/embed/0fKBhvDjuy0) — by Powers of Ten
3-D Video (01:46) — Over a Million Galaxies of Billions of Stars each — BerkeleyLab/animated (http://www.
youtube.com/watch?v=08LBltePDZw)



http://irfu.cea.fr/cosmography
http://arxiv.org/abs/1306.0091
http://arxiv.org/abs/1306.0091
http://www.youtube.com/embed/17jymDn0W6U
http://en.wikipedia.org/w/index.php?title=American_Museum_of_Natural_History
http://en.wikipedia.org/w/index.php?title=American_Museum_of_Natural_History
http://www.youtube.com/embed/0fKBhvDjuy0
http://en.wikipedia.org/w/index.php?title=Powers_of_Ten
http://www.youtube.com/watch?v=08LBltePDZw
http://www.youtube.com/watch?v=08LBltePDZw

Article Sources and Contributors 341

Article Sources and Contributors

Nature Source: http://en.wikipedia.org/w/index.php?0ldid=593904998 Contributors: $yD!, 119, 130.94.122.xxx, 161.53.43.xxx, 203.109.250.xxx, Salam83, A123dam, Aarchiba, Abdullais4u,
Addihockey10, AdelaMae, Afa86, After Midnight, AgentPeppermint, Ahoerstemeier, Ainlina, Aitias, Ajamiesonnz, Ajnem, Akaash2000, Akcwikiaccount, Alansohn, Alison, All Is One, Allens,
Alxeedo, Amalas, Amikeco, Anakinl101, AnakngAraw, Ancheta Wis, Anclation, Andres, Andrew Lancaster, Andy Marchbanks, Andycjp, Angela, Animum, Anon30000, Antandrus, Anthere,
ApersOn, Aphaia, Arakunem, ArbiterOne, Arctic Kangaroo, Arolga, Arthur Rubin, Ashley Y, Atbirder, AutoGyro, Awickert, AxelBoldt, Aymatth2, AzaToth, BD2412, BGormley100,
BSATwinTowers, Bagworm, Banno, Bareja gulshan, Bart133, Basketball110, Bdiscoe, Bekus, Ben-Zin, Bender235, Bensaccount, Bharat muchhala, Bidiot, Bijl0130, Bkonrad, Blackboner,
Blanchardb, Blue520, Bobo192, Bodnotbod, Bongwarrior, Borksamoht, Brandon, Brian0918, BrianBrian123, Burlywood, CALR, COMPFUNK?2, CRRaysHead90, CalumH93, Canderson7,
Cantus, CapitalR, Captain-tucker, Carinemily, Carlo.lerna, Celloman89, Cenarium, Cessator, Chamal N, Chiswick Chap, Chocolateee, Chun-hian, Clear8, Cmichael, CommonsDelinker,
Contre-boutant-ex, Conversion script, Correogsk, Cpiral, CsDix, Css, Cybercobra, DARTH SIDIOUS 2, DD2K, DVD R W, DancingPenguin, Daniel Case, Daniel Collins, Danjammil, Dark
hyena, Dave souza, David Little, Deglr6328, Demmy, Dendodge, Derek Ross, Dgw, Didora, Dilaittan, Dina, Djr32, Dpark, Dpv, Dr.Bastedo, Dralwik, Driftwoodzebulin, Druon, Duffman,
EagleKnowledge13, Earthandmoon, Ed g2s, Edward, Eleassar777, Ems2715, EncMstr, Encyclopedia a-z, Epbr123, EricR, Escape Orbit, EugeneZelenko, Everyking, Explicit, Eyesnore, Fastily,
Faturita, Fayenatic london, Fdhs, Fffaar, Fieldday-sunday, Fifth Fish Finger, Fir0002, Firepink, Flewis, Fly by Night, Flyer22, Foxandpotatoes, Fragilesoul25, Francs2000, FreplySpang, Frietjes,
Fuhegikfgyowiuegf, FutureTrillionaire, G11221, GKaczinsky, Gadfium, Gaf.arq, Gaius Cornelius, Gavrilis, Gdarin, Gdo01, Gdr, Gene Nygaard, Gettingtoit, Glacialfox, Glen, Go for it!, Gogo
Dodo, Graham87, Gruekiller, Guanaco, Gurch, Halio, Hard Raspy Sci, He Who Is, Headbomb, Henning Makholm, HeraklesO1, Hertz1888, Hhhippo, Hiddekel, Hordaland, Hotcolla, Husond,
I8bozo, Ian Pitchford, Icairns, Icseaturtles, Ike9898, Inaaaa, Indosauros, Infinity0, Infrangible, Iris92, Isarra (HG), ItsZippy, J. Finkelstein, JJ Harrison, JIJJS, INW, Jakec, JamesBWatson,
Jasonmrazlover, Jasonzhuocn, Java4, Jcbutler, Jeepday, Jeffq, Jfkmslol, Jim1138, Jlencion, Joanjoc, JoanneB, JoeC 4321, JoeSmack, John, John Cline, Johnbibby, Jon186, Jonadin93, Jose77,
Josephprymak, JoshuaZ, Jpandigamage, Jprg1966, Jsayre64, Jstlerce, Jtneill, Jujutacular, Jusdafax, Jusjih, K, KF, KLooove, Kagredon, Karol Langner, Kelovy, Kenny sh, Khalid Mahmood,
Kier07, Kinkify, Kirrages, Kiwifun, Kkosman, Kku, Kleinhev, Klilidiplomus, Koavf, Krea, Ktsquare, Kuni-kuni, Kusunose, Kwamikagami, LOL, Langdell, Lauriec, Ldonna, Leighxucl,
Levineps, Lifung, Lightmouse, Lionel711, Lir, Logologist, Loldogslol, Lolololol112345678, Lugia2453, Lulubell77, Lumos3, Lupin, Lycurgus, MER-C, MONGO, MPF, Magioladitis, Malleus
Fatuorum, MarSch, MarsRover, Martpol, Materialscientist, Matt j fox, Maurreen, Mav, Mayooranathan, Mbz1, McGeddon, Medeis, Meggar, Mejor Los Indios, Mel Etitis, Mentifisto, Mepolypse,
Metamagician3000, Mgiganteus1, Michael Hardy, MichaelMaggs, Midnight-snow, Mike Rosoft, Mild Bill Hiccup, Minna Sora no Shita, MithrandirAgain, Mlouns, Modernist, Moneybagbrian55,
Monty845, MrBell, Munita Prasad, Mursel, Mxn, Mycoandres, NYC Writes, Naddy, Nakon, Nalsenai, Narayanese, Nasnema, Natcase, Naturalist Jim, Nature.religion, NatureA16, Naveen
Sankar, Nectarflowed, Neko85, Nepaheshgar, Newbyguesses, Nick Number, Nikkimaria, Nimblneicky1, Nixeagle, Nk, Noetica, Nordpesty, Norm, Northamerical000, Nzelnick, Oceanuts,
OhanaUnited, Okedem, Oliver202, Omegatron, Onco p53, One-world-generation, Oxymoron83, PPdd, PTJoshua, PWNGWN, Paine Ellsworth, Papa November, Patientone, Patricusrex,
Paulbalegend, Peace for All, Peak, PericlesofAthens, Peter, Peterbop, Petiatil, Petrvs, Phantomsteve, Phenz, Philg88, Philip Trueman, PhnomPencil, Phoenix-forgotten, PhrOgor, PierreFGS5,
Pinethicket, Pink!Teen, Plasticup, Pokrajac, Poor Yorick, PoorLeno, QTxVi4bEMRbrNqOorWBYV, Qmwne235, Quadell, Quantum4 (usurped), Quarma, Quintote, Qxz, R Lee E, RDF, RJHall,
RL0919, RadioFan, Raven4x4x, RayquazaDialgaWeird2210, Reach Out to the Truth, Reaper Eternal, Reatlas, Redheylin, Reinis, Resident Mario, Rgbroitman, Rich Farmbrough, RichardF,
Rjwilmsi, Rmky87, Roadnottaken, Roberta F., RockGod166, RodC, Rosi Crane, Rowena09, RoyFocker, Rstafursky, Ruud Koot, RyanParis, Ryukotsusei, SD3, Saifani, Sango123,
Scheinwerfermann, Scohoust, Scope creep, SeanMack, Seaphoto, Seresin, ShakingSpirit, ShelfSkewed, Shenme, Sinushallow, SiobhanHansa, Skizzik, Skywalker, Smalljim, Smartmannnm,
Smartse, Snixon, Snowytrix, Solipsist, Son nikko, SorbyRock, Soundwatershed, Southern Illinois SKYWARN, Special-T, SpuriousQ, Stalefries, Stbalbach, Stemonitis, Stephenb, Steveaustin24,
Steven Weston, Stevertigo, Stickee, Stilgar27, Strife911, Sunray, Sunrise, Svick, Synergism, TYelliot, Tabletop, Tacobel, Tanvir Ahmmed, Tassedethe, Taxman, Taylors1, Tazmaniacs, Tbhotch,
Techyy, Tempestangelb, Tempodivalse, Tevildo, The Anome, The Evil Spartan, The Hybrid, The Illusive Man, The Obfuscator, The Thing That Should Not Be, The undertow, Thingg, Thljcl,
Thorwald, Tide rolls, TimVickers, Timir2, Tpbradbury, Treisijs, Triwbe, Trulyelsa, Twinxor, Tylerlouden12, Ulric1313, Umofomia, Uncle Dick, Uusijani, VBGFscJUn3, Valley2city, Van
helsing, Vanished User 0001, Vanished User 4517, Vanka$5, Vig vimarsh, Vince, Voltteri, Vsmith, Walkerma, Walton One, Waxinggibbous999, Whispering, Wifliboi, WillowW, Winchelsea,
Wine Guy, Wlensink, Wolfdog, Woohookitty, Wsduvall, Wywin, XJaM, Xp54321, Xslf, Ybk33, Yintan, Ynhockey, Yoasif, Yoninah, Yoshi348, Zacharie Grossen, Zeratul1212, Avar Arnfjord
Bjarmason, 972 anonymous edits

Nature (philosophy) Source: http://en.wikipedia.org/w/index.php?0ldid=594812966 Contributors: Alpha Quadrant (alt), Andrew Lancaster, Armaghanje, AutoGyro, BD2412, Banno,
Bobblehead, BrainyBabe, Byelf2007, Charles Matthews, Chris the speller, Cliodhna-2, CommonsDelinker, Cowman109, DaGizza, Darklilac, Davethewebb, Eclipsed, Fram, Garion96, Gast2011,
Giftlite, Gregbard, Hmains, HumanNaturOriginal, Imasleepviking, JKeck, Jahsonic, JamesBurns, Jtneill, K, Kuru, Kyng, LilHelpa, Lisnabreeny, Machine EIf 1735, Marco Antonio Andreacchio,
Markhurd, Michaelas10, Modernist, Ndaco, Noetica, Omnipaedista, Papa November, Peres Triana, Peter Karlsen, PhilKnight, R'n'B, Renamed user 4, RomanSpa, Smartse, Squids and Chips,
Stwalkersock, Tevildo, TimBentley, UBeR, UtherSRG, Woohookitty, 20 anonymous edits

Earth Source: http://en.wikipedia.org/w/index.php?0ldid=596469326 Contributors: (jarbarf), -- April, 0037, O6cat, 06monkey, 10.22.201.xxx,
123456zxcassdtiuhdfygtfdyh+g7h+g97j+9h+k4hk+,4h+n, 137.111.13.xxx, 168..., 1981willy, lyesfan, 30.215, 81120906713, 990f9, A Quest For Knowledge, A Softer Answer, A. Parrot, Alecks,
ABTCCC, AJCham, AK63, ALL NAMES R GONE, Aadnk, Aaron Schulz, Aaron bisset, AaronBagelyIsCool, Aaronbeemer, Abbajabanana, Abscissa, Abtract, Abyab, Academic Challenger,
Acalamari, Accuruss, Acdx, AceFighterPilot, Achristl, Acroterion, Adam kwt, AdamRetchless, Adambiswangerl, Adambro, Adashiel, Addihockey10, Adi, Adriaan, Adriaan 1, Adrignola,
Aeon1006, Afrothunder222, Ageekgal, Agemegos, Aghaasadharoon, Aglassonion, Ahering@cogeco.ca, Ahoerstemeier, Aim Here, Airplaneman, Aitias, Akadruid, Akamad, Akkar, Aknorals,
Akosofo, Aksel89, Akshayagupta, Alan Liefting, Alanbrowne, Alansohn, Albert Krantz, Aldarion, Alec Connors, AlefZet, Alex Spade, Alex earlier account, Alex123irish123, Alex43223,
Alexanderj, AlexiusHoratius, Alexwcovington, Alfakim, Alfio, Ali K, All Is One, Allstarecho, AllyUnion, Alones, AlphaZelda, Alphaquad, Amakuru, Amarkov, Amatulic, Amberrock,
Amcbride, Amore proprio, Amorymeltzer, An678ko, AnOddName, Anarchistdy, Anarchon, Anaxial, Ancheta Wis, Andonic, Andre Engels, Andres, Andrevan, AndrewLucas, Andrewpmk,
Android79, AndrooUK, Anetode, AngelOfSadness, Angela, Angmering, Ani td, Animum, Ann Stouter, AnnBird, Anonimski, Anonymous editor, Anrnusna, Antandrus, Anthere, Antipodean
Contributor, Antodav2007, AppleJordan, Aquilosion, Aramisian, Arbor to SJ, Arctic.gnome, AreaControl, ArglebarglelV, Arifhidayat, Arkuat, Arl123wiki, Armaced, ArmadilloFromHell,
Armchair info guy, ArnoldReinhold, Arnon Chaffin, Art LaPella, Arthur Rubin, ArthurWeasley, Artichoker, ArticleCreator, Artillicus, Arvind Iyengar, Arwel Parry, Asdffdsal2345, Ashenai,
Ashill, Ashley Y, Ashmoo, Astatine, Astral, AstroHurricane001, Astrobhadauria, Astudent, Atlant, Atropos235, Attenboroughii, Attilios, Aude, Augie2, Aunt Entropy, Auntof6, Aunva6,
Authalic, AutoMe, Automobilie, Autonova, Auximines, Avataris112jaar, Avenue, Avicennasis, Avraham, Avriette, Awickert, AxelBoldt, Aygen, Ayman, Ayrton Prost, Az1568, AzaToth,
Azcolvind29, B, B2012ball21, B3tamike, BBnet3000, BD2412, BGManofID, BOMBINI, Back and Forth, Back2reality07, Badseed, Banes, BanyanTree, Barathvk, Barisaxappeal, Basalock,
Baseball69, Basharh, Batneil, Bbroach725, Beharles, Beorr, Beamathan, Beaverman2k7, Bebenko, Belovedfreak, Benbest, Benc, Bender235, Benflicker, Bensaccount, Bergsten, Betacommand,
Bgedwards7, Bgm2011, Bhadani, Bhardwa, BigCow, Bigboy742, Bigdan201, Biggysmalls, Bigzteve, Bilal855, Bill37212, BillC, Billybob2002, Biruitorul, Bkell, Bkkbrad, Bkkeim2000,
Blal122, Blackangel25, Blacklite, Bladethestreetz, Blarrrgy, Blindlynx, Bloodofox, Bluesquareapple, BlytheG, Bmdavll, Bmg916, Bmicomp, Boatman666, Bob rulz, Bobblewik, Bobet,
Bobo192, BogdannC, Boing! said Zebedee, Bolatbek, Boltz6100, Bongwarrior, Booksworm, Booyabazooka, Boredzo, BorgQueen, BorisFromStockdale, Borislav, Boson15, Bosonic dressing,
BostonMA, BovineBeast, Bovlb, Bowlhover, Boy1, BradBeattie, Bradeos Graphon, Bradv, Brammeke, Brandmeister, Brandmeister (old), Brandon, Brandon5485, Brasswatchman, Bremen,
Bren09, Brent Ward, Brews ohare, Brianga, Brideshead, Brighterorange, Brigman, Brion VIBBER, Brisvegas, Briséis, Brodens, Bruceadler, Bruinfan12, Bryan Derksen, Bryan hafidz,
Buddhaamaatya, Buffbills7701, Buffs, Bunny-chan, BurnDownBabylon, Buschwacker2244, Bushytails, Bydand, Bye 2bye 2bye, C.Fred, C12H22011, CBDunkerson, CIS, CKnapp,
COMPFUNK?2, CQ, CZmarlin, Cactai, Cactus.man, Cacycle, Cadiomals, Cake44, Calfan5, Calidore Chase, Californiabedside29, Calltech, Callumw1, Calmypal, Caltas, Calvin1663, Calypso,
CambridgeBayWeather, Camembert, Can't sleep, clown will eat me, CanOfWorms, Canterbury Tail, Cantus, CapitalR, Cappro1991, Captain Proton, Carcer99, CarelessHair, Carey Evans,
Carkid95, Carlosguitar, Carrionluggage, Cashimor, Casper2k3, Casperonline, Cassini, CatJar, Catmoongirl, CattleGirl, Causa sui, Cdc, Cdnjay, Cedars, Cedrus-Libani, Celestianpower, Cferrero,
Cgx8253, Charlesdrakew, Charlessmith007, CharonX, Chaser, Chavando, Chaz1389, Chensiyuan, Cherkash, Chester luva, Chestnut tree, ChicXulub, Chihuahua22, Chmod007, Choppie3000,
Chris goulet, Chris the speller, Chris55, Chris857, ChrisGualtieri, Chrishy man, Chrisjackson, Chrisjj, Chrislk02, Christian41691, Christian75, Christophenstein, Chriswiki,
ChucksGay123456789, Cimon Avaro, Cinnamon42, Citynoise, Civil Engineer III, Ckatz, Cla68, Clade, ClamOp, ClamDip, Clary 1992, Cleonis, ClockworkSoul, Closedmouth, Clubjuggle,
Cmglee, Cmprince, Coat of Arms, Cocoaguy, Codemonkey, Coleflinn, Colinmartin74, Colipon, Colleenthegreat, Colonel Warden, Colton94, Cometstyles, CommonsDelinker, Complex (de),
Computerfan, Comrade Tux, Conesar, ConfuciusOrnis, Conscious, Consumed Crustacean, Conversion script, Coolblinxs, Coolhawks88, Coolmann, Copytopicl, Cordialatron, CorfiX, Corn
cheese, Correogsk, CoryDambach, Cos111, Courcelles, Coyotee urso roland peel Sanders, Cpiral, Crad0010, Crazycomputers, Crazydevil40, Crd721, Create42000, Cremepuff222, Cronholm144,
Cros13, Crosswire, Crotalus horridus, Crowed, Crownjewel82, Crusadeonilliteracy, Cryptic, CryptoDerk, Crzer07, Cubby007, Cubs Fan, Cuchullain, Cunado19, Curps, Cwass, Cyan, Cybercobra,
Cyktsui, Cymro93, Cyprus2k1, CzarB, D k mackenzie, D-Rock, D.M.N., D6, DEBRAEA, DJH47, DONOVAN, DSachan, DVD R W, Daarznieks, Dabit100, Dake, Dale Chock, Daledavey, Dan
Gluck, Dan stewart 1992, Danelo, Dangoo, Danh, Daniel J. Leivick, Daniel Olsen, Daniel5127, DanielCD, Danlibbo, Danny, Danskil4, Dante Alighieri, Dar-Ape, DarbyAsh, Darkhack101,
Davel7, David Kernow, David Latapie, David Stewart, Dawnseeker2000, Daycd, Db099221, Dbachmann, Dcandeto, Dcfleck, DeadEyeArrow, Deagle AP, Deancoy, Deathalele, Deathphoenix,
Deeptrivia, Defan24, Deflective, Deglr6328, Delirium, Delldot, Deltabeignet, Demmy 100, DemoniacoCabron, Deon, Deor, Dep. Garcia, DerHexer, DerRichter, Derekwriter, Derezzing,
Desiphral, Deskana, Deuar, Devanatha, Deviathan, Deville, Devilofdoom, Dewrad, Dfnt, Dfrg.msc, Dina, Discospinster, Dispenser, Diyako, Dlohcierekim, Dlwldud96, Dmcheatw, Dmh, Dmn,
Dmsar, Dna-webmaster, Doc Tropics, DocJohnny, Doct.proloy, DoctorKubla, Docu, Dogposter, Domzalbao, Don't fear the reaper, Donarreiskoffer, Doniago, Donveynor, DoorsAjar, DoozyBob,
Doradus, Double sharp, Dougdrums, Douglasr007, Downhometown, Doyleb23, Doyoumind, Dp462090, Dpotter, Dr. Submillimeter, Dr.enh, DrKiernan, DrOxacropheles, DrSaturn, Dracontes,
Draeco, Dragons flight, DranOn, Drawolf, Drbogdan, Drc79, Dreadstar, Drey 7, Drfabulous, Driftwood87, DroEsperanto, DropDeadGorgias, Drumguy8800, Drunkenduck16, Duckman89,
Duncan.france, Dungeonboy, Duoduoduo, Dureo, Dusik, Dust Filter, Dycedarg, Dylanrush, Dynamicantelope, Dysepsion, Dysprosia, E Pluribus Anthony, E. Smith, EJF, ESkog, EVula, EZio,
EagerToddler39, Eagle3399, Earth567, Earthdirt, Easyaccessgreentea, Ed Poor, Ed g2s, EdGl, EdJogg, Edieschuermann, Editor510, Edsanville, Edward, Edwy, Egil, Ego White Tray, Eguinto,
Eivind F @yangen, El C, El Rey Jesus, El Slameron, El estremefiu, Elassint, E1b2000, Elcapitane, Electroknight, Elenseel, Eleuther, Elk Salmon, Ellio-3.14, Elliottsaray, Ellmist, Eloquence,
Eltener, Eluchil404, Emerson7, Emre D., Enceladus, EncycloPetey, Endomion, Eneskilic, Enkiduk, Enormousdude, Eob, Erebus555, Erik Zachte, Erinm624, Erleellis, Eschnett, Eshlare,




Article Sources and Contributors 342

Esotallica, Esurnir, Etacarl1, Ethanj3, Euku, Evercat, Everyking, Evil Monkey, Evil saltine, Evolauxia, Evrenos, Excalibre, Exor674, Extra999, Extraordinary, Eye.of.the.dragonfly, Eyesighter, F
mian786, FF2010, FR Soliloquy, Facts707, Falcanary, Falcon Kirtaran, FallingGravity, Fang Aili, Fant50, Farosdaughter, Fasterthanred, Father Goose, Favonian, FayssalF, Fdp, FeanorStar7,
Fearmaster, Feedizzle, Femto, Fephisto, Fhkjh4w34, Fieari, Fiet Nam, Finalfantesy, Fingers-of-Pyrex, Finlay McWalter, Fishal, FisherQueen, Fizzelpowerpop, Flameviper, FlieGerFaUstMe262,
Floquensock, Florian Blaschke, Flourgus, Fluffyfatty 101, Fluri, Flyguy649, Flying Saucer, Fnfd, ForumKilla95, Fossiliferous, Fotaun, FourBlades, Fourthords, Fractions, Fran Rogers, Francis
Tyers, Francs2000, Frazzydee, Freakofnurture, Fred Bauder, Fredrik, FreeKresge, Freedomlinux, Freewayguy, FreplySpang, Frietjes, Frood, Frymaster, FrysUniverse, Frze, Functionofxy,
Funnybunny, Fvasconcellos, Fxer, G from B, G. Campbell, Gabby0725, Gaff, Gaianauta, Gaius Cornelius, Gakrivas, Galmicmi, Galoubet, Gangstamike, Garethfoot, Garzo, Gazpacho, Gblandst,
Gbleem, GeNie0569, Ged UK, Geeoharee, Gehnahri, Gene Nygaard, Gene.thomas, Geneb1955, Gengiskanhg, Genmanager, GeoGreg, GeoW, Geoffrey, Geologyguy, Gerrit, Gert7, Geschichte
des Bambiteletubbies, Ghl524, Gholam, Giftlite, Gilgamesh, Gilliam, Gimboid13, Gingermint, Giraffe's101, Givern, Gjd001, Glass Sword, Glen, Glen scantbeatme, Glenn, Glevum,
Globalsolidarity, Gman124, Gnangarra, Gnomz007, GnuDoyng, Gobonobo, Gogo Dodo, Gonadsahoy, Gonfer, Goodbye Galaxy, Googolme, Goohoogle, Gpetrov, Gpvos, Gracenotes, GraemeL,
Grafen, Grafikm fr, Graham87, GrahamN, Gravitophoton, GreatWhiteNortherner, GregNorc, GregorB, Gregorus, Griffin Prefect, Gromreaper, Grstain, Grunt, Gscshoyru, Gtg264f, Gtrmp,
Gugilymugily, GuitarFreak, Gunnar Gudvardarson, Gunnar Larsson, Gurch, Gurubrahma, Gustavb, Guyzero, Gwernol, H, H2g2bob, H870rce, HAKUNAMATATA, HJ Mitchell,
HOULLAHAN, HRIN, Habeas Corpus, Haberg, Hadal, HalfShadow, Halo, Hamiltondaniel, Handface, Hans Dunkelberg, HansHermans, Hardee67, Harej, Harp, Harris7, Harriv, Harryboyles,
Harrypotter1219, Hashar, Haukurth, Hawkania, Hawkestone, Hbobrien, Hdt83, Headbomb, Heaney555z, Heavenlyevil, Heiskari, Hello32020, Hemanshu, Henrik, Herbee, HereToHelp, Heron,
Hertz1888, HexaChord, Hi44, HiL.o48, Hibernian, Hiberniantears, HideandLeek, Highpriority, Hike395, Hilu 2, HisHighness420, Hmains, Hochnebel, Home run derriby, Honette, Horizontale,
HorsePunchKid, Howsthatfordamage25, Hgb, Hul12, Hugoflug, Humanist92, Hungar, Hunsbassist, Hurricane Devon, Hut 8.5, Huzefahamid, I-am-a-fat-pig-today, I-luv-the-navy,
IHaveTheRightToArmBears, I MusLiM HyBRiD II, ILovePlankton, INick3, IRelayer, IVAN3MAN, Iago Dali, IainP, Ilamhove, Iamsiklad, Ian.bjorn, Ianblair23, Icairns, Icarus, Iceberg3k, Icey,
Iddiot, Idont Havaname, Tjustam, Iketsi, Ikip, Iluvcapra, Imladros, Improv, In Defense of the Artist, InShaneee, Inglok, Inktvis, Inter, Interactive civilian, Internetmozzila, IntrigueBlue, Intuicja7,
Toscius, Irishguy, Irockz, IronGargoyle, Isilanes, Isis, IslandGyrl, Ixfd64, Izehar, J Di, J.delanoy, JAF1970, JCO312, JFreeman, JHMM13, JHunter], JJB, JQF, JSquish, JTBX, Jacek Kendysz,
Jack Sebastian, JackofOz, Jacksav, Jagged 85, Jahiegel, Jakezing, Jakob Russian, James McBride, James3jj, JamesHoadley, JamesR, Jamestown James, Jan Pedersen, Jao, Japanada, Jaranda,
Jared Hunt, Jasca Ducato, Jatkins, Jaxl, Jay Turner, JayKeaton, Jb12332, Jc1346729, Jdforrester, JeLuF, Jeandré du Toit, Jebba, Jeff G., Jeff5102, Jeffq, Jeffutz, Jengod, Jennica, JenovaChen,
Jensbn, JeremyA, Jeremyb, Jeremykemp, Jeronimo, Jerryb1961, Jersyko, Jes5199, Jesant13, Jess Mars, JetLover, Jewsmurf, Jfkduihv, Jh51681, Jim77742, Jimmy Slade, Jimp, Jinxed, Jiohdi,
Jketola, Jklin, Jleedev, Jmlk17, Jni, JoanneB, Joao, JoaoRicardo, Joaopais, Jobberone, Joe Kress, Joe bloomfield, Joefromrandb, Joeinwiki, Joemeng967, Johann Wolfgang, John, John Cardinal,
John Holmes II, John Phoenix, John Price, John Vandenberg, John of Reading, John1190, John254, JohnOwens, Johnleemk, Johnnykelley, Johnuniq, Johnxsmith, Jojit fb, Jolb, Jonasaurus,
Jonemerson, Jorge 2701, Jorge Ianis, Joriki, JorisvS, Jose77, Joseph Solis in Australia, Josiah Rowe, Jossi, Josve05a, Journalist, Joyous!, Jpgordon, Jrockley, Jrothwell, Jrsnbarn, Jsvaidya,
Jswhitten, Jtichelm, JuJube, Jugbug, Jugbug2, JulesH, Jumbo Snails, Jun-Dai, Junglecat, Jupiter Green, JusBer88, Jusdafax, Jusjih, Just James, Just plain Bill, Justice League 05, Justincannon4,
Juzeris, Jw21, Jwratnerl, Jynto, Jyril, K6ka, KErosEnE, KF, KFan II, KGSkunk, KJK::Hyperion, KS700, Kaimbridge, Kaisershatner, Kaldari, Kandrey89, Kane5187, Kangor44, Kanon6996,
Karenjc, Karlthegreat, Karol Langner, Katalaveno, Katieh5584, Katydidit, Kaufj579, Kazikameuk, Kazrak, Kbdank71, Kbh3rd, Kbk, Kdpiper, Keilana, Kelly Martin, Kelvin14021993, Kemet,
Keraunos, Kerotan, Kesac, Kevin, Kevin B12, Kevin kaior, Kgsullivan, Khalid Mahmood, Kheider, Khukri, Kiat123, Kid45laundry, Kier07, Kim Bruning, King of Hearts, Kingturtle,
Kintetsubuffalo, Kinu, Kitch, Kitty53, Kitzke, Kkevinn6, Kkkdc, Klinkaeo, Klow, Klymen, Kmoksy, Knightofbaghdad, Knowledge Seeker, KnowledgeOfSelf, Koavf, KokkaShinto, Konstable,
Koolman2, Kooo, Kooziking, Kop, Kosebamse, Kostya Wiki, Kotjze, Kozuch, KrakatoaKatie, Kralizec!, Kramie, Krashlandon, Krazytea, KristoferM, Krj373, Kroxbury, Krylonblue83, Kukini,
Kungfuadam, Kurieeto, Kuru, Kurykh, Kvantum, Kvikram, Kwamikagami, Kwekubo, Kwiki, Kwjdh1324, Kww, Kyle, LA2, La goutte de pluie, Lagalag, Lakemirror, Lamb99, Lambiam,
Langer, Lanthanum-138, Latitude0116, Laura4030, Lectonar, Lee M, Leebo, Leevanjackson, Legajoe, LegolasGreenleaf, Len Raymond, LeoDV, LeoNomis, LeonardoRob0t, Leslie Mateus,
Lessbread, Liamwillco, LibLord, Liftarn, Lightdarkness, Lightmouse, Lightro6, Lights, Lignomontanus, LilHelpa, Lilmul123, Lindenhurst Liberty, Linnell, LionfishO, Lir, Liss1995, Lissoy,
Lithium cyanide, Littlelance, Llort, Locoshonmachon, Loftypegasus, Logan, LogicallyCreative, Lolerman0123456789, LonelyMarble, Longhair, Loodog, Looxix, Lord Patrick, Loren98, Lotje,
Louisisthebest 007, Lowellian, Lowmax2, Lpele, Lucyin, Lugnuts, Luna Santin, Lunarcide, Lunokhod, Lupo, Luxborealis, Lycurgus, M.O.X, Mlangr42, MER-C, MKar, MSGJ, MZMcBride,
Mabellapishoo, Mac, Macaddct1984, MacedonianBoy, Madcoverboy, Madman, Maelnuneb, Magi Media, Magioladitis, Magister Mathematicae, Maharashtraexpress, Mainframe2000, Majorly,
Makewater, Malcourno, Maldek, Malhonen, Malkav, Malo, Man vyi, Manil, Maniesansdelire, Mankar Camoran, Manop, Maqivi, MarSch, Marcelo-Silva, Mareino, Mark, Mark Swingle I,
MarksS, Markus Kuhn, Marmenta, Marquee K, Marshallharsh, Marshman, Marskell, Martarius, Martin Ulfvik, Martin.Budden, MartinHarper, Martinljohnson, Martinultima, Martinwilke1980,
Martyjohnsen, Marudubshinki, Marumari, Marvin le Martian, MarylandArtLover, Mass147, MastCell, Master Deusoma, Master Jay, MasterSci, Masterbutthead, Masz, Materialscientist, Matt
Borak, Matt Crypto, Matt. P, Matthew Woodcraft, Mattmatt1987, Mattmils03, Mattrave, Matturn, Maurreen, Mav, Maxgrin, Maximus Rex, Maxis ftw, Maxwell the scribblenaut, Mayumashu,
Mbjarland, McGeddon, McSly, McVities, Measure, Meco, Media anthro, Mediran, Meelar, Mehugh, Mekong Bluesman, MelbourneStar, Melchoir, Menklog, Merope, MesserWoland,
MetsFan76, Meursault2004, Mfarah, Mgiganteus1, Mhus, Michael Hardy, Michael Podgorski, Michael2, MichaelJE2, Michaelian, Mickeyd24, Mickman1234, Midhart90, Midnightblaze,
Mightymights, Mikael Higgstrom, Mike Peel, Mike Rosoft, Mike s, Mikenorton, Minesweeper, Miniwildebeest, Miranda, Mister Sunshine, Miszal3, Mj23xb, Mo0, Mocirne, Modulatum,
Mohehab, Mojo Hand, Momus, Monedula, Monkeyman, Monopoker, Montanav42, Montrealais, Monuko, Mookabear, Mookie12, Mookiefurr, Moonriddengirl, Mooquackwooftweetmeow,
Moreschi, Morwen, Mostlyharmless, Mother.earth, Motorrad-67, Moverton, Mr Bisciut, Mr Stephen, Mr. Billion, MrBoo, MrFish, MrSomeone, MrVoluntarist, Mrgehnahri, Mriveral,
Mrsanitazier, Mrwuggs, Ms2ger, Mschel, Msikma, Mspence835, Mtougas5, MuDavid, Muchness, Mulad, Mulder1982, Multixfer, Murgh, Muriel Gottrop, Murlough23, Murmurer, Musical
Linguist, Mxn, My Cat inn, Myanw, Myasuda, NEREVAR117, NHJG, NHRHS2010, NSR, Naddy, Nagualdesign, Nakon, Nanshu, Napato, NarrowPathPilgrim, Nascar1996, Natenate6733,
Nathan Johnson, NatureA16, NatusRoma, Nauticashades, NawlinWiki, Nazar, Nbound, Nealmcb, Neave, Nedhenry, Neil916, NeilN, Nephelin, NerdyNSK, NerdyScienceDude, Netkinetic,
Netrapt, Neutralaccounting, Neutrality, Never give in, New4321, NewEnglandYankee, Newone, Nicholas Tam, Nick.mon, Nick125, Nickjaymann, Nickshanks, Nickst, Night Gyr, Nightscream,
Nihiltres, Nihonjoe, Nikolasao, Nikro, Nillanilla3ee, Nimur, Niobrara, Nirmayvathsa, Nishani 1994, Nishkid64, Niteowlneils, Nivix, Nlu, Nmohan 101, No Guru, NoPetrol, Noelthec,
Noformation, Nolcro, NonNotable, Noodlesrule, Notheruser, Nothing.co, Notinasnaid, Nsae Comp, NuclearVacuum, Nufy8, Nyttend, 018, OMFGBBQ, ONUnicorn, OOODDD, Obafgkm,
Occono, Ohnoitsjamie, Okiefromokla (old), OlEnglish, Old Moonraker, Oli Filth, Oliver Lineham, Oliver Pereira, Oliverkroll, Olorin28, Omegatron, Omicronpersei8, Onceonthisisland,
OnePt618, Oneiros, Opelio, Oreoeatinghulk, Originalwana, Orphan Wiki, Ortolan88, OsirisV, Ow41n, Oxymoron83, Oxyn, Ozgod, P3Pp3r, P849, PAGreenwood, PAR, PBS-AWB, PFHLai,
PFSLAKESI, PJM, PJtP, PS3ninja, Paine Ellsworth, Paintballpro101, Palonor, Panairjdde, Pantallica00, Paper Clip Clock, Paranoid, Paris 16, ParisianBlade, Paroxysm, Parsa, Pascal.Tesson,
Patrick, Patricknoddy, Patssle, Patstuart, Paul August, Paul H., Paul Knight, Paulinho28, Pavlovi¢, Pax:Vobiscum, Payton4610, Pazuzu1990, Pb30, Pcbene, Pcr374, Peaceworld111, Pearle,
Pegasus1138, Pembertond, Pengwiinsdarkerside, Pengwy, Perni¢ek, PerryTachett, Persian Poet Gal, Persony5, Peruvianllama, Peter Delmonte, Peter Isotalo, PeterJohn2, Petersam, Peteruetz,
Petri Krohn, Petruchi41, Petruk, Petter Strandmark, Pevarnj, Pgk, Pharos, Phi beta, Phil Boswell, Philip Stevens, PhilipO, Pho3nix-, Photographer2008, PhySusie, PiMaster3, Pifactorial,
Pigsonthewing, Piledhigheranddeeper, Pilotguy, Pine, Pinoy Pride, Piopi007, Piotrus, Pious7, Piplicus, Pixel ;-), Pizza Puzzle, Planemo, Planet-man828, PlanetStar, Plastikspork, Plek, Plop,
Pluma, Plumbago, Pmanderson, Pmrobert49, Pmsyyz, Pnkrockr, Poelog, Poeticmuse, Poissonrouge, Polly, Polocrunch, Ponder, Ponyo, Poolcleanman, Poolkris, Poopoopoo, Poopy55, Poor
Yorick, Populicious1234, PoqVaUSA, Porthos3, Potatis invalido, Power level (Dragon Ball), Praemonitus, Premeditated Chaos, PresN, Presidentman, PrestonH, Prodego, Prolog, Provelt, Prvc,
Pschemp, PseudoSudo, Pseudoanonymous, Psnow boy, Psy guy, Pufferfish4, Pumpmeup, Punkgeek, Pupster21, Pyrospirit, Python eggs, Q-ball, Q43, Qaddosh, Qalnor, Qhop, Qlop, Quackdave,
Quadell, Quarl, QuartierLatin1968, Quinsareth, QuiteUnusual, Quizimodo, Qwe, Qxz, R'n'B, REfreakk55, RG2, RJHall, RK, RTC, RTucker, Radagast3, RadiantRay, Radical0713,
RadicalBender, RadicalOne, Raditzu, Radon210, RainbowOfLight, Ram4eva, RamziKhattar, RandomCritic, Randomblue, Randwicked, Ranierotazzi, RaptorHunter, Rapture2018, Rapturerocks,
Raven in Orbit, Ravena, Ray Van De Walker, Rbbramlette, Rdsmith4, ReCover, Real editor, Reatlas, Rebeleleven, Recurring dreams, Red Slash, RedWolf, RedWordSmith, Reddi, Redrose64,
Redtigerxyz, Redtitan, Redvers, Reedy, RegentsPark, RemTar, Remember, RenamedUser01302013, Rentaferret, Retbutler92, Retiono Virginian, Revo331, Revolucién, RexNL, Reyk, Rgoogin,
Rholton, Riana, Rich Farmbrough, Richard001, RichardB, RichardF, Richardcavell, Richtig27, Rick Block, Rick Davis, RickK, Ricky81682, Rickyrab, Rivertorch, Rizzoj, Rjwilmsi, Rkaup,
Rlee0001, Rmky87, Rnt20, Robert Merkel, Robert Skyhawk, RobertG, Robth, RockMagnetist, Rocket000, Rockoprem, Rockvee, Romanm, Romanski, Ron Ritzman, Rorschach, Rory096,
Roscoe x, Rosencrantz1, Rotem Dan, RoyBoy, RoyHughes, Royalcello, Rracecarr, Rrburke, Rreagan007, Rumping, Runewiki777, Rursus, Ruslik0, Russjb, RxS, RyanParis, Ryrivard, Ryulong,
Rzf3, S3000, SASHHI, SCARECROW, SEWilco, SGGH, SJP, SMC, SPUI, SS451, ST47, STLocutus, SWAdair, SYSS Mouse, Saccerzd, Sagaciousuk, Sahasrahla, Sakrotac, SallyForth123,
Salmar, SalopianJames, Saluyot, Sam Korn, Sam Li, SamOstrich, SamSim, Sammytw, Samohyl Jan, Samsara, Samw, SandyGeorgia, Sango123, Sarahlilith, Sardanaphalus, Saros136,
Sarpasarpetil01, Satarah234, Satori, Satori Son, Saturdayseven, Savidan, Sayre8, Sbandrews, Scarian, Sceptre, SchfiftyThree, Schmei, Schmiteye, Schneelocke, Schoen, Schuyler]1dy,
SciberDoc, Sciurin, Scooter20, Scott5114, Scotty56, Scottywong, Screechy, Scwlong, SeanMack, Seano300, Seav, Seb az86556, Second Quantization, SecretAgentMan00, Secretlondon,
Sengkang, Sennaista, Sephiroth1311, Serendipodous, Seth Ilys, Setu, Shanel, Shanes, Sharanss, Shenme, Sherblast317, Shesaghost, Shii, Shikotsumyaku, Shizane, Shlorpins, Shorelander, Shoy,
Sifaka, Silesianus, Simetrical, SimonP, Simonsaysabc123, Sintonak.X, SirIsaacBrock, Siufaiho, Six Sided Pun Vows, Sjakkalle, Sjbrown, Skamecrazy123, Skela, Skier Dude, Skizzik,
SkyMachine, Skycaptain95, Slakr, Sligocki, SlowPhoton, Smack, Smartandgeeky, Smartech, Smear, Smeggysmeg, Smexxiii-babiee, SmokeyTheCat, Smokizzy, SnappingTurtle, Snowolf,
Snoyes, Soccer77, Sochwa, Solarbird, Solipsist, Some thing, Someguy1221, Soni, SonicAD, Sonjaaa, Sophie means wisdom, South Bay, Sowlos, SpACatta, Spacepotato, Sparkie82,
Sparrowman980, Spazturtle, Spellcast, Spencerk, Spiff, Spiffy sperry, Spinach Dip, Splotch, Spookshull, SpookyMulder, Spotty11222, SpuriousQ, SqueakBox, Squirepants101, Srleffler,
Ssmcdonl, Sssbbbl, StOrmflre, StalwartRomanticism, Stantastic, Stardancer791, Starnestommy, Stas1995, Steel, Steinbach, Step37, Stephen, Stephen Gilbert, StephenHudson, Stephenb, Steve
the baker, Steve2011, SteveSims, Stevenb431, Stilgar27, Stizz, Stop Climate Change, Strait, Streetdancebabe, Strider12233, StringTheory11, StuartDD, Stubblyhead, Student7, Student]JCase,
Sturdygurdy, Sualah, Sudheervelagapudi, Sulvo, Sum0, SummonerMarc, Sun Creator, Superm401, Surachit, Sushant gupta, Swbf2lord, Swedophile, Sweikart, SwiftlyTilt, SwitchfoOt813,
Sworah, Swpb, SyG, Sycthos, Symmetric Chaos, SyncopatorSyncopator, T3H.ONE, T=0, TBrandley, TFOWR, THEBLITZ1, Tailpig, Talamus, Talon Artaine, Tangotango, Taracka, Tarquin,
Tarret, Taw, Tawker, Tawnfeather, Tbhotch, Tdadamemd, Tdfriese, Technical 13, TedE, Teemanbf04, Teerui, Tejas.B, Template namespace initialisation script, Tennisguy1313, Tennisuser123,
Terence, Terik brunson, Tero, Terrasidius, TexasAndroid, Thangalin, That Guy, From That Show!, The Duke of Waltham, The Epopt, The Evil Spartan, The Haunted Angel, The Herald, The
JPS, The Lizard Wizard, The Man in Question, The Missing Piece, The Moose, The Rambling Man, The Rogue Penguin, The Thing That Should Not Be, The Wookieepedian, The cherds, The
odd ones, TheFearow, TheGeneralUser, TheKMan, TheKurgan, TheNOble2, TheNewPhobia, TheObtuse AngleOfDoom, TheRanger, TheSkunk, Thechamp69er, Theda, Thedropsoffire,
Theincredibleulyses, Thelamecow, Thelb4, Thematrixz02, Theonlyedge, Theresa knott, Theymos, Thiagoreis leon, ThiedeDaddy, Thingg, ThoHug, Tholme, ThomasBeGaming, Thue,
Thunderbrand, Tide rolls, Tiger888, TigerShark, Tigerhawkvok, Til Eulenspiegel, Tim R, Tim Starling, Tim51989, TimBentley, TimVickers, Timir2, Timl, Timrem, Timwi, Tinytim91, Titoxd,
Tjleo209 014, Tjmax800, Tjoneslo, Toddles29, TodorBozhinov, Tolandc, Tom, Tom Lougheed, Tom harrison, Tom.Reding, TomPhil, TomSmith123, Tommy2010, Tompw, Tomthecool, Tony
Fox, Tonyl, TonySt, TonyTheTiger, Tonywalton, Torchiest, Tosun, Tower, Tpbradbury, Tracer9999, Trampton, Tranletuhan, Transit, Trappist the monk, Traroth, TreJowy, Trevor MacInnis,




Article Sources and Contributors 343

Triesault, Trilobite, Triwbe, Trnj2000, Trongphu, Tronno, Trstliner, Trunks6, Trusilver, Tsachin, Tsogo3, Ttlymate, Twinsday, Twistedmusicfreak, Twooars, Twsx, Tylerni7, Typhlosion,
UBERXL33T, Uclarox911, Ucucha, Ufviper, Uglyduck17, Ukabia, Ultratomio, Uncle Dick, Unclebulgaria, Undead Herle King, Undertones94, Unisouth, Uranometria, Urhixidur, Ursasapien,
UrsoBR, Usernamekiran, UtherSRG, Vladislav, VLADIMIR Skokan, VMS Mosaic, VandalHunter, Vandaliz3, Vanibal2, Vanished User 0001, Vanished User 4517, Vanished user 1234567890,
Vanished user 19794758563875, Vanished user 5zariu3jisjOj4irj, Vanished user 82345ijgeke4tg, Vanished user 9i39j3, Varishneroff, VashiDonsk, Veemonkamiya, VegaDark, Velvetron,
Venommitch, Verrai, Vicki Rosenzweig, Vikreykja, VillainamInone, Vincent Liu, Violettsureme, ViolinGirl, ViperXGT, Viriditas, Vitall, Viva La Fro, Vsmith, Vsst, Vtstarin, Wadewitz, Waerth,
Waggers, Wakuran, Walkingwithyourwhiskey, Walter, Wapcaplet, WarthogDemon, Watch37264, Wavelength, Wayward, Wdflake, Webmasto, Wer900, Weregerbil, Wereon, WesDecker,
Wesley, Weters, Whaatt, Whatty 123, Who is like God?, Whuling, Wiffadabiffa, Wiggstar69, Wiglaf, Wik, Wikeepedian, Wiki alf, WikiDao, WikiGremlin, Wikibob, Wikicolbert, Wikid77,
Wikisamichik, Wild Deuce, William Allen Simpson, William Ortiz, Wimt, Wingedagression, Winhunter, Winterchili, Wise 7, Wizkid007freek, Wknight94, Wmahan, WoOsh, Wolfkeeper,
WolfmanSF, Wombatcat, Woodenwarrior, Woodstone, Woohookitty, Woudloper, Wp willis, Wrobert, Wubb, Wytukaze, X2turkey2x, X3210, X911, XJaM, XMeX, XRiamux, Xakaxunknownx,
Xammer, Xaosflux, Xcomradex, Xcvz, Xe Cahzytr Ryz, Xezbeth, Xiongnuchanyu, Xkeitarox, Yamamoto Ichiro, Yamato Kenichi, Yano, Yarilo2, Yarnalgo, Yath, Ybbor, Yidisheryid, Yintan,
YixilTesiphon, YourShadows, Yourmom?2, Yoursonly, Yuefairchild, Yug, Yupik, Zachorious, Zahid Abdassabur, Zaian, Zakamokal, Zazaban, Zbxgscqf, Zelretch, Zen-master, Zetterberg40,
Znethru, Zondor, Zpb52, Zrulli, Zsinj, Zzuuzz, 2, ANeKCAHIbP, sb, T, Hi %, 3157 anonymous edits

Earth science Source: http://en.wikipedia.org/w/index.php?0ldid=595755372 Contributors: 203.170.3.xxx, ABF, ASarnat, Abce2, Achoth, Adashiel, Against the current, Aitias, Alan Liefting,
Alansohn, Alex43223, Alexf, Ali, Allens, Amalthea, Andre Engels, Andrew109, Angela, Antandrus, Anticent, Arthur Rubin, Ash sweil23, Aspen1995, Attilios, Awickert, BSATwinTowers,
Bahoeh, Ballista, Bassbonerocks, Batzillasorous, Beefalo, Beland, Ben Ben, Bento00, Bihco, Bluemask, Bobo192, Bongwarrior, Borislav, Born2x, Bpesto, Brian Crawford, Brion VIBBER,
Briséis, Buoooo, CWY2190, Can't sleep, clown will eat me, Canderson7, Carey Evans, Cferrero, Chaitenl, Charlie917, Charliegilley, Chas zzz brown, Chd, Coasterlover1994, Conversion script,
Cool Blue, Cooliojulio1210, CrimsonBlue (Rollback), CsDix, DARTH SIDIOUS 2, DBishop1984, DCEdwards1966, DMacks, Danger, Daniel Collins, DanielCD, Dante hulin, Dantheman531,
Davewild, DavidLevinson, DavidTLong, Delldot, DerHexer, Deviathan, Discospinster, Docu, Dossob, Doulos Christos, Dreadstar, Drivenapart, Edwinstearns, Eeekster, Eequor, Ekojnoekoj, El
C, ElKevbo, Elassint, Elenseel, Ellywa, Emperorbma, Epbr123, Erchphs, Escape Orbit, Espen, Eu.stefan, Evolauxia, Fabartus, Faisalsultani, Father Goose, Favonian, Fluppy, Forever Dusk,
Fragmaster12345, FunnyMan3595, FusionNow, GUlIman, Gaianauta, Galilsnap, Gamepro515, GeoGreg, GeoW, Geof, Geologiststudent, Geopersona, Gfarrand, Giants27, Gilliam, Glane23, Go
for it!, GoShow, Gob Lofa, GoldCorrie, Goldenkid13, Gottg135, Graham87, Grahams Child, Grantcool9, Grecochamp2008, Grenavitar, Greyhood, Guettarda, Guppy, Hadal, Hallenrm,
Hammersoft, Happysailor, Headbomb, Hemanshu, Hermion, Hillbillyholiday, Hulten, IRP, IW.HG, 1d447, IkaTaii, Ilyushka88, Insteam, Interiot, Iothiania, IronGargoyle, Ixfd64, J.delanoy,
JForget, JSquish, Jammoe, Jclemens, JeffW, Jessejamesboy, Jhayzee, Jhnathan, Jj137, Jonadin93, Jordank21093, Jph, Juliancolton, Junie dilitori, Jusdafax, Jusjih, KG6YKN, KJ2, Kablammo,
KarenEdda, Katalaveno, Katiker, Kenny sh, Khukri, Kipala, Knulclunk, Kowey, KrisK, Kristaga, Kroova, Krukouski, Kummi, Kurowoofwoof111, Kurykh, L Kensington, Larry_Sanger,
Ldahlman, Lear's Fool, Lexor, LilHelpa, Lily15, LinuxChristian, Lir, Loggie, Looxix, Ludely, Luna Santin, Lupo, MASQUERAID, MONGO, MacTire(02, MackSalmon, Madhero88, Magog the
Ogre, Mancamber, Mandarax, Mannsj, Marc Venot, Marek69, Martin451, Materialscientist, Maurreen, Mav, Maxim, Mayumashu, Mdd, Mentifisto, Mgimpel, Michael Hardy, MichaelAGallo,
Michaelg2co, Mikenorton, Mini is mean, Minna Sora no Shita, Mirwin, Mitmathswizard, Mkrakowski, Mo0O, Morwen, Mr Grim Reaper, Mr. Lefty, Mrdice, Mumia-w-18, Muriel Gottrop,
Murtasa, MusikAnimal, Mwtoews, Mxn, NERIUM, NHSavage, Nat Krause, NatureA 16, NawlinWiki, NellieBly, Nepenthes, NerdyNSK, Neutrality, NobuTamura, Nov ialiste, Odie5533,
OIEnglish, Ollj, On Wheezier Plot, Onco p53, Opelio, Oxymoron83, Ozcep, PaePae, Paleorthid, Pasky, Peak, Pegship, Petersam, Pgecaj, Philip.t.day, Piano non troppo, Pillowface18, Pinethicket,
Pkrembs, Poindexter Propellerhead, Pollinator, Prashanthns, Proginoskes, Qorilla, Quiddity, Quintessent, Qwyrxian, RO00t, RJBurkhart, RJHall, RedHillian, Rednblu, Res2216firestar, Rich
Farmbrough, RichardF, Rkmlai, Rob Hooft, RockMagnetist, Roleplayer, Ronhjones, Rotemliss, Ruud Koot, Ryanphonetophone, SEWilco, SMC, Salsa Shark, Saraghav, SchfiftyThree, Scwlong,
ShadowWill95, Shipmaster, Shirulashem, Siim, Skizzik, SkyMachine, Slightsmile, Sluzzelin, Smalljim, Smithfarm, Soamd, Steinsky, Stevertigo, StillTrill, Stwalkerster, Sushant gupta, THEN
WHO WAS PHONE?, TakuyaMurata, Tarquin, Tempodivalse, Terd1234, The High Fin Sperm Whale, The Thing That Should Not Be, The Tramp, The Transhumanist, The Transhumanist
(AWB), TheCatalyst31, Thebestofall007, Thedjatclubrock, Theking17825, Thine Antique Pen, Tiddly Tom, Tide rolls, Tiggerjay, TimNelson, TimVickers, Tlroche, Tonderai, Tpbradbury,
Tranletuhan, Traroth, Triwbe, Trixie05, Tsogo3, TundraGreen, Ulric1313, Uncle Dick, Unique.enigma.001, Unyoyega, Vald, Vanished User 4517, Vegaswikian, Velella, Versus22, Vsmith,
WrTucker, Wakka, Washburnmav, Wavelength, Webschem, Whutevar, Widr, Wikil3, WikiMaster2, Wikieditor06, Wikipelli, Wilson44691, Wmahan, Wxidea, XJaM, Xanchester, Xionbox,
Yunshui, Zink Dawg, Zurain123, 830 anonymous edits

Structure of the Earth Source: http://en.wikipedia.org/w/index.php?0ldid=596468547 Contributors: 2D, 4twenty420, A Stop at Willoughby, A. Parrot, Abrech, Adamking2326, AdjustShift,
Ahudson, Alan012, Alansohn, Ale jrb, Alexius08, Allen McC., Alucard567, Amaury, American Eagle, Andrewpmk, Anna Lincoln, Anomen, Antandrus, Antodav2007, Arcyqwerty, Arnold Go,
Asdfdsafg, Assasswipe, Atomician, Avicennasis, Awickert, BSATwinTowers, Babakathy, Barek, BarretB, Bart133, Bejnar, Bento00, Bentogoa, BesselDekker, Bhadani, Big Bird,
Bigtmacman13, BjankuloskiO6en, Blair.deyo, Bobo192, Bogey97, Boing! said Zebedee, Bongwarrior, Boomshadow, Brianga, Bryan Derksen, Bryantran1995, Bteed, C12H22011, CES1596,
Cacycle, CanadianLinuxUser, Ceaser, Chill doubt, ChrisGualtieri, Christian75, Chromaticity, Chuunen Baka, Cmapm, Colaby, Cometstyles, Con-struct, Conscious, Courcelles, Crustycrab,
CzarNick, D.c.camero, DMacks, DVD R W, DVdm, DadaNeem, DancingPenguin, Daniel, Daniel Helman, Danskil4, Dantheman531, Darth Panda, Davetherio, Deglr6328, Delirium, DerHexer,
DerekLaw, Dew Kane, Diagonalfish, Dirkbb, Discospinster, Dismas, Donarreiskoffer, Donner60, Doughtar, Doulos Christos, Download, Dragons flight, Dratman, Dreadstar, Dreish, Drmies,
Dycedarg, Dysepsion, E2eamon, ESkog, EamonnPKeane, EdgeOfEpsilon, El C, Eleassar, Elephantsandbacon, Emperyan, Enzo Aquarius, Epbr123, Eroica, Eteq, Eve Hall, Everyking, Evil 163,
EvilPizza, Ewlyahoocom, Fang Aili, Favonian, Femmina, Fences and windows, Flewis, Flubeca, Flyer22, Fraggle81, Friginator, Funandtrvl, Furrykef, G.Kiruthikan, GD 6041, GTBacchus,
Gabriel Kielland, Gap, Gareth Griffith-Jones, Gene Nygaard, GeoW, Geoffrey.landis, Geologyguy, Giants27, Giftlite, Ginsuloft, Giraldusfaber, Glen, Gobonobo, Gofothegold, Gogo Dodo,
Goochelaar, GorillaWarfare, Gpvos, Gracenotes, Grayshi, Grim23, Gurch, Halfs, Hallows AG, Halofan619, Hardwigg, Harland1, Hellbus, Henrygb, Heron, HexaChord, Hibernian,
HisSpaceResearch, Husond, Icairns, Incnis Mrsi, Inner Earth, Intelati, Iridescent, IronGargoyle, ItsZippy, J chaloner, J.delanoy, JAKEhpS55, JForget, Jab843, Jacoplane, Jafortner, Jake
Wartenberg, JakeLLOL12, James086, Jamesontai, Jason M Tilley, Jaufrec, Jew69, Jebba, Jeff5102, Jess Riedel, Incraton, John D. Croft, John254, Jonathan Hall, JorisvS, Joseph Solis in Australia,
Josephinonicus, Joshua Issac, Jschnur, Juhachi, Julius Sahara, Junk Jungle, Jusdafax, Jwh, Kahalachan, Kariteh, Kartano, Katanada, Katherine87, Kayminator, Keegscee, Keenan Pepper,
Kehrbykid, Keilana, Kelvinsong, Kenvandellen, Kevin12xd, Kilopi, Kipala, Kordas, Kungfuadam, Kuru, L Kensington, LFaraone, LOL, Lampofdoom, Lasanjal4, Lavish Den, Leevanjackson,
Leujohn, Lexein, Liftarn, Lildobe, Ling Kah Jai, Linuxerist, Little hacksaw, Looie496, Lugia2453, Luk, Lunus, MER-C, Ma xyz, Macy, Madhero88, Majorly, Malo, Marcus MacGregor,
Mariogofario, Mark Arsten, MarkBolton, Martin451, Master Jay, Materialscientist, Matgraham, Matt Deres, Maxim, Mayur, McSly, Mczack26, MelbourneStar, Mifter, Mikenorton, Mitch Ames,
Moe Epsilon, Mohammad 1705, Monty845, Mordyman, Mr.Z-man, MrFish, Mufka, Mumia-w-18, MusikAnimal, Mvandemar, Mygerardromance, Mzabaluev, NO FACE 9, Nachosa, Nandesuka,
Nathan Johnson, NeoJustin, Neurolysis, Ninly, Nishkid64, Northamerical000, Nwbeeson, Oddbodz, Ohnoitsjamie, Oodles123, Orange Suede Sofa, Oreo Priest, Orphan Wiki, Osiris, Ottadini,
Ottawahitech, Oxymoron83, PBP, PN 32955, PRMALINDA, Paalappoo, Petri Krohn, Phearson, Philip Trueman, Piano non troppo, Pikarl, Pinethicket, Pinkadelica, Pippo skaio, Pixel ;-),
Plantsurfer, Pmlineditor, PookeyMaster, Possum, Praemonitus, PrometheusX303, Protargol, Pseudomonas, Pursey, Pyrofork, Quenten bean, RJHall, RJaguar3, Raidon Kane, Ranierotazzi,
Ravendx4x, Resprinter123, Recognizance, Regancy42, RekishiEJ, Res2216firestar, Retodon8, Rjwilmsi, Robina Fox, Robo Cop, RockMFR, RockMagnetist, Rocketrod 1960, RoddyYoung,
Ryan032, S Marshall, SEWilco, SFK2, SJP, Sammy212, Sasquatch, Scarian, SchfiftyThree, Seaphoto, Seorwz, Shadowjams, Shikambu, Shizhao, Sir Nicholas de Mimsy-Porpington, Slakr,
Slon02, Smalljim, Some jerk on the Internet, Soni, Sonicology, SpaceFlight89, Speciate, Spinoff, Stepanovas, Stephenb, Steven Zhang, Struway, Stupidxboz, Super-Magician, Surachit,
Surfergurl123, Synchronism, Tad Lincoln, Tarheel95, Technopat, Teles, Tempodivalse, Tentinator, The Thing That Should Not Be, The professor of lols, TheTito, Theda, Thegathering,
Theone00, Thingg, Thoreaulylazy, TicketMan, Tide rolls, Timvireo, Tlim7882, Tobyc75, Tolly4bolly, Tooto, Torchiest, Tozza g, USConsLib, Ulric1313, Uncle Dick, UncleBubba, Vanished
User 4517, VasilievVV, Versus22, Vgent, Vidale, Volcanology, Vsmith, Wafulz, Waggers, Wavelength, Wbd, Wetman, What!?Why?Who?, Widefox, Widr, Wikil13, Wilhelm Junker,
Willking1979, Wilson44691, Wimt, Windymilla, WinterSpw, Wisden17, Wknight94, X!, Xerocs, Xp54321, Yintan, Yug, Zakzedd, Zamphuor, Zgonnik, 1415 anonymous edits

Plate tectonics Source: http://en.wikipedia.org/w/index.php?0ldid=592812730 Contributors: (jarbarf), -- April, 2help, A.M.962, A876, AJIR, AManWithNoPlan, Aaron Brenneman, Abeg92,
Abune, Academic Challenger, Acalamari, Adashiel, AdjustShift, AeonicOmega, Agathman, Agiieyband, Ahoerstemeier, Aillema, Aircough, Airhogs777, Ajaxkroon, Alansohn, AlbertBowes,
Aldaron, Ale jrb, Aleksander.adamowski, AlexRampaul, AlexiusHoratius, Alison, Allmightyduck, Amplitude101, Ams80, Anastrophe, Anclation, Andkore, Andrew ¢, Andrew the science guy,
Andrewharold, Andrewrost3241981, Andrewrp, Androstachys, Andy M. Wang, Andycjp, Andypandy.UK, Anger22, Ann Stouter, Anna Frodesiak, Anrnusna, Ansell, Antandrus, Anthony
Appleyard, Applefox, Applexider, April, Aquillion, ArglebargleIV, Arny, Arthena, Artichoker, Asfd666, Ash2727, Ashmoo, Ashycool, Asierra, Atomique, Austinbirdman, Autodidactyl, Avala,
Avenged Eightfold, Avenue, Avicennasis, Awickert, Awien, Aymatth2, AzaToth, BSATwinTowers, Back2reality07, Backpackadam, Basar, Beaumont, Before My Ken, Beland, Ben Moore,
Bender235, BesselDekker, Bhadani, Bibliomaniacl5, Bigboi256, Bigcheesy, BjankuloskiO6en, BjornEF, Bkillil, Bks85, Blaxthos, Blondie rox, Bobblewik, Bobbo, Bobo The Ninja, Bobo192,
Bobrayner, Boccobrock, Bogey97, Bomac, Bongwarrior, BoomerAB, Booyabazooka, BoredTerry, Borgx, Boulaur, Bramfab, Breathstealer, Brews ohare, Brianga, Brighterorange, Bryan
Derksen, Bubba73, Burwellian, C.R.Selvakumar, CES1596, CSWarren, CWY2190, Cadiomals, Caltas, CambridgeBayWeather, Can't sleep, clown will eat me, CanOfWorms, CardinalDan,
Carl.bunderson, Casliber, Caulde, Ceranthor, Cessator, Cferrero, Chaos, Charleca, Charles Matthews, Chemistry geek, Chienlit, Chmee2, Chris 73, Chris G, Chris Grose, Chris the speller,
Chris.urs-o, Chris55, Cindy Jones, Circeus, Civil Engineer III, Ck lostsword, Clemwang, Cmichael, Cncs wikipedia, Cohesion, CombatCraig, CommonsDelinker, Computerjoe, Conny,
Conversion script, Cosmic Latte, Courcelles, Cpl Syx, Cquan, Craig Pemberton, Crazy dudel7, Crustyxspoon, Cuptow555, Curps, Cwkmail, Cyde, Cypkerth, D.H, DARTH SIDIOUS 2, DDima,
DVD R W, DaBomb619, Dan D. Ric, Dan Gluck, DanMatan, Daniel.Cardenas, DanielCD, DanielRigal, Danskil4, Dantheman531, Davewild, David Eppstein, David Gerard, David Underdown,
David.Monniaux, DavidJ710, Dawn Bard, Dawnseeker2000, DeadEyeArrow, Debresser, Decz1, Dedonite, Definator, DennyColt, Dentren, Der Golem, DerHexer, Designanddraft, Dfrg.msc,
Dhaluza, Diego Moya, Dina, Discospinster, DivineAlpha, Dlae, Doc Tropics, DocWatson42, Dominus, DoubleD17, Doulos Christos, Download, Dr.mclovin, Dracontes, Dreadcenturion, Drmies,
Dthomsen8, Duncan.france, Duncharris, Dwheeler, Dysprosia, Diugosz, E Pluribus Anthony, E. Ripley, Eassin, Eastfrisian, Eastlaw, Eco84, Edivorce, Edward, Edward321, Eeekster, Egern, Ego
White Tray, Eklipse, El C, Elert, Elium2, Eliz81, Emperorbma, Ems57fcva, Enirac Sum, Enric Naval, Enviroboy, EoGuy, Eras-mus, ErgoSum88, Eric Forste, EricWesBrown, Ericamick,
Erodium, Ersby, Esanchez7587, EugeneZelenko, Eve Hall, Evercat, Everyking, EvilPizza, Ex nihil, Excirial, Falcon8765, Fama Clamosa, Fastily, Favonian, FelisLeo, Ferkelparade, Finetooth,
Firsfron, Fluffernutter, Flyindowndafreeway, Foulger, FrancoGG, Fred.e, Frederick Miao, Fredrik, Furrykef, Fyyer, GEOL310, GT5162, GUllman, GaVaLiTiOuS, Gaff, Gaius Cornelius,
GalaazV, Gary, GeoGreg, GeoWriter, Geology man, Geologyguy, George Rodney Maruri Game, Geraki, Gewywewy, Gfoulger, Ghiraddje, Giftlite, Gilderien, Gilgamesh, Gilliam, Glenn,
Glevum, Glst2, Gnangarra, Gogo Dodo, GoingBatty, Goodtimber, Gpvos, Graham87, Grayfell, GrooveDog, Gscshoyru, Gtstricky, Gubernatoria, Gurch, Hadal, HalfShadow, HamburgerRadio,
Hamiltondaniel, HappyCamper, Hardyplants, Harizotoh9, Harryboyles, Harsha850, Hasek is the best, Headbomb, Helon, Heloo guys, HenryLi, Hephaestos, Hgrobe, Hmains, Hollgor, Home Row




Article Sources and Contributors 344

Keysplurge, Howard the Duck, Howsthatfordamage25, Hu, Hul2, HubHikari, Hughitt1, Husond, Hut 8.5, IGeMiNix, IPSOS, Iamthecheekymonkey, Ian Dunster, Icek, Iceman444k, Ignoramibus,
Igorwindsor, Ilmari Karonen, Inkling, Interplanet Janet, Into The Fray, InvertRect, InvictaHOG, Iridescent, Iris lorain, Irish Pearl, IstvanWolf, Ivan Stambuk, Ixfd64, Iyo8, J chaloner, J. W. Love,
J.delanoy, JHeinonen, JSoules, Jack B108, Jag123, JamesAM, JamesMLane, Jameschristopher, January, Jasonking, Jauerback, Javert, Javierito92, Jay32183, Jayron32, Jbaranao, Jechang05,
Jedock, Jeff3000, Jespinos, JesseW, Jggouvea, JinJian, Jitterro, JIbsem, Jman8088, JoJaEpp, Joao.caprivi, John254, JohnOwens, Jon186, Jonesey95, Jorfer, Joseph Solis in Australia, Jossi,
Jovianeye, Joyous!, Jpo, Jpvandijk, Jrdioko, Julesd, Junglecat, Jusdafax, Jwratnerl, KConWiki, KIS77, Kaimiddleton, Kansoku, Karl07, Katoa, Kctimes, Kcumming, Kel Ra Met, Kevin, Kevin
B12, Khalid Mahmood, Kimon, Kingturtle, Kintetsubuffalo, Kipala, Kittybrewster, Kleopatra, Knowitall4, Knowledge Seeker, KnowledgeOfSelf, Korovioff, Krich, Kristof vt, Krobin, Kukini,
Kungfuadam, Kurzon, LM2000, LaMenta3, Lancevortex, Lanthanum-138, Latka, Lauryn-joy, Lcarsdata, LeadSongDog, Leonard G., Leonard"Bloom, Lesgles, Leuko, Lightdarkness,
Lightmouse, Lights, Lightspeedchick, Ligulem, Linuxmatt, Lir, LizardJr8, LovesMacs, Lowellian, Luckyherb, Luk, LukeSurl, Luna Santin, Lupin, Lupo, M3tainfo, MC10, MER-C, MONGO,
MaNeMeBasat, Mac Davis, Macaddct1984, Mackerm, Madcoverboy, Magister Mathematicae, Maha ts, Makeemlighter, Malcolm Farmer, Malkinann, Malo, Mana Excalibur, Manil, Manop,
Mapletip, Mar2194, MarSch, Marcus.aerlous, Marikanessa, Mario777Zelda, Maristoddard, MarkS, Martpol, Marysunshine, Marzmich, Masamage, Master Jay, Master of Puppets, Matticus78,
Mav, Maxi, Mayumashu, Mentifisto, Merope, Mesquishyoul01, MiShogun, Miaow Miaow, Miaowsayscow, Michaelas10, Michaelbusch, Migco, Mikaey, Mike Rosoft, MikeEagling,
Mikenorton, Mikeo, Minesweeper, Minimac, Mintguy, Miranda, Mmoneypenny, MoNi101, Mojo Hand, Moriori, Morwen, Muad, Mufka, Mulad, Musical Linguist, Mwtoews, Mxn, Myanw,
Mysidia, N5iln, NHRHS2010, NSR, Naddy, Nakon, NameThatWorks, NatureA16, NawlinWiki, Nedhenry, NellieBly, Neo-Jay, Netrapt, Neurophyre, NewInn, Newone, Nibuod, Nicholas Sund,
Nihiltres, Ninjaabiosis22, Nishka, Njdevilsplayermb, NorCalHistory, Num1dgen, Nurg, Obli, Oddfellowslocal151, Odie5533, Oldlaptop321, Oleg Alexandrov, Olegalexandrov, Omicronpersei8,
Omnipaedista, Orphic, Ouishoebean, OwenBlacker, Oxymoron83, Pagross, Pajz, Pakaran, Patstuart, Pb30, Pelex, Pepsidrinka, PeregrineAY, Peter Karlsen, Petri Krohn, Pgk, Phaleux, Phe, Philip
Trueman, Phillip Raven, Pilotguy, Pinethicket, Pizza Puzzle, Pkeestra, Pkm iet, PlanetStar, Plumbago, Pol098, Pollinator, Popgoes, Porcher, PowerCS, Powerkeys, Ppntori, PrestonH, Professor
Chaos, Proof Pudding, Protargol, Quadell, Quinsareth, Qurq, Qxz, R3m0t, RJHall, RNCoats, RPlunk2853, Ragesoss, Rajeevmass, RamblinWreck3, RandomXYZb, Ranveig, Raptor24, Rascalb,
RattusMaximus, Raul654, Raven in Orbit, Raven4x4x, Reaper Eternal, Rebroad, Reddi, Redrocket, Reet 3, Resident Mario, Retired username, RetiredUser2, RevDan, RexNL, Reyk, Riana, Rich
Farmbrough, Richard Harvey, Richard001, Rickibal, Rivazza, Rje, Rjwilmsi, Rlevse, Roadrunner, RobertG, Robertcurrey, RockMagnetist, Rolinator, Ronbo76, Ronhjones, Rory096, Rost11,
RoyBoy, Royalguard11, Royboycrashfan, Rudolf Pohl, Ryswick, Ryulong, SDC, SEWilco, SLFLdr.Matt, Sage Connerson, Sairjohn, Sam Korn, Samsara, Samwb123, Sango123, Sanja Simat,
Sappe, Saros136, Savant13, Sbharris, Sc147, Scaregenral3, Scbergman, SchuminWeb, Sciurinz, Scottwiki, Scoutersig, SeanMack, Seattle Skier, Sebastian789, Sellyme, ShadeofTime09,
Shadowjams, Shark96z, Shattered, Shawn in Montreal, Shenme, Shindo9Hikaru, Shinryuu, Sidelight12, Siim, Simishag, Sir Nicholas de Mimsy-Porpington, Sir Vicious, Sjock, Skapur, Skraz,
Slac, Slawojarek, Slayerking94, Smallman12q, Smeira, Smith609, Smooth O, Smyth, SnappingTurtle, Snowolf, Sockatume, Someguy1221, Sotakeit, SpK, SpaceFlight89, SparrowsWing,
Spartan-James, Spellcast, SpigotMap, Spitfire, Spondoolicks, SreejanAlapati, Srnec, Srpnor, Stan Shebs, Stardotboy, Stbalbach, SteinbDJ, Stepanovas, Stephen Marki123, Stephenchou(0722,
Stephrox56, Stevertigo, Stirling Newberry, Storm Rider, Stvltvs, Suede, Suicidalhamster, Sun Creator, SupaStarGirl, SuperLuigi31, SuperMarioGamer, Supercoop, Susurrus, Synchronism, THE
KING, TMC, Tabdulla, Tamfang, Tamds Kéadér, Tangotango, Tannin, Tarotcards, Tarquin, Tbhotch, Techman224, TegetthoffstrasseNr43, TehBrandon, The "Ninja" Creeper, The Rambling Man,
The Random Editor, The Thing That Should Not Be, The sock that should not be, The undertow, The-G-Unit-Boss, TheKMan, TheProject, TheSmuel, Thebee, This user has left wikipedia, Thnr,
Tide rolls, Timmy12, Timwi, Tiptoety, Titoxd, Tktktk, Tmangray, Tobby72, Togoy, Tommy2010, Toomuchdespair, Tranletuhan, Traroth, Treisijs, Trevor MacInnis, Triwbe, Tseno Maximov,
Turlo Lomon, Twinsday, Uogl, User Al, Userdce, Valley2city, Vampirehelot, Van helsing, Vanished User 4517, Vanished user 39948282, Vanished user Szariu3jisj0j4irj, Vanished user
kjij32ro9jdtkse, Vary, Vegaswikian, Veryfaststuff, Vicenarian, VictorianMutant, Vina, Viriathus, Viriditas, Vsmith, Vssun, Vystrix Nexoth, W3lucario, Wackowarrior, Wapcaplet, Ward20,
Ward3001, Warut, Wavelength, Wayne Slam, Weetoddid, Wegge, West Brom 4ever, Wetman, Whispering, Whoop whoop pull up, Wikiauthor, Wikieditor06, Wikipelli, William Avery,
Williamborg, Willtron, Wilson44691, Wimt, Wjbeaty, WolfmanSF, Woohookitty, WormRunner, Worthydaydream, Woudloper, Writer777, Wufpack jack, Wzrd1, XL.3000, Xaxafrad,
Xchbla423, Xenonice, Xhaoz, Xigan, Xihuzhaiyue, Xndr, Yamamoto Ichiro, Yekrats, Young Pioneer, Youssefsan, Zaheen, Zahid Abdassabur, Zakahori, Zamphuor, Zapvet, Zaslav, Zaui,
Zazaban, Zocky, ZooFari, Zsinj, Zyzzy2, Zzuuzz, §yzergy, A, Aunpeit Pomanenko, Mypan 97, x.., 2230 anonymous edits

Geology Source: http://en.wikipedia.org/w/index.php?0ldid=597056697 Contributors: -Marcus-, 07michaelg, 2D, 97198, APH, Abductive, Abtract, Academic Challenger, Actualist,
Adambiswangerl, Addshore, Ahoerstemeier, Alansohn, Albertbrennemann, Aldis90, Alex Polyhistor, Alfio, All Is One, Ancheta Wis, Andre Engels, Andy F, Andycjp, Antandrus, Anthere,
Apologist7, Aqwtyj, Archaic1971, Aretnap, ArglebarglelV, ArielGold, Art LaPella, Arthur Rubin, Ashmoo, Astrobleme, Autodidactyl, Avoided, Awickert, AxelBoldt, Azcolvin429, BC
Museums, BHutt, BRG, BRUTE, BSATwinTowers, Bacteria, Bakasuprman, Bartelsman, Baygoush, Bekom, Ben Webber, Ben-Zin, Bender235, Berek, Berland, Big Bob the Finder, Billare,
Bitch26, BjankuloskiO6en, Bknobloch, BlueMoonlet, Bob frasier, Bobbo, Bobo192, Boing! said Zebedee, Bongwarrior, Booyabazooka, BorgQueen, Brittle bones, Bryankennedy, Cacycle,
Cadiomals, Caltas, Cam, Camembert, Camw, Can't sleep, clown will eat me, CanisRufus, Canterbury Tail, Capricorn42, Cavisson, Cekacekaceka, Cferrero, ChaseBilleaudeau, Chd, Chienlit,
Chiton magnificus, Chris the speller, Christian List, Christian75, Cimon Avaro, Citicat, Clare Firth, Closedmouth, Clpo13, Conti, Conversion script, Crusadeonilliteracy, DARTH SIDIOUS 2,
DO'Neil, DTGHYUKLPOQWMNB, DVdm, Da Gingerbread Man, Dan Hickman, Daniel Collins, DanielCD, Danielmeme, Danskil4, Darthvader5922, Datdyat, DavidLevinson, DavidRader,
Deba.tg, Decltype, Deniselktang, Der Falke, Der Golem, DerHexer, Derek Ross, Devlin, Diamondhead123, Dino, Dinosaur puppy, Donchesnut, Download, Dr.K., Dracontes,
DragonflySixtyseven, Drj, Duncan.france, Dysepsion, Ederiel, Edward, El C, Eladeira, Eleassar777, Elockid, Enigmaman, Enlil Ninlil, Epbr123, Ericoides, ErilLanin, Errebe, Everyking, Evil
Monkey, EvilPizza, Excirial, Exert, Fabartus, Fafnir]l, Fama Clamosa, Favonian, FayssalF, FinalEditor378, Fio202, Fire2345987, Flauto Dolce, Flewis, Fratrep, Frazzydee, Freakofnurture,
Freshacconci, Fubar Obfusco, GRBerry, GUllman, GVOLTT, Galoubet, Garael, Gary, Gem-fanat, GeoJuggler, GeoWriter, Geology man, Geologyguy, GeorgeShaw, Giftlite, Gilliam, Glynwj,
Gniniv, Goldenrowley, Goldfishbutt, Graeme Bartlett, Graham, Greeneto, Greyhood, Gruekiller, Gulbenk, Gump Stump, Gurch, Gwernol, HEYMANWATSUP, Hadal, HalfShadow,
Hamsterlopithecus, Hanberke, HappyCat12, Hardwigg, Hardyplants, Harizotoh9, Hdrub, Hdynes, Headbomb, Hemlock Martinis, Henrygb, Heron, Hidaspal, Historychecker, Hobomadness,
HolgerK, Hunkofcheese, Hydrogen Iodide, IW.HG, Infrogmation, Isam, Ivarercool, Izogi, J.delanoy, JGkatz, JLaTondre, INW, JSquish, JYolkowski, JaGa, Jackdann88, Jagged 85, Jahiegel,
JakeMcJedi, JamesBWatson, Jamesontai, JanSuchy, Jathey2, Jauerback, Jay Gregg, Jc3010, Jdrice8, Jengirl1988, Jester177, Jim1138, Jkk5004, Jmanigold, Jmpenzone, John of Reading,
JohnBachner, Jonemerson, Jordysaun, Jose77, Josh0322, Jumbuck, JuneGloom07, Jusdafax, Jona Pérunn, KConWiki, KLassetter, Kablammo, Kalogeropoulos, Karl-Henner, Karol Langner,
Katoa, Keegan, Kennychan222, Kikolock, Kimse, Kipala, Kira67, Kmontgom, Knowledge Seeker, KnowledgeOfSelf, Koliri, Korruski, Koyaanis Qatsi, Kraftdinner321232, Kralizec!, Kroberek,
L Kensington, LLcopp, Lephafta, Levineps, Liftarn, Lightmouse, Lindsey689050, Lolm8, Longshlongsilver, Luckas Blade, Lucsherrett, Lugia2453, Luna Santin, Lupo1982, MPF, MSGJ,
Madraschap, Magioladitis, Maha ts, Man vyi, Manil, Marek69, Marskell, Martin451, Martinwilke 1980, MarylandArtLover, Materialscientist, Matthew risner, Matthewskylake, Mattisse,
Maurreen, Mav, Mawa, Maxim, Maximaximax, Maximus Rex, MayaSimFan, Mdebets, Mel Etitis, Menchi, Miaow Miaow, Michael Hardy, Mikenorton, MikeyJobby, Mirv, Moe Epsilon,
Moneyravil23, Moonboots, Moreschi, MosheA, Moumine, MountainB, MozzyMo, Mwtoews, Mygerardromance, Mykdavies, Mythrandir, Nadavspi, Nagy, NatureA16, Ndenison, Neo-Jay,
Nicbadboy, Nichalp, Nikola Smolenski, Niteowlneils, Njaelkies Lea, Nn123645, Nov ialiste, Nposs, Nswigginton, NuclearWarfare, O.Koslowski, Odood19, Ohnoitsjamie, Olivier,
Omicronpersei8, Omnipaedista, Online2stars, Oxymoron83, Palak.mining, Paleorthid, Passargea, Paul H., Pcarbonn, Pegasus1138, Penguin Man 62, Penwith61, PeterCanthropus, Peterlewis,
Petrb, PhilHibbs, Philip Trueman, Phlebas, Phoebe, Piano non troppo, PierreFG5, Pigman, Pinethicket, Plumbago, Poetaris, Pollinator, Polyamorph, Poolkris, Porqin, Psltaupo, Pufferfish101,
QTxVi4dbEMRbrNqOorWBYV, Qf1247, Quiddity, Qwyrxian, Qyd, RA0808, RJBurkhart, RJHall, Ragesoss, Rayan9807, Razimantv, Razor2988, Reconsider the static, Red Winged Duck, RemiOo,
Retiono Virginian, RexNL, Rich Farmbrough, RichAromas, Rickington, Rishi-NJITWILL, Rjwilmsi, Robert Stevens, RockBandit, RockMagnetist, Roisterer, Rolinator, Rory096, RoyBoy,
Rppeabody, Rror, Russianroberto, Ryulong, Rzhertz, SBaker43, Sam Hocevar, Sam Li, SamX, Samlyn.josfyn, Samsara, Saros136, Saturn star, Sbandrews, Schekinov Alexey Victorovich,
SchfiftyThree, Seattle Skier, Sengkang, Seth Ilys, Shenme, Shizhao, Shwoo, Sietse Snel, Sjakkalle, Skaterollie0, Slowking Man, SoCalSuperEagle, Solo30, Some P. Erson, Some jerk on the
Internet, Somerandom, Spacebirdy, Spitfire, Srich32977, Sriharsh1234, StAnselm, Steamroller Assault, Stefeyboy, Stemonitis, Stephenb, Stepp-Wulf, SteveMcCluskey, Stirling Newberry,
Subtlevirtue, Sun Creator, Sunray, Sushant gupta, Tactel, Tadas12, TaintedMustard, Tall-timothy, Tamariki, Tanthalas39, Tbhotch, Tenev, Tellyaddict, Tentinator, Tgeairn, Thanatos666, The
Banner Turbo, The Epopt, The High Fin Sperm Whale, The Rambling Man, The Singing Badger, The Thing That Should Not Be, The Transhumanist, The wub, TheGrappler, TheMightyOrb,
Thingg, Thparkth, Thrissel, Tiddly Tom, Tide rolls, Titoxd, Tobby72, Toddst1, Towerman, Tpbradbury, Tqop, Tranletuhan, Trums67, Tsuba, Tuvalkin, Twinsday, UAKasper, Ugog Nizdast,
Uirauna, Ultraexactzz, UnitedStatesian, Unyoyega, Valich, Van der Hoorn, Vanished User 4517, Velosqueak, Viriditas, Vimastra, Vrenator, Vsmith, Vuong Ngan Ha,

WHITE&NERD Yreference, WWEDawn, Warrior7527, Wavelength, Wayne Slam, Webschem, Wendyorangelazarus, Whkoh, Wiki alf, WikipedianMarlith, Will Beback Auto, Williumus
Mondalaus Johnson, Wilson44691, Windchaser, Wmahan, Woodysnirvana, Woohookitty, Woudloper, Xtina a, Yamamoto Ichiro, Youssefsan, Yoyomikey24, Zfr, ZipperJam, Zocky, HactaBko
A.B., 000000000, 765 anonymous edits

History of the Earth Source: http://en.wikipedia.org/w/index.php?0ldid=597168035 Contributors: 09grahas, 123Hedgehog456, 19merlin69, 21655, A. Parrot, ABF, Abunrey, Acroterion,
Adam-the-kiwi, Adambro, Addshore, AdjustShift, Af0554, Agent Smith (The Matrix), Aglassonion, Ajraddatz, Alanalanalan55, Alansohn, Alexius08, Alfakol, Alienaments, Alphachimp, Amish
01, Ancheta Wis, Andonic, AniRaptor2001, Animaly2k2, AnkhMorpork, Anna Lincoln, Anrnusna, Anwar saadat, Apokryltaros, Arado, Arkuat, Armchair info guy, Arthena, Artichoker,
Assasinator24, AtheWeatherman, Athenean, Aunt Entropy, Awsomesaucel11, Azcolvind29, BD2412, BSATwinTowers, Babakathy, Bamyers99, Bcasterline, Beetstra, Beland, Ben Ben, Ben
MacDui, Bgwhite, BigBurkey, Blair.deyo, BlaiseFEgan, BlytheG, Bobbean, Braincricket, Brian0918, Brinerustle, Brionthorpe, Bukkia, CIS, Cadiomals, Caltas, Calvin 1998, Can't sleep, clown
will eat me, Canderson7, Canyouhearmenow, CapitalR, CardinalDan, Carmichael, Ccacsmss, CharlesHBennett, Chienlit, ChildofMidnight, Chrisjj, Christopher Parham, Chriswiki, Ckatz,
ClockworkSoul, Cocu, Coffee, Colejashby, Cometstyles, CommonsDelinker, Cool The Slain, Crazymonkey1123, Creez34, Crum375, Cruzflores1996, Cryptoid, Csol, D.M. from Ukraine, Dainis,
Dana boomer, DanielCD, Danilot, Dark Mage, Dawnseeker2000, Dbfirs, Delibebek, Dentalplanlisa, Deorum, DerHexer, Dewritech, Dgwarwick, Discospinster, Dmg46664, Docu,
Donmarkdixon, Donner60, DrKiernan, Drbogdan, Drmies, Dudley Miles, Dukejansen, Dwhimsy, DxMxDswb, Dysepsion, EWikist, Earth Formation, Eath18235, Echuck215, Edit Centric,
Edward, Ejossel, Ejsamoht, El C, Elemesh, Epbr123, Eric Kvaalen, Esanchez7587, Evolauxia, Evolvo365247, Excirial, FaerieInGrey, Faizan, Fang 23, Favonian, Fieldday-sunday, Fireaxe888,
Fleela, Flyer22, Flyguy649, Fotaun, Fox Wilson, Fractious Jell, Franco3450, Frederichuxley, Frehley, Freiddie, Fritzpoll, Frze, Fxer, GDonato, GSlicer, Gaius Cornelius, Geilamir, Geologyguy,
Geomensch, Gibson Flying V, Ginkgo100, Girlwithgreeneyes, Givegains, Glane23, Gogo Dodo, Goldom, GooPC, Grafen, Gragus, Gran2, Gregcaletta, GrouchyDan, Gurch, Gwguffey, HalJor,
HamburgerRadio, Hanamanteo, Hans Dunkelberg, Hardwigg, Hardyplants, Harizotoh9, Haukur10, Hermione1980, Hhhippo, HiLo48, Hibernian, Hike395, Hiroe, Holek, Honeplus, Hotdogger,
HowDumbAreYou, Hut 8.5, I am Agnostic, IRP, Icairns, Idh0854, Igodard, Ilkali, Imrek, Incnis Mrsi, Indon, Inks. LWC, Intro96, Iridescent, Irishguy, Isaac Dupree, Itsmine, J.delanoy, JForget,
JPG-GR, Jagget mcfew, Jakewestcott, Janusjanus, Jared W, JayJasper, JayKeaton, JaysonSunshine, Jbeans, Jcvamp, JedediahBaugh, Jennica, JinZDP, Jimothyjim, JIt411, Jman2242, Joelr31,
John, John D. Croft, JohnCD, Johnuniq, Jojit fb, Jon186, Jonadin93, Jonathunder, JorisvS, Josve05a, Jpvandijk, Kamil10000, Kareman, Keenan Pepper, Kflester, Khazar2, Kirachinmoku,
Kiwil28, Kleopatra, Klilidiplomus, Knowledge Seeker, Kukini, Kurieeto, Lacqui, Lacrimosus, Lahiru k, Laurence Boyce, Leoesb1032, Leptictidium, Leszek Jaficzuk, Liff, Ligulem, Lokon40,




Article Sources and Contributors 345

Loren.wilton, Lucasjgjgjgk, Lugia2453, Luk, Luna Santin, Lviatour, MBisanz, MECU, MacsBug, Madeleine Price Ball, MagicOvenMitts, Magioladitis, Mailseth, Majorly, Mak17f, Mandarax,
Mandards, Manway, Marek69, Marinapineapple, Marmenta, Materialscientist, Mattbr, Matthew Yeager, Mayanaut, Mc4932, Mckenna3002, Mentifisto, Michael Devore, Micheletb, MikeEagling,
Mikenorton, Mindmatrix, Miracle Pen, Moe Epsilon, Moonraker, MrSomeone, Mushin, MusikAnimal, Mygerardromance, Myles325a, MysticEsper, Nakon, NatureA16, Nburden, Necessary Evil,
Neechalkaran, NewEnglandYankee, NiceHotShower, Nick Number, Nigholith, Nikola Smolenski, Nirakka, Nivix, Nk.sheridan, Nn123645, NuclearWarfare, OMG NICK, Ohconfucius,
Ohmyyes, Omar77, OrinR, Outoftune, Outoftunerecorder, Outoftuneviolin!!!!, OverlordQ, Owusuadudarko, Oxymoron83, PJtP, Pajz, Pakaraki, ParisianBlade, Parsa, Parsecboy, Patar knight,
Paul H., Persian Poet Gal, Peter Chastain, Peter M. Brown, Peter von caesar, Petri Krohn, Pgan002, Philip Trueman, Pichpich, Picus viridis, Pinethicket, Piotrus, Pippo skaio, PlanetStar,
PlayaFly101, Poelog, Polly, Porqin, PpkO1, Puffball, Quantum Burrito, QuantumShadow, Quiddity, Qwyrxian, R6144, RA0808, RJHall, RIN, Raidon Kane, RainbowOfLight, RandomP,
Rarelight, Raven in Orbit, Raven4x4x, Rebroad, Reddi, Reedy, RexNL, Rich Farmbrough, Richardmacgurn, Rickert, Rjwilmsi, RockMagnetist, RockfordBrewing, Rocksandwaves, Rogermw,
Roguelegionaire, Rolatrad, Rorro, Rorschach, Rory-the-roman, Rossnixon, Rounder3, Rror, Rubyrail0, Rursus, Ryan shell, SEWilco, Sabar, Saeed.Veradi, Salvio giuliano, SamiAEH,
Sammysam, Sango123, Saravask, Sasata, Savant13, Savemaxim, Savidan, Scarian, Schmiteye, SchnitzelMannGreek, Scjessey, Scwlong, Serouj, Sethnk, Sevenpifer, Shady Caveman, Shark96z,
Silly rabbit, Sir48, Sitic, Sjjfk, SkipperGeek, Skyezx, Slazenger, Slidersv, Slightsmile, Smartse, Snow Blizzard, SoCalSuperEagle, Some jerk on the Internet, SpaceChimp1992, Sparky7850,
St.daniel, StGdJes, Stbalbach, Stephan Schulz, Stephen, Stephenchou0722, Steveoc 86, Stevertigo, Stfg, Suffusion of Yellow, Sunjaymin, Sunrise, Super-Magician, Sushant gupta, Svick,
Swerling, TKD, Tablespeed, Tafelski21, The Moustache, The Rogue Penguin, The Thing That Should Not Be, The undertow, TheLimbicOne, TheMan888, TheRockPro, Theinsomniac4life,
Theoldanarchist, Theroadislong, Thgj, Thincat, Think outside the box, TiCPU, Tide rolls, Tim Shuba, TimVickers, Timemutt, Timvireo, Timwi, Titodutta, Titoxd, Tjdayhuff, Tobias1984,
Tomtefarbror, Toniwikipendia, Tony Sidaway, Tonywalton, Torchiest, Tpbradbury, Trafford09, Trever1997, Tutee, Umofomia, Uncle Dick, Unschool, Usrnme h8er, Vanished User 0001,
Vanished User 1004, Vanished User 4517, Vaughan Pratt, Veda784, VeronicaPerezClark, Versus22, Vicarious, Viriditas, Vital Forces, Vrenator, Vsmith, Wafulz, Warren, Wavelength, Whitehex,
Whoop whoop pull up, Widr, Wiki alf, Wikil3, Wikidan829, Wildonrio, WillyDM, Wilson44691, WilyD, Woohookitty, Wotnow, Woudloper, X!, Xbspiro, Xhuli8, Xihuzhaiyue, Xxanonwikixx,
YanealPatel, Yintan, Yodasodayo, Ytrottier, Yunshui, ZS, Zamphuor, Zelmerszoetrop, Zeneky, Zero g, Zink Dawg, ZorkFox, Zuri125, 2, Ypansckuii Kor, 782 anonymous edits

Atmosphere of Earth Source: http://en.wikipedia.org/w/index.php?0ldid=596378406 Contributors: (jarbarf), 08004KAREN, 10metreh, 16pfrady, lexecl, 216Kleopatra, 25abs25, 2D,
49ersfanforlife, 5 albert square, 69Legend, 7D HMS, 9Questions, A3RO, ABF, AGToth, ARC Gritt, Aarchiba, Aboutmovies, Achaemenes, Acroterion, AdamButtery, Adambro, Adashiel,
Addshore, AdjustShift, Aeconley, Af648, Ageekgal, Agiieyband, Ahoerstemeier, Aid85, Aitias, Aknorals, Alan Liefting, Alansohn, Alegoo92, Alexius08, Alison, All Is One, Allaboutbball,
Allsaints23, Alphablast, Alphachimp, Alsadius, Amaurea, Amber48, Amoreno65, Amrad, Anakata, Anastasios, Anclation, Andre Engels, Andreal05, Andrewjlockley, AndrooUK, Andy M.
Wang, Andymease, Angelo De La Paz, Aniten21, Ann Stouter, AnnaJGrant, Anotherstani, Ansdldks95, Antandrus, Anthony Appleyard, Anthony717, Antwerp42, Aog2000a, Appanouki,
Apparitionl1, Aquarat, ArcadianRefugee, Archimerged, Arctic.gnome, Arjun0O1, Art LaPella, Arthena, Arthur Rubin, Aruton, Asdfdsa, Asw138, Attaboy, AuburnPilot, Aude, Avenue, Avraham,
Barneca, Bart133, Bartsla, Bavetta, Bdodo1992, Beigeotter, Beland, Belg4mit, Belovedfreak, Benboy00, BendersGame, Benwildeboer, Benzx132, Besitos4bffs, Bhadani, Bhawani Gautam,
BillFlis, Billinghurst, Bissinger, Bkell, Blake Burba, Blake-, Blanchardb, Blehfu, Blue bear sd, Bmicomp, BoDeppen, Bobo The Ninja, Bobo192, Bomac, Bongwarrior, Borameer, Borovy3488,
Bowlhover, Br77rino, Brian Everlasting, Brian.lockwood, Brian0918, Brockert, Bronger, Brumpz, Bryan Derksen, Brycel11111, Bsadowskil, Bsneaky123, Btilm, Bubblesf11, Buneezfolife,
COnanPayne, CJLippert, CMD Beaker, CT Cooper, Cactus.man, Caffelice, Caknuck, Calabe1992, Calltech, Calor, Caltas, Can't sleep, clown will eat me, CanOfWorms, CanadianLinuxUser,
CanisRufus, Capricorn42, Carbuncle, Cashewbrick, Casliber, Caster23, Cdhdude, Celestianpower, Chamdarae, Charleca, CharlesC, Charlesreid1, CheesyBiscuit, Chesnok, Chodorkovskiy,
ChrisCarss Former24.108.99.31, ChrisPZKS, Chrism, Christian List, Chzz, Cimex, Ciphergoth, Cireshoe, Cirt, Civil Engineer III, Clansmugglar, Clemwang, ClockworkSoul, Closedmouth,
Cmglee, Cmichael, Cntras, Coastwise, Coinboybrian, Colonies Chris, Concordia, Corvus cornix, Cos111, Courcelles, CovenantD, Crazy Boris with a red beard, Crazycool12, Crazysane,
Cremepuff222, CrookedAsterisk, Cst17, Curps, Cyktsui, Cynical, DARTH SIDIOUS 2, DASonnenfeld, DESiegel, DMS, DMacks, DSachan, DVD R W, Daarznieks, Damorbel, Dan.Seidel,
DanielDeibler, Dante Alighieri, Dar-Ape, Darkemagik, Darth Panda, DaryINickerson, Dave3457, Daven200520, David Laing, David Wahler, David1010, Dayana Hashim, Dbachmann, Dbfirs,
Debresser, Deglr6328, Deipnosophista, Delldot, Delswick, Demmy, Denni, DerHexer, Dgies, Dhollm, Dinny McGee, Discospinster, Dlary, Dlohcierekim, DocWatson42, Donarreiskoffer,
Doniago, Doradus, Double sharp, Doulos Christos, Dr Thermo, Dragana666, Dragons flight, Drbogdan, Dreish, Dreslough, Dspradau, DubaiTerminator, Duk, Dunk402, Dzubint, E2eamon,
ELApro, ESkog, Ebellii, EdBever, EdGl, Edgars2007, Eeekster, Eggietheman, Egmontaz, El C, Electron9, Eliza bangbang, Emc2, EncMstr, Epbr123, Eplack, Eric Kvaalen, Eric-Wester, Erik9,
Eroica, Esanchez7587, Esoltas, Etacarl1, Ettrig, Evababygirl, EvenGreenerFish, Everyking, Excirial, Eyal Morag, Eyrian, Ezhiukas 7, Falcon8765, Faradayplank, Fastily, Fishback, Flewis,
Florian Blaschke, Flubeca, Flyguy649, FlyingToaster, Fmeggers, Fosnez, Fred Gandt, Fredrik, Friedo, Frozen banana, Fudoreaper, Fuzheado, Fe, GZUS96, Gagal123456789, Gaius Cornelius,
GalenD, Galoubet, Gaturman?2, Gdarin, Ged UK, Geldart, Gene Nygaard, GeneralJ, Geopersona, George The Dragon, Georgewilliamherbert, Gesiwuj, Giftlite, Gilderien, Gilliam, Gillyweed,
Gire 3pich2005, Glane23, Glenn, GoShow, Gogo Dodo, Gohglendon, Golgofrinchian, Greatwalk, GreenReaper, GregBenson, Gtg204y, Guldry, Guanaco, Gurch, Gustavocarra, Guy0307,
Gwernol, Gzap4me, Haemo, Hairy Dude, HalfShadow, Hallenrm, Hallows AG, Hamtechperson, Hard Raspy Sci, Haros, Hdt83, Headbomb, Heinovh, Hello4680, HexaChord, HiLo48, Hiddekel,
Hillbrand, HimsAhimsa, Hoifon, Home Row Keysplurge, Honi, Hoo man, Hornlitz, Hotcrocodile, Hu, HumphreyW, Husond, Hut 8.5, Hydrogen lodide, I80and, IRP, IVAN3MAN, Icairns,
IceUnshattered, Iggykin, Igoldste, Imaglang, Imhatap, ImperatorExercitus, Improvman2, Inblakey, Ingolfson, Iohannes Animosus, Iridescent, Ixfd64, J.delanoy, JForget, JFreeman, JRR
Trollkien, JTN, JaGa, Jaganath, Jake cadenhead, James472, JamousMarc, Janeanne, Jaraalbe, Jason Patton, Jay Litman, Jayden54, Jayron32, Jc-SOCO, Jecl, Jdr900nf, Jeandré du Toit, Jeff G.,
Jemebius, Jerryseinfeld, JetLover, Jguard18, Jhsounds, Jkhoury, Joanjoc, JoanneB, Joffeloff, Jogar2, John, John Cline, John3mac, JohnCD, JohnOwens, Jojhutton, Jolivio, JonHarder, Jonnie Kid,
JorisvS, Joseph Solis in Australia, Jpalme, Jpgordon, Jprg1966, Jufglanville, Juliancolton, Jusjih, Just plain Bill, JustToHelp, Jxm, Jyuichi, K-UNIT, Kablammo, Kaiwen1, Kamell305,
KarlJorgensen, Karn, Katalaveno, Katieh5584, Kazvorpal, Keegan, Kehrbykid, Kelvin Case, Kelvinsong, Kesac, Keta, Kfitzner, Killiondude, Kingpin13, Kiore, Kipster, Kkmurray, Knowledge
Seeker, KnowledgeOfSelf, Knucmo2, Kolbasz, Kooljeena, Korg, Kraftlos, Kristen Eriksen, Kristinc82, Kuyil23w, L Kensington, LAX, LOL, Lacrymachristi, Lairor, Lancevortex,
LarryMorseDCOhio, Latitude0116, Laurenraeflieskites, LeQuantum, Leafyplant, LeaveSleaves, Lenin and McCarthy, Leonard*Bloom, Lesqual, Levineps, Levipetersisgay, Liamdaly620,
Lightmouse, Lights, Lithgon, Little Mountain 5, LittleOldMe, Lmatt, LollyBear12, LonelyMarble, Loodog, Loonymonkey, Lord of the Pit, Lordsatri, Loren, Loren36, Lou.weird, Lova Falk,
LovesMacs, Lowellian, LINOWIS, M.O.X, MER-C, MFago, MKar, MONGO, Maddie!, Maek 123, Magioladitis, Magister Mathematicae, Mailseth, Makeemlighter, Malcolm Farmer, Mandarax,
Mangojuice, Marcos, Marek69, Marinefooch, MariusStrom, Mark.murphy, Markaci, Marquez, Martarius, Martin Hanson, MarylandArtLover, Maskedskulker, Master of Puppets, Masterben555,
Materialscientist, Matthurricane, Max Naylor, Max Randor, Maxerhard, Maya, Mbeychok, Mbimmler, Mboverload, McSly, Melchoir, Menwith, Merope, Michael Devore, Michael H 34,
Michael93555, MichaelExe, Midgrid, Mifter, Mihail Vasiliev, Mike Rosoft, Mikeditol, Mikenorton, Minesweeper, Minimac, Miranda, Mirandarockstar, MisfitToys, Miss Madeline, Mister
weatherly, Mjmorris, Mksdiiw, Mmeijeri, Mobz, Mogism, Montgomery '39, Morn, Mountainhawk, Mpradeep, Mr. Lefty, Mr.Z-man, MrChupon, Mrsadmin, Mrzaius, Msgarrett, Murtasa,
Mushroom, Mxn, My Cat inn, Mygerardromance, Mysid, N2e, NGYlions, NHSavage, NReitzel, NYMets2000, Nachosos, Nakon, NameIsRon, Narayanese, Naruto82494, Nathan Johnson,
Natsmith9, Natural Cut, NawlinWiki, Nbv123, Neelix, NeonNero, NewEnglandYankee, Ngorongoro, Nick Wilson, Nicklink483, Nicorojas, Nightstryk3r, Nihiltres, Nikai, Ninjaman548,
Nintendoggys, Nivix, Njardarlogar, No Bars In No Places, Noetica, Nojan, NormStephens, Northamerical 000, Northfox, Nowayok, Npa213, Nsteinme, Nwbeeson, Nyi.napper, O RLY?,
Ocatecir, Octane, Oleksii0, Oli Filth, OllieFury, Omegatron, Omicronpersei8, Omnipaedista, Onceonthisisland, Onco p53, Onexdata, Opelio, Ophion, OrenBochman, Originalwana, Ovis23,
Oxymoron83, Ozalid, PHR34K50, PTJoshua, Pachang, Packa, Papadopolis, Pat Payne, Patrick, Paul August, Pb30, Pentajism, Pepper, Pepperosa, Permacultura, Peruvianllama, Peter S., Petri
Krohn, Pflatau, Phantomsteve, Pharaoh of the Wizards, Philip Trueman, PhnomPencil, Phoenix521, Phredward, Physchim62, Pilotguy, Pine, Pinethicket, Pit, Pizza Puzzle, PlanetStar, Plantsurfer,
Pmetzger, Poborak, Poindexter Propellerhead, Pokrajac, Ponder, Poppafuze, Portalian, Prari, PrestonH, Primefac, Pschemp, Ptdecker, Puchiko, Q Science, QuadrivialMind, Qwyrxian, Qxz,
RJBurkhart3, RJHall, RPgzLp, Radon210, Ram-Man, Ramisses, Ranveig, Ratpole, Rd232, Rdsmith4, RealityApologist, Reaper Eternal, Reaper45693, Reatlas, Regibox, Republican42069,
Respect.compassion, RexNL, Reyk, Rich Farmbrough, Ricnun, Rigmahroll, Riventree, Rjwilmsi, Rlcantwell, Rncox, Roastytoast, Rob 301, Robert Stevens, Robert the dee dee dee, Roberta F.,
Robsteadman, RockMagnetist, Rocket71048576, Ronhjones, Rory096, RoySmith, Rwflammang, Ryk, SD5, SEWilco, SK soccer, SOS48, Sahmeditor, Salmar, Sampi, Sampo Torgo, Sander123,
Sanfranman59, Sango123, Sankalpdravid, Sarkozila, Saros136, Savant13, SavijN, Sbeyda72, Sbharris, SchfiftyThree, SchuminWeb, Science enthusiast343, Scientific29, Scohoust, Scowie, Sdsds,
Sean William, Seaphoto, Sedathut, Sega381, Semperf, SeoMac, Seospamer, Seraphimblade, Sergay, Seth Ilys, Sferrier, Shaddack, ShadowZ5ightZ, Shadowjams, Shanes, Shaun123, Shawn in
Montreal, Sheogorath, Shirifan, Shirik, Shirulashem, Shoessss, Short Brigade Harvester Boris, Shrute, Sidious1701, Sigmundg, SimonP, SineWave, Sio6627, SirGrant, Sjakkalle, Skomorokh,
SkyBoxx, Skylerdray, Slakr, Sleigh, Slightsmile, SlimVirgin, SIn3412, Sma0002, Smenjas, Snailwalker, Sneltrekker, Snigbrook, Sole Soul, Solomonfromfinland, Sonarpulse, Sopholatre,
Soumyasch, SpLoT, SpaceFlight89, Spanishclassinmediacenter, Spencer, Squids and Chips, Srleffler, Srpnor, Sscomp2004, Stefan Alb, Stephan Schulz, Stephenchou0722, Stevage, Steve2011,
Stick9Figure, Stizz, Strait, Suez Canal, Supermaner, Sveinb, Sweartl, Syed Tirmizi, Syvanen, T-dot, THEN WHO WAS PHONE?, Taroaldo, Tavernsenses, Tbhotch, Tcncv, Tdadamemd, Tea
maven, Techman224, Teeteetee, Teleria, Teles, Tetraedycal, The Herald, The High Fin Sperm Whale, The Rambling Man, The Thing That Should Not Be, The chels, The way, the truth, and the
light, The wub, The-G-Unit-Boss, TheAirplaneGuy, TheDarkArchon, TheliggySaw, TheSuave, Thegreatdr, Thejadefalcon, Thek4k1ng, Thelb4, Theon, TheresaWilson, Thestraycat57, Thingg,
Thrapper, Thumperward, ThunderBird, Tide rolls, Tidus the BlitzStar, TigersIrgby, Tiptoety, Titus.jon, Tizio, Tohd8BohaithuGh1, Tom harrison, Tommy2010, Tomtheebomb, Tony Sidaway,
Tonyboy, Tosan, Tpbradbury, Tpk5010, Trainspotter, Trigger820, Triona, Triops, Triwbe, Tumblrfannn, Tvinh, Tytrain, UBeR, Ulric1313, Uncle Dick, UnitedStatesian, Uruiamme, User92361,
Utswert909, V111P, Vanished User 4517, Vanished user 9i39j3, Vanished user uih38riiw4hjlsd, Vaughan Pratt, VegaDark, Velella, Vicarious, Victor Engel, Vipinhari, Vsmith, Vy7, WAS 4.250,
Wackyvorlon, Waltpohl, Wasell, Wavelength, Wayne Slam, WaysToEscape, Wbrameld, West Brom 4ever, Wetman, WhaleyTim, Whiskey in the Jar, WikHead, Wiki editor 6, Wikipelli,
Wikiwikiwee, William Allen Simpson, William M. Connolley, Willking1979, Wilson44691, Wimox, Wimt, WolfmanSF, Wongo237, Woodsstock, Woohookitty, Worldtraveller, Wowrogue,
Witmitchell, XJaM, Xezbeth, Xhaoz, Xiahou, Xosema, Xxfriendsfan4lyfxx, Yahyayahya, Yamamoto Ichiro, Yerrik, Yintan, Youssefsan, Yuckfoo, Yumlick, Yurik, ZOMG.co, Zaheen, Zairatool,
Zealotii, Zeosurfer, Zephyrus67, ZeroEgo, Zgomez99, Zijiwiki, Zimmermanstein, Zoicon5, ZooFari, Zundark, Zygomorph, Anekcanmbp, <.,;, ol s.=e, 2181 anonymous edits

Climate Source: http://en.wikipedia.org/w/index.php?0ldid=596933261 Contributors: 13alexander, 28421u2232nfenfcenc, A little insignificant, ABF, ARUNKUMAR P.R, Abdirahman213,
Adamantios, Adashiel, AdjustShift, Adrignola, AdultSwim, AgentPeppermint, Ahoerstemeier, Aitias, Aksi great, Alan Liefting, Alansohn, Ale jrb, Alexf, Alexius08, Ali, Allens, Allstarecho,
Almafeta, Aly 55055, Anclation, Anders Térlind, Andres, Andrewrp, Andycjp, Angrysockhop, Anna Lincoln, Antandrus, Apparition11, Araakankshakakwani, Arjuncm3, Art and Muscle,
AsceticRose, Autopilot, Avenue, Avono, AySz88, Az1568, Azulon, B3st, BD2412, Bakanov, Barney is a dino, Basawala, Bassbonerocks, Beefofwar, Berkay0652, Betacommand, BethNaught,
Bkillil, Bobo192, Bobus98, Bogdangiusca, Bogey97, Bomac, Bongwarrior, Bookofjude, BorgHunter, Bradv, Bryan Derksen, C'est moi, CPWinter, Caltas, CanisRufus, Capricorn42,
Captain-tucker, Casmith 789, CasualObserver'48, Cedrium, Cenarium, Century0, Chelseaclement, Chicago8, Chickenman2010, Chuckiesdad, Chuunen Baka, Ciloman, Clementina, Closedmouth,
Clovis Sangrail, CommonsDelinker, Conversion script, Coolcaesar, Courcelles, Crevox, CuteHappyBrute, Cutler, Cybercobra, DARTH SIDIOUS 2, DBigXray, DCEdwards1966, DL81292,
DVD R W, Daarznieks, DaggerNautilus, Danger, Darrell Greenwood, DavidH, Dawn Bard, Dbachmann, Dddstone, Denny, DerHexer, Derek Yoda's friend, Derktar, Dertius, Deton@toR,




Article Sources and Contributors 346

Deviator13, DirkvdM, Discospinster, Dittaeva, Domesticenginerd, Dominic Hardstaff, Donner60, Dorin 200320002006, Double sharp, Download, Doyley, Dragons flight, Dvyjones, Dylan620,
Dysprosia, Dzelinsk, E Wing, EOsteven, ESkog, EWS23, EagleFan, EastTN, Ed Poor, Edward321, Eh kia, Ejsamoht, El C, Elfsborgarn, ElizabethFong, Ellafb, Ellywa, Encycl wiki 01, Eog1916,
Epbr123, Epipelagic, Eric-Wester, Erockrph, Escape Orbit, Eteru, Evil saltine, Evolauxia, Excirial, Fabartus, Farnshon, FastLizard4, Fev, Flatterworld, Fraggle81, Fram,
Fubberthegreatcowpigdude, Funandtrvl, Fycafterpro, Fee, GCarty, Gabriel Kielland, Ghét mau do, Giftlite, Gilliam, Ginsuloft, Glenn, Gob Lofa, Gogo Dodo, GoingBatty, Gr4ntS, Graham87,
Greswik, Guam, Guanaco, Gudrun Sylte, Guesswatches, Gurch, Gokhan, HMSSolent, Haagfun, HalfShadow, Hard Raspy Sci, Hardyplants, Harland1, Harriv, Hashar, Hfcom, Hi878, HiDrNick,
Hike395, Howcheng, Hpajrd, Hul2, I dream of horses, Id447, Immunize, InNuce, Inter16, Ipatrol, Iridescent, Irish Souffle, Isaac Dupree, Ixfd64, J.delanoy, JForget, JRR Trollkien, Jackfork,
Jackson Peebles, Jacob.jose, Jadeddissonance, James086, JamesBWatson, JanSuchy, Jason Patton, Jeancey, JesseW, Jguard18, JimVC3, JinJian, Jj137, Jksdfka, JoanneB, Joao Xavier, Joe314,
JoeCasey, John Quincy Adding Machine, John Reaves, John254, Johnmperry, Jojhutton, Jose77, Jossi, Jsayre64, Juliancolton, Jusjih, Jwratner1, K6ka, Kakofonous, Kasaalan, Katieh5584, Katoa,
Kborer, Killiondude, KimDabelsteinPetersen, Kinggool2, Kingpin13, Kinhull, Kirachinmoku, Kirananils, KnowledgeOfSelf, Koavf, Konekoniku, Kop, Kornfan71, Kostisl, Kristaga, Kukini,
LeaveSleaves, Leeborkman, Levineps, LibLord, Lickitup13, LifeStar, Ling.Nut, Livermorium, Logan, LollyBear12, Lou1986, Lugia2453, Luis v silva, Lumidek, Luna Santin, Lupo,
Lutfurrahmangpb, MER-C, MK8, MSGJ, Ma8thew, Mac, Magioladitis, Magog the Ogre, Malcolm Farmer, Mandrews333, Maphobbyist, Marek69, Marshman, Materialscientist, Matt Borak,
Mattmonster3, Maxcrc, Maxis ftw, Mayooranathan, McSly, Mdd, Meaghan, Merovingian, Methecooldude, MetsFan76, Michael Hardy, Mifter, Mifter Public, Mikheil 88, Miranche, Mnjuckes,
Mojo Hand, Moon5, Moverton, Mr.PHP, Mr.Ripp, Mschel, Mukkalal123, Munita Prasad, Mushroom, MysticCurse, Naddy, Narayanese, Nathan Johnson, Neverquick, NewsAndEventsGuy,
Nichalp, Nick, Nishkid64, Njaelkies Lea, Nlu, Nnyl, OKIsItJustMe, Oasis010203, Oda Mari, Ohio12345, Olivier, Omello, Onco p53, Ooehs2000 alain, Orcaborealis, Orphan Wiki, Owengaffney,
PZmaps, Parent5446, Pchiu, Peter Horn, Pflatau, Pfly, Pgibson101, Philip Trueman, PhnomPencil, PierreFGS5, Pinethicket, Pinkunicorn, Plange, Plantsurfer, Plasticup, Pne, Pollinator, Pootsietop,
Possum, Prashanthns, Pratyya Ghosh, PrebesterinOs, Press olive, win oil, PrimeCupEevee, PrincessofLlyr, Prolog, Pruitigoe, PvsK1IKsVp, Pyfan, Quadell, Quantpole, Quintote, RDF, RJHall,
Racerx11, RashersTierney, Raymond arritt, Raymondwinn, Recognizance, Red Winged Duck, RedKiteUK, Redaktor, RexNL, Rich Farmbrough, Richard001, Rjackchapman, Rjwilmsi, Rob
Hooft, Rocket71048576, Rorschach, Ross Garnaut, RossA, RoyBoy, Runningonbrains, SEWilco, SMC, SPAD3, Sam Korn, Samarai food, Sameer prabha, Sardanaphalus, SaveThePoint,
Science4sail, Seaphoto, Selket, Shanes, Shenme, Shoeofdeath, Short Brigade Harvester Boris, Siebren, Silenceisgod, Simplex1swrhs, Sjakkalle, Skamecrazy123, Skizzik, SmartGuy Old,
Soleado44, Some jerk on the Internet, SpaceFlight89, Spencer, Splette, Spriteless, Sr07, Standardschecker, Stemonitis, Steven Zhang, Stevertigo, StradivariusTV, Strongbad1982, Ter o,
TOttenville8, TSWIFT225, Talos2503, Tasty monster, Tencv, Tempodivalse, Tgeairn, Thaimodz, Thatguyflint, The Cunctator, The Rambling Man, The Thing That Should Not Be, The
Transhumanist, The undertow, TheCoffee, TheDJ, Thegreatdr, Thehelpfulone, Thiefblade, Thingg, Thomas.W, Thuresson, Tide rolls, Tito4000, Tofergofer, Tohd8BohaithuGh1, Touch Of Light,
Tpbradbury, Trec'hlid mitonet, Triberocker, Tsogo3, Tuxedo junction, Twaz, Twinsday, TwoTwoHello, Tznkai, UBeR, Ukexpat, Uriel8, Utcursch, Vanished User 4517, Vanished user 39948282,
Vanished user 9i39j3, Vanished user uih38riiw4hjlsd, Verne Equinox, Viajero, Vincnet, Violetriga, Vishnava, Vrenator, Vsmith, WOSlinker, WadeSimMiser, Waggers, Wayward,
Weedwhacker128, Wetman, WikiDan61, William M. Connolley, Wimt, Wisden17, Wjejskenewr, Wknight94, WolfmanSF, Woohookitty, Woudloper, WxGopher, Yamaguchi£ “E, Yamamoto
Ichiro, Yekrats, Yomomma90650, Youssefsan, Yuhter, Zalgo, Zoicon5, Zomwolf, Zzuuzz, Anekcanabp, Pecrom Hypbies, wi._@num, ale ael a>Ls, 1116 anonymous edits

Weather Source: http://en.wikipedia.org/w/index.php?0ldid=596997934 Contributors: -- Sodium, 02chcle, 10revanstim, 155.42.27.xxx, 16@r, lexecl, 209.135.64.xxx, 212.135.1.xxx,
212.153.190.xxx, 28421u2232nfenfcenc, 4twenty420, 99DBSIMLR, A little insignificant, A930913, ABF, ARUNKUMAR P.R, Academic Challenger, AdAdAdAd, Adrian.benko, Aeonx,
Aerion, Agent Smith (The Matrix), AgentPeppermint, Aggieguy 1977, Ags15, Ahoerstemeier, Ahunt, Alan smithee, Alansohn, Alexzelszkp, Alfie66, Alhutch, Allstarecho, Allstrak, Amamoto,
Amaury, Anaxial, Andem, Andre Engels, Andrewpmk, Andrewrp, AndySimpson, Angela, Angr, Antandrus, Anthony Appleyard, Ap, Apparitionl 1, Arakunem, Arjun0O1, Art LaPella, Arthena,
Aruton, Asmeurer, Atallcostsky, AtheWeatherman, AusAtaman, AxelBoldt, Az1568, Azure Blue, BD2412, Bachrach44, Bald Zebra, Ballard12, Barticus88, Basawala, BearMan999, Begoon, Ben
Moore, BenFrantzDale, Bensteubing09, Bento00, BiT, Bidgee, BigFatBuddha, BigT27, Bigfatcock888, Billtheshirk, Blanchardb, Blethering Scot, BlueLint, Boarder8925, Bob98133, Bobianite,
Bochkov, Bodnotbod, Bolpez, Bongwarrior, BoomerAB, BorgHunter, Bovineboy2008, Brad Bishop, Brandonalford, Bricaniwi, Britt123, Bryan Derksen, Bsadowskil, C-randles, C.Fred, CALR,
CKittow, CTC, CUSENZA Mario, Caltas, CambridgeBayWeather, Camw, Camyoung54, Can't sleep, clown will eat me, CanadianLinuxUser, CardinalDan, Carry Lowes, Cassivs, Caster33,
Catgut, Cedcat68, Cenarium, CesarB, Chan Yin Keen, Charlie36751, Chasingsol, ChayaMoussia, Cheif Captain, Cheryl1979, Chessie45, Chicago8, Chris 73, Chuckiesdad, Church of emacs,
Ckydudelog, Cleveracesleep, Cmapm, Cocoaguy, Cofee3434, Cometstyles, CommonsDelinker, Computerjoe, ConCompS, Conesar, Connormah, Conversion script, Corusant, CosineKitty,
Coupie06, Credibilty1, Crimsone, Cryptic C62, Cybercobra, Cyclones carr, Cyktsui, Cyrusc, D climacus, D. Recorder, D6, DARTH SIDIOUS 2, DG, DScheffer, Dainis, Daniel770, Dark dude,
Darth Panda, Datameister, Dave, Davewild, David R. Ingham, David0811, DavidH, DavidWBrooks, Dawn Bard, Dcljr, Debresser, Dekisugi, Deli nk, Deor, Destoryior123, Dgw, Dialectric, Dina,
Discospinster, Dkreisst, Dmlenk, Dolphonia, Donner60, Donthate101, DoorsAjar, DoubleBlue, Dreadstar, Dsmithsmithy, Dspradau, Dudesleeper, Dungodung, Dusti, Dwpaul, E. Ripley,
EOsteven, ESkog, EWS23, Eazysubs, Ec5618, Edgar181, Ednerdy, Edward, El C, Emc2, Emrrans, Enviroboy, Eoza97, Epbr123, EpicFantasyStory, Eran of Arcadia, Erebus Morgaine, Evangelia,
Everyking, Excirial, FF2010, FFLaguna, Faradayplank, Firsfron, Flatterworld, FlyingToaster, Fotaun, Francl, Fred Bauder, Free Bear, Funandtrvl, Fvasconcellos, Fvw, Fe, Gabriel Kielland, Gail,
Gareth Griffith-Jones, Gary, Gazpacho, Geapp1959, GdoO1, Getuflyin, Giftlite, Gildos, Gilliam, Ginsengbomb, Gioto, Glenn, Gob Lofa, Gogo Dodo, Goldmund100, Goldsmurf2, Gotshallmaxon,
Goudzovski, Graham87, Gryfin, Gwernol, Hagedis, Happysailor, Hdt83, Headbomb, Heron, HexaChord, Hisgirl92095, Hogwild13, Hoof Hearted, Horsewithnoname, Howardgoldman, Hslayer,
Hul2, Huntster, Hut 8.5, Hydrogen Iodide, Hyvatti, ILoveJadeW, IPAddressConflict, IRP, IShadowed, IW.HG, IanKDavis, Icecradle, Immunize, Imperial Assassin, Inferno, Lord of Penguins,
Instinct, Invincible Ninja, Iridescent, IronGargoyle, Island, J Crow, J.delanoy, JForget, JYolkowski, JaSaKe, Jack.Pundi, Jackelfive, JakeVortex, Jakeskow, James086, JamesBWatson, Jareha,
Jason Patton, Javert, Jaxl, Jay Litman, Jdcooper, Jdforrester, Jeancey, Jeff G., Jeffrd10, Jengod, Jesant13, Jguard18, Jim1138, JimWae, Jimmydeguara, Jimp, Jj137, Jmundo, Jncraton, Joeprindl,
Joeruv, John254, Joodeak, Jordanharmer, Jordn123x, Joyous!, Jpgordon, Jrockley, Jschnur, Juliancolton, Juliancolton Alternative, Jump off duck, Jusdafax, Jwratnerl, K-UNIT, Kafziel,
Kandy4848, Kangarool1, Keegan, Keegscee, Keilana, KeyboardCops, Kingpin13, Kipala, Kjiird2011, Kmettmick, KnowledgeOfSelf, KnowledgeRequire, Koavf, Kokulan3, Koshileximan,
Kr-val, Krich, Kukini, Kulshrax, Kwamikagami, Kwekubo, KylE045, Kyle1278, KyuuA4, LAX, LFaraone, LLarson, Labargeboy, Lakers, Lastitem, Latka, Lazareth, Leafyplant, Leaky caldron,
Len115566, Leon7, Leslie Mateus, Lewisuae, Lightmouse, Lil Elm17, Lindar, Lipton sale, Ljbl, Llywrch, Logan, Looochg35, LostLanguages, Lradrama, LuK3, Lukcast, Lupin, MDfoo, MER-C,
MGTom, MaNeMeBasat, Maddie!, Majorly, Malathos, Malcolm, Malmouse, Man78, Marek69, Markaci, MarsRover, Marshman, Marshmellow57, Martarius, Mascarasnake, Materialscientist,
Mav, Max Naylor, Maxis ftw, Mayooranathan, Mdd, Meaghan, MearsMan, Mechamind90, MelbourneStar, Methe dog, Michael Hardy, Michael93555, MichaelBillington, Michelplatin, Micki,
Mike.lifeguard, Mikeromeosierra90, Mild Bill Hiccup, Minimac, Minimac's Clone, Misibacsi, MissAlyx, Mista'B, Mnap123, MoiraMoira, Monicagellar 08, Moreschi, Mozasaur, MrBell, MrFish,
MrKIA11, MrSomeone, Mtaylor848, Mulke, Muu-karhu, MyFavoriteMartin, Mygerardromance, NFD9001, NGC 2736, NHSavage, Nagy, Namazu-tron, Narutolovehinata5, Nat, NatureA16,
NawlinWiki, Naynay12345, Nburden, Ndenison, NeoJustin, NerdyScienceDude, Nesbit, Netsnipe, Niall92, Nick C, Nick-D, NickW557, Nicklott, Nihiltres, Nilfanion, Niteowlneils, Njal,
Nn123645, O.Koslowski, Obiwankenobi, Od Mishehu, Ohconfucius, Okatoo, Olivier, Oriole4008, Oscar45596524, Otolemur crassicaudatus, Ouishoebean, Oxymoron83, Palica, Palsyman,
Parhamr, Pavel Vozenilek, Pb30, Pbroks13, Petrharabis, Pflatau, Pharaoh of the Wizards, Philip Trueman, Philopp, Piano non troppo, Pinethicket, Pjacklam, Plastikspork, Pne, Pnevares,
Polonius, Popsracer, Possum, Prari, Prashanthns, Prikipedia, Pryoidain, PseudoSudo, Pussy magnet bitch, Quantpole, QueenCake, Queentorado578, Quintote, R'n'B, RHM22, RJHall, Radagast,
Radon210, RafaAzevedo, RaminusFalcon, RattusMaximus, Ravichandar84, Raymond arritt, Rbakker99, Readie.tom, Reaper Eternal, Reatlas, Rebeccashenfeld, Reconsider the static, Reddi,
Redvers, Res2216firestar, Revotfel, RexNL, Rgamble, Rich Farmbrough, Richard D. LeCour, RickK, Ridgeway12345, Rivertorch, Rjwilmsi, Rmo13, Roadrunner3000, Roderick Broderick,
Rodgedodge12, Rokfaith, Rolir, Ronhjones, RoundedKnight, Roux, Rtdrury, Runningonbrains, Ryan032, RyanCross, SD5, SEWilco, ST47, SaltyBoatr, Sam Li, Sam8, Samsara, Sandman,
Sarahswann720, Sciencel1563, Scientizzle, ScottW, Sean.hoyland, Seaphoto, Seba5618, Seresin, Sewings, Shadowjams, ShawntheGod, Shikuesi3, Shipmaster, Shlomke, Siddharth srikanth, Sietse
Snel, Siim, Silberbuschc17, SimonP, Sk31943, Skarebo, Skizzik, Sky Attacker, Skipperdd, Slawojarek, Sleddog116, Slowking Man, SluggerBugger, Smalljim, Snowolf, SoCalSuperEagle,
Sobolewski, Solipsist, Solo1234, Some jerk on the Internet, Someonel1111111, South Bay, SpaceFlight89, Sparkygravity, Spencer, Spitfire19, Splash, Sportsandweatherfreak, Spunk403,
StaticGull, Steerpike, Stephen Burnett, Stephenb, Stevecody, Stevertigo, Sthomson06, Storkian, Sumone10154, Supere343, Superm401, Superrhys, SusanLesch, Sveinia, Svyerkgeniiy,
Swankus2711, Sweetness46, TBDBITL, TFD3, THEN WHO WAS PHONE?, TacitSilence, Tarquin, Taylorbieber, Tea maven, TeaDrinker, Techman224, Telashian, Tempodivalse, Tgeairn,
Thalladay101, That Guy, From That Show!, Thayts, The Anonymouse, The Cunctator, The Evil Spartan, The High Fin Sperm Whale, The Random Editor, The Thing That Should Not Be, The
Trolls of Navarone, The Ultimate Koopa, The way, the truth, and the light, Thegreatdr, Thegreenj, Theking999999999, Thetruth467347, Thevoid00, Thingg, This lousy T-shirt, Thomas.W,
Tigershrike, Timberframe, Tinyapple, Tobby72, Tofergofer, Tommy dullam, Tommy.readie, Tony1, Toreau, Torie30, TravisTX, Tricky Victoria, TriviaMonth2011, Trusilver, Tsogo3, Tucoxn,
Turgan, Twaz, TwoOneTwo, Txrazy, UberScienceNerd, Ukexpat, Umokay1234, Unec, Unyoyega, Uriel8, Useight, Vandal123, Vandal32, Vanished User 4517, Vansgobroom, Verdlanco,
Versus22, Vertalisman, Vicarious, Victorgehrke, Vina, Vinayaraj, Violetriga, Viriditas, Virtualsets, Vishnava, Vox Rationis, Vsmith, Wayne Riddock, Wayne Slam, Weather100, Weather333,
WebHamster, Webclient101, Weedwhacker128, WhaleyTim, WhiplashInferno, Wickedfunforallages, WikHead, Wiki alf, Wikitripper, Willaston, William Avery, Willking1979, Wknight94,
Wmahan, Woohookitty, Wtmitchell, Wwoods, WxGopher, Wyatts, Wzrd1, X epic shot x, Xcentaur, Xevious, Xionbox, Xrlben, Yacht, Yamaguchi£ £, Yamamoto Ichiro, Yekrats, Yidisheryid,
Yintan, You suck 123456, Yowanvista, Z.E.R.O., ZX81, Zafiroblue05, Zntrip, ZooFari, Zul32, Zyxwv99, s, 1420 anonymous edits

Life Source: http://en.wikipedia.org/w/index.php?0ldid=596638690 Contributors: (jarbarf), 100110100, 129.128.164.xxx, 12josh21, 16@r, 24fan24, 28bytes, 3tmx, 489thCorsica, A. Parrot,
A.Ou, ASDFGHIJKL, Aaron Kauppi, Aaron Schulz, Abaybas, Abc518, Abdullais4u, AbeOlsen, Abh1289, Acabashi, Acalamari, Acdx, Ace ETP, Achristl, Activision45, Acv176, Adam2828,
Adam78, AdamRetchless, Agglutinare, Ahernra, Ahoerstemeier, Akamad, Alansohn, Alasdair, Alena413105, AllyUnion, Almafeta, AlphaEta, Amalthea, Ancheta Wis, Anclation, Andre Engels,
Andrew Dalby, Andrew Gray, Andycjp, Andypandy.UK, Angela, Angrymansr, Animum, Ann Stouter, Anonymous Dissident, Anrnusna, Antandrus, Anthere, Antoni Barau, Anurag.sethi, Anya
sm, Apollo reactor, Apparition11, Arbor to SJ, Arcadian, Argon233, Ariaconditzione, Art LaPella, Artman772000, Artoasis, Ashley Y, Ashmoo, Assbanger, AstroHurricane001, Astropithicus,
Asyndeton, Atl braves, Aua, Audacity, Augurar, Avsa, Awood17, Awsomguy890, AzaToth, BD2412, Babajobu, Banno, Barak Naveh, Baseball Bugs, BatteryIncluded, Bci2, Beetstra, Beland,
Belovedfreak, Ben D., Ben Tillman, Ben-Zin, Bendzh, Benno Briton, Benwildeboer, Bernstein0275, Bevo, Bhludzin, Bilingual2000, Billjaber, BinaryTed, Binksternet, Bkell, Blerp blerp,
Blowmybaby, Bluerasberry, Bmicomp, Bobblewik, Bobo192, Bobthebuilderl, Bobvila2, Bomac, Bongwarrior, Boobiesqueezers, BoredTerry, BorgQueen, Borgx, BostonMA, Boud, Boulaur,
BovineBeast, Bowser22, Bragr, Brainyiscool, Brandon f1992, Brat32, Bratsche, Brian0918, BrianHoltz, BrianZ, Bright Eyes81, Brinerustle, Brookie, Brunoman1990, Bryan Derksen,
BunsofSteel289, Burnedthru, Buzz buzz, CALR, CDN99, CLW, CQJ, CYLee, Calabe1992, Caleb666, CalebNoble, Can't sleep, clown will eat me, CanisRufus, Casey Abell, CesarB, Cessator,
Cgingold, Chaos, CharlesC, Chessofnerd, Chickenfist95, Chickyfuzz14, Chitoryul2, ChongDae, Chris the speller, Chrisgtr, Chuck Smith, Ciadudel, Cigale, Cjwright79, Clementina, Cmbreuel,
Cogiati, Cohesion, Cojo84, Cometstyles, ComfyKem, CommonsDelinker, Condem, ConfuciusOrnis, CoolGuy, Corpx, Cosmotron, Cpl Syx, Crystallina, Cst17, Cybercobra, CyborgTosser,
CyrilB, DARTH SIDIOUS 2, DASonnenfeld, DDima, DJ Clayworth, Dadrados, Dainis, Danelkayam, Danflave, Danger, Daniel Case, Daniel L. Barth, Daniel Matheus, Daniel5127, DanielCD,
Danimoth, Danny Bierek, Dark jedi requiem, DarkFalls, Darrenhusted, Darthgriz98, David Latapie, David Little, David.Mestel, David0184, Delirium, Dennis Estenson II, DerHexer, Diderot's




Article Sources and Contributors 347

dreams, Dina, Discospinster, Dithersquash, Dlevenstein, Dmn, DoCowsGoMoo?, Doc Tropics, DocSigma, Doctordestiny, Dolovis, Donald Albury, Donlammers, Drbogdan, Dreadstar,
Drivenapart, Drmies, DroEsperanto, Drpaule, Dspart, Dumbo60, Dustinasby, Dzubint, Ed Poor, Eep?, Eequor, Egil, Ejfox, Ekhalom, El C, El seano danielsono, ElfMage, Elikp, Elockid,
Eloquence, Elronxenu, Elsweyn, EnDalLeCoMpLeX, Encyclopedia77, End of thanatos, Erencexor, Eric-Wester, Ericross, Esperant, EuPhyte, Evercat, Everyking, Evy Surender, Exir Kamalabadi,
Expewikiwriter, Eyesnore, Eyu100, Ezhiki, Ezhuttukari, Falcorian, Fallingwaffl3z, Fang 23, Fcpeacel7, Filceolaire, Fin-a, Firth m, Flyguy649, Foeburn, Fossiili, Fran Rogers, FrancoGG,
Frazzydee, FreakyDaGeeky 14, Fred Hsu, Frerin, Frietjes, Frymaster, Frédérick Lacasse, FunPika, Fuzzy901, Fvdham, Fvw, Gandrewcarder, Garfield226, Garion96, Gary, Garydino, GdoO1,
Geologist, Georgia guy, Gerren McKnight, Giftlite, Gilliam, Gjd001, Glenn, Goethean, Gogo Dodo, GoneAwayNowAndRetired, Googlyeyes, Gop 24fan, Gracenotes, GraemeL, Graham87,
Grandmainger, Gravybabylol987, Greedyhalibut, Green caterpillar, GregorB, Gridge, Guaka, Guest9999, Gurubrahma, Gwernol, HJ Mitchell, Habj, Hadal, Hairhorn, Hallenrm, Hamiltondaniel,
Hamletl, Handitems, Hans Dunkelberg, Hashem sfarim, Hastings Hart, Hd, Hdt83, Hellowilliam, Hemanshu, Hephaestos, Highfly3442, Hois420, Honeyman, Hughcharlesparker, I enjoy eating
cookies in my house, Icairns, Icedude999, Idont Havaname, Igordebraga, Ike9898, Iketsi, Ilkali, Illia Connell, Im.a.lumberjack, Imaninjapirate, Incnis Mrsi, Infinitizer, Invader Ren,
Isaacstucker69, Isegi, It Is Me Here, Itismylife, IvaB, Ixfd64, J.delanoy, JForget, JWSchmidt, JackSparrow Ninja, Jake609164, Jakes18, Jakie3, JamesBWatson, Jaranda, Jason Potter, Jay2332,
Jc-S0CO, JeR, Jezzk, Jfochtl, Jiddisch, Jimmycrackhorn, Jjalexand, Jklamo, Jnapp33, Jncraton, Joelsteeves, Johann Wolfgang, John Cumbers, JohnCD, Jojit fb, Jon186, Jonomacdrones,
Jordan311, JorgeGG, Jossi, Jpbowen, Jrockley, Jsc83, Jusjih, Jéské Couriano, K, Kablammo, Kahenkel, Kaiwen1, Kaiwhakahaere, Kaldari, KausarS, Keilana, Keiweill, Kenneth M Burke,
Kenshin, Kharissa, Khukri, Kier07, Killiondude, Kimble183, Kingdon, Kingpin13, Kirill Lokshin, KirkWolff, Kmoksy, Knight of BAAWA, KnowledgeOfSelf, KojiDude, Kolay123,
Koolxxkim500, Korisilun, Kosebamse, Krukouski, Kukini, Kungfuadam, Kuru, Kurykh, Kusma, Kzollman, L1A1 FAL, LC, LHOON, LSEU, La goutte de pluie, Ladder to Heaven, Larry laptop,
Larrybao2299, Lascorz, Last Best Hope of Humanity, Latitude0116, Latulla, Lazylaces, Lcarscad, Ld long133, Ldonna, Leeborkman, Lelkesa, Leolaursen, Lepetitechien, Letskillwikipedia,
Levineps, Lexande, Lexor, LiDaobing, Lifeisfun0007, Lifeonthestreet, Limitpanic, Lindberg G Williams Jr, Liquidvelvet, Lir, Littlealien182, Lkjhgfdsa, Locos epraix, Logan, Lolfool, Lolfool3,
LookingGlass, Looxix, Lopifalko, Lopkiol, LotR, Lothar von Richthofen, Lottamiata, Lowellian, Lpgeffen, LINOWIS, LtPowers, LuYiSi, Luckyman1000, LucyElls, Luigi-ish, Luk, Luna Santin,
LuoShengli, Lupo, Lycurgus, Lycurgus1920, Lyndametref, MD.Brian, MONGO, MPerel, MZMcBride, MacMed, Machine EIf 1735, Macintosh User, Macka666, Macy emerald, Madyodeler,
Maelnuneb, Magicnxnja, Malik el Sami yn Nasser, Malo, Mandolinface, Mareino, Marshman, MartinDK, MartinHarper, Marysunshine, Mattb112885, Mattbr, Matthuxtable, Mav, Mavigogun,
Maxamegalon2000, Maxim, Maxis ftw, Mayooranathan, Mayumashu, Meeples, Memius, Mentifisto, Merilius, Merphant, Metaomni, Methecooldude, Mfeadler, Mgiganteus1, Mharte,
Mhilling09, Michael Hardy, MichaelMatirko, Miguel Andrade, Mike Rosoft, Mikker, Mintleaf, Mintondi, Mister Five, Mjklin, Mmace91, Modesiunique, Mojo Hand, Monk Bretton, Montrealais,
Moralis, Moreschi, Mr Goulash, Mr. Garrison, Mr. Lefty, Mr.Z-man, Mre env, Mrkapitex, Mtrack81, Mushroom, Musical Linguist, Musicrecruitz, My skool, Myanw, N2e, N5iln, NCDane,
NHIG, Nagrom16, Nakon, Nat682, NatureA16, Navid7, NawlinWiki, Nayvik, Neko85, Nemobius, NerdyScienceDude, Nerpking, Nerrolken, Netesq, Nether Animal, Netkinetic, New001,
New409, Niceguyedc, NicholasSThompson, Nick Wilson, Nickqsloane, Nicolas Perrault ITI, Nihiltres, Nijusby, Niknaks, Nilfanion, Nin10dude, Nishkid64, NithinBekal, Nixeagle, Nlu, Nono64,
Now3d, Nufy8, Nurg, Nwbeeson, Nyttend, O'neill, O0fishguyOo, Obankston, Ocatecir, Oddfellow, Ohnoitsjamie, Olathe, Openhazel, Orange Suede Sofa, OrbitOne, OrenBochman, Ott, Ouro,
OwenX, Oxymoron83, P40tomahawk, PSUMark2006, Pacman loved your mum, Paholg, Pairadox, ParticleMan, Patrick, Paul G, Paul-L, Paulbalegend, Pavel Vozenilek, Peace keeper, Peak,
Pearle, Pedro, Pejmany, Penbat, Pengo, Persian Poet Gal, Peruvianllama, Peter Damian, Petri Krohn, Petrvs, Pgan002, Phalanges, Phantomsteve, Phi77777, Philip Trueman, Philippe Audinos,
Philthecow, PhnomPencil, Pichpich, PierreAbbat, Pinethicket, PizzaMan, Pizzazzle, Planetary Chaos, Plopopenguin, Plum505, Polarpenguin512, Populus, PostdIf, Potato Chip Man, Ppreal, Prof
de loof, Prolog, Prometheus7Unbound, Propaniac, Przepla, Pseudomonas, PsyMar, Ptk, Pumpie, PuzzletChung, Pyrospirit, Qmwne235, Quadell, Quiddity, QuimGil, Quintote, Qxz, R'n'B, R.
fiend, RHaworth, RJHall, RPBnimrod, Raazman, Raffethefirst, Rajkiandris, Rangetogethe, Ranveig, Rchandra, Rdsmith4, Reaper Eternal, Reatlas, Red Slash, Reecel, Reflex Reaction,
Renugopal17, Reo On, Retired username, Rettetast, RexNL, Reywas92, Rho, Riana, Rich Farmbrough, Richard Currie Smith, Richard L. Peterson, Rjwilmsi, Roaring phoenix, Rob Hooft,
Robbiemasters89, RobertG, Robertn505, Robirobi, Rocafella, RockMFR, Rocket71048576, Roland Kaufmann, Romanm, Ronbo76, Ronburgundy67, Ronhjones, Roy Brumback, RoyBoy,
Rrburke, Rrh199, Rstafursky, RxS, RyanParis, S, SD5, SGreen, Sacramentis, Sadi Carnot, Saga City, Sahands, Saigon punkid, SallyForth123, Salsb, Sam, Sampaultan, Samsara, Samyasharma,
Sandgem Addict, Saravask, Savant13, Savant1984, Saxifrage, Sbandrews, Sbrools, Scaleunder, Schwnj, Schzmo, Scient, Scientizzle, Scottalter, SeanLegassick, Seanose, Seb, Seegoon,
Seraphimblade, Sesu Prime, Shaflasdcard, Shanes, Sharonlees, Shegez, Shell Kinney, Shimeru, Shirik, Sietse Snel, Simon1111, Sinblox, Singhalawap, Sjakkalle, Skarioffszky, Skier Dude,
Skimaster456, SkinnypuppylOver, Skittleys, SkyMachine, SlimVirgin, Slinga, Smartse, Snoyes, Socrates lives, Somefatguy101, Son of Somebody, Sonjaaa, Southparkhead, SpaceFlight89,
Spondoolicks, Srivaas22, Ss5353, Ssj4david, Sssprkrao, Stanthejeep, Stardust8212, Stemonitis, Stephenb, Stevertigo, Strait, Sunlight001, Sunrise, Super-Magician, Superchav, Suuperturtle,
Svetovid, Svick, Swerve26, Sydscotch, Synchronism, T g7, TNTfan101, TannerPk, TastyPoutine, Taurrandir, Taygorawr, Tczuel, Tedder, Teenwriter, Tekksavvy, Teleprinter Sleuth, Tellyaddict,
Tenho Karite, Tennis 52, Terryeo, Tevildo, The Anome, The Halo, The Wiki ghost, The man stephen, The marshmallow 3000, TheAdventMaster, TheFeds, TheHumanhalo, TheMadBaron,
ThePurpleBuddha, Thebooklord, Thestupidguy, Thibbs, Think outside the box, TigerShark, TimVickers, Timc, Timebender13, Timir2, Timwi, Tiptoety, Titoxd, Tktktk, Tobias Hoevekamp,
Tom-, TomasBat, Tpbradbury, Traxinet, Tregoweth, TrentonS, Trevayne08, Trevor MacInnis, Triona, Trouble Maker 123, Truth is relative, understanding is limited, Tuganax, Tumblrfannn,
Turian, Twilsonb, Tzsch, UberAetheist, Ultra Word, Uncle G, Upload stuff, Usacfg, Usrnme h8er, V.narsikar, Vadept, Vahid83, Validviews, Vanished User 1004, Vanished User 4517, Vanished
user g454XxNpUVWyvxzlr, Vanka5, Venu62, Versailles1798, Vicarious, Vicki Rosenzweig, VikC, Vikivaki, Viriditas, VirtualDelight, Visit week 12, Viskonsas, VolatileChemical, Vranak,
Vrenator, Vsmith, Vtricol0, WAS 4.250, WIBscribe, WacoJacko, Wafulz, Wajidkanju, Walor, Waltpohl, Wapcaplet, Wavelength, Wayward, Weregerbil, Werothegreat, Whereizben,
WhisperToMe, Whoeveriwannab, Widefox, Wighson, WikHead, Wiki Raja, Wiki alf, WikiDan61, WikiWizarrd123, Wikibofh, Wikieditor06, WikipedianMarlith, Willy0800, Wimt, Wing
gundam, Wintran, Withouthatred, Wknight94, Wmahan, WojciechSwiderski, Wolfy9005, Woohookitty, Wydereceveur26, X-NINE, Xception, Xcxcxc5k, Xiaphias, Xp54321, XxCrazySnoopxX,
YOYOJO67, Yahia.barie, Yamaguchit 4, Yamamoto Ichiro, Yelizandpaul, Ynaztiw, Zanaq, Zbxgscqf, Zemthraw, Zhatt, Zigger, Ziggurat, Zoe, Zonder, Zondor, Zpb52, Zundark, Zyxy,
Zzuuzz, 1315 anonymous edits

Biosphere Source: http://en.wikipedia.org/w/index.php?oldid=594246559 Contributors: 2en, 4twenty42o, 5 albert square, 6440a, 90 Auto, ASUDI, Ace of Spades, Aisano, Alan Liefting,
Alansohn, Allens, Alro, Altaira99, Altruistic Egotist, AndrewN, Angrysockhop, Anigelseth, Anthere, Art LaPella, Astrale01, Astudent, Ataleh, Atif.t2, Atlant, Avenged Eightfold, Avono, Az29,
Azariasaur, B, BackwardsBoy, BigFatBuddha, Biopresto, Biospherereserve, Blehfu, Bobblewik, Bobo192, Boing! said Zebedee, Bongwarrior, Brinerustle, Brockmen, BsL, Byelf2007, CDN99,
CTF83!, Cadwallader, Calmer Waters, Caltas, CambridgeBayWeather, Can't sleep, clown will eat me, Capricorn42, Captain-n00dle, Catgut, Cgingold, Ched, CinchBug, Closedmouth, Cntras,
Conservation Earth, Conversion script, Cquan, Crazytales, Creidieki, Cremepuff222, Cyber tofu, D, DASonnenfeld, DHN, DVD R W, DVdm, Dac04, Daderto12345678999, Daniel Collins,
Daniel Cordoba-Bahle, DarkFalls, David Woodward, DavidApi, Deglr6328, DensoLos, DerHexer, Devrit, Discospinster, Djsasso, DoRD, Don4of4, Dougofborg, Dragons flight, Drbogdan,
EAKugler, Editor510, El C, Epbr123, Erianna, Eric Kvaalen, Eric-Wester, Erik Zachte, Erik9, Escottf, Excirial, Faithlessthewonderboy, Falcon8765, Fama Clamosa, Flewis, Florian Blaschke,
Fraggle81, FreeKresge, Frehley, Fudoreaper, FunPika, Funfowl, Gabby is olga 2006-2050, Gary, Gawaxay, Gensanders, Gfoley4, Giftlite, Gilliam, Ginsengbomb, Ginsuloft, Glacialfox, Glane23,
Gob Lofa, Godbruther, Goldom, GoodDamon, Grafen, Gregmweir3, HMSSolent, HaltonRattlesnake, Hans Dunkelberg, Happypotatoman, Hardman911, Headbomb, Heatheringtonson, Hersfold
tool account, HiDrNick, Hobapotter, Hohum, Holek, Hotpinkg94, Huon, Hoyhens, I dream of horses, IPSOS, 11l ppl, Immunize, Indon, Instinct, Intelati, Interiot, Intimidated, Irishguy, Isnow,
Isopod, J.delanoy, JaGa, Janus01, Jason Patton, Jason.grossman, JayJasper, Jeepday, Jennavecia, JetLover, Jodamiller, John Cline, John Croft, John D. Croft, John Reaves, JohnInDC,
JohnOwens, Jonmarbury, Joseaperez, Joshdboz, JoshuaZ, Jossi, Jusdafax, KGasso, Kbh3rd, Kevinjudge, Khukri, Kingpin13, Kpjas, Krclathrate, Krenair, Kuru, Kuyil23w, KyraVixen, L
Kensington, Leighmo, Leonini, Leuko, Levineps, Light current, Lir, Logan, Logiphile, Loren.wilton, M.O.X, MBisanz, MER-C, MPF, MPerel, Mac Davis, Marshman, Materialscientist, Mav,
Maxis ftw, Mcshantz, Mdd, Mdebets, Meters, Michael riber jorgensen, Mintleaf, Mutiny, Mwilso24, Mysdaao, NGC 2736, NPrice, Nakon, Naruto404, NawlinWiki, Neo139, Nickyyy, Noirdez,
Noone, Northamerical 000, NuclearWarfare, Nunchuks123, Omicronpersei8, Onco p53, Oreo Priest, Ottershrew, PCHS-NJROTC, Paleorthid, Palica, Panyd, Pdcook, Pengo, Peter Karlsen, Pgk,
Phasechange, Philip Trueman, Philipandrew, Piano non troppo, Picapica, PierreFGS, PigFlu Oink, Pinethicket, Pinky sl, Plumbago, Profg, Padraic MacUidhir, Q Science, Quintote, Qwyrxian,
ROpe-196, REL1870, RIBurkhart, RIBurkhart3, RJHall, Rachel Pearce, RadioFan, Reach Out to the Truth, Reaper Eternal, Recognizance, Redfarmer, Renata, RexNL, Rgoodermote, Rholton,
Rhrad, Rich Farmbrough, Richss, Rivertorch, Rjwilmsi, Rob Hooft, Robert Prickett, Rokfaith, Ronhjones, Rpatel10, Ryan Postlethwaite, Ryanjunk, Sadi Carnot, Saebjorn, Salvio giuliano, Salvor,
Samsara, Savantas83, Sceptre, SchfiftyThree, Schliiggell, Scjessey, Scmal2, Shadowjams, Shenme, SimonP, Sk8a h8a, Skittleys, Slightsmile, Smalljim, Snowmanradio, SoCalSuperEagle,
Soliloquial, Spray787, Squidwourde, Srkmet92, Stan J Klimas, Stephan Schulz, Stephen Gilbert, Steve2011, Stilgar27, Storm Rider, StuRat, Sultec, Sunray, Susfele, Sweikart, Synchronism,
Tavo8, Techman224, TedE, The Anome, The Rogue Penguin, The Thing That Should Not Be, Throwaway85, Thunderboltz, Tide rolls, TimBentley, Tolly4bolly, Tomtomtomtomtom, Trevor
Maclnnis, Triggersite, Trusilver, TyA, Ulric1313, Unyoyega, Utcursch, Vancouverguy, Vanished User 4517, Vanished user uih38riiw4hjlsd, Vanka$5, Vertium, Viriditas, Vivio Testarossa,
Vsmith, W3lucario, Wangi, Warofdreams, Washburnmav, Watachivasinatai, Wavelength, WestonBeach, Wetman, Widr, WikHead, Wiki Raja, Wiki alf, WikiDao, WikipedianMarlith, Wimt,
Wizardman, Wknight94, WookielnHeat, Wsvlqc, Wtmitchell, XLerate, Yansa, Yellowdesk60, Ynamorata, Zaheen, Zeldad44, Zoicon5, Zvwhitten, Ademon, L., 979 anonymous edits

Evolution Source: http://en.wikipedia.org/w/index.php?oldid=596002396 Contributors: iloivenutfotuO, .:Ajvol:., Onlyth3truth, 10.175, 100110100, 119, 11cookeaw1, 12 Cove, 123heyho,
162.129.26.xxx, 168..., Inic, 210.50.54.xxx, 216.126.89.xxx, 2357, 24.108.14.xxx, 3 Lane, 4 Gnon, 4 trin, 40 tune, 489thCorsica, 6 Four, 6 y go, 65.68.87.xxx, 7 Fej, 8r13n, 9 noon,
99DBSIMLR, A Softer Answer, A bit iffy, A455bcd9, A8UDI, AC+79 3888, AH9, ASDFGHIJKL, AVengel, Aaarrrggh, Aarnu, Aaron Schulz, AaronFX, AaronY, Aartp, Abce2, Abdalla
Dabdoub, Abdullais4u, Abi Don, Abrech, Abtract, Abuzin, Academic Challenger, Acalamari, Achoo5000, Acroterion, Acsparkman, AdamRetchless, Adambiswangerl, Adambro, Adamsiepel,
Adashiel, Adenosine, Adi, Adraeus, Adrian, Adriansrfr, Adz71, Aecis, Afasmit, Africangenesis, Ag545, Agathman, Agentmoose, Aggn, Agrabiec4, Ahoerstemeier, Aircorn, Aitias, Ajf99,
Ajgisme, Akarkera, Aks818guy, Alan Liefting, Alan Peakall, AlanD, AlanHarmony, Aldaron, Aldenrw, Ale jrb, Alex.tan, Alexf, AlexiusHoratius, Alexwebb2, Alfio, Algebraist, Algorithms, Ali,
Alias Flood, AlienHook, Alienus, Alimustafakhan, Almafeta, Alpha Quadrant, Alphal66, AlphaEta, Alphachimp, Alphama, Alphazeta33, Altenmann, Amaltheus, Amarilloarmadillo, Amcaja,
AmiDaniel, Amitch, Amused Usher, Ancheta Wis, Ande B., Andrevan, Andrew Lancaster, Andrew ¢, AndrewTJ31, AndrewWTaylor, Andrewa, Andrewpmk, Andrewrost3241981, Andriesb,
Android79, Andromeda321, Andymarczak, Angelo, Anilocra, Animum, Another sockpuppet of Outoftuneviolin, Anrnusna, Antandrus, Anthony, AnthonyQBachler, Apidium23, Apokryltaros,
Apostlealex, Apostrophe, Arbor to SJ, Arch dude, ArcticFrog, Ardric47, Areawa, ArielGold, Arjayay, Arjun01, Arkatox, Arker, Arlen22, Arm, Armchair info guy, Arnoutf, Arof, Aron-Ra, Art
LaPella, ArthurWeasley, Artichoker, Artoasis, Asbestos, Ascénder, Asemoasyourmom, Ashenai, Ashmoo, Astrobayes, AthanasiusOfAlex, Athenean, Athf1234, Aua, AuburnPilot, Audacity,
Aude, Aunt Entropy, Auric, Aurush kazemini, Autonova, Avb, AvicAWB, Avicennasis, Awon, Axa4975, Axel147, AxelBoldt, Axeman89, Axxel Sel, Az1568, AzaToth, Azcolvin429, Azra99,
AzureCitizen, B, B89smith, BG, Back23, Badreligion, Baegis, Bakasuprman, Ballin789, Ballista, Bam2014, Banes, Barbary lion, Baristarim, Barnaby dawson, Barny Fife, Barras, Bart133, Base
tonne, Basil45, Bassbreaker, BatteryIncluded, Bauxzaux, Bbatsell, Bcasterline, Bdaay, Beezhive, Beltho, BenB4, Bencherlite, Bender235, Bendzh, Benhocking, Benzocane, BerndH,
Bernstein0275, Besidesamiracle, Betacommand, Betbs, Betterusername, Bevo, Bharatveer, Bhawani Gautam, BigGoose2006, Biglonstud, Bikeable, Bill37212, Billare, Billy Hathorn,
BillySharps, BillyTanjung, Billystut, Binabik80, Binarypascal, Bio-queen, BirgitteSB, BkI3x, Black Kite, BlackMaria, Blainster, Blanchardb, BlankVerse, Blue401, BlueFirelce, BlueGoose,




Article Sources and Contributors 348

BlueNight, BlueYellowRed, BlytheG, Bobby Mason, Bobo192, Bodnotbod, Boe syl, Boffey, Bogdangiusca, Bogey97, Bollyx, Bonkers The Clown, Boo wall, Bookandcoffee, Boomcoach,
Boothy443, Boring bus, Borisblue, Bornhj, Bow bowl, Bowslayer, Br'er Rabbit, BradBeattie, Brainstormer1980, Brazucs, Breathe ing, Breed3011, Brent0270, Brian0918, BrianG5,
Brighterorange, Briguy, Broabey, Broalka, BrokenSegue, Bryan Derksen, Bth, Bubba73, Bucketsofg, Bull Market, Burmiester, Burtonsarpa, Busy ironing, Butros, Butwhatdoiknow, Bwatb,
Bwhack, Byelf2007, Byrll, C.Fred, CDH31211811, CJLL Wright, CMacMillan, CUSENZA Mario, Caasiopia68, Cadiomals, Caesura, Calamine Lotion, Calaschysm, CalebNoble, Caltechdoc,
CambridgeBay Weather, Camembert, Camrn86, Can't sleep, clown will eat me, CanDo, Canadian-Bacon, Canavalia, Candorwien, CanisRufus, Canterbury Tail, CapitalR, CardinalDan,
Cards44izzy, Cassan, Caulde, Causa sui, Celador, Cen Upp, Centrx, CephasE, CerealKiller, ChadThomson, Chairboy, Chameleon, Chanting Fox, Chaojoker, Chaos, Chardon, CharlesGillingham,
Charlesdrakew, Chas zzz brown, CheeseDreams, Cherhillsnow, Cheshire Boy, ChicXulub, Chicken Soup, Chiswick Chap, Chris Capoccia, Chris Melton, Chris the Paleontologist, Chris the
speller, Chris55, ChrisHodgesUK, Chrislk02, Christian List, Christian41691, Christopher Parham, Christopherlin, Christpower79, Chronulator, Chun-hian, Chunky Rice, Ciar, Cinnamon,
Citytownhome, Civcraz, Ck lostsword, ClarenceCM3, Claviclehorn, Clayoquot, Clean Sweep, ClockworkSoul, Cloud silver, Cmayy, Coffee2theorems, Cold Sandwhich, Colin Keigher, Comder,
Cometstyles, CommonJoe, CommonsDelinker, Compuh, Compute14, ComputerPlace, ConfuciusOrnis, Connelly, ConservativeChristian, Conspiracyfactory, Conversion script, Coopercmu,
Copper canned, Coppit, Cosmic Latte, Cougarkid, CouldOughta, Country050, Cowsgobob, Cpl Syx, Crab or, Craigmac41, Craigy144, Crazytail2, Crazytail3, Crazytales, Creationlaw, Cretog8,
Croacka, Crust, CryptoDerk, Curps, CuteWombat, Cutsman, Cwilldagangsta, Cybercobra, Cyborg1981, Cyde, Cynical, Cynicism addict, Cyp, Cyr egi, DDek, DEFRT, DGG, DJ Clayworth,
DKgwerty, DLH, DLR (usurped), DSG2, DVD R W, DVdm, Da Gingerbread Man, Daa89563, Dabs, Dachshundboy25, Daelin, Dacoque, Dafergu3, Dan ald, DanTheMan2, Dana boomer,
Dancingspring, Danerz34, Dangee63, Daniel Cordoba-Bahle, Daniel5127, DanielCD, Danielkueh, Danielparker, Danielrcote, Danimoth, Danno uk, Danny, Dante Alighieri, Dar book, DarTar,
Dark Shikari, Darkjedil0, Darkwind, Darthgriz98, Dash92, Dashmast3r, Dave souza, David D., David Fuchs, David Kernow, David Merrill, David Schaich, David Z. Smith, David.Mestel,
David.Monniaux, DavidL (usurped), Davidhorman, Davodd, Davril2020, Davud363000, Dawn Bard, Daycd, Dbrodbeck, Dbtfz, Dcoetzee, Dcooh, DeadEyeArrow, Debresser, Deeptrivia, Deivu,
Dekisugi, Delarge3, Delay learn, Deli nk, Delirium, Delphinian, Delta Tango, DeltaQuad, Deltabeignet, Demi, Deor, Depolarizer, DerHexer, Deviator13, Dfarrar, Dg10050, Dhomm, Dial lean,
Die4christ, Digitalme, Digresser, Dina, Dinaayoub, Dinaey, Dionyseus, Dipset1991, Discospinster, Diza, Djunbalanced, Dlohcierekim, Dmerrill, Doalla 8, Doc Tropics, DocJohnny, Doggie Bark,
Doll ten, Dominus Vobisdu, Dongless, Donhoraldo, Donnellyj, Donner meat123, Dontlookatme, DopefishJustin, Dougp59, Doulos Christos, Dpr, Dr. B. R. Lang, Dr. Boom, DrMicro, Draco 2k,
Dracontes, DragonFlySpirit, Drbogdan, DreamGuy, Dreary101, Dressagebea, Drilnoth, Driski555, Drmies, Drpsarge, Dsmith77, Dubc0724, Dude1818, Duffman, Duja, Dullhunk, Duncharris,
Durin, Dustimagic, Dveim, Dw4372, Dwmyers, Dyac L, Dylan Flaherty, Dyoes, Dysmorodrepanis, EP8841, ESkog, Eaglizard, Ear Sid, Eath Br, Ebush, Ec5618, Ed Poor, Ed g2s, EdJohnston,
Ediblehuman, Edivorce, Edward, Edwardmayhem, Edwy, Eel eat, Eenu, Eisnel, Ekologkonsult, El C, El-Spectre, ElTyrant, Elamere, Electric free, Elembis, Elijya, ElkeK, Elkman, Eloquence,
Elronhir, Emc2, Emmett, Ems2, Ems2715, Emw, Encephalon, EncycloPetey, Enochlau, Enormousdude, Enviroboy, Equendil, Eriathwen, Erik9, Esseh, Ethancole117, Ettrig, Etxrge, Eu.stefan,
Eve oft, Evercat, Everyking, Evil saltine, Eviom, Evlekis, Evolution and evolvability, Evolutioniswrong, EvolveBuster, Ezra Wax, FF2010, FT2, Fagstein, Fama Clamosa, Fang 23, Fang Aili,
Faradayplank, Faradn, Fariduddien, Farsight001, Fastfission, Fastman99, Favonian, Fbartolom, Feeeshboy, Felizdenovo, FeloniousMonk, Fen Fin, Fen zero, Fgleb, Fic-in, Fieldday-sunday,
FieryPhoenix, Filll, Fingers80, Finn up, Firsfron, Fisher, FisherQueen, Five edges, Five part, Fixtgear, Flaiw, FlavrSavr, Flimg, Flo98, Flockmeal, Flowerpotman, Flubbit, FlyingOrca,
FlyingToaster, Fm.illuminatus, Foofighter20x, ForbiddenWord, ForestDim, Fott leigh, Fourier, Fox1, Foxxmuuldr, Fr8we, Frank A, Franz lino, Fraslet, Frazzydee, Freakofnurture, Fred Bauder,
Fred Hsu, Fredbauder, Fredrik, Freestylel10evan, Frenchgeek, FreplySpang, Friedgreenkillertomatoes, Frosty0814snowman, FrummerThanThou, Frymaster, Fubar Obfusco, Furry great, Furrypig,
Fuzheado, Fvasconcellos, Fvw, Fxmastermind, G-123, G4rfunkel, GD, GGT, GHe, GK, GN, GOC-in-C, GSlicer, Gabbe, Gadfium, Gaius Cornelius, GalaazV, Galoubet, Galwhaa, Garik, Gary
Cziko, Garylhewitt, Geior, Gdavidp, GdoO1, Ged UK, Geddone, Geneb1955, GeneralPatton, Geni, Genius523, GeoMor, GeometryGirl, GeorgeLouis, Geothermal, GetAgrippa, Gfoley4,
Ggbroad, Ghaor, Gharris7, Giftlite, Gilawson, Gilgameshfuel, Gimmetrow, Ginkgo100, Gits (Neo), Giuegg, Glen, Gleng, Glomove, GloriousLeader, Gmaxwell, Gmlk, Gnfnrf, Gniniv, Gnixon,
Goatasaur, God Emperor, GodsWarrior, Goethean, Gog, Gogo Dodo, Golden two, Gooago, Googleaseerch, GoonerDP, Gorillasapiens, Gortu, Goxxen, Gracenotes, GraemeL, Graft, Graham87,
Grandmastergrawp, Grandpa2390, Grapplequip, Greeneto, Greenrd, Gregbard, Gregcaletta, GregorB, Grendel's mother, Gringer, GromXXVII, Grooy, Grunt, Grutter, Gscshoyru, Guettarda,
Guoed, Gurch, Gurvindert, Gwernol, Gzkn, Gzornenplatz, H-J-Niemann, H20, HJ Mitchell, HXJ, Hackwrench, Hadal, Hadrian89, HaeB, Haemo, Haham hanuka, Hairchrm, Halagah,
Hanksname, Hannes Hirzel, Hanoachide, Hard Sin, Harehawk, Harej, Hari Seldon (usurped), Harizotoh9, Harvestdancer, Haukurth, Havensfire, Hawknel, Haymaker, Hbeop, Hdhcst95, Hdt83,
Headbomb, Heimstern, Heironymous Rowe, Hendrick 99, HenryLi, Hensa, HeraklesO1, Here4thefood, Herk1955, Heron, Heyits5, HiEv, HiLo48, Hillock65, Hippietrail, Hipporoo,
HisSpaceResearch, Hm john morse, Hmpxrii, Hob Gadling, Hojimachong, Hollywoodgenes, Homestarmy, Homur, Hoothe, Horoporo, Howdy541, Hrafn, Hrimfaxi, Hriow, Hu, Hubcapwiki,
Hubrid Noxx, Hurricanefan25, Hut 8.5, Hyacinth, I.scheme.a.lot, [IVAN3MAN, lamdadawg1, Tamme06, lamnotanorange, Ian Dalziel, Ian Pitchford, lanCheesman, Iankeir, Icairns, Icseaturtles,
Icthus123, If humans came from apes, why are there still apes?, Igiffin, Igilli, Ignignot, Igor233, Ikanreed, Ikh, Illia Connell, Illspirit, [lluminatiscott, Ilya, Imag Qu, InShaneee, Infophile, Inn par,
Insearchoftruth, Intercalate, Inthebeginning, Intranetusa, Invmog, Iota, Iridescent, Irishguy, IronChris, Irpen, Isaac, Isac, It da, Itsmine, Ixfd64, Izztek, IzzyReal, J Di, J. Spencer, J.0.94, J.delanoy,
JOmleisler, J4V4, JCrue, JF Mephisto, JHunterJ, INW, JNeal, JWSchmidt, JYolkowski, Jaberwocky6669, Jacek Kendysz, Jack Walsh, JackH, Jackrm, Jacksoncw, Jagged 85, Jak Tac, Jaknouse,
James.Spudeman, JamesBWatson, Jamesofur, Jamyskis, Jan van Male, JanInad, Jason Potter, Jason.grossman, Javascap, Jaydge, Jclerman, Jdfoote, Jdhunt, Jecar, JedRothwell, Jedi Davideus,
Jedi of redwall, Jedwina, Jeff G., JeffStickney, Jefffire, Jeffrey O. Gustafson, Jehochman, Jenequa, JeremyA, Jeremypyle, Jesse V., Jesus Is Love, Jesus Loves You, Jhouser24, JiFish, Jiejunkong,
Jim1138, Jim62sch, JimWae, Jimaltieri, Jimbobsween, Jimfbleak, JimmyButler, JinJian, Jinx69, Jitterro, Jiy, Jj1236, Jjb123, Jketola, Jlefler, Jirobertson, Jmeppley, Jmv2009, Jnothman,
Jo3sampl, Joannamasel, JoanneB, Joe.aston, Joel1, Joe1978, Joel.Gilmore, Joelr31, Joelsmades6, JoergenB, John, John Callender, John D. Croft, John Fader, John Stumbles, John Wilkins,
John254, JohnArmagh, JohnOwens, Johnleemk, JohnnyCalifornia, Johnstone, Johnuniq, Jojhutton, Jok2000, Jokal991, Joke137, Jokerst44, Jordan117, Jos Jio, JosephPayseur, Josephk, Josh
Grosse, Joshjoshjosh1, JoshuaZ, Joshurtree, Jossi, Joymmart, Joyous!, Jpk, Jpowell, Jrmccall, Jrockley, Jrtayloriv, Jsjacobs, Ju6613r, Juamh, Judgeking, Juffe, Jumacdon, Jumbo Whales, Jurto,
Just plain Bill, JustSomeKid, Justbob, Justforasecond, Jvbishop, K, K. Aainsqatsi, K.Hollingsworth486, KC Panchal, KMFDM Fan, Kaal, Kablammo, Kaboomywhackwhack, Kaisershatner,
Kajisol, Kandar, Kanfood, Kangaru99, Karatenerd, Karmosin, Katalaveno, Kate, Kay of Kintyre, KayEss, Kazuba, Kdbuffalo, Kdeo, Keet Onn, Kelly Martin, KeloheDeb, Kelsey Francis, Keno,
Kev 63, Kevin Baas, Khalid Mahmood, Khukri, KieranKiwiNinja, Kilda, Killdevil, KillerChihuahua, Kim Bruning, KimaniJamaica, KingTT, Kinst, Kiran Gopi, Kirbytime, Kjspringl, Kljenni,
Kmweber, Knight of BAAWA, KnightLago, Kniknight, Knoids, Knowledge Seeker, KnowledgeOfSelf, Knuv moor, Koavf, Kondspi, Konjikiashisogijizo, Korinkami, Kosebamse, Kotjze,
Krukouski, KsprayDad, Kteey, Kugamazog, Kukini, Kungfuadam, Kungming2, Kuru, Kurykh, Kwion, Kylu, Kyorosuke, L Kensington, LA2, LFaraone, La goutte de pluie, LaMenta3, Laegg,
Laik G, Lailablossom, Lakinekaki, Lakle, Lancer873, Landroo, Laorv, Lapabc, Lars Washington, Lateg, Laughing tyre, Laurence Boyce, Lawn 42, Lazza 99, Lcarscad, Leadwind, Leandrod, Lee
Daniel Crocker, Leeg 7, LeftCoastMan, Leibniz, Leithp, Lenin13, Leon..., LeperColony, Leranedo, Lethe, Levi P., Levineps, LexCorp, Lexor, Lfh, Lhasanimir, Lickarice, Lif 91, LifeScience,
Lightdarkness, LightningPower, Lights, Ligulem, Lime Ore, Linecircle, Liquid2ice, Lisasilzaz, Livingboner, Liz de Quebec, Ljbhebjbb, Lobe lob, Logicus, LonelyMarble, Loom peat, Loom
yellow, Loom91, Lord Voldemort, Lostcaesar, Lotje, Lou Sander, Louisstar, Lowellian, Lremo, Lscminn, Lst27, Ludachris78641, Ludovical, Lugia2453, Lukasz Lukomski, Luna Santin,
Ly4321, Lyotchyk, M, MAXimum Xtreme, MBCF, MECU, MER-C, MHall, MKoltnow, MONGO, MPF, MSGJ, MSTCrow, MZMcBride, Maartenvdbent, Macaddct1984, Macdonald-ross,
Macdonwald, Madeleine Price Ball, Magician that makes things white, Magicman710, Magioladitis, Magister Mathematicae, Maky, Mal hen, Malcolm rowe, Malik Shabazz, Malo, Malvaro,
ManaUser, Mann jess, Manph, Manuel Trujillo Berges, Maork, Magsarian, MarSch, Marc210, Marclam, MarcoTolo, Marcperkel, Margareta, MarineHebert, Mark Arsten, Mark Renier,
Markbassett, Markhurd, Marr Plv, MarsRover, Marshman, Marskell, MartinHarper, MartinSpamer, Martycota, Mary Calm, Mastahcheeph, Master Jay, Mat8989, Matekm, Materialscientist,
Mathsci, Matnkat, Matt poo watt, MattDal, Mattbr, Matthew Ackerman, Matthew Fennell, Matthewcieplak, Mattpickman, Mattunseal, Matusz, Maunus, Mausy5043, Mav, Maverlck, Max David,
Maximus Rex, Maxozo, May Ced, Mayumi, Maz haz, McBeardo, McGeddon, McSly, Mcapplbee, Mchavez, Mcmillin24, Mcy jerry, Mdotley, Meepster, Melono V, Memestream, Memills,
Meson man, Messenger777, Methcub, Mgegh, Mgiganteus1, Mgs 90, Micahbode, Michael, Michael Devore, Michael Hardy, Michael Johnson, Michael2, MichaelBillington, Michaelas10,
Mickchaaya, Midnightcomm, Miguel de Servet, Mikael Higgstrom, Mike Jones, Mike Rosoft, Mike Young, Mike6271, MikeJ9919, Mikearion, Mikemoral, Mikker, Mild Bill Hiccup, Mildly
Mad, Mimihitam, Minasbeede, Mindmatrix, Mindspillage, Minia23, Minna Sora no Shita, MirDoc, Mirlen, Mirv, MisfitToys, Mishuletz, Mister Five, Misteror, Miszal3, Mivmirre, Mixmoney,
Mjharrison, Mkmori, Mkrose, Mlaat, Mnptl, Modulatum, Mojosam, Monkey4160, Montana's Defender, Montgomery '39, Moon&Nature, Moondyne, Mooselover801, Mor, Moreschi, Moss oul,
Moulder, Mourn, Mpallen, Mporch, Mr Stephen, Mr. Billion, MrFish, MrMorgan, Ms2ger, Mseas, MuZemike, Muijz, Munita Prasad, Muza47, Mwanner, Mxn, Mygerardromance, MykReeve,
Myoe83, Myrridias, N Shar, N6, NAZISMISNTCOOL, NBeale, NCartmell, NK2015, Nacre 10, Naddy, Najeeb1010, Nakon, NameIsRon, NameThatWorks, Naoh, Narayanese, Narssarssuaq,
Nate Slayer0, Nate slayer0, Nath Hebb, Nathan Johnson, Nathanielsmithisaloser, NativeForeigner, Natman43, NatureA16, Navme, NawlinWiki, Nazzare, Nbound, Ncaroe, Ndteegarden, Neeshi,
NeilN, Neohart, Neptunerover, NerdyScienceDude, Netesq, Nethgirb, Neural, Neutrality, NewEnglandYankee, Newtman, Nexon123, Nezzere, NiLolvEnUtFoTuO, Niaga Niloivenutfotuo,
Nicholasink, Nick, Nick UA, Nick123, NickBush24, Nicklott, Nickst, Nicolae Coman, Nihiltres, Nikai, Nilli, Nishkid64, Nivix, Nixeagle, Njardarlogar, Nnp, No Guru, Nollakersfan,
NoSeptember, Noformation, Noisy, Noivb, Nol888, Noleander, Non believer evolution, Nondescript, Noodleman, NorCal764, Northfox, Nova77, Nowa, Nowimnthing, Nrcprm2026, Nsk92,
NuclearWarfare, Number 04, Numerousfalx, Nurg, Nutella002, NuttyProSci-Fi3000, Nvav, Nwbeeson, Nxavar, O. O.Teavee, 018, OFVWT, OGGVOB, Oasrocks, Oblivious, Oboeboy, Ocaasi,
Ocatecir, Ocmec, Octl13, Octopus-Hands, Ohnoitsjamie, Oking83, Olav L, Oliver Lineham, Ollyoxenfree, Olorin28, Omicronpersei8, Onco p53, Onecatowner, Onlyme31, Onorem, Oontoo,
Ooogage, Opabinia regalis, Operation V.I.O.L.LN., Optimist on the run, Orangemarlin, Osbus, Othurba, Otterathome, OutOfTuneViolin, Outoftunebassguitar, Outoftunebassoon,
Outoftuneclarinet, Outoftuneguitar, Outoftunetrumpet, Outoftuneviola, Outoftuneviola, Outoftuneviolin, Outoftuneviolin 3, Outoftuneviolin 4, Outoftuneviolin 9, Outoftuneviolin and his
sockpuppets, Outoftuneviolin's son, OwenX, Owendude1210, OwnAllow, Oxymoron83, P'tit Pierre, P4k, PAK Man, PDH, PPdd, PTHS, PWhittle, Pablo-flores, Paleoderek, Pandelver,
Panoptical, Papapryor, Parallel or Together?, Parrikk, Pasado, Pathoschild, PatrickA, Paul August, Paul Drye, Paul H., Paulr, Paw yanne, Paxsimius, Payp two, Pbarnes, Pbuee, Pce3 @ij.net,
Peace237, Pendragonneopets, Pengo, Persian Poet Gal, Peruvianllama, PervyPirate, Peter borger, Peteruetz, Petri Krohn, Pftaylor, Pgan002, Pgk, PhDP, Phaedriel, Phaldo, Pharos, Phaup, Phe
enn, Philcha, PhilipO, Philipholden, Philopp, Phsource, PiCo, Picus viridis, PieCam, Pierpontpaul2351, PierreAbbat, Pigman, Pigsonthewing, Pilotguy, Pine fame, Pinethicket, Piotrus,
Pippo2001, Pixel ;-), Pizzaghost, Pjotr Morgen, Plantsurfer, Plaonui, Plaster of, Pleuu, Plommespiser, Ploum, Plow Col, Plumbago, Pluthra, Pmrich, Poise too, Poiuyt Man, Polarscribe,
Politoed666, Pollinator, Polsmeth, Pond sew, Poopmaster1234567, Popefauvexxiii, PopiethePopester, Portillo, Possum, Postdlf, Ppe42, Premeditated Chaos, Pretzelpaws, PrivateRyan, Prodego,
ProfessorRight, Prolog, Prom ten, PrometheusX303, Proopnarine, Pschemp, Pseiir, PseudoSudo, Psychohistorian, Ptaat, Ptk, Pydan, Pyiid, Pyroclastic, Q, QTxVi4bEMRbrNqOorWBYV, Qcoo,
Qomee, Qtoktok, QuackGuru, Quacod, Quadraxis, Questioning, Quietmarc, Quizkajer, Quux, Qymme, R Lowry, ROM4ANCING H3LL, RDBrown, RDF, RE, REF4, RG2, RJFJR, RIN, RK,
Ra2007, Rab Eyye, Radred, Racky, Rainbowwrasse, Raiph, Ramdrake, Rammadd, Random Replicator, Randomblue, Randwicked, Randywombat, Ranveig, Raphus Cucculatus, Rappadizydizzy,
Rarevogel, Raul654, Ravenswood Media, Rawrisherz, Ray vivid, Raybechard, Raymond, Raymond arritt, Raymondofrish, Raz grime, Rcorcs, Rcuub, Rd232, Rdsmith4, Realknowledge, Reatlas,
RebekahThorn, Rebroad, Recentchanges, Red Act, Red lorry, Red went, Redioz, Rednblu, Redrocket, Refusedalways, Regebro, Reilly, Remiel, Rerrenn, Retired user 0002, RetiredUser2,
Revolve Ion, RexNL, Reywas92, Rfl, Rgamble, Rhobite, Rhynchosaur, Ricardo sandoval, Rich Farmbrough, Rich333, Richard Arthur Norton (1958- ), Richard D. LeCour, Richard001, Ricimer,
Rickert, Rintrah, Ripepette, Risker (Anne Criske) is old & has gray hair & wears glasses. 16, Ritchy, River flowing, Rjoebrandon, Rjwilmsi, Rls, Rmky87, Rnt20, Roadsoap, Robert Merkel,




Article Sources and Contributors 349

Robert1947, RobertG, Robertbowerman, Robin Johnson, Roccw, Rock nj, Rokfaith, Roland Deschain, Rolandwilliamson, Rorree, Rorrenig, Rory096, Rosemaryshanley, Rosencrantz1,
Rossman123, Rossnixon, RoyBoy, Rsquire3, Rubisco, Rudjek, Rugby471, Rul3rOfW1k1p3dla, Rusty Cashman, Rveek, RxS, Ryan Vesey, RyanParis, Ryankhart, Ryguasu, Ryulong, SDas,
SFK2, SJP, SMesser, SWAdair, Sadi Carnot, Saedon, Saganaki-, Sagi Nahor, Salanus, Sally1309, SallyForth123, Salmanmdkhan, Salmonne, Saltforkgunman, Salva31, Salvio giuliano, Sam, Sam
Spade, Samboy, Samgoody777, Sampi, Samsara, Samsara noadmin, SamuelGrauer, Sancassania, Sander Side, Sandgem Addict, SandyGeorgia, Sango123, Sankalpdravid, Sarg, Saros136, Sarrh,
Satyrium, Saucepan, Savantl3, Savidan, Sawahlstrom, Sbarry12, Scen heal, Scfencer, Schaefer, SchfiftyThree, Sciencenews, Scientizzle, Sciolus, Scipain, Scorpionman, Scott Noyes, Scott1328,
Screen five, Scruffyl, Sean.hoyland, Seb951, Semantics, Sengkang, Senortypant, Separa, Sepia officinalis, Seven rawt, Sfnhltb, Sfvace, Shadowin, Shadowjams, Shanel, Shanes, Shantavira,
Sharifneuro, Shauri, Shayne T. Thiessen, Shed 8*6, Sheep81, ShelfSkewed, Shglien, Shlomi Hillel, Shoaler, Shorrec, Shyamal, Siafu, Siddiq ahmed, Sifaka, Siim, Sikatriz, Sikkema, Silence,
Silicon-28, Silly rabbit, Sillygrin, Silvrstridr, Simpsons contributor, Sin-man, Siroxo, Sitearm, Six moss, SixPurpleFish, Sjsitler92, Sjo, Skamel85, Skaterbgy, SkepticalRaptor, Skid slid, Skiddum,
Skilltim, Skittle, Skywriteing, Sleepnomore, Slicky, Slowking Man, Slrubenstein, Sluzzelin, Smeira, Smelialichu, SmilesALot, Smilingsuzy, Smith609, Smooth O, Snakey Jake, Snalwibma,
Snigbrook, Snowmanradio, Snubcube, Soap, Sobored1, Sodicadl, Solaricon, Somedifferentstuff, Someone else, Sommers, Songwriter17, Sonikkua, Soom zo, Sopher99, Sophia, Soulkeeper,
Soundofmusicals, SpNeo, SpaceTycoon, Spangineer, Spark, Sparrows point, SparrowsWing, SpeakEasier, Spellcast, Spitfire, Splash, Splicevariant, Spliffy, SpookyMulder, Spotfixer,
Spotty11222, SpuriousQ, Squeakytoad, Squiddy, Sratt, Srivange, St3p5, StKyrie, StN, Staam, StacyMJC, Standonbible, Staticmemory, Staxringold, StealthCopyEditor, Sted Go, Steel, Steht,
Steinsky, Stemonitis, Stephen e nelson, Stephenb, Stephenchou0722, Stevenmitchell, Stevenwmccrary58, Stevertigo, Stickee, Sting, Sting au, Stirling Newberry, StoatBringer, Stone Oak Drive,
StradivariusTV, Striver, Strreeh, Strum enge, StuTheSheep, StuartH, StudyAndBeWise, Stuthomas4, Su huynh, Sugarcaddy, Sully, Sumurai8, Sundar, Sunrise, SupaStarGirl, SuperLexicon,
SuperTycoon, Supercrazy617, Superdudefreak, Superior IQ Genius, Surlyduff50, SusanLesch, Sushant gupta, Suzanne Elsasser, Svartkell, Sviev, Swaggart, Swatjester, Swazamee, Sweetpoet,
Swpb, Syvanen, TBadger, THobern, Table pot, Taco325i, Taffboyz, Tail, Tailpig, Tannin, Tar concr, Tarcieri, Tarinth, Tarigabjotu, Tatarize, Taw, Tawker, Tbarron, Tbhotch, Tdadamemd,
TeaDrinker, Techyactor15, TedE, Teenwriter, Teflon Don, Teh one who blocks me is an evolutionist, Temmor, Temtem, Ten tinted, Terjen, Textangel, Texture, Tezero, Tfietkau, Tgeairn, Tgees,
Thlrt3en, Thadius856, The Anome, The Duke of Waltham, The Obfuscator, The Placebo Effect, The Rambling Man, The Rogue Penguin, The Transhumanist, The pupils president, The sunder
king, The wub, TheAlphaWolf, ThelncredibleEdibleOompaLoompa, TheNightRyder, TheSlowLife, TheSun, TheTrueSora, Theforester, Theodolite, Theoldhenk, Thermalimage, Theroadislong,
Thesquire, Thetorpedodog, Theuser, Thevenerablez, Thinradred9, Thiridaz, This user has left wikipedia, Thomas Arelatensis, Thomas Larsen, Thomas Veil, Thompsma, Thorht, Those Debate
Studs, Thosjleep, Thrissel, Thue, Thuom, Tide rolls, Tie Bon, TigerShark, Tijmz, Tile join, Tilevo, Tim1988, Tim@, TimVickers, Timir2, Timothy Usher, Timwi, TippyGoomba, Tiptophiphop,
Titanium Dragon, Titoxd, Tixity, Tjfulopp, Tjiolye, Tktktk, Tlame, Tmol42, Tmopkisn, Tntnnbltn, Tobyk777, Tocir, Tom Allen, Tom Schmal, Tom.k, TomS TDotO, TomShmells247,
TomTheHand, Tomandlu, Tommy2010, Tony Sidaway, Tony1, TonyClarke, Tooth Fairy, Toothturtle, Tothebarricades.tk, Tpbradbury, Tpduden, Trabucogold, Traumerei, Treisijs, Trevor
Andersen, Trevor Maclnnis, Triqqi, Trishm, Truth777, Tsackton, Tstrobaugh, Tsusurfanami, Tteil, Tuatara, Tune......, Twci, Tweetbird, Twilh, Two teem, TxXMCJ, Tygrrr, Tylertreso,
Tynews2001, Type how, Tyro55555, Tysto, Tznkai, U mene, UBeR, UTvolfan711, UberScienceNerd, Uberjivy, Ucanlookitup, Uesonne, Ugur Basak, Ultimus, Umar farooq miana, Uncle G,
Unclebulgaria, Unclekirk, Unflappable, Unhinged1122, Unlocked, Uogl, Urco, Uriah923, Urod, Utcursch, UtherSRG, Utku Tanrivere, Uuger, Vomustang, VAleles, VI, VVtam, Vain vase,
Valich, Valluvan, Van der Hoorn, Vanderdecken, Vanished User 0001, Vanished user, Vanished user 1234567890, Vanished user 19794758563875, Vanished user 5zariu3jisjOj4irj, Vanished
user svinet8j3ogifm98wijfgoi3tjosfg, Varith, Vary, Vasile, Vduer, VegaDark, Vegetator, Venn 87, Ventus55, Veratien, Versageek, Verum solum, Verwoerd, Verybigfish86, Vewar, Vicenarian,
Vicki Rosenzweig, VictorAu, Vind r, Vindicated vigilanty, Vipinhari, VirtualDelight, VirtualEye, Visite fortuitement prolongée, Viskonsas, Vituperex, Vlipvlop, Vlmastra, Volnav, Vox Rationis,
Vquirk, Vsast, Vsmith, Vssun, Vuri, W0Otboy, WAS 4.250, WAvegetarian, WBardwin, Wacxi, Wafulz, Waldir, Waldow, Walkiped, Walor, Wap, Warpsmith, Warrush, Wasell,
Wassupwestcoast, WatchingYouLikeAHawk, Watercactus3210, Waterspyder, Wavelength, Wavesmikey, Wawmaw, Wayne Slam, Wayward, Wdavies, Wdraa, Webbrg, WeddingCrashError,
Wegge 9, Weightofair, Wellwicked94, Welsh Crazy Frog, Wennj, Wernot, Wesley, West store, Wetman, Weyes, Wfward, When nine, Where, Whoistheroach, Whoutz, WhyBeNormal, Wi-king,
Wik, Wiki Raja, Wiki alf, Wikid77, Wikidea, Wikipedia Administration, Wikiskimmer, Wild Deuce, Wildfirejmj, Wildie, Wildnox, Wilke, WillowW, Willtron, Wilson44691, Wimt, Wing Nut,
Winhunter, Wisco, Wisdom89, Wknight94, Wlodzimierz, Wmahan, Wolfkeeper, Wolfrock, Woodsrock, Woody, Woohookitty, Wool sixty, Worship Him!, Wpaa, Wpete510, Wteaw, Wtfmate,
Wuob, Wwoods, Wyher, XJaM, Xaosflux, Xeatc, Xiahou, Xiner, Xted, Y2kcrazyjoker4, YSSYguy, Yamamoto Ichiro, Yandman, Yaqix, Yar owe, Yarovit, Yday, Ydonne 2, YellowMonkey,
Yerpo, YimmyZeee, Yiwb, Ykse, Ymous, Ynist, Yorek, Yosef 52, You wouldnt dare block me., Yournoangei, Ygbd, Ystram, Ytrottier, Yuodd, Z.E.R.O., Z10x, ZA, Zachary, Zachorious,
Zappernapper, Zarcadia, Zarniwoot, Zarru, Zashaw, Zbvhs, Zenkai251, Zero g, Zeromegamanx, ZimZalaBim, Zoe, Zsinj, Zundark, Zx-man, Zyasu, Zytigon, Zyyx, Zzuuzz, Zzyzx11, .., 2624
anonymous edits

Microorganism Source: http://en.wikipedia.org/w/index.php?0ldid=597050172 Contributors: 10GThindJ, lexecl, 3er40, A Softer Answer, A. B., A3RO, AAA!, AGK, AbigailAbernathy,
Acroterion, AdamRetchless, Addshore, Adz 619, Ahoerstemeier, AioftheStorm, Alan Liefting, Alansohn, Alexandrov, Alexf, Alias Flood, Alix6, Allens, Altenmann, Altermike, Ameliorate!,
Anarcham, Anclation, Andkore, Andrij Kursetsky, Andromeda321, Andy85719, AndySayler, Anghel Stefan Andrei, Angr, Animalparty, Aniten21, Anlace, Anna.h.bauer, AnneDELS,
Anonymous Dissident, Antandrus, Antiuser, Archer3, Art LaPella, Astral, Athenean, Athri123, Atomskninja, AubreyEllenShomo, Awakefield, BD2412, Backslash Forwardslash, Bact, Bacteria,
Bakilas, Bald Zebra, Banus, BarretB, Bassbonerocks, Beetstra, Bender235, Bendzh, Bensmith53, Bento00, Bernstein0275, Bgwhite, Bility, Bka9, Blobswamp, Bloonstdfan360, Blue520,
Blueshifter, Bob Castle, Bogey97, Bolasanibk, Bomac, Bongwarrior, Brianga, Brotastic21, BrownHairedGirl, Bryan Derksen, BuickCenturyDriver, Bushcarrot, C777, CMD Beaker, Caiaffa,
Calvin 1998, Can't sleep, clown will eat me, CanisRufus, Capewellmj, Capricorn42, CaselnPoint, CatBallSack, Catinator, Ccacsmss, Ceyockey, Charlie861i, Chino, Chirayu08, Chiswick Chap,
Chris Thornett, Chuckiesdad, Clamster5, Clarkcj12, Clicketyclack, ClockworkSoul, Closedmouth, Cntras, CodeLyokoRulez, Cohesion, Coin167, Colenso, CommonsDelinker, Conti, Conversion
script, Correogsk, Cosmic Latte, Cremepuff222, Crum375, CutOffTies, CuteHappyBrute, Cyclonenim, Czar, DSRH, DVD R W, Danno uk, Dar-Ape, Darkwind, Daughter of Mimir, Dave souza,
David Eppstein, David Underdown, David Woodward, DavidLeighEllis, DavidRader, Davidiad, Davodd, Dazg, Dbackes, Dbfirs, Ddusenbery, Deemo, Deltaco377, Denisarona, Deon, DerHexer,
DethmeOw, Dewy9, Dgies, Dialectric, Diamondbd, Difluoroethene, Dipankan001, Discospinster, Dj Capricorn, DocWatson42, Donner60, Drbogdan, Drphilharmonic, Duckyface, Durova, EJF,
Earthlyreason, Edwinstearns, Eeekster, Eenth78, Elockid, Enchanter, EncycloPetey, Enzo Aquarius, Epbr123, Epicurus B., Epipelagic, EuroCarGT, Everyking, Evil Monkey, Exarion, Excirial,
EyeSerene, FF2010, Factmouse, Fahadsadah, Feezo, Ferkelparade, FlavrSavr, Flcelloguy, Fllmtlchcb, Flyguy649, Fraggle81, Fred J, Freedomlinux, Fvasconcellos, GHe, GOV, Gabi bart,
Gadfium, Gadgadsbogen, Gaius Cornelius, Gareth Griffith-Jones, Giftlite, Gilliam, Gjd001, Glacialfox, Glane23, Glenn, GoShow, Gogo Dodo, Graham87, GrahamColm, Gtgt, Guettarda,
Guoguo12, Gurch, Gwernol, Hadal, HalfShadow, Hashar, Hatch68, HatterDallax, Hellachaz, Hello71, Hiflyer, Hobartimus, Hotspots777, Hul2, Hughcharlesparker, Hunnjazal, Hydrogen Iodide,
I dream of horses, IRP, IW.HG, Idarin, Iliank, Illustria, Indian Chronicles, Inter, Invisible pyromanic leprechaun, Ipatrol, Iridescent, Iwantsomebeans77, Ixfd64, Iztwoz, J.delanoy, JO4n,
JFreeman, JWSchmidt, Jac16888, Jacek Kendysz, Jack Greenmaven, Jagged 85, James Katarski, James086, JamesBWatson, Japan Hanno, Jediserra, Jeffrd10, Jeltz, Jennavecia, Jespinos,
Jh51681, Jj137, Jjasi, Jmq324, JoanneB, Joao Xavier, JodyB, JoeSmack, John, Johnkallend1, Jonnybargh, Jordanbob94, Jpvinall, Jsayre64, Just plain Bill, KGasso, KIS77, Kaarel, Kafziel,
Katanada, Kerotan, Khazar2, Khoikhoi, Kingdon, Kingpin13, Kirbboy, Kiwi128, Kkkkkm, KkkklIll, KnowledgeOfSelf, Knowz, Koavf, Koolkt, Koryhearn, Kyoko, KyraVixen, L'Aquatique,
Lahiru k, Latka, Lcarscad, Leahregina, LeaveSleaves, Legoktm, Lennykins, Leuko, Lexor, LikeLakers2, Lilspannah, LittleOldMe, Lmitzenm, Longhair, Lova Falk, Luna Santin, Luneraako,
Lupin, Lupo, MER-C, Madhero88, Magioladitis, Magister Mathematicae, Magnus Manske, Malcolm Farmer, Malo, Manman222, Manticore, Markhurd, MartinHarper, MartinezMD,
Materialscientist, Matt Deres, Matthew Yeager, Max Naylor, McDogm, Mdebets, Mediran, Mejor Los Indios, Mememekyrill, Mentifisto, Mhby87, Michael M Clarke, Michaelas10,
MicroAcademy, Microbiologyprocedure.com, Microscopist, MidgleyDJ, Mikael Higgstrom, Mikeyway mcr, Mjquinn id, Mmm.....ptoato, MoO, Moe Epsilon, Mogism, Moshe Constantine
Hassan Al-Silverburg, Mr Adequate, Mr. Accident, Mr. Billion, Mrees1997, Mrt3366, Muleshine, Mushin, MusikAnimal, Myanw, Mymommyanddadda, Mochtegern, NAHID, Nagy, Nakon,
Nancy, NawlinWiki, Neelix, Nekura, Neurolysis, Neverquick, Nike, No Guru, Noah Salzman, Nope,You'reWrong, Nsaa, NuclearWarfare, Nunh-huh, Nuno Tavares, Nuttycoconut, Ocee,
Ochiwar, Ohnoitsjamie, Ottawa4ever, Oxymoron83, Paleorthid, Paragon12321, Paranomia, Parrothead 1983, Pauli133, Pavel Vozenilek, PeterisP, Petri Krohn, Pgan002, Phgao, Philip Trueman,
Pinethicket, PinkVan34, Poindexter Propellerhead, Poo12345678910, Pophihi, Postdlf, Prashanthns, Pstudier, Purgatory Fubar, QuadrivialMind, QuiteUnusual, Qxz, ROpe-196, RDBrown,
Racingstripes, Radical Mallard, Ramos1990, RandomAct, RandomP, Raven4x4x, Ravidreams, Rebroad, RedWolf, Reinoutr, Res2216firestar, Rettetast, Rgamble, Rgoodermote, Rhys, Riana,
Rich Farmbrough, Richard D. LeCour, Richdavi, Riley Clarke, Rjwilmsi, Rkddodq Rnbj, RobertG, Robertinventor, RoddyYoung, Rrburke, Rubicon, Ryanj, SFK2, SMC89, Sahil150798, Saikiri,
Samsara, Sandhu 2715, Sango123, Sankalpdravid, Satan666thor, Saudiarabia7, Scharks, SchfiftyThree, Schneau, Scilit, Seaphoto, Seba5618, Sektor42, Shadowjams, Shanebratt, Shanel, Shanes,
Sideways713, Singularity, Sintaku, Siobain, Skarebo, Skinny McGee, Skizzik, Slakr, Sluzzelin, Smack, Smartkid654, Smartse, Sminthopsis84, Smitty, Smooth O, Snow Blizzard, SoLando,
Soveruin, Spitfire, Starnestommy, Stars4change, StaticGull, Stemonitis, Stephen G. Brown, Stephen MUFC, Stephenb, SummerPhD, Sunderland06, Sunray, Sunrise, Sven Manguard, SvetBeard,
Sylverfysh, Syncategoremata, Synchronism, Tabletop, Tadhussey, Taranet, Taw, Taylor drake01, Technopat, Tenera, Tentinator, Teratornis, That Lamer, The High Fin Sperm Whale, The
Rambling Man, The Talking Toaster, The Thing That Should Not Be, TheLeopard, TheNewPhobia, TheRanger, Thingg, Thor666s, Tide rolls, TimVickers, Timir2, Tiptoety, Titodutta, Tlesher,
Tobby72, Tomasz Prochownik, Tomchiuke, Trntyvnll, Turian, TutterMouse, Twinsday, Tyler118, Uncle Dick, Unyoyega, Usrnme h8er, Uthbrian, Vanischenu, Vanished User 0001, Vanished
User 4517, Vanished user 9i39j3, Velella, Ventril2009, VinceBowdren, Vortexrealm, Vrenator, Vsion, Wakebrdkid, Wavelength, Wayne Slam, Wayward, WeilinLiu, Wereon, West.andrew.g,
‘WhatamIdoing, Who then was a gentleman?, Widr, Wikidudeman, Wikigirlie, William Avery, Williams12357, Wimt, Wisdom89, Woohookitty, X!, Xevi, Yamamoto Ichiro, Yangjen16, Yansa,
Yidisheryid, Yintan, You suck 123456, Yummifruitbat, ZFry1020, ZacBowling, Zalgo, Zharradan.angelfire, Zotel, KEKPQW®, 1436 anonymous edits

Plant Source: http://en.wikipedia.org/w/index.php?0ldid=593603835 Contributors: 1nic, 321mister, Abductive, Acalamari, Accurizer, Ace ETP, Adam McMaster, Adambro, Adashiel,
Adenosine, Adsomvilay, Agongl, Agrihouse, Ahoerstemeier, Alan Liefting, Aleksa Lukic, Ali, Alink, Almafeta, Almog6564, Altenmann, Alwolff55, AmiDaniel, Anclation, Andre Engels,
Andrew R. White, Andrewjlockley, Andrewpmk, Andris, Androstachys, Andux, Andyjsmith, Anger22, Angielaj, Anna Frodesiak, Anomalocaris, Antandrus, AnthonyBryars, AntiVan, Antonrojo,
Anwar saadat, AquamarineOnion, Arcadian, Arfan, ArjunO1, Arjuna316, Arkuat, Arnorian, Arsalan daudi, Art LaPella, Ashley Y, Ashmoo, Astropithicus, AtomicDragon, AuburnPilot, Aude,
Autocracy, AxelBoldt, AxiomShell, Banes, BanyanTree, Barbara Shack, Barklund, Barneca, Barticus88, BaseballDetective, Bdiscoe, Bdwolverine87, Bearly541, Bearman4, Beezhive, Benbest,
Bender235, Bendzh, Bensaccount, Bergsten, BerneyBoy, Bewareofdog, Bhny, Bibliomaniac15, Billare, Bleach926, Bobblewik, Bobianite, Bobisbob, Bobo192, Bomac, Bongwarrior, BorgQueen,
BorisTM, Borislav, Bosniak, Br77rino, Brainster 101, Branddobbe, Brastein, Briséis, Bubba hotep, Byssus, C.Fred, Clreland, Caca, Cadiomals, Caltas, Calvin Limuel, Can't sleep, clown will eat
me, CanDo, CapitalR, Cephal-odd, Chefyingi, Chickenflicker, Chipmunkdavis, Chizeng, Christian List, Chrystomath, Ciaoriki, Circeus, Ckatz, Clemwang, Cmdrjameson, Conscious, Conversion
script, Cornflake4, Corp1117, Cratylus3, Crazychinchilla, Cremepuff222, Croat Canuck, Crusadeonilliteracy, Csparr, Ctbolt, Cthulhu Rising, Curtis Clark, CurtisLambert, Cwmhiraeth,
Cyborg1981, Czj, DVD R W, Dacoutts, Daderot, Damieng, Dan East, Dan Guan, Dangerousnerd, DanielCD, Dannown, Dappawit, Darkwind, David s graff, Db099221, Dcflyer, Dcoetzee,
DeadEyeArrow, DeliciousT, Demmy, Deor, DerHexer, Dfrg.msc, Dinoguy2, Dipics, Directoryguru, Discospinster, Diucén, Dlloyd, Dlohcierekim, Doc glasgow, DocWatson42, Doloco,
Dominus, Donald Albury, Donarreiskoffer, DougEDoug, Doyley, Dr.Bastedo, Dubaduba, Dv82matt, ESkog, Earthdirt, Ed g2s, Edcolins, Edward321, Eleassar777, Eminem95941, Emo




Article Sources and Contributors 350

childnc1993, Emperorbma, EncycloPetey, Eric Kvaalen, EricG, Ettrig, Evercat, Everyking, F 22, FF2010, Fairsing, Farrahi, Femto, Filemon, Finlux, Fir0002, First Light, Floaterfluss, Fotaun,
Fox6453, Franciepants18, FreeKresge, FreplySpang, Frogking51, Frymaster, Fumple3222, Funandtrvl, Fvasconcellos, Gabbe, Gaga.vaa, Gaius Cornelius, Galoubet, Gdarin, Gdr, Geniac, Geo987,
Geologyguy, Ghamer01, Giftlite, Gilliam, Gimmie, Giraffedata, Glenn, Gmunder, Gnangarra, Goatasaur, Gogo Dodo, Gop 24fan, Gotmilk954, Gracenotes, Graham87, Graminophile,
Granitethighs, Greatestrowerever, Guanaco, Guettarda, Gurch, Gveret Tered, Gwynplaine, Hadal, Haemo, Hall Monitor, Hallenrm, Halsteadk, Hapsiainen, Hardyplants, Hattes, Hdt83, Hdurina,
Heegoop, Heimstern, Helikophis, HelloMojo, HenkvD, Henriette, HenryLi, Hephaestos, Heron, Heyitschrisss, Hi112233, Hi332211, Hmains, Hordaland, Hotty 8p, Hu12, Husond, Hyark, IT
MusLiM HyBRiD II, Ichormosquito, Ikanreed, Iloveplants, Infrogmation, Inner Earth, InvisibleK, IronGargoyle, Ischal, Ixfd64, Iztwoz, JForget, JK23, JLaTondre, JYi, Jaknouse, Jamymc,
Janetleopold, Jannex, Japs eye, Jarble, Jason Leach, Jay2332, JayW, Jclerman, Jeepday, JemGage, Jemsherlock, JeremyA, Jergen, Jeronimo, Jerry, JesseGarrett, Jhagadurn, Jiddisch, JinJian,
Jkyser, JoJan, Joan-of-arc, JoanneB, JoeSmack, JohnInDC, JohnnyMrNinja, Jolt76, JorisvS, Josh Grosse, Joyous!, Jpatros, Junglecat, Jurj, Juzeris, Jwanders, Jyril, Kakorot84, Karl-Henner,
Karlthegreat, Karukera, Kdammers, Kelvinsong, Kesac, Ketchupabi, Kholiana joy, Kidpoker15, Kilva, Kim Bruning, Kingdon, Klemen Kocjancic, Kleopatra, Kniveswood, Kopro002, Kostisl,
Kostya, Kowey, Kprwiki, Krinkle, Kungfuadam, Kuohatti, Kupirijo, Kuru, Kuyi123w, Kyleistwo, Lahiru k, Lancevortex, Lankiveil, LarryMorseDCOhio, Latitude0116, Lavateraguy,
Lazulilasher, Lcgarcia, Le chien manquee, Leafyplant, Lenticel, Lesfreck, Lexor, Liface, Lights, Ligulem-s, Livestock kills, Llull, Llywrch, Lola lafanda, Looxix, Lord Emsworth, Lucyin, Luna
Santin, Lunz2121, MOrphzone, MER-C, MK8, MPF, MacGyverMagic, Magioladitis, Magister Mathematicae, Magnus Manske, Maitch, Majorly, Malcolm Farmer, Man vyi, MarSch, Marietta
Georgia, Marrovi, MarsRover, Marshall111, Marshman, Matt Crypto, Matthew Wilson, Mav, Maxim, Mayumashu, Mbz1, McGeddon, McMondongo, Medeis, Mediamute, Melburnian, Menchi,
Methcub, Mfatic, Mgiganteus1, Mgoodyear, Michaplot, Mike Rosoft, MikeJohnJames9456, Million Moments, Minna Sora no Shita, Miss Madeline, Miszal3, Moe Epsilon, Mofomojo, Moman,
Monedula, Money4nothing, Monobi, Monolith224, Moon&Nature, Motorbikematt, Moyogo, Mr Chuckles, Mr Stephen, MrDarwin, MrFish, Msikma, Mxn, Mario e Ddrio, Naddy, Narayanese,
Naryanlal, Natalie Erin, Natski23, NatureA16, Naveen Sankar, NawlinWiki, Nayvik, Neale Monks, Nerval, Netoholic, Neverquick, NewEnglandYankee, Niluop, Ninjaboi887, Nivix, Njrfrog,
Nk, Nnemo, Nohat, NorCal764, Northamerical 000, NotWith, Nwbeeson, OMGrace, OOJaxxOo, Obli, Oblivion667, Ocatecir, Oceans and oceans, Ojaswi joshi, Oleg Alexandrov, Olivierd,
Olyashok, Omicronpersei8, Onco p53, Op. Deo, Opelio, Optakeover, Osborne, Ospalh, Ost316, OwenX, Oxymoron83, P30Carl, PARA19, PKM, Paaerduag, Part Deux, Patstuart, Paul Murray,
Paulbob, Pauli133, Pavel Vozenilek, Pb30, Pedroalexandrade, Pekaje, Per Ardua, Perfect Proposal, Persian Poet Gal, Peruvianllama, PetTrees, Peter G Werner, Peter coxhead, Petowl, Phaedriel,
Phatvet21, Philip Trueman, PierreAbbat, Pippu d'Angelo, Plantdrew, Plantguy, Plantsurfer, Plumbago, Pogonomyrmex, Poindexter Propellerhead, Polyhedron, Poopisme, Poor Yorick,
Posem4012, Possum, Prodego, Pseudomonas, Pthag, PuzzletChung, Pyrospirit, Python eggs, QuartierLatin1968, ROuge, RadiantRay, RadicalBender, Radiojon, RaffiKojian, Raichu,
Rainbowzom, Rajivrkr, Randomuselesstrivia, Raymond arritt, Razlel, Rdsmith4, RedRollerskate, Redattack34, Redvers, Reitzaleah, Rejax, Renegadeshark, Retiono Virginian, RexNL,
Rhetoricofdos, Rhobite, Rich Farmbrough, Richard001, Rickproser, Righthonorablegentleman, Rjwilmsi, Rkitko, Rocastelo, Rockvee, Rommexidas97826, Rorro, Rsamahamed, Rtkat3, Ryan-D,
SASHHI, SB Johnny, SFODLONGBOW, SJP, SU Linguist, SWAdair, Saaga, Sackosacko, Sal817, Sam Hocevar, Samsara, Samuel, Samw, Sander Side, Sander123, Sannse, Sarpasarpetil01,
Savant13, Sceptre, Schzmo, Sci-Fi Dude, Scilit, Scohoust, Scottalter, Scoutersig, Seba, Sengkang, Sermadison, Setu, Sfmammamia, Shadowjams, Sherool, Shyamal, SilkTork, Silver Edge, Sinn,
SirLeopold, Sjb1234567, Sjc, Sjwk, Skoot13, Sluzzelin, Smith609, Smooth O, Solipsist, Solitude, Somejan, Soumyasch, Spartan-James, SpeedyGonsales, SpookyMulder, Srose, Stedd, Stephenb,
Stevertigo, Stewartadcock, Stizz, Styrofoam1994, Sugarsugar30, Sukanta Sarkar, Sumergocognito, Summer Song, Superruss, Surtsicna, Sushant gupta, SuzanneKn, Sylverfysh, TUF-KAT,
Tanaats, Tarret, Tau‘olunga, Tawker, Tbhotch, TedE, Telecineguy, Telstra Robs, Tesseract2, The Anome, The Evil Spartan, The Genesis, The Mysterious El Willstro, The Random Editor, The
elephantman, The undertow, TheAlphaWolf01, Theda, Theo148, Theresa knott, Thrallhascome, Tigershrike, TimVickers, Timir2, Timmy94, Titoxd, Tnoble, Tom Radulovich, Tom2005g,
Tonyf1, Torahjerus14, Tpbradbury, Tpolonski2, TreasuryTag, Trilobitealive, Tropylium, Turlo Lomon, Twooars, Ucanlookitup, Unleo, Unyoyega, Usuck1010, UtherSRG, Uwagradstudent,
Vadim tarakanov, Vald, Van helsing, Vandal B, Vanisheduser12345, Velella, Vicpeters, Vsmith, W1ZzYy, WKLSKE, Warfreak, Wassupwestcoast, Wavelength, Wayward, Weedgarden,
Werothegreat, Weyes, Whileships savedhead, Whomp, Wiki alf, Wikky Horse, WillowW, Wilson44691, Wimt, Winhunter, Wknight94, Wlodzimierz, Woer$, Woohookitty, Wshun, Wylve,
Xbows, Xchbla423, XenizE, Xevi, Xexsnowblindxex, Xiahou, Xiong Chiamiov, Y1234567890, Yamamoto Ichiro, Yansa, Zabanio, Zack linick, Zacman78, Zamphuor, Zapvet, Zeman, Zondor,
Zorahia, Zotel, 1171 anonymous edits

Animal Source: http://en.wikipedia.org/w/index.php?0ldid=595707040 Contributors: (jarbarf), -Paul-, 123forever456, 1313 South Harbor Blvd. Anaheim, CA, 14Ave, 168...,
2004-12-29T22:45Z, 28421u2232nfenfcenc, 2D, 4175shelton, 505, 54511jkr, 9258fahsflkh917fas, A-giau, Aaadddaaammm, Aaron Schulz, Aassaas, Abductive, Abigail-II, Abyssal, Academic
Challenger, Acalamari, Acdx, Ace ETP, Acebulf, Achiwiki356, Adam78, Adambro, Adashiel, AdjustShift, Adriano1995, Adrigon, Aeonx, Aethon8, Aff123a, Afgheys12, AgainErick,
Ahambhavami, Ahoerstemeier, Aidarzver, Aim Here, Airoman, Akendall, Akral, Aksi great, Alainacmitchell, AlanH, Alansohn, Alaska great, Albatross Loves You, Ale jrb, Aleenfl, Alex croff,
Alexandria, AlexiusHoratius, Alexy527, Ali, Aliasxerog, Alimon, AllGloryToTheHypnotoad, Ally loves softball, Alterego, Alvin-cs, Amaltheus, Amazins490, Anarchistdy, Anastrophe,
Andjosaus, Andre Engels, Andrewrp, Andux, Andycjp, Angela, Angr, Animum, Ann Stouter, Anna Frodesiak, Anna Lincoln, Anonymous Dissident, Anrnusna, Antandrus, Anthere,
Anthony1001294, Anthony717, AnthonyQBachler, Anxietycello, Apostrophe, Apparitionl1, Aquadiamond3, Aquamarine04, Arakunem, Arcarius, Archer3, Arisa, Armaghanje, Art LaPella,
Arthur Rubin, Ashmoo, Astropithicus, Aswesee, Atchernev, Athaler, AtikuX, AtonX, Atropos, AuburnPilot, Aude, AutomaticWriting, Avenged Eightfold, Avoided, AxelBoldt, Ayrton Prost,
AzaToth, Azhyd, BD2412, Baccyak4H, Ballista, Bananarofl, Barbary lion, Barneca, Barrylb, Baseballfreakrc, Basharh, Bassbill, Bassbonerocks, Bbatsell, Bbvslg, Beasterline, BecieOl,
Beeblebrox, BeefRendang, Before My Ken, Belligero, Ben-Zin, Ben.c.roberts, BenJWoodcroft, Bendzh, Benjamint444, Benjiboi, Bensaccount, Beta m, Bgold, Bidiot, Big Bird, BigChicken,
Bigbossfarin, Bigwang6969, Billy775, Biology999, Blanchardb, Blarg3001, Blarrrgy, BlastOButter42, Blaxthos, Blehfu, Bobbean, Bobisbob2, Bobo192, Bobthebuilderbuildsagain, Boccobrock,
Boch501, Bomac, BonesBrigade, Bongwarrior, Bookermorgan, Booyabazooka, BorgQueen, Boston, Brambleclawx, Branddobbe, Brian0918, Brianga, Briséis, BrokenSegue, Brossow, Brownsc,
BryBla, Bschrader, BuckeyeMoe, Bumbbumb, Bumholio, Bunchofgrapes, Burmeister, CALR, CDepiereux, CJLL Wright, Caesura, Caltas, Can't sleep, clown will eat me, CanadianCaesar,
Canderson7, CanisRufus, Capnquackenbush, Carabinieri, CardinalDan, Carl.bunderson, Carlobus, Casper2k3, Causa sui, Cdc, Cdernings, Cekli829, Celithemis, Cephal-odd, Chamal N,
Champlax, CharlesHBennett, Chaser, Cherry blossom tree, Chipmunkdavis, Chl, Chmod007, Choanoflagellate, Chocolaterain69lolrofl, Chowchowpoop, Chris j wood, Chris the speller, Chrisd87,
Chrislk02, Christian List, Christopher Higgins 93, Chuunen Baka, Ciaccona, Cjc0013, Cleared as filed, Cliff smith, ClockworkSoul, Closedmouth, Cloudy fox 001, Cmorales13990, Cmungall,
Cod6user, Cody12343, Coelacan, CohenTheBavarian, Colin Kimbrell, Collieman, CommonsDelinker, Conorsampson, Conti, Conversion script, Cool3, Corncake23, Corpus juris, Corpx, Corvus
coronoides, Cory Crowley, Countney, Courcelles, Cow monkey111, Cpl11, Cpl Syx, Creeing, Crip killah, Crum375, Crusadeonilliteracy, Crustaceanguy, Crzrussian, Csparr, CupOfRoses,
Cupcakelover101, Curps, Cyborg1981, Cyclopia, Cyrius, D1sn1gg4, DARTH SIDIOUS 2, DVD R W, Dada43, DagnyB, Dal3164, Dampir, Danger, Daniel C. Boyer, DanielCD, Dar book,
DarkFalls, Darkclothes violentpose, Darkmiles22, Darkwind, Darolew, Darth Chyrsaor, Darthgriz98, Dasani, Davewild, David D., David Munch, David0811, Davidlittle9, Dawn Bard, Dcandeto,
DeLarge, DeadEyeArrow, Deeptrivia, Delanaschroeder, Delbert Grady, Delirium, Delldot, Demmy, Dendodge, Deor, DerHexer, Dforest, Dgw, Diagonalfish, Diannaa, Die Antwoorde, DifiCa,
Dinno, Dinoguy?2, Dinokid, Dipper32, Disavian, Discospinster, Dissimul, DivineAlpha, Dj55, Dman64, Doc glasgow, Dockcharlotte, Dodo bird, Dojarca, Dolpihnfan123, Donald Albury,
Donarreiskoffer, DonnaSG, Dorvaq, Doug Bell, DrMicro, Dracka, Drat, Dratman, Drc79, Dreaded Walrus, Dreadstar, Drew R. Smith, Drmegabite, Duanedonecker, Dude1818, Dudemeister1234,
Dustimagic, Dysepsion, Dysmorodrepanis, Dysprosia, E2eamon, EM85462, EPM, ESkog, EWS23, EamonnPKeane, Earlypsychosis, Earth'sbuddy, EarthPerson, East of Borschov, Ebeisher, Ed
Poor, Ed g2s, Edk, Edom23, Eightofnine, EikwaR, El C, EILoEVErYbOdY, ElePANTS, Eleassar, Elias1richa, Eliezg, Eliz81, Elmo Zat, Eluchil404, Eminem95941, Emperorbma, EncMstr,
EncycloPetey, Endangered1 1, Enigmaman, Enviroboy, Epbr123, Eran, Erick7723, Erik9, Esanchez7587, Escape Orbit, EscapingLife, Esn, Esurnir, Eu.stefan, Eugene van der Pijll, Everyking,
Excirial, Exert, Eyul00, FF2010, Fabiform, Facts707, Fadesga, Fang 23, Farrahi, Farsight001, Feedloadr, Felizdenovo, Femto, Ferel destroyer, Fgr1994, Fieldday-sunday, Fil21, Filelakeshoe,
Finlay McWalter, FireOfTheNight, Firsfron, FisherQueen, Flat turds, Flewis, Fl098, Flowerpotman, Foosher, Francisco Valverde, Frap, Freakofnurture, Fredvanner, FreplySpang, Fritoflyer,
Frubey, Fullz, Furkaocean, Furkhaocean, Fvasconcellos, Fvw, Fe, GB fan, GTPoompt, Gaaras-brother, Gabbe, Gadfium, Gaff, Gaius Cornelius, Gakrivas, Galoubet, Gamesmasterg9, Ganesh
Paudel, Gavrilis, Gejdavid, Gdr, Geni, GeorgeMoney, Gfoley4, Gianfranco, Giftlite, Gilliam, Gimmetrow, Gingerman1234567, Ginkgo100, Gjd001, Glenn, Gnostrat, Go for it!, Gogo Dodo,
Goldom, Goodnightmush, Gothicrocka, GraemeL, Graham87, GrahamBould, Graminophile, Grantavery, Grblundell, Greeener, Greswik, Grundle2600, Gscshoyru, Guanaco, Gundato, Gurch,
Gutworth, Gwernol, Gypsy Trash, H3110kitty, Hadal, Haham hanuka, HalJor, HalfShadow, Halfcrowd123, Halo master chief, Halosaver, Ham1999, HappyBlades, HappyKarMar,
Happyface0000, HarlandQPitt, Hbomb194, Heebiejeebieclub, Heegoop, Heimstern, Helicoptor, Hellbus, Hello32020, Heman, Hephaestos, Hermanjr, Herr Gruber, Hibana, Hihi582, Hordaland,
Hotie1234, Hul2, HughesJohn, HunterAmor, Hut 8.5, Hyebeh, I dream of horses, IAMTHEEGGMAN, ICAPTCHA, 1T MusLiM HyBRiD II, Tanml, IdahoBoy, Idont Havaname, Ifnord, Indoles,
Iner22, Insanity Incarnate, Intelligentsium, Into The Fray, Irbisgreif, Iridescent, Ixfd64, J. Spencer, J.delanoy, JAKLAM, JForget, JIP, JLaTondre, INW, JTSomers, JULIA RADESCU IS A
SKIVER!, JYolkowski, JamesAM, Jamesofur, Jamsamree, Janderk, Jannex, Jarble, Jason Quinn, Jasongetsdown, Jauerback, Javert, Jawsx188, Jay, Jay2332, JayW, Jaymckenzie, JedOs, Jeendan,
Jefffire, Jeffrey Mall, Jeffrey O. Gustafson, Jeremy Visser, Jeremy-list, Jerkov, Jeronimo, Jesseblum, Jewman55, Jfhutson, Jibbo Whales, Jiffijosh, Jimp, Jj137, Jklin, Jmv2009, Jnelson09,
Jnothman, Jo3sampl, JoJan, Joeler, Joelr31, John Price, JohnOwens, Johnleemk, Joka, JonasRH, Jordanlou, Jordy321, JorisvS, Jose77, Josh Grosse, Joshnadler, JoshuaZ, Jossi, Joyous!, Jpgordon,
Jrockley, Juansidious, JudelFoir, Jules.LT, Julesd, Juliancolton, Juniuswikia, Jusdafax, Justanothervisitor, Justin, JustinHagstrom, Justsomecoolguyhomie, Jwanders, Jwray, Kablammo,
Kaisershatner, Karlhahn, Kateyritchie, Kbh3rd, Keilana, Kevin B12, Kf4bdy, Khoikhoi, Kig108222, KillerChihuahua, King of Hearts, Kingturtle, Kintetsubuffalo, Kirill Lokshin, Kittystarkails,
Knowledge Seeker, KnowledgeOfSelf, Knowledgeum, Koavf, Koolpapajohn, Korg, Kosigrim, Kostya, Kpjas, Krawi, Krn10919, Ktaylor, Kumioko (renamed), Kurt Shaped Box, Kuru, Kvamme,
Kwamikagami, Lachatdelarue, Lagunal17, LarryQ, Launchballer, Lcarscad, LeadMeOn, Leadwind, LeaveSleaves, Lectonar, LedgendGamer, Lee Daniel Crocker, Legions pker, Leif, Len124,
Leonidasthespartan, LessHeard vanU, LibLord, Libcub, Lightmouse, Lights, Linmhall, LiquidGhoul, Lissisa2003, Littlec911, Llamaloop2056, Llull, Lomn, Looie496, Lord Patrick, Lord
Pistachio, Lost tourist, Lottamiata, Lotusduck, Lovely 101, Loving666, Luk, Lupin, Lupo, Lycurgus1920, Lygor, MER-C, MK8, MKoltnow, MPF, MZMcBride, Mad Greg, Madpassion,
Maegara, Magister Mathematicae, Mahbabygirl, Mahdilray, Majorly, Malljaja, Malo, Man vyi, Mandyjb, Manuel Anasticio, Mapocathy, Marbehraglaim, Mark Schierbecker, MarkSutton,
MarsRover, Marskell, Martin451, Materialscientist, Mattdaman72, Matthew Wilson, Matthew Woodcraft, Matthew Yeager, Matticus78, Mav, Maxmuscroft, Maxzc, Meaningful Username,
Measure, Medeis, Meemlo, Mego'brien, Melsaran, Meno25, Menswear, Mercy11, Merope, Merqurial, MetsFan76, Mgiganteus1, Michaelfavor, MihaS, Mike Rosoft, Mike V, MikeLynch,
Miklo68, MiltonT, Mindmatrix, Mindofcameron, Miquonranger03, MisfitToys, Missmarple, Mitternacht90, M1b32, Molinari, Moon&Nature, Moondyne, Mowgli, Mperkins, Mpg1995, Mr
Stephen, Mr.TimTam, MrOllie, Mschel, Mspraveen, Muhaidib, Munita Prasad, Mushroom, Mwanner, Mweites, MySummerJob, Myanw, Myok, Myriologist, Mywebsearch, N5iln, Nannadeem,
Nanobug, Narayanese, Nathanww, NatureA16, Navid7, NawlinWiki, Nbarth, Ndenison, Neelix, Nehrams2020, Neil916, NeoJustin, Neoprote, NepGrower, Netoholic, Neurolysis,
NewEnglandYankee, Newnoise, Newportm, Nick Number, Nickshanks, Nicolharper, Nifky?, Nihiltres, Nikai, Nikkimaria, Ningauble, Ninjatacoshell, Nivix, Nm4321, Noleander, NorCal764,
Norm, NotWith, Notedgrant, NuclearWarfare, Nuttycoconut, Nwbeeson, OMGsplosion, ONUnicorn, Obsidian Soul, Ocatecir, Oda Mari, Ohconfucius, Ohnoitsjamie, Old Moonraker, Oli Filth,
Omicronpersei8, Onco p53, Oneirist, Onorem, OwenX, Oxymoron83, Ozgod, PBP, PGWG, Pabbles, Paracel63, Parker97558, Paroxysm, Paskari, Pass a Method, Patrick, Paul 012, Paul August,
Paul Erik, Paul Murray, Pax:Vobiscum, Pbroks13, Pcb21, Pearle, Pekinensis, Pelister, Penwhale, Pepper, Persian Poet Gal, Pethr, Petrb, Pgk, Phantom784, Phantomsteve, Phen777, Phenz, Philip




Article Sources and Contributors 351

Trueman, PhilipO, Philx9771, PhnomPencil, Phoebepheebs, Phpham31, PiMaster3, Piano non troppo, Picus viridis, PierreAbbat, Piet Delport, Pigman, Pikachu26, Pilotguy, Pinkadelica, Pippu
d'Angelo, PizzaBox, Plasynins, Plugwash, Poetaris, Poindexter Propellerhead, Porterjoh, Postglock, Prari, PrestonH, Pretty Green, Probatio Pennae, Prodego, Programingcraze007,
Programmer13, Prolog, Psychonaut, Ptcamn, Pthag, Punaboy7, Punarbhava, Qazwax123, Quadell, Quadrius, Quahog5SNews, Quaque, QuartierLatin1968, Qwertzy2, Qxz, R9tgokunks, RBJ,
Raamah, Randomuselesstrivia, Randy Johnston, Ranemanoj, Ranveig, Rasmus Faber, Raven4x4x, Razaol31, RazorICE, Rdsmith4, Reatlas, Red Director, Red Winged Duck, RedHillian,
RedWolf, Redneck017, Reformedman, Rellis1067, Res2216firestar, Rettetast, Reuvenk, Revolver, RexNL, Reyk, Reywas92, Rich Farmbrough, Richard D. LeCour, Richard001, RichardF,
Rickterp, Rjwilmsi, Robchurch, Robert is da man, Robin Williams, Robinh, Robomaeyhem, RockMFR, Rockpocket, Roland Deschain, Romanm, Roonyroon, Rooziel2, Rory096, Rose Garden,
RossPatterson, RoyBoy, RoySmith, Rrburke, Rror, Rsrikanth05, Rutalkin2me0574, Ruud Koot, Ryan, Ryan Postlethwaite, Ryansca, SCS100, SKUK98, SMC, ST47, Sacredseal, Sainsf,
Sakana-rin, Samak47, Samirwin, Sampi, Samsara, Samw, SandyGeorgia, Sannse, Saperaud, Sarcasticmac, SarpasarpetilO1, Sarranduin, Saturn star, Savant13, Scarypi33, SchfiftyThree, Schmei,
Schzmo, Sciencel563, Scientizzle, Scohoust, Scorpiuss, Scott Ritchie, Scottalter, Sdornan, SeanLegassick, Seanutbutter, Seb az86556, SebastianHelm, Semperf, Senator Palpatine, Sengkang,
Sentience, Serpent's Choice, Sethdeperot, Seven7, ShakingSpirit, Shamesspwns, Shanes, Shatosy, Sheep2000, Shindo9Hikaru, Shmget, Shoaler, Shoessss, SilentBobxy2, SiliconDioxide, Simeon
H, SimonP, Sjakkalle, Skippy5490, SkyBoxx, Skysmith, Slowking Man, Smack, SmartGuy Old, Smb3guy, Smeazel, Smerdis, SmilesALot, Smith609, Smithy01, Smohammed2, Snarfsnarf,
Snowmanradio, Soccerguy7735, Soliloquial, Somecrazybastard13, SouthernNights, Sp, Sp3000, SpaceFlight89, SparrowsWing, Spe0059, SpeedyGonsales, Spencer, Spiritualism, Splash,
Spotty11222, SpuriousQ, Spyderxskierx4, Squash, Squids and Chips, Srikeit, Staffelde, Stan Shebs, Starexplorer, Starnestommy, Stefan, Stefan Udrea, SteinbDJ, Steinbach, Stemonitis, Stephen
MUFC, Stephen52, Stephenb, SteveRamone, Steven Walling, Stevend407653, StevenGantzer, Stevertigo, Stewartadcock, Stfg, Storm Rider, Strongbadman, Super678, Susan Davis, SusanLesch,
Sweetness46, Sweetteen1, Syrthiss, TEB728, TMC1221, TUF-KAT, TWCarlson, Tablelajk3, Tableofwood, Tailsdoll666, Tannin, Tapir Terrific, Tau‘olunga, Taybabe, Tbhotch, Tchams04,
Telephone123, Tellyaddict, Template namespace initialisation script, Tero, TerryNF, Tgeairn, ThaddeusB, The Anome, The Giant Puffin, The High Fin Sperm Whale, The Missing Hour, The
Rambling Man, The Thing That Should Not Be, The guy who roolz, The mysterious gypsy, The undertow, TheDisser, TheLimbicOne, TheProject, TheThingy, TheaterMarine, Thejerm, Thysko,
Tide rolls, Tigerhawkvok, TimVickers, Timrem, Tinytipper, Tiptoety, Titoxd, Tom harrison, Tom murray rust, Tomashcu60, Tomi, Tompsett, TonyBallioni, Tox, Tpbradbury, Transmogribenno,
Transource, Traroth, Treatie, Treehouse372, Tregoweth, Triddle, Trilobite, TripleAven, Troge20, Troogleplex, Trysha, Tungsten, TutterMouse, Twintone, Typedia, Uavbuff, Ucucha, Ukt-zero,
Ulric1313, Untitledmind72, Unyoyega, Urocyon, UserDoe, UtherSRG, Uyvsdi, Vahid11, Vaishu2, Vandal B, Vanished User 4517, Vanished user 38hfun34tunkewfij4t, Vanished user
uih38riiw4hjlsd, Vasudhathegreat, Veinor, Vicki Rosenzweig, Vig vimarsh, Vincentv85, Violetriga, Virek, Volcanolam, Voortle, Vrenator, Vsmith, Vyyvg, WIBscribe, WODUP, Wack'd,
WadeSimMiser, Waggers, Wajidkanju, Walter 1080, Watcharakorn, Wavelength, WawaNJ, Welcome7ones, WereSpielChequers, Werothegreat, Wetman, Whiskey in the Jar, Why Not A Duck,
Wiki alf, WikiCantona, WikiExpertEditor, Wikidudeman, Wikilixo, Wikiman13579, Wikiniki, Wildhartlivie, Wildnox, Will Beback Auto, William Avery, Williamb, Willking1979, Wimt,
Wirbelwind, Wireless Keyboard, Wknight94, Woer$, Wonderland42, Woohookitty, WormRunner, Wragge, Wtmitchell, Wysprgr2005, XJaM, Xanchester, Xerxesnine, Xev lexx, Xiaphias,
Ximsuchastudx, Xwu, Xxxzenicxxx, Yamamoto Ichiro, Yaninass2, Yanksox, Yansa, Yekrats, Yetisyny, Yidisheryid, Yodude77, Yogiudo, Z. Patterson, Z.E.R.O., Zarcadia, Zenap, Zephyrus67,
Zfr, Zgomez99, ZimZalaBim, ZoiconS, Zygomorph, Zylon, Zzuuzz, Evar Arnfjord Bjarmason, ¥-113p, 2120 anonymous edits

Ecology Source: http://en.wikipedia.org/w/index.php?0ldid=597126648 Contributors: (jarbarf), 131.118.95.xxx, 168..., 1B6, lexecl, 200.191.188.xxx, 5 albert square, 7D HMS, A Softer
Answer, ASUDI, ABF, AJim, APH, Abcdefghi, Abductive, Aboutmovies, Abu el mot, Acategory, Acracia, Acroterion, AdamRetchless, Adambro, Adrian.benko, AdventurousSquirrel,
Ahoerstemeier, Aitias, Akanemoto, Alan Liefting, Alansohn, Alatari, Alex.tan, AlexPlank, Allen75, Almaz medjidova, Alnokta, Alpha Quadrant, Alpha Ralpha Boulevard, AlphaEta,
Amandamonster92, Andonic, Andre Engels, AndrewHowse, Andrewpmk, AngelOfSadness, Angr, Anonymous Dissident, Anrnusna, Antandrus, Anthere, Anypodetos, Aphaia, Apothecia,
Apparition] 1, Aranea Mortem, ArchStanton69, Arctic Kangaroo, ArglebargleIV, ArielGold, Arkuat, Arnejohs, Arthur Rubin, Ascend, Ascidian, AshLin, Asher94, Ashertg, AshishG, Astudent,
Atethnekos, Atlant, Aua, Austereraj, Avnjay, BRG, BSATwinTowers, Babij, Bald Zebra, Barek, Bbolker, Bcasterline, Beorr, Beetstra, Beherbert, Benc, Benjamin1414141414141414, Benoit
Rochon, Benshmen, Bentong Isles, Betterusername, Big Brother 1984, Billy4862, Bluerasberry, Bobo192, Bongwarrior, Borislav, BoundaryRider, Bourgaeana, BozMo, Brad7777, Bremigan,
BrianAsh, Bridgetn, Brooke87, Buccenzo, Buggiehuggie, Bwhity, Bws2002, Byelf2007, CALR, CHE, CTZMSC3, Cabe6403, Cacycle, Caknuck, Caltas, Caltrop, Can't sleep, clown will eat me,
CanisRufus, CanyonKid, Capricorn42, Captain-tucker, CardinalDan, Carlosguitar, Catfish3, Cazort, Ceser, Ceyockey, Chad96, Chameleon, Chaos, Chase me ladies, I'm the Cavalry, Christian
List, Chriswaterguy, Chun-hian, Cindywindymindy, Ckatz, Claviclehorn, Clayoquot, ClockworkSoul, Closedmouth, Clovis Sangrail, Clubmarx, Colincbn, Comet231993, Cometstyles,
CommonsDelinker, Comrade jo, Conversion script, Coretheapple, Corpx, CranfieldSAS, Csigabi, CudllllyCakeMixCore, Curb Chain, Cwmhiraeth, DARTH SIDIOUS 2, DMS, DSLeB, DV8
2XL, DVD R W, Dacyac, Danger, Darekk2, DarkFalls, Darkwind, Darrien, Darthgriz98, David Kendall, David Sneek, DavidLevinson, Dawn Bard, DeadEyeArrow, Debresser, Decoratrix,
Deepakrawal5, Dejvid, Deli nk, Delicious carbuncle, Delusion23, Deor, DerHexer, Dewritech, Diderot, DigitalNinja, Dihydromonoxide, Discospinster, Dj Capricorn, Dkeeper, DI2000, Dmccabe,
DocWatson42, Domofosho, Donner60, Doulos Christos, Dr Christopher Heathcote, DrJackDempsey, DrMicro, Dracontes, Drat, Dreadstar, DuKu, Dulin5, Dycedarg, Dysepsion, EPM,
EagerToddler39, EagleFan, Earthdirt, EcoForecast, Ecol53, Ecolover2, Ecoplus, Ed Poor, Edward, Eggishorn, El C, Eleassar, Eleassar777, Eliezg, Elijahmeeks, Eliyak, Elmerfadd, Emble64,
Encycl wiki 01, Epbr123, Epipelagic, Erkan Yilmaz, Escape Orbit, Espoo, Ettrig, Evil saltine, Excirial, Exert, Exlibris, Ezhuttukari, FF2010, Fafnir1, Fagopyrum, Faizan, Falcon8765,
FallingGravity, Fanghong, Febg, Fences and windows, Fieldday-sunday, Flubeca, Fluffernutter, Fnlayson, Forbsey, Fourloves, Freikorp, Funkamatic, Fyyer, Gabefair, Gail, Gaius Cornelius,
Gary, Gaurav, Gdk2005, Geniac, Geraldatyrrell, Germen, Gharris7, GhostPirate, Giffgates, Giftlite, Glacialfox, Glane23, Glanthor Reviol, Gnfnrf, Gnostril, Go for it!, Gobonobo, Godbruther,
Gogo Dodo, GoingBatty, GraemeL, Graham87, Gregbard, GregorB, Greudin, Gscshoyru, Guettarda, Gurch, Gz33, H-ko, HaeB, HalfShadow, HamburgerRadio, Hannahmarieg, Hard Raspy Sci,
Harizotoh9, Hdt83, Hdynes, Headbomb, Heero Kirashami, Heidipearson, Henriduvent, Hexwings, Hhbruun, Hike395, Hmains, Htrotter21, Hul2, Humanpublic, Husond, IanCheesman, Ianf,
Ignotus91987, Tllia Connell, Immunize, ImperfectlyInformed, Information Habitat, Inkington, Int.leadership, Inter, Into The Fray, Iohannes Animosus, Iralith, Iridescent, Ironbark, Island,
ItsZippy, Itsmejudith, Ixfd64, J.delanoy, JO4n, JForget, JYolkowski, Jack-A-Roe, Jackol, Jade Knight, JamesBWatson, Jamesx 12345, Jannex, Jauhienij, Javert, Javierito92, Jaxsonjo, Jbergquist,
Jew69, Jeannie kendrick, Jeff G., Jeffrd10, JeffreyGomez, Jesanj, Jezharaj, JimR, Jj137, Jmeppley, Inc, Jnothman, Joaquin008, Joe hill, JoeBoucher, Joel7687, JoergenB, John, John D. Croft,
John Nevard, John254, Joinn, Jojhutton, Jonadin93, Jorge Stolfi, JoseJones, Joseph.Kidder, Josephprymak, Joymmart, Joyous!, Jrbouldin, Jtmorgan, Juan M. Gonzalez, JustAGal, Justin.Johnsen,
K, KAM, KPH2293, Ka Faraq Gatri, Kallimina, Karol Langner, Kathyedits, Kbdank71, Khalid Mahmood, Khalidkhoso, Kirachinmoku, Kirk Hilliard, KnowledgeOfSelf, Koliyal985, Kosher
Fan, Kowey, Kukini, L Kensington, La goutte de pluie, Lalamickey123, Larsen Shelfeau, Laurel Bush, Laxology, Lexor, Libertyblues, LilHelpa, Lkinkade, Llull, Lmcelhiney, Looxix, Lugia2453,
Luk, Lump26, Lycaon83, MOrphzone, MECU, MONGO, MPF, MPRO, Mac, MacTire02, Macaddct1984, Macedonian, Macy, Magioladitis, Magnus Manske, Mailseth, Malcolm Farmer, Manil,
Mark Caesar B. Rosales, MarkSutton, Marshman, Martin451, MartinHarper, Mary Calm, Maser Fletcher, Materialscientist, MathewTownsend, Mattworld, Maurreen, Mav, MaxEnt, Mayumashu,
Mayur, Mbaha, Mdd, Meclee, Mejor Los Indios, Mendaliv, Mentifisto, Meownyon, Meredyth, Metricopolus, Michael Hardy, MikeybabelO1, Mild Bill Hiccup, Mimzy 1990, Minnesotal,
Miquonranger03, Mjmcb1, Mlee1224, Mnc4t, Mojo Hand, Mokus, Monosynthluv, Moocha, Morrad, Motheate9991, Mr Stephen, MrFacchin, MrOllie, MrScorch6200, MrTrauma, MrX,
Mrshaba, Ms.kathleen, MuZemike, Mukogodo, Murphylab, MusikAnimal, Mwanner, Mxn, Myanw, Mysdaao, Mytilus, N96, NPIC, Nadiatalent, Nadinebrinson, Nadler, Nads27, Nairobiny,
Nakon, Nakos2208, Naught101, NawlinWiki, Neelix, Neffm, Nenohal, NeoJustin, NeoXNeo, Neutrality, NewEnglandYankee, Nhelm83, Niceguyedc, Nick C, Nick Number, Nick UA, Nikai,
Ningauble, Nivix, Northamerical000, NorwegianBlue, Notafly, Nov ialiste, Nowic, Nrawat, Nufy8, Nurg, Nuttycoconut, OakRunner, Od Mishehu, Oda Mari, Ohsokulio, Oikoschile, Oleg
Alexandrov, Olivier, Omicronpersei8, Omnipaedista, Onco p53, Optimist on the run, Orangemarlin, Oshwah, Ottawahitech, Oxymoron83, P. S. Burton, PJTraill, Palacovia, Paleorthid,
Pammalamma, Pavel Vozenilek, Peak, Pedro, Pengo, Pentasyllabic, Persian Poet Gal, Peter Wallack, Petri Krohn, Pharaoh of the Wizards, Phil Boswell, PhilKnight, Philip Trueman, Phlebas,
PhnomPencil, Piano non troppo, Pichpich, PierreFG5, Pigman, Pinethicket, Pinkadelica, Pinkeblack, Pip2andahalf, Plantsurfer, Plumbago, Pmrich, Pneukal, Pollinator, Poor Yorick, Priscillal23,
Pro bug catcher, Prodego, ProfMilton, Puppetfunny, Pyrotec, Quintessent, Quintote, Qxz, R'n'B, RDBrown, RHaworth, RJBurkhart, RJHall, Raddant, Radiofreebc, Rajeevmass, Raven in Orbit,
RayTomes, RazorICE, Razorflame, Recognizance, RedWolf, Redhookesb, Reginmund, Rememberway, RemiQo, RenamedUser01302013, Reo On, Res2216firestar, RexNL, Rfl, Rholton, Rich
Farmbrough, Richard D. LeCour, Richard001, Rigbyeagle, Riggr Mortis, Ristcason, Rje, Rjwilmsi, Roberta F., Robertoatesdotcom, Robinh, Rodhullandemu, Roland2, Ron Ritzman, Ronhjones,
Ronline, Rreagan007, Rstafursky, Rubicon, SEWilco, SFK2, SJP, ST47, Samini123, Sander Side, Sandygunn, Santa Sangre, Saros136, Sasata, Scarletspider, Sceptre, Scetoaux, SchfiftyThree,
Scientizzle, Sciurinz, Seaphoto, Sfan00 IMG, Shadowjams, Shaker john, ShelfSkewed, Shinobaren, Shirifan, Shiv sms, Sholto Maud, Shrumster, Shyamal, SigmaEpsilon, Sinusoidal,
SiobhanHansa, Sjorford, Skamecrazy123, Skier Dude, Skittleys, Skizzik, Skysmith, Slightsmile, Smartse, Smht%, Sminthopsis84, Smithfarm, Smshaner, Sniperspree911, Snowmobiler120,
Snowolf, Sole Soul, Solipsist, Some jerk on the Internet, Soniksheep, Sortior, South Bay, Space fountain, Spiderbo13, Spinningspark, Spinoziano, Spitfire8520, Sponsel, SpyMagician, Squids and
Chips, Stanskis, StaticGull, Stefeyboy, Steinsky, Stemonitis, Stephenb, Steverapaport, Stevertigo, Stillwaterising, Streetball-PLAYER, Sucastronzo, Sunray, Sunrise, Svetovid, THEN WHO
WAS PHONE?, TUF-KAT, Taw, Tckma, Tcncv, Tek022, TeleComNasSprVen, The Thing That Should Not Be, The Transhumanist, The Transhumanist (AWB), TheNewPhobia, Theanthrope,
Thingg, Thompsma, Threelovemonkeys, Thrissel, Thue, Thumperward, Tide rolls, TimBentley, TimVickers, Timir2, TimothyPilgrim, Tio andy, Titanbanger, Titoxd, Tmol42, Tofupanda2121,
Tombomp, Tommy2010, Tonderai, Tony Sidaway, Topbanana, Towikinow, Tpbradbury, Tree Biting Conspiracy, Treisijs, Trent78963, Trevithj, Triona, Tslocum, Twirligig, Twonkiedroid,
Tylerisgod, Ubardak, UberScienceNerd, Ucanlookitup, UkPaolo, Unschool, Utcursch, UtherSRG, Uvo, Van helsing, Vanished User 4517, Veinor, VerticalDrop, Vertoch, Vgy7ujm, Victorgrigas,
Videoecology, Viridiflavus, Viriditas, Vrenator, Vsmith, Vssun, Wachholder0, WadeSimMiser, Warlord Tsunami, Wavelength, Wayland, Wayne Slam, Waynem, Welsh, West.andrew.g,
WestOstWind, Wetman, Wevets, Whatiguana, Wik, WikHead, Wiki alf, WikipedianMarlith, Wikipelli, Wilke, William S. Saturn, Willking1979, Wimt, Wisden17, Wizardman, Wknight94,
Woohookitty, XJaM, Xaosflux, Yahel Guhan, Yangyang2036, Yansa, Yellowcab643, Zacharie Grossen, Zenibus, Zigger, Zzuuzz, Jle s, 1561 anonymous edits

Ecosystem Source: http://en.wikipedia.org/w/index.php?0ldid=597246683 Contributors: 18chowl8, 28421u2232nfenfcenc, 2D, 5 albert square, A930913, APLAdam, ATD, AUG, Abeg92,
Accurizer, Adambro, Addihockey10, Addshore, Adriaan, AfadsBad, AgentPeppermint, Ahoerstemeier, Aitias, Ajvajvajvajv, Akash.jangid70, Akgolf, Alan Liefting, Alansohn, Aldaron, Alex
mond, Alex685, Alexandria, AlexiusHoratius, Alison, Allstarecho, AmaryllisGardener, Amcbride, Ancheta Wis, Andonic, Andre Engels, Andreathinks, AndrewHowse, Andy M. Wang, Andycor,
Angela, Angrysockhop, Anish123jmt, Anlace, Anna Lincoln, Anonymous101, Antandrus, Antarticstargate, Ante Aikio, Anthere, Antoni Barau, Aozeba, Apparitionl1, Arose23, Arthur Rubin,
Ashleys Site, Astrochemist, Astudent, Ataulkarim, Athkalani, Atif.t2, Atlanticstation, Atomicwombat, Aua, AuburnPilot, Aude, Auré, Az1568, BD2412, BSATwinTowers, BTLizard, BZTMPS,
Backslash Forwardslash, Ballista, BarretB, Bart133, Bassbonerocks, Bavb, Beasterline, Beetstra, Bejnar, Beland, Ben Hateva, Bencherlite, Bendzh, Bennetto, Benzo1992, Berglopen, Berliner10,
Biasoli, Big papall, Bilby, Binary TSO, Bingobangobongoboo, Binksternet, Blaxthos, BlueDevil, BlueLint, Bobet, Bobo Bonnie, Bobo192, Bogey97, Bonadea, Bongwarrior, Bradka,
Brambleshire, Breaker4, Brian Crawford, BrianGV, Brianboulton, BrightStarSky, BrokenSegue, Bryan Derksen, Bryan Fedner, Bsimmons666, BuickCenturyDriver, Bumblebee2223,
Bunny-chan, Buttmonster, CALR, Cai, Caiaffa, Caltas, Calton, Can't sleep, clown will eat me, CanadianLinuxUser, Canthusus, Capricorn42, Catgut, CattleGirl, Chanakal, Charles Matthews,
Chico 939, Chris 73, Chris G, Chris the speller, ChrisGualtieri, Chuanenlin123, Cierra209, Circeus, Closedmouth, Clovis Sangrail, Cno345, Coffee, CommonsDelinker, ConMan, Conversion
script, Corvus cornix, Courcelles, Cp111, Cpl Syx, Crassostrea, Cratylus3, Csigabi, Cst17, Cygnis insignis, D0762, DARTH SIDIOUS 2, DASonnenfeld, DC, DMacks, DVD R W, DVdm,




Article Sources and Contributors 352

DaDrought3, Danger, Daniel Collins, Danno uk, Darth Panda, Dasheffect3, Dave, Davewho2, DavidDurieux, DeadEyeArrow, Dealing with vandalism, Demicx, Dennis Bratland, Deor,
DerHexer, Dgies, Diagramma Della Verita, Discospinster, Doggydodo, Donner60, Dorftrottel, Douchebee, Download, Doyley, Dr Oldekop, Dr. Daan Vreugdenhil, Dr.alf, Dragquennom,
Dysprosia, E-madx, ESkog, Earthdirt, Edivorce, El C, Elekhh, Elipongo, Eliz81, Emancipated, Emmette Hernandez Coleman, Encycl wiki 01, Epbr123, Epicgenius, Epipelagic, Er Komandante,
Erkan Yilmaz, Erleellis, Erock195, Esanchez7587, Ethii, Ettrig, Everard Proudfoot, Everknowingeye, Everyguy, Everyking, Explicit, Faber129, Fagopyrum, Falcon8765, Falsafeh, Fanghong,
Faradayplank, Farosdaughter, Favonian, Fayerman, Fbffe, Fconaway, Fgasperini, Fifo, Flamehulk541, Flyer22, FranM420, FreeRangeFrog, Frogo, Fumitol, Fe, Gabriel Kielland, Gail, Galizia,
Galoubet, Geniac, Giftlite, Gilliam, Gimmetrow, Gjd001, Glacier Wolf, Glane23, Glenn, Gloss, Gnowor, GoShow, Godbruther, Golgofrinchian, GorillaWarfare, Grafen, Graymornings,
Greasyham, Guanaco, Guettarda, Guitarizcool, Gurch, Gwernol, Gokhan, Halmstad, Happyface162, Hardcore253, Hardtofindaname, Harry, Hectorthebat, Hennessey, Patrick, HexaChord,
Hghyux, Hifrommike65, Hlamba98, Hot200245, Hottie5, Hul2, HumCoArchivist, Husond, Hydrogen Iodide, I already forgot, IT MusLiM HyBRiD II, IRP, IW.HG, Ian mckenzie, Icairns,
Igoldste, Immunize, Imperator3733, InfinityMC1999, Intelati, Iridescent, Ivan Bajlo, Ixfd64, J'raxis, J.delanoy, JForget, INW, JRR Trollkien, JaGa, JaJeJo-SPV, Jab843, Jacek Kendysz, Jackfork,
Jackol, JamesAM, Jan eissfeldt, Jan1nad, Jasper Deng, Javert, JavierMC, Jclemens, Jdaloner, Jeff G., Jeffrd10, Jenny104, Jerseyman7, Jespinos, Jeyanl, Jguard18, Jim1138, Jmeppley, John
Cline, John of Reading, John254, JohnCD, Jojalozzo, Jojit fb, Jokerman231, Jon Nevill, Josen, Joshua Issac, Josie boy, Jossi, Josve035a, Jpbowen, Jrbouldin, Jujutacular, Juliancolton, K, KFP,
KJS77, KVDP, Kablammo, Kalaiarasy, Kalathalan, Karlthegreat, Katiech5584, Keegan, Keilana, Kenb215, Kiko4564, King of Hearts, Kingturtle, Kku, Kley, KnowledgeOfSelf, Koavf,
Kopaka649, Kozmefulanito, Kpjas, Ktvarkey, Kukini, Kurieeto, Kurykh, Kwiki, Kymacpherson, L Kensington, LAX, LRR44, Laghlagh, Lala-land30, Landon1980,
LavosBaconsForgotHisPassword, Ldonna, Leonard"Bloom, Lerdthenerd, Leuko, Levineps, Lightmouse, Lights, LittleOldMe old, Logan, Logical2u, Logiphile, Lokesh2010, LonelyMarble,
Longhair, LonghornFanGoneCrazy121, Looxix, Lord Pistachio, Lotje, Lrieber, LuK3, LucasVB, Lugia2453, Luigifan, Luna Santin, M gerzon, M.thoriyan, MC MasterChef, MER-C, MONGO,
MPerel, Macintosh User, Madhero88, Madmedea, Magioladitis, Magnus Manske, Magog the Ogre, Mailseth, Malcolm Farmer, Mandarax, Manubest19, Marc Venot, Marcika, Marek69, Mark
Arsten, Marshman, Martin451, Master of Puppets, Materialscientist, Math Champion, Matma Rex, Mato, Mattbash, Mayfly may fly, Mayumashu, Mclechalle, Mdd, Mdebets, Meclee,
Meekywiki, Mejor Los Indios, MelbourneStar, Melsaran, Mendaliv, Mentifisto, Mhavskie, Miaow Miaow, Michael Devore, Michael Greiner, Michael Hardy, Michael Snow, Midgrid, Mike
Rosoft, Mikeo, Mikey9876, Minecraftian Lol, Minna Sora no Shita, Mistercow, Miszal3, MnemosynesMusings, Mohona55, Mojo Hand, Monkeyz stink, Monthleftterperv, MorganaFiolett,
Morning Sunshine, Mr.weedle, MrChupon, MrOllie, MrX, Mwilso24, Myanw, Mygerardromance, Mytilus, N5iln, NERTUM, NHRHS2010, NPrice, NYKevin, Nadinebrinson, Nagy, Names are
hard to think of, Natalieon9, Neelix, NellieBly, Nemu, Neptune5000, Neurolysis, New worl, Ngane, Nick Number, Ninjamonky 1, Nivix, Nk, No Guru, Noctibus, Northamerical000,
NuclearWarfare, Numsgil, O.Koslowski, Oda Mari, Odie5533, Ojoche, Old Moonraker, Omega464, Onceonthisisland, Onco p53, One-world-generation, Ordermaven, Orpy15, Oshainemichaels,
Oshwah, Ottawadever, Ottershrew, OverlordQ, Oxymoron83, PAWiki, PDH, PL290, Parthian Scribe, Paul venter, Peruvianllama, PeterSymonds, Petiatil, Pfly, Pganas, Pgk, Pharaoh of the
Wizards, Phgao, PhilKnight, Philip Trueman, PierreFGS5, Pigman, Pikiwyn, Pinethicket, Pinkunicorn, Pinky sl, Plantsurfer, Play boys 109, Pmsyyz, Polinizador, Poozik, Prateek mathela,
Presdigitator, PrestonH, Prestonmag, Prewitt81, Princekid21, Prodego, Programming gecko, Protonk, Puffin, Quantumobserver, QuiteUnusual, Qwerty345, RJBurkhart, RJBurkhart3,
RainbowOfLight, RandomAct, Ranveig, Razorflame, RedHillian, RedRollerskate, Redwoodman, Regibox, Renata, RexNL, Rhopkins8, Rhysyow, Rich Farmbrough, RichAromas, RichMorin,
Richard001, Rickterp, Riprova, Rjmedeo, Rjwilmsi, Roberticus, Robinh, Robo Cop, Ronhjones, Roodog2k, Roux-HG, RoyBoy, Rror, Rstafursky, Runner303, Runyl, RyanCross, SEWilco,
SFK2, Sadi Carnot, Sam Hocevar, Sam Korn, Sam Li, Sander123, Sassf, Scarecroe, SchfiftyThree, Schmiteye, SchreiberBike, Scientizzle, Sciurinz, SeanMack, Seddon, Shadman06,
Shadowjams, Shanes, Shao, Shardsofmetal, Sholto Maud, Silkroad1012, Simon12, Skizzik, Skunkboy74, Slightsmile, Sluzzelin, Smalljim, Smht%, Smile a While, Smithula, Snowolf, Soczyczi,
Sodam Yat, SolidNatrix, Some jerk on the Internet, Someguy1221, Sophia, Sophie means wisdom, SorbyRock, Soumyasch, SpaceFlight89, Spartanmongol, Spencer, Ssbohio, StN, StaticGull,
StaticVision, StephanieM, Sternmusik, Steven Weston, Stigmatella aurantiaca, Struggonaut, Sunray, Sushigod101, Suzki, THE KING, THEN WHO WAS PHONE?, Tamaratrouts, Tasc,
TeaDrinker, Techman224, Technopat, Teryx, Tgv8925, Thane, The Illusive Man, The Mark of the Beast, The Rationalist, The Thing That Should Not Be, The User 567, The Wiki ghost, The
wub, TheBusiness, TheGuyInThelronMask, TheOldJacobite, TheProject, Thedjatclubrock, Thehelpfulone, Theopolisme, Theseeker4, Thingg, ThinkBlue, Tiddly Tom, Tide rolls, Tiggerjay,
Timotab, Tino of olde, Tiptoety, TkerTimeSeeker, TobiMcIntyre, Tolly4bolly, Tom harrison, TonyTheTiger, Tpbradbury, Traxs7, Tregoweth, Trevor MacInnis, Trinitrix, Troianajenkins12,
Trunks ishida, Tuspm, Tuxide, Twang, Twistor96, TyGuy5, Tyw?7, Ubitubi, Ugog Nizdast, Ulric1313, Unyoyega, Utcursch, Van helsing, Vanished User 4517, Velella, Versus22, Viridae,
Viriditas, Vrenator, Vsmith, Vuong Ngan Ha, WahreJakob, Wakebrdkid, Watplay, Wavelength, White Shadows, Wiki alf, Wikilibrarian, WikipedianMarlith, William Avery, Wimt, Wknight94,
Wolfrock, Word2line, Wtmitchell, Wxidea, Wywin, Xcentaur, Yamamoto Ichiro, Yelod, Yettie0711, Yintan, Yorker, YourEyesOnly, Yurik, Zach Lipsitz, Zfr, Zombiemonkey99, ZooFari,
Zzuuzz, A, selew, 18 12, 2497 anonymous edits

Wilderness Source: http://en.wikipedia.org/w/index.php?0ldid=592484285 Contributors: 2012WorldPeace, 83d40m, Abodude, AbsolutDan, Ahoerstemeier, Aitias, Ajraddatz, Alan Liefting,
Alansohn, Alwri, Amakuru, AndreasPraefcke, Anthony22, Auntof6, BSATwinTowers, Barek, Bdiscoe, Bearcat, Behemoth14, Bermicourt, BlueCanoe, BobBobtheBob, Bobblewik, Bongwarrior,
Branka France, Bwrs, CambridgeBayWeather, CaptCarlsen, Cassianie, Catbar, Cedarforests, ChrisCork, CinchBug, Cirtap7777, Cornellrockey, Correctus2kX, Cromag, DASonnenfeld,
DKBIlood, DVD R W, David Voelker, Dechrwr, Devper94, Dillan.Murray, Dino, Discospinster, D12000, Dlpackard7, Ecoconservant, El C, Elenseel, Enzo Aquarius, Epbr123, Epipelagic,
EscapingLife, Escudilla, Fayenatic london, FeanorStar7, Fenice, Floydian, Fracked, Gharmon, Glatisant, Globaltraveler10, Gmdesort, Graham87, GreatDivide14, Grylliade, Gurubrahma,
Harrimanhikers, Hmains, Houselifter, Hraefen, Ingrid1996, Insub2, J.J.Sagnella, JMK, Jack off101, Joel Russ, JonHarder, Jonathanmeyers1, Josephprymak, Jtneill, K731, KAM, Katieh5584,
Keilana, Kim Ashfield, Lagoset, Lensim, Levineps, Libcub, Lightmouse, Lokiloki, MONGO, Macquarie, Marshman, Mattisse, Mboverload, Michael a, Michaelas10, Mjvande, Mlawrence 11,
MrBell, Nagy, Natalie Erin, Neural, NewEnglandYankee, Nicholasgrahmbaker, Nirvana2013, Northamerical000, Nposs, Onco p53, Owen, Pachetra, Paddyez, Pat604, Peter.potapov, Pfly, Philip
Trueman, Pigman, Pinethicket, Pseudomonas, Qwyrxian, RHB, RJBurkhart, RJHall, Radon210, RaseaC, Razlel, Redfarmer, Rgbroitman, Rich Farmbrough, Rjwilmsi, Rkdudley1l, Rmhermen,
Scope creep, Scorpion0422, Silence, Slowking Man, Sludge, Smack, Smalljim, Smht%, Snowmonster, Srphillips, Stalefries, Stan Shebs, StanleyLacey, Stephenchou0722, Storm Rider, Studioup,
Sunray, Superjew 1, Svetovid, Syra987, Tanthalas39, Tatpong, TerryNF, TheWILDFoundation, Thebdogg, Thecrater, Thomas.W, Tide rolls, Trailbum, True Pagan Warrior, UDScott, Ukexpat,
Ulric1313, Ulterior19802005, Unicornperson999, UnrulyevilS, Utcursch, UtherSRG, VBGFscJUn3, Valerius Tygart, Vanished User 4517, Vertium, Violetriga, Vsmith, Vultur, Wachholder0,
Wavelength, Weregerbil, Wikitigger, Will Beback, Wimt, Wolfdog, Yllosubmarine, Ynhockey, ,\oiénulét, 264 anonymous edits

Natural environment Source: http://en.wikipedia.org/w/index.php?0ldid=596162574 Contributors: 28421u2232nfenfcenc, 28bytes, 2D, ABF, Abce2, Addshore, Aiken drum, Alan Liefting,
Alansohn, Alexius08, Allens, Allstarecho, Altermike, Amjuniorsenior, Anbulance, Andrejj, Anirluph, Antandrus, Arnejohs, Arthur Rubin, Audionaut, Auré, Autopilots, Avnjay, Awickert,
Azcolvind29, Azxten, BSATwinTowers, Barek, Bcasterline, Beaber, Beckijaimee, Bender235, Beth ganaganag, Biopresto, BirdKr, Blehfu, Bobet, Bobsaget1333, Bomac, Borgx, Bradeos
Graphon, Brian Crawford, Burlywood, Byelf2007, CALR, Caiyu, Can't sleep, clown will eat me, CanadianLinuxUser, Canaima, Capricorn42, Catfoo, Cbrodersen, Cderoose, Ceranthor, Cewvero,
ChenJeffrey, Chendy, Chris.urs-o, Cindymagig, Climateneutral, Cnajmee, Cncs wikipedia, Coastwise, CommonsDelinker, Consequencefree, Corpuscollosium, Courcelles, Crisco 1492, Cstl17,
Cyrus Andiron, D, DASonnenfeld, DJ Clayworth, DVD R W, Darigan, Datsyuk, Dean conisbee, DerHexer, Deville, Diannaa, Digitiki, Discospinster, Dolphin333, Dorftrottel, Download,
Drgarden, DrumCarton, ESkog, Ecohome, Emisemis, Epbr123, Eve Hall, Everyking, Extra999, Ezequiel6695, Faradayplank, Favonian, Felyza, Fenice, Fez2005, Flewis, ForestDim, Fraggle81,
Francisco97, Francs2000, Frap, Fraserfir, Funandtrvl, Gabriel Kielland, Galwhaa, Gawaxay, Gidip, Giftiger wunsch, Giftlite, Gillybeast, GingerGeek, Gob Lofa, Gomm,
GoneAwayNowAndRetired, Grafen, Gregorena, Grutness, Gsaup, Gscshoyru, Guettarda, Gurchzilla, H falcon, HMSSolent, Hadrianheugh, Hard Raspy Sci, Harry, Hellfinger, Hemjanu,
Heracles31, HexaChord, Hintswen, Hul2, Hydrogen Iodide, Immunize, Inaaaa, Iridescent, Iritakamas, Ixfd64, J.delanoy, JHunter], JLMadrigal, Jackson Peebles, Jalaskal3, Jcgoble3, Jeannie
kendrick, Jeff G., Jespinos, Jessicarleader, Jfkmslol, Jim1138, JimVC3, Jjw, Jobber, John, John Cline, John of Reading, Johnuniq, Jojndon, Jorge Stolfi, Jossi, Jpbowen, Jtneill, Jusdafax, K,
KPH2293, Katherine, Kiteinthewind, Kmusser, Krakfly, Krich, Ksandler, L Kensington, La Alquimista, Larsen Shelfeau, Lazulilasher, LeadSongDog, LeaveSleaves, Lenoxus, Leszek Jaiczuk,
Levineps, Leyo, Lights, LilHelpa, Lmatt, Lmjenks, Look2Seel, Lotharsrevenge, Lradrama, LuckyBob76, Luna Santin, MER-C, MONGO, Mac, Magicmonster, Magister Mathematicae, Majorly,
Male1979, Marek69, Marshman, Martpol, Materialscientist, Matthew83, Maurreen, Maxi, Maziotis, Mdann52, Meclee, Medeis, Mediran, MelbourneStar, Mhundle, Mike Rosoft, Minna Sora no
Shita, Miquonranger03, Monty845, Moocha, Mouym, MrOllie, Munckin, MusikAnimal, Mwanner, Myanw, Myasuda, NERIUM, NHSavage, Naught101, NeoXNeo, Nepal2030, New4321,
NewEnglandYankee, NielsenGW, Nihiltres, Nikpapag, Northamerical000, Numbermaniac, Oboylej, OhanaUnited, OllieFury, Only Needed, Opalcomp, OrenBochman, Orphan Wiki, Ottershrew,
Otwguy, Oxymoron83, Pajz, Patrickbohlen, Pearle, Peetr, Phanly, Philip Trueman, Piano non troppo, Pigsonthewing, Pinethicket, Pollinator, Pratyya Ghosh, Ptj2321, Qpz, Qxz, RJaguar3,
RadioFan, Radiofreebc, Rameshfrf, Ramrod1001, Raul654, RayquazaDialgaWeird2210, Razlel, Reaper Eternal, Reatlas, Red Slash, Reelx09, Regregex, Reinyday, RetiredWikipedian789,
RexNL, Rexparry sydney, Rich Farmbrough, Rjwilmsi, Rkdudley1, Rocketrod1960, Romanc19s, Rosi Crane, Rxnd, SQGibbon, Sadrettin, Sardur, Satellizer, Scgtrp, Seraphim, Shadowjams,
Shanes, Sheogorath, Shirik, Shirulashem, Sjakkalle, Skyy Train, Sluzzelin, Smartse, Solace098, Sophysduckling, SouravxIr8, SouthernNights, Squantotron, Stephenb, Strenshon, Suicidalhamster,
Sunny2601, Sunray, Super-Magician, Swift as an Eagle, TRYPPN, Tarunthesmart2, Tentinator, Teo64x, Tesscass, The Thing That Should Not Be, TheWILDFoundation, Thingg, TicketMan,
Tide rolls, Tmoiynmwg, Tom harrison, Tommy2010, Treehill, Tuduser, UBeR, Ulric1313, Uncle Dick, User A1, Vanished User 4517, Vanished user 4ii389ddjjf3, Vanished user
ikijeirw34iuaeolaseriffic, Veritycowper, Vicenarian, Violetriga, Vlmastra, Vrenator, VsevolodKrolikov, Vsmith, WadeSimMiser, Waggers, Wavelength, Wayiran, Weser, WikHead, Wizardshaik,
Wlodzimierz, Woohookitty, YAG490, Yintan, Yk Yk Yk, Yugawendra, Zacharie Grossen, Zzuuzz, ~shuri, 555%50(58, 996 anonymous edits

Matter Source: http://en.wikipedia.org/w/index.php?0ldid=596163532 Contributors: -: Wik3d Playful:-, .:Ajvol:., 01011000, 200.191.188.xxx, 200.255.83.xxx, 336, 9258fahsflkh917fas, A. di
M., ASUDI, Abdullais4u, Abshirdheere, Abtract, Acroterion, Adambro, Addshore, Aeon1006, Aeonx, Afoxtrotn00b, Ahoerstemeier, Aitias, Ajraddatz, Alan Liefting, Alansohn, Alaphent,
Alcmaeonid, Ale jrb, Alex43223, AlexGWU, Alexcs123, Alexf, AlexiusHoratius, Altair, Anaxial, Andonic, Andy M. Wang, Andy85719, Anetode, Angela, Angr, Animum, Anirluph, Anonymi,
Anonymous Dissident, Antandrus, Aozf05, Arctic Kangaroo, Arman Cagle, Army1987, Arnesh, Art Carlson, Arthena, Ascidian, Ash, Ashanda, Ashley Y, AspaasBekkelund, Asperal, Astavats,
Atlant, AuburnPilot, Auric, Austinben1011, Autiger, Avenue, Avicennasis, AzaToth, Azcolvin429, BabyNuke, Banus, Bart133, Barticus88, Bassoonboy, Be94ware, Ben robbins, Ben-Zin,
BenRG, Bender235, Bensaccount, Bhny, Bibibita, BigBarrelRollingHoss, Bigger digger, Bihco, Blood Red Sandman, Bluerasberry, BobbyPeru, Bobo192, Bogey97, Bomac, Bongwarrior,
Brainmuncher, Breno, Brentdeezee, Brews ohare, BriEnBest, Brianjd, Brittany taylorr, Bry9000, Bumoa, Bvcrist, Byelf2007, CDN99, CES1596, CHollman82, CWenger, CWii, CYD, Calle Cool,
Calor, Camembert, Can't sleep, clown will eat me, Canadian-Bacon, Canaen, CaptColon, Carey Evans, Carmichael, CaroleHenson, Casull, Cenarium, Chamal N, Charles Matthews, CharlesC,
Charonn0, Chez37, Chichui, Chiles Malesters, Christophenstein, Chuunen Baka, Chzz, Cic, Classified as matter, Cloudo, Codyfitz8, Cometstyles, Connormah, Conostrov, Conversion script,
CoreyM1232, Courcelles, Cpkondas, Cpl Syx, CrazedEwok, Crazycomputers, Curlingpro47, Cyan, D, DARTH SIDIOUS 2, DH85868993, DMacks, DSatY VR, DVD R W, DaGizza, Dan.g,
Danger, Daniel G J, Dantheman531, DarkFalls, Darsie42, Darth Panda, Dauto, DavRosen, Db099221, Dbtfz, DeadEyeArrow, Demigod mcg1, DennyColt, Deor, DerHexer, Devcas,
Devildude666, Dhollm, Dicklyon, Dirac66, Discospinster, Djdjordje12345, Djinn112, Dna-webmaster, Dogatdog, DougsTech, Doulos Christos, Dpr, Dr.K., Dr.Kane, DragonflySixtyseven,




Article Sources and Contributors 353

Dreadstar, Dream of Nyx, Drmies, Dualactionblend, Dungodung, Dycedarg, E Wing, EagerToddler39, Eastgate, Editorman12342, Edwy, Efilamagus, Ehrenkater, Elias Enoc, Eliz81,
ElvisPresley1l, Eminem69041, Enochlau, Enormousdude, Epbr123, Erichardson2626, Esurnir, EugeneZelenko, EuroCarGT, Excirial, Exeunt, FF2010, Facts707, Faizan, Favonian, FayssalF,
FeloniousMonk, Fieldday-sunday, Fireglowe, FisherQueen, Flapping Fish, Flyer22, Fogster, Former user, Fotoni, Frank.hedlund, Frank12123, Funandtrvl, GSMOL, Gakrivas, Galoubet,
Gamerstuff75, Gamewizard71, Gandalf61, Gatorsalldawa, Ghitis, Giftlite, Gilliam, Gimie the beat boys, Ginsengbomb, Ginsuloft, Giorgio51, Giraffedata, Glenn, Gobonobo, Gogo Dodo,
Goober6521, Goodvac, GorillaWarfare, Goshwak, Grafen, Graham87, Grandpsykick, Gravitan, Grayshi, Greenguy 1090, Gregbard, Griffinofwales, Grim23, Grokmoo, Gurchzilla,
Guymandudeme, Gwernol, Haade, Hacker8484, Hadal, HaeB, Haham hanuka, Hallenrm, Harry, Hattiel, Hazard-SJ, Hbent, Headbomb, Heiji hattori is LOVE, Heron, HexaChord,

Tonescuac, Ipatrol, Irbisgreif, IronGargoyle, Isis, Isis4563, It Is Me Here, Ixfd64, J. Naven, J.delanoy, JO4n, JForget, JHFTC, JKeck, JRSpriggs, JSquish, Jackmcbarn, Jake Wartenberg, Jalogin,
JamesBWatson, Jan Lapere, Janarius, Jashiin, Jaw959, Jayakar, Jayron32, Jerzy, Jiddisch, JimWae, Jimothytrotter, Jj137, Jmanigold, Jmanvball, JoanneB, JoeSmack, Joel grover, John D. Croft,
John of Reading, JohnBlackburne, Jojit fb, Joseph Solis in Australia, Joule36e5, Jpbowen, Jpfairweather, Jpk, Jsharpminor, JuJube, Juansmith, Juliancolton, Junglecat, Jusdafax,
Kajasudhakarababu, Kalathalan, Karol Langner, Kbh3rd, Kchiles, Keegscee, Kerotan, Kevin B12, Khazar2, Khestwol, Killiondude, Kimtiger12345, King of Hearts, Kingpin13, Kinston eagle,
Kiran cb, Kizor, Kjkolb, Kocio, Kotjze, Kudret abi, Kww, Kyoko, L1IA1 FAL, La Pianista, LarchOye, Laurinavicius, Leliathomas, Leompersi, Lesgles, Leszek Jariczuk, Levineps, Lloydsd,
Loadmaster, Logan, Lolbading, Looxix, Lord Anubis, Lord pain377, Lorkki, Lrrasd, Luckas Blade, Lugia2453, Lupo, MCTales, MHWiki, MPerel, Machine EIf 1735, Madbehemoth, Madchester,
Magixdx, Majorly, MarSch, Marek69, MargyL, Mark Arsten, MarsRover, Martpol, Master of Puppets, Materialscientist, Mattermatters, Maurice Carbonaro, Maurreen, Maxgaineducation, Mbell,
McVities, MehFooL, Mejor Los Indios, Melsaran, Menchi, Merlion444, Metron4, MichaelMaggs, Mifapetrenko, Mifter, Mikko Paananen, MindReality, Minesweeper, Minesweeper.007,
MisterSheik, Morgis, MorrisRob, Moustacheluvr69, Mr. Billion, Mr.24SevenCrashHolly, Munita Prasad, MusikAnimal, Mxn, N5iln, Nakon, Naraht, Nathan, Natkeeran, Natl1, NawlinWiki,
Negovori, Neurolysis, NewEnglandYankee, Newone, Newtman, Nick Number, NievesO, Nihil novi, Nihiltres, Nike, Nisamayarg, Nishu pcp, Nk, Noah Salzman, Noformation, NuclearWarfare,
O, Ocanter, Oda Mari, Okapi, Oking83, Orbst, Oreo Priest, Oswald07, Ott, Oualidi13, OverlordQ, Oxymoron83, P. S. F. Freitas, PaRaLyZeDHoRSe, Paleorthid, Pantuflas, Papadopc, Patrick,
Paul Sinclair, Peter470, Peterdjones, Petrb, PhilOak, Philip Trueman, Piano non troppo, Piast93, Pinethicket, Polly, Portalian, Pratyya Ghosh, Prestonmag, Professor Caramel Revenge, Protonk,
Puchiko, Pvkeller, QTxVi4bEMRbrNqOorWBYV, Quadell, Quiddity, Quiquil, Qwertuy, Qxz, R'n'B, RJHall, RadicalBender, Rashack, Razorflame, Reaper Eternal, Reatlas, Reddi, Reflections of
Memory, Remember, Res2216firestar, Retired username, Rettetast, RexNL, Rich Farmbrough, RichardF, RickDC, Rjd0060, Rjwilmsi, Rm, Rmosler2100, Roadrunner, Ronhjones, Rotational,
Rracecarr, Rrburke, Rreagan007, Rrh02, Rs2360, RuM, Ryguasu, S3000, SCZenz, SCriBu, Saebjorn, Sam Korn, Sanchom, Sandrapalaje, Sanjeevgen, Satellizer, Sbharris, SchfiftyThree,
SchreiberBike, Sean Whitton, Sebastiangarth, Senator Palpatine, Seraphim, Shadowlapis, Sharkface217, ShikyoSays, Simonalexander2005, Singhking97, Sjo, Skizzik, Sm8900, Smalljim,
Smiddle, Snigbrook, Snowolf, Solarra, Solipsist, Some jerk on the Internet, Somecrazydude, Soptx, Sosaalhabab, Soukhoi, Southwing17, SpaceFlight89, SpiderJon, Spinningspark, Squids and
Chips, Stephenb, Steven Zhang, Stevertigo, Strait, Studerby, Suisui, Supaman89, Superguy342, THEN WHO WAS PHONE?, TYelliot, Tangotango, Taranet, Tarquin, Tbhotch, Tcisco,
Techman224, Ted Longstaffe, Templarion, Tergadare, Thatguyflint, The Anome, The Arbiter, The High Fin Sperm Whale, The Rambling Man, The Strange Kid, The Thing That Should Not Be,
The-G-Unit-Boss, TheDJ, TheMightyGrecian, TheOldJacobite, TheXenocide, Thecheesykid, Thingg, Think outside the box, Thumani Mabwe, Tide rolls, Tiggerjay, Tim Starling, TimSE,
TimothyRias, Tiniet, Tiptoety, Tjsnuff, Tnxman307, Tojo940, Tomos, Tony Fox, TonyTheTiger, Trevor MacInnis, Trevyn, Tricko20, Triwbe, Trololsir, Troy392004, Trunks ishida, Trusilver,
Tuckah parent, Turnurban, Ugur Basak, Ultraexactzz, UnitedStatesian, Unyoyega, Vadept, Van helsing, Vanished User 4517, Vavl11, Versus22, Vgranucci, Vianello, Vicenarian, Victortran2000,
Viditl, Vijai Singh, Vranak, Vrenator, Vsmith, Vssun, Vuergex, Vyznev Xnebara, Waggers, Walkerma, Wallawaller, Waroe, Washout4, Wavelength, Wdfarmer, Weather228, Whammes2,
Where, Whosyourjudas, Widr, WikHead, Wiki alf, Wikieditor06, Wikipelli, Willking1979, Wimt, Wing gundam, Wknight94, Woohookitty, World, Wst Nam, Wtmitchell, Wussification,
Wwheaton, Wykypydya, Wywin, XJaM, XRK, Xevi, Yachtsman1, YakbutterT, Yamamoto Ichiro, Yevgeny Kats, YvonneM, Zegoma beach, Zkunz1, ZooFari, Zzuuzz, 1561 anonymous edits

Energy Source: http://en.wikipedia.org/w/index.php?0ldid=595749459 Contributors: (jarbarf), -Ril-, .Koen, 100110100, 165.123.179.xxx, lcentti, 213.253.39.xxx, 21655, 24fan24,
28421u2232nfenfcenc, 2over0, 345Kai, 51015a, A. di M., ABACA, ABF, AVand, Aaron Brenneman, Aaron Schulz, Aaronw08, Aboutblank, Abtract, Acceptmenow, Ace Fraley, Acerperi,
ActiveSelective, Adam Lewis, Adityal990, AdjustShift, Adwaele, Aeonx, Aesopos, Agquarx, Ahoerstemeier, Aim Here, Airconswitch, Aitias, Ajr, Alan Liefting, Alansohn, Albedo, Alethiareg,
Alex Bakharev, Alex Ramon, Alex314058, Alex43223, Alexander Bell, AlexiusHoratius, Alfred Centauri, Algebraist, Alhutch, Alison, All Is One, Alnatour 2000, Altenmann, Altermike, Altus
Prosator, Amitgulwade, Andonic, Andrew Lancaster, Andrewman327, Andries, Andy Dingley, Andy pyro, Anetode, Anlace, Anonymi, Anonymous Dissident, Antandrus, Antelan, Antixt,
AnyFile, Apparitionl1, Appraiser, Arakunem, Aravindk editing, Arbor to SJ, Arctic Night, Arcturus, Arjun2007, Army1987, Artaxiad, Arthas932, Asdawgaerhg, Ashmoo, Assyria 90,
AtomicDragon, Aude, Aulis Eskola, Avenged Eightfold, Awl, AxelBoldt, B, BSFan2258, BD2412, Babbler, BadLeprechaun, Baileychappell, Bart133, Bbpair, Bduke, Beagel, Beethoven314,
Behun, Beland, Belsazar, Ben pcc, Ben-Zin, Benanhalt, Benbest, Bencherlite, Bennirubber, Bensaccount, Benwildeboer, Berria, Bhawani Gautam, BillC, BillyVandergaw, BlckKnght, Blehfu,
Bob, Bob auroch, Bob horn, Bob sass, Bobblewik, Bobo192, Boboskiwat, Bomac, Bookandcoffee, BozMo, Brad7777, BradBeattie, Braincricket, Brainmuncher, Brentt, Brezzyb103, Brian
Pearson, Brian0918, BrianGo28, BrokenSegue, Bryan Derksen, Bubba hotep, Bucephalus, Buickid, Bungholioworm, Burntsauce, Bzero, C J Cowie, CDN99, Clreland, CMD Beaker,
CMLStillLovesDegus, COMPATT, CQJ, CRGreathouse, CTF83!, CWii, Cacycle, Cadiomals, Calmer Waters, Caltas, Caltrop, Can't sleep, clown will eat me, CanadianLinuxUser, CapitalR,
Capricorn42, Captinhippie, Carey Evans, CarmenGoedleven, CaseInPoint, CasualVisitor, Cat3cat, Catgut, CatherineMunro, CattleGirl, Causa sui, Cbkoala, Cderoose, Cenarium, Cerebris,
Cgingold, Chaojoker, Chaos, Charitwo, CharlesC, Chasingsol, ChemGardener, Chetvorno, ChrisGualtieri, Christopher Thomas, Chuunen Baka, Ciacchi, Cic, Cigarshoes, Citicat, Clayoquot,
Cleared as filed, Closedmouth, CloveWiki, Cohesion, Comfos, Conversion script, Cooldudeella, Covington, Cpl Syx, Crazy Boris with a red beard, Crio, Crispus, Crittens, Crohnie, Crown
Prince, Crowsnest, Css, Cst17, Ctraltdlt, D, D.H, DARTH SIDIOUS 2, DASonnenfeld, DMacks, DVD R W, DVdm, Danger, Daniel, Daniel.Cardenas, DanielCD, Dankelley, Danski14, Dardanii,
Dark Tea, DarkFalls, Darksyde, Daryoush, DavRosen, Dave Runger, David Kernow, David Latapie, DavidHOzAu, Davidr222, DavorH, Dawnseeker2000, Dbachmann, DeadEyeArrow,
Debresser, Deglr6328, Dekimasu, Dekisugi, Delirium, Delldot, Deltabeignet, Deor, DerHexer, Deryck Chan, Dgw, Dhollm, Dina, Dingopup, Discospinster, Dmitry sychov, Dolphin51, Dominic
Hardstaff, Dorank, Dougsim, Draeco, DragonflySixtyseven, Drahcir, Dreadstar, Drunkenmonkey, Dthomsen8, Dureo, ERcheck, ESkog, ESnyder2, Eall An ﬁle, Eastbarnet2011, Ebikeguy,
Ec5618, Edgar181, Edward, Eeekster, El, El C, ElJAmericano, Elipongo, Emelend, Engelec, EnochBethany, Enormousdude, Enviroboy, Enzo Aquarius, Epbr123, EricR, Escientist, Eukesh,
EventHorizon, Everyking, Ewlyahoocom, Exert, Explicit, FF2010, FFMG, FTGHSmith, Falcon8765, False vacuum, Faradayplank, Farquaadhnchmn, Fashionslide, FastLizard4, Favonian,
Fbarton, Feeeshboy, Ferdinandvanblerk, Fieldday-sunday, Filemon, Flubeca, Fonzy, Fourchannel, Foxandpotatoes, FrYGuY, Frankenpuppy, Freakofnurture, Freiddie, Fresheneesz, Freyr,
Fritzpoll, Frédérick Lacasse, Funandtrvl, Furrykef, Fusion Power, FusionNow, Fuzzyapples7, Fyyer, G-W, Gabriel Kielland, Gaby3898, Gadfium, Gail, Gaius Cornelius, Galoubet, Gdewilde,
Gdo01, Gene Nygaard, Gene Thomas, Geologyguy, George Rodney Maruri Game, Gerd Breitenbach, Gerfriedc, Geschichte, Gfoley4, Giftlite, Gilderien, Gilliam, Gjshisha, Glen, Glenn, Gnixon,
Gogo Dodo, Gohiking, GoingBatty, Goplat, Gproud, Graham87, Gralo, Granitethighs, Gravitan, Grendelkhan, Grunt, Gryllida, Gtg204y, Gumtud, Guoguo12, Gurch, Gurchzilla, Gutza, H
Padleckas, HIDECCHIOO01, HJ Mitchell, Hadal, Hal Canary, HalfShadow, Hallenrm, Harmil, Harp, Hawstom, Headbomb, Headphones2413, Hemant 17, Hemmingsen, HereToHelp, Heron,
HexaChord, Hexane2000, Hidehideho, Hobartimus, Hgb, Ht686rg90, Hu12, Hudsoncasiple, Husond, HybridBoy, ICAPTCHA, IRP, IVAN3MAN, Iamzork, Ian Pitchford, Icairns, Ichudov,
Iggwilv, Ignoranteconomist, Ilikepacifists3456, IImo euro, Incrediblexman, Indiawilliams, IntellectToday, Toeth, Iridescent, Irishguy, Itsme00000011, Ixfd64, J.delanoy, J8079s, JA.Davidson,
JForget, JHunterJ, JJ Harrison, JRSpriggs, JSpung, JSquish, JWSchmidt, JaGa, Jacklaidlaw, Jackol, Jacob.jose, Jaganath, Jagerdude14, Jagged 85, Jamcib, Jamesx 12345, JamieS93, Jan eissfeldt,
Jared Preston, Jason Carreiro, Jauerback, Jeanenawhitney, Jeffq, Jeffrey Mall, Jennavecia, JetLover, Jfire, Jg1102, JinJian, Jj137, Jlao04, Jiglex, JoanneB, Joeslater, John, John Cumbers, John D.
Croft, John Quiggin, John Vandenberg, John of Reading, JohnCD, JohnOwens, JohnWittle, Johndburger, Johnjin, Johnstone, Johnuniq, Jojit fb, Jonathan Kovaciny, Jorjulio, Joseph Solis in
Australia, Joshua Davis, Jossi, Jsd, Just James, Justjust10, Jutulen, K. Annoyomous, K. Korotkov, Kahriman, Kain Nihil, Kaisershatner, Kakashisensai456, Kalyan37, Kanags, Kaozheng, Karol
Langner, Kashi0341, KathrynLybarger, Kbolino, Kborer, Kbrose, Kcordina, Keilana, Keraunos, Kesac, Kev luppy, Khalid. moumin.94, Khan2020, Killiondude, King of Hearts, Kinkasaur777,
Kjl, Kkcoolz, Klausness, Kleopatra, KnowledgeOfSelf, Koavf, Kokoriko, Kralizec!, Kuru, Kvng, Kyle.S.R, L Kensington, La Pianista, La goutte de pluie, Laurascudder, Ld100, LeaveSleaves,
Lee J Haywood, Leebo, Lestrade, Leszek Jariczuk, Lethe, Levineps, Lexor, Lhueffer, LibLord, Light current, LightYear, Lightlowemon, Lights, Ligtvoet, Liop666, Liverwort, Llort, Logan,
Logologist, LookingGlass, Looxix, Lord Emsworth, Loren.wilton, Louis Labréche, LoveMonkey, LovesMacs, Lovetinkle, Lucas, Lugnut64, Lumos3, Luna Santin, Lupo, M-le-mot-dit, MBisanz,
MC10, MECU, MER-C, MGTom, Mac, MacRusgail, Macedonian, Machine EIf 1735, Mageaere, Maghnus, Magister Mathematicae, Magog the Ogre, Maian, MarSch, Marcsim123, Markcol,
MarsRover, Martial75, Martin Ulfvik, Martin451, MartinDK, Master101, Masterofsuspense3, Masudr, Materialscientist, Maurice Carbonaro, Mav, Max Terry, Maximus Rex, Mbertsch,
Mbeychok, Mclay1, Mclayto, Mech 12, Megaman en m, Mejor Los Indios, MekaD, Mercury, Methecooldude, Michael Devore, Michael Hardy, MichaelMaggs, Midgrid, Mierlo, Mifter,
MightyWarrior, Mikael Higgstrom, Mike R, Mikeo, Mikm, Mild Bill Hiccup, Milesaaway, Mind the gap, MissAlyx, Mistry the mistro, Mmcshea87, Mojo Hand, Monkeyblue, Monkeyman,
Monomn1, Montbui, Moonriddengirl, Mooseurine, Moyogo, Mr Stephen, Mr.DevilsAdvocate, Mrshaba, Msadaghd, Mulyahnto, Myrandomacc, N5iln, NE Ent, Naddy, Nakon, Narssarssuaq,
Natalie Erin, Navalseaman, NawlinWiki, Nayvik, Neelix, NeilUK, Neo139, Neurolysis, Neutrality, Nev1, Neverquick, NewEngland Yankee, Niceguyedc, Nick, Nick UA, NickBush24,
Nicoguaro, Nigholith, Nihil novi, Nihiltres, Nivix, Nlu, Noctibus, Nokkosukko, Nonlinear149, Nonsuch, Nopetro, Nskillen, Ntmatter, NuclearEnergy, Nukeless, Numbo3, Nymphonicz, OMCV,
Oblivious, Ocaasi, Oda Mari, Ohnoitsjamie, Ojay123, Old Moonraker, OllieFury, Omicronpersei8, One-dimensional Tangent, Onlinereal, Onorem, Opelio, Openstrings, Orangedolphin, Oroso,
Oshwah, Ott, Ottawadever, Ottershrew, Oubliette, OverlordQ, Oxymoron83, P. S. F. Freitas, P.L.A R., PaddyLeahy, Pagingmrherman, Paine Ellsworth, Panoptical, Paolo.dL, Papadopc,
Pascal.Tesson, Patricia.enriquez, Patrick, PatrikR, Paul August, PaulTanenbaum, Pavel Vozenilek, Pavlovi¢, Pearle, Pedro, Pengo, PeterRRobinson, PeterSymonds, Peterlin, Petrb, Pevernagie,
Pfalstad, Pfloydian128, Phaedriel, Pharaoh of the Wizards, Philip Trueman, Philopp, Phoenix Hacker, Phoenix 1177, PhySusie, Physchim62, Pietaster, Pietdesomere, Pjacobi, Pmbcomm, Pol098,
PoolGuy, PotomacFever, Pseudomonas, Puchiko, Purgatory Fubar, PurpleRain, QTxVi4bEMRbrNqOorWBYV, Qmwne235, Quadell, Quaeler, Quest for Truth, Quinsareth, Quintote, Qxz, R, R
clough, R'n'B, RG2, RIN, RJaguar3, RL0919, RMHED, Racepacket, Racingstu, Radon210, Ram-Man, Random user 39849958, Raven4x4x, Rayc, Razorback130, Razorflame, Rb1899, Rd232,
Rdnetto, Reatlas, Recognizance, Reconsider the static, Red3biggs, RedCoat10, Redfarmer, Reedy, RegentsPark, Renaissancee, Res2216firestar, RetiredUser2, RexNL, Riana, Rich Farmbrough,
Richard001, RichardF, Rifleman 82, Rjanag, Rjwilmsi, Roadrunner, Rob Hooft, RobDe68, Robert K S, Robomaeyhem, Rockstone35, Roelvandijk, Ronhjones, Rosalinasbff, Rotational,
Rracecarr, Rtw24, Rubstarz007, Runewiki777, Ruslik0, Ryan032, RyanGerbil 10, Ryantoh wiki, Ryguasu, Ryulong, S Schaffter, S.Tychon, SJP, Sadi Carnot, Sakkura, Sammt2600, Samoojas,
Sbfw, Sbharris, Sbyrnes321, SchfiftyThree, Schrodinger's Cake, Scientific29, Sciurin, Scottwilleke, Sean Whitton, Selmo, Senator Palpatine, Sengkang, Seresin, Servant52r, Shalom Yechiel,
Shanes, Sharkface217, Sharonlees, Shawn Worthington Laser Plasma, ShelfSkewed, Shiftchange, Shimmin Beg, Shneb, Sholto Maud, Sikkema, Silence, SingCal, Sionus, Sir Nicholas de
Mimsy-Porpington, Sjakkalle, Skapur, Skaterpunk619, Skipsievert, SkyWalker, Skyezx, Slakr, Slartibartfast1992, Slashme, Slysplace, Smokefoot, Smoove Z, Snoozer347, Snoyes, Sodium,
Sohum, Solidspartan7, SonicAD, Sophie, Sp3000, Spclchld, SpeedyGonsales, Spellcast, Spellmaster, Spiff, SpookyMulder, Spork123, SpuriousQ, Srleffler, St.nerol, Stedder, Stephenb, Steve
Smith, Steve hall12, Steve2011, SteveRamone, Steven Weston, Stevenj, Stoft, Storm Rider, StradivariusTV, Stuartfost, Sturm55, Subwrxdragon, Suffusion of Yellow, Sullevon, Sultanofsurreal,




Article Sources and Contributors 354

Sun Creator, Sunborn, SuperLucaTheNindendoug, Superboy112233, Supreme Deliciousness, Svetovid, Sweet Tim, Swisspongesd, T, THEN WHO WAS PHONE?, Taemyr, Tainted Drifter,
Taleinfo, Tanvir Ahmmed, Tarquin, Tawker, Tazzlon, Tbhotch, Tdadamemd, TeH nOmInAtOr, Techman224, Teleomatic, Teles, Terrillja, Terry Longbaugh, TerryKing, Tgeorgescu, Tgv8925,
The Anome, The Cunctator, The High Fin Sperm Whale, The Rambling Man, The Sanctuary Sparrow, The Thing That Should Not Be, The Transhumanist, The determinator, TheKMan,
TheKillerAngel, TheLoneRanger, TheSolomon, Theda, Theduckmoos, Thenub314, Thingg, Thrissel, Tiddly Tom, Tide rolls, TigranTheGreat, Tim Shuba, TimVickers, Tipdrill, Tiptoety, Titoxd,
Tobby72, Tobias Bergemann, Toddst1, Tohd8BohaithuGh1, Tom12519, Tomcox, Tomtheblob, Tony Sidaway, Tonyfaull, Tpbradbury, Trevor MacInnis, Truthnlove, Tyler, Tyleregger96,
Umadl, Uncle Dick, Unmerklich, Unschool, Unyoyega, UpstateNYer, Usien6, Utcursch, VKemyss, Vadim Makarov, Vagogan, Van helsing, Vanished User 1004, Vanished User 4517, Vanished
user 2340rujowierfj08234irjwfw4, Varactyl, VasilievVV, Vedek Dukat, Vig vimarsh, Vilerage, Vinjurr, Viridae, Vishnava, VisionWriter, Voicework, VonClogg, Voorlandt, Vossman, Vsmith,
WOLF 911, WIBscribe, WLU, WadeSimMiser, Waggers, Walkerma, Wars, Washburnmav, Wavelength, Wayward, Wbm1058, Wbrameld, Weirdozz, WikHead, WikiDan61, Wikianon,
Wikiborg, Wikicorrectorl, Wikieditor06, Wikimichael22, WikipedianMarlith, Wikiuser100, WildWildBil, William Avery, Willking1979, WilyD, Wimt, Wisnuops, Wknight94, WolfgangFahl,
Woohookitty, WookieInHeat, Wwoods, Xakaxunknownx, Xaosflux, Xevi, Xiahou, Xp54321, Yahel Guhan, YellowMonkey, Yellowdesk, Yesiam2113, Yevgeny Kats, Yintan, Ynhockey,
Youandme, Yunzhong Hou, Zachorious, Zahid Abdassabur, Zaidpjd, Zapvet, Zaragossal, Zedshort, Zikiodotte, Zomno, Zondor, 2135 anonymous edits

Outer space Source: http://en.wikipedia.org/w/index.php?0ldid=596952294 Contributors: 11harj, 3velvet3, A. Parrot, A455bcd9, Aarghdvaark, Aaron7chicago, Abc518, AbsolutDan, Academic
Challenger, Adam9389, Adumb50, Acluwas, Ageekgal, Akendall, Akriasas, Alan Liefting, Aldie, Alexwcovington, Alkhowarizmi, All Is One, Allen234, Allstarecho, Amakuru,
AmaryllisGardener, Amplitude101, Andykass, Antandrus, Anxietycello, Aotake, Applehead77, Archangel Lucifer, Ary29, Asher196, Ashill, Ashley Y, Ask123, Atlantia, Atulsnischal,
Ausdortmund, Avneetrocks, Avoided, Awl, Bakerkb1, Balcer, BambooPad, BatteryIncluded, Beefyt, Beetstra, Beezhive, Beland, Benbest, Bensaccount, Binksternet, Bkonrad, BlaiseFEgan,
Blauer elephant, Blibberblabber, Blipadouzi, Bobo192, Bogey97, Bongwarrior, Boris Allen, Bovineboy2008, Bradtcordeiro, Breakingsilly, Brews ohare, Brianna4262, Butterflymind, CVJX,
Calmer Waters, Canthusus, CasualVisitor, Celarnor, Cenarium, Chaim Shel, CharlesC, ChiZeroOne, Childhoodsend, Chmee2, Chris4682, Christopher Lamothe, Christopher Thomas, Chronology
of Life, Chuckusseb07, Chzz, Circeus, Civil Engineer III, Ck lostsword, Ckatz, Clarince63, Closedmouth, Cockneyite, Coffee, Coinmanj, Comfortablebill, CommonsDelinker, Conorday,
ConradPino, CorruptFiles, Corusant, Courcelles, Craigboy, Craigy 144, Crazilla, Cst17, Cyclopia, CyrilB, D, D hanbun, DD Ting, DDima, Damirgraffiti, Dantadd, Darmot and gilad, David Shear,
David s graff, David.moreno72, Davidprior, Dbiel, Deboerjo, Debresser, Declare, Defectu tui omnis iam, Delusion23, Demmy, Dentedface, DerHexer, DesertAngel, Dinohunter, Dionyseus,
Diptanshu.D, Discosebastian, Discospinster, Dmitry Brant, Docu, Dominic Hardstaff, Don't give an Ameriflag, Donttrusthippies, Doppy 16405, Download, Dr.greds, Drbreznjev, Drmies, Dru of
Id, Duk, Duncan, EagerToddler39, EarthPerson, Eddy morocks, Edecker1969, Edman274, EdoDodo, Egil, Ehrenkater, El C, Elbiggerl, Elephantsofearth, Ems57fcva, Enormousdude, Epbr123,
Epicgenius, Eras-mus, Eric119, Eric567, Escape Orbit, Esobocinski, Esrever, Etafly, Eteq, EurekaLott, Excirial, Exok, Explicit, FF2010, FFLaguna, FT2, Faelomx, Faramirl138, Fartherred,
Fastily, FayssalF, Femto, Finlay, Footwarrior, Fotaun, Fountains of Bryn Mawr, Fplay, Fraggle81, Froth, Frédérick Lacasse, Future Perfect at Sunrise, Fvasconcellos, Gaius Cornelius, Gamer007,
Gangsterls, Gareth Griffith-Jones, Garthmck, Geanyon, Gene Nygaard, Gene Poole, George Adam Horvith, GeorgeLouis, Gesiwuj, Giftlite, Gillean666, Ginger Rulel, Ginsuloft, Glane23,
Gmailisanemail, Gob Lofa, Gogo Dodo, Goldenegeal, Gopal81, Gorman, Gracenotes, Gunnar Hendrich, Gurch, Gwernol, H, H falcon, Hairy Dude, Hans Dunkelberg, Hatch68, Headbomb,
Hellotarget, HenryLi, Herbee, Hiddekel, Hmains, Hojimachong, HonestIntelligence, Hongooi, Hope(N Forever), HorsePunchKid, Hqb, Hswe, HuntHello, Hurricanefan25, Husond, Huzah, IRP,
IVAN3MAN, Ian Clelland, IanA, Iantresman, IceUnshattered, Illia Connell, Infinitjest, Insanity Incarnate, InternetMeme, Intgr, Iridescent, J.delanoy, JEMZ1995, JEN9841, JFG, JForget,
JFreeman, JTN, JaGa, Jab843, JackSchmidt, Jaffer, Jamie C, Jatkins, Javit, Jbshryne, Jcoppo, Jeandré du Toit, Jeffrey Mall, JeremyA, Jh51681, JibbyX, Jigsy, Jim1138, JimVC3, JkI, Jleon,
Jmlk17, Jodon1971, Joeardingertaintsociety, JohnnyBGood, Jose77, Joseph Solis in Australia, JoshuaZ, Journalist, Jrkagan, Jrockley, Jtkiefer, Jugander, Jusdafax, Jyril, Jéské Couriano, KJS77,
Ka Faraq Gatri, Kaiba, Karol Langner, Kavanagh, Kazvorpal, Ke4roh, Khazar2, Kingpin13, Kisama, Kitch, Kizor, Kompilator, Kookyunii, Krash, Krashlandon, Krisma12234, Kukini,
Kungfuadam, Kuru, Kyuubi9, Kz99997, Lambiam, Latitude0116, Legis, Legotwin, LeilaniLad, Liftarn, Lightmouse, Lights, Likebox, LilHelpa, Lklovelw 1, LonelyMarble, Longhair,
Loren.wilton, Lotje, LuauLarry1969, Lugia2453, Lulu71339, Lusanaherandraton, MASQUERAID, MER-C, Mac Dreamstate, Magioladitis, Maheeki, Malcolm Farmer, Mannafredo, Manop,
Marauder40, Mark Arsten, Mark Foskey, Mark Shaw, Mark.murphy, MarsRover, Martarius, Mathfreak231, Maurreen, Mayumashu, Mediran, Mejor Los Indios, Messhall, Metnik, MetreO1,
Michael Cockrell, Michael Hardy, Miguel.mateo, Mike Rosoft, Minecraft123, Miraculousrandomness, Mirkoruckels, Mlm42, Moyda, Mr Pineapples, Mr. Wheely Guy, Msfei, MusikAnimal,
Mymines229, Myotis, Mysid, N2e, N96, NJDevils44, NOrbeck, NYKevin, NawlinWiki, Nbarth, Ndcube, Neave2, Neo., Netsnipe, Neyzen, Nicke L, Nickst, Nigholith, Nikkimaria, Njaelkies Lea,
Nono64, Northamerical 000, NuclearWarfare, Numbermaniac, Octane, Oda Mari, Onsly, 007565, OtakuNOV Akun, OverlordQ, Oxymoron83, P. S. Burton, PacPae, Pagw, Pahles, Panos84,
Paradoxen, Patrick, Paxse, Peacefulchaos87, Philip Trueman, Philiprash, Pinethicket, Polyamorph, Poonie36, Poppafuze, Prabinepali, Praemonitus, Pred, Pvskirankumar, Pwlz, Quadell,
QueenCake, Quiddity, RJHall, RP459, Raining girl, RandomCritic, RaptorHunter, Ratsbew, Rcon1000, Reaper Eternal, Reatlas, Ref2conf, Rehnn83, RicHard-59, Rich257, Richard Arthur Norton
(1958- ), Richard001, Rightwing72, Rigmahroll, Rjwilmsi, Rmhermen, Robert Brockway, Robert Merkel, Robert Will, Rocketrod1960, Rod57, Ronhjones, Rory096, RoyBoy, Rror, SDC,
SElefant, SFGiants, SFK2, Sabzaby, Sae1962, Sagittarian Milky Way, Samizz, Sanao, Sandgem Addict, Santiparam, SatanIsSensitive, Satellizer, Savidan, Sdsds, SeanWillard, Secret,
SelfStudyBuddy, Serendipodous, Sesshomaru, Shadowjams, Shaunfin123, Shaunmoss, Shawn in Montreal, Shiggins2000, Shlomke, Silence, Simetrical, SimonHarvey, Singhalawap, Sintaku,
Sionus, Slashme, Slavik0329, SnoopY, SomeFreakOnThelnternet, Someguy 1221, Soporaeternus, SpaceFlight89, SpaceGuide, Spacegoat, Spark Moon, Spitfire19, Spliffy, Springnuts,
Sprtfshrmn, SpuriousQ, Squeakygoose, Ssilvers, Starghost, Statsone, Stephantom, StephenColberto, Steve Quinn, Stevejabs, Stoned Proffesor, Sun Creator, SylvieHorse, Symane, Syrian eagle,
Syrthiss, Szajci, THEN WHO WAS PHONE?, TKD, Taroaldo, Tarotcards, Tassedethe, TastyLemonsmmm, Tdadamemd, Tdimhcs, Terrancommander, Texas™, The Herald, The High Fin Sperm
Whale, The Thing That Should Not Be, The Universe Is Cool, The monkeyhate, The-G-Unit-Boss, TheMuuj, Theda, Thisisuserame, Tialeighcampbell, Tiddly Tom, Tide rolls, Tiggerjay, Titoxd,
Tobby72, Tolly4bolly, Tommy2010, TommyBoy, TopGUN71691, Tophyr, TotoBaggins, Trampled, Trevayne08, Trusilver, Turkishbob, Twang, Ufviper, Ugog Nizdast, Ukexpat, Ulric1313,
UltioUltionis, Ultra megatron, UnitedStatesian, V.V zzzzz, Vahid11, Vanished User 4517, Vanquisher.UA, Vegaswikian, Venustas 12, Vera Cruz, Vincecate, VinnyR, Violask81976, Vipinhari,
Vivio Testarossa, Voltzman, Vranak, Vsst, Vuo, Vystrix Nexoth, W and n, WDGraham, WODUP, Waldir, Wanderingjew, Wavelength, Weeliljimmy, Welshjim, WikiJuggernaut, Wikiborg,
Wikid77, Wikipedia brown, Wikipelli, WildWildBil, Willking1979, Wolfkeeper, Wtmitchell, XJaM, Xanzzibar, Xdude1999, Xezbeth, Yamamoto Ichiro, Yath, Ybbor, Yidisheryid,
YouthoNation, Yt95, Ytny, Ytrottier, Yupik, ZackMK, Zaharous, Zaiken, Zalgo, Zozza, Zurrr, {le flottante, ole Cge, 978 anonymous edits

Universe Source: http://en.wikipedia.org/w/index.php?0ldid=594644871 Contributors: -Midorihana-, 007david, 03ctodd, 123yokomo, 129.128.164.xxx, 271828182, 2over0, 8732Spacefish, A
Wolfgang, A-giau, ABF, AGK, ALovelyOnel, Aardark, Abdullais4u, Abhiag, Abhinandan27, Abob6, Abomasnow, Acjelen, Adambro, Adamlewis157, Addshore, Adi, AdjustShift, Adric
Kearney, Aeonx, Aeosynth, Aeternus, Aetheling, Ageekgal, AgentPeppermint, Agge1000, Agiieyband, Ahoerstemeier, Airborne84, Aitias, Aj767, Ajp4, Aka042, Akhil.aggarwal2, Akshat2,
Alan268, Alansohn, Alasdair Routh, Alaudduin, Albert.white, Aldaron, Aldebaran66, Aldie, Ale Ronzani, Alecsdaniel, Aleksa is cool, Alexfrench70, AlexiusHoratius, Alfie66, Ali, Alicam8,
Alihosseinisg, AlimanRuna, All Is One, AlphaEta, Altenmann, Amicaveritas, Amirazemi, Amphibio, AnakngAraw, Anbul21, Andonic, Andres, Andrewpmk, Andromeda321, Androo,
AndrooUK, Andycjp, Angela, Animonster, Animum, Anna Lincoln, Anonymous Dissident, Anonymous editor, Anrnusna, Antandrus, Anubad95, Apeconmyth, Aperseghin, Apparitionl 1, Arctic
Kangaroo, Ardric47, ArielGold, Army1987, Art LaPella, Art and Muscle, Arthur Rubin, Ascidian, Astronautics, Athenean, Atularunpandey, AuburnPilot, AugPi, Aunt Entropy, Autonova,
Awesome streak, Awickert, Awolf002, AxelBoldt, Aynan678, AzaToth, Azazeel, Azcolvin429, B15nes7, B9 hummingbird hovering, Baaleos, Babebait227, Badacmw90, Bangarangmanchester,
Barbara Shack, Barek, BarretB, Barticus88, Bartsla, Bbatsell, Bblackmoor, Bccmac14, Beej175560, Beenybobby, Beetstra, Begoon, Bejnar, Beland, Ben Ben, BenRG, Benjamin Nicholas
Johnston, Bensaccount, Berkeley626, Beyond My Ken, Bhawani Gautam, Bhny, Bibleboy 14, Bigfatmonkeyturd, Bilbo571, Bilbobee, Billinghurst, Bjoern, Blah987654, Blanchardb, Blightsoot,
Bloodredrover, Bluto7, Bob Andolusorn, Bobblewik, Bobianite, Bobo192, Bobsexual, Bonadea, Bongwarrior, Booflel, Boogawooga02, BoomerAB, Borislav, Boud, Br77rino, Braincricket,
Brainmachine, Brave warrior, Breadhead23, Breakfastchief, Brest, Brian0918, BrianGV, Brianga, Brooktree, Bryan Derksen, Bsadowskil, Bt8257, Bubba hotep, BubbalLAquatics10, Bubble
queen, Buchanan-Hermit, Bullzeye, Bulwersator, Butros, Butterfly 25007, CYD, Caco de vidro, Cadiomals, Call me Bubba, Calmer Waters, Caltas, Canadian-Bacon, Canderson7, Canterbury
Tail, Canuck100, Canuckle, Capricorn42, Captain-n00Odle, Captain-tucker, CardinalDan, Catgut, CatherineMunro, Cenarium, Ceris2, CesarFelipe, Chanting Fox, Chaos, CharlesC,
Cheese12345cheese, Chetvorno, Chochopk, Chowbok, Chretienorthodoxe, Chrisbrl88, Christofkopera, Christopher Thomas, Ciotog, Citationeeded, Citizen Premier, Ckatz, Clarince63, Claus
Ableiter, Cloroplast horse, Closedmouth, Coldplayrock08, CommonsDelinker, Compdude47, Confession0791, ConfuciusOrnis, Conversion script, Cool Blue, Cordell, Coreylook, Cosmic Latte,
Craigc29, Cranberry5553, Craner Murdock, Crazyj922, Cuckoomand4, CuirassierX, CuriousEric, CuteHappyBrute, Cybercobra, Cytocon, DARTH SIDIOUS 2, DHN, DJ Clayworth, DVD R W,
DVdm, DW40, Dalekian, Dan653, Dang3210, Danger, Daniel Case, Danielrcote, Dannyat43, Dantesparda271191, Dantheman2008, DarkElrad, DarkLouis, Darkowlf8592, Darren23, DarrynJ,
Darth Panda, Dath Dath Binks, Davewho2, Davewild, David J Johnson, Davidiad, DavyJonesGSB, Dazedbythebell, Dbachmann, Dbannie07, Dbenbenn, Dchristle, Dcs002, DeadEyeArrow,
Deadly Matty, Deadman3215, Debashish Mahapatra., Debresser, Deconstructhis, Deepvalley, Delldot, Deltabeignet, Denisarona, Denton22, DerHexer, Dfrg.msc, Diannaa, Dionyseus,
Dirtyharry2, Discospinster, Diyako, Dna-webmaster, Doczilla, Domi33, Donthegon101, DorJ, Dorrphilip, DoubleBlue, Dougweller, Dr A Thompson, Dr. Giinter Bechly, Dr. Sunglasses, Dr.K.,
DrOxacropheles, Drbogdan, Dreadstar, DreamOfMirrors, Drmies, Drooling Sheep, Dsewell, Dub8lad1, Dude00311, Dumbdarwin, Dupz, Dusti, Dv82matt, Dycedarg, Dylan Lake, EEPROM
Eagle, EMC125, ESkog, Eagle3399, Earthandmoon, Eb.hoop, Echtner, Ed Poor, Eddie Dealtry, EdgeOfEpsilon, Eekerz, Eequor, Eguinto, Ekrub-ntyh, El C, Elassint, Elert, Endofskull,
Enviroboy, Eog1916, Epbr123, Epeefleche, Epipelagic, Erdelyiek, Erebus Morgaine, EricWaltonBall, Erielhonan, ErrOneous, Escape Orbit, Eu.stefan, Eusticeconway, Evercat, Everyking, Evil
saltine, Evlekis, Excirial, Exodio, Exploreuniverse, Extremind, FKmailliW, Fabrictramp, Faizan, Falcon8765, False vacuum, Familyguylover64, Faradayplank, Farheen1973, Faus, Favonian,
FayssalF, Fbs. 13, Felixmonk1, FellowWikipedian, Fences and windows, Fetchcomms, Firetrap9254, Firewall62, FlamingSilmaril, Floria L, Florian Blaschke, Fluffernutter, Fratrep, Frazzydee,
Freakofnurture, Fredrik, Friedpotatoeparty, Friendly Neighbour, Fritzpoll, FrogySK, Frosty0814snowman, Funandtrvl, Furkhaocean, Furrykef, Futurebird, Futuristcorporation, Fvw, Fyrael, G.
Campbell, GSMR, GSlicer, GWPFBE, Gadfium, Gaff, Gafferuk, Gail, Gaithdroby500, Gakon5, Gakrivas, Galor612, Gandalf61, Gap9551, GeSwRhlc, Gdm, Ged UK, Geniustwin, Geogeogeo,
Geometry guy, George585, Georgiocj, Ghostillnses, Giftlite, Gifoas, Gilderien, Gilliam, Git2010, Glacialfox, Glenn, Godot13, Godzilla 2002, Gogo Dodo, Golbez, GomeonaFinnigan,
Goodkushandalcohol, Goodvac, Gopher65, GorillaWarfare, Graeme Bartlett, GraemeL, Grafen, Graham87, Grahamec, Gregbard, GregorB, Grim23, Grubtatorship, Guettarda, Gunfists, Gurch,
Gurchzilla, Guruparanjothijason, Guy Peters, Gwark, Gwen Gale, Gwernol, Hltchhlker4, Hahaho, Hair, HamburgerRadio, Hans Adler, Haoie, Hardyplants, Harmi.banik, HarryMcDeath,
Hazmat2, Heagri, Hdt83, Headbomb, Hectorthebat, Hellopunish3r, HenryLi, Herbee, Hermanschrader, Hermes the Wise, Heskey eats soup with a fork, HexaChord, Hhhippo, HiEv, Hibernian,
Hihihihibye, Honeycake, Hontogaichiban, Hotturbos, Houdabouda123, Hqb, Hul2, Hurdygurdyman1234, Hurricanefloyd, Hut 8.5, Hve, Hyad, Hydnjo, HyperSonic X, Hypnosifl, I LIVE 2
TROLL, IGeMiNix, II MusLiM HyBRiD II, ILSS, IVAN3MAN, Iamnotanorange, lamorlando, Ian Dalziel, Ianreisterariola, Icairns, Icarus of old, IceUnshattered,
Thatefindingusernamestheyneverwork, Thatejustinbeiber, Iketsi, Ilikepie2221, Imstillhereyoh, Infamous Castle, Infinitesolid, Inkpot80, Insanephantom, Inswoon, InternetMeme, Iridescent,
Irishguy, IronGargoyle, Island Monkey, Italia2006, Ixfd64, J Di, J.delanoy, J04n, J8079s, J991, JDP90, JEREMYBB, JFHIr, JForget, JJ Harrison, JRSpriggs, JWSchmidt, Jacek Kendysz,
JackizCool69, Jackmerius, Jackol, Jackson Peebles, JacobParker100, Jagged 85, Jaimeescobar, Jake Wartenberg, Jamiepgs, Janko, JavierMC, Jawed, Jaxl, Jayminsiple, Jbvjkhgvkjukjhvkj, Jcobb,




Article Sources and Contributors 355

Jdorwin, JedediahBaugh, Jeff G., Jeffo223344, Jeffrey Mall, Jeffrey O. Gustafson, Jeglikerdeg, Jeltz, JeremyA, Jesuschristlover, JetLover, Jhacob, Jhon montes24, Jhum, Jim1138, JimVC3,
JimWae, Jimmyjkjr, Jimothytrotter, Jimp, Jinsubpretzels, Jj137, Jkveton08, Jleon, Jni, JoanneB, Joe Decker, Joe Jarvis, Joefromrandb, Joel grover, Joelholdsworth, Joernderschlaue, John, John D.
Croft, John haley, JohnCD, Johnny4netglimse, Johnstone, Johntex, Jok2000, Joke137, Jolekweatin, Jonkerz, Jordancpeterson, Jorfer, JorisvS, Jorunn, Jose77, Joseaperez, Joshua098, Jovianeye,
JpabianO1, Jpk, Jpmccord, Jrossr, Jschnur, Jsharpminor, Jstana, Jules93, Jumpingjacksparrow, JuniorMuruin, Jusdafax, Just James, JustKiddingPro2, Justintan88, Juzeris, Jwratnerl, Jzhuo, Jéské
Couriano, K, K. Annoyomous, KOhlrabi, KGasso, Ka Faraq Gatri, Kaldari, Kamakazii101, Karl-Henner, Karol Langner, Kasyap.d, Katalaveno, Katherine, Kathovo, Kazvorpal, Kba, Kbev,
Keefyj, Keilana, Keith D, Kel-nage, Kentgen1, Keraunos, KermitTheFrogOwns, Kevin B12, Khazar2, KibaKibbles, Kicking222, Kiefer100, Killiondude, King Pickle, King of Hearts, Kingpin13,
Kip the Dip, Kipala, Kirachinmoku, Kirstylovesatl, Kjgiant, Knightshield, KnowYourCosmos, Knowledge Seeker, KnowledgeOfSelf, Kntrabssi, Koavf, Kookyunii, Kotjze, Kozuch, Krellis,
Krich, KsOstm, Kukini, Kurochka, Kuru, L Kensington, LAS1180, LORDGOD7777, La Pianista, Lambiam, Landon1980, Larry Lawrence, Latitude0116, Lawlessballer23, Lawnchair On Jupiter,
Lcarscad, Leave61, LeaveSleaves, Lee Daniel Crocker, Leeannedy, Leemadd92, Legare, LeighvsOptimvsMaximvs, Lemmey, LemonsWillWin, Lesgles, Leszek Jaficzuk, Libertype, Liftarn,
Light-assasin, Lightdarkness, Lightmouse, LikeLakers2, Lilbrew369, Lindberg, Lir, Llort, Lobner, Logan, Logan6362, Lokal Profil, LonelyMarble, Looie496, Looxix, Loren.wilton, Lradrama,
Lrrasd, LucChickenfingers1873, Lugia2453, M karthikkannan, M4gnumOn, MER-C, MIT Trekkie, MONGO, MPerel, Mac, Machine Elf 1735, Madan.sreddy, Maderthaner, Madman2001,
Maethordaer, Magister Mathematicae, MagnaMopus, Magnoliasucks, Maharding, MaizeAndBlue86, Majorly, Mal4mac, Malleus Fatuorum, Malo, Manchurian candidate, Mancini141, Marek69,
MarioVSYoshi, Mariraja2007, Mark.murphy, MarkTB, MarkThomas, Marmenta, MarsRover, Martarius, Martial75, MartinDK, MartinHarper, Martinwilke1980, Martpol, Maruthi Achsara,
Materialscientist, Matt Crypto, Matthewrbowker, Matticus78, Mattisse, Mattsarahcat, Mattu00, Maurice Carbonaro, Maurreen, Maximus Rex, Mayumashu, Mbell, McGeddon, McLovin123459,
McSly, Mclayl, Mean as custard, Meduban, Mehranwahid, Meier99, Mentifisto, MetsFan76, Mgiganteus1, Michael Devore, Michael Hardy, Michael.goulais, Mifter, Mightymights, Mikael
Higgstrom, Mike Peel, Mike Rosoft, Mike Storm, MikeBaharmast, Mikey Camarista, Miladragon3, Mindmatrix, Minesweeper, Minimac, MinorContributor, Miquonranger03, Mirv, Mjr162006,
Milhooten, Moingv, Mojo Hand, MongolWiki, Montrealais, Mookiefurr, Moomoomoostwos, Moosester, Mozerella8, Mr Adequate, Mr plant420, Mr.Kassner, Muffin123456789, Mufka,
Muraabi6, Murgh, Myanw, Mygerardromance, Myotis, Mzilikazi1939, N3bulous, NAHID, NHRHS2010, Nagualdesign, Napate, Naryathegreat, Nate5713, Nathan1991nathan1991,
NativeForeigner, NatureA16, NawlinWiki, Nayvik, Nchaimov, Nemvocalist, Nealmcb, Nehrams2020, Neilk9393, NellieBly, Nemu, Neo., Neural, Neurolysis, Neutrality, Neverquick,
NewEnglandYankee, Newgrounder, Newone, NiallJones, Nickkid5, Nighthawk380, Nightscream, Nikhil Sasi, Nipponese, Nixdorf, Njaelkies Lea, Nk, Nlu, No Guru, Noctibus, Nothingisayisreal,
Nseidm1, Nsmith 84, NuclearWarfare, Nuttycoconut, Nyttend, Octahedron80, Oda Mari, Ohnoitsjamie, OlEnglish, Old Moonraker, Oleg Alexandrov, Oleg-ch, Olliegodwin, Ollj, Olorin28,
Ols012345, Omeed Was Here, Omicronpersei8, Onsly, Oraculo miraculoso, Orczar, Orlady, Oscardove, OverlordQ, Oxymoron83, P123567890p, P3Pp3r, PESLAKES1, Paidoantonio, Pakaran,
Panos84, Paranoid, Parresh, ParticleMan, Paryinmahpantz, Pascal666, Pass a Method, PaterMcFly, Patriarch, Patrick, Patssle, Patstuart, Pcorty, Peak, Pediainsight, Perfect Proposal, Permafry42,
Perni¢ek, Persian Poet Gal, Peruvianllama, Peter470, Peterdjones, Pharaoh of the Wizards, Phase Theory, Phil Boswell, Phil2324, Philip Trueman, Philipandrew, Phlembowper99, Phobiaphobia,
Picus viridis, Pinethicket, Pinkadelica, Pizza Puzzle, Plastikspork, Pluma, Plumbago, Pmacclain, PoizonMyst, Pontoots9, Popol0707, Porthos0, Prancibaldfpants, PresN, PrestonH, Priyamd,
Procatcher31, ProhibitOnions, Prunesqualer, Psy guy, Pumpmeup, Punkrockpiper, Purduecit, Pure maple sugar, Purnajitphukon, Pwnage09, Pyrophotographer, Pyrospirit, Python eggs, Q2op,
QTxVi4dbEMRbrNqOorWBYV, Qazwsx 197966, Quadell, Quantumor, Quarkgluonsoup, Quintote, Quirkie, Qxz, R. fiend, RA0808, RG2, RJHall, RaiderRobert, Ramananrv123, Randolf
Richardson, RandomP, Randwicked, Rashaani, RazorICE, Razorflame, Rdht, Reach Out to the Truth, Reatlas, Reaverdrop, Rebel700, Redshiftimprove, Reidlophile, Remember the dot,
Reneeholle, Renil, Retodon8, Rettetast, RevRagnarok, RexNL, Rgdboer, Rich Farmbrough, Rickmeister, Rickmeister6, Rillian, Rjwilmsi, Rmky87, Rmoole, Rnt20, Robbiemasters89, RobertMel,
Roger Davies, Romanm, Rommopaula, Ronhjones, Rootswailer, Rossnixon, RotaryAce, Roy Brumback, Rrburke, Rror, Rrscott, Rryswny, Ruben3186, Rumping, Ruud Koot, Ryan, RyanParis,
Ryuzakihateskira, S h i v a (Visnu), SDC, SFC9394, SFaddict42, SJP, SMC, ST47, Saggipie, Sahsan, Sahuanimesh, Sajt, Sakhail, Sam Korn, Samoboow, Samuel, Sappho'd, Sardanaphalus,
Saros136, SashaTheAwesome, Satori Son, Saturn star, Savantnavas, Sawadeekrap, Sbharris, Scepia, Sceptre, Schmackity, Scohoust, Scoo, Scopesmonkeys, Scottywong, Scroggie, Scwlong,
Seaphoto, SeeYouNextTuesday999, Sengkang, SeniorInt, Seps123, Serendipodous, Seresin, Setu, Sfan00 IMG, Shadowdemon936, Shadowjams, Shahab, Shai-kun, ShakataGaNai, Shalom
Yechiel, Sharkface217, SheffieldSteel, ShinobiX200, Shirik, Shitonmydick1234, Shoeofdeath, Shreevatsa, Shroitman, Siddhant, Siddharth Prabhu, Sidoburn, Silly rabbit, Silvergoat, Sinep2,
Sinteractive, Sir Nicholas de Mimsy-Porpington, Sjtarr, Skizzik, Skunkboy74, Sky83, Skyezx, Slightsmile, Slon02, Smallman21, Snoopdoug22, Snowolf, SoSaysChappy, Solphusion, Some jerk
on the Internet, Someguyonthestreet, Someone0707, Sonikkua, Soriano9, SpaceFlight89, Spacegoat, Spacepotato, SparrowsWing, Spencer, Spig a digs, Splintercellguy, SpookyMulder,
SpuriousQ, Squids and Chips, Squirtle1994, Srinivas, Sruk77, Srushe, Ssolbergj, Stannered, StaticGull, Steel, SteinbDJ, StephanKetz, Stephen G. Brown, Stephenb, Steve2011, Stevemanjones,
Stevertigo, Stimulieconomy, Storm Rider, Strane1991, StrawberryPink, Student7, StuffOfInterest, Sudhir.routray, Suisui, Sunrise, Superbrainr, Supercool900, Superm401, Supraboy001, Sushant
gupta, Synchronism, Synthiac, T g7, THEN WHO WAS PHONE?, TJSwoboda, Tamsier, Tapir Terrific, Tbhotch, Tcnev, TeaDrinker, TeleComNasSprVen, Telempe, Teles, Teles.ME,
Tellyaddict, Tempodivalse, Terik brunson, Terper, Thlrt3en, Th4n3r, The Bread, The Dark Side, The Evil Spartan, The High Fin Sperm Whale, The Rambling Man, The Thing That Should Not
Be, The Transhumanist, The Wiki ghost, TheAlphaWolf, TheDJ, Thealltruth, Theda, Thedjatclubrock, Thematrix007, Theone70, Theoneintraining, Thewolrab, Thialfi, Thingg, Think outside the
box, Three geeks, Thulasidharan2k8, ThuranX, Tide rolls, Tiiliskivi, TimProof, TimothyRias, Timwi, TitanOne, Tnvkumar, Tobby72, Tolly4bolly, Tom Kitt, TomasBat, Tommy2010,
Tomwsulcer, Tonezilla88, Topbanana, Tpbradbury, Tracy49, Trahern1994, Trappist the monk, Trec'hlid mitonet, Trevor Andersen, Trevor MacInnis, Treybien, Trilobitealive, Truthnlove,
Ttony21, TutterMouse, Tvaughn035, Tylergriswold, Typuifre, USEFUL MENACE, UT200100, Ugog Nizdast, Ulflund, Ulric1313, Uncle Dick, Uncle G, Uncle Milty, UncleBubba,
UnitedStatesian, Uq, Uris, Utcursch, VBGFscJUn3, VLDG123, VQuakr, Vanfug, Vanished User 0001, Vanished User 1004, Vanished User 4517, Vanished user 39948282, Vedjain, Vedranf,
Velella, Vendeka, Ventripotent13, Vercingetorix08, Vere scatman, Versus22, Vijinjain, VinnyXY, Vipinhari, Vishal144, Vishnava, Vitaliy skrynnik, Voortle, Vorpal blade, Vrenator, Vsmith,
WadeSimMiser, Waggers, Watch37264, Wavehunter, Wavelength, Wayne Hardman, Weatherman1126, Webclient101, Weirdo1990, WelcomeBackWinter, WelshMatt, West Brom 4ever,
‘Whizmd, Who3, Widr, WikiSlasher, Wikiloop, WikipedianMarlith, Wikipelli, WikiworldJ, Wildnox, William Avery, WilliamKF, Williamrlinden, Willking1979, WillowW, Winegum?74,
Wintonian, Wireless Keyboard, Wirelesspp, Wjfox2005, Wimg, Wmpearl, Woohookitty, Wooitscaroline, WookieInHeat, Woudloper, Wperdue, Wtmitchell, Wulfila, Wysprgr2005, X3 1forest,
XJaM, Xammer, Xeonxeon12, Xevi, Xiahou, Xiner, Xingzeng, Xlec, Xoxoxoxoxxx3, Xunknownxx, Xxuberzang, Xzuiko, YUL89YYZ, Yafujifide, Yamamoto Ichiro, Yddam, Yelyos,
Yidisheryid, Yintan, Yonatan, Yresh, Zachareth, Zamfi, Zazaban, Zbxgscqf, Zeimusu, Zenithfel, Zeroparallax, Zfr, Zharradan.angelfire, Zkczke, Zojj, Zoz, 3527, S5 e, el Jails)3, Z1THE,
2616 anonymous edits )




Image Sources, Licenses and Contributors 356

Image Sources, Licenses and Contributors

File:Hopetoun falls.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Hopetoun_falls.jpg License: Creative Commons Attribution-Sharealike 3.0 Contributors: Diliff
File:Bachalpseeflowers.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Bachalpseeflowers.jpg License: Public Domain Contributors: ZachT
File:Galunggung.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Galunggung.jpg License: Public Domain Contributors: R. Hadian, U.S. Geological Survey

File:The Earth seen from Apollo 17.jpg Source: http://en.wikipedia.org/w/index.php?title=File: The_Earth_seen_from_Apollo_17.jpg License: Public Domain Contributors: NASA/Apollo 17
crew; taken by either Harrison Schmitt or Ron Evans

File:Tectonic plate boundaries.png Source: http://en.wikipedia.org/w/index.php?title=File:Tectonic_plate_boundaries.png License: Public Domain Contributors: Jose F. Vigil. USGS
File:Hyperia.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Hyperia.jpg License: GNU Free Documentation License Contributors: Uwe Kils
File:Pangea animation 03.gif Source: http://en.wikipedia.org/w/index.php?title=File:Pangea_animation_03.gif License: Public Domain Contributors: Original upload by en:User:Tbower

File:Lightnings sequence 2 animation.gif Source: http://en.wikipedia.org/w/index.php?title=File:Lightnings_sequence_2_animation.gif License: Creative Commons Attribution-Sharealike 2.5
Contributors: original data: Sebastien D'ARCO, animate: Koba-chan

File:Top of Atmosphere.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Top_of_Atmosphere.jpg License: Public Domain Contributors: NASA Earth Observatory
File:Dszpicsl.jpg Source: http://en.wikipedia.org/w/index.phptitle=File:Dszpics1.jpg License: Public Domain Contributors: Daphne Zaras. Original uploader was Runningonbrains at
en.wikipedia

File:44 - Iguazu - Décembre 2007.jpg Source: http://en.wikipedia.org/w/index.php?title=File:44_-_Iguazu_-_Décembre_2007.jpg License: Creative Commons Attribution-Sharealike 3.0
Contributors: Martin St-Amant (S23678)

File:Ocean from Leblon.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Ocean_from_Leblon.jpg License: unknown Contributors: Amarvudol, CarolSpears, Erico Tachizawa,
Zephynelsson Von, Zimbres

File:Oceanus.png Source: http://en.wikipedia.org/w/index.php?title=File:Oceanus.png License: Public Domain Contributors: Serg!o

File:Lake mapourika NZ.jpeg Source: http://en.wikipedia.org/w/index.php?title=File:Lake_mapourika_NZ.jpeg License: Creative Commons Attribution-ShareAlike 3.0 Unported
Contributors: Richard Palmer

File:Mill Pond Sunset.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Mill_Pond_Sunset.jpg License: Creative Commons Attribution-Sharealike 3.0 Contributors: Eriky8 (Kevin
Johnson)

File:View from Cairo Tower 31march2007.jpg Source: http://en.wikipedia.org/w/index.php?title=File:View_from_Cairo_Tower_31march2007.jpg License: Public Domain Contributors:
Original uploader was Raduasandei at en.wikipedia Later version(s) were uploaded by Arad at en.wikipedia. (Original text : Asandei Radu (Edited: (Sharpened, Noise Reduced, Distortion
Reduced, Tilt fixed and Down-sampled) by Arad M)) Rededited (Sharpened): by Arad Mojtahedi)

File:Hawaii Creek.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Hawaii_Creek.jpg License: GNU Free Documentation License Contributors: God of War

File:View of loch lomond.JPG Source: http://en.wikipedia.org/w/index.php?title=File:View_of_loch_lomond.JPG License: Creative Commons Attribution-Sharealike 2.5 Contributors:
Abubakr Hussain, Mohammed-Hayat Ashrafi, Maaz Farooq, Farmaan Akhtar, Mohammed Shah

File:Aravalli.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Aravalli.jpg License: Creative Commons Attribution-Sharealike 2.5 Contributors: User:Nataraja

File:Chicago Downtown Aerial View.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Chicago_Downtown_Aerial_View.jpg License: Public domain Contributors: Adrignola,
Conscious, DavidLevinson, JeremyA, JorisvS, Kri, Leslie, Matt314, Quasipalm, 1 anonymous edits

File:Biogradska suma.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Biogradska_suma.jpg License: GNU Free Documentation License Contributors: Snezana Trifunovié¢
File:Malards in Golden Gate Park.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Malards_in_Golden_Gate_Park.jpg License: Creative Commons Attribution-Sharealike 3.0
Contributors: Brocken Inaglory

File:Amazon Manaus forest.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Amazon_Manaus_forest.jpg License: Creative Commons Attribution-Sharealike 2.5 Contributors: Phil
P Harris.

File:Yellow mite (Tydeidae) Lorryia formosa 2 edit.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Yellow_mite_(Tydeidae)_Lorryia_formosa_2_edit.jpg License: Public Domain
Contributors: Photo by Eric Erbe; digital colorization by Chris Pooley. Edited by Fir0002

File:Diversity of plants image version 5.png Source: http://en.wikipedia.org/w/index.php?title=File:Diversity_of_plants_image_version_5.png License: Creative Commons Attribution-Share
Alike Contributors: Rkitko

File:Animal diversity.png Source: http://en.wikipedia.org/w/index.php?title=File:Animal_diversity.png License: Creative Commons Attribution 2.0 Contributors: creator of composite,
User:Medeis; original authors, as credited individually above:User:Bkmiles, User:Panda3, Hans Hillewaert (Lycaon), User:Anilocra, Rob Hanson from Welland, Ontario, Canada, User:Nhobgood
Nick Hobgood, Richard Ling, A. Slotwinski as credited by uploader user:Australianplankton, User:Lviatour, User:Kevincollins123, S. Taheri, edited by Fir0002, User:Opoterser, DBCLS,
TheAlphaWolf, Philippe Guillaume

File:Na Pali Coast - Kauai.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Na_Pali_Coast_-_Kauai.jpg License: Public Domain Contributors: Diaa abdelmoneim, Dmason4399,
Hbk33

File:Dendrarium Sochi Mauritanian arbour.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Dendrarium_Sochi_Mauritanian_arbour.jpg License: Public Domain Contributors:
Ghirlandajo, Look2Seel, Ludvig14, Ori~, JLII. [Ixenko

File:504px-Pinguiculagrandifloralweb.jpg Source: http://en.wikipedia.org/w/index.php?title=File:504px-Pinguiculagrandifloral web.jpg License: GNU Free Documentation License
Contributors: Denis Barthel, Eugene van der Pijll, Guérin Nicolas, Michau Sm, Nilfanion, Ollin, Orchi, Taketa, 3 anonymous edits

File:Hydrogen Density Plots.png Source: http://en.wikipedia.org/w/index.php?title=File:Hydrogen_Density_Plots.png License: Public domain Contributors: PoorLeno (talk)
File:Planets2013.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Planets2013.jpg License: Creative Commons Attribution-Sharealike 3.0 Contributors: Blaxthos, Jianhui67,
Kwamikagami, Nixén, Savh, Stas1995, 17 anonymous edits

File:NGC 4414 (NASA-med).jpg Source: http://en.wikipedia.org/w/index.php?title=File:NGC_4414_(NASA-med).jpg License: Public domain Contributors: NASA Headquarters - Greatest
Images of NASA (NASA-HQ-GRIN)

Image:Aristotle.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Aristotle.jpg License: Public Domain Contributors: Visconti

Image:Democritus by Agostino Carracci.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Democritus_by_Agostino_Carracci.jpg License: Public Domain Contributors:
User:ChristianBier, User:Jagen

Image:Francis Bacon.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Francis_Bacon.jpg License: Public Domain Contributors: EFFemeer, G.dallorto, Kilom691, LadyInGrey,
Schaengel89, 4 anonymous edits

Image:Thomas Hobbes (portrait).jpg Source: http://en.wikipedia.org/w/index.php?title=File:Thomas_Hobbes_(portrait).jpg License: Public Domain Contributors: Brainmachine, Daniel (de),
Dcoetzee, Diomede, FranksValli, Kelson, Leyo, Mathonius, Mattbr, PKM, Pieter Kuiper, QWerk, Shakko, Sonphan10, Svencb, Victuallers, 1 anonymous edits

Image:Rousseau.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Rousseau.jpg License: Public Domain Contributors: Beria, Boheme, Ecummenic, Kilom691, Kyro, Leyo, Loveless,
Mattes, Palamede, Pointillist, Sctechlaw, Shakko, Taks, Thorvaldsson

Image:Benjamin west Death wolfe noble savage.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Benjamin_west_Death_wolfe_noble_savage.jpg License: Public Domain
Contributors: Bkwillwm, Hsarrazin, Nishkid64, Nonenmac, Origamiemensch, Quibik, Shakko, Skeezix1000, 1 anonymous edits

File:Earth symbol.svg Source: http://en.wikipedia.org/w/index.php?title=File:Earth_symbol.svg License: unknown Contributors: OsgoodeLawyer

File:Earth Eastern Hemisphere.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Earth_Eastern_Hemisphere.jpg License: Public Domain Contributors: 84user, Dysmorodrepanis,
EVula, Haham hanuka, Kanabekobaton, LiborX, Mozzan, Raoli, Trijnstel, 4 anonymous edits

File:ISS034E016601 - Stratocumulus Clouds - Pacific Ocean.jpg Source: http://en.wikipedia.org/w/index.php?title=File:ISS034E016601_-_Stratocumulus_Clouds_-_Pacific_Ocean.jpg
License: Public Domain Contributors: Jean-Frédéric, Julian Herzog, Thierry Caro

File:Earth-crust-cutaway-english.svg Source: http://en.wikipedia.org/w/index.php?title=File:Earth-crust-cutaway-english.svg License: Creative Commons Attribution-Sharealike
3.0,2.5.,2.0,1.0 Contributors: Surachit

File:Tectonic plates (empty).svg Source: http://en.wikipedia.org/w/index.php?title=File: Tectonic_plates_(empty).svg License: Public Domain Contributors: Dbenbenn, Denys, JorisvS,
KJG2007, Micheletb, Santosga, Sting, Avar Arnfjord Bjarmason




Image Sources, Licenses and Contributors 357

File:AYool topography 15min.png Source: http://en.wikipedia.org/w/index.php?title=File:AYool_topography_15min.png License: Creative Commons Attribution 2.5 Contributors: Plumbago
File:Earth elevation histogram 2.svg Source: http://en.wikipedia.org/w/index.php?title=File:Earth_elevation_histogram_2.svg License: Public Domain Contributors: Original uploader was
Citynoise at en.wikipedia

File:MODIS Map.jpg Source: http://en.wikipedia.org/w/index.php?title=File:MODIS_Map.jpg License: Public Domain Contributors: NASA

File:Full moon partially obscured by atmosphere.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Full_moon_partially_obscured_by_atmosphere.jpg License: Public Domain
Contributors: NASA

File:Structure of the magnetosphere mod.svg Source: http://en.wikipedia.org/w/index.php?title=File:Structure_of_the_magnetosphere_mod.svg License: Public Domain Contributors:
derivative work: Dashpool (talk) Structure_of_the_magnetosphere.svg: Original bitmap from NASA. SVG rendering by Aaron Kaase.

File:AxialTiltObliquity.png Source: http://en.wikipedia.org/w/index.php?title=File: Axial TiltObliquity.png License: Creative Commons Attribution 3.0 Contributors: Dna-webmaster

File:Earth-Moon system as seen from Saturn (PIA17171).jpg Source: http://en.wikipedia.org/w/index.php?title=File:Earth-Moon_system_as_seen_from_Saturn_(PIA17171).jpg License:
Public Domain Contributors: NASA/JPL-Caltech/Space Science Institute

File:Pingualuit aerial 2007.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Pingualuit_aerial_2007.jpg License: Public Domain Contributors: NASA. Courtesy of Denis Sarrazin.
File:EilatFringingReef.jpg Source: http://en.wikipedia.org/w/index.php?title=File:EilatFringingReef.jpg License: Public Domain Contributors: Original uploader was Wilson44691 at
en.wikipedia

file:Continents vide couleurs.png Source: http://en.wikipedia.org/w/index.php?title=File:Continents_vide_couleurs.png License: Creative Commons Attribution-ShareAlike 3.0 Unported
Contributors: User:Cogito ergo sumo

file:Earthlights dmsp.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Earthlights_dmsp.jpg License: Public Domain Contributors: Data courtesy Marc Imhoff of NASA GSFC and
Christopher Elvidge of NOAA NGDC. Image by Craig Mayhew and Robert Simmon, NASA GSFC.

File:AS8-13-2329.jpg Source: http://en.wikipedia.org/w/index.php?title=File:AS8-13-2329.jpg License: Public Domain Contributors: Frank Borman
File:Archivo 362.png Source: http://en.wikipedia.org/w/index.php?title=File:Archivo_362.png License: Public Domain Contributors: NASA
File:Solar Life Cycle.svg Source: http://en.wikipedia.org/w/index.php?title=File:Solar_Life_Cycle.svg License: Public Domain Contributors: Oliverbeatson

File:Earth-Moon.svg Source: http://en.wikipedia.org/w/index.php?title=File:Earth-Moon.svg License: Public Domain Contributors: Earth-Moon.PNG: Earth-image from NASA; arrangement
by brews_ohare derivative work: Cmglee (talk)

File:FullMoon2010.jpg Source: http://en.wikipedia.org/w/index.php?title=File:FullMoon2010.jpg License: Creative Commons Attribution-Sharealike 3.0 Contributors: Gregory H. Revera
File:Earth Moon Scale.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Earth_Moon_Scale.jpg License: Creative Commons Attribution-Share Alike Contributors: User:Acdx
Image:STS-130 Endeavour flyaround 5.jpg Source: http://en.wikipedia.org/w/index.php?title=File:STS-130_Endeavour_flyaround_5.jpg License: Public Domain Contributors: NASA

File:Volcano q.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Volcano_q.jpg License: Public Domain Contributors: Axxgreazz, HenkvD, Quadell, Rémih, Saperaud, 2 anonymous
edits

File:Limu o Pele.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Limu_o_Pele.jpg License: Public Domain Contributors: Gryffindor, Interiot, Juiced lemon, Reykholt, Rémih

File:M. here rendition.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Magnetosphere_rendition.jpg License: Public Domain Contributors: NASA

File:Earth poster.svg Source: http://en.wikipedia.org/w/index.php?title=File:Earth_poster.svg License: Creative Commons Attribution-Sharealike 3.0 Contributors: User:Kelvinsong
file:RadialDensityPREM.jpg Source: http://en.wikipedia.org/w/index.php?title=File:RadialDensityPREM.jpg License: Creative Commons Attribution 3.0 Contributors: AllenMcC.

file:EarthGravityPREM.svg Source: http://en.wikipedia.org/w/index.php?title=File:EarthGravityPREM.svg License: Creative Commons Attribution-Sharealike 3.0,2.5,2.0,1.0 Contributors:
Con-struct

file:Slice earth.svg Source: http://en.wikipedia.org/w/index.php?title=File:Slice_earth.svg License: Creative Commons Attribution-Sharealike 2.5 Contributors: Ajraddatz, Dake, Fschoenm,
Hmmwhatsthisdo, Ji Wha, Rocket000, Stevecrye, Torsch, Erico Jdnior Wouters, 14 anonymous edits

File:Mohomap.png Source: http://en.wikipedia.org/w/index.php?title=File:Mohomap.png License: Creative Commons Attribution-Sharealike 3.0 Contributors: User: AllenMcC.

File:Hollow Earth.svg Source: http://en.wikipedia.org/w/index.php?title=File:Hollow_Earth.svg License: Creative Commons Attribution-Sharealike 2.5 Contributors: Rick Manning
Image:Plates tect2 en.svg Source: http://en.wikipedia.org/w/index.php?title=File:Plates_tect2_en.svg License: Public Domain Contributors: USGS

Image:Farallon Plate.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Farallon_Plate.jpg License: Public Domain Contributors: NASA

File:Grand Canyon NP-Arizona-USA.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Grand_Canyon_NP-Arizona-USA.jpg License: Creative Commons Attribution-Share Alike
Contributors: Tobias Alt

Image:Tectonic plate boundaries.png Source: http://en.wikipedia.org/w/index.php?title=File:Tectonic_plate_boundaries.png License: Public Domain Contributors: Jose F. Vigil. USGS
Image:Global plate motion 2008-04-17.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Global_plate_motion_2008-04-17.jpg License: Public Domain Contributors: NASA
Image:Tectonic plates boundaries detailed-en.svg Source: http://en.wikipedia.org/w/index.php?title=File: Tectonic_plates_boundaries_detailed-en.svg License: Creative Commons
Attribution-Sharealike 2.5 Contributors: Eric Gaba (Sting - fr:Sting)

File:Wegener Expedition-1930 008.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Wegener_Expedition-1930_008.jpg License: Public Domain Contributors: Loewe, Fritz; Georgi,
Johannes; Sorge, Ernst; Wegener, Alfred Lothar

File:Quake epicenters 1963-98.png Source: http://en.wikipedia.org/w/index.php?title=File:Quake_epicenters_1963-98.png License: Public Domain Contributors: NASA, DTAM project team
File:Oceanic.Stripe.M: ic.A lies.Scl

Contributors: User:Chmee2

svg Source: http://en.wikipedia.org/w/index.php?title=File:Oceanic.Stripe. Magnetic. Anomalies.Scheme.svg  License: Public Domain

File:Polarityshift.gif Source: http://en.wikipedia.org/w/index.php?title=File:Polarityshift.gif License: Public Domain Contributors: Powerkeys

File:Plate tectonics map.gif Source: http://en.wikipedia.org/w/index.php?title=File:Plate_tectonics_map.gif License: Public Domain Contributors: Chris.urs-o, Geni, Michael Metzger,
Micheletb, Quadell, Santosga, Saperaud, 2 anonymous edits

Image:Geologic Clock with events and periods.svg Source: http://en.wikipedia.org/w/index.php?title=File:Geologic_Clock_with_events_and_periods.svg License: Public Domain
Contributors: Woudloper Derivative work: Hardwigg

Image:Cross-cutting relations.svg Source: http://en.wikipedia.org/w/index.php?title=File:Cross-cutting_relations.svg License: Creative Commons Attribution-ShareAlike 1.0 Generic
Contributors: Woudloper

Image:SEUtahStrat.JPG Source: http://en.wikipedia.org/w/index.php?title=File:SEUtahStrat. JPG License: Creative Commons Attribution-Sharealike 3.0 Contributors: Qf1247 (talk)
(Transferred by Citypeek/Original uploaded by Qf1247)

File:rock cycle.gif Source: http://en.wikipedia.org/w/index.php?title=File:Rock_cycle.gif License: Creative Commons Attribution 3.0 Contributors: Kreislauf_der_gesteine.png: Original
uploader was Chd at de.wikipedia derivative work: Awickert (talk)

File:Active Margin.svg Source: http://en.wikipedia.org/w/index.php?title=File:Active_Margin.svg License: Public domain Contributors: Ciaurlec, Editor at Large, Hotshot977, Jo Weber,
Mapmarks, MushiHoshilshi, Reykholt, O, Buktop B, 2 anonymous edits

Image:Jordens inre-numbers.svg Source: http://en.wikipedia.org/w/index.php?title=File:Jordens_inre-numbers.svg License: GNU Free Documentation License Contributors: Original
Vectorization:

Image:Earthquake wave paths.svg Source: http://en.wikipedia.org/w/index.php?title=File:Earthquake_wave_paths.svg License: Public Domain Contributors: SEWilco
File:Volcanosed.svg Source: http://en.wikipedia.org/w/index.php?title=File:Volcanosed.svg License: Public Domain Contributors: United States Geological Survey derivative work: Hardwigg
File:Fault types.png Source: http://en.wikipedia.org/w/index.php?title=File:Fault_types.png License: unknown Contributors: Jide, Kelson, Koba-chan, MushiHoshilshi, W!B:, Yuval Madar,
Zimbres, 9 anonymous edits

File:Antecline (PSF).png Source: http://en.wikipedia.org/w/index.php?title=File:Antecline_(PSF).png License: unknown Contributors: Bastique, Igno2, PatriciaR, Reykholt, W!B:
File:Kittatinny Mountain Cross Section.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Kittatinny_Mountain_Cross_Section.jpg License: Public Domain Contributors: United
States Geological Survey

File:Washington State Land Forms.tif Source: http://en.wikipedia.org/w/index.php?title=File:Washington_State_Land_Forms.tif License: Creative Commons Attribution 3.0 Contributors:
JGkatzlleffrey G. Katz

Image:Brunton.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Brunton.JPG License: Creative Commons Attribution-Sharealike 3.0 Contributors: Qf1247 (talk) (Transferred by
Citypeek/Original uploaded by Qf1247)




Image Sources, Licenses and Contributors 358

File:USGS 1950s mapping field camp.jpg Source: http://en.wikipedia.org/w/index.php?title=File:USGS_1950s_mapping_field_camp.jpg License: Public Domain Contributors: US
Geological Survey

File:PDA Mapping.jpg Source: http://en.wikipedia.org/w/index.php?title=File:PDA_Mapping.jpg License: Public Domain Contributors: US Geological Survey: Nathan Wood
Image:Leica DMRX.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Leica_ DMRX.jpg License: Public Domain Contributors: United States Geological Survey

File:Orogenic wedge.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Orogenic_wedge.jpg License: Public Domain Contributors: Dwight C. Bradley, Robert D. Tucker, Daniel R.
Lux, Anita G. Harris, and D. Colin McGregor

File:Exploration geologist.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Exploration_geologist.jpg License: Public Domain Contributors: Geoz, Lysippos, Tetris L, 1 anonymous
edits

File:Mars Viking 21i093.png Source: http://en.wikipedia.org/w/index.php?title=File:Mars_Viking_21i093.png License: Public domain Contributors: "Roel van der Hoorn (Van der Hoorn)"

Image:Mudlogging.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Mudlogging JPG License: Creative Commons Attribution-Sharealike 3.0 Contributors: Qf1247 (talk)
(Transferred by Citypeek/Original uploaded by Qf1247)

Image:GCRockfall.JPG Source: http://en.wikipedia.org/w/index.php?title=File:GCRockfall.JPG License: Creative Commons Attribution-Sharealike 3.0 Contributors: Qf1247 (talk)
(Transferred by Citypeek/Original uploaded by Qf1247)

Image:Geological map Britain William Smith 1815.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Geological_map_Britain_William_Smith_1815.jpg License: Public Domain
Contributors: William Smith (1769-1839)

File:Hutton James portrait Raeburn.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Hutton_James_portrait_Raeburn.jpg License: Public Domain Contributors: Sir Henry Raeburn
(1756 - 1823)

File:Geologic Clock with events and periods.svg Source: http://en.wikipedia.org/w/index.php?title=File:Geologic_Clock_with_events_and_periods.svg License: Public Domain Contributors:
Woudloper Derivative work: Hardwigg

File:Protoplanetary-disk.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Protoplanetary-disk.jpg License: Public Domain Contributors: NASA

File:Giantimpact.gif Source: http://en.wikipedia.org/w/index.php?title=File:Giantimpact.gif License: Public Domain Contributors: NASA. Original uploader was Serendipodous at
en.wikipedia

File:North america terrain 2003 map.jpg Source: http://en.wikipedia.org/w/index.php?title=File:North_america_terrain_2003_map.jpg License: Public Domain Contributors: Electionworld,
Saperaud, W!B:

File:Oxygenation-atm.svg Source: http://en.wikipedia.org/w/index.php?title=File:Oxygenation-atm.svg License: Creative Commons Attribution-ShareAlike 3.0 Unported Contributors:
Heinrich D. Holland

File:DNA replication split.svg Source: http://en.wikipedia.org/w/index.php?title=File:DNA_replication_split.svg License: Creative Commons Attribution-ShareAlike 3.0 Unported
Contributors: Madprime

File:Liposome cross section.png Source: http://fen.wikipedia.org/w/index.php?title=File:Liposome_cross_section.png License: Public domain Contributors: Philcha (talk)

File:Lake Thetis-Stromatolites-LaRuth.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Lake_Thetis-Stromatolites-LaRuth.jpg License: Creative Commons Attribution 2.0
Contributors: Ruth Ellison

File:Banded Iron Formation Barberton.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Banded_Iron_Formation_Barberton.jpg License: Creative Commons
Attribution-ShareAlike 1.0 Generic Contributors: Woudloper

File:Plagi ium affine lami llen.jpeg Source: http://en.wikipedia.org/w/index.php?title=File:Plagiomnium_affine_laminazellen.jpeg License: GNU Free Documentation License
Contributors: Kristian Peters -- Fabelfroh

File:Positions of ancient continents, 550 million years ago.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Positions_of_ancient_continents,_550_million_years_ago.jpg License:
Public Domain Contributors: AnonMoos, Chris.urs-o, Electionworld, Glenn, Mikhail Ryazanov, SchuminWeb

File:Spriggina Floundensi 4.png Source: http://en.wikipedia.org/w/index.php?title=File:Spriggina_Floundensi_4.png License: Creative Commons Attribution-ShareAlike 3.0 Unported
Contributors: Kevmin, Merikanto, Thingg, 1 anonymous edits

File:Trilobitegrowth.jpg Source: http://fen.wikipedia.org/w/index.php?title=File:Trilobitegrowth.jpg License: Creative Commons Attribution-Share Alike Contributors: John Alan Elson

File:Pangaea continents.png Source: http://en.wikipedia.org/w/index.php?title=File:Pangaea_continents.png License: GNU Free Documentation License Contributors: AnonMoos,
Duesentrieb, Hakim Djendi, Hok, Justass, RHorning, Smith609, 8 anonymous edits

File:Devonianscene-green.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Devonianscene-green.jpg License: Public Domain Contributors: Devonianscene.jpg: Eduard Riou
(1838-1900) from The World Before the Deluge 1872, United States derivative work: Rursus (talk)

File:Tiktaalik BW.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Tiktaalik_BW.jpg License: Creative Commons Attribution-ShareAlike 3.0 Unported Contributors: Nobu Tamura
(http://spinops.blogspot.com)

File:Europasaurus holgeri Scene 2.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Europasaurus_holgeri_Scene_2.jpg License: Creative Commons Attribution-Sharealike 2.5
Contributors: Gerhard Boeggemann

File:Humanevolutionchart.png Source: http://en.wikipedia.org/w/index.php?title=File:Humanevolutionchart.png License: Creative Commons Attribution 2.5 Contributors: Reed DL, Smith
VS, Hammond SL, Rogers AR, Clayton DH

File:Da Vinci Vitruve Luc Viatour.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Da_Vinci_Vitruve_Luc_Viatour.jpg License: Public Domain Contributors: AguaitantPV, Anaty,
Bouncey2k, Bukk, Cecil, Czarnoglowa, DMGualtieri, DenghitComm, Eusebius, Foundling, Husky, Hystrix, Ineuw, Jeff G., Julia W, Juliancolton, Kintetsubuffalo, Korrigan, Lewenstein, Liftarn,
LoStrangolatore, Lotje, Lotse, Lviatour, Masterdeis, Mattbuck, Mdd, Mindmatrix, Mutter Erde, Pe-Jo, Ras67, Raymond, Sandycx, Savh, Simonizer, Soerfm, Str4nd, Tony Wills, Tirelio, Yarl,
Amnton YepHpiii, 32 anonymous edits

File:Astronaut-EVA.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Astronaut-EVA.jpg License: Public Domain Contributors: NASA

Image:Top of Atmosphere.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Top_of_Atmosphere.jpg License: Public Domain Contributors: NASA Earth Observatory
File:Atmosphere gas proportions.svg Source: http://en.wikipedia.org/w/index.php?title=File: Atmosphere_gas_proportions.svg License: Public Domain Contributors: Mysid
File:Atmospheric Water Vapor Mean.2005.030.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Atmospheric_Water_Vapor_Mean.2005.030.jpg License: Public Domain
Contributors: NASA MODIS personnel

File:Earth's atmosphere.svg Source: http://en.wikipedia.org/w/index.php?title=File:Earth's_atmosphere.svg License: Creative Commons Attribution-Sharealike 3.0 Contributors:
User:Kelvinsong

File:Endeavour silhouette STS-130.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Endeavour_silhouette_STS-130.jpg License: Public Domain Contributors: NASA/Crew of
Expedition 22

File:Comparison_US_standard_atmosphere_1962.svg Source: http://en.wikipedia.org/w/index.php?title=File:Comparison_US_standard_atmosphere_1962.svg License: Creative Commons
Attribution-Sharealike 3.0 Contributors: Cmglee

File:Atmospheric Temperature Trend.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Atmospheric_Temperature_Trend.jpg License: Public Domain Contributors: NASA image
created by Jesse Allen, using data provided courtesy of Remote Sensing Systems. Caption information courtesy Carl Mears, Remote Sensing Systems, and Paul Newman and Joel Susskind NASA
Goddard Space Flight Center.

File:Atmosphere model.png Source: http://en.wikipedia.org/w/index.php?title=File: Atmosphere_model.png License: GNU Free Documentation License Contributors: Angeloleithold,
Conscious

File:At heric electr ic opacity.svg Source: http://en.wikipedia.org/w/index.php?title=File: Atmospheric_electromagnetic_opacity.svg License: Public Domain Contributors: NASA
(original); SVG by Mysid.

File:AtmosphCirc2.png Source: http://en.wikipedia.org/w/index.php?title=File: AtmosphCirc2.png License: GNU Free Documentation License Contributors: DWindrim

File:Sauerstoffgehalt-1000mj2.png Source: http://en.wikipedia.org/w/index.php?title=File:Sauerstoffgehalt-1000m;j2.png License: Public Domain Contributors: Sauerstoffgehalt-1000mj.svg:
LordToran derivative work: WolfmanSF (talk)

File:Watching the Earth Breathe.ogv Source: http://en.wikipedia.org/w/index.php?title=File:Watching_the_Earth_Breathe.ogv License: Public Domain Contributors: NASA/Goddard Space
Flight Center

File:ISS003-ESC-6152.jpg Source: http://en.wikipedia.org/w/index.php?title=File:ISS003-ESC-6152.jpg License: Public Domain Contributors: Dankarl, Marshallsumter, Ruslik0, Tsui




Image Sources, Licenses and Contributors 359

Image:Sunset from the ISS.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Sunset_from_the_ISS.JPG License: Public Domain Contributors: 1SS Expedition 23 crew

Image:Moon Limb & Troposphere.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Moon_Limb_&_Troposphere.JPG License: Public Domain Contributors: 1SS Expedition 28
crew

File:Earth Eclipses Sun-ap12-s80-37406.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Earth_Eclipses_Sun-ap12-s80-37406.jpg License: Public Domain Contributors:
Tdadamemd

File:ClimateMap World.png Source: http://en.wikipedia.org/w/index.php?title=File:ClimateMap_World.png License: GNU Free Documentation License Contributors: Original uploader was
Waitak at en.wikipedia Later version(s) were uploaded by Splette at en.wikipedia.

File:Cumulus clouds in fair weather.jpeg Source: http://en.wikipedia.org/w/index.php?title=File:Cumulus_clouds_in_fair_weather.jpeg License: Creative Commons Attribution-Sharealike 2.0
Contributors: Conscious, Pierre cb, Twinsday, Yarnalgo, Evar Arnfjord Bjarmason, 2 anonymous edits

File:MonthlyMeanT.gif Source: http://en.wikipedia.org/w/index.php?title=File:MonthlyMeanT.gif License: Creative Commons Attribution-Sharealike 3.0 Contributors: PZmaps

File:BlueMarble monthlies animation.gif Source: http://en.wikipedia.org/w/index.php?title=File:BlueMarble_monthlies_animation.gif License: Public Domain Contributors: NASA images
by Reto Stockli

File:Koppen World Map Dfa Dwa Dsa Dfb Dwb Dsb.png Source: http://en.wikipedia.org/w/index.php?title=File:Koppen_World_Map_Dfa_Dwa_Dsa_Dfb_Dwb_Dsb.png License: Creative
Commons Attribution-Sharealike 3.0 Contributors: Koppen_World_Map_Hi-Res.png: Peel, M. C., Finlayson, B. L., and McMahon, T. A.(University of Melbourne) derivative work: Me ne frego
(talk)

File:800px-Map-Tundra.png Source: http://en.wikipedia.org/w/index.php?title=File:800px-Map-Tundra.png License: Free Art License Contributors: Aiyizo, Bukk, Foobaz, Igna, Katpatuka,
MPF, One half 3544, 2 anonymous edits

File:MeanMonthlyP.gif Source: http://en.wikipedia.org/w/index.php?title=File:MeanMonthlyP.gif License: Creative Commons Attribution-Sharealike 3.0 Contributors: PZmaps

File:Instrumental Temperature Record (NASA).svg Source: http://en.wikipedia.org/w/index.php?title=File:Instrumental_Temperature_Record_(NASA).svg License: Creative Commons
Attribution-ShareAlike 3.0 Unported Contributors: Instrumental_Temperature_Record.png: NASA derivative work: Autopilot (talk)

File:Vostok Petit data.svg Source: http://en.wikipedia.org/w/index.php?title=File:Vostok_Petit_data.svg License: Creative Commons Attribution-ShareAlike 3.0 Unported Contributors:
Vostok-ice-core-petit.png: NOAA derivative work: Autopilot (talk)

Image:Thunder lightning Garajau Madeira 289985700.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Thunder_lightning_Garajau_Madeira_289985700.jpg License: Creative
Commons Attribution 2.0 Contributors: Don Amaro from Madeira Islands, Portugal, upload by Herrick 17:17, 4 December 2007 (UTC)

Image:Stormclouds.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Stormclouds.jpg License: Creative Commons Attribution 3.0 Contributors: Original uploader was Lipton sale at
en.wikipedia

Image:Navy-FloodedNewOrleans.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Navy-FloodedNewOrleans.jpg License: Public Domain Contributors: Ardfern, Infrogmation,
RadicalBender, Turelio, 1 anonymous edits

Image:DaySpressureforecast.gif Source: http://en.wikipedia.org/w/index.php?title=File:DayS5pressureforecast.gif License: Public Domain Contributors: Hydrometeorological Prediction
Center. Original uploader was Thegreatdr at en.wikipedia

Image:Bratislava sun.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Bratislava_sun.jpg License: Creative Commons Attribution-Sharealike 3.0 Contributors: Original uploader
was Schcambo at en.wikipedia

Image:Bratislava snowy.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Bratislava_snowy.jpg License: Creative Commons Attribution-Sharealike 3.0 Contributors: User:CTC
Image:Great Red Spot From Voyager 1.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Great_Red_Spot_From_Voyager_1.jpg License: Public Domain Contributors: NASA
Image:Polarlicht.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Polarlicht.jpg License: Public Domain Contributors: United States Air Force photo by Senior Airman Joshua
Strang

file:Ruwenpflanzen.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Ruwenpflanzen.jpg License: Creative Commons Attribution-Sharealike 2.5 Contributors: Manuel Werner
File:Red Pencil Icon.png Source: http://en.wikipedia.org/w/index.php?title=File:Red_Pencil_Icon.png License: Creative Commons Zero Contributors: User:Peter coxhead

file:Hoh rain forest trees.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Hoh_rain_forest_trees.jpg License: Creative Commons Attribution-ShareAlike 3.0 Unported Contributors:
Goldom

file:Herds Maasi Mara (cropped and straightened).jpg Source: http://en.wikipedia.org/w/index.php?title=File:Herds_Maasi_Mara_(cropped_and_straightened).jpg License: Creative
Commons Attribution-Sharealike 2.5 Contributors: CharlesC

file:Grand prismatic spring.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Grand_prismatic_spring.jpg License: Public Domain Contributors: Jim Peaco, National Park Service

File:Icosahedral Adenoviruses.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Icosahedral_Adenoviruses.jpg License: Creative Commons Attribution-Sharealike 3.0 Contributors:
Graham Colm Talk Original uploader was GrahamColm at en.wikipedia

File:20100422 235222 Cyanobacteria.jpg Source: http://en.wikipedia.org/w/index.php?title=File:20100422_235222_Cyanobacteria.jpg License: Creative Commons Attribution-Sharealike 3.0
Contributors: Bob Blaylock (talk). Original uploader was Bob Blaylock at en.wikipedia

File:Deinococcus radiodurans.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Deinococcus_radiodurans.jpg License: Public Domain Contributors: Credit: TEM of D. radiodurans
acquired in the laboratory of Michael Daly, Uniformed Services University, Bethesda, MD, USA. http://www.usuhs.mil/pat/deinococcus/index_20.htm
File:Biological_classification_L_Pengo_vflip.svg Source: http://en.wikipedia.org/w/index.php?title=File:Biological_classification_L_Pengo_vflip.svg License: unknown Contributors:
Adrignola, ArnoLagrange, Nisetpdajsankha, Pavel55, Pengo, 2 anonymous edits

File:Panspermie.svg Source: http://en.wikipedia.org/w/index.php?title=File:Panspermie.svg License: Creative Commons Attribution-Sharealike 3.0,2.5,2.0,1.0 Contributors: Silver Spoon
Sokpop

File:Male Lion and Cub Chitwa South Africa Luca Galuzzi 2004.JPG Source:
http://en.wikipedia.org/w/index.php?title=File:Male_Lion_and_Cub_Chitwa_South_Africa_Luca_Galuzzi_2004.JPG License: Creative Commons Attribution-Sharealike 2.5 Contributors: Luca
Galuzzi (Lucag)

File:Seawifs global biosphere.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Seawifs_global_biosphere.jpg License: unknown Contributors: Julia W, Luis Ferndndez Garcia,
Tano4595, TheDJ, Turelio, Yikrazuul, 1 anonymous edits

Image:90 mile beach.jpg Source: http://en.wikipedia.org/w/index.php?title=File:90_mile_beach.jpg License: unknown Contributors: 2000, ComputerHotline, Fir0002, MartinHansV, Pierre cb,
Saperaud, Shiftchange, Thuresson

File:CollapsedtreeLabels-simplified.svg Source: http://en.wikipedia.org/w/index.php?title=File:CollapsedtreeLabels-simplified.svg License: Public Domain Contributors: Original uploader
was User:TimVickers, SVG conversion by User:User_A1. Original uploader was User A1 at en.wikipedia

File:Tree of life.svg Source: http://en.wikipedia.org/w/index.php?title=File: Tree_of_life.svg License: GNU Free Documentation License Contributors: User:Samsara
File:Folder Hexagonal Icon.svg Source: http://en.wikipedia.org/w/index.php?title=File:Folder_Hexagonal_Icon.svg License: GNU Free Documentation License Contributors: Anomie, Mifter

File:Symbol book class2.svg Source: http://en.wikipedia.org/w/index.php?title=File:Symbol_book_class2.svg License: Creative Commons Attribution-Sharealike 2.5 Contributors:
Lokal_Profil

File:Charles Darwin aged 51.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Charles_Darwin_aged_51.jpg License: Public Domain Contributors: DLSMDA, Diwas, FSII,
Fastfission, Infrogmation, Jack1956, Kurpfalzbilder.de, Ragesoss, Ryz, Sandpiper, Shakko, Wolfmann, 10 anonymous edits

File:ADN static.png Source: http://en.wikipedia.org/w/index.php?title=File: ADN_static.png License: Public Domain Contributors: Brian0918

file:Biston.betularia.7200.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Biston.betularia.7200.jpg License: Creative Commons Attribution-ShareAlike 3.0 Unported Contributors:
Kilom691, Olei

file:Biston.betularia.f.carbonaria.7209.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Biston.betularia.f.carbonaria.7209.jpg License: Creative Commons Attribution-ShareAlike
3.0 Unported Contributors: Kilom691, Olei

File:Gene-duplication.svg Source: http://en.wikipedia.org/w/index.php?title=File:Gene-duplication.svg License: Public Domain Contributors: K. Aainsqatsi

File:Mutation and selection diagram.svg Source: http://en.wikipedia.org/w/index.php?title=File:Mutation_and_selection_diagram.svg License: GNU Free Documentation License
Contributors: Elembis

File:Selection Types Chart.png Source: http://en.wikipedia.org/w/index.php?title=File:Selection_Types_Chart.png License: Creative Commons Attribution-Sharealike 3.0 Contributors:
Azcolvind29




Image Sources, Licenses and Contributors 360

File:Allele-frequency.png Source: http://en.wikipedia.org/w/index.php?title=File:Allele-frequency.png License: GNU Free Documentation License Contributors: Original uploader was Esurnir
at en.wikipedia

File:Homology vertebrates.svg Source: http://en.wikipedia.org/w/index.php?title=File:Homology_vertebrates.svg License: Creative Commons Zero Contributors: Bonkos Bnagucnas
TlerpoBuy

File:Whale skeleton.png Source: http://en.wikipedia.org/w/index.php?title=File:Whale_skeleton.png License: Public Domain Contributors: Meyers Konversionlexikon

File:Thamnophis sirtalis sirtalis Wooster.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Thamnophis_sirtalis_sirtalis_Wooster.jpg License: Public Domain Contributors:
Wilson44691

File:Speciation modes edit.svg Source: http://en.wikipedia.org/w/index.php?title=File:Speciation_modes_edit.svg License: Public Domain Contributors: User:Ilmari Karonen
File:Darwin's finches.jpeg Source: http://en.wikipedia.org/w/index.php?title=File:Darwin's_finches.jpeg License: Public Domain Contributors: John Gould (14.Sep.1804 - 3.Feb.1881)

File:Palais de la Decouverte Tyrannosaurus rex p1050042.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Palais_de_la_Decouverte_Tyrannosaurus_rex_p1050042.jpg License:
Creative Commons Attribution-ShareAlike 3.0 Unported Contributors: User:David.Monniaux

File:Ape skeletons.png Source: http://en.wikipedia.org/w/index.php?title=File: Ape_skeletons.png License: Public Domain Contributors: Original uploader was TimVickers at en.wikipedia

Image:Collapsed_tree_labels_simplified.png Source: http://en.wikipedia.org/w/index.php?title=File:Collapsed_tree_labels_simplified.png License: Public Domain Contributors: Original
uploader was TimVickers at en.wikipedia

File:Editorial cartoon depicting Charles Darwin as an ape (1871).jpg Source:
http://en.wikipedia.org/w/index.phptitle=File:Editorial_cartoon_depicting_Charles_Darwin_as_an_ape_(1871).jpg License: Public Domain Contributors: Unknown, The Hornet is no longer in
publication and it is very likely for a 20-year-old artist in 1871 to have died before 1939

File:E coli at 10000x, original.jpg Source: http://en.wikipedia.org/w/index.php?title=File:E_coli_at_10000x,_original.jpg License: Public Domain Contributors: Photo by Eric Erbe, digital
colorization by Christopher Pooley, both of USDA, ARS, EMU.

File:Antoni van Leeuwenhoek.png Source: http://en.wikipedia.org/w/index.php?title=File: Antoni_van_Leeuwenhoek.png License: Public Domain Contributors: J. Verkolje
File:Spallanzani.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Spallanzani.jpg License: Public Domain Contributors: G.dallorto, Mahlum, Materialscientist, 1 anonymous edits

File:SIL14-P002-03a.jpg Source: http://en.wikipedia.org/w/index.php?title=File:SIL14-P002-03a.jpg License: Public Domain Contributors: Print Attributed to Heliogre Dujardin, Original
Artist: Albert Edelfelt, 1854-1905

File:Robert Koch.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Robert_Koch.jpg License: Public Domain Contributors: Kelson, Martin H.

File:Tree of life int.svg Source: http://en.wikipedia.org/w/index.php?title=File: Tree_of_life_int.svg License: Creative Commons Attribution-Sharealike 3.0,2.5,2.0,1.0 Contributors: myself,
based on TimVickers's work.

File:Staphylococcus aureus 01.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Staphylococcus_aureus_01.jpg License: Public Domain Contributors: Photo Credit: Janice Carr
Content Providers(s): CDC/ Matthew J. Arduino, DRPH; Janice Carr

file:Diversity of plants image version 5.png Source: http://en.wikipedia.org/w/index.php?title=File:Diversity_of_plants_image_version_5.png License: Creative Commons Attribution-Share
Alike Contributors: Rkitko

File:Haeckel Siphoneae.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Haeckel_Siphoneae.jpg License: Public Domain Contributors: CommonsDelinker, Dysmorodrepanis,
Homonihilis, Ragesoss, Thiotrix, Vonvon, 2 anonymous edits

File:Ferns02.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Ferns02.jpg License: unknown Contributors: Amada44, Bdk, Fir0002

File:Petrified forest log 1 md.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Petrified_forest_log_1_md.jpg License: Creative Commons Attribution-Sharealike 2.5 Contributors:
User:Moondigger

File:Leaf 1 web.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Leaf_1_web.jpg License: Public Domain Contributors: Jon Sullivan

File:Eenbruinigherfstblad.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Eenbruinigherfstblad.jpg License: Public Domain Contributors: Ischal

File:Dead plant in pots.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Dead_plant_in_pots.jpg License: Creative Commons Attribution-Sharealike 2.0 Contributors: vetcw3
File:Plant cell structure svg.svg Source: http://en.wikipedia.org/w/index.php?title=File:Plant_cell_structure_svg.svg License: Public Domain Contributors: LadyofHats (Mariana Ruiz)

File:VFT nel.JPG Source: http://en.wikipedia.org/w/index.php?title=File:VFT_nel.JPG License: Creative Commons Attribution-Sharealike 2.5 Contributors: Aroche, BRUTE,
ComputerHotline, Denis Barthel, Hystrix, NoahElhardt, Pirttroy, Thiotrix, 3 anonymous edits

File:Potato plant.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Potato_plant.jpg License: Public Domain Contributors: Scott Bauer

File:Timber DonnellyMills2005 SeanMcClean.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Timber_DonnellyMills2005_SeanMcClean.jpg License: GNU Free Documentation
License Contributors: Original uploader was SeanMack at en.wikipedia

File:Taxus wood.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Taxus_wood.jpg License: GNU Free Documentation License Contributors: MPF

file:Animal diversity.png Source: http://en.wikipedia.org/w/index.php?title=File:Animal_diversity.png License: Creative Commons Attribution 2.0 Contributors: creator of composite,
User:Medeis; original authors, as credited individually above:User:Bkmiles, User:Panda3, Hans Hillewaert (Lycaon), User:Anilocra, Rob Hanson from Welland, Ontario, Canada, User:Nhobgood
Nick Hobgood, Richard Ling, A. Slotwinski as credited by uploader user:Australianplankton, User:Lviatour, User:Kevincollins123, S. Taheri, edited by Fir0002, User:Opoterser, DBCLS,
TheAlphaWolf, Philippe Guillaume

File:Mitosis-fluorescent.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Mitosis-fluorescent.jpg License: Public domain Contributors: Deadstar, Glenn, Hikke, Tori951, Kam
Solusar, Liné1, Monkeybait, Mortadelo2005, Opabinia regalis, Pieter Kuiper, Sanbec, Steveprutz, Tirelio, 10 anonymous edits

File:Dunkleosteus BW.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Dunkleosteus_BW.jpg License: Creative Commons Attribution 3.0 Contributors: Nobu Tamura
(http://spinops.blogspot.com)

File:AnimalsRelativeNumbers.png Source: http://en.wikipedia.org/w/index.php?title=File: AnimalsRelativeNumbers.png License: Public Domain Contributors: Nick Beeson (Nwbeeson at
en.wikipedia)

File:Elephant-ear-sponge.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Elephant-ear-sponge.jpg License: Public Domain Contributors: Elapied, Liné1, Maksim
File:Superbfairywrenscropped.jpeg Source: http://en.wikipedia.org/w/index.php?title=File:Superbfairywrenscropped.jpeg License: unknown Contributors: Benjamint444, CommonsDelinker,
Pengo, Smihael, Tony Wills, Wst, 1 anonymous edits

File:Sympetrum flaveolum - side (aka).jpg Source: http://en.wikipedia.org/w/index.php?title=File:Sympetrum_flaveolum_-.
2.5 Contributors: André Karwath aka Aka

ide_(aka).jpg License: Creative Commons Attribution-Sharealike

File:Bedford's Flatworm.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Bedford's_Flatworm.jpg License: Public Domain Contributors: Jan Derk
File:Grapevinesnail 01.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Grapevinesnail_01.jpg License: GNU Free Documentation License Contributors: Jiirgen Schoner

File:Carolus Linnaeus (cleaned up version).jpg Source: http://en.wikipedia.org/w/index.php?title=File:Carolus_Linnaeus_(cleaned_up_version).jpg License: Public Domain Contributors:
Original painting by Alexander Roslin. Digitally improved by Greg L.

file:Wikispecies-logo.svg Source: http://en.wikipedia.org/w/index.php?title=File:Wikispecies-logo.svg License: logo Contributors: (of code) cs:User:-xfi-
File:Hawk eating prey.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Hawk_eating_prey.jpg License: Creative Commons Attribution 2.0 Contributors: Steve Jurvetson

File:European honey bee extracts nectar.jpg Source: http://en.wikipedia.org/w/index.php?title=File:European_honey_bee_extracts_nectar.jpg License: Public domain Contributors: John
Severns = Severnjc

File:Bufo boreas.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Bufo_boreas.jpg License: Creative Commons Attribution 3.0 Contributors: Thompsma

File:Blue Linckia Starfish.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Blue_Linckia_Starfish.JPG License: Creative Commons Attribution-Sharealike 2.5 Contributors:
Richard Ling

File:Seral stages 4.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Seral_stages_4.JPG License: Public Domain Contributors: M gerzon
File:Termite mound-Tanzania.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Termite_mound-Tanzania.jpg License: Public domain Contributors: Vierka Mardkov4, Slovakia

File:Male Lion and Cub Chitwa South Africa Luca Galuzzi 2004 editl.jpg Source:
http://en.wikipedia.org/w/index.php?title=File:Male_Lion_and_Cub_Chitwa_South_Africa_Luca_Galuzzi_2004_editl.jpg License: Creative Commons Attribution-Sharealike 2.5 Contributors:
Luca Galuzzi (Lucag) Edited (noise reduction) by: Arad

Image:Ecoecolfigurel.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Ecoecolfigurel.jpg License: Public Domain Contributors: Ncycling




Image Sources, Licenses and Contributors 361

File:Chesapeake Waterbird Food Web.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Chesapeake_Waterbird_Food_Web.jpg License: Public Domain Contributors: Matthew C.
Perry

File:TrophicWeb.jpg Source: http://en.wikipedia.org/w/index.php?title=File: TrophicWeb.jpg License: Creative Commons Attribution 3.0 Contributors: Thompsma

File:Sea otters holding hands, cropped.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Sea_otters_holding_hands,_cropped.jpg License: Creative Commons Attribution 2.0
Contributors: User:Penyulap

File:Chameleon spectra.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Chameleon_spectra.jpg License: Creative Commons Attribution 2.5 Contributors: Stuart-Fox D, Moussalli
A

File:Common jassid nymphs and ants02.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Common_jassid_nymphs_and_ants02.jpg License: unknown Contributors: Fir0002,
Ranveig, 1 anonymous edits

Image:Bombus 6867.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Bombus_6867.JPG License: GNU Free Documentation License Contributors: ComputerHotline, Josette

File:Parasitismus.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Parasitismus.jpg License: GNU Free Documentation License Contributors: NeverDoING, Pudding4brains,
Saperaud, Sarefo, Soebe, Tickle me, Wlodzimierz, 1 anonymous edits

File:Grassflowers.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Grassflowers.jpg License: Public Domain Contributors: Nomarcland

file:Mosaic fire burn.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Mosaic_fire_burn.jpg License: Public Domain Contributors: Ies, MONGO, Ma-Lik, Thompsma, 1 anonymous
edits

file:Lodgepole pine cone after fire.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Lodgepole_pine_cone_after_fire.jpg License: Public Domain Contributors: MONGO, MPF,
Sct72, Thompsma

File:Nicola Perscheid - Ernst Haeckel.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Nicola_Perscheid_-_Ernst_Haeckel.jpg License: Public Domain Contributors: Paulac
File:Warming,Eugen-c1900.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Warming,Eugen-c1900.jpg License: anonymous-EU Contributors: Nillerdk

File:Darwin EcoExperiment.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Darwin_EcoExperiment.JPG License: Public Domain Contributors: G. Sinclair

Image:Blue Linckia Starfish.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Blue_Linckia_Starfish.JPG License: Creative Commons Attribution-Sharealike 2.5 Contributors:
Richard Ling

Image:River bia Niokolokoba National Park.gif Source: http://en.wikipedia.org/w/index.php?title=File:River_gambia_Niokolokoba_National_Park.gif License: Public Domain
Contributors: United States government

File:EnergyFlowFrog.jpg Source: http://en.wikipedia.org/w/index.php?title=File:EnergyFlowFrog.jpg License: Creative Commons Attribution-Sharealike 3.0 Contributors: User:Thompsma
File:EnergyFlowTransformity.jpg Source: http://en.wikipedia.org/w/index.php?title=File:EnergyFlowTransformity.jpg License: Creative Commons Attribution-Sharealike 3.0 Contributors:
User:Thompsma

File:Nitrogen Cycle.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Nitrogen_Cycle.jpg License: Public Domain Contributors: Environmental Protection Agency

Image:Spiny Forest Ifaty Madagascar.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Spiny_Forest_Ifaty_Madagascar.jpg License: GNU Free Documentation License
Contributors: JialiangGao www.peace-on-earth.org

File:HohRiverTrail 7322.jpg Source: http://en.wikipedia.org/w/index.php?title=File:HohRiverTrail_7322.jpg License: Creative Commons Attribution-ShareAlike 3.0 Unported Contributors:
Wsiegmund

Image:Avalanche Lake, looking south.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Avalanche_Lake,_looking_south.jpg License: Creative Commons Attribution-Sharealike 3.0
Contributors: Mwanner

File:East Scotia Ridge - Plos Biol 04.tif Source: http://en.wikipedia.org/w/index.php?title=File:East_Scotia_Ridge_-_Plos_Biol_04.tif License: Creative Commons Attribution 2.5
Contributors: Daniel Mietchen, InverseHypercube, Jean-Frédéric, Zolo

Image:Baja California Desert.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Baja_California_Desert.jpg License: Creative Commons Attribution-Sharealike 2.5 Contributors:
Tomas Castelazo

File:Panorama presa las nifias mogan gran canaria.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Panorama_presa_las_nifias_mogan_gran_canaria.jpg License: GNU Free
Documentation License Contributors: Original uploader was Eckhard Jakob at de.wikipedia

File:Forrester Island Wilderness.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Forrester_Island_Wilderness.jpg License: Public Domain Contributors: USFWS

File:Poland - Perkuc Natural Reserve.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Poland_-_Perkuc_Natural_Reserve.JPG License: Creative Commons Attribution-ShareAlike
3.0 Unported Contributors: Merlin, Meteor2017, Panek, Witia, 2 anonymous edits

File:Innoko Wilderness.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Innoko_Wilderness.jpg License: Public Domain Contributors: Danielle Jerry, USFWS
File:El Toro Wilderness.jpg Source: http://en.wikipedia.org/w/index.php?title=File:El_Toro_Wilderness.jpg License: Public Domain Contributors: USFS
File:Cook Lake Bridger Wilderness.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Cook_Lake_Bridger_Wilderness.jpg License: Public Domain Contributors: H-stt, MONGO

File:Image-Great Swamp National Wildlife Refuge New Jersey03.jpg Source:
http://en.wikipedia.org/w/index.php?title=File:Image-Great_Swamp_National_Wildlife_Refuge_New_Jersey03.jpg License: Creative Commons Attribution 3.0 Contributors: Jesper Rautell
Balle

File:Latir Peak Wilderness.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Latir_Peak_Wilderness.jpg License: Creative Commons Attribution 2.0 Contributors: David Herrera
File:Monument Valley 2.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Monument_Valley_2.jpg License: Creative Commons Attribution 2.0 Contributors: Huebi

File:Togiak Wilderness.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Togiak_Wilderness.jpg License: Public Domain Contributors: Steve Hillebrand, USFWS

File:Cedar Mtn Wilderness.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Cedar_Mtn_Wilderness.jpg License: Public Domain Contributors: BLM

File:Spiny Forest Ifaty Madagascar.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Spiny_Forest_Ifaty_Madagascar.jpg License: GNU Free Documentation License Contributors:
JialiangGao www.peace-on-earth.org

File:Sahara satellite hires.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Sahara_satellite_hires.jpg License: Public Domain Contributors: NASA

File:Jordens inre-numbers.svg Source: http://en.wikipedia.org/w/index.php?title=File:Jordens_inre-numbers.svg License: GNU Free Documentation License Contributors: Original
Vectorization:

File:ColumbiarivergorgeJRH.jpg Source: http://en.wikipedia.org/w/index.php?title=File:ColumbiarivergorgeJRH.jpg License: GNU Free Documentation License Contributors: Original
uploader was Cacophony at en.wikipedia

File:LAGO LACAR.JPG Source: http://en.wikipedia.org/w/index.php?title=File: LAGO_LACAR.JPG License: Public Domain Contributors: Albasmalko, Arcibel, E rulez, Mircea

File:Everglades Park swamp.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Everglades_Park_swamp.JPG License: Creative Commons Attribution-Sharealike 3.0,2.5,2.0,1.0
Contributors: Hein Miick

File:Troposphere CIMG1853.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Troposphere_CIMG1853.JPG License: GNU Free Documentation License Contributors:
User:Nick81laku

File:Gletscherschmelze.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Gletscherschmelze.jpg License: GNU Free Documentation License Contributors: Daniel Mietchen,
Saperaud, W!B:, ZorkNika, 1 anonymous edits

File:Aletschgletsjer Zwitserland.JPG Source: http://en.wikipedia.org/w/index.php?title=File: Aletschgletsjer_Zwitserland JPG License: Creative Commons Attribution-Sharealike 2.5
Contributors: Docu, Onderwijsgek, Roland zh

File:Rainbow over Bristol.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Rainbow_over_Bristol.jpg License: GNU Free Documentation License Contributors: Klafubra

File:River gambia Niokolokoba National Park.gif Source: http://en.wikipedia.org/w/index.php?title=File:River_gambia_Niokolokoba_National_Park.gif License: Public Domain
Contributors: United States government

File:Creek and old-growth forest-Larch Mountain.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Creek_and_old-growth_forest-Larch_Mountain.jpg License: Public Domain
Contributors: CarolSpears

File:Vegetation-no-legend.PNG Source: http://en.wikipedia.org/w/index.php?title=File:Vegetation-no-legend.PNG License: Creative Commons Attribution-ShareAlike 3.0 Unported
Contributors: Sten Porse

Image:Nitrogen_Cycle.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Nitrogen_Cycle.jpg License: Public Domain Contributors: Environmental Protection Agency




Image Sources, Licenses and Contributors 362

Image:Water cycle.png Source: http://en.wikipedia.org/w/index.php?title=File:Water_cycle.png License: Public Domain Contributors: USGS

Image:Carbon cycle-cute diagram.svg Source: http://en.wikipedia.org/w/index.php?title=File:Carbon_cycle-cute_diagram.svg License: Public Domain Contributors:
Carbon_cycle-cute_diagram.jpeg: User Kevin Saff on en.wikipedia Derivative work: FischX

Image:Oxygen Cycle.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Oxygen_Cycle.jpg License: GNU Free Documentation License Contributors: CbuschO1
Image:phoscycle-EPA.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Phoscycle-EPA.jpg License: Public Domain Contributors: Monkeybait, Vsmith, 3 anonymous edits

File:Swiss National Park 131.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Swiss_National_Park_131.JPG License: Creative Commons Attribution-Sharealike 3.0 Contributors:
Hansueli Krapf

File:Air .pollution 1.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Air_.pollution_1.jpg License: Public Domain Contributors: High Contrast, Quadell, SCEhardt, Trilliumz

File:Amazon Rainforest-bird site.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Amazon_Rainforest-bird_site.jpg License: Creative Commons Attribution-Sharealike 2.5
Contributors: Original uploader was Y217 12 at he.wikipedia

File:Quartz oisan.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Quartz_oisan.jpg License: Creative Commons Attribution-Sharealike 3.0,2.5,2.0,1.0 Contributors: Didier
Descouens

File:Drop closeup.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Drop_closeup.jpg License: Creative Commons Attribution 2.0 Contributors: Fabrice Ferrer, FlickreviewR,
Lymantria, Materialscientist

File:NO2-N204.jpg Source: http://en.wikipedia.org/w/index.php?title=File:NO2-N204.jpg License: Public domain Contributors: en:User:Greenhornl

File:Plasma-lamp 2.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Plasma-lamp_2.jpg License: Creative Commons Attribution-ShareAlike 3.0 Unported Contributors: Luc Viatour

File:DNA chemical structure.svg Source: http://en.wikipedia.org/w/index.php?title=File:DNA_chemical_structure.svg License: Creative Commons Attribution-ShareAlike 3.0 Unported
Contributors: User:Madprime

File:Standard Model of Elementary Particles.svg Source: http://en.wikipedia.org/w/index.php?title=File:Standard_Model_of_Elementary_Particles.svg License: Creative Commons
Attribution 3.0 Contributors: MissMJ

File:Quark structure proton.svg Source: http://en.wikipedia.org/w/index.php?title=File:Quark_structure_proton.svg License: Creative Commons Attribution-Sharealike 2.5 Contributors:
Made by Arpad Horvath

File:Size IK Peg.svg Source: http://en.wikipedia.org/w/index.php?title=File:Size_IK_Peg.svg License: Creative Commons Attribution-ShareAlike 3.0 Unported Contributors: RIHall, chris &
(vector)

File:Phase diagram for pure substance.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Phase_diagram_for_pure_substance.JPG License: Creative Commons
Attribution-Sharealike 3.0 Contributors: Brews ohare

File:Matter Distribution.JPG Source: http://en.wikipedia.org/w/index.php?title=File:Matter_Distribution.JPG License: Creative Commons Attribution-Sharealike 3.0 Contributors: Brews
ohare

File:Rotation curve (Milky Way).JPG Source: http://en.wikipedia.org/w/index.php?title=File:Rotation_curve_(Milky_Way).JPG License: Creative Commons Attribution-Sharealike 3.0
Contributors: Brews ohare

File:Lightning over Oradea Romania zoom.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Lightning_over_Oradea_Romania_zoom.jpg License: Public Domain Contributors:
Mircea Madau (crop and edit by Lucas)

Image:Hot metalwork.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Hot_metalwork.jpg License: unknown Contributors: Contributor, Fir0002, Jahobr, RaySys, Wst, 1
anonymous edits

File:Thomas Young (scientist).jpg Source: http://en.wikipedia.org/w/index.php?title=File:Thomas_Young_(scientist).jpg License: Public Domain Contributors: Henry Adlard, after Sir
Thomas Lawrence (1769—1830)

File:Energy and life.svg Source: http://en.wikipedia.org/w/index.php?title=File:Energy_and_life.svg License: Public Domain Contributors: Mikael Higgstrom

Image:X-ray microcalorimeter diagram.jpg Source: http://en.wikipedia.org/w/index.php?title=File:X-ray_microcalorimeter_diagram.jpg License: Public Domain Contributors: Duesentrieb,
Karelj, Keenan Pepper, Quadell

File:1000px-Atmosphere layers-en.PNG Source: http://en.wikipedia.org/w/index.php?title=File:1000px-Atmosphere_layers-en.PNG License: Public Domain Contributors: Kelvin Case

File:Magedurger Halbkugeln Luftpumpe Deutsches Museum.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Magedurger_Halbkugeln_Luftpumpe_Deutsches_Museum.jpg
License: Creative Commons Attribution-Sharealike 3.0 Contributors: LepoRello

File:Hubble Ultra Deep Field part d.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Hubble_Ultra_Deep_Field_part_d.jpg License: Public Domain Contributors: NASA, ESA, S.
Beckwith (STScI) and the HUDF Team

File:Spaceship One in flight 1.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Spaceship_One_in_flight_1.jpg License: Creative Commons Attribution-Sharealike 1.0 Contributors:
Chris 73, Dbenbenn, Denniss, Medium69, 1 anonymous edits

File:SM-3 launch to destroy the NRO-L 21 satellite.jpg Source: http://en.wikipedia.org/w/index.php?title=File:SM-3_launch_to_destroy_the_NRO-L_21_satellite.jpg License: Public Domain
Contributors: Badzil, Sarcastic ShockwaveLover, Uwe W.

File:Aurora-SpaceShuttle-EO.jpg Source: http://en.wikipedia.org/w/index.php?title=File: Aurora-SpaceShuttle-EO.jpg License: Public Domain Contributors: NASA (Crew of
STS-39)(Original uploader was Seth Ilys at en.wikipedia)

File:Comet Hale Bopp NASA.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Comet_Hale_Bopp_NASA.jpg License: Public Domain Contributors: Original uploader was Theresa
knott at en.wikibooks

File:52706main hstorion Ig.jpg Source: http://en.wikipedia.org/w/index.php?title=File:52706main_hstorion_lg.jpg License: Public domain Contributors: NASA

File:LH 95.jpg Source: http://en.wikipedia.org/w/index.php?title=File:LH_95.jpg License: Public domain Contributors: NASA, ESA, and the Hubble Heritage Team
(STScI/AURA)-ESA/Hubble Collaboration

File:As08-16-2593.jpg Source: http://en.wikipedia.org/w/index.php?title=File:As08-16-2593.jpg License: Public Domain Contributors: U.S. govt.

File:Ilc 9yr moll4096.png Source: http://en.wikipedia.org/w/index.php?title=File:Ilc_9yr_moll4096.png License: Public Domain Contributors: Drbogdan, JMCC1, Nagualdesign, Quibik, 1
anonymous edits

File:Crab Nebula.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Crab_Nebula.jpg License: Public domain Contributors: NASA, ESA, J. Hester and A. Loll (Arizona State
University)

file:XDF-scale.jpg Source: http://en.wikipedia.org/w/index.php?title=File:XDF-scale.jpg License: Public Domain Contributors: 84user, Confuciou, ScottHW, Simon Villeneuve, 1 anonymous
edits

file:Constellation Fornax, EXtreme Deep Field.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Constellation_Fornax,_EXtreme_Deep_Field.jpg License: Public Domain
Contributors: Billinghurst, Drbogdan, Jakec, Jamadagni, Stas1995

file:XDF-separated.jpg Source: http://en.wikipedia.org/w/index.php?title=File:XDF-separated.jpg License: Public Domain Contributors: 84user, Confuciou, Michaeldsuarez, 1 anonymous
edits

File:Elementary particle interactions.svg Source: http://en.wikipedia.org/w/index.php?title=File:Elementary_particle_interactions.svg License: Public domain Contributors:
en:User:TriTertButoxy, User:Stannered

File:Aristarchus working.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Aristarchus_working.jpg License: Public Domain Contributors: Herbythyme, Jastrow, Konstable,
Leinad-Z, Odysses, Rocket000, Shakko, ZxxZxxZ, 2 anonymous edits

File:ThomasDiggesmap.JPG Source: http://en.wikipedia.org/w/index.php?title=File:ThomasDiggesmap.JPG License: Public Domain Contributors: w:Thomas Digges (1546?-1595)

File:Libr0309.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Libr0309.jpg License: Public Domain Contributors: AndreasPraefcke, Aristeas, Fastfission, Mattes, Pieter Kuiper,
Ragesoss, Rivi, Schimmelreiter

File:Cassini-science-br.jpg Source: http://en.wikipedia.org/w/index.php?title=File:Cassini-science-br.jpg License: Public Domain Contributors: Pieter Kuiper, Steff, 2 anonymous edits
File:Only distance is real.svg Source: http://en.wikipedia.org/w/index.php?title=File:Only_distance_is_real.svg License: Creative Commons Attribution 3.0 Contributors: WillowW

File:CMB Timeline300 no WMAP.jpg Source: http://en.wikipedia.org/w/index.php?title=File:CMB_Timeline300_no_WMAP.jpg License: Public Domain Contributors: GDK, Kaldari, 1
anonymous edits

File:Primordial nucleosynthesis.svg Source: http://en.wikipedia.org/w/index.php?title=File:Primordial_nucleosynthesis.svg License: Public Domain Contributors: Lokal_Profil




Image Sources, Licenses and Contributors 363

File:Multiverse - level ILsvg Source: http://en.wikipedia.org/w/index.php?title=File:Multiverse_-_level_IL.svg License: Public Domain Contributors: Original by K1234567890y Vectorisation
by Lokal_Profil




License 364

License

Creative Commons Attribution-Share Alike 3.0
Jlereativecommons.org/licenses/by-sa/3.0/




