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Biological Evolution 
 

In trying to understand our past, we often divide the history of humanity into 
distinct eras of development.  Scientists do the same with the evolution of the universe.  
Each development in the history of the universe that we’ve discussed up to this point – 
the structures formed in the early universe, the evolution of stars, and the formation of 
our solar system and earth – flows continuously from its predecessor.  Perhaps, as with 
history, the flow is not inevitable, but it is at least logical.  And, as with history, its 
continuous nature sometimes makes it hard to know exactly when one type of evolution 
transitions into another.  

In the previous reading, we considered the process of geological evolution.  But 
geological evolution has not been the only kind of evolution transforming the earth 
throughout its history.  Concurrently, chemicals have been evolving, producing 
progressively more complex molecules and microstructures composed of these 
molecules.  Although many details of the process are not known at the present time, it 
seems clear that at some point, these structures became sufficiently complex to begin 
self-replicating; that is, life arose from non-life, and chemical evolution brought forth 
biological evolution.  
 
Chemical Evolution 
 
In the 1950s the topic of the “the origin of life” was a widely discussed in scientific 
circles.  It was hypothesized that the environmental conditions of the primitive earth 
favored chemical reactions that synthesized organic compounds from inorganic 
precursors.  The Miller-Urey experiment, conducted in 1952, simulated conditions 
thought at the time to be present on the early earth.  After allowing the experiment to 
run for a couple of days, several amino acids were identified in the apparatus.  Prior to 
this result, it was generally accepted that only biological processes could synthesize 
complex organic molecules. 
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The Miller-Urey Experiment
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The flasks contain liquid water 

representing the sea, and gases 

representing the early 

atmosphere. The apparatus is 

supplied with energy in the 

form of electrical discharges 

which simulate lightning. 

Chemical reactions produce a 

wide variety of organic 

molecules, including amino 

acids, the building blocks of 

proteins.

 
 
Since then, similar experiments have been executed, including ones with more 

accurate and realistic conditions to represent the chemical environment of the early 
earth.  These tests have produced an even larger variety of amino acids, as well as fatty 
acids (the building blocks of lipids) and nucleic acids (the building blocks of RNA and 
DNA). 

Other experiments have shown that if these building blocks are dried and heated, 
they link up, forming long chains similar to the most complex biological molecules. 
These experiments, together with the discovery of amino acids in meteorites and of 
complex organic molecules in interstellar space, make it clear that chemical evolution is 
a fundamental part of the nature of the universe.  

If certain of these complex organic molecules are put in water, they 
spontaneously form small, cell-like structures.  Proteins and lipids placed in water, at 
appropriate values of acidity, salinity, and temperature, form membranes very much like 
cell membranes.  These membranes will spontaneously close in on themselves to 
produce tiny sacks that, although they are not alive, exhibit properties normally 
associated with biological life, such as concentrating organic molecules within their 
membranes, growing in size, and dividing when they get too large. 

We do not know whether these specific mechanisms brought about life on earth.  
The importance of these experiments is not that they tell us exactly how life arose, but 
that they demonstrate the tendency of chemical evolution to produce cell-like structures.  
We may never know exactly how nature accomplished the transition from chemical to 
biological evolution, but the experimental evidence suggesting that such a transition 
represents a natural development is compelling.  
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Biological Evolution 
 

In biology, evolution is the process by which populations of organisms acquire 
and pass on novel traits from generation to generation.  Its occurrence over large 
stretches of time explains the origin of new species and ultimately the vast diversity of 
the biological world.  Contemporary species are related to each other through common 
descent as the products of biological evolution and speciation over billions of years.  

The theory of biological evolution is strongly supported by several different lines 
of evidence.  First and foremost, it is supported by the existence of datable fossils. 
Evolution requires that morphological changes that lead from the most primitive species 
of a particular type of organism to the organism’s present incarnation must occur in 
chronological order.  This is always the case.  In addition, the existence of vestigial 
organs also is strong evidence of biological evolution.  Vestigial organs represent 
functions that once were necessary for survival in a species but have since become 
unnecessary.  An example of a vestigial feature is the existence of useless hip and leg 
bones in whales.  The presence of these bones indicates that the ancestors of whales 
once walked on land.  Another example is the fact that modern-day humans have a 
vestigial tailbone, indicating that our ancestors once had tails that served a useful 
function at the time.  

The cell is the fundamental structure of life.  It is the least complex bit of matter 
that can undergo all of the processes that distinguish the living from the nonliving.  The 
first forms of life on earth appeared in the oceans.  They were simple one-celled 
organisms know as bacteria.  These original life forms arose very early in the history of 
the earth.  Possible microfossils of one-celled organisms have been found in rocks in 
Western Australia and South Africa that formed some 3.5 billion years ago.  The earliest 
unambiguous records of life are 2.7 billion-year-old fossils of blue-green algae colonies 
found in rocks in Canada and Zimbabwe.  

Photosynthesis is the chemical reaction that allows plants to use the energy of 
sunlight to make the complex molecules that are the food supply of all living things.  The 
raw materials needed are carbon dioxide and a source of hydrogen.  About 3 billion 
years ago, organisms evolved that were able to utilize water as a hydrogen source. 
These organisms combined carbon dioxide (CO2) with water (H2O) to produce 
carbohydrates (molecules with a 1:2:1 ratio of carbon, hydrogen, and oxygen).  Two 
oxygen atoms were left over for each water molecule used; the oxygen was simply 
released into the atmosphere.  

Oxygen is a highly reactive element.  At first this released oxygen combined with 
other elements, primarily iron, at the earth’s surface.  (Rust is oxidized iron.)  Then, 
about 2 billion years ago, once most of the materials at the earth’s surface had been 
oxidized, oxygen began to accumulate in the atmosphere.  When this process began, 
the atmosphere was almost 100% nitrogen.  Some 600 million years ago, by the start of 
the Cambrian Period, oxygen made up about 5% of the earth’s atmosphere.  Today it 
accounts for 21% of the earth’s atmosphere. 

The increase of oxygen in the atmosphere had two important consequences.   
First, organisms developed that could use the oxygen to break down food molecules.   
This process, called respiration, is the reverse of photosynthesis, and allows much more 
energy to be extracted from food molecules than had been possible previously.  The 
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greater efficiency provided by respiration played a major role in the later diversification 
of life forms.  Second, atmospheric oxygen also began to produce a layer of ozone (O3) 
in the earth’s upper atmosphere.  Prior to the development of the ozone layer, the 
deadly ultraviolet radiation of the sun confined life to the seas in which it had originated.  
However, ozone is a strong absorber of ultraviolet radiation, particularly in the shorter 
wavelength region that is so dangerous to living organisms.  A growing ozone layer 
made it progressively safer for life to rise to the surface of the water and eventually to 
occupy the land.  

The Cambrian Period, beginning between about 500 and 600 million years ago, 
was characterized by a great proliferation of new species.  There were probably many 
factors that contributed to this explosion of life, but certainly the increase in the oxygen 
content of the atmosphere was crucial to this development.  About 450 million years 
ago, a particularly important milestone in the evolution of humans and other vertebrates 
occurred – the first backbones took shape as species of fish evolved from invertebrate 
ancestors.  Life made its first appearance on land about 440 million years ago, with the 
introduction of simple plant forms.  Spiders, scorpions, and millipedes soon followed.  
About 370 million years ago, the first amphibians evolved from fish, emerging from the 
water to establish the evolutionary branch that today includes all terrestrial vertebrates, 
including us.  

Reptiles subsequently evolved from amphibians about 300 million years ago and 
went on to further evolve into the most diversified vertebrate form on land, filling a 
variety of terrestrial niches.  About 200 million years ago, a subclass of reptiles 
developed special secreting glands to nourish their young and hence became the first 
mammals.  These early mammals lived in the shadows of the dinosaurs until about 65 
million years ago, when those giant reptiles became extinct.  

 

Evolution of life on earth
• The basic timeline is a 4600 million year old Earth, with

– 4000 my (million years) of simple cells,

– 3000 my of photosynthesis,

– 2000 my of complex cells,

– 1000 my of multi-cellular life,

– 600 my of simple animals,

– 500 my of fish and proto-amphibians,

– 475 my of land plants,

– 400 my of insects, seeds and amphibians,

– 300 my of reptiles,

– 200 my of mammals,

– 150 my of birds,

– 100 my of flowers,

– 65 my since the non-avian dinosaurs died out

– 7 my of hominids, and

– 0.1 my of Homo sapiens.
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The extinction of the dinosaurs coincided with the extinction of about 75% of all 
species alive on earth at the time, a phenomenon known as a mass extinction.  It seems 
that the mass extinction of 65 million years ago was caused by the impact of a meteorite 
near the Yucatan Peninsula.  Evidence suggests that the meteorite had sufficient mass 
to cause extended global climate changes that negatively affected many species living 
on earth.  The extinctions of many of these species may have taken several million 
years to complete, but such a time period is practically overnight when gauged on the 
time scale of geological evolution.  There is strong additional fossil evidence for many 
similar mass extinctions, one of which may have eliminated as much as 90% of then-
existing species.  Some of these additional mass extinctions may also have been 
caused by meteorite impacts.  

After the extinction of the dinosaurs, mammals flourished.  At about this same 
time, early primates – small, forest-dwelling, squirrel-like creatures – also evolved.  
Primates are distinguished from other mammals by several features, including shoulder 
joints that allow for a high degree of movement in all directions, opposable thumbs, and 
an evolutionary trend toward a reduced snout and a flattened face, a development 
scientists now attribute to an increased reliance on vision at the expense of olfaction.  

 

Mass extinctions

This graph shows current data concerning the approximate percentage of plants 

and animals to go extinct with tine over the past 500 million years. Peaks 

represent mass extinctions. (The data actually are for genera, a higher level of 

classification than species.)
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Early Primate

The tree shrew is a 

primitive primate 

that probably 

resembles the  

ancestor of all living 

primates. It spends 

most of its life in 

trees, eating insects.

 
 

Terms of use: The image in the above illustration is attributed to Nature and can be 
found at <http://www.nature.com/news/2008/080730/full/454562a.html>. 
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Primate evolution

The evolutionary 

history of the major 

primate branches. The 

common ancestor of 

modern humans, 

chimpanzees and 

gorillas lived between 

about 5 and 8 million 

years ago.

 
 

Terms of use: The image in the above illustration is attributed to the-mouse-trap and 
can be found at <http://the-mouse-trap.blogspot.com/2008/11/primate-evolutionary-tree-

case-of-eight.html>. 
 

About 40 million years ago, the evolutionary trajectory that would eventually lead 
to human beings branched out, and the lines leading to the old-world and new-world 
monkeys split off.  This branching continued as lines leading to today’s gibbons, 
orangutans, and gorillas also split off.  Finally, some five or so million years ago, the line 
leading to chimpanzees diverged.  

Chimpanzees are our closest living relatives.  About 96% of our respective 
genomes are identical, although recent studies have shown that the vast differences 
between humans and chimpanzees are due more to changes in gene regulation than 
differences in individual genes themselves.  Certain genes control the expression of 
other genes, so that even identical genes may be expressed differently across different 
species.  Thus, small changes in these regulatory genes can have a substantial impact.  
 
Human Evolution 
 

After the lines leading to chimpanzees and humans split, the line leading to 
humans produced species known as hominids.  Dozens of hominid fossil species have 
been identified, beginning in 1856 with the discovery of fossils of a species now known 
as Homo neanderthalensis. 

Perhaps the most famous fossil relating to human evolution is Lucy, a fossil 
discovered in 1974 in Ethiopia by a team lead by Donald Johanson.  Lucy is estimated 
to be about 3.2 million years old.  She got her name from the Beatles song “Lucy in the 
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Sky with Diamonds,” which is said to have played repeatedly at the party celebrating her 
discovery.  
 

Lucy

This remarkably complete 3.2 

million year old fossil was 

discovered in Ethiopia in the 

1974 and designated 

Australopithecus afarensis. 

Several hundred pieces of bone 

were recovered, representing 

about 40% of the skeleton. 

Fortunately many bones missing 

from one side of the body were 

present on the other side.  

 
 

Terms of use: The image in the above illustration is attributed to Wikipedia and can be 
found at <http://en.wikipedia.org/wiki/Australopithecus_afarensis>. 

 
Lucy was 3 feet, 8 inches tall and weighed about 65 pounds.  She had a 

relatively small brain, a little bigger than that of a chimpanzee but only about 30% the 
size of the modern human brain.  The structure of her hips shows that Lucy walked 
upright.  This finding is important because it shows that human bipedalism evolved 
before a significant increase in brain size.  Johanson suggested the species name of 
Australopithecus afarensis for Lucy, afarensis referring to Afar, the region of Ethiopia 
where the fossil was discovered.  Since the discovery of Lucy there have been many 
additional discoveries of Australopithecus afarensis fossils, making this species one of 
the best-documented pre-human hominid species. 

Lucy was a member of the genus of pre-human hominid species known as 
australopithecines.  Australopithecines are unambiguously on the hominid side of 
decent from the common ancestor of chimpanzees and humans, although whether they 
are direct ancestors or a branch of a line that became extinct is still being debated 
among scientists.  The first australopithecines fossil was discovered and named by 
Raymond Dart, a South African anthropologist, in 1924.  He named it Australopithecus 
africanus (or “southern ape of Africa”).  Although primitive in many of its features, this 
juvenile specimen had teeth that were distinctly more human-like than ape-like.  
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Australopithecus africanus

This juvenile australo-

pithecine, the Taung child, 

was found by Raymond 

Dart in 1924. Dart’s 

contention that the creature 

was a hominid that walked 

upright was dismissed by 

most scientist of the time, 

but has since been amply 

verified by further 

discoveries.

 
 

Terms of use: The image in the above illustration is attributed to Wikipedia and can be 
found at <http://en.wikipedia.org/wiki/Taung_Child>. 

 
The genus Homo has been reserved by scientists for hominid species capable of 

manufacturing and using tools.  In modern taxonomy, Homo sapiens is the only extant 
species of this genus.  However, the fossil record shows that there were earlier Homo 
species, all of which are now extinct.  While some of these other species might have 
been ancestors of Homo sapiens, many were likely our evolutionary "cousins,” having 
speciated away from our ancestral line.  There is not yet consensus as to which of the 
Homo species are our direct ancestors, but one frequently mentioned in this context is 
Homo habilis. 

The first hominid species found in close association with primitive stone tools 
was given the name Homo habilis (literally, “handy man”).  Mary and Louis Leakey 
found the first fossils of this species in Tanzania in 1962.  Many additional Homo habilis 
fossils have been found since then, all located exclusively in Africa.  They date to 
approximately 2.3 to 1.4 million years ago.  

Homo habilis was short and had disproportionately long arms compared with 
those of modern humans.  However, it had a less protruding face than the 
australopithecines from which it may have descended.  Homo habilis also had a cranial 
capacity slightly less than half the size of modern humans.  
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Homo habilis

Discovered by the Leakeys in 

the 1960s, H. habilis was the 

first fossil species to be found 

in close association with stone 

tools. H. habilis coexisted 

with several other hominid 

species in Africa. including 

robust forms of the genus 

Paranthropus.

 
 

Terms of use: The image in the above illustration is attributed to Wikipedia and can be 
found at <http://en.wikipedia.org/wiki/Homo_habilis>. 

 
One of the most successful pre-human hominid species was Homo erectus.  All 

hominid species up to Homo erectus originated and lived exclusively in Africa.  Homo 
erectus was the first species to migrate out of Africa, eventually spreading to Europe 
and Southeast Asia.  It was probably also the first hominid to live in small, familial 
societies similar to modern hunter-gatherer societies.  Homo erectus is thought to be 
the first hominid to hunt in coordinated groups, use complex tools, and to care for 
infirmed or injured companions.  Many Homo erectus sites also seem to indicate a 
controlled use of fire, with some evidence of such use dating back 1.5 million years. 
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Homo erectus

H. Erectus was one of the 

most successful and wide-

spread hominid species. They 

controlled the use of fire and 

significantly advanced the 

stone tool industry. They 

were the first hominid 

species to migrate out of 

Africa, occupying parts of 

Europe and southern Asia. 

They survived as a species 

for almost 2 million years.

 
 

Terms of use: The image in the above illustration is attributed to Wikipedia and can be 
found at <http://en.wikipedia.org/wiki/File:Homo_erectus.jpg>. 

 
Between 250,000 and 30,000 years ago, another species of Homo inhabited 

territory spanning from present-day England across southern Europe and into Asia. 
Since the first fossils of the Homo neanderthalensis species were found in the Neander 
Valley of Germany, these hominids often are referred to as Neanderthals.  The 
Neanderthals had an average brain volume as large as, or perhaps even slightly larger 
than that of modern humans.  They built hut-like structures and produced a more 
advanced stone-tool industry with which they hunted big game.  They also developed 
ceremonial rituals.  The remains of this relatively short-lived hominid group reflect a 
state of consciousness akin to our own.  They clearly had a sense of physical mortality, 
and their ceremonial burials show a concern with life after death.  In the Neanderthals 
there are signs of a greater consciousness of the subtleties of the world and the roots of 
our own complicated beliefs, societies, and religious sensibilities.  

Neanderthals’ earliest ancestors evolved, as all hominids did, in Africa and 
migrated outwards into Europe and Asia.  Recent mitochondrial DNA studies suggest 
that Neanderthals and modern humans shared a common ancestor about 550,000 
years ago.  In Europe and Asia, Neanderthals lived following a combined scavenger 
and hunter-gatherer lifestyle until about 30,000 years ago, when they disappeared.  For 
the last 10,000 years of their existence, Neanderthals shared Europe with anatomically 
modern humans, and evidence suggests that the two species led fairly similar lifestyles.  
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Homo neanderthalensis

Neanderthals inhabited Europe and 

parts of western Asia. The first 

proto-Neanderthal traits appeared in 

Europe as early as 350,000 years 

ago. By 130,000 years ago, full 

blown Neanderthal characteristics 

had appeared. The Neanderthals 

began to be displaced around 

45,000 ago by modern humans, as 

the Cro-Magnon people appeared in 

Europe. Neanderthals became 

extinct in Europe approximately 

24,000 years ago.

 
 

Terms of use: The image in the above illustration is attributed to the World Museum of 
Man and can be found at 

<http://www.worldmuseumofman.org/display.php?item=f1003>. 
 

Anatomically modern humans, the Homo sapiens of today, arose in Africa 
between 200,000 and 150,000 years ago.  Somewhere between 100,000 and 50,000 
years ago, a small group, or several small groups, of this species migrated out of Africa 
and eventually populated the entire world.  

The Latin meaning of Homo sapiens is “wise man,” a designation intended to 
reflect Homo sapiens’ greater endowment of brainpower compared with that of our 
predecessors.  Indeed, our species is defined primarily in terms of our anatomy.  
Compared with previous  hominids, our species is characterized by a higher and more 
vertical forehead, a round and gracile cranium, a small face and teeth, a prominent chin, 
and a more slender and elongated post-cranial skeleton.  

Today Homo sapiens is the single species of hominids alive on the planet.  
Indeed, Homo sapiens is not only a single species, but a single subspecies.  Racial 
differences among different human populations are superficial and are not nearly 
sufficient to divide humans into subspecies.  
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Homo sapiens

Homo sapiens arose in 

Africa between 200,000 

and 150,000 years ago. It 

is currently believed that 

all humans are descended 

from a small group that 

left Africa between 

100,000 and 50,000 years 

ago.

 
 

Terms of use: The image in the above illustration is attributed to Green Diary and can 
be found at <http://www.greendiary.com/entry/36000-year-old-skull-becomes-the-first-

fossil-proof-of-human-migration-theory/>. 
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