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Evolution is the process of change in groups
of creatures over time.

Species (types) of living things change over long periods of
time to adapt to their environment. Biologists call this process
evolution. Although it is a pillar of biological thinking today, and
widely accepted, the theory of evolution was shocking when it
was first proposed since it challenged religious views of how life

on Earth began.

In 1859, the publication of a book entitled On the Origin of
Species by English naturalist Charles Darwin (1809-1882)
changed biological thinking completely and had a profound
influence in many other fields as well. Darwin suggested that
a process called natural selection could explain the variety
of life. In nature more individuals are born than survive to
adulthood. Certain individuals survive because they have
some advantage over the others. These individuals are more
successful in breeding and passing on the advantage to their
young. This process is the driving force behind evolution.

Evidence that Darwin was right is abundant. There are fossils

that show the course of evolution over time in certain groups

of organisms, such as horses.'Evolution is also supported by -
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Evolutionary biologists study fossil evidence, such as
this ancient fish, to figure out how living organisms
| have evolved over millions of years.

studies of deoxyribonucleic acid (DNA) that shed light on

the common ancestry of different organisms.

Spontaneous generation

Many people attempted to explain diversity in the natural
world before Darwin. A widespread belief was the theory of
spontaneous generation—that species arose from matter
such as decaying organic material. The appearance of maggots
and mice in conditions that seemed lifeless suggested that

organisms could originate from nothing.

Lamarckism

At the beginning of the 19th century, French naturalist

Jean Baptiste Lamarck (1744-1829) developed a theory that
suggested that different species arose by changing from already
existing ones. He thought that favorable features gained during
a parent's lifetime would be passed on to offspring—an idea
known as Lamarckism.

Lamarck suggested that changes in-an organism's needs due to
environmental changes could make body structures increase or
de‘Crease in size based on how much they were used Lamarcks




SHEEP SELECTION

To get an idea of how selection works, imagine a
farmer has some sheep, half of which are white
and the rest black. Needing white rather than
black wool, the farmer selects the white sheep
for mating. Because the colors are inherited, he
soon has a flock of mostly white sheep.

Years earlier some of the flock escaped into a local
forest. Their only predators, wolves, hunted at
night and often caught the conspicuous white
sheep. Soon the sheep of the forest became mostly
black—because of natural selection rather

than selection by the farmer.

Today, Lamarck is remembered only for his discredited theory, and
Lamarckism remains a byword for poor biology. However, modern
biologists who criticize Lamarck have the benefit of hindsight.
Lamarck was actually a very talented naturalist who made a

number of important zoological discoveries.

Religion and evolution

Darwin's theories were at odds with the teachings of the Bible,
which asserted that God created Earth and all the organisms on
it. The argument continues to this day. People who believe that
all life on Earth is the work of an all-powerful being rather than
part of an evolutionary process are called creationists. They do
not accept evolutionary theory as fact.

Studying evolution

Today, biologists study the process of evolution in a number
of different ways. Population geneticists look at the different
factors that affect inheritance. Paleontologists focus on

fossils and other evidence to study how organisms evolved

long ago in the past. Ecologists examine how relationships

between organisms and the environment they live in can affect
the process of evolution. Studies like these provide crucial
information for biologists. They interpret the evidence to figure
out evolutionary relationships that may link different species.

~

/ SCIENCE WORDS

&% deoxyribonucleic acid (DNA) Molecule that contains
the genetic code for all cellular (nonvirus) organisms.

& evolution Process of change in groups of organisms
over long periods of time.

& Lamarckism Outdated evolutionary theory that
suggested that a parent's features changed according to
use during its lifetime before being inherited by young.

W spontaneous generation Ancient belief that

K organisms could arise directly from nonliving matter. /
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Every feature of every organism on Earth provides
evidence that evolution has taken place.

Charles Darwin's theory of evolution by natural selection is
relatively simple, yet scientific evidence for it (especially in the
light of recent genetic advances) is so powerful that biologists
accept it almost universally. The world is full of evidence that
supports evolutionary theory. This evidence ranges from the fossils
of creatures that lived many millions of years ago to the rapid
changes that are now taking place in bacteria that cause diseases.

The evidence of fossils

Fossils are the remains or traces of long-dead organisms
preserved in rock. They have been collected and puzzled over

for hundreds of years.

Before the 19th century, fossils were explained as leftovers from
the biblical flood or as parts of creatures such as unicorns or
giants. By the early 1800s biologists had begun to realize that
many fossilized creatures no longer existed on Earth. They also
noticed that some fossils were similar to, but not the same as,
living creatures. This evidence suggested that they were distant

ancestors of living animals. Geologists (people who study

This is a reconstruction of a Tyrannosaurus rex skeleton.
These fearsome predators roamed the land in the
Cretaceous period, around 65 million years ago.

N UO— (o) A

EVIDENCE IN THE ROCKS

Sedimentary rocks such as limestone are formed by
layers of sediment called strata. Geologists showed that
younger strata always lay above older strata, except when
they have been buckled and folded later. This discovery
allowed biologists to follow changes in fossil groups over
time. Gryphaea were a group of mollusks that lived on
shallow seafloors between 190 and 75 million years ago.
Early Gryphaea shells (1) were flat, but with an increase of
siltin the water Gryphaea evolved to lift themselves off
the bottom. Via several intermediate stages (2, 3) the flat
Gryphaea evolved curled shells that are often called "Devil's

toenails".

Younger rocks

Older rocks




HOW DO FOSSILS FORM? .

Fossils are the preserved remains or traces, such
as footprints, of living organisms that died millions
of years ago. Fossilization (fossil formation) occurs
in a number of steps. Bones and other hard parts
of a dead organism are gradually replaced by
minerals.

1. A dinosaur dies on the shore of a large river.

2. The dinosaur is quickly covered by particles of
mud and sand.

3. The sediment is slowly compressed (squeezed),
forming rock. Minerals seep through the rocks
and replace the dinosaur's bones and teeth.

4. Millions of years later paleontologists carefully
pick away the rock to reveal the fossilized
dinosaur.

rocks) realized that the rocks in which fossils were found were
sometimes millions of years old. These lines of evidence were in
complete opposition to the teachings of the Bible, which held
great sway over much of the scientific thinking at this time.

Paleontologists (scientists who study fossils) can follow how one
form of organism evolved into another over millions of years. For
example, around 55 million years ago Hyracotherium, the earliest
known ancestor of the modern horse, lived in forests in North
America. It was a small, dog-sized animal with five toes on each
foot. Over many millions of years animals like Hyracotherium
evolved to become larger and lost four of the five toes. That
helped them run faster. Horse evolution did not move in a
straight line but more by way of a "sprawling bush". Modern
horses and their relatives form the last "branch" of this bush.

Signs in the rocks also tell scientists what the environment
was like—for example, whether it was hot or cold, wet or

THE SPEED OF EVOLUTION

Scientists argue about the speed at which evolution takes
place. Some scientists have looked at fossils and decided
there is a regular rate of change, or evolution. Others believe
a theory called "punctuated equilibrium' is correct.

It suggests that there are long periods with no change,
followed by shorter periods with very rapid change. The
truth may lie somewhere between these two viewpoints.

dry. So, they can see from the fossils how living organisms
have changed over time in response to major changes in the

environment.

Isolation and evolution

In different parts of the world there are animals that are similar
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Modern-day horses have evolved
over millions of years from small
forest dwellers into large, fast-
running animals adapted for life
on grasslands.

RELIGIOUS BELIEFS

Before Darwin's work, biology in Christian countries was
underpinned by a literal belief in the Bible. People thought
that the Earth was created in seven days in 4004 B.C.E.,, and
God also created animals and plants. Evolution did not take
place because God had created perfect organisms. Fossils
were explained away as creatures that failed to make it
onto Noah's Ark and died in the flood.

Many Christians today, as well as people of other faiths, think
Darwin was wrong and evolution does not exist, but instead,
God created all creatures. This idea is called creationism,
and it has some powerful advocates. Some schools, for
example, are not allowed to teach evolutionary theory.
However, creationism has been completely disproved by
more than a century of experimental evidence.

to each other but are not identical. For example, jaguars live

in South America, lions in Africa, and tigers in Asia. All are big
cats, but each has a different coat and forms a separate species.
Evolving from a common ancestor, each big cat adapted to its

environment over millions of years.

A similar pattern is found in many other creatures. For example,
there are similar large, flightless birds in different parts of the
world, such as the rhea in South America, the ostrich in Africa,
and the emu in Australia. However, some creatures that look
similar do not share a common ancestor and have evolved

from completely different organisms. This is called convergent
evolution. For example, both whales and fish have streamlined
bodies and powerful tails to drive them through water. Despite
these similarities, whales are only very distantly related to fish.
Each group has adapted in similar ways to the challenge of

movement in water.



