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Introduction

Evolution by natural selection is the foundational concept in our study of the natural world. One of the most significant scientific discoveries ever made, it has revolutionized every aspect of our understanding both of the past, and of the diversity of living things today. It even allows us to make predictions about organisms that will evolve in the future. Indeed, evolution has phenomenal explanatory power: to quote biologist Theodosius Dobzhansky, ‘nothing makes sense in biology except in the light of evolution.’

Evidence for evolution is everywhere, and studies show how the processes and events that together drive evolutionary change are continually present in every single community of living things. The result is that at least some knowledge of evolution is essential for anyone interested in the natural world. Nevertheless, the actual mechanism is complex and involves numerous different concepts, processes and events. New discoveries are constantly made. In fact, evolutionary
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science is often at the forefront of the news as advances in genetics, new fossil discoveries, and new data pertaining to the link between genetics and development are announced.

Some people, however, contend that the fact of perpetual change in nature challenges the words of certain sacred texts. For this reason, evolution is often controversial and even politicized. Religious leaders, politicians, celebrities and artists routinely comment on the topic, and it has been at centre stage in court cases and in arguments about education and public policy. The battle to teach children about evolution remains a pertinent one in some parts of the world.

In this book, we look at the key evidence for evolution, and the developing ideas of the 19th and 20th centuries. We investigate the principles, concepts and trends within evolution, and see how it has affected the history of life on geological timescales, and shaped the development of our own species. We end by considering the future of evolution: human-caused change, genetic modification and the possible role of cybernetics.

The idea that living things change over time is basic, elegant in its simplicity, crucial, and fascinating, but there is still much to learn.
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What is evolution?

The term ‘evolution’ relates to heritable change that occurs in living organisms over generations. That is, to change that occurs as one generation gives rise to the next. Because evolution take place on this gradual, generational scale, changes are often tiny and extremely slow to accrue or become obvious. However, this is not always the case. In organisms that grow and reproduce quickly, evolution can be rapid enough that changes are observed over the course of decades, or even years.

Evolution should not be confused with metamorphosis – the process by which living things change during the course of their lifetime. Nor, when we discuss biological evolution, are we discussing such things as the origin of life itself, or cosmological events, such as the creation of Earth or the Big Bang. The process of evolution is typically associated with the changes that affect natural populations of living things. However, organisms modified by people also evolve. In such cases, it can be said that humans control or shape their evolution (see page 26).
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Different bill shapes among Galapagos finches offered the young Charles Darwin a vital clue to the evolutionary mechanism.
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The evidence for change

The idea that organisms change over the generations is supported by four facts. The first is that some organisms are similar to others, yet different enough that they have alternative lifestyles and do not interbreed. Zebras are similar to horses, for example. The second fact is that humans have modified many organisms – flowering plants, dogs and so on – by selecting individuals to breed with one another in order to emphasize specific features. If humans can cause such changes to occur over the generations, natural processes can too.

The third fact is that fossils show how living things have become smaller or larger over time, and how their parts changed shape or took on new functions. The fourth fact is that change over the generations has been observed in laboratory and natural settings. Scientists have observed generational changes in microscopic organisms and also in insects, fish, mice, lizards and birds. In some cases, the changes have been significant enough that we can probably talk about witnessing the origin of a new species.
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The origin of species

If evolution refers to heritable changes that occur across generations, then it mostly concerns changes that happen on a small scale – in, say, members of a single population of a single species. This is the kind of evolution that scientists have most frequently observed. However, if such changes are happening, it follows that, should they continue for a sufficient period of time, a population will eventually become distinct enough from related populations that a new species will have emerged, or originated.

This issue formed the focus of Charles Darwin’s pioneering book of 1859, titled The Origin of Species by Means of Natural Selection, or the Preservation of Favoured Races in the Struggle for Life. Darwin’s model for the origination of species does not pertain to the origin of life as a whole, nor did Darwin understand how the information inherited by organisms was passed down across the generations. Substantial additional research was inspired by his proposal and continues today. Darwin’s research and reasoning are also themselves a major area of modern investigation.
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Survival of the fittest

The mantra ‘survival of the fittest’ is often mentioned as a key concept of evolutionary theory. Here, the term ‘fittest’ does not strictly refer to athleticism, strength or health. Instead, it refers to how good an organism is at surviving in its environment. The fittest organisms are those that are best at consistently finding food, water and shelter, the best at escaping predators, and the best able to produce surviving offspring. In other words, it describes the process of natural selection (see page 64). Over time, fitter organisms out-survive or out-compete less fit ones, the latter passing into extinction while the fitter ones produce successful descendants that inherit their high-fitness features.

The phrase ‘survival of the fittest’ is often said to have originated with Darwin. In fact it did not, but was instead first used by philosopher and biologist Herbert Spencer in an 1864 summary of Darwin’s theory. Darwin did not object to this shorthand way of describing the process of natural selection and used it himself in some of his later writings.
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Adaptation and mutation

Organisms change over time. Some of these changes make no difference to the success or failure of the organisms that inherit them; other changes do. Take a group of antelopes in which one individual has longer legs than its siblings. Those longer legs make the individual better at escaping from predators, hence giving it an advantage in the survival stakes. Its descendants inherit this feature and are better able to survive as a consequence. Those longer legs have thus become an ‘adaptation’. Their evolution means that this particular lineage of antelopes has ‘adapted’ to its conditions, thanks to its development of this feature. But why do novel features appear in the first place?

Over the generations, the individual components of the genetic code within a species change, or mutate (see page 26). So far as we know, mutations may provide no evolutionary advantage at all. They may be disadvantageous, in which case they are weeded out via natural selection; or they may be advantageous, in which case they persist through the generations.
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Chicken or egg?

If evolution involves one species evolving from another, at which point do we say that a new species has emerged? Can a chicken (for example) lay an egg containing the first member of a new species? Experts disagree over the speed at which evolution occurs. However, even those who endorse the fastest version of evolution imaginable think that it works on the scale of many generations. If we imagine watching one species evolve into another, we would see white turn to black via innumerable shades of grey.

Species are human-made constructs: we agree that a ‘species’ is a population that possesses traits that distinguish it from both ancestral and descendant species. As a result, there must be one particular ‘shade of grey’ – one particular generation in an evolutionary sequence – that has the trait (or traits) that make it a member of species x, instead of species y. The result is that, yes, there must have been events in which a given set of parents gave rise to offspring that were the first of a new species.
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Am I a monkey?

It’s obvious that humans are primates. Within living primates, it’s also clear that humans are closely related to the African apes, in particular, the chimpanzee and bonobo. In fact, humans are part of the African ape group, in which case it is accurate to describe humans as apes in the same way that chimps and bonobos are.

Apes belong to a group of primates (termed ‘anthropoids’) that also includes New World monkeys, such as spider and howler monkeys, and Old World monkeys, such as baboons, macaques and colobus monkeys. No New World monkeys are ancestors of apes. Old World monkeys, however, share an ancestor with apes that would almost definitely be considered a monkey were it alive today. Furthermore, ‘monkey’ is not a formal zoological term: traditionally, it merely refers to any anthropoid that is not an ape. But if apes descend from a primate that we would term a ‘monkey’, it is correct to describe apes as a particular group of large-bodied, tailless monkeys. According to this view, humans – like all apes – are indeed giant, modified monkeys.
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Sex and inheritance

People knew for hundreds of years prior to the work of Darwin that offspring inherited the traits of their parents.

They took advantage of this knowledge by crossing domestic plants and animals with one another in order to accentuate certain traits, and reduce or lose others. Exactly how the transmission of information across the generations occurred was mysterious and not really resolved until the 20th century.

Why two parents are involved in the formation of offspring is a good question, especially when there are large numbers of living things (microorganisms and various plants and animals) that reproduce asexually – that is, without a partner. Sexual reproduction involves the combination of genes from two individuals. Offspring are not copies of either parent, but have their own genetic code. Why this is advantageous remains the topic of debate, but the most popular idea is that the increased variation seen in the offspring of sexually reproducing organisms allows for swifter adaptation and thus faster evolution.
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Genes and DNA

Information passed across the generations does so via the molecule DNA and the individual segments – termed ‘genes’ –

included within it. While DNA was not fully understood to be key to inheritance until the 1950s, genes were linked to inheritance some time earlier. During the 1920s, experiments performed by biologist Frederick Griffith showed that genes could be transferred. Prior to these studies there was no clear idea on how heritable information was transmitted.

DNA (deoxyribonucleic acid) is an elongate molecule consisting of two strands formed of the sugar deoxyribose and phosphate radicals. Each unit of deoxyribose is connected to a biological compound termed a ‘nucleobase’, and four nucleobases occur: guanine, cytosine, adenine and thymine (G, C, A and T). A sugar, phosphate and nucleobase together form a ‘nucleotide’. The two strands of DNA are linked via hydrogen bonds that connect the nucleobases, the only bonds possible being those between guanine and cytosine, and between adenine and thymine.
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Descent with modification

Organisms produce descendants, and these descendants – their immediate offspring and subsequent generations – inherit the genetic code of their ancestors. If this is all that happens, evolution would not exist. But as genetic codes are copied across the generations, changes occur. These changes (termed ‘mutations’) result in variation, and the accruing of sufficient variation over time results in generations that have features quite different from those of their ancestors.

Combined with the phenomenon of natural selection (see page

64), the concept of descent with modification is central to the idea of evolution. The fact that change over generations is such a key concept is important: evolution does not, by definition, involve the changes that happen to individual organisms across their lifetime.

Also significant is the fact that any changes are inherited, and thus passed down from one generation to the next.
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Darwin illustrated this cartoon family tree to show how new species might arise from ancestral species – small modifications over time resulting in the evolution of new organisms.
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Long before Darwin

The discovery of evolution is famously associated with Charles Darwin, but he was not the first to consider the idea. During the 18th and 19th centuries, several biologists thought it likely that living things had changed over time. These people were typically somewhat radical in social or political terms and were not afraid to challenge the prevailing view that all living things were created according to a grand, divine plan. In England, Erasmus Darwin – grandfather of Charles – alluded to evolution in his writings of the late 1700s. In France, Jean-Baptiste de Lamarck endorsed a view of evolution whereby the habits of living things caused them to change (see page 46).

Lamarck’s colleague Étienne Geoffroy Saint-Hilaire proposed that environmental changes caused living things to become modified via sudden events. Other scientists across continental Europe adopted similar views, and models involving transformation – often involving the modification of an ancestral plan – were familiar well before Darwin published his Origin of Species.
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Erasmus Darwin
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The discovery of fossils

Fossils – the remains of once-living things preserved within Earth’s rock layers – are commonplace in many parts of the world, most typically on eroding coastlines and in deserts where exposed rock is worn away by wind and sand. The ancient Greeks and others knew of fossils and realized that they were similar to the skeletons of modern animals, though they seemingly interpreted them as the remains of mythical beasts and heroes.

By the 19th century it was well understood that fossils were the petrified remains of living things from long ago, though the actual ages involved remained the subject of debate and guesswork. Dinosaurs, great sea reptiles, giant fossil mammals and fossil relatives of humans were all known by the mid-1800s. These fossils were clearly consistent with emerging ideas about evolution, though the numerous gaps in the fossil record meant that many transitions between groups remained unknown. Darwin and others of his time hoped that these gaps would eventually be filled. And, eventually, many were.
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18th-century scientist Georges Cuvier compared fossil forms to those of living creatures.
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Snakes with legs and walking whales

Darwin predicted that, eventually, a great number of ‘transitional fossils’ would be discovered: that is, fossils representing species intermediate in anatomy between major groups. One of the first sets to be documented concerns the origin of mammals from reptile-like ancestors.

Numerous species – mostly dating to the Permian – chart transformations that occurred in ear, tooth, jaw and brain anatomy as mammals emerged. Since the 1980s several fossil sea cows and whales with well developed limbs and an ability to walk on land have been discovered, as have species that link the earliest tetrapods (see page 278) with their fleshy-finned fish ancestors. We also know of fossil snakes (mostly from the Cretaceous) that have small limbs and digits, and of numerous ancient sea creatures that link the earliest vertebrates with their vaguely worm-like relatives. Although far from complete, the fossil record is now substantial enough that numerous transitional events are well understood.
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Ambulocetus was an ancient member of the whale family, yet it had four well-developed limbs and could clearly walk on land.
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Discovering geological time

Key evidence for evolution comes from living organisms; even if fossils and rocks did not exist we would still conclude that evolution occurs. However, there is no denying that the discovery of geological time – that Earth existed for vast periods prior to the modern age – helped people come to terms with the idea that living things have had plenty of time to change.

British scientists began to consider geological time during the 18th century. In Scotland, geologist James Hutton pointed to evidence that rock layers had been laid down over time, that some layers had been destroyed and new ones deposited, and that there was evidence for processes just like those of modern times operating in the past. His famous quote from 1788 is ‘we find no vestige of a beginning, no prospect of an end’ in this geological record. The world had not been created in a brief moment. Other geologists confirmed and backed up Hutton’s observations. The next challenge was to pin actual ages – in decades, centuries, millennia or more – on to specific rock layers.
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Dating the past

Evidence from the geological record led scientists to realize that rock layers were laid down over vast spans of time.

But how can actual ages be determined for these rock layers, and for the fossils they contain?

Several structures form on a year-by-year basis and hence record actual time. Examples include tree rings, layers in sediment termed ‘varves’, and layers in ice. However, these structures ‘only’ record time as far back as 800,000 years or so. During the 1940s scientists demonstrated that radioactive elements such as carbon-14 (a particular form, or isotope, of carbon) decay at a predictable rate over time, and that their decay is constant following the point at which the organic object being studied stopped exchanging chemicals with the atmosphere. This technique is termed ‘radiometric dating’. Carbon-14 only provides data back to about 60,000 years, but other radioactive isotopes decay far more slowly and can be used for dating much older samples.
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Radiometric dating measures the ratio of radioactive ‘parent’ isotopes relative to the daughters they form over time. Half the atoms of a particular isotope will decay into daughters with each ‘half life’, so the balance between parents and daughters will shift.
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The fossil record

Most people are aware of the existence of fossils and that they provide evidence for evolutionary change. But few non-scientists have much grasp as to how extensive the fossil record is, or of the quality of evidence it represents. In fact, the record of ancient life, preserved in rocks, is outstandingly good.

The fossil record of younger rocks is better than that of older rocks, which have endured more weathering. Furthermore, some organisms are frequently not preserved, and there are environments in which given groups were rarely incorporated into the rock record. Despite these facts, the sheer number of fossils is staggering: millions of ancient seagoing planktonic creatures, trilobites, ammonites and other shelled invertebrates have been discovered and collected. Fossils belonging to these groups are so abundant, and so continuously preserved, layer upon layer, that they reveal obvious evidence for evolution, and show how species change via tiny increments as we move upwards in the rock sequence.
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Linnaeus and the classification of life

Carl von Linné – often known by the Latinized Carolus Linnaeus – was an exceptional Swedish biologist especially interested in botany. During the 1730s, Linnaeus developed a catalogue for the identification of plants. By the 1750s he had developed a standardized system for the naming of organisms: they were given a two-part name (a binomial) consisting of an initial genus name (intended to include any number of similar species) and a specific or trivial name. By 1758 and the time of its tenth edition, Linnaeus’ catalogue – the Systema Naturae – included over 12,000 species. His binomial system became mainstream, as did the groupings he favoured for organisms.

Linnaeus did not endorse an evolutionary perspective, but arranged organisms according to what he regarded as God’s plan. However, his demonstration that organisms could be arranged into sets, each of which were then arranged close to other sets, helped establish the fact that all life was connected in a pattern indicative of evolution.
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Linnaeus and the
classification of life

arl von Linné — often known by the Latinized Carolus

Linnaeus —was an exceptional Swedish biologist especially
interested in botany. During the 1730s, Linnaeus developed a
catalogue for the identification of plants. By the 1750s he had
developed a standardized system for the naming of organisms:
they were given a two-part name (a binomial) consisting of an
initial genus name (intended to include any number of similar
species) and a specific or trivial name. By 1758 and the time of
its tenth edition, Linnaeus’ catalogue — the Systema Naturae
—included over 12,000 species. His binomial system became
mainstream, as did the groupings he favoured for organisms.

Linnaeus did not endorse an evolutionary perspective, but
arranged organisms according to what he regarded as God’s
plan. However, his demonstration that organisms could be
arranged into sets, each of which were then arranged close
to other sets, helped establish the fact that all life was
connected in a pattern indicative of evolution.
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Introduction

Evolution by natural selection is the foundational concept in
our study of the natural world. One of the most significant
scientific discoveries ever made, it has revolutionized every
aspect of our understanding both of the past, and of the
diversity of living things today. It even allows us to make
predictions about organisms that will evolve in the future.
Indeed, evolution has phenomenal explanatory power: to quote
biologist Theodosius Dobzhansky, ‘nothing makes sense in
biology except in the light of evolution!’

Evidence for evolution is everywhere, and studies show how
the processes and events that together drive evolutionary
change are continually present in every single community of
living things. The result is that at least some knowledge of
evolution is essential for anyone interested in the natural
world. Nevertheless, the actual mechanism is complex and
involves numerous different concepts, processes and events.
New discoveries are constantly made. In fact, evolutionary

6 INTRODUCTION
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science is often at the forefront of the news as advances in
genetics, new fossil discoveries, and new data pertaining to the
link between genetics and development are announced.

Some people, however, contend that the fact of perpetual
change in nature challenges the words of certain sacred
texts. For this reason, evolution is often controversial and
even politicized. Religious leaders, politicians, celebrities and
artists routinely comment on the topic, and it has been at
centre stage in court cases and in arguments about education
and public policy. The battle to teach children about evolution
remains a pertinent one in some parts of the world.

In this book, we look at the key evidence for evolution, and the
developing ideas of the 19th and 20th centuries. We investigate
the principles, concepts and trends within evolution, and see
how it has affected the history of life on geological timescales,
and shaped the development of our own species. We end by
considering the future of evolution: human-caused change,
genetic modification and the possible role of cybernetics.

The idea that living things change over time is basic, elegant

in its simplicity, crucial, and fascinating, but there is still

much to learn.
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What is evolution?

he term ‘evolution’ relates to heritable change that occurs

in living organisms over generations. That is, to change
that occurs as one generation gives rise to the next. Because
evolution take place on this gradual, generational scale, changes
are often tiny and extremely slow to accrue or become obvious.
However, this is not always the case. In organisms that grow and
reproduce quickly, evolution can be rapid enough that changes
are observed over the course of decades, or even years.

Evolution should not be confused with metamorphosis — the
process by which living things change during the course of

their lifetime. Nor, when we discuss biological evolution, are we
discussing such things as the origin of life itself, or cosmological
events, such as the creation of Earth or the Big Bang. The
process of evolution is typically associated with the changes
that affect natural populations of living things. However,
organisms modified by people also evolve. In such cases, it can be
said that humans control or shape their evolution (see page 26).

8 WHAT IS EVOLUTION?
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The origin of species

f evolution refers to heritable changes that occur across

generations, then it mostly concerns changes that happen on
a small scale —in, say, members of a single population of a single
species. This is the kind of evolution that scientists have most
frequently observed. However, if such changes are happening, it
follows that, should they continue for a sufficient period of time,
a population will eventually become distinct enough from related
populations that a new species will have emerged, or originated.

This issue formed the focus of Charles Darwin’s pioneering book
of 1859, titled The Origin of Species by Means of Natural Selection,
or the Preservation of Favoured Races in the Struggle for Life.
Darwin's model for the origination of species does not pertain to
the origin of life as a whole, nor did Darwin understand how the
information inherited by organisms was passed down across the
generations. Substantial additional research was inspired by his
proposal and continues today. Darwin’s research and reasoning
are also themselves a major area of modern investigation.

12 WHAT IS EVOLUTION?
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The evidence for change

he idea that organisms change over the generations is
supported by four facts. The first is that some organisms are
similar to others, yet different enough that they have alternative
lifestyles and do not interbreed. Zebras are similar to horses,
for example. The second fact is that humans have modified
many organisms — flowering plants, dogs and so on — by selecting
individuals to breed with one another in order to emphasize
specific features. If humans can cause such changes to occur
over the generations, natural processes can too.

The third fact is that fossils show how living things have become
smaller or larger over time, and how their parts changed shape

or took on new functions. The fourth fact is that change over the
generations has been observed in laboratory and natural settings.
Scientists have observed generational changes in microscopic
organisms and also in insects, fish, mice, lizards and birds. In some
cases, the changes have been significant enough that we can
probably talk about witnessing the origin of a new species.

10 WHAT IS EVOLUTION?
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Adaptation and mutation

rganisms change over time. Some of these changes make no

difference to the success or failure of the organisms that
inherit them; other changes do. Take a group of antelopes in which
one individual has longer legs than its siblings. Those longer legs
make the individual better at escaping from predators, hence
giving it an advantage in the survival stakes. Its descendants
inherit this feature and are better able to survive as a
consequence. Those longer legs have thus become an ‘adaptation’.
Their evolution means that this particular lineage of antelopes
has ‘adapted’ to its conditions, thanks to its development of this
feature. But why do novel features appear in the first place?

Over the generations, the individual components of the genetic
code within a species change, or mutate (see page 26). So far
as we know, mutations may provide no evolutionary advantage
at all. They may be disadvantageous, in which case they are
weeded out via natural selection; or they may be advantageous,
in which case they persist through the generations.

16 WHAT IS EVOLUTION?
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Survival of the fittest

he mantra ‘survival of the fittest’ is often mentioned as a key

concept of evolutionary theory. Here, the term ‘fittest’ does
not strictly refer to athleticism, strength or health. Instead, it
refers to how good an organism is at surviving in its environment.
The fittest organisms are those that are best at consistently
finding food, water and shelter, the best at escaping predators,
and the best able to produce surviving offspring. In other words,
it describes the process of natural selection (see page 64). Over
time, fitter organisms out-survive or out-compete less fit ones,
the latter passing into extinction while the fitter ones produce
successful descendants that inherit their high-fitness features.

The phrase ‘survival of the fittest’ is often said to have
originated with Darwin. In fact it did not, but was instead first
used by philosopher and biologist Herbert Spencer in an 1864
summary of Darwin’s theory. Darwin did not object to this
shorthand way of describing the process of natural selection
and used it himself in some of his later writings.

14 WHAT IS EVOLUTION?
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Chicken or egg?

f evolution involves one species evolving from another, at

which point do we say that a new species has emerged? Can
a chicken (for example) lay an egg containing the first member
of a new species? Experts disagree over the speed at which
evolution occurs. However, even those who endorse the fastest
version of evolution imaginable think that it works on the scale
of many generations. If we imagine watching one species evolve
into another, we would see white turn to black via innumerable
shades of grey.

Species are human-made constructs: we agree that a ‘species’
is a population that possesses traits that distinguish it from
both ancestral and descendant species. As a result, there must
be one particular ‘shade of grey’—one particular generation in an
evolutionary sequence — that has the trait (or traits) that make
it a member of species x, instead of species y. The result is that,
yes, there must have been events in which a given set of parents
gave rise to offspring that were the first of a new species.
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Am | a monkey?

t's obvious that humans are primates. Within living primates, it's
also clear that humans are closely related to the African apes,
in particular, the chimpanzee and bonobo. In fact, humans are part
of the African ape group, in which case it is accurate to describe

humans as apes in the same way that chimps and bonobos are.

Apes belong to a group of primates (termed ‘anthropoids’) that
also includes New World monkeys, such as spider and howler
monkeys, and Old World monkeys, such as baboons, macaques
and colobus monkeys. No New World monkeys are ancestors of
apes. Old World monkeys, however, share an ancestor with apes
that would almost definitely be considered a monkey were it alive
today. Furthermore, ‘monkey’ is not a formal zoological term:
traditionally, it merely refers to any anthropoid that is not an
ape. But if apes descend from a primate that we would term a
‘monkey’, it is correct to describe apes as a particular group of
large-bodied, tailless monkeys. According to this view, humans —
like all apes —are indeed giant, modified monkeys.
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Genes and DNA

Information passed across the generations does so via the
molecule DNA and the individual segments — termed ‘genes’ —
included within it. While DNA was not fully understood to be key
to inheritance until the 1950s, genes were linked to inheritance
some time earlier. During the 1920s, experiments performed
by biologist Frederick Griffith showed that genes could be
transferred. Prior to these studies there was no clear idea on
how heritable information was transmitted.

DNA (deoxyribonucleic acid) is an elongate molecule consisting
of two strands formed of the sugar deoxyribose and phosphate
radicals. Each unit of deoxyribose is connected to a biological
compound termed a ‘nucleobase’, and four nucleobases occur:
guanine, cytosine, adenine and thymine (G, C, A and T). A sugar,
phosphate and nucleobase together form a ‘nucleotide’. The
two strands of DNA are linked via hydrogen bonds that connect
the nucleobases, the only bonds possible being those between
guanine and cytosine, and between adenine and thymine.
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Sex and inheritance

eople knew for hundreds of years prior to the work of

Darwin that offspring inherited the traits of their parents.
They took advantage of this knowledge by crossing domestic
plants and animals with one another in order to accentuate
certain traits, and reduce or lose others. Exactly how the
transmission of information across the generations occurred
was mysterious and not really resolved until the 20th century.

Why two parents are involved in the formation of offspring is

a good guestion, especially when there are large numbers of
living things (microorganisms and various plants and animals)
that reproduce asexually — that is, without a partner. Sexual
reproduction involves the combination of genes from two
individuals. Offspring are not copies of either parent, but have
their own genetic code. Why this is advantageous remains the
topic of debate, but the most popular idea is that the increased
variation seen in the of fspring of sexually reproducing organisms
allows for swifter adaptation and thus faster evolution.
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Long before Darwin

he discovery of evolution is famously associated with

Charles Darwin, but he was not the first to consider the
idea. During the 18th and 19th centuries, several biologists
thought it likely that living things had changed over time. These
people were typically somewhat radical in social or political
terms and were not afraid to challenge the prevailing view that
all living things were created according to a grand, divine plan.
In England, Erasmus Darwin — grandfather of Charles —alluded
to evolution in his writings of the late 1700s. In France, Jean-
Baptiste de Lamarck endorsed a view of evolution whereby the
habits of living things caused them to change (see page 46).

Lamarck’s colleague Etienne Geoffroy Saint-Hilaire proposed that
environmental changes caused living things to become modified
via sudden events. Other scientists across continental Europe
adopted similar views, and models involving transformation
—often involving the modification of an ancestral plan—were
familiar well before Darwin published his Origin of Species.
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Descent with
modification

Organisms produce descendants, and these descendants
—their immediate offspring and subsequent generations
—inherit the genetic code of their ancestors. If this is all that
happens, evolution would not exist. But as genetic codes are
copied across the generations, changes occur. These changes
(termed ‘mutations’]) result in variation, and the accruing of
sufficient variation over time results in generations that have
features quite different from those of their ancestors.

Combined with the phenomenon of natural selection (see page
64), the concept of descent with modification is central to
the idea of evolution. The fact that change over generations
is such a key concept is important: evolution does not, by
definition, involve the changes that happen to individual
organisms across their lifetime.

Also significant is the fact that any changes are inherited, and
thus passed down from one generation to the next.
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