
Exercises 

1. Defi ne the terms genetic diversity, species diversity, and habitat diversity.

2. Explain how diversity indices can be used to measure the impact of human activities. 

3. Discuss the usefulness of providing numerical values of species diversity to understanding the nature 
of biological communities and the conservation of biodiversity.

Big questions

Having read this section, you can now discuss the following big question:

 ● How are the issues addressed in this topic of relevance to sustainability or sustainable development?

Points you may want to consider in your discussions.

 ● What do diversity indices reveal about the state of an ecosystem?

 ● How can diversity indices be used to measure the impact of human disturbance on an ecosystem 
and assess whether it is sustainable or not?

3.2 Origins of biodiversity

Signifi cant ideas
Evolution is a gradual change in the genetic character of populations 
over many generations achieved largely through the mechanism of 
natural selection.

Environmental change gives new challenges to species, which drives 
evolution of diversity.

There have been major mass extinction events in the geological past.

Big questions

As you read this section, consider the following big questions:

 ● How are the issues addressed in this topic of relevance to sustainability or sustainable development?

 ● In what ways might the solutions explored in this topic alter your predictions for the state of human 
societies and the biosphere some decades from now?

Knowledge and understanding
 ● Biodiversity arises from evolutionary processes. 
 ● Biological variation arises randomly and can either be benefi cial to, damaging to, or have 

no impact on the survival of the individual. 
 ● Natural selection occurs through the following mechanism: 

– within a population of one species there is genetic diversity, which is called variation

– due to natural variation some individuals will be fi tter than others

– fi tter individuals have an advantage and will reproduce more successfully

– the o� spring of fi tter individuals may inherit the genes that give the advantage.
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 ● This natural selection will contribute to evolution of biodiversity over time.
 ● Environmental change gives new challenges to the species, those that are suited survive, 

and those that are not suited will not survive. 
 ● Speciation is the formation of new species when populations of a species become isolated 

and evolve di� erently. 
 ● Isolation of populations can be caused by environmental changes forming barriers 

such as mountain building, changes in rivers, sea level change, climatic change or plate 
movements. The surface of the Earth is divided into crustal/tectonic plates which have 
moved throughout geological time. This has led to the creation of both land bridges and 
physical barriers with evolutionary consequences. 

 ● The distribution of continents has also caused climatic variations and variation in food 
supply, both contributing to evolution.

 ● Mass extinctions of the past have been caused by di� erent factors such as tectonic 
movements, super-volcanic eruption, climatic changes (including drought and ice ages), 
and meteor impact, which resulted in new directions in evolution and therefore increased 
biodiversity.

How biodiversity arises from evolutionary 
processes 

Looking at the great diversity of life on Earth, one important question is, how has 
this biodiversity arisen? The answer lies in the theory of evolution, which describes 
how species change gradually over many years from ancestral species into entirely 
new species. A common ancestor is the most recent species from which two or more 
now di� erent species have evolved (humans and chimpanzees, for example, share a 
common ancestor of some 6 million years ago). Biodiversity arises from evolutionary 
processes.

Evolution, the development of new species over very long periods of geological 
time (millions of years), has been accepted by scientists for many years. Evidence is 
found by examination of the fossil record: older rocks contain fossils of simpler forms 
of life, more recent rocks contain fossils of more complex life forms. However, the 
explanation of how evolution actually occurred took longer to work out, and was 
fi nally described by Charles Darwin in his book On the Origin of Species in 1859. This is 
one of several theories of evolution but is the only one that is now widely recognized 
within the scientifi c community, and has survived the test of time.

Natural selection
Darwin made a 5-year trip on 
HMS Beagle between 1831 and 
1836. The aim of the expedition 
was to map the coasts and 
waters of South America and 
Australia. Darwin was on 
board as a companion to the 
captain, but Darwin was also a 
talented and curious naturalist. 
During the trip, he was exposed 
to some of the most diverse 
ecosystems on Earth (the 
rainforests of South America), 
and the Galápagos Islands of the 
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Evolution is the 
cumulative, gradual 
change in the genetic 
composition of a 
species over many 
successive generations, 
ultimately giving rise to 
species di� erent from 
the common ancestor.

 Charles Darwin about 20 
years after the voyage of HMS 

Beagle. He was in his forties 
and accumulating evidence 

in support of his theory of 
evolution.

 Pages from one of Darwin’s 
notebooks, in which he fi rst 

outlined his ideas on evolution 
by natural selection 
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west coast of South America. It was essentially the interrelationship between species 
and environment in the Galápagos Islands that stimulated Darwin to produce his 
theory of evolution. Darwin noted that:

 ● all species tend to over-reproduce
 ● this leads to competition for limited resources (a ‘struggle for existence’)
 ● species show variation (all individuals are not alike, they have subtle di� erences in 
appearance or behaviour).

From this Darwin concluded that:

 ● those best adapted to their surroundings survive
 ● these can then go on to reproduce.

We now know that variation is caused by genetic diversity: changes in the gene 
pool of a species arise through mutations (changes in the genetic code) and sexual 
reproduction. Biological variation arises randomly and can either be benefi cial to, 
damaging to, or have no impact on the survival of the individual. Benefi cial change 
to the gene pool of a species can lead to increased chances of survival and the ability 
to pass on the same genetic advantage to the next generation. Survival has a genetic 
basis – nature selects the individuals possessing what it takes to survive. This means 
successful genes are selected and passed on to the next generation. Over time, a 
change in the species’ gene pool takes place, and such changes ultimately lead to 
new species. Where changes to the genetic code lead to non-benefi cial e� ects, such 
as the development of a genetic disease (e.g. cystic fi brosis – a disease that a� ects the 
lungs and digestive system), the a� ected genes can still be passed down through the 
generations but o� er no adaptive advantage. Should such genes be distinctly harmful, 
individuals with them may die before they can reproduce. Some variation has no e� ect 
on the survival of a species (it is said to be neutral). 

Darwin called the process natural selection because nature does the choosing, 
as opposed to artifi cial selection (selective breeding), a common practice in which 
humans choose animals or plants to breed together based on desirable characteristics. 
It is selective breeding that has led to all the varieties of domestic and agricultural 
animals we have today. Over millennia, ,the result of natural selection is not just new 
varieties but new species. The process of natural selection contributes to the evolution 
of biodiversity over time.

Darwin collected huge numbers of animals, plants and fossils during his trip on HMS 
Beagle. Many of these are now in the Natural History Museum, London. It was after his 
return to the UK, and after he had time to examine his specimens, that Darwin began 
to develop his theory.

He was particularly infl uenced by specimens of three species of mockingbird from the 
Galápagos Islands. He noticed that each species was from a di� erent island and each 
was specifi cally adapted (in body size and beak shape) to conditions on its island. This 
led him to start to think that, rather than each species being created separately (as was 
widely thought at the time), perhaps all were related to a common ancestor from the 
South American mainland. Moreover, perhaps each had evolved through the process 
of natural selection to become adapted to di� erent niches on di� erent islands. The 
mockingbirds are believed to have had a more important role in the development of 
Darwin’s initial ideas than the famous Galápagos fi nches. In The Voyage of the Beagle 
(1839), Darwin wrote: ‘My attention was fi rst thoroughly aroused by comparing 
together the various specimens ... of the mocking-thrush.’
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Genes are sections 
of DNA found in the 
nucleus of all cells. 
They are essentially the 
instructions from which 
a species is produced. 
Gene pool refers to all 
the di� erent types of 
gene found within every 
individual of a species.

Natural selection 
occurs through the 
following mechanism: 

 ● within a population 
of one species there 
is genetic diversity, 
which is called 
variation

 ● because of natural 
variation, some 
individuals will be 
fi tter than others

 ● fi tter individuals have 
an advantage and 
will reproduce more 
successfully

 ● the o� spring of fi tter 
individuals inherit 
the genes that give 
the advantage; 
these o� spring 
therefore survive 
and pass on the 
genes to subsequent 
generations.

To learn more about the 
work of Charles Darwin, go 
to www.pearsonhotlinks.
co.uk, enter the book 
title or ISBN, and click on 
weblink 3.1. 

Biogeography is the 
study of the geographical 
distribution of species, 
and explains their 
current distribution using 
evolutionary history. Once 
the historical factors that 
have been involved in 
shaping biodiversity are 
understood, scientists 
can better predict how 
biodiversity will respond 
to our rapidly changing 
world (e.g. as a result of 
climate change). 
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CONCEPTS: Biodiversity

Biodiversity has occurred through the process of evolution by natural selection.

In other books you will fi nd accounts referring to Darwin’s fi nches. The Galápagos Islands are 
home to 12 species of fi nch, each clearly adapted to its specifi c island’s type of vegetation. 
Although Darwin collected specimens of the fi nches, he did not label them with the locations 
where they were found. So, he paid them little attention until he was certain that his three 
mockingbirds were indeed di� erent species. Fortunately, other fi nches, which had been 
collected by members of HMS Beagle’s crew, had been labelled with the islands on which 
they were found. So, the fi nches were after all able to play a useful back-up role in Darwin’s 
conclusion that new species can develop.

In 1858, Charles Darwin unexpectedly received a 
letter from a young naturalist, Alfred Russel Wallace. 
Wallace outlined a remarkably similar theory of 
natural selection to Darwin’s own. Wallace had 
come up with the idea while travelling in South East 
Asia. The men had developed the same theory 
independently. Why was this possible? Common 
experiences seem to have been crucial, and both 
had read similar books. For two individuals to arrive 
at one of the most important theories in science 
independently and at the same time is remarkable.

Portrait of Alfred Russel Wallace at the 
Natural History Museum, London.

CONCEPTS: Environmental value systems

The evidence for Darwin’s theory is overwhelming. Despite this, some people (creationists) do not 
believe it to be correct. These people believe that the Genesis story in the Bible is literally true, with 
all life on Earth being created within 6 days. Scientifi c evidence strongly contradicts this version of 
events. Most religions accept Darwin’s theory while maintaining a belief in a creator God. What do 
you think? Ultimately you must weigh your worldview with the scientifi c evidence and draw your 
own conclusions.
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The fi rst publication of 
the theory of evolution 
by natural selection 
was not in 1859 in 
Darwin’s On the Origin 
of Species, but in 1858 
in a joint publication 
by Darwin and Wallace  
in Proceedings of the 
Linnaean Society of 
London, following a 
presentation of their 
fi ndings at the Society 
earlier that year.

 Di� erent species of giant 
tortoise are found on di� erent 
islands of the Galápagos, each 

adapted to local conditions. 
(a) On islands with tall 

vegetation, saddle-shaped shell 
fronts enable the animals to 

stretch up and reach the plants. 
(b) Animals with domed-shaped 
shell fronts are found on islands 

where vegetation is common on 
the ground. 

To learn more about 
Richard Dawkins, an 
advocate of Darwin’s 
theory, go to www.
pearsonhotlinks.co.uk, 
enter the book title 
or ISBN, and click on 
weblink 3.2. 

The theory of evolution 
by natural selection 
tells us that change in 
populations is achieved 
through the process of 
natural selection. Is there 
a di� erence between a 
convincing theory and a 
correct one?

(a) (b)
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The role of isolation in forming new species

Natural selection is not, on its own, su�  cient to lead to speciation; isolation is 
required. Populations must fi rst become separated (i.e. isolated), one from the other, 
so that genes cannot be exchanged between them (this is reproductive isolation). If 
the environments of the isolated populations are di� erent, natural selection will work 
on each population so that, through evolution, new species are formed (i.e. speciation 
occurs).

The islands of the Galápagos are quite widely separated and very di� erent from each 
other (Figure 3.3). This means that animal and plant populations which arrived from 
mainland South America (ancestral populations) became geographically isolated from 
each other. For example, an ancestral population of mockingbirds arriving from the 
mainland would have spread onto several di� erent islands. As local environmental 
and biological conditions were di� erent on each island, di� erent species evolved to 
inhabit di� erent ecological niches. The islands are 1060 km from the mainland and the 
distances between them are su�  ciently large to make it di�  cult for the geographically 
isolated populations on di� erent islands to interbreed. Thus gene fl ow (the exchange of 
genetic material through interbreeding) would be limited. 
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Speciation is the 
formation of new 
species when 
populations of a species 
become isolated and 
evolve di� erently.

A species is a group 
of organisms that 
interbreed and produce 
fertile o� spring. 
Sometimes, two species 
breed together to 
produce a hybrid, which 
is a sterile organism 
(pages 61–62).

Mountain formation leads 
to evolution and increased 
biodiversity. Mountains (like the 
Eiger, Munch, and Jungfrau, in 
the Swiss Alps) form a physical 
barrier that isolates populations. 
The uplift can also create new 
habitats, with an increase in 
biodiversity due to populations 
adapting to new habitats 
through natural selection.

Figure 3.3 The Galápagos 
Islands 
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Geographic isolation is essential in the formation of new species. Without it, 
interbreeding would cause the genes from two populations to continue to mix 
(Figure 3.4) and characteristics of the ancestral species to remain.

geographical
barrier

geographical
barrier

two populations of one species
can interbreed and mix genes
(gene flow occurs)

populations separated by a geographical
barrier cannot interbreed; each develops
its own variations (gene flow interrupted)

eventually two separate species
develop in response to different
selection pressures

even without a geographical
barrier, two species remain
genetically distinct

Case study

Speciation in spotted owls

Populations of the spotted owl in North America have become geographically separated over time, 
forming two varieties: the northern spotted owl and the Mexican spotted owl (Figure 3.5). Given enough 
time and continued isolation, these will eventually be unable to interbreed and produce fertile o� spring. 
They will then be two separate species.

 

Northern spotted owl
Strix occidentalis caurina

Mexican spotted owl
Strix occidentalis lucida

In Chapter 2, you saw how altitudinal environmental gradients on rocky shores lead 
to di� erent communities forming at di� erent heights (page 113). Zonating also occurs 
on mountains. When mountains come into existence, they provide new environments 
for natural selection to act on. Sea level changes caused by climate change have led 
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 Figure 3.4 Geographical 
barriers include mountains, 

island formation, water 
(sea, river or lake), or hostile 

environments. 

 Figure 3.5 The ranges of these 
two varieties of spotted owl do 

not overlap and they occupy 
di� erent niches – geographical 

isolation means there is little 
gene fl ow between the two 

varieties.

Geographical isolation 
is a physical barrier, 
such as a mountain 
range, that causes 
populations to become 
separated.
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to higher altitude areas becoming isolated (as sea level rises), or have provided land-
bridges for migration of species to new areas (when sea levels drop and once-separated 
areas of land join up. Environmental change produces new challenges to species: those 
that are suited survive, and those that are not suited become extinct. The same process 
takes place whenever environmental change occurs, whether it is by barrier formation 
(e.g. mountains; sea level change), climatic change, or movement of tectonic plates 
(page 162).
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During the Pleistocene ice ages (which began 2.6 million years ago), a fall in sea levels (due 
to decrease in temperature and large amounts of water becoming locked up in ice caps and 
glaciers above sea level) led to a land bridge (Beringia) forming between previously separated 
Alaska and eastern Siberia (Figure 3.6). It is possible that the earliest human colonizers of the 
Americas entered from Asia via this route. Between about 17 000 and 25 000 years ago, the 
islands of South East Asia (Borneo, Java, and Sumatra) were connected to the mainland of 
Asia forming one land mass, which we call Sundaland (Figure 3.7). Again, this land bridge was 
caused by a drop in sea level due to climate change. In both cases, as sea levels rose again, the 
land bridges were lost and areas became isolated once more.
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Figure 3.6 A land bridge 
formed between Siberia and 
Alaska during the Pleistocene 
ice age. 

Figure 3.7 Lower sea levels 
during the late Pleistocene led 
to mainland Asia joining with 
the islands of Sumatra, Java, and 
Borneo. 

Isolation of populations 
can be caused by 
environmental change 
such as mountain 
formation, change 
in river courses, sea 
level change, climatic 
change, or plate 
movements.
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Plate tectonics
Let’s now consider how movement of the Earth’s tectonic plates creates mountains and 
other phenomena that lead to the isolation of populations and speciation. 

The outer layer of the Earth, the crust (lithosphere), is divided into eight major and 
many minor plates (Figure 3.8). These plates vary in size and shape but can move 
relative to each other. They are carried on the mantle (asthenosphere) beneath them, 

As well as geographical isolation, other isolating mechanisms exist that cause speciation. 
Speciation can take place in populations that are not separated by geographical barriers, and 
exist in the same location.  For example, behavioural di� erences that emerge between 
populations can lead to reproductive isolation. Di� erences in courtship display in birds of 
paradise have led to the evolution of numerous species within the same forest: male birds of 
paradise have bright and colourful feathers which they use to attract females, and di� erent 
species also have di� erent dancing displays. Changes in the appearance or behaviour of 
populations may result in males and females of those populations no longer being attracted to 
each other and therefore not breeding together.

Ecological di� erences can also emerge between 
populations: for example, species may become 
separated along environmental gradients. In the 
rainforests of Borneo, a group of dung beetles 
have become adapted to living in the canopy, 
where environmental conditions are very di� erent 
from those on the ground.

Eurasian Plate

North American Plate
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Cocos
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Caribbean
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Nazca
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Gorda 
Plate

 Dung beetles feeding on primate dung in the canopy of rainforest in Borneo. 
These beetles make a ball from the dung: a male and female here can be seen 

working together. This group is an example of isolation and speciation occurring 
within the same forest ecosystem as ground-living dung beetles. 
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 Male Raggiana bird of paradise 
displaying his plumage to a 

female. The male bird is brightly 
coloured but the female is plain. 

Alfred Russel Wallace was one 
of the fi rst naturalists to observe 
these and other species of birds 

of paradise in the wild. 

The surface of the 
Earth is divided 
into tectonic plates, 
which have moved 
throughout geological 
time. This has led to 
the creation of both 
physical barriers 
and land bridges 
with evolutionary 
consequences.

 Figure 3.8 Earth’s tectonic 
plates
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which can fl ow like a liquid on geological time scales. The edges of adjacent plates can 
move parallel to each other, be pushed one under the other, or collide. Earthquakes, 
volcanoes, and mountain building occur at these boundaries. The movement and 
forming and reforming of these plates is known as plate tectonics.

During the Palaeozoic and Mesozoic eras (about 250 million years ago) all land mass 
on Earth existed as one supercontinent, Pangaea (Figure 3.9). This name is derived 
from the Greek for ‘entire’. About 175 million years ago, the land mass split into two 
separate supercontinents, Laurasia and Gondwana. Laurasia contained land that 
became North America, Eurasia (Europe and Asia) and Greenland, and Gondwana 
contained the land that became South America, Africa, Australia, Antarctica, and 
India. The distribution of all extinct and extant (still living) species found in these 
geographical areas today can be explained in terms of these ancient land masses.
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Movement of the tectonic plates can produce barriers such as mountain ranges, 
oceans, and rift valleys that lead to isolation of gene pools and then speciation. 
Movement apart of the plates can also lead to isolation and the development or 
preservation of unique species. For example, the separation of Australia led to the 
preservation of its distinctive fl ora and fauna (e.g. eucalypts, monotremes, and 
marsupials such as kangaroos). Similarly, Madagascar is the only place where lemurs 
are found today. 

Formation of land bridges between previously separated plates can provide 
opportunities for species to spread from one area to another. For example, species 
from Australia spread onto new islands in Indonesia, and the similarity between 
caribou and reindeer (in Alaska and Siberia) suggests a common ancestry.

The movement of plates through di� erent climatic zones allows new habitats to 
present themselves. For example, the northward movement of the Australian plate, 
and the subsequent drying of much of the continent, has provided changes in the 
selective forces on species leading to the evolution of drought-tolerant species. The 
distribution of continents has caused climatic variations and variation in food supply, 
both contributing to evolution.

Plate movement can generate new and diverse habitats, thus promoting biodiversity 
(Figures 3.10–3.14).
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Figure 3.9 Continental drift 
from 225 million years ago to 
the present day 

To learn more about 
plate tectonics and 
species diversity, go to 
www.pearsonhotlinks.
co.uk, enter the book 
title or ISBN, and click on 
weblink 3.3. 
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oceanic plate pushed under
continental crust (subduction)

rising magma

new island forming
thickening of continental crust

oceanic crust

continental crust

rising magma

volcanic island oceanic crusts

subduction

continental plates

new mountains due to increased
thickness in continental plate
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 Figure 3.10 Subduction of 
denser oceanic crust beneath 

the less dense continental 
crust. This can lead to new 

island arcs (e.g. New Zealand, 
where the Pacifi c plate is being 

subducted under the Indian/
Australian plate), and mountain 

areas where magma rises up 
from under the subduction area 

causing volcanic action and 
thickening of the crust (e.g. the 

Andes of South America and 
the Cascade Range of north-

western USA). 

 Figure 3.11 Oceanic crust is 
subducted beneath oceanic 
crust – as both are the same 
density, the e� ect is di� erent 

from that in Figure 3.10. 
Resulting volcanic activity 
from rising magma causes 

new islands to form, with new 
habitats providing possibilities 

for speciation. Japan, the 
Philippines, the Aleutians of 

Alaska, and the Leeward Islands 
of the Caribbean were all 

created in this way. 

 Figure 3.12 Continental 
plates colliding. This leads to 

an increase in continental plate 
thickness and eventually to 

new mountain ranges (e.g. the 
Himalayas, where the Indian 
plate is being pushed against 

the large Asian plate). Creation 
of new habitats at di� erent 

altitudes adds to the biodiversity 
of the region.
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CONCEPTS: Biodiversity

The movement of the Earth’s plates has caused 
isolation of populations, climatic variations, and 
changes in food supply, contributing to evolution 
and new biodiversity.

continental crust forming
sides of rift valley

rising magma
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Figure 3.13 Continental plates 
moving apart cause rift valleys. 
Deep lakes may form in these 
valleys (e.g. Lake Tanganyika 
and Lake Victoria in the East 
African rift valley and the world’s 
deepest lake, Lake Baikal, in 
Siberia). Given time, new seas 
may form – The Red Sea, which 
separates Africa and Saudi 
Arabia, is an example. The 
creation of new aquatic habitats 
drives speciation in these rift 
areas. Magma rising from the 
rift can stick to the separating 
plates creating new land (e.g. 
Iceland, Ascension Island, the 
Azores, and Tristan de Cunha 
in the Atlantic) again creating 
new opportunities for species 
evolution. 

Figure 3.14 In some areas, 
hot rock rises from deep in the 
mantle and breaks through the 
oceanic crust. These hotspots 
are not caused at plate edges 
but by movement of plates over 
areas where magma rises. The 
hotspots can create chains of 
islands (e.g. Galápagos Islands 
and Hawaii). As Darwin found, 
the creation of volcanic islands 
and their colonization by 
animals and plants that become 
adapted to local conditions 
can lead to increased regional 
diversity. 

new volcanic island

older volcanic island,
volcanic activity
eventually ceases

island with
extinct volcano

rising magma

Mount Everest, the 
world’s tallest mountain 
at nearly 9000 m, has 
been created over 
40 million years by the 
collision between the 
Indian and Eurasian 
plates. The rocks on the 
summit are 50 million-
year-old limestones that 
formed in the shallow 

waters of an ocean that once lay between India and Asia. The Himalayas 
are a physical barrier that has led to the separation of populations and the 
evolution of new species: this is true of mountain building in general. 

You need to be able to explain how plate 
activity has infl uenced evolution and 
biodiversity.
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Mass extinctions
Mass extinctions of the past have been caused by factors such as tectonic 
movements, super-volcanic eruptions, climatic changes (including drought and ice 
ages), and meteor impact. All resulted in new directions in evolution and, therefore, an 
eventual increased in biodiversity.

The fossil record shows that over millions of years, there have been fi ve mass 
extinctions, caused by natural physical (abiotic) phenomena. In mass extinctions, 
species disappear in a geologically short time period, usually between a few hundred 
thousand to a few million years. 

The fi ve mass extinctions in the geological past, and their possible causes, are as 
follows.

 ● The Cretaceous–Tertiary extinction 
Occurred about 65 million years ago and was probably caused by the impact of 
a several-mile-wide asteroid that created a huge crater now hidden beneath the 
Gulf of Mexico. Dust thrown into the atmosphere by the impact would have led to 
less sunlight reaching the Earth’s surface causing a drop in temperature. Another 
possible cause could have been fl ood-like volcanic eruptions of basalt lava from 
India’s Deccan Traps, leading to climate change through increased emission of 
greenhouse gases. It is also possible that tectonic plate movements contributed to the 
Cretaceous–Tertiary extinction: a major rearrangement of the world’s landmasses 
caused by plate movement would have resulted in climatic changes that could have 
caused a gradual deterioration of dinosaur habitats, contributing to their extinction. 
The extinction killed 76 per cent of all species (16 per cent of marine families, 47 
per cent of marine genera and 18 per cent of land vertebrate families, including the 
dinosaurs). 

 ● The End Triassic extinction 
Occurred roughly 199 million to 214 million years ago and was most likely caused 
by massive fl oods of lava erupting from an opening in the Atlantic Ocean, leading 
to climate change. The extinction killed 80 per cent of all species (23 per cent of all 
families and 48 per cent of all genera).

 ● The Permian–Triassic extinction 
Occurred about 251 million years ago, and was the largest of these events. It is 
suspected to have been caused by a comet or asteroid impact, although direct 
evidence has not been found. Others believe the cause was fl ood volcanism (as with 
the End Triassic extinction) from the Siberian Traps, which destroyed algae and 
plants, reducing oxygen levels in the sea. Some scientists believe that plate movement 
may have contributed to the Permian extinction. The joining together of all the land 
masses to create the supercontinent Pangaea (page 163), which occurred sometime 
before the Permian extinction, would have led to environmental change on the new 
land mass, especially in the interior which would have become much drier. The new 
landmass also decreased the quantity of shallow seas and exposed formerly isolated 
organisms of the former continents to increased competition. Pangaea’s formation 
would have altered oceanic circulation and atmospheric weather patterns, creating 

Evidence for the role of plate tectonics in contributing to speciation can be interpreted from 
the fossil record, and from the current distribution of organisms around the planet. Before the 
continental drift hypothesis, there was no satisfactory explanation of the distribution of life 
forms. Why, therefore, didn’t scientists establish such a hypothesis earlier?
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A mass extinction is a 
period in which at least 
75 per cent of the total 
number of species on 
the Earth at the time 
are wiped out. 
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seasonal monsoons. Pangaea formed millions of years before the Permian extinction, 
however, and the very gradual changes that are caused by continental drift, are 
unlikely, on their own, to have led to the simultaneous loss of both terrestrial and 
oceanic life on the scale seen.

The Permian extinction wiped out 96 per cent of all species (53 per cent of marine 
families, 84 per cent of marine genera and an estimated 70 per cent of land species 
such as plants, insects, and vertebrate animals: in total, 57 per cent of all families and 
83 per cent of all genera).

 ● The Late Devonian extinction 
Occurred about 364 million years ago, caused by global cooling (followed by global 
warming), linked to the diversifi cation of land plants (causing less CO2 in atmosphere 
and therefore lower levels of greenhouse gases). The extinction killed 75 per cent of 
all species (19 per cent of all families and 50 per cent of all genera) 

 ● The Ordovician–Silurian extinction
Occurred about 439 million years ago, was caused by a drop in sea levels as glaciers 
formed, then by rising sea levels as glaciers melted. The extinction killed 86 per cent 
of all species (27 per cent of all families and 57 per cent of all genera).

The average time between these mass extinctions is around 100 million years. The 
exception is the gap between the Permian–Triassic and the End Triassic extinctions, 
which were approximately 50 million years apart.

CONCEPTS: Biodiversity

Mass extinctions have led to initial massive reductions in the Earth’s biodiversity. These extinction 
events have resulted in new directions in evolution and therefore increased biodiversity in the long 
term.

Although the mass extinction events led to a massive loss of biodiversity, with 
less than 1 per cent of all species that have ever existed still being alive today, they 
ultimately led to new biodiversity evolving (Figure 3.15). The large-scale loss of species 
led to new opportunities for surviving populations, with many groups undergoing 
adaptive radiation (where an ancestral species evolves to fi ll di� erent ecological niches, 
leading to new species). 

A 6th mass extinction?

The Earth is believed to be currently undergoing a sixth mass extinction, caused by human 
activities (biotic factors). If this is the case, it is the fi rst extinction event to have biotic, rather 
than abiotic causes. The di� erence between abiotic and biotic factors is important, and 
represents a signifi cant shift in the cause of extinction. 

The sixth extinction can be divided into two discrete phases:
 ● phase 1 began when the fi rst modern humans began to disperse to di� erent parts of the 

world about 100 000 years ago
 ● phase 2 began about 10 000 years ago when humans turned to agriculture.

The development of agriculture and the clearance of native ecosystems accelerated the pace 
of extinction. Mass extinctions of the past took place over geological time, which allowed 
time for new species to evolve to fi ll the gaps left by the extinct species. Current changes to 
the planet are occurring much faster, over the period of human lifetimes. Over-population, 
invasive species, and over-exploitation are fuelling the extinction. Pollution and the advent of 
global warming (Chapters 6 and 7) are also accelerating changes to the planet and increasing 
extinction rates in species that cannot adapt to the changing conditions or migrate to new 
areas. Some scientists have predicted that 50 per cent of all species could be extinct by the 
end of the 21st century.
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You need to be able to 
discuss the causes of 
mass extinctions.

We can never know for 
sure what has caused 
past extinctions. Scientists 
can only look at the 
fossil record and the 
geology of the Earth and 
draw conclusions from 
them. Does this lack of 
experimental evidence 
limit the validity of the 
conclusions drawn?
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Exercises 

1. Darwin’s theory of evolution is explained in terms of natural selection. What is natural selection, and 
how does it lead to the generation of new species?

2. Isolation mechanisms are essential for the generation of new species. How does the isolation of 
populations lead to speciation?

3. Name three di� erent ways that the Earth’s plates interact. How does each lead to speciation events?

4. Outline how land bridges have contributed to the current distribution of species. Give one example 
and say how and when land bridges a� ected species distribution patterns.

5. How many mass extinctions have there been in the past? What was the cause of these extinctions?

Big questions

Having read this section, you can now discuss the following big questions:

 ● How are the issues addressed in this topic of relevance to sustainability or sustainable development?

 ● In what ways might the solutions explored in this topic alter your predictions for the state of human 
societies and the biosphere some decades from now?
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 Figure 3.15 The evolution of 
life – and the mass extinctions 

that have wiped out 99 per cent 
of all species that have ever 

existed on Earth 
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