M KINGFISHER

T HE C&NCTITS-E

NATURE
ENCYCLOPEDIA

a i)

"

<
29
XL

a '(:MI’

v
ety
PRl 4"

v Tm
gy Y
& i

_ LY
..‘i.l#f
e ]
3
-

- 8

Explores every major plant and animal group on earth

Thematically arranged
Stunning photographs and artwork of the natural world




THE CONCISE

NATURE
ENCYCLOPEDIA



Editors: Miranda Sr.nith, Russell Mclean, Paula Borton
Senior designer: Malcolm Parchment
Designers: Peter Clayman, Carol Ann Davis, Sam Combes
Editorial assistance: Jennifer Schofield, Carron Brown, Sheila Clewley
Picture research manager: Cee Weston-Baker
Senior production controller: Nancy Roberts
DTP coordinator: Sarah Pfitzner
Artwork archivists: Wendy Allison, Jenny Lord
Illustrations: Julian and Janet Baker

Indexer: Sue Lightfoot

KINGFISHER
Kingfisher Publications Plc
New Penderel House
283-288 High Holborn
London WC1V 7HZ
www.kingfisherpub.com

First published as The Kingfisher Illustrated Nature Encyclopedia by
Kingfisher Publications Plc in 2004
13579108642

1TRIOS06/CACIGRS BSET(SGOY)57GEMAF
Copyright © Kingfisher Publications Plc 2006

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system
or transmitted by any means, electronic, mechanical, photocopying or otherwise, without the
prior permission of the publisher.

Note to readers:
The website addresses listed in this book are correct at the time of going to print. However, due
to the ever-changing nature of the Internet, website addresses and content can change. Websites
can contain links that are unsuitable for children. The publisher cannot be held responsible for
changes in website addresses or content, or for information obtained through third-party
websites. We strongly advise that Internet searches should be supervised by an adult.

A CIP catalogue record for this book is available from the British Library.

ISBN-13: 978 07534 1321 0
ISBN-10: 0 7534 1321 3

Printed in China




T H:E 8 N &1 5N

NATURE
ENCYCLOPEDIA

y




Introduction 7
ParT 1
A PLANET APART 8

Introducing the earth 10
How the earth formed 12

How life began 14
The biosphere 1 16
The biosphere 2 18
The world of water 20
Living on land 22
Energy for life 24
Changing climate 26
Seasons and weather 28
Dealing with disaster 30

The fossilized skeleton of
Archaeopteryx, an early kind of bird

The evolution of life
Timeline of life 1
Timeline of life 2

How evolution works 1
How evolution works 2
Genes and DNA
Adapting to survive 1
Adapting to survive 2
Shared solutions
Extinction

Wildlife under threat
Back from the brink

PART 2
THE LIVING WORLD

Kingdoms of life
Classifying living things

Micrélife
Bacteria
Viruses
Protozoans

Algae

Fungi

How fungi feed
How fungi reproduce
Fungi and animals
Fungi and plants

R, oy,

32
34
36
38
40
42
44
46
48
50
52
54

56

58
60

S ~

Plants

Living on light
Leaves

Flowers

Pollination
Flowerheads

Seeds and fruit

Seeds on the move
Plants without flowers
Plant life cycles

Trees

How trees grow

Plant defences
Carnivorous plants
Passengers and parasites

Animals
Shapes and skeletons

Stages in the formation
of planct earth, about
4.7 billion years ago

62
64
65
68
70

72
74
76
78
80

i é’ Campylodiscus diatoms —
—

types of microplant that
have a protective case
built from silica

82
84
86

90
92
94
96
98
100
102
104
106
108
112

114
116



Breathing

How animals move
Gliding and flying
Animal senses 1
Animal senses 2
Plant-eaters
Predators
Scavengers

118
120
122
124
126
128
130
132

A wild cat hissing and baring its teeth
to repel an enemy

Animal defences
Partners and parasites
Animal reproduction
Starting life

Growing up

Instinct and learning

134
136
138
140
142
144

Living in a group
Animal architects

Ecology

Homes and habitats
Living together

Food chains and webs

PART 3
WILDLIFE HABITATS

Biomes of the world
Arctic and tundra
Antarctica

Deserts

Grasslands and savanna
Shrublands

Temperate forests
Coniferous forests
Tropical forests

back to their nest in a South
American rainforest

152
154

158

160 |

162 |
164
174 ‘
182 |
192 |
204 |
212
224

234 |

Leafcutter ants carrying pieces of leaf

A colony of African fruit bats

roosting in a cave

Rivers, lakes and wetlands 246

Mountains and caves 258
Oceans 266
Coasts 278
Coral reefs 290
Towns and cities 298
REFERENCE

Glossary 308
Websites 311
Index 312

Acknowledgements 320







INTRODUCTION

or almost four billion years, life has flourished on planet
F carth — as far as we know, the only life-supporting world

in a seemingly barren and inhospitable universe. From the
simplest viruses to the largest land animals, the living things that
inhabit the earth have always formed highly complex relationships
between themselves and with their environments. 7he Concise
Nature Encyclopedia celebrates this incredible diversity, bringing
to life the wonders of the living world and exploring every major
plant and animal group on the planet.

The encyclopedia is divided into three parts. The first, ‘A Planet
Apart’, introduces earth, exploring the formation of our planet and
the earliest origins of life. Since then, the unpredictable process
of evolution has created a limitless variety of life-forms in every
habitat — and also caused the extinction of 99 per cent of the
world’s species along the way.

Part two, “The Living World’, leads the reader through the five
kingdoms of life — animals, plants, fungi, protists and bacteria. No
one knows exactly how many different types of living things exist
on earth, but scientists have identified more than 2.5 million
species, a number that is growing all the time.

The third part, ‘Wildlife Habitats’, is a remarkable journey
through the many different environments that support life on
earth. From the bitter cold of the highest mountains to the
blackness and extreme pressure of the ocean floor, living things
have adapted to survive in almost every habitat that our planet
has to offer, however unpromising the conditions. Species profiles
highlight animals and plants of particular interest, such as the
gnarled Welwitschia plant of the Namib Desert, and the Arctic
bumblebee — one of the northernmost insects in the world.

The Concise Nature Encyclopedia presents a fascinating picture of
life on earth, and, at a time when the living world is increasingly
threatened by human activity, no subject is more vital to understand.




Scen from space, the earth and the moon look very different.

The moon is dry and barren, but the earth is cloaked by swirls

of cloud, showing that it has an atmosphere. Sunshine glints from
the surface of the oceans, while a patchwork of green and brown
reveals some of the habitats found on land. No other planet mn

the solar system looks anything like this, and none = as far

as we know — s home to living things.
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A PLANET APART

INTRODUCING
THE EARTH

DESPITE YEARS OF SEARCHING, ASTRONOMERS
HAVE YET TO FIND ANYWHERE IN THE UNIVERSE
THAT REMOTELY RESEMBLES THE EARTH. OUR
PLANET IS ONE OF NINE IM THE SOLAR SYSTEM,
BUT AS FAR AS WE KNOW, IT IS THE ONLY ONE
THAT IS HOME TO LIVING THINGS.

ompared to most of the outer planets, the earth is small.
Jupiter is more than 140,000 km across, and it could

swallow the earth 1,300 times. Mercury, Venus and Mars
are much more like the earth in size, but they are either roasted
by the sun, or steeped in bitter cold. The earth alone is somewhere
in between — a planet awash with water, and brimming with life.

A WORLD OF WATER form clouds and rain. Without
Water is a substance that makes the | water, the earth’s surface would be
earth unique. It exists elsewhere in as dusty and lifeless as the moon’s.
the solar system, but is nearly always | About 97 per cent of the world’s
frozen. Most of the earth'’s water is water is in the oceans, while

liquid. It slowly circulates to spread | two per cent is locked up
the sun’s heat, and it evaporates to

A\ The earths magnetic field protects us
from particles given off by the sun. In the
Arctic and Antarctic, these particles create
shimmering curtains of light called auroras.

I\ Powered by warmth from the sun, the
earth’s water keeps moving. Rainwater flows
over land in rivers, and also through it, in
soil and porous rocks. Underground water
can take thousands of years to reach the sea.




in glaciers and polar ice. Freshwater
makes up almost all of the rest. Only
a tiny amount — just 0.001 per cent —
consists of water vapour in the air.

THE ATMOSPHERE
On the moon, the sky looks black.
Down on earth, the sky is blue. That
is because the earth is surrounded by
the atmosphere, which scatters light
rays coming from the sun. But the
atmosphere does more than make
the sky an attractive colour. It protects
living things from harmful radiation,
and it helps keep the surface of the
planet warm. It also contains gases
that are essential for living things.
Mitrogen makes up nearly four-
fifths of the atmosphere. All living
things need this gas, but only
microbes can collect it directly from
the air. They build it into chemicals
that plants and animals can use.

Oxygen is even more
important, because living
things use it to release
energy. It makes up about a
fifth of the atmosphere and,
because it dissolves in water,
oceans, lakes and rivers contain
plenty too. A third gas — carbon
dioxide - is far rarer. It makes up just
0.033 per cent of the atmosphere,
but all the world’s plants, and many
of its microbes, need it to grow.

N Some of the surface features on Mars
look as if they may have been formed by
flowing water. Today, the surface of Mars
is dry, although there are ice-caps at the
Martian poles.

\ 5

INTRODUCING THE EARTH

I\ Earth is the third planet from the sun
1n the solar system. Qur nearest neighbours
are Venus and Mars. Venus bas an acidic
atmosphere and is very hot, while Mars
hbas a thin atmosphere and is cold.

EARTH’S CHANGING SURFACE

The average temperature on earth's
surface is a comfortable 14° C. But
in the earth’s core, it is at least
4,500° C. Heat from the core flows
upwards towards the surface, melting
rock, triggering volcanic eruptions
and keeping continents on the move.
Some of these changes make life
dangerous for earth’s inhabitants,
but they create opportunities too.
Without them, life on earth would
probably be much less varied today.

N Earth’s atmosphere is over 400 km thick,
but most of its water vapour is in the lowest
12 km, in a zone called the troposphere.
Conditions there are always changing,
as weather fronts track across the earth.




A PLANET APART

How THE
EARTH FORMED

COMPARED TO THE ENTIRE UNIVERSE, THE
EARTH IS STILL YOUNG. IT FORMED ABOUT
4.7 BILLION YEARS AGO, WHEN A CLOUD OF
GAS AND DUST SHRANK UNDER THE PULL OF
GRAVITY, AND THE SOLAR SYSTEM WAS BORN.

* .

planet that we know today. It had no atmosphere or water,

Thc newly formed earth was completely different to the

and it was as lifeless as the moon. But as the earth aged,
heat built up inside it and the planet began to change. Heavy
elements, such as iron, sank downwards into the earth’s core,
while lighter ones drifted up towards the surface. As the surface
cooled, minerals began to crystallize, producing earth’s first solid
rocks. The heat also triggered violent volcanic eruptions —
a development that paved the way for life.

A Unlike the moon, the earth is studded

with volcanoces. About 600,000 years ago,
an eruption in North America produced
1,000 cubic kilometres of lava and ash. Even
bigger eruptions occurred in the distant past.

AIR AND WATER
Earth’s rocky crust formed about 4.5
billion years ago. Volcanoes were far
more active than they are now, and
they produced vast beds of lava that
poured out over the surface of the
planet. At the same time, volcanic
eruptions released immense clouds
of gas and water vapour. Light gases,
such as hydrogen, drifted into space,
but heavier ones were held in place
by the earth’s gravity. These formed
a primitive atmosphere that contained
lots of nitrogen, carbon dioxide and
water vapour, but hardly any oxygen.
By about four billion years ago, the
world had cooled enough to allow
some water vapour to condense. At
first, the vapour formed tiny droplets,
shrouding the world in clouds. But
once the vapour had built up to a
critical level, the first rains began

O After the earth formed, its surface
gradually cooled, allowing solid rock to
develop. Earth’s inner core is kept hot by
pressure and by natural radioactivity.

1t will take hundreds of millions of years
Jfor this internal heat to fade away.

to fall. Some downpours may have
lasted for thousands of years, and so
much water fell that seas and then
oceans began to appear. These oceans
were the birthplace of living things.

UNDER BOMBARDMENT

The young earth was frequently hit
by debris from space. Most of this
material consisted of dust, but from
time to time devastating meteorites




slammed into the surface. Shortly
after the crust formed, another planet
may even have crashed into the earth,
increasing its weight by half and
almost smashing it apart.

Some scientists think that the
moon was produced in the aftermath
of this impact. According to this
theory, a2 huge amount of rock was
flung into space and then recaptured
by the earth’s gravity. Another
possibility is that the moon was
captured intact, after nearing the
earth from another part of space.

THE ROCK CYCLE

On the moon, meteorite impacts
leave permanent craters because
there is nothing to wear them away.

The earth’s surface, however,
is constantly reshaped by
wind, rain and ice. Volcanic
activity creates even bigger
changes, because it builds
up mountains and keeps
continents on the move.

These changes have been
happening ever since the
oceans and atmosphere first
appeared. They break down rocks
into tiny particles, which are then
washed down rivers into the sea.
Here, the particles form sediment
that builds up on the seabed. After
thousands of years, the sediment
turns into solid rock. If this is forced
upwards, it can turn into dry land,
and the rock cycle begins again.

In many parts of the world, the
earth’s crust is like a giant sandwich,
made up of layers of sedimentary
rock dating back millions of years.
The layers act like a record of the
earth’s past, showing what conditions
were like when the rock formed.

The fossils trapped inside them also
show what was alive at the time.

THE OXYGEN REVOLUTION

No trace is left of the earth’s first
rocks, because they were destroyed
long ago. The oldest rocks ever
found date back about

3.9 billion years.

HOW THE EARTH FORMED

These rocks do not contain fossils,

but even so, scientists think it is

quite likely that life was already
| underway when they were made.

These primitive life-forms lived in
| a world where oxygen was very rare.
| But over the next two billion years,
‘ the atmosphere’s oxygen level began
to rise, until it reached about 21 per
cent — the level where it stands today.
Amazingly, this change was brought
about entirely by living things.

The creatures responsible for this
transformation were microscopic
bacteria. Using light, water and
carbon dioxide, they developed a
way of living called photosynthesis
(see pp. 84-85). The bacteria took
carbon dioxide from the air and
released oxygen as a by-product.
Each bacterium released only a
| tiny amount, but over trillions of
generations, oxygen poured into the
air. Without these early bacteria, the
atmosphere would be unbreathable
and animal life would not exist.

In the Grand Canyon, river water has
sliced its way downwards through 1.6 km
of rock — the greatest depth visible in one

place anywhere on earth. The oldest rocks,
at the bottom of the canyon, dat
back two billion years




How

LIFE BEGAN

NOBODY KNOWS HOW LIFE STARTED ON " 1 8
EARTH, OR WHERE THIS AMAZING EVENT TOOK o PI A
PLACE. BUT EACH YEAR, SCIENTISTS COME A LITTLE ¥ ':ﬁi
CLOSER TO FINDING OUT. TWO THINGS SEEM CERTAIN — iy

LIFE APPEARED A LONG TIME AGO, AND THE FIRST LIVING - S5

THINGS WERE FAR SIMPLER THAN ANYTHING ALIVE TODAY.

ome people believe that living things were specially created,

and that life on earth dates back only a tfew thousand years.

But almost all of the world’s scientists disagree. They think
that life dates back nearly four billion years, to a time when our
planct was still quite young. They believe that life began through
random chemical reactions, which eventually built up living things.
This process may not have happened only on carth - elsewhere in
the universe, other planets may have living things too.

- 3

L These microscopic fossils from Canada

are about twco billion years old. They show

the ontlings of cell membranes ~ one of the
key features of all known living things.

ESSENTIAL EQUIPMENT

Living things are incredibly varied,
but deep down they use the same
working parts to stay alive. They
all consist of cells, and cach cell
contains a complete set of chemical
instructions, or genes. Cells are like
microscopic bubbles, and they are
surrounded by special membranes
that protect them from the outside
world. Cells can use energy tfrom
their surroundings, and they can also
multiply and grow. Genes are even
more important. They contain all

2 Bvery year, the carth

is hit by handreds of metcorites.

1111996, a team of NASA scientists
mvestigated meteorite A1LIISH001,
which is known te have come from Mars.
They announced that they had discovered
bacteria in the meteorite, hut since then,
ather scientists have questioned their find.

the information needed to build cells
and to make them waork. They are
able to copy themselves, and they
are handed on when cells reproduce.

To understand how life began,
scientists have tried to guess how
cells and genes came about. Both
are very complicated, which makes
it highly unlikely that they could
have appeared, ready-made, by
chance. They might have developed
step by step, however, from much
simpler beginnings. Over a long
time, random chemical reactions
could have built up the equipment
needed for life.




MYSTERIOUS WORLDS

Over 50 vears ago, an
' American chemist cated
Stanley Mitler carried
out an experiment
designed to imitate
conditions on the
carly earth. Through
completely random
reactions, the test
produced some of
the carbon-based
chemicals that are
tfound in living
gy things. Miller's
v results were
sensational, but
since then, scientists
. have made even more
remarkable discoveries.
- Carbon-based chemicals
have been detected in
meteorites and comets, and
even in ‘empty’ space. These
chemicals are far simpler than
any gene, and they are certainly
not alive. But they are the chemical
nuts and bolts from which hving
things are made.

Recently, some researchers have
suggested that chemicals from space
may have helped to kick-start hfe on
carth. A few have even proposed that
living microbes could have wrived in
this way. But most scientists favour
the idea that life on earth is *home
grown’ = that it developed gradualty

N A scientist adjusts equipment during
a re=rin of Stantey Mibler’s fanions
experiment on the origin of life. The
original test ran for many days.

n sheltered surroundings, as carbon-
containing chemicals became more
varied and complex.

On the carly carth, the continents
were rocked by voleanic eruptions,
so anv complex chemieals on tand
would soon have been destroved.
But the seas were much less hostile.
Seawater is good at dissolving
chemicals and allowing them to
react. Over millions of years, rain
would have washed chemicals into
the sea, and many carbon-based
substances could have built up. The
result was a promising brew that is
often known as the primeval soup’.

THE CIEMICAL WORKSHOP

The open sea is good at mixing up
chemicals, but it is not an ideat place
for complex molecules to survive.

& Voleanic gases bubble up from a
hydrothermal vent on the ocoan floor. Yents
like these nay have been some of the places
where the first living things appeared.

Many scientists think that the
chances would have been better on
the scabed or in cavities inside rocks.
Rock erystals may have acted as
chemical work surfaces, allowing

big molecules to form. At the same
time, dissolved minerals could have
supplied the energy needed to link

HOW LI

BEGAN

their atoms together. Hydrothermal

vents are rich in these minerals, which

is why some biologists believe they

could have been the cradle of life.
Before hife actuatly began, during

a long ‘pre-life erd’, random chemical

& Living stramalolites tine the shore of
Australias Shark Bay. Iossil stromatolites
are among the obdest signs of tife on earth,

reactions prochuced all kinds of
carbon-containing molecules. Some
of these moleeutes may have acted
as catalysts, speeding up reactions
thousands or millions of times. But
at some point, & Momentous event
took place —a molecule appeared
that could copy itselt, and that could
survive long enough to ‘breed”. From
this moment on, life was underway.

SHARING THE PAST
So far, all this is guesswork, and
none of it can be proved. But once
life did appear, evidence shows that
it soon spread through the seas
Fossilized bacterial mounds, c.\lkd
stromatolites, have been identified
that date back 3.4 biltion vears.
Although their heyday is long past,
living stromatolites still exist today.
During life’s long history, mitlions
of ditferent species have evolved.
But alt of them have the same kind
of ccll membranes, and their genes
work by using exactly the same
chemical code. This makes it abmost
certain that today’s living things
share a single far-oft ancestor, which
came to life in the sea long ago.




A PLANET APART

THE BIOSPHERE 1

OVER THE LAST 3.7 BILLION YEARS, LIVING THINGS
HAVE MANAGED TO SPREAD ALL OVER THE EARTH.
THEIR HOME IS THE BIOSPHERE — A LAYER OF LIFE
THAT CIRCLES THE ENTIRE PLANET.

is never more than about 25 km from top to bottom. If the

The earth measures over 12,000 km across, but the biosphere

earth were the size of a football, the biosphere would be no
thicker than a sheet of paper. But packed into this layer is every
single thing that lives on our planet, from the tallest trees and
heaviest animals right down to the smallest microbes. Some parts
of the biosphere teem with life, because living conditions there are
almost ideal. Others have far fewer inhabitants, because extreme
heat or cold makes it difficult to survive.

LIFE HIGH UP

1f a space probe parachuted to earth
searching for living things, the first
concrete signs of life would appear
about 20 km up in the air. Nothing
actually spends its entire life this
high up, but microbes, spores and
pollen grains can all be carried
here by the wind. Once they have
reached these great heights, it can
take them days or even weeks to
drift back down to the ground.

At an altitude of about 1 km,
flying animals start to become
common. This part of the biosphere
is home to insects and birds, which
use the air as a highway. Birds are
the most powerful fliers, but insects
outnumber them many times.

A single swarm of locusts can contain
more than 70,000 tonnes of insects,
fluttering on billions of filmy wings.

LIFE ON LAND

If the probe touched down on land,
it would ahmost certainly find life
straight away. In fact, some parts of
the biosphere are so full of life that

it might not reach the ground at all.
Mear the equator, trees thrive in the
bright sunshine, heavy rain and
year-round warmth. The result is
dense tropical forest, which is one
of the richest habitats on earth.
Farther away from the equator,
the biosphere becomes less crowded
and habitats start to change. Earth’s
weather patterns mean that tropical
forest gives way to shrublands, and
shrublands give way to desert. Here,
life is thinly spread, particularly in
places where there is less than 5 cm
of rain a year. Farther north and
south, in the world’s temperate
regions, the climate 1s much
more moist. This part of
the biosphere is full of

plants and animals, although there
are fewer species than in warmer
areas of the world.

In polar regions and mountains,
strong winds and intense cold make
life difficult. Drought can also add
to the problem. In Antarctica’s ‘dry
valleys’, for example, no rain or snow
has fallen for more than a million
years. These desolate places are the
most lifeless parts of the biosphere,
and earth’s closest equivalent to the
surface of Mars.

UNDERGROUND EARTH

The biosphere does not stop at

the ground — instead, it continues
beneath the surface. Fertile soil
teems with animals, fungi and
microbes that recycle dead remains.
Living things also flourish in caves,
while some bacteria survive in
water-filled cracks in rocks deep
underground. Experimental drills
have found these bacteria at depths
of 2 km, and some experts think
that life below ground could

go deeper still.

i =N
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V' This view of the earth’s surface shows
a slice through the biosphere, together with
living things from a variety of habitats on
land, To ﬁnd out about habitats in waler,
turn over the page.

1 Earthworms live in soil, where they help
to recycle the dead remains of plants. Soil is
an important part of the biosphere on land,
because most plants need soil to grow.

2 In deserts, some plants come to life only
after it has rained. Others survive drought
by storing up waler in their stems or roots.

3 In mountains, the yellow-billed chough
lives at altitudes of up to 6,000 m. Birds
are good at surviving high up because
their plumage keeps them warm.

4 Pollen grains are produced by flowers.
They are small and light, and some are
specially shaped so that they drift for long
distances through the air.

5 Temperate forests grow in parts of the
world where it never gets very
bot or very cold.
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THE BIOSPHERE

Most of the trees lose their leaves in
autumn and grow a new set in spring.

6 Grasslands are home to the largest herds
of mammals that live on land. The biggest
grasslands are in warm parts of the world.

7 In the soil, amoebas eat other microbes, as
well as the remains of larger living things.
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THE BIOSPHERE 2

IF YOU PICK A RANDOM POINT ANYWHERE ON THE
EARTH’S SURFACE, IT IS TWICE AS LIKELY TO BE AT
SEA THAN ON LAND. THE OCEANS MAKE UP AN
ENORMOUS PART OF THE BIOSPHERE, AND LIVING
THINGS ARE FOUND THROUGHOUT THEM, FROM
THE SURFACE TO MORE THAN 10 KM DOWN.

habitats, they are all connected, and the water they share is

The earth has five oceans and many smaller seas. Unlike land

constantly on the move. Near the surface, currents can flow
as fast as rivers, while in the oceans’ depths they usually move at a
dead-slow crawl. Because the oceans are linked, water life has been
able to spread to every corner of the world. Even so, the oceans are
divided into different habitats in the same way as the land.

SHELVES AND REEFS
Altogether, the world’s coasts are
at least 500,000 km long. On some
coasts, the seabed drops away very
steeply, so the water is soon
thousands of metres deep. In other
places, the seabed slopes much more
gently — for example, halfway
between Australia and New Guinea
the seabed is as little as 70 m down.
These shallow areas are formed by
continental shelves — vast underwater
ledges reaching out from the land.
Continental shelves cover only
a small part of the oceans, but they
are important habitats. Bottom-
dwelling fish feed on animals
that live on the seabed, making
continental shelves some of the most
fertile fishing grounds in the world.
Tropical coral reefs have even more
inhabitants. They are among the
busiest parts of the entire biosphere.

LAYERS IN THE SEA
Although ocean water moves about,
it does have built-in boundaries,

such as the division between the
sunlit surface water and the perpetual
blackness below. Another boundary
is called the thermocline — a zone
where the water temperature rapidly
drops as you go deeper down. These
two boundaries are not far from the
surface, and they often coincide.
Together, they split the oceans into
two different layers.

The top layer contains only two
per cent of the world’s saltwater, but
it is home to all the water life that
needs daylight to survive. In this
vital part of the biosphere,
microscopic algae collect
light and use it to grow.

Deeper down, the cavernous dark
layer contains everything that can
exist without light. Here, animals
live in a world of intense pressure
and constant cold. The only warm
places are hydrothermal vents, where
volcanically heated water gushes up
through the ocean floor.

DESCENT TO THE DEPTHS
The middle depths of the oceans
are some of the emptiest parts of the
biosphere. But even at the greatest
depths, there is a lot of life on the
seabed. This is because the seabed
collects all the dead remains that
drift down from high above. These
remains form ocean sediment — a
sticky substance that animals sift or
burrow through, looking for food.
Seabed sediment builds up
extremely slowly, but it can be up
to 500 m thick. Even beneath the
sediment, bacteria live in cracks in
the ocean crust, surviving at depths
of several kilometres. Where they
fizzle out, life — and the
biosphere — gradually
comes to an end.




This view of the biosphere shows
ocean habitats, together with some of
their inhabitants. The oceans are always
changing, because the ocean floor is created
and destroyed by earth’s volcanic heat.
About 250 million years ago, there was
Just one ocean, but it was as big as all
of today’s oceans added together.

1 Remote islands often have unique land
plants and animals, and distinctive
wildlife in the surrounding sea.

2 The surface waters of the oceans teem
with microscopic algae, as well as animals
that feed on them. Together, they

make np the plankton — a huge collection of
living things that drifts with the current.

3 Rocky coastlines are important breeding
grounds far seabirds and marine mammals,
particularly where steep cliffs keep
predators away.

4 Coral reefs grow in regions where the
water is shallow, clear and warm. They
are home to a large share of the

world’s fish.

THE BIOSPHERE

S Some parts of the seabed are carpeted
with brittlestars. These animals catch
particles of food with their slender arms.

6 Bacteria live around hydrothermal vents,
and also in water-filled cracks that reach
decp beneath the ocean floor.




This lifestyle works because water

is packed with drifting life. Some of
the smallest drifters are single-celled
algae, which live by soaking up the
energy in sunshine. They are the key
to life in open water, because they
make the food that animals can eat.

& M But even in the clearest water,

- sunlight only reaches a depth of

i3 i P‘ A FLA BT TAT gbou% 250 m. As a result, algae

o L_ T ...L.I = V7 ANIMALS CRUISE h"f’ near Fhe surface, so most

animals live there too.
THROUGH THE OCEANS WHILE MICROSCOPIC

CREATURES TEEM IN PONDS AND POOLS. HERE,
THE STRUGGLE FOR SURVIVAL CAN BE INTENSE.

a 1l living things nced water, but for many it doubles up

as a habitat too. Water life ranges from the smallest
and simplest creatures to the world’s longest and fastest-
growing living things. So why does water make such a desirable
home? One answer is that conditions in water are much more
stable than on dry land. Another is that there is so much of it.
The world’s oceans alone contain over 1.4 billion cubic kilometres
e er, making them by far the largest habitat on earth.
B Al -
- 3 | D ww animals in the oceans all live
J ‘p the water. This is

'az.mrmgr up to




whipped up by storms, most of the
planet’s water moves very slowly,
creating a world that is always calm.
But water’s density has some
disadvantages as well. Compared to
air, it is very thick or viscous, so it
takes a lot of effort to push through
it. That explains why wading
A Sea gooseberries, or ctenophores, are soft- | through water can be hard work.
bodied animals that catch food by trailing It also explains why nature’s fastest
two slender tentacles lined with sticky cells. | swimmers are streamlined, because
They swim by beating rows of paddles’ a smooth body shape helps the water
that reflect sunshine like tiny mirrors. to slip past them as they move.

VITAL INGREDIENTS D When sunlight shines through water,
Pure water is very rare in it gradually fades away. The red and
nature, because water is very orange parts of sunlight are absorbed first,
good at dissolving things. It while blue travels farthest of all. Below
dissolves minerals when it about 250 m, the water in oceans and
flows through the ground, deep lakes is always dark.
and gases when it falls
through the air. This is good | V' Some water animals breathe air, but
news for water life, because | most take their oxygen from the water
plants and animals need around them. This sea slug, or nudibranch,
-, dissolved ﬂmh&m: | A gets oxygen throug H' ;
P |
| il get ) F
Y

o -

e
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A PLANET APART

LLIVING ON LAND

LAND 1S HOME TO NEARLY ALL OF THE WORLD’S
FLOWERING PLANTS AND TO A LARGE SHARE

N A tough body
case enables beetles

to crawl through
narrow spaces
without damaging
their wings.
Because the case is
waterproof, it stops
beetles drying out.

> African
elephants are the
largest land animals
alive today. For
animals this heavy,
lying down isa
lengthy business,

but wallowing in
mud or bathing is
often part of a

herd s daily routine.

TAKING THE WEIGHT

When astronauts return from space,
they have to get used to earth’s
gravity. Something similar happened
long ago, when eartl’s first land-
dwellers emerged from the sea.
Gravity has very little effect on

OF ITS ANIMALS. MANY KINDS OF
MICROSCOPIC LIFE EXIST HERE TOO.

BUT COMPARED TO LIVING IN
WATER, SURVIVING ON LAND IS A
SURPRISINGLY DIFFICULT BUSINESS.

ecause we live on land, it is easy to imagine
B that it makes an ideal home for living
things. But nothing could be further from
the truth. Life on land is tough, and it takes
special adaptations to survive. To make up for
this, earth’s land surface is amazingly varied,
so land-dwellers have been able to develop
a bewildering variety of different lifestyles.

water life, but on land it can make
living things collapse.

Plants and animals avoid this fate
by having special strengthening
systems. In plants, these include wood
— a tough but springy material that
supports the world’s tallest things.

A Conditions on land vary much more
than in water. This plant is growing in
ground that has cracked open during a

drought — unless it rains soon, the plant

will not survive.

Animals support themselves with
skeletons made of even harder
substances, including shell and bone.
An insect’s skeleton works like a
case, but a bony one holds up an
animal’s body from inside. Some
dinosaur skeletons supported
animals weighing more than

50 tonnes, which shows just how
successful this system can be. But
skeletons do not have to be big to
be strong. The hero shrew, from
Africa, has such a tough spine that
it can survive having a person step
on its back.

Dry TIMES

Gravity is not the only problem
land-dwellers have to deal with. Just
as important is the threat of drying
out. One way to get around this is
to live in damp places, a tactic used
by frogs and toads, as well as by
animals that live in the soil. But
damp habitats are not always easy
to find, and they often dry out
themselves. To be really successful
on land, animals and plants need
ways of keeping hold of the water
that they contain.

In mammals, birds and reptiles,
this job is done by skin. Skin works
like a raincoat in reverse, because
it stops water escaping to the air
outside. Every day, we need to drink



to top up our moisture levels, but
many desert animals can get all the
water they need from their food.
Insects are even better at managing
their ‘water budget’, because their
body cases also double up as a water
barrier. Many of them eat dry food,
and never drink a single drop of
water in their lives.

Because plants do not move, they
can store up water when it is wet,
and use it when the weather turns
dry. Cacti often store enough water
to fill a bath, and the water stored
in a baobab tree (see p. 202) could
fill a small swimming pool.

A Flying is a very efficient way of
moving about — in a day, these carmine
bee-eaters of central Africa can travel
more than 100 km to find food.

BREEDING ON LAND

Lastly and most importantly, plants
and animals have to produce young
that can survive on land. Flowering
plants do this by growing seeds -
packages of cells that are designed

LIVING ON LAND

to survive heat, cold and drought.
Many land animals lay waterproof
eggs, but most mammals have a very
different way of reproducing. Their
young develop in the watery
surroundings of their mother’s
womb, hidden away from the
outside world.

y

A Taking its first glimpse of the world,
a young green tree python emerges from
its egg. Reptiles were the first animals
to evolve waterproof eggs, belping

them to live in dry places.

<1 Arching its neck, a giraffe
takes a drink. Unlike
humans, giraﬁ"e: get most
of their water from their
Jfood, so they can go
without drinking
Sfor several days.




A PLAMNET APART

ENERGY FOR LIFE

EACH DAY, THE SUN BOMBARDS OUR PLANET WITH
ENOUGH ENERGY TO KEEP A CAR RUNNING FOR
OVER A TRILLION YEARS, THIS ENERGY POWERS THE
WEATHER AND WARMS THE EARTH AND, MORE
IMPRESSIVELY, IT KEEPS LIVING THINGS ALIVE.

ust like machines, living things need energy to work. They use

energy to power their cells, and once these are running, they

can do all kinds of other things, including growing and moving

about. But this energy has to come from somewhere, and it has

to be replaced whenever it is used. Since life began, living things
have developed two different ways of getting their energy supplies.
Some collect it directly, usually by gathering light. Others —
including ourselves — get it second-hand, by digesting food.

POWERING UP

Most people enjoy relaxing in the
warm sunshine, but our bodies
cannot do much with light energy.
We use it to see and to produce
vitamin D, and that is where the list
comes to an end. But for many
bacteria, and almost all the world’s
plants, light energy is vital for
survival. The bacteria and plants
soak it up, like living solar panels,
and use it to make themselves work.
This process is called
photosynthesis —
you can find
out about it
on pages
84-85.

A Almost all animals bave specialized
diets, but just about every species is food
Jfor something else. Here, one :pia’tr has
caught another, and is turning its catch
into a meal.

<) Measuring up to 28 cm long,
millipedes are some of the largest creatures
that feed on plant remains. Not only are
millipedes slow movers, but they
are also cold-blooded. This
combination makes
them very
economical
with energy.

Plants collect about one per cent
of all the light energy that reaches
the earth. That may not sound a lot,
but it is more than 300 times the
energy generated by all the power
stations in the world. This energy
creates billions of tonnes of plant
matter, from roots and leaves to
flowers and seeds. Some energy is
used up when plants grow, but a lot
is built into the plants themselves.
This built-in energy is passed on to
animals whenever they eat plant
food. Once the energy has made this
jump, it is passed on whenever one
animal eats another.

FEEDING TIME
To release energy from food, animals
have to break it down. They do this
by combining it with oxygen — the
same chemical change that takes
place when things catch fire. Fire
releases energy very quickly, and in
dangerous amounts. If animals used
this way of getting energy, their
bodies would be cooked from the
inside. Instead, they release it in a
series of carefully controlled steps,
so that not too much heat is
produced. This way of releasing
energy is called cellular respiration,
because it uses oxygen and takes
place inside cells.

Animals are not the only living
things that respire. Respiration is
carried out by all living cells when



they break down food. Plant cells
respire, because they make food by
photosynthesis, and then break it
down when energy supplies are low.

FAsT AND sLOW

In the animal world, each species
uses up energy at different rates.

Shrews, for example, seem to run

N This diagram shows how much energy
different mammals use for each unit of body
weight. The rate for humans is set at one.
Small mammals use energy quickly because
their bodies lose heat more rapidly.

" House mouse (7.8)

Human (1)

L Cat (3.25)

l Elephant (0.3)
I Horse (0.5)

<1 As sunlight floods down through this
Sorest, it is collected by leaves. Trees invest
energy in building up tall trunks so that
they can catch even more light.

their lives in fast-forward. They are
always on the move, always eating,
and hardly ever take a rest. Snakes
and crocodiles, however, are ve
different. They seem to spend :Keir
time lazing about, and they can rest
for several weeks after a large meal.

These differences result from each
animal’s metabolism, which is the
sum total of its body chemistry.
Shrews have a very fast metabolism,
because they use up lots of energy
keeping their tiny bodies warm.
Snakes and crocodiles, on the other
hand, are cold-blooded. Their
metabolism is slow because they
need much less energy to stay alive.
Humans, like most large mammals,
are somewhere in between.

At any moment, an animal’s
metabolic rate depends on what it
1s doing. When animals are active,
their metabolic rate goes up, but
when they are sleeping, it goes
down. When animals hibernate,
their metabolic rate drops further
still. A hibernating bat uses energy
40 times more slowly than an active
one, so the food reserves in its body
can last for many weeks.

BOTTOM OF THE HEAP

Energy is not only passed on in
living things, but it is also found
in dead remains, such as the dead
bodies of animals, rotting plants,
and all kinds of natural waste —
animal droppings and fallen leaves,
for example. Many forms of life
tap into this energy source. They
include animals that scavenge for
food (see pp. 132-133), as well
as fungi and bacteria. Together,
these living things are known as
decomposers, because they break
down and dispose of waste.

EMERGY FOR LIFE

Decomposing is a reliable way of
obtaining energy, because sooner or
later, all living things die. It is also
very thorough, because once it is
finished, every scrap of available
energy is released. Decomposition
comes to an end when there is no
energy left to pass on.

CHEMICAL TRICKS

Without sunlight to make plants
grow, humans would not survive for
very long. The same is true for other
animals, and most fungi and bacteria.

A Without decomposers such as fungi,
plants would still be able to collect energy
Sfrom sunlight, but they would run out of
the nutrients that they need to grow.

However, in some of the world’s
remotest places — such as submerged
rocks and deep-sea vents — bacteria
live by collecting dissolved minerals
and making them react. Unlike
everything else in the living world,
these tiny creatures do not need
solar energy at all. These bacteria are
known as lithotrophs, which literally
means ‘rock-eaters. Some of them
survive on a diet of manganese or
iron, while others process sulphur.
Lithotrophs are of great interest to
scientists because it is just possible
that lithotrophs live on other
planets, as well as our own,



A PLAMET APART

A The world’s climate is shaped by lots
of different things. One of them is cloud
cover. Clouds reflect sunshine back into

space, but they also work like a blanket,
keeping in the earths heat.

IcE AGES
Twenty thousand years ago, earth
was a very different place. Immense
glaciers covered much of the northern
hemisphere, reaching as far south as
present-day Loondon and New York.
Even in places such as Mew Guinea,
glaciers flowed down from the
highest mountains. So much water
was locked up in ice that the sea level
was over 100 m lower than it is now.
For plants and animals, these cold
conditions had far-reaching
effects. On the positive
side, there was much
more land because

L= This chart shows how the worlds
average temperature has changed over the
last million years. There have been several
major warm periods, called interglacials —
some brief; others more long-lasting.

We are living in.aninterglacial today.

CHANGING
CLIMATE

FOR THE LAST 50 YEARS, OUR PLANET HAS BEEN
WARMING UP, BUT CLIMATE CHANGE IS NOTHING
NEW. THROUGHOUT THE EARTH’S HISTORY, LIVING
THINGS HAVE HAD TO ADAPT TO THESE CHANGES.

billions of separate parts. Predicting what it will do next is

very difficult. Looking back is easier, however, thanks to
evidence that the climate leaves behind — such as the thickness of
tree rings or the make-up of ancient air, trapped deep in polar ice.
They show that the world’s climate is very variable, and that major
changes can happen much faster than scientists once thought.

Earth's climate is like an incredibly complex machine, with

A

‘ T;mrx (V)

so much of the former seabed was
high and dry. This made it easier
for animals and plants to spread,
because they could travel between
places that are now separated by the
sea. But on the negative side, life
could be extremely cold and harsh.
To keep warm, Ice Age mammals
depended on deep layers of body
fat and long, shaggy fur.

17-
16 -

15~ Incerglacials

10~ Glacials

9- Thousands of years ago

800 700 600 500

WHY THE CLIMATE CHANGES
This lce Age was not the first that
the earth has experienced, and it is
unlikely to be the last. As far back
as scientists can look, the earth’s
climate has swung between warm
periods, called interglacials, and
times when it has been much colder.
Many experts believe that these
climate swings

Previous
lce Ages




are caused mainly by variations in
the earth’s orbit, but other factors are
involved as well — volcanic eruptions
and continental drift, for example.

Continents have been on the
move ever since land first formed.
Powered by volcanic heat, they creep
across earth’s surface at the rate of
a few centimetres each year. This
movement is much too slow for us
to notice but, over millions of years,
it can completely change the way
the earth looks. And because the
continents move, the oceans change
shape as well.

Oceans play a key part in shaping
the world’s climate, because they
store heat from the sun. Most of the
heat is stored in the tropics and then
carried north and south by warm
currents. But if continents move
and block these currents, the far
north and south start to cool down.
This cooling may be enough to
trigger an lce Age, which can last
for hundreds of thousands of years.

STRANDED BY TIME
The last Ice Age ended about
10,000 years ago, when the earth
warmed and glaciers began to retreat.
Since then, the global climate has
been fairly stable, but it has not
stayed exactly the same. Average
temperatures have risen and fallen,
and rainfall patterns have changed
too. In places such as the Sahara
Desert, these changes have
had some dramatic effects.

— |

CHANGING CLIMATE

Today, the Sahara is one of the
driest and least fertile regions in
the world. But 5,000 years ago, its
climate was much more moist. At
that time, elephants and antelope
fed in open woodland, and hippos
lived in the region’s lakes and rivers.
During the next 3,000 years, the
Sahara’s climate became steadily
drier. The desert began to expand,
and many of the region’s plants
and animals dwindled and then
disappeared. But they did not all
vanish. Hidden away in the Sahara’s
mountains, where the climate is
slightly more moist, olive trees
and freshwater fish still
manage to survive.

~ < Polar ice works like a diary of the

AN The Tasstli Mountains, in southern
Algeria, are n the heart of the Sabara
Desert. Rock engravings — such as the
antelope below — show that this dry and
remote region was full of wildlife a few
thousand years ago.

world’s climate, because it traps dust, pollen
and bubbles of air. By drilling down

through the ice, scientists can collect samples
dating back thousands or millions of years.
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i#ﬁ'ﬂr# fengtben fir & By midsummer, the oak's A During autumn, the leaves [\ In winter, the tree 1s leaiiless

prang, this Enplich onk tree leaves bave turned dark green change colour from green to 50 it is not harmed by the cold.
sidlidensfy starts fo grow. Its buds  and have finished growing yellow, and begin to fall. The 1t will stay like this until

st open, producing th d) Among them, the year’s crop acorns are almost ripe — soon winter is over, and the warmer
of bright green leaves. of acorns 1s starting to form. they will start to fall too. days of spring arrive again.

SEASONS AND WEATHER

INSTEAD OF BEING UPRIGHT, THE EARTH TILTS AT AN ANGLE AS IT CIRCLES
AROUND THE SUN. THIS TILT IS SMALL, BUT IT HAS A HUGE IMPACT ON
LIVING THINGS BECAUSE IT IS THE REASON WHY THE SEASONS CHANGE.

long the equator at midday,
Athe sun is almost directly

overhead, and each day
iy almost exactly 12 hours long:
But farther north and south, th
sun is lower and the earth’s tile"
has much more effect. In winter,
the dlt is away from the sun, so

the diggs are short and cold. In
Y, n* uilt is'in the oppcﬁ#"
m«' on, so the days are long and
S warm. Near the poles, it never gets

warm, but summer days are so
Iol:f; that the sun never sets at all.

= #-’ <} Earths tilt means | A YEARLY DELUGE
g e ; L .
-~ that the northern and In the tropics, there i#'no such thing
% .

southern hemispheres as winter, so plants and animals

W experience the same never have to fage real cold. But
seasons, but six months | they do have to cope with changing
apart. This diagram weather, because the seasons often

shows a complete year, alternate between wet and dry.
During the wetgeason, rain can be

incredibly heavy. For example, in
Cherrapunji in northeast India,
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SEASONS AND WEATHER
over 9m of rain has been recorded | THE FOUR-SEASON WORLD Temperate regions never get very
in @ single month = 15 nmes more In the world’s temperate regions, hot or very cold, but their weather
than London recerves in an entire there are usually four seasons — is often changeable and difficult
‘year. But at the hei;hta!the dry spring, summer, autumn and winter. | to predict. Dry summers may be

season, places such as Cherrapunji
often have no rain at's

Tropical plants and animals have
to adapt to this topsy-turvy weather.
Grazing animals feed up in the wet
season, when there is lots to eat. But
during the dry season, life becomes
much tougher, because many plants
stop growing and lose their leaves.
Predators and scavengers, on the
other hand, may do better in the dry
season, because prey that is hungry
or thirsty finds it harder to escape.

A These wildebeest may look miserable,

In spring, the days lengthen rapidly
and plants put on an impressive
burst of growth. This is also a busy
time for animals, with millions of
migrating birds arriving to breed.
By midsummer, most plants have
stopped growing and are producing
seeds. Autumn is a time of
preparation, as the days shorten and
temperatures begin to fall. By the
time winter arrives, the migrant
birds have gone and most of the
trees have lost their leaves.

V' This 24-hour sequence was taken on

but they depend on rainy season do s

L

to survive. If therainsare light, they will
not have enough food to last them the year.

fels s day, just north of the Arctic
Circle. The sun sinks close to the horizon
around midnight, but never actually sets.

followed by wet ones, and warm
spring weather can often be followed
by frost and snow. Plants and
animals have to be ready for these
changes, so that they can survive
whatever the weather brings. Man;
of them use changes in day length
as a guide to when to start growing
or when to begin hibernation.
Unlike the weather, day length
always varies exactly in step with
the seazons — so it is a perfect way
of keeping time.

ENDLESS LIGHT
Along the Arctic and Antarctic
Circles, the sun never sets on
midsummer’s day, and it never
rises in midwinter. Beyond
here, spring and autumn
become shorter and shorter,
and the difference between
summer and winter becomes
more extreme. At the poles
themselves, the sun shines
for six months without a ;
break and then sets for a six-
month winter rest. In midwinter, the
moon is often below the hasgigon too,
so the onlylight comes from the St
As well as coping with darkness
and cold, polar wildlife has to put

up with extremely strong s
e
3

winds. In earth’s windiest
place, on the coast of
Antarctica, gales can gust
at more than 300 km/h,"and they
keep blowing for days on end.
Fortunately, most polar animals
live in the scas, where they are
sheltered from this icy blast.
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A PLANET APART

DEALING WITH
DISASTER

IN NATURE, DISASTER CAN STRIKE AT ANY TIME.
UNLIKE HUMANS, PLANTS AND ANIMALS CANNOT
CALL FOR OUTSIDE HELP — INSTEAD, THEY HAVE
TO DEAL WITH DISASTER THEMSELVES.

n 27 August 1883, the biggest volcanic eruption in history
blasted apart the Indonesian island of Krakatoa. On nearby

islands, forests disappeared under 75 m of burning ash,
while on Krakatoa itself, not a single plant or animal is thought to
have survived. Fortunately for the earth’s wildlife, this kind of
catastrophe is very rare. But every year, living things have to cope
with all sorts of other hazards, from extreme weather to forest fires.

This lava flow in Hawari buried a
village and obliterated roads. Animals can
usually escape slow-flowing lava, but plants
are incinerated before being engulfed.

At this wildlife refuge in Califorma,
lakes often dry up in summer, so animals
have to be well prepared. Many freshwater
animals shed their eggs in the mud — thes
hatch when the water returns.

In the American Midwest, tornadoes
ause severe damage each year. Amazingly,

wnsects and other small animals may surviv
being sucked up inside a tornado’s funnel.

DEADLY STORMS

When a storm is on the way, the air
pressure drops. Some wild animals
can sense this, but unless they can
fly, they have little chance of escape.
For plants the situation is worse still,
because they are stuck in one place.
So what happens to wildlife when

a really powerful storm strikes?

The answer is that it survives
surprisingly well. Animals instincuvely
seek shelter to avoid the worst of the
weather and, unlike people, they do
not venture out until the storm is
over. Floods are more of a problem,
because it can be hard to find high
ground. For plants, being flexible 1s
often the key to survival. Some palm
trees can bend almost horizontal
without snapping in two. After the
storm, they gradually recover,



sprouting new leaves to replace the
ones that have been torn away.

EARTHQUAKES AND FIRE
For humans, earthquakes can be
deadly, striking without warning
and making buildings collapse. But
despite their awesome power, they
are much less dangerous for wildlife.
This is because earthquakes rarely
do much damage out in the open.
Fire is a much more serious hazard,
so most wild animals take emergency
action as soon as they smell smoke.
Grazing mammals run away, while
burrowing animals head underground.
Honeybees return to their nests to

] When floodwaters rise, grazing mammals
can find themselves in trouble. Wild
mammals can swim o safely, but these
Sarm animals will have to be rescued.

collect as much honey as they can
before abandoning their home.

Compared to animals, plants are
often better at surviving the flames,
even though their leaves may be
burned away. In dry habitats such as
shrublands (see pp. 204-211), some
plants actually depend on fire to
keep other species in check.

DROUGHT-BUSTERS

Matural disasters do not always strike
suddenly. Drought is one of the
most serious hazards, and it builds
up over months or even years. Most
dryland species — such as cacti and
camels — are good at collecting and
conserving water, but they cannot
keep going forever if their supplies
run out. The champion drought-
busters are tiny animals that dry out
themselves. Called water bears or
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DEALING WITH DISASTER

With flames flickering bebind them, a
group of mules and horses heads away from
a fire. Most animals react instantly to the
smell of smoke, waking up if they are asleep.

tardigrades (see p. 155), they can
survive droughts that last for years.

WINNING FORMULA

Even after a catastrophe as big as
the Krakatoa eruption, wildlife
eventually recovers. Within five
years, Krakatoa’s shattered remains
were coming back to life, and today
the island is covered by forest once
more. Plants and animals can do
this because they are good at
producing young, and because their
young are designed to spread. For
living things, breeding is the best
kind of insurance, as it gives each
species the best chance of survival.
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THE EVOLUTION
OF LIFE

BY EXAMINING FOSSILS, SCIENTISTS CAN LOOK
BACK AT LIFE IN THE DISTANT PAST. THIS
RESEARCH SHOWS THAT LIVING THINGS
GRADUALLY CHANGE — OR EVOLVE —

AS TIME GOES BY.
Eto see it taking place. But it has left behind a
wealth of tell-tale clues. Fossils are the most
important, because they tell us about extinct species,
and about the way living things have changed. Today’s &
living things also provide clues, because evolution shows
up in all kinds of features, from skeletons right down to genes.

volution happens extremely slowly, so it is hard

THE GREAT DEBATE
Two hundred years ago, most
naturalists believed that the world
was just a few thousand years old.
They also thought that living things,
or species, always stayed the same.
But as scientists examined rocks and
fossils all over the earth, it became -
clear that the planet is very old, and
that all sorts of species had lived in
the past and then become extinct.
In 1859, an English naturalist called
Charles Darwin published

a book that made sense

o
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I\ Prebistoric cave painting.r, such as this
one at Lascaux in France, show that our
ancestors lived alongside animals that are
now extinct.

of these discoveries. Called The
Origin of Species, it put forward the
evidence for evolution, and also
explained why it occurs.

Since then, evolution has been at
the centre of a great debate. On one
side, some people reject the entire

'l idea, because it does not fit with
theirreligious beliefs. On the other,

many people — including the
o
it
£
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vast majority of the world’s scientists
— are equally convinced that
evolution does occur.

CHANGE AND ADAPTATION

Two years after Darwin published
his book, workers in a German
quarry discovered one of the most
famous fossils in the world. Known
as Archaeopteryx, it had wings and
feathers, but it also had teeth, fingers
with claws, and a long bony tail.
Archacopteryx was an early kind of
bird, but its teeth, fingers and tail
make it different from any bird alive
today. Palaeontologists — scientists
who study fossils — recognized that
Archaeopteryx was an extraordinary
find that backed up Darwin's
ideas. It had clearly evolved
from reptiles, butdits L
features showed
that it was not
a reptile itself.

When species evolve, adaptations
develop that make them better at
particular ways of life. For
Archaeopteryx, feathers were
a key adaptation, because
they enabled it to
glide, or perhaps to fly.
They would also have
kept its body warm, and they might
even have been used to scoop up
dragonflies and other flying insects,
which Archaeopteryx used as food.

<1 Like a crashed plane,
Archacopteryx fies spread out in
a slab of limestone. This famous
Sfossil is a classic ‘intermediate’
species — one that links

WINNERS AND LOSERS

Adaptations are the nuts and bolts
of evolution. They can shape almost
any feature of a living thing, from

different groups of the way it looks to how
living things. it behaves.
x But as Darwin
‘ realized, they do

not appear in a
single lifetime.
Instead, they
evolve gradually
over many
generations,

. through a process
lection.

build up extremely

THE EVOLUTION OF LIFE

I\ Fossils not only show what living things
looked like — they can also show when they
lived. This palacontologist is studying the
Jossil of a Titanosaurus, a dinosaur that
died out around 66 million years ago.

Evolution started when life began,
and living things started to compete
with each other to survive. This
process is still at work, creating new
adaptations that can help living
things to succeed. Extinction is part
of evolution, because it clears away
the ‘losers’ and gives new and better-
adapted species a chance to prove
themselves. Ninety-nine per cent
of the world’s species — including
Archaeopteryx itself — are now extinct,
But although Archaegpreryx died out,
other feathered fliers survived, and
their descendants now fill the skies.

V' Chimps and humans look very different,
but we share the same ancestors. About five
million years ago, the line that led to humans
and the one that led to chimps split apart.
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TIMELINE OF LIFE 1

IF EARTH’S ENTIRE HISTORY COULD BE SHRUNK
INTO A SINGLE DAY, THE FIRST SIGNS OF LIFE
WOULD APPEAR LONG BEFORE DAWN. BUT IT
WOULD BE 9.30 IN THE EVENING BEFORE ANIMALS
STARTED TO RESEMBLE ANYTHING ALIVE TODAY.

o make sense of earth’s immensely long past, scientists

divide it up into different stages. The longest of these stages

are called eras. Eras are split into periods, and periods are
sometimes divided into shorter stages called epochs. During each
stage, living things evolved, and they left behind fossils when they
died. On these two pages, you can find out how life evolved during

the most distant part of the earth’s history, from its beginnings
until the end of the Paleozoic era, 245 million years ago.

VENDIAN PERIOD
650~-540 mya

PRE-VENDIAN PERIOD
2,500-650 mya

__ﬂhamia

THE ARCHEAN ERA

This part of the earth’s history began
about 3.8 billion years ago — the age
of the oldest known rocks. It lasted
for 1.3 billion years, which is just over
a quarter of the earth’s total existence.
Life appeared early in the Archean
era, and the earliest definite signs of
it are chemical traces found in rocks
3.7 billion years old. The microscopic
organisms that left these traces were
single-celled, like bacteria today.

THE PROTEROZOIC ERA
Proterozoic means ‘earlier life’. In
this era, microbes evolved that grew
by collecting the energy in sunlight.
Known as cyanobacteria or blue-
green algae, their descendants are
still alive today. Cyanobacteria lived
in shallow seas. Some formed large
mounds called stromatolites, which
left fossils in Proterozoic rocks.

CAMBRIAN PERIOD
540~505 mya

Trilobite

ARCHEAN ERA




About one billion years ago, life
took a major step forward when the
first animals appeared. At first they
were tiny, but they were more complex
than earlier life-forms because their
bodies contained many cells. By the
Vendian period, at the end of the
Proterozoic era, animal life had
become diverse. These early animals
included Charnia, which looked like
a feathery tuft on the seabed.

THE PALEOZOIC ERA

The Paleozoic era — a word that
means ‘ancient life’ - is divided into
six periods. The first one, called the
Cambrian, was one of the most
extraordinary times in earth’s history,
when animals evolved shells and
other hard body parts — a biological
revolution that created many new
ways of life. These animals included
trilobites and other arthropods,

PROTEROZOIC ERA

molluscs, and early chordates such as
Pikaia. Chordates had a strengthening
rod along their bodies, and they
were the ancestors of all animals
with backbones, including ourselves.

Marine life continued to expand in
the Ordovician period. Some of the
largest animals were the nautiloids —
a group of molluscs related to today’s
octopuses and squids. Horseshoe
crabs and other arthropods were
common, and at the end of the
Ordovician, some of these animals
took their first steps onto land.

Sea scorpions were the giants of the
Silurian period, at nearly 3 m long.
Fish such as Jamoytius were also
common. Early fish had no jaws, but
during the Silurian, fish with hinged
jaws evolved. Unlike earlier kinds,
these could bite off pieces of food.

By the Devonian period, fish had
taken over as the largest sea animals.

CARBONIFERQUS PERIOD

TIMELINE OF LIFE

The 4 m-long Dunkleosteus had plate-
like teeth that could slice prey in two.
But this period brought even bigger
developments on land. Four-legged
amphibians, which had evolved from
fish, adapted to life out of water.
Ichthyostega was one of the earliest.
During the Carboniferous period,
immense forests were home to the
earliest flying insects, including
cockroaches and giant dragonflies.
The first reptiles date from this time,
and during the Permian period they
became the dominant land animals.
Dimetrodon and Edaphosaurus were
two of the biggest. Both had ‘sails’
on their backs, which they used to
regulate their body temperature. The
late Permian also saw the rise of the
therapsids — reptile-like animals that
were the ancestors of mammals — but
it ended with a mass extinction that
devastated life on earth (see p. 51).

360-286 mya

Lepidodendron
(tree-sized
clubmoss)
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OVER THE PAST 245 MILLION YEARS, ANIMALS AND
PLANTS HAVE LEFT A HUGE TREASURY OF FOSSIL
REMAINS. THEY INCLUDE AWE-INSPIRING RELICS
FROM THE AGE OF REPTILES AND FRAGMENTS

OF EARLY HOMINIDS — APE-LIKE ANIMALS THAT
EVENTUALLY GAVE RISE TO HUMAN BEINGS.

Compared to the timeline on the previous two pages, the one

shown here is short. If earth’s history were squeezed into a

day, it would cover a little over an hour. But during this time,
an astounding variety of living things evolved, from flowering plants
to the largest animals ever to have existed on land. The timeline
covers two geological eras: the Mesozoic, which ended 66 million
years ago, and the Cenozoic, which continues into modern times.

THE MESOZOIC ERA

The Mesozoic, or ‘middle life’ era,
is often known as the age of reptiles.
Many other animals lived in this
era, but reptiles became the largest
in the sea, in the air, and on land.
Scientists split the Mesozoic into
three periods. The first one — known
as the Triassic ~ opened after the
Permian mass extinction, a disaster
that erased about three-quarters of
the animal species on earth.

At the beginning of the Triassic,
most of the world’s land was joined
together in a supercontinent called
Pangaea. The climate was warm, and
tree ferns, conifers and cycads were
common plants. Triassic reptiles
included some of the first gliding
vertebrates. Evolution also produced
bizarre animals such as Tanystropheus,
which probably used its amazingly
long neck to fish from the shore.

TRIASSIC PERIOD _ JURASSIC PERIOD CRETACEOUS PERIOD TERTIARY PERIOD TERTIARY PERIOD
245-208 mya % 208-144 mya 144-66 mya Paleocene epoch Eocene epoch
(million years ago) ! 66-58 mya 58-36 mya

Tanystropheus

Mesohippus




Dinosaurs evolved towards the end
of the Triassic, but the Jurassic period
marked the height of their reign.

As the climate became more moist,
some plant-eating species reached
an incredible size. These herbivores
provided prey for some equally
impressive predators, including
Allesaurus, which weighed up to
three tonnes. Birds evolved from
feathered dinosaurs, and the earliest
ones date back to Jurassic times.

Flowering plants appeared in the
Cretaceous period, triggering a burst
of evolution in the insect world.
Flying reptiles, called pterosaurs,
soared through the sky on leathery
wings. One species, Quetzalcoatlus,
had a wingspan of 12 m, making it
almost certainly the largest flying
animal ever. Among the dinosaurs,
small hunters, such as Velociraptor,
lived alongside tyrannosaurs, the

largest land predators of the time. But
66 million years ago, earth was struck
by a giant meteorite, bringing the
age of reptiles to a cataclysmic end.

THE CENOZOIC ERA
During this era, life recovered from
the Cretaceous mass extinction.
Mammals began to fill the roles that
reptiles had taken before, becoming
so successful that the Cenozoic is
often known as the mammal age.
The earliest mammals fed on
insects and other small animals, but
in the Tertiary period, large plant-
eating kinds evolved. Grasses
developed early in the Tertiary,
enabling some mammals to adopt
herding lifestyles in open grassland
and wooded savanna. These animals
included the forerunners of today’s
horses, as well as far bigger animals,
such as Brontotherium, and the first

T T S ———— |
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elephants. Birds also gained from
the disappearance of the dinosaurs.
The large, flightless Diatryma was
almost certainly a predator, ripping
prey to pieces with a massive hooked
beak. Towards the end of the Tertiary,
primates called australopithecines
appeared in Africa. One of these ape-
like animals was our direct ancestor.
During the early Quaternary
period, the climate became colder
and a long Ice Age began. Mammals
adapted to the changing conditions,
and some highly specialized kinds
evolved. One was Smilodon, a sabre-
toothed cat that killed its prey with
serrated teeth up to 18 cm long.
Humans first appeared about 500,000
years ago. At first, they collected
wild food and hunted, but by the
end of the Ice Age, 10,000 years
ago, they began to farm. Since then,
our species has changed the world.

QUATERNARY PERIOD
Pleistocene epoch
1.6 mya—10,000 ya

QUATERNARY PERIOD
Holocene epoch
10,000 ya—present




A For both the largest and the smallest
creatures, every day is a struggle for
survival. For these tadpoles, life has got
off to a particularly difficult start, because
their pond is starting to dry up.

TOUGH TIMES AHEAD

A female common frog lays about a
thousand eggs and from the moment
the eggs hatch, an intense struggle
for survival begins. Some of the
tadpoles die within hours because
they arc attacked by waterborne
fungi, or because they cannot find
enough food. Others meet their end
when they are swallowed by fish and
other predators. By the time the
tadpoles have turned into frogs, only
a few dozen will be left. But even
for the survivors, life is not simple.
Some will die of hunger, while those
that wander too far from water will
die by drying out. Even if they avoid
these fates, they still run the risk of
being caten by foxes or birds. After
three or four years, only a handful of
frogs will be left alive and ready to
become parents themselves.

HoOw EVOLUTION
WORKS 1

FOSSILS SHOW THAT LIVING THINGS
EVOLVE, BUT THEY DO NOT EXPLAIN HOW
OR WHY EVOLUTION OCCURS. AS CHARLES
DARWIN DISCOVERED, THE ANSWERS TO
BOTH QUESTIONS CAN BE FOUND BY
LOOKING CLOSELY AT THE NATURAL WORLD.

of Species, he showed that evolution takes place and he

explained why it happens. Darwin’s breakthrough came
when he realized that living things struggle to survive, and that
in this struggle, some will be better than others at surviving and
producing young, Because these ‘winners’ leave more offspring,
their features will become more common. In other words, their
species will slowly change.

In the mid-1800s, when Charles Darwin wrote 7The Origin

But who are these winners?
The answer is quite simple - they
are those which are ‘fittest’ and have
what it takes to survive.

On the other hand, unhelpful genes
are less likely to spread, because
many of their owners will not
survive to breed at all.

INHERITED VARIATIONS

To us, one common frog looks very
much like another. The same is true
of almost all living things. But
because most things have two
parents, they inherit a mixture of
genes (sec p. 42). This gives
them different features so
that they have a varicty
of strengths and
weaknesses in the
struggle to survive.
Useful genes are

likely to be passed

on, because their
owners are more

likely to breed.

N Because life is hazardous, parents in
nature always produce plenty of young.

A dandelion plant can grow up to 30 seed-
beads, or ‘locks’. Fach one contains enongh
seeds for over 100 new dandelion plants.
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A For fynx and hares, speed is essential to
survive. Lynx have evolved muscles for
spranting, but hares have extremely sharp
eyesight and hearing, so they often have

a head start in the race to escape.

Although Darwin knew nothing
about genes, he knew a lot about
the variations in living things. He
realized that these variations could
be inherited and that useful ones
could build up over time. Variations
create adaptations — features that
help living things to survive. Over
time, as these adaptations build up,
species evolve.

NATURAL SELECTION

In the struggle for survival, nature
favours those that are good at caring
for themselves and producing young.
Darwin called this process natural
selection. Natural selection works
automatically without anything at
the controls. Sometimes natural
selection favours individuals that are
extra strong or fast. For example,
lynx have been ‘selected’ for their
speed because they sprint to catch
their food. But being strong and fast
is not always a recipe for success.
Many insects are successful because
they are so small. They often
succeed because they keep still,
instead of running or flying away.

HOW EVOLUTION WORKS

Natural selection can also favour
different ways of raising a family.
Many species — from oak trees to
frogs ~ put all their energy into
producing lots of young, but none
into helping them survive. Mammals
are the opposite. They have smaller
families and they work hard to give
their young a successful start in life.

N Near the remains of a fallen tree, a
young coconut sprouts its first leaves. Like

all lrving things, its chances of survival
will depead on twe things — the genes that
it inkerited from its parents, and luck.

NEW SPECIES
Natural selection is constantly
picking its way through all the tiny
variations in living things. In the
short term, the changes are so small
that they do not have a noticeable
effect. But given more time, they
can have a much bigger
impact. For example, one
original species can evolve
into several, each adapted
for a different way of life.

Charles Darwin stumbled
across a famous example of
this when he visited the
Galapagos Islands in 1835.
He found a dozen species of finch,
all different, but at the same time
they were suspiciously similar. As
Darwin later realized, the finches
had all evolved from a single species,
which had become stranded on the
islands long ago.

N Female scorpions carry their young
until they are ready to live on their own.
Caring for a family makes life harder for
parents, but it improves the chances that
some of their young will survive.
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How EVOLUTION
WORKS 2

UNLIKE A HUMAN DESIGNER, EVOLUTION NEVER
STARTS FROM SCRATCH. INSTEAD, IT TAKES FEATURES
THAT ALREADY EXIST AND ADAPTS THEM FOR NEW
WAYS OF LIFE. AS A RESULT, EVERY LIVING THING
CONTAINS REMINDERS OF ITS EVOLUTIONARY PAST.

umans are great planners. Before we make something,
Hwe decide how it is going to work and then we select the
best possible materials for the job. But evolution works
in a very different way because the force that drives it — natural
selection — cannot plan ahead at all. As a result, evolution follows
an unpredictable path. It can turn one adaptation
into many different ones, and it
can also backtrack, dropping
something that it has
previously made.

4

O The speed at which evolution works
varies. The coelacanth has changed very
little in the last 65 million years. Slow-
changing species, known as living fossils)
include plants, microbes and animals.

LOOKING AT LIMBS

One of the best examples of the
ingenuity of evolution can be seen
in vertebrate limbs. Vertebrates are
animals with backbones, and their
limbs include legs, flippers, fins and
wings. From the outside these limbs
look very different, and they work in
different ways. But vertebrate limbs
are all built on the same plan, and in
scientific terms they are said to be




‘homologous’. This means that they
all contain the same underlying
skeleton inherited from the same
distant ancestor that lived long ago -
regardless of whether the limbs are
long, short, fat or flat. Homologous
structures provide strong evidence
that different species are related.
Analagous structures are ones that
do similar jobs, but which are built
in different ways. For example, both
birds and bees have wings, but birds’
wings are made of bones and feathers,
while bees’ wings are made of a
filmy substance called chitin. These
two very different patterns show that
birds and bees are not close relatives.

¥ Unlike some  flightless birds, ostriches
still use their wings. They raise or lower
them to adjust their body temperature.
Male ostriches also spread them out to
attract females.

Drorit!
In evolution,
adaptations
have to
pull their
weight.
When an
adaptation stops being useful,
natural selection starts to act against
it, and it falls out of use. Eventually,
an adaptation can stop working
altogether, although it takes a long
time for it to disappear completely.
This is exactly what happened
with ostriches and other flightless
birds. Millions of years ago, their
ancestors could fly, but as time went
by they developed lifestyles that
involved less time in the air. The
forerunners of ostriches took up life
on Africa’s open plains, and instead
of flying away from danger, they
started to run away. Over many
generations, natural selection built
up their leg muscles and shrank the
muscles that flapped their wings.
Today, ostriches have very weak
wing muscles and their flight
feathers are soft and fluffy, instead
of stiff and strong. Even with its
wings outstretched, an ostrich has
no hope of getting off the ground.

f

PRECISION ENGINEERING

The natural world is full of
adaptations that have been jettisoned
in this way. Some reptiles have no
legs, while many cave-dwelling
animals have only tiny eyes. Humans
also have a collection of evolutionary
leftovers — for example, some of our
scalp muscles were originally used

to move our ears.

But how did really complicated
organs, such as eyes and ears, evolve
in the first place? Could natural
selection ever produce something as
sophisticated as these? The answer —
most biologists believe — is a definite
‘yes’. Like all other adaptations,
eyes and ears would have evolved

HOW EVOLUTION WORKS

A Although seals and bats are very
different from one another in appearance,
and their bones are also different in shape
and size, they both have skeletons that
Jfollow the same underlying plan. This
similarity in skeleton shows that they
have evolved from the same ancestors,
which lived long ago.

in a series of tiny steps, and at each
stage, they would have been a useful
feature to have. A look at today’s
animals shows that eyes vary
enormously — some are so simple
that they can only tell light from
dark. But in the distant future,
natural selection could convert these
Into eyes just as complex as our own.

A Some lizards have gradually lost their
legs to suit a burrowing lifestyle. The giant
legless skink, from southern Africa, can
reach a length of 55 cm. This adult female
has two of her young next to her.

41
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GENES AND DNA

WHEN SCIENTISTS FIRST STUDIED EVOLUTION,
THEY HAD NO IDEA HOW LIVING THINGS
INHERIT FEATURES FROM THEIR
PARENTS. TODAY, AFTER 50 YEARS
OF GROUND-BREAKING RESEARCH,
WE KNOW THAT IT IS THROUGH

GENES AND DNA.

‘- 7~ ou do not have to be a scientist to know that

cats produce kittens and that hens produce chicks,

and not the other way around. But what makes young
animals — or plants — like their parents? And why are some
features, such as eye colour, passed on without being blended
together and mixed up? Until the 1950s, these questions were
difficult to answer, because no one knew how cells store the
‘instructions’ needed to make living things. Then, in 1953, scientists
unravelled the structure of DNA, and the answers fell into place.

How DNA woRKs

DNA, or deoxyribonucleic acid, is a
remarkable substance. It is the only
chemical that can copy itself, and it
is also one of the few that can store
information. DNA is found in all
living cells, and it copies itself when

"

A Animals inberit a set of genes from each
of their parents. This cat has inberited
genes for a tabby coat and ones for green
eyes. It will pass them on when it breeds.

W W‘.\.\.\\ -

cells divide, so that its instructions
can be handed on.

Most chemicals always have the
same structure — in other words,
their atoms are always arranged
in exactly the same way. But DNA
is different. Its molecules have

A This cat has inberited a gene that
gives high levels of melanin in its coat.
Melanin is a black pigment that is
commeon in fur, feathers and skin.

Nucleus

V' The two strands in a DNA molecule
spiral around each other like a twisted
ladder. Each rung in the ladder is made
by chemicals called bases, which fit
together in pairs. The bases work
like letters, spelling out the
instructions that the
DNA contains.

a ‘backbone’
of two spiral
strands, held
together by chemicals
called bases. The spiral strands

are always the same, but there are
four different types of base, and they
can be arranged in any order. These
bases work like a four-letter
alphabet, spelling out instructions.
Before a cell divides, the two strands
unwind and each one makes a new
partner strand. In this way, the
instructions are passed on.

FOLILOWING INSTRUCTIONS
Unlike a set of printed instructions,
a DNA molecule is not divided up
by paragraphs or by headings.

But DNA does have its own
punctuation. Special sequences of
bases act like start and stop signs,



<3 In most cells,
DNA is stored inside
the cell’s nucleus, or
control centre. Each
cell has several DNA
molecules, packaged up
in X-shaped structures
called chromosomes.

Cell

showing where each instruction
begins and ends. These instructions
are known as genes. There can be
several thousand genes in a single
DNA molecule. Together, a complete
set of genes contains all the
information needed to build up a
living thing, and to keep it running.
The instructions programmed by
genes are extremely varied. Some
genes decide physical features,

such as the colour of eyes or skin.
Many control the speed of chemical
processes, while some act as ‘master’
genes, by turning other genes on or
off. A few come into action only in
emergencies — for example, suicide
genes make cells self-destruct if they
come under attack by a virus.

NATURAL VARIATIONS

If two animals or two plants have
the same genes, they will be
identical in almost every way. This
does happen in nature, but it is not
common. Instead, most living things

A These trees belong to the same species,

but each one has inberited slightly different
versions of the same genes, giving each tree
different chances in the struggle for survival.

inherit a unique collection of alleles,
which are slightly different versions
of the same genes. As a resulr,
they have their own different
characteristics. This kind of
variation is very important,
because it allows species

to evolve.

Genetic variation comes about
mainly through sexual reproduction.
In this kind of reproduction, alleles
from two parents are combined and
shuffled, creating a new combination
that is handed on. For example, a cat
may inherit black fur from one
parent and green cyes from the other.

0> Unlike most cells, bacterial cells have
a single, looping DNA molecule. This
bacterium has been specially treated to
make its DNA spill out of its single cell.
DNA molecules are extremely slender, but
they can measure several centimetres long.

GENES AND DNA

The same cat might also inherit
white paws from one of its
grandparents, even though neither
of its parents has white paws
themselves. This happens because
some alleles can be masked by others,
disappearing for a generation or
more until they are unmasked again.

THE FULL STORY
Genes control a huge range of
features, but they do not decide
exactly how everything looks and
lives. The outside world plays a part
as well. For example, if an
animal is well fed it will
reach its maximum possible
size, but if it goes hungry it
will be underweight. Animals
inherit instinctive behaviour,
which is programmed by
their genes. But many
animals also learn some of
their behaviour, and this
depends on experience.
Plants are even more
variable. Their shape
depends partly on their
genes, but also a great
deal on the conditions
where they grow.
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ADAPTING TO
SURVIVE 1

THERE ARE MORE THAN TWO MILLION KINDS —
OR SPECIES — OF LIVING THINGS ON EARTH,

AND NO TWO ARE EXACTLY THE SAME. THAT

IS BECAUSE EACH ONE HAS FOLLOWED ITS OWN
PATH IN EVOLUTION, AND DEVELOPED DIFFERENT
ADAPTATIONS FOR SURVIVAL.

they would never need to change. But in nature, nothing is

ever perfect. Instead, natural selection works all the time, giving
a boost to any feature that helps in the struggle for survival. It has
been doing this for more than three billion years, so it has had time
to come up with an amazing variety of adaptations. Wherever you
look in the natural world, these adaptations are all around. Some
are eyecatching and easy to understand, but others are harder to
spot, and work in unexpected ways.

If living things were perfectly equipped for their way of life,

D> Each one of a giant kelp’s leafy
Sfronds has an inbutlt, gas-filled
Sloat. The floats hold up the

whole plant, which can be
dozens of metres long.

A The sitversword plant has evolved
adaptations for life high up, where the
sunlight can be intense. Thanks to these,
silverswords can live in a habitat where
Sfew other plants are able to survive.

LIGHT WORK

The ash-strewn slopes of a volcano
and the swirling water off a rocky
coast could hardly be more different
habitats — which is why their plants
and animals have evolved in

A Crouching on a leaf; this spider looks
exactly like a bird dropping. This
kind of adaptation makes the
spider less likely to be eaten.




different ways. In the Hawaiian
Islands, the silversword plant grows
on some of the highest volcanoes on
earth. Its leaves are covered with fur-
like hairs, which help to stop it being
burned by the dazzling sunshine.
But off the rocky coast of California,
a seaweed called giant kelp has the
opposite problem. To reach light,

it needs to grow upwards through
50 m of water. How does it do this?
By forming gas-filled floats, which
keep the plant upright as it grows.

ANIMAL ADAPTATIONS

Evolution has been even more
inventive in the animal world.
Unlike plants, animals move, and
they also eat food, so natural
selection has been able to develop

A Aye-ayes use their unusual fingers to
forage for food after dark. Like many highly
spectalized animals, they are easily harmed
when humans interfere with their habitat.

some very specialized adaptations
for their different ways of life,

Our fingers are one example, as
they allow us to pick up and hold
things in countless different ways.
But when it comes to fingerwork,
even we do not match up to the
aye-aye — a strange-looking primate
from the forests of Madagascar. Like
us, the aye-aye has four fingers and
a thumb. But the middle finger is
much longer and thinner than the
rest, and the aye-aye uses it like

" |

a bony drumstick, tapping on
branches as it climbs through trees.
If the sound is promising, the aye-
aye picks away the wood and tweaks
out insect grubs living inside.

HiIDING AWAY
Natural selection has created all
kinds of unusual body parts, from
skinny fingers to mouthparts that
work like harpoons. But it can work
with whole bodies too. The animal
world is full of species that are
incredibly well camouflaged, thanks
to specially adapted body cases,
shells or skin. Some species blend
in with their background, while
others mimic something that is
either inedible or dangerous to eat.
Animal camouflage can be
amazingly convincing, but it is not
too hard to work out how it evolves.
If an animal is better at hiding than
its relatives, it is less likely to be
spotted and eaten, so it will leave
more young. In the next generation,
the best camouflaged animals will
also be best at surviving. Repeated
thousands or millions of times, this
process has created the extraordinary
disguises that animals have today.

ANIMAL ARMOUR

During the history of life, armoured
animals have evolved many times.
Today, they include animals such as
pangolins, armadillos and tortoises.

ADAPTING TO SURVIVE

A Protected by its portable armour, an
armadillo takes a stroll. The armour is
made of small, bony plates that cover most
of the armadillo’s body except its underside.

In the past they included much
bigger species such as glyptodonts,
which were built like living tanks.
Because animal armour has evolved
so often, scientists say that there is
a strong selection for it. In other
words, it is an adaptation that gives
a very good chance of success.

But unlike armour, some animal
adaptations are shown by only a few
species, or even just one. The aye-
aye’s fingers are one example, and
so are the shells of molluscs called
piddocks. The shells have sharpened
edges, and a piddock uses them like
a drill bit to bore a tunnel through
wood or rock. Humans use drills all
the time but, as the piddock shows,
nature got there first.

A Piddocks filter their food from seawater,
and they use their sharp-edged shells to drill
themselves a safe home. An adult piddock
cannot leave its burrow, because its shell is
wider than the entrance.



A\ Hibernation 1s
an adaptation of

behaviour. It helps
dormice to survive
through the winter,
when food is scarce.

ADAPTATIONS DO NOT ONLY
- A}H AFFECT THE WAY LIVING

THINGS LOOK. IN ANIMALS,
SOME OF THE MOST IMPORTANT
ADAPTATIONS ARE ONES THAT
INVOLVE BEHAVIOUR.

ADAPTING TO
SURVIVE 2

not sound like an adaptation. You cannot pick up
and examine it, and it does not fossilize when
animals die. But behaviour can be inherited, which
means it may change or evolve over time. This kind of
behaviour is known as instinct, and it is programmed into
an animal’s genes. Like all other adaptations, instinct has
developed over millions of years, and it helps animals survive.

Unlike longer legs or sharper teeth, behaviour may (8 .

FrrTiNG In
‘When animals first evolved, their
behaviour was extremely simple.
They moved towards food, and
away from anything that might be
dangerous. But as animals started
to become more complicated, their
behaviour became more complicated
t0o. They evolved sense organs to
find out about their surroundings,
and patterns of behaviour that gave
them the best chance of survival.
Millions of years later, these
patterns — or instincts — still control
the way most animals live. Spiders
tush towards struggling flies, but if
they are threatened, they head for
somewhere dark. Honeybees fly
towards the smell of flowers, but
away from the smell of smoke. In
autumn, many animals go into
hibernation - a deep sleep that lasts

J Spiders use complicated
bebaviour to spin webs and catch
prey. This orb-weaver spider has caught
an insect, and has stopped it J!ruggling
by wrapping it up in a bag of silk.

until the *
following
spring. Animals deo &
not have to learn this kind of
behaviour, because it comes butlt-in.
Just like other adaptations,

behaviour often reveals glimpses of
a species’ past. For example, pet dogs
often watk around in a circle before
lying down — behaviour inherited
from their ancestors, which used it to
flatten plants into a comfortable bed.

BEIIAVIOUR AND BODY PARTS
In the animal world, behaviour and
body parts often evolve together.




V' A Weddell seal’s breathing hole is its
lifeline — without it, survival is impossible.
The seal starts the hole when the ice is
shallow, but by thé end of the winter
it can be up to 2 m deep.

This makes
good sense, because
without the right
behaviour, many body parts
would be no use at all. Complicated
behaviour controls legs and wings,
but some of the most intricate kinds
are used for catching food. Spiders,
for example, use several different
types of silk to make their webs, but
they do not have to be taught which
type goes where. When they make a
catch, they identify their prey by its
movements, instinctively recognizing
the difference between a fly and
a wasp with a dangerous sting.
Somietimes, evolution creates new

- i
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Just fike body parts, these building
skills have evolved as well. When
birds first appeared, for example, they
almost certainly laid their eggs on
the ground — just like most reptiles
do today. But as time went by, and
birds became more agile, some of
them started to nest off the ground.
Today, more than 100 million years &
later, birds include some of the best
builders on earth.

A\ Beavers seem to understand a lot about

dam building, but they work entirely by
instinct. They can make a tree fall in \ \
exactly the right direction by chewing b ]
through the opposite side.

uses for standard animal equipment.
This has happened with the Weddell
seal. Its ancestors moved into the
seas off Antarctica about 15 million
years ago, when the climate was
much warmer than it is now. As
Antarctica became colder, more and
more of the sea became covered by
winter ice. The Weddell seal survives
in this frozen habitat thanks to its
teeth, which it uses for gouging out
breathing holes in the ice. Without
this behavioural adaptation, most
Weddell seals would die out.

BRANCHING OUT

Evolution also affects the way
animals build. The first animals
built nothing, but as time went by,
their descendants evolved special
construction skills. Today’s animals
build all kinds of shelters, nests and
traps — find out about some
of them on pages 150-151.

f
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> Sometimes, an animal’s
behaviour allows it to make use
of new opportunities. Whit
storks originally nested in
trees, but in Europe they
often nest on rooftops
instead. Many other
birds — including
swallows and swifts —
nest inside buildings.



A PLANET APART

SHARED

SOLUTIONS

IN THE LIVING WORLD, SPECIES THAT LIVE IN

SIMILAR WAYS OFTEN EVOLVE SIMILAR ADAPTATIONS.
THIS CREATES SOME REMARKABLE LOOKALIKES —
ONES THAT EVEN SCIENTISTS CAN MUDDLE UP.

page. Both have a barrel-like shape and are protected
by spines. They both live in deserts and store water
in their stems. Unless you are an expert on desert plants, you
would think that they are close relatives. In fact, they are very
different. One is a cactus from Mexico, the other is a baseball
plant from southern Africa. They look the same because they
have adapted to a very similar way of life.

Take a close look at the two plants in the centre of this

A Mantis flies (top) and praying mantises
(bottom) both have front legs that grab and
stab prey, bit they are not closely related.
They have developed the same leg design

separately, through convergent evolution.

NATURE’S COPYCATS

Like an inventor that never runs
out of ideas, evolution is good at
creating adaptations. It can even
produce the same adaptation in two
quite different things. This usually
happens when different species share
a similar lifestyle, so that natural
selection works on them in similar
ways. The result is called convergent
evolution — a gradual change that
makes two species look more and
more alike.

The cactus and the baseball plant
are two examples of species that
have ‘converged’, even though they
live thousands of kilometres apart.
Their rounded shape helps them to
conserve water, while their spines
keep hungry animals at bay. They
have other similarities too — both
have long roots, and neither grows
leaves. Altogether, these adaptations
help them to survive in a habitat
that can be dry for months at a time.

N The baseball plant (top) and the golden
barrel cactus (below) are amazingly alike.
But the baseball plant comes from southern
Africa ~ a part of the world where wild
cactuses do not exist. It is short and dumpy,
but some of its relatives from wetter places
grow into shrubs and frees.

HIDDEN
HISTORIES
The world is full of
convergent species —
some are illustrated

on these two pages.
Many look only slightly
similar, while others are
close enough for people to ™
confuse them. For example,
whales and dolphins look very
much like fish, because they
have streamlined bodies, and
flippers instead of legs. Several
centuries ago, most people thought
they were all the same.

Deep down, however, convergent
species are always different, because
they have evolved from different
starting points. Fish are cold-
blooded, and they breathe by
collecting oxygen through gills.



|

But the ancestors of whales and
- dolphins were warm-blooded

/" land mammals that took

up life in the sea. Over
-millions of years, these
" mammals adapted to
==their new habitat, and
_ they gradually developed
a fish-like shape.

But evolution could not disguise
their past. That is why whales and
dolphins still raise their young on
milk, and why they come to the

surface to breathe air.

CAUSING CONFUSION
Convergent evolution can create
problems when scientists try to
classify living things. It is not too
hard to work out that a dolphin is
a mammal, but some lookalikes are
more convincing than this. For
example, barnacles spend their adult
lives fastened to rocks, and they have
pointed shells that protect them from
the waves. They look like molluscs,
and early naturalists believed that is
exactly what they were. However,
young barnacles start life in the
open sea, and they are equipped
with lots of legs. A close look
shows that barnacles are actually
crustaceans — in other words,
relatives of lobsters and crabs.
Things get even more tricky
when related species evolve in
the same way, because they
have lots in common to begin
with. To unravel their ancestry,
scientists cannot rely on
appearances — instead, they
often track the path of evolution
by looking at their DNA.

|

{CONVERGENCE PAST AND PRESENT
Today’s lookalikes are only part

of the story, because convergent
evolution has been at work for a very
long time. In prehistory, animals
called pyrotheres looked very similar
to elephants, while further back in
time, reptiles called placodonts
looked just like turtles because they
evolved the same rounded, scale-
covered shells. But some of the best
examples of convergence occur in

SHARED SOLUTIOMNS

< Limpets (left) and barnacles (right)
both live in exposed places, where they
are often pounded by waves. Limpets
are protected by a shell, but barnacles
have a case made up of separate plates.
Although it is not built like a shell,

the barnacle case does the same job.

pouched mammals, or marsupials.
Sabre-toothed marsupials, from
South America, looked just like
sabre-toothed cats, and marsupials
called borhyaenids looked amazingly
similar to wolves and bears. The
most recent of these carnivorous

A A dolphin (top) and a tuna (below)
both have streamlined, muscle-packed
bodies, and both feed on fish in open water.
But dolphins are relative newcomers to life
in the sea. The fact that they breathe air
shows that their ancestors once lived on land.

lookalikes died out in the 1930s.
Called the Tasmanian wolf, or
thylacine, this unusual animal was
the largest marsupial predator to
survive into modern times. To see
what it looked like, turn the page.
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(GLOSSARY

The following pages explain most of the technical terms that are used in this book.
Where a definition includes words in bold, it means that these words have entries of their own.

Abdomen

The rear part of an animal’s
body, containing the organs
that are used for digesting
food, getting rid of waste
and reproducing.

Adaptation

A feature produced by
evolution that helps a living
thing to survive. Adaptations
include physical features,
and also different kinds

of behaviour.

Alga (plural: algae)

Simple, plant-like organisms
that grow by collecting the
energy in sunlight. Most
algae live in water. Many are
microscopic, but seaweeds,
which are the largest algae,
can be many metres long.

Amoeba
A single-celled creature that
moves by changing shape.

Annual plant

A plant that germinates,
flowers and dies within
a single growing season.

Antenna (plural: antennae)
A long, slender feeler on an
animal’s head, used to obtain
information by touching or
smelling. Antcnnae are
always in pairs.

Arthropods

A huge and highly successful
group of invertebrate animals
that have a hard body casc,

or exoskeleton, and legs

that bend at flexible joints.
Living arthropods include
insects, spiders, scorpions

and crustaceans, and also
centipedes and millipedes.

Bacterium (plural: bacteria)
A microorganism with a
single cell. Bacteria are the
smallest, simplest and most
ancient living things on earth.

Baleen

The fibrous substance that
large whales use to sieve food
from the water. It hangs down
from a whale’s upper jaw.

Biennial plant

A plant that lives for two
years. During the first year,

it germinates and grows.
During the second, it flowers,
makes seeds and then dies.

Biosphere
All the parts of the world

where living things are found.

Blubber

A layer of fat that helps some
sea animals to keep warm.
Whales, seals, polar bears and
penguins all have blubber.

Boreal forest

The great coniferous forest
that grows in the far north,
close to the Arctic Circle.

Broadleaved tree

A tree that usually has broad,
flat leaves. Unlike conifers,
broadleaved trees are
flowering plants.

Browser

A plant-cating animal that
feeds on the leaves and
shoots of trees and bushes.

Cambium

A layer of cells just beneath
the surface of a plant’s roots
and stems. The cells divide
to make the plant grow.

Camouflage

A pattern or colour scheme
that helps something to blend
in with its surroundings.
Animals use camouflage to
ambush their prey, or to
avoid being eaten.

Canine teeth

Long, pointed teeth that
meat-eating mammals have
at the front of their mouths.

Carnivore

Any animal that lives by
eating others. The word
carnivore is also used for a
particular group of mammals
that includes cats, dogs and
bears. These mammals have
specialized meat-eating teeth.

Carpel

One of the female parts of

a flower. Carpels contain
female cells, called ova, which
develop into seeds once they
have been pollinated.

Cell

A microscopic unit of living
matter. Cells are surrounded
by membranes, and they
contain all the equipment
needed to stay alive and

to reproduce. Some living
things, such as bacteria,
have just one cell, while
others have many millions,
specialized to carry out
different tasks.

Cellulose
A substance that plants make
as a building material.

Chaparral

A kind of shrubland found in
California and other parts of
the western USA.

Chlorophyll

The green substance that
plants use to collect energy
from sunlight, so that they
can carry out photosynthesis.

Chloroplast

A microscopic green
structure inside a plant’s leaf
that contains chlorophyll.
Chloroplasts carry out
photosynthesis, which
enables plants to grow.

Chromosome

A thread-like chemical
package that contains a
length of DNA. In plants
and animals, chromosomes
often have a shape like an X.

Chrysalis

A hard case that protects
a caterpillar while it turns
into a butterfly or a moth.

Cocoon

A silk case spun by an insect
or a spider, to protect itself or
its eggs.

Cold-blooded

Describes an animal whose
body stays at the same
temperature as its
surroundings. Cold-blooded
creatures make up most of
the animal kingdom.

Colony

A group of individual
animals, plants or microbes
that live together as a single
unit. Many colonies look
like single living things.

Compound eye

An eye that is divided

up into many separate
compartments, which work



together to produce an
image. Crustaceans and
insects have compound eyes.

Conifer

A tree that grows its seeds in
cones. Unlike broadleaved
trees, conifers do not have
flowers, and they often keep
their leaves all year.

Contingntal drift

The gradual movement of
continents across the earth’s
surface. Continental drift is
driven by heat from deep
within the earth, which keeps
the crust on the move.

Convergent evolution
The evolution of similar
features in species that
share a similar way of life.
Convergent evolution can
make unrelated species
difficult to tell apart.

Courtship

The behaviour that an animal
uses to attract a mate. Male
animals use courtship to show
that they are fit and healthy.

Cyanobacteria

Bacteria that live in the same
way as plants, by collecting
the energy in sunlight.
Cyanobacteria are also
known as blue-green algae.

Deciduous tree

A tree that loses all of its
leaves for part of the year.
Many broadleaved trees
are deciduous, but not all
in rainforests, broadleaved
trees keep their leaves all
year round.

Decomposer
Any living thing that feeds
on dead remains.

Diatom

A kind of microscopic alga.
Diatoms have transparent
protective cases that are
often made of silica.

Digestion

The breaking down of food so
that it can be absorbed and
used. Animals digest their
food after they have swallowed
it, but many microbes digest
food on the spot.

Distribution

All the places in the world
where a particular species
is found.

DNA (deoxyribonucleic acid)
The substance found in living
cells that makes up genes.
DNA contains all the
chemical instructions needed
to assembile a living thing
and to make it work.

Echolocation

A way of sensing objects
that works by using high-
pitched bursts of sound,
which bounce back as
echoes. Animals that use
echolocation include bats,
whales and dolphins.

Ecosystem

A habitat, together with all
the living things that use it
as their home.

Egg

A fertilized cell that can
develop into a new living
thing. Eggs are the largest
cells in the animal world.

Embryo
A plant or animal at a very
early stage of development.

Endemic species
A species that is found in
one place and nowhere else.

Ephemeral plant

A plant that grows, flowers
and dies in a short time.
Most ephemeral plants live in
deserts and other dry places.

Epiphyte
A plant that grows on trees
and other plants.

Evolution

A very slow process of
change that enables living
things to adapt to the world
around them. During
evolution, new species
develop, and existing ones
eventually become extinct.

Exoskeleton

A skeleton that supports
an animal’s body from the
outside rather than the
inside. Exoskeletons are

a common feature in
invertebrates — arthropods
have exoskeletons made of
separate plates, while many
molluscs have shells.

Extinction

The permanent
disappearance of a species.
Extinction happens in nature,
but it can also be caused by
human activities.

Fertilization

The process that enables a
male and a female cell to join
together, forming a single egg.

Filter-feeder

An animal that gets its food
by sieving it from water.
Filter-feeders include animals
in plankton, and also the
world’s largest whales.

Floret
A small flower in a

flowerhead.

Flowerhead
A collection of flowers
growing on a single stem.

Food chain

A food pathway that
connects several different
species. When one species
eats another, food and energy
move along the chain.

Fossil

The preserved remains of
living things. Some fossils
are formed by remains

GLOSSARY

themselves, while others
are signs that living things
leave behind, such as
burrows or footprints.

Fynbos
A kind of shrubland found

in southern Africa.

Gene
A chemical instruction that
is carried by DNA.

Gill

A body-part that animals use
to collect oxygen from water.
Gills sometimes stick out
from an animal’s body, but in
fish they are usually hidden

away inside.

Grazer
A plant-eating animal that
feeds mainly on grass.

Grub

A young insect that has very
short legs or no legs at all.
See larva.

Habitat

The surroundings that a
particular species needs to
survive. Most species live in
just one habitat, but some
can survive in several.

Herbivore
An animal that eats plants.

Hibernation

A deep winter sleep. Animals
hibernate so that they can
survive a time of year when

food is hard to find.

Host

Any living thing that
a parasite uses as its
home and its food.

Hyphae
A network of feeding threads
produced by a fungus.

Incubation
Sitting on eggs to keep them
warm, so they can develop.
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Instinct

Any kind of behaviour that
is inherited instead of having
to be learned.

Invertebrate
Any animal that does not
have a backbone.

Larva (plural: larvae)

A young animal that looks
completely different from its
parents, and which changes
shape as it grows up.

Lichen

A plant-like organism
formed by fungi and algae
living together in a close
partnership.

Life cycle

All the steps in the life of
a living thing, from the
moment it starts life, to the

time when it produces young.

Metabolism

All the chemical processes
that take placc inside a living
thing. Some of these
processes relcase cnergy,
while others use it up.

Metamorphosis
A major change in body
shapc as an animal grows up.

Microbe

See microorganism.

Microorganism

Any living thing that is too
small to be seen with the
naked eye. Microorganisms
include bacteria, as well as
many other forms of life.
For several billion years, they
were the only living things
on carth. Microorganisms
are also known as microbes.

Migration

A long journcy that animals
make to breed or to find
food. Most animals migrate
along set routes, and are
guided by instinct.

Mimic

An animal that imitates
something clse — usually

to avoid being eaten. Many
mimics imitate leaves, twigs
or pebbles, but some imitate
poisonous animals.

Molecules

A group of atoms that

are linked together. Some
molecules have only a few
atoms, but molecules made
by living things — such as
DNA and cellulose - can
have many millions.

Natural selection

The driving force behind
evolution. Natural selection
works by favouring those
living things that Icave the
most young.

Nectar

A sweet, sugary liquid
produced by many flowers.
Plants make nectar to attract
animals. In return for nectar,
animal visitors sprcad the
plants’ pollen.

Nocturnal

Describes an animal that
is active mainly or entirely
after dark.

Nucleus
The control centre of a cell,
containing the cell’s genes.

Nutrient

Any substance that a living
thing needs in order to stay
alive.

Organism
Any living thing.

Parasite

A living thing that feeds

on or inside something

else while it is still alive.
Unlike a predator, a parasite
is usually smaller than the
thing that it attacks.
Parasites often have a
complicated life cycle.

Perennial plant

A plant that lives for a
number of years, instead of
for onc or two. Trees and
shrubs arc all perennials.

Petal

A flap in a flower that
often helps to attract animal
pollinators. In some flowers,
petals arc separate, but in
others they are joined
together to form funncls

or tubes.

Photosynthesis

A process that works by
collecting cnergy from
sunlight and using it to
build up carbon-containing
chemicals. Plants, algae
and some bacteria usc
photosynthesis to grow.

Phytoplankton

The plant-like part of
plankton, made up of
organisms that need
sunlight to grow.

Plankton

Small or microscopic living
things that drift near the
surface of lakes and occans.
Plankton includes algae,
and also a wide range of
tiny animals that eat algae
or cach other.

Pollen

The dust-like substance that
flowers usc to produce seeds.
Pollen contains a plant’s
male cells.

Pollination

The movement of pollen
grains from flower to flower,
so that sceds can be formed.
Pollen is usually carried by
animals or by the wind.

Polyp

An animal that has a tube-
shaped body, with a ring of
tentacles around its mouth.
Corals and sea anemones are
examples of polyps.

Predator

Any animal that lives by
hunting others. Predators
are usually larger than their
prey — unless they hunt in
packs — and they are always
less common.

Prehensile

Describes something, such as
a trunk or a tail, that can wrap
around things to hold on to
them, or to pick them up.

Prey
An animal that a predator
hunts as food.

Protists

Single-celled organisms
that arc larger and more
complicated than bacteria.
They include protozoans
and algae.

Protozoan

An animal-like organism
that is made up of just one
cell. Protozoans live mainly
in water, or in damp habitats
such as the soil. Somc are
parasites of animals or plants.

Pupa (plural: pupae)

A resting stage in the life
cycle of an insect. Inside the
pupa, the young insect’s body
is broken down, and an adult
one is asscmbled in its placc.

Ruminant

A plant-eating mammal
that has hooves and a four-
chambered stomach. Deer,
antelope and cattle are all
ruminants.

Seasonal forest

A kind of tropical forest
that grows in places that
have a wet season and a dry
scason. It is also known as
monsoon forest.

Sepal

An outer flap that protects
a flower bud. Unlike petals,
scpals are normally green,



but in some flowers they are
large and brightly coloured.

Species

A single type of living thing.
The members of a species
can all breed with each other,
but they do not normally
breed with anything else.

Spiracle
A small opening that lets air
into an insect’s body.

Spore

A microscopic package

of cells that is used in
reproduction. Most fungi and
a.lgﬂe GCr()duCC uSing Sp()rCS.

Stamen

One of the male parts of
a flower. Stamens produce
pollen, which travels from
plant to plant so that seeds
can be formed.

Stoma (plural: stomata)

A microscopic pore on the
surface of a leaf. Stomata let
gases flow into and out of
leaves, so that plants can
carry out photosynthesis.

Stromatolite

Rock-like mounds produced
by cyanobacteria growing in
shallow water. Fossilized
stromatolites are among the
oldest signs of life on earth.

Symbiosis

A partnership that involves
two different species. By
teaming up, cach partner
often has a better chance of
survival. Both partners may
be animals, or one may be
an animal and onc a plant.

Taiga
A Russian word for the
boreal forest.

Tentacles

Long, fleshy ‘feelers’ that
some animals use to catch
their food.

Territory

A space that is claimed by an
animal so that it can breed.
In most kinds of animals,
territories arc claimed and

defended by males.

Thorax

The middle part of an
animal’s body. In insects, legs
and wings are attached to it.

Toxin
A poison made by a living
thing.

Tundra

A cold, treeless habitat
found in the far north, and
sometimes near the summits
of high mountains.

WEBSITES

waynesword.palomar.edu/wayne.htm

One of the best plant sites on the web, containing more
than 2,000 photos of interesting and unusual plants from
all over the world, plus a huge collection of plant myths,

legends, facts and figures.

www.bbc.co.uk/nature/wildfacts
Find out about hundreds of different animals at this
wildlife site run by the BBC's natural history unit.

www.eia-international.org

The Environmental Investigation Agency (EIA) is an
international organization that investigates and exposes
environmental crime, from illegal logging to animal

smuggling.

www.euronet.nl/users/janpar/virtual/ocean.html
Find out about microscopic life at sea by visiting this

‘virtual ocean’ page.

www.microscopy-uk.org.uk/mag/indexmag. htmI?http://
www.microscopy-uk.org.uk/mag/wimsmall/small.html

Claiming to be the ‘smallest page on the web’, this fascinating

site is an introduction to the microscopic organisms you can

find in a freshwater pond.

www.mbayaq.org
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Transpiration

The movement of water from
a plant’s roots, along its stem
and out of its leaves. When
water reaches the leaves, it
evaporates through pores
called stomata.

Vertebrate

An animal that has a
backbone. Vertebrates
include fish, amphibians,
reptiles, birds and mammals.

Virus

A chemical particle that
reproduces by infecting
living cells.

Warm-blooded

Describes an animal whose
body stays at a steady warm
temperature. Warm-blooded
animals are well insulated,
and can stay active even in
cold conditions.

The Montercy Bay Aquarium’s website includes the award-
winning ‘E-quarium’ ~ an online introduction to undersca life.

www.mnh.si.edu/museum/Virtual Tour/index.html

The National Museum of Natural History (NMNH) is one
of the world’s largest museums. This web page opens the door
to its collections with a range of virtual tours.

www.nhm.ac.uk/interactive/kids/index.html
Find out more about the natural world by visiting London’s
Natural History Museum. This regularly updated site includes

webcam pictures of animals on the move.

www.sandiegozoo.org

San Diego zoo is famous for its work with endangered
animals. Its website features news about animals in captivity
and in the wild, updates about the status of threatened
species, plus a range of virtual tours.

Www.unep-weme.org

The World Conservation Monitoring Centre, part of the
United Nations, publishes ‘Red Lists’ of threatened and
endangered species from all over the world. Check out
Red List species by visiting this website.
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Algarve, Portugal 279
alligators 256
American bison 194,
195
amoebas 62, 63, 689
amphibians 35, 252
see also frogs; newts;
salamanders; toads
amphipods 277
Angkor, Cambodia
301
animals 59, 114-15
see also amphibians;
animals by name,
arthropods; birds;
corals; crustaceans;
fish; insects;
mammals; reptiles;
worms
adaptation 33, 40-1,
45-7, 489
Antarctica 175-6,
177,180
Arctic 164, 1657,
168, 171
armour 45
behaviour 46-7,
144-5
boreal forest 225-30
breathing 24, 47,
118-19
camouflage
see camouflage
carnivores 131
see also predators
coastal 19, 279-80,
281, 282-3, 284,
286, 287, 288, 289

animals (cont.)
cold-blooded 165,
190-1
communication 125,
141
coniferous forests
225-30, 232
defences 134-5
deserts 184, 185-91
eggs 23, 140
embryos 140
endangered species
52-3, 196, 2289,
235, 238, 244-5,
256, 271, 287
ephemerals 185-6
filter feeders 270
flying 122-3
food 24,115, 128-9,
158-9, 207
freshwater 21, 250,
251, 252-3, 256-7
fungi and 78-9, 231
fur 26, 53, 228
gliding 122, 207
grasslands 37,
193-201, 203
groups 148-9
herbivores 128-9,
158
hibernation 25, 46,
191, 215, 229-30,
263
homes 47,1501,
197 see also habitats
insect-eaters 125,
197, 200, 211, 221,
241, 243
instinct and learning
46-7,144-5, 217,
280, 289, 298
intelligence 145, 289
larvae 142
limbs 40-1, 121
marsupials 49, 53,
141,157
metabolism 25
metamorphosis
142-3
migration
see migration

animals (cont.)
molluses 35, 45, 53,
282, 283
moulting 117,119
mountain species
2601, 262-3
movement 115,
120-3
ocean life 268-77
parasites 137,296
partnerships 136-7,
156,296
plant-eaters 128-9,
158
and plants 83, 89,
90-1, 97, 107,
156-7, 206~7,
239-40
predators se¢ predators
reproduction
see reproduction
respiration 24, 47,
118-19
ruminants 129
scavengers 29, 115,
132-3, 277, 282,
300, 306
senses see senses
skeletons 22, 41,
116-17
skin 22,42
soft-bodied 116
sponges 116, 276-7
temperate forests
213,215, 216-20,
221
tool-using 289
towns and cities
298-301, 304, 305
tropical 28, 29,
235-8,241-2,
243-5
vertebrates 40-1,
117,121
water in diet 22-3,
31, 186, 1989
young 141-3, 196-7,
207,219
annual plants 100
Antarctic Convergence

174-5

INDEX

Page numbers in bold refer to main sections.

Antarctica 162-3,
174-81
animals 175-6, 177,
180
auroras 10
birds 177-81
coastline 177
daylight 28, 29
ice 27,174-5,177
plants 175, 180
Southern Ocean
162-3,174-5
anteaters 200, 241, 243
antelope
food and water 129,
198-9
habitat 194, 198-9,
256
herds 148, 149
impalas 193
pronghorns 194
senses 126
speed 134
young 196
antibiotics 73
antlers 219-20
ants see also ants: types
bivouacs 241
colonies 149
eyes 125
food 128
nests 151
partnerships 136
and plants 83, 97,
107
predators of 200,
241, 243
ants: types
army ants 241
driver ants 241
leafcutters 241
pharaoh ants 151,
306-7
weaver ants 241
worker ants 125
aphids 136, 138
Archacopteryx 32-3, 36
Archean era 34
Arctic 162-3,164-73
animals 164, 165-7,
168,171

Arectic (cont.)
Arctic Ocean 164-7
auroras 10
birds 167, 168, 170
daylight 29, 167-8
wce 27,164, 166
insects 169-70
plants 165, 168-9,
171
polynya 166-7
tundra 162-3, 164,
165,167-71
armadillos 45, 135
arthropods 35, 117,
121
see also centipedes;
insects; millipedes;
scorpions; spiders
atmosphere 11, 12, 13
atolls 292
auroras 10
axolot] 142
aye-ayes 45

bacteria 58, 64

Anabaena 64
Campylobacter jejuni
58

Clostridium 64
cyanobacteria 34,
64, 66-7
decomposition 25, 87
DNA 43
dormancy 63
evolution 34
Legionnaire’s disease
bacteria 567
lithotrophs 25
photosynthesis 13, 24
in the sea 19
size 62
stromatolites 15, 34
underground 16
bacteriophages 65
badgers 215
Baftin Bay 166, 167



barnacles 49, 142,
279, 280
basilisks 121
basket stars 270
bathyscapes 276
bats see also bats: types
echolocation 125,
264
evolution 41
flying 123
food 156,221
hibernation 25
homes 221, 264,
265
pollinating 240
bats: types
fruit bats 91, 265
greater mouse-eared
221
short-tailed 221
woodland 221
Bay of Fundy, Canada
279
bears
see also pandas, giant
brown (grizzly) 130,
131, 229-30
polar 164, 165
wildlife trade 53
beavers 47, 144,
150-1
bees 90, 143, 149, 262
Arctic bumblebees
170
honeybees 31, 46,
126
beetles 22, 143, 240-1
burying beetles 133,
221
diving beetles 118,
159, 252
dung beetles 133
goliath beetles 241
harlequin longhorn
beetles 241
museum beetles 115
stag beetles 133
wood-boring beetles
186
biennial plants 100,
101
bighorn sheep 260-1
biomes 162-3
see also habitats
biosphere 16-19, 153
birds
see afso birds: types
Antarctica 177-81

birds (cont.)

Arctic 167,168,170

beaks 159,231,
238-9, 281, 286

breathing 119

caching 217

camouflage 167, 283

coastal 280-1, 283,
2867

coniferous forests
225,228, 231-2

deserts 186, 191

eggs 52,53, 140,
181, 283

endangered species
52,53,54

evolution 33, 36, 37

flightless 41, 54

flying 16, 23, 120,
122-3

food 128-9, 180,
207,211, 217, 220,
232,241

grasslands 197, 200-3

hibernation 191

imprinting 145

incubation 140, 181,
202

instinct 144

leks 148

migration 120, 127,
170~1, 180, 264, 286

mountains 17, 263,
264

navigation 127

nests 47, 145, 150,
151, 181, 197, 201,
207, 221, 286

partnerships 137,
2067, 239-40

of prey 115,124,
131, 135, 151, 159,
232,264

reproduction 139

scavengers 133, 300

seabirds 267-8

senses 125, 126, 232

towns and cities 299,
300, 301, 302,
304-5

tropical forests
239-40

wetlands 248-9,
254-5

young 141, 181, 202

birds: types

albatrosses 141, 177,

180, 181, 268

birds: types (cont.)
ant-birds 241
Antarctic skua 180
bee-eaters 23
bitterns 248
blackbirds 305
boobies 267-8
bowerbirds 151
budgerigars 200,
201, 202

buzzards 232
California quail 210
Cape sugarbirds 206,
207

cardinals 305
chickadees 221, 225,
305

choughs 17, 119,
264

cockatoos 305
condors 55, 264
coots 304

cranes 54

crossbills 231
crows 133

curlews 281

dodos 51

eagles 52, 54,131,
151, 158, 159, 232
emus 202-3
finches 39, 201, 202,
231

flamingos 254-5
frigatebirds 287
gannets 267-8, 283,
286

geese 123,145,170,
264

goshawks 232
grosbeaks 157
grouse 186, 263
guillemots 170
gulls 133, 267, 280,
300, 301

herons 159, 248,
256,288
honeyguides 156
house sparrows 299
hummingbirds 91,
129, 150, 151
ibises 54

jacanas 248, 249
Jays 217,231
kakapo 54

killdeer 141

kites 300

kiwis 155
kookaburras 148

birds: types (cont.)
lammergeiers 264
lapwings 141
magpies 133
Namaqua sandgrouse
186
nutcrackers 157,
217,231
nuthatches 221
oilbirds 264-5
oropendolas 151
ostriches 40-1, 202
ovenbirds 151
owls 122-3, 167,
168, 197, 220, 221,
231-2
oxpeckers 137
oystercatchers
280-1, 283
parrots 54,129, 213
passenger pigeons 50
pelicans 141
penguins 176,
178-9, 181
peregrine falcons
123, 302
petrels 181
pigeons 302, 304-5
poorwills 191
ptarmigans 263
puffins 286
quails 210
queleas 201, 202
quetzals 96
reed warblers 248
rheas 202
robins 54, 157
rock doves 305
sanderlings 280-1
shearwaters 286
shrikes 211
sparrowhawks 115,
232
starlings 248
storks 47, 300
storm petrels 268
swallows 151,248
swifts 115
terns 123, 267, 283,
286
tits 141, 221, 225
toucans 238-9
turnstones 280
vultures 123, 126,
133, 145, 264
waders 280-1
wallcreepers 264
weaverbirds 139, 151

INDEX

birds: types (cont.)
white-tipped
sicklebills 240
woodpeckers 157,
217, 220, 221, 230,
231
wrens 148, 264
bison 194, 195
blood cells 62, 69
blubber 165
bobeats 134
boreal forest (taiga)
224-9
Bouvet Island
(Bouvetaya) 177
Bowling Green Bay
National Park,
Australia 160-1
breathing 24, 47,
118-19
brittlestars 19, 277
buffalo 194, 195
butterflies see also
butterflies: types
caterpillars 128, 129,
142,143
endangered species
52
flying 123
food 129,157, 158,
242, 304
hibernation 305
metamorphosis 143
migration 170
rainforests 240,
242-3
senses 125,126
towns and cities 304,
305
tundra 170
butterflies: types
apollo 262
clouded yellow 123
heliconid 158
monarch 123
morpho 244
swallowtail 52, 143

caching 217
cacti
drought resistance
23,59, 87,1834
golden barrel 48




INDEX

cacti (cont.)
saguaro 183, 187
spines 106, 107
caimans 256
cambium 104
Cambrian period 34,
35
camels 187, 190-1
camouflage 45, 134
animals 213
birds 167, 283
fish 269, 288
insects 134, 135,211
spiders 44
carbon 15
carbon dioxide 11, 12,
84
Carboniferous period
35
carnivores
animals see predators
plants 108-9
carpels 88
caterpillars
see butterflies; moths
cattle 129
cats 37,42,53,135
caves 32,258, 259,
264-5
cells 14, 114-15
cellulose 85, 129
Cenozoic era 37
centipedes 117, 216
chameleons 124
chaparral 204-5, 210,
211
cheetahs 121, 195,
196
chimpanzees 33, 141,
145,152
chipmunks 217
chitin 115
chlorophyll 84,216
chloroplasts 84, 85
chordates 35
chrysalis 143
clams 119, 142, 283,
287
giant clams 291, 292
classification 58-9, 61
climate 26-7, 162-3,
182-3, 205-6, 234-5
coasts 18, 278-89
animals 19, 279-80,
281, 282-3, 284,
286, 287, 288, 289
Antarctica 177
beaches 281

coasts {cont.)
birds 280-1, 283,
2867
cliffs 279, 286
mudflats 281-2
plants 279,282,
287-9
rocky shores 282-3
saltmarshes 281-2
swamps 282
tides 278-9, 280
cockles 281, 287
cocoons 143
colonies 149
colour 125
see also camouflage
colugos 122
Columbus,
Christopher 268
communication 125,
141
communities 153
coniferous forests 157,
162-3, 224-33
animals 225-30, 232
birds 225, 228,
231-2
boreal forest (taiga)
2249
coniferous rainforests
233
insects 230-1
trees 224-5, 2301,
233
conservation 54-5,
196, 197, 229, 233
continental drift 27
continental shelves
18,2701, 276
coppicing 213, 214,
221

coral recefs 18,19, 150,
162-3,290-7
animals 293, 2967
reef shapes 291-2
threats to 297

corals
brain corals 292, 293
coral polyps 290,

291, 2923
finger-shaped corals
292
reproduction 292-3
staghorn corals 292,
293

cougars 6

countershading 269

crabs 117,119, 282

crabs (cont.)

fiddler crabs 132,
144-5, 282

horseshoe 34, 35
spider crabs 266
white crabs 277

Cretaccous period 36,
37

crocodiles 25, 156,
256

crustaceans 49, 117,
185, 277 see also
barnacles; crabs;
lobsters; shrimps

cycads 99

dams 150-1
Darwin, Charles
32-3,38-9
daylight 28, 29, 167-8
see also sunlight
decomposition 25, 87,
159
deer 129, 139, 194,
218-20
deserts 162-3, 182-91
animals 184, 185-91
Atacama Desert
182, 183, 186
birds 186, 191
Death Valley 184-5,
190
Gobi Desert 190, 191
Mojave Desert 183,
208-9
Namib Desert
182-3, 184, 186
plants 16, 17, 22,
183-5, 187
Sahara Desert 27
sand dunes 182-3,
188-9
Simpson Desert 183,
185
water 183, 185-7
weather 27, 182-3
winter 190-1
Devonian period 35
diatoms 71
Didinium 62, 69
dinotlagellates 71
dinosaurs 33, 36, 37,
51

disasters 30-1

DNA 42-3,49

dogs 46

dolphins 49, 120, 141,
246, 269

dormancy 63

dormice 46,97, 217

drought 22-3, 30, 31,
2567

dry rot 74

dugongs 288

carth 8-9, 16, 28
atmosphere 11,12,
13
climate 26-7, 162-3,
182-3, 205-6,
234-5
continental shelves
18, 270-1, 276
continents 27,36
disasters 30-1
formation 12-13
gravity 22
magnetic field 10,
127
seasons 289
surface 11,13
water 10-11, 12
weather 27,289, 30,
31, 182-3, 234-5
earthquakes 31
echolocation 125, 264
ecology 152-3
ecosystems 153
eelgrasses 288
cels
clectric eels 127
Europcan eels 252,
253,256
moray cels 289, 293
eggs
birds 52, 53, 140,
181, 283
reptiles 23, 140
electrical ficlds 127
elephants
African elephants
22,198
communication 125
evolution 37,49, 51
food and water 128,
186, 1989, 202, 203

elephants (cont.)
habitats 198-9, 235,
256
herds 149
wildlife trade 53,
196
embryos 140
emergents 238
endangered species
52-3
animals and birds
52-5,196, 228-9,
235, 238, 244-5,
256,271, 287
conscrvation 54-5,
196, 197, 229, 233
habitat change 52
non-native invaders
53
plants 52,53
wildlife trade 52-3,
55,196, 238
endemic species 155
energy 24-5,152,
153,158, 159
ephemerals 1846
epiphytes 112-13, 239
eras 34-7
Everglades, Florida
256,258
evolution 32-3,
38-41, 489
see also adaptation
natural selection 39,
45
timeline 34-7
extinction 32, 33,
50-1, 54, 157
cyes 41,124-5

ferns 98,99, 101, 112,
239,249

ferrets 197

fire 31,207-11

fish see also fish: types
camouflage 269, 288
cleaners 1367
coral reefs 296-7
countershading 269
deep-sea fish 272-3
evolution 35, 36
feeding 141, 271,

272



fish (cont.)

gills 118

lateral lines 269
lures 272
migratory 252-3
movement 120
reproduction 138,
140-1

senses 125,126
shoals 144, 148, 269
wetlands 257

fish: types

angelfish 143
anglerfish 131,
272-3

catfish 257
cleaner fish 137, 296
clownfish 291, 296
cod 176,271
coelacanth 40, 51
elephant-trunk fish
127

flying fish 122,123,
269

gobies 296
goosefish 273
groupers 296
hagfish 277
lungfish 257
mouthbrooders 140
mudskippers 118,
282

needlefish 269-70
parrotfish 138, 297
perch 159
porcupine fish 135
sailfish 120
salmon 126, 252-3
sargassum fish
2689

scadragons 288
seahorses 52,53, 141
sharks see sharks
striped grunts 148
sunfish 140-1
trout 137

tuna 49

viperfish 272

fishers 228

fishing 131, 270-1

Fleming, Alexander
73

flies 123, 126, 135,
143

blackflies 170
caddisflies 151
fireflies 139

fruit flies 79

flies (cont.)
greenfly 138
houseflies 126, 306,
307
hoverflies 93
mantis flies 48
mayflies 129, 250
sawflies 230
floods 30, 31
flowers 83, 889, 183
see also flowers: types
flowerheads 92-3
nectar 89, 158, 207
pollination 90-1, 93,
103, 193, 206-7, 240
seeds 83, 89, 96
flowers: types
banana flowers 91
bird-of-paradise
flowers 83
bluebells 214
buddleia 304
carrot family 93
daisies 92, 93
dandelions 38, 92,
301
evening primrose 92
foxgloves 93
goatsbeard 92
grasses 193
lady’s slippers 215
lilies 92
lotuses 92
orchids 81, 83, 92,
95,101, 112, 215,
239, 240
passionflowers 88-9
pearlworts 301
poppies 89, 96, 100
Puya ramondii 93
saxifrage 169
sunflowers 92, 93
thistles 92
titan arum 93
waterlilies 92, 248-9
white trilliums 215
flying 16, 23, 35, 120,
122-3
food chains and webs
1589
forests
boreal (taiga) 224-9
coniferous 157,
162-3,224-33
seasonal (monsoon)
234-5,238
temperate 17, 162-3,
212-23

forests (cont.)
tropical 162-3,
234-45, 258
underwater 288-9
formic acid 106
fossils 13, 14, 15,
32-3,34
foxes 53,126,217
Arctic foxes 166, 168
fennec foxes 187
red foxes 218, 300
swift foxes 61
freshwater habitats 20,
21, 24657
animals 21, 250,
251, 252-3, 2567
birds 248-9,254-5
drought 256-7
food chain 159
insects 250-2
plants 21, 2469
pollution 257
frogs
see also frogs: types
food 158
movement 120, 122
reproduction 139,
143, 252, 253
survival 38
frogs: types
bullfrogs 249
Darwin’s frog 213
glass frogs 158
poison-arrow 135,
243,245
tree frogs 110-11
fruit 94-5, 96, 97
fungi 72-3
see also fungi: types
and animals 78-9,
231
feeding 72-3, 74-5
habitats 72,77
hyphae 73,74
and plants 25, 59,
80-1, 87
poisons 73
reproduction 76-7
and trees 80-1, 220,
221
fungi: types
bird’s nest fungus 73
death caps 73
dry rot 74
fly agaric 229
honey fungus 220,
221
ink cap fungi 77

fungi: types (cont.)
moulds 73, 81
mushrooms 58, 72,
73,76,78, 80
orange peel fungus 73
Pilobolus 77
puffballs 76-7
red cage fungus 72
rust fungus 80, 81
stinkhorns 77
toadstools 58, 73,
78, 81
truffles 77
yeasts 73,79
fynbos 205-7

gazelles 195,196
geckos 191, 242, 307
gemsboks 115, 187,
188-9
genes 14, 38, 42-3, 65
genus 61
gerbils 129,191
gharials 256
gibbons 117
gills 118
ginkgo (maidenhair)
99
giraffes 23,194
glaciers 172-3
gliding 122, 207
global warming
172-3, 297
glucose 85
gorillas 244
Gran Chaco, South
America 204-5
Grand Canyon,
Arizona, USA 13
grasses 37, 87,94,
129, 1924, 201, 247
grasslands 17, 162-3,
192-203
birds 197, 200-3
burrowing animals
197, 200
endangered animals
196
grasses 192—4
grazers 37,193-7,
198-9, 2001, 203
insect-caters 197, 200
predators 195-6, 199

INDEX

gravity 22,278

Great Barricr Reef,
Australia 290, 292,
297

Great Lakes, North
America 257

ground squirrels 263

growth rings 105

guinea pigs 127

habitats 154-5
Antarctica 162-3,
174-81
Arctic 1623, 164-73
biomes 162-3
caves 258, 259,
264-5
coasts 18, 278-89
coniferous forests
157, 162-3, 224-33
coral recfs 18,19,
162-3, 290-7
deserts 162-3,
18291
freshwater 20, 21,
246-57
grasslands 17, 162-3,
192-203
leaf litter 216
living together 156-7
microhabitats 63
mountains 258—64
occans 18-19, 20,
21, 162-3, 266-77
rivers, lakes and
wetlands 162-3,
246- 257
savanna
see grasslands
shrublands 162-3,
204-11
temperate forests
162-3,212-23
towns and cities
298-307
tropical forests
162-3, 23445, 258
tundra 162-3, 164,
165, 167-71
hares 39, 134
harvestmen 265
Hawaii 30, 53, 258,
259,279




INDEX

herbivores 128-9, 158
herds 148-9,171
hibernation 25
badgers 215
bats 25
bears 229-30
birds 191
butterflies 305
desert mammals 191
dormice 46
rodents 263
hippos 250, 256
HIV 65
homes 47,1501, 197
see also birds: nests;
habitats
honey-badgers 156
honey possums 207
honeydew 136
Hong Kong 298-9
horses 37,195
house dust mites 304,
305
Huerquehue National
Park, Chile 212-13
human beings 37,
141, 163, 283 see also
fishing; wildlife trade
hydras 247
hydrothermal vents
15, 18,277
hyenas 133, 156
hyphae 73, 74

ice 27,164, 166,
174-5,177

Ice Ages 26-7, 37,
163, 264

icebergs 164, 174-5,
177

impalas 193
imprinting 145
insect-eaters 125, 197,
200,211, 221, 241,
243
insects
see also insects: types
Arctic 169-70
breathing 118, 119
camouflage 134,
135,211
chitin 115,117
colonies 149

insects (cont.)

coniferous forests
230-1

eyes 124-5

flying 16, 35, 122,
123

food 23,128,129,
131,133

freshwater 250-2

metamorphosis
142-3

moulting 117,119

mountains 262

nests 151

parasites 137

partnerships 901,
136, 137, 156

rainforests 240-1,
242-3

reproduction 138,
139, 141

swarms 148

towns and cities
306-7

insects: types

see also ants; bees;
beetles; butterflies;
moths; termites;
wasps

backswimmers 252

cicadas 125

cockroaches 35,121,
134, 306, 307

crickets 61, 126,
211, 240, 265

damselflies 170, 251,
252

dragonflies 35, 123,
125, 143, 251,252

earwigs 123, 141

fleas 137

grasshoppers 61, 79,
119, 138, 143, 262

hornets 135

ice bugs 262

katydids 134, 211,
243

lacewings 122

ladybirds 148

locusts 16

midges 148, 262

mosquitoes 69, 117,
169, 250, 251, 252,
307

praying mantis 48,
131, 307

ticks 137

weevils 128

instinct 46-7, 144-5,
217, 280, 298
intelligence 145, 289

JKL

jaguars 238
Jjellyfish 164, 267
Jurassic period 36, 37
kangaroo rats 129,
186
kangaroos 121, 195
kelps 20, 44, 45,71,
288-9
kingdoms of life 58-9
krill 131,175,176
lakes 246-52, 257
Lake Baikal, Russia
246,257
Lake Victoria, Africa
249
lampreys 137
larvae 142
latex 107
Laurie Island 174
leads 166
leaves 86-7, 215, 216,
230, 248
lemmings 138,171
lemurs 122, 155, 244
leopards 154, 155,
156, 238, 263
lichens 75, 168, 169,
304
life
see also conservation;
endangered species
adaptation 33, 40-1,
44-9
in the air 16
beginning of 14-15
biosphere 16-19,
153
classification 58-9, 61
DNA 42-3,49
energy 24-5,152,
153, 158, 159
evolution 32-3,
38-41, 48-9
extinction 32, 33,
50-1, 54,157
genes 14, 38, 42-3,
65
kingdoms 58-9

life (cont.)
on land 16,22-3
in the sea 18-19,
20-1
timeline 34-7
underground 16,
132-3
limpets 49, 177, 280
lions 6,137, 146-7,
156, 196, 238
lithotrophs 25
liverworts 99
‘living fossils” 40, 51,
99
living stones 106, 184
lizards 211, 242
basilisks 121
geckos 191, 242, 307
skinks 41
lobsters 117,119,
142-3, 277,282, 283
lungs 119
lures 272
lynx 39

Madagascar’s Spiny
Forest 211
magnetic field 10,127
malaria parasites 69
mammals 115
breathing 119
carnivores 131, 156,
195-6, 199
evolution 35,37
fur 26,53, 228
herbivores 37, 128,
129, 194-7, 200-1,
203
migration 171, 176,
195, 284
oceans 269,270, 273
reproduction 23,
139,196-7, 244
young 141
manatees 288
marmots 263
Mars 11
marshes 256
marsupials 49, 53,
141, 157
Masai Mara National
Park 147,195
meerkats 149

melanin 42
Mesozoic era 36—7
metabolism 25
metamorphosis
142-3
meteorites 12-13, 14
mice 134,221
microlife 62-3, 129,
155 see also algae;
amoebas; bacteria;
protists; protozoans;
viruses
middens 283
migration
birds 120, 127,
170-1, 180, 264,
286
fish 252-3
insects 170
mammals 171, 176,
195, 284
Miller, Stanley 15
millipedes 25, 117,
121, 216, 265
mimicry 44, 135
minerals 15, 25
mink 228-9
mites 304, 305
mole rats 129
molluscs 35, 45, 53,
282,283
monkeys 125, 243,
244

monsoons 234-5
moon 9, 11, 13
mosses 98-9, 112,
168, 304
moths 307
see also moths: types
caterpillars 59, 142,
143
flying 123
food 129,137
instinct 145
metamorphosis 143
mimicry 135
navigation 145
rainforests 240
senses 125,126
towns and cities
305-6, 307
moths: types
clothes moths 305-6
hawkmoths 240
hornet clearwing
135
pine beauty moths
230



moths: types (cont.)
processionary moths
230
yucca moths 156-7
moulds 73, 81
moulting 117, 119
mountains
see also volcanoes
birds 17, 263, 264
Cascade Mountains
233
habitats 25864
insects 262
mammals 260-1,
262-3
Mount Kenya 258,
259, 262
Mount St Helens
155
plants 258-9, 262
Rocky Mountains
260-1, 262
Tassili Mountains 27
mudflats 281-2
mules 31
mushrooms see fungi
musk oxen 171
mussels 53, 279, 280,
283

natural selection 39,
45
navigation 127,145
nectar 89, 158, 207
New York, USA 302-3
newts 118
nitrogen 11, 12
oceans 18-19, 20, 21,
162-3,266-77
see also coasts
continental shelves
18, 270-1, 276
currents 18
deep-sea vents 153
deeps 18, 271-3,
276-7
early life 15
filter feeders 270
fish 268-71,272-3
hydrothermal vents
15,18, 277
mammals 269, 270,
273

oceans (cont.)
Marianas Trench 276
salt 21
Sargasso Sea 253,
268
seabed 13,18, 19,
276,277
surface life 18, 19,
266-7
temperature 18, 21,
277
tides 144-5,278-9,
280
octopuses 120, 141,
145, 274-5, 289,
293
Okavango Delta,
Africa 256
opossums 135
orang utans 53, 145,
236-7
Ordovician period
34-5
otters 250, 251, 289
oxygen 11,12,13,21,
24

Paleozoic era 35
palms 30-1, 105
coco-de-mer 96, 155
coconut 39, 97, 105
raffia palm 87
talipot palms 101,
105
wax palms 102
pandas, giant 55,
154-5
Pangaea 36
pangolins” 241
Paramecium 69
parasites
animals 137, 296
plants 112,113,
239
protozoans 69
parthenogenesis 138
partnerships
animals 136-7, 156,
296
animals and plants
83, 89, 90-1, 97,
107, 1567, 206-7,
239-40

peat bogs 256
Penicillium mould 73
perennial plants 101
periods 34-7
Permian period 35
petals 88
pheromones 149
photosynthesis 24, 83,
84-5
phytoplankton 71
piddocks 45
pigs 218
placozoans 114
plague 301
planets 10,11
plankton 19, 69, 120,
175,267,271, 277
plant-eaters 128-9,
158
plants 82-3
see also plants: types
adaptation 44-5, 48
alpines 258, 262
animals and 83, 89,
90-1, 97, 107,
156-7, 239-40
annuals 100
Antarctica 175, 180
Arctic 165, 168-9,
171
biennials 100, 101
carnivorous 108-9
cellulose 85,129
coastal 279, 282,
287-9
defences 106-7, 184
desert 16,17, 22,
183-5, 187
emergents 238
endangered species
52,53
ephemerals 184-5
epiphytes 112-13,
239
evolution 36,37
flowering plants
see flowers
freshwater 21,
2469
fruit 94-5, 96, 97
fungi and 25, 59,
80-1, 87
high-altitude 258-9,
262
leaves 86-7, 215,
216, 230, 248
life cycles 100-1

non-flowering 98-9

plants (cont.)

parasitic plants 112,
113, 239

perennials 101

photosynthesis 24,
83, 84-5

poisons 87,106, 107

rainforests 235,
238-40

reproduction 23, 89,
90-1

seeds see seeds

stems 83

towns and cities 301,
304

transpiration 867

plants: types

see also cacti; trees

agaves 101

air plants 112

Alsomitra macrocarpa
95, 967

ant plants 83

baseball plants 48,
184

bladderworts 109

bromeliads 110-11,
112, 239

cobra lily 109

cycads 99

dodder 113

duckweeds 82, 249

epiphytes 112-13,
239

ferns 98, 99, 101,
112, 239, 249

giant lobelias 258,
259

gingko (maidenhair)
99

grasses 87,129,
192-4, 201, 247

liverworts 99

living stones 106,
184

mistletoe 113

mosses 98-9, 112,
168, 304

mulleins 100

nettles 87, 107

papyrus 249-51

pitcher plants 108,
109

poison ivy 87, 106,
107

proteas 206-7, 210

rafflesia plants 113

ragweeds 301, 304

INDEX

plants: types (cont.)
scabweed 87
sea beans 97
seaweeds 20, 44, 45,
71, 279, 288-9
silverswords 44, 45,
258,259
squirting cucumbers
96
strangler figs 239-40
sundews 109
tumbleweeds 97
Venus flytrap 108—9
water crowfoot 86
water hyacinth 249
Welwitschia plants
87,99, 184
witchweeds 113
poisons
algae 71
frogs 135
fungi 73
plants 87, 106, 107
snakes 195, 211,
297
polar bears 164, 165
pollen 17,90
pollination 90-1, 93,
103, 193, 206-7, 240
pollution 257, 300
polynya 166-7
ponds see freshwater
habitats
populations 152-3
porcupines 135,232
porpoises 120
possums 207
potato blight 81
prairie dogs 54, 197,
201
predators 29, 130-1
animals 131, 156,
158-9, 195-6, 199,
216
birds 115, 124,131,
135, 151, 159, 232,
264
food chains 158-9
primates 37, 244
see also chimpanzees;
gibbons; gorillas;
human beings;
lemurs; monkeys;
orang utans; tarsiers
pronghorns 194
Proterozoic era 34-5
protists 58-9, 62,
68-9, 70

e



INDEX

protozoans 62, 68-9,
267

pseudoscorpions
216-17

pterosaurs 37, 50, 51

puffballs 76-7

pumas 6

pygmy gliders 207

Quaternary period
37

rabbits 53
raccoons 300, 301
radiolarians 58, 68
rainforests
coniferous 233
tropical 86,234,
238-45
ratels 156
rats 180, 300, 301
reedbeds 247-8
reeds 247
reindeer 168-9, 171,
224-5
reindeer moss 168
reproduction

algae 70
amphibians 139,
143, 252,253

animals 138-41
bacteria 64
birds 139
corals 2923
fish 138, 140-1
fungi 76~7
insects 138,139, 141
mammals 23, 139,
196-7, 244
plants 23, 89, 90-1
protozoans 69
reptiles 23, 140
spiders 139, 242
reptiles 23, 35, 36-7,
117, 140
see also alligators;
crocodiles; gharials;
lizards; snakes;
tortoises; turtles
respiration 24-5, 47,
118-19
rhinos 52, 53, 196,
235

Rift Valley, E. Africa
257
rivers 246-53, 256,
257
Amazon 246
Nile 249-50
rocks 13, 15,27, 183
rodents 129, 134, 263
rotifers 62
rumen 129
ruminants 129

sables 228

salamanders 216, 217,
265

salps 270

salt 21

saltmarshes 281-2

sand dunes 182-3,
188-9

Sargasso Sea 253, 268

savanna see grasslands

scallops 283

scavengers 29, 115,
132-3, 277, 282, 300,
306

scientific names 61

scorpions 35, 39, 117

sea see oceans

sea anecmones 116,
138, 177, 291, 296

sea gooscberries 20,
21

sea lions 287

sca otters 289

sea scorpions 35

sca slugs 21,296

sea squirts 293

sea urchins 142, 282

seagrasses 287, 288

seals 41, 165, 286, 287
Arctic 165,167
Baikal seals 257
crabeater seals 175
elephant seals 119,

139,273

fur seals 287
grey scals 287
harp scals 165
leopard seals 176
Weddell seals 47

scasonal (monsoon)
forests 2345, 238

seasons 28—9
seawceds 20, 44, 45,
71,279, 288-9
sediment 13, 132,
277,281
seeds
conifers 83,210,
231
flowers 83, 89, 96
as food 129,201,
231
and fruit 94, 96
germination 95
on the move 96~7,
203, 210, 215, 301
in storage 94-5
trees 231
senscs
echolocation 125,
264
electrical fields 127
hearing 125, 232
magnetic fields 127
sight 124-5
smell 31, 126, 252
taste 126
sepals 88
Serengeti National
Park 195
sharks 120, 127, 140
basking sharks 20-1
great white shark
140, 271
reef sharks 297
shells 117, 282-3
shrews 22, 25,119,
140, 207, 217
shrimps 132, 136-7,
281, 293, 296
shrublands 162-3,
204-11
chaparral 204-5,
210,211
climate 205-6
fire 207-11
fynbos 205-7
pollinators 206-7
wildlife 206-7, 211
shrubs 204, 206-7,
210-11
Silurian period 35
silverfish 305
skeletons 22, 41,
116-17
skinks 41
slugs 78,128
snails 117, 120-1,
128,132

snakes
see also snakes: types
food 130, 158, 210,
211
metabolism 25
poisonous 195,211,
297
reproduction 140
senses 125,127
tropical forests 242
wildlife trade 53
snakes: types
boas 127,242
grass snakes 135
green anacondas 257
green mambas 140
kingsnakes 210, 211
pit-vipers 158, 159,
190, 242
pythons 23,127,
140, 242
rat snakes 130
rattlesnakes 127,
190, 210, 211
sea kraits 297
snow leopards 263
soil 16,17,132
Southern Ocean
162-3,174-5
species 48, 61, 152-3,
155
spicules 116
spider mites 304
spiders
see also spiders: types
eyes 124
food 25,158, 242,
265, 307
instinct 46
mimicry 44,135
moulting 117
reproduction 139,
242
webs 46, 47,144,
242,307
spiders: types
daddy-tong-legs 307
Goliath bird-eating
242
green lynx 158
house spiders 307
Jjumping 124
orb-weaver 46, 242
social 242
tarantulas 242
trapdoor 211
spines 106, 107
spiracles 119

sponges 116, 276-7
spores 76-7, 98, 99
springbok 195
springtails 265, 304
squid 271, 273, 276
squirrels 145,217,
304
stamens 88
starfish 130, 142, 279,
283
crown-of-thorns
130, 297
feather stars 273
steppes 194-5
stinkhorns 77
storms 30, 182
stromatolites 15, 34
sunlight 20, 21, 29
see also daylight
swamps 249-50, 256,
282
swarms 148
symbiosis 156
see also partnerships

tadpole shrimps
185-6
tadpoles 38,118,119,
142, 143, 159
taiga 224-8
tamanduas 241, 243
tardigrades 31, 155
tarsiers 124, 244
Tasmantan devils 133
Tasmanian wolves 49,
50
Teleki, Samuel 258
temperate forests 17,
162-3,212-23
animals 213, 215,
216-20, 221
annual cycle 214-15
coppicing 213,214,
221
dead wood 221
Europe 213-14
flowers 214,215
fungi 220, 221
leaf colour 215, 216,
222-3
leaf litter 216
North America 213,
215, 2223



temperate forests (cont.)
southern hemisphere
212-13
temperate regions 29
termites
colonies 149
food 128
and fungi 78-9
nests 144, 149, 151,
201, 243
predators of 125,
200
Tertiary period 36, 37
thorns 107
thylacines 49, 50
tides 144-5, 278-9,
280
tigers 52, 53,2267,
235,238
timeline of life 34-7
toads
see also toads: types
food 217
instinct 144
reproduction 143,
252,253
toads: types
fire-bellied 144
golden 51
spadefoot 185
toadstools see fungi
tornadoes 30
tortoises 135, 155
trachcae 119
transpiration 86-7
tree line 104, 262
trees 25, 102-3 see also
palms; trees: types
bark 218-19
broadleaved 103,
105, 215, 216
conifers 99, 103,
105, 224-5, 2301,
233,259
coppicing 213, 214,
221
dead wood 221
emergents 238
fungi and 80-1, 220,
221
growth 104-5
heartwood 105
leaves 87,215-16,
230
pollination 103
sapwood 105
seeds 83,210, 231
size 102-3

trees (cont.)
threats to 220-1
timber 214, 233,
245
and water 87
trees: types
see also palms
Arctic willow 168,
169
Australian Christmas
trec 100-1, 113
banyans 104
baobabs 23, 202
beeches 212, 213,
215
birches 215, 222-3
blackboys 207
boojums 184
cycads 99
cypresses 246-7
Douglas fir 102, 157
figs 102,156
giant sequoias 82,
102
gingko (maidenhair)
99
hazels 214,217,221
horse chestnuts 103
jacarandas 235
Joshua trees 208-9
Judas trees 103
mangroves 282
maples 215, 222-3
mesquite 183
mountain ash 102,
103
nettle trees 107
oaks 28,95, 103,
213,217,220
pines 210, 230, 231,
259,262
redwoods 51, 102,
103, 220
rubber trees 107
sack-of-potatoes tree
184
sweet chestnuts 221
traveller’s tree 105
Triassic period 36-7
Trichonympha 68,78
trilobites 34, 35
tropical forests 162-3,
234-45, 258
animals 235-8,
241-2,243-5
birds 239-40
insects 240-1, 242-3
plants 235, 238-40

tropical forests (cont.)
seasonal (monsoon)
forests 234-5, 238
tropical rainforests
86, 234, 23845
tropics 28-9
truffles 77
tundra 162-3, 164,
165,167-71
turtles 54, 126, 135,
284,288

urban wildlife
298-307
ammals 298-301,
304, 305
birds 299, 300, 301,
302, 304-5
butterflics and moths
304, 305-6, 307
insects 306—7
lichens 304, 305
plants 301, 304
vertcbrates 40-1, 117,
121
vicunas 263
viroids 62
viruses 62, 63, 65
vision 124-5
volcanoes 12, 155
Hawaii 30, 258, 259
Krakatoa 30, 31
Mauna Kea 258, 259

wallabies 195
walruses 166, 167,
287
wasps
see also wasps: types
colonies 149
defences 134, 135
metamorphosis 143
nests 151, 231
parasites 137
partnerships 83, 91
wasps: types
fig wasps 156
giant ichneumon 231

wasps: types (cont.)
horntails 79, 230-1
potter wasps 151,
200
wood wasps 79,
230-1
water 10-11, 12, 20-1
deserts 183, 185-7
in diet 22-3, 31,
186, 198-9
drought 22-3, 30,
31, 2567
floods 30, 31
habitats
see freshwater
habitats; oceans
transpiration 86~7
waterbears 31, 155
weather 27,289, 30,
31, 182-3,234-5
Western Australia
205, 206
wetlands 162-3,
254-5,256-7
whales 276-7
see also whales: types
Arctic 165, 166, 167
blubber 165
breathing 118, 119
countershading 269
cvolution 49
feeding 131, 270,
276
hunting and
conservation 55
migration 176
whales: types
beluga 166
blue whales 55, 114,
176,270
fin whales 55
grey whales 55, 120,
131
humpbacks 55,
118-19, 131,152,
176,270-1, 284
narwhals 166~7
right whales 55
rorquals 176, 270
sperm whales 273,
276
whelks 283
Whitsunday Island,
Australia 284-5
wild boar 128, 218,
219
wildebeest 17, 29,
192-3, 195, 196-7

INDEX

wildlife trade 52-3,
55, 196, 238
wolves 228-9
woodlice 216
worms
decp-sea 277
carthworms 16, 17,
116, 132-3, 216
fanworms 132
flatworms 116, 118,
124,291
ragworms 280
ribbon worms 114
roundworms 75
tapeworms 137
tubeworms 277

yaks 263

yeasts 73,79

Yellowstone National
Park, USA 66-7,
194

yuccas 156-7

zebras 153,156, 195
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