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The planet we live on isa remarkable place, with incredible
things happening everywhere, all the time. But have you ever
wondered how orwhy these things occur? How the Earth was
created? How we predict the weather? How fossils form? What

causes earthquakes? Which animals glow inthe dark?
Incredible Earth provides answers to all these questions and
more as it takes you on a thrilling journey through everything
you need to know about the world we live in. Covering the
scientific explanations behind weather phenomena,
poisonous plants, extreme landscapes and volatile volcanoes,
aswell as the amazing creatures found throughout the animal
kingdom and in our homes, there is something for everyone to
enjoy. Packed full of fascinating facts, gorgeous photography
and insightful diagrams, Incredible Earth will show you just
how awe-inspiring our planet really is.
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@ STEVE BACKSHALL

- [Tterafewyearsofliving in the jungle,
A . Steve Backshall earned the title
& V. ‘Adventurer in Residence’ for National
Geographic Channel in1998. He moved to the BBC
in 2003, and has been making programmes about
exploration and wildlife ever since. Backshall has
come face-to-face with some of the planet's most
fearsome predators. He confesses: “Tam much
more frightened in a big city on a Saturday night
after pub closing time than I would be tracking
lions on foot.” Backshall is going on a UK tour to
share stories and reveal some of the behind-the-
scenes action from his expeditions. We spoke to
him about survival tips, death-defying climbs
and dancing with whales.

Your TV shows are edge-of-your-seat
viewing, but what don't we see on screen?
The outtalkes usually involve animals doing the
opposite of what I want. There are countless
examples of animalsignoring me, breaking wind
in my face, snapping and snarling, and doing
otherthingsthat you don't expect them to.

What is the most difficult part of your job?

[ think the most difficult partis how long it can
take to find particular animals. Some things I can
go out and find without too much trouble. Other
things take inordinate amounts of effort and
patience, and it can start to get quite stressful
knowing somehow you've got to film this show
and you haven't found the animal yet.

Have there been any moments in your career
where you've genuinely feared for your life?
The expedition involving the first ascent of
Amaurai Tepui, a vertical, sandstone-sided
mountain in Venezuela. It was the follow-on to
the highly successful first ascent we'd done a few
years before. We were really excited about it, and
it ended up being much more dangerous than we
thought. We had rock-fall tumbling around our
pars, a massive storm that raged in. It was unsafe.
Even the guys on the team, who are some of the
best climbers in the world, were terrified.

What's the greatest discovery you've made?
I've been lucky enough to take the first light into
cave systems that have never been explored, to
male first ascents of mountains, first descents of
white-water rivers, and to hold animals in my
hand that are new to science. Perhaps the greatest
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-5 Wild encounters

Daring adventurer and wildlife enthusiast
Steve Backshall discusses life on the edge

“#

Close to extinction

As a dedicated ambassador for animal

conservation, Steve Backshall reveals the

three species disappearing from our
planet faster than any others

of those was on the Lost Land of the Volcano
expedition. We went to New Guinea with a team
of scientists, and discovered as many as 20 new
animals, including the world’s largest
species of giant rat, a new marsupial, a new
bat and about ten new species of frog,

Vultures
Numbers have plummeted
since the 1980s due to the
veterinary drug diclofenac,
It's passed on to them when
they eat the carcasses of
animals that have been
treated with the drug, and this
causes kidney failure.

Do you have a bucket list of animals
youwant to see?

There are alot of animals that I've put a huge
amount of worl into finding and still haven't
seen. ['ve spent at least two months on the road
looking for mountain lions and never seen
one. lwould love to go to the Karakoram in
Pakistan to climb and look for snow
leopards. That would be a dream. The
longer [ do this, the more 1 see what is left
to do, and the bigger my list becomes.

Frogs

The chytrid fungus is
responsible for causing a
global mass extinction of
frogs. It infects a frog's skin,
causing it to thicken and
making it difficult for the

animal to absorb the water and
salts it needs to survive,

What's the most beautiful thing in nature?
Probably free-diving alongside a female
sperm whale, who was interacting with

Sharks
The threat to sharks comes
mainly from humans.
Longlining, a technique for
catching tuna, results in
sharks getting hooked by

me, almost dancing with me, underwater.
She was mirroring my movements,
replicating the same somersaults | was
doing and looking me in the eye the whole
time. It was like dancing a ballet with an
animal that must have weighed ten tons.

accident. Fishermen will often
then remove their fins to sell,
due to the high demand for
shark fin soup, a delicacy in Asia.

Exploring caves in Thailand is all in a

day's work for Steyve Backshall
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Steve has wrestled with
anacondas, vipers and cobras,
but his only snakebite was
from an adder in the UK

-

What is the scariest animal on the planet?
The scariest is the hippo because itisso
unpredictable. Snakes, scorpions and spiders
almost have a set of rules for how they will behave
in each situation. Hippos are much more
intelligent than you might thinlk, much faster and
have a tendency to be aggressive aswell, so that
coupled with the fact that you don't know what
they're going to do next makes them potentially
the most dangerous animal to be around.

.........

Where is your favourite place on Earth?
Probably the Himalayas. | get a chance to go back
there quite often. It's a place where the grandeur
and majesty of the landscape is phenomenal. It
changes constantly throughout the day, week and
year. [t'sa place with many unclimbed peaks and
great challenges, soTlove it.

What item of kit could you never miss?
Superglue. It was apparently developed in the
Vietnam War forsurgical use, and I still use it for
that now. | apply it to blisters and minor cuts and
it can also be used to hold together elements of
your kit. It's one of the first things that T pack.

What useful survival tip have you received?
When you're working with predatory animals,
never run. Predators, generally speaking, have
learnt over generations to fear us human beings. If
you encounter even potentially very dangerous
animals, such as big cats, in the wild, the chances
of them attacking you are close to zero, unless you
run. The second you run, you are doing what prey
does and their instincts kick inand they will
chase you down and attack you. Stand still and
you'll probably get away with it.

Any advice for aspiring adventurers?
Start small and close to home. Adventure begins
P inyour own back yard. Learn about things you
o s > can find right here in the UK: the bugs and

: invertebrates that live in your garden. Particularly
at this time of year, when it's warm, there will be
plenty of things in your garden that you might not
lknow about but have incredible, interesting lives.

a0s




CREDIBLE STORY OF EARTH




Ancient and teeming with life,
Earthis a truly amazing planet,
with a fascinating tale to tell...

oday, science has revealed much about
I our planet, from how it formed and has
evolved over billions of years through to
its current position in the universe. Indeed,
right now we have a clearer picture of Earth
than ever before.

And what a terrifying and improbable
picture it is. A massive spherical body of metal,
rock, liquid and gas suspended perilously
within a vast void by an invisible, binding
force. It is a body that rotates continuously, is
tilted on an axis by 23 degrees and orbits once
every 365.256 solar days around a flaming ball
of hydrogen 150 million kilometres (g3 million
miles) away. It is a celestial object that, on face
value, is mind-bendingly unlikely.

Asaresult, the truth about our planet and its
history eluded humans for thousands of years.
Naturally, as beings that like to know the
answers to howand why, we have come up
with many ways to fill in the gaps. The Earth

was flat; the Earth was the centre of the
universe; and, of course, all manner of complex
and fiercely defended beliefs about creation.

But then in retrospect, who could have ever
guessed that our planet formed from specks of
dust and mineral grains ina cooling gas cloud
of a solar nebula? That the spherical Earth
consists of a series of fluid elemental layers and
plates around an iron-rich molten core? Or that
our world is over 4.5 billion years old and
counting? Only some of the brightest minds
over many millennia could grantaninsight
into these geological realities.

While Earth may only be the fifth biggest
planetin our Solar System, it is by far the most
awe-inspiring. Perhaps most impressive of all,
it’s still reaffirming the lundamental laws that
have governed the universe ever since the Big
Bang. Here, we celebrate our world in all its
glory, charting its journey from the origins
right up to the present and what lies ahead.

“Earth is awe-inspiring... it's still reaffirming
the fundomental laws that have governed
the universe ever since the Big Bang”
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To get to grips with how the Earth formed, first
we need to understand how the Solar System
as a whole developed - and from what. Current
evidence suggests that the beginnings of the
Solar System lay some 4.6 billion years ago with
the gravitational collapse of a fragment of a
giant molecular cloud.

In its entirety this molecular cloud - an
interstellar mass with the size and density to
form molecules like hydrogen - is estimated to
have been 20 parsecs across, with the fragment
just five per cent of that. The gravitationally
induced collapse of this fragment resulted in a
pre-solar nebula - a region of space with a mass
slightly in excess of the Sun today and
consisting primarily of hydrogen, helium and
lithium gases generated by Big Bang
nucleosynthesis (BBN).

At the heart of this pre-solar nebula, intense
gravity - along with supernova-induced
over-density within the core, high gas
pressures, nebula rotation (caused by angular
momentum)and fluxing magnetic fields-in
conjunction caused it to contract and flatten
into a protoplanetary disc. A hot, dense
protostar formed at its centre, surrounded by a
200-astronomical-unit cloud of gas and dust.

It is from this solar nebula’s protoplanetary
disc that Earth and the other planets emerged.
While the protostar would develop a core
temperature and pressure to instigate
hydrogen fusion over a period of approximately
50 million years, the cooling gas of the disc
would produce mineral grains through
condensation, which would amass into tiny
meteoroids. The latest evidence indicates that
the oldest of the meteoroidal material formed
about 4.56 billion years ago.

As the dust and grains were drawn together
to form ever-larger bodies of rock (first
chondrules, then chondritic meteoroids),
through continued accretion and collision-
induced compaction, planetesimals and then
protoplanets appeared - the latter being the
precursor to all planets in the Solar System. In
terms of the formation of Earth, the joining of
multiple planetesimals meant it developed a
gravitational attraction powerful enough to
sweep up additional particles, rock fragments
and meteoroids as it rotated around the Sun.
The composition of these materials would, as
we shall see over the page, enable the
protoplanet to develop a superhot core.
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From dust to planet

Dust and grains
Dust and tiny pieces of
minerals orbiting
c:rnur'ld 1h-—- T T..-mri l:qr

r.‘fmtlnus- tu malew e
into ever-larger
chondritic meteoraids.

Fully formed

Owver billions of years
Earth's atmosphere
becomes oxygen rich and,
through a cycle of crustal
I’urrn..—x tiun dl‘ld rl--btru'. tir.;n.

Gathering
meteoroids
Chondrites aggregated as
a result of gravity and went

. on to capture other bodies.
This led to an asteroid-
sized planetesimal.

“The collapse of this fragment resulted in a
pre-solar nebula - a region of space with a
mass slightly in excess of the Sun today”

The history
of Earth

Follow the major milestones in
our planet’s epic development
*(BYA = billion years ago)

P 6

13.8 BYA 4.6 BYA

Big Bang fallout New nebula gr : B
Mucleosynthesis as aresult | A fragment of a giant E . .
of the Big Bang leads to muolecular cloud e

the gradual formation of experiences a gravitational

chemical elements ona collapse and becomes a

huge scale. pre-solar nebula.




Planetesimal

By this stage the
planetesimal is massive
enough to effectively

sweep up all nearby dust,
grains and rocks as it
orbits around the star.

Atmosphere
Thanks to volcanic
cutgassing and ice
deposition via impacts,
Earth develops an
intermediary carbon-
dioxide rich atmosphere.

4.57 BYA

Protostar

Several millionyears

later, the precursor to the

Sun (a T Tauri-type star)
emerges at the heart of
the nebula.

Layer by layer
Under the influence of
gravity, the heavier
elements inside the
protoplanet sink to the
centre, creating the major
layers of Earth’s structure.

Origins of the Moon

Today most scientists believe Earth's sole
satellite formed off the back of a collision event
that occurred roughly 4.53 billion years ago. At
this time, Earth was in its early development
stage and had been impacted numerous times
by planetesimals and other rocky bodies -
events that had shock-heated the planet and
brought about the expansion of its core.

One collision, however, seams to have been a
planet-sized body around the size of Mars -
dubbed Theia. Basic models of impact data
suggest Theia struck Earth at an oblique angle,
with its iron core sinking into the planet, while
its mantle, as well as that of Earth, was largely
hurled into orbit. This ejected material - which is
estimated to be roughly 20 per cent of Theia's
total mass - went on to form a ring of silicate
material around Earth and then coalesce within
a relatively short period (ranging from a couple
of months up to 100 years) into the Moon.

Growing core
Heated by immense
pressure and impact
events, the metallic
core within grows.
Activity in the mantle
and crust heightens.

Why does our planet
have an axial tilt?

Earth's axial tilt (obliguity), which is at 23.4
degrees in respect to the planet’s orbit currently,
came about approximately 4.5 billion years ago
through a series of large-scale impacts from
planetesimals and other large bodies (like Theia).
These collisions occurred during the early stages
of the planet's development and generated forces
great enough to disrupt Earth’s alignment, while
also producing a vast quantity of debris.

While our world's obliguity might be 23.4
degrees today, this is by no means a fixed figure,
with it varving over long periods due to the
effects of precession and orbital resonance.

For example, for the past 5 million years, the
axial tilt has varied from 22.2-24.3 degrees, with a
mean period lasting just over 41,000 years.
Interestingly, the obliquity would be far more
variable if it were not for the presence of the
Maoon, which has a stabilising effect.

Celestial
equator

Axial tilt _ _
—__ 8 /<— Rotation axis

\ 14.56 BYA 4.54 BYA

- I | Disc develops Planet
| Around the T Tauri As dust and rock
,"I star a protoplanetary _ gather, Earth becomes
;’f | disc of dense gas | aplanet, with planetary
/ begins to form and | differentiation leading
> then gradually cools., to the core's farmation.

\
1
\
5
L
[ —

| impacts with the Earth.
| The resulting debris rises |

| coalesce into the Moon.

4.53 BYA

Birth of the Moon
Theia, a Mars-sized body,

into orbit and will
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Earth’s structure

Asthe mass of the Earth continued to grow, so
did its internal pressure. This in partnership
with the force of gravity and ‘shock heating’

- see boxout opposite for an explanation -
caused the heavier metallic minerals and
elements within the planet to sink to its centre
and melt. Over many years, this resulted in
the development of an iron-rich core and,
consequently, kick-started the interior
convection which would transform our world.

Once the centre of Earth was hot enough to
convect, planetary differentiation began. This
is the process of separating out different
elements of a planetary body through both
physical and chemical actions. Simply
put, the denser materials of the body sinl
towards the core and the less dense rise
towards the surface. In Earth’s case, this would
eventually lead to the distinct layers of inner
core, outer core, mantle and crust - the latter
developed largely through outgassing.

COutgassing in Earth occurred when volatile
substances located in the lower mantle began
to melt approximately 4.3 billion years ago. This
partial melting of the interior caused chemical
separation, with resulting gases rising up
through the mantle to the surface, condensing
and then crystallising to form the first crustal
layer. This original crust proceeded to go
through a period of recycling back into the
mantle through convection currents, with
successive outgassing gradually forming
thicker and more distinct crustal layers.

The precise date when Earth gained its first
complete outer crust is unknown, as due to the
recycling process only incredibly small parts of
it remain today. Certain evidence, however,
indicates that a proper crust was formed
relatively early in the Hadean eon |4.6-4 billion
years ago). The Hadean eon on Earth was

"Outgassing occurred when volatile
substances in the lower mantle
began to melt 4.3 billion years ago”

4.4 BYA

Surface hardens Early atmosphere

Qutgassing and escaping

Earth begins developing gases from surface

its progenitor crust. This volcanism form the first
is constantly recycled atmosphere around the
and built up through the planst. It is nitrogen
Hadean eon.

heavy,

014

characterised by a highly unstable, volcanic
surface (hence the name ‘Hadean’, derived
from the Greek god of the underworld,
Hades). Convection currents from the
planet’s mantle would elevate molten rock
to the surface, which would either revert to
magma or harden into more crust.

Scientific evidence suggests that
outgassing wasalsothe primary
contributor to Earth’s first atmosphere,
with a large region of hydrogen and
helium escaping - along with
ammonia, methane and nitrogen -
considered the main factor behind its
initial formation.

By the close of the Hadean eon,
planetary differentiation had produced
an Earth that, while still young and
inhospitable, possessed all the ingredients
needed to become a planet capable of
supporting life.

But for anything organic to develop, it first
needed water...

Quter core
Unlike the inner core, Earth’s outer core is not solid but
liguid, due to less pressure. It is composed of iron and
nickel and ranges in temperature from 4,400°C
(7,952°F) at its outer ranges to 6,100°C (11,012°F) at
its inner boundary. As a liquid, its viscosity is estimated
to be ten times that of liguid metals on the surface.
The outer core was formed by only partial
melting of accreted metallic elements.

Inner core

The heaviest minerals and elements
are located at the centre of the planet
in a solid, iron-rich heart. The inner
core has a radius of 1,220km (760mi)
and has the same surface temperature
as the Sun (around 5,430°C/9,800°F).
The solid core was created due to the
effects of gravity and high pressure
during planetary accretion.

4.28 BYA

Ancient rocks

A number of rocks have
been found in northern
Québec, Canada, that date
from this period. They are
valcanic deposits.




Crust

Earth's crust is the outermost solid
layer and is composed of a variety of
igneous, metamorphic and
sedimentary rock. The partial melting
of volatile substances in the outer
core and mantle caused outgassing to
the surface during the planet's
formation. This created the first crust,
which through a process of recycling
led to today's refined thicker crust.

Magnetic field
in the making

Earth's geomagnetic field began to form
as soon as the young planet developed
an outer core. The outer core of Earth
generates helical fluid motions within
its electrically conducting molten iron
due to current loops driven by
convection. As a result, the moment
that convection became possible in
Earth's core it began to develop a
geomagnetic field - which in turm was
amplified by the planet's rapid spin rate.
Combined, these enabled Earth's
magnetic field to permeate its entire body
as well as a small region of space
surrounding it - the magnetosphere,

Mantle

The largest internal layer, the mantle
accounts for 84 per cent of Earth's
volume. It consists of a rocky shell
2,900km (1,800mi) thick composed
mainly of silicates. While predominantly
solid, the mantle is highly viscous and
hot material upwells occur throughout
under the influence of convective
circulation. The mantle was formed by
the rising of lighter silicate elements
during planetary differentiation.

Brace for impact
The Late Heavy
Bombardment (LHB) of
Earth begins, with intense

impacts pummelling many

parts of the young crust.

Shock heating explained

During the accretion to its present size, Earth
was subjected to a high level of stellar impacts
by space rocks and other planetesimals too.
Each of these collisions generated the effect of
shock heating, a process in which the impactor
and resultant shock wave transferred a great
deal of energy into the forming planet. For
meteorite-sized bodies, the vast majority of
this energy was transferred across the planet’s

4 BYA

Archean

The Hadean eon
finally comes to
an end and the
new Archean
period begins.

3.9 BYA

Ocean origins

Earth is now coverad with
liguid oceans due to the
release of trapped water
from the mantle and from
asteroid/comet deposition.

surface or radiated back off into space,
however in the case of much larger
planetesimals, their size and mass allowed for
deeper penetration into the Earth. In these
events the energy was distributed directly into
the planat's inner body, heating it well beneath
the surface. This heat influx contributed to
heavy metallic fragments deep underground
melting and sinking towards the core.,

3.6 BYA

Supercontinent
Qur world's very
first supercontinent,
Vaalbara, begins to

emerge from a series
of combining cratons.
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Where did the earliest landmasses cor
from and how did they change over 1

- 3 — R R e
It started with Vaalbara...
Approximately 3.6 billion years ago, -
Earth's first supercontinent = Vaalbara
= formed through the joining of several
large continental plates. Data derived

B from parts of surviving cratons from
these plates - eg the South African
Kaapvaal and Australian Pilbara; hence
‘Vaal-bara" - show similar rock records
through the Archean eon, indicating
that, while now separated by many
miles of ocean, they once were one,

.. —

Plate tectonics, which were much
fiercer at this time, drove these plates
together and also were responsible for
separating them 2.8 billion years ago.

-

T —

Current scientific evidence suggests that the
formation of liquid on Earth was, not
surprisingly, a complex process. Indeed, when
you consider the epicvolcanic conditions of the
young Earth through the Hadean eon, it's
difficult to imagine exactly how the planet
developed to the extent where today 70 per cent
of its surface is covered with water. The answer
lies in a variety of contributory processes,
though three can be highlighted as pivotal.
The first of these wasa drop in temperature
throughout the late-Hadean and Archean eons.
This cooling caused outgassed volatile
substances to form an atmosphere around the
planet - see the opposite boxout for more
details — with sufficient pressure forretaining
liquids. This outgassingalso transferred a large
guantity of water that was trapped in the
planet’s internal accreted material to the
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surface. Unlike previously, now pressurised and
trapped by the developing atmosphere, it began
to condense and settle on the surface rather
than evaporate into space,

The second key liquid-generating process was
the large-scale introduction of comets and
water-rich meteorites to the Earth during its
formation and the Late Heavy Bombardment
period. These frequent impact events would
cause the superheating and vaporisation of
many trapped minerals, elements and ices,
which then would have been adopted by the
atmosphere, cooled over time, condensed and
re-deposited as liquid on the surface.

A
s

3.5BYA

Early bacteria
Evidence suggests that the
earliest primitive life forms
- bacteria and blue-green
algae - begin to emerge in
Earth's growing oceans at
& this time.
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3.3 BYA

Hadean discovery
Sedimentary rocks have
been found in Australia
that date from this time.
They contain zircon grains
with isotopic ages between

& 4.4and 4.2 BYA.

2.9 BYA

Island boom

about another 200
® million years.

The formation of island
arcs and oceanic plateaux
undergoes a dramatic
increase that will last for

n

Kenor
Believed to have formed in the later
part of the Archean eon 2.7 BYA,
\ Kenor was the next supercontinent to
"~ form after Vaalbara. It develo ped
! through the accretion of Neoarchean
cratons and a period of spiked
continental crust formation driven by
. submarine magmatism. Kenor was
=, broken apart by tectonic magma-
plume rifting around 2.45 BYA.

Formation of land and sea 2o

The third major contributor was
photodissociation - which is the separation of
substances through the energy of liglit._This
process caused water vapour in the developing
upper atmosphere to separate into molecular
hydrogen and molecular oxygen, with the
former escaping the planet’s influence. Jn turn,
this led to an increase in the partial pressure of
oxygen on the planet’s surface, which through
its interactions with surface materials
gradually elevated vapour pressureto a level
where yet more water could form.

The combined result of these processes - as
well as others —was a slow buildup of liquid

‘This erosion of Earth’s crustal loyer aided the
distinction of cratons -
the first continental landmasses

the baose for some of




Rodinia
Maybe the largest supercontinent
ever to exist on Earth, Rodinia was a
colossal grouping of cratons - almost
= all the landmass that had formed on

' the planet - that was surrounded by a

» superocean called Mirovia. Evidence

suggests Rodinia formed in the
Proterozoic eon by 1.1 BYA, with a core

= located slightly south of Earth’s

equator. Rodinia was divided by rifting

- . approximately 750 MYA.

T P e

T T W e R

Pangaea
The last true supercontinent to exist
on Earth was Pangaea. Pangaea

% formed during the late-Palaeozoic and

early-Mesozoic eras 300 MYA, lasting

; 8 until 175 MYA when a three-stage

series of rifting events left a range of
landmasses that make up today's
continents. Interestingly, the break-up
of Pangaea is still sccurring today, as
seen in the Red Sea and East African

.

'
water in various depressions in Earth's surfake” ..
(such as craters left by impactors), which =gt
throughout the Hadean and Archean eons grew

to vastsizes before merging. The presence of 5 oL
extensive carbon dioxide in the atmosphere ﬁf 0
also caused the acidulation of these early i - .
oceans, with their acidity allowing them to A closer look at Earth’s
erode parts of the surface crust and so increase I — at h
their overall salt content. This erosion of Earth's evo v' “g mosp ere
erustal layer also aided the distinction of Earth has technically had three atmospheres throughout its existence, The
cratons - stable parts of the planet's continental first formed during the planet’s accretion period and consisted of atmophile
lith h hich heb i ! elements, such as hydrogen and helium, acquired from the solar nebula. This
ithosphere - which were the base forsome o atmosphere was incredibly light and unstable and deteriorated quickly - in
the first continental landmasses. geological terms - by solar winds and heat emanating from Earth. The second
With liquid on the surface. a ﬂEUEIHDng atmosphere, which developed through the late-Hadean and early-Archean
g . . eons due to impact events and outgassing of volatile gases through volcanism,
amosphere, warm but cooling crustand was anoxic - with high levels of greenhouse gases like carbon dioxide and very
continents starting to materialise, by the little oxygen. This second atmosphere later evolved during the mid-to-late-
mid-Archean lappro mmatei},r 3.5 hillion years Archean into the third oxygen-rich atmosphere that is still present today. This
diti na forie hich loc oxygenation of the atmosphere was driven by rapidly emerging oxygen-
ago) conditions were ripe for lite, which we loo producing algae and bacteria on the surface - Earth's earliest forms of life.
atin depth over the next couple of pages. \ P

2.8 BYA

Breakup

After fully forming

circa 3.1 BYA,

Vaalbara begins to

fragment due to

the asthenasphere
& overheating.

2.5 BYA

Proterozoic

The Archean eon
finally draws toa
close after roughly 1.5
billion years, leading
to the beginning of the
Proterozoic era.

2.4 BYA

More oxygen
The Earth's
atmosphere evolves
into one that is

rich in oxygen due
to cyanobacterial

# photosynthesis,

2.1 BYA

Eukaryotes
Eukaryotic cells
appear. These most
likely developed

by prokaryotes
consuming each other
via phagocytosis.

1.8 BYA

Red beds

Many of Earth's red beds
- ferric oxide-containing
sedimentary rocks -
date from this period,

indicating that an axidising
® atmosphere was present.

—_
=



INCREDIBLE STORY OF EARTH

The development of life

Ofall the aspects of Earth’s development, the
origins of life are perhaps the most complex
and controversial. That said, there's one thing
upon which the scientific community as a
whole agrees: that according to today’s
evidence, the first life on Earth would have
been almost inconceivably small-scale.

There are two main schools of thought for
the trigger of lite: an RNA-first approachand a
metabolism-first approach. The RNA-first
hypothesis states that life began with self-
replicating ribonucleic acid (RNA) molecules,
while the metabolism-first approach believes it
all began with an ordered sequence of chemical
reactions, ie a chemical networlk.

Ribozymes are RNA molecules that are
capable of both triggering their own replication
and also the construction of proteins - the main
building blocks and working molecules in cells.
As such, ribozymes seem good candidates for
the starting point of all life. RNA is made up of
nucleotides, which are biclogical molecules
composed of a nucleobase (a nitrogen
compound), five-carbon sugar and phosphate
groups (salts). The presence of these chemicals
and their fusion is the base for the RNA-world
theory, with RNA capable of acting as a less
stable version of DNA.

This theory begs two questions: one, were
these chemicals present in early Earth and,
two, how were they first fused? Until recently,
while some success has been achieved in-vitro
showing that activated ribonucleotides can
polymerise (join) to form RNA, the key issuein
replicating this formation was showing how
ribonucleotides could form from their
constituent parts (ie ribose and nucleobases).

Interestingly in a recent experiment reported
in Nature, a team showed that pyrimidine
ribonucleobases can be formed in a process
that bypasses the fusion of ribose and
nucleobases, passing instead through a series
of other processes that rely on the presence of
other compounds, such as cyanoacetylene and
glycolaldehyde - which are believed to have

1.4BYA | 1.2BYA

Fungi Reproduction Explosion Phanerozoic Spinosaurus
The earliest signs With the dawn The Cambrian The Proterozoic The largest theropod
of fungi according of sexual explosion occurs - a eon finally draws dinosaur ever to live

to current fossil reproduction, the rapid diversification of
evidence suggest rate of evalution organisms that leads to
they developed here increases rapidly the development of most
in the Proterozoic. ¢ andexponentially,. & maodern phyla (groups).
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542 MYA

been present during Earth’s early formation. In
contrast, the metabolism-first theory suggests
that the earliest form of life on Earth developed
from the creation of a composite-structured
organism on iron-sulphide minerals common
around hydrothermal vents.

The theory goes that under the high pressure
and temperatures experienced at these
deep-sea geysers, the chemical
coupling of iron salt and
hydrogen sulphide

Fish

The world's first fish
avolved in the
Cambrian explosion,
with jawless
ostracoderms
developing the ability
to breathe exclusively
through gills.

Insects
During the Devonian
period primitive insects
begin to emerge from
the pre-existing
Arthropoda phylum.

produced a composite structure with a mineral
base and a metallic centre (such as iron or zinc).
The presence of this metal, itis theorised,
triggered the conversion of inorganic carbon
into organic compounds and kick-started
constructive metabolism (forming new
molecules from a series of simpler units). This
process became self-sustaining by the
generation of a sulphur-dependent metabolic
cycle. Over time the cycle expanded and
became more efficient, while simultaneously

541 MYA

to a close and the
current geologic eon
- the Phaneroraic -
& COMMences. & this time.

Prokaryote
Small cellular organisms
that lack a membrane-
bound nucleus develop.

Shelled animals
e 1he beginning of the
= Cambrian period sees the
TR :i_ ~ emergence of shelled

- R
N

. creatures like trilobites.

= The first land
(gmey vertebrates - Tetrapoda
mmmmm— - cvolve and split into
two distinct lineages:
Amphibia and Amniota.

producing ever-more complex compounds,
pathways and reaction triggers.

Assuch, the metabolism-first approach
describes a system in which no cellular
components are necessary to form life; instead,
itstarted with a compound such as pyrite -
amineral which wasabundant in early Earth's
oceans. When considering that the oceans
during the Hadean and early-Archean eons
were extremely acidic - and that the planet’s
overall temperature was still very high -

106 MYA

on Earth, weighing
up to an astonishing
20 tons, emearges at




Earth Cyanobacteria Solar nebula A —
Qur planet forms out of accreting Photosynthesising The solar nebula is formed by the jﬂu rney

dust and other material from a cyanobacteria - also known as gravitational collapse of a fragment th h t'
protoplanetary disc. : blue-green algae - emerge b of a giant molecular cloud. roug Ime
e S = T WL Tt e i See how life evolved over
A - millions of years to fill a
_range of niches on Earth

Sponges
Sponges in general -
but particularly
demosponges - develop
throughout the seas. s o

Eukaryotes - cellular
membrane-bound
arganisms with a
nucleus (nuclear
envelopea) - appear.

Pterosaurs

During the late-Triassic

period pterosaurs appear -

o the earliest vertebrates

capable of powered flight. &
S A T

o

Fungi
Primitive organisms that

are precursors to fungi,
capable of anastomosis
(connection of branched
tissue structures), arrive. A

Q Dinosaurs

e Dinosaurs diverge
- from their Archosaur §

ancestors during the
mid-Triassic era.
a model similar to the iron-sulphur world type

Humans
Humans evolve from the

is plausible, if not as popular as the RNA theory. family Hominidae and
There are other scientific theories explaining reach anatomical
h : it flife—f 1 hinl modernity around
the origins of life - for example, some think 200,000 years ago.

organic molecules were deposited on Earth via
a comet or asteroid - but all return to the notion
that early life was tiny. It's also accepted that
life undertook a period of fierce evolution in
order to adapt to the ever-changing Earth. But
without the right initial conditions, we might
never have evolved to call this planet home.

While pre-existing in primitive
forms, after the K-T extinction
event mammals take over most
ecological niches on Earth.

65.5MYA 55MYA 2MYA 350,000 200,000
K-T event Birds take off Homo genus years ago years ago
The Cretaceous- Bird groups The first members N derthal First h
Falarogene extinction begin to diversify of the genus eande a Irs , uman
event aceurs, wiping dramatically, with Homo, of which Meanderthals evolve and Anatomically modern
out half of all animal many species still humans are spread across Eurasia. humans evolve in Africa;
species on Earth, around today - such members appear They become extinct 150,000 years later they

¢ including the dinosaurs. & as parrots. & inthe fossil record, & 220.000 years later. o Startto move farther afield.

019




028

Jet streams

50 amazing facts about

the weather

Your burning climate questions
are answered

How do jet streams work?
Invisible phenomena vital to
our climate

Predicting the weather
Discover how we get forecasts for
the days ahead

Lightning
Learn the science behind how
and why lightning strikes




predict the
weather?
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We answer your burning questions about the incredible
variety and awesome power of the planet’s most intriguing
- climatic phenoglen’

W e like to be able to control everything, track changes and forecast whatwe can expectto  onahuge number of factors, lile the Earth’s rotation,

but weather - those changesin the see when we leave our homes each day. But where you're located, the angle at which the Sun is

Earth's atmosphere that spell out rain, they're not always right. It's not their fault; we still  hitting it at any given time, your elevation, and your
snow, wind, heat, cold and more -is one of those don't completely understand all of the processes proximity to the ocean. These all lead to changesin
thingsthat is just beyond our power. Maybe that’s  that contribute to changes in the weather. atmospheric pressure. The atmosphere is chaotic,
why a cloudless sunny day or a spectacular Here's what we do know: all weather starts with meaning that a very small, local change can have a
display of lightning both have the ability to contrasts in air temperature and moisture in the far-reaching effect on much larger weather systems.
delight us. Meteorologists have come a long way atmosphere. Seems simple, right? Not exactly. That'swhy it's especially tough to malke accurate
in their capability to predict weather patterns, Temperature and moisture vary greatly depending forecasts more than a few days in advance.
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Many types of animals are reported to have fallen from the sky including frogs, worms and fish

© way to te_“ 1. Start the count
YW close a storm is? G e S

be the most acourate way

Lightning and thqnder glways go tpgether. because thunder is the sound 2_Five seconds
that results from lightning. Lightning bolts are close to 30,000 degrees e —
Celsius (54,000 degrees Fahrenheit), so the air in the atmosphere that they seconds, gy
zip through becomes superheated and quickly expands. That sound of kilometres lane mile) way.
expansion is called thunder, and on average it's about 120 decibels (a 3. Do the maths
chainsawis12s, for reference). Sometimes you can see lighining but not i I:J:'Il: - Hr ol ”'"tl”',,'“'
hear the thunder, but that's only because the lightning is too far away for take the necessary pracautions :

u to hear it. Because light travels faster than sound, you always see

lightning before hearing it.

.

Lightning occurs '.-'n-.'u:-;.r_-:'-fr,-:: I
in hot, summer-like ¢limates

We can’t control the weather... or
can we? Some scientists are trying
to influence the weather through
cloud seeding, or altering the clouds’
processes by introducing chemicals
like solid carbon dioxide (aka dry
ice), calcium chloride and silver
iodide. It has been used to induce
rainfall during times of drought as
well as to prevent storms.

What makes clouds? . P—

become thermals -rising

h e columns of warm,
1 ) expandingair.
Buildup ¢ ®
Thewarm, moist air builds ® pe
up somewhere between 3osm ‘ L BEEE
and1,525m (1,000-5,000ft) ﬂw'i;nnnmuf
above the surface. T :
T 5 # e ' ""'HTUTﬂﬂﬂﬂpﬂinT
Warm, wet ¥ . \ 4 . v of theair, and it
air rnses A : T— . - is very uniform.
Sunlight heats and R . : - el : — o~ _
evaporates water from = '_"'"_':.. T ; g

P



What causes hurricanes?

Depending on where they start,
hurricanes may also be known as tropical
cyclones or typhoons. They always form
over oceans around the equator, fuelled by
the warm, moist air. As that air risesand
forms clouds, more warm, moist air moves
into the area of lower pressure below. As
the cycle continues, winds begin rotating
and pick up speed. Once it hits 119
kilometres |74 miles) per hour, the storm is

Winds

Asthewarm, moistair
rises, it causeswinds to

begin circulating. ,,--"""

/4 /f((

| ———

-

officially a hurricane. When hurricanes
reach land, they weaken and die without
thewarm ocean air. Unfortunately they
can move far inland, bringing a vast
amount of rain and destructive winds.
People sometimes cite ‘the butterfly effect’
in relation to hurricanes. This simply
means something as small as the beat of a
butterfly’s wing can cause big changes in
the long term.

Warm, moist air

This air rises up from the
oreans, cooling on itsway
and condensing into clouds.

If the Moon didn't exist it
would have a catastrophic
effect onworld climates

weather mthuut the Moon?

weather if the Moon were destroyed, but it wouldn't be

It's difficult to know exactly what would happen to our I

good. The Moon powers Earth's tides, which in turn

influence our weather systems. In addition, the loss of

the Moon would affect the Earth's rotation - how it spins
on its axis. The presence of the Moon creates a sort of

1IN 300,000

Cool, dry air

Cooled, dry airatthe topofthe
system issucked down inthe
centre, strengthening the winds.

——-—‘

Eye

Hipgh-pressure air flows downward
through this calm, low-pressure
area at the heart of the storm.

drag, soits loss would probably speed up the rotation, : ?:

changing the length of day and night. In addition it ey

would alter the tilt of the Earth too, which causes the -

changes in our seasons. Some places would be much -

colder while others would become much hotter. Let’s not = 1
Mg T 1 ~= horizoni

neglect the impact of the actual destruction, either; that
much debris would block out the Sun and rain down on —
Earth, causing massive loss of life. Huge chunks that hit
the ocean could cause great tidal waves, for instance.
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Sir Francis Beaufort devised his wind scale by using the flogs ond sails of his ship as measuring devices

1 billion

i SEVERE WE/
l RESEARCH

Why are you safer inside a car
during an electrical storm?

People used to thinlk the rubber tyres on a car grounded any
lightning that may strile it and that's what lkkept you safe.
However, you're safer in your car during an electrical storm

because of the metal frame. It serves as a conductor of electricity;,

and channels the lightning away into the ground without
impacting anything - or anyone - inside; thisis knownasa
Faraday cage. While it is potentially dangerous to use a corded
phone or other appliances during a storm because lightning can
= travel along cables, mobile or cordless phones are fine. It's also

= best toavoid metallic objects, including polf clubs.

i

This mysterious phenomenon
looks like a glowing ball of
lightning, and floats near the
ground before disappearing,
often leaving a sulphur smell.
Despite many sightings, we're
still not sure what causes it.

-

; :? i . =

e

What causes
giant hailstones?

Put simply, giant hailstones come from giant storms

- specifically a thunderstorm called a supercell. It has
a strong updraft that forces wind upwards into the
clouds, which keeps ice particles suspended for a long
period. Within the storm are areas called growth
regions; raindrops spending a long time in these are

How does the Sun cause the seasons?

seasons are caused by the Earth's revolution around the Sun, as
well as the tilt of the Earth on its axis. The hemisphere receiving
the most direct sunlight experiences spring and summer,
while the other experiences autumn and winter, During the
warmer months, the Sun is higher in the sky, staysabove the
horizon for longer, and its rays are more direct. During the
cooler half, the Sun’s raysarentasstrongand it’s lower in the
sky. The tilt causes these dramatic differences, so while those in
the narthern hemisphere are wrapping up for snow, those in
the southern hemisphere may be sunbathing on the beach.

SUMMER WINTER
TheSunisat its highest point in The Sunisat its lowest point in the
the sky and takes up more of the sky and there is less daylight. The

horizon. Its rays are more direct. rays are also more diffuse.

Vernal equinox

For the northern
hemisphere, this day -
around 2o March - marks
the first day of spring. On
thisday, thetilt of the Earth's Na
axis is neither towards nor {.pl"-_“-t
away from the Sun.

Summer solstice
During the summer solstice,
around 2o June, the Sunis at
its highest, or northernmaost,
pointin the sky.

able to grow into much bigger hailstones than normal.

Winter solstice

The winter solstice marles the
beginning of winter, with the
Sunatits lowest pointin the
sloy; it ta kes place around 2o
Decembereach year.

Autumnal
equinox

Omn, oraround, 22
Septemberin the
northern hemisphere,
this marks the start of
autumn. The tilt of the
Earth's axisis neither
lowards nor away
from the Sun.
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g What'’s the difference
;.: between rain, sleet
and snow?

When it comes to precipitation, it's all about
temperature. When the air is sufficiently saturated,
water vapour begins to form clouds around ice, salt
or other cloud seeds. lf saturation continues, water
droplets grow and merge until they become heavy
enough to fall as rain. Snow forms when the air is
cold enough to freeze supercooled water droplets
-lower than -31 degrees Celsius (-34 degrees
Fahrenheit) - then falls. Sleet is somewhere in
between: it starts as snow but passes througha
layer of warmer air before hitting the ground,
resulting in some snow melting.

How do tornadoes work?

Polar air

A cold front full of very dry Trnpi{:al air

airand at high altitudeis The cold front

necessary fora tornado. meetsawarm front
full of very moist air

Gravity waves and at low altitude.

arewaves of air

moving through a stable S

area of the atmosphere. Theair -

might be displaced by an updraft or

something like mountains as the air

passes over. The upward thrust of air creates

bands of clouds with empty space between them. X
Cool airwants to sink, but ifit is buoyed again by the updraft,=%
it will create additional gravity wave clouds, e

B

Tornadoes start out with severe thunderstorms called
supercells, They form when polar air comes in contact

lt S DEE]CEfUl E:]fter SHGW‘FE]” dS thE with tropical air in a very unstable atmosphere,
snow has a dampening effect: Supercells contain a rotating updraft of air that is lknown
i ! asa mesocyclone, which keeps them going for along
DDCkEtS C‘f dll b'E"tWEEﬂ the ﬂa kES time. High winds add to the rotation, which lkeeps
Ele'Drb ﬂDiSE HDWE‘VET |f it’S getting faster and faster until eventually it formsa
. F o funnel, The funnel cloud creates a sucking area of low
compacted snow and windy, the pressureat the bottom. As soon as this funnel comes in

snow Might actually reflect sound to contact with the Earth, you have a tornado.

L]
What is a weather front? muesoms Fo

Aweather frontis the ) warm air often contain before the show-
on b Wet 'n’ wild stratiform clouds, full  movingwarm front.
SC‘E‘E&I’EI Lion petween two Ifthere's alot of ol thunderstorms.

different masses of air, which

have differing densities,

temperature and humidity.
Onweather maps, they're
delineated bylinesand
symhbaols. The meeting of
different frontal systems

maoisture in the cold air
mass, the wedge can
also cause aline of

; showers and storms.

causes the vast majority
0 of weather phenomena.
Wedge Cold front Warm front
Ascold air is denser, it Cold frontslie in deep Warm frontslie in broad
often ‘wedpes” beneath troughs of low pressure troughs of low pressure and
thewarmair. This lift and occurwhere theair pecuratthe leading edge of
can causewind gusts. temperature drops of[. alargewarm air mass.
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Fog is made up of millions of droplets of water floating in the air

Rising heat High pressure Cooler air High pressure
Dryland isheated by the High pressure carries the The cooled air | High pressure carries the
Sun, causing warmair to cooled airout over thewater, slowlysinks cooled air towards land.
rise, then cool down. down over land. 4
Cooler air -+— Rising heat
The cooled air Inthe evening,
slowly sinlis down theland cools
owver the ocean. ’ oft faster than
r-" the ocean.
Surface wind Surface wind over thawater
Wind over the ocean blows the Wind blows the air back out towards i

whereitcools.
cool air back towards Land. the ocean. This isa land breeze’,

What is the eye of a storm?

The eyeis the calm centre of a storm lilke a hurricane or tornado,
without any weather phenomena. Because these systems consist of
circular, rotating winds, air is funnelled downward through the eye
and feeds back into the storm itself.

Yes, lightning often strikes twice in the same
location. If there’s a thunderstorm and lightning
strilees, it's just as likely to happen again. Many
tall structures get struck repeatedly during
thunderstorms, such as New York City’'s famed
Empire State Building or NASA's shuttle launch
pad in Cape Canaveral, Florida.

O
= The eye at the centre ofa — 8 C
e hurricane tends to be zo-

=+ gokm [12-nimi)indiameater

o MASA

The Sun is a super-dense

What are red sprites ball of gas, where hydrogen

and blue jets? 4 is continually burned into

These are both atmospheric and electrical phenomena that take place nelium (n u Clea r fL‘ISIDn)' Th IS

in the upper atmosphere, and are also known as upper-atmosphere ge nerates a h uge deal of

discharge. They talke place above normal lightning; blue jets occur
around 40-50 kilometres (25-30 miles) above the Earth, while red en El‘g y’ dn d the COore

sprites are higher at 50-100 kilometres (32-64 miles). Blue jets happen re'a:{:hES ]_5 m | | | iDn d Eg rees
in cone shapes above thunderstorm clouds, and are not related to

lightning. They're blue due to ionised emissions from nitrogen. Red CelSIU S (2? mi I |‘|DH deg rees
sprites can appear as different shapes and have hanging tendrils. Fa h 'en he |‘t) Th| S e x‘t reme
They occur when positive lightning goes from the cloud to the ground. h a3 t Dr 0 d Luces |[} tS 0 _F | |g h t
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H m - Earth's jet streams
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They're a vital component in regulating global — / g
weather, but what do jet streams actually do? Ty
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Mount Everest is so high thot its 8,848m [2g9,029ft] summit actually sits in a jet stream

Northern polar jet - —
Travelling west o east WHEI'E IS tl‘IE
around the northern =

hemisphere, it helpekeep jet stream?

northern Europe temperate. Alayer-by-layer brealdown of

the Earth's atmosphereand
whereabouts the jet stream sits

Ura-high offitude wind

Cirmin Line-bouri oy sl i e

& pilen

Thermosphere
batpos e

MESOpoUTE

S0 Miles

40 Miles

Mesosphere

Ferrel cell

These cells are balanced by the
Hadley and Polar cells, and
createwesterly winds, They
are sometimes referred toas
the ‘zone of mixing.

Polar cell

These north-south
circulating winds bring
in cold air from the
freezing poles and

TSPL produce polar easterlies.
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Predicting the weather

Discover the method that helps us prepare for the elements, come rain or shine

heweather affects us all, every day. From

governing the difference between life and

death, to providing a conversation topic to
fill awlcward silences at a party, it is an ever-present
and ever-changing part of life. This means that
predicting it accurately is a hugely important task.

Inthe UK, the Met Office is responsible for

weather monitoring and prediction. Beforea
forecast can be put together, measurements from
thousands of data recorders across the world are

anumerical model of the atmosphere. The process
involves many complex equations, and the Met
Office’s IBM supercomputer can do more than 1,000
trillion calculations a second, running an
atmospheric model with a million lines of code.
Forecasters can use this dataand techniques
such as nowcasting - using estimates of current
weather speed and direction - to predict the
weather in the hours ahead. For longer range
forecasts, further computer models are relied upon.

collected and analysed. Every day, around 500,000
observations are received, including atmospheric
measurements from land and sea, satellites,
weather balloons and aircraft. But, thisis still not
enough to represent the weather in every location.
Tofill in the gaps, the data is assimilated. This
combines current data with what is expected, to
provide the best estimate of the atmospheric
conditions. To produce an accurate forecast, the
data has to be fed into a supercomputer that creates

Data collection 4
Data from receivers all over Station I*":il e |
the world is transmitted to a - Bee=n
variety of hubs such as the Ay l’ = Satellite
World Meteorological 1 N
Association in Switzerland, | .+ Launchable
" 4 +/  sounding probe

Land-based data N - L

Instruments on land measure
temperature, atmospheric
pressure, humidity, wind speed
and direction, cloud cover,
visibility and precipitation.

Radiosonde

Data from the air

Satellites, weather balloons

(carrying radiosondes) and

aircraft all measure various
parameters like temperature and
compaosition of the atmosphere.

Meteorological b ] R v
station gL
Small weather stations take local ]]' l]
readings, with thermometers for 3 ¥ e
temperature, hygrometers for | ~— j#"
humidity and barometers to  ——
measure atmospheric pressure. A

Thousands of small weather b
stations across the world Marine
feed data back to sSou nding

probe

Ship measurements
Specialised ships, research craft and
volunteer merchant vessels take

marine measurements and send the
data to be analysed.

Autonomous Underwater Vehicle
AUVs can remotely cruise the depths, and

send back data regarding ocean temperature,
salinity and density.

The maximum
depth reached
by the ALV,

Data from the sea
Ships and buoys measure water temperature, salinity, density
and reflected sunlight, as well as wind speed and wave data.
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IO YOoU KNOW In 300 BCE, Greek philosopher Theophrastus wrote a book listing over 200 ways to forecast weather

LF

=

’ Radiosonde 15,000m

This small instrument is The altitude reached
attached to a helium or by a radiosande

hydrogen balloon and takes 4 /
airborne measurements
of pressure, temperature

Satellites

Geostationary and polar orbiting

d humidity.
i 13.000m satellites_remrd data and
The altitude reached by G-IV ?ﬂmd““;;miﬂ'”? to show oud
aircraft, which drop sounding y rE‘;: ';5 od F‘?‘ﬁfaﬂe' ket
: probes towards the ground. IR FE et PR,
Meteorological
aircraft
Data comes from either
;f::é:"sﬂtr rf‘:f}tﬂﬂﬂgml 10,000m Launchable sounding probe
aumm%tlc recordings of The altitude at which Dropped from an aircraft, this probe can
commercial flights specialist meteorological Jet measure wind velocity, temperature,
) aircraft can reach. G-IV humidity and pressure as it falls.
Hurricane Hunters
These modified Lockheed
P-3 Orion aircraft, which T
?Iiti‘f'ﬁf'ﬂﬁif'aﬁ'th | Par.izlchutgst_ — The future of forecasting
instruments, and a highly Vi proong srame Mew modelling techniques that
sensitive Doppler radar. = - account for changes in humidity,
temperature, wind velocity and
- y Radiosonde sends cloud activity could make
4 y i Om information to base forecasting more accurate.
The altitude reached
by the P-3 aircraft.
- Scale: 12km
365m

The altitude
reached by an
aerosonde drone,

Experimental
Aerosonde model
This unmanned research /
craft is capable of I

sampling and recording ;
weather data swiftly T
and accurately.

Strongest winds Scale: 1.3km
per slide

Meteorological centres
All of the data recorded is assimilated
== in these centres, as well as being

-~ analysed and distributed for more
local predictions.

“Every day,
around 500,000
observations are
received from
land and sea”

= k
= 'i‘_‘. Navigation lights ﬂ- t« |

Anemometer - 4‘ | g’
. Data transmitter — £
e 5
~~ = Solar panel 3

T — . —
~  Weather buoys
Either tethered or
free-floating, buoys are
furnished with
instruments to take

Maritime sounding probes 3
Dropped from aircraft into the sea,

" Radar station
Radar is used in

meteorological these probes are often called meteorology to measure the
measurements where ‘dropsondes’ and can sample and intensity with which rain,
ships can't or don't go. transmit data back to base. snow, sleet or hail is falling.
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ightning occurs when a region of cloud

attainsan excess electrical charge, either

positive or negative, that is powerful
enough to break down the resistance of the
surrounding air. This process is typically initiated
by a preliminary breakdown within the cloud
between its high top region of positive charge,
large central region of negative charge and its
smaller lower region of positive charge,

The different charges in the cloud are created
when water droplets are supercooled within it to
freezing temperatures and then collide with ice
crystals. This process causesa slight positive
charge to be transferred to the smaller ice crystal
particles and a negative one to the larger
ice-water mixture, with the former rising to the

032

Light

™ .-‘;\r -

Capable of breaking down the resistance of air,

top onupdrafts and the latter falling to the

bottom under the effect of gravity. The
consequence of this is gradual separation of
charge between the upper and lower parts of
the cloud.

This polarisation of charges forms a channel of
partially ionised air - ionised airis that inwhich
neutral atoms and molecules are converted to
electrically charged ones - through which an
initial lightning strolee (referred to as a 'stepped
leader’) propagates down through towards the
ground. As the stepped leader reaches the Earth,
anupwards connecting discharge of the

sing polarity meets it and completes the
connection, generating a return stroke that due to
the channel now being the path of least

lightning is a highly visible discharge of
electricity capable of great levels
of destruction. But how is it formed?

Intense upthrust of volcanic particles
can help generate lightning

resistance, returns up through it to the cloud at
one-third the speed oflight and creating a large
flashin thesky.

This leader-return stroke sequence down and
up the ionised channel through the air
commonly occurs three or four times per
lightning strike, faster than the human eye is
capable of perceiving. Furthermore, due to the
massive potential difference between the charge
areas - often extending from an incredible ten to
100 million volts - the return stroke can hold
currents up to 30,000 amperes and reach heights
of30,000°C (54,000°F). Typically the leader stroke
reaches the ground in just ten milliseconds and
the return strolce reaches the instigating cloud in
100 microseconds.




The peak temperature of a lightning bolt's return-stroke channel is 30,000°C [54,000°F]

.- = Cloud-to-cloud Cloud-to-air
Explalnlng the Aswith cloud-to-ground, clond-to-cloud lightning Similarto cloud-to-cloud, cloud-to-air strikes
== s - discharges occur between polarised areas of differing tend to emanate from the top-most area of a cloud
fom‘atlon Of Ilg htnl ng charge, hf"‘-"-'ﬂ“-":r_ here the ionised channel runs that is positively charged, discharging through
between clouds instead ol a cloud to the ground. anionised channel directly into the air.

Centre of 10
- o e - o
40°C positive charge C
Centre of o
-15°C negative charge 15°C
Small centre of
positive charge
-5°C
-5°C
Cloud-to-ground Intra-cloud Charge differential
Cloud-to-ground lightning occurs when a channel of Intra-cloud lightning is the most frequent typeworldwide Cloudswith lighining-generating potential tend to consist of
partially ionised air is created between areas of positive and occurs between areas of differing electrical potential three layers of charge, with the top-maost part a centre of
and negative charges, causinga lightning stroke to within asingle cloud. It is responsible lor most positive charge, the middle a centre of negative charge, and
propagate downward to the ground, aeroplane-related lightning disasters. the bottom a secondary small centre of positive charge.

Lightning, however, does not just occur "Due tU thE mDSSI’U’e D[]tent{ﬂ’ dfffErenf:E'

between clouds (typically cumulonimbus or

stratiform) and the ground, but also between bEtWEE” Chﬂrge E”-EUS the rE'tLlrﬂ StrUkE'
separatecluudlsandleven1Tmtra-clc}ud,IlnFact,?s Can hU“:! EL”TEF”:S up tD BD'DDD Dmperes
per cent ofall lightning strikes worldwide are Dnd I'E’El[h 301 DDD DE [‘54' DDD DFJ "

cloud-to-cloud or intra-cloud, with discharge
channels forming between areas of positive and
negative charges between and within them. In
addition, much lightning occurs many miles
above the Earth in its upper atmosphere (see
‘Atmosphericlightning’ boxout), ranging from
types that emanate from the top of clouds, to
those that span hundreds of miles in width.

Atmospheric lightning
Unseen apart from by satellites, a major part of the world’s annual
lightning is generated in Earth’s upper atmosphere.

& Soenoe Phato Library

Despite the high frequency of lightning strikes 100— The here

P . & ] ) _ 5 5 : e : Vast 250-mile wide flattened discs of light, elves
and their large amount of contained energy, occur above low-lying thunderstorms. They are
current efforts by the scientific community to : ationo

. . L : due to electron collisions in the atmosphere,

harvest its power have been fruitless. Thisis : Mesosphere
mainly caused by the inability of modern Sprites
technology to receive and store such a large : Sprites are caused by the discharges of positive

. . . . i lightning from thunderclouds to the ground.
quantity of energy in such a shortperiod of time, 5“— Theyvary in colour from red to blue and appear
aseach strilke discharges in mere milliseconds. : akin tolarge jellyfish.

Otherissues preventing lightning’suseasan Stratosphere

Blue jets
Emanating from the top of cumulonimbus
' clouds and stretching ina cone shapeupinto
: - the stratosphere and mesosphere, blue jets are
10— Troposphere Y caused by intense hail activity within a storm.

energy source include its sporadic nature - which
while perfectly capable of striking the same place
twice, rarely does - and the difficulties involved
in converting high-voltage electrical power
delivered by a strike into low-voltage power that
can be stored and used commercially.

Altitude (k)
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Lightning types

Far from uniform, lightning isan
unpredictable phenomenon

Bead lightning

A type of cloud-to-ground lightning where the strike
seems to break up into smaller, super-bright sections {the
beads), lasting longer than a standard discharge channel.

Frequency: Rare
Ribbon lightning

Only occurring in storms with high cross winds and
multiple return strokes, ribbon lightning occurs when
each subsequent stroke is blown to the side of the last,
causing a visual ribbon effect.

Frequency: Quite rare

Staccato
lightning

Aheavily branched
cloud-to-ground
lightning strike with
short duration stroke and
incredibly bright flash.

i Senttn Bear

Freguency: Common

Sheet_
lightning

A generic term used to
describe types of
cloud-to-cloud
lightning where the
discharge path of the
strike is hidden from
view, causing a diffuse
brightening of the
surrounding clouds in
asheetoflight.

B Christian Arintzen

Frequency: Common

Megalightning

Aterm commonly used when referring to upper-
atmospheric types of lightning. These include sprites, blue

jetsand elves see ‘Atmosphericlightning” boxout) and
occur in the stratosphere, mesosphere and thermosphere.

Frequency: Frequent
Ball lightning

Considered as purely hypothetical by meteorologists, ball
lightning isa highly luminous, spherical discharge that
accordingto few eyewitnesses last multiple seconds and
can move on the wind.

Frequency: Very rare

Alook at some of the most dangerous
places to be when lightning strikes

Danger zone
Ten per cent ofall peaple Multiple strikes
strucl by lightning were The Empire State Buildingis
in Florida at the time. struck 24 times peryear on
average. [twas once struck
o eight times in24 minutes.
Y

70% OF GLOBAL
LIGHTNING OCCURS
IN THE TROPICS

i Thechemicalenginoer

Flashes
Above the Catatumbo River in
Venezuela lightning flashes

T several times per minute 160
‘Damn! And tothink that tree was nights uflthe },Iégr_

just two months from retirement’

The smallvillage of
Kifuka is the most
struck place on
Earth, withisB
strikes per square
ldlometre peryear.

What are the chances"

The odds of being hit by lightning aren’t as slim as you think

1lin
300,000

The chance of you getting strucl
by lightning is one in 300,000,
Which, while seeming quite
unlikely, did notstop US parlk
ranger Roy Sullivan from being
strucl: a world record seven times

during his lifetime.



The irrational fear of lightning is referred to as astraphobia

i

cloud lightning strea ks
s the Masai Mara Game
ein Kenya, Africa

What happens when
get strucli(pl?y Iightnin‘g:’;‘:.?u

The parts of the body that feel the effect if struck by lightning

-
_— 2 charge contracting the muscles in the
4 E body instantaneously.
= Burns are the most visible effect of
beingstruck by lightning, with the
electrical charge heating up any objectsin
contact with the skin to incredible levels,
Deadly causing them to melt and bond with the
In July 2007, 30 people human’s skin. Interestingly, however,
were killed by lightning unlike industrial electrical shocks - which 3
B can last hundreds of milliseconds and 3
Ushari Darain . =
T el e e tend to cause widespread burns all over =
the body - lightning-induced burnstend {L#§ =
\ to be centred more around the Ay A
‘ direct point of contact, with a : g 42\
victim's head, neck and 0 by X
\ shoulders most affected. ol At
Post-strike side-effects of being U‘.
m.. | 4 struck by lightning range from vy”© v LR
amnesia, seizures, motar control
. damage, hearing loss and tinnitus, Skin
through blindness, sleep disorders, Whenstrucka
headaches, confusion, tingling and portion of the
numbness. Further, these symptoms do Smﬁf:ﬁz
not always develop instantaneously, with Muscles skin, while the rest
many - notably neuropsychiatric Muscles flows through the
it problems (vision and hearing) - contract body internally.
Singapore strikes! developing over time. instantly on Skin burns and
Singapore has one of theworld's highest strike, causi LElle s
rates of lightning activity. thevictim to e e
jumpand effectsaswellas
suffer the bonding of
muscular worn [abrics.
— — seizures.
INn COMParnson...
1in 14,000,000 1in 11,000,000
The chance of winning Flying onasingle-trip
the lotteryinthe UKisone commercialairflight g o
in 14 million. That is over inflicts you toa one in1 1.8 ﬁ;
45times as unlikely as million chance of being o :
beingstruck. killed in an accident. @J—/E <
1in 12,000,000 1in 8,000
The odds of getting hitby  Inorder to get better g
lightning are 40 times odds, go out in your car, £ Elody tissue Nervous system
more likely than the Over 3,000 people are & Deep tissue destruction is Motor control damage is commaon, often
chance of dying from Mad  killed every day on E T permanentlyaffecting muscieand limb
SRR AR o et & path, which courses through movement, neural circuitry and motor
Cow Disease in the UK. roads worldwide. - the body from cranium to feet. planning and execution decisions.

i

canalso occur, most notably at the
entrance and exit points of the strike on
the body. Lightning also causes its victims
to physically jump, which is caused by the

When a human is hit by lightning, pa rtof Audio visual

the strike’s charge flows over the skin- Evesand earsare

referred toasexternal flashover-and part ~ commonly affected by Organs

of it goes through them internally. The ?ﬂmﬁﬁrm E'I‘Tj"“g - Organ failureisalso

more of the strilee that flows through, the = statistically

- | RN O robable. Death by

- more internal damage it causes. The most Many of these P cardiacor
= common organ affected is the heart, with neuropsychiatric rdicoul
S frrd : problems develop i e |
- the majority of people who die froma oves Hime arrest is the main
E strike doing so from cardiac arrest. Deep ' 5”'-{*“"3 U{lﬁdﬂl
3 tissue destruction along the current path m—::l :;Elﬁirﬁl!tl:i
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PLANTS &
UORGANISMS

The life *
of trees

Life cycle of
a plant
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"Cacti have developed optimal How
forms for retention of internal cacti
water supplies... this allows survive
them to store vast quantities of 050
water for elongated periods” 5

How plants work
The incredible life cycle of a
plant explained

Identifying leaves
Identify leaves of different trees
with our guide

Poisonous plants
Discover which dangerous plants
to avoid

The life of trees
Discover how trees grow and why
you can't live without them

How do cacti live?
The survival methods of these
prickly flowers

How are plants cloned?
How identical copies of plants
benefit us

Poisonous
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* PLANTS & ORGANISMS

Asunflower head comprises up
to 2,000 finyindividual lowers
-

How plan

wWor

Could you stay put in your birthplace for hundreds of years,
surviving off whatever happens to be around?

T ruly, it's not easy being green. But plants
not only survive, they thrive all over the
globe, without the benefit of muscles,
brains or personalities. It's a good thing they do:
plants head up nearly all food chains, pump out
the oxygen we breathe, hold off erosion and filter
pollutants out of the atmosphere. Over the past
3.5 billion years, they've diversified into an
estimated 320,000-430,000 Separate species,
with more coming to light every year.

All this stems from one neat tricls: harnessing
the Sun’'s energy to power a built-in food factory.
Through this process, called photosynthesis,
plants combine carbon dioxide with water to
create carbohydrates that they use to grow and
reproduce. The earliest plants, similar to today’s
algae, didn't do much other than
photosynthesise. They floated around in the
ocean, soaking up water and rays and

038

reproducing asexually. Then, around 500
million years ago, plants evolved to live on land,
to obtain the power boost of more abundant
sunlight. The first landlubber plants still needed
to stay wet all over, however, so they were
confined to perpetually damp areas. Today's
mosses, liverworts, and hornworts have the
same limitations.

Things got more exciting go million years
later, when plants went vascular. Vascular
plants have tissue structures that can distribute
water and nutrients absorbed by one part of the
body to the rest of the body. Instead of spending
its dayssoaking in a puddle, avascular plant can
grow roots down into the ground to soak up
water and minerals while sending shoots up
into the dry air, topped with leaves that soak up
sunshine to power the food factory. This feature
allows vascular plants to evolve to a larger size.

Plants can store this food in their roots, in the
form of root tubers, like carrots and sweet
potatoes. Above ground, vascular plants protect
themselves and retain their water supply with a
waxy, waterproof covering called cuticle. Cuticle
ma kes plants hearty enough to reach high into
the air or spread far along the ground.

Plants grow at meristems, areas with cells
that are capable of division - that is, making new
cells. Hormones control this cell division to grow
particular forms, like leaves, as well as
controlling the direction of growth, guided by
what the plant ‘senses’. Based on the settling of
starch grains that indicate the direction of
gravity, the growth hormone auxin drives stems
to grow up towards the sky and roots to grow
down towards water. Then, plantsactually turn
leaves toward the Sun. Triggered by light-
sensitive cells that effectively ‘see’ light, the




DID YOU KNOW? some seeds can lie dormant for years. In 1966, scientists successfully plonted 10,000 year-old tundra lupine

-

hormone auxin causes more cells to
grow on the dimmer side of a stem,
making the stem and attached leaf
bend towards sunlight. Similarly,
vines automatically curl when they
come across a larger plant, causing
them to wrap and climb.

Plants switch sexual orientation
every generation. Each sporophyte
generation produces male and female
spores, which asexually yield male
and female plants. In this
gametophyte generation, males
produce sperm and females produce
eggs, which join up to create new
sporophyte plants. Typically, the
sporophyte generation is a large,
familiar plant, while the
gametophyte generation is tiny. For
example, pollen is tiny male plantsin
the gametophyte generation. The tiny
males and females produce an
embryo, or seed.

When you can’t walk, spreading
your seed requires a little more
creativity. For example, flowering
plants attract insects with nectar, and
then coat their legs with pollen to
carry to the next plant. Plants also
develop tasty fruits around plant
seeds to entice animals to swallow
seeds, and then defecate those seeds
miles away.

Plants enrich every corner of
human life, even beyond food and
oxygen. From invaluable herbs -
plants with medicinal or flavour
value - to towering trees made from
woody tissue, our original go-to
construction material, plants prop up
our civilisation. High-five one today.

b

Ferns reproduce in a different »
: - Way from flowering plants

1. The carpel
The female centrepiece of a flower
comprises the ovaryand a slender

neck called the style, which hasa
sticly top called a stigma.

Life cycle of
a ﬂowenrrnﬂ
pla

6. The ovary
The ovaryincludes
multiple compartments 2. The stamen
called ovules, each The [lower's male members include
housing one this stalle-like filament, topped with
sametophyte the pollen-producing anther.
—technically, a tiny
female plant. 3. The petals
Flower petals are like a neon
sign designed to attract insects
that come for the free nectar,
then unintentionally carry
pollen to other flowers.
4, Gametophytes

Inside each anther, gametophytes

- -technically microscopic male

7. The embryo sac 7 plants -are encased in pollen grain

Ineach ovule, cells divide to forman capsules. Each includes two sperm

embryo sac, which includesan egg, two cells and a tube cell.
nuclei and an opening for the pollen tube.

. 5. The stigma

Pollen grains sticlto the stigma

at the tip of the carpel, and

. produce a pollen tube down the

. styleand ovary.

11. The seed

¢ The casingsurrounding the

ovule hardens around the

embryu, to form aseed. When

it has ample warmth,

10. The embryo moisture, and oxygen

Through cell division, the |ty pically in the spring), the

zygote feeds off the endosperm. £ seed germinates - thatis, begins

to grow into an adult plant,

8. The pollen tube 9. The zygote

When the pollen tube reaches and One of the spermcells fertilises the epg, creating

penetrates the ovule, it releases the
two sperm cells into an embryo sac.

azygote, The two nuclei and the other sperm cell
fuse to form a food supply called endosperm.

4. Prothallus 3
Each spore grows intoa % oz -
called a prothallus. Thisis agj;:;.-:; = Y X ik \ 'e e
much bigger than the eada ’:};"ﬁ- { Y £ 0 R
ety ¢ of a fem
flowering plants. 57 %‘i&' > -
4 1. The adult fern
Ferns date back 360 milllon years, .
making them more than 2.5 times older 6. Archegonia
than flowering plants. \\ Sperm from another prothallus
Vi fertilisesthe egg inside the
archegonia, to form azygote.
S Sron 5. Mature gametophyte
When enough spores 3 :
form, they burstopen The prothallus grows both a female
thep:Jdarrd disperse | sex organ the archegoniajand a
il e male sex organ (the antherida),
" which produces sperm.
2. Sporangia 7. Young fem
Inside these hard pods The zyzote grows into a young
onthe underside of fern fern, and the prothallus
fronds, spore cells multiply. structure withers away.
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* PLANTS & ORGANISMS

Most
unusual

The sensitive plant
Touch a leaf on the sensitive plant,
also known as mimosa pudica, and
an electrical current activates
sudden water loss, causing leaves to

drop abruptly. This imitation of an
animal scares pests away.

DPhurach han 20

Many species, collectively known as
myrmecophytes, have evolved to be
ideal homes for ant colonies. In

return, the ants viciously attack any

corpse flower

This flower can grow to be o.9m (3ft)
wide and 11 kilograms |24 pounds). It
mimics the smell of rotting meat in
order toattract carrion-eating
insects, which then spread its pollen.

Snowdonia hawkweed
This Welsh flower is possibly the
world’s rarest plant. Botanists
thought it extinct in the early-Fifties,
but in 2002 it made a surprise
reappearance near Bethesda.
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Plant plumbin

How transport wo

Internal transportation systems
in plants move water, food and
other nutrients between roots,
stems and leaves, This system is
the ltey adaptation that allowed
plants to evolve elaborate shapes

and towering forms.

Upper epidermis

Thewaxy cuticle on the epidermis
keeps the plant from drying out.

Palisade mesophyll

These cellsare rich in chloroplasts,
which are integral in photosynthesis.

Xylem vessel

Thesevessels carry water, with dissolved
minerals, from the roots to leaves.

Phloem vessel

These carry food created in photosynthesis
from leaves to the rest of the plant.

Diffusion
Thiswater vapour exits the plant through leave
openings called stomata. This continual exit of
water creates negative pressure, which effectively
pullswater up the xylem from the roots.

The root of it:

How absorption works

Roots soak up water
through osmosis - the
drive for water to move
through a cell membrane
from a less concentrated
solution to a more
concentrated solution, in
order to achieve
equilibrium. Cells in roots
have a higher
concentration than the
surrounding water in the
soil, so the water flows
into the root.

Movement
of water

Water moves from
the xylemvessels,
which run from the
roots to leaves, into
the mesophyll cells.

Evaporation
Water along thewalls of
] the mesophyll cells
E evaporates, forming
= water vapour.

E]

Spongy
mesophyll
Mesophyll cells fit
together to form most of
thetissueinaleaf.

Lower epidermis
The lower epidermis can be
thinner than the upper
epidermis, since it doesn't
getdirectsunlight.

Stoma

Guard cells alongside each stoma (pore in the leaf)
openwhen sunlight and humidity are high.

Flower stigmas come
invarious shapes

Insectsseeking nectar pick
up pollen on their legs

2. Water enters xylem

Pressure from osmosis pusheswater into
xylemvessels in the root core.

1. Root hairs

Thin hairs extending from the
root increase the surface area
for osmaosis, and so handle
mostwater absorption.

3. Water enters
the stem )
Water continues
tlowwing through the
xylem, upinto the
above-ground stem,
helped along by
negative pressure in
the leaves, created by

evaporating water,




DID YOU KNOW? We eat only about 2oo of the 3,000 known rainforest fruits, while indigenous peoples use more than 2,000

In Greel, photosynthesis means
‘putting together’ (synthesis) using
‘light’ (photo), and that's a decent
summary of what it's all about.
However, photosynthesis doesn't
actually turn light into food, as you
sometimes hear: it's the power source
for a chemical reaction that turns
carbon dioxide and water into food.

The energy of light protons
temporarily boosts the electrons in
pigment molecules to a higher energy
level. In other words, they generate an
electrical charge. The predominant
pigment in plants - chlorophyll -
primarily absorbs blue, red, and violet
light, while reflecting green light (hence,
the green colour). In some leaves,
chlorophyll breaks down in the autumn,
revealing secondary pigments that
reflect yellows, reds, and purples.
Pigments are part of specialised
organelles called chloroplasts, which
transfer the energy of excited electrons
in pigments to molecules and enzymes
that carry out the photosynthesis
chemical reaction.

Coloturful petals age rin._’_w’gﬁ:"-.rl'
' -"i to atﬁ&insecls

_

Inside the food facto
How photosynthesis wo

Harnessing sunlight Expelling oxygen
Chlorophyll and other pigments absorb The oxygen from thewater isn't
energy of light photons from the Sun, necessary to malke food, so the

plant releases it through pores
called stomata.

Vacuole
Nucleus Among other things,
The cell nucleus this organelle
houses genetic contains water that
instructions helps maintain the
(DNA}and relays turgor pressure that
lﬂhsullgt':ﬂ':ﬂﬂm keeps plants erect.
the resto
the cell.

) Making food
Breaking Through additional
water down reactions, the plant
The energy from converts glucose
light brealiswater intoa range of
molecules down useful compounds.
into hydrogen Sucrose acts as plant
and oxygen. fuel, starches store

energy for later,
proteinaids cell
growth, and
cellulose builds
cellwalls.
Chloroplast
These arethe engines
for photosynthesis. A
typical leaf palisade
. & DK Im: cellincludes upto
gﬂ:ﬁ dioxide - 200 chloroplasts.
Plants getall the CO=
they need from the air.
COz combines with
hydrogen to make

glucose, asimple sugar,

How much of the
net is covered
forest?

4o million sq km (15, 444,100 59

miles), or a third of the Earth's

land area, iscovered by forests.

14% Rest of the world

20% Russian Federation

12% Brazil

8% US

A% Canada

5% China

4% Australia

3% Democratic
Republic of Congo

9 2% India

10 2080 Indonesia

11 2% Peru
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Bunchberry dogwood
This shrub holds the ‘fastest plant’
record. When its flower opens,
stamens fling out like a catapult,
propelling pollen at 8oo times the

The different species of parachute
flower have long flower tubes lined
with inward pointing hairs that
temporarily hold insects trapped,
to ensure they end up covered in

pollen before exiting.
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Welwitschia mirabilis
This so-called ‘living fossil’ plant of
the Namib desert in Africa grows
only two leaves, over hundreds of
years. They grow continuously,

however, and can extend more

Also known as butterworts, these
plants are coated in super-sticky
digestive enzymes that absorb
nutrients from all manner of bugs
that happen to get trapped.
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See the leaves

for the trees

Yew willow become an expert at identifying leaves
with our handy guide

Maple

You might recognise this leaf from
Canada's national flag. A maple tree's
leaves usually have between three and
nine lobes, and are arranged opposite one
another on the branches.

Alder

Each alder leaf will have six to eight pairs
of veins which are quite sunken in
appearance. These leaves remain on the
tree until quite late in the year,

Horse chestnut

Each horse chestnut leaf is narrow at its
hase but broadens out towards the tip. All
the leaves have a central vein that is quite
prominent, along with a serrated margin.

042

Ash

Ash leaves form in pairs; each central
stermn will bear nine to 13 leaflet pairs with
one leaf at the tip. All leaves are pointed
and toothed, and have tiny hairs on their
lower surface.

Lime leaves are generally heart-shaped
and in an alternate arrangement, The
margin is made up of tiny teeth and the

underside has prominent veins protruding
from its surface.

Elm leaves are characterised by their
asymmetrical base and the way they taper
to a sudden point at the top. They also
have a jagged, saw-toothed edge and a
rough, hairy surface.

N

4

These form in a rosette formation and

range from five to thirty centimetres (two

to 1.2 inches) in length. Generally, they are
eqg-shaped and are often hairless,

Hazel leaves are almost completely round
other than the section nearest the tip
which is slightly pointed. It has a
noticeable toothed edge with a hairy
underside and stalk.

Hawthorn

Hawthorn leaves have a simple structure
and tend to have a similar sized breadth
and width. Many hawthorn hedges were
planted during the Tudor period to mark
farmland boundaries.

o

Oak

There are two main types of oak tree, the
sessile oak and the pedunculate oak
{which has a shorter stem). Oak leaves are
used by the US Army as a rank symbaol.

Willow

Willow leaves tend to be long and thin and
will alternate along the stem. As they
mature, they lose many of their minute
hairs and become a duller green on top,
while the underside remains silver,

Acacia leaves are classed as compound
pinnate, as they form in pairs with a single
leaflet at the end of the branch. In hotter
countries, acacia stalks flatten to protect
the leaves from intense sunlight.

Sycamore A
Sycamore leaves always have five
distinctive lobes, along with five vains
radiating from the base into the lobes. The
leaf edge is quite ragaged, with multiple
rounded teeth all the way around it.




DID YOU KNOW? Plonts have evolved different shoped leaves to cope with a range of environments

Clover ,

The clover leaf is typically trifoliate (has
three leaflets) but the current world
record is an incredible 56 leaflets! One in
ten thousand have four leaflets instead of
three, which many consider to be lucky.

Strawberry

Strawberry plant leaves typically have three
lobes and are dark green in colour. The leaf
edge is jagged and curves upwards as the
leaf unfurls, before flattening as they grow.

Red oak

Red oak leaves differ to those of white oaks
in their lobe shape - red oalks have pointed
lobes rather than round ones, Most red
oaks have large leaves that are at least ten
centimetres {four inches) in size.

o',

Dog rose

Between five and seven dog rose leaves
form in compound pairs along each
branch. These leaves are usually hairless
and dark green in colour, with a slightly
lighter underside.

Water lily

Water lilies are famous for their round,
waxy-coated leaves which sit on top of
long stalks. The leaves protrude out of their
freshwater habitat and float on the surface.

Fern branches are known as frands which
consist of a stalk with leaf-like growths
sprouting from it. These leafy growths
have a feathery structure and are
commonly known as pinnae,

Lilac
Lilac tree leaves are characterised by their
tear-drop shape which is rounded near the
stermn with a long 'drip tip' at the other end.
They are dark green, and grow up to almost
12 centimetres (five inches) in length.

Beech

Beech leaves have a simple structure and
appear altermataly along the branches, When
they first form, the leaves are light green and
hanve small hairs. Once they mature, they
darken and lose the small hairs.

Cottonwood

Cottonwood leaves have an unusual
triangular shape, Their petiole (which
attaches each leaf blade to the stem) is a
very important feature; it is flattened
sideways to enable the leaf to move in a
certain way in windy conditions.

Celandine

The leaves of the greater celandine are
heavily lobed and are a grey-green colour.
Celandine leaf is used to form a herbal
supplement to treat digestive disorders,

White poplar

White poplar leaves typically have a
number of irreqular lobes, however, those
nearest the branch tips have three to five
deep lobes. All leaves have a green upper
surface and thick hair on the underside.

2
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Stinging nettle

The stinging nettle plant has fine
toothed, tapered leaves, which can grow
to 15 centimetres (5.9 inchas) in length,
These almost heart-shaped leaves can be
eaten when cooked and work well as a
spinach substitute.

Rowan

The rowan tree (mountain ash), has

compound leaves with up to 21-paired
leaflets. Each has a serrated edge with
small teeth and grey hairs underneath.

Bramble

Each bramble branch will have between
five and seven leaflets growing from it, all
of which have a particularly jagged edage.
An army of sharp thorns grow on each
stem, providing protection.

Elder \

Each leaf is longer than it is wide, with a
sharply toothed edge and small hairs on
the underside. The leaves usually feature
between five and seven leaflets in an
opposite arrangement.

AN
London plane

Similar in style to the leaves of a maple or
sycamaora, leaves of the London plane are
lobed and veined, with a darker top surface.
Before they fall in the autumn, they turn a
distinctive yellow or orange colour,
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Poisonous

"It takes four
castor seeds to

plants :
killa human, but

They may look harmless, 80 to kill a duck”
but some species of flora
can be fatal

here are lots of delicious and nutritious

plants growing in nature, but there are

also some that you should definitely keep
off your plate. Even the most tasty-looking berries
or succulent leaves can contain deadly poisons,
while other plants are even harmful just to touch.
Itisthought that these poisonous plants evolved
to contain their lethal toxins as a form of self-
defence, poisoning the animals and humans who
dare to eat or touch them to stop them from
coming back for more. However, some plants
affectanimals and humans in different ways. For
example, it takes just four castor seeds to killa
human, but 8o to killa duck.

To make matters even more confusing, itis
sometimesthe case that only part of the plant is
poisonous, For example, the stalks of rhubarb
plants are great ina crumble, but eating the
leaves, which contain oxalicacid, can cause
nausea and vomiting. In other cases, toxic plants
canactually benefit your health, as it has been
discovered that the poisonous taxane alkaloids
found in Yew trees contain chemicals that can be
used tostop cancer cells from forming. Don't go
munching on its leaves though, as you'll be left
feeling rather unwell.

Poison hemlock
(Conium
maculatum)

All parts of poison hemlock
contain toxic alkaloid
compounds that, when
ingested, can cause seizures, J
tachycardia and paralysis.
This can lead to respiratory
failure and ultimately death.

Golden chain
(Laburnum)
Laburnum seeds are

" carried in pods, which
look like pea pods, but
shouldn't be eaten.

- The plant contains the
poisonous alkaloid

Y eytisine, which can be
deadly in large doses.

Foxglove (Digitalis)
Ingesting any part of this
popular garden plant can
result in severe poisoning.
The cardiac glycoside
toxins it contains can
cause vomiting and
diarrhoea, and in severe
cases, visual distertion and
heart problems.

—

Poison ivy
(Toxicodendron
radicans)
Damaged poison ivy
releases urushiol oil. Ifit %
makes contact with skin, it } |
can cause a painful rash.

Some people may have a
more severe reaction, \
leading to swelling of the

face and throat.
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Yew (Taxus)
Highly poisonous
taxane alkaloids can be
found in all but the flesh of the
berries of this evergreen tree.
Once ingested, there are
sometimes no symptoms until the
victim collapses and dies.,




DID YOU KNOW? Eye surgeons sometimes use tiny amounts of the toxin found in deadly nightshade to dilate patients’ pupils

Cuckoopint
(Arum
maculatum)

Castor oil plant 11l This unusual-looking

(Riﬂi nus commu I"IiS] S plant contains calcium
The seeds of this plant | oxalates, needle-shaped
contain ricin, a toxic chemical . F“’F’tals that f’a"fSE
that stops proteins being irritation and swelling
made in cells. Once ingested, of the mouth and
they can cause vomiting, throat, leading to
diarrhoea, seizures and breathing difficulties
eventually organ failure. S SIOTRER PR,

-
:gm'!"} 1
g

.I'I:

g
e False hellebore

Monkshood (Veratrum viride)

(Aconitum) _ ) Also called Indian poke, all parts of
Simply brushing up against ; the plant contain steroidal alkaloids,
this plant can be which cause nausea and vomiting

dangerous, as the - Bh when eaten. It lowers blood pressure (W7, S Oleander (Nerium oleander)
aconitine toxin it contains 7 " N and slows heart rate. N 4 This ormamental, evergreen shrub

can be absorbed i, b / - : ™™ 7 g v, contains cardiac glycoside, which can
through the skin. This ' T i ol Bl prove fatal if ingested directly or if food
can cause paralysis Sy has come into contact with the plant, and
of the heart and - A v, . it can irritate the skin when touched.
airways, and - i

eventually death.

1)

£ FrankVincentz; Hans Kaderedt; Mick Talbar; Tion Macaaley; H, Zell;
lam W, Fieggan; Mivier Pritchard; Ton Bulleens; Walter Siegmund

When How to avoid

gardening, wear

B i K. . e poisonous plants

prevert ol . When outdoors, it is always best to be cautious around Deadly nightshade

danggrous e “ R unfamiliar plants, and avoid touching or eating them (Atropa

pla rﬂ_;::" lr_':]r"' O AR s ¢ unless you know they are safe. If you do have a reaction bellagunna}

coming into or become unwell after touching or ingesting a plant, Its ripe berries may look

n:-::ntau:t. with visit a doctor straight away and take a piece of the appetising, but eating just

YOURSKIN plant with you. This will help them to identify it and two is enough to kill a
determine the best cause of treatment. For many child. The plant contains
poisonous plants, there is no antidote available, but if tropane alkaloids, which
caught early enough, the symptoms can usually be cause hallucinations and
treated to avoid serious health problems or death. attack the nervous system.
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DID YOU KNOW? 'Pando’ is a colony of quaking aspen trees in Utah, which has a single root mass and is around 8o,000 years old
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Woodland wildlife

Forests are home to more wildlife than any other landscape
rom leaves to barlcand everything in & e Pas _— a T|'Ie big Sleep

useful to one critter or another. Large > e ! g animals than when it comes to
populations of trees create many varied B 5 2 ' bedding down for the winter

habitats, from pine forests to wet woodlands,
each with different ecological propertiesand a Bats
L Three guarters of British
bat species roost in trees.

unigque wildlife population.

Insummer, when a tree’s leaves are in full They need a cool, stable place
bloom, the dense foliage of the woodland to use for hibernation.
canopy absorbs the Sun's energy, providing # ' S
shade and regulating the woodland’s climate.
Similarly, in the winter months, the dense
network of leaves and branches are an
effective barrier against pouring rain and
howling wind, sheltering the animals within. :

Green leaves, buds, fruitand bark provide | Ladybirds
food for many animals, such assquirrels, deer | H::;;E ot
and birds. Atree’s branches make handy : | colder, ladybirds find a
perches for feasting upon, or a perfect vantage |  safe spot under tree

. L ) : bark, huddle together
point to lie in wait for prey. Refuge is also found and wait out the chill.
high up in the branches, safe from the clutches w
of forest-floor predators. |

Lines of trees can also connect different
ecosystems together, providing green
corridors for animals to cross between
different habitats, maintaining the flow of food
and nutrients throughout the countryside. s

The tree’s structure itself provides plenty of H
nooks and crannies for wildlife to hide in. ' 3 Between November

) ] and April, dry leaves in
Birds build nests on branches or hollow out the hollow trees make the perfect
bark, insects live on the underside of leaves, bed for a sleepy hedgehoq.
bats and dormice seel out tree cavities for
refuge and burrowing critters weave
throughout the roots. Even when a tree diesit’s
useful: leaf litter creates a rich mix of nutrients  *
on the forest floor for scavengers, and dead
wood can support countless plants, insects
and fungal species.

o - "1,,-:"-.

" -dawny owls make theiEns
AWy . :
homes in hollows of thees; ;
" “sheltering from the elemenisgh” o

Badgers Moths Bears Dormice
Badgers live in Depending on the These great beasts Found living in
tunnel networks time of year, moths will collect leaves, deciduous

known as setts. Tree roots and caterpillars can use branches and brushes of woodland, dormice make
make these underground branches for hibernating in  trees to create awarm bed  cosy nests to keep out of
dens more stable. large groups. to curl upin. the winter chill.




DID YOU KNOW? Itis estimated that all of the world's forests combined absorb 8.8 billion tons of carbon dioxide per year

The world’s tallest trees

— 120m
Giant redwood, Sequoiadendron 4
giganteum (California - tallestin L
the world) 115m  Jj°
o 7
> L
— 100m o Loy
cesegeensn Big Ben 96m : '
................................................................................................................................................. Et-EI'I'LIE l:]f LihEI"t'_lf 93"1 .
— 20m

l.l||l|||.al|..||l|||.a|l.l||l|||.|l|.I||l|||.l|l.l||l||I|l|.J||l||ll|IJ||.J||I|lld||.a||ll|.a||.J.||I l.alu-al ||||||||| Harﬂ tr'EE-",

P UM . g, Eucalyptus
s diversicolor,
{Portugal - tallest
in Europe) 72m

Coast Douglas fir,
Pseudotsuga menziesii
(Scotland - tallest in |
the UK} 66m

— 40m

— 20m

Height (m) Trees versus buildings

The importance #£!

thrive in the warm,

humid climate of

of trees

The forest does far more for us humans than provide
beautiful walks and firewood

T rees are the lungs of our planet. As a key climate change, the work of trees becomes all laden surface soil with it. This leaves land
part of the carbon cycle, when trees the more prominent. It's estimated that our barren and infertile - a disaster for agriculture
photosynthesise to make theirown food,  planet’s trees absorb up to 40 per cent of the and those who depend on farming for their
theytake in carbon dioxide and convert it to carbon dioxide created by humans each year. livelihood. Flash floods wreak havocand
release oxygen, storing the rest of the carbon When the trees are cut down, this carbon threaten human life, and have been directly
that gets decomposed into the soil when the tree  storage is removed, but so is the tree's ability to linked to the removal of trees across the world.
dies. When a whole forest does this, the intake stabilise the earth and take up water. Downstream, the soil that has been removed by
0f CO_ is huge. With rising CO_levels in our Deforestation creates a landscape where water floods is deposited as the flow peters out, and
atmosphere being an important factorin flows uninterrupted, taking valuable, nutrient- can clog up dams and create further issues.
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How do

cacti ive?

Talce a closer look at the materials and
mechanisms cacti use to survive in the world'’s

harshest environments

Spines

Cacti donot have
the leaves of standard
plants, but thormy
spines, These grow out of
specialised structures
(called areoles) on its body
and help collect rainwater
and moisture from the
atmosphere, They alsoact
asadeterrent to herbivores.

Roots

Cactl roots arevery
shallowand havea
wide-spreading radiusto
maximise water
absorption. Thesalt
concentration of cacti root
cellsis relatively high,
aiding absorption speed.
Larger cacti also lay down
adeeper tap root for
stability purposes.

actiare hardy, flowering plantsin the

caryophyllales order that have evolved to

survive in some of the Earth’sdriestand
most barren landscapes. This unceasing survival
isachieved through the specialised tailoring of
two main principles: form and function.

First, all cacti have developed optimal forms for
retention of internal water supplies (spheres and
cylinders), combining the highest possible
volume for storage with the lowest possible
surface area for loss. This allows cacti to store vast
quantities of water for elongated periods - for
example, the species Carnegiea gigantea can
absorbs,000 litres in a mere ten days. This ability
directly correlates to the typical weather patterns
ofEarth’s barren, dry environments, where cacti
are predominantly found, with little water being
deposited for months on end, only for a short

050

Spines gather moisture and also
serve as a defence mechanism

/
|

4
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Tissue

The main bulk of the
cacti’s body comesin
theformofa
water-retentive
tissue, oftenin the
optimal shape for
storage (a sphereor

cylinder). At the
centre of the body

tissue lies the stem,
the main organ for
food manufacturing
and storage.

Skin
Theskinofacactusis

specially adapted to

" reduce the harsh effects of
constant sunlight. Itis
constructed froma tough
and thick fibrous sheath
and coated withathin
layer of wax. These
factors, in conjunction
with its optimal shape,
aid water retention.

monsoon to follow in the rainy season. This
optimal structural form also grants much-needed
shadow for lower areas of the plant, shielding
them from the harsh sunlight,

Second, cacti have evolved unigue
mechanisms and adapted traditional plant
functions to grow and thrive. Foremost among
these changes are the cacti’s spines, elongated
spiky structures that grow out from its central
body though areoles (cushion-like nodes). These
act asa replacement for leaves, which would
quickly dieif exposed to high levels of sunlight
and high temperatures, The spines havea
membranous structure and can absorb moisture
directly from the atmosphere (especially
important in foggy conditions) and also from
deposited rainwater, capturing and absorbing
droplets throughout the body’s spiny matrix. In

l
_ riiH.,

it

Flowers

All cacti have a floral tube
that grows above a
one-chamber ovary. Cacti
fowers tend to be solitary,
large and very colourful, and
are pollinated by both wind
power and animals. After
pollination, the entire floral
tube detaches from the body.

!

© Thinksioe:

addition, due to the lack of leaves, cacti have
evolved so as to undertake photosynthesis
directly within their large, woody stems,
generating energy and processing stored water
sately away from the intense sunlight.

Finally, cacti have modified their root
structures to remain standing stable in the
brittle, parched earth. Cacti rootsare very
shallow compared with other succulents and are
spread out in a wide radius just below the Earth's
crust. This, in partnership with an intense salt
concentration, allows cacti to maximise their
access to and absorbability speed of ground
water, sucking it up before it evaporates or
trickles down deeper into the Earth. For stability,
many cactialso extend a main ‘tap root’ further
into the Earth, in order to act asan anchor against
high winds and interference from animals.




DID YOU KNOW? The first commercially cloned aonimal was a cat, Little Nicky. Born in 2004, it cost its owner £30,000 [$50,000]

How are plants cloned?

Find out how we make identical copies of plants and what benefits this offers

he process of cloning plants has been
used inagriculture for centuries, as
communities split roots and took
cuttings to efficiently create multiple plants.

Taking a cutting from near the top of a plant,
placing it in moist soil and covering it will
enable a new offspring to grow with the same
genetic code asthe parent from which it was
taken. This method of cloning is very easy to
do and is common among casual gardeners
and industrial farmers alike. However, in more
recent years the cloning of plants has made
its way into the laboratory.

Responsible for that shift is German
physiologist Gottlieb Haberlandt who was the
firsttoisolate a plant cell and then try to grow
an exact replica of the parent. His attempt
ultimately failed, but the experiment showed
enough promise to convince others to follow in
his footsteps. The likes of Hannig in 1904 and
Kolte and Robbins in 1922 ran successful
experiments in which they also cultured plant
tissue to create new versions,

The main benefit of cloning flora is that
growers are able to guarantee disease-free

Plant duplication guide

Discover how plants can be cloned in the
lab through the process of cell separation

Sample taken

Tissue is scraped from
the root of the plant.

Separation
The cells are separated

0.9
~O
Cells o

transform o
Placed in a dish with
nutrients, cells turn
into undifferentiated
callus tissue, which
can be cultured into
new plants with
growth hormones.

-
-

A plantlet grows its own
roots and is repotted.

out under a microscope.

plants by cultivating cells from strong and
healthy ones, leading to higher and more
reliable crop yields. By taking cuttings from
proven strains, a farmer can be sure his next
generation of crops is equally successful.

Back inside the lab, the development of
cloning through cultivating plant tissue allows
for many plant species to even be adapted and
improved upon. However this genetic
modification remains a controversial topic to

many people, as some expertsargue wecan't
predict what the consequences of this human
interference will be.

Plant cloning can be as basic as snipping off
a stem from a begonia or as complex as
growing a tomato plant in a solution of
inorganic salts and yeast extract, but
nevertheless the process by which you can
create two plants out of one remains a triumph
of natural science.

k4

Dolly lived to be almost
seven years old .

What about animals? )

Most of us are aware of Dolly the sheep, the first
animal cloned from an adult cell, but artificial
cloning dates back to the late-19th century. Hans
Dreisch created two sea urchins by separating two
urchin embryo cells from which two offspring grew,
proving that DNA is not lost through separation.
The next big development came in 1952 when a
frog embryo was cloned by inserting the nucleus
from a tadpole's embryo cell into an unfertilised
frog egg cell. But the creation of Dolly in 1996,
cloned using a mammary cell from an adult sheep,
led to hopes that one day we might be cloned as
well, There's still a while until a human can be
replicated, but Dolly represented a huge leap
forward in terms of cloning possibilities.

Laboratory plant cloning
is used for scientific

-h.\\_
- '/
research and to devel

ﬂrnngenr strains ‘ -

T --il-
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Surviving extreme Earth
Explore our planet’'s wildest
environments and make it
out alive

Antarctica explored _
Earth’s coldest, windiest, highest
and driest continent

Extreme oceans

Counting down the deepest,
deadliest and stormiest
environments on Earth










Roald Amundsen beat Robert Scott to the South Pole by 34 days, despite Scott beginning eight weeks earlier

SURVIVING
EXTRENIE

EARTH

The skills you need to journey into the
wilderness and get out again alive

or many of us, the toughest conditions
we’d ever have to face would probably be
walking the dog in the bucketing rain.
However, outside of the urban sprawl there are
some places on Earth that aren't so hospitable

F

to humans. While mankind has successfully
populated large areas of the planet’s land
surface, there are still many places you
wouldn't dare to venture unless you really
enjoy a challenge or have just got horribly,
horribly lost.

History is littered with people who have
faced the biggest tests this planet has to offer,
whether deliberately or accidentally, and lived
to tell the tale, but many have fallen victim to
frozen wastes or scorching plains. Even the
best-prepared adventurers can come unstuck
in the face of the amazing force of nature.

Over the next few pages we trek across
deserts in search of water, dredge through
jungles and scale icy mountains to uncover the
dangersyou're likely to come up against. Find
out the equipment and skills needed to survive
- some of the most mind-boggling environments,
where temperatures can plummet in hours,
winds can reach breath-taking speeds and
poisonous frogs can kill you where you stand.

We're not saying we will instantly turn you
into the next Ranulph Fiennes, but it will

hopefully give you a fighting chance should you

; SRR e - find yourself in the depths of the Arctic Circle or
I o o ' ' : in the middle of the Sahara.
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. #4-:.;;- .. Earth’snorth and south extremities
%,%# ‘?? are among the most inhospitable

“~  placesonthe planet. Eveninthe
summer, temperatures are freezing and winds
can reach up to 327 kilometres (200 miles) per
hour, soit’s no wonder the cold is the biggest
killer here. [f you're trekking across snowy
wastes, better pack your thermals. Shrug on
multiple layers of breathable fleeces and keep
them dry. Any water will instantly freeze, as
will any exposed flesh, Even nose hairs and
eyelashes start icing over in minutes, so
covering up is key.

Your body will respond quiclkly to the heat
loss by tightening blood vessels near your skin.
This is the reason we look paler when we're cold
and why our fingers and toes become numb.
Meanwhile, your muscles will start moving
involuntarily, causing you to shiver. It can boost
heat production by up to five times, but that uses
up a lot of energy so you'll need to keep eating
and drinking. Consume six to eight litres (10.6 to
14 pints) of water every day and around 6,000
calories, three times the typical recommended
daily allowance. You can get this by melting
butter into your food or munching on chocolate
and bacon, so it's not all bad|

Aword of warning, though: keep your eyes
peeled. Hungry polar bears, particularly those
with cubs to feed, can be very aggressive and
they are masters of disguise. Flares and loud
noises will often be enough to scare them away,
but it's nota guarantee. You'll also need to watch
your step as you go, as slipping through a crack
in the ice can send you plummeting into the
freezing cold ocean. It's generally safe to walk
onwhite ice, but grey ice is only ten to 15
centimetres (four to six inches) thick and prone
to cracking under pressure, while black ice is to
be avoided at all costs since it will have only just
formed. Tread very carefully, stay wrapped up
and keep on the move if you want to have any
hope of survival.

Amazing animal

The arctic fox is an incredible little animal, well
adapted to living in one of the harshest
environments on Earth. Its furry feet and short
ears are ideally suited to conserving heat in the
unforgiving, freezing environment. Its coat is also
adaptable; while its habitat is snowy its fur is
brilliant white, hiding it from both prey and
predators. Howewver, as the ice melts, its coat
turns brown or grey to hide among the rocks of
the region. The arctic fox is an omnivore, feasting
on rodents, fish and birds, but it will also eat
vegetation when meat is difficult to find.
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Beat the freeze

How to stay alive when you're freezing to death

EARTH'S LANDSCAPES

Polar bears are the
Arctic's deadliest huntfrs .

-
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area so-finding food
is-tough

step as one wrong
move can plunge you
into icy waters

Goggles

The best goggles have a
photochromic lens to help
ward off glare from the ice
and make sure you seeg
cracks and holes.

Life-saving kit
A rundown of what to wear to stay warm
Hat

A hat with ear flaps that
covers the head and neck

is vital. A strap to secure it Balaclava

on the head will be useful You'll need to cover up as

in high winds. mich as possible, s0 a
woollen balaclava will keep
the most heat in.

Thermal shirt

Your base layer should be a

thin, thermal insulating top Mittens

that wicks any sweat away Althnugh gl_m-'es nﬂer more

from your body. dexterity with actions,
mittens are better as they
keep your fingers together

Jacket and much warmer.

Your jacket will need to be
both wind and waterproof
to keep vou dry and warm.
Wrist holes in the cuffs

keep it securad,
P Trousers

Waterproof and windproof
trousers are a must. Make
sure they are also
breathable, however, as
you don't want your legs to
become sweaty and lose
valuahle fluid.

Boots

Warmth is vital - literally

- 50 fleece-packed boots
are good. Straps are better
than laces but don't fasten
them sa tight it cuts off
the blood supply.




OI0 YOU KNOW? USA, Russia, Norway, Conoda aond Oenmark all lay cloim to territory in the Arctic, but none are allowed to own it

Ice fishing

Make a hole in the ice with an auger - a kind of
drill that bores large holes. The ice you bore on
should be light grey and about 15 centimetres (six
inches) deep. Produce a hole approximately 0.5
metres (1.5 feet) in diameter. Set up your chair
one metre (three feet) away from the hole and
hold your rod over the top of it, with the line
dangling in the water. The rod should only be
about a metre (three feet) long and made of a
sturdy material. Drop the baited line down around
two metres (seven feet) and wait for a bite. Reel it
in and keep it chilled before cooking!

.11
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This simple tool can
find you a life-saving
source of food
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OF ICE
2,126
METRES [6,975 FEET)
EQUIVALENT TO 6.5
EIFFEL TOWERS
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ANTARCTICA'S ICE ACCOUNTS
- FOR 70 PER CENT OF THE WORLDO'S
- FRESH WATER

& MILLION
PERMAMNENT
INHABITANTS IN
THE ARLCTIC, NONE
TN ANTARCTICA

IFALLTHEICEIN
ANTARCTICA MELTED,
THE SEA WOULD RISE

58M [190FT]. THE

STATUE OF LIBERTY
IS 93M [305FT] TALL

Survive the night

Build an igloo for protection

T
|

Find your spot
The first trick to making your igloo is to build it on the
side of a slope. This will mean less building for you to do.
Dig a trench in the snow around 0.6m (2ft) deep. Get in
and slice out blocks of packed ice from either side of the
trench to ensure they are nice and uniform.

Dig yourself in

Dig another trench into the side of the hill. It should be
about 0.5 metres (1.6 feet) wide. This is the entrance
trench. Leave a gap and dig another hole, but don't make
it as deep as the entrance trench. This is your sleeping
chamber, so make sure you fit in it!

Construct the walls

Stack the ice blocks in a circle around the sleeping trench,
leaving a gap around the entrance trench. Over the
entrance trench, stack the blocks in a semicircle, Make
the entrance tunnel as small as possible to minimise heat
loss. Rub water over the blocks to fuse them together.

057




@ EARTH'S LANDSCAP!

cw - -
- = L

- S " S .

o ' ™, ._.l"_-.

e E £ il - 4 e 4 e,
. e

Get o Ie

ES

&

Uncovering the dangers that lurk beneath the canopy of trees

Few places on Earth house quite as

many things that can kill you in so

many ways as the jungle. From snakes
to poisonous frogs, berries to rivers, anyone
walking through the jungle needs to have their
wits about them at all times.

The most obvious threat will come from big
animals like tigers and jaguars that inhabit the
jungles of India and the rainforests of South
America respectively. Your best bet for evading
these huge predators is to stand still and hope
you weren't seen, or runand hide. If you are
spotted, make yourselfas big as possible and
shout loudly as this will surprise and
intimidate them.

Don't be fooled into thinking the smaller
critters pose less of a threat, though. Many can

Tigers in the jungles of
India are deadly p_red-aLur::
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be deadlier than the big cats. The golden poison
dart frog is particularly lethal to humans, as it
has enough poison to kill ten adults. The poison
is held in their skin, so eating or even touching
one could have disastrous consequences. Add
in the dangers of snakes, mosquitos, piranhas,
crocodiles and bears, the jungle is nota place
for the faint of heart. Take plenty of DEET-based
insect repellent and make lots of noise as you
travel so as to ward off creatures that would
attaclk you out of fear or surprise.

While on your travels, be on the lookout for
your next meal. On the menu will be fruit,
plants, insects and fish, but yvou'll need a book
to help weed out the edible from the poisonous.
Avoid anything that's brightly coloured,
because thisis often an evolved defence

)

¥

mechanism towarn against eating that
particular plant.

But while it's possible to survive for about 60
days without food in warm conditions, you'll
last less than 72 hours without water. Always
ensure you have a filtration device or water
purification tablets to make the water safe, or
catch rain before it has hit the ground to
prevent catching diseases like cholera.

Although there are a multitude of things that
can kill you in the jungle, being clued up on
what you canand can't eat and how to avoid
predator attaclks will help enormously. If you're
lost and ready to scream “Get me out of herel”
then following water will take you out of the
jungle to the end of the waterway. Ant and Dec
almost certainly won't be there to meet you.
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THE NUMBER OF ADULTS
A GOLDEN POISON FROG
ONE GO
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Amazing
animal

Bonobo monkeys are

found in the jungles of the

DR Congo and are one of our

closest relatives. They share

over 98 per cent of our DNA and have an
astonishing ability to mimic human behaviour,
including using tools and solving problems.

They have adapted superbly to life in the
jungle, surviving on a varied diet of fruit, plant life
small rodents, insects, and even soil. This
flexibility means they will never go hungry.

They are extremely social animals, living
together in groups of up to 100. The females
move from group to group to prevent inbreeding
and the males stay in their social groups for life.
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OI0 YOU KNOW? earth's largest rodent, the copybaora, lives in South American jungles ond can weigh as much as an adult human
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Avoid man-eating predators

Three steps to remaining undetected in the jungle

Cover your tracks
Predators like big cats are excellent trackers and they’ll
be keen to find you, especially if it's dinnertime. Walking
in water will stop physical evidence of yvour movements,
giving you a better chance of going undetected.
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Jungle protection

Camouflage
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Hide yourself as you walk through the jungle using
camouflage. If you don't have a specific outfit, coat
yourself with mud and attaching leaves and foliage to your
body will make you less likely to be spotted.

The clothes and kit to keep you hidden, cool and safe

Sunglasses

The sunlight can be
incredibly strong so you'll
need some sunglasses
with UV filters.

Long sleeve shirt
A light, breathable fabric
will keep vou cool, but
make it baggy so
mosquitos can't get to
your skin.

Bug spray

Muosquitos carry a huge
array of diseases, not least
malaria, so 100 per cent
DEET spray is wital.

LifeStraw

This device really could
save your life, The filter
inside the straw wipes out
99.99 per cent of bacteria
in dirty water.

Trousers

Length is key here. You
can't let your ankles get
exposed because that's
where mosquitos
especially love to bite.

.f \ =

Yo

BT

o iMLF

Hat

A large brimmed hat will
protect you from bugs
falling from the trees and
keep yvou relatively hidden
from animals above you.

Backpack

You'll need your hands free
s0 a backpack is crucial. It
needs to be waterproof,
blend in with the
ervironment and be
comfortable.

Poncho

Sudden downpours are
features of jungle and
rainforest life, so a
lightweight, quick-drying
poncho is useful,

Machete

The jungle is a tough
landscape to negotiate, so
a large knife or machete
will help you work your
way through the thick and
difficult undergrowth.

Boots

Your shoes don't want to
be too thick and heavy
because they'll wear you
down. Sturdy trainers or
Wellington boots will
surprisingly be enough.

¥ Gl"

Cover your scent

Jackets lined with charcoal are excellent for preventing
vour natural odours from escaping into the environment.
Otherwise, cover yourself in things like mud and strong
smelling plants to mask your scent.

The edibility test

If you aren’t a trained botanist, you might
struggle to identify which plants are safe to eat.
That's where the universal edibility test comes
into play. Eat nothing and drink only water for
eight hours before the test.

Your first task is to split up the plant you are
testing into its individual components, such as
the stemn, root, leaf, flower and bud. Crush each
part of the plant and, one-by-one, rub them on
your skin to see if you have a bad reaction to it. I
yvour skin blisters or forms a rash, it's unlikely to
be good to eat.

If it's good, the next stage is to boil the plant, if
possible. Hold the plant on your lip for a few
minutes, removing instantly if it begins to burn.
Finally, if the plant has passed the test so far,
place it on your tongue. Again, if it begins to feel
painful or look bad, spit it out and wash your
mouth thoroughly. Remember though, tasting
bad isn't the same as being poisonous!

Chew it for around 15 minutes and, if all still
feels good, swallow it. Don't eat anything else for
eight hours and see if yvou have any bad reaction
to what you've eaten. If you're good, you've found
a |:||:|tn=_tr|.t|.?4llg,.r life-saving food sourcea!
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Escape scorching heat

How to survive the extreme temperatures of the desert

While the polar regions are always

bitterly cold no matter what time of

day it is, one of the major challenges in
surviving the desert is dealing with the
ridiculous changes in temperature. In the
midday Sun, the mercury can reach as high as
50 degrees Celsius (122 degrees Fahrenheit) in
the Sahara, but drop to below freezing by night.
Your best bet is to wear a loose-fitting robe. This
will letair circulate around the body and you
won't get nearly as hot and sticky. At night,
when the temperature plummets, you can wrap
itaround you forwarmth.

It is vital that you protect your head. Ifyou
think a touch of sunburn from staying by the
pool on holiday is bad, that’s nothing compared
to the effects of walking all day in the parched
desert. Even if it means burning another part of
your body, wrap something around your head
and neck so you don't succumb to sunstroke,
which can lead to hallucinations and fainting.

Other dangers in the desert will mostly come
from scorpions. They hide in the sand and

Desert dress

deliver a sting with their tail that can paralyse
and eventually kill. Sturdy boots will protect
yvou from these creepy crawlies, as well as male
travelling over sand much easier. While they
don't make great pets, scorpions do provide a
crucial source of nutrition. Picking them up by
the tail just behind the stinger is the safest
method and it will give you vital protein for
your journey. Just don't eat the tail.

In the desert, you'll need to adjust yvour body
clock. Aim to shelter during the day and travel
at night. This has the dual benefit of avoiding
the scarching sun and keeping you active
during the freezing night. It also means you can
keep on the right track easily by following the
stars, hopefully leading to civilisation.

Shelter can come in the form of large rocks or
cliffs. Alternatively, you can dig a trench down
into the cooler sand and use clothing or some
other material you have available toforma
canopy over the top, secured by rocks or sand.
Aslongasitisatanangle and not touching you,
yvou'll be protected from the Sun’s glare.

The essentials to surviving in the hottest places on Earth

Headwear

If you don't have any '
headwear, you could

suffer with !
heatstroke, so

protect your face
and neck.

Sleeping bag

A brightly coloured
blanket will be useful
as it would enable any
search party to find
you, will keap you
protected in the day
and warm at night.

=

Sun cream

The baking
temperatures will
burn you in no time
at all, so a high
factor sun cream will
provide at least
some protection.

Sunglasses

The desert throws up an
awful lot of sand and glare,
so sunglasses will be
absolutely vital.

Water bottle

This will be your greatest
friend. Take small, regular
sips and if you ever find a
water source, fill it up as
much as possible.

Shirt

Your clothes will need to
be as loose fitting as
possible to minimise
sweating and dehydration.

Footwear

Even though you'll be
desperate for sandals,
trainers or walking boots
will give you grip and
necessary protection.

\iles

Amazing
animal

The camel is known as
the ship of the desert, as
this remarkable creature
can travel without food or
water for a long time. U i
Domesticated 3,000 years £
ago, camels have been an '
invaluable help to those who make their
livelihood travelling the desert. They can carry
90kg (200Ib) on their backs effortlessly and can
travel up to 32km (20 mi) a day, with the added
bonus of being able to last for at least a week
without water and months without food.
Camels store fat in their humptouse as a
food source and consume 145! (32gl) of water in
one go, which they also store for later use. They
have adapted wonderfully to the desert,
developing a membrane across the eye and
extra-long eyelashes to counteract sand storms.
Their feet also are incredibly well protected with
calluses and spread out for walking on sand.

1 milesiéf T
sand can leave you
opelessly lost.

Finding your
way around

The desert is not only barren and featureless, but it
is also a moving entity. Therefore, finding your way
around is tough. The easiest way to find your way
around is with a compass, but if that isn't available,
travel at night and use Polaris, the North Star, as
your makeshift compass.

Even though they are always shifting, sand dunes
can also provide useful navigation hints. They
always build up at 90 degrees to the direction of
the wind, as the wind pushes sand upward to form
thermn, so even when there's no wind, if you know
the wind is northerly, the dunes will go east to west
and you can use that information to navigate.

If you are lucky enough to have any landmarks,
try and make a straight path between them so you
know you are going in a straight line.




DI0 YOU KNOW? Contrary to popular belief, drinking cactus water won't guench your thirst but make you very ill

Fight extreme thirst

Locate the desert's most precious resource
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70.7°C (159.3°F)

Hottest temperature
ever recorded (Lut
Desert, ran)

58°C (136.4°F)

Hottest Saharan

e X Follow the wildlife temperature (Sahara
e S H’ There are a number of birds and land animals that live in Desert, North Africa)
s R i the desert and they all need water. Try and follow them — —
: 7 wherever possible and hopefully they should lead you to a _ _
water source.
56.7°C (134°F)
Hottest directly
recorded temperature

(Death Valley, Arizona)

34.4°C (94°F)
Hottest average yearly
temperature (Afar
Depression, Ethiopia)

26°C (78.8°F)
Hottest average

temperature in Europe
(=eville, Spain)

0°C (32°F)
MNight temperature in
the Saharan Desert

Shady cliffs

In your quest for precious shade, you might also be lucky
enough to find water. Dips and ridges that face north
could be housing puddles and pools in their shaded,
cooler spots.
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Grass is always greener

Plant life and vegetation means there is water around
somewhere. Head down into valleys where there is plenty
of greenery and aven if there isn't a spring or pool around,
you should be able to extract water from leaves or roots.
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The plunging temperatures —_ — B \
can leave you freering cold o :},
without the right preparation -20°C (-4°F) M
[ Coldest average o

Al desert temperature .
% - g (McMurdo Dry
- v

Valleys, Antarctica)

-89.2°C (-128.6°F)
Coldest directly
recorded desert
temperature (Vostok
Station, Antarctica)
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Battle life-threatening altitude#

How to cross the world's most treacherous terrain

Mountains are the ultimate test of
o0 survival. They're prone to rapid
4N changes in weather and it's near
impuossible to predict. Even if the base iswarm
and sunny, by the time you reach the summit,
low cloud can blind you, rain can make the
terrain slippery and the cold can freeze you.
Good preparation is essential and you'll need
a lot of kit. Pack a rucksacle with a map,
compass and a flashlight or headtorch, along
with a brightly coloured emergency blanlket,
and dress in thermals and waterproof and
windproof clothing. You'll also need to keep
well hydrated. Alack of fluid at high altitude
will resultin dizziness, intense headaches and
even frostbite. If you don't have any water to

Amazing animal

The mountain goat is amazingly adapted to life on
the mountainside. Their hooves are curved and
flexible to provide them more grip and traction on
the treacherous slopes. Despite looking spindly and
thin, their legs are actually very strong and they
can leap surprisingly large distances.

They have two coats, a warm, woolly undercoat
and a thinner but longer overcoat, which keeps the
insulating undercoat dry. This system is how they
can stand the cold temperatures long after bigger
animals have given up and descended down the
mauntain in cold weather.

Mountain gear

What you need to brave the
harsh, mountainous environment

Beanie

A tight-fitting hat will keep lots
of heat in as well as not being
likely to fly away!

Mittens

Although it would be useful to have
fingers available for gripping ledges, it's
more important to have your fingers
warming each other.

Rope

A strong and sturdy rope will help you
protect yourself while asleep and also
aid you in climbing or negotiating
dangerous paths.

Trousers

You need to keep dry and have items
accessible, so a pair of waterproof
trousers with zipped pockets will be the
! most useful.

hand, try to find a stream or melt some snow or
ice to drink.

The altitude is a real issue for many
mountaineers. As you climb higher, the air
pressure reduces, meaning there is less oxygen
for you to breathe. This lack of oxygen will
cause your brain to reduce activity in all but the
most important organs, making your limbs
heavy and head dizzy. The most important
thing to do is rest and re-oxygenate your body.

If you are trying to escape the mountain, the
best way is to head downward, but this isn't
always possible. Mountains have complicated
structures and often there isn’t an easy path
down. If possible, put markers along your route
to show where you have already been, to avoid

GoPros are a
great way to
record your
adventure

s

walkingin circles. As well as being potentially
confusing, mountains also hide dangerous
crevices. Keep your eyes peeled for breaksin
the snow or ice and if you are ever unsure, try to
find rocls or stones to throw in front of you that
could give away a hidden abyss.

If the visibility does become too poor, the
safest thing might be to bed down. Find a spot
out of the wind and protected from any snow or
rainfall, like a cave or overhanging cliff. Even
though it might sound strange, pack your
surroundings with snow, because it does have
insulating properties, Pile yourself with as
many layers as possible and this should provide
the warmth so you can malke it through the
night and try to find your way out in the light.

Keep a record

It's always handy to have a visual record of your
travel by using a video recorder like the Hero3+
from GoPro. This camcorder is incredibly robust,
lightweight and waterproof. It can also be attached
onto helmets or bags, leaving your hands free to
scale the treacherous mountainside.

Using a GoPro camera will also be useful as, once
you get off the mountain to safety, you and a
professional will be able to look over the footage,
determine what went wrong and see how you could
avoid getting stuck in the same situation again. The

Hero3+ is available at www.camerajungle.co.uk,

Headlight

A powerful headlight will be essential for
finding your way around in darkness
without wasting a hand on a torch.

Coat

Lightweight is key here because you don't
want to be weighed down. Bright colours
will also make you visible to rescuers.

@

T-shirt

A tight-fitting T-shirt made of
breathable material will keep body
heat in without making you sweat.

Flare

If you can send up a flare, do so at
night. Nat only will it attract the
attention of rescuers, it might
ward off predators.

Boots

A high-legged boot will keep the worst of
the snow and water out, while the sole will
neead to be rugged and have tons of grip.



010 You Know? The tallest volcono is Mouna Kea, as it starts 6,000m [19,685ft] below sea level, making it 10,205m [33,480ft] tall

Keep the fire burning

How to warm up on the mountainside

Find some wood Build yvour base Light the fire

You'll want a variety of wood, from small sticks and twigs,  Dig a small pit in the ground. Surround it with stones so Place the larger branches and logs at an upwards angle,
all the way up to sizeable branches and logs. The smaller  the fire doesn’t get out of control. Place the smallest bits  allowing the air to circulate and ensuring all the wood is
bits will light much more quickly while the bigger pieces of wood at the bottom of the pile, but leave some gapsto  getting burned evenly. Make sure everything is connected
will burn longer, hotter and form the bulk of the blaze. keep the fire supplied with the oxygen it needs to burn. so fire can transfer from one piece of wood to another.

W/ | | o

The weather can turn in an
instant, so make sure you're
prepared for anything

-I'-'II -

- HALLUCINATIONS

.........

o T e L
e T A 1 - af
e - { o -\.'.,._-":.'l-_ t"-l:?:i-\:;-jlq-iuh{lf;jtlﬁ s
e i '5,..';_-!"""‘_ ¥ -'."'-* s, LD,
e e e

A

Cravices and cracks await
the unwary traveller
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ntarctica is the world’s last great

wildernessand Earth’s coldest,

windiest, highest and driest
continent. Around 98% of theland area
lies buried beneath kilometres of snow
and ice, yet Antarctica is - paradoxically
-adesert. In fact, it is so inhospitable
that no one lives there permanently,
despite it being 25% bigger than
Europe. This frozen continent
remained unexplored until the 1gth
century. Unveiling its mysteries
claimed many lives.

Antarctica is definitely worth a visit
from your armchair, however, because
it mayalso be Earth's quirkiest and
most remarkable continent. Among its
marvels is a river that flows inland,
Mars-like valleys where NASA scientists
test equipment for space missions, and
perpetually dark lakes where bacteria
may have survived unchanged since
Antarctica had lush forests like the
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What's large, hostile
Mars? Antarctica - the world’s coolest continent
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Brazilian rainforest. Livinginand
around the Southern Ocean that
encircles Antarcticaare fish with
antifreeze in their blood, the world's
biggestanimal, and a giant penguin
that survives nine weeks without
eating during the harsh winter.
Antarctica isthe chilliest place on
Earth, At the Russian Vostok scientific
research stationin the cold, high
continental interior, it can get cold
enough for diesel fuel to freeze into
icicles — even in summer. Vostol is the
site of the coldest temperature ever
recorded on Earth -anamazing-89.2"C
{(-128.6°F). The temperature in most
freezers is only about -18°C [-0.4°F).
The continentisalso Earth’s
windiest. Antarctica’sice coolsthe
overlying air, which makes it sink. This
cold, heavy air accelerates downhill,
creating wind gusts of over 200
kilometres (124 miles) an hour. The
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Antarctic mountains,
packice and ice floes

sinkingair at Vostok is so dry that some
scientific researchers pack hospital [V
(intravenous) drip bags to stop
becoming dangerously dehydrated.
Few clouds can form in the dry air, and
most moisture falls as snow or ice
crystals. Any snow that falls
accumulates because it cant meltin the
extreme cold.

[fthe climate wasn't harsh enough,
Antarctica never sees daylight for part
of the winter because the sun barely
rises over the horizon. Even in summer,

’J 'ﬂh‘.ﬂ a e ? . 5:* e
s T e RN e G

the Sun is feeble and low in the sky. The
extreme cold partly explainswhy two
huge ice sheets cloak Antarctica. The
white ice cools it further by reflecting
away about 80% of incoming sunlight.
Together, these ice sheets contain
around 70% of the world's fresh water. If
they melted, global sea levels would
rise by 7om (230ft) and swamp many of
the world’s major cities.

B fason furch



OI0 YOU KNOW? Loke Chad in Antarctica was named by Robert Scott after Loke Chad in Africa

A world without ozone?

A ‘hole’ still exists over Antarctica

It's 2065, and slin cancer rates are soaring. Step outside in some cities and you'd be
sunburned in ten minutes. That's the vision of NASA chemists, who predicted Earth's future
if 193 countries hadn't agreed to stop producing CFCs in 1987, CFCsare man-made, chlorine-
containing chemicals that destroy the Earth’s ozone layer high in the atmosphere, which
protects us from the sun‘s UV radiation. A ‘hole’ in this layer was discovered over Antarctica
in the Eighties and persists today, because CFCs linger in the atmosphere for 50 to 100 years.
The hole formed because the freezing winters allow unusual cold clouds to form. Chemical
reactions an the cloud surface transform the chlorine in CFCs into an ozone-destroying form.

EARTH’S SURPRISING DESERT

Antarctica is14 million km?
(5.4 million mi*)in area.

Compare thatwith
Europe’sio.2million km? —
(3.9million miz)and
Vou can see just il : ;
howvastthe N E i = 90—
,_-T_-,,.,:ir-,emi_.:; . F ™ - = Antarctica is g% covered with [rozen water, but-
. ' 2 ap— i surprisingly -it'sa desert. Antarctica’s average snowfall
= /./ \H isequivalent to less than scm |z inches)of rain each year,
| \ - \ which isabout the same as the Sahara. Deserts have
o 70 \ / A annual rainfall ofless than zscm hoinches) each year.
.I. '|_ \
S\ / 7\
' \
=
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1
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Vostok station, Antarctica m
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“We're afraid ifyour name’s not

. . sheets of ice attached to the land called “ice
on the list, we can’t let you in....

shelves’. The biggest is the Ross Ice Shelf, which
covers approximately the area of France and is
several hundred metres thicl.

One ofthe world's biggest mountain ranges
separates the two ice sheets. The Transantarctic
Mountains are more than two kilometres 1.2
miles) high and 3300 kilometres (2,051 miles) long
-more than three times the length of the
European Alps. The mountains were formed
around 55 million years ago duringa period of
volcanic and geological activity. Volcanoes like
Mount Erebus are still active today.

The East Antarctic ice sheet isthe largest on Antarctica’s main ice-free area is the McMurdo
Earth, with ice more than three kilometres (two Dry Valleys, a region with conditions like Mars
miles) thick in places. Under the ice sheetare through which runs the continent's longest,
some of the oldest rocks on Earth - at least 3,000 largest river. The Onyx River carries summer
million years old. The West Antarcticice sheet is meltwater 40 kilometres (25 miles)inland from
smaller, and drained by huge rivers of ice or coastal glaciers to feed Lalee Vanda, which is
glaciers. These move slowly in Antarctica’s saltier at its bottom than the Dead Sea. The
interior, but accelerate to up to 100m (328ft) per salinity of Dry Valley lakes like Lake Vanda allows
year towards the coast. The fastest is Pine Island their deep water to stay liquid at temperatures
glacier, which can flow at more than three that are below the freezing point of fresh water.
kilometres (two miles) per year. When these Other strange Antarctic lakes include Lake
glaciers hit the sea, they form huge, floating Untersee in the East Antarctic interior, which has
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@ EARTH'S LANDSCAPES

water with the alkalinity of extra-strength
laundry detergent.

Despite the harsh conditions and the
lack of soil, animals and plants survive on
ice-free parts of Antarctica. Inthe
windswept Dry Valleys, lichens, fungiand
algaelive in cracksin the rocks. Towards
the coast, onislandsand the peninsula,
mosses are fed on by tiny insects, including
microscopicworms, mites and midges.
Some insects called springtails use their
ownnatural antifreeze, so they can survive
temperatures of less than-25"C (-13°F).
There are even two species of flowering
plantstospot.

Incontrast, the Southern Ocean
surrounding Antarctica isamong the
richest oceans in the world. The annual
growth and melting of sea ice dredges
nutrients from the ocean depths, resulting
in phytoplankton. Asingle litre of water
can contain more than a million ofthese
tiny plants, The phytoplankton are eaten
by krill -tiny shrimp-like creatures that
are the powerhouse of Antarctica's
ecosystem and feed most of its predators,
including seals, fish, whales and penguins.
They form dense swarms, with more than
10,000 krill in each cubic metre of water,
Some swarms extend for milesand can
even be seen from space. Alarming recent
studies show that krill stocks have fallen
by Bo% since the Seventies, probably due
to global warming.

All of Antarctica's species are adapted to
the extreme cold. Seals and whales have a
thick layer of blubber for insulation and
penguins have dense, waterproof plumage
to protect them from salty, surface water at

The ice-clogped waters of the
MchTurdo Sound, Antarctica
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Ross Ice Shelf

The Ross Ice Shelf is the world's largest ice shelfand
coverssu0,68o0lim (917, 322mi) squared, roughly the area
of France. It's about 1lem (o.6mi) thick in places.

afrigid -1.8 °C{29"F). Some species of fish have
antifreeze intheir blood. Antarctic icefish
have transparent blood and absorb oxygen
through their skin.

The most common birds are penguins. Of
the 17 species of Antarctic penguins, only two
live on the continent itself. One isthe world's
largest penguin, the emperor penguin,
which grows to 115cm (4ft) tall. Being large
helps the penguin to keep warm. Emperor
penguins breed on Antarctica's seaice
during the cold, dark winter, enduring
blizzards and low temperatures. The male
penguins keep their eggswarm by
balancing them on their feet for up to nine
weeks, while the female goes fishing at sea.
During this fasting period, these super-dads
huddle in groups of up to 5,000 penguins to
keep warm, losing 45% of their body weight.

During the summer, around 4,400
scientists and support stafflive on

Antarctica, carrying out experiments. Some
are drilling to extract cylinders of ice more
than three kilometres {two miles) long, to
provide a record of the climate covering
perhaps the last 740,000 years. The ice
containsancientair bubblesand
compressed layers of snow. Scientistsare
also drilling into underground lakes lile
Lake Vostok, which may contain water and
microbesisolated from the outside world for
amillion years.

Astrophysicists also benefit from
Antarctica’s clean, dryair. IceCubeisan
Antarctica-based experiment that tracks
neutrinos, ghostly particles created by
exploding stars. Another experimentis
attempting to detect faint light from the Big
Bang that created our universe. Scientists
are also studying the feeding habits of Adélie
penguins, using scales to check their
weights on their favourite walking routes.




OI0 YOU KNOW? Antarctica’s biggest purely terrestrial animal is a wingless midge, which grows to just 1.3cm [0.5 inches] long

Lake Vandahas the clearest ice in the
world [as transparent as distilled hke vm o

water), and it's possible to see

\ u
e straight down for many metres an alen mﬂd
g v o . "R, Discover the largest lake
E T ey . iy - =] - r
beneath Antarctica’s surface
i )T Ice flow Life search
MACRGRERTSOR, The mass of ice on top of Russian researchersare drilling to
Pl et the lake takes thousands the lakewater through 4km j2.5mi)
= of years to creep from ofice to search for life.
RCTICA S shore to shore.
FRINCESS
g B T T e e
Y, |_z w] e 3 i -_,__. . r . _E‘._ﬂ -
- : a 2.2 ;
.i::._ ....... .::M-Dl.lnt Erebus ; ice sheet 3 Miileg '& . W
. Sl 'le'J “wiow  Mount Erebusisamong Earth's largest - TheEastAntarcticice sheet - e F. r" =
Lk Vostok ‘e activevolcanoes. Heat escaping the * isEarthslargest. Itismore n e z g
» : - - volcano melts the snow above into ; than 3km [2mi) thickin . { X
g 5 ,r’; 1, caves. Thesteam released freezes i placesand mainly flat, iy, - = - B .
- : wikes instantly into chimneys up to18m : vast, featureless polar . Y i i - 1 T
D wd/ . (6oftyhigh. - desertswept byicywinds. o * — = L A 7
! . * '
:E-.. S, ﬁIEHE!uEE%} ) mry 'Ualhy-s ..... LakE Vnstm
p BEORCEY ' TheMcMurdo DryValleys are Antarctica's Lake Vostolk is the big f 5
; LAND - geslo :
%, LAND - largest ice-free area and resemble Martian 145lakes buried beneath 5 Ancient water
A ”ﬁh_‘. oot landscapes, They contain mummified seal Antarctica's ice. Discovered in ; i
- I ; . . ! : Waterin Lake Viostole
e remains, salty lakes and a river that flows 1606, it'sthe largest geographic ¢ could be1millionyears
et inland in the summer, feature discoveredon Earthin =~ ¢ old, compared toa few
oY the last 100 years, years foratypical lake.
- : o Sloping lake
i . Extreme living S
: : Bacteria may live in Lake The lake surface slopes
Vostok despite the perpetual downwards because the ice
darliness, icywater and is about 4o0m 1,320 thicker

ENOrMmoLus pressures. at one end than the other.

An over-sea ice seismic
sUrvey in progress

Transantarctic Mountains

The Transantarctic Mountains are among the world's higgest
mountain ranges and divide Antarctica in two. They are 1,300luan
{2,051mi) long, with treeless peals overskm (zmi) high.

Early e itions
across rctica

By the late 19th century, Antarctica was Earth’s last
unexplored continent. The South Pole was the remotest
Richard place. The Pole was reached in December 1911 by
B!_g"'d Norwegian explorer Roald Amundsen who pioneered a
o new route, Amundsen’s party raced the British
expedition led by Robert Scott who arrived 33 days
afterwards, having battled harsh weather and terrain.
Scott's dispirited party died from starvation and
exposure on the return journey. In 1914, Ernest
Shackleton tried crossing Antarctica, but his ship
‘Endurance’ was crushed by winter ice. All his crew
survived almost two years camping on the ice, until
b Shackleton led an epic 1,300 kilometres (808 miles) trip
Robert in a small boat to seek help. From 1928 onwards US
Scott explorer Richard Byrd led five expeditions to Antarctica,
WI-1912 claiming vast territories for the USA. In November 192q,
he flew over the South Pole. Today, the Pole isno longer
uncharted territory - it even has its own post officel

& Beience Phuolo Library
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The ocean aoppears blue because it reflects short wavelengths of light [such as blue] and absorbs longer ones

The subterranean canyon of T
the coast of Nazaré creates
incredibl Wave

it a pop

2 Tallest waves

It's the stuff of every offshore, whichisa

big-wave surfer’'s dreams: z2oo0-kilometre long ravine
the 30-metre wave. Praiado  that works to combine the
Norte near the coastal energy from waves that
village of Nazaré in have travelled across the
Portugal is at one of the Atlantic, currents from the
most westerly points of canyon, gusting winds and
Europe, and bearsthe local tidal forcesinto
brunt of the sweeping colossal waves.

Atlantic swells. Europe’s

largest underwater canyon,

Nazaré Canyon, lies just

3 Fastest
growing

Plate tectonics can cause chaos
through earthqualkes, but they can
also cause oceans to grow. The
=y | regionoffshorefromChileandPeru
5 = | ontheEastPacificRise, wherethe
L e ELROPE - . & Pacific plateis pulling away from

Sk
the Nazca plate, isthe siteofthe

fastestseafloor spreading on Earth. =
This is where MDplatespullawajrﬂ?g k>

-
Fianih ' an R

from each other, and magma h X )
bubbles up from the Earth's core tq,é ) ;
fill the gap. In thisregion, upto1l6 =~ .~ = ©
F y
o centimetres of new seaflooris :
AUSTHALIA
produced per year.

I.' '
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A storm name-is
retired if, like
Katrina, it has ha
- catastrophic

E

T F =

il

2 Extreme
storms

Isthere such a thing as the ‘perf

Fishermen who make their living out on the waves,
the Pacific throws at them, will tell you that thisis ¢
oceans on Earth.

It"s the tropical region that whips up this meteorol
creates the mother of all storms: hurricanes. Fed by
air, these weather systems usually form between Ju
and need to reach 120 kilometres per hour or more t
hurricane, typhoon or cyclone, These three terms d
event and just depend on the origin of the storm. In t
Northeast Pacific the storms are hurricanes; in theI
they're known as a typhoon; and in the South Paci . T
the weather system is termed a cyclone. . L

Hurricanes can travel huge distances across ocea i
anticlockwise in the Northern Hemisphere and cloc
Southern Hemisphere, fed by the warm conditions
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Hl.ll'l'lcalle fOI'I'“at IOI'I How the vast, swirling storms begin life at sea

Cloud formation Rotation begins Mature storm

Owver warm, tropical waters, seawater begins to The warm air continues to rise, cool and suck Warm, moist air continues to rise from the ocean
evaporate. As it rises, it cools to rapidly form clouds. in more air from the surroundings below, gaining and forms clouds in bands around the eye of the
Cooler air from the surrounding area rushes in to energy. As the Earth rotates, the clouds start to storm. Cool, dry air sinks through the eye and also
replace the warm air, which then warms up and rises spin too. A hurricane is formed once wind speeds flows out between the cloud bands at the edges of
again, causing updrafts. reach 120km/h. the storm.
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Most of the oxygen we breathe originally come from the activity of photosynthetic organisms in the ocean

Deadliest
An entire ocean poised M OSt

and ready for destruction pO”u tEd

Beneath the Pacific Ocean lies a patchwork of molten terror

/ Most
extreme
tides

At the head of the Bay of Fundy, at the
right time of the month, the

known as the Ring Of Fire. Earth’s crust is made up of The dead zone in the Gulf of Mexico is

tectonic plates that fit together like a jigsaw, floating over a one of the most extreme cases of ocean
layer of molten rock. At boundary zones, plates rub against | Pollution. It coversalmost 17,000 square
each other, push against one another or pull away from one | Kilometresofhypoxicwater - where very

another, each with differing consequences. In the Pacific little or no oxygen is present. Nothing d_i l'fl;_l’ﬂll._ 111_111.,1_!,11_ t_id_e ,I I:ld. L:iw ml_E
Ring Of Fire, the landmasses that surround the oceanareat | Cangrowthere asalmostall organisms can be a huge 16 metres. When the
the boundaries of these require oxygen to survive, Dead zones '-”j‘?"f ﬂ"”sh‘Flrhflth*-'l-*ﬂ'fﬁ”’-’*ﬂ”"j
plates. Home to 9o per cent of are caused by nutrient runoff from the F““?'r"?-”""':'”h}"‘““T”“’* ':'*5'-“5'“""“'?.’
earthquakes, the Ring Of Fire land [such as agricultural fertilisers) that T:Iurmg each tidal llf}-'fZlE-ThE' huge tide
is a hotbed of tectonic activity. cause an excess of algal growth. When I.H.u. l"'-'-'h'lfl.t r_:_f j[he-l'_h'-jy 5 'Lhd[_.u;- ._mrj

the algae dies, it decomposes and depth, asthe water within the bay

consumes all of the oxygen in the water. oscillates (like water sloshing from

. . _ one end of a bathtub to another) in
Dead zones occur in various oceans and inland _ _ ) _
water bodies, shown here with red dots sync with tides from the Atlantic.

t - -*"* - 3) ! - ] e ' : The Bay of Fundy stretches for 270km along
‘r&#:'ﬁﬁ.. #"" - .'. i ¢ :_ s b JE“' Canada's east coast and is a tourist hotspot

i 2{]11. an ea rthqual-rF' caused - P T . S B e
: _ devastation in lapan, which i is = =t ""_.
. “on the edge of the Rlng of FIFE

.'—. -
e

s * Coldest

Welcome to life in the
liquid freezer

At the very bottom of the globe, surrounding frozen
Antarctica, swirls the untameable Southern Ocean.
It’s home to some of the fastest winds and tallest
waves, and also boasts the largest ocean current (the
Antarctic Circumpolar Current) that transports more
water than all the world’s rivers combined.

el Tem]}er aturescanreacha hitlEl']}' r.:nld -2

rees Cels us,hecauaethé s

An incredible feat of survival, e _-';rj_
the icefish can survive
temperatures of -2°C

tter has evolve &t}"pE of BnHﬁEEzE pmtein to
prevEnt ice crjrsl:als forming in its body when the
temperature plummets,

The Southern Ocean is
hame to the caldest and
stormiest waters on Earth
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In o cubic kilometre of seawaoter, there are approximately 26 million tons of salt [as sodium chloride

At the very bottom of the ocean, just shy of 11,000 metres
below the surface, sunlight is long gone and all that is left is
inky blackness. The Challenger Deep is part of the Mariana
Trench, a deep score across the sea floor of the Pacific basin
that is formed at a subduction zone, where one tectonic plate
disappears beneath another. Itis the deepest pointin
Earth’s oceans, and with over ten kilometres of water
overhead, the hydrostatic pressure is 1,100 atmospheres -
the equivalent of inverting the Eiffel tower and balancing it
on your big toe.

The water temperature at the bottom of the Challenger
Deepis just above freezing, and the trench is filled with
clouds of silt, formed from millions of years of ocean garbage
falling from above and slowly rotting away. However,
despite the pressure, darkness and coldness of the

Supergiant amphipods

This super-sized crustacean (related to
crabs and lobsters) can be found
lurking in the deep ocean trenches.

environment, life still prevails! The deep sea is home toan
array of strange and wonderful creatures that survive
against all odds, having developed clever mechanisms to
deal with the extreme conditions.

The Challenger Deep was first explored in 1960 by Swiss
scientist Jacques Piccard and US Navy Lieutenant Don Walsh
in the Trieste submersible, which set a record by divingto a
depth of just over 10,915 metres. Since that seminal dive
there have been multiple attempts by both manned and
unmanned vehicles, the most recent made by explorer and
film-malker James Cameron, who managed to reach a depth
of 10,898 metres in his Deepsea Challenger submarine.

Grenadier fish
Often termed rat-tail fish, these critters
hawve large heads and tapering bodies
and are found on the abyssal plain

Seawater filters through the rocks
into the crust, becomes super-

Some of the deepest-known

fish in the ocean, snailfish
have been spotted by probes

at 8,145m below the waves.

Snailfish

orhbla

tubeworms live in =
harmony with
chemosynthetic

Tubeworms
bacteria.

Living in large
communities
arcund

hydrothermal

vents, huge

=l
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Q0
Earthquake
science

Weird world wonders
Discover the stranf_'.e geology
from around the globe

Super volcanoes ‘
These timebombs could wipe
out entire civilisations

Earthquakes
What exactly is it that causes these
devastating natural hazards?

Mountain formation
Earth's rising landforms explained

How is coal formed? .
A rock essential to modern life
but one that is running out

What are fossils?
Aunique insight into what once
lived on Earth
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_The b1zarre but beaut1ful formations .= ,
- that show Earth’s geology rocks % "?‘ E__ -
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Creating a causeway

How volcanic activity formed 40,000 giant rock pillars

ceording to legend, the stepping stones of flowed. At the top, this lava cooled rapidly, forming

the Giant's Causeway were created by the a crust that helped to insulate the liquid lava

giant Finn McCool, so that he could walk below. Asa result, the bottom layer cooled more &i:;rhﬁiiﬁt
across the Irish Sea from Northern Ireland to slowly, causing it toshrink and crack into oy S oleanic Brustions,
Scotland and fight his rival, Benandonner. In hexagonal columns. During the most recent ice ~  these layers are visible
reality, they were formed by volcanic activity age, which ended about 11,500 yearsago, glaciers f‘i:’l"; Tﬁ:‘;‘;;lﬁ of
around 6o million yearsago. Back then, the eroded the top layer of the rock, exposing the ' o
continents of Europe and North America were columns beneath. Rising sea levels caused by
attached, but soon began to slowly tearaway from  warmerweather then began towear them away,

each other, Asthis happened, huge cracksinthe creating the varying heights of the columns you
Earth’s crust formed, causing lava tospewup from  cansee today.

below. This lava cooled to form layers of basalt rock

on the north coast of Northern Ireland. Over time,

the rain eroded away the rock to forma

valley, into which more lava

Multi-sided

Most of the columns
are hexagonal, but

some have four, five,
seven or eight sides.




DID YOU KNOW? The Giont's Causeway was the first UK natural World Heritage Site to be documented using 30 laser scanners

s

Upper basalt

Further volcanic activity .

formed a third layer of [T, -+

basalt. This has since worn ACCEFC’@ tD ‘EQE” d,

away on the causeway but ‘

Middle basalt can be seen inland. ” thE’ CGUSEWDH WUS
A second phase of _createg’:bg the giant

lava onto the surface,
which cooled to form the
causeway's columns.

voleanic activity poured " "
inn McCool

A watchful eye

Some columns have been
eroded to become complately
circular, earning them the
nickname ‘giant's eyes’.

Big and small

The columns vary in size
depending on their
cooling rates. The slower
the lava cooled. the larger
the columns created.

Thinkstack

-

ik

Hexagonal black basalt
columns interlock to
form the causeway

o
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The individual domes of Kata Tjuta formed
when rain and gmmdwatercm'ed ==1. I

i

The Australian outback is home [
to many strange landmarks

Flaky surface

Close up, the surface of
Lluru is grey, with a coating
of red flakes of rock. The
flakes' colour is due to the
iron in the rock rusting.

Uluru and
Kata Tjuta

standing proud agamqt the flat horizon of
the Australian outback are two enormous
sandstone and rock formations named
Uluruand Kata Tjuta. They may look a
little out of place but they have been there
for millions of years, formingasa

result of geological

processes.

ol ¥ s “They have been thEréf
-: ; "ﬁ-d"’ A "‘“'T.*'”*G“Sﬂf years, farmmir 'ﬁsu

ti4 TR

1, ’*"'.:"ﬁsutﬂf Enlagtcr:tf j:mjt‘ 59eS

'|"||-||‘l|_l._ _I'\
M ! 3 . P -."f|l

-
al iy
.I

LHury towers 863m above sealevel, but the
rmajarity of the structure lies underground

] ; A ¥

T

550 miillion years ago 500 million vears ago 400 million years ago 400 million years ago
Rainwater eroded the mountains in the The area was covered in a shallow sea. A The sea receded again, and the rocks (continued)
Petermann Ranges, depositing sediment seabed of sand and mud compressed the started to fold and tilt under the The rocky fan tilted by about 20 degrees,
in two fan shapes, one of sand and one of fans, turning the rock into conglomerate immense force of the Earth's shifting becoming Kata Tjuta. The sandstone fan
rock, onto the surrounding plain. rock, and the sand into arkose sandstone. tectonic plates. tilted almost 90 degrees, becoming Uluru.
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DID YOU KNOW? Uluru and Kata Tjuta are owned by the native Aboriginal people, but they lease the area to Parks Australia

The Pinnacles
Desert was once a

big slab of limestone Pinnacles Deser't -‘

that has since been o
eroded into pillars 0, Wi W T These limestone pillars, rising up to five metres out
R of the sand of the Nambung National Parkin

Western Australia, were formed from seashells.
The exact process is still debated, but itis thought
that over time, rain dissolved the calcium
carbonate inshells to form lime-rich sand. This
was carried by wind and waves to form dunes,
which later dried out to form limestone rock.
Plant roots and water gradually forged cracksin
the limestone, leaving behind the separate
pillarsyou can see today.

Minerals digsolved in the water
from @nearby spring have
stained the #r!n-::'th slope of the
wave withstreaks of l.’:uluuri
ik |

Carved ridges

Some layers of Uluru's
rock wear away faster
than others, leaving parts

of the surface covered in - 8 ) . , ; _ s .
narallel ridges, (1 Thisgranite rock was buried bysoil,  itbecame acidic and dissolved the

exposingthe top. Asgranitedoesnot  base ofthe rock. The soil hassince

1 ‘:“1 ) : erode easily, the topremained intact,  eroded away, exposing the 15-metre-
R ._‘._..,: _'_A__' ul'."*—.'.' . -

L butas rain moistened thesoilbelow,  tall overhanging wave.

Kata Tjuta

The Devil’s Marbles

These boulder stacks began to form millions of
years ago, when magma was forced up through
fracturesin the Earth’s crust and hardened into
granite. When the sandstone layer abovethe
granite eroded away, the granite expanded and
cracked into cubic blocks. Weathering and
500,000 years ago temperature fluctuations caused the blocks to
As the climate became drier, wind-blown : ) i
sand partly filled the valley between the expand and contract, shedding their outer layers
two slabs of rock that were now ¢ toreveal rounded boulders.
_‘Z? . 3
T. - i
4 ’. F . bt
ill-'a

protruding from the surface.
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HOODOOS PP i Nondacs

How have these enormous and ancient B e form

2 iy - A F flooded t k
stacks of rock managed to stay standing?  “iaait's pillars, discover how erosion

shaped these rock towers

Hoodoos are
Typically found rising up from the bottom of arid drainage more abundant
basins or badlands, hoodoos are tall spires that have been Eﬂﬁ;‘i’::;l ) : )
carved out of rock over millions of years. Theyrangeinheight Fo e T A " g P :
from 1.5 to 45 metres, and are often striped with the different 2 = — . - 'ﬁ'i‘.:t“ _
colours of the rock types that make up their layers. It's these : =W P AT S b —,/ j‘ P, '
layers that help to prevent these seemingly impossibly haCe st o . __-.j,___f.'_'-- [T o o 4 "‘:;g;_": | JL 7
balanced stacks from collapsing, as hard rock ontop protects it ' e
the softer lower layers from erosion. Although most hoodoos
began life as canyonwalls, others have formed inaslightly S
different way. The famous Fairy Chimneysin Turkey’s y Ye ; ' 4 B3 A E:':;tl:'k:da:ﬁgwam leaving behind
Cappadocia region are the result of volcanic eruptions that e ir" g a canyon with a layer of sediment at
rained downash, which _ T e e ST OGN
hardenedintoasoft /5 o /15 | -
porous rock. This S
rock was covered # i
with a layer of basalt, -
which eroded into
mushroom-shaped

caps, protecting it

.l‘ .

Erosion rates

The hoodoos are made up of
different rock types, which

erode at varying speeds. The F
thinnest parts are mudstone, %
which erodes easily. ;

Receding walls

Water seeps out of the lower racks,
taking rock material with it and
eroding away the walls.

-

Disintegration

Eventually, the neck of - o i T ' '1
the cone will erode to a i y

] | L |
point where the cap falls : he Fairy Chimneys in Turkey were : .

cuf'lf. The rernlalnlng pillar e intoHo Hichurchesicii '. i,
will then disintegrate. 1 I B

~—
| I T
' |
o

W
N\

Vertical cracks

Acidic rainwater widens cracks, and

expands and contracts as it freezes
and thaws, eroding the rock further.

b

Protective cap

The harder layer of rock on top
protects the softer layer beneath it
from erosion, forming tall hoodoos.,




DID YOU KNOW? Visitors to Turkey con stay in The Fairy Chimney Inn, o hotel carved out of an ancient hoodoo

C TOWERS

The amazi ngice sculptures bmlt
by heat below the surface | --

It may look like a crooked chimney spewing
smoke into the cold Antarcticair, but there's 1
no fire to be found inside this strange ‘___':
structure. Instead, you'll find a cave, carved
out of the ice by the heat from the nearby -
Mount Erebus volcano. The steam rising from .
these caves instantly freezes as it hits the
sub-zero air above, forming a hollow tower of
iceabove. The scientificname for these
featuresisice fumaroles -a fumarole being
anyvolcanicvent that ejects gas or steam.
They can be found all over the world, and :
even on Mars, but only a few places are cold . i .
enough to turn their emissionsto ice. '

Mount Erebus
This 3,800-metre tall
volcano in Antarctica is
surrounded by hundreds
of ice fumaroles.

- Cfe m fl' om the
caves instantly

freezesasit hitsthe 4 e
sub-zero air above” 4z 7 X steam isesand freezes: some

reach heights of 18 metres

Search for life
The ice caves beneath the
towers are of interest to
scientists, as they may be
home to many as yet
undiscoverad species.

L]
A Ia nd Of Ice Mount Erebus is the second tallest volcano

in Antarctica, and the most southetdy

a nd l I re active volcano on Earth

Despite being located in the centre of a stationary
tectonic plate, Antarctica still manages to be a hotbed
of volcanic activity. This is all down to the West
Antarctic Rift, an area where the tectonic plates are
slowly moving apart. Along this rift, the Earth's crust
has thinned, allowing magma to rise to the surface
and create enormous volcanoes. While many of the
volcanoes are now extinct, others are still ejecting hot
gas and lava, with the most active being Mount
Erebus on Ross Island. Mount Erebus is one of only a
few volcanoes to have an open lava lake. While the
central crater on most volcanoes is coverad with a
solid slab of cooled molten rock, the one on this
volcano is uncovered, exposing the hot magma inside.
Several low-level eruptions occur every day, ejecting .
scorching lava bombs onto the surrounding landscape e
as a result. : - e 2 o T
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. monument with
- mysterious origins:

Among the pine forests of Crook

County, Wyoming, standsan

enormous lump of rock reaching

highup into the sky. Knownas

Devils Tower, it is so awe-inspiring

thatin 1906, President Theodore

Roosevelt establisheditasthe fi. _

United States’ first national TeE M uh ' Columns
monument, but no one quite 8 | The Tower's almost
knows how it formed. What we do S S TR vertical columns were

) o | formed as magma cooled
knowisthatitis made from ; i ! and condensed into
phonolite porphyry, anigneous ' ¢ ML P8 igneous rock.

rock that is formed when magma PRy |

coolsand crystallises. In this case, ¥ . Py ; e | O Ll
asthe magma cooled, italso o M Ty Lo TR B ot AR Cra R T _ Erosion continues

contracted, cracking the roclkinto : ' Rl e W g (i ~ ¢+ | The Tower is still eroding

the polygonal columns that now S L A . g L S oy el - today, and the land .

L L N I R - RS R . B ) : surrounding it is littered with [RS8
make up the Tower. Most AR sl 7 o - o oar & 4. ° rocks and rubble that have _‘a;rw BN
geologists agree that the rock - o aligk o PR T R \ & fallen from the stucture. ¥ s
formed when magma rose up into
the surrounding sedimentary
rock, but there are three possible
theories for how this happened.

o

- ._..-,_._‘_,__._ _v_'ft:l_-fq._..::-_-_:jﬂ_r-_ -

-y

5

g

Y

Theory 1 - Volcanic plug Theory 2 - Laccolith Theory 3 - Stock

The rock is the neck of an extinct volcano or a plug that The Devils Tower is a laccolith, a large, mushroom- Magma beneath the Earth's surface cooled and
lay beneath it. Although there is no evidence of volcanic shaped mass of igneous rock, which spreads between crystallised to form the lump of rock you can see today.
activity, such as ash or lava flows, in the area, this the layers of sedimentary rocks beneath the Earth's Oweer time it was exposad by erosion wearing away the

material could have simply eroded away. surface. The rounded bulge on top has eroded away. rock above it.

:.l-.-| ol




DID YOU KNOW? Devils Tower is officially missing an apostrophe, as it was omitted in o proclomation signed by Roosevelt

. Arizona’s sweepmg rock of
‘many colours was once a
~dinosaur st{)mpmg grﬂund

- Ttﬂsspegtacular waﬁ.re_sr_r ucture started m[nrm 190 milliﬂn_-
~ yearsago when dihqsaura'walked the Earth, and their
; _fnutpn‘nta canstill beseenin'the rock today. The wﬁvehegan'
_ assand dunes, which were compacted and solidified to
. become ;?.an-:lstune The smooth undularlng. shapéis the
-result of very slow erosion, originally caused by the flow af
~ water, which depaosited irzh_jbus minera Is:_intc: therockto -
create the colourful stripes tﬁatswirlthmhgh-lt Whenthe -
water dried up;wmd erosion took over, and continuesto - -
'cﬂrweﬂlemcktutlusdajr :

To! help brctect the snﬂ'm:k
of the Wave, only 20 visitors: | o
are permitted each day R .

Mono Lake in California has one of the
most impressive tufa displays

The bizarre cauliflower formations that
sprout when conditions are just right

They may look like the flowering head of a popular vegetable, but these
alien-like structures are actually known as tufa. They form underwater in
alkaline lakes, such as California’s Mono Lalke, at the site of freshwater
springs rich in calcium. When the calcium comes into contact with

carbonates in the surrounding water, calcium carbonate forms, also
known as limestone, The limestone settles on the lake bed, and as more
and more is deposited, a tower beginsto grow. Most of these structures
remain obscured by water, but in lakes where the water levels have
dropped, they become visible for all to see.

Devils Tower formed
underground, and then the soft
rock above it eroded away

1 Thimkstack: TIRpstrAtkn ::',.']-:ll:'i Wedls

._.‘ '._--.-.::r.-_-_ i .. i ... :.: | S - ; . ol + . DBE




CAVE OF CRYS

The spectacular secret treasures that have been
growing beneath Mexico for 500,000 years

4 L - T ’ . Ancient bacteria
- e ' adi g Researchers took samples
When miners broke through the wall ofa Mexican Y _ _ = 1 2 of some of the crystals in

silver mine, 300 metres underground in the year S ' . e EF P order to identify any
. . j .. : ! 'y " bacteria that lived in these
2000, they could never have expected the site that axtreme conditions.
greeted them. Enormous, translucent beams of
crystal towered above them, criss-crossing from
either side of a sweltering cave, Normally flooded
with water, the mining company’s pumping
operations had made the cave accessible to
humans for the first time, uncovering the largest
natural-grown crystals ever found.
The reasonwhy the crystals had been able to
grow so large is because of the precise conditions
inside the cave, Lying above a magma chamber on
anancient fault line, the water inside the cave,
which was rich inthe mineral anhydrite, had been
kept at a steady temperature of 58
degrees Celsius. At this temperature,
anhydrite slowly dissolves into
gypsum, a soft mineral that grows
into crystals. These conditions have
prevailed for the past 500,000 vears,
allowingthe gypsum crystals to grow to
their impressive heights, but have also
made the cave inhospitable. The high
temperature and humidity means that
humans can only survive inside for short periods
of time, even when wearing suits lined with ice
and carrying a breathing system that feeds cold air
into the lungs.
With studies of the crystals still ongoing, there is

T
a

currently some debate about what to do when the
Naica mine closes. Geologists must decide whether
to continue pumping out the water to allow access
to the cave, or letit flood again so that the crystals
can continue to grow.

The Cave of ' 1 . - T _ ~ Crystal breeding
Crystals is buried : ; / fo . A magma chamber beneath
beneath the . J the cave heated the

MNaica mountain ! mineral-rich water to a stable
in the Chihuahian 50°C, providing ideal

Desert of Mekico conditions for crystal growth.

Humun5 can only

“survive inside the |
~cave forshort - :
periuds of time"

AN




DID YOU KNOW? The largest crystal found in the Mexican cave is 2o times bigger than any other known crystal in the waorld

g-pluﬁista discoverad
& haw'the crystals
formed By studying
tiny potkets of fluid
trapped inside them
oW

Cave by numbers

Unbelievable stats about the
deadly cave of wonders

11m

THE LENGTH
OF THE
TALLEST
CRYSTAL,
ALMOST
THE HEIGHT
OF THREE
DOUBLE-
DECKER
BUSES

THE WEIGHT
OF THE
LARGEST
CRYSTAL,
EQUIVALENT

O NINE
AFRICAN
ELEPHANTS

Cooling suit

In order to explore the
cave, scientists wore
special suits lined with

refrigerating tubes, as well |

as breathing apparatus.

r:ﬁ:l ¥

Wi
L)

* cave’®humid Jir would
condense on the lungs

ot s.peci;:uiist breathing _
ipment, moisture in the .

E o

10min

The length of time
yOu can survive in

2hrs

The length of time
you can survive in

THE
2 Wheight Inf
t s
4 e cooling

the cave with
proper equipment

the cave without
any equipment

The size of the Cave of
Crystals - slightly larger
than a tennis court

4ddé/d
90-100%

HUMIDITY INSIDE
CAVE

THE TEMPERATURE
INSIDE THE CAVE

suit that

must be
worn inside
the cave

L=
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Deadlier than
asteroid strike,
these massive
formations have
the potential to
destroy civilisation

"

» s - Ter”

any people will remember the airport

chaos of spring 2010 when

Eyjafjallajokull, one of Iceland’s largest
volcanoes, erupted after almost two centuries of
peaceful slumber.

But though it might be hard to believe,
considering the mammoth amount of
disruption that it caused, the lcelandic eruption
was tiny compared to a super-eruption’s
devastating power. The Eyjafjallajoloull event
measured a mere 4 on the Volcanic Explosivity
Index (VEI), which rates the power of eruptions

086

on an eight-point scale. A massive VEI 8 blast, on
the other hand, would threaten human
civilisation. Such a super-eruption would spew
out more than 1,000 cubic kilometres (240 cubic
miles) of ejecta - ash, gasand pumice - within
days, destroying food crops, and changing the
world climate for years.

Asuper-eruption hasn't happened in
recorded history, but they occur about every
10,000-100,000 years. That's five times more
often than an asteroid collision big enough to
threaten humanity. Scientists say there's no

evidence that a super-eruption is imminent, but
humans will face nature’s ultimate geological
catastrophe one day.

A supervolcano is simply a volcano that's had
one or more super-eruptions in its lifetime.
Supervolcanoes are typically active for millions
of years, but wait tens of thousands of years
between major eruptions. The longer that they
remain dormant, the bigger the super-eruption.
They typically erupt from a wide, cauldron-
shaped hollow called a caldera, although not
every caldera houses a future supervolcano.

"':l'f:-t i.----a..r;|



DID YOU KNOW? Water heated under Yellowstone causes the park's many geysers

Inside a supervolcano

Resurgent dome ——— Shallow magma chamber Ring fractures
Molten rock rising in the Anunderground pool of molten rock Arcircular fracture running
underground magma chamber called magma, which vents to the around the collapsed edge of
pushes the overlying caldera surface as avolcanic eruption. the magma chamber through

floor upwards into a dome. which lava often escapes.

Hot springs
Snow and rain seep
down through fractures
inthe Earth's crustand
are subsequently
superheated by magma
close to thesurface,

Earth's crust
The Earth’s crust is
perhaps 56 kilometres
(35 miles) thick under
the continents and
made of solid rock.

Caldera

This cauldron-shaped hollow
formswhen a supervolcano’s
magma chamberempties
during an eruption and the
rocls roof above collapses.

Magma
Magmais lighter than the
Earth’s crust and rises
towards the surface where it

eruptsas avolcano.

Predicting the next super-eruption

Volcanologists at the Yellowstone Volcanic
Observatory are among those studying
supervolcanoes. They hope to have
decades or centuries to prepare fora
super-eruption. Warning signs could
include the ground bulging and cracking as
hot rock muscles to the surface, anincrease

insmall eruptions and earthqualces, and
changesinthe gases escaping the ground.
Scientists analyse earthquakes by
measuring ground vibration with
seismometers. Earthqualkes often increase
betore eruptions as magma and gas force

through underground fractures, causing
rocks to break. The ground historically
rises before eruptions due to upwelling
magma. For example, the north flank of
USwvolcano Mount 5t Helens rose by a
staggering Bo metres (262 feet) in 1080.

Scientists constantly keep track of Earth
movements using networles of satellite GPS
receivers, Like GPS in cars, these monitor
the receiver’s location on the ground.
Another satellite technology, InSAR,
measures ground movement over large
areasonce or twice annually.

2 Srienee PhatoLibrary

The rock cylinder inside the ring
fracturesand plunges intothe
emptied magma chamber. Gas and
lava spurt from the fractures.

*—.

7. DEADLY CLOUDS
DAYS |

The fractures join into a ring of
eruptingvents. Toxicashand
fragment clouds race downhill at
snow avalanche speed.

-*..

6. SUPER-ERUPTION

The expanding gasesact like bubbles
of pop inashaken bottle, flinging lava
and rock high into the atmosphere.

.....‘..._

5. MAGMA
CHAMEER RUPTURES

Vertical fractures in the swollen crust
breach the magma chamber, allowing
pressurised, gas-filled magma to
escape lo the surface as lava.

.-_-.

4. WARNING
SIGNS INCREASE

Warning signs of a super-eruption
may include swarms of earthquales
and the ground rapidly swelling up
like baking bread.
oni,

3. MAGMA
CHAMBER EXPANDS

Supervolcano magma chambers can
grow for tens of thousands of years
because they are surrounded by
flexible hot rock.

2. PRESSURE BUILDS

As magma accumulates in a chamber,
the pressure builds and the cavity
expands. Fractures begin to form

inthe chamberroof.

.*._

1. MAGMA RISES
TIME: MILLIONS OF YEARS

Magma formswhen rock deepin the
Earth liquefies and pushes through
the solid crust towards the surface,

COUNTDOWN

TO ERUPTION

087
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Thisartist's illustration reveals the
smolke and ash that could result from a

supervolcanic eruption at Yellowstone

The fallout
following
a super-
eruption

A supervolcano erupting today
could threaten human
civilisation. Clouds of molten rock
and iridescent gas travelling
three times faster than motorway
cars would obliterate everything
withinioo kilometres (6o miles) of
the blast. Dust would spread
thousands of kilometres, blotting
out the Sun. People's unprotected
eyeg, earsand noses would fill
with needle-like ash, which can

and kill by suffocation.

Up to 0.5 metres (1.6 feet) of ash
could rain down each hour,
collapsing roofs, poisoning water
supplies and halting transport by
clogging carand aircraft engines;
justa few centimetres of ash can
disrupt agriculture. The 1815
eruption of Indonesia’s Mount
Tambora caused the 'year
without a summer”when
European harvests failed,
bringing famine and economic
collapse. Financial marlkets could
be disrupted and countries
swamped by refugees. Some
scientists say a Yellowstone
super-eruption could render
one-third of the United States
uninhabitable for up to two years.

088

The supervolcano simmering under
Vellowstone National Park in the USA
is probably the world’s most studied,
but super-eruptions occur so rarely
that they remain a mystery. We know
of 42VEI7and VEI 8 eruptions in the
last 36 million years, but much of the
debris from these ancient super-
eruptions hasworn away. Eruptions
like these tale place at irregular
intervals and scientists are unsure
what triggers them.

Supervolcanoes, like all volcanoes,
occur where molten or partly molten
rocl called magma forms and erupts
to the Earth's surface. All
supervolcanoes break through the
thick crust that forms the continents.
The Yellowstone caldera sits on a hot
spot, a plume of unusually hot rock in
the solid layer called the mantle that
lies below the Earth’s crust. Blobs of
molten mantle rise from the hot spot
towards the surface and melt the
crustal rocks.

Other supervolcanoes like Lake
Toba in Sumatra, Indonesia, lie on the
edges of the jigsaw of plates that male

up the Earth’s crust, Near Sumatra,
the plate carrying the Indian Ocean is
being pushed underneath the crustal
plate carrying Europe. As it descends,
the ocean plate melts to form magma.

Vast quantities of magma are
needed to fuel a super-eruption. Some
scientists believe that supervolcanoes
are ‘super’ because they have gigantic,
shallow magma chambers that can
hold volumes of up to 15,000 cubic
kkilometres (3,600 cubic miles) and
grow for thousands of years. Magma
chambers are underground pools of
accumulated magma that erupt
through cracks to the surface.
Volcanoes with smaller chambers
expel magma before enough pressure
builds for a supersized event.

Some scientists speculate that hot,
flexible rocles surround supervolcano
magma chambers, allowing them to
swell to accommodate more magma.
The rocks are kept malleable by blobs
of magma repeatedly welling up
from below.

A super-eruption starts when the
pressurised magma explodes through

fractures in the chamber roof. The
eruption is violent because
supervolcano magmaisrichin
trapped gas bubbles, which expand
and burst as it abruptly depressurises;
the eruption isakin touncorking a
champagne bottle. The magmaisalso
sticky and unable to flow easily
because it's made partly from melted
continental crust. This is in contrast
to avolcano such as Mauna Loa in
Hawaii, which gently pours out lava
because its magma is fluid and
contains little gas.

Hot fragments and gas soar to
heights of more than 35 kilometres (22
miles) and spread in the atmosphere.
Some of the fragments drift down and
blanket the ground like snow. Other
hot fragments rush downhill for
hundreds of square kilometres at
speeds exceeding 100 kilometres per
hour (62 miles per hour) as toxic,
ground-hugging pyroclastic flows.
The magma chamber rapidly drains
during the super-eruption, causing
the roof above to sink into the empty
space to (re-)form a caldera.

VEI'7 / Yellowstone

Mesa Falls
1.3myrs ago
2B80km?
VEI 8 / Toba VEI5
74,000 yrs ago Pinatubo
2,800km? (that's 380 times 1991
the volume of Loch Ness) Skm?
VEI 8 / Yellowstone ———»
Huckleberry Ridge
2.1m yrs ago
2,450km?*
VEI 8 >
Yellowstone
Lava Creek
640,000 yrs ago
1,000km’
VEI7 / Long
Valley Caldera
760,000 yrs ago
580kmy’
Volume of materiol
in eruption VEI4
VEIB: =1,000km" Mount St
VEIT: 100-LO00km? VEI1 HEIEI'IE., WA
VEI &6 10-100km’ m]_hmj lgﬂn f ﬂ_25km3
VEI5: 1-10km?
VEI4: 0.1-1km’
VEI 3: 0.01-0.1km* .
VEI2: 0.001-0.00kn? VEI 2 VEI 3/ Wilson
VEIL ooooolooolkn'  Lassen Peak, CA Butte Inyo Craters, CA
VEIQ: <0.00001km? 1915 / 0.006km?* 1,350 yrs ago / 0.05km?
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what are we doing to predictand D

arthquakesare one of our planet’s most
destructive natural hazards, with the
ability to flatten entire cities, trigger
enormous tsunamis that wash away everything
in their path, and cause a devastating loss of life.
Part of an earthquale’s immense power lies in
its unpredictability, as a huge qualke can strike
with very little warning, giving those nearby no
time to get to safety. Though we don't know when
theywill occur, we can predict where, thanks to
our knowledge of plate tectonics.
The thin top layer of the Earth, known as the
crust, is divided into several plates that are
constantly moving. Thisis caused by heat from
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the core of the Earth creating convection currents
in the mantle just below the crust, which shifts
the plates in different directions.

As the plates move, they collide, split apart or
slide past each other along the plate boundaries,
creating faults where the majority of earthquakes
occur. At divergent or constructive plate
boundaries the plates are moving apart, causing
normal faults that form rift valleys and ocean
ridges. When plates move toward each other
along convergent or destructive plate boundaries,
they create a reverse or thrust fault, either
colliding to form mountains or sliding below the
other in a process lknown as subduction. The third

type is a conservative or transform plate
boundary, and involves the two parallel plates
sliding past each other to create a strike-slip fault.
Being able to identify these fault lines tells us
where earthqualies are most likely to occur,
giving the nearby towns and cities the
opportunity to prepare. Although the secondary
effects of an earthquake, such as landslides and
fires from burst gas lines, can be fatal, the main
cause of death and destruction during
earthquakesis usually the collapse of buildings.
Therefore, particularly in developed parts of the
world, structures near to fault lines are built or
adapted to withstand violent shock waves. The



DID YOU KNOW? There are 500,000 earthquaokes in the world each year, but only 100,000 can be felt - 100 of them cause domage
Types of plate
There are two main types of

crust: continental and cceanic. 830 k

Continental crust is less dense 3 4
S dale Jer O
and much thicker than cceanic. Es Ill -[_I ated number of

Tectonic plates

How the Earth's crust is in differen

M ¥
Rate of movement - y
Plates move between 0-10cm - v
] {0-4in) a year on average. The W -

-» San Andreas Fault zone is moving
at about 50mm (2in) a year - the
speed your fingernails grow.

L

world's deadliest
parthquake

Pacific Ring
of Fire

The plate boundaries
around the Pacific
Ocean make up what is
known as the Ring of
Fire, an area where 90
per cent of the world's
earthquakes occur.

B

Supercontinent

Pangaea was a supercontinent

made up of almost all of the

Earth's landmass. It began to

-‘r break apart about 200 million B ad
years ago, eventually forming

the continents we have today.

surrounding population will usually carry out
regular earthqualke drills, such as The Great

The Earth’s

California ShakeQut, that gives people a chanceto Str“c't“ re £ & ﬁ:
practise finding cover when a quake eventually Cut through the different S -,
hits. Unfortunately, many poorer areas cannot layers of our planet y ?E'! ", T o
afford to be so well prepared, and so when an :
earthquake strikes, the resulting destruction is
Crust

often even more devastating and the death toll is
usually much higher.

However, our knowledge of how earthquakes
happen and the development of new technologies
are helping us to find potential methods for

The crust is the rocky
outer layer of the Earth
and is 40km (25mi)
thick on average.

predicting when and where the next one will Lithosphere
strike. Scientists can currently make general The lithosphere, which is
guesses about when an earthquake may occur by e e e
) _ L L in most places, includes the
studying the history of seismicactivity in the harder upper portion of the
region and detecting where pressure is building mantle and the crust. Mantle
along fault lines, but this only provides veryvague The mantle is
g , Yp ryvagu approximately 2,900km

results so far. The ultimate goal is to be able to
reliably warn people ofanimminent earthquake
early enough for them to prepare and minimise

{1,B00mi) thick and is
made up of semi-molten
rock called magma.

the loss of life and damage of property. Until then,
being under the constant threat ofan impending
earthqualke is unfortunately part of everyday life
for those living along the Earth's constantly active
fault lines.

Inner core

The inner core is made of
solid nickel and iron, with
temperatures of up to

5,500°C (9,930°F).

Outer core

The outer core is a liquid
layer of iron and nickel
and is about 2,000km
{1,430mi) thick.
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earthquake

How earthquakes are
caused and shake the

ground beneath our feet

Earthquakesare caused by the build-up of
pressure that is created when tectonic plates
collide. Eventually the plates slip past each other
and a huge amount of energy is released, sending
seismicwaves through the ground. The point at
which the fracture occurs is often several
kilometres underground and is known as the
focus or hypocentre. The point directly above it
onthesurface isthe epicentre, and thisis where
most of the damage is caused. Earthquakes have
different characteristics depending on their type
of fault line, but when they occur underwater,
they can sometimes trigger enormous destructive
waves called tsunamis.

How earthquakes occur

The build-up of pressure that causes the
ground to move and shake

Friction causes
pressure

As the tectonic plates
are pushed past or
into each other,
friction prevents
them from moving
and causes a build-up
of immense pressure.

Energy is
relea :
When the pressure (£
finally overcomes {;
the friction, the
plates will suddenly
fracture and slip past
each other, releasing
energy and causing
seismic waves,

The process
starts again
Once the energy has
been released, the
plates will assume
their new position
and the process will
heqin all over again.
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Fault lines

Mountain formation

When two continental plates

How the Earth’s crust collide along a reverse (thrust)
moves along different fault, the Earth’s crust folds, - :
plate boundaries pushing slabs of rock upward 5

to form mountains. ot Y
The Himalayas ifi =+ 5
Southwest Asia formed as
a result of the Indian Flate
and Eurasian Plate

colliding

The East African
Rift Valley is caused by the
African plate gradually splitting to
torm two new plates; the Mubian and

Somali Plates

Rift valleys
A normal fault occurs
when two plates
move apart. On
continents a segment
of the crust slips
downward to form a
rift valley.

Subduction zones
Reverse (thrust) faults
between continental and
oceanic plates cause
subduction, causing the
higher-density oceanic
plate to sink below the
continental plate,

Tsunamis

How underwater earthquakes trigger
enormous and devastating waves

Water Small
displacement beginnings

As two oceanic plates Small, rolling waves begin
slip past each other and to spread outward from
cause an earthquake, a the earthquake's epicentre
huge amount of water at speads of up to

above it is displaced. 805km/h (500mph).

Tsunami

in disguise

The tsunami's long wavelength
and small wave height - usually
less than 1m (3.3ft) - means
that it blends in with regular
GCean waves,




DID YOU KNOW? Tsunamis and tidal waves are different things as the latter is caused by gravitational activity, not earthquokes

Ocean ridges

When a normal fault occurs
between two oceanic
plates, new magma rises
up to fill the gap and
creates ocean ridges.

Strike-slip faults
When two plates slide
past each other
horizontally, this is known
as a strike-slip or

»
(!

The San .i.pdréas fault is
caused by the Racific Plate
and North Am_t;ﬁr:an_lf‘lgh'
moving in theSame direction
! but at different speeds

.
-i-

.
o

"
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Earthquake waves

How seismic waves travel

through the Earth's crust
_ Direction of
- rock moverment

Primary wave
P waves travel back and forth through the
Earth's crust, moving the ground in line
with the wave. They are the fastest maoving
of the waves, travelling at about 6-11km,/s
(3.7-6.8mi/s) , and so typically arrive first
with a sudden thud.

transform fault.

Direction of
wawve travel

Y

Secondary waves )

S waves move up and down,
perpendicular to the direction of the wave,
causing a rolling motion in the Earth's
crust, They are slower than P waves,
travelling at about 3.4-7.2km/s (2.1-4.5mi/
<), and can only move through solid
material, not liquid.

Love waves
Unlike P and 5 waves, surface waves only
move along the surface of the Earth and
are much slower. Love waves, named after
the British seismologist AEH Love, are the
faster of the two types and shake the
ground side to side, perpendicular to
direction of the wave,

kilometres

Depth of the deepest
earthquakes

The tsunami strikes

A few minutes later, the
tsunami's crest will hit the
shore followed by a series of
more waves. This is known as a
wave train.

Early warning

A tsunami's trough, the low
point beneath the wave's crest,
often reaches shore first,
producing a vacuum effect that
sucks coastal water seaward.

Starting to slow

As they reach the
shallower waters of the
coast, the rising sea floor
causes friction that slows
the waves down.

Waves begin to grow
As they slow down, the
wavelengths begin to shorten,
causing the tsunami to grow
to a height of approximatealy
30m (100ft).

Rayleigh waves
Rayleigh waves, named after the British
physicist Lord Rayleigh, are surface waves
that cause the ground to shake in an
elliptical motion. Surface waves arrive last
during an earthquake but often cause the
maost damage to infrastructure due to the
intense shaking they cause.
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they happen

Monitoring
earthquakes

Earthquake-recording
methods of the past
and present

Earthquakes are measured using an instrument
called a seismograph, which produces a visual
record of tremors in the Earth's crust, This shows
the seismic waves of the earthquake as awiggly
line, allowing you to plot the different waves
types. Thesmall but fast Pwaves appear first,
followed by the larger but slower S waves and
surface waves. The amount of time between the

How a seismograph works
Weight and spring
A heavy weight is hung from a spring or

The clever device that
records earthquakes as

—
string that absorbs all of the ground
movement, causing it to remain stationary.
Pen and paper
The difference in position
between the shaking
paper and the maotionless

weight and pen is
recorded as wiggly lines.

arrival of the P and S waves shows how far away _

the earthqualke was, allowing scientists to work Base

out the exact location of the epicentre. The size of ~ Thebaseofthe
) tons seismograph sits on the

the waves also helps them determine the Weight of the largest ' ground and shakes with the

magnitude or size of the earthquale, which is spring-p El‘ld'Tilu m earthquake, also shaking
. . LSEISIMOIMe e r
measured using the Richter Scale. the roll of paper on top.

The earliest known
seismograph
resembled a wine jar
and had a diameter
of 1.8m (6ft)

- _ T

The first seismograph |

The earliest known seismoscope was when an earthquake occurred. The
invented by Chinese philosopher direction of the shaking could be
Chang Héng in 132, It didn't actually determined by which dragon released
record ground movements, but simply  its ball. It is not known what was inside
indicated that an earthquake had hit. the vessel, but it is thought that some
The cylindrical vessel had eight dragon  kind of pendulum was used to sense
heads around the top, facing the eight the earthquake and activate the ball in
principal directions of the compass, the dragon's mouth. The instrument
each with an open-mouthed toad reportedly detected a 650-kilometre
underneath it. Inside the mouth of (37 3-mile)-distant earthquake which
each dragon was a ball that would was not felt by people at the location
drop into the mouth of the toad below of the seismoscope.

Modern seismographs
send small electric signals
to computers and record
them on paper

Richter

The Ll i Vi J' . l b
Scale 029 3.0-3.9

4.0-4.9 5.0-5.9

Measuring the magnitude There are more Minor earthquakes are felt  Felt by all, light A moderate earthquake

of earthquakes using US than 1 million by many people but cause  earthquakes occur causes some damage

seismologist Charles F micro earthquakes  no damage - there are as up to 15,000 times to weak structures.

Richter's system ayearbutthey are  many as 100,000 of these  avyear and cause There are around 1,000
nat felt by people. a year. minor breakages. of them a year.
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DID YOU KNOW? The earliest recorded evidence of an earthquoke has been traced back to 1831 BCE in China's Shandong province

Laser beams are used to detect
small movements of the
ground in Parkfield, California

Predicting earthquakes

Modern methods that could help

us plot future seismic activity

Currently, earthquakes cannot be predicted far
enough in advance to give people much notice,
but there aresome early warning systemsin
place to give people a few seconds or minutes to
prepare before the serious shaking starts. When
seismometers detect the initial P waves, which
don’t usually cause much damage, they can
estimate the epicentre and magnitude of the
earthquake and alert the local population before
the more destructive Swaves arrive. Depending
on their distance from the epicentre, people
should then have just enough time to take cover,
stop transport and shut down industrial systems
in order to reduce the number of casualties.
Scientists are also enlisting the help of the
general publicto help them develop early
warning systems. The Quake-Catcher Networlk
(QCN) is a worldwide initiative supplying people
with low-cost motion sensors that they can fasten
to the floor in their home or worlplace. These
sensors are then connected to their computer and
send real-time data about seismicactivity to the
QCN's servers, with the hope that earthquake

warnings can be issued when strong motions are
detected inany of these,

To be able to predict earthquake furtherin
advance, a characteristic pattern or change that
precedes each earthquale needs to be identified.
One suggestion is that increased levels of radon
gas escape from the Earth's crust before a qualke,
howewver this canalso occurwithout being
followed by seismic activity, so does not provide
conclusive evidence of a earthquake.

Scientists are even trying to determine
whether animals can predict earthquakes better
than we can, but no widespread unusual
behaviour has been linked to earthquakes.
Other potential earthqualke-predicting methods
are being tested in Parkfield, California along the
San Andreas fault. Among other things,
scientists are using lasers to detect the
movement of the Earth's crust, sensors to
monitor groundwater levelsinwells, and a
magnetometer to measure changesinthe
Earth's magnetic field, all with the hope that this
will allow them to predict the next big quake.

With a little bit of
warning, people
can hide under
tables and desks to
protect them fram

falling debris in an
|=_LE|rth|:|u.E|l-4= :

Radar mapping

One of the more recent developments in
earthquake monitoring is interferometric synthetic
aperture radar (InSAR). Satellites, or specially
adapted planes, send and receive radar waves to
gather information about the features of the Earth.
The reflected radar signal of a fault line is recorded
multiple times to produce radar images, which are
then combined to produce a colourful
interferogram (below). Each colour shows the
amount of ground displacement that has occurred
between the capturing of each image, mapping the
slow warping of the ground surface that leads to
earthquakes. This technigue is sensitive enough to
detect even tiny ground movements, allowing
scientists to monitor fault lines in more detail and
detect points where immense pressure is building
up. It is hoped that this data will eventually enable
scientists to tell when this pressure has reached a
hazardous level, leading to more reliable
earthquake predictions that give the public days or
even weeks to prepare,

@ Hupseng ! Dreamstime; Thinkstock; The &rt fgency dfan Jackson; NASAS Enrapean Space Agenoy; Corbis; cgtextures

7.0-1.9

A loss of life and serious
damage over large areas
are the result of major
earthguakes that happen
arcund ten times a year.

6.0-6.9

Ower 100 strong
earthquakes happen
each year, causing
moderate damage in
populated areas.

8.0 & higher

There are fewer than three
earthquakes classed as
‘great’ each year, but they
cause severe destruction and
loss of life over large areas.
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Mountain

10 major
mountain ranges
1. Ural Mountains

TYPE: Fold mountain range in
Russia and Kazakhstan

2. Altai Mountains
TYPE: Fault-block mountain range
in Central Asia

3. Tian Shan

TYPE: Fault-block mountain range
in Central Asia

4. Sumatra-Java range
TYPE: Discontinuous mountain
range system containing active
volcanoes, ranging the length of
Sumatra (the Barisan Mountains)
and Java

5. Serra do Mar

TYPE: Discontinuous mountain
range system on east coast of
Brazil, fault-block formation

6. Transantarctic
Mountains

TYPE: Fault-block mountain chain
that serves as a division between
Eastand West Antarctica

7. Eastern Highlands
TYPE: Discontinuous fold
mountain range system
dominating eastern Australia

8. Himalayas

TYPE: Fold mountain range
system in Asia between India and
the Tibetan Plateau

9. Rocky Mountains
TYPE: Fold mountain range in
western North America

10. Andes
TYPE: Fold mountain range in
South America
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The Himatﬂ}'aa_ are hometo
the world's highest peals

-

residein thislayer.

Fault-block mountains

formation

How many
ways can
oumake g
ountain?

ountains are massive
landforms rising high
above the Earth's surface,
caused by one or more geological
processes: plate tectonics, volcanic
activity and/or erosion. Generally they
fall into one of five categories - fold,
fault-block, dome, volcanic and plateau
-although there can be some overlap.
Mountains comprise about 25 per cent
of our land mass, with Asia having more
than 6o per cent of them. They are home
to 1z per cent of the Earth’s population,
and they don't just provide beauty and
recreation; more than halfof the people

Continental crust

The outermaost shell of the planet
comprises sedimentary, igneous
and metamorphic rock.

. Fracturesin the tectonic plates
Lﬂ_;hnsphgl_'e create large blocks ol rock that slide
This rocky, rigid layer against each other, Uplifted blocks
includes the occeanicand form mountalns.
continental crustsand part of
the mantle. Tectonic plates Asthenosphere

Thissemiplastic region in the upper
mantle comprises molten rock and it's
the layer uponwhich tectonic plates

slide around.




DID YOU KNOW? There is no universal definition of a mountain. For some it means a peak over 300m [g84ft) above sea level

on Earth rely on the fresh water that
flows down from the mountains to feed
streams and rivers. Mountains are also
incredibly biodiverse, with unique
layers of ecosystems depending on their
elevation and climate.

One of the mostamazing things about
mountains isthat although they look
solid and immovable to us, they're
always changing and sometimes even
growing. Mountains rising from activity
associated with plate tectonics - fold and
fault-block - form slowly over millions of
vears. The plates and rocks that initially
interacted to form the mountains
continue to move up to 2cm (0.8in) each
year, meaning that the mountains grow.
The Himalayas grow about 1cm (0.4in)
per year,

The volcanic activity that builds
maountains canwax and wane over time,
Mount Fuji, the tallest mountain in
Japan, has erupted 16 times since 781AD.
Mount Pinatubo in the Philippines
erupted in the early-Nineties without
any prior recorded eruptions, producing
the second largest volcanic eruption of
the zoth century. Inactive valcanic
mountains -and all other types of
mountains, for that matter-arealso
subject to erosion, earthqualkesand
other activity that can dramatically alter
their appearancesas wellasthe
landscape around us. There are even
classifications for the different types of
mountain peaks that have been affected
by glacial periods in Earth's history. The
bare, near-vertical mountaintop of the
Matterhorninthe Alps, for example, is
known asa pyramidal peak, or horn.

This most common type of mountain
is formed when two tectonic plates
smash into each other. The edges
buclle and crumble, giving rise to
long mountain chains.

Examples: Mount Everest, Aconcagua

i Deinied Cass

T sl

Mountains made from below

- =« Volcanic

These mountains are created
by the buildup of lava, rock,
ash and other volcanic matter
during a magma eruption.
Examples: Mount Fuji,

Mount Kilimanjaro

Dome

These types of mountain also form from
magma. Unlike with volcanoes, however,
there is no eruption; the magma simply
pushesupsedimentary layersof the
Earth's crust and forms a round dome-
shaped mountain.

Examples: Navajo Mountain, Ozark Dome

Plateau

are revealed through
erosion of uplifted
plateaux. Thisis
known as dissection.
Examples: Catskill
Mountains, Blue
Mountains

- Fault-block .
Fault-block mountains form when cracked layers of crust slid

against each other along faultsin the Earth’s crust. They can be
lifted, with two steep sides; or lifted, with one gently sloping side
and one steep side. Examples: Sierra Nevada, Urals

Mountainsare home to12 per
cent of the world's population

Fold mountains

Colliding plates experience . -

crumpling and folding in the Volcanic mountains

continental crust, forcing layers These mountains form when

upwards and forming mountains. molten rock explodes up
through the Earth’scrustand
canstill bevolcanically active,

LR
i iy T

Continental collision
When tectonic plates collide, the
continental crust and lithosphere on one
plate can be driven below the other plate,
known as subduction.
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1. Lush vegetation

Huge coal deposits formed during
the carboniferous period around
300 million years ago, when
steamy tropical forests flourished
in Europe and the US.

2. Swamp or flooded forest

Trees, enormous fems and other plants
grew profusely in swamps and flooded
forests. They sunk to the bottom of the
swamp when they died.

When will Earth’s
coal run out?

No one knows exactly when we'll run
out of coal, but its use has skyrocketed
during the last 2zoo years. We used a
that's the
approximate weight of 4 billion cars=in
2009 alone, Around 860 billion tons of
coal remains unmined and major coal
producers estim 1pplies will last
around 130 years at current rates.
Despite this estimate we can't be
sure that coal won't run out sooner, as
theworld’s remaining coal may turn
out to be hard to reach or bad quality.
Woaorse still, we're uncertain how much
coalis buried. India, for example,
overestimated its coal reserves by 36
billion tons in zoo3. Alternatively, we
may develop better sources of energy,

whopping 6.8 billion tons

ssential to modern life, around 40 per cent of the
world's electricity comes from burning coal. The

substance is used to malee liquid fuel, plastics,

stop using coal and never run out.

concrete and even items such as head lice shampoao.

You might expect coal to be a high-tech material,
because it has many sophisticated applications. But coal is
simply a rock made from fossilised plants that died in
swampsup to 100 million years before the first dinosaurs.
Prehistoric plants captured energy from the Sun during
their lives and locled it up as carbon in coal. We burn coal
in power stations to release this ancient solar energy. This
iswhy coal is sometimes called "buried sunshine’.

Coalis mainly carbon and water. Carbon-rich coals
contain little water and release lots of energy when

0S8

How Is coal
formed?

Discover how your lapto}};) S
plants that died before the

3. Peat layer 4. Sediment

The dead plants didn't layers
completely decay The peat is buried and
underwater because of squashed under sand,
the lack of oxygen. mud and rocks when the
Layers of partly Earth's crust moves, or
decayed plants when sediments are
accumulated to form dropped on the peat by
s0gqy, spongy peat. rivers or the sea.

owered by
Inosaurs

burned. Low-carbon coals spent less time buried
underground and contain more water and impurities.
Coal ‘rank’ or quality depends on water and carbon
content. There are four ranlks: lignite, sub-bituminous,
bituminous and anthracite. Up to ten per cent of a coal’s
weight comprises of sulphur. Modern power stations stop
sulphur reaching the atmosphere.

All the fossil fuels we burn - coal, oil and gas - are the
carbon-rich remains of prehistoric organisms. We
describe fossil fuels as ‘non-renewable’ because these
ancient stores of energy take millions of years to replenish
once used. Rapidly releasing carbon from storage also
pollutes the atmosphere. A byproduct of burning coal is
carbon dioxide gas, a major cause of global warming.




DID YOU KNOW? Around 3% of the Earth is covered with peat, which maoy become coal millions of years in the future

Wind turbines
produce electricity

5. Lignite

The peat is crushed and water is
squeezed out by the weight of
overlying sediments. Eventually,
heat and pressure underground
turns the peat into a soft, brown
coal called lignite.
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We can’t power our civilisation with
ancient plants forever. In the future,
we'll harness energy sources that don't
run out in human lifetimes. An example
is capturing the Sun's vast energy with
L ey light-gathering solar panels. Covering
g TR one per cent of the Sahara Desert with
T panels could generate enough energy to
: ' power the world.
Solar energy fuels the Earth’s water
- cycle, which keeps rivers rushing
42 _?é? downhill. This fast-moving water can
o5
o

spin propellers and generate electricity.

6. Bituminous and Tide and bobbing wave movements

anthracite coal can also drive electricity generators.
Continued heat and pressure turm Movements of the Moon, Sun and

lignite into soft, black bituminous coal T. Open-pit coal mine Earth cause tides and won't stop
andhard \etrossanfrocisThese  Milonsofyars e parts o anytimesoon.

because impurities and water are ground. Clual is dug from an open pit Wind turbinesare a familiar sight on
squeezed out. when it's found near the surface. breezy hills and huge turbine farms can

also be built out at sea. The wind spins
the turbine blades to generate
electricity. Another energy source is the
Earth's core, which isas hot as the Sun'’s
surface, This heat can warm homes or
generate electricity.
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Coal is made from fossilised Specialised coal-mining Equlpment is g
plants that died in swamps used to extract coal from the ground
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DID YOU KNOW? Fossils are useful in targeting mineral fuels, indicating the stratigrophic position of coal streams

Adpression Resin Bioimmuration
A form of fossilisation caused by Referred to as amber, fossil resin is a natural Binimmuration isa type of fossil
compressionwithin polymer excreted by trees and plants. Asit is sticky that in its formation subsumes
sedimentary rock. This type of and soft when produced, small invertebrates such as ~ anotherorganism, leavingan
fossilisation occurs mainly insects and spiders are often trapped and sealed impression of it within the fossil.
where fine sediment is within resin, preserving their form. This type of fossilisation usually
deposited frequently, such as necurs I:remeen sessile sleeletal
along rivers. Many fossilised organisms, such as oysters.
plants are formed thisway.

S, ol

Dependent on climateand ground /°
' conditions, deceased animalscan £
be fossilised in many ways ; |

A o Mold
i Permineralisation L Atype of fossilisation process
Lo 7, A process inwhich mineral deposits form RECI'}I'Eta“ISEIhDI‘I similar to permineralisation,
Lk internal casts of organisms, When ashelled creature’s shell, maolds occurwhen ananimalis
gy permineralisation works when an animal bone or tissue maintains its completely dissolved or destroyed,
g diesand then is rapidly submerged with original form but is replaced with leaving only anorganism-shaped
groundwater. The water fills the creature’s acrystal-such asaragonite hole in the rock. Molds can turn
lungsand empty spaces, before draining and calcite -thenitissaid to into casts if they are then filled
b % away leavinga mineral cast. be recrystallised. with minerals,

he origin of life on Earth is irrevocably
trapped in deep time. The epic, fluid and
countless beginnings, evolutions and
extinctions are immeasurable to humankind:
our chronology is fractured, the picture is
incomplete, For while the diversity of life on
Earth today is awe-inspiring, with animals
living within the most extreme environments
imaginable - environments we as humans
brave every day in a effort to chart and
understand where life begins and ends - it is
but only a fraction of the total life Earth has
seen inhabit it over geological time. Driven by
the harsh realities of an ever-changing

environment, Armageddon-level extinction
events and the perpetual, ever-present force of
natural selection, wondrous creatures with five
eyes, fierce predators with foot-long fangs and
massive creatures twice the size of a double-
decker bus have long since ceased to exist.
They're forgotten, buried by millions of years.
Still, all is not lost. By exploiting Earth’s natural
processes and modern technology, scientists
and palaeontologists have begun to unravel
Earth’s tree of life and, through the discovery
and excavation of fossils - preserved remains
and traces of past life in Earth’s crust - piece
the jigsaw back together.
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The fossilisation ofan animal canoccurina
variety of ways [see "Types of fossilisation’ boxout)
but, in general, it occurs when a recently deceased
creature is rapidly buried by sediment or subsumed
inan oxygen-deficient liquid. This has the effect of
preserving parts of the creature - usually the harder,
solid parts like its skeleton - often in the original,
living form within the Earth's crust. The softer parts
of fossilised creatures tend not to survive due to the
speed of decay and their replacement by minerals
contained in their sediment or liquid casing, a
process that can leave casings and impressions of
the animal that once lived, but not its remains.
Importantly, however, creature fossilisation tends to
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& ROCKS, GEMS & FOSSILS

bespecific to the environmental conditions in which it lived

- and these in themselves are indicative of certain time periods
in Earth’s geological history. For example, certain species of
trilobite are only found in certain rock strata, which itself is
identifiable by its materials and mineralogic composition. This
allows palaeontologists to extrapolate the environmental
conditions (hot, cold, dry, wet, etc) that the animal lived and
died inand, in partnership with radiometric dating, assigna
date to the fossil .

Interestingly, however, by studying the strata and the
contained fossils over multiple layers, through a mixture of this
form of palaeontology and phylogenetics (the study of
evolutionary relationships between organism groups),
scientists can chart the evolution of animals over geological
time scales. A good example of this process is the now known
transition of certain species of dinosaur into birds. Here, by
dating and analysingspecimenssuch as archaeopteryx-a
famous dinosaur/bird transition fossil - both by strata and by
radiometric methods, as well as recording their molecular and
morphological data, scientists can then chart its progress
through strata layers to the present day. In addition, by
following the fossil record in thisway, palaeontologists can
alsoattribute the geophysical/chemical changes to the rise, fall
or transition of any one animal/plant group, reading the
sediment’s composition and structural data. For example, the
Cretaceous-Tertiary extinction event is identified in
sedimentary strata by asharp decline in species’ diversity -
notably non-avian dinosaurs - and increased calcium deposits
from dead plants and plankton.

Excavating any discovered fossil in order to date and analyse
itisachallenging, time-consuming process, which requires
special tools and equipment. These include picls and shovels,
trowels, whisks, hammers, dental drills and even explosives.
There isalso an accepted academic method all professional
palaeontologists tollow when preparing, removing and
transporting any discovered fossil. First, the fossil is
partially freed from the sedimentary matrix it is encased
inand labelled, photographed and reported. Next, the
overlying rockis removed using large toolsup toa
distance of 5-7.5 centimetres (two to three inches)
from the fossil, before it is once again photographed.
Then, depending on the stability of the fossil, it is
coated with a thin glue via brush or aerosol in order to
strengthen its structure, before being wrappedina
series of paper, bubble wrap and Hessian cloth. Finally, it
is transported to the laboratory.
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By examining discovered fossils, it is

E]u;tsible to piece together a rou%h
istory of the development of life on
Earth over a geological timescale

12 | CAMBRIAN | 542-488.3 Ma

The first geological period of the Paleozoic era,
the Cambrianisunigue inits high proportion

of sedimentary layers and, consequently,

- adpression fossils. The Burgess Shale

. Formation, a notable fossil field dating

from the Cambrian, has revealed many
- [fossils including the penus opabinia,
afive-eyed ocean crawler.

11| ORDOVICIAN | 488.3-443.7 Ma

Boasting the highest sea levels on the Palaezoic era, the
Ordovician saw the proliferation of planktonics,
brachiopods and cephalopods, Nautiloids, suspension
feeders, areamong the largest creatures from this
period to be discovered.

| '
8 9 | DEVONIAN | 416-359.2 Ma

Anincredibly important time for the
development of life, the Devonian

period has relinguished fossils

demonstrating the evolution

of the pectoral and pelvic fins of

10 | SILURIAN | 443.7-416 Ma fishinto legs. The first

With its base set at major extinction event at E;l,:;l ;;ﬂ'fnmmi mds Egmm: tEt.E AR
the end of the Ordovician, the silurian fossils entrenched and seed-bearing
found Qifiermaxked_l}r from those ﬂmt_pre-date plantsspread across drylands. A
the period. Notable life developments include notable find is the genus tiktaalik.

the first bony fish, and organismswith
moveable jaws.

© |.M.Luijt



DID YOU KNOW? The minimum age for an excavated specimen to be classed as a fossil is 10,000 years

3 | PALEOGENE | 65.5-23.03 Ma

The first period of the Cenozoic era, the Paleogene
is notable for the rise of mammals as the
dominant animal group on Earth, driven by the
Cretaceous-Tertiary extinction event that wiped
out the dinosaurs. The most important fossil to
be discovered from this period is darwinius, a
lemur-like creature uncovered from a shale
quarry in Messel, Germany.

8 | CARBONIFEROUS | 359.2-299 Ma f§.

A period of significant glaciation, the Carboniferous saw
the development of ferns and conifers, bivalve molluscs
and awide-variety of basal tetrapods such as
labyrinthodontia. Notable fossilised finds include the
seed ferns pecopteris and neuropteris.

T ——

-

2 | NEOGENE | 23.03-2.588 Ma
Coveringz3 million years, the Neogene period's
fossils showa marked developmentin
mammals and birds, with many hominin
remains excavated. The extinct hominid
australopithecus afarensis - a common ancestor
of the gemus homo (that of modern humans)-is

one of the most notable fossil finds, as
exemplified in the specimens Lucy and Selam.

4 | CRETACEOUS | 145.5-65.5 Ma

7 | PERMIAN | 299-251 Ma -l e

A period characterised by the diversification of &
early amniotes (egg-bearing invertebrates) in
tomammals, turtles, lepidosaurs and
archosaurs, the Permian hasyielded many
diverse fossils. Notable examples include
reptile therapsids, dragonflies and, driven by
late warmer climates, lycopod trees,

5| JURASSIC | 199.6-145.5 Ma

Fossils discovered from the The period in Earth’s historywhen the

cretaceous indicate an supercontinent Pangaea brole up in to the northern
explosion of insect Laurasia and southern Gondwana, the Jurassic saw
diversification, with the first an explosion in marine and terrestrial life. The fossil
antsand grasshoppers record points to dinosaurs thriving, such

asmegalosaurus, anincrease in
large predatory [ish like

evolving, aswellas the
dominance of large dinosaurs

1 E such asthe colossal ichthyosaurus, aswell as
=l tyrannosaurus rex. Mammals the evolution i
4 increased indiversity, ofthefirstbirds- =
4 however remained smalland shown famously by :
o1 largely marsupial. the archaeo

6 | TRIASSIC | 250-200 Ma

Beginning and ending with an extinction
event, the Triassic period’s fossils show the
evalution of the first dinosaurs such as
Coelophysis, asmall carnivorous biped
animal. Fossil evidence also shows the
development of modern corals and reefs,

1| QUATERNARY | 2.588-0.00 Ma

The most recent period in Earth's history,
the Quaternary ischaracterised
Iy major changes in climate,
aswell as the evolution and
dispersement of modern
humans. Due to the
rapid changesin
environment and
climate [ie ice ages),
many larger mammal
fossils have been
discoverad, including
those of mammoths and
sabre-toothed cats.
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AMAZING
ANIMALS

The animal kingdom
Discover the animal tree of life
and how all living things co-exist

in harmony The sciencebehind

Big cat attack bioluminescence
These predators are far removed [

from your furry household pet,
and will do anything for a meal

Glow-in-the-dark animals

Adjust your eyes to a multicolour
world of natural light

6 /
F & it
Discover major \J Invertebrate
ph a ¥ anatomy
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W AMAZING ANIMALS

s il
Juipgs fﬂr

Major
phyla

The animal kingdom has
approximately 35 phyla.
Discover nine of the
main ones Now...

Chordata Arthropoda Mollusca Nematoda
Animals with a notochord A hard exoskeleton with jointed Molluscs have a mantle cavity Thread-like worms ranging from
{primitive backbone). Vertebrates legs and a body divided into for breathing, which is often microscopic to several metres in
are chordates but they only have segments. It is the most diverse protected by a shell, But the shell length. They have a distinct head,
a notochord as embryos, After phylum, with well aver a million can be spiral, hinged or missing with teath or a stabbing syringe,
that it develops into a true spine. known species on Earth. altogether - eg cephalopods. and a simple intestine.
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DID YOU KNOW? Four out of every five animals alive today ore nematode worms

nthe fourth century BCE, Aristotle divided
so.t you r the world into animals and plants. The word
‘animal’ comes from the Latin animalis and

L]
Ilfe OUt! means ‘having breath’. Animals were all the

A brief guide to how we living creatures that moved and breathed,
structure all life on Earth while plants were the ones that stayed put. For
Domain aver 2,000 years the living world was divided

I(ingl:lnrn into just these two kingdoms. After the
invention of the microscope and later the

Phylum electron microscope, scientists came to

Class recognise that single-celled organisms couldn’t

really be classified as animals orplants.
Order Bacteria and another type of single-celled
Family organism called Archaea are now counted as
fundamentally different groups of their own.

Genus That leaves animals, plants and fungi as fairly

recent evolutionary offshoots from the larger
group of organisms with a cell nucleus, called
the eulkaryotes.

Theanimal kingdom consists of the
eulkaryotes that are multicellular. Their cells
are specialised into different types and
grouped into tissues that perform different
nstii gy _- functions. Animals are divided into major

* 000 A% groups, known as phyla, and each phylum has
' animals with a radically different arrangement
of these tissues. All animals obtain their energy
by eating other organisms, so they need some
way of catching and
digesting these
organisms. But there are

‘What proportion of
species belongs
to each group

B Arthropoda: 53.7%
B Mollusca: 6.8%
Chordata: 3.6%

a lot of ways of solving
this problem. So, for
example, the
echinoderms, which
include starfish, are all
radially symmetrical,
while the arthropodsall

B Nematoda: 1.4%
B Platyhelminthes: 1.4% have rigid, jointed
exoskeletons. There are
W Annelida: 1.0% nine main phyla, witha
W Cnidaria: 0.6% couple of dozen much
Echinodermata: 0.5% smaller ones containing
all the odd and difficult to
Porifera: 0.3% .
classify creatures.
Others: 0.7%

Indeed, between them,

. y e -
Platyhelminthes Annelida Cnidania Echinodermata Porifera
Very simple flabworms with Roundworms with bodies built A body formed from two layers Unusual because of their radial Very simple animals with no
no specialised circulation or from repeating segments. Each of cells sandwiching a layer of symmetry - usually fivefold but nervous, digestive or circulatory
respiratory system. The digestive segment has the same internal jelly in between. The outer layer occasionally seven or more, Their systems. Instead, nutrients and
cavity has a single apaning organs and may have bristles or has specialised stinging cells skin is covered with armoured waste are carried through their
serving as both mouth and anus. appendages to help them maove. {enidocytes) for catching pray. plates or spines. porous badies by water currents.
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W AMAZING ANIMALS

these nine groups account for more than gg per The animal tree Of Iife

cent of all animal species alive today.

Ata first glance, some of the groups seem very
similar. The annelids are segmented worms,
while the nematodes are roundworms and the
platyhelminths are flatworms. Why aren't they

all just grouped together as worms? Even a brief ‘ﬁ:?
(6
onoplacophor

look at their internal structure shows the
reason. Flatworms have bodies that are left/ Aplacophora

J - l-. ~ .]- Seaspidi
right symmetrical and their digestive system is \ ' l

just a simple sock shape with only one opening.
Roundworms have a radially symmetrical head
and a tubular digestive system that has an o
opening at each end. Annelids are even more g

sophisticated internally, with bodies made of M

J

Emertea Fa [:} . 4 é , :“ﬁ'_._ _:.{1!’:- ‘j«}il -?
repeating segments and distinct organ systems. | w = ANER
| oAl OO o ;
The characteristics that separate these three § . ' :

groups ofanimals are far more important than g&
the things that link them together. Being called Chordates Vertebrates

a‘worm’ just means that your body is [0Ng ane - s———— l
thinwith no legs, after all. That also appliesto a ‘ Fishes Lobe
snake, and snakes clearly aren’t worms.

Snakes are vertehrates, of course, but
surprisingly, the vertebrates aren’t considered .t
a phylum of their own. Instead they are :
grouped within the chordates. That's because
the backbone itselfisn’t the most important
distinguishing feature; rather it's the nerve
cord running the length of the body that the
backbone protects. There are some simple
fish-like creatures that have a spinal cord even
though they don't have bony vertebrae. The
spinal cord was the adaptation that led to the
development of our complex nervous systems,
and itis such an important feature thatall
creatures with a spinal cord are grouped
together in the chordates. However, 97 per cent
ofall animals are still invertebrates. The
vertebrate animals - which include us —are just
a subgroup of a single phylum.

So which isthe largest of the groups then? It
depends on how you count it. In terms of the
sheer number of individuals, the nematodes
are the most numerous. But they are also very
small, soit's not an entirely fair measure. There
are over a million nematodes in every square Hm to read
metre of soil! Biologists generally prefer to look the tl‘ee. mm
at the number of different species in a group. The roots of the tree represent the
This is a way of measuring how successful a ancestral lineage, from the ancient

C
T
rYr TS

finned fish

particular body plan has been in adapting to :::ﬂ:tn the mndempast
different environments. By that measure, the On the way 1
arthropods are currently in the lead - around from the roots !
84 per cent ofall known species are arthropods, ﬁfﬂfmr 1

e

Our system of et

n‘mdemm."

naming animals B
was devised DH Attt begna of cach e

is a8 common ancastor for all

Carl Linnaeus s

i

(5]
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DID YOU KNOW? The extinct Moa bird wasn't just flightless; it actually hod no wings. All living birds at least have vestigial wings

Spiders and .

other Haorseshoea rustae
‘ crabs
T | ‘

i

™

Centipedes
and other

Moles, shrews

5 ‘ H & and other

Elephants

Elephant

i

Arthropods M

Onvehophaora

Tardigrades

b Roundwaorms

Mammals

Aardvarks

{C Shrews
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Manateeas
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Amph.ihians
]

E'E'ptiles, Qviparous mammals

Cecilias
Frogsand

toads Salamanders
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Inambues

I.Iltr}r' Ostriches

and other

Carpenters
and toucans

Penguins

Sloths and
anteaters

Parsupials Armadillos

Hedgehogs
dNOoLner

Parrots and
cockatons

Cuckoos and other

Hummingbirds

Mightjar and other

Primates

B

Colugos
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rabhits and
pikas

Even-toed
ungulates

|
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N
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Cetaceans
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Kingfishers

)

Odd-toed
ungulates
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mostly in the subgroup of insects. But thisis
also a somewhat misleading statistic. There are
a lot of species still waiting to be discovered
and identified. Insects are easy to catch,
preserve well and most of their distinguishing
characteristics can be seen with nothing more
sophisticated than a magnifying glass.
Nematodes, on the other hand, are mostly
microscopic and, although tens of thousands of
species have been described so far, they all look
very similar. It's possible that there are as many
as a million more species of nematode out there
waiting to be discovered and named. [fso, this
would make them roughly level with the
arthropods in species numbers.,

The system of naming animals that we use
today was devised by the Swedish naturalist
Carl Linnaeus |or Carl von Linné as he was
lknown after he was made a noble). He used a
two-part name to uniquely identify every
animal and plant. It consistsof agenusand a
species, like a surname and a first name, except
that it is written with the genus first and then
the species. So the chimpanzee belongs to the
genus Pan and the species troglodytes. The
name is often written initalics with the genus
capitalised: Pan troglodytes. The bonobo
chimp, meanwhile, belongs to the same genus
but has a different species: Pan paniscus.

Above the level of genus, animals are grouped
together into families, then orders, then
classes, then phyla. So, for example, the
dromedary camel belongs to the kingdom of
animals, the phylum of chordates, the class of
mammals, the order Artiodactyla, the family
Camelidae, the genus Camelus and the species
dromedarius. The higher groupings are used to
show the evolutionary relationships between
animals, but Camelus dromedarius is all you
need to precisely identify which organism you
are talking about, from the entirety of the
natural world. The genus name is often
abbreviated, particularly when it is long. So the
bacterium E coli is actually Escherichia coli.

In general, the division of the animal
kingdom into groups reflects how closely
related the animals in that group are to each
other, but there are exceptions. Birds are
actually more closely related to crocodiles than
snakesare, and yet both crocodiles and snakes
are in the class of reptiles, and birds have their
own class: Aves. This is because birds all have
lots of physical resemblances to each other that
malke them feel like a coherent group, whereas
reptiles are actually a grab-bag class with only
superficial physical resemblances. The reptiles
are really just the leftover vertebrates that
aren't birds, mammals or amphibians.

Species though are a much more
fundamental unit of classification. Animals in
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INSECTS,

Invertebrate anatom

United by their lack of backbone, what are invertebrates really like?

Phylum: Arthropoda

Phylum also includes:
Spiders, scorpions, centipedes,
millipedes, crustaceans

Info: Insects are the most diverse
group of animals on Earth. It's
possible that 90 per cent of all
species are insects. They have
three body segments, with three
pairs of legs and one or two pairs
of wings on the middle segment.
The whole body is protected by
a waterproof, rigid exoskeleton
that also provides an
attachment point for the
muscles. Insects have a

larval form that is often

aguatic but very few insects
live in saltwater.

Phylum: Porifera
Phylum also includes:
Calcareous sponges,
glass sponges

Info: Most sponges belong
to the class Demospongiae.
Although a sponge has
different cell types, the
body structure is very
loosely organised.
Amazingly if you pass a
sponge through a sieve to
separate the cells, they will
reform into sponges. Most
sponges photosynthesise
using symbiotic bacteria,
though a few prey on
plankton and even shrimp.

Phylum: Mollusca

" Abdomen

Phylum also includes:
Clams, razorshells, oysters, squid,
octopuses

Info: Gastropods are slugs, snails
and limpets. Snails have a spiral
shell large enough for them to
retreat into, to prevent them
drying out or being eaten. They
use a chainsaw arrangement of
microscopic teeth (a radula) to
graze on algae and plants. Marine
snails use their radula plus
secreted acid to drill through the
shells of other molluscs.

Hairs

Sensory bristles
allow touch
sensation through
the rigid exoskeleton.

Wings
In some insects,
one pair forms a

protective cover. "!':‘"
. -
" Exoskeleton
Made of a complex
| carbohydrate called
| chitin and reinforced
with protein.
’ Mouthparts
Various sets of jaws

are formed from
All the reproductive modified legs.
and digestive organs

are contained here.

The single lungis & -
connected to a
pore on the head.

Shell

Grows by adding
more shell at the =
opening in a spiral.




DID YOU KNOW? The total weight of all the ants in the world is the same as the total weight of all humans

v Sea stars feed by turning their
Phylum: Echinodermata StDmUCh lﬂSldE’ DUt

Phylum also includes:
Brittle stars, sea urchins, sea lilies, sea cucumbers

Info: Most species of starfish have five arms but there are v

families that have 50 arms in multiples of five, and also a ?-.': 1 :::

few with seven arms. They feed by turning their stomach L IR A . Nationality: British
inside out and squeezing it into the shells of molluscs. ¥ W Heart Ly h;}] ol tille: Natiiralist
The tube feet that line each arm are controlled ) DL & e 5] Pumps blood around the o7 -_iz'-'-_ )
hydraulically to let the starfish glide slowly along ' ] central disc, carrying ATt godpes Date: 1503-1882

the seabed and they are sticky to help pull nutrients to the body.

ancestral ones, Matural selection
determines survival and extinction.

apart mollusc shells. - living species are part of
L q the same family tree, Evolution causes
3‘}'.-?. new species to branch away from
!

] A
.*:I-'.'I.t“rllk;p%*ﬁ"#" j Fiz 4
" |_r!.?# : Pk A - I -’ i -

L Th

Ty |

Tube foot Phylum: P*JE!r‘r'l.Eltt::-dEl

A forest of hydraulic Ehylur11 also includes:

. tubes serves both as  [Reb A kAL

At the end of each tiny legs and gills. Info: Nematodes are thin

arm are primitive ; ; . 4 \ : worms with a bilaterally

light-sensitive spots. o F f L s T R B, Sl symmetrical body and a

. : ¥ dil: % e - i ' radially symmetrical head.

Their digestive system has an
opening at each end with a
system of valves that pushes

A : = 2. food through the intestine as

L~ Stomach ¥ llE & i By the worm wriggles around.

Divided into two chambers [ %

hehind the central maouth.

Endoskeleton

Calcium carbonate W \
spines or studs cover

the skin for protaction. Phylum: Cnidaria

Phylum also includes:
Jellyfish, sea wasps, freshwater hydra

Phylum: Platyhelminthes

E—r* > Info: Corals and sea anemones belong to the class Anthozoa. They Phylum also Includes:
' Eve s ots have a jellyfish-like larval stage that settles luntn a rcn::l:: and Flukes, flatworms
}'FE P permanently anchors there, Adults have a single opening for the =

Simple eye spots on digestive systermn, which is surrounded by a fringe of often colourful "__"f":‘_' Th’: C:_E?tc__'.d_a' S

the upper tentacies tentacles. These are lined with stinging cells called nematocysts that tapaworms, are Intestinal

provide limited vision. ¢ harpoon tiny plankton. Reef-building corals also have symbiotic algae FArAINES OF WET tERinTes. N ey

> 4 within their bodies that help them to secrete the protective calcium flavs StECHTETY 0 Clgestive

- carbonate skeletons which make up this biodiverse habitat. system and are
5 i hermaphroditic. They absorb

nutrients from their host and
reproduce by detaching the
egg-filled tail segments into
the host's faeces.

Phylum: Annelida

Phylum also includes:
Lugworms, ragworms

Info: The Clitellata is the class
that includes the common
earthworm. They have
segmented bodies with internal
dividing walls. The gut,
circulatory and nervous system
run the length of the worm, but
ather organs are repeated in
each of the body segments.

Nervous system

Soveral mini-brains, or
- ganglia, at the head.

e Mucus gland

st A slippery

polysaccharide is

secreted under the

snail as it moves.
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"Allopatric

when animals are
geographically
iIsolated”

the same species are those that can interbreed
to produce healthy offspring. You can crossa
lion and a tiger to produce a liger, but this
hybrid animal is almost always sterile, because
lions and tigers belong to different species
(Panthera leo and P tigris, respectively).

Charles Darwin’s crucial insight was to see
that new species arose when an existing
population split into two groups that stopped
breeding with each other. This can happen in
two main ways. Allopatric speciation occurs
when animals are geographically isolated. The
islands of the Galapagos archipelago, for
example, are just close enough together to
allow birds to fly between them - when blown
off course by a severe storm, for instance - but
far enough apart to prevent the populations of
two islands from routinely interbreeding.

Over time, the random shuffling of genes
from generation to generation, as well as
natural selection caused by the different
conditions on each island, leads the
populations to evolve in completely different
directions. Darwin found that each isle had its
own unigque species of mockingbird. An
ancestral species of mockingbird had splitinto
four new species. Similarly, the chimpanzee
and bonobo species formed when the Congo
River divided the population of ancestral apes
in half, around 2 million years ago.

The opposite of allopatric speciation is
sympatric speciation. This is where a species
splits into two distinct forms that don’t
interbreed, even though they still share the
same territory. An example of this happening
today is the American apple maggot fly
(Rhagoletis pomonella). Despite its name, the
larvae of this species originally fed on
hawthorn berries. When the apple was
introduced to America around 200 years ago, a
few flies must have laid their eggs on apples
instead. Female flies normally choose to lay
their eggs on the same fruit as they grew up in,
and male flies generally mate with females
near to the fruit that they grew up in. This
means that even though the two populations
of flies could theoretically interbreed, in
practice they do not.

Inthe last two centuries, some genetic
differences between the two populations have
emerged and eventually R pomonella could
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. Vertebrate biology
S pEC IU tl D n D C C U rs Discover what characteristics are shared by creatures with a backbone

Phylum: Chordata

Info: Most fish belong to the class
Actinopterygii, which are the bony,
ray-finned fishes. The other main
class of fish contains the sharks,
rays and skate, or Chondrichthyes.
The two groups aren’t actually any
maore closely related to each other
than, say, birds and reptiles. The
bony fishes have a calcified
skeleton, swim bladder and large
scales on the skin. Sharks may look
externally guite similar to bony fish,
however their body structure is
quite different, as we see here.

i

Phylum: Chordata

Info: Amphibians were the first
vertebrates to emerge onto the land.
They still lay their eggs into water
and most have an aguatic larval
stage. The adults have air-breathing
lungs but can also breathe
underwater through their skin. They
are cold-blooded and need to keep
their skin moist. Amphibians have
tiny teeth or none at all, but often
have a large muscular tongue that
can be used to catch prey.

Cartilage
Without calcium ™

carbonate, Chondrichthye ,.ir'
bones are flexible and |
half the weight.

Sharks rely on the
buoyancy of the

Liver

5|:l|ral valve ) water to support
I Increases the C.::-ntaln s_squ_alr_-ne thair bodies.

surface area to oil to maintain

compensate for buoyancy instead

the short intestine. of a swim bladder.

Phylum: Chordata

Info: Reptiles are air-breathing
vertebrates that lay their eggs on
land, though some actually live in
water. They have scaly skin, and
maodern reptiles are cold-blooded,
although some large prehistoric ones
may have been warm-blooded.
Reptiles are a leftover category;
rather than having defining features
of their own, they are classified as
the vertebrates that produce eggs
with an amniotic sac that aren't
mammals or birds.

d:a...'..

N,

ain in the class

The duck-billed platypus lays with an earthworm. Its
eggs, but also has a bill and evolutionary journey has got

webbed feet. It also has stuck halfway between the
mammary glands and fur. Isit  annelids and arthropods,
a bird or a mammal? It's which makes it hard to know

actually a monotreme, once which group to put it in. The
treated as a separate group on  lungfish are a similar halfway
the same level as mammals. house between the bony fish
Nowadays taxonomists class and the amphibians. Worst are

them as a subgroup of the microscopic Myxozoa that
mammals. Another problem have variously been classed as
animal is Peripatus, which protozoa, worms and jellyfish
looks like a caterpillar but - though they actually look

actually has more in common nothing like any of them!




DID YOU KNOW? Disney's Animal Kingdom park in Florida is home to over 1,700 animals across 250 different species

BIRDS
Phylum: Chordata

Info: Birds are vertebrates with
feathers and a beak instead of teeth.
They lay eggs with a hard, calcified
shell, instead of the leathery shell of
reptile eggs. Most birds can fly and
almost all their characteristic ..
features are adaptations for flight.
Their breathing system involves a
complicated system of air sacs and
chambers in their bones that allows
them to refill their lungs when they
breathe out as well as in.

&

( ‘ ~ Light skeleton
-y

Hollow bone cavities are
connected to the lungs.

Feathers

Lightweight interlocking
keratin filaments create
a strong airfoil.

Neocortex

Mammalian brains tadrgekstlem lrldm
: eep keel provides
:j::;,f;?g;a a strong attachment j"& - No bladder
called the neccortex. for wing muscles. ' Nitrogen waste is
Ad e, excreted as
¥ | ? concentrated uric
Air sacs f acid to save weight.

These supply a /
reserve chamber

il

a2 of air when k
| B
" breathing, much \"ﬂ
like bagpipes.
Phylum: Chordata
Info: Mammals are defined by their )
body hair and their mammary Cervical

vertebrae

Almost all mammals
(even giraffes) have just
seven neck vertebrae.

glands for feeding young. Most
mammals nourish the embryo using
a placenta that grows out of the
uterus. Monotremes are a primitive
group of mammals that comprise
the platypus and echidnas; they lay
eggs, but even then the egg
develops for a long time inside the
mother and is nourished by her.

Middle ear
A trio of bones in

the middle ear is a
unigue feature,

A molecular
family tree

A good classification system
doesn't just group animals that
look similar; it groups those that
are related evolutionarily, The best
way to do this is by comparing
their DNA. All animal cells contain
organelles called mitochondria
and these have their own DNA.
Assuming that mitochondrial DNA
only changes as a result of
random mutation, the amount of
mutation over evolutionary time

Lungs

Large lungs supply
oxygen for a warm-

blaoded metabolism.

can be used to create a family
tree. Molecular phylogenetics is
the scientific discipline that
compares the mitochondrial DNA
barcode of different animals, and
groups the most similar ones
together. It is certainly not a
perfect system though because it
has to make some assumptions
about the background mutation
rate, and we now know that
mitochondria can also acquire
new DNA from other sources by
horizontal gene transfer.

AN
kp

B

- .

KEY PLAYER
Carl Linnoeus
Mationality: Swedish
Joh title: Taxonomist

Dates: [707-1778

Info: Linnasus classified
all knawn anirmals,
plants - and even mineraks - according
to a simple, consistent, hierarchical

- gystern that made identification

much mare straightforward,

1 DK Images; Thinlkestack; SPL; NOAA

'l ;
]*l. ¥

Pentadactyl limb
r Mammals have five
fingers and toes on

the end of each limb.
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W AMAZING ANIMALS

Find out what makes these cats such effective killing
machines in a formidable show of muscle, fur and teeth
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DID YOU KNOW? The nome ‘joguar’ is from the Native American word ‘yoguar’ meaning ‘he who kills with one leap’

he world’s big cats are majestic
I powerhouses of muscle and strength, with
acute senses and Killer instincts. The true
big cats are the four largest species of the genus
"‘Panthera’”. lions, tigers, jaguars and leopards.
However, there arealso many other large cat
species that have incredible hunting abilities, one
of which is the mighty cheetah.

Mostly found insub-Saharan Africa, cheetahs
are super-streamlined and built for killing on the
fly. They have specialised muscle fibres to power
their long limbs, black ‘tear lines’ to help
counteract glare from the Africansunanda
spotted coat to keep them camouflaged inthe
long grasses.

Although their spots may look similar at first
glance, a closer look reveals that leopards (which
often share the cheetah’s habitat) have very
different markings. Leopard spots are more
detailed, featuring clusters of black and brown
rosettes rather than the cheetah’s simple blaclc
ovals. These markings mimicthe shitting
shadows of trees and leaves, allowing the cheetah
to blend into the background. If one’s stalking
you, you won't know about it until it's too latel
Leopards have a wider range, and can be found in
forests, deserts, mountains and grasslands
throughout Africa and Asia.

‘Lions can even
take down the
largest animals on
land: elephants”

Back on the savannah, it's the lions that have
the edge. When they're feeling really plucky,
these cats can even take down the largest animals
on land: elephants. They can do this because they
have evolved to work together. Hunting asa group
allows lions to take on much larger animals,
surrounding and overwhelming them. It’s
thought that this ability to hunt cooperatively is
due to a highly developed frontal cortex - the
part of the brain that deals with problem solving
and social behaviour, This is particularly evident
in lionesses, the pride members that do the
majority of the hunting. These amazing creatures
stake a claim to be the most intelligent of the big
cats. Competition is vast, though.

Asthe largest of the big cats, tigers are supreme
predators. Found in swamps, grasslands and
rainforests throughout Southeast Asia, China and
the mountains of far-east Russia, these striped
heavyweights hunt alone, relying on their
camouflage and stealth to track down preyand
catch it with the element of surprise.

Read on to get under the skin ofall of these
fierce felines, and find out more about the
physiology of a big cat attack.

What’s on the menu?

Each giant feline has a taste for
something different

Lion

The 'king of the jungle’ can essentially
eat anything it can catch, but given that
lions are found on the plains of
sub-5Saharan Africa, they commonly eat
the animals nearby. Like all big cats,
lions need a high-protein, all-meat diet.

WILDEBEESTS
ZEBRAS

CAPE BUFFALOS
ANTELOPES
GIRAFFES

Leopard

Hunting alone, leopards search out mostly
smaller, hoofed animals although they will
occasionally prey on monkeys and aother
smaller creatures if the pickings are slim.
In general these smaller prey are easier to
catch single-handed and drag into the
treetops for eating.

IMPALAS
GOATS
MONKEYS
RODENTS

. e e 2
(I88/77
The largest of the big cats, tigers need j x "lj
their fill of meat. Their favourite prey f il
depends on their habitat, but they \ \
primarily eat larger mammals as they E \
have more fat and protein to sustain * o
the tigers' needs. However, when times o

"-.\ ﬂ} i |
are tight, tigers will tuck into anything, q' :

from fish to rodents. '.. - ' WILD BOARS

, DEER
.“e __ . ANTELOPES
4 | WATER BUFFALOS

Jaguar

Mot shy of a challenge, jaguars have a
very varied diet. Their amazing hunting
ahbility allow them to take down large
forest-dwelling mammals and their
willingness to take to water provides a
whole other selection of prey items.

PECCARIES
CAPYEARAS
TAPIRS
CAIMANS
TURTLES

Cheetahs

While not officially a big cat species of the
Panthera genus, cheetahs are formidable
felines. They use spead and strength to catch
their main prey, ungulates, but can also
supplement their diets with smaller creatures
such as hares and even birds.

1 GAZELLES
IMPALAS
HARES
WARTHOGS
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W AMAZING ANIMALS

The need for speed

For some big cats, speed is the name of the game

Have you ever looked at a picture of the African speed for a quick-fire burst, usually after they and an acceleration of o to 75 kilometres per hour
savannah, and seen lionswalkingamongagroup  have expertly stalked their prey and got within intwo seconds. However, they can only stay at

of impalas and wondered why the impalasare striking distance. Similarly, tigersuseaswiftleap  theirtop speed for around 400 to 8oo metres, so
just grazing away, instead of running for their or lunge to grab their prey once it's within reach. they must plan their attack carefully. They will
lives? This is because the impalas know that a The element of surprise is key! approach downwind from the prey so that their
single lionin the openisn’t fast enough and they Cheetahsare the real athletes of the big cats, scent doesn't give them away, and then launch an
can easily outrun them. The lions know this too, though. They can sprint for long distances and ambush at lightning speed. If they time this well,
and won't waste their energy trying. Forotherbig  accelerate quickly, with some records clockingup  they will successfully outpace their prey and go
cats though, speed is everything, Leopards use asustained distance of around four kilometres in for the kill.

Back muscles Inside the beast Hyper-flexible spine

> —— \\ Powerful muscles support A cheetah's spine curves so
. . the flexible spine, allowing This creature is built for much that it allows the cat's
- for maximum power and speed. Here's what makes the back feet to overtake the front
giant strides. cheetah go like lightning paws, maximising stride length.
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Large nostrils
A bigger nostril area

means the cheetah Small head

can breathe faster, It looks out of proportion with its

taking in more axygen body, but a small head streamlines

to supply the the cheetah and reduces wind

hard-working muscles. resistance at speed.
Keen eyes Large heart
Forward-facing eyes with an A bigger heart ensures oxygen-
in-built image stabilisation rich blood can be pumped around
system keep the cheetah's the body quickly, to power the
prey in sharp focus as it runs. muscles during sprints.

A cheetah’s
dewclaws, or

"thumb' claws,
are used to trip

up its prey

Claws and paws

Sturdy pads and non-retracted ¢ ."
claws both provide grip and ,
traction when the cheatah * ;

begins to pick up speed.




DID YOU KNOW? Cheetahs hunt every two to three doys. They only have o bo% success rate, and 10% of their kills are stolen!

Why cheetahs don’t roar

Only the ‘true’ big cats, those in the genus Panthera (lions, tigers,
leopards and jaguars) can let out a deep, guttural roar. This is
because the part of their voice box known as the hyoid bone is
flexible. Coupled with a stretchable ligament it makes a sound-
producing passage and the more the ligament stretches, the
deeper the pitch.

Cheetahs, along with other 'smaller’ big cats like pumas, instead

have a similar voice-box anatomy to house cats. The hyoid bone is
completely hardened, meaning roars are impossible to generate. The
voice box is a fixed structure, but this allows them to purr =
something that the Panthera cats cannot do. Interestingly, the
exception to the rule is the snow leopard; although it is a member of
the Panthera genus and has a flexible hyoid, this cat can neither roar
nor purr! Instead, it makes a ‘chuffing’ sound.

Fast-twitch fibres

These muscle fibres are k-

e
¥

-

able to contract very - '.-l"z',’- il .-
quickly to provide a burst * 2ds thanks ; g .ﬂ
of power, although they - their long tails - :
tire quickly. _.i._l-f 3 ;
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“Only ‘true’ big
cats let out a deep,
guttural roar”

Lightweight skeleton
A light body means the
cheetah’s weight can be

carried further and faster.

Long tail
This acts as a counterbalance and
a rudder, helping the cat make
tight turms at high speed.

60km/h

LEOPARD LONG, STRONG LEGS
FOR CLIMBING TREES HELP THE
LEOPARD ACCELERATE

70
Y\ | 1 /
Big cats
by numbers

How the other fierce

\ : ,
56km/h — > gL
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59km/h

LION FAST ENOUGH TO
CATCH A RUNNING
WILDEBEEST, PROVIDING
OTHERS ARE NEARBY

6

80
’é / 80km/h
/ 90 JAGUAR STILL BEHIND THE
// MIGHTY CHEETAH, BUT THE
FASTEST OF THE REST
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TIGER THE LARGEST
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W AMAZING ANIMALS

Life in the pride

Each member of the pride has
its own role, to ensure all the
lions benefit from family life

Strate
of the ﬂi’. nt

Young males

Lionesses do )
When they reach maturity,

EHC[] p]EdﬂtDr plays t{j its ::E ETAE:E{E: K% Hll . ;.,rnu|1gd|~|m§!;=. are Tlf’ren o
StrEHgthS, E}{ECUﬂHg the pride A e I form bachelor -gn:uupsphefﬂre

1 i ‘ 'ﬁ‘r | b -:’ ey join their own pride
different tactics to huntand H-ﬁ‘f" | they join their own pride.

¥
- 1 ‘- =. h. : "
catch their prey BB RPN
B 1 - LY \i It F
..?.'r I&iﬁf il il -l J'.
Lions use theirsheer size, brute strength and - AP . S
] - . “ L}
power in numbers to go after large prey items, Lionesses - u‘ ]
such as buffalos, zebras and giraffes. They both There are around 12 L™ ‘-f}.l
lionesses in a pride unit, and i ' "

stallk prey and attack en masse, coming at prey
from different angles to startle and confuse. Lions
will also scavenge, stealing kills off other
predators such as hyenas and cheetahs.

All the other big cat species are solitary hunters,
and need to employ a very different and more

they are usually all related.

Time to leave
If a male or female is
injured or too old and
can't perform their
rale, they are pushed
aut of the pride.

fine-tuned approach. Cheetahs use their highly
specialised bodies to generate massive thrust,
using propulsion and attuned senses to home in
on their quarry. They then use their dewclaw to
trip the prey, causing it to stumble and fall.
Tigerswill use their keen senses and superb
camouflage to stay hidden in the undergrowth.
They stalk prey until close enough to strike -
lunging at it from around six metres away. With
razor sharp claws outstretched, anyanimal in
this cat's sights may struggle to get away! These

i _ f "‘-.I;‘,,.-q " T . .- Hie ._ .
L. | JU | = e
-"Iu. _‘;'1_'. ‘

cats can even launch attacks from water. The tiger

will then useits bull to grapple with its prey.
Snow leopards are ambush predators and will

use their rocky, mountainous home to their

advantage. They will often creep up on prey near

cliff ledges and drop onto them from above.
Leopards and jaguars have similar strategies. A

To locate prey in the dark, leopards have excellent j

night vision, around seven times better than ours. Safety in numbers

They rely on their hypersensitive paws to feel the Lione:[ive-n;open grassknds,

where a kill draws easy

terrain, ensuring that no twig-snaps or leaf attention. The pride works

rustles give away their position. A quick lunge and together to defend food

a powerful bite are enough to seal the deal. i e

However, due to their climbing preferences, these

cats will employ the ‘drop from above' tactic too.

Leopardsand jaguarsaren't afraid of swimming

and will happily get wet to secure a meal, or
sometimes they won't bother hunting atall, and
will keenly scavenge a meal.

school

Lesson number one: eat,
or be eaten! How young
cubs learn to be predators
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'Big cats’ finely tuned

Play fighting is a big part
of learning. Lions in the
pride will encourage cubs
to pounce and stalk one

. another before being
introduced to live prey.

Hunting FPUBRS Lon

senses make them hyper-

Tiger

' By the time they reach 18
months, tiger cubs will be
skilled hunters. Thay learn
through watching their
maother and finishing off
her contests.

aware of their surroundings”

Mealtime hierarchy
After a kill, the males always eat
first. Then the femalas will eat
their fill and the cubs follow,

Leopard
« The essential skills that
274 " leopard mothers teach
* their young include how
to pin down animals, and
the best place to clamp
down on a throat.




DID YOU KNOW? Leopards are strong climbers and can drag their prey up into the trees to eat

Cooperative hunting
Females work together to bring
down a kill, making hunting
both efficient and effective.

Dominant male

The male guards the territory,
chasing away intruders and
would-be adversaries to
protect his lionesses.

Male challengers
K * | The dominant lion may be
0 s e challenged for his females
gl .
and territory, so a strong
male benefits the pride.

Teamwork is key; lions can
bring down much larger prey
because they work together

- "Agroup of lions will
‘' comeat prey from
different angles to

. startle and confuse”

Staying stealthy

For most big cats, their most powerful weapon
is stealth. But how does a two-metre-long,
250-kilogram Bengal tiger manage to stay
hidden long enough to get within striking
distance of its prey? The answer lies in the
figer's amazing agility, striped camouflage, and
staying downwind of the prey. Orange and black
stripes may seem garish to us, but these
markings break up the tiger's outline in both
grassland and jungle.

The same is true for the other big cats -
leopards, jaguars and even lions all have
subtle markings that blend them into the
background. The big cats’ finely tuned
All cubs are offspring of the essential, making them hyper-aware
dominant male. They don't of their surroundings. This, coupled with
help with the hunting until their strong and flexible bodies, allow the big
they're around one year old. cats to hide, waiting for the moment to strike.

T Alamny: Thinkstack

\"‘ ’ . - e
/! Cub rearing ¢ Wy,
Females share the .

burden of looking after
cubs, taking it in tums to
gither hunt or babysit.

Jaguar drnaci " Cheetah

Young jaguars stay by e A mother cheetah will
with their mothers for ¥ Ui48s teach her cubs to hunt by
tWo Years or more. 5 i %' bringing young or weak
They watch her every Arifite 1,8 : prey back to their lair. The

e - Fi:{;i;: move and learn to hunt el (=" cubs can then practise
o B wie, by her example. R chasing and catching.
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In for the kill

After the take-down comes the dispatch,

AMAZING ANIMALS

Tigers use their strong
front legs to tackle
and immobilise their

down on the neck

a grizzly yet necessary part of the hunt

When big cats get a hold on their prey and they
have paws on the prize, the next step is crucial:
the kill. Almost all of the big cats use the method
of asphyxiation to kill their prey. This is the
quickest method to make sure that the prey does
not get away, and that all of the energy these
animals have expended on stalking and chasing
doesn't go to waste. Big cats have incredibly
strong jaws, powered by efficient musculaturein
their head and neck. To complement a strong jaw
are sets of super-sharp teeth, perfect for piercing
flesh and holding prey down.

For lions, the kill isusually a team effort.
Because they often hunt in groups, one lion will
frequently assume the role of clamping its
colossal jaws around a prey animal’s snout,
attempting to suffocate it while the rest of the
hunting team hang onits flanks to bring it to the

ground. Thisissometimes called the ‘lion kiss of
death’, and they can bring down very large prey
in thisway.

It's very often thought that big cats
automatically ‘go for the jugular’ to dispatch their
prey, but thisisn't the case. When their teeth aim
for the necls, it's the animal’s windpipe that the
catisaiming for, rather than the veins. Their
vice-like jaws clamp onto the windpipe and
crush it, suffocating the prey for a quick kill.

Tigers use this method for larger prey. By biting
the neck and using the animal’s strength against
itselfin order to drag it to the ground, they can
bring down very large animals single-handedly.
Forsmaller critters they may bite the nape of
the necl in order to sever the spinal
column. Leopards also use this super-
effective technique.

Strong bite

The leopard holds its prey
at the neck, where it
delivers the Killer blow.

Muscular legs
Strong legs provide
bursts of energy for
jumps and lunges.

Jaguars, on the other hand, do thingsa little
differently; these animals are the only big cats to
prey on reptiles, and it's thought that their killing
style has evolved to take down dangerousand
armoured prey, The jaguar, instead of going for
the throat, directly bites its prey in the back of the

neck or head, severing the spinal cord
= andpuncturing the braincase.
& , By using this technique, the
. jaguar can get pastthe
- thick hides of caiman
and pierce the
strong shells
of turtles.

¥ s 1
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Eve on the prize
Leopards’ eyes have a
specialised membrane
that allows them to
focus even in low light.

Sharp claws
Claws help
immaobilise prey
and climb to safety.




DID YOU KNOW? some leopards and joguars have black fur, ond are called ‘panthers’, but this term is used for any black big cat

Jaguar vs caiman Big cat bite force

These cats aren't scared of water, nor the scaly, snappy reptiles that live within Check out the sheer power of these
- . < - - - formidable predators

% 2 e . R o ?\il " MR T

PRy ?’}g-"?i' ket 1'-‘" | <

£ 'hﬁ- 8y B P T “' Bite force quotient (BFQ) is a measure ofan

animal’s bite force relative to its body size.
For comparison, a domestic cat’s BFQ is 58.

-y, S |
The swim The stalk
laguars are great swimmers. With prey in his sights, Exiting the water, the jaguar has the element of
this jaguar chooses a water approach, making sure to surprise on the unsuspecting caiman. He stalks for one
swim stealthily with no splashes or sudden moves. second more to get closer.
e o
"11 e ‘H ﬂ’ L Y "!'

P, "

2 Alamy; Thinkstock; WIKIY Klans Rassingerand Gerhard Cammerer Museum Wieshaden; [l lustrations by Bebeloka Hearl

The attack The death blow

The caiman has little time to run before the jaguar A sharp bite into the braincase at the back of the
takes a leap onto him. The jaguar again has the element caiman's head instantly immohbilises the reptile. A
of surprise and immobilises the caiman. successful hunt for the jaguar!
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W AMAZING ANIMALS

Jellyfish ~
%  Some jellyfish ' ' :
species use flashes of - 1 'y Ly
light to scare off - E
potential predators.

Bobtail squid

This squid uses
bioluminescent

A , ; bacteria to provide
‘;' ¥ o = light-up camouflage, ;
= & .
AN . Scorpion
o < | Scorpions fluoresce

under UV light, but no
one really knows why.

GLOW-

Hit the switch and
adjust your eyes to the
multicolour world of W
natural light / v

Firefly
A light organ on this
bug's back produces

its distinctive flashes.

Coral reef -
Many coral reef creatures
|
\ - - use fluorescence to survive.




DID YOU KNOW? Charles Dorwin witnessed bioluminescence onboard the Beagle, noting the "milky train” following the ship

e

magine walking through a forest at night and

encountering a swarm of dancing lights

floating in the air. It may look like magic, but
itis one of the most astounding features of the
natural world: bioluminescence. The flying
flickers of light are a biochemical reaction
exhibited by tiny fireflies, as they light up the
night in their efforts to find a mate.

Bioluminescence is found throughout the
animal kingdom and beyond, and the most
extensive array of glow-in-the-dark creatures
can be found in the ocean. Yet, interestingly,
freshwater habitats have almost no
bioluminescent organisms.

Although modern science
has allowed us to explore the
inner workings of how this
incredible biology occurs,
bioluminescence has been
fascinating humans for
thousands of years.
References to natural
creatures glowing inthe
dark appear in the folklore
of many different cultures,
in Scandinavia, China and
India to name a few. In the
fourth century BCE, ancient
Greek philosopher Aristotle
noted, “some things, though they
are not in their nature fire nor any
species of fire, yet seem to produce
light.” Similarly, during the first century CE,
Roman scholar Pliny the Elder even documented
that he took the slime of a jellyfish from the Bay
of Naples and rubbed it on his walking stick,
where it lit the way “like a torch.”

As Aristotle himself noticed, bioluminescence
isa ‘cold light’, which means that unlike the
glow that is produced by electrical light bulbs,
which also produces waste heat energy, the
bioluminescent reaction is almost 100 per cent
efficient and produces very little heat. There are
two ways that animals are able to produce this
light: by possessing the right biological means to
malke it themselves, or by hosting
bioluminescent bacteria that work with the
animal to provide their flashy light show. These
bioluminescent bacteria can also be free-living,
or parasitic, attaching themselves to a hostand
making it glow unwittingly.

One animal that has a mutually beneficial
relationship with these bacteria is the tiny
bobtail squid, a cephalopod just a few
centimetres long, found in coastal waters of the
Pacific. The squid uses the bacteria’s blue-green
2low to camouflage itself in the water column by
matching the glow of moonlight from above-a
technigue known as counter illumination. In

returr?e squid's body provides the bacteria
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with a sugary solution to feed on. Every
morning, the squid will expel g5 per cent of its
bioluminescent bacteria, ensuring that it stops
glowing while it rests. By the time night returns,
the bacteria have repopulated, reaching a large
enough concentration to begin glowing again.
This is also an interesting use of
bioluminescence as camouflage, rather than to
light the way in darkness.

Bioluminescent creatures that don't rely on
luminous bacteria create their own light via
chemical reactions. These animals often have
specialist organs called photophores in which

organic molecules known as luciferin react
with oxygen to produce photons of
visible light. These reactions can be
initiated by various factors,
including chemical, neurological
or mechanical triggers.
Bioluminescence is not the
only method employed by the
animal kingdom to glow in
¥ the dark. Many animalsalso
shine through fluorescence,
where light is absorbed and
then emitted at a different
wavelength. For example,
under a UV light, scorpions
appear a neon turquoise colour.

Various species of corals, jellyfish

and crustaceans also have fluorescent
properties, as does the Japanese eel -
which is one of the only known vertebrates to
exhibit this trait.

Ontop of this, animals can also use
phosphorescence, which is chemically similar to
fluorescence, but the light is absorbed and
(unlike fluorescence) still continues to glow once
the light source is removed. Many sea creatures
will exhibit a combination of the three light-up
methods, but phosphorescence is often too weak
to see with the nalted eye or is overshadowed by
the other two, much brighter, methods of
natural illumination.

In the ocean, the glowing show of colour very
often includes neon hues of blues and greens.
This is because these are the wavelengths that
travel the furthest in the depths, ensuring thata
creature’s lights are fit for purpose. However, the
colours are also tailored to their specific
function. Animals use their glow-in-the dark
capabilities for defence, to ward off predators or
to dazzle attackers. Lights help to attract both
food and mates, and can even provide a cloak of
camouflage. It is possible that there are also
benefits for the non-luminous ocean beings such
as sperm whales, who dive so deep to hunt that
scientists believe they may rely on the
bioluminescence of their prey in order to track
down a meal.

"

The science behind
bioluminescence

Bioluminescence is produced by a chemical
reaction involving a molecule known as luciferin

Ingredients

In general, for a
bioluminescent
reaction to occur, an
organism needs a
luciferin molecule,
luciferase (the catalyst
which enhances the
reaction) and oxygen
to oxidise the luciferin.

zACatalyst
catalyst is a
substance that
increases the rate of a
chemical reaction. In
this case, the catalyst
is called luciferase.
This is the general
term for an enzyme
that helps a light-
emitting reaction to
take place.

Bgcxidisatiun
curs

The luciferase
provides a pathway for
the oxygen so that it
can combine with the
luciferin more easily.
The oxygen then
oxidises the luciferin
by adding oxygen
molecules to it.

4 Light is
produced
When luciferin reacts
with oxygen, photons
of light are released.
When this reaction
happens callectively in
a creature's
photophores, it
produces the amazing
natural light displays.

Reaction

by-products
The bioluminescent
reaction results in
by-products: carbon
dioxide and a
compound called
oxyluciferin - the new
name for the oxidised
luciferin molecule.

@ Corbis; Alamy; Dreamstime
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How natural
illumination
can benefit us

Asanaturally occurring phenomenaon, that in its
simplest form requires just oxygen to worlk,
bioluminescence can also have many
applications in our everyday lives. We can
harness thisamazing light-emitting process for
medical, military and commercial uses. Natural
fluorescence, too, is being developedasan
increasingly useful tool.

Scientists are able to use naturally fluorescent
proteins to track the spread of viruses and
diseases in rodents, and also to watch the
development of cell tissue in amazing rainbow
colours. This has potential for allowing us to
understand and treat human disease.

We can also use our knowledge of
bioluminescence to genetically modity plantsso
they glow. Although the science of this is still very
much initsinfancy, this use of bio-light could go
as far as adapting trees to glow in place of
streetlights, saving valuable fossil fuels. Scientists
at Edinburgh University have already created
glowing potatoes that illuminate under a black
light when they are dehydrated, working asa
marker for farmers to precisely monitor their
crops. Although there is controversy surrounding
genetically modified foods, the science behind
such developments is still incredible.

There might also be military uses for
bioluminescence. Certain species of plankton
often bioluminesce when they are disturbed,
which could give away the whereabouts of
otherwise stealthy submarines, or disrupt other
covert naval operations.

Then there are, of course, plenty ol commercial
applications to light up our daily lives as well. For
example, biotech company BioLume in North
Carolina hope to develop a range of incredible
luminous sweet treats - such as lollies, chewing
gum and drinks - aswell as personal care
products including toothpastes, soapsand
bubble baths that glow in the darl.

Lighting up
the deep

Bioluminescence is found throughout the water
column, from the surface waters to the deepest
ocean trenches. As the light fades, the amount of
biological illumination begins to increase. It's
thought that around go per cent of deep-sea
animals use some form of bioluminescent light to
hunt, defend themselves and find mates.
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Glowing mice

A fluorescent protein derived from jellyfish :
lkknown as Green Fluorescent Protein (GFP)
has revolutionised cell biology. It glows
bright green under blue and UV light, and
can be used as a versatile marker to
highlight a huge array of biological
processes. The protein can be cloned (so

it doesn’t need to be harvested from live
jellyfish) and then the gene sequence

for GFP can be added to an organism's
genome, In turn, this makes specific [

-

areas of cells (that scientists want to - ‘ v
study) ‘glow’. This means scientists are :

much better able to witness and

understand the growth of tissue, from
nerve cells in the brain to the spread of

cancerous tumours, which has huge
potential in medical research.

Glowing plants could
pawe the way for more
hotanical illumination

Comb jelly

Despite their name, these
tiny organisms are not
jellyfish. Comb jellies
have paddle-like
appendages that propel
them, which flash with
rainbow light as they
move. This happens
when incident light is
scattered through the
maoving cilia, but many
species are also
bicluminescent, capable
of glowing blue-green.

.

Glowing mice could help
researchers combat a
huge array of diseases

Glowing
greenery

The company
Bioglow has been
working onan
energy-saving
alternative to
streetlights, by
developing a plant
that glows on its own.
Named Starlight
Avatar, a pot plant
called Nicotiana
alata has had a gene
for bioluminescent
bacteria inserted into
its genome, creating ._.‘f;
an ‘autoluminescent’

plant that emits a -
yellow-green light
independently. ”

Anglerfish

There are many species of

anglerfish, with the

majority possessing a

large, bioluminescent lure, v |
like a glowing fishing rod. e e 8
This menacing appendage d% , .
helps the females to N . f

attract prey. Male 2t =
anglerfish are much : ¢
smaller and do not have W
lures, instead they latch o,
on to females like S
parasites and provide

sperm for reproduction.



DID YOU KNOW? In WWI, o German submarine in the Mediterranean disturbed bioluminescent plonkton, giving away its position

Why do animals glow?

DEFENCE

Defensive bioluminescence is used to deter
predators. Creatures such as squid usea
sudden burst of light to startle their attacker,
and some animals also employ a ‘smoke screen’
effect to enable a quick getaway.

Black dragonfish

This fearsome looking
creature has light-
producing cells along its
entire length, and it can
light up suddenly when
disturbed or threatened.
However, this fish has an
extra trump card: it can
glow with near-infrared
light, which many other
deep sea species are
unable to detect, allowing
it to launch stealth
attacks upon its prey.

r.
Squid send out a
burst of light to deter
would-be predators

Flashlight fish use super-bright
light organs beneath their eyes
to lure in and illuminate prey

OFFENCE

Bioluminescence can be used to attract prey,
or to find it by lighting it up. Animals such as
some siphonophores and flashlight fish will
use their bioluminescence to lure prey
towards them, and then enjoy the spoils.

Tomopteris

These beautiful-looking
creatures are swimming
polychaete worms. They
have bioluminescent cells
that allow them to flash
bright colours, and there
are species that can even
produce yellow light,
which is rare in the deep.
Tomopteris are also
capable of shooting
bioluminescent particles
that allows them to get
away from predators.
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ATTRACTION

- Different firefly"speties
can be identified by their
* flashing patterns

Bioluminescence plays a key role in the
courtship of fireflies, who have light organs in
their lower abdomen. Males perform a light

show to attract females, who will flash bacluin
response if they like what they see.

“We can harness
this amazing light -
emitting process for
medical, military and
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Mauve stinger
jellyfish

In German, the mauve
stinger jellyfish's name
translates as ‘night light’,
reflecting its amazing
bioluminescent
capabilities. When it
becomes startled or
trapped, the flight
response sets off the
chemical reaction so it
can release a glowing
trail of mucous in its
wake as it tries to make
an escape.
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@ Corbis; Bex; Alamy; Thinkstock
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ommon form of communication on the planet
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