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BEGS

FOR THOUSANDS OF YEARS, people have
been sailing across the oceans to discover new lands. But it
wasn't until relatively recent times that humans started looking
beneath the waves to discover a whole new hidden world, just
waiting to be explored. Today, amazing technology has allowed
ocean explorers to voyage into the ocean depths, unveiling a
kaleidoscope of sea life, and to map the dramatic panorama of
the ocean floor. Yet much of this watery world is still unknown.
Now, with Ocean, it's time for you to embark on an exhilarating
journey of the high seas and join the race to find out all there

is to know about the oceans.

& OCEAN PACK
_5 | At the back of this book you will
; find a pack containing:

OCEAN POSTER

DESTINATION OCEAN
Your voyage begins with a peek at the qﬁﬁf
science behind the oceans, before being 2, T T T
fully immersed in the icy watersof <% BRI
the Arctic. Your journey then d§>
continues around the world,
guiding you through the ridges
and trenches of the Atlantic and
the chain of coral islands in the =
Indian Ocean, across the vast f@ E
Pacific, to the iceberg-laden
Southern Ocean.

Rerord breaker and Troubled waters
peneis highlight the oceans’ biggest and
best siphts, and wam of problems fhaf
are ocouning in the waters and their
consequences for the fulure



P EXPLORING THE OCEAN
The technology behind peoples’ exploration of

the seas is detailed along the way. Read about the first
ocean explorers who sailed the seas, and then take a look at
the incredible technology of submersibles and SCUBA that
has enabled us to investigate beneath the ocean's surface.

FOCUS ON...
Along the way, Focus on... features
show you each ocean's most
unmissable sights, from
lighthouses and their fascinating

N\ \ history to the bicluminescence
v | of deep-sea creatures.

-

SEA LIFE...
From dazzling coral reefs to
the thriving communities in
kelp forests and on tidal shores,
the amazing marine life beneath
the waves and on the seas’ shores
showcased in the Sea life... features.




© OCEAN FLOOR

The ocean floors are made of

a dense rock called basalt—

the same rock that erupts

as molten lava on Hawaii.
They form a part of [

Earth's crust that

is constantly

being recycled

and renewed.
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SATELLITES AND SONAR

Amazing advances in technology allow us to see the hidden terrain
of the ocean floor with the same clarity as the surface of the Moon.
Satellite views like this false-color image of the Indian Ocean reveal
the big picture, while sonar images home in on the detail.

Continental shelf is the edge RIDGES AND TRENCHES

of the confinent, which slopes The ocean floor is a thin crust of basalt covered

down into the sea
volcanoes. Ocean floor is destroyed where it is
dragged into ocean trenches, but new rock is
created at spreading midocean ridges.

with sediment and peppered with active and extinct

raj

HOTSPOTS AND SEAMOUNTS

In many places, such as Hawaii, oceanic volcanoes that have erupted over
"hotspots” beneath Earth’s mobile crust form volcanic islands. These eventually
stop erupting, subside, and become submerged seamounts. This colored sonar
image shows a chain of seamounts close to an ocean ridge.

Voicano erupls

As the crust beneath the ocean floor aver the holspot
conlinues to move, propelled by the achivity beneath the crust
al the midocean ridge, the voicanoes that
have erupled from the stalionary holspot
move with it and become extinct

Extinct, sinking hotspat
valcana forms a
submerged seamaunt
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Sediment blankels the
bedrock of the ocean floor

Molten rock rises up
from inside Earth to form
2 midocean ridge

Ocean crusf plunges
; into the hat mante,
The sea floor is pL{shed apart forming a krench
by mare magma rising in the
ridge—a process that is
gradually widening fthe acean

Ocean crust melts
info malten rock

Molfen rock erupls from
volcanoes as ocean
crustis destroyed













eats the air above it. This makes the e
alr s replaced 0y air blowing in acrgg theg "a
C,

NV A9H3Ng

pUIM 3y AQ UMO|Q ‘SIAEM “5”0‘41/\7
15

o
<
~

=
=
D
b3
¥}
~
D
=
wv)
~+
<5}
S
=
3
(=)
=
w
(=}
=
&
@
~
=
(22

eS
W)
youow d

\33?-\6 W




The combination of wind and Earth’s spin makes
/' surface currents swirl broadly clockwise around
£ oceans north of the equator, and counterclockwise
| south of the equator—although the continents distort
| this pattern. These swirling oceanic gyres carry warm,
|| tropical water (red arrows) toward the poles, and cold,
~ | polar water (blue arrows) into the tropics.
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EBB AND FLOW
Most places on the coast experience one or two cycles of high and low tide
a day. These tidal cycles make water flow along coasts and in and out of river
estuaries, often leaving boats like these stranded on the tidal mud at low tide,
The range from high to low tide varies with the shape of the coastline.
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SHATTERING FORCE

Storm waves break on exposed shores with
explosive power, blasting the rock apart.
They undercut rock faces to form caves,
which eventually collapse to leave sheer
cliffs. Softer rocks give way first,

leaving seams of harder rock

standing as headlands and

isolated stacks.
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O LAPTEV SEA

Much of the pack ice of the
central Arctic Ocean forms in
the Laptev Sea off Siberia. It
then moves over the North Pole,
carried by ocean currents.

WA

Glaciers flowing off the

dump great blocks of ice
into the sea. These
icebergs may drift as

far south as the

[ 1

R o

.

b
East

' Siberian Sea

© GREENLAND ICE

\ Atlantic, where they |

can be a danger
to shipping.

Novaya
Zemlya

Franz Josef

Wand Barents

Sea

" Queen '
Elizabeth
Islands =




C ed by land. In Winte;; Ve
" | Its in SUmnE;; 3/
ice me
\ce

of




S g
t“e “Oatl“g ‘Se sheet exaags _'!'0
=TT :

~

In winter the Arctic is . G
almost permanently dark, and C
< the air temperature can fall to a 00
ey Be.gufort Fast Dma [, Aa teeth-chattering -58°F (-50°C) or (‘9
A0 = S’bseﬂ'lﬂ e | below. Bit by bit, most of the surface of 2
- “ ;""Y >y ' the Arctic Ocean freezes to eventually form
R S ‘ a mass of floating ice that is roughly the size
Laptev .| of the US. The ice forms as a single sheet but

g
7 "‘*'-’f:ﬁ%,‘ soon breaks up inte separate ice floes. These are

VAP o Batrin T ?'ét;*o CEAN ' § N~ T jostled together to form a “landscape® of icy ridges,

Kara \L 8 P with occasional cracks that reveal the deep, dark
s Uk . water below. Much of this pack ice forms off Siberia
' . and is carried clockwise by ocean currents around the
" : - = central Arctic Ocean. As more seawater freezes onto its
o Greenland . Barents <5 £ B pace, the ice becomes thicker, reaching a maximum
' T A Y thickness of 10 ft (3 m) in the central part of the ocean.

|
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oL ATLANTIC
R | OCEAN

ICE FORMATION
As the temperature at the ocean surface falls
below its freezing point of 28.8°F (-1.8°C), tiny
ice crystals form in the water. During this
freezing process the sea salt is expelled, creating
ice that is almost pure water. The ice crystals
clump together to form floating plates of
"pancake ice,” which are pushed together by
the wind and currents to form thick pack ice.
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/ Polynyas are areas

/ of Arctic water that stay

| ice-free all winter due to strong
winds or currents. They form in

V.

the same places every year, such
as Northwater in Baffin Bay,
which lies between Greenland
and Ellesmere Island.




In spring the pack ice
around the edges of the Arctic
Ocean starts breaking up and
melting away from the surrounding
coasts. The ice edge shrinks north, leaving
a central area of apparently permanent
summer ice in the central Arctic Ocean. In
Tact, since the pack ice drifts slowly across the
North Pole toward Alaska, every part of this
“permanent” ice sheet melts away after a few years,
: s0 it Is known as multiyear ice. In September this area
e AT g " of summer ice is roughly half the size of the winter ice.
_ ik % e T iy okt ) s e s o
e 7L SRR gy ~ minerals for plantlike, microscopic algae. As soon as the ice
i , q\"\::%wm‘ Riens : Ve | mielts they start multiplying fast in the sunlit water,
ATLANTIC yung 0 e | creating massesoffood for Arctie marine e
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True icebreakers gre sPecialy
by Norwegian explore, FridUOf;/Sign
)

/ Icebreaker
/ facts
/

Power: Often nuclear
l Crew: Up to 200
/ Length: Up to 535 ft (160 m)
Max speed: 23 mph (37 km/h)

‘/‘C Speed in ice: 12 mph (19 km/h)
| Max ice thickness: 8 ft (2.4 m)
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H Extra-powerful engines push
Pawerful searchlights are = the ship through the ice
used during the Arclic's
prolonged hours
of winter darkness

Helicopter

L I + landing pad

ol

Very gfadual/

upward slope
allows the bow Hull is made of specially Slippery polymer paint on hull reduces Supersirong
fo ride up over slrong ice-praof steel friction with the ice and saves fuel propellers with
the ice replaceable blades
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Many Arctic
and Antarctic glaciers
flow right down to the sea,
where huge chunks of ice break
off and float away as icebergs.
These can drift for months in the
ocean currents and, if they stray
into busy shipping routes, can
be a serious hazard.
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© AMAZON WATER

\, Vast amounts of muddy water pour into
' the Atlantic from the mouth of the
Amazon River. This single mighty

river accounts for nearly a fifth

' of the river water that flows

N\ into the world's oceans.
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© VOLCANO
Ascension Island is the
peak of a vast volcano
that has erupted from
near the Mid-Atlantic
Ridge. The volcano

| is dormant, but

black lava-flows

| mark the sites of

past eruptions.
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In the far north Atlantic,
cold, salty water sinks in
*downwelling zones” to drive
a deepwater current that flows south
over the ocean floor. As the water sinks
it draws surface water north to create the
North Atlantic Drift—a branch of the warm, salty,
fast-flowing Gulf Stream. This carries warm water
toward Iceland, warming the northern seas and " . -
contributing to the mild climate of northern Europe. |~ < W ST T s _ - Warm surface current
Meanwhile, cold currents flow south, delivering cold but | AR SABpstal Plllng | —> "ol surloce current

nutrient-rich water to coastal North America. | . % 2., RE P Decopmstooisn
- -e A B Downwelling zone
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In April
1912, the Titanic was
steaming from Britain to the
US when she hit an iceberg that
had drifted south from Greenland
on the Labrador Current. The ship
sank in deep water to the south of
Newfoundland. More than 1,500 |
people died in the disaster.
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LIFE ON TIDAL SHORES is
very difficult for sea creatures, so only
a few species survive there. Yet the water
contains so much food that those few species
can often flourish in enormous numbers.

ow tide:

r
= Ma"Y find refuge in rock pools ath




SEASIDE

Salt-tolerant plan®
competiton for space
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Built on
hazardous coasts and
dangerous offshore rocks and %
shallows, lighthouses have helped
| £ == mariners avoid shipwreck for over
2,000 years. They not only show
where the dangers are, but also act
as "seamarks,” which help sailors
know their position at sea.
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A VIRTUALLY LANDLOCKED SEA, the Mediterranean
is surrounded by ancient cities and seaports. Many
of these date back more than 2,000 years and have made the
Mediterranean famous as the cradle of western civilization.
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The explosion of the volcano Santorini in 1650 sce destroyed the Minoan
civilization on nearby Crete, and may be the origin of the myth of Atlantis—
o wealthy land thot was drowned beneath the sea in o devostating tragedy.

g

COLLISION ZONE

The Mediterranean is the remains

of a much larger ocean, which has
closed up as Africa has moved north
to collide with Europe. Africa is still
creeping north, and this relentless
pressure causes regular violent
earthquakes, especially in

Greece and Turkey.
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THREATENED PARADISE
Virtually cut off from the ocean, the Mediterranean suffers badly from pollution

Western civilization began in the Mediterranean more than 2,000 years ago

and the earliest demacracies evolved here. The philosophers who lived in the that cannot escape into the Atlantic. This is threatening native wildlife like the
city-states produced work that is still read and studied today. Many bulldings critically endangered Mediterranean monk seal. Yet despite this, the water in
survive from this period, including the Parthenon in Athens, seen here. some places is still erystal clear and teeming with marine life.
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SWIRLING CURRENTS
The floating weed is concentrated in the Sargasso Sea
by a huge, swirling "gyre” of ocean currents. The water
#!| flows west near the equator, then heads north near
Flarida to become the Gulf Stream that flows across
| the north Atlantic toward Europe. Here it turns south
as the Canary Current, before flowing west again.







CUT OFF FROM THE ATLANTIC by the Florida peninsula
and a string of islands, the Caribbean and Gulf of Mexico are
stormy but beautiful seas of tropical blue water.

Fy

R ¥ SAVAGE STORMS
The Caribbean is often hit by hurricanes that brew up in the tropical Atlantic in
late summer, when the ocean is at its warmest. The hurricanes are carried west
by global air currents and batter the islands and coastal cities. This satellite
image shows Hurricane Katrina over the Gulf of Mexico in 2005.
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DEAD ZONE -
Many parts of this region suffer from badly planned coastal development and Foc
pollution, which is a serious problem in the Gulf of Mexico. Here, fertilizers <%

draining off the farmlands of North America have created a huge “dead zone” e
around the Mississippi Delta, where the river water pours into the Gulf.



TROPICAL SEAg

n and Guif of Mexica zre frin

FAST FACT »

Puerto Rico in the Caribbean was
where Christopher Columbus londed
after crossing the Atlontic in 1482.

GULFOIL  SUNKEN TREAURE
‘The Gulf of Mexico has rich oil deposits beneath the seabed. They are exploited Spanish treasure galleons once sailed through these waters. Many were wrecked by
by at least 800 offshore ail rigs, which drill deep into the rock to extract the hurricanes or poor navigation, scattering their cannons and precious cargo over the

oil. The industry has a good safety record, but pollution is a problem—as here, seabed. The region was also notorious for piracy, and Port Royal in Jamaica was s :‘_-,x-‘
where burning waste gas is creating a plume of black smoke. virtu

ally controlled by pirates until its destruction by an earthquake in 1692. 5




: : - UPWELLING ZONE GLITTERING SHORE :
Off the coast of Namibia in southwest Africa the wind carries surface water away Rivers draining off southern Africa carry masses of sand and other mineral
from the shore and out to sea. This draws deep water and nutrients from the seabed to

sediments into the shallow ocean water at the coast. These minerals include
the surface, fueling the growth of planl:tonTht plankton supports swarms of
tiny animals and big shoals of fish, which are hunted by seabinds, sharks, and sea lions.

high-quality diamonds, which are dredged from the seafloor and even collected
from beaches where they are swept up by waves.
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VOLCANIC ISLANDS BREEDING COLONIES
The south Atlantic has several remote volcanic islands that have erupted from South Atlantic islands are—or were—important breeding sites for oceanic
near the Mid-Atlantic Ridge. They include Ascension Island and Tristan da Cunha, wildlife. Ascension Island used to have large colonies of seabirds like these
seen here. Tristan is basically one huge volcano, which last erupted in 1961. frigate birds, but today these breed only on nearby Boatswain Bird Island,
The islanders had to be evacuated and could only return after two years. where they are safe from rats accidentally introduced to the main island by ships.

ca the air over the ocean, WIming sta
Y any raip, creating the Namib Desert—2




TALL SHIPS

Sail-training ships like the Danmark still
teach the skills that allowed the early
explorers and traders to cross the oceans
under sail, using only the energy of the wind.

THE GRAIN RACE

In the 19th and early 20th centuries fast ships,
such as the famous clippers, sailed from Europe
to Australia to pick up cargoes of grain, racing to
bring them to market. They sailed south through
the South Atlantic and then east to Australia,
returning via Cape Horn to benefit from the strong

eastward-blowing winds in the Southern Ocean.

Jaity * FAST FACT 0o 90¥*
"9 from 100 00Y7 a3,
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S¢ ships was 83 days, set by the 90"
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| MacArthur facts
B Year:2005 Voyage duration: 72 days
Average speed: 17 mph (28 km/h)
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Knaox-Johnson facts
Year: 1968-69

Voyage duration: 313 days
Average speed: 4 mph (6.4 km/h)
Boat length: 32 ft (9.8 m)

Boat type: wooden ketch




"\ OGANGES DELTA
|\ The low-lying delta at the
|\ mouth of the Ganges River is

\ the surface of a vast “fan” |
of soft sediment. This
submarine fan extends |

A\ forup to 1,500 miles |
W\ (2,500 km) across |
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.| O HIMALAYAS
o | The highest mountains in the
- )| world form a vast erumple

zone marking where India

| has collided with Asia.
*| The same movement has

also created the deep /

g g Sunda Trench and
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LIVING FOSSIL TRADING PORT
In 1938 a strange fish was discovered near South Africa. It was identified as Zanzibar island off the coast of Tanzania was once a thriving trading port for spices
a coelacanth—a "living fossil™ fish similar to the ancestors of all reptiles, mammals, and ivory, but it was most notorious as the center of the 19th-century African slave
and birds. It was thought to have become extinct at least 100 million years ago, but trade. The rulers of Zanzibar grew rich on the profits, building many palaces that still
is now known to live in deep water around the Comoro islands near Madagascar. stand in the ancient city center, Stonetown—now a World Heritage Site.




STORMY SEAS

The Agulhas Current flows southwest around the coast of South Africa, where it runs
into storm waves coming from the opposite direction. This conflict builds up some

of the steepest, most dangerous “rogue waves.” They have probably sunk many

ships, but nobody can be sure, since the ships simply disappear.

GIANT TORTOISE

The giant tortoises of Aldabra are
among the many curious animals
that live on the islands of the western
Indian Ocean. There used to be
numerous other species, but hunting
drove many into extinction, including
the dodo—a large, flightless pigeon
that once lived on Mauritius.

KILLER SHARKS

South African seas have a sinister reputation for shark attack because of the many
great white sharks that prowl its coastal waters. They prey mainly on seals but have
also killed several people. Despite this, many divers pay good money for the thrill of a
close encounter with a great white shark, protected by the steel mesh of a shark cage.
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Swarms of plankton
in the water attract
big shoals of small fish,
which are tracked down by

bigger fish, dolphins, and seabirds.
These may then launch a mass
attack that develops into
a feeding frenzy.
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Most of the islands of the Maldives, like: iits capitall
Malle, are less than 6 ft (1.8 m) above sea llevel,

making them extremely vulinerablle to rising
sea llevels caused by dimate change. 3
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SUMMER

In summer rising air over Asia

draws maoist, oceanic winds
northeast over India to cause
monsoon rain. The winds drag

the surface water of the northern

Indian Ocean eastward, causing
nutrient-rich water to well up.
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WINTER

Cold, sinking air over Asia in

 winter pushes dry air southwest

over India, reversing the wind
direction and the ocean currents.
This stops the deep water welling
up near Aftica, but stirs up food-
rich waters in the Arabian Sea.
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Tropical
cyclones are hurricanes
that build up in the Indian
Ocean, where the water is warm
enough to generate masses of

rising water vapor. This can cause
storm surges of ocean water,
resembling the tsunamis that
are triggered by oceanic
earthquakes. //
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Little sunlight
reaches the ocean
depths, but many animals
make up for this by producing
light of their own. They glow, flash,

or flicker with light produced by
special organs called photophores,
or by colonies of luminous
bacteria that live under
their skin.
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Indonesia, and throughout the tropics,
are colonized by tidal forests of evergreen trees
called mangroves. Thanks to their specialized root systems
they can grow in salty, waterlogged mud, unlike most plants.

3bsorb gjr that they cannot get from
UP 0ut the water to act like snorke's

.







Ruapehu in New

Zealand is one of more than

450 volcanoes that form a “ring

of fire” around the Pacific. They

have erupted near the ocean trenches
where ocean flaor is being destroyed.
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| OEAST PACIFIC RISE
|| This sonar image shows part of
' | the spreading rift in the eastern
Pacific. The rift is spreading
fast, but not fast enough
| to make up for the
\ | destruction at the
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THE GALAPAGOS ISLANDS
in the eastern Pacific are famous for their
wonderful wildlife. This owes its survival to the abundant
food in the surrounding ocean, which is unusally fertile due to
cold, mineral-rich currents swirling up from the ocean floor.
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WEIRD AND WONDERFUL

Many unusual animals live on the Galdpagos, including giant

tortoises, flightless cormorants, and marine iguanas—the only lizards
that feed at sea. Colorful Sally Lightfoot crabs scuttle over the rocks
looking for edible scraps, and thousands of seabirds nest on the islands.
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COLD WATER, HOT ROCK

Most of the islands’ animals feed on fish from the plankton-rich
waters of the cold Peru Current. These marine iguanas dive into the
chilly sea to scrape seaweed off rocks, then spend hours basking on
the hot, dark rock to warm up again.
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MARINE RESERVE

The ecosystem of the Peru Current supports an amazingly productive
fishery, especially in the waters off Peru. The seas around the Galdpagos
are now the second largest marine reserve in the world, where al|
fishing is banned, but preventing illegal fishing is very difficult.

“o\can"" that erupted from a hg
while those in the west have bayg,, i

Every few years the ecosystem is devastated by El Nifio—
a weakening of the prevailing winds in the tropical Pacific
that allows warm surface water to flow east toward
South America. This stops the colder, richer water

of the Peru Current reaching the surface,

preventing the growth of the plankton

that feed the fish eaten by all the

other animals.




JSL facts

Total crew: 4 (2 crew and 2 observers)
Length: 26 ft (8 m)

Power: 9 electric mators

Depth limit: 3,000 ft (900 m)
Maximum speed: 1.1 mph (1.8 km/h)
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Trieste facts
Total crew: 2

Length: 50 ft (15 m)
Power: electric motors

Depth reached: 35,813 ft (10,916 m)

TRIESTE
Trieste was a pressure-proof sphere
slung from a huge float. The weight of heavy Ty

iron ballast took it to the bottom. When this was ‘
released the craft floated back to the surface,

Alvin facts
Total crew: 3

Length: 23 ft (7 m)
Power: electric motors
Depth limit: 14,800 ft
(4,500 m)

NURP1
Total crew: 0
Power: electric motors
Depth limit: 1,000 ft
(300 m)







from midocean ridges. The

chemicals turn solid in the

ocean, forming plumes
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- MAUNA KEA
The highest volcano on Hawaii, Mauna Kea
is also the biggest mountain on Earth,
When measured from the ocean floor
its peak is higher than Mount Everest’s,
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SINKING PEAKS

The extinct volcanoes that form many Pacific islands are slowly subsiding. Bora Bora,
shown below, is halfway through the process. Once a high island with a coral fringe,
it has been sinking for millions of years. Meanwhile, its coral fringe has grown
upward, creating a barrier reef enclosing a sheltered lagoon.

CEANL N

THE WESTERN PACIFIC is dotted with hundreds of

volcanoes that have erupted from the ocean floor.
Now nearly all extinct, they have been transform@_&: e
into a magical realm of coral-fringed islands.
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CORAL ATOLLS
Many of the original volcanic islands have completely subsided and now all that

survives is a barrier reef. Known as atolls, these ring-shaped reefs are topped with
sandy coral islands and enclose shallow lagoons. Many populated atolls are at risk
from rising sea levels, and some are already being abandoned.
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MUSHROOM ROCKS SWIRLING CURRENTS
In parts of Micronesia, coral islands have been uplifted by earthquakes Some Pacific volcanoes never reached the surface, or have sunk entirely. They
beneath the ocean and carved into mushroom shapes by the waves. Crowned form submerged seamounts. Currents swirling up and around these peaks carry
with dense trees, many are havens for wildlife, such as ocean birds, since they nutrients toward the surface, where they fuel the growth of plankton. This
are safe from ground predators that cannot get to the islands. attracts fish, which are hunted in tum by predators like this hammerhead shark.
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SCUBA facts

Normal depth limit: 100 ft (30 m)
Maximum depth limit: 300 ft (90 m}
Normal dive duration: 40 minutes
Advanced dive duration: 2 hours
Usual gas: Compressed air
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THE BIGGEST OF ALL CORAL REEFS,
the Great Barrier Reef covers 89,000 sq miles
(230,000 sq km) of the continental shelf off
the tropical northeast coast of Australia.

— ——

BIG BUILDUP BLUE VOID
The organisms that build the reef are some 400 different species of colonial corals, On the edge of the Australian continental shelf facing the open Pacific Ocean,
which extract calcium from the seawater and use it to make limestone cups that just beyond the reef crest, the water depth may plunge from near zero to
support their soft bodies. When they die the limestone survives and new corals grow 3,300 ft (1,000 m) into a blue void. These deeper waters are patrolled by sharks
on top of it, building up a reef that attracts colorful fish like this spiny lionfish. like this silvertip reef shark, which preys on the smaller fish that live on the reef.




DEADLY VENOM WHITE DEATH
The fantastically diverse marine life of the Great Barrier Reef includes many The biggest threat to the reef is a process called coral bleaching, caused
venomous species, such as the box jellyfish with its long stinging tentacles and by unusually high water temperatures. The heat makes the corals expel the
the stonefish with its poisonous spines. The venomous bite of this pretty little colored algae that live under their skin, so they turn white. Since the algae
blue-ringed octopus makes it one of the most deadly animals in the ocean. provide most of the corals' food, this can prove fatal to the coral itself.
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ANTARCTICA

South Pole

Ross
Ice Shelf

O ICE SHEET
Mountains on the fringes of
Antarctica are half buried
beneath the vast ice sheet
- | that covers most of the
| continent. This ice sheet
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THE WEDDELL SEA AND ROSS SEA are great
inlets in the Antarctic continent. They are the coldest parts of
the Southern Ocean, largely covered by immensely broad and
thick glacial ice shelves.

MIXING ZONE

The interaction of a westward-flowing coastal current with an eastward-flowing
offshore current creates swirling eddies in the Weddel| Sea, as shown in this radar
satellite image. The eddies cause nutrient upwellings that nourish dense clouds of
plankton, supporting a rich marine ecosystem.




PACK ICE
For much of the year the Weddell Sea is covered
with pack ice, here dominated by a colossal iceberg
that has broken off the Ronne Ice Shelf. Long leads of
clear water open up in summer.

COLD CURRENT
Cold, salty, dense water sinks beneath
the floating ice of these frozen seas. It then flows YRR
north as Antarctic Bottom Water—a deepwater current that takes : {
the water halfway around the world before surfacing in the north Pacific. f»‘:}‘
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Antarctic ice sheet feed thick,
out to sea. There are many around
Antarctica, but the biggest by far
are the enormous Ross Ice Shelf on

¥
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the Ross Sea, and the Ronne lce

Shelf on the Weddell Sea.



Built to
extra-high tides and storm
surges, the Thames Barrier
has huge steel gates, slung
between these towers,
that swivel up from
the riverbed to
hold back the sea.

WATER POWER

Big turbines placed in the path

of powerful ocean currents may
soon be able to generate as much
electricity as normal power plants,
but without the pollution.
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UNTIL THE MID-18TH CENTURY most marine explorers
were not interested in the ocean itself, beyond the problems
it posed to navigation. But then scientists started to look more e
deeply and a whole new world opened up for investigation.

1 ' g W : S

SCIENTIFIC PIONEERS RESEARCH SHIPS
Oceanography began with Captain Cook's first voyage in HMS Endeavour, seen below in Modern research vessels carry equipment to gather a wide range of data
replica form, in the late 1700s. But the first truly aceanographic expedition was that of from different depths in the ocean. Some are equipped to map the seabed
HMS Chaliengerin 1872-76. Packed with scientists taking measurements and samples, using sophisticated side-scan sonar, and a few highly specialized ships use
the ship zigzagged through the oceans for 63,000 miles (111,000 km). drilling equipment to sample the rocks of the ocean floor.




LAST FRONTIER
The oceans are the last frontier of
Earth-based natural science, with much
still unexplored and the focus of intensive
research. Aided by amazing technology,
scientists are able to produce vivid
3-D images of the ocean floors. They can
also use satellite data to make maps of
features like these ocean temperatures.

SATELLITE DATA COMPLEX SCIENCE

Oceanographic data is also gathered by satellites, often launched into space The work of oceanographic research vessels and satellites is coordinated by institutions
by NASA's Space Shuttle. Satellites can beam data back to Earth continuously, so such as Woods Hole and Scripps in the US, and Southampton, England, and Naples, Italy,
they are especially useful for observing things that are always changing, such as in Europe. These dedicated universities have experts in the many individual sciences,
the distribution of ocean life or sea ice, and for tracking oceanic storms. such as physics and geology, that make up the complex world of oceanography:
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THE SEAS have been
a source of salt for centuries, but their
large-scale exploitation for other resources

is a modern development.
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THE OCEANS have been used
as dumping grounds for centuries. This did
not matter when human populations were small,
but now we pour vast amounts of pollution into the seas,
poisoning the water and upsetting the balance of nature.

Cities and towns generate a lot of organic waste. This
_can be made harmless by sewage treatment, but in
. many countries raw sewage is still dumped in the '

i 0 sea. Fertilizers also run off farmland into |
. rivers that flow to the sea. Together they |
NG can overfertilize the water and |

.

. destroy the natural ecology.

|
i




el "%




DYING CORAL REEFS
Warming oceans and increasing acidity
are causing serious problems for tropical
coral reefs. By the end of the century
many of them may be dead or dying.







algae
plantlike organisms
that can make food
using the energy of sunlight
backwash
the movement of seawater down
a beach after a wave has broken

ballast
heavy material used to weigh something down

barrier reef
a coral reef that protects a shallow lagoon from
the deep ocean

basalt
a dark, heavy volcanic rock that forms the ocean floor
and erupts as molten lava from midocean ridges and
hotspot volcanoes

brackish
slightly salty water, but not as salty as the open sea

colony

a group of animals that live together, or come together to breed
continental shelf

the fringe of a continent submerged beneath a shallow
coastal sea

corals
animals related to sea anemones that often build reefs

crustacean
an animal with a hard, shell-like external skeleton and jointed
legs, such as a crab or shrimp

current
a flow of ocean water, driven by the wind or by differences in
water density caused by temperature and/or salt content

cyclone

a weather system with clouds, rain, and strong winds caused
by air swirling into a region of rising warm, moist air

downwelling zona
a sea area where water is sinking
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an interacting community of living things in
their environment

a swirling water current

erasion
wearing away, usually by natural forces such
as waves on the shore

geyser
a jet of hot water that erupts from
volcanically heated rocks

a mass of ice that is
flowing very slowly
downhill

g
a hard rock with big crystals that occurs in
continental mountains

gyre
a circular pattern of ocean currents

hotspot
a hot region beneath Earth's crust that makes volcanoes
erupt above it

hurricana

a destructive oceanic storm that forms a huge rotating
spiral of clouds and high winds

lceberg

part of a glacier or ice shelf that has broken off and floated
out to sea

lagoon
an area of shallow water that has been cut off from the sea,
often by a coral reef

landlocked
an area of water that is mostly surrounded by land

lava
molten rock that erupts from volcanoes

mass

a measure of the amount of material (matter) a body is
made of

midocean

a ridge of submarine mountains on the ocean floor created
by a spreading rift between two plates of Earth's crust

minerals
natural materials that make up rocks; many dissolve in ocean
water and are used by plants and algae to build their tissues

monsaon
a seasonal wind change that alters the weather pattern,
especially in southern Asia

nutrients
substances that living things need to build their tissues

organism
a living thing

pack ice
thick floating ice that forms when the ocean surface freezes

phytoplankton

microscopic algae that drift near the ocean surface and
make food using the energy of sunlight

plankton

living things that mainly drift in the water, rather than
actively swim

a broad area of open water in a polar ocean that is
surrounded by sea ice

predator

an animal that attacks and eats other live animals
rift

a break in Earth's crust caused by the rocks moving apart
ssamount

an ocean-floor volcano that is not high enough to form
an island

solid particles such as
sand that have settied on

the seabed or elsewhere. They
may harden to form sedimentary
rock

sit
like sand, but with much smaller particles

sonar

a system that uses pulses of sound waves to
detect solid objects, used to find ocean depths and
map the ocean floor

spherical

ball-shaped; a spherical object is a sphere

spit

a sand or shingle beach that projects from the land and has
water on both sides

stagnant

water that has no oxygen in it

stor'm surge

a local, temporary rise in sea level caused by storm winds and low
air pressure

submersible

a craft designed to dive to the ocean depths

to heat a liquid such as water under pressure, sa it gets hotter than
its normal beiling point

trawler

a fishing boat that drags a net over the seabed

trench

a deep chasm in the ocean floor created by one plate of
Earth's crust being dragged beneath another

tropics

the regions that lie between the Tropic of Cancer and
the Tropic of Capricorn, including the equatorial zone

tsunami

a wave generated by an earthquake on or near

the ocean floor

turbine

a rotor driven by a flow of water or air, which can be
used to turn an electricity generator

upwelling zone

a part of the ocean where deep water that is rich
in nutrients is drawn to the surface

water

vapor
the gas formed when liquid water is
warmed and evaporates

zooplankton

the community of mostly
small animals that drift
in the ocean, mainly
near the surface
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