///a '/ f”';'f
'-'..’.'.' |

, . ‘o :‘:'.- .

J

o :c.:;' o
.‘ c.,-’_
/ e
LS
. o -




ALL THE WAY DOWN

Hatch






y Pe el "
/ : » o f,
v« 4 o e ¥y “ll - 4

A ) LRV A, o\
P . COLERGEERNR
FE

‘-\N LN %



o THE OCEANS PRODUCE OVER

HALF OF ALL THE OXYGEN WE
BREATHE! MOST OF THIS 1S
CREATED BY PHYTOPLANKTON, A
TINY MARINE ORGANISM THAT
LIVES NEAR THE OCEAN SURFAGE

o THEY ABSOR® AROUND A

QUARTER OF THE CARBON
DIOXIDE WE EMIT WHEN WE
BURN FOSSIL FUELS SO IF IT
WASNT FOR THE GCEANS
GLOBAL WARMNG WOULD BE
MUCH WORSE

THEY TRANSPORT HEAT FROM
THE EQUATOR TO THE POLES
REGULATING DUR GLORAL
GUMATE, TEMPERATURES AND
WEATHER PATTERNS

o FINALLY, THE OCEANS ARE A

DIVERSE ECOSYSTEM. HOME TO
SOME 230000 KNOWN SPECIES
WITH S0 MUCH OF THE OCEAN
STILL NOT FULLY EXPLORED, WHO
KNOWS HOW MANY SPECIES WE
HAVE YET TO DVSCOVER!

P e e

MDNIGHT ZONE
1000-3000 M
(52819843 FEET)

TWILIGHT ZONE
200-1000 M

SUNLIGHT ZONE (6563281 FEET)

0-200 M (0-656 FEET)

INTRODUCTION

There are five oceans on Earth - the Pacific,
Atlantic, Indian, Southern and Arctic. Between
them, they cover 71% of our planet’s surface - that'’s
around 362 million square kilometres (140 million
square miles). As for the bottom of these oceans, we
know very little about them. In fact, we have more
detailed maps of the surface of Mars than we do of

the ocean floor,

20NES OF THE DCEAN THE ABYSS

e e S e 3000-6000 M (9843-19685 FEET)
t { the 2 ah ! d 1 3 t
ng ! !} emperature, § and (

HOW TO USE THIS BOOK

n this book, you can journey all the way down %o the bottom

THE TRENCHES
6000-11000 M (12685-36,089 FEET)
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. OXYGEN S

INTERTIDAL ZONE

4 £ SR WHAT IS PHOTOSYNTHESIS AND WHY IS IT

A |~ S— IMPORTANT I OUR OCEANS? el
. O34 M)
o Due to Its warm temperatures, low pressare and abundance Photosynehesls is a chemical process that takes
’ of food, the sunlight zone Is teeming with life. In fact, 90% Gl place tnside 3 plant. The plant takes light from the
of all ocean life is found here, even though its the smallest OPEN OCEAN > Sun and carbon dioxide from the atmosphere and
;::cn ::;::;:::;;::fc b«cl::mm!N‘y::;t: CARBON ' ‘ :::dmm them isto food (1o grow u:dkrtpmtxc). 2000 1
& ) NkLon to enormos : ox For osynthess 10 ¢ 3 Asel ran
- { p but it's not distribated cvenly. I's far more concentrated In DiOxIDE plants m wbmt,l, wiaser and I{:f:ﬁ- ol

food-rich coral recls, for example, than in the open occan. of which are avatlable in the vanlight zose.

PHYTOPLANKTON
SEAGRASS MEADOW At the base of the occan’s food chaln are creatures
too small for s 10 sees phytoplaniion. Counthess
billiona of these one-celled organisms live in the
sunlight zome. They are caten by animals that ace,
in tern, caten by other animals. Phytoplankton

CHAPTER 1 THE SUNUGHT ZONE

WHAT IS THE
SUNLIGHT ZONE?

The sunlight zone - also known as the photic
zone - is the uppermost layer of the ocean, It
covers the region from the surface to 200 metres
(656 feet) down. There is plenty of light and warmth
in this zone and the pressure is very low. This is the
only zone that has enough light for photosynthesis and
is therefore the only zone where plants can live.

CORAL REEF

HABITATS

Ibere are many diffcrent habitats within the sunlight rone. cach

of temperature, depth and doseness to lan

of ceeatuares that Mve there, [n this

octs and the open ocean

THE INTERTIDAL ZONE ESTUARIES KELP FORESTS SEAGRASS MEADOWS CORAL REEFS THE OPEN OCEAN

<
MO0 M
13, 08 perY



e THE INTERTIDAL

g Length 2 :lql‘{ﬁﬂ.:sl inches) i y ‘ ; : 3 4 BARNACLES ZONE |!:1‘:;;r

I)\-'vxﬁ rasge: 0-2.8500 my (0-9,186 foct)
Width: 0.5-7 ¢m (0.2-3 inches)

& el DO e Q- gtm (10 el THE INTERTIDAL ZONE IS AN AREA OF THE COAST THAT
v A ' b il 15 UNDERWATER AT HIGH TIDE AND UNCOVERED DURING 100t m
R N TR ‘ LW TIDE ANIMALS LIVING HERE MUST TOLERATE BENG %™
] A ‘ ' & 4 NI N L rAe AN 1 COVERED BY SALTWATER AND ALSO BEING EXPOSED TO
AN ol v T4 o O : , : . % = /. L3 LU Ve AR, AND SUNUGHT AS WELL AS ROUGH WAVES INTERTIDAL
\ { ' - -- SPECIES HAVE DEVELOPED DNFFERENT ADAPTATIONS TO e
COPE WITH THESE CHALLENGING CONDITIONS a0 frn

-

¥

1 OCHRE STARFISH
Widkh: 15435 cm (6414 inches)

Depth range: 0-90 ns (0-295 feet)

b
S35
.

°OCHRE STARFASH Ochre starfishes can tolerase up

to eight hours exposed to alr at low thde. They feed WO R

/AR Mrn
on musscls, snadls and barmaches, ancl are known as

a 'keystone species’ because they help malntain a

diverse intertidal community

° MUSSELS Mussels ltve in a narrow band of the L0 M
Istertidal zonc. Too faz from the sea, they cannot BS0h MY
get encaugh food; too cdose and they fall prey to
sca stars. They group together in dusters to reduace
cach onc’s exposure %o sunlight, so that they don't

dry up 000 M

ASS T
HERMIT CRAB ‘The hermin crab bves i a shel
scavenged from other creatures, such as sea snalls
The shell stores water and shelters the <rab from the

Sun durlng low tide 200N

ok T
Bmlﬂlfs Barnacies survive the strong waves

by anchoring themselves to rocks. During low tide
they close their ahells to stop thelr molat bodics

Length: averages 3.5 cm
{14 inches)

“\'[‘”\ ramge: 0-200 m

5 PERIWINKLE SNAL

(0-656 feet) Y 5 W N Lengthe 1.5-3.8 cm (0.6-1.5 Inches)

from deying up. Their shells are made up of hand

xpd 20: 0-55m (0 D fect)
Depeh range: 0-55 m (0~ 180 foct) s ; s . : aooS
plates that progect them froen predators 8. NEYT
e PERIWINKLE SNAM When the tide is low,
periwinkles excrete a myucus that traps the water
i their shell 10 prevent them from drying out. The
mucas also glues them to the rock so they don't get 2000 K
: sy

pulled cat to sea

6 BLUESPOTTED RIBBONTAIL m?-
"‘ : e BllﬁSPOTTED mmmm RAY At m,;h!. A

Length: up to 70 cm (1.3 feet)
Depth range: 0-30 m (0-98 foct) the tide rises, bluespotied ribboatail rays gather
- In groups and swim onto the sandy flats of the 000 M B
8 ntertidal zone to foed. They dig Into the sandy bed Q404 ety
- in search of molleics, woems, shrimips ascl <rabs

nooo M
G408 rmn




1 GREAT BLUE HERON

Leagth: about 97140 cm (3-4.6 feet)

pth range: 0-50 ¢m (0-1.5

2 COMMON SNAPPING TURTLE
Length: 25-46 cm shell (1415 feet)
Depth range: 0-1 m (0-3 feet)

3 HARBOUR SEAL

Length: 185 m (6.1 feet)
Depth range: 0-500 m (0-1,640 fect)

4 SALMON

Length; 36-46 am (1-1.5 feet)

:)\';'(h range: O

S DRAGONFLY

Length: 25-13 am
(1-5 inches)

Depth range: 0 m

6 STARRY FLOUNDER
Length: up to 60 am (2 feet)
Depth range: 0-375 m

(01,230 feet)

ESTUARIES

ESTUARIES ARE COASTAL AREAS WHERE RIVERS MEET

THE SEA. THE WATER IS BRAGKISH ~ PART FRESH PART

SALTY ESTUARIES ARE WELL-PROTECTED, WITH FEW WAVES

MAKNG THEM DEAL FOR MARNE ANMALS TO RASE  —
THER YOUNG TDAL MOVEMENTS AND THE ABUNDANCE  wses
OF PLANT LIFE CREATE A WEALTH OF FOOD FOR ANIMALS

UVING THERE ESTUARY ANIMALS RANGE FROM TINY

PLANKTON TO ENORMOUS WHALES

062!“ Buﬁ KRN This karge, Jong-legged
bird Bves around estuary marshes and mudflats,
feeding on fish, shrimp, crabs, aquatic Insects, small
mammals and birds. It hunts by wading dowly
through shallow water and spearing %5 prey with its
loeag, sharp bill

€ COMMON SNAPPING TURTLE 15 tustle bves i
rnml\ dreams and extuaries. It often lies on the
A

muddy bottom with only its head exposed. It cats

plants and small fish, frogs, reptiles and bisds

o HARBOUR SEAL 1Harbour seals frequently gather in

Rroups around extearics in search of peey Oish such as

salmon, sea bass, herring and codd, They spendd abouwt

half their lives on land rocky arcas and
sandbanis close to their feeding sites

o SALMON salrson are born in rivers, then make theds
way 10 the ocean. Estuaries play & vital role in this lige
cycle. Salmon spend a year or more in thelr brackish
walers preparing pacives for the salty sea. At the

end of their lives, salmon return to the estuary before

heading upriver 1o spawn

e DRAGONFLY 13 dragonfly Is a very comman estuary
lmsect. It starts life underwater as 2 dragoafly symph
cating tadpoles and fish eggs. Adults consame other
aquatic insects by capturing them while flying.

© STARRY FLOUNDER starry flounders Lay their cggs

in estuaries. They cannot tolerate very salty water,
so spend their lives Ia brackish estuary waters,
' ’ (P——
occasionally venturing upriver into fresh water. As N0 M
5 « >
a defence, they change colour to blend in with the 408 pext

sandy or meddy estaary bottom
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KELP FORESTS

KELP FORESTS GROW IN COLD CLEAR. SHALLOW COASTAL ~ ™&rn™
WATERS THEY ARE FOUND MAINLY ON ROCKY COASTUNES,
Y KELP SUCH AS IN NORWAY OR ON THE FACIFIC COAST OF NORTH
1. SEA OTTER ”*I':’j{_ o7 ey AMERICA DURING STORMS, MANY ANIMALS RETREATT0 | —
Length: 1.2-1.5 m (45 feet) : S e et KELP FORESTS FOR SHELTER THE FORESTS ALSO ACT AS  wsemem
depth range: 0-90 m (0-295 feet) : i ; R 4 3 T A SAFE SPACE FOR ANIMALS TO RAISE THEIR YOUNG AND
' R , SEEK REFUGE FROM LARGER PREDATORS

2 et
oSEA OTTER Sca owzers cat purple sea urching, 2 )i

major threat to kelp ) Conwcrve the
habitat Sea ofters wrap themacives in ribbons of

forests, belplog ¢

kelp to anchor themselves so they doa't dotht into

decper water while slecping 00 M
a8 Y

5 GREY WHALE
N A Qmm SEA URCHIN puspic ses urchias live

0155 m (0-509 fect BT

kelp forests alor P'A\Ll‘ul edge of the

Pacific, and thelr main diet is kelp. Since 2014

. - il ” v -~ d i, - 1} ™, .

their populat w | as explodhed, partly because of L0 M
the effects of climate change. This has caused the ANy D"

disappearance of large areas of kelp forest off the

western coast of North Amerkca

OGMHT Kﬂ?flSH The glant kelp@iah lives in rocky

2 PURPlE SEA URCHN . . 3 GIANT KELPFISH

Width: up to 10 cm (4 Inches . Length: wp to 61 cm (2 feet) arcas where h_.--;’unx:-'(uh stern coast of m:c;:,:.l-
Depth “’.‘\'_ 0160 m (0-525 fect . ‘ Depth range: 0-40 m » \ North America It cats the sall fishves, crustaceans
: (0131 fee nd molluscs living there. Its dongated bodly is
sh a[\\l like a kelp Blade for camouflage. Its cggs arc
sticky o they attach to the kelp, s
el |

o L
o K(tp ?\\:r Is a large, brown algac - a type of 7

scaweed n;.u.x'..:;,;,, tough stalk with broad,

leattike turces called Mades, and & anchosed 10
the scabed | w a clawlike growth called a holdfas. It
g
can grow very fast - up to half a metre a day! Lo m
0.0 net

o GREY HHAlf Grey whales, migrating from Baja %

California to thelr feeding grounds in Alaska, e

kelp forests as a refoge to 'u.\;' their calves safe from

their major predator, the killer whale. They feed on 2000 N
the many senall animals that Mhve there st

O “lp ROCKHS" the kelp rockfish cats the small

fishes, shrimps and other crustaceans that inhabit

' 3 - he kedp focent, It does most of § win L nigh ¥
6 KELP ROCKFISH ' o : 0t of 1t3 hanting & might W0 M
Duzing the day it commonly rests on a kelp Blade, 2804 MY

lessth: upto43cm (14 fect)

& X sometimes upsice down
fipe: 042 m (0138 fect)

noco M
408 mrn




.._':_;f.**,"_*,jtf,l.‘;__: _’ 87 |, Pt R SEAGRASS
g i faiehiniten MEADOWS  «ii-

: \ f : . \{\ R IN SHALLOW COASTAL SEAS THROUGHOUT THE WORLD
Ax T \ \\ = b L93/2¢ SEAGRASSES CAN BE FOUND SEAGRASSES HAVE ROOTS

AN

STEMS AND LEAVES JUST LIKE PLANTS ON LAND THERE
ARE AROUND 72 SEAGRASS SPECES AND THEY GROW N
DENSE UNDERWATER MEADOWS, SOME BIC ENOUGH TO BE
SEEN FROM SPAGE THEY PROVIDE SHELTER AND FOOD FOR
A DIVERSE RANGE OF AN!HMS

°MA“‘T(E Manatees, also Kknown as sca cows, are

perfectly adapted to thelr scagrass- meadow habitat
l 00 M
R MY

S GREEN SEA TURTLE
Lemgthe 1-1.2 m (54 feet
Dy S Ol M ) Qsmm JELLYFISH Thss unusial jel
v . its [ide attached to rocks or
haped boxdy has eight «

upw ards, which tuses to caxhp

ouw ocmous The algae octopes Hive

cafl car seagrass meadows, §

‘,. .‘ » . ’ : . p t.v B
ZSTAthD JELLYFISH ' P2l gy : ‘ ‘ i QE ; f As part of its defe

cm (1 Inch)

v
oM
a%es 11y

) \J azks and tarties hustiag in the mseacton

ecmu SEA Turms Adul
l C.: I ll ral

complctcly unditarbed

5 M.GA( OCTOPUS : Some species of shrim
Length: 25 cm (10 inch) legs > SCIRTAN
Depth range: 0«1 m (03 feet ' e 2 ' , " N00O M
¢ - N AT




3 NAPOLEON WRASSE
1 FICASSO TRIGGER FISH Length: up to 2 m (6.5

Lengthe 25230 am (10412 inches) Depth range: 0-61 m (0
Depth range: 0-50 m3 (0- 164 foet)

2 WHITETIP REEF SHARK

Length: up to 1.5 m (5 fect)

Depth range: 0330 m {041,082 feet)

4 HAWKSBILL SEA TURTLE

Length: 71-89 cm (2.5-3 fect)

Length: L1 cm (4 inches)
Depth range: 0-12m
(0-4 )

lLe
Deptd

6 LIONFISH

:1_.;1?'. up to Mem(

) razgges 0-300

CORAL REEFS

CORAL REEFS COVER LESS THAN 1 OF THE OCEAN BUT ARE %1
HOME TO AROUND A QUARTER OF ALL MARINE SPECIES

THEY AGE MADE OF LAYERS OF A HARD MATERIAL CALCUM
CASEONATE, SECRETED BY TINY ANMALS CALLED CORAL
POLYPS. CORAL REEFS HOST AN NCREDIBLY DIVERSE RANGE  wsesrn
0F ANMALS, INCLUDING SPONGES, CRUSTACEANS, MOLUSCS

FISH, TURTLES, SHARKS. DOLPHINS AND MANY MORE

opmo TRIGGER FISH These fish live in the

sandy arcas of coral reefs and eat squid, krill, clams
and soaall . They ¢ ntly swim arcund and will
vigorously defend their territory against introders.
At night, they slecp on thelr aide, wedging
themsclves between corals or rocks

WHITETIP REEF SHARK w hitetip reef sharks

lurk hungrily around coral roefs, hanting ecls, fish,
nd crabs. Thetr slim, agile bodies can
sarrow Crevices ia the reef 1o extract
prey. feed mainly at night, sometime

up to block a prey’s exit rouse from the reef

o NAPOLEON WRASSE 1. Napcieon wrasse Is one of

the largest fish in the coral reef It swims in the outer

reef during the day, feeding on molluscs, reef fish,
sca urchins and crustaccans. At night it sleeps I recf
caves o below coral ledges

) HAWKSBILL SEA TURTLE Adule bawksbills are wocn

found mainly In tropical coral reefs. They foed on @2se6 ter

sponges, wilng thelr narrow, polnted beaks to extract
them from crevices. By removing spooges from the

) Lo
coral, they give better access to reef fish to feed

e CLOWNFISH Clownfials make their bome amid the

tentacies of the sca ancmsone. The clownlndy
10 the stingers, and the anemoae offers
protection against predators, In return, the cownfish
keeps the ancmonce healthy and cean

o llOme Lsonfiah are aggressive prodators of
b}

Jer fish, and can harm coral reefs If their
sumbers get 100 large. Thelr prey cat dgac from
the coral, and i the Honfish cat too many of them, -
b s3e FTO ache vich cas damas Rl
the ‘alhxc- oW lf.,»b.shd. which cas damage the  WERE,
health of the reef

nooo M
G408 mn




5cm()

l,\y'q range 0-200 m (0 656 fee

LRONGESH o L ey THE OPEN OCEAN

1000 M

THE OPEN OCGEAN 15 BY FAR THE LARGEST HABITAT IN THE e
SUNUIGHT ZONE IT UES BEYOND THE COASTAL AREAS AND

EXTENDS FROM THE POLAR REGIONS TO THE TROPICS

CREATURES LIVING HERE SPEND THEIR ENTRE LVES

SURRDUNDED BY WATER ON ALL SDES SOME ANIMALS,

UKE PLANKTON, DRIFT ON THE CURRENTS OTHERS, UKE

WHALES, DOLPHING AND SHARKS, SWIM LONG DISTANCES

€ Furwe sk -

usique wry of ¢s «.li
Ing the rl

wWaNves

o0 M
MRS Mt

OSNOQOPISH.(Ll all open ocean dwellers,

rs with streamlined bo

meut SHARK The

Id Yet it

waler, which It 'u\ in%
')'l’l‘, INGsIDwarm "4"'\!
() BOTTLENOSE DOLPHIN 1h.csc ol
groups for | i 0 N
- L

2 SWORDFISH
th .,;«1..! C ) y i . -
pth range: 0-350 & v/ 4 > A GMAUVESTWGEQ‘nu st fellyfish, the mauve  goofn

(0-1.50 fect)
0 M

the group to neas

© GREAT WHITE SHARK 12 yeur. oo

¢ up to 4,000 kiloenctres (245

l“ pth range
0-3937

408 mrn




MIGRATION

Another optioa for twilight-zome
animals is 20 travel Into the sundight
rone to foed. and that s what many of s
them do. Each night, dillons of twilight-
rone dwellers swim up 10 surface walers
to feed under cover of darkness. They
return to the reative safety of decper
waters ot daybreak to avold becoming 2,00
food thernsclves. Thia is the largest
animal migration on the planet.

,L\/ UNDER PRESSURE

1o cope with the high pressure, creatures

livieeg In tse twilight 200 can have 5o

SUNLIGHT ZONE

gas-Gilled spaces In their body such &
luags or swin Bladders. They tend to
have jelly-lioe flesh with few bones
Animals found at these depths Include
jeilyfish, sca cucumbers, shrimps, squid,

THE TWILGHT AND MONIGHT ZONES

WHAT IS
THE TWILIGHT i

Ins sach extreme conditions, one might assume that 11 at these
ZONE? depths would scruggle, yet the twilight zome hosts a wide varlety of
% creatures. One challenge they all face ks finding food. With so Hittle
Eight, photosynthesis is impossitie, 3o plants cannot grow. As a resslt,
The twilight zone - also known as - animals living here rvust cat any organic matter that drifts down to
< them abowe, or else prey on other twilight-zone asimaly.

%

"‘\“5\-‘ .lfh! SOte \lflnlk'f':' ullng »
fish. We'll meet a few of them on the .4

following pages.

\'_l_\_' -
- i S rm™
Y | -

the Mesopelagic zone - is the layer
of the ocean directly beneath the
sunlight zone. It ranges from 200
to 1,000 metres (656-3,281 feet)

in depth and is called the twilight

=

zone because it has extremely

[Nen ol |
Ass

low levels of sunlight. Just 1%
of sunlight reaches the top of

the twilight zone, and no light
reaches the bottom.

CONDITIONS
Apart from being dark, the twilight rone is
also very cold. Temperatures range from 0%
(65°F) at the top to azound 4°C (39'F) at the
bottom. The weight of water above means that
pressure in the upper twilight 2one s 20 tér

groater than 1 s a8 the occan sur




TWILIGHT-ZONE
PREDATORS

VISITORS FROM THE SUNUGHT ZONE DIVE DEEP TD BUNT

HERE THER BODIES ARE SPECIALLY ADAPTED TO WITHSTAND ;o0in
THE HUGE PRESSURES THERE ARE ALSO PREDATORS THAT ~ ®**™™™
PERMANENTLY INHABIT THE DARK DEPTHS THEIR EYES

ARE ALWAYS LOOKING UP TRYING TO GUIMPSE PREY

SUHOUETTED AGANST THE DIM LIGHT FROM THE SURFACE m——

-
1000 M
a2 mer

S VELVET WHALEFISH

cngPuupto MS5am ()

© eiceve Tuna -
hunt In th

3 SPERM WHALE

&i)’*—:—-_f

WO M
Poh " Yie

Ihis decp-se:

th
1

6 OCEAN SUNFISH

Helght: 2.5 m (8 lec
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GLOW-IN-THE-DARK- -
ANIMALS

(TS NOT COMPLETELY DARK IN THE TWILIGHT ZONE MANY

ANIMALS UVING HERE PRODUCE THEIR OWN LIGHT THROUGH ;.

A PROCESS CALLED BIOLUMNESCENCE PREY FISH MAY e
PRODUCE LIGHT ON THER BELLES SO THAT PREDATORS

BENEATH THEM CANNOT SEE THER SUHOUETTES AGAINST

THE UGHTER-COLOURED WATERS ABOVE SOME PREDATORS | —
USE BAOLUMINESCENCE AS A MEANS OF ATTRACTING PREY  =m rerT

1. HUMPBACK ANGLERFISH

1

)

€

Y

N \\\\\\\\\\\
OHUMPSACK ANGLERFISH 7o

6 ATOLLA JELLYFISH

° VAMPlRf SOUID Almost ’ e T
prix ng organs, this squid prod

¢ page 28
¢ PNgC .

© STOPLCHT LOCSEIAW 1hic s s red o0
© ATOLA JEUYFISH 11 dec red b of 1

ke

5 STOPUGHT LOOSEJAW

40 feet
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1000 .
3341 perY

CONTINENTAL SHELF

1000 .

£542 14T

o
000 M
A Nt

NS 2D0Ve it

WHAT IS

contalns far e sl
Include spocially ad ) -
' 'GHT n':\.x.l_u.-‘. OIoPAseA, CTUMALCInS, 0.0y Y
d sea stars, Certain whale
ZONE? B Cuvicr’s beaked whales and spern
@ SEA MOUNT whales, can withstand the crushing
presagres (o bunt (n the saldaight xone

The ocean’s midnight zone, also
called the Bathypelagic zone, is the
region between approximately 1,000
and 3,000 metres (3,281-9,843 feet)

deep. No sunlight penetrates these ' ’ .
depths. Any light that exists comes ' mospheric CO; as part of photosynt
Y The CO; then goes Into the creatures that
eat the phytoglankion. When these creatures
produce waste or die, the CO, sinks Indo the
! - ; occan - this Is called markoe snow Some of
formed from the lower slopes of the marine snow brictly returms in & process :
continental shelves and seamounts mem?;m":.’“b&w“ .:!" SPTTTPATE  y Sra vl o s e e ks e e e A SRR 33 mt®
”_\jnu u!\ irom [h(- .1])\ SS. nmummmuﬂb-mdnwom}x - foP'UATfR CIRWUTUN
’ ' scafloor. and this s how the ocean lowers the v
smoant of CO; in the atmosphere.

from creatures that can make their

own. The seabed in this region is

GAPTURED IN OCEAN FLOOR 52 ack e

3 THE SEDIMENT

9

A Ladtes




2 SEA TOAD
1 COLOSSAL oth: up to 3
Souw

4 COOKIECUTTER SHARK

. oo PREDATORS OF THE
s MIDNIGHT 2ONE 7

A3 T

PREY IS SCARCE N THE MONIGHT ZONE AND PREDATORS
/ HAVE DEVELOPED ADAPTATIONS TO SURVIVE THERE
o® INCLUDING LONG. SHARP BACKWARD-PONTING TEETH TO
K ENSURE THAT PREY ONCE CAUGHT CANT WRIGGLE FREE
o IN THE ABSOLUTE QUET OF THE MDNIGHT ZONE MANY
° PREDATORS HAVE HIGHLY DEVELOPED HEARING ONE FAMAY
e OF SNAKETOOTH FISHES USTEN WITH THER, FACES
°
o
8 € COLOSSAL SOUID oo
2
s
°
o
..
P
D
]
o
o%.
@'a",
o %o
o
¥

€ DEEP-SEA DRAGONFISH 1hcc 11

o COOKIECUTTER SHARK 1|

© FRILLED SHARK 1 1

5 DEEP-SEA DRAGONFISH

o GULPER EEL 1hc oy

O |




1 ACORN WORM

2 SQUIDWORM

5

5 HEADLESS CHICKEN FISH

4 GIANT ISOPOD

5 20MBIE WORM

DEEP-SEA
SCAVENGERS

IN THE MDNIGHT Z0NE SCAVENGERS ARE EITHER OPEN-

WATER DWELLERS, SUGH AS THE AMPHFOD CONSUMNG

MARINE SNOW AS [T FALLS, OR BOTTOM-DWELLERS, LKE e
THE SUMESTAR. SIFTING THROUGH THE SILT ON THE OCEAN

FLOOK FOR ORGAN'G MATTER AN IMPORTANT SOURCE OF

NUTRITION /5 WHALE FALL - WHALE CARCASSES THAT FALL

T0 THE DCEAN FLOOR

€ ACORN WORM 1o

o detritus 2

© SOUDWORM 11 s

© HEADLESS CHICKEN FISH 111

@ GIANT 1S0POD 1hcsc crustaceans o

s without cat

© 20MBiE WoRM

be 0o sanne

© SOUAT LOBSTER squut tobas




D X
X9

THE ABYSS AND THE TRENC

WHAT (S
THE ABYSS?

Usually lving between 3,000 and 6,000 metres
Q 4 > | . - f ho
D V.08 Ieel) Delow The surtace, the
abyss 1S vas the Diggest iment on carth
. O £+l ] \
! ) 83% of the ocean and covering 300
] uare xuometres (about 1160 muhion square

RES OF THE ABYSS
induding crastacean, o ‘ CRUSTACEANS

Crustaceans are 2 150y

CREATU

¢ nutrients can be c wrates that
K of food 3 metaboliss, They A ! lo and shz
reprodluce quis ¢ 3 e arsimals at
stalks to rise above the water at ¢ ) ¢ OXYRen Is scance

or rays | abyss, but some visit from the

ABYSSAL PLAIN

VOLCANIC ISLAND

AICS 200 arv

1 foed on cad ¢ the dead organic m ||

N A00ON
L HASS I

abone. The w iy L < ' X OF NO OXVReT, W
is dense with nutrients, becaase of all the decomposing organic material
froen abowe that codle re. In general, th | her In nutrients

than the Mpper 2o

CROWTH RING

2000 M
3 n-

1, such as clams

o
O848 M1

CLAM BODY PLAN



AMAZING ANIMALS
OF THE ABYSS

THE CREATURES THAT DWELL IN THESE DEFTHS HAVE
DEVELOFED EXTRAORDINARY ADAPTATIONS TO SURVIVE
THEY TEND TO BE SMALL BUT HAVE LARGE, FLEXBLE
STOMACHS AND RIG MOUTHS SO THEY CAN SWALLOW AS
MUCH FOOD AS POSSIBLE ON THE RARE OCCASIONS THEY
FIND ANY SCIENTISTS BELIEVE THAT MORE THAN 90% OF
ABYSSAL ANIMALS USE BIOLUMNESCENCE TO LLRE OR
FIND PREY OR FIND MATES

2 FACELESS FISH

© vuveo ocToPUs

1. DUMBO OCTOPUS

@ FACELESS FISH 1.

5 SEA SPIDER

oSEA SPIDER Scu spider

OP[ANUT WORM The peanut wor

©. TRIPOD FISH

© sca cucumeer

4 PEANUT WORM

© TrFo0 Fist




4 SCAUFOOT SHAL HYDROTHERMAL
P oA e VENTS

HYDROTHERMAL VENTS ARE OPENINGS ON THE OCEAN

FLOOR FOUND AT DEPTHS OF 1600-T700 M (5249~ 1006 4
55202 FEET) SUPER-HOT MINERAL-RICH WATER SPEWS e
FROM THESE VENTS BACTERIA CONVERT CHEMICALS FROM

THE VENT INTO NUTRIENTS CREATING AN ENVIRONMENT

THAT CAN SUPPORT A DIVERSE COMMUNITY OF ANIMALS

o'um CRAB 11
& GIANT VENT MUSSEL erowlag on thew

wWavire

3 20ARCYD FISH

9 184 feet

.

€ VULCAN OCTOPUS 1he vutcan octopus fecds or

ted far th

© 200200 FISH 70

Tebewory

1 KIWA (RAB

@ GIANT VENT MUSSEL 1hese hu

fmcthane Irom ¢t hwdretherma

i U

© GIANT TUBE WORM Guct e worms o

) Hving j¢ them convert chemicats iy



6000M

WHAT ARE  messreen 8
THE TRENCHES?

Beneath the "!l\}'.\'.\ there exists yet (22966 FEED

TRIESTE

SPfCJfS OF THE HADAL ZONE

Rernarkably, in spite of the extreme condlidions, life exists in the trenches. Currently we know of

sroend

400 specios vt

luding fish, sea < amisers, bristc wogmis, 408 28 ancs,
3 tiny, sodt-abelied, flea-like r

mazine soow as well ax other

pamon Dicformss azc amphi}

another zone - the decpest of all

29,856 feet). Amphipods §

wds. Sclentists believe amphipods are at the bottom of the b

the ocean habitats, Scientists call

ther Tide that Iy found there
L . .

CHALLENGER DEEP

it the Hadal zone, named after

S000M
, : Greel ;
the underworld Hades in Greek (26,247 FEET)

mythology. It is made up of a series
of V- \h."‘Lu chasms called trenches
MARIANA TRENCH

and deep basins called troughs. They

span depths of 6,000 to nearly 11,000 J9000M
(29528 FEET)

metres (19.685-36.089 feet). There
are 46 hadal habitats worldwide
comprised of 33 trenches and 13
troughs. Most of them are found in 10000M
the Pacific Ocean. Temperatures in (32308 FEED
the Hadal zone range from 1-4%
(33.8-39.2°F).

Ihe deepest point in the ocoan « indeed anywhere on Exrth « s '
11.000M R g ao i £ e N 5 \ Ve
(36089 FEETl Challenger Deep at the soathern end of the Martana Trench In the \ o=
western Pacific. 3t reaches around 11,000 metres (36089 feet) In \ 4
depth. This gives 4 sense of how doep 10k B Moust Everest, the ™ A

tallest mountale in the workd, were placed there, 25 peak would be
moee than 2 kilometres (1.3 mides) underwater. The pressuse at the
bottom of Challenger Deep & 1,085 thmes sou-Jevel pressiire - strong
¢noogh o crush metal

W 4!
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4 GRENADIER FISH

6 BENTHESICYMUS FRAWN

LIFE IN THE
TRENCHES

HADAL ANMALS OFTEN LACK EYES AND HAVE EVOLVED
SENSES THAT CAN DETECT MOVEMENTS I THE WATER
MOST ARE SCAVENGERS, FEEDING OFF ORGANK, MATTER
ON THE TRENCH FLOOR. FISH TEND TD HAVE TRANSPARENT
GELATINOUS FLESH, WITH SKELETONS OF CARTILAGE RATHER
THAN BONE TO HELP THEM SURNIVE THE EXTRAORDINARY
PRESSURES. THE DEEPEST FISH EVER DISCONERED WAS A
CUSK EEL FOUND AT 8370 M (27461 FEET)

@ cusk el

0 SNAILFISH .

o HIRONDELLA GIGAS 11
(€ GRENADIER FISH 11
qumsunr AMPHIPOD ‘1hce «

o BENTHESICYMUS PRAWN




ROVs
Exploration has gone a step further with the devdopment of remoiely
operated vebicles (ROV) that sllow sclentihss 1o study parts of the ocean TRIESTE
they can't visit, A piiot steers the ROV froe a surface shigy, and the ROV
sernds back data and live video. The ROV has manipalator armss for
collecting samples of rock, sediment or ocean life.

CHAPTER 4. HUMANS AND THE OCEAN

EXPLORING
THE OCEAN
DEPTHS
TODAY

For most of human
history, the deep ocean
has been a realm of
mystery. It's only in the last
century that we've begun
to develop technologies that
allow us to penetrate this alien
world far beneath the waves. The
deepest dive by a human using
SCUBA equipment is just over

300 metres (984 feet) - a little way
into the twilight zone. Systematic
exploration of the deep ocean can
only be done using underwater craft
- submersibles.

- .
I \I
R SNy
. b4 '.‘ "'n- B :?T.". -

PILOTED SUBMERSIBLES

Exploration with submenshles began in the 1930s with ball
shaped vehicles called bathyspheres lowered by cabdes from

a ship. These couldn’t move sroand or collect samples. Later,
bathyscaphs ('deep boaty’) were devdoped that bad some
ability to manceuvre. The most famous of these was Trieste,
which took its two occupants to Challenger Deep, the deepest

JUST THE BEGINNING

point on Earth, in 1960, Four years later, the deep-occan
research submersible, Alvin, was built. Alvin can carry three
people and has madle more than 5,000 dives for the study of
the landscape and lifeforms of the doep ocean



CLIMATE CHANGE

Since the Industrial Revolution, the
amount of carbon dioxide (CO») in the
atmosphere has increased by over 35%,
primarily due to the burning of fossil
fuels. The extra CO; traps more of the
Sun’s heat in the atmosphere, causing

a rise in average global temperatures
and changing weather systems. This is
known as climate change.

THE ARGTIC OCEAN
Ihe Arctic Ocean Iy warming at twikie the rate of the global
average, threatenizg the wildiife Bving there. Polar bears, foe
example, rely on sea ice as a platforen froen which to hant. Wi
sca oo melting carlier cach spring and forming later In the
afumn, the bears have to go longer withow! cating, causing
rsany of them, asxl theilr cubs, 1o Masve

Over the past 200 years the oceanhas
absorbed ane-third of the CO2 and $0% of the
extra heat prodisced by buman activities, At the same
time, the ocean Is being damaged by climate change.
The continual absorption of CO2 has Iscroased the
acidity of the oceans by 30% over the past two centuries.
When combined with warming temsperatures, i can
cause the destraction of coral reefs - an effiect known as
coral bleaching ~ with devanating consequences for the
species that live there.




RISING SEA LEVELS

One of the major impacts of climate change has
been rising sea levels. Average sea levels have
risen by around 23 cm (9 inches) since 1880.
Every vear, the sea rises by another 3.2 mm (0.1
inches), and the rate is increasing. Some scientists
estimate that in the next 90 years, the seas could
rise by 1 metre (3.2 feet). This is a major threat to
offshore and coastal habitats and the people and
animals that live there.

CAUSES

Ihere are three pualn reasons for this chasge in sea levels. Firstly, when water
gets warmer, it expands. Secondly, gobal warming Is causing the ioe sheets
that cover Greenland and Antarctica 1o mdt at a faster rate, and more of this
encitwater runs (610 the occan. Thiedly, mountain glacien (denwe bodies of K¢)
are also melting more than they used to during the summer months, sending
yet more meltwater Into the ocean via rivers and strcams
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POLLUTION

Human activity produces vast amounts
of waste every year, and much of this

goes directly or indirectly into the ocean. ' L d
Even the waste we produce inland often ‘

- S S
- =- Ol SPILLS
o . . The Exxon Valdez tanker ofl spill in 1989,

and the BP Docpwater Hortzon offshore
drilling disaster of 2010, as well as many
smaller spils, have spread milltons of litres
of oll irgo the ocean, devastating coastal and
marine life. The clean-up efforts following

gets swept into the ocean via storm drains, :‘;]3( 0 n., . “x’ i ‘("A i o mfm"‘z;’:‘{""‘:“‘"“

< % ) e g i o < used to disperse
sewers, rivers and streams. Pollution ; (M k i é\ il ’, ;7;-; ., the oll slicks can b taxic themseives.
includes everyday litter, sewage, F AL M»u.hm., . "

industrial waste and oil spills. CHEMICAL POLLUTION

Chemical waste from farms and factorics runs off the land into
waserways that ultimately flow Into the ocean. Many of these chemicals,

m(a

especially nitrogen and phosphorus used in agricaltuzal fertiflsers, aid , A i (,/'
the growth of algal blocens. These create toxing, block sanlight, clog fish » 4 oy A7 ko
PLASTIC gils and lead to dead zooes In the ocean where pothing can live or grow. ez ‘ fs 7’ ;‘“""‘ THE GREAT PACIFIC GARBAGE PATCH
: ¥ Ocean currents transport plastic litser over
Eighty percent of the litter that ends up : ,-3",, at distances and moch of it collects
in the ocean coenes from the land. Mot R rﬁw glant arcas. The largest of these s

of this i plastic - shopplag bags, water
Beatles, yoghrirt pots, deinking straws etc.
Bt s estimated that between 115 and 2.41

the Great Pacific Garbage Patch (GPGP)
between Japan and Caltfornia, USA. The
GPGT s actizally made up of two garbage

millon tonnes of plastic enters the ocean -

cach year. This s particularly bad news é -‘ mdn&o;t‘lln‘::: m‘mm

as plastic can take up 20 a thowsand years has been estimated at 1.6 million square
to blodegrede and Is & serioas menace to kilometres (618,000 sqrare miles).

marine life. Animals can get entangled In #t D -} -
or die from eating it Small organisms sach (2’ & S am ®
as plankton feed on partiches of beoken- s 4 - ’ '\ ?’*: v
down plastic called microplastic and absorb 7 R { | A

the chemicals from this into thelr tissues.
When they are caten by larger ankmals, they
absorb the same chemicals into their tissues,

and 30 on up the food chain,
ol V.. o
N
7 pr
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BE CAREFUL WHAT YOU BUY

Fish stocks are declining around the world
because s of habital and overfnhing

USE ENERGY-SAVING LIGHTBULRS

Talk to yous Gamily aboast the fish and
« scafood you buy. Choose items labelled line
caught; ‘diver caught, ‘sustainably caught’
or ‘sastainably harvested. You could think
WALK, CYCLE OR USE PUBLIC ahout cutting down on cating Ssh and

caling more plant baved foods (nstead
;
g

TURN OFF APPLIANCES AFTER USE NEVER STOP LEARNING

All life on Earth bs connected to the occan,
and vizal that we educate ourseives abowt
this syvaterioats and beautifd realm, The

more we learn, the moee we will want

o - | rel water boetle. 0 A i ) find : [ Ve protect 18 So when you discover som

g oo » pod in Do "N ry - ANW famuy | p : ; new and amaring about the occan, share
Tewn : . 4 ‘N R Y  stores that only sto< nable seaf . that knowledge and lapire others.

WEAR A JACKET WHEN COLD - S Y | o -

DONT TURN YOUR HEATING ON . X




GLOSSARY

BUOYANT Abie to keep afloat.
CARTILAGE Firm and flexible tissue, like

INVERTEBRATE An animal that docsnt
have a backbone, such as insects, squid and
worms

KEYSTONE SPECIES A species that bas &

bigger-than-aversge effect om ity pataral
- environament, hdping realatain tand
o

S 2 A Sy

GLOSSARY

POLYP A phase in the life cyde of a jellyfisd.
or a small animal such as a sea anemane
with a column-shapead body and a mouth at
the top ssrrounded by & ring of tentacles.

m-_& anipsal that feeds 0n dead
Mqﬂm_m .
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