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INTRODUCTION

t the end of the street where | grew up on
City Island, there was a beach. As a kid. | would
walk the shore when the tide was out, looking
for hermit crabs, starfish, and whatever else
washed up. When the tide was high. we would swim in the bay.
For bigger surf, we headed to Jones Beach on Long Island.
With each huge wave, my sister and | had three choices: jump
over, duck under it, or try to ride it to shore. | can still feel
the burning sensation of saltwater going up my nose.
My family has always treasured being near the water.
My parents still live in that house. Every summer evening
they go down to the beach to join the “sunset club." where
they chat with neighbors while the waves lap and the sun

goes down.

Working on my books — Farm
Anatomy, Nature Anatomy, and
Food Anatomy — has led me to
explore the world in a deeper way.
But each book takes over a year
to create. and | couldn't imagine
doing another one. But then
readers changed my mind. | received
emalls from people from around
the world teling me how much they
loved the books.

On Instagram, posts showed kids
learning from them. carrying them
on nature walks, and copying
drawings from them.

| also received handwritten letters
from kids. Some drew me pictures,
like vegetables growing or flowers
in a rainbow of colors. They told
me which book they liked best or
what they loved about nature or



about their favorite food or animal
| cherish these letters. Twelve-year-
old Lydia from Maine wrote, “Since |
was younger, | dreamed of becoming
a marine biologist. | think growing

up on the coast influenced this. |
love your books and | would really
enjoy one called Ocean Anatomy. |
was wondering if you ever decided
to make another book if you would
consider the topic.”

| thought of my memories of my
childhood beach. | thought about
the first time | went snorkeling and
saw brightly colored fish. | also
thought about climate change and
how it was affecting our beautiful
oceans and the images | saw of
starving polar bears. But most of
all [ thought of Lydia becoming a
marine biologist, and all the children
who had written to me, and | decided
to do another book.

So here | am.

[ enlisted the help of the wonderful
John Niekrasz who worked with me
on Nature Anatomy to collaborate
with me again. He has done extensive
research on all the plants and animals
in the ocean and on the shores. We
tried to include as much as we could.
Along the way, | learned about so
many jaw-dropping animals | had

dpamin; by ORI

never heard of — nudibranchs, giant
spider crabs, leafy sea dragons. And
| spent nights worrying what would
happen to our beautiful oceans as
the Great Pacific Garbage Patch
grows and turtles confuse plastic
bags for jellyfish and eat them.

| hope this book opens your eyes to
all the incredible sea life we don't
even realize is there. | hope this book
reminds you how much we need to
conserve al these fascinating plants
and creatures. | hope more children
are inspired to get involved and

learn how to protect and save our
marvelous oceans.

Sl Psman,
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THE EARTH IS
OCEAN - UNIQUE

- Oceans are Larth's defining feature. This is the only known planet in the
universe with stable bodies of liquid water. Water is essential for life and
al life began in the ocean about three and a half bilion years ago.




AND WHY DOES THE
OCEAN APPEAR BLUE?

The surface of the ocean reflects the color of the sky. On cloudy days,
the ocean appears gray. When sunlight shines on the ocean, water

molecules absorb light in the red part of the spectrum first. Red, orange.
and yellow wavelength colors disappear. They act as a filter, leaving
behind colors in the blue part of the spectrum.




WORLD OCEAN

Al five of the earth's oceans are connected and exchange water like a
single, enormous World Ocean.







WHY IS THE OCEAN SALTY?

The saltiness, or salinity, of the ocean comes from the land. Over eons,
rainfal erodes rocky land and dissolves minerals. Rivers carry these minerals
to the oceans where they accumulate. Sodium and chloride are the most
common “salty" ions in our oceans.

The salinity of the world's oceans averages thirty-five parts salt per
thousand. or 3.5 percent salt.

Nimeliy ~ sanem. pveond of . witin on
Ean&g%k Sabbwaler. Fen, thousomds of
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THE BREAKUP OF PANGEA

290 MILLION YEARSAGD

Most of the continents of the
earth were crowded into a
supercontinent called Pangea. A
superglobal ocean called
Panthalassa surrounded Pangea
and to the east lay the
enormous Paleo-Tethys sea.

200 MILLION YEARS AGO

With the gradual movement of
the earth's tectonic plates,
Pangea began to break apart.

[80 miLion veags 460

The first of our modern oceans.
the central Atlantic Ocean and

the southwestern Indian Ocean,

appeared.




Frade Whits-

Near the equator, winds from
the east blow steadily all the
way around the earth. Early
sallors from Europe and Africa
used these winds and the
resulting currents to reach
America, alowing them to
establish colonies and trading
routes. They named these
reliable qusts the Trade Winds.

140 MILLION YEARS AGO

The southern Atlantic Ocean
emerged as South America pulled
away from Africa. The central
Indian Ocean appeared as India
separated from Antarctica.

80 MILLION YEARS AGO

North America broke off from
Europe, forming the northern
Atlantic. Eventually, the earthrs
continents and oceans emerged
in their current forms.

POLAR
EASTERLIES

POLAR
EASTERLIES
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Fealires of the Ceean. Hleor

Bathymetry is the study of the underwater depth and features of
the ocean floor, as well as rivers, streams, and lakes.

SHORELINE



Seamounts are volcanic mountains that arise from the ocean floor
without breaching the surface. They can stand alone or run in long
chains. An eroded seamount is called a guyot or tablemount.

MID-OCEAN
RIDGE LAVD

2l
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The tides of the ocean result from the gravity of the moon and the sun
pulling on the enormous mass of water. Ocean water bulges outward in the
direction of the moon. As the earth rotates beneath the drawn mass of
ocean water, twice-per-day high and low tides occur on shorelines.

The difference between high and low tide varies according to the position
of the sun and moon. The greatest difference. called a spring tide, occurs
when those bodies align just after a new or ful moon. The smallest
difference, a neap tide, comes seven days after a spring tide. That's when
the sun and moon are at right angles to each other. which diffuses the
gravitational pull

TIDE
SPRING TID LUVAR TIDE SOLAR TIOE
i N E
L FULL MOOW
QMD THIRD GUARTER
NEAP TIDE : MOON
LUNAR TIDE '
SOLAR TIDE
T FIRST QUARTER
MOON
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In some places, the tidal difference is as little as 3 feet. In Canada's
Bay of Fundy, the difference between high and low tide can be as
great as 50 feet!

Hod tidol adtion, Jife ar 1 foumar itt mightt
Comphantt cnenladion oy eciam nill virda.
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OCEAN CURRENTS

TIDES are one of three factors that cause ocean currents. The current
caused by an incoming tide is called a flood current. As the tide recedes, it
causes an ebb current to flow. Tidal currents are only strong near shore.

W’N DS are responsible for some surface ocean currents. Depending on

season and location, wind can drive strong ocean currents three hundred
feet deep.



THE RMOHA “N 3 C,RCU{-AHON , water movement based on

differences in temperature and saltiness, is the primary driver of
deep-ocean currents. When ice forms in ocean water near the poles. the
surrounding cold water becomes saltier and more dense. The cold, dense.
salty water sinks to the bottom and warmer surface water takes its place.
This density-driven circulation forms currents deep in the ocean.

C UR REN TS can significantly alter the climate on land. Even though
Peru is only 12 degrees south of the Equator, the chilly Humboldt
Current keeps it cool. In contrast, the Gulf Stream keeps Norway much
warmer than its northern latitude would suggest.

25



WAVES

As swells travel away from distant storms, waves tend to travel
together in groups called sets. It's often said there are 7 waves to a set,
but most commonly the number is somewhere from 12 to 16, with the
largest waves in the middle of the set.

WAVE MOVEMENT
e

Very rarely, when wind and current conditions are just
;’az ? Y right. ocean waves can unexpectedly merge to form a

single wave that is twice as tall (or taller)) than the

surrounding waves. These large. freak waves, often

CWES—  called rogue waves, can be destructive to ships and
shorelines.




OCEAN DEPTH ZONES

LSUNLIGHT - EPIPELAGIC 7ONE

Sunlight brings abundant life and a range of temperatures.

2. TWILIGHT - MESOPELAGIC 70NE

Sunlight is very faint. Unusual-looking fish and other sea creatures live
here. including many with bioluminescence.

3. MIIDNIGHT - BATHYPELAGIC ZONE

Despite the crushing water pressure, some whales are known to dive to and
feed at these depths.

4. ABYSS - ABYSSALPELAGIC ZONE

The temperature is very cold, but squid and starfish can survive here.

5.JRENCHES - HADALPELAGIC ZONE

With eight tons of water pressure per square inch. life is rare, but still exists in
the form of tube worms and other invertebrates.

1

OCEAN BASIN

....... 11000M
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Primary producers

PHYTOPLANKTON use sunlight to
make their own food through
photosynthesis. These one-celled
microalgae remain suspended in
ocean water and transfer the
sun's energy up the aquatic food
web to larger creatures that
consume them.

JUVENILE
GREAT
WHITE
SHARK

30

Primary consumers

Z00PLANKTON are tiny
marine animals that feed on
phytoplankton. There are
thousands of different
species of zooplankton and
most live near the surface.




A SARDIN
T
.. secondary consumers

SMALLFISH like herring, anchovies. and
menhaden eat zooplankton. Baleen
whales, birds, and some crustaceans also
consume zooplankton.

tertiary conhSumers

LARGER FISH like tuna. cod. and
billfish eat smaller, schooling fish. Seals,

porpoises, and sharks also feed on smal
and medium fish.

3l
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Dozens of ocean species glow in
the dark. Living creatures that
emit their own light are said to be
bioluminescent. In some places, the
breaking waves glow blue with
millions of tiny phosphorescent
creatures called dinoflagellates.

VAMPIRE
N SQUID

Luminescence in ocean creatures can serve
as a defense mechanism. a way of getting
the attention of potential mates, or as a

means of attracting prey.

{@

More than 70 kinds of squid glow
or are capable of creating clouds
of glowing ink when threatened
by predators.

ANGLER
FISH

Liutd

e,
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ANATOMY OF A FISH

!(”’/II
/'/l' /,,,

‘: 1 L) l
\ “,% l,' :

1. naris 8.anal fin

2. eye 9 vent
3.operculum gill cover 10. scales

4 dorsal fin 11. pelvic fin
5. caudal fin 12. pectoral fin
6. peduncle 13. mouth

7.1lateral line



FISH ¥ AL.T5

HATCHING
Fish are animals that live in water. have fins, and /F'ééf(, i

use gills to breathe. Most fish have scales. @

skeletons of bone or cartilage, and lay eqgs. '

4 .-i‘, j
YELOWEN TUNA POMPAND
Fish make up more than half of all vertebrate animals. There are at least
30,000 different species of fish, making them the most diverse group of
vertebrates. They are found in all aquatic environments, but the ocean is home
to the greatest number of fish,

Most fish are cold-blooded. allowing their body temperatures to change with
their surroundings. A handful of larger fish. like tuna. opah. and some sharks,
have warmer, more stable blood temperatures,

Fish draw oxygen-containing water into
their mouths and pump it over their gils.
Fish gills contain networks of blood
vessels that efficiently exchange oxygen Gl
and carbon dioxide. The oxygen passes ARCH
through the walls of the capillaries
directly into the blood while the carbon
dioxide is carried away by the water.

35



Fish have a highly developed set of sense organs on both sides of their bodies.
These lateral lines detect movement and pressure variants in water, helping fish
navigate and home in on prey.

LATERAL
LINE

Fish may be carnivores. herbivores, or omnivores, and some species eat different
foods at different points in their development. Plankton, coral algae.
crustaceans, worms, cephalopods, molluscs, and other fish are common prey.

BONITA
gat mackerel ond
other fishes, alre ’?W"/

TAUTOG
eat clams, crabs,
MM’ ’w.ﬂ‘&;‘s

SUMMER FLOUDER

cat small 4ish like sacdines eat crustaceans

ROOSTERF/SH
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Many species of fish live and i ; travel in groups called schools.

Schooling fish are highly aware of their position within the group and they
synchronize their movements to respond to predators, prey. and currents.
Schooling helps fish avoid predators, allows them to swim more efficiently
over distance, and can even help them hunt.

Fish do not learn to swim
together in schools; the anility
is built into their genes. The
lateral line organs help fish
school in tight formation.

g -PATCH
BUTERFLYFISH

A shoal is a loose school in
which the fish do not
synchronize their movements.

-c,”
<E
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PREDATORY FISE

GREAT BARRACUDA

24-3%un.

BLUE MARLIV
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ANATOMY OF A SHARK

1. snout 9 caudal keel
2. nostril 10. anal fin

3. eye 11. pelvic fin

4 spiracle 12. pectoral fin
5. first dorsal fin 13. gill openings
6. second dorsal fin 14. mouth

7. Precaudal pit 15, gill arch
8. caudal fin 16. backbone or spine
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Sharks have a fearsome reputation as calculating, vengeful hunters with a
taste for humans, but lightning and lawnmowers are far more dangerous.
Fewer than a dozen of the more than 500 shark species pose any threat
to us. In a typical year, there are fewer than 90 shark attacks in the entire
world, few of which are fatal Meanwhile, more than 100 milion sharks are
kiled each year by humans.

The oldest shark relatives first appeared nearly half a bilion years ago. well
before any vertebrate land animals. Sharks as we know them have been
around for about 100 milion years. As a frame of reference, modern humans
are only about 200,000 years old.

4
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SHARK
TOOTH

ACTUAL SIZE

Sharks have five to seven gl slits on the
sides of their heads. They have skeletons
made of cartiage that are lighter and
more flexible than bone. Sharks do not
have air bladders like fish. but oil-filled
glands to help them stay buoyant.
Because they lack a ribcage. they can
collapse under their own weight when
brought onto dry land.

If you're brave enough to peer into a
shark's mouth, youll see several rows of
teeth. Shark's teeth replace themselves
automatically. slowly moving outward as
if on a conveyor belt. Only the outer two
rows of teeth are functional at any
given time.




Shark skin feels like coarse sandpaper
when brushed backwards, but is extremely
smooth and hydrodynamically efficient as
it moves forward through water. The
skin is made up of tiny tooth-like placoid
scales, or dermal denticles. The scales are
protectively hard like enamel and very
streamlined; small vortices form around
each scale limiting drag and turbulence.

Sharks have a secret hunting super
power - a network of electroreceptive
pores on their heads that helps them
sense the electrical fields of their prey.
These pores are called the ampullae of
Lorenzini. They can even detect the
beating heart of a fish that isn't moving.

WHALE SHARK 4GFT. «

BASKING SHARK 33FT.

AMPULLAE OF
LORENZN ]

N T
S -~

GREAT WHITE 23¢T «

SHARKS
BY SIZE

MEGAMOUTH  ISFT.

NURSE (3FT *',

MAKO 8FT. *(

43
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SHARKS

A muscular, 10-foot-long shark. Found in several

Z ”[ subtropical oceans, they are social, ofzen live
E 7 together in schools. and hunt as a pack.

f L‘/ ./ Large shark up to 19 feet long and 3500
r pounds. Preys on sea lions, seals, and small

whales.

Unique head shape, called a cephalofolil, serves

MM to increase the shark's field of vision, spread its
electroreceptive sensors over a large surface
area, and pin prey to the bottom.



sz&ﬂ/ Prefers shallow, warm water and mangrove

areas, where it feeds on fish, crabs, rays, and
sea birds.

M The fastest shark, reaching speeds of more
than 40 miles per hour. Can jump more than 20

feet out of the water.

: Sedentary. bottom-dweling, nocturnal feeder that
A/uf £ eats mollusks, small fish, and crustaceans. Mouth is
designed for drawing in bottom sediments.

45
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RAYS

These flat-bodied relatives of sharks

also have skeletons made of cartilage.

Rays have gils on their undersides and
their pectoral fins function as large,
propulsive wings.

When rays bury themselves in the sandy
seabed, instead of breathing through
their mouths, they bring water to their
gils through holes called spiracles located
just behind their eyes.



There are more than 600
species of marine rays. The
majority live on the ocean

floor, feeding on crustaceans,
gastropods. and molluscs.

ELECTRIC RAY

GUITARFI SH
STINGRAY

Stingrays are not aggressive, but they have a poisonous barb in their tails
to defend themselves if disturbed. When walking through water where
stingrays are known to live, it is safest to shuffle along the bottom instead
of taking big steps.

BLUE SPOTTED
RiBBONTAIL RAY

N CousE
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] A
ANATOMY OF A JELLYFISH

7

1_ bell - umbrela-shaped body that contracts and expels water from
the cavity underneath to propel the jellyfish

2. canal -a series of tubes that run along the bell to distribute nutrients throughout
the body in what's called extracelular digestion

3‘ CYCSPOt - light-sensitive spots on the rim of the bel
4 tentacle - used for touching
5. oral arm - injects the prey with venom

6. mouth - prey goes through here to the gastric cavity
78 ohad - reproductive organs that produce sperm and/or egq cells
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Jellyfish are not fish at all. What we call jellyfish are actually the medusa. or %
adult, phase of a group of animals called cnidarians [nahy-dair-ee-uhns] that N
are more closely related to corals and anemones than fish.

Jellyfish evolution predates that of true fish by at least 100 milion years.

There are about 1500 different species
of jellyfish. Jellyfish are expanding in
numbers even as ocean waters warm
and become more acidic and polluted.

Jellyfish tentacles contain stinging
nematocyst cells that shoot microscopic.
poisonous barbs when they come into
contact with prey such as small fish, krill
crustaceans, and even other jellyfish.

Not all jellyfish can sting humans, but a
few. like the box jelly. are lethally
poiSonous.

woled Mm@éﬁm,
Large bleoms may, codain
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LION'S MANE

This is the largest known
species, with tentacles as
long as 100 feet.

ATLANTIC
SEA NETTLE

Unlike other
species of
jellyfish that only
eat plankton, sea
nettles prey on
minnows, worms,
and mosquito
larvae by stinging
them with their
powerful venom.

TURRITOPSIS DOHRNI/

One Mediterranean species of elly,
the immortal Turritopsis dohrni
can return to its immature stage
again and again after reproducing,

meaning it may be able to live \lf
forever! \\_ .-
' 8 >,;é'-.
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MOON JELLYFISH

They tend to stay close
to the surface of the
water, making them
easy prey for large fish,
turtles and the
occasional marine bird.

MAN-OF- WAR

Though it looks like one, it
is not a jellyfish but a
siphonophore. an organism
made up of many highly
specialized, minute
individuals called zooids.
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DEEP SEA CREATURES

The deep sea is a cold. dark place. At 200 yards below the surface, only about
one percent of the sun's light is visible and the water temperature averages
32-37°F (0-3" Q). The pressure of water on animals living miles below the
surface is incredible. Every 30 feet of depth adds one atmosphere of pressure.
Three miles below the surface, animals have to contend with the weight of
about 500 atmospheres pressing down on them. Yet life flourishes even in the
deepest, darkest parts of the ocean.

A
" CHIMERA

Like its shark cousins, the chimera's
skeleton is made of cartilage. It has a
poisonous barb near its dorsal fin.

GIANT SPIDER (RAB

At up to 15 feet across, this
species has the largest leg span
of any crustacean. Also called
the Japanese spider crab, it
feeds on algae and plants as
well as molluscs.



PELICAN EEL ™

Also called the gulper eel
because of its prominent
hinged mouth, it attracts

COBLIN SHARK

prey with pink and red This pinkish-skinned shark can
bioluminescent cells at the extend its jaws out many inches
end of its tail when feeding. The grenadier

fish is one of its common prey.

DUMBO QCIOPUS

Growing up to 5 feet long, it has been
observed at depths of greater than
20,000 feet, deeper than any other
octopus species. It propels itself with its
ear-like flaps. steering with its arms.

e %
RSY ) U

TCHETF(SH Sy,
i PACIFIC VlPERF]gH\\

Bioluminescence in its body

serves as camouflage. Though scary looking. this fish only
Light-sensitive eyes point reaches about one foot in length.

upward to see prey against Bioluminescent photophores on its

the dimly lit surface. long dorsal spine attract prey.
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GIANT SQUID

Growing to 40 feet long and
weighing as much as 2,000 pounds.
its eyes may be as large as 12 inches
across. They live only about 5

years, during which they may mate
just once. These squid live in every
ocean, but since they are rare and
live at such great depth. they
weren't filmed in the wild until 2012.
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GIANT TUBE WORMS

Giant tube worms thrive near deep
ocean thermal vents, using bacteria




COMMON FANGTOOTH

Although only about seven inches
long, it has long. sharp teeth for
catching other fish, crustaceans.
and cephalopods.

BLACK
SWALLOWER

With an incredibly expandable
stomach, this 10-inch predator can
consume fish more than twice its
length and many times its weight.

PACIFIC GREMADIER

Also called rattail because of its
dramatically tapering body.
grenadiers are the most common
family of fish found at extreme
depths.
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ANATOMY OF A WHALE

SOUTHERN
Humesack
WHALE

1. baleen 7 pectoral fin

2. tubercules 8. ventral grooves
3.blow hole 9. eye patch
4eye 10. saddle

5. dorsal fin 11. caudal Peduncle
6. flukes 12. rostrum



Whales, dolphins, and porpoises belong to
the cetacean [si-TEY-shuhn] family.
These air-breathing mammals have
modified nostrils, called blowholes, on top
of their heads. Their horizontal tail fins
are called flukes. All cetaceans have a
thick layer of blubber under their skin to
protect them and keep them warm in
the cold depths.

BLUE WHALE " ~ %
BLOW HOLE

Thew ane were Han 80 epecise o1 oc camic
cArceama mdM’-‘Mﬁ 6 porpetae. ppecia, mate
‘H\M 30@4}% Sf.wm,}ami moe Hhan

40 vhale spteite.

Baleen whales filter ocean water
through large. frilled plates in their
mouths, trapping plankton and kril
to eat.

..............................................

Toothed whales hunt for fish,
squid. aquatic mammals, and birds.
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Over tens of milions of years, cetaceans evolved from four-legged land
mammals. Whales still have bones inside their lower abdomens that are the
remnants of rear limbs.



Sparvr. whalta com dive up to
90 mimwilie ov. a single bpeath.




Yhalis Bt oD Tt

AP 2 T
Q “'_,a.- ’L .‘o \

..'.n$

" SPiRM
SEI .. Yo guet, 770007130, ct0lbs.

62



OMURA'S
32 oot +4, 0%0lbs,

BOWHEAD
%59 fot.

E y 200,00 Ly

D BLANVILLE'S 15 4at,
L BEAKED 29026

s e ) MINKE
{EM: 2,‘!00!54/

ARWHAL BELUGA
;71:6%,100/1;4. 14 4o, 3,000 lbse

63



64




BUBBLE-NET FEEDING

Humpback whales spend 90 percent of
their time feeding, consuming about
5,000 pounds of fish each day when
preparing for long migrations.

Their complex and collaborative social
structure comes into play in an
impressive display of cooperative hunting.
Groups of up to 60 humpbacks circle a
school of small fish from below. The
whales exhale through their blowholes to
create a ‘net” of bubbles that disorients
the fish and traps them in a tight ball

The whales then give a vocalization to
start feeding and in perfect unison
quickly swim up toward the fish with
their mouths open. Using this technique,
humpbacks can gather hundreds of
pounds of fish with a single qulp of their
enormous mouths.

AMBERGRIS: a gray, smelly. waxlike substance.
Sperm whales produce ambergris in their
stomachs to protect them from sharp
cuttlefish beaks. Ambergris, used in perfume
making, is very rare and sells for up to $10.000
per pound.
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ANATOMY OF

A DOLPHIN

1;

1. dorsal fin ¢ ear

2. blowhole 7 Pectoral fins
3.eye 8. genitals
4 melon 9. fluke

5. rostrum 10.peduncle



Dolphins have large brains and
display behaviors we associate
with inteligence. Members of a
pod have been shown to call each
other by name, empathize with
each other, grieve deaths. form
alliances, save surfers from shark
attacks, use tools, babysit, and
even tease each other.

A group of dolphins, called a pod. is a
complex social system. Dolphins pass
skills and information across
generations. For example, mother
dolphins in some pods teach their
daughters to protect their noses
with sea sponges while digging in the
rough seafloor.
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ECHOLOCATION

Dolphins send high-pitched sounds out through their sinus passages and then
interpret the echoes to “see* their surroundings. They use this biological sonar
to echolocate and identify prey, predators, and other members of their pod.
This sonar is so powerful and precise that dolphins can determine the size.
shape. and speed of prey and see through solid objects; they can even tell when
a member of their pod is pregnant.

Dolphins are chatty with each
other. They communicate using a
complex system of whistles,
clicks. and grunts. They also use
touch and body position to make
a point.

Most dolphin species eat fish,
squid. and seafloor invertebrates.
Larger species may feed on
aquatic mammals like seals and
even whales.

9



DOLPHIN SPECIES

SPINNER

LA PLATA

L ONG-BEAKED COMMON

HECTOR'S

COMMERSON'S
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These six species are commonly called whales or blackfish, but genetically
they are dolphins.

ONG-FINNED
PILOT WHALE

y

KILLER WHALE

 FALSE KILLER WHALE

PY6MY
KILLER
WHALE
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ORCAS

Orcas, or killer whales. are the largest members of the dolphin family, with males
measuring 25 feet long or more and weighing 13,000 pounds. Orcas are highly
adaptable and live in all the world's oceans. Depending on the location and habits
of a particular population, orca may feed on fish, seals. squid. turtles, seabirds.
and even whales. Pods living in disparate regions vary in coloration, size, fin
shape, and markings.

TYPE A “eommon ovea”

mmm{ccmw{u
TYPE B fesca on pce peada- TYpEC feede masndey o fuch.

o,

TYPES IN
ANTARCTICA

Orcas can reach speeds of 35 miles per hour in pursuit of prey. They hunt as a
team, like wolves, using their keen intelligence to secure food.



Ko whadts hove rawen beun, known, fo atfack.

Pods are organized in line of
descent from a female matriarch,
who may live 80 years or longer.
These are the only mammals
known to spend their entire lives
with their mothers.

SPYHOPPING

Orcas regularly engage in a
unique behavior called spyhopping
in which they hold themselves
verticaly out of the water in
——  order to better see prey above
the surface.

Since the 1970s, researchers on the Pacific coast of North America have been
tracking orca pods by photographing and identifying the unique shape of each
orca's dorsal fin.

AA A A

Male orcas have tal, straignt ~ Fins may show evidence A flopped-over fin
dorsal fins while females' fins  of injury from fighting ~ may indicate illness
are curved. or boat propellers. or advanced age.
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THREATENED WHALES
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People have hunted whales for thousands of years. Since commercial whaling
began in the 18th century, certain whale populations have decreased by more
than 90 percent.

Sperm whales, blue whales, and right whales were industrially hunted over 300
years until less than 10 percent of them remained. Humpbacks were hunted
down to fewer than 2000 individuals but are recovering. There may be only
500 North Atlantic right whales left in the wild.

Whab)w; and. ot whale dpecrea e oru the
Nebourdl, but Hhew Cuaturea Al Suffon frore
Ha sfpects of pumankird on e envionrnd.



THREATS TODAY :

Mercury, petrochemicals, PCBs. and agricultural runoff accumulate in the bodies
of fish-eating whales. Some dead beluga whales have been so contaminated by
pollution that they have to be treated as toxic waste. Al filter-feeding whales

consume microplastic along with krill and plankton, threatening their health and
reproduction.

CLIMATE CHANGE

As climate change depletes ice cover near the Arctic, humans are opening new
shipping lanes and exploring new areas for oil and gas. Whale species that rely
on ice cover and quiet feeding grounds, like bowheads and narwhals, are at risk.

SOUND PoLLUTIOM

Since some whales rely on long-distance communication to locate each other
for mating, sound pollution from military sonar. shipping. construction. and fossil
fuel exploration may put even more pressure on struggling populations.

Humans have over-fished many of the same prey species that toothed whales
rely upon. The shrinking chinook salmon population in the US Pacific Northwest

has pushed the southern population of resident orcas to fewer than 75
individuals. Whales are also hit by ships and regularly get caught in fishing nets.




MANATEES




Since manatees spend so much time
dozing at the surface, dozens are
kiled each year in boat collisions. Many
survivors have scars on their backs
from boat propellers. They also fall
victim to fishing nets and poisonous
algae blooms known as red tide.
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SAND

The minerals that make up sand vary widely from beach to beach.

CORAL

In coastal areas with coral reefs, like the Caribbean. beach sand is composed of
tiny particles of coral. Parrotfish feed on the algae inside of coral. These fish
create beach sand by grinding up the hard coral in their mouths and throats and
excreting the undigested particles.

VOLCANIC ROCK

Volcanic sand, found on some Hawaiian beaches, may be black from basalt and
obsidian rock that formed inside volcanoes.
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In non-tropical areas. sand tends to be made of silica from wave-beaten quartz
stone. Quartz is tough and one of the last minerals to be broken down by the
pounding surf.

SEASHELL

On some beaches, the sand is made entirely of tiny pieces of seashel.

8l
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Beach sand is home to many animals.

-

|
3 \\ BLUE LAVD
- CRAB  Mole crabs, fiddler crabs,

and blue land crabs burrow
right into the sand.

LT

1
s

BL0OD

Hard and soft shel
clams, sandworms,
and ragworms live
beneath the surface
of wet sand.

L

Some birds, lke terns,
skimmers, and plovers, nest
directly on the sand,

PIPING PLOVER




ANATOMY OF A BEACH

. OFFSHORE | NEACSHIRE  FORESHORE ~BACKSHORE

L

LOW TIDE i

BREAKER LINF

LOWTIDE
SHORELINE
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LONGSHORE  LONGSHORE SAND SHINGLE ~ PEBBLES
BAR TROUGH RIPPLES

ED
MARRAM GRASS -
AKA. BENT GRASS,
1KkA. BEACH GRASS

This grass builds coastal
sand dunes and helps
stabilize the sand. It has a
rolled leaf which helps it , i
conserve water. T B
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1ADE POOLS

These natural aquariums allow close-up viewing of beautiful sea creatures that
are normally out of reach. Tide pools tend to be best in areas with rocky
outcroppings that are only exposed during low tide.

Tide pools host a wide
variety of animals that
are hardy enough to
survive in constantly
changing conditions.

Filter feeders like mussels,
barnacles, oysters, and
brittle stars draw
microscopic plankton out
of tide pool waters.




Anemones, sea stars, and
crabs feed on snalls, molluscs.
small crustaceans like
copepods. and tiny fish.
Abalone love to eat kelp.
Snails and limpets scrape algae
off of the rocks with coarse.
tongue-like organs.

R (T
\  GREEN
ANEMONE

(OCHRE SEA STAR

TURBAN
SVAILS

STRIPED  SHORE
(RAB

Sculpin, opaleye, and even the epaulette shark
can be seen darting about after crustaceans,
smaler fish. and worms.

EPAVLETE
SHARK

OPALEYE Sovns Jpuc =R
com extract oXygm oud of
fv'b’{z dura ont Wé’@?’ i

OYSTERCATCHER

Gulls, turnstones, oystercatchers,
and other birds pry exposed

mussels, limpets, and barnacles
from the rocks during low tide.

RUDDY N
TURNSTONE  TIDEPOOL SCULPIN
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SEA URCHINS
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SEAWEED

Seaweed is the common name for Seaweeds are often considered
more than 10,000 different species plants because they have chlorophyll
of aquatic macroalgae. and use photosynthesis to create

energy from sunlight. However. they
Seaweed thrives near shore inrocky,  don't have true plant structures like
shallow waters all around the world. leaves, stems, and roots.

Seaweeds are categorized by color:
red, brown, and green. These three
types of seaweed are only distantly
related.

BLADES
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Kelp can grow more than a
foot each day, providing plenty
of food for its most notorious
grazer, the red sea urchin.

Ever-creative sea otters anchor
their babies with kelp blades
while they dive for red urchins.

Sea bass, crabs, jellyfish, rockfish,

and even gray whales thrive in
the safety of the kelp forest.
Cormorants, qulls, terns, and
egrets help themselves to the
bounty of prey.

The richness of life in a kelp
forest also draws predators lke
sharks, seals, and sea lions who
hide in the dense kelp while they

i CALIFORN/A
SHEEPHEAD
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BARNACLES

GOOSE
BARNACLES

Barnacles tend to ive in shallow.
tidal areas. They are fiter feeders,
rhythmically extending their six sets
of feathery legs, called cirri, to
gather plankton and kril.

Being crustaceans. barnacles are ANATOMY OF
more closely related to crabs and A BARNACLE

lobsters than they are to mollusks
like mussels and oysters.

There are about 1000 different
species of barnacles. Most are
hermaphroditic. meaning they have
both male and female sex organs.

Jor s pimg.




Some species of barnacles attach
themselves to living creatures. The

barnacles benefit from increased access to

food, but certain hosts, like whales, may be
harmed, since the barnacles increase drag
and encourage infestations of other
parasites.

Barnacles go through two larval stages.
Nauplii are tiny, hairy creatures that feed
on microscopic plankton. They shed their
exoskeletons a few times before arriving
at the cyprid stage.

Cyprid larvae do not eat. Their only job is
to attach to a safe surface for the rest
of their lives. They prefer textured
surfaces in rich waters near other
barnacles. They grasp the surface with
their antennae and cement themselves in
place with a protein glue.

BAR VACLES
OV WHALE TAIL

EARLY LATE
STAGE NAUPLIVS STAGE
’ ~J NAVPLIUS

§ EITLEMENT

BARNACLE LIFE CYCLE

CRIS
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RAZOR CLAMS
\J

If you find a small hole in the
sand at the waterline that
looks like a keyhole, you may
be looking at evidence of a
buried razor clam.

Razor clams have sharp.
narrow, hinged shels. Like al
clams, they are bivalves that
filter nutrients out of the

water. BURROWIMG
IN SAND

Razor clams are hard to
capture. At the first sign of
predators, they quickly dig
up to four feet beneath
the surface.

@
Cooked razor clams are PACIFIC RAZOR CLAM

considered a delicacy. Some
places restrict their collection
to avoid exhausting the
population.




GLOSSY 18IS

The nomadic glossy ibis has a
wide range that includes
Africa, Asia, Australia, and
America. Nesting pairs build
large platforms of sticks and
plants. They feed on many
species of insects as well as
molluscs and crustaceans.

GREEN HEROV

Green herons feed on fish,
amphibians, and invertebrates,
using twigs. insects, feathers. and
other objects as lures. They are
known to drown large frogs to
make swallowing them easier.

ROSEATE SPOONBILL

Roseate spoonbils are large pink
birds with flat bills. They sweep
their wide bills through brackish
water to catch fish, insects, small L
crabs, and amphibians. K
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BLACK OYSTERCATCHER

Black oystercatchers live in rocky areas
along the Western American coast.
Despite their name, they prefer mussels,
breaking open the shells with their strong
beaks. Oystercatchers often have the
same mate for life. When threatened,
they whistle loudly and fly off.

SANDPIPER

Common sandpipers range throughout Europe,
Asia, Africa, and Australia. They hunt for insects
and small crustaceans in shallow water.
Sandpipers gather in large groups and give off
high-pitched, trilled whistles.

WILSON'S PHALAROPE

When feeding, phalaropes swim in tight
circles in shallow water. creating tiny
whirlpools to stir up invertebrates from
the bottom. Male phalaropes do all the
parenting of chicks. Females fight over
males and will take multiple male
partners each breeding season.
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PIED AVOCET

Avocets are easily identified by their
whimsically upturned bils. They swing their
bills through salt marsh waters to catch
insects and krill, a behavior called scything.
They nest in large colonies and defend
their nests aggressively against intruders.

LONG-BILLED (uRLEW

Curlews are related to
sandpipers. They use their long,
curved bills to feed on worms,
insects. and crustaceans in mud
and soft sand. They are found
all over the world.

SANDERLING

Sanderlings breed in the Arctic
but migrate to locales as far
as South America and
Australia. Like their sandpiper
cousins. they run along the
shoreline, following the waves
and stopping quickly to pick tiny
crabs or horseshoe crab eqgs
from the sand.
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HERRING
GULL

ALBATROSS

The great abatross has an Tl-foot
wingspan, the largest of any bird. It can live
more than 40 years. Abatrosses have
special shoulder tendons that effortlessly
lock their wings open for extremely
efficient soaring. Several species of
abatross are endangered.

FRIGATEBIRD

Frigatebirds are masters of
flight. Their bones make up only 5
percent of their body weight and
they have been known to stay
aloft for weeks on end, even
sleeping in flight. Males inflate
their bright red throat pouches
to attract females.

WHITE-TAILED TROPICBIRD

Tropicbirds are so well-adapted to life
at sea that their legs cannot support
them on land. These large birds dive
into the ocean to capture flying fish
and squid.

102



BLUE-FOOTED BOOBY

Blue-footed boobies hunt by diving
into the sea and then swimming
after fish underwater. Boobies are
relatively unafraid of humans and
frequently land on boats.

BROWN PELICANV

Brown pelicans have a foot-long
bill and a 7-foot wingspan. They
fly in tight squads just above
the ocean's surface. They dive
after fish. sometimes capturing
several at once in their large
throat pouches.

GUILLEMOT

These members of the auk family are
poor fliers and walkers, but master
swimmers. They propel themselves
with their wings, appearing to fly
underwater. Some species dive to
depths of 300 feet to hunt fish

and krill
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Rocks. seaweed, coral and driftwood in shallow. warm waters near shore
provide shelter and forage for many species of resident and migrating fish. If
you stand still in the water, or have access to a snorkel and mask, you may
gimpse a variety of inshore fish feeding and mating.

Rock gobies are small. bottom-dweling

fish. Males care for and aggressively

defend the eqggs femeles lay under

rocks or in empty clam shells. Rock
gobies migrated from the

Rock a4 Mediterranean Sea to the Red Sea

through the Suez canal in 1865.

The long-spined sea scorpion is a kind
of sculpin that feeds on blennies,
crustaceans. and moluscs. It has no
scales, but is armed with spines on its
gill plates and bony protuberances on
its head and sides. The sea scorpion
sinks whenever it stops swimming
since it has no buoyant swim bladder.

LONG-SPINED
SEA-SCORPIOV

Combtooth blennies are a family of
colorful fish that have skin instead of
scales. Some blennies use their pectoral
fins to "walk" along the bottom.
Blennies like tight hiding places: some dig
burrows into the sandy bottom or
inhabit discarded shels.

COMBTOOTH
BLENNIES
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Lumpsuckers are bizarre, round, little fish
that can hardly swim. They have adhesive
disks on their pelvises to suction onto rocks.
" Lumpsuckers feed upon molluscs, worms, and
small crustaceans.

LUMPSUCKER

Moray eels live in both inshore
and deeper waters. They have a
secondary set of internal jaws
for grasping prey and quiding it
down the gullet. Eels have a
strong sense of smell and some
Species secrete a poisonous mucus
from their skin. Most moray eels
are nocturnal

MORAY EEL

Summer flounders lie on the shallow

seafloor awaiting prey. They can
FLOUNDER instantly change the color of their
DEVELOPMENT spotted skin to conceal themselves.
Every summer flounder lies on its
right side; in its larval stage. the
right eye migrates to the left side
of the head.
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ANATOMY OF

A CRAB

1. chela 7 swimming leg

2. dactyl 8. abdominal segment
3. propodus 9 carapace or shell

4 carpus 10.anterolateral teeth
5. lateral spine 11. pereopod

6. eyes
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Crabs are crustaceans that have hard
exoskeletons and 10 legs. including their
claws. Most of the thousands of species of
marine crabs are scavenging omnivores that
feed on algae. molluscs. worms, other
crustaceans. and any dead animals they

come across.

HARLEQUIN

Several crab species,
including decorator crabs,
spider crabs. and masking

SPIDER
DECDKA‘IOR

(RAB AL'&>)
' shells with bits of sponge.
algae. and even stinging
anemones.
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TINY

¢) - ; :
& Pea crabs are a parasitic species that live

” in the gils of oysters and other bivalves.

Japanese spider crabs have the
longest leg span of any arthropod,
up to 15 feet from claw to claw!



Hermit Crabs

Hermit crabs lack hard exoskeletons on
their abdomens. They protect themselves
by sliding their spiraling hindquarters into
the empty shells of marine snails.
Occasionally, hermit crabs will also use
aluminum cans, plastic containers, nut hulls,
or pieces of wood as shels.

As they grow in size, hermit crabs must
move into larger shells. In some places, the
competition for shells is so intense that
crabs line up near a large shell until an
appropriately sized crab arrives and
discards its own shell in favor of a larger
one. Then. in quick succession, the waiting
crabs exchange shells, each moving in to a
discarded, larger shell.

PLASTIC

ITHOU
W SHEIL

109



INHALANT
SIPHON

HEAVY BONNET
SEA SWAIL

ANATOMY OF N\ TENCEE
A SNAIL %

7).
TRITON
SEA SMAL

Sea snalls are saltwater gastro-
pods that can pull their soft bodies
into their shells. Most sea snails
can completely seal themselves
inside their shells with a hard disk
on their foot called an operculum.

Snails have a specialized rasping
tongue called a radula and eat
everything from algae to starfish.
The moon snail feeds on clams by
driling through their hard shells
with its toothed, belt-like tonque.
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Scallops are some of the only bivalves
that can move freely through the
water, living unattached to
underwater structures. When a scallop
is threatened, it pumps water with its
shell and jerkily but quickly swims away.

Though they don't have brains,
scallops do have many primitive eyes
along the edges of their shells that
allow them to sense when predators
are near.
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Only about 5 percent of the ocean floor has been well explored. The rest
remains an untouched mystery. We do know that an enormous variety of life
makes its home on. and even in, the ocean floor.

Depending on the geology of a region. the seabed can comprise sand, rock, clay.
or ooze. Almost half of the ocean's floor is covered in ooze made of organic
sediments and animal detritus like microscopic shells. In some places. this sediment
is several miles thick, which is incredible considering it may take 1000 years for
only two inches of coze to accumulate!
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SEA CUCUMBERS

Despite their name, sea

cucumbers are animals, not AV

vegetables. They are echinoderms - N2 /IW

[eh-KIE-no-derms] and related to gs‘l}: & b O b

sea urchins and starfish. Sea é/"" X NV \J‘\}“é\(
{aal’s VoV i

cucumbers have calcium nubs just . i
beneath their squishy skin that YEllow SEA CUCUMBR
form a kind of skeleton.

Sea cucumbers scavenge along
the ocean floor feeding on
plankton, algae, and tiny animals.
Some species bury themselves in
the substrate and unfurl
branching tentacles to collect
food from the water.

" JOHNSON'S SEA
/ ClCUMBER
When attacked, some sea

cucumbers push sticky, stinging
filaments out of their rear ends.

LEDPARD
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Juipod. A

Tripod fish have pelvic and caudal fins three
times the length of their bodies. They stand
on these long. rigid fins on the bottom of the
ocean waiting in stilhess for prey. Tripod fish
have poor vision; they wait for tiny fish and
crustaceans to bump into their

upward-extended pectoral fins before
sweeping them into their mouths.

' fen, Juct afone im Tha o
mﬁ%%m@m‘yup

i MW%

Hnding Tog o
W%/}//ﬁmy/ Luls

Groupers and moray eels live in reefs
and rocky areas on the seafloor.
Remarkably, instead of competing,
these very different predators
cooperate to hunt more successfully.

A grouper may shake its head near a
moray's burrow to signal it is ready to
hunt. The grouper scares fish into
crevices that only the moray can
access and even points out the spot
by going vertical. Similarly, the moray
scares prey out of small hiding places
for the grouper to gobble up.

GROPER +
MORAY EEL
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ANATOMY OF AN

OCTOPUS

1. eye 4 siphon
2. tentacle 5. mantle

3. sucker

8



Octopuses have eight nimble arms with two
rows of suckers on each limb. They breathe
and propel themselves by pushing water
through a powerful siphon in their mantles.
Their bodies are soft except for a hard beak
used to crack open the crabs. bivalves, and
other crustaceans they feed upon. Octopuses
also have a poison gland that they use to
immobilize prey.

of Then bodiéa | camonfl .
thomslota g Hhem xmm.

FEMALE

Octopuses live in all the world's oceans, preferring reefs and rocky areas near
the bottom where they rest in dens when not actively feeding. They breed only
once in their one-to-five-year life span. The male uses a specialized arm to
deliver a packet of sperm to the female and dies soon after.
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Female octopuses are exceptionally attentive
mothers. They attach their more than 100,000
eqgs to the inside of their den and gently blow
fresh water over them for months, during which
they never leave, not even to eat. Mother
octopuses die shortly after their young hatch.

Octopuses display behaviors associated with
advanced animal intelligence. In captivity, they
are notorious escape artists. pushing their
entire bodies through any hole larger than their
beaks. Octopuses can unscrew lids and open
latches. and have been known to prey on
creatures in neighboring tanks and return to
their own enclosures.

INSIDE AN OCTOPUS

GKULL
OMACH
BRAW | PoISON  crop T
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MASS ‘ &Q i
S SYSTEMIC
i 4 HEART
BRANCHIAL

RT
INK KIDNEY i
ANUS SAC
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SEPTUM
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Squid have two long, barbed tentacles
and eight smaller arms lined with
suction cups. They use their large eyes
to find fish and crustaceans. Many
squid species also prey upon their

own kind.

Squid use the jet propulsion of their
siphons as well as the flapping of their
head fins to move quickly through the
water. Some squid are only one inch
long, while the colossal squid may grow
to more than 40 feet, making it the
largest invertebrate animal.

Squid are social animals. sometimes
swimming together in shoals of many
thousands. They communicate
courtship and hunting signals by
flashing changes of skin color. They
also use their color-changing ability to
hide from predators and camouflage
themselves from prey.

spball. of e colossal
w T L
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CUTTLEFISH

Cuttlefish are a slower cousin
of the squid that have an
extraordinary ability to
communicate through changes
in skin color, texture, and body
shape. Cuttlefish can produce
pulsating lines and strobes; can
become prickly. coral-shaped, or
smooth; and can send different
messages on different sides of
their bodies at the same time.

Males can even make themselves

look lke females to trick
larger males.

(OMMON
CUTILEFISH__~

AUSTRAUAN
GIANT CUTILEFISH

L s

The six known species of nautilus
have remained largely unchanged for
hundreds of milions of years. Unlike
other cephalopods. nautiluses have a
large. external shell that protects
them and controls their buoyancy in
the water.
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f)earls O

A pearl forms inside a shelled mollusk
when its flesh is injured or when a small
irritant, ke sand, becomes trapped
inside its shell. The mollusk builds up
layers of shiny nacre, the same hard,
iridescent substance that lines the
inside of its shell and that we call
mother-of-pearl.

O
All mollusks with shells can form pearls, but only a few species of N
marine pear| oysters (Pteriidae) and some freshwater mussels @)
produce true gemstone pearls. These natural pearls are beautiful, O
valuable, and quite rare; typically only one natural pearl is found O
per thousand oysters. Very occasionally. ®)
interesting natural pearls are found inside
giant clams, abalone, scallops. conchs. and even Q
O
O
O
&
O

large marine snails.

Humans also create cultured pearls by inserting
a bead or a bit of tissue into an oyster and
allowing it to build nacre around the intrusion
for a year or more before harvesting the
shiny results.

The flarguatt natinal. peard s found,
%Mfmo{,&w@xaw%péuémf __
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ANATOMY OF A LOBSTER
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1 antennule 6. tail fin
2 pincher claw 7 antenna

3.eye 8. carapace
4 walking legs 9. crusher claw

5. abdomen
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LOBSTERS

These large crustaceans have ten
legs, three pairs of which have claws.
Their power ful tails are also their
abdomens. They are nocturnal and
feed upon fish, mollusks, worms, other
crustaceans, and algae.

LDAJW%W
*f‘ﬂ Adeod® undore

The young go through several larval
stages before taking on their typical
appearance. Lobsters never stop
growing, shedding their exoskeletons a
few dozen times in their lives. They
will often eat their old shells after
molting.

R
LOBSTERETE

AMERICAN
LOBSTER




SHRIMP &
PRAWNS

(AMEL SHRIMP
Shrimp and prawns are the general .

names for many species of ten-legged.
swimming crustaceans with strong tails.
They range in size from the tiny
va-inch emperor shrimp to the footlong

giant tiger shrimp.

With wel-developed eyes situated at
the ends of staks. shrimp have great
panoramic vision. They generally have
two sets of antennae — a longer pair
for navigating the seafloor in the dark
and a shorter pair for examining prey.

Shrimp propel themselves with leg-ike
fins called swimmerets and can also
flick their entire tails to quickly dart
away from predators.

ANATOMY OF
A SHRIMP
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Since they aren't fish at all but
echinoderms related to sea urchins. a
better name for these ocean
creatures is sea stars. Most species
have 5 limbs, but there are species
with many more, like the sunflower
star with 24 arms. They have tough,
calcified skin and, when a predator
manages to injure one, a sea star
can grow back missing limbs.




Sea stars are slow movers; most
can travel only a few inches per
minute. They navigate by feel and
by using simple eyes on the ends of
their arms.

Sea stars feed on clams, mussels,
corals. snails, sponges. algae. and
oysters. Many species of sea star
can push their entire stomachs out
of their mouths and into clam shells.
releasing digestive chemicals and
consuming the mollusks on the spot.



They may look like colorful, iridescent flowers, but anemones
belong to a group of ocean animals called cnidarians
[nahy-DAIR-ee-uhns] that also includes jellyfish and corals.

Many of the 1000 species of
anemones attach themselves
to stones, corals. and shels. or
bury their feet in the sea
bottom, remaining in one spot
for a long time. Some slowly
walk across the bottom or
release themselves completely
to roll or float away to better
feeding grounds.




In an unusual act of asexual
reproduction, an anemaene can split off
part of its body. forming completely new
individuals. Some anemones contain both
male and female sexual organs, and
some change sex at different times in
their lives.

Anemones extend their many
tentacles to trap plankton, small fish,
crustaceans. and mollusks. Each
tentacle is armed with tiny. stinging
harpoons, called nematocysts. that
immobilize prey and fend off
predators. When threatened,
anemones can completely retract al
of their tentacles into their staks.

Sowenal amomal gpocsa
Ama&a/t/u downfish,
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Jea Tirtle flondfication

AVERAGE
LENGTH/ WEIGHT HEAD CARAPACE

KEMP'S RIDLEY
21('9#/?5IDOHHJ5

OLIVE
RIDLEY

7 -f;gf‘/SOfouan

FLATBACK
2. 5teet /170 pounds

HAWKSBILL
3 feet/ [ Opounds

[OGGER Heap
3&3*/300Pounds

GREEN
Sfeet / 3§Ofoulﬂ‘!

LEATHER BACK
7 fee-i-/,fzoofmds
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Sea turtles are air-breathing CARAPACE DORSAL
TAIL

reptiles found in all oceans RIDGES

except the cold polar regions.
They spend much of their
lives at sea migrating long
distances.

There are seven species of
marine turtle and their diets
vary by species:

» Leatherbacks feed on
jellyfish.

» Hawksbills mostly eat
sponges.

« Juvenile green turtles
eat both animals and
plants, but adult green
turtles only eat
seagrass and algae.

~ Loggerheads, flatbacks,
Kemp's ridleys. and olive
ridleys are omnivores
that feed upon fish,
shrimp. algae. sea
cucumbers, mollusks,
cnidarians, sea stars,
seagrass, and worms.
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While feeding. sea turtles can
stay underwater for about
thirty minutes. Incredibly, they
sleep underwater for more
than four hours without
taking a breath.




When a female is ready to lay her
eqgs. she climbs onto a safe beach
at night, digs a hole with her flippers,
and lays from 50 to several hundred
leathery eggs. She covers the eqgs
with sand and camouflages the hole
so her offspring can safely incubate
for 45 to 60 days.

/f,tﬁe,émﬁ,o‘;.wmngmm of Mhe

The tiny turtles usually
hatch at night, digging out
of their holes and making a
risky dash to the safety of
the sea. Hungry birds,
crabs, and mammals
sometimes consume half of
the hatchlings before they
make it to the water.
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Juvenile turtles live and grow in the open ocean until they
reach sexual maturity. At between 15 and 20 years old
they move toward coastal areas for breeding.



Dolphins, sharks, seabirds, and orcas prey on juvenile and adult turtles.
In addition to these risks, the effects of human culture on sea
turtles has led six of the seven species to be listed as threatened or
endangered. llegal poaching for meat and shells, entanglement in
fishing lines and nets, coastal development, climate change, and
polution contribute to the less than 1percent survival rate for sea
turtle hatchlings.
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Many ocean animals travel long distances to reach prime feeding territories
or breeding and spawning grounds. Using electronic tagging and sateliites.
scientists have tracked individuals of several species to learn the distances
and routes they take on their epic journeys.

Fi ///

PACIFIC BLVEFIN TUNA

When they are only one year old,
Pacific bluefin tuna swim about
5000 miles across the Pacific
ocean from Japan to the west
coast of the Americas. They spend
up to seven years feeding and
growing along the coast from
Mexico to Oregon before swimming
back to mate and spawn.
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HUMPBACK WHALES

The longest mammal migration in
the world is undertaken by
humpback whales. For much of the
year, they feed on krill and small
fish in waters too cold to raise
their young and must travel to
warmer waters near. the e iator

139






-
(<
L

141



142

CORAL REEFS

There are three kinds of reefs: fringing reefs, barrier reefs, and atolls

(UNDERWATER)

Fringing reefs are the most common kind of coral
reef. They grow outward from the shoreline, leaving
only very shallow water between them and the land.

ﬁméer /PQ%

Barrier reefs also grow parallel
to the shoreline but have lagoons
or areas of deep water between

- SHALLOW
the reef and the land, e i

-




Atll

An atol is a ring-shaped island that
encloses a lagoon. Over eons, oceanic
volcanoes sink back beneath the surface
of the water leaving behind the barrier
coral reefs that grew up around them.
These coral reefs continue to grow
faster than the volcanos subside, forming
the atoll.

Since corals need warm, clear water to
thrive, most atolls are found in the
tropical and semi-tropical regions of the
Indian and Pacific oceans.

The coral at the outer edge of an atolls
barrier reef typically remains a vibrant
ecosystem but the coral on the inside
tends to die as the open ocean is sealed
off. The magnificent turquoise of the
lagoon comes from disintegrating
limestone from the ancient reef.

Than [5 feot Af:jm feve!
ond 4o are ,awlwiﬂgly, inumdted
by rwing poa fruda”

HOW AN ATOLL FORMS:
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REEF ZONES

 —— REEF FLAT ZONE —: : e FORE REEF ZONE —:

© REEF
D OREST

LAGOON ZONE

© DEtp
: FORE
i REEF
D WAL

BUTIRESS ZONE

(ool of th same i may Fako At
foms in. diffrend zomsa of tha 1ot

REEF FLAT The relatively extreme conditions caused by a wide range of
temperature. oxygen. sunlight. and salinity means reef flats
harbor a lower diversity of life than other areas of the reef.

The back reef is shallow, protected from waves. and may have
BA (K REEF smal patches of living reef and coral rubble.

REEF CREST The reef crest is the highest point of a reef where waves
break. The crest may be exposed during low tide and these
harsh conditions mean the corals here must be strong and
adaptable.

DEEP FORE The ocean-facing side of the fore reef zone can form a
vertical wall or drop-off. The greatest diversity of life exists

REEF WALL here at depths of 15 to 65 feet.



CORA L | POI__-YPS

Corals harbor tiny plant cells.
zooxanthellae algae, in their tissues.
Coral and algae are obligatory
symbionts, meaning they depend on
each other for survival. The coral
provides the algae a safe
environment and the chemicals they
need for photosynthesis. The algae
gives the coral the compounds
necessary to grow its tissues and
skeleton. This beneficial relationship
powers the abundant productivity
of coral reefs.

A coral polyp is a simple animal less
than one tenth of an inch in size.
Many thousands of individual coral
polyps live together in colonies to
form the structures of coral. Each
polyp has food-capturing tentacles
with stinging cells, a mouth, and
digestive filaments.
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CORAL

There are more than 2,000 different species of coral. About half are stony
corals that have hard calcium skeletons, and half are soft corals.

Stony Corals

[VORY
BUSH ;

STAGHORN

ROUGH CACTUS
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THE GREAT BARRIER REEF

Off the eastern coast of Australia lies the earth's largest
natural structure made by animals. The Great Barrier Reef is
1400 miles long and covers nearly as much area as the state
of California. It is the largest coral reef complex that has
ever existed on Earth,

This marvel of the natural world hosts an enormous diversity
of life including nearly 3,000 species of fish, 215 species of
seabirds, 400 species of coral, and hundreds of species of
mollusks and seaweed.




Under ideal conditions reefs can grow between one and
nine inches a year. But lke many of the world's reefs, the
Great Barrier Reef is in trouble. It has lost more than half
of its coral since the mid 1980s. Threats include agricultural
runoff and over-harvesting of marine life, as well as severe
coral bleaching from warming oceans that permanently
damages the reef,




ANATOMY OF
A SEAHORSE

1

12 12

o e W N

MALE FEMALE
1. coronet 5. shout 9 brood Pouch
2. eye spine 6. mouth 10. tail
3 eye 7 cheek spine 11 dorsal fin

4 nose spine 8 anal fin 12. pectoral fin
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Seahorses are small bony fish that swim upright and have
skin instead of scales. They use their long snouts to suck up
their favorite foods. mysid shrimp and other tiny crustaceans.

After a lengthy and
elaborate courtship that
includes synchronized
movements, holding tails.
color changes. and a
spiraling dance. the female
seahorse deposits eggs
into a pouch on the front
of the male's body. The
eqqgs are fertilized inside
his pouch and gestate
there until dozens of fully
formed, but tiny. seahorses
are born.

LEAFY SEADRAGON PYGMY  SEAHORSE

The leafy appendages make this These species are less than
fish look like a piece of floating one inch long and perfectly
seaweed, disquising it from both match the color and texture

predators and prey. of the corals they live on.
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SPONGES

awis

Sea sponges are simple ocean animals
that thrive without hearts. brains, or
stomachs. Sea water flows through
their porous bodies delivering oxygen
and the bacteria and plankton they
feed upon. Many sponge species float
freely in the water column as juveniles
but-attach permanently to the
bottom as adults.

Some shallow-water sponges host From pomadl qg?mmrﬁ bndbors
algae in their cells and benefit from o & aua Apo?;z con e goneralc

their ability to make food from Y .
sunlight. A few species are even 7
carnivorous, trapping tiny crustaceans
in their bodies and consuming them.

Certain sea sponge populations have
been damaged by thousands of years
of humans harvesting them to use as
cleaning tools.

BLACK3ﬂd2
SPONGE

/ARANGHIG
TUBE SPONGE
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HALONLE Unlike algae seaweeds. seagrasses

PVFOLA are true flowering plants that live and
polinate beneath the surface of

the ocean.

There are about 60 species of marine
grasses. Since they require sunlight to
grow, seagrasses take root in sand

or mud in shallow, protected areas
near shore.

Large seagrass meadows are rich
HALDPHILA environments that host fish, mollusks,

minoR worms, and algae at all stages of
development. Seagrasses are an
important source of food for
manatees, sea turtles, seabirds, crabs,
and urchins.

Seagrass meadows help nearby coral
reefs by catching particulates and
slowing turbulent waters. Sediments
settle out in seagrass beds and the
clarified water benefits photosynthesis
in both grasses and corals.

(YMODOCEA
ROTUOATA gy pssopewotow
CIUATUM
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NUDIBRANGHE

The 3,000 species of nudibranchs
(pronounced new-dih-branks) exhibit a
dizzying array of fluorescent colors
and fantastical shapes. They live on
the seafloor from Antarctica to the
tropics, with the greatest numbers in
the shallow tropical waters of coral
reefs. These sea slugs are relatives of

snails and possess a scraping mouthpart,

called a radula. that is studded with
rasping teeth for scraping off bits of
food. Nudibranchs feed on sponges,
jellyfish. corals, anemones, and even
other nudibranchs. They find their

prey using smell- and taste-sensitive,
retractable tentacles called rhinospores
on top of their heads.

Nudibranchs do not have shells and
so must protect themselves in other
ways. The species that feed on
stinging jellyfish acquire the jellyfish's
nematocysts, or stinging cells, and
accumulate them in their surface
horns, or cerata. Similarly, some species
just eat poisonous algae or sponges.
acquiring the toxins and storing them
in specialized glands for their own
protection.

Individuals are sexually hermaphroditic,
meaning they have the sexual organs
of both sexes, so any two mature
nudibranchs of the same species can
mate with each other.
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NEMBROTHA

) KUBARYANA
7
PHYLLODESMIUM OKEMA
(OLEMAN| HALLUCIGENIA

Some species of nudibranchs deposit their eqgs in long ribbons attached to
coral or rock as counterclockwise spirals. Certain species' eqg masses are
well camouflaged, but many are showy and colorful
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SEA ICE

Sea ice takes different forms depending on its age, surrounding
temperatures, wave action, and precipitation. Fifteen percent of the
earth's oceans are reqularly covered by ice. Much of the Arctic Ocean
near the North Pole and the Southern Ocean surrounding Antarctica
are covered by sea ice for the majority of each year.

=

@ FLOE

a large, flat piece of
ice from 65 feet to
several miles wide

‘i

a skin of ice less than
four inches thick that
flexes and bends with
the waves

—

FRAZIL

tiny crystals shaped like disks
or spikes suspended in water

Sipecs

= o )
=) @@

PANCAKE

nilas or grease ice
that is compressed

by waves into roundish
chunks of ice less than é
about four inches thick

and from one to nine @
feet wide

—

ANCHOR

clumps of ice that
form on the bottom
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FAST

ice that is attached
(fastened) to the shore
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LIFE UNDER THE ICE

——— —_—

— —

The sheets of ice that dominate the polar

regions are austere landscapes with
extreme conditions. But beneath the thick
ice. ocean life flourishes in dramatic colors
and forms.

Though the seawater is a frigid 29°F (-17°0),
lots of animals feed, breed, and make their
homes here,

SKELETON
- SHiMp

e

BRITILE
STAR

=
Sea stars, including brittle stars, ~ ___——~— o
SCALLOP feast on the abundance of

scallops and urchins. and wil eat
N each other if they cross paths. @
162 ' i! I



When seawater freezes,
salt is forced into the
surrounding water,
creating dense brine that
sinks in channels from the
ice ceiling. As the channel
of brine sinks, fresh
water freezes around it,
creating a hollow,
underwater icicle called a
brinicle.

BRINICLE

Antarctic icefish,
toothfish, and dragonfish
feed upon kril and small
fish that have evolved a
kind of antifreeze in their
blood to allow them to
live in pockets of ice.
Orcas hunt 100-pound
Antarctic cod in small

——

ANTARCTIC

stretches of open water
called leads. TOOTHFISH
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@f
W

> e LS
“/_\'-—-\\‘
St e e =23 : 163



T4

GLACIERS

Glaciers form in places where snow
falls year after year but never
completely melts in the summer. The
layers of snow accumulate and
compress under their own weight into
ice. In places like Antarctica, this ice
grows to thousands of feet thick.

When a large mass of old ice builds
up in @ mountain valley. it slowly
flows downhil. These valley glaciers
travel anywhere from a few feet
to a hundred feet each day.

Glaciers are always made of
freshwater ice. When they flow
out to the ocean, they are called
tidewater glaciers. As the wall of
ice reaches the ocean, pieces break
off in a process called calving.



lcebergs are huge chunks of floating
freshwater ice that have broken off
of glaciers or ice shelves. Only
between 8 and 13 percent of an
iceberg's mass is visible above the
surface of the water, a fact which
contributes to run-ins with ships.

lcebergs are described as tabular if
they are substantially longer than
they are tall and have a flat top
and sides. They are non-tabular if
they are shaped like a wedge, dome,
pinnacle, or block.
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BARKS
LOUDLY

visIBLE EAR FLAPS

CALIFORN/A
SEA LION

WALKS ON
FLIPPERS
ON LAND

[ARGE FURLESS
FLIPPERS

SMALLER
FLIPPERS COVERED

[N FUR WITH LOVG
CLAWS

HARBOR SEAL
QUIETLY

GRUNTS

EAR HOLES
WITH NO
fLAPS

WR|GGLES ON
BELLY ON LAND
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Seals, sea lions, and walruses are
marine mammals that spend time
in and out of the ocean, have
four limbs with flippers. and hunt
for fish, squid, crustaceans, and
mollusks. This group of ocean
animals is called pinnipeds.

NEW ZeAanp
SEA LIoN

Males  700-9901bs.
180-200 Ibs

Females

The clssast wal«MAf?‘ nelatur<s
ot Pha pongpeds ol bora

SOUTHERN
SEA LION

Males 440-770 lbs.
Females 300-330 fbs

Though awkward movers on land,
pinnipeds are incredibly quick and
nimble acrobats underwater, more
flexible and agile even than
dolphins. They have very strong
senses of smell, vision, and
hearing, and they can sense prey
using their whiskers. or vibrissae.

GALAPAGOS
SEA LION

Most pinnipeds prefer the cold
approx. NO- 550 lbs.

waters closer to the earth's
poles. They have thick layers of
fat and, except for the walrus,
very dense fur to keep warm in
frigid waters,
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Weddell seals hunt beneath the
ice in Antarctica. blowing bubbles
into the ice ceiling to scare out
fish hiding in the crannies. When
hunting underwater, they return
W[ DDELL S‘EAI- to the same breathing holes. New
S KA ice forms so quickly that seals
have to chew through it to
breathe. Luckily, they can hold
their breath for up to an hour.

The elephant seal can grow to
7,000 pounds, making it many

times larger and heavier than the
biggest bear.

SOUTHERN
ELEPHANT SEAL

Males 4900-70001bs.
Females 880-1980ibs.
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HOODED SEAL

Vales 660~ 9001bs.
Females 300-66Olbs.

Male hooded seals inflate
their nasal membranes
through one nostril, creating

a bright red sac that

attracts females and warns NORTHERN

off other males. FUR SEAL

Males 400- 600 /e
To conserve swimming energy, Females 657110 s.
seals leap out of the water
between strokes and even
surf on waves back to shore.
Some have specialized blood,
lungs. hearts, and veins that
allow them to dive several
thousand feet beneath the

surface.
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RINGED SEAL

approx. 110-1501ks

- RBBON S

qﬂ,u‘zﬂ&" 320 lbs.

WALRUS

apprex. |320-33 OO0 hs, /



These small Arctic whales have a have never been witnessed fighting

very distinctive feature. The left with their tusks? Does it act lke a

front tooth of a male narwhal sensitive antenna, providing

grows about eight feet long in a information about water

counterclockwise spiral out of the temperature and salinity so the

top lip. whales can avoid being trapped
beneath rapidly freezing ice? In 2017

The narwhal's modified tooth is the a simpler answer appeared — a

only straight tusk found in the animal research drone showed narwhals strike

world. Its purpose has been debated and stun Arctic cod with their tusks

for hundreds of years. Could the tusk
have to do with social ranking or
securing mates, though narwhals

before eating them.

—_—
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PENGUINS

The vast majority of penguins are
found in the cold waters of the

far southern hemisphere. They
breed and raise young on the
shore in colonies numbering from
a few hundred to many thousands
of individuals.




Penguins cannot fly and they

seem clumsy walking. They make

up for any awkwardness on land

with the speed with which they

swim and hunt underwater. GENTUD
Penguins nimbly propel themselves

by flapping their wings as if they ~ —— —
are flying underwater. | {]




All penguins have white belies and
black backs. This coloration, called
countershading. acts as camou-
flage for hunting and confuses
predators like sharks, orcas, and
leopard seals. The white belly
mimics the water's bright surface
when viewed from below. while
the black back looks like deep
water from above.
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Penguins couple up to raise their
young. In most species, both males
and females incubate the eggs.
They stand upright. nestling the
eqq between their feet and their
warm belly feathers. Once the
baby penquins hatch, the parents
take turns going to sea to fil
their stomachs with fish that
they bring back to regurgitate
for their hatchlings.

¢ . — ’ k k
EMPEROR KN6 — GENTOD  MACaRONT  HUMBoLOT
36~ 4.3+t 34+ l.6- 3 26+ 1.8 - 26t

PENGUIN SIZE COMPARISON
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Polar bears are considered marine Polar bears have black skin that
mammals since they spend so much of ~ absorbs sunlight and colorless fur
their lives on Arctic sea ice. Their that reflects light, appearing white
strong, short claws and large, furry year-round. They are sneaky hunters
paws are adaptations for waking on and use several clever methods to
snow and slick ice. catch ringed, harp, harbor, and

bearded seals, their preferred foods.
Polar bears can travel hundreds of
miles through the water. Their large
paws are perfect swimming paddles
and their thick layers of fat protect

against cold water. They are so well G—-«.
insulated that they get overheated YL \:\@
M

and uncomfortable when the (g I
weather is warmer than about .
50°F (10°C) L

=
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The surface area inside a polar
bear’s nose is about 100 times
larger than a human's. Their
noses are fine-tuned to smeling
seals hidden beneath snow from
as far as a mie away.

After making a kill. polar bears often take a
snow bath, rubbing against the snow to clean the
seal blood from their fur.
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Pregnant female polar
bears buid dens in the
snow and ice. They stay
in these dens and may
not eat for the first
few months while nursing
their cubs. The cubs,
usually a pair, stay with
their mother for about
212 years.
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As human-caused climate change warms the Arctic and melts

sea ice, polar bears are struggliing to feed themselves. With the
shrinking ice, polar bears arent able to hunt enough seals to
meet their high nutritional needs. Adult bears are smaller and less
healthy than in the past. In some populations, mothers can't store
enough body fat to feed and raise their cubs in the den. Survival
rates for cubs are dropping, adult polar bears are less capable

of surviving the ice-free summer, and the health of the whole

population is at risk.
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LOW-IMPACT FISHING
Over tens of thousands of years,
people have come up with lots of
clever ways to catch ocean fish.
Spears and harpoons, bows and
arrows, handmade nets, clam
rakes. and fishing poles with hook
and line are some of the more
sustainable methods.

CLAM RAKE
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Lobster pots and crab pots are
baited with dead fish and placed
on the seafloor. They have
funnel-shaped entrances that the
crustaceans can climb into but not
escape through. Lobster pots are
attached to buoys that float at
the surface.
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HIGCHIMPACT FISHINCG

In the past 200 years, industrialized fishing has negatively affected global fish
populations. Large floating factories stay at sea for long periods of time,
catching hundreds of tons of fish, cleaning and processing them onboard. and
storing the catch in freezers.

Longline fishing uses strong fishing
lines up to 30 miles long armed with
thousands of baited hooks.



Purse seine vessels lay
out mile-long nets that
cinch shut at the
bottom. When the net
is hauled back onto the
ship. it may hold several
thousand commercially
valuable fish like tuna,
sardines. or squid. Every
year, these fishing
methods kill hundreds
of thousands of
“unwanted" fish, along
with seabirds, turtles,
sharks, dolphins, seals,
and whales.

Ak much a5 40

Fishi are
Mmc{r% bycaeh.

Bottom trawling with
nets can permanently
damage the delicate
ecosystems found on
the seafloor.
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Lighthouses aid ships and boats with avoiding rocks and other dangers at sea
using a warning light
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MOVING
CAPE HATTERAS
LIGHTHOUSE

Since 1803, the shoreline at Cape Hatteras has moved
inland by more than a mile.

The Cape Hatteras lighthouse in North Carolina is the
tallest lighthouse in the United States, standing 207
feet above the ocean. Built more than a quarter mile
from the shore in 1870. the lighthouse's foundation was
eventually threatened by ocean waves as the shoreline
eroded over 130 years.

In 1999, the National Park Service successfully moved
the lighthouse station about 3,000 feet to safer land.
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STUDYING THE OCEAN

OCeWo)&/Mf

Apart from the coastal shallows,
very little was known about the
ocean until the advent of modern
oceanography. In 1872, a British
ship, HMS Challenger, began the
world's first scientific exploration
of the oceans. The Challenger
traveled more than 80,000 miles
over four years, discovering
thousands of new species and
conducting hundreds of experiments
on ecosystems, depths, tempera-
tures, and composition of the
ocean.

Today. oceanographers use
state-of-the-art technology
aboard dozens of modern ships to
study the ocean. As climate change
progresses, oceanography is proving
critically important; the ocean is
the planet's greatest reservoir of
heat and carbon dioxide, so learning
its capacities may be the key to
minimizing negative future effects.




Marine Bictegsth-

Marine biologists study the ocean's
living things.

SNt Pa

is a nudibranchs specialist at the
Universidad Auténoma de Madrid,
“Nudibranchs are interesting to study
not only because they are gorgeous
and very diverse, they are also very
good indicators of the environment "
On research trips to Mozambique
and the Philippines, her team has
discovered more than 60 new
species of nudibranchs. ‘Maybe the
cure for cancer is in one of these
quys, waiting to be discovered

Vwﬁg, Vasguen

Vicky Vasquez studies sharks under
the Pacific Shark Research Center
and is co-host of the podcast Ocean
Science Radio. Vicky has worked
extensively with great white sharks
and her team was the first to
successfully tag a Goblin Shark.

When she discovered a new species of
lanternshark, she asked her four
young cousins and kids from the Seven
Teepees Youth Program to come up
with and promote its name: the Ninja
Lanternshark.
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Studing e Jua with Afain

Humans feel pressure building against
our ears just a few feet beneath the
surface of the water. At 50 feet,
that pressure can crush a sealed
bottle. At 2000 feet. it wil crush
most submarines. But deep sea
submersibles are designed to take
scientists miles below the surface to
collect data on the deep ocean.

Built in 1964, a sub called Alvin has
made over 5,000 dives and is stil
going strong. Alvin can carry two
scientists inside its six-foot diameter
sphere to depths of nearly three
miles. It has two robotic arms for
collecting samples and running
instruments.

Scientists have discovered hundreds
of new species. including some in the
ecosystems around deep sea vents.
which are the first examples of life
not dependent on the sun's energy.
Alvin was used to study the effects
of the Deepwater Horizon oil spil
on the bottom of the Gulf of
Mexico and to locate and recover a
hydrogen bomb that was lost in the
Mediterranean sea in 1966.



HOOD— ask

ALTERNATIVE p
AIR SOURCE SNORKEL
YANCY
BCUODMPENSATOK

REGULATOR

WEIGHT
BELT

UNTERLUNGS
ItV O ouveen

PRE SSURE
GAVGE

REBREATHER
Wuﬁz
I, an
Lipsram
0!%"": ”“’k‘ﬁj
bredthable an

Jorb

SCUBA stands for Self-Contained Underwater Breathing Apparatus. With
scuba gear, divers can remain underwater for up to an hour on a single air
tank. Using a mask. flippers. a weight belt. and a buoyancy vest, a diver can
swim beneath the surface lke a fish. Since the depth limit for recreational
diving is 130 feet, scuba divers tend to explore coral reefs and shipwrecks in

relatively shallow water.
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COMMERCE ON THE SEAS

A port is a harbor where ships can load and unload cargo or
passengers. Ports tend to be built in protected bays or river
mouths where ships are safe from ocean waves and storms.

Deep water ports allow the largest cargo, tanker, and container
ships to dock. Deep ports are rare and may require regular
dredging of the bottom to maintain open passageways.

Some ports specialize in dealing with buk cargo, others with
containers, passengers, or military ships.

f’owf,/a/wceaaw abenl 4O mutleon
contamanss ok Jeolv.

Large commercial ports must have specialized cranes, stacking
machines, bulk loaders, and forklift trucks to quickly load and
unload enormous quantities of cargo and containers. Ports tend
to be surrounded by the infrastructure that deals with cargo
and raw materials such as warehouses, processing centers, and
refineries. Modern ocean ports are wel-linked distribution
centers connected to highways, rairoads, airports, and rivers.



Nautical signal flags are used internationally for
ship-to-ship communication.
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CARGO SHEHIPS

Ocean shipping is by far the most efficient way to transport
large quantities of goods between continents. About 90
percent of global trade relies on the more than 50,000
tanker, cargo. and container ships carrying goods and raw
materials across the world's oceans. Almost 100 ships and some
10,000 shipping containers are lost at sea every year, with
unknown consequences for the environment.

CONTAINER SHIP

196

MINIBULKERS UP TO 15,000 TONS
SUPRAMAX 50,000 TONS
ULTRAMAX 62, 000 TONS
FANAMAX 75,000 TONS
POST PANAMAX 33 000 TONS
CAPESIZE l7z 000 TONS

VALEMAX (ULTRA LARGE ORE CARRIERS) 400,000 TONS



0IL TANKER

Tankers carry oil, chemicals, gas, or asphalt. Oil tankers
range in size from 10.000 tons deadweight to more
than 550,000 tons.

Gas carriers have large, pressurized tanks that can hold
hundreds of thousands of cubic yards of liquid natural gas or
liguid petroleum gas.

CHEMICAL TANKER

The holds of chemical tankers have special coatings to protect
the ship and cargo.
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Currents in the North Pacific form an enormous spiraling effect, called a
gyre. that accumulates and concentrates floating plastic. There are five
massive plastic pollution zones in the world's oceans. The largest covers
about one milion square miles between California and Hawaii.
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There are nearly two trilion pieces of plastic in the Great Pacific Garbage
Patch (GPGP), which weighs about 90,000 tons. That's 285 pieces of

plastic for each person on Earth.

This isn't a solid island of floating plastic. Instead, it is an area of increased
density of plastic pollution in the upper water column. Much of it is not even
visible, since some of the plastic is floating beneath the surface and some is
in tiny pieces. UV from the sun and the eroding effects of salt and waves

breaks plastic down into smaller and smaller pieces.

MEGAPLASTICS ~ ANYTHING ABOVE Spcum
MACROPLASTICS 5-50(M
MESOPLASTICS 0.5-5(M
MICROPLASTICS 0.05-0.5(M
NANOPLASTICS <|00NM
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* Eating plastic instead of food « 90 percent of shearwater fledgings

causes malnutrition and threatens  and 97 percent of Laysan abatross
the digestive and reproductive chicks have plastic in their stomachs.
health of many animals.

« One third of fish caught for food in

- Sea turtles eat plastic bags. some places have plastic in their

confusing them for jellyfish. stomachs. Plastic toxins enter the
human food chain when we consume

« A dead sperm whale was found to  seafood that has eaten plastic.

have 13 pounds of plastic in its

bely. - Entanglement in discarded plastic
fishing nets is a serious concern for
many species.



CLIMATE CHANGE IN NUMBERS

- OF CLIMATE SCIENTISTS AGREE THAT RECENT
CLIMATE - WARMING TRENDS ARE HUMAN-CAUSED,
©

© IS HOW MUCH THE EARTH'S AVERAGE
TEMPER ATURE HAS GONE P IN THE
® PAST 100 YEARS, WITH MOST OF THE
o1 abad [°C

INCREASE HAPPENING IN THE LAST
35 YEARS.

st
8 I C H E IS HOW MUCH THE OCEAN HAS
RISEN IV THE PIST 00 VERS,
THE OCEAN 1S EXPECTED To RISE | -4FEET

[N THE NEXT 80 YEARS, DVE TO MELTING POLAR ICE AND EXPANSION
OF SALTWATER AS IT WARMS.

IN THE NEXT 30 YEARS O ICE WiLL SURVIVE THE
ARCTIC SUMMER.
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emissions by 957 after
two years of operation.
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Canada has overhauled its
Fisheries Act, requiring
I‘ebui]ding P]ans for JEPIei‘e&
fish oPulafjonS and
banning the importing and
eXPorT.ing of shark fins.

(33 scuba divers

set a Guinness Werld
record by collecting
more than 1,600
pounds of trash
hear Deerfield
Beach ,Florida.

The Indonesian government
ostablished fhree new protected
areas within the Coral Triangle
which is home 1o a Fich .
diversity of reefs and sealife,
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