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                                          aren�t randomly distributed
                                          but occur in bands or
                                          zones.

                       The high-tide zone is more land
         than sea; only a few specially

                                         adapted plants and animals
                                          can survive. The plants and
                                          animals that live here
                                          receive most of their
                                         moisture through wave
                                     splash. To avoid drying out,
barnacles close their shells and limpets go out
only at night.

In the mid-tide zone lives a diverse group of
animals and plants, including seaweeds, mussels and
sea stars. Community members must find
ways to stay moist when the tide is out, avoid
predators when the tide is in and compete with
each other for space.

The low-tide zone is exposed to air only during the
lowest  of low tides. As they�re usually covered by
water, the residents are subject to sea stars, fishes
and other predators that range into shallow waters.

The sandy shoreThe sandy shoreThe sandy shoreThe sandy shoreThe sandy shore

Like the sandy seafloor, a sandy shores seems
barren. But where straggly dune plants take root,
they build and stabilize the dunes, creating places
where others can grow.

Homes in the SeaHomes in the SeaHomes in the SeaHomes in the SeaHomes in the Sea

The sea is one of the richest, most
diverse areas in the world: rich
because it supports an
amazing number of
plants and animals,
diverse because its
varied features form a
wide array of habitats,
or homes. From the two-
mile-deep submarine canyon
to the wave-swept rocky shore,
each habitat is unique. And as you explore
them, you�ll make a discovery: each habitat
has its own special character, living
conditions and associated community of
plants and animals specially adapted to life there.

In every habitat, plants and animals face the
same challenges: they must find food, defend
themselves and their homes and live long enough
to reproduce�all of these in order to survive as a
species. When you investigate the seas� plants and
animals, whether at home, at school, along the
shore or at an aquarium, you can discover even
more about each plant and animal by thinking
about its habitat and how well it�s suited for life.

The rocky shoreThe rocky shoreThe rocky shoreThe rocky shoreThe rocky shore

Life is hard between the tide marks on the rocky
shore. Crashing waves, drying sun and changing
tides set the conditions for life along the shores;
here, as on the wharf pilings, plants and animals
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                                           numbers, because of the
                                             food produced by
                                              pickleweed.

                                              Tidal creeks bring
                                             seawater into the salt-
                                         marsh  and provide habitat
                             for many fishes and invertebrates.
                  They also act as nurseries for young fishes
like bat rays, leopard sharks, surfperches and
flatfishes. Some move on to the sea but some stay
here all their lives.

Little life is apparent on a mud flat; most animals
here burrow for cover. Worms and clams are
among the best-suited mud dwellers; their burrows
or siphons connect them with food and oxygen
above. At low tide, shorebirds poke around for
food and harbor seals haul out on the flats to bask.

The kelp forestThe kelp forestThe kelp forestThe kelp forestThe kelp forest

Giant kelp plants form vast, underwater forest
    close to the shore in certain parts of the world.
           These complex natural communities provide
                        food and shelter for a great variety of
                             plants and animals. Within the
                                kelp forest habitat are many
                                   microhabitats, from the
                                    tangled rootlike holdfast on
                                    the seafloor hiding brittle
                                     stars and crabs to the canopy
                                     of fronds reaching 20 to
                                         100 feet above (6 to 30.5
                                          meters), sheltering fishes
                                           and other creatures.

Pismo clam

Pipefish with eelgrass

On �empty� sandy beaches,
shorebirds like sandpipers
and godwits forage, finding
food at the water�s edge, in the
tidal debris and on the higher,
drier beach.  Meanwhile, the beach
dwellers�permanent residents like
Pismo clams, beach hoppers and sand
crabs�burrow into the sand for protection
from such predators. Beach animals also face waves
and changing tides; those that can�t dig back down
fast need to keep moving on.

The wetlandsThe wetlandsThe wetlandsThe wetlandsThe wetlands

From saltmarshes and tidal creeks to mud flats
and slough, wetlands
represent a variety of
habitats, each with
its own set of
conditions
and community
of life.

The saltmarsh is a
highly productive plant
community that also provides
nesting and resting space for
shorebirds. Plants like pickleweed  and
eelgrass live in zones set by their ability to
tolerate the salty soil and compete with
other plants. Since few creatures can take the
stressful conditions (extreme variations in
temperature and salinity), there aren�t many
different kinds of them in a saltmarsh. But
creatures that are  here are present in great
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Blue shark

Blue rockfish

Some fishes,
like blue
rockfish,
swim in the
open water
between
kelp plants, while others, like
giant kelpfish, hover near kelp blades,
mimicking their color and shape.

In dark places where light-loving seaweeds can�t
grow, attached animals like sponges and anemones
thrive. A turf of attached animals and plants carpets
rock faces, offering cover for small fishes and
invertebrates.

The open seaThe open seaThe open seaThe open seaThe open sea

The open sea is a world without walls. It�s a place
where there�s nothing to cling to and nowhere to
hide. Currents set the tempo for life, pushing along
the plankton: tiny drifting plants and animals that
feed all the ocean�s creatures. Their transparent
bodies help plankton hide in the open, while
spines and oil droplets slow their sinking.

The larger, free-swimming animals (called
nekton) have different adaptations, often
involving camouflage, buoyancy and
speed. Nekton include animals
like seals, whales and fishes.
Most open-water fishes are
strong, streamlined swimmers; a
number of them stay in schools. Blue sharks, salmon
and  mackerel glide smoothly through the open
water. Many such fishes are countershaded

                                                (dark backs and light
                                                     undersides), a com-
                                                      mon camouflage
                                                    technique here.

                                                                                                                                                                                                                            The deep seaThe deep seaThe deep seaThe deep seaThe deep sea

            The cold, dark, constant waters of the
     deep sea shelter a community of little-known
animals, often bizarre. Many, like the lanternfish,
produce their own light (bioluminescence). Others,
like the viperfish, have small bodies and huge
fangs. Below 600 feet (183 meters), there�s no
sunlight; because no plants survive, the animals
prey on each other, migrate at night to find food
near the surface or feed on organic matter that
falls from above (marine snow).

Scientists are studying the deep sea habitat off the
Atlantic cost, off the coast of Japan and in
Monterey Canyon (just offshore in Monterey Bay,
California). The Monterey Canyon is
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Finding sea stars in a tide pool

about  twice as deep and one-third the length of
the Grand Canyon. This huge chasm cuts the bay
nearly in half, sloping down from a depth of about
60 feet (18 meters) at Moss Landing to nearly
12,000 feet (3,656 meters) at its end 60
miles (97 kilometers) out to sea.

rocky shore, are so accessible to us their balance
            can easily be destroyed; others, like the
             submarine canyon, have only just begun
          to be explored.

Sandy shore beaches are popular sites for home
building and recreation. And because they�re so
accessible, rocky shores are one of the best-known,
most-studied habitats anywhere. Lessons biologists
learn in tide pools translate into knowledge about
living systems all over the world

Wetlands provide a valuable habitat for wildlife,
and they�re havens to bird watchers, clam diggers,
nature lovers and sport fishermen.

Besides our growing use of products that contain
kelp extracts (algin is used in toothpaste, ice cream
and paint), kelp forest attract thousands of divers
and sport fishermen each year. They�re also the
focus of bird- and otter-watchers, who enjoy their
sport from shore.

Ocean habitats and peopleOcean habitats and peopleOcean habitats and peopleOcean habitats and peopleOcean habitats and people

Since the days of costal Indians, people have used
the oceans in many ways, from fishing and hunting
to travel and recreation. Some habitats, like the

Blue shark tail
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WhatWhatWhatWhatWhat�s Y�s Y�s Y�s Y�s Your Four Four Four Four Favorite?avorite?avorite?avorite?avorite?

M A T E R I A L S
� Several sheet of drawing paper

� Your favorite drawing materials

� A shoe box or food carton for the

base of a model

� Arts and crafts materials for your model

What makes a home a home? Draw a picture or
build a model of your own home. What kind of
environment is our home in? (Is it near the ocean,
in a desert, in a forest?) What is your house made
from? What kinds of things do you have in your
room that make it special? Where do you get your
food? If you could rebuild your house, how would
you design it? How could you build it to have the
least amount of impact on the environment as
possible? What other things do you need to live?

Now draw an ocean animal in its home for instance,
a sea otter in a kelp forest.  How does the life of this
animal differ from your life? How are your lives the
same? What does your animal eat and where does it
get its food? What kind of shelter does it need in
order to survive? What body parts help provide shel-
ter? How does it move? How does it protect itself?

M A T E R I A L S
�  Paper

� Pen or pencil

� Your favorite drawing materials

Home Sweet HomeHome Sweet HomeHome Sweet HomeHome Sweet HomeHome Sweet Home

Memories of favorite experiences are an important
part of life. They�re what make your life special for
you. Think about your favorite ocean experience or
animal. Write a story or draw a picture about it.
Why is it our favorite? Do you remember any
smells or sounds? Was anyone else with you?
If you�d like, share your story or picture with
someone else.
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A great blue heron visits a saltmarsh.

an animal that lives in the kelp forest live at the
rocky shore? Could it live in the deep sea?
Why or why not? Using the Field Guides, pictures
from magazines or ones you draw, make a collage
or mural of your  favorite ocean habitat.

Some people live in cottages by the sea, others live
on ranches in the valleys of rolling hills. Just as
people live in different kinds of homes, animals live
in different kinds of homes, too. A sea otter swims
through lush kelp forest, a sand dollar rests on
the sandy seafloor and a lanternfish blinks lights in
the dark deep sea. After collecting pictures from the
Field Guides, sort them according to habitat. Could

M A T E R I A L S
�  Field Guide pictures from various

chapters in this book

� Large sheet of paper for a collage or mural

� Magazines

� Your favorite drawing materials

A coyote lives in the
uplands.

EverEverEverEverEvery Home Is Differenty Home Is Differenty Home Is Differenty Home Is Differenty Home Is Different

California
halibut
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                                                used for brushing his
                                                   teeth. We must keep
                                                         today�s water
                                                           clean� it�s the
                                                            only water we
                                                       have for tomorrow.

                                Within the world�s oceans are
                                      many different kinds of

          habitats:  the kelp forest,
                                           coral reefs and rocky
                                          shores are a few.
                                            Research an ocean
                                            habitat you�ve visited or
                                            would like to visit, noting
                                          its special conditions and
                                       the plants and animals that
                                  live there. For instance, at the
                             sandy beach you find shifting sand,
                  crashing waves and changing tides;
clams, shorebirds and drift kelp. In the deep sea
you find darkness, could water and high pressure;
anglerfish, lanternfish and deep sea squid.)

The OceanThe OceanThe OceanThe OceanThe Ocean
PlanetPlanetPlanetPlanetPlanet

Did you know that of all
the water on the planet, 97
percent is in the oceans and
only about three percent is
available as fresh water to drink?
And of that three percent, did you know that
most of its in the form of ice in polar
or mountain glaciers? This means
only one percent of the Earth�s
water is available as fresh
water. To compare these
amounts, cut an apple into
quarters. Take one quarter
(25 percent) and cut it in
half to represent 12 percent.
Now take one of those halves
and cut it in half to show six
percent. Cut one of those halves
in half again to show three percent.
This one slice represents all of the fresh
water in the world, while the rest of the apple
represents the oceans. The water we have today is
the only water we�ll ever have on this planet. As a
matter of fact, the water we drink today is the
same water a dinosaur may have drunk millions
of years ago, or the water Christopher Columbus

M A T E R I A L S
�  An apple

� A knife
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Design an UnderDesign an UnderDesign an UnderDesign an UnderDesign an Underwater Wwater Wwater Wwater Wwater Worldorldorldorldorld
Design an underwater world that
people could live in, then draw or
build a model of it. What are some of
the problems in transferring a
land-base community to the sea?
What kinds of materials would you
use for the buildings? How would
people breathe? Where would they
get food and fresh water? How would
they communicate?  How would
they dispose of waste? Do you think
people should build and live in
underwater cities? How would
these cities affect the sea�s plants
and animals?

M A T E R I A L S
�  Paper and pencil or other favorite

drawing materials

� A shoe box, food carton or other material

for the base of your mode

� Arts and crafts materials for your mode

and to make ocean plants and animals

M A K E  Y O U R  M O D E L
W I T H  D O U G H

You�ll need:

1 cup salt

1 cup flour

1/2 cup water

Bowl

Paints and paint brush

Mix together the salt, flour and water

to make a dough. Then form the

 dough into  a model of your

underwater world. Paint your world,

then use a variety of arts and crafts,

materials to create plants and animals

for their ocean home.
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ItItItItIt �s Show Time!�s Show Time!�s Show Time!�s Show Time!�s Show Time!

Work with friends or classmates to write and per-
form our own play or puppet show about ocean
habitats and the plants and animals that live there.
Use arts and crafts materials to create props,
puppets and backdrops.  There are patterns and
directions in this book to make a Clancy Clam
Costume (pages 37-39), a Jelly Dress-Up (page
81), a Snazzy Squid Suit (pages 83-85) and an
Ollie Otter Puppet (pages 138-139).
Invite your friends, family and neighbors
to enjoy the show.

M A T E R I A L S
� Paper

� Pen or Pencil

� A variety of arts and crafts materials
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What Is theWhat Is theWhat Is theWhat Is theWhat Is the
RRRRRocky Shore?ocky Shore?ocky Shore?ocky Shore?ocky Shore?

California mussels

Lined shore
      crab

The rocky seashore is an
ideal place to investigate
the mysteries of the sea. The
regular rise and fall of sea level we
call the tides has created one of the richest,
most variable environments in the ocean.
The narrow fringe of land and sea between the
lowest and highest tidemarks is called the
intertidal. During low  tide, you can explore the
seafloor; no other marine habitat is a accessible.
Because of this, the rocky intertidal is the most
thoroughly studied, best-known ocean area.

WWWWWave forceave forceave forceave forceave force

Waves batter the rocky intertidal. During storms, a
wave can hit the shore with the force of a car going
90 miles per hour. To protect themselves from
being smashed by waves or torn from rocks,
plants and animals here hold on, lie flat, bend
with the waves or hide.

Many intertidal animals hold on tight to
avoid being swept away. Snails and
chitons have a strong, muscular foot.
Sea stars have thousands of tiny
tube feet with suction-cup
ends. Mussels anchor them-
selves by gluing threads to the
rocks; seaweeds have strong,
rootlike holdfasts that cling to
the rocks.

 Body shape and
                                       structure help plants and
                                        animals survive
                                        crashing waves. The
                                        Chinese-hat shape of
                                      limpets and barnacles and
                           the flat shape of chitons and
                      abalone offer little resistance to the
                 water rushing past. Snails, crabs,
       barnacles and mussels have strong shells to
protect them. Flexible anemones bend rather
than break; seaweeds, too, are smooth, strong
and flexible.

Many animals escape the waves by hiding under
plants, among other animals or between and under
rocks. Crabs crawl into rock crevices and small,
delicate animals like brittle stars hide under rocks
or in mussel beds and kelp holdfasts.

Air exposureAir exposureAir exposureAir exposureAir exposure

Air exposure also creates problems for intertidal
creatures. Falling tides expose them to highly
variable air temperatures: sometimes hot,
sometimes bitter cold.

                                      Plants and animals left out
                                      of water must find ways to
                                     keep from drying out. To
                                    cope, some snails draw into
                                 their shells and seal them with
                               doorlike operculums; some also
                            secrete a mucous seal. Mussels
                          close their shells tightly to retain
                         water, and anemones gather in
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Red octopus

Tidepool sculpin

masses so that less body surface
is exposed to the air. Many animals
hide under rocks or seaweeds to avoid
drying out.

Seaweed are layered on rocks with upper layers
shielding the lower layers so only a few plants are
exposed. Some seaweeds can dry out completely,
rehydrating when the tide returns.

At low tide, creatures submerged in tide pools may
face low oxygen levels and widely fluctuating
salinity. On warm days, evaporation raises salt
concentrations, on rainy days, salt concentrations
are lowered.

Competition and defenseCompetition and defenseCompetition and defenseCompetition and defenseCompetition and defense

To survive in the crowded intertidal, plants and
animals must compete for s pace. Animals also need
strategies to avid being eaten. While the armorlike
shells of crabs, barnacles and snails help
protect them from predators, sea urchins
and some intertidal fishes have spines.
Other animals here are camouflaged
like rocks and seaweeds; they�re
practically invisible. The tidepool

 sculpin and octopus can change
                                color and pattern to match their
                                       surroundings. And the
                                            decorator crab plants a
                                               garden of seaweeds,
                                                sponges and other
                                                 sessile (attached)
                                                creatures on its back
                                            to escape detection.
                             The same refuges that help
protect an animal from the waves also protect
it from predators.

PPPPPeople and the rocky shoreeople and the rocky shoreeople and the rocky shoreeople and the rocky shoreeople and the rocky shore

Intertidal creatures can survive harsh conditions,
but not human carelessness. In the past, people
collected animals by the bucketful. Now, strict laws
govern the collecting of plants and animals in the
intertidal. If you visit, do your part to preserve
the community: turn each rock back, and leave
everything as you find it.
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ZonationZonationZonationZonationZonation

The intertidal can be divided into horizontal bands basedThe intertidal can be divided into horizontal bands basedThe intertidal can be divided into horizontal bands basedThe intertidal can be divided into horizontal bands basedThe intertidal can be divided into horizontal bands based
on the length of time each is exposed to the airon the length of time each is exposed to the airon the length of time each is exposed to the airon the length of time each is exposed to the airon the length of time each is exposed to the air.....

The spray zonespray zonespray zonespray zonespray zone is out of the water almost all the
time, covered completely only during the highest
of high tides. Few plants and animals can survive
such harsh conditions. The plants and animals that
do live here need the saltwater spray that wets this
zone, but most of them couldn�t survive long
being submerged.

The high-tide zonehigh-tide zonehigh-tide zonehigh-tide zonehigh-tide zone is out of the water most of the
time and completely covered only during high
tides. Creatures here also tolerate long air
exposure. Some of them would prefer living the
lower-stress life in the lower intertidal, but they�d
either get eaten or couldn�t compete for space.

The mid-tide zonemid-tide zonemid-tide zonemid-tide zonemid-tide zone is usually covered and
uncovered twice each day. The great variety of
plants and animals living here spend more time
under water than exposed.

The low-tide zonelow-tide zonelow-tide zonelow-tide zonelow-tide zone is exposed to the air only for a
few hours each month during minus tides. Many
plants and animals can�t live in a  higher tide zone
because they can�t tolerate much exposure.
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The Tides ofThe Tides ofThe Tides ofThe Tides ofThe Tides of
HistorHistorHistorHistorHistor yyyyy

Tides, the regular rise and fall of
the water along the ocean�s shores, have
intrigued people for a long time. Early
Greeks noticed that the tidal cycle was tied
to the phases of the moon. However, it wasn�t until
1687, when Isaac Newton stated the laws of
gravity, that a cause was discovered for this effect:
the moon�s gravity reaches out and pulls the
ocean�s water toward itself.

FFFFForces creating the tidesorces creating the tidesorces creating the tidesorces creating the tidesorces creating the tides

Three major forces shape the tides. The moon
pulls out a tidal bulge of water on the moonward

side of the Earth. On the other side of the Earth,
an equal and opposite bulge is created as the
moon�s gravity is less on the water than it is on
the Earth (Figure 1). The sun�s gravity also affects
the tides, but because the sun is so far away, it

pulls with only about half the moon�s force.

The two bulges on opposite sides of the Earth are
like two giant waves of water that travel across
our seas.  The bulges cause the world�s high tides;
the low-water troughs between them cause low
tides.  A viewer in space would notice that the
bulges remain fixed in their relationship to the

Figure 1

Figure 2

moon, but the Earth
                                    rotates beneath them.
                                   Because the earth moves
                             relative to the bulges of water,
                  those of us on dry land see the high
             water come and go as tides.

TTTTTidal patternsidal patternsidal patternsidal patternsidal patterns

A given point on the Earth rotates beneath two
tidal bulges each day. In theory, this causes two
high and two low tides each day, but things aren�t
really so simple. As the Earth rotates, the moon is
also traveling in its 28-day orbit of the Earth
(Figure 2). Each day the Earth�s rotation lags
behind the moon�s by about 50 minutes. For this
reason, both moonrise and the tidal cycle start 50
minutes later each day. Tides cycle in a lunar
day instead of our familiar solar day.

Tides vary in their  height from day to day, due in
part to the sun�s influence (Figure 3). When the
sun and moon line up (during a full or new
moon) their gravitational pulls combine. This

Figure 3
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When the tide turnsWhen the tide turnsWhen the tide turnsWhen the tide turnsWhen the tide turns

Count the number of seconds between waves. Does
the number change? Count seven   waves, then put a
stick in the sand to mark the wave�s furthest point.
Play for awhile at the beach, then
return later to see where your
stick is. Is it under water?
Do the waves reach it?
What happened?

A TA TA TA TA Trip to the Searip to the Searip to the Searip to the Searip to the Sea

If you�re planning a trip to the sea, make a rocky
shore journal to bring with you. Before you go,
record with words and drawings what you expect
to find at the seashore and what you�d like to see
while you�re there. Then when you�re at the
seashore, record what you do find. How do
your lists compare?

Hold on tight!Hold on tight!Hold on tight!Hold on tight!Hold on tight!

At the seashore, find an animal where
the waves splash. Did you get
splashed? Watch the animal
closely. How does it hold on
when the waves crash on it?
How do other tide pool animals
hold on?

Y O U R  T R I P

T O  T H E

S E A S H O R E

is a visit to the

home of many,

many plants and

animals.  Treat them

gently, with kindness

and respect; and

leave them in their

homes as you find

them.



21

Learn  to read the tide
table by using the
directions in the table.
Graph the tides
(horizontal X-axis =
time of day, vertical
Y-axis = height of tide)
for either a week or a
month. On each sheet
of paper, graph a
different day.

Sometimes WSometimes WSometimes WSometimes WSometimes Wetetetetet, Sometimes Hot!, Sometimes Hot!, Sometimes Hot!, Sometimes Hot!, Sometimes Hot!

^̂̂̂̂

M A T E R I A L S
� Tide table (from a

local bait shop,

sporting goods store

or dive shop)

� Several sheets of

graph paper

� Pencil

Living with the TidesLiving with the TidesLiving with the TidesLiving with the TidesLiving with the Tides

Turn one corner of
your room into a tide
pool (or you can use a
large cardboard box, if
you�d like). Build
rocks out of papier-
mache or foam and
paint them. (Or you
can make rocks from
pillows, rolled-up
towels and small
cardboard boxes.)
Hang pictures of your
favorite animals in the

habitat. Then invite others to visit your tide pool.
On the first visit, tell them they can collect animals;
on the second visit, they can�t. Compare how the
tide pool looks each time. Which tide pool would
you like to visit again? Why? What happens to
your tide pool when you move rocks? What
happens when you leave litter?

Now check your tide table or look in your
newspaper to see the different moon phases.
Record on each graph the moon�s phase for that
day. Tape the graphs together around the wall of
                                      your room for a continuous
                                            record. How does the
                                              moon�s phase relate to
                                              the tide? What is the
                                               best time and date to
                                                go tide pooling?

At low tide, animals are exposed to
                                       the drying air and warming sun.

M A T E R I A L S
� Papier-mache

and chicken wire or

large chunks of

foam

� Paint and paint

brushes

� Pictures or

drawings of tide

pool plants and

animals
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DrDrDrDrDrying Outying Outying Outying Outying Out

M A T E R I A L S
� One cup of fresh

water

� One cup of salt

water (one table-

spoon of salt in one

cup of water)

� Several sheets of

paper towels

� Two or three

sandwich-size

plastic bags

� Crayon or pencil   Pick a rocky
shore animal and write a story
about its life from the animal�s
point of view. What happens
when a wave comes crashing in? How does it pro-
tect itself from waves? How does it keep from dry-
ing out? How does it find and catch food? What
happens when a predator approaches? Who does it
meet when the tide is high? Who does it meet dur-
ing low tide?

Tear each sheet of
paper towel into four
pieces. Using the
crayon or pencil, give
each piece a different
number or letter. Now
experiment with fold-
ing the pieces into
different sizes and
dipping them in the
fresh or salt water.
Wad up some pieces
into tight balls, fold
some once, fold some
a few times and fold
some not at all. Dip

some in the fresh water and some in the salt water.
Place some in the plastic bags and leave some
exposed to the air. Leave some in a sunny spot and
some in the shade. Now, take a guess. . . what do
you think will happen? Which ones will dry the
fastest? Which will dry the slowest? Make a chart to
record your experiments. Going down the left side
of your paper, list what you did to the paper towel.

Across the top, make two columns: your guess
      and what actually happens.

                                        Now leave your pieces for
                                         one hour, six hours and
                                    one day. Compare the
                                     different pieces to the shapes
                                     of tide pool animals. Are any
                                    of your pieces similar to the
                                    way an animal finds cover at
                                     the seashore? Which of your
   towel pieces is like a seaweed? Which one
is like a barnacle, a sear star, a mussel? How do
these animals keep from drying out
during low tide?

M A T E R I A L S
� Paper

� Pen or pencil
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What Do YWhat Do YWhat Do YWhat Do YWhat Do You Think?ou Think?ou Think?ou Think?ou Think? News BulletinNews BulletinNews BulletinNews BulletinNews Bulletin

Make a list of the
different ways people
use the shore. Place a (-)
by the uses you feel
have a negative effect on

shoreline communities and a (+) by those you feel
have a  positive effect. Compare your results. How
could negative effects be eliminated? What can you
do to  help eliminate them?

Make a bulletin board
titled �Shorelines in
the News.� Post
current news articles
on storms, fishing,
sand castle contests,

seaside development, oil spills, surfing and other
events or issues.

M A T E R I A L S
� Your favorite

coloring tools -

markers, colored

pencils, watercolors

or crayons

� Pen or Pencil

Tide PTide PTide PTide PTide Pool Coloring Sheetool Coloring Sheetool Coloring Sheetool Coloring Sheetool Coloring Sheet

The following page is a
coloring sheet. If you�d
like, make copies of it
first so you can color it
many different times -
and many different ways.
Go nuts!

M A T E R I A L S
� Paper

� Pen or pencil

M A T E R I A L S
�Bulletin board

� Current magazines

and newspapers
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Critter Cards - Rocky Shore

Brown turban snail

California mussel

Barnacle

Brown turban snail
Tegula brunnea [size: to 1 in. (2.5 cm)]

At low tide, the brown turban snail stays under
water or low on the shore. The turban snail
scrapes algae with its filelike tongue, or radula.
One lick from this snail can leave scrape marks
on kelp.

If a wave flips a snail upside-down, it can pick up
pebbles with its foot. By rolling with the added
weight, the snail can turn right-side-up again.

Barnacle
Balanus glandula [size: to 1 in. (2.5 cm)]

A young barnacle cruises at sea during its first
weeks. When it's ready to settle down, the
barnacle glues its head to a rock. Once attached,
it changes into a juvenile barnacle, a miniature of
an adult. Then each builds its own fortress—an
odd-shaped limestone shell with a trap door in the
ceiling. As sea water rushes by, the barnacle's legs
kick bits of food down into its mouth.

Its shell closes tight at low tide, so the barnacle
stays moist. It makes a juicy meal for a shorebird
with a prying beak.

California mussel
Mytilus californianus [size: to 5 in. (13 cm)]

Mussels crowd together on wave-swept rocks. To
hang on to the rocks and each other, mussels
make strong threads that look like plastic and stick
better than superglue.

A mussel eats by filtering tiny plants and animals
from the water. To collect enough food to survive,
a mussel has to filter two to three quarts of water
an hour.

1 - 4
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Create a simple food
chain of plants and
animals on land using
pictures from magazines.
You might find a picture
of cows eating grass and
a grassy field in the sun-
light.  Now create a food

Who Eats Whom?Who Eats Whom?Who Eats Whom?Who Eats Whom?Who Eats Whom? chain of plants and animals in the sea using
pictures form the Field Guides in this book.  For
instance, abalones eat seaweed and seaweed uses
sunlight from the sun.  Compare your two food
chains.  How do people fit into these two chains?
Can you think of any other members of the food
chain (like carnivores, scavengers or decomposers)?
What�s the difference between a food chain and a
food web?  (There�s more about food chains and
webs on pages 175-178).  Turn your food chains
into webs.

M A T E R I A L S
� Magazines

Pictures from

various Field Guides

in this book

� Paper

� Glue

Food web on land

Sun

Bee

Coyote

Owl

Rabbit
Carrots
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Sun

Food web in the sea

Plant plankton

Animal plankton
Leatherback sea turtle

Purple-striped jelly

Northern anchovy

Tuna
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Who Am I?Who Am I?Who Am I?Who Am I?Who Am I?

M A T E R I A L S
� Yourself and friends

or family!

Play a fun game of charades with your friends or
family.  Pick an animal from the sea, then act out
how it eats.  Have the others try to guess who you
are.  Can you think of an animal that chases its
food?

What�s an animal that waits for its meal to
come close?

What animals strain tiny plants and
animals from the sea?

A shark chases its prey.
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Sea CelebrationSea CelebrationSea CelebrationSea CelebrationSea Celebration

M A T E R I A L S
� Seafood for a

meal

�Cooking utensils

Celebrate aCelebrate aCelebrate aCelebrate aCelebrate a
�����TTTTTaste of the Sea Day!�aste of the Sea Day!�aste of the Sea Day!�aste of the Sea Day!�aste of the Sea Day!�

With an adult, prepare a seafood meal and invite
your friends or family to come enjoy it. Find out
what the seafood looks like when it�s alive, what
part of the ocean it lives in and how it�s caught.
Share what you�ve learned as part of your meal!
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California halibut

King salmon

Create special sea life
that you can eat!  Cover a
table with a large piece
of paper.  Color or paint a
habitat on the paper.
Using a variety of edible
foods, design �camou-
flaged� animals that live
on your tablecloth habi-
tat.  Which animals are
camouflaged best?  Invite
your friends or family to
search for hidden ani-
mals, then enjoy eating
the ones you find.

M A T E R I A L S
� Large sheet of

paper or plain

tablecloth (make

sure you can draw

or paint on it)

� Paint and paint

brushes or colored

pencils

� Toothpicks

� Dried fruits

� Gumdrops and

other candies

� F resh vegetables

Sweet to EatSweet to EatSweet to EatSweet to EatSweet to Eat

Abalone
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The Sea Is a Special PlaceThe Sea Is a Special PlaceThe Sea Is a Special PlaceThe Sea Is a Special PlaceThe Sea Is a Special Place

The sea�s rich treasures feature sandy beaches,
rocky shores, wetlands, kelp forests and deep
underwater canyons.  Each of these habitats is
home to its own thriving community of life �
plants and animals uniquely adapted to the
physical and biological conditions of their
surroundings.

Protected by sanctuaries

In many areas of the United States, National
Marine Sanctuaries protect the sea�s habitats
along with the plants and
animals who make their
homes there.  At the
same time, people
can use, enjoy and
study the sanctuary

waters.  Activities that could harm the sea�s health,
like oil drilling, are prohibited.  But many others,
like fishing and boating, are allowed.  Sanctuaries
are places where people can experience the
wonders of the sea, and know that their children
and grandchildren will be able to do the same
far into the future.

National Marine Sanctuaries specifically protect the
sea and its coastal environment.  But this world of
the sea doesn�t stand on its own.  Life here is tied to

larger processes like
the weather and
tides, and to other
habitats, including
rivers and those
on land.  Every
habitat, every

living being �

A wharf piling
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including ourselves � is limited to others in
a complex tapestry of life.  Actions
you take at home, even if you
live many miles from the coast,
can affect life in the sanctuary:
It�s nature�s way.

The sea deserves your
care, and needs your help

Since we�re part of the sea�s web of life, we have a
responsibility to help protect it.  Below are some of
the many ways each of us can help care for the
plants, animals, rocks and water � everything that�s
part of the sea � while at the seashore and at home.

Look closely, step carefully and try not to touch.
Most rocks along the coast are covered with living
animals.  Instead of picking them up, quietly sit
and watch for a few minutes.  You�ll see and learn
much more this way.

If you touch an animal, touch it
gently.  Leave it in its ocean
home;  many animals die when
pried from rocks, and all animals
need oxygen from sea water
to breathe.  Always return
animals exactly as you found
them;  replace any rocks or shells
that turn over � they�re roofs for
many animals.

Use all of your senses.  Feel
the cool ocean breezes, smell the

salty air, listen to the crashing
waves.

Tread lightly, and leave the seashore as clean or
cleaner than it was when you arrived.

Take pictures � both with your mind and your
camera.  Leave only footprints in the sand.

Take care at home, too

You can respect and care for the sea as part of your
daily life.  Remember that much of what goes down
your drains and gutters goes out to the ocean.

� Use cleansers that are environmentally safe.

� Recycle your paints and motor oil.

� Buy only the products that you really
need and produce as little trash as
possible.
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Scuba Field NotesScuba Field NotesScuba Field NotesScuba Field NotesScuba Field Notes

The origins of scuba diving

People have always wondered what lies beneath
the waves, and for most of our history, we�ve
looked for ways to satisfy our curiosity.  Divers
holding their breath (free diving) dipped below
the Mediterranean as early as 3000 B.C. to
collect sponges and molluscs;
Homer�s Iliad tells of divers in
750 B.C.   Sketches from
the Middles Ages
show that most
mechanical
devices meant to
supply air to divers
didn�t� work.  By the late nineteenth century, divers
could go below in cumbersome suits and diving
bells, with a pumped air supply from the surface.

But it wasn�t until World War II that diving was
unleashed from air hoses and freed from bulky
suits.  In 1943, French explorer Jacques Yves
Cousteau and engineer Louis Gagnan invented the
Aqua-Lung, and scuba (self-contained underwater
breathing apparatus)  diving was born.  Carrying a
supply of compressed air on their backs, divers
could really stay under water for extended periods
and swim about freely, exploring the sea.

Humans as �marine mammals�

Un like whales, which are  naturally well-adapted
for ocean diving, humans dive by using artificial
adaptations in the form of scuba gear.

Air supply

Even the best free divers can
hold their breath for only four
to five minutes.  Carrying a tank
of compressed air, a scuba diver
can stay under water for an
hour or more.  Attached to the
air tank is a device that makes
breathing underwater almost

as easy as
breathing on
land.  Called a

regulator, it
supplies air at the
proper volume and

pressure, and only when the diver inhales.
As a diver swims deeper, the pressure of the
surrounding water grows.  It squeezes the lungs,
making it harder to breathe.  A swimmer breathing
through a length of hose in a swimming pool
couldn�t overcome the added pressure of even two
feet of water.  The regulator solves this problem;  it
supplies more and more air as the diver swims
deeper and deeper.

Locomotion

Olympic swimmers can churn along at five miles
per hour, however, this is a virtual standstill to a
whale, which can swim over seven times that
speed.  Divers use swim fins to improve their
performance.
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Vision

Because our eyes were designed to focus in air,
everything looks blurry when we�re under water.  A
mask solves this by putting a layer of air between a
diver�s eyes and the water;  this makes it look like
you�re peering into an aquarium.  But, as with
aquariums, everything a diver sees looks a third
larger than it really is.  Many a diver, surfacing with
what appears to be a large treasure from the deep,
has been disappointed to find that it�s actually quite
ordinary in size.

Body temperature

Water draws heat from the body about 200
times faster than air does.  Even warm, tropical
waters at 80º F will chill a diver within an hour
or two;  in the 52º F waters of Monterey Bay, that
much time in the water can be fatal unless a diver
is protected.  In place of the blubber or thick fur
that keeps other
marine mammals
warm, divers
use diving
suits.  A wet
suit lets in a
thin layer of
water, which
is then
warmed by
body heat.
The neoprene
foam insulates
this layer from
the cold water

outside.  Some divers, especially those who dive
in very cold waters, use a dry suit that keeps the
water out entirely.  But even with a well-fitting,
good-quality wet or dry suit, Monterey Bay is
comfortable for only a few hours at a time.

Buoyancy

Neoprene foam insulates a diver because it is
full of tiny air bubbles.  For the same reason, it�s
very buoyant, so a diver must wear 15-30 pounds
of lead weights to avoid bobbing like a cork.
Buoyancy changes as a diver goes deeper

because pressure compresses the
air in the foam.  After a certain

depth, the lead weights
overcompensate for
the suit, and the
diver begins to sink.
To counteract this,
the diver wears a
buoyancy compen-
sator (an air-filled
vest).  By blowing air
from the scuba tank

into this device, or
letting air out during
ascents, the diver can

remain �weightless� at
any depth.

In the Kelp Forest
exhibit at the

Monterey Bay
Aquarium, volunteer
divers feed fish and

clean windows.
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Connected to the SeaConnected to the SeaConnected to the SeaConnected to the SeaConnected to the Sea

Storm drain

M A T E R I A L S
• Map that shows your home

and the sea

TTTTTrash’rash’rash’rash’rash’s Ts Ts Ts Ts Trek to the Searek to the Searek to the Searek to the Searek to the Sea

Visit your
local city hall
to get a map of
your area�s
storm drain
system.

Think about
how your
everyday life
relates to the
sea.  What
products from

the sea do you use at home?  (One of the ingredients
in ice cream and toothpaste comes from seaweed.)
If you visit the sea, what do you do while
you�re there?

What kind of
impact do you
have during your
visit?  (Boating and
picnicking may
disturb habitats or
the plants and
animals that live
there;  tide poolers
may step on and
squish tide pool animals.)  What happens to water
that goes down the drain?  Even if you live far from
the sea, check a map to find your home, school and
local waterways.  Are you connected to the sea?

M A T E R I A L S
• A map of your local area’s

storm drain system (available

at city hall)

Find your home on the map, then trace the path
a piece of plastic or a puddle of motor oil takes
from your home�s storm drain to the sea (or a
river or lake).

What are some common ways plastics and motor
oil get into storm drains?  (Plastics blow off a picnic
table or out of a car;  oil is poured into drains or
gutters.)  Design methods to remove plastics or oil
from the sea, then send your design ideas to people
who make key decisions about keeping the sea a
clean, safe place.
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How Many Bottles?How Many Bottles?How Many Bottles?How Many Bottles?How Many Bottles?

Count how
many cans
and bottles
your family
uses during
one week.  If
you�d like to

share this at school, find the total num-
ber of cans and bot-
tles the families
of all your class-
mates used, then
divide by the num-
ber of students to
find each family�s
average use.  If 460
families live in your
town, how many cans
and bottles does the
town use each week?
Each month?  Each
decade?  How much
would your town use if
each family had one more
child?  Graph your results.  What can you do to use
less?  Choose three ways and practice them.

M A T E R I A L S
• Paper

• Graph paper

• Pencil

• Chart on this page
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Less Is BestLess Is BestLess Is BestLess Is BestLess Is Best

How much plastic do
you throw away at
home?  Decorate
cardboard boxes to
collect plastics for
one or two weeks.
Weigh your daily
plastic use on a scale

and record the results on a chart or graph.  Share
your findings with your family, then challenge
them to throw away less.  Chart or graph
your progress over time.

How do plastics get from your trash
can to the sea?  (How close is your local
dump to a waterway?)  What happens to
plastics that get to the sea?  (Animals have
died from eating plastic bags that they
thought were jellies;  others choke on or
are strangles by plastic objects like six-
pack rings.)  Discuss and list ways
people can reduce their use of plastic (like
choosing products with little or no plastic
packaging, using paper or wax paper bags, reusing
bags, recycling and buying less). How much total
plastic trash does your family produce each month
and year?  What is the average amount per person?
How much space does one person�s annual plastic
waste take up?  How much space does your family�s
waste take up?  What about the amount of space
your town�s waste takes up?

Survey your neighborhood to see how much
plastic each household uses, or how much waste oil
a car produces from an oil change.  Develop a pre-
sentation or play to show neighbors how plastics or
oil get from their home to the sea, how it affects
ocean animals and how they can manage and
reduce their waste.

M A T E R I A L S
• Cardboard boxes

Crayons or paints

and paint brushes

• Scale

•Chart

T H E  R E C Y C L I N G
C L U B

Start a recycling club at home,

school or in your neighborhood.

Help your school or community

center set up or get more

people involved in a recycling

program.  Contact your local

waste disposal company to

help you.
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Whenever you can, buy toys and other products
with little or no packaging.

Planet Earth TPlanet Earth TPlanet Earth TPlanet Earth TPlanet Earth Testestestestest

Give your toys the �Planet Earth Test.�  How many
of your toys are made from plastic?  How many are
packaged in plastic?  Could you recycle unused or
broken toys? How?  Remember that the next time
you go to the toy store, you can make choices
about your purchases.  Just like your parents.















Brown pelican

Brown pelican
Pelecanus occidentalis [size: to 7 ft. wingspan (2 m)]

Thousands of pelicans visit Elkhorn Slough in
summer and fall. In late fall, they migrate south to
Mexico and South America where they build 
saucer-shaped nests on the ground or in trees and
raise two to three young.

In the 1960s, heavy use of the pesticide DDT
nearly killed all the brown pelicans. Today, DDT is
banned in the United States. But its use in Mexico
and other countries along with habitat loss
within the pelican's range are still threats.

© M O N T E R E Y  B A Y  A Q U A R I U M
http://www.montereybayaquarium.org/lc/activities/critter_cards.asp

Critter Cards - People and the Sea 1 - 2

California sea lion

California sea lion
Zalophus californianus [size: to 7.5 ft. (2.3 m)]

Diving 800 feet deep, the sea lion paddles with
its strong front limbs and steers with its rear
flippers. On land, it rotates the hind flippers
forward to walk on all fours.

At mating time, the male sea lion barks and
bellows to establish his territory and gather a
harem of females. Never giving ground, not
even to eat, the bull defends his turf from male
intruders.

King salmon

King salmon 
Oncorhynchus tshawytscha
[size: to 5 ft. (1.5 m)]

Salmon are born in freshwater rivers, then swim
to the salty sea where they spend most of their 
ives. As adults, they must return to the river to lay
eggs. Salmon can find the way to their home
streams from thousands of miles out in the ocean.
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Critter Cards - People and the Sea 2 - 2

Leatherback sea turtle

Leatherback sea turtle
Dermochelys coriacea coriacea
[size: to 6 ft. (1.8 m)]

Sea turtles eat jellies. When plastic bags and
balloons get in the ocean, they look like jellies.
Sometimes turtles eat the plastic by mistake, then
they choke and starve.

Pismo clam

Pismo clam
Tivela stultorum [size: to 6 in. (15 cm)]

Pismo clams dig into the sand near the surf
zone. To dig, a clam pushes its foot downward
through the sand like a wedge. Then it anchors
the foot and pulls the shell along after it. 

Clams send a feeding tube above the sand. They
inhale water through it, filtering out tiny plants
and animals called plankton.

How would you help protect clams?

People

People
Homo sapiens [size: to 7.5ft. (2.3m)]

People are part of the ocean's food web. The
more people there are, the more fishes we catch
and pollution we cause. To help save the oceans,
we can make careful choices: use less plastic,
gasoline and electricity and have small families.

What will you do?
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