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COME, JOIN Kuulei -mome.-kai I'precious pearl of
the ocean! the little mermaid that symbolizes
Makahiki Kai and explore the four different

, marine environments- and tlr4. plants and animals
that grow and live" there. The theme for
Makahiiki Kai '77, "me and the sea," sets the
tone of the exhibits which vill promote a
personal relationship between youth and adults
and the fascinating marine world.

Kuu>z-momz~i is underwater watching a
school of fish flashing by. But the Makahiki
Kai '77 exhibits begin at the beach and exam-
ine-ZEe very different and exciting rocky and
sandy beaches. Rich communities of fish and
other life forms live near coral reefs which
provide food and shelter. The blue water off
shore is home for large fishes and mammals,
Most of the fishes that'are eaten by us live
in' deep blue waters. The abyssal or the dark-
est depths of the ocean is an eerie place,
Even under the extr'emely severe conditions of
high pressure and cola, there are living
animals that call this dark harsh environment
'-'home."

I

Makahiki Kai '77 "take< you tnere" with-
out having to put on SCUBA gear or getting
into a submarine.
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The Ihawaiian coast is a constantly

hanging motion of shapes: a blend
of the black, rocky Hamakua coast-
line to the beach at Hanalei. From
the white sand to the green sand
beaches, the beaches of Ilawaii are
unique places. Each place is a
community inhabited by marine ani-
mals and plants that are specially
adapted to that community. At some

coastal areas, the waves gently ebb
and flow but at others the waves

race shoreward and crash against the
black lava rocks.
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Below is a diagram of a tide pool during HIGH TEDR. The tidhl pool animals are busy
eating, movirig about and enjoying &e cool, fresh sea water that is bringing in food
and. oxygen into the pool.

Rt LOW TIDE the tidal pool xone looks Like e different place.. Draw in, what it wouldbe like in this tide pool at low tiki-~'- I
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The energy that makes waves comes from  I! WINDS that
blow across the ocean, �! STORMS out at sea and
�! MOVEMENTS of the SEA FLOOR. The waves you see
breaking at the beach are usually made by the trade-
winds.

The lowest part of a wave is called a TROUGH, the -high-
est part is called the CREST. The WAVE HEIGHT is the
distance between the trough and crest. If the surf
report says the waves are breaking three to four feet,
it is the wave height that is being measured. WAVE
LENGTH is the time it takes for two crests to pass one
spot.

Not all of the wave is above, the surface. The wave
energy goes down from the crest to the trough. The.
water itself in the open ocean does not move forward,
only the energ> of the waves moves. The diagram, at
the right, shows the energy building up  I and 2! and
peaking as a wave crest �!; then, the energy passes
on and causes the crest to drop {4! 'and creates a
trough �}. The surfer will feel like he is on a
swing--moving but going nowhere. However, when the
wave nears the shore and touches the sea bottom, it
starts to drag. This forces the water to pile up
until the face becomes so steep that it spills over,
or BREAKS. Then the water moves towards shore and
takes the surfboard with it.

In the diagrams on the right, what is happening to
the surfer who paddled out too far? Will he be able
to catch a wave out there? Where would be the best
place for him to be?

Name - the parts of a wave:

2
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As the tsunami nears shore, it turns into
12 to 30 m waves. Draw into the space
below �! yourself; �! your home;
and �! some of the tallest build-
ings in your area. How do they
compare to a tsunami wave 30 m
high~

28

24

20

~ 14
T

~ t2-

IO

Tsunamis are giant waves made when the sea floor moves because of earthquakes,
landslides or volcanic eruptions. Tsunamis are not just a single wave; they are a
series of waves separated by 15 to 60 or more minutes. Over the past 150 years,
the Hawaiian Islands have had an average of one tsunami every four years.
If there is an earthquake here in the Hawaiian Islands that causes you to fall or
makes you hold on to something to keep you from falling, this should be a natural
tsunami warning. Get to higher grounds right awhy if you are near the seashore.
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l! Put litter in its place!
I

- 2! Catch only what you need!

4! Fallow posted conservation
s i gns!,

3! Do not col lect everything
in sight!

A

6! Replace rocks when you' re
through looking under them!

5} Do not spear lobsters

What is meant when

the careful use of

plants and animals
What can YOIJ do to
which posters best
each set.

the word conservation is applied to our seashore?' It means
our shoreline resources. It means obeying rules to help keep
alive. It means taking only what you need and not more.�
help conserve our resources? In the six sets of drawings below,
show things you can do to help? Write A or B in the boxes below





Coral reefs are made by tiny animals called POLYPS. Polyps, along with the
coralline algae, Nullipore, which live around the reefs, get chemicals from
seawater and make calcium carbonate to buiJ,d and cement together the wave-proof
reefs. In and around the coral reefs
live a complex community of marine
animals. !

TYPES OF REEFS
I

I

As cora1 larvae settle on the lava
. gr basaltic rocks, a FRINGI'NG REEF

is produced, that follows the shape.
of, the island.. Large, well devel-
oped fringing reefs cqn be found
off Oahu between Laic and Kaneohe--.
Bay and at Ala,'4oana and Waikiki.
Near Uanalei Bay,~auai; a large'

, fringing reef extends as far as
300 m fr'om shore.-

If these fringing reefs continue to
develop and the island erodes, a
BARRIER REEF is formed. Far from
shoge, the outer reef protects reef
fla4 and. a large shallow lagoon.
Xaneohe Bay, Oahu, has a barrier
reef over a mile, wide protecting

--smalI" circular PATCH REEFS from the
ocean waves.-

I

Finally, over a great period of time,
the island will erode and sink com-
pletely below the surface leaving a
large lagoon from 30.5 to 94. 5 m
deep, in the center, surrounded by
the reefs. ~lidway and Kure are
coral ATOLLS that are part of the
Leeward Islands north of Hawaii.

Find and paste or draw in pictures of the different types of coral reefs
and label them!.



~b>t «n m:.- -:-n be divided into two broad groups--the vertebrates and inverte-
brates, ',T-PTEF2ATES are animals with backbones. Some of these animals have a

!
sp'.nal co'.umn,;hi le othe~ more primitive vertebrates have notochords to support
:heir bod e.=. IX>'FPT~eRATFS are animals without a backbone or skeleton inside
t'hei- odie=, Some invertebrates- "wear their skeletons on the outside of their

,heir bodies are supported by hard outer shells.

lank belo; each animal, write whether you think the animal is a vertebrate
  or invertebrate.

1Sh

7-11

Sea cucumber



WHAT ARE PLANKTON'?

The word 'PLANKTON" means "DRIFTER." True to its name,. plankton are tiny plants
and animals that drift in ocean currents. Many of them are so small that you
need a magnifying gl'ass or microscope to see them. Plankton can also be the
larger animals like jellyfish and portuguese man-of-war that are weak swimmers
and can not swim against the wind or cuirents.

Scientists divide plankton into two groups--PHYTOPLANKTON, which are plants, and
ZOOPLANKTON, which axe animals.

BHVTOPLANKTON
t

Phytoplankton are microscopic marine
plants that use sunlight and minerals
to grow like land plants. The most
familiar s+a plant is Iimu or' sea-
weed, which grow attached to rocks,
but phytoplankton spend their whole
li.fe floating near the sunlit surface
of. the ocean.

Plankton is the beginning of the
MARINE 'FOOD WEB. They are called
PRIMARY PRODUCERS and provide food
mainly for zooplankton.-

s

"ra tp

Can you tell what these eggs and larvae will g'row into?

Write the number in
the boxes below of

the larval form of

each animal.

ulug

crab

sea cucumber

snail

sea urchin

. ZGOPLANKTON: .---

,/Zooplankton are tiny animals tliat kipt in the ocean currents like phytoplankton.
Some zooplankton float for their entire life in the ocean. These PERMANENT
ZOOPLANKTON do not change their.boky shapes as adults. Other zooplankton, called
TEMPORARY ZOOPLANKTON, spend only part of their lives as plankton. These are the
EGGS and LARVAE of many kinds of marine animals. As babies, these animals float
around but as they grow older, they change their shape and become starfish, sea
urchins, crabs, fish and many other anj.mals.



SUNLIGHT .

<UTR'IEWyS

ZOOPLAN SWOROFIS SHAR
PHYTOPLANKTON ~ KTON ~OPELll ~ Tl!lull ~ H~ K

 pr imory pr odocer! 4 th 5tIL3rdIet order
consumer

2nd

Vow let's think .about man. Where does he fit? He can eat the opelu, tuna,
swordfish and shark. This means that mah can fit in anywhere in this food web.
If fisherman A caught an opelu for
dinner, what order consumer would
he be?

t

What about- fisherman 8?

fisherman C?

and fisherman D?

!'ie call this series of "eatings" a
FOOD CHAIN. Of course, a zooplank-
ton eats more than one plankton.
The relationship of how much food
each animal needs to eat can
be shown in a FOOD PYRAMID
 right! .

2nd

CONSUMERS; I st zooplaa

PRIMARY PRQDUCER

pily t op I oak Ion

The opelu, tuna, swordfish and sh'ark aren't the only animal.s in the ocean. 4'hen
'you consider all the animals and what they eat, a complicated picture of these
relationships emerges. We call this picture the FOOD WEB.

bet's imagine you were a tiny phytoplankton. You'd get your food from the sun
and nutrients in the water. You'd be called a PRIMARY PRODUCER since you do not
eat any other living things. Along comes a zooplankton and gobbles you up! The
zooplankton is the FIRST ORDER CONSUMER since he's the first to eat you. There' s
an opelu swimming by and it eats the zooplankton. The opelu is a SECONVD ORDER
CONS[PER. A tuna eats the opeid and a swordfish eats the tuna. Here comes a
shark and it eats the swordfish. .You, the tiny phytoplankton, ends up feeding a
shark! F'antastic!

Ss



Of all the animals in the ocean, it. is the shark that has the perfect form for
living in the water. Sharks are so well adapted to their watery world that they
exist todav in nearly the same form as its prehistoric ancestor, .az has'odon
.~g gg

Some sharks have evolved a little in ways to fit
live. Pelagic or oceanic species of sharks have

'SANDeAR SHARK �.5 m}

into the environment which thev

streamlined, torpedo shaped bodies
that allow them to swim great
distances. Some bottom dwelling



There are three
SYMBIOSIS is a special relationship between 2 living things.
kinds of symbiotic relationships:

I! both organisms helping each
other out,

2! only one helping the
other without anything,
in return, apd

3! one harms the other.

As dangerous as sharks may be the PILOTFISH, lkmcrates duator, a relative of uluasor jacks and REMORAS or  SHARK! SUCKERFISH, faultily Echeneitorms, have developed
symbiotic relationships with the shark.

The pilotfish was believed to lead the sharfc to food and in return got to feed on
the scraps. However, some sharks do not even know that the pilotfish is around.Patio, which is 'the name given to all juvenile ulua that are between 2 - 15 cm,
pilot oq, the "bow wave" right in front of the sharks snout just a few centimetersaway fro'm theix jaws. Since -the sharks eyes are on the sides of its head,-the

papio are not seen. Most 'papio
will leave the shark to become 

predators on their own., except for
the fast 1Vauo2ates Burton.

PILOTFISH �1 cmj
Nauc~e8 duator

The REMORA is not a s~g
swimmer and also not as fast
as the pifotfjsh but it has
a very effective way of
staying out of the reach
of the shark. I't attaches
i.tself to the body of the
shark with flat, oval suckers'
that look like a venetian
blind. Sharp denticles, .
which were originally its
dorsal fin, along with the
suction power helps the
remora to ride long distances.
When one animal carries another
animal of a species, this is known

PHORESIS.

front view

sucker

REMORA  Z5 cm!
Remom z'emory

Which of the three types of symbiotic relationships do pilotfish and remoras have
with sharks?
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In the reef world, the "fastest jaw in the West" is the survivor. Those who are
small or otherwise defenseless have found ways of protecting themselves from
PRFDATORS who are looking for food and. people who may also be looking for a meal.

~farine animals have ways of protecting themselves that are n
of these methods are listed below.

A. Find which animal uses the methods below and draw in exa

uses COLOR to blend

in with the surroundings.

I
have a camouflaging

SHAPE that makes it look like a part of -.

2.

its surroundings.

REGENERATES body.

it looses to escape from-a

MANA or SEA URCHIN
8'ch eo br='z "'" 'ea-

stay in SCHOOLS because

fety in numbers.

has sharp SPINES to

ors at a distance.

like many other

h, are COUN7ERSHADED, that

they are dark on their back

olored on their bellies.



arne of animaI
Method of protection

1b.

Zb.



The world's most compl'ex and largest
rivers are not on land 'but at sea.

Great current systems circle the
world. Within the many layered
waters of the ocean, the large deep-
water fishes and mammals live and

move about in pursuit of food. It
is estimated that many thousands of
pounds of aku  skipjack tuna! are in
Central Pacific waters. The vast-

j
ness of the ocean makes it difficult

to take an accurate census of the

inhabitants that live in the blue

waters of the world's oceans.
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Each of the boats below is equipped»ith different I'inds of "fishing" gear.
Depending upon the habits of each. animal and where these animals can be found,
different ways to catch them had to be developed. Can you match the animal with
the way it is caught.

FACTORY SHIP, 218.0 m �IS feet!
Extra large': ship, fitted pith many heavy-duty
cranes and a helicopter pad.

2. SIDE TRAWLER, 59.5 m t'195 feet!
Two "OUTRIGGERS" hold one small
trawl net each, which are towed behind the ship at great depths.

PURSE SEINER, 57. 9 m  
This boat is outfitted
"spotter" helicopter,
small boat to tow
net in a circle
to surround. a

school of fish.
A crane then pulls
the "draw strings"
at the bottom of
the net to close
it, trapping the school. The crane then pulls the netted fish in.

I!rite the number of the ship in the box next to the animal it catches.-

Shri



5. ri dge

6. s eamount

7. trench

...-1=anic is land

3. cont i>enta 1 margin

4. guyot, or plateau

!

B. the seabed. along continents that
forms a gentle sloping SHELF
covered by shallow water
ranging from a few to hundreds
of kilometers wide. The edge of
the shelf'is very steep.

C. a submarine volcanic peak

a seamount sinking below sea
level that has a ring of coral
growing around it.

E. narz'ow, deep cuts with steep
slopes, 2 to 4 km below the
surface

F. a peak formed by lava from the
center of the earth, that rises
above sea level.





By fitting together the
CONTINENTAL SHELUES of the
major continents, geologists
and- oceanographers THEORI'ZE,
or think, that the continents
formed one large super-
continent, called PANGAEA,

. which existed 200 million
years ago.

Uolcanic activity began to
break up Pangaea 180 million
years ago into the shape of
the continents that exist
today.

FIND THE CONTINENTS; WRITE THEIR NAVIES SEI OW;

7
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This STQMIATOID FISH, zdiacanthus
panamensis has  a! a luminous organ at





Al l 1 ie I n .he ocean is a part of the 'lARIi'iE FOOD ',;EB. The beginning of the ',reb
is in ":= sunlit 'one of th ocean. I!ere, m~croscopic phy oplankton use energy from
t'.;e sun, -o g:o;~-. The phytop.ankton then serves. as food for other microscopic
animals 'which in turn become food for larger animals,

l SUNLiGHT
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to take samples of the ocean
or ride in a submersible to
he ocean's darkest depths,
h is hard work but it helps
earn about the, ocean and all
wonders:



iQTE RIch LS:

1 plastic gallon jug
I tube silicone sealant
I side of a plastic petri dish  size: 150 mm x 15 rmh

P ROCEDURE:

Q} CUT

SIDE
VIEW

PETRI DISH

OF JUG

QISH

DAB QF SEA

BOTT P1
VIEW

BOTTOM

JUG

Let stand to cure for

24 to 48 hours.

*WHEN WORKING WITH SEALANT, DO NOT GET IT ON
THE FACE OF THE DISH, AND DO NOT TOUGH THE
WINDOW WITH STICKY FINGERS. THIS MAKES THE
WINDOW HARD TO SEE THROUGH.

! . Cut top of jug as shown  right!

2. Set jug on petri dish; mark jug
around top rim of dish  right!-

3. Cut jug I/4" below mark so the
hole is slightly smaller than
the dish {right!

Place one side of the petri dish
inside of jug; push towards- the
bottom and held in place with
masking tape {below!

*4. Carefully dab sealant
in 3 or 4 places around
the edge to hold it into
position. Let it set
for 1 hour until it be-

comes firm. Remove

masking tape.

*5. Lay a ribbon of- sealant
all around the crack

between the petri dish
and jug, both on the
inside and outside.



cal1 ed l imu; sc i ent i st s
al gae: reds, greens

Seaweeds are the plants of the sea. In Hawaiian, they' re
call it algae  "al-g e"! . There are thee major kinds of
and browne,

In studyi.,g the different kinds of algae, the best method
pressing, much like you would the leaves of land plants.
pressed and dry.ed, it can be saved for future reference,

press using much simpler materials.

AN ALGAE PRESS

hcavy weights: large books,
bricks,' stones, etc.

a flat, shallow pan
water '

seaweed

MATERIALS VEEDED: old magazines, newspapers
smooth drawing or botany

paper

waxpaper
scissors

STEP 2: With the piece of paper
lying on the bottom of the pan,
float a piece of algae i> the water
to po si t ion i t on the paper'.

paper

pan

heavy flat
weights

STEP 3. Carefully lift the paper,
algae and all, out of the water.

STEP 0: In your "algae press" layer
your materials as shown:

With some planning ahead, a booklet of different types of algae can be compiled.
When the seaweed has been identified, this will bf' what botanists call an
"herbarium"  "erb-a'-ree-um"!,  If you are an artist at heart, these-seaweed
pressings can be made into greeting cards, wall hangings, collages, etc.!!

A FINAL NOTE ON CO! LECTENG AI GAE.
Algae is commonly found along 0he seashore in shallow waters. If you ha.ve ever
gone to pick "ogo" to eat, you know where to look. Don't forget that seaweed
also 1ikes to grow around old pilings around the harbor, on old lines that have
been hanging from the dock for a long time. "Take along a zip-loc bag--it's handy
for collecting specimens with a little bit of water.

F i 1 1 the pan wi th about 1"
of water. Cut a piece of drawing
paper small enough to fit into the
pan and lay flat on the bottom.

to preserve them is by
Once the algae is
Botanists, the scien-
We can make our own

maga. ines
wax paper
paper with limu
magazines



The techniques of,.apanese fish printing has been used in Japan for over
100 years to record catches of- sports fi h and to gain ichthyological  fish
biology! information. These prints have been used at the Uni.ersity of Washing-
ton to study how the physiology of a fish is related to its surf" ce area.

The art of gyotaku ~ghio-ta.-koo! is a good way to gain an understanding and
appreciation of the beauty and great variety of marine organisms. You can also
use this technique tor making prints of shells, rocks, flowers and other items.

Before you make a pr'nt, identify the fish. What "re the distinguishing charac-
teristics of the fish'? Study the life history, of the fish. Where and how was it
caught?

MATERIALS

Obtain a very fresh fish. If you buy the fish at a market, select one that has
bright red gills, clear eyes, and a fresh smell. If the fish +s been gutted,
make sure that it has not been cut anywhere else on the body.

You also need:

"newspaper
"plastic modeling clay
"pins'
"water base ink

 linoleum block ink is
bes t!

~a stiff I/2" brush
*rice paper, newsprint, or

other moisture tolerant

paper. Since rice
paper is expensive, you
might prefer to start
with newsprint,

iIETHOD

sl

wl

l. Use soap and ~ater to clean the outside of th
The cleaner the fish, the better the print.

2. Place, the fish on a table covered with newspa
some clay and pin them in this position. Con
Brush on a thin, even coat of ink. Leave the
fill it in.

4. Place a piece of newspaper or rice paper over
5. Carefully lay the paper over the entire fish.

press the paper over the surface area of the
the paper too much since this results in doub
paper and you have a fish print.

6. Use a small brush to paint the eye.

I

2 3

6,
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1. CREST
2. TROUGH
3. WAVE LENG1H
4. WAVE HEIGHT
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1. vert ebr'ate
2. invert ebrat e
3. vert ebrat e
4. invertebrate
S. invertebrate
6. vertebrate
7. invertebrat e
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A would be

B would be
C wou1d be
D would be
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Fisherman
F i sherman
Fisherman
Fisherman

er,

a 5th .order consumer.
a 6th ord.r consumer.

 p. 15!
The shark helps both the pilotfzsh andremora but gets nothing in return.
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A. Part I

l. opelu, aholehole, sea dragon, he'

3. crab, sea urchin, he'e

e 4, aholehole, opeIu
5. wana

6, ~o elu, aholehole,
B. Part II

Many animals  fish P
in vertebrates!

Crabs

Starfish and sea
cucumbe rs

R rod in great numbers to make sure a few will survive.

Mask themselves with sponges and algae  seaweed! .

Crabs 5 lobsters can also grew back their legs and claws.

 p. zo!
 purse seiner! 1. H 4. A 7. E
 side trawler! 2. D S. G 8. F
 factory ship! 3. B 6. C
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yellowfin 3
shrimp 2
whale 1

 p. zs!
How people wou1d 1aok;
1. very small
2. glowing lights to attract food
3. long needle-like teeth to hold fish or-

big mouth to swallow food whole
4. expandaMe stomach to hold anything
S. very big or very small eyes
6. soft body, no scales
7. colored black, silver or red

 p. zz!
1 . EURAS ZA

2- NORTH AMERICA
3. SOUTH AMERICA

AFRICA

S. INDIA
6. AUSTRALIA
7. AVTARCTICA

 p. zl!
1. CONTINENTAL '4IARGIN
2. ABYSSAL PLAIN
3. RIDGE

4. TRENCH

5. GUYOT or PLATEAU
6. ATOLL

7; SEAMOUNT

8. VOLCANIC ISLAND
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SEA GRANT OVERViEW

The enactment of the Sea Grant College Program Act of 1966 envisioned the
creation of a network of sea grant colleges in institutions of higher education
across 4he country which would parallel land grant' colleges,-

I
"Sea Grant College" is a designation that i;s earned by -a universi'ty when it
proves that it has the capability of carrying on comprehensive programs on
marine-related research, bducation, and advisory/extension programs--the three-
pronged mission of the Act; The University of Hawaii-became a Sea Grant College
in 1972, culminating four years of program building.

ln 1976-77 Sea, Grant funds of $I.~ million, matched by nearly $.9 million in
state and other local funding, have enabled university-based experts to carry on
research in:

J

o marine resources development  projects on aquaculture of plants.and animals!

o socio-economic and legal studies  projects omocean law, marine economicsj

o marine technology'research-.and devel'opment  projects on ocean engineering!

o marine environmental research  projects on coastal pollution and
moni toring! f

mission of the Sea Grant College Act is'
by the establishment of a statewide
program to transmit information on a
all users.

The third major
being fulfilled
marine advisory
timely basis to
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The second Sea Grant program area, education and training, has ongoing and newI . projects to develop curricula and programs for lower education, undergradhate,
graduate; and community college. levels.


