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OUR MRAWANAN SEASHORE

The Hawaiian coast is a censtantly changing wotion of
shapes: & blemd of the black rocky Hamakua coastline to
the beach at Hanalei. Yrom white samd to green sand, the
beaches of Hawaii are wnigue plzces. Fach is a combunity
inhabitad by marine animals and plants that are specially
-adupted to their environment. At some coastal ateas, the
waves gently ebbd and flow but at others the waves race
shoroward and crash against the black lava rocks.

OUR MAWANAN REEF

The world-famous rteefs of Hawaii are an explosion of color
and 1ife. Caudily painted wrases and damselfish dart among
the fingers of coral whils giant manta rays cruise slowly
overhead, fThe reef is a strange commumity where predator
and prey often cooperate in strange but necessaTy "mutual
aid societies." FRut some animals rely on special weapons
for protection while others have adapted S0 well to their
viwvironment that it iz often very hard to spot them.

DEERP BLUE WATERS

The world's mest complex and largest rivers arc not on luand
but A% sea. Oreat currceot systems cirvcle the woerld. HWith-
in the many layered waters of the ocean, larpe deepwater
fishes and mamsals live and move ahout in parsuit of feod,
It iz estimated that many thousands of pounds of aku [skip-
jack tuna) are im Central Pacific waters. The vastowss of
the ocean makes it impossible to take an accurate census of
the imhabitants that live in the deep bhlue waters.

THE PARKEST PREPTRS

Sunlight Teachss down to 2 depth of 600 feet in clear
waters. Ecyond that it is pitch bluck. For a long time 1t
was thought that nething lived in the abyssal depths of the
gcran.  When scientists developed subersibles, anmd 1t was
possille to go down to the bottom of the sea, they discov-
ered that nature had adopted fishes in Wonmderogus ways.
Fishes carry their eown lanterns and they are small so thelr
bodies can withstand the pressure at the the ocedn bettom.

SEALABR

& fun way to expericnce the wonders of the eccan i3 to do
experiments! Tt's exciting to be ahle to touch the animals
apd plants and £ind out what they'Te like. Oceanographers
conduck cxperiments to find out mot only the physical pro-
pertics uf the ocean. Research is harl work hut it halps
us ta bearn about the ogouws amd all ol its wondars,

N -
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OUR [LAWATIAY SEASFIORE
SHORELINE COMMUWITIES
(i af 2}

T. GSIHRELISE COMBMIMITIES

A, fMuwe!  Be Carefull

When you go eaxplaring zlong the shoreline, it's lots of fun,
But there are things that can harm you =o be on the lookout
for them,

Alang rocky coasts the waves that break an the Tacks pan wash
you into the goean., Look for these signs of high wavos:

tide pools are generally farmed hy waves crashing an the
rocks, snaills and pipipis clinging to the suc dried rogks, -
=nd salt dried in shallow holes show water level at high
tide.

Wet rocks can be very slippery. Wwrat sneakers and test
your [ooting for slippery or leose “'rocking" rocks.

Even at sandy heaches, targe waves can wash up the face of a
bepch and sweep you into the water, Eeep an eye on Lhe waves
and always be prepared for the imexpected,

Leatn ta Tecognize animals along the shore that have ways of
pratecting themselves that gould hurt vou,  Some of these
animals are:

E. Sen wrehin, oT waea

Sea urchins have sharp pointed spines covering their hodies
that can pierce your skin and break off. 1lhe black lang
spined wana has poisonous spines.

2, Cowal

Coral cuts can bhe seriouws i hot clesgned oot well.

3. Cone shells

Conc sholls imt gther shells with a poison dart. It you must
hanidle them, pick them wp by the broad, flzr cnd.

1. Fels, or puhi

Most thallow water eels are shy and hide in hales. They won't

bother you if you den't poke a hand or tee or anything else
inte their holes and hother them,

o. Portuguese man-of-war

»



E. FRocky Coast

Just bevend the tidal peels is a place galled the surge zoéne,
wheTo seawater it always maving. The snimals that 1ive here
must be strong swimaers or be able to stick to the rocks to
keop from beding woshed away Iy strong waves,

Mast #ish found herc ave hahy fish. These flsh like the

surge because they can play in it and it brings them plankton
to eat. Some of the bahy Fish found hers are KUFIPLS, who
think the pool belongs to them, SERGRANT MATJAR FTSH [MOAMOA or
MaM3], whn got theit name becauss of the stripe: on their
body, AMOLLHILE which are sometimes called SIELVER FERCH
becausw of their color, and the red CARDINAL FISH, As these
fish prow they will move into deeper water.

Did yon knoWw that there are some fishes that graze, like
horses and cows do on grassy land? The '"grass' In the ecean
is palled saaweed or limu, Limu- or seawaed-eaters arc called
herblvares. TBaby MANINT and PALANI are the more common fish
herbivores, COWRRILS, OPINIS, and TOP S1CLLS are also herhi-
VOTEes.

Re extTa vareful whem walking on rocks that are underwater and
covered with green "algae slime" and even those which du not
seam to have any growth coverinp them, Some algae are micro-
scopic and rock-brown im colotr.

An animal that these Little fish have to watch out far is the
MORAY EEL or FUHT, who comes put of its hole at night to catch
fich which are sleeping too soundly. Swmall TAKD [QCTOPUS)
also have to watch cut for they are moray's favorite food.

wWhen walking on the reef be sure to wear Snelrers oT takl so
the moray eel does mot mistake your tee for a fish ar part ef
a tako.

Thate are a pusher of marine animals that aren't pood swimmers
oT non-swlmmers. EBRITTLE STARS, WANA or S3EA URCHINS, and the
SNAKE HEAD COWRTL are good examples. They move abaut by
"walking™ on "feet' which are really suction cops. 3ea
urchins and brittle stars hawve many little feet, but the
cowrie has one larpe foot, Tha fret alse help these apimals
to hang on to the Tocks when the waves get rough., [me type
of wana even makes 3 hale in the coral reef to protect itself.

. Tidal Frol

Hi, I'm a BLACE ROCK CRAB and my Hawalian name is AMA. My
friends call me Rocky ar "the Rock” hecause cven the big
waves con't wash me off the rocks. My neighborhocd here
along the rocky coast is a pretty tough place if you'rte not
used ta Lt

Here s a tidal pool. Just Iike its oare, its @ pool that
pets bipger with hiph tide and smaller with lew tide. High
tide hvrings in cool, clean seqwater with lets of oxygen and

¢



What clze is there to
g0t in 8 tidal pool?
(1) seaweped,

small plants and animals called plankton for the tidal pool
animals to cat. bhen it's low tide, some tidal pools dry up
ar hecome very salty as the sun dries up the water.

Hey, come and mest my friend: the GORTES who live in tidal
petls and hang on to the rocks when the waves get hig by using
their fins to form suction cops.

High tide ts a damgewrous time for you to visit us. Wait for
low tide when it i: safe,

Have you wondered what happens to my friends whem the tide
goes down and water evaporates from the tidal popls?  BLERNUS
or ROCK SKIPPERS do just that . . . jump from porl to pool.
Slow maving anioals 1ike OFIHI, PIPIPL, and PERIWINKLES oT
PUPDS attach themselves very tightly to the rocks to hold the
water inslde amtil the tides come in again.

0. Conservation

What is meent when the word CONSERVATION is applied to our
seashore? It means the ¢arsful nse of our shureline resources.
It moan=s obeying Tules estahlished to help keep plants and
animals alive. It means taking only what you need and not
MOTE.

What can YOU do to help consstve our resources? In the six
Sets of posters below, which posters hest shaw things veu can
do to help. Write A or B in the boxes below each set,



Green Sed Turtles no
longer lay their eggs on
the mujor tsiands, Do
you know whyt

licw do the shaps of
Auger Shells and Cone
Shells help them move
about nnger the sand?
What would happen if
they had shalls shaped
like a box?

Many other animals cam-
oullape themsoelves. Bhy
would an animal peed to
do this? [1) hide from
predatoerss and (7)) hide
from prey. Can vdu name
spme other animals on
the sxndy beoch who use
camouflage? (11 gohy -
rock colared, {2} sand

creb and oama - bhath sand

colorad,

E. Limu

Many kinds of 1imu {algae or seaweed) foond in Hawall wera
used by the ancient Hawaiians as part of their diet. Almost
eveTy cepweed that could be eaten was pathered by Hawaiians.

l.imu haye heldfasts that help them stay attached to the bottom.
The holdfasts don't absorh nutrients like roots of land plants
do from tho s0il, Limu tspally attach thomselwves fto rocks
rather than sand.

Algae commonly pathered by the Hawaiians for eztlng includa:
ASPARAGOFSIS [Limu kohu), DICTYOTA (Lima 1ipoa), ENTEROMORPHA
(Licu eleele], HYPNLA (Limu huna}, and CRACTLARIA (Limu
manaued]. Others we copmonly find on the beaches include:
CODTUM, SARGASSUM [Limu kala) and ulva (commonly called sea
lettuce].

F. &andy Beack

liil I'wm Sandy SAND CRAB and 1ike 3ll crabs T'm a4 cTustacean.
We crustacedns wear our bones on the outside, T dig hack-
wards inta the sand where the waves come and go to make my
home. Come and meet some aof my neighbors,

Sh-h-h, hers deep in the sand are Tawmy turtle's eggs. Tammy
iz a GREEN SEA TURTLE whg uses the sandy bheach as a nursery.
{me night when she was ready to lay her eggs she got out of
the water and glimbed high up on the heach to find a "just-
right" plege for her nursery, Then she used her back flippers
to dig a hole big encogh for all her egps.  01d you know preen
sed turtles lay from &5 to 150 epgs at one time? WOWJ

There's Cormelius, the SEA CUCUMBER., He looks like o vege-
table but he is on animal. Ooring the day he stays buried
upder the sand. At pight he crawls out to look for food,

Nuar Carmelins are ASFER SHELLS., These shell: plow through
the sand to look for food. Aupgers also use the sand to hide
from the CONE SHELLS which eat other shells. Cone shells haye
A peisan datt that cames owr from the pointed end of their
shell to sting their prey.

If you nust pick them up, Randlo thewm carefully by the flat
etrd.

Hey, therc's Flappy FILATFISH and lLizgy LIZARDFISH. They love
to play hide-and-seek on the sandy hottom. They can change
the color of their bodies vo the swme color as the sand.  'This
is called canwouflage. Sometimes they hury themselwves in the
sand 30 only their eyes are shawing.

Flopmah HIMALEA als0 kpown as Wanda WRASSE nses the sand too.
At ulpht shg goes intg the sand to sleop.

Eyery summer this pelphhothood is overrun by hundreds aof 04AMA,
Cama are baby weke or goattish, They are called goatfish

because they have froelers called hathels under their ¢hin
&



which they uze to find tiny crab:s on the sandy bortam which
they foed on.

fi. Eeach "lants

1. Land plapts

Ko'a [Acacdia Joa)l: KEota is a fairly common pnative tree found
throughout Hawaii at middle elevatioms., Its wood was valued
by Hawaiians for many things including surfbowrds and cances.
fo'a is in the legume family and is therefore related €0 peas,
kiawe, sleeping grass and monkaypod. The outstanding charac-
teristic of ko'a i5 the curved "lcaves'" [the trus Feaves are
tiny opposing leayes) which can be soen from a short distance.

¥a'ali {merning-glary): Ko'ali 1s the common morning-gloTy
found in many inland areas as well as near the shoreline, It
is a vine with heart-shaped leaves and purplish flowers that
kloom in the memning. Intercstingly, ko'ali is related to
the sweet potato; ko'ali iz alse directly related to po-hum-
hue, the beach morning-glory and kaumasa, 2 native dodder.

Mountain naupaka: There are scveral spocics of the genus
Scaevola which are found in upland arens; all are directly
related to the beach navpaka, naupaka-kei. Although the
wpland anl coastal navpaka differs somoewhat ine appearance,
the flowers are all similar in that all are "half-flowers."
the legend has it that the half-flowers represent twe lovers
who were forced to separate; one wWas Sent to the mountains--
the other to the caast, To this day, the twe lovers have not
united,

¢, Coastal plants

Manicnie, fymodon deetylon,. is the most commen lawn gTass near
the seashore. It has an amazing telerance for seawater and
will survive even after being covered with seawater. It is a
small, low wide-cresping prass with narmow, straight leawves.
It prows much Iike A weed and lowes the sum, not the shade.

Pigklioweed [akulikuli-kai, Pedis mard#simne]:  Akulikuli is the
Hawaiian wourd for "suceulent.™ Its leawves are full of salt
and at one time it grew in salt marshes in Honoiwlu.  Akoli-
EaTi ance coversd much of Sand Island sa that the izland was
once called Akulibkall [=3and.

Beach naupaka [raovpaka-kai, Seqevala dacoads): Naupaka is a
sugculent shryh @ith fleshy leawes. It ix ooc of the touphest
Plants in the enpstal gome and can withstand salt spray,
droyght and heat, It is good for hinding =011 and will owvaen
graw on lava, The leavos can be gooked for greens,

teach morning-glary [(pohushue, fprmoes peHoaprae) @ Mornlng-

glary is feund jus=t abowve the high-woter mark on beaches, It

has smooth, thick leaves and a pink bell-shaped {lower; most

pf the [lowsrs Llpgm in the morning. The Hawniians uscd to
£



whip the water with the vints when they wanted high wawves to
surf on &nd they also used these vines toé scare fash into nets.

Jacquamant iz (pa 'u-g-hiivka, Jarquementfo sandeioaneia):  This
is & low-growing vine commanly found sleng the beach. It does
wall in clayish seils, especizlly on the leeward side of the
islands. It's endemic to Hawaii and its name means Hitiaka's
shirt. Hawailan legend says that the vipe covered Pele's baby
sister Hi'iaka to protect her fram the sun when Pele left
Hi'iaka on the beach to go fishing.

Ahinahina, Felictropium wwmalum is & low-growing succulent
with clusters of tiny white flowers apd leaves growing in
rosettes, Ahinahina means “'gray-gray,' referring to the
graylsh silvery appearance of the leaves because of fine
‘hajrs." Theze "hairs" reflact swnlight and protects tha
plant from the sun's axtreme heat. The Hawaliians used the
same name for znother plant, the silversword, which also has
a2 similar hairy appearance.

O'hai, Sexbanic tomentogs 15 anather coastal plant found im
Jimited aTeat of the islapds., ©O'hal can be readily rscognized
by its opposite leaves, salmon-colored flower with a "nose!
1ike the pmsa flower, and long hean pods. {'hai is in the
legute or ped family--and is related to plants such as monkey-
pod, ko'a, kiawe, koa-haole and kalamungai, a small tree which
is popular with local Filipinos for its leaves and beans.

Like many other coastal plants, o'hai is well adapted for
bright sum, heat and low rainfall with the surfaces on the
leaves and branches covered with “hair.™

1}
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IT. THLE O{FANS MOVEMENTS

Kersplash! The waves are hig today azod the surfrres are out an
auT ngrtherm shores,

What makes big waves sbout 100 feet high?

What happens when they reach the shoreline?

In Howall there are twe high tides and twa low tides every day,
Do you know why theire are tides?

th do some places have only ocnoc hzgh and one low tida? th
is the tidal range ualy three feet in Hawaii and 50 feet ip
the Pay of Fundy? :

A, Where I Waves Coope Fream?

The energy that wakes waves comes from 1) WINDS that blow
8Cress the ocean, 2] STORMS out ab sca, and 31 MOVIMENTS of

the 5Fn FLOOR. ?ht~wﬂve?—ruu-&ee~hru&ﬁ:ugmaé—iha-haash-ana-
e e 8 e 1 o L 1y o

Waves start vut as the wind blowing across the water forms
Jittle ripples. These tipples get bipger as the wind hlows
harder. 1he longer the wind blows and the strangey the wind
is, the bigger the waves. After 3 while when the wind dies
danw, the waves do not stop.  The encrgy will travel actoss
the ncean till it reaches the shote. Storms at sed can Send
waves 3% high as 20 feet to bHawaii,

Storm surf even four to {ive feet hipgh are dangeraus for
inexperienced surfers. At an unfaniliar hench, ask a Fife-
puard abour hattom conditiens and harards even thouph the
waters may look calm,

When the waves are breaking on the shore, don't go too near
the water's edpe. A Big wave might came and Fweap you into
the water.

Lrom "1 Turn your back EE.EEE Wy

Waves made from the enevgy piven off when the sea [loor moves
are the higgest waves af all up to 100 feet. Those waves are
cilled THUMAMES,

B. Wkhat [s5 A Wove?

The Tawest part of the wave is called o TROUSH, the highest
raTt 15 called the CRREST.  The WAVE HETGHT is the distance

It



between the trough and crest, If the surf report =ays the
waves are breaking three to four feet, it is the wave height
that is being measurcd. WAVE LEWGTH is the tice it takes for
fWo crests Lo pass onc spot.

€. Why Would You Kot Paddle Out Too Far To Catch A Wave?

The water itsell in the open ocean does not move forward only
the ensTgy of the waves noves, [f the water dees not pove
towards shore it will not take the surfhpoard in with it

What is happening to the surfer who paddled out too far? Kill
he be able to catch a wave out thera? Where would be the best
rlace for him to be?

D. What Makes Tho Waves Break On Shore?

¥ot 81l of the wave is above the surface. The wave anergy
goes dowa the crest to the trongh. When the wave touches the
sea beuetom it starts to drag and forces the water to pile up
until the face becomes so stecep that it spills over or breaks.

E. What Happens To All The Water The Waves Bring To
Shore?

When the surf is breaking over the Teef the waves deive the
water toward the shore., All this water is now trapped hetwesn
the shore and Teef. When the water finds a break in the reef
{chanpel} there is a tush of water flowing out to sea. This
is a RIF {IHEENT.

If you are caught in one don't fight it. B5wim parallel ta the
shore up onto the reef and let the waves help you back in.

F. How flo Waves Affect Us?
In Hewaii we use waves t9 go surfing ot body surfing.

We should be careful when riding wawves, Hiddem Tocks may
hurt ws. Colllisions Wwith other people may lwrt them or os.
Cetting caught in stTomg currents can CArEY Us aut to sca.
Fefore enteting the water, be sure you know tha atea, ask the
lifeguard. Mon't po into the water I the waves are too Mg
or if you are tired.

Waves con make the beagh a dangetons place to be.

While Fishing or picking opihi from a crapgy coast or pleking
shells om A sandy hezch with larpe waves, dun't turn your back
te the waves. Lxtra large waves often come in and reach high
up on tho beach.

When sa2iling out through the breukers know your boat and what
to do if the waves are Lipper than you thougph.

ir



Lovk 2t what happened
further dowm the coast-
ling ta this beach,

Waves can change a whole coastline by eTosion.

Fagineers have tried tu save beaches awnd coastal areas froo
geTosion by building hreakwaters aod jetties.

Tsunamis can destroy a whele coastal town.

C. COur Tsunami Warming Systom

Tsumami wawves are the mest destructive waves known. One of
the greatest tsupamis kpown was caused in I853 hy the explo-
sion of Krokatoa, a small istand off Jeayva and Sumatra
{Indonesia}. More than 36,000 persons werc killed and waves
in sgms atcas were as high as 35m ft,

Comuander C.K. Green of the Coast and Geodetic Survey devel-
oped an instriment to warn of approaching (sunamis. An zlarm
poes off at instrument stations avound the Pacific and the
information is forwarded to Henolulu, the center of the
wATNing system.

The determination of the cpicenter or point of origin of an
earthguake that can cause tsupami helps te cstimate when the
tsimami waves will reach lawaii. Since shock waves of cutth-
guakes trawvel faster through the earth than through water,
carthquake watch stations are able to wirn within minutes
coastal residentss to evacuate their homes 14 large waves are
capected.

The warning is the Civil Befense "Attention/Alert Sigmal”
which is a steady siren tone far one minote followed by one
minute af sileave.

If there is ar carthguake here in the Hawaiian Islands that
causes you to Fall or makes you held on to sooething b0 Keep
vour from falling this should be a natural tsunaml waTning.
Get to higher ground right away if you are near the segashore.

H. What Ate 1'sunamis?

Comonly called "tidal waves,™ tsunamis (tsu-MNAH-mes} or
geigpic waves have nothing to do with tides. Tsunamis aTe
pisnt waves made when the zex fleor moves hcocause of earth-
quakes, landslides or voleanic evuptioms. Most tsimamis
hnppen in the Pacific Ocean begause of all the voloanic
getivity haopening aroupd and in it.  Larthquakes coawionly
vecur neat deep trenches and the Pacific has a ring of such
trenches,  Tsunamnls aTe not jost o single wawve; they are 3
series of waves separated by 15 to &0 ar moTe minutes,  Ships
at sea sometimes o mot koow when a tsunami swell Is passing
becawse they are only o foot or two high. lMowever, as the
tsunari pears shore it turms inte 12 to over 30 @ wWaves,
Usuzily, the thivd to the cipghth waves are the biggest. “The
waves ¢an tTavel over 500 miles per hoor 1o the open =ck,
(et the past 150 years, the Mawaiian izlamls hawe had an
nvgrapge of pne tsunaml every Four yoars.
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I. What Makes The Tides Higher In Some Flaces Than
Others?

The pull of the sun and moon is net even all aver the world at
the same time. This is because the ocean bed 15 divided Lnto
many basins. ECach of theso basing acts like o separate body
of water. Each basin has its own particular rhythm. At the
edpes of the basins the tidex are the grestest and in tha
center, the snallest. The things that influence the tides are
the depth of the water and shape of the coastline.

The pgreatest tides occur whers water is found through a narrow
opening, such as a long narrow bay., In Hawaii, the greatest
difference betweer high and low tide is about one meter. The
adriatic Sea also ranges ahout one meter, but in parts of the
English Channel the tidal range is about 9 m. The highest
tides ocour in the Bay of Fundy in eastern Canada. A lot of
water enters the mouth of the hay and quickly fills it wp.

The tidat range there is about 15 m. Haowever, just ontside
the bay on the Atlamtic Occan, the tidal range Js abeut 2 m.

J.  What Causes Tides?

Tides are caused by the sun and moon's gravity plaping Mtog-
of-war™ on the earth, Even if the moon ls smallet tham the
sun, it pulls harder on the earth bocause it is claser.
Wherever the moon 15, it pulls hardest on the part of the
eatth facing it. This causes the water on that part ofF the
garth to bulge toward the mpon. Directly on the opposite
side of the earth the water bulges away from the moon hecaunse
this is where the moon's pull is the weakest. This bulge
follows the moon as the carth tums.

Twice & month the moon and sun are in a straight Fine with
the earth. The pull of both cumbined will cause the bulpe to
be a little bigger. A bigper bulpe means a higher tide which
i5 palled a SPRING TIDE., A NEAP TIDE or smaller than noTmal
tigde vccurs when the moom and sun are pulling at right angles
to cach other,
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(UR HAWAILAN REEF
RELE COMMNITY
{1 of 4}

I. REEF QOMMUNITY
f.  Beef Comounity

1. Llifw op the hattom

Mony animals and plamts live on the bottom of the ocean. HWo
tall them benthic dwellers., Henéhic or benthogs means bottom,
Somas of these snimals and plants start out as planktom or
drifters, then settle on the bottom to spend the rest of their
Lives. Corals and limu find a place that's right for them and
peTmanent ly attach themselwes to the bottom. OQthear animals
that c¢rawl, creep ot even swim close to the bortom are also
part of the benthic commmity.

What do all theze animals and plants have in cummon? They 1]
noed to be noar the sex {loor to live. These benthic dwellers
could not survive in open water.

Pictures of:
S50A Anemone
*litm
*coral

crahs

COWTY

flying murnard
flounder

Een tocecher
takao

hinalea

sea uTehin
chells

Which of these henthic dwellors spend the rest of their llves
in one spot?* How can you tcll?

2, Swimmers

MNEKTIN are the swimmers of the sca, They are the apimals that
can move through the water on their own power.

There aré many woys nektonic znimals get around in the ocean,

Most [Ish uze their bodies to push water in a side to side
motion, Some fish Iike hinaleas use their pecteral fins to
pult themselves aleng, Fish also use their fins to help them
to tumn, =top, dive or go up towards the surface. A fish can
soar through the water like an airplane soars threopn the air,
A hammerbeazd shark pushes himself through the water io a side
to side motlon of its body Iike other fish but he has a very
special-shapad head that helps him to make turns, dive, and

surfiace,
Ia



Mamnals 1ike whales, porpeises, and people ce an up and down
rotion of their hodies to ge: through the water.

Syuid and octapus use jet proopul=ion to pget from place to
place very fast. [nlike the octupus who spoends most of his
time on the sca floor, the free-swimming squid has a pair of
large fins on cach si1de of its bedy which it wses to tumm,
dive, =nd ewven hover.

3. Deifters

FLAWKTCON, onmilike nektanic and benthic animals, are nok whble to
go whare they want ta against the winds and ocean curreats. A
fow plankton are larpe animals like the Fortugese man-of-war
and jellyfizh that are very weak swimmers whe bawve little ar
no contrel of where they aTe going.

Hewever, most plaokton are too small to he seen without a
microscope.  Some of them spend their shiole 1ife driftring
while others are the young of benthic and aektonic dwellors,
After a while these temporaty plankton will fall into desper
wateT or S5ettle on the ocean flpor to prow up intke forms we
cEh Tecngnize,

The whole Sargasse Sea is zlse planktonic. It is made up of
floating sargassum, which is a type of fleating scawoed that
has tiny pas.Filled balloons. All the apimals that live in
this mass of drifting seaweed are patt of the planktonic
CORMINItY .

d,. Game
Pass put cards with animals and plants and ask siudents teo

group theaselves undet correct area. Time each growp and
post fime scorec.

BENTEIOS
HEA [MCHTX CINWEY
STARFISH LId
FLOIMNDER CORAL
STONFFTSH SEA ANEMONE
EEL STING RAY
FAKO

MEKTON
T SUIn
DOLTHTY BUTTERTLY FUSH
LU MANTA RAY
ULLA AHOLEIOLE
SHARK MANINY
HAMMERHEMT
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PLANKTON
MRTULESE MAN-OT-WAR LARVAL SFA HRCHIN

JELLYFTSH FI&i ERG
SARGASEIM COrERN
LARVAL CRAR LARVAL SEA CICUMBER

E. Hidden Dangers Of The Reef

Let's Iook at some oF the things to be caveful of when ¥ou
explare the veef. What should you do to protect yourself?

1. Take a friend along, just in case.

2. MWhem you are walklng on the reef watch where you are
going. The rocks in thoe water may be cavered with slippery
limu. There may also be deap heles in the resf flac., You'd
he wise to wear shoes (like tonnis shoes) or tabis and long
pants.

5. Stony corals that reefs are made of are sharp. I you do
gttt cut by coral, clean it oot well. See o doctor right away
if the cut dees not heal nicely.

4. When you're walking ar snotkeliamg on the reef, never turn
¥aour back to the ocean, Always keep aAn eye on the wWaves Lo
see Af they are getting bigper. Be sure you're not trapped
cut an i reef by the high tide.

5. 3Jome animals may bitc you to defend themselves. Squids
and octopus have powerful parrot-like beaks that can hore ¥Oou.
Eels have yery sharp teeth and may bite if you scick your hand
or foot in their hole. Learn to pick up crabs and lobsters
COrrectly, not only do they have pinchers but sharp spines on
thelr armer plates. If you Jeave most of these animals alone,
including sharks, thuy will probably leave youu alone.

ti. Jellyfish and PoTtuguese man-of-war have nematpoysths
which are stinging cells on theiT tenetacles. Some cone
shells have darts that are poisoncus to people. 1f you
have to handle them, pick them up only by the hroad, flat
end. The biack long spined wana has prisonous spines that
will go into your skin and hreak off. Do oot handle them
cven with gloves,

P Breakers carry large amounts of water over a coral reof oT
sand bar, The force of these waves ETaAps the warer hetween
the reef ar bar and the heacll, If there is arey break in the
length of the rect, water will £low hack to Lhe veean throush
thisz chaonel. Water coming from both dircctiens inside the
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%hat should the swicmer
do?* Which way should
he swim’©

Lifferent types of coTal
grow at different depths
and umder certeln con-
ditions., What happens
when something upsets
this deolicate balance?

reef creales a curctent poing straight away from the beach.
This is a RIP CURRENT.

Kip currents are strong and should Le aveided. (Learn to
spet rips. They wsmnully held back waves amd are somatimes
discolored by sand or debris picked up off the bottom.) IF
you are ever caught im a Tip currvent, swim parallel to shore.
When you arc out of the rip current, swln towards shore.

C. PResef Builders

nid you know that reefs were bmilt by both animals and plants?
Did wou know that coral az large as you bead takes A0 to 50
years to grow? Did you keow that aroond lawaii, most reef
hutlding cerals are nnt fomd belew 50 w (150 ft) deep?

Carals are skeletons of many tiny animals called polyps.

Coral polyps live together and from the sewWater draw caleium
carbonate, the rock-like naterial that teefs are made of, A
type of seaweel called voralline algae alse draws calcium
carbanate fruo the water and helps tov build reefs hy cementing
together shells, sand apd coral fragments,

In the Upita] States, vnly two stores have the right comdi-
tions for coral reefs. lhey ara Tlorida and Hawail., Reef
huitding cotats need water temperature above 21°C [7O"F} all
yirar around in order to 1iwve.

Besides the right teoperature, stony corals also newed clesn
and consfantly owviop sva water. This current brings in
needed axypen and plankteon for coTal pelyps to eat.  Stony
corals also need sunlight hecause they have algae living
inside their polyps, The polyps and algae help each ather
out to build the veef, For this reason, stony cothRl: wsaally
g not erow below 50 m (150 ££) deep. It is the defferent
types of algae in different Bive corals that gives them color
at night whan the palyps Lloom like flpwers. Their "petals™
are actually tentacles with stinging cells which they use to
goatch the ptankton flozting Dby.

1. Types of reefs and where they are found.

1t
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Reef corals are differont from precious corals which fewelry
Is made of, Stony reef corals form the Teck-1ike reefs.
Precious corals are soft corals o alcyonarians. They are not
able to form the limestone skeletaons Jike stany corals,
Anather difference is that stony corals need the &lgac in
their bodies to live., Because algae need suelight, stopy
coral can only live in depths that sumlight can reach,
Precions corais do pat have flgae in their bodies, so they are
ahle to survive in the dark depths and live in depths anywhere
frum 30 ta 470 m (180 ko 2820 Fr). Etack, pink, and gold
coral are found arpund the ftawaiian Islands, The manufacture
and sale of precious corals las earned oany millicns of
dollars for the coral industry.
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OUK HAWAIIAY REET
THE CHATH OF LIFE
(2 of 4)

Plankton net Constroe-
tion instructions in
teacher's guide sheet.

11, THE CialM OF LIFE

Some apimals in the ocesn eat PLANETOM which are tipy plants
and animals that drift in the sunlit layers of the coean.

The tiny plants are called phytaplank*an and the aninals are
called zooplanktan. A&ll life in the ouean depends on
phytoplankbon e some way. Small animals eat the zooplankton
and bigger animals cat the smaller animals. The relationship
of who eats what 75 celled the FOOIr WEB.

A, WBhat are Plankton?

The word planktan” means "drifter.” Plankton are tioy
plants and enimals that deifr in water. Many of them arc 20
small that you need 2 magnifying glass oT microscope to see
them. Plankton can also be larper animals like jellyfish
and Portuguese mun-of-war thac drift in the currents.

Scipntists divide the tiny plankton dinto two groaps--
ph¥toplankton and zooplankten. Fhytoplankton are plants and
zooplankton are apimals. Phytoplankeon are plants because
they can use sunlight and mineTtals to gruw just like lapd
plants.

Seivorists use & net that has very tiny holes Co catch
plankton,  The net is deagged behind their boat. Yoo can
sake your own Tiet Uusing old papty hose and some =tiff wire.
You will need o microscope or magnifying plass lo see vhat
you've caught,

L. Fhytoplankton
Phytaplankton zre tiny marine plants. Vou know that 1ing
(or seaweed)] are alsp ocean plants but phytoplankton does
not grow attached to the botton like limu.  They spead

their whale life floating near the surtace of thoe ocoan.

land Flants and Marine Plants

- LY

Tve Sunlivht __ Minerals Teoperature
Mzrine producs frop sen modeTate -
Flants CHUygy Water not 1oo wWarm

through nert tuo cald
phota-
synthesis

Land produee from Miodierate -

Flants enLIeY 2011 TOE T840 Wi I
throwgh nor too cold
phinta-

svnthesis
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&, dooplankton

Zooplankton are tiny animals that drift in the ocean curreats
like the phytoplankton. Some zooplaokton float for their
entire lifc in the ocean. These PERMANEST Z0OPLANKTON Jo
not change their body shapes., Other zagplankton 2re calied
TEMPORARY ZQOPLANKTON Because they spend only part of their
lite as plankton. Thase ate the epgs and larvae of many
Kinds of marine animels. As balbies, these animals f£loat
arcund but as they grow ovlder, they change their shape and
become starfish, sea urchins, crabs, fish and many other
animals,

The most shundant kinds of permanent zoaplankton are probably
copepads.  There are over 10,000 specics of copepods in the
wateTs on earth. Can you imagine how many that i=* The
copepods are crustacea and have long antenpae like lobsters.
These antannas are covered with feathery bristles that help
the copeped o £loat in the water., There arc male and

female copepods and they reporduce by sexual mating.

5. My Juniar, how you've grown!

Remember the zeoplankton that spend only part of their tife
drifting? They arte the epgs or larvae of apimals like
starfish, crabs, sea cucunmbers, sea urciiing, and many athers.
See 3f you can match the babies with the adult animals.

B. Fuod Chain and Pyramid

Ever stopped ta think whar the beginning of ull life is in
Lthe ocean? Where dees food come fromf ALY 1ife depends on
some other liviog thing for Leod, he it animal or plant
material. The food source chain in the vcean startz with
phytoplanktan. Phytoplankton are called "pricary producers"
hecause they need only the sunlight and minerals to grow.
Phytoplankton do not eat other living things.

In the ocean, the "chain of life'" is very easy to see. It
bepins with zooplasktun eating phyteplankton; the zooplankton
in turn are eaten by small fish which are caten hy larvger
fish which are eaten by even iatper fish.

dnother way of lovking at the Ychain of 1ife” iz a2z a food
prramid.  §low sngh weight do you suppose yoo would pain if
you 2e 10 kg of food? Mo, ot 10 kg, Lot aboot ) kg.
Marine animals pain weipht in the same way. It takes
10,000 kg of phytoplankten te produce 1,000 ky of zooplank-
ton which will in tumn pvoduce 108 kg of small fish and wo
oo,
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C. Whot are Food Webks?

Fund webs show the relstionship of which aaimals eat which
plants andfor other animals. Flants depeod on sunlipht far
their food. Animals eat plants so the animals depemd om
plants.

In order for you te survive, you must eat enough food and
drink enough liquid. The animals in the ogean are just 1ike
you; they need fuod to live. Supposc you grew yoUT oWn
food, if all of a sudden there was 3 large populatien of
worms in your pacden that ate most of your vegetables, you
would not have encugh food to eat.

Tha zame idea is truv for food webs in the occan. A large
incroase or decrease in the nuiher of an animal or piant can
harm the food web's balance. Changes can cause damage forv
years in the future.

Example of Dalance!

--3en urchins anmd keln
Sea urchins chew aff
kelp holdfasts

Reds of California
coast were holbg
destroyod because
urchins czused the
maturc plants tu
float away and no new
spores were able to
scttle and produce
new plants.  The sea
urchin populatian
increased because the
papulation of sea
atters thas feed on
s urshins wWas
decreasing breause
sgd oftors wWeTe
being hunted for
their fur.
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L. DHagram of a reef food wehe

This is an crample of a recf food web. Notice haw the
aoimals and plants Telate to each other. What da you thisk
would happen to the reef if a sewage outfall was ¢l aced
mearby? Sewzge is a NUFRIENT or fertilizer. Extra nutrients
in the occan means an incrTesse in the amount ofF plants or
phytoplankton. How would the extTa nutrieats change the
reefs?  What happens whon Tain washez loose dirvt from homes
being built mear the shoreline? How does this affect the
food web?

2. lNow are food webs affected by their
surropndings?

Feople often cause problems in food webs by throwing them
dqut of batance, This is known as "STRESS." Your activities
on lang and in the sea affect the delicate helance of fopd
wehs,

Suppose people around the world canght a 1ot of fish of one
kind. The species would become satinct because too many

of them have heen killed. This is happening today with
vertain species of whates. To prutect them from being
tatddly wiped out, am internaticnal agresment prohibits the
killing of these whales. What would happen it the whales
hecame extinct? How wewld this affect the population and
balange of some af the things whales feed upon?

QL1 spills, yun-off of mud and dusping of wastes into the
OCedn cap harm the animals of a living reef. ™M1 goats
feathers on birds zo they can't £Iy. Mud From land settles
aver the algae and coral and kills them. Sewage wastes can
cavse an overproduction of 1ife which alse upsets the
balance aof food wehs,

You can help to keep food webs in balance. Think carefully
before you do things that can harm the apimals that live in
the occan.
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OUR HAWAL1AN REEF
ADAUTAT O
(5 of 4]

Sand dellars and =2eq
urchins have a radula
which are tecth that
warg discovered hy
Aristotle in the dth
Century B.C. He des-
cTibed them as logking
like & horn lantemn
with the panes of hom
left out so the radula
have been called
"Aristotle's lantern”
ever ainco theh,

I[1I. ADAFTATEON

A11 of the aninals who live in ar near the Hawailan reefs
have developed in svme way to fit inte this complex commin-
ity. On the reef gach has found a place and a way to
survive. Some animals use speed to pet away from predators
while others campuflapge themselves. Coats of amor and
special stimging cells protect those that can not gol awdy.
Some animals have also devaloped special telationships with
uthers. One memher of the reef community, the shatk, has
been singled put to show how it has adapted in ferm and habit
to the epvirooment. The shatk is one of the hest adapted
members wuf the reef community.

A, Methads of Fooding

Apimals i the senp are BROBIVORES or plant-eaters,
CARNIVORES, or meat caters, or UMMEVORES, plant and meat-
carers., Each species has developed specialized metheds of
obtaining food.

Sea urchins ool sand dollars have RADOLA, a circle-shaped
mouth with five teeth that cnaobles them to pnaw on seaweed
and other small Aanimals.

Some fish are carniverous. They have sharp, painted teeth
that catch arnd holdl their food hefore they swallow rt. The
fizh dop't use their teeth to chew their food; they swallow
theiT foad whole or cut it ioto bite-size chumks. Fish
have UHARY¥CEAL TEETH or teeth that are far down in their
throats so the Fish can chew asd still pass a current of
wateT aver thelir gills.

Some tish like owehe and whale wharks are plankten feedevs.
They have GELL RAKERS that are simple or branched tooth-like
projoctions arranged in rows like a comh that catch the
plankton., The spacing and strTucture determine the general
size and type of plankton that the fish eat.

¥hales are divided inte two general catepories: toothed
whalecs like the sperm whale and balgen whales like the
huophack or great blue whale. Inustead of teeth baleen
whales have hristles witl which they stTRin out tiny krill
from the water. The haieen whale takes in large amouwnts of
water ioto its mouth apd forces the water out through the
bristles with its tongue. The small oTganizms cawght in the
bristles urc swept into the throat with its tongue.

Some animals like the sea anemong, PorTruguese man-of-war,
and jellyfish use  STINGING CELLE to stun thelr prey.  hhen
the prey are stummed, the predators can casily eat it.



More ways sharks have
Adapted:;

A

Sharks have not
developed an air
bladder like bonpy
fish. Far this
Feazon they must
keop moving to keep
From sinking to the
battom,

Sharks have short
bot very efficient
intestines with a
spiral strycture
inside,

The main difference
hetween sharks and
bony fish like the
ulua is thar sharks
do not have bany
sheleton. They use
the water to support
them,

Jaws open very wide
and mz muscles
tighten it moves
the teeth outward
S0 They are able to
Bt 4 good grip,
The jaws af a shark
dTE 50 stromg that
an eipht- foos shayk
€4n eXecrt & pras-
Fure ol I menvic
tons: per square
inch whea it clamps
dawT,

oot VLS LLER the starfish, squid, and octopus wse theirx
MARMS"' and SUCTTON CUPS toe snare theit food or Pry open -
shedls.  Starfish can Pull apart oyster shells rp car the
animel? insige,

E. Shayksy

Uf all the anirals in tiw povan, 1t 1s the shavk that hgs
the perfect fomm far living in the water. Sharhs are so

nearly the same form as eheir Prehistoric angestor,
Careharcdon megalodon. Because shatks do not have any bores,
the only remzins are fossil teetd, Imagine how hip the

- Magaiodim must hava bean) Lock at the siza of its toorh
conpared with a tooth aof the Broat white shatk.

1. Pelagic vr gceanic species of sharks have streamlined,
TORPEDC-SHAPED BODILS that allow them ta iwim great
distances. Some bottom-dwelling sharks hgvo adapted an
are flat-bellied.

2. Like other surface fizsh, most sharks are CULNTER- SHADED,
whiclh means they are dark colored on tap and light
uwndetneath, Sharks that live on the sea floor, Like the
Australian wobbegong or carpet shark, Orectolobus
barkatus, blend iq Wwith the sea flooT and are
CAMOUFRLAGEL.

3. Sharks du not have scales. They have tough skin called
SUAGREEN which is cavered with denticles, DENTICLES
aTe primitive plucoid scales that are abaut the size of
@ grain of sand. That is why shark skin feels like
Sandpaper. Alsa, see pumher 1.

4. The pectoral or side and dorsal or ton fips act like
STAUILIZERS of an aitplane.  These fins help the shark
ta dive, turm or go Up €6 the surface. However, thesa
fins can't help the shack to brake'" sa it uses these
[ins to veer off iustead. The diagram shows how the
Cross-section of a chark's Fin Tonks Just like an aip-
plane wing.

The hammerhead shark has a tpeclally shaped head that is
an exira maneuvering "wing" or fin.

Sharks have GILL SLITS ip the skin and nor g bony platu
like pthar Fish,

LA

6. Shatks iaws arc full of many Tows ol teeth. Thase teeth
4r& the same as the denticles found an the sherk's skin.
The denticles iy the mouth Serve as tectll,  Those
Yteeth' are not attached te the jawborne like bony fish,
but prow in irs skip, The teeth move gutward snd jret
bigrer until their roats enmerge from the skin,  Worn
Tecth fall out. Some sharks File $hellfish, have molarp-
Vike teeth instead of sharp wedge-shapad teeth.
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7. [(me of the best sense devices the shatk bas 1s fhe
SENSORIAL CANALS which are localed along the LATERAL
LIXE ol the shavk. Like radar, the canals caon pick up
vibrations snd pressure waves, cspecially those of a
wounded 17ish.

%, The nastrils of a shark are covered hy SCHNETDRRIAN FOLDS
which ercace a eanzl throuph which water flaws. The
no=irils are placed fav apart to 10UdTe DTRY UL
accurately.

Lharks also have LOBENZTNT FLASYKS to belp them sonse
differonces in prassure.

The shatk's skin has SENSORIAL CRYPTS which It uses ta
Ntaste™ the water for whar is around.

€. Symbiosis

Gash, that leoks like a herd word! What does it gean? It
means, very simply, to Live, logether. Flants nay Bive with
plants; animals may live with other apimals; or plants and
animals may live togcther. Symbiosis vswally InvolWes UW0
organisms, be they plants o7 animals.

Thete are ithree kinds of symhiosis:

1] Foth organizms help each other out. They give
things to each other and don't harm each otheT.

2} Ome of the animals will help the other but the
ane that is helped duves not help its helper.

%) Une arpanizm harms the aother it lives with.

1. What ate some cxamples of symbiosis?

1. GALL CHAE [iupaicesrednus morsupiaiis] in CORAL
[Factllopopa domisorwmia).  The female gall crab lives
io a pocket in the coral. She somehow shapes the cpral
prowth sroutd her and cannot leave once the coral
surroumds het.  She is protected from her epemies hy
being serTocunded by the coral.

2. TRED HERMIT CRAR [(Dordoius gemvoaiis] aml SFEA AKEMOSES
{Caillvoeris armiflafas) . This particular hoemit crab
can actually TouwoVe a seR ANEmane from the rocks acd
put the anecone on 1ts shell.  The ancthune’s sringing
cells protect the crab from its enemies like the ocfopus.
The anciwne canest meve hy itsell; by riding oh the
crah’s shell it cen pow move frop plage to place.

3. CLUAMLE WRASSE (Lebroides phihirophogus). This fish is
found powhere in the workd but in Hawaii. It helps ether
fish by cleaning off their parasites {tiny germs]. the
rish ate healthy ad the wrasse gets food by cating the
paTasites,

- 27



T 2EL PALRRLUME LDunus aroweadarts ] and CLOWN FISH
(Armhiprion Eieinetuz)],  The clown Fish hides in the sea
anegmone in time of danger. The Lish wsually live in
pAirs with the anemone.  This particular uncmone is not
found in Hawall; it was brought to the Waikiki Aquarium
from Caunton Tsland,

D, Shaped for Living in kater!

Next time you'te at the beach, wade up to vour waist and tTy
Tunning threuph the water. LF you've dune this belfore, van
know how hard it is to move forward., The antmals in the sca
must adapt to moving About in wateT.

Fish have different shupes to help them live in the water.
Swine, like tunas, are shaped Jike TORPLDOS and this allows
theo te move gquickly through the water,  Another is the
elongated shape which makes the fish, like barracudss ar
opely, dook like a CIGAR.  This shape also helps in quick
movement because the body is stresmlined.

Fish like the flounder live on the hottom and arc FLAT.

Othor flat animals are skates acd tayvs which also live or the
sed floor. Some Fish, 1ike butterfly fizh, are wvery THIN and
when you Iook at them from the Front thera's hardly anything
there. This helps to protect the fish and helps it move
through the water with less frictivm.

There are fish 1tke the puffers and stonefish which ate mat
sleek or stresmlinaod. They are NEARLY ROUWT, These fishes
do a0t have to Lu speedy or travel far to exist,

Mew let's think about the animeals that hide in hales, Eels
are FLEXIBLE and lonp and skincy. Thev con casily £it into
the crevices in the Tacks., Lrittle stars are also quite
flexible and can crawl into very nerzow cracks, Octopus
have soft bodies and cun slip inte tiny holes.

L. Mpvement in Water

How does a fish move? It maves By PUSIING WATER TO THE RIGHT
AND THEN TO THE LEFT WITH ITS BODY TW A SILE 10 SIDE MOTION,

Parpeises use the some motion but thelrs is up and dowas.

same £ish arc so streamlined that they have sreoves on theiz

hadies into which their fins fit.

Praple thought, fut a lonp tioe, that the teil Fin was the
oSt important ons for swimming.  Tnoan eaperiment, two
identicel fish were put in a tank and the tail fin cut aff
From one of the fish, Both fish could swil al the same speesd
when frightened.  1t's the muscular aotion of Lhe body that
makus the fish move forward., The other uses of fins are, to
help & fish kesp wpright, to turn, or tu stop.  Some gXCop-
tions o using *he ruscular action af the uody in sWwimming
are the binales or wrasse aod the seshoTse.  The hinolea uwses
1ts pectural [side) fins to pull its hady through the woler
and seahorses wse the dorsol Ein un theiv backs 1o move aboot.

28



Manta Tays have developed lavge pectoral fins., These are
the Fins that look Llike wings which the manta flaps to soar
thyougtt the water.

Some Animals meve Ly JET PROPLULSION.  For example the octopus
usualtly crawls along on its suctioned arms boe Lf it's
frightened it can eject water [rom its mantle cavity through
a ziphon. As the water spurts forward, the animal moves
backwards. 5Squids usc jet propulsion too, but they have fins
“on the sides of their lody which help tu coatrol theit move-
Reat.  Qetopus just mave in one direction bui squids, which
spend mest of their time swimming about, po forward and
backward end turn with the aid of their fins.
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OUH HAWALEAN RELE
PROTECT 10N
(4 of 43

In the contcxt of the
sentenca, what do you
think "predatcrs"
megns?

Iv. FMROTECTIODN

in the reef world, the "fastest jaw in the West™ is the
survivor. Those who zre small or otlherwize defemselpss have
found ways of protecting themselves From PEEIATORS who ate
looking for food and peaple whe may aiso be lacking far a
meal.

A. Camouflage

Camouflage iz a widely used protection device, The animals
try to hide themielves in their surtoundings or they tTy to
confuse thelir gnemies. Camouflape comes in rany IoIms- -
color, chape, and masking. The casiest way to wnderstand
this form of protection is ta look at some exdnplos.

1. Fratective colouratian

How da the marine animals get their colors? Thev have

special cells in their skin called CHRUMATOPICHES that

coniatn the ¢olor pigments. The anlwal controls the size of
the ccll openings to produce Aifferent shades of color.

Thzee kinds of pigrent found frequently in fish zre:

(1] wrange, yellaw or red; (2] blagk, and (33 pranin which
produces white, silver or irridescent hues, & cembhination

of guanin ard Black produces the metallic bloe and green
coloers.  Fish, shrimm, socid, and ockopus bave chromatophores.
These are cells on the bedy that can change the =znimals’ color
ta miteh their surroundings.

Loumtershading is a speinl type of coloration., Fish gre dark-
caloTed on their backs and light an their belliss. When you
look at the fish through the surface of the water, thoey bland
in with the deop bloe ocean water: when looking at the Ffiszh
from below they blend in with the light.

z. Suape

The shape of same animals helps them to look fust like theirt
surroimdings and makes it hard to tell if thoy are there.
fige 1f you can find the snimals in this diagram.

31



3. Masking

Some crabs feal very uncomfortable withoeut alpae, sponges or
anemones on their backs. Scientists have done experiments
whore they have removed spanges from the crab. Theo crab
tmmediately looks for more sponges to gover ilself with.
when the masked crab stops moving, it just disappears into
ite surroundings.

4. Mirmicry

Other methods of protectipn, Marine animals have ways of
protecting themselves that are not s obvious.

BE. &chooling

Certain fish SCHOOL or swim topgether in larpe groups 85 &
means of protection. 5chools ara made up of the same type
af fish that are all about the sawe s3ize. When there arte
wany fish together amd none of the fish stand out as being
extra big or littla, the predator is confused as to which
one ta attack. There is safety in nutbers, Also, a tiphtly
packed scheol of fish lopks like a single large, dark

eoving taxs and this may frighten off predators.

C. Ink Cloud

Squid, "ikz,'" or octopus, "take," are able to shoot a dark
ink cloud that hidss their escape. It is not till this
cloud clgars that the predator can =tart looking for its
victim. After the octopus, which usually cTawls about the
sea flopT, ejects its imk and uses jet propulsion like the
sguid to make a fast getaway.

Thu deep water relatives of the squid and octopus that live
in total darkness do just the opposite. Instead of a dark
+lowd which would not show in the Jarkness, they eject a
bright plowing clowd which works in the same way-

. Teeth and Jaws

Sharks and barrooundas are famous for their sharp teeth.
Shark amd barracuda teeth are very different. Sharks feed
un large prey. They have teetm that can clamp down on and
with o side to side morion of thetr heads "saw™ off chonks
puet of their prey. Their rager-like trianpular teeth laove
ragped-pdped wounds.
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Can you pane one animal
ofl land that Ccan graw
back = part of itself?

Rarracudas eat smaller £ish.  They have aeedle-sharp teath
which they use To grasp and hold swall fish hefore cuttibng
1t into hite-size chunks.

E. f{awves g1 llales

Most of the anirsls that live in caves am! holes gome out to
feed at night when they can't be secn hy thelr ATIEMLCS .
Lohsters and morays have a neat relaticenship., A lobster wikl
share & cave with a moray ecl who willt protect it from
sctopus fand an occasional diveT).

The Alpheus shricp lives in a hele in the sapd. It will
cetTest inta the hole when danger threatens.

TriggerEish and file fiszh have a double dursal spine, one of
which i+ used ta wedpe [tself sightly in cracxs in the Teet.
The secand dorzal syine act: as a locking TTigper.

F. Hepgeneratian

Some animals in the crear are ahle to prow new naris to
replace old ones that they've fost, A starfish can prow
hack an arm it 1lost in a struggle. Lf that lost arm has
part of the body disk attached a new starfish will grow from
that part. The starfish, Linckia, can graw i whole starfish
from even very small pivcos.

Sea coclubers will eject parts of their intestinos when they
are threatened. This distracts the predatar cocugh fur them
to make u petaway. Thay can grow back any part they nood,

& "take" can grow hack an atm that Is lest when trying to
cscape from a moray eel.

Crobs ard lobsters are able to drop their claws and antenna
to escape from "takos" and other predaters. These aro
replaced when they MOLT, Molting is the process crustioedns
1ike crals and kobsters po through when they grow tod BIE
far the crust they are wearing and shed it for a new and
larger one growing underneath.

{i. Reproduction

Eeproduction is a method of protection because it is & way
to sake sure that the species of anamal wili b herte in the
Future.

Some Fish lay muny, many epps to pake sure that a fow will
survive Eo become tdults and Lreed. A 22.9-cm (Y ioch)
opalu, Decapterws pirmelatus, has ao average of 2,000 cgos
in its evary. These eggs are not Jooked after hy the
adults, but drift as plaznkton, Many are eaten o lie, hut
a few will suTvrive.
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Seahorses also have many eggs but the male seahorse will
carry the babies in a pouch until they are ready to be on
their own.

H. Hard Outer Coverings

Some animals have hard outer coverings to protect themselves.
The coverings can be shells, rough skins, scales, or even
protective plates. These coverings are just like a suit of
armor.

Oysters and clams have hard shells. They can close their two
shells together so their enemies have a hard time eating
them. Opihi only have one shell but they have & strong
muscle that helps them cling to rocks with the shell to
protect them. Cowries can hide in their shells.

Fish scales help protect them from rocks and coral. . If you
were wearing long pants and a long sleeve shirt when you

fell on some rocks, you probably wouldn't get cut as much as
if you were wearing shorts. Fish scales help the fish in the
same way. .

A really neat outer covering is found on chitons. Chitons
have soft bodies and on the outside they have eight over-
lapping plates to protect themselves. ’

Crown of thorns starfish and other starfish have tough skinms.
So do sharks! Shark skin has little "teeth-like" scales,
each about the size of a grain of sand. Shark skin was

once used as sandpaper, SO you can imagine how it feels!

Crabs and lobsters have their "bones' on the outside. These
"hones" cover their soft bodies and protect them from harm.
When you see one along the reef, try toughing its shell,.
You'll see that it is pretty hard.

Spines are those sharp, pokie things on fish and sea urchins.
Because they poke, they serve as a protective device. Some
fish and sea urchins have poisonous spines that can make you
very sick.

Let's look at some examples of protective coverings.

I. Stinging Mechanisms

Animals of the phyllus Cnidaria (or Coelenterata) have
stinging cells which they can use to protect themselves.
These animals include sea anemones, fire corals, jellyfish,
and the Portuguese man-of-war. Lionfish (Pterois sphex)
have long spines that can inject a poison. Cone shells have
a dart-like mechanism that can sting you if you pick them
up by the narrow end. -
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DELR BLUE WATERS
THE GCEAXS
(1 of 2)

I, THLE DCLANS

The occan floor, & short distanes from shore, off any
Hawarian island, may plunge down to Jdepths af more than 130 m
{about B00 ft) imto what can be called '"deep blue waters. '
Iight dogs not reach down such below 1E5 m.  Great submarineg
river sysctems circle the world and the movement of the wateT
circulates food to the ocoan's plants and animals.

The ocean flacr, hidden under the deep hlue waters, has
deeper canyons and higher mountains than any found oo land.

A, HWhat Makes Water Mowve?

When you go tue the beach, you Bust have noticed that the
water oover stops moving., Have you wondered what pakes the
wateT move?

Winds, tides, temperatuvre changes, and the rotation of the
garth heolp move the cecans. Tf the water stopped soving,
animtls apd plants would die. The moving water carrics food
and oxygen to mArinS OCgEanisms.

B. Ocean CurTents

Ap orcean current iz water that eoves in a certapin directroon
like a river. @Queanographers have Ffpund that there are
SUHEACE CURRENTS (those on top af the water] and DEEP
CURRENTS thot Elow underneath the surface. You may think
that the waters would get mixed up bur ther don't., Differ-
ent water tempervatures and different degrees ofF saltiness
kcep them scparare,  Oceasn currents flow ahout as fase as
you can walk.

Some currents last oply a little while and cever ohly a small
ared. These cutTents may he causecd by Lides jnd stoTms.

1. How do ocean currents aftect youf

Currents that surroeund Hawaii brinp warm waters 1o the
islands. Scientists have found that the temperatoTe of the
watey affects CLIMATE. When wati wind blows aoyoass the
orean, the water ahsorbs the warmth from the ait which can
help to kKeep you watm.

Another way curreats afFect you, is hy caosing UPWELLING:.
Upwel 1ings occar when the cold botfom water rises to the
surface near land masses, Alang the western coasts of the
contineats, the surface water ooves away from the shore
because of the wind agtian. Sipee the surface water is
pushed sway, Jeeper water comes up to roplace in.  [Diagram)
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This decp water contains n large supply of MITREENTS.
Mutrivnts are mioerals thar phyroplonkton need to prow.  This
creates greal fields of phytoploankton and results in large
nunbers ot fish in thess waters. Upwelling is good far
fishing but not fur swircming sincc the deep water s

cotder than the surface water. Upweilings may bTing water
from 200 to 304 m deep to the surface and upwelled watler

may extend to G0 km off shore.

C. Minerals in the Ocean

MIMERALS 1n the oveean are found on beaches, in seawater, and
en the sea floor. Especially ioportant to Hawall, arc
manganese Nodwulss fovnd in the waters surreundipe the Islands.

Gold, diamonds, platinum, silica and magnetite are some
important midcesls nined fram heaches. UFf the caast of
Africa, tons of diamonds are mined,

Seawater has almost all the known ELEMENTS dissolved in it.
Coly four elements are commercially extracted--spdiam and
chlorine which make up salt, mapnesium plos same of its
compuunds and bromine, Salt is part of your disz; bromine
is wsed o lot in photopraphy. Obtaining freshwater from
salt water called DESALIMATION is mainly done hy an ewvaporia-
tien process. Im some areas, desalination provides a mach
needed santee of freshwater.

Companies now drill the sca fleor for oil wsing offshore,
large derricks. Coal and iren ore are mined 1n areas
vifshore of England, Japan, Newfoundlond and Finland.
Exploration of the deep sea fleor for mining has just hepun.
It 15 estimated that about 140 billion metric tons

[I.5 trillion tons) of manganese nodules arc on the fluor of
the Pacific Qcean. Some scicntists think manganesce nodoles
are accumylating at the rate of 9.1 million metric tons

(10 mtllion tons) per year.

1. bhar are ranganese nodules?

MANGANESE NODULLES or FERROMANGANESE NOMJLES are small Toundad
lumps of minerals found on the bottos of the occan.  Impor-
tant elements lound in the nodules are mangacese, cobalt,
copper, and nickel., Ferromangopese opodeles are found around
the world. The largest conventrations are found in the north
Pacific., Not all af the nodoles cantain waluahle metals.
hidespread and rich dzpesits of ferromanganese nodules are
found ahout 20,6 bkm (500 miles) south of Hawali.

Brght within the Hawaiian Archipelapge deposits pre Tound

muinly on three terrage levels aroumd the islamds--4400 to
8O0 m, L,200 Lo L,60Mf m, and 2,400 m.
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Hlawaii b5 surronnded
by the larpest aml
deepost poean, the
Paciflc Ocean.

Mepal lan nalned oulr
peean "Pacitic’ after
the Latin waord

oot flows. "Pacifious
means peareful or calm,

. What is Happening to the Sea Flooz?

Although you capnot see it, the OUEAN FLOOH i1s actually
moving. Ofeancgraphers have found that the ocean flacrs arp
SPREADING apart at the mderwater ridges or oountain ranges.
The spreading rote is between 1 and 5 om per year. 1[F only
spreading oceurred, the earvth will get bipger cach yeart.
However, you need not worry zbout the earth bBlewing up
breause theTe are aTeas where the vccan floor [alds back
into the center of the earth. This occurs in the ococat at
the trenches. O{m land, sinking ¢an occur aleng mountain
tanges like the llimaiayas.

{re scientist has propased that the earth iz made up of six
majar blocks of land., These blocks of tand move beciuse of
the spreading of the sea [loor where the Tidges and trenches
arc found.

FE. Facts and Figuras Aboot the {cesns
{Lisplay to be cutaway of Pacific Basin topagTaphy]

[f you were to imagioe the carth divided oo ten parts,
seven of those ports would De covered hy water. The Ala
Maana Buildiwmp, io lon2lulw, is about 107 @ tall. The deep-
st depth, recorded sa far to the ocean, is over 11,572.8 m
tn the Maviapa Trench near the Philippioe Islamds. This
means that over 100 Ala Moana buildings can be stacked up
one on tap of the other in the despest part of the troench,

What de you think Lhe ocesn bottom loaks 1ike? Does it look
like land with mcuntains, plains, and rivers? If you said
it looks like land, you'ra rightl

The acgan can be reuphly divided into two areas called the
CONTINENTAL MARGIM and the OCEAN BARIN. The contincatal
marygin is ihe shallow wunderwater atea next to the cottinents.
Hawaii duvesa't have o contimental margin.  Many of the
pcean’s plants and animals live in the continental margio
arca., Most af the ocean basin ix u plain with mpuntain
rildges aand deep, deep treeaches,  Hawaii is a chain of
valeanic owuntalns that peach up From the hottom of the
Facific.
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The Facific Ocean 1s
cver twao Times larger
than any ather ocean.

F. How did the OJceans Begin? What are taey Like?

Serentists do not know the cxact way the eseans bepan, but
they have sevaral! THEORIES or ideas. Ume theary is that
earth was formed fram a cloud of cosmic dust and gas, This
claud was hot and as it pooled the Just and pas fermed into
B big ball, Clouds of steam formed arcownd the carch.  Many
ceénturies passed before the clouds of steam cooled and rain
fell. As more centuries passed, the hasins hegan ta be
filled with water,

Today, much of the 1ife in the sea is ceacentrated in the
wateTs above the cantinental shelves. Because tlhe water 1y
shallaw, sunlight ponotrates te most of the shelf area.
Actually, the continental shelves make up oaly zbour eight
pereont af the acean's bottom, bub oceanuprapheTts know a
eredat deal about life found in this area becsuse it iz

eisy to gut to. Over 475 of the ocean is more than 3,050 n
Cip, 009 ft] deep. The averape depth of the ocean, including
the continental shelf, is 3,B23.6 m (12,566 {t], Althowsh
it 1% koown that quite o variety of 1ife 1s found in the
deep waters beyond the continental shelves, not Loo nuch is
yet known about the animals and the desp water environmsnt.
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NEEP BLUE WATERS
WORLD FISHERTES
(2 of 2)

IT. WORLIH FTSHERIES

Jun=t think of the many products karvestod from the ocsan--
fishes, scaweeds, aysters, whales, sponges, shrimps, pearls,
corals, seals, crabs--the list 1s longer than this! The ooean
alsp prowvides salt and other minerals useful te you. And
think about all the fun you have at the beach! You con go
fishing, swimming, diving ot spearipg. In YHawalil, over
100,000 people enjoy recreational fishing yearly. 1In 1975,
Hawaii's comnercial fishermen caught owver $a,000,000 worth of
fizh.

A, Fisberies Cateh Arowred Ehe World
fLatest figures available~-1974)
{Display to be & bat graph)

—_— ——

Fisheries Catch

Selected Countries (in metric tons]

Casyada 1,027,254
Janan 10,773,355
Xorway 2,644, 935
Pery 4,74%, 4AT
ArpuRTis of Korcoo 2,001, 4B
South Africa 1,747 HEE
Spain 1,800 742
5a 2,743,873
S5R 4,255,609
Totaul of world 69, 344, 600

—— -

Fisheries catch incledes tons caupht of saltwater fizh,
freshwater fish, crustaceans, mollusks, seaweeds and other
maring products. The figures are from the Fopd and Agricul-
turn]l Organization as published in their Statistzeal Yeorbook
1875

L. HWntld Brsources
1. Whalioy fishery

wWhales belony to the otder Cetaces and they have throo suh-
priders:  Archaeocetic which are cxclusively fossil, Mystiveti
which zre the bateen or filter fecding whales and Odenrtocebl
or toothed whaies which includes dolphins and porpolses.  The
impartant commercisl species aee the biue, fin, sel, Brydes,
bhumpbacx, and sperm whales. Oody the sperm whale balongs

to the suborder Cdonceccti; Lhe rese are baleen whalos,
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Raleen whales feed on krill and other plankeonic crustacen, .
Sperm whales eat squid and, sometimes, fish,

Modern whaling Began in 1864, when Svend Fovn invented 2 now
tochnigue of using harpoon gans and steam catcher hoats to
catch whales, With the deveclopment of efficicnt factory ships
equipped with slipaways thar allowed the whole whale to be
taken out af the water, the number of whales hegan to decrease.
Same whales are close to extinetion. A greaty among certain
colmtries was estabhlished to limit the number of whales being
caught. These countries agreed to limit catech size, animal
sige, months when the whales could be capght and other items
to help the whale populations recover. Although not all the
countrics that hunt whales have signed the treaty, they still
Iimit their catch.

72, Tupa fisherv

Japan catghes ahout 273 of the woTld's tuna, Some of the
kinds of tuna caught are skipjack, bluefin, ycllawfin, bigeve
and albacore. France and Spain fish for yollowfin, pigeve and
albacore in the Mediterranean. The fishery uses the LONGLINE
technique where lines ave set out with buized hooks alang the
linc every 50 mMAany meters.

3. Menhaden fizhery

Thiz fishery is the largest cowmearcial fishery in North
dmerica. 1t is fornd aleng the Atiantic and Gulf of Mexico
coists of the U.5, Mephaden feed in the Ttich gnastal
upwelling on plankton. They are caught by PURSL SEINING
becianse nearly unifoTm-size fish move inm dense schools.  The
purse seine wsced is 2 pet about 366 m (1,200 Feet} long and
15.3 to 2V.4 w {60 to 90 feet] deep. Important snecies of
menfaden are ATLANTEC MENHAREN, Arrioorsic tyrapus, which are
tound off Hova Scatia to Narthern Florida and GULE MENMHADEN,
Braooertic potronus, which ranges from the west coast of
Florida to Mexico.

4. Ctab fiszhery

In the Pacific area, there are two species of cral of major
iportance. They are the KING {(Faralithodsa comisehatioz) and
the DUNGENESS (fanser magiséer) crahs. FKipg crab is harvestoed
chtively in Alaska. Tnamgeness cvabs are found along the
sg¢uthern Califoreia to Alaska coasts and in the Aloutiuns.
These crabs are caught using POTS and OTTER TRAWLS,

Thers i3 a small RONA CRAB (Rokine raeing) fishery in Mawndii,

Kona crub is harvested using baited LTIFT METS which ave set
90 1o 320 feet deep,
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. Lobster fishery

Threo specics of tiue bobsters are the AMERICAY, fotiaees
amerioaws, FURGPDAN, ffowicornd gompdoraes | and XORWEGLAN, Mepheops
moregiowd,  These lobsters support the comerclal lahser
fishery. The Americen lobster ranpes from Lobrador to Sorth
Carolina ateng the Atlantic coasi, Maine is the awst inpertant
state 1m terms of Ameriganr lobsier produwction,  The Curopean
and Norweglan lobsters are fished From Warwiy to northern
Africa and in parts of the Mediterranean. Abpnt tem times
more American lobsters are landed every vear than the two
European species.

A wooden trap % the primcipal methed of catching the American
and Cowraopean lobsters. Balt is dead fiszh. These labsters aTe
matketed live. Morwepian lobsters are tuken in depths of over
182.9 o {600 feet) with OTTER TRAMWLS,

6. Shrimp and prawn fisheries

Mere nations catch SHELMP, than any other marine product. o
at least 20 countries, shrimp fishing is a sphstanttal indus-
try. because they have increased their catches during the
last 1@ years, India and Pakistan ate nowWw supplying a large
amount of shiimp to the rest of thoe waorld., In the United
States, the shrimp fishery f1rom Morth Carslina to Texas
rroduces the major portion ol our shrimp. Shrimp ate caught
using OTTER TRAWLE, Two pets 45 fect cach acrass the month
are pulled hehind the ship. The fisheomen wse a miniaturo
trawl about 10 leet across to check Lo sec how many shriop
arg together before they drop the large wets. Qo deck the
shrimp are serted from the pther animal=s, TFreeczing is a
widcly uzed method to prepare shrimp for matketing.

C. SpoTt Fishing

There are accounts ol SMMIRT FT3HTRG from Eowvpt that Jate from
2000 B.C. Angling with a hook and 1line are rteferred to in the
Bible and in Latin works of iiteratore. & Chipese painting in
Fokyo, Japan shows o reel-equipped hand-hetd rod.  The paint
ing dates from t19M-1231 A L. Sport £fishing is an ancient
spott. 1t is the arr of gatching Fish for fun., Fisheroen
usually use a linoc with a baited hoak or lure. Some use a rod
or pole, others do not. Thero are two Broad cateyories of
angling or catching Fish: freshwater and saltwater.

Ten ycars agn thore were abouwt 7,000,000 people in the [ISSR
nvolved im spor: fishing. Great Beitain had 2,200, GOw
anglers in 1964, The US bad 55,00, L00 freshwoter and sale-
water Fishermen in 19635,

A stady dune in the eartly 1B370's estimated that Elawaij

had 122,400 fishermen, 12 years old and shove. The fistri-
butiun of number af fishermen bhetween the variows counties
15 as follows: City and County of Honoluiw, 92, 500; County
of Hawaii, 12,3H0; County of Muui, 16,600; County of

Kruai, 7,000. Saltwater Fishing was merc popualar than
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trpshwarer fishing, The largest oumber of pevspess fished froan
the shoreling fakout 70%]; other fishetman wiel hants or went
diving.

[Display: data on siges of fish caught or chart of freshwater
Fizhing methods}

1. Hawaiian Internaticonal Billfish Tournamen:

The first Hawaiian Tnterpmational Billfish Tourmament was held
in 1959 with 24 teams competing. It started with an idea of
Feter Fithtan; with the help of friends, businessmen, doctors,
and the Mawail Visiters Bureau and other persons, the toomma-
ments were established, The participants catch Pacific blue
marlin, tuna, striped marlin and other large game f£ish. It s
noW an internationally known event, held every sumweT im Eone.

—

Records:

BTEN
Largest Pacific blue marlin: 916 pounds caught in 1873 hy
Eric Tixier

Largust ahi: 261 pounds caonght in 1975 by
Foger Andersohn

-

————

KOMEN
Largest Pacific Blue marlin: 721.5 pounds caught in 19627 by
Fat Peacack

Larpast ahis 250.5 pounds caught in 1976 by
Judith Nakamara
1 =] == Pl =
19%6 Cateh
Fish srumhet Fercent
1e LRI of Total
Facific bhlue marlin 47 Lx.d
Mpeuima wigrisgns
Shorthill spearfish 5 E.7
T braptiaus Jrges tLras s
Striped marlin 1 3.4
Tobbrapiaue Tuder
Black marlin 1 1.1
Maloira fadioa
Tuna (all types over 100 pounds) 32 35,4
Totral 23 1an.o

D. Hawaii's Catch Sratisties - -197%

There zre about ten to fifteen commercial Tishes that mako up
gbout 1% of Hawaii's commercinl fish catvh.  Fstimases from
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the Fish and {ame Division, Uepartment orf Land and Natwral
Resources on percentages for 1975 ave as follaws:

Skipjack tuna 52.0%
A4hi 20.0%
Akule 5.0%
Matlin [swordfish} 4.0%
Cpeln 3.0%
COpakapaka 1.5%
Mahimahi 1.2%
Cmo 1.2%
Uir 1.0%
Others 11.0%

Since records have been kept {7om 1948, [U475 has the lowest
recorded patch in terms of pumber of poinds of skipjack tuna
canpht. In 1973 4,414,825 & kilograms (9,745,759 pounds) of
commercial fish were caught with an cx-vesss=]l wvolue of
$6,308,192, EBx-vessel wvalue means che ampunt that the fisher-
ten arve paid for the fishes they catch. These statistics are
taoken from monthly reports turned in by the commetrcial fisher-
mEh.

The statistics show that aku is the most important commercail
fish in Hawaii. 1In 1965 there wore 16 fulltime and 2 parttime
aky boats; about 9 persons pgo eut on cach ship per fishing
tTip.

Fi=h Founds Canght Founds 5old Fx-vessel Valuoe
Ak o052, 178 h,054, 178 87,282,200
ahi 2. 161,000 2,126,000
Akule 211,432 442,623 07,318
MaTlin 357,363
opelu 327,459 310, 731 296,464
Cma 116,635 00, 303 G7,091
Dpakapaka 161,314 136,462 174,347
Ulug 10z,Q75 07,472 25,107

l. Hawaiiap aky industry

Sohonls af aku, fatauyweruys pelawts, usually contain fish of
the sawe size. Thesc schools folloew whales, basking sharks or
even flvating logs.  EHuwall fishesmen use the POLE AKD LINE
METHOD.  Handfuls of ochu, Stelephorus purpercus, which is
uszed as live bait, is thrown itnto the water and the novrement
aof the baitliszh nttracts the tuma toward the fishioe boat.

The Hawaiian aky industry is dependent on haitfich,  For some
Teason 1f there is no nchu, the fishermeo can not po our to
catch the aka. For thiz reason stwdics are being dans to
determine ather baitfish that may also attrace aku.

Ako bas o strooy tendency Lo forin schools, These fish may
selipn! beeause traveling in schools makes it easier to capture
rrey. serves as protection {Tom predators; and mokes bDrecediog
easier,
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Schools cap be classificd into 1) schoots with sea birds
cireling overhead; 2) schools without birds; 3] schools with’
drifting objects; 4} schaels with sharks; and 5) schools with
whales. Eirds are attracted to the schools because the fred-
ing tunas chase small fish to the surface where the birds can
feed on them. Schools congregate around drifting objects like
logs, eafts, airplanc fuel tanks, acd other flotzsm,  The
reasons for the fish te congrepate around the objects is nat
known, but scientists guess that the ohjects may serve as
substitutes for a zeef or, perhaps, even seérve as schooling
COMpanlons.

Schoals of akn stay with sharks and whales for protection.
The shark's presence may protect the tuna from spearfish.

2. Biolayy of aku

Yhe skipjack spawn ip midoccanic areas [trepical and sSub-
tropical waters) almest zll year round across the Paeific
peean, In higher latitudes In the Pacific, spawnlng ooours
during the spring-summer period.

Haw many eggs does one mama fish lay? Lach female akn lays an
avevage of 100,000 eggs. The ripe ovarian eggs are spherical,
swooth and transparent, They wspally contain 2 single oil
droplet. The eggs are thought to be bugyant. The Incubation
period is about one day before the babics hatch. The habies
fced un the yolk and as they prow, gradually change their diet
to fishes, crustaceans apd mollusks. Scientists have cob-
cluded that tuna will feed on whatever organisms are avail-
able. The fish feed approximately in the sarly moruihg from
OEDO to 1200 and in the evening from 1600 to sunset. U the
basis of data and calculatiens, the largest aku was prabably
in the 106.5 to lA0%.4cm class with 2 weight of 31.5 to 3.5
kilograms (V1.6 te 76.0 powndsy. This fish was at least J4
yvears old,

Present. arcas of skipingk Fishary are along the wWestoern coast
wf %orth and South America from Califormia to Erazil; along
the western coast of Africa; tlawaii, and in the waters east of
Japan. The skipjack is found acress all the necans from 40°
neTth latitude to 507 south latitude.
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DARKEST NEPTHS

JOURSEY TO THE BOTTOM
OF TEHL SEA

(1 of 1)

I. JOURMEY TO THE DOTIOM OF THE SLA

&, Wnat Is This Fiace LikeT

When you scoop up a handful of seawater it looks transparent.
Eut 1f seawater really was transparent sunlight would be ahle
te tedch dawn to tho very bottom of the acean. Howevar,
hecaurse water particles and suspended materjal in seawater
reflect, absordh aml scateer light, light is onlv ahle to
Tedach & Few meters. What are the twlilight regions and inky
depths like? What other condtions must deep saa animals
adapt te? Until special sulmarines were davaloped, sCien-
tists could not study the animals znd conditions of the
twilight and dark zones af the occan. The bottom of the

5¢d is a strange and coid place.

More thap 7 percent of the surface of the earth is covered
by the aceans. ‘the average depth of all the vceans is

38320 m {12,586 ft) deep. The averape huarght above seq

level of all the land is anly B40.0 m [2,756 ft].

M. Lwverest, the highest moontain on land, Teaches 8B5%.5 w
(29,028 fr) above spa level. 1f Mt. Evercst were placed Into
the bettom of the Marianas Freach, it would ho Z.41 km (L-1f2
miles) belaw the surface of the acean. The deepest spot in
this trench is II041 m (36,200 £t) ar almost 11.5 km (7 milez}
below seq level,

Mest aof the sea fInar i known as the abyssal nlzin, far
beagath the lighted surface zome, which reaches down to only
J8% wm (4U0 fr). More than Ffouor-Tifths of the oceans is ovor
SIS0 m (L0400 ft] deep; and ame-thitd of the oceans is over
Fah m (13,040 k] Lelow sea lewel. The abyssal plain around
the Hawaiipn [slands is abour 5490 m (1R,4000 fr] deep.

Miuna ¥ea riszes up from iis hase on the ses flapr abogt

B405 m {31,000 ft.

Jclentists and enpineers have developed special submartines to
take with them all they peed to survive in this Strange and
wmiricndly plave, Like men going but into puter SOACE,
divers must be protected frem an enviranment that would kill
them instantly.

The greoater danger of the depths is the preat pressure created
hy the weight of the water, [ven submarines bave lipdes to

which they can dive down and not be cruched by tho prescure
pf the warer,

1. Deepstme 4000

Aespatar 200 can dive to 12200 o {4,008 fr3. Tt is a mipi-
submarine and was bullt in 1064,
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In the open sed the top
kaver of abour 19.8 to
128, 2 m (o6 to 63 £E)
bras n warm and cwven todns
nerature.  Then the
temperuture falls very
foaL. The place wheve
the warns aml cold watars
meet is callal the
THEBMELTHE . In o«
thermozline 152.5

(500 fr] thick the wateT
temperature oay drop 11
ta 17 deprees.  In Lhe
naxt 3% m (1000 )

2. Prieste

frrpgte, in IU60, dove to the bottnm of the Marianas Trench,
the doeegpest spol in the world, 10919 o (35,304 £t£7% {ahout
I1.3 km or 7 miles) Lelow sca tevel, The Tefeste 1s a
bathyscaphe. It has a bip float filled with pauseling, which
is lighter than water. To dive, the Frignte fills some tanks
with water and attaches metal weipghts to it, To surface, the
water is pumped out and the matal is dumped. The gas float
acts like & balloon and Floats the men to the surface.

I, Sealgqh ITT

Seafzh TT1 is an underwater habitat or "house." Five teams of
agight men stayed wndewwater for 12 days each, The hahitatr hax
teds, bathrecoms, kitchens and Jaboratories whero the men can
Iive ond studyr.

land, an which people live, has wany ¢limates from trTepical
rain forests to deserts to snowy mowttain peaks, But the sea
leoks the same, Actually the range of ¢limates or conditions
are greater in the ocean than en land.  There are threec things
that detertaineg the kinds of conditicens found in the coean,
These are LIGHT, TEMPERATURE. and FRESSURE,

4. Light

A smal)l ammt of seawater seems ta bhe transparent.  flovever,
particles of water and suspended material like plankton
ABEOHE, RLFLECT and SCATTER light. Hear the shoye, wheirc
rivers and citparies empty 51lt and other delbris into the
water, as much as 50 percent of the light is gone in 1.Em

(6 fL] of water, 75 percent at 4.27 m (L4 ft), and 90 percent
by 7.6 m [25 fty. Water pets cleamer away tToo land; the
cleatest waters are in the Sargasso Sea where light may
penetrate five times deeper than in nearshare waters. There
is only a thin Javer of sum-1it waters from 3.5 e 9% .1 m
(100 ta 325 () where photosynthesis can take place.

o. Temperature
Synlight penetrates only a fow humdred oeters of the oveah.
This makes the surface waters and ocean waters near the

byuator, [ike in Hawaii, wvery warm. Sometimes Lhe water 1s
as warm as 32%C [BA°F].
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o 366 o F1300 fr] the
ampertiure deops very
lowly to shoat (00

(A0 FY. At abont 15F owm
[ L5000 fE] the rate the
Lerperarure diops has
Lowed Jdown 50 much that
wven at that depth the
-erperature is 4°C
(40°FY,

iYhat. cavsad the differ-
vrnee in the siges of the
Fads®

The watvrs of the deepest trench av abyss is 3°0C {38°F}. The
coldest water: at the North end Saukh Pole is ahove -390

(X791,

The temperature range in the sea ls then feom -3 to 32°C
(27 ro %1°F), This range is smaller than that found on lamd.

6, Pressure

Pressure has the preatest effect on the gonditions in the sea,
The deepar one goes the greater tho weight of the Seawzter
above you becomes, this welght that presses in against you is
pressura.  One cubic meter (35,3 cu £t of water weighs

ARd7 kg (2200 pounds). Ar 915 m (3000 ft) the pressure is
about 100 kg per square cm (1500 pounds per sgquare ipch) or
10 tloes whet it i5 at the surface, The great depths have
pYessures up ta M) kg per square cm [3-1/2 tons per squale
ionch).

The {oam wig heads attached to the toard above ware droppe:d
into the water at the different depths thown helow the heads.
Mote the difference in the size at different depths.

The page from the log of the RAV Mashica tells you how the
expelriment was domne,

7. Heep Sea Sedinents

Mear the shore, the ocean bottom :% covered by clay and Togks
frem land that has boesn washed ioto the sca.  In places far
from szhore, the rocky bed of the sva 15 coversd with two types
of zedinents,

Red clay sedipents is mada up of wery fine particles af clay
from the caastel arcas. These particles were carried fazr oot
tu zea hy the currents wmtil they finally sectled on the scaz
floor. Buried in the red c¢lay are the bard material that will
not decay 1ike the whale's earhanes, shatk's teeth and bits of
metesrites .

Binlagical ooie are mainly made up of picrascopic cne-cetled
animals called foraminiferaz and the glass skeletons of
microscepic plants called diatoms.

The "rain" ovf =zediments on the sea flooT does not stop.  LayeT
after thin layer has settled thraughout the ages. Tt takes
about 5000 years to build up a layer of sediment D.6 cm (%
iach] thick., By studying the plants and anipals in a sanple
of scdiment, paleaontologists are able to tell duriog which
periol of the earth’s history these nicroscopic plants and
animals lived. With new techniques in chemistry, they can
alse determine what the temperature af the sea was when these
Flants ard animals were alive.
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H. What Kinds of Animals Live Here?

Even 1f the deep sea iz pitch-hlack, with waler just shove
freezing and pressure great enough to crush almost anything
from the surface, spme animufs sti1ll call this place their
home .

1. Fish: ahyssal adaptaticn

There are fish that look so Jdifferent from the surfoce Eish we
know that people have called them the "wecird monsters of the
deep.™ They ate not really oonsters, the way they look has
been determined by the chvironment they live in. It is the
same with acimats on land. Polar hears that live in the snow
covered north have thick white fur cuak: Lo protect them from
the tald and theit ¢olar helps to cpmouflage them.  Just 2s
the polar hear :s "drocssed™ for tle envirvooment it lives in,
0 aree the anibals of the desp sea,

The first thing you w111 petice about albyszsal animals is their
small size. This "coosler™ from Lhe deep js drawn to Lits real
cige, anly 7 ¢o {2 and 3/4 Lnches].

a. LANTERY FISH, The lantern fish is a aid-water fish that
stays cecp in the dark depths during the day and swims up
near the surface st oight to look for foed. Sometimes on
dark niphts, opelu fishermen see thiz tiny splver blus
fiszh at the suvface, RecAuse thiz lantern fish spends
some Lime near the sarface it looks =ost 1ike the fish we
wAully see, except for its extra bargpe eyes and tho lipht
along its body. There are more thar 171 species of lan-
tern fisn each with its own pattern of lights. Males aod
Females af cach spocle also have Jdifferent body pattorms,
Boing zble to recognize eagh other is imperiant is Leeping
the schools together and for +the fish to find each other
in the dark,

b. UATCIEET FISH. These hatchet-shaped fish 1ive below the
SLL11t gone in a4 place wherc the light is so dim the human
gve could not sce anvthing at all. Fflatghet fish have wvery
large svasltive eyes that can pick up shapes and shadows
of things arownd them, Some hatchet fish have cyes like
tules that Iook wpward [nT any food that it sess in the
dim light overhead.

€. VIPERFISE., Viperfish cruise in the dark wators with itz
mouth open Lo show Lhe lights it kas inside.  These lights
are uied to attraet a tosty meal. Sinee food is very hard
to eone by, viperfizh must eat what they can.  They have
long sharp oheven teeth to hohl their prey and theit jows
are marle to open very wids to swallew fish oand sqoid as
1150 as they arco.

Like the viperfish rany abyssal fish have lonp thin bedies
wilh weak trunk anid tail hecause theoy Live in relatively
calm waters and do net hawve to Fight the rowgn surge at
e suvface of The poean.
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d. GUEPLRS., The pulpsws do just that--they gulp thelr food
down., They have very large mouths but they do not have
loag teeth like the viperfish te hold their prey se they
mast swallow theiv prey very fust, Onlpers will swallow
almast anything ehiat comes zlony, The one pictured here
is storving so its stomach is mot showing, hat when it
gulps down a who!le fish the stooech @will stretch to hold
it.

Gulpers have very small eyes. Since they zre not able to
see wvery well, they have developed a line of organs on the
zide of their Joop bodies ond tails. These grgans ¢an
detect vibrations jg the water caused by other fish
pearby. It can even detect the vihratioos of a fish
breathing.

&. ANGLER FISH.  Deep wWater angler fish like the obes foumd
In shallow water alse “fish" for their mesls.  But instead
af a fleshy worm-1ike "lure™ om the end of a "pole," deep
water anglers uze a lighted lure, 0Only female angiers
'"fish." Male anglers are very small and must find s
fomale to attach themselves ta.  tHe does this with special
tcath and wheo he is permansently actached e becomes n
parasite. That means he depends on her for everything.

Angler fisk laok wvery different from the other abyssal

fish because they are almast zs wide as they ars Jong.

They can not swim too fast to gatch their prey so they

hang in the water with their pole and Jure and wait for
some yigtim to come zlong.

2. Abyssal irvertehrates

bhile the deop-sea fishes are small, deep water invertebratos
{animals without backbones) are the largest animals, Far
example, the deep water astraced, Sfgntooymrid agdsELET, A
relative of the sheimp is 25 bip as a cherry while moast
ostragods are aimast microscopic.  Sea urchinsg with badies a
foot thick and giant oranoe crabs & feet AcTDss aTe foumd
living in the deep, Hydras, & flower-1ike animal, which are
usually only a few inches high grow to 8 feet in the deep
waters off Jupan,

3. Who's whpv

Mhyssal o1 deep =ea fish hzve "19ghts” on the sides of their
hodies, These lights are a vesult of bioluminescence, Fia-
luminescence is light that is made by the znimal,  Abyssal
animals wse theiv lights ir wany waps. The decp-sea angler
Lses its Vight te luve its food teward it, Bielominascence
hetps fish 1o revognitwe gach other when they sre schooling,
leoking for a mate ur for something to oot .

Can yuu tell who's wha?
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Animals chaopge their form or develop functions to allow them
to Yive im A certain enviranment. This necessory change is
passed on fn the apimal through heredity. Gnly the best
adaptal survive and therefore the changes in the Brimal are
strengthened to carry on the charicteTistices 1t nekds to
continue the specles. {Observe the specimen of the abyssal or
deep water fish, draw aond show how it is different and yet the
same as 4 Fish which lives in =hallower waters.

SEALAB  LAB SHEET  w_ '

Materials: ABYSSAL FISH SPECIMEN T.AR SE[ELT
MACHIEYENG GLASS FENCIL 1
]
dorsg| lin

NEAR-SURFACE FISH: TN,
SR AR e,

. . .. X e

same: e gr Parret Lish el EEE.‘.EEE!&E!E!! '#‘?#I t"ﬂbi'
Mo th = caudad fim
Sizer_ YG o pem [ (P jpehes)
apnrcie .
. - - Interal line

Location F-ﬂund:_lzlmn.uma._ﬂﬂ._ﬂnh.u_ pactorab fin anal fln

_ ['H:[1L]'_|._:__:|;,E m 618 1) - p-ahll_f Fim )

_—

ADYSSAL FLSH:  Draw the specimen. label the parcs that yau can see that is the same as che
near -surfree fish (diagram above].
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Lizet
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Bepth: i

[low L5 1t differcot freo fash that live pear che surface of the ocean?

|
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SEALAL Lal Sheel
Discussion

From the :haraéturistics 1isted below whac Eind of envirooment
do wou think the fish comnes Fram.

1. extra large or extra small eves -- dark

2, skinny, not vary mscular -- weak Swinmer, watérs must be
Ilcalmll

3. fins -- small, of not much use -- steering [Dapuavering)

not a problem, waters ¢alm

4. skin <« soft, fallipyg apart -« outer covering soft, no scales

L. teeth —- Ieng, slender, very fine —— lomp teeth to hald on
to what thay catch: vary fine -- nat strong and molar-like
for crushing, food eust bave sci* body

6. large mauth -- swallow very larpe pray

7. "dots," or lights alapg body -- 1ight show in dark -- most
be for recognition of specie and sex
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A PORTAELE PURTHOLE
(refer to student warkbook, p. 28]

f laok hex that is relatively durabie, inexpensive, and easy to construct conSists
at a plastic gallen jug with the bottom cut out and a half petri dish sealed into
the bole., Ealf the top is cut away fer viewing, leaving the handive intact for

holding.

MATERTALS MEEDED: hack saw
sxlgsors
plastic gallon jug - 1 per student or pait of students
ciljcone sealant - 1 tube for zbuut a dozen look baxes
plastic dispusable petri dishes, size 150 mm x 15 mm - half
dish per look box fses Lelow For source af purchase}

*nOTE:  FPlastic dispasable petrli disnes, 150 mm x 15 mm, are sokd in lots of
1n0 dishes by Yan Waters and Rogers (VWR), and in lots of 10 by X-Ray and
wemdical Equipment, Tnc., 1140 [Jalmna Street, Honolulu, Hawaii GS63E3. The
ratall price was $20.00 per box of 100 covered dishes, which comes to 104
per halft dish, The top half of the dish isx vlear and mekes a clear window io
the hattom of the look box. The bottom half of ane type of dish is sooTed in
one-cm sguares and provides bullt-in guadrats fot making rough population COUnLS.

The idea far constmuetion of the gallon jug laok box gvolved during developmant
af the Howaii Marine Studies Science Project and the Hawail Mature studies
Project at the Curriculum Research and Development Group, University of Hawail.

from Ajpacduwat
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fadditional Tab activity)

PLANKTON

In the study of ecean life. it is with the plankios that all things bepin., The
word plankton means "drifter' or "wanderer.' ltence, all plankton are those
creatures that must dreift at the mercy of the currents because they are £ither
tog weak oT too =snall te swim against those forces,

The %inds of thinps iocluded in the plankton are such things as larval £ish, bhabor
cTabs, timy shrimp, bug-like creatures called copepods, enc-celled plangs called
phytoplanktan, and many, many ather tiny crestures af the ses.

The plankton live in the surface waters of the ocean, and serve as the uleimate
food zoarce for many of the sea’s laTger creatures.

A HOMEMADE PLANKTON NET

Scientists have special nets with whick to capture plankton. The new is towed
through the water behind a ship for 5 to 10 minutes, then is brought aboard for
examination, 7This is how you can make & net using simple materials you may find
ayound the house.

MaTERLALS SCEDED: mnylan siocking ar pantyhose pliers
ECisSEOLS about 15 feet of lina
ncedle and throad bahy food jar
Wwire clothos hanget

STEDM 1: Form & ricg froo the wire
hanper, tWisting the ends to form a
amxoth join.

STEF 2: Lot the stockiog as in the
diagram:

STEPF 3: Scw the stocking onto the
ring, leaving 3 evenly spaced 1/4"
gaps where the bridle will he ticd.

STE? 4: TFashion a bridle, knotbing
three 2' lenpths of line togetber
pa one emdl, Tie the other vnds to
tir hoop at the gaps.

STCP &: Sew a hem an the other end
of the stocking ner o that it docs
pot tavel. Then tie the jar oo 1o
the eod of the completed net. How
you are reddy for your Livst tow!
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Avdlitiondd kab delAvibrs
SENTMENTS

Gltimtely, all things that live in the vceean end op on the borzomn, ¥izh,
plankten, even whales that Jdie aventually sink tu the sen Fluare  Bumes, shells,
skoletal remains of all kinds of creatures make up a large poriion at the
sodiments. Much of these remains are broken up into small plages over the yedrs.
Uther things in the sediments are pieces of rocks, gravel, sand and silt from the
land.

we sauple the sedimeats in waters too decp to dive by senpding special instruments
over the side of ships. Lowered on a cable, they scoop ar "'bite” a sample of the
bottom 2o that it may be brought hack up to the surface for examination.

Back op board the ship, oT oo shore im a lab, we may go through the sediment
sample to see what it contains. The first step jn sorting 4 sand or sadiment
sampleé is sifting it through speclal sicvps. In this way, the scientist ¢an
spparate the particles hy size.

Commerciazl sieves have special sized meshes and arte wsually made of brass or some
ather wetnl that will not rust or corrode in seawarer. We can mako bomemade
sicves that may nat last as long, but will serve the saoe purposal

ol



SEDTMENTS cont'd

MRETMG A SEfcWE 50T
MATERIALS KEEDED: 4 siall plasilic containers,
of the same 5ize and that
can e stacked
windiow SCreEening
X-acta koife

STLF 1: 1lUsing the knife, carvefully
cut oot the bettons of 3 of the
plastic containers so that there is
a small 174" hoarder around the hole.

STEF X: With the scissars, ctut out a
picce of wimlow scrTeening the same
size as the hottom of your ontainer.
Using the window screebing as your
patteyn, cut similar sized pleces
from the two types of wire mosh
soresn Wwith the Wwire cuflors.

STLP % Squesze s bead of silicone
apalant around the bottom of one
contziner on the inside.

Insert the window scTeenibg, masing
sure that all the edyes lie in the
sanlapt. Press down,

STEF 4: Repeat STFF 3 for the ather
two piecces of screening that you Cul
aut, Let all sieves dezy overniglht.

Us1KS YOUIR SIEVE SET: To sorl A
sanple of the sediments, whether
from the pocan bottam or o nearby
heagh, first taks your sleve scb and
stack them with the larpcst sized
mash oo Lop, the snallest on the
bottam, and the whele contaiver
underneath that.

Take a handful of sediment and place %
it dints Ll tep sieve. With a cup, 3
pruT some wateT inlo the slove, *

carcfeliy shaking the sicves back
amd forth so that the sediment
passes Throngh the mesh.  Repeat
until cach siewve has sorted itk
haare of the seliment sample.

&Y

1/8" wire oesh seTecning
1/4" wire nesh screcning
=illgane scalant
SC15E0QTS
Wire cutbors

CAREFLLLY
FeEase
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