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Ooll]I!5 XIRWkljljRP 5XRSMOoIKK
Thai Hawaiian coast is a constantly cEia.agin.g mat.ion of
shaped, a blccrl. of the blark racky l]amakua coastline to
the beach at Ha@alai. Fromm whi.te sand to green sand, the
beac]ies of lhwaii are unique p?aces, Fach ia a coramunity
iTihabited by marine a.nimaEs and plants that are specially
adapt xi to tEicir enviroIuaent. At. same coastal areas, the
waves gently ebb and fJ.av bu,t at Dthers the m,ves race
s. ozewazd and. czar.sh against the black lava rocks.

OogÃ MkWRIIIJkRI IBEX [Y
The world-famous reefs of Hawaii a,re an expkos,ioiI. of color
aTLd life. Gaudily painted wrases and daToselfish dart among
the fingers of coral ~'bile giant manta rays cruise slowly
overhead, The reef is a strange cammv.iIi;ty where predataz'
a~d prey often cooperate in strange but riecessary "atua?
aid societies," Rv.t sarge animals rely an special weapons
far protection awhile othe.rs have adapted. sa well ta their
eiiviranmenz that it is often very hard to s~t. them.

DDXXP !%I].IIX Wk'LI'X@5
10ie world ' s most complex a.nd la.z'gest rivers a.re >at oui land
bv.t at sea Groat current systems circle the vorM,. With-
in the many layered waters of the ocea.n, la.rg.e deepwater
fishes a.i' malmaals live and nave about. iil pursuit of foo d,
lt ia estimated t]et many thousands of pounds of akii.  skip-
jac.k tuna! are i' Central Pacific waters, The vastness of
%he acean makes it impossible to ta.ke an accurate census of
the inhabitants that live in the deep blue waters.

'iI'ImtK IIRINIKIXM' DDXP'VMC
SuTllight reaches dawn ta a depth of 600 feet in Clear
waters. BeyoLid that it is pitch black. Far a 1png time it
was thought tlat ilrthing ? ived. ih the. abyssal depths of the
ac.can Wtien scientists developed subersibles, arxl. it was
passible to go down, to the bottom of the sea, they discov-
ered that natiiie lied adapted tkshes ih wanderous ways.
Fishes carry their own lar tern.s and they ~re sma,ll sa their
bodies c~n withsta.nd the pressure at the the acean bottom

5%R I].b6I3
A fun s'ay to experience the wonders of the acean is to do
experiments! It's exciting to be ahle to taLLcEi the a.nina.Is
a.nd Eilarits a.nd fire] out. what %hey'rc like. Oceanagriphers
cond.ic.t experiments to find ovt rut oi!ly the physical pz'0-
pertios of the ocean. Research i~ bar'0 hark Tait it halps
uS t.a t.earn n,hal,>t thO OCaLui arV3. all O/ itS WandarS,
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OUk ]JAWAIIkb' SHASl'MRE

SHOREL.1NE COiRLNITIES

 i of 2! I. SlMRELE'iE  X&6[UN!.TIFH

A, h.use c Be Careful!

When yaw go exploring along the sl>arclike, it's lots af fun,
but there are thiLIgs the.t can harm yav sa be an the lookout
Ear t.]cern.

Along rocky con.sts the waves that brcak on the roc]cs r.aq vs.sh
you irito the ac.e,~n, Look for these signs of high waves
'idc pools are generate.y ~ arr-...qd hv eaves orazhipg on the
rocks, snai3.s a!>d pipipis cl in',in' to tl=e sur. dried rock.~ ~
.Till salt dried. in shallow hales show water J.cvel at high

kaid»

4iet rocks can. be very slippery. hear sneakers arid test
yoiir P.attn.g for slippery ar loose "rocking" rock»

i;iLn at sacLdy beaches, large waves can wash up tlute face. of a
bee.eh and sweep you inta the wat.er, Keep a.a eye on  he waves
a.nd always bc prepared for the lmexpecteiI,

].earn to recagriize ani~vls a?ong the share that have ways af
protecting themselves that ccivld hurt y'al . Same of t]lese
«~}imals arc'.

E. Sea urchin, or wana

&ca m'.hiris have sharp pointed spines covering their holies
that can piers'.e your s.kin and break off 1he black 1OTcg
spiv cd wana h,~s poisonous spines.

2, Cava.l

Coral cuts c~ be seriovs iS eat cleariccl ovt. welI

3. Coti e: he l l s

Cocle Shc I ls hlmt Other ShellS wit]l a POisan dart It' yau mitt
l>~c!Jle thoiic, pick thLra up by the braad, fl"t end

F.el s, ar p<i]>i

Most shal3ow water eeIs are shy ar-3 hide in holes They won' t
bother you if you dan't poke a. hand or tao or anythirig else.'
inta their holes and bother them,.

5 Port ug ve 5e !naIi-o f-"or



Rocky L'a as t

Jijst beyond the t >gal pools i» a pl'ice c allied the sparge
where seawater is. always mavin@ Tl>o rnimale that live here
muSt be Strand swiIreier~ nr b. »bio ta St iak tO tlute racks ta
kuap from being washed awny liy st rang wa.ves,

Most fish fuuIid hcrL. are baby fish. These fish 3.ike the
S<Irge beCauSe t]sty can play in it and it hrinpS ther planktan
tu eat Same af the bahy fish faund here are KUPIPTS, who
think the poal belangs ta thee, SERGFAMT' hlAJCIR FTSH  MKIA%!A ar
RIMED!, whn got their nuit becagsa af the stripes on their
body, AFAIAHCILL' which are soIDetimes called ST[3,'ER PERCH
beaaMa of their color, an4 the red CAR[!CABAL FISH, As these
fish gras they will move inta deeper wa.ter.

Did yo~i know tl>at there are sore fishes that graze, like
horses arL4 caws do an grassy j.axed~ The "gra,ss" in the ocean
is called saawee6 or limp, Limu.- ar seaweed-eaters are called.
hcrbivares. Baby MANDII and PALAhlI are the vore cowmen fish
herbivares. COARIL'S, OPIIIIS, a+4 TRIP S!ILLS are also herhi-
vores.

Be extra careful when waIkinp, an rocks that are iLnderwater v.nd
covered with green "algae clime" end even. thase which du not
seers ta hava any growth covering them, Some a3.gae am micro-
scopic and rack-brawn in molar.

An animal that these little fish have ta vetch out far is the
MORAY EEL or PIJHT, wtiu comes opt af its ]>ale at night to eatrh
fish which are sleeping tao sovrld3.y. Smell TAKE  OCTOPUS!
alSO have ta Watch OtI.t Ear they are moray's faVOrite fOOd

Kh~n walkittg art the reef be su.re to wear apnea.r,ers or tabi sa
the IAaray eel does nut mistake yavr toe for a fish ar part of
a taka.

There are a number af ma~ine animals that a.ren't. good. swiramers
or no~!-cwimIIers,. 13Rl'IvM STARS, KANA or SEA URCHIN', a~d the
SNAKE fKAD CQWRTL are goad examples Yhey move about by
"walking" on "feet" wi!ich are really suction c.ops Sea
urahinc aTId brittle.e StarS have Tnany little feet, but the
cowrie has one larpe foot, The feat also help these animals
tu hang an to the rocks when the waves get raunch. One type
of wana even nakes a hole in the coral reef t.o protect itself.

C, Tida.l Paul

Hi, I'rq a BLACK ROCK IPNB wad a<y Hawai ian name is At@5. My
friends call me Roc.ky ur " Hate Rack" bee~iae even the big
waves can't was]> me off the racks. My neighbarhaod here
aloof. the rocky caast is a pretty toLLgh p?ace i f yoi~'re nat
vsed tu it

EIcrc ls a tidal poaI, Joist Tike its narle, it.s a pool that
gets bigger wi th high tide and ma] $ er with low tide, Nigh
tide ihringS in Cool, «lc'Lo Seawater with lots af oxygen. aTId



Wh~t else is there ta
ent in a tid.al peal?
  I ! s eawec d,

sma3.E plant~ and anirev.ls eaEled plankton for the tidal baal
animals. ta L.at hben it's low tide, sore tida.l poal.s dry i~p
or become very shelty as the sLrn dries up th» water

Hay, comr. and meet my frise& the W'P JE5 wha J.ive irr tidal
pools axrd hang on ta the racks when the waves get hig by using
their fins ta form svctian eLrps.

lligh tide is a darIgerovs tirrre far ypv ta vi.sit us, Wait far
?ow tide when it is safe,

Have you worLdered what happed' to zy friends wherl the tide
gaes dom and water evapozates fram the tidal poplars PIEh'NUb
ar ROCK SKLPPFRS do j v.st that... jurnp from pool to pea?,
Slaw >roving. anioals like OPIHI, PJPJPJ., and PERIWIRXLES oz
I'UPl3S attach themselves very tightly to the d'or Ls. to hald the
water inside ~rntil th» tides cols. in again

D, Corrservatian

4>at can YOV da ta hei.p r one rve airr resau.ream~ In t.he six
sets af posters belaw, which postr rs best show things you carr
da to ]lL.lp. hrite A or 8 i'll tlute boxes below each set,

What is meant wher the word CCSSLRVATION ia appliE:d ta aUr
seashare7 It rrrr.ans the careful use af our shoreline resovrces,
It maans obeying rr~les established to help keep plants award
anima?s vt.ive. It taeans. taking an?y what yau need arrd nat



E. Limo.

F. Sandy Peach

Green Sea Tert?es na

loEigex lay their eggs ori
the m.jot' isIanc4, Do
yali know Why]'

Ilaw do the aha.pe af
Auger Shells and Cone
~h e l l s help them eave
abpo.t insider the sand.
What Would happen i f
they h a8 s lia I I 9 shaped
like a box~

Ã3ny other animd.l s cdm-
auIlage thomson?ves Khy
would an vniasl need to

cia this'.  l! hide fram
predate 9 a~id �! hide
from prey. Ca.n you name
some other denim?s on
the shindy bench who use
camovfk age'F  ],! gohy
ro ck colored� �! sand
crab and oem' � bpth smd

colored,

Kariy kiads of limu  algae or seaweed! faand in Hawaii rere
used by the ancient Hawaiians as part of: their diet. Almost
every Seaweed that could be eaten Wa.S pat!iered by Hawaii iaEiS.

l i' Neve boldfasts that lioIp tham stay s.tt.ached to the bottom.
Tbe holdfasts don't absorb nvtrients like roots of land plants
da fram tha sail, Limv. i~<ia3.ly attach themselves ta racks
ratlier thaLi s.and

Algae commonly gathered by the Hawaiian' far eating include:
AHPARA OF5IS L'Limv kohu!, DICTYIXfA I'l.imp. 3.ipaa!, BNTEROhK!RPHA
 Lieu eieele!, HYPNL'A  Linm. hiina!, and CRACI LARIA  Lima.
manauea!. Others we caemenly fiuid on the beaches iriclode
6DDIUN, SARGASSUM  Limu R.ala! and viva  commonly' cal led saba
let tv.ce! .

llil I'm Sandy SAVlt CRAB and like all crabs I'm a crustacean.
'h'e crustaceans wear aur bones on the outside, E dig back-
er.~ds irita the sand where the waves corre and ga ta ~ke siy
danie. Coma and meet some af my neighbars.

Sh-h-h, here deep in the sand are l'army turtle's eggs. TaTnmy
is a GREV SEA TURTLE who uses the sandy heath as a ntLrsery'
Ore night when she was ready to ivy her eggs she got aot af
the water and climbed. high tip pn the beach ta find a "jwt-
right" plato far her nursery, Then she Lixed lier back f?ippers
ta dig a hah.e bil. enon' for ail her e+s Oid, yao. know green
Sea tort?eS lay fram 65 tO IM eggS at aEie tine'. KOWI

Tliere's Carnelian, the SEA Cl3CLMBER. He ?oaks like v. vege-
table but he is an a,nimn,l. Liaring the da.y he stays bv.rich
urider the sa.n4, ht night he era.mls aut ta loo k tor food,

Year Carpel.i~ are A9UF.R; SHF .L5, These sheEE s plow' through
the sand ta look for food Aogors alsa LLse the sand to hide
from the CG'XE SHELLS which ent other shells. Cone shells have
a poisofi dart that eaTnes orbit frow the painted end af their
shell to sting their prey.

If you mm.st pick L-hem op, handle theta careful.lly by the flat
cArl.

Hey, thoro's Floppy FI~TFEBH sod Li zzy L.I7ARi9F I SH 77ley lave
to play hide-and-sei.k on the saTidy hattam They caI< change
the color of their bodie ta t/ie sa..ice calar as tlute sand. 'aliis

is called camouflage. Sometimes they hery themselves. it} tlie
sand so only their eyes ari thawing,

[Ianna.h HINALt.'A a.lsa known as WandLe. h'RAISE lilies the sand too
At >right who goes inta the sand to sLeep.

Fvory svmmer this neighliorhood is overrun by hundreds af 54-'V,
Opia are baby weke or gaatfish, They are called gnatfi sh
because they have feelers called. hsrbels under their chin
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w]sich t]iey use to find tiny cra4' on the sandy bottom which
they feed ori.

 i Eeach Pl its

J,and. pI ants

Ko'a  A ac;ia hra! - Ka'a is. a fa.irly eorr~n native tree founrI
throughout Hawaii vt middle elevatiarrs, Ita wood was valued
by Hawoiians for gravy things including surfboards and earroes,
Ko'a. is i.n the legrre family and is, therefore related to peas ~
kiewe, sleeping grass md monkeypad The outstanding charac-
teristic. of ko'a. is the curved. 'loaves"  the true leaves are
tiny Dpposimg leaves! which can be s.eel fram o. short distance

Ko ' ali  crortrirrg- glory!; Ka 'al i is the comrrron mrning-g? or<
faLrrrd, in mazy ielan.d areaS aS rNel? aa near the S]Lore?itic. It
is a. vive with heart-she.ped leaves and perp?ish flowers that
bloom in the rrrotTring lmtereseingly, ka'ali is related ta
the swL'Lt potarto, ]ra'ali is also directly related to po-hir~-
hue, the beoch morniri.g-glory anrl ka.Unaoa ~ a. rlative dodder

gpUntai.n na.gpaka: There are severa.l spec.ics of the g.ends
Scaevola which are found in upland. areas; olE are direct]y
related to thc bearh naupoko., naupa.ka-kai. A!though the
upland a»d, coastal naupakv. difters somewhat in appearance,
the flowers are all simi lar n that all a e "]ialf-flowers."
&e ! egend has it that the hal f- flvwez s represent. two Lovers
who were forced ta separate; a!!e was sent ta the mauntains--
the ot]ier to the coast. To this dv.y, the two lovers have
United.

2, Coastal pjapts

Ma.nienic, C'pr.o2a. ~ mCky7arr, . iS the mOSt Camhm Eawn graSs @ca.r
thc seashore. I t ha.s a.n arne zing tol era.nce I or se»a.er and
e'ill survive even oft.er being coverer' with seawater It is
srTrall, low wide-creeping grass with narrow, swraipht leaves
lt. grows much Iike a weerI arrd loves tho sun, not the shade.

I'icktoweed  akul ikul i-kai, i.'e i nx-A ~".+x',!: Akulikul i is the
]]owaiian word. for "succulent." I s leaves are full ot salt

and a.t one tim it grew i}} salt r.".a.rshes ir Honolu.tn Aknli-
R,gI i once c.opere<] much o{ Rand Is I; nd so that tho island was
orice cal led Ak<r1 i k>xl 3. Isial.r3

Bco oh rr'a Up ilk 8   o'G IJpo k8 k i3 i, Zme L>n Ea L.a,'.rw4z! N,~imp akim i s a
succulent shrub wit]i fleshy Ieaves It is one af thc toriphest
]>Ian,ts in the coasts.l zone v.nd can withstand saIt spray,
droripht anrj heat, It i» goorI for binding soil >an� wil [ avon
graw on I'rva, Tl>o lo~cvos c.a.n be cooked. tor graeps,

Beachr rrorning- g] ory  pohuehve, 1pr n.>c.z prczwrpzv:e! ' Maz'nlny,�
glory i s forInd jx>sr. abave thi ]>ivh-wat.c r htax'k on 5L'aches, It
has smaot]i, thick leaves and a. pi»k bell-shaped flower, most
of the flowers bloom in the mortring The Hawaiians used to
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whip the water with the vines when they wanted high waves ta
surf on anil they a.iso i>sed these vines ta s,care fish into nets.

Jarrqvemantia  pa 'u-a-hi ' i aka ~ J'aoqacemHa B,mhriaaesaa! '. This
is a law-grawing vine camrnanly found a?ong the bench. It does
well fn clayish soils, especially an. the leeward. side of the
islands. lt's endemic to Hawaii and its name means Hi'ianna's
shirt. Ha~a,iian 3.egend says that the vina c.overed Pele's baby
sister Hi'iaka. ta protect her from tha sun shen Pele left
Hi ' i aka an the beach ta ga fishing

Ahinahina, Palaa~~um amrmKwrr is a. law-growing sm.mulct
with clusters af tiny white flowers and leaves growing in
xosettes, Ahinahina means "gray-gray," referring ta the
grayish silvery appearance of the !eaves because of fine
"iiairs." These "hajrs" ref?eat sunlight and pz'ateats the
plant &em cihe son,'s extreme liat. The Havaiians used the
same name for another plant, the silversward, which eisa has
e similar hairy appearance.

0'hai ~ Seabank eoee~Saea is aaather coastal plaIIt found im
Eiraited areas af tha islavls, 0'hai tan be readily xaeognize4.
by its apposfta leaves, salmon-ealored flower with a "nose"
like the pea flower, and long bean pocb. 0'hai, is in the
legatee ox pea family--and is related ta plants auah as mankey-
pod,, ka'a, kiawe, koa.-haole and. kalammgei, a. small tree which
is popular with local I-ilipinas for its leaves an.d, bee.ns
tike maay other caastal plants, a'hei is well adapted far
bright son�heat and law rainfall with the s.urfe.oes on the
leaves and, branches overed. «ith "hair."



OILER [IAWAJ Thjb SL'ASHORF

� of 2! 1 I . 'I'fl1 0<'FANS ~10'L'I-hfFNTS
KerspJ.ash< The waves are hig today ac~a the s crfers are out on
onr northern ~hares,

What makeS big Waves abaft ?PiO feet high~

What happens when they reach the shozeiine7

In lEawaii there are tea high titles and two low tides every day,

Do yov know shy there are tides?

Ay do some pLaces haye only ono high snab oTIe Low tide' Why
is the tidaE range on?y three feet in Flawai i and 50 feet in
the Ba.y of Fvndy?

Where bp Haves Co~e r'rom7

The energy that maLez waVeS Calt~S from 1! WENDS that blOW
a.cross the ocean ~ 2! S'TQP~lS oict at. sea, ancf 3! M!VL'HLcNTR of

Wolves start out as the wind blowing across the water foTm»
lt.ttle rippIes These ripplos get bi~;y r zs the rind blows
ha<er, 'l'he longer the win<i blows and the stronger the wind
is, tiie bigger tile waves. After a while when the wind cries

the waves cin not stop Tbe energy will travel across
the ocava till it reaches the shore. StorrLs at. sea can send
Wave» qs ]>igh aS Z l feet tO tlawai i.

Storm s~irf. evecL faoz' to tive feet hiph are cialc~ravs for
inexperience.d stLrfers. At an tcnfaviliar heigh, ask a. li fe-
guard about hattom conditions md ha arches even t.haLcph t: he
waters may ?no%. calm.

W|ien the waves az'e brev.tiring on the shore, don't go too near
the water'» edge. A big wave might rome. ~nd weep yn<i i»to
the wat.er

 km't. t:ii~ you.r bat.k to th» w'aves

Waves r~ le frow the energ! given cuff when the ski floor moves
are the biggest waves of al I uy to IOQ feet. Vhc.se waves;ire
calILJ r. u Alit».

B 4%at. I:s:~ have~

I:he lowest. port of the vavc. is c;ciled o ikOlf~ll, tl>e highest
peart is c.~l?ed the CRFSI: The WAVf': HLcll.'I:IT is the distance

lE



between the traijgh an,d crest, If the surf report says the
waves are breaking three tU four feet, it is the wave height
that is being measured WAVE LLYGTH is the time it takes far
two crests to pass aJie spat.

C Wliy h'auld Yor~ Rot !'adcl.lc Oijt fao Fa.r To Catch A Wave'7

The <a.ter itsetf iz the open ocea» does not move far~a.rd anly
the energy of the waves. moves, IE the wat.er daes rLot move
towards share it will nat cake the sg.rfhaard in with it

Wliat is happening to the sr<zfer who paddled av.t t:au far. h'ill.
he be able ta catch a wave out tl~qre? hhere waul. be the best
place far him ta be'

D, What Makes The L'slaves Break On Ahare?

Rat all af the @rave is abave the surface. The wave onergy
gaea dawn. the crest to the trough h'hen the wave tauches the
sea bottom it starts ta drag arid forces the ia.ter tD pile up
until the face becames sa steep that. it spills aver or breaks,

E. &.at Happens 'I'a All The Water The Waves Bring 7a
Share' ?

When the surf i» breakinp over the reef the waves glrive the
kaiser tOWard. the Share, A11 thi s, water iS naW t rapped h etre en
the share and. reef. When the water finds o breal' in the reef
 chanel! there is a. r~~h cf water flowing oiit to sea Tliis
i» a RIP  :URRPJI7

If you. are caught. in. one don't fight: it Swim paralleE to t: he
shore vp aato the reef aTL4 let the waves help you back ia

P. How Po Waves Affect Us,

Ip Hawaii we ijse waves. to go su,rfing or bo dy surfing ~

Wu Should be Careful when riding kaves, tlirIdea rOCkS nlay
hurt us  .'allisions wi th other people ~iy hvrt them or us
Glottis.g caught in strand currents can carry us aint: to sea.
Re.are entering the water, be sure yo«kzaw the area, ask the
lifeguard. Eon't go inta tlute wat.er i f the w vms are too big
or if ycu are tired..

Waves can rake the beach a dangeraw place to be

WhiIe fishing or picl in' apihi frais a craggy c.oas.t Ur picking
shells cm a sandy heac.h with large wave@, don' L turn yaur back
ta the waves 1;xtra larp waves often come in and reach high
up an the beach.

I@en sailing ai>t thTrugh the breakers khlc'4' your boat 37ld what
t.o 3o if the waves are bigger than yor~ t:hvuy,h.
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Waves can c.hang+ a whole coastline hy erosion.look at shat happened
fiiz<her dawn the caa.ho-
tline ta this beech, Fzgineers ha.ve  ried to save Leaches a«d caaatal areas from

erosi.in by bijilding lireakwaters ar8 jetties.

Yama]]its can destroy a wh.ole cc,~stal town.

C. Our TSO.T].~mi L'llew.rIiing SyStem

T~vnv.mi waves are the moat deatrUctive waves kna~ One of
tbe greatest tsuaanis knub was caused in 1883 hy the expIo-
sia]] of Kra.kv.toe ~ a, s.mall island off Java and. Sumetra
 Indonesia a!, More thm 36,000 persons merc killed and ~aves
irj some areas were as high av %8m ft .

Gummander C.K, Green of t/]e Coast a]]d Geodetic S~'ey devel-
oped an instria]lent to warn. of appraazhing tsunamic Ao alax'm
gaes at   at inst.rU]]]eat stations around the Pacific aIid the
i]].fabri-.v.tia-] is faw-arded to ]-lanDIulu, the center ot the
warning system.

'&.e dotermina.tian of thc epicenter or point of origin of an
cart]].quake that c.art car.se tsunami ]]elpa to cstiaete «lien the
ts]marai «ave» silL j.each ]hawaii, Pince shock weve' of cartli-
qVakes travel faSter achro»gh thc earth tbarl tl].ro]rgh water,
carthqoake watch stations are able ta wan]. within minutes
coastal resi<len .s ta evacvatc the ir homes i i 1 arge waves are
cx]]ected.

The warTiing is. the Civil Oefense "Attention/Alert higT]a.l."
which is a at:eady 'iran. tone Ear one aiinvte faf.lowed by one
minVte of si !caec

If there iz an earthquake here in the Ila~aiia.n Island,s that
caijses you to feIl iver m~kes. you. hald oo to soaethic R; ta keep
yauz' from fal ling this s]ious be a nat]~ra], tsunami warning
Get to higher grourid right ewey i t' you az'e near the seashore.

H, Khat Arc 'Lsunmis~
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 .ammo»ly called "tide.l waves," tsunamis  tsu-HAH-m~e! or
seisr.ie ~aves have nothiag to da with tides Isvnemis are
gient waves made when t]ie sea f?oar moves hecause of earth-
quakes, l ~dsl ideS ar VO?CaniC emiIitio»s NaSt tSLl]]amis.
]]nppeT] in the Pacific Ocean bee; vsc of all t]]e volcanic
act:ivity happenirg ara»pd arid in it. L'arthqVakes ca]rul]On.ly
vccvr oaar deep tre]aches aac! tbe Pacific has a. ring o. such
trenches, 1'soprani» are not jost a single wave, tl]ey a.re v.
series at waves separated hy l5 to 60 or more ]nilliltea. 4hips
aL Sca. So]]let.imeS i!a rot knoW Wl'.ea a tatami swell IS paSairg
bocaua~ they are only a foot ar t~a high /Fiiwever, as the
t OOal-.i iieerS shvre it ti]ms i]tta 12 to over 30 e ~aves,
Usually, the third to the cinch h waves are,.]Lc highest 'l."he
wayeS Cnn trav> 1 Over 5M ]l]iles per hovr ii! the Open sea.
Lh'er the past i&0 yearS, the f[awziiao ialarlilS have l]ad an
average of one tsnnami r very Eaar years



I, What kakes The Tides Jligher In Some Places. Thar
Others 7

Thc pal l of tl!e un and moan is not eve~ all over the world at
the same time. This is because the ocean bed is divided Inta
m~y ba~ins Ea.ch of theso basins,acts !ike a. separate body
of water Each basin has its owe particular rhythm. At the
e«ges of the basins the tide~ ax'e the greatest and i» the
center, the scaliest. The things the.t influence the tides are
the deptti of the water and shape of the coastline.

The greatest tides occur where water is found through a narrow
opening, such as a lang z~rrow bay. In Hawaii, the greatest
difference between. high and low tide is «baut one meter, The
Adriatic Sea also ranges about one meter, b~t. in parts cf the
Enyo.i"h Channel the tidal ran.ge i,s abaft 9 m, The highest
tides occur in tlute Bay ot Fundy in eastern Canada A ?ot of
water eaters the wreath of the hay and qvic.kly fills it vp,
The tidal rage there is. about l5 m, However, just oiitside
the bay on the Atlantic Ocean, the zida? raage is about 2 m.

.7 h'hat Caoses Tides'

Tides axe cavsod by the sun and moon's. gravity p!vying "tug-
of-wax" on the earth, Even. if the rain Ls smiler thm the
sun ~ it pulls harder an the earth baeause it is cia er.
Wherever the Toaoe is, it pulls hardest oa. the part of the
earth facing. it. This causes. the water on that part of the
earth ta bMge toward the moan Directly an the apposite
side af the earth the water bulges a~ay frais the roon hecaose
this is wliere the rmnn'» phyll is the weakest. This buTge
fo? law's the mon m the earth turns,

Twic.e a mmth the moon and sun g.ra in a. straight line with
the earth, The pull of both cabined will cw~se the b~lge to
be a little bigger. A bigger bulge +ca>is a higher tide which
is calIe4. a SPEWING TI[3E, A NEAP TIUE ar sma.llcr tl-.ao norma.l
title ocCurS When the mod aud Sun a.re piilliaR; at right augleS
ta each other,
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A. Roe f Comr m i,ty

I. Life on the bottom

Ãany aniln.lS an.4 p?ants liVe an the bottam Of t.he Oceall.. Ne
call them bent.hie dwellers, Per.khit. or beak~ means bottom,
Same of these onimal3 arrl plants start ovt Is p?moto@ ar
driftess, then settle on th» bottam to spend the zest of their
?iVoe L'Orals. and lirllu fitted a place that's right for them and
perman.mtiy attach themselves to the bottom Ot.her animals
that craw'l, creep ox. even swim c].use to the bottom a,re also
part af the ben hie cammuTtity.

Kl.at da a?1 theSe animals a,lofti plaTtt.s have iO ComraoTt They all
baaed ta be near the sea floor ta live. These beTtt.hie dwellers
cauld. t!ot survive iTt ape~ i+ter.

P'ietures of:
sea anemone

*l i nu

coral

crabS
cowry
flyiny. pirtlard
fl oh'.tIe r

se3. ctjcmd3ei

taka

hi tl.a. l ea.
sea urchin

shells

Which of these benthic clwellars ~pen4. the rest ot their lives
in oIte 9pat'P How can you te?1'.

2, Swimme rs

NEXT.11 are the swittttttezs of the sea., They ere the animals t.hat
Can mOVe throtlgh the water Cn their OWIt pOWer

Tliere are ~ay ways t!ektonic animals get around[ in the acean.

Most fi sh use their bodies to pus!t water iq a. sickie to side
motion, Save fish Iike hin>loas use their pet..torsi fins ta
pull themselves along, Fi sh a.iso use their fins to bc.lp them
to ttjrIl, stap, dive or go Vp tawartIS the Slrrface. A fish Can
Soar tIlrough the Water like an airplane Soar" through the air.
A Ilammt.rhead shark puS/leS himself r.hraugh the Water it> a aiJe
ta Side !itOtioa of itS body like Other fiSh but. tie has a Very
special-shapetI head that Ilelps him to make tur»s, dive, atl.tI
sur&ce.
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J:aJzaats like w]la.les, porpoises, anrJ, peop?e u c an ~ip s.rid 6awn
tiara af their hastier ta get through the water,

Squi.d and octopus tLse jet prapulsiov to get from. pIa.ee ta
pla,ee very fast Unlike the aetupus «ha spends most ot l>is
time an the Sca floor, the free-SWiIosiing squid has a pair of
iNrge fins an carl> idc nf' its lady whicti it use' ta turn,
dive, '~d even haver.

3. Dx i f t ers

I'%4VP>N, uniike nektarlic. v.H. benthie anima?s, are not ab?e to
go where They sant ta against the winds end acean currents.. A
fee plankton are ?urge anima,?s like the Portugese man-af-war
aTIcl jeliyfiSh that are Very Wea.k Swimmers «ho ha,Ve litt].e ar
no c:antral af w]Lez'e they are going.

Ilewqver, est plankton are too saba.li to be seem witliout a
mierascape Pnme of thee spewed tticir wl>ole ] ife drifting
whi?e ot]iers are the young af benthic and nektonic dwel lars,
At.ter a whife tbeso temporary plankton will fall into deeper
wateT' or se tLe art tlute oLeaz floor ta grow up inta farm se
can recognize.

The whole Sargasso Sea i s z.iso planktonic It is made imp of
tloating sargassiuu, which is a type Of floating scawoed that
haS tiny- gVS fi? led bah luorIs AI]. the anima? that live in
th Ls mass of c]ri fting ea4eed are pzrz of the pIanktonic
community.

C'mme

PaSS a~t cards «ith aL!im.l5 aad plaTIts and aSk StudentS to
group t]io~selvez m6er correLt area Ti~e ev.ch group a»d
post time score
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B Hidden Danger's Of The ReLf

let's Took aZ some oE the things to be careful ot w/!en yo~
exploz'e the reef. What should you da ta protect yourself~

1, Take a frieocf along, just in ease

2 When yau. are walking on t]>e reef vetch where yo~i are
going. The racks in the water may be cavered vith slippery
li.ma.. 0'here nay also be deep holes io the reef flat. Yau'4
h e vise to wear shoes  like tLnnis shaes! or tabis and lang
pantS.

Stony calais that reefs are JLacle of are sharp lf you 8o
get c~t hy coral, clean it. pelt well. See a doctar right away
if the cat aloes not heal nicely.

4. When you.'ze walking ar snorkeling on the reef, never turn
your back to the occur. Always keep an eye on the waves ta
see if they are getting bigger Ee sure ya~'re nat trappe4
Dot an a. rect b> the high tide.

Same animals ~y bite yoii to defend themselvL's Squids
a!}4 oc.top<is have powerful parrot-like beaks that cart hurt you..
Eels have very sharp teeth and may bite if yo<~ stick !mur hand
ar faot iz their ha].e, Learn ta pick uy crabs and lobsters
correctly, not oo?y do t]icy have pinchers but sharp spines on
their a~r p?ates lf you jeave rmst of these animls aIcme,
including she.rks, they will probably ?eave ~v. alooe.

6. Jcl lyfish and PortuguesL man-af-var have nematocyst"
which are stinging eel?s oa their tenetac!.es, Some cone
shells have darts that are poisonous to people. lf yoti
have to haxtdle them, pick them imp aa.ly by the @roar!, f? at
end. 7he biack lonp spi~ed wana. hqs poisanous spines that
will ga into your sLin and hreak aff Oo aot handIe them
even with glove~.

7. B.- nk-e mrs carry large amounts of waf er over a coral reef or
sandal bar, The force of these waves traps tl!e ~;ater between
the rcc.f or bar and the heac]<, lf there is. al~v break i» the
length af the reef, water will flax bzqk to the acean through
this charinei, heater coming free bot]i directions inside the

Jr.'~.L Y]- tsfl

SARGASSO

LARVAL CRAB

F]~» rrC;

CQPF.P m

LARVAL SL'A Cl>CUMBER



'h%.at shoo.ld the swicvaer
do. W'high way shou.ld
he swimY

C. Reef Builders

f!irl you. know the.t reef»
Did yau. know that cora?
years to gro ~ Did yau
oui]ding qaTals are not

19

l!iffcront types of c.nTal
grow at diferent depths
acid under certa.i~i eon-
6it i an», What ha.ppens
wh en 8 orant hing ups et s
this. delicate balance'

reef cz.cakes a cu.rrcnt going straight away fram tho br ar h
1'aliis is a RIP CURRF.i'",

Rip evrreiits v.re atrceg ai!d should be a>abided  l.earn t.o
spat. rips. They i~s~iully hald back wa.ves and are sometimes
di scoloxed by sand or debris picked up off t.he bottom,! 1f
yai> are ever caoy!it i~ a rip cut'rent, swim parallel tD shDre
When. you are out of the rip @trent, swin towards shori.

were boils by bath animals and >3.ants-
as large as you. head takes 40 to 50
know that aroLLnd Jiawaii ~ most reef
foie>d below 50 m � 0 ft! deeps

 :orats are ske}.etaaa of ran.~iy t t.riy anima.ls cv.lied polyps ~
Coral palyps live together and fron the seawater draw ca.lzIom
carbonate, the ock-like niaterial that reefs are made nf, A
t>ye of seaweed mal.led coral3.inc algae also draws ealciv,m
c.arbonate fruo tiie ffa.ter atLd helps to build reefs hy cementing
together shc1is, saved ard caTal fragr eats,

In the Unit.ed St.~tea, vn.Ey two staLes have the rip@.t condi-
tions far coi-~] reefs. l$iey are ] }arida end llaw'aii. Reef
hi:ildiny, corsets need rat:er temp rat»re ~bove 21'C �0" F!
y< ar around ln order to live

Resides the right temperature, stony cora?s also need clean
a.n.d cons antly vovinp sea water. This current brings in
needed oxyyLn and pla~ik on far coral po]yps to eat. Stony
ooz.als also»eed si>olighi hera'.se they have alp,~e living
ir>sih their polyys, ThE: polyps ar>d aEgae lielp each other
orat. to build the reef, l-oT thi» reasan, stony coTals usually
Ro not @raw heir> M m �60 ft! deep. It is the different
types of a.lyrae in different Eive carals that gives the~ color
at night when th» polyp' bloom like flowers Their "petals"
are actually tenta~.los xiZh stinging celE» w/~ioh they use to
c,"tch the ptankton floating by.

l. Types of reefs and where they are fo Und.,



L z vvxvuw E;vl'ass

Reef coral ~ are di f tercet fram precious coral s which jewelry
is made of, Stony reef carols four@ the. rrck-like reefs.
Precious earls are soft marais aT ale!anarlans, They are not
able to farm the limestone skeleto]1> ! ike stony carats,
Anotl~er Aiffererlce i~ that stony c.orals meed the algae in
their bad.ies te live, Because a.lgae need smlighe, stony
coral zan onIy live in depths that skylight can reach,
Preeio~i~ cora! s mfa not have algae in their cradles, so they are
able ta survive in the clark depths and live in depths anywhere
from 30 te 47' m  l80 ta 28ZO ft! BIa.ck, pink, and gold
coral are felid around the Ltawaiim ]sic.nds. The manufacture
sad sa.le af precious eozals !~as earned aery millions of
ck?J.ars for the coral industry
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lI. THL  ..'tLAIN OF LI]'L

A. What a.re Pla.nekton'.

The ward "pl.mktan" means "driftcz.." Plankton are tiry
plants a.nd ar imals that drift ia water. ~tony pf them are sa
amah.l that you. need a magnifying glass or oiicroscope to see
them. Plankton cm also be larger animals like jellyfish
and PartugUese man-af-war thar drift in the ViTreElts.

Scient ia S divide the tilly Plan] tOTl into tao PrOo!S--
phytapla!lkton and, zoop lanktoo i-'hytop lankt.on are pl a.nts and
zooplankton are crim~is Fhytoplan]'tan are plants bevao.sc
they can use s»nlig]it an,4. rcineral» to grow joist like land
plant»

Seio~itiS S u e a net that ]laS Very tiny holes  O Catch
plankton. PiL»ot i drappe6 behind tt air heat. You can
mak» your oso ne. using old pan-..y hose and soli~ ~tifE wire
You. will need a microscope or magna fyint. glass to see «'hat
you' ve caught.

plankton net eoostrUi-

tion instructions in

teacher's gvi6e ~beet

l. P] i]: t apl ankton

i'hytapl ankwar - re tiny marine plants. Yov kno~ that limu
 or seaweeig are also acean plants but phytaplanktan does
not grow attached to the bottom like 1im.i &.ey spend,
their shale life f looting near the: Snrtare ot th» OCeGll,

Lan d i'1 ant s and Marine P I a n t s

Siml i ht ~tine ra' s To erat ure

Global'. rat c.'

not too waFp

nor ti>o co ld

produce
C.llhrgy

C t!rough
photv-
synt.hopis.

frol:! s: i

water

hl rine
i'1 ants

t'rpn

ski I

mec.'orat e-

no~ too

nar tno <olrt

L4 nd
I'92 ants

pToduee
e3lL'rv,y

throltgh
pt>ota-
synthosis
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Some animals in the ooearL eat i'LANGTON whi ch arL. till> plants
and animals t]!at drift in the sunlit la> eTs af the. ocean,
The tiny plants are called phytoplankt'o and the animals are
rg.llew. zacp?anktan All life in the Ocear: c!epends
phytop3.ankt.On in SOme Way. SLllall animalS ea.t the ZOOplanktOr
a~d bigger animals oat the smaller animals The z'elationship
of who eats what is Gal].ed the FMH WEB.



2, Zoopl arik t. on

Zooplankton are ti»y animals t]ta drift in he ocean curre»ts
iike the phytop],enkton. Sorrre zooplankton, fioat for their
etitire lifo in the acean 'fhese PEPAANill ZOOS'l.ANK70Ã 8o
not change their body shapes, Other zooplankton arL cd, lied
7ENPORARY Z93PLAilKTGW because they spend only part of their
lite as plankton. These are the eg.gs and la.novae of many
kinds af maritime animals As babies, these aninrals f3.oat
aroilri4 but as tihey grow oJ.der, they change their shape end
beoo!rie starfish, sea urchins, e.robe,, fish arid i~riy other
ar>irral s,

T]he bosk ehnTidant. kinc4 of ]!ermanea.t zoapl,aaktan are probably
capepods. There are ov~r l0,000 species of Lapepads in ti>e
waters on earth An yaLi iraagine how maI y tha.t. is~ The
capepods are crustaoea and. have long antennae like lobsters.
'Ihese antennae are covered with feathery bristles that help
the copepod to f?oat. in the water. There a.re m~]e and
female copepods and they repordui-.o by sexu.al ma.ting.

3, Ny Junior, haw you.'ve grown,!

Remember the zoap3.aI keen that spend, alily part at' their ?ife
drifting- Ti!icy are the eggs vr 7am.'ae of animals like
st~rfisb, crabs, sei cucur ibers, sei vrchi»s, and mazy others,
SL'e if tv can vatLh the babies with the advlt animals.

B. Pood C7liin arid Pyramid

Lrver stoppi.d to think what the beginning af ali li fe is in
t.ho aceanP Where does fao<t cone fromP A11 ]ife Depends ari
same ether livii!g thing far foarl, be it animal ar plant
material. The food soLixce chain in.  he ocea~ starts with
phytaplariktan l'hytapJ.anktan are called nprioary producers"
becavse they need an]y t]i' sLirii.ight end m neraJ.s tv graw
PLytopEanktan da nat eat other living things.

Eii tbe amain, t]!e "chain of lifr" is very easy to see. It
begins «ith zoaplanktun eating phytop3.~ktvti; the zaopla.rtktan
in turn ari eaten by sr!al 1 fish «]!.ich are eaten hy Larger
fish which are e iten. by even larger fish.

A»other way of loukiiig it zh» "thais nt' life" is as a food
pyramid. i vs ~>;.h weight da yaJ suppose you sosild gain if
you. ate j. ! kg of food'P Nn, rot l0 k~;, bnt. about l kg.
Xarine animiaL gain i.eight in. tl",e soir' >ay, It t; l,es
l6, �'0 kg oE ]ihytopl,inlto» tv prodvce L,MO kg of ziiopl in%-
ton which w' I] in town prod«ce loJ ky. vf smaI1 fi 4 and a
PD ~
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C. h!iat are Food W«bs~

Fuorl webs shaw the reletiarship af which a;animals eat which
plarLta and/ar other animals. Plapts depend an sunlight fez
their food. Animals eat plants so thc anir..al,a depeo6 on
plants.

I'g Drde r fa r you to survive, yo u mus t ea t ceo vgh f ao Q an4
drink enav,gh liqc.id. The ani~ls in the Qc'.can are just 3.ike
you' ,they need. food to live, Siipposc yov. grew your ewe
foa2, if all af a sudden there was a large liapulatim of
warms ig your p,arden tha.t ate mast af you.r vegetables, you
wov.td not have erma@.gh food to eat,

'!he searle i4.ea is true far food wombs iD the o«can. A lac'gc
inc.raasc Or decrease in tive number Of a.a vanir;a.l or plaudit @alai.
harm the food web's balan«e Chmlges can cause damage fox
years in the future,

Example af balance:

--Sea vrahr'.ns a~~8 kelp
Sea. I<rahins «hm off
kelp holdfa ts

Ped» of Cal i feria
coast were heivg
destroyed because
Urc.'lins «assed the
mature plants to
floa.t awa.y and ao n,ew
spolY5 sere able to
settle mad prodvce
new plants. T]le sea
urchin papul.ation
increased, be«aisle the
populatim Df sea
ot ters the.~ f ec8, an
sea urchin» was

doereasir g bt.«a.use
.ea. otters were

beirg hllllte l fnr
their fur,



2 Di a.gram of a reef foal wcb

This is an example of a reef food web. Natice haw the
aniiirals end plants reEatc to each other. 4'hat da yao thi>!k
war.ld happen ta the reef if a sewage outfall was pl sce6
nearby~ Sewage is a NIJFRPFNT ar fertili zer. Extra nutrierts
in the oecan means an increase in the amaunt of plants ar
phytaplmkton. tlnw would the extra. nutrient.s chmge the
reefs'F Whet happens when rain washes laase dirt from homes
being built vlear the shoreline'. Ha~ does tl~is affect the
food web?

2. Ilaw are faad webs affected by their
s u.z'raved.in gs'.

Peoplo often came problems in foal @ebs by throwing thee
act of balance, T}iis is known as "STRFSH," Your activities
an !acid and in the sea affect the rlelicate balance of food
was.

Suppose people aroiind the world cai~g]it a. lat cf fish of oa,e
kind, The species wacld become extinct because taa many
of them have been killed This is happer ivg today with
certain species. of whales. Ta protect them from being
totally wiped ov.t, an interna,t lanai agreement prahibits the
killing of these «ha.lcs. What mould happen it tl>e whales
hec~ extinct'? Vow wa~td this affect the papula,tian and
balance of same af the things whales feed uynnY

Oil spi.lls, run.-off of rcud and Bumping of wastes into the
ocean c~v harm the animals of a living reef. Oil coats
feattiers an birds za they can't fly Mvd fram ?and settles
aver the a3.Sac and coral and kills. then'. Sewage wastes carl
caUse an averprodvctioo Uf li fe w]erich alsa upsets the
bala.nze af faad iehs,

Vow. can help to keep fao4 webs in ha]ance. T]iink caretully
before yan. da things that can harm the animals that live i>i
t.he octa.n.
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OUn. HA~a.r.lAR REEF
ADAJ.'7AT l  K

 ~ of 4!

I I I . AD.ROTATION

Method» of f c ed i n p

SanrJ dollars and sr a.
iirchins have a rahu?a
v]erich are tact!> tha.t:
i era discavereh by
Aristotle i» the 4th

Century B,C He dea-
cri lied them as looking
like a hara latIt.em

with the panes of horn
left. aut sp the radula
have been ca.l!ed
"ATistotle's lantern
ever s,inc.c thr A,

Al ] of the anipial s wI>p live j n pr near th» Hawaii ian Teef 5
have developed ir some way ta fit inta thi» caeplex eammim-
ity. On the reef each has found a place and a way tp
s»rvive. Some animals use spec@ ta get. away frp~ predators
while others c~iiflage themselves. Coats of armor and
5 p p c i a I s. t i i i g i n g cells, p ro t e ct t h o ~ e t I } a t can n o   g e   aw a y
Some animals have aI.so developed specia.l relationships with
others. C!ae memher of the reef ca~mvnity, the shark, has
been singled out tp shaw ha~a it has adapted in form arid habit
ta the environment. The sha.rk is one of the best adapted
members of the reei comrauclT',ty

AI;ima?a in the sea a.re I~FRBE'FORES ar plant-eaters,
CAMIVQREF ~ ar meat eaters, pr O~NEVORLS, pla.nt and meat-
eac.crs. Fa.ch speciea ha~ develape4 specializ.e4 raethods pf
obtain]ng faad.

Sea urchins and, sand. 4nl lars have ViD'l3LA, a circle-shaped
moi:th with five teeth that enables them ta gnaw on seaweed

d ather saba.ll animal».

Same fish are carnivorous, They have stiarp, pointed teeth
that ratch and ho?d their faod he.are t]Ley s~a,llaw it The
fi h don' t use their teeth tp chew their food; they mal la~
tlieir faad wha le ar cut it into bite- size c'honks. Fi h
have l'HAItYXCL'A]. TEETH ar teeth that are far darn in their
throats so the fis]l, can cbcw ail' stii l pass a current of
iater over their gi I Ls

5ome fish like oehiL and whale wharks are plankton feeders
They have CELL FAKERS that are simple pr branched tooth-like
projections Srranged in raw' like a careb that catch the
planktan, TEie spacing and structure determine the general
size and type of planktpn tha.t. the fish eat

Whales are diviifed jntu two yen.era] cate@,arias toothed
whales like the sperm «hale and baleen whales like the
hunphack ar great blue w]i.~le En~toad af teeth b ~leen
whales h; ve brist.les wit]i «liich they strain aLit tiny krill.
from the Wa er. The baleen Shale ta.kes in large amacints Of
wa.ter ic to its mouth v.rd forces the wat.er ov.t through the
bristles with its tongue. 'J:he small organisms eaug]xt jii  h»
bristles are swept into the throat with its tongue.

~arne animals like tbe see. anemone, ]'artogtiese m»i-of-war,
ar!J jellyfish'h arse ITEN~>IÃG CKT,I.S to stin thei r prey. 4']>en
the yruy are Stunned, tE.e yreiiatars caTi eaSily e.it it.



J3. Sh a!,'k s

Nore ways sharks have
a4'ap t e4:

B, S ho rks b ave sho rt
brrt very erficicnt
intestines with a
spi ral structure
inside.

A Sharks have rt.ut
d eve 1 op ed an ai r
b ladder l i ke ba iiy
fish. For this
reason they ma.st
keop mavi]]g ta keep
fx-Dm sinki~>g to the
bottom.

C. T]Io m.sin difference
he t w een sharks and
bor]y fisf~ like the
v.lu.~ is that. sharks
dv not have bony
skeleton. They trse
t]I.e water ta sIrppart
them.

H. Jaws open very wide
a]]d as muscles
ti g]It erL it mVes
the teet!> outward
so they are able ta
get q. good gz].p,
'Re j nws of a she.rk
are su s trvng that
'n. eig ht - foot sh ark
can exert a pres-
Slrrc. Of 3 metric
t on s p er s q]]a.ro
irrC]I. she. i t clarps
da'NTl,

~v~e antmaZS like the St.alfiSi!, sqliid, and oetO]iI]S use their"AR]S" ar]d HU :II'TON CliPs to 5]tare thci7 f aud or ply open
shells. St-Irlish can. puil apart oy'r cT she'.] l [o eat the
ill i N A. i r i 1 S ], TJ, L',

Of al l the anir. als iu ti]c ocean, it is the shark that has
the perteCt farm far living i]l t'h e t ater. 8harlS are so
vc]1 adapted to their watery world that they exist today i]]
nearly t.he Same far]II. aS their pzchiStari C anoeStar ~
Cl z'ahamcwe we~a aden. Because she.rks do nvt have arly banes,the On?y remait]S are fuSSil tcet]]. ]Iiagr.r]e how big the
C'- meya&Ckm must have been! Look at thv sicko of its tauth
eO]irpared With a. taoth Of the groat White shaTk.

Pelagic vr oceanic species of sharks have stlwam?ined,
TORPE]X-5HAPFD MDJKS that allow them to swiai great
distances. Save bottom-dwellin~ sharks have adapted and
are fiat-bellied.

2 ~ Like Other SlIrfsCC fi "h, mast SharkS are COURTIER-SHADED,
which means tfiey are darik colored on tap arid light
under]]eatll. NILaxks thm.t ] ive an the sea fj.our, Like r.he
astra?ian wobbego]]g or ca.rpet shark, Or'eaLr]kbu,]
bar'vtCuS, blend irI With the Sea floor and are
CA.KUFLAGE iU .

Sharks do nat have scales. They have tough ski]] called
SIL4GRt.'FN which is covered with dentic les. O'ENTICLE&
are pr'i]IIitiVe placaid sCaleS tLat are abaVt the Size af
a grairI. o  sand. 7hat is why shark skip. feels like
sandpaper. P,iso, see rirrmber T2.

4. 7tie pectoral or side and dprsai ar top fins act like
STr'6LLIZl BS vf ari airplane These fin help the shark
to dive ~ turn or go ~rp to the surface. However, these
fins can't help tl]e shark tv "brake" sa it arses these
firis to ver r aff i}rstead. The diagT'a]]l shows haw the
Close-Seotivri af a Shark's fin ipaks just like a]l air-
plane wing

The haermerhearl shark has a specially shaped head that is
art eXtra manel<verrng "wing" ar fin

Sharks have CILIA SI.LTS in the "ki]] nd no a bony plate
I ikc other fish,

6 Sharks jaw» are full of ma»y mw» of eeth Th se teeth
are the same aS the dontic!eS fuu]]8 on the S]IFrtk's Skin
The Bei]ticlcs i» the matzoth serve as teeth, L'hose
"teeth" are ruat attaC]]ed tu t]lc j,~]'bvre like: thony fiS]I,
hIrtyroW iri its kir, Th< teeth mOVe Outward .nd ~.et
bigger' ~rntil tt]ei r roots emr rye from the skid, Worn
tectl] fa.ll vut. Same sharks ?i.ke shellfish, have malar-
like teeth instead af sharp wedge-soaped teeth



Qn.e Of the best s.ense deViceS tile ShaTk ha.s iS Zl>e
SENSORIAl. CANAL5 which are loca Led along the LA'l't KAL
LIBEL' o] the tahar]; ].iko radar, the e italo can picl
vibrations and press<ire waves, os.poci,"J.ly those uf a
woo»ded lish,

T]l.e nnstri ls of a shark are cove>ed hy 5 ;/tNETljFRIA'i FOLBS
whic.h creat.e a can.a]. th,ra»gll, whic!l wa er fin s tho
nostrils are place~t far spat tu locate prey moro
a ceura t e ly,

Sharks als.a have LI3REN7TXI FIASKS ta help them sense
difforoncos in pressure,

The shark'c skin has SENMKiAL CRVVTS wl ict it nrem to
"taste" the water for «hat. is n.rovrd

Symbzosz s

Gosh, that loaks like a herd wordi! What dne~ it kle8!L. Zt
meara, very simply ~ 8a Rive~ t.ag'6he:~, Plants ma.y }.ive with
planLs; anima.ls m~y live with other animal»; or planets md
an,irals ma.y !ive together. Symbiosis. Usoa?3.y involves two
orpa.nis'~s ~ be they planes or v.n mats.

TheTq are three kinds of syrbiosis-

Roth organizes help e>ch nther out, They give
things to each other and darl't ha~ii each ot/!eT,

2! One nf Lh» anima.ls ill he tp the ath.ex but the
ane that i ~ helped Zoos nat help its helper,

5!  one organism ]~ass the other it lives with.

l. Kla.t a.re some oxamoles of s.ymhiosis9

GAl.l. CRAB   r;yvEc.a m 'r~ m.;~aupiaH;.! in CO]L4.L
 I'ac-..' a~em ~'.>a~ '8'! The female ga.ll crab lives
in a packet in the cora.l. She somehnw shapes tbe coral
grow .h ac'aUnD her and cannot leave once the ca "a.l
surrounds her Sho is protected frigo> he~ enemies hy
beirig ~»rrauzdod by the cora.l,

RF.p HLR~tll' LkA,B  Dzvr~g~ geeere~ua! and SF.A. AN]:~IOXES
 Ca~'ivy.i n~ 'li..;as! This part icvt.ar hermit crab
can, set»al ly rcmove a sea anemone frolll the rocks and
put the .~neonate on its shell, The anovone's stinging
cells protoct the crab fram its enemies lil e the ootapiis.
The anezeno can,oat move hy its.eIC; by riding an. the
Zrah'» Shel I it C, Z lIaw moVL fran p]a.-e tv plaCe

C Ll:AN1. :R 'KRASHE   ~.'r ro- <~a p 4 4 i raphag~s ! . Thi s f i s h i s
found hat'here in the warkd but in ttnwaii. It he lps vt!~or
fi h by cleaniiig, off their liarasites  tiny germs! .' the
k ish are heal[.hy on8 the wTzsso get tno~t hy eating the
para it.es.
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st< zwtklI,l,it. <genus ~0a~ehg,.tie! and  .'LOh'I F75H
 ibrph pz.nn. Ct.Wrist~~!, The cIlawn EiSh hideS ia the Sea
anemone in t me of danger Tl".e f sh usua] ly live in.
pairS 4'ith the aneaane. l>i s p~TtiCular;Iaezune i S nOt
faond irl llah'aii; it was brought tu the' Naikiki Aqu'orion
fram Cantoi! 1slar ~I,

Jl shaped fvr I: iVing irI hater!

NeXt time yau're at the beach, S'ade up tv yoI,ir Wa.iSt and try
running through the water. Lf you.'ve doc e this before, you
know how hard it is to mvc forward. 7h» animals in the sea
must adapt to moving about in wateT,

FiSh haVe different shapeS ta help thea live in the I'ater.
Some, like tun.as, v.re shape.d like TORPLIDOS and this a.lJ.ows
then ta move guic.l-l!' tt>rough the water. Another is the
e'ongated shape which makes the fish, like barracudas ur
opelu,, J.ook like a CIGAR. This shape atsn helps in. quiLk
movement becaI.iSe the body iS Streami n~d

Fish liLe the floIvli'er J.iVe vn t'.Ie huttam a]Ld are I-LKJ .
Othar flat Inima la aie skAt85 Ql d rays which al so live on the.
sea floor NorIe fish, like butterfl:y f ish,,~re v ~ Ttl?Y and
when yau lapk at them frnnI the fzV!nt t'here'S hardly anything
there. This helps to protect the fi h and he]ps it move
through the water with less frietioo.

'Iberia a.X'e fish like t.he puffers and Sta»cfish which are rIat
5?eek or streamlioud Ttjey are NL'ARLY M[NJl, These fishes
do not have to b» speedy rr travel far ta exi t.

Now let'5 think shout the anim; ls tl~at hide in holes, Fels
are FKX.ABLE and lung anct skinc.y Tl>ev can easiI.y fit. into
the crevi ees in t.h racks. Brittle St,~r ar'e also qIrite
flexible and can crawl inta very narrow craal s. Oatapus
haVe Soft budieS and caII. slip iltt O tiny hvar.us

L hlavement in llater

How does a fish FIove'7 Jt Dtaves by PUSI/Ix . INAT7:R TO THE Ri .iIT
run mEN TO 'I'l/L' LFFT hllT/[ JIh M![!Y IN A SILL 'JO Sip~ hKTIMI,
!'urpOiseS t:se the Save mO iorl but tbeirS is»p anti dam~!.
Same fish are o stream}ined that they have grooves un their
bo dies i»to wh ch their fins fit.

pnaple thoiIpht, for a Iong tiDe, that the tail firI. was tl.e
cast impar tarIt one !at' 'wiiIImi ng T!l, ail. ekperiInent,
identiC I CiSh were pIit in a tan.k and tt;e tail fin cut aft
from one of th» fi.'h. 6oth fish co<IId 5wll;i a' the same peed
when frightened it ' S  he iII<sc<x']or,set iaido. af the hudy thai
IaOkl 9 the t isl". II;Uvo 'forward]. I ne other Ll- es pf fill" are, ta
help a fish keep upright, te tI.;rn, az tu stop 'Same eXCap.
ti enS tO tISi>Ig ..he riISeuiar acti nn Of the baby in swimmer ng

the hinalea or wrasse and t.hc seahvrs» 7I;e hi»alea usus
its pectoral I side! fins to pol 1 its. body tlitovph tl-e water
~nd seahorse8 Use the d'or a l fin on their beak' to mo>'e about

28



Aarita rays have developed la"ge peetora.! fins, 'H>ese az'o
the fiaS that LOOk like Wi»gs «h'.Ci! the manta flaps to soak
throirg!> tlute va.teL.

~ogre animals move by JET PROPlJMlON. FOT' Qxa3lTpl.e the oct lp+5
VS»ally C.»v alang Oa itS Suetiar<ed. a~ bUt if it' s
frightened it c~ eject.t vater jrorr. its maiLtlo cavity' throu.gh
a SiphOn. As the water 5PV'rtS fOrwal 8,, tire aOlM1 rOVeS
backwar&. Spoils use jet prapv]sinn tnn, bet they have fins
ov the sides of their body which help to cantrol their Eave-
phea . Octopi& ju- t move In one 4.irection bvt sqvi.ds, vhiob
spend moo.t of their time swimraizg a,bout, ga forward av4
backward end tv.rn with the aid of their fins.
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OUK HANAl IAV REL'F
PRATE CT IQ>

� of l!

I lr. ~ROTED ION

» <"e re<< i>rid the "fastL>t jaw in he We
Suz'Vi labor. 7'riage Wha are mall or O ]ierwise <ieferi~elL'ss haVe
found ways af pratectirig themselves r'rai pR' lv.&MRS who are
looking for food an6 people who may a!sa be lo oking far a

tee al .

I n tll,e COAt. L xt O+ t l> e
s enten ce, what do yau
thirik "predators"
Ple Gns?

A. C are u f I a.ge

Camovf l'age is a. widely lixed pwntectian device, Thc ari.ma.ls
try to hide thel4&elve5 in their surroundings or they try ta
eanfuse tlleir ene~leS. Carrel.lflage C~vieS ii rr~ny fOrnS--
co?Or, «hape, aid raaSkiny, 7ho casie-.t bray tU uTlclerStar!d
this form af protr Ltiorh is ta look Jt smne exariplec.

l Protective colvration

CourlterShadirhg iS a spain? type Of ealaratian., J-ish are dark-
calored an their backs and lip.fit rin their he'.lies. Where you
look at the fish throuph tf e surface of tlute water, they blend
in with the deal blue Ocean water'. wl'en laaking at tihe fish
from below they blend in ffith the light

2, S] i@pe

'Ihe shape of same mlmaLs helps them to laok jli~t like theii
Su.rroi+ilinRS a,net rlakeS it ha"8 ta tel] if  hc.y are t.horL
See if > au Can f i~d t he zll i~1 S iri thi S Vial,z am

Hew da the maririe animals get their colors', 1'hey have
spociaI cell in their fakir called r..]NOMiYOP]JOBrE t/lat
r.ontail} the malar pigmentS. Yhe anialal C.Ortrals the SiZr: of
the cell olrenings ta produce di foment shades af color.
T]iree kinds uf pigr~lit found fxeq»errtly in fish re:
 I! oraTlge, ye? lriw ar red; �! black, and  ~! glran n l high
prado.eel white, si Iver ar irrideSCcnt himS. A cvmhiTla.tian
of pisa.gin arrl bla.ck prado' es ti!e Jill talllc b]rie srhd p,ieen
colors Fish, shrimp, sDuid,,~nD octopus I a~e c.hromataphores
7heSe are CeilS an he bOdy that ear chang» the:nirlalS' OOlar
to match their su.rioiindirigz



NV.S ki rig

Some c.x abs fee3. Ve. ry lal,corlfarta.b] e vi thou.t al gae, sponges or
anemones on their' backs Sapienti s ts have &ne experiments
where they have ~rDoved sponges fram the c.rah. 1'ho crab
immediately look~ for mare spanges i.o cover itself with
whee the rrrasked r-rab stops rtroving, it just disappears inta
its surraundirrgs,

4, Mirai c ry

Other rrrethads. of ratection, Marine animals have ways of
protectirrg themselves that are rrot so abviovc.

B. ~choolirrg

Certa.iTL fish MKrOL or swilrr together in large grovps as a
means of prat'ection. Schools are made op of the samre type
of fish that are v.ll about the same sir.e. When there are
taaay fish together award rrorre af tlute fish stand av,t a.s being
@atro. big or little, the presa.tor is c.onfused as to which
one to attack. There is safety in numbers, A]sa, a tigJ>tly
packed schaal of fish looks like a. single large, dark
raving naos and, this narra.y frighterr aff preda.tors

C. I uk Cloud

Squ,id, "ika.," or aetapu,s, 'teko," are able to shoot a. dark
i»k cloud that hides their escape. It is not till this
clovd clears thai the predator can start lookirLg fol its
viatira, Aftar the actopus, whiL'h usually crawls about the
sea floor, ej ecto its. irrk and mes jet praprilsian like the
squid to make a fast getaway.

%u deep water relatives af the sqirid. and. oc'tutus the< live
kin total. darkness do jr.st the oppasite. Inste,id of a. dar

cloud which wavld not show in the darkness, ti>ey eject.t a.
bright glowing cloud which Marks in the sami way

Teeth arrd Jaws

Sharks and bv.rTnc.vdaz are fxvaus for thei sharp teeth,
Shark arirI barracuda teeth are very different. Sharks feed
on, large prey, They have teet% that ce.n clamp dowrr orr and
with a side ta side marion of their heads "saw" off chonks
out of their pTey. 7lieir razor-like tria,rrg.olar teeth leave
ray.@ed-edged wounds..
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Rarrarudas. eat smaller Cis]> They hive ~eel] e-sharp teeth
W]liah they uSe ta grasp anti hold, sIi'all, fi.sh b inre cut ting
i t. i» to bi te-s i ze ctninl s .

E,  .aves or ]Isles

The Alpheus shrimp lives in a hol . in tho sa.t:4. 1t will
r~:tre;.t inta the liole i<her de>ger threatens

Tri ggcrEish and f i le fish ]l,ave a. doUb Ee dorsal spine, one o f
which i~ used ta wedge itself -ight3y in cra.cks in  ice reef.
'the second. dorsal spiTiq acts a a. lacking tiigger.

F. Hcgeierati an

Home aiiimals in the oeea.n a.rq able ta pTow aew part~ ta
replace olcl aves t!iat they' ve Lost, A starfish car: grew
ha.c.k aa. a.m it 3.ost in a. struggle. lf the  1ast are h.~s
part of the bury disk attacl>oc] a. new starfish xiii grDw fro>
t]La.t pa.rt.. The starfish, '6;ski~, can graw a v,'ho]e st.arfish
fz+It. even Very Sma] l pieCeS.

Cao you n~we o»e animal
an. 1~0 that ca.a grow
b,~ck a. part cf itself'

Yea cucumbers will «ject parts oE their intent.ines whetL they
are tbreatenerl. This distracts the predator eaougl> far then
to mal e a. getaway, They «ao grow back any part. t]Ley need.

,4. "tako" eon gTaw hack ar a.tm that is lo~t when tryi~ig to
escape fram a moray eel

Crabs ai d lobsters are ab?e ta drop their «laws and antenna
ta eSCape frOIh "takos" and Other pr'edatars Tl:eSe .~rc
zepl aced, whm they MOL'1', I'-lv lt iop i s the Process crust aceins.
!.ike crabs md Lobsters ga t.hz'ou.ply ihen tbey gxow too big
far t.ba Cru.St they are wearing and Shed i  fOZ a new aTId
larger one growing Llrlderneatb,

 ' Rep ro guet i on

Rr production is a. method of protect-.on beta.>xse it. is a. way
ta intake Sure that the peCieS vf anima.l wilL bO .'Iere in t]>e
tl,3tUZC.

SvI;n fi sh lay tinny, many egg,s tO P~ke sure tha.t a. few W]11
~a-vive ta become adults mad breed 6 2'.9-cm  J i~>c]>!

apel@, Dc;c'aptem': ~re~!.a'~~, has. aa average oI 82, �0 eggs
iii its avery. 7]lese eppes. are not looked atter hy t.l':0
adit]t.s, but drift a~ plankton, hlany are e;~ten or die, hut
a few +i l I ski ve

hhSt af the aniI-'l» that liVe in caVeS ani' holea Came OLLt tO
feed ~L night «hen they can'I.. be sean by their enemies.
Labs'.ers aTLd morays I]ave a. neat re]ativaship, .4. lobster will
share a cave «itti a moray E:cl w]lo will protect it ft'az
aetapus  and an acct.sianal <liver!



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 a 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 skins.
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
"bones" 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.

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  Ptezoie sphexj
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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ZtlE OCEANS

The oci.an floor, a short distance from shore, off aiiy
Hai'aiia» isla»8, may plu»gc dos'n. tc <le:pths af more t.haii 3.SO rn
 abov.t 600 Et! into ihat can be ca.lied "deep bi~ waters."
J,ight does riot reach dowii rich be low 18~ n. Great svbma.riiie
river sysceiu circle the world and the moverent of the watLr
LirCulateS faOd ta the Oeeaii'S plant and aTlir~ls

The oceaii flaor, hidden vTLder the deep blue watez'~, has
deeper canyons and. higher moiiiita.aliis than any flu->8 on l~Tid

h, W]>at Makes 'K+ er Nave

h>eii you go tv the beach, yoo. most have not ic.ed t.hat the
' ca'tl l nc.'ve r z taps moving, Ksve yoti w on de red wh a t nak es th e
w-a.ter aeVe7

Kiiids, tides, temperatvre ehmges, ~d the rotation of the
earth halp move the acea»s. Jf the rater stopped novi»g.,
animals and plaiits wouid die. Tha irving. water carrie» food
an4 axygeii tu marine orna»isis.

B, Ocean C'.«rien.ts

Ap arqaii curreiit is water that aeves in, a. certain di.rection'>
like a river'. Oei'.allot;raphers have ! oviid th; t there ari:
SUttFACE CURRENTS  those pn top af t.h~ wztar! arid DEL'P
CURRZNTS tha.t flow oui,Verneath the s.irface. You may t!iiul
that tihe ~aters would. get mixed up bot they don' t, Di ffeT-
e»Z ~ster temperat~ires aiid diffcrc»  dr grees of saltiTiess
keep them separa.r e. Ocean. currents fl.nw aboiit as fa t as
yo o c.aii wa 1 k .

Same currents last only a. little while aiid cover only a sma12
area, These riirreiits n~y he cau'ed by tiiles anit stoics

l tlow do oeaa» cu.rrents affect yo»~

Curz'en ~ tliat siirramil Hawaii briiip warzn i at.ebs to the
isla»~ls, Scientists have found that. t.be tempera, nre af the
water aL'iects C[.I~M.']'.. Nheii warm wiiid b10ws across the
acean, tt>e i ster atisorbs the warmth from the air w'inc'5 cari
help to 1 eep you. wa~

hnother way curare it affect yoii, i». hy caUsirig UT'WELLING,
Vpwel 1iiip» o cur who» the cold bott.or> w iter rises to ttie
sUrfaee riear lani' masses, Aloiig th» w st.eh' coasts <f the
coiitiiieiit~, the surf'.ce wa.ter caves away from the: h>re
because pf the s-iTid action. Sir ee the surface w it.ar is
pu'hed, away, iteeper ~ .~ter comes up tp replace i .  l!iapram!



Thi a decl> v-atL r cont ain i n J.argo s npp ly of N HRii'N l'.i
Nut rico .s alc mincrdls th J.L phytaIilQnktan need t.a grow I h is
creat.e» gr'eat fields of j>l:yto~ilnnkton and result» in J.argc
numbers ot fish in t.hest waters. Lljlwell in' is good for
fishing 5u.t not. for swiping s incc thc deep water i s
coEder than the stLrface water Vpwei1'ngs may bring water
fraln 200 t.o 3DQ m deep ta the surface and upwoJ.lcd @at.er
my extend t.a Iilo km aff shore.

C Minerals in the Ocean

MINERALS in thc ot oan are fovnd an beaches, in seawater, and
on tl!e sea Ilaar. Especial.ly ltportant t.o Hawaii, arc
manganese nodules foun.d in  ho war.L-rs surro~di.~ g the islands.

Cold, diamonds, pl atini~, silica and vagnetito a.re some
important ninLrals mined fram beaches, Off the coast of
Africa, tars af diaaionds are mined,

~eawster has almost all tlute Lnaw~i ELEMENTS dissolved in it.
0~i?y four elements arc corcverc.ia]!y extracted--so5i<zv and
eh?arine which make L1p salt, magnesium plvs some of its
cot pounds and bromine, Salt is, pa.rt af yavr diet, bromine
is used a. lat in photography. Obtaining freshwater floe
salt wa,ter called ULSALINATMi~ is ma.inly done hy a~ ovapara. ~
tion process. Io same areas, deaa3.ination provides a much
speeded so~iree of. ireshwa.ter.

Companies i>ow drill thc boa floor for ail LLsinR. offshore,
large derricks Coal .~nd iron are are mineV in ai'eas
offshore of England, Japan, Yewfaundion,V an.6 Finland
Exploration of tl-.c deep sea floor for mining has jx>st bean.
It ia csti~ated -hat abois 140 billion petri c ter:s
 I.5 tri}lian tons! of ca=!geese nodule» a.rc on the floor of
the Pacii.ic Ocean. Same sc.irntists think manganese nodules
are acc~lating at the raZe of 9. l million metric tons
 l0 milk.ioTL tons! per year.

4»t are ~.anganese nowt.es~

KhÃGANESE NQIIULJ S Oz FL'RIK!MANGANESE NDDULFS are snail rounded
lumps of minerals foLaid on the bottoa of the occam. Iiiqor-
tant. elements immund in. t.ho nodvles are mangaecsc, cab'.lt,
copper, and nickel. Fermmangnnese nodules are ia'~id around
the world The largest cancentratia }a a.xv.' f~nnd ii! the north
paCific. Not all af %he rlodvleS Contain vali'+]e metals

hidospzcad and rich deposits of. ierrorrangan,ese nodules are
out 80,6 kn �00 ilLiloS! sva'h Of tlawaii.

Right with = n t'h e Hawai i sn Archipelago r'eposits are found
mainly on E.hree terrace level araunil the i !units--400 to
800 m, l,2QD LO 1,E! ! r ta, aod 2,4VrEI m



37

tlawaii is surrounded
hy the larp,est anil
deie]>c: s t ocr an, t !i c
PaiifiC OCe~il�,

I'lepa 1 lan nal .e2 o i.z'
ocr an "Pa.erat 'ic" a.fter

t!> Latin wo,<'1

p.;mfieus. "Vacif ict.is"
means peaceful or ea.lr.,

'RLat ' flsypening to the Res F]aor?

Altho:igh you cannot see it, the 0 '.FAN FLOOR is actually
InOVing O.-.eenographer» haVe found tha  t]ie aced flanks aro
SPREAD'LN ~ apart at the underwater rirlges or mountain ranges.
the spread,i tg rate is between l and 5 cm per year, lf only
sprcadiiig occurred, the earth wi],1 get hipgcr each yesT,
However, yav need. rot worry about th» ear h birn iTig up
because tliere v.re ares.s where the occai:~ floor falls back
inta the center of the earth. This occurs. in the ocoait at
the %renzhe» & land, s.inking can acciir s]ong mountain
ranges 1 ikc th i l] lm i ayah,

One scientist h.~~ prapased that the earth is. made up of six
majar block» of Land. Thyrse b3,acket af land move 6ecause at
the spreading af th» sea, floor where the ridges a»d trenches
a.re f outed..

F. Fa.i:ts aTid l-i<;ures About. the Oee~ns

 l]ispl ay ta be cutaway af J'acif i c Basin topography!

If yav. we=e to imagine t!ia earth divided into te» parts,
seven. of tILosL' par,s wov[d be covered by water, The Ala
hhaTia 8uildi.ny� in lionolvl«, i.s ~beau.. 107 n t.al }. The deep-
est dept]i, record.ed sa far in t.be ocr an, i' over 11,522.9 m
iri tlirt Mariana TreTirh near the Philippine Is?anile ]h-'s
means that aveT l0;I A.]a Moan@ buildings csn be sta.eked iip
on,e nn t.ap nf the atbe in the deepest psrt af the teen-]>,

]Nhat dv you think  ]i:e occ.sn bat,.nni lnaks. like7 Llaes it j,oak
like lancet Wirh meiintainS, p! aine, aTid river . If >'O«Said
it looks ?ike ] aTid, you' ra right l

The ac.ear can be rauL,hly divided inta twa a.rea» called the
Cpm l].FVrA]. e.]V.:IN and the KEATS' BA5<N, 'The continent.a3.
margin i' tb» ha.llaw vnderwater area next. Lo the cantineTits
f[awaii does'' t. have a continental margin >lany of tho
ocea!'s plants arA anirals live in tbo co»tinental m~rg'n
area., Most. nf the areaTi basin iis u plaiii. with maiiTit sin
ri ilges a.nd deep, deep l rr nches. flawaii i .. a chaiTi vf
va]c.ani - nountai:» t.'bar reacii imp froei the hattom af the
i'ac i f i c.



The Pacific Ocean is

aver tv.o tiTLes larger
thzz any other ocean.

F Now did tbe 0 cans 8egin? What are they Like~

Scientists 4.o not know the exact way the ocean.ns. beg,ai, but.
they have severa.l THFOR1E5 ar ideas. Qae theory i s that
eartti was fo~md fx'om a. elourJ vf cosmic. dust and gas, Wis
cloud was hot alid as it coo?ed the aust and gas farmed into
a big ball, Clouds aF steam formed a.road the oar .h. Many
ee»turie» posed, before the clo~di of steam cooled nod rairi
gael?. As mm cerXvries pa.ssed, the hasten» hegar to be.
filled with water,

Today, much af the lit'e in the sea is. concentrated in the
~a%ers above t!!e cantina»tal s,llelves. Because the water is
chal low, sunlight panatrate» ta  nest of the slielf orea.
Aetna.lly, the caztinenta}. sf}elves make up an]y aboo.t eig.'1t
percent of the ooe~n's bottom, but oceazographeTs know a
great >leo,l about life foie]. in this orea because it is
easy to pet to Over 4/5 of the aced. is more than 5,050 m
 l0,600 ft! 4eep. Tho avorage depth o f the ocearl ~ includinp
t.be cont inental shelf, i» >, B23 6 m �,5G i i' t!, P.lthoi~gih
it iz know» that quite a variety af 3.ife is found ii the
4 ep waters beyond the continental shelve», »ot too moch i»
yet knom, about t/!e animals and the deep i', ter environment.
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Jvst. -,.hick af the marbly products harvestL'8 fran the acean--
fishc~, sL-awe~ds, aystcrs, whales, sponges, shrimps, pearls,
eoraEs, scale, crabs--the list is longer than, this! The ocean
aESO praV deS Salt aId other mineralS l'Seful ta yo~.
think about aEl the fm> you ha.ve at the beach' Yo~ can ga
fishing, swimming, diving or speazing, In /iawaii, over
100.000 people enjoy rccreatiocial fishing yearEy, ln l975 ~
Ha.wa.ii's cairun.garcia.l fishermen caught aver $6 ~ QOO,POD worth of
fish

Fisheries Catch

 in retrie tons!
Se I ec C ed Cool t r ie s

l3SA

l345 R

Tot.a.l 0f world

FisherieS catch inc ELideS taiga Caught of altWater fiSh,
freshxatLr fish, erList.aeeaiis, maElusks, seaweeds hard other
marine products. The figures are from the Food and Agricul-

Orgsni zest ion, s publishe4. in their St it:istical YLarbaoh.
E975

h'nrEd Resox>ace»

l. kh~! iiiy, fishery

h1iales. b~. lai>l; to t!>e order Cctacee and they 5'ie throe siih-
ordcrs- hrchaLa-et.ic which are cxcfu. ivy ly fossi!, ~ly. t iieet i
wh ich at'e tile 4;il can or fiJ.t.E.'92' feL'dill/, wh Lli.b and Odcntaei.'t.i
c r toothed whaics which ircr ludcs doII>hirs anrJ po+~aise.s. The
ivportan.t. commercial spLcies a.cc th» h3.<xe, fin, ei, Brydp&,
humpbd.ch. a~d. sperin. whale. 0:>iy tl>e sperm whale belongs
ta the s.ibarder adonai occti; the rest are Lalei.» whale'.s,

39

A, Fisheries  ;atch Arourid t.he Warlii
 I.atcst figures available--E974!
 Display to be a bar graph!

Car! ad a.

J a.p a i

Xomay

l'en>

Repub1 iq of Korea

,'iout h A f ric a

Spa 1 n

1, 027, 254

lP,77 3 ~ 356

Z,<A4,aa l

4, 149' ~ 88!l

2,001,.46

I,iL !,742

2,743,6 3

9,;.35,609

69,844 ~ 600



Pileen wlialcs iFci.i1 o"I km' l l,~nd other planktonic c.rusticen,
Sperm shel es eat squired;ind, somet imps, fi sl"..

Modern. wl>a ling l!epan in i,'364, when, HvezrJ. Foyle invented a new
technic»e af using. harpOOn p.:lns and ste~m CatCher I!Oat@ tO
catch whales. Kith  tie develvpnent of efficient factory s]Lips
equipped with slopeways tha allowed the whole whale to be
taken out vf The water, the number af wl-a]es began to decrease.
Some whales are close to extinction A treaty aug certain
courltries was established to li!nit he number of whales being
caright. 'fl~ese cauatries agreed ta limit «atct~ size, animal
aire ~ mant.hS When the «haleS COrtld be CaLlg]it. a>}d Other itcmS
tc help the <hale populations recover. Althouph not ai? the
countries thy.t h<lrlt whaleS have signed the treaty, they Sti ll
Eirnit their catch,

2, Tuw. fisliery

Japan catches shout 2/3 o ~ the world's tvna, 'Some of  he
kiIL<ls af tuna ca~iglrt are skipjaek, bJoefin, ycllawfip, brgeye
and albacore Frac:ce an6 Spain fish fvr yellowfin, bigeye and
albacore in the Mediterranean. The fishery uses the LF.'Gl ]YE
technique where lines are set out wi h baited hooks along the
!ice every so many netcrs

3. h1enha den f i sh ery

'Ill.iS fiShe~ is the largeSt CO-~arCial fiShery in NOrth
America.. 1t is t'a~md a?aug tlute At.lantic. and baal f of Mexico
co;ists of the U.S. ~lenhaden feed in tlute rich c~-stal
upwellipg an plmlkton. 'I'hey are caUght by PURSL. 'SEINING
becaUSe nearly Vnifarm-SiZe fiSh maile ill denSe SchOOlS. 1'he
purse seine used is .i net about 3bh m  l, 00 feet! long and
18.3 to 27.:i ci �0 To 90 feet! deep. 3.rrportant species. of
menhaden am ATJAVTEG NF.NHABFA ~ Bar.mv? -~a tp~~:g~, which a.re
f~»ed off Nova Scotia to Northern Florida and  ,'l]LF hid;NHhDFV,
Bra;~aar~ia ~ n~r.~, «-hie.h r,~ages from the west coast. of
Florida to Mexico

4 Grab f i shery

io the Pacj.fic a.ea, there 2re two species of crab of @ajar
ill'.POrtance They are the KIX   Have,'~the.?E'.R ea, CaQ+~i;.! and
the l!UN . ERFSS P'arm~ vngiv5ez'! crabs f ir g crab is ]harvested
entirely in Alaska. Pmgeness crabs are found along the
souLhera Cali forr~ia to Alaska avast' and in the Aleutians.
l']iese crabs are c,~ught u i»g POPS and. VJTFR TBA~!' S,

'Hiero iS a sr~a] l RONA CRA]!  FW"'.r~, ~a.~'.. -! f s]iery in l]iwni'.
Kona crut~ is harvestecf usinL; baite<l LIl 7 NETS which are set
90 to l20 feet deep,



'! three species af tr.ve loL ~ter's a< o tho Ai4 .7 ] [.'.h!f,   ~
Q ii ~i,'c'~ a, FbIRQPV>KN,  I~~i~' .Pr gci~LT,"~~, «n d " !RKil-:5 1hN', J,"e'pili' ipse
rtarveo",.'rw. These lob ters support belie coiwertial 1chs'Ger
fishery, The Ar".eric, n lob ter ra !ge from Labrador to Forth
 .;arv! in' aEong the At!anti C CpaSt., Rai le iS the iiipSt important
Nate i~ terms of America.n labs. er pro~]ection. Tive L'urapean
aii,d Aorwr gian lobsters are fished fram ~'orway tp earthen
Africa awhirl iIi parts pf the !le4iterrme~n, Abort te~ times
mare American ?obsters are landed every year than th» two
El.<ropeaIi species,

A wooden tra.p i9 the principal method p E cat.ching the hn!eri can
azvl Eurepeali. lobstors. Bait is dead fish. These lobsters, are
marketed. live, Norwegiaii lobsters are taken ia dept]<3 of aver
182,9 m �0 ! feet! with VOTER TRAWL',

6, Shrimp an~i prawn fisheries

MorP. nations cat.c]i SH[ilM'i', th;in a.ny other rarine pra4vct. Iii
at loast 0 coo:entries, shrimp fir]iing i» a siibstantial iniius-
try, Because they have increa.sed t]ieir catches during the
last ?p yea.r'», lniiia and !'akistan ~re now siIpplying a large
amoulit of shriiiq! t.o the rest of the world, !n the United
States, the shrimp fishery fixit Norah  .arolina to 'Texas
produces the major portion of ouj.;hrimp Shrimp arr caught
Causing ~FR TRODI'III 'H, TwO i>etS 45 feet each a.r css t]io month
;ire p<Illed hehind. the ship. The fishermen uae a miiniatUro
trawJ abov.t 10 feet across. ta e]!.eck  o sec how iiiany shrimp
are together b fore they drop the lv.rgo i~ets. Oii deck the
shrinip are sorteij frooi t.ha either i.niw.is, ]'reoz.in! is a
widely used metl:od to prepare shrimp far nazketiI!,g.

C, Spprt Fishilig.

There are accoLints pl CJ' !RT FTSHTYG fran Lgypt that date fram
2[! ![i Li.c Angling. with a. hook ard line are referred to in the
Bible aniI in tat.in WOrks Of I iterat.ure. A ChineSe pairIt.ing in
Tokyo ~ Japan shows a reel-equipped hand.-held rod The pai.nt
jng  [ates ftvm 119[]-1233 A,.Fr. Sport fit]iinp iz aii ancient
sport . lt is thr art. cf catchi,ng Eis.h far fuli, Fishr men
usually use a linc wit]i a. baited hook or lure. Some use a rod
or pole,' other da i~ot. '[herc are two bra;ai[ categories of
ang?irig ot catching, fish. freshwater arid. sa].water.

Ten years apo there were a.havt 7,0M,QOQ people i.n th» [ISHR
involved i' sport fir]zing Great Britain haiI 2,2M,GU[!
a»glers in l964. 'L'he [!S had 5 i,0[I !,['M freshwater and sale-
iiater fishermen in 1963.

8, st«i]y dv ie i.n the early 2970's cstim <ted that ilaw;iij
had ]22,49[! fishermen, ] 2 years old aiid ahove The. ~li stri-
hut ion of number of fishermen between the various coun,dies
is a' follows . 'City and  'vunty of Hpnri3. i]u ~ 5'2,5UO,  'punty
oj' Ha ai.i, 12 ~ 300, CocInty o. Maui, J !,6'[!; [.vimty pf
KH.!,l ll., 7,000 .iaE twit er fi h Lng was aiore pv]'nil:it th ~n

4l



 Oisplay: ilare os sizes of fish «aught. or c'hart Df freshwater
fishing inethocL,!

l. Hara,iian icLtcc'RatiarLal 8i llfish Tpvrna~eci

jhe first Hnwv.iian Tnteraatioiial Bill fish TocirTt'meTit. was Iield
in 1959 with 24 teaiits contpetiog. Et started «ith an icEea. of
Peter Fithiaii, with tiie help Of friends, b»sinessnen, dactaws,
aTLd the !!awaii Visitors Bureau, and ether persons, the taLtrna-
zents vere established, The participants catch Pacific bitte
«iarliit, t.ups. ~ striped marlin and other large gaze fish. Et
ciow oa iTtteriiatianaII.y kmowii event, 'held every su~cer iv Kola.

!<ecords:

MEN

I.largest Pa«ifi«blue marlin, 915 pogzlds ca~A i' l.973 hV
Eric Tixier

263. ponds cavil iit 1975 by
Raper Anciersao

'Largest ahi

1Q'fF.N

Largest Pacific. blve marlin 721.S paid»Js c~vgh- in l962 by
Pat Peacock

250.5 povncls cat:phd in l976 by
J'udi tIt Ng kamv.wa

Largest ahi'

l97e Catch

Pert.eat

o f Tata l
NvmherFi s.h

53. 4P wc. i f i c b 3.u.e ma.wl in
rzia2 v:t,aW~cp~

4 7

5.7Shortbill speaxfi~h
TBL~'thzt49 ~~'0~~48~

St.riped marlin
7C~ L',~p vkZH< C,'hdCZ

Black ma rl in

Ahrdtz< t-r:at-ca

Trina.  all types aver l0 'i pounds!

Toto.l 88 J,QA. 0

D, Ha~~ii's Cat.«h Statistics -l975

1'here are ahab.t teii tp fi t teen r,.ommerr.I~I f ishes th c. matc. cip
about 9 l af Hawaii's c.ommerr.i al fi sh ca < h I.st imn. c.".- f rom

fres]twa-er fishing, The l.largest somber cia perici >i tished trms
the shoreli»e  aha»t 70".!; other fi~hetm.» tcscil <i~in s z 1' wg'lit
diving.



the ]'iSh and Game LlivisipJl, Llopartn'L»t a.. Lan~1 and Natutal
Resources on perce]it@.ges fpr 1975 are v.s fo]]n-~s-

Since rheo ds have been kept ivy~ 194@, Iv7s has the lowest
reanrded Ca.tch in terms Of nlvnber of pounds af Skipjaak trna.
qegght Cn 197' 4,4]4,528 b kilogram'  9,745,759 pounA! of
qa~ereial fish were c.aught with an L-x-vessel vv.tve of
$6,308,l92, Ex-vessel value means rhea vn'punt that. the fisher-
meo are pa.id fax the fishes. they catch. Those statistics are
taken. fram mpnthEy reports turned in by the commercial fisher-
r,.en.

Tll.e ta.tistics show th,~t a.kv. is the most important eonmereai?
fish in Flawsi i ]n 1965 there weie 16 f~] ?time and 2 partZime
oku boat.s; about 9 persons go out on each ship per fi shing
t:rip

Fx-vesse] ValuePpl.>ndc. l.al rg ht Pounh Soldf ish

$2,ZS2,2»
2 �126 ~ RM

5C'7, 338

5,054,178

442,623

3l ], 73]
90, V>3

136,462
9?, 472

2n6,4c9
67,091

l74,347
75,E07

Hawaiian akti in'«st.ry

SChools nf aku, Yatsre~r>' pe'.2~~:, uslial.ly epntain fiSh Of
tho slue s.i,-e ']hose schon]S fallow w/la.les, b~Ski~ SharkS ar
even f ]oat in@, logs. f[awa.ii fish~en u e the POI'E. rM LTNK
hit."I."i JQD. t Ia nQf u E s o f n Lhu, 8 Ce L. «@he'r pep:~~atcv, whi c.h i s

as j,ive b. it, js thrown into the ws.ter ard t.ho movclll8nt
at the baitfish attracts the tgna. toward the fishirL~, boat.
Yl]e H;.wai i;an skye ilidy!stay i s Jescadelit orl ha itfi'h. FOr Same
reason i f t:here is nn nLhu, the fist>emen oan not ga aur to
catrex! the a.k<x For this reason st.udice 5 are being don tr
determine other h;~itfi 'h thaL may also attract aku,

Aku t!as a strong tendency  .o form chaals. Tl>nse tish may
scllap ' because t.ravel in' in schaoI s maLes i t easi er to capt>sr'
prey', SerVes aS pra'.eCti~ir frar.. pro;]actors, .in' nlnkes b-.eeking
easier.
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ALu
@hi

Akul e

his rl in

Opelu
Onn
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SchooI.s can be class ifir d inta 1! schoats «ith sea biI'4s
circling over]ieaif; 2! sL]!Dais without birds; 3! schools «ith'
drifting objects' ,4! schools wit.h sharks, and 5! schools with
whales. Birds are attracted to the schools because the feed ~
ing tunas chase small fish to the surface where the birds ceo
feed an them. Schools congregate around 4ri sting abjects ] ikc
logs, rafts, airplane fvel tanks, ar3 other f],ots"m, ThL'
reasons for the fish ta c.congregate. around thc objects is not
knO>v, but scientists giicsS t.hat tile Ohjects. ikey Serve a9
suhstit.v.tes fur a. reef or, per!ia.ps, even sex ve a.s schooling
col3lpanion s .

schools of ak~i stay with sharks and. whale~ for protection-
The shark's preset,ce may protec.t. the tuna. from spearfish.

2. Biota~ af akim.

Yhe skipjack spawn in raidac.canic areas  tropical arrl "ub-
tropicei waters! alnmst all year zaund across the Pacific
ocean, In higher latitudes in the Pscifiz, spa4nii}g occ.<Irs
during the spz'in'-seamer pericxl.

How many eggs does one mama. fish lay'F Lach female ako. lays an
average of 100,000 eggs We ripe ave,rian eggs are spherical ~
smooth md transparent, ThLy imually canto.itL a sing?e oiE
droplet, The eggs are thaught to be bUoyant 0'he incubetior
period is about Did day before the babies hatch. The hahies
feed on the yolk and as they grow, gradually chaage their diet
ta fishes, crustaceans and moI leaks Scientists have con-
cluded that tlma wi ll feed a~> whatever organisms are availa-
blee. The fish feecl approximat.ely i~~ the early o~ri>ing from
0800 to l200 a.~d in the evening from l600 to sunset. On the
basis of data red calculations, the largest akim. was. probably
in the 106 5 zo 108 hem c?ass wit]l a. weight cf 52,5 to 3t 5
kilogracas �1 6 tu 7f .0 pounds!. This fish was at least 32
years old,

I'resent acLas of skipjack fi shery are aloe@  he west:urn, coast
af North a.nd South %~rica from California, to Brazil, along
t.he western coast of Mrica; tlawaii, aM. in the waters ea.st of
Japan. We akipj act is found across al]. the oceans from 60'
porth lat.itude to 50 south 3.atitvde
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L!ARKEST nJ-:PThIS
,JOURNEY TI3 T]K BPPTOM

OF TiU�: GAEA
j> af 1!

I, JOURNEY TO THE BPI:LOM QF TILL' SI.:A.

A, Wnat Is l>is PLace [,ikey

W]!en you. sCOOp up a bar!dfi!i af seawater it lOO]r.S tahar!spxrent.
Eu,t if seawater really was transparex!t s!.rnlight woi!.ld be abJ.e
to reach dawn to tho very bottorr! oF the ocean. However,
hacaUSe Water partiCles aT7d SUS]!er!ded r~terj.al in SeaWater
reflect, abso~h a.aran scatter light, iight is only able 4o
re.ch a fez 7!reterS, What are the tWil ipht regiOnS a!!d ir ky
depthS like? What other caqdtiaaS auSt deep sea ani77!alS
adapt ta'? Vnt.il specie? si!br!ari!ies vere developed, scien-
tistS Car.Ed 7!at Study the anirrrals aqd COnditiOnS of the
twilight a!id stark za7!es of the Occam The bat CO7!! Of the
sea is a sprang~ aTrd r oid place.

hlore tha7! 70 percerrt Of the surf@.ee Of the earth iS COVered
hy the acea.!is. f'he v.veranda dept]i o.' all the oceans is
3832 6 r �2,566 ft! deep The average hei.ght above sea
level of all the land is an.ly 840.ri m �,7Kb ft!,

Lverest, the highest rervtain, on 3.and, reaches 8853.5 !rr
�9,028 ft! ahaVe sea leVel ff Me, EVcriSt were PlaCed i7!to
the bottan! of t.he ~farianas 'ire~ch, it would bo 2 4] kryo  I -l/2
+iles! below the surface.e of the acta!i. The deepest spot in
this trench is II.O4l m � i,20' ft! or alprost ll.3 kra � mi 3.es!
below sea lovel,

hbst af the sea tlnor is knr!wn as t]!e abyssal Jrl in, far
berieath t: he liyhterI surface zone, w]!icl! reaches down to o7!ly
J83 !r!   F00 ft!. Mre than foox-fi iths of the oceans i over
3r'l50 m  IO,OM ft! deep; a!!d one-third oE the oceans is over
%JAR m  l3, l00 f t! below sea level The abyssal plai77 aro7md
t]ie H; !raiiah Isla7!ds is abo!!.t >490 m  ]R,IUl'0 ft! r'cap
Mama Kea rises up from i's hase on the sea flonr about
9455 l71 �1,000 ft!

ScientiStS and e;!gi!!cere haVe developed Special s!!bmari7!eS ta
take with them alL they need to si!~ ive in t]!is strange and
mfricndly place, Like rrr~ goi»g out into oirtcr serac:e

r r
ivors must b- protected fma arr envirr!neer!t  .hat wou>d kiLL

then irrupt an't.3.y

The greater dar!ger of the deIrth» is the great I!Te. sure creat '~]
h y tho weight ef the wat.er, ]'van sr!imari»es have Iir'.ic
whiCh tL!ey can. dive dOWn aqJ, »Ot he CruSher' hy thr. preSSi7rc
of the water.

I yi<P > t~, yn er

~V~p-4;:~ diDO c u! dive to 122' n �,000 fL!, I  is a r".ini-
si!bmoc.ri!!o an~] Wa. bvi lt i7!. 2966
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3, 5pakgh 2 T7

4. J.ight

5. Temperature

fn the ope>z sea the top
laye" pi a.hoist liJ 8 to
! 98, m    t.o  !~II' ft!

a warm and everi tam-

; e retire 'lair n t.he
t.i.n.peruti;ze falls vc.ry
fair Tlute place where
th» weri'~ anil eolil waters

m e't i s caI led the

'ilia.i<MCjr,:LINL: I» a

the rmoc] ina 15,'.. ~ m

�M f:! thick thi iat er
temqerature ea.y dro p
to 27 drgrcr s. In the
next 30~ m  J.C'W ft:!

2'r 8" 5p, iv I JM, dove to the bolts' of the Marianas Trench,
the deepest spot i» the world, l03l~J t. �~,8OV ft',  a'bout
Ii.3 km az 7 miles! below sea level. 1he .'r .e ~e is
bathy'.ouphe. 1t has a big float filled wit!i gasaliric, which
is lighter than. ~ater. Ta dive, the 2r;.e:<e filIs same tanks
with wa.t.er an.d attn.ches metal weigh.ts to it. To siirfv.ce, th.e
water ia pened out and the borstal. is J.Urn@ed, The g» float:
acts like a balloon and floats the men to the svrraee

.~c.~lM r7 i~ an undLZNatez habitat or "honse." Five teams af
eight. meri stayed mdemater far ?2 dv.ys ea.oh, The habitant. ha»
beds, bathrooms, kitchens and laboratories where the men can
Iive aTid study.

l.arid, air which people ?ive, has many climates frrrrrr tropical
rain farests to deserts ta snai y mouth.in pe~ks, Biit the sea
looks the sm., ActtLally the range of climate» or candition.s
are g cater in the ocean thari m land There are three t]>i»gs
that dctcrriine the kii!ds af canditians found in, t.he ocean,

'i"hiero are LIGHT', TL".>PEka'MRE. a.nd PRP.SSURE.

A seal!. amount of seawater seems to be tTznsparerit. ila vever,
partic.les at wat.e 7 and siispqrrrled iiratcriai 1 ice plaoktori
APSORJ3, RL'J-LE .T and SCATTFR ] ight Near the slioro, where
rivers' anrj estna.ries empty il  and other debris into the
water, as rtocJ> as 5 ! percent af the light is gone ia 1.8 m
� ft! of water, 75 percent at 4.27 m  L4 ft!, v.n4 90 percent
by 7.6 m �5 ft!. Water gets cleaner away i'ra~ la~d, the
cfe»est iaeers are in the Sargasso ~ea «4ere l.igt may
penetrate five ti.res deeper than in lleazshore wateta 'fherE
is only a thin layer of sun-lr'.t waters from 3J S ta 99 l m
 l00 to 325 I,t! wl.ere photosynthesis ca» tak» place

.'igni igni pc.nL~trates orally a fr w hundz'od. eretera a +hr ar ean
This makes th» "ijrface waters and ocean haters near the

Lqijatar, like in tlawaii, very warm. Sonetimes. the water is
a s ware a. s 32 'C  HO 'p! .



6. Pressure

i'!h;it. c'avsed the differ-

ence irr the sizes of the
I"eads?

7. Beep 'Sea Sedizrents

.'U 366 !rr  l2QD ft! the

. errrperature rIraps very
~ l or'ly t o rthont tA
 :i�']'! A,t l li o> r.t l S
  BMO ft] tl!e rate the
L E.'Ir.pe ra t ure d, rop s ha s
~ ].owed down so muc]i that

. ve» at that depth the

.erperatvre is 4 C
� ! r!.

The war.urs of the deepest tretrch ar abyss is .3' . �8'F!. The
<al <le'.'rt waters at tbo North atLc'1 South Vale is ahoy -3  ;
[';.7']'! .

']he temperature relight in t/ic sea ls t]rcn tt~ra � 3 to 32  ..
�7 to 90' t'!, Thi s range is smal 1 er the» thar. fautid ox< lanD

Prcssvre ha,s the greatest effect. aa the corrditiaris in the sea,
I'he deeper one goes the great> r tha weight. of the seawater
above you becaraes, t.his weight that presses in against you is
pressure Ore cubic meter �5,3 cu ft! of water weighs
4847 kg �2I]Q pounds! At 915 m �000 gt! the. pressure is
aha~A ?M kg per "quare cm I'1500 pounds per square inch! or
1UA tirades what it is at the siiz'face, ]he great dept/>s have
press»res vp ta 590 kg per square «m �-l/2 tons per square
iri ch!

The foam wig heads attached to the board abave were dro pped
inr.o the wa.ter at. t.]le diff~ent depths shown below the heads
Nate th.e 4i. fferen.ce in the size at different depths.

']he page f~ the log of the RfV A'aahiaa tells you. how the
experirmat 4'as daae,

Near the s.hare, the occam, bortom is co.crud by clay ar~d racks
from land that has been wo.sl>ed iota the sca In p'.aces far
fram share, the rocky bed of the spa i" cavered with two types
of sediJrrents,

Red clay sediments is <vade up ef very fine particles at cia.y
from the coastal areas &.pse particles were carried tax ant
to sea by the currents until they finall.y settled on the sea

Bvrie4 ir the re<i clay are the hard caat.erial that will
rot decay like the whale's eirbones, s]clark's teeth and bits of.
meteorites

Biological aoae are vainly made vp nf ricrascopic one-ceEled
caviled foraminifara and. the g].ass. skelerans of

microscopic pl.irIts called diagrams.

The "rain" of sr.dtrrrents on the sea. floor cloes not stop. Layer
artery thir layer h~ settled throughout the ages. It takos
about SOGQ years to build up a layer or sediment 0 6 cro, �
inch! thic], Ry studying thc plants and anicrals in a. samp lc
af sediment, paleontologist are abl» to tell dux.iog whiclr
per~ad of tba earth's ]history these microsco] ic plants and
"r:irrrals lived,. With new techniques iv cnemis ry, they can
also determine w]wet the tcrrperat.ure at the sei was whLn these
Plants at d anirrrals ~ere alive



h4ia.t Kinl~ af Anitia1s l.ive flare~

Even if tlute deep sea. is pitch-h] aek, with water just shave
freeairig and preSsure greeit enaixgh tCr eru l> almpst eaything
from the stirfaoe, same animals still e .11 this plica their
home

J.. Fish' ,a.hys5 at zdap�ation

There are fish that ?oak so different from tlute surface fi sh rire
Ir.iicrw that people hn.ve ca.lied them the "weird mansters af the
deep." They are rot rea.lly rrroiisters, th way tbey look tias
been, deterirrived by the environrerit they live in. Kt is the
same With ariima?5 On lan.d, POLar hears t.hat liVe in the snow
iovarec! north h~ve thick white fur «oats to protect them frairr
the cold aid their' co]rir helps ta camouflage i.hE7ll 2l'5t 35
the polar hear ' s "dressed" far t]<e erlirirariment it lives in,
ski are 4]<e a!l.iraal 9 of Lhe deep sea.,

i'he firSt thing yOV i i li Ilati.ce al>out abye a.l animals i» their
small size, ThI» "car»t.er" from t..'ie deep i» arawii to its real
si ze, rinly 7 e~ � and 5/4 iriehes! .

i~Pi:RX l-JS]!. The la.ntern fish is a. arid-water fish tha.t
stay» r.'eep in the dark. depths during the day a@el sw'ims Up
near -.he s.~z'face at r}ipht ta lpah for foa8. Sometimes on
dark niRhts, opelu fishermen, see this tiny silver bIue
fish at the stjrfa.ee:, Recaiise this j.anterior fish spenrls
Saiae t.ine neat the surface .t iaaks Sist ] eke the fish wE.'
usually See, eXCept lar itS extra. Le.rge eyr.s,~d. th» li].;ht
nlong its barly l'here are mo e t.hen l;0 species af laA.-
terri fish each with its own pattern pt ] ights Male' and
Females af caela specie also have ~li Cferent body pat terns,
lJclnp> zb le ta z'e-ogi>ize enzh othar is impar' ant iri keeping
the schools tagether and FUr the fish to fin~i each other

the < ark,

b. ]MATC]]ET pISH, 7hese hatchet-shaped fin]> live below the
sMl,lit zrine in a place where the light is sa ilim the human
eye caiild not see anythi!Lg n, all. flatqhet fish ]iave very
large sensitive eyes aha.t cn.n pi cl' t.p shapes arid shadoffs.
of things arouri6 t.her, Some hntohet fish have eyes 3.ike
tLibes that lope up~nr<l far any joked that. it se s ir the
dim j.ill>t riverhead.d

VLt'!.i/J-'15ll. 'Viperfisl-. crtjise in the dark waters with its
iQL'i.1th Op n. t.p:!ipse  .h li gllLS it ha.s i ns i~le '&ese 1i yh ts
are u «d tp a' traCt a t.@sty me il Since fCrvd i» Very hard
ta CO;ae by, Viparfi h in@St en.t what they car} ']hey haVe
loan ' h. harp uneven  eetl> tc hn] i! thr.ir pr  y md theit jaw.
;ire marie tv aperi very wid.. r o;i,';il low fish an<i spy>i J. as
l>i~; as tliey «ra.

[.lke tile v J.per fis!'r t:'.aI>y abyssal islt have ] onp, th Ln t>or] i.os
with 'keJk c.rurik Gn;l tn.il hecnti.-e they live iri r cia,r ively
calm va,te:rs and ~lo wt. have tU right t.he rou~~!i surge a.t
t]ie s:<r f.age p F the aoen.n



4, CULPA;RS. 7he gi~liiex do just Chat--t:hey gulp their foal
lawn. They haVe Viry larxe maut/is hut they do liot have
loup teeth like the viperfish ta ha]d their prey su the.y
rn~s t swaI l,ow t hoir prey very fast, Gi~l pers wi ] 1 swal I aw
o.lmost anythi»g th,st coMes along,, The one piqtiir64 here
is stv.rving so its. stomach is not showing, habit when it
gulps ROWn a Whale fish the sta~e.oh will StretCh tu hold

 ~ilpers have very small eyes Since they are nat able to
See very well, they haVe deVelaped a line Of arganS Oa the
side af their Iong bodies oTld tails. Thes.e organs c.an
detect vibrations iR the wa.ter caused by other' fish
nearby. Jt ca.a even detect the vibrations of a fish
breathin g,

4~GI.FR ]:ISR. Dchp Water angler fish Iikr ghe oats faimd
>~i Shat.3.u» water e.ISo "fiSli" far thLir MuaJ.. But in' cad
of a fIeshy worn-like "ilare" o» the end of a "pale," deep
water ang?erS use a. lighte<l li~re,  !nly female aTlgieTs

<i sh M0] e anglers are very sma 1 1 and mi>st t in4 a
fer"ale to attach themselves to tie sloe' thi9 with spLoiak
teeth and «heo he iS perManen.t.Iy attaChed l>e beeOMeS,i
para. site that n~~ns he depends aa her for everything.

ARplez' fiab look very different fram the Other abySSal
fish because they are a.lmost ec wide as they are long,
T]>ey em not swiin. t:oo fast tv catch their prey su they
hang ia. the Water With their pole and ]Vm and wait foi-
some Viotila tO Came a?any.

2. Abye sa1 ir vert e hr z t e s

hhi3.e the deep-sea fishes are smaI?, deep water invertebrates
 animal s wi thaLLt backbones! are Z]i 1argest, nimal s, 'For
eXinlp?e, the deep Water Ostzarad,  r'~r.~ryaPr'.sr gggsz-',.g'., a
rel.ative of the sh.imp is a: big as a che~ while roost
09tracods ere,iiwst n;icrascapio Sca x>rLhin,s with bodies a
foot thick and giant a".ange crabs 6 feet across are found.
living in t: he c'.eep. f]yarns, a flower-]i] e animal, which are
usually on.iy a few inches high grow ta 8 feet io the deep
waters off Ja.pan,

Who's whaV

hhyssal Dr deep sea i ish h.-ve 'li g]<t s' a» L]<c side" o f their
hadie», TneSe 3. ighr ar. a. resuIt af bialumineSCe»Ce. Ria-
l.uminesoence is lieth  that is made hy the, normal, hbys .~1
aniMalS i.c t hair light .. in mony WayS J]ie der p-s ea aoplcr
uses it» I ight tr: lure its fvod toward it, P ill <luminescence
he'ps fish» a rei:agni-» a~eh o her whe~L timey are schooling,
looking for a mo e or for something to eat.

Can yvu tell who'~ s-ho~
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R.k~l I:

spirals Lhaogc their form or heve].op t<iIictions ta allow
o ]liVe i~ n, Certain vnvirnnmerl't. Th- < tleCcSSary aha.ge
asSed atl in the arlimS l throi>gh hereclity. On.ly the be~t
.IaptOrl «lrV'v» m~1 tlierefere the < h<~nl,es, i~ the anilrla.t
trarlgthette8 Co carry On. the CharacteriStias it ~lehdS ta
DTi,ting.e t.he snecles Observe the ~pec:imen af the abyss
eep wa. .»r fish, drai arid shoi- ho~ it is diffLrent vttd y
mme as a fish ~high 1 ives ic. aha.l j.aver waters,

J,AR Sfi:I ].'0'

PFX :I L

t.ezia]9-. ABYSS.4.L Vistl SPECIMEN
hlkGil I FYEXG GLhHS

aarqq.l lih

lame
caudal firmeath

bizc-

apery'I ~ lateral line
La i,~ t i oq Fogtl.rJ.:

I'lciih]l.;

emeL finpectoral ii~
pelvic tin

Xn.oe.,

Loc; t iclri Eve:d'.

Hept:h

I lvw i s i't rli fferLnt frow fzsh that live t:ea.r ti".e s<>rr ace of the. ocean?

AD>BASAL ]'i.h,'!. Draw ttie Sp CirrarL, i.abel the part 5 that yall Can See L]>at iS the Saic aS the
Liver 'Clriace fish �iap~aio abOVe!.



SEiKLAB Lab Sheet.

LtiSCUaSlOli

Fram tl!e characteristics listed below whac. kiri of eovizoame.nt
do you. think tfie fish colltes fram.

l. extra large or extra. small eyes -- dawk

2, skinny, eat ver mgsqu.'far -- 4feak swiulzer, waters must be
"calm"

3. fins -- small, of mat much tIse -- steering  maaveveriagl
net a pro lcm, Waters Calm

4. skin -- so.r, falling apart -- aeter mveri~g soft, no scales

5, teeth -- Eeqg, slender, very fine � leeg tL'eth to hald on
ta What t ey cate <; vary one -- nag Strong. and. ma?az-like
far crushing, foa2 tmrst have soft body

6. large mouth -- saba.liow very !.urge pr~y

lip/.t show io dark -- mo st
a.>td sex
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A PORTABLE PORTHOLE
 refer ta student workboaL, p 28!

YATERl ALG NEEl3ED' h ac'k 53w

scissors
plastic ga.liow jug - j. per stvden  or pair of stvcten,-s
si],icone sealant � l tube for abbot a. dozen look boxes
PlaatiC disPoSable Petri dieheS ~ Size 150 mm X l5 L",m � half

>lish per leak box  see be]ow bar source af puz'ohaae!

*ROTC i':astic dispasable petri dishes., l50 mm x 15 mrs, are soEd. ia lots af
LP� dishes by Vari Wstcrs arid Rogers  VWR!, vr.d in ?ats pf lO by X-Ray axle,

~edical Equipmeot, Eric., 3l60 LIa Eence. Street, Honolulu,, Hawaii 5'68i9. Tile
z'stall price was $20.06 per hax cf lQO co~ered dishes, which comes to lOC
per halt' 8i"h, The op halt' of the dish is clear wd makes a c.lea,r «indus in .
the bottom oE the look box, The bottom half af one type of dish is seoTed in,
one-c.m squares and gravid.e~ bui]t-ir quadrats Ear making rough papula.tivn counts.

Thc idea for c.anStm.Ction af the gallaa jLLg loak. bOX evolved during dL.Ve?OpmeLLt.
af the f[v.waii tkarine Stol,ies Scient.e project and the Kara.i,i Pat@re St.udies
PrajeCt at the CLtZ'riculGOL ReSearch. arri Development Group, UniVersiey af Hawaii.

h look i~ox that is re}.a'lively durable, inexpensive, anal easy to cc~istrvct c.an,sist:s
at ~ ~il,istic. gallon jug with the bot tarn cut nut and a half pc..tri dish seale8 into
tlLc t;ale. [Lalf the tOP i» cut away far Viewing, le LVi»Ll the haILd3.i intact far
hol dirig.



 additiona] lab activity!

BLAH KTON

j g j c gjgh the plsnklaa that all T»~Br ~R~'~
word plankton means "dzif er" or "wander'L.r." Hence, all lilarkton. a.z'e those
creatUres that. must. drift ai the morc!' of the currents bee~use ciiey are either
top ~elk cr too snLall tc swim against those fore.cs.,

Tiie kin,A of things i~iclu.d,ed in the pl~~kton are such things as lai'mal fi sh, baby
«ribs., titiy shrinrp, bug- 1 ike craatures called copeppds, cae-cel Ee~l plants called

-r

The pl~nktoti live in th~ sue&.ce waters of the ocean, and sL.rue ns the v.lzima,te
food svurce for many of the sea's larger e <attires

A HONTE'lADE PLANKTON NET

Scic~itists have spec.ial nets with which to capture plaTLkton 'Ihe sew is tow':d
through the w,xter bch3.i' a ship fax. 5  o 10 minv.tes, thea. is bracing!it aboard far
eXaII>iaaticn, 'lhiS iS haW yOV. Zan ~ake a net rising simple mateX.ia.ls yau may find
aroiirid the house,

I'44.l f:RLALS XEEDED'

$Tpp 2: Cut the stcckirR, as in the
J.i'Igrd.ID.

pa.4.

nylon stocking or pantyhose
pc 1 s aors
ri ocdl e and thx cad
wire clothes hanger

$TF.P 1. Fora a ric.g fro~ t.he wire
M~ipez', twisting thc ends to form a
amooth join.

STEP 3 SL'w the stor.king cn.t.o the
ring, leaving 3 elFealy spaced ]�"
ga.p» where the bridle will he t.iocl.

STFl' 4 Fashion a. bridle, knot titty
tl..rco 2' lc:ig'hs of line. vge ther
o.i one eTLd, Tie t.he other ends to
eiie hocp at. thL. gaps,

M'L'P 5: SL'w a. hem cn the other end
of the st.ockinp net so tha.t i t does
POt x; 1. 'Plvn tir the ja" e i ta
the cod of the completed net Now
you ~re rea;ly for your first to~!

ply ers
about 15 feet of linc

bahy food jar



iadditionas S.au aCtXVLtyp

S En Im ss'&

Ult Llnl<ialy, a]L thiiips thtLt live in. the ocean c.nil uj~ an thi b~ittar1>, 1'i<h.
pla»kt~ir1, evan trh'ila~ that dLe eVentei],ly' Sink t.o ttie ~e:i I'la~i. ]4»>ai, il>VI I,»,
sko].Otal remiss of all kinds ot' create,res make imp a laiga yor tiall Qt' the
scd.iment~. h4Ch of theSe re11Lains are broken. up into S11Lall pledgee aVer the yearS,
Other thinga iri t]ie Sedirients d.re pierce af raCkS, graVel, sailed and Silt. fram the
3.and.

KE.. staple the Sedi1DentS in Va.t.or~ taa deep ta diVe by Sending speCial iriatrumentS
over the side of s/Lips, Lowered pti a. cable, they scrap ar "bite" a sample of the
battora ~u that it may be braught hack up to the SurfaCe far eXa11iiid,tian.

Hack an baird t.he siiip, or OD. shore in a lab, we may ga throu']i the sediment
s~mplo to see wh8t it ca<ltains, The first. step in sorting a. sand Qx 58&ch80t
sample iS Siftiog it through special Silvan. Io thLS may, the SCientiet Can
sc.paw'ate the pa.rt.ieEes hy size.

Capq11ercia.J. SieVeS have SpeCial sited nesheS and are usually made af bra95 Or some
Other meta.l tha.t will riat Lust ar Cprrade in Seawater. We Can shako hami11ade
sieveS that 1r1ay nat laSt as lang. bLit Will Serve the saae parpose]



Y45]:N i A Sfr.YE Sr.T

gA KF- F~'V

@~5k .

44%TFR kA.Q h'LrEND: 4 5ii'sl 1 pla~ t.i.. Con a. inert',
Of. the sarr.e Sire atlr] that
Cd.l] lee 5tG f kid

wl [h3 ow ccI'E e'B l rig
X-ac..to kriife

5T]:I' j.: l35ing the knife, c'ere foal ly
CUt nest the tx!t toirLc af 3 of the
pl@.stie cvntaiilers so tha- there is

snraLJ. l/4" bo~Tder azvL:n2 the halo,

STEP 2 With Lice scissors, cut out a
pi ecc of wioiroi srreeniTrg the sv.me
siz.r aS t] e bp tom nf your penta.inCz'.
U.in.g. the vipdnw sL-roenittg a.s youl.
pat term, c.v.t sicily.z' si..ed pieces
fran the t>n types a wire mesh
screerr wi th the wire entre:er

STL.:t' D' .Snu.mezz d. bead of siliCOtle
Sealant a.ronald tl e battnm vf O!le
container on cire in~irie
$ rLSer t t.ho Wi}lrjpw ~c.reenihg, n~k.irrL;
sure t.hat a..],1 the col~,es ].ie in tbe
Sea la.iit. Prc sS dp Wit.

5TL'P 4, Re~Ldt STFP 3 for the other
two pie.-.ci of screenin', t.]u.t yv» cut
put, Let a];l sieves dry oierniylrt,

t]Sly YOUR SILrVL SET: 'lv ~prt
'dmple Of Zb Ser.'im,.n,ts, W]iether
from the n exn bottom or a nearby
be~-h, first teak yanr sieVe set and
st~el then with the lacL,c:st ~ized
mesh on zpp, the ~id].l es t rn the
hottom, and the whole costa.ir er
underAee.th th- t.
't'eke .~ h; rv3fui p f serlimelit srLet place
it into l ]< .' tao si ovo. Wl th 3 CI,'p,
prur soae h'gter irrtp 'the sic<E.,
n~reful~y slinking Lt>e sieve' b;Lck
diid forth sn t.hat tl,e ii.Jiment
p~s~eS ~ hi nnr,h  .]re lrresh Rppe it
un i! each ~ i've his sorted its
hcnre of l.he S etimcrr' ar.'.pl e

i�~ v.iTe ao5!> sc.TeeninR:
],� vxre I'lech sr rcpirl Jlg
~i J.iepne cc.a.l dv L


