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THE EARTH FROM SPACE

Life in the
Ocean
Surface

AB0UT 70 vERCENT of the curth’s susface ‘is cev-
ered by the ocean. The ¢entinents are large is-
lands sct in that ocenn, and all the dry land in the
wholt world makes u)» conciderubly less than halt
the area of the ocean.

All we see is the top of the ocean,

If y ou look through a glass of wates. it scems
transpareni. Light pusses threugh it easilv

You can see to the bottem ef u hrook. if the
water isclear, oreven to the bettnmof a pend. You
¢annot see to the bottem of u lazge river or lake,
and you ceitiunly csn’t sutt through the wuter of
the ocean. Thiy is because light is absorbed, little
by little, as it passes through thicker and thicker
layery of water.

The result is thit through most of histecy
human beings knew nothing abeut what was
undes the top layerof the oceun. They didn'teven
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have any idea of how dcep the oce;m might be, or
whether there was any bottom to it at all.

People knew these were living creatures in riv-
ers and lakes, uf course, and io the ocean, too,
There wese lish of variouskinds. There were also
shellfish, such as oysters, clams, and lobsters.
Even prchistor.c people used to fish for food, and
in some places living things from the sea made up
a very impordant par: of the food supply.

Did any of those ver: early fishertnen ever
wonder how fsr down in the ecean [ish and other
creatures could be {ound? Some may have sup-
posed there were fsh all the way down to the
bottom, but how eould anyone ever fiod out?

Of course. one could dive down into the water,
but you can't dive very deep. and you can't stay
down there vervlong

In some places there are Lained divers who
make their way downward to where special kinds
of oysters live attuched to rocks. In those oysters
pearls are sometimes found.

Since pearls are very valuable. prople nwmke
enormous eflors {o get them. Divers can kick
their way downward to a depth of SO feet or so and
may then spend a minuee and u half under wnter.
gathering all the oysters they can belore their
breath begins torun out,

Such divers could tell that life existed in great
quantity down to 50 feet below the suriace, but
what ahout still greater depths?

By the veas 1800 people thought they had an
answer to the <uestion. They were sure, even
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without looking, that there ceuldn't be any life €ar
below the topmest layer of the ocean. This is the
way they worked that out.

All animal life depends en plant life for fuod.
Some animals live en other animals, but those
other animals eat plants. Ne matter how long a
chain you may have of animals that eat animals
that eat animals that eat animals and so en, even-
tually you ceme te animals that eat plants.

If plants suddenly disappeared, then animals
that live on plants would starve te death. Animals
that live en thos¢ animals would then swmve to
death. Eventually there would be no animals at
all.

What kecps the plants guing? Why den’t they
all get eaten up? Plants keep grewing by building
new tissues (stems, leaves, roots} out ef carbun
dioxide frum the air, water froro the seil, and cer
tain chemicals in the water

It takes energy to put those substnces together,
and the energy comes f:om sunlight. Ifthere were
no sunlight, plants could not grow. A&ter animals
had eaten up all the existing plants. there would
be ne more and the animals would starve. [f the
sun stepped shining. life on earth would disaw
pear after a while. But as long as the sun shines.
plants ¢untinue to grew and animals continue to
live,

It’s the same way in the sea. In the uppermost
layers of the sea there are ceunt'ess billions of
tiny plants so small that they ¢an only be seen
threugh a microscope.

1¢

killer whale

OCEAN FDOD CHAIN STARTS WITH PLANKTON

Tiny animaly live on those tiny plants: slightly
larger animals live un the tiny animals; still larger
animals live on the smaller enes; and so on. With-
eut those tiny plant to begin with, all the amimals
would die And the plants themselves couldn't
keep growing without sunlight.

Sunlight, however, doesn’t penetratc vcry far
inte the water. It reaches enly abeut 250 feet
dewn from the swface in sudicient quantity te
keep those tiny planty grewing. The tep 250 feet
of the ocean is theretore called the ¢uphotic zone
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(yoo-FOtl-tik, frem Greek words meaning “good
light™).

By 1800 scientists knew that plants nced light
to live, and to them it mcant that belew the 250
foot-thick euphetic zone, there were no gZrowing
plants. Nowaday's we koew that the average depth
of the scean is about 12 48) feet (213 miles). The
cuphotic zene makes up only 2 pcrcent of the
ocean.

Animals might swim downward out ef the
cuphotic zene, the scientisé theught, but they
couldn’t gect too far away firom the basic foed su p-
ply of all life. Theicfere, it seemed to scientists in
1800, all lif¢ in the sea had to be in and slightly
below the euphotic »ene. Th¢ deeper parts of the
ocean had to be lifeless.

Of cousse, scientists were interested in finding
out all they could abeut life in the upper layers,
but diving wasn’t the answer. Even if scientists
were willing to dive into the water, they ¢euldn’t
sty dewn theie leng enough to do their studies.

Instcad of going down to see the ecean life,
they began to think of ways ef bringing ecean life
up 0 the suiface In the 1770s, for instance, a
Danish biologist, Otto F. Miiller (MYOO-ler.
1730-1784), madc a special dredge for himnself It
was a streng net attached te an iron frame, and it
could be trailed many feet below the water Lis-
ing things would be sangled in the mesh and
would be brought up.

One person who used a dredge successfully
was an English bielogist, Edward Forbes, jr
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ERDWARD FORBES

(1815-1854). He wiote a peem about his dredge in
1839, which gees as fellows:

Dewn in the deep, where the mermen steep,
Our gallant dredge is sinking;

Each finny shape iu ¢ precieus scrape

Will find itself in a twinkling’

They may twirl and twist. and writhe as they

wist,
And break themselves into sections,
Butup they all. at the dredge ¥ call.
Must come to fill cellections.

13



During the 1838s Forbes dredged up sea life
f-om the North Sea and other waters around the
British )sles. Then,in 1841, he juined a naval ship
that was: going to the eastern Mediterrancan, and
there he did more and better dredging than anyv-
one had yet done, studying all the kinds ef living
things he brought up. He found life well below
the euphetic zone. He dredged up a starfish {-om
a depth of a Quarter of a mile, for instance.

OREDGE USED 8Y FORBES

i4

Forbes wrete scientific papers in which he de-
scribed the kinds of living things that existed in
the different paris of the ocean that he had
dredged. Ite showed that different varieties, or
species (SPE Fssheez), of plants and animals can
be found in dificrent parts of the ocean, just as
they can be frund in different places on land.

He showed, toe, that diff erent species of living
things can be feund at different depths in the sea.

Ferhes feund life te depths of 1888 fect below
the surface (?9 mile), but that, he felt, was the
limit. In a book he published in 1843 he sng-
gested that at depths lower than 1,800 fect there
was probably no life at all.

He called the region helow that limit the azoic
(¢ch-Z@®H.ik) regiun, frem Creek words meaning
“ne lif¢."” If Forbes were right, this would mean
that 85 percent of the ecean was completely lifo
less.
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Cables
and
Currents

EVEN AS [Forbes was deciding that the ocean was
lagely liteless. his limit of 1.800 feet was being
broken.

By the 1840s explorers were aware that in the
Seuth Pular regiuns there was an icy continent on
which no human beings had evcr set font.*

One of the eaplorers who took his ships down to
the rim of that continent was an Englishman,
James Clark Ross (1800_-1862). In 1841 he located
a large gilf in the continent of Antarctica. a gulf
that has ever since been called Ross Sea.

Ross wasn't satisfied just to fellow the shape of
the ceastline of the mysterious land at the South
Poile. He tricd to find eut everything he ceuld
about the sccan around it.

"How Bid We Ftand Out About Antorctica (New York:
Walker, 1980).
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JAMES CLARK ROSS

In fact, he was the first one te try to determine
how deep the ocean mightbe. He lctdowna long
cable with a weight at the end of it, hoping to hit
bottom. ke ako used dredges farthcr dewn than
anyone e vcr had befere and brevight up all sorts of
sea life from a depth of 2,480 fect. That's nearly
half a mile deep. counsiderably dceper than the
depth Ferbes was comsidering to be the limit of
life.

17



Somchow, Ross’s lindings didn’t make much of
an impression. For one thing, it happened far, far
away f:om Euvrepe, so Eurepean scientists feund
iteasy to ignore it Besides. they were so sure that
life couldn’t exist so far down below the euphotic
zone that they just pai? no attention to anything
that showed the contrary

By that time, though, people had become in-
terested in the deep scu for reasons that had noth-
ing to do with life.

In 1844 an Americao inventor, Samuel F. B.
Morse (1791-1872) had constructed the first tele-
graph linc. it ran f:em Baltimore, Maryland, to
Wachington, D.C., a distance of 4# miles.

For the first time, signals ceuld be sent long
dismances in a tiny f:action of a second. Soon tele-
graph lines were strung along poles all over the
United States and other countries.

Some places are sepaiated by water. however,
You can't very well place poles in the water and
string wires on them. But you could wrap the
wires in waterproof coatings and make cables out
of them. The <ables could then be luid along the
betiom of a stretch of water. Cables werc laid
acress the bottom of the I{udson River and of the
Mississippi River in the 1840s. for instance.

In the 1850s, cables were laid across the En-
glish Chanunel and the Irish Sea. That connected
England. by telegraph, with [reland and France.

The big job. however, was to stretch a cable
across 3,000 miles of the Atlantic @cean, in order
to connect Europe and North America.
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SAMUEL F.8. MORSE

This could be very impoaitant. For example, in
December 1814 Great Brtain and the United
States had signed atreaty of peacein Chent. Bek
gium, that ended the War of 1812, New< of the
treaty, however, couldn’t reach the United States
until & ship traveled across thc Atlantic Ocean
with the information—aod that seek & wee ks. Be-
Jore the shipreached the United States, the Battle
of New ®rleans was fought oo Junuary 8. 1815. It
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was the largest and bleodiest batile of the war,
and it was feught when the war was supposed to
be ever.

Ownce a cable was laid across the Atlautic
Ocean, nothing like that could evcr happen again.

In axder to lay such a cable successfully, some-
thing had to be know uabout the ecean floor. ilow
deep was t? How level was it? People had to
cany on the task ®egun bv Ross. They had to
lower weighted lines in order to try to reach the
ecean bottom. This was called sounding

In 1860the British ship. Bufldog set sail across
the Atlantic Ocean, hoping to make & number of
soundings that weuld hclp make an Atlantic
Cable a success. (A couple of attempts to lay the
cable, in 1857 and in 1858, had already failed.}

On board the Bulldog was a British docter
named George C. Wallich (1815 1893}, who was in
charge of any discoverias that might be made
about sea life. He was watching in October. wheu
a line was heaved overboard at a spot iuthe Atlan-
tic Ocean about halfway between the nerthemn tip
of Scetland and the southern tip of Greenland.

The sounding line went down te a depth ef
7.560 leet, or ncarly 112 miles. When the line was
brought up, thirteen startish were fouud near the
lower end of it. What's more, they were not star
fish thst had died and sunk s the sea bettom. The
st fish were very moch alive.

Wallich ceported this at once and insisted that
animal life could exist in the cold darkness of the
deep sea, even without plants.
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DEER-SEA STARFISH

A@ain scieutists ignored the mattec It was just
an isolated incident that didn’t seem te fitin with
what they thoughtthey knew, and it was easier to
loek the otherway.

Not everyone looked the othce way, though.
‘I'here was one exception. a Scottish biologist,
Charles W, Thomson (1830-1882). lHe was 1in-
serested in sea life, and he wanted te settle the
metter of life below Forbes's limits ence and fer
all.

He had a friend whe was vice-prcsident of the
Royal Seciety, which was the most irnportant sci-
entific organizatien in Great Britain. Toge ther
they managed to get the Royal Seciety to put up
the money for a scientille expedition tostudy the
deep sea,

In 1868 Thomsoa went out into the Noith At-
lantic on a ship called Lightning.

He did indced settle the mattce Dredging
below Forbes's 1,880-loot mark, he¢ obtained ani-
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CHARLES W THOMPSON

mals of ail kinds, and all argumcnt ended.
Forbes's idea of a lower limit of life vanished

Thomson made a particularly important discov-
ery when he measured the temperature of water
at diff erentdepths.

It had been thought till then that al] the water
in the deeper layers of the sea had the same
temperuture—4* Celsius (38* Fahrenheit).
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At 4° C. watcr is at its densest A par:icular
guantity of watcr at this temperature is heavier
than the same quantity of water st temperatures
that are either higher or lower. Water at 4° C.
should therefore sink to the bottom and lie there

Thomson shuwed, however, that witer at a
given depth in different places varies in tempcra
ture. In some places, {tis quite a bit warwier than
4 C

Where dees the warmcr water come from? It
didrn’tscem that the sea bottom could be a source
of heat. At least there was 10 sign of such heat
The water had to come fium the upper layers.
which are warmed by the sun. T"his meant there
must be water curren® that carry water from the
surbce of the ecean down into the depths. There
must therefere be other currents that carry water
f:om the depths te the surface.

OCEAN CURRENTS

Wwarm current
cold current
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Scientists had known all aleng that there are
currents on the surlace that carry surface water
f-em the polar regions to the tropics and back.
Now they knew there are currents that carry sur-
face water to the bot:om and back. Water circu-
lates through th¢ whole ocean. and that meant
sci entists could tinally understand how life: exists
far below the euphotic zone.

The water in the ocean suiface has dissolved
oxygen from the air. Animal life in the sealives on
that dissolved exygen. The ecean currents carry
that dissdved oxygen all th¢ way dewn to the
very bottom, 50 living things can get the oxvgen
they need at any depth.

But how do deep-sea animals get lood when
there are no plants in the darkness down there?

What happens is this:

When an unimal eats a plant or another animal,
bits of the ebject being eaten may break ol f and
dritt downward. Sometimes plants er animals in
the cuphotic »one just die and drift dewnward.

As these once-living objects drift downward,
they are seized and eaten by animals living at
lower levels in the water, Those animas in the
lowcr levels may be eaten. or they may dic in
other ways, se part of them eor all of them sinks
still {urther downward.

There is a centinuous drizzle of once-living
matter that sinks all the¢ way to the fleor of the
ecean This drizzle supports small animals, which
are eaten by large animals, which age eaten by
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still larger animals, und so on. Finally the drizzle
reache s the bottom of the ocean,

At the bot:om it is caten by animals scurrying
along thc¢ Noor. or it is decomposed by bucteria
that live therc.

If that were all there werc to it. then ull the
chemicak in the surface layers of water thatsup
port life would gradually be tiansferred te the
ocean bottom. T hcy would all cencentrate at the
bottoin until there was nothing left at the surface.
Life would then be impossible oo the surface-

Since 1t is the sur:ace plants that shpport life «ll
through the ocean, partly by being eaten at the
surface and partly by the drizzle downward, life
in the eccan would stop altoge ther.

The material that rcaches the bottom of the
ocean, hewever. doesn’t stay there. Remember
the currents that carry water f:om the surace of
the oceun to the bottomund backup again.

The currents cuming up f:om helow carry the
chemicals that sankto the bot:om. They reach the
surface, and there the plant cells in the suphotic
zone use them for grewth. Tiny animals multiply
as they eut the plant cclls. The whole thing starts
all over again.

Witheut the currents that keep mixing the
waters of the ocean, lrom top to bot:om and bot-

tom to top. life couldn’t existanywhere onearth.
Life began fivst in the sea,and only celonized the
land billions of years later. Therefore, if life
ceuldn't have existed in the sea, it could never
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have celunized the land. and lifc as we koow it

wotild not be here. The
A small discovery, such as diff erences in tem-

perature in deep layers of the sea can be very

important Challenger

Expedition

IN 1869 Tre3s0N went out in another ship, the
Percupine, and managed tu dredge dewo to a dis-
tance of 2% miles and still come up with different
species of animals, Thomson began to feel certain
that life existed all the way down to the bottom of
the ecean, however deep that might be.

But how deep was it? Thumson felt the need fior
a real investigation. He wanted an expedition that
waould ge threugh all the oceans and investigate
conditiuns in avariety of different places, not just
in the regions near the British Isles

This time he got support not only from the
Royal Society but from the British Navy, which
was the largest in the world. The British Navy
centrolled the seas, and Great Britain depended
DRiZZLE EFFECT on her navy support her growing empire—the
largest the werld had ever seen. The more the
Navy knew absut the acean, the bet er it cuuld do
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its job, so it felt it would be worth investing some
money in Thomson's project.

Thomson set out on December 7, 1872, in a ship
called Challenger and remained at sea for 3%
vears. The Challenger sailed over all the oceans,
traveling nearly 80,000 miles The depth of the
oceanh was measured in 362 dilferent places. In
the Pacific Ocean, which turned out to be the
deepcst as well as the largest, there were placcs
where but:om was rcached 4% miles down from
the suibace.

Evcen in the deepest part of the ocean that could
be reached by the ship’s sounding lines, living
things were brought up

SS. CHALLENGER

The living things that were brought up were
the same kind of animals that lived near the sur
lace: fish, starfish, crasfish, daras. and so on.
They were oficn diff erent species from those that
existed nearer the surface, but they werc not to-
tally different

It was as thoughlif e had begun near the surface
ol the ocean and had gradually colonized the
deeps.just as it bad celoriized the land. Jn moving
down to the deeps, life evolved into somewhat
different foims, just as it had on land, Wut thesc
life forms clearly resembled the ones on land.

Thomson was knighted in 1876 for his scrvices
to science. He then set to woik on a series of
books that would describe all the findings of the
Chullenger cxpedition. It eventually appewred in
many volumes. but Thomson did nut live to see
the completion of the job. He died vnly five days
after his Lilty-second birthday.

Thanks to Thomson, we nuw know that life ex-
ists in the deep sea, but the lower layers are not as
full of life as the suiface layers are. They can't be.

The animals near the bottom of the ocean have
% depend upon a drizzle of iood from the top,
with all the animals belping themselves on its
way down. The farther down you go, the thinner
the drizzle and the fewcr the number of living
things. At the very butiom is the end of the line;
the animals that are scrved last. so to speak.

Many of the deep-sea species of animals are of
the kind that do not move around much: sponges,
swifish, sea urchins, sea lilies, sea cucumbers,
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and so on Moving around wakes energy and to
have enough energy for motion you haveto havea
good.sized food supply. which you don't have at
th¢ hottom.

Just the same, there are some fish in the deep
sea that de swim about, though rather slowly and
wcakly. The bestknown fish of the deep sea are
the anglerfish.

There are about 210 di{Tercne species of anglen
fish, and the largest are up to 4 feetlong, Most arc
small, though.

The anglerfsh are basically like the lamiliar

brittle star

e e
| S

e

e
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cucumber | - s2a urchin

DEEP-SEA ANIMALS

fish we know but they have some¢ unusual fea-
tures. For instance, some of them have luminous
apots There are 2 number of animal species that
posscss the ability to carry on chemical reactions
that preduce light in certain parts of th¢ bedy.
Think ef the familiar fircfly that glows in the gar
dens in the spring.

Inthedccp sea many animals canpreduce light
on their bodies in paiticular patterns. This does
not do much to light up suiroundings that are
otherwise pitch dark. The luminous spots pro.
duce very feeble light and don’t really light up
anything in the neighborhoed.

The spots themselves can be seen, however,
and they may enable the males and females of a
particular species to see and recognize each other

Some deep-sea fish have big eyes that detect
feeble flashes of light. Others, which haven't d e
veleped luminous spots, have no eyes. They gen
erally grope over the hottom of the sea, feeling for
bits of finod they can eat and fer others likc them-
selves with whom they can mate.

The most unusual thing about anglectish is the
first spine of the fin on the upper surface. This
spine is detached from the {in and is locatcd en
the head of the anglerfiish. At the ¢ncl efthe spine
there is a fleshy growth that in some spccies looks
and wiggles like a worm. In other species it may
even look like a little fish. This growth is always
lumineus.

Other animals who see this growth react as
though it might be « piece of feod: They swim
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sowurd it. When they come close enough, the au-
gledfisb opens its large mouth aud syvallows the
animal. Itis just as though the spme 15 a fishing
red and the luminous growth is bait. It is because
the anglerfish uses a “rod and bait”™ to lore small
animals toward its mouth that it is called the
anglerlish,

In some anglerfish the lemale is much larger
than the male. The malc anglerflsh, when it finds
a young female, bites the abhdomen of the lemale:
It then remains there as long as the lemale lives.
The bluod strcams ofthe two become connected,
and the malc has no indep endent existe uce after
that. It becemcs part of the fcmale and does votlr
ing more thau lcrtilize any eggs she produces

In this way. the anglerflsh dees not have to ruh
much risk o luot finding a wate in the dark. The
male has to fiud a female just ouce, and after that
nothing moure uceds to be doue.

Eveily once iu a while, &« deejrsea fish has a
chance to havc a big meal. 1t comes across auother

ANGLER FISH

fish as large as itsell: or else an unusually large
piece of loed comes dr.fting down from the upper
regions. [neither case it helps a fish to be ready to
take advautage quickly

There are some deep-sea tish called “‘gulpers,”
which specialize in this. They have long, thir,
bodies and tails, and some are as much as 6 feect
long At the front ol these thin bodies is a huge
head, which 1s almost al1 mouth. In some species
olgulpers the head and mouth are longec thau the
rest of the bod y.

When a large object comes near ¢:ae of these
gulpers. that hnge mouth opens and gulps. Down
slides the fvod into a stomach that expands like a
rubber balloon and therc the lood is slowly di-
gested. The gulper is one animal that can swal-
low another animal larger than itself,

One such meal can naturally last « gulpera loug
gamc

GULPER FISH




Squids
and
Coelacanths

ANIMALS SUCH as anglerilsh and gulhers look gro-
tesque, and their big mouths are f:ightening.
Iowever they are usually small and slow and al-
ways stay fardown in the @cean deep. They are no
threat to human beings at all, and they never
were.

There have always been tales of huge sea
monsters, hewever

To be sure, thcre are huge whales that are
largerthan any animals on land. It may have been
such whal es that first gave people the idea of sea

monsters.

The largest of the whales is the blut whale. The
largest blue whale of which there is iny record
had alength of 184 feet and may have weighcd as
much as 150 tons. A blue whale can weigh as
much as fifteen large elephatts. and weighs twice
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as much as the very largest dinosaur that ever
lived.

In fuct, it seems that the blue whale is the
largest animal we know of that ever lived on the
ear h. Yet might there net be still larger animals
living somewhere deep in the sea. animals that
we have ne ver been able to capture and study?

Monsters have indeed been occasienally re-
ported. in Greek mythology. for example. there
was the monstrous Hydra. slain by llercules. It
had nine necks. each one ¢nding in a peisonous
head. There was Scylla, who had six long necks
ending in heads that yapped like puppies. There
was Medusa. who had living snakes fer hair.

Pessibly all these mensters were inspired by
large octopuses or jellyfish. These possess snake-
like tentacles, which seem frightening te peuple
who are used to land animals with ordinary legs.

A particularly large tentacled sea monster was
reported by various Scandinavian writers. The
most popular account wasby Erik L. Pontoppidan
(pon-TOP-ik-dahn, 1698-1764}), who was the
bishop of Bergen in Norway.

In 1752 he published a book called A Naturil
History ef Nerway in which he described a
monster he called the k7aken He described the
kraken as having around body abeut a mile and a
half in circumference, with huge tentacles at-
tached. This would make the kraken about 2.580
feet across, without cvunting the tentacies, and it
weold easily weigh as much as a thousand ef the
largest blue whales.

35



RELATIVE SIZES OF BLUE WHALE, DINOSAUR, AND ELEPHANT

Pontoppidan described its tentacles as being
able to wrap around the largest ships and being
able to drag them under water.

A monster that size is hard to believe, and yet
spesm whales were often found with large tenta-
cles in their stomachs.

Blue whales and many other ver ¥ large whales
feed on tiny creatures. They epcn their huge
mouths and take in hundreds of gallens of sea
water which filtcrs eut through strips of “"whale-
bone’ that f :inge thcir mouths. Small shrimp and
fish remain behind and are swallowed.

Other whales have teeth, however, and can

36

seize and bite pieccs off large animals. The
largest of these is the spetin whale. The sperm
whale sometimes reaches a length of as much as
67 feet long and weighs as inuch as 80 tons, about
half the size of a blue whale.

Could we imagine a spcnn whale nipping a
piece off a kraken?

That seems unlikely. If a Jnaken were as large
as Bishop Pontoppidan said, the spcrm whale
would be just a small mouthfial to it. Pcrhaps, the
account ofthe krakcn was exaggerated.

There are squids. animals related to the oc-
topus, that have lunger heads, lenger tentacles,
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and cre {aster inoving. The squids that were famil
iar to people wcre quite small, but every once in a
while a giant squid was repurted.

Such giant squids might live about halfa mile
deep in the ocean and might only appear at the
surface on rare occasions. Sperm whales can dive
half a mile deep and stay there for halfan hour o
so. Perhaps they do this in search of th¢ giant
squid.

In 1853 there was a report of a giant squid that
had washed up on a beach in Denmack. [t was cut
up for fish bait beferc it eould be exarmined by
scientists.

There were other reports of this kind, und then,
in 1861. a giant squid was actually haipeoned and
taken on hoard ship. By the 1870s there were
many such cases reported, and scientists were
rcady to admit that the giant squid existed and
that it probably lorroed the basis for the tales of
the legendary kraken.

To be sure, even the largest ginnt squid is noth
ing like the kraken. The giant squids are the
largest invertebes tes {aniroals withvut am internal
skeleton) kriown to have ever existed—at least as
far as weight is concerned. (Svme jellyfish are
longer but are very light)

Even the largest giant squids. hovs-ever, are
prubably no more than 50 {ec¢t long. and most of
that consis!s of its long tensacles. Even a large
giant squid probably doesn’t weigh more than 2
tons at most. which is not much more than half
that of a hippopotamus.
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SPERM WHALE i
ATTACKING A GIANT SQUID i

The giant squid has the largest eye of any: ani-
mealthateverlived, fer its eycs ure up to 15 inches
across. Compare this with the eyes of alarge blue
whalc, which are less than 5 inches across.

Arc there animals larger than the giant squid,
perhaps even larger than the blue whale, that live
in some hidden part of the ocean? There are re-
ports of sea senpents all the time, for instance,
cspecially in the rather small Scottish lake of
Loch Ness,

[t scems unlikely that sea sermpents, even if they
cxist, would be very large. The chances are that
though sume ferins of sea life remain to bhe found,
the blue whale’s record as the largest of all ani-
mals will nut be broken.

Record siste, however, is not the only remark
able thing we might find.
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On December 25, 1938, a ship. fishing off South
Africa, brought up an odd fish about 5 feet long
Its fins were atmached to fleshy lobes, instead of
directly te the body.

The curator of a museum in London saw the
fish when the ship got to por: She made a sketch
of it and sent it te a scientist named Jaines L. B.
Smith (1897-1968&) He recognized it & once as a
ceclacant]y (SEEluh-kanth), a kind of fish that
was well known but that had been thought te be
extinct for 70 million years. This coelacanth died
and was thrown away.

Smith adver.ised all over eastem Af:ica fer
13shennen to be on the watch fir such a fish. Ile
asked them to get in touch with him at once if
they caught one. Unfortunately, World War 11
began a vear later, and nothing could be done for
years.

In December M52, hewever. a second coela
canth was caught and, by B70, a tetal of sixty had
been obtained off the Cemoro Islands, just

COELACANTH

northwest of Madagascar Not only were these
fish net extinct, but they weren’t even particularly
rare. But they lived at depths of nearly 1,080 feet
and rarely approached the surface.

The coelacanths belonged to a greup ef fish
that, about 380 millien years age. l¢fi; the ocean
and invaded the [and. Scientists were particularly
interested in studying them alive.

41



Mountains
and
Trenches

FOR AB®UT 50 years after the Challenger expedi-
tion, nothing much was done about the ecean
deeps. After all, what could be done but to drop
more sounding lines here and there? However.
lowering a line that is miles long and then raising
it again is a long and difficult job. Even after that
had been done, it just gave you the depth at one
point 1n the vast ocean.

Even if thousands eof soundings were waken
(which would take years and vears), it would
merely give you thousands of single points. You
still wouldn’t know what the scean bottom was
like between the paints. There seemed no reason
to try to learn more about thc ecean depths unless
you had somc¢ way that was better than dropping a
line ovcrboard.
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Something turncd up during World War 1. A
French physicist. Paul Langevin (lahnzhVAN),
1872-1¢}46), was trying to work outa way of de
tecting enemy sudmarines.

Langevin had studied under Pierre Curie
(kyoe-REE, 1859_1986)., anuther French physi-
cist. Curie had discovered in 1880 thatifa rapidly
changing electric current was sent througha ci1ys
tal, that ciysta,l was made to vibrate very rapidly
This vibratien sct up sound waves in the air. but
the svund waves were so shoit the human ear
could not hear them. Such sound is called ultre-
sentc (UL-trubh-S@®N-ik) vibrations.

Ordinary sovind waves widco as they move and
curve around obstaeles. The tiny souod waves of
ultrasonic vibrations, however, move inuch mare
nearly in a styaight line and. when they hit an
obstacle, they bounce back and are thus reflected.

Langevin thought he might make use of ultra
sonic vibrations to detect submarines. A beam of
such vibrations would be sent through the water
There they might strike a submarine and be re-
{lected. The refiected beam would he detected,
and the direction from which it retumed would
be the direc:tioy of the submarine. Since the
speed of sound through water is known, the time
it would take Fer the reflected sound to comc back
would tell how fur away the submarine was.

Such a device would be used for navigatioa,
since it would detect obstacles ahead, and for
runging. which means telling the distance of an
ebstacie. The device, then, can be described as
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§EA FLOOR

HOW SONAR WORKS

“sound navigation and ranging,’ which is ak-
breviated as sonar (S OH-nahr.)

Ry the timme langevin had this device per
fected, Werld War I was over. As it happened,
however, sonar ceuld be used lor peacefil pur-
poses. If a beam of ultrasonic vibratians is sent
downward into the eceans, it would reac h the bot
tom and be rellected. By measuring the time it
took the beam to return, one could calculate how
far down the hottem was.
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Instead of the loag. tedious, difficult job of
threwing sounding lines overboard and pulling
thew up again, you can just keep the sonar going
and it would tell you the exact depth of the sea
bot:om over your entire reute of travel.

The first ship to make such use of sonar was
German. It was the Meteor,

What happened was tha a German chemist,
Fritz Haber (HAH-ber, 1868-1934) had the idea
that he might collect gold fiom sea water. He i
tended to use this to pay off the money demaanded
f:om Germany by the nations who had defeated
berin World War L.

The Meteor was intended to test Haber's no-
tions, and it set out to sea n 1922 Jt quickly
showed, though, that the notion wouldn’t work.
There are indeed smull quantities of geld dis-
solved in sea water, bt it is so thinly spread out
that it would take far more money to concentrate
and cvllect it than the gold would be worth.

While at cea, however. the Meteor took sonar
measuremneats of the sea bottom that began to
revolutionize ideas about it

Until then scientists had mken it for granted
that the sex bottom was more or less flat, but the
Meteor measurements showed that there are
mountzins rising up forn the middle of the Atlan-
tic Ocean In fact, by 1925 the Meteor showed
there is an entire meuntain range winding down
the Atlaatic Ocean, longer and higher than any
mountain ranges on the continents. Itis called the
Mid-Atlantic Ridge.
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NMORTH

AMERICA . EURDPE

MID-A TLANTIC RIDGE

L.ater measurements of the sea depths by sonar
showed that the Mid-Atlantic Ridge continues
into other oceans. so that there is really a Mid-
Oceanic Ridge.

\What's more, just as the ocean has mountains
that rise upward from the fleor of the ocean, it also
has ‘‘decps’ that are lower than the average [laor
of the ocean.
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These deeps are not just hules in the ocean
Noor They ure curved regions called erenckes,
and thuy usually follow the lines of islanil chains
near the boundanes of the ocean.

After \World War 1l the ocean Aoor was exam-
ined in ¢ven more detail, and the exact depth of
the varieus trenches was detennined. Anouther
ship called Challenger (in honor of Thomson's
ship) discovered that the decpest regions in the
eecan yre in the western Pacific

There: the Chullenger found o curve of duep
water lying of { the eastern shores ofthe Marianis
Islands, which lie L300 miles east of the Philip-
pnes. The largest and southernmost of the
Marianas Islands is Guam, which has been an
American possession sioce 1898.

This <urve of deep water is called daw
“Marianas Trench,” and the dee pest peitit in it

OCEAN FLOOR TOPOGRAPHY
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f%at the Challenger could find is new called

hallenger DVeep.” It is located £5¢ miles

sc:uthwest of Guam and, in 1951, was shown to he

3};).760 feet deep. or 6% miles. It Mount Evcrest

:3}::- ;]allcst rIn)ountain on Earth, were placed in.
alienger Deep. 1% mil

ey P. 17 miles of water would roll
In 1959, a Sovict ship. Vityuz, re ported locating

a slightly deepcr spot near
- P by that was 36 B 8 feet

Men
Beneath

the Ocean

THE NEW knowledge of the ocean depths natu-
rally raised guestions as to whether living things
were to he found eveo in the deepest trenches.

Ships were learning how to dredge up living
aoimals from greater depths than ever In 1947 a
Swedish ship, Albatross, brought up animals
from a depth of nearly 5 miles in the North Atlan-
tic, and in 1952 a Danish ship. Galathea, brought
up animals froin a depth of maore than 6 miles.

Such deep-sea animals did not survive long
outside theirnativeregion. About the only way of
learning about animals living under natunal con-
ditions in the deep sea would be to go down and
leok—hut how?

Would it be possible to have nnderwater ships
—a totally enclosed steel vessel capable of ma-
neuvering under the ocean?
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The lirst ships that ceuld move about under
watcr lor at Jeast a little while were built by a
Dutchman named Cornelis van Drebbel (1572-
1634) about 1620. He managed to maneuver his
ship, made of wood and leather. about 12 feet
under water. In 1801 the American invento:
Robert Fulton (1765-1815). who later built the
first practical steamship. built a submarine for
Napoleon Bonaparte. He called it Nautifus. and it
waorked, but not well enough to suit Napaoleon.

The difficulty was 1n mancuvering it. The logi-
cal way would be t usc a steam engine to turn a
propellor, hutif you tricd to bum fuel. veu would
quickly use up the air in the submarine.

In 1870 the sciencefiction writer Jules Verne
(1828-1805) wrote a very popular book, Twenty
Thousand Leagues under the Seq, i which he
imagined an advanced submarine he called
Nyutilus, after the one built by Robert Fulton.
T his spuired on inventors to keep on tying.

Finally. in 1886, a submarine (again named
Nautius) was built in Great Britain and \vas pow-
ered by electiic batteries. This meant that the
ship could be maneuvcred well, but it had to
come to the surface Ircquently in order to re-
charge its batteries. Still, it could travel 80 iles
between rechaigings.

By the time of Wocld War [ all the warring na
tions were using submarines.

After World War II attcm pts were made to build
submarines that were powered by nuclear en-
gines. Then there would he no need te suface

S0

andrecharge batteries. Such neclear submarines
couldstay under water for long times.

The first nuclear submarine was launchecd m
955 by the United Smates. Again it was called
Nautilus. The Soviet Union built its first nuclear
submarine io 1899, and Creat Britain builtits first
in 1963,

Nuclear submarines have cruis¢d across the
Arnitic Ocean under the ice. Others have gonc
aroupd the world without surfacing and have re
mained subme rged fer 3 maonths at a time.

Ordinary submarines have nenetmted as much
as 8310 feet (1% miles) belew the swfice, and
some nuclear subw:arines can probably go cormr
siderably lower,

Meanwhile, other vessels specially designed
lor the deep sea came into being

The first of these was used by the Amencan
naturalist Charles William Beebe (BEE-bce.
1877_1862).

U.S.S. NAUTILUS
FIRST NUCLEAR POWERED SUBMARINE
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It was a hdlow steel ball just large ¢cnough to
held two men. The walls were 132 inches thick,
and its interior was only 54 inches aeess. It
weighed 2% tons, and it could be lewered f:om its
mother ship at the end of a steel cable. If, far any
reasaon, the cabie bruke, that was the end. The
steel ball would drop straight te the bottom and
waould not be reczovered.

Beebe called it a bathysphere (BATH-ih-sfeer,
or “ball of the deep™).

In 1834 Beebe and a compantion, Otis Barion,
were lowcred to a depth of 3,028 feet below the
surface. Bartun designed an even stronger bathy.
sphere and descended to a record low of 4500
feet (55 mile) in 1918, Through thick glass win
dows. in a beam of artificial light, animals could
be seen living in their natur:] deep habitat,

WILLIAM BEEEE,
OTIS BARTON,

AND BATHYSPHERE
AUGUST 11, 1830
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All tegethcr, more than thiry dives were made
with bathyspheres, but what they could do was
limited.

Whut was really needed was some vessel that
could sink and r.se agaitr under its own powerand
that could reach the greatest possible depths.

Just this was in the mind ¢f a Swiss scientist,
Aunguste Piccard (pee-KAHR, 1884_1962). Piccard
in the early B30s had used sealed gondolas sus-
pended beneath large balleens to r.se to record
heights of nearl¥ 10 miles into the upper atine
sphere. All together, he made twenty seven hal-
loon ascensiens into the stratosphere.

In 1933, however. Piccard met Beebe at the
Chicago Warld’s Fair. and that ssated him thinlk
ing about exploration in the opposite direction
—downward.

Instead of hanging a sealed cabin from a bal-
loon capable of rising 1 the air. why not hang it
f:om a balloon capublc ef rising in water? He
began to design what hc called a bathyscapite
(BATH-ih-skaf, or “ship of thu deep™).

The bathyscaphe consists of twe parts. The
upper pait is a cigar-shaped float, centaining thir
teen mnks, eleven of whith are filled with
gasacline. and two of which are empty. Gascline is
lighter than water, and the entire float would tend
te riseif it were submerged in water

Tightly attached to the iloat is the bottom part. a
bathysphere that helds human beings and in-
stnaments. "Fhe bathyscaphe is so designed that
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the Noat can just life the weight ofthe bathysphere
and kecp it afieat

The two empty tanks in the float can be opened
and allowcd s fill with sca water The extra
weight of the sea water diags down the bathy
scaphe and causes it to sink ioto the ocean. It
sinks downward to the very bottom of the sea.

Ifitis sinking too quickly, up to 13 tons of small
iron pellets attached to the sphere can gradually
be released. This makes the bathyscaphe lighter
50 that it sinks more slowly. [f ¢naugh pellets sre
released, the bathyscaphe rises again, back to the
suiface,

Once the bathyscapbe has gone down and then
returned to the surface, the sea water can be
pumped out of the tanks and a new supply of iron
pellets can be taken on so that it would be ready
for another descent and ascent.

Piccard had to wait till after World War II be-
fore he could actually build his bathyscaphe. In
1948 the first one was campleted. It was dested,
rehuilt and improved. and finally on February 15,
154, in the first real test dive off the coast of west
Africa. two French naval officers descended to a
depth of 13287 feet {2%: miles) and returned
safely.

In 1933 a still better bathyscaphe was built, the
1ré¢stg. and in 1958 it was bought by the United
States Navy. It was saken to California and was
still further improved. Then it was ready fer the
big test
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LIEUTENANT DON WALSH
AND JACQUES PICCARD
LEAVING THE TRESTE

Out it went to the Mar.anas Trench. On board
were Jacques Piccard (1922-), the sen of Auguste.
and an American naval officer. Don Waish:

At 8-20 A M. on January 23, 1960, the Trissie
sank downward for 35,810 leet (6.8 miles) to the
bottom of'the trenchandcame to reston <oft mud.
The mud bhillowed up and ebscured the view for a
while, but it slowly settled. As visibility got bet
ter: what the two men saw in their searchlights
was a small red shrimp, abeut an inch long, float
ing by, They also saw a one fanot-long flounderlike
fish.

There had bee n no doubt, really, but now at last
there way c¢lcar eyewitness evidence that life
existed at the very ot mofthe sea.



The bathysaphe then jettisoned iron pellets
and rose to thesurface. The two men were safely
back at 5 eM. after a very dangerous 13%.mile
jouriey that toek them® hours.

Hav e there been any real swiprises waiting {or
people who penetrste into the decper luyers of
the sea?

Yes, indeed The caith’scrust, we now know, is
divided into plates, and where the plates join.
there can be weak places. In some places there
are occasional kot smots, where heat from deep
within the earth can work its way through the
weak places intothe ocean. The existence of such
hot spots wns first suspected in 1965 and in the
early 1970s possible hot spots were detected by
stilying upward currents of warm water. (There
wouldbe up and down currents ¢ven without the
hot spots, but the hot spots help.)

Beginningin 1977 adeep-ses submarine cairied
scientists downward to investigate> the sea floor
near hot spots easit of the Calapagos s lands and at
the mouth of the Culf of Culiiemia. In the latter
bot spat thay found chirnneys, through which hot
gushes of smoky rmud surge upward, fJlling the
surrounding sea water withb mincrals.

The mincmls are rich in sullur, and the neigh
berhood of these hot spots is full of special kinds
of bacteria that obtain their energy trom chemicel
reactions involving sulfur plus heat, instead of

*Sec Hou' Did We Find @ue Abnut Eorthguukas? (New
Yosk Wailker, 1978,
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f-om light. Small animals feed on these bauteria,
and larger aniinals feed on the smaller ones.

This was a whele new chain of life forms that
did nutdepend upon the plantcell sin the surfiice
of the sea. This chain ¢an still exist even if there is
no sunlight, provided he.at and minemls continue
to gush upwird from the earth’s interlor, And. of
ceurse, thev can esist only near the hot shots.

The scientists found clams, crabs, and virious
kinds o wesms, seme of them quite large, They
are special species living in water filled with
chemicals thal are p#isonous to ether lonns of life

Se.vou see, there may still be a great deal left to
learn abeutlife in the deep sea

TUSE WORMS NEAR GALAPAGOS 'SLANIDS
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