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othed monsters with glowing lomps dangling from their noses. Neon-splﬂinq ‘_ |
Living kaleidoscopes. Floating Christmas trees. Maybe even a cure for cancer.
t the bottom of the ocean, a strange, new world is coming fo light,
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BY ANGELA POSADA-SWAFFORD

How do you get to the great depths? How
do you return to the surface of the ocean?
And how do you maintain yourselves in the
requisite medium? Am I asking too much?

pheres of water, an alien, frigid, lightless place.

— lules Verne, Twenty Thousand
Leagues Under the Sea

T IS DARK AT THE BOTTOM OF THE
ocean. 1 sit 2,300 feet beneath the
surface, in the abyss, above me a
void of blackness and 70 atmos-

" "Andthen. . . all of a sudden.-the
void is filled with hght Illuminated
from within, a host of miniature
creatures ghde by, their bodies pul-
sating in blue, green and white
neons, a Moating Las Vegas. Appar-
ently bothered by our intrusion,
some flare up like radiating galax-
ies, their luminescent tentlacles
undulatng in spectacular choreopra-
phy. Others have light organs that
Aurst intermittently in defiance,
while siill others, engaged in battle,
actnally spew liquid light over Lheir
opponents. Then some unfortunate
ones collide against Lthe Plexiglas

bubble of our submersible, and their ethereal bodies
disintegrate, squirting radiance in all directions.

I am discavenng that the deep oceans of Earth
are not dark, empty places. There is life here, light
and strange beauty. And just possibly, a cure for

cancer

Adrift in o Bubble

My furst sight of the vessel that will take me o
the bottom of the world leaves me incredulous:
How could that tiny bubble of plastic survive in the
crushing darkness of the deep ocean? It is the John-

son-Sea-Link

a technologically advanced, free-

floating submersible aperated by the Harbor Branch
Oceanographic Institution of Forl Pierce. The sub-
mersible and its crew have been ferried here —
about 80 mules sontheast of Nassau — and now it 1s

time to dive.

__ Nervously climbing up the yellow ladder along-

. side th Plexigian bubble, 1 nolice that two of the

three crew members, Dr. Edie Widder, one of the
world'’s few experts in bioluminescence, and back-
up pilot Ben Chiong, are disappeanng under the
vessel's aft chamber, a rectangular box for two pas-
sengers, which, unlike the forward transparent
sphere, has only two small portholes. 1 also notice
that the chaffiSers are unconnected, and that a larpe
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This little monster, of right, whick could double for the outer-space
wreature in Alien, has no name except for its scientific designation —
Melonostomias bartonbeani. An erie light organ glows beneath its
eye. Inset photo at left, the Melanostomias bartonbeoni

shawing its bicluminescense.

€. WIDDER

If you
think the
bottom of
the ocean

is black and
lifeless, open

your eyes.
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THE DEEP

battery box sits behind the spatless
bubble. while an array of oxygen
and ballast tanks sits alongside and
undemeath it. For a submersible
thal is capable of diving to 3,000
feet, the whole rig —including its
two hydraulically operated arms —
seerns surprisingly small.

As [ reach the top of the bubble,
I am told where to step and how to
slide through the tight opening.
Pilot Dominic Liberatore {Dustin
Hoffman sans the large nese) is
already in his seat. He shows me
how to sit down in the comfortable
chair to his right without stepping
on the insmuments that cover the
back and sides of (he sphere. | find
myself in a tight space, my right
shoulder touching the gauges that
measure the oxygen and carbon
dioxide levels within the sub. my
left side against a narrow panel that
contains the sonar and a menilor
screen for the video camera mount-
ed outside,

As the hatch is being sealed over
us, Liberatore, a veteran with more
than 1,200 dives, including the
recovery operations for the space
shurtle Challenger and the USS
Monitor, gives me a four-minute

submersible course.

“Should [ be unable to bring the
sub back to the surface, the first
thing you need 1o do is take my
headset off, put thus little earpiece
in your ear and press this button
right here. That's our underwater
telephone. Should we be stuck an
the batiom for a while, the life sup-
port in this vehicle is good for five
days. We have enough oxygen on
board. enough water-making capa-
bilities, warm clothes and food to
keep us alive for five days on the
bottom.”

Of course he doesn’L mentuon
that there is no bathroom. [ have
been “‘dehydrating” myself on pur-
pose all moming — plus, I made
sure coffee was not on the menu —
hoping to prevent any problems
during the three-hour dive.

As Liberatore speaks, a huge
trapeze-shaped crane mounted on
the stern of the mother ship genily
picks us up and moves us over the
walter. Then il lowers us with a soft
hum until the sub louches the sea
and we float free. rocking with the
surface waves.

And then the dive begins.

My vague sense of claustropho-
bia disappears as Liberatore fills
the ballast tanks with water and we
sink, Teaving behind a 1rail of
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minuscule bubbles shining under
the early afterncon.

I've gone scuba diving before,
but it was always diving to a reef
of some kind A place where you
expect to find something. But this
descent is diving into blue empt-
ness. Monochromatic, endless,
electric blue. A blue that seems 1o
hide more than it reveals. There is
nothing whatsoever to give us a
sense of onentation — excepl our
own bubbles, which grow larger as
they expand on their journey
upward.

Two hundred fifty feet. All
reds, oranges and yellows have
been filiered oul. As the blue
absorbs us like one mare drop of
waler, we conunue [o fall slowly
inlo a cobalt embrace.

I am in charge of two things
today: handling the video camera
mounied on the frame of the JSL
through a remote-canirol box, in
such a way that Widder and
Chiong back in the chamber can
see whal’s going on up [ront, and
reading our depth out loud at 50-
foot inlervals so that Widder can
enler the dawa in her computerized
specirometer. The speclrometer
will measure the quaniities of light
penetrating the waler.

Four hundred fifty feel. The
inlerior of the sphere, which is
mainiained a1 one atmosphere of
pressure, 15 glowing with the solt
red light of Lhe instrumenis above
our heads, the only comfor in this
place. Liberatore reports back 10
the surface: ops normal.

Seven hundred fect. The sub’s
external spotlights are still off as
the blue is transfortned into a clear
gray, then a darker gray. then a
diluted black. In these tropical
walers light dies hard. Sull, Wid-
der's spectromeler keeps on
receiving light where our eyes can-
nol. “"These are the clearest walers
in the world,” Widder says
through the radio.

Eight hundred and ten feet. The
lights switch on. Beyond them,
only blackness Incredibly, [ feel as
though I am sitting in the cab of a
high-tech tnuck on the Interstate al
night. The only thing that reminds
me where I am is the cold radialting
from the Plexiglas

Eleven hundred feer. | try play-
ing with the video camera and
manage o jam Lhe lens against the
collection traps. Better lcave Lhat
alone for a while

Fifteen hundred feer. T feel
chilled Reflecting the glare of our
lights is a shower of falling parti-
cles. Like a curtain of marine
snowflakes, tiny fecal pellets and
bits of plant and animal lifeforms
descend before us. This detritus
eventually will come 1o rest at the
bottom of the ocean, 10 (orm,
under pressure for hundreds of
thousands of years, layer upon
layer of sedimentary rock. like the
ancient sea battom that now forms
the peaks of the American Rock
ies.
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!lll wnteihered submersible 1hat cos Iake acean scenlists

to depths of 3,000 feet, is cne of two belonging to the Korbor Branch Oceano-

graphi lastilution in Fart Pierce,

Liberatore turns the sonar on,
and il echoes musically as it
searches for the rapidly approach-
ing bottom, its amber light drawing
a map on the screen: We are almost
there.

Twenty-three hundred fecr.
After 60 minutes of falling we set-
tle on the shghily muddy boltom,
near a huge rock wall. In the sub’s
light, the naked wall breaks out in
patches of feathery plant-like ani
mals, some looking like miniature
Christmas trees Overwhelmed by
the desolate terrain of the abyss, |
can’l contain a gasp of excitement.
Even my three submates. who
have donc this sorn of dive hun-
dreds of limes, don't hide their
enthusiasm. They chatter excited-
ly. not scientifically. The pilot
exclaims, “Wow!"”

And then we shut off the lighi.
Our eyes adjust. The darkness fills
wilh a consiellation, a galaxy of
light.

I remember Charles Lind-
bergh’s words: “What kind of man
would live where there is no dar-
ing? [ don’t belicve in taking fool
ish chances, but nothing can be
accomplished withowt raking any
chance ar all."

The extcrnal lemperature is 12

degrees C — aboul 54 degrees
Fahrenheit. It can get much colder,
depending on the currents

Minuies before we hoarded the
sub, I was handed an cight-cunce
Styrofoam cup. “Write a message

1o yoursclf on the cup,” Liberatore
said. handing me a green felt-tip
pen, “and you'll see what hap-
pens.”

I wrote my message. and Liber-
atore placed the cup in the exiemal
collection basket. Frem time 10
time on the descent. | glanced at it
through the window as the water
pressure steadily increased Was it
shrinking? It was hard to know
Bul now, at the bottom, I 1ake
another look. Siill a perfect cup-
shape, it is now the size of a thim-
ble talk about an indesiructible
matenial’ Even our 5'/s-inch-thick
Plexiglas bubble 15 compressed by
as much as one¢-quaner inch. Don't
iry that with a human body. Even
though we would not be crushed
by 1he pressure saved by the
high water content of our cells
the very act of breathing oxygen
from u tank could kill us.

**Under precssure, nitrogen,
which accounts for around 70 per
cent of the air we breathe, is dis-
solved into the blood prgam, — suys




Dr. Ivan Mantoya, an expert on
¢ medical effects of diving at
he South Florida Byperbaric
edical Center. “h saturates the
ood to Lhe poini that as you
end you need 1o decompress
or hours until the gas is reab-
sorbed into the tissues " After a
few minutes at that depth without
the protection of a pressurized
submersible. yor would need to
decompress for days.

Depth for Versatility

feet, the JSL trades depth for ver-
satility, and a pancramic view
that is critical for many oceano-
graphic studies. Other sub-
mersibles, such as the Alvin,
operated by Woods Hole
Oceanographic Instilution in
g Massachusetts, have titanium
e hulls with tiny windows that
~ allow them to reach depths of
15,000 feet. But how can you
ook for that rare decp-sea
- sponge or smudy an elusive crea-
- tre through a small porthole?
- As we hover near the bottom,
~ we encounier a current, so Liber-
~ atore approaches the wall care-
fully, using the eight switches
that control the sub’s engines. By

W ifgpae R

Limitcd by design to depths ¥
no greater than 3,000 feet in an &
occan Lhat can sink to 40.000 -

quickly tuming cach one on and
off, he maneuvers the vessel with
incredible accuracy. His dexteni-
ty. I tell him, would tmake him
the best Nintendo player in the
world.

Liberalore tells me his skill
comes from knowing the sub
inside out. *In order to drive this
sub,” he says, “we pilots must
first be able te 1ake it apart and
then assemble it from scratch.”

Despite the dangers of the
deep and a record of 7,000 dives,
neither this sub, nor its twin, the
Johnson-Sea-Link II, has had a
close call in 20 years. But soon
afier an carly version of the sub
was developed in 1973, a tragedy
claimed lives. It happened off
Key Wesl, when the Johnson-
Sea-Link J1, designed by
oceanographer Edwin Link in
cooperation with millionaire J.
Seward Johnson, son of the
founding family of johnson &
Johnson, got entangled in debns
at the bottom. As the sub occu-
panls waited to be rescued, the
air scrubber ceased to absorb
CO, because of the low tempera-
ture. Twa of the four people on
board died. including Link's son.

A few months later. Link and
Johnson, the latter of whom had
foundcd Harbor Branch Oceano-
graphic Institution in 1971, pre-

Dr. Skirlay Pompanl, a bialagist with
Harbor Branth Ocacnographic lusti-
intion, is lochig for compownds Ja
sponges end other marie javerte-
brates that con be wsed for mahing

drugs 1o 1100l conter, ameng athar

messes.

duced today's improved version
of the Johnson-Sea-Link. Since
then, scienusts on board the ISLs
have pionecred in many fields of
oceanographic research. One of
them 15 Widder, who was the lirst
person to videotape the living
light of the oceans.

*It's been estimated that there
are bioluminescent animals in
every cubic meter of the ocean,”
she says. I have made over 100
dives in various submersibles,
and [ have never made a dive
where | haven’l seen some sort of
bioluminescence.”

Though the phenomenon has
been known for years, Widder is

among a handful of scientists
beginning to systematically
study and identify the thousands
of luminous animals in the deep
ocean.
In the derk we waich in
amazement the radian! signatures
of these creatures, most of them
not even (wo inches long, as they
orbil inner space in search of
prey. The bursts of fire, intermit-
ten! signals and sieady glow of
organs that look like miniature
light bulbs are fueled by chemi-
cal reactions within the animals
The bioluminescence serves sev-
eral purposes. Some of the anj-
mals use light as a diversionary
factic, to confuse a predator or
prey. “*Since down here there are
no bushes or trees 1o hide behind,
camouflage becomes key 1o sur-
vival,” says Widder. Others use
it to atwract a mate, frighten a
potential enemy or, at higher
depths where light from the sur-
face can make them a tasty sil-
houette, to make them merge
with the backlighting

Many of Lhese crealures par-
ticipate in the largest animal
migration in the world: a nightly
vertical joumney from the decp to
higher depths, where more food
is available. At dawn, vampire-
like, they flee the sunlight into
the dark below.

Very little is known about
this massive movement, Or any-
thing else about this strange
world. For instance, why do
some abyssal creatures have such
large eyes if there is no light to
see?

“It was assumed that deep
animals could only see blue light,
the light that penetrates the deep-
est,” says Tammy Frank, Wid-
der’s collecague. “But [ found
thal a centain species of shrimp is
also sensitive to ultraviolet light.
So we've been trying to deter-
mine why a decp-sea shrimp
should be able to see UV light in
an environment where the
dogma says there is no UV
light.”

But playing ophthalmologist
to these creatures can be quite
difficult. One mistake
researchers studying the vision
of these animals frequently
make, says Widder, is to expose
them fo light as they are brought
1o the surface in deep-water nels.

Tt just blinds them," she
says. “They ncver recover. Even
moonlight blinds the most deli-
cate of them. This is why you
have 10 bring them up in com-
plete darkness and transport
them to the |ab also in the dark.™

So [ar, the longest she has
managed lo keep the animals
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alive in a lab is one day. She is
hoping to leamm how to do better
than that.

Widder feels like Aladdin in the
cave of treasure. She is surrounded
by an untold, untouched wealth of
things o learn.

“Every fourth or fifth time we
£0 down on the submersible, we
see something that nobody's ever
seen before,” she says.

As the JSL moves through the
waler, Lhe animals luminesce as
they bump against a screen mount-
ed on the ship's hull. And as they
cry light, an intensified camera
records their neon tears, each pat-

term unique

Alien

These creatures shed new light
on our concept of life on Earth.
Take the siphonophore. Al first
sight it looks like a twisted red
party someamer. But a closer look
reveals that part of its body is made
up 'of an ethereal cmbroidery of
transparent sacs. Along the body,
hundreds of tentacles probe the
waler for prey. Then there is Phrmon-
ima, a miniature monster with a
protruding head and scary-looking
jaws, a semi-transparent cross
between a {lea and the monsier in

A spiroling siphosophore, twisting
thiowgh the depths, cm grow to sev-
ernl feel n leagth ond v ta s feathary
testacles to search for prey.

Alen. This delightful characler’s
specialty is to eal its prey from the
mside out, m order to lay ils own
eggs in the victim’s gelalinous
shell. Parading before our acrylic
windaw in an aquarium where the
animals are oulside. the shapes get
stranger by the minute: an irides-
cent zeppelin, a Chinese lantem.
And of course there are fish —
small, because food down here is
scarce — but fabulously bizarre.
Their lipht ergans adom their bel-
hes and sides in eleganl patterns.
Some have strange biolegical con-
traplions attached, such as the
angler fish, which has a blue ligh
argan perched on top of its head. Ta
bumans, it looks like a Chnistmas

E. WIDDER / HBO1 Bioluminescence Department

A rare deep-water jellyfish comght a1 2,000 leet deep during the dive off the
Rohamas descaibed by the owiber. Bock of the |ab il glowed green for hosrs until
H was exbausied. Sdentific nome: Paraphyfiine imfermadia.

hight. To other fish, it looks like
food, and it draws them straight
into the predator’s jaws, which are
lined with razor-hke transparent
teeth. Who needs UFO stories
when we have these incredibly
wemnd creatures right nere in Earth's
inner space?

Despite all there is 1o learn,
money for oceanographic research
is literally flying into outer space

Ever since she Jost her funding
from the Office of Naval Research

in 1993, Widder has been hard-
pressed to maintain her research in
bioluminescence, and has had to
redirect her efforts into areas of
more mterest to funding agencies
She is now trying to support her
research wath funds fram less radi-
tional sources, including the pro-
ceeds of a coloring book for chil-
dren with glow-in-the-dark paint-
ings. She spends much of her ime
writing grant proposals.

“Because of the loss of the

Soviet threat. the Navy lost inlerest
in bioluminescence, which was
used for nonaccoustic antisubma-
rine warfare, since you could detect
submarines by the trails of lumines-
cence,”’ she says. The amount of
money now availahle for nndersea
research is dwarfed by what goes
mto space exploration

Her research doesn’t come
cheap: The use aof the 204-foot RV
Seward Johnson vessel costs
$9,000 a day, and the submersible
time costs $5,000 — for a total of
$14,000 a day.

“Compared 10 whal the Defense
Depanment spends in mainlenance
of nuclear warheads, it's very
small. And Congress I1s pumping
money into NASA for the potential
life on Mars, while we have all this
lovely life in the oceans, which
supports life, mostly unexplored.”
she says.

“We haven't pushed the prod-
uct.” says Dr. Richard Spinrad, a
Washington advocate for oceanog-
raphy. “We need to convey o the
people that our quality of life
depends on the health of the
oceans.”

One of Widder's problems is
that bioluminescence, for all its
compelling curiosity, is still not
seen as something that can be
directy applied lo any human need.
At least one aspect of deep-sea




oceanography has an obvious
connection, however: Scientists
have discovered compounds in
ocean life that can be used as
drugs to treat illnesses from can-
eer to arthritis,

Drugs Frem the Sea

Among the scientists looking
to the ocean for new drugs is Dr.
Shirley Pomponi, a colleague of
Widder’s al Ocean Branch.
Upon returning from a recent
night dive on board the John-
son-Sea-Link, Pomponi and her
colleague, Dr. Amy Wright,
rushed to take their precious
sponge samples into the lab.
The new armrivals needed to be
preserved for later study and
identificatian, in hopes that they

wnll reveal a chemisuy, that

proves lo be he]pfu] for human
dj
wsmﬁl] &es of a

yellow rubbery sponge inlo
glass vials with ethanol, Pom-

oni, a University of Miami
‘l?mﬂlate in marine Hiolagy.
pointed ow that at teast 75 per-
‘cent of the wop 20 hospilal drugs
are derived from organisms thal
live on la.nd nce. the aceans
cover approximately 70 percent

.or the world’s surfécc shes-

addedl.bey

ore thap 5,000 patural prod-
have been reported from
marine prganisms over the pasi
10 yca:! * Wright said.

Among them were a sub-
stance thal prompted the synthe-
sis"of a-drug to treat herpes
infecuons and another used to
treat leukemia, which Pomponi

studied in sponges found in
South Flonda waters.

*“It 1s though that this diver-
sity of compounds is due to the
extreme compelition beiween
organisms for space and
resources in most manne habi-
tats,” Wright said, blender in
hand, as she prepared a sponge
shake that would go under the
microscope back on dry land,

Since many invertebrates
live fixed Lo a rock or a piece of
coral, they must defend them-
selves againsi both predators
and rivals for a firm foothold:
So they produce polent toxins.
One predalor’s poison, howev-
er, can be a treasure o humans.
Such is the case of
Ecteinascidia rurbinata, a hum-
ble linle sea squir, whose sacs
of jelly proved to contain com-
pounds that can kill human can-
cercells.

Each squirt has such a
minule quantify of the chemical,
however, that one ton of ani-
mals is needed lo isolale one
gram of the compound. Five
grams are needed for clinical
esting.

But harvesting directly from
the ocean is probably not the
answer. Colonies of these ani-

mals j.we attached to mangrove

y and other similar surfaces,

)\ solomy is 8 bouguet of
[ 1(3'0t::n::;umi*e(;Lg

*the campdiundiis hor
4 'drug prospaclars
Accordmg to a bialogist in the
field, divers have bagged sever-
al tons of the squirty from
around the Flonda Keys and the
Caribbean.

Something similar has hap-
pened to Discodermia dissoluta.
a deep-water sponge that grows
in the Caribbean, whose

RAUL RUBIERA / Hrinold Slull

The tiny Styraloom arp, hendly bigges than a paper chp, was the size of the eight-oemce arp of sight before it was
expased to the cushing presswre of 2,300 feat of ocoan depth.

remarkable antilumor activity
was discovered a few years ago
by Dr. Ross Longley. also at
Harbor Branch. Its compound,
called discodermolide, aggres-
sively freezes breast cancer and
leukemia cells as they divide,
killing them in 24 hours.
According to Pomponi, this
compound is al least as potent
as Taxal, the compound current-
Iy used to trear breasi and ovari-
an cancer, extracled from the
bark and needles of the Pacific
YEW tree.

But this sponge grows at
600-fot? depths, and anly scien-
tisis in submersibles with robot-
ic arms can pick it up. As
Wright put it, “People can’t ride
around in a sub all the time col-
lecting stuff.”

To ease collecuon difficul-
ties and to avoid overexploita-
tion, researchers such as Pom-
poni are aclively seeking alter-
natives to the wild population of
these organisms.

The first choice is to synthe-
size the stiff — produce it arti-
ficially at the 1ab hy copying its
molecular structure “But some
substances are so complex that.
industrially speaking, it's
impossible to synthesize them,”
says Pomponi.

Another possibilily is aque-
culiure, the growing and har-
vesting of undersea animals.
This approach has proved suc-
cessful with some species, such
as Bugula neritina, a brown
invenebrate found stuck to piers
that is being ranched successful-
ly in California. This animal
produces a substance called
bryostatin-1, loxic to cancer
cells. It is currently undergoing
clinical trials in human patients,
and has the potential of making

hundreds of millions of dollars if it
makes il into the market.

Most of today’s anticancer
drugs are toxic; that is, they work
on the principle that they will kill
the [ast-growing tumor cells
before doing 1oo much damage to
the healthy ones. But drug
researchers, says Pomponi, are
always looking for compounds
that kill only the cancer cells so
chemotherapy patients have fewer
side effects.

Creatfve Chemisiry

Even better than culturing the
whole animal is culturing only
those cells that make the desired
chemical. It is at this sophisticated
level that Pomponi is putting most
of her effort, identifying which
sponge or sea-squirt cells make the
interesting chemicals and then
reproducing just these cells. She
has managed to make sponge cells
divide several times. However,
*'after a cenain number of divi-
sions they slop,” she says.

So far, none of the possible
solutions has proved it can pro-
duce the quantity the pharmaceun-
cal industry requires.

In 1the meantime, entire
colonies of sea squirts are being
collecied in the Caribbean. and no
one knows how long the popula-

lion can sustain the assault. Nor
can anyone predict the effects of
pollution or global warming on
these mystertous creatures,

And so goes the riddle for
oceanographers: so much to learn,
so little lime, so lirtle money.

MESSAGE FROM THE SURFACE
indicates that our deep
ight is coming to an end. |

am shocked: 2'/z hours have
passed as if they were |5 minutes.
We delay long enough to take one
last ook at a pair of shnmp flash-
ing neon blue as they battle. Then
we turn our lights on and the subtle
universe of darkness disappears.

Liberatore empties the waler in
the bailast tanks and the JSL
ascends. The layers of colors
reverse themselves: dark gray,
light gray, dark green and the
impossible blues, until we are
again rocking in the surface, wait-
ing to be picked up as the sun
begins to ser behind the horizon.

Today's dive is over. But the
adventure of exploring the ocean
floor is just beginning. &

ANGELA POSADA-SWAFFORD
is a Miami-based freelance writer
who specializes in marine and
environmenial sciences.
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