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must play to abate il. Already certain
water conversion experiments are be­
ing moved from inland laboratories
to test sites along tbe seashore, where
large-scale operations can deterrnine
if they are economical and feasible.

_To scientists in general and ocean­
ographers in particular tbe prospect

is exhilarating. The New York Times,
in a recent editorial, takes tbis op­
timistic vie'Y:' "Ever since Malthus,
the prophets of doom bave forecast
tbe decimation of the world's people
by starvation. They could not have
foreseen the possibilities of atomic
power or of the inexhaustible sea."

Science Goes Deep
By G. HOUOT

Corvette Captain, Commander of the F.N.R.S. III

and J. M. PERES
Professor of Oceanography, Facuity of Science of Marseille

A GLANeE at the history of sub­
marine diving shows tbat tbe

number of inventors concemed witb
it during tbe past centuries has been
very large. Altbough many of tbe
diving machines were highly fantastic,
nevertheless sorne were remarkably
weil conceived. Solutions to tbe tech­
nical problems and the desire of man
to penetrate deeply into an unknown
world have not been lacking but,
until recently, tbe mechanical and
industrial means were not available
for tbe construction of tbe necessary
apparatus.

From Beebe to Picc....d

Il was not until 1934 tbat tbe
American William Beebe and Oris
Barton succeeded in descending to
3,028 feet in a sphere suspended from
a cable. Sorne years later, tbe Swiss
professor Auguste Piccard, of tbe
University of Brussels, in collabo­
ration witb Professor Cosyns, and
witb the financial contribution of tbe

F.N.R.S., tbe Belgian National Fund
for Scientific Research, succeeded in
making tbe first diving machine cap­
able of reaching a depth of 12,000
feet without any forrn of suspension.
This he christened the Batbyscaphe.

A Second Attempt

The difficulties encountered and
the eventual failure of titis tirst at­
tempt did not discourage him. A new
undertaking was planned, titis time
witb collaboration between tbe Bel­
gian F.N.R.S. and tbe French. Navy.
This enterprise has resulted in tbe
construction of F.N.R.S. III, tbe first
apparatus adequately planned for a
scientific exploration of great depths.

The Batbyscaphe is made essen­
tially of two parts, tbe sphere and tbe
float. The sphere is tbe brain of the
apparatus. Il is titis which carries tbe
!wo passengers, tbe pilot and tbe ob­
server. In order to withstand tbe very
great pressures which exist in great
deptbs, it was made of special high
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THE FRENCH BATHYSCAPE, wllile being
IOUled. Sile !las a superficial resemblance
to a submarine. The visible pari is ac­
wally t!le jloar. The diving sphere is
suspendul benealh it.

strength steel. It is 6 feet in inside di­
ameter and about 4 incbes in tbick­
ness with a weight of II V. tons. The
steel door has an opening about 15
inches in diameter and two portholes.
of which one serves for observation.
These portholes are made of tapered
plexiglass plugs, 6 inches thick and
4 inches in internaI diameter.

Si.~ Ton. Cabin

The sphere, immersed in water,
weighs 6 tons. If it were set loose in
the sea, it wouId inevitably sink with­
out bope of recovery. The wbole
principle of the apparatus lies in its
attachment to a buoyant unit, the
"fioat," which rctains considerable
buoyancy at any depth. Sphere and'
float are permanently joined. The
float must be large enough to counter­
act the weight of the sphere and to
bring it back to the surface, no matter
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what happens. Unfortunately there is
no solid material with great buoy­
ancy and the compressibility of gases
makes them useless. So we turned to
Iiquids and, naturaUy, to the Iightest
of them, gasoline.

~.aaeuvered bu nan""t.
The float is nothing but an enor­

mous reservoir, divided into com­
partments on the inside in order to
reduce accidentai loss. Il contains
about 10,000 gallons of gasoline.
This liquid has the additional prop­
erty of not mixing with water. A
permanent passage between the inside
and outside of the float provides
continuous communication between
the gasoline and the sea water. Thus.
the steel sides of the reservoir are not
subjected to strain in diving and, in
contrast to the sphere, are made of
thin, Hght material.

The whole operation of the ma­
chine is a simple application of the
Archimedes principle. In order to
make the Bathyscaphe sink il is made



THE DlVlNG CHAM BER con be seen belou:
the boat shaped huJJ of the float.
F.N.R.S. III is capable of descending
to a depth of several mi/es benearh the
surface.

heavier and in arder to regain the
surface it is lightened. This is ac­
complished by means of ballast. The
initial excess weight is provided by
fil1ing a reservoir with water. At the
surface this is normally empty. Tm­
mediately before diviog, it is opened
to the sea. To simplify construction,
this reservoir, of about 27 cubic foot
capacity, is used as a shaFt or "lock,"
giving access ta the sphere. The laner
is always under water.

lf.'c,!t.rlJmtfflIlCÛ,! SII,.!t.y C.u.t.rlJ'H

ln arder ta lighten the apparatus,
iron shot contained in vertical hop­
pers are released. These are held
solidly in place when magnetized by
an electromagnet. Breaking the cur­
rent allows them to flow out. This
principle guarantees safety, since any
electrical breakdown causes the dis­
charge of the ballast. The weight of

the ballast, over 4 tons, may seem
considerable. Il is needed because the
volume of the gasoline becomes less
and its density increases in the course
of a dive, due to increased pressure
and reduced temperature. Thc loss
of buoyancy is thus relatively largc
in the course of deep dives and the
4 tons are not excessive for p'iovidin;
a relUm From depths of 12,000 feet.

For reasons of safety, there is a1so
supplementary ballast, to be used in
the case of accidents, especially a
lookage of gasoline. This is also sc­
cured by electromagnets so that an
electrical breakdown wHI cause noth­
ing worsc than a premature return to
the surface.

.tu.Tilillry Equipmcnt

The machine has numerous ac­
cessories, sorne of which are used in
piloting, others in observation. The
more important ones are Iisted below:

Air purifying apparatus. These are
cyl inders of oxygen and cartridges
of soda lime.



The gauges which show the quan­
tity of iron shot in the hoppers.
The gauges of gasoline and water
level, which make it possible to
maintain the proper pressure equi~

librium.
The detectors of water leaks.
Pressure gauges indicating depth.
Temperature gauges for both gas­
oline and sea water.
The compass.
The depth sounder. This makes
possible a gentle approach to the
bottom and landing without shock.
Apparatus for communicating with
the outside world; radiotelephone
on the surface, ultrasonic equip­
ment during the dive.
Ali this material is in the sphere
and is operated along with the
electromagnets by a set of storage
batteries.

Seli-propelleiJ

On the outside there are two pro­
pulsion motors which provide hori­
zontal movement, during the dive
and at the bottom of the sea. There
is also a group of six searchlights of
1,000 watts each, illuminating ail the
area visible from the porthole. They
are served by a second battery of
accumulators situated outside the
sphere, simply immersed in oil and
open to the sea pressure. More spe­
cialized scientific equipment has also
been added:

An electronic flash and two auto­
matie photographie instruments
controlled from within the sphere.
These were made by Professor H.
Edgerton of the Massachusetts 1n­
stitute of Technology.
Apparatus for moving pictures.
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Botties for obtaining water samples
controlled by electromagnets.
An apparatus for automatically
and continuously recording the
temperature of the sea in course
of being perfected.

Divin" Below ~2,000 Feet

By diving to 12,150 feet on Feb­
ruary 15, 1954, the Bathyscaphe
F.N.R.S. III ended its trial period.
Shortly afterwards, an agreement be­
tween the National Center for Scien­
tific Research and the Navy settled
the problems of scientific and routine
o!",ration. An administrative commit­
tee, under the distingnished presi­
dency of M. Fage, a member of the
1nstitute, was created to decide the
program of work.

Since its construction, F.N.R.S. III
has made forty-eight dives. This figure
speaks weil for its saf.ety. The various
trips made to Dakar, to Paris for the
exposition at the Salon Nautique, and
to Lisbon recently, are proof of its
durability. Of course, it is far from
perfect and our grandchildren will
doubtless smile when they see it, but
it is the tirst machine of a series of
offspring which will continue to grow
in the immense achievement of open­
ing the door to the great deeps.

ANell' Oceanographie Too'

Il is obvious from ils description
that the Bathyscaphe is a marvelous
instrument for oceanographie work.
Up till now, eighteen dives have been
made wilh biologists and they have
already produced important though
fragmentary results.

Crilics of the Bathyscaphe may say



that the results are insignificant. This
wou Id be botb incorrect and unjust. A
new machine and a ncw technique, no
matter bow perlee!, cannot be expect­
cd to revolutionize a complete science
overnight. Think of the years which
were needed to make possible sub­
marine photography in great depths,
or even to develop an instrument as
intrinsically simple as a bottom sam­
pler. Scarcely two years have passed
since the testing was finished and the
Bathyscaphe ready ta go to work.

Two Yetlr8 01 Di.cuverfl

Let us review, very objectively, the
results obtained in the course of two
years of research. Luck did not fa­
vor the first users of the Bathyscaphe.
After the first biological dives made
near Dakar by Prof. Th. Monod, a
dozeo consecutive dives were com­
pleted in the Mediterranean. But the

FLOTATlON IS PROVIDED by filling the
/loQt reservoirs with gasoline.

Mediterranean is one of the least suit­
able seas for the Bathyscaphe. Forbes,
a century ago, tried trawling in its
depths and found thern so barren
that he concluded that aU deep seas
are lacking in animal life.

l"t'editerraneall Dept'.,. Almo8t
Emptfl

Even if ail the deep waters of the
Mediterranean are not as barren as
Forbes thought, they are very poorly
populated. The French oceanographie
vessel Calypso has made thousands
of deepwater photographs in the Med­
iterranean, with the Edgerton camera.
The published photographs are the
exceptional ones, with something to
show, but the vast majority showed
nothing except mud in which are hid­
den infrequent specimens of Abra
/ollgica/lus, Dellta/iulll agile, Sipho­
nodentalium quinquangulare and sev­
eral other common deep bottom mol­
luses. One reason for this sparsity is,
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of course, the fact that the Mediter­
ranean is over 14,000 feet deep in
places and has no eonneetion with the
ocean except the Straits of Gibraltar.
The Straits are very narrow, seven
miles across, with a shalJow sill of
about 1,000 [cet depth. This lack of
communication with the ocean results
in very poor circulation of the deep
Mediterranean waters. The plankton
is also less dense than that of tbe
nearby Atlantic. Searcity of deep­
water animallife in the Mediterranean
is basieally a question of lack of
plankton food, both from actual in­
sufficiency and also because of poor
distribution.

Fi,... W o'k. 011 Telltaele.

As far as bottom lire is concerned,
then, the Mediterranean dives have
given !imited results. AnimaIs seen in
midwater from 400 feet to 6,000 feet
in depth are also few and of interest
only to speeialists. Some very rare
deepwater fishes were seen, such as
Haloporphyrus and also the very
strange Benthosaurus. In the latter,
the long prolongations of the fins
were previously tbougbt to be sensory

THE CEEP SEA FISH Haloporphyrus.
photographed on the MediterrarJean sea
floor, over a mile deep.

THREE POINT LANDING is apparently the
purpose of the long rod-like eXlensions
of the fins of Benthosaurus. as photo­
graphed Jram Ihe Bathy:>"caphe at aboul
7,000 feel deplh. Previollsly il was
thoughl that the antenna-like projec­
lions were sensory argons. /Is /irst pho­
lograph lakè" on Ihe sea floor shows
that the ftsh walks on them.

organs, but it DOW seems that they
are used for support.

At the time of the two first test
dives, when unfortunately no biolo­
gist was on board, a fair number of
dogfish were seen, some about 6 feet
long. Doubtless the visit of the Bathy·
scaphe had alarmed them, because
they were never again secn. For
plankton studies, the Mediterranean
dives brought valuable lessons in the
vertical distribution and in the Dat­
ural appearance of various free living
creatures.

Seo SnoUl8torm8

G. Houot and P. Willm gave par­
ticular attention to what they called
"snow." During a dive, on arrivaI in
tbe darker depths, the searchlights,
sbining from above down, brougbt
ioto view an immense number of
small particles, apparently stationary
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in the water and with a decided re­
semblance ta snowflakes.

It seems that the particles consist
principally of small planhonic Acan­
thids, but with some clumps of Coc­
colithophorides and even flakes of
dead organic material derived From
the dead bodies of plankton. The
thickness of the "snowfall" varied in
relation ta the depth.

SlfCf:ess off '·ortflfl,d

Ta increase the scicnti,fic produc­
tion of tbe Bathyscaphe the French
National Center of Scientific Research
has supported a research cruise in
the Atlantic on the Portuguese coast.
where relatively great depths are
found near the shore. Thanks ta the
help of the Portuguese authorities, we
made six dives, of. which five were a
complete success; thrce \Vere in the
the canyon of Setubal, south of Lis­
bon, from 1,800 ta 5,000 feet in
depth. Two \Vere outside a canyon on
the Atlantic siope immediately ta the
north of the mouth of the Tagus. This
cruise has given results of consider­
able interest and rich populations of
OOttom living animaIs were found.

Vndersea GardenH

We were astonished by the un­
suspected variety and number of
certain bottom living populations. At
5,000 feet in the Setubal canyon we
dropped down upon a bed of vari­
colorccl sea anenomes forming a coJ­
ony 6 feet square. The variety of
colors was entrancing, going from
whites and yellows of the gorgonians
ta the violet of the Kophobelemnon
stelliferWl1 and including the rcd
plumes of BothYIJel1l1Q elegens and

T'"lIs STRANGE FISH, looking like an eel.
is called Halosaurus. /1 was pholOgraplz­
etl Oll the dcep seo floor 00 the coast
of Portugal, during one of the descenls
01 the Bathyscaphe.

the brown bouquets of the cerianthid
tentacles. ln the midst of the mud
plain, decorated with these multicol­
ored "flowers," large violet aristeid
shrimp,9 inches long, swam by. while
on the bottom, were crawling sea cu­
cumbers, zoroasterid starfish and the
like.

The fishes included numerous
specimens of HalosGurus jolmsonian­
LIS, which looks a Iittle like an eel. 1t
glides near the boltom with its body
at diving angle, ilS snoul in the sedi­
ment, and its tail rhythmically un­
dulating. We have se en also the
Macruridae Trachyrhynchus scabrus
and especially the strange Hymeno­
cepha/lls longi{i/is, whose pee tara 1
and pelvic fins have the first ray
threadlike and elongated, which the
creature seems to drag sorne distance
from the bottom. The similar thread­
like ray of the dorsal fin is not drag­
ged bebind the fish, as was thought,
but is recurved ta the front, project­
ing weil beyond the snout.

"cep Sen Lilie,.

Among other interesting creatures
were sea lilies of the genus Rizizo­
crilllls at 7,000 feet, growing erect
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above the mud on their foot long
stalks. This gives the lie to the theory
that the stalk is used to support the
head on the surface of a liquid mud,
covering the deep sea f1oor. Such a
substrate has never been seen from
the Bathyscaphe.

A 2,000 foot dive showed the very
curious attitude of the shrimp Neph­
rops, Iying in wait in a kind of bur­
row, from which only the head end
and pinchers projected.

Observations were also made on
creatures in the waters above the
bottom. Il was possible to distinguish
some general features of the vertical
distribution of these orgauisms. All
the dives were made between morn­
ing and midday. There consistently
appeared three distinct zones. There
was a weil populated surface zone
extending down to 400 feet, with the
maximum usually from the surface to
150 feet. Another zone ran from 400
feet to about 1,200 feet and was
lacking in both small and large plank­
ton. In the zone from 1,200 feet to
2,500 feet, the plankton again became
rich and abounded with Narcome­
dusan jellyfish Solmissus and little
hatchet fishes or mycotophids. Inci­
dentally, we have never seen their
so-called luminous organs emit the
slightest gleam. Perhaps the poverty
of the layer between 400 and 1,200
feet may be due to the fact that, in
day time, a large number of pelagie
animaIs seek refuge in deep water,
mostly from 1,200 to 2,500 feet.
They only come to the surface at
night.
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Beyond 2,500 feet the free swim­
ming life thins out, especially about
3,500 feet, but it always shows a
small maximum in the 500 feet im"
mediately over the bottom. Plankton
is distinctly richer in the canyon,
where strong CUITents have been seen
near the bottom, than it is over the
Atlantic slope outside.

Future Ocea.Rography oBd the
Bathyscaphe

Il is impossible to give here a good
idea of ail that we have been able to
see, since the report on biological
operations for the Portugal expedition
alone covers forty pages. We hope
that this article will give to readers
in other cauntries than our own, sorne
idea of tire immense possibilities for
oceanographie research which the
Bathyscaphe opens up. Even in its
present imperfect state, F.N.R.S. 111
has already permitted us to watch
the natural behavior of the animaIs 0'

great depths, alive and in their natural
habitat. Only Beebe and Barton have
hitherto seen this and then only down
to about 3,000 feet. Thanks to the
Bathyscaphe, the voyage of a biologist
to the great deeps is now a practical
reality and not an exceptional feat of
daring. Tomorrow a new and larger
Bathyscaphe, drawing from the ex­
perience of FN.R.S. 111 and better
equipped will go down to the greatest
depths known. TomoITow this world
of the abyss which F.N.R.S. 111 has
opened up will be ahnost as easily
studied as a meadow or a pool of
water left by the receding tide.


