The Diving Women ol Korea and Japan

Some 30,000 of these breath-holding divers, called ama, are
employed in daily foraging for food on the bottom of the sea.

Their performance is of particular interest to the physiologist

ff the shores of Korea and south-
Oem Japan the ocean bottom is
rich in shellfish and edible sea-
weeds. For at least 1,500 years these
crops have been harvested by divers,
mostly women, who support their fam-
ilies by daily foraging on the sea bottom.
Using no special equipment other than
goggles (or glass face masks), these
breath-holding divers have become fa-
mous the world over for their perform-
ances. They sometimes descend to
depths of 80 feet and can hold their
breath for up to two minutes. Coming
up only for brief rests and a few breaths
of air, they dive repeatedly, and in warm
weather they work four hours a day, with
resting intervals of an hour or so away
from the water. The Korean women dive
even in winter, when the water tempera-
ture is 50 degrees Fahrenheit (but only
for short periods under such conditions).
For those who choose this occupation
diving is a lifelong profession; they begin
to work in shallow water at the age of 11
or 12 and sometimes continue to 65.
Childbearing does not interrupt their
work; a pregnant diving woman may
work up to the day of delivery and nurse
her baby afterward between diving shifts.
The divers are called ama. At present
there are some 30,000 of them living and
working along the seacoasts of Korea and
Japan. About 11,000 ama dwell on the
small, rocky island of Cheju off the south-
ern tip of the Korean peninsula, which
is believed to be the area where the div-
ing practice originated. Archaeological
remains indicate that the practice began
before the fourth century. In times past
the main objective of the divers may
have been pearls, but today it is solely
food. Up to the 17th century the ama of
Korea included men as well as women;
now they are all women. And in Japan,
where many of the ama are male, women
nevertheless predominate in the occupa-
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tion. As we shall see, the female is better
suited to this work than the male.

In recent years physiologists have
found considerable interest in studying
the capacities and physiological reactions
of the ama, who are probably the most
skillful natural divers in the world. What
accounts for their remarkable adaptation
to the aquatic environment, training or
heredity or a combination of both? How
do they compare with their nondiving
compatriots? The ama themselves have
readilycooperatedwithusin thesestudies.

We shall begin by describing the

dive itself. Basically two different
approaches are used. One is a simple
system in which the diver operates alone;
she is called cachido (unassisted diver).
The other is a more sophisticated tech-
nique; this diver, called a funado (as-
sisted diver), has a helper in a boat, usu-
ally her husband.

The cachido operates from a small
float at the surface. She takes several
deep breaths, then swims to the bottom,
gathers what she can find and swims up
to her float again. Because of the oxygen
consumption required for her swimming
effort she is restricted to comparatively
shallow dives and a short time on the
bottom. She may on occasion go as deep
as 50 or 60 feet, but on the average she
limits her foraging to a depth of 15 or
20 feet. Her average dive lasts about
30 seconds, of which 15 seconds is spent
working on the bottom. When she sur-
faces, she hangs on to the float and rests
for about 30 seconds, taking deep
breaths, and then dives again. Thus the
cycle takes about a minute, and the
diver averages about 60 dives an hour.

The funado dispenses with swimming
effort and uses aids that speed her de-
scent and ascent. She carries a counter-
weight (of about 30 pounds) to pull her
to the bottom, and at the end of her
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dive a helper in a boat above pulls her
up with a rope. These aids minimize
her oxygen need and hasten her rate of
descent and ascent, thereby enabling her
to go to greater depths and spend more
time on the bottom. The funado can
work at depths of 60 to 80 feet and
average 30 seconds in gathering on the
bottom—twice as long as the cachido.
However, since the total duration of each
dive and resting period is twice that
of the cachido, the funado makes only
about 30 dives per hour instead of 60.
Consequently her bottom time per hour
is about the same as the cachido’s. Her
advantage is that she can harvest deeper
bottoms. In economic terms this advan-
tage is partly offset by the fact that the
funado requires a boat and an assistant.

There are variations, of course, on the
two basic diving styles, almost as many
variations as there are diving locations.
Some divers use assistance to ascend but
not to descend; some use only light
weights to help in the descent, and so on.

By and large the divers wear minimal
clothing, often only a loincloth, during
their work in the water. Even in winter
the Korean divers wear only cotton bath-
ing suits. In Japan some ama have re-
cently adopted foam-rubber suits, but
most of the diving women cannot afford
this luxury.

The use of goggles or face masks to im-

prove vision in the water is a com-
paratively recent development—hardly a
century old. It must have revolutionized
the diving industry and greatly increased
the number of divers and the size of the
harvest. The unprotected human eye suf-
fers a basic loss of visual acuity in water
because the light passing through wa-
ter undergoes relatively little refraction
when it enters the tissue of the cornea,
so that the focal point of the image is
considerably behind the retina [see top



JAPANESE DIVING WOMAN was photographed by the Italian
writer Fosco Maraini near the island of Hekura off the western
coast of Japan. The ama’s descent is assisted by a string of lead
weights tied around her waist. At the time she was diving for aba-

lone at a depth of about 30 feet. At the end of each dive a helper in
a boat at the surface pulls the ama up by means of the long rope
attached to her waist. The other rope belongs to another diver.
The ama in this region wear only loincloths during their dives.
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illustration on page 40]. Our sharp vision
in air is due to the difference in the
refractive index between air and the cor-
neal tissue; this difference bends light
sharply as it enters the eye and thereby
helps to focus images on the retinal sur-
face. (The lens serves for fine adjust-
ments,) Goggles sharpen vision in the
water by providing a layer of air at the
interface with the eyeball.

Goggles create a hazard, however,
when the diver descends below 10 feet
in the water. The hydrostatic pressure
on the body then increases the internal
body pressures, including that of the
blood, to a level substantially higher
than the air pressure behind the goggles.
As a result the blood vessels in the eye-
lid lining may burst. This conjunctival
bleeding is well known to divers who
have ventured too deep in the water with

only simple goggles. When the Korean
and Japanese divers began to use gog-
gles, they soon learned that they must
compensate for the pressure factor.
Their solution was to attach air-filled,
compressible bags (of rubber or thin
animal hide) to the goggles. As the diver
descends in the water the increasing
water pressure compresses the bags,
forcing more air into the goggle space
and thus raising the air pressure there in
proportion to the increase in hydrostatic
pressure on the body. Nowadays, in
place of goggles, most divers use a face
mask covering the nose, so that air from
the lungs instead of from external bags
can serve to boost the air pressure in
front of the eyes.

The ama evolved another technique
that may or may not have biological
value. During hyperventilation before

their dives they purse their lips and emit
a loud whistle with each expiration of
breath. These whistles, which can be
heard for long distances, have become
the trademark of the ama. The basic
reason for the whistling is quite myste-
rious. The ama say it makes them “feel
better” and “protects the lungs.” Vari-
ous observers have suggested that it
may prevent excessive hyperventilation
(which can produce unconsciousness in
a long dive) or may help by increasing
the residual lung volume, but no evi-
dence has been found to verify these
hypotheses. Many of the Japanese divers,
male and female, do not whistle before
they dive.

Preparing for a dive, the ama hyper-
ventilates for five to 10 seconds, takes a
final deep breath and then makes the
plunge. The hyperventilation serves to
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GEOGRAPHIC DISTRIBUTION of the ama divers along the sea-
coasts of South Korea and southern Japan is indicated by the col-
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ored areas. The diving practice is believed to have originated on the
small island of Cheju off the southern tip of the Korean peninsula.



remove a considerable amount of carbon
dioxide from the blood. The final breath,
however, is not a full one but only about
85 percent of what the lungs can hold.
Just why the ama limits this breath is
not clear; perhaps she does so to avoid
uncomfortable pressure in the lungs or
to restrict the body’s buoyancy in the
water.

As the diver descends the water pres-
sure compresses her chest and conse-
quently her lung volume. The depth to
which she can go is limited, of course, by
the amount of lung compression she can
tolerate. If she dives deeper than the
level of maximum lung compression (her
“residual lung volume”), she becomes
subject to a painful lung squeeze; more-
over, because the hydrostatic pressure in
her blood vessels then exceeds the air
pressure in her lungs, the pulmonary
blood vessels may burst.

he diver, as we have noted, starts

her dive with a lungful of air that is
comparatively rich in oxygen and com-
paratively poor in carbon dioxide. What
happens to the composition of this air in
the lungs, and to the exchange with the
blood, during the dive? In order to in-
vestigate this question we needed a
means of obtaining samples of the diver’s
lung air under water without risk to the
diver. Edward H. Lanphier and Richard
A. Morin of our group (from the State
University of New York at Buffalo) de-
vised a simple apparatus into which the
diver could blow her lung air and then
reinhale most of it, leaving a small sam-
ple of air in the device. The divers were
understandably reluctant at first to try
this device, because it meant giving up
their precious lung air deep under water
with the possibility that they might not
recover it, but they were eventually
reassured by tests of the apparatus.

We took four samples of the diver’s
lung air: one before she entered the
water, a second when she had hyper-
ventilated her lungs at the surface and
was about to dive, a third when she
reached the bottom at a depth of 40 feet
and a fourth after she had returned to
the surface. In each sample we mea-
sured the concentrations and calculated
the partial pressures of the principal
gases: oxygen, carbon dioxide and ni-
trogen.

Normally, in a resting person out of
the water, the air in the alveoli of the
lungs is 14.3 percent oxygen, 52 per-
cent carbon dioxide and 80.5 percent
nitrogen (disregarding the rare gases and
water vapor). We found that after hyper-
ventilation the divers’ alveolar air con-

KOREAN DIVING WOMAN from Cheju Island cooperated with the authors in their study
of the physiological reactions to breath-hold diving. The large ball slung over her left
shoulder is a float that is left at the surface during the dive; attached to the float is a net for
collecting the catch. The black belt was provided by the authors to carry a pressure-sensitive
bottle and electrocardiograph wires for recording the heart rate. The ama holds an alveolar,
or lung, gas sampler in her right hand. The Korean ama wear only light cotton bathing suits
even in the winter, when the water temperature can be as low as 50 degrees Fahrenheit.
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UNASSISTED DIVER, called a cachido, employs one of the two about 15 to 20 feet; the dive lasts about 25 to 30 seconds, of which
basic techniques of ama diving. The cachido operates from a small 15 seconds is spent working on the bottom. The entire diving cycle
float at the surface. On an average dive she swims to a depth of takes about a minute, and the diver averages 60 dives per hour.
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ASSISTED DIVER, called a funado, uses a counterweight to de- in gathering on the bottom but makes only about 30 dives per
scend passively to a depth of 60 to 80 feet. She averages 30 seconds hour. At the end of each dive a helper in the boat pulls her up.
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sists of 16.7 percent oxygen, 4 percent
carbon dioxide and 79.3 percent nitro-
gen; translating these figures into par-
tial pressures (in millimeters of mer-
cury), the respective proportions are 120
millimeters for oxygen, 29 for carbon
dioxide and 567 for nitrogen.

By the time the cachido (unassisted
diver) reaches the bottom at a depth of
40 feet the oxygen concentration in her
lungs is reduced to 11.1 percent, because
of the uptake of oxygen by the blood.
However, since at that depth the wa-
ter pressure has compressed the lungs
to somewhat more than half of their
pre-dive volume, the oxygen pressure
amounts to 149 millimeters of mercury—

a greater pressure than before the dive.
Consequently oxygen is still being trans-
mitted to the blood at a substantial rate.

For the same reason the blood also

takes up carbon dioxide during the dive.
The carbon dioxide concentration in the
lungs drops from 4 percent at the be-
ginning of the dive to 3.2 percent at the
bottom. This is somewhat paradoxical;
when a person out of the water holds his
breath, the carbon dioxide in his lungs
increases. At a depth of 40 feet, how-
ever, the compression of the lung volume
raises the carbon dioxide pressure to 42
millimeters of mercury, and this is great-
er than the carbon dioxide pressure in
the venous blood. As a result the blood
and tissues retain carbon dioxide and
even absorb some from the lungs.

As the diver ascends from the bottom,
the expansion of the lungs drastically re-
verses the situation. With the reduction
of pressure in the lungs, carbon dioxide
comes out of the blood rapidly. Much
more important is the precipitous drop
of the oxygen partial pressure in the
lungs: within 30 seconds it falls from
149 to 41 millimeters of mercury. This is
no greater than the partial pressure of
oxygen in the venous blood; hence the
blood cannot pick up oxygen, and Lan-
phier has shown that it may actually
lose oxygen to the lungs. In all probabil-
ity that fact explains many of the deaths
that have occurred among sports divers
returning to the surface after deep,
lengthy dives. The cumulative oxygen
deficiency in the tissues is sharply accen-
tuated during the ascent.

Our research has also yielded a mea-
sure of the nitrogen danger in a long
dive. We found that at a depth of 40 feet
the nitrogen partial pressure in the com-
pressed lungs is doubled (to 1,134 milli-
meters of mercury), and throughout the
dive the nitrogen tension is sufficient to
drive the gas into the blood. Lanphier
has calculated that repeated dives to
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GASES EXCHANGED between a single alveolus, or lung sac, and the bloodstream are
shown for four stages of a typical ama dive. The concentrations of three principal gases in
the lung at the surface and at the bottom are given in percent. During descent water pres-
sure on the lungs causes all gases to enter the blood. During ascent this situation is reversed.
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AVERAGE HEART RATE for a group of Korean ama was measured before, during and
after their dives. All the dives were to a depth of about 15 feet. The average pattern shown
here was substantially the same in the summer, when the water temperature was about 80
degrees Fahrenheit, as it was in winter, when water temperature was about 50 degrees F.
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GOGGLES SHARPEN VISION under water by providing a layer of air at the interface with
the eyeball (c). Vision is normally sharp in air because the difference in refractive index
between air and the tissue of the cornea helps to focus images on the retinal surface (a). The
small difference in the refractive index between water and corneal tissue causes the focal
point to move considerably beyond the retina (b), reducing visual acuity under water.

EVOLUTION OF GOGGLES has resulted in several solutions to the problem presented by
the increase in hydrostatic pressure on the body during a dive. The earliest goggles (a) were
uncompensated, and the difference in pressure between the blood vessels in the eyelid and
the air behind the goggles could result in conjunctival bleeding. The problem was first
solved by attaching air-filled, compressible bags to the goggles (b). During a dive the in-
creasing water pressure compresses the bags, raising the air pressure behind the goggles in
proportion to the increase in hydrostatic pressure on the body. In some cases (c¢) the lungs
were used as an additional compensating gas chamber. With a modern face mask that covers
the nose (d) the lungs provide the only source of compensating air pressure during a dive.
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depths of 120 feet, such as are per-
formed by male pearl divers in the Tua-
motu Archipelago of the South Pacific,
can result in enough accumulation of ni-
trogen in the blood to cause the bends
on ascent. When these divers come to the
surface they are sometimes stricken by
fatal attacks, which they call taravana.
The ama of the Korean area are not so
reckless. Long experience has taught
them the limits of safety, and, although
they undoubtedly have some slight
anoxia at the end of each dive, they
quickly recover from it. The diving
women content themselves with com-
paratively short dives that they can per-
form again and again for extended
periods without serious danger. They
avoid excessive depletion of oxygen and
excessive accumulation of nitrogen in

their blood.

[As far as we have been able to deter-

mine, the diving women possess no
particular constitutional aptitudes of a
hereditary kind. The daughters of Ko-
rean farmers can be trained to become
just as capable divers as the daughters of
divers. The training, however, is impor-
tant. The most significant adaptation the
trained diving women show is an un-
usually large “vital capacity,” measured
as the volume of air that can be drawn
into the lungs in a single inspiration after
a complete expiration. In this attribute
the ama are substantially superior to
nondiving Korean women. It appears
that the divers acquire this capacity
through development of the muscles in-
volved in inspiration, which also serve
to resist compression of the chest and
lung volume in the water.

A large lung capacity, or oxygen in-
take, is one way to fortify the body for
diving; another is conservation of the
oxygen stored in the blood. It is now
well known, thanks to the researches of
P. F. Scholander of the Scripps Institu-
tion of Oceanography and other investi-
gators, that certain diving mammals and
birds have a built-in mechanism that
minimizes their need for oxygen while
they are under water [see “The Mas-
ter Switch of Life,” by P. F. Scholan-
der; SciENTIFIC AMERICAN, December,
1963]. This mechanism constricts the
blood vessels supplying the kidneys and
most of the body muscles so that the
blood flow to these organs is drastically
reduced; meanwhile a normal flow is
maintained to the heart, brain and other
organs that require an undiminished
supply of oxygen. Thus the heart can
slow down, the rate of removal of oxy-
gen from the blood by tissues is reduced,



and the animal can prolong its dive.

Several investigators have found re-
cently that human subjects lying under
water also slow their heart rate, although
not as much as the diving animals do.
We made a study of this matter in the
ama during their dives. We attached elec-
trodes (sealed from contact with the sea-
water) to the chests of the divers, and
while they dived to the bottom, at the
end of a 100-foot cable, an electrocardio-
graph in our boat recorded their heart
rhythms. During their hyperventilation
preparatory to diving the divers’ heart
rate averaged about 100 beats a minute.
During the dive the rate fell until, at 20
seconds after submersion, it had dropped
to 70 beats; after 30 seconds it dropped
further to some 60 beats a minute [see
bottom illustration on page 39]. When
the divers returned to the surface, the
heart rate jumped to slightly above nor-
mal and then rapidly recovered its usual
beat.

Curiously, human subjects who hold
their breath out of the water, even in an
air pressure chamber, do not show the
same degree of slowing of the heart. It
was also noteworthy that in about 50
percent of the dives the ama showed
some irregularity of heartbeat. These
and other findings raise a number of puz-
zling questions. Nevertheless, one thing
is quite clear: the automatic slowing of
the heart is an important factor in the
ability of human divers to extend their
time under water.

In the last analysis the amount of time
one can spend in the water, even with-
out holding one’s breath, is limited by
the loss of body heat. For the working
ama this is a critical factor, affecting the
length of their working day both in sum-
mer and in winter. (They warm them-
selves at open fires after each long div-
ing shift) We investigated the effects of
their cold exposure from several points
of view, including measurements of the
heat losses at various water temperatures
and analysis of the defensive mecha-
nisms brought into play.

For measuring the amount of the
body’s heat loss in the water there are
two convenient indexes: (1) the increase
of heat production by the body (through
the exercise of swimming and shivering)
and (2) the drop in the body’s internal
temperature. The body’s heat produc-
tion can be measured by examining its
consumption of oxygen; this can be
gauged from the oxygen content of the
lungs at the end of a dive and during
recovery. Our measurements were made
on Korean diving women in Pusan har-
bor at two seasons of the year: in August,
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BODY HEAT lost by ama divers was found to be about 400 kilocalories in a summer shift
(left) and about 600 kilocalories in a winter shift (right). The curves above the abscissa
at zero kilocalories represent heat generated by swimming and shivering and were estimated
by the rate of oxygen consumption. The curves below abscissa represent heat lost by the body
to the water and were estimated by changes in rectal temperature and skin temperature.
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BASAL METABOLIC RATE of ama women (top gray curve) increases in winter and
decreases in summer. In nondiving Korean women (bottom gray curve) basal metabolic rate
is constant throughout the year. The colored curve shows the mean seawater temperatures
in the diving area of Pusan harbor for the same period covered by the other measurements.
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when the water temperature was 80.6
degrees F. and in January with the
water temperature at 50 degrees.

In both seasons at the end of a single
diving shift (40 minutes in the summer,
25 minutes in winter) the deep-body
temperature was found to be reduced
from the normal 98.6 degrees F. to 95
degrees or less. Combining this informa-
tion with the measurements of oxygen
consumption, we estimated that the
ama’s body-heat loss was about 400 kilo-
calories in a summer shift and about 600
kilocalories in a winter shift. On a daily
basis, taking into consideration that the
ama works in the water for three long
shifts each day in summer and only one
or two short shifts in winter, the day’s
total heat loss is estimated to be about
the same in all seasons: approximately
1,000 kilocalories per day.

To compensate for this loss the Korean
diving woman eats considerably more
than her nondiving sisters. The ama’s
daily food consumption amounts to
about 3,000 kilocalories, whereas the
average for nondiving Korean women of
comparable age is on the order of 2,000
kilocalories per day. Our various items
of evidence suggest that the Korean div-
ing woman subjects herself to a daily
cold stress greater than that of any other
group of human beings yet studied. Her

S

BETWEEN DIVES the ama were persuaded to expire air into a
large plastic gas bag in order to measure the rate at which oxygen
is consumed in swimming and diving to produce heat. The water
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extra food consumption goes entirely into
coping with this stress. The Korean div-
ing women are not heavy; on the con-
trary, they are unusually lean.

It is interesting now to examine whether

or not the diving women have de-
veloped any special bodily defenses
against cold. One such defense would be
an elevated rate of basal metabolism,
that is, an above-average basic rate of
heat production. There was little reason,
however, to expect to find the Korean
women particularly well endowed in this
respect. In the first place, populations of
mankind the world over, in cold climates
or warm, have been found to differ little
in basal metabolism. In the second place,
any elevation of the basal rate that might
exist in the diving women would be too
small to have much effect in offsetting
the large heat losses in water.

Yet we found to our surprise that the
diving women did show a significant ele-
vation of the basal metabolic rate—but
only in the winter months! In that season
their basal rate is about 25 percent high-
er than that of nondiving women of the
same community and the same economic
background (who show no seasonal
change in basal metabolism). Only one
other population in the world has been
found to have a basal metabolic rate
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as high as that of the Korean diving
women in winter: the Alaskan Eskimos.
The available evidence indicates that the
warmly clothed Eskimos do not, how-
ever, experience consistently severe cold
stresses; their elevated basal rate is be-
lieved to arise from an exceptionally
large amount of protein in their diet. We
found that the protein intake of Korean
diving women is not particularly high.
It therefore seems probable that their
elevated basal metabolic rate in winter
is a direct reflection of their severe ex-
posure to cold in that season, and that
this in turn indicates a latent human
mechanism of adaptation to cold that is
evoked only under extreme cold stresses
such as the Korean divers experience.
The response is too feeble to give the
divers any significant amount of protec-
tion in the winter water. It does, how-
ever, raise an interesting physiological
question that we are pursuing with fur-
ther studies, namely the possibility that
severe exposure to winter cold may, as a
general rule, stimulate the human thy-
roid gland to a seasonal elevation of
activity.

The production of body heat is one
aspect of the defense against cold; an-
other is the body’s insulation for retain-
ing heat. Here the most important factor
(but not the only one) is the layer of fat

temperature in Pusan harbor at the time (January) was 50 degrees
F. One of the authors (Hong) assists. Data obtained in this way
were used to construct the graph at the top of the preceding page.



under the skin. The heat conductivity of
fatty tissue is only about half that of
muscle tissue; in other words, it is twice
as good an insulator. Whales and seals
owe their ability to live in arctic and
antarctic waters to their very thick layers
of subcutaneous fat. Similarly, subcu-
taneous fat explains why women domi-
nate the diving profession of Korea and
Japan; they are more generously en-
dowed with this protection than men
are.

Donald W. Rennie of the State Uni-
versity of New York at Buffalo collabo-
rated with one of the authors of this
article (Hong) in detailed measurements
of the body insulation of Korean women,
comparing divers with nondivers. The
thickness of the subcutaneous fat can
easily be determined by measuring the
thickness of folds of skin in various parts
of the body. This does not, however, tell
the whole story of the body’s thermal
insulation. To measure this insulation in
functional terms, we had our subjects lie
in a tank of water for three hours with
only the face out of the water. From
measurements of the reduction in deep-
body temperature and the body’s heat
production we were then able to calcu-
late the degree of the subject’s overall
thermal insulation. These studies re-
vealed three particularly interesting
facts. They showed, for one thing, that
with the same thickness of subcutaneous
fat, divers had less heat loss than non-
divers. This was taken to indicate that
the divers’ fatty insulation is supple-
mented by some kind of vascular adap-
tation that restricts the loss of heat from
the blood vessels to the skin, particu-
larly in the arms and legs. Secondly,
the observations disclosed that in win-
ter the diving women lose about half of
their subcutaneous fat (although non-
divers do not). Presumably this means
that during the winter the divers’ heat
loss is so great that their food intake does
not compensate for it sufficiently; in any
case, their vascular adaptation helps
them to maintain insulation. Thirdly, we
found that diving women could tolerate
lower water temperatures than nondiv-
ing women without shivering. The div-
ers did not shiver when they lay for
three hours in water at 82.8 degrees F.;
nondivers began to shiver at a tempera-
ture of 86 degrees. (Male nondivers shiv-
ered at 88 degrees.) It appears that the
diving women’s resistance to shivering
arises from some hardening aspect of
their training that inhibits shiver-trigger-
ing impulses from the skin. The inhibi-
tion of shivering is an advantage because
shivering speeds up the emission of body
heat. L. G. Pugh, a British physiologist

AMA’S THERMAL INSULATION (mainly fat) was measured by having the subjects lie in
a tank of water for three hours. From measurements of the reduction of deep-body tempera-
ture and the body’s heat production the authors were able to calculate the degree of the sub-
ject’s overall thermal insulation. Once again Hong (left) keeps a close eye on the operation.

who has studied long-distance swim-
mers, discovered the interesting addi-
tional fact that swimmers, whether fat or
thin, lose heat more rapidly while swim-
ming than while lying motionless in the
water. The whole subject of the body’s
thermal insulation is obviously a rather
complicated one that will not be easy to
unravel. As a general conclusion, how-
ever, it is very clearly established that
women are far better insulated than men
against cold.

As a concluding observation we should

note that the 1,500-year-old diving
occupation in Korea and Japan is now
declining. The number of divers has
dwindled during the past few decades,
and by the end of this century the pro-
fession may disappear altogether, chiefly
because more remunerative and less
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arduous ways of making a living are
arising. Nonetheless, for the 30,000
practitioners still active in the diving
profession (at least in summer) diving
remains a proud calling and necessary
livelihood. By adopting scuba gear and
other modern underwater equipment the
divers could greatly increase their pro-
duction; the present harvest could be
obtained by not much more than a tenth
of the present number of divers. This
would raise havoc, however, with em-
ployment and the economy in the hun-
dreds of small villages whose women
daily go forth to seek their families’
existence on the sea bottom. For that
reason innovations are fiercely resisted.
Indeed, many villages in Japan have
outlawed the foam-rubber suit for div-
ers to prevent too easy and too rapid
harvesting of the local waters.
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