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*BSTii,.CT 

The present investi¿ation was und er t alcen to ascertain the occurrence 
of vascular adaptation in the Korean women divers who are daily uxposed 
to sevore cold water stress. For this purpose, the metabolic and thermal 
responses woro studied in six women divers (ama) and six non-diving women 
(control) during two hour immersion to water of 30, 31 and 33C. In addi¬ 
tion, the regional heat flux and the limb blood flow wore also measured 
by usirg Hatfiold gradient calorimeter discs and morcury-in-rubber stra¬ 
in gages, respectively, út the end of two hour immersion, the maximal 
tissue insulation, as calculated by(roctal temp.-water tcmp.)/skin heat 
loss, wai greater in the ama than in the control in both seasons when 
a comparison was made at a given subcutaneous fat thickness. However, 
the lower arm and finger blood flow at a given wator temperature was 
greater in the ana than in the control, indicating that the elevation 
of I in the ama is not due to a greater peripheral vasoconstriction, 
although there woro considerable individual variations, the skin heat 
flux from the limb at a given temperature was not much different bet¬ 
ween the tv© groups. In other words, the skin heat flux for a given 
blood flow was lower in the ama as compared to the control, for cover, 
the occlusion of limb blood flow resulted in reductions of skin heat 
flux by the same magnitude in both groups. On the basis of thv.se re¬ 
sults, it is speculated that the cma do not develop vascular adaptation 
as such but seem to have ancfficivjit countei—current heat exchanger. 
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INTRODUCTION 

In thu course of studying the pattern of cold rxcliiaatiZGtJLon as 
dovolopud in th, women divers of Korea (ama ), it was noted that tho pe¬ 
ripheral tissue insulation for a given subcutaneous fat thickness was 
consistontly greater in amr. as compared to non—diving women(control) 
living in tho samo community( 1-3 ). This suggested to us that tho an» 
upon aoeposure to coH sean to develop a vascular adaptation, i.e., a 
greater vasoconstriction of peripheral vessels, thereby reducing the 
magnitude of heat loss. Previously, this hypothesis was tested in our 
laboratory by measuring tho regional heat flux with a view that the heat 
flux from the peripheral region in a given cold water environment may 
be lower in the ama than in the control. However, contrary to this view, 
the actual magnitude of peripheral heat flux was found to bo greater in 
the ana than in the control( 4 ). 

& the present investigation, the peripheral blood flow during a 
cours« of cold, water exposure was additionally m.easured along with tho 
regional heat ilux, in order to further ascertain the occurrence of a 
vascular adaptation in the ama. 

METHODS 

Sxporineiits woro carried out in August, 1966(summer studies) and 
in January, 1967(winter studies) on six each of the ama and tho control 
subjects who woro selected at random from a comnunity in Pusan area, 
although the samo control subjects wore used for both summer and winter 
studios, two out of six oma usxi for summer studies wero idle in winter 
-îd thus had to bo replaced with active divers for winter studios. Aii 

of theso subjects have boon extensively usod in many previous studies 
and thus aro well acquainted with tho experimental procedures. Thoir 
ago and physical characteristics are tabulated in Table 1. 

To insure a uniform degree of cold exposure in all experiments, 
the subjects wearing cotton swim suits wero ismersod in a constant- 
temperature water bath, supine on the plastic-mesh cot with only their 
faces above the water. The temperature of wator bath was regulated to 
within 0.C1C at 33, 31 end 30C. This wator immersion method was usod 
in previous studios conducted in our laboratory and is described in de¬ 
tail elsewhere( 5 )• In the present investigation, the metabolic and 
tho thermal responses during a two hour inmersión at each water tempera¬ 
ture w^ro compared between tho two groups of subjects. In addition, tho 
regional heat flue and the limb blood flow wero also dotorminod during 
immersion. O2 consumption was measured for 10 out of every 30 minutes 
with a Collins spirometer. Koctal tamper atures were measured to within 
0.C1C with a thermistor calibrated ov^r the rango 35-40C. For the mea¬ 
surement of regional heat flux, calibrated gradient calorimeter discs 
of tho t;pe described by Hatfield( 6 ) wore glued and taped to tho skin 
overlying the center of abdomen, the upper and lower arn»/ tho thigh 



Table 1. Physical characteristics of subjects 

Subjects 
(humeur) 

a- a (6) 

Control (6) 

A. .n(6) 

Contr' 1(6; 

Ago Vi eight 
(yrs) (kg) 

Mean Fat* 
Thickness 

iml 
Adiposity* 

(kg) 

Lean Bodjr 
Mass 

ilSftl 
august, 1966 (Suiaacr) 

40 ± 2 49.4*1.6 1.38 ± 0.30 7.5 ±1.5 4I.9 * 1.- 

36 ± 2 55.5 * 2.4 2.39 ± 0.21 12.0 ± 0.9 43.5*1.6 

January, 1967 (Vvintur) 

41 * 2 52.7 * 2.4 1.57 * 0.38 9.0 ± 1,4 43.9 ±1.7 

36 x 2 55.5 * 3.2 2.31 * 0.38 11.8 * 1.6 43.7 ± 1.8 

(îu^an ± 3E) 

*Thw iioasureuent of mean fat thickness me. th^ computation of 
aedposity were based on the leuthod ¿^scribed ty Alien ot al. 



and calf ; and tha tip of middle finger. The electromotive force genera¬ 
ted by the heat flow discs was continuously recorded by an Offner oscil¬ 
lograph operated at a sensitivity of 1-5 pV/nm pen deflection. Under¬ 
water calibration of these discs in our hands gave on actual calibration 
factor of 1.6 kcal/hr/in?/jiV. Blood flow to thu foreann and the middle 
finger was measured by mercury-in-rubber strain gages( 8 ). At the end 
of 2 hour immersion period, tho olood flow to tho arm was occluded for 
10 minutos while tho lower am and the fingor heat flux was recorded 
continuously, in order to estimate the contribution of Limb metabolic 
heat to limb heat loss. Tissu e insulation (I) was computai from the for¬ 
mula, I=(roctal temp.-bath tcaap. )/rr.te of skin heat loss, using measure 
monts obt' inod during the last 3C minutes of immersion. Ás in earlier 
studies conauctod in our laboratory( 2, 5 )> the skin ha.t loss was 
assumed to equal r.iv,taeolic rate minus respiratory heat loss (8$ of meta¬ 
bolic rate). In those instances where rectal temperature continued to 
d^clin^-, th . n^t loss of bouy heat(0.83 x^roctal temp, x 0.6 x body 
vt. ) was added to metabolic rate in estimating tho skin heat loss. 

RESULTS 

A. Overall Metabolic and Thermal he anona os : In the present investi¬ 
gation, 11 subjects exhibited no sign of shivering at all bath tempera¬ 
tures. Since the results obtained at th>. lowest bath tenperaturo(i.o,, 
30C) are most important, those '>j?e illustr .ted in Fig. 1 as representa¬ 
tive metabolic and thermal responses to cold stress. In addition, rec¬ 
tal temperatures, skin heat loss and the I value for each subject at 
different bath temperatures are summarized in Tables 2 and 3. 

At all bath temperatures, rectal temperature was reduced continu¬ 
ously during 2 hours in water although it tended to level off after 90 
minutes in water of 33 and 31C. In general, rectal temperature of tho 
amn tended to be somewhat low or than tirt of the control in summer while 
this trend was reversed in winter. Metabolic rate as reflected by tho 
skin boat loss was maintained at a higher level in the .ama as compared 
to tfrrt of the control in all experiments, although the magnitude of 
difference between the two groups was gtr-ator in winter than in svunnor. 
Both tho limb blood flow and tho regional heat flux decreased during 
thw first hour of immersion but maintained a steady level during the 
second hour. 

The values of tissue insulation, computed on the basis of rectal 
t.. per ature and skin heat loss at the end of immersion period, was not 
significantly different between the two groups in both seasons. However, 
tho mean skin fat thickness was considerably greater in the control as 
compared to the ana and heneo tho tissue insulation for a given skin 
fat thickness is considered to bo greater in the aaa than in the control. 

B. Regional 3kln Hoat Flux: Although thero wore minor inconsist ont 
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T,•'.ble 2. R-ct-.l tcinp^rr.tvrc, skin hJr.t loas nd tissue insul.'.tion(l) 
of tile rmr. rt th^ and of 2 hour imnorsion period. 

r, . , m ^ Skin lia et Losa 
Leen ret R-ctr.l T..rap.y C IrceVhr/u2 

Subj. Thi^1'-33 ' 33C ~31C*~3ûC ‘ ~3c ' 310 * 30C 

I velue 
C/kr.al/hr/m2 

“33c 3IC ' 3OC ’ 
weter v»et .r vvtcr vetc-r w:.tur wetor wr.tcr v;r.tnr 

August, 1966 (3u¡xier) 

Ar-1 1.85 

Ar-2 0.45 

A-3 1.63 

<*-4 2.30 

Ar-5 0.60 

*-6 1.45 

Meen 1.38 

37.10 37.01 36.55 42.5 58.4 

36.98 36.32 35.94 40.7 45.0 

36.56 37.00 36.40 39.8 37.1 

37.03 36.84 36.59 41 .5 51.0 

37.17 36.97 36.65 45.4 54.8 

36.82 36.10 36.35 37.6 38.2 

36.94 3 6.70 36.41 41.3 47.4 

43.6 0.095 0.1C3 0.15c 

55.6 0.0980.1180.107 

38.3 0.090 0.162 0.166 

43.6 0.098 0.II4 0<i5! 

65.1 O.092 0.109 0.102 

42.1 0.102 0.133 C.I50 

48.1 0.141 * 0.009» 

A-1 2.62 

4^2 0.67 

<^•4 2.15 

«1-5 0.90 

ív-7 0.65 

«-S 2.45 

Mor.n 1.57 

36.70 36.17 35.^2 

36.73 36.17 36.42 

36.9b 36.41 36.33 

50.0 

47.7 

46.8 

61.6 

57.4 

51.0 

47.6 49.7 52.4 

0.093 0.102 O.13O 

0.090 0.103 C.I35 

0.102 0.117 O.134 

0.076 0.114 0.106 

0.067 0.095 0.101 

0.080 O.O96 0.126 

0.124 ± O.OO6* 

Jenuary, 196? (V«inter) 

37.4436.7036.49 47.8 55.8 

36.99 36.58 36.44 44.5 40.3 

36.91 36.25 36.28 38.4 44.7 

37.08 36.57 36.51 53.6 48.8 

55.31 54.2 

46.4 54.1 

*«.veregQ( ± 13jj ) of i.nxiuel I vnluvs in -ech individuel subject. 
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TaM* 3. Roctal tcmjwrr.tupu, sldn lx»» „„d tls,uo tmiOdtiooU) 
of th^ control r.t the ond of 2 hour iranuraion porlod. 

Moan Fat 
SubJ- Thickness 

mm 33 C 31C 3CC 
water wr.tor w^,?r 

33C 31C 30C 
wnt-^Ljator water 

33 C Sic 30C 
vator wr.tor wator 

«uguat, 1966 (Sumner) 

Ü-Î 

G-2 

C-3 

C-5 

0-6 

iioan 

2.50 

2.I5 

1.90 

2.08 

3.33 

2.4C 

2.39 

36.80 36.98 36.33 

36.62 36.71 36.30 

37.18 36.99 36.71 

37.37 36.57 37.01 

37.12 36.72 36.70 

36.95 36.95 - 

37.01 36.82 36.61 

42.1 52.5 52.9 

36.6 42.4 52.8 

45.7 39.8 49.9 

36.7 42.7 44.5 

40.0 40.1 37.0 

46.9 54.4 

41.3 45.3 47.4 

0.090 0.114 C.119 

0.099 O.135 0.119 

0.092 O.15I O.134 

0.119 O.131 0.158 

0.103 O.I43 0.181 

0.084 O.IO9 - 

0.142 ± 0.010* 

--1 2.95 

C-2 1 .68 

C-3 1.23 

C-4 1.88 

3-5 3.78 

0-6 2.33 

Hean 2.31 

January, 1967 (Winter) 

¿6.C 36.70 36.56 

36.62 36.02 36.40 

36.57 35.97 36.27 

36.67 35.82 35.70 

35.90 36.16 36.17 

37.08 36.50 35.97 

36.61 36.20 36.18 

43.8 47.7 46.5 

45.8 48.4 48.9 

- 50.7 59.1 

42.5 46.2 48.5 

45.1 45.5 40.3 

39.2 39.4 42.1 

43.3 46.3 47.6 

0.087 O.II9 C.141 

0.079 0.100 0.131 

- 0.098 0.106 

0.086 O.IO4 0.118 

0.064 0.113 O.I53 

O.IO4 O.I39 O.I42 

O.I32 * 0.007* 

Average( * 1SE ) of maximal I values in each individual. 
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variations in th- values of rational akin h- at flux as a function of the 
v'at*-r t j::poraturo, thw ov^r-'ll trend Tins verj sioilar in all t-apuraturos. 
H.nce Vaj skin hy'.t flux from each region obtained during the last 30 
minutas of ijtiiursion to v/ater of 30, 31 and 33C is siusoi-rily shown in 
fio• 2, in order to illustrate th- regional distribution of heat loss. 
It is evident fron this figuro that whi.K boat flux fron the abdominal 
region is the highest the limbs also lose a considerable amount of heat 
even at these low water temperatures. 

In order to os tirata the tc.'tal rhx>-ant of heat lost from each region, 
the ro.iionsl heat flux vas mu it iy lie à by the weighting factor indicated 
in the top lin^ of fable 4 &á¿ stod to a total skin area of 1 square 
muter. In ohis calculation, Óoa- of the total skin area was represented, 
toes, ho;.id and chest bcdj’-g omitted from stuciy. Although the boat flux 
from the fin^tr was mv-r.nurod, thu magnitude v;as so low that it was ne¬ 
glected in this consideration. In thu right column of Table 4, 68% of 
skin boat loss ustimatud from tho metabolic rato aro aleo indicated for 
comparison. From this calculation, it is clear that tha sum of regional 
h--at loss ae estimated from the value of directly measured huat flux is 
reasonably close to that of skin h-at lose estimated indirectly from 
the value of metabolic rate, indicating that the present method is re¬ 
liable in quantitating the regional heat loss. 

Although thoro were considerable individual variations, tho avera¬ 
ge skin heat flux from -ach of the six regions was not significantly 
different between tho two groups of subjects. 

C. Relation Between Skin Hoat Flux and Blood Flow: Tho limb blood 
flow was measured while tho subjects were inmorsod in wator(Tablo 5). 
As stated earlier, the lower arm and finger blood flow docroased during 
the first hour of Immersion but levelled off during the second hour 
(Fig. 1). Individual values of this steady state blood flow at various 
water tunperaturus are shown in Fig. 3 along with the corresponding 
hoat flux. As expected, the finger blood flow docroased along with tho 
hv^at flux as the water temperature was lowered. Although there were con¬ 
siderable individuel variations in the values of both blood flow and 
hs.at flux, the average figures tended to bo somewhat greater in the ama 
than in the control at all temperatures in both seasons. Interestingly 
enough, the finger blood flow at a given temperature was not different 
between sunxnor and winter in both groups of subjects whilo the hoat flux 
at 30 ;.nd 31^' water tended to bo lower in winter than in summer. However, 
the possible significance of this finding is not cl^or at present. 

In contrast to this behavior of the íingor, changos in the blood 
flow and the heat flux of lower arms wore not related. In other words, 
as the water temperature v::.s lov-erod, tiw blood flow was progrossivoly 
lowered whil. aa- heat flux tended to iicreas0(Fig. 3)« As in the caso 
of fingers, considerable individual variations wore also noted. However, 
the avei age o.'nod flow at .a „iven temperature tended to bo higher while 
the average h^nt flux tended bo lower in tho ama than in the control in 
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Table U. Average régional heat flux during the laet 30 minutos 
of 2 hour imnereion in 30, 31 and 33C water. 

(i. Upper 
7-AM Area, nr¿ JÔ .08 

lower 
Arma 

.06 
Thighs 

. 18~ 

Lower 
Total 
""IT 

Skin Heat-*" 
Jæss X M 

Skin Heat Flux (keal/hr/area) 

August, 1966 (Sum&or) 

3OC water 14.5 
SIC water 12.1 
33C water 10.5 

Moan 12.4 

Control 

3OC water 12.5 
31C wator 9.7 
330 vator 9.2 

Moan 1C,5 

1.7 3.0 9.2 
1.2 2.9 5.1 
1.0 1.1 4.4 

1.3 2.3 6.2 

1.7 3.0 6.9 
1.5 ¿.6 5.1 
1.6 2.1 ‘.1 

1.6 2.6 6.C 

4.9 33.3 32.7 
2.9 24.2 32.2 
4.4 21.4 28.1 

4.1 26.3 31.0 

4.5 32.2 
3.8 22,7 30.8 

.6 16 28.1 
4,0 24.6 30.4 

Januaryj 1967 (Winter) 
¿ma 

3OC vat or 10.2 
31C water 9.6 
33C water 8.5 

Mean 9.5 

Control 

3OC water 6.7 
31c water 8.1 
35C water 10.4 

Mean 9.1 

1.1 2.6 6.6 
1.5 2.0 7.1 
1.9 2.1 9.8 

1.5 2.2 7.8 

1.2 2.6 5.9 
1.2 2.5 5.9 
1.6 2.7 7.8 

1.3 2.6 6.5 

2.4 22.9 35.6 
2.8 23.2 33.8 
3.1 25.4 32.4 

2.8 23.8 33.9 

3.5 21.9 32.4 
3.5 21.2 31.5 
3.9 26.4 29.4 

3.6 23.2 31.1 

Grand Mean 10.3 
± 1SE 0.5 

1.4 
0.1 

2.4 6.7 3.6 24.5 31.6 
0.2 0.5 0.2 1.0 0.6 

* Values of akin heat loss were taken from Tables 2 and 3. 
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Tabic 5. Average limb blood flow(ml/min/lcX3tal) during the Inal 
30 minutos of 2 hour imnursion in 30, 31 nnd 33C 

wator. 

Hog ion Wator Temp. 
_Cel._ 

Aua Control 

lower Arcis 

Finger 

30 
31 
33 

30 
31 
33 

August, 1966 (Sui.i.ior) 

1.6G 0.98 
2.13 a- 0.72 
2.13 i C.3h 

6.48 ± c.ril 
7.20 y 1 • ::g 

19.02 ± 3.10 

2.C4 ± 0.93 
1.?8 ± C.6I 
3.11 ± 0.77 

3.40 ± 0.57 
3.72 i, .43 

11.84 3' 2.32 

Lov. or Kri-is 

i’ingor 

January, 1967 (winter) 

30 
31 
33 

30 
31 
33 

3.00 V* o rc 
4.09 ± 0. 34 
5.10 X C.r-.1 

9.91 à 2,11 
10.23 ± 1.78 
11.30 i 2.17 

2,-19 .- 0,.40 
2.89 ± C.89 
4.16 ± 0/-1 

5.69 i 0.61 
5.43 ± 0.S3 
8.19 + 1.57 

(Kean ± SB,) 

P valuó 

43 
KS 

P< 0.025 
P< 0.1 
F< 0.1 

NS 
IS 
Í3 

P<0.1 
P< O.O5 

NS 

indi cat os the non-significant difference between the two 
groups (P> 0.05). 
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winter. No consistent trend in both EU-r-suromunts butwoon the two groups 
was noted in sunnier. 

To estimate thu relative iinportanco of convective heat transfer by 
blood flow and conduction of h-at fron linb interior to limb surface the 
skin hv,at flux fron th^. lower am and the finger was measured in winter 
during the occlusion of blood flow to the arm. Following immersion for 
2 hours in water of v rious txiferatures, the am circulation was arres¬ 
ted by inflatir^; an upper am tourincuet for 10 nin. ut all temperatures, 
the finger heat flux; was pror¡pt,l¿ reduced practically to zero following 
occlus ion (Fig. 4). However, in t * case of lower ams, the reduction in 
heat flux following occlusion v: s r th^r slight and thus a considerable 
amount of heat loss was obs-. v^d ,v..n dm-ing the period of occlusion. 
This decrement, designated flQ, mpmseirts the circulatory component of 
total steady state h<~at loss from the respective pegion, while tho heat 
flux from the non-porfused region, designated as Hu, represents direct 
loss of metabolic h-at from underlying tissue. ¿>s sumarized in Fig. 5> 
tho average magnitud«- of Ôq in th«- finger was proportional to water tom- 
pur aturo whilu this trend was not clear in the lower arm. Moreover, the 
magnitude of % was practically zero in tho finger at all temperatures, 
indicating that steady state heat flux from this region is entirely do 
pendent upon the circuir.tion. On the other hand, the majority of steady 
state heat flux from the lower am was independent of circulation, as 
indicated by the greater %(Fig. 5)* On the average, only 30£ of total 
heat flux from the lower am are attributable to tho circulatory compo¬ 
nent, and 70$£ to local metabolic heat. It is also important to note 
that tho magnitude of both Aq and Hm was not significantly different 
bytwuisn the two groups of subjects. 

DISCUSSION AND SUMMARY 

The purpose of this investigation was to ascertain the occurrence 
of vascular adaptation in the ama who are daily exposed to severo cold 
water stress the year around ( 9-11 ). On the basis of observations that 
the maximal tissue insulation for a given subcutaneous fat thickness was 
significantly greater in the ama as compared to the control, we have 
suggested earlier that the ama may develop a greater vasoconstriction 
upon exposure to a given cold stress( 1,2). However, subsequent stu¬ 
dios on the regional heat flux indicated that tho magnitude of heat flux 
was uniformly greater in tho am in all regions as compared to tho cont¬ 
rol, suggesting that there is no region where tho heat loss is prefe¬ 
rentially provented( 4 )- Although these findings seem to bo inconsis- 
tent with the occurrence of vascular adaptation in the niua, there still 
exists a possibility that tho regional h~at flux could bo greater in 
ama oven in prusonco of a greater vasoconstriction by virlue of a higher 
metabolic rate( 1, 2, 9> H> 12 ) coupl-d v.ith a lower resistance to 
heat flow due to a smaller subcutaneous fat thickness in the ama. H-nco 
it was felt that the actual measuremont peripheral blood flow is 
necessary in order to further explore th- occurrence of vascular adap¬ 
tation. 

12 
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Frcllr.ir. ucporliicnts inc'.icr.t^d th-.t both the regionr.l hc.t flax'- 
nnd tti e lir:i 'd.ood flow 'uv OTi.t j huously relucid davir^ the first houf 
oí iijuiuraior., v/dica ti*.; ».• ii.t .ir.xi r. 3z-*rú¡~ ct- .tu l^v^I u;'> to 3 
hcic’üí .-, 4 /. H ace i/u iïii .ralor. p>.va.s shortened to 2 hcie-’S in 
the rr «sent inv.ôtig^tion because oi’ cue' prie .x;- iuter-st in the i -vol 
of h-r.t ÜUX '.nd bLood flow durir:" 1 < -r&ior. In pr«..\iouJ studier;, ;;o 
noted that r.t least $0% of control e-ebjects shiver irithin 3 hours ci' 
imt rsion to water of 30C( 1 ). licv.^vw-.*, .-s r. result of short .ueJ. l.xor- 
3ion period, we have boon -blw to lever the water tw.porr.tur... to 'JOG An 
Il siütjects without invoking an;- visible, shivering, cy the s-rw token, 

wo could have lowered the water tuaporature to below 3CC for the rjx\ in 
the present investigation, although this step was not taken. 

The values of maximal tiosuo insulation, I, were similar in both 
groups despite a significant difference in the mean subcutaneous fat 
thickness between the two groups (see Tables 2 and 3). In other words, I 
values for a given subcutaneous fat thickness were greater in both sea¬ 
sons in the ama than in the control, in agreement with earlier finedngo 
( 1-3 ). Moreover, the values of I obtained in the proaont investigation 
are not significantly different from the previously reported values, in¬ 
dicating that the extent of vasoconstriction as developed und^r the pre¬ 
sent uxperimontal condition is comparable to that with tho earlier me¬ 
thod ( 2, 3). As those observations may soem satisfactory, wo were sur¬ 
prised not to find any seasonal difforenco in the I value of tuna. This 
may be attributed to the following throo factors: l) tho insulation was 
measured at tho ond of 2 hour immersion by which thermal steady state 
was not reached, 2) the water temperature was not low enough in tho ama, 
and 3)2 out of 6 ama employed in summer wore replaced with others in 
winter. How over, no further attempt was modo to resolve this matter 
since thi confirmation of our earlier findings on elevation of maximal 
insulation in tho ama in both seasons was sufficient for our prosent 
purpose. 

Despite those differences in tho value of I for a given subcutaneous 
fat thickness between the two groups of subjects, tho overall regional 
heat flux vm not significantly different (see Fig. 2) whereas tho limb 
blood flow at a given tunperature was clearly greater in the ama than in 
the control, with tlx. exception of lower rain in summer (seo Fig. 3). 
Actually, the average skin heat flux; from lower arms, fingers and lower 
legs was only slightly grer.ter in the aína than in the control in summer 
while it tend vd to be similar or -V-n low or in the amr. than in the cont¬ 
rol in winter(sec Fig. 3)- In other words, th^re seems to bo a general 
tendency for the am.’, to lose a lessor ■’.mount of heat for a given blood flow 
through limbs in both seasons. Considering the fact that thu subcutaneous 
fat thickrxss is considerably lower whilu tlx total skin heat loss (or 
metabolic rato) is greater in the am. than irt the control, those findings 
aro of gr^nt importance and suggest that the c.na may have an efficient 
count or-current hoat exc harder. Howovor, tho individual variations arc 
so groat that thu above suggestion has to toatod in future by measuring 
tho Mcoro-to-perlphoiyu thoraal gradient. 

15 



•»V- I in th« ^ 
P'-ctation, thu limb blood flow was aetu-mtrÍCtÍOn* ^ntrary to the ox- 
seasons(8,o Fig. 3). however, th£ ín thc ^ in toth 
v>t»8 not accoapanlud by the corrosLJLw f ^ 01000 flow 111 the aaa 

MorooVfjr^ the occlusicr^^o^n“9 ^ îho re8Pcctivo skin 
lcai i:u>c ^ the sao, mgnitídc^hít^ in reductions 

ThiB again iMicatos that the grttor bW^Î «roupe(soo Fig. 5). 
is not riicossrjrily ^companiodV th^ . ^ flci' aa observed in the anr 
transfer. ^ ^ luCl ^ tho corresponding convective heat 

the rat. of faíííf'th^^®^^ ^oura ^ 10C and 20C water baths 
in thc Äkiaos than in the controls but^hc^ï^0*1 ^ 50 rJ-Wfi^8 slower 
^P^aturc was faster d a the °f frJL1 of tha ^cle 
Gc.spC fishenren 1*0 shoved lower pros sor 1,0i:lanc Fdao roported that 
hanas ^ feet into ice water maintained fw P?”808 1° Version of the 
turc( 14 ). These findings are in ^ l°wor finß°r «kin toiapora- 

eif cient countor-cuîTont he-'t fa^or tho existence of an 
by Bazott et al. in 1940( i5) Thío?’í íf* ^ orizi^Uy postvXated 
a.ood is sote how precooled Lfôrc^it^.íi?8 f'chani&'11 the t erial 

«raSenï S ^t^f Zon^ "*crc- 
thoraza gradient, ti:. poripherrl f this Auction in 
of greater periphery blood flow.h1 13 Gocnol-dz^ in che face 

insulation in tho awa i^not^ue to'n olcVation of ciaxiiaal tissue 
cf°^t vascular adaptation) but ^ají^^0? ^ tho Peripheral 
cient counter-current heat exchamor^ Fur+> 10 Í? dUo to 311 0iü- 
iine are curronUy under progros^ino^^^^^1008 ^ this 
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9eL„ 
The metabolic and thermal responses were studied in six women divers (ama) 

and six non-diving women (control) during two hour immersion to water of 30 31 and 
33C. In addition, the regional heat flux and the limb blood flow were also measured 
by using Hatfield gradient calorimeter discs and mercury-in-rubber strain gages 
respectively. At the end of two hour immersion, the maximal tissue insulation às 
calculated by (rectal temp, -water temp. )/skin heat loss, was greater m the ama 
than in the control in both seasons when a comparison was made at a given sub¬ 
cutaneous fat thickness However, the lower arm and finger blood flow at a given 
water temperature was greater in the ama than in the control, indicating that the 
elevation of tissue insulation in the ama is not due to a greater peripheral vasocons¬ 
triction. Although there were considerable individual variations, the skin heat flux 
from the limb at a given temperature was not much different between the two groups 
In other words, the skin heat flux for a given blood flow was lower in tie ama as 
compared to the control. Moreover, the occlusion of limb blopd flow resulted in 
reductions of skin heat flux by the same magnitude in both groups. On the basis of 
these results, it is speculated that the ama do not develop vascular adaptation as 
such but seem to have anefficient counter current heat exchanger. (Author) 
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