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0F~ ~T SURV~ VA L A!~) THE FUNCTIC’NS OF r2(~PlG lNA L NC~W~S l~! T~ SMM’EP D~~~TPT

Eac year Europeans die in tho desert during s j r rn~~ afte r to P hours
exposure to heated a ir and sun. Circu latory fa i lu re  and heat exhaustion fo How
attemrtts to wa l k  without water In the sun.

*
Abori gines surv i ve in the deser. by a combination of 5ehaviouro l and

physiolog i ca l adjustments . They have had min im a l p rotection, over the ~5,X’O
or morn years of hot dry or the hot wet surrners they have lived through in
Aust ral i a. ~ut the stick and lea f canopy of the wil t ,ja (sho l ter is orientated
east—west to exclu de the sun , while the constant desert w ind gives corlvective
coo linc i through the open nround leve l supports of the structure . T~ .: re Iho
n ads SlOOP through the hot hours of the d a .  near a water hole. PurUng is
undertaken in the morning or evening and a la ge ly carn i vorous diet provid es
7O~ of water with the food — as amonci fh~ desert marsu p ial dasyurids who share
the habitat. iourneys are made in summer by ni ght if water supplies fail.

~oert. however, from the observations of ~~d law , nav ies & Joseph (1934 ), Davies
(l°35) and Wardlaw (l93~) there is very li * - e information on ±he surrrrer funct i ons
of •~hcrioines . This is understandab le enouch since much of the earli er investi gation
took place di~ring May or Au c ust Un i vers i ty vacat i ons . The desert in surr m .~r is bc4
uncomfortable and dangerous . The dust, fl i es , heat and aridity of the arid centre
have discouraqp .d anthropo l og i ca l intrusion . Put at ~~ berg Mi :sion in January
1933 Ja rd la w et a l . °~~~

‘) studied I i l u r i t~ a and 3 rron. The observers
conc luded that a 2-hour walk at 35°C ~nduccd 35~ mor .. loss per ~~ ii one
Abori g ina l man than in the Europeans. Clothes reduced ±rie sweating of both groups ,
in the sun , and there was a greater increase of evaporative less in Aborigines
without clothes , than among the Eut-opoans. This findin g was not fol owed further.
Hicks and ~4oore (l93~) recorded a desert walk durin g wh ich Abori gines did not drink ,
5ut l ater they drar.i’ tw i ce as much water as Europeans, however.

In winter , phys iolog i ca l rrnasurenients vcrc made from 1932 on Abori n inal
llroups of different lovols of acculturation. Those studin~ showed that blood
pressure rose with increasin g l evels of Euroneen contact (Nyc . 1937, van Donnen ,
Thvidonqs ar.d •Thhie, 1962) and ±hat metabolic rate was nener ally l ower in Aborigines
than in Europeans (Hicks , Moore ~ E ldridq e , l9~ 1). The ability of t\hor icines to
sleep naked bes i de U res durin g w in~ er , (reported by Hicks , 1 38), was followed
up by Scho~cnder et al. (loSS) who confirmed the findin g that at n eht , cold f~et
did not ceusn +he subjects to wn~:e nor did tho cold skin lead to shiverir g Ii k ~
that of rtiroooans in t o  same environment. By 1950 , Scholander and his colIcnn u~s
had di ficu lt y in persuadine Abori g i nes ±0 romove their clothes for sloep~ nq, but
j r  the desert they still retained th~ neuro l caica l mechnn ism which al lo.cd cold
skin and cl~ ep to co—exist. Hab ittr -iop of ~he nervous system to cold (Glaser ,
lQr6 , ~‘~cf~ rl a r~e, l9A~) ‘iOS less comp?e ~e in tropica l Thorinines of • rnhem Land
than ~n Pruntas exposed to the winter tempcir.3t:Jros of In: desert . ~~~~~~~~~ el at .
(1959) measured th~ response of Aborig i nal ar .~~ ~uro;~oan men to ~y • 50~ and found
that the t ropical Abo rig ines shivered and ra is cd ectabo l ism rr re than ~~sert n~on ,
hu± loss then e uropeans.

Ahor i c~i nos , um , n.pl .  The ori g ina l  inhahitantr of a country .

- . .- .-  . .—--___
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In the W eipa area of (‘ape York Peninsula , Wy ndhorn~ ‘~rPherOeI und ‘~unro
(l9~~) measured responses of trop i ca l subjects to humid heat. They compare-~
European a~~ Abori gin a l sweating and heart rates in the seturated environment
of plas ti c tents kept at 32°C. In this situation the Abori~~i nes produced
about half as much sweat as we ll—acclim at isod Europeans. This was 1 nterpreted
as a lack of Aboriginal acc l imat isat ion to trop i ca l he~.t.

The approach us~u in the present i nvestigations was that of comparing
the use and handling of water and electro lytes by A borig ines w i th  that of
Europeans of the research iroup , working tocother at the same l i re  and p lace
(Macfarlane , l%9). Althou gh this method has limitat i ons , the desert provides
sun , heat and dust to the aroups being studied , i n a way that ca nnot eas i ly be
r )roduced In the l aboratory . European levels of heat acc l imat isat ion would
not equa l those of the Aborig ines but a l l  the Europeans had been exposed to many
summers in A ust ra l ia . They were ohys i ca l ly fit , and covered the age range of the
Aborig ines .

Grouns studied

Four different sets of subjects were investicatod during dIfferent years .
The levels of Furopean contact by tribal groups were tow in the initial studies ,
hut acculturat ion was greater in subsequent investigations.

I . Nqadadjara nomads were the least influenced by Europeans. They camped on the
plain near the waterhold of Kudjuntari , (let . 25°S) near the eastern end of the
Rawlinson Ranges in ~estcrn Australia , and were studied in November 1963. This
region is between the Gibson and Victoria deserts. Already more than 4 years of
th~ long drought (which ended in 196() had passed so 1-hat there was little grass
and much of the tru l ga (Acacia aneura) was dead or dying. Three extended families ,
a tota l of 25 peopl e , corn ed in the mu t qa’-spini fox association and hunted kanqarcos
to a distance of about ~ km from the waterholo . Water was carried by the women
each day From the waterbole 3 km distant from the camp area . The camp was away
from the water so that kangaroos could come to ~.,ater and could be hunted. These
Nqadadjaras rarely saw wh i te men and they lived off the country . They traded
dingo scalps to Missions and Ne l fare stat i ons 500 to 700 km distant , exchanging
scalps for clothin g , axes, water conta i ners and 0.22 cali bre rifles . They rema i :ied
expert with spears, however, and manufactured spears, spear—throwers and resin—
haf-i-ed chise!s. Much of th~ ir i nterest and activity was concerned with ritua l ,
the sinein g of sacred songs and the preparation for the drama corroboroes .

2. Pitjandjadjaras , camped on th~ arid pl a in near <after (~it . Dav ies) in the
l eterman P.enqes worn also studied in 1963 before they moved +0 the welfare station
23~ km distant. These 32 people had h:id nor~ contact with white man than the
Ngadadjaras and mining exploration in -i-ho area had ~wposod then to tie use of
money . ~hey hunted wall abies and rabbits hut they also rece i ved flour and treacle
brought each 2 weeks from Musgreve Park. The religious observances were fewer
arid loss strict than those arnonqst the Nqadadjaras, but they undertook erapiti
ceremc n ies for wal lab’y increase whon they passed the ceremonial area .

Those people in l 96’~, moved wi-i- h other PiHandjedjaras to the Musç’ravc’
Park Welfare Stat i on since fte region became dop lelo d of kangaroos as the drought

~~~ 1 . . ~~~~~~~~~~~~~~~~~~~ — - — -~~~~~~
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continued. Camps were set up peripheral ly to the Station . At this Station
work was undertaken for waoes by some of the men . They spent this on tools
and food , inc l uding up to 4 kg sugar per man week. The rest occup ied much
of their time with corroborees and ceremonial shared with tribes from the north.
Observ ations and physiolog i cal measurements were cont inu ed i n 1966 c’~ these
peo~ le who had earl i er l i ved i n the desert at Kalka r. A group of them moved
-‘~~~ km out i nto the desert for the period of study.

3. Pintub i , ori g inal l y from the west (Canning stock route area) had been moved
to Papunya (lat. 22°S) in 1965 towards the end of the 8—year drought. Many of
these people d i ed of in fect i on wi th i n the f ir st year of contact in the set t lement
with the W albri tribe and Europeans. A residue of the Pintub i went to live in
th~ spinifex desert 80 km from Papunya at a water—source , ~‘araw iya , a barre n
area near nit. L ieb iq. These people were compared with the ether groups and ~‘th
Europeans in January 3969. A-i- that time they had had more than 3 years contact
with sett l ement, had learned something about money , acquired tastes for flour ,
sugar and alcoho l and had losi- much of their i nterest in song, ritua l and dance.
The ma in i nterest of the men was huntin g ~~~ aby. kangaroo , and the occas i ona l
w ild cat. The women gathered seeds, lizards and ants. Social disintegration had
been considerable , especially since -I-he hi gh mortality , quarrels with unfamiliar
tribes , and displacement from sacred grounds , had taken place over more han 3
years. There were quarrels over money~ women and leadership.

4. Da bon neople of centra l Arnhem Lard were studied in January 1971 (lat . l3°S).
They oscillated between two social patterns. During winter months they lived on
the ir triba l lands hunt ii -io and gathering food as well as performing religious
ceremon i es. During the summer many of them took up res i dence in houses, shacks
or wurl ies at the Pariy i Ii government sett l ement and ate European food. They slept
on concrete floors and learned to drink canned beer at tables . When this was no
longer of i nterest they moved back to the hush. Al l  of these people had European
equipment , ta l ked English and had some sophistication in the use of money and
alcohol. The older men could not contro l the young who took excessive amounts
of alcohol. The Dal bon had , howeve r, lived in the Arnhem Land wet trop i cs
throughout their lives , so they prov i ded an i nteresting contrast with desert
peop l es.

In cli  of these environments the daily temperatures were high but not
extreme . In the desert the usua l range was from 3.1 to 42CC with low humidities ,
while in Arnhcm Land temperatures were between 30 and 36° daily with humidities
at the time of maximum temperature between ‘0 and 70~ . Summer raHs fe l l H
Ar rhern Land during the studies .

Measurements

The main measurements mad~ were of height and we i ght with estimates of
age, ext rac al lular f lu i d volu me , pl asma and tota l body water , toqethor w i th rates
of sweat i ng. The ~,weat inq rate was derived from we i ght change as well as from
collec tion of arm sweat in a elastic bog. Skin temperatures and ref l ectancos
were measured . The effects on urine flow of drinking a mn.-as ured load of water
was compared with the effects of deprivat i on of water durin g a summer day and of
walking across the desert in the sun clothed (Abor igines and Europeans) in shirt

- .- -- - - -
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and trousers. Water i ngesti on was measur cl by timi n r the rate of drinking from
a I ~~~. vessel.

Tota l body water was measured initiall y by the dilution of 25 ml of
0,0 taken by mouth. Later 300 jiCi of TOH by mouth was emp l oyed In the Northern
Tern tory, and i n add i t ion to the vol ume of wate r, the rate of turnover of water
was obta i ned as an i ntegra l , by measurorr~nts of urine prot i um : trltium ratio
over 2 weeks.

Extracell ular vo l ume. An Inject i on of 35 mg/kg sodiu~ t hi ocya nate was
g i ven intravenously together with 4 mg/kg of the dye Tl82 ’. Th i s was used to
es-timate -the volumes of the p’asma and exi-raceflular spaces.

Measured wate r loads of 12 mI /k g body wei ght were taken by mouth and the
rate of excretion of this wa-I-er was compared in Aborigina l and European subjects
side by side. The rate of water, sodium and potassium output was estimated from
the timed samp l es.

Dehydration during 9 hr , through the heat of the day was follow e~ by timed
urinary collection and blood samp lina . Sweat was collected in an arm-bag taped
a-I- the mid-po i nt of the upper arm , du ring a period of I hr walk Ing in the sun.
The vo l ume of sweat and the sod i um and potassium secretion rates were estima±ed
by flame photo metry .

The sod i um and potass i um concentrations in urine were determined on samples
co ll ect~d after walking for one hour in the sun. At the seine time the chances in

F body we i ght occurring at hourly intervals throughout the day were measured with a
balance reading to 20 a, and chec ked for cal ib rat i on at each we i ghing. Tho
A bor i g i nes wa l ked or spent the t i me w i t h Europea ns so that casua l emp ty i ng of
bladder or rectum was prevented.

Ti med samp l es of saliva were collected without stimulation for comparison
w ith electro l yte distribut i on in the sweat and urine. Card i ovascular funct i on in
the heat was assessed In terms of changes of pulse rate and blood pressure Immed-
i ately before and for 10 mm after a period of stepp i ng up and down 30 cm 150 tImes
in 5 minut es dur ina the afternoon heat.

Estimations of p las ma electro l yte , urea, haemog i ohln and renin concen-
trations wore made. Arterial blood pressure was measured In subjects sitting at
rest arid chanaos of pressure and pulse rate during and after standard exerc i se.
Sal i vary el ect rol yte co ncentrat i on s were compa red w i t h t hose of sweat and ur i ne i n
Europeans and Abori gines working together in the same environment.

nweat sup’ ression was studied by arm eg , usin g both arms . A hag rema i ned
on the right arm for 7 hours, while the bag on the left arm was removed for 30 mln
cja- h half hour.

I ts

Skin tenmeratures. In the Thide the temperature of arm , hand and face skin of
both wh i to and Aboriginal men was Ta the same range .

-
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In the sun both Ngadadjara and Pl~ jandjadjara skins wore I to 3° hotter
-i-bar theso of Europeans sitting beside them, at air temperatures between 30 and
3~°C. The forearm ~kTn measured with thin mercury thermometers or with thermistors
was hotter than that of wh i te subjects. The difference was ma i nta i ned when the
thermometers were shaded and moved quickly onto the zone which was ful l y I rradiated
by the sun . Reflectance in the visible range was 3 time s greater for wh i tes than
b lacks , and tota l rad i at i on from wh i te s ’ 

~n averaged 26’~ — 3M~ more ergs/c m2/sec
than from black skin. A~ dfl air temperature of 33CC 0.6. in the sun at noon, arm
ski n temperatures averaged 38.800 for Europeans and 10.3°C for Abor igines .

During rest there was no difference between the ora l temperatures of the
European and Abori gina l men , nor were there differences follow i ng moderate exercise
(1 51e I).

Water metabol ism

~~~~~~~~~~~~~~ 
Among Ngadadjara and Pitjandjadjaras water was taken shortly

after dawn and in the evening when the woi~ . hrouaht in supplies , If water became
available during the heat of -the day it was readily accented and very rapid ly
i ngested. The rate of drinking was f~s

-t- in al l  Aboriginal groups studied but the
desert tribesmen ingested water more rapidly than the Arnhern Land people. During
cool weather in the desert Ngadadjaras drank 2~ c f  body weight in between tO and
35 sec (an average of 17 sec/L) wh il c Europeans in the same circumstances found
it difficult to drink more than 0.7 R... and i ngested 2~ of body weight in an averaae
time of 156 sec (IOU sec/L). f.t 1-he end of a hot day wlfhoul drinking Abor igines
drank I ~.. in 13 sec while Europeans swallowed the same vo l ume In 31) sec. Six
Pitjandjadjara men drank 2~ of body wei qht in 14 — 25 soc (19 soc average) wh i le
the Europeans took l~ 5 sec. During cooler weather (28°C) ~ Pintubi men drank I Q..
in 15-25 sec (average 19 sec) and ~ dra nk 2 % . in 34 to 39 sec (overage 36 sec)
but 2 took only 1.6 Z. in 53 sec. Europeans drank 0.5 Z. in 3’~ soc hut found it
more d i f f i cult and unp leasa nt. The Europeans could no-I i ngest 2 ~.. In rapid sequence .
Amongst the Dai bon men , at air temperatures between 32 and 35°C, water equa l to 2~

’
of body weight was ingested Tn 14 to (5 sec (average 38 sec) compared with 83 sec
among the Europeans. In the heat iO Da l bon men drank I ~~. in an avereae t irnc of
24 sec while Europeans required 38 sec just of-i-er noon at an air temperature of
36°C.

All  these Abo n ia lna l groups had skill In rap id swa liowinq of water whether
unflavoured or flav oured with l emon or -taken In the form of tea. The children were
also ab le to swallow very fast. This facility in water I noestlon is used when
Abor igines are going hunting since they take a large quantity, between I and 2 L,
then set off across the desert.

t LEt :L~ tL2~• The extrac e i lu l ar  f lu id vo l umes of Nqadad j ara and P i t ja nd ja dj ar~.
men were greater than those of Europeans in 1-he same environment . Extr acel lular fluid
in 6 Ngadadjaras averaged 28.3~ of body we i ght, In Pitjandjadjaras (8) it averaged
25~ of body weight and among the Europeans (4), l9.R~ of body we i ght. The desert
ocopie and those in Arnhem Land were al l re l atively l ean . Some Aborigines on welfare
stat i ons become extremely fat but this had not happened to any of the nomadic subjects
used in these measurements. Amongst the Pintubi who were the least lean of -the
people studied , tota l body water averaged 66~ como~ red w ith Europeans at 62~ of body
weight. The body water of Arnhem Land Da l bon males averaged 69.1~ , re l at i ve to
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6I.8~ of body weight in Europeans. There was thus relatively more ex~raco I iu lar
vol ume and more tota l body water available in Abori gines than In Europeans.

t 2 2~t~~t.
I .  Urine vo l ume and concentration . Comp l ete dai l y collect i on of urine from people
camped in wi ltjas over a wid e area was not possib le. Overnight urine was collected
at dawn , however , from r~~n , women and children. Nights in the desert were often
very hot w i th the a i r temperat u re rema i n i ng at 30° after m idn in ht . Dawn urines
amongst Abori g i nes were pale In colo ur , low In concentration and high in vo l uce,
and frequently reached 700 ml : whereas Europeans averaged 280 ml and rarely
produced 300 ml of urine overnight . The urine was yellow and of greater concen-
tration than that of Aborigines . European urinary osmotic pressures were regular ly
g~ iater than those of Abori gines.

In Arnhem Land the differences were not so great as in the desert but
Aborigina l urinary concentration was lower and vo l ume hiehe r than from the Europeans
In the same env i ronment.

2. Water loading. During coo l weather with air temperatures reaching 25°C the r~t~
of flow of urine from Abori gines was 2 to 7 times hiaher than that of Europeans a.
the same time of day . When a standard water load of 20 mI/kg was i ngested severa l
patterns of response were found. Arnonast ~‘gadadjara ‘rer this load of water did not
si gn~ ficant Iy affect the rate of urine flow but In Europeans It caused a rapid
diures is . Pi-tjandjadjara (Table Il) and Pintub i varied , some Increas i ng d i ures i s ,
while others were unaffected by the added load. In Arnhem Land a water load in
relatively cool weather resulted in a si m i lar dluresis among both Abori ginal and
European groups.

During hot weather with temperatures of 3500 or more, wate r I ngeste d at
the rate of 20 mI/k g Induced a diuresis in Pitjandjadje ra and Pintuhi in the desert .
They consumed large amounts of water in the morning and had flow rates 5 to 10 times
areater than Europeans between 7 and tO a.m. An additional load of 20 mI/kg was
excreted within 3 hours , whereas loss than one th i rd of the load was put out in
that time by Europeans. Water Ioadinn In the humid heat of Arnhom Land produced
similar rates of excret i on In both aroups.

t2:_~~ :L~ tL2Q~ 
Subjects drank to sat i sf y thirst w i th water or tea betwee n dawn

and 7 a .m. then took no f u rt her f l u i d unt i l 5 p .m. during tests made in a l l the
environments. In the desert, temperatures ranged from 35 to 4200 and sweat in g at
r(~st began by 9 a.m. In the course of the d~y 2 or 3 wa l ks each lasting I hr (5 kin)
were taken In 1-he sun across the desert (Table I ll ) .

The early morn i ng urine flow rates of ‘heri q ines during hot weather were
greater 1-han those of Europeans (Table lv). These rates foil as dehydration progress-
ed and the European rates rema i ned l ower than those of Abori gines . The reduct i on
In urine flow rate amongst Nqadadjara men was less than that shown by Pltjandjadjara
or Pintub i and it was gradua l In a l l .  The European urinary response, howover, was
one oF rap id reduction In urine vo l ume by 70 - 80~ i n bot h desert and trop i cal
environments.
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The excret ion of sod i um , however , d iffered more than the water handl ing.
The Nqadadjaras increased sodium output and the rate of sod i um excretion during
days of water deprivation . Potassium , a lso , was excreted more by the Ngadadjaras
and the Pi-rjandjadjaras , dur in g a day w i thout water. Amongst Europea ns , howeve r,
sod i um rete nt i on began p romp t ly  before noo n as sweat i ng commenced and both sod ium
and potassium were reta i ned by the kidneys. In Arnh em Land the difierences were
less ma rked , though urine flow rates were init i a l l y  about 4 times hig her in
Abori gines than In Europ’-ans and durin o a period of exposure to heat and exorc i se
the Dal bon rate rema i ned at tw i ce that of the Europeans - although rates were
reduced in both groups. After the exerc i se, diuresi s began ~~~in in the Abori g i nes
but Europeans continued to retain water by a reduced flow rate. With sod i um
excretion a sm lla r pattern occurred . The European output was reduced to half
while walki ng In the Arnhern Land heat, but Aboriginal sod i um output was reduced
0 .y ~~ and did not change after the exercise, while European sodium output fel l
to one quarter of the initial rate during recovery . Potassium excretion fell
then rose In both groups.

flnri nq the day—without—water expo ~
. .ents the differences between Aborigines

and Eur were greatest in the Ngadadjaras, less in the Pintub i and least ~nthe A r  
~d people (Table V). The same overall pa-I-tern , however, was p rese nt.

in a l rates of excreti on of water were high init ial ly and althouoh
tb ~~~d during work in the heat, when this stopped there was sti l l  water
to urine flow rates increased again. This did not occur in Europeans
who entinu ed to reduce water loss even when resting.

After such a day of thIrst and sweating the Aborig i nes overnight replaced
9O~ of the weight lost, whereas the Europeans on the average replaced only 56~
of the fluid l os-i- on 1-he previous day .

§~2~tL~~• Estimates of the rate of sweating were made by taking serial body
weights during periods when urine and faeca l losses were eIther measurable or not
ocrurring. Loss of body weight represents, however , not only sweat loss bu t also
a small  component of transp i ration arid carbon dioxide loss from the resp i ratory
tract. Si nce the metabolic rate of Aborigin es has been reported to be l ower than
that of Europeans (Hicks et al. l93~, Wardlaw et al. 1934) these losses should be
proportIon a lly smaller than those of Europeans. A second measure of sweating was
obta i ned by placing a plastic hap on -1-he arm so that it enclosed an area downwards
from the middle of 1-he upper arm . The skin areas of this zone were estimated from
leng th and diameter of the arm components. Areas proporl-ionai to body we i ght.

Whole body sweat i ng per kilogram of body weight was greater in Ngadadjara
than European ma l es, but t he arm bag sweat col lec ted over an hour w as onl y 2l~ of
the vo l ume , and the sod i um concentrdtlon only •~fl~ of -that of the Europeans (Table
V ii ) . Urea reached 40.1 mmiiol/2.. In Nqadadjara sweat compared with 18.0 rrnio l /2...
from Europeans. The Pitfandjadjara rates of swea±ing i nto arrnhags were tw i ce those
of Nqadadjaras and the sod i um was a l i t t le more co ncent rate d , hut these men still
sup pressed sweat to tw i ce the extent of Europeans, These P i tjan d jad jara peop le
had more European contact than the Ngadadjaras .

By body we i ght change the desert Pirtub l produced sweat at tw i ce the
rate of Europeans in the same envi ronment. Durinc~ walks across the desert In the
sun with air temperatures between 35 and 38°C the Pintub l lost sweat at the rate
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of 13.6 mI/kg/hr compared with Europeans sweating at th~ rate of 6.5 m l/~:p/h r.
The ratio of European to Pintuh i sweating (as ml/kg/hr) was 1:2.1 for whole
body sweat by weight , aed I :O.~ from the armhag collect i ons. Poth groups wore
clothes to cover essentially the same areas of skin so that heating by radiation
was t he sa me. Ora l temperat u res we re a ls o al most i de nt i cal i n the two groups
(Tah ie I). In Arnhern Land the sweating rate from the ‘hole body was only
I5—32~ greater in the Aborigines than in Europeans walking with them, In another
measurement 10 Da l bon rr.~ produced 10.6 mt/kg/hr of body s’.-ieat compared with
7.0 mI/kg/h r by Europeans (5I ~ d ifference).

Sweat collected in the arm bans at slower rates arr:onost Abori gines than
from Europeans. When collections were made in the desert during an hour, the
lewest vo l umes were found in the Nqadadjaras, about tw i ce as much in Pitjandjadjaras
a-id more aga in In Pintub ! , but s t I l l  less than that acc umu lated in the arm bags
of Europeans. In Arnhem Land (Table V i ) there was a 13 to 58~ greater sweating
rate in the arm bag of Europeans than Abor igi na ls in a series of 5 measurements.

Sweat sod i um and potassium concer -~ tions also differed amongst the groups.
The lowest sod i um and hi ghest potassium concentrations were in the ‘roed~ Jiara ,
sod i um increased in Pitjandjadjara to about half the European levels , they were
greater again in the flalbon and highest in the Pintuh i . Potassium changed less
than sod i um in this sweat. Even the Pintub i , however , cad sodium ccnce-r~rations
only half those of Euroneans in the same en’,i ronment. Poth the desert and the
trop i cally adapted Aborigines secreted sweat with l ower con~--intra tions of sod i um
than Europeans , as would be expected from greater acc N mat i sa-I-ion to heat. ~ut
there was massive suppress ion of sweat i ng when Ahori n~ nel skin .-~as exposed to the
saturated environment In an arm hag .

Experiments to determine rare details cf the ente e~ suppression were
undertaken in ~\rnhern Land and in the laboratory . Oy Putting bags en both arms
and removing one bac g

~-ter 10 mm while the other r m o d  in place , a series of
r~ g~ urerrgnt~ of the of fec~-s of continuous and discontinuous exposure to hot
saturated air was obta i ned. Uith continuous exposure the European rate of sweating
fell to h a lf in 90 mm and the Abori ginal rate to 1/13th the r I t ial rate in the
same time (Table V I ). Ui-I- h discontinuou s use of the arm bag there was a small
increase in European arm hag sweat rate after 30 mm freedom from this environment ,
while Abori gina l arm ba-I colle ctions were depressed 30’~ in spite of 30 mm for
recovery of sweating between samples. The concentrat i on of electrolytes was
little affected in either group by the rate of secretion , except that when European
flow rates were very hHh the sod i um content also rose. The degree of sweat
suppression in chI Idren was even faster and more marked than that in adu l ts when
the arms wcre enclosed in a plastic baa. Amongst Abori gines studied In the lab-
oratory (and part-- .horirilnes who had been away from desert or trop i cs for some
time) a rapid rate of suppression was found elso . Under different environmenta l
cond tlons the time for suppression of sweatIng to reduce the flow to half for
Europeans was - ‘.5 mm , Aborig i nes 25; Fu ronear, 75 mm , Abori gines 25 and European
27 mm , Abor~aines 12 mm , dur lna tests lasting one hour. In measurements over
IS or 30 mm the h al f-~timci of suppression was even faster for Aborigines . Among
Aboriginal children unde r ID the suppression time was even faster.

Water turnover. The most satisfactory rnoasuremen s were obta i ned on Plntu hl and
fla l bon people In the Northern Thrritory. Amongst Pintub i males the average turn—
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over during 1 2 days was .4 2.. cs- r~ ar~ d w i-h ‘ . 2. . a’ - m-gs t tHe Eure’~ ‘ns
(who we i ghed one third car’: than ~~orir1ine s ). L :ctating women averaged 5.8 2..
daily -- a r-~+~ of 124 m l / k q I 7 d  hr . ‘hen adj us t - ed  for wHeht the Pintub i m ales
averaqed 94 rnl/kq/21 hr compared with the [uroneen averare of 54 ml/ka/24 hr.
This period of observation was interrupted by -1 days of coo l weather so that the
-J’jorz’cc turnover was consider ably bel ow the rate that ~-ln ht occur dur lr ci a heat—
wave. Amongst the Dalbon in rn b r - ’~ ‘ en ’ -the tur ov~ r rate for v;~tcr was 190
ml/kq/2-1 hr for adult ~ber i gines and eo mI/kg/?~ hr for Europeans In the sa~-e
environment , whi I~ nat i ve cHidren used 176 rslfkq/24 hr in the humid trop ics
during SL’mmer. The rate of l~~ ml/kq/2-1 hr T~ r-i-2ar thct of European cane cutters
workine maximal ly in summer . Ye-i- 1-hr r~~l bon men were taking only mild exerc i se
— the short walks accompanied by the Europeans.

Exerc i se tolerance . Surv i va l in tho desert is largely determ i ned by the sair+ ;r- nce
o~ adequate circulation , ~ihen body f l uids are being reduced by sweatIng. I-lost of
t~o desert Deo~ ie sti ll  have- ow arterial pressures , but these climb with accult-
uration . The Ngadadjara (male) pressures w-rre a l l  below 1 08/ mrnHq, 9 P tjandiadjara
were 96/~~ 1 3 8

/ 82  (1b 8 / 6 7) hut anonn (~ 
n’1 n , ~ , after 3 years exoosure -to the desert

we l f e ro  s t -~t io n the p rossur~; reseed from 100/
60 to 

1 3 0
/95 (

1 1 3 /76 ), and 12 Te l bon
-~ 

- 1 1 k  1 3 8  12 6/ i -.- radu l ‘no n w ee in the range ~~~~ 
— /~ o ( ‘78 ). ut ha albon chi ldn . n ( — ‘

-icro l ower , at 90/ 2 to 96/ 60 rirnHq.

SI-andard excrciso (of E° steps up ~fl cm ) eroduced sma l or rises of Aberi e—
m e t  pu lse ra+e and blood nressure th~n of European responses tested at the same
+jr .~ (Ti h I e I). T pç~ Aho r isi n es appeared th us to he- more physically fit than the
Pur :~’-en s , end pr’~sumah ly tb0y wou ld  have hotter card i ovascul er reserves for d~~er~
jo urneys than tf r~~ Europeans. Recovery f rom ex’~rc ise in the heat of the af ternoon
rosu t’~-~ in lower d ias to l i c  press ires in the ruJr-op(~ans Then Abor i g ines , r rohab l y
be-ca~se of ereetar vasod i Ict i on . In both groups , however , the plasma vo l ume
increased as a r- ’:-u I± of exerc i se w i -i-bout water end +hn~~e was a fal l of I.5~

’ in
nec~<’d c cli vo l ume . S-~din ~en1 ation rates rose in  both groups. In neil-her creep
~~~~~~ 

ihc de-erec’ of dehydratio n (about 3~ wei  qht loss )  su f f i c ien t  to reduce p lasne
vo l ume , bi~ rath~ r flu i d  was reta i ned in the &rcu l atina snace almost enu all y.
Plasm a r ’ r ~i n  l ev e l s  w- -•re 2 or 3 times qreater in the Ai:cnicines than Europeans

Discussion

In th~s~ invgsti g~tions there were two r-- )in variables . One derived from
habitat , vary i ng from desert in summer du rinn drought , to the wet trop ics in summer
rain. The other was concerned with dif ferin g degrees of ruropean contact and
acculturat i on . This ranged from the nomadic buntin a groups of Nqadadiara , to the
Da l bon who were housed and +~ rj on a ,el fare station . T eme comnonen-l-s of these
undoubtedly in~-lu c-unc~ d the nhysiolo qica l status of the different groups. Th
method of ccmp-arin~ Ah ”ri ei n 3l funct i ons with that of Europeans in 1-ho same environ-
ment has it~ e

~iff ic u lti es since the nroups of rurope-an were small Ci  to 6 ma l es)
and altho ,rP - their fond was hinb in anima l protein like that of the Abori gines the
dietarie s di ff ce ro in itc~ s such -as coffee and canned fruit which were not usually
taken by the ‘Pr~riqines . ~~~~ 5urorwions were acclim atised to Australian summe r
conditions but ~~ ret I i vod -:~ ni nuou sly in the desert or the- trop i cs. So they
formed a jsc”uI ref ’r~nc n~m i nt ~c r  tb; ’ impact of sun and air temperature on beth
groups , hut the F i r ~’p a ns ~~ been exposed to different environmenta l conditionin g
from i-Pot of ‘Pen ni ‘ i r S .  
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fl;’-- absorp tion of so lar rad ~ti on by black skin was Cr: ~±c~r in
s t i l l  air than that of w h t -  skin. This led to a skin ter~p- -retur~’ d if f- re-n~~al
of I~~3

0
~ .hich was r.~duc;’1 when wind convection was increased. h; ’ rd l -aw (I°fl)

node sc—e ;as rvat i on-3 :n skip t.w-’n -rature and had cc -ul- t ed th at it ‘.-.- - u~I-d be
hi u ; ’~ r in Abori gines . fire- mel urercents marie by Gol dhy, l i c ks, 0 f lonnn: end
Si r c ic ir (1038 ) wore taken during winter and somet i mes in tents , so rhr ra cietion
co~ ~c nent was smo I I . In th e sun , err- -ste-n absorption of radi ant crv’ r v.’ in the-
v i sib l e region of the sr ’ctru m , h~ ‘bo riqina t skin aDnear~ to b corp ’-~~at.~d by
a creator rate of sweating. The ski n sensations presumab l y have b-eon haP i rusted
(~T I~~ser , 1 966) to tb ;- leve l where no sensation of inc reased h:-’ar is induced.

Resting ora l temperatures dur in g the summer c-/ - ’re in the SSr;’: range for
black one white subjects. A fter exerc i se the Aborigina l ora l te’-reratures were
0. 0

0 low-er than before- 5 minutes of work wh i le the wi- i to tc-enoretures were virtually
unchanged - p robably because gf the respiratory oc -el in g of the mou th reg i on duni:
work. Si~-;i Iar findin e s were made before and after w alking in the Jesert, whe re heat
balance was mainta ined in both r~roups , at the work leve ls underte -on . If more
strenuous exorcise had he-en Derforme d pe~ - P i y ~r- eter di f - eront~~ ls could have bean
observed. rpe- aborigines , howevor , were re l uctant to work bard du n in - -t!-e heat of
the d a y :  t b - j r usua l pattern -~as that of r-esti pci or s leon ine I n the ;hnd? while
i-he sun was hi gh but they moved fast durin g the hunt in the cooler parts of the-
day. be-n wa l ks wore taken across the d ’surt bntwn,en I a ,rc’~ and -1 p .me . the wh it e-
end ; horjoin al sub i ects wore clothes and were s im i arty protected from direct
radi ation , so that differenc es in s’-r-’at ret~- d id not arise f rom oreater heatinc
cf black skin.

Funct i ons of water. There epcr’a~ to he at least three quantitative differences
between -1- 0 h ori o ina l groups and Eurerweans in water h a n d l inn . These are tb ’

(a )  rapi d in tak e -  e-f lam e vo l umes of wa te r  by ‘hor i n inas ,
Ci-’) rapid -excration of water through the kidne y , and
(c) hi ghe r rates of s c v - s a t i c r , w ith ran -i ser’ci t suppressic-n , in ~ho r iq ines .

~cn of the- nomadic desert qrour~s drank more .-i ater more ra pi dly than Eurorca”s.
Some of the Ahori e-ine s were slower in this norformanc~ than others , the slowest
us ua lly P a i n e -  the mare fe-eb b , aced or i nadequate members cf the group . Childr en
learn to drink rapidly in the first few years o~ lif e . Some of the backg round c-f
this compe-+.~nce at inqestino 2 2~. in 3) — •1i ~ sec may arise fromi the social patter n .
“it h rio easy means of carryin g weter durin g hunt in g a ba re-c drink before movjn~
off and a simi tar in take when a waterhole is encountered would p rovid e water
carried in the stomach rather than ext ernally. The sha llow wa-ter--carr-vinq dishes
rartty filled with grass to prevent water s~ Waae could also contribute to this
pattern in camp . The bqadadia ra women still used the wooden water conta i ners
alt hough they had some meta l cans. eter hr-sunht by the women in the wooden dishes
was rapidly consumed by the non and the dishes worn turned to other purnoses. It
seems possible ti -at the rapid ingestion patt~ rn could derive from a conditioned
rnsr rns- ’ to tekino wat’r w h i l e  it is a v a i l a b le - . Cert ainly tho facilitation o~
swallowi n g is acquired early and most of ilce- populat ion of moi - , women and chi ldren
achi e-~e vera h i g h rate-s of in c au tion . I n each Ab origina l group studied there was
at lea~~ one r-’rr;’her who did not f e ll into tb . cencra l p~tt~rn and ~crr—c ’-~d less
cen pe t ec t  in hunt ne , rit i al or other act iviti e s. J O usually was not able to
ingest a l i l s e  of w~~t~~r j r  und r ~e- sec and 2 Q . o’ water was , as amongst the
Europeans , beyond h is capac i ty. ~ut the- lam e nc j’ar tv c f  tnih”sm .-n were skilfu l
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at fast drinking. These water le&4s could p rov ide a reserve during the day ,
to be drawn upon s l o w l y ,  s ince during activity the rate of excr~t i on was reduced
and diures is did not reach wasteful l evels.

During cool weather (under 24°C) the Ngadadjara excretion rate did not
respond readily to water loading at the rate of 10-20 r I / kg . Europeans , however,
showed the standard response of incroased diures is after 15—20 m n  and the increased
water input was excreted w ithin 3 hr. Similar brisk diur’-ses were induced by
drinking in cool weather (22°C) by the more acculturated Pint uh l . In hot weather,
howeve r, the desert people drank more water a-i- dawn and betwe-~n 6 and to a.m. so
they had excretory rates 4—10 times hicher than those of Europeans. When a standiri
water t o-ad was added , the ~qadadjara and Pitjandjadj-ara increased excretion more
ra ’idl y than Europeans and the added dose of water was excreted within 3 hr whereas
tL~ Europeans had l ower rates of diuresis and only about half was excreted w i t h i n
3 hr. A sim i Icr pattern occurred in Arnhom Land. With da ily temperatures above
30°C the Abori gines seemed to drink more water early in tb’s day and ma i ntain a state
of diuresi s which was inhib ited by exerc i se. Water i ntake at ni ght was also h igh
an d t hi s s howed up as urine vo l umes of rj5- - - 7C0 ml at dawn. It was rare to f ind a
European overnight urine vo l ume of 300 ml durin g hot weather u s u a l ly  230 — 250 ml
was produced hetwoen 0 n.m. and ~ a.m .

In most animals a high rate of water turnover is associated with increased
tota l body water and extr ac ellutar flu i d  vo l ume (Piacfarlane and Howard , 1971).
This occurred in a l l  croups of Aborigines. The tota l body water content was greater
than that of Europe ans by about fl ri an d t he extrac e l l u l or volu me was re lat i vely even
hiqhe’- . The Ngadadjara th i ocvanate spaces wa rs greater than those of the Pitjandj—
adjara arid those- In turn greater than -i-he European in the same summe r environment .
So the high water i ntakes are reflected in the retent i on of a potential reserve
of extr acellular and possibly nut water anionast the desert people - .

The relat i ve water use by W e la nes ia ns , Ahoricines and Europeans in the
trop ics and the- desert are given in table . Coasta l ~‘eIa n es i ans us e more water
than Europeans or than mountain Welanesians. Wet trop i ca l Aborigines use- more the;’
Europeans in the same environment , bu t the d if ference i s less than that between
the desert Abori gines and Europeans in arid areas d u r i n e  summer.

The body solids (particularly fat) ware greater in Europeans in each environ-
ment than the solid content of Melanesians or Abori gines. That is the Europeans
carried 35 to 13 1 m I/kg less body water than the erthor peoples.

~.cp0.p water ingestion ceased at 7 a.m. during hot weather in the desert the
Abori ginal urine flow rates were up to l~ tines higher than those of Europeans unti l
near noon . With the increments of s.uaatir;q indu ced by walkin g across the desert
in the sun , urine f low was red uced in both groups hut i t was usua l l y not unt i l
3 p.m. that the Abori g ina l rates came down near to the low rates ach i eved by
r urconans early in i-he day . tncreascs in sweating were associated with and led to
th~ fall in urine -flow rate In all groups. Amongst the ~borir, i nes , howeve r, there
was an increase in urine ‘ low on cessation of the exerc i se, whi le Euro pean rates
eonti u u u d to fall , presumabl y because plasma vo l ume and concentration were low , and
al dostorono and vasoaressin st i l l  act i ve.

In -the excret ion of sodiurrr and potassium there was a w ide dIvergence
between “hori gina l and European rena l resnonses. This showed a sequence of changes
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wh ich appeared to re l ate to denrees of European contact. The “iqadadjaras i ncreased
sod i um dnd potass i um excretion dur lnn exerc i se in the heat whi to Europeans reduced
the rate o~ electro l yte excretion to 30~ of the init i al rate . The Pitjand ad lara
in the heat , achieved some reduction in sod i um output , but pot as s ium excretion
rate was not l owered as in the Europeans. Among the rnr~ accult ura-ti- ~d Pintu hi
and !)al bon groups there we-re some in r~iv iduals who re ined the Psadadiara pattern ,
but more of them behaved like ~uroneans •n relation to water and salt retention
during exerc i se in the heal . The mechanism underlyin g these differences of excretion
probab ly i nvo l ves the salt concentration of sweat and the vo!ume of extrac ellular
fluid . If there is a hieh -‘c~tr acall ular fluid to he drawn upon for sweating and
the electro l yte concentrations in the sweat ~

-.re low , accumulation of electrokte
in the plasma would occur as dilute sweat (20 m eq u i v / %.)  left the body. Some- of
t’ 120 mequiv/Q . sod i um rema inin g in plasma would he excreted , in order to adjust
the salt patterns of the blood brought about by losses from the extracel lular f I~~ d
vo l ume-. In Euroneans with tw i ce the Aboriginal electro l yte concentrat i ons in sweat
and with s m a l i r  extrace llular vo l umes , the effect of sweating would ho to med ic
the plasma vo l ume suff iciently to mohi l is ’- :edium and water retertion , through
aldosterone and vasopressin. As the sweat concentrations of electro l ytes rose w it h
exposure to European money and food patterns the Aboriginal response to sweatici’
and extr acellijlar fluid dynamics came more to resemble those of Europeans.

~~~~~ 
The cardiovascular resnonsos to e~erc l se dif fer- sd in the two groups.

Plt h r ucl n the desert Abori nines spent most of the day during summer sleepin g in the
shade they werr~ accustomed every day or two to very V igorous exercise durin o b~ nt in .
This required often IC 1-n 15 km of walking and stalking, as well s runnino and
carrying . Wh en standard exercise was undertaken , the Aborigi n a l rise of pulse rate-
was less and the recovery quicker in me-n of the same age ciroups as the Europeans.
Arterial blood pressures in the desert people- were low as had been reported by
earl jar observers (Wye. ~~~~ Ce-se-b y— Smith , l~ 5°, van flonqen of a l. 1062) and
these rose less w i t h exercise. Thc Europ ean diastolic pressures during recovery
in the heat we re considerably l ower than those of the Abori gines , presumabl y
because of greater vasocfl l at i cn . This s assoc i ated with an unpleasant feeling of
weakness , when ambient temperature is near or above that of the blood (Kronfebd
et al. l lSfl). Th~ s’s observations nre-sumabl’, indicate that the Abori gines were
physically fit and had good circulatory resilience . Th~ Pintuh i and Oa l hon groups
bad hi oher n-~stinq Pbood prrssijros en 1 +~~ rise durin n exerc i se was greater than
those of i-ha ~qadadjaras , pr.~suria hIy since huntin g activities of the former tribes
- -ore reduced . ‘bene of the peoples studied was as fat as permanent wel+ nre statTon
\t ori gin es (who eat excessive carhohycira~e’~) since both the Pin-l -ub i and fla i hon
nroups -iapt hush at Intervals , liv ed off the land and oreferred some Independent
existence .

As European contact increased , severa l gradients of funct i on appeared in the
‘be r i q i r .a l  groups. ‘sestinq hlood pressures were very low in the Ne-adadjaras and
seou ’-n t i r ill y ~igher in thg Pitjandjadjara , Pintuhi and fla l bon . The rate of Ingestion
~ ‘r~ ’r wuS highest in the desert groups and l ower in the Arnhem Land ‘selbon .
)J - iir “<nostirc- to heat w i t- b sweating , the excretion of sod i um and potass i um was
sr, it e ~ in ~1q~dadjara loss in Pitjandjadjara ,Pintu hi and least in the Da l bon . The
-b~qree of sunp ress iul of arm sweat by I hr in a saturated environment was nreatest
in th.’ ~~sert people , loss in Pin tuh l and least in Da l hon . Si m ilarly the sod i um
e -~ce-ri~ r it ion of sweat re-sc progressively with acculturat i on . Even amongst the

~~~~~~~~~~ 
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Da lbon , however , sweat suppression was at least 5 times greater than amongst
Europeans working with them and the sweat sod i um concentrat i on was only -about
half the-i- of Europeans. Sweat suppr’ssion apoears tc’ be retained even after town
l ife for some years, and it is reta i ned by Abori gina l—Euro pean crosses. The
mechanism of suppression is not clear hut it could he that the kerat n of Abor ig inal
skin sw e ll s to occlude the sweat ducts more than amono ,i- Europeans. Certainl y
5-year old children show even more sweat suppression than their elders so that
hynerkeratir iization acquired frcrn bone exposure to sun would not easily account
for the suppression . The recovery ~ f swnatinn rate after 30 mm of exposure to
dry air suqcests a local skin phenomenon ar-d the only simple po ssibi Pty other
than mechan i ca l obstruct i on of the ducts seems to ho an axon re-flex type of
inhi bi tion of the socrotomotor nerves. Tbp considerable degree of suppression
Tie- -es the testina of acclimatization to heat (32°C) in a saturated env ronnent,
difficult to i nterp ret (Wyndham et al. le-6 1 ). Probably the test applied by thos~
investiaators mainly indicated relat ive rates of suppre-3sion of sweating.

~~~~~~~~~~~~~~~~ 
flosert Aborigines appear ~~~

- surv i ve the ric,ors of the summer by
remaining near water sources , and qoinc’ w i - ,:eut food rather than water. They
retain a high rate of water turnover in the desert , associ ated with rap id in~estion
and excret i on of water and bow osmotic pressures of urine . They are lean and hold
re l atively h igh proport i ons of body wa-I-c r and extrac ollular fluid. This , tociothc r
with a rapidly m acste -i water load of perhaps ~~~~ of body weight , could prov i de for
long journeys even in the heat of summer. Swca-tinq rates are high hut the s -coat
is low in electro l yt’s content . m motOc~t~jon of bla c -~ s~- .in free the sun by cici -bi n o
does not reduce the rate of sweatine to that of Eurcegeans so that high sweat rates
are apparentl y not due to hinher skin tomeeraturos. Ora l temperatures are not
readily raised by exerc i se in the sun.

The desert Abori gines appear to function li k e other tro p i ca l a n i m a l s  (p ins ,
cattle) with noor -,,eter conservai i on n’ocl anism s . Whon ce-ap ted to the- desert
Abori gines are , like cattle , behaviourally ed~ usted to remain n.e-ar water sources.
Mammals evo l ved in the desert — like -i-ho came l - have low r a tes  o f water turnover ,
great salt tolerance , hinhcs r urinary concentrating powers and weeks of surv val—
potential without water . The [urone~r.c working with ~b ori iinen in the desert were
nearer to carrels in respect of water turnover rate and urine concentration than
Abor ig i nes, hut because they -have less oxtracollutar f l uid and less adequate
circulatory compensat i on , luroneans are more likely than A bori q in als to suffer
circulator y fai lure in toss than I day ~- ‘ithou~ wa1-ce-r ,in the sun.

Th~ skin of Abo riqii~ l nomadic group s reached higher temperatures in the
sin than that of white men in the same environmen , hut v i r t u l l y  al l  wore clothes.
(Cr~~l t ernpc? rat u res we re in the European ranec .

In the ~jes- -rt dur ino summer extrac tellul,a r fluid vo l um’-- of A borit~in os was
gr~~ite-r then that of wh i te men , wh i l’s the vo l ume of water drunk and the rate at
which  water was ingested err also croc i-er. Two litre s of water were ingested in

~-‘--3C sec by desert hnrin ines ~ut  Europeans found difficulty with 1.5 A . in ISO
ccc . Abor inines turned over water at about twice the rate of Europeans in the same
envi ronmont.
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In surriner, urine flow ra~’es were severa l times erector in Ahonloines
than In Europeans in the sam e environment. Mben deprived of water, however , tne
Abor i gines reduced urine output to n-ear the European lev e l. They increased
sod i um axcre-tion during a d y  without water in contrast with the lTuronoan decrease
in sod i um excretion as water and salt were retained .

The amount of sweat proriuced in ,urrme r when measured by body weight changes
was greeter in desert Abor ig in es  than in white subjects. The same Abori g inal
subjects, however, produced loss than half t’e sweat from arms in the saturated
atmosphere of plastic bags , because of more rapi d and comp l ete sweat suporessian .
Sweat suppression was not necessaril y reciproca l to heat acclimatization . The
summer sue-at of Aborigines conta ined less sod iu -

~ but more potassium and urea than
Er onean sweat.

~Standard exerc i s’~ in the heat ra i sed the low blood pressure-s of desr-rt
Aborigines only half as much as the higher pressures of Europeans. Aboriginal
plasma renin was hi gher than that of Eurr -c’-~ns , an anomalous findin g .

With increasing European contact Phoriqina l ar Me - r ial pressures rose , hut
there was reduction in water i ntake and in the rate of sod i um excretion durin g
exerc i se, while sweat suppression was lessened with acculturation. .

~~~~~~~~~~~~~~~~~~

W~ are indebted to Abori gina l -‘ion , women and children across the centre
and north of the cont i nent for the-i r reads’ k ,~ Ip, patience and cor r I i arce ; and f or
the insi ght they provided on social —id aptat l on .

~‘/e wish  a lso to thank the -‘on. Min is ters  of Tho r i i ina l  — A f f a i r s  and their
-~f f i cers in South A ustrei l i -i , Western T~ustra Ii a and the Northern T e r n  tor y , for
pe rm iss ion  to enter the ‘pstern i~cserve and Arnh~ ’i Land. The Weapons ge-search
rstcib -i i shmer ~ gave valu ab le assistance with len i stice-. In the dative Patrol Section ,
~r. 

‘
~~ . 

T
~c )ounell and Mr. ‘

~~. Verhergh-t , prov i ded ia ison rind com mu n ic at ion — we are
grateful to th~ r for fIndin g nomadic eroups and for reassuring the people on the
purposes of the- observations. Tommy flodd , who had been in i ti a~.~-~ ~i nto ‘igadadjara
and Pit iand 3adjara tribes , gave va l uat)Ie he lp wit h transl-~’tion and assurance.

~r. P. Gratton of Wusqrave Park We l fare Station was most h e lp ful in f inding people
to tal~e part in the I9’SC studies. The loan of a mobi le I aboretor-v by the Northern
Territory A dm inistration A ni ma l Industry ~ranch also fa cilitated the scope and
p recision of work in I~ (-~ . The Institute of rbo ri q ;na l Studies vehicle was made
-ava ilable twice at Alic e Springs . ~l~~• T. M i ll iken rued ily ‘i~do resources of the
Research Division of the Northern T~ rritory Admini stration available and facilitated
tha studies in ~-rnhem Land.

Th~ funct i onal comparisons could not have he”n nade without the help and
end’jrance of ray col!naoues ~.T. Tin dalo , P. ~i~~ken , J .  Cleverly, J . Greenway,
r .F. Seamark . J. R. Sab i ne , fl .F . Good , . Frewin , fl.A . Goode-n and T .J.  Th r t ra r .
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TABLE II.

W~t~-r load

Urine flow
m I/m i n

_ _ _ _  J~!li !~ -- I~ I 
+60 

j

+90 +l2O ~~ +lR0 I

1 Pit jandjadJara 3.2 1 .2 1  2.37 6 .78 10.84 7.1 3.3

Europeans 0 .31 0.38 0.53 0.82 3.60 1.69 (‘.59

Water 2’~ of
body weight

Effect of dr ink In g water in a re l at i vely coo l environm ent

(1 28°C) on urinary output of water. The Abor igines began
the day with dilute urine flowin g at 10 time s the European

rate . A fter taking water at 9.45 a.m. there was a rapid

dluresis in Abori g i nes, reac hing 3 times the European rate .

In 3 hr the Aborig i nes excreted 11 32 m l (more than 2~ body
weight I ngested ) and Europeans 233 ml (15” of the load) . This

ready diures l s of the AborI gines reflects their norma l state

of over—hydration durin g summer.

--
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TABLE V.

flay wi :-hout water in summer

~irine ia K
volu me excret i on excret i on

NO. mi/m m jjenuiv/m n p equ lv /m in

Nqa dadJara 7 1 .47 0.96 1,5 69 1 4  142

Pitja ndjadjara 10 1.38 0.78 73 95 36 91

Pintubi 1 . 09 0.76 62 ~-7 30 41

European (Ngada .) 4 0. 72 0.32 ( 159 48 - 

~7 45

Europea n (PitJ .) 4 0.52 0.27 107 28 57
Eu ropean (Pint. ) (1.36 0.16 52 9 39 21

_ 
H—--- ~---- 

-

~~~~~

-—--- - --—

~~~~

- - -

Ratio

‘-4qadad ara 7 100 (5 100 153 100

Pitjandjadjlira 10 100 57 I IOU V~
() 100 250

Pintiib i 1 100 70 J 100 76 100 137

European (
~-1qad~ .) 4 IOU -~5 100 tOO 52

European ( Pi tj . )  ~ 1 (Y) 52 100 26 100 82

European (Pint.) 3 100 61 tOO 18 tOO 54

I u rin e 2 hr in the morning

2 Ij rine 2 hr in late afternoon
Max. aIr T° 38°C

The rate of urine flow decreased through the period without

water. Sod i um and potass i um excretion , however , increased

in rate durIng dehydrat l oii . The amount of th i s increase

became less as acculturation of A,horiqH c’~ increased.

The European controls are namnd for the groups they were

associated wit h , and the envr ronmonta l conditions dIffered

somewhat n each situ at i on .



TABLE V I.

Sweat suppression by an armhaq (saturated air at

3 °C) i n centra l Arnhem Land

Left arm continuously in Rinht_arm, two sessions
arm bag for 90 mm of 30 mm In arm hag

_ _ _ _  

0 -  30 3 t - 6 O I~~~
i - Q O I I 60

~~~at ~~ Ji~ziI F ~~1 ~iF6~IT IZu1~1~rn I /m~ n A (9) 0.38 C’I.13 I O .-~~ 0.41 - 0.29

~~
- -— — - —  -

~~~~~
-

~~
-- - 

~~~~~~~ 
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
-

Sodiu m E 
- 

.14.5 39.2 I 45.0 ‘1,4.6 1 — 60.2

I ~~~uiv / Q .  A 
— 

2Q .5 ~~~~ 3O~~~~~ ! 

~~~ ~~~~37.2

~~~~~~ ~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-_

~~
-
~

Potassium E 9 .5 7 .1 7. 8 9.9 - 9.~
• 

- r~~~~~~
- — -

~~~~~~
---- --—— —-

~~~~~--~~~~
-- - —--- -

~~~~~~~~~~~
--- - --

~~~~~~
-—-

~~~
-- -------

rrequ~ v/Q . 9 7  8.0 8. ’~ 1 8.4 — 8.9

- j
W h i l e  wa lk ing  in the sun (dry bulb 360 wet t u i b  27°C)

sup pression of swe ati n~ was rrcre rapid and comp l ete in

adult fla l bon than in Europeans du rinn ~O mm conti n uous

wearing of an arm bdq ( lo f t  arm) . With 3(1 mm respite
from the saturated air  of -I-he arm hag (right arm) there
was s t i l l  some reduction of sweat rate by the flalhon .
The d i f f e r i n g  rates of f l ow  d id  not , however , af fect  sa l t

concentration in either oreup , hut the sod i um l eve l was

lower in Da i bon than i n Europeans. ‘~n the other hand
fla l bon sweat sod Ium was more concentrated than that of
\Iqadadjaras and Pitjandjadjaras (Table V II ) .

- ~---- - - ------ - - — — -- -~~~~ - ----- - -  ~~~~~~~~~~~~~~~~~~~~~~~~~ — 



TABLE V ii .

Vo l ume and electro l yte content of arm hag sweat collected

from four Ah oriq na l groups (adult m~’- I - s ) and Europeans in

the same env i roni”ont

Na 
- 

K E uropeanmi/hr 
mequiv/Q . rnoauivR . contact

Ngadadjara (16)

Pitjandjadjara ( 1 2) 16 .5 25.9 8.9 1 +

European 17) 37.4 5 ! ‘~ ‘i~~9 
I

- ---  - — -—
,
—-------- —~~~-‘ - - - -—-—---~~~~~~~ — ——  

Pintubi (II ) I 20.4 -‘~~.4 8 . 1 -H-

European (
~~

) -1(1.~~ 79.5 6.7

Da l bon ( t O )  I 3?.3 5-~ .6 10.0 +++

European (3) 38.3 p q •5

With increasing f uropean contact there was less suppression

of sweating in the armhaq , and sod i um concentrations in sweat

rose. I n the wet tropics European and Da l bon sweat sod i um

concentrations were equal. These people lived about half the

year in houses on European types of food. There was however
still sweat suppression ;n armbaqs amonn the Da l bon .
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TABLE V II !.

Mean water content and turnover of lelane sian , Aborigin al ,

~nd European adults

Pody water Body Water turnover*
mi/kg : solids mi /2 ./24 hr

New Guftea Let. ~~~ 
- 

I
- - -

~ 
~~~~~~ 

I Tropic-31 island

I 
Melanesians (17) 6.5 ~- 35.5 11 4

Europeans (2) 600 40.0 70

‘~ountains Melanes ians (27) 73 ! 2C~.9 66

Arnhem Land Let . 12 °S
-!et tropics

Aborigines (16) 30.5 173

Europearls (3) 618 30.2 30

Centra l Desert Let. 25°S

Aborigines ( 13 )  660 i 3’~.O 143

Eurooeans (4) I 617 38.3 86

* Expressed as erlount pr’r litre of body water turned

eve r dai I,, because o f di ~ferinq body solids content

in the eroups. 

-~~~~~—- - —----- --- ~~~~~~~~~~~~~ -~~~~~~ - -
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