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Present military concepts indicate the need for mxkmum 
utilization of the individual soldier's ability, The material 
contained in this rep&t may be used in develeping a list l f 
simple body characteristics which will indicate the relative 
individual and group's ability to withstand or mi.nAmiae the 
effect of the heat stress accompanying military operation8 in 
a hot environment. With tb6 development of such a list man 
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ability to perform under heat stress, thereby improving our 
utilization of manpower and equi~nt, 
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It &s long been recognized that there exists a large 
variation in individual ability to tolerate severe climatic 
conditions, If the individuals with high and low tolerance 
to a given climatic stress could be easily distinguished, 
it would open new avenues for improving soldier performance 
under stress conditions. Men could be selected for special 
duty, and clothing and equipment design could be adjusted 
to individual needs, At present,no simple method exists to 
distinguish individual or sub-group ability. The experkmmtr 
reported in this study indicate some of the morphologica3. 
characteristics inherent in racial differences which may be 
used to distinguish high and low tolerance of heat, 
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ABSTRACT 

The physiologic&L responses of American White and Negro 
soldiers were studied under hot-wet and hot-dry conditions,, 

Under hot-wet conditions 40 pairs of men matched for body 
fat, weight, and stature wsre walked around a course at 3-l/2 
mph for one hour, 

Under hot-dry conditions 8 pairs of men also matched for 
body fat, weight, and stature were studied under 8 different 
conditions which included combinations of clothing, smp shade, 
walking,and sitting, 

The results of this series of experiments indicated: 

1) Under hot-wet conditions with both Negroes and Whites 
clothed and walking, the Negroes had a higher physiologica 
tolerancco 

21 Under hot-dry conditions with both groups 
walking, or sitting they had about equal tolerance. 

clothed, 

3) Under hot-dry conditions with both groups nude and 
exposed to the sun, sun-tanned Whites had the higher tolerance, 

These results further suggested that the differences found 
were not a function of transient environmental effects and are 
mostly guneti~ in origin, 



AMERICAN NZGRC=J&IT~ IXLF-CES IN HIZAT ?ft&ERANCE 

Int,reductbn 

The science of genetics has emphasiz;ed the ~psrtanccs of 
natural selection in the formation of taxonotic races0 This 
in turn indicates the desirability Q% re-evaluatfon of human 
races in terns of the possible sources of selective forces0 
Such a re-evaluation may be based on ecological Werences 
from the distribution of modern races; or a specific &q&ha- 
sis my be tested by experimental means~ 

It is the purpose 0% this study, using the eqerimenta.IL 
approach, to compare the heat stress resistance (heat tolerance) 
of Negmea and Whites, The develepment ef this type ef knowledge 
till eventually permit us to define some sf the role ef clfmatak 
in the selection of corta%n morpholsg%caI characteristics, 

The American Negro as a racial group constitutes a mixed 
genetic population3 (Harskovits, 
ad U, 1953) o 

2928, 1930; Me&!!c, 1949; Glass 
For this reason it should not be ass-d that 

the heat st=ss resistance of the American Nagre is ident%caP 
te that of zt.ny ether grexpa Compario49n betmen American Whites 
and American Negroes has va&.%e primarily a8 an estimab of the 
wwiatim3 fn hekt resistance which is related to genetic faotors, 
The American Nagroe s aa a grump have a genetic inheritane~ dram 
frem a tropioal population, WhilG American whites far many 
generations have Jkyed almost exclusively fn temperate cUmate:s, 
If there is a gene~~~all~y--contr~~~~d differen@s in the heat 
atreas resistance af these gpaupsD it WtLLd strongly indicate 

the preaenee of a genetic dzLffsrenee“in heat telwxwza betwwn 
tmqxrata and tropical pop&Latisns; however9 the extent of the 
petential genetics d.iP%~=ranee cam2 IXI asearta.$ned by studying 
these groups zU?ned 

Post studies on racial differences in h-eat tolerance are in- 
adequate in the Ifght ef our present kn~Iledge 0% a.c&L~atizz- 
tfcm and h~an temperature regulation. Mw& ef the WW% used 
for cemparisen was performed under different envirenmen%~ con- 
ditions, Caplan and Lindsay (IL$?46) studied mine workers 5n India 
undw saturated hot-~% cond%,&ions ad eempared their results tt, 
these 9% Ma&worth (1945) en I&i&s in England. Vyndham studied 
South African and Tanganyikau Negroes under bet-wet eendftiens 
(Wyndhaxn at aI& 1952 and 1953) and csmpar+ed his rwuZL%s ti%h these 
ebtainsd elsewhere an l&ite~ &Eiekw&l9&5],McArdle et al (I94$.. 
and ethers], 

a. 



He also compared his African restits with those of Robinson on 
Mississippi sharecroppers (19U) discussed below, In both studies 
a difference between racial groups was cltimed, Rectal temperatures 
and pulse rates were slightly lower in the non-White groups; swat 
loss was much lower in the nozA4hite~o 

Two aspects of these studies qualify interpretation of the 
results. First, the expmiments wme not designed for direct racial 
comparisons, Neither the love1 of acclimatization nor the climatke 
exposure conditions were the sac for the White and non-white groups, 
Thus, the comparisons are subject to possible variations in responses 
caused by the level of acclimatization, small differences in heat 
stmsss leve323, @Umatic conditions during non-test periods, and even 
differences in di.et, 

Second, in both studies the average body weight of the non- 
Whites was much lower than that of the Whites tith whom they were 
compared, FPO~ the data of Adolph (194'7) relating body weight ts 
sweat loss, it may be assumed that most of the-sweat loss differ- 
enee b%weben groups in the above studies was a function of the 
differences in body weight. Of course, even if the group differ- 
ences in sweat loss are a function of body weight9 they can be 
considered a g~netieal~y-detezn~d racial diffarenee, since weigh% 
is paAAUy under genetic contm%~ 

The racial comparison study of Robinson et al (194l> remains 
the most complete study so far, despkte the limitations of some 
of the conckdsions reported, His study was made before &at aecli- 
matization was a ~eXL&no~axa phenomenon, and his effort to ae@lS- 
matfze the mepi. brou&t from the North before comparing them to the 
Southern Whites was ns% a&quake to insure a, equal degree sf accli- 
ma%fzation, Nowever, for a racial comparison, Southern Meg- and 
Southern I&&,e sharecroppers were studied, Since the environmentti 
backgrounds cf the groups were sitilar", differences in otiturd afsd 
acclimatization factors were reduced., Fortunately, body weights 
for the two groups weae also quite similar. The most .import&& 
difference noted was in post-striss rec%aX temperatures. Under ident: 
eal workloads the M$gsoes had a mea roctril temperature of 100,9*R 
as c~mpamd %O ILOI,S"I?oforthe mites, RdMnson concluded that the 
raeiab dZferences fn keat stress resdsta.nc(a: could probably be: 
a%tributad 1) to racial dSfferen@es in the surface-area-~~er-~igh~ 
index and 2) 'P;Q mechanical e;rT'Picien~y, He based these conclusion 
on an assumed racial difference in oggen consumption per uni& of - 
surface area0 1% has been demonstrated %ha% surface area is not 
the best reference for oxygen consumption (Wedg~ed et al, 1953); 
and it is quite possible that the presumed extra mechaniea.3. offfed.,- 
ency of the Negro sharecroppers is attributable to a raeisl differ- 
ence in body somposftion, 



231 summarizing the. published evidence, although some txperi- 
mental deficiencies may exist in all the studies, it cannot be 
said in any instams that the total results can be dismissed 
because of inadequate experimental or environmental controls, 
Instead, the published material, particularly Robinsonfis work, 
strongly supports the conclusion that there is a genetically- 
determined racial difference in resistance to hot-wet he& stress, 

meriments in Heat Tolerance 

Because of the differences between hot-wet and hot-dpy 
climates, two separate expriments were performed; one under 
moderate hot-wet conditions in Virginia and the other under hot- 
dry conditions fn the Yuma Desert, The experiments were desigmd 
to test whether American White md Negro soldiers showed any 
difference in their ability to withstand heat stress, 

Fart I - Hot-Wet Conditions 

1, Procedve and tiethods 

Potential strain differences due to racial differences in 
body size and cornposit-ion were controlled by selection, One 
hundred American Megro and one hundred American White soldiers 
were measured at Fast Lee, Vir@nia. From these 200 men, &CI pairs 
of volunteers were matched as closely as possible for percent of 
fat in the body, fat=-free weight and stature, 

TABLEX, A COMPARISON OF BODY COMPOSITION N&AXE&= 
MENTS dLNXTCHE3 ANERICAN NlZGROES AND WHLTES 

* (&O Negroes, l&O ?4-h.i$es) 
(Hot-wet climate, Fort Lee, Virginia) 

idhits Fiegm Mean 
Me= SOD, Mean SeDo Differenes 

Percent of Fat in the EIody+ &3 -&2 5~ a*,!+ 

Fat-free eight (kg)* 66,.x 6,3 6601 6,o 

Stature (cm) wu a wL9 527 

01 

0 

202 

%krccnt fat and fat-fmm weight were estimated usin; the 
WC ctiipm described by Newman (l9f;&, 

3 



These 40 pairs were then subdivided into four groups of 
matched pairs, each of which contained 10 Negro and 10 White 
soldiers matched for body size and composition. Each gpsup 
followed the experimental procedure twice and an average of 
the strain measurements for both days was used for the analysis. 
Each matched pair, therefore, was exposed to equal heat stresssr, 
The strain measurements were: sweat loss, rectal temperature,and 
pulse rate pep minute. In detail, each group reported to a 
walking course at Xl?:45 KM, They stripped and weighed nude en 
a grw scale accurate to + 10 g& They then inserted rec%ti 
catheters which contained thermocouples fore reading rectal. tempera- 
ture s * All men wore the sake style'and quantity of cl&hing, 
which consisted of Army fatigue uniforms, caps and beo%so 

After each pair had weighed and dressed, rectal temperature 
was recorded 6n a potentiometer, These temperatures have a rc- 
producibility of 2 e l@F, ,The men were dispatched in pairs at 
+minute intervals, They walked around a half-mile course at a 
rate of 3-l/2 miles peti hour, To insure that a constant pace 
was held by alI @en, two timekeepers were posted, one at the 
starting point and one at the halfway mark. At the end of one 
hour the 113r9n stopped at the observation tent, where pulse was 
immediately counted, Recta.3.. temperatures were again read from 
the potentiometer, Each pair then undressed, wiped off a.U. sweat, 
and were weighed. IdenlticGL procedure was followed for a3.B groups 
on a.Il days0 

Sweat leas was calculated in the foPlowing manner: sweat loss 
equallad $nitfal weight minus final weight, Water intake %rad urh 
output were prevented, so that no eosrec%ions were require'd, 1% 
was considered unnecbssary to correct for respiratory loss oi 
weight9 since this constitutes a negIli.gible soux~ a% error under 
these conditions (Useman et a%, 195336 

Field work always lass one uncontrollable variable:, weather. 
l'n this study the weather was eoof for Vir@n%~ in August0 Witliin 
the test hours t,he temperature averaged &+,3”F, and the relative 
humidity averaged l.& p@?xent, This low stress Ieve% was refbec%ed 
in IQW strain lev&.sO Because of the activity bevel these GUmate 
are considered to exert only mild hot-wet heat stress on the 
subject,s, (See Table mlI, Append&$ 

Negro-Whfte differences in heat stress responses are shown ir; 
Table II, As measured by a paired T-test, there was a statistfcaf 
significant difference at the ,05 bevel or b&%er be%ween the pre- 
walk rectal temperatures of the Negroes and Whites, The sigtiffca 



was increased by the exercise to ,Ol, There was no significant 
difference at the .05 level for pulse rate or sweat lo&, 

TABLE II* A COMPARISON OF AMERICAN NEGRO AND '4H1TE 
HEAT S~SSRESPONSES 

(40 Negroes, 40 Whites) 
(Hot-wet dimate, Fort Lee, Virginia) 

Mean 
whit;a Negm Differ- 

&9asurament Nean So D, khan S, D, bncf 

Pre-Test 
Rectal Tamp, (OF) 9%6 038 9904 042 0*2 

Post-Test 
Rectal Temp. (OF> loo,& b45 gno 045 004 

Pulse Rata 
(Beats per/tin.) l-22,4 12e9 1x944 14o6 300 

Sweat Loss 
(Grams paP/hso) 912 yyj a3 13% 39 

30 Potential. source of differences 

Signifi- 
cance of 
Differ- 
ence 

> 85 

> *Ol 

< 005 

< 
005 

Eighteen Whites, 
Northern States, 

but only 4 Negroes in this stud3 C~JW from 
There wars, therefore, a possibility that the 

difference in rectal temperatures was a function of the Northern 
origin of the Whites, Accordklgly, 18 Southern Whites were se- 
lected who had been studied on the same days as the 18 IJorthsrn 
IJhites and who had comparable body compositions, The strain 
measurements of these 18 Southern Mtes were compared to the same 
strain measuremen%s for the 18 Northern Whites (Table IX Appendix). 
The slight differences that were found indicatedthat Southern tdhitss 
were lower in heat tolerance* However, these differences were in 
no case statistically signif$eant, This comparison seemed to WE- 
catts that the locale from which the subjects were drawn did not 
influence their heat toleranceO 

There still remain several. possible non-genetic explanations 
for the difference between the racial groups, Probably some differ- 
ences exist ti the childhood nutritional patterns of' the two groups, 

However, body composition (fat> weight, stature) was control.led 
by the makchki p&r technique, and differences in responses mnnot 
be attributed to the Neg$o*s lower body fat or greater linearity 



Difft!ra-mB in physical condit'oning x&ht FL~SCI tifect re- 
8istanca (Bass ct al, 1953). For this reason an effort was anade 
to obtrrti racial groups in the fsame Stats of physicti trtingo 
The man participatirq k~ thj.8 study zme frm the same Arxq units, 
and ata the Arcqg no longer Hgt*d.gstes the racy, thcymon had, for 
at lswt the pnwhus 6 mmthzr, prfomed sixalar dutres, 

Thc~re may be otkr potential source8 of difference which have 
not been considerad, but the dat; a strongly Suggest that undsr 
similar mild hcd-wet strms loads American NcgreS have ?.owler 
rtsct3ltcmyfirsktures t&n kmrican 'vlhites and that this dlfferenco 
irr probably not attributabic to ~&-conception environment, Thr 
data do not indica%e the mccfianim of the genetic difference. That 
ia it cannot be determined whether the lower rectdl temperatures 
in'the Nuq,rt>cs ~IYF replated to greater peripheral blood flow, greater 
mchanfcal effickcncy, or zoo affective performance in other 
tmnp~rature rcgulat..o~y mxtanis~~s such as sweat distribution, 

40 ~~trg~~~~;~tir,n jig rc~s~:-k~ntative groups 

&cause the ~;:agr-ms x-d ‘whites in t!iis study were selected 
for simlcLr gr-oas n.orr.~ha*,rjrSirl~; neither t;roup is representative 
of its respective ~)puf,-i~*. +- f’i; ir? tcrxs of body composition, From 
atudiu 3 of krmy pa; 4 a*, irr:s 7 it is known that U, S, ArrrF' Negroes 
(Na~nr;m, l.95hj are Zswar- iri k~:y f;rt ad f;ave slightly more fat- 
fms WeighL 

If r-+qmm?ntatiu*~ tuqd.es had beer, chmen, the results mght 
);%Jf@ p$fidctscj grcL&trr ~aCt:ri di, rf,Ftrenres in heat strain measure- 
ments. On the basi3 of w,rk in prypvi(;t;$ experiments on White 
30ldiers [kzkar, 13t.*rt! rii frrt..tc?tr Xmte group would have had k&her 
rectal t&irpfm&mcrS~ j.-dS" r;ites, ad sweat losses, Thus, in 
~p~~snf,&x? pqAL"~ir~n :-aqles r,, 4 smtched for body composition, 
the &j~~r+ltXit,c iri fftz!r-~.. *~p~ccfrj ir, atrain ?-eqxmscs might have been 
@YQter (b#?eCS hj@;r I" L ?lapw:; 1cwr) e 

T:je v.gq-~:~g i::A A;; w-:3?i:er= rw4i:,ic:r:s made it necessary to 
i&nr&lJq@ e&&C!; \l&l.iy ~~ik~3~L~4~ j.a C.f FGP,C~rCR!S WC! xhites separately, 
‘x’)#$ %Li’fti;+$ ~&.i.t v i3 1 %. fi ::I’ f,i:*- gx*a:z~ left. a uniform Sample size 
cf 10, wf; ICSi was3 9 ',*'Lb i ft:r :IQ;"I'r?!.A'iXc:t‘i ckrhiiyses, Rectal tempera-- 
tufT?s W@,C rsi#p: i'xxtly ~~rrelatc~i dth fat in only one of the 
ZiUhL3~%Ej~I CL+, Ti is is ti tbc! Px;e::taJ kecause cf the low ambient 
tc n,p?"rature a & 3 3 tic kT 1:; Tnoia 111, ti:t;m was cossistent and 
gyikyificard, ~~ir*r-eL~tl.ars k*t.iee~ sweat Sor;s and fat-f'pec weight 
for both 'Nngmcs ami i"l::ite~a 



TAB.3 III, 

Sample Group 

Augwb band 5 

August6 and 9 

CORRZLATIOM COEFFICIENTS FOR SWEAT LOSS 
AND FAT-FREX ?4EIGHT 

(ID Negroes, 10 Whites) 
(Hot-wet climate, Fort Lee, Virginia) 

lJ?lites Negroes 

064 051 

094 *60 

August 10 and 11 058 086 

August 12 and 13 046 071 

The regression equations of sweat loss on fat-free weight 
indicated a considerable between-group variation in regression 
slopes(Figure I& Most of this variation is attributable to the 
small sample sizes, but some part of it may be related to the 
between-group differences in heat stress levels0 

No significant differences were found between the rew 
gressions of sweat 10s~ on weight for Negroes and Whites, These 
results make it more probable that the regressions of fat-free 
weight on sweat loss found for Whites may be v&Lidly applied to 
American Negroes, 

Assuming that there is no efference in the regressions,in 
representative racial samples, there would not only be a signi- 
ficant difference (Negroes lower) in rectal temperature which 
may under heat stress be genetically determined, but also a 
significant difference [Negroes higher) in sweat loss, deter- 
mined by racial differences in body composition, 
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August t O-I I 

Figupe 1, ~egretmions of meat loaa to fat free weight 



11 Part - Hot-Dry Conditions 

lo Procedure and methods 

For the study under desert conditions a sample of 8 White 
and 8 Negro subjects was chosen from a group of approtimately 
50 meno These two samples were matched for body composition 
and proportions, as the group for hot-wet conditions had been 
matched, 

Measurements were also m%de of skin color reflectance on 
both kite and Negro groups, A Photovolt reflectometcr was 
used to make the measwemex-ksO The readings with an amber tri- 
stimulus filter were made weekly a% five sites: the cheek, the 
chest over the nipple, the inner am, the outer arm, and the 
back over the inferior angle of the scapula, The measurements 
were repeated three times at each site, and an average was 
calculated, 

Aftsy the men were tho1ar3ughl.y heat-acclimatized in the 
desert;, a Latiar: square eqcrimentaI!, design was implemented se 
that each man WOE st:LzdfeC x.xdex> 8 rlis"ferent desert conditions 
for 2 hours, Negxxx!z acid Wni-~?z wex paired so that in each 
dayIs study %Bhere vex 8 &rsB ore c~.&~ each condition, Each 
man repeated each condo tkbah 14 %imes fo-%- a total of 32 exposure so 
The condi%i.sns were"f? cciti?~.:nat.:i.orns 6: xx, aha?s9 -nude, clothed, 
walking, and IY? s.i;%ilig * 

Wh&@* h7as obt&md f-ram 2 lwge assembly ten-L. ttWalkin@ , 
was around a m&A ~e~:bq+l.ar w'~;?YsE: a% the rate of 3 mph, and 
"rc st 1' 'W&S SsA~i~~g in& 41- i +.-iy or,. ;2 .fL?ot lo~~'~e~, A more ~omplcte 
descrip,$ion o f &he cxper~irueraiL 
published (Hanson), 

"i de&g-k &Qd conditions i4x.i. be 

The physio%og5~x.I meastlremrSn-?4*T ma& were: octal tempera- 
ture (Mtia2 and ffna:j - by mealy of a cl.ir,i~a$ thermometer; 
total s&Bat fess - t=;tp kiEi&tl change @sr?l- et.Aad for water intake; 
evaporated sweat loa% == by total swat. 20 ss minus sweat rettined 
in the clothing; pu1sa rate - co~mkd for 20 seconds at the WI&,, 

A.n@ysfs of the effects of the experimental. -ti*ariablcs showed 
that most co=ldft%ons bad signi.ficaxt&y different effects on the men. 

The Negrkses and Whites showed significant differences (by 
variance analysis) in their initPa3. and final ~rectal temperatures 
but not in total sweat hoss,evaporated sweat fLossb or pulse rates, 
In all 8 of the conditions Etes had lower abso>;tta values.Table 
IV shows the absolute values and the d8fference ?Ln rectal tempera- 
ture between Negroes and lVhites. 



TABLE IV. RECTAL, TiSMPERATUM FOR 8 II-EGROES AND 8 WHITES 
'JMIER V,lRIOUS CONDITIOKS (OF) 

(Hot-dr~r climate: Yuma, Arizona) 

Conditions 

Sh$.de Shade Sun Sun Shader Shade Sun Sun 
Clotkd Nude Cfathtd Mude Clothed 'Nude Clothed Nude 
Fbrt R@ Rest Rest walk Walk Walk WaLk 

Nagro0 8 

whites 

Difference 

Nagroe 8 

khite b 

Difference 

lrxitial re&af temperaturar 

99.39 %21 99e21 99oU 99027 99e20 99.23 99o22 

99.(x, 99.02 9981 99000 99rO2 98e99 9h94 99aO8 

-A9 -*19 920 -.a21 -025 43 -27 -*13 

Final rectal temperature 

, 99019 99025 99J2 99e54 lOOtJ5 LOO,17 100,31 loo,40 

99,U 99,18 99.30 99030 99092 99098 loo,07 loo,02 

-308 *- .08 "',02 *x- 4 24 ~23 -a9 -024 -*38 

- indicates temperature crf Ncspes higher 

a.6 Rectal tmprature 

The Negro--'3Jhitc difference in initla3. rectal temperature is ia 
no way affected by the condition to which they were later exposed, but 
is important in calctiating the total heat storage during the experimenta 
condition, Prior to i;ht experiment, the mn rested on cots for one hour ti 
a tent in the desert. The racial difference found in the initial mctd7. 
temperatures must, therefore, be attributed to this pre-exercise condi- 
tion,, as there is no tiffarenca under neutral climatic conditions (unpub- 
lished data on file st Environmental Protection Research Division, 
QM R&E center, Niatick, Massachusetts), 

The final rectal temperature dlfferencas seem to show a very 
definite pattarn'rclated to the specific condition to which the men were 
expcsede Wksn the men were in the shade or protected from the direct SUD 
by clothing, the Negroes had a slightly higher rectal temperature tb&n 
the! whit,as, When the nude skin was exposed to the sun both Negro and 
White rectal temperatures rose, but the Negroes experienced greater rise, 
‘dhen wtikirng nude by tha SU, with a maximum of skin exposed, the racial. 

10 

--- - -. ---_ ~. 



difference in rectal temperatures amounted to almost J&'F, 
This patten is shown even more clearly when the rectal tempera- 
ture rise from initial to final is examined (see Table V), When 
the Negroes were protected from the sun, their rise in rectal 
temperature was the same or even lower than that of the Whites, 
Cnly &en the two groups were walking nude in the sun did the 
Negro rectal temperature rise substantially more than the White. 

TAEU3 V, RECTAL TEHPERATURE RISE FOR 8 !JFGROXS 
AND 8 WHITES FRCM INITIAL TO FINAL 
REAI)INGS (OF) 
(Hot-dry climate, Yuma, Arizona) 

Shade Shade Sun Sm Shade Shade Sun Sun 
Clothed Nude Clothed Nude Clothed Nude Clothed Nude 

Rest Rest. Rest Rest J?aIk W&k W& Walk 

Negroes 

whites 

Difference 

a00 005 011 03.3 088 097 .1*09 1020 

.36 L .u 029 -Jo 090 099 1011 094 

I +,a1 -a3 +-OX8 - 003 +*02 s,u2 +,02 -,26 

+ indicates temperature of Tdhi’i;les hfghe;P 
- indicates temperature of Negross higher 

bo sweat lass 

Although t& sweat losses were cot significantly differ- 
ent between the two gY*oqx at the 5% Ievel, the differences approxi- 
mate what was found in rect~LL tempe~a~;'ta~es (i,s,, Negroes were 
higher) o See Table VI, Again the majo r Gfference is found when the 
two group are exposed nude to the sun, rest;ing or walking, although 
a large difference. also appears when the two groups are walking 
cAothed in the shade,* 

* Data derived from a sim5las experiment performed since the prepasa- 
tion of this paper showed substan$ially the same pa&tern analyzed 
here. Since sweat loss dUf'eren@es fom~ slothed Negroes%& Whites 
walking in the shade were approxbately half of the value reported 
in this study, the presen% w&m may be non-signifiean6 va&atfon 
(Hanson manuscript, QM R&E Cemilsnd), 



TABLE VI, TOTAL SWEAT LOSSES FOR 8 NEGROES AND 8 WHITES, 
UNDER VARIOUS CONDITIONS (grams) 
(Hot-dry climate, Yuma, Arizona) 

Shade Shade Sun Sun Shade Shade Sun 
Clothed Nude Clothed Nude Clothed Nude Clothed Nude 
Rest Rest Rest Rest Walk Walk Walk W&lk 

963 1255 1393 2010 2143 222% 2582 2796 

961 1219 uo7 1857 1997 22.66 2502 2656 

Difference .-2 I -36 +lk -153 -146 -55 430 ml.40 

+ indicates sweat ~QSS of Whites higher 
- indicates sweat loss of Negroes higher 

c* Calculation of heat absorption 

The effect of the nuda exposure to the sun in establishing 
racial difference in responsxtrongly suggests that greater heat 

%absorption by the Negro skin may be the maser factor determining the 
observed differences,, By utilizing the skin reflectawe reading, an 
estimate was made of the difference between the two groups, The 
amber tristimulus filter used to measure skin CO&X- transtits light 
in the approximate wave dength of 600 mXLi.microns, which falls near 
the middle of the visible sunlight spectrum; thus skin reflectance 
reading tith this filter offers a rough estimate of the heat absory>- 
tion from the sun0 From the four areas exposed to the sun (cheek, 
chest, arm, and back) an average reflectance during the study was 
derived, It was fomd that the Negroes absorbed approtimately 
S4,6% of the light 
69.7%. 

zwcived while the Whites absorbed approximately 

The average radiation of the S;AII was measured tith a 
pyrheliometer in a horizontal position, For the total experimenta 
period the radiatio? averaged $46,5 kilogram calories per square meter 
per how ('Kg. Cal/m /hr),, If this is corrected for the no& lmidem 
then the radiation intensity was ~77~5 Kg, cal/m2/hr0 Woodcock(m~uso& 
has shomthat at the angle of the sun encountered under these exper%m 
mdxd @ondMorm, the seated and walking man has abo;zt 20% of his 
surface area exposed to the swo The Negroes and Whites had identical 
surface areas of 1,90 square meters as calculated by the DuBofs: foMaila 
from height and weight (DUois, 1936) ,, This means they'both had about 
0% Square m&em of skin exposed to the sun. From these figures was 



calculated the approximate heat absorbed from the sun by the 
twta groups by means of the following formula: 

Kg. cal, of h2at absorption = (2-hr~adiation 
in Kg, cal,/ !! ) multiplied by (Surface area 
exposed in m > multiplied by (Skin absorption), 

It was found that the Negroes absorbed 628 Kg,cal. during the 
average 2-hour exposure while the Whites absorbed only 518 Kg. 
Cal,, car 110 Kg0 cal, less0 

Although rectal temperatures were significantly different 
for the two racial groups, the total. heat storage difference as 
calculated from rectal temperature difference was very smdtl. 
This means that there should have been a fairly large difference 
in evaporated sweat loss to aecomt for a large difference in 
solar radiant energy absorption, Assuming water evaporation te 
have an equivalent of &8 Kg. Cal-/g, the Negro theoretically 
should have evaporated 1% more grams of sweat than the Mhiteo 
As shown in Table VII the difference was of this general magnitude. 

TABLIF3 VII, EVAPORATlZD SWAT LOSS FOR 8 NEGROES 
AND 8 WHITES trPJDER VARIOUS CONDITIONS 

(grams) 
(Hot-d*ry climate, Yuma, Arizona) 

Shade Shade ti S. Shade Shade Sean Sun 
Clethed. Nude Clothed Nude Clothed Nude Clothed Nude 
Be 8-k Be st Rea% Rest Walk l&ilk Walk Walk 

Negroes 922 122g ng26 15%2 1953 2181 23% 2'7m 

whites 923 =-95 1344 2232~ 1822 2Lzi. 2286 2608 

Difference1 +l -34 448 -15$ -l+g. -4G -64 -172 

+= indicates sweat loss of Whites higher 
- indicates sweat 1~53s tax" Negroes higher 



Discussian and conclusions 

until recently the humvl species was taxonomically divided 
into races based on wha$ were assuwd to be adaptively %eutralt' 
chhracteristics. At first these were body measurements and attri- 
butes, later blood factors such as the M30 antigens. In turn 
each of these ch:,racteristics was proven to have selective or 
adaptive aspects SO that they could no longer be considered 
"neut.ral* ++ This has led the modem geneticist and physical anthro- 
pologist to poet&late a system of races which is based on geo- 
graphical population isolates which conform more closely to genetic 
units (Boyd, 1953 and Gam and Coon, 195$)e Classification of this 
nature certainly is genetically sound since it fulfills most of the 
reqtire!uents fGr the. grou p to be considered a breeding isofate,The 
most important criticism which can be leveled against the geaL. 
graphical concept of race is that it is only a functional system 
without time depth or proof.of genetic affinity, This is not so 
Mach a criticism of the system as it is a comment on the present 
state of our knowledge about the genetic and adaptive aspects of 
h-n morphology, Even thcugh the geographical system appears to 
be the be:st that can be formulated at this time, we should not be 
satisfied with it, Inetead, as pointed out by Gam (1957). FR must 
sack to dcfina the adaptive nature of morphological characteristics, 

UntiI. the 2.352 pq~latioi-L 
early ninetecsnt?! cf?ntErl~s, 

shifts cjf the late eighteenth and 
African and European populations were 

restricted to separate c.?.inatic, zones,, E:-.:Aut.,ionary theory suggests 
that some of LIE morphgiogical :lifferel-- d.,l.bes that sepuate these 
groups my be based on the se~cct;i.ve s:~:~5vai of genes witijch WWF 
adaptive to these c;~ffwrtig ~:nvircnr,~~~ts, HOWW C?r, cii.matic zonf?3 
vary in mmy way: :rrid s.rvys of the native populations do not tell 
us whi.ch anvlronxentz;i_ i?olatcs IX? have exerted selective pressure 
on the morphoi.ogicaJ characterlstice, One of the best documented 
factors in the environment is cli,zlate; given this single factor, 
it has been possible to app?iy an experimental approach and thus 
investigate the relative t.oleranc~;- of two racial groups to a given 
environment& st.2r-5~3~ 

lin the present studies the exF*rlmentai approach has been 
appJi.ctf to investignt.e the pr~ssibie r&e of clirn&e lin explaining 
the differences 
the St? 

in PDcri.c;ia NE;~EX~ ;snd Whites, The msults of 
expriment:; f'it chc spatial dxstribukion of present day 

pop"lati0tls, since: tl-ltz Ne&px?s 0 ,f' the wrld do not predominate 
in dewrt <ireas but; 2~: four? ;n &t--act ar*t?as. Distinctiv-e groups 
such BS Nilotics, L%shrr,en, :u?d Australiarr aborigines are the otiy 
Ncgr&Like men Coun3 in the desert, Those groups have been variously 
described as race tixtures, hybrids, and even separate races0 
trny of those descriptions is a possibility, the experimental 

While 

~vidmce indicates that the morphologically typical Negro would be 



selected against by the climatic conditions, and the alternative 
possibility, therefore, remains that these groups came from the 
same ancestral genetic ~001 as the hot-wet area Negro, but were 
modified by climatic se&Stion, 

Once quantitative relationships have been established 
beteen environmental elements, (e.g*,air temperature, solar 
radiation} and racial dharacteristics, it should be possible to 
apply these relationships to data on previous climates. In this 
way critic& attention cornld be focused on those areas sndtimes 
at which climate was exerting strong adaptive pressure, This 
would pennit us to construct a-racial classification with time 
depth as well as inferred genetic unity. 
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APPENDIX: SUPPLEMENTARY TABLES 

TABLE VIII. WEATHER CONDITIONS, FORT LEE, VIRGmIA 
(1200 t#Q 15a, HouPs) 

Date 
Temperature 

("F) 

August 4 85 

5 86 

6 81 

9 88 

10 87 

11 85 

12 80 

13 82 

*fmn &5@Ssuth; gram 

TABLEIXo A COMPARISON OF THE STRAIN LEVEL OF NORTW 

Measurement 

Relative 
Humidity 

(29 

57 

60 

39 

51 

46 

34 

27 

38 

2 
cd/cm/k, 

Windspeed Radiation 
- (Langley units)* 

108 42.4 

003 332 

1.5 60,1 

705 66,0 

108 42.9 

408 5704 

300 5L9 

3*0 ‘7&6 

AND SUUTHEXN WHITES 

Mean 
NortherSouthsm 

PT"G-walk ----3x--99.6- 
Rectal Temp,("F) 

Post-w& 

Pulse rate (beats per min.) 

Sweat rate (gm,per hr,) 

Stature (cm,) 

Fat-free weight (kg.) 

Percent body fat 

loo*3 100*6 

124e7 124,8 

904 978 

173 05 176 03 

66~3 68.8 

6,7 505 

18 

Differ- 
ence 
0 

003 

201 

74 

208 

2*0 

102 

signi- 
ficance -- 
none 

none 

nc3ne 

none 

none 

none 

none 



TABLEX. A COMPARIaN OF BODY COMPOSITION MEASUEUGENTS 
ON 8 EACH MATCHED AMERICA.8 NECRoES AND WlTES 

(H&=-dry climate, Puma, Arima) 

Mmkn 
whiti=-Ne~m 

Dfffer- 
l4wmuxment 

Signi- 
ence ficancs 

Percent fat ti the body 7& &O 104 rmne 

Fat-free weight (kg,) 7aJl 7102 12 nene 

stature (cm,) wb5 17500 05 neme 



U8m. 
@srtorw8tbr #bmbarcb rnd Xnglabbrlng Center, Nrtlck, 

Faul T. 
AKKKICAN NKGGlbD-WEIR DIR-C18 11 HUT TDLEIYARCE, by 

Baker. Jus* 1958. 
KP-75) 

23 p,, illus. (Tecbnlcal Report 

The physlologlc~l renponaem of Aserlcan llblte and Regro 
motdlerm vere studied under hot-vat 8nd hot-dry conditions. 

The rom#ltl of this writ of erperlrents indicated: 

1) Under hot-wet condltioas with both Regroea and lhitse 
M;;dWnd walking, tbs Esgroes bad a higher physlologicsI 

2) Under hot4x-y conditions with both groups 
lothed, ialklng, 
; 

or nlttlng tbey had about equal tolerance. 
U~der-bof-dry condition6 with both #roups nude and exposed 

* mun-tanned Whit.0 bad the higher tolerance. 

l’hbw results further suggeatbd tb8t the differences found 
W%I not a function of trnnslrnt environwntal effects and are 
lost17 gbnbtic in origin. 

asso. 
@MrtbmfStar Research and Bnglneerlng Center, Watlck, 

?aul T. 
AXKRXCAN NEGRO-REITB DIFFEREKES IN HEAT TGLRRANCE, by 

Bsker. 
W-75) 

Juuo 1958. 29 pr, illus. (Technical Report 

The phyaioIogica1 rseponses of American White and Negro 
woldlers vere studied under hot-wet.aBd hot-dry conditions. 

Under hot-vet conditions 49 pairs of men matched for body 
tat, weight, and stature wre walked around a course at 3-l/2 
mph for onb hour. UBdbr hot-dry condltlona 8 pairs of men also 
matched for body fat, wsigbt, and atntUr8 were studied under 8 

Idifferent conditions which inaluded comblnatioos of clothing, 
SUP, shade, walking and sitting. 

Tbb result8 of this Series of experlmeots indicated: 

1) Ilndor hot-wet condltlone with hotb Negroes and ghltes 
clothed and wslkiag, 
tolerance. 

the Regroes bad a higher physiological 
2) Under hot-dry conditions with both groups 

clothed, walking, 
3) 

or slttin# they had about equal tolerance. 
Under hot-dry conditions with both groups nude and exposed 

to the sun, sun-tmned Wbitem had the higher tolerance. 

These results further suggested that the plfferencea found 
*a-b not a ruOOti00 of transient environrental. effects and are 
Poatly genstio in origin. 

1. l&at tolsranca - lbcial 
tactorm 

a. Baa t - Pbysiologic81 
sttact 

3. Body tespereturc - 
Cliutic trctor~ 

I. Baker, Paul T. 
II. Title 

III. Sertes 

1. 

2. 

3. 

I. 

2 

Heat tolerance - Raclnl 
factors 

Bert - Phyelologicnl 
effect 

Body temperature - 
Cllustlc factoru 

Baker, Paul T. 
Title 
Series 

AD- Accession No. 

Mass. 
Quartermaster Research and Engineering Center, Natlck, 

AKKRICAN NEGRG-EEXTE DIFPERWCHS IN REAT PXEXANCP, by 
Paul T. Baker. June 1958. 
HP-75) 

23 .p., lllus. (Technical Report 

The 
soldier6 

physiological reepcnses of 
were studied under hot-ret 

American White and Negro 
and hot-dry conditions. 

Under hot-vet conditions 40 pairs of men matched for body 
rat, reight, 
mph 

and stature were walked around a course at 3-l/2 
for one hour. Under hot-dry conditions 8 pairs of men alec 

matched for body fat, weight, 
different 

and stature were studied under 8 

sun, 
conditions vblcb Included coublnntlons of clothing, 

sbnde, ralkiog and sitting. 

The results of this eerie8 of experiments indicated: 

1) Under hot-wet conditions with both Negroes and Whites 
clothed and walking, 
tolerance. 2) 

the Negroes bad a higher physioLogica 
Under hot-dry conditions rlth botb groups 

clothed, ralking, 
3) 

or sitting they had about equal tolerance. 
Under hot-dry conditions with both groups nude and exposed 

to the sun, sun-tanned Fhltea had the higher tolerance. 

These results further suggested that the differences found 
were not a function of transient environmental effects and are 
mostly genetic in origin. 

.- 
AD- Accession No. 

YnSS. 
Quartermaster Research and Engineering Center, Natick 

AMERICAN NEGRO-WHITE DXFFERJLNCES IN BEAT TOLElUNCS,‘by 
Paul T. Baker. June 1958. 
EP-75) 

23 -p<, illus. (Technical Report 

The physiological responses of 
soldiers were studied under bot-wet 

American gbite and Negro 
and hot-dry conditions. 

Under hot-wet conditions 40 pairs of men matched for body 
fat, weight, and stature were walked around a course at 3-l/2 
nph for one bow. Under hot-dry conditions 8 pairs of Ben also 
natched for body fat, weight, and stature were studied under 8 
dlffe;;;;econditions which included combinations of clothing, 
sun, , walking and sitting. 

The results of this series of experiments indicated: 

1) Under hot-wet conditions with both Negroes and Khites 
clothed and walking, the Negroes had a higher phgslologlcnl 
tolerance. 2) Under hot-dry conditions with both groups 
clothed, ralklng, 
3) 

or elttlng they had about equal tolerance. 
Under hot-dry conditions rlth both groups nude and exposed 

to the sun, sun-tanned Whites had the bigher tolerance, 

These results further suggested that the differences found 
were not a function of transient environmental effects and are 
mostly genetic in origin. 

UxcLAssIFIh!D 

1. Beat tolerance - Racial 
factors 

2. Hen t - Physiological 
effect 

3. Body temperature - 
Climatic factors 

I. Baker, Paul T. 
II. Title 

x11. Series 

URCLASSIFIED 

1. Beat tolerance - Racial 
factors 

a. Heat - Physiological 
effect 

3. Body temperature - 
Climatic factors 

f. Baker, Paul T. 

1::: 
Title 
Series 



&artermamter Research and Engineering Center, Natlck, 
Law. ANXRXCAN NEGEW-WEX’I’X DIWERgNCES IN HEAT MLEIUUICE, by 
Paul T. Baker, June 1958. 23 (Do, illua. (Technical Report 
CP-75) 

The physiological responses of American Ubite and Negro 
soldiers nmb studied under hot-wet.and hot-dry conditions. 

Under hot-wet conditions 40 pairs of men matched for body 
fat, weight, and stature were walked around a course rt 3-l/a 
mph for oae hour. Under hot-dry conditions 8 pairs of men ~180 
matched for body fat, night, and stature were studied under 8 
different conditions, which included combinations of clothing, 
sun, shade, walking and 8itting. 

The results of thi8 series of experiment8 indicated: 

1) Under hot-wet conditions ritb both Negroes and Khitsa 
clothed and walking, the Negroes bad a higher physiological 
tolerante. 2) Under hot-dry conditions with both groups 
clothed, walking, or isitting they had about equal tolerance. 
3) Under hot-dry oonditions rltb botb groups nude and exposed 
to the .un, sun-tanned Whites bad the higher tolerance. 

These results further suggeeted that tbe‘differencem found 
wm8 not a fwction of tranrisnt environmental effect6 and are 
romtly genotfc in origin. 

Accession No. 

Quartermaster Research and gngineerlng Center, Natict, 
AMRRICAN NRGR0-WRITE DIFF’ERENCBS IN RMT TOLRRARCE, by 

ul T. Raker. June 1958. 23 pi, illus. (Technical Report 

The physiological responses of Amerlcnn White and We-o 
ldiers mere studied under hot-ret and hat-dry conditions. 

Under hot-wet conditions 40 pairs of men matched for body 
fat, Weight, and stature were walked around a course at 3-l/2 
mph for one hour. Under hot-dry conditions 8 pairs of men alao 
matched for body fat, weight, and stature were studind under 8 
different aonditfone 4hiob included coabimtione of clotblng, 
sun, shade, walking and mltting. 

I! ?%a romults of tbirr sorise of experiments indicated: 

1) Under hot-rat condition6 with both Negroes and Wbitsa 
the Nsgro4se had a bigher phyriologlcal 

2) Under hot-dry condition8 with both proup 
Clothed, nlk%ng, or sitting they hrd about equal toleranca. 
3) Under hot-dry @xaditione rftb botb groups nude and expoeed 
to the sun, sun-tanned Whiten bad the bighsr tolerance. 

Tl~se results further suggested that the diffsrsnces fount 
ware not s function of traostsnt environmental effecta mid 414 

momtly gewtic ill origin. 

uNcLdsaYIm Accession No. 

1. Beat tolerance - Racial 
footore 

2. Ee4t - Phyalologlcal 
sffcrct 

3. Body temperature - 
Climatic factors 

I. Baker, Paul T. 

:::: 
Title 
Series 

Quartermaster Research and Engineering Center, Natlck, 
Nsss. AMERICAN NEGRO-WRITE DIFFERENCES IN BEAT TOLERANCE, by 
Paul T. Baker. June 1958. 23 96, illue. (Technical Report 
EP-75) 

The physiological responses of American White and Negro 
soldiers were studied under hot-aet.and hot-dry conditions. 

Under hot-wet conditions 40 pairs of men matched for body 
fat, weight, and stature were walked around a course at S-l/Z 
mph for one hour. Under hot-dry conditions 8 pairs of men aho 
matched for body fat, weight, and stature were studied under 8 
different conditions which included comblnatlone of clothing, 
SUP, shade, walking and sitting. 

II The results of this series of experiments indicnted: 

1) Under hot-ret conditions with both Negroes and Khites 
lclothed and walking, the Negroes had a higher physlologicnl 
tolerance. 2) Under hot-dry conditions with both groups 
clothed, walking, or sitting they had about equal tolerance. 
31 Under hot-dry conditions with both groupa nude and exposed 
to the sun, sun-tanned Kbites had the higher tolerance. 

These resulta further suggested that tbe differences found 
were not a function of transient environmental effects and are 
mostly genetic in origin. 

1. Heat tolerance - Racial 
factors 

2. Xsat * Phyeiolopical 
effect 

3. Body tamperature - 
Clfmatic factors 

I. Baker, Paul T. 

1::: 
Title 
&riem 

Acceeeion No. 

Nnss. 
Quartermaster Research and Engineering Center, Natlck, 

ISYgRICAN NEGRO-VXiI’fR DIFFERENCES IN HEAT MLRRANCE, by 
Paul T. Baker. June 1958. 
gp-75) 

23 .p. ) il~lua. (Technical Report 

The physiological responses of American Kblte and NQgrO 
soldier8 were studied under hot-vet.and hot-dry condltione. 

Under hot-wet condition6 40 pairs of men matched for body 
fat, veJi@t, and stature rare walked around a cow44 at 3-l/2 
mph for one hour. Under hot-dry conditions 8 palm of man also 
matched for body fat, reigbt, 4nd etature were studied under 8 
different conditions rhlch included coabinatione of clothing, 
mm, shade, ralkin$ and sitting. 

The remulta of tbie ssriss of sxpsriments Ladtcrtsd: 

1) Under hot-ret condition4 with both lsg-roe~ and Wbitee 
clothed and walking, the ll4oro46 bad a higher pbysiologfcal 
to14rsncs. 2) Under hot-dry conditiona with botb group 
clotbsd, salking, or sitting they had about equal tolaraeco. 
3) Under hot-dry condltiow wftb troth g~oupe nude xnd sxpoeed 
to tbe eun. sun-tanned Whites h*d tbe bigbar tolerance. 

Tbe4e r44ulta further suggested that the differences found 
~414 not a function of trawlerat envir-ntal effects and rlr 
mostly genetic in origF0. 
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