(63—

L

|

. ANNUAL PROGRESS REPORT

MARCH 16, 1962 - JULY 1, 1963

PAUL T, BAKER, PH.D.
THE PENNSYLVANIA STATE UNIVERSITY

-

CATALCTD

nony UG
IS U W— 4097783

ADAPTATION TO HIGH ALTITUDE COLD IN THE ANDES

CONTRACT NO. DA-U49-193-MD-2260

QUALIFIED REQUESTORS MAY OBTAIN
COPIES OF THIS REPORT FROM ASTIA

407783

Bar N



et et

ABSTRACT

AD NO, ACCESSION NO,

1. Preparing Institution: The Pennsylvania State University

2. Title of Report: Adaptation to High Altitude Cold in
the Andes,

3. Principal Investigator: Paul T. Baker, Ph.D.

y, Number of pages, illustrations, and date: 56 pages, T illustrations
July 1, 1963

5. Contract Number: DA-U49-193-MD=2260

6. Supported by: U, S. Army Medical Research and Development Command
Department of the Army’
Washington, D, C,

The problem of human accommodation to a cold environment is
evaluated and a framework of the interacting biological and cultural
adjustments possible 1s developed., Data are presentcd on the cultural
and biological accommodations which permit the stable functioning of a
native community in the cold environment of the high /‘ndes,

Items of material culture which provide cold proctection are
described 1in relation to this function and data on the efficacy of
some of these items, such as fire use and house form, are presented,
Behavior patterns during working and sleeping perliods are also described
in relation to cold stress protection, Similar data on another commu-
nity is presented to demonstrate the baslec highland uniformity in
cultural accommodations.

Total body cooling and "Lewis Wave" studies were made on U, S,
Whites, University of Cuzco Whites, and Indian students and on native
villagers 1in order to assecs possible biological adaptation to cold.
The results suggest that the natives have an acclimatizational change
in metabolism which raises heat production during cold exposure and a
genetically based increase in extremity blood flow when exposed to
extreme finger cooling. The relationship between the cultural and
blologlical accommodations to cold and their possible interaction with
accommodation to altitude stress 18 briefly discussed,

Note: Coples of this recport are filed with Armcd Services
Technical Information Agency, Arlington Hall Station,
Arlington 12, Va., and may be obtained from that agency
by qualified investigators working under Government
contract, .



Human Accormodation to Environmental Stress

Man has avallable a variety of accommodative mechanisms when
exposed to a stressful climatic environment. These mechanisms
permit a greater range of adjustment than can be made by most
animal species because they includc cultural parameters, Indeed,
man's methods of adjusting to climatic environment may be
categorized under two broad rubries, = cultural adjustments and
blological adjustments., A further subdivision of these categories
leads to two major cultural divisions. (1) Man may adjust by a
modification of his material culture in such a way that the material
culture provldes m wi protection against the climatic environment.,
Housing and clothing, for example, can provide protection against
cold, raediation, and even some forms of heat. (2) Man may adjust by
behavioral modification While behavioral adjustment is not simply
cuIEurain conaitionea, it may be convenlently catepgorized as a
cultural accommodation,

Within the blological adjustments to environment which man
has availlable there are also two general categories. (1) Individual
adjustment may be by acclimatization which 1s the potential to accom=-
modate in the bilological system that 1s species wide and that may be
considered part of human genetic plasticity. The acclimatization may
be a rapld one recuiring only a matter of weeks or it may be one that
occurs during the growth process and may be thus termed developmental,
(2) Man may adjust by genetic adaptation, the general evolutionary
mechanism of adaptation to environmental stress available to all
animal speciles.

The length and severity of the environmental stress which man
experiences will help to determine both the success and the nature
of the accommodating mechanisms that are utilized, Accommodation
responses are ellicited by environmental stress even when permanent
adjustment 1s impossible because of the extreme stress level, For
example, men make acclimatization responses, which are partically
successful, to environmental stresses such as altitudes above 16,000
feet., This type of accommodation 1s a temporary one which over an
extended time period ends in physical deterioration.

Similar situations may cccur with exposure to climatic stress,
It seems probable that 1f some individuals were exposed nude for a
continuous period to temperatures below 60° Fahirenheit, then without
cultural adJustiments the organism could probably not make a successful
adaptation. As the stress becomes milder and the period of time in
which accommodation or acclimatization can take place 1s extended,
the possibility of more permanent adjustment occurs,

With prolonged stress, the culture of a group will also
display accommodational aspects., Some of these cultural adjustments
must be considered transient ones since they are self terminating.
For example, modern U,S, and Eurcopean cultures have a transilent
accommodation to the climatic stress, because at present they are
dependent on fossil fuel resources for accommodation %to the cold
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environrent. These fuel resources are not permanent ones and indeed
they are gradually belng depleted. Since this is not a stable
ecological conditionh this adjustment can not be considered a permanent
or semi-permanent adjustment in ecological terms, New fuel sources
must be found or new methods of accommodation must be developed. It
would appear that only more primitive socileties withcut a histcry

of recent population growth may be considered as showing stable
adjustments to climatlec stress. Cultures, such as the Eskimc, have
made an adjustment which may be considered more permanent. In terms
of ecological theory, their soclety and the human blclogrical organisms
that maintain it have made an adjustment which as far as we can

see will nct bte inevitably terminal. The adjustment between man

and environment 1s stable and will not deplete the resources that

the group uses to make the adjustmeni nor will it be necessary for
further modification in the human organisms to occur, It,therefore,
appears that if we wish to understaad how man can make a permanent
adJustment to a stressful climatic environment, we must study socletles
and the men who live in them which have reached thls stable condltion.

A research program was formulated to study such statle adjustments
in the stressful cold climate of the high altitude Andes and 1n the hot
wet envircnment of the Amazon Jjungle basin., Two communities were chosen
to reflect a stable adjustment where a historical process had not
yet changed the general socletal structure and where the hurman beings
living in the soclety represented genetically stable units which had
not had majcr admixture in recent times. The community chosen to show
altitude stress was a Peruvian community sufficiently high in the Andes
so that significant cold stress exlsted. The Jungle community chosen
was one along the head waters of the Amazon where climatic conditions
produced significant hot wet heat stress. The study cf these adjuste
ments to the environment wes conducted using general anthropological
and physlological methodology. Sociletal and cultural adlJustments
were studied with conventional ethnographic metheds while the biological
adjustments were studied through anthropometrlic and simple experimental
physiologicel techniques. The stability of the societal adjustments
to climatic environment was checked 1in both communitles by brief surveys
of comparative communities In the same ecological zonc and by the
compilation of historical documentation to show stability in the soclety.
The validity of the bilological adaptations were ascertalned by using
control vopulations of native Peruvians with different genetic and/or
cultural backgrounds, In the present report only the studies of
accommodation to cold will be reported in detail, pending the complete
analysis of the material ccllected on the community in the jungle.
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STUDIES OF CULTURAL ADJUSTMENT TO COLD

CHINCHERO
General Description

The community chosen for the c¢old study is called Chinchero,
Chincherc is both the name of theée central community and of the political
district., This district 1s one of seven distriets in Urubamba Province,
Department cof Cuzco. The central tcwn lles some 25 killcmeters northwest
of the city of Cuzco 1n the Peruvian Andes. Its exact location is shown
on the accompanying map., The district contains several small communities
which are known as agyllus and 1s about 15 kms, in diameter. The elevation
in this district vég%EE'ébout cnie thcusand meters but the majJority of the
population lives above 3600 meters (12,000 feet)., The central town 1s
3,762 meters above sea level. The population of the district in 1960 was
6,385 individuals and had a slight predcminance of women with 3,383
females to 3,002 males, Of the total population, approximately 2,000
lived in the central town while the rest maintained thelr residence in
the outlying ayllus. However, many families had a house in both the
central town and in an outlying ayllu.

The population of this district is divided into three social
classes. These are (1) Mestizos, (2) Cholos, and (3) Indigenas.

Despite the apparent racial nature of these terms, the soclial class is
not based¢ unon race as deflned genetically. The Mestlzo is the highest
sccial class of the three. Mestlizos may be identified by the fact that
they speak Spanish and generally wear VWestern clothes., Althcugh

the Western clothes worn by the men and women are generally not the

same as those worn in large citles, they are manufacturcd clothes and
include the use of shoes for both sexes, Living style 1s not greatly
different from the other two classes except for slightly larger houses
and more food. This class contains all of the shop keepcrs and politi-
cally impcrtant individuazls in the community., The class 1s very small
constituting less than one percent of the population, The next class,
the Chelos, also dress in modified Western fashlon and the men generally
speak Spanlsh well. Thelr dress consists of primarily Vestern clothing
although 1n this class the man 1s likecly to wear a ponche or native
covering over his Western clothing and instead of wearing manufactured
shoes 1s likely to wear a simple type of sandal made from old automobile
or truck tires. The women wear a mixture of Wectern ané traditional
Indigena dress. They generally do not wear shoes and may not speak
Spanish. This group alsc forms a small class in the community and while
the data 1is not available to estimate exact percentages, it would probably
be less than five percent,

The mrass cf the population 1s thus the Indigena. The Indigena
is the farmer and traditional agriculturist of the area. Both males
and females wear traditional Indian dress which was derived from early
Spanish influence, However, the men may wear some items of more recent
Western clothing, for example, the pants or shirt., The man may also,
on occasion, wear the rubber tire sandals although he is likely to go
barefooted when working in the fleld. The men 1in thls class typlcally
speak very little, if any, Spanish and the women speak only the native
language Quechua., More detail on the clothing will be provided under
the section dealing with clothing as & protection against the
environment.

. .
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Observations on the physicosl characteristics of these three
groups supgrcst that adrmixture with Europeans has-been insignificant and
bhicdr rorctic syste: 1s thus rlrest optir v notive, Thereforo,
despite the class desipnations it appears reasonable to estimate that the
;uenctie eenstitution of the people of Crinchero is from 95 tec 99 rercent
derived from Quechua Indian.

Chinchero is located in the cold altiplano or hiphlands of Peru
and fror the srrival of the Spanlish concuerors unitl the early 1900's
this country was almrost entirely rrasslands containings no ferests, It
15 believed that natural forests existed at one time in the rast but
that this forest had been completelv destroyed by the tire of Spanish
“arrival in the arez. CDerinning In 1900 there was the introduction of the
eucalyptus trees and there are now small stands of eucalyptus Adistributed
in the territory. liowever, the number of trees involved 1s still quite
small, The country is, therefore, vrrimarily a natural rrasslend vhich
becores green during the surrer mcnths (approximately from Decerber
throurh Arril) and 1s, for the rest of the year, dry and brewn toth
from the cold and the lack of molsture,

Clirate

The Chinchero area lies within the troplcal zone arnd has very
little seascnal varistion in climate . Chanres 2re nrirarily attributable
to the alternation fror rainy to dry season. The ralny season 1is
considered to extend frorm January throurh "arch, However snoradic rains
can cccur at any tire cduring the vear and significant amounts of rainfall
occur fror November through the first of "ay., Durineg the rainy season,
cloud cover reduces the hirh degree of diurnal variation, Daytire
temperatures are warmer but the sensestion of warmth during the cdry season
is sirilar because of tre hlgh solar radlation curing this season,
Detailed weather data for this area is lackines. It was possible to
ottain ar 11 ronth record cf weather in Chinchero from a weather station
maintained by CRY), CRYF in Crinchero 1s an agricultural station
raintained by the central government., This weather data, presented 1n
Table 1, indicates a cold climate In which terperatures near or at
freezing occur practically every nipght during the year., Temperatures
slirhtly below freezine occurred 8 months out cof the 12 rmonth periced.
Althcurh June weathber data is lacking these statements are warranted,
since Jure 1s consistently the coldest month in this nart of South
fmerlca. The lcw nightly temperature makes apgriculture marcinal and
requlires that the crcps rrown be cold resistant, Actually & four
month pericd from December through March occurred during whlceh no
termperature fell below freezing althoupgh temperatures fell to freezing.,
This weather date was collected at the lover limit of the major town of
Chincherc, It !s probable, therefore, that terperatures talen clsewvhere
may be sligphtly lower or sliphtly higher durinr minimums. However,
raxirum temneratures are not likely to have been affected tc 2 substcntilal
degree,

A birh degree of diurnal variation 1s apparent fror the weather

data, with daytime temperatures throughcut the year rising on the
averare to the upper 50's to lower 60's, The absolute maxirur recorded

b=



TABLE I

TEMPERATURES AT CHINCHERO

11 MONTH RECCRD

4M5nth '-‘Yeér M%%%EQ%%h. T AM 32 Noén 6 _PM M%%%gl%%%. Ozogagzlow
July 61 | 20.5 60.6  47.5 68,0 23.0 87 %
Augzust €1 .l 31,8 57.0 he.6 66,2 19.4 50.0
Sept . 61 . 40,5 60.4 47.5 66,2 28.4 3.3
October 61 61.0 30.4 b3, 2 62.8 48,6 €6.,2 28.4 bo,o
November 61 60.4 33.3 45,7 57.9 h7.1 €44 28,4 2€.3
Cecember 61 67.3 33.8 45,7 €0.8 7.5  73.4 32.0 20.0
January 62 67.5 33.8 46,2 61.7 47.8 77.0 32,0 33.3
Februcry 62 67.5 33.4 45,0 61.5 47.3  75.2 32.0C 36.7
Merch 62 63.1 35.2 45,9 59.4  46.6 69.8 32.0 3.3
April 62 63.1 33.6 k4,2 60.1 48,6 68.0 26.6 33.3
May 62 €L,2 35,2 k5,1 60.3 48,7 6.0 21,2 80.0
AVERAGE 64.2 34,0 b2.6 60.3 b7.7 69.3 27.5 38.5

®# Bosed on 7 AM, 12 Noon, and 6 PM record



during the 11 month data period was 25°C, or 77° F. However, this
ternperature was most unusual and during most of the year, the
temperature failed to rise above 20° C, or 68° F, Of course, these
maximur temperstures cannot be interpreted in the same way that they
would in other environments since the tropical and high altitude
location rmake sclar radiation hipghly significant to both aniral and
plant 1ife, Unfortunately, no data on solar radiation or percent of
clcud cover are availabl?: for this orea,

As can be seen fror the weather summary this ares would not be
habitable by man without cultural protection and mav be therefore
considered a significant cold stress area for human habitation.

Culture l'istory

Chinchero was chosen for study, 1n part, because of its known
historie continuity of occupation, Eased upon archaeological evidence
and historic documentation, it 1s clear that Chinchero formed an
irmportant cereronial center in the days of the Inca some 500 vears ago.
It 1s belleved that an irportant palace of the Inca stood on the site
of the present church, and this has sometires been referred to as the
surger palace of the Inca since chroniclers report trhat he often visited
this area during the surrer nionths of the year and spent sipnificant
time in reslidence, It also appeared to be somewhat of a model
cormunity under the Inca system since extensive terracinr, which were
presumed to forr cxperimental or dermonstration gardering areas, are
found at the edpe of the villare. DBased on the ruins which ray be seen
superficially, i1t appears that the ponulatlion density 500 years apo was
approximately the same as it is today. ANMctually, the central town
contains the sare baslc streets of the Inca era, The majority of the
houses are bullt uron stone foundations considered to be of Inca origin
or earlier., The main plaza remains the sarme, contalning the cereronial
wall that was In front of the Inca's palace. The major chanre in
architecture probably lies in the rrecater use of adobe rather thon stone
construction for individual houses., Tile roofs bhave also becore
moderatcly corron in the community as can be seen from Fipure 3, The
straw roof 1ls traditional and was used on most of the houses in Inca .
times., lowever, there secrs little reason to bellieve that basic hcouse
construction has changed significantly and temperature conditions 1in.
the houses have protably becn consistant over the past 500 years,

Chinchero is an agricultural economy ¥lth herding &s a subsidiary
activity, It is basically similar to earlier forms, althourh the crops
and animals have been influenced by importations from Eurore. Traditiona.
agricultural crops were potatoes and guinoa (a type of grain), The
potatoes remein a staple in the diet but gquinoz has been fenerally
abandoned in thls area and at present wheat and rye are more common,
Llamas and alpacas which were the basic domesticated animals in previous
times have renerally disappeared from this district and at present
considerable numbers cf sheep and sorme cattle are now being raised,
Methods of cultivation are probably more traditional than the crops. .
At present cultivation 1s accomplished primarily with a foot plow and hoe
The foot plow 1s a deslgn of great antiquity, however, in the present day
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form has an iron point while the e#rlier forms used wood. Only in the
one haclienda in the district is any extensive use of the European oxen
and wooden plow found, and no mechanized methods of agriculture are practic
Export and import within the community remains at an extremely low level,
Two small stores in the community sell a limited variety of food stuffs
and there are ne permanent stores selling meterinl items such os
clothing. The majority of the surplus grcwn is bartered or scld in the
Cuzco market. The reople from this srea o t¥ truck into Cuzco once or
twice a week to trade, The truck comes from the Cuzeco area, since

there are no permanently mnintained vchicles in the district. 1In
addition there 1s a small Sunday market in the plaza of the central

town. Except for the import of a few iters of food and drink (primarily
suger cane whiskey) the consumables are locally vroduced, Yestern style
clothing is also purchased but again the majority of clothing is loecelly
produced including the weaving of cloth,

For rurposes of this study 1t would appear that verv few chanres
have occurred in the past 500 years which might affect adjustment to
the elirate. Among the possibilities which must be noted are the chonpes
in the diet. 1In particular caloric intake may bc lower at present than
in the past. Another significant chanpe may be the 1nsulation rrovided
by the clothing. Despite the fact that the majority wear traditional
clothing, this clothing does not date back to Inca times but 1s renerally
derived fror early Sponi:h costumes rixed with the native Indian costume.
The introduction of shoes and sand~ 1s 1s qulte a recent rhenorenon and
at all earlier times 1t is probable that the people were without any
foot coverinpg, Uhether earlier clothing was heavier or lirhter 1is
somevhat difficult to judge but the fact that only llama and alpaca
wool was locally available for clothingy suprests that the clothinr mray
have been slightly heavier than 1s used by sorme of the men today who
are wearing cotton clothinrg.

Modern Iliaterial Culture in Relation to Cold Protection

During the months from 'ay to September 1962, a nurber of houses
in the Chinchero district were visited. These house visits involved
noting of architectural features, household furnishines (with porticular
reference to heating facilities and bedding), typical clothing as well
as interviews with persons of the houschold. In rddition, sleepinr
patterns of families were noted on a number of nirhts and temperatures
inside of dwellings were recorded on nine nights 1in eirht different
nouseholds. By observational methods, detalled descriptions of clothing
were also made in order to deterrine their protective value, Dota
collected by these methods wlll be discussed under the categrories of
erchitectural construction of the house, actual depree of cold nrotection
offered by the housing form and the protection offered by tre clothing
and bedding, '

Architectural Features Houses 1in the district are penerally
constructed of adobe blocks with roofs of tile, or more corronly, of
straw, The adobe blocks are made by mixiny fine prained earth with water
and straw. A mold 1s used to preserve n uniform size block. The blocks
are about 50 to 55 cms, lonF, 25 to 30cms. wide and 15 to 2C ers. thick.,

10~



Occasionally a double wall of adote blocks mav be found in house
construction but the rajority of houses use only a sinple wall.

The dirensions of the houses vary widely with famrmily size, econonie
means and house functions. There is usunlly a bhousehold complex which
includes 1n addition to the living ouarters a small garden and perhaps

» smell field, ~» corral for livestcel and, 2 srmall shed for virs, 'The
primary buildine is the kitchen-bedroom combination which 1s used as a
living, eating, cookiny and sleepins center, There is also frecuently @
bulléing called a dispensa. Thls is a2 bulldinpg of much the sare
dimensions as the kitchen=-bedroom and 1s used to store poods fror harvest
and other items of daily use. The complex of buildings ray be further
augmented by buildings for storing fire wood or by the bulldings of
relatives who often reside in the same complex., ' In most cases, the
dispensa is slightly larrer than the kitchen~bedroom, In nearly all
cases, the bulldinps have a sinple story. Notable exceptlions are some
of the bulldings in the tovn proper., The larrer dispensa rmay also te
used 2s a bedroom when the families are larpe, Generally however, the
living quarters coincide with the cooking quarters and rmay cor ™ay not

be aupmented by other bulldings for food storage.

The size of a typical kitchen=bedroor corbilnation averares 20 x
10 feet at the basc with a helpht of 6 to 7 feet at the eaves. The neak
of" the roof 1s 9 to 10 feet above thils level., In all cases thre floor
plan 1s rectanpular with a singlec deocor located on the longr side, The
doors of the houses are quite srall being about 20 inches wide and 36
Inches hirh. The sill of the doorway 1s about one foot above rround
level, The doors are prenerally of wood, elther rourhcut or of sticks,
In some cases, the docrs consist only of sore skins over a crude
vooden frame, Doors are not tipght and considerable cold 2i1r enters the
house in this manncr. As the doors are locrted cff-center on the long
wall of the buliding, only one side of the house 1s most subjcet to .a
draft of cold air ccming throurh this entrance, In nearly all cases,
the kiteben 1s situated on the = de with the door whille tre slceping
quarter 1s located in the opposite half.

Generally the houses are without windows, althouph there are
two types of wall openings, The first, air holes, are located in
the side walls of the building near the peak of the roof and are always
ebove the level of the sicde walls, There 1s also at least ore and
soretires rore on each side of the wall, Second, viewinp slits are
located in the walls at about eye~level. In rany cases they vere
rresent on only one or two vwalls, but they are soretimes found in all
four walls. The openinps are used to keep a watch on cattle,
and other belonginess which are kept outside. The openings vory in size
and shape but are penerally rectanprular, about 9 inches hirh and € inches
wide, Sraller openings are not closed at night but larrer ovenings
vere elcred, 1f only wilth peper, in order to prevent the entrence of
cold air. 4

In some cases the walls of the bulldine are not constructed
entirely of adcte blocks but have a stone foundation upon which adobe
is lald. The foundations in the town may be the remnants of old Inca
house ruins. In one of the outlyinpg allyus, Umasbamba, where rocks
are plentiful, construction of house walls may be entirely of stone.

lle
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Roofs are frenerally of strow thateh which is laid over a
frame of wood, often wi1ld super cane or eucalyptus wood, Long beams
in the roocf frare extend the full lenpgth of the house end are tied
dovwn to the side walls by means of pess which are inserted in the
adebe In the external aspect of these walls., Vertical cross-beams are
also used and they are secured by tying to the long horizontrl bheams,
The thickness of the strav roof 1s about 10 inches., The inside of
the roof is rapldly covered with soot and tars from the cooking fire
whleh serves as a cohesive arent as well ss clesing off o2ir space,
When the house 1s complete large air spaces c¢xist between the adobe
tlocks of the side walls and the roof. These spaces may be partially
filled by pieces of adobe, bunches of straw, or adobe may be trimmed in
order to malke a tipht weather proof fit with the roof,

No facilities are directly used by the Indigenas for the beating
of thelr houses, All fires are lirited to the cooking of foods on the
stove cr foron which 1s loccted In the corner of the kitchen-dormitory
bullding., The fopon comnlex 1s ahout three fect long, two fect wide
and two feet hirh., It consists of a rectanpular clay base about eipht
inctes to one foot 1in heipht, above which a2 hollow clay stove 1s formed
wilth openings on top shared to hold Jars and cookinr bowls. In the
vertical front side of the ranpee there 1s #n opening throurbh which fuel
may be fed. The openings 1in the top of the range and that of the side
ere irrcprularly formed and are approxirately nine inches in diameter.
The fopon corplex ray include a stcrape bin at one side for keepinr
fuel and rerheps a level surface nearby on vhich food can be placed
prior to and after prepraration. Fuel varies and includes dried
eucalyptus leaves, dung cof cattle and sheep, ~nd ecucalyptus or motoy
oranches, The fire of thc foron 1s used only for cooking and not
directly for heatinpg the ouarters. Coolins is dene irrediately upon
awakening in the morning and may involve two or three hours of preparse.
tion, as morninr and midday meals are often prepared at the same time,.
l'orning cooking takes place between the hours of five and cipbt A1
Fire 1s alsec used for prevaring the eveniner meal and may be kindled
for one to three hours between four and seven P, ', Durinr the harvest
seasor.,, the mldday real may consist solely of a potato roast prepared
pnd eaten in the fields, The rorningr cooking is thus reduced¢ during
this season, The period of hervest also conforms to the coldest period
of the year,

-

House Terperatures Temperatures during the nirht vere collected
in several houses in the rain village of Chinchero. Data on these
temperatures 1s shown in Table 2, Js can be seen, the construction of
the house and the manner in which it is used provides a sirnificant
protectior fror the cutdoor cold., A major part of this protection
Is offered in the early evening hours. A detalled examination of
temperatures by the hour was rade in three of the houses. - This analysis
revealed that the warm temperatures noted at £:00 P,¥, were maintained
with a very slirht dror for approximately two to three additional hours
and then a rather sharp dron in temperature occured near the riddle of
the night. /As can be scen from Table 2, the drop in temperoture fror
midnirht throurh 5:00 A.l'. was very pradual, It thus appears that the
kcuse construction and usc provides a considerablc protection from the
cutside environrent during the early evening and early night hours
while it continues to provide protection against the minirurs reached
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TABLE 2

Temperature Modification obtained by
House Coastruction

Hecuse igsigecie?g$:iture gug;i§e6Ti;perature
Absol, Absolute Minimum

A 8 PM 12 5 AM Min.

Night 1 52.0 51.1 48.0 46,0 30,2

Night 2 53.1 48,0 45,9 45,0 28.4

B - - - by,1 28.4

c 64.0 - 45,9 44,1 28.4

D 55.9 48.5 44,1 44,1 35.6

E 54.0 49,0 43,0 43.0 35.6

F 50.0 49.1 44,6 44,6 39.2

g 53.6 50.4 50.0 50.0 42.8

H 57.9 - - 45.0 26,6
Average 55.1 49.4 45,9 i5,1 32.7
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in the early morning hours, this protection 1s less effective than 1t
is during the early evening., Such a pattern of temperatures might

be anticipated from the heat holding capacity of the heavyv adobe
construction,

Protection from Nighttime Cold by Bedding and Clothinr Beds are
commonly found in the community of Chincherc and are nearly uniforr in
construction, consisting of a platform of eucalyptus tranches surported
at four corners by adobe blocks over which 1s placed a layer of reeds
and strawv, The beds are square or slirhtly rectanrular and are large
enough to accommodate at least tvo persons., They vary in helght from
4o to 60 ems. above floor level. The layer of straw placed on the
supporting poles 1s asbout two to four inches thick, Over this foundation
a2 number of sheep hides are placed, The Indigenas renerally sleep
directly on these hides although a blanket may be used to cover the
hides before lying down. The over beddiny consists of whatever covers
are avallable. The number of homemade blankets vary fror tvo to five,
In cases where a minimal number of blankets are available the women's
shawls called _llickllas or the carrying cloth, costal, are used as
supplementary coverinrs, Indeed, almost any garment available ray be
used for a cover including the rale outer garrment of poncho.

The beds are penerally located iIn a ccrner of the building on
the opposite side from the foron and doorway. Some individuals sleep
on the floor but in rost cases this method of sleeping is used only
with very lerre families or in the case of puests who are living in
the house, In this situation, sheep hides are put on the floor and
sleepers cover themselves with the sare blankets, costals, 2nd 1llickllas.
The raised nlatform for sleepin~ is apparently not a recent rractice
althourh the exact construction of the sleepins platform ray be a modern
innovation. Inea house construction shows evidence that a2 raised dirt
or clay platform at one side of the house was used as a sleepins
platform, Such platforms are still cormmonly encountered in the colder
regions to the scuth of Chinchero in the department of Puno. 1In one
of the ayllus, Umasbamba, and in somec other outlyins areas, the plan of
sleepinr on the floor is apparentlv more corron than it 1s in the town -
of Chinchero, In these cascs 2 quantity of straw is comronly kept in
the house and at nirht 3t 1s spread about in a2 layer before the shecep
bides are placed on top for sleering,

In most cases 1t was observed and reported that sorc sort of
clothing is vorn 1n bed. It was reported that some people sleep nude
but this aprears to be a larrely archale practice and at present has
disappeared, In Umasbamba and the other outlying cowmmunitics the
practice of sleeping nude is said to be more common than in the
Chinchero community itself. Children, however, in &ll places corronly
sleep without clothinp at least until 10 to 15 years of are, Post-
pubertal females commonly wear an inner skirt from the rerular davtine
Farb, Generally the older females dress themselves in the innerrost
white skirt which 1s ordinarily worn under some of the outer skirts and
they may in addition retain their inner skirt, The older males alrost
always wear their inner shirt and ore of the pairs of pents that they
wvear durinpg the day.,
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INDIGENA CLOTHING

Figure 5



Daytime Clothing Both men and women wear clotiing which has
developed from old Spanish styles and which have been influenced by
contemporary trends of western culture. Thus, while men wear pants irn
all districts, far less machine produced pants are found in the outlying
regions as compared with the town of Chinchero, In these outlying
reglons the traditional cut of pants 1s st111 used; that 1s, pants are
tightly fit and reach only midway between the knee and the ankle. They
are generally home made from wool., In the town, vestiges of thls style
are obvious in that the machlne made long pants are worn rolled half-
way up to the knee. Men have apparently been more subject to charges in
traditional clothing and toc acculturative influences in general than
have women, For this reason women's dress 1s .more nearly uniform, with
modern influence seen only 1n the outfits of the Cholo and the Mestizo
class women,

Women commonly wear skirts made from sheep wool and these skirts
are now normally imported from other parts of Peru, They reach from
the walst to the ankle level and several of them are worn at one time,
An approximate average would be four skirts at a time although the
number is variable. Women wear up to seven skirts and the hLlgh number
of skirts seem to be worn elther for a filesta or during cold weather.
A white inner skirt 1s worn under the outer layer of blue skirts.
Above the walst, Indigena women wear a shirt made of cotton with long
sleeves. Over this, on occaslon, 1s worn a sleeveless white
Jacket sweater and on top of this heavy wool jacket. The jacket has
long sleeves and 1s red in color decorated in traditional regional
style. Over the top of the Jacket a llicklla 1s worn. This 1s
frequently used for carrying obJects on the back. It may bc replaced
by the larger shawl, or costal for carrying larger objects. This
shawl 1s also occaslonally used to cover head, ears, and necck during
very cold weather, The women also wear hats which are small circular
ones woven of straw and covered with cloth. They wear a thin woven
belt around the walst and on very rare occasions may wear the sandal
made of tires which has been previously described,

The male as previously noted wears a palr of commerically made
rants. These zare of cotton and are similar to the khakls worn in the
United States., However, occasionally, the traditional homespun material
ls made into men's pants, In such cases, the material is wcol and they
are considerably heavier, The pants are often ripped or tcrn in many
places and most men wear two palr of pants at the same time to insure
adequate covering and protectlon from the cold. At the tottom of the
pants, the male wears a rubber circlet which is used to secure the end
of the pants., These keep commerclal pants midway up the calf and are
reportedly used to prevent wear and tear on the bottom of tiie trouser leg
On top the male wears a cotton shirt which is generally of commercial
manufacture and over this a wool shirt, On top of the wool shirt, he
wears a wool sweater and finally, as a top item a poncho 1s worn over
the shoulders. There is great varlation in size, shape, deccration
end welght, It is worn during the day when temperatures arc low. On
the average the poncho 1s about 150 x 130 cms. and weighs approximately
two kilos.
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Almost all men wear a purchased hat similar to those wern in
the United States, Under this hat, or perhaps in the place of 1t, he
wlll often wear a woolen cap which has ear flaps that tie under the chin.
Finally the male attire more commonly 1includes & rubbter tire ssndal.
These may, also on occasion, be worn by young boys. The wearing of
this sandal seems to have status connotations and this mzy be cne cf the
explanaticns for 1ts common usec by males while it 1s not used by females.

Behavior Patterns in Relation to Cold Sfress

Pattern During Waking Hours. The Chincherc native, as meost agriculturist:
awakens at an early hour. The hour of awakening may be anywhere from
3:30 to 7:00 A,M, The most often reported hours for awakening are
between 4 and 6 A.M, Observation in the house during the night indicated
that the individuals normally remained in bed an additional half hour
before arising. The woman generally arose first and lmmediately prepared
a fire in the fogon for cooking breakfast. Once the fire was started and
breakfast begun, the male and children of the household arose. Immedilatel
upon arising the person dressed fully and cleared away the sleeping
covers, It 1s probably during thls early morning period that the
greatest cold stress was observed. Shivering was common ané the family
was sufficiently inactive so that total body chilling was common, After
the completicn of breakfast both men and women gencrally proceeded to

the day's agricultural tasks, The flelds are mostly located at a distanc
from the house and the combination of metabolic activity from walking and
the newrisling temperature suggests that very little ccld stress to the
total body would be experienced after this time. However, it should

be noted that the men and women are normally wlthout shoes and without
gleves, The ground 1s near freezing temperautre and, therefcre, it may
be antlcipated that both hands and feet are exposed to cold stress,
although the central core of the body probably 1s nct. Observations

were not made during the ralny season and 1t 1s possible that considerabl
cold exposure occurs durlng the rain.

During the day no significant cold stress normally exists and the
next period during which the cold stress might be significant is 1in the
evening hours. The groups appear to go to bed quite carly after nightfal
between the hours of 7:00 and 9:00 P.M., Olservations on behavior in
various households showed that it was quite common fer the household
group tc retire but nct go to sleep ilmmediately. Instead, they would
stay awake and talk for extended periods of time. This suggests that
the bed provides a signiflcant protection against cold and is used even
though the population may not be ready to go to sleep.

Sleeping Behavior, The modal behavior is fcr at least two
persons to sicep together in a single bed., The husband and wife usually
sleep together and children untll five to ten years »f age may accompany
them. Children of all ages, male and female, sleep together and thus
tnere may te three or four children in a single bed. In cases where
the husband is absent, one or more children may siecp with the mother,
It i1s well recognized in the community that it 1s warmer to sleep
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Almost all men wear 2 purchased hat similar to those wcrn 1n
the United States. Under this hat, or perhaps in the place of it, he
will often wear a woolen cap which has ear flaps that tie under the chin.
Finally the male attire more commonly includes a rubber tire ssndal.
These may, also on occaslon, be worn by young boys. The wearing of
this sandal seems to have status connotations and this may be one of the
cxplanaticns for its common use by males while 1t 1s not used by females.

Behavior Patterns in Relation to Cold Stress

Pattern During Waking Hours. The Chinchero native, as most agriculturist:
awakens at an early hour. The hour of awakening may be anywhere from
3:30 to 7:00 A.M. The most often reported hours for awakening are
between 4 and 6 A.M, Observation in the house during the night indicated
that the individuals normally remalned in bed an additional half hour
before arising., The woman generally arose first and immedlately prepared
a fire in the fogon for cooking breakfast. Once the fire was started and
breakfast begun, the male and children of the household arose., Immedlatel
upon arising the person dressed fully and cleared away the sleeping
covers, It is probably during this early morning period that the
greatest cold stress was observed. Shivering was common ané the family
was sufficiently inactive so that total body chilling was common. After
the completicn of breakfast both men and women gencrally proceeded to

the day's agricultural tasks, The flelds are mostly iocated at a distanc
from the house and the combination of metabolic actlivity from walking and
the newrising temperature suggests that very little ccld stress to the
total body would be experlenced after this time., Hcwever, it should

be noted that the men and women are normally without shoes and without
gloves. The ground 1s near freezing temperautre and, therefcre, it may
be antlelpated that both hands and feet are exposed to cold stress,
although the central core of the body probably 1s not, Observations

were not made during the rainy season and it 1s possible that considerabl
ccld exposure occurs during the rain.

Durling the day no significant cold stress normally exists and the
next period during which the cold stress might be significant 1s 1n the
evening hours. The groups appear to go to bed quite carly after nightfai
between the hours of 7:00 and 9:00 P.M, Olservations on behavior in
variocus households showed that it was quite common for the household
group tc retire but nct go to sleep immediately., Instcad, they would
stay awake and talk for extended periods of time. This suggests that
the bed provides a significant protection against c¢old and 1s used even
though the population may not be ready to go to sleep.

Sleeping Behavior. The modal behavlior 1s fcr at least two
persons to sieep together 1n a single bed. The husband and wife usually
sleep together and children until five to ten years of age may accompany
them. Children of all ages, male and female, sleep together and thus
there may ke three or four children in a single bed. 1In cases where
the husband 1s absent, one or more children may slecp with the mcther,
It 1s well recognized in the community that it 1s warmer to sleep
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together than to spend the night alone in bed. It 1s, therefore,

always the preferred practice. The sleeping posture 1s nearly the

same regardless of age or sex and reports are uniform in agreeing on the
sleeping position. They generally sleep with thelr knees tightly flexed.
Generally this 1s accomplished by sleeping on the sicde, but even at times
when the persons were observed to turn on thelr backs while sleeping the
knees were still bent and kept upright. The blankets were kept on at

all times and much of the time the face was also covered by blankets.

A description of the behavior pattern during the night in several
familles observed will suggest the general pattern of nighttime behavior
and some of the varlability relevant to ¢old protection,

One family observed, consisted of a husband and wife and six female
children, rcnging in age from one to sixteen., The marrlied couple and the
three youngest children slept on the conventional bed-platform. The ©ldc
three girls slept on the floor using pelts as bedding. The bed platform
was bullt from branches and reecds from the nearby lazkec., About six pelts
were placed over the reeds as underbedding and one blanket was used as
cverbedding, Llickllas and ponchos were used to augmnent the blanket.
The bed was about 50 cms high and was located on the cprosite side of
the house from the fogon. The house 1tself was about 15 fcet long
and 9 feet wide with walls of adobe and a roof of straw. The deor was
only a framework of sticks and afforded little protectlon from the cold
of the night except that 1ts dimensions were small. 7n the night cf
the observation, '« tvc veur ¢t chll r.on, slept 1in the house
in the bed with their parents. Two of the girls slept in the adjacent
dispensa, while the two others had left to stay with relatives. The
family went to bed about 8:30 P.M. At the time, the house was still
somewhat warm from the fogon fire which had been burning previously for
the cocking cof supper. The family slept soundly throughout the night,

a slightly curled position was used while sleeping on the side, As one
daughter slept along the foot of the bed, it is difflicult in this case
to say whether the flexed position was normal or due to cramping in

the sleeping area. The family woke about 5:15 A.M. and dressed. The
door was opened and the fire was started. .The girls from the dispensa
entered the house and helped with the fire and the food prerparation.
The husband fed the livestock and took care of somc mlnor chores.

In another family the situation differed somewhat from thisexample
The hLouse was part cf a complex in which an extended family lived., Part
of the family slept in the kitchen while the others slept in the dispensa.
The observations here pertained to the kitchen group. Sleeplng was done
directly on pelts placed on the dirt floor of the bullding. Only a
blanket and poncho were used as covering. The group went to bed about
8:00 P.M. at which time the fire in the fogon wes still burning and the
room was warm. There was very little talking or restlessness through-
out the night on the part of the sleepers, A side position for sleeping
was used and the knees were flexed even when the indivlduals turned on
thelr backs. The group awoke at 5:30 A,M, and dressed, after which the
woman started the fire,

In the adJacent building, sleepling behavior differed. The
building was larger, contained no fogon and was consequently colder
than the kitchen. The group wore undergarments and shirts to bed, and
fleeping behavior was varled. The cccupants awoke several times during
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the night and held dilscussions lasting up to a helf hour, The sleeping
pcsitions varled, starting from a prone position while awake but ended
in a flexed position while sleeping. In one final example, the inhab-
itants, an 0ld woman and her son, 12 years old, slept on the floor in
the kitchen. Bedtime was at 7:30 P.M. although there was still activity
in the adjacent room occupled by other members of the family., Both
mother and son slept quitely although the woman moaned cccasionally.

A slde positlion was used by both persons., Initially the knees were not
flexed but later durling the night they were, The mother was wearing the
Inner white garment and a skirt. The son wore an inner shirt and was
nude from the waist down. The palr woke about 6 A.M. but remained in
bed for a while, The woman, then rose and dressed while her son remained
in bed, The son arose about 1Y munutes after the fire had been 1it.

Summary of Cultural Adaptatiocns to Cold in Chinchero

The cool days and even colder nights of the Slerra provide the
possibility that the indigenocus pcpulation would be subject to significant
cold expusure. However, a number of cultural elements help to moderate
and determine the nature of this ccld exposure. Behavicr patterns,
clothing, shelter and heating are some of these cultures elements,
Behavior of the people in Chincherc i1s closely allled tc the sun cycle,
The hour of sleep 1is at sunset and the hour of awakening 1s shortly
after sunrise. During the cold night, shelter 1s taken in the adobe
houses., The houses are coocl during the night desplte the effect of
cooking fires but the micro-climate of the individual 1s modifled by
the use of blankets, group sleeping and heat-conserving sleeping position:
Little dlscomfort due to night cold 1s zpparent. Most of the waking
hours are spent in agricultural or pastoral actlvities znd these
activities are outdoor ones. These normal daily activity patterns
substantially raise heat production over basal rates and comblned with
the insulation provided by the heavy clothing worn, act to prevent
chronic total cold stress durlng the day., The face, hands and feet are
apparently the body areas most directly exposed to cold because these
areas are nct covered by garments. The actual degree of possibile micro-
cold stress cannot be getermined accurately Without core and skin temper-
atures of the natives during their normal activity. On the basis of the
data collected, it is suggested that the total body cold experienced by
the individuals in thils community is not of very long duration nor of
very intense nature. Such exposure as does occur wili prcbably
primarlly effect the hands, face, and feet with only a sceondary over-
all cold stress, Of course, *the data collected concerns the normal cultur:
situation and it may be anticipated that all individuals living in this
culture are at scmetines during their lives exposed to a considerably
greater micro-cold stress than 1s apparent from these observatlons.
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CAMICACHI

Tc check the validity of the cultural adaptations to cold found
in Chinchero an alternative community with slightly different historical
and cultural background was investigated. The community chosen for this
compariscn is named Camicachl., Camicachi is a ccmmurnity in the Depart-
ment of Puno, lying about seven miles west of Ilave and 40 miles by road
socuthwest% of the Department capital, Punc. Unlike Chirnchero, Camicachi
does not form a political district. It 1s instead & diffuse community
lying on a plain adjacent to Lake Titicaca. The se*tlement pattern is
cne of spars¢ house complexes spread over approximately 25 square miles.
This community 1s 10 miles to the west of the shores of Lake Titicaca
and the land 1s only a few feet above the level of the lake. The communis
is approximately the same altitude as the town of Chinchero,

However, weather conditions appear to be considerzbly different
from Chinchero. The more southern location and the proximity of the larg
lake make for a greater amount of preclpitation and more marked seasonal
changes in temperature, The location of the community 1n relation to
the lake also makes it subjJect to a constant wind blowing in from this
direction. Wind velocity during the time the community was studled in
late August and early September ranged from about 5 to 14 miles per hour,
but informants stated that the veloclty increased consldecrably during
the winter., In general, the weather pattern is typical of the highlands
with & summer railny season and a long winter. It appears that there
is some precipitation at all times of the year in this area. Snows to a
depth of nearly five feet were reported but this seemed to be an excep-
tionzl eirsumstance. During the two weeks of observation practically
all types of precipitation were observed with rain, sleet, hall and snow,
along with below freezing temperatures most nights,

This area of Peru is covered with short Puno grass and is
completely lacking in trees., Eucalyptus will not grow in the region and
in general no other variety of tree is found. In the hills a consider-
able distance from the community, small brushy trees are found which
are used for house construction but scarcity and difficuity of transpor-
tation prevents thelr use as fuel., The extended community of Camicachl
probably contains more than 5,000 people. The people make thelir living
almost entirely through agriculture. No significant commerical enter-
prisec was found. Surplus crops were taken into the town of Ilave or
into Puno for trading and as in Chinchero the community seems to be
primarily self sufficient. However, there were signs that thls community
has gone thrcugh more acculturaticn and was mere westernized than the
coemmunity of Chinchero. For example, the foot plow methcd of turnling
over the ground had been replaced by the use of oxen and the Spanish woode
plow. Several tractcrs were found in the distrilct. These were a recent
intrcduction and probably the by-product of attempts to Improve the
agricultural production of the area by outside government agencles,

The people occupying this area are Aymara speakers. Thls group
has a slightly different cultural history than the Quechua speakers of
the rest of the highlands c¢f Peru and are restricted tc the region
around Lake Titicaca. No historic or archaeolcgical infermaticn con=-
cerning the specific history or pre-history of this town was avallable,
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but 1t appears tc be an area ¢f continucus habitation and frcm ge.eral
descriptions ofAymara culture and archaeclegy 1t may be assumed that
this community has had a long continuity of falrly similar culture form,
The most important modifications for the purpose of this study which
have been introduced by western culture are changes in dress and the use
of tin for roofing in some of the houses.

Material Culture in Relation to Cold Protection,

As stated previously the observation perlods and methods were
shorter and mecre superfielal for this community than were used 1n
Chinchero, Observation was continued over only a two week period of
time. The hcuse construction in this area 1is very similar to that found
in Chinchero, and unless noted other wise 1n this report the details may
be assumed to be the same. One of the differences noted was the common
use of sod bleoeks rather than adobe blocks for construction, When
available the sod was cut directly into blocks cf a sizc comparable to
the adobe blocks in Chinchero, and the house was constructed of this
material. Sod blocks were considered more desirable than adcbe blocks
since 1t was claimed that they resisted washing away from ralins more
completely than did the adobe. When adobe was used, it was made
in the same manner as noted for Chinchero,

House complexes consisted typically of at le=nst twe buildines
surrounded by a wall, Two basic sizes of houses were constructed, The
smaller cne was much mcre common and was used fcor the kitchen, This

smaller house measured 9 x 16 feet on the outside and has walls about

8 feet high, with the peak extending some seven feet zbove wall height.
The larger house was similar in width and height but had a long wall of
about twenty feet instead of sixteen feet. Doors were lccated off center
on the long walls as reported in Chinchero and were of the same small 20
x 36 inch size.

Doors tc fit the door openings were generally made of cut lumber
and were of very tight construction, Camicachl hcuses had more windows
than were found in Chinchero and frequently glass was used. In houses
where the people did not have glass, the openings were small and filled
with blocks so that the exterior cpening was quite small, The number
of windows per house varied considerably, depending arrarently cn the
builder's abllity to obtaln glass. In houses where glzss was lacking,
as few as twc filled holes served as windows and most of these were
located near the roof peak. Roofs were 1In general madc of grass, but
were much thicker than in Chinchero. In a small percentage of houses,
tin rocfs were used. It was not possible tc observe whcether insulation
was used under the tin. However, 1n contrast with Chincherc, roof and
wall Jcints were carefully fllied with adobe s¢ that there were no air
spaces.

Hcuse Furnishings. At the opposite end of the kitchen from the docr
opening there was a bed or sleeplng platform. This platform extended
from one wall tc the other and was about ifive feet wide, 2t a height of
18 to 24 inches from the floor. In each kitchen cbserved the bed was
ccvered with bedding material although native informants sald these beds
were seldon used, The wall opposite the bed contained the steve. Three
varieities of stoves were observed, The first was bullt like a bee hive,

-22=



constructed on a platform, with twc holes in the top for cocking, It
did not have a chinmey and vented directly intc the hcuse. This fornm
cf stove is almest identical with the commen type found in Chinchero,
The second type was similar to the first except that it contained a
chimney which vented to the outside through the wall, A third type

was constructed on a platform outside of the hcuse. It was 8 feet in
height with 2 chiopner extending ebove that., The entrance to this large
stove opened into the house through three foot square cpening. Informants
sald this type of stove was used excluslvely for bread baking but it
appeared tc be quite frequent, All of the stcves burned horse, sheep
and/or cattle dung which was stored near the stove In small quantitiles,

The interior of the dormitory was similar to the kitchen except
there were two beds, one at elther end and there' was no stove. All
cormltories had cne or more windows while windcws In the kitchen were
rare. Sleeping platforms were made of adobe and were covered wilth hides
in a feshion similar to that found in Chincherc. The occupants when
sleeping on these platforms generally covered themselves with blankets
znd Cid not usually use ponchos and other odd items of clothing such as
was observed in Chinchero,

Obersvation on Temperatures Inside of the House during the Cold Night
Pericd. Tuo kitchens were measured for temperatures quring the night
and it was fcund that they had quite high temperatures during the early
evening pericd, the one reached a temperature of 72°F, and the other
82°F. Hcwever, both fell quite low curing the night, tre cne to 37°
and the cther to 28°F. Observations made in three dcrmitcries indicated
early evening temperatures which were quite warm, in the 60's, with the
early morning temperatures again falling toc between 30° and 50° F. No
specific data on nighttime temperatures outside the hcuses avallable,
but cbservaticns made in early morning and late evening hcurs 1ndlcated
air torrerctures 11 Ptly below those chservec curlng the tine of
house temperature meessurement in Chinchero, From this duats, 1t is
apparent that the Camlcachl house 1s more tightly sealed and nilghttime
temperaturces do nct appear to fall as low as they do in the Chinchero
houses.

Clothing. As in Chlnchero the men generally wore the Western style of
clc ng with one addition, They almost always wore fuil length homespun
underwear made ¢f cotton or wecl., The undershirt hu cither leng or
short sleeves but the pants were always cf ankle length. DMen also

wore shces and occasionally stockings much more commeonly thean they did
in Chincherc. Indeed, they wore shoes all the time except for the
periods when they were actually working in the flelds. ruring work in
the fields trey would go barefooted., Alsc i1f the pground was quite muddy
they would remove their shoes and go through the mud barefcot, Again
the impression 1s that shoes are worn primarily for status although
thelr constznt use among males here suggests they may have scme function
as protect®-n against the cold. The women dressed very simllarly to
women in Chinchero. No tabulation of the number of skirts and blouses
was possible in this area. As in Chinchero, the women did not wear
shoes and walked barefooted all the time. While sleeplng, thls group

of people scemed to wear clothing universally and there wcre nc reports
of sleeping rude. Even chilcéren apparently wore clothlng tc bed more
frequently than was reported for Chinchero.
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Behavicr Patterns in Relatlon to Cold

The dally behavior cycle in Camlcachi appears to be almost identlica
to that found in Chinchero, the people rising early, the woman prepering
the fire and the rest of the family then arising. They go to the flelad
early in the morning and generally spend most of the time outslide of the
house until night. At night they retire early and spend the night in
bed. 1In observing this village 1t appeared that fewer pecple were cute
side of the houses at night than in Chinchero, However because of the
short observation period it cannot be stated conclusively that this was
the case., The practice of sleeping 1n groups in the beds and assuming
the flexed sleeping pattern 1s also common in this area.

Summary of Data on Cultural Adaptaticn tc Cold in Camicachi

In the Camicachl area it would appear that primarily because of
the greater precipitation and the greater annual variation in the tenmper-
ature, the external envircnmental ccld stress 1s somewhat greater than
it 1s in the Chinchero district, However, the people cf this area are
somewhat weulthler and seem to provide themselves with a greater amcunt
of cultural protection against ccld. This is shcwn by the tighter
constructicn of the houses with resulting higher temperatures within,
by the greater amount of clcothing worn by the men as well zs the
frequent use of shoes by the men. Thils does not mean ihat they may not
occasicnally be exposed to cold stresses greater than that encountered
in Chincherc, but con the basis of this short observational study it
would aprecer that the pecple of thls area use the same cultural
mechanisms for adapting to and protectling themselves from the cold
environrent but use the methcds more efficiently and more intensively.
The greater cultural prctection may either be because of greater wealth
or the greater amount of cold stress enccuntered.
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BIOLOGICAL ADAPTATION TO COLD

A survey of the climatic conditions encountered in Chincherc has
indicated that significant cold stress exists in the envircnment, The
study of cultural adaptations to cold have disclosed several methods
vhereby the actual micro-envircnment cold stress is reduced 1n this
culture, However, these studies also suggest that, at least by modern
Western standards, this culture dces not completely accommcdate to the
cold stress and the micro-environment of the people indlcates that they
live in significant ccld stress. Whether this cold stress wculd be
significant enough to produce genetic selection is not clear but it
would certalnly produce acute discomfort and the exposure cf the
extremities to very low temperatures suggeststhe possibility of actual
genetlc selectlion being manifest. The study, therefore, suggests that
biclogical accommedation to cold may be present as well as cultural
accommodstion. A serles of blological studies were, therefore, designed
to determine whether there existed acclimatization and/or genetic
adaptation to cold,

Research Lesign

Three types of data were collected in order to evaluate the
pessiblility of bloleoglcal adaptation to cold., The first was anthropo-
metric and bcdy compositional data which would indicate the presence of
any anatcmical adaptaticns to the cold. The second, was prhysiologlceal
data ccollected during exposure to moderate total body cooling., This
study was desligned so as tc expcse the group tc a cold stress that
would be relailstic in terms of their everyday experlence with total
body coollng. The third vas data from a study of the thermal responses
of the hand when exposed to extreme cold. The technique used in this
study of Ilmmersing the fingers 1n ice water for an hour reriocd probably
produced a greater cold stress than the people generally encountered
in their environment, However the choice of this research procedure
was dictated by the lack of adcquate technical tools to accomplish a
more rcallistic cold cxposure.

Since no comparative standards for responses in the cold exposure
tests have been published it was necessary to design studies which
incorporate controls or reference groups. To obtain the maximum
information from available populations, four groups were studled. These
were: (1) adult Chinchero Indigenas, (2) Indians from the fLltiplano
who were at the time students at the University of Cuzeco, (3) native
Peruvian Whites (European descent) who were also students at the
University of Cuzco, and (U) a small group of U. S. Whites who had been
in the Aitiplano for three tc silx menths. The cholce of these four
groups was macde 1n order to encompass both genetic differcnces, that
is, the differences between Whites and native Indians, and crnvironmental
differcnces, 1.e. the difference between student populations from the
higher soeial classes and Indigenas. The chclce of these rcpulations
permits at least a partlal differentiation between genetlc and
acclimatizational factcrs in any difference encountered, Anthropometric
data and tctal body cocling data was cbtalned for all four groups. :
However, hand cooling data was not coilected con the U, S, White group
in the Hiphlznds., 1Instead, in order to provide a more adequate sample,
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Hand cooling data was collected in the United States on & rrrup cof U,S.
university students. This data has not yet been analyzed and will,
therefore, not be included in this report. The general research

design as outlined also permits an evaluation of the relationship
between the anthropometric data and the physiological respcnses to cold.
However, analysis of this part of the study is not yet ccmplete and

a report on this aspect will also be deferred until the final report,

Methods

Body Structure. Standard anthropometrics such as age, height,
sitting helght and welght were collected by conventional methods,
In addlition’a questionnaire was administered to determine lenght of
residence in the highlands, parentage and general health history,
Speclalized data was collected concerning body composition and skin
colcr. Body composition estimates were made by use of the skinfold
measurenment technique. Skinfolds were measured with the Lange caliper
which has a pressure of 10 grams per square millimeter of contact surface
area. Skin fold measurements were made at six locations.
l. Forearm - in line with the arm just below the olecranon fossa.
2. Arm - posterior aspect midway between acromion and the olecranon

process.
3. Chest 1 - Juxta nipple - with the caliper in line with the anterior
of the axilla.

4, Chest 2 - on the mid-axillary line at the level of the zipheld procesc
5., Back - at a point over the inferior angle of the scapula,
6. Ler - Just below the popliteal fossa,
From three of these skinfold measurements, arm, chest 1 and chest 2,
total body fat was estimated using the regression equation described
by Pascale et al. (1956).% Fat free weight was calculated by
determining the welght of fat from percent of fat and subtracting this
from total body welght.

Skin Color - skin color measurements were made with the Photovolt
reflectometer, Measurements of skin color were made at three sites.
On the forehead, at the pesition of gzlabella, on the back over the
inferior point of the scapula, and on the inner part of the arm. A
total of silx fillters were used for each location to determine 1light
reflectance in different parts of the spectrum., The filters used
were the pure red, pure green, pure blue, the tristimulus amber,
tristimulus green, and tristimulus blue, All of these filters were
obtalnecd through the Photovolt Corporation.

Because soclal class and racial designation are the same 1in
Peruvian suclety, and because of the great antiquity of population
admixture in the Highlands, 1t was necessary to segregate White and
Indian students partially on the basis of anthropometric and anthropo-
scople techniques, This was accomplished by use of skin color, hair
form, halr distribution and facial characteristics. These techniques

* Pascale, L. R., M. I. Grossman, H., S, Sloane, and T. Frankel 1956
Correlations between skinfolds and body density in 88 soldiers.
Hum, Biol, 28:165-176
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are subject to substantial error and whille the student group called
Indian in this study probably has very little White admixture, the grcup
called White certainly does contain individuals with significant Indian
admixture., Native Peruvians without Indian admixture are cxtremely

rare in all parts of the Altinlanc,

Total Body Cooling Study. Five U, S. Whites, 12 Indian students,
12 White students, and 24 Chinchero Indians were used tc study total
body cooling. Each of these groups was first dressed in a skin temper-
ature harness which contained 11 thermocourles located in such a manner
as to sample total skin temperatures. The exact location of these
thermocouples and the general method 1is described in Baker and Daniels
(1956)%, A measure of mean welghted skin temperature was obtained by
welghting the individual skin temperatures according to the percent of
the body surface sampled., Detalls of calculation are given in Baker and
Daniels (195€6), A rectal catheter with a thermistor temperature sensing
device was 1nserted approximately five inches into the rectum and worn
during the entire cold study. The men were then placed, dressed 1n
shorts only, upon a canvas cot in a cold room for a two hour period.
Skin and rectal temperatures were recorded at each 20 minute interval.
The room in which dressing took place was maintained at a temperature of
approximately 18° C. but considerable fluctuation in room temperature
occured. The men were dressed in thermocouple harnesses as rapldly &as
possible and were then covered by blankets so as to precent body cooling
until such time as they 1individually started on the cooling study.

Since a controlled temperature room was not avallable for the
cooling study, a large room measuring approximately 23 x "8 feet was
used for the cooling exposure. Windows in the room were blccked up sc
that sunlight could not enter. The room was constructed with thick
adobe walls and an 1insulated ceiling. Since the dally varlation 1n
temperature was quilte slight in this climate, it was pcssible to obtain
almost exact day to day repitition of temperature conditlons in this
room., Exact data showing room temperature and humidity conditions are
shown in Table 3. Wind velocity in the room was essentlally zero. Six
individuals were measured at one time and all individuals duplicated the
cold exposure. The first and second exposures were comparced to deter-
mine the rellability of the body temperature measurements and results wil
be presented. For the comparison of groups, the average of the individua
measurements obtained on the two c¢old exposures were used.

Finger Exposure tc Cold. Twenty-six White students, 23 Indlan
students, and 33 native Chincheroc Indians were studied for finger
temperature responses to extreme cold. The studles were done at two
locations, the students were studied at the University cof Cuzco and
the villagers were studied in a building in Chinchero. In both location
SubJects placed their right hand filngers, thumb excluded, 1n 1ice water
to a depth between the first and second joint of the prhalanges. The
temperature on the palmar surface of the tip of the middle finger was
measured using a tissue implant thermistor probe, manufactured by the
Yellow Springs Instrument Company. The thermistor was held in place by
placing the filnger from a surgeon's glove over the middle finger. This

W

Baker, P, T. and F. Daniels Jr. 1956. Relationship Between Skinfold
Thickness and Body Cooling for Two Hours at 15 C.
» Applied Physiol. 9:409=~
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TABLE 3

Body Coo0ling Study: Room Temperatures

Study N=§ N=2 N=8
Time Cuzco Students U, S, White Chinchero Indians
Dry Wet Dry Wet Dry Wet
Bulb Bulb Bulb Bulb Bulb Bulb
Beginning X b53.87°F U7.85°F 53,50°F LB,O°F 56,0°0F §7.50°F
o 2.1 107 - - 1.0 107
20 minute X 55.88 49,00 54,50 49.00 57,25 47,87
c 1.2 1.8 - - 1.41 3.0
40 minute X 56.88 bg.71 55.00 51,00 57.88 48,25
g 1.02 lou - - 07 2.1
60 minute ¥ 58.13 50.29 56,50 54,00 58.63 48.75
o 1.00 1.10 - - T7 1.1
80 minute X 59.38 50.00 58.50 54.00 58,88 48,86
[+ 102 143 .- - .62 1.5
100 minute X 59,88 50.86 59.0 55.0 59.25 kg, 25
[s) l.llo 061" - - 090 1-5
120 minute X 59,38 51.00 60,0 52.5 59,63 49,88
(o} 1.2 lol - - 102 1.6
Average 57.63 kg,82 56.71 £1.93 58.23 48,62

method provided minimal insulation., Temperature was measured on an auto-
mctic scanning teletherrmcmeter and recorded on rpermanent tape., Readings
were made both visually and automatically. Temperature of the finger tip
was recorded each three minutes for a total of a one hour perlod. Figure
5 shows the gencral method and instrumentztion. Nc duplicate expcsures
were mede fcr this study.

During the test perlcd the subjcets wore sufficient clothing so
that they were not aware c¢f tcinp ccld. Room temperaturcs, hcewever, were
lower than would normally be encountered in the United States and wvere
. aprrcximetely 16 to 18° C. No visablé sigrns of the sublect's reactins to
totel body cold were observed. " However, it 1s rossible that some (e ree
of reneresl prerirheral vasc-constriction was induced by the srbicnt air
" concitions. {fmonr student rroups, Whites onc¢ Incdians were nmixed curing the
time of 2ctual reasurements so that rrbtient crnditicns were ccr-rreoble,

It remains pcssible that testing in the Chinchero village sy have been
donc under slirhtly different arbient conditicns than thoese in which the
students were studied. Vater temperatures in which the students were
studled, Water temperatures in which the fingers were lmmersed was
maintained between O and 1 1/2° C. by placing ice in the water bath and
stirring the water with a continuous stirring device,
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The temperature responses of the fingers in ice water form
e series of very complex cycles, In order to evaluate all aspects
of this response seven different indices of response were used. These
seven include all of the indices which have been reported by previous
investigators of this response,
The seven are:

‘1, Time to initial temperature rise - a measurement of time from finger
immersion to the onset of first rewarming.

2. Temperature before first rewarming - the minimum temperature just
prior to the initlal rewarming.

3. Amplitude of reaction - difference in temperature between the
minimum and maximum finger temperature after initial drop.

L, Maximum finger temperature - maximum after initial drop.

5. Minimum finge: temperature - minimum temperature after immersion,

6. Mean temperature 5 to 30 minutes.

7. Mean temperature 30 to 60 minutes.

Results

Body Structure. Table U shows the anthropometric data collected
on the Peruvian Highland groups and U, S. Whites used in this study.
This table is based upon the total sample measured and includes subjects
used for the physiological cooling studies. In total body weight, the
four groups are quite similar to each other, but standing heights and
sitting heights vary significantly. The student groups are taller
than either of the Indiéena groups and it would appear that the
Aymara are slightly taller than the Chinchero natives. Whether these
differences may be referred entirely to growth variation produced by
environment or reflect a genetic phenomon is not clear., In skin color,
the White student group is, of course, significantly lighter than
elither of the other groups but among the three Indian groups, it would
appear that the student group 1s slightly lighter than the two native
groups. Whether thls 1s due to a greater amount of European admixture
which could not be detected by the methods used or whether it represents
a difference in amount of exposure to tanning, cannot be said with
certainty. All four groups of native Peruvians are lower in body fat
than the general average reported in the United States using the same
methodology. The small differences between the groups show a slightly
greater amount of fat in the student population than in the native
population. The difference between the Chinchero and Aymara group
is probabiy not of any statisitcal or bioclogical significance.
Differences 1n fat free welght although not great in the four groups
show the Chinchero Indian to be significantly less muscular than either
the student or Aymara populations,

Total Body Cooling Study. To test the utility of the skin and
rectal temperature data for analysis of group differences, the data
were subjected to tests of reliability and reproducibility., This was
done by comparing the data from the first exposure to cold with the
data from the second exposure to cold. Individual data from all groups
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were combined for this purpose., The resulting date are presented in
Appendix A, It can be seen that there was no systematic difference
between the tests and retest results. It was, therefore, considered
valid to obtaln an average of the two readings for greater reliability on
temperature data., However, a correlaticn with second run data showed a
low reproducibllity. These coefficlents seem rather low considering

the blologlcal nature of the data, but the possibilities c¢f body
movements during actual cold exposure may offer a partial explanation.
They of course do not, suggest that the data have no lnherent value as

a measure of body temperature conditions. The data on the tce, hand,
rectal temperature and mean welghted temperature show a higher degree of
reproduclbllity than do the other skin temperaturces. Because rectal

and mean welghted skin temperatures represent total body cooling response:
the higher reliability might be articipated. The reasons for toe and
hand showing greater reproduclbility than the other measurements 1is

not clear, However, the high standard deviations for these measurements
compared with other skin temperatures suggest :that they may be more
subject tc individual constitutional factors. A detaliled analysis of
the difference between the four groups in mean welghted skin and rectal
temperature during the cooling period 1s presented in Table 5, The
difference between the groups were tested by the standard t test for
uncorrelated samples and the results are presented in the same table.
Some of the particular differences in skin temperature between groups
may 1in part be the product of different behavior. A limited amount

of body movement was permitted the group and, for example, some of the
differences between skin temperatures on the inner thigh may be related
to the fact that the students and more particularly the U. S. Whites

in the study were observed to move thelr legs more than the native
Chinchero Indians. However, the pattern of significant differences
suggests a great deal more than simple body movement or cuitural-differenc
explanations.

The U, S. group stayed significantly warmer throughout the test
periocd than the other three groups as measured by rectal temperature.
Second to the American group in internal body temperature was the
native Chinchero group. Durling most of the test period their rectal
temperatures were higher than the two student groups and only at the
very end of the test period did the significance of the difference
decrease to less than the .05 level. In mean weighted skin temperature,
the U, S. group had the lowest skin temperature during the entire
exposure and this difference from other groups was consistently
statistically significant at the .05 level or better. The Chinchero
group began the test perlod significantly warmer in skin temperature than
any other group. They remained throughout the test period highest in
mean weighted skin temperature, although the difference 1s not statisti-
cally significant 1n later periods of the tests.

When the individual temperatures which go into calculating
mean welghted skin temperature are analyzed (see Appendix B), it
appears that the Chinchero group is higher in skin temperature because
o' higher temperatures in the body periphery. In particular the toe
and hand temperatures remain significantly higher during the entire test
period. Calf, thigh, forehead, and forearm temperatures also tend to
remain significantly higher in the Chinchero group although there are
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GROUP D

TABLE 5

ATA ON TOTAL BODY COOLING

Rectal Temperature

Group Mean S.D. Cugco C&zco Chinghero
White St, Ind, St Indians
. Initial Readin
U. S. White 99.46 °F, jggsf?——”";'gfggu 2.88% 1.78
Cuzeco White St, 98‘39 .73 0,46 2.03s
Cuzco Indian £t, . 98,52 48, Z.14%
Chinchero Ind. 98.90 49,
20 Min. Exposure
U. S. White 99.22 .03 2.32 * 2.,10% 1.07
Cuzco White St. 98,32 .73 0.51 2.19#%
Cuzco Ind. St. 98,6 .49 2.30%
Chinchero Ird. 98.87 U6
40 Min. Exposure
U. S. White 99,16 .5H9 2.70 % 2.30 % 1.15
Cuzco White St. 98,22 .58 .82 2.73%%
Cuzco Ind. St. 98.40 JU6 2.25%
Chinchero Ind. 98.80 U8
60 Min, Exposure
U. S. White 99,02 .03 2.0l * 2.18 # 1.29
Cuzco White St. 98.15 .55 .53 2,228
Cuzco Ind, St 98.27 .48 1.84
Chinchero Ind. 98.60 .48
. 80 Min. Exposure
U. S. White 98,92 .60 2.65 ¥ 2.28 % 1.32
Cuzco White St. 98,01 .52 .53 2.,49¢
Cuzeco Ind, St. 98.13 .55 .85
Chianchero Ind. 98.50 .48
100 Min, Exposure
U. S, White 98,82 .69 2.34 ¢ 2.95 1.81
Cuzco White St. 97.93 .51 0,41 1.95
Cuzco Indian St. 98,03 .56 1.38
Chinchero Ind, 98,31 .50
120 Min,Exposure
U. S, White 98,86 .62 2.58 * 2,17 * 1.65
Cuzco White 57.97 U7 0.39 1.83
Cuzco Indian St. 98,07 .64 1.11
Chinchero Ind. 98,31 .52
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Mean Weighted Skin Temperature

t t t
Group Mean S.D. Cuzco Cuzco Chinchero
White St. Ind, St. Indians
Initial Reading
U. S. White B2.60°F O0.89°F 3.93 ## 4,00 %+ 6E.71%*
Cuzco White St. 84,83 1.09 0.056 2.85 %
Cuzco Indian St, 84,86 1.14 2,34 %n
Chinchero Ind. 86.10 1.25
20 Min, Exposure
U, S. White 82.16 1,11 3.32 %% 3,23 % 5,26 %
Cuzco White St. 84,35 1.10 0.07 2.32*
Cuzco Ind. St. 84.36 1.36 2.23*%
Chinchero Ind. 85.36 1.15
4o Min. Exposure
U. S. Whites 81.84 1.19 3,02 ®# 3,29 ¥* LG5 **
Cuzco White St. 83.96 1.14 0.41 1.93
Cuzco Ind., St. 84,18 1.28 1.36
Chinchero Ind. 84,77 0.92
60 Min. Exposure
U, S. White 81.54 1,11 2.080 ##% 3,37 ** 4,78 ¢
Cuzco White St. 83.57 1.33 0.29 1.68
Cuzco Indian St. 83,73 1.11 1.63
Chinchero Ind. 84,37 0.92
80 Min. Exposure
U. S. White 81.86 1.35 2.00 2.10 3.55 **
Cuzco White St. 83.38 1.19 0.20 2.35 *
Cuzco Indian St. 83,48 1.25 2,04 *
Chinchero Ind., 84,37 1.02
100 Min. Exposure
U. S. White 81.94 1.23 1.68 2.28 * 3.46 **
Cuzco White St. 83.15 1.32 0.80 2,bo ®
Cuzco Indian St, 83.55 1.15 1.60
Chinchero Ind. 84,23 1.14
120 Min Exposure
U. S. White 81,84 1.19 2.51 * 2.34 * 3.48 **
Cuzco White St. 83.62 l.21 0.15 1.03
Cuzeo Indian St. 83.53 1.37 1,15
Chinchero .Ind, 84,09 1,18
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some exceptions with the American White group showing the hi hect fcre-
arm temperature at some periods of time, At no point in the test are
any of the body temperature differences between the student Whites

and student Indians significantly different from each other. Figure 7
shows the results of the temperature measurements made in this study,
plotted over the 120 minute cocling period.

Since no measure of metabolic activity was made during these
tests 1t 1s not possible to present a precise plicture of what 1s
happening in terms of temperature regulation. However, the higher rectal
temperature and lower skin temperature of the U, S. White group indicates
that they have the highest tissue insulation of the four groups. The
fact that the Indian grcup in Chinchero has a high rectsl and a high
skin temperature suggests that with cold exposure they are responding
with a higher metabolic heat production than are the two student

populatiocns.,

TABLE 6

Fingers Immersed 60 Min. in 32° F. Water

Temperature Cycling Characteristics

. Highland Students
Derived Whites N=26
Measurement Mean SD

Time before
ist rewarming

cycle 9.94 min., 4.07 min.

Temperature

before 1st

rewvarming 34,70 °F. 1.80 °F,
ecycle

Amplitude of
" . rewarming
cycle 10.98 °F. 3.96 °F.

Highlend Students Chinchere Villagers
Indians N=23 Indlans N=33
Mean SD Mean SD

8.91 min., 3.33 min 8.03 min., 2.38 min

35.96 °F. 3.17 °F. 35.78 °F.  2.90 °F.

11,88 °F, 4,19 °F, 10,62 °F, 5,09 °F,

Hand Ccoling 3tudy. All three of the Peruvian groups analyzed
in the hand cooling study show a high percentage of individuals with
significant rewarming in the finger. Over the one hour period of time
during which the test was conducted only one test subject falled to
show significant rewarming. The complex nature of the temperature
cycling which occurs during this kind of study makes analysis somewhat
difficult. Of the seven different measures used to analyze temperature
cycling characteristics, only the three presented in Table 6 demonstrated
consistantly significant differences jetween groups., These three were
all concerned with the initial drer anc subsequent first reyarming _
of the fingers, The Chinchero grcup showed the shertest tlrce before f1-
rewarming. The highland student group'of Indians had the highest finger
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TABLE 7
Fingers Immersed 60 Min, in 32 °F, Water

Highfand Students Highland Students Chinchero VITTagers

Derived
Measure Whites N=26 Indians N=23 Indians N=33
Mean Sh Mean SD Mean SD

Mean Temp.
13t 30 Min, 39.51 °F, 3.17 °F. 40.95 °F. 2.85°F, 40.28 °F. 2.75 °F.

Mean Temp.

2nd 30 Min. 39.85 3.67 40,96 2.81 4o.42 3.24
Minimum

Finger Temp. 34.32 1.67 35.08 2.65 35.04 1.87
Maximum

Finger Temp. U45,25 4 .55 45,50 3.92 36.70 3.89

temperature at the end of the initial drop and they also had the highest
amplitude of rewarming. In comparing the three groups, it was found that
the two Indlan groups were significantly different from the White
student group. However, the two Indian groups were not significantly
different from each other in any of these three measurements.

Table 7 presents the results for the other four measurements
of temperature in the finger during the test period. N-~ne of the
differences between the groups are slgnificant at the .05 level or
better when tested by the simple t test. However, 1t seems worthwhile
to note that the highland students showed the highest mean finrer temper-

ature thrcurhcut the test, they had the hirhest meximum fin-er temperature
an¢ on the averare their finger tenperature did ndt dreo- s low as did the
other two froups. In subsequent order of rank, the Chincherc¢ rrour 1is
seccnd ~nd the student Whites last, Furthermore the cifferences between
the Indlan crours ond the White rroup 'appear o be greatcr than the differ-
ences between the Indlan prours. This, of course, fcllews the some patterr
shcwn 1h the intital cycle measurements rresented in the previcus tesble,
but dces nct reach the same level of statisticel significance. Th. use

of the t test may be questioned in its applicoticn tc these rcsults since
some of thec measurements used are significantly skewed, Diffcrcnces
therefore may be more or less sirnificant than the t test shows Cther
forms of statistical testing of differcnces arce beiny exylered and these
results will be in the final report. IHcwever, the results os nresently
analyzed indicate the possibility of a penetic ~ifference bctween the
Indien ond VWhite repulaticn which is significant to finger temperatures
under extreme cold exposure,
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The fact that the Chinchero group was tested under different
conditions than the student groups makes 1t possible that a difference
between them and the students exists although 1t was rot found in this
study. On the other hand, the student groups were not cnly tested
under identical conditions but also had cultural and physical environ-
mental backgrounds which were quite similar. The preponderance of
evidence, therefore, suggests that the difference between Indian and
White genetlc inheritance was of more significance than life history.

Discussion and Conclusions from Physiological and Anatomical Studies.

The results of the physlologlcal studles on cold adaptation in
the Chinchero group demonstrate that there are blologlcal as well as
cultural adaptations to cold in this group. In viewing the comparison
of the student, U. S, White and Chinchero populations, it appears that
the Chinchero native has made an acclimatizational response to total body
chilling and that this response 1s the product of a hlgher metabolic
output in relation to cold even when voluntary activity i1s inhibited.
This contrasts with the temperature responses of the U, S, Whites, who
had higher internal and lower skin temperatures suggesting protection
against cold through the presence of greater tissue insulation. When
the analysis of tody structure and composition in relation to cold has
been completed, a more definitive statement should be possible concerne
ing this problem. While the adaptation to total body cold among the
Chinchero natives appears to be an acclimatizational difference from
other groups, the difference which appears in the response to severe
cooling of the hand, suggests a genetic adaptation. Whether the differenc
discovered 1s a matter of a greater volume of blood flow to the extremity
or simply less vaso-constriction cannot be determined from the data
availiable,

It should not be concluded that this genetic difference arose in
direct response tc climatic selection., At least one alternative explana-
tion can be coffered. It is well recognized that the Highland Indian
is better adapted to altitude than the European even if the European
has spent his lifetime at this high altitude. The mechanisms whereby
the Indlan has become better adapted to the altitude are only partlally
known, but it has been shown that they have a higher hematocrit count,
larger lungs, larger heart, and from the study of non-human animals it
has been suggested that they also have a larger arterlo-vascular system.
This, of course, presents the possibility that the higher temperatures
found in the fingers are a collateral or side effect from the adjustment
to altitude since many of the above differences could lead to a higher
core to finger heat flow.
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SUMMARY OF INTEGRATION BE'TWEEN CULTURAL AND BIOLOGICAL ADJUSTYENTS TO

HIGH ALTITUDE COLD.

As was hypothesized 1in the beginning of this report, the data
bear out the assumption that the culture and biology of the human group
supplement and complement each other in the process of man's acecmmoda=
tion to environmental stress, In an analysis of the human responses to
cold in the highlards of Peru, it was found that man has utilized both
the culture form and his own biological mechanism for the accommodation.
Making use of the technology which he has available he provides a
protective material culture, which limits the cold exposure in his
micro-environment. However, the cultural adjustment to the cold stress
was limited by the characteristics of the physical environment, the
limitations of the methods available within the technology and finally
by the integration with adaptations to other aspects of stress in the
environment. In the highlands of Peru, the total material culture does
not provide a complete protection from either moderate total body
cold stress or more severe cold stress to the extremities.

Within the possibilities available, the culture also modifies the
human behavior pattern in such a way that it provides additional protec-
tion agalnst the cold. In thls culture the behavioral adjustments include
integration of sleeping behavior, sleeping and waking patterns and the
cooking and eating patterns with periods of cold stress. However, even
this additional protection provided by the culture still did not eliminat.
the existence of significant total body and extremity cold stress. It
thus appears from the study of the structure and functioning of this
group, that further accommodations have been made by the orzanism itself,
These accommodations include a process of cold acclimatization probably
through increased metabollism, They also seem to 1nclude, accommodation
to extreme peripheral cold through idiosyncratic genetic structure, Of
eourse, it cannot be concluded that the genetic adaptation implied by
the differences 1n the hand temperatures arose strictly in response to
the culture's inability to protect from cold, Quite the opposite may
be the case since 1t 1s possible that greater resistance to tissue
damage from cold in the hands arose as a side product of altitude
adaptation and because it exlisted in the population, the cultural accommo
dation did not require as much protection from cold to hands and feet
as might have been required in a group lacking this genetic characteristil-
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STUDIES OF ACCOMMODATIOM TO JUNGLE HOT-WET CONDITIONS

A cultural &nd biclogical study of native group adaptatiocn to
jungle conditions in Peru was also made. This study followed a similar
methodology to that reported for the cold studies with of course appro-
priately different sutdies of the physiological adaptations to heat.
Results of these sutdies will be presented in the final report.
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APPENDIX A
RELIABILITY AND REPRODUCIBILITY OF SKIN AND RECTAL
TEMPERATURES

Peru 1962
All CGroups N=50

SITE NO. 1 - TOE

Time

Inter, Test Mean Retest Mean S,D,1 S,D. 2 r
o min, 64,02° F 63.67° F 6.54° 4,80° F .651
20 62,40 62,22 6.85 4,60 .609
4o 61.53 61.78 5.05 4.64 .£30
60 60,87 60.96 4,06 3.81 635
80 60.97 61.02 3.84 4,14 Ja72
100 60.37 60.69 2.80 3,00 676
120 60.57 60,66 2.64 2.68 73
SITE NO., 2 - INSTEP

0 71.66 72,41 5.36 4,35 L1468
20 70,71 71.23 4,86 3.85 .363
40 69.38 69.72 I, 84 3.38 428
60 68,22 68.59 4,29 3.00 LU76
80 67.12 67.51 L,08 3.75 .209
100 66.37 65.80 3.64 2.54 LATH
120 66,17 66,25 3.33 2.39 496
SITE NO, 3 = CALF

0 62,74 82.57 3.24 2.85 .341
20 81.33 81.74 2.72 2.89 .206
40 80.70 80,69 2.80 2.84 145
60 79.51 79.48 2.79 2.76 142
80 79.00 79.02 2.47 2.09 «377
100 78,04 78.61 2.77 2.38 .216
120 78.31 78.52 2.38 2.40 .396
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SITE NO. 4 - INNER THICH

Time

Inter. Test Mean Retest Mean S.D,1 S,D,2 r

0 min, 87.38° F 87.17° F 3.53° F 3.27° F .505
20 88.77 88.€62 4,18 4 ok 516
4o 89,23 89,46 4,15 4,34 JAg7
60 89.61 89.83 4,19 4,55 .580
80 89,44 90,13 4.39 b1y .522
100 90.15 90.19 4,30 4,35 .557
120 90.57 90.55 4,17 4, 49 .556
SITE NO. 5 - OUTER THIGH

0 84,05 83.66 2.84 2.94 484
20 83.15 82.44 2.93 2.76 .199
40 82.35 81,94 2.72 2.56 20
60 81.55 81,45 2.84 2.75 .317
80 81,52 81,54 2,61 2.79 .168
100 81.16 81,78 2.67 3.06 145
120 81.05 B1.69 2.70 3.01 112
SITE ¥0. 6 -~ UPPER ARM

0 84.98 85.19 3.34 2.57 434
20 82.13 82.60 3.60 3.12 .362
40 80.95 81,11 3.19 2.83 .289
60 80.53 80,45 2.87 2.65 .330
80 79.93 80.03 2.87 2.71 JA07
100 79.52 79.56 2.83 2.70 « 364
120 79.42 79.87 2.82 3.06 .365
SITE NO, 7 ~ FOREARM

0 84.83 85,98 3.12 3.71 .188
20 82,05 83.72 2.79 2.46 .376
40 81.11 82.17 2,64 2,26 U415
60 79.82 81,63 2.45 2.15 U35
100 79.75 80.65 3.15 2.90 412
120 79.36 80.46 3.08 2.99 327
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SITE NO. 8 - HAND

Time

Inter. Test Mean
0 76.42
20 73.64
4o 72.44
60 71.70
80 70.99
100 70,40
120 70.86

SITE NO. 9 ~ CHEST

0 86.42
20 85.61
4o 85.33
60 85.50
80 85.80
100 86.48
120 86, 49

SITE NO, 10 - BLACK

0 90.33
20 92.09
4o 92.56
60 92,67
80 92.97
100 92.98
120 93.27

SITE NO, 11 - FOREHEAD

0 91.37
20 i §1.73
Lo 92.13
60 92,10
80 92.10
100 91.82
120 91.38

Retest Mee&n

77.35
74.37
72.70
71.82
71.88
71.83
71.31

86.42
85.64
85.78
86,24
86.69
87.14
87.59

90.72
91.70
92.17
92,22
92.35
92.48
92,62

91.88
91.90
91.94
91,56
91-8“
91.95
92.09

-4

S.D.1

6.21
5.30
5.06
4,88
b,96
4,95
5.01

£2W N wwi

. * L] . o . .
=D OOV O
O N & 00 =W

N == RN )

- '] [ . .
w oW
~N=HNH s

WHRPEPMDPDWND
NNOJO ==
=~ = UV

PN EHENDND
N OO O 0
HPDWOWOMDWH

PR e

.605
'650
€18
.615
-706
.691
.613

.291
.238
.366
.001
025
»110
.086

.48l
433
417
.392
.65
.382
160

.346
.320
.219
.164
-394
.265
.251



RECTAL

Test Mean

98.77
98.69
98.69
98.54
98.42
98.26
98,30

WEIGHTED SKIN TEMPERATURE

85.13
84,60
84,16
83.74
83.63
83.49
83.48

Retest Mean

98.79
98.72
98,58
98.43
98.31
98.20
98,21

85.31
84,67
84,24
83.88
83.83
83.80
83.86

~45-

S.D.1 S.D,.2
1.26 .72
75 .65
.73 .62
.71 -59
T4 59
.76 .61
.75 .59
2.10 1.45
1.94 1.58
1.78 l.52
1.59 1.64
1.58 1.48
1.63 1.48
1.71 1.48

J0u5
.578
1530
1598
.607
-555
"811

.502
U7l
420
U436

1529 -
"196



APPENDIX B

ANALYSIS OF INDIVIDUAL SKIN TEMPERATURES

Toe Temperatures

Group Mean SD t=-Cuzco t=Cuzco t=Chincherc
White Indian Indians
Students Students
Initial Reading
U. S, White 58,08 1,66 3.98## 4,37 5.05%#
Cuzco White 62.69 . 2.56 0.29 2.18%
Cuzco Ind. 63.00 2.56 2.01%
Chinchero Ind. 66.15 6.26
20 Min. Reading
U. S. White 57,04 1.21 L,o7%# 4 8ow# 5.76%#%
Cuzco White 60.97 2.35 0.0U4 2.,72%%
Cuzco Ind., 61.00 1,83 2.87#%
Chinchero Ind., 64,83 5.53
40 Min, Reading
U, S, White £7.10 0.86 4, 564% 4, gyns 5.T9#*
Cuzco White 60.42 1.81 0.08 2.85%#
Cuzco Ind. 6C.35 1.76 2,97k%
Chinchero Ind. 63.96 5.06
60 Min. Reading
U, S. White 57.00 0.97 4.03%n 4 a5%w 5.59%%
Cuzco White 59,89 1.67 ! 0.09 2,75%%
Cuzco Ind, 59.95 1.64 2,T3%*
Chinchero Ind., 62.80 4,20
80 Min. Reading
U. S. White 56.98 0.96 Y AL g, 150 5.83%%
Cuzco White 59.95 1.38 0.46 2,884
Cuzeco Ind. 60.37 2.13 2.25%
Chinchero Ind. 62.73 3.94
100 Min, Reading
U. S. White 57.28 0.68 4, 75%e 4,35% 6. u1nw
Cuzco White 59.79 1.96 0.26 2,76 %%
Cuzco Ind. 59.96 1.74 2.32%
Chincherc Ind. 61.89 2.95
120 Min . Reading
U. S. White 57.86 0,47 h,a7en 4, o5k 6,268
Cuzco White 59.87 1.28 0.81 2,51%
Cuzco Ind, 60.43 1.85 1,47
Chinechero Ind. 61.57 2.50
® P>.05 #» p> 01
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Instep Temperature

=46

Group Mean SD t-Cuzco t=Cuzco %=Chinchero
White Indian Indians
Students Students

Initial Reading

U. S. White 70,22 3.57 1.31 1.18 0.69
. Cuzco White 73,02 . 3.74 0.35 0.85

Cuzeco Ind, 72.52 2.62 ’ 0.65
Chinchero Ind 71.65 k,93

20 Min. Exposure
U. S. White 68.60 3.01 1,86 1.63 1,21
Cuzco White 72.09 3.55 0.58 0.97
Cuzco Ind, 71.31 2.36 0.54
Chinchero Ind. 70.73 4,01

4C Min., Exposure
U, S. White 67.02 2.48 2. 44 1.99 1.46
Cuzco White 70.87 3.06 0.84 1.25
Cuzec Ind, 69,87 2.32 0.56
Chinchero Ind. 69.24 4,02

60 Min, Exposure
U. S. White 66.36 1.78 2.54% 2.11% 1.49
Cuzco White 69.39 2.52 0.74 1,04
Cuzco Ind, 68.64 2,03 0.44
Chinchero Ind. 68,18 3.85

80 Min, Exposure
U. S. White 65.40 1.43 2.38% 1.79 1.86
Cuzco White 68,22 2.99 0.94 0.72
Cuzco Ind, 67.14 2.17 0.26
Chinchero Ind. 67.35 3.51

100 Min., Exposure
U. S. White 64,62 1,16 2.41% 3,04%% 2.,19%
Cuzco White 66.63 1.30 0.57 0.43
Cuzco Ind. 67.10 1.89 o.u7
Chinchero Ind. 66,67 3.35

120 Min. Exposure
U, S, White 64,18 1.31 2.71% 2.83% 2,24
Cuzco White 66 .44 1.62 0.25 0.19
Cuzco Ind. 66,62 1.86 0.40
Chinchero Ind, 66.28 3,06
* P> 0% ##% P>.01



Calf Temperature

Group Mean SD t-Cuzco t-Cuzco t=Chinchero
White Indian Indians
Student Students
Initial Reading
U. S. White 81,14 2.33 2.00 1.81 0,65
Cuzco White 83.65 1.47 0.28 2.11%
Cuzco Ind. 83,46 1.72 1.78
Chinchero Ind. 82.00 2.90
20 Min. Exposure
U. 8, White 80.46 1.92 1.98 1.82 0.71
Cuzco White 82.57 1.45 0.09 1.95
Cuzco Ind. 82,51 1.97 1,63
Chinchero Ind. 81,23 2.33
40 Min, Exposure
U, S, White 79,44 2.36 1.74 1.64 0.44
Cuzco White £1.58 1.10 0.03 2.68%
Cuzco Ind. 81,60 1.96 2.,11%
Chinchero Ind. 80,00 2.17
60 Min ' Expoeure
U, S, White 77.64 1.94 1.98 2.75% 1.28
Cuzco White 80.00 2.22 0.71 1.27
Cuzeco Ind. 80,61 1.60 2.59%
Chinchero Ind. 78.98 1.84
80 Min. Exposure
Cuzco White 79.57 1.40 0.50 1.90
Cuzco Ind, 79.91 1,68 2.27%
Chinchero Ind. 78.40 1.95
100 Min. Exposure
U. S, White 77.42 1.13 1.46 2.86% 0.84
Cuzco White 78,65 1.97 1,23 0.84
Cuzco Ind, 79.68 1.83 2. 40%
Chinchero Ind. 78,01 1.95
120 Min. Exposure
U. S. White 77.18 1.57 2.09 2,224 0,69
Cuzco White 79.07 1.43 0.37 2.00
Cuzco Ind., 79.34 1.91 2.11%
Chinchero Ind. 77.80 2.03
& P> 05 #% P> 01
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Inner Thigh
Group Mean SD t-Cuzeco t-Cuzco t=Chinchero
White Indian Indians
Students Students
Initial Reading
U. S. White 83.18 2.26 2.00 3.06%% 4,588k
Cuzco White 85.84 2.20 1,44 3.50%%
Cuzco Ind, 87.25 2.29 1.89
Chinchero Ind, 88.90 2. 42
20 Min, Exposure
U. S. White 83.54 3,40 2.00 2.59% 3,78%%
Cuzco White 87.60 3.36 0.77 2,34
Cuzco Ind, 88.73 3.34 1.44
Chinchero Ind. 90,35 2.31
4o Min. Exposure
U. 8. White 83.52 3.81 2.00 3.27% 3.66%%
Cuzco White 88.07 3.90 l.52 2.00
Cuzco Ind 90.32 2.72 0.42
Chinchero Ind, 90,73 2,21
60 Min, Exposure
U. S. White 83.56 3.73 2.11» 3. 49n% 3.96%%
Cuzco White 88.38 B,17 1,46 2,00
Cuzco Ind, 90.64 2,68 0.61
Chinchero Ind. 91.24 2.50
80 Min. Exposure
U, S, White 84,18 4,10 1.88 2.96%# 3.,50%%
Cuzce White 88.60 3.63 1.50 2.35¢%
Cuzco Ind. 90.T4 2.80 0.87
Chinchero 91,64 2,69
100 Min. Exposure
U. S, White 84,48 L,08 1.75 3,06%% 3.38#¢
Cuzco White 88.67 4,03 1.67 2.,12%
Cuzco Ind, 91.15 2.54 0.50
Chinchero Ind, 91,63 2.57
120 Min, Exposure
U. S. White 84.62 4,06 2.04 3.12%2 3. unns
Cuzco White 89.58 4,23 1.18 1.59
Cuzco Ind, 91.40 2.54 0.51
Chinchero Ind. 91.88 2.53
* P> ,05 #% p> (C1
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Outer Thigh
Group Mean 8D t-Cuzco t-Cuzco t-Chinchero
White Indian Indians
Students Students
Initial Reading
Cuzco White 83.16 1,63 0.84 3,334
Cuzco Ind, 82,48 2.27 3,644
Chinchero Ind. 85.45 2.05
20 Min. Exposure
U., S. White 80.52 2.88 1.04 1.12 2.26¢%
Cuzco White 82.07 1.33 0.24 3.,06%#
Cuzco Ind, £2.23 1,73 2,48
Chinchero Ind., 83.91 1.93
L0 Min. Exposure
U, S. White 79,98 2.45 1.33 1.36 2.33%
Cuzco White 81.68 1l.23 0.22 2.,29%
Cuzco Ind. 81.83 1.95 1.60
Chinchero Ind., 82.99 1.93
60 Min, Exposure
U, S. Whilte 78,86 2.96 1.58 1.44 2.25%
Cuzco White 81.30 1.38 0.15 1.66
Cuzco Ind, 81.18 2.16 1.45
Chinchero Ind, 82.32 1.97
80 Min. Exposure
U, S. White 80.54 2.77 0.4y 0.38 1.08
Cuzco White 81.18 1.4 0.10 1,47
Cuzco Ind. 81.10 1.91 1.38
Chinchero Ind. 82.11 2,05
100 Min, Exposure
U, S. White 80,98 3.21 0.07 0.25 0.52
Cuzco White 80,86 1.30 0.74 1.56
Cuzco Ind. 81,42 2,08 0.54
Cbinchero Ind, 81,84 2.19
120 Min, Exposure
U. S. White 81.00 2.74 0.16 .18 0.36
Cuzco White 81.23 1.31 0.07 0.45
Cuzco Ind. 81,28 2,01 0.31
Crhinchero Ind., 81.52 2.35
—  —— .~
& p ,05 #* p .01



Upper Arm
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Group Mean sD t=Cuzco t-Cuzco t-Chinchero
White Indian Indians
Students Students
Initial Reading
U. S. White 81.48 2.90 2.16% 1.78 3,29%#
Cuzeco White 84,70 1,08 0,l6 3.21%#
Cuzco Indians 84,34 2.33 2.57*
Chinchero Ind. 86,44 1.93
20 Min. Exposure
U, S. White 79.20 2.98 1.72 1.29 2.92%%
Cuzco White 81,88 1.41 0.37 2,924
Cuzco Ind, 81,49 3.22 2.,10%
Chincherc Ind. 83.T4 2,06
40 Min. Exposure
U. S. White 77.76 3.03 1.75 1.77 2.75%+
Cuzco White 80.50 1.26 0.32 2,95##
Cuzco Ind. 80,78 2.63 1.51
Chinchero Ind., 82,10 1.70
60 Min Exposure
U. S. White 78.28 2.86 1.27 0.85 2.22%
Cuzco White 80.15 1.24 0.75 2.49¢%
Cuzco Ind. 79.60 2.07 2.64
Chinchero Ind, 81.59 1.94
80 Min. Exposure
U. S, White 78.28 3.37 0.53 0.39 1.75
Cuzco White 79.18 0.91 0.28 4,18%%
Cuzco Ind. 78.98 2.13 3.04%%
Chinchero Ind. B81.32 1.93
100 Min, Exposure
U. S. White 78,46 3,61 .14 0.15 1,81
Cuzco White 78.72 1.29 0,02 3,12%%
Cuzco Ind. 78,74 1.93 2,5u#%
Chinchero Ind. 80.59 1,98
120 Min Exposure
Cuzco White 79.09 0.97 0.55 2.65%
Cuzco Ind, 78.67 2.34 2,30%
* Chinchero Ind, 80.65 2.30
* P>.05 s P> .01



Forearm Temperature

Group Mean SD t-Cuzco t-Cuzco t~Chinchero
White Indian Indians
Students Students
Initial Reading
U. S. White 84,84 0.84 0.85 0.57 2,79%%
Cuzco White 83,96 2.99 0.l42 2.55¢%
Cuzco Ind, 84,43 1.93 2,934
Chincherc 86.72 2.41
20 Min. Exposure’
U, S, White 82.38 1,54 0.11 0.36 1,46
Cuzco White 82,28 1.59 0.33 2.06%
Cuzco Ind, 82.00 2.35 2.00
Chinchero Ind. 83.70 2.16
40 Min Exposure
U. S, White 81.70 1.23 0.36 1.43 0.96
Cuzco White 81.43 1.1 1.28 1.63
Cuzco Ind. 80.31 2.50 2.5 #
Chincherc Ind. 82.k0 1.81
60 Min. Exposure
U. S. White 81,70 1.56 1.40 2.31% 0.44
Cuzco White 80.12 1.52 1.30 1,48
Cuzco Ind, 79.39 2.07 2.64 #
Chinchero Ind, 81,32 1.73
80 Min. Exposure
U. S, White 81.66 1.43 2.49% 3.14%¢% 0.60
Cuzco White 79.48 1.96 0.95 2.53%
Cuzco Ind. 78.74 1.97 3.30%%
Chinchero Ind. 81.15 1.97
100 Min Exposure
U. S. White 82.00 1.74 2.61% 3.71%s 0.65
Cuzco White 76.10 2.17 0.99 2.64%
Cuzco Indians 78.25 1.68 4, 33##
Chinchero Ind. 81.35 2.32
120 Miny Exposure
U. S. White 81.68 1.55 2.39 # 3,17%% 0.94
Cuzco White 78.97 2,44 0.64 2.03%
Cuzco Ind. 78,32, 2.20 3.07%¢
Chincherc Ind. 80.79 2.09
® p> .05 LA P> .01
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Hand Temperature

Group Mean SD t-Cuzco ’ t-Cuzco t~Chinchero
White Indian Indians
Students Students

Initial Reading
U. S. White 70.74 1.69 2,88 2.95%# 8.5unx
Cuzco White 73.85 2.12 o.l42 6.,61%%
Cuzco Ind. T4.31 2.86 5.56%%
Chinchero Ind., 81.15 4,03

20 Min. Exposure
U. S. White 68.88 1,62 2.65% 1.98 7.46%%
Cuzco White 71.39 1.51 . 0.24 6. u1es
Cuzco Ind 71.67 2,73 5.55%%
Chinchero Ind., 77.98 L,16

40 Min. Exposure
U. S. White 67.60 1.61 2.20% 2.24% 8.,11%%
Cuzco White 69.65 1,43 o.u44 7.84%%
Cuzco Ind, 70.03 2.43 6.,19%%
Chinchero Ind. 76.51 3.43

60. Min, Exposure
U. S. White 68,30 2.13 0.57 0.29 5.57%%
Cuzco White 68.93 0,82 0.33 5.35%%
Cuzco Ind. 68.68 2.35 6.63%%
Chinchero Ind. 75.59 3.50

80 Min Exposure
. S, White 66.7° 2.00 1,26 1.15 T.13%%
Cuzco White 68,18 1.56 1.67 8.34nx
Cuzco Ind, 68.36 3.11 6.,12%*
Chinchero Ind, 75.75 3.49

100 Min. Exposure
U. S, White 66.82 1.96 0.90 0.68 7.26%%
Cuzco White 67.84 1.87 0.21 8. 40
Cuzco Ind. 67.65 2.38 7.88%%
Chinchero Ind. 75.55 3.21

i20 Min. Exposure
U. S, White 66.40 1.70 2.,23% 1,65 T.70%%
Cuzco White 68.89 2.29 0.h2 5.91%#%
Cuzco Ind. 68.42 2,90 S.T2%%
Chinchero Ind, 74.70 3.00 .
* P, .05 LA .01
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Chest Temperature

Group Mean SD t-Cuzco t=Cuzco t=Chinchero
White Indian Indlans
Students Students
Initial Reading
U. S. White 85.34 0.88 1.71 0.89 1.59
Cuzco White 86.61 1,88 0,41 0.05
Cuzco Ind. 86.19 2.80 0.42
Chinchero 86,65 3.19
20 Min. Exposure
U. S. White 84,32 1.90 0.57 0.89 1.74
Cuzco White 84,94 1,60 0.49 1,67
Cuzco Ind, 85.33 2.10 1,10
Chinchero Ind., 86,36 3.15
40 Min. Exposure
U, S, White 84,22 2.16 0.86 0.95 1.41
Cuzco White 85.31 2.07 0.09 0.76
Cuzco ILd4, 85,38 1.91 0.72
Chinchero Ind. 86,04 3.23
60 Min, Exposure
U. S. White 85.62 1.94 0.12 0.02 0.43
Cuzco White 85,76 1.99 0.20 0.40
Cuzco Ind. 85,60 1,69 0.69
Chinchero Ind., 86.08 2.21
80 Min., Exposure
U. S. White 86.18 1.88 0.30 0.39 0.15
Cuzco White 86.52 2.08 0.96 0.23
Cuzcc Ind. 85.78 1.29 0.91
Chinchero Ind. 86,33 2.12
100 Min. Exposure
U. S. White 86.64 1.71 0.48 0.16 0.16
Cuzco White 87.15 1.94 0.88 0.45
Cuzco White 86,48 1.47 0.49
Chinchero Ind, 86.80 2.18
120 Min. Exposure
U, S. White 86,14 2.86 1.26 0.06 0.70
Cuzco White 88,10 1.99 1.67 1,04
Cuzeco Ind, 86,03 3.56 0.98
Chinchero Ind. 87.22 2.58
L P .05 ** P .01
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Group Mean SD White Indian Indians

Initial Readlagnt®  Students
U, S. White §6.54 1.98 3.21%% 3,83 4, 74ue
Cuzeco White 90,27 1,94 0.40 1,74
Cuzco Indg, 90.55 1,11 1,99
Chinchero Ind. ©91.49 1.51

20 Min. Exposure
U. 8. White 89.24 1,50 3.06%% 3.57% 3,654%
Cuzco White 92.00 1.59 0.15 0.67
Cuzco Ind. 92.10 0.94 0.98
Chincherc Ind. 92.28 1,67

40 Min. Exposure
U. S. White 90,54 0.48 3.70%% 4, Yy7%n 5,72%%
Cuzco White 92.65 1,62 0.41 0.10
Cuzco Ind. 92.39 1.11 0. U6
Chinchero Ind. 92.59 1.22

60 Min. Exposure
U. S, White 90,94 0.63 3.11%% 3.004% 3, 8688
Cuzco White 92.75 1.54 0.45 0.32
Cuzeco Ind. 92,47 1,26 0.21
Chinchero INd. 92.56 1,27

80 Min., Exposure
U. S. White 91,08 0.87 2.86 2.71% 3.74ns
Cuzco White 92.87 1,43 0.38 0.01
Cuzec ILd. 92.65 1.27 0.52
Chinchero Ind., 92.88 0.95

100 Min. Exposure
U. S. White 90,78 0.92 1.95 1.93 1.83
Cuzco White 93.07 1,42 0.21 0.52
Cuzco INd. 82,96 1.04 0.37
Chinchero Ind, 92,81 1,03

120 Min, Exposure
U. S. White 91.02 2.74 1.71 1.58 1.36
Cuzco White 93.45 1.27 0.31 1,24
Cuzce Ind. 93.27 1.36 0.83
Chinchero Ind. 92.86 0.95
#p .05 8 p .01
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Forehead Temperatures

Group Mean sSD t-=-Cuzco t=Cuzeco t-Chincherc
White Indian Indians
Students Students
Initial Reading
Cuzco White 91,87 1.18 047 0.04
Cuzco Ind. 91,62 1,30 0.7
Chinchero Ind. 91,85 1,51
20 Min, Bxposure
U. S. White 90.30 3.05 1.48 1,10 c.75
Cuzco White 92,64 1,24 0.67 1.71
Cuzeco Ind. 92.13 2.17 0.73
Chinchero 91.51 2,44
40 Min, Exposure
U. S. White 90.72 2.03 144 1.79 1.00
Cuzco White 92,34 1.51 0.49 0.82
Cuzco Ind. 92,62 1,01 1.55
Chinchero Ind., 91.81 1.91
60 Min. Exposure
U. S. White 89,42 1.57 3,310 3. 42w 3.79%#
Cuzco White 92,25 1.06 0.26 0.90
Cuzco Ind, 92,38 1,02 l.12
Chinchero Ind. 91,81 1.58
80 Min. Exposure
U. S. White 89,68 1,30 3,240 3, 4ynw 3.61%%
Cuzco White 92,05 1,06 0.32 0.h9
Ccuzco Ind. 92,20 1,13 0.15
Chinchero Ind, 92,27 1.39
100 Min. Exposure
U. S. White 90.20 1,06 2,934 3,134 2.9une
Cuzco White 91.96 0.85 o.uU4 0,21
Cuzeco Ind, 92.15 1.09 0.20
Chinchero Ind., 92,05 1.57
120 Min. Exposure
U. S. White 90.22 0,99 3.00%x 3,324k 1.78
Cuzco White 92,06 1,04 0.45 0.80
Cuzco Ind. 92,29 1.25 1.11
Chincherc Ind. 91,54 2.56

& P L,05
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