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ABSTRACT 

Cold, as a stressful agent, has influenced human evolution and 

has produced considerable variation in living populations. Many-

studies on males of European ancestry have illuminated some aspects 

of this variation. Studies of peoples of non-European ancestry have 

shown that there is also variation between populations. Most of these 

investigations have been concerned with the responses of adult males 

as representative of entire populations, thus they really represent an 

individual level of study. 

This dissertation deals with responses to cold at the popula

tion level. The population considered lives in a cold climate which 

is inhospitable to unprotected humans. The group is the Quechua 

Indians living in the Nunoa region of southern Peru and is especially 

suited to population analysis because numerous parameters have already 

been defined. Studies were undertaken in controlled laboratory con

ditions and under natural conditions of every day life. 

The variations in response to cold stress encountered within 

the population are considered from three viewpoints. The first is 

related to the physical environment and arises from altitude, the 

salient geographic feature in this Andean region. Altitude influences 

the response of the population to cold chiefly through decreasing air 

temperature at higher elevations. Thus, those population segments 

living at higher elevations regularly experience colder microclimates. 

viii 



Altitude also produces variation in a less direct manner through its 

influence on economy. By prohibiting farming at higher elevations it 

influences daily activities related to cold exposure. It also affects 

nutrition,. 

The second viewpoint emphasizes biological variation. Combi

nations of laboratory and field studies illustrate variation which is 

related to age and sex. Younger members of the population live in 

colder microclimates and are more frequently exposed to cold as they 

go about their daily activities. Males and females respond differ

ently in the laboratory, but the differences diminish in the field. 

The male-female differences in the Quechua are distinct from those 

reported for other populations in that Quachua women maintain warmer 

surface temperatures than men. 

The final viewpoint is that of human culture. Clothing is 

examined in detail to determine its effectiveness and evaluate its 

design. The addition of clothing to the unclothed subject increases 

microclimate temperature to a significant degree but has no apparent 

influence upon internal (core) temperature. Clothing is then ex

amined from the viewpoint of design and suitability for cold climates. 

It is found to comply with standards prescribed for cold weather 

clothing by the U. S. Army. 



CHAPTER 1 

INTRODUCTION 

The evolution of man has been characterized by considerable 

subspecific variation. The degree of this variation has been so pro

nounced that man has become a most polytypic species (Haldane 19b9)  

and the fossil evidence suggests that he has been so for some time 

(Coon 1962). Observed variation has taken the form of obvious mor

phological features such as skin color and body sizej'and it has taken 
\ 

the form of less obvious features which can be studied only under 

specific laboratory conditions (Hulse 1963). 

Some of this variation may originate from non-adaptive, ran

dom forces (genetic drift), but it is most likely that the major por

tion results from genetic adaptation and plasticity reactions to en

vironmental factors (Hulse 1960J Baker 1966a). Some traits, such as 

sickle cell anemia, seem well correlated to specific environmental 

factors, but most human variation is seen as geographi-eai—gradients 

of unknown origin (Gam 1961). Full understanding of the problem is 

further complicated by our inability to differentiate between genetic 

adaptations and phenotypic plasticity resulting from exposure to spe

cific environments (acclimatization). For example, it has not been 

possible to determine if the large chest size of high altitude dwel

lers is the result of genetic adaptations or simply acclimatization 



2 

to the uniformly low oxygen tension to which all such people are ex

posed (Monge 19$k)* 

Partitioning of observed variation into its component parts 

is extremely difficult in the case of populations and almost impos

sible at the individual level. Since most studies of environmentally 

induced variation have been made at the individual level such separa

tion' of components must await future methodological innovations. 

Despite these limitations on our ability to assign specific causes 

for specific types of variation, a meaningful analysis can be under

taken in a broad framework which emphasizes environmental control over 

variation. This framework may be called Human Ecology and is defined 

as, "Human ecology seeks to understand man and his problems by study

ing individuals and populations as biological entities profoundly 

modified by human society and culture and by studying the effects of 

physical, biological, and cultural environments upon man and those of 

man upon his environment" (Sargent and Shimkin 196$: £12), Utilizing 

this approach, the basic unit of study, the dependent variable, is 

biological man. The independent variables, the physical (natural), 

biological and cultural environments may be studied under a variety 

of conditions and their effe estimated. 

Choosing biological man as the basic unit of study provides 

for a considerable simplification of methodology. Biological man is 

readily defined and many of the parameters of his biological vari

ation are easily studied. Further, it is possible to lump genetic 

adaptations and phenotypic plasticity for some aspects of study. This 
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is not the most desirable framework for studying human variation, but 

it provides a suitable approach in the absence of more detailed knowl

edge of genetics. 

One of the most pervasive forces in promoting human variation 

has been cold. It has been a force in human evolution for thousands 

of generations, first limiting human expansion as it limits the range 

of other great primates today, then favoring certain classes in vari

ation. So evident is the effect of cold on human variation that it 

has occupied an important place in many early and recent theories of 

human race (Count 1950; Coon, Gam and Birdsell 1950). Recently 

Hammel (196̂ ) has tried to envision an evolutionary sequence based 

upon response to cold. He argues that cold has been a limiting factor 

in the human population of the globe and that expansion into non

tropical areas had to await technological progress. According to this 

argument, man probably originated in the tropic savanna and lacking 

any protective technology, suffered cold stress during the nights. 

Present day temperatures in these areas fall to 20 C, a temperature 

which is uncomfortable but not dangerous. The naked hominoid could 

have met this stress by limiting blood flow to the extremities much 

as do the Australian Aborigines today. Fire enabled expansion into 

cooler climates and with the discovery of clothing the entire globe 

could be populated. When housing became widespread the chronic as

pects of cold were reduced and other forms of cold response were 

promoted. 
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Just as cold must have influenced peoples in the past, it in

fluences current human populations. This may be illustrated in the 

variation in body size which has been found between various groups. 

Bergirann's Rule, derived from observed effects of cold on animal popu

lations, states that in any homeothermic species the individuals 

living in the colder parts of the range will be larger than those 

forms living in the warmer parts (Allee and others 19h9)«. This seems 

related to the dynamics of heat exchange in solids. As the size of 

a solid increases the mass increases at a greater rate than does the 

surface area. In biological terms this suggests that a larger animal 

will have a greater heat producing mass in relation to surface area 

than vail a smaller one# This is desirable in a cold climate. 

Several investigators have attempted to establish the validity 

of this rule for humans. A typical example is provided by Roberts 

(1953) who compared the reported mean weights for various indigenous 

peoples with mean annual temperature of the areas in which they live. 

These were found to correlate -.600. The significant, negative corre

lation suggests that people living in colder areas are heavier. A 

partitioning of the sample showed similar relations existed within 

ethnic groups and over continental land masses. Other studies have 

yielded similar results (Schreider 195-1; Newman 1953). These have 

been challenged (Scholander 1955; Wilber 1957), but their general 

validity seems to remain (Mayr 1956; Gam 1953). 

Cold also influences human culture, such artifacts as houses, 

fires and clothing usually function to deal with it, but there may 



also be more subtle influences. Whiting (196U) has recently reported 

that such cultural phenomena as post partum taboo, length of nursing 

period and sleeping behavior may be adjustments to temperature. 

This paper will deal with the responses to cold of a human 

population. In accordance with the ecological approach already dis

cussed, three aspects of cold interactions will be examined — those 

related to the physical environment, to the biological environment 

and to the cultural environment. 

The next two chapters will be devoted to the dependent vari

able, biological man, and to bis responses to cold. Chapter 2 will 

deal with the generality of human responses to cold and Chapter 3 will 

examine the specific responses of a variety of human groups. 



CHAPTER 2 

THE PHYSIOLOGY OF COLD STRESS 

The Dynamics of Heat Exchange 

The effects of low environmental temperature on the human body 

are most easily understood in terms of physical laws which govern heat 

exchange in all objects (Bazett 19h9; Carlson and Hseih 1965). There 

are four forces which operate in living and inanimate objects. 

Evaporation 

Evaporation results in the loss of 0.58 Calories of heat per 

gram of water changed from liquid to gas. Thus evaporation of water 

from the surfaces? living things serves as a cooling agent. In the 

human body, evaporation takes place on the surface of the skin, lungs 

and the linings of the respiratory tract. It is obvious that under 

cold conditions the evaporation of large amounts of water is not de

sirable because of the quantities of heat which it may remove. 

Conduction 

Conduction is heat transfer from molecule to molecule. In the 

study of human heat exchange body to environment conduction is fre

quently neglected because of the insulative properties of clothing. 

Conduction also takes place within the body and is of extreme impor

tance in the study of temperature regulation. This internal 
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conduction is carried from tissue to tissue, especially by the blood 

and represents a major force in the distribution of body heat. 

Convection 

Heat transfer resulting from the movement of fluids (air and 

water) is convection. In cold environments this represents a constant 

source of cooling as the homeothermic body attempts to maintain a 

shell of warm air between itself and the environment. Wind activity 

represents the most frequently encountered convective force in cold 

climates. 

Radiation 

Radiation is heat transfer through electromagnetic waves which 

all vjarm objects direct towards all colder objects in their environ

ment. Thus even a fully clothed man is constantly radiating heat to 

other objects such as houses, rocks, bodies of water and even the sky. 

These forces may act individually or in concert to remove 

heat. In a common situation, the man in a cold environment will lose 

heat to the rock upon which he is sitting by conduction, by evaporation 

from the skin and respiratory tract surfaces, by radiation to the sky 

and surrounding objects and finally convective wind activity will re

move still more. The heat lost through these avenues must be produced 

by the body if homeostasis is to be maintained. These relations may 

be summarized in equation form. 
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Equation 1 

M = E + Cd + Cv + R 

where, M is metabolic heat production, 
E is evaporative heat loss, 
Cd is conductive heat loss, 
Cv is convective heat loss, and 
R is radiation heat loss 

Since there is only one means of heat production and four avenues of 

heat loss, it should be possible to define a point of equilibrium 

such that production is exactly equal to beat loss. Experimental 

evidence based upon European adult males suggests that the following 

is typical of neutral conditions; 

Equation 2 

72 Cal/hr = 63 Cal/hr + 0 Cal/hr + $ Cal/hr + Cal/hr 

M E Cd Cv R 

(Windslow and Harrington 19h9i 55). The metabolic heat production is 

at the basal metabolic level which may be defined as "the energy ex

penditure of a subject resting quietly after at least eight hours of 

sleep and at least 12 hours after the last meal"(Consolazio, Johnson 

and Pecora 1963: 22), 

The Physiology of Temperature Regulation 

Most of the detailed knowledge of human temperature regulation 

in the cold has been gained from studies of adult males of European 

ancestry. In this chapter all data, except that specifically labeled 

as distinct, may be assumed as derived from adult males of European 

ancestry,, 



The physiology of temperature regulation in man is best under

stood by dividing the body into two parts, the core and the she3.1 

(Bazett 19h9). The core is the internal part which consists of the 

brain, lungs, heart, liver and the viscera, all of which must function 

at a constant temperature. Normally core temperature is measured in 

the rectum and is observed to average about 38 C (93.6 F). The lower 

limit of the core temperature seems to be between 2k and 26 C (75«5> 

and 78.8 F). Surrounding the core is the shell which consists of the 

skin, muscles, subcutaneous fat and other peripheral tissues. The 

temperature of the shell my be varied in accordance with the heat 

demands of the body. Under cold conditions the shell may be pictured 

as an overcoat in that it is of considerable depth and acts as an in~ 

sulative body (Carlson and others 1953). The lower limit of the shell 

is about freezing or 0 C (32 F)e 

The relationship between the temperatures of the core and the 

shell may be defined in terms of an equation which weighs the contri

bution of eachs 

Equation 3 

Body Temperature = 0.33 (Mean Skin Temperature) + 

O.67 (Rectal Temperature) 

(Consolazio, Johnson and Pecora 1963: 1|20). Body temperature is the 

total heat content of the body, mean skin temperature is an estimate 

of the average surface temperature and rectal temperature is an es

timate of core temperature. 
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Response to Cold Stress: Insulation 

At an environmental temperature of about 3U to 3!?.!? C (93»2 

to 95.9 F) the human body is in thermal equilibrium with none of its 

defense mechanisms in operation (Burton and Bazett 1936; Craig and 

Dvorak 1966), This "neutral" point has been defined in stirred water 

baths where temperature could be carefully controlled. In terms of 

Equation 1 most heat would be lost through convection and respiratory 

tract evaporation. In air there must be a similar point with dif

ferent avenues of heat loss. At such a point Rubner (Windslow and 

Harrington 19h9: 27), expected the exchange to be hh percent loss 

through radiation, 32 percent through convection, 21 percent through 

evaporation and 3 percent through work and food ingestion. 

More meaningful than this neutral point is the "critical 

temperature" defined as "the ambient temperature below which the me

tabolic rate begins to rise for the maintenance of the body tempera

ture1 (Consolazio, Johnson and Pecora 1963: li3li)« Above this point 

there is no need to increase energy expenditure in order to maintain 

a favorable internal temperature. The critical temperature has been 

empirically established at 2? to 28 C (80.6 to 82.U F) for nude adult 

males in still air. It was first established by Hardy and Sonder-

strom (1938) and later confirmed by Scholander and others (19̂ 0). 

Craig and Dvorak (1966) found metabolic heat production to increase 

at 30 C (86 F) during water immersion. This difference between air 

and water test mediums suggests the caution with which studies of 

critical temperature mu3t be undertaken. 
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Between the neutral point and the critical temperature some of 

the basic mechanisms of temperature regulation in the human body are 

seen to begin operation. Their chief orientation seems to be taking 

advantage of the insulative qualities of the shell. At some point 

below 35 C (95 F) vasomotor responses begin to reduce the outward flow 

of heat from the core to t̂ e surface. Most probably the first mech

anism to be used is vasoconstriction, closing off some blood vessels 

and thereby limiting the flow of warm blood to the tissues which they 

serve# Hardy and Sonderstrom (1938) suggest this is "vasoregulation" 

for it is temperature regulation based upon blood vessel physiology. 

The immediate result of this lower blood flow is a decreased core to 

shell conductance which is measured in terms of Calories/square meter 

of surface area/degree C. Conductance changes due to cooling have 

been reported by Windslow and Harrington (l9h9t 76) who provide the 

following information. Above the point of vasoregulation, conductance 

was observed to be 20.3 Cal/m̂ /C while below that point the conduc

tance fell to 12.6 Cal/m̂ /C. This decreased heat flow (or increased 

insulation) is the result of reduced heat carried from the core by 

the blood and increased insulation of the overlying tissues. The 

effects of reduced blood flow in preventing heat loss without great 

changes in the insulative ability of the tissue may be estimated from 

the study of Forrester, Ferris and Day (19U6). At an environmental 

temperature of 15 C blood flow to the hand was only 0.15 ml/lOO ml 

hand/min. while at 38 C it was 32 ml/lOO ml hand/min. Translated in

to actual heat loss, practically all of which was the result of blood 



flow, the result was 6 Cal/hand/min. at 15 C and 32 Cal/hand/min. at 

38 C. Because the tissue insulative ability of the hand is limited 

this 26 Cal/min. difference is largely the result of changes in blood 

.flow# 

Heat conservation is further enhanced by the insulative value 

of overlying tissues after blood flow is decreased. Subcutaneous fat 

seems to be of special importance in this respect (Buskirk, Thompson 

and Whedon 1963). The direct insulative value of subcutaneous fat 

was demonstrated by Baker and Daniels (1956) who found significant 

correlations between surface temperatures of specific areas and the 

amount of underlying subcutaneous fat. Pugh and others (i960) have 

shown that in long distance swimmers, subcutaneous fat, as estimated 

by skinfolds, slows the rate of heat flow from the core to the surface 

to the extent that each mm. of fat is equivalent to increasing the 

water temperature almost 1.5 C. Y/hen blood vessels are constricted 

subcutaneous fat is of considerable value in reducing heat flow from 

the core. This ability of fat is not uniformly found all over the 

body surface for Steegrnan (1965) found no significant relation between 

subcutaneous fat and surface temperature in the face. 

Thus one of the initial mechanisms in protection against 

cooling is a combination of reduced blood flow and increased tissue 

insulation. Subcutaneous fat is of special value in providing insu

lation,. 

In addition to these mechanisms, vasoregulation has recourse 

to a countercurrent beat exchange system. This mechanism, well 



developed in sloths and aquatic mammals, is of considerable value to 

man (Schmidt-Nielsen 1963). Heat conservation is accomplished by-

shifting returning venous blood flow from the surface veins to the 

deeper venae comitantes which are closely associated with the arteries 

(Bullard 1963: 58?). This close association of arteries and veins 

favors a heat exchange which warms the blood bound for the core and 

precools the outgoing blood« The effectiveness of this mechanism was 

demonstrated by Bazett and associates (19̂ 8) who report a 3 C/deci-

meter change along the radial and brachial arteries during cold ex

posure. The combination of vasoregulation mechanisms are so effective 

that upon their employment an increase in rectal temperature of 0.5 C 

may result (Bullard 1963). 

Response to Cold Stress: Increased Heat Production 

When environmental temperature falls below the critical tem

perature these vasoregulative mechanisms are inadequate and the human 

body must respond through greater heat production. The resting and 

fasting male may be expected to produce about 1.0 to 1.2 Cal/min. 

(Lucas and Ridout 1961). As previously noted this is the "basal 

state" and "basal heat production." The most rapid and effective 

way for production of more heat is by voluntary exercise, the heat 

producing qualities of which are well known and need not be discussed 

here. Let is suffice to note that violent exercise may increase the 

metabolic rate by a factor of 32, resulting in a heat production in

crease from 1.17 Cal/min. at the basal level to 37.9li while running 

(Consolazio, Johnson and Pecora 1963: 330)• This is adequate heat 
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production for any cold environment in which man is likely to find 

himself. 

Such voluntary activity cannot go on for long periods of time 

and when it becomes restricted, shivering will be mobilized to make 

up the heat deficit. Shivering is a regular muscular tremor normally 

varying from 7 to 13 cycles/sec,, with a mode of 10 cycles/sec,, It 

is preceeded by a tonic contraction which prepares the muscle for heat 

production (Stuart and others 1963). The contractions remain constant 

and are synchronous in antagonistic muscle pairs so that there is 

limited movement,, Shivering may lead to a four to five fold increase 

in oxygen consumption, which suggests an appreciable increase in heat 

production (Horvath and others 1956; Tampietro and others I960). This 

increase in heat production is progressive for Glickman and others 

(1967) report beginning with a basal heat production of 35.U Cal/m̂ /hr 

which increased in the following sequence throughout a severe exposure 

to cold: end of one hour 5U Cal/m2/hr; end of two hours 72 Cal/m2/hr; 

end of three hours 92 Cal/m̂ /hr and end of four hours 96 Cal/m̂ /hr. 

Despite such great increases in heat production shivering does not 

significantly increase the heat content of the body, and its warming 

capacity is limited. Horvath and others (1956) balanced extra heat 

produced by shivering against post-exposure heat o'ept and estimate 

shivering to be only 11 percent efficient. This may be the result 

of increased blood flow to the muscles and the resulting rise in con

ductive heat loss (Burton and Bazett 1936). 

A second, but less well defined source of heat production is 

non-shivering thermogenesis. Hemmingway and Stuart (1963: U08) have 



defined non-shivering thermogenesis as "an increase in cellular me

tabolism without muscular movement," which suggests some adjustment 

at the cellular level (Barbashova I96U), This mechanism, which borne-

otherms probably inherited from reptilian ancestors (Smith and Hoijer 

1962), is well established in rats and has only recently been seri

ously studied in man (Cottle and Carlson 1956). Davis (1963) has 

summarized a series of studies in his laboratory and offers two kinds 

of evidence for its existence: (l) of 36 individuals who were ex

posed to severe cold, 21 showed no signs of shivering but maintained 

a metabolic rate above the resting levelj (2) numerous other studies 

have indicated a systematic decrease in the level of shivering with 

increasing amounts of exposure. This evidence is interpreted to show 

that with increasing exposure, a non-shivering mechanism gradually 

takes up more of the heat production. Hemmingway and Stuart (1963) 

question the existence of such a non-shivering mechanism on the basis 

of a literature survey. They report that the shivering mechanism may 

increase metabolic heat production more than 1*00 percent, while the 

non-shivering mechanism is always reported to increase it less than 

100 percent. Therefore, even if the non-shivering mechanism exists 

it is not of much importance when compared to shivering. The forces 

of their argument is diminished when it is recalled that shivering Is 

only 11 percent effective in warming the body. This uould credit 

shivering with an increase of hU percent, about the same level typi

cally reported for non-shivering mechanismŝ . 

The locus of non-shivering thermogenesis is not precisely 

known but it is most certainly located in the.core (Smith and Hoijer 
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1962) where its effectiveness is maximal. It has frequently been 

noted that various organs of the viscera increase in size and oxygen 

consumption when the animal is cold stressed for long periods of time 

(Kleiber 1963 J Smith and Hoijer 1962). This suggests greater heat 

production. Organs involved seem to be the heart, kidneys, muscles, 

and endocrine glands; the contribution of the liver being question

able (Depocas i960). Fat tissue and fatty acids are also suspected 

(Masoro 1966). 

Responses to Long Term Cold Exposure 

Extended exposure or residence in cold climates may lead to 

"acclimatization" which may be defined as "The physiological response 

of the organism associated with repeated exposures to environmental 

stress" (Consolazio, Johnson and Pecora 1963: li32). Despite this 

clear definition and a host of studies, it is impossible to give a 

clear picture of acclimatization in any human population (Carlson and 

Hseih 1965 j Buskirk 1966). This is the result of the myriad of test 

procedures utilized and of the frequent failure to control a number 

of important variables (Buskirk 1966). 

One aspect of cold acclimatization has already been discussed 

under the name of non-shivering thermogenesis. This mechanism is seen 

only in animals and men who have been exposed to cold temperatures for 

considerable periods of time. Davis (1963) reports significant mobi

lization of the non-shivering mechanism after 31 days of cold exposure 

in man. Other studies have included rats whose exposure has been life 

long (Cottle and Carlson 1956), Its central role in cold 



acclimatization has been stated as "The basic difference between the 

acclimatized and the non-acclimatized mammal is an improved capacity 

of the former to increase his non-shivering heat production before 

he has to resort to physical thermogenesis" (Hannon 1963: U70). 

The most easily demonstrated physiological change tfhich re

sults from long term cold exposure is in peripheral blood flow to 

the extremities. Acclimatization in the hands "has been demonstrated 

in Americans, both White and Colored.Oampietro and others 1959), in 

Eskimos (Egan 1963) and in Japanese (Yoshimura and Iida 1952)® The 

standardized test has been for the acclimatized and unacclimatized 

subjects to immerse their hands in some cold environment (usually ice 

water) and to measure the changes in temperature of their fingers. 

The unacclimatized subject will undergo a severe vasoconstriction and 

the temperature of his finger will approach that of the water, while 

the finger of the acclimatized subject will show an initial constric

tion, This fluctuation in blood flow maintains the average tempera

ture of the acclimatized hand far above that of the water (Lewis 

1930), Figure 1 illustrates this reaction in a group of English fish 

filleters who dip their hands into ice water each day. They are com

pared to a group of students who never do. Both groups immersed 

their hands in ice water for 10 minutes. It is easily seen that the 

hands of the filleters remain much warmer than those of the students 

•(Kelms and Soper 1962). This local acclimatization of the hand seems 

to have a three fold function: (l) to prevent cold injury, (2) to 

limit heat loss through the hand, (3) to retain a more normal hand 
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Figure 1. Finger temperatures during ice water immersion in 
habituated and control subjects. 
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function in cold environments (Hanna 196$), Surveys of peoples native 

to cold climates show that they are more likely to react as filleters 

than are students (Carlson and Hsieh 1965). 

Although such local acclimatization is well established, there 

is no clear picture of the effects of chronic cold exposure over the 

entire surface of the body. This is the result of dissimilar testing 

situations and unequal amounts of exposure as has already been noted. 

From what is known of acclimatization to heat it appears that 

there are two variables which may influence acclimatization. They 

are extremity of temperature and duration of exposure (Leithead and 

Lind I96U). Failure to control both can lead to incomplete acclimati

zation and erroneous conclusions (Lind and Bass 1963). It would fol

low that a similar phenomenon could exist in cold acclimatization. 

Failure to induce full acclimatization could account for the variety 

of results seen in the literature. 

At this point it will be helpful to define several terms 

which are frequently used in studies of cold exposure. Burton and 

Edholm (l9$S) have classified changes in physiology which lower the 

amount of stress experienced by the organism living in a cold en

vironment as: (l) habituation-behavioral responses to short term 

exposure, (2) acclimatization-responses to short term exposure, (3) 

acclimation-responses to long term exposure, and (ij) adaptation-

changes resulting from exposure over many generations. These are 

expected to be genetic in nature. It will be helpful to add another 

definition to this list. (5) Full acclimation-maximal changes pos

sible after long term exposure to severe cold. 
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The term full acclimation is needed because acclimation as 

defined by Burton and Edholm is inadequate0 It fails to take into 

account that long term exposure to different degrees of cold could 

lead to different responses, A well clothed man exposed to a cold 

climate will most certainly become adjusted in a different manner 

from a nude man in the same circumstances. The intensity of cold to 

which each is exposed is different. Full acclimation would then 

represent the maximum response which a man could make in the face of 

long term severe cold stress. It represents the maximal capacity of 

the genetic and plastic responses which the man (or population) can 

mobilize. There is no population and probably no man which exhibit 

full acclimation under normal circumstances. 

Another useful concept is that of no acclimation,, This repre

sents the opposite of full acclimation, when an individual has not 

recently been exposed to cold and has never in his life been exposed 

to severe cold. It is possible that in certain tropical areas — the 

Amazon Basin and Congo — there are populations of people who never 

experience cold stress. Although temperatures may become cool during 

certain periods of the year, cultural protection is adequate. No 

population ever completely escapes cold, but the mildness and limited 

duration suffered by these groups is such that they approach the 

ideal. 

These two concepts can be placed at the ends of a continuum. 

At one extreme the groups which never experience cold stress and at 

the other end those who are naked and live in cold environments# All 

human groups could then be placed somewhere on this continuum. With 
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this in mind a final term 'ftay be defined as (6) natural level of 

acclimation — 'the state of acclimation produced by the amount of 

cold stress encountered by members of a population as they go about 

their daily activities. 

This term has been used in a similar manner by Strydom and 

Vfyndham (1963) in a discussion of heat acclimatization. 

If cold acclimation can be thought of in terms of the above 

continuum, then it is evident that all humans will fall somewhere be

tween the two extremes. The point at which they fall will be their 

natural level of acclimation. The concept may be applied to indi

viduals or to populations. In terms of populations the natural level 

of acclimation would be the arithmetic mean of the responses of the 

entire group0 A population nay be defined as all of the members of a 

particular town, all of the male children from 1 to $ years of age or 

simply all of the men engaged in Army exercises in Alaska during 

Operation Muskox, 

Definition of the Extremes of the Continuum 

With the premise of a continuum in mind, it becomes necessary 

to survey the literature for examples of the two end points. If 

severe exposure for long periods of time produces full acclimation, 

the study of Wyndham, Plotkin and Munro (196U) seems to fulfill these 

criteria. Five South Africans were tested before and after six and 

twelve months in Antarctica, During their stay they were observed to 

wear progressively less clothing and on occasions "to frolic naked" 

in the snow on windless days. In terms of the above criteria, one 



year seems adequate for acclimation in as much as exposure was con

siderable. The statistical treatment of the authors is somewhat in

adequate, however, their graphic manner of presentation allows the 

following interpretation. After six and twelve months residence, 

when tested at low temperatures ( £ C ), they showed a lower metabolic 

response to cold, lower rectal temperature, and a lower skin tempera

ture (except for the temperature of the toe which was higher). The 

group showed the same pattern of change when compared to their own 

pre-exposure reactions and when compared to a group of unexposed 

Whites from South Africa. They were tested at a number of tempera

tures ranging from 28 to £ C, but these exposure-induced changes in 

physiology were observed only at the coldest temperatures. Therefore> 

it seems that full acclimation to cold will be evident only under cold 

temperatures and studies should be evaluated in terms of th.:-: levels of 

cold stress which they impose on their subjects. 

There are some other investigations which seem to support the 

results of Wyndham, Plotkin and Munro. LeBlanc (1956) also found 

similar changes in metabolism and temperatures of soldiers after a 

winter in the arctic regions of Canada. The exposure of LeBlanc's 

subjects seems unique in that they were required to remain stationary 

for long periods of time (while on guard duty) and suffered from con

siderable cooling. Davis (19&3) also reports similar changes with 

long term, intensive cold exposure. 

At the other end of the continuum, the reactions of unaccli-

matized European males are well known (Scholander, Hammel, Andersen, 



and Loyning 195>8). He suffers from a falling skin temperature (es

pecially toe temperature), no great change in rectal temperature and 

a considerable increase in metabolic rate. If these represent the 

acclimated and unacclimated poles of the cold stress spectrum, it 

might be possible to use this model to explain some of. the variety 

found in supposedly well acclimated groups. For example, Rennie (1958) 

compared a group of soldiers on arctic bivouac with a group of non-

exposed controls. The two groups were almost identical in reaction 

except for the significantly higher hand and arm temperatures of the 

cold exposed group. An interpretation in terms of the model proposed 

above would be as follows. Soldiers on bivouac reacting in the same 

manner as nonexposed soldiers suggests that they had not become ac

climated̂  This might be expected because soldiers in the arctic wear 

full arctic gear and engage J..Q,vigorous activity while outdoors. They 

would not normally suffer total body cold exposure but more likely, 

they would experience some local cooling of the extremities — the 

hands and feet. They would appear unacclimated except when extremity 

cooling had been severe enough to occasion local adjustment. This is 

what Rennie reported. 

Another study of cold acclimation by Iampietro, Bass and Bus-

kirk (195>7), five subjects were placed in a 1$ C cold room for two 

weeks. They were exposed nude for 2b hours per day. The subjects 

showed no significant change in rectal or skin temperatures, however 

they did show a typical unacclimated pattern of a high metabolic rate 

which began to decline after one week of exposure. It was still 



slowly declining at the end of the two week period when the test ter 

minated. This could represent an intermediate stage of acclimation 

•where heat production decreases to be followed by falling skin and 

rectal temperatures. 

Utilizing the continuum model proposed above it might be pos 

sible to organize the mass of acclimation data which is currently 

available. Unfortunately it is not possible to do so here. 

Summary and Conclusions 

This chapter has attempted to outline some of the dynamics 

of heat exchange and certain aspects of temperature regulation as 

they apply to man. It has been proposed that analysis of reactions 

to cold stress can be undertaken by conceptualizing the human body 

as consisting of an inner, heat producing core and an outer, insula-

tive shell. It has been shown that as temperature falls from a neu

tral point of about 3b C (93.2 F) various mechanisms are invoked to 

prevent excessive cooling of the core. The first of these are a re

duction of blood flow into the shell and the mobilization of a count 

ercurrent heat exchanger system. As the temperature drops to lower 

levels and the critical temperature is passed, other heat producing 

mechanisms are called upon. In the absence of voluntary exercise, 

which serves to increase metabolism, shivering and perhaps nonshiver 

ing thermogenesis are utilized. Some aspects of long term reactions 

to cold stress have been discussed and it has been proposed that a 

continuum may be constructed. At one end of the continuum is the 

completely unacclimated man and at the other end is the fully 



acclimated man. All living humans must fall somewhere between these 

two points. Finally, some of the acclimatization studies reported in 

the literature were analyzed in terms of this model and their results 

explained in terms of it. 

All of the material discussed has been collected on what is 

essentially the same population-Whites of European ancestry. It will 

be most helpful to examine some of the information which has been 

collected as non-Europeans. 



CHAPTER 3 

COLD RESPONSES OF PEOPLES OF NON-EUROPEAN ANCESTRY 

Milan (196U) has summarized the physiological responses of 

various peoples to the cold. The following discussion is a basic re

examination of the data which he compiled. 

Eskimos 

Because Eskimos inhabit one of the coldest regions of the 

earth they have attracted much attention and are well known in terms 

of cold physiology. Eskimos survive with the aid of a complex mate

rial culture system ranging from artificially heated, wind-tight 

houses to the best cold weather clothing in the world. Stefansson 

(1953) found the microclimate in which they live to be relatively warm 

and subsequent studies have confirmed his observations. Rodahl (1958) 

measured various types of dwellings commonly used by the Eskimo and 

reports about 21 C mean interior daytime temperatures and about 10 C 

mean interior nighttime temperatures. Indoor temperatures do not 

frequently appear below freezing. Milan (l96it) reports that in the 

course of daily exposure, Eskimos carry a tropic microclimate and are 

not cold stressed. In spite of this effective protection, it is un

likely that the Eskimo can escape cold completely, especially during 

winter seal hunting and ice fishing (Jenness 1928). 

26 
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Eskimos are chiefly hunters of arctic game and provide them

selves with considerable quantities of fat and meat. In unacculturated 

conditions it is estimated that the Eskimo derived about 50 percent of 

his daily calories from fat and most of the rest from protein (Rodahl 

1958: 209). There seem to be no deficiencies in his diet and he con

sumes about 2,800 to 3,000 Calories per day, about the daily recom

mended allowances by the Food and Agricultural Organization of the 

United Nations, The high fat and protein intake might be expected to 

increase heat production (Mitchell and Edman 1951). This adequate 

diet has not always been the rule for starvation has been a constant 

spectre in the Eskimo culture (Jenness 1928). 

The reactions of Eskimos to cold stress at their natural 

levels of acclimatization are weli documented,. The most outstanding 

feature of these physiological responses seems to be a 20 to hO per

cent increase in basal metabolic rate (EMR) over American White 

standards (Milan I96I4). The locus of this extra heat production is 

most likely the protein rich diet, however other factors may also be 

important (Rodahl 1952). In addition to maintaining a high metabolic 

rate the Eskimo also responds more rapidly and more vigorously when 

exposed to cold (Adams and Covino 1958). As a complement to this high 

heat production, the Eskimo exhibits a high core to shell conductance 

which may be 60 percent greater than that of the unacclimatized White 

(Rennie and others 1962 j Milan 196k)* This may also be manifested in 

a high rate of blood flow to the extremities (Brown, Hatcher, and 

Page 1953)® 



Eskimos show very high finger temperatures when they are sub

jected to the ice water imm.ersion test. They maintain higher hand 

and finger temperatures than White controls before and during immer

sion (Meehan 1955)• This pattern persists after several months resi

dence in a milder climate (Egan 1963). The result of these warmer 

hand temperatures is an increased resistance to cold injury and a 

greater manipulative ability in the cold (Coffee 1955)• The Eskimo 

may also possess a more effective heat exchanger system (Brown and 

others 1963). 

The results of this series of adjustments is seen when Eskimos 

and Whites are compared under standardized conditions of cold stress. 

Adams and Covino (1958) compared nude Eskimo and White subjects in a 

17 C cold room. For 30 minutes the subjects were covered with two 

blankets and were comfortable, then the blankets were removed and 

they were exposed to the ambient temperature for two hours. The 

Eskimos were observed to maintain higher rectal temperatures during 

both the control (comfortable) and test periods. They also showed a 

significantly higher metabolic rate which increased heat production 

long before the Whites. The essential points of these differences 

have been confirmed in a controlled temperature water immersion bath 

by Milan (196h). 

The particular responses of the Eskimo to cold stress seem 

ideal in terms of the environment in which he lives (Milan 196Ij). 

The high heat production and high conductivity enable him to expose 

various body members to the extreme cold of the arctic winter and not 



risk their loss due to frostbite. He is also able to remain immobile 

for long periods of time without suffering from falling extremity-

temperatures. This series of adjustments is energy consuming, but 

this seems to present no real problem. 

In none of the studies of Eskimos is there any attempt to ac

climate him beyond his natural state of acclimation. Because of an 

effective material culture it is doubtful that he is fully acclimated 

under natural conditions. A severe, long duration cold stress might 

induce other types of reactions. 

Alacaluf Indians 

At the other end of the Americas is Tierra del Fuego, the home 

of numerous bands of hunters and gatherers. These Indians are rapidly 

disappearing through contact with the western world and the problems 

this brings. European diseases have decimated their number and those 

who remain are rapidly assimilating European culture (Santiana 1962). 

Fortunately most of this process has occurred only recently and many 

of the surviving Alacaluf are still engaged in traditional activities. 

Before intensive contact the Alacaluf inhabited numerous 

islands and inlets along the west coast of southern Chile. Fifty 

year records suggest that "all stations report mean daily temperatures 

at least U F (2.3 C) above the freezing point during over half of the 

days of each of the winter months. During the same winter months the 

minimum temperature falls below freezing on less than half of the 

days although it is below 36 F (2.5 C) nearly every day" (Mather 19$h'-

311). These low temperatures are accompanied by considerable rainfall 



and the climate is comparable to the Northwest Coast of Canada. While 

this is a mild climate in relation to the Arctic, it presents a prob

lem to a people with a primitive technology. 

Before western contact the Alacaluf were hunters and col

lectors of sea foods. Foods consisted of "Sea food, seals, stranded 

whales, otters, sea birds, fish and shellfish such as mussels, lim

pets and sea urchins (Hammel I960: 1). For clothing they used small 

capes of seal, otter or fox skin which covered on the shoulders and 

chest. Foot coverings were infrequent and head coverings were never 

used. Children frequently ran about naked (Katber 195k'- 310). Their 

yearly migrations in open canoes gave them the name of "nomads of the 

sea" (Santiana 1962). 

Houses -were made of wooden ribs covered with branches of 

trees and bushes, topped with seal skins. The base of the house was 

usually a circular pit about one and one-half meters deep. The floor 

•was lined with branches, covered with seal skins and a fire vras con

structed in the middle (Panyella 1961). 

The physiology of temperature regulation under cold stress of 

the Alacaluf has been studied by Hammel (i960). When compared to the 

unacclimatized White man the Alacaluf initially showed a $0 to 100 

percent greater metabolic rate which gradually declined, a lower 

average skin temperature, a higher foot temperature and a similar 

rectal temperature. Eisner (Hammel I960: 32-33) reports that hand 

and foot immersion in cold water indicated a similar heat output for 

the Alacaluf and Whites, however the former admitted less pain® 
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Another experiment immersed an Indian in sea water (8.2 C) and accord

ing to the author "He was active all of the time, swimming and diving 

but revealed no apparent discomfort caused by the exposure. His rec

tal temperature was hardly affected by the immersion and his skin 

temperatures (foot, leg, and thigh) immediately after the end of the 

exposed period were remarkably high, all more than 7 C above the water 

temperature. Unfortunately no White man volunteered to compare him

self with the Indian in this test"(Hammel I960: 32). This apparently 

represents a common activity for pre-contact Alacaluf, 

The Alacaluf were also studied under conditions of daily life. 

In one case, skin temperatures were measured during a night's sleep. 

Skin temperatures were somewhat below those considered comfortable 

for sleeping Europeans but not below those acceptable during daily 

activity. House temperatures frequently fell near freezing. In an

other study the skin temperatures of children were measured as they 

engaged in daily activities. Again their skin temperatures were below 

those expected for Europeans but not so low as to be uncomfortable. 

Athapaskan Indians 

In northern Canada contiguous with the Eskimos and extending 

into the interior regions of the continent live the Athapaskan 

Indians. During the winter temperatures of -HO C are not uncommon 

and snowfall is frequent and heavy (Honigmann 195̂ : lU), but there 

are periods of windlessness to ameliorate the intense cold. The 

aboriginal peoples are chiefly hunters and gatherers. A very large 

portion of their winter diet came from animal foods ranging from 



moose and rabbit to fish. They made pemmican of meat, grease and 

berries as a hedge against periods of scarcity. Clothing was similar 

to that of the Eskimo with several layers of leather topped with a 

parka as winter dress for both sexes. Aboriginal housing consists of 

excavated caves or "inverted V" shaped houses of which the sides and 

roof were covered with moss and sod to retain heat, A fire was main

tained in the center of the dwelling,, Unfortunately there is no way 

of estimating the amount, of actual cold stress experienced by the 

Athapaskans, but it would appear that clothing and housing were suf

ficient® It might also be supposed that they would suffer stresses 

similar to those felt by the Eskimo during hunting or traveling. 

The BKR of these arctic Indians has been observed to be 10 to 

lU percent higher than a comparable group of Whites (Milan 1961j; Egan 

1963; Andersen 1963), however this difference disappears if lean body 

mass rather than surface area is chosen as the reference standard 

(Eisner, Andersen arri Hermansen i960). When compared to unacclimatized 

Whites during 8 hours of cold stress, arctic Indians showed similar 

(but slightly lower) rectal temperatures; similar average skin temper

atures, except for the foot which was higher; and similar core-shell 

conductance (Andersen 1963; Milan 1961j). When Indians and Whites 

place their hands in ice water the former shows higher blood flow, 

even if the Whites are well habituated (Ê an 1963). The cold reactions 

of the Athapaskan Indians have been studied in the fall when acclima

tization is lowest (Irving and others i960) and in the spring xjhen it 

is the greatest (Eisner, Andersen and Hermansen i960). 



There was a tendancy toward greater heat production in the spring but 

no significant seasonal differences were noted. Nor were there 

seasonal changes in rectal temperature0 Only in maintaining a higher 

foot temperature did the Indians tested in the spring differ from 

those tested in the fall. These seasonal differences are similar to 

those found in "Whites (Davis and Johnson 1961). 

Lapps 

The Lapps live in the isolated northern portions of Norway, 

Sweden, Finland and western Russia. Many of them are nomadic rein-
t 

deer herders and follow the herds during their yearly migrations 

(Itkonen 1951)«. The climate is severe during the winter and repre

sents a constant threat to the unprotected human. Clothing is heavy 

and adequate, made mostly of reindeer hides, although woven cloth and 

wool are used. During the winter the entire body is encased so that 

only the face is exposed. The nomadic family's dwelling is a conical 

shaped skin tent which may be warmed by a log fire. There is no in

formation as to the effectiveness of this dwelling as protection 

against the cold. In some cases more permanent dwellings of logs and 

spruce branches are constructed. Diet consists largely of reindeer 

products augmented with wild game, gathered plant materials and bar

tered rye flour. 

Temperature regulation in the Lapps has been reported by 

Andersen (1963)® A group of nine nomadic Lapps was compared to a 

group of city dwelling students who volunteered as controls. The 

results were: Lapps slept better and produced slightly less metabolic 



heat than did the controls. Skin temperatures were similar except 

for foot temperature which was higher in the Lapps. The Lapp rectal 

temperatures declined more than did that of the controls. A group of 

village Lapps, who were presumably less cold exposed, were inter

mediate in reactions. Little difference was reported in blood flow 

to the hands when Lapps were compared to controls. It is noteworthy 

that the responses of the Lapps seem similar to those of fully accli

mated Whites already discussed0 

Australian Aborigines 

Australian Aborigines have attracted investigators because of 

their primitive technology and archaic morphology (Coon 1962). De

cades of study have provided considerable detail on their physiologi

cal reactions to cold. 

The Aborigines are of interest in the present discussion be

cause the groups which inhabit the central deserts endure near freez

ing nighttime temperatures without very much cultural protection 

(Kicks 196U), Even during the colder night of the year they sleep 

nude, under the open sky with only small fires and a windbreak for 

protection. There is considerable potential for cooling, especially 

from convection and radiation. 

The diet of the precontact Australians is not well known. 

Ethnographic accounts dating from the early part of this century show 

that they viere typical hunters and gatherers, deriving a large amount 

of their daily calories from plant foods (Spencer and Gillen 1912; 

Mountford 195.1). In spite of this in a recent survey, Macpherson 



(1966) states "The pre-European Australian aboriginal neither tilled 

the soil nor husbanded any domestic animals, but lived by the chase. 

His diet, in consequence, was essentially meat (and fish in littoral 

communities), supplemented by what fruits or roots the women folk 

could gather" (1966: IjljU)# At this time there is not adequate infor

mation available to support either viewpoint. 

Studies conducted early in this century of Aborigines living 

under aboriginal conditions have recently been summarized by Hicks 

(196U)0 The experiments were undertaken during the late evening or 

early morning, before or after the period of maximal nighttime cold 

stress, but they give ample evidence on the abilities of the aborigine 

in the cold. In one cast it is reported that the Australians were 

able to sleep comfortably with skin temperatures below those con

sidered cold by Whites, They also moved less and did not increase 

metabolic heat production through shivering. In another study when 

placed in tents, sheltered from wind and radiation heat loss, Abori

gines and Whites responded to cold in the same manner. The only 

measurable difference was a lower pulse amplitude in the radial 

artery of the Aborigines. 

A second and more recent series of studies undertaken by P. F. 

Scholander and others (1958) has illuminated the responses of Aus

tralians to cold stress even more. Under controlled conditions, they 

compared Aborigines and Whites. Both groups were placed in thin 

sleeping bags in intense cold. The Whites showed the expected re

action of unacclimatized Europeans-increased heat production, 



falling skin and rectal temperatures. The Aborigines showed declining 

heat production accompanied by declining skin and rectal temperatures. 

The Whites complained and thrashed about during the eight hours of 

cold exposure, while the natives slept soundly. Clearly the two pat

terns are distinct. The Whites attempt to keep warm by increasing 

heat production while the Australians allow themselves to cool slowly. 

This second type has been called insulative acclimatization (Hammel 

196l) and is supposed to illustrate the reliance of the Aborigines 

upon lowering heat loss through restriction of blood flow. Hammel 

(I96I4) thinks that this might be the pattern of cold response devel

oped while our ancestors still lived in tropic habitats and suffered 

only nighttime cooling. 

This study also investigated the relation of material culture 

to cold stress (Scholander and others 19S>3). Natives and White con

trols slept nude between fires in typical aborigine fashion. While 

the Australians snored and slept soundly most of the time, the Whites 

were always uncomfortable and had difficulty sleeping. The controls 

found that frequent stoking of the fires was necessary for sleep. 

The unique Australian pattern depending upon tissue insula

tion and vasoconstriction rather than upon heat production stimulated 

further investigation. The second series of studies were undertaken 

to determine whether the greater body cooling without metabolic com

pensation was seasonal and whether this condition would be found in 

the tribes living in more tropical areas (Hammel 196l). 

Tests conducted during the summer disclosed that the winter 

pattern was not seasonal. Low skin temperatures in the absence of 



a metabolic response vjas almost identical. The investigators then 

went to the Northern Australian coast where tropical climate and 

housing preclude chronic cold exposure. The tropic Aborgines did 

not differ from the White controls in either rectal temperature or 

in body temperature. They did show the same central Aborigine pattern 

in terms of metabolic decline and lower conductance. The particular 

Australian pattern was concluded to be racial in origin. 

Bushmen 

Like the Australians, the Bushmen have excited speculation as 

to their abilities to withstand the cool nights of the Kalahari Desert 

which is their home. The diminutive Bushmen represent the remnants 

of an earlier population which is supposed to have ranged over the 

entire area of South Africa. They retain various distinctive charac

ters such as yellow-brown skin color, short stature, peppercorn hair, 

medial epicanthic folds and steatopygia (Tobias 1966). They are so 

distinct from surrounding populations that they are frequently given 

separate racial status (Coon 1962j Garn 196l)0 About 3>0,0D0 Bushmen 

live in the desert and river areas of southwestern Africa and about 

half of them are still nomadic hunters and gatherers. 

During some periods of the year the temperature of the Kala

hari Desert drops to levels which will freeze water, but the Bushmen 

have only minimal protection against this. In some cases crude huts 

may be constructed but frequently they are content with a small fire 

and a skin cloak to cover the torso0 The effectiveness of these 

cultural mechanisms has been studied try Wyndham and Morrison (1955) 0 



Environmental temperatures were observed to vary between 10 and 15 C 

but with the use of a small fire and a leather cloak, the Bushmen 

create a microclimate of 25 to 26 C over the surface of the torso0 

The Bushmen responded to cold with a metabolic increase similar to 

that of a pair of European controls and rectal temperatures were ob

served to decline in both groups. The skin temperatures of the Bush

men tended to be somewhat lower. They were also observed to conduct 

heat from the core to the shell at a more rapid *rate than the con

trols. It was concluded that "the Bushman has not adapted himself 

physiologically to the climatic conditions to which he is exposed but 

has made satisfactory and intelligent use of the meager materials 

available to him to create a comfortable local climate around his body 

during the Kalahari nights" (Wyndham and Morrison 1958: 670). 

Hammel (19610 reports another study comparing Bushmen and 

European controls for 8 hours of cold exposure. Both groups showed 

similar skin temperatures and falling rectal temperatures, but the 

Bushmen conducted heat from core to shell more rapidly. Average 

metabolism increases were greater in Europeans than in Bushmen, but 

the latter slept better. A lack of subcutaneous fat was supposed to 

be a major factor in the high conductance of the Bushmen. In the most 

recent study of the Bushmen, Wyndham (1966) reports reactions in 

agreement with those discussed above except that Bushmen were observed 

to have higher metabolic heat production per unit of surface area 

than would be expected for European subjects. 

In summation, when compared to unacclimatized European con

trol subjects, Bushmen show falling skin and rectal temperatures 



accompanied by an increase in heat production. They show a rapid core 

to shell heat transfer which may be due to lack of subcutaneous fat. 

Bantu. 

Wyndham (1966) has also studied the Bantu of South Africa. 

Unfortunately the individuals studied were, recruits for work in the 

gold mines so the amounts of cold stress they encountered in their 

native cultures cannot be accurately estimatedo 

When compared to a group of Europeans over temperatures rang

ing from $ to 27 C, the Bantu showed the following reactions: similar 

toe, finger and skin temperaturesj a significantly lower rectal tem

perature j and increased metabolic heat production above 17 C and below 

6 C, This has been supposed to be a similar reaction to the unaccli-

matized European except for the higher metabolic rate and lower rectal 

temperature. These differences are probably the result of limited 

subcutaneous fat deposits, 

American Colored 

The American Colored cannot be directly compared to the Afri

can because of the considerable cultural differences between them 

(Wyndham 1966). Not only are the Colored well protected in terms of 

clothing and shelter, but there has been considerable admixture with 

the European population. Roberts and Hiorns (1962) estimate that 

that the American Colored population may have 23 to 26 percent Euro

pean ancestry. 



The classical study comparing Colored and Europeans was re

ported by Adams and Covino (1958). Soldiers were selected at random 

from the population of an Alaskan arms'- base during the summer. 

Several from each race were selected. They were first placed nude in 

a 17 C room and covered with blankets for 30 minutes to establish non-

stress reactions. Then they were uncovered for 120 minutes. Both 

groups were identical in rectal and skin temperature. Metabolic heat 

production was equal for the first 35 minutes of cold exposure where 

upon the Whites increased and the Colored did not. Only after 85 

minutes of cold did the Colored begin to increase heat production and 

then it was inadequate. It was concluded that Colored allow skin 

temperatures to fall to lower levels before increasing heat production. 

This makes it more difficult to make up the heat deficit0 These re

sults have been confirmed bylampietro and others (1959) who exposed 

Whites and Colored to 10 C for 2 hours. They found no differences 

in rectal or skin temperatures. They exercised careful selection of 

subjects so that the groups were identical in terms of body composi

tion factors (especially fat). This resulted in both Colored and 

Whites maintaining the same level of metabolic heat production. 

Meehan (1955) and Iampietro and others (1959) demonstrated 

that the American Colored are less likely to show the hunting response 

when their hands are placed in ice water than American Whites. 



Plan of Study 

This summary of the physiology of cold stress and of the re

sponses of peoples of non-European ancestry shows that there is a 

considerable amount of variation within the human species. The 

peoples studied seem to represent different populations of men living 

in most types of cold climates. Groups living in severe and mild 

climates; in humid and dry climates have been examined. Some groups 

show great differences from others and all seem to respond in indi

vidual manners. In viewing these responses it should be rembered 

that the locus of the differences is not known. Thus it cannot be 

assumed that similar responses show an underlying genetic similarity 

nor that distinct reactions represent different genetic mechanisms. 

This will not be possible, until the relationships between cold re

sponse and some genetic mechansim are more clearly defined. 

In the first chapter it was suggested that an ecological 

approach to human variation might prove fruitful. Each variant would 

be_defined in terms of the situation in which it is observed. Re

turning to that definition, it was stated "Human ecology seeks to 

understand man and his problems by studying individuals and popula

tions...." The data summarized in the two preceeding chapters shows 

ample information on the responses of individuals but almost none on 

the responses of populations. This concentration on individual vari-

ation is understandable because population analysis is costly and 

time consuming, however the complete neglect of population parameters 

could lead to erroneous conclusions. Thus, Hammsl's (196k) 



evolutionary sequence is based upon supposed types of responses. 

These types have empirically established through studying adult males 

living in various parts of the world. Aside from the obvious prob

lems associated with typological thinking (Schreider 1966), there are 

other, equally objectionable, assumptions inherent in this method of 

sampling. 

First, it must be assumed that adult males represent the en

tire population in their responses to cold. There is considerable 

evidence that they do not. Any human population consists of biologi

cal segments, biologically based subpopulations. The most salient are 

these age and sex groups, biological phenomena which are known to pro

duce distinct physiological reactions to cold (Buskirk 1966). These 

also represent divisions of labor in human societies and as such 

could produce distinct activity patterns, A combination of biologi

cal variety and culturally prescribed differences in. activity pat

terns might lead to different microclimates in different segments,. 

Thus different segments may well live in diverse microclimates and 

experience distinct life histories of cold exposure. They would, 

therefore, respond to cold in distinct ways. 

A second assumption is that males collected in one area live 

in the same microclimate as do peoples from other areas. They are 

assumed to be "typical." This might be the case in a uniform envi

ronment, but if the habit is extensive or the environment is variable, 

segmentation into subpopulations might take place. This has been 

seen above where Australian Aborigines from differing parts of the 



continent responded in distinct manners. Aside from climate, economic 

and ecological factors produce variation. Thus as was seen in the 

Lapps, groups which differ in economy may respond in different manners 

even if they are from the same population. Such climatic or ecolo

gical variation could not be detected from either small size random 

samples (which has characterized most studies) or from sampling from 

one local population segments 

The present study will try to examine these two assumptions 

and try to determine the amount of variation which may characterize 

a human population as it is exposed to cold stress. The study vail 

inquire into the responses of some of the major segments of the popu

lation. These segments will be studied in natural conditions so that 

the underlying ecological relationships are exposed. To provide 

greater control of some variables laboratory studies will also be 

utilized. In accordance with the ecological concepts presented in 

the first chapter, three aspects of variation will be investigated. 

They arise from the physical, biological and cultural environments. 

Through the study of these influences it should be possible to esti

mate the amount of population homogeneity and illustrate some of the 

factors promoting variety. 



CHAPTER U 

THE BIOLOGY AND CULTURE OF NUNOA 

Introduction 

The present study was undertaken during 1967 when the author 

was in the Highland regions of Peru. During that period I served as 

Field Director for a long term research project on the Quechua. The 

project was undertaken by Dr. Paul Eaker of the Pennsylvania State 

University under Contract Number DA-h9-193-MD~2260 which was sup

ported by the U.Se Army Medical Research and Development Commando 

Investigations were carried out from a laboratory situated 

in the town of Nunoa, Kelgar Province in the Department of Puno, Peru. 

There are several factors which make this area and this population of 

interest to anthropologists. The climate is inhospitable for humans 

in the absence of some technological protection. There is no natural 

source of fuel so that soma means other than heating of houses must 

be utilized. Baker (1966b) has shown that during certain seasons the 

technological protection is inadequate and some segments of the popu

lation experience cold stress. Yet, despite the cool climate and the 

inability of culture to fully protect the population, it remains 

stable which suggests that some form of adjustments have been made. 

This chapter will discuss the various aspects of cold in Nunoa and 

will outline some of the biological and cultural parameters of the 

population which seem relevant. 



Geography arid Climate 

Nunoa consists of two broad valleys and the surrounding moun

tains. The base of the valley is at 13,15>0 feet above sea level and 

the peaks of some mountains rise above 19,000 feet. The area has 

been intensively studied by Baker and others (1965) whose report pro

vides most of the available information. The district is composed of 

a central town and the surrounding rural area. The total area is 

l£8,l83 hectares with 3h0 under cultivation, 157,535 for pasturage 

and 308 unused. 

The district is part of the Altiplano, a broad high plateau 

which drains into the Lake Titicaca basin on the south. The plateau 

is a series of broad valleys cut by streams and marshes and surrounded 

by rounded hills and high mountains on the flanks. These elevations 

provide rain traps for the moisture laden Amazon winds and tbsre is a 

heavy run-off to the valley floor. The area is called puna after a 

short grass which is the dominant vegetation. Mosses and lichens 

abound together with a few herbaceous plants and diminutive native 

trees. There is no marked seasonal change in plant life. Fauna in

clude deer, vicuna (a cameloid), various small rodents and a few 

other species of small mammals. There are numerous birds and trout 

abound in the streams. 

Climatic data is constantly being collected, but as of this 

writing no significant information has been published beyond an in

complete four month survey undertaken in 196k. Baker (1966b: 68) 

refers to a more complete unpublished study. 
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Based on a one year record, the mean annual temperature at 
h,000 meters was 7 08 C with a 6.1 degree average for July 
and 8.0 degree for January. Diurnal variation is greatest 
during the dry season which begins in May and lasts until 
early December. During July the mean maximum was 15 C 
while the mean minimum was -3.1 C. The January mean maxi
mum was slightly lower at about lU C, but the mean minimum 
rose to nearly 2 C. There is little day to day change 
with an absolute maximum during the year of only 20 C and 
an absolute minimum of -8 C. Precipitation is frequent 
during the rainy season, falling mostly as rain during the 
dp.y and snow at night. 

Thus it appears that the climate is cool and could be danger

ous to the unprotected human. The periods of greatest potential 

cold stress are during the nights of the dry season when the tempera

ture falls below freezing and in the wet season when rain and snow 

are accompanied by cool temperatures. 

Demography 

The only demographic information on the Nunoa region is pre

sented by Baker and others (1965); the following discussion is based 

upon that monograph. The district has 7,750 inhabitants, the majority 

of whom are Quechua Indians. The central town of Nunoa is typically 

Spanish in design, being laid out in a grid system with a central 

plaza. This plaza is surrounded by small stores, administrative of

fices and a church. It is, therefore, a cultural focus for the dis

trict, Its 2,137 inhabitants are mestizo and Quechua, but predomi

nantly Quechua. The rest of the population of the district numbers 

• 5*613 people and is scattered in various rural areas. 

The population has a high birth rate and death rate. Thus 

U7 percent of the population is under 15 years of age and less than 



5 percent is over $0, In a sample of 276 individuals, the mean age 

was 25 or partitioned by sex, 21 years for males and 29 years for 

females. The over-all sex ratio is 97 males per 100 females, but 

there are age specific variations. Thus between 0 and l£ years of 

age there are 121 males per 100 females, but during reproductive years 

of 16 to 50 the ratio reverses with only 78 males per 100 females. 

This reversal in sex ratio is attributed to higher rate of male mi

gration, male activities which take them from home or higher male 

mortality. 

The population is clustered along the numerous streams which 

drain the valley floor. These valley residents are sedentary and 

practice a limited amount of agriculture. The most important crops 

are potatoes and native grains such as canihua and quinua. In addi

tion to farming the valley residents engage in herding sheep, llamas 

and alpacas. Most families have at least one horse. Above 1U,000 

feet agriculture cannot be practiced and the economy is based entirely 

upon herding. The same animals found in the valley are used here but 

in greater numbers. Much of this high altitude land is owned by large 

haciendas who require the pastors to care for hacienda herds along 

with their own. Such large herds of animals occasion frequent moving 

due to depletion of grass so the population remains somewhat mobile. 

No estimate can be made at this time as to the amount of altitude 

change involved in moving the herds to new pastures. 

This natural line at lh,000 feet divides economies but does 

not divide the population. One surprising aspect of Nunoan life is 



the mobility of the natives. Most families have horses and the adult 

males are frequently seen riding to town, the rest of their families 

•walking behind. The ubiquitous trucks which serve mines in the most 

remote regions are always loaded with human as well as mineral cargo® 

Indeed one of the greatest problems in the field studies was finding 

space for the investigators after their truck had been filled with 

Indian travelers and their copious bundles,, This frequent traveling 

has a long history as is evidenced by the well worn foot paths which 

pass through every valley and climb every hill. Isolated populations 

probably do not exist. 

Biology 

Despite the efforts of Baker and others for over five years 

there is no morphological description of the Nunoa population which 

has yet been published. Some anthropometric information is available 

from the reports of Baker and others (1967) and Frisancho (1966) but 

these are limited in size and scope. To compound the problem there 

is no adequate comparative material. Steggerda (19^0) lists only 

stature and cephalic index for less than 5>00 Quechua. 

More information is available on growth. Baker and others 

(1965) report a growth study on a limited number of children from the 

Nunoa region. The first part of the report compares the height and 

weight of Nunoa children with a Quechua group from lower altitudes 

and with U. S. standards. Until mid-teens the Nunoa Indians are 

lighter and shorter than the other two groups, but a longer growth 

period brings them to the level of the Indians of lower altitudes. 



In neither Quechua group is there, a significant dimorphism in second

ary sex characters until about 16 years of age, a date somewhat later 

than is expected for American youth. Another interesting phenomenon 

is the extension of the growth period into the early twenties, in both 

Indian populations. 

A second part of the paper deals with the radiographic analy

sis of the brachium of 78 boys and 68 girls. The pattern of late 

maturity and late dimorphism in secondary sex characters is also 

observed in bone, muscle and subcutaneous fat development. Frisancho 

(1966) increased the sample somewhat and found similar results. 

Studies of other highland communities have suggested that the 

Indians may be suffering from nutritional deficiencies as well as from 

altitude and cold stress0 At Vicos and Chacan, rural highland com

munities in northern Peru, the typical diet was below United Nations 

world-wide standards in total calories, protein, calcium and Vitamin 

A (Collazos and others 195U). If this were the case in Nunoa, dietary 

deficiencies might explain the growth retardation. In 1963 Baker and 

I-'azess showed that there were certain sources of calcium not included 

in dietary studies. Then in a comprehensive survey of 39 families in 

the Nunoa region they determined that the quantity and quality of the 

diet was adequate by world standards and that it was better than any 

other reported for the highland areas of Peru (Mazess and Baker I96I4). 

The adequacy of the Nunoa diet is apparently the result of the number 

of exploited ecological zones which exist in proximity. 



Laboratory Studies of Cold Stress 

The responses of Nunoa Indians to cold stress under laboratory-

conditions have recently been reported by Baker and others (1967). 

Twenty-six Indian men were compared to 15 unacclimatized American men 

for 2 hours at 10 C. The White Americans were transients to high 

altitudes. The two groups were first brought into thermal equili

brium and then placed in the cold environment. Rectal temperatures, 

skin temperatures and oxygen uptake were measured every k minutes. 

The study was repeated on too different days and the results compared 

in order to estimate the reliability of the measurements. Indians 

showed significantly higher foot and toe temperatures which were re

flected in higher skin temperature. During the 2 hour cold period 

the Whites showed an increase in oxygen uptake greater than that of 

the Indians but when converted to metabolism, in terms of surface 

area, the Indians produced more heat. The Indians exhibited signi

ficantly higher rectal temperatures during first exposure but were 

similar to the Whites during the second exposure. This could have 

been an artifact of their being unaccustomed to the apparatus during 

the first test. It was concluded that the Indians produce more heat 

(higher metabolic rate) and lose more to the environment through the 

extremities. 

Another study of cold stress in Quechua Indians is reported 

by Eisner (1963). In this study an 8 hour exposure in a thin 

sleeping bag procedure was followed. No White control group was used 

but Eisner projected reactions of Whites under similar conditions. 

In average skin temperatures and metabolic rates, the Quechua and 
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theoretical Whites were identical. The Quechua showed higher foot 

temperatures and much lower rectal temperatures. In the Cuzco area 

Baker (1966c) compared the reactions of male Quechua Indians to those 

of a small White control group. The subjects were exposed nude to 

ill C for 2 hours while skin and rectal temperatures were measured. 

The Indians were observed to have higher skin temperatures and 

slightly lower rectal temperatures. The foot and toe temperatures 

of the Indians were considerably above those of the Whites. Metabolic 

data was not collected. 

These three studies suggest that when the Quechua Indian is 

exposed to cold stress he maintains higher extremity temperatures than 

does an unacclimatized White, No conclusions may be drawn from rectal 

temperatures or metabolic rates because these are contradictory. 

The effects of cold temperatures on the hands and feet are of 

considerable interest because traditional Quechua clothing offers no 

protection to these organs. Yet the Indians show no discomfort and 

are frequently observed walking barefoot in the snow or washing 

clothes in an icy mountain stream. Under these conditions the high 

rate of heat flow to the feet observed in studies of total body cold 

stress seems especially useful, Thomas (Baker, Thomas and Little 

1967) has studied the responses of the Nunoa residents as they ex

posed their hands to 0 C air for r-ne hour. They were compared to 

American Whites and to sea level Quechua of Andean ancestry. The 

latter group was assumed to have escaped cold exposure for most of 

their lives. Subjects were tested once in the morning and again in 



the afternoon. When morning and afternoon responses were compared 

there was considerable variation in the Indian groups; the coastal 

Indians had the highest hand temperatures in the morning and the 

Nunoa residents were highest in the afternoon. The White group, on 

the other hand, maintained the lowest temperatures in both the morning 

and afternoon,, It was observed that the reactions of the Whites to 

cooling tended to be more vigorous than did those of either Indian 

group. Thomas concludes that Indians tend to maintain higher hand 

temperatures regardless of residence. This is somewhat different 

from results reported by Hanna (1965) who found no difference in hand 

temperature between rural Indians, urban Indians, Whites who lived 

permanently at high altitudes and White transients at high altitudes. 

The difference is probably the result of Hanna's use of ice water 

which is considerably more stressful than air. 

Little (Baker, Thomas and Little 19&7) studied the relation 

of age to foot temperature in Indians from Nunoa. Again, there were 

morning and afternoon runs of one hour each at 0 C, The Indians were 

divided into two age groups on the basis of growth information The 

younger group ranged from 7 to 19 years of age and the older from 20 

to 62 years. As in.the case of hand temperature, there was consider

able variation between runs, nevertheless the older Indians always 

maintained statistically significantly higher foot and toe tempera

tures than did the younger ones. This was assumed to be related to 

growth. Currently a White control group is being tested by the same 

techniques, but the results are not yet available. 
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Cultural Mechanisms 

The Quechua of Nunoa conform to the general Andean cultural 

pattern as described by Mishkin (19k7), LaBarre (1<?2|8) and Adams 

(1959). 

Houses are a most conspicuous cultural mechanism of utility 

in withstanding cold stress. In technologically advanced countries 

the ability to control house temperature assures a tropic microcli

mate, but in Nunoa where there is no fuel and the houses are much less 

elaborately constructed their effectiveness in this respect is of 

interestc 

One of the two dominant forms of houses in Nunoa is construc

ted of adobe. They are rectangular in floor plan, about 15 feet wide 

and about 30 feet long with a gabled roof peak about 15 feet above the 

floor. The walls are usually plastered with mud and there ; v-e no 

large openings other than the door. The roof is made of grass and 

straw. In many cases a wooden door is hung so that the house is more 

air tight. The effectiveness of adobe houses as protection against 

cold has been studied by Baker (1966c).. Under climatic conditions 

similar to those found in Nunoa, native houses were observed to main

tain interior temperatures more than 10 C above the outdoors. During 

the coldest part of the year when temperatures fell below 0 C, the 

average minimum of these houses was 7 C. The sleeping Indians covered 

themselves with sheepskins and blankets and seemed little effected by 

the cold. The major effect of the house seems to be reduction of 

heat loss through radiation and convection. 
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The second house form is a small temporary house with piled 

stone walls, sometimes sealed with mud, and topped with a straw roof. 

These are usually circular in floor plan and may be from five to 

eight feet in height. They are constructed with native materials and 

may be abandoned with no great economic loss each time the family 

moves. The effectiveness of these stone houses in the Nunoa region 

has been studied by Baker (1966b). After all night studies of 21 

houses, it was reported that the average indoor-outdoor temperature 

difference was only 3.7 C. Thus temperature of the houses must ap

proach freezing during the cold nights of the dry season. Heating 

from the cooking fires may partially warm the house but there is 

nothing in Baker's data to show.that this has any appreciable effect 

upon the inhabitants. The chief protectiveness of these stone houses 

would seem to be reduced radiation heat loss and somewhat reduced 

conductive heat loss0 

It is noteworthy that adobe houses would be associated with 

agriculture and stone houses with pastorialism. This might result in 

a differential cultural protection dependent upon economy. 

As with most other cold exposed populations the Quechua rely 

upon clothing as a primary cultural barrier between themselves and 

the hostile environment. Its primacy would seem to lie in production 

of a warm and portable microclimate. 

All native clothing is made of homespun materials produced 

from alpaca or sheep wool. When worn in layers this should be quite 

warm. The Nunoa residents wear a traditional dress which dates from 



the middle of the last century and represents a mixture of native and 

Spanish influences (Adams 19^9: 15>0). Dale (19U6: 111-2) has de

scribed the basic Andean pattern which is faithfully reproduced by the 

Indians of Nunoa. 

The color and design of the dress of both Indian men and 
women distinguish them from other communities or regions. 
The man wears woolen homemade pants, a shirt, homemade or 
bought in a store, a faja of colored design to serve as a 
belt, a colored poncho over his shoulder and a homemade 
black or grey felt hat.... The women wear several woolen 
skirts of black or various bright colors, a blouse of 
wool of one color and over their shoulders a cape which 
is fastened in front with a large pin. On their heads 
they wear hats like the men,... Indian children dress 
according to the same pattern as their parents,, 

As noted, clothing is worn in layers. In Nunoa the men are frequently 

observed wearing rubber tire sandals but women almost never are. 

Very young children, those less than about three, wear a spe

cial type of clothing. This is a single woolen tunic which covers 

the torso but leaves most of the legs and arms bare» In addition 

most babies wear the typical Andean stocking cap also made of wool. 

Since the extremities are exposed and because the garment is of only 

one layer, considerable cold stress must be encountered by the young. 

In addition to these items of material culture, behavioral 

adjustments to the cold have been observed (Baker 1966c). The sun is 

of paramount importance in regulation of the life of the people. In 

ancient Indian cultures, such as the Inca or Tiahuanaco periods, the 

sun was venerated and worshiped. The contemporary Quechua have aban-

dones such institutionalized adoration, but nevertheless regulate 

their lives in relation to the sun. They arise in the morning just 



after sunrise and go to bed at sunset. If the day is clear they spend 

considerable time outdoors away from the house or they may undertake 

non-vigorous sedentary activities such as weaving or sewing. 

Typical Quechua outdoor activities are vigorous, favoring a 

greater production of heat so that in combination with insulative 

value of the clothing, cold stress may be lessened. During the rainy 

season when the sky is overcast (and there is no agricultural work to 

do) men may work on public projects such as building roads or schools. 

Most house construction is also undertaken at this time. 

Field Studies 

The relation of cultural and biological mechanisms to cold 

stress has been studied in Nunoa during the nights of the dry season 

(Baker 1966b). Rectal temperature and skin temperature were recorded 

hourly for about 18 men, 10 women and 28 children as they slept under 

natural conditions in their homes. Average indoor temperatures were 

about 3.6 C. The families slept in groups of two to four, beneath 

blankets and sheepskins and wore varying amounts of clothing. All 

slept in a fetal position. Rectal temperatures of the women were 

highest, men were slightly lower, and children were lowest. The rec

tal temperatures of the children were not only lower than those of 

the adults but they showed an entirely different pattern. During the 

first hour the children fell to equilibrium and maintained it there

after, while the adults' temperatures fell very slowly during the 

night. Skin temperatures were not different except for toe 



temperature which was highest in children and similar in male and 

female adults. There was a definite relation between age of child 

and rectal temperature: older children maintained higher temperatures 

for longer periods of time. Baker thinks that the particular pattern 

of the child is the result of greater cold stress during the night,, 

It must therefore be concluded that the technological modification 

of microclimate of the Quechua is not completely adequate in terms 

of the degree of cold which he encounters. Such exposure, especi

ally among children would favor acclimatization to cold at an early 

age and could provide an opportunity for natural selection to pro

duce genetic adaptations. 

A second period of cold stress is encountered during the 

rainy season when cloudiness and precipitation produce rapidly falling 

temperatures. These should create considerable cold stress for the 

human population. Precipitation falls daily in the form of sleet, 

rain, bail and snow and is accompanied by high wind. It is during 

this time that the Indians are engaged in outdoor activities, fre

quently far from home so that they must endure the storms without 

protection. Cold stress might be expected to appear in the forms of 

extremity cooling from mud and water immersion and in the form of 

total body cooling as the wind chills the soaked Indian. This period 

was not studied by Baker. 



CHAPTER ^ 

EXPERIMENTAL PROCEDURES AND RESULTS 

General Methodology 

As outlined, the aims of this paper are to examine the effects 

of cold on various segments of the population of the Nunoa region. 

The time selected was the rainy season when large numbers of Indians 

are exposed to an inhospitable environment. During this time the 

established biological and cultural protective mechanisms should 

become most evident# 

The problem is to estimate the microclimate within which the 

sepients of the population live. This microclimate may be estimated 

through measurement of skin temperature as the individual goes about 

his daily activities (Davis 1963)0 In this context, the microclimate 

represents the combined effects of the climate, any local geographic 

features which might modify it, and the sum of the biological and cul

tural responses which the population utilizes. Thus skin temperatures 

were measured in a number of individuals of both sexes representing 

different age groups and living in diverse parts of the environment. 

These measurements were taken in the course of a normal day's activi

ties so that the results should represent the real climatic forces 

and the population's responses rather than an approximation of them. 

To study some aspects of this variation more clearly, labora

tory studies were undertaken. The effects of a number of variables 

£8 



could be isolated in the laboratory by controlling the subjects' 

activity and the environmental temperature. Laboratory studies in

cluded the effects of sex and clothing upon response to cold. Thus 

it becomes possible to differentiate between actual sex differences 

and any masking or modifying effects which the field conditions might 

impose. The clothing of the Quechua Indian provides his major tech

nological buffer against the cold environment. Its protective 

ability is therefore of interest. This too is best studied in the 

laboratory where the number of complicating variables can be con

trolled . 

Skin temperatures were generally measured at the same sites 

in the laboratory and in the field so that valid comparisons could be 

made. 

One further methodological note is in order. The present 

study should present' fewer psychological artifacts than have been 

present in earlier studies through a reduction in anxiety. 

The effects of anxiety on the circulatory system are well 

documented (Best and Taylor 1961: Ch. 28) and since this system is 

closely related to temperature regulation similar effects might be 

expected here. Meehan (195>7) has studied this phenomenon in response 

of hand temperature to ice water cooling. In a subject whose hand 

temperature response to ice water was knorm he induced anxiety by 

upbraiding hin. This resulted in a marked decline in hand tempera

ture due to vasoconstriction. Such effects may result from expecta

tion rather than from experiencing an unpleasant situation (Plutchik 



1966), so the primitive anticipating an uncomfortable period in the 

presence of unknown men and strange machines could become anxious. 

This may have been the case in a recent study reported by Baker and 

others (1967) in which Quechua Indians exposed to cold temperatures 

showed higher rectal temperatures during the first exposure than 

during its replication. Increased rectal temperature could have re

sulted from anxiety produced vasoconstriction, which retained heat 

in the core. 

Such psychological variables are difficult to control. They 

may be somewhat controlled through familiarization with the testing 

situation. This is a long and laborious process which is largely 

impractical. This study will try to reduce such psychological vari

ables in a unique manner. In the region where the studies were under~ 

taken there has been a laboratory staffed by anthropologists for 

several years. The subjects utilized were familiar with the laboratory 

and generally accepted that they would not be harmed by such study. 

Some of the people had participated in earlier studies and were fami

liar with procedures. They vjere usually enthusiastic and were thus 

given preference as subjects. This general familiarity with the 

laboratory, anthropologists and previous experience should reduce 

anxiety somewhat. 

Field Studies 

Procedure 

Skin temperature was measured at the following sites so that 

the data would be comparable with those collected in the laboratory. 



The two lists of sites are similar except in the present series fore

arm is substituted upper arm and thigh temperature is dropped. These 

changes were made because of the difficulty of measuring upper arm 

and thigh temperature in fully clothed and active individuals, 

1. Forehead: at a point midway between the hairline and glabella, 

2. Chest: on a vertical line about three inches above the left 
nipple„ 

3. Forearm: one inch below the elbow on the midline of the ven
tral surface« 

lu Hand: the approximate geometrical center of the back, 

5. Finger: on the pad of the third finger, 

6, Leg: midway between the knee and ankle on the midline of the 
dorsal surface, 

70 Foot: on the uppsr surface midway between the third toe and 
the ankle. 

8. Toe: on the pad of the great toe, 

9, Rectal or Oral: sensor inserted £ to 7 cm, into the rectum 
or placed under the tongue„ 

Temperature was measured on clothed subjects while standing, 

A Yellow Springs Instrument Company Tele-Thermometer and a skin sur

face probe were utilized. These probes were not permanently attached 

to the skin, but were placed on the predetermined spot for each read

ing, Temperatures were recorded 20 seconds after equilibrium was 

reached. The entire cycle, excluding rectal or oral temperatures, 

usually required about eight minutes. Since subjects were reluctant 

to retain the rectal probe, when not in use, it was inserted before 

the cycle of observations was begun and had always reached equili

brium by the time that final surface temperature measurements were 
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taken. Rectal temperature was prefei-red but if it was not possible 

the oral temperature was taken, The same period for-equilibrium was 

required. 

Testing was carried out on a day long basis between February 

1 and March 31, 196?. One family was studied each day. Three inves

tigators divided themselves among the family members. One remained 

at the house to collect weather data while the other two follov/ed 

any subjects who might leave. More than the three investigators 

were seldom required. 

Initial measurements were taken immediately after the morning 

meal. Earlier measurements were difficult because the subjects re

mained in bed or in the house before eating. After the initial ob

servations, measurements were taken every two hours throughout the 

course of the day. This usually resulted in six observations par 

subject. An observer accompanied the subjects and noted hourly acti

vities taking measurements at the end of each two hour cycle. In some 

cases subjects went in different directions or tried to hide so that 

some of the observations are missing. 

Climatic information was collected every hour at the house 

and may be taken as characteristic of the area. Information collected 

included temperature, humidity, cloudiness, and precipitation. Table 

1 illustrates climatic data0 

Food consumption was measured for each individual utilizing 

the methods of Mazess and Baker (196Ii)0 A comparison with their data 

from the same area in the dry season is presented in Chapter 6. Since 
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Table 1. Climatic data from field studies. 

Temperature (°c) 

Day Max.1 Min.^ Me an 3 Mean Humidity % Precipitation 

(Altitude 111, 000 feet or more ("High Altitude » )  

1 15 2.2 8.3 8lt.5 none 

2 12.8 l.U 8.1 86.U frost 

3 15.6 1.7 9.8 81.9 sleet 

a 13.lt 1.1 9.0 814.7 frost 

(Altitude 13,100 feet ("Lower Altitude") 

5 llu5 5.0 9.9 89.6 none 

6 18.3 5.0 12.7 85.5 frost 

7 18.3 5.6 10.1 89.9 frost 

8 Hu5 3.U 11.1 85.9 rain 

9 18.9 2.9 11.2 85.6 rain 

1 Maximum temperature recorded during day 
2 Minimum temperature recorded during day 
3 Mean of all temperatures recorded during day 
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detailed analyses of the nutritional characteristics of the native 

tubers and grains is not available to the author at present, the com

parison is only in terms of bulk consumed per family. The signifi

cance of the nutritional differences in the table will be discussed 

in Chapter 6. 

Results 

Biological Variation (age and sex), A total of 355 observa

tions were ma.de on 62 subjects during the course of field studies. 

This represents an average of six observations per subject or about 

the number expected if taken every two hours during a 10 hour day. 

The 62 subjects are of both sexes, range in age from three to 80 years 

and live at high (lU,000 feet or more) and lower (13,100 feet) eleva

tions, The latter altitude corresponds to the valley floor and the 

former to the surrounding mountains. The biological characteristics 

of these groups is presented in Table 2. Age estimates for older 

groups are difficult to check so subjects' own estimates were uncri

tically accepted. 

Due to observer error and equipment failure, some observations 

are incomplete. The statistical techniques selected for analysis were 

such that incomplete observations had to be discarded. As will be 

shown this resulted in only a slight reduction in the number of sub

jects. 

One constant source of such incompleteness was children who 

refused the rectal Thermister probe. In these cases, oral temperature 



Table 2. Biological data from field studies. Means and standard 
deviations (S,D„) by age, sex and altitude. 

Average 
Height Weight Skinfold Age 

Group No. (cm.) (Kg,) (mm.) (years) 

(13,100 foot altitude ("Lower Altitude") 

Young Mean 7 1198.k 27.5 6.U 10.9 
Male S.D. 172 7.3 2.h 3.9 

Young Mean 10 936.1 17.1 6.9 5.7 
Female S.D. 211.0 7.5 loU 3.1 

Old Mean 10 1593.9 55.9 5.3 28.6 
Male S.D. 67.9 U.7 1.0 11.9 

Old Mean 6 1U71.0 U9.3 7.9 U5.0 
Female S.D. 59.8 6.5 1.1 18.6 

(ill,100 feet or more altitude ("Higher Altitude") 

Young Mean 6 1071.0 20.9 n.d.1 8.8 
Male S.D. 2U6.0 12.8 5.3 

Young Mean 8 1073.0 21.2 n.d. 7.7 
Female S.D. 237 10.3 U.2 

Old Mean 7 1536.0 56.6 5.62 Ul.O 
Male S.D. 72.3 5.7 2.3 23.5 

Old Mean 8 1U3U.8 U7.9 n.d. U0.8 
Female S.D. U5.5 5.0 . 21.U 

"*• n.d. - no data available 
^ this estimate is based upon only 3 of the 7 subjects 
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was taken and converted to rectal temperature through the use of the 

following equation: 

Rectal Temperature (°C) = Oral Temperature (°C) + 0.3 C 

This equation was derived from simultaneous measurements of rectal and 

oral temperatures in eight different children. 

In very young children it was impossible to take oral tempera

ture because they could not keep their mouths closed. It was, there

fore, impossible to apply the above correction equation and they were 

eliminated from the sample. 

With no error or missing observations six observations per 

subject would be expected over the ten hour day. Actually only three 

observations were available in all 62 subjects. Four observations 

were available on 58 subjects and five observations were available on 

bb subjects. Analysis was performed on the £8 with four observations 

because this seems to provide the most information. The group vias 

divided by age and sex. The age division was at 1$ years in accord

ance with the procedure of Baker (1966b). The following categories 

and number of subjects were thus produced: young males - 13; old 

males - 17; young females - lU, old females - lU. 

The statistical test selected was a multiway analysis of 

variance. To facilitate calculation it was necessary to produce 

equal subcells, that is, equal numbers in each group. Because there 

were only 13 young males, members of other groups were dropped at 

random to produce symmetry. Therefore, the basic analysis was accom

plished with 26 children and 26 adults, equally divided between the 



sexes. For one variable, rectal temperature, only ten girls provided 

real or estimated values so that a further reduction was applied. 

Using the same random procedure, three subjects were dropped from the 

other three groups. Thus, over the first eight variables 5>2 subjects 

entered in the analysis while in the last one, rectal temperature, 

only i|0 entered. 

Table 3 shows the means and the number of subjects in each 

of the subcells. The results of the analysis of variance for both 

age and sex groups is presented in Table U. 

Tables 3 and h show that there is considerable variation in 

response to cold which is related to age and sex. Sex differences 

exist in leg and foot temperatures. In both cases males are warmer 

than females, the differences being significant at the 1 percent 

level of confidence. There is also a sex related difference in rectal 

temperature, significant at the 5 percent level. Again, males are 

warmer than females. 

There are more significant differences due to age than to sex. 

Children are significantly colder than adults in arm, hand, finger, 

leg and foot temperatures. In rectal temperatures, children are 

warmer, the differences being significant at the 1 percent level of 

confidence. Only in the forehead, chest and toe temperatures are 

there no significant differences related to age. The complete lack 

of sex-age interactions indicates that youth acts independently of 

sex in determining the generally coldcr microclimate of the children. 
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Table 3. Mean temperatures (°C) during field studies by age and sex. 

No. of Young Old Young Old 
Site subjects male male female female 

Forehead 13 31.6 31. 7 31.3 31.7 

Chest 13 33.1+ 33. 5 33.£ 33.7 

Arm 13 30.3 32. 7 29.9 31.5 

Hand 13 26.k 28. 7 2k.9 28.3 

Finger 13 22.3 2lu 7 21.5 26.0 

Leg 13 29.0 30. 9 26.6 28.5 

Foot 13 26.1! 28. 2 23.5 27.3 

Toe 33 21.7 22. 6 20.2 22.5 

Rectal 10 37.1; 37. 2 37.3 36.8 

Environmental 13 ll.Ii 10. 8 11.2 11.7 
temperature 
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' Table li. F tests of differences between sites in field studies. 

Site Sex Age Interaction 

Forehead 1.2)4 0.15 0.32 

Chest 0.12 0.20 0.02 

Arm 1.31 15.26**- 2.26 

Hand 2.19 18.U9** 0.63 

Finger 0.& 11.77** 1.02 

Leg 2keh3'-H'- liu7U** 0.00 

Foot 7.50** 17.UO** 2.12 

Toe 0.91 3.32 0.60 

Rectal U.32* 11.89** 0.7U 

Environmental 0.63 0.30 0.96 
temperature 

* = 

1% 
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Microclimatic temperatures as measured in this study respond 

to environmental temperatures. Since subjects were measured under 

slightly different environmental temperatures, analysis was undertaken 

to determine if this might not explain the observed variation. It 

might be suggested that children were colder because those children 

included were simply measured at colder environmental temperatures 

than the adults, The Environmental Temperature variable in Tables 

3 and h illustrates environmental temperature and there is no signi

ficant difference between the four groups. Thus environmental temper

ature would not seem to explain the observed sex-age related variation. 

Altitude Related Variation. A most outstanding aspect of the 

geography of the Nunoa area is the rapid change in altitude which 

occurs in relatively short distances. Changes of several thousand 

feet in less than ten miles are not uncommon. Because such altitude 

changes also suggest temperature differences, altitude variation 

could be an important source of intrapopulation microclimate variation. 

To determine the effects of altitude in the absence of age and 

sex controlled variation, the following groups were constructed. From 

each altitude considered in the field study, six members of each sex 

and age group were selected on the basis of completeness of data. 

Thus there were 2k subjects from each altitude equally divided by age 

and sex. A one-way analysis of variance was performed and the re

sults are presented in Table $<, Both F values and means are presented. 

Rectal temperature is not included because of missing data. 

Table 5> shows that there are significant differences between 

the high and lower altitude groups on all sites except arm and toe. 
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Table 5« Means and F tests for altitude related differences* 

Site 
No. of 
subjects F 

Mean Temper at we 
(oc) by altitude 

Low High 

Forehead U8 15.6U** 31.97 30o3h 

Chest U8 18.12** 3U.06 32.79 

Arm US 3.98 31.U2 30.53 

Hand 1*8 - U.77* 27.72 26.13 

Finger h8 17.70** 25.31 21.55 

Leg U8 13.69""' 2 9.59 27.83 

Foot 

CO -=
f 

i 1.52 26.65 25.76 

Toe 1)8 8.68** 22.80 20.17 

Environment 
Air 

h8 18.77** 12.37 10.05 

* = $% 

** = 1% 



72 

To determine if these differences were not simply due to tem

perature differences at the two altitudes, a similar one-way analysis 

of variance was performed on the environmental temperatures corres

ponding to the observations. This is also presented in Table The 

temperature difference between the two altitudes is significant at the 

1 percent level. Since simple ambient air temperature enters into 

microclimate temperature as measured in this study, it is probably one 

of the altitude related phenomena,, Such phenomena are probably more 

important than altitude" itself in modifying microclimate,, 

Laboratory Studies 

Methods 

Because of the number of extraneous factors which could com

plicate the field situation, laboratory studies were undertaken to 

supplement them. Thus under controlled conditions and increased pre

cision of measurement, some aspects of intrapopulation variation could 

be studied in greater detail. Aspects of variation studied in the 

laboratory were related to sex and clothing. Time limitations pre

cluded the study of children, so only adults were investigated. There 

is nothing in the literature to indicate that children have ever been 

studied so that their responses may not even be estimated. 

Clothed and unclothed men and women were studied in the labo

ratory with the following problems in mind: 

a. Are there inherent differences in response to cold if men and 

women are studied in identical conditions? 
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b. If sex-related differences in response to cold exist are they 

still evident with the cultural mechanism of clothing added? 

Techniques utilized were developed by the Human Performance 

Laboratory of the Pennsylvania State University,, This procedure has 

previously been utilized by Baker and others (1967) to investigate 

differences between Nunoa males and transient American males. 

Subjects 

The individuals who had participated in the field studies 

lived in rather remote areas and would have required transportation, 

therefore they could not be utilized for laboratory work. Instead, 

subjects were recruited from around the town of Nunoa where the labo

ratory is located. They may or may not be representative of the 

general population, but psychological considerations, noted below, 

make them an extremely desirable sample. These people from around 

town were not urban dwellers in the usual sense because all of them 

had fields in lands surrounding the town# They were, in a sense, 

farmers living in town. Many subjects were rural farmers who lived 

within walking distance of the laboratory. 

A procedure established for previous studies in Nunoa was 

used for recruiting subjects. Town and rural residents were informed 

that a study was to take place by word of mouth. Detailed information 

as to the type of study and the duration of cold exposure was circu

lated. This immediately produced a number of volunteers. Each was 

to be paid the equivalent of two full days work, a considerable in

ducement. Many of the males who volunteered had previously been 
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studied by Baker, Thomas and Little (19&7) and by Baker and others 

(1967). These men who were familiar with the procedure were given 

preference because of psychological considerations (Chapter £). It 

was decided that reducing such extraneous artifacts is equally impor

tant to unbiased sampling for laboratory studies. None of the women 

had been exposed to the cold chamber previously, but a number of them 

had served in a study of foot cooling conducted by Little (Baker, 

Thomas and Little 1967). Of those who volunteered, 18 males and 18 

females were selected for analysis. The biological characteristics 

of the two groups are presented in Table 6. 

Procedure 

Subjects were tested in pairs on each of two consecutive days. 

On one day they were unclothed and on the other clothed, the order of 

exposure determined by odd and even pairs. This provides two obser

vations, one nude and the other clothed for each of the two sexes. 

Each pair reported after sunrise having eaten no breakfastc 

They sat in the patio of the laboratory for about one hour and then 

were conducted to the preparation room. The preparation room tempera

ture was controlled at about 28 C. Subjects to be tested clothed were 

then asked to recline on a cot while thermocouples were attached with 

adhesive plaster. Nude subjects were first asked to disrobe and then 

to recline covering themselves with a blanket, after which the thermo

couples were attached. All subjects reclined for one hour before 

testing so that they were approximately in thermal equilibrium. 



75 

Table 6. Biological characteristics of laboratory subjects. 

Characteristic Mean S.E. 

Male 

Age - years 29.7 3.1 

Stature - cm. 1,586.2 lh.2 

Sitting height - cm. 858 Ji 5.9 

Average skinfold - mm. 6.0 0.3 

Weight - kilograms 55.6 1.1 

Female 

Age - years 26.3 2.1 

Stature - cm. I,kk9»5 10.8 

Sitting height - cm. 791.0 8.5 

Average skinfold - mm. 9.8 0.5 

Weight - kilograms iiU.5 l.li 



Subjects tested while clothed wore ordinary clothing except 

for ponchos (or carry cloths for the women), sandals and hats. Each 

was carefully examined to ascertain that he was not wearing more than 

a normal amount of clothing. This was possible due to the familiarity 

of the investigator and his assistants with native clothing practices. 

When subjects were tested unclothed, men wore only athletic shorts 

and women wore thin, brief smocks„ 

At the end of one hour in the preparation room, they were 

conducted about 10 feet into the cold chamber where the temperature 

was carefully controlled at 10 C (50 F). Exposure continued for two 

hours, temperatures being measured every four minutes. 

Thermocouples were attached to the following sites, estab

lished by the Human Performance Laboratory. 

1. Forehead: at a point midway between the hairline and glabella. 

2. Chest: on a vertical line about three inches above the left 
nipple. 

3. Upper arm: midway between acromion and radiale on the dorsal 
line. 

U* Hand: the approximate geometrical center of the back. 

5. Finger: on the volar pad of the third finger. 

6. Thigh: on the lateral line midway between trocanterion and 
tibiale. 

7. Calf: on a lateral line approximately 2/3 distally between 
tibiale and sphyrion. 

8. Toe: on the pad of the great toe. 

9. Rectal: 7 cm. into the rectum. 



These sites were selected because they can be combined into 

one over-all measurement of skin temperature by giving them weights 

in accordance with their respective contributions,. This average skin 

temperature is called mean Weighted Skin Temperature (MWST) and is 

calculated from the following equation (after Baker and others 1967). 

Equation I| 

MWST = *30 (chest) + .20 (forehead) + ,175 (upper arm) + .05 (finger) 
.1^ (thigh) + .075 (calf) + .05 (toe) 

Room temperature was measured through a thermocouple suspended 

at chest level midway between the two reclining subjects. 

Subjects were placed in the cold chamber at 10 C (50 F) for 

two hours. During this time they reclined on cots with their heads 

in metabolic hoods - large plastic bags which serve to collect respi

ratory gases for metabolic analysis. The hoods were of clear plastic 

so that they could see outside. This was an open system so fresh air 

constantly was drawn into the hoods from the room. 

During the two hours of exposure an assistant remained in the 

chamber to prevent movement or crossing of limbs. At the end of the 

two hours subjects were removed from the chamber and given a meal 

consisting of soup, bread and coffee. They were then instructed to 

return for the second trial on the next morning. In some cases two 

pairs of subjects were tested on a given day, one in the morning and 

the other in the afternoon. In this case the afternoon group reported 

at 10:00 A.M. after having eaten breakfast at about 6:00 A.M» All 

other aspects of the procedure were identical. 
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Results 

Data collected in the laboi-atory studies was analyzed with a 

multiway analysis of variance. Analysis included male-female and 

clothed-unclothed as major effects,, The resulting means and F tests 

are presented in Tables 7 and 8. To facilitate analysis, Mean 

Weighted Skin Temperature (MWST) was calculated as described in 

Equation Ij. of this chapter. MWST was then used to compute body temper

ature as outlined in Equation 3 of Chapter 2. Body temperature, MWST 

and the mean values for each site are plotted in Figures 2 to. 11, 

Graphic representation was selected for purposes of economy. A site-

by-site examination of the results suggests the following relations. 

Mean Weighted Skin Temperature, Body Temperature and Rectal 

Temperature. To give an over-all view of responses related to sex 

and clothing Figures 11 and 12 (MWST and Body Temperature) should be 

consulted, MWST may be taken as a general estimate of microclimate 

for it combines all measures of surface temperature into one estimate. 

As Figure 11 illustrates, clothing has the effect of increasing micro

climate temperature in both sexes. Since the curves are generally 

parallel, it seems that both sexes derive about the same protection 

from clothing. The over-all effect of clothing is to increase the 

microclimate temperature several degrees,, 

Women generally have a higher MWST than men when both are 

clothed or unclothed. Thus it appears that being a woman provides a 

slightly warmer microclimate. No statistical analysis was undertaken 

to determine if these clothing and sex differences in MWST were sig

nificant or not. 
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Table 7. Mean temperatures for sex and clothing differences in labo
ratory study. 

Site Male (°C) Female (°C) Clothed (°C) Unclothed (°C) 

Forehead 32.6 31.8 32.3 32.2 

Chest 31. 33.9 3b.6 30.8 

Upperarm 28.7 28.U 32.2 2 h o 2  

Hand 22.5 25.5 2U.6 23.2 

Finger 20.7 23.7 23.9 21.0 

Thigh 29.3 31.5 33.2 28.0 

Calf 26. k 21.9 2U.7 23.9 

Toe 18.3 15.7 17.6 16.lj 

Rectal 37.8 38.0 37.9 37.9 



Table 8, F values for sex and clothing differences in laboratory 
study. 

Site Sex Clothing Interaction 

Forehead 19.27** 0.27 0.16 

Chest H6, Oli*-* 69.60** 1.22 

Upperarm 0.7h 229.87** 3.16 

Hand 11.32** 9.6U** 6.30* 

Finger ll4.£8** 10.91** 7.96* 

Thigh 13.79** 93.140** 0.29 

Calf 91.58** 6.29* 28.95** 

Toe 5.11;* li.83* o.$k 

Rectal li. 66** 0.58 0.13 

* = % 

** = 1% 
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Figure 2, Forehead temperature of clothed and unclothed males 
and females during two hours exposure to 10 C air. 
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Figure 3« Chest temperature of clothed and unclothed males and 
females during two hours exposure to 10 C air. 
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Figure lu Arm temperature of clothed and unclothed males and 
females during two hours exposure to 10 C air. 
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Figure 5. Hand temperature of clothed and unclothed males and 
females during two hours exposure to 10 C air. 
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Figure 6, Finger temperature of clothed and unclothed males and 
females during two hour,- sxposure to 10 C air. 
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Figure 7» Thigh temperature of clothed and unclothed males and 
females during two hours exposure to 10 C air. 
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Figure 8. Calf temperature of clothed and unclothed males and 
females during two hours exposure to 10 C air. 
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Figure 9o Toe temperature of clothed and unclothed males and 
females during tvro hours exposure to 10 C air. 
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Figure 10„ Rectal temperature of clothed and unclothed males and 
females during two hours exposure to 10 C air» 
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Figure 11, Mean weighted skin temperature of clothed and unclothed 
males and females during two hours exposure to 10 C 
air. 
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Figure 12. Body temperature of clothed and unclothed males and 
females during two hours exposure to 10 C air. 
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Rectal temperature shows that there is no change due to the 
I 

addition of clothing, and that women are always warmer than men. The 

latter is significant at the 5 percent level of confidence. Rectal 

temperature is an estimate of core temperature, thus the higher rectal 

temperature of women might indicate a higher metabolic rate. This 

will be discussed in the following chapter. 

Body temperature (Fig. 12) provides an over-all estimate of 

the heat content of the body. It combines core temperature as esti

mated by rectal temperature with microclimate temperature as estimated 

by MWST (Equation t*, Chapter $)„ Body temperatures are presented in 

Figure 12. Note that the body temperature closely parallels skin tem

perature and shows the same basic relationship. Again it is not pos

sible to assign a level of significance to the differences. The 

addition of clothing seems to influence the body temperature of both 

sexes about equally; it increases heat content about 3 C. Women are 

generally warmer, with or without the added effect of clothing, 

A consideration of these general measures of microclimate and 

body heat content shows that women are warmer than men. They have 

more body heat, higher core temperatures, and utilize them to provide 

a warmer microclimate. The over-all effects of clothing are to in

crease in the microclimate, as estimated by MWST, and to increase in 

general body heat content. With these general features of sex and 

clothing effects in mind, the individual variables will be considered 

in detail. 
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Arm. Arm temperature shows an increase, significant at the 

1 percent level, which is due to clothing,, There is no sex related 

differenceo 

Chest. Females always show higher chest temperatures than 

males in clothed and unclothed situations (Fig. 3). This sex related 

difference is significant at the 1 percent level. Clothing increases 

chest temperature in both sexes, also significant at the 1 percent 

level„ 

Hand and Finger. Because hand and finger temperatures are 

highly correlated (Table 9) and because they respond to cold stress 

in a similar way (Figsa 5 and o), they will be treated as a unit. 

Females are significantly warmer in both the clothed and un

clothed states. These sex related differences are significant at the 

1 percent confidence level. The addition of clothing leads to a sig

nificant increase in hand-finger temperature. There are also signi

ficant sex clothing interactions for both of these variables as is 

seen in Table 8. Figures $ and 6 show that these interactions are 

due to clothed females who are considerably warmer than any of the 

other groups. This should be interpreted to show that females gain 

some special temperature advantage from women's clothing. Men wearing 

women's clothing would be expected to show less of a temperature in

crease. There is no immediate explanation for this phenomenon. 

Thigh. Females also show warmer thigh temperatures in both 

clothed and unclothed situations (Fig. 7). These differences are 

significant at the 1 percent level of confidence. There are also 
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increases in thigh temperatures in both sexes with the addition of 

clothing. These are also significant at the 1 percent level. 

In each of these five variables, the addition of clothing has 

the predictable effect of increasing microclimatic temperature. In 

the last four cases females show warmer temperatures than males, thus 

illustrating the general tendency so cl arly defined above. In the 

following variables a somewhat different pattern seems to emerge. 

Forehead. Males maintain a significantly (l percent) higher 

forehead temperature. This represents a change in the generally ob

served relationship, but more surprising is that there are no signi

ficant increases with the addition of clothing. 

Calf and Toe. As with hand-finger these two variables will 

be treated as a unit. They behave in a similar manner (Fig. 8 and 9) 

but are not highly correlated (Table 9), especially in the clothed 

condition. 

In both of these variables males are warmer than females, so 

much so that unclothed males maintain higher extremity temperatures 

than clothed females. This represents a reversal in the general pat

tern of women maintaining warmer microclimates. 

The addition of clothing produces significant increases in 

extremity temperatures in both sexes. These increases are at the 

1 percent level for calf and at the £ percent level for toe. 

There is a significant interaction between sex and clothing 

in calf temperature (Table 8).. Figure 8 shows males gaining pro

portionally greater temperature increases from their clothing. This 
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Table 9. Intercorrelations of temperature in the laboratory study. 

Male - Unclothed (above diagonal of the matrix) 
Fore-
head Chest Arm Hand Finger Thigh Calf Toe Rectal 

.02 .28 .52 .ho .16 .1*2 .38 .08 

.03 .38 .33 .0i| .22 .31 .26 .35 

.Oil .111 .77 .61 .55 .72 .81 .61* 

.1*9 .07 .21 .. *75 .h3 .72 .80 .08 

.19 .21 .13 .65 .Uo .51 .68 -.01 

.00 .ill .28 .17 .1*6 .51 .52 .16 

.37 .13 .hi .51 .29 -.07 .69 .15 

.1*1 .Oli .31 .62 .32 .13 .1*6 -.08 

.11 .21 .15 -.08 .23 .35 .12 -.03 

Clothed (belov; diagonal of matrix) 

Female - Unclothed (above diagonal of the matrix) 

.50 .60 .5h oh5 .55 .50 .36 .36 

.50 .60 .hi .53 .1*3 .51 .39 .15 

.59 .55 .81 .59 .61* .76 .68 .1*6 

•Ui .28 .U7 .61 .1*7 .69 .75 .29 
CM . .27 .31 .67 .51 .68 .67 .17 

.18 .17 .35 .ho .38 .63 .53 .29 

.U8 .66 .53 .3h .31 .ho .69 .37 

.15 .39 .12 .1*8 .1*9 .26 .26 .18 

.hh .18 .2*2 .21* .18 .00 .13 .00 

Clothed (below diagonal of matrix) 



is parallel to the sex-clothing interactions in the upper extremity 

as discussed above„ The interaction probably results from a male 

pattern of higher blood flow (discussed in the next chapter) and 

•tightly fitting pants, which provide greater leg protection than 

skirts. 

In summary, females seem to maintain a warmer microclimate in 

general. They have warmer cores and a higher over-all body tempera

ture. The two exceptions to this are in the forehead and in the lower 

extremity where males are warmer. Clothing has the general effect of 

increasing microclimate and body temperature, the only exceptions 

being in rectal and forehead temperatures where no changes are ob

served. 

Correlations. To determine if there were any patterning 

effects related to sex or clothing, simple correlations were computed 

and are seen in Table 9, An inspection of this table shows only one 

general pattern — there is a decrease in the magnitude of correlation 

coefficients when clothing is added. This takes place in both sexes 

and is probably related to reduced stress. No other sex or clothing 

related patterns are evident. 



CHAPTER 6 

DISCUSSION AND CONCLUSIONS 

Introduction 

As outlined in preceeding chapters, there are three classes 

of forces which can influence the variation seen at the population 

level. They are (l) features of the physical environment and climate; 

(2) inherent biological factors characteristic of any human popula

tion; and (3) cultural factors utilized against a specific stress,, 

By examining the responses of the population to a particular kind of 

stress it should be possible to observe the effects of these forces. 

This study has dealt with cold stress0 

To illustrate intrapopulation variation in response to cold 

it will be necessary to combine both laboratory and field studies, as 

well as to utilize them independently. 

Environment Related Variation 

In the Nunoa region the physical feature of altitude above sea 

level seems to play an important role in promoting variation is re

sponse to cold. These effects might best be called "altitude related" 

because there is no evidence that alt-rtudo alone has been the factor 

involved,, Some phenomena which change as a direct result of increas

ing elevation are atmospheric pressure, temperature and humidity. Of 

these the most important would seem to be temperature. Table 5 
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demonstrates that temperature was significantly lower in the higher 

elevations,, Since this study deals with a relatively small change in 

elevation (from 13,000 to llj,000, about 1,000 feet) greater effects 

would be expected in areas where the altitude differential is greater. 

The actual temperature differential in the Nunoa region is 

not great. Thus Baker and others (1965) find that there is no reduc

tion in absolute minimum temperature at higher elevations, but rather 

a drop in the daily mean. Both high and low residents, mountain and 

valley dwellers, experience similar minimal temperatures, but those 

in the mountains are exposed to them more often. 

The higher and lower altitude groups utilized here were from 

lij.,000 plus and 13,000 feet respectively. This is probably repre

sentative of the altitude variation in this area of the altiplanoD 

Despite the relatively small difference in absolute altitude, this 

study shows that it is a major factor in reducing microclimate temper

ature in the rainy season. In all areas of the body, except the foot, 

the higher altitude residents are experiencing significantly lower 

skin temperatures. Thus living at a higher elevation, be it 1U,000 

instead of 13,000 feet, leads one to experience more cold. 

Altitude does not result in only a reduced microclimate 

temperature, but promotes a host of ecological differences as well. 

Because the climate above ll|,000 feet is too severe for farming, 

these residents of higher elevations are entirely herders. Each 

family typically has more than a hundred animals including llamas, 

alpacas, sheep and perhaps horses. These grazing animals rapidly 



deplete the grass and must constantly be moved. This requires a high 

mobility so that the piled stone houses are universal. These houses 

have the advantage of minimal economic investment but are also less 

effective against the cold than are the adobe variety. With the 

economy based entirely on herds, large numbers of animals are required 

for each family, and as a consequence, more family members must be in 

the field watching the animals, This favors the large scale employ

ment of children, During the course of these observations in the 

rainy season, only very small children were observed to be at home0 

Their older siblings left the house in the early morning and returned 

with the herds at mid-afternoon. They were, therefore, subject to 

greater potential cold stress being away from shelter. 

Low altitude dwellers are found in a somewhat different eco

logical situation. In addition to herding, they can practice farming 

of native grains and potatoes. Although no count was made, fewer 

animals per family were observed in the valley. Fewer animals require 

less pasturage; therefore, steep adjacent hillsides, marshes and 

fallow fields provide adequate food for livestock. Although the same 

herd animals were observed, there were a few cows and more horses 

than at higher elevations. In terms of cold stress, with fewer people 

engaged in herding, more of them could take advantage of shelter 

offered by houses. 

A distinct advantage of the more sedentary, mixed economy of 

the valley is individual or community ownership of land. In the 

higher regions, the large hei-ds make individual ownership of pasture 
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impractical. Ownership at a more personal level provides for a 

greater economic investment in the land itself. This is most con

spicuous in terms of houses. Valley houses are built of adobe and 

are permanent. As previously noted, this provides a greater, protec

tion against cold. In some cases metal roofs were observed indicating 

a considerable investment to promote a more comfortable microclimate. 

This permanence has profound effects on the indigenous community 

structure. There was additional community development of institutions 

such as schools and a universal involvement in community projects,, 

The social structure-permanence relation merits further research. 

The ecological differences produced by altitude are further 

evident in the typical diet, presented in Table 10. Here bulk food 

consumption is compared to Mazess and Baker's (19610 data. There is 

a definite difference in the two diets, probably related to the season 

in which they were collected. Mazess and Baker studied the region in 

the dry season after the harvest when large amounts of potato products 

were available. The present study illustrates the diet in the wet 

season shortly before the harvest, a time when yearly stores were pre

sumably at their lowest. In the absence of a detailed analysis it 

may be suggested that, since Mazess and Baker found the diet adequate 

with 80 percent of the bulk derived from tubers, the current diet 

vihich is more diversified should also be adequate. It is also note

worthy that there is seasonal variation in bulk food consumption. 

Mazess and Baker do not report altitude variation in their 

study but Table '10 suggests that it is an important variable. For 
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Table 10o Comparison of present dietary data with that of Kazess and 
Baker (196)4.). 

Food 

"Hanna - present study 
Mazess 
and 
Baker 

Tot, high and 
lover altitude 
samples combo 

High 
altitude 
alone 

Lower 
altitude 
alone 

Tubers 
Chuno 30. h 
Potatoes hi.9 
Other tubers 1.8 

Subtotal Bo.l 

8.6U 
19.07 
0.0 

27.71 

21.96 
0.0 
0.0 
21795 

Cereals 
Barley 
Maize 
Wheat 

Subtotal 

3.U 
1.6 
0.9 

3.73 
7.03 
38.32 
H9705 

11.36 
21. U6 
21.22 

0.0 
0.0 
U6.65 
U6.65 

Chenopodia*-
Quinua 
Caoihua 

Subtotal 

Animal Foods 
Meat 
Fat 

Subtotal 

Others 
[onions, peppers, 
sugar, milk) 

3.0 
2.9 
579 

6.0 
0.3 
T3 

1.8 

1.57 
6.7H 
"8731 

9.97 
0.0 
9.97 

li.92 

0.0 
0.0 
"0.0 

19.91 
0.0 
19.91 

lw 07 

2.33 
10.02 
12735 

5.13 
0.0 
3713 

5.33 

All values in percentage of total weight of food consumed. 

-* = native grains 
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example, there is an absolute difference in the amount of native 

grains utilized. The valley floor farmers grow their own native 

grains (Chenopodia) and use them in considerable amounts, while none 

were encountered in the higher regions. There is also a difference 

in the amount of meat eaten. In the lower altitude, about £ percent 

of the bulk consumed comes from meat; Mazess and Baker report 6 per

cent. At higher levels, animal food consumption increased to 20 per

cent of the total, which is not surprising for a herding economy. 

Of further interest is that the valley residents are gaining 

ij.6 percent of their bulk from cerials, specifically from wheat flour. 

Since wheat cannot grow at this altitude, this must come from pur

chase, trade or gifts. The latter source may be significant because 

a center for distribution of Alliance for Progress food is in the 

central town of Nunoa. The valley dwellers have more easy access to 

the town. In the higher altitudes, where the town is more remote, 

there is a reliance upon a greater diversity of cereals. Here maize 

and barley are utilized as well as flour. Another basic difference 

is observed in tuber consumption where the farmers are beginning to 

east fresh potatoes when the herders are still relying upon chuno, 

frozen potatoes. 

There is also an absolute difference in the bulk consumed 

each day. The average high altitude resident consumes only Ul7 grams 

per day while the lower altitude resident consumes 729.2 grams per 

individual. 
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In summary, the physical variable of altitude results in con

siderable variation. In the lower region it results in a milder 

temperature and as a result the microclimate is warmer. There is 

added protection from the cold in the form of more effective adobe 

houses which are possible due to the sedentary nature of the economy. 

The resident's diet includes some plant foods not observed at higher 

elevations and almost half of the bulk is derived from wheat flour. 

Typically each family member eats more food per day. At the higher 

elevations the colder temperatures provide a colder microclimate over 

all parts of the body. The necessity of mobility results in less 

effective housing which should increase the amount of cold stress ex

perienced, Although they eat less per day, the diet of these high 

altitude dwellers is more diverse and more rich in annraal protein. 

It must be concluded that peoples differ in the amount of 

cold which they experience in relation to the altitude in which they 

reside. The amount of altitude change may not be great. The valley 

floor is at 13,100 feet and the surrounding areas at llj,000 feet or 

more. The differences in ecology and economy described may be charac

teristic of the Nunoa region alone so more detailed studies of other 

regions of Peru and Bolivia are required to determine if such juxta-

positioning of ecological zones is common. If it is characteristic 

of the Andean region, slight differences in altitude are far more 

important in the evolution of Andean populations than has been ex

pected „ 
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Biological Variation 

Age 

From the results of„.the analysis of variance and from an ex

amination of Tables 3 and U, it appears that age is an important 

source of intrapopulation variation in response to cold. Specifically 

children are colder than adults and therefore must be cold stressed 

more often® To understand this problem better the mean weighted skin 

temperature (KVJST) and body temperature were computed in accordance 

with equations 3 and One modification was required. Because 

thigh temperature was not measured in field studies, leg temperature 

was inserted in its place. The resulting estimates are seen in Table 

11. 

The microclimate temperature as estimated from MWST shows 

children living in a world which is about 1 C colder than that of the 

adulto They compensate for this by maintaining warmer core tempera

tures so that over-all body temperatures of the children and adults 

are equal. 

The mechanism by which children remain colder in the shell 

portions but retain a warmer core has two explanations. First, it 

may result from vasoconstriction which limits peripheral blood flow 
I 

and takes advantage of the insulation value of the shell. This 

should produce a rise in core temperature. Second, the increase in 

core temperature may represent a higher metabolic rate which is mobi

lized against the massive heat flow from the core into the peripheral 

tissue. Unfortunately this problem cannot be resolved in the absence 

of metabolic information® 
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Table 11. Estimates of mean weighted skin temperature (MWST) and of 
body temperature (Body T.) from field studies* 

Group NM3T Body T, 

Children 

Adults 

29.95 C 

30o98 C 

35.01 C 

3U.9U C 
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There are some other complications in the relation of this 

study to that of Baker (l?66b), Baker studied adults and children as 

they slept and found children to maintain lower core temperatures and 

higher foot temperatures. This he attributed to a combination of 

greater preretiring stress and smaller body size, The current study 

does not support the supposition that children have lower rectal tem

peratures before retiring. The second explanation, that of body size 

differences looks somewhat more attractive. Little (Baker, Thomas 

and Little 196?) adds some important evidence, He demonstrates that 

the size of the foot, closely related to age, is of extreme importance 

in predicting foot temperature. During the 60 minute immersion in 0 C 

air there was a ,lj86 correlation between volume and temperature of the 

foot. He found no important age related temperature change after age 

20, lending further credence to simple body size as a major factor in 

microclimate maintainance. 

Even though children are experiencing greater cold exposure 

than adults, there seems to be no conscious effort to protect them, 

(except during infancy). Before they learn to walk, children are 

usually well protected when outdoors. Their mothers carry them 

wrapped in heavy clothes much as do North American Indians,. During 

this time they are clothed in a short smock which has already been 

described (Chapter h)« When children begin to walk they wear the 

same smock but are no longer wrapped. Thus I frequently observed in

adequately clothed or even nude children playing in the mud after a 

rain storm. This should occasion considerable cold stress. 
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Children become an economic asset when they can understand 

instructions and control animals, for then they may be sent into the 

fields to tend the herds,, This seems to occur between ages three 

and four, at which time they are dressed in several layers of woolen 

garments cut in the style of adults. Several children usually go to

gether and can be seen playing as the herds graze. Because they do 

most of the herding, the children are exposed to greater potential 

stress in the form of precipitation and wind storms. They are far 

from home and must watch the animals so that they cannot take shelter. 

The problem must be most acute in the higher altitudes where more 

people are required for the larger herds. 

If cold operates as a selective agent, it probably operates 

on children. During the day they live in a colder microclimate and 

are exposed to greater potential cold stress. During the night they 

suffer greater core cooling than adults. Thus the opportunity for 

selection exists. 

Most probably cold itself does not select but paves the way 

for respiratory infections which are unusually severe because of the 

high altitude. 

Sex 

In the laboratory studies the females appear generally warmer 

than the males. Only in forehead, calf and toe temperatures are men 

observed to have significantly warmer responses. The exact mechanism 

for this warmer response on the part of women is not immediately 

evident, but the high rectal temperatures accompanied by high skin 
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temperatures suggest an increase in heat production. This supposition 

will be tested when metabolic data on Nunoa females becomes available. 

These sex related differences in cold response are distinct 

from those reported from other populations„ Hardy and Dubois (lp^O) 

report observations on sex differences in the American White popula

tion. Males and females were observed to maintain similar rectal 

temperatures at various levels of cold exposure. But females showed 

significantly colder skin temperatures. These sex differences in 

response were apparently the result of a core to shell conductance 

differential resulting from thicker deposits of subcutaneous fat in 

the females. This phenomenon has been demonstrated a number of times, 

most recently by Wyndham and others (196U)o Sex related differences 

in cold response which are attributed to subcutaneous fat have been 

also reported in Koreans (Hong 1963 5 Lee, Hong and Lee 1965). In 

each of these cases females were characterized by lower skin tempera~ 

tures. 

It might be suggested that the females tested in the labora~ 

tory had less subcutaneous fat than the males, but an examination of 

Table 6 shows that this is not the case. In the laboratory study 

the females have almost £0 percent more subcutaneous fat. It is not 

clear why they responded through heat production instead of taking 

advantage of the extra insulation provided by the fat. Higher heat 

production may be an anxiety reaction, but as will be shown, field 

studies do not support this. 

Although these laboratory studies are different from those 

reported in other populations they are similar to data presented by 
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Baker (1966b), During nighttime studies on sleeping Indians, he found 

women maintained warmer rectal and somewhat warmer chest temperatures 

than men in the same situation* On the other hand, men showed higher 

foot temperatures. The close similarity between Baker's data and 

those obtained in the laboratory is probably the result of the simi

larity of the two situationso In both cases, ambient temperatures 

were about the same and activity was restricted. The higher rectal 

temperature of women while sleeping is in accord with laboratory data 

and is probably not the result of anxiety reaction. 

Studies conducted-in the.field show a different relation be

tween the sexes in response to cold. Here there are significant 

differences in terms of leg, foot and rectal temperatures (Table if). 

In each case the men are warmer. The lower rectal temperatures of 

women in the field is of interest because it represents a reversal 

of the previously defined relationships. This could be related to 

activity differences between the sexes, men being more active during 

the day. Such an explanation gains some support when the higher foot 

temperatures of men are considered„ 

Both laboratory and field studies, as well as Baker's (1966b) 

report on sleeping subjects, indicate that men typically maintain 

warmer foot temperatures than women. The underlying cause: is prob-' 

ably higher peripheral blood flow to the foot in men0 This results 

in warmer foot temperatures which are somewhat independent of the 

status of the core. This phenomenon is probably related to several 

non-biological factors. 
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The first of these factors is related to sexual differences in 

activity. During the field study it was noted that men are generally 

more active than women. In the higher elevations they are observed 

herding or chasing stray animals, in the valleys they herded, farmed 

and engaged in public works. The women usually remained at home 

during the day and engaged in such inactive tasks as weaving and 

cooking. The higher activity level of men should occasion a greater 

blood flow to working muscles and thus produce warmer extremities 

(Rohter, Rochelle and Hyman 1963)* The higher rectal temperatures 

of men in the field suggest greater activity. In the laboratory the 

women showed warmer hand and finger temperatures to a statistically 

significant degree. An underlying cause of warmer hand temperatures 

has already been shown to be repeated exposure to a cold stimulus0 

The women of Nunoa were frequently seen washing clothing along the 

banks of the icy mountain stream which cuts through the town. It is 

possible that this occasioned localized acclimatization of the hands 

as Nelms and Soper (1962) have demonstrated for fish filleters0 
I 

The same feature of differential cold exposure might be re

lated to men's foot temperatures,, During the observation period, 

women were usually at home so that during periods of precipitation 

they seek the refuge of houses. Men who were working in the fields 

or chasing strays could not seek such protection and their feet be

came soaked. Such differential exposure might result in different 

patterns of acclimatization,, 

Finally, simple size differences must be considered.. Men 

presumably have bigger feet, a phenomenon which Little (Baker, Thomas : 



and Little 196?) has shown to be commensurate with higher foot temper

atures. Most probably all of these features contribute in some man

ners 

Clothing Effects 

Perhaps the major cultural mechanism entering into microcli

mate temperature is clothing and the advantages of clothing in a cool 

environment are obvious. Because metabolic data is not available at 

this writing the absolute advantages of clothing cannot be assessed, 

however some general observations can be made. 

In the laboratory, the addition of clothing to the unclothed 

male and female has the predictable result of increasing over-all 

skin temperature. Figure 11 shows these effects. In males the addi

tion of clothing increases Iv/.'ST from 2$. 8 C to 30.0 C after two hours 

exposure. During the same period the females increase from 26.6 C to 

30,6 C. The over-all microclimate temperature is therefore increased 

about h C in each case. This is also evident in body temperature for 

during the two hours males increase from 33.6 C to 35>.l C, while fe

males increase from 3hol C to 35oU C or about 1»3 0 for each sex0 

Assuming a body mass equivalent to water that represents a savin0 of 

139o0 Calories for men and 105.8 for women. 

There are no significant differences in forehead temperature 

or in rectal temperature which can be attributed to the addition of 

* 
clothing. Since most of the organs v?ithin the head are in the core, 

they are not subject to temperature fluctuation. The rectal temper

ature is also an estimate of core temperature. Thus it might be 
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argued that these two temperatures represent the invariable body core 

temperature. The relatively low correlations between them in Table 9 

may be explained in terms of the relatively independent variation of 

minor fluctuations in internal temperature and overlying skin tem

perature o 

The significant clothing-sex interaction in the hand and 

finger region (Table 8) implies that some feature of female clothing 

has additional advantage when coupled with the high hand temperature 

associated with being a female0 This feature is not immediately evi~ 

dent, but its results are readily seen in Figures 5 and 6„ Females 

show a considerable increase in hand and finger temperature due to the 

addition of clothing,. 

The extremely high sex-calf temperature interaction seems more 

easily understood. Ken are characterized by higher rates of blood 

flow to the feet. When they wear clothing the blood courses through 

a trouser-protected leg for a considerable distance before being 

called upon to give up most of its heat. The female's skirts are less 

effective in insulation in this region. 

Table 9 which summarizes correlations between temperatures 

shows that there is a general decrease in correlations when clothing 

is added. This might represent a relaxation of a central, integrative 

control as cold stress is diminished. It is noteworthy that there is 

no change in the over-all pattern of response to cold due to the 

addition of clothing as might be predicted from the work of Burton 

and Edholm (195?: 102-5). They found that the addition of heavy 



clothing provided for comfort sensations in the skin receptors which 

lead to massive heat loss due to vasodialation. This was probably-

avoided in the Quechua by the practice of exposing the feet. The 

most important surface receptors seem to be located in the feet 

(Burton 1963) so that there" would be ho difference in stimulation 

produced by the addition of clothing. 

The form of Indian clothing of both sexes suggests some form 

of climatic engineering. When Army researchers began to develop 

arctic clothing they arrived at two general principles (Kennedy 1961). 

The first of these was to utilize entrapped air for its insulative 

value. The Andean Indians seem to utilize this principle too. The 

home woven fabrics utilized in the Nunoa region are made of wool. 

Wool is a desirable material because the resilience of its fiber 

maintains the original volume of trapped air for considerable time 

(Windslow and Harrington 19h9i 127). The fiber is especially desir

able because it resists crushing and therefore retains its insulative 

ability. The Nunoa residents gain further advantage by weaving the 

wool in a rather course manner to provide more air space between the 

strands. Clothing which is worn next to the body is frequently 

knitted to provide for even more air space. 

Trapped air is of value only if it is protected from convec-

tive heat loss for which wind is the chief agent. The Indians have 

provided for this by producing outer garments, ponchos and carrying 

cloths, which are of a tighter construction. In some cases the weave 

is so tight as to be water resistant. 
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The second principle discovered by the Army and by the Indians 

is that several layers are better than one. bulky garment. This is re

lated to heat loss and sweating. The greatest danger to the insula

tive value of clothing is that the air spaces will be replaced with 

water. Since water is a more effective conductor of heat than air, 

massive heat flow into the environment will follow. The most likely 

source of water is perspiration, thus when activity is required large 

quantities of water are released into clothing. If only one porous 

layer is present it can rapidly pass through and into the atmosphere. 

After working perspiration stops and the remaining water vapor quickly 

passes to the environment. Dry outer layers which were placed aside 

before activity was begun are nov? replaced and their insulative value 

remains intact. It might also be added that heavy insulation during 

work could occasion heat stress if provision were not made for cooling. 

The Indians have rejected lower leg and foot covering, uti

lizing biological protective mechanisms in their stead. This is 

desirable for during the rainy season long pants and shoes would be

come soaked. The resulting massive heat loss could endanger lower 

extremities and result in cold injury. On the other hand bare or 

sandaled feet do not retain water and are rapidly rewarmed„ 

The Nunoa Indian has established another principle not empha

sized in Army research. He has utilized dark colors for surface 

clothing providing for maximal heat gain. Typical male and female 

outer garments are black. A black suit will absorb about 95 percent 

of the ambient radiation while a white suit will capture only 30 
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percent (Belding 19U9)^ This extra radiation could reverse the heat 

flow and increase the heat stores of the Indian. More likely it will 

remain at the surface and simply reduce the amount of heat lost. 

Pugh (I96I4) notes that this surface heat is subject to rapid loss 

through convection. 

The lower air density of higher altitudes also operates to 

enhance the effects of Indian clothing (Belding 19U9). First, it 

requires less heat to warm an equal volume of air. Second, the in-

sulative value of the air increases as the density decreases0 This 

is related to the fewer molecules per unit volume. Third, the lesser 

air density also reduces convective heat loss. Convective heat loss 

is thought to be responsible for about 80 percent of the total heat 

lost through clothing. A final result is that there is more ambient 

solar radiation due to the lesser amount of atmospheric screening. 

The Nunoans are thus observed to benefit from clothing in 

terms of promoting a generally warmer microclimate. He has engineered 

this clothing for maximal effectiveness against the cold, while taking 

advantage of the inherent qualities of lower air density at higher 

altitudes. The antiquity of the present costume is unknown for Nunoa 

but in other regions it dates from the last century (Adams 1959)» 

Summary and General Implications 

This paper deals with the responses of a population to cold 

stress,, It has been shovm that certain ecological factors promote 

variety within the population just as they have been demonstrated to 
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produce variety between populations (Chapter 3)«. Three sources of 

this intrapopulation variation have been discussed® 

Altitude is one of the principle contributers and has been 

used to illustrate the influences of the physical environment. As 

discussed here it operates directly by reducing the microclimate tem

perature at higher elevations. The population segments living at 

higher elevations are therefore subject to colder temperatures on a 

more regular basis. This is observed in the presence or rather small 

altitude differences of about 1,000 feet. Altitude also may operate 

indirectly, in this case through economy, by precluding agriculture 

above lU,000 feet and thus promoting herding. Large herds require 

employment of a great number of people in situations where they may 

frequently become cold stressed, A herding economy requires mobility 

so that the herders construct a more economical but less effective 

house. There are also certain dietary consequences which result from 

remoteness and the inability to farm* 

The biological parameters of age and sex also sponsor segmen

tation of the population. Men and women respond to cold differently 

even if they are exposed to identical conditions. These differences 

in response are not greatly modified by clothing. Under natural con

ditions such sex related variation is also observed, although in a 

somewhat modified form. In field conditions, it is also shown that 

age related variation exists. Children under 15 years of age not 

only live in a colder microclimate but respond to cold in a manner 

different from adults. 
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Finally the cultural mechanism of clothing is examined. It 

has the effect of increasing the microclimate temperature several 

degrees but has no appreciable influence on core temperature. There 

is some evidence that certain effects of clothing are sex specific, 

thus men seem to derive greater benefit from wearing pants than would 

women. This is most probably related to the higher peripheral blood 

flow to the foot which seams to characterize Nunoa men. The clothing 

designs are of considerable interest for they employ the same prin

ciples utilized by the U. S„ Army for designing cold weather clothing* 

The material from which they are made seems of special utility in 

that it takes advantage of the increased insulative qualities of air 

at high altitudes. 

The Indian population of the Nunoa region is the first whose 

responses to cold are known in detail. The present study, supplemen

ted by those presented in Chapter h, gives a detailed picture of the 

variety in response to cold which exists on a yearly basis. To pro

vide iufo .-/nation of value in an evolutionary context, these studies 

should ideally be followed by a demographic survey to determine if 

cold is operating as a selective agent. 

The knowledge gained by examining the responses of these popu

lation segments indicates that some qualification must be added to 

most previous studies. These qualifications spring from the usual 

procedure of selecting only adult males for subjects. This procedure 

is now known to be inadequate in several respects. 

1, In the Nunoa region, the responses of adult males are not 

representative of other segments of the population. Thus extreme 
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caution is in order when populations are to be compared in terms of 

adult males alone. The hazards in this procedure are illustrated from 

the work of Baker and others (1967)0 They report that one of the 

differences between American Whites and Nunoa Indians is that the 

Indians maintain higher toe temperatures in the face of a simi3.ar 

cold stress. From the present study it is seen that high toe temper

ature may characterize males but not females. A generalization to 

the entire populations on the basis of these differences in adult 

males would be most erroneous. Since there is probably as much vari

ation in other populations (those outlined in Chapter 3, for example) 

the entire process of comparing populations and their adjustments is 

questionable. As previously noted, there may be more variation with

in those populations whose adult males have been tested, than has 

been demonstrated between them. A major reorientation in cold studies 

of primitive man is in order. Rather than concentration on "type" 

responses, investigators should attempt to characterize populations. 

When they do, Hammal's (19610 evolutionary scheme will undoubtedly 

need some revision and more concrete evidence on cold stress as a 

selective agent will become available. 

2. Testing in the laboratory may lead to certain difficulty in 

generalizing to actual living conditions. This problem seems directly 

related to the approximation of actual living conditions by those im

posed in the laboratory. The current laboratory study and that of 

Baker (1966b) show similar sex related differences. This might be 

expected because in both cases ambient temperature was of a similar 



magnitude and activity of the subjects was restricted,. What is dis

turbing is the failure of the laboratory studies to predict the day

time cold responses with equal precision,, Based upon the controlled 

• laboratory studies it would have been erroneously concluded that Nunoa 

females respond to cold stress through increased heat production and 

higher skin temperature. It would seem that in the future, the de

gree, as well as the class of environmental stress should be investi

gated,, Laboratory studies could then approximate the actual stress

ful conditions and more meaningful conclusions could be drawn,, The 

idea that all groups can be tested under uniform conditions and will 

yield valid data as to their resistance to cold stres-s must be aban

doned e 

3» Sampling from one local population can lead to errors in es

timating the actual amount of cold stress a population may receive„ 

As seen in this study altitude and economy produce distinct life 

histories of cold exposure in different segments of the population,. 

Knowledge of only one segment could lead to a false estimate of some 

parameters„ 
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