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A. DISSERTATION. 



• 

Domestication of animals had only to begin before it 

became evident to man that some shelter from heat, cold and 

other environmental extremes was desirabl e for the animals as 

well as himself. 

1.  

Down through the ages and particularly in the present century 
refinement of methods, materials and degree of shelter have been 
added. There haB not been a refinement corresponding in know­

ledge of the environmental influence in the range between obvious­

ly harmful extremes. Farrow margins for farm profit, increasing 

attention to production effi c iency, increasing cost of shelter, 

war and post-\-;ar dema nds for high production, have exerted 

increasing pressure to correct thi� situation. The delay in 

attempting to get more accurate infommation on objectives in 

environmental cont1�o1 has been due to the immensity of the under­

taking. Consider the range of environmental variables involve� 

The env i�onment to be considered includes an almost infinite 

variety of combinations of temperature, radiation, humidity, 

air control, 8ir movement, ligr.tt, sound space, surfaces, forms , 

pressure, presence of other animals snd time phases. 

The range of possible temperatures is vast. Man and an imals 

occupy a relatively narrow zone. True, they are exposed to the 

heat of the tropics and the col� of the arctic regions but 

animals really live, not in the air, but inside their own skins. 

The active cells of the body are all beneath the skin, the most 

important of them a long way b elow the surface. In the process 

of evolution marrunals have arrived at a certain optimal temperature 

for the body cells and the org an ism strives to preserve this 

temperature as closely as possibJe. The problem is to define 

the limits of this zone, to describe the mechanism by which the 

optimal temperature is maintained, and to give an idea of the 

results when temperature control fails. 

The factors which tend to displace temperature equilibrium 

in normal healthy mammals are concerned chiefly with the every­

day topic of climate and weather. Climate plays an extremely 
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important role in the life of man and animals. Much of the 

relationship between climate and man has been emphasised on the 

side of climate affectin� vegetation and therefore food supplies 

However climate affects successively, soils, crops, animals and 

man, in an elaborate chain reaction mechanism. The soil types 

of the world are classified largely on the influence which cli­

mate plays as a major soil forming factor. Such soil types 

may be fertile or infertile ·with graduations in between depending 

to a large extent on the degree of leRching and weathering as a 

result of climate. The fertility determines the type, and to a 

certain extent, the nutritive value of crops and forage plants. 

Man may use these directly or more often indirectly per medium 

of his domestic animals. This chain link--up with climate is 

one which is well known to everybody and to many it is the main 

force attributed to climate. 

However, there is another chain reaction linking ol•imate 

and man; a more direct one which links up the affect o f  climate 

first on the nervous system, then the endocrine systeam and then 

the enz;yme systems. These three systems control, regulate and 

co-ordinate body activities including heat regulation. For 

instance, the activity of enzyme levels determines the level of 

metabolism, and metabolism determines the level of productive 

processes such as work, meat and milk production, etc. It is 

this aspect of climate with which the present volume is concerned. 

Physioclimatology, bioclimatology or environmental physiol­

ogy has been, up till quite recently, a neglected subject 

particularly as regards to cattle. But animal research men, 

are taking an increasing interest in the environment of the 

animal, not from the feed angle but from the aspect of the direct 

affect of climatic elem ents on animal performance. 

Wo rkers in tropical and subtropical regions have observed 

the degeneration and l�w milk production of important British 

breeds of cattle. Improved methods of transport has pl aced the 
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selection of brecd.ing f_d;o\�k on a global asis but breeders have 

conside-red only pedigrr_:e ::mol cs:�llons of miD:: in thei r breediilg 

policies r ather than n consil eration 0f the r irect effect s of 

climate, particularly in .at areas. 

It is nov. becoming clear t hat animal react ions to heat add 

coln needs investigating but on l·Joki� into the mat t er it  has 

been found that the p ys io l ogy 0f heat regulation c o ver s a wide 

and involve field. Further it i.s found that the evidence and 

informati on on t he physiol0gy 0f heat regulat ion as it appl ies 

to cattl e is conflicting 2nd most of the evidence s and hypotheses 

:tre based on assumptions ·:leri ve'l from •,:ork in human he at re­

gul at ion in Vfhich a large volume of 'Nork has been c arried out. 

To counteract this lack of knowledge in the animal field, there 

has been set up in several co untries, centres for fundamental 

research on the heat regulatory mechanisms of cat tle. Because 

the natural climat e cannot be controlle there has - bean built 

large laboratories or psy(!hroenergetic r o oms i n  wh ich air temper­

atur e, humidity and air movement can be control led at will as 

described by Kelly et al (1), L!cCalimont (2), Thompson (3) and 

Rhoad ( 4).  

ork has als o  begun m n  the morphological and phys i ological 

differences betwee n  Bas taurus (Zuropean) and Bas indicas (Indian) 

types of cattle wtth a vievv trJ observing any differences  in re­

l at ion to heat rEgulation. ""egion�l a da? t ation of cattle and 

the significance of the rnorpholr:>gical t r .g nsi tion of cattle types 

b etween reg i o ns is al so being considered. 

Some workers have given e st imates of the role which s olar 

radiat ion plays in the heat lo ss of an animal . The evidence 

sugg ests that the effects of s olar radiation are very great 

in tropica l regions. It proba"bly does not apply to the s ame extent­

in temperature r eg i ons but couln quite poss ibly be a contribut ing 

factor to low milk production during the sumrr1er months. A fall 

in s o l ids-no t-fat has been sh-:)wn t0 occur during high temperature 

conditi ons. Others again state that high summ er temperatures 

cause 15-20fo of the fall in fat percentage irre spective of 



\ 

lactation effects. S:) t}�:"lt if production of dairy cattle is 

significantly influenced by direct climatic effects, then res earct 

is surely warrented, firstly to work out the fundamental 

mechanisms, secondly to formulate the best methods of as sess ing 

animal reactions to climate stress, and thirdly, methods such 

as showers, sprinklers, shade, barns, etc. , on the one hand, 

and breeding on the other, to help reduce the direct effects 

of climate. 

Over many parts of the world stock have to be housed for 

varying lengths of the year. Costs of erection of such houses 

is considerable and the farmer wishes to know the most economical 

hot and cold weather shelters to build. Such information requir$ 

first a knowledge of the reactions of animals to various envir­

onmental factors. 

There is a growing appreciation therefore of the importance 

of the relation of the animals heat regulatory mechanism to its 

performance. The direct effect of climate affecting metabolis m 

by way of the neuro-endocrine-enzyme system will determine to a 

certain degree the level of productivity of animals within a 

region. Just whether in various regions, the local climate is 

sufficient to reduce metabolism, needs a great wealth of research 

both fundamen tal and applied to supplement the controversial 

and inadequate information available at the p resent time. 

Object of Section A. 

The direct relation between climate and animals has in 

the past received very little attention and animal husbandmen 

have concentrated on breeding and feeding within the levels 

set by climate, i. e. , the influence of climate has been consider­

ed only in an indirect way. A dissertation on what available 

information there exis ts in the literature on the direct effect 

of climate on animal �elfare is therefore presented. Becaus e 

this field ccv.ers various aspects of physiology, chemistry and 

physics, a preparatory explanatory chapter 6n the physiological 

background is given. 



II. PHYSIOLOGICAL BASIS A1� DEFIKITIONS. 

5. 

The "heat" or ther·mal elements of climate, composed of air 

temperature, relative humidity, air movement and radiant heat, 

operate universally in time and place, and since much more is 

known about them they are used as the central pivot for 

discussions of the relation between climate and animals. The 

non-thermal interactions between climate and animals are limited, 

and of secondary importance. All the systems of the body moreover 

are involved in reactions to heat, so that heat reactions are 

the primary concern of the environmental physiologist. The 

'heat environment' of an animal is indicated by its body temper­

ature and it is the regulation of body temperature under various 

conditions with its associated complex chain of body reactions set 

up by the organism in response to environmental changes - changes 

involving mainly the heat elements of climate - with which this 

chapter is chiefly concerned. 

l. BODY TE�WERATURE. 

In all normal warm blooded animals the body temperature 

remains constant, �espite widely varying climatic conditions. 

Homeothermy, as it is called, is achieved by maintaining an 

equilibrium between the 'heat produced by the animal and the heat 

lost. Most body reactions involve chemical anabolism and 

catabolism setting free lRrge quantities of heat. The superior­

ity of higher forms of animal life is due in no small way to their 

ability to maintain a constant body temperature. To keep this 

constant the heat being procluced within the body from various 

sources must be elim i n ate • Thus the heat loss, or thermolysis, 

of an animal must equal its heat production, or thermogenesis, to 

maintain r b0meothermic state. Many of the lower forms of life 

are cold-blooded, i.e. , poi!.:ilothe:rmic, e. g. , fish, amphibians, 

reptiles, and in these animals body temper ature varies directly 

with the environment, whereas warm blooded animals or horneotherms 

have a body temperature, normally independent of climatic condition 
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6. 

In practis e t his c on s tant body temperature c an be ac hieved 

in a variable environment only by baYing an inherently high rate 

of he e t production b8lanced by a control l able rate of heat loss. 

The t emper ature of the living body like th at of an inanimate 

object t ends to come into eQuilibrium with its environment by 

such proces ses a s  condu c t ion , convection, and radiation. In a 

t ypical animal lt ving a free life, the rate of he at production 

is largely determine d by the biological needs of the animal, 

and the function Jf �reserving a heat b alanc e  is left to the 

heat regulat0ry mech::mism controlling the various methods of 

heat loss. The pqthways of ..,_test loss ar e radiation , c onduction, 

convection and evu)oration, and the im)ortance of t h es e  v aries 

with the temperature of the �nvi r• onment. At low t emperatures 

there is little evaporation r)f water and heat loss is affected 

by way 'Jf radiation :md c onvect i on with a s mall amount by 

conduction. Now radiation, conduction snd convection are revers­

abl e  processes, each depcn;1s on a temperature difference at an 

interface and the flow of �eat is from the hot ter to the cooler 

re;ions. As the two sides of t�e i nt � r fac e appro ach e a c h  other 

in temperature, t:1·�n th·:' ;_Ftthv1ay of heat loss by means of 

radiation, convection ·J :· condnction become s increasingl�r 

rtifficul t. In other via.�· 'Ls, ·.vhen th3 ai:-.? temperature is the same 

as the animal ' s skin -7:,em�)eratu!'0, then the body cannot lose 

heat by the above three Dathways - indeed. they are tending r ather 

to gain heat from their :.mrPounding=> by those proc e s ses. At 

this stage and at hirhe·p temperatures heat cannot be eliminated 

except except 1)y way of �vaporqtion. See Figure I. 

Thus as envir:m.:wntal t 3mper atnr e approaches body t emperature 

heat dissipation is shifted from radiation, conduction and 

convection, to evaporation. In sweating species there is a 

sharp change t o  t he GVaporation method a t  84°F. but in non­

sweating, or rather j_'JOOrly sv;eating sp ecies , there i s  no sharp 
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Tion. protective to the animal; thE! inen·asin� heat production v·•ith incn·a�in� hl'at 
1 from B to E 1 is a consequence of a phy:-ico-chemical neees!"ity expre��ed by the 
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change to evaporat ion but the re:3piration rat e increas e s  rapidly 

to com�)ensate for the inability to sweat . The main regulator of 

thermal balance then is by way of c ont rol ling the heat loss. 

2. HEAT PRODUCTION. 

Under extreme conditions same modification may be made in 

heat pro duction. Thus heat production too, var ies with environ­

mental temperature, but at more ext reme temperatu re changes. A 

diagram showing the type of variation which occurs has been shown 

by Brody (6), Figure 2. 

When the ·?.nviro:n:nenta.l t empei'at ure is very low heat pnoduct iar. 

reach e s  its highest value, which is known as t h e  "summit" 

meta·bolism but as environrnental t emperatu re decrea s e s  s till 

further, body temperature al so d e cre as es , and the animal even­

tually dies.· The zone of minimal heat pro·:luct ion - often called 

t he zone of t hermalneutrality - is where the animal is i n  harmony 

with its environment. The heat balance is regulated in this 

region principallJr by physical me an s such as changes in peripheral 

blood flow, evaporation from slcin qnj lungs, s e eking shade or 

sunshine, as the case may be. It is within this zone that the 

heat product ion of a res ting animal, in the post ab s orptive 

stat e, is at a minimum, and it is therefore in this zone, that 

b a s al metabolism is measured. As the environmental temperature 

increa s es beyond this neutral zone, t he animal b egins to have 

difficulty in eliminat ing excess heat , and its body temp erature 

ris e s .  Finally, a t  the upper limit, ·.vi t h  very high environmental 

t emperatures death occurs .  

One may note in the diagr am, t he t erms upper , and lower 

crit ical t emperatures. These are important a s  they indi cate the 

regions in which the following methods of heat loss take pl ace , 

by means of: 

( a) Physical r egulat ion. 

( b ) Chemical regul ation. 

These are not absolute divis ions but refer to method of 

regulation from the he at concept point of view. 
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( a ) Phys i c a l  Regulatory Mechanisms are:-

1. Evaporation of mo i sture from ski n , sweat glands , 
respiratory passages and sa liva. 

2. Movement of bl o0d to and from the skin per ipheries 
and c hanging calibr e  o f  super f i c ial blood vessels. 

3. Huddli ng or relaxed posture. 

4. Wallowing, use of shade or sun. 

8. 

and 5. More long range changes ( i ) 

( i i ) 

Layers of fat for insulat i on 
ag ainst c o l d. 
Different types of hair and 
h a i r  colour. 

These oper ate most effectively between the upper and lower 

c riti c al temperatu re zones. Below the l ower criti c a l  temperature 

c hemic al methods to inc rease heat production c ome i nto play. 

In the reg ion of up)er c r itica l  temper atu re the phys i c al 

regul ation has abo·,lt reached its l im it and sweat runs off w ithout 

evaporating and in man metabolism r ises. 

(b) Chem i c al Regul atory Mechanisms are:-

1. Change of metabol i c  rates by inc reased activity and 
feed i ntakes. 

2. Inc reas i ng internal heat p rorn1ction by inc reasing 
tonus o f  muscles or , as i n  more extreme col d , by. 
s hivering. 

3. Increased adrenal i ne and thyroxine sec ret ions. 

These oper ate at c older temper ature r anges than that i nd icated by 

the lower c ritical temperatu re • 

The position of the comfort zone, or therm alneutr ali ty 

zone , and the q_u al itative manner o f  response of the animal t o  a 

c h ange i n  env i ronmental temperature var i es w ith the following: -

1. Age of the anim al. 

2. Nature of the sweating appar atus. 

3. Qual i tative and qu antitat ive effects of i nso lation. 

4. Body siz e. 

5. Body temper ature. 

6. Nature of the protective cover ings. 

7. A c c limit izat i on. 

and 8. Ma inly on the activity l evel of the body. For instance 

a resting m an in a po st absorptive state would be com fortable at 

a h igher temper atu�e than a man who had just eaten a heavy meal or 



9. 

run a race. 

The c r i t i c al temp eratures Bl-B in Figure 2 are thus 

variably conditioned by various circumst ances and since their 

published values were obta ined o n  fasting and resting animals 

they are not applicable t o  normally fed, active and productive 

animals. However, they do serve as a rough guide. 

Brody (6) lists the results of var ious workers indicating 

limits of thermal neutral ity for various animal s. 

Lower Upper 
Species Critical Critical 

Temperature Temperature 

Rat 81 84°F 

Mice· 82 87 

Guine a pig 84 88 

Rabbit 59 68 

She ep 69 77 

Goat 55 70 

The major f a c tors influ encing level o f  metabolism and therefore 

heat production in animals are:-

1. Basal metabol i c rate . 

a"' • 
· 2. Resting metabolic rat e . 

3. Work r ate. 

4. Food , - nature and amount eaten. 

5. Milk production. 

High increments of each of thes e will tend t o  set the 

limits of B'B in Figure 2 at a corresponding lower level. 

Exercise and Regulation of Thermal Balance - Work Rate, 

Exercise not only modifies heat pr oduction but also heat lo ss, 

Due to act ive movements , c onvection and evaporat i on are aided. 

The limits for normal increases in rec tal temperatures during 

work cannot be st ated precis ely. The change is gre ater , the 

heavi e r  the work , but is i ndependent of environmental conditions 

except at extremes. The rise in body temperature during 

work presumably assists the work, P art o f  this may be explained 

by the rise in surface temperatures increasing the temper ature 
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Fig. 10.-The heat increment of feeding in farm livestock (useful for warmth in cold weather but unpleasantly heating in hot weather); hence the reduction 
of feed consumption ( and therefore reduction in productivity) in hot weather. 

L, .. · :ir. 

· H 
.... , . 

in f'lrm livestock 



10. 

differenc e  at the int erface, of air and skin t emperature , 

f ac il i t at ing heat l oss. A l s o  a large proportion of the heat 

rel e a s ed would c ome from the mus c le s and should f acilitate 

chemical reac tions there. 

Bazett ( 7) reports t hat moder at e  increases in rectal 

t emperature in subjects at res t  in a hot environment is associated 

w i t h  c ons iderab l e  d i s c omfort and with ineff i c i ency in mental 

tasks. Simi lar rises during exerc ise is associat ed with less 

d i s comfort and no s ign of ment al disabil i ty. The c ause of 

thi s anomaly i s  unknown. 

C at t l e  with the ir ruminant microflo r a  have a large heat 

increment or spe c if i c  dynamic effect of feed ing , and this can be 

us eful for warmth in cold weather but unp leasant ly heat ing in 

hot weather. 

F igure 3 from Br ody s hows for cat tle that met ab olism due 

t o  feeding may b e  incre ased up t o  50% of bas al met ab olism within 

8-10 hours aft er f eeding. Milk product ion will c ause an addition­

al heat increment. 

3. HEAT TRANSPORT. 

Warm-b looded animal s  may be regarded for b as i c  discussion 

as having a c entral core of t i s su e  at a uniform 'body temperature.' 

Surround ing t h i s  is a shell of tissue through which the temper­

ature progr es sively  falls as the surface i s  approached , and 

t hr ough wh i ch he at flows t o  the surfac e  by conduction and 

convect i on , mainly v i a  the blood s t ream. 

Though t he blood stream is the main organ in he at transport 

all parts of the body transport heat . According t o  Bazett the 

b ody t emperature as me asured i s  no t the t emperature of t he body 

as a who l e  or even the c ent�al areas , e.g. , he art , lungs, 

abdominal organs and bra in. From these deep c ent red organs 

he at flows t o  the l e s s er act ive organs and t i s sues with a lower 

t emp erature and so the proce s s  goes on until the ext erior is 

r eached. 



11. 

The thermal conduct ance of  the superficial tissues is 

important for facilit ating or restricting heat transport. In 

the cold, fat deposits in the subcut aneous tissue hinders 

c onduct ance of  heat and the thermal gradient across the super­

ficial tissues would be greater in an animal with natural fat 

depositB, e.g., pig, than in an animal free of such deposits. 

By thermal gradient is rr eant the drop in temperature across the 

tissue or region. 

However, the rr..ain r·egulatj on of therrr.al conductance of the 

peripheral tissues is exhibi tell in tv:o ways. 

( a) Vasodilation of capillary blood vessel s. 

( b ) Vasoco;;s"':.r.:..ctic.'n of capi llary blood vessels. 

These two actions increase the volume and rapidity of blood 

flo·w on the one hand, and decr·eases e.nd E lows down the speed 

of blood flow on the other, in the peripheral tissues. 

These vasoreeter reactions are exhibited unive rsally by all 

mammals. 

Effects of Vasodilation. 

In response to heat , superficial blood vessels dilate, and 

incre ased blood is passed thr·ough them. This blood carries heat 

from the interior , and during its p as sage through the superficial 

tissues it gives up its heat loe.d to the exterior. At vhe same 

time the superficial t.iSE:ues be ing \Yell supplied with blood, 

have a lower thermal conductance and heat passes through them 

more readily. Fow the volurr.e o:' blood ejected by each systole 

of the left vent ricle of the }le[u�t is inversely proportional t o  

the pulse rat e. Vasodilation requires a large volume o f  blood 

to be supplied to more distant regions, usually at the expense of 

blood supplying the vieceral areas, and in most mammals a rise in 

pulse rate but a fall in heart �utput takes pl ace at high air 

temperatures. 

Because of the l1eat v;hieJ, the 1Jlood carried and the increased 

conductance of the tissues the ther·rr.al gr·adient between the 

deep bod;)'- organs and the surfEICe is reduced, 1. e. , eurface 
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temperature is increased. This in itself ,  helps in a small way 

to facilit ate heat loss by increasing the temperature difference 

between the surface temperature and the ambient air, thus 

facilitating more rapid loss of heat by c onduction, convection 

and radiation. 

The richer blood supply also yields a plentiful supply of 

raw products for active sweat s ecretion. 

( b) Effect s of  Vasoconstriction. 

In response to cold, part of the mechanism to conserve 

excessive loss of body heat involves vasoconstriction and the 

reverse of what occurs in vasodilation takes place, viz. lessened 

blood flow, decreased blood volwae, decreased thermal conductance, 

decreased surface temperature ,  etc. , - heat loss restricted and 

pul se rat e tends to fall. 

L�. HEAT EMISSION. 

It has been st at ed previously that the four pathways of 

loss of body heat is by way of:-

( a )  Convect ion. 

(b) Conduction. 

(c) Radiation. 

(d)\ ,.., ti .!:JVapora on. 

From the surface of  t he animal heat is exchanged with the 

environment by the physica l pr ocesses of  radiation and convection 

in whatever direction the difference in temperattr e lies according 

to simple physical :l �-us. 

(a) Convect ion. 

Hardy (8) defines this term as that which refers to the 

exchange of heat b etween hot and cold objects, by the physical 

transfer of the liqui d or gas with whic.h the objects are in con­

tact. In other words this type of heat transfer depend s upon the 

existence of a fluid medium between the warm and cold objects, 

and upon the actual streaming movement of warm molecules, from 

the warmer object to the cooler one. 
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The r at e  of heat diss ipat i on by c onvect i on at the surface 

of the animal skin , i. e. , rat e  at which hot air near the skin 

i s  r epl aced by c ool er air whi ch is in t urn he at ed ,  and moved 

away , is indicat ed by Brody' s ( 5 ) equation: -

C = kA ./':;" ( t 1 - t2 ) .  

where C = convect i on rat e 

A = surfac e  area 

V = velocity  of the air 

k = unit conve ct ion c onduct ance const ant. 

t 1 and t 2 are resp ect fi1lly the t emp erature of t he 

b ody surfac e and the environment. 

The r at e  o f  c onvect io n will d epend l argely on thi s di fference 

o f  t emp erature. 

The convect ion rat e  is influenced t o  a c ert ain extent by wind 

movement but i s  incre ased by only t he s quare root of the veloc­

ity as shown b y  the e quat i on. 

Thi s formul ae indic at es how the l arger the s urfac e are a of 

a given body the greater the rat e of heat t r ans fe r. The s ame 

hol d s  for heat transfer by vapour izat ion , c ondu ct i on , and 

r adi at i on. S inc e from geometr ical cons i derat i ons the larger 

the b o dy t he smal l e r  the surrac e are a p e r  uni t  volume o r  per 

unit wei ght , heat d i ss ip at ion becomes mo re d i ff icult as the 1 

b ody s i z e o f  the animal i nc r e a s e s .  

C onvect ion l o s s e s  al s o  t ak es p l a c e  from the lungs. Ac cord­

ing t o  Lee ( 9) the amount of he at exchanged w it h  t he envir onment 

by warming or cool ing the inspi red air i s  directly p r op o rt ional 

t o t he d i rference b etween air and body t emp e r ature s  and t o  the 

volume of air resp ir ed. Under cold c ondit ions this may re­

p re s ent an imp ort ant avenue o f  he at l o s s  but under warm 

cond it i ons it i s  not ne arly so import ant. 

F igur e  1 shows that convect ion al ong with rad i at i on and 

evap or at i on plays a maj or part as a p athway. of heat l o s s. 

( b )  Conduction. 

The flow o f  heat through a medium w ithout the p hys i c al 
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transfer of mat eri a l  is  c a lled thermal conduct ion - Hardy ( 8 ). 

This i s  a l os s  by  actual phys i c al cont act of surfaces , as for 

example ,  when an animal l i es on a cold floor. It is al s o p ro­

p ort ional t o  the are a ,  through whi ch the heat flows at r ight 

angl e s , and t o  the t emperature gradient. C at tle  which are 

s tanding , lose l i ttle  he at by way of conduct ion because only 

t he hooves are in actual cont act w ith another surface. 

The phys iol ogical s ignifi cance of heat transfer from the 

b ody by c onduct ion i s  that s t i l l  air ba s  an extremely l ow 

conduct ivity. According t o  Lusk ( 10 )  hai r· ,  fe ath ers or c lothes 

c ont ain much air and so are good insul ators or non-c onduct o rs. 

The larger and denser  the hairy c o at the great er the thermal 

gradient b etween the skin surface and the hair surface. 

C onduction is  not so import ant as an avenue of h eat l o s s  

once the ha ir surface i s  reached but within t he body it i s  an 

import ant method ofheat transfer. 

( c ) Rad i at i on. 

The trans fer of energy by el e ct romagnet i c  waves of various 

l engths between sol id obj ects  is call ed radi at ion - Brody ( 5 ) . 

The rate of los s or g a in of heat by radiat ion i s  a ls o  pr o-

port ional t o  the surface area  o f  the animal. A feature of 

r ad i at ion i s  that it is c oncerned witb s ol j_d ob j ect s .  Supp o s e  

we h ave two sol i d  obj ect s A a nd.  B a few yards apart. If A i s 

at higher t emperature than B ,  t hen A will l o se heat t o  B whi ch 

w i l l  gain in hea.t c ont ent. This  c an t ake pl ace even when the 

obj ects  are in  a vacuu� The el ectromagnet ic waves t ravel in 

straight l ines and with the speed of J ight. Thus , if obj e ct A 

is  screened from B it will  not lose heat t o  B by radi at ion be-

caus e the energy travels  in  s traight l ines. A ,  may however i f  

the air temperature is \'\'ell  b el ow its t emperature lose heat t o  

the air by convection t o  the point where B ' feel s '  the impact 

of warmer air and if the a ir becomes st ill  warmer may receive 

h eat from the air  l)y virtue of i t s  temper atu re , i . e.  , it h as  

acquired heat indir�ctly from A. 
( d ) Evapor at ion. 

I 

Inanimate bodies may los e  heat by rad i at i on ,  conduct i on 
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9.nd convect lon , but ·,r, .g_rm-b l o o d e d  an imal s have a unique met ho d  

o f  h e a t  d i s s i p at i o n  and that i s , mo i s tur e evaporat ion from the 

:i}\.in 9. nrl resp ir9.t o ry  t r a c t .  

When t h 8  body c anno t  l 0 s c any mor e  he at t o  t he environm ent 

"'::Jy r ad i at i on ,  c o nduct i o n  and convect ion , a l l  the h e at mus t  b e  

d i s s ipat ed by w ay of evap o r at i on. 

Figur e l shows how mo i sture vapouri zat ion from th e b o dy 

i nc r e a s ing wi t h  i nc r r; a s i n.s a i r  t emp e r at ure s .  The rat e al so 

t ends t o  inc r e a s e  w ith in·� r e as inz me t :1b o l i c  r at e  ani t h erefo re 

YJ i th i nc r e a s i ng r at e s  of p r o c:u c t. i ve p ro c e s s e s . A high 

p ro du e inz c0w t h er e fore , needs e xt r a  w at e r  ab o ve that of a l ow 

p roduc ing cow ,  and ab :>ve the e xt r a  water included in her mil k. 

The ch i e f .t) rop e rty of w at er of c once rn in the s tudy of 

h e a t  r egu l at io n  i s  i t s  r emarkab l e  t hermo s t at i c p rop e rt i e s .  

Brod.y ( 5 ) l i s t s  the fo l l ow i n.g : -

1 .  �·at er h as  t h e  high e s t  spec ific heat o f  any sub st anc e  

I t  t ak es one Calories t o  h e at one klg. of wat er 1 °C. a s  c onJ 

t ras ted w i th 0 .  241 C al o r i e ::; for a ir. Zxpe:r iment s hows t h at if 

d i ffer ent b odi e s  o f  the s ame �as s  a n d  a t  t h e  s ame t emp erature 

a r e  dropp e d.  int o e qual quant i t i. e R  o f  wat er ,  in gen er al , t he 

r i s e  in t �np e r ature i s  d i fferent i n  each c ase. The bodi e s  are 

s a i d  to hs.Ye d i ffe rent spec ific  he at s and h ave d i fferent t he r­

mal cap ac it ies .  Th erm<:il :."! spar:: i ty 0 f  a b o dy i �he amount of 

heat ne c e s s ary to r a i s e  the t emp e r at u r e  ,J f the body one degree 

in t emp e r at u re .  

2.  It h a s  a very high h e a t  o f  fus ion. It t akes 80 

C al o r i e s  t o  mel t  O i:' fre e z e  one kl gm. of wat er. Th i s  t ends t o  

make w at er a fai rly st ab l e 1n ed ium t o  changes in e xt e rnal h e at 

and c ol d. 

3. It has an e s p e c i a lly high l a t ent he at of vapourizat ion 

I t  t akes 580 C al or i e s  t o  vapour l z e  one �lg. ( ab out 2. 2 lb. ) of 

wat er fr om the skin. 

( One C al or i e  is the heat r equ i r ed to r ai s e t he t emp e r at ure 

o f  one klg. of wat er 1 °C. at l 5 °C .  The Brit i sh s ys t em is t h e  
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B. T. U. wh i ch i s  ab out � as l arge as the C al orie. ) 

Al t og ether these t hermo s t at ic p r op e rt i e s  i ndic at e  the vital 

role w at er pl ays i n  h eat r egu l at i on. Thu s , the vasometer re- . 

act i ons t o  heat and c ol d  c o nd i t i o ns but s erve t o  fill o r  empty 

the pe r ipher al t i s su e s  w i th a medium whi c h  !lll ows re ady 

c onduct i v i t y  o f  he at . 

The remarkab l e  t hermal p ropert i e s  of w at er make it a bas ic 

st ab i l i z i ng f ac t or Vi i thin the an imal b o dy. Bec au s e  o f  it s 

t he rmal c ap ac i ty t h e  b ody c an ab s o rb c ons i der ab l e  amount s of 

h e at b efor e a r i s e i n  body t emp er atu re t al'e  s pl ac e . Also the 

l arge amount o f  he at l o s t  fr om t he b ody by evaporat ion of sweat 

enab l e s  the animal t o  ma int a i n  a fa i rly st abl e b ody temperature. 

I n  th:::> s e  s-::> e c i e s  wh i ch d..o no t swe at o r  who s e  sweat ing appar atus 

func t ions poorly , this r emarkab l e  avenue o f  heat loss  i s  

l argely c losed and l71:::> re re l i anc e h as  to be pl ac ed on l o ss by 

radi at ion and c onve c t i o n, at the higher• t emp e r at u r e s .  

Wat er i s  thus a p r ime phys io l og i c al fact or in regulat ing 

t he internal env i r o nme nt , espec i al ly t empe ratur e , of the body. 

F' ac t o rs i nflu enc ing l o ss of Heat by C onvec t i on, C onduct ion, 

R ad i at i o n  and Evaporat i on. 

( a) Conv e c t ion and C ondu c t i on. 

L o s s e s  by c ondu c t ion ani c onve c t i on depend very much 

on the nature of the body sur fac e . It has b een indi c at ed how 

an a ir l ayer t rapp e d  in h a i r  or fe athers act s  as an effect ive 

i nsul at o r  and r e s t r i c t s  condu c t i on o f  heat to the surface , 

t here to be lost  t o  the air mainly by convect ion. The amount 

o f  a i r  t rapped w i l l  dep end on t he natur e of the coat and the 

a ir moveme nt. In p erfe c t l y  s t i l l  atmo sphere the l ayer of air  

n ext t o  the skin b ecomes warmed and loaded w i th wat er vapour 

and cons t i t ut e s  a p r o t ect i ve enve l ope removed s lowly b y  gaseous. 

di ffus ion. S t rong air mov em ent r emov e s  t h i s  envelope with its 

heat l o ad and r epl ace s i t  w i th another l ayer o f  air whi ch can 

r eadi ly a c c ep t  heat a nd so t he pr oc e s s  goes on. 
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One s omet im e s  h e ars the s t at ement , a mo i s t c o ld is w o rs e  to 

b ear t han a dry c o l d .  T h e  r e as on l i e s  in the good c ondu ctivity 

o f  wat er. A l ayer of a i r  next t o  the sk in s aturated with water 

v ap ou r  al l ow s  heat hy c an duc t i on to p a s s  t hrough to the surf ac e , 

and there to b e  readily l o s t  by c o nvection at c ol d  temper ature s. 

A dry c o ld with l i ttle moisture in the atmo sphere woul d not 

c au s e  such a r ap i d  he at l o s s  b e c au s e  the l ayer of air next to 

t he skin would not b e  so s aturat ed w i t h  water vapour - in this 

c as e  only that derived by diffu sion t hr ough the animal ' s  ski� 

C onversly at h igh t emp er atur e s  a high mo i sture c ontent in the 

atmo sphere r e s tric ts evaporation of water and this overb alan c e s  

any sl ight inc r e a s e the r e  may be due t o  c ondu c "t i on. The import ­

anc e of s ur fac e are a  has been not ed p re v i ou s ly. 

( b )  Radiat ion. 

The ma in factors whic h affect l o ss by radiation are 

the temper atur e  of the surr ound ing s  in r el ati on t o  the t emperattll! 

o f  the r ad i at i ng sur face , the ar ea o f r ad i at i on surfac e  and i t s  

emi s s ivit y. Finjl ay ( 11 ) . 

Now r ad i at i on dep end s on heat exchange between solid bodies.  

( i )  Area. Suppo s e  we have a s o l id ob j e c t  in a room and it 

i s  at a h igher temp erature than the roor:1. This me ans a temper­

a ture higher tha n  that of t he wa ll and c e i l ings and ot her ob j ect 1  

not a t  t he air temp erature. The amount of h e at whi ch the body 

c an radiat e t o  t he l ow e r  surfac e t emp e r atur e s  o f  the wa ll s , 

e tc . , dep end on the area o f  i t s  r ad i at i ng surface. Thi s 

w i l l  not b e  the total area but rath er the are a whic h  i s  s een 

by t he wall s anj c e i l ing. Thus , for a c att l e beast wh en de al ing 

w i t h  ra d i ati on there i s  a c onfigurational fac t o r i nvol ved , as 

the ar e a is not the total s urfac e are a of the a nima l but the 

area s een b y  t he surr oundings . Are a s  between the l eg s ,  e ar s , 

e tc. , whe r e  surfaces  are opp oo i ng , w i l l  be r adiating to surfac e s  

at the s am e  temp erature , and the net tr an sfer o f  heat w il l  b e  

z ero. This mus t  be dedu c t ed from the t o t al are a of the animal 

t o  ar r i ve at the r ad i at ing a r e a. 

In man t h i s  r ad i at ing ar e a  i s  80-85% o f  the tot al anatomi c -
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al are a  ( Hardy ( 8) ) . Kelly fu�1 Ittner  ( 12) in the ir c alcul at ions 

of rad i at ion exchange for catt l e deduct ed 2 s quare feet from the 

t ot al surface are a. If the animal i s  rece i ving rad i at ion from 

surrounding ob j ect s then the are a  of t hese ob j ec t s  becomes a 

fac t o r .  T h i s  i s  impo s s ib l e  t o  det ermine and inste ad an instru­

ment. is used t o  me asure the r ad i at i o n  b e ing r ec e ived. 

( i i ) Temperatur e. The gr e at e r  the di fference b etween t he 

t emperatu re of the r ad i at i ng  surface and the r e c e iving surfaces ,  

t he gre at er w i l l  b e  t he loss o f  heat by this p at hway. Thus , 

under cold condit i ons the animal b ody surface t empe r atu re i s  much 

h igher t han surr ound ing obj ect surface t emperature s , and lo ses of 

heat t o  them fa i rly r a pidly. 

The mean temperatu re of surround i ng s  will influence t he 

amount of  heat which t he animal can lose t o  the sur round ings , or 

on the othei' hand i nfluenc e the amount of he at which the animal 

w i l l  rece ive., from ob j ects w i t h  a higher surface t emperature 

than i t s e l f. This wou l d  b e  impr actic abl e t o  det ermine in an 

out s ide or even an indoo r environment and instead the mean 

r ad i at ion from the surroundings is det ermined e ither fai rly accur­

a t ely wi th a radi at i on t he rmop i l e  o r  w i t h  a glob e  thermomet er. 

( F i ndl ay ( 11». This i s  a hollow 6" d i amet er sphere with a bl ack­

ened surface and a thermomet er with i t s  bulb in the c entre. If 

t he surr ound ings to which the animal is  expo s ed are hot ter than 

the animal , t he gl obe w i l l  r eceive he at by r ad i at i on from the 

surr oundings ana. wi l l  s how a higher su rfac e t empe r atu re than 

the a i r  t emp erature. I f  t he su rround ing obj e c t s  are at a l ower 

t emper ature t h an t h e  a i r  then t he glob e  thermomet er will record a 

l ower t emp erature t han the a i r  t emperature becau se it i s  l o si ng 

heat by r ad i at ion. Thus , i f  t he a i r  t emper ature , the air 

veloc ity , ( s inc e t h i s  wi l l  i nfluenc e heat l oss from the c opper 

sphere ) , and the globe t he rmome t e r  readings are known , a va lue 

known as mean radi ant t emperature of surr ound ings may b e  c omput ea. 

R ad i at ion thermop i l e s  w i l l  be ment i oned l at er. 

� i i i ) Emi s s i vity. Brody ( 5 ) def ines emi s s i vity ( or 

gbsorpt ivity ) as the rat i o  o f  t he r at e  of  em i s s i on ( or ab s o rpt i on ) 
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of radi ant energy p er un it area by the g iven body , to the rate  

o f  emi s s i on ( or absorpt i on ) from a bl ack b ody at the same 

temper ature. 

A s impl er definit ion g i ven by Findl ay ( ll )  i s  that emissiv­

i ty of a b ody i s  the rat i o  of the br ightne s s  o f  t he substance 

t o  the br ight ne s s  of a b l ack body at the same temperature. 

In other words it i s  concern ed w i t h  the reflect ivity of 

objec t s. Rad i at ion is c omp o s ed of var i ous wavelengths , and 

bod ie s vary with the amount of var ious wavel engths which they 

abs orb or refl ect. Thu s , supp ose an animal i s  in the centre of 

a l arg e sphere , which  had highly reflect ing wal l s , nearly all the 

radi at ion emi tted by the an imal wou ld be refl ected b ack to it  

and t here be ab s orbed b y  the sk in ; even though the wal l of the 

sphere may be qu ite c ol d ,  the an imal c annot l os e heat to  it  

b e c au s e  of t h e  high emi s s i vity of the wal l s. 

Determinat ion o f  em i s s ivity i s  import ant in determining 

rad i at i on exchange between the radi at ing sur face and surrounding 

obj ect s.  

More det a i l s  w i l l  be g i ven c onc erning r adi at ion under the 

sect i on de al ing w i th c l imat i c  e l em ent s affect ing animal s. 

( c ) Fac t or s  affe c t ing R at e  of Evapo r at i on. 

( i ) Surface area of the animal is very imp ort ant 

bec au s e  the larger the are a of the wet t ed surfac e expo sed for 

evaporat i on the gre ater the lo ss of heat.  Th i s  surface area 

als o  inc lude s t h e  area c omp o s ing t h e  lungs a nd  r e s p i r at o ry 

p as s age s , for heat i s  l o st in r e s p i rat ion by evaporat i on as well 

as b y convect i on - i n  fact in c at t l e  i t  is the main region where 

evap orat ion t ake s p l a c e. 

( i i )  T emperatur e of the water be ing evaporat ed. 

( i i i ) Air temperature. 

( iv) Rela t ive h��mid i ty. 

( v) Air mo vement. 

Evap or at ion is governed by t he t emperature of the wat er being 

e vap or ated and t he relat i ve humidity of the air at that temper­

ature - not t he rel at ive humidity of t he ambi ent air which may 
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have a d i fferent t em]er atu r e t o  the skin t emp er ature. Air 

movem ent w i ll , o f  cour s e , fac i l i t at e  l o s s  by evaporat ion. 

Phys i o l ogi c al C ont rol o f  H e at Emi s s i o n. 

The phys i c al fact or s  c onc erned in heat l o ss have been 

c ons idered , now we l o ok at t he heat l � s from t he physiol ogic al 

asp e c t .  

T h e  an imal organism var i es i t s  he at l o ss as follows : 

( i ) By alt er at i on in t he �ean temp erature of the 
surfa c e. 

( i i ) By ch ang•'; S  in the pat t ern of heat distribution 
O!l t h e  surface. 

( i i i ) Al t erat ions in t he c ond i t ions o f  the body surface 
affect ing l o :::f. e s  by r ad i at i on , c onvection , and 
especi ally b y  evapo r at i on. 

( i ) I f  the me an sk i n  t emp e r at·u re i E  r- ai s ed there i s  an 

i ncrease  in t eli1p e r· attn·e d i ffel'enc e b etwe en the surface and the 

e nv i r onment an d s e  im;: r o v e s  c ond i t i ons for heat l o ss. C on-

ver· s ely , a l ower ing o f  s cin t empe r at u re by V'.' i thdraw ing b l ood 

a.t c o l c  t emp eratur e s , e e r· e a s E: s  t he t emp erature d i fference and 

de c r e a s E: s  ! J e at l o s s. .At a-TJ.y g i  vcP- 1· a t e  o f  heat transfer , 

h o\". eVe!' , no suc l ;  i nc 1• e e.s e in surface temp e r atu re i s  p cm s ible 

w it hout e i t her an int..: ! · f.:. a s c:  o f  deep b ody temperature or a re-

d1j C t i on of  the 1'n1 !.ll c : c;r:: d1J c t anc e of t 1 s su e s . Normal l y  it i s  the 

l at t er ac t ion whi cr ... t al-:e B p l a c e  j_n ext reme heat. 

( i i ) Changing t l�e p o. t t ern o f  h e at d i s t r ibv t ion on the surface 

i n  e ff e c t  alt e r s the inst; l n.t ing value of the air. According 

t o  B az e t t  ( 7 ) thi s insul at j ve effect o f  air is  les s for cyl ind-

e rs o f  smal l diamet er th an t ho se of l arg e d i amet er. This i s  

b e c au s e  o f  c onvec t ion e�fe c t s  around smal l c yl ind e rs. A r ise 

of skin t emp eratur e o f  the fir� t:.-l· s  and t o es , han.ds or feet i s  

t herefore mo r·e effec t i ve i n  pr· omo t i ng  l i e at l o ss th an a s :imil ar 

r i s e  in skin t emp e r ature in t h e  t r·unlc reg i on. 

At high a i r  t emp e r atu r e , heat i s  l o st from hands and f'e et 

by swe at i ng .  At int t:r·fi; cc'1 i nt e  t enr�er atures heat i s  lost mainly 

by c onve c t i o11 though p artly oy evapo rat i on. At l ow t em:;;>e r ature 

aga i n  lo c al h e at l o s s  fr·om hand s and feet depends t o  a c ons ider 

ab }. e  ext ent on evap or at i o n  as a r e su l t not of inc rea sed. 
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evap orat i on but o f  l ow e r e d  c o n v e c t i v e  l o s s � t hi s e vapo rat i on 

s ays B a z e t t , i s  o f  osmo t i c  o r  d i ffus ion wat er , no t w at e r  

der i ved from swe at g l and s .  

The p revent ion o f  d i re c t  heat l o s s  i n  the c old in � it e  

of t he g r e at t he rmal d i ff e r en c e  b etween t he int e rnal t i s su e s  and 

the env i ror�ent d ep ends o n  ut i l i z ing insul a t i on al ong t he l engt h 

of t h e  l imb as v. e l l  a s  a c r o s s t he t h i n  l ayer of sub cut aneous 

t i s su e .  

Bl o od s upp lyi ng t h e  h an� o r  f oot c an b e  subj ect ed as ne eded 

t o  the c o o l i ng e ffe c t  o f  t he b l o o d  ret urning from t he p e r iphe ry 

vi a t he venous c om i t e s  wh i c h  i n  t h e  l imb s u s u al l y  l i e on 

b oth s i d e s  of the art ery and have ana s t romo s i ng b r anche s whi ch 

c ro s s  i t .  The heat which art e r i al bl ood h a s  l o s t  i s  us ed t o  

warm r et urni ng venous b l o o d. Thus t h e re i e  an i nt erna l e c onomy 

of b ody h e a t  i n  the c o l d .  

( i i i ) Unde r h o t  c ond i t i o ns , the animal may c u t  down on i t s  h eat 

produc t i on by re s t r i c t ed ac t i v it y and may a s s ume a rel axed or 

e xt ended p o stu r e thu s  e xp o s i ng t he max imum surfac e for e vapor-

at i on. In the c o l d  hud d l i r� w i l l  redu c e  the surface are a  and 

he lp m i nimi s e  r a d i at i on l o s s e s .  E r ect i o n  o f  ha irs a nd  rough e n-

i ng o f  skin - g o o s e  f l e sh - w i l l  cut down o n  conve c t ion l os s by 

p ro v i ding a barr i er t o  air movement . Humans r e spond t o  h eat by 

r egt1 l at i ng the amount of cl ot h ing they w e ar. 

Smruna r i z ing , the fol l ow ing o o d i l y  fac t o r s  may inf luenc e  

h e at l os s : -

( !�)  Phy s i c s l  natu re o f  the mo re s up e rf i c i al t i s sues , 
e sp e c i al l y  t h e i r  '\Vat e r  and fat c ont ent - c oncerned 
� i t h  t he rmal c c nduc t i on. 

( b )  Blood fl o � through n1o re s up er f i c i aJ t i s su e s .  

( c ) Are a  o f  b ody surfa c e .  

( d ) C o l our of body s u r f a c e  - refl e c t i ve p o wer. 

( e ) Transudat i on o f  w at er t o  the b o dy sur fa c e  - o smo t i c  
w at er l o s s . 

( f) S w e at produc t i on a nd nature o f  i t s  d i s t r ibut i on on 
the b ody s urfac e. 

( g ) Nat u re o f  the b ody surfac e as it a ffe c t s  a i r  flow 
o ve r  i t , espe c i al l y  thickne s s  and dens i t y  of hai r or 
wool c over i ng and i ts c ontour s .  
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( h ) Mo vement s of body surface. 

( i ) C over ing s  app l ied to body surfac e. 

( j )  Volume of r e sp irat ory vent il at i on per minut e. 

Heat Bal anc e. 

At the pres ent s t age the c ompl et e  p i c ture of factors in­

fluenc ing he at product ion a nd  heat l o s s  may be drawn t ogether. 

An animal ' s  b ody temper ature at any moment i s  the net r e s ul t  o f  

two s e t s  of event s , heat ga ins and heat l o s s e s .  

The f ol l ow i ng t ab l e  adapt ed from Kib l er and Brody ( 13 )  de-

p ic t s  the var ious fact ors : 

HEAT BALANCE SHEET. 

Heat Gains . 

B a s al He at Product i on 

H e at Effect s of 

Endocr ine St imul at i on 

Muscular act ivi ty by 

Tens ing of mus c l e s  

Exerc i s e  

Shivering 

Feed ( S. D. A. ) 

Prcd uct i ve p r oc e s s e s  

Ges t at i on 

L act at i on 

Heat Los s e s  • . 

R ad i at ion 

T o  other ob j ec t s  of the 
environment 

C onvect i on 

To air p as s ing over t he 
b ody 

To a ir p as s ing thr ough 
the lungs 

C onduct ion 

To flo or or ground or­
anyth ing e l s e  w it h  
which the anima l i s  i n  
d i r e c t  c ont a c t .  

Vapo r i s at i on 

From Resp irat o ry Tract 

From skin 

Osmot i c  or d i ffus ion 
mo i s ture. 

Swe at. 

Du Bo i s  ( 14) l i kens the s e  fact ors to the count erp ane of a 

b al anc e , when the l o ad on e ither s ide in inc re ased , e. g. , by 

more act ivity or by a cooler environment then the prop e r  ad­

justment t o  correct the b a l a nc e  t o  zero p o int i s  made on the o t h-

e r  s ide. The gr eat emergency mechani sm in he at pro duct ion i s  

e xerc i s e  or shivering , and on the heat l o s s  s i de , swe at i ng or 

p ant ing i s  t he emergency pathway. 

�. REGULATION OF BODY TEMPERATU RE. 

( a ) Short t erm adjustment s .  

L e e  and Phi l l ip s  ( 15 )  r epo rt that it has been fairly 

wel l est abl ished that there ar e a group of nerve c el l s  in the 
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hyp o t h al am i c  p o rt ion of the for eb r a i n  wh ich col lect ively form 

t he h e at r egul at i ng c ent r e  s ince the y  exert a marked effect in 

the c ontr·ol of the p r o c e s s e s  r egul at i ng heat lo ss from the body. 

The s e  c en t r e s  ar e very s en s i t i ve t o  change s  i n  the temperature 

o f  the blood p as s i ng thr ough t h em. Thi s preve nt s overheat ing or . 

overcool ing. 

Als o  t he regul at i on i s  att ai ned in p art by the thermal 

recept ors on the skin sur f a c e .  I n  res p ons e  to ext ernal st imul­

ous the amount of he at l o ss is regul at e d  in a refl ex react ion t o  

s ens o ry imp r e s s i ons der ived from the receptors i n  the s kin. 

The hyp ot hal amus ac t s  a s  a gu ard i an to  int ernal stress  

wh i l e  t he r ec ep t o r s  gu ar d ag a in s t  e xt e rnal stre s s. Hardy ( 8 ) .  

Int ernal r i s e  o f  heat load brought about by work , exerc ise , 

chemi cal agent s , under co ndi t ions o f  a cons t ant envi b onment al 

t emp e r at ur e , h e at s the blood wh i ch s t imul at e s  the ·hypothalamus 

t o  s end n e rve impul s e s  s o  as t o  s et in mo t i o n  pathways for in­

c r e a s ed heat l o s s .  

Much other evi denc e s hows that w i t h  a constant or  bas al 

m et ab ol i sm , the fir s t  prot e c t i o n  ag a i n s t  environmenta l  t emper­

ature ch anges is by way of the t hermo r e c ep t o r s  i n  the skin. Of 

c our s e  with ext ernal s t r e s s  i t  woul d no t be l ong befo re the 

h:yp o t h al amu s b e c ame s t imul a t ed as wel l. Though not clear or 

fina ll y  p roven t he e v i d enc e i n d i c at e s  t h at a p art icul ar l evel o f  

thermoregul at o ry adjustment j s a bal anc e , established between 

the e ffe c t s  o f  t he s t imul at i o n  o f  heat and cold receptore , and 

the t he e xc i t at i on o f  t he hyp othalami c cent r e s  by the level of 

b lood t emp e r atur e .  Dep end i ng o n  t he i nt en s i ty o f  st imulous t o  

o ne o r  a nother o f  the s e , t he t hermal adjustment i s  made. 

M e c h a ni s m  of Nerve Re c ept o rs .  

I t  i s  o ft en popularly a s sumed t hat the s ens at ion of heat 

o r  c o l d  i s  dependent on the s k i n  t emp e r ature ch ange set up. 

Howe ver , Bazet t s t a t e s t ha t  i t  i s  g enera lly agreed amongst 



v: o rkers in thi s f i el d  that the s ens at i ons o f  t emp e r ature do not 

depend s o  much o n  the actual l evel of sk i n  t emp e r at u re but on the 

s e tt i ng up o f  a t hermal gr a d i ent b etwe en the surface and the 

b l o o d  in the sup erfi c i al t i s su e s .  I f  t h i s t emp e r atu re gradie nt 

i s  ma i nt a ined at su ff i c i ent i �t ens i t y , s en s at ions of t emp e r atu re 

c ont i nue. 

Supp o s e an arm is i mme r s ed in a water b ath at , s ay ,  40°0. 

then the surface t emp er ature of the arm s oon becomes this 

t emp e r atur e. V a s odil at i o n  t akes pl ac e and blood flows rapidly 

t hrough the t i s s u e s  and i s  warmed t o  a t emp e r ature a l it t le 

b el ow 40°0. - s ay , 37°c. W i th i t s  r ap i d  mot i on b l o o d  i s  not 

e xp o s e d  l o ng e nough t o  h e at t o  40°0. T emper ature s ensat ion 

o f  warmth ther e fo re , c ont i nue. If the surfa c e  t emp e r atur e is 

t hen dropped t o  3S0c. b y  .Immer s ion i n  another b at h , the t emper­

ature d i ffe renc e b etween t h e  skin and b l o od i s  reduced s o  that 

· t he g r a d i ent b e c omes inadequ at e  fo r s t imul at i o n  and sens at ions of 

w armth d e c r e a s e .  Aft e r  a wh i l e  the t i s su e s  cool anQthe b lood 

fl ow ing t hr ough t hem i s  w arme d t o  a l e s s  ext ent s o  that a 

gracii ent i s  r e - e s t ab l i shed and s ens at i ons o f  w armth return. 

When the arm i s  put i nt o  c o o l  w at er the gradi e nt between the 

s ur f a c e  and b l o o d  i s  in r evers e  and s ens at ions o f  c old are 

generat ed. The cold c au s e s  r e f l e x  vas o c ons t ract ion and the re­

duc t i on of b l o o d  f low arrows the b l o od wh ich s uppl i e s  the skin 

to be c oo l ed t o  a greater e xt ent. Ult imat ely the c ool ing of the 

s lowly fl ow ing b l ood is suff i c i ent to r educ e t he gradi ent t o  

a va lu e  b e l ow t he t hr e sho l d  for such s en s at i on , and s ens ation 

s t op s .  

Nervous r e spons e t o  c o l d .  

S ymp at he t i c  n erve s supp l y i ng t h e  invo�unt ary mus cle s of 

the b l o od ve s s e l s  c au s e  vas o c o ns t r i ct i on. P i l omot o r  mu s cl e s  

a s s o c i at ed w i t h  t he h a ir fo l l i c l e s  ar e al s o  caused t o  c ontr act , 

g i ving r i s e  t o  g o o s e  f l e s h  whi c h  d imini she s a i r  movement over 

t he skin and s o  imp r o ve s  air insul at i o n. The adrenaline from 

the adrenal medu l l a  i s  prob ab l y  al so a s s o c i at e d  in the s e  react­

i ons . With shiver ing the o r d i n ary s k el e t al nerve s upply is  in-
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volved. Shiveri1:� c ons i s t s  o f t he sync hronous contractions of 

s mall group s of motor unit s  which react out of phase with other 

groups and alternate w ith ant agoni s t ic mus c les. Unfortunately a 

small p art of the heat g a i ned from s hi ve r ing i s  lost a s  there i s  

n o  way to prevent the carry i ng o f  a portion of the heat s o  p ro­

duced d irectly to the ne ighbour ir� sk in. The arteries supplying 

the skin over the big muscles of the limbs p i erc e t he mu s c l e s  and 

though thi s  arrangem ent i s  va luab l e  in acti ve work to get h e at 

qu i ckly to t he surface , i n  moderate or severe cold thi s c an be 

a h a nd i cap. 

( b )  Longe R ange Adj ustm ents : -

There i s  li ttle doubt t hat endoc� ines play an i mportant 

r o l e  in long term adj us tm en ts to temperature but definite inform­

ation i s  limi ted. Thermal homeostasis involves control of water 

balanc e, and t o  ma int a in a normal body temperatu re control o f  

w ater bal anc e i s  abs olut ely nec e s s ary. � ater i s  a produc t of 

metaboli sm a nd it s evaporati on i s  a valuab l e  p at hw ay of he at 

l o s s .  Thermal control al so demands regulation of heat prcduct i o� 

and p o ss ibly al so of f ood storage s i nce fat deposits c an in­

fluence thermal i ns ul atio� 

The p i tu i t ary gl and is the master end ocr ine and there is 

prob ably a s ign i f i c anc e in i t s  close anatom i cal relationship t o  

the hypothal amus. The pitu itary appears to be stimulated by 

the composi t ion of b l o od wh ic h s upp l j. e s  it. An increase in osmo· 

tic pressure of t he bl o od by ing est ed salt solutio ns a s  shown by 

Robinson (16)  can cause an increase in antiduretic hormone 

output and a reduc t i on of· ur ine v olume - a common reaction to 

heat. It i s  an adj ustment to cons erve body water and to allow 

w ater to play its more imp ort ant role under hot conditions, of 

d issip at ing heat by e vap o rat i on. 

Endocrines play a rol e i n  regul ating metab ol i sm at 

v&ri ous t emperatures . The a drenal s play a predomin ant role in 

thermor egul a t i on through the i r  effects o n  the gen eral adap t at i ol 

syndrome ( S eJy e (17 ) ) .  Adrenaline liberated by nervous means 
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through impul s e s  wh i ch r e a c h the gl and v i a  t he sp l anchni c nerves 

c ont i· ol  he at l o s s b y  c au s i rtg vas o c ons t r i ct i on v:hi c h  forc e s  b l o o d  

supply t o  the act ive mus c l e: s . I t  l tber at e s  gluc o s e  from the l iver 

gl yc og en , a nd inc r e a s e s  the c ap ac lt y  o f  the t i s su e s  t o  a s s imi l at e  

gluc o s e . Evidenc e t h at adr enal �ortex i s  i nvo lved in the c alorgeTh 

i c  ac t i on o f  t hyroxine h a s  b e e n  p re s ent e d  b y  Chamb ers ( 18 ) . 

Adr enal e c t omy reduc e d  the 1 · i s e  in 0 2 c onsumpt i on p rodu c e d  by 

t hyro x i ne but t h i e r e s p o ns e  was re s t ored t o  normal by c o rt i c al 

e xt r ac t .  Whil e the p o s t e � i o r  p i tu i t ary exerc i s e s  hormonal regul ­

at i on o f  w at er exc r et i on by the k i dney , t he e xc r et i on o f  Na and k 

i s  at l e as t in p art r egul at ed by the adr enal c ortex (Selye ( 17 ) ) 

s o  that the l a t t er al so app e ar s t o  p l ay a p a rt in wat er met ab ol i sm, 

D emp E. ey and As tw o od ( 19 ) have s hown how r at s  p ro du ce much 

m ore t hyr oxine at a l ow t emp e r at u re t han at a higher one. Th i s  

i s  t o  b e  e xp e c t e d  i n  l ine \1 i tl] the t he o ry o f  t hermo regul at i on that 

inc r e a s ing c o l d  c au s e s  incr e a s e d. met ab o l i sm me d i at e d b y  way of 

ant e r i o r  p i tu i t ary and the thy r o i d .  Th i s  has al s o been s hown in 

t he r at by Sch\'J ab e et al ( 20) and in t he r abb it by Lee ( 21) and by 

R i ng ( 22 ) . 

�v i dence has b e e n  p r e s en t e d  oy B ode r et al ( 23 ) t h at the 

d iure ct i c  e ffect of c o l  e xp o sur e in man is due t o  st imul at i o n  o f  

t he p o s t e r i or l ob e , i n  _ tb i t io n  o f  c ol d  d iu r ius b e ing bro ught about 

b y  i nt r amu s cul ar dos e s  o f  p i t r e s s i n. 

Enclocr ine fact or· s  i n  .;en e r al ar e p rob ab ly very imp ort ant i n  

t he c o- o r i ln at ion :; f  r e c.c t i ons t o  heat and. c o l d  and al s o  

a c c l imi t i z at i o n  e ffe c t s . Howe ver , thG evi denc e o f  the i r exac t and 

s p ec i f i c  ro e i s  ye t l :.mi t e c! . \1 e h ave but uni de nt i fi ed p i e c e s  in 

a c ompl i c at e d pu z z l e formed b y  t : e t o t a l  re a c t ions .  

6. EFF'ECTS OF EXT:SRNAL HEAT A1"D C OLD. 

The imme d i at e  P•?. ;-• c t i ons to t h ::; Y'mal s t r e s s  is the t rans­

rr i s s i on o f  impu s e s fr• .)m t h e  i· .)rp :>t hB l 8.nTL,s and the rmore c ep tors in 

the e.kin which s e t 1 n  t r a in the recu l at ory adj us tm ent s  t o  e i ther 

incre a s e  h e at p r o duc t i ::m or inc r e a s e  he at l o s s . 

The1•m.al s t r e s s  c au s e s  cb " ,::e H  in 11any of the maj or 
phys i o l og i c al s ys t em s .  
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( a ) 

l�'ler e  if:; :m ff l ' i ent. l L .;;. • rL cl L o  f i l l  t h\:; .::; y s t em and whether the 

"i1 e a:r·t i s  ;n:.:: i -:1t a i ning i � 3  ·)u tput. Und.e r c ol d  c on J. i t i o ns vas o-

c �n.s t r u c t. i o n  w i l l  e n s u r e an 3.rl. e g_u at e v o l  Tne o f  'b l o od and the 

h �; art w i l l  h ave no d i :'  f i cul t y  i n  i'aa nt 3. ining i t s  output . 

B azet t st at e s  that l o ng •:.; X_t) o s nr· e  t o  c o l d c aus e s  a d e c r e a s ed b l ood 

volume. 1'he eha::.ge ln vol·J.:-11f: u� ma inly through the pl asma a nd  a 

p r o1) o rt i on al :3.mount o f  p l g_smn �)r o t e  l n  i t.� 3.l s o  remo ved from c i r-

cul at ion. L l t  irnat ely a I' e n u c t  i o n  in c i r c ul at o ry h aemogl ob en 

_Jr e s UJilably 'J.eve l op s .  Blo o�.- ::>T'f; :� sur�is raised  dur ing cut aneous 

V 3. s o c ons t :· i e t  i on to acu t·;; � � xp o r-3n r:>e t o  c ol <l.. How ever , on c ont in-

uous e:; }: ,J .J S U l" ·3 +. o c o l d  a f a l l  in 'J l o od p r e s s u r e  i s  c ommon in the 

e ar l �,r s t ag e s  ·J '!:  adap t at i on. I t  ·U �.o 3pp e a r s  6I' '3.du al l y  a s  s ub j e ct 

b e c or�e s  :'tD re a e c l irni :-. i :?. e d  t o  th·:� t� onG. i t. io ns .  

How e ve r , w i t h  vas o d il :3. t i on i n  r A s pons e t o  h e a t  a l arge 

v o l ume of 'b l o o d  i s  re CJ..u i r 3c.1 fo P t he s u p er f i c i al t i s sue s .  T h i s  

may be c ar r i ed ou t ini t i 3.l l y  by c on s t rm � t i o n  ·'J f s p l snclmic ve s s e l e  

and redu c t i on o f  urine vol um•:: t o  g i ve s ome c omp ens at i on but t he 

e xt ent 'Jf thi s i s  l im i t P �. The de f i c i ency of 02 c au s e s the 

he art t 'J  i nc r e a s e i t s  b e at to c om) 8 n s at e  for 02 l ack o f the 

t i s su e s  an 1 pul s e  rat e r i s e s . 

I n  any :!.. ong t e:r'rn a' j n �� t:n e!l t  1� J �-, e at a great er b l o od 

vo lume i s  r· e .::.!_u .l r e d  and t he "b ·J d y  may '3.d just  i t  by i n c r e a s ing the 

'b l ·Jod.  p l as-::1a p r o t e i n  c ont ent ·:; >:J.u s i ng t i l o f' c  1JI'at er t o  ent e r  the 

b l ood- s t r· e am ;  but the c; orlc� .;nt r 3t i o n  o f  haer;:·:JGl ·Jb in wo u l d. b e  

i n  b l o o d volum1:- o v erc omes vas o c o ns t r i c t i o n  i n  the s p l anchn i c  

a r e a. Bl o o d  pres sur� may b e  l ow e r e d  by e xp o sur e  t o  m i l d  heat 

but Yl i t.h no re i nt en s e  h e at t h e r 8  i s  gY' e a t e r•  efforts t o  s upply the 

sur f a c e  w i th b l o o d  anc b l ood pre s s ure r i s e s . Howe ve r , with 

ac c l im i t i z a t i o n  the r e  �ay be a 3 r o d u al fal l i n  b l o o d  pr e s sure. 

( b ) Al iment ary §x�tem. 

The d i ve r s i on of blood froM the v i s c e r a  t o  t he p er iphery 

mus t  c ons t i tu t e  a thr e at t o  t:1. �  a) p e t i t e  o f  the animal. 
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A c c o r d i ng  t o  L e e  and Phi l l ips ( 15 )  w i th t he 0? l ac k  i n  the v i s c e r­

a l  r eg i on i t  wouVi b e  the mot o r  funct i ons wh i c h  would b e  affe ct e d  

mor e  t han the secr�t ory and i t  i s  l argely w i th mot or func t i ons 

t h at a pp et it e  i s  as s o c i at e d. Brob e ck ( 24)  has shown wi th rat s 

how app et i t e i s  r e duc ed at h igh t emp er atu res and s ugg e s t s t h at 

f o o d  i nt ake i s  a regul at or o f  body t empe r at ur e s in c e  it is de­

p r e s s ed in the h e at and i n c r e a s e d  in the c o l d. Depre s s i on o f  

appet i t e  would l e s s en the animal ' s  i nt ernal h e at l o ad s o  t hat not 

s o  much h e at would have t o  be l o st . Thus , an imal s unab l e  t o  get 

r i d  of surp l u s  he at , cut d own on the i r  rn1 t r i t i ve l eve l s and r e­

duc e met ab o l i c  r at e s  i n  a e ff o rt t o  r e s t r i c t  t he amount o f  he at 

t o  b e  d i s s ip �t e d. Ene rgy for a c t i v i ty , gr owt h and fat dep o si ti on 

c an only b e  der ived fr om �et ab ol i sm o f  f oo d s t uff s . I f  the me t a­

b o l i c  r at e  i s  cut <lown then the R.nimal ' s ab i l i t y  t o  thr ive i s  

r e s t r i c t ed and an Dnal s  whi ch ar e  ad apt e d  t o  a high l evel o f  

f e e d ing ,  a s  Bo nsma ( 25 )  h as s1 own , ar e affe c t e d  mo s t .  Thus , 

t h e  r at e o f  he at e xpu l s i o n  d e t e rm i ne s  the met ab o l i c  l evel wh i ch 

ag a i n i n fluence t he r at e  o f  gr owth , fer t i l i t y  and other import ant 

b ody func t i ons . M i l l s  and O g l e  ( 26 )  c o nt e nd t hat i t  i s  the e a s e  

or d i ff i c ul ty o f  b ody h e a t  l o s s  wh i ch det ermines the met ab o l i c  

l e ve l .  Thi s  w i l l  b e  cut down w i t h  d i ff i c u l t  h e at e l imi nat ion. 

Inc r e a s ed app et i t e  un er c o l �  c ond i t i ons t o  incr e a s e he at 

p ro duct i on d o e s  no t n e c e s s ar i l y  c au s e an incr e a s e  i n produ c t i o� 

On the c ont r ary , p r o du c t i on may d e c re a s e as mor e  nut ri ents are 

needed to pr o v i d e  fue l  for i nc re as ed met ab o l i sm and the inc r e a s e d  

he at l o s s .  Thi s  wi l l  b e el �b o r at ed mo re l at er. 

( c ) U r i nary Sys t em. 

Typ i c a ll y  in th e c o ld t he r e  i s  i nc r e a s ed ur ine v olume 

b e c au s e  o f  the incr e a s e d wat e r  sup p ly t o  the k idneys t hrough vas o­

c ons t r i ct ion and the ne c e s s i t y to redu c e  blood volume. Under hot 

c ond it ions urine vol ume i s  re duc ed a s  R ob ins on ( 16 )  ha s s hown ,  

b e c au s e  o f  the ne ed t o  c ons er ve '.'V at er for inc r e as e d  b l o od volume 

a nd evaporat i o n. Howeve r , there i s  never c omp l e t e suppre s s i on 

o f  t he k i dne ys due t o  hot w e at her as a small amount o f  wat er i s  

used fo r e xc r et i on o f  ·.va s t e  pro duc t s . Lee ( 1 5 )  s ugge s t s that 
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t he s e  l ow vo lume s of u r i ne may p re -i i s po s e  s ome sp e c ie s t o  

ur inary c a l c ul i .  

( d ) � c i d b as e  b al ance .  

L arg e inc re a s e s  i n  r e e p i ra t o ry ac t i vi t y can l e ad t o  l arge 

l o s s e s  of C00 from t he bl ood. Thi s will  t end t o  make the bl ood 
<-

ak al ine and c a u s e  al kal o s i s  effe c t s .  This  has b e en not e d  by 

many w o rkers - B a z e t t  ( 7 ) , 'R ob i n s o n  ( 16 )  and L e e  ( 15 ) . F o r  

determining the C02/o2 exchang e t h e  a ffe c t i ve vent i l at i on is the 

t i dal a i r  m i nus the d e ad sp ac e whe r e a s  for e vapor at ion o f  wat er , 

w h i c h  i s  why resp irat ion r a t e  i s  i ncre a s ed in hot weathe r , t he 

who l e t id al a i r i s  e ffect i ve , s i nc e  t he e nt i r e  r e sp irat ory t ract 

i s  l ined w i t h  a mo i s t  memb r ane. Inc r e as ing the d e ad spac e p e r  

b r e ath , therefo r e , inc r e a s e s  the r at e of vent i l at i on , and hence 

evapor at ion without increas ing the a l ve o l ar ve nt i l at i on. Shall ow 

b r e athing as ob s e rved by Kl e ib e r  and R eg an ( 27 )  inc re as e s the 

dead sp ac e  per b r eath. 

( The r at e o f  pulmonary vent i l at i on is the volume of a i r  

b r e athed p er minut e. Depth of r e s p i r at i o n  is the volume o f  air 

per b reat h = re sp i r at ory rate d i vi d e d  by the r at e  o f  pulmonary 

vent i l gt i on ) . 

W i t h  mo s t  animal s  t i d a l  a ir d e cr e a s e s w i t h r i s e  i n  r e s p i r-

a t i o n  r at e  whi l e  pulmonary vent i l a t i on r at e r i s e s . Thus , t he 

t endency i s  for shall ower b re ath i ne at high air t emp e r ature s for 

tho s e  ani�al s wh i ch t yp i c a lly p ant at h igh t emp er atur e s , e . g . , 

dog s  and c at t l e . 

Bazet t  ( 7 ) and R ob i ns on ( 16)  repor t t h at i n  man a r i s e  i n  

r e sp i r at i o n  rat e i s  n o t  n e a r l y  so msrked as w i th many othe r  

animal s a nd ther e i s  pr ob ably l ittle  increased benefi t from 

e vap o r a t i on. The br e ath i ng  w it h  hwnans i s s low and deep and 

t his lowers the al veol ar C 0 2  t e ns i o n so t hat i nc re as e d  Co2 

i s  d r i ven out o f  the lung s and alk� l o s i s  de ve l op s .  

( e ) End o c r i ne System. 

Thi s h as b e en elab or at ed s omewhat alr e ady but it c an b e  

b r i efly s a i d t h at i nc r e a s ed h e at c au s e s : -

( a ) Decre a s e d  thyrot r ophi c hormone pr o duct ion by 



Ant e r i o r  p i tu i t ary. 

( b )  Decre a s e d  t hyroxine p r o du c t i on. 

( c ) Under mor e ext r eme heat adrenal i n  may be secret ed. 

( d ) Ext r eme he at as r ep or t ed by S e l ye ( 17 )  c au s e s  h i s t -
o l og i c al chang e s  i n  t h e  adrenal c or t ex ind i c a t i ng  
i ncr e a s e d  s e c ret i ons o f  c o rt i c o ids. 

Incre a s e d  c o ld c au s e s : 

( a ) i nc r e a s e d  t hyro t r o ph i c  ho rmone produc t i ob. 

(b ) i nc re a s e d  t hyroxine p r o du c t i o n. 

( c ) d e c r e as ed ant i - d iuret i c  hormone pr oduc t i on. 
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( d ) incre as ed adrenal ine s e c r e t i on and p o ss ib l y  al so 
c ort i co i d s .  

The evid.enc e f o r  any o n e  o f  t he s e  i s  l imit ed and one can 

o nly s p ecul at e on t he i r  p o s s ib l e  r o l e  at the moment . 

( f ) Energy Met ab o l i sm. 

The zone of the rmalneu t r a l i t y  is wher e  the met abolism i s 

a t  a minimum; on e i ther s ide of the c r i t i c al t emp e r at u re s , 

met ab o l i s m  r i s e s .  O n  the c o l d  s ide i t  r i s e s  b e c au s e  o f  the 

ne c e s s i t y  t o  incr e a s e  heat pro du ct i on t o  comp ens at e for the 

i nc r e a s ed h e at l o s s .  O n  the h e at s i de the met ab ol i sm goes up 

and ob eys Van ' t Ho ff ' s rul .e t hat incr e a s i ng  the t emp er ature of 

a phys i c al chemi c al s ys t em incre a s e s  it s r e ac t i on r at e .  B r o dy ( 6) .  

T h i s  has bee n s hovm t o  t ake p l ac e  in man by McConnel ( 28) and 

Du B o i s  ( 29 ) , whether i t  u c e u r s  in c ows i s  not s o  c ert a i n  and 

s ome evidenc e s ugg e s t s  that a d e c r e as e in met ab o l i sm occurs. 

Mo re w i l l  b e  s a i d  ab out thi s l at e r. Work and p ro du ct i ve processes 

such a s  m i l k  produc t i on will  aut omat ically s e t  t h e  crit i ca l  

t emp e r ature p o i nt s  at a l ower l e v e l  and wil l  acc e ntu at e heat 

s t re s s r e a c t i ons and wi l l  d e c re a s e  c o l d  s t r e s s  r e ac t i o ns .  

( g ) R epr oduc t i ve Sys t em. 

Animal s whi ch are c ons t ant l y  e xp o s ed to e xc e s s i ve l y  high 

t emp e r ature s  t o  whi c h  they ar e not normally a c cu st omed , show 

s t unt ed growth and p o o r  fert i l i t y  and what young are b o rn are 

s t unt ed and do no t d o  w e l l .  B onsma ( 30) s ays t h i s is  because 

o f  the reduced met ab ol i sm whi ch t ak es p l ac e  at high t emp er ature s  

i n  an end.e avouD t o  redu c e  the he at l o ad. Unde r  such c o nd it io ns 

animal s deve l op p o o rl y  even i f  o ffered an adequ a t e diet. 



31. 

Int:e ·; d ,  Bo nsma c it e s c a s e s  where reproduc t i ve organs may r ema i n  

infant i l e  i n e x o t i c  b r e e d s  reared i n  t r op i c al regio ns o f  S outh 

Afr i c a. 

Under s· u b s -r c t i c  ·C ond i t .i ons the b r e ed ing s e a s ons o f  animal s 

i s  u s u a ll y  very r es t r i c t � , • I t  has b e en v:e l l  known f o r  a l ong 

t ime th:.:t fert i l it y  i s  r :::;clu c c 1  in s ummer months in reg i ons with 

h igh s u.mm e r  t emp e r atur -: �"3 . L i t t l e  s e ems t o  e known of the 

i nflu enc e o f  t h e  d ir e c t  e ff e c t  o f  s e a s on on t h e  femal e repro-

d uct i ve organ s .  ILJ r 8  a t  t. e : t  i ·) 1' 'i :..:. � e en f .J Cu s e d  on the mal e. 

The t e ndenc�� for· e:. ) e r  i o c;,  · . ,  '> r t-:. �· f gnr the f a l l  in fert i l i ty 

of the ma e t o  b e  .:Lt e t o  t h e  "l i  r :) C t  c �f e c t  o f  ho t t emp er atures 

on t he s c r o t Uir, anr t ! : 1 - c o L c u;;_u ent harr.1ful effect on s p ermat ogen­

i 8 i s .  At t e nt i o n  1-: as r ee ently b e en fo Cl{ 8 ec1 on t he thy r o id gl and 

b y  the d em.::::r�s t r·at ion i n  s om e  an i m'll f.• t hat ·s e as onal var i at i ons in 

t hyr·o i c1  e..c t � v .l t y  e c· r· r c., :' ponds ':. i t h  ver i at l or.. s in fer t i l ity and 

s emen cha1· e:.ct e!' S and t h o.t t he �H� us onal e ff f.! <.: t  c an b e  c o nve rt e d 

1:: y t. hr oprot e in i n  SHnrner- ant�. t] 1 j  ou r· :c! c i J  .i. n wi nt e r· , as shown by 

- t , . .  ( -1 \ ..t og ar· cm C J  •. , u;y-c- :r· j ) • Al B c ,  f j nc :  � t c  h igh air t emp e r ature s 

v.hi ch \'. j. l J  r· t:· C: u c e  f e J· L � J  i t "j' j rt th�, r a":1  ::.. r e  "b e l o w  the t emp erature 

a t  wr i ch t r1 r� t e s t e s  n.J rrr.a ll y  ft�n ct i or:: a n'i E lnc e  t hy roprot e in 

r e s t o re s  r ep r o d<: c t ]. vt ::.:.:.c � : v i  i ;y L- 1. .:· lr,g �.> t; r i o d s  of high t emp e r ature 

phys i o l ogy ·b�r i t E  Ci. ir· e c t  (:. :ffe c t  on t he t e s t e s .  

Thyro l d  ac t l  \r j t y  J h  und e r· the c o nt rol o f  t he Ant e r i or 

P it v i  t ary a nd  t he l at t. er· c ont rol s o the r enc1 o c r ine s as well as 

the gonad s .  7he p i t � J t ury ac t i vJ t y  n � s t  b e  i nflu enced t here fore 

by met e o r-o l oe; i e al fac t o r c:  unc, s e  r::tu : t  a.l l o t h er g l and s t h at are 

unde r the i n:Clu er; c e  o f  th{� pi tu .i t ar:y. C l imat e , e s_p e c i al ly 

t emp e r a ture and l ight , t .r.cu ::: a pp e ar' s t o  c ontrol t o  a c e rt a i n  d egree: 

mo s t  endo c t ine ac t i vi t i e s . I t  has l ong b e e n  rec ogni s ed that 

l ight e x e r c i s e s  imp o r t ant e f f e c t s  .:; n  phy s i o l o gi c al a c t i v i t i e s  

o f  mm1y 1J l r d s  and rr.ar:;J, . a:. s . The effect r:; c:.r· e p art i c1; l arly not i c e-

u.b l e  11 p on l' t·p l· o duc t i  vc.: fun c� I; Ln· s u.rl'� 'u p on the plumage o f  b irds 

and c o at of l i l&rlll18. l 8 . The exact r,t: c hcmi sm "by wh i c h  l igh t invoke s 
t he s e  r· e a c t i ons i s  s t i ll b e i ng :i. nve s t lg a t ed but Lee ( 9 ) reports 
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t hat c er· t a i n  ar e a s  of the fac i al reg i on and perhap s  the eye s give 

r i s e  t o  nervou s r e s p ons e f> v..:h i eh i nflu e n c e  the ant er i or p it uit ary 

and_ tl:us t h e  g ene r a l  cndocr · i nt· ·L o.l anc e e ont rol l j_ng met ab ol i sm , 

r epr· o duc t i o n  8. U1 c.: oat c h e:lT a c t e r s . It i s  d j_ f f i cult t o  d i s ent angl e 

the e ffec t s  o f  l i gl tt as such from t he h e at e l eme nts i n  climat e , 

bu t Ye at e s  ( 32 )  has m ade 2 o rn e  pr ogr e e s 1 n  t h i s  d ir e c t i on. 

( h) v't'at er B al a11 c e .  

Man and E ome: p ant ing animal s  c a n  b e c ome dehydr ated. - Adolph 

( 33) . Dep r i  v11l o f  b o ds v. o t er c au s e s  d ehJr d r at i on e xhaus t i o n  which 

i f. b e l i eved t o  repre s en t  a d e f :i c i e J !  · ·  c i r· cul at i on from a decre as ed 

c i rcul ut : T.Lg ·b l o o d  vo lume. The b l o o d  l o s e s  2-3 t ime s as much of 

i t s voltun e as (lo e s  t h e  u o O ;>' ,  <:•.r a who l e., L.Tnder condit ions o f  act­

i v e  s w e at s ec r e t i on s al i var;y fl ov1 C. imi n l s hed , bu t ur ine fo rmat ion 

t.md s we at ac t i vi ty p e r:::: i s t e ver-1 dur ing Gr e at e r  degr e e s  o f  dehydra­

t i on. The d ehydr at ed i nd i v i du al b e comes intol erant t o  b e at s ince. 

t he c i r cul at o rJr s y s t em n o  l onge!·· c ar r' i e s  h e at t o  t he surface for 

u i s s ipat i on. 

Mus cul ar w ork inc r t� �:� s e s  :h e at p roduc t i on and t he r e fo r e , 

i ncr e as e f. s w e at i ng r at e  i r� man. Ado} ph and D i l l  ( 34) , 1938 , have 

i nd i c at ed : . hat under cl. e s ert c on d i  t i c ns a v-.·orl�ing man vapour i s e s 

ab out 4 lb s o f  mo :i. s tur- e p e r  h our. Unde r mor e  normal c ondi t ions 

2 lb s .  per hour i f  q_u i t e  c ommon . I n  g n  atmo E phere o f  high moisture 

c ont ent t h i s  r ·et e of s >. e at pr oduc t i on c ar:: b e  cons iderab ly incre as­

ed , but I 1 ot al l of :i t \'.' i l l 1·, � '.' t:tiJ CJl r i z e cl. s  l• ow e vei· , b e c aus e o f  the 

u n favou r ab l e  atmo sphd · e .  Thu s , :nan ha�- gr· e at p o w e r s  to d i s s ipat e 

c au s e  d eh;yd!· a t  i o n , ar,d : d o l pt ( :>.::; ) s t at e s  t hat a r e du c t ion of 3% 

b ody v;e igl:t ·by sweat i:nt; k : .s E er· ..i. c.n;_ L; e ffe c t s . 

1. Firstly , there i s  a r e du e ·( . .i o n  in 1Jl o od p l asma volume , 

e n d  t h i s  d e c r e a s e s  the ·b l ood v .J lumt . 

2. The effe c t i v e  b l o o d  V811 :,r.J e:  for t h e  heart is  fu rther 

d e c r e as e d  by t h e  vas o�il at i o n  wh i c b  t ake s place in re s pons e t o  

h e at. 

3. The P e  is then n o t  enough bl ood to fi l l  t h e  h e art and 

b l ood ves s e l s  e nd an i nc r e a s e  i L  �u l se r a t e  t ak e s  p l ac e , 
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whi ch i nc r e a s e s  t he work l oad o f  the he art l e ad i ng to inc r e a s e d  

h e at pr oduc t i o n. 

l !-· The inc r e a s e d  s o l ids and v i s c os i t y  o f  t he b l o o d  c aus e d  

by the fall ir.. p l asma c ont ent fl.J rth er add s t o  the wo rk of t he 

_·j e art and ther• e fo r e  t o  h e a t  p roduct i on. 

5. The r i s e  in h e at p r o du ct i on c aus e s  b ody t emp e r ature t o  

r· i s e  whi ch s t i l l  further ir,c r e as e s  l1 e at pr o du ct i on ac c o r d i ng t o  

Van ' t Hoff ' s l a� s o  t h at a v i c ious cyc l e  i s  s et up. Death usuallJ 

foll ows v. h en the r e c t al t em� e r utu r e  exceeds the normal l evel by 

ab out c. o 3'. 

'T'h i r s t .  Wat er int ak e  ir: rnan i f'  r·egul at e d  b �,r t h i r s t , but thi r s t  

o o e s  no t al w ays c au s e  a m a n  t o  lie ep u p  h i 8  we.t e r  int ake t o  t he 

r a t e  o f  output. Man t ends to be d ehyd r a t e d  wher e a s  i t  has been 

s hown ·b y  e }...-p er im ent s w i  t.h c ow s  ( de s c r ib ed l at e r ) t hat they t end 

t o  b e c ome hydr a t e d  at ho t t emp ei· atur e s .  Ac cordi ng t o  Rob ins on 

( 16)  unac c l  imi t i z e d  nien p art i cn J  ar ly t en cl. t o  b ee ome d ehydrat ed. 

They s ec r e t e  l arg e volune s of swe a t  w it h  n e arl y as high a c o n­

c ent r a t i o n  o f  s a lt a. s the b od;'l flu i d  from whi c h  i t  i s  p ro duced. 

In this c a s e , swe at fo rmat i on i nvo l ve s  l i t t l e  mo dif i c at i on of 

the o smo ti c  p re s sur e of the ext r ac el l ll 1 E<_r phas e and therefore 

doe s not g r e at l y  r e -.:'l ' l C e  the w a t e r  cont ent of t he c el l s  and d o e s  

not c au s e  a deg r e e  o :f  thi r s t  proport i onal t o  t he wat er l o st.  On 

the ot·ber :h and , i n  a e e l j_m i t i zed m an , swe at i s  very d i lut e tu:!d 

t h ir s t  w i l l  b e  m o r e  i nt ens e b e c au s e o f  t he r a i s i ng o f  the
· 

o smot i c  

pre s su r e  o f  the e xt r ac e l l ul ar p h as e whi c h  c au s e s  ab s t rac t i on of 

w a t e r  from t he body c e l l s .  

( i ) Ac c l imi t i z a t i on. 

When a1:. animal i s  c o nt i nu al l y  exp o s e d  t o  a hot environ­

m ent t � c  t ime p r o c e s s e s  ar e invo. ved: - ( a) Ac c l im i t i z at i on. 

( b )  D e t er i o r at i o n. 

� hich g a ins the a s c e n dency d e� e nd s  upon the s pe c i e s and 

the i nd i v idual i t y  of t h e  animal . There i s  not s o  muc h  e vidence 

t h at t he s e  two r e ac t i ons o c c u r  u ni vers a l l y  in r e s p ons e t o  c old. 

The r e s i s t a n c e  of an animal to he at s t r e s s  c oul d be alt er­

e d  by var ;y i ng  heat l o s s  or by increas ing t o l e r anc e of the t i s sue s 

t o  t hermal s t re s s .  
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Adolph ( 33 )  l ikens the p r oc e s s  of d e t e r i o r at ion t o a 

g_u e s t i on o f  rat e s  o f  d e s t ru ct i o n  and r ep a i r  wi thi n the b ody c e l l s  

S upp o s e  fo r exampl e , a. n  enzyme o xi d as e  whi c h  furni shes energy 

t o  a c ell , i s  s l ow l y  i nac t i v8 t e d  at 35°0. The c e l l  c an pr oduc e 

new o xi d o.s e  and c an r ep a i r  the d amage. As t emp e r at u r e s  b e c ome 

g r e at er the r at e  o f  r ep a i r  fal l s  b ehi nd the rat e of de s t ru c t i on 

and w e  have a c c"Lunul at i ve d e t er i o r at io n. 

In man , tbe evi dence f o r  re du c e d  t hyro adre nal ac t i vi ty 

and t hus r e duc e d  b as al e ne rgy pr oduc t i on i n  h e at i s  not s o  wel l  

e s t abl i s h ed bu t i t  i s  so in s ome o f  t h e  l ow e r  mannnals and thi s 

v. oul d b e  one w ay t o  ad j u s t  ag a inst exc e s s ive he at p ro du ct i on. 

In the c o l d , on t he o ther h and , i nc r e a s ed t hyr o x i ne c au s ing in-

c r e a s ed me t ab o l i sm h e l p s  c on s i ce r ab l y .  An ad j u stment t o  he at 

l o s s i s  t h e  d i l u t i on of s w e at w i th r ep e at ed e xp o sure thu s  help-

i ng to ens u re an adequat e i i' t ake o f  vi t al wat e r  p e r  med ium o f  

t h i r s t .  There i s  s ome e v i d enc e fe r i ncr e a s ed sur face ar e a  as , 

f o r  e x ampl e ,  i n  exot i c  breed s imp o r t ed int o S outh Afr i c a , .  as 

repo rt e d  by Bonsma ( 25 ) .  How e ver , as s hown by Le e ( 15 )  the 

g r e at e s t  change on repe a t e d  exp o sure to heat app ears to b e in 

t h e  e-ff i c i ency o f  t h e  aTJ iiT.al s . By improvement i n  b l o o d  volume 

and p e r h a p s  a f iner b alance i n  c i r cul at ion s o  t h at there i s  l es s  

d ange r o f  02 l ack i n  s ame r eg i ons , the animal i s  ab l e  t o  pe r fo rm  

t h e  s a.m e  t a sks as b e fo re w i th l e s s  t ot al ene rgy p rodu ct i on. 

{. j )  Re su l t s o f  D i spl ac ed '�'hermal 3gu il ib r ium. 

The rma l e qu i l fb r ium w i l l  d ep end : 1. On t he ext ernal en­
v i r o nment . 

2 .  On t h e  s t atus o f  the 
anima l .  

The e xt ernal envi ronment will vary from d ay to d ay ,  s e a s on t o  

s e as on , and the chang e s  a r e  ') ft en g_u i t e  cons icl e r ab l e  from ext r eme 

he at t o  ext reme c o l d .  Anirr:al s p o ss e s s  v; i d e  p o w e r s  t o  m aint ain 

norme.l b o d y  t er.l;J er :--J ture under a g i ven r a nge of c l imat i c  c ond i t i onE 

I t s  z one o f  thermalneu t r a l i ty w i l l  d epe nd on i t s  s t atus - as t o  

whether i t  l·! as a h igh h e at pr od.u c t i on b e c au s e  i t  i s  m i l k i ng , or 

poor fat depo s i t s  t o  pr·ov ide aga in st p ro t ect i o n  in the c ol d .  

How e v e r , d e ath dep e nds not onl y on l)o dy t emp er ature b u t  als o o n  
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t b e  t ime i nt erval t h e  a nimal i e  under s t r e s s .  

Ac c o rding t o  L e e  ( 15 )  the re s u l t s  o f  d i sp l aced b ody 

t emp eratu re s are as fo l l ows : -

Resu l t s  i n  C ol d  

Inc r e a s e d  s h j_ vering 

Hu ddl ing 

D e c r e a s ed ac t i vi t y  

S l ow c e r ebrat i on 

Dep re s s ed Qe t ab ol i sm 

Dep r e s s ed resp i r at i on and 
he s rt rat e. 
F a i lu�e o f  heat r egul at i o n  
v: i t h  c e s s a t  i o n , s h i v e r ing & 
death by r e sp i r at o ry fa il 11 r e  
or c a rd i a c failur e .  

7. CLII�l:AT IG FACT ORS J�Fl<'ECTING hEAT LOSS : 

?c e sul ts i n  He at. 

Ag i t a t i on 

Comp l e t e  l o s s  o f  a pp et­
i t e  
D i ar rhoe a  

Fai lu re o f  he at regul ­
at i on w it h  g a s p i ng  a rrl  
swe at ing. 

W e akne s s  and stup or. 

S t agg e r s .  

O o n vu l s  i ons. 

The met eor o l og i c e_l c omp onent s  of Vle ather inc lu de a i r 

t emp eratur e , a i r  hurn i di t y , a i r  mo vement , rad i at i o n  from the sun , 

earth and o t he!·  ob j ec t s .  The s e  fac t o rs ar e 11ery c ha ng e abl e 

f r om d ay  t o  day - thi s i s  we athe r. In add i t i o n  we h ave we ather 

rythms , spr ing , s umm er , autumn and v. int er. Thi s l ong r a ng e  

w e ather p at t ern i s  c l j mat e. Br ody ( 5 )  s t at e s  that the p ol ar axi s 

o f  the e art h t i l t s  s ome 23i0 from t he p erpend i c u l ar. The c l imat e 

w i thin a g iven r eg i o n  dep end s the r e fo r e , on i t s l at i tude , i t s  

inc l i nat i o n  t o  the ve � t i <:. Hl sun r e.ys and t o  t he rot at i ng movement 

o f  the e arth around the G tm .  

L arge b od i es of w at er pl ay a p r r:� domi nant r ol e  in r egul at ing 

c l imat e b e c aus e o f  j_ t s  thermo s t at i c  pr op e rt i e s . W a t er i s  a p r ime 

phys i e al f a c t or r egu l at ing c l imat e as we l l  as p rime p hys iolog i c al 

fac t o r  regul at ing hody t emp eratu re. 

( a ) Rad iat i on. 

The sun i s  t he s ou rc e  o f  all our ene rgy i nc luding , ,  

thr ough t he pr o c e s s o f  phot o s ynt he s i s , t he eLergy d e r i ved from 

ffo od. The sun t r ans fe rs i t s  energy b y  r ad i at i on , and radi at ion 

i s  an imp o r t ant avenue of heat l o ss in an a nimal arrl an e qually 

import ant avenue of heat g a i n  - benefic i al in c o l d , h armful in 

the h e a t .  

Radi o.nt energy b e ing c omp os ed o f  e l e c t romagne t i c wave s , 
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Fil(. 1 :1.-ThP insert ( Curve D) show• the light wave lengths i n  the •: is1hle 
' l"·•·t rum I from Coblentz and Emerson, Bull.  B u n·au Standa rds . 1 � .  1 �7 .  l c ll � l .  
t · u n·,., A .  B.  and C are pre,ented by courtl''Y of A .  l l .  )loo re i n  a book man u>c r i pt 
• • f l  "t 'omparati\'e A n imal Eneq.{y". Cun·t! A rt>prt·:.oent:.o Far i n frared radiation 
at :! -;  C lt f l d  ind udt.·s tht.• l: nergy i n ter('han �t· l •t.'twt.•t•n a n i mal  and �round. gra:-�:-. 
t n·t.•:-- . watt."r. �nuw, eh.'. But i f  t h e  solar radiutiun st r i kt.·:o: the a n i m a l .  i t  i ,:o:.  mo:->tly 
1 n  t h t· \'i:-;ii.It.• and i n  the :\car i n fra r{'d spt•c..·trum, 0.4  to :! u :  l ' u rvt.:' H .  sol a r  r a d t a t :'-'" 
Lt·f .. n· t •ntt ·r inJ! ut mu�p}w r e ;  ( ' u rn• ( ' ,  transrnit tt·d :.Ol • lar rad i a t i o n  1 normal  i n ·  
\'tdt·ra·t· t f o r  a dt!ar :-: k y  w i t h  t he s u r 1  at  7 1 1. 7  frlllll  zen i t h  w ht'n t h e  a t mv:-: p here 
pat h i< · ! J� t h  i '  :! ut mo,ph�rcs.  ( '/ :\! ! !  rt·prc;.· n t s  k�. -,·uJ. !Jl'T S<!Ulll'l' meter p�r day. 

F ig. 4. 

,---,---r - - ,--
1 

Solar Radi at i on Sp e c t rum - Brody. 
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d o e s  no t he s t  t he air d j. r e c t ly , but rather ind i r e c t ly by radiat i ng 

t o  s o l i d  ob j ec t s , wher e r ad i en t  e n e rgy i s  t r an sformed t o  thermal 

ene rgy whi ch he at s t he a i r by c ondu ct i on and c onve ction. 

I f  a body d o e s  not r e fl e c t  o r  t r ansm i t  any o f  the incident 

r adiat ion , it i s  cal l ed a bl ack body. Hardy ( 35 ) .  No body 

i s  p er fe c t l y  bl ac k bu t many are ne ar l y s o. R e flecti vity i s  the 

rat i o  o f  t h e  r at e  o f  r e fl e c t i on t o  t he r a t e  o f  i nc id ent rad iat ion. 
' I 

Mo s t  surfa c e s  ar e b l ack t o  s ome rad i at i o ns a nd  not for o th e r s. 

H ardy and Du B o i s  ( 36 ) , h ave s hown t hat h1..1man skin act s  as a 

b l ack b ody t o  s ome r ad i at i o n an d as a r e fle c t or to others . S ur-

faces whi c h  are g o o d  rad i at o rs are pc or reflecto rs and v i c e  ve rs a. 

Skin i s  a poor r e fl e c t or e xc ept in the v i s ib l e  and near i nfra 

r e d  and ic t he far i nfra r ed , sk in acts a s  a black body radiator, 

r e g ard l e s s  o f  i t s  c o l our. A p e cul ar i ty of b l a c k  b o dy r ad i at i on 

i s  t hat i t e it h e r  ab s o rb s  all r ad i at i on which strikes it, i f  the 

b o dy i s  at a lowe r t em ') er a t u r e  t han t he r a d i at i ng source, or 

emi t t s  all J t s  r ad i ant en ergy i f i t  b ecome s t h e  radiat ing body. 

Henc e , the t erm em i s s i v i t y. 

The S o l ar s p e c t rum ( Fig. l � )  r ange s  from s hort ult r aviolet 

wave s 0. 1 - 0. L�  ... 't in 1 ength , t hrough the v i S..ib l e  spectrum 

o. Ll. - o .  7/" to t h e  ne ar i nfra red 9. 7 - S,·, . Very l i t t l e of 

the s ol ar r a d i at i o ns t hat reach the e ar t h  are in the infra red 

du e t o  the fact t hat all w avel engths are not absorbed e qually. 

O z one p r e s ent i n  t h e  s.tmo sphe r e  ab s o rb s  u l t r a v i o l e t  and wat er 

vapour ab s orb s i nfra r e d. Al s o  C'.u s t  and g a s  mo l e c ul e s  scatter 

t he r s. Cl  i at i on w i t h the r e s1.1 l t t hat only the n e ar i nfr a red from 

t h e  sun manag e s  t o  r e ach the e a rth. 

Bod i e s  having a t em J eratu re b e l ow 900°F. rad i ate i n  the 

f ar i nfr a r e d  from 2 - 1 00 . ,. Ac c o  I>d ing t o  Hardy and Du Bo i s  ( 36)  
/ 

the huma n b o dy r a d i at e s  i t s  :h e at i n  the 5-20 /' reg i on. Thi s 

me ans t:tat. huma n  skin , whe t h er V; h i  t e  or bl ::.tcl� ab s orb s and emi tts 

w i thin thi s r>ange. W i th r eg a r·o s t h e  vi s ibl e spe ct rum , the 

human s k i n  act s as a r e f l e c t o r  and th i s  wi l l  dep e nd on i t s  c o l our, 
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Ed\v a r d s  and Dunt l y  ( 37 ) r ep or t  eel t hat the refl e c t  ion o f  

v i s il1l e rad iant e n e rgy i s  abotJ t 1 5% fo r Negro skin , 30% fo r mul­

at t o  s k i n , 60ib for bru ne t t e  skin and 6 51; fo r blonde skin. What 

is not r e fl e c t e d.  i s  eb s or•b eC. s o  that. for d ark r a c e s  the ab s orp t i on 

o f  v i s ib l e  r 8 d i a t i on i s  c ons i d er ab l e. 

How ever , i t  i s  i n  t rop i c al count r i e s  � ith h igh s o l ar 

r ad i at i on t hat we f i nd the d ark c o l ou red peopl e and i n  the 

t emp eratu re zo ne s that we f incl t he l ight ski nned p e op l e. From 

the p o int o f  vi ew of l te at r egul a t i o n  a dark sk i n  in t he t emp er at e _ · 

z one and a l ight s k i n  the t rop i c s  wou l d  be the i d e al yet the 

oppo s i t e , is found. 

Edvv ard and Duntl y s tate  that skin p igm ents inc lud e  me l anin , 

m e l ano i d , c ar o t ene , o xyha emogl ob i n  an d  haemoglob in. Whi t e  skinned 

p e op l e  cle vel op t emp or ary p igment at i on on exposure to t he sun but 

the c o l our e d T) e o p l e ' s  p igme n t at i on i s  a here d i t ry char ac t e r i st i c. 

Ultraviol et l ight is known t o b e  b a c t er i oc idal and toxic 

to skin and ne r ve , and p e rhap s the 9urp o s e o f  the b l ack mans 

s k i n  p igment i s  t o  p ro t e c t  aza inst the injur i ous e ffe c t s  of 

u l t av i ol et l ight . Al so the o v e r :1 l l  e f f e c t  o f  gr e at er heat ab-

E orpt i op v'.it h  d ark skin \', oul d  b e  t o  a c c e l er a t e  s we at ing and may 

E10 r e  than offset the g r e a t er cl e a t  ab s o rp t i on. 

To de t e rm i ne the r ad i a t i o n  e xc hange b e tween a man and h i s  

env i r· onrnent Hardy ( 8 )  rr i  v e s  6 Measu reme nt n v. h i ch have t o  b e  made. 

Phys i o l ogi c al 

1. Ski :r.. or s urfe: c e  t emp e r ' ture 

2. Zffec t i ve surfac e a r P a. 

�. R e fl e c t ivi t y  p ow e �  o f  s%in 
and c l o t hing , e .  c;. , the 
emi s s i v i t y. 

Environment al 

1. • verage r ad i ent t emp eratur� 

2. 3mi P s l vi t y  of the environ­
ment 

3. Int en s i t y  of radi ant 
s ou rc e s .  

T h e  emi s e  i v i  ty o f  the envi r·onment i s  the mo s t  di fficult t o  

me asure and workers \.J. Sn e.l J  y a s s ume � va lue o f  0 .  9 5. 

The; r· o.d j. ent t em:;) e r ature o f  the envi ronment i f. d e f ined by 

Yag l ou ( 38 ) as the t enp e r at l1.re 0 ....0 !..l J.. �- uni f o rm b l ack enc l o sure i n  

·w !J.i ch a s o l ]  d b ody o r  o c c u.p <:· nt i. ,_: u l d  e .z e !.·1 :.mg e the s ame am:mnt of 

r ad i ant h e at a s  i n  the n on-uni form env i ronment . It i s  t hu s  an 
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e.v::;r age b l ack 1; ody t em p e r at1.1 re o f  a ll the s u rr ound ing s ur f ac e s  

and i s  u sually me asu r e d  '.v i t:L a t:;l )b e  t .-lcrmomet er . 

Bro ;;' ( 5 )  g i ve s  t he f o l J  :J VI  i r,g � c rr� tll ae u s ed in c al cul at ing 

the . .  eat l o s s by r B. d i c t .L :::-n from t 1e animal s b o dy. 

' r ( - :nh o rp L� ', � ' c: , , .Lr - '  - , - 2 - 2 ' •  

A = _ ..._ .:· �.. c t i v e  Fl� rfe.c e are a. 

T1 , LtT2L� ar e the 4th po�;ers o f  t em9 er atur e s  of surfac e s  o f  
.::m imal [.-'tn<l envn· o:runent . 

o i s a IJ I'Oport 5. onal :i t �· fc:. ct o r - c o ns t ant d e r i ved from the 
S tef ·_· : �  5 o l  t zman l aw ''· hi eh s t at e s  t h at the exch ang e of r adi at i on 
b et 1� e en two sur f a ce :::. t r e at e d  a s  "t· l ac�c b o O. ;y r ad i at or s  is p roport­
i on al t o  fou r t .1 p C·':. e r  o f  t. } • � d i ff-) r er.c e b et w e e n  t h e i r  ab s olut e 
t emp e r- :::.tur e �- .  

e = e m  i s  F- i v i  t y. 

:'he f3 e  metho d s  of a)p r o Rch t o  r 8 d i at i on l o s s  d e al ma i nl y  w i th 

r �:.; d  i ut i cm e xchang e "o eh v e en t:·:e J l ) 8 �,r and i t c:  i rrrrne d i a t e  

envi 1·· on.11ent . Bow e v e-•' , '11t:l llJ' \'. -.) p};:ers r· ave shown the imp ort anc e 

-:'he am::-unt O f  P O l G.r r ;� fl i at l  )11 r• t  any one t ime Wi l l  d ep end 

0n s ev e r �l f ac t o r s  ( nt : �'> 7":  P '- · ( ,.llr>" ; d I. - � ... t ..:.. .. � .  . ' l j ...... ( 39 ) ' ( 40 ) ) • 

J .  The a :  i tu d e  o f  the· t:;un. 

2. E i dclay i n t e n s  u. :,r  J � ·li t' :: e t  3 0 1  :lr Y' g_ .:: H nt i on. 

.:; 0  ,...,h <O> -· � l e 112 tr-1 •)f il !l�/ s . 
. T}l .;.:: :Hl i11:· :r·t� -- -f' �c-, : �· ·-{ i -::.l'l "h l,. l�11t t=:; un s h inP- . , ,  -�· •J .�. . .  

5. Tht:: t s. t. al .'fTl()l_m t. ::l f  S "t.m  an �  :::. 1:�- r 9.t i. o.t i on Clur lng vari ous 
·,n ont :.1:.: .  

l .  � i � e c t  s � l ar n " J i · • t i �n � -�-'-'-'---� ---'-·-� 

, _  .._ 
t ! � ..:: .:.:..:. I I i :.� £: :1 i n._;:1 from the animal from 

( i l j_ )  Tho= a r e a  o f  th<::! ::mi:n3.1 � l' '"� S ·3nt -= n  t ::l  d i rect s ol ar 
,., 9.d i at i 0:n. 

( iv) �e a sur e 0 f  th� r e rl e c t i v i t y  )f i t s c o at ( s ee defin i t ion� 

The:� aiH')Un i. "J f  l l f• .:; c-!: r ·:- (1 i a t  i ')n may be c1 educ f;d by mul t i:plying 
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the; Gky �nd ::'�l l i nz on s. h )r i :>. o:lt :tl s ur f a c e  lJJ.�ty b e e s t imat ed. 

'o y t: t� a::-:1o1..m t 0 f  rad .i. o. t ion r efl ect ed oy the h i de , •..vhen 

i t L s  sha o � e d  from t � �  � i r � c t  r ays of t he sun at var i ou s  sun 

al t i  t uc1e s , R i eme r :J l�hmi•1 fo·ll1l. .1  t ;·wt the ai·nount refl ec t ed w as ab out 

75� r eg ardl e s s  of al t i t ude. 

3. S o l 2r rad 1o.t ion r e flect -3 d. from t h e :;r ounc , 

Bar� gr ound t' l:! ll e c t s alJ o u �  25;� ( Lee )  o f  the t o t�1l s o l ar 

Lld. i at i on f ':l ll ing upon i t  an:. from g · · ·  <3 S R i em e r s c hmld. c a lcul at e d  

o :r 'le r- s s  fro:LY! c U t· � c t  � -) l ::;.:r r ad i 3.t i on.  S inc e gr ouno r cft e c t ed 

rad i at � Jn i s  s imi l ar ln c o �)o s i t i on t o  e t r e ct s o l ar raa i at ion in 

that it i s  c omp o s ed of al l wav r; l en..::; t hs , and R i emers chmid u s ed 

30% for r e fl e c t i on. 

Thus 'mlmllai, i z  lng , t h e  f o l l o,:. i ng me asur e s  are needed t o  obt a in 

1. I nt ens i ty �f i i r a c t  S o l ar r � d i at i o n. 

2. Int en s i t y  � f  r e f l e c t ed sky ra i ut i on. 

3. Intens i tjr of refl ec t ed gl' .)1..m :l P ad i at i o n. 

� The b o iy aurf3Ce ar � a  
s lcy r a . i at i on 

i nfl,l enc od �-:;y ·i i re c t  
( Shadow o f  �nimal measured at 

rat' _i o ; J s  a lt 'L tud.es ) . 

5. ?he h o ay su r f a c e  a r e a  i �flu �nc ed by reflected sky 
r ad i at i on � ( :2· ar e a  D f  :.:.:.nimal s skin) 

6. The b o dy surf a c e  ur e �  influenced by 
re fl e c t e d  � r o QnJ r�d l o. t i o n  - ( i  are a o f  animal skin) 

7. Ab s orp t i o n  c o eff'L c � ent o f  d i r ect sky r ad i at i on at 
var i ous a lt i tude s .  

8 .  AL s o rpt i on c u e ff i c i e nt o f  r' e fl e c t ed s ky r ad i at i on at 
var i ou s  al t it u•:le s .  

9 • . Ab s or� t i on co e ff i c i e nt o f  -r e fl e c t ed. gr ound rad i at i on. 

A fur L:1�r fact o r t o  be cons i. d. e r 0 d  wh i ch s ome w o rker s  have 

fg_ i J. e n.  t o  make due al l ·Jws.n c e , i s  t h e  amount o f  heat r ad i at ed from 

the anima t o  out�r space. Bll� ( 41 )  rep o rt s  that the t rans p ar-

e ncy of w a t e r  vap ou r  p e:r·ml t .3 s ome c) f the rad i at ion to p as s t o  

higher 1 :J..'J <;;; r•s , f  the atmo sphere wh i ch ar e c oo l  er than the amb i ent 

a :Lr l ay e r s .  Bl ack b o d i e s  a t  t em.L; e ratu r e s  o f  t he human body a rrl  
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the t '3 r :r· a i n , emi t  � ad i a.t i on ·:;. ver a r J ad r a-:1g e , w i t h  a �aximum 

at all out 10/'. � , at e r  7a.pour i s  t r an e � 3 r e n"t t0 a w i  e spe ctral 

o anc1 g_t 2.b � n; i, t h i s  wavcl e:nzU:1 '-'u t s t r o ngly ab s orb s wavel engths 

on e i ther s i de of th i s  �L � .  T h e  o th� r g a s e s  o f  t h e  atmo sphe re 

do not :Jl1 s orb in the s p e c t r al r e g i o n  t o  v. h i c h  wat er vapour is 

t r ansp 8 rent. Thu8 , b o\ i. e s  c a n r ad i at e  t 0  t he out er sp ac e p er 

me:'l ium o f  w at e r  va.�.) ou r .  

Ac c ur at e e s t imat i on o f  t h i s  r ad i ant energy l o s s  is difficult 

bu t S imp s o n  ( 42 ) , i n  c o n s i d e r ing he at l o s s  from t he earth , est im-

:2t e s  V3.l u e �:; for atmo sp t-1er ic t r an sm i c s  ion , t aking differences in 

the amo unt s ·:> f •, a t e r  v :1p our i n t o  �c c ount , ancl arr i ves  at. values 

for l ong w a v e l en.� th r A_di ant ene r6Y l o s t  t o  the h e avens by a 

r_Q r i z ontal s urfa c e. Thi s i s  some t ime s c a l l ed " nocturnal radi ation ' 

b e c ause it i s  u s ual ly me a sur e d  At n ight ancl is  c omparable  t o  

t h at o c cu r r i ::-1g dur ing t l 1-:: · la y  and. i s  d e pe ndent chi e fly on 

humi d it y  a nd t emp er at u r e .  E e at rad i at ed t o  oute r  space on a 

c l e ar· d ay may b e  e s t imnt ed at 1 50 C al .  p e r  s qu ar e m. p e r  hour 

�rom a ho� i � ont al sur f � c e .  

L e e  ( 9 ) c alcul at ed r a d i at i on e xchanges by all channel s  for 

a hyp o t he t i c al s h eep . 

Heat � xchan;;e .J f  Sheep by Rad i at i on (C al/hr) 

Hour of d. ay ,.. 7 g 9 10 11 12 h V l 

Net D i r e c t  Solar r e c e ipt l 'j O ..... _ _, 211 · )6 ,.. '- 0 290 309 308 279 

I� e t  R e fl e c t e d Sky r e c e i p t  8 2 6  46 61 79 87 93 

J:iTet R e fl e c t e d  gPounc . 
" r� c; e  iiJt 11 3 ·3 67 94 115 13G 136 

T o t al r e c e ipt 138 275 379 41.�5 503 525 508 

l. J s t  t o  He avens ill_ 173 1 7 '\ 173 173 173 173 ' 
. .... 

Net Rad i a t i o n  ,z a in 3 5  102  286 272 330 352 335 

For c omp ar i s on t he b as a2.. he at p rodu c t i on of t h i s  s he ep is 

35-50 C al s .  per hour. R i eners c�1 i d  ( 40 )  al s o  c a lcul ates  that 

t h e  h e at ah s o rb e d  by a 1 000 lh s .  bu l l  o n  mi xed rat i ons dur ing a 

1 5  hour mid - sur:-imer ,l. sy in S o,J t 'iJ.  .\ fr i c a  v . .Juld. "be ab out 17 , 000 

C al s .  whe r e as heat p roduced by t h e  B.nimal w oul ci b e  ab out 6000 

C al s .  Blum ( L�3 ) \'>· Orked. ou t a h e at b al anc e she e t  for man and 



41. 

found a s omewhat s imi l ar s i t uat i on i n  that the h e at ab s o rb e d  was 

gr e at e r  t han the he a t  p r o d u c t i on. 

Thus , t he add i t i o n o l  h e 8 t  l o a d  imp o s e d. by s ol ar r ad i at i on 

rng_y b e  2 - 3  t im e s  t h e  animDl ' s  no rmal h e at pr odu ct i on and t he 

animal has t o  e l i m i n a t e not onl y t h e  heat wh i c h  i t  no rmal ly 

p r o du c e s  but al s o  the heat from S •.J l ar r a d i at i o n  i f  b o dy t emper­

atu re i s  t o  r emain normal. Thi s  i nd i c a t e s  the g r e at import ance 

of shade i n  hot � e ather , to cut off s o l ar r ad i at i on. 

The f ac t or s wh i G h  d e t e rm i ne t he amount o f  r ad i at i on ab­

s orb e d  on the b o d y  sur f a c e  o f  c at tl e change f'rom hour t o  hour 

a nd. day t o  d ay. The a.'Tio unt 3b s orb e d  d e p ends on the i nt e ns it y  of' 

i n c i dent r a d i at i on wh i ch in t urn n ere nds l arge l ;}r on the c l oud 

fo rmat i o n. I t  var i e s  v� i th the a l  t i t ' d . e  of t he sun , t h i ckne s s of' 

the a i r  l ayers , and c omp o s i t ion of the a i r. W i th any g i ve n  in­

t ens i t y  of s o l ar b e am t h e  amount a c t u al ly ab s orb ed dep ends on 

t he C o l our and natu r e  of the surfa c e  of the an imal as well as 

on i t s  s i z e . Then ther e i s  t he animal i t s el f  w hi c h  c onst ant l y  

c hang e s  i t s  p o s i t i o n  p r e € ent i nz va r i ou s  asp ec t s of' i t s b ody t o  

v a r i ous s our ::: e s  o f  ::> o l ar r a  i at i on. 

( b )  Air T emperatur e .  

3ven \1/ i  t'hout the e fft� e t s  o f  S o l a r  R 3.d i at i on a ir t empe r ature 

in i t s e l f c au s e s  w i de chang e s  i n  an W i lmal ' s met ho d  of h e at l os s .  

i i th l ow a i P  t emp er atur e s , t h �  t. empereture d. i ffe rence b et ween 

the ani·nBl and t he amlJ L ent g i r  i s  c o ns i d e r ab l e  and l o s s e s  b y  

c onve c t i on ,  co nduct i on and r ad i at i on w i l l  b e  inc r e as e d. As 

a i r  t emp er atur e i n cr e a s e s  so d o e s t he surfa c e  t emp er at ur e of the 

animal but at a l ow e r  r at e  s o  t h at event u Gl ly a s t age i s  r e ached 

wh en air t emperat,_, r e  s ncl  surf a c e  t ern)er at'lre are t he s am e  - at 

ab out 91+0 for man ancl l 0 2 °F. for c at t l e , a s  shown by T homp s o n  

e t  al ( 44) .  

Fur t h e r  i ncr e a s e s in a i r  t emp e r at u r e  e au se the p re c e s s es o f  

c onve ct i on , condu c t i on anJ r adiat i o n  to b e  r e ve r s e d  and t he an­

imal gb s orb s he a t  by t he s e  p ro c e s s e :3 . The onl y m e t hod o f  heat 

l o s s  l e ft t o  the animal i s  by e vap orat i on of mo i s ture , i. e. , by 
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sweat ing. Thi s me thod is q_u i t e  effect ive in ma int a ining b ody 

t emperature cons t ant in s ome �pe c ie s  8UCh as man w i th an e ff i c ­

i ent sweat i ng mechan i sm ,  but for c at t l e  which h ave a poor sweat ing 

mec han i sm t h e i P  abil i t y t o  d i s s ip a t e  he at by e vaporat ion i s  

l imit ed and body t emp e r ature r i s G s  markedly. Actually , in c at t l e  

i t  b eg i ns t o  r i s e  w e l l  b efo re 1 0 2oF. Thi s i s  pr ob ably due t o  the 

h a i ry c oa t  of the animal wh i c b  make l o s s e s  by c onve c t i o n  di ffi­

cul t .  Al s o  the c o w's ma i n  met hod o f  evaporat i on i s  t hr ough t he 

resp i rat ory t ract and the amount evap or ated through thi s c ha nne l 

i s  l im i t e d .  Man b eg i ns t o  sv. e at at ab out 84°F. ( Kuno ( 45) ) i . e . , 

well b efore a i r  and skin t emper ature ar e e qual. Thi s  is bec au s e  

although heat c a n  st ill b e  l ost by rad i at i on ,  c o nduc t i on a nd  c o n­

v e c t i on , t he a mount s o  l o s t  i s  not enough t o  a ll ow al l h e at 

pro duced within the body t o  b e  d i s s ip a t ed and rec ou r s e  h as t o  b e  

made for the b al anc e o f  i t  to b e  los t by evaporat i on. The s ame 

appl i e s  for c at t l e. Man' s body t emp e r ature i s  ab out 98°F. , w here­

as for c at t l e  i t  is  ab out 101-102 so that it  would be at a higher 

t emperature in c at t l e  b e fo r e  sk i n  t emperat u re e qu a l s  ai r t emper­

ature. At such a p o int the thermal gradient b e t ween deep b ody 

organs and the surface is very small.  Indeed , t he d e ep int e rnal 

b o dy t empe rature extends r tght to the surface. 

The amount of heat exchang e d  b et we en t he skin sur fac e and 

t he amb ient a ir i s , o f  c ou r s e , proport i onal t o  the d i fference b e ­

twee n  skin and a ir t emp e r a ture , but i s  als o  influenc e d  by the 

thermal r e s i st an c e  or insul at ing effec t  o f  t r ans it i onal l ayers 

b etween the skin surfa c e  and the free amb ient a ir. 

Al s o  h e a t  i s  exchang e d  by w armi ng or c o o l i ng t he ins pi red 

a i r  in the r e s p irat ory tract.  Thi s  i s  p roport ional t o  the 

d i fference b etween air and body t emper· ature s  and t o  the 'VJO lume 

of air r e sp ired. 

{ c ) Air Humidi ty. 

Rel at ive humid i t y  i s  de fined by Haynes ( 46 )  as the r at i o of 

the mas s  o f  water vapour actually p re s ent in u ni t volume t o  that 

c o nt a ined in unit vo lume vv hen t he atmosphere i s  s aturat e d. 
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,:umi d i  t�r h a s  a n  imp o rt ant e ffe::; t  o n  t he e '"' s e  o f  evap o r at i o n  of 

� at er from the animal surf A c e . I f  rr:ml i d i  t y  i s  h igh more swe at 

ma;>r ·b e  p r o du ce d  t han c un 11 e evap o r at ed an t h i s  l e ad s  to ineff i c ­

i e ncy o f  t he S \'v e at i n t;  mechan i sm a n  rl. a :ng e r  J f  ehydrat i on e ffe ct s. 

In t he c o l d  hig 1 hwni r i t y c a n c au s e  a g r e at e r  l o s s  o f  he at by 

c ondu c t i o n  'lllc1 c onve e t i o n  from t he b ody due to t he c ondu c t i o n  

o f  a l ayer o f  mo i s t u r e  l aden a i r t r ap p e d  i n  the h a i ry c o at o f  

a n  anima l. 

The amount o f  heat l o s t  ':Jy e vapo r at i on from t he sk i n  sur-

fa c e  d e ) ends on the d i ffe rence b et w e en the vap ou r p re s sure of 

the a i ib i ent air and the s �-� '-lr Gt i o n  vap o'J r p re s sur e of the skin. 

� e i n[r e vR p o r at e d  an :. t l:. ::: 1m m i d i. t y  .J .L the a i r  at t he t emp erature , 

but t he t em) e r B t u r e  i s  t hat o f  t . e b o � y s u r fac e and not that 

o f  the anl.1 i ent a i r. L e e  ( 1 5 )  adv o c at e s  t he u s e  o f  ab s ol u t e  

r a ther th�m r e l s.t i ve hum i f� i t,y \•:h en c o n G hi e r i ng t h e  e ffe c t s upon 

h e at l o s s  uy e vap orat i on � r um � home oth erm. 

Ano t her a v o n1.1 e of 11e ' i t  l o s 2  t o  the Gnvi r o nm ent i s  b y  evapor-

a t i on p er :r.e d i. um of the r N > p i r •. t ory t r a c t . The amount of h e at 

l o s t  i s  d i r e c t ly ) r o p o r t i onal t o  t h e  d iffere nc e b e t we en the 

V2JO�r ) r e s sur e o f  t he insp tr e 1  a i r  and the s a turat i o n  vap our 

Under c ol d  c o nd i t l ons I � �  � : l i e V( S t h2t t h i r  a ve nu e  of h e at 

J. ) 2  ::'" lL-l :J'  ) 8  �: · , "':"'  i o ur: -·:.nd 1_, -,.., ,�  o r  '-nt. c� onc1 i t i ons pr ovi de t h ey are 

� � j o! H � : � : c J f  e a t l o s s - as it i s  wi t 

1- e 2t f:r·om t h e  s k .'l n  G l .� r·j�C:: C. (: .: ri :.::.rLi m�l ::� \'. i l l  ob vi .Ju s l y  b e  r e du c e d  
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Thus var i ou s  c omb inat i ons o f  the t he rmal c l imat i c  e l ement s 

c an imp o s e  a s evere t e s t  on the animal in i t s ab i l ity t o  maint ain 

thermal equ i l ibr ium. S o l ar r ad i at i o n  e sp e c ially in t rop i c al 

c ount r i e s  c an c aus e an i nc r e as e d  heat l oad t o  b e  b orne and eve n  

in t empe r a t e  c l imat e s  on h o t  summer d ays a s im i l ar l oad would b e  

imp o sed.  Usually w ith h igh s o l ar r ad i at i o n , a i r  t emperatures 

t end to be high t hus further hinder i ng t he animal by hindering 

l o s s e s  by r ad i at i o n , conduct i on and c onve c t i on. Evaporat i on h a s  

t o  b e  r e s o r t e d  t o  a t  a n  e ar l y  s t age but t h i s  t o o  c an l o s e  it s 

effi c i ency i f  the ab s o lut e hum i d i t y  i s  high and a ir movement i s  

l ow. The imp ort ant fe atur e t o  b e  s t re s s ed i s  t h at the animal not 

only has to e l iminat e i t s  own b ody heat from no rmal b ody met ab ol i sm 

but has t o  c o p e  w it h  l arge amount s o f  heat ab s o rb e d  from s ol ar 

rad i at i on and at very h igh a i r  t emp erature s t o  he at ab s o rb ed by 

the animal by r ad i at i on , conduc t i o n  and conve c t i on. Al l t hi s  

heat mus t  b e  e l iminat ed b y  evap o r at i o n  and i f  e ff i c ient evapo r­

at i on i s  h indered by adver s e  hum i d i t y  and a ir vel o c i ty the animal 

is in a s orry p l ight. 

S o l ar r ad i at i o n  can , of cour s e , b e  b enef i c i al w i t h  l ow a i r  

t emp e r atu r e s  and t he b ody i s  p l e a s a nt l y  w armed b y  r ad i ant ene rgy 

from s un and t er r a i n  provided a i r  movement i �;.;  no t exc e s s i ve. 

8.  MISCELLANEOUS FACTORS .  

Home otherms l i vir!.g i n  t he i r  c ho s en env i r onment are sub j e c t  

t o  s eas onal var i at i ons i n  cl imat e :from c o l d  in t he w int e r  t o  

h e at i n  t he s umne r. 

W i t h  t he a pproach o f  c o l d  w e ather animal s grow a woolly 

c o at and deve l op subcut ane �us fat de po s i t s .  An· i nc r e as e  i n  

t hyr o i d  act i v it y , an inc r e a s e  i n  fo od c on sumpt i on , t h e  s eeking 

o f  s he l t e r  from w ind and r ain , and an inc r e as e  in act i v i ty , are 

e xhib i t e d  by mo st animal s o n  appro ach o f  w i nt er· c ond i t i ons. 

In hot weather the c o at b e c omes l e s s dens e ,  s ho rt e r  and 

smo other , there i s  a depr e s s i on o f  thyro i d  ac t i v it y , app e t i t e  

and ac t i v it y , and t he s e el{ i ng o f  s hade from s o l ar r ad i at i o n  and 

wal lowing in wat er in s ome sp ec i e s , e. g. , the p ig ,  to fac i l i t at e  

cool ing b y  e vapor at i on. 
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S w e at i np· ;  

Pr· ufus e ly s w e at i ng s p e G l e c  G ar. w i t l:s t and ve ry high env i r on-

!dent al t emp er at ur e s . The 3-4 lb s . o f  mo i s t u r e  w h i c h  man c an swe at 

p e r  hour e n s ur e s  a !-: e s  ':. :::_ c, GE ·::: f ar, out 1000 C al o r i e s , - r em emb e r ing 

t ha� t h e  l at ent h e a t  o f  vap ou r i z a t i G n  o f  wat er i s  580 C al o r i e s  

p e r  k il OQ;J:' am. :r:uno ( 45 )  s t at e s  tha L s\v e a t i ne in man b eg ins at 

iLv e P t i g at ors have re­

rat e o f  s v1e at i ng and skin 

t t'llip e r  ::1t v 1 · e .  ,•, i n s l ov. ( :,.7 )  f o und t } , o.t 2 , c; at ing i s  i ni t i at ed i n  

i . he aver· ag o;:  n m1 e  1-:-: an , ::.. t r e s t  i n  :.u: t' r v l r·o muent , v;h en  t he skin 

n- a rk e d l ;y v :  i t.?1 sns1 l l  i n c r em en t £  i r, skin t en 1p e r a t u re , evap orat i on 

t end i ng t o  m inimi z e  t h e  T' 1 s e  i r:  s k i n  t emp er at1J. r e  w i t h  r· i s ing a i r  

t emp e ratur e .  l' h e  i n L t ' !'l 1 al l'· oc1jr t em;J eratur·e do e s , howe ver , pl ay 

an j_m],.' o r t ant p art i n  the I 'f:gu :. at i on o f  sw e at ing. But Burton 

( 48 )  J• ae shown t h at a r e s t ins- r� 2.r \'. i .h u :. ')\\' b o dy t emp e r ature 

d u e t o  exposure t o  c o l � d o e s  n o t  b ee; i n  t o  s \ : e at clue t o  r ap i d  

e l evat i o n  o f  slc i n  t e1�r;> er at n r e  v. i t.:t i mp r o ved e n v i r onn1ent al 

c o nd i t i ons , 1.111t i l  suf:' :i. c  j e:nt n e at has ac cumul a t e d  i n  th e body to 

r e s t o r e  t em� e r atur e .. -
'-' O  no rma..L . 

In •-.o r-1� ing m ar1 i t  1 2  p os s ib l e  t o  var·y the s kin and l1 o d y  

t emp e r at u re E  i nd.ep c;nc:.e r t 2. ,y of e ach o t her-.  ·, ;  inslow and C agge 

( 49 ) had men v. orl<.ir:.e, o.t e::; c ons Umt r a t e. Skin t emp erature 

i r_c re a c ed w i t! '  e n v i r on1;1er" t al t emp e r at ure , b ody t emp e r at u r e  remain 

ed nn• c h  the s �ne and s � e a t i ng i n cr e a s e d  w i t h  i nc r e as e s  in skin 

t emp er atur e. Ey keep i ng t h e c nv ir on.J. :iertt al t emp e r ature c onst ant 

nnd var·;y i ng the i nt en s i t y  o f  w o rk ? ob in c o n  ( 1 6 )  s howed t h at t he 

slc i n  t emp e r atu re r em a i ns thtS s am e  and the body t emp e r atu re and 

r at e  o f  swe at ing i nc :::> e a s e  t og et h er. In t he s e  e x p e r iment s  at a 

g i ven env i r o rn en t al t emp e r 9 tu re t h e r e  \\ e r e  no inc r e a s e s  o f  skin 

t emp e r at u r e  to incl:· e a s e  c u t tlL e ous r c:- fl e :n=: s  and c au se t he r i s e  in 

s we at i ng. The r i s e  ire s w e :'l t  _p r o u.1.1 ct i on was app arentl y a d i rect 

e ffe c t  of i nt e �nal t emp er H u r e  o n  the h e at r egul at ing c ent re s in 

the hyp o t l: · � Ell1 '.1S r·egi on. Thu s , it ap p e a r s  t h at skin t emp erature 

and l r1t ern al b ody t emp eratu r e  b o th p art i c ip a t e  in t he regul at ion 
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o f  :::: we at i ng. 

:3ven �., ncl. e r  c o l d  c o nc'!. i  t ions l o s t.� 0f h e at by e vap o rat i on t ake s 

p l ac e  b u t  t h i e  i s  e va p o r at i on o f  o smot i c  o r  d i ffu s i on wat e r not 

wat er from t he swe at t:;l o.n ds.  B az e t  t s t at e s  t h at h e at l o ss i n  

m an by evap o r at i on o f  w at e r a t  l o·N t t'rnp e r at u r e s  i s  s ome 24% of 

t h e  t o ta l  rce a t  l o s s 1n the ab s ence of s w e at i rlg. ( 147& from t he 

s k i n  and lC·;� from the r e s  p i  l'at ory t r ac t ) . At ve ry l ow t emp e r ature�: 

most of t.he h e a t  l o s s  from t he :r_art cls p..nd fe e t  may be e v ap o r at e d  

a s  a r e su l t n o t  o f  i ncre a s e d  eve � o r at i ve l o ss but o f  l ower e d  

c onve ct ive l o s s  due t o  the e xt r eme vas o c ons t r i ct i on whi c h  t ak es 

pl ac e  i n  the s e  reg i ons . 

Osmot i c  w at e r  l o s s  :L s  o ft en t e rmed i n s ens i1) l e  p e r s p i r at i on 

and i s  w at e r  t hat p a s s e s  t hr o u g� the sk i n  s o l e ly b y  the phys i c al 

pr o c e s s  o f  d i fftl s i on. S ens i1J J e p e rsp i r at i o n  or swe at i s  t h at 

VJl: i ch app e ar s  on t he sk i n  s ol e l y  as a r e su l t  o f  the a c t i vit y o f  

t h e  swe at g l an C. s .  

T_ip t o  t he p o int 84°ii". v;hi ch a c c or·d ing to Kuno i s  t he c r i t i c al 

t emp e r atu re t h r e s h o l d  for sv.� e at ing i n  m an , i ns ens ib l e  mo i s t ure 

l o ss e s  inc r e as e s  v. i th t emp er a t ·u r e  unt i l  ne ar the t hr eshold l e ve l 

i t  may ac c ount f o r  35% o f  t�e t ot al h e at G i s s ip at ed. 

Skin t emperatur e .  

The imp ort anc e o f  s lc i n  t emp er atur e i s  c l e ar from t he above 

e ffe c t s  on s v.' e at i ne r egu l c.t i on. C hang e s  i n  t he p at t ern of h e at 

cJ i s t r ibu:t i on on t he sur f ac e v� h i c h  i n  effect al t er t he insul at ing 

valll e o f  the a i r , i s  one o f  the phys i o l o gi c al me tho ds on c ontrol­

l i ng he a t  l o s �:; .  Ir. sul ut i on i s  sn:.�l l e r  f o r  cyl i nd er s  o f  smal l 

d i amet e r  t han fo r t h o s e  o f  l arg e cl i ar.:tet e r  and t he f i ng e r s  and 

t o e s , h and s · and feet , arms and l eg s , ar e imp ort ant avenu e s  o f  

h e at l o s s  e nd al s o  imp ort ant r' eg ions whe re heat l o s s c an b e  re­

du c e d  t o  v e r y  l ow l e veJ. e  when the o c c a s i on dem and s .  Thus , the 

skin t emp er atur e o f  t he s e  reg i ons c h ange s ve ry r ap i dly. Under 

ho t c o nd i t i ons the skin t emp er atur e o f  t he e xt remit i e s  may ex­

c e e d  t ho s e  of the t runk and the r e, v e r s e  i s  t ru e in t he c old. 

Al s o  skin t emp e r at u r e s  flu c tu at e fr om m i nut e t o  mi nut e vvi'th s t rong 

a i r  currents and \\ i th p s y cholog i c e.l or emo t i onal s t imulus. 
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In an att emp t t o  ob t a in �· or.Je :m e as-u r e  o f  ave r ag e  b ody 

t emp e r at u r e  Du B o i s  ( :,o )  d.i vi<3 c d.  the human b ody i nt o  6 s egm ent s 

and cho s e  1 5  d L ff e r e n t  p o i n t s  over t he s e  6 s egm en ts where skin 

t emp e r ature me a su r em e n t s  were r.1ade . The me an t emp e ratur e of the 

Viho l e  b ody is c alcul c. t ed b;)' add ing t he :J ro du c t s of me an s egm ent al 

t emp e r atur e s  and s u rfa c e  are a o f  the F. egm ent s and d iv i d i ng t he 

sum by the t o tal are a. 

The ave r ag e  s k i n  t emp er atu re i s  r e l at e d  t o  t he r e c t al t emp-

e r atu r e  ac c ord ing t o  t he h e c;_t p r oduc t i on and the ave r age 

t h ermal t n sul at i on o f  the t i s su t s The g r e a t e r  the value s of 

e l theY' o f  t he s e  f ac t o r s  the g r e a t e r  mu s t  b e  t he t he rmal grad i ent 

of t h e  t i s s u e s. 

The ave rag e  t emp e ratlJ r e  o f  t he s k i n  su r f a c e i s  i n  i t s  turn 

d et e rm i n ed b ;y : -

l. the h e at whi c h  mu s t  b e  t ransml t t e d by r adi at i on and 
c onve c t i on. 

2. b;y the t emp e r atur e o f  t he e nvi r onment . 

3. t he amount o f  a i r  mo vem ent a i d ing c onvec t i on. 

L1 . c o nd i t i ons fo r e v ap or· at i on o f  w at e r. 

5. the t yp e  o f  h a i ry c o a t .  

Any f a i l u r e  t o  at t a i n  a therms.l b al anc e s t imu l at e s  the 

thermal c ont rol rr: ech en i :=r.JE . One o f  t he adj u s tm ent s may be 

c h ang e s  i n  c i r cul at i on - vas o d i l at i on or vas o c on s t r i c t i on ,  

wh i c h  i n  e f f e c t  alt e r  the t i s su e  thermal c o ndn ct an c e .  An in-

c r e a s e  in c ond1J c t anc e mak es the sur f a c e  t emp e r ature app rox imat e 

mo re c l o s e ly t hat o f  the deep b ody o rg an s and s o  faci l i t at e s  

he at l o s s .  Ski n  t emp e rat m• e , ther e fore , d e :r:;e  nds o n  two phys i ol -

og i c al Vlar i abl e s , the thermal c o nd1; c t i v i  t y  o f  the underlying 

t i s su e s  and t he vol1;me o f  h l o o d  fl ow ir:.g t h1•ough i t .  

T ime s equ enc e o f  ad;j1.1 s tment s t o  c o l d. B az e t t  ( 7 ) 

The i rdt i c.l e ff e c t.  o f  e o l d  t emp e r atu r e s  i s  a c o ol i ng o f  t he 

s u p e rf i c i al l a yer s o f  t he s k i n  v: i t h  a r e s u l t ing i n c r e a s e  o f  

t he thermal g r a d i e nt 8nd. t h e  s t imu l at i o n  of c ol d  r e c ept o r s .  

T o  thi s s t imulu s v; oul d o c c u r· v a s o c ons t r i ct i on , s p l anc}1.ni c  

d i l at io n ,  p i l omet er c o nt r ac t i o ns and goo s e  f le sh ,  and p o s s ibl y 

sh j_ ve ring. SurfEJ c e  t emp e ratur e s  b eg i n  t o  fall at onc e  but change f  

p roc eed s l owly ow ing t ·) h e at c a �) ac i t ;)r e f fe c t s .  The b o dy t emp er-
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e ture r i e e s as a r e su l t  o f  t he s hi ft i ng of b l o od d i st r ibut i on 

and t he s l ov. ing up o f  the return o f  c o ol ed ve nous b l o od. Lat er , 

blood flow ir� from t he p e r iphery s t i l l f a i r l y  s l owl y wou l d  have 

a l ow enough t emp e r a t u r e  t o r e du c e  b o d�r t emp e r ature and rec t al 
t emp e r ature w ou l d  f a l l  t o  i t s  o r iginal l evel or e ven l ower. 

The s up er f i c ial ve lr.1s o f  t he:: skin c ons t r i c t  and no l o nger serve 

t o  c o ol b l o o d  as i t  r�turns t 8  t he h e ar t . Now the venous bl ood 

r e turns mai nly t hrough t he vena c om i t s ne ar t he a rt er i e s .  The 

ent e r i r_g b l o od i s  c o ne e q_u ent l y  c ooJ. ed by t he eXChange of heat 
w it h  the venou s b l o od , w h i l e  t he l at t e r  i s  we.rme d at i t s  expens e 

s o  t h a.ythe b lood ent e r in� the hand o r  foot d o e s  s o  at a t emper­

ature very l i t t l e  ab ove that o f  the surfac e .  Thu s , t h e s e  

p art s r e c e i ve 0 2  from the c ool ed b l o od yet l o s e  l ittl e h e at t o  

t h e  e nvironment . 

volume. 

Y i t h  c ont inue c o l d  the re may b e  a reduced b l o od 

T ime s equ enc e o f  adju s tment s t o  he a t .  

The f i r s t  effe c t  o f  a hot env i r onme nt i s  t h e  warming of 
the skir_ surfa c e  and a c ons e y_u e nt r e du c t i o n  in the thermal 

gr ad i ent. Vas o d i l at i o n  t ake s pl ac e and t h i s  at fi r s t c auses  a 

r etu rn o f  c o ol ed p e r ipheral b l o o d  al ong t h e  p at h  o f  e nt e r ing 

art e r i e s  s o  that the b l o o d  i s  c ool. The retu rn o f  this ve nou s 

b l o o d  i s  t o o  r ap i d  t o  a l J o� i t �  t emp er atu r e  t o  b e  r a i s ed t o  
that o f  the deep t i s s1 1 e s . C ons e q_u eht l y , ve nou s b l o od returns t o  

t he h e art i n  quant i t y  ;;, hi l e  s t i l l  j n ad e g_u at e l y  warmed and rectal 
t emp e r atu re s f a ll and t he r e  i s  a fe e l i ng o f  c ol d .  

The e ffe c t s of warmth s p r r.:; ads r ap i d l y t hr o ughout the 

t i s su e s  and s oon b l o o d  su ff i c i en t l y  warme d flows t o  the int er i or 

and b ody t emp e r at u r e  r eturEs to nc; rm al . R e sp i r at i on r at e  may 

P i  s e  a nd swe at i ng d e ve l op . •H th m i l d  w armth t he r e may b e  a fal l  
J n  b l ood p r e s su r e  but s e v e r e  h e at m ay r s. i s e  t h e  lilood pr e s s ure. 

L o s t  o f  the rett:.rning ve not< s b l o od return s i n  t h e  sup e r fi c i al 

ve ins and help s t o  m a i n t a in hj gh s k i n  t emp e r ature s in t he l imb s . 

Venous b l o o d  d o e s  n o t  nov1 r �turn v i E_ t he venae c omi t s  and i s  not 

pr ewarme d but i s  rather fu r t h e r  c o o l ed as i t  p as s e s along t he 

superf i c i al ve i ns . 
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I II. REVIEW OF' LITERATtJRE . 

l .  HEAT PRODUCTI ON. 

W e  h ave s e e n  how to m a i nt a in a normal b ody t emp e r ature 

he at product i on mus t  e qual heat l oss and t hat he at p r oduc t ion 

var i e s  w i t h  t he envi r onment al t emp er atu re .  Under normal 

c on d i t i ons , however , the m a in r egul at i on i s  by way of heat loss ,  

t he h e at p r o duc t i on o f  an anima l b e ing mor e  o r  l e s s  incident al 

t o  i t s  norma l b i o l og i c al func t ioning. However , it  will b e  

s e en how h e at p ro du c t i o n  a l s o  has b e e n  found i n  c at t l e  t o  

vary w i t h  environme nt a l  t emp erature. 

The heat p r oduc t i o n  of an animal may be der i ved from the 

foll owing s ource s : -

a. He at of m a i nt en anc e of v i t a l  b ody pr o c e s s e s  -
r e s p i r at i on , c i rcul at ory a c t i vi t y , t onus of 
mu s c l e s , e t c .  

b. In c at t l e  there is t he he at of ferment at i on from 
the rumen. 

c .  The h e a t  o f  act ivit y - f o r ag i ng fo r foo� 

d. The heat o f  product i on ,  e . g. , milk pr�duct io� 

e. And in t r op i c al c ount r i e s  t he r e  is an add i ti onal 
he at l o ad fr om s ol ar ra d i at i o n  a nd the su�r ound­
ing s .  

A l l  t he s e  fU nct ions result i n  h e a t  pr o du c t i o n  at s ome 

s t ag e  or other and such h e at mus t  b e  e l imi nat e d  by the f our 

p athw a ys o f  r a d ia t i on , c ondu c t i 0 n , c onve c t i 0n and evaporat i o� 

All e xc ept No. 5 r e sult from ene rgy d e r i ved from food or 

b ody r e s erve s .  

( a ) The h e at o f  ma in tenan c e .  

Br o dy ( 6 ) g i ve s  f o r  a du l t  Je r s eys and Hol s t e in c �t t l e  t he 

fo l l owi ng va lue s for r e s t ing e ne rgy m a i ntenanc e cost : 

Je r s ey Hol st e in 

B o dy wgt .  lb s .  C a l s/d ay Body wgt . lb s .  C al s/day 

880 849 2  1100 10570 
990 9071 1 200 11190 

1 100 9630 1320 11790 

The s e  m e a s ur eme nt s  on r e s t ing me t ab o l i sm were computed 

from 02 c onsumpt i on dB t a  me asured with the animals at rest 
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under ordinary barn condit ions . As the animals were not fasted 

the heat produc t ion_ inc luded some of t he heat increment of 

feeding as t hey were t aken j ust  befo re the morning feed. 

( b )  Heat of Ferment at i on. 

Brody again  gives dat a est imat ing that the well  fed 

average dairy  c ow pr oduces  ab out 600 litres  of rumen gases -

mainly CH4 and C02 p er day , giving a ferment at ion energy of a­

b out 4000 Calor ie s  per day which is  r oughly i�i the r e s t ing 

ma int enance h e at p ro duct i on. 

( c ) Heat of Act ivity. 

Bonsma ( 30 ) , in South Afr ic a , comp ared the reac t ions of 

different exot ic  and indigenous b reeds when fo rced int o  wal:ting 

t est s .  Exot ic  breeds c ould not proc eed very far but Arri c ander 

were abl e  to walk all d ay under the same c ondit i�ns . The 

Br i t i sh breeds with the ir poor adapt a� i l ity  t o  heat stre s s  

s oon b e c ame hyperthermic a s  a result of the incr e ased heat 

oro duct ion involved in walking. 

Acc ording to Brody ( 6 ) the energy required  by a c ow to  

walk one mile  in  addit i on to  that of maintenance and energy 

c ost of st anding is 330 Calor i es  p er 1000 lb s.  L. W. 

Fosture of the animal c an affect its  energy output. Most 

animals except perhaps hors e s  - which have powerful suspens o ry 

and check l igment s and c an rest  standing as we ll as they c an 

lying - have a great er energy expend itur e on st anding. The 

energy cost of st anding above lying i s  about 9% in c attle  and 

sheep. Rit zman and Benedict  ( 51 ) found a fast ing steer exp end­

ed 9% more energv on s t a nd ing - full fed , 12%. Hall and 

Brody ( 52 )  est imat ed the energy c ost  in  gett ing up and d own 

t o  be about 1 1  Cal or ies  per 1000 lbs .  L. W . 

( d) The Heat of Produc t i o� 

( 1 ) Gest at ion. 

Brody ( 53 )  on work wit h  Jers ey and Hol stein cat tle haF 

shown t hat the increased heat p rodu ct ion with advanc ing gest ­

at ion do es not r-ewr es ent 8. he at  incr ement of feeding , becau se 
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g�st ation acc0rdin� t o  hi s p aper in it self does  not increase 

food consumption and the increase in heat production is due to 

the increase in l i ving tissue o f  the foetus. However , cows 

may put on weight over th is  period if given a liberal food 

supply. A Jers ey cow h ad prior to breeding for its first gest-

ation a heat production of 2000 Calories per s quare met re per 

day. There was a slight decline during the following 3 months 

and rose gradually t ill p r i o r  to c alving it was 2200 C alorie s 

per square metre per day. 

( 2 )  Lact ation. 

In the s ame pap er Brody s hows that there is roughly 

a 60% increase in heat pro duction 3 months aft er lact ation 

begins , c omoared with that at the breeding level. 

Heat  Produ ct i on of Jers ey and 

Holstein Cattle. 

� E�eedin� q:tb. M:tb.. ls:t M:tb.. Lac:tit�2n-
6 mths. level of gest- of lact- al :Q�ak 

at ion at ion 

G als/day J. 4097 7216 9762 10060 1 20 24 

H. 4980 8685 129 54 1 2 618 1 5004 

C als/sq. 
m. /day J. 2087 2068 2211 2390 3003 

H. 2113 2 033 245 5 2672 3118 

This illustrates very clearly the great increase in 

heat production c aused by lact ation , due t o  the increased 

food int ake , increased activit y ,  and increased metabolism 

involved in the processes  o f  milk manufacture , etc. 

Rit zman and Benedict ( 5 ) worked out the heat balance 

of m ilk ing cows , t aking into ac count the c a lorific value 

of all food ingested as v: ell as that o f  all_:_ excreta , 

secretions and heat loss .  

From the following t able  it  can be seen that cows 

nroducing as these were , 2 gallons of milk p er day ,  ingested 

fo od equivalent to  50 , 000 Calories  and emit t ed 20 ,000 C alories 

in the form of he at.  



Ene rgy  Exchange o f  Lactating C ow s. 

Av. Wgt. Kgm. 

Gro ss Energy - food. Cal ories 

Fa e c es " 

Urine " 

Methane " 

Brushings 

Milk 

Body D eposit 

He at 

612  

53 , 211 1 22 , 512 

7 ,1 63 

3 , 813 

18 , 710 

587 

44 , 30 6  

23 , 228 

7 , 836 

6 , 074 

20 ,015  

603 

52 , 173 

22 , 125 

o , 832 

1 ,040 

22 , 817 
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W ith a l l  the s e  func tions the r e  i s  the h eat inc r ement of 

f e eding or sn e c ific dynami c  act i on of food. In farm animals 

this ene rgiincr e ase du e to f e e d i ng is quite l arge. B rody ( 6 ) 

states th at it i s  20% o f  th e  gro s s  energy of a b al anc ed mixed 

r ation o r  about 50% above the fasting leve l - see Fig. 3. 
The fo l l ow i ng tabl e adapted from Br ody ( 6 )  shows that the 

h eat inc r ement is c onsiderab l e, though not as large as Brody ' s 

p r ev i ou s  statement of a 50% increase. Th is would prob ab ly b e  

due t o  the fact that these f i gur es we re wo rked out fr om r e s ults 

Heat Production. 

Body R e s t i ng 
W e igl).t Metabo l ism 

Jerseys 
880 7680 
990 8235 

1 100 8850 

Holst e ins 
880 8360 
990 89.10 

13;00 9450 

Gal s .  /day. 

B asal 
Metabolism 

5706 
6119 
6576 

6379 
6801 
7210 

S.  D.  A. 

1974 
2116 
2274 

1981 
2109 
2340 

on a n imals subje c t e d  t o  e xp er i me ntal cond i t i o ns. Also th e 

S . D. A. i s  very var iabl e dep endi ng on many fact o rs, many of 

w h i c h  a r e  not c l ea r  o r  ag reed u oon today. The plane of nutr it­

ion has an e ff e ct obv i ou sly as well as the bal anc e  b etwe e n  

nutrients and o n  t h e  p r o ductive � ro cess b e i ng ob s er ve d. In 

c attl e and sheep a l arge nart of this h e at inc rement wou l d  

i nclude the heat o f  fermentat i o n, a heat not ab l e  t o  b e  
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s eparat ed from t rue S . D. A. Under good feed cond it i ons and 

w ith a l ac t at ing animal this heat inc rement i s  an imp o rt ant 

fact o r  in he at regul at i on. It as s i s t s  in maint aining the b al­

anc e in cold w e ather but in hot weather it become s a burden 

as t he ext r a  heat of feed ing c annot be el iminat ed so r e adily 

as at l ower t emperatures .  

F 0b ins on and Lee ( 54) rep ort an exper iment in which hens , 

sows and ewes , were exp o s ed one a week t o  7 hours of hot 

t emperature cond i t i o ns. One group of each spe c i e s  was we ll fed 

and another gr oup were g i ven just maint enanc e. They found that 

the higher rat e of feed ing resul t ed. in a very de fini t e  inc r e a s e  

i n  r e c t a l  t emperature , r e s p i r at ory rat e and rat e o f  water l oss 

i n  al l the animals s tud ied and pul s e  rat e  only moderat ely affect 

ed in s ows , though markedly incre a s ed in hens , and to a l ee's 

e xt ent in ewe s.  Thus , thes e animal s wi th poor t hermal regul at ­

ory dev i c e s  sufferen from the high feeqant ake s  at the h igher 

t emp er atur e s .  C at t l e  als o  r e a c t  adversely t o  high t emperatures 

and the s ame would prob ab ly app ly to them . R ob ins on and Lee 

fed d ifferent ur op ort i ons of p rot e in in m o- c al or i c  diets and 

found t hat the various me asur e s  o f  s t r e s s  were not cons i s t ently 

affe c t ed by the p erc ent of p r o t e i n  in the diet.  Thi s i s  sur­

pr i s i ng when it is usual ly bel i eved that a p rot e in d iet g i ve s  

r i s e  t o  a n  incr e a s ed he at p ro duct ion o f  30-4o% o f  it s net 

c al o r i f i c  value. High prote in and high t emper ature s d id not 

cau s e  the s ame adverse effect s as did a no rmal r at i on g iven at 

high t emperatures.  

Bonsma ( 5 5)  on the b a s i s  o f  ob s ervat i ons rather t han sp ec­

i f i c  exp er iment al dat a on me t abo l i sm maint a ins t h at animal s in 

hot weather will cut down on the ir int ake in o rder t o  reduc e  

t h e  l o ad o f  heat t o  be di s s ip at e d. A c attle b reed , developed 

in a cool t emp e rat e reg i on w il l  not thr ive in the sub-t rop i c s  

no matt er how w e l l  i t  i s  fed. Th i s  i s  b e c au s e  such breeds 

r e adily become overheated and au t omat i c a lly eat l es s  and the 

who l e  proc e s s  of normal met abol i sm i s  disturbed. 
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Brody et al ( 56 )  ( 57 ) , in a s eries of  papers give a more 

scient ific approach to the changes in heat product ion and food 

consurnpt ion vd th temperature. In thi s ser ies  of exper iment s 12 

animals were housed for several months in a heat controll ed 

room. Depress ing the temperature from 500F. t o  40F. increased 

the heat pr oduct ion 30-35% in lactat ing Jerseys and 20-25% in 

l actat ing Holste ins. This breed difference is due t o  body size , 

the smaller Jersey cows having a l arge surface area per unit of 

body we ight , lose  heat more rs� idly than the l arger Holst e i� 

Therefore , there is  need for a greater rise  in heat product i on 

t o  compens ate for the increased heat loss .  

At the s ame t ime feed consumption increased more markedly 

in cows suddenly- expos ed for short p er iods than to those  grad­

ually condit ioned to  increas ing cold due prob ably t o  acclimit i z­

at ion effect s .  Here Jerseys showed a great er nse  in  feed 

consumpt ion than did Holsteins. Milk product ion declined more 

in Jers eys th an in Holsteins - more nutrient s being required by 

Jerseys to keep up body heat. Thus , in these  cows , the increas­

ed heat p roduct ion came from increased feed consumpt ion and/or 

increased mus cle t onus. Body temperatures remained the s gme 

s o  that increased heat dis� ipat ion was balanced by increased 

heat p roduc t ion. 

When the cows were subj ect ed to  gradually ris ing t emperature£ 

from 50-l050F. Brody ' s results  showed a surprising reduct ion 

of 30-40% in heat pr oduct ion aft er 800F. This was ass oc i at ed 

with ris ing body temperatures indicat ing that decreased heat 

d i s s ipat ion at the higher temperatures was not b alanced suffic­

iently by the decreased heat product io� 

The reduction in heat pro duct ion is  not able in that workers 

have always postulat ed a r ise  in met abol ism at high temperatures 

in accordance with Van' t Hoffs l aw and s ame workers , e. g ,  

McConnel l  ( 28 ) and Dubois  ( 29 ) have found in man that heat 

pr o duct ion doe s increase markedly at the higher temperatures. 
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W ith the rise  in b ody t emp erature and decl ine in heat 

product ion ,  there is a fqll  in milk product ion and feed 

consumpt ion , with a decline in the animal ' s  he at increment which , 

s ays Brody , may amount to  25% of the t ot al heat produc t i on. 

Dempsey and Astwood ( 19 )  have demonstrated in the rat t hat en­

virorunental t emperatur e depresses  thyroxine produc t i on ,  at high 

temperatures by 80%. The ' b as al met abol ism '  in thyro idectomized 

animal s is 40% below normal and if the effects on rats may b e  

u s ed t o  explain the fal l i n  heat product ion i n  cows then in­

creas ing t emperatu res up t o  105°F. may reduce their  thyroxine 

80% and , therefore , the heat produc t i on by 32% (.8 x 40%) .  Thus , 

the decl ine in milk production ,  feed consumpt ion and thyroid 

act ivity woul� expl ain most of the fall in heat produc t i on. 

Phys iological wi sdom by the cow makes it reduce its  heat load 

as much as pos s ible by a reduct ion in met abol ism a nd  he at 

increments. 

On the b as i s  of the react ions of  the ir experimental cows 

t o  decl ining and increas ing temperatures us ing 50°F. as a b ase , 

Brody et al c onclude that the zone of minimum heat p roduct i on 

i n  lac t at ing dairy cows is  40-6o°F. This is  the first attempt 

in cows at defining the actual locat ion of the t emperature r ange 

of thermoneutral ity. Jerseys were affected mo st by cold t emper­

atures , and Holste ins by high temperatures.  However , t he 

init ial st art ing point was 50°F. If any other temperature had 

been t aken a different p icture may have occurred because  of the 

effects  of acclimitizat ion. In Brody ' s exper iment s control cows 

which were subj ected t o  sho rt periods of hot or cold t emperatures 

the effects were much more marked than for experime nta l  cows , and 

even the l atter when brought b ack t o  50°F. from 4°F. took s ane 

few weeks t o  return t o  their former 50oF. level.  

Bonsma bel ieves that Fr ies ians having a l arger appet ite  

than Jer seys are  affected more by high t emperatur es , which is  

what Brody has found - a great er depress ion of appetite  in the 

FrieBians than the Jers eys. On the othe r  hand, in t he cold the 

feed consumpt ion of Hol st eins doe s not need to be increased as 
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much as for the Jerseys , because of the difference in s ize. 

In temperat e  cl imates  the dairy cow may not have any 

great difficulty in getting rid of the he at from its act ivity 

and product ivity. There may be t imes when a hyperthermic s t age 

is reached in summer but the t ime of exposure would not be very 

great - the t ime factor is  just as import ant as the he ight of 

t emperature rise. In the tropics , however , a different s ituat i on 

exist s. The solar heat load may be very great and since air 

t emperature is very high , el iminat ion ofheat by radiat ion , 

c onduct ion and convect ion is  l imited. Cows , be ing poDrly 

sweat ing animals ,  increase their respirat ion rat e  markedly in 

order to increase evaporat ive loss  of heat. Ment ion has been 

made before of the enormous heat load which may be imposed on an 

animal by the sun over and above its  normal heat product i on. 

The effect of  this s olar heat load would be t o  set Brody' s 

thermal-neut ral ity zones at a much lower level , as it seems that 

the c attle beasts '  early response t o  an excess ive heat l oad ,  

whether from difficulty of  el iminat ing heat just from high air 

t emperature  in itself , as with Brody ' s exper iment s , or from 

difficulty in gett ing rid of  absorbed solar radiat ion,  as with 

Bonsma ' s  obs ervat ions , is to  cut down on its he at pr oduct i on 

and various heat increments .  

2. EFFECT OF CLIMATE ON BODY TEMPERATURE OF CATTLE. 

Dukes ( 58 )  places  the normal body temperatur e  of  c attle at 

1 01. 1 ± 0. 5°F. Brody ( 6 ) gives 101. 0. This i s  a fairly stable 

characteris t i c  of homeotherms and only begins to r i se when a 

state o f  hyperthermy exists. In humans there is  rarely , except 

in very extreme cases , a r i se in body temperature wi th air 

t emperature, but with cattle  it will  be s een that body t emperature£ 

do rise and at quite early a stage. 

The lit erature regarding body temperature of c attle  may be 

divided into  2 broad s ect ions. 

( a ) Body temperature in heat controlled r oo� 

(b ) Experiments in the f ield. 
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( a ) Heat cont rolled exper iments .  

Hays ( 59 )  in 1926 , working w ith Jersey cows in a c ont roll ed 

temperature room found that fat percent age and met abol i sm began 

to  rise  at 70°F. He gives no dat a on body t emperature, but seeing 

that the rise  in fat percent age has been found in other  exp er­

iment s ( Brody ) to be t he s t age when body t emperature begins t o  

r i se then perhaps in Ha� trial body t emp eratures began t o  rise  

· around about 70°F. Thi s i s  lower than what other w orkers have 

found. 

Regan and Richardson ( 60) obs erved that the effect of in-

creas ing air t emperature - in a room maint a ined at constant 

humidity , 60 per cent R. H. and air movement 50 ' per minute - was 

t o  c ause a rise in body t emperature between 70-80°F. ; a more 

marked rise  aft er 80°F. Thes e  workers used three pai rs of 

Jerseys , Guernseys and Hol s t e ine. Body t emperature of the 

Jerseys ro se well after the Hols t eine. 

They give the follow ing dat a showing average r i se in body 

temperature with increas ing air t emperature. 

Room TemJ2. oF. Rectal Tenm! oF. 

40 . 101. 0 
50 101. 0 
60 101. 0 
70 101. 3 
80 101. 8 
85  102. 2 
90 102. 7 
9 5  103. 7 

lOO 10 5. 1 

Rieck and Lee ( 61 )  ( 62 )  in 1948 , working with four pure-b red 

Jersey cow�ub j ected them twice a week for 10 weeks to varying 

combinat ions of air t emperature and s omewhat unusual ly high 

combinat ions of humidity. Four cal ves  were also  sub j ected t o  

the same procedure.  The cat tl e  were exposed for s even 

hours and were fed just before ent er ing. Air movement was 

controlled at 60 ft/min. 



Effect of Air Temp er ature on the Body Temperature 

of Jersey Cows and C alves  at a C onst ant Humidity 

12 gr, cub/ft, (Adapted from Rieck & Lee ' s Dat a) 

Air T. oF. Body Te!!!Q. �F. 
C ows. Calves. 

85 102. 3 103. 0 
90 101. 9 103. 8 
95  102. 4 103. 7 

lOO 103. 4 104. 7 
105 104. 4 104. 9 
110 103. 8 

Effect of Humidity at Const ant Temn. 105°F. 

Abs olute Humidity 
(gr/cubift . ) 

8 
10 
ll 
14 
16 

101. 5 
101. 6 
103. 0 
104. 4 
104. 7 
105. 8 

104. 2 
104. 4 
105. 3 
10 5. 9 
106. 9 
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Thi s  shows how body temperature  ri s es with air  temperature -

in calves there i s  an earl ier and more rapid init i al r i s e  though , 

as the ir graphs show , they att ain a more s t abl e , higher equil i-

brium than cows exposed to  the s ame cond i t i ons. 

Humidity increas e s , they state , had much l e s s  effect on 

c alves  than c ows as shown by the increase in body t emperatur e  w ith 

i ncrease in humidi t i e s .  However , a t  the lowes t  humidity of 6 gr. 

p er cub i c  foot the calves  were alre ady in a distressed coddit ion , 

s o  that humidity appears t o  affect c alves just as much as , or  

e ven more than , cows. The e ffect of  humidity on the c ows c an b e  

judged from the figures  where a n  increased o f  2 gr. per cub i c  foot 

of humidity at 105°F. has a great er effect on body t emperature than 

an increase of 5°F. at 1 2 gr. per cubic foot.  At lower t emp eratuee f 

and humidit ies , cows showe d after an init i al small r i s e  an 

e qu i l ibrium , though at higher comb inat ions t here was no s ign of 

e qu i l ibr ium, 

Brody et al ( 56 )  ( 57 )  in the ir s eries  of papers on envi ron-

ment al phys iology , have been able to define the crit ical t emper-

atures of Jersey and Holst e in cows quit e well.  Increas ing t emper­

ature from 50-105°F. caused the rectal t emperature to r i s e  b etwe en 

70 and 80°F, but more steeply in Hol s t e ins than Jerseys, The 
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t emperature of the Jers eys at 105°F. averaged 106°F. , and that of 

the Holsteins 108oF. Hols t eins b eing l arger cattle  have d ifficul-

ty in el iminat ing heat and thus the rise  in body t emperature due 

t o  early ' bottl ing up ' of heat will  t ake effect earlier in 

l arger cows and r i se t o  a higher level. 

Decreas ing this t emperature from 50-40F. resulted in no 

change in body temperatur e ,  in either the Jerseys or Holsteins. 

There was a difference in other react ions to the cold but t hey 

were suffi c i ent changes, t o  enable the s p ec if ic dynamic act ion 

of increased feed int ake and increas ing divers ion o� nut rient s 

normal ly int ended for milk product i on t o  be divert ed and used as  

fuel , to  keep up body heat. That body t emneratures did not change 

e ven as low as 4°F. shows how well adapted c attle  are to with-

st and c old. However , this c onst ancy of body t emperature is  

only att a ined at  the expense of increased heat product i on beginn­

ing at 40°F. , increas ed feed consumpt ion , and a decl ine in milk 

nroduct i on , so that the economic aspect s have made themselves 

felt at t emperatures of 400F. Increasing t emperatures from 60-

80°F. increases heat product ion ,  body t emperature  remains const ant. 

Above 80oF. the body t emperature rose  and heat product i on declin-

ed. Thus , 70-80°F. may be t aken as the upper c r it i c al t emp e r at ure 

for body t emp erature denending on breed and s i ze of c ow. The 

region of the lower critical  temnerature - where body t emperature 

s t arts t o  fall again has not been determined. However , from the 

e conomic  aspect the effect s  of fall ing t emperature make t hemselves  

felt quite early - well  before any fall in b ody t emperature t akes 

p l ac e , whenever that may be.  

(b)  Field Exner iment s.  

Rhoad ( 63)  ( 64) , in Louis i ana , carried out obs ervat i ons on 

the body t emperature of four genetic  t ypes of  c attle  be ing used 

in that region t o  evolve a heat adaot ive animal. These  were : -

1. Pure-bred Ab erdeen Angus.  

2. * Angus - 3 Br ahman. 4 

3. t Angus 1 Brahnan. - 2 

4. Pure-bred Brahman. 
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Readings were t aken out in the open field and under a shade 

every half hour of the day. 

He found as atmospheric temn eratur e s  increase  above 50°F. 

there i s  a general and s ignificant increase in rectal t emperature 

w ithin e ach genet ic  type and the di fference between each type was 

highly s ignificant . At 80oF. the body t emp erature of the Aberdeen 

Angus and % Angus i Brahman was s ignific antly increased when ex­

posed to the sun but it was not unt i l  90° that the ! Brahman and 

pure-bred Brahman began to  have a r i s ing body t emperature due to  

s ol ar radiat ion. The follow ing i s  an extract from Rhoad ' s dat a :  

Mean Rectal  Temperatures  of Cows in Shade and Sun °F. 

Shade 
Temp. oF. 

86-95 

76-85 

Cows 
held in 

Sun 
Shade 

Sun 
Shade 

Pure-bred 
Anglils 

104. 0 
102. 8 

102. 4 
101. 7 

% Angus t Angus j Pure-bred 
-<t Brahman �Brahman Brahman. 

103. 4 101. 8 101. 3 
101. 9 100. 9 101. 0 

102. 4 101. 9 101. 1 
101. 4 101. 0 101. 0 

Fig 5 shows quite  elearly the marked r i s e  in the Angus and 

i Brahman Angus c ompared with the other two gene t i c  types.  Also 

the d i agram shows how , with fal l ing relat ive humid i t ie s  at the 

h igher t emperatures  the body temper ature of the t Angus � Brahman 

and pure-�red Br ahman , begins to  dec line. Is this  due to bett er 

evaoorat i Ve loss  in the Brahman v.; i th  lower humidity even though 

air  temperature i s  st ill qui t e  h igh? Rhoad do e s  c l aim that the 

evaporat ive l o s s  i s  gre ater in these l at t er two breeds. He als o  

conclud e d  that the t rop i c al cl imat i c  c ond i t i ons were within the 

r ange of thermal neutr a l ity for �· bred Br ahman ana pure -b'red. 

B r ahman , but defini t e ly P )t s o  for the for!Tler two types .  It  can 

al s o  be  seen how  with  r i s ing t emperature the i Bred Brahman and 

pure-bred Brahman t ended to  decre ase  in b ody t empe r atur e  for a 

t ime unt il a s t e ady value V'! as  obt ained and with s t ill further 

r·i ses  in t emperature , it  began to r i se. 

For much of his  work Ehoad ( 65 )  ( 66 )  devis ed a t e s t  for 

adapt ab il ity - the He at Tol erance Test.  Animals were all owed out 

int o an open p addock nr·ovided with r:: ens and a chute. Only hot , 
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clear days were ch Jsen and body t emperatures were t aken in the 

morning and aft ernoon. For der iving h i s  heat t olerance coeffic­

i ent he uses the following formul a. 

A =  lOO -10 ( B. T. - 101. 0 )  

A =  adaptab il ity c o e ff i c i ent ; 101. 0  = Average normal b ody 
temperature.  

B. T. = Body t emperature found in t est and 10 i s  a factor for 
convert ing degrees devi at ion from normal to a unit b as i s. 

Perfect adaptab il ity when A = 100. 

Thi s  provides a ready field method for determining the heat 

t ol erance of an animal and several workers have u sed it.  The 

foll owing t able shows H. T . C.  dat a for various breeds. Jerseys 

come next t o  Brahman in order of mer it.  

SCALE OF HEAT TOLERANCE AS DETEH.MINED B Y  IBERIA 
HEAT TOLERANCE TEST 1944 ( Rhoad ) . 

Breed ing 

Pure-bred Brahman 

t Brahman i Angus 

Pure S ant a Gertrudi s  

i Afr i c ande r  � Angus 

Pure-bred Jers ey 

Grade Hereford 

Pure-bred Aberdeen 
Angus 

Number 
of animal s 

7 

18 

7 

22 

34 

1 2 

3 1 

Number 
of tests  

18 

67 

21 

64 

34 

1 2  

69 

H. T. C. 

89 

84 

82 

80 

79 

73 
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Bonsma ( 67 ) , South Africa , has carri ed out l arge fi eld 

exper iment s c omp ar ing the influence of cl imate upon exot ic bre eds 

and the Africander and first generat ion cross bred cattle  

Fig. 6 shows how t he body t emperature of four bulls  rise  in  

the shade w ith ris ing air  t emperatures.  Not e  how the Afric ander 

was l it t l e  affected by r i s ing a ir t emper ature , where as with 

the Aberdeen Angus , Shorthorn and Hereford , the body t emperatures 

began t o  ris e at 80°F. Much of the effects of s ol ar r adiat ion 

would not be affect ing the animals d irectly because the s e  readisge 

were t aken in the shade , but this field trial is  surpris ingly 
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c l o se t o  Brody '  s e xp er iment s where t he l at t er found t he body 

temperature of  Jersey and Hol s t e in cows began to  r i s e  at about 

80°F. Rho ad showed that the B . T .  of the pure-bred Angus began 

to r i s e  markedly at 800p. but thi s \� as whi l e  the animal was in  

t he sun and radiat ion was int ense. 

Kendall ( 68 )  working on a small s ample o f  Fries i ans and 

Zebus i n  T anganyika , found t hat Z ebus showed l ittle  r i se in body 

t emperature from mornir.g ( mean u i r  temp. 68. 60F. ) to mid_- afternoon 

( mean air t emp. 8 0 . 60F. ) . Fri e s i ans , however , showed a gre ater  

r i s e  while  cr os s-breds showed ri e es of an intermedi ate order. 

French ( 69 ) , another South African worker , reports  that 

rect al t emperatures of Zebu c at t l e  are s l ight l y  b el ow thos e  of 

high grade Ayrshire and Holst ein grades, b u t  this difference 

becomes much great er at  midd ay. 

Bonsma and Pretor ious ( 67 ) , 1943 , have gone t o  great 

lengt hs to  st res s the impor t an c e  of the t ype of  c o at as influenc ing 

an animal ' s  react ion to heat. If  an a nimal pos s e s s e s  a dense 

wo olly c o at then it will r ead.ily become hyperthermic at high air 

t emp e r atures and so l ar radiat ions. They maint a in that even within 

a b reed ther e are woolly animal s and smooth-coat ed animal s.  They 

show how t he w oo l l y- c oat ed anima l s  r e a c t  mu c h  earl i er a hd have a 

higher b o dy t emper ature than smo o t h- c o at ed an imal s exposed t o  the 

s ame condit i ons. When under shad e , wo olly a nimals s t ill s how a 

higher body t empe r at u re but t he r is e  i:r: b ody t emperature does not 

t ake pl ac e  until a ir t emp er atur e r e ac h e s  E: 8') ::'. 

Bonsma ( 30 )  has als o  c arr ied out heat t ol erance t e st s  

u s ing Rhoad ' s formul a. R ead ings were t aken morning and aft ernoon 

onc e  a week for 4 year s on various b r e e d s  of c attl e. Work done by 

his divi s i on indicat es that an animal ' s  H. T. C .  increases with age , 

espe ci al ly after t he s e c ond year. I f  a c al f  h as a high degree o f  

re s i st ance and c an t ol erat e dur ing i t s  fi r s t  year h igh ai r 

t emperatures, t hen i t s  power s of resi st ance t o  tr op i c al conditions 

w i l l  be high. The higher the H • . T •. . C · - of an animal i n  its  

first year the bett er will  it  grow and thr i ve as  an adult 
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under the prevail ing c ondit ions and Bonsma ( 70 )  advocates  this  as a 

method of s e le ct ion in the Tro� i c s. Hrunmond al s o  maint a ins t hat 

the power of heat regulat ion gradually  develops as the animal grpws 

ol der. 

The following t able adapted from Bonsma ( 30 ) , shows how H. T. C.  

of four Aberdeen Angus he ifers changes  with age. In the c as e  of 

Afri cander c attle  the differenc e s  are not s o  great.  

Age 0-1 yr. 1-2 yrs.  2-3 yrs. 3-4 yrs. 

Av. B. T. at air temfs.  
above 85°F. - op, ) 103. 3 102. 5 101. 6 101. 6 

H. T.  C. 77 85 94 94 

Even w it hin a breed the H. T. C. will vary with the type of c oat. 

Baker and Bl ack ( 71 )  in a recent report give the f ollowing 

dat a for heat tol erance on a large number of femak crossbred c attle. 

I Brahman x He ifers Matur� Cows 
Angus Yearl ings U!:_Olds Dry Lac t at ing 

No. H. T. C. No, H. T. C 1I2s.. H. T. C JIQ._ 
� t B. 1 2  81, 25  11 86. 45 13 87. 77 32 84. 66 

* B. 84 80. 06  63 85. 46 23 89. 31 49 83. 63 

3 B. 47 80, 98  32 86. 34 10 88. 85 15 84. 80 8 

' 1 
1 2 Afric-Ang 37 77. 49 29 85. 9 6  1 3  89. 12 23 82. 48 
I 
I Tot al 

' 
or f80 79. 85  1 135 85. 90 

I 
9 5  88. 90 119 83. 80 mean I 

It c an be seen that as a group the 95 dry c ows have the 

highest H. T. C. , next c ame the 135 2 yr. olds , then the 119 lact-

at ing c ows and lastly , the 180 yearl ings which were the l owest.  

Thi s  illustrate s  that heat tol erance vari e s  with age and physi ol­

ogic al st atus of mature cows. 

Gaalaas ( 72 )  i s  another worker who has used a heat t olerance 

c oeffic i ent to  measur e  differences  between c at t l e. He used as a 

formul a HT = 100-14 ( BT-101 ) , .and c alculated the BT somewhat 
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differe ntly t o  Rhoad and Bonsma. 

In Rhoad ' s  formula the factor 10 i s  used merely to remove the 

dec imal from the result in narenthesis .  In  this manner a whole 

number c oefficient on a s c ale of lOO i s  obt ained. Rhoad crit i ze s  

Gaalaas ' u s e  of the factor 14. Gaalaas ( 73 )  assumed that a body 

temperature of 108 at 90oF. indicated zero effic i ency while 101°F. 

at 90° meant lOo% effic iency. Not e that Gaalaas changed thi s 

fact or 10 to 14 on an assumpt ion. Later in  corre spondence with 

Rhoad , Gaala as stat e s  "that a factor 14 was found necessary because 

his  c ows h ad access  to shade instead of requiring them t o  be  held 

in the sun • • • • • •  The factor 14 i s  l arge enough to  c orrect for the 

obs erved average difference in body t emperature. " 

Rhoad ( 73 ) after a survey of Gaalaas ' earl i er work publ ished in 

1945 agrees that the use  of 14 was just ified but argued aga inst 

Gaal aas for us i ng it in his  paper in 1947 without experiment al 

dat a  to sub s t ant iate  it.  

Gaalaas ' heat tolerance coeffic ient was determined by first 

calculat ing the body temperature at 90° air temperature from Linear 

regres s i on equations. If at 900 the c alculated B. T. was 1080F. 

then the H. T. C.  would be zero , if  it was 101 the H. T . C. = 100. 

S ince there is a known regress ion of body temper ature on air  

t emnerature ( Gaal aas , 1945 ) it was  considered that c alcul at ing 

the body t emperature at 900F. from regre s s ion formula would be more 

accur at e than us ing the average body t emperature within a specifi ed 

air temperature range as did Rhoad and Bonsm� Thi s  method also  

permits the use of all readings made. 

Rhoad ' s method is sound where there is cons i st ently high air 

t emperatures but would be of l ittle use in a temperate cl imat e 

such as New Zealand where air temperatures in our dairying are as 

s eldom reaches above 850F. The method of Gaal aas could , however , 

be used , provided suffici ent readings were taken to derive the 

regres s i on equat i on of ai r t emperature and body t emperature • 

. 
Gaalaas used thi s H. T. C. t o  answer s everal quest ions. He 

want ed t o  know if  the body t emper ature is s t able from year to year 

and does the age of the animal , s t age of gest at ion , or lact at ion ,  
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affect the body react ion and are there real differences between 

individuals ,  or groups of c ows. 

By an analys is of variance on his calculated H. T. figures  he 

found little  difference in the heat t ol erance of  the herd from 

year to year. Analysed in age groups , however , he found a s ignif­

icant difference  between the 2-3 year age grade , but older groups 

showed no significant difference. The 2 year olds showed the 

lowest H. T. c.  and the three year olds the highest.  It  was a 

stable charact eristic  at 4 years but not at 2-3 years. This con­

firms in p art Bonsma ' s as sert ion that the H. T. C.  changes with age 

especi ally after the second year. 

On the bas is of analys ing in s ire groups Gaal aas found signifi-

c ant differences in mean sir e  groups at 2-3 years of age , but 

l ittle difference over that age. The results of the s ire on the 

heat tolerance of his daughters would therefore appe ar to  be  neg­

l ig ible except at certain ages. The H. T. at 2 years of age would 

have little value in predict ing the H. T. at 6 years. Bonsma ( 74) 

believed a high heat tolerance in the first year or so will enable 

an animal to withst and cl imat ic  condit ions as mature animal , i. e ,  

high H. T. will pers ist and increase , yet with Gaal aas ' results 

the heat tolerance differences tend to even out as the animal ' s  

reach maturity. Gaalaas ' work was c arried out under less extreme 

condit ions than those  of Bonsma , and he dealt with dairy c attle , 

Jerseys and Holst e ins , whereas Bonsma worked with m any breeds and 

used the different heiry coated animal s to stress his  heat toler-

ance findings. Whether such coat differences  exist amongst pedigree 

herds of dairy cattle  even under good management conditions is  

not known. 

Differences between the average H. T. of  cows when milking and 

when dry were not significant and there was apparently l i ttle 

difference of  H. T. when milking and gestat ing. This is  another 

surpr is ing factor when we remember the l arge heat increment of 

feeding and the 60% of increase in heat product ion c aused by l act­

at ion ( Brody ) . Under high air temperatures this should t end t o  
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make the animal more readily hyperthermic , s et the upper crit ieal 

temperatures at lower level than for a dry cow. Brody ha� one 

dry Hol ste in cow in the exp eriment al chamber and although it did 

not show the marked body t emperature r is e  with air temperature 

as did lact at ing Hol ste ins , it als o  st arted to rise  about 800F. 

However , with one animal not much rel i ance can be based  on this. 

There is perhaps s ignifi cance in that the lactat ing cows begin 

the decline in milk product ion at 80°F. so that s o on they are 

also  virtually dry. The effect s of air temperature t hen , b etween 

dry and l act at ing cows , may not be shown up so  well when deal i� 

with body temperature , as it would with the resul t ant effects 

of milk product ion taken into account. 

On the other hand McDowall and H 1lder ( 75 )  at �eltsville 

found at 65°F. that there was no difference in b ody t emperature 

o f  dry or lact at ing cows. At 90-l00°F. little change was noted 

in temperatures of dry cows , but there were definite increases 

in the l act at ing group. Greatest rises  in rect al t emperature 

were assoc i ated with great est feed int ake in both dry and 

lactat ing cows. 

These heat t olerance tests  t ake into account only one 

measurable c l imat ic factor , i. e. , air temperature. Rieck and 

Lee ' s results  show that humidity al so accentuate s  the thermal 

stress  increas ing with increas ing air temperature. Seath and 

M i ll er ( 76 )  have carr ied out one of  the few p i eces  of field work 

i nvolving humidities.  They found over a p eriod of 2 years with 

77 Holste ins and 43 Jerseys that air temperature was the maj or 

cause of increases in body temperature. On the b as i s  of mult iple 

regre ssion equat ions they found 1oF. r i s e  in air t emperature was 

13-15 t imes as effect ive in rai s ing body temperature as 1% 

change in relat ive humid ity. Thi s  is c ontrary to  the findings  

of Rieck and Lee but the exper iment s were widely s eparated in 

method of approach and the latter workers ' comb inat ions of hum-

i dity were somewhat unusual. However , they did use the more corr­

ect abs olute humidity rather than relat ive humidity. Bonsma ( 30 )  

o n  the bas i s  o f  Seath and Miller ' s result s doe s  not regard 

humidity of very great import ance in response of c attle to 
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c l imat e. Manres s a  et al ( 77 )  in the Phill ippine s  not ed that 

w ith air temper ature s ome 24. 9°0 a reduct ion in relat ive humidity 

from 82 to 75% caused a fall in body temperature of Holsteins. 

Seath and Mil ler ( 78 ) , 1946 , i n  anothe r paper, with 3 Jerseys 

and 3 Hols t e ins , too� readings for 3 days - when cows ent ered 

the pasture , when entered the shade , one hour aft er in the shade , 

one in the mid-afternoon and in the milking shed at night. 

Atmospheric t emp eratures ranged from 73. 0°F. at 5. 45 a. � t o  

86. 7oF. at 2 p. � Body t emp eratures rose  when air t emperature 

was about aooF. and cows soon s ought the shade. 

Comparing the react ions of Jerseys and Holste ins t o  

t emperature , Seath and Mille� ( 79 )  found that Holst eins averaged 

higher then Jers eys in ·body t emperature , and the rate of in­

crease of body t emperature as a result o f  air temp erat,ure was 

greater for Holsteins and Jerseys. This  has s ince been c onfirm­

ed by Brody ( 13 ) .  Their 19�� dat a show that an increase in 

humidity tended to sl ightly increase the body temperature and 

r esp irat ion rat e of Jerseys w ith an oppos ite effect on Holsteins 

but c oncluded even so that changes in air temper ature c auses 

much greater effect than changes in humidity. In each year 

attempt s were made t o  est imate the percent age of the b ody sur­

face of Holsteins wh i ch was white  but they failed t o  show any 

relat ionship between the amount of white  and heat tolerance , 

but this may have been overshadowed by more  import ant factors 

such as body s i ze. 

Gaal aas , 1945 , ( 80 )  analysed results  of observat ions on 

body temperature and resp irat i on of Jersey c attle. Regardless  

o f  the  s eason of the year the average body t emperature and resp­

irat ion rate  p er minut e were considerably higher in the 

afternoon than in the morning. Manress a and Erce  ( 80 )  in the 

Phill ippines found the aft ernoon t emperatures of Jersey , Hol­

s t e ins and Indian Nellore cattle was s ignificantly higher than 

the morning temperatures.  The da ily aft ernoon temperatures of 

the Jerseys were not s igni ficant ly different from the Indian 

c attle  but that of Holsteins was different.  Even so , the 
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Jerseys were not as succ e s s ful as the Indian c at tle so that 

o ther factors such aB d e c re as e o. feed int ake with the Jerseys , 

perhap s  c au s ed tb e ir l e s B er adaptat ion. 

Kr i s s  ( 81)  working �ith dry cows found that body temperature• 

were fairly s t ab l e  unt il n:i d- aft erncc n  when they began to r i s e  

sl ight ly. 

:L)uckwor th and R at t r ay ( 82 )  s tudied diurnal var iat ions w ith 

Holst ein Z eb u  cal ves. Tuo p e �{ S  of body temp erature were ob­

served , one at no on and one in the evening. 

M innet ( 83) took hourly observations over 24 hours on hil l  

bulls and sheep and showed that the body temperatur e st arted 

to rise  at 6 � � , followed an upward trend to early evening , 

and then gradually fell  t o  a minimum between 1 and 4 a. m. 

Gaal aas ( 80 )  found a wide range of body t emperature for 

individual cows. Below 70°F. body t emperature s howed no r elat ion 

with a i r  t emper ature r = o. 08. Above 70°F. the rel at ionship 

was marked r = 0. 59 and over the full range of air t emperatures 

33-9 5°F. , r = 0. 57. Between the range of air temperature 50-60� 

1 7 cows had each 13 sets of readings and the average body temp­

erature was 101. 06 with a st andard deviat ion of 0. 46. Range was 

9 9. 0 - l02. 3°F. Regardles s of the high body t emperatur es and 

resp irat ion rat es only a few cases of acut e d i stress as evidenc­
ed by p ant ing and drooling at the mouth occurre� 

Seath and Mill er ( 76 )  using partial correlat ions and 

holding humidity c onst ant , found corr el at i on b etween air 

t emperature and b ody t emperature + 0. 67 for 1944 and 0. 534 for 

1945. Correlat ion for a i r  temperature and resp ir at ion rat e  

was 0. 748 for 1944 and 0. 353 for 1945. 

Seath and Miller ( 84) w orked out the repeat ab ility of body 

t emperature observat ions using 20 milking Holste ins on 14 

c onsecut ive days. Temperatures taken out in the paddock and in 

the barn aft er the cows had b een moved up for milking s howed no 

significant difference. Incre asing the number of obs ervat ions 

on an animal c auses �radual r educt ion in t emp orary variance and 
an increase in the p�oporti on of the tot�l variance wtii�h i� 
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genet ically caused by permanent differences between cows. 

Repeat ability for 14 days was 0. 288. Observat ions over 6 or 7 

days did not increase the accuracy and they concluded that 

observat ions on 6 - 7 warm days plus respirat ion rate measure­

ment s could be used as a basis  of select ion for a high degree 

of heat tolerance. 

Seath ( 85 ) studying the records of body t emperature and 

respiration rat e of 2 sep arate dairy herds found that the intra 

c l as s  correlat ions on warmer days were better than if all days 

were t aken. Us ing 8 warmer days repeat ab il ity of  individual 

body temperature of s ame cows was . 152 in 1944 and . 385 in 1945. 

Est imates of heret ab il ity based on sire progeny differences 

were 15. 1% and 30. 9% for the two years. 

Bes ides the influence of c l imate there are other fact ors 

which influence body t emperature. Stage of gest at ion will have 

an effect. Blaxter and Price , 1945 , ( 86 ) have found that during 

pregnancy increases in body temperature were apparent after t he 

6th week before c alving ,  increases ranging from 0. 75 t o  1 . 250F. 

SUlll1lary. 

1. High air temperatures influence the body temperature of 

c at�le to  a marked degree , the effect being greatest with 

�emperate breeds and least  with tropical breeds. 

2. Calves cannot withstand as high a temperature as c ows. 

3. About 80°F. appears the upper crit ical temperature for c attle 

as far as body temperature is  concerned. 

4. The heat tolerance test has been used by various workers 

as a s imple field test to determine relat ive tolerance t o  heat 

of  di fferent cattle.  Tropical cattle possesses  the highest  heat 

tolerance coefficient and among the temperature breeds the 

Jerseys have the best and the Angus cattle the l east H. T. C. 

3. THE EFFECT OF CLIMATE ON RESPIRATION RATE OF CATTLE. 

( a ) Controlled Experiment s. 

Regan and Richardson ( 60 ) , kept 3 p airs of  Jerseys and 

Holsteins and Guernseys in a large room with t emperature con­

trolled from 40 - 100°F. The follow ing data from their trial 
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show how respirat ion rat e  rises  with air temperature. 

Room T. oF. Res£.Lmi� Rectal tem2. 

40 12  101. 0 

50 17 101. 0 

60 28 101. 0 

70 42 101. 3 

80 96 101. 8 

85  70 102. 2 

90 88 102. 7 

- 95 106 103. 7 

100 124 105. 1 

Note  that the respirat ion rat e  begins to  rise  well before 

any rise  in body t emperature t ak es place. This is  a character­

istic  of c attle. The resp irat ion rate c losely followed Vant 

Hoff ' s law for chemical react ions and was approximately doubles 

for every increase of 180F. ris ing from 12-124 resp irat ions per 

minute between 40 - 1Q0°F. Thi s  Vant Hoff effect has been 

found to hold true by many other workers - Brody ( 6) , 1945 ; 

Kl eiber and Regan ( 27 ) , 1935 ;  Blaxter and Price ( 86 ) , 1945 ; 

and Rhoad ( 87 ) , 1936. 

Bartlett ( 88 )  subj ected 2 cows to an exper iment al room 

heated to about 80°F. , but ne ither humidity or air movement was 

cont rolled. Two other c ows were kept at ordinary air temperature 

and the two pairs of animal s were changed over aft er a t ime. 

Body temperatures t ended to r ise  above 800F. and respirati on 

rates  increased with higher t emperatures , be ing about 17 - 26 

at t emperatures of 500F. and 36 - 50 respirat ions per minut e 

at 75 - 87°F. 

Kleiber and Regan ( 27 )  had two cows in a hot room with 

hum�dity c ontrolled at 50%. Respirat ion rate s  rose with air temp­

erature fol lowing Vant Hoff ' s law. A mask was fitted over the 

muz zles  of the cows. Breathing cold air in a hot environment 

markedly decreased rat e of  respirat i on ,  vent il at ion rat e  and in­

creased the depth of  breathing. Breathing warm air in a c old 
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environment had no errect on any or these three measures.  They 

c oncluded that cows decrease the depth of  breathing in a hot 

environment , this increases the dead space p er breath and 

faci l i t ates  maximum vent ilat ion or the lungs , without caus ing 

alkal osis  effects which result if there is excess ive alveolar 

vent ilat ion. 

Ri eck and Lee ( 61 )  ( 62 )  ment ioned p reviously , found with 

c ows that the resp irat ion rate for a mean ante-room temperature 

was 25 respirat ions per minute , rising up to 150 per minute 

at higher t emperature and humidity comb inat ions in the hot ro004 

Effect of Air Temperatures and Humidity on Cows and Ca1yes 
Exposed for 7 Hour s (Adapted from R i eck and Lee). 

Humid ity cont ent of 
1 2/cub. ft. 
Air T. °F. 

85 
90 
95 

100 
105 
110 

% increase over mean rate of 
50-70°F. for air temp. of 

1050F. 

Temperature const ant at 105oF. 
Humidity ( gr. per cub.  rt. ) .  

6 
8 

10 
12 
14 
16 

% increase over mean rate at 
2-6 gr/cub. ft. for humidity 

or 14 gr/cub. ft. 

Resp./Min. 

Cows C alves. 

55 90 
60 148 
80 155 

110 190 
135 190 
130 

440 805 

47 
65 

100 
135 
145 
150 

480 

160 
175 
190 
185 
205 

876 

In calves the r ises  in respirat ion rat e were more 

striking. The above summary of their dat a , shows how great i s  

the increase i n  resp irat ion rate w ith air  t emperature. The s ame 

i s  true for humidity , increases appearing t o  be  more marked with 

c alves than with cows , though Ri eck and Lee say that humidity 

had a great er effect on cows than on calves. A two gr. per cubic 

foot increase in any one case  does show a greater increase for 

cows than calves but even at the lowest humidity 6 gr. per cubic  
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foot , c alves resp irat ion rate is already at a high level so that 

humidity must  have a gr e a t e r  e ffect on c alve s than on cows. 

Increases  in resp irat i on rat e  proceeded any r i se in body temper­

ature. R e sp irat ing m i nu t e  volume rose with air t emperature 

not as r ap idly as  t he rat e  s o  that t idal volume was reduced. 

On exposure t o  the vari ous t emperatures r e s p i rat ion rat e s  o f  

c alve s  showed more rap id init ial r i s e  and also higher const ant 

values  than cows. 

Brody , e t  al ( 13 )  found that increas ing a ir t emp eratur e s  

from 50-10 5 °F. incre e B ed r e s p irat i on r at e. There was a differ­

ence betwe e n  Hols t e ins and Jers eys. The vi s ible ri se in resp ir­

at i o n  r a t e b eg an at ab out 600F. w i t h  Hol s t e ins , was st eepest 

between 70-80°F. ancl. at 9 5-l0 50F. reached a c e il ing o f  3-4 

t ime s the level  at 500F. ( 20-30) . The v i s ib l e  r i se in Jers eys 

b eg an at ab out 700F. and at l OOoF. reached a ce il ing o f  5-6 

t ime s t he l evel at 500F. Now i t  has alr e a d y  b ee n  not ed that 

t he body t emp er atur e s  of t he s e  Jer s e ys did not r i se as high or 

a s  qui ckl y a s  d i d  tho s e  o f  the Holst e ins . Was it  because the 

Jers eys were abl e  to keep thems e lves c o o l e r  by having a great er 

r e sp i r at i on rat e and gr e at er evapo r at i on cool i ng ?  Decre asing 

environment al t emper atur e s  from 500-40F. ( 56 )  resulted in a 

redu c t i on in r e s p i r at i on r at e  t o  ab out l of t hat at 50oF. At 

t he s e  l ow t emp e r atur e s  there w a s  no e v i d enc e o f  a breed 

d i ffe r e nc e  i n  r e sp i r at ory r e sp onse. 

(b) Field Expe r im ent s .  

Rhoad ( 63 )  ( 64) , comp ar ing Ab erdeen Angus , * Angus and 

� Brahman , t Angus Br ahman , and Pure-bred Brahman found w i t hin 

e ach o f  t h e  four gene t i c  t ypes a r egul ar inc r e a s e  i n  t he r at e  

o f  re sp irat i on fr om the l ow e r  t o  the higher t emperatures -

b e ing g r e at e s t  i n  the f i r s t  two t yp e s .  I n  the sun t h e  

i ncreases were more marked but i t  w a s  not until 85-90°F. that 

the pure-bred Br ahman began t o  incr e a s e  its  respirat i on and 

t hen not t o  any great ext ent as shown in the foll owing t able 
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R e spir at i ons/M inute. 

Shade Cows Angus. � A. i B i A. B. Pure 
T emp °F. H e l d  

4 
Brahman. 

86 - 9 5  Sun I 102. 2 105. 4 55. 1 36. 8 
Shade I 88. 9 88. 0 44. 8 32. 7 I 

76 - 85 Sun I 88. 3 74. 2 37. 1 28. 7 
Shade l 67. 6 31. 8 31. 8 . 2 5. 5 

That t he number of  resp i r at i ons per minute o f  the pure­

bred Angus c ow did not surpass that of the i Angus , while 

h e l d  in t he sun ,  w a s  due t o  p ant ing whi c h  l owered t he rat e but 

i nc r e a s e d  the depth of breathing. Thi s tends t o  cause excess ive 

l o s s  of C02 l e ad ing to alkal o s i s. 

Whi l e  in B r a z i l  i n  1936 Rhoad ( 87) us ed Hol s t e ins , Hol s t e in-

Zebu c ro s sb re d s  and two Zebus. H i s  re sul t s  on resp i rat ion 

r at es are shown i n  Fig. 8. 

The normal resp i r at i on r at e  is the s ame for all g roup s. 

There w a s  a s l ight inc r e as e  b etween 51-66°F. for the Hol s t e i ns 

but it was not unt il 73°F. that a l arge increase was observed 

in all animals e xc ept Z ebus. Thi s  range of 22°F. , Rhoad att ri­

but e s  to normal phys i c al regulat i on in which energy loes  is not 

det r imental to norma l fun c t ions of product ion and gr owt � 

Further inc r e as e s  in t emp er ature ab ove 73°F. c au s e d  large incre as· 

e s  in r e s p i r at i o n  r a t e  in all animal s except t he Z ebus. Thi s 

i nc r e a s e  ab ove 73°F. ind i c at ed ,  s ays Rbo a d , an inc re as ed met ab -

o l i c  r at e  and cons id erable loss of energy due t o  the mus c ular 

ac t ivity of br eathing. Zebus did no t show a ny marked incre ase 

in r e s p i r at i on r at e  at any s t ag e  even up t o 95°F. The energy 

e xp ended in phys i c al regul at i on and inc r e a s e d  met ab ol i sm at 

t he higher air• t emp erature s i s  ene rgy that , at comfortable 

a i r  temp eratur e s , could b e  u s ed mo r e  prof i t ably for product ive 

p r oc e s s e s. Rho ad ' s s t at ement of an inc r ea s e  in metabol ism at 

t he higher t emp eratur e s  has b e e n  s hown by Brody ( 13)  t o  be 

i ncorrect but pos s ibly ther· e  j, s  an i nc r e a s ed energy expenditure 

with high r esp i r at ory act ivl ty , but not enough to c aus e a rise. 
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in met abolism which Rhoad and Hays believed took place. 

Magee ( 89 ) working with. a goat got a rise  in met abolism 

b elow 55°F. and above 700 and attributed the ri s e  in met abol i sm 

t o  energy expended in pant ing. 

Dur ing the hot summer months Rhoad found that the pu�bred 

catt-le would often seek the shade for the great er p art of the 

day. Even while  in the shade the cows did not lay down , but 

remained standing so  as to  fac ilitate respirat ory movement s and 

in this way may expend more energy than the Zebus , which were 

quietly graz ing out in the sun. This difference in respiratory 

act ivity is probably relat ed in part t o  the hairy coat d ifference 

but Rhoad found no correlat ion between hair length and respir­

at ion c ounts.  Rhoad , 1938 , c arried out s imil ar w ork with 

d ifferent cattle  breeds and not ed the effect of high t emperature 

and increas ing respirat ion rat es. 

French ( 69 )  in Tanganyika , showed that Zebu and S anga 

breeds are l ittle influenced by rises  in t emperature but that 

t he higher the zebu is graded to the Ayreshire the greater i s  

the influenc e o f  t emperature o n  resp irat ion rates. 

Bonsma ( 90 ) , in South Afr i c a ,  has c arried out s imi l ar work 

to Hhoad comparing Africander to  exotic breeds. He s hows how 

average respirat i on count s of calves  increase as the en�iron­

mental t emperature ri ses.  Early in the morning there is  l ittle 

variat ion in the average resp irat ion counts p er minute between 

different individuals belonging to the same or t o  different 

b reeds. As temperature rises  the average resp irat ion count s 

b egin t o  vary more between different individual s and aft er a 

c ont inuous stimul at i on of the respirat ory c entre the rhythmical 

funct ioning of respirat i on discont inues and the average 

respirat ion count s between individu als  even of the same breed 
vary greatly. - Fig. 9. 

Average respirat ions per minute taken on cattle at 12 

noon t o  2 p. m. every fortnight throughout the year show that 

mature animals belonging to the exot i c  breeds respire at an 

increased rate at midday for the greater part of the year. The 
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differences between the average resp irat ion rate s  per minute of 

c attle belonging t o  the exot ic b eef breeds and the respirat ion 

rate in Africanders , increases markedly as soon as the dry 
... 

bulb thermometer registers a t emperature above 70°F. 

Effect of Air Temperature on Respirat ion Rates  of 

Temperate, Tropic al and Cros s-bred Cattle -

Adapted from Bonsma ( 1940), 

ResQirat ions :Qer minute, Shade TemJ2. 
oF. Herefd, Angus Shthorn. Afric. Af'ri c. -

Shthorn. 

80 49 65 92 48 39 
84 71 74 11 2 54 39 
90 85 95 141 59 42 
94 98 116 112 71 48 

Bonsma and Pretories , ( 67 ) , have shown the e ffect of coat 

c ol� on the respirat ion rate and the findings are simil ar t o  

t hose found for body t emperature , i . e. , the dull woolly c oated 

animals showed a higher respirat ory rat e and a greater r i se 

t han the smooth coat ed animal s, Shade slowed down the respir-

at ory rat e  of both woolly and smooth coated cattle. - Fig. 10. 

Seath and Miller ( 7� )  comparing Jersey and Holstein c ows over 

two years found that differences between breeds on the bas i s  of 

respirat ion rat es were small and not c ons istent as between years , 

though respirat i on rat es increas ed with increase s  in air t emp­

erature. Humidity t ended t o  s lightly increase respirat ion rates 

i n  the Jerseys and decrease it in the Holsteins. 

In another exper iment with 3 Jerseys and 3 Holsteine , Seath 

and Miller ( 78 )  found respirat i on rates  increased throughout 

the day and even though animal s sought the shade early in the 

morning resp irat ion rate and body t emperature still  tended t o  

increase. 

In analys ing the effect  of t emperature and humidity on 

respiration rat e , Seath and Miller ( 76 )  f ound loF. change 

in air temperature had from 41 -43 t imes as much effect a�% 

change in relat ive humidity, On a part ial c orrel at ion bas is with 

air temperature held c onst ant an increase in humidity sl ightly 

l owered the respirat ion rat e, Bl axter ( 9 1 )  believe s  this t o  



b e  an art ifact due t o  the statist ical t reatment of the dat a  and 

remembering Ri eck and Lee ' s  resul ts thi s is  quite l ikely the 

r eason for the anomaly. 

Repe at ab il ity est imat es on 20 c ows for 14 c onsecut ive days 

(S eath and Miller ( 85.) ) yielded 0. 36 and 0. 446 for outs ide 

and ins ide a barn. If 8 of the warmer days were t aken t hen the 

estimat es were 0. 42 and 0. 48. As with body t emp erature the ir 

analys is  showed that increasing the number of observat ions above 

6 or 7 did not increase the efficiency of obtaining an 

accurate est imate of the react ions of animal s necessary for 

s el ect ion for t ol erance against heat. 

In a survey of the records of 21 c ows over two years , 

Seath ( 84) found repeat abilit ies on 8 warmer days to be 

0. 64 for respirat ion rate. Thi s  i s  a higher estimate than 

shown in the previous paper. Est imates of heret ab il i ty based 

on s ire  progeny d ifferences were 76. 6% and 84. 3% for t he two 

years , but these are hard to explain as body t emperature 

heret abil ity est imat es were only 15-3o%. Pos s ibly the stat ist­

i cal treatment of the dat a has once again brought forward this 

resul t and Seath hims elf admit s that the est imate i s  faulty. 

Gaal aas ( 80)  ana lysed the relat ionship between air t emp­

e rature and resp irat ion rates of Jersey cattle. Respirat ion 

rates were always higher in the aft ernoon regardless of  the 

month of the year. Over 3000 readings of resp irat ion rat e  were 

t aken at various temperatures. His dat a  indicates  how the 

average respirat i on rat e began t o  increase at a l ower air 

t emperature then body temuerature - 51°F. The rat e  cont inued 

t o  increase slowly as the air temperature rose t o  670F. 

and then began to increase more rapidly. Th ere was great 

variab i l ity in the respirat ion rate of individuals , the extent 

increas ing as air temperature r ise. Below 69°F. the r ange 

w as 8-78 p er minut e ;  above 69°F. the r ange was 16-127 per 

minut e ,  but for most c ows the values lay between 16 and 28. 
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For 17 cows 13 readings were t aken between 50-600F. and 

the normal resp irat ion rate was found to  be 22±6 per minute. 

Dukes ( 58 ) , gives average respirat ion rate as 20 per minute 

and so  does Bonsma ( 90 ) . The correlat ion between air temper­

ature and resp irat ion rat e , Gaalaas found to  be r = 0. 77 over the 

full range of air t emperatures 33-950F. 

Summari zing. 

1. The respirat ion of c attle increases with environment al 

t emperature. This increase t akes place well befo re any ri se in 

b ody temperature , usually at about 60-70°F. 

2. The rate of increase follows the Vant ' Hoffs l aw. 

3. Though not fully clear as yet , increases in humidity 

t end to accentuate resp irat ion rat e response. Further work 

p erhaps by Brody , may f inally clear up the rel at ive import ance 

of humidity. 

� On the b as i s  of a large number of observat i ons, no�al 

respirat ion rates between 5G-60°F. has b een found t o  b e  

22+6 per minute but great individual variat ions occur. 

5. With exot ic breeds compared with indigenous breeds in 

t he tropic s , the former have a mark ed increase in respirat i on 

r at e  with air temperature - more so with woolly coated exot lcs  

whereas the effects on indigenous breeds are only slight. What 

then , i s  the avenue of evaporat ive loss in the l atter c ase -

sweat gland act ivity or oKmot ic mo isture loss?  More will be 

said about thi s point l ater. It is import ant to note here that 

exot i c  breeds rely very greatly on evaporat ive l oss  of heat via 

t he respirat ory tract to  regul at e  heat balance and that at high 

air t emperatures this method is inefficient and hyperthermy 

ensues with fall in heat product ion ,  depres sed milk and feed 

consumpt ion. 

6. Even within the t emperat e breeds there are differences 

as  measured by differences in resp iratory response to air 

temperature. 
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4. THE INFLUENCE OF CLIMATE ON PULSE RATE OF CATTLE. 

Dukes ( 58 ) , gives a range of 40-60 beats  p er minute for 

pulse rate of cattle , and Fuller ( 92 ), on the b as is  of previous 

l iterature and his  own observat ions gives the var iat ion in 

heart rates  of dairy cows as high as 38-96 beats per minute. 

These  figu res do not apply to the var iat ion met within an indiv­

i dual but rather to the range in whi ch mo st of the heart rat e s  
of he althy dairy cows fall. Work b y  Alfredson and Sykes ( 93 )  

o n  many breeds of dairy c attl e agreed with those  of Fuller. 

Pulse r ates  of cows are subj ect to wide vari at ions and 

factors other than temperature , humidity ,  etc. , must be c ons id­

ered first. 

Bl axter ( 94) , found that most rel i able method of recording 

heart beat was by direct auscult at ion as various movements re­

sult in not al lowing sufficient t ime t o  palpat e the art eries. 

Even the placing of a stethoscope on the chest wall caused 

nervous symptoms with a rise  in pul se rate. 

Lying and st anding , Blaxt er found , c aused a difference in 

pulse  rat e ;  5-7 beat s  higher when st anding than with lying. 

Brody ( �) s t at es that the increase in pulse rat e  on standing 

w as 3% for a heavy steer. 

Ruminat ion has a small accelerat ing effect on pulse rate 

- about two beats p er minute increase. ( Blaxter ) . This worker 

al so recorded at 1 5  minut e intervals  befo re , during and after  

feeding and found a c ons iderable increase espec ially during 

t he l at er s t ages of a meal. Thi s  increase  from a heavy meal 

may be very l arge - 50 beat s  before the meal and 90 beat s  at 

the end - an increase of 66%. Aft er the conclusion of the meal 

pul s e  rat es dropped rapidly but not neces s ar ily to their former 

l evel. Although all cows showed an increase in heart rate dur­

i ng eat ing ,  s ome cows  showed a greater response than others and 

i t  was not abnormal to find pulse  rates up to lOO per minute. A 

cont inuous dec line in heart beat throughout the night , of 

approximately one beat per minute ,  was al so found to occur. 

It has long been observed that pul se  rat e roughly parallels the 
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level of metabol ism. Murl in and Greer ( 9 5 )  concluded that 

pulse rat e followed metabol i sm. Brody ( 56 )  ( 57),  as will be 

elaborat ed shortly , has als o  found this to  be so  with cattle. 

Ritzman and Benedict ( 51 )  found th at st eers on various levels  

of  feeding between submaint enance to well fed , had var ious pulse 

rate  levels , the well fed group having the highest  puls e. 

Kelly and Rupel ( 96 )  w ith a l arge scale  experiment als o  found 

that pulse rat es var ied from 60 beats p er minute when animal s 

were at rest , t o  as high as 96 per minute when they were feedisg. 

Bl axt er ( 97 )  carr ied out an exper iment which showed that 

during the last 1 2  weeks of pregnancy there was a 15-40% in­

crease in pulse  rate.  Over short per iods dur ing l actat ion the 

milk yields were pos it ively correl at ed w i th their rest ing heart 

rate. An increase of 10 beat s per minut e was as soc iat ed with 

an increase in milk yi eld of 2f - 2 ga ll ons per week. This  

may have been caused by  increased food int ake with high level s  

o f  produc t io� 

Thomas ( 100) found that pul se rate was higher in early lact­

at ion and any rapid decreas e in heart rat e  was accompanied by a 

r apid decrease in milk product ion. He give s  increases of heart 

� at e  prior to p artur i t ion as follows : 

70 to  90 days before calving 

30 to 50 days before calving 

0 to 10 days before c alving 

65 beat s p er minute. 

72 beats p er minut e. 

92 beat s per minute. 

He al so s t at ed that puls e  rate during oestrus i s  more rapid 

than immed iately before or aft er. 

Ritzman and Benedict ( 51 )  noted a great er pul s e  rat e in 

l actat ing a nimals due pos s ibly to higher c a lor ic intake. 

( a ) Exper iments within Heat Controlled rooms. 

Regan and Richardson ( 60) found that as the temperature 

rose from 40°F. to 100°F. pul se rates  of the cows decreased 

from 72-57 beats pe r minute. On the other hand R i eck and Lee ( 61 )  

found the effect o f  air t emperature on pul s e  rate  was s light 

and inc ons istent , but an incr ease in humidi ty was accompanied 

by s ame increase in pul se r ate. With calves this effect of 
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humidity was abs ent. R itzman and Benedict , 1938 , al so found 

pulse  rat e  tended to fall with a ir temperatures ,  but the results 

were not uniform. S imil arly Regan and Frecborne ( 99 )  found that 

puls e  rat e s  if anything t ended to  fall with air temperature.  

Brody et al , with recent work have s hown that wi th increasing 

air temperatures  above 800F. the pulse  rate of Jerseys decl ined 

even at the maximum temperature of 105°F. With Holst e ins 

t he pul se rate decl ined from 80-950F. and rose thereafter. 

Chamber temperatures below 40°F. ( 56) caus ed pul s e  rate to  

r i se unt il at  40F. the rise was 8% of the 50°F ,  level. 

Smith ( 98 )  als o , repo rts that pulse  rat es rise at low ai r temp­

eratures. 

In Brody' s wo rk minili1um pul se rat es  occurred between 

40 and 60°F. and showed the same trends as heat pr oduct ion , 

t hus c onfirming Murl in and Greer ' s  observat ions that pul se rate 

t ended to  follow met abol ism. Increasing air t emperatures from 

60 - 80°F. caus ed a s l ight increas �n pulse rat es. Brody ( 6) 

agreed with the result s of Regan and Richardson ( 60 )  that pulse  

rate decreased with ris ing temperature. Cows being ,  as he  claimed , 

poorly sweat ing spec ies , would der ive no benefit from an increas­

ed blood supply in the superficial regions indic at ing that 

thermal conduct ion in the peripheral regions through increased 

blood flow was not a maj or facto r  in the adapt ion of cattle  

to  hot temperatures. Efficient sweat ing species show a rise  

in pulse  rate  with air temperature. This  rise  will s erve three 

purpos es , firstly it will help rai s e  the skin temperature , 

s econdly , i t  will alt er the p att ern of heat distribut ion - more 

will be lost from the hands and feet , and thirdly , there will 

be a plent iful supply of raw mat er ials for sweat gl and act ivity. 

Cattle , on the other hand , apparently do not make use of 

increas ing heat loss  by alt erat ions in skin temperature or in 

regulat ing heat loss  from the extremities. W ith poorly funct i on­

ing sweat gl ands , and a dry skin , large volumes of blood in the 

superficial tissues would be a hindrance rather than a help -

(Brody) ,  becau se it  would be expo sed to  the heat ing effects of 
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environment. Driving the blood into  the interior would over­

come this danger of intake of heat. 

However , in Brody ' s more recent work , as a ir temperatures 

rise  from 60 - 80°F. puls e rat e rose and only after 800F. did 

the rate dec line. Pos s ibly this i� ial rise was the c ounterpart 

of  the rise  which t akes place in ma� However , unl ike m an ,  

after 80°F. , heat p roduct ion decl ines and with it , pul se rates.  

'l'hus the fa ll i.n puls e rates  is  perhaps  due more t o  the fall in 

heat p ro du ct ion than a defense mecha nism against int ake of heat 

via the blood stream with l arge volumes of blood in the exterior , 

as  Brody first po stulated. Als o ,  the rise  in pulse , 60 - 80°F. , 

i s  in acc ordance with the theo ry of heat los s , i. e. , increasing 

skin temperature so  as . to  increase the t emperatu re difference 

and al so tb fac il itate loss  from those  regions of small 

diameter. Regan and Richardson , and R ieck and Lee , fed their 

cows just before subj ect ing them to short p eriods of  high 

t emperatures and the decl ine in pulse  rat e not ed especi ally in 

the former authors ' work , may have been due to the observed 

decl ine in puls e rat e  after a meal. On the other hand , Brody ' s 

et al ( 55)  experiments wer e  on cows subj ected to prolonged 

peri ods of high temperatures ,  and the cows were fed twice  

da ily and th ey showed quite definit ely that pulse  rates  fall with 

increas ing air temperatures above 80°F. As humidity was at a 

c onst ant 60 B. H during these trial s  the exact role of humidity 

on pulse  rat e  of cows is st ill not c ertain. In p igs  ( 101 ) and 

( 102 )  and sheep ( 103) ,  high humidity accentuates  the r is e  in 

pulse rat e s. 

( b )  Field Exper iments.  

Seath and Miller ( 78 )  working with three Jerseys and three 

Holsteins during the summer of 1945 at Louisiana , found cows 

entered the shade soon after entering the p addock and pulse rates  

s howed little change throughout the day. In a comp aris on  between 

the react ions of Jerseys and Hol steins in the field , thes e same 

workers found no difference between the breeds and resul t s  

were not c ons ist ent o ver the two years. In another paper 
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describ ing the relat ive import ance of humidity and a ir movement 

on pulse  rat es S e ath and Miller ( 79 )  found that pulse rates were 

less  affected by either of the two cl imat ic factors , than was 

body temperature or respirat ion rat e. Co�relat i on between pulse 

rate and air temperature indep endent of humidity was r = 0. 195 

and for humidity and pulse  rate independent of air temperature 

r = 0. 07. The range of t emperature for the two years was : -

1944 

1945 

Bonsma and Pretorious ( 67 )  in �outh Afric a ,  have observed 

the pulse  rates of cat tle  under trop ical c ondit i ons. In the 

shade the pulse rat e  tended to decl ine as t emperature rose. out 

in the open sun ,  however , pulse rates rose quit e  markedly , �ore 

so in wo olly c oated animals , and then began t o  decl ine sharply 

in both types w�en a ir t emperature reached about 92°F. This 

being a field exper iment may be a rough c ounterpart of Brody' s 

find ing. The rise  in pulse  when in the sun up t o  9 2oF. and then 

t he rapid fall may repres ent the pyrexial point where heat 

product ion and therefore pul se rat e s  beg in to decline. 

As with respirati on rate and body t emperature the pul s e  

rates of woolly c oated animals are higher than smooth coated 

animal s.  Fig. 11. 

Summari zing. 

1. The heart rat e of an animal is influenced by stage of 

lactat ion , gest at ion , feeding , nervous disturbances , t ime of 

the day , ruminat ion and posture. 

2. Some of the more recent work gives more cert ain evidence 

that pulse  rates  tend to follow heat product io� Above about 

80°F. both tend t o  decrease and at cold t emperatures both tend 

to increase. 

3. There is  st ill doubt as t o  whether the cow uses an 

increase in puls e  rate to facil itat e  heat loss , as happens in 

man and other sweat ing animals. 

4. The effect of humidity on pulse rate has not yet been 

thoroughly invest igated in cattle. Among other species , humidity 



does t end to  accentuat e pul se rate disturbances. 

5. THE EFFECT OF CLIMATIC ELEMENTS ON BLOOD OF CATTLE. 

8� 

The influence of high environmental temperature on physiol­

og ical react ions in general , and on blood compos it ion in part ic-

ular , depends on mahy factors , but mostly on moi sture loss by 

sweat ing. We have noted previously how man , a profusely sweat ing 

species , on exposure to high environment al temperatures , tends 

to  become dehydrated with a consequent reduct ion in serum volume. 

This increases the dry blood res idue. With c attle , however , the 

mo isture los s is  bel ieved to  be relat ively low , and al so  there 

i s  s ome evidence ( Brody) that cows tend rather to be hydrated 

at high air temperatures and ur ine volume is increased , instead 

of  decreased as in man , s o  that the conc entrat ion of blood 

constituent s should t end to decreas e. "Sweat ing" �es of 

c attle - Indian breeds , may tend to react l ike man , but the 

l it erature i s  sp ars e regarding influence of t emp erature on 

Indian breeds and is oft en confused by having European breeds in 

the discussion as well. 

( a ) Controlled Experiment s. 

The only obs ervat ions on blood c omposit ion under controlled 

c ondi t i ons have been �ar r i ed out by Rieck and Lee ( 61 )  and 

Erody ( 104) et al. The former found with Jers ey c ows at high 

a ir temperatures a marked fall in inorganic phosphate to  2. 95 

mg. per lOO ml. blood from 4. 96 , and a small drop in s erum 

c alcium from 10. 58 mg. per lOO ml. blood to 8. 64. A decrease 

in  blood sugar from 55. 22 mg. per lOO ml. blood to 44. 5 ,  was 

in  no way correlated with r i ses  of temperature or humidity. 

Mean red cell c ount showed no s igni f i c ant var i at i on. With 

calves blood calc ium phosphorus , sugar and erithrocyt e  levels , 

were unaffected. 

On the other hand , Brody found that blood inorganic 

phosphorus increased as temperatures  rose above 85°F. C alcium 

declined somewhat , but due more to advanc ing l actat ion than t o  

t emperatures.  There was l ittle or no effect o� haemoglobin,  

magnes ium , plasma prot e i n ,  or glucose. Values for C02 



s eemed to  decl ine definit ely aft er 85°F. The mos t  marked 
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change , Brody found , v: as the creat inine which rose to  high levels.  

Though having no dat a on creat inine level o f  the blood , a 

p o s s ibl e exp l anat i on o f  thi s r j. se was thought t o  b e  due to  a 

damming up of creat inine as a result o f  reduced met ab ol i s� 

( b )  Field Exper iments. 

Duckworth and Rattray ( 105 )  have reviewed the literature 

on the haematology and Bos Taurus and Bo s Indicus c attle. Many 

w orkers have claimed higher erithro cyt e c ounts in t rop ic al 

breeds and also high leucoc yte c ount s , and Duckwo rth and Ratt ray 

i n  the ir experiments with � bred Hol st e in c attle have subst ant­

i at ed thes e  claims. 

Manres s a  et al ( 106 ) ( 107) , working in the Phi l l ipp ine s , 

r eport s  that haemogl obin levels could be used as a gu ide i n  

e v a luat ing adapt ab il ity of  the animals t o  given environment al 

c ondit ions. Nat ive Phill ippine and Nellore oxen have higher 

haemoglob in level s  than import ed exot ic breeds. Crosses between 

indigenous and exot ica  resulted in int ermedi ate  values. These 

indexes of  Nel lore c attle are not s ignificantly different from 

those of the ex0t ic breeds in their  own c ount ry , but imp o rt ed 

st ock all show the decline. Thi s  suggests that high a ir t emper­

ature depr esses haemoglob in levels and Manres s a  et al took 

hourly s amples of blood for a 24 hour per iod on 6 c onsecut i ve 

d ays and found a negat ive correl at i on between air t emperature 

and haemoglobin l evels thr oughout the day , in Nell om cattle. 

A fu rther study showed that the number of red b l o od cells , 

spec ific gravity of the b l o od , and pho s phorus c a l c ium r at io s  in 

the b l o od , have a p o s it ive re l at ion t o  the ab il ity of an im al s 

to adapt thems elves to hot t emperature cond i t i ons. The 

h igher value s  of these  factors were found in tho s e  animals of 

greatest adapt ab il i ty. On the other hand , uric ac id , serum 

pho sphat e , and s i ze o f  red blood cells were inversely correl at ed 
t o adapt abi l i ty. 

Bonsma ( 90 ) , S outh Afr i c a ,  without g iv i ng any evidenc e 

s t ates that high t emp eratures  cause a fall in h aemoglob in i ndex 
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if  body temperature rises  at high a ir temperature. Also  blood 

sugar cont ent , a lkal inity , and the non-protein nitrogen level s , 

are higher than in t emperat e  c l imat es. The serum calcium 

i s  also  high ' perhaps due to a plent ifUl supply of vit amin D 

with the abundant sunshine caus ing increased absorpt ion of 

c alc ium. Bonsma also t a lks about the blood chlorides which 

d ecrease at high t emperatures.  

Bisschop ( 108 ) at Onderst epoort , South Afri c a , on the basis  

of  two years work report s that Africander c attle have higher 

red cell count s and s how higher values for haemoglobin and red 

prec ipitat e  than do the Fre i s i an and Red Poll cattle. He also  

noted the s ame t endency for s ome of the other chemi cal c onst it­

uents. 

Summar izing. 

1. Trop ical breeds of cattle have more erithrocytes  and 

leucocytes  than t emperate  breeds. 

2. The l iterature as a whole d oes  not give a clear cut 

determinat ion of the influence  of  cl imat ic elements on blood 

compos ition. Some few of the cl aims have not always been 

b acked by exper iment al dat a. Great var iab i l ity in the result s 

seems to be m maj or fact or cloua_ ing the work. The blo od 

p icture aspect of environment al phys iology has not rece ived as 

much attent i on as other s ect ions. 

6. AFFECT OF CLIMATIC ELEMENTS ON MILK PRODUCT ION AND MILK 

COMPOSITION OF CATTLE. 

There are many factors c ausing variat i ons in milk 

product i on and milk compos it ion. Some are due to heredit ary 

differences and others are connected with management and 

feeding. These may be briefly l isted as foll ows : -

1. Breed. 

2. Individual ity. 

3. S i z� within the breed. 

4. Age 

5. Feed 

6. Effect of d i s e as e .  
7. Condit ion at c alving. 



8. Length o f  dry p e r i od. 

9. Effect of Pregnancy. 

10. Month of c al ving. 
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11.  Int erval s  b etween milkings , frequency o f  milk­
ing s , e t c. 

The pr e s ent s e c t i on i s  c onc
,
erned mo re with the var i at i ons 

c au s ed by cl im at i c  el ement s , t emperatur e , r ad i at ion and hum­

i d i t y  - no t w i t h  the whol e  f i e l d  o f  factors c au s ing var iat i on. 

( a ) S e as onal Effect s� 

Br ooks ( 109 ) conduc t ed a well pl anned exp er iment in which 

0 . 
o ne wing of a b arn was kept at 55  F. and the other w ing was 

allowed tili reach air t emp eratures whi ch was about 40°F. He 

found that t here was a l ower fat % from c ow s  in the higher 

t empe r ature p ort ion of the barn. 

E c c l e s  ( 110 ) worked on 240 l ac t at i on r e c o rds and found 

that regardl e s s  o f  when l ac t at ion b eg an the fat perce nt age 

w a s  l ow e s t  in summer. Whit e and Judkins , 1918 , s tudied 49 

c ows over 7i years and c oncluded that milk t est was l ower in 

t he summer than in the wint er and that this var i at i on was due 

t o  a s e as onal t rend. 

Ragsdale and Turner ( 111 ) , 1922 , ana ly s e d  t he records of 

3763 Guerns eys , 219 Jerseys and 9 5  Hol s t e ins. Monthl y milk 

fats p l ot t ed against time fo l l ow a gradually r i s ing t rend wit h 

a p e ak in the w int er , and then dec l ining dur ing s pr ing  and 

summe r. They c oncluded t hat wh en d i fferent s e a s ons o f  t he ye ar 

are ac c omp anied by varying t emp er atur e s , such as or dinarily 

p r evai l throughout t he gr eater p ort i on o f  U. S. A. ,  the i nf luence 

of s e a s on up on the fat p e r c ent age is great er than that due t o  

advance o f  l act at ion. 

R ags dale and �rody ( 11 2 ) , 1922 , us ed 10 c ows and arr anged 

an exper iment as well as they were abl e ,  t o  t ry a nd f ind out 

t he rel at i onship b etween t emp erature and fat perc ent age of 

milk uninfluenced by o ther factors.  Plott ing the aver age f at 

p ercent age for the group for 24 hours p e r i ods against t he 

average me an t emp erature o f  the c o rrespond ing 24 hour pe r iod 

they s howed that fat p e r c ent ag e incr e as ed 0. 2% for every 



10°F. lowering of temp erature. However , they used outs ide t emp­

erature readings , whereas the c ows were somet imes kept ins ide 

during storms and co ol nigUts. 

Clothier ( 113)  had earl ier disputed cl aims that s e ason 

influenced fat percent age and believed that the difference was 

due to differences  in summer and w inter feeding. 

Hays ( 59 )  anal ysed dat a for a herd of Jersey cows at 

Missouri and also kept two cows under control l ed temperature 

conditions. With this c ontrolled experiment , the obj ect was t o  

subj ect two simil ar cows t o  a constant t emperature unt il the 

p ercent age of fat in the milk seemed at a const ant l evel and 

then to repeat the operat ion several t imes at 10°F. intervals of 

t emperature. In thi s l atter exp eriment he not ed that the 

lowest test ing milk occurred between 68-700F. Above 70°F. fat 

t est began t o  rise  due , reasoned Hays , to increased met abol is� 

For a range of 650F. from 27-92°F. an average increase of 

0. 095% in fat percent age occurred for each 10°F. l owering of 

t emperature. For the outs ide dat a fat percent age ro se 0. 189% 

for each 10°F. lowering of temperature for a t emperature range 

of 45°F. , 27-72°F. This latter figure i s  in close agreement to 

t hat derived by Ragsdale and Brody , 1922. 

Brooks ( 114) studied the quest ion of the influence of 

temperature on p ercent age of B. F. in c ows milk when such factors 

as s t age of lactat ion , and gest at ion , condit ion of the animal , 

feeding , and breed differences , were el iminated. A t o tal of 

409 l actat ion records were taken from a Kansas herd over a period 

of 15 years.  Monthly average B. F. p ercent age plot t ed against 

m ea n  monthly temperature� no allowance being made from t tme of 

c alving , showed a correlation of r = -0. 872. Separat ion of the 

dat a into the 4 breeds , Jersey , Guerns ey , Aryeshi re and Hol stein,  

showed the s ame t rend. When the dat a was s orted into groups 

corresponding to  s eason of c alving , summer , sp ring , autumn , 

wint er ,  it was found that irrespect ive of the st age of l act at ion , 

high B. F. p ercent ages occurred in the w inter and l ow ones in the 
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summer. On the bas is of his evidence , Brooks claimed t hat 

environment al t emperature exerted a gre ater e ffect on fat 

percent age than does s t age of l ac t at i on. 

Harr l a s s  ( 117)  divided 18 Black Pied Lowl and c ows at the 

height of l ac t at ion into 3 groups. Group one grazed d ay and 

night , Group I I  and I I I  were hous ed at night and during the day 

respect i vely. Each group al ternat ed dur ing s Ubs e quent p er iods. 

During the first p eriod the highest milk yield and lowest fat % 

was recorded for days of the highes t  air t emperature. He 

concluded t hat c ows should be protected from extremes of t emp-

erature. 

In a w inter exper iment 6 c ows were kept in a heat ed byre 

at 6 different t emperatures. The highest milk yield occurred 

in the medium byre t emperature , 15-16°0. High ( 24oc. ) and 

l ow ( 6°c. )  temp er atures l owered yield. Low t emperatures in­

c r eased fat %. He gives the temperature range for both milk 

and fat product ion as 10 to 16°0. 

Weit zel and Barrett ( 11 5 ) , W i scons in , found that changes 

in t emperat ure did not appear t o  affect milk pro duct i on on two 

herds of cows - one , in an open pen byre , and the other in an 

insul at ed t ie s t all byre. Wei. t z el and He i zer ( 116)  added 

a warm pen byre t o  the warm insul ated t ie byre , and to the c old 

uninsul ated byre and found that in the w arm t ie and p en byr e s  

the product ion o f  F. C . M. i ncreased with incre as ing mean weekly 

outside temperatures. But in the cold byre there was no such 

rel at ionship. 

Heineman ( 118)  worked on milk coll ected from an area around 

Springfi ad ,  in U. S. A. , t o  a central milk depot. Mo st of the 

c ows were Jers eys. Correl at i ons were derived for monthly 

int erval s ,  from me an da ily milk compos i t ion and mean d airy air 

t emperatures.  A relat ionship was shown between air t empe rature 

and total sol ids of s epar ated milk , r ranging from -0. 062 t o  

-0. 758 , average for year -0. 4413. For fat % r ranged from 

-0. 258 to -0. 838 - average -0. 657. There was an average inc rease 

of 0. 093% fat in the whol e  milk for each 10°F. decre ase in 
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air t emp e r atur e s .  

Espe ( 119 ) summar i s e s t h e  r e s ul t s  o f  many w orkers c onQ 

c erning s e a s onal t rend s  i n  B. F. p er cent age and concludes that 

due t o  change s o ther than feed ing , c ows usually t est from 

15-20% l ower i n  the summer than in the w int er. Cows which 

c al ve in t he autumn , wil l have the i r  t e s t  maint ained in the 

summer and p o s s ibly inc r e a s ed b e c au s e  o f  advanc ing l ac t at ion. 

( b )  High and Low Tem12eratures. 

Thi s  i nvers e  r el at i onship b etween t emp e r ature and B. F. test  

d o es not hold at very high t emp er atur e s . Hays ( 59 ) got a 

r i s e i n  met ab ol i sm ab ove 70°F. F. eg an a nd R ichardson ( 60) 

under c o nt r o l l e d  c ond i t i ons no t ed a rise in f at percent age 

above 85°F. with a fall in mi l k  y i e l d. S . N. F. c ont ent decre a s ed 

from 8. 26 to 7. 58 and c as e in from 2. 26 t o  1. 81%. Up t o  95°F. 

c ompos i t ion of butterfat as judged by i odine values and Reichert. 

M e i s s el va lu e s  app e ared f e. i r l y  c ons t ant , b ut ab ove this t emper­

ature it t ended to b e c ome mor� uns aturated and t o  cont ain 

l e s s  of the lower fat t y  a c i d.s. They s ugg e s t  that at t he higher 

t emp er atur es the usual m i l k  pr e cur s or s  are not suppl ied t o  the 

ma.rrnnary gl and e i the r at the s ame l evel or the s ame r a t e .  

B art l e t t  ( 88)  kept 2 c ows i n  a hot r o om a t  80°F. an� � 
cont r o l  c ows under ordinary conditions at ab out 40°F. Dur ing 

the c our s e  of t he exp e r iment the two group s of cows were 

c hang ed o ver. High t emp er at u r e s  r edu ced mi lk yield by 0. 16 

lb/day o v e r  a t h r e e  month p er i od and fat % 0. 04/day , neither 

change b e i ng s igni f i c ant . A decrease in S. N. F.  o f 0. 15  lb/day 

w as s t at i s t i c al ly s ignifi c ant . He c oncluded th at S. lf. F. may 

b e  reduced by high a i r  t emp er atur e s , but as the t emp e r at u r e s  

( 80°F. )  were h igher t han Engl ish summer c ondi t i ons ,  then high 

t emp e r ature i s  not the only fac t o r  r e s pons ibl e for l ow qu al ity 

summer mi lk. However , thi s e xp er im ent was on a very smal l 

s cal e , but does  provide p art i al confirmat ion for Regan and 

R ichards on 1 s w ork on the decl i ne i n  S. N. F. c ont ent. 

R agsdal e ( 120) found that high t emp eratur es increased fat 

p e r c ent age. Thi s was a c c omp l i shed by r e du c e d  milk product ion 

and feed c onstunp t i on. They at t r ib u t e d  the r i s e  to b e  due , in 
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p art , to temperatur e  and in part to the fall in the milk 

product i o� They b el ieve the mechani sm involved in milk fat 

product ion tends t o  be mo re p ers istent , l ess depressed , by 

unfavourable condit ions tha n the mechanisms involved in produc­

ing total milk. Hence , the t endency under cert a in  c onditions , 

for fat percent age t o  increase when t ot al mi lk produc t i on 

decreases.  

Decreas ing t emperatures from 50-40F. , R agsdale et al ( 121)  

found that a rise  in  butterfat percent age occurred - more so 

in the Jers eys than in  the Hol ste ins. Jerseys increased their 

feed consumpt i on and decreased their milk pi'oduct i on t o  a 

greater ext ent than the Hol st eins. The fat percentage ri se is 

ass oc i ated in part with milk yiel d  decl ine regardless  of the 

causit ive facto rs , high or l ow t emperatur e. They c oncluded that 

t he l owest butterfat percent age occurred between 60 . andu80°F. 

r is ing on either s ide of thi s.  Cobble and R agsdal e  ( 124) 

report ed that temperatures above 80°F. increased fat % ,  chlorides 

and tot al s ol ids.  S . N. F. , lactose and N. showed a downward 

t rend at these level s. 

F ieck and Lees ( 61 ) , contrary t o  Brody ' s conclus ions , 

could find no affect on the butt erfat content of the milk , 

e ither per centage or t ot al. At high humidit ies and a ir 

t emperatures the S . N. F. percentage increased by 0. 69. The fact 

that the i r  animal s were subj ected once a week t o  hot c onditions 

for 7 hours , has prob ably not been l ong enough t o  have allowed 

the full effects  bf high temperatures t o  become evident in tat 

p ercent age. 

Lee ( 9 ) in another paper  report s that a 7 hour exposure 

c aused l ittle  effect on milk product ion or fat % but cont inuous 

exposure brought about a decl ine im milk product ion and a rise 

fat %. 

S i nko and Minnet ( 122 )  found that we t t ing buffaloes 2 

hours before milking was essent i al to  keep up pro duct ion when 

air t emperature ranged from 70-113°F. 

King ( 123 ) got a pos it ive correl at ion between morning 

body t emperatur e  of 38 cows and B. F.  percent age r ise. If 
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b ody t emperature inc r e as e d  in the morning 99. 6 - 100. 9 °F. 

B . F. % r o s e  3. 5 vo 3. 8% but S . N. F. de creased from 8. 77 t o  

8. 71%. A s imilar rel at ionship was found with evening readings 

on hot d ays. 

R eg an ( 125 )  no ted how milk produc t ion and S. N. F. c ont ent 

o f  milk was l owered by ai r t emp eratur e s  ab ove 800F. 

Thu s , there is a somewhat c onfused p i ctur e on the l it erature 

reg ard ing the effect of ai r t emperature as such , and s e as on 

as such , in but t e rfat perc ent age. The gene r al t rend wi th work 

involving s eas onal chang e s  in but terfat per c ent. seem to b e  

that the h igh summer t empe r atures do have a c ons i derabl e e ffect 

in c aus ing a l ow but t erfat perc ent age i n  s pit e of the cl as s i c  

work o f  Eckl e s  ( 127) , and Eckl e s  and Palmer ( 128 ) , that a 

r e sult of underfeeding i s  a r i s e  in fat p erc ent ag e  of milk , 

b e c au s e  the cow i s  fo rced t o  c al l  on body r e s erve s , and t he 

well known fac t t hat st ag e  o f  l ac t at ion affec t s  the B. F. 

perc ent age. 

A fall in feed c o ns ump t i on c au s e s  a fall i n  milk pr oduc t i on 

al s o , s o  t hat t he r i s e  i n  fat i s  due i n  p art t o  f a ll  in milk 

yield. Thi s  helps to exp l a in t he obs e rvat i ons of Reg an and 

R i chards on ( 60 ) , Hays ( 59 ) , Brody ( 120 ) , Regan and Me ad (128) , 

that h igh t emp e r atures c au s e  a fal l ing o ff i n  milk p r oduc t ion 

and a r i s e  in fat perc ent age. The s e  two fac t o r s  are al s o  in 

al l c a s e s  acc omp ani e d  by a reduct i on in fe ed int ake s o  t h at 

t he s t arvat ion effect s are ar i s i ng here also. Izyall the s e  

cont r o l l e d  exp er iment s c ows a t  approx imat ely the s rune s t age 

of l a c t at i on were us ed. At l ow t emp e r atures on the other hand , 

w i t h  Brody ' s work , feed int ake i s  i nc r e a s ed , milk product i on 

decre a s e s  and fat p erc ent age r i s e s .  Heat pr o duct i on i n  thi s 

c a s e  r i s e s  al so s o  that increas ing nut r i ent s  are b e i ng divert ed 

from milk produc t i on to incre a s e  met ab o l i sm and keep up body 

heat . 

D i ce ( 129 ) , at North D akot a ,  c omp ared c ows wint ered in a 

warm b ar n , and another gr oup w int ered out s ide with open sheds 

to she l t e r  them from w ind and rain and found that there was l it t l  
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difference in milk product ion between the two groups. On the 

b as i s  of his  evidence he c oncluded that the cows wintered 

out s ide did not use the nut r i ent s fed them to maint ain body 

temperature and the feed c 0 s t  of n�aint enance was not increased. 

This i s  contrary to  Brody ' s findings that l ow temperature 

decreased milk production and increased feed consumpt i o� 

Dice  ( 130) in 1942 , found , however , that dairy hei fers left in 

an open shed did not grow as well as hei fers kept in a dairy 

b arn. Waters ( 131 ) at Missou ri , reported that beef cattle 

wint ered out-of-doors did better than when c onvent ionally housed 

and Armsby ( 132)  could s et no reason why "a cow might not be 

subj ected to l ow temperatures w ithout increas ing met ab ol i sm for 

the s ake of heat product ion s ol ely. " Brody ( 56)  has al so dis­

proved this as sert io� Many writers of popul ar art icles have 

remarked that c ows are affected more by high air t emperatures 

than by lower ones.  Regan ( 133 ) , Brody ( 134) , Geddes ( 135) .  

As noted above many workers have , under controlled c onditions 

observed a fall in milk product ion at high temperatures ,  and 

Brody et al found a s imilar, though not eo m arked , fall at low 

t emperatures. From Brody ' e resul ts it appears that milk yield 

i s  maximal and at great est economy - as ,judged by lowest heat 

produc t i on, pulse  rate and a reasonable level of fat percentage 

( remembering they found it was lowest between 60 - 80°F) - around 

about 50°F. At temperatures higher or l ower than 50oF. milk 

yield appe ars to decrease with a drastic  dec l ine at 800F. The 

depres s ing effect on milk yield with increas ing t emperature 

is apparently greater than with decreas ing temperatures. 

Holste ins were affected more by high temperatures and l east 

by l ow temperatures tha� Jerseys. Thi s  50°F. opt imum l evel , 

however , i s  but a first range approximat ion and will have to 

be c onfirmed by other exper iments. There do es not appear to 

be much doubt that the crit i c al high t emperature for milk and 

butterfat produc t ion ,  and feed consumpt ion E 80°F. But the 

evidence for a l ow crit ical t emperature level i s  meagre and 

only Brody' s  work gives any data. Such data suggest s that 
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there does not appear a sharp crit ical l ow temperature - the 

changes are gradual. 

Bonsma ( 55 ) , has observed that feed consumpt i on and 

milk produ ction decrease in exot i c  breeds kept in the tropics.  

He gives no evidence to support this. The amount of heat gener­

ated in the body i s  directly proport ional to the quant ity of 

fodder conc erned. An animal which readily b ecomes hyperthermic 

will automat ical ly eat les s  so  that the met abol ic heat generated 

will b e  less , and under such conditions exot ic breeds whi ch have 

b een accust omed to a high degree of feeding are affected most. 

Bonsma uses this explanat ion to  point out the success of J�seys 

in t he S outhern States of  America where it i s  hot and dry. 

Jersey cows are a small breed and suppos edly eat s  less than , 

s ay, a Hol stein and , therefore ,  says Bonsma , i s  less suscept ible 

t o  overheat ing when the atmospheri c  temperature rises. 

Brody als o speaks of the "phys iological wisdom" of the cow 

subj ected t o  high air t emperatures in cutt ing down feed int ake , · 

heat production and milk product i on at high air t emperatures. 

Feed comsumpt ion l ike milk product ion has a spe c i fic dynamic 

e ffect. It is not clear if there are two causel factors in the 

depress ion of milk product ion at high t emperatures. One due t o  

declin1p.g feed consumpt ion and the other to  the effect o f  temp-

erature d irectly on t he milk produc ing mechanisms. This c ould 

b e  done by observing the product ion of cows on a limited feed 

intake both at , say , 50°F. and 90oF. 

Sunnnar izing. 

1. Seasonal factors tend to reduce butterfat percentage 

during the summer , quite  apart from the effects of other factors. 

2. At very high temperatures B. F. percent age is inc reased; 

some , e. g. , Hays , attributes this to increased met abol ism ,  

others t o  reduced feed int ake and others again , with a combin­

at ion of reduced feed intake and reduced milk product i on. 

Brody has shown th at this fall in milk product i on and rise in 

B. F. percent age is  accompanied by reduced feed int ake , reduced 

heat p ro duction ,  reduced pulse  rate , increased resp irat ion rate , 
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and inc r e a s ed body t emp e r ature. 

3. Uncont r ol l ed exp er iment s s eem t o  ind i c at e  that c ol d  

t emp er atures d o  not c aus e mu c h  change i n  milk p roduc t i on ,  

t hough B. F. perc ent age r i s e s .  Brody , in a well cont rolled 

experiment found low t emperatur e s  c au s ed a r i se in f at 

p ercent age , but a dec l i ne in milk pr oduc t i on ,  a r i s e in heat 

p r odu ct i on , and feed consumpt ion , a r i s e  in pul s e  rat e , a fall 

in respi r at ion r at e , and a s t able body temperat ure. The r i s e  

in fat p ercent age i s  as s oc iated i n  p art wi t h  the fall in 

m ilk produc t i o n  ap art from any direct effect on fat percent age 

of temperature. 

7. INFLUENQE OF SOLAR RADIATION ON CATTLE AND THE INELUENCE OF 

THE HAIRY COAT. 

S o l ar r ad i at ion inc ludes r ays o f  three d i fferent 

wave lengths namely: 1 .  Long r ays - infra red o r  heat r ays. 

2. R ays of medium wavel engths - l ight 
wave s. 1 

3. Short wave o r  ultr a  vio l et inv i s ibl e  
rays . 

Radiat i on , as has been ment i oned pr evi ously , i s  a var i ab l e  

fact o r  fluctuat i ng  w it h  s e ason , t h e  alt itude of the sun , 

midday int ens it i es o r  d i re ct s o l ar r a d i at i o n , l ength o f  d ays , 

number o f  hours with bri ght sunshine , c l oudine s s , etc.  The 

direct e ffect o f  s ol ar radiat ion i s  two-fold , first there is 

the chem i c al effect , sunburn and eye muc ous memb rane i njur i e s  

and the heat ing effe ct. Only the l at t er will be dea lt with , 

in det a il .  

R i emer s chmid ( 136)  made a s o l ar survey o f  S outh Afr i c a  

and c omp ared the resul t s  with t he radi at i o n  exp e r i enced in 

Europ e. 

1. Angl e  o f  inc i denc e o f  s o l ar rays - d i s t inctly l a rger 

i n  S outh Afr i c �  

2.  M idday i t e ns it i es - l i t t l e  d i fference. 

3. Length of d ays. Days un S out h Afr i c a  are s hort e r  

dur ing t he summer but l ong er dur i ng the wint e r , than in �ur op e  

4. Numb er of hours w i t h  br ight s uns hine. S out h Afr i c a  

h as many more hours w it h  br ight s unshine dur ing the whol e  



9 5. 

ye ar , but p art i cul arly dur i ng VI int er . 

5. Monthl y t ot al a rrou nt o f  sun and sky rad i at i on 

inc i dent o r  ho r i :xont e.l sur•fae e .  In summer e qu al , or s l ight ly 

gre at e r  amount s in S outh Afr i c a ,  but much l arg e r in v.r int er. 

6. Ye ar ly t ot al much g r e at er for inl and s t at i ons of 

S outh Afr i c a  than on the l mvl and s  of Eur ope. 

Thus , a l l  t o l d , di fferenc e s i n  t h e  int ens i t y o f  r ad i at i on 

i s  not a s gre at as one might f i r s t  be l i eve , but there a re 

other f ac t or s  whi ch c au s e r ad i at i on t o  be a maj or c l imat i c 

el e�ent for c at t l e  in S outh A fr i c a  a nd that i s , t he e xp o sure 

t o  c ornp ar at i vel :\· l arge amount s o f  r ad i at i on thr ough the 

y e ar , r at her than but for a few sho rt weeks , as i n  t empe r ate 

c l imat e s , and al s o  the s imu]B_ne ous influenc e o f  o ther c l imat i c  

fac t or s , such a s  a i r  t emper a ture , hum i d i t y  a nd  w i nd. 

Pho ad , ( 137) us ing a pho t o el e ct r i c  c e l l  t o ok me asur ement s 

at zero a ng l e s  of inc i den c e  t o  the sun b e c ause the an imal body 

offers all d egr ees o f  inc i d ence t o  the sun. Reflect ions were 

me asured b y  r evers ing the l ight t arget . Regre s s i on l ine s 

s how ing t h e  rel at i onship b etwe en rerl e c t i on and inc i dence 

ind i c at ed that the g r e a t e s t  r e fl e c t ion w a s  for the nat ive 

Br ahman br ee d and l i ght c ol ou r e d  Jerseys were next. Var i at i ons 

in c o at c o l our o f  Br ahman and Jer s eys i s  c o ns i de r ab l e and i t  

was found that t he re fl ec t i on from e a c h  i nd ividual var ied 

d i re c t l y  wit h the int e n s i t y  o f  p igment at i on of the coat. 

Brahman and Jer seys havin�a l ight e r  c ol ou r e d  c o at , refle c t a 

gr e at e r  prop ort i on o f  t he l ight r a ys , than d o  darker c ol our ed 

c at t l e. 

R e fl e ct i on v a l u e s  for b l a c k  c at t l e , Angus and c r o s s e s  o f  

Angus w i t h  Brahman and al s o  Afr i c ander c ro s s e s with Angus , 

show e d  no gre at d i ffe ren c e. Any smal l d i ffe renc e there was , 

Rhoad a t t r ibut e s  t o  gl o s s y  or dul l c o at e. S inc e there i s  

varying degre e s o f  h e at t ol eranc e w it h  thes e bl ack exot i c  pure­

breds and c r o s s e s  with Br ahmans and yet no very g r e at d i ff e rence 

in r ad i at i on r e fl e c t ion , di ffer ence in h e at t o l e r anc e s  b etween 

the s e  c at t l e  mus t  b e  du e to other phys i o l og i c al r e a s ons - e. g. , 
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swe at ing ab i l i t y  or di ffus i on wat er t r an sp i r at i on. 

B onsma and Pretor i ou s  ( 67 )  u s ed a s imi l ar t ype of phot o­

e l e c t r i c  c e l l  fo r me asur ing inc i dent and r e fl e ct ed r ad i at i on. 

Us i ng d i fferent c o l oured c o at s  of Afr i c ander and Jer s e y  c at t l e  

t hey showed that t h e  Afr i c ande r r e fl ect ed a greater p r op ort i on 

o f  the inc ident sunl ight at any s e as on o f  the ye ar , than d i d  

the Jers eys , t hough in t h e  Slmrner , r e fl e c t ion valu es were 

h igher for both b r e e d s .  Thi s  was , no d oub t , due t o  the smoothe r , 

shorter hair adap t ed i n  t he summe1 · t irile. As with Rho ad mor e  

sunl ight w a s  r e fl e c t ed by l ight c o l ou red t h a n  by darke r c o l oured 

animal s .  Bonsma and P r e t o ri ou s cl aimed t h at Jers eys have a 

yel l ow c arot ene-l ike p i gment in the skin wh i ch may s e r ve as a 

p r o t e c t i ve mechani sm. They al s o  s t a t e  that bl ack h a ir or hide 

refl e c t s  u l t r a  vio l e t  r ad i at i on very w e l l  and b l ack b r eeds are 

b e s t  ad ap t e d  in tho s e  r eg i ons where s hort wave r ad i at i on i s  

i nt ens e , a s  for e xampl e ,  at a high a lt i tude o r  whe re m i s t s  

a r e  fre quent. Afr i c and e r  c at t l e have a l ight c oloured c o at 

and a b l ack h i� and perhap s  this i s  the i de al c omb inat ion , 

as hide c ol ou r  i s  j u s t  as import ant as nnr c o l our. 

Me asurement s m a n e  of t he skin t h i ckne s s  of var i ou s  breed s , 

by Bonsma ( 74) show that Afr i c ander breeds have a t h i cker skin 

than exo t i c  breeds. The thinner t he sk i n ,  he b e l i e ve s , the 

g r e at er is t he amount o f  heat ab s o rbed wh i c h  r e s ul ts in over-

heat ing o f  t he body. 

R i emers c r� i d  ( 136 ) measured the inc ident and r eflect ed 

r ad i at i on from a bul l by me ans o f  a s o l ar ime t er and then imme d i at e 

l y  aft e rwards , the bull was c o vered w i th a dead hide of the same 

col our and the me asurement s were made aga i n. The r e s ul t s s howed 

that there was l i t t l e  d i fference in rerl e c t i on and p ro ved t hat 

the ab s o rpt i on on t he h a i ry c o at of c at t l e d o e s  not dep end 

on the s t at e  o f  t he underlyi ng s k i n  and t hat the di fference i n  

t h e  hairy c o at of a l i ving animal o r  d e a d  hide , w i t h  r eg ard t o  

smo othn e s s  o r  g l o s s i ne s s ,  r e sult s in only minu t e  d i fferenc e s  in 

ab s o rpt i on i f  t he c ol our i n  both c a s e s  i s  s imil ar. R e ad ings 

made on the bul l aft er he had b een fight i ng hard , showed no 
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d i fferen�e from t he dead ski� Me asurement s were t he re aft e r  

made on h ide s spr e ad o n  the ground. Thi s was done b e c au s e  a 

l i ving animal i s  not l arge enough t o  cover t he who l e  area from 

whi c h  the ins t rum ent r e c e ives r ad i at i o� 

Re ad ing s  were t aken on 2 oxen with br own hides o f  d i ffer­

ent types.  One hide was from an Afric ander wh i c h  w a s  smooth 

and g l o s s y , and_ the other w as from a Suss ex-Afri c ander hide , 

whi ch was r ougher and l e s s  gl o s s y. There was onl y  a small 

d i fference in ab s orp t i on of the two hides. Thi s  i s  c ont rary 

t o  Bonsma ' s  f ind ing s  that dul l co at s  ab sorb ed more s ol ar r ad­

i at i on than d id smo other one s .  Phoad al s o  as s ert s that t h i s  

may c au s e  d i fferenc e s  b etween s imi l ar c o l oured animal s. When 

the d ir e c t i on o f  the h air was t aken i nt o  c ons iderat i on , 

R i emer s chmid found no very great di fferenc e again b etween 

hairs p o inted t owards the sun or away from the sun at high 

sun alt i tude s , but the ab s orpt i on de c re a s e s  rapidly at l ow 

s un a lt i tudes. 

R i emers ch�id and Elder , ( 138 ) found the me a n  ab s orpt ivity 

was 49% for whi t e  Zebus , 78% for red A fr i c ande r , and 89% for a 

b l ack Ab erdeen Angus. D i fferenc e s  due t o  d i re c t i on of t he hair 

were ag a i n  t e s t ed and f'ound not to c au s e  mu ch di f'f'e re nce and 

no appre c i ab l e  d i f'f'erence was no t ed bet we en the ab s o rpt i vi t y  

o f  autumn an d  w int er c o at s  o f  two Afr i c ander b e as t s. Hair 

ruffled or smoothed down showed no d i ffe renc e. Thi s  i s  ag a in 

c ont rary t o  B onsma ' s  1943 find ing s that there was a di fferenc e  

i n  refl e ct ivity o f  w ool l y  a nd  smo oth c oat ed c at t le. 

C l ipp ing o f the animal redu ced the ab s o rpt i on p ercentage 

but t h i s  may have b e en due t o  a ch ange in c ol our c ons e quent 

t o  c l ipp i ng. 

Fr om the r esul t s  of read i ng s  made of i nc i dent r ad i at i on 

from the sun , sky and ground and the var i ous ab sorpt i on 

c omponent s ,  R i emer s c ��id ( 36 )  c a lcul at e d  t h at the to t a l  amount 

o f  r ad i at i on ab s orb ed dur ing a whole mid- summer day on t he 

b ody surface o f  a bul l , was 20 , 000 C al or i e s .  Small e r  s i ze d  

c a t t l e  w ould ab sorb l e s s  bec ause o f  smru l e r  surface are a - woul d  



98. 

ab s orb prob ably 17 , 000 C al or i es. 

Acc ording to Forb e s  ( 139 ) the he at pro duct i on of a bull 

of 1000 lb. L. W. on mixed rat i ons amount s to 9 , 600 C alor i es 

p er day. Thus , c omp ar ing t h i s  with 17,000 C alories  absorbed it 

can be se en that solar heat l o ad i s  o ver doubl e that derived 

by the anima l from i t s  normal body met aboli sm. Riemerschmid 

st ate s  that g i ven s imi l ar c l e ar days , the s ame amount of heat 

load would occur in mid ... summer i n  central Europ e. In mid­

w int er the d i fference b etween the two reg ions would b e  much 

gre at er. -. 

Kelly and Ittner ( 1 2 ) ( 140 ) c omp ared t he e ffect ivene s s  

o f  var i ous shades i n  reduc ing the s o l ar he at load. The four 

shade s t e st ed were , a wood s late roof , hay covered shade , 

aluminium and corrugated iron s hades. Test s made of radiat ion 

inc i dent on a flat p l at e  rad i ometer showed .that at midday the 

s ol id shades reduced the sun arrl s ky  r adi at i on be 65% and the 

wood slat e  shade r educ ed it 5 5%. R i emerschmid ( 136) arrived 

at s imil ar figure s  when S he me asured t he radiat ion under a 

l arge t re e  and an art i fi c i al shade made of branches on t op af 

a frame. The reduct ion was 60-70% o f  t o tal inc oming rad i at i on. 

Whi l e  a n  animal st and ing in the shadow of a shade is pro­

t ected from t he direct r ays of the sun it is st ill receiving 

and giving energy t o  t he surr ound ings. Kel ly and Ittner , 

s tudued the re act i ons of thr ee Hereford he i fe r s  under the 

shade s. Tho se an imal s under the h�y and aluminium appeared 

cooler and mor e comfo rt ab l e  than under the other two types. 

However , body t emp er ature s  and resp irat ion r at e s  were still  

high. 

They worked out the heat exchange by r adi at ion and 

c onvect i on o f  the c at t l e  in t he shade and i n  the su� 

He at Exchange o f  three Herefo rd Steers. 

Heat exchange by r ad i at ion 
per hour 
Heat exchange by c onvect i on 
per hour. 

Uns haded Cow Shaded_Cow. 

- 604 C al s  
+ 464 " 

- lL�O 

+ 85 Cal s .  
+ 109 lt 
+ 194 
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The unshaded c ow r e c e ived 604 C alor i e s  mo r e  per hour b y  

r ad i at ion t han she emi t t e d  by radiat i on. The c ow under the 

shade is emit t ing 85 C al or i e s  per hour mo re by rad i at ion than 

she is r e c e ivir�. Thi s  is only an approx imat ion c ons i de ring 

cows as fl at surfac e s , i . e. , fla.t b ack , s ides and belly , when , 

in fact , t he s e  areas are curved. The r e as on for the gre ater 

l o s s  b y  c onvect ion from the c ow i n  t he sun i s  b e c au s e  of the 

gr e at er surface t emp er ature. Averag e  surface t emp e rature 

in the sun be ing 1300F. and 104°F. in the s hade. The unshaded 

animal mu st l o s e  a t ot al of 334 C alori e s  p e r  hour more t han 

the s haded c ow t o  be as c omfor t ab l e  by vap o r i z at i on. This i s  

equ i val ent t o  t he evaporat i o n  o f  1. 3 lb. o f  w at er p e r  hour. 

Air t emp erature du ring t h i s  t r i al at midday ave r aged about 

160°F. 

For a 15 hour d ay the t ot al heat ab s orb ed by radiat i on by 

the unshaded c ow i s  only 9060 C al o r i e s  and t h i s  includes 

r ad i at i o n  from so l ar s our c e s  and als o  from t he surroundings. 

This figure is markedly l ower than that c al cul ated by R i emer­

schmid. This l at t er work was c ar r i ed out in C al ifo rni �  No 

informat i o n  i s  ava il ab l e  of the s olar r adi at i on c ompariso ns 

between S outh Afr i c a  and C al i forni a to enabl e one t o  j udge if 

.:the d i fferenc e i s  due to annunt and intens i t y  o f  s ol ar rad i a­

t ion. Al s o ,  Kelly and It tner ' s method o f  arr i ving at r ad­

i at ion exchange invo lved the u s e  of a St ephen-Bo l t zman 

c onst ant and an emi s s i v i t t  c onst ant borr owed from d at a on 

p igs , s o  that t h i s  may b e  a no ther reason for t he d is c rep ancy. 

Again , t wo d ifferent col oured animal s were u s e d. Heref'o rds 

be i ng  red and the bul l u sed by R i emers chmid be ing b r own. 

There is a s i z e  d i fference al so. However , e ven s o, the 

animal s h ave to el iminat e both the s ol ar h eat l o ad and the 

normal heat pro duct i on to r emain c omfo rtable , and at high a i r  

t emperatur e s  and heat l oads we have s e en how c attle have p o o r  

methods of d i s s i p at ing heat. 

Bonsma ( 30 )  revi ews much of his previou s  work and that 

o f  others and c onc ludes that both the infra r e d  r ays and l ight 

rays are e ff i c t ively reflect ed by whit e , yell ow or reddi sh 
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brown hair , but not by black hair. The short wave ultra violet 

r ays are in turn effect ively res isted by yellow ,  reddish  brown 

and b l ack hides. A whit e ,  yellow or red coat with a black hide 

i s  the ideal comb inat ion and is the comb inat ion one finds amongst 

trop ic al breeds. Bonsma advocates  that breeders in the tropics  

should select for hide colours with a view to  b reeding animals 

which are well adapted - this t o  replace the present colour 

select ion because of colour or taste. 

Bonsma ( 55 )  has shown that even in the w inter in South 

Africa  the regul at ion of body t emperature i s  d i ffi cult in the 

exot ic breeds. Although s olar rad i at ion had diminished by 3-4 p� 

there was still  a r is e  in body temperature of bulls belonging t o  

the exot i c  beef breeds. Thus , dur ing the e arl ier part of the 

day , when so lar ene rgy was high , these animal s accumul ated an 

excess ive amount of surplus heat which c ould not be  expelled 

immediat ely. 

Not only is  the colour of the coat important in the peat 

exchange of an animal with i t s  environment but al s o  the qual ity 

of the coat .  The l o s s  b y  rad i at ion and convect ion of heat from 

the body and evaporat ion of moi sture  are dependent on the � al ity 

of' the coat. 

According to  Bonsma ( 30 )  s mooth-coat ed animal s have mainly 

pr imary hair-f'ol l i c l es - from w hich straight hair emerges  - and 

have better developed sweat and sebaceous glands a nd  lose more 

mo i s ture f'rom the hid e as a result of evapor at io� Bonsma 

g ives no evidence concerning sweat and seb aceous glands.  Further , 

animals wi th furry coat s have hide s w ith two kinds of hair foll­

i cles , pr imary and secondary - from which curly hair develop s. 

This curly hair  forms a mat over the body surface and l i ttle  

evaporat ion of moi s ture t ak es pYace 

Bonsma ( 141 ) claimed work which showed that the rat io  of 

primary to secondary foll ]cle s in the skin does not alt er with 

nutr i t i on. The obj ect of his breeding pol icy was to  select 

for hair which does not felt and for a hide cont ai ning p rimary 
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fol l icles  only. 

Bonsma ( 67 )  has t aken s amples  o f  hair from young c alve s , 

dampened them with wat er and rubbed them between the hands.  

The hair of smooth-coated animal s will rub away while that of 

the woolly-coated types will c ake or fel t. A cal f  with such a 

woolly coat w ill not shed it s hair e arly and has a reduced 

growth rate  compared w ith those  c alves which do shed their  

hair  e arly. The woolly coated  animals suffer from the effects 

of overheat ing much more readily and therefore reduce int ake 

and met abolism and growth is ret arded. The ent ire coat s  of 8 

adult Bri t i sh beef breed c at tl e , belong ing to both smooth and 

woolly coated animal s were cl ipped. Those from the smooth­

coat ed catt l e  averaged 14 ozs.  , those  from the wooly-c oated 

animals averaged 52 ozs.  �he former subj ected to  a �elting 

t est could be pull ed apart w ith a pres sure of  4 lbs. - the 

l atter only with a pres sure of 2 5  lbs. Also winter coats of 

Shorthorn heifers ( 600 lbs. ) we ighed 505 gms .  c omp ared with 

129 gms. for Afr icander h ei fers of the s ame we ight. Summer 

coat s we ighed 303 and 30 gms . respect ively. Bonsma ( 142) 

t ook the hair s amples on the lOth r ib hal fway down bec au se in 

that posit ion t h e  hai r i s  shed appro xima t e ly halfway thr ough 

the shedd ing process .  

Hair diamet er me asurement s ,  al so c arr· i ed out by  Bonsma 

indic ates  that the hair diameter of Shorthorn c attl e  average 

3� comp are d w ith 53,./1 for Afri c and er c attle. In many Africander 

c attle it was found impos s ible to  find curly ha irs. In smooth 

c oat ed exotic animal s ,  it was pos s ible to separat e  the two 

types of hai r but impos s ibl e to s eparat e in the woolly coated 

exo tics because the aver age hair diameter was so small. Hair 

of the w oolly breed is  longer , of more vari able  but l esser 

thicknes s  than those  of the Afric ander breeds. 

The c onfi :r>rnat ion o f  the animal al s o  plays a part in 

radi at ing heat and s everal facto r�. dist ingu i s J' Bet s  inducus from 

B o s  t aurus - Brody ( 6 ) .  
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1. Indian c attle  have excellent he at rad i at ors , enormous 

dewl ap s a n d  sheath or n ave l fl ap i:r:. females and l ong e ars. 

Their bodi es tend to  be small w i  t:h. c on s e quent l arge surface 

area per unit of body we ight and the hair i s  short and coat 

smooth and l ight c oloured. 

2. Ind i an c attle  are supposed t o  swe at t o  a cert a in 

ext ent , v.rhe re n s  Europe an cattle  are supposed not no sweat .  

8. THE SKIN TEMPERATURE OF CATTLE AND ITS RELATION TO THE 

THERMAL ENVIRONME11T. 

The gr e at usefulness  of skin t emperature has been in 

int erpret ing the dat a in regard t o  regul at i on of body t emper-

ature through control of heat l oss.  Little is  known of t he 

factors affect ing skin t emperature of c attle , perhaps due t o  

t he t echnic a l  difficulty o f  measuring skin t emperature. 

R it zman and Benedict ( 51 )  t ook skin t emperature readings 

on 6 pos i t i ons over the body in  fasting steer , steers on 

maint enance rat i ons , and st eers on one half maintenance. 

Air Temps . 14-18°C. 

Fast ing st eers 
Half maintenance st eers 
Maint enance st eers.  

27. 5°C. 
32. 0°C. 
33. 6oc. 

This  evidenc e  sugges t ed that skin t emperature r i s e s  with the 

nutrit ive l evel. 

Wood and Hill ( 143 ) found that a fattening ox may g ain 

1 lb. or 3 lbs. l ive we ight p er day. The former can emit 

17 , 000 C alori�s  and the l atter , 22 , 000 C alor i es as  heat .  Since 

skin t emperature bears a definite relat ion t o  ease of  heat loss 

a relat ionship between skin t emperature and fat t ening capac ity 

was invest igated. They found that the animal s which were 

good "doer s "  had an aver age skin t emperature which was lower 

than the b ad "doers. " 

Bonsma. ( 55 )  report s that when atmospheric temperature i s  

90°F. the skin t emperatures of animal s out i n  the sun varies 

from 115-120°F. The thinner the skin , the gre at er the amount 

of heat whic h  penetrates the ski� Bonsma s t ated that if water 

i s  poured over t he body an immediat e  drop in body t emperature 

and respirat ion rat e  occu rs.  Skin t emperature dropped from 
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117 t o  102°F. No dat a  is  given t o  support these statements. 

Quinl and and Riemerschmid ( 144) when invest igat ing skin 

t emperatures  of the scrotum , measured the temperature on an 

area of the flank from which the hair had been cl ipped. The 

bull was placed at right angle s to  the sun s o  that one side was 

exposed t o  the direct rays of the sum while the other was 

shaded. Mean values of skin in the sun were 98. 6°F. and in the 

shade 96. 7oF. over an ai r temperature range of 65 - 910F. 

C orrelat ions of air and skin temperature were very hig� r = 6. 9 

in  the sun and 0. 94 in the shade. An 'increase of 1°F. in air 

t emperature result ed in an average increase of 0. 28°F. skin 

t emperature in the sun and 0. 31°F. on the shaded s ide of the 

body. The difference between sunny and shady areas was s ignif­

icant. The correl at ion of body and skin temper atures  were als o  

very high , r = 0. 76 in the sun ,  and 0. 91 in the s hade. They 

s t ate that the r ange of body temperatu re was too small , 101 

t o  103. 5°F. , to find a definit e c orrelat ion between body 

t emperature and air t emperature. 

Lee et al ( 145 ) measured skin temperature t aking s everal 

readings over the body of a pig ,  goat and s heep under w inter 

c onditions , air temperature  range -10. 4 - +69. 8°F. Equilibrium 

in skin temperature  aft er a change to a different environment 

t emperature was quickly establi shed with the goat but more 

s lowly with the sow. All three maint ained their skin t emper­

ature near 800F. even when air temperature was at freez ing 

or below. Skin temper ature of sheep was warmer than that of the 

goat or pig under all c onditions. This would be  du� prob ably 

to the nature of the prot ect ive coat and the thickness  of the 

air l ayer. 

Riemerschmid and Quinl an ( 146) t ook skin t emperature 

readings on the shaded s ide of the body near the st ifle at air 

t emperatures  50 - 77°F. and at high a ir temperatures 77 - 104oF. 

Mean s kin t emperature values were 92. 3oF. at low t emperature 

and 97. 7°F. at high air temperatures. 

Plac ing the bul l in a c ooling chamber at 39. 2oF. resulted 

in a sl ight fall in skin t emperature but showed a steady 
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inc rease dur ing the day with a maximum of 95°F. at an air 

t emperature of 39. 2oF. After this peak it decreased c ont inually 

while  the bull remained in the chamber. After pl ac ing him in � 

room at a higher t emperature the skin t emperature inc re ased 

by 3. 6°F. to  95. 9°F. in an hour. The bull s hivered a good 

deal whil e  in the cold chamb er. Skin and body t emperatu re show­

ed no correlat ion. 

The fact that over a temperature r ange of 54°F. air  t emp­

erature the mean skin temperature only ranged 3. 6°F. illustrat e s  

that the mechani sm of regulat ing against heat l o s s  is  very 

e ffi c ient and th ereb y  the skin t emperature is  kept within a 

narrow range. Lee ' s result s al s o  show that skin t emperature 

var i e s  l it t l e  over a wide air t emperature range. 

Rudzinski ( 147 ) , a German worker at Zur ich , studying the 

influenc e of air temperature on skin t emperature gives the 

following conc lus ion:  

"The skin t emp e r ature o f  c o w s  is everywhere lower than the 

t emperature ins id.e the body. " The a ir t emperature is not 

given but from t he above stat ement the a ir temperature must 

have been fairly low and the influence of s ol ar radi ation 

small.  High a ir temperatur e s  and solar r ad i at ion c an e as i ly 

make skin t emper ature exceed body t emperature , - Bonsma -

Brody. 

Rudzinski found that skin t emperature varied ac cording to  

environmental condit ions a nd  al s o  with the region of  the body. 

The highest skin temperature was recorded at the anu s , nex� 

highest on the vagina and udder. The l owest  t emperature 

recorded was on the b ack. Thi s  latter s eems c ontrary t o  

work on humans , where the lowest skin t emp erature s  are found 

on the extremet ies , and my own observations po int to  this 

being true als o  J.n c attle. 

Skorokodjko et al ( 148) , Rus s i a n  workers ,  have reported 

very good work on skin t emperature. They d is t i nguish the 

zone between the skin and hai r  surface as being the " individ-

u al thermal zone " of the animal. They found a temperature 
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grad ient from the skin surface to  the hair surfac e , and 

t emperature gradually decrea s ed unt i l  at five c ent imetres from 

the hair surfac e it was the s ame as the a ir t emperature. The 

t emperature of the "therma l zone " is governed by such factors 

as  the phys iolog i c al pro c e s s es r egu l at ing the bl ood s upply to 

the skin , l ength and dens ity o f  the hai r. They give the equa­
A t1 - t2 

t i on q = u as a me a su r e  of the heat exchange from 

the surface.  

q = amount of he at l o s t  per unit area p er unit t ime. 

t1 = skin t emperature.  

t 2  = hair surfb c e  t emp erature. 

u = hair l ength. 

A = total coeffic ient of heat exchange. 

When the hair is 8. 5 mm. l ong the difference betwe en 

skin and hair surface t emperat·ures = 5.  r�oc , q = o . 85. When 

the hair i s 19 mm. l ong the d i fferenc e i s  8. 0 °C.  , q = 0. 28. 

Therefore ,  the amount of heat E.pre acling from the hair is  in-

ver s e ly proport ional to  hair length. Bonsma , 1943 , found the 

h air  of Afri c ander s t ock w e r e  much short er than exot ic breeds 

and were , therefore , abl e  to l o s e  mor e heat .  

At the hair  surface S k o r o ko d j ko foun0. that there was 

c ons iderabl e var iat ion in the amount of heat l o s t  depending 

on the p art of the b ody , air  t emp '3rature , a ir movement , and 

the rat e  of E·:&change between the atmosphere and hair. 

In 15 cows an area  of hair was cut to  half its l ength 

and in 11 cows it v1as cl ipped close.  Skin t emperatures ·dropped 

within 10 s edonds by o. 6oc . to 1. 6°C. in the respect ive c as es .  

When an  area 2 ems .  if'  d i amet er· i\ as shaved , skin t emperature 

dropped 2°C. When the surr· ounding hair was cut to 10-13 nnn. , 

skin t emperature of s haved are a  dr opped 3. 1oc. whereas it 

dropped 1. 7°C.  when t he h a ir � a s  1 6- 21 mm .  l ong. When the 

hair was dense , skin t emperature was 1. 9 °c. higher and hair 

surfa c e  t emperature 4. 4o higher than when the hair w as sparse. 

When the ha ir VI a s  washed with cold wat er ( 2°C. ) the a ir  

t emperature 3. 1°C. , skin t emp er ature dropped 9 oc. in 1 5  minut e s .  
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Whe n t he wat er was wa� ( 35°c . ) s k i n tempera t ure was 40 lower 

i n  3 mi nut e s ,  but had re t ur ne d  t o  normal i n  6 mi nute s .  

When animals of hai r  le ngth  1 6  mm .  and average de nsity  

were exposed to  a temperature of - 2.4°c . fo r 3 hours , ski n  

temp erature dropped 1 4° .  The decrease was gradual and t he n  ski n 

temperature i ncreased slowly ,  - Riemerschmid ( 1 46)  ob tai ned 

somew hat s imi l ar re s u l t s .  

The temperat ure of the periphe ral par t s  var ied more t han 

ce ntral areas w i t h  changes in  air temp erat ure s .  

Thermal Gradie nts from the Ski n  to  Hair surface o n  
di ffere nt regio ns of the Cow ' s  body at 

"-2 . 4°c . 

Regi on T em�s . of Ski n TemE • at i Hair TemE• at Hai r 
oc . Le ngtli �c . S urfEace , oc . 

ca nno n b o ne 7 6 5 

Shank 8 6 5 

Belly 23 . 8  1 5 . 8  1 4. 5  

Ke lly and It t ner ( 1 2 )  ( 1 40 ) i n  an expe rime nt compari ng var ious 

shade s f or cat t le , t ook ski n temperature meas ureme nts on  Herefords 

while i n  the sun and in t he shade . I n  the shade , surface t emp er-

ature s averaged 1 04oF .  and i n  t he s un, 1 24� . w i th air t emp erat ures 

1 00°F .  This ski n temperature i n  the sun is  we ll above t he 1 1 0-1 1 7  

°F. post ulated by Bonsma for cat t le exp osed to the sun at gooF . 

9 • VAPORIZAT ION LOSS THROUGH THE SKIN OF MAN. 

Water may pas s  t hrough t he ski n by diffus i o n ,  or app ear o n  

the su rface of t he ski n a s  a re sul t of  t he a c t ivi t y  o f  sweat glands 

i n  t he s ki n. 

Whiteheuse e t  al ( 1 49 )  carried o ut expe rime nt s  wi th  human 

s ub je c ts a nd concluded t hat  all t he mois ture given  off from the 

ski n duri ng re st under ordi nary c o ndi t ions of t emperature , was 

diffusion  wat er.  They showe d how osmot ic loss i ncreased 

rap idly as ski n temperature rose but wit h  a s uffi cient Di se 

a stage was reac hed when sweat i ng i nterrup ts  t he proces s .  

The i ncrease w it h  air  t emperature was believed to  re s ult from 

vasodi lat ion.  They also showed that t he e ffec t  of rai s i ng  t he 

humidi ty of t he  a i r was not very marked except at high 
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temperatures.  Rais ing humid ity raised the skin t emperature  

and this increased the o smot ic  loss  nearly as  much as humidity 

decreased it. Pinson ( 11 )  measured the amount of diffus ion 

o f  water through an inact ivat ed area of skin. He showed that 

when sweat glands were inact ivated , mo isture never appears 

on the surface of the ski�- He al so  showed that cut aneous 

d iffus ion of water approximately double s  for every ri se of 

18°F. and that the rate of blood flow through the skin appears 

to have no affect in the r ate of  diffus ion except so  far as it 

affects skin t emperature. 

Rotmnan and Felsher ( 150 ) found that kerat inisat ion of 

the epidermis i s  assoc iated with c ons iderable dehydrat ion s ince 

the malp ighian layer cont ains 70-80% of wat er , whereas the water 

content of the horny l ayer does  not exceed 30%. 

Burch and W insor ( 1 51 ) stud ied the rate of diffus ion of 

w ater through living and dead human skin. and found that the 

stratum corneum served as a barrier to diffus ion wat er loss. 

Living and dead skin ( 152 )  showed no difference at given temp­

eratures  in rate  of d±ffu s ion nor was there a difference found 

b etween negro and white skin ,  thus showing that p igment at ion 

had no effect. At 75oF. and. 50% R .  H. the average loss of 

diffus ion wat er from human skin was 0. 09 mg/sq. cm(min. 

These  experiment s have all been performed on human subjects . 

No such comparable work has been carried out with cattle. We 

do not know if  there is a diffus ion restraining l ayer or i f  the 

rate of loss  increases  with air temperature. 

In view of the fact that cattle are poorly sweating 

speci e s  with few recorded inc idences  of  visible sweat s e cret i on 

diffusi on wat er lo s s  may be an import ant cause of  difference 

b etween breeds of c attle. 

10. VAPORIZAT ION LOSS THROUGH THE SK IN OF CATTLE. 

Living animals dif'f'er from inanimat e obj ects  in be ing 

able to  dissip at e  heat by way of evaporat i on of moisture. 

At high a ir temperatures when losses  of  heat by radi at ion , 

conduct ion and c onvect ion becomes difficult , the animal must  
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rely on cool ing by way of evaporatio� Als o  at very high 

t emperatures the b ody absorbs heat from the environment by 

radiat ion , etc. , plus that absorped from s olar radiat io� Thus , 

it has to diss ipate not only it s normal body heat , but al s o  that 

abs orbed from the environment. 

As the environmental t emperature approaches skin temper­

ature heat dissipat ion i s  shif'ted from radiat ion , conduct i ons , 

and convection , to  vapourizat ion. However , a striking 

difference is  seen in th i s  respect , between man , s ay ,  a profuse­

ly sweat ing spec ie s , and cattle  which have a poor sweat ing 

apparatus , as shown in Fig. 12. 

A sharp break occurs for man at about 84°F. which , 

a ccording to  Kuno ( 45 )  i s  the sweat ing threshold in man. Up 

t o  this t emperature evapourat ion of diffu s i on or osmotic  

water increas e s  unt il at 84°F. it  represents 35% of  the t ot al 

heat diss ipated. After thi s vaporizat i on rises  st eadily unt il 

at 95°F. it represent s lOO% of the total heat d i s s ip at ed ,  

while  at 104°F. it represent s 200% becau se o f  heat that i s  

absorbed from the environment. 

The curve for heat diss ipat i on is quite different for 

poorly sweat ing spec i es.  No sharp break occurs at any t emper­

ature.  To compens ate somewhat for the inefficiency of sweat ing 

t hese  poorly swe at ing animal s increase their  respirat ion 

r ates  markedly. There i s  gre at controversy in the l it erature 

a s  to whether c e.ttle  sweat. Evidence for vaporizat ion loss  

is  limit ed. 

Freeborne et al ( 1 53 ) , 1934 , used inverted petri d ishes 

on the bott oms of  which were fast ened filter papers impregnated 

w ith ce.lc ium chloride , and these  were att ached to the rump and 

s ides of Jersey cattle. At 840F. these  areas - 35. 67 s quare 

inches - gave off 333. 23 mlgms. of  water per hour. Then the 

right rump was treated with commercial fly spray. After a 

few days the sprayed areas lost  mo isture at the rate of 180 

mlgms. per hour, due t o  the oil in the spray. Transpos ing the 

d at a  on these small areas to the tot al are a ,  they arrived at a 



figure of 41 4 gms . of moi s t ure los s  pe r hr . at 84°F . from t he e n­

t i re surface . Calc ulat i ng f urthe r  t his  rate is re sp ons ible for the 

di s s i pa t i o n  of 5699 c .  a day at 84oF . of 60% R . H . Data  ob tai ned 

in a resp i rat i on chamber s howed the t ot al dai ly di ssip��io n  of heat 

to be 1 7 , 920 Cal ori e s .  Hence , los s  of heat  by evap ora t i o n  is 32% 

of t he t otal hea t loss . Sprayi ng reduc e s  this  t o  1 7 . 2% .  T h i s  

fi gure of 32% is remarkedly c lo se t o  the 35% of evaporat i o n  loss 

for man, at  840F . 

Regan and R ic hard s o n  ( 60 )  used a s imi lar tec hnique wit h 2 

Jersey cows a nd calculated that at  840F . a nd 60% R . H . eac h c ow 

transp ire d  from her s urface 1 lb . or 454 gm .  per ho ur . 

Rieck and Lee ( 61 ) found t hat t he observed wat er loss was 

always much �er tha n could be accounted  for by re sp irat ory evap­

ora t i on. _At t he  lowe s t  temperat ure used ,  85°F . , t he no n-respirat­

ory evaporat ive loss was 454 g. per hour .  

The re sult s of t he se 3 groups of worke rs are i n  very c lo se a­

greeme nt .  R ieck a nd Lee c laimed t hat if , a s  Bcody ( 61 )  s tates , the 

rate of wat er loss by diff us io n i s  constant the n t he ma�or par t of 

t he extra wate r lost must be by sweat gland act ivity. Howeve r ,  

other workers - Whitehouse e t  al , - give expe rimental e vide nce to 

the e ffec t that diffus i o n  wat e r  los s  ri ses w i th a i r  temperature and 

thi s would account i n  a large measure for t he extra moist ure loss 

a t  t he high tempera t ure s .  

Brody e tal ( 44) i n  a recent ref i ned experime nt found no s harp 

break i n  t he curve of heat diss ipa t ion by vaporizat ion.  T here i s  a 

change i n  t he s l ope of t he curve , as  see n i n  F ig .  1 2 , at  55-65� . 

which may re lfe c t  a ri se i n  the re sp irat i o n  rate .  The grea tly 

ac cele rated evaporat ive coo l i ng i n  man above 94°F . refle c t s  his 

acce lerated sweat i ng  rat e  above thi s  temperature . Below so0p . 

however , t he cow loses more heat by vaporiza t i o n  t han d oes man. 

Kuno , previously s t ated t hat , at 840p . , man loses 35% of his 

heat load by means of diffus ion  water  los s .  Because his 

re sp irat io n  rat e  varie s l i t t le wi th tempe rature ( Baze t t  ( 7 ) )  t he  

loss per medi um · of t he resp irat ory passage s would not be very 

great . Brody ' s  figure , howe ver ,  s hows t hat at 84� . the cow 

lo ses  about 72% of i t s  heat load by vapori zat ion. The work 

of Freeborne e t  al , Regan and Richardso n, Ri eck and Lee ,  
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g ive 35% of the total heat diss ipat ion at 84°F. as be ing 

d iffuF> ion wat er loss  from the skin and does not include 

moi sture loss  from the resp irat ory tract. Thus , unit ing with 

Brody ' s d at a it app ears that , at 84°F. the cow loses 72% of 

i t s  heat by vaporizat ion of mo i sture , 35% of this from the 

skin and the b al ance - 37% from the resp irat ory tract .  

R ichardson ( 154) found that in  man two thirds of the 

i ns ens ibl e  loss came from the skin , i from the resp ir at o ry  

pas s age. With c attle  i t  app ears otherw ise.  However , this 

conclu s ion has been reached by deduct ion only. No true 

exp eriment al bas i s  exists .  

Mitchell an d  Hamilt on ( 15 5 )  report ed that in steers , 

heat loss  by vapor i zat ion ranged from about 1 5% of  t ot al heat 

loss  at 1 301". t o  about 4�% at 69°F. and that following 

shearing of the hair , ins ens ibl e  loss decreased by about 20%. 

Transposing these result s to  Brody ' s graph shows a fa�r agree-

ment. 

The cow then , is  relying very much on heat loss  by 

e vaporat ion l ong before its skin temperature e qual s air temper-
' 

ature ( 1020F. - Brody ) . At 1020F. all heat must be lost by 

evaporat ion in c ows , where as , im man , 94oF. i s  the temperature 

when air and skin t emperatures are e qual and all heat must 

be lost  by evaporat i on. However , well before 84°F. the c ow 

loses  70% o f  its  he at load by evaporat ion. 

Why do es the cow h ave to rely t o  such a large e xt ent 

on heat loss  by evaporat ion at comp arat ively early t emperatures 

comp ared with man? In the c as e  of man there is  no hairy c o at 

and heat loss  is  not hindered by an enveloping airlayer as it  

i s  in cattle. Als o ,  pulse rat e  in man rises  with air  t emper-

ature indicst ing that vasodilat ion is act ive. Skin temperature 

changes and a fine re-adjustment of the ci rcul at o ry system 

and the use of the extremities  for d i s s ip at ing heat allows man 

t o  make good use of the heat l o ss avenues of  radi at ion , 

c onduct ion and c onvect ion unt il skin and a ir temperature near 

equilibr ium. C attle , on the other hand , with their hai ry 

c oat , decrease in pul se rat e , p o s s ibly no vasodilat i on or 
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c ir cul atory ad jus tment in the ext r emit i e s , h ave p oo e metho d s  

o f  r a i s i ng s k i n  t emp er ature and a l t e r ing the d i s tribut ion o f  

he at d i s s ips.t i on. Henc e , t hey s .r e  no t ab l e  t o  make u s e  of the 

u s ual a venu e s  o f  h e a.t l o s s , e ven at c ompar at i vely l ow t empe r­

atur e s  and have t o  r e s o rt t o  evap or at i on. 

� orke r s  d ep l o r e  the fact th at c at t l e  are p o o rly s weat ing 

animal s and b e c au s e  o f  thi s , have p oor powers o f  ad apt at ion t o  

high a i r  t emp e r a t ur e s .  Thc:.t c at t l e  are p oo rly SV'leat ing animals 

may prove t o  b e  true , bu t rath e r  should one d epl ore the c ow • s 

poor thermoregu l at o ry ad j us tment t o  c;.u it e  mod e r at e  r i s es 

i n  a i r  t empe r ature , t hus C �ll.l S i ng t 'h e  a nimal t o  r e s ort t o  

evap orat i o n  methods at a very e ar ly s t ag e  s o t hat when higher 

t emp er atur e s  ar e app r o ach ed , the c ow i s  alre ady r elying t o  a 

very gre at ext ent on evaporat i on ,  whe r e as , man i s  st ill u s ing 

the u sual avenu e s  o f  he at l o s s and s t i l l  h a s  the greater part 

of the evap o r at i on �athod o f  h e at l o s s i n  r e s e rve. Thi s  

e xpl a ins h i s sup e r i o r i ty over c at t l e  at h igher a ir t empe r ature s .  

Work w i l l h ave t o  b e  c ar r i ed out t o  find just what c i rcul­

at o ry adjustment s do t ake p l ac e  i n  c at t l e ;  wh ether vasodil at ion 

i s  a fact or and what i s  t he thermal co nduct anc e of the t i s sues. 

Al though s ome w orkers h ave s t r e s s ed the imp o rt anc�f coat 

colour and qual i t y  i t  i s  pr ob abl e that the character of  the 

c o at i s  t he c h i e f  d i s advant ag e o f  cat t l e  in hot weathe r and 

more work needs t o  b e  undert a ken t o  s t u�y the role of the 

hairy c o at i n  thermoregulat i on. 

Brody show ecl that when unit s urface are a i s  used as a basE 

for c ompar ison , d ifference s b etween Hol s t e ins a nd  Jerseys are 

smal l ,  wh en s i ze d i fferenc e s  in e v aporat i ve l o s s  are elimi nat ed. 

On t he b as is  o f  b ody w e ight , however , ( per 1000 lb. L. W. ) small 

cow s  evaporat e more mo i sture t han l arger c ow s .  Between 90 

and 10C°F. a 1000 lb . c ow evap or at e s  2 lb. o f  mo i s ture p e r  

hour , n o t  much ab ove t h at o f  man , whos e we ight is about one 

t enth that o f  the c ow At 70°F. man diss ip ates 18% 

of the h e at pro duced by e vapor at i on , c ows - so%. 

Rho ad ( 63 ) us ed i nverted p e t r i d. i sh e s  t e chni que on the 
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bodies  of pure-bred Angus , i Angus * Brahman , i Angus i Brahman 

and pure-bred Brahman and 

Mean 

Shade 

Weight of  Wat er 

C omb ined Are a  of 

Pure-bred 
Tem;Q. OF Angus 

86-9 5 9 6. 5 

76-85 79 . 5 

66-85 55. 0 

46-75 31. 0 

got the foll owing results : 

Transpired per Hour over the 

2 lOcm. Petr i  d i shes1 

-i A ot B i A i B Pur�-br�d 
Brahman. 

111. 6 183. 4 176. 2 

87. 6 1 29 . 7 112. 4 

50. 5 75. 2 35. 6 

35. 3 33. 1  28. 5 

W ithin each of the 4 gene t i c  t ypes represent ed there i s  a 

regul ar and s ignificant increase  in the amount o f  water vapor­

ized through the skin as air  t emperature r i s e s  above 70 0F. 

Brahman t ypes transpi red more wat er than did  Angus b reeds. I s  

this because of increased swe at gland. act ivity in the Brahman 

whose  resp irat i on rat e  does not increase very much even at 9QOF2 

W ater  consum;Qt ion: -

S ome heat may al s o  be diss ipat ed by increas ing t he con­

sumt i on o f  wat er. Regan and Me ad ( 128 ) placed 3 pairs of 

Holst e in cows for 3 months in a heat c ontrolled r oom between 

40-lOOoF. R. H. 60%. The wat er consump t i on was uniform between 

40 and 80°F. Above 800F. the cows became hyp erthermic a nd  

decreased the ir consumpt ion of wat er. Brody et al ( 1 56)  got 

a cont rary result t o  the s e  people.  They found t hat above 

70-80°F. water consumpt i on t ended to increase.  However , 

the increase was enormousl�' var i able w ithin the 6 cows. One 

Jers ey c ow increased  her consumpt i on from 11 ga ll ons per day 

at 50° t o  43 gal l ons per day at lOOOF. By incre asing this 

wat er consumpt ion by 30 ga llons this cow d i s s ip at ed 2 , 850 

C alories  of he at from the body per day by inc re as ing the wat er 

from 60°F. to body t emperature � f  1C60F. 

This c ow ' s ur ine output al s o  increas ed enormously. Now in man , 

wat er consumpt ion invari ably incr e ases  with air temp erature , 

but urine voll�e always decreases  and becau se of swe at ing 

there is  a danger of dehydrat io� With cows , on the other 

hand , there is a tendency for hydrat ion and increased urine 



113. 

voll�e. A pos s ible expl anat ion of the high urine volume , put 

forward by Brody , is  that a decreased s ecret ion of ant idurect ic 

hormone at the high a ir t emperatures t akes p l ac e  and the water 

consumpt ion was coupleqkith the urine vol�e rather than w ith 

any thermoregulat ory effect. There i s  no evidence on this 

and in the meant ime i t  i s  quite clear that the dr inking of 

l arge volume s of cool wat er at high ai r temperatures helps 

c ons iderably to cool the body. 

Below 50°F. the water consumpt ion t ends to parallel  the 

feed consumpt ion. However , whether c at t le do inc r e as e water 

at high a ir t emp eratures i s  not certain. Brody ' s dat a was on 

6 c ows , one of t hese  increased h er wat er consumpt ion markedly 

while in another it decl ined - between these  two there was 

great var i at i on. A high w at er int ake was assoc i at ed with a 

smaller  r i s e  in body temp erature and a smaller depre s s ion of 

milk product ion and feed c onsumpt io� It app ears clear , however , 

t hat 80°F. is  the crit ical  t emperature for water consumpt ion , 

above thi s var i ability i s  great.  

S w e a t  Gl ands and Sweat ing. 

Litt le is  known about the hist ology of b ovine skin and it  

i s  not yet fully proven whe t h e r  c a t t le p o s s e s s  g l ands that 

funct i on as sweat glandE . Ease of heat loss  wi ll depend t o  a 

l arge extent on the funct ioning of sweat gl ands . 

Gurlt ( 157)  described the sweat gl ands of European cattle  

as  be ing smal l oval sack-l ike structures.  He cl aimed the cow 

swe at ed only from c erta in surfaces ,  at the bot t om of the ears , 

the s ide of the neck , in the fl anks. Al so , he claimed , that 

under cert ain unnamed condit ion:? a general outbreak of sweat 

c ould occur all over the body. 

Ellenq·urger ( 1 58 )  stat ed that cow skin i s  profus ely suppl ied 

with sweat gl ands , each gl and lying at  the side of the hair 

follicle  and having a s ac-l ike lume� 

Yamane and Ono ( 1 59 ) , Jap anese  workers , studied s amples  

t aken from 21 b ody regions of Buffaloes , Zebus and autch 

Fri es i an c attle. They claimed that the skin of the Zebu was 
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thinner , though the epid ermis was  thicker , than other c attle , 

and that hair dens ity was great er and sweat and sebace<bus 

glands were gre ater i n  s i ze and number. The Fr iesians were 

found to have a poor development of the ep idermis and a st rong 

development of the papillary l ayer. Sweat and skin gl ands were 

few and small in number. They clA imed that the gland s were of 

the exocr ine type and attribut ed s uperior ity of the Zebu t o  

t he great er number of swe at glands per unit are a. 

Kelly ( 160 ) worked w ith Fr ies i an and Fri e s i an-Zebu crosses  

and claimed that the Zebu crosses  had more swe at glands than 

the Fries i ans . Kel ly , however , merely compared pieces of skin 

of crossbreds of t Zebu blood with skin cutt ings at the s ame 

places  of cro s s e s  with i Zebu blood. Kelly , himself , s aid 

t hat the mater i al at his  d i sposal was  insuffi c i ent t o  give an 

accurat e  compar i s on. 

Burcev ( 161 ) studi ed sweat gl ands in the ear of a l arge 

number of c attle of the Red German breed. He found the number 

of sweat glands per s quare mill imetre was 4. 8 2  ± 0. 049. The 

c oeff i c i ent of var i at ion , however , was l arge - 37. 7%. Age 

and sex  were found to  have no affect. Yamane and Ono found 

that both age and s ex had an ef�ect on the number of sweat 

glands.  

Acc ording t o  Zamj at ina ( 162 ) the number of sweat gl ands 

p er unit surface area should be c onst ant and heredit able in 

any part i cular race.  Twelve sect i ons were prep!lred from the 

upper corner of the l eft ear of e ach of a herd of 300 S imment a1 

and VVhi  teheaded  cows. There were 8. 58 sweat gl ands per s quare 

mm. in S immental s , verus 8. 84 in Whi tel'J eaded. Age , he bel i eve d ,  

h ad l ittle  effect. 

Both Burcev and Zamj ot ina c l a imed high correlations be­

tween number of sweat glands and milk product ion. Burcev 

der ived r = 0. 72 and on l i t t l e  evidenc e suggested that the 

small number of sweat gl ands acts as a rece s s ive. Zamj ot ina 

r = 0. 74. Dat a from 3 bulls  showed that the number of  sweat 

glands and milk product i on were higher in daughters sired by 
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bulls  w ith a greater number of sweat gl ands of large diameter and 

that c ow s  from cros s e d  mat ings had more sweat gl ands. i. e. , 

t hat heter o s i s  had t aken place. 

F i ndley et al ( 163)  on the b a s i s  of work with 30 Ayrshire 

cows found no correlat ion between the numb er of sweat glands 

in t he hel i x of the e ar and milk produ c t i on. 

Brody ( 6 ) s t at es that Zebu or BrahmBn c a t t l e  have a higher 

degree of heat tolerance than Z1.1 ropean c attl e ,  apparent ly 

b ec au s e  tropical c attle have more sweat glands than European 

c at t l e. Bonsma ( 5 5 )  al so  cl a ims t t � t  the Afr i c ander has more 

sweat gl ands a.'nd t hat snooth-coated c at t l e  have more sweat 

and sub ac e ous gl ands than woolly- c o at e d  c attle , but both the s e  

authors g i ve no dat a to support the i r  var i ous cl a �s.  

Becau s e  of th e import anc e of sweat gl and act i vity for heat 

regul at ion in man , the pos s ib il ity of an e x i s t i ng correlat ion 

b etween the numb e r  of swe at gl ands per surfac e unit of the skin 

and the degree of heat tolerance in the various breeds of 

c attle have been g iven c ons iderat i on. But the conc lu s ions 

are vague. Ther e s e ems to be mor e  swe at gl ands per unit are a  

i n  Zebu c attle  than i n  s ome Eur o p e an breeds but data  o n  the 

number p e r  uni t ar e a  i n  common Eur opean breeds is  meagre. 

Whether the factors for sw eat gland numbers are hereditary 

are dominant and have heteros i s effects has been suggested , 

but no r e al l y  d e t a i l e d  h i s t ol og i c al inveB tigat i on of the number 

of sweat gl ands over the entire surface rather than just 

t he e ar s , has not yet bee n c arr ied out , and no ob j ect i ve 

e xper iment has been done t o find out just what are the 

here d it ary impl i c at i ons . 

Yang et al ( 16 5 )  made a det a i l ed s tudy of the sweat 

glands in Ayrsh ire cows.  He c onc luded that in 3 - 4 year 

old Ayrshire cov1s each hair f ol l i cl e  i s  invar i ably accompanied 

by an erector pili  mu s c l e , a sweat gl and and a s ebaceOus 

gland. Thus , t he c ount i ng of sweat gl ands i s  made e as i er 

Dry ( 1 66 ) has al so  found that e ach hair shaft i s  accompanied 

by a sweat gl and. 'fhe average number of sweat gl ands per 
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square cm. of skin as j udged from 21 b ody regions was 1 , 871 

± 500. Man , acc ording t o  Taniguch ( 167 ) has about 250 swe at 

gl ands p er s qu are cm. of skin. Thus , the cow has about 8 

t imes as many sweat gl ands as man. Per s quare � the numb er 

of sweat gl ands for Ayrshire is  much higher than that found 

by previ ous workers for other breeds - though these  had worked 

mainly on s amples drawn from the e ar. The sweat gl ands obs erved 

by these  workers are s imilar to tho s e found in the n og ( Speed 

( 168 ) ) and in the sheep ( Carter ( 169 ) ) .  

Not only i s  there confus ion a m  insuff i c i ent work on the 

number of sweat glands p er unit area but there i s  controversy 

conc erning ··f.l:ether these  gl ands a r e  e c c r ine or apocrine i n  

s ecret ion. Yamane and Ono c laimed that they were eccrine but 

others ( Yang and Lee ) b e l i e ve that they are apocrine in 

s ecret io� Man has the eccrine typ e  and the gl and i s  not 

necessarily assoc i at ed with a h a i r  fo l l i c l ,:. 1arge gl ands b e­

neath the axillae in man resembles  the s ac-l ike gl ands of 

c at t l e. Yang found that the glands had a poor c apill ary blood 

supply - contrary to  the condit i on in man. 

( Eccrine glands are d e f ined by Bl aki st ons D i ct ionary ( 190 ) 

a s  " gl ands which del iver· the ir· se c re t i on or excret ion to  an 

ep ithel i al surfac e  e ither d i rectly or by means of ducts ". ) 

Much of t h i s  r·esearch work i s  incompl et e  and it  s eems that 

so far we cannot explain the s up e r fi c i al s imil arity  between .the 

here dit ary b eh avi our of he at toleranc e and the number of swe at 

gl ands p e r  unit ar e a  of skin , by as sumir� that heat regul ation 

t akes place by me ans of these  sweat gl ands . It has not been 

p o s s ib l e t o  s t a t e  an average for the number o f  swe at gl ands per 

unit area because  o f  the w i d e  var i at i on o f  w ork whi ch has been 

carried out , most of it on widely different breeds. On the b as is 

of morpholog i c al r e s e ar c h , therefor·e , we c annot tell  wh at is  the 

s ignificance of  the s o- c al l e d  sweat glands of  c att l e . From 

hi st ological ev idence , it app ears that cattle h ave a large number 

o f  swe at gl ands. The ques t ion ar i s e s as t o whether o r  not these  

swe at gl and s are funct ional . 

Yang , on t he b as i s  of  h i t t o l ig i c al ev i dence , s t at es that 
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t hey are d efin i t ely tunc t i ona l a l t h ough the s e c r e t ing cyc l e  

app e ar s  t o  b e  a s l ow one . � i e rt z ( 171)  i n  a revi ew , make s the 

swe e p i ng s t at ement t hat " i n p r a c t i c e , p e r e p i r ct i on i n  c at t l e  

app e ar s  onl y s p o r e.d i c ally 8 S  for e xampl e A ft er he avy w o rk ,  o r  

i n  w arn: s t ab l e P  or dur ir:.g the b i r t h  o f a c al f  and e v e n  t h e n  i t  

j s  l im it e d pr imar i l y  t o  the neck , sho ul d e r s and s i d e s . However , 

o ne c anno t  exc lude t h e  p o s s ib i l i t y o f  a o e r p et ual s l ow secret ion 

o f  the r e s p i r a t or y  g l ands not p er c ent ib l e  t o  the eye . " He 

quot e s  no l it eratur e  t o  support the s e  s t at em en t s  but p e rhap s  

he may have h a d  t h e  f i ncl ine;::: o f  r-�u rl t i n  m i n(l. S ome s t ockmen 

c l t=dm that c att l e , aft er· } 1 e e.vy c h · i  ves b e c ome v:e t , e sp e c i al ly 

j _n t :t; e fl E.mks , neck and s hould e r s. lee ( 9 )  in another r e view , 

c oncluded t h at s inc e c a t t l e  have such a p l ent i ful supp l y  of 

s we at gl ands i t  w a s  ::: t r ang e that they s lwu l d  no t b e  funct i onal 

Inve s t i g a t i ons have shown tha t all mamm al s except r odent s , 

p o s s e s s  morphol og i c al ap o c r i ne sweat g l and s .  It s e ems p robab le 

that s w e a t  gl ands r e s p o� s e  t o  h e at i s  f a irly w i d e spre ad 

among mamma l s  but the e ff i c i ency e nd degre e o f  ac t iv i ty var i e s  

fr om spec i e s  t o  sp ec i e s  r e ac h i ng a maximum i n  t he hor s e  and 

man. 

Exper iment a l  m E:t er i al c onc erning the func t i on of' SV'reat 

g l a nds i F.  me agre and many of the c l a ims of swe at gland 

a c t i v i t y  h ave b e e n  rathe r  supp o s i t i ons t han c o nc lus i ons based 

on exact e xper iment al d at a. � r e eb o rne and Be rry ( 153)  tr ied 

wa s h i ng an ar e a  on two J e r s ey co?.- s sub j e c t e d  to hot t emperatur e s  

b e fore and aft er , w i th d i s t i l l e d w at er. The fr e s h  wat er was 

ex&�ined fo r chl or i de s but no c hl o r i d e s  were found. A s imi l ar 

t e chni q_ue u s ed by ::::egan and ?.. i char d s on ( 59 )  r e sul t ed i n  no 

t r a c e  o f  chl oT' i d e s . B o t h  c onclu,1ed th·�t s i nc e human sweat 

c ont ains c hl o r ide s , t hat at th-0 t emp er atur e  and humi d i ty of 

t he i r  e xp e r ime nt s , cows c ou l d  not s w e a� . However , swe at ing 

need not n e c e s s ar i l y  r e s u l t  i n  exc r e t i o n  o f  c hl or i d e s. B o t h  

s e t s  of \�·or•ke r E , t r i e d out the w a s h  wat e r  t e c hn i que at 

about 85°F. wh i c h i P  j u s t  at the t hr e shold fo r swe at ing in man. 

It i s  a p i t t that th e tr i al s  harl n o t  been r e p e at ed at higher 
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t emperatu r e s .  

7.hree sets of workers - Regan and R ichardson , Rieck and Lee 

and Freeborne and Berry , d erived much the same result for vapor-

izat ion loss  through the skin of c attle  at 85°F. Brody ( 44) too , 

seems to arrive at a s imila r  figure. 

Comp aring the evaporat ive loss  of calves and cows in the ir  

react ions t o  high air  temperature s , Rieck and Lee  ( 61 )  found no 

differenc e in the evaporat ive loss  per unit of body weight. In 

terms of unit surface area , however , the evaporat ive lo ss would 

be less for calves than for· cows  suggest ing l owered effic iency 

of  the ' sweat gl ands ' since the dens ity p er unit  ar ea in the c alf  

would be  greater than in the adult. Here again explanat ion is 

b ased on assumpt ion of sweat gl and act ivity without any p re-cise 

informat ion as regards their actual functional act ivity. 

Rhoad ( 64)  assumes that if diffus ion wat er loss  be t aken 

as remaining constant then the increase in wat er loss  at higher 

t emperatures mus t be due t o  sweat gl and act ivity. The Brahman 

showed the highest transp irat ion rate and any d i fferenc e  in heat 

t olerances of  the animal s may be partly attributed t o  d i fferences  

in act ivity of sweat glands. The same expl anat ion as in R ieck 

and Lee ' s w o rk ,  ment i oned e arl i e r , could well apply here and 

the same criterion of  as suming swe at gl And act ivity to  expl ain 

water loss  w ithout exact evidence. 

Most spe c i es enj oy wading in wat er in hot weather but for 

some species , e. g. , the pig , access  to wat er or mud vallows is  a 

matt er of l i fe or a e e t h , in hot weather. 

Minnet ( 172 ) us ing buffaloes and Zebu cows tried sprinkl ing 

with water  at 50-60°F. A heavy art ifi c i al shower fo r 2 hours 

lowered the b ody t emp er ature of buff aloe s  by 2. 8°F. in the 

morning and 1. 6° in the afternoon , on the average , while a 

similar shower for Zebu cows , cau sed body temperature to  fall by 

only 0. 5°F. in the aft ernoon. With the cows  the main effects of  

the shower was due to t he drying - evaporat ion of  water - whereas 

with the buffaloes  the d irect appl icat ion of the water was the 
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gre at est c aus e of the fall .  Thi s  may have been the cooling effect 

on the blood in the superfi c i al t issues and this c ooled b lood 

be ing c arried into the interior. However , there is no ind icat i on 

of thermal conduct ivity and blood flow var i at i ons between buffalo 

and Zebu c at t l e. 

Natural ra in was found t o  have less  affect and its  affects 

could be overcome by exer c i s e. Fanning was t ried out on buffaloes 

only and appeared to  make  l i t tl e  difference. 

Seath and Miller  ( 173 ) used 6 Jersey cows in a 2 x 2 factori al 

des ign. Cows were t ied out i n  the sun at midd ay for a t ime and 

then put into  a b ar� Three  w e r e  sp rinkled w i th water and three 

l eft dry. On the follow ing 2 days fan a nd no fan and s p rinkl ing 

with fan and no fan t r i ed out . Thes e  di fferences  b etween test 

days were confounded w i t h  the re s ul ts of the experiment. 

Aft er 2 hours in the sun cows had an average b o dy  t emperature 

2. 3°F. higher than normal , a nd resp ir at ion rates  were al s o  

higher. Sprinkl ing plus shade markedly decreased body t emperature 

and resp irat ion r ate  comp ared with c ows that had j ust shade alone. 

F anning greatly increased t he c ool ing of b oth sprinkl ed and non­

sprinkled cows. Puls e  tended to follow s imi l ar courses as body 

t emperatu re and resp irat ioil r a t e , 1 . e.  , with better c ool ing methods 

the pul se  rat e  al so declined to a greater extent. Th es e  w orkers 

concluded that shade al one , spr inkling alone or combinat ions o f  

t he s e , all t ended t o  reduce b ody t emperature , resp irat i on rat e  and 
pul s e  rat e , but the shade plus spr inkl ing , plus fan p rodu ced 

the great est r· eduction. 'l'he fan , they bel i eved , inc reased the 

evaporat i on of sprinkled cows and increased convection loss  in the 

non-sprinkl ed cows. It is a pity that the s e  workers d id not 

try spr inkl ing in the sun as compared with s prinkl ing plus shade , 

then one would be abl e  to  s e e  i f  the s un  c aused a mo re rapid and 

t r ans i t i onal fa ll in the phys i o l og i c A l  me a s u rem ent s. The fact 

t hat shade alone was not as effect ive as shade plus spr inkl ing 

suggests  a poor swe at. ing mechan i sm. 

Seath and Miller ( 174) in a previous p aper found that shade 

alone or spr inkl ing plus shade was effect ive in reducing body . 
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t emp erature , resp i r at i o n  r at e  and pul s e  rate - spr inkl ing plus 

shade b e ing more e ffe c t i ve. 

Brody ( 6 ) in a s imi l ar type of experiment got resul t s  s ome­

what at var i anc e to the abo ve worlcers. Wet sponge bl anket s were 

pl aced o ve r  2 cows , one of the s e  h ad a s t r ong fan and the other 

l e ft free. Two other cows were l eft unb l anke t ed , one w ith 

the fan the ot her w i thout. The fann i ng in thi s exper iment failed 

to have anjr effec t  on e i t her the b l anke t ed o r  non-b l anket e d  c ows . 

Inde ed , in the non-b l anket ed cow the fan app e ared t o  incre ase 

t he r e sp i r at ion rat e app�ently b ec au s e  of the f a nning of hot a i r  

o ve r  the b o dy. The wet bl anket reduc ed the resp i r at ion rat e 

cons iderab l y. I f  the an imal s swe at ed , then fanning would b e  

exp e c t e d  t o  g i ve added c omfort t o  the animal . That i t  did not 

achieve thi s i s  p erhap s ind i r e c t  evi dence of a p oor swe at 

me chan i sm - no informat ion on pul s e  r at e s  was g i ven. 

Why t he cows i n  Brody ' s e xp e r im ent did not der ive any 

b en efit from f a nn i ng whe r· e e_s the c at t l e  u s e d  by S e ath and Miller 

d i d , i s  hard to rec onc i l e. F anni ng theor e t i c a lly ilS exp ec t e d  t o  

have a de s i r ab l e  e ffect e ven i n  p oorly s w e at i ng  animals p r ov i ded 

a i r  t emp er a ture i s  bel ow skin t emp erature and in both the s e  exper· 

iment s such was the c a s e .  M innet , h owever , c ould obs erve no 

b ene f i t  for buffalo e s  when fanned. 

In 1948 S e ath and M i l l e r  ( 175)  r ep o rt ed another t r i al t o  find 

the effe ct o f  d i ffe rent t yp e s  of s p rays for cool ing down c o \m .  

'L'he i r  previou s e xp e r im ent s  had not e d  that c ows did n o t  l ike b e ing 

ho sed down. S eve r al typ es o f  spr ays were tr i ed unde r  a b amb oo 

constructed shade. The c at t l e  showed a l i king for a fine mi st­

l ike spray and b ody t emp er ature and resp irat i on rat e s  t e nded t o  

r e turn t o  n o rmal. Yearl ing he i fers al s o  showed s ome preference 

f o r  the sp r i nkl er , though d id not make as re ady us e of it as the 

c ows , p r ob ably b e c au s e  t hey were l e s s  affe cted by the high a i r  

t emp er atur e s  whi c h averaged ab out 90°F. No i nfo rmat i on was g iven 

on pul s e  rate. 

Minnet remarked that though buffal o e s  l iked a heavy art ifi c i al 

hos ing down , Z ebu c ows ob j ec t ed t o  such t r e atm ent. 
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Kel ly a nd I t t ne r  ( 1 2 )  us e d s p rays unde r ar t i fi c ial s hade s 

i n  a study o f  rad i a t i o n  e ff e c t s .  A f i ne sp ray did no t have s uc h  

a n  e ffe c t  a s  a c oarse o ne . T hey ob se rved t hat c a t t l e had t o  

" lear n" t he use o f  a spray, a nd ho si ng d own seve r a l  t imes w i th a 

garde n h o se c a us e d  them t o  use t he s how er more t ha n  t hey di d 

b e f ore . Vlhe n us i ng t he mi s t  sp ray the eat t le were o nly damp e ne d  

whe re a s  t he c oarse spray t ho r o ug hly w e t t he s ki n. A i r  t emperat ure s 

w e re about 1 00°F . A drop i n  b ody temp era. ture of 2-30F . a nd 20 

re sp i ra t i o ns per mi nute were ob served, a l th o ugh sea t h  a nd Mi ller 

go t t h i s  d r op i n  b ody t emp era t u re and a gre at e r d r op i n  re sp i rat i o n 

rate w i t h b ot h c oarse a nd f i ne spray s .  

Ke lly a nd I t t ne r  obs e rved that t h e ir c ows d i d  not use the 

spray a t  ni ght e ve n  whe n night tempe rat ure s d id not fall be low 

80°F . I t  was used ma i nly la t e  i n  t he morn i ng  a nd most of t he 

afte r noo n. T h i s  w ould be becs.use of t he add i t i o na l  hea t l oad 

from s o l a r  radiat i o n  d ur i ng t he day t ime a nd great e r  ne ed for 

c o ol i ng by e vapora t i o n. 

From t he standp o i nt of ab i l i ty t o  w i t hs t a nd high t empera ture s ,  

Brody d i v ide s home o t he rms i nt o 2 classe s - sweat i ng spe c i e s  

evo lved 1 n h o t  re g i o ns ,  i nc ludi ng ma n, and no n- sweat i ng spe c ie s  

evolved i n  c o o l  reg i o ns ,  i nc l udi ng E ur ope a n  cat t l e ,  sw i ne ,  s heep , 

a nd p o ul t ry and a l s o  lab ora t o ry a n ima l s  whi c h  ne i t her sweat no r 

pa nt , s uc h  as rabb i t s ,  ra t s  a nd mi ce .  T he s e  a n ima ls , ofte n 

i ns t i nc t ive ly we t t hemse l v e s  w i t h s a l i va a nd u r i ne .  

B o nsma ( 55 )  has not ed t ha t  an ima l s are ve ry o ft e n i n  a s ta t e  

of fe ve r a t  h i g h  a i r  t empera t ures a rid sal iva t e  f re ely . A s  much 

as 4 gallo ns of sal i va ha s be e n  colle c t e d  fr am e xo t i c  b ul l s  o ut 

i n  t he s un, w hereas 2 gal lo ns have bee n c ol l e c t e d  i n  we ll-ve nt i la t ­

e d  s t able s .  Under s imi lar co nd i t i o ns Afri ca nde r and Afri cande r  

c ros sbred s t o ck do not sal ivate a t  al l .  S u ch a l o s s  of s a l i va 

seems w a s t e f ul a s , u nl i ke s ome animals , e . g . ,  t he cat , i t  i s  no t 

l i cke d  o n t o  t he c oa t  w here i t s  e vaporat i o n  wo uld he lp t o  c ool t he 

b ody . Rie c k  a nd Lee ( 61 ) a l s o  not e d  salivat i o n  a t  h i gh a i r  t empe ra­

ture s above 1 00 oF .  I nd i v id ual c ows var ie d b ut t he l o s s  b e came s ome ­

t imes exce s s i ve ,  re achi ng t o  1 l i t re pe r hr . Brody make s  no s pe c illc 
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ment ion o f  s a  i vary l o s s e s  in his  rec ent exp er iments , but a 

spec i al p an is  provided to  c ollect sal iva on a pl atform used 

t o  m easure ins ensible we ight loss .  

That c ons iderable  loss  o f  mineral s alts  c an t ake pl ac e 

through thi s exc e s s ive s al ivat ion at h igh a ir temp eratures has 

been shown by Bonsma� ( 25 ) .  The average chemical c ompos it ion 

of numerous samp l es o f  s al iva l ost in the at tempt t o  c o ol the 

b ody i s  as follows : 

P2os% I CuO% N% ! 20% l Na20% Ash. 
! 

0. 0031 
i 

0. 0 1 53 0. 0 260 
! 

0. 0671 I 0. 0710 0 ,4134 
I I I 1 

A beast dri vel l ing 3-4 gall ons per ds.y could lose  up t o  li ozs.  

of mineral s al t s .  Thi s  woulo b e  a v i t al drain o n  the mineral 

r e s ourc e s  of t he body. 

Thus , the l it e r atur e i &  on t h e  whol e i nc onclu s i ve regard-

i ng  vap or i s at ion l o s s  of mo i s ture from cattle.  There is evid-

ence that c at t l e h ave l arge numb ers of sweat gl ands , but there 

i s  n o  re l i abl e e s t imat e o f  t h e  aver ag e  numb e r per unit are a  for 

a suff i c i ent number o f  b r e eds t o  s ee i f  there i s  a difference 

between Tropical and European breeds in thi s aspect. S ome 

l ittle  evidence tends t o  show th at Tropical breeds do pos s e s s  

more sweat gl ands than European breeds but the pos i tion is  by 

no m� ans cert ain. 

The e videnc e  conc e rn i ng whether or not these  sweat glands / 
o f  c attl e are funct ional o r not is  even l e s s  meagre and more 

unc ert a in. That they are apo c r i ne in type has been agreed 

upon  by several writers.  On the b as i s of the pr esence of swe at 

gl ands s ome writers have maint ained that they would be funct ion-

al others have po stulat ed sweat gl and act ivity t o  expl ain 

observed evaporat ive losses  great er than c ou l d  be ac c ounted for , 

or to  explain d i fferences between the reactions of different 

b reeds , but no actual dat a has been p re s ented whi c h  r elates t o  

swe at gland act i vity i n  its elf. Ordinary d i ffu s i on water loss 

can account for a c ons ider abl e  amount of the mo isture l o ss , 
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t hough e ven t h i s  a sp e c t  of mo i s t u r e  l o s s  in c at t l e  h as but 

l i t t l e  e v i denc e to b a ck it up. M o s t  of t he s upp o s it i ons o f  

e vap or at ive l o s s  have b e en t r ansp o sed from ev idenc e w i t h  

humans . 

That t here i s  a d i ff e n� nce b etwe e n  Trop i c a4. and Eu rop e an 

c at t l e  e xpo sed t o  h igh a i r  t emp e r ature s ,  i s  Qu i t e  c l e ar. 

B e c au s e  Z ebu and Afr i c ande r  t yp e s  do not r e s p i r e  to any great 

e xt ent at t h e s e  high a ir t emp er atur e s  do es sugg e s t  e i t her more 

e ff i c i ent Cl. iffu s i on wat e r  l o s s  on s w e at gl and a c t i vit y 

o r  b o t h , in t h e s e  t yp e s .  S ome s ay t h at t he c onfo rmat i o n  of the 

trop i c al c at t l e  g ives t hem s ome me asure of sup er i ority. H oweve r , 

such c onformat i o n  b y  p re s ent i ng a l arger surface are a  but as s i s t s  

l o s s  b y  r a d i at i o n  a nd c onve c t i on. Bu t .  theoret i c a ll y , l o s s e s  

b y  t h e s e  a venu e s  b e c ome smal l e r  and sm 8 l l er a s  a i r  t emper atu re 

r i s e s  and a i r  and skin t emp er at u r e s  d r aw c l o s er t o  one anot her. 

At very high a i r  t emp eratures the only c onc e i vab l e  way o f  l o s iRg 

heat mu st b e  by way o f  evapor at ion o f  m o i sture , yet t he s e  

t rop i c al b reeds d o  no t incr e a s e  r e s p i rat i on r at e  anywhere ne ar 

as muc h  as European b r ee d s  expo se d to t he s am e  c ondi t i ons , s o  

t hat t h ere mu s t  b e  incre a s ed d i ffu s ion wat er l o s s  and/o r  

sweat ing a t  t h e s e  high a i r  t emp er atu r e s .  There c an b e  n o  other 

way in wh i c h  the heat l o ad c an b e  d is s ip at e d ,  yet there is no 

refer enc e in the l i t erature to a nyone having a c tually s e en 

t rop i c al c at t l e  sw e at i ng and only a few referen c e s  to having 

s een v i s ib l e  mo i s ture o n  the h i d e  of Europ ean animal s .  W orke r s  

e xp er iment ing w it h  both t yp e s  under hot c ond i t i ons , have never 

m ent i oned s i gns o f  v i s ibl e swe at ing. The p o s i t i on me ems h ard 

to c omply w i t h  t heor e t i c al c ons ide r at ions , i . e. , that a ll he at 

mus t  be l o st by evap or a t ion at high a ir t empe r ature s ,  yet the 

b ody t emp e r ature and � e s p i r at i o n  r at e  of Zebu t yp e s  d o e s  not 

r i se t o  a r� marked extent and no vi s ib l e  s igns of swe at ing h ave 

been r e o ort ed. The c onc lu s i o n  i s  t h at we st i l l c anno t  s ay defin­

it ely i f  c a t t l e  sweat but on t h e  b as i s  o f  t he ory i t  appe a r s  they 

mu s t  swe at and on t h i s b a s i �:. t o o  many workers h ave as sumed swe at 

gl and a c t i vi t y  and r e ferred t o  i t  as p roven. Thus , fre quent 
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reference i s  made t o  sweat ing trop i c al c at t l e  and poorly 

sweat ing European c at t l e  merely on the b a s i s  of c i rcumst ant i al 

evidence.  

11.  ADAPT AB lL ITY. 

An animal whi ch is adapted is in harmony w ith its  

environment . The c l imat e affects  the veget at ion , and al so 

regul at e s  the thermal el E!llent s in which the animal i s  t o  repro­

duc e  a nd t hrive. As a result of d i fferenc e s  in c l im at i c  

c haract e r i s t i c s  the var i ous b reeds react d ifferently t o  

environment al st imul i .  When transport e d  to a new environment 

c ert ain ind ividuals within a breed suc ce ed better than others 

and the i r  ab il ity to adapt is  reflected in t he growth a nd  

product ion o f  such animals .  Europe an c e.ttle tran sport e d  t o  

t rop i c al o r  subtrop i c al areas have difficulty in  adapt ing them­

s el ve s  to  the new thermal el ement s.  To be  suc c e s s ful , animals 

in hot cl imates  must have res i stance to  the thermal c omponents. 

( a ) Res i s t ance t o  radiat i o� 

(b ) Res i s t ance to  air  t emperature. 

( c ) Res i s t anc e to humidity. 

Workers  have indicat ed that the colour of hai r  and hide are 

imp o rt ant for an animal to cut down on i t s  s o l ar heat l o ad 

suc c e s s fully , and b reeding for such characters may well be 

c arried out. Qual ity and nature of the hai ry covering exerts  

an import ant e ffect in an an imal ' s react ion to  a ir t emperature. 

Bonsma has shown how the type of hair c o at even within a breed 

exert s an import ant influence on t he degree of str e s s  which 

high air temperature and radi at ion impose upon the animal. 

An animal ' s  heat tol erance has been shown to increase  with age. 

Young animal s vthi c h  show a high r e s i s t ance as c alve s  c an 

be  sel ect ed. However , to  be  properly adapt ed the animal s must 

b e  abl e  to  malce use  of the ava i l able  forage and this in the 

t rop i c s  is usually s p ars e , and watering plac e s  are far apart. 

W alking t es t s  have shown up the relat ive efficient manner in 

whi ch tropical breeds c an walk l ong d i s t a nc e s  and in s ome c as e s , 

all  d ay in the blaz ing s unshine. Bonsma ( 25 )  had tried out 
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the effect of depr ivat ion of wat er on the various breeds. 

With exot ic breeds dep rivat ion of wat er for 48 hours 

c aused a loss  of we ight of 1 5% ( 105 lbs. ) whereas Africanders 

showed a b ody we ight l o ss of only 1. 5% , i . e. , 15  lbs. 

Ade�uate nutr it ion strangely enough , does  not answer the 

problem in the trop ics. The feed may be scarce and foraging 

difficult in the t rop ic s , but even s o ,  the feeding of supple­

ment ary fodder will not answer the probl em. It i s  p o ss ible for 

a b reed adapted to a warm region to develop normally in a 

t emperate cl imat e , provided it receives adequat e feed and 

shelt er during the wint er. However , the converse is  not true. 

A c attle  breed developed in a c ool temperate reg i on will not 

thrive in the trop ic s , notwithst andi ng good fe eding. Such 

animal s t end to b e c ame hyp erthermic too  readily , they automat i c­

ally eat less  and so the funct i ons o f  growth are retarded and 

adapt at i on i �oor. It  i s  often s aid a poor r ough looking coat 

on an animal is  the result of poor nutrit ion , however , in the 

trop i cs a rough coat can be the c aus e , rather than the result 

of , underfeeding. Thus an endeavour should be made to l ocate 

e ach breed in tho s e  reg ions which most clesely resembl e  its 

original hab i t at and for hot dry trop i c al climat e s  tho se breeds 

should be  s el ected which are abl e  to adapt themselves under 

the given c ond i t i ons. 

The seeking of s hade and volunt ary reduct ion in food 

int ake by the c e s s at i on of graz ing are homeothermic mechani sms 

which ease  t he heat l o ad pluced upon the animal when it is  

sub j ected t o  high air  temperatures  and mo re so  still , when there 

is intense solar radiat ion. 

Bonsma ( 55 )  carried out grazing ob servat ions on 

Africander , Hereford , Shorthorn and Aberdeen Angus cattle.  

The following t ab l e  adapted f'rom Bonsma et al , 

illust rat e s  how the Afri cander i s  abl e  t o  graze much l onger than 

t he Aberdeen Angus. 
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% per day. 

Grazin� Restin� in 
Shade. 

Africander 
Hereford 
Shorthorn 
Aberdeen Angus 

89 
79 
78 
75 

11 
21 
22 
25 

Air temperature ranged from 84 - lOOOF. On w indy days the 

animals were rest ive and d id not l i e  down much. On hot days 

they grazed against the w ind whil e on cool days they grazed 

with the w ind. 

Rhoad ( 63 )  worked with Aberdeen Angus and pure-bred 

Brahman and var ious crosses  between the s e  two extremes.  However , 

dur ing the period of the grazing observat ions the cows were 

shut up in an enclosure at night and oo servat ions were made for 

1 1  hours of the day only. The Brahman types grazed very much 

longer than the Angus t yp e s  and when they rested they di d so  

only in the s un and never s ought the shade , where as the Angus 

spent nearly half of the eleven hours rest ing in the shade. 

Light breezes increased the time spent grazing and 

decreased the t ime the cattle rested. 

Seath and Miller ( 78 )  took graz ing records of six  cows 

subj ected to  air t emp eratures of  73-86°F. Good permanent 

pasture was ava ilable and the experim ent covered 5 24-hour 

periods.  During two rel at ively warm days , cows grazed less  

than two hours dur ing the dayt ime spending the rest of  the t ime 

in the shade. At night , on these warm days , they grazed about 

three t imes as much as <lu ring the day , but even so the total 
I 

24-hour· graz ing period was about one hour less  than that for 

cool days. These workers suggest use of the very best pasture 

during the day so that what short time the cows do graze is on 

good pasture. At night when the tend ency to forage is stronger 

they st ill need reasonably good p as t ur e s . A weakness  of thi s  

experiment was the smal l number of days and cows used. 

The fa.ct that s ome workers have found that wind alleviate s  

the effect of high temperature to  s ome ext ent , seems at variance 

with the experiment s described by Hrody �here wind tended to 



1 27. 

have no effect , yet p artly support s Seath and Mil ler ' s  ob serva-

t i ons that fanning had a benefi c i al effect.  

If a n  animal is  not in thermal equilibrium w it h  its  environ-

ment , then i t s  met abol i sm w ill not be normal and app arently 

no amount of  feeding w ill  st imul ate growth. Chronic under-

nourishment in the unadapted types  c an be detected in n ewly 

born c alves .  Thos e  born after a summer gestat ion are puny in 

the case o f  unadapted breeds. Bonsma ( 74)  has found that c alves 

born after a South African summer are 20% l ight er in we ight than 

if born aft er the winter in the c ase  of  exot i c  breeds. 

Underfeeding resul ts in ret ardat ion of  gro wth. S inc e the 

funct ion o f  reproduct ion i s  int imat ely as s o c i at ed w ith growth,  

all the animals whos e  gro�th had been ret arded showed reduced 

s exual act ivity a nd  in cases , repraduct ive organs , Bonsma 

report s ,  remain infant ile .  

Product i on of  meat , milk , etc. , are but funct ions of 

growth. If  the animal i s  not in thermal equi l ibr ium with its  
-\ 

environment , then i t s  met ab ol i sm will be reduced and p roduct ion 

suffers consequently. 

12_, LIMITATIONS OF OUR KNO'i� LEDGE. 

Th i s  r e v i ew h as had to cons t antly refer t o  the phys iology 

of heat regulat i on as it app l i es to humans. The reason i s  that 

ever s o  much more i ::;  known about thi s  aspect of physid>logy 

in humans than in c attle. Indeed , in cattle the work is very 

meagre and much of the work which has been c arr ied out is but 

i s ol at ed and remot e aspect s of the problem. This work has not 

been confirmed and e l aborated enough in many c as e s , by other 

w orkers. To  try and p i eCE-; together i s olat ed. p i e c e s of  evidence 

to give a c ompl et e pictur e in c at tl e  i s  difficult as only too 

eas ily c an t�e wrong i nt erp r e t at i on be made without evidenc e 
I 

a long the chain to  help weld. it into  a c onnected picture. 

However , mor t=: Vl: ork has been done in thi s field with c attle  

than in other clas s es o f  l ivestock. C attle pr� u ct s in the 

t rop ics  are in short supply and pol i t ical influences are p erhaps 

at work int ens ifying the s tudy of  cattle  so  that a more sc ient i f­

i c  approach may be made t o  the d evelopment a nd  adapt at ion of 
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cat t l e  to  hot areas.  

Fundamental w ork is requ i red in the following aspects  of 

heat regul at i on. 

1.  Do catt l e sweat ? I f  s o , what proport ion of the tot al 

h eat dis s ipat ion i s  made by way of sweat ing , is  there a temper-

ature thre shold as in man where swe at ing t ak es pl ac e? 

2. Hi s t i ol og i c al studies  on sweat gl ands needs to be under-

t aken. What i s  the distribut ion over the body and c an an index 

of the average numb e r  per unit area be  g iven. Comp arat ive 

s tudies need to  b e  made between exot i c  and trop ical breeds t o  see 

if this i s  the r e as on for the d i fferenc e  between t he react ions 

of the two type s t o  high air t emp eratures . The innervat i on 

and endocr inological respons e of these  gl ands al so needs invest ig- -

at ing. The rel at i onsh ip b etween body t emperature and skin t emper-

ature regu l at ing sweat ing rates  has been worked out in man, does 

it neces s ar ily hol d for c at t l e� 

3. Vapo r izat ion loss  tln-ough the skin and how it inc re as es 

with temperature has been eluc idated fai rly cl early for man , but 

does the s ame._ take plac e  with c at t l e ? Some experiment s have been 

c arr ied out with inverted petri dishes , etc. , but there i s  �o 

way o� telling whether such wat er vapour c ollected i s  due t o  

evaporat i ve loss  from osmot i c  moi stur e or from sweat gl and activ­

ity. Als o  we need t o  know i�  kera�nizat i on in�luenc es p art of 

the ins ens ibl e  l o s s  and if t11ere is a diffus ion restraining 

l ayer in the skin as in humans. Does thi s evaporat ion from the 

skin vary w ith skin temperature ? It h as been found to  be s o  in 

man but we do not know if  it h app ens with c attle. 

� Dat a on skin temperatu re w i t h  c at tle i s  small. Do the 

extremi t i e s  play the s ame r ol e in h e at d ios ipat ion in c attle  as 

in humans ? How does body t emp erature , and air temperature , 

i nfluence skin t emperaturP- and what i s  the rel ation o f  skin 

t emp e r at ur e  to evaporat ive lo ss e i ther b y  osmo s i s  or by 

sweat ing? How does sol�r rad i at ion a�fect skin t emperatu re2 

5. Informat i o n  on the c i rc ul at o ry ad j u s tment s  i s  needed. 

I s  vasodil at i on and constr ict ion of any great import anc e  in 
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c a t t l e ?  Is ther e  int e rn�l e conomy of he at during cold weather 

in c at t l e ?  Pul s e  rat e  changes in cat tl e, w i t h  r i s i ng a ir 

t emp erat u re , fol l ow a d i f f e r en c e  c ou rs e t o  t h at i n  ma� What is 

the r e al r e as on for t hi s ?  Exp er im ent s , such as Br ody ' s two in 

1945 , and 1949 , e s pe c i al ly t h at l at t er one where heat p rodu ct i on 

and pul s e  r a t e  mo ve t ogeth e r , throw s ome l ight on the probl em , 

but t h i s  i s  but one exp eriment with a few cows measured , with 

only one var i ab l e  fact o r , a i r  t emp e r at ur e .  

6. D at a on the t hermal c o nduc t i v i t y  of t he p e r ip heral 

t i s su e s  and o f  t he h ai r  ne ed t o  ·b e made .  M any workers h ave 

not e d  t hat h a ir t yp e , whether l ong o r  sho rt , wo ol ly or s m::>oth , 

may b e t he r e a s o n  for d i ff e r e nc e  in re act i ons o f  c at t l e to a 

g i ve n  s e t  o f  c ond i t i ons . Bonsma , i n  S out h Afr i c a , has c arr i ed 

out s ome work on the s e  l ines , b u t  ag a i n  the w ork ne eds extending. 

R ho ad found no c o r r e l at ion betwe en r e s p i r at i on r at e and h air 

l engt h , yet other worke rs i nd i c :=tt e t hat l ength o f  h a ir b etwe en 

and w i t h i n  b r e eds i s  an imp ort ant c au s al ag ent for differences.  

Ski n t emp e r ature and h a i r  surfac e t emp er at u re s  need mor e  

el ab or at i on. S ome Rus s i an wo rke r s  have worked on s ome aspect s 

of t h i s , but further wo rk i s  ne eded , e sp ec i a ll y at high 

t �mp erature s .  

7 .  I t  mu st b e  rememb e r e d  t h at he at l o s s  by w a y  of r adi at i on , 

c o nduc t i on and c onve c t i o n  i s  impo rt a nt in c at t l e as we l l as i n  

man. The p art it ion o f  the t ot al h eat l ();) B by the s e  three avenues ,  

plus t h at l o st by way o f  evaporat i on wou l d  throw much l i ght on 

t he r e l at i ve import anc e of e a ch at varying a i r  t emper atu re s . 

Aga i n , human r e s e arch p redominat e s .  

8. S o l ar r ad i at i o n  ha s b e en foun l t o  exert a maj or 

influenc e on c at t l e ,  e sp e c i al ly in the t r op i c s  and sub-tropics .  

·w hether i t  i s  import ant i n  t emp er at e c l imat e s  has not yet been 

t e s t ed e xp e r im ent a lly. Dat a i s  needed on t he i nt ens ity of 

r ad i at i o n  over var ious s e a s ons of the y e ar and al so what are the 

re l at i ve i nc idence o f  u l t r a  v� o l e t , v i s ib l e  and infra red. 

C oat a nd  h ide c o l our are i mp o rt ant and t og et her w it h  hair qual ity 

may help t o  s how t hat e ven vt i t h in a b r e e d  the b re eding of a he at 
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t o l er ant s t r a in may be po ss ible. 

R ad i at i o n  t o  and from t he im�ed i a t e  surr ound ing s  of the 

animal is perhap s imp o rt ant . Jus t  how import ant in c at t l e  we 

d o  not know. The me asurem ent o f  the emi s s i v i t y  of c at t l e  h i de 

and the envir onment have yet to b e  c arr i ed out. So d o e s  t h e  

me asurement of r a d i at i on int ens i t y  r e c e i ved from a t yp i c al 

environme n t  by an animal. It has b e en found t h at t he max imum 

o f  ab sorpt i on and emi s s ion of long wave r a d i at i on i n  humans 

r ange s  ab out 91"1 but we do not know what i s  t h e  range i n  whi c h  
/ 

c at t l e  ab s o rb and em i t  long w ave rad i at i on. We do not know i f  

c at t l e  b ehave as b l a ck b o d i e s  i n  the f a r  i nfra r e d  �eg i on. It i s  

qu i t e  l ikely that t hey d o ,  but no exp e r im ent al dat a  p rove s it. 

10. The p art i t ion b etween skin and re sp i r at o ry evap o r at i  ve 

l o s s  needs s t u dying. That r e s p i r at i on ac c ount s f o r  a l a rg e r  

proport i on than in the c a s e  of man is  qui t e  p robab l e , but how 

muc h  so ne eds i nve s t igat ing. Such w ork w i l l  i nvolve s t ud i e s  on 

wat er and ene rgy met ab ol i sm. S tudi e s  on wat er m et ab ol i sm plus 

resp i r at o ry exc h ang e dat a c an be used f o r  the i nve s t ig at i on o f  

c l imat i c  effe c t s on ene rgy me t ab o l i sm. Brody has s hown how he at 

pr o duc t ion in c at t l e  decl ines at h igh tem.J e r at ure s  c ont rary t o  

t he e ffect i n  hum ans. Such fundam ent al w o rk needs c onfirmat i on. 

11. The effect of heat s t r e s s  on the end o c r i ne s y s t em of 

the b ody or conve1• s ely the e x a c t  rol e of endo c r ines in t he rmo-

regul at ion i s  not very well :Known at p r e s ent. What c h ang e s  take 

p l ac e  in t he body flu i ds and t he b i o c he mi s t ry of c e l l  react i on 

w i t h  t emp e r ature chang e s ; how do e s  t he b l oo d  re a c t , what i s  t he 

effect on a pp et i t e  and a liment ary func t i on and how do these l i nk  

up in the c ompl e x  s ys t em ,  a ll need e l ab or at i ng. 

12. The rol e of t he nervous sys t em , the hyp ot h alamus and 

t he thermo r e c ept o r s  i s  s t i l l  l argely in t he hyp ot he t i c al s t age , 

even w i t h  man. 

Hou s i ng  of c at t l e , in c ol d  w e at her and in very hot c l imat e s , 

i s  a c ommon p r ac t i s e  i n  m any c ount r i e s. In Engl and and Amer i c a  

Hammond and F indl ey ( 176 ) rep ort t hat t he r e  a r e  s ame s t andards 

l ayed down regarding opt imum vent i l at ion of c a t t l e  byre s , but 
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are l it t l e  b e t t er t han rul e of thumb methods and are l argely 

imp i r i c al .  An e s s ent i al s t ep t o  formul at e t h e  b e s t  cond i tions i s  

a n  exp ans i o n  o f  fundament al knowl edge out l ined above. Methods of 

as s e s s ing the environment c an t hen be fo rmul ated and f i e l d  exper­

iment s c arr ie d out to  t e s t  them. 

But p erhaps , the mos t  imp ort ant aspect of the study of 

env i ronmental phys iology of c at t l e  i s  i t s  appl ication t o  breeding 

prob lems in t he trop i c s .  There i s  gr e at need for guidance and 

knowl edge regard ing the u sefulne s s  o f  var i ous c l as s e s  o f  stock 

under t rop i c al condit i ons. In the p ast the t endency has b e en 

t o  imp ort c at t l e  from one area t o  another w it h  the hope of im­

proving produc t i v i ty w ithout any knowl edge of the phys i ol ogic al 

respons e o f  the import ed b reed t o  their new environment. 

Hammond ( 176 ) ( 178 ) has c ar r i e d out a regional survey of 

c at t l e  t yp e s  over a p o rt i on of Afr i c a. The indic ations were that 

there was a gradual morpho logical trans i t i o n between one reg i on 

and t he ne xt , that there was no sudden change from Zebu t yp e s  

t o  Eur op e an but a s e r i e s  o f  int erme diat e t yp e s , e ach adapted to 

it s own cl imat i c  environment. There i s  need , t herefore , for a 

wo rld-wide survey on the structur al and functional adap t at ions 

of var ious breeds and t yp e s  of c a t t l e  to the ir environment. 

The marked dwarfing and stunt ing o f  Europe an c a t t l e  i n  

trop i c al r eg i ons , h a s  oft en b e e n  thought to be caus ed by p oor 

nutrit i o� Bonsma appr o aches t he mat ter from a s omewhat differ­

ent ang l e , c l aiming that the st unt ing is  due t o  p oor t ol erance 

t o  he at. Thi s  needs mo re exper imental b a s i s  but i t  would be 

fundament al t o  find out , s ince it may imply t hat stunting re-

· pres ent s a natural adap t at io n ,  to unal t er ab l e  c onditions of 

c l imat e under t he influenc e of wh i ch any at t empt to affect a 

p e rmanent incre a s e  in produc t i vi t y  by improYed b r e ed ing or 

f eeding would be doomed t o  f a i l ure. 

At t emPE in the p a s t m improve pro duction in the t rop ics 

have i nvol ve d  imp o rt at i on of imp roved Br i t i s h  b reeds and cross­

ing w i th nat ive s t o ck. Cro s sb reds were oft en a n  improvement 
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but degene r a t i on o r  reve r s i on t ake s p l ac e  i n  s ub s e quent gener­

a t i ons . The o r ig i n a l  imp o f• t e d  s t ock t.. hems e l  ve s f r e quent ly s how­

e d e a r ly s igns of degene r at i on. S t u d i e s  ne e d  t o be made o f  t he 

phys i o l og i c a l  r e s p ons e s  o f  Eur op e an b r e e d s  imp or t ed , or bred in 

t he t rop i c s  and al s o  o f  t he mode o f  i nh € n• i  t anc e  o f  s t ructur al 

and mor phol og i c a l  a d ap t at i ons to t rop i c al c l imat e s  of var ious 

t yp e s  of c r o s s b r e d  s t o c k. Suc h s tud i e s  w i l l  show j u s t  how the 

genes r e a c t  in the new e nv i ornment and i nd i c at e  their mode of 

i nhe r i t a nc e .  Al r P. a dy s ome progr e s s h a s  been made with breeding 

c at t l e  for t rop i c al env i r J Th�e nt s a s  s een by t he devel opment o f  

t he S ant a G e r t rud i s  b r e e d  b y  R ho e. d  ( 177) and e o-worke r s .  



133. 

IV. TECHNIGLUES OF MEASUREMENT . 

The c h i e f  d i ff i c ul ty wh i ch the e nv i r onm ent al phys i o l og i st 

has t o  f a c e  i s  that o f  me a sur ement . Perhap s i t  i s  because of 

t h i s  very r e al d i ff i c ul t y  that t h e  knowl e dg e  of thermoregul at i on 

i n  animal s is l im i t ed. The d i f f i cult i e s  of me a surement w i t h  

man a r e  gre at enough , but w i th man t h e  e xp e r iment al subj ect can 

b e  t o l d  ab out i t  a nd c an c o- op e r at e ;  thi s , of course ,  i s  

imp o s s ib l e  v. i t h  animal s .  To e l ab or a t e  on methods of measure­

ment is r e al l y  t he f i e l d  for one· t r a i ned in phy s i c s  and 

chem i s t ry. Therefor e , only t he pr i nc ip l e s  wi l l  be discussed 

here w i t h  det a i l s  on s ome o f  the s impl e r  me thods of measurement. 

1. BODY TEII'Il?ERATURE. 

W it h  c at t l e  t he r e c t al t emp e r ature is u s e d  to  indicate  the 

b ody t emp e r ature. As with �o s t  me a surement s e i the r an indicat i o� 

or a record may b e  de s i red. 

The pr i nc ip a l  i nd i c at ing i n s t rument used for rect al 

t emp erature o f  a farm anim al is the s imp l e  c l ini c a l  thermometer. 

The r e  ar e t hree s o ur c e s  of e r r o r  in us ing i t .  

( a ) Inaccu r at e c a l ibrat i on o f  t h e  t hermomet e r  - to cal ib­

rat e it i s  a s impl e  mat t e r  by s t and ard i z ing it ag a ins t  a 

s t andard thermome t e r  in a wat e r  b ath. 

(b ) Us e o f  d i fferent d ep t hs o f  insert i on. Kr i s s  ( 81 ) , 

1 9 21 , found a t emp e r atur e gr a d i e nt i n  r e c t al t emp erature i n  

dry c ow s .  T h e  d e e p e r  t h e  i ns e rt i o n , t he higher t he body 

t emp erature. He u s ed s e ven i nche s to r e c ord re c t al temperature. 

R e a d i ngs were made at 4" , 5 " , 6 "  and 7 " .  At 4" the read i ng  

w a s  0. 8°F. lower than a t  6-7 " .  Regan and R i char d s on ( 60 )  

u s ed 5 11 , S e ath and M i l l e r  ( 76 )  u s e d  3" , Bonsma ( 55 )  used 4".  

How e ve r , i t  i s  p erhap s mo re imp or t  ant t o  u s e  t h e  s ame t he rmom­

e t er at t he same d epth o f  ins ert i o n  of each r e a d i ng in any 

e xp er ime nt , s i nc e  the re s e arch w orker i s  mo re c onc erned w i th 

d i fferenc e s  r a t he r  t han a c tu al p r e c i s e  d et erminat i on. The u s e  

o f  a rubb e r  bung at the e nd o f  the thermome t e r  w i l l e nsure a 

c ons t ant depth o f  i ns ert i on. The inst rument should be d ipped 
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in wat er or smeared w ith vasel ine before insert ion and c are 

t aken to  see  that it  is not emb edded in faecal matter. Defaec­

at ion , according to  Kri s s  ( 81 ) , had no effect on the reading ,  

though Hancock ( 179 ) ( pers onal communicat ion) stat es that it 

do es.  Prob ably the t ime of  ins ert i on is  more import ant here 

t han the emptying of the b owel. 

( c ) Different Times of  Insert ion. Here again various 

workers recommend vari ous t ime s .  Kriss  - 4 minut es ; Seath and 

Mil l er - 3 minutes ; Bonsma - 4 minutes.  Three minute s  should 

b e  amp l e  t ime for equil ibr ium t o  be obt a ined , but thi s  will  

vary with  the individual thermometer and eac h one needs t o  b e  

t ested to find the correct t ime. 

Kr i s s  rep o rt s  that the dr inking of water invariably caused 

a fall in temperature , but aft er 2-3 hours , t emperature returns 

t o  normal. Pos it ion , he found , had l i tt l e  effect , though , 

s ince it has b een shown that the he at p ro duct ion of  a standing 

animal i s  great er than one lying , one might expect a greater 

b ody t emperature from a st anding animal than from an animal 

whi ch i s  lying. Benedict and R it zman ( 51 )  found that p l ane of 

nutrit i on had no effect on body t emperature. Kri s s  not ed a 

s l ight r i s e  foll ow ing ingest ion of  . a  meal. 

For a record �f  body t emperature , mercury thermometers 

c annot be  used and one must use electr ical methods , e i ther a 

r e s i s t ance thermomet er or a thermo couple. 

2. SKIN TEMPERATURE. 

A res i st anc e  the rmometer ( 180 ) cons i s t s  of an appl icat or 

cont a ining an element who s e  res is t a nce changes with changes in 

i t s  temperature. It is c onne cted to an inst rument which 

measures changes in its  res i s t a nce.  The r e s ist a nce el ement 

which var i e s  w ith t he t emp er at ure t o  b e  me 3sured , is us ually 

made of nicicel and wound o n  u n  l n f' \.U c.�t i ng rod , w b.i ch i s  

enc ased  i n  a p r o t e c t i ng t ube. 

Another thermaJ. e l e c tr i c  rr.et h o d  of me asur i ng body or skin 

t emp e r at u r e  is b y  me ans of a t hermo c oup l e . In 1821 , S i ebeck 

( 181 ) found t hat an e l e c t r i c c u rr e nt fl ow s cont inuously in a • 
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closed  c ircuit of 2 d i s s imi l ar met al s v. hen the j unc t ions o f  the 

me t als ar e maint a ined at different t emper ature s. 

A p a i r  of w i res s o  j oined as t o  produce a t hermal e. � �  

when the j unct ions are at di ffer- ent t emperatures 1 s  known as a 

thermocouple, { 182 ) .  In other w ords when w e  h ave two di s s imil ar 

met als forming a c i rcui t and one of the j unct i ons i s  at freezing 

po int and the other at the t emperature o f  the envir onment of the 

skin , an e l e c t r i c  cur rent \V i l l  b e  set up in prop ort i on t o  the 

d i fference b etween the t emperatur e o f  the hot and c o l d  j unct i ons. 

The vari ous metal s and a lloys c an be arr anged in a series 

according t o  the magni tuo.e of the ir thermo e l e c t r i c  effect when 

used t ogether in a thermocoup l e. Therefore , for maximum sens it iv� 

ity the metals should b e  cho s en from opp o s i t e  ends o f  the thermo­

el e c t r i c  s e r ies. 

An all oy whic h  i s  w id ely used for thermocouples on acc ount 

of i t s  general ell-round s u1 t ab il i ty is c onst ant an. Thi s  al loy i s  

s i tuat ed near one end ( the negat i ve end ) of the ser i es. Metal s 

such as copper , iron and a ll oys , such as b r a s s  and s t eel , are 

s i tu at ed towards the po s i t i v e  end of the s e r ies and , therefo re , 

produce a l arg e thermoele c t r i c  effect when u s ed w ith c onst ant � 

Thermoc ouples  can be used for t ak i ng  rect al t emp eratures 

provided a suitable holder for the couple i s  devis ed. the 

holder shou�d be so made that the surrounding t emperature is  qui ckly 

transmit t ed and the c ouple and the holder should est abl i sh c l ose 

c ont ac t with the w all s of the rectum. 

There are many s ources  o f error iL the use of thermo couples 

and pe cul iar t o  the thermocoupl e  i t s e l f  are : -

( a ) Thermal conduct i v i ty of the w i res. The thermoc ouple 

shoul d co nduct as l i tt l e  heat as p o ss ible a%aY from t he ski� 

The thermal c onduc t i vit i e s  of the met als and a ll oys u s ed var i es , 

and it i s  a matter of cho o s i ng tho s e  w ith l ow c onduct ivity value s. 

C opper and c onst ant an suit this purpo s e  fairly well. 

( b )  Mecha ni c a l  s trength. The re will always b e  l o s ses of 

he at by c onduct i on away from t he j unc t ion and the correct surface 

temperature w ould b e  that obt a ined with a hyp othet i c al j unct i on 
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having no thicknes s  s o  that in pract i s e  the w ires must be as thin 

as poss ible. There i s  a prac t i cal l imit t o  this. C ons t ant an 

i s  fairly strong , but c opper yields rather e as i ly t o  t e ns io� 

( c ) Chemic al c orr- os ion. As the wires w il l be s ub j e cted re­

p e at edly t o  the corr o s i ve a ct i on of moi s ture on the skin the 

mat e r i al s  used should be c hemi c a ll y r e s i s t ant. St a i nl e s s  s t e el 

i s  the obvious cho i c e. Const ant an and brass remain bright for 

months but iron and c opper c orrode e as ily. 

Apart from thes e  i ntr ins ic errors there are erro rs in the use 

of. the c oupl e  in t aking a skin t emp er ature. 

( a ) Phys iolog i c a l  reac t i ons c aused b y  cont act pressure or 

irr i t at ing e ffect of the inst rument. The r e  may b e  vasometor act-

ions and st imulat ion or inhib i t i on of sweat glan� s or hai r  

erector muscles. It is  essenti al , therefore , that the j unct ion 

be held at a const ant pre ssure and that there be no i rr i t at io� 

(b ) Phys i cal d i B tur·banc e s  of the heat exchang e s  between the 

skin and i t s  surrounding s. Conduc t i on of heat away from the 

j unc t i on will alter the temperature of the skin at t he j unct i on 

and may d iSturb the effect of w ind and r>ad i at i on to which the 

skin is exp o s ed. The er r·or s of this typ e may be p o s i t i ve or 

negat i ve ac c o rding t o  whe t her t h e  ins t rument hind ers or as s is t s  

loss o f  heat from the skir� 

( c ) There i s  d i ff i culty in ensu r·ing that the j unct ion is 

at the s ame t emperatur e as the skin. One s ide is aga inst the 

skin , the other against the air , or , in the case of c at t l e ,  against 

the hai r , which may no t be at skin t emperature. Errors of thi s 

typ e  w i l l  always be negat i ve as skin t empe r atur e will be higher 

than a ir  temp erature and l o s s  by c onve ct ion fac i l it at ed. When 
, . .  

deal ing with hairy- c oat ed animal s , great c are must be t aken t o 

avo id disturb ing t he " l o c a l  cl imat e. " The hair can be l i ft ed up 

w ith a p i ece of wood - p oorly conduc t ing - and the j unct i on s l id 

unde r  it and the hair smoothed b ack i nto pl ace. 

Typ e s  of hol ders for thermo coupl e w ir e s  vary. Some of them 

are in the form of a p enc i l  w i th the j unct ion at the tip. Such 

an arrangement viill p ermit re ady c onduct i on of heat along the wires 
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away from the junct io� The conduc tvit y of even poorly c onducting 

met al s  is much greater than that of air and s o  the skin must be 

cooled appreciably by this ffietho� Als o , pres sure is import ant 

for accurat e readings. A c onst ant pr e s sur e is essent ial , t o  

ensure that the j unct i on is firmly appl ied t o  the skin. If held 

too loosely a lower t emperature will be recorded as air will b e  

under the j uncti on. 

Both the above errors may b e  minimi zed by having the w ire 

from the junct i on run al ong t he skin for a small distanc e b efo re 

moving away t o  the recording inst rument. This will prevent 

conduct i on of heat away from the j unction , conduct ion leases t aking 

pl ace at the point where the w ires le ave the ski� Als o ,  because 

of the b etter holder which can be devised by this means , a more 

c onst ant pre s sure c an be appl ied. El der ( 183) de scribes a holde r  

which h e  found useful for t aking skin t emperatures of cattle. 

Even if the t emperature of the skin i s  not al t ered by the 

inst rument an error may ar i s e  due to the junct ion b e ing at a 

d ifferent t emperature from that of the skiil... The j unct i on should 

be freely supported in air so that contact with the holder does 

not influence it. Because one s ide is  exp osed to the ai r  the 

t emperature of the junct i on will be b etween that of the skin and 

the surr ounding a ir but it will be much closer t o  that of the skin. 

Russ ian workers have s hown a t emperature gradient :from the skin to 

the hair surfa ce so that the air imn1ediately next to the skin i s  

almo st at skin t emperature , how much s o  wi ll dep end o n  the dens ity 

of the hairy coat. Air is a poor conductor of heat , but even so  

the skin t i s sues are a much b etter conductor. The junc t ions used 

are al so much bet ter conductors than a ir ,  thus the t emperature 

gradient through the skin will be cont inued almost uninterrupte d  

through the j unct ion and there w i l l  be l ittle drop i n  t emperature 

acro s s  it , much l e s s  than if we t ake the t emperature drop through 

air for the same dist ance. r:r , however , the re is  poor c ont act 

between the j unct ion and the skin. , because perhaps of the presence 

of occas ional hairs under the w ire then the heat will have a l�yer 

of air to move through b efor e r e aching the junc t i on. Because 
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air i s  a poor conductor the t emperature grad i ent or drop acro s s  

this small width o f  a i r  will  b e  cons ider able and will b e  l ower 

t han the a ctual skin t emperature betore i t  r eaches the j unct ion. 

Acc ording t o  Elder , such a s ituat i on may c aus e an error of up to 

0. 5°C. Thus , it i s  import ant that goo d  cont act be made wi th 

the skin. 

Elder ( 183 ) found that errors due t o  phys iol og i c al effects 

were negl igible. Usi ng a thermocoupl e  i t  t ook 3 s ec onds t o  r e ach 

equ i l ibr ium and aft er two minu t e s  t he skin t emp eratur e r emai ned 

unalt ered. Elder showed that actual c ons t ancy of p r e ssur·e was 

not imp ort ant but he quotes other � o rker s who c l a ime d that it was 

imp'ort ant. It s e ems c ert ain that a c onst ant p re s sur e should b e  

imp ort ant otherw i s e  t here would b e  d i fferent degree s  o f  cont act 

w it h  the skin over var ious r e adings. 

To measur e the e. � �  develop ed by t he c ouple e i ther a direct 

reading gal vanome t e r , a pot ent i omet er or a recor ding pot ent iometer 

c an be use� Elder r ecommends a g al vanomet er. Thi s  has the 

advant age of g iving a dir ect r e ading o f  t emperatur e. For a c on-

s t ant vol tage the g alvomet e r  reading depend s  on the res i s t ance o� 

the elect r i c al c i rcuit because i t  r eg i s t ers curr ent and not voltage 

and var i at ions in t he r e s i s t ance i n  the thermoc oup l e  or i ns t rument 

will affect t he r e ad ing. To make the s e  var iat i ons small a l arge 

r e s i st anc e is add ed to the galvanomet er but thi s r e duce s  the 
s ens it ivity o f  the inE t rument. For r e ally accurat e measurement s 

the potent i omet er i s  used. Scott ( 184) describ e s  one as foll ows : ­

"A current i s  p as se d  through a w ire t o �auee a uni fo rm volt age 

drop along the wi r e ; any volt age w i thin t he r ang e of the inst ru-
, 

ment c an be ob taine d  by moving a s l i ding c ont act a long t he w i re , 

the vol t age b eing proport ional t o  the d i s t anc e t he s l ide r i s  

move� The t hermoc oupl e  and �al vanometer are c onnected between 

the s l iding c ont act and one end of the w i re. When the po tent i omet er 

volt age equal s the thermo c oupl e vol t age the g alvanometer reads zero 

and the volt age or t emp eratu r e s  c a n  b e  r e a d  by no ting the p os it ion 

of the s liding c ont act. AY- the p oint of balanc e no current 

i s  t aken from the t hermo coupl e and for this r eason the 

thermo c oupl e  res is t ance does not affect the r e ading s. 
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T he s l i de w i re has t o  b e  c a l i b ra t e d  pe ri odi c a l ly by a s t a ndard 

c e l l ,  i ncorp ora t e d  i n  t he i ns t r ume nt . " 

G e ne ra l l y  t he t he rmoc o up le i s  s ome di s t a nce fr om t he 

p o t e n t i ome t e r  a nd c o n ne c t i ng leads are us e d  t o  j o i n the t w o . 

T he c ol d  j unc t i o n  - us ua l l y  me l t i DG i c e - i s  p la c e d  whe r e  t he 

lead wi r e s  j o i n  t he t he rmoc oun le w i re s .  
• .a; 

T he gre a t  adva n t a ge of t he t h e rmoco up l e s  i s  t he e a s e  w i t h  

w h i c h  t hey c a n  b e  made and p r ov i de d  t hey are use d wi th c are, c a n  

b e  qui t e  a c c ura t e . 7he i r  c hi ef d i sa dva nt age i s  t he - care i n  

ha ndl i ng a nd t he ne e d  for a c o ld j u nc t i o n  a t  a c o ns t a nt 

t emp e r a t ure . 

T he m o s t  a c c ur a t e  me t hod of' t a k i ng ski n t emp e ra t ure i s  by 

mea ns of a radi ome t e r . T h i s  has b e e n s uc ce s s f ul ly use d by 

�ardy ( 186) o n  h uma n be i ng s . A s imp l e  f o rm of t hermp i le 

c ons i s t s  o f  a se r i e s  of t he rmoc o up l e  eleme nt s ,  se t i n  t he ape x  

o f  a h o l l o w  co ne us ual ly s c re ene d f rom wi nd by a f l uor i t e or 

I' Ock sa l t  w i ndow and a n o t he r se t o f  t h e rmo j u nc t i o ns a t  t he 

t emp e r a t ure of t he e nv i r onme nt . V/he n t he ope n ba s e  i s  p oi n te d  

a t  a r ad i a t i ng s ur fa c e  a n  e . m . f .  deve l op s  i n  t he w i re s a nd i t s  

mag ni t ude de p e nds o n  t he rad i a t i o n  abs orp e d  by t he e leme nt s . 

F o r  a ny g ive n surfa c e  t he r ad i a t i o n e m i t t e d  i s  a func t i o n of i t s 

t emp era t u re ,  i t s a re a ,  and i t s  e mi s s i v i ty . Area c a n  b e  c orr­

e c t e d  f or ,  but emi ss i v i t y  i s  imp or t a nt . I ts de te r.mi na t i o n  i s  

ve ry d i ff i c u l t ye t i t  m us t  be k now n ac c urat e ly .  F i ndlay ( 1 1 ) 

s t a t e s  t ha t  t he d i ffere n c e  be t w e e n  a n  emi s s i v i t y  of 0 . 954 a nd 

0 . 980 may c a u se a n  e r r o r  of o . 6°c . i n  re ad i ng t he ski n t empe r-

a t ure . Emi ss i vi t y  of ca t t l e h i d e  has n o t  b e e n de t e rm i ne d  and 

t hi s  me t hod of me a s u r i ng e k i n  t emp e ra t ure mus t aw a i t i t s 

de t e rm i na t i o n .  T he t he rmop i le ,  of course , ove rcome s t he ma ny 

e rr o r s  t o  w h i ch t he rmoc o up le s  a re sub j e c t .  

3 .  MEASU REMENT OF ABSORPT ION Al\TD REFLE CT ION OF S OLAR RAD IAT ION. 

B o nsma ( 67 )  a nd Rh oad ( 137 ) b o th use d  a p h o t o e le c t r i c  

c e l l  t o  me a s u re t he r e f le c t i o n of rad i a t i o n  f rom d i f fe re nt 

c o l o ured hi de s .  

B li> nsma used a w e s t e r n  p hot cx:1e t er mode l  t o  m e a s ure t he 
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d i re c t  i nt e ns i t y  of s u nl i gh t i n  f oo t- ca nd l e s a nd a t  t he s ame 

t ime t o  de t e rmi ne t he st re ng t h o f  l i g ht ref l e c t e d  f'rom t he 

anlmal ' s  sk i n. I n  o rde r  t o  de t e rm i ne t he upp e r  l im i t s  of solar 

radi at i o n,  he fo u nd it  nece s sapy to  p l ace a mul t ip l i e r ove r  t he 

" se ns i t i ve eye . "  T hi s  e xc l ude d ni ne t e n th s  of t he l ight f r om  

t h e ' e ye ' . Af t e r  i nc ide n t  s u nl i g ht w a s  t a ke n  t he animal i s  made 

t o s t a nd a t  r ig h t  a ng l e s t o t he s u n a nd t h e  s e ns i t i ve eye i s  

p la ce d  a gai ns t t he s i de of t h e  a nt n al s o  tha t n o  d i re c t s u nlight 

fal l s on t he i ns t r ume n t .  

R i emer schmid a nd Elde r ( 136 ) use d a M o l l  Gor z i nsky 

s o la rime t e r  w h i ch c ons i s t s  of a b l a ck€ ned re ce i vi ng s urface 

b ui l t  up by a se r i e s  of t h e rmop i le e l eme n t s c o ve re d  by t w o  gla s s  

dom e s . T he me a s ureme nt s o n  ab s o rp t i o n  w e re made o n  dead c a t t le 

h i de s  a nd t he i nt e n s i ty of re f le c te d  rad i at io n mea s ur e d .  T hey 

us ed t hi s t yp e of i ns t rume nt b e cause i t  meas ure s to t a l  s olar 

rad i at i o n and not j us t  t he v i s i b le , as doe s t he i ns t r ume nt use d 

by Bo nsma . Al s o  t he g la s s  d ome s w hi c h  c o ve r  t he e l eme nts 

pre ve nt l o ng wave radi a t i o n  be i ng re ce i ved fran t he h ide i n  v i r­

tue of i t s t empe ra ture , so w hat i s  re fl e c t e d radi a t i o n, is 

re fle c ted s o l ar radiat i o n. R i emer s c hmid a nd E l de r c ri t i z e t he 

use of p h o t oe l e c t r i c  ce l l s b e cause t he se i ns t r ume nt s have a 

max imum se ns i t i vi t y i n  a ce r ta i n p a r t  of' t he sp ec t r um ,  i . e . ,  t he 

l i gh t  wave s .  H ow e ve r ,  t he sp e c t ral d i st rib ut ion of t he i nc om i ng 

s un l ig ht is d iffe r e nt from that of t he re f le c t e d  radi a t i o n a nd  

the ra t i o f o r re f le c t i o n  rep re s e nt s t w o  d i ffere n t  por t ions of 

t he · spe c t rum a n d  t he i r  ra t io doe s no t re p re se n t  t he t rue 

re fl ec t i o n  o f  rad i a t i o n . T he s ol a r ime te r  me asure s a l l  wave 

e ne rgy no t t he i nt e ns i t y of j us t  v i s ib l e  s linl ight . Howe ve r ,  

thoug h le s s  a c c ura t e ,  B o nsma ' s  i ns t r ume nt should b e  qui te 

useful f or fi e l d s t ud i e s . 

4 • . MEASUREMENT OF RESP IRATORY RATE . 

T he t w o m o s t  c omm o n  me t hod s of ob se rv i ng re sp i rat io n ra t e  

of ca t t l e are : 

1 • count i ng t he f l a nk me as ureme n t s . Eac h  

comp l e t e  i nward a nd o utw ard move me nt i s  co u nte d a s  o ne comp le te 
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re sp i ra t io n . A t al ly ma rke r use d i n  o ne ha nd make s t hi ngs 

e a s i e r . T he ra t e s  sho uld be c o u n t e d  f o r  a mi nute a nd t he p r oc e s s  

rep e a t e d  t w o o r  t h re e t ime s and t he re s u l ts ave rage d .  

2 .  By p l a c i ng t he ha nd j_ n fro nt o f  t he nos t r i l a nd 

c o unt i ng t he e x ha la t i o ns .  :J: ow e v e r ,  t h i s  me t hod w o uld o nly w ork 

w i t h  qui e t a nima l s ,  it has be e n  n o t e d  how t he a n imal ' s  at t e nt i o n  

c a n  b e  e a s i ly d i s t ra c t e d  a nd t h i s  may p e rhap s a ffe c t  i t s  

re sp i ra t i o n r a t e . 

A n o t he r  me t hod d e s c r i be d  by P i nd lay ( 1 1 ) ,  er.1p l oys a 

s te t hograp h a nd t amb o ur . T h i s me t h od i s  s u i  t ab l e  f or c ow s  

whi c h  are i nd oo r s  a nd re s t ra i ne d  by a y oke . T he s t e t hograp h 

c o ns i s t s  o f  c or r ug a t e d  r ubbe r t ub i ng c l o s e d  at o ne e nd a n d  a 

t ub e  l e ad i ng fr om t h e  o t he r e nd p a s s e s t o  a tamb o ur se t up o n  a 

table . T h i s  t ambour c o ns i s t s of a d i a p hragm a nd move s a p m i nt e r  

a s  t he d i ap hra gm m o v e s  up a nd d ow n. T he c orr ugat e d  t ub i ng i s  

t i ed a r ou nd t h e  animal unt i l  t here i s  s uf f i c i e n t t e ns i o n s o  tha t  

t he moveme nt s of t he a nimal ' s  b r e a t hi ng m ove s t he ai r i n  t he 

t ub i ng  wh i c h  pas s e s up t o  t he di aphragm a nd t he m ov eme nt of 

t he la t t e r  c ommuni ca t e d  t o  t he p o i n t e r  gi ve s  t he re s p i ra t i o n 

ra t e . �l'he p o i nt e r  c a n  b e  s e t  up s o  a s  t o  re c o rd i t s  m oveme nts 

on a revo l vi ng dr um or kymogra p h . T hi s  l a t t e r c o ns i s t s of a n  

e le c t r ic a l l y  dr i ve n d rum , w i t h  b l a c ke ne d p ap e r  o n  i t  a n d  t he 

p o i nt e r  draw s a t ra c e  o n  t h i s  p ap e r . 

Anot her me t hod i s  t o  i nse r t  sma l l  t he rmoc o up le s o r  

t h e rmo s t or s  i n  t he nos t ri l s  - t he t he rmoc o up l e  i s  he ld o n  a 

s l i gh t e xpa ndi ng sp r i ng  i n  t h e  m i dd l e  o f  t he nost r i l .  

Va r i at i o ns i n  t emp e r a t ure o f  i n sp i re d a nd e xp i re d  a ir w i l l  be 

d i sp laye d as f l uc t ua t i o ns i n  t he t e mp e ra t ure o f  the t h e rmo­

c o up le . J us t how t he a nima l r e ac t s  t o  t h i s  a r r a ngeme nt s 

i n  t h e  nost r i l  F i nd lay ( 1 1 ) d o e s  n o t  say , b ut p robably t he 

me t hod w ould have b u t  l im i t e d  app l i ca t i o n . 

I t  i s  o:ftB n de s i r ab l e  t o  ob ta i n me a s ure s of re sp i ra t d: ng  

mi nut e  v o l ume a nd t i dal a i r  t o  s up p l e me nt re s p i r a t i o n  ra te s . 

T he re are t hr e e  c o nve nt i o na l  me t h o ds o f  c ol le c t i ng da t a  

o f  t hi s  t yp e : 
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1 .  The a nimal may w ea1� a mas k conne c t e d  wi t h  a dry gasomete r .  

2 .  The an imal may use t he c losed c i rcu i t  spirograp hic mask . 

3 .  O r ,  may use t he op e n  c i r c uit me t hod involving a spiromete � 

T h e s e  t hre e me t hods invol ve e x p ensive e quipme nt a nd are 

used principally to de t e rmine t he e r-B rgy m e t aboli sm . B rody 

des c r ibe s t he c losed c i rc ui t t ype as consis t in g  of a mask over 

t he mou t h  and nost rils of t he s ub j e c t  a nd c onne c te d  to an oxyge n 

s pirometer and measu ring the rate of oxygen c ons ump tion by t he 

ra t e  o f  dec line of t he oxygen bel l . I t s  advan t age is its 

simpli ci ty a nd e conomy of op e ra t io n ,  t he re b ei ng no gas analysis 

i nv olved . Howeve r ,  i t  has seve ral d i sadvant ages . 

1 . I t  furni s hes oxygen c ons ump tion only , so t hat no 

re spirat ory quo t i ent is ob taine d ,  w hic h is esse ntial for de ter-

mi ni ng t he i nvi s i ble w e igh t loss and for dete rmining heat 

p roduc t i o n .  

2 . T he e x hal ed CH4 is not absorb e d  b y  t he carbon dioxide 

abs orbe rs - soda l ime - so tha t  t his may res u l t  in an e rror i n  

oxygen c o ns umpt ion dat a .  

3 .  T he effi ciency of t he soda lime a s  absorbers o f  carbo n 

diox i de a nd wat e r  may c ha nge wi t h  t e mp e ra t ure . 

T he open circ u i t  app a r a t us p rovi des comp lete respi ra tory 

exc hange da ta and allow s t he animal to brea t h  the same air as 

t he e xp erime n t a l  c ondi tio ns. How e ve r ,  t he s upplemen tary e quip-

ment ne ede d for gas analysis from t he var i ous absorbers is corn-

plicate d and cos tly . 

5 .  .MEASUREi'i!ENI' OF T HE  HEA..TtT :aA.T Z Al'ID BLOOD PRESSURE . 

T here are va rio us p osi t ions ove r  t he animal where p ulse 

ra t e  may be dete rmined by s imp l e  palpatat ion . I n  cat tle the 

fo�ain posit ions are : 

1 .  T he s ubmaxillary a r t e ry b e low t he ang le of the jaw . 

2 .  T he m e t acarp a l  ar t e ry on t he back of t h e  f ore fe tlock. 

3 .  T he femoral a r t e ry on t he inside of t he hind le g above 
the hoc k .  

4 . The t ibial ar t e ry r u nn ing down t he unde rside o f  the 
ta i l .  
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r;:' he la s t  o ne i s  very c o nve ni e nt t o  use . A s t opwa t c h  a nd 

t a l l y  cou nt e r  are nee de d ,  t a ki ng read i ngs o ve r  ha l f  or rn i nLJ.te 

i n te rva l s  repe a t e d  tw o o r  three t i me s . 

B e akl e y  a nd F i nd l ay ( 185 ) have de s c r ib e d  a n  e labora t e  me t h od 

for t aki ng p ul se r a t e s  f o r  c a t t l e  i n  a n  e xpe rime ntal room . I t  

i nvo l ve s a modi f i c a t i o n  o f  e l e c t ro cardi ograph me t h od s use d for 

hll.ffia n s , b ut b e c a us e  o f  t he ha i ry c oa t  a nd mus c l e  m oveme nt s ,  t he 

i ns t rume nt use d  f or h uma ns had t o  s e t up t o  ove rc ome t he se 

faul t s .  A r ubb e r  s t rap w i t h  p i e c e s  of c op p e r f o i l gumme d  t o  i t s 

s urfa c e  i s  c o nne c t ed by s e para te w i re s t o  a t e rmi nal b oard end , 

s t rapped ar ound t h e  c he s t  o f  t he a nimal . C o nt a c t be twee n t he 

c oppe rfo i l  a nd s ki n i s  made by s havi ng t he ha i r  a nd app ly i ng s of t  

s oap t o  t he s k i n a nd fo i l .  T he l ead s  from t he c op p e rf o i l  are l e d  

off t o  a n  amp l i fi e r  c i rc u i t  a nd t he p ul s e  r a t e  re c orde d o n  t he 

kymogra p h .  

Bl ood p re s s ure can b e  me a s LJ.re d w i t h  a sp hygoma n ome t e r .  

T hi s ,  a s  de s c r ib e d  by :B' i ndlay ( 1 1 ) " c o ns i s t s o f  a hol l o w  c ompre s s­

i ng c uf f ,  a me rc ury o r  wa t e r  ma n ome t e r  a nd a n  i nflat i ng p ump w i t h  

a n  e xhaus t va l ve . "  T he c uff i s  s t rapp e d  t o  t he t a i l of t he c ow 

a nd i nfla ted j us t  ab ove t he p re s s LJ.re ne c e ss a ry t o  ob l i t e ra t e  t he 

pul se . T he c uff i s  t he n  s l owly de p re s s e d  us i ng t he e xh a us t va l ve 

unti l t he p ul s e  b e low t h e  c uff c a n be de t e c t e d  by aus c u l t a t i o n . 

T he p re s s ure a t  t h i s  p oi nt , t he sy s t o l i c pre s s ure , i s  r e ad o n  

t he ma n ome te r .  I f  t h e c uff i s  s t i l l  fur t he r de fla ted t he read i ng 

g i ve s  t he di a s t o l i c p re s s u.re . T h e  c llf f p re s s LJ.re c a n  b e  found a t  

w h i ch t he c o l um n of wa t e r  i n  t he ma nome t e r  o s c i l la t e s  up a nd dow n. 

E a c h  c omp l e t e  os c i l la t i o n  rep re se n t s  o ne p ul se beat a nd t he 

i ns t r ume n t  c a n  be us e d  t o  re c ord p ul se r a t e s . 

6 .  MEASUREMENT OF SVJEAT ING AND "EVAPORAT IVE LOS S. 

Los s of m o i s t ure fr om t h e  re sp i ra t o ry t rac t c a n  o nly b e  

f ound b y  app lyi ng a ma sk ove r  t he a n imal ' s  fac e  a nd co nne c t e d  b y  

o ne way val v e s t o  a ga s ome t e r o r  sp i rome ter a nd the ga se s me t e re d  

a nd c ol l e c t e d .  F rom we t a nd dry b u lb read i ng s  o n  t he i nsp i re d  

a nd e xp ir e d  a i r  a nd fr an t he v ol lline o f  a i r p as sed o n  e s t ima t e  

of t he e vap ora t i ve l o s s  b y  t hi s  p a t h way can be made . 
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F o r  de t e c t i o n of swe a t i ng  many coloure d reac t io ns  are us e d .  

Gut t ma n  ( 187)  us e d  qui ni z ar i n mixed w i t h  a nhydro u s  s o d i um  

carbo nat e  a nd r i c e  s t arch a s  a n  i nd i c a t or o f  swea t i ng .  T he 

powder i s  f i nally dus t e d  ove r t he s k i n g i vi ng a fai nt v i ole t c o lo ur . 

Swe a t  appears as dark v i ole t sp o t s . 

Ra ndal ( 1 8 8 )  a pp l i e d  di l ut e  s o l ut i o n  ( 3% 12 i n  a l c ohol ) t o  

the t e s t  are a . T h i s  g i ve s a charac t e r i s t i c s t arch i odi ne reac t i o n  

w he n  ord i nary s ta r c h- c o nt a i ni ng p ap e r s  are p r e s s e d  l ig htly over 

the are a . T he ac t i vi ty o f  t he gland i s  s h own by a b l ue -black spot · 

a nd i t s  s iz e  var i e s  w i t h  t he i nte n s i ty of sw ea t i ng .  

M i nor ( 1 89 ) p a i nt e d  t he ski n w i t h a s ol ut i o n  of i odi oo 

i n  c a s t or o i l  and e t hano l , u nt i l  i t  was u ni formly ye ll ow . 

V/he n t he s ki n  w a s  dry i t  was p owdere d w i th f i ne s t arch until 

uni formly w h i t e . swe a t i ng  show s  up a s  black s p o t s o n  a w h i t e 

bac kgro u nd .  

T he es t ima t e  of t o t a l  e vap orat ive los s i nvolve s da ta o n  

. oxyge n c o ns ump t i o n ,  carb o n  d i o x ide produc t i o n ,  me t he ne p roduc t i o n  

p u�o nary ve nt i lat i o n  rat e a nd me tab o l i c w e igh t l o ss a s  

mea s ure d b y  ope n c ir c u i t re sp i ra t o ry e x c ha ng e  appara t us . I ns e ns­

ible w e i ght los s i s  a n  i nvi s ib l e  l o s s  and B rody ( 44 )  defi nes 

i t  a s  t he d i ffe re nc e be t we e n  t he we i g ht of ga se s a nd  vap ours g i ve n  

off b y  t he b ody a nd t hose ab sorbed by t he b ody . 

T here i s  g iv e n  off from t he b o dy  wat e r  vap our , carbo n  di­

oxi de and me t he ne - ab s orbe d i s  oxyge n ,  i . e . -

i nvi s ible l o s s  = ( H20 )  + ( C02 + CHij) - 0 

E vap orat i ve l o s e  ( H20 )  = I ns e ns ib le los s - ( C02 + CH4) - �2 

and t he e xp re s s io n  ( C02  + CH4) - 02 B r ody te rms t he me t ab o l i c  

w e i ght l o s s  fac t or .  

T he mode r n  me t hod of de t e rmi ni ng i ns e ns i b le w e i ght l o s s  

i s  t o  w e igh t he anima l o n  a se ns i t i ve ba la nce . T he a nimal 

i s  p la c e d  o n  t he pla t form of t he bala nce a nd a cou nte r w e ignt 

p la ce d  w i t h  i t  and t he t ime i nt erval take n fo r t he bala nc e  t o  

ce ntral ize . Uri ne a nd fae c e s are co l l ec t e d  i n  a pai l  w hi c h  

i s  imme diat e ly re t ur ne d  t o  the scale p l at f orm and sal i va 
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c o l l e c t e d  i n  a pa n at t a c he d t o  t he p l a t � orm . 

T o ge t he r  w i t h  re sp i rat ory ex c ha n� e  da t a t hi s  mat e r i al o n  

i nse ns i b le w e ig !1t l o s s  i s  use d t o  c omp u t e wo i s t ure evap ora t i o n • . 

B ro dy h a s  s h ow n  t ha t  ne a r 1 000F . m o i s t ur e  e vap ora t i o n  i s  

v i r t ua l l y  e qua l t o  i nse n s ib le we i g h t  l o s s , be c a use t he me t ab o l­

i c  w e i g ht l o s s �ac t or i n  t he a b ove e qua t i o n  app r oa c he s ze ro . 

T h i s  i s  be c a us e  a t  1 00 °F . �e e d  c o n s ump t i o n  i s  re duced 

a nd l i t t le me t he ne i s  t he re fore p r oduced . U nde r t he dep re s se d 

fe e d  i nt ake t h e re s p i ra t o ry quo t i e nt t e nd s  t o  app r oa c h  0 . 73 

w he n  the we i gh t  o �  C02 p r oduc e d e q ual s t he w e i ght of 02 c o ns ume d. 

A t  l ow e r t emp e ra t ur e s c orre c t i o n w i ll have t o  b e  ma de t o  t he 

i ns e ns i ble l o s s  t o a l l ow f o r a d i ffere nt re sp ira t ory quo t i e nt 

pr od uc t i o n  be fore moi s t ure l o s s  c a n b e  de t e rm i ned . B ro dy 

s t a t e s  t ha t , a t  1 0001<� . , t he he a t  p r od uc t i o n  of t he a nima l ca n 

b e  c omp u t e d  by m ul t i p ly i ng t he we i gh t  of w a t e r  vap or i z e d by 

t h e  l a t e nt he a t  of va p or i z a t i o n . At 1 02 °F . a i r  t e mp e r a t ure 

e q ua l s s k i n t e mp e ra t ure a nd a l l  he a t  mus t be l os t by w ay of 

vapor i z a t i o n .  Howe ve r ,  i n  ca t t l e the b ody t e mp e r a t ure i s  r i s­

i ng a t  t he s e  h i gh t emp e r a ture s a nd c o nse que nt ly t he re i s  a n  

a c c umul at i o n  of he a t w i t h i n  t h e  bo dy s o  t h a t  he a t  d i s s ip a t ed 

a t  1 02 °F . ne e d not ne c e s sar i ly e qua l t he he a t  p r o d uc t i o n .  I n  

ma n w i t h  a norma l b o dy t e mp e ra t ur s , v.i i·· e n a ir a nd ski n t emp e r­

a t ure e q ua l , 94°F . , t he n  hea t d i s s i pa t i o n by vap or i z a t i o n w o uld 

e qua l he a t  p ro d uc t i o n. 

A l s o ,  w i t h  c a t t l e , s orr.e he e. t  i s  l os t by wa rm i ng w a t e r 

wh i c h  t he a nima l  c o ns ume s a nd ac c o rd i ng t o  B ro dy , t h i s  i s  

c o ns i de rabl e a t  h i g h  t emp e ra t ure s . H owe ve r ,  t he he a t l o s s  by 

e vapora t i o n  of a u ni t w e i g h t  o f  w a t e r at t he s k i n  i s  a b o ut 1 5  

t ime s g re a t e r  t han t ha t l o s t  by warm i rlf: t he u n i t  we igh t of 

w a t e r by dr i nki ng .  

i\rie a s urm.rr.e nt of c ut a ne o us l o s s  f p om sma l l  a re a s  have bee n 

c a rr i e d  out w it h  c a t t le by �e gan a nd R i cha rd s o n (60) ,  Freeb orne 

( 1 53)) e t a l , a nd :rt h oa d ( 64 ) . 'l' hey l lRe d p e t 1· i  d i R he s w i t h  

c a l c i wn c hl o r i de pap e r s  :i. n t he m .  ::r ow e v e r ,  t h e  i s ol a t e d a re a  
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i s  s ub j ec t e d  t o  c o ndi t i o ns o f  t emp era t ure a nd h umi di t y  d i ffere n t  

from t he re s t  o f  t he b ody . Al s o  t h e  e vapora t i ve l o s s  c a nn ot be 

par t i t i o ned be twee n t ha t  due to o smot i c  l o ss a nd due t o  true swe at­

i ng .  K uno ove rcame t he f i r st two ob je c t i o ns by usi ng a cup w it h  

t w o  s i de valve s and a middle t ube c o nt a i ni ng a t he rmoc o uple . Ai r i s  

le d i n  and out of the s i de t ub e s a nd t he v ol ume a nd w a t e r  c o nt en t  

of t he i nc omi ng a nd  ou tgoi ng a i r  s t reams no t e d  a nd t he e vaporat ive 

l o s s  may t he n  be c omp uted . 
' 

7 .  METHODS OF MEASUR ING THE THERMAL ELEMENT S  OF CL IMATE .  

( a ) A i r  T emperat ure . 

U s ual ly a s s e s s e d  by me ans of me rc ury t he rmomet e r s  w h ich 

mus t b e  set up i n  a s c re e n  i n  an ope n space t o  p r o t e c t  t he b u lb or 

t he t hermome t e r  f r om di re c t  s o lar rad iat i o n a nd a t  t he same t ime 

permi t free c i rc ula t io n  of a i r .  

( b ) A i r  Humid i ty .  

T hi s ,  i n  me te ro l og i c al wo rk ,  i s  de te rmi ned from we t a nd 

dry bulb t emperat ure s .  T he dry b ulb i s  t he o rdi nary the rmome ter 

a s  for ( a ) above . T he w e t b ulb i s  a s imi l ar t he r.mome t e r  b ut w i th 

t he bulb c ove red by musl i n  s a t ura t e d  w i t h  wa t e r .  T he e vap ora t i o n  

of w a t e r  ab so rb s  hea t  from t he bulb a nd  s o  l owe r s  i t s  t emp e rat ure . 

T hi s w i l l  f l uc t ua te w i t h  a i r c urre n t s  b ut i n  prac t ic e  p r i or t o  

read i ng ,  a sma l l  fan i s  t ur ne d .  From t he w e t  and dry bulb 

temp era t ure read i ng s , t he re l a t i ve humi di ty vap our p re s s ure o r  

ab s o l ut e  h um i d i t y  may b e  ob tai ned from c har t s  a nd t able s p ub l i she d 

by vari o us me t e ro l og i c a l  offi ce s . 

( c )  Air Moveme n t . 

T he most c ommon me t h od i s  by way o f  f i ne ly balanc e d  c ups 

on a s p i ndle a nd a sys tem of cogs and shaf t s  s o  arra nged that 

t he rotat i o n of t he va ne s ca n b e  re c orde d on a char t .  

( d ) S ol ar Radia t i o n. 

T ot al s u n  a nd s ky rad ia t i o n  can be mea s ured by means 

of a flat plat e rad i ome t e r . T h i s  c o nsi s t s  of a se rie s of 

t hermo j unc t i o ns  c overed by two g l a s s  dome s ,  t o  p re v e nt a ny  

rad iat i o n  from t he s urr o und i ng s  t o  reac h t he e leme nt s , and t he 

re s t  of the co l d  j unc t i o ns may be le ad i ndoors and t he  w hole 
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arr angement connect ed up t o  g ive the amount o f  energy fall ing 

in gram c alor ies/cm/s ec2• on a revolving grap� The ther.mo­

p il e el ements expos ed to the sun are s e t  up in the c entre 

of a l arg e whi t e  disc - the l att er cut s  out refl ected r adi at i on 

from b elow. D irect eky. rad i at i on may be obt ained by s ett ing up 

a s ep arat e d i sk w ith e. l arge steel hand about li " wide over 

t he d i sk in such a way that i s  shadow w i l l  fall over t he 

e lement s no  matt e r what i s  the sun ' s al t itude. The subtract ion 

of the one set of r e adings from the other , wi ll g ive reflec t ed 

sky radi at io� The whol e  arr ang ement i s  u sually set up on 

t op of a high bu ild ing. 



B. EXPERIMENTAL. --- - �  
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I • INI'RODUCT ION 

R e s earch i n  e nvi r o nme nt a l  p hys i o l ogy i nv o l ve s  t hree 

separa t e  app roa c he s .  F i rs t ly ,  re search o n  t he f undame nt a l  

phy s i ol og i c a l  me c han i sms o f  hea t r e gul a t i o n ,  s e c o ndly , t o  

f ormula t e  t he be s t  me t h od s  o f  a s se s s i ng animal re a c t i o ns t o  

c l ima t e  s t re s s , a nd t h i rdly , me t h ods s u c h  a s  s howe rs , s p r i nkle r s , 

s hade ba rns , e t c .  o n  t he o ne hand ,  a nd  bree d i ng o n  t he ot he r ,  

t o  he lp reduce t h e  d i re c t  affe c t s  of c l ima te . 

The se c o nd app r oa c h  occ up i e s  the w o rk o r  t hi s  s e c t i o n. 
" 

Whe n dea l i ng w i th cat t le , me t hods must b e  worked o ut t o  a l l ow 

worke r s  t o  ga uge t he e ffec t o f  c l ima t e  o n  t he i nd i v i dual 

a n imal . T he c l i ni c al t he rmome te r i s  w e l l  k now n for i t s us e 

i n  i nd i c a t i ng b ody tempe ra t ure , b ut ma ny w or s hip t he a r r ow o n  

t he t he rm ome t e r , a re adi ng ab ove i nd i c a t i ng  fe ve r .  H owe ve r ,  

p e rhaps t he c hi e f  a t t r ibu t e  o f  l i fe i s  var i ab i l i ty and t hi s 

app l i e s  s t r o ngly t o  body t emp e ra t ure a nd o t he r  me a s ureme nt s of 

the a n imal ' s  i nt e r na l  e nv i ronme n t . T he norma l t emp era t u re 

of a n ima l s  i s  e x t reme ly hard t o  de fi ne b e c ause of t h i s  

var i ab i l i t y a nd a re ad i ng ab ove what i s  p op ul arly t ho ug h  a s  

no rma l , may n ot ne c e s sa r i ly me a n  ad ve r se c o nd i t i o ns w i t h i n  t he 

a n ima l .  

ca t t le re sp o nd  qui c kly t o  i ncre a s i ng a i r  t empe ra t ur e s b y  

a r is e  i n  re sp i ra t i o n  ra t e .  H ow use ful i s  t h i s  a s  a n  i ndi ca t or 

of t hermal s t re s s  a nd w ha t  var i ab i l i t y  i s  a s s o c i at ed w i t h  i t? 
,.-- --. 

P ul se r a t e s  i n  ma n a l o ng w i t h  t he c l i ni c a l  t hermome te r i s  u s e d  

t o  i nd i ca t e  body hea l t h .  I s  i t  a us eful i nd i c a t or i n  c a t tle ? 

W i t h t he se 3 me a s u re s  we have a d i urna l t re nd ,  a d iffe re nce 

due to g e s t a t i o n, l a c t a t i o n, exe rc i s e , et c .  How may t he s e  be 

he ld c o ns t a nt or a l l owed for i n  o rde r- t o  a s se s s  t he e ffe c t  

of c l ima te al o ne ?  That i s  t he p r ob l e m .  

S ki n t emp e ra t ure p l ay s  a n  imp or t a nt role i n  hea t  re gula­

t i o n ,  b u t  t hi s  var i e s  w i th va r i ou s  re g i o ns of t he b ody a nd 

w i t h  emot i o na l  s t i mul i .  T o  f i nd t he ave rage b o dy te mp erat ure 

i s  a d i ffi c ul t  t a sk b ut b e ca us e  o f  t he imp o r ta nc e  of ski n  
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I I. METHOD OF PROCEDURE .  

( a ) Stock . 

T he o nly a nima l s  R.Vai la b le "i t  t he t ime the expe r imental 

work s tarted,  March 1 950 , w e re risi ng two year old identical 

tw i n  he i fers . Six pai rs W€:.n•e p i c ke d  w i t h  varyi ng coat c ol our s . 

Bonsma ' s work i n  S outh Africa l ead t o  t he choosi ng  of di ff er­

e nd coloured se ts .  It wo ul d  have been more d es i rable t o  have 

ma t ure cows as e xpe rimental an imals b e cause of the grea t e r 

heat produc t i o n  due t o  lac t at i on ,  t houg h a t  t his period of 

t he year t h i s  w ould probably b e  grea tly re du ce d t hrough t he 

cows fall i ng off rap i dly in prod uct i o n. How e ve r, milki ng 

s t ock w e re a ll . o n expe rime nt s ,  and could n o t  b e  used . 

T h ese s ix pa i rs w e re used for a l l  t he ' outs ide ' 

m ea sureme nt s .  Three of t hese pairs ,  55/5 8 ,  25/26 , 49/50, 

w e re su b se que ntly us e d for t he diurnal t rial . O ne of the 

pamr s , T55/58, w hi c h  had dried off v e ry early i n  lactat ion  

a nd a no the r dry t hre e year old cow w e re used for s ki n t emp e r­

a ture work i n  Oct ober. 

( b ) S ki n  temperature appara t us . 

F o r  much of t he e arly work, Domi nion Phys i cal 

Labora t ori es ki ndly supp l i ed o n  l oa n  a port ab l e  T i ns l ey 

pot ent iometer a nd four types of t he rmocouple s .  The s e  w ere : 

1 .  Bow type - The holder re s em b les a hacksaw frame w i t h  

3 3  s . vi. G.  copper c o ns t a nt a n  w ire j oined a t  t he ce ntre of 

the bow . T hi s  type had a s eri e s of pull eys a nd a s p ri ng  so 

t hat ad j ustmen t s could b e  made to vary t he t ens i on o n  the 

w ire .  

2.  Hyp o de rmic needle t he rmocouple - 45 S. VI. G. enfi!hell ed 

copper cons t an t an w i res , soldered a t  t he e nd  of a hypodermic 

needle . 

3 .  Plasti c prob e t he nmo c o up l e  - A thi n  t i nned copper 

disc a t  t he en d of w hi c h  was at t ached two e namelled w i re s  

45 S. W. G. coppe r const an t an • 
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t emperature it must b e  foun� 

Thes e four measur e s  ar e c ommonly 1.1 s ec1 t o a s s e s s  animal 

r e a c t i ons t o  c l imat e  but we do not know the ir relative import­

ance or if  ther e  ar e o thers which w oul d s erve the purp o s e  bette� 

A great deal of res ear c h  w i l J  f! E!_ve t o  b e  c arr i ed out t o  find 

j ust  how one m ay determine an animal ' s  reaction to  heat and cold. 

Unless  one c an do this then there will be no true scient ific 

approach to  the third aspect of the general research programme, 

that of  negot iat ing the effects of climat e. 

Object of this Sect ion: 

Informat ion on the body temperature ,  respirat ion r at e , 

nulse  rate  and skin temperature of New Zeal and c attle i s  l imit­

ed. In order to find what variation there is  in these respect­

ive measures under fairly normal condit ions , measurements were 

t aken on several cows over the course of the year. One of 

the great difficult ies of  u s i ng such measurements is  the 

t echnique involved and a standard procedure was aimed at with 

al l fair me asur es. Onc e such dat a and methods of measurement 

has been worked out then there will be a fund of  informat ion 

available for any work which may be  st arted in the future , to  

find how production i s  related directly t o  the climatic  thermal 

elements. A necessary prel iminary , however , is t o  know what is  

the best  t ime to  measure , how to measure , and how t o  interpret 

result s in the l ight o f  factors other than cl imat e affecting 

these various measurement�. 
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4. D i s c  type t h ermoc oup le 32 S . W . G . e name lled c o ns t a nta n 

a nd 40 S . W. G. c opp e r s of t  s ol de re d  a t  t he c e n t r e  o f  a t i nned 

c oppe r di s k .  

T he cold j unc t i o n  was c omp o s e d  o f  a t he rmo sfla sk f i ll ed w i t h  

p araffi n o i l  w i t h  t e rm i nal s ,  t he rmome t e r  a nd a w ir e  p l u nge r  

w hi c h  w orke d  Qp a nd d ow n  a nd s e r ve d  t o  s t i r a nd mix t he p araff i n 

t horoug hly .  

Lat e r ,  i n  e a r ly J uly , t l1.e D. P . L .  r e c a l l e d  t he T i ns ley 

p o t e nt i ome t e r  a nd anot he r  o ne was no t ava i lable unt i l  t he e nd of 

Aug us t .  T h i s  was a much more r ob us t mac hi ne , t he Cambri dge 

p or tab l e  p o te n t iomet e r  wo rksh ip mode l .  l<' ur t he r  wo rk o n  ski n 

temperat ur e s d e s i g ne d  t o  f i nd out t he e ff e c t  of c l ipp i ng  t he  

hai r , a nd how ski n temp e ra t ure var i ed o ve r  t he body , ne ce s s i tat e d  

t he maki ng o f  more sui t able holde r t ha n  t he b o w  t y p e  holder 

suppl i e d  by D . P . L .  T h i s  l a t t e r  w orke d ve ry we l l  b u t  t he a rms of 

t he bow a re w i de apar· t , sui t ab l e  for t aki ng re adi ngs o n  t he 

t rll nk of t �e a nima l but imp ra c t able o n  t he l egs o f  t he anima l .  

The new holder was b ut a sma l l e r  e di t i o n  o f  t he bow t yp e  and 

33 S . W. G. c opper c o nst a n t a n  w ire was us e d . Al l t he ab ove 4 

t he nnocoup l e s  w e re ca l ibra t e d  by D. P . L. a nd f ound t o  be a c c ur a t e  

t o 0 . 1 oc .  

( c ) B ody t empe r a t ure . 

A r e v i ew o f  t he l i t e ra t 1.1re o n  me t hod s of mea s ur i ng  body 

t emperat ure s howe d  t hat w orke r s used var i o us dep th s  a nd t ime s of 

i nse r t io n  o f  c l i ni c a l  t he rmome t e rs . A t emp e rat ur e gradie n t  has 

b e e n  obse rved by K r i s s . H owe ver , i t  was c o nsi dered t h at s o  long 

a s  t he same dep t h  and t ime o f  i ns e rt i o n  w a s  used f or a l l  re adi ngs , 

t he imp o r t a nt e ffec t of di ffe r e nc e s  w i t h w hi c h  o ne was p r imarly 

i nt e re s t ed i n , w o ul d  show up . co nse que nt ly , ord i na ry c l i ni cal 

the rmome t e r s  we re p ur c hased , ha vi ng a t hi c ke ne d  bulb o f  t�e 

type us e d  f or i nfa nt s .  care was t a ke n  t o  see t ha t  t hey w e re 

a c c ompa n i e d  by a n  N. P . L. c e r t i fi ca t e a nd o n  p ur c ha se were cali­

b ra t ed b y  Dr . Dolby , D. R. I . , w ho f o u nd mo s t  of t hem a c c ur a t e  

t o  w i t hi n .1 oF .  

A rubber bung was f i t t e d  ove r t he e nd of t he t he rmome t e r  a nd  
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a s t r o ng  c ord t ied ar oQnd i t  and used to fash i o n  a l oop t o  g i ve 

ease of  handl i ng  t he t hermome t e r .  '//he n  i ns e r t ed up t o  t he 

rubber bung t he de p t h  of i ns e r t i o n  was 3 i nc he s .  

As regards t ime s of i nse r t i o n  each t hermome t e r  was t r i ed 

o u t  t o  see t he s hor t e s t  t ime i t  t oo k  t o  reach equi l ib r i um .  

Th i s  ra nged be twee n 2 a nd 3 mi nut e s .  

( d ) Re sp irat i on ra t e . 

This w as me as ured by c o u nt i ng  f lank moveme nt s us i ng a tally 

c ounter a nd a s t opwat c h .  � h e  a nima l must b e  s t a ndi ng qui t e s t i l l  

a nd not have i ts at t e nt io n  d i s t rac t e d .  Tw o or t hree ha lf mi nute 

i nterva l s  were take n ,  duri ng t he t ime t hat t he rec tal t hermome ter 

was bei ng held i n  p o si t i o n . 

( e ) PQlse rat e s . 

Palpa tat i o n  of t he fe tmoral and t ib i al artery was t he 

me t hod whe reby p ul se rat e s  w ere re c orded . s ome cows have a 

fermora l ar t e ry w hi c h  i s  dee p e r  i n  t. he t i s s u e s  t han i n  o t he r s  

and t he t i b ial a r t e ry wa s t o  b e  used . Of c ourse , w he n  t he 

c ow i s  ly i ng  dow n a s  was o f t e n t he case, when t he s t oc k  were 

i n  t he feedi ng bar n ,  t he o nly ac ce s s ibl e ar t e ry i s  the t ib ia l .  

( f) Ge neral pr oce dure . 

T he proce dure us e d  �or t aki ng readi ngs o ut s i de was t o  

take t hree day s per fort night over the mont hs Apr i l ,  May and 

June . T owards t he e nd of Marc h  work bega n o n  t ype s of t he rmo­

c o up le s  and posi t i o ns ne ces sary for ro u t i ne ski n t emperat ure work. 

This was c o nt i nue d dur i ng t he firs t se t of t hree days obs e rva t i o ns  

a nd be cause o f  t he t ime t a ke n w i t h  t hi s  pre l imi nary ski n t empe r­

a t ure w ork t he numb er of ob se rva t i o ns were no t as many as was 

p la nne d .  I n  a na lys i ng  t he dat a  by me ans o f  c omp l e t e  analysis 

of  variance , t he re �ore , t hese fi rs t t hr ee day readi ngs ha ve 

bee n o�ni t ted t o  p e rm i t ease of calculat i o n .  H ow e ver , a nalys e s  

of  vari ance a t  t he e nd of  e ac h se t of 3 days were prepare d a nd 

th i s  was carr i ed out al s o  for t he f i rs t  se t .  

T he s t ock for t he out s ide da t a  were handled i n  t he D. R. I .  

we i ghi ng yards . Each he i fe r  was p laced i n  a c hut e and a ll 
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measureme nt s were t ake n t he re . Af ter t he prel imi nary work t he  

hip region  was used for ski n  tempe ra t ure . A sma l l  area was shav­

ed  a nd three read i ng s  pe r p o s i t io n were take n. T he n ,  re ctal  

temperat ure and re spi rat i o n  rate  were take n  and f i nally p ulse 

rat e s .  Each member of a tw i n  pai r followed her mat e .  I t  t ook 

approximately 5 mi nut e s  t o  take all t he mea sureme nt s o n  o ne 

c ow ,  aft e r  s ome exper i e nce , a nd t he whole 1 2  w i th a good run 

could be done in j ust a l i t t l e  over a n  hour . 

The whole proce ss was done four t ime s  a day s o  t hat 

the re were 4 readi ngs pe r c ow pe r day w i t h  f ive measureme nt s , 

viz . , air  temperat ure ,  body temperat ure , ski n temperat ure , 

resp ira ti on rat e and pulse rat e . Air tempera t ure was recorded 

w i t h  an ordi nary me rcury t hermome ter  hung up i n  t he s hade near  

the man operat i ng t he potent iome te r .  Be ca use of  t he diff i c ul ty 

i n  holdi ng t he t hermocoup le o n  t he a nimal a nd at  t he same t ime 

adj ust i ng t he pote nt iome t er , a D . R .  I .  tech ni cian or college 

s t ude nt was employed.  H i s  j ob was t o operate  t he potent iome ter 

a nd re cord t he various readi ngs i n  a not eb ook.  

( g ) D i ur nal Exper ime nt . 

The D . R. I .  fee di ng barn was used t o  house 3 pairs of twins .  

Se ve ral day s  pre l imi nary trial  was ne ce ssary to  accust om t he 

c ow s  to  t he rout i ne t o  stay i ng  i ndoors for a 24 hour period.  T he 

exp erimental period cons i sted  of 7 days . For the fi rst  4 days 

readi ngs were take n of a i r  t e mperat ure ,  b ody temperat ure , re sp i r­

a t i o n  rate a nd p ulse rat e ,  e ve ry hour from 9 a .m.  t o  1 0  p . m .  

t he n  eve ry 2 hours unt i l  6 a . m. and the n  e very hour t il l  9 a .m. 

of  t he next morni ng .  Dur i ng t hi s  t ime readi ngs w e re take n 

w het her t he c ows we re lyi ng or s t andi ng . D iffere nce s we re not­

i ced  i n  t he vari o us measure s dependi ng on t he pos i t i o n  of t he 

cow .  The n readi ngs every hour duri ng the day was changed t o  

readi ngs e very 2 hours s o  as no t t o  di s t urb t he cows s o  much.  

cows i n  thi s lat t e r  per iod were all  made to  stand a t  least  

quarter of an hour before readi ngs were t ake n and it  took on 

a n  ave rage of ab out hal f  an hour to take al l readi ng s .  This 
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meant tha t  t he cow s would be  o n t he ir fee t � of an  hour every 

hour , w hich would not  a l l ow t hem e nough  re s t  dur i ng t he day i f  

readi ngs  were t o  be take n  every hour and w i t h  all cow s  standi ng . 

The cows were fed s i lage and hay ad lib a nd 3 lb s .  o f  mixed 

meal per day . At t he co nc l us i o n  of a 24 hour peri od the cows 

were le t  o ut i nt o  the paddock unt i l  8 a .m.  o f  t he ne.x t day when 

t hey were brought i n  a nd made ready for t he nex t 24 hour peri od. 

T hey we re we l l  bedde d d ow n  wi t h s t raw , and wat er was avai lab le 

i n  dr i nki ng c ups , thoug h  they never made any great use of t he se . 

( h ) Ski n temperature . 

The acqui s i t i o n of a ne w type of pote ntiome ter ,  

necessi tat ed i t  be i ng t e st ed t o  s e e  how t he t e chni que was t o  be 

change d .  1!/i t h  t he T i ns ley mac hi ne t he cold j unc t i o n  var i e d  

w it �  ai r t emperat ure , t houg h n o t  ve ry marke dly . Thi s necess i ta ted 

addi t i o nal c al c u la t i o n  i n  t ra ns p os i ng m i l l i v ol t s  t o  op . 

D .  P. L.  had ki ndly suppl i e d  a graph for· doi ng t hi s ,  which was 

subsequent ly worke d  up i nt o  a t ab l e  f or easi er w orki ng . Thus ,  

a c old j unc t i o n  tempera t ur e  of , say , 50°F . had t o  b e  t ransp osed 

to rni l l ivo l t s ,  t hi s added t o  t he dial readi ng and t he s um  t rans­

posed back t o  °F . to give t he ski n  t emperat Llre readi ng .  Thi s 

was bo th t ime c o ns um i ng a nd a source of e rror i n  t he i ns t r ume nt ,  

for t he t he rmometer readi ng i n  the c o ld j unc t i o n  c ould change 

qui t e  a b it whi le t ak i ng  j ust o ne readi ng w j)t h  t he t hermoc ouple 

and may have bee n a fac t o r  maki ng the T i nsley very se nsi t i ve 

and t r ic ky t o use . 

Experie nce and p rac t ical advi ce , caused a c ha nge over to 

a c old j unct io n c o nsi s t i ng of c ru s he d  ice in a t he rmos flask. 

Thus , t he dial readi ng on t he p o te nt i ome her was t he ski n t empe r-

ature read i ng  i n  mill ivol t s .  Jus t o ne t ra nsp os i ng proc e ss was 

t here fore nece ssa r•y.  
1 

Each p o t e nt i ome her could be read to a 1 OOO t h  of a mi ll ivol t .  

As t he graph s upp l i ed by D . P . L . c o uld o nly be read t o  2 dec ima l  

p lace s ,  mil l i vo l t  readi ng s  were  taken  t o  3 dec imal p lace s a nd 

whe n  transpos i ng  t he f igur e s  were read to t he near e s t  2 dec imals . 
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In t he li t era ture some wo r•ke r s  shave t he ha i r ,  ot he rs 

a t t emp t  t o  t a ke skin t emperat ure re ad i ngs by p ar t ing the hai r and 

sli <lli ng  t he t he rm ocouple alo ng  t he sk in . 

Three cows were placed in t he feedi ng barn , 8 posi t io ns  

were chosen , on ab ou t t he sam e spot in each an im al s ,  and 

readi ng s  were taken on each of 8 pos i t i ons on each cow . F or t he 

fi rs t  se t of readi ngs , t he hai r  wa s par ted w i t h a pi ece of wood 

and t he t he rmocoup le p laced on t he s kin t hus e xp osed . Nex t , t he 

hai r  was cl ippe d wi t h  t he sci s sors as clo se t o  t he skin a s  

pos s ible an d t he comp l e t e  se t o f  readi ng s  carried o u t  aga i n .  

Then each small a rea w as s haved and t he readings repeated.  Thi s 

dat a  was s u b j ect to analy si s of vari ance techn i que and on t he 

re sul t s  of this � t he same t hree an imals were u sed and 22 p o s i t i o ns  

w e re t aken over each an im al , each p os i t i on be i ng marked w i th red 

raddle . Readings w e re carri e d  out a s  in t he f irst me t hod , i . e . ,  

by no t cl ipp i ng or s having t he ha i r .  T he f i rst part of t he t rial 

was carri ed over 2 day s ;  for t he la t t e r par t the re were m orn i ng 

and afternoon readings on 6 day s .  Ai r  t emp era t ure and body 

t emperature w e re recorded bef ore doing each cow. 

III  SOURCES AND TREATMENT OF DATA : 

A. Prel iminary w ork w i t h skin tempera t ure m eas urements. 

To find out how repeatable w e re t he readings on any one 

p os i t i on int ra cla ss correl at i on analy s i s  was use d .  ( Snedecor 

( 190) ) .  T h i s  me t hod e nable d  one t o  se e w hich p o s i t i o ns gave t he 

mos t  consis ten t re sult s .  

B .  Out s ide dat a .  

Because of heavy rai n  and breakdowns w i t h  t he t hermo­

couple w i re s, skin temp e ra t ure da ta was n ot as great as for t he 

o t he r  meas urement s .  Each se t of 3 days was analys e d  by analy s i s 

of vari ance techn i que . At t he end of t he se rie s t he whole of the 

da ta was an a lysed in a compl e t e  ana lys i s  of var iance for each 

measu remen t .  Each analysi s was of t he sp ecial ' t ime ' serie s 

type as out l ine d by V/i lm ( 192 ) . T h i s a l l ows t he prope r t e s t i ng. 

of some a spects , of the analy s i s  by approp r i at e  error or in t e r-
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ac t i o n  mean square , but  not  of o t he r s .  

Next ,  t o  t e s t  how t he various readi ngs were useful as a 

met hod i ntra c lass correlat i o n  techni que was agai n res orted to . 

The se repeatab i l i ty e s t imat e s  were w orked o ut i n  3 different ways 

ac c ordi ng t o  3 differe nt que st io ns posed . 

For t he 5 variables  i nvol ved, c orre lat i o ns were worked out 

for a ll poss ible comb i nat i o ns .  At fir s t  t hi s  was done w i t h i n  

eac h day a nd i g noring c ows . To  see if al l the corre lat i o ns for a 

any two  var iab les duri ng various days be l o nged t o  t he same pop­

ulati o n  t hey were t ransposed t o  F i s he r ' s ( z ) quant i t ie s .  

( S nedecor , ( 190 ) ) .  Then t he correla ti ons were worke d  out o n  a 

wi t hi n  c ow bas i s  and t he test  for pop ulation  agai n carried out 

and ave rage c orrelat i o ns der i ved. 

Three of the highe s t  c orre lat i o ns : -

Aiv temperature a nd re spirati o n  rat e .  
Air  temperat ure and ski n temperat ure . 
Ski n temperat ure a nd respira t i o n  rate . 

were te sted to see i f  they fi t ted be st  a curvilinear o r  l i near 

regre s s i o n  l i ne .  Li near graphs were t han prepared for each  cow 

and t he t otal  for eac h regre s sion  and the n  a n  analysis  of errors 

of e st imat e  from ave rage regress ion  w i t hi n  gr oups were carri ed 

out , t o  see if t here were difference s amo ng t he lot regressio ns .  

Because i t  was de sirable  t o  fi nd out whi ch of t he measure-

me nt a were most useful as a meas ureme nt of re ac t i o n  to t emperat ure 

further work was done w i t h  t he p ulse rat e  data . p ulse rate did 

no t seem to be stro ngly c or re lated w it h  anythi ng and par t ial 

c orre lat i o n  and mul t ip le regressi o n  analys i s  ( Pearso n  a nd B e nne t 

( 191 ) ) was used t o  see whe t he r  pulse rat e s  were s tro ngly correlated 

wi t h  some t hing else w he n  t he i nfluence of o ther variable s were 

he ld constant . 

C .  Di urnal data . 

Because o f  the slight cha nge i n  procedure afte r the 

f irs t few days , t he tw o separate  ' t line ' a nalys is of variance were 

prepared for eac h  variabl e .  

Corre lat ions within  c ow s ,  for all pos s ible c omb i nat i o ns  

for a l l  variable s we re wor ke d  out a nd te sted to  see i f  a set  

belonged t o  a common pop ulat i o n, a nd if s o ,  avera·ge correlat io ns 
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were der i ve� Gr aphs were p repar ed show ing var i at i on throughout 

the day. 

D. Skin Temperature Dat a. 

Analys e s  of var i anc e w er e app l ied to all t he dat a. 



IV. RESULTS. 

A. PRELIMINARY SKIN TEMPERATURE WORK. 
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Of the 4 typ e s of thermoc oupl e s  supp l i ed , two of t hem 

w e r e  imp r act i c ab l e. The hypodermic ne edle t yp e would g ive a 

t i ssue t emperatur e r athe r  than a skin t emp er atu re. To avo id 

l o s s e s  of he at by conduct i on 1 t had t o  b e  s l id a.long under the 

skin fo r a considerabl 8 d i s t en c e. Not only did the animal 

ob j e c t  strongly , but the needl e was t oo fragile and s oon broke. 

The d i sk w ith very t hirJ v, ires att ached w a s  als o  impract ic able 

The d i sk had t o  b e  t ap ed ont o t he skin � i th s t r ip s  of st icking 

plaster and the w ires were very frag il e and b roke e as ily. For 

swift work in a r out ine set o f  re adiJJg s , t hi s  t ype of thermo-

couple j unct i on was us ele s s. 

Ther e  remained the plas t i c  prob e  and the "hacksaw "  types. 

The following t a.b l e  il lust r at e s  the d i fferen c e s  b etwe en the two. 

TABLE 1. 

Mv Readings Using Two D i ffer ent TY£e S o f  Thermocou£le s  

I 1 "Hacks aw " "Cont act "  
C ow I D i al Re ading D i al Re ading I 

! 
M vs. M vs. 

I 

I 
' 

Vanill a : • 605 • 435 I Yal e • 625 • 500 
I Virg inia • 62 5 • 49 5 I 

l 

i Vanill a 
l 

• 590 • 468 I i I 
' Yal e • b28 • 529 I I I 

Virgini a I • 569 i 
• 540 ' ' 

I i 
I i I Yerle • 569 I • 538 
I Tl7 I • 638 • 480 l Tl8 • 588 • 526 

The readings wer e t aken on the s ame pos i t i o n  e n  e ac h cow. After 

3 cows the t hermc cup l e s  V'; ere changed. and the s ame three cows 
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I 
I 
I 
' I 

' 
' 
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meas ured aga i n a nd the n t he nex t  3 c ow s  were d o ne . T h i s  w a s  t o  

avoi d  ha vi ng a ny c ha nge s i n  a i r  t empe ra t ure o ver a p e r i od of 

t ime affe c t i ng t he ski n t empe ra t ure . I t  can b e  s e e n  how t he 

co n ta c t  t he rmo c o up le gave a ve ry muc h low er readi ng .  T h i s  was 

probab ly due t o  i ns � ff i c ie nt p re s s ure a nd  t o  loss o f  he a t  by 

c o nduc t io n  - a l o ng  t he w i re s  leadi ng up t hr o ugh t he  plas t i c  t ub e ,  

and a l s o  t he i nflue nc e o f  t he p la s t i c  holde r i t se l f . 

T o  t e s t  w he t he r  even w i t h the " hacksaw " type of t he rmocouple 

t here was a l o ss of heat by c o nduc t i o n  t he t hermocoup le was he ld 

in t he same p os i t i o n  for a pe r i od and dial readi ngs no ted as fas t  

as t he opera t or c oul d work t he mac hi ne .  T he f ol l ow i ng t able 

s hows the re s ul t s .  
TABLE 2 .  

• w ... 

·cow No . D ia l  Re ad i ng i cow No .  D ial Read i ng .  

Effect o f  keepin� t he ;unct i on on s ame pos i t i on 

"" Mvs . Mvs . 

T25 . 614 T 26 .595 
. 594 . 565 I I . 600 I I . 559 
- 592 I · 544 
· 59 8  ! · 538 
· 599  I . 520 I 

I · 592 · 530 
. 595 I I · 542 ' ' 

I . 58 7  I I . 535 
I 

. 5 71 
I . 5 20 l I � i 

Next , t o  t e s t w he ther t he cold j unc t i o n  needed p ump i ng af te r 

e ve ry read i ng or a t  t he b e g i nnJng o f  a s e ri e s  of readi ngs t he 

fol l ow i ng dat a was ob t a i ned o n  pos i t io ns o n  a man ' s  a rm .  T he t ri a l  

was repea t ed w i t h  t he ope rat o r  and sub j e c t  cha ng i ng aro und . 

TABLE 3 ·  
E ffec t  of usi ng t he pump i n  t he c old junc t i o n  of 

dial read i ngs of Po te nt i ome t e r  
M vs • 

• 

No P ump l Pump 
I 

No P ump Pump 
' 

.49 1  I . 508 I .471 . 432 ' 

. 480 . 500 
I 

. 470 . 438 ! ; I . 480 I . 500 . 471 . 428 
. 480 I . 498 . 1.+67 . 430 
. 478 . 500 . 453 

l 
. 436 

. 470 I . 502 . 436 . 441 

. 468 . 495 i . 422 i . 443 I I . 478 . 495 . 432 I . 444 ! ' 
·441 . 468 . 500 i . 423 ! 

. 465 : . 500 . 423 . 445 I 
' I 

I 
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Pos i t io n  e ffect : -

1 .  S ix twi ns were use d  t o  take ski n temoerat ure measure-.. 

ment s o n  3 s haved poi nts , 1 2  readi ng s  pe � p o s i t i o n  were taken, 

taki ng t he thermocoup le off t he pos it io n eac h time a nd worki ng 

the p ump ,  and the n  goi ng to  the next posi t i o n  unti l  a ll 36 

readings on the o ne c ow were completed.  

2 .  Next  ni ne posi ti o ns on  the r ight hand side of the  s ix 

a nimals  were chosen .  The t he rmocoup le was  appl ied t o  each o f  

t he ni ne p os i t io ns i n  sequence a nd the n repea ted twice . 

3 .  I n  other trial s ,  five of the b e s t  of t he above 9 

p os i t i o ns were take n w it h  6 cow s ,  6 readi ngs p e r  pos i t i o n, duri ng 

t he morni ng and repea ted i n  t he afte r noo n.  

4. Two of  the be st  posit ions were take n ,  the t h url a nd  

hip ,  6 readi ngs pe r p os i t i on w i th 6 cows i n  the morni ng a nd 1 2  
i n  t he afte rnoon. 

5. The same two pos i t i ons were used,  3 readi ngs per 

pos i t ion, 1 2  cows , re pea t e d  morni ng and a f t e r noon. 

6. T w o  pos i t i o�� ,  3 readi ngs per posi ti on,  repeat ed 3 t imes 

i n  t he o ne day - 1 2  cows . 

The tab le s how n on  t he follow i ng page , shows the i ntra 

class correlat i o ns  which were obtai ned from t hese several t rial s .  

D iscus s i o n :  

The left and right h ip p os i t i ons gave t he b e s t  re pea tab i l i ty 

whereas t h e  back did not give as good resul ts . Wi th  t he hips 

and t he " hacksaw" thermocouple , better  tens i o n  could be ob tai ned 

because of the curvat ure of the b ody in  t hi s  region. V/i th t he 

back posi ti on ,  especi ally i n  some anima l s  which are broad across 

the back,  t he curvature is no t so great . It  is des irable to 

have the j unc t i o n  b ur i e d  i nt o  the ski n to abO llt  half i ts depth .  

T o tal  corre lat i o ns we re calculat ed, us i ng  all pos i t i ons a nd al l 

Bnbgroups . These w e re very h i e; h  i ndicat i ng variati on wi thi n 

the subgroups , was no-w he re ne ar a s  g re a t  a s  vari a t i o ns betwee n 

s ubgroups because of t1. iffere nt pos J. t i o ns and d iffe re nt cows . 

The se first  Pe s.d i ngs wepe t ake n und e r  fa irly unl. form weat he r  
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TABLE 4 .  
I ntra c lass c o rre l at i o ns f or Ski n Teml?erat ure 

usi ng va r i ous po s i t i. o ns  • 

. 
T r ial C ows !F os i -

used · t i o ns 
Read i ng/ ( y P os i t i o n 1 I 

I l 
1 6 I 1 12 I . 9 18 ! 2 . 92 7  

i 
'13 I . ?83 

1 i ' 
2 6 I 1 3 ! . 900 

2 I . 66 9  i 
I 3 I l . 0 56 N. S i I 

4 
I 

. 850 I l i I 
5 ' I - 47 7* 
6 i I . 693 ! 

I i 7 . 81 1 * I l I 8 ! . 53()0c I I i 9 ! • 71 3 l I t , t 1 I 
I I a .m .  .£.!!!!!. I l 

3 12 I 1 6 I -:-B4b . 852 i 
j 2 I · 99 8  i • 31 (>* I I 

I l 3 I · 793 I • 754 
I 4 i . 716 I • 792 I l I i 5 • 760 , - . 250 N . s I 
1 I j � I I I I 4 6 i 1 6 . 540 ! 2 ' . 777 I I 

I 
' 
j 

1 2  1 ! 3 [ . 876 . 862 
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comb i ni ng  

. 998 

- 943 

l i 
, 
I 
l 
� ' 
I 
� 
� 

! 2 I ' . 9 53 . 664 
i l I 

I I ! I r 5 1 2  I 1 3 . 825 . 9 14 . 9 70 J I I 2 I . 849 . 9 67 . 958 i I 
1 i 

I I : 1 . 833 6 12 I I 
. 68 7  ' 1 I 3 i . 71 3  . 8 71 

! I I 2 j . 849 � . 761 . 936 . 946 I I i 
I 

All highly 1 % s ig ni fi ca nt a t  l eve l excep t t hose 
i marke d :  

I * s i gnifica nt at 5% leve l . 

l N. S. no n- s i gni f i ea nt a t  5% leve l . . 

c o ndi t i ons w i t h  ove rc a s t skys , no ra in or w i nd .  T hus sa t isf ied 

t hat good repeatab i l i t y  c ould be ob t a i ne d  p rovided due care was 

take n,  the next s t ep was to fi nd w h i ch pos i t i o ns over t he b ody 

gave t he b e s t  re sul t s w i t h  t he obj e e t  of narrow i ng dow n t he 

numb e r  of pos i t i o ns  unt i l  a f i na l  o ne c o uld be sele c te d  whi ch 

c o ul d  be used as a rout i ne t e s t  a lo ng  wi th t he o t he r  mea s ureme nt s 

o f  b ody t emp e ra t ure , re sp i rat io n r�t e  and p ulse rat e .  
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F i rs t  9 of t he p o s i t i o ns were t ake n a nd t hen from t he s e  5 ,  

the n 2 .  S ome posi t i o ns g ive a p oo r  r, , e g . , p o s i t i on 3 i n  t he 

2 n�rial , whi ch was d ow n  o n  t he le g .  s �c h p os i t i o ns  are ' di ffi c � l t  

t o  p la c e  the holder i n  t he same p lace a t  e a c h re�di ng .  Poor 

c � va t �re of t he b ody a nd par t i c ular ly moveme nt s of t he animals 

affe c t  t he rep e a t ab i l i t y .  T he total � is qui te hi gh d ue , probably , 

t o  large me a n  d iffe r e nc e s  i n  ski n tempe rat ur•e from o ne posi t io n  

t o  a no t he r  be i ng a gre a te r effe c t  o n  t he t ot a l  va r i a nce t ha n  

var i a t i o ns w i t hi n  re ad i ngs o n  t he same p os i t i o n .  

D�ri ng t h e  a f t e r no o n  w h e n  t he above 9 posi t i o ns were b e i ng 

t e s t e d  t he c l o �ds c leared away a nd i t  b e c ame ve ry ho t .  Air t emp­

e ra t ure s i n  t he mo rn i ng w e re 620F . , i n  t he a f t e r noo n 70op .  T here 

was not i ced a drop i n  sk i n  tempera t �re w he n c l o �ds pa ssed ove r 

t he s u n .  Thi s was p robab l y  d ue t o  t h e  c l o ud shad i ng  t he dire c t  

s olar radia t i o n .  Readi ng s t ake n i n  d i re c t  s unlight sho uld be 

s haded f rom t he di re c t  s�nl ight by t he hand or arm ,  o t he rw i s e  

the readi ng w i l l b e  a h ighe r o ne t han t he true ski n t empe rat ure . 

However , the ha nd shou ld b e  we l l  away from t he j unc t i o n ,  o t he rw i se 

t he j unc t i o n  may re c e i ve ra diat i o n f r om t he hand i n  vir t �e o f  i ts 

temperat ure . B ut j u st t he sma l l are a aro �nd t he j unc t i o n  i s  shad­

e d  i n  dire c t  s unl i ght , t he r·e s t of t he a n ima l i s  exp os ed a nd  this 

p robab ly ra i se s  s k i n  t emp e r•a t ure a l l  ove r t he b ody . C l o ud s  

w i l l sha de t he w h ole b ody caus i ng a corre s p o ndi ng drop . 

T he ne x t  day w i t h  5 p os i t i o ns s im i lar effe c t  of s un  and c loud 

w ere not i ce d ,  ski n t emp e ra t ure s r i s i ng up t o  1 000F . The mor ni ng 

was c lo udy g i vi ng  fa irly good re s u l t s  for a l l  readi ngs . T he 

firs t p os i t i o n  w a s  t he t hur l re g i o n w hi c h  was shaded fr om t he sun 

by t he p os i t i o n  of the a nima l . Number tw o ,  t he h i p  p os i t i o n  was 

marke dly affe c t e d  by di ff' ere nc e s  i n  s un and c l o ud i n  t he a f t e r­

noo n gi vi ng a p p o r  � • T he sh oul de r , No . 5 ,  was l i ke t he t hurl , 

shade d ,  ye t t he repe atab i l i t y was negat ive , show i ng t ha t  t he 

var i a t i o n  w i th i n  subg roups was grea t e r  t ha n  b e twee n s ubgroup s  

mea ns . Th i s  i s  a c a s e  i n  p o i nt w he re i n t ra c l ass c orre lat i o ns 

may be mi s l e adi ng ,  whe re t he re i s  g o od rep ea t ab i l i ty w i t h i n  

subg ro up s , b u t  beca use t he readi ngs are much t h e  s ame o n  t hi s  

• 
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p o s i t i o n  for al l  anima l s  t he t o tal ra nge of v ar i at i o n  i s  not ve ry 

gre a t  and t he subgroup meE-, n s  are a l l ve r:i muc h the s ame i n  

mag ni t ude . 

T hur l a nd h i p  regio ns w e re used i n  No . 4 par t of t he t ri a l . 

D ur i ng t he m or n i ng i t  was sunny for a t ime t he n  i t  became overcast 

a nd ra i ned i n  t he afte rno o n .  Two d iffe re nt op e ra t or s of t he p o t­

e nt i ome te r  w e r e  used , o ne i n  t he morn i ng ,  a n d  one i n  t he af t e r noon.  

The morn i ng o pe r a t or t oo k  a l e ng t hy t ime t o ob ta i n e qui l ibri um , 

where a s  t he m ore e x p e r· i e nc e d  opera t or ,  i n  t he af te r no o n ,  t ook but 

a s ho r t  t ime t o  take a re ad i ng . VIe not i ce d i n  t he early s tage s  

w i t h  t l1i s t hermoc oup le a nd p o t e nt i ome te r , .b:>w s k i n  tempe ra t ure 

sh ow s  a p rogre ss i ve fal l  w i t h  t ime ( s e e  T able 2 ) . T he mor n i ng  

ope ra t or was ne w t o  t he j ob a nd p robab l y  t hi s caused t he mo rni ng 

r, t o  b e  l o w e r  t ha n t he aft e r no o n . A l s o  care mus t be take n  t o  use 

the s t i rre r or p wnp i n  t he c o l d  j unc t i o n  before e a c h readi ng or 

t his wi l l  caus e  l ow e r s ki n t emp erat ure ( s e e  T ab l e  3 ) .  I n  t he 

afte r noo n w i t h he a vy ra in , ski n t empera t ure s dropped t o as l ow a s  

80°F . Three read i ng s p e r  p o s i t i o n i ns t e ad o f  6 gave qui te good 

re sul t s , b ut t he l owe r � for t he h ip in t he afternoo n may have 

bee n due t o  ra i ndrops s t r i k i ng t he j unc t i o n. The t hurl reg i o n  

w a s  l e s s  l i ab le t o  t hi s  i nfl ue nce as i t  w a s  p ro t e c ted more b y  t he 

ma n us i ng t he ho l de r . O n  t he w h o le , al t h oug h ra i n  c a used l ow e r  

s k i n  t emper a t ure s , re pe a t abi l i ty o f  read i ng s  wa s modera t e ly good ; 

b ut readi ng s  s ho ul d  p re fe rab ly not be t ake n w he n  i t  i s  rai ni ng 

hard , because of ra i n  s t r i ki ng the j unc t i o n  and wat e r  seep i ng 

i nt o  the te rmi nal s  of t he h o lde r ,  c ol d  j unc t i on , a nd i ns t r ume nt , 

ca u s i ng c o nd uc t i o n l eaka ge . 

o n  t he la s t  two day s ,  t he same tw o p o s i t i o ns w e re t a ke n  w it h  

al l the c ow s  a nd 3 read i ngs pe r  p o s i t i o n  t ak e n .  Repeatab i l i ty 

wa s good o n  t he w ho le . H ow e v e r ,  o ne ca nno t s t re ss e no ugh t he 

imp or ta nce of e x t reme ca re . The p o te n t i ome t e r  w a s  a more 

se ns i t i ve i ns t r ume nt t ha n  t he p urp ose w a rra n t e d  and was hard t o  

re a ch e qu i l i b r i um ; w ha t  w i t h  mo veme nt s o f  the a nima l and c ond-

uc t io n  leakage s ,  e t c .  T h i s  t e nde d t o  e x te nd t he t i me take n  t o  

re a c h e qui l ib r i um ,  a nd l ow e r e d  t he t emp e ra t ure . Corre c t  pump i ng 
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wa s essential  always and care had t o  be t ake n t o  se e t ha t  t he 

h o lder was always p laced i n  appr ox imat e ly t he s ame p lace at e a c h  

rea d i ng ,  a nd t ha t t he cor re c t  t e n s i o n  i s  app l i ed t o  t he w i re 

s o  t ha t  pre s s ur e  i s  uni form . 

As a r e s u.l t of t his prel imi nary w o rk i t  wa s dec ided i n  s ub­

se que nt rout i ne obs e rva t i o ns t ha t  t he hip r e g i o n  be used , t he 

a re a  be i ng s haved a nd t hree readi ngs t ake n  o n  t he p os i t i o n .  

B.  OUTS IDE DATA. 

( a )  S ki n temper•a t ure . 

The re we re , a l l  t o ld , 1 5 day s sp re ad. ove r  .3 mo nt hs 

for ro ut i ne o ut s i de me as ureme nt s .  T he f i r s t  .3 day s w ork was s t i l l  

be i ng carr i e d  o ut f or posi t. i c)!Ds a nd. repeatab i li ty e s t imate s for 

ski n t empe ra t ure a nd dur i ng  t he la s t  .3 days ski n t e mpe rat ure c o uld 

not be t a ke n  beca use t he p o t e nt i ome t e r  had t o  be r e turne d  to 

D. P. L. Eac h s e t of .3 day s w a s  a na lysed by analy s i s  of var ia nce . 

Three read i ngs p e r  p os i t i o n were t a ke n  a nd t he se averaged . 

The ana ly s i s  of var i a nce f or the fi rs t s e t  i s  as fol l ows : 

TABLE 5 .  

A nalys i s of Var ia nce for S k i n Temperature - fi r s t  se t 

of .3 day s .  

• soqrce I T otal 
I B Anima l s  ( A )  
I 

M S 

14.3 

11 N. S.  

! B Tw i n  Pa i r ) 5 
6 

365 . 86 

23 . 9 7 

11 . 2 8  
11 . 69 

2 . 18 

2 . 26 
1 . 95 

N. S .  
VI Tw i n  Pa ir ) 

B Day s ( D )  

D X A i 
I 
I 
I 

I 

Tw i n  P x Day ) 
VI • T • P x Day ) 

Vi i t h i n <lay s r) n 
i ndiv iduals 

( error ) I I 
l 

N. S .  
* *  

2 

2 2 
10 
1 2 

108 

147 . 76 

22 . 99 

15 . 69 
7 . 30 

17l . ll..j. 

7.3 . 8 8 

1 . 04 

1 . 57 
0 . 61 

··- no n s i g ni f i e 8. nt . 
= s i gni fi cant at  1 %  leve l . 

* *  

N. S .  

N. S .  
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Thi s i s  an experime nt al replicated i n  t ime and i s  analysed by 

t he me t hod propos�d by �"ii lm . I t  i s  typi cally an a nalysi s  used 

for a split  plot  design.  The s um of square s i s  divided i nto two 

mai n  portions ,  that ass oc iated wi th anima ls a nd that associated 

w i t h  days . I n  a typ ical spl i t  plo t analysi s  each ma j or part has 

i t s own experimental err or .  I n  the . above , days has i t s  own 

expe rime ntal e rrer , t he be twee � a nimal variance no t bei ng sub je c t  

t o  a ny  treatme nt has no experime ntal error o f  i ts own.  I n  the 

ab ove analys i s  it  can be see n t hat t here is a high�y s ig nificant 

differe nce be twee n  days ,  but no s ignifi cance i n  the day x an�l 

i nteract io n, i .e . , animals all reacted i n  a s imi lar manner each 

day . The experime ntal e rror used to test  t hi s  i n  t he be twee n 

days o n  i ndividual mea n  square . 

Now t he varia nce for a nimals has the followi ng compone nt s 

ass oc iat ed wi th i t  .IJ2A + -<i�A + ..62 . 
If o ne was t o  use as i n  a n  ordi nary a nalys i s ,  t he e rror term 

for te s t ing animals we would i n  effe c t  be test i ng :  

2 2 2 J A + .JDA + fi �2 = 0 

i . e .  t he null hyp.ot he s i s  be i ng tested t hat  A� +4�A is 0 .  T his  

does  no t mean very much because o f  the i nteract ion compone nt .  

The correct  test for animals to see o f  -6� is s ignifi cant or not 

is  z e r o , i s :  

However ,  i f  the i nt e racti on ..J�A qoe� �not cont ribute a s ign­

ificant amount t o  t he a nimal mean square that the f irst  test  with 

;,2 w ould b e  quite  in o rde r .  I D.  the give n a nalysi s the .JtA i s  

non-s�gni fica nt and whe n  us i ng  �2 t o  t est differences betwee n 

animals , the re s ul t  i s  no n-significant . 

The be twee n a nimal s variance a nd i nt e rac t i o n  assoc i at ed w i th 

animal s ,  degree s of freedom ar e spl it  i nto be twee n and w i t hi n  

tw i n  pai rs . This i ndi ca te s  whe t her twins reac t toget her  o r  not . 

T he second and third se t of analyses are given below .  



Degre e s  of fre edom do not correspond becau se on one day 

s tock had t o  be brought t o  the we ighing yards some cons iderable 

di s t ance and it tmok some t ime for them to settle down. 

TABLE 6. 

Analys is  of  Vari ance for Skin Temperature, 

Second and Third s et of  3 days. 

Source 

Total 

B Animals (A) 

I B. Twin P l 
W. Twin P 

B. Days (D) I 
i D, X A. 
I 
i T. P. x D, 

I w .  T. P. X D. 

W ithin days on 
individual s 

2 

131 

11  

5 

6 

2 

2 2  

d. f. 

1o I 
I i 
I 12 I 

1 96 

l 

3 

119 

11 

5 

6 

2 

22 

2 

3. 26 

6. 01 

0. 98 

1 . 92  

1 .  06  

10 1. 00 

12  

84 

1. 1 1  
I 
I 
I i 1. 08 

! 

M. S .  & F. 

F 

' 

I I N. s . 

I N. s.  
I 

N. S.  

3 

1 12. 76 

1 5. 39 

10. 57 

175. 45 

2 . 09 

2. 23 

1. 98 

8. 65 

I N. S. = non-s ignificant. ' 

�* = highly s ignific ant 1% level. 

The s ame method of test ing various mean 
I 

I squares i s  as before. 

The final analys i s  for skin temperature is for twelve 

F 

N. S . 

N. S. 

N. S, 

N. S . 

cows , seven complete days , i. e. , days w ith all the readings 

per day, 
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TABLl� 7 .  

T o t a}- A na lys i s  of Var i a nc s  of S k i n Tempe r·a t ure . 
S our c e  d ,. f . 1� . s .  F ���- (1�2 1 1  N. S .  

I 
B .  T w i n P .  

VI . T w i n  P .  

T ot al 

B .  Days.J.:Ql 

D .  X A 

n .  x T . P .  

D .  X Yi. T . P. 

B. P.ead i ngs (R) 

R . X A .  

R .  x T . P . 

R • X VI. T • P • 

R. x n .  
R .  x .  D .  X A .  

•r o t al l 

5 

() 

1 1 

6 

66 

30 

36 

.'33 

3 

33  

1 5  

1 8 

1 8  

1 98 

3 35 

3 . 1 J.5 

1 42 .  ?4 

8 7 . 62 

2 . 35 

0 . 78 

7 . 1+0 
1 . 1 �1 

N. s .  = no n- s ig ni f i c a nt . 

• • = hi ghly si g ni f i c a nt 1 %  leve l 

N. S .  

• •  

• •  

N. S .. 

• •  

N. S. 

* *  

• •  

I n  t h i s  a naly s i s  t he r·e i s  a fln· t he r  s ub di v i s i o n .  I n  orde r 

t o  s e e  how readi ng s  var i e d  a nd how t he i r  a s s o c i a t i o n  w i t h . days 

a nd a nima l s  re ac t e d ,  t he da t a  w a s  di v ided t o  su� p l y  t hi s  i nfo�-

a t j. o n. As t he R .  :x D .  i nt e rac t i o n  i s  no :1- s i g ni f i ca nt it doe s 

no t. co n.t r• ib a t •.:: a s i g n i f i ca n t  H.mo u n t  t o  thE: a nima l  vari ance . The 

reve rse is the case for n .  x . A .  i nte ra c t i o n  w h i ch i s  h ig hly 

s i g ni fi can t . The app rop r i a t e  t e s t  f or anima l s  t he re f ore , i s  t he 

D • .x A .  me a n  S -lua rE? a nd1 a s  c a n  b e  s e e n whe n t h i s t e s t  i s  app l ied , 

t he var i a nce d ue t o  a n ima l s  i s  non- s i g ni f i c a nt . 

The Ra nge , Mea n ,  S ta ndard D P- v i a t i o n  a nd C oe ff i c ie nt for 

t he s e four a ni;J. ly s e s  o n  ski n t empe ra t 11r e '::' re g i ve n a s  f ol low s . 

T he s t a nda r d  :!)ev i a t i o n i s  de r i ve d  from t h e  e r· r or va r i a nce o f  

each a naly s i s .  



1 
� 

Ra nge OT.'I 
.tt • 91 .4-1 00 . 1  

�'lfe a n  oF . 94. 99 

s 

c .  

1 . 25 

1 . 32% 

( b ) Re c ta. l tem,ee rat ure . 

-

2 3 
-

84 . 9-95 . 7  80 . 0-96 .  

93 . 87 9 2 . 1 4 

1 . 03 2 · 9 1-+ 
1 . 09% 3 . 1 9% 

lb8. 

F i nal 

9 80 . 0-1 00 .1  

93 . 80 

1 . 1  8 

1 . 26% 

S e t s  o f  days were a nalyse d separat e ly wi t h  a 

f i na l  a naly s i s  of var i a nce o n  the wh ole of t he da ta . 

se t 1 • 2 day s ,  5 readi ngs p e r  c ow all t oge t he r .  

2 .  3 days , 1 2 read i ngs per c ow all  t oge ther . 

3 .  3 dc,.y s , 11 re acli ng s pe r c ow a l :J.  t oge t he r . 

4 .  3 da:v s ,  1 1  re ad i n.g e per c ow a l l  t oge t her . 

s . 3 day s , 1 2  read i ngs p er c::: ow a ll t oge t he r .  

T o te. l  A na l ys i s :  1 2  c ow s  f or• 1 0  c omp l e te daye , i . e . , days w i t h  4 

re ad i ng s pe r day . 

The re s u l t s  for t he 5 a na ly s e s  o f  var i a nce f o r  e ac h  s e t  

o f  day s i s  shown i n  T abl e 8 ( t o b e  se e n  o n  followi ng p age ) . 

The f i nal a na lys i s  for a ll dat a i s  a s  follows : -

TABL1iJ 1 O .  

T ot a l  Analys i s  o f  Var i a nce for Body T empe ra t ur e . 

ql"lllT>f'P. ,, ,:f_ � __s  _F_. 
! 

T o t a l  1-t-79 l I 
B .  A nimal s (A) 1 1 1 .  90 * *  
B . T . P .  5 3 . 2 2 N. S .  

VI. T. P .  6 0 . 80 
:s .  Day s  �D} 9 . 1 . 1  7 * *  . 

D X A 99 ! 0 . ?. 2 * *  
T . P X D 45 : 0 . 3)4 * *  
VI. T .  P .  X D .  54 0 . 1 1 
B .  P.e a d i ngs {R_l 3 7 . 43 * *  

R .  X D . 2 7  0 .1 r • •  
2 .  X A .  33 o . o1.-� N. S .  

R .  X T . P .  1 5 
I 0 . 01� * *  I 

R .  .x Vi. T .  P .  1 8 I 0 . 01 
D .  X A .  X R .  1 2 79 o . os 

R a nge = 1 00 . 6 X = 1 01 . 8  .)( = me an 
1 03 . 8  s 0 ')  8 = S td .  de v i a t i o n  -- . "- �-

c = . 22% c = c oeffi c i e nt of 
va r i a t i o n .  



TABLE B .  

A na ly s i s  of Var ia nce f or B ody T empe ra t ur e . 5 s e t s  of da;ts 

- _ __.,,___ d . f' !\'i . l:). 1'' . � S ourc e  ! 1 2 3 4 5 1 2 3 I 4 5 

I 
T o ta l  1 59 1 43 1 1 31 1 1 43 : 1 43 M . S .  F 1 lv1 . 8. F M . S .  F ' M . S. F M. S .  F 

I I 

l I 
! I i I B Anima ls ' 1 1 1 1 1 1  1 1 1 1  . 1 25 * · . 37 i * *  . 45 * * · . B5 * * 1 . 70 "' * I 
' i 

I 
B T w i n  P .  , 5 5 5 5 5 . 1 9 N . S  . 69 l * . 61 N. S 

1
1 . 60 ·� 2 . 88 l�. S , 

· ·u. T . P . 6 6 6 6 6 . oB .1 1 ! . 32 ! . 2 2 . • 72 1 i , , 
I , I ' 

B Davs . 1 2 2 2 . 2 3. �4 * *  . 66 * }:c . 8 7  * *  2 . 69 , * *  i . 2 2  N. S . 
!i I I ,./ -

I 
! 

' I 

I D .  x A .  1 1  2 2  2 2  2 2  2 2  . oB N. s . 1 0 N. s .oB N. s .  1 . 03 N. s .  1 . 26 
' ; I 

T . P x D  ' 5 1 0 1 1 0  1 0  1 0 1 . 1 2 N. S . 1 3 N. S • • 1 3  N. S i . 02 N. S i . 29 N. S 
; I I ! 

VI. T .  p X D : 6 
I 

1 2 1 2 I 1 2 1 2 • 04 I I • OB • 03 I . 05 I . 23 
I 

Error l36 1 108 9 6 l lOB 11 0B . o 6  . 1 1 . 08 j . 1 7 .1 0 i 
N. s .  = no n s i g nif i c a nt . 

* = s i g ni f i ca n� 5% l e ve l. 
• * = highly s i g ni f i ca nt 1 %  le ve l  

1-' 
0' 
\D • 



TABLE 9 .  

The Ra nge , M ea n ,  S tandard De v i at i o n  a n d  C oe ff i ci e nt o f  Var iat i o n for 

B ody T emperat ure . 

I 
: 

1 2 3 4 5 
i 

Ra nge Cp .  1 01 . 1 -1 02 . 5  1 01 . 0-1 02 . 8  1 01 , 1 -1 02 • h 1 00. 6-1 02 . 7  1 00 • 8-1 0 3 . 0 

M e a n  °F . 1 91 . 8 1 01 . 8  1 01 . 8  1 01 . 7  1 01 · 9  

s· • 2l� . 33 . 28 . 41 . 31 , 
: 

' 

l . 24% . 32% . 23% . 40% . 30% c I 

: 1 

t-J 
� • 



c .  Re sp i rat i o n  � a t e s . 

T he numbe r of re ad i ng s  pe r c ow a s  f o r  b o dy t e mpe rat ure . 

T he fol l ow i ng t ab l e  shows t he fi ve s e para te se t s  of a nalys e s :  

TABLE 1 1 • 

A na lyse s o f  Varia nce f or Re spi ra t i o n  R a t e s  - 5 se t s  o f  days . 

I ' Sl·f · 2 I � 
s o urce 1 2 3 4 1 5 �·r . s .  F I M .  s .  F M .  s .  F I M . s .  F 1 M • S .  F 

T o te.l 59 1 4.3 1 31 1 11-3 1:'43 

B A nimals 1 1  1 1  1 1  1 1 1 1 6 6 .3 • 484 . 0  � · 1 33 . 0 * *  

263 . 6  * *  

222 . 0  N� S .  95 . 3 • •  

B . 'r . P ,  

VI. T .  F .  

B D!!.Y.s •• 

D . X A. 

T .  � x D 

VI. T . P  x D 
E r r or 

5 

6 

5 

6 
5 
6 

5 

6 

5 1 08 . 0  

6 31 . 3  

H. S .  1 02 7 • 0 Ill * 

31 . 8  24. 3 

450 . 0  � ·  

31 . 8  
200 . 8  * *  

7 . 0  

1 2 2 2 2 31 7 . o  • •  3 78 . 5  • •  243 . 5  * "'  1 70 7 . 5  ... . 5 58 . 0  . ... 

1 1  2� 2 2  2 �  22 31 .1 N. S .  21 • 5 l'T. S .  ' 2 6 .  L t  l'T. S .  i h3 • 0 N. S .  1 6 • 6 N. S .  

5 1 0 1 0  1 0 1 0  55 . 6  .:c 7 . L� N .  S.  34. 7 N. S .  ! 68 . 2  N. S. 25 . 1 N. S. 

6 1 2  1 2  1 2  1 2  1 0 . 8  33 · 3 1 9 . 5  2 2 . 0 

36 1 08 I 96 1 08 1 08 24. 16 2 9 . 3 I ' 23 . 6  I 1 3 7 . 6  
I I l • - - -�-- - -- • ---- --•----- - -• .J. - - - ---� --- - -

N. S .  
• 

• •  

= no n s i g ni fi ca nt . 
= s ig nifi c a nt 5% leve l .  
= highly si g ni fi cant 1 %  l e ve l  • 

9 . 5  

25 . 0  

--------------�--------------------------------------------------------------------------------------------------------------·----------� 

t-' 
-....! 
1-' • 
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The f i na l  analys is i s  as follow s : -

TABLE 1 2 .  

T otal Ana lys i s  of Var ia nce fo r Re spi ra t i o n  Rat e .  

S ource d. f. !vi . S. F .  

I B . Animals 1 1 545 . 54 

I B. T . P .  5 1 1 45 . 47 • •  
I 
: VI. T .  P .  
i 

6 45 . 66 

i B .  Days 9 299 2 . 0u • •  
' 
I I D .  r. A .  99 49 . 03 • •  

i T . P . X D .  45 8 9 .  7�� 
! 

• •  

� VI. T .  P .  X D .  54 15 .09  
I 
I B .  Read i ngs 3 367 . 50 * *  

, R . X A .  33 25 . 63 I N. S .  
I 

I R .  X T . P . 15 42 . 87 • 
I I 

R .  x VI. T. P .  1 8 1 1 . 2 7 

I R .  X D. 27 30 5 . 1 1 * *  

I R . I X D .  X A .  297 30 . 1 1 

, To tal 1+79 

TABLE_i.L:. 

Ra nge , .Mea n, Standard Dev ia t i o n  and coeffi c i ent  

of Varia t i o n  for  all  a nalyses on Re spir-

a t i o n  Rate . 

l l 1 2 
I 

4 T o tal 1 3 5 

I 1 I I 
Range I I I 
( reap/ I I I 
mi n. ) I 2 2-5 2 25-60 28-62 I 18-75 I 18-56 I 

1 8- 7 5  I I 

: ' I I 
I Mean I ! I I I 

( re sp/ I 25 . 63 34. 26 mi n. ) I 37. 73 : 41 . 72 38 . 2 5  I 31 . 1 4 
I 

I 
I 

8 4.91 5 . 41 4. 81 ' 1 1 . 73 5 . 00 

c 1 3 . 01 %  1 2 . 96% 1 2 . 5 8% 37 . 66% 1 9 . 50% 



d .  P ul se Rate s : -

The number o f  re adi ng s  p e t>  c ow a s  for b ody temp e ra t ure a nd re sp ira t i o n  ra te . 

Source .  1 2 
. 

Total  5 9  1 43 
I 
i 
1 B A nima ls 1 1  1 1  -' I 
i B. T . P . 5 5 i 
i VI. T .  P.  6 6 

, lL_Da��· 1 2 
D .  X A ·  1 1 2 2  

T . P. X D .  5 1 0  

I VI. T .  p X D .  6 1 2 
Error 36 11 08 

I 

l 

TABLE 1 4 . 

Analyses o f  Var i ance for Pul se Ra t e s  - 5 se t s  of da� 

d . f . 1 2 3 4 I 

3 4 I 5 M . S .  F M . s .  F M . S . F lv: . S • 
--

1 31 1 43 1 43 
1 1 1 1  1 1 1 5 8 . 9 • •  402 . 1  �I( �  233. 1  >,'! lit  436 . 9  

5 5 5 309 . 8  • •  840 . 0  * *  465 . R  1\'1 111 905 . 0  

6 6 6 33 · 1  37 . 1 39 . 1 46 . 8  

2 2 2 44. 0  N. S .  529 . 5 * *  40 . 5  Ill 1 04. 5 

22 22 22 21 .�  N. S.  1 2 . 9  N. S .  39 .4 * * 1 3 . 7  
1 0  I 1 0  1 0 30 . 6 N. S. 1 2 . 9  N. S .  66. 8 N. S .  1 3 . 8  

1 2  1 2 1 2  1 3 .6 1 o . o  1 6 . 6  1 3 . 8  

! 96 l1 o8 j 1 os I 2s . 7  j 1 4 .1 9 . 18 J 1 3 . 9 ' 
� �-_ � �· -� __ L__ __ - -- - -- · - _[ 

N. S .  = no n signifi cant . 
• •  = s i g n i f i c a n t a t  1 %  l eve l • 

* s i g n i f i c a n t  a t  5% leve l . = 

F .  

* * 

* *  

• •  

N. S. 

N. S. 

5 I M .  s .  
--

' 
F 

788 . 0  ..... . 

1 37 7 . 0 * *  

29 7-5  

1 24. 0 N. S .  

509 . 5 * *  

2 7 . 5 N. S .  

70 . 5 

1 24.9 
1 ______ _L_ 

I 1-' 
-J 

I � • 
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Final analys is  is as fol l ow s : 

TABLE 15. 

Total Analysis  o f  variance for Pul se Rat e s  

Source d. f. I M. s. F 

I 
B. Animals I 11 I 1458. 36 I ** 

I 
! I I i I 

I B. T. P. I 5 ' 3065. 20 ** I 
I 

6 119. 34 ; W. T. P. ! ' 
' 

I ' 9 768. 78 I iU[ B. Days. ! I 
D. x A.  99 29. 68 I � 

I ' 
D. X T. P. I 45 41. 07 i ** 

' 
, D. X w. T. P. 54 20. 16 . 

' 

I 

B. Readim?;B. 3 168. 34 I � 
' 

R. X A. 33 13. 27 ' * ' 

R. x T. P. 1 5  18. 13 N. s. 
I ' 

R. x W. T. P. 18 9. 2 2  
I 

R. X D. 27 53. 56 ** 

R. X D. x A.  i 
( Error ) i 297 8. 37 

Tot al I 479 I 
l 

' l l . 1 I 

TABLE 16. 

Range Mean Standard Deviat ion & C o e ff i c i ent o f  Variat ion for 

all Analyses on Puls e  Rates 

I I 1 2 3 4 5 Tot al 

I Range 
fbeats/min : 62 - 9 2  ! 5 2  - 84 60 - 80 50 - 80 53 - 9 2  50 - 92  
I 

Mean I 

lbeat s/rnin 7L't. 86 69. 40 72. 18 64. 24 72. 86 70. 23 

s 5. 35 3. 70 ' 3. 02 3. 72 11. 11 2. 89 i 
I 

c l 7. 15% I 
s. 331� I 4. 18% 5. 79% 15. 24% 4. 12% 

I l L l 
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( e ) Compo ne nt s of Var i ance . 

T o  show w h a t  pro p o P t i o n of t he var i a nc e  w a s  a s s oc i a t ed 

w i t h  a ny s o urc e of var i a t i o n  t he c omp o ne nt s of va r i a n ce f or 

the four f i na l  analy se s are g i ve n  i n  t h e f o l l ow i ng t able . 

TABLE 1 7 . 

Compo ne nt s of Va r i a nce from T o t a l  A na lys e s  for S k i n 

Temo e r a t  ure , Re c ta l  T empere. t  .lfre , Re s n i  ra t i on 

Rate a nd P ul s e  Ra t e . 

- -� I 
So 11r<..:e o f .  Sk i n  T e m  p c  r&. t ure Re c tal T empe rat ure . 

va r i <:tt i o n.  1 AC t llB.l % j Ac t ual % 

i A nimal s 
I 

0 . 0 7 1 . 1  7 0 . 04 i I 1 9 . 0  
I 

' Days 
I I ! 2 . 7'3 }+6 . 50 0 . 01 4 . 8  

Read i ngs 0 . 95 1 5 . 9  o . o6 2 8 . 5  
� - · . X A . • 0 . 1 �9 8 .1 8 0 . 0 01 0 

R .  X D .  0 . 01 0 . 1  6 0 . 01 4 .8 

D .  X A .  0 . 2 7  4 - 50 0 . 04 1 9 . 0  

R . X D .  x. A 1 . 1 �1 23 . 50 0 . 05 23 . 8 
R.e so i ra t i o n  ::i a t e  p ul se Rate 

A n imals 1 2 . l �1 9 . 83 35 . 59 51 . 63 

Days 5 5 . 58 I..J-4 . 02 1 !.J. . L�5 20� 97 

Readi ngs 0 . 5 2 0 . 1+1 0 . 9 2 1 · 33 

R .  X A .  o . oo 0 5 · 33 7 . 73 

R ·  X D .  22 . 91 1 8 . 1 4 3 . ?6 5 .L�5 

D .  X A ·  4 .  73 3 . 75 0 . 50 0 . 73 

-q .  X D .  X A .  30 . 1 1 2.3 . 84 8 . 3 7 1 2 .1 4 
- - - - · 

( f ) I nt ra-class corre l a t i o n :  

T o  s e 0  how al i ke re ad i ng s  w e re from day t o  day o r  

w i t hi n s. d.ay , i nt ra- c la s s  corre l a t i o ns a re show n b e l ow .  The se 

were w orke d o u t  :. n t hr e e  way s t o  a nsw r:J r  t hree (,iLle s t  i o ns . 

1 .  I g no r i ng d iffe re nc e s i n  t hE: C..: \)W S re �::tc t i o n  t o  day s , all 

r e a d i ngs we re t a ke n  for a l l  days fo r a l l  c ow s, t aki ng o ut i n  

t he a na lys i s  j us t  the b e t w e e n  e o w vari ance a nr1 w o rki ng on the 

w i t hi n  c ow v ar i a nce . Thi s g iv e s  a me as ure of how rep e a t able 
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wa s t he s ki n t empe ra t ure , say , o n  e a c h  c ow . A l so , i n  o rde r t o  s e e  

i f  t he f i r s t  re ad i ng i n  t he d a y  w a s  m o r e  c o ns t a n t  t ha n  t h e  las t 

read i ng ,  e a c h  o f  t he 4 readi ng s  p e r  day we re w o rke d o u t  s epara t e ly .  

TAELE 1 8 . 

I nt ra-c l a s s  Corre l a t i o ns .  Me t hod 1 .  

[ S ki n Temp ­
a t ure .  

R e c t a l  
Tempera t ure 

R e sp ira ti o n  
r a t e . 

F i r s t  ( mor n-
i ng ) R e  ad 1 ng 0 .  06 8 N. S .  0 . 1 1 1  N. S .  0 • 00 7 N .  S .  

S e c o nd ( mor n-
i ng ) Read i ng 0 . 072 N. S .  0 . 021 N. S .  0 . 098  N. S. 

Third ( af t e r-
no o n ) Readi ng -0 . � 3 N. S.  -0. 039 N. S .  0 . 033 N. S .  

F o ur t h  ( a f t e z1-. 
noo n ) Read i ng. 0 . 020  N .  s .  0 . 060 * 0 . 077 * 

----------------�------------4---------------

N. S .  = no n s i g ni f i c a nt . 
* = s i g ni f i c a n t  5% l e ve l .  

� *  = s ig n i fi ca n t  1 %  l eve 1 .  

• 

Pul se 
r a te . · 

I 
I 0 .421 * * 

I 0 . 2 94 * *  

0 .378 * *  

0 . 51 9  * * 

2 .  Be c a us e  o f  t he non- s i g ni f i c an ce o f  t he fi rs t  t hree 

mea s ureme nt s ab ove , t he be twee n day va r i ance was t ake n o u t  as 

w e l l  a s  the be tw e e n  c ow s . T h i s g i ve s  a me a s ure of t he r e p e a t -

ab i l i ty o f  me a sureme nt s o n  s imi lar t yp e s  o f  days . 

TABLE 1 9 . 

I nt ra- c la s s  C or re l at i o ns . Me t ho d  2 .  

I ! I R e sp i ra t i o n . P ul se S k i n T emp- I Re c t a l  
a t ur e  l Temp e ra t ure Ra t e  R a t e . 

I 
F i r s t  Re ad i ng . 1  05 * I . 344 �� * . 2 79 * *  ' . 247 * *  

S e c o nd R e ad-
i ng  . 039 N. S .  . 2 83 '--" * . 400 * *  . 626 * * 

T hi rd 
R e ad i ng . 1  33 �� . 3C4 :� * . 279 * * . 749 * *  

F ou r t h  
Re a d i ng . 1  51 ,_, .. .  . 304 * *  · 346 * :.(< i . 61 4 * * 

l 
3 .  T o  i l l us t ra t e  how we l l  w e re t he me t h ods o f  t aki ng t he 

mea s ureme nt a nd a l s o  h ow m uch a cow var ie s t �r- oogh o u t t he day , 

I I -



I 
I 

I 

I 
I 

I I ' I 
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t he data for eac h c ow was take n s eparat ely.  S i nce t here were 

four readi ngs on any o ne day ,  thus maki ng a s ub-group , t he 

be twee n day varia nce was take n out and worked on the w i th i n  

day var iance . This  give s  a measure of how rel iable or how 

repeatable w ere t he read i ng s  for a c ow w i thi n a day . 

TABLE 20. 

I ntra-Class Correlat i o ns .  rJiet hod 3 .  

l Ski n Re c tal H.e s p i ra t i o n  P ulse Twi n  No . jTempera t ure T empe rat ure Rate . Rate . 
1 
l 
j 

T25 ' - 439 • •  . 1 48 N. S .  i . 406 • •  , . 665 • • 
I ' 

j I 
T 26 . 278 * 1 .1 1 7 N. S. : · 363 • •  i . 656 • •  

I I I ! • 756 T55 · 337 • I . 085 N. S .  I e 632 • • • •  
I I i T58 I 

. 675 : . 275 • 
I e 1 48 N. S.  1 . 525 • • • •  

I ' 
I I 

T69 . h51 ,.. . I . 1 33 N. S .  · . 730 •• . 582 •• 

I 
T 70 . 659 * *  i . 083 N. S .  I e586 * *  . 649 * *  

I ' 
I 
' ' . 585 T 89 : . l�61 •) • : . 1 33· N. S .  • •  . 582 •• 

' 
' i 

' . 636 . 649 T 90 ; . 467 * *  . • 083 N. S .  * *  • •  
! I 

T 31 , . 542 ·� * ; . 1 58 N. S .  . 668 • •  . 448 * *  
I 

T32 i . 51 9  • •  • 1 00 N. S. . 607 * *  . 268 • •  

T49 : .432 ll' *  • 508 • •  . J+55 • •  . 542 • •  
I 

i . 468 T 50 • 240 N. B .  * *  . 39 7  llf* ' . 487  • •  
I 

I 
I 
I 
I 
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( g ) Corre la t i o n  A na l;y s]:!?_. 

T he fac t t h a. t  five v& r i &l ' l e c w e re i nvolved i n  t hi s 

w ork , nece s s i tated  a n  ap proa c h  t o  s e e  w h a t  v a r i able s were 

s t ro ngl y a s s oc i a t ed w i t h o ne a no t he r . C or· re la t i o n  i s  a 

me GJ c ure of how muc h tre var ia t io n  i n  o ne v a r i able i s  a s s o c ia t e d  

w i t h  t he varia t io n  in ano t he r  and was t h us LlS e d  t o  t e s t  

t he re la t i ons hi p be twee n t he s e ve ra l  va r i a b l e s . 

F i r s t  t he c orre la t i o ns were a na lysed fo r a l l p o s s i b le 

c ombi na t i o ns o n  a w i t hi n  day ba s i s ,  i . e . , because of t he 

diffe re nc e sh ow n  up i n  t he a na lys 1 s  of var i a nce due t o  days 

i t  w a s  t h o ug h t  a c l os c.� r  de g r e e  of re l a  t i  o ns hi p might be 

expec ted wi thi n eac h day . Afte r t he c or r e l a t i o ns w e re 

de r i ve d  a l l  of o ne group s  of r ' s  w e re a na lysed by S ne de c or ' s  

me t h o d  t o  s e e  if the y  al l be l o nged t o  a c orrmo n p op ula t i o n  

a nd , i f  so , t o  de r i ve a n  a ve rage c or re l at i o n. T h i s  me a nt 

t ra n sp o s i ng r ' s  t o  F i she r ' s " Z " va l ue s  wh i c h have a more 

normal d i s t r ib ut i o n . I t  vw s  .f o u nd t ha t  i n  most cases the 

r ' s  for a ny o ne day di d not be l o ng t o  a c ommo n p op u la t i o n 

a nd ,  t he re f ore , an E ve ra ge r c o ul d  not be c a l c u l at ed .  De ta i l s 

of t h i s  d a t a  a nd t e s t s  of probab i l i ty a re gi ve n  i n  t he 

Ap pe ndix , T abl e 5 1 · 
Nex t  s t ep w a s  t o  ana lys e t he corre l a t i o ns o n  a w i t hi n  

c ow ba s i s  a nd t hi s  wa s more s uc c e s s f ul 

T he e orrela t i o n  be twe e n  ski n t emperat tlre a nd a i r  

t empei' a  t u re for e ach c ow, t e s t  for a c ommo n p op ul at i o n hyp o­

t he s i s  and t he de r i vi ng of a n  ave r age r ,  i s  s how n i n  

T ab le 21 ,  ot he r c orre l Mt i o ns are gi v e n  i n  t he Appe nd i x . 

T h e  re s ul t  i s  a va l ue o f  Ch i s quare w i th 1 1  de gre e s  of 

free d cm ,  o ne l es s  t ha n  t he numb e r  of samp l e .  x2 = 1 1 . 76 2 .  

I n  s ne de c or ' s table C h i  s y u.a.re 1 s app roxima te ly . 40 . Thi s 

means t hat t he c hances En· e qui te g ood of ob t a i ni ng a 

s im i l ar se t of corre lat i o nB from a no t he r  s e t o f  dat a ,  i . e . , 

t he re i s  no reas o n  to s usp e c t t ha t  t he r '  s we re not draw n from 

a c ommon pop ul a t i o n .  T h i s  bei ng s o ,  o ne m&y de r iv e  t he ir 



• 

TABLE 21 • 

Corre la t io n  be twee n S k i n  T empe rature a nd 

Ai r Tempe rat ure . 

179. 

Te s t  of s igni f i c a nce , whe t he r  " r ' s" b e lo ng t o  a c ommo n 
p opula� n ,  a nd if so , a reaso nable ave rage of 

t hem . 

I ( Cow ) / n = No l of J d. f .l 
fs ample 1 figs/var . ! n-3 . r f z we ight e dz 

( n-3 ) z 

25 

26 

55 

' 58 

69 

70 

89 

90 

31 

32 

49 

50 

I. 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

396 

1 30 

30 

30 

30 

! ! 
. 661 : • 798 23 . 940 

. 501 . 566 

' • 81 8 : 1 . 1  49 ' 

' . 736 . 925 

30 ; � 581 ' . 664 

1 6 . 980 

34. 1+70 

27 . 750 

1 g .  920 

25. 950 

1 8 .  760 

25 .1 00 

23 . 280 

24. 540 

1 6 . 530 

30 

30 

30 

30 

30 

30 

I 30 t 

. 

; . 698  ! 
1 . 58 7 

I • 702 
I 

: . 650 

. 674 

. 502 

. • 477 
L L 

Av • 

. 

. 865 

. 626 

. 870 

. ?76 

. 81 8 

. 551 

• 520 1 5 . 600 

272 . 840 
Av . Z =  e 758 

r = . 640 x2 

1 9 .1 04 

9 . 570 

39 . 606 

25 . 669 

1 3 . 227 

22 .447 

1 1  • 756 

21 . 837 

1 8 . 065 

20 . 074 

9 . 1 08 

8 . 1 1 2  

21 8 . 575 
206 . 81 3C 
1 1 . 762 

ave rage val ue by t ra nspos i ng  the ave rage z .  T hi s  g ive s an 

average c orre la t i o n  be twee n ski n temperat ure a nd air  temperat ure 

of r = .640 .  T he degre e s  of fre edom i s  the t ot al ( n- �.). , i . e . ,  

394. S ne dec or ' s  t able for t e s t s  of  sig nifi cance of r = . 640 . 

394 d . f .  s hows t hat i t  i s  well  wi t hi n t he 1 %  leve l of s ig nifi-

cance . The re i s  a s l ight bias in t he re s ul t  der i ved i n  t hi s  

way but  t he c orre c t i o n  nece ssary caus e s  l i t t l e  reduc t i o n  i n  

t he average r a nd i s  hardly j us t ifie d be cause t he t r ue 

p op ulat i o n  r i s  known only very approx ima t ely and the val ues 

of r a nd z are read from a grap h i nac curat e  in t he t hird 

dec imal place . Table 2 2 , p a g e  1 8 0 , f; ho,,, s nl l t b e  e o rre l s t  i ons 
\\ C T'kE-d or. t i r  t t: i s  ma m o .  
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TABLE 22 . 
AVe rage Corre l at io ns for a ll C omb i na t io ns . 

1 r 1 [ ' � .. 

I Q I< i n 'l' �  l <>lr i n 'l'� <>lri n 'l' �  <>l<i n 'I' A i � 'l' � A i � 'l' � i A i � "' �  D � P L  "' � D � P L  "' �  Re sp . ll •
�
J ..... ... � .... •• 4. • ..... .... . ..... ... . ._, .... _ . .. ... . ...... .&... .... ... • • I ..., _ ..,  ... . ... � .  ... .. .. - ... � . Jr..\. "-' "  V • 4. • .L"• "-' ""  V • ... .. 

l ; 
Air T .  Re c t . T .  Re sp . T .  : pulse R .  Rec t .  T . Re sp .  R .  Pulse R .  

. i 
i ! . 6L�O . 373 i . 661 I · 391 . 326 . 61 3  · 39 6  i 

J 

For 394 d . f .  Snedecor ' s  t able for te s t s  of Signifi cance g ives  r 5% 
8 • 0 9  

I . 
I 

R e sp . R • Pulse R .  
i 
: Pulse R .  

� 
. • 359 . 285 .439 

< � 

1 % 
. 1 28 

• The above are , t herefore , 

h i ghly s igni fi ca n t . I nd ivid ual  corr·e lat i o ns for eac h cow are g ive n i n  t he appe ndix Tab le .:- 1 . 

� 
:):) 
0 • 
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( h) Regre s s i o n :  

Be cause o f  t he large r s iz e  of t he corre l at i ons ski n 

tempe ra ture a nd air temp era t ure , ski n  tempera t ure and resp ira t io n  

rat e , a nd a ir temperat ure a nd p ulse rat e , a regre ss i o n  a nalysi s  

was made . I n  a c orre lat i o n  we have 2 var iable s ,  x1 a nd x2 or 

we c oul d de s i g na te t hem x1 a nd y .  I n  the re gre ssi o n  e qua t i o n  
A .. 
Y - a + bX . Y is really a code d  x . The re fore , a corre lat i o n  be-

twe e n Y a nd i t s  r e gre s s i o n  e s t imat e  Y i s  t he same as t he 

corre lat i o n  be twee n X a nd Y .  Thi s means t hat if Y i s  uniformly 

near the regre s s io n  l i ne the n rx1 x2 a nd i t s  equi vle nt rxy are 

c lo se t o  + 1 .  T hus , i n  t hi s  sens e  t he value o f  rxy is a meas­

ure of t he s ucce ss of es t imat i ng Y by means of regre ssi o n. The 

size  of the 3 corre lat i o ns me n ti o ne d  shows t hat w hatever depe nd-

e nt var iable i s  chose n, Y i s  e st ima t ed reas onably we l l  by 

re gre ss i o n. 

Wi th regress i o n  t here i s  a depe nde nt var iabl e Y a nd an 

i ndepe nde nt var i ab le x. Y depe nds on t he val ue of X .  

o n  plot t i ng  s ome of t he da ta for c ow s  for e ac h  o f  t he t hree 

corre la t i o ns it was e vi de nt that a s t raight  l i ne w ould fi t 

t he da ta reas o nably we l l  i n  a l l  cow s .  Howeve r ,  to s t at i s t i ca l ly 

de t e rm i ne w he t he r  or not t here was any c urvi l i ne ar i ty or re gress-

i o n, t hi s  was cal culated us i ng S ne de co r ' s  e quat i o n  f i t ted,  for 

a se c o nd degree p oly nomial . 

Y = a + bX + c X 2 • 

T he hyp o t he s i s  i s  se t up of l i near regre s s i o n,  t hen t he 

sums of squares of e r r ors of e stimate are calculated ( i . e . ,  sums 

of square s or de viat i o ns rrom t he regre ss i o n  l i ne )  for b ot h  

l i near and c urved re gre ss io n  t o  t e s t  t he s ig nifi cance of 

c urvi l i near i ty of re gre ss i o n .  

From da ta X and y are se t out  and t h e  X va lue s ,  squared 

to gi ve a 3rd . va riant . 

!V!ul t iple  regre s s io n  s t a t i s t i cs are ne c e s sary t o  calc ula te 

t he mul t i p l e  corre lat i o n coeffi c i e nt R .  

T he fo l l ow i ng  formulae are use d t o  w ork out t he s t a ndard 

par t ial  re gre s s i o n  c oe ffi c i e nt s .  pearson a nd B e nne t t  ( 19 1 ) . 
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b1 
y1 . 2  = 

ry1 - I'y2  r1 2 ; 
1 - r1 22 

b1 y2 . 1  = 
ry2 - ry1 r 1 2 

1 - r1 22 

App ropriate subst i t ut i o n  w i th t he normal c orre lat i o ns worked out  

in  t he p revi ous sec t io n  solves the above e quat i o ns . To der i ve t he 

mul t iple regre s s i o n  coeffi c ie nt t he fol lowi ng e qua t io n  i s  use d :  

from whi c h, by appropriate sub s t i tut io n, R i s  der ived . 

Thi s c oeffi cie nt like ord i nary r measure s t he success  of 

est ima t i ng Y f �om x1 a nd x22 . 

I t  can be shown by algeb ra t hat t he square of the ordi nary 

corre lat io n coeffic ie nt r i s  the frac t i o n  of the sums of 

s quare s of t he Y variable , Sy2 , which  i s  due to regre ss io n. 

There fore , 1 - r2 must be t he frac t io n  of Sy
2 which i s  d ue t o  

e rrors o f  e s t imat e .  The s ame app l i e s  for t he mul t iple 

c orrel at i o n  coeff i c ie nt R .  

Thus havi ng derived b1 y1 • 2 a nd b1
y2 • 1 and R t he 

rema i nde r after l i near regre s s i o n  i s  ( 1  - rxy
2 ) Sy

2 and 

the remai nder afte r c urved regre s s io n i s  ( 1  - R2 ) s 2 . y 

The te s t  of c urv ili near i ty of regressi o n  t he n  i s  as 

follows tak i ng ai r temperat ure and sk i n  tempera t ure as  t he 

tw o variable s .  Degree s of freedom for a n  ordi nary correla ti on 

is  n-2 for a 3 fac t or corre l at i o n  n-3 . 

TABLE 23 . 

Test  o f  S ignificance o f  Depart ure from L i near Regress­
i o n. Air Temperature & Ski n Temperature 

Source d . f .  s . s .  M. S .  F . 
�------------------------------�--------�--------�--------� 

De via t i o ns from 
Li near Regre ssi o n  

Devia t i o ns fr om 
curved Regressi o n  

curvi l i nearity of 
Regress i o n  

328 

327 

1 

l 91 327 . 8  

I 91 01 8 . 3  

r 
294 

. 294 i 309 .5 = K. s 

303 . 5  

T hus the hypo t he si s  of l i ne ar regre ss i o n  i s  uphe ld . T h i s  is  a 

total analysi s of all  data f or al l cows o n  sk i n  temp erat ure and 
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air t empera t ure i n  t he out si de mea s ureme n t s . 

The a nalyse s  for sk i n  t empera t ure a nd re sp i ra t i on rat e a nd 

air  t empe ra t ure and re spira t io n  ra te are as  f ol l ow s : 

TABLE 24. 

Te st  of S ignifi cance of depart ure fr om Li near Regres s i o n, 

Ski n Tempe rat ure , a nd Re�p i rat i o n  Rat e .  

s ource 

Devia t i o ns from 
Li ne ar Regre s s i o n  

Deviat i o ns from 
Curved Re gre s s i o n  

curvi l i ne ar ity 
of Regre s s i o n  

d .  f .  

328 

327 

1 

s . s .  M .  S. 

1 52 6 7  

4994 

1 02 73 1 0273 

Air Temperat ur6 a nd Re spirat ion  R a t e . 

Dev iat i o ns fr om 
Li ne ar Regre ss i o n  32 8 31 424 

De viat i o ns fr om 
c urved Regre s s io n 327 31 424 

Curv i l i neari ty 
of Regre ss i o n  1 0 

F . 

* *  

N. S . 

T e s t s  of curv i l i neari ty w e re w o rke d out  for eac h cow 

s epara t e ly for each o f  the 3 se t s  of variable s . T he ir s ig nif-

i ca nce i s  s hown below . 

TABLE 25 . 

Significanc e of i ndi vi dual Curv i l i near Regre s s i o ns  

r A ir ri'emp . Ski n  T .  Ski n T .  
Tw i n  No.  & Re sp .  R .  & Air T .  & Reap . R .  

T 25 * * * N. S .  
26  N. S . * '� 
5 5  * *  * *  ** 
58 N. S .  N. S �  N. S.  
69 N. S .  N. S .  
70 N. s .  * *  N. S.  
89 N. S .  N .  S .  N. S.  
90  * * * * *  
31 >le ,� N. S .  * *  
32 N .  B .  * *  N. S .  
49 N. S .  
50 l'I. S. * * '" *  

T ot a l  Analysi s  N. S .  N. S .  * *  

N. S .  = no n s igni f i ca nt . * *  = si g ni fi ca nt of 1 %  leve l . 
* = s ig ni f i ca n t of 5% leve l .  

----------------------------�---- ·----------------� 
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I t  ca n be s ee n t ha t  i ndi vidual cov,. s s how a curv i l i near 

re la t i o ns hip w i t hi n  eac h gro up . V!he r e a s  o nly i n  o ne of t hem 

doe s t he f i na l  a na l ys i e. s how s. s i g ni f i ca. nt re s ul t , i . e . , t hat for . 

ski n t e mp e rs. t ure a nd re spira t i on. 

T he am ount o f  c onlp u t a t i o n ne e e s sar·y t o  de r i ve t he ab ove 

t ab l e s  was e normou.s . I t  wa s re a l l y.  a j ob f or a card punc h i ng 

ma c hi ne ra t he r  t ha n  a n  o rdi na ry ca l ci.llat i ng mac h i ne . T he 

l i ab i l i t y  of e r r ors i s  c o ns iderab l e  and i n  s ome c a s e s  w i t h  i n-

d i v i du a l  c ows i t  wa s imp o ss ib le t o  de ri ve a re s ul t . T h i s  fac t or 

t oge t he r  w it h  t he op i ni o n  t ha t  eve n i f  t h e re was c ur v i l i near i ty 

i n  t h e  da t a , i t  w a s  ve ry s l i ght a nd a s t ra i g h t  1 1  ne w o uld fit 

j us t  a s  we l l ,  de c i de d  fur t h e r  a nalys i s  o n  a l i near bas i s .  E ve n 

i f  i t  was s how n b o t h  by p l o t t ed grap hs &. nd s t a t i st i ca l  a na lys i s  

t ha t  t here w a s  de f i ni t e  eurvi l i near i ty ,  o ne has t he pr ob lem o f  

f i t t i ng t he r i gh t t yp e  of c urve . S ome s t a t i s t i ci a ns r e gard 

c ur ve f i t t i ng a n  ar t rat he r  t ha n a sc i e nc e  a nd e ve n  whe n f i t te d  

t he y  some t ime s  d o  n o t  mean v e ry m uc h .  

Li near Regre s s i� 

TABLE 26.  
Regre s s i o n  coe ffi c i e nt s  a nd va l ue of t for S igni fi ca nce 

A i r  & S k i n 
Twin No . Temperature . ,Air T .  & R 

25 

26 

.55 

58 

69 

70 

89 

90 

31 

32 

49 

50 

T o t a l . 

b .  

. 434 

. 326 

. 306 

. 2 73 

. 370 

. 389 

. 258 

. 30 7  

. 28 7  

. 393 

. 250 

.1 9 7  

t .  

6 . 21 

1 2 . 33 

5 , 4 7  

4. 09 

5 . 58 

4. 76 

5 . 1  0 

3 . ?.8 

3 . 03 

1 8 . 77 

b .  
0 . 850 

0 e 9LI 7 

2 .1 4  

1 • 72 

1 .01 

1 . 0 7  

1 • 72 

1 . 55 

1 .  72 

1 . 01 

0 . 798 

0 . 81 0  

1 • ?.1 

t .  
)-+ . 72 
4. 7J� 

5 . 79 

4. 88 

5 . 35 

5 . 65 

? . 47 

6 . 50 

5 . 00 

6 . 34 

3 . 1�7 

3 . 1 2 

1 7 . 50 

b .  

1 • 31 

1 · 95 

4 . 5 7  

4. 63 

2 .1 9 
1 . 88 

2 . 70 

2 . 1 4 

1 . 8 7 

2 . L�2 

t .  

3 . 50 

2 . 63 

4. 24 

4. 26 

6 . 98 

5 . E?o 

4. '68 

4. 88 

6 . 27  

6 . 1 6 

6 . 29 

1 5 . 76 
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'!'he s e  regres s i ons for air ana skin t emp erature , skin t emper-

ature and r e sp ir at i on , h ave 31 degre e s  o f  fre e d om ,  there b e ing 
33 measur ement s pe r cow for skin t emp erature. Although no more 

skin t emp eratur e s wer e  t ake n in the s e r i e s , further r e ad ings 

were t aken vd th the o t he r measur ement £" .  Thus , tor air t emper-

ature and r e sp irat i on r at e  the r e  Yoere 45 me asur eme nt s per c oTv , 

i. e. , L�3 degre c- :::> e-r fre (�dorr.. 
1% l evel 

.L v ah; e s  for 31 a. f. 2. 750 '"' 

t values for 43 o. f. 2. 69(' 

I t  c an therefore be s �- � n t l:.: e.t e.ll t he f3b ove regre s s i on c o effici­

er,ts are highly s ignifieBJ•t - t c· c t ing by Snede c o r ' s method , 

p. 122. 

To st at e s t at i st i c a lly whether t b e  i ndividual cow 

regr e s s ions dif:Cer·ed s igni fi cm1tJ.y fr·om one another an analys i s  

of e r r o r s  of e st imat e fo r e ach r egr e s s ion was made. The 

errors of e st imat e er d e v i at i ons from individual regress ion, 

had alre ady b e en worked out in the pro ce s s of t e s t ing the 

s igni fi c Rnce of the r egre s s i ons. 

The average regre s �: i on i s  an EJ.Verage of t he indi vi dual 

lot regr· e s s  j o1• ::>. 

s un;s of s q_u e.r e s  o f  o ev1 at i ons :from tbe i r O\'lYl i nd i vidu al 

regre s :� ion l i ne B , l e s s  t har: from the ave r 8 g e  r· egr·e E> s i on 

l ine. '!'h i s  is l)er:e;11 s e  c1f the princ ipl e of l e a s t  s quares 

which makes the sum of s quar e s  of d evi at i ons from the i r  own 

ind i  vio_,J e l  l in� 1 f!f; 1' ·· t ha_n from any other c a le'l! l !'.t ed l ine. 

Thus , t he sum of the ind i vidual sums of s quar e s  of err· or s  

o f  e st imat e i f:'  smal l er t ha1 t h e.t d e rived fr·om the average 

regre s ::·, ion. The diffe:r't:"l' iG ( ; \�· j th c orre sp onding d eg re e s  

of freedom c or r e sponds t o t he di:ffe.:r .. t-:ne e 8  bet\veer., ind ivi dual 

regre s s ions ft.l<c1 the F value clet ermine t:�  whether or not al l b e l ong 

t o  a c ommon populat io� 
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TABLE 27 . 

A nalys i s  of Errors of Est imate  fr om Ave rage Regre ssi on.  

Ai r and Re svi rat i o n .  

d . f .  s . s .  of 
S ource Errors of M .  S,  

Es t imate 
T o tal ( av . ) 

538 325 72 Regre s s i o n  

T 25 43 1 623 
T 26 J..t-3 1 81 � 
T55 43 51 93 
T58 43 5458 
T 69 43 1 492 
T 70 43 1 630 
T 89 43 241 1 
T90 43 2 682 
T31 43 1 81 0 
T 32 43 1 258 
T49 43 2377 
T50 43 2 91 6  

Swn 51 6 30660 5 9 .41 

Di ffere nce s among the 
lot regre s s i o ns .  22  1 91 2 86 . 90 F =1 . 46 N. S 

Air  T emEe rat ure & Ski n  Tem.12erat ure . 

T ot al ( av . ) Re gre ss i o n  
( awn) 394 996 . 37 

I nd i v idual Re gre ss i o ns 372 951 . 60 2 . 56 

1 D iffere nce s  among t he I I l o t  regre s s i o ns 22 44 - 77 2 . 03 F :s N. S 

Ski n T emperat ure & Re sEira t i o n  Rat e . 

T o t a l  ( Av . ) Regre ss i o n  394 1 8500 

I ndivi dual Regre s s i o n  
( sum) . 372 1 675 8 45 . 05 

' Differe nce s amo ng 
F =1 . 56 N. S l o t  re gre ss ions 2 2  1 742 J 79 . 1 1 

I n  a l l  three cas e s  w he n  t he te s t  i s  app l ied i t  i s  

no n-si gnifi c a nt . The regre ss i o n  l i ne s  all b e l o ng  t o  a common 

p op ulat i o n  i n  each c ase  i n  t he se da ta . 

( i ) Par t ial Corre lat i o ns and �.'. ul t iple Regre s s io ns : 

Pul se ra t e  w a s  o ne of t he meas urement s take n but on 

� ooki ng a t  t he ordi nary c orre l at i o ns i t  w i l l  be see n t hat 
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p ul s e  is not c orr e la t ed v e ry s t ro ng ly w i th a ny t hi ng .  Be cause or 

the p os sibi l i ty t hat w he n  p u l se i s c o rre l a t ed w i t h s omet hi ng ,  

s ome other var i able i s  al s o  ass o c ia t e d  a nd t e nds t o  ma sk or 

ov e r s ha d ow t he t rue c orre l a t i o n  be t w e e n p ul s e  ra t e  a nd t he 

chose n var iab l e , furt he r ana ly si s w as a t t emp t ed . 

I f  we have 3 var i ab l e s  x1 , x 2 and x3 t he c orre la t i o n  b e t wee n 

� X2 may be i nf l ue nced by t he fac t t ha t  x3 i s  a l s o  c orre lated t o  

� or x2 o r  b o t h .  The e l imi na te t he pos
.
s i ble effec t of x3 p ar t i al 

c or re l a t i o n  a na lys i s i s  use d  t o  t e s t  t he corre la t io n  be twee n 

X., X2 whe n  t he i nflue nce or x3 i s  remove d , i . e . , he l d  c o ns t a n t . 

A c omp a r i s o n  of s uch p ar t ial c or r e l at i o ns w i t h t he o rdi na�y 

corre l at i o ns may reveal t ha t  t he e l im i nat i o n  o f  o t he r  i ndepe nd-

e nt var i abl e s  some t ime s reduce s  t he c oe ffi c i e nt g re a t ly a nd 

s ome t ime s do e s  not c hange i t  ve ry muc h .  I f  t he p art i a l i s  about 

the same the n t he re i s a pe r s i st e nt a nd separate re la t i o nship 

be twee n x1 a nd x2 ' i . e . , t he l'e l a t i o nship i s  not t hrough o ne or 

t he ot he r i nd ep e nde n t  fac t o r s .  

If the par t i a l  i s  muc h l e s s  t ha n  t he ord i nary c oeffi c ient 

the n t he re i s  a n  i nt e r-re lat i o ns hip be twe e n t hi s  i ndep e nde nt 

var i able and an ot he r w h i c h  i t se lf was re lat e d  t o  x1 • 

P ulse ra te c o uld b e  a s s oci a t e d  w i t h 4 o t he r  var iab le s .  

Air· T emp . Ski n Temp . 

2 

Re c t . Temp . 

4 

Re sp . R .  & P ulse R .  

5 1 

T o  t ra c e  t he e ffec t  on p u l s e  ra t e  w he n  f ir s t  o ne a nd t hen 

o t he r s  se para t e ly an d  t oge t he r ,  are he l d  c o ns t a n t  several 

s t e p s  a re ne ce ssary .  

1 . F i rs t O rde r c o e ff i c ie nt s .  

Ana lysed by t he me t hod o ut l i ne d  by Pe ar s on a nd  

Be n ne t t  ( 191 ) . 

r1 2 . 3 

Formula e u sed : -

= 

r1 2 - (r1 3 ) <:� 
j'1=-r21 3

. } -r
2 

23 

I n  a l l  t he se part i a l  c orre l at i o ns t he ave rage gro s s  

c orre la t i o ns  w o rked o u t  a nd pre se nt ed be fore were used i n  

t he var i o us equat i o ns .  
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2 .  Sec o nd Orde r coe f fi cie nt s .  

F ormulae used : 

3 ·  T hi rd Order c oeff i c ie nt s . 

Formula e use d :  

4. Calculat i on o f  mul t iple c oe ff ic i e nt s  from t he partial 

coeffici e nt s . 

( a ) F i r s t  o rd e r  mul t i p l e  c oeff i c i e nt . 

:11 • 2 3 2 = 1 - ( 1 - r 1 3 2 ) ( 1 -r 1 2 • 3 2 ) 
( b ) Se co nd order mul t ip le c oe ff ic ie nt .  

( c ) T �ird ord e r  mul t i p l e  c oe ff ic ie nt . 

R1 . 2 3452 = 1 - ( 1 -r1 52 ) ( 1 - r1 4 . 52 )  ( 1 - rf3 . 45 )  
( 1 -rf 2 . 345 ) • 

T he s q uare root of eac h of t he s e  g iv e s  t he mul t ipl e 

c orrelation  c oeff i c i e nt w hi c h  i s  a measure of t he s uc ce s s  of 

e s tima t i ng p ul s e  ra t e  from the ot he r  4 variable s .  

TABLE 28 . 
Par t ial & M ul t iple Corre lat i o ns .  

A .  F ir s t  Order 

B.  S e c o nd Order 

c .  T h i rd Orde r .  

Pa r t ial Correlatio ns ; M ul t iple Corr e l at i o n  

r1 2 . 3  = 

r 1 2 .  4 = 

r1 2 . 5  = 

r1 2 . 34 ::: 

r1 2 .  25 = 

r1 2  . 45 = 

;r1 2 . 345 = 

. 206 

· 335 
• 21 1 

• 20l� 

. 1  62 

.1 97 

. 1  64 

R1 • 23 = . 434 

R1 • 24 = .428 

R1 • 234 = . 459 

R1 . 2345 = . 495 
1 st Order Pa r t ia l C o rr· e la t i  o n s  d .  f .  n-3 = 393 r = . 1  28 1 %  le v .  s ie  2 nd 1 1  1 1  1 1  " 1 1  I n-4 392 . 1 28 = r 3rd 1 1  1 1  1 1  1 1  1 1  n-5 391 . 1  26 = r = 
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T hus t he ab ove par t i a ls i n  t he t abl e are a l l  h i.g hly signif i cant . 

( The n ::: 396 c ome s from t he a ve ra e.:,e gross c o rrel a t i o ns 

s na l y sed p• e v i  ous ly . ) 

O ther par t i a l  a nd mul t i p le correlat ions u s e d  for w orki ng 

o ut t he above t able are show n i n  t he App e nd i x ,  Tab le �J. 

C .  DIURNAL DATA. 

( a ) F ir s t  Sec ti o n. 

For the f ir s t 4 24- hour peri od s ,  me as ureme nt s were 

made e v e ry hour dur i ng  t he day t i l l  1 0  p . m .  the n  e ve ry 2 ho urs 

to 6 a . m .  T he a na l y s i s  of v ar ia nce fo r t hi s  pe r ) o d  is a s  f oll ow s : 

TABLE 29 . 
A na ly s e s  o f  Va r ia n ce for ( a) Rec t a l  T empe ra t ure 

( b) Re sp i ra t i o n  �a te a nd ( c) P ul se Rate . 

S o urce d . f  
Pulse R a t e . 

lvi . S .  F 

I ! . 

! T o tal 479 
I 

:3 .  A nima ls 5 · 1 . 76 . .. 771 . l tO * *  �- 1 888 ** 

B . Tw i n  p .  ,.., 3 . 67 N. S 1 878 . 00 �" * r. 4605 • •  

VI . Tw i n  p .  3 ' O .L�R 33 . 66 76 . 60 

B .  Day s . 3 2 . 26 * *  . 951 5 * ),"  375 .33 * *  

Day X A .  1 5  0 . 25 * *  1 1  7 . 20 * *  48 . 00 •• 

Day X T . P .  6 o .l+8 * 1 91 . oo N. S • 68 . 1 6 N. S .  

Day X VI . T .  P .  9 0 . 1 0 68 . 00 34 . 55 
: 

828 . tS8 B .  h'� e a s ureme nts . 1 9  3 ·l..t-1 · �"  * *  456.1 5 "' *  

M .  X A .  95 0 . 1 1 � *  9 5 . 23 ** 1 2 . 23 N. S.  

M .  X T . P . 38 0 .1 7 **  1 82 . 02 lft lll 1 9 . 1 1 '" * 

lv� . .  x .  VI. T .  P .  57 o . o6 37 . 37 7 . 64 

M .  X D .  I .5 7 
l 

0 . 21t  N. S 22 7 . 31 * *  46 . 89 

11 . X D .  X A .  285 0 . 07 ,30 . 30 1 5 .50 
( E rror ) 

l.-

N. s .  :: no n- s i .:; ni f i ca :-1t . 
� = s i gni fi c � n t  5% le ve l .  

lll * = h i g h l y s i gn i f i c a n t  1 %  l e ve l .  
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TABLE 30 . 
Range , Me a n, S t a nda rd, de v i a t i o n  a nd c oeff i c ie nt o f  vari a t i on 

for Body T empera t ur� Re spira t i o n  Rat e  a nd Pul se Rate 

i n  t he Diurnal T r ial . 

l r I 
B ody I R e sp i ra t i o n P ulse 

T emp era t ure .  I 
Rat e .  � +--�te . 

l I 
Ra nge 1 00 . 7-1 03. 6 j 28-1 02 per  m i n. 72-1 1 7 /mi n. 
Mean I 1 01 · 9  ' 6J+· 85 " " 9 3 . 6 7/m i n .  

I I I s I 0 . 26 5 . 50 3 . 93 I ! 
; 

c j 0 . 25 7  8. 48 4 . 20 

F o r  pulse ra te t he D .  x A .  i ntera c t i o n  i s  highly 
s igni f i cant so t hat i t  must b e  used t o  t e s t  d i ffe re nce s be twee n  
a nimals . F or re sp i ra t i o n  rat e s  b o t h D .  x A .  and R· . • x A .  are 

highly s i g n if i ca n t . Tw o que s t i o ns may be a sked : -

1 .  o n  da ys t hat are s imi lar t o  t ho se i ncl ude d i {l  t hi s  
expe rime n t  are t he me a s ureme n t s  l i ke ly t o  have a s imilar e rfec t 

if app l ied t o  o t her a nima l s  i n  t he pop ulati o n  of w hi ch t he se 6 

are but a samp le? 
To t e s t  t h i s  t he D ay x A .  c ompo ne nt o f  var ia nce i s  s ub­

t rac ted from t h e  a nimal me an s quare a nd t he re s i dual mea n  

s qua re t e st ed by c ompar i s o n  w i t h  t h e  1! . x A .  mean s qu are . 

Mean square for animals  i s  a n  e s timate o f : -

2 2 2 2 80s A + 20sDA + 4sAM + s 

= 771 . 40 - 86 . 90 
= 684 . 50 

68[f . 50 = 7 . 2 * *  d. . f .  say 3 &90 .  95 . 23 

2 .  Vli t h  me a s ure roo n t s  s imi l a r  t o  t h ose o n  this  experime nt 
are t he an ima l s  l iable to re a c t  s imi larly i f  t e s te d  on 

o t h er day s i n  t he t otal popula t i o n  of day s of w hi ch t he 4 



take n i n  t hi s  t r i a l  are but a samp le ? 

F'  

Iviea n s quare f or anima l s  -

s
2 

= 80s2 2os2 + 4s2 + s2 A A + DA AM 

s2 1 = s 2 - 4s2 
A A AM 

= 771 .40 - 64 . 93 

= 706 . 47 

706.47 = 

1 1  7 . 20 
6 • 5* * d .  f .  say 3 a nd 1 2 .  
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Accord i ng t o  Vli lm the calc ulat ion  o f  i a nd F '' doe s  no t 

follow the ma t hema t i c e.l di s t ribut i o n  of normal F a nd o ne 

s ho ul d  us e fewer degree s  o f  f re edom . 

Rec tal t emp e ra t ur·e  mus t be tre a t ed i n  a simi lar rnanne1� t o  

a nswe r t he que s t i o ns . 

1 .  O n  days t hat  a re s imi lar t o  t hose  use d i n  t hi s  expe r­

ime nt are t he measureme nt s l i ke ly to  reac t s imi l arly i f  use d  

o n  o t he r  a nimal s ?  

s2 ' 1 • 76 . 1  8 A = -

= 1 . 58 

F '  - 1 . 58 
= 1 4 · Y" *  d . f . 3 a nd 90 .  - 0 . 1 1 

2 . Yli t h  simi lar mea s u.reme ot s are t he a nima ls l iable 

t o  have a s im i l a r  reac t io n  i n  b ody t empera t ure i f  t e st ed on 

o t he r  days? 

s2 J{ = 1 • 76 - • 04 

= 1 .  72 

F'' - 1 • 72 = 6 . 9* * d. f . 3 and 1 2 . 
- 0 . 25 

( b ) Sec o nd se c t i o n. 

D ur i ng the se c o nd sess i o n  of 3, 21+-hou.r period 

re a d i ng s were t ake n eve ry t w o  lwur s . F o l l ow i ng ,  i n  T able 

31 is the a na ly s ,-; s  of' VEd:' i. ance fo r t h:'. s  E: e e t j_ c n  of t he 

d a t a : / 



, 

A na_.lys e� o f  V&r i a nce 

I , S ource 

I T o ta l  

E .  A nima l s . 

. B . T . P. 

; VI. T .  P. 

B .  Days.! 

D .  X A .  

Rate ( c \ \ ) 

rd . f  
J 

21 5 

5 

2 

."3 
2 

1 0 
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TABLJ� 31 • 

fo r_i�)_.f-·o�;r� :!'empera t ur·e �b2 Re sEira t i o n  

P ul se Ra t� , i n  D i u r na l T r ia l .  

rB ody Temp .  Resp .  Ra t e  Pulse Rate ; I 
· },i. S . F l E .  S .  F M . S . F 

o .  72 * *  331 . 20 * *  61  8 . 1�0 * *  

1 · 36 N. S .  765 . 00 * *  , 1 52 3 . 50 * *  

0 .28 42 . 00 1 5 . 00 

. 0 . 24 t;t l(t 880 . 50 * *  868 . 50 ** 

0 . 04 N. S .  52 . 1 0 N. S .  1 4. 50 N. S. 
' 
I D .  X T . P. L� 0 . 03 :rr. s .  1 01 • 75 .. � 20 . 75 N. S e'  

D .  x v"l. T . P . 6 \ 0 . 70 1 9 . 00 1 0 . 3.3 

B l1l eas ureme nt s 1 1 2 . 52 lll l,\ 1 61 7 .  91 * * 2 94.90  • •  I 
I 

1i . X A .  55 0 . 05 n. s .  1+8 .  63 N. S .  1 0 . 29 I 
N. S . · 

H .  Y. '] , p .  22  0 .06 l'I. S .  1 08 . 09 • •  21 . 1 3 * *  

i M .  x Vi. T .  P .  33 . o . os 9 . 00 3 . 06 

I Days X M .  2 2  o . o6 N .  S .  239 . 95 • •  81 . 27 • •  

D . X �L .  X A .  1 1 0 0 .05 35 . A2 8 . 84 
( e rr or ) 

-- --

TAB� 32 . 

Range Mean, S ta ndard De v i a t i o n a nd coeffi cie nt of 

of Var iat i o n  for B ody Temperat ure , Re spi ra-

Ra t e  a nd P ul se Rate ._ 

B ody T emp . Re sp . Ra te Pul se Rate 
- - +- - ,._ 

I I 26 Range 1 00 . 7-1 02 . 7  - 88 74-1 08/mi nute 

Iv1e an 1 01 . 6 51 • 81 91 . 86 

6 0 . 22 5 . 98 2 . 97 

c 0 . 21 8% 1 1 . 54% 3 . 23% 

-- -. �-�- - -
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( c ) Corre la t i o n  A nalys i s : 

The se we re worke d o u t  for al l p os s ib le combi nat i o ns ,  

t he t w o  sec t i o ns bei ng t re a t e d  sep ara t e ly because o f  t he c ha nge 

of technique . Tab le E No . 33 a n d  34 are t he i nd i v i dual 

c orre la t i o ns f'or each c ow . 

\ Tw i n  
No . 

55 

58 
25 

26 

49 

50 

p 

Ave r-
age 

r 

TABL:f.; 33 .  

Corre la t i o ns for a l l c �ob i na t i o ns .  S e c t i o n  ( a) 

of A i r  a nd Bod_y Ternperat c:.re ,  Re sp i ra t i o n 
a nd P ulse Rate . 

j Ai r a nd A i r  a nd A i r  a nd !Re c tal & ! Rec tal & Resp . & 
Re c ta l  Reap . Pulse Resp . I P ulse Pulse 

I 

I 
1 - . 084 . 44 B-Ir �  I . 2 7� *  i - . 065 . 1  09 I . 1 46 

I ' 
- .1 50 . 40�* . 51 7* * ! - . 881 ' . 037 I - . 01 9 I I 

. 45 611 * ! ' . 29� ··  . 301 >l< >ll · 39Y."* . 2 71 .,, I . 53.51' * I I ' I I 
• 242 • . 44� * I 

• 370* •  . 238 • . 26 6  * I . 3T7** I I I I 

I I 
. 267 * . 31 4* *  . 309** . 1 42 . 504* • I 

. 065 I 

I I I 
. 282* •  • 301 * *  I . 26 7* •  .1 1 8 . 48.5* • ' . 1  7 7  ' i I I I 

. 01 • 70 1 • J �O . 05 . 01 . 20 

I r ' I ' i . 39 6  * I · 357  � .. 

l ' 
1 I 

* *  :: highly s ig n i f i ca nt 1 %  leve l . 2 74 , d . f .  84 
( I ndi vi d ua l  r ' s ) . 

'* • sibni fican t 5% l eve l • 21 3 , d .  f • 84 
( I ndividual r ' s ) .  

Por· a ve rage r ' s el . f .  = 504 mak i ng t hem highly 
s ig n i fi ca nt . 

I ' 

T he se we re t e s t ed a s  b e f o re t o  see  w he t her t hey be l o ng  t o  

a c ommo n  pop ul a t i o n  o r  not . A s  show n ,  o nly i n  t he ca se of Air 

a nd Re sp irat i o n, and Air and Pulse F.ate  was t hi s  found t o  be s o 

a nd a n  a ve ra ge c o rre l a t i o n  <le r i  ve d .  
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TABLE 34 . 
Corre lat i o ns for all conm i nat i o ns of Air a nd Body T emperat ure 

R e spirat i o n  Rat e & Pulse Rat e 

S e c t i o n  B .  

1 A ir a nd A i r  a nd j Ai r a nd Re c t . & Re c t .  & Resp . & 
No . I Re c t al Re sp . ' Plllse R e s p . P lll se Pulse 

55 . 1 34 , - . 236 . 270 - . 1 1 6  . 48 7• • I . 01  7 
58  . 209 - - 343 * . 2 84 - . 1 28 . 444•* . 045 
25  . 304 - . 1 28 . 31 4 - . 5 62>11 • • 48l.plt • - . 01 7 

26 .1 78 ; - . 1 96 . 39 7  • - . 31 5  . 431 ��" * - . 00 7  
49 . 348 - . 32 7  • . 368 * . 09 9  . 521 • •  - . 250 

50 .353 - . 373 * . 355 * - . 02 7 . 5 6}!' • - . 086 

p . 70 . 01 . 99 . 02 . 9 8 . 80 ' I Aver- I age ' 

r . 25€). • . 333* >�� . 489ft• - . 051 N. � 

• •  1 % le ve l . 408 d . f .  37 i ndividua l r ' s .  

.. '11 5% le ve l • 327 d.  f • 37 i ndivi dual r ' s  • 

F o r  ave ra ge d  r ' s  d . f .  = 234. 1 %  l e v e l  .1 71 • 5% l e ve l  .1 28 

Graphs for b ody t empe rat u re , re sp i ra t i o n  r a te and p ulse  

ra te wi t h  t ime a re s how n .  As t h e  corre l a t i o n..'? w ere not s uffi c-

I 

ient ly h igh t o  y i e ld a n  a.c curat e e s t imate of a dep e nc1J3 n t var iable 

by means of re gre s s i o n, regre ss i o n  a nalys is was not a t t emp ted.  

A di ffe re nce w a B  not e d  be twee n b o dy t empe ra t ure s t ake n 

whe n t h e c ow w a s  l yi ng o r  s t a nd i ng . D ll:r i ng o n.e day body 

t emp era ture was t ake n w i th c ow s  t ha t w e r e  lyi ng anJ the n 1 5 

mi nute s after t hey we re ma de t o  s t a nd . Re su l t s  are a s  

f ol l ow s . 
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TABLE 35 . 
Body Tempe rat ure s of Cow s whe n Ly i ng a nd V/he n S t a nd i ng .  

S ta nd i ng 
Tw i n  No . Lyi ng �  1 5 rr.i nut e s T ime 

T55 1 01 • 7 Ow - . 1 01 . 5  1 0 a , m .  
5 8  1 01 . 3  1 01 . 3  
25 1 01 . 5  1 01 . o  26 1 01 . 4 1 01 , 2  
50 1 01 . o  1 00 . 8  
49 . 1 01 • 2(  S t a nd i ng)  1 01 . 2 

55 1 01 • 8 1 01 • 5 1 2 p . m . 
5 8  ; 1 01 . 8  1 01 . 4 25 1 01 • 8 1 01 • 9 
26 · 1 01 . 5 � 01 . 1  
50 1 01 . o  1 01 . 3  
49 1 01 . 6  1 01 . o  
25 

I 1 01 . 9  1 '01 • 6 
26 . 1 02 . 1  1 01 • 5 

2 p . m .  

5 0  1 0 1  . 6  1 01 . 4  
49 ; 1 01 . 5  1 01 .1  

D SKI:K TEJ,i?ERATURE . 

T he p ur c hase of a new Caml 1 r i d g e  p o te nt i orne t e r  ne ce s s i t a t ed 

p r-e l im i na ry w o r k  once a gu i n . 'i' he c o l d  j unc t i o n  use d t hi s  t ime 

was m e l t i ng i ce i n  a t h e rmc s f l a s k . I t  w a s  f o und t hat i t  t o ok 

ab o u t  �- - �- m i  n11 te for t h e  j unc t t o n  t o  re ac h e g_lli lib ri urn a nd a 

s tab l e  re adi ng t o  be ob t a i ne d on t he p o t e nt i ome te r , T o  see how 

t he r e a d i ngs v a r i e d.  w i th t ime the f o l i_ ow i ng da t a  wa s ob t a i ned ove r 

a r· e ro iod of 5 m t m1te s ,  t he j :.l::-l.:: ti i o n  · e. i ng he ld o n  t he sp o t  all 

t he t i me and the p o te n t i c'ri:e !�e r  rk i ng op e ra t e d as f;.:J. s t  a s  i he 

ope ra t o r  � o ul d  � ork i t . Th i s  w a s f i rs t  t r i e d  w i th t he ha i r  o n, 

w i t h  th1:= ! u� i r  c l ippe d ,  8. nd t: hc.;. v-e d . 

]:'AE�� 3f. . 
p o t e n_t i ome t t> r_ .��� �2 �� L i l l � vo l t r-; �r,· J. t h  t h e  �ermoc ouple h e ld 

o n  t he swne p os i t i o n . 

Normal 

T 21 1 . 330 
1 - 330 
1 . 330 
1 . 330 
1 . 325 
1 . 31 0 
1 . 31 0 
1 . 320 
1 . 31 0 
1 . 31 0 
1 · 330 
1 . 330 
1 · 330 
1 · 330 
1 . 325 

1_. I 1 e 325 ·- '-- - - --�. ��� � .. . . 

C l i p ed Shaved 

1 . 29 5  1 . 260 
1 . 295 1 . 2 60 
1 . 2 95 1 . 270 
1 . 31 0  1 . 270 
1 . 31 0  1 . 265 
1 . 31 0 1 . 265 
1 . 31 0 1 . 270 
1 . 31 0 1 . 2 70 
1 · 31 0 1 . 2 70 
1 . 31 0  1 . 2 70 
1 · 31 0 1 . 2 70 
1 . 31 0 1 . 2 70 
1 . 31 0 1 . 270 
1 . 505 1 . 280 
1 • 31 0 I 1 . 280 
1 . 31 0  l 1 . 280 i ------ - -- -- ---·-.......__ 
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I n  c cmpa r·i s o n v. i t h t l1e r-e s :.1l t s  ob t a i ne d  w i t h  t he 

T i nsley p o t e nt i orne te l' t her-e i s  l i t t le or no fe l l  i n  m i l l i vo l t  

r·ead i ng s . rii t h f u t ure wo1• k ,  t h t=: re fore , t w o  r e ad i ng s p er p o s i t  i o n  

were t aken a nd i n  nea r ly a l l  ca se s t he tw o read i ng s  w e re t he 

same . 

( a ) I nfl ue nce of E a i r .  

T h ree c ows , 1 55 , T58 a nd T 21 , w e re p la c e d  i n  t he 

fee di ng bar n a n d  t ria l s made t o  see w ha t  di fference w a s  caus e d  

b y  t ak i ng s ki n t emp e r·a t ur e s u nde r t he fo l l ow i ng c o nd i t i o ns :  

( a ) Norma l - w i t h  ha i r  o n . 

( b ) Cl i ppe d - w i t h  ha i r  el ippE d as c l ose a s  p os s ible . 

( c ) Shaved - w i t h  t he a r e a  s haved w i t h  a raz or blade . 

E i gh t  p o si t i o ns  o n  t h e  r i ght hand s i de v. e re c h o s e n ,  on 

e a c h a nima l . T h re e read i ngs pe r p os i t i o n w e re t ake n .  T he 

a nima l s  w e re t e s t e d  o nce o n  o ne day a nd t w i ce o n  t he fol l ow i ng  

day g i vi ng 3 re pea t E: i n  a l l . 

T he f ol l ow i ng i s  t he a na l y s i s of va1· j a nce o n  t h i s  da ta . 

TAB:J!: 37 • 

A nalys i s  of Va r i a nce of S k i n Tempe ra t ure w i th  the hair 
Of'\, Ea i r  c l ipp:=:o a n d  Ea i r S have d off . 

S o ur c e  d . t' . lvi . s .  r;tal 647 
B A n ima l s 2 7 5 7 . 84· 
B Days 1 282 . 23 
D .  X A .  2 1 1 46 . �4 
B P o s i t i o ns ..., 1 7r; � ·o6 I 

P .  X A. 1 4  21 3 . 32 
I p .  X D . 7 3 71 . 94 

p .  X D .  X A .  1 4  345 . 00 
1 B T�pe s ,.... 1 61 . 1  L! t:.. 

rp X A .  4 0 .  7� � . 

I 'r . X D .  I 2 3 . 0(., 
: T • X p .  I 1 4  3 . 51 
� rp X A. . Y. D .  I 4 1 . 20 I -· • 

I 2 8 2 . 53 I T .  X A .  X F .  
I T . :r. D .  X P .  1 1+ 7 . 9C I 

T .  :r. D • X A .  X P .  I 2R 3 . 37 
' 504 0 . 56 E rr o r• 

I nd i  v i.dua. l  D egree s  o f  F re e d om . 

E Type s :  
S ubd i v ided i nt o : d . f .  

C l ipp e d  V .  sha ved 1 
�o rmal v .  ( c l ipped & 

sh8ved ) 1 
T x D x A x P( error f or te st i ng ) 28 

Al . S .  

9 . 87 
31 2 . ! �1 

3 -37 

F 

N. S .  
N. S . 

* *  
N. S • 

N. S .  
N. s .  

* *  
l�. s .  
N. S .  
N. S .  
N .  s .  
N. S .  

* 

F 

N. S. 



No m.a l  89 . 77 

Cl ipped 89 . 45 
S haved 89 . 1 5 

Ac companyi ng s t a t i s t i c s a r·e : 

Ra nge °F . 

.tte a n . 0-;:i' - . 

s 

c 

( b ) P os i t i o n e ffe c t .  

60 . 8  - 9 5 . 0 

88 . 8 

. 74 

O n  t he b a s is of t he a bove a na l y s i s t he re adi ngs 

w i t h  t he hai r unt o uc he d  give s a h ighe r readi ng . T he same 

t hr·e t� cows we re u se d.  t o t1•y to f i ud i f  ski n  temp erat ure s 

196. 

va r i ed ove r t he b ody .  Tw e n ty- tw o p os i t i o ns were taken o n  each 

c ow on the r• i ght hand s i de of t he body , two readi ngs pe r 

posi t i o n  a nd t he a ve rage use d i n  t he analy s i s . T he � r i a l  

e x t e nde d o v e r 6 days , wi t h  morni ng a nd af te r no o n  re alili ngs . 
Fol l ow i ng i s  t he analys i s  of va riance o n  t he dat a :  

TABLE 38 . 

A nalys i s  o f  VC!ria nee o f  Ski n T empe ra ture w i th 22 

p os i t i o ns o n  e a � h  o f  t hre e anima l s  

�o!��:::ce  T �9�· 1 0 7 . 02 I � Dal§ 5 807 . 5 h  
I D .  Y. A. 1 0  48 . 7 7 
1 B Re a<l i ng s  1 1 9 . 39 l P • X A • 2 1 • 9 ':.: 
r R .  X D .  5 79 . ]G 

R .  X A .  X .LJ • 1 0 24 • 5U 
B Pos i t i o ns .  21 220 . 63 
P .  X A. 4 2  4 . 37 
p .  X D .  1 05 5 . 82 
P .  X R • 21 .3 . 1 1 
p .  X A .  X R .  I 42 1 • 36 
P .  X A .  X D .  21 0 2 . 4 � 
P .  X D .  X R .  1 05 2 . 8 5 

• 

N. S .  
N. S .  
N. S .  

* *  
* *  
* *  

N. S .  
N. S .  
N. S .  
N. S .  

P .  X D .  X A .  X R • I 21 0 2 . 1  7 

�---( -E-rr_.o_r_)-------�. �l----------------------4-------·----�----------� 

Ac companyi ng s t a t i s t i c s  for t l1e above analysi s  are : -

R a nge 74 . 2 - 95 . 0 
l1: e a n  88 . 3 
8 � : ¥� 



F or animals the re i s  no appropriate test w hi ch w o uld mean very much b ecaus e  of the i nt r icacy of t he 

i nterac t io ns ass ociated w i t h  animals but t he ob jec t of t he t rial was t o  s ee if the re was a difference be twee n 

posi t i o ns over the body . 

Mean . tempe rature p e r  posi t ion  i s  shown i n  Table 39 . 

-�- �  1 ' I I 1 Pos i t i o n  i 1 2 ! 3 : 4 
I 

Ski n T .  

TABLE 39· 

Mean  Ski n Tempera t ure i n  each of 22 pos i t ions . 

5 [ r r 
9 ' 1 0  6 8 7 1 1  

I 

_L 

"F 89 . 2  82 .0 91 .2 90. 5  : 90 . 6  ' 89 . 6 84. 9 82 . 1  I 89 e 0  , 8 9 e 2  i 89 e 9 

1 2  

0 I I : 

r ��--��4--r�5-, 1 6  
I 

-�;� 1 8 ; 1 9 20 � 21 1 22 I 
! ! i l I r r ·r � T �, 

88 . 8  l 89 .o 88 . 8  89 . 6  1 90 . 0  ! 89 . 0  ! 88 .3 84. 2  ! 83.3  1 8 8 . 9  : 90 .1  
I 

• 

1---J 
\0 
;--.! 



( E ) AIR TEMPERATURE CONDIT IONS. 

( a ) Out s ide Dat a .  

TABLE 40. 

198. 

Average readings of ski n and b ody t emperat ure ,  respirati on 
Rate & pul se rate at c orre spo nding air temperat ure s  

A i r  T emp Ski n Rec tal Re ap .  Pul se No . of � Temp . Temp . Rate . Ra te . Readi ngs/ 
I air Temp 

36 1 oo . e  1 8  56 2 
37 1 01 . 7  I 1 8  68 1 
38 I 1 01 . 6  j 1 8  64 1 
39 ! 1 01 . 2  \ 20 60 2 
40 I 

I 1 00 . 6  I 1 8  55 2 j I I 
41 1 01 .4 24 67 1 I 42 ) 

1 00 . 9  22 63 2 I : I I 43 I ' 1 01 . 5  I 21 56 2 

I 44 ! 1 Of . 7 22 62 4 
45 I 1 01 · 3  ' 28  64 6 
47 I 1 01 . 2  22 70 I 4 I i 
48 I 1 01 . 7 22  70 21 I I I I 49 I 1 01  • 7 22  70 I 21 I 
50 90. 5  1 01 . 6  22 69 I 1 4 ' 

51 91 . o  1 01 . 8  I 27 62 I 20 I I 52 93·3 1 01 . 7 40 67 27 
' 53 91 . 8  1 01 . 6  33 67  31 I 
I 54 93 - 3  1 01 . 7  30 67 34 I 55 ' 92 . 6  1 01 . 8  31 68  28  

56 93 . 3  1 01 . 8  I 24 72 f 40 
I 57  94. 7  1 01 . 8 ' 36 71 34 

58 94.0 1 01 . 6  ; 39 69 21 
59 93 · 4  1 01 . 8  40 70 23 
60 93. 7 1 01 · 5  38 67 29 

' 61 94. 2  1 01 . 6  39 69 . 1 6  
i 62 ; 94. 9 1 01 . 8  39 69 26 I 

63 9 5 .1 1 01 . 8  40 70 1 2  
I 64 96 . 1&- 1 01 . 5  44 71 1 6  

65 93 · 3  1 01 . 8  ' 

41 70 1 2  
66 95 · 5  1 02 . 0  ' 42 I 70 7 
67  I 96 . 4  1 02 . 2  47 I 70 4 

l 

TABLE 41 
Air Temperat ure Range s for Oub s i de l.'i eas ureme nts .  

Day Air T empera ture Range Op .  
se t 

1 ) 

�� 1 5 7 . 1  - 64 . 8  

4) 
57 .0  - 67 . 2 g� 2 

7 ) 

�� 3 51 · 3 - 6 2 . 3  

1 0  � 
I 1 1  4 36 • .0 - 5 8 . 0  
I 1 2 ) I 1 3 ) 

i 
I \ I 1 4 ) 5 46 . 0  - 5 8 .4 I 1 5 ) L_ 
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( b )  D i urnal Ai r Temperat ure .  

TABLE 42 .  
Ai r Temperat ure Range s  for Diurnal Trial . 

24 hour Peri od Air Temp .  Range OF . 

1 47 . 0  - 6 7 . 0  

2 55 . 0  - 6 8 . 0  

3 55 . 1 - 72 . 0  

4 51 . 2  - 70 . 3 

5 52 . 8  - 5 9 . 0  

6 46 . 2  - 61 . o  

7 51 J9 - 57 · 5 

( c ) Ski n Tempe rat ure . 

TABLE 43 • 

Air Temperat ure for the Normal a nd C l ipped and Shaved 

trial . 

Day Air Temp . Range OF .  Mean Ski n Temp . 

1 60 .1 - 63 . 5  87 . 8  

2 60 . 0- 64 . 0  89 . 2  

F or Pos i t i o n  e ffe c t  trial a i r  temperatures were : -

l 
Day l Air Temp . Range Op . Mean Ski n  Temp . 

1 
' 

1 70 . 8-74 . 0 91 . 8  

2 66 . 5- 73 . 0 90 . 8  
I 

61 . 5-65 . 5  i 
86 . 5 3 ! I 

4 61 . 2-66 . 0  l 85 . �  I I 

5 66 . 5-67 . 0  
I 

86 . 7  I ' 
I ' 

6 ; 71 . 0-73 - 9  I 88.4 t ' ' I l I -

oF .  

OF . 



200. 

V . DISCUSSION OF RESULTS. 

B .  O ut s ide Measurement . 

( a ) Ski n Temperature . 

For t he 3 separate analyse s  of varia nce for se t s  of 

days , only i n  one of t hem is  there a hi ghly signifi cant differe nce 

be twee n a nimals and also i n  the same se t a highly s ignificant 

differe nce be twe e n  tw i n  pa irs . On t he othe r  hand , difference 

betwe e n  days are highly s ignificant f or t he se ts  where there is no 

sig nifi cant differe nce be twee n a nimals.  whe reas where t here was a 

si gni ficant differe nce be twe en  animals , t here was no s ignificant 

d ifference be twee n days . Range of air t emperat ure s for t hi s  

lat ter se t were no t s o  very different from t hat for t he  o ther set s ,  

t hough t here was more sunshi ne causi ng high ski n t emperat ures . 

The se c ows we re chosen w i t h  a view t o  cont rast i ng c oat colours 
• 

whi ch may possib ly affe c t  t he abs orp t i o n  and refle c t i o n  of 

radiatio n and t he reby affec t  ski n  temperat ure . Also  differe nt twi l  

pairs may have diffe� types of hair  coa t s  w hich imp ede or 

faci l i tate  loss of he at by radiat io n and conve c t i o n. If t he re i s  

a differe nce betwee n animal s and poss ibly s ome of t hi s  d iffere nce  

may be  due to  coat colour and coat qual i ty,  then one w ould 

expect  an i nt e ract ion  be twee n day s  and animals , i . e . ,  that an�als 

reacted diffe rently on different days . I n  t he three days 

analysis  where t here is  a di ffe re nce be twee n a nimals t hi s  i nter­

ac t ion  was no t s ignificant . All animals  therefore , reacted 

s imilarly o n  each day . Howe ve r ,  as  there was no differe nce  be­

twee n  days yet a difference be twe e n  a n imal s s ome othe r  fac t or 

mus t be the course of difference . Pe rhaps an i nhe re nt diffe r-

e nce betwee n animals i n  ski n  temperat ure . I f  s o  then t he other 

two analyse s shoul d  have show n a s ignificant diffe re nce be­

twe e n  animal s .  The re seems no ade qQa t e  expla na t i o n  why t here 

should be  a diffe rence be twe e n  animals i n  t hi s  o ne se t of 3 

days and not i n  t he ot her two . 

That t he re showed a s ig ni ficant  differe nce be twe e n  

days was t o  be expected be cause s ki n  temp erat ure f ollow s  air 

temp erature and radi at i o n fairly closely.  Howeve r ,  the second 
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set  of 3 days a nalys i s  shows no diffe re nce be twee n days fbe 

greater perce ntage of t he varia nce has bee n  caused ay differences -

be twee n animals .  

A n analysi s o n  a large body o f  data is  always more useful 

bot h  as regards de grees of freedom for error varia nce and for 

te s t s  of s ig nificance . Randomiz a t i o n  and rep l i cat ion which 

gives an accurate and worthwhile estimate of the expe rimental 

error i s  always t o  be des i red.  T hus , the total a nalys is is  a 

m�ch be tter  i ndicat ion  of the true pos i t ion  t han any a nalysis 

based on fewev degrees of freedom.  Howe ver ,  t he s horter analyses 

were carried out duri ng t he co urse of t he experime nt to gai n  

any i nformat ion t hat may b e  pre se nt . 

The t otal analys is shows t hat there i s  no signficant 

differe nce be twee n animals or be twe e n  tw i n  pairs i n  skin 

tempe rat ure . As t here was but o ne posit ion take n o n  t he 

a nimal and t hat area shaved of hai r ,  p erhaps differe nce s be twee n 

animal s  were not able t o  be de tec ted. Howe ver,  the li terature 

i ndi cate s that ski n  temperature of cat tle doe s not change as 

rap idly as air temperat ure . T hat it  does change i s  well shown 

by Brody ' s  re sult s ,  but t he air temperature a nd c onditions 

prevailing during t hi s  t rial , w hich was  duri ng the late autumn 

and early w i nter,  were not severe e nough t o  cause a difference 

be twee n animals . in  ski n temperat ure . Any dif'fere nce the re may 

be , due t o  colour and type of hair was not shown up on the 

basis of t hi s  e vidence . 

I t  i s  qui te c lear t hat t here is  a highly significant 

differe nce be twee n days . T hat t here is a differe nce be tween 

days i n  t he weather i s  obvi ous . on days w ith bright s unshi ne  

t he cows had a higher ski n tempe rature than o n  dull overcast 

days . The day x a nUnal i nteract ion  is  highly s ignificant , 

s ome day s caused s ame cows t o  reac t i n  a different direct i on 

t o  ot he r  c ows . For t he se t analyse s ,  however ,  t hi s  i nterac t io n  

was noD- s ignificant . Appare ntly wi t h  the greater range ot air 

temperat ure for t he t ot al analysi s t hi s  source of variation 

be c ome s  significant but t he range of variation over 3 day 
, 
. .  
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i nt e rval s ,  was not s uff i c i e nt t o  cause sig ni fi cance . 

I t  was expe c ted t hat t here w ould be a highly signi ficant 

diffe re nce be twe e n  readi ngs . Air tempera t ure s a nd radiat io n 

w ould bo und t o  i nc rease t hrougho ut the day w i t h  a maximum i n  t he 

early af te rnoo n. T hus , ski n t empe rat ures wo uld vary from t he 
I 

&irs t t o  t he f o ur t h  readi ng w i t h  t he variat i on i n  hourly 

weat her c ondi t io ns .  S imi lar ly , a n  i nt e rac t i o n  be twee n days a nd 

readi ngs .w ould b e  expe c te d .  O n  s ome day s t he f i r s t  read i ng ,  say , 

may be t aken unde r hot sunny c ondi t i o ns ,  o n  ot her s ,  c o nd i t i o ns  

a t  ab out thi s t ime may be cold and ove rcast s o  t hat o n  some days 

readi ngs w ould vary t o  wha t  t hey we re o n  o t he r  days . 

Tha t  t here is  no i nterac t i o n  be twee n animals a nd readings 

and ye t a s ig nifi cant i nt e rac t i o n  be twee n twi n p airs and 

re ad i ngs i s  i nt e re st i ng .  Howe ve r ,  two di ffere nt error var i ances 

are used t o  teat t he se two fac t ors , fo r A .  x R . , t he se cond orde r 

i nte rac t i o n  R .  x D .  x A .  wi t h  a much large�egree of fre edom 

i s  used for t ht s  t e st of s ig nifi ca nce . F or Tw i n  Pair x Readi ng 

t he w i thi n Tw i n  Pair x Readi ng variance i s  used f or t he t e st 

w it h  fewer degree s of freedom .  Howeve r ,  wlie t he r  or not animals 

and readi ngs i nterac t is not of muc h i nt ere st . T he ma j or fac tor 

i s  i f  t he re  was a ny  differe nce be twee n animal s and if t he re was 

a diffe re nce be twe e n  day s and on i nt e rac t i on be twee n animals 

and days . 

( b ) R e c tal Tempe ra ture . 

I n  a l l  5 a na lyses for s e t s  of 3 days a nd i n  t he f i nal 

a nalys i s  o n  all t he da ta t here i s  a hi ghly s ig nificant d iffe r­

e nce be twe e n a nimals . Tw i n  pa irs do no·t appear to reac t t o­

ge t her t o  a ny marked exte nt be i ng non- s i gn i fi ca nt i n  t he final 

a nalysi s .  There i s  a s ig ni fi ca nt differe nce be twee n days i n  

all ahalyae a excep t No . 5 se t w here days was non- s ignifi cant . 

Pe rhaps t hi s  may have bee n  due t o  the fac t t hat t h is set was 

carr i ed o u t  at t he e nd of June . At t h i s  t ime b ody tempera t ure  

diffe re nce s caused a l arger var iat i on be twee n animals t ha n  i n  

t he ot her se t a .  Adva nc i ng pregnancy a t  differe n�t s tages 

caused d iffere nce s i n  b ody t emp era t ure be twee n an�ls . 
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Al t hough there i s  a s i g ni ficant differe nc e  be twee n days , there 

wa s l i t t le i ndi cat i o n  duri ng  t he c o ur se o� t he t rial t ha t  body 

temperat ure s of c ow s  reac ted to any great extent w i t h  ai r 

tempera t ure . Par t . of t he be twee n day variance w oul� probably 

be due t o  t he adva nce o� ge s tat i o n  over t ime c�us i ng body 

tempera t ure s on t he w hole t o  i nc re a se sli ght ly . 

Pos sibly a sl ight i nhe re nt di�fe rence be twee n animals 

exi s t s  b ut i f  so one w o uld expe c t  twi n pairs t o  have t he same 

i nhere nt differe nce b ut t he  be twe e n pair varianc e  was not 

significant . s ome thi ng e l se was caus i ng t he d i�fere nce be twe e n . 

a nimal s and t he e ffe c t s  of preg na ncy is probably t he c ause . 

This w ould also affe c t  membe rs of a tw i n  pair differe nt ly be­

cause t hey do not calve at the s ame t ime . 

The Day x Animal i nteract ion i s  non- signi f i ca nt i n  t he s e t  

a nalyse s ,  b ut i s  highly s i gnifi cant i n  t he fi nal o ne .  The 

former bei ng o nly s i ngle se t s  of 3 days , s ee i ng t hat air t emper­

a ture had l i tt l e  effec t  o n  body t empe rat ure ,  would not be 

affec ted by pregna ncy ne ar ly as much as t he fi nal analysis which 

use s  the w hole t ime per i od.  Cows body temperat ure be i ng 

diffe re nt i n  differe nt an imals o n  differe nt days i s  due mai nly 

t o  the e ffe cts of pregna ncy , no t  t o  a ny cl imat i c  e ffec t .  

Corre la t io ns be twe e n  air a nd rec tal r = . 326 t hough highly 

s ignifi cant due t o  t he large numbe r of de gree s o� freedom s t i ll 

doe s no t mean ve ry much , as approxima t e ly 9% o f  t he t otal 

varianc e  is exp lai ned by t he relat i o nship be twe e n  t he se two 

fact or s .  s ome o f  t he tw i n  pairs calved reaso nably close t o­

ge t he r  s o  t hat t hi s  probably ca used the Twi n p .  x Day i nter­

ac t io n  t o  be s i gnifi ca nt . 

I n  t he f i na l  analys i s  t he be twee n readi ng s  var iance i s  

hig hly s ig nifi cant . Thi s  was t o  be expe c te d  because o f  the 

di urnal trend i n  b ody temperat ure . T hat read i ngs s hould be 

differe nt on differe.nt days i s  probably also due t o  ,pregnancy 

effe c t s .  

V/i t h  o ne pair o:t tw i ns ,  T 49 a nd T 50 ,  an i ntere s t i ng 
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var ia t i o n  o n  body t empe ra t ure was not iced. T50 ca lved approx­

imat e ly 20 ho urs after t he l as t  readi ng of body · tempera t ure was 

take n.  

The follow i ng  are t he b ody t emperat ure s for both members 

of t he pa ir,  3 days bef ore T 50 ca lved . T49 calved 1 3  days after 

her s is t e r . 

T49 . T50.: 

1 02 . 1  1 02 .3 
1 02 . 3  1 02 .4 
1 02 . 7 1 03 . 0  
1 03 . 0  1 02 . 3  

2 1 02 .2 1 02 . 7  
1 02 . 3 1 02 . 0  
1 02 . 4  1 02 .6 
1 03 . 2  1 02 . 6 

3 1 02 . 1  1 01 .. \2 
1 02 .1 1 01 . 4  
1 02 . 3 1 oo . 7 
1 02 . 5 1 01 . o  

I t  ca n b e  see n how t he pair were very s llni lar i n  b ody temp er­

ature for the f irst two days , but o n  t he third day t he b ody 

t emp erat ure of T50 dropped c onsi derably prior t o  par t uri t io n .  

T able 44 ( o n  the fol l ow i ng page ) g i ve s  t he mean b ody 

temperat ure eac h day for each a nima l ,  and show s  how w i th 

advance of t ime , s ame a nima l s  s how an i ncrease i n  body 

t empera t ure . 

Ca lvi ng dat e s  for t hese animals are as follows : 

T able 45 . 

> .. 

Calving Dat e s  of S t ock & Da te s for t he 1 0  Comple t e  Days 
o f  me asureme nt • 

Cal vi ng Date 
Days in t he  

Tw i n  No . 
trial & dat es .  

Day Dat e  

T25 27/7/50 
23/4/50 T26 1 7/7/50 1 

T55 2/7/50 2 27/4/50 
T56 1 1 /7/50 3 4/5/50 
T69 25/7/50 4 1 8/5/50 I 
T70 24/8/50 5 1 9/5/50 
T89 8/8/50 6 1 2/6/50 
T90 26/7/50 7 1 4/6/50 
T31 l Dry 8 26/6/50 
T32 I 1 3/9/50 9 27/6/50 

I 1 2/.�fAO 1 0  28/6/50 T49 I 
I T50 I 29'/ 0 

... 
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25 1 01 . 8  
26 1 q1 . 8  
55 1 1 o2 . 2  
58 1 02 . 3  
69 1 02 . 2 
70 1 02 . 0  
89  1 01 . 7 
9 0  1 01 . 8  
31 1 02 . 2  
32 1 01 . 7 
49 1 01 . 5  

1 01 . 6  
5 0  L1 01 .5  

TABLE 44. 
Body Tempe rat ure s  of Cow s ,  M e a n  of 4 Measureme nt s/Day/cow . 

c:.. _, 

1 01 . 5 1 01 . 7 1 01 . 7  1 01 . 7 1 01 . 6  1 01 · 3 1 01  · 3  1 01 • 7 1 01 . 8  1 01 . 6  1 01 . 7  1 01 . 7 1 01  ·3 1 01 . 8  1 01 · 9  1 01 • 7 1 02 . 3 1 02 . 2  1 01 · 9 1 02 . 0  1 02 . 4 1 01 . 8  1 01 • 7 1 01 · 9  1 01 . 8  1 02 . 3  1 01  · 9 1 02 . 2  1 02 .1  1 01 ·9 1 02 . 2 1 01 . 8  1 02 . 6  1 02 . 0  1 02 . 6  1 1 01 . 8  1 01 .9 1 01 . 8  1 01 . 8  1 02 . 3  1 01  . 8  1 01 . 9  1 01 . 7 1 01 . 7  1 01 . 5  I 1 01 e 5  1 01 . 8  1 01 . 6  1 02 . 0  1 01  . 6  1 02 .1 1 01  • 7 1 01 · 5  1 02 . 0  1 01 . 7 1 02 .1 1 01 · 3  1 01  . 5  1 1 01 . 5  1 01 . 5  1 01 . 5  1 01 . 3  1 1 01 . 3  1 01  . 5  1 01 . 7 I 1 01 . 8  1 02 .0 1 01  . 9  1 01 .4 1 01 . 5 1 01 . 6  1 01 . 7 ' 1 01 . 7 1 01 . 6  1 01 . 8  1 01 . 4  1 02 . 8 1 01 .4 1 1 01 . 6  1 1 01 
.4 

1 01 . 1  1 01 . 9  1 01 .4  1 02 .6 1 01  • 7 1 1 01 . 8  1 01 . 8  1 01  · 9  1 01 · 9  1 01  . 6  1 02 . 1  I t i I --

- ol 

1 01 .6  1 01 . 2  
1 02 . 2  1 01 . 7  
1 02 .4 1 02 . 0  
1 02 . 3  I 1 01 . 9  

I 1 o2 . J  .. 1 01 . 8  
I 1 01 e 9 1 1 01 . 9  
I 1 01 . 8  1 01 . 6  

1
1 01 . 9  t 1 01 . 9  
1 01 · 3  1 01 . 1  

1 1 01 .6  1 01 ·5  
1 1 02 . 3  1 02 . 3  1 1 o2 .1 1 01 . 2  

_l1 02 . 0  i 1 01 . 7 

""-""""" 

1 01 . 6  
1 01 . 7 
1 02 . 0  ' 

. 1 o2 . o  1 
! 1 o2 . 2 1 
1 1 01 .9 1 
I 1 01 . 7  
l 1 01 . 8  
1 1 01 . 5 1 
: 1 01 . 7 1 1 1 01 . 9  I ' 1 01 . 6  
I i j _j 

1\) 
0 
Y' 
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( a ) Re spira t i o n  Rate . 

There i s a hig hly s igni fi cant di ffere nce betwee n ani� 

ala i n  all t he a nalyse s except N o .  4. On t h i s  set  of 3 days air 

tempe rat ure s were low ra ng i ng from 36-58°F . Under fairly c oo l  

c o nd i ti o ns differences be twee n  animal s  i n  respirat i o n  rat e  i s  not 

to be e xp e c t e d .  As shown i n  table 40 it i s  o nly at ab out 50°F . 

that average re sp i ra t i o n ra t e  begi ns t o  i ncrea se . The ra nge ot 

condi t i ons over t he whole trial was great e nough f or diffe re nces 

i n  t he response of t he animals t o the need for i ncre as i ng  

evap orat i ve los s ,  t o  become evide nt . 

A feature of t hi s  re sp i ra t io n analys is i s  t hat the be tween 

tw i n  variance i s  highly s i g�cant ,  i . e . , t w i n  pairs t e nd t o  

reac t t oge t her very s t ro ngly a s  regards re spirat i o n  rat e .  

A highly s i gnifi cant differe nce be twee n  days i a  i ndicated i n  

a l l  anal�se s .  see i ng t hat re sp irat ory re sp o nse begi ns a t  a 

fai rly l ow a ir t empe ra t ure , the ai r temperat ure c ondi t ions exper­

ienced i n  t hi s  t rial were suffi c i e n t  t o  cause marke d  differences 

be twee n days . The day x anima l i nte rac t io n  is hi ghly s ignificant 

o nly i n  t he f i na l  analysi s  a nd the same applies t o  twi n pairs 

x day . 

Apparen tly t he range of w eat he r  c ondi t i o ns ove r 3 days c lose 

t oge t he r  were not great e nough t o  br i ng out an i nt e rac t io n, where­

as w i t h  t he f i nal analys i s  t he ra nge of c o ndi t i o ns was 

suffi c i e ntly great t o  make t h i s  ev ide nt . I n  t he l it era t ure 

great var i a t i o n was no ted i n  the da ta of s ome worke rs at any 

gi ve n a ir temperat ure . That s ome animal s reac t to highe r air 

tempe rat ure s more t han do others , under t he same condi t io ns ,  

i s  quit e  evide nt because of : 

1 • diffe re nce s i n  body s i ze . 

2 .  c o lour of t he hai ry coat . 

3 .  i ndivi dua l i t y  of the animal . 

Be cause of i ncreas i ng  air t emperat ures and s olar radi ation 

t hr oughout the day differenc e s  b e twee n readi ng s w ere to be 

expec t e d  as we ll as i n  read i ng x day i nt e rac t i o n. The first 



20� 

readi ng for example was no t a lways at a low temp erat ure , i t  

ra nged fr om  36-61 °F . ,  spre ad over t he 1 0  days , s o  t hat respira t i on 

ra te s i n  t he mor ni ng o f  o ne day would b e  t ot ally d i ffere nt t o  t he 

re spi ra t i o n  rat e s  o n  a no ther morni ng w i t h  differe nt air a nd 

radiat i o n  c o ndit i o ns .  

( d) Pulse Ra te s :  

As wi th resp i ra t i o n  rat e s ,  d iffere nce s be twee n a nimals 

is highly s ig nifi ca nt a nd tw i n  pa i r s  te nd t o  re a c t  t oget he r .  

Pulse rat e s  appear t o  be a n  i ndividual charac t e r i s t i c .  Remember 

F�lt o n' s l i te ra t ure o n  a ra nge of pulse rat e s  o f  60-90 . Thi s  is 

no t s o  much a range w i t h i n  a c ow b ut t he range over which most 

c ows have a pulse rate whi ch i s  re garded a s  norma l .  s ome c ow s  

may normal ly have a highe r  p ulse ra te than o t hers under similar 

c o nd i t i o ns .  

A highly s i g nificant d iffere nce be t we e n  days was not ex­

pec ted i n  part beca use p ul s e  rate s of ca t t le a re ' b e l ieved t o  be 

fai rly s table ove r air temperat ure range 40-60� . a nd most of 

the meas ureme nt s were take n over t h i s  ra nge , t he t ot a l  range 

be i ng 36-67� . Above and below 40-60� . p ulse rates acc ord i ng  

t o  Brddy ,  begi n t o  r ise , w i th a fal l  i n  pulse rate aft e r  800F .  

As t he  c o ndi t i o ns were fai rly s t able , therefore , a diffe re nce 

be twee n days was no t e xpe c ted from t he poi nt of view o r  e n­

vironme nt al effe c t s .  Howe ver ,  fac tors o ther t han t empera t ure 

can affe c t  p ul se rate s .  T he amount of feed ea ten a nd the 

relat i o n  of p ul se readi ng t o  t ime of las t feed cause d iffe re nces 

i n  p ulse rat e s .  Also Bar t le t t  has not ed how p ulse ra te i ncreases 

w i t h  adva nc i ng  ge s t at i o n. B ot h t he se fac t ors probably cont ributed 

to t he sig ni ficant d iffere nce s be twee n day s . I t w i ll be noted 

how , over t he short pe ri od in  t he 3 day a na lyse s t he n .  x A ·  

i nterac t i o n  was no n- s i g nificant , w hereas , i n  the fi na l  analys is 

it was s ig nifi cant . over short pe riod s  t he effe c t s  of ge stat io n  

may no t have had t ime t o  s how up reac t i o ns  of the c ows wi th days 

w he reas , t he t o t al t ime p e r i od wo uld be s uffi c i e nt for t he differ­

e nt s tage s of ge s ta t i o n  a nd p os sibly di ffe re nt levels of fee di ng ,  

rememberi ng what pe riod o f  the year this trial was carried out , · 
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t o  affe c t  animals i n  diffe re nt ways . Thi s makes t he D .  x A .  

i nterac t i o n  highly s ignifi ca nt and because i t  i s  s i gni fica nt i t  

i s  used t o  t e s t  t he animal vari a nce . 

Differe nce s  be twee n readi ngs were al so not exp e c t e d  from 

the p o i nt of v i ew of cl ima t ic effe c t s .  Ba�t l e t t  has not e d  a 

sl ight di urnal var i a t i o n  i n  p ulse ra te related p os s ibly more t o  

feedi ng t han a true d i ur nal tre nd· ·· · Howeve r ,  t hi s  feed effec t 

may have caused d i ffe re nc e s  be tw e e n  read i ngs . When t he animals 

were c ollec t e d  from t he paddock they were ofte n lay i ng down 
' 

havi ng graze d  some time be fore . T he re fore , by midday , t he e ffeot 

of feed on p ul se ra te would have de creased. F or a n  hour and a 

half a t  midday t he c ow s  were allowe d out t o  past ure and the n  

were brought i n  for t he afternoo n readi ngs ,  s o  t hat t he feed 

fac t or w ould cause a di ffe re nce he re aga i n. 

Not o nly w o uld t ime s i nce feedi ng be a fac tor but t he 

reac t io ns of the a nimals whi le i n  t he yards . Ne rvous ne s s ,  

fight i ng and ge neral dis t urbance c a n  a lter p ulse rat e  a nd alt hough 

t he  s t ock were o n  t he w ho le ve ry �i e t  and w e ll t raned to the 

rout i ne ,  dist urba nce s were unavo i dable . O ne tw i n  pair , 49/50 , 

had t o  b e  ke p t  separat e because of t he i r  bunt i ng  s t a t us i n  t he  

he rd. Fee d  p l us dist urba nce s w ould obvi ously vary with different 

readi ng s  o n  diffe re nt days .  

( e ) Compo ne nt s  of Variance . 

T able 1 7  of c omp o ne nt s  of var iance expre ssed a s  

pe rce ntage show s  that day affec t s  a c c ou nt ed for 44% of t he t otal 

variance i n  t he cas�f ski n temperat ure a nd re sp i ra t i o n  rate . 

T hi s  i s  a dire c t  e ffe c t  o f  c l imat e . 

Wi th re c tal temperature i t  can be se e n  t hat 28% of t he · 

varia t io n  is due t o  di urnal t rends - ( Read i ngs ) . The very 

marked d i ffere nce s be twe e n  a n imals i n  p ul se rat e s  eve n unde r 

nonnal co ndi t i o ns i s  evide nt by t he fac t t hat t he be twee n 

animal varia nc e  account s fo r 50% of the to tal vari a nce . Days 

doe s not c a use much varia t i on i n  b ody temperat ure , so that the se 

co ndi t io ns w e re fa ir ly good f or st able body t empe rature . 
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The 20% t otal vari ance due t o  a nimals , explai ns t he s ignifi cant 

diffe rence be twee n animals i n  b ody temp era t ur e , due not s o  much 

to tempera t ure e ffe c t s  but t o  ge stat i o n. 

Re a.di ng var ia t i o n  ca.uses a small part o f  t he t ot al 

variance i n  re sp irat i o n  and p ul se rat e . 

( f ) I nt ra c l ass corre lat i o n. 

Repeatabi l i ty e s t imat e s  w orked out so as t o  give the 

repeatabi l ity of a measureme nt t ake n at e ac h  of t he f our readi ngs , 

when day e ffe c t s  are i g nored , s how p oor re sul t s  for ski n  and 

re c tal t empe rature and re spira t i o n  ra te . Pulse ra te - a more 

s table c ha rac teri s t i c  - shows qui t e  good repea tab i l i ty at any 

readi ng . B ody temp erat ure s are fa irly s t able espe c i ally whe n  the 

var ia t io n  caused by readi ng s  i s  e l iminated by cal culat i ng  

corre lat i o ns  for eac h read i ng separately . Days accounted f or 

o nly 4•8% of t he t o ta l  va,riance i n  body temperat ure . I n spi te 
I 

of t hi s  t he repea tab i l i ty w i t h i n  c ows of b ody t emperature i s  s t il l  

almos t nega t i ve w he n  worked out o O.  a t o ta l : -

Be twee n cows 

V/i t h  c ows 

bas i s. Appare nt ly Day a ffe c t s  doe s have a n  effe c t  because i t s 

e l imi na t i o n  i n  No . 2 serie s of c orre lat i o ns cuts  out ge stat i o n  

e ffe c t s .  T he 1 9% of t he var iance due t o  Day x Animal i nterac tio n 

would a l so be a c o nt ribut i ng fac t or .  

Ignor i ng  di ffe re nces be twee n days for ski n tempera ture 

and re sp irat io n rat e  whe n we have noted already the large 

re lat ive effe c t  of days , w i l� obv i ously g i ve a p o or c orre lat i on .  

Whe n t he be t wee n day varia nce i s  e l imi nated, c orre lat i o n  

for a l l  cows show s  a be t t er e s t imate t ha n  befo re f o r  all 

me asureme nt s ,  t ho ugh ski n tempe rat ure is s t i ll fairly l ow . It i s  

no t c lear why , after betwe e n  day variance i s  t ake n o ut for ski n � 

tempera ture ( where days caus e s  44% of the t ot al var iance ) t hat 

repea t ab i l i ty of ski n t emp erat ure s hould s t i ll be low . Howeve r ,  

t he fact t ha t  the t otal analys i s  o f  variance showed no d iffere nce 

be twee n a nimals , t ak i ng  o ut be twee n a nimal var ianc e  does not 

e l imi nat e a s ig nificant par t of t he var iance , t he var i at io n  i s  
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s t i ll large ly w i thi n the animals - ( subgroups ) s o  t hat t hi s  

may serve t o  exp lai n why rep eat abil ity e s t imates are low f or 

ski n  t empe rat ure . 

Whe n t he animal ' s  readi ngs wi thi n a day are take n a s  a sub­

gro up so that t he c orre latio ns are i nt ra day for each c ow ,  the 

repeatabil ity i s  highly s ignifi cant i n  nearly all cows excep t 

t hose f or re c tal t empera ture . H oweve r ,  a large i ntraclas s 

c orre lat io n  ( . 99 )  i ndi cate s  l i t t l e  variatio.n wi thin  the sub­

class so  that except  i n  the ca se of pulse rate t he se corre l­

at i o ns are o n  the whole fai rly low . 

Seath a nd Mi ller have worked out a repeatabi lity est i�ate 

for body temperat ure a nd re sp irati o n  i n  a manner s tmilar to the 

first se rie s .  They der i ved a much b&t ter  e st imate than t he pre-

se nt se t .  Howeve r ,  t he i r  data was for 1 4  consecutive days , 

whe reas the days here were spread over 3 mo nths , s o  t hat days 

would be more random samp le of the pop ulat io n  of days , perhaps 

caus i ng a greater e ffe c t  t ha n  i n  Seat h a nd M i lle r ' s work. 

Also , t he i r  a ir tempera t ure condi t ions ranged about 80-95DF . so 

t hat a nimal reac t i o ns w ould be marked,  in contrast to t he  

pre sent trial . 

on simi lar  types  of day s repeatab i l i ty es t imate s are 

be t te r  and for rec tal temperat ure and re spira t i o n  rate agree 

well w it h  sea t h  and Mille r ' s  e st imat e s . 

T he third serie s  of c orre lat i o ns gi ve s  an est imate o f  the 

various measureme nt s as a me thod . The subgroup i n thi s  case 

is t he four readi ngs i n  o ne day . I t  can be see n that  t he  

method mf tak i ng pulse rat es give s fairly g ood  reproducable · 

res ult s .  Re sp irat i o n  t oo is  quit e  good t hough t he re i s  

c onsi de rable variatio n w i thi n the s ubgroup s  due t o  varyi ng  

air t emperat ure througho ut t he day causi ng re sp iration  

r�t e s  t o  vary . Rec tal tempera t ure i n  this  �erie s show non-

s ignifi cance probably because of the di ur nal tre nd, although . 

o ne twi n  pa i r ,  49/50 , s how qui te a g ood correl a t i o n. Later 

work s howed t hat the diurnal t re nd w i thi n t his  pai r was not 

so marke d .  Als o ,  t hi s  pai r was t he closes t  t o  calvi ng a nd  
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body temperature remai ned c ons i s tent ly hi gh througho ut t he day 

i n  t he later stage s .  Ski n t emperat ure s ,  though s ignificant 

are fairly small . Varia tio n in  s unshi ne and c lo udi ness  

t hroughout t he day would not he lp towards a high c orrelat i o n .  

( g ) Corre la t i o n  Analysis . 

The degree of re lat ions hip betwe e n  two var iable s is 

given by t he s t a t i s t i c  r .  The stat i st ic squared r2 repre se nts 

the proportion  of  t he t otal  varia nce w hich  ca n be explai ned 

by t he re lat i ons hip . T hus , eve n t hough the correla tion  for all · 

possible c ombi nat ions f or t he o ut s ide data are highly sig nificant 

t he prop or t i on of the total variance exp la i ned by the re lat i on-

ship i s  smal l .  Eve n for the 3 large r r ' s ,  air a nd re spiration, 

ai r and ski n temperat ure , ski n temperat ure and re spiration  

rate , when squared t he re spe ctive r ' s exp la i n  a t  t he moat , 40% 

of t he variance . 60% of the variance remai ns unexpla i ned .  

However , c ompared w i th t he re sul ts of overseas w orkers 

with field experime nt s  ( Gaalaas r� . 77 ) the c orre lat i o n  between 

air and resp ira t i o n  is  qui te good. r = . 61 3 .  overseas data has 

been colle cted unde r much be tter  condi t io ns a nd the c orrelation  
• 

is hig her ) as would be expec ted .  

Re imerschmid ob tai ned and r be twee n ski n temperature and 

air temperat ure of 0 . 9  i n  t he s un. The prese nt result  under 

New Zealand condi t io ns of . 640 i s  not s o  high but ne i t her were 

t he air t emperature or i nt e nsi ty of radi at io n. 

Ski n temperat ure a nd respiration  r = . 661 is  t he highest 

c orrel at i o n  obtai ned . T hat t here i s  a fai rly close relation-

ship i s  i ntere st i ng .  Possibly t he i ncrease · in  ski n temperat ure 

w hich occurs w i t h  r i s i ng air temperature , ( r - ski n  and ai r . 640;  

cause s t he thermorecep tors o n  t he ski n t o  br i ng  about a reflex 

act io n  and t he hea t  loss by way of  t he evapora t i o n  met hod  is 

i ncreased.  I t  has bee n remarked that it is s trange t hat loss 

of heat  by way of evaporatio n s hould be re lied up on at  s uc h  

an  early stage . Loss o f  hea t  by way o f  radiat i o n  a nd 

co nduc tio n is  appare nt ly not assi sted  i n  the se early s tages 

by way of vas odi lat i o n  a nd red uc t i o n  of thermal conduc t ivity of 
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the t is sues . 

( h) Regre ss i o n  A nalys i s . 

The relat i o ns hip be twee n air t emp erature a nd aki n  

temp erat ure , and be twee n a ir t empe rat ure a nd re sp ira t i o n r ate 

were prove n on t he ba s i s  of the t otal analys is; t o  be �i near 

w hereas t he t o tal a nalysis for t he relat i onship be twee n  aki n  

t emp era ture and
_
a i r  re sp irat i o n  ra te i s  s ignificant ly c ur�i l i n­

ear . Howe ve r ,  o n  a n  i ndividual c ow bas i s  w e  f i nd i n  a ll three 

case s that the re are s ome t hat are c urvi l i near and s ome t ha t  

are not . P l ot t i ng  some o f  t he dat a  roughly on a graph also 

s howed t hat a s t raight l i ne would f i t  the data reasonably wel l .  

O n  t he o t he r  hand , a curvi l i near relati ons hip may exi s t  but 

looki ng a t  some of t he  plot ted group s  i t  i s  e vide n t  t hat i f  

t here is  c urvi l i neari ty accordi ng t o  s tat i s t ical proof t he n  i t  

i s  o nly s l ight ly curvi li near. Al s o ,  o nce c urvili nearity is 

e s tab l i she d the re is t he problem of w hat ma the�t ical formulae 

s hould be used t o  f i t  t he dat a and many of t hese merely f i t  

t he curve w i t ho ut the curve meani ng ve ry much . 

Gaalaas found a di s t i nc t  curvi l i ne ar re lat i o nship be twee n 

ai r t emp erat ure and r e sp i rat i o n. T he pre se nt dat a  doe s not 

s how s uch a relati o nship on a t o tal a nalys is . H oweve r, 

Gaalaas ' re s ul t s  were deri ved from ne arly 4000 i ndividual 

measureme nt s over se veral years a nd over a ve ry muc h  w i de r  

range of ai r t emperat ure s t ha n i n  t he p re s e nt ser i e s .  O n  

l ooki ng at hi s graph o ne s e e s  t ha t  t he re la t i o nship i s  almos t  

l i near for t he a ir temp erat ure ra nge for which t he pre sent 

dat a  meas ureme nt s  were t ake n s o  t hat p oss ibly a l i near 

re lat io ns hip is j us t if i e d .  Howe ve r , t he dat a  i s  t oo few , t he 

evide nce not prec i se e nough , t he air t emperat ur e  range tested 

not w i de enough, t o  perm i t  any def i ni t e  �t at eme nt about l i near­

i t y  o n  no n-l i neari ty of these rel a t i o nship s i n  t hi s trial . 

Li near regre ssi o n  coe ffi cie nts are g ive n f or t he t hree 

re lat i o ns hip s t e s t e d  for c urvi l i neari t y  bot h f or i ndi vi dual 

c ows a nd for the t ot al da ta avai lable i n  each case . All are 

h i gh s i g nificant . 

·• 
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Regre s s i o n  coeffi ci ent b for t o tal re lat i o nships are : 
( 1 ) Ai r t empe rat ure and s k i n  temperat L�e • • • • • • 0 . 31 8 

( 2 )  Air temperat ur e  and re sp i ra t i o n  rat e . • • • • •  1 . 21 0 

( 3 )  Ski n temperat ure and re sp i rat i on rate  • • • • •  2 . 420 

( 1 ) mea ns t hat 1 °F .  i ncrease i n  air tempera t ure cauae� ,o n 

t he ave rage 0 . 31 °F . i ncrease i n  ski n t emperature . ( Ri eme rschmi d , 

0 . 2 8°F .  i n  t he s u n  a nd 0 . 31 Or<' .  i n  t he s hade ) . 
( 2 )  mea ns t hat 1 °F . i nc rease i n  a i r t empe rat ure causes a n  

average i ncrease o f  1 . 21 re sp irat i o ns p er mi nute . 

( 3 ) means that 1 °F .  i ncrease i n  s ki n  t empe ra t ure caus e s  a n  

average i ncrease of  2 . 42 re spi ra t i ons per mi nu te . 
From o ne, i t  can be see n t hat al t hough sk i n  t emperat ure i n­

crease s w i th i ncrease i n  air  t empe rat ure, ye t i t  doe s  s o , a t  a 

le aser rat e , t hus decreas i ng the d i ffere nce a t  t he ski n i nter­
face maki ng i t  harde r t o  l o se hea t  by radi a t i o n, co nduc ti o n  

a nd c onve c t i o n. 
That the re i s  a rap i d  rise i n  re sp i ra t i o n rat e  w i t h  air 

tempera ture , e s�ec ially after 67° ( Gaa laas ) and 70°F .  ( Brody ) 

• has be e n  not ed.  Pos sibly t hi s  may ac t by way of s ki n  t empe ra ture 
b ut t he t ie- up be twee n 2 and 3 above does not as s i s t  t he t he ory 
t hat a i r  tempe rat ure may i nc rease re sp i rat i o n  rate  by way o� 

i ncreas i ng ski n t empera t ure , se t t i ng t he t hermore cep tors i n  
mot i o n  and t hus i ncreas i ng re sp i rat i o n  ra te . I f  s o ,  t he n  t he 
i ncrease i n  re sp ira t i o n  rat e  w i t h  1 °F .  i ncre ase i n  air temper­

a t ure and 1 °F .  i ncre ase i n  ski n tempe ra t ure s hould be on a par .  
T he re gre ss i o n  c oe ff i c i e nt for a i r  and s ki n  tempe rat ure s hows a 
lag i n  s ki n  t emp era t ure rise . The temperat ure of t he a i r  

breathe d  by t he cow may i ncrease i t s re s p i ra t i o n  rat e  
(Kleiber and Rega n) i n  t he f i rs t  i nsta nce bu t w he n  s ki n  
t emp erat ure has s l ow ly r i se n  e noug h t o  se t t he t he rmore c ept ors 
i n  ac t i o n, t he re i s  a impe t us t o  t he re spi rat i o n rate be cause 
of a more urge nt warni ng t o  the b ra i n  c e n tre s and conseque nt ly 
i ncreased hea t l o ss by way of e vapora t i o n. 

Evide nce i s  pre se nt ed t o  s e e  w he ther t he i ndividual 
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li near regre ss i o ns be l o ng  t o  a c ommo n p op ulat i o n  or not a nd i t  

i s  see n  t hat i n  a ll 3 case s they do belong t o  t he same 

p op ulat i o n. 

( i ) Partial  Corre la t i on a nd M u l t ipl e Regre ss i o n  A nalys i s .  

P ulse rate w as o ne of t he var iab le s  measured.  Just 

what i s  th e s i gnifi cance of pulse rat e  i n  t he phys i ology of heat  

regulat i on in  c at t le i s  not known . I n  a n  e ndeavour t o  see what  

was the relat i o ns hip be twe e n  p ulse rate a nd t he other variables 

w hi c h  are known to  p l ay a role in  hea t  los s , part ial a nd 

mul tiple  c orrelat i o n  a nalys i s was at temp ted . Ord i nary or gross 

c orre lat io n be twe e n puls e rat e  a nd air tempe ra t ure whe n  f irst 

1 ,  2 a nd fi nally 3 of t he variable s  are he ld c o ns t ant , are all 

smaller than t he gr os s  c orre lat i o ns be twee n air t empera ture 

a m  p ulse ra te r = .. 396 . Thi s show s  t hat p ulse rate i s  not 

s tro ngly re lat ed t o  a i r  t empe ra t ure a nd the re is  virt ually no 

c o nne c t i o n. T he r = . 396 be twee n a i r  a nd p ulse i s  highe r t han 

the par t ial c orre lat i o ns  becaus e  t he re lat i o nship b e twee n  a ir 

and pul s e  i s  i ndire c t ,  a nd i t  i s  more appare nt t han real . 

Whe n ski n t empe rature , body t empe ra t ure a nd re sp irat i o n  rat e  are 

he l d  c o ns t a nt t he corre l at i o n  be twe e n  air and p ul se is ve ry 

small - . 1 64 - which is use less  e ve n  t ho ugh s t a t i st ically t hi s  

f i gure i s  highly s i gnificant . I t  can b e  see n  as fi rst , just  

o ne var iable i s  hel d  c o ns t ant and the i nflue nc e  of t he o the r 

2 s t il l  permit ted  to  hol d  sway t he part ial r i s  highe r t ha n  

whe n a l l  3 var iable s are he ld cons t a nt . Thus , t he �ppa re nt 

r be twee n ai r a nd p ul se i s  negl igible w hen t he i nt e rre lat i o ns 

a nd c omp lex i nterac t i o ns of t he e ffe c t s  of ot he r  variable s  i s  

he l d  c o ns ta nt . Air and ski n fo r i ns t a nce , are corre lated s ome-

w hat stro ngly and t hi s  i nfl ue nce s  the corre la t i o n  b e twee n air  

a nd p ulse . Whe n  s ki n  temp era t ure i s  he ld co ns t a n t  t he re i s  an  

immediate  re duc t i o n  from 0 . 39 6  t o  .. 206 . The et he r fac t ors 

reac t i n  a s imi lar manner . 

T o  se e if t he add i t io n  of p os s ib le a s s oc ia ted var iab le s  

c ould p rov ide a b e t te r e s t ima te of p ul s e  rate mul t i p le 

regre s s i o n  a nal y s i s  was at t emp ted t o  see how w e l l  t he 
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mul t iple cor rel a t i o n  imp r ove d  w h e n  fi r s t  o ne ,  t he n  t w o , t he n  

t hre e var i abl e s  are added t o  t he t e s t . M ul t iple c orre l a t i o n 

l i ke ordi na ry g r o s s  c o rre l at i o ns g i v e s  a me a s ure of t he s uc c e s s  

of de t e rm i ni ng t he d e pe nda n t  var i ab le , i n  t hi s  case pulse 

rate , by means o f  any o t he r  i ndepe nde nt var i ab le o f  vari able s .  

I t  w a s  for t h i s r e as o n t ha t  t he se m u l t i p l e  c o rre lat i o ns w e re 

c a lc u la t e d . I t  ca n b e  see n t h a t  R1 • 2345 = . 49 5 ,  i s  h ig he r  

t ha n  i f  o nly t w o  vr t hr e e  var i able s are use d .  a nd i s  h i ghe r  

t han t ha n  t he gr oss c orre l at i o ns of p ulse r a t e  w i t h  a QY t hi ng  

e l s e � B u t  R2 i s  t he p ropor t i o n  of t he t o tal va r i a t i o n  i n  

p u l se ra t e  w hi ch i s  e xp l a i ne d  by t h e s e  fac t ors a nd i t  can b e  

s e e n t hat . 4952 s t i ll l ea ve s  m o s t  o f  t he var i at i o n  i n  p u l se 

rate una c c o u nt e d  for .  

Part i al c orre la t i o n  a na ly s i s  has s how n ,  t he r efore , t ha t  p ul s e  

r a t e  i s  n o t  c orre l a t e d  s t r o ngly w i t h  o t he r  var i able s a nd 

mul t i p le c orre l a t i o n  c oe ffi c i e n t s a l t h o ug h  i nc re a s i ng 

s l ight ly t he amount of var i a t i o n i n  p ul s e  ra t e , a c c ounted for 

by t he give n var i abl e s ,  s t i l l le ave s the b u l k  of the var i a nc e  

t o  b e  due t o  o t her u nknow n f ac t or s . 

T ha t  t he re i s  no rel a t i o ns h i p  be twee n p ul s e  r a t e  a nd a ir 

t e mp er a t u re s ee ms c l e a r  ove r t he ra nge o f  a i r  t e mp e ra t ures 

s t udi ed .  H ig he r  a i r  t emp era t ure s  ab ove 80°:B' . depre s s e s  

p ul se ra t e  i n  c at t le ,  ( Brody) a nd i nc re ase s p ul s e  ra t e  i n  man 

( Baze t t ) . V/i t h  Brody ' s  dat a b e tw e e n  a n  a i r  t emp era t ur e  

ra nge 40-60°F . t he re i s  a c o ns t a nt p ul se ra t e  w i t h  a s l i ght 

i nc re ase be twee n 60 a.nd aoop .  'I' he p re se nt da t a  a l s o  show s  

p ul s e  ra te t o  ha ve l i t t l e  re l a t i o ns hip w i t h  a i r  t emp e ra t ure ;  

Vas odi lat i o n  and i ncre aseqtad i a t i o n  a nd c o nve c t i o n  l o s s  w i th 

i nc re as i ng ai r t empe rat ure doe s n o t  seem t o  be i n  ope ra t i on 

t o  a ny no t i ce ab le e x t e nt i n  c a t t le . 

c .  D i ur nal T e s t .  

( a ) B o� Tempe ra t ure s .  

I n  b o th a nalys e s a h i gh ly s i g ni f i ca nt differe nce 

be twee n a nimal s i s  e s t abl i shed c o nf i rmi ng t he o u t s i de data . 



216. 

Twi n pai r s  do not reac t t oge t her tho ug h  t he nwnbe r of' animals  

leave s small degrees  of f reedom for t e s t i ng be twee n twi n  

pai rs . T he re i s  als o a highly s ignifi ca nt differe nce be twe e n  

days and be twee n mea s ureme nt s .  That  t here s hould be a 

differe nce be twee n measureme nt s i s  obvi ous from t he di urnal 

t re nd show n  i n  t he grap hs . Days x a nimals and measureme nt 

x a nimal s are s ig nifi ca nt i n  the f i r s t  a nalys i s  but not i n  

the sec o nd .  T hat dj_ ffe :re nt a nirnals  should have a d i ffe re nt 

body temperat ure at diffe re nt t imes of meas ureme nt , i s  not  

evide nt from the g rap hs as the p eak of  body tempe rature come s  

at  abo ut t he same t ime for a l l  a nimals . Duri ng t he firs t fo ur 

days covere d by t he first  a nalys i s ,  howeve r ,  cows whi c h  had 

bee n  sta ndi ng for s ome t ime had a lower body temp erature tha n  

c ows which we re lyi ng ,  w hi ch may have brought about  this 

i nterac t i o n. Als o t hi s  may have ca used t he D .  x A .  i nterac t i on 

t o  be  s i gnif i ca nt . 

( b ) Respirat i on Rat e . 

As wi th  o ut s i de da ta a hig hly s ig nifica nt d iffere nce 

be twee n a nimal s a nd als o be twee n tw i n  pair was found .  I n 

both a nalyse s ,  day s  a nd mea sureme nt s  are highl� i gnific a nt , 

w hi ch was to  be e xpec ted  beca11se of t he diffe re nt air tempe r­

a t ure from day t o  day and als o w i t hi n  a 24 ho ur p eriod.  

Re sp ira t i o n  ra t e s  w e r e  di ffe r e n t  in di ffere nt anima l s  at  

t he same t i me ,  howeve r  ( M .  x A . ) it  was not i ced t hat a cow 

whi ch was eat i ns or had her a t te nt io n  dis t rac ted , had a 

much l ower re sp ira t io n  rat e  t ha n  e ve n  he r tw i n  s i ster  who was 

j us t sta ndi ng or lyi ng qui e t ly ,  und i st u�bed . This woul d  cause 

a nimals  to  vary i n  re sp i rat io n  rat e s  at  aP� o ne t ime , re gard­

le ss of ai r temp erat ure . T he re was also  a measureme nt x day 
i nterac t i on, S i nce r e sp i ra t i o n  rate f ollows  air t empe rat ure 

fai rly closely , i t  i s  not s urpri s i ng t hat t h is i nte rac t ion  

is  s ig ni fi ca nt as  air  t empe rat ure s a t  o ne t ime o f  meas ureme nt 

w ould no t be t he same eve ry day . 

( c ) Pulse ra te s .  

As wi t h  t he out si de da ta t here i s  a hi ghly significant 
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d i f fe re nc e be t w ee n a ni mal s , t w i n  p ai r s , days a nd mea s ureme nt s . 

D ay x mea s ureme n t s i nt e r ac t i o n  i s  si gn i f i ca nt i n  b o th a nalys e s . 

Ne r v o us up se t s  p l us var i at i o n i n  f e e d  i nt a ke a t  d i ffere n t  t imes 

o f  t he day c oul d p o s s ibly a c c ount for t h i s i nt e rac t i o n .  

Al t ho ugh M e a s ureme nt s x a n imal s  i s  n o n- s i g ni f i ca n t , i n b o t h 

a naly s e s t he t w i n  p a i r  x mea s ureme n t  i s  hig hly s ig n i f i ca n t . 

T h i s ma y be p ar t ly d ue t o  p ulse r a t e s  be i ng a s t ro ng character­

i s t i c of t w i n p a ir s and d i ffe re n t  tw i n p a i r s  have a diffe r e nt 

p ul s e  rat e  a t  diffe r e nt measureme nt s .  49/50 , for e xamp le ,  

w e re c o ns i s t e nt ly higher t han t he o t he r  t w i n p a i rs . 

A fe a t ure of p u lse ra t e s  t hr o ughout t hi s  t ri a l  was t he 

marke d i ncre a se whi c h  t he a nimal s  s howe d whe n p laced w i t hi n  t he 

b a r n  c omp ared w i t h  o ut s i de d a t a . T he range of p ulse rat e s  o ut ­

s i de w a s  50-92 , m e a n  70 . 23 ,  s 2 . 8 9 .  Wi t h i n  t he bar n  t he range 

was 72-1 1 7 , mea n 93 . 67 ,  s 3 . 93 .  T he a nimal s w e re ve ry q ui e t 

a nd we re n o t  a ny t ro ub l e  t o  ge t i nt o  t he ba r n  ne rv ous ne s s  did 
no t appe ar t o  b e  a fac t or ove r t he whole pe ri od . T he s e  animals 

w e re not a s  c l o se t o  ca l v i ng at th i s  t ime 23/6/50 - 4/7/50 as 

w he n  s om e  o f  t he o ut s i de da ta was t ake n , ye t p ul se ra t e s  we re 

s urp r i s i ngl y  h i g h. Why t his was s o  i s  d i ff i c ul t  t o  exp la i n . 

T he o nly fac t o r  w h i c h  may he lp t o  e xp l a i n t h i s  high p ul se ra t e  

w a s  t ha t  t he c ow s w i t hi n  t h e  e a r n had a d  l ib fe e d i ng - o f  s ilage 

a nd hay wi t h  a da i ly ra t i o n  o f  me al . T he c o nt i nuous ea t i ng at . 

i n te rva l s  t hr oug ho u t t he day up t o  mi dn i gh t may ha ve cau sed t he 
p ul s e  ra t e s  t o  b e  qui t e  hi gh . T he r e  may not have bee n a s uff i c- . 

i e n t ly l o ng i n te rva l b e t we e n  f e e d s  for t he p u l s e  r a t e t o  fal l t o  

norma l  p os t  fe e d i ng l e v e l ,  be fo r e  t he c ow s  s t ar t e d eat i ng 

aga i n .  YJ i t h  t he h i ghe s t  p u l s e  ra t e s  o f 1 00-1 1 7  be a t s pe r m i nut e 

ob t a i ned from tw i n s  49/50 i t  w a s  not e d  t ha t  t he s e oc c ur re d  

w hi l e the a n imal s were e a t i ng .  P u l se r a t e s af t e r  m i d night 

t e nd e d  t o  fal l a lm o s t  t o  norma l le ve l s  in tw i ns 25/26 w hich 

a te ve ry l i t t le dur i ng t he e a r l y  m orn i ng ,  but 49/50 b e i ng great 

fora.ge r s , as s e e n s i nce unde r gra z i ng ob se rva t i o ns , w o ul d  e a t  

qu i t e  a l o t  i n  c ompar i s o n w i t h  t he ot he r s  duri ng t he p e r i od 

a f t e r  m i d n i gh t . The gr aph s s how f o r  a l l  c ow s  a d i s t i nc t  



218. 

d i ur nRl t re nd .  

( d ) Corre la t i o ns .  

No ne o r  t he r ' s  are ve ry large a nd o nly i n  a few 

case s do a se ri e s  or corre lat io ns r or i nd i vi dual c ow s  a ll be l o ng 

t o  the same p op ulat i o n. A i r  and re c ta l  t e mp e ra t ure s how s 

vir t ua ll y  no corre lat i o ns ,  body temp e ra t ure s vary t hr oughou t  

t he day and s o  doe s a i r  t emp e ra t ure , b u t  the r i s e  a nd ra ll o f  

b o dy  t emp era t ure i s  i nde pe nde nt of l
a i r  tempera t ure . A i r  a nd  

re sp i ra t i o n  s h ow s  a h i g hly s ig ni r ica nt corre lat i o n  i n  t h e  r i rs t  

4 day s  a nd a l l  b e l o ng t o  a c ommo n p op ula t i o n ,  r = . 396 . T h i s  i s  

muc h  s mal l e r  t h&. n t he o ut s i de e s t ima t e  o r  rAR = . 61 2 .  I n  t he 

last 3 day s t he re i s  v ir t ua l ly no r be twee n a i r  a nd re spirat i o n .  

In t he lat t e r  3 day s t he cow s  w e re t e s t e d  e ve ry 2 ho ur s .  M o s t 

t imes t he c ow s  w e re lyi ng down w he n  t he a t te nda nt walked i nt o  

t he shed . They w e re a l l  t he n  made t o  s ta nd r or quar t e r  o f  a n 

hour b e r ore t he r i r s t  readi ng was t a ke n. T49 , how e ve r ,  w o uld 

hear the a t t e nda nt and of te n be a l ready on he r fee t .  As s he 

was t he l a s t  c ow t o  be me a sure d i t  was �-i or an ho ur b e fore 

he r re sp i ra t i o n  r a t e  was t aken . The s e  las t 3 days s how a 

nega t i ve c orre l a t i o n  b e t we e n  a i r  a nd re sp i rat i on exce p t  T49 . w hich 
has a p os i t ive r a nd or t he same o rde r or s i z e as  ror t he r i r s t  

r o ur day s . Now i t had b e e n  no t i c e d  a l l  t hr o ugho u t  t hi s  t r ia l  

how a c ow ' s  r e s p i ra t i o n  ra t e  woul d b e  very l ow i f  her a t t e nt i o n  

was d i st rac t e d  o r  i f  she w a s  e a t i ng .  The �all i n  re sp i ra t i o n 

ra t e  w o uld be v e ry marke d .  T hus , d i s t urb i ng t he c ow s  and 

mak i ng t hem s t a nd de c re a se d  t he i r  resp i ra t i o n  ra t e s  except i n  

t he c a se of T 49 .  The t ime i n te rval f or t hi s  c ow was s ufficie nt 

t o  p e rm i t h er to l ook abou t ,  p e r hap s eat a l i t t l e  a nd s e t t le 

dow n  s o  that he r r e sp i ra t i o n  rat e t e nded t o  be hig he r t ha n  t he 

o t he r s  w he n  i t  wa s t ime t o  take her - re adi ng s . Thi s  fa c t or of 

d i s trac t io n  was not s o  marke d a t  e ve ry readi ng i n  t he fi rs t 4 

days a s  c ow s  were not d i s t urbed s o  much, b ut thi s fac tor 

op � ra t e d  fo r all c ow s  a t  d iffe r e nt t ime s of me a s ureme nt , whi c h  

pr obably caus e s  t he c orrela t i o n  t o  be l ow .  Al s o  i n  t he f irs t 

4 day s memb e r s  of a t w i n  p air wo ul d  no t always b e  doi ng t he 
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s ame t h i ng so t ha t var ia t i o n  w i t h i n  tw i ns w a s  co ns i de rable . 

Howeve r ,  t he da ta fo r t he las t 3 days s how be t t e r  agreeme nt 

w i t hi n  t w i ns b e c a use b ot h we re d o i ng t he s ame t hi � ,  due t o  

be i ng made t o  s t a nd .  

Why a i r  and p ulse ra t e  sh oul d be h i ghe r a nd be lo ng t o  

a c ommo n  p op ula t i o n  i n  t he f i r s t  4 day s  a nd not i n  t he  l a s t  3 

i s  n o t  k now n. T he f o rme r i s  o n  a p ar w i t h  t he o ut s i de 

c o rre l a t i o n, rAP = · 396 . I n  t he la s t  3 days a i r  temp e rat ure s 

w e re much c oo l e r  b u t  t he c ha nge of t e c hni que may have had 

s ome e ff e c t .  

The o nly .o t he r c orr e l a t i o n  of i nt e re s t  i s  t hat be twee n 

re c t a l  and p u l s e . I n  t he f i r s t  a na ly s i s  55/58 do not s how a 

c o rr e l a t i o n  a t  a l l  a nd c a u s e  t he ser i e s  to belo ng t o  d i ffere nt 

p op ula t i o ns . I t  was t he s e  two c o w s  w h i ch , i n  the f ir s t  4 days , 

w e re ne arly always l y i ng d o w n  w he n body t e mperature s  were t ake n 

a nd t he se t e nde d t o  be h i ghe r t ha n  i f  t he cow had b e e n  s t a ndi ng 

f o r  a t ime . T hi s  made t he i r  d 1 urnal var i a t i o n  fa i r ly small , and 

e v e n whe n t hey w e re made t o  s t a nd t he d i ur nal t re nd i n  t hi s  

p a i r  w a s  n o t  a s  marke d a s  i n  t he o t he r  t w o  pa i rs . I n  t he la s t 

3 days t he c o rre la t i o n b e twe e n  r e c tal a nd p ul s e  all b e l o nge d  t o  

a common p op ul a t i o n, r = . 489 . Probab ly t he t w o  hour i nt er vals 

be twe e n  r e ad i ng s  pe rmi t t e d  a b e t t e r  e s t LTia t e  of p ul se rat e  due 

t o  le s s  t e nde ncy t o  e a t  a t  m or e  fre CJ..'le nt i nt e rvals , a s  o cc urre d  

i n  t he f i r s t  s e r ie s .  

The c hange o f  t e c h ni que may have sacr i f i c e d  some of t he 

i nf o rma t i o n  o n  re sp i rat i o n  ra t e  and p ul se r a t e  b ut t he ma i n  

ob je c t  w a s  t o  ob t a i n  a n  e s t i mat e of t he d i urnal t re nd i n  b ody 

te mpe ra t ur e a nd at w ha t  t ime s t he peak a nd fall p c c ur re d . Whe n 

grap he d t he dat a  s hows t ha t  a p e ak alway s  oc c ur re d  a t  6 p . m. a nd 

mi nimum at 4-6 a . m . T he ra nge amou n t e d  t o  1 -1 i°F . T o  have 

t a ke n  readi ng s  w he n  s ome c ow s  w e re ly i ng  a nd s ome s t a n di ng 

w ould have p r obably made t he d i u r na l  t re nd l e s s e vi de n t . T o  

have uniformi ty of t re a tme n t  i t  w a s  ne c e s s ar y  t o  t ake all 

re ad i ng s e i ther ly i ng or s t a nd i ng e. nd a l l  we re made w i t h  t he 

c ow s  s t a nd i ng a t  l e a s t  1 5  mi nu t e s - see Table 35 · 
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S ome w orke rs have f o u nd that a s t a nd i ng c ow has a h i gher 

hea t p roduc t i o n  t han a lyi ng o ne - ( Brody ) , R i t zma n a nd 

B e ned i c t . Whe t her t h i s  should l e a d  t o  a highe r  b ody temp e ra t ure 

w he n  s t a nd i ng ,  or no t ,  i s  n�t k now n .  The re ve rse was found i n  

t h e  pre se nt  t rial . Howeve r, a cow w h i ch i s  lyi ng may have t he 

abdomi na l  organs p ushed dow n  t owe.rd s t he rear a nd s i nce s uc h  

i nte rna l orga ns have a h i g he r  t emp erat ure t h i s  may have c aused 

t he re c t a l  tempera t ure read i ng to be h i g he r �  

D .  Ski n T empera t ure . 

T he a naly s i s  o f  vari a nce for de t e rmi n i ng w hi ch me t h od 

of tak i ng s k i n t emp erat ure s  gave t he h ig he s t  s k i n  t emp e ra t ure i s  

self expla na t ory . A l l  8 p os i t i o ns o n  each a nimal w e re t a ke n  o n  

th e  t r unk re gi o n  w he re , ac cordi ng t o  wo rk o n  man, ski n t e mpe r­

a t ure d o e s  not vary ve ry muc h ,  he nc e t he no n- s ig n i f i canc e , 

p erhap s ,  be twee n p o s i t i o ns .  As the re we re o nly 2 days for this 

te st w i t h  o ne degree of fre e d om for days t he re was no s ignif i c a nt 

d i ffe rence be twe e n  days . 

There wa s no s i gni f i cant d i ffe re nce be twee n s ki n  t empe ra t ure 

w he n  t he hair was c l ipp e d  a nd w he n  i t  was shaved . The c l ipp i ng  

w a s  a s  c lose a s  p o s sible a nd  the l o c al e nvir onment , there fore , 

we l l  e xp o se d .  Howe ve r ,  t he re was a highly s i gni fi ca nt drop 

i n  ski n t emp era ture of 1 . 32 °F .  be t wee n normal read i ng s  w i t h t he 

. ha i r  o n  a nd c l i p p e d  re adi ngs . 

Work w i t h ma n s hows t hat s ki n  t e mp e ra t ure of t he ext remi t i e s  

var i es more t ha n  t r unk ski n temp era t m�e s a nd t ha t  i n  t he c old 

t he t emp era t ure of t he l imb s and d i gi t s  i s  lower t ha n  t he t runk. 

R uss i a n  w o rke rs cla im s im i l ar fac t s  w i t h  ca t t le , t houg h the i r  

mea s ureme nt s w e re t aken unde r ve ry c o ld c o ndi t i o ns .  An at t emp t 

w a s  made i n  t he p re se nt seri e s  t o  see i'f s k i n temp e ra t ure var i e d  

ove r t h e  body , a n d  the re s ul t s  s how t ha t  s ki n  t emperat ure doe s 

vary ove r t he b ody , be i ng l ow e r  o n  t he l imb s t ha n  o n  t he t runk 

of t he a nimal . T emp e ra t ure s near t he hoove s are 6-7°F . lowe r 

t ha n  par t s  of t he t r unk .  

T he a nalys i s  o f  varia nce - T ab l e  38 - show s a highly 

s i g nif ica nt d if fe rence be twee n t he mea ns o f  p o s i t i o ns .  P os i t i o n  
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x a nimal was hi ghly s ig ni f i ca nt . P r obably t hi s  may b e  d ue t o  

d if fe re nt ha i ry c oa t s of t he a nimal s ,  d if f e re nce s i n  s ub c utan­

e ous fa t ,  a nd d i ffe re nt b l o o d  s up p ly i n  t he s up e rf i c ial t i s s ue s ,  

a nd unavo i dab le err ors  i n  f i x i ng p os i t i o ns i n  t he e xac t p lace 

f or a l l  a n ima ls . T hat p o s i t i o n  x day s ho ul d  be s ignif i ca nt was 

t o  be e xp e c t e d  b e c a use day effe c t s  are hig hly s i gn i f i ca n t  a nd 

s i nce ski n t emp era t ure i s  c o r r e l a t e d  wi t h  a i r  temp e ra t ure , t he n  

t he t emp era t ure o n  a ny  o ne p o s i t i o n  w o ul d  b e  e xp e c t e d  t o  var.y 

w i t h  var i a t i o n i n  a i r  t empe rat ure . 

E .  S wnmary of R e s u l t s .  

( a) O u t s i de Dat a .  

( 1 ) Ski n T empera t ure . 

The mea s ureme n t s  were made unde r mode ra te 

air t emp e ra t ure s w i t h  no gre a t  ra nge a nd no e x t reme he at or 

c o ld . T he re w as no s i g ni f i c a nt di ffere nce be tween animals 

in s ki n  t empe r a t ure . T he r e  i s  a d i f fe re nce i n  ski n t e mpera t ure 

of ca t t le on d i f fe re nt day s a nd t hr o ug ho ut t h e  day due t o  d iff­

e re n t  w e a t h e r  c o nd i ti o ns par t i c u la r l y  s ol ar rad ia t i o n  be twee n 

a nd w i t h i n  days . Mean ski n t e mpera t ure 93. 8� .  s 1 .1 8 .  

( 2 ) R e c tal T empe r a t ure . 

A n ima l s  d i ffe r s i gn i f i ca n t l y  i n  body 

tempera ture thoug h  t w i n p a i r s  do not s how s i g ni f icanee . T he re 

i s  a s i g ni fi c a n t  differe nce i n  b ody t e n� e r a t ure b e twe e n  day s ,  

howeve r ,  i t  i s  b e l i ev e d  t h at th i s  day d i ff e re nce i s  due not t o  

e nv i r o nme n tal c ond i t i o ns but t he e f fe c t  o f  adva nc i ng pre g na ncy . 

T h e  p r egnancy e ffe c t  p robably a l s o  cause s t he d i f fe re nce s  

be twee n a nima l s  a s  t he re was l i t t le i nd i ca t i on of body t e mp er­

a t ure vary i ng w i t h  a i r  t emp e ra t ure . A�e a n  b ody t empe ra t ure 

1 01 • 8 ,  s • 22 . 

( 3 )  Re spi ra t i o n  Ra t e . 

A i r  t empe ra t ure c o nd i t i ons we re s uff i c i e n t  

t o  s h ow a marke d  d i ffe re n ce be twee n a nimal s a nd a l s o  be t we e n  

tw i n  p a i rs a nd t o  ca use s i g ni f i ca nt d i ffe re nce s be twee n days . 

T h i s i s  a d i re c t  c l ima t i c effe c t .  M e a n re sp i ra t i o n ra t e  34. 26 ,  

s 5 . 9 8 .  
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( 4) Pulse Rat e s .  

The pulse rate  o f  a n  a nimal i s  a s tro ng 

i nd i vidua l c harac t e ri s t i c , d i ffe re nce b e tween  a nimals  and t w i n  

pairs bei ng highly s igni fi ca nt . A d i ffe re nc e be twee n days 

s howed up but was not expec ted be cause pulse rat e s  show l i t t le 

c hange w i t h  air  tempe ra t ure ove r t he ai r  t empe ra t ure ra nge t e s ted.  

Howe ve r ,  variat ions from day to  day caused by t he effe c t  o f  feed­

i ng and advanc i ng ge s t at i o n  rr.ay have caused the significa nt 

differe n ce . Mea n p ulse rate 70 . 2 3 ,  s . 4 . 1 2 .  

( 5 ) Comp o nent s of  vari ance show tha t w i t h  ski n 

temperat ure and respi ra t i o n  rat e  day e ffe c t s  caus e 44% of t he  

to tal var iance . I nhere nt d i ffe re nce s b e twee n anima l s  i n  p ulse 

rat e s  account for 50% of t he t otal  variance i n  p ulse rates . 

Nearly 30% of t he vari a nce i n  b ody tempe ra t ure i s  due t o  

d i ur na l  t re nds . 

( 6 ) I nt raclass corre la t i o ns are sma l l  a nd non- s ig ni f-

i cant exce p t  for p ulse ra tes  whe n  al l read i ng s  were t ake n  but 

day effe c t s  ignored . Vlhe n day effe c t s  are t aken out the 

c orre lat i o ns are as fol l ows : -

Rec t a l  Temp erature Re sp i ra t i o n P ul se 

Ij = . 309 r, = . 559  

This  i s  a me as ure o f  t he repeatab i l i ty of readi ngs on  

simi l ar typ es of  days . Ski n tempera t ure on t hi s  basis  showed 

low repe atab il i ty .  

As a measure of the acc uracy of t he me thod t he 4 

read i ngs per  day we re t reated se parately f or eac h cow .  Average 

i n t raclass corre lat ions were a s  follow s : -

Ski n  Tempera t ure 

Ij = . 425 

Re sp ira t i o n  Ra te  

r1 = . 5 50 

P ulse Rate 

r, = . 580 

Re c ta l  tempe ra ture, beca use of the d i urna l tre nd ,  showe d poor 

repe atab i l i  ty . 

( 7 ) c orrelat i o ns  w orked o ut o n  a wi thi n cow bas is 

a l l  belo nged t o  t he same pop ulat i o n .  Three of t he higher 

corre l at i o ns are as f ol l ows : 

Air  & Re sp i rat io n  r = . 61 3  
A i r  & Ski n Temp erat ure r = . 640 
Ski n Temp era ture & Re sp . Rate r = .661 
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H ow e ve r ,  these e x p lai n a t  t he mos t 407� of t he var ia t io n; 60% 

i s  due t o  o ther fac t or s . 

( 8 ) C urvi l i near re la t i o nships be t we e n a i r  t emp e ra t ure 

a nd ski n temp era t ure , a i r  temperat ure and r e s p i ra t i o n ra t e , and 

ski n tempera t ure a nd re sp i ra t i o n  rate , show non- s i g n i fi ca nce 

for t he fi rs t two b ut not for the l at t e r .  On t he b as i s  of t he 

fac t tha t s i gni f i ca nce va r i e s w i t hi n  e a. c h  se c t i on w he n i ruii vidual 

c o w s  are t e s t e d  a nd the appeara nc e  of t he da ta o n  graphs , 

l i ne a r  re l a t i o ns hi p s  a re de c id e d  up o n .  

Li near  regre ss i o n c oe ff i c i e nt s ,  a i r  and ski n t empe r-

a t ure b 
"j 

= . 31 8 ,  a i r  and re sp i ra t i o n b = 1 . 21 , Ski n T .  & Re sp . b::� 

( 9 ) Par t i a l  c orre lat i o n  a naly s i s show s t ha t  p ulse ra te 

i s  not c orre la t e d  ve r�r s t ro ngly w it h  a ny o the r mea s ureme nt 

take n .  Mul t i p l e  re gre s s i o n c oe ff i c i e n t s  g i ve a large r R fd>r 

a i r  t emperat ure and p u l se t ha n  t he ordi nary gross c orre la t i o n. 

Eve n s o ,  i t  i s  s t i l l  ve ry smal l a nd e xp l ai ns b ut a smal l 

p ropor t i o n  of t he t o t al va r i a nc e . Ove r  t he ra nge of ai r 

t empe ra t ure s t e s te d ,  p ulse r a t e  doe s not appear t o  yi eld a ny  

i nforma t io n  of 8 i gnif i c a nc e  from the p o i nt o f  view of t he 

phys i o l ogy of he a t  reg ul a t i o n .  

( b )  D i urna l T e s t . 

As w i t h  o ut s ide data a hi ghly s i g ni f i c a nt d iffe rence 

b e twe e n  a nima l s  was fou nd for b ody temp e ra t ure , re s p i ra t i o n  ra t e  

a nd p ul s e  ra te , t he l a. t t e r two be i ng  c hara c t e ri s t ic o f  t w i n  

pa irs als o .  A l s o  days a nd meas ureme nts �re hi ghly s i gni fi ca nt 

i n  a l l  case s .  

Wi t h  re sp i ra t i on ra t e s , a ma rked fa ll was not e d  w he n  

anima l s  w e re e a t i ng or had t he i r  a t t e nt i o n  d i s t r a c te d . P ul s e  

rat e s  w e re ve ry h i gh t hr o ug hout t he t r ial . I t  i s  n o t  c l ea r  

w hy t hey sho uld have be e n  h i gh excep t pe r hap s t he e ffec t of 

ad l ib fee d i ng a nd t he fa c t  t hat food was avai lable duri ng t he 

w hol e of a 24-ho ur p e r i od . Vli t ll b ody t empe ra t ure i t  w a s  found 

t ha t  t he re was a h igher re ad i ng i n  t he lyi ng a n imal t he n  t he 

s t a nd i ng o ne . A d i s t i nc t  d i u r na l  t re nd was fo und i n  body 

t emp erat ure w i t h  a max imum at  6 p .m .  and s. mi nimum a t  4 a . m. 
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( c ) Ski n  Tempera t ure . 
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Whe n t he ha i r  of t he a nima l is left  o n, t he ski n 

t empera t ure i s  h igher than whe n t he ha ir i s  c l ipped or sha ved 

off . The ski n t emp e ra t ure of t he e x t reme t ie s  of 3 cows tes ted 

was l ower  t han t ha t  fo und i n  the trunk reg io n .  

VI . CONCLUSION. 

At no s ta ge i n  t he se e x p e rime nt s w a s  t he re a ny s i g n  o f  

s t re s s due t o  e nviro me ntal condi t i ons .  Vlhe t her t hi s  w ould 

apply to lac tat i ng a nimals w i t h  a highe r  hea t  p roduc tion and , 

the re fore , large r heat  di ss ipa t io n , is  not know n. Probably 

lac tat i ng c ow s  would not be affe c ted by the range or air 

temperat ure s avail ab le . 

Ski n  temperat ure me as ureme nts  showed no  diffe rence be twe e n  

a nimals  s o  t hat any differe nce be twee n a nima l s  a s  regards 

s olar radi s.t i on a nd type of hai ry coa t , ditd not i nflue nce ski n 

temp erat ure . Howe ve r ,  i t  i s  p os s ible t hat t hi s  may have b e e n  

brought o u t  i f  many p os i t io ns had been  t ried on e a c h  a n imal . 

Work wi t h i n  t he bar n  s h ow s  how ski n temperat ure var ie s ove r  t he 

animal body ,  and how ski n temperat ure i s  h ig her w i t h  t he hair 

le:rt na t ura l . Mean ski n temp erature :from day t o  day s hows a 

signif i ca nt di ffere nce . The c orre la t i o n  b e twe e n  a i r  t emperat ure 

and ski n temperat ure i s  qui t e  high ,  show i ng t hat e nvir onme nta l  

c ondi t io ns large ly de term i ne t he s k i n  tempera t ure . 

B ody temperat ure s of t he s to c k  w e re not i nfl uenced by 

weat her  c o ndi t i ons expe rie nced i n  t hi s  trial . Pregnancy effec ts 

and d iurnal var iat io n account for mos t  o:r t he variat ion  i n  

body temperat ure . Posi t i on o f  t he animal i s  importa nt w hen  

taki ng b ody t emp erat ure me asureme nt s .  

Re spira t io n  rates  d o  vary w it h  air t emp erat ure a nd beg i n  

t o  i ncrease a t  about 50°F . T he c orrel a t io n  be twe e n  air and 

respira t ion  ra te ove r t he w hole ra nge of air  t emperat ure s i s  

fairly good . Care mus t be t ake n w he n  t aking re sp i rat i o n  rat e s  

t o  s e e  that the a nima l i s  not dis trac ted or has i t s  a t te nti on 
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dive r t ed , o the rw i se a low re sp i ra t i o n  ra te  w i ll  be  r e c orde d .  

Resp ira t i o n  rat e s  are s i g nifi ca ntly d iffe rent  be twee n  a nimals 

and twi n pairs  under t he same c ondi t i ons . 

P ul se rat e s  are a strong a nimal charac teri s t i c  a nd cause 

50% of t he vari at i o n  in t he da t a .  A s igni f i cant d iffe re nce 

be twe e n  days was f ound b ut t hi s  i s  probab ly due more t o  t he 

e ffe c ts of feed and adva nc i ng ges t a t i on,  ra t he r  t ha n  t o  a ir 

c ondi t i ons .  Pul se rates  take n i ns i de a da iry bar n w e re e x t ra­

ord i narily hi gh,  b ut i t  i s  p r obable t hat fee d  was a caus e l  

fac t or .  Pul se ra t e  does no t appe ar t o  be  of  muc h us e a s  a 

mea s ure of a n  animal reac t io n  t o  e nv ir o nme ntal weat he r  c o nd i t i o ns , 

Howeve r ,  at higher a ir tempera t ures i t  may be of use as a n  

i ndica t or o f  t hermal s t re ss , a s  s ome workers - B r ody , Rega n 

and Ri c hardso n - ha ve s howe d how p ulse ra te s de c l i ne af t e r  a­

bout 800F . a i r  t emperat ure . But , t he d iffi c ul ty of cont rol l i ng 

t he great i nfl ue nce of feed o n  p ulse rat e  unde r fie ld c o nd i t i o ns ,  

mak e s  t he i nt e rp re tat i o n  of p ulse ra te da ta  unr e l iable . U nde r 

field  cond i t i ons the n t he re i s  not much po i nt i n  t ak i ng p ul se 

ra te , be cause of  t he effe c t s  of feed,  ne rvo usne ss , ge neral 

co ndi t i o ns be i ng unsat i sfac t ory for ac curat e e st ima ti o n  o f  t he 

s ignif ic a nce of p ulse rat e s .  

T h i s  w o rk was carried o ut unde r fai r ly c o o l  c o ndi t io ns 

w i t h  a ma x imum f or o ut si de mea s ureme nt s  of 67°F . a nd  fo r i ndoo r  

measurements  of 74°F .  Re sp i ra t i o n  ra te s we re a lways h i gh at t he 

hig her a i r  t emp erat u re s ,  bu t b ody t empera ture s were unaffec t ed . 

Fur the r w ork  needs t o  be taken w i t h  c ow s  i n  milk dur i ng 

t he summe r mo nt hs of the year t o  se e of t he h i �h a ir t empe ra t ures 

affe c t re sp i ra t i on ra t e ,  b ody temperat ure a nd s k i n  t emperat ure s . 

A few re adi ngs o n  lac tat i ng cow s w i t h  a ir t empe rat ure s a t  81 °F .  

have been  carr ied out  dur i ng the  s umrner of 1 950-51 b ut no exce s s­

ively high resp i ra t i o n  ra te s ,  skj_ n  t emperat Llre, a nd no change 

i n  b ody tempera t ur e s ,  were not e d .  1fli t h  t he evide nce of o ve r se a s  

w orke r s ,  80-85°F . is about t he upper  cri ti cal temperat ure leve l .  

New Ze ala nd dai ry i ng areas do not a t t a i n  such high a i r  t emper­

a t ure s , and h ig her temp e rat ure s st i l l  are needed t o  b r i ng 
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about t he r e s ul t a n t  a nima l re a e t i o ns t o  h igh t emp erat ure s , s o  

t hat  Ne w Zealand condi t io ns ma y  n o t  b e  s e ve re e noug h t o  cause 

a r ise of b ody t empe ra t ure . Not o nly is t he a c t ual a ir 

temperat ure imp o rt a nt b u t  the t ime o f  exp osure i s  a fac t or . 

H owe ve r ,  t he nece s s i ty for t he c ow t o  i nc re a se re sp i ra t ion 

rat e  qui te marke dly at  t empera t ure s above 50oF .  may have some 

e f fe c t o n  p roduc t i o n b e c a u s e  of  t he e ne rgy be i ng expe nded i n  

re s p ira t ory moveme nt a nd p os s ib l e  de c re a s e d  graz i ng a c t i v i t y .  

B ut , a i r t emp erat ure i s  not t he o nly fac t or i nvol ved , 

solar rad ia t i o n  ca n i nf l ue nce the heat l o ad to b e  di ssipa t e d  

and t hi s  may b e a p os s ibl e fac t or u nde r New Zealand c o ndit ions .  

T he l i t t le w o r k  w h i ch has bee n d o ne ,  i ndi ca t e s  t ha t  wi t h s olar 

radiat i on o n  ho t s ummer days , b ody t emp e ra t ure does not ri se . 

Howe ve r ,  t h i s  does not ne c e s sa r i ly i nd icate t hat s olar 

radia t i o n  he s no e f fe c t . T he c ow may de c re a se i ntake a nd 

reduce p rod �c ti o n t o  cut dow n i t s  i nt e r nal heat l oad be cause 

of he a t  be i ng abs orbed from radia t i o n .  �here may be some th i ng  

of a balance se t up s o  t hat b ody t emp e r a t ure s t i l l remai ns 

norma l . B u t  t hi s  doe s  not ne ce ssari ly mea n  t hat  s o lar 

rad iat i o n  is u nimp o rta nt .  I t  may yet p rove to be qui te a n  

imp or t a n t fac t or ,  e ve n  unde r New Ze aland cond i t i o ns .  work 

needs to be  carri ed out to fi nd the amount a nd i nt e ns i t y o f  

s olar rad ia t i o n, i nc i de nt ove r  var i o us par t s  of New Zealand 

par t icularly dur i ng the s wnme r  m o n t hs . A n  e st imat e o f  t he 

ab s orp t i on a nd refle c t i o n  of s ol ar radi a t i o n o n  t he hide s  of 

a nimal s i n  conj unc t i on w it h  i nf orma t i o n o n  ra di a t i o n  i nc ide nce 

a nd d-i s t ribut i on may y i e ld va l uable i ndi cat i o ns as t o  w he ther 

s olar radia t i o n  i s  l ike ly to be a fac t o r  i n  New Zealand da i ry 

c ow p r od uc t i o n .  

. . . . . . . . . . . . . . . . . . . . . . 
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APPEND IX 1 .  

PRELIMm.ARY SKIN TEMPERATURE D.AT.A. 

Data _ for de te rmin ing intv,,-cl ass correlat ions. 

' 

26th March, a,m, 

TWJ N  NO . POS IT ION . TWIN NO . POS ITION . 

LEFr HIP .  RIGhT HIP . B.AUK. LEFT HIP . RIGHT H IP .  BACK . 

26 9 5. 0 95. 8 95 . 4  58 92 . 4 91 . 6 93 . 8  
9 5. 4 9 5. 4  9 5. 8 91 . 0 91 . o  92 . 8 
9 5, 0 95 . 4 9 5. 8 91 . 0  91 . 6  93 . 3 
95. 0 95. 4 95 . 0 92 . 0 9 2 . b 93 . 3  
94. 6 95 . 4  95. 8 92 . 0 92 . 0 9 3 . 3 
94 . 6 9 5 . 0 94 . 6  91 . 6  92 . 0  93. 3 
95 . 4 95. 1+ 9 5 ,4 91 . 6 92 . 4 92 . 0 
9 5. 0 9 5 . 4  9 5. 4 92 . 4 92 . 6  93. 3 
95. 0 95 . 0 95 . 4 92 . 4  9 2. 0 93 . 3 
9 5 - 4 95 . 4 95 . 0 92 . 4  93 . 3 94. 2 
9 5. 0 9 5 . 0  9 5 . 0 91 . 6 9 2 . 4  94. 2 
9 5 . 0 94. 6 9 5 . 0  92 . 0 92 . 0  93 . 8  

40 93 . 7 95 . 0 94. 6 55 94 . 2 95. 4 9-5 . 0 
94 . 2 95. 0 94 . 2 9 5. 0 9 5. 0  9 5. 0 
94. 2  94. 6 94. 6 94. 2  9 5. 0 95. 0 

9 3 . 7 94 . 6 9 4. 6  94 . 2 9 5. 4  9 5 . 0 

93. 7 9 5 . 0 �- 5 . 0 95 . 0 9 5 . 4 9 5. 4 

94 . 6 9 ) . 4  95 . 0 95 , 4  9 5 . 0 9 5. 4  
94. 2 94. 2 95. 0 95 . 0 9 5 . 4 9 5. 4 

94. 2  94. 2 95 . 0 94. 2 95 . 0 9 5. 0 
9 3 . 4 94. 6 94. 6 94 . 6  9 5. 0 95. 0 

94. 2 94 . 6 95 . 4 95 . 0 9 5. 0 94. 6 

94. 2 94 . 2 9 5 . 0 95 . 4 94. 2 9 5. 4 
93. 6 9 5 . 0 9 5 . 4 95 . 0 95 . 0 95. 0 

39 93. 8 94. 6 9 5 . 0 
03 

n 94. 2  93 . 3 :;; . o 
93 . 3  94. 6 94 . 2 

93. 3 93 . 8  94. 2 

93. 3 94. 6 95 . 0 

93 . 8  94. 2  95 . 0 

93. 8 93. 8 94. 2 

9 3. 3 94. 2 94 . 2 

93 . 3 94 . 0  94 . 2 

93. j 9 3 . 8 94. 2  
0 -:1:  � 93 . 8 94. 2 
./ ..I • ..I 

94. 6 93. 3 95. 0 
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5th Ap r il.  

AiM. P.M. A. M .  �· 
TWIN NO. THURL HIP TWCUN NO . THURL H IP  !!aN NO . THURL m TWIN NO . THURL HIP 

25 94. 8 96 . 8 25 9 5. 8  95. 4 69 94. 2 94. 6 69 87. 2 84. 6 
95. 0  95. 9 9 5 . 9 95 . 4  94. 2  95. 0  86. 8 84. 1 
95. 8 96 . 3 95. 9 95. 0 9U. 6 9 5. 0 86. 4  84� 6  
95. 0 96 . 3 9 5 . 9 9 5. 9 94. 6 94. 6 86. 4 84. 6 
9 5. 0 95. 9 94. 6  94. 6 95. 0 94. 6 85. 4 83. 7  
95. 4 95. 4 9 5 . 4 95 . 9 94. 6 9 5 . 0 85 . 4. 83. 7 

49 93 . 2 95. 0 49 91 . 6  89 . 8  32 87 . 6 88. 4 
93 . 7  9 5. 0 92 . 4  90 . 2 87 . 2  88. 9 
93 . 2 9 5. 0 9 2 . 4  90 . 2 88. 4 90 . 2  
93. 7 9 5. 4 93. 2 90. 1 87. 6 9 0 . 2 
9 3 . 7 9 5. 0 92. 8 89 . 8  88. 9 90. 7 
9 2 . 8 95. 9 9 1 . 6  91 . 3 89. 4  90 . 7  

90 93 . 7 95 . 4 90 9 1 . 6  90 . 2  58 90 . 7  92 . 0 
9 5. 0 95. 0 89 . 8 88. 9 91 . 3  9 1 . 3  
93. 7 94. 2 90. 7  89 . 4 91 . 3 89 . 8 
93 . 7 94. 2 9 2 . 4 89 . 8 90. 7  89 . 8 
94. 2  94. 2  9 2 . 4  90 . 7  9 1 . 3 90. 2 
93 . 2  92 . 4  92 . 4 91 . 6  90 . 7  90. 7 

70 93. 2 92 . 4 70 89 . 8  86 . 4 31 90. 7 90 . 7 
93 . 2 9 2 . 8 89 . 4 85. 1.:. 90. 7 91 . 3  
92 . 8 9 3. 2 88 . 0 84. 6 89 . 4 9 1 . 6  
93 . 2 9 2 . 8 88. 4 84. 6 69 . 4  91 . 6 
92 . 4  92 . 4  88 . 0 84 . 1 90. 2  91 . 3 
93. 2 92 . 4 87 . 6 82. 8 90 . 2  90 . 7 

26 9 5 . 0 9 5 . 0 26 93 . 7 92. 8 55 88. 4  92 . 8 
9 5. 1 95. 0 92 . 8 93 . 2 90. 7  92 . 8 
94. 2 94. 2 93. 7 9 2 . 8 91 . 3  92 . 8 
94. 2 94. 2 94. 6  94. 2  92 . 8  92 . 8 
9 2 . 4 9 5 . 4 95. 0 93. 2 92. 4 92. 4 
92 . 0  94. 6 93 . 2 9 2 . 4 92 . 4  92. 0 

50 93 .  7 94. 6 50 90 . 7  91 . 3  
93 . 7  94. 6 92 . 0  92 . 0 
92 . 4 94. 2 92 . 8  92 . 4  
93 . 2 95 . 0 9 2 . 8 93. 2 
94. 2  94. 6 9 2 . 8  92 . 8 
93. 7 94. 6 9 3. 2  93. 2  

89 94. 6 94. 6 89 88. 0 82 . 4  

9 5. 0  95 . 0 87. 6  83 . 2 
94. 6 9 5. 0 89 . 4 83. 2 
9 5 . 4 95. 9 90 . 7 84. 6  
95. 9 9 5. 9 9 1 . 6 8,3 . 2  
9 5. 0 95.4 89 . 8 82. 4 
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26 th March, p.m. 

TW rn NO . p 0 s I T I 0 N .  

1 . 2 . 3 .  4. 5 .  6 . 7 . B .  9 . 

2 5 9 5 . 4 94. 6 88, 0  96 . 8  9 7 . 2 9 5. 0  96 . 8  85 . 0  93 . 8 
9 6 . 4  9 5. 0  83 . 7  87 . 6 96 . 8 94. 6 96 . 4 9 5 . 4 94. 6 
9 5. 0  93 . 8  85 . 4  87 . 6 87 . 6  83 . 8  96 . 0  9 5 . 8 9 2 . 8 

26 93. 7 9 3 . 7 85 . 4  85. 4 9 7. 6  93 . 2 93 . 7 94. 6 92 , 0 
94. 2 9 3 . 0  85. 4 9 5. 0 96 . 3  9 2 . 0  9 3 . 2 9 3 . 2 93 . 2  
9 3 . 0  92 . 8  83 . 7  94. 6 96 . 8 9 3 . 2  9 2 . 4  92 . 4  9 1 . 6 

39 95 . 9 9 5 . 0  81 . 9  96 . 8 9 6 . 8  94 . 2 9 5. 4 9 5 . 9 9 6 . 3 
9 5. 4 9 5 . 0  82 . 4  96 . 3 96 . 3 92 . 4 9 5 . 9 95 . 4 95 . 9 
9 5 . 4 9 5 . 0 85 . 4 9 7 . 6  96 . 3  92 . 4 9 5. 4 9 3 . 7 9 5. 4  

40 95 . 0  94 . 6  81 . 4  96 . 8 9 7  • .  �� 91 . 6  91 . 6 96 . 8 93 . 7 
9 5 . 0 9 2 . 4 83 . 7 96 . 8 96 . 8 89 . b 03 � .I • :J 9 5 . 4 93 . 7 
94. 8 9 2 . 4 84. 6 96 . 8 96 . 8 90 . 7  9 2 . 6 94. 8 91 . 3 

55 92 . 2 9 2 . 0 83 . 5 9 5 . 4 96 . 8 91 . 3  9 5. 0  9 5 . 7 92 . 8  
92 . 6 92 . 2 84. 1 9 5 . 9 95 . 9 9 2 . 8  94. 4 9 5. :; 94. 2  
93 . 2  93 . 7 64. 1 9 5 . 2 9 6 . 1  90 . 2  93 . 9 9 5 . 7 94. 6 

58 93 . 7 9a . 4  84. 6 9 5 . 4 96 .  d 91 . 6  94. 6 9 ;:: . 6  91 . 5  
93 . 7 9 2 . 8 83 . 2 94. 6 9 5 . 6 90 . 2 94. 2 93 . 7 90 . 2 
93 . 2 9 1 . 6  85 . � 94. 6 9 5 . 4  89 . 8  9 2 . 8 9 1 . 3  9 2 . 0 



1 st Apri l .  

Twin No . 
1 • 2 . 

32 4l2 . 8 9 5 . 9 < ; ? 4 96 . 8 •' '- . 
9 3 . 2 9 5 . 9 
93 . 2 9 5 . 9 
93 . 2 9 5 . 9 
9 3 . 2 9 5 . 9 

31 94. 6 94. 6 
9 3 . 2 95 . 0  
93 . 7  9 5 . 0 
9 5 . 0 95. 4 
9 5 . 0  9 5. 9  
9 5 . 4 96 . 3  

49 93 . 7  93 . 7  
95. 0 95. 0 
9 5 . 0 95 . 0  
95 . 0 94. 6 
93 . 7 94. 2 
94. 6 94 . 6 

50 92 . 4 95. 0 
9 2 . 4  93. 7 
9 2 . 8 95. 0 
92 . 4  93 . 7  
92 . 4  93 . 2  
92 . 4 94. 2  

69 94. 6 95 . 9  
9 6 . 3  95 . 4 
95. 4 94. 2 
9 5 . 4  94 . 2 
9 5 . 0 9 5 . 0 
9 5 . 4  95 . 0  

70 9 . 54 9 . 59 
9 . 59 9. 59 
9 . 54 95. 0  
9. 59 os (.. :;; • ..1 

9 . 59 95 . 4  
9 . 54 9 5. 9 

A.  M .  

POS IT ION . 
3.  

9 7 . 2 
96 . 8 
97 . 2  
96 . 8 
9 5 . 9 
9 5 . 4 

9 6 . 8 
96 . 3  
95 . 4 
9 5 . 4 
94. 6 
95. 4 

94 . 6 
93 . 7 
94. 2 
92 . 8 
9 2 . 0 
92 . 0 

92 . 8 
93 . 7 
93. 2 
9 2. 8 
92 . 8  
92 . 8 

93 . 7 
94. 6 
94. 2 
94. 2 
93. 7 
94 . 2 

9 5 . 4 
95 . 0 
94 . 6 
95. 4  
94. 2 
95 . 4  

4. 
9 2 . 4  -
9 2 . 0 
92 . 0 
93. 2 
92 . 0 
9 2 . 4 

9 5. 0 
94. 2 
94. 6 
92 . 4  
93. 7 
93. 2 

93 . 7  
94. 6 
9 5. 4 
94. 6 
95. 0 
9 5 . 0 

93. 2 
9 2 . 8 
92 . 4 
92. 4 
9 3 . 7 
92 . 4  

9 2 . 8 
93. 2 
92 , 4  
92 . 8 
9 3 . 2 
93 , 2 

92. 4 
90 . 2 
92 . 4  
92 . 0 
91 . 6 
91 . 6  

APPEND IX I 

5 .  
9 3 . 2 
9 4 . 6 
9 4 . 2 
94. 6 
9 5. 0  
9 5 . 0 

94 . 2 
93. 7 
9 3 . 7 
94. 2 
94. 6 
93 . 7 

93 . 2  
94. 2 
93. 7 
93 . 7  
93. 2 
94. 6 

90. 7 
9 2 . 8 
91 . 6 
q o 7 � . 
91  . 3  
91 . 6 

9 3 . 7 
92 . 8 
94. 2 
94 . 6 
9 5 . 0 
9 5 . 4  

9 5 . 0 
95 . 0 
94. 2 
94. 6 
9 5 . 0 
95 . 9 

(CONT . ) 

P . M . 

TW IN NO . POS IT ION . 
./' 2 . 3 .  4. 5. j • 

25 �6. a 9 7 . 6 99 . 3  9 5 . 9 9 5 . 4 
97 . 2 9 8. 4  9 9 . 3 9 5 . 9 9 7 . 2 
9 6 . 8 9 7 . 4 9 9 . 3 9 5 . 4 96 . 3  
96 . 8 9 7 . 6 9 8. 4  9 5 . 9 9 5 . 9 
9 7 . 2 9 7 . 6 9 8 . 4  -�5 . 9 9 5 . 4  
9 7 . 2 9 8 . 9 9947 96 . 3  99. 11 

26 9 5 . 9 9 7 . 2  1 00 . 6 95. 0 9 5 . 4  
9 6 . 3  96 . 8  1 00. 1 95 . 4  96 . 3  
9 7 . 2 98. 0  1 00 . 6 9 5. 4 9 5 . 4 
9 7 . 2 9 7 . 6  1 00 . 6 95 . 4  86. 3 
9 7 . 2 9 7 . 2 1 00 . 1  95. 0 96 . 3  
96 . 8 96 . 3  9 8. 4  95. 0 9 5 . 4 

70 9 5 . S 9 8 . 0 9 7 . 2 95. 0 96 . 3  
9 5 . 9 9 5. 4 93. 2 93. 7 95. 4 
96 . 8 96 . 8 94. 6 94. 6 9 7 . 2 
9 5 .  s 96 . 3 96 . 3 94. 2 9 5 . 4 o s , , :;; • j 95 . 9 9 5. 9 9 5. 9 94. 6 
9 5 . ::; 9 5 . 9 94. 6 9 5 . 0 9 5 . 9 

69 94 . 6 93 . 2  92 . 8 93. 7 95 . 0 
93 . 2 94. 6  94. 2 9 3 . 7 96 . 0 
9 3 . 2 95 . 0 94. 6 93. 7 9 5 . 9 
94 . 6 9 7 . 2 94 . 6 93 . 2 96 . 3  
94 . 2 9 7 . 2 95. 9 94. 2 9 5 . 0 
94. 6 9 6 . 8 95. 0 94. 2 96 . 3 

58 96 . 3 9 8. 0 1 00 . 6 9 3 . 2 9 5 . 4  
96 . 3  9 7 . 6  1 00 . 1 9 3 . 7 95.4 
96 . 3 9 8. 0 1 00 . 1  93. 7 9 5 . 4 
9 5. 9 9 7 . 6 1 00 . 6 93 . 2  9 5. 9 
9 5 . 4 9 5 . 9 97 . 2 9 3 . 7 9 5. 4  
9 5 . 0 95 . 4 95�9 94. 6 9 5 . 4 

55 94. 2 95 . 9 9 6 . 3 93. 7 95 . 9 
94. 6 9 5 . 9 97 . 6 94. 2 9 5 . 9 
9 5. 0  9 6 . 8 9 8. 9 94. 2 9 5. 9 
95. 0 9 7 . '2. 9 b . 4 94. 2 9 .?. s 
94. 6 96 . 8 9 9 . 3  9 3 . 7 96 . 2 
94. 2 96 . 8 98. 4 93. 7 96 . t 



APPENDIX I (CONT. ) 

�th Apri l.  A.  M. � POSIT IONS. � 
Twin No. Thurl. Hip. · Twin No. Thur1 . Hip. Twi n  No . Thurl. Hip. 

25 94. 8 96 . 8 25 95- 9 95- 4 32 87. 6 88. 4 95. 0 9� . 9  95- 9 95· 4 87. 2 88. 9 95. 9 96. 3 95. 9 95. 0 88 . 4  90. 7 95. 0 96. 3 95- 9 95- 9 87. 6 90. 2 95. 0 95 . 9 94. 6 94. 6 88. 9 90. 7 95. 4 95· 4 95. 4 95. 9 89. 4  90. 7 
48 93. 2 9 5 . 0 49 91 . 6 89. 8 58 90. 7 92 . 0  93 . 7  95. 0  92 . 4  90. 2 91 . 3  91 . 3 93 . 2 95. 0 92. 4  90. 2 91. 3 89. 8 93. 7 95. 4 93. 2 90. 1  90. 7 89 . 8  93 . 7 95 . 0 92 . 8  89. 8 91 . 3  90. 2 92 . 8  95 . 9 91 . 6 91 . 3 90. 7 90. 7 
90 93 . 7 95 . 4 90 91 . 6  90. 2 31 90. 7 90 . 3  95. 0 95. 0 89. 8 88. 9 90. 7 91 . 3  93 . 7 94. 2 90. 7 89. 4 89. 4 91 . 6 

93· 7 94. 2 92 . 4 89 . 8  89 . 4 91 . 6 
94. 2 94. 2 92 . 4 90 . 7 90. 2 91 . 3 
93 . 2 92 . 4  92 . 4  91 . 6 90. 2 90 . 7 

70 93 . 2 92 . 4 70 89. 8 86. 4 55 88 . 4  92 . 8 93. 2 92. 8 89 . 4  85. 4 90 . 7 92 . 8 
92 . 8  93. 2 88. 0 84. 6 91 . 3 92 . 8 
93 . 2 92 . 8  88. 4 84. 6 92 . 8 92 . 8 92 . 8  92. 4 88. 0 84. 1 92 . 4  92. 4 
93 . 2  92 . 4  87. 6 82 . 8  92 . 4  92. 0 

2 6  9 5 . 0 95 . 0 26 93. 7 92 . 8 
95 . 1 95 . 0 92 . 8  93. 2. 
94. 2  94. 2 93. 7 92 . 8  
94. 2 94. 2 94. 6 94. 2 
92 . 4 95 · 4 95. 0 93. 2 
92 . 0 94. 6 93. 2 92 . 4  

50 93. 7 94. 6 50 90. 7 91 . 3 
93. 7 94. 6 92. 0 92 . 0  
92 . 4  94. 2 92 . 8  92 . 4  
93 . 2 95. 0  92 . 8 93. 2 
94. 2 94. 6 92. 8 92 . 8 
93. 7 94. 6 93. 2 93. 2 

89  94. 6 94. 6 89 88. 0 82 . 4  
95. 0 95 . 0 87. 6 83. 2 
94. 6 95 . 0 89 . 4  83. 2 
95 · 4 95 . 9 90. 7 84. 6 
95. 9 95 . 9 91. 6 83. 2 
95. 0 95· 4 89. 8 82 . 4  

69 94. 2 94. 6 69 87. 2 84. 6 
94. 2 95 . 0 86. 8 84. 1 
94. 6 95 - 0 86. 4 84. 6 
94. 6 94. 6 86. 4 84. 6 
95. 0 94. 6 85. 4 83. 7 
94. 6 95. 0 85 . 4 83. 7 



APPENDII I (CONTD. ) 
I 
13th April.  � POSI TIONS . 

Twin No . Thurl . Hip. Twin No . Thurl. Hip. 

55 96 . 8 98 . 0  58 94. 6 95. 0  
95. 9 98 . 0 95 . 0  95- 4 
96. 8  97. 6 94. 6  95. 0 

58 97. 6 99- 7 55 94. 2 94. 6 
98 . i 100 . 1 94. 6 94. 2 
97. 98. 0 94. 6 94. 2 

25 97. 6 98 . 0 2 6  95. 0 95. 0 
99. 3  98 . 9 95- 0 95. 0 
99. 3  98 . 9 95 . 0 95. 0 

26 95. 4  98 . 4 25 95- 9 98 . 4 
95- 4 97. 6 96. 3 99- 3 
96. 3  97. 6 96. 3 99- 3 

89 98 . 4 99- 3 89 96. 8 96. 3 
98. 0 99· 3 96. 3 96. 8 
98 . 0 99. 3  97. 2 96. 3 

90 96. 3 98. 9 90 95- 9 95- 9 
96 . 8 98. 9 96. 3 95. 4 
96. 3 98 . 9 96. 8 95. 4  

70 97 . 6 96 . 8 70 95- 9 94. 6 
98. 0 97. 2 96. 3 94. 6 
98. 4 96. 8 96. 8 94. 6 

69 99 . 7  98. 4 69 95. 9 95- 4 
99. 3  98. 4 96 . 3 95- 4 
99. 7  99. 3  95- 9 95 . 0  

31 98 . 0 97. 6 32 93 . 2 92 . 4 
97. 6 97. 2 93- 7 92 . 8 
96 . 8 97. 2 93- 7 92 . 8 

32 96. 3 97. 2 31 95- 4 95. 0 
96. 3 97. 2 95. 9 95. 0 
96. 8 96 . 3 95 . 9 95- 4 

49 97 . 6 97. 6 49 95. 0 94. 6  
97. 2 97 . 6 95. 0 94. 6  
96 . 8 97. 6 95 . 0 94. 6  

50 97. 2 94. 6 50 95 - 4 93- 7 
96. 3 95. 0 95- 4 94. 6 
96. 8 95· 9 95- 4 94. 2 



APPENDIX I ( CONTD. ) 

POSITIONS . 

14th April . A.  M. P. M. P. M. 

Twi n  No . Thurl . Hip. Twi n No . Thurl . Hip. TWi n No . Thurl. ill:.l2.:. 

58 94. 2 94. 2 58 96. 3  96 . 8 58 94. 6  95. 0 
94. 2 94. 6 96. 3  96 . 3 95 . 0  95. 0 
94. 2 94. 2 99. 4  95· 9 9 5. 0  95. 0 

55 94. 6 94. 2 55 94. 6  95· 4 55 94. 2 93. 7 
95. 0 94. 2 95. 0 9 5. 0  95· � 93· 7 
95. 0 93 .. 7 95. 0 95 . 4 94. 93. 2: 

25 95. 0 95. 0 26  95· 4 96. 3  2.6 95. 0 95. 4 
94. 6 95. 0 95. 9 .  96 . 3  94. 6 95 . 0 
95. 0 95. 0 95. 0 96. 3  95. 0  95. 0 

2 6  94. 6 95 . 0  2:5 96. 8 95- 4 25 95. 4 94. 6 
94. 2  95. 0 96. 8 96 . 3  94. 6 94. 6 
94. 6 94. 6 96. 8 95· 4 95· 9 95· 0 

90 94. 2 94. 6 90 96 . 3 96 . 8 90 95. 4 94. 6 
94. 2 95 . 4  96. 8 96 . 3 95. 9 95. 0 
94. 2 95. 0 96. 3 95 · 9 95· 9 95. 4 

89 94. 6 94. 2 89 96. 3 95 . 9 89 96. 3 95. 9 
94. 2 94. 6 96. 8 95· 9 96. 8 95. 4 
94. 2 93. 7 96. 8 95 · 9 96. 8 96. 3 

70 93. 7 93. 2 70 95 . 0  94. 2. 70 93 . 7 93. 2  
93. 7 92 . 8 95. 0 93 . 7  94. 2 93. 2  
94. 2 93. 2 95. 4 94. 6 94. 2 93. 2 

69 93. 2 93. 7 69 94. 2  95 . 0 69 95. 0 94. 6 
93. 7 94 . 6 95. 0 95 · 4 94. 6 94. 2 
94. 6  93 . 7  95 . 4 95. 0  94. 6 94. 6  

32 93. 7 95 . 4 32 94. 2 94. 6 32 95. 0 95 . 0 
93. 2 95 . 0  94. 6 9 5. 0  95 . 0 95 . 4 
93. 2 95 . 0 94. 6 95 . 4 95. 0 95· 4 

31 93 . 7 96 . 3 31 96. 8 95 . 0  31 96. 3 96. 8 
94. 6  96. 8 96. 3  95 . 4 95. 9 96. 8 
94. 6 96. 3  97. 2. 95 . 4 95. 4 96. 8 

49 93. 2 93. 2 49 95 . 0  95 . 4 49 95 . 0 95. 4 
93. 2 93. 2 94. 6 9 5 . 4 95 . 4 95. 4 
92 . 8 93 . 2 95· 4 96. 3 95. 4 95 . 0  

50 94. 2 94. 6 50 95. 0 94. 6 50 95. 9 94. 2 
94. 6 94. 6  95. 4 95 . 0 95· 4 94· 2 
94. 6 93 . 7  95. 4 95 . 0  95 · 9 94. 6 



TABLE LJ- 7 . 

APPEND I X  I I  

(a) SKIN TEMIE RATUR ES °F 

SETS OF DAYS 

Tw i n  No . 

25 2 6  55 58 69 70 �- 90 31 32 49 50 

2 3rd Apri l a . m. 94. 6 9 3 - 7 94. 2  9 3 . 7 92 . 8 9 2 . 8 94. 2 93- 7 9 5 . 0 93 - 7 9 3 - 7 94. 2 
94. 6 92 . 8 94 . 2  93 . 2 93 . 2 92 . 4 94 . 2 93- 7 94 . 6 9 3 . 2 94. 6 94. 2 
94. 6 9 2 . 8 93- 7 9 3 . 2 93 . 2 92 . 8 94 . 2 9 3 - 7 94. 6 93- 7 94 - 2 94. 2 

a . m. 9 6 . 3 9 4 . 6 95 . 0  9 5 . 0 96 . 3 93. 2 96. 3 9 6. 8 9 7 . 2 9 6 . 8 9 5 . 9 9 6. 3 
9 6. 3 9 5 . 0 94. 6 9 5 . 4 9 6 . 3 92. 8 95- 9 9 6 . 8 9 7 . 2 9 5 . 9 9 5 . 9 9 5 . 9 
95. 9  94. 6  94 . 6 9 5 . 0 9 6 . 3 93- 7 95 . 9 9 6 . 8 9 7 . 2 9 6. 3 9 5 - 9 9 5. 9 

p. m. 96 . 8 9 6 . 8 94 - 8 94. 6 95 - 4 9 5 - 9 9 5- 4 95. 9 9 7 . 6 9 6. 3 9 5 - 4 9 5 - 0 
9 7 . 2 9 6 . 3 9 6. 3 94. 6 9 6 . 3 9 5 . 9 9 5 . 4 9 5 - 4 97 . 2 96 . 3 9 5 - 4 95 . 0 
9 6 . 8 9 6 . 8 96 . 3 9 4 . 6 9 5 - 4 96. 3 9 5 - 4 9 5- 9 9 7 . 2  9 6 . 8 9 5 - 4 95- 4 

p. m. 96 . 8 9 6 . 3 9 6 . 3 9 5 - 4 95 - 4 94. 2 9 5 . 0  9 5 - 4 9 5 - 4 9 5 - 4  9 5 - 4 95 . 0  
96. 3 9 5 - 9 9 5 - 4  9 5 . 0 9 5 - 9 94. 6  95 . 0  9 5 - 4 9 6 . 3 9 5 . 4 9 5 - 4 95- 4 
9 6. 3 9 5 . 4 9 6 . 3 94. 6 95- 9 94. 2 9 5 . 0 9 5 . 4 9 5 - 9 9 5 - 4 9 5- 4 9 5 . 0 

2 7t h  Apr i l  a.  m. 94. 6 94. 6 93. 7 93 . 2 9 5- 0 9 5- 4 93 . 2 9 5. 0 9 5- 4 9 5 . 9 9 2 . 4 93. 2 
95 . 0  9 5. 0 93 - 7 92 . 8 9 5 - 4 9 6. 3 92 . 8 9 5 . 0 9 6. 3 9 5 - 4 92 . 8 93- 7 
9 5 - 4 94. 6 9 3 - 7 9 3 . 2  9 5 - 4 9 6 . 3 93. 2 9 5 - 4 9 6. 3 9 5 - 4 9 2 . 4 93 . 7 

a. m. 98 . 4 9 5 - 9 9 5 - 9 9 6 . 8 9 6 . 3 99 - 7 97 . 6 9 7 . 2 9 9 - 3 94. 6 9 5 - 4 9 5 - 4 
9 7 . 6 9 5 - 9 9 6 . 3 . 9 6 . 8 9 5 - 9 9 9 - 3 98 . 0 97. 2 9 8. 4 94. 6 9 5 . 4 9 5 - 4 
9 7 . 6 9 5- 9 9 6 . 3 9 5 . 0 95 - 9 9 8 . 9 98 . 0 9 7 . 2 9 8 . 9 94. 6 9 5 . 4 94. 6  

p.  m. 9 5 - 9 9 5- 4 9 5 . 0 94 . 6  99 . 3 9 6 . 8 9 8 . 4 9 8 . 0 9 8 . 9 98 . 0 100 . 1 9 9 - 7 
95 - 0 9 5 - 9 9 6 . 3 9 5 . 0  98 . 4 9 7 . 2 98 . 0 98 . 4 9 9 · 3 9 8 . 0 100 . 1 9 9 - 3 
94. 6 9 5- 4 9 5 - 4 9 5 - 4 98 . 0 g6 . 8 9 6 . 8 98 . 4 9 8 . 9 98 . 0  100 . 1 9 8 . 4 

p . m. 9 7 . 2 9 5 - 9 9 6 . 8 9 6 . 8 94. 6 94 . 2 9 5 . 0 9 5 - 4 9 5 . 4 95. 0 9 6 . 3 9 6. 3 
96 . 8 96 . 8 95 - 9 9 6 . 8 94 . 6  94. 2 94. 6 96 . 8 9 6 . 3 94. 6 9 6 . 3 96 . 8 
96 . 8 9 5 - 9 9 5 - 9 9 6 . 3 9 5 . 0 94. 6 9 5 . 0 9 5 - 9 9 5 - 9 94 . 6 9 5 - 9 9 6. 8 

4t h  May a .  m. 94. 2 92 . 0 92 . 4 92 . 0 92 . 8 90 . 7 93 . 2 93 . 2 92 . 0 91 . 3 9 2 . 4 94- 2 
94. 2 92 . 4 92 . 8 92 . 4 9 2 . 8 90 . 7 9 3 - 7 93. 2 92 . 0 91 . 6 92 . 8 93 - 7 
94. 2  9 1 . 6 92 . 4 92 . 4 92 . 8 90 . 7 93 . 2 93. 2 9 2 . 4 9 1 . 6 9 3 . 2 94- 2 

a . m. 93. 7 9 3 . 2 93 . 2 9 2 . 0 92 . 0 93. 2 93. 2 9 1 . 3 92 . 4 92 . 0  9 2 . 8 93. 2 
94- 2 92 . 8 92 . 8 92 . 0 92 . 0 9 3 . 2 93 . 7 9 1 . 6 92 . 0 92 . 0  9 2 . 8 93. 2 
94. 6 92 . 8 9 2 . 8 9 2 . 4 9 1 . 3 92 . 8 93 . 2 91 . 6 93- 7 92 . 0 92 . 8 93 . 2  

p . m. 94 . 6 94. 6 94 . 2  9 3 - 7 9 5 . 0 94. 2 94. 6 9 5 . 0  94. 6 9 3 - 7 9 5 . 0 9 6. 3 

94. 6 94. 6  94 . 2 94. 6 9 5 . 0 94 . 2 94. 6 9 5 ·  0 94. 6 94. 2 9 5 . 0 9 6 - 3 
94. 6 94. 6 94 . 2 94 . 2 9 5 . 0 94 . 2  9 5. 0 9 5 . 0 94. 6  94. 2  9 5 . 0 9 6. 3 

p. m. 9 5 - 9 9 3 - 7 :14- 2 9 6 . 8 92 . 8 9 2 . 8 93. 7 9 5 . 0  94- 2 9 5 - 0 9 6 . 3 9 6. 3 
9 5 . 9 94- 2 93. 7 9 6 . 8 92 . 4 93- 2 93.  7 9 5 - 4 94. 2 9 5 . 0 9 5 - 4 9 5 - 9 
9 5 - 9 94. 6 93 - 7 9 6 . 8 92 . 8 92 . 8 93. 7 9 5 . 0 94. 6 95 - 0 9 5 - 4 9 6 . 8 



- - -- -

APPENDIX II (CONTD. ) 

SKIN TEMPERATURE3 (CONTD. ) 

Twin No . 

25 26  55 58 69 70 89 90 31 22 �:z �0 

91. 3 92 . 0  92 . 0  92 . 4 93. 2  . 93 - 7  93- 7 94. 2 94. 6 95. 0  93- 7 94- 2 
17th May p. m. 91. 3 92 . 4 92 . 0 92. 8 93- 2 . 93. 7  94. 2  94. 6 95. 0 94. 2  93- 7 94. 2 

91 . 3  92 . 4 92 . 0 92. 8 92 . 0 93. 2  93- 7 94. 6 95. 0  94. 2 93. 2 94. 6  

95. 0  95- 0 94. 6 94. 2  94. 6 93. 7 95 . 0  94. 6 95. 0 95- 0 94. 2 95 . 0 p. m. 9i). O 95 . 4 93- 7 94. 6 94. 6  93- 7 95- 0 95. 0  95. 0 95- 0 94. 2  94. 2 
95 . 0  95- 4 94. 2  94. 6 94. 6 94. 2  95. 4 95 . 0 95 . 0  95 . 0  93- 7 94- 2 

93. 7 94. 2 94. 2 93. 2  93 - 7 92. 4  92 . 8 94. 6 94. 2  94 . 6 91 . 6 94. 2 p. m. 93. 7  94. 6 93- 7 93- 2 ' 93 - 2 92. 4 92 . 8 94. 2 94- 2 94. 2 92 . 0 93 - 7  
93 - 7 94. 6 94. 2 93. 2 93. 2 92 . 4 93. 2 94. 2 94. 2 94. 2 92 . 0  94. 2 

92 . 4 92 . 0 93- 2 92 . 8 93- 7 93. 7 93. 2  92 . 8 93. 2 93 . 7 93- 7 92 . 8 
18th May a. m. 92 . 4 92 . 0 92 . 8 92 . 8 94 . 2  92. 8 94. 2 93 . 2  94. 2 94. 2 93. 7 92 . 8 

92 . 4 92 . 0 93- 7 92 . 4 93. 7 92 . 8 94. 2 93. 2 94. 2 93. 7 93- 7 92 . 8 

91 . 6 92 . 8 92 . 8 92 . 4 95. 0 93. 7  96. 3  93 · 7 95. 9 95 - 4 95. 0 94. 2 
a .  m .  91. 6 92 . 8 92 . 4 92 . 0  95 . 0 93 . 7  96. 3  94. 6 96. 3 95 . 0 95- 4 94. 6  

92 . 0 92 . 4  92 . 4 92 . 4  95- 4 93- 7 95. 9 93- 7 95- 9 95 . 0 95. 4 94. 2  

9 5. 4 95 - 4  95 . 0 94. 6 95- 4 93 . 2  95. 0 94. 6 95 . 0 95 . 0 95 . 9 94 . 6  
p. m. 95 - 4 95 - 9 95 - 4 94. 2  95. 0 93. 2 95. 0 94. 6 95 . 0  94. 6 95 - 4 94. 2 

94. 6 95 - 9 95- 4 94. 2  94. 6 93 . 2 94. 6 94. 6 94. 6 94. 6  95- 9 94. 6  

92 . 8 93 . 2 94. 2 94. 6 92 . 8 93- 7 94. 6  94 . 2 94. 2  94. 6 96. 8 9 5 . 0  p. m. 93 . 2 93- 2 93- 7 94. 6 92. 8 93. 7 95- 4 94. 2 93. 2 94. 2  96. 3 95 - 0 
92 . 8 93. 2 93- 7 94. 6  92 . 4 94. 6 95 · 9  94 . 2 94. 2  94. 6  96 . 3 94. 6  

91 . 3 93. 7 99 . 8 91. 6  92 . 8 92 . 0  9l 2 92. 4 93. 2 94- 2 94. 2 93. 2 19th May a. m. 91 . 3 93 - 2 9 8 . 9 91 . 3 92 . 8 92 . 8  9 • 2 92 . 4 93. 2 94. 2 94. 2 93- 2 
90 . 7 92 . 8 99 . 4 91 . 3  92. 4 92 . 8 93- 7 92 . 8 93. 2 93. 7 94. 2 94. 2 

93 . 2 95 . 4 '93 . 7 93 . 2 94. 6 93 . 2 94. 6 94. 2 93 . 7 9 5. 4  93. 2 95 . 0  
a .  m. 9 3. 2  95 - 4 92 . 8 93- 7 94. 6  94. 2  94. 2 94. 2  93 . 2 9 5. 0 93. 2 95 - 0  

93 . 2  95 . 4 93- 7 92 . 8 93- 7 94. 2  94. 6  94. 2  93. 2 95 . 0  93. 7 95 . 0 

95 - 4 95- 4 93- 7 93. 2 94. 6 93. 2 94. 6  94 . 2  93 . 7 95 - 4 93 . 2 95 . 0 
p. m. 95 . 0 95 - 4 92 . 8 93. 7 94. 6  94. 2 94. 2  94. 2 93. 2 95 . 0 93- 2 95 . 0 

95 . 4  95- 4 93 - 7 92 . 8 93- 7 94. 2 94. 6 94. 2 93. 2 95 . 0 93- 7 95. 0 

92 . 4 93- 7 92. 4 92. 8 92 . 8 94- 2 94. 6 95 . 0  93- 7 95- 4 93. 2  95 . 0 
p. m. 92 . 8 93 . 7 92 . 8 93. 2 93. 7 94. 2 94. 2 95. 0 94. 2  94. 6 93 - 7 94. 2 9 3. 2  93 . 2  92 . 4 92. 4  93- 7 94. 2 95. 0 95. 0 93. 2 95 - 4 93. 7 94. 6 



APPENDIX I I  (CONTD. 2 

SKIN TEMPmATURES (CONTD. ) 

Twi n No . 

25 26 55 58 69 70 89 90 31 32 . 
49 50 

12th June �. m. 92. 8 92. 4 81. 9 89. 4  91 . 3  88 . 0  91 . 6 89 . 8 89 . 8 88 . 9  92 . 8 92 . 4 
92. 4 92. 8 81 . 9 89. 8 91. 6 88. 9 92 . 0  90. 2 90. 2 88. 4 93 . 2 92 . 4  
92. 8 92. 8 82 . 4 89 . 4 92 . 0  88 . 9  91. 6 91. 3 90. 2 88 . 9 93- 7 91. 6  

93 - 7 94. 2 92 . 4 91. 6 91 . 6 93. 7 92 . 4  92 . 8  92 . 0  92 . 8 89 . 8  92. 4 
a. m. 93. 2 93- 7 91 . 6 92 . 0 91. 6 93 . 2 92 . 4  92. 8 92 . 8 92 . 4  90 . 2 92 . 4  

93. 2 94. 2 92 . 4 92 . 0 91 . 6 93 . 2 92 . 4  92 . 8 92 . 4  92 . 8  90 . 2 92 . 8 

p. m. 94. 2 95 . 4 92. 4 93. 7 94. 2  91 . 6  94. 2 9 5 . 0 93. 2 95 . 0 95 . 0 95 - 4 
95 . 0 95 . 4 93. 2 93 . 2 94. 6 92 . 4 94. 6  9 5 . 9 94. 2 94. 6  94. 6 95 - 0  
94. 6 96. 3 . 92. 8 93 . 7 95. 4 92 . 4  94. 2 9 5 . 9 93 . 7 9 5 . 0 95 . 0 96 . 3 

95 . 0 95 . 0 94. 6 95 - 4 95 - 4 94. 2 92 . 8 9 5· 4 95 . 9 94. 6 95 . 9 97 . 6 
p. m. 94. 6 96. 3 95. 0 95· 4 95 · 9 93 . 7 92 . 8 95 . 9 95- 4 94. 2  95 - 9 98 . 0 

94. 6 96 . 3 95'. 4  95 - 4 96 . 3 94. 2  93- 2 9 5. 4  95 . 4  95 . 0  95- 9 97. 6 

94. 2 95 - 9 89. 8 92 . 4  93. 7 91 . 6 95 . 0 94. 6 95 . 0 89. 8 95 . 9  96. 8 
13th  June p. m. 94. 2 95- 9 90. 2 93. 2 93. 7 92 . 4 95 - 4 9 5 . 0 95 . 9 89 � 8 95 - 4 96. 3 

95 . 0 96. 3 90. 2 93- 2 94. 6 90. 7 94. 6 9 5 - 4 95 . 9 90 . 2 95 - 4 96. 3 

94. 6  93 . 2 94. 2 94. 2 95 - 9 92 - 4 94. 6 94. 2  94. 6  9 5 - 4 95 . 0 96 . 3 
p. m. 94. 6 95. 0 94. 2 93- 7 96. 3 93 . 2 94. 6 93 - 7 94. 6 94. 6 94. 6 96. 3 

9 5. 0 94. 6 93. 2 92 . 8 96. 3 92.  8 95. 0 94. 6 94. 6 . 94. 6 94. 2 95 - 9 

14th June a. m. 87. 2 91. 6 89. 4 89. 8 89 . 8 85 . 9 88 . 4  89. 4 93 - 7 88. 9 88. 9 90 . 7 
87 . 2  91. 3 88. 9 90 . 2  89 . 4  8 5 - 9 87. 6 88 . 9 93. 7 88. 4 88. 9 90 . 7 
87 . 2  91 . 6 88 . 9  90 . 2 89. 4 86. 4 87. 6 88. 9 93 . 7 88 . 0  88 . 9 89 . 8 

79 - 7 88. 4 85 . 4  78. 7 88 . 0 82 . 8 90 . 2 90. 2 88. 9 89. 4 90 . 7 91 . 3  
a. m. 79. 2 88. 4 85 . 9  79 . 7 88. 0 82 . 8  90. 2 89. 8 89 . 4  89. 4 90. 7 90. 7 

79. 2 88 . 9 85 . 0  79. 7 87. 6 83. 2  90. 7 89. 8 88 . 9 88. 9 91 . 3 90. 7 

92 . 4 92 . 4 93. 2 93. 2 92 . 4 91. 6 93. 2 92 . 8  92 . 0  92 . 8 91 . 3 92 . 4  
p. m. 92 . 4 92 . 8 92 . 4 92 . 8 92 . 4 90 . 7 92 . 8 92 . 8 92 . 8  93. 2 90. 7 92. 4 

S2 · 8 92 . 8  93. 2 91 . 7 92 . 4 91 . 6 93 . 2  92. 4 92 . 8 92 . 8 90. 7 92 . 4  

92 . 8 92 . 4 92 . 8 92 . 8 92 . 4  88. 4 93- 7 92 . 0 90 . 2 8 5. 0 92 . 4 95 . 0 
p. m. 92 . 8 92 . 4 93. 7 93. 7 92 . 4  88. 9 94. 2 91 . 6 89. 8 85 . 4 92 . 4 95. 0 

93. 2 92 . 4 92 . 8 92 . 8 92 . 0  88. 0 93. 2 92 . 4 . 89. 8 85 . 9 92 . 0 95. 0 



2� 

13th April.  102 . 0 
101. 8 

14th April. 101 . 2 
101. 8 
101. 6 

23rd Apri l .  t 101. 5 
a.  m. 101. 8 

102 . 1 
p. m. 102 . 0 

27th April .  ! 101 . 2 
a. m. 101 . 6 

101. 7 
p. m. 101 . 7 

4th May. r01 . 4 
a. m. 101 . 5 

102 . 0 
p. m. 101 . 9 

17th May. 102 . 4 
102 . 0 
102 . 0 

18th May. t101. 4 
a . m. 101 . 4 

102 . 1  
p. m. 102 . 0 

19th May . rO l .  3 
a . m. 101 . 5  . 102 . 0 
p. m. 101 . 8 

12th June. ! 101 . 4 
a. m. 101 . 5 

101 . 9 
p.m. 101 . 6 

13th June . !100 . 8  
a. m. 100 . 7 

101 . 6 
p. m. 101 . 8 

14th June. !101 . 0 
a . m. 101 . 4 

101 . 6 
p. m. 101 . 1 

26 

102 . 2 
102 . 0 

101. 5 
101 . 6 
101 . 8 

101 . 6 
101 . 7 
102 . 1 
102 . 0 

101 . 3 
101 . 5 
102 . 1 
102 . 1 

10 1. 3 
101 . 7 
102 . 4 
102 . 0  

102 . 4 
102 . 0 
102 . 0 

101 . 2 
101 . 6 
102 . 0 
101 . 7 

101 . 2 
101 . 6 
102 . 0 
101. 8 

101. 2 
101 . 5 
102 . 1 
102 . 1 

101. 1 
101 . 5 
101 . 6 
101 . 9 

101 . 4 
101 . 1 
101 . 3 
101 . 4 

(b) 

55 58 69 

102 . 2 102 . 4 101 . 8 
102 . 2 102 . 4 102 . 1 

101. 6 101. 8 102 . 1 
101. 7 102 . 0 . 102 . 1 
101 . 7 101 . 2 102 . 1 

102 . 0 102 . 3 102. 1 
101. 8 102 . 0 102 . 1 
102 . 5 102 . 3 102 . 3 
102 . 3 102 . 7 102. 5 

101 . 8 101 . 6 102. 1 
101 . 6 101. 5 101. 2 
102 . 3 102 . 2 102 . 8 
102. 1 102 . 0 102. 2 

101 . 4 101 . 3 101 . 6 
101 . 7 101 . 5 101 . 7 
102 . 2 102 . 0 102 . 1 
102 . 4 102 . 1 102. 2 

102 . 2 101 . 9 102 . 0 
102 . 1 101 . 9 102 . 0 
102 . 1 101 . 8 102 . 0  

101. 8 101. 8 101. 9 
102 . 2 101 . 6 102 . 1 
102 . 6 102 . 2  102 . 1 
102 . 5 102 . 0  102. 6 

102 . 0 101 . 6 101. 6 
102 . 0 101. 6 101. 6 
102 . 4 102 . 0  102. 1 
102 . 6 101. 9 102. 1 

101 . 5 102 . 1  102 . 4  
101 . 8 102 . 1 102 . 7 
102 . 3 102. 5 102. 5 
102. 0 102 . 5 102 . 8 

101 . 6 101. 7 101. 5 
101 . 7 101 . 5 101. 9 
102. 0 102. 0 102 . 3 
102 . 0  101 . 8 102 . 5 

101 . 6 101 . 3 101 . 1 
101 . 7 101 . 9 101 . 7  
102 . 2 102 . 3 102 . 4  
102. 6 102 . 1 102 . 6 

APPENDIX II  

BODY TEMPERATURE oF 

DErAILS OF DAYS 
.. 

(SETS) 

TWin No . 

70 89 90 31 32 49 50 
10 1. 9 101 . 9 102 . 5 102 . 2 101 . 8 102 . 0 102 . 1 
102 . 3 101. 7 102 . 4 . 101 . 8 102 . 0 102 . 0 102 . 0  

101 . 7 101 . 3 101. 4 101. 2 101 . 1 101 . 4 101 . 2 
101 . 7  101 . 3 101 . 4 101 . 2 101 . 1 101 . 4 101 . 2 
101 . 9 101 . 6 101 . 9 101. 8 102 . 0 101 . 9 101 . 7 

102 . 0 101 . 7 101. 6 101. 7 101 . 4 101 . 4 101 . 3 
101. 7 101. 3 101 . 7 101. 8 101 . 4 101 . 3 101 . 3 
102 . 3 101. 9 102 . 1 102. 4 102 . 0 101 . 9 101 . 7 
102 . 0 101. 8 101. 8 102 . 4 102 . 0  101 . 9 101 . 7  

101 . 6 101. 1 101. 1 101 . 0 101 . 3 101 . 3  101 . 0 
101 . 7 101. 6 10 1. 6 101. 1 101 . 2 101 . 4 101 . 1 
102 . 1  101 . 8 101. 9 101. 6 101 . 9 10 1 . 9 101 . 8 
101 . 7 101. 7 101 . 9 101. 6 101 . 8 102 . 0 101 . 6 

101. 6 101 . 5 102. 0 101. 3 101 . 6 10 1. 6 101. 5 
101. 7 101. 5 101. 7 101 . 2 . 101 . 4  101 . 2 101. 3 
102 . 1 102 . 1 102 . 5 101. 5 101 . 8 101 . 7 101 . 7 
102. 1 . 102 . 1 102 . 2 101. 9 102 . 2 102 . 2 101 . 9 

102 . 2 102 . 0 102 . 4 101. 8 101 . 4 101 . 7 102 . 0 
101 . 8 102 . 0  101. 9 101. 8 102 . 0 102 . 0  101 . 7 
101 . 9 101. 8 101 . 9 101 . 7 102 . 1 102 . 0 101. 9 

101. 6 101. 3 101. 4 101. 4 101 . 4 101. 2 101 . 0 
101 . 7 101 . 5 101. 7 101. 6 101 . 8 101 . 4 10 1. 1 
102 . 0 101. 6 102. 1 101. 5 102 . 0  102 . 0  101 . 6 
102 . 0  101 . 4 101. 8 101. 6 102 . 0 102 . 2 102 . 0 

101 . 4 101. 3 101 . 5 101. 0 101. 6 101 . 1 101 . 0 
101. 5 101 . 1 101 . 4  101. 5 101. 7 101 . 5 101 . 0 
102 . 1 101. 9 101. 9 101. 7 102 . 2 10'1 . 8 101 . 3 
102 . 0 101 . 6 101. 4 101 . 8 102 . 3 101 . 9 101 . 4  

102 . 0 101 . 5 101. 3 101. 0 101 . 1 101 . 6 101 . 5 
102 . 1 101 . 5 101 . 9 101. 6 102 . 0  101 . 4 101 . 5 
102 . 7 101 . 8 102 . 4 101 . 7 102 . 0 102 . 2 102 . 1  
102 . 5 101 . 9 102 . 3 101. 9 102 . 4 102 . 1 102 . 6 

101 . 1 101 . 1 101 . 4 lOO . 6 lOO. 6 101 . 4 101 . 1  
101. 6 101. 6 101 . 8 lOO.  7 101. 2 101 . 3 101 . 2 
101 . 6 101 . 7 101 . 9  101 . 5 101 . 4  102 . 3  102 . 6 
101 . 9  101. 5 101 . 8 101. 6 101 . 7 101 . 4 101 . 6 

101 . 0 101 . 1 101. 2 101 . 2 101 . 2 101 . 4 101 . 0 
101 . 4 101 . 4 101 . 6 101. 0 101 . 0 101. 5 101 . 5 
102 . 3 102 . 0 102 . 1 101. 1 101 . 7 101 . 7 101 . 6 
102 . 4 101 . 9 101 . 8 101. 8 101 . 9 100 . 7 101 . 7 



2!2 

26th June. �101 . 3 
a .  m. 101. 0 

101. 0 
p. m. 102 . 0  

27th June. �101. 8 
a. m. 101. 8 

101. 6 
p. m. 101. 3 

28th June. l 100. 8 
a . m. 100 . 8 

101. 6 
p. m. 101. 8 

25 

13th Apri l .  38 
38 

lL�th Apri l .  38 
38 
32 

23rd Apr i l. l40 
a. m. 36 

42 
P• m. 32: 

27th Apr i l .  r2 
a. m. 46 

36 
p. m. 31 

4th May . r5 
a . m. 30 

25 
p. m. 3 6  

17th May. 34 
36 
28 

18th May. ro 
a . m. 31 

45 
p. m. 32 

19th May. �33 
a. m. 34 . 33 
p.m� (29 

26 

101 . 6 
101 . 8 
101. 8 
102 . 0 

102 . 4 
102 . 3 
102 . 0 
102 . 0 

101. 4 
101 . 6 
101 . 8 
102 . 3 

2 6  

46 
34 

46 
44 
36 

42 
38 
44 
38 

34 
45 
33 
33 

39 
35 
37 
44 
34 
40 
34 

45 
29 
44 
35 

31 
38 
;m. 
33 

!2!2 !28 62 
102. 0 102 . 0 102 . 3 
102 . 1 101. 9 102. 5 
102. 5 102 . 4 102 . 5 
102. 9 102 . 6 103. 2 

102 . 3 102 . 0 . 102 . 5 
102 . 2 102 . 4 102. 5 
102 . 4 102 . 3 102. 4 
102. 6 102 . 4 102 . 8 

101. 6 101. 7 101. 8 
101. 3  101 . 6 101. 5 
102 . 0 101 . 8 101. 9 
102. 6 102 . 4  102 . 0 

(c) 

/ 

!25 58 69 

32 34 38 
22 24 36 

44 44 48 
52: 40 44 
34 34 34 

52 50 40 
54 56 40 
58 48 36 
60 50 32 

42 43 33 
57 52 37 
60 48 42 
42 39 38 

39 42 30 
42 37 33 
34 33 30 
51 56 32 

40 42 44 
37 42 32 
32 38 36 

45 3 7 40 
52 36 43 
62 55 45 
60 53 33 

33 32 35 
45 51 38 
g3 31 33 
43 38 35 

APPENDIX II  (CONTD. ) 

BODY TEMPERATURE ( CONTD. ) 

Twin No . 

10 82 20 J1 22 !12 !20 

101. 7 101. 7 101. 8 100 . 9 101. 0 102 . 1 102 . 3 
101. 8 102 . 0 101. 8 101. 0 101. 4 102. 3 102 . 4 
102 . 0 102 . 0 102. 4 101. 3 101. 7 102 . 7 103. 0 
102 . 2 102. 3" 102. 6 101. 7 101 . 8 103. 0 102 . 8 

101 . 9 101 . 7 102. 1 101. 0 101. 4 102. 2 102. 7 
101. 8 101. 8 102. 0 101. 3 101. 6 102. 3 102 . 0 
102. 0 101. 8 101. 7 101. 2 101. 6 102 . 4 102 . 6  
101. 9 101 . 8 102 . 0 101 .4 101. 5 103. 2 102 . 6 

101 . 8 101 . 5 101 . 9 100 .4 101. 1 102 . 1 101. 2 
101. 8 101 . 4 101. 9 100. 8 101. 5  102. 1 101. 4 
101. 9 101 . 7  101. 7 101. 8 101. 6 102. 3 lOO . 7 
102 . 0 101. 9 102. 1 101. 6 101. 7 102 . 5 101 . 0 

RESPIRAT ION RATE3LMINUTE. 

DETA ILS OF DAYS . (SETS )  

Twi n No . 

..10 82 90 31 32 49 50 

32 . 46 40 36 30 42 40 
34 38 32 26 30 40 30 

40 50 38 34 28 38 40 
46 44 38 32 32 42 40 
40 40 38 36 34 44 44 

44 56 48 36 32 42 42 
42 56 60 44 40 42 42 
42 48 54 40 46 50 40 
36 6o 50 30 34 44 38 

35 53 52 45 35 37 36 
43 55 56 37 35 37 41 
41 58 59 42 41 51 51 
36 40 45 33 31 40 36 

29 45 52 32 34 39 38 
35 41 45 35 32 41 40 
33 54 43 36 2 6  35 47 
36 58 52 41 40 37 43 

35 45 40 36 40 35 37 
33 44 37 33 34 37 35 
34 41 37 35 . 34 37 37 

47 38 34 34 35 38 39 37 49 54 43 35 43 42 37 44 45 35 33 41 39 31 39 41 35 34 42 42 
42 37 37 30 30 38 38 
12 42 46 36 37 . 41 43 
,30 4� 3.5 34 3] 35 39 
30 41 35 39 34 37 41 



APPENDIX II  (CONTD. ) 

( c) RESPIRATION RATES/MINUTE (CONTD. )  

DETAILS OF DAYS 
(SETS ) 

!!!i n  No . 

25 26 55 58 69 70 89 90 31 32 49 50 

12th June. 21  2 1  20 21 21 20 31 28 23 28 31 28 
22 21  23 32 33 28 32 44 31 32 29 27 
46 52 66 75 38 36 44 46 47 45 49 55 
39 44 56 47 37 31 54 52 46 41 56 52 

13th June . ro 18 18 18 19 19 20 21 19 18 24 23 
a . m. 19 21 23 24 22 20 28 34 22 21 30 . 33 

34 35 39 57 33 25 45 41 36 26 58 60 
p . m. 32 33 32 33 34 26 34 44 38 31 45 44 

14th June. r8 20 21 19 20 21 26 23 24 21 27 27 
a. m. 20 36 24 18 19 19 31 25 21 20 28 28 

26 35 24 23 26 26 37 29 21 21 30 36 
p. m. 27 · 33 21 29 24 22 40 32 21 24 32 39 

26th June. r3 21 19 20 19 23 23 28 19 18 26 21 
a. m. 19 23 21 21 22 22 26 31 21 20 30 28 

27 26 24 18 26 24 25 24 24 21 24 25 
p. m. 19 23 18 23 19 21 21 20 22 26 27 26 

27th June. r3 24 23 22 22 21 24 25 24 24 27 31 
a . m. 25 27 21 23 22 22 27 30 24 25 27 28 

21 30 24 23 22 22 31 28 �� 23 22 26 
p. m. 22 24 25 21 22 20 32 29 20 30 26 

27th June. r2 28 26 27 30 39 39 41 22 26 35 38 
a. r.1. 31 30 37 34 25 44 56 47 26 37 41 44 

25 22 23 22 27 23 2 5 28 26 28 32 28 
p. m.  24 20 18 18 24 23 26 23 24 23 28 28 

( d) PULSE RATES/MINUTE 

DETAILS OF DAYS 
(SETS) 

Twin No . 

25 26 55 58 69 70 89 90 31 32 49 50 

13th Apri l .  66 68 76 78 82 70 86 92 68 70 86 80 
70 74 68 64 76 76 74 78 70 70 92 78 

14th Apr i l .  64 70 70 68 74 78 76 76 70 70 92 78 
62 68 74 78 84 78 82 74 74 70 78 80 
64 66 74 74 82 72 76 68 86 70 74 74 

23rd Apr i l .  � 68 68 84 82 78 72 76 80 68 66 82 80 
a. m. 64 64 76 82 78 66 76 76 60 66 78 72 

68 58 78 82 66 68 76 78 68 70 84 80 
p. m. 66 66 78 78 70 · 68 80 78 64 72 74 74 

27th April. � 66 63 74 67 67 67 74 71 57 62 73 75 
a. m. 60 59 73 69 65 57 70 73 52 59 72 78 

61 63 76 77 74 67 79 76 60 70 80 75 
p. m. 61 63 70 78 71 65 72 70 65 65 80 78 



APPENDIX I I  (CONTD. ) 

(d) PULSE RATELMINUTE (CONTD. ) 

SETS OF DAYS 

Twin No • 

. 

25 26 55 58 69 70 89 90 31 32 49 50 

4th May. r9 66 71 68 66 62 70 66 57 62 79 70 
a . m. 60 60 65 67 63 58 66 64 57 58 72 67 

63 52 73 72 67 67 69 70 67 64 77 79 
p. m. 59 64 76 68 69 64 71 69 67 67 79 74 

17th May. 64 66 80 70 73 68 72 68 71 70 83 80 
62 60 79 67 - 73 61 69 68 68 70 81 82 
65 63 81 69 72 67 74 70 64 70 82 83 

18th May . 67 67 83 75 78 76 76 74 70 69 76 75 
68 65 71 72 76 70 76 73 68 67 77 80 
67 67 81 75 69 77 74 77 73 71 76 73 
67 66 77 80 76 76 76 69 69 68 78 8 1  

19th May. r1 63 80 71 70 67 70 76 58 60 74 74 
a. m. 62 62 75 74 71 68 73 7 6 62 66 75 78 

69 69 80 76 76 75 79 79 69 72 73 81 
p. m. 68 68 79 79 74 72 73 76 67 72 77 82 

12th June. �6o 56 70 74 60 58 64 70 56 60 78 77 
a. m. 55 56 64 71 62 63 71 68 58 57 73 77 

62 59 72 73 68 62 68 78 57 64 72 71 
p. m. 61 61 63 74 63 62 66 71 58 61 74 78 

13th June. ( 56 56 64 68 68 67 59 62 54 56 67 71 
a .m. f 56 56 64 64 60 59 60 66 60 60 65 72 

59 55 66 72 64 62 68 70 56 62 78 . 76 
p. m. 60 58 64 66 64 62 67 68 59 66 74 74 

14th June. 1 52 58 62 64 58 58 61 62 53 54 67 70 
. a . m. 50 55 63 62 57 56 60 61 52 55 68 73 

57 64 69 67 60 62 73 70 60 67 76 78 
p. m. 52 60 70 66 68 62 64 68 57 71 75 80 

26th June. r9 74 . 88 86 76 70 72 81 58 71 81 88 
a. m. 64 72 83 83 74 66 75 77 59 64 83 90 

64 70 89 80 71 66 75 74 62 63 77 83 
p. m. 6o 68 82 75 69 72 73 77 58 68 82 82 

27th June. �73 72 82 80 73 70 79 81 60 72 86 87 
a. m. 71 69 80 76 79 72 75 78 54 68 82 84 

64 71 82 75 80 70 77 81 60 70 82 88 
p. m. 61 73 83 75 78 69 72 78 55 69 81 85 

28th June. 66 68 79 78 69 70 72 81 54 67 84 90 
60 65 76 74 74 72 70 79 52 70 89 92 
6o 62 76 71 70 72 74 75 64 66 81 83 
61 62 73 70 69 73 73 74 53 67 81 86 



APPENDIX I I  (CONTD. } 

(e) AIR TEMPERATURES 

SETS OF DAYS 

Twin No . 

2,2 2 6  22 28 62 10 82 �0 ,21 ,22 �2 20 

13th Apri l .  64. 8 63. 4 62 . 8 64. 0 63 . 9 63 . 5  63 . 0 64. 0 62 . 1 62 . 0  61 . 0  60 . 1  
6o. o  60 . 7  60 . 8 60. 5 58 . 8  59 . 1 59 - 9 59 - 5  58. 0 58. 6 57· 5 56. 6 

14th Apri l .  58. 5 58 . 5 58 . 5 58. 5 58 . 6 58. 6 59 - 3 59 - 5  57. 2 58 . 9 59 · 4  59 . 0  
5 9. 5 59· 4 59. 7 59 . 6 59 . 0 59. 0 59 . 1 59 - 7  59 . 0 . 5 8 . 8 59 - 5 58. 8 
58. 0 58. 2 58. 0 58. 6 57 . 8 57. 8 58 . 2 58. 0 57. 8 57 . 1  57· 5 57 . 5  

23rd Apr i l .  r0 - 5  60 •. 7 59 · 7 59. 3 61 . 0 61 . 0 61 . 0  60 . 9 61. 1 61 . 1 62 . 2 61 . 5 
a . m .  63. 6 63 . 2 62 . 9 62 . 7 64. 3 64. 3 64. 2 64. 4  64. 5 64. 8 65 . 1 65 . 0  

67 . 0  66 . 7  67. 2 66 . 9 66. 5 67. 2 66. 5 66. 5 66 . 8 67 . 2  66. 0 66. 3 
p. m. 69 . 7 65 . 6 66. 1 65 . 9  65 . 1 65. 0  65. 4 65. 8 64. 7  65 . 0 64. 6 64 . 0  

27t h Apri l .  r7 ·  7 58 . 0 57 - 0  57 . 5 59 . 8 59 . 0 59 . 0 58 . 5 6o . o 60 . 0  60 . 0  6o .  0 
a .  m. 60 . 5 6 1 . 3 60 . 5  61. 0 62 . 5 62 . 0  62 . 5  62 . 3  61 . 5 61 . 5  61 . 0 61 . 0  

61 . 7 61 . 8 62. 1 62 . 5 65 . 0 64. 6 64. 4 63. 6 66. 4 64 . 4 65 . 5 64 . 0  
p . m. 64. 1 63. 3 62 . 8 63. 1 62 . 2  6 2 . 4 64. 2 64. 2 62. 4 62 . 6  63 . 4 62 . 5  

4t h  May . 57 - 3  58 . 0 59 . 0 58 . 8 59- 5 5 9 . 1 59. 2 59 - 9 58 . 6 59 . 0 59 - 5  59 ·  6 
60 . 0  60 . 0  60 . 3  60 . 0 61 . 0 6 1 . 0 60 . 5 60 . 0  60 . 8 60 . 7  60 . 9  60 . 3  
61 . 6 61. 5 62 . 0 61 . 8 62 . 0  62 . 1 62 . 0  62 . 4 62 . 7 62 . 1 62 . 1  62 . 7  
6 5 . 0  64. 2 62 . 8 63 . 5 63 . 0  63 . 4  62 . 7 64. 0 63 . 1 63 . 7  62. 9 63 . 8  

17th May . 60 . 2  60 . 4  61 . 4 60 . 9 62 . 2  61 . 8  62 . 3  62. 0 61. 2 62 . 0 61 . 8 61. 3 
61 . 5 61 . 1 .  60 . 7 61 . 0 60 . 2  60 . 2  60 . 3  60 . 7 60 . 2  59 . 9 59 - 3  59 . 9 
59 . 0 5 9 . 0 58. 8 59 . 0  58. 2 58 . 0  58 . 4 58. 8 58. 2 58 . 0 57 . 7 57 . 8 

18th May. 55. 6 55 - 3 55. 2 55 . 6 55 . 8  55. 8 5 6. 0 55 .  7 56. 0 5 5 . 7 55 - 7  5 5 .  7 
55 - 4 55 - 4 57 . 0  55 . 3 57 . 2 57 . 4 57. 8 57 . 6  57. 7 58 . 3  58 . 2 57. 8  
5 8 . 7 58 . 0 59. 0 59 . 0  58. 7 5 8 . 8 57. 4 57 . 8  57 . 8 57. 8 58. 0 58 . 0 
57 - 5  57 - 7 57. 6 58. 4 57. 8 5 6 . 5  58 . 2 58. 0 56 . 8 57 · 4 57. 8 57 . 6  

19th May . 51 . 3 51 . 5 51 . 5 51 . 3 52. 5 52 . 5 52 . 7  52 . 2 53 . 2 53 . 0 53 . 2  53 . 1  
53. 0 53 . 2  53. 0 53. 6 53 . 2 53. 2 53. 2 53. 0 53 . 3 53. 2 53 . 9 53 . 7 
54· 4 54. 6 54- 4 54- 4 54. 6 54 - 5  54- 7 54. 6 54- 5  54. 6 54. 5 54- 5  
54. 6 54. 6 54· 7 54- 7 54. 8 54 - 9 54- 7 54. 7 54- 7 55. 0 54- 4 54 - 7 

12th June. 50 . 8 50. 2  50 . 3  50 . 1 50 . 0  50 . 0  49 . 7 50 . 0 51 . 0 51 . 2 51 . 1 51 . 0 
54. 0 54. 0 55. 0 55 - 9 55. 2 55 · 4 55- 9 56 . 0 56 . 0 56. 3 56 . 7 56. 7 
57- 5 57 - 4  56 . 8 57. 0 57 . 6  57. 7 57· 5 57- 5  57 . 8 57- 9 57. 6 57 - 9 
57- 4 57 · 5  57 . 7 57- 4 57 . 6 57 - 7  57. 4 57. 4 57- 7 57. 6 57 . 4 57. 1 

13t h  June. 36. 0 36. 9 38. 0 37. 5 38 . 4  38 . 9 39. 8 39. 0  40 . 0  40 . 5  41 . 0 42. 0  
42 . 1 43 . 0 44. 2 43. 8 44. 1 44- 5 44. 9 44- 9 45. 0 45 - 3 45 . 4 45 - 5 
51 . 2 51 . 2 51. 5 51. 3 51 . 5 51 . 5 52 . 0  52 . 0  51 . 6  51 . 3 51 . 3 52 . 5 
52 . 2 52 . 8  52 . 5  52 . 0 52. 3 5 2 . 5 52 . 0 52 . 0  51 . 7  51 . 3 51 . 7  51 . 7  

14t h  June. 48 . 8 48 . 5 48 . 8 49 . 0 49 . 1  49- 5  49. 7 49 . 5 50 . 5 50 . 0  50 . 8 50 . 5  
49. 1 50 . 7 50 . 1 49- 9 50 . 3  50 . 7  51 . 0 51 . 0 51 . 2 51. 1 5 1 . 6  51. 4 
54. 0 54- 0  54. 1 54. 4 54. 2 54- 4 54. 2 54. 0 54- 4 54. 1 54. 0  53. 9 
54. 0 54. 1 54. 2 54- 3  53 - 4  53- 3 54. 0 53. 6 53 . 2 52 . 9  53 - 5 53- 5 



APPENDIX I I  (CONTD. ) 

(e) AIR TEMPERATUR ES (C ONTD. ) 

SETS OF DAYS 

Twi n No . 

2!2 26  2!2 !28 62 10 82 20 ,21 22 �2 !20 

2 6th June. 46. 3 46. 0 46 . 6 46. 7 47. 3  47 .. 5 46. 8 . 47 . 0  47. 6 47 - 7 48 . 0  48. 0  
48. 5 48. 5 48 . 7  48 . 9  48. 8 48 . 9 48 . 8 48 . 9  48. 7 49 . 0  49 . 1  49 . 1 
49 . 2 49 . 8 49- 5 49. 8 49 - 5  48 . 9 49 - 5  49- 5 49 - 5  49. 1 49. 0  49. 0  
48. 4  48 . 5 48. 4 48. 6 48. 6 48 . 3  48. 1 48. 6 48 . 1 48. 1 48 . 1 48. 1 

27th June. 56 . 0 56. 2 56. 0 56. 0 56. 0 56 . 0 5 6 . 4 56 . 2 56 . 2  56. 2 5 6. 1 56. 3 
56. 6 56. 6 56 . 3 56. 5 56. 5 56 . 2 56. 6 56. 6 56. 5 56 . 3 56 . 2 56 . 2 . 
57- 3 57 · 3 57. 1 57 - 1  57 . 1 57. 1 57. 0 57. 0 57. 1 57. 1 57. 1 57. 1 
57. 0 57 . 0  57. 0 s6 . s 56. 5 56. 5 56. 8 56 . 8 56 . 8 s6. B 56 . 8 5 6 . 8 

28th June. 56 . 5 56. 5 s6 . s 56 . 5 57 . 1 57 . 1 s6 . o 5 7 . 1 5 6 . 5 s6. R 56. 8 56 . 5 
5 7 . 1 57 - 1 57 - 1  57 - 1 58 . 2 58 . 4 58. 4 58 . 0 58. 2 58 - 4  57 . 1 58. 2 
56 . 8 56 . 8 56 . 8 56 . 4 56 . 5  56. 1 56 . 1 56 . 1 5 6 . 3 56 . 8 5 6 . 3 5 6. 4  
5 5 . 6 56 . 1 55 . 6  5 5 - 5 55· 5 55 - 5 5 5 - 5 55 - 5  55 . 6 5 5 - 5 5 5 - 5 55· 5 



Dat e  

23/24th May. 

2 5/2 6th May. 

26/27th May . 

28/29th May. 

1/2nd June. 

3/4th June. 

5/6th June. 

Twin 

TABLE 48 . 
APPENDIX III  DIURNAL DATA 

(a) BODY TEMPERATURE °F. 

T I M E 

No . 9 a . m. 10 1 1  1 2  1 p. m. 2 3 4 5 6 7 8 9 10 12 2 :a. m. 4 6 7 8 9 
55 
58 
25  
26  
49 
50 
55 
58 
25 
26 
49 
50 

55 
58 
25  
26 
49 
50 

55 
58 
2 5  
2 6  
49 
50 

10 1 . 8 
102� 2 
101 . 8 
101 . 3 
101 . 6 
101 . 6 

101. 9 
101 . 7 
101 . 9 
101 . 7 
101 . 6 
101 . 5 

101. 9 
10 1 . 8 
10 1 . 7 
101 . 6 
101 . 4 
101 . 7 

101. 5 
10 1 . 5 
10 1 . 7 
10 1 . 6 
101 . 0 
101 . 0 

8 a . m. 

55 10 1 .  6 
58 101 . 6 
25 10 1.  5 
26 101 . 4  
49 101 . 2 
50 lOO . 8 

55 101 . 3 
58 101 . 3  
25  100 . 8 
26 101 . 0  
49 100 . 7 
50 101 . 2 

55 101 . 8 
58 101. 6 
25 101 . 2  
26 101 . 5 
49 101 . 2 
50 101 . 0 

1 02 . 1 102 . 8 102 . 3 102 . 3 
102 . 0 102 . 0 101 . 8 102 . 1 
102 . 0  101 . 9 101 . 7 102 . 1 
101 . 3 101 . 5 101 . 8 101 . 8 
101 . 4 102 . 2 102 . 1 10 1 . 7 
101 . 5 102 . 0  102 . 0 10 1. 8 

101 . 7 101 . 5 101 . 7  101 . 8 
101 . 9 101 . 5 101 . 5 10 1 . 4 
101. 9 10 1 . 9 10 2 . 0  101 . 9 
101 . 5 101 . 9 102 . 0 102 . 0 
101 . 6 10 1 . 7 10 1 . 8 102 . 2 
101. 3 101 . 5 101 . 5 101. 5 

101 . 9 101 . 7 101 . 2 
101 . 7 101 . 9 101 . 5 
101 . 8 102 . 4 102 . 3 
10 1 . 9 101 . 9 10 1 . 9 
101 . 6 102 . 1 102 . 0 
10 1 . 5 10 1 . 7 101 . 5 

102 . 1 
101 . 8 
10 2 . 2 
102 . 0  
10 1 . 6 
102 . 3 

101 . 8 
101 . 3  
101 . 9 
10 1 . 2 
102 . 0  
101. 1 

101 . 5 10 1 . 4 101 . 5 
10 1 . 4 101 . 8 10 1 . 7 
101 . 6 101 . 8 102 . 0 
101 . 6 101 . 6 101 . 5 
101 . 3 10 1 . 4 101 . 6 
10 1 . 7 101 . 5 10 1 . 5 

10 

101 . 5  
101 . 3 
10 1 . 0  
10 1 . 2 
101 . 2 
100. 8 

101. 6 
10 1 . 5 
101 . 3 
10 1 . 2 
101 . 1 
101. 3 

101. 5 
10 1 . 8  
10 1 . 5 
10 1 . 2 
10 1 . 0  
101 . 2 

12 

10 1. 6 
10 1 . 2 
10 1. 4 
101 . 2 
101 . 2  
101. 3 

101 . 5 
101 . 9 
101 . 2 
101 . 2 
101 . 4  
101 . 3 

10 1 . 8 
101 . 3 
101 . 7 
10 1 . 1 
101 . 2 
101 . 2 

2 p. m. 

101 . 4 
102 . 0 
102 . 0 
101 . 7 
101 . 7 
10 1 . 6 

101 . 6  
102 . 0 
101 . 9 
101 . 4 
10 1. 7 
10 1 . 4 

102 . 0  
101 . 7 
101 . 9 
101. 9 
101 . 7 
101 . 9 

1'02. 8 102 .  9 102 .  8 103 . 2 103 .  6 103. 4 102 . 9 102 . 8 102 . 3  102 . 0 101 .  9 
102 . 4 102. 7 102 � 7 103 . 1 103 . 2 103 . 0 102 . 7 102 . 9 102 . 0 102 . 3 102 . 0 
102 . 4  102 . 2 102 . 2 102 . 8 103. 2 102 . 9 102 . 6  102 . 6 102 . 5 102 . 1 102 . 0 
102 . 2 102 . 0  102 . 2 102 . 5 103 . 1 103 . 2 102 . 7 1 02 . 6 102 . 4  102 . 1 101 . 6 
102 . 0  102 . 1 102 . 2 102 . 3 103 . 0  102 . 6 102 . 2 101. 8 101 . 7 102 . 1 101. 0 
102 . 0  102. 3 102 . 7 102 . 6 103 . 2 102 . 8 102 . 8 102 . 5 101 . 7 101 . 7 101 . 3 

102 . 0 102 . 1 102 . 5  102 . 4  102 . 5 102 . 7 102 . 4 102 . 2 102 . 2 10 2 . 1 101 . 9 
101 . 6 10 1 . 8 102 . 1 102 . 1 102 . 2 102 . 1 . 102 . 3  102 . 1 102 . 0  102 . 1 102 . 0 
102 . 2 102 . 3 102. 5 102 . 9 102 . 9 102 . 8 102 . 8 102 . 7 102 . 8 102 . 1 102 . 3 
102 . 4 102 . 2 102. 4 102 . 3 102 . 4 102 . 8 103 . 0 102 . 8 101 . 9 101 . 3 101 . 9 
101. 8 102 . 0 102 . 3 102 . 3 102 . 8 102 . 3 101 . 7 102 . 1 101 . 4 101 . 5 101. 2 
102 . 1 101 . 9 102 . 4  102 . 2 102 . 8 102 . 4 102 . 6 101 . 8 102 . 7 102 . 0 10 1 . 6 

10 1 . 6 101 . 9 102 . 2  102 . 4 102 . 1 102 . 6 102 . 1 102. 2 10 1 . 8 101. 9 101 . 9 
10 1 . 3 101 . 9 10 1 . 9 102 . 5 102. 5 102 . 7 102 . 7  102. 4 102 . 6 102 . 5 101 . 9 
102 . 0 102 . 4 102 . 1 102 . 6 102 . 7 102 . 8 102 . 6 102 . 3 102 . 5 102 . 0  ' 101 . 7 
101 . 7 101 . 7 102 . 1 102 . 1 102 . 3 102 . 6 102 . 7  101 . 6 10 2 . 3 101 . 6 102 . 5 
102 . 0  102 . 0 102 . 1 102 . 4 102 . 1 10 3 . 0 102 . 2 101. 9 101 . 3 101 . 1 101 . 6 
101 . 5 102 . 3 102 . 4 102 . 1 102 . 3 10 2 . 6 102 . 0  102 . 1 101 . 5 102 . 1 101 . 5 

10 1 . 8 101 . 6 102 . 0  102 . 0 101 . 9 102 . 4  102 . 3  102 . 6 102 . 4  102 . 6 
10 1 .  6 101 . 8 102 . 4  101 .  9 101 . 7 101 .  7 101 .  9 102.  h 102 . 1  10 2 . 2  
10 1 . 8 102 . 4  102 . 4 102 . 3 102 . 5 102 . 3 102 . 4 102 . 0 102 . 0  102. 2 
10 1 . 4 101. 8 103. 1 102 . 3 102 . 4  102 . 5 102 . 3 101 . 7 10 1 . 9  101 . 3 
10 1 . 4 101 . 2 101. 8 101. 6 101 . 5 102 . 0  102 . 0  10 1 . 5 10 1 . 2  102 . 0 
101 . 4 101 . 6 102 . 0 101. 8 101 . 7 102 . 1 10 1. 7 102 . 0 . 101 . 3 10 1 . 1 

101 . 8 
101 . 9 
10 1 . 5 
101 . 9 
10 1 . 4  
101 . 0 

4 

102 . 2 
102 . 0  
102 . 3 
102 . 0 
102 . 0 
101. 9 

102 . 3 
102 . 3  
102 . 4  
102 . 1 
101 . 9 
102 . 1 

102 . 5 
102 . 0  
102 . 3 
101 . 9 
102 . 0  
102 . 4 

6 

102 . 1 
102 . 1 
102 . 7 
102 . 2  
101 . 9 
102 . 1 

102 . 5 
102 . 3 
102 . 3 
102 . 3 
102 . 2 
102 . 3 

102 . 5 
102 . 3 
102 . 5 
102 . 5 
102 . 2 
102 . 6 

T I M E 

8 

102 . 2 
102 . 0  
102 . 7 
101 . 7 
101. 6 
10 1 . 9 

101 . 9 
102 . 2 
102 . 1 
102 . 1 
101. 9 
102 . 3 

102 . 1 
102 . 5 
102 . 2 
102 . 2 
10 1 . 6 
102 . 1 

10 

102 . 4 
101 . 7 
101 . 8 
10 1 . 5 
10 1 . 4  
101 . 3 

10 1 . 9 
101 . 8 
102. 0 
101 . 4  
10 1 . 4 
101 . 8 

102 . 1 
102 . 3 
101 . 7 
101. 7 
101 . 4 
101 . 7 

12  

102 . 0  
102 . 0 
10 1 . 5 
101 . 6 
10 1 . 4  
101 . 4  

101. 9 
101 . 4 
101 . 7 
10 1. 5 
10 1 . 0 
102 . 0  

10 1. 7 
101 . 2 
101 . 3 
10 1 . 8 
101 . 0 
101 . 6 

2 a. m. 

101 . 4  
10 1. 8 
10 1. 2 
101 . 3  
101 . 0 
101 . 4 

10 1 . 8 
10 1. 8 
10 1 . 6 
101 . 6 
10 1 . 5 
101 . 4 

101. 7 
101 . 4 
101 . 1 
101 . 4 
101 . 2 
101 . 4 

4 

10 1 . 7 
101 . 3 
10 1 . 0 
100 . 8 
100 . 8 
100 . 9 

101 . 5 
10 1 . 8 
10 1 . 3 
101 . 2 
10 1 . 1 
101. 2 

101 . 0  
101 . 2  
101 . 2 
101 . 1 
10 1 . 0 
101 . 5 

6 

101 . 6 101 . 3  102. 1 10 1 . 5 101 . 7 
101 . 7 10 1. 6 101. 7 . 101 . 8 101 . 7 
101 . 1 101 . 1 101 . 3 101 . 3 101 . 3 
10 1 . 4 10 1 . 1 10 1 . 1 101 . 5 101 . 4  
100 . 9 100. 8 101. 1 101 . 5 10 1 . 3 
101 . 1 100 . 9 100 . 7 100 . 8 101 . 2 

101. 9 10 2 . 1 101 . 8 101 . 7 10 1 . 9 
101 . 7  10 2 . 0 101 . 4 101 . 4 101 . 8 
102 . 0 101 . 8 101. 2 101 . 1 101 . 5 
10 1 . 1 101 . 6 100. 9 10 1. 1 101 . 7 
101 . 5 102 . 0 101 . 4 101 . 2  101 . 3  
10 1 . 5 101 . 7 101 . 3 101 . 8 101 . 2 

102 . 3 102. 1 101. 3 101 . 0  101 . 7 
101 . 9  102 . 3 101 . 1 101 . 7 101 . 9 
101. 9 101. 5 101 . 6 101 . 5 101 . 8 
102 . )+ 10 1 .  6 10 1 .  3 101 .  5 101 .  3 
101 . 1 10 1 . 6 101 . 2 10 1 . 3 101 . 2  
10 1. 4 10 1. 4 100 . 9 101 . 6 101 . 7 

102 . 0  102 . 0 101 . 5 101. 8 102 . 0  
101 . 8 101 . 8 101 . 6 101. 6 101 . 2 
101 . 5 101 . 2 101 . 4 101 . 4 10 1. 1 
10 1 . 3 101 . 3 101 . 2  101 . 1 101 . 6 
10 1 . 4 101 . 4 100 . 8 102. 0 101 . 3 
101 . 8  101 . 3 101 . 3 101 . 3 10 1 . 1 

8 

10 1 . 3 
10 1. 4 
101 . 0 
101 . 1 
100 . 8 
10 1 . 1 

101 . 4  
10 1 . 5 
10 1 . 5 
10 1 . 1  
100 . 7 
101 . 1 

10 1 . 4 
101 . 3 
101 . 3 
10 1 . 3 
101 . 0  
100 . 9 

101 . 9 
101 . 5 
101 . 0 
10 1 . 6 
101. 4 
101 . 3 

1 0 1 . 6 
101 . 3 
1 01 . 3 
10 1 . 2 
100 . 8 
101 . 3 

101 . 5 
101 . 3 
101 . 8 
10 1 . 5 
101 . 6 
1 01 . 5 



APPENDIX I I I  (CONTD. ) 

(b) RmPIRATION RATE. 

T I M E 
Twi n  

Date No . 51 a. m. 10 1 1  12 1 E• m. 2 2 !t 2 6 7 8 2 10 12 2 a. m. !t 6 7 8 � 

23/24th May. 5 5  29 �� 44 54 61 54 79 49 46 36 52 44 72 58 58 40 56 63 47 52 6c 
58 30 40 64 6o 48 78 44 45 40 53 48 64 6 8 68 46 62 59 60 50 5c 

2 5  34 40 40 46 50 5 1  60 45 40 39 42 54 59 68 56 48 52 52 46 44 5� 
2 6  3 6  36 40 46 46 50 48 44 44 40 44 50 60 50 52 40 38 50 42 48 5C 

49 28 40 46 53 52 52 48 50 44 48 52 68 50 74 6o 50 48 60 5 6 60 5E 
50 28 40 44 50 51 62 60 46 46 44 52 6o 76 72 68 50 6o 68 56 56 5E 

2 5/26th May . 55 44 48 72 96 79 72 84 90 56 68 77 78 85 80 79 79 74 66 43 46 7J 
58 44 42 74 94 56 75 68 74 58 76 72 68 78 8 2  82 73 76 76  44 46 7C 
2 5 40 46 76 76 70 62 54 60 44 70 60 72 72 80 66 72 60 66 42 46 5E 
2 6 40 44 68 60 68 61  61 84 40 68 72 80 80 9 6  70 84 56 72 42 44 7� 
49 48 50 72 60 62 68 66 64 56 64 72 84 64 68 72 69 68 68 52 60 6L 
50 48 48 72 68 66 72 70 76 56 64 78 76 72 7 6  70 70 61 72 5 6  5 8  6c 

26/27th May 55 44 61 68 76 96 102 72 78 79 66 80 74 76 72  54 70 86 94 76  6o S'L 
58 52 68 74 77 92 92 80 85 86 68 84 72 72 84 84 72 84 90 60 7 1  9: 
2 5  52 60 66 72 78 80 80 66 72 90 72 79 66 68 59 71 72 61 60 56 7� 
2 6  52 60 66 72 76 72 74 72 61 70 84 65 76 68 70 64 64 60 6 1  62 6€ 
49 54 66 66 74 72 74 80 60 68 70 83 74 74 70 61 64 74 61 64 64 6( 
50 54 60 66 76 76 74 74 72 64 70 84 66 78 69 70 64 64 60 62 62  6€ 

28/29th May . 5 5  46 66 86 66 66 66 56 72 66 50 76 88 84 84 74 48 79 72 56 6o BC 
58 44 82 82 76 74 78 56 91 60 56 6o 82 76 84 68 84 81 90 56 70 6t 
2 5  40 50 56 70 66 74 74 70 53 68 84 76 60 68 70 60 64 61  50 64 6l 
2 6  40 48 64 74 74 71  72 76  60 60 76  82 74 66 76 62 54 70 5 1  60 6t 
49 47 60 62 66 6o 65 59 68 68 60 86  90 66 6o 76 66 80 70 57 68 6t 
50 44 66 66 70 70 68 70 66 50 61 84 76 68 64 6o 60 8 6  72 60 72 6", 

T I M E 

8 a� m. 10 12 2 }2o ffio  !t 6 8 10 12 2 a. m. 4 6 8 

I l/2nd June. 55 34 48 45 50 52 42 58 80 56 72 80 74 L�2 
58 36 46 48 52 48 46 56 84 58 78 78 7 6  42 
2 5 32 38 44 46 46 36 60 88 52 52 70 6o 36 
2 6  32 40 42 50 40 38 64 86 52 56 64 58 38 
49 38 48 46 56 56 52 58 62 64 66 66 56  58  
50  36 46 48 54 52 48 60 64 60 60 62 60 52 

3/4th June . 55 32 36 48 40 42 40 56 40 58 52 70 44 52 
58 34 36 52 42 40 42 60 40 74 64 64 46 46 
2 5  40 40 44 40 52 38 52 42 48 46 70 44 40 
2 6  36 42 40 42 46 38 56 44 46 44 68 42 46 
49 44 36 44 52 50 44 62 60 60 64 56 70 52 
50 40 40 44 48 52 44 58 56 58 66 62 60 5 6 

5/6th June. 5 5  32 32 44 32 32 32 44 70 76 70 60 36  36 
58 32 34 40 32 36  32 54 76 72 76 68 40 52 
2 5  34 32 36 36 32 42 50 66 52. 52 56 36 48 
2 6  36 32 36 36 34 40 48 72 72 52 68 36 48 
49 40 40 42 48 48 5 6  52 66  56 56 64 54 52 
50 44 40 40 44 48 54 52 82 76 60 60 52 52 



APPENDIX III  (CONTD. l 

(cl PULSE RATES. 

Twi n  T I M E 

Date No . 9a. m. 10 11 12 lp. m. 2 3 4 5 6 7 8 9 10 12 2a. m. 4 6 7 8 9 
23/24th May. 55 80 91 91 90 88  90 92 90 92 92 96 9 6  97 96 90 87 84 84 85 84 84 

58 88 88 88 90 90 92 92 92 96 96 92 96 94 83 91 88 84 80 90 84 92 
2 5  78 81 88 82 82 82 82 80 84 92 94 92 90 90 92 94 80 84 88 78 84 
26  87 84 88 83 88 86 88 80 88 90 87 90 88 88 90 78 92 84 82 80 88 
49 9 6  8 9  9 6  lOO 9 6  96 94 95 98 106 105 106 105 104 1� 100 82 92 94 96 96 
50 96 88 l OO 99  100 100 lOO 104 lOO 104 106 108 104 104 98 lOO 92 96 98 99 

25/26th May . 55 9 6  9 6  9 6  9 9  95 96 95 94 99 99 100 9 9  95 88 88 85 86 84 92 97 85 
58 96 9 6  1�� 97 100 lOO lOO 94 101 100 102 100 97 93 88 100 . 90 88 96 96  99 
25 40 46 76 70 62 54 60 44 70 60 72 72 80 66 72 6o 66 42 46 56 
2 6  40 44 68 60 68 61 61 80 40 68 72 80 80 9 6  70 84 56 72 42 44 72 
49 90 100 100 100 101 107 102 104 112 112 100 102 99 102 lOO 97 92 92 lOO 101 94 
50 lOO 101 l OO 99 88 108 101 103 112 117 116  108 104 101 97 103 92 96 100 100 94 

·' 

26/27th May . 55 96 92 94 92 96 100 92 9 6  96 lOO 94 94 96 94 96 96 91 86 92 96  96 
58 9 6  9 3  96 lOO 88 lOO 96  97 99 lOO 96 lOO 97 92 97 92 88 84 98 84 92 
2 5  84 83 88 88 88 88 99 96  91  98 88 88 95 88 96 84 80 76 96 91 80 
26 96 88 91 92 88 99 96 95 100 lOO 98 94 99 88 99 96  84 84 96 76 95 
49 104 98 101 99 101  104 98 99 99 107 lOO 100 97 103 lOO 100 96 88 lOO 94 90 
50 102 98 102 l OO 99 104 99 98 112 106 101 101 96 109 lOO 98 88 92 97 92 99 

2 EV29th May. 55 92 82 90 99 96 100 lOO 9 6  104 104 96 9 6  102 88 90 92 84 88 92 84 80 
58 92 88 88 92 90 lOO lOO 95  103 104 104 97 91  92 76 84 85 80 92 83 92 
2 5  80 74 90 84 92 92 99 101  106 97 96 88 88 86 72 79 74 76 82 74 76 
26 84 80 91 92 92 92 lOO 88 105 101 96 104 91  91  90 84 88 72 88 80 84 
49 84 92 lOO lOO 96 93 101 98 116  108 lOO 96 99 103 101 102 90 90 84 90 92 
50 99 91  l O O  lOO 102 102 108 101 112 1 14 102 lOO lOO 103 99 lOO 92 88 84 88 86 

T I M E 

8a. m. 10 12 2p. m. 4 6 8 10 12 2a. m. 4 6 8 

l/2nd June. 55 92 lOO . 104 94 104 108 100 lOO 9 6  92 88 88 92 
58 91 lOO 102 94 108 106 104 9 6 96 94 90 86 90 
25 76 90 94 96 94 92 88 94 96 84 90 74 88 
26 88 90 9 6  9 6  9 6  9 6  lOO 92  96 86 84 82 92 
49 94 104 102 102 104 108 108 9 6  lOL� 96 92 86 94 
50 99  104 100 104 104 106 108 lOO lOO 96 94 88 94 

3/4th June. 55 92 84 64 92 92 9 6  88 92  92 86 88 88 88 
58 88 84 92 96 92 96 8 8  92 92 86 88 88 88 
2 5 76 80 92 88 92 88 82 90 88 84 80 84 84 
26  88 80 88 92 92 90 80 88 84 84 84 84 84 
49 92 96  lOO 98 100 9 6  98 9 6  94 92 88 88 92 
50 96  9 6  lOO 102 102 100 100 98 96 92 92 88 90 

5/6th June . 55 84 84 82 96 96  9 6  9 6  9 6  88 88 8 8  92  88 
58 82 80 80 88 96  98  96 9 6  86 88 88 91 88 
2 5  80 76 72 92 92 92 90 76 84 84 82 <38 86 
2 6  84 76 72 92 92 92 88 84 88 84 80 84 84 
49 92 92 88 92 100 104 96  92 88 90 84 90 92 
50 96 92 84 lOO 108 108 96 94 88 88 88 92 94 



APPENDIX I I I  (CONTD. ) 

(d) A IR TEMPERATURES . 

T I M E 

Date  2a. m. 10 1 1  1 2  1£. m• 2 2 4 2 6 7 8 2 10 12 2a . m. 4 6 7 8 9 

23/24th May. 47 . 0 51 . 0 51 . 6 6o .  2 62 . 0 63. 2 67 . 0 64. 3 61 . 2 54. 0 53 · 3 51. 8 52 . 9  52 . 2  49 . 0  51. 1 47- 7 47 . 0  50 . 3  52 . 0  54. 0 

2 5/26th May . 55- 0 57 . 8 62 . 1 68. 0 67. 7 67 . 0  67. 0 66. 8 66. 8 65. 3 65. 3  63. 5 62. 4 59 . 1  58. 6 6o .  8 58. 6 !37. 2 59. 8 60 . 0  62 . 0  

26/27th May . 64. 0 66. 7 68. 8 69 . 0  69 . 0  70 . 2  70. 2  72 . 0  67. 0 64. 2 58 . 9 59. 0 55 . 1 55 . 0  57. 1 58. 0 60. 5 57 . 8 56. 3 6o . 5 61 . 5 

28/29th May . 53- 5 60. 4  63. 8 65. 7 67 . 1 70 . 3  70 . 7  70 . 0  65. 2 61. 2 57 · 7 56. 0 56. 0 57 . 2  56. 0 57. 0 55. 9 51 . 2  58. 0 56 . 9 59 . 1 

T I M E 

Dat e  8a . m . 10 12 2E. m. 4 6 8 10 12 2a . m. 4 6 8 

1/2nd June. 55 . 6 5 5 . 2 55 . 6 59 . 0  59 . 0 55 . 6  56. 0 58. 0 54. 6 53- 0 52 . 8 53 . 0 53 · 4 

3/4th June. 52 . 0  53 - 5 5 5 - 7 58 . 7  61 . 0 54· 5 51 . 0  46 . 2  47 . B. 51 . 0 54. 5  56 . 1 54. 8 

5/6th June. 52 . 0  55. 1 5 6 . 2 57- 5 56. 8 53- 9 52 - 3  52 . 2 51 . 9 52. 1 52 . 5  53- 9 55 · 3  



TJ\.BLg· 49 . 

APPENDIX IV 

SKIN TEMPERATURES 
' 

Erec t O f  Hair ��l Normal. 
C l ipped. 
Shaved. 

,(a) NORMAL. 

p 0 s I T I 0 N s 
Twi n  

A i r  T .  Dat e  No . 1 2 2 � !2 6 1 � p. m. 
61 . 5  12th Oct .  58 92 . 0  90 . 7 93. 2 93. 2 9 2 . 4 90 . 2  87 . 2 92 . 0 

94. 2 91 . 6 94. 2 93. 2 9 2 . 8 9 1 . 6 88. 0 93 . 2 
93. 2  9 1 . 6  92 . 8 9 3 . 7 9 3- 7 92 . 0 88. 0 93 . 2 

6 2 . 3 55 88. 4 93- 7 9 5 . 0 79 - 7 66 . 4  6 1 . 8 92 . 8  8 9 . 4 
88 . 4 94 . 2 9 5 . 0 75 . 2 67 . 8  61 . 8  92 . 8  8 9 . 3 
8 7 . 6 92 . 8 9 5 . 6 74. 0 6 9 . 0 61. 8 92 . 8  8 9 . 4 

6 1 . 0 2 1  9 1 . 3 92. 4 91 . 6 93. 7 9 1 . 6 92 . 0  ��3 .  2 9 1 . 6 
9 1 . 3 92. 4 91 . 6 92 . 0  92 . 0  92 . 0  83 . 2 9 1 . 6 
9 1 . 3 92 . 4 92 . 0  93 . 2 9 1 . 6 9 2 . 1 83. 2 9 2 . 0  

'::l . m .  
63 . 5 13t h  O c t .  58 91 . 3  89 . 8 91 . 3 90. 7 91 . 3 90 . 2 90 . 2 9 1 . 6  

9 1 . 3 89 . 8 9 1 . 3 90 . 7  91 . 3 90 . 2 90 . 2  9 1 . 6 
9 1 . 3 89 . 8 9 1 . 3 90 . 7 9 1 . 3  90 . 2  89 . 9 9 1 . 6 

6o. o 55 90 . 2 d8 . 4 91 . 3  89 . 8 88 . 0 90 . 2  89 . 4 89 . 8  
90 . 7  88 . 4 91 . 3 89 . 8 88 . 0 90 . 2 89. 4 89 . 8 
90 . 7  88 . 1+ 91 . 3 8 9 . 8 88 . 9 90 . 2 89 . 4 89 . 8 

61 . 5 2 1  89 . 4 90 . 2 90 . 7 91 . 6  90 . 7 9 1 . 3 88 . 4 92 . 0  
89 . 4 90 . 2 90. 7 9 1 . 6 90 . 7 9 1 . 3 88 . 9 9 2 . 0 
8 9 . 4 90 . 2 90 . 7 9 1 . 6  9 0 . 7 9 1 . 3 88 . 9 9 1 . 6 

p. m. 
64. 0 58 8 9 . 8 90 . 7  91 . 6 89 . 4  90 . 7 8 9 . 4 88 . 0 89 . 8 

89 . 8 90. 7 9 1 . 6 89 •. 4 90 . 7 89. 4 88 . 0  89 . 8  
89 . 8 90. 7 9 1 . 6 8 9 . 4 90. 7 89. 4 88 . 0  89 . 8 

64. 0 5 5  88. 0 9 1 . 6 9 1 . 3 8 9. 4 8 9 . 8 8 9 . 4 90 . 7 91 . 6 
88 . 0  9 1 . 6 91 . 3 89. 4 8 9 . 8 89 . 4  90 . 7  9 1 . 6 
88 . 0  9 1 . 6 91 . 3 89. 4 89 . 8 89 . 4 90 . 7 91. 6 

64. 0 2 1  88. 0 9 1 . 3 92 . 0  9 1 . 3 9 1 . 3 9 1 . 3 90 . 2 90 . 7 
8 8 . 0 9 1 . 3 92 . 0 91 . 3 91 . 3 90 . 7  90 . 2 90. 7 
8 8 . 0 91 . 3 92 . 0  9 1 . 3 91 . 3 90 . 7 90 . 2 90 . 7 



APPENDIX IV (CONTD. ) 

SKIN TEMPERATURE3 ( CON'rhl 

(b) CLIPPED. 

p 0 s I T I 0 N s 

Twi n 
Air T.  Dat e No . 1 2 3 4 5 6 7 8 

p. m. 
61. 5 12th Oct .  58 92. 8 90. 2 91. 3 90. 2 90. 2 92 . 8  86 . 4 92 . 0  

93. 2 90. 2 92 . 4  92 . 4  89. 4 9 2 . 8 86 . 4 92 . 0 
92 . 8 90. 2 92 . 0 92 . 4  90. 7 92 . 0  86 . 4 92 . 0  

63. 0 55 92 . 0  9 1 . 6 94. 6 67 . 8 66 . 1 61. 6 89. 4 89 . 4  
92 . 0 92 . 0  93. 7 68. 2 66. 1 61 . 8 89 . 4 89. 4 
92. 4 9 2 . 0 94. 2 68. 2 66. 1 6o .  8 89. 4 89 . 4  

61. 0 21 91 .  3 9 1 . 6 89. 4 90. 2 91 . 6  89 . 4 86 . 8 88. 4 
91 . 3 9 1 . 6 89. 4 90. 7 91 . 6  89 . 4 87 . 6 90. 7 
90 . 7 91 . 6  89. 4 90 . 7 91 . 6 89 . 4 86. 8 91. 6 

a .  m . 
63. 5 1 3th Oct . 58 89. 4  88 . 9 89. 8 90. 7 88. 9 89 . 4 88 . 4 89 . 4  

89 . 4 88 . 9 89. 8 90. 7 88 . 9 89 . 4  88 . 4 89 . 4  
89 . 4 88 . 9 89 . 8 90. 7 88 . 9 89 . 8 88 . 4 89 . 4 

6o . o  55 88. 4 87 . 6 90. 2 88 . 9 89. 4 89 . 8 87. 2 87 . 6 
88. 4 87. 6 90. 2  88 . 9 89 . 4  89 . 8 87. 2 87 . 6 
88 . 9 87. 6 90 . 2 88. 9 89 . 7 89 . 8 88 . 2 88. 0 

61 . 5 21 88. 4 89 . 4  89. 8 90. 7 90. 7 90 . 2  8 9 . 4 89 . 4 
88 . 4 89 . 4 90 . 2 91 . 3  9 1 . 7 90 . 2  89. 4 89 . 4  
88 . 4 89 . 4 90 . 2 9 1 . 3 91. 7 90. 2 s s . 4 89 . 4 

p . m .  
64. 0 58 89 . 8 88. 9 89 . 8 85. 4 89 . 8 89 . 4  86 . u 88 . 0 

89 . 8 88. 9 89. 8 85 . 4 89 . 8 8 9 . 4 86. 8 88. 4 
89 . 8 88. 9 90 . 2  85. 4 89 . 8 8 9 . 4 86. 8 88 . 4  

64. 0 55 88 . 4 8 8. 9 89 . 8 88. 0 88. 0 8 7 . 6 8 8 . 0  89 . 8 
88. 4 88  .. 9 89 . 8 88 . 0 88. 0 87. 6 88 . 0 89 . 4  
88 . 4 89. 4 89 . 8 88. 0 88. 0 87. 6 88 . 0 89 . 4  

64. 0 21 86. 4 88. 0 88. 9 89 . 8 89. 4 8 9 . 8 8 8 . 9 87 . 2 
86. 4 88. 0 88. 9 89 . 8 89. 4 89 . 8 88. 9 87. 2 
86 . 4 88. 0 88. 4 89. 8 8 9. 4 89 . 8 88. 9 87. 6 



APPENDIX . IV (CONTD. } 

SKIN TEMPERATURES (CONTD. ) 

(c) SHAVED. 

p 0 s I T I 0 N s 

Twi n 
Air T.  Dat e No . 1 2 3 4 5 6 7 8 

p. m. 
61 . 5 12th O ct .  58 9 1 . 6 9 1 . 6 9 1 . 3 9 1 . 6 89 . 8 88 . 0  87. 2 92 . 0 

92 . 0  91 . 3  92 . 4 91. 6 89. 8 90 . 2  87 . 2 9 2 . 4 
9 2 . 4 91. 6 9 2 . 8 93. 2 90. 7  90 . 2 87 . 2 9 2 . 4 

63. 0 5 5  92. 0 9 1 . 6 92 . 4  68. 2 66. 0 60 . 4  89. 9 8 8 . 4 
92 . 0  92 . 0 9 2 . 4 6 8 . 2 6 5 . 4 62 . 2 88. 9 8 8 . 4 
9 2 . 0 92 . 0 9 2 . 8 68 . 2 65. 4 63. 1 88 . 9 8 9 . 4 

61 . 0  2 1  90 . 7 92 . 0  89 . 8 89. 8 90 . 7 8 8 . 4 86. 8 9 1 . 6 
90 . 7 92 . 0 8 9 . 8 89 . 8  90 . 7  88 . 9 87. 2 90. 7 
90. 7 92 . 0  89 . 8 90 . 7 90 . 7  88 . 0  . 87 . 2  90. 7 

a .  m.  
63. 5 13t h O c t .  58 88 . 4  88. 0 8 8 . 0 89 . 4  88 . 9 8 8 . 4 86. 4 8 7 . 6 

88 . 4  88. 0 8 8 . 4 8 9 . 8 89 . 4  88. 4 86. 4 8 7 . 6 
88 . 4  88. 0 88 . 9 89 . 4  88. 9 88 . 9 86. 8 8 7 . 6 

60 . 0 5 5  87. 6 86. 4 90 . 2 89 . 8 88 . 9 88 . 9 86. 4 8 7 . 6 
88 . 4  86. 4 8 9 . 8 89 . 8 88 . 9 88 . 9 86. 4 8 7 . 6 
88 . 4 86. 8 89 . 8 89. 8 88 . 9 88 . 9 87 . 2 8 7 . 6 

61 . 5  2 1  88 . 4 89 . 8 89 . 8 90 . 2 89 . 8 89 . 8 89 . 8 8 8 . 4 
8 8 . 4 89 . 8 8 9 . 8 90 . 2 89. 8 89 . 8 89 . 8 8 8 . 4 
88 . 4 89. 8 89 . 8 90. 2 89. 8 89. 8 89 . 8 8 8 . 4 

p . m. 
8 7 . 6 64. 0 5 8  88 . 4 87 . 2  89 . 8 88. 4 8 9 . 4 88 . 9 87. 6 

88. 4 87. 2 89 . 8 8 8 . 4 89 . 4 88 . 9 88 . 0  8 7 . 6 
88. 4 87 . 6  89 . 8 88. 4 89. 4 89 . 4 88 . 0  8 8 . 0 

64. 0 5 5  8 8 . 0 88 . 9 89 . 8 88. 0 86. 4 88. 0 8 8 . 0 89 . 4 
88 . 0 88 . 9 89 . 8 88. 0 86. 4 88 . 0 87. 6 8 9 . 4 
88 . 0 88 . 9 89 . 8 88 . 4  86. 4 88. 4 87. 6 8 9 . 4 

64. 0 2 1  88 . 0 89. 4 8 7 . 2 88 . 9 89. 4 88. 0 88. 4 8 8 . 0 
88 . 0  89 . 4  87. 2 88 . 9 89 . 4  88. 0 88. 4 8 7 . 6 
88 . 0  89. 4 87 . 2 88. 9 89. 4 88. 0 88. 4 8 8 . 0 



Dat e 

19th O ct . 

20th O c t .  

2 3rd No v .  

24th No v .  

6 t h  Dec.  

1 5t h  Dec . 

TABLE 50 .. 

APPENDIX V 

POSI TION EFFECT - SKIN TEMPl!RATURE °F (NORMAL) 

P 0 S I T I 0 N S 
a . m. or Twi n 

p. m. 

a.  m. 

p. m .  

a .  m .  

p. m. 

a. m. 

p. m .  

a .  m. 

p. m. 

a. m. 

p . m. 

a.  m. 

p. m. 

No . 1 2 3 4 5 6 7 8 9 10 1 1  12 · 13 14 15 16 17 18 19 20 21 2 2  

58 94. 6 94- 2 93. 7 94- 2 94. 2 89 . 4  84. 6 84. 1 91 . 0  93 . 2 94. 6 94. 6 9 3 . 2 94. 6 94. 6 93- 7 94. 2 94. 2 80 . 2  91 . 3 9 2 . 4 93- 7 
2 1  9 1 - 3 91. 6 93- 7 92 . 6 9 1 . 3 88. 9 84. 1 84. 1 90 . 2 88. 4 92 . 4 9 1 . 3 92 . 0  92 . 8 91 . 8 93- 2 91. 3 90 . 2  88. 0 87. 2 93. 2 92 . 4  
5 5  94. 2 94. 2 95. 0 94. 6 9 2 . 8 89. 8 85. 4 83. 7 92 . 0  92 . 0 94. 2 92. 4 93. 2 93. 2 94. 2 93. 7 9 1 . 3 93 - 7 8 6 . 4 88. 0 93- 7 93- 7 

58 9 1 . 3 93. 2 93. 2 93. 7 93. 7 91. 3 91. 6 90. 2 93- 7 92 . 4  94. 2 93 . 2 92 . 4  94. 6 93- 7 93 - 7 93. 7 94. 2 89 . 8 89 . 8 9 3 - 7 92 . 0  
2 1  90. 7 92 . 0  92 . 4  94- 2 93- 7 9 1 . 6 90. 2 89 . 4 9 2 . 8 92 . 4  93. 7 93. 7 9 1 . 6 92 . 8 93. 7 92 . 8 94. 6 93. 2 88. 0 89. 2 92 . 4  93- 7 
5 5  9 1 . 6 92 . 4  93- 2 93. 2 93- 7 91. 6 88. 4 8 5 . 0 9 1 . 6 92 . 4  92 . 8 92. 8 92 . 0  92 . 4 92 . 4  94. 2 90 . 7 90 . 7  86. 4 89 . 4 93. 7 9� . 0 

58 9 1 . 3 90 . 7 91 . 6 9 2 . 4 9 0 . 7 87. 2 82 . 8 80. 2 90. 7 89. 8 9 1 . 6 91. 6 89 . 8 90. 7 9 1 . 6 92 . 0  89. 8 88. 4 84. 6 82 . 4 91. 6 90 . 2 
2 1  9 1 . 3 92 . 0  94. 2 93 . 2 93 . 2 89 . 8 87 . 2 83. 2 9 1 . 6 92 . 0  9 1 . 3 92. 8 90 . 2 89 . 8 92 . 0  93- 7 9 2 . 0 89 . 8 8 2 . 8 84. 6 89 . 8  92 . 8  
5 5  8 9 - 4 90 . 2 89 . 4  89. 4 89 . 4  86. 8 83 . 2 83 . 2 88 . 4 88. 4 89. 4 89. 8 88 . 0 89 . 8 90 . 7 92 . 0 88. 0 88 . 0 8 5 . 9 86. 8 89. 8 92 . 8 

58 9 2 . 8 94. 2 94. 6 94- 2 94. 2 90 . 2 89 . 8 8 5 . 0 92 . 8 93. 2 96. 3 9 1 . 3 9 5 . 0 93- 7 94- 2 94. 2 9 2 . 0 9 1 . 3 8 6. 8 85. 4 9 1 . 6 93. 7 
2 1  9 2 . 4 9 5 . 0 95. 0 93. 2 93 - 7 92 - 4  90 . 2  87. 2 92 . 4  94. 2 94. 2 93- 7 94. 2 9 3 - 7 93 . 2 93 . 2 9 2 . 0 91. 6 b8 . 9 84. 1 92 . 0  94. 6 
5 5  93. 7 93- 7 9 5 . 0 9 2 . 8 9 5 . 0 93. 7 90 . 2 87 . 2 9 3 - 7 94. 2 94 . 2 93- 2 92 . 4  93 . 7  9 3 . 2 93. 2 92 . 0 9 1 . 6 88 . 9 88 . 0 88 . 9 93. 2 

58 8 9 . 8 8 8 . 9 89 . 4 88 . 9 8 8 . 9 89 . 4  82 . 4 81 . 0 88. 4  85 . 9 84. 6 85. 0 86. 4 84 . 6 8 5. 9 85 . 0 85 . 0 87. 6 87 . 4 83 . 7  86. 4 87 . 6 
2 1  8 9 . 8 89 . 4  91 - 3 90. 7 93 . 2 90 . 2 86. 4 82 . 8 86 . 8 88. 0 85 . 0 87. 6 82 . 4 85. 0 8 6 . 8 88 . 4 89. 8 88 . 0 83 . 2 82 . 4 84. 6 88 . 0 
5 5  8 5 . 4 88. 4 89. 4 89 . 8 9 1 . 6 84. 1 8 3 . 2 8 1 . 4 88 . 4  88. 0 87 . 6 86. 8 8 5 . 9 84. 6 8 5 . 9 86. 8 86. 8 8 6 . 4 82 . 4 80 . 6 86. 8 8 8. 9 

58 8 7 . 6 88. 4 88 . 9 89. 4 9 1 . 3 89 . 4 82 . 4  80. 2 9 1 . 3 89 . 4 88 . 0 86. 4 87 . 2 88. 0 8 8 . 0 88. 4 88 . 4  86. 8 8 1 . 9 81 . 9 85 . 4 88 . 9 
2 1  8 6 . 8 90 . 2 9 1 . 6 89 . 8 90 . 2 89. 8 84. 6 78. 0 83. 2 86. 8 8 6 . 8 86. 4 84. 6 82 . 8  83. 2 87. 6 86. 4 85. 4 77. 4 74. 8 86. 4 8 5 . 0 
55 . 8 6 . 8 89 . 4 92 . 0 90 . 7 89 . 8 85. 0 85. 0 87. 0 8 6 . 8 87 . 2 88. 9 87 . 2 8 5 . 9 83 . 2 87 . 6 89 . 8 88 . 0 88 . 0 79 - 7  8 1 . 9 88 . 0 88 . 0 

58 8 7 . 2 88 . h 90. 7 90 . 2 90 . 2 87. 2 80 . 6 77 - 4 85 . 9 87 . 2  86. 8 86. 4 8 6 . 8 88 . 9 88 . 9 87 . 2 8 5 . 9 86. 8 87 . 0 79. 2 88 . 0 88 . 9 
2 1  8 5 . 9 85. 9 86. 8 8 5 . 4 8 5 . 9 83 . 7 72 . 2 78. 8 7 9 . 2 86. 4 88 . 9 85. 4 8 5 . 4 83. 2 84. 1 84. 1 85. 4 81 . 9 7 9 - 7 7 5 - 4 84. 6 86. 8 
55  8 8 . 0 88 . 9  9 3 . 2 90 . 7 93 - 7  88 . 9 88 . 0 82 . 4  89 . 8 90 . 7 90. 2 86. 8 89 . 8 90 . 7 90 . 7  92 . 4 90 . 7  89 . 4 86 . 8 83 . 7 90 . 7 9 2 . 4 

58 
21 
5 5  

8 8 . 4 90. 2 90 . 2 8 8 . 4 89 . 4  89 . 8 77 . 2 73- 5 8 7 . 2 86. 4 86. 8 85. 8 85. 9 85. 9 8 8 . 4 88. 4 88 . 0 89 . 4 79. 7  75. 7 87. 6 88. 0 
84. 1 84. 1 88 . 9 88 . 0 8 6 . 8 82 . 4 79. 2 7 8 . 4 84. 1 8 5 . 9 88 . 9 85. 4 86. 4 84. 1 8 5 . 9 86. 8 87 . 2 83 . 7 74. 2 76. 0 81 . 9 83 . 7  
8 8 . 0 88. 0 8 8 . 4 88. 0 8 7 . 6 8 5 . 4 78. 7 7 6 . 6 87. 6 87. 2 87. 2 85. 0 86. 8 86. 8 89 . 4  89 . 4  8 5 . 0 85- 4 83. 2 79 . 2 88. 4 89 . 4 

58 8 8 . 9 89 . 8 91 . 6 9 1 . 6 90 . 7 88 . 0 85. 9 82 . 4  88 . 0  87 . 6 88. 4 8 5 . 0 89 . 8 88 . 4 8 7 . 6 89 . 8 87. 6 86. 4 83 . 2 8 1 . 0 88 . 0 88 . 0 
2 1  b 7 . 6 87 . 6 86. 4 87. 2 87 . 2 82. 4 85 . 9 8 1 . 0 8 5 . 0 86. 4 8 5 . 0 85. 4 86. 4 85. 9 8 5 . 7 89 . 4  88 . 4 86. 8 79 - 7 8 1 . 7 87. 2 90 . 2 
5 5  90. 7 88 . 4 90 . 7 90 . 7 90. 7 86 . 8 86. 4 88 . 0 8 6 . 8 86. 8 9 1 . 6 86. 4 8 9 . 8 88. 4 9 1 . 3 90 . 2 89 . 8 87 . 2 84. 1 82 . 6 91 . 3 9 1 . 6 

58 8 5 . 9 87 . 2 88 . 0 8 6 . 4 8 5 . 9 74- 7 7 5 - 4 7 5 . 0 8 7 . 2 86. 4 86. 8 86. 8 87. 2 86. 8 87 . 2 88 . 4 8 5 . 4 85. 4 81 . 0 80 . 6 87 . 6 87. 2 
2 1  8 2 . 4 87. 2 87 . 2 87. 2 87 . 2 82 . 8 85 . 9 8 1 . 0 8 8 . 9 88 . 0 86. 8 8 5 . 4 88. 4 86. 8 8 5 . 9 8 5 . 4 84. 6 83 . 2 80 . 6 82 . 8 8 5 . 0 85. 9 
55 9 0 . 7 88 . 4 90. 7 90. 7 90. 7 86. 8 86. 4 8 1 . 0 8 6 . 8 86. 8 91 . 6 86. 4 89 . 8 88. 4 9 1 . 3 90 . 2 89 . 8 87 . 2 84. 1 82 . 4 9 1 . 3 91 . 6 

58 88. 4 88. 4 90 . 7 89 . 8 90 . 7 85. 4 82 . 8  7 8 . 4 89 . 4  88. 9 88 . 4 88. 0 87 . 6 85. 0 8 5 . 4 86. 4 8 6 . 8 86. 4 84. 1 83. 2 83. 2 86. 8 
2 1  8 5 . 9 87 . 2 9 1 . 6 89 . 4  86. 8 86. 4 93. 2 82 . 4  89 . 4 88 . 4 84. 1 8 8 . 9 87. 6 89. 4 88 . 9  87 . 2  87. 2 86. 8 84. 6 83. 7 88 . 9 89. 8 
55 8 9 . 8 90. 7 90 . 2 90 . 7 90 . 7  90 . 2  84. 6 82 . 8 88 . 4 88. 4 91. 6 88. 9 9 1 . 6 90. 2 90 . 2 90. 7 89. 8 88 . 4 88 . 0 88. 0 89. 8 9 1 . 6 

5 8  8 8 . 4 88. 0 90. 2 8 8 . 4 8 6 . 8 86. 8 8 5 . 0 84. 6 9 1 . 3 89 . 4  88. 9 88. 9 90. 2 88 . 0 91 . 3  90 . 2 89. 4 86. 8 86. 8 82 . 8 87 . 6 89. 4 
21 8 9 . 4 91. 6 9 1 . 6 89 . 8 9 1 . 3 87 . 6 8 5 . 9 85 . 0  89 . 4  90 . 2 9 1 . 6 91. 3 89 . 8 90 . 2 89 . 8 86. 4 88 . 4  88 . 0 86. 4 84. 1 90 . 2 90 . 2 
5 5  8 9 . 4 90. 7 9 1 . 6 88 . 9  90 . 2 88 . 4  87. 6 8 5 . 4 92 . 8 9 1 . 6 9 1 . 6 9 2 . 0  88 . 9 90. 2 9 1 . 3 92 . 0  89 . 8 88. 9 86. 8 8 5 - 4 89 . 8 90 . 2 

A i r  T .  

70 . 8 
7 2 . 0 
73 . 0  

73. 0 
73. 8 
74. 0 

66. 5 
6 8 . 0 
70 . 0  

73. 0 
7 5 - 5 
7 3 . 0 

64. 0 
64 . 0  
61 . 5 

64. 0 
6 5 . 5 
6 5 . 0 

61 . 2 
6 1 . 9 
62 . 6  

6 5 . 0 
6 5 . 2 
6 6 . 0 

66. 5 
66.  5 
66. 5 

66. 9 
6 7 . 0 
67 . 0 

7 1 . 0 
73. 6 
72 . 1 

72 . 0 
7 3 . 6 
73 - 9 

Bod.y T. 

100 . 5 
100 . 4 
1 00 . 6 

10 1 . 4 
10 1 . 0  
100. 9 

101 . 0  
100 . 7 
101 . 0  

1 0 1 . 1 
101 . L� 
101 . 7 

1 0 1 . 5 
1 0 1 . 5 
1 01 . 1 

100 . 2 
1 00 . 4 
1 00 . 4 

1 01 . 4 
10 1 . 1 
101 . 2 

1 01 . 4 
101. 2 
101 . 0 

10 1 . 0 
100 . 5 
10 1 . 4 

100 . 9 
100 . 4 
1 00 . 8 

101 . 4  
100. 5 
1 00 . 4 

1 0 1 . ·0 
100 . 5 
100 . 8 



��-TABLE 51 • 

APPENDIX VI 

INDIVIDUAL CORRELAT IONS 

OUTSIDE DATA 

Wi thi n Animal Bas i s .  

Twi n A i r  and Ski n  and Ski n and Ski n  and A i r  and A i r  and Air and Rectal and �ectQl a nd Resp. and 
;Ho . Ski n. E.ectgl . ReS:Q. Pulse . ;Bectg1 . ReS£• Pulse. ReS£• Pulse. Pulse. 

25 • 661 • 382 • 604 . 497 • 581 • 527 . 442 . 440 • 538 • 487 26 . so1 • 585 • 427 - . 035 • 616 . 501 . 2 25 . 323 . 105 . 207 
5 5  • 818 • 277 • 649 . 360 . 198 . 619 . 420 . 399 • 408 • 433 58 • 7 3 6  . 370 • 640 . 3 83 . 0278 • 533 • 439 • 342 . 477 . 487 
69 • 581 . 341 • 602 . 420 . 153 • 503 . 350 . 124 . 101  • 604 
70 • 698 . 231 • 698 . 340 . 239 • 362 . 196 . 080 . 125 • 504 89 • 587 • 288 • 605 • 671 . 406 . 764 • 537 . 382 . 107 • 501 
90 • 702 . 341 . 768 · 543 • 408 • 735 . 251 . 232 . 030 . 416 
31 • 650 . 278 • 617 . 140 • 510 • 517 . 366 . 285 • 470 . 250 32 • 674 • 406 . 735 • 429 . 242 • 677 · 374 . 446 • 588 . 405 
49 • 502 . 413 . 737 • 608 . 1 54 . 296 • 674 • 451 . 118 . 386 
50 • 477 • 512 - 745 . 1 53 . 108 . 200 • 406 . 51 4 . 202 . 3 63 

AVRRAG ES : • 640 • 373 . 661 . 39 1  . 326 • 613 . 386 . 359 . 285 • 439 

PROBA B I L ITY : .40 • 90 I 60 Q5 110 .75 -�- .40 ··-· 70 . 10 • 1 5 
59b l�b 

I ndividual Y '  s d. f' .  3 1  • 3L�5 • 4L�4 

Total y ' s  d. f �  394 

Wi t hi n  Day Ba s i s. 

Day 

1 I 730 • 120 . 01 5  - . 2 87 • 377 . 035 - . 1 32 . 01 5  -. 09 • 635 
2 . 331 • 290 . 32 8  . 0 65 . 272 . 069 . 085 . 084 . 300 • 449 
3 . 600 · 543 . 2 95  · 3 57 • 696 . 2 77 . 295 . 27 7  . 237 • 396 
4 . 194 -. 328 - . 079 - . 181 . 076 . 407 -. 100 - . 041 - . 09 5  . 097 
5 • 669 . 239 • 341 . 19 1  . 532 . 422 . 51 9  . 39 6  . 084 . 441 
6 . 573 • 002 . 1 2 1  . 0 5 5  . 510 . 070 . 548 - . 061 • 303 • 461 
7 • 596 . S20 • 697 . 181 . 488 . 2 14 . 336 
8 . 705 . 447 . 454 . 633 • 750 • 812 • 635 . 40 8  • 642 
9 • 616 . 2 53 . 334 . 563 • 505 . 476 . 0 79 . 308 • 526 

10 - . 121 • 2 52 -. 623 . 187 . 71 2  • 257 
11 . 02 5 - . 031 -. 124 . 085 • 547 • 454 
12 -. 304 . 872 . 080 -. 079 • 230 • 723 

d. f .  31 � 34 34 22  , , 6  46 46 46 46 46 

· -� ....... -

PROBABILITY : � . 01 • 02 /. 01  • 80 > . 01 ) · 01 ) · 01 ' , . 01 )- 01 • 01 
' 



TABLf� 5 2 . 

APPENDIX VI I 

PARTIAL CORRELATI ONS AND MULTIPLE CORRELAT ION COEFFI C IENTS 

1ST ORDER PART IAL C ORRELAT I ONS . 

r 
• 206 

r
1 2 . 3 = 

r
1 2 . 4 = - 335 

r 12 . 5 = .' 2 21 

r
1 3 . 2 = . 1 96 

r 13 . 4 = . 32 1  
r 13 . 5 = . 150 

r
14. 2 = . 177 
14. 3 = . 1 62 

r14. 5 = . 1 50 
r1 5 . 2 = - 346 
r 1 5 . 3 = . 2 62 
r1 5 . 4 = . 372 

2ND ORDER pfu-qTI ALS . 

r12 . 34 = . 204 
r12 . 35 = • 162 
r12 . 45 = . 197 r13. 24 = . 169 
r1 3 . 2 5 = . 038 
r13. 45 = . 1 32 
r14. 2 3 = . 1 37 r 14. 2 5  = . 106 
r14. 3 5 = . 131 
r1 5. 2 3  = . 2 69 
rl 'l . 24 = • 319 
r - . 246 1 ") . 34 = 

r .... . 1 97 r2 5 . 34 = 

35 - 2 4  = . 144 
r45 . 2 3  = . 138 

IviULT I PLE CO.r:.HELi1T I ON COEFF I C I ENTS .  

R 
Rl . 23 = . 434 
Rl . 24 = . 42 8 
R

l .  2 34 = • 459 
l .  2 345 = • 495 

r24. 3 = . 101 
r34. 2 = . 189 
r . 45 . 2 = . 1 58 
r 53. 2 = . 490 
r43 . 2 = . 233 
r45 . 2 = . 231 
r3 5 . 2 = . 490 
r3 5 . 4 = • 600 
r2 5 . 3 = . 198 
r25 .  4 = . 469 
r 54. 2 = . 231 
r 54- 3 = . 135 

3RD OHDER PART IALS . 

r12 . 345 = . 1 64 
r13 . 245 = . 12 4  
r14. 2 35 = . 1 0 5  
r1 5. 234 = . 2 5 5  

A l l  t h e  abo ve w orked o ut by t he met ho d  propo s ed by 

Pear so n & B ennett ( 191 ) . Th e o r i gi nal gro s s  co r � e la t i o n s  a nd th e average 

c o r r e lat i o ns der i v ed o n  a w i t hi n  cow ba s i s . Appropr ia t e  t e s t of s i gni f i c anc e 

o f  par t i al co r r elat i o ns i s  by m eans of S nedecor ( 190 ) t ab l e s .  
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