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INTRODUCTION 

Heat tolerance may be defined as the ability of the body to endure the impact of a hot 
environment without suffering ill-effects. 

In this general form the definition probably satisfies most of the people interested 
in heat tolerance. However, different people will give different interpretations to the 
term "ill-effects". To the animal husbandry man it may mean a poor performance with res- 
pect to grazing, thrift and milk yield,to the veterinary practitioner alow fertility and 
proneness %0 disease, and to the physiologist a displacement from the normal of body 
functions such as body temperature and respiratory activity. As a consequence, varibus 
people will judge heat tolerance by a number of different criteria; they speak, with re- 
gard to heat tolerance, "different languages", which makes any comparison difficult. 

Yet, physiologically there are no completely isolated reactions %o heat because of the 
relationships existing between the various body processes. Whether or n05 certain body 
functions, such as milk secretion, are economically exploited by man, does not make any 
difference. Heat tolerance is essentially an entity which is merely looked at and ap- 
proached from different angles by people d~ffering from each other with respect to inte- 
rest, training and facilities. 

It would appear therefore physiologically reasonable and,from the standpoint of general 
applicability , desirable to find a way of assessing an animal's innate overall capacity 
%o cope successfully with a hot environment. Any attempt in this direction is faced with 
difficulties both fundamental and practical. 

Three main factors have to he considered: the hot climate(the stress producing agent), 
the animal body (the target) and a suitable scale for expressing numerically the effect 
of the hot climate on the animal body. 

The aim of this paper is to discuss various aspects of heat tolerance in cattle by at- 
tempting %o answer the following questions: 
(I) Which of the many climatic factors have to be taken into consideration for shear to- 

lerance test? 
l!I At What intensity shOuld they be applied? 

What is the relation of some selected body structures to heat tolerance? 
Which body functions are eligible for use as criteria in a heat tolerance test? 
Which are at present the best ways of expressing the impact of a hot climate on the 
body? 

(6) Which f a c t o r s  i n f l u e n c e  hea t  t o l e r a n c e  i n  a g i v e n  a n i m a l ,  and how s t r o n g  a re  t h e s e  
i n f l u e n c e s ?  



C L I M A T E  

GENERAL 

A h e a t  t o l e r a n c e  t e s t ,  i n  o r d e r  t o  g i v e  r e p r o d u c i b l e  and c o m p a r a b l e  r e s u l t s ,  mus t  be  
c a r r i e d  ou t  i n  a s t a n d a r d  t h e r m a l  e n v i r o n m e n t .  T h i s  i s  d i f f i c u l t  t o  a c h i e v e  i n  t h e  f i e l d  
w h e r e  one h a s  t o  a c c e p t  t h e  a t m o s p h e r i c  c o n d i t i o n s  p r e v a i l i n g  a t  t h e  moment .  

I t  i s  t r u e  t h a t  a n i m a l s  t e s t e d  s i m u l t a n e o u s l y  i n  t h e  same g e o g r a p h i c a l  a r e a  may r e a d i -  
l y  be r a n k e d  a c c o r d i n g  t o  t h e i r  h e a t  t o l e r a n c e  w h i c h  i n  t u r n  a l l o w s  s e l e c t i o n  o f  t h o s e  
a n i m a l s  ( o f  one o r  o f  many d i f f e r e n t  b r e e d s )  w h i c h  s t a n d  up b e s t  t o  a g i v e n  l o c a l  c l i -  
m a t e .  B u t ,  s i n c e  t h e  a t m o s p h e r i c  c o n d i t i o n s  v a r y  i n  a g i v e n  a r e a  w i t h  t i m e , a n d  i n  a g i v e n  
t i m e  w i t h  a r e a ,  r e s u l t s  so  o b t a i n e d  r e p r e s e n t  o n l y  r e l a t i v e  v a l u e s ,  i . e . ,  t h e y  a r e  n o t  
c o m p a r a b l e  t o  r e s u l t s  o b t a i n e d  e l s e w h e r e  o r  a t  a n o t h e r  t i m e .  E x t r a p o l a t i o n  t o  a s t a n d a r d  
c l i m a t e  by u s i n g  c o r r e c t i o n  f a c t o r s ,  may be p o s s i b l e , b u t  can  h a r d l y  be  c o n s i d e r e d  s a t i s -  
f a c t o r y .  The c o n t r o l l e d  a t m o s p h e r e  o f  a h o t  room i s  g e n e r a l l y  p r e f e r a b l e ,  a l t h o u g h  t h i s  
a l s o  h a s  i t s  l i m i t a t i o n s .  

I n  c h o o s i n g  t h e  a t m o s p h e r i c  c o n d i t i o n s  f o r  a h e a t  t o l e r a n c e  t e s t ,  i t  h a s  t o  be  d e c i d e d  
w h a t  c l i m a t i c  f a c t o r s  s h o u l d  be c o n s i d e r e d  and a t  wha t  i n t e n s i t i e s  t h e y  s h o u l d  be  u s e d .  

QUALITATIVE ASPECTS 

The p r i n c i p a l  c o m p o n e n t  f a c t o r s  o f  a t h e r m a l  e n v i r o n m e n t  a r e  t e m p e r a t u r e , h u m i d i t y , w i n d  
and  s o l a r  r a d i a t i o n .  I d e a l l y  t h e y  s h o u l d  a l l  be  i n c l u d e d  i n  a h e a t  t o l e r a n c e  t e s t  e i t h e r  
i n  c o m b i n a t i o n  o r  s i n g l y  one a f t e r  t h e  o t h e r .  E a c h  c l i m a t i c  f a c t o r  a f f e c t s  t h e  body  i n  a 
d i f f e r e n t  way t h e r e b y  mak ing  demands  on s p e c i f i c  s t r u c t u r e s  and  m e c h a n i s m s  o f  t h e  b o d y . A  
h i g h  e n v i r o n m e n t a l  t e m p e r a t u r e ,  p r o v i d e d  i t  d o e s  n o t  e x c e e d  body  t e m p e r a t u r e ,  i n t e r f e r e s  
w i t h  t h e  d i s s i p a t i o n  o f  body  h e a t  by c o n v e c t i o n  and r a d i a t i o n ,  w h i c h  e m p h a s i s e s  t h e  im-  
p o r t a n c e  o f  f a c t o r s  s u c h  a s  t h e  r a t i o  o f  body  s u r f a c e  t o  body  m a s s ,  t h e  c i r c u l a t i o n  o f  
t h e  b l o o d  and t h e  v a s c u l a r i z a t i o n  o f  t h e  s k i n .  A h i g h  a i r  h u m i d i t y  i n t e r f e r e s  w i t h  d i s -  
s i p a t i o n  o f  body  h e a t  by e v a p o r a t i o n .  I t  t h u s  p l a y s  a r o l e  i n  e v a l u a t i n g  an a n i m a l ' s  c a -  
p a c i t y  f o r  e v a p o r a t i v e  c o o l i n g  by s w e a t i n g  and  p a n t i n g .  I n  a n o n - s w e a t i n g  n o n - p a n t i n g  
a n i m a l ,  a i r  h u m i d i t y  wou ld  be o f  m i n o r  i m p o r t a n c e  a s  a c l i m a t i c  f a c t o r . W i n d  p r o m o t e s  A s -  
s i p a t i o n  o f  body  h e a t  by c o n v e c t i o n ,  ( p r o v i d e d  a i r  t e m p e r a t u r e  d o e s  n o t  e x c e e d  t h e  body  
t e m p e r a t u r e ) ;  i t  a l s o  a s s i s t s  e v a p o r a t i o n .  T h e r e f o r e ,  t h e  l a r g e r  t h e  ( r e l a t i v e )  s u r f a c e  
a r e a  o f  an a n i m a l  and  t h e  h i g h e r  i t s  r a t e  o f  s k i n  e v a p o r a t i o n ,  t h e  more  i t  w o u l d  b e n e f i t  
f r o m  t h e  c o o l i n g  p o w e r  o f  w i n d .  

S o l a r  r a d i a t i o n ,  i n  c e n t r a s ~  t o  t h e  o t h e r  t h r e e  c l i m a t i c  v a r i a b l e s , i m p o s e s  a h e a t  l o a d  
on t h e  body  by t r a n s f e r r i n g  e n e r g y  t o  i t  f r o m  o u t s i d e . T h e  p r e s e n c e  o f  s o l a r  r a d i a t i o n  i n  
a h e a t  t o l e r a n c e  t e s t  a l l o w s  a d e t e r m i n a t i o n  t o  be  made o f  an a n i m a l ' s  c a p a c i t y  f o r  a b -  
s o r b i n g  s o l a r  r a d i a t i o n ,  ' w h i c h  i s  l a r g e l y  d e p e n d e n t  on t h e  c h a r a c t e r i s t i c s  o f  i t s  s k i n  
and h a i r  c o a t .  The s u p e r i o r i t y  i n  h e a t  t o l e r a n c e  o f  an a n i m a l  h a v i n g  a g l o s s y ,  l i g h t  c o -  
l o u r e d ,  i . e . ,  a h i g h l y  r e f l e c t i n g  c o a t ,  o v e r  an a n i m a l  h a v i n g  a d u l l , d a r k  c o a t ,  c an  o n l y  
be e v a l u a t e d  i n  t h e  p r e s e n c e  o f  s o l a r  r a d i a t i o n  o r  a s u i t a b l e  a r t i f i c i a l l y  p r o d u c e d  s u b -  
s t i t u t e .  

Since all these climatic factors can affect the animal's thermal balance, it would ap- 
pear desirable to express them jointly as a single figure,so that different climates, in 
spite of differences in their component factors, would be mutually comparable.Various at- 
tempts have been made to combine two or more climatic factors into a single index.A well 
known index of this kind is the "cooling power" which is a measure of the amount of heat 
lost by a specified body under given conditions of temperature, wind velocity and ra- 
diation. S i n c e  s u c h  an i n e r t  body  c a n n o t  make a d a p t a t o r y  a d j u s t m e n t s , i t s  r e s p o n s e  to  c l i -  
m a t i c  s t r e s s  w i l l ,  o f  c o u r s e , n o t  r e f l e c t  q u a n t i t a t i v e l y  t h e  r e s p o n s e  o f  a l i v i n g  b o d y ; i t  
w i l l ,  h o w e v e r ,  e x p r e s s  i n  a s i n g l e  f i g u r e  t h e  t h e r m a l  demands  made by t h e  c o m b i n e d  a c t i o n  
o f  s e v e r a l  c l i m a t i c  f a c t o r s  on t h e  t e m p e r a t u r e  r e g u l a t i n g  m e c h a n i s m s  o f  t h e  a n i m a l  b o d y .  
I n  t h i s  r e s p e c t  c o m b i n e d  c l i m a t i c  i n d i c e s  may s e r v e  a u s e f u l  p u r p o s e .  



In  h e a t  t o l e r a n c e  s t u d i e s ,  h o w e v e r ,  i t  may be i m p o r t a n t  t o  know t h e  i s o l a t e d  e f f e c t  o f  
s i n g l e  c l i m a t i c  f s f f t o r s .  I n d e e d , h e a t  t o l e r a n c e  may be l i m i t e d  by a " c l i m a t i c  m a s t e r  f a c -  
t o r " ,  s u c h  a s  s o l a r  r a d i a t i o n  i n  t h e  d e s e r t  and a i r  h u m i d i t y ( a t  an e l e v a t e d  l e v e l  o f  a i r  
t e m p e r a t u r e )  i n  t h e  j u n g l e ,  e m p h a s i s i n g  t h e  i m p o r t a n c e  o f  c o a t  c h a r a c t e r  i n  t h e  one i n -  
s t a n c e  and o f  e v a p o r a t i v e  c o o l i n g  i n  t h e  o t h e r  i n s t a n c e . T h u s , f o r  d i f f e r e n t  t y p e s  o f " h o t "  
c l i m a t e s  s e l e c t i o n  of  h e a t  t o l e r a n t  a n i m a l s  may h a v e  t o  c o n c e n t r a t e  on d i f f e r e n t  and s p e -  
c i f i c  a n i m a l  c h a r a c t e r s .  F o r  t h i s  r e a s o n  one m i g h t  c o n c e i v e  s e v e r a l  d i f f e r e n t  h e a t  t o l e -  
r a n c e  t e s t s ,  e a c h  g i v i n g  s p e c i f i c  i n f o r m a t i o n  on t h e  e f f e c t  o f  one d o m i n a t i n g  c l i m a t i c  
f a c t o r .  I n  t h i s  way one c o u l d  t h i n k  o f  a d r y  h e a t  t o l e r a n c e  t e s t ,  a humid  h e a t  t o l e r a n c e  
t e s t  and a r a d i a n t  h e a t  t o l e r a n c e  t e s t .  

T h e r e  i s  a l s o  t h e  p o s s i b i l i t y  o f  u s i n g  n o n - c l i m a t i c  f a c t o r s  a s  s t r e s s  p r o d u c i n g  a g e n t s  
i n  a h e a t  t o l e r a n c e  t e s t .  H e a t  g e n e r a t e d  i n  t h e  body  by p h y s i c a l  e x e r c i s e  and  d r u g - i n -  
d u c e d  f e v e r  a r e  two such  p o s s i b i l i t i e s .  I n  h e a t  t o l e r a n c e  t e s t s  w i t h  man i t  i s  common p r a c -  
t i c e  f o r  t h e  s u b j e c t  t o  p e r f o r m  work  i n  a warm a t m o s p h e r e .  C o n s e q u e n t l y  t h e s e  s u b j e c t s  
a r e  e x p o s e d  t o  t h e  c o m b i n a t i o n  o f  two s t r e s s o r s  w h i c h  a r e  l a r g e l y  a d d i t i v e  i n  t h e i r  d e -  
mands on t h e  t h e r m o r e g u l a t o r y  c a p a c i t y  of  t h e  b o d y .  Such c o m b i n e d  t e s t s  m i g h t  be of  u s e  
a l s o  i n  c a t t l e ,  s i n c e  a h o t  e n v i r o n m e n t  and t h e  n e c e s s i t y  t o  w a l k  l o n g ~ s t a n c e s ( i n s e a r c h  
o f  w a t e r  and f o o d )  a r e  o f t e n  l i n k e d  w i t h  e a c h  o t h e r  i n  t h e  t r o p i c s .  A h e a t / e x e r c i s e  t e s t  
f o r  c a t t l e ,  a l t h o u g h  o f  a s p e c i a l  t y p e ,  h a s  b e e n  d e v i s e d  by D o w l i n g  ( 1 9 5 6 ) .  Such t e s t s ,  
w h i l e  g i v i n g  m o s t  v a l u a b l e  i n f o r m a t i o n  may be  d i f f i c u l t  i n  t h e i r  i n t e r p r e t a t i o n .  A good  
s c o r e  i n  t h e  t e s t  m i g h t  be due t o  a h i g h  e f f i c i e n c y  i n  e l i m i n a t i n g  h e a t  f r o m  t h e  b o d y , o r  
a l t e r n a t i v e l y ,  t o  a h i g h  e f f i c i e n c y  i n  p r o d u c i n g  p h y s i c a l  work  w i t h  a minimum c a l o r i c  
c o s t .  M o r e o v e r ,  s u c h  t e s t s  u s u a l l y  r e q u i r e  e x t r a  f a c i l i t i e s  and l a b o u r ;  t h e y  t h e r e f o r e  
s h o u l d  be made t h e  s u b j e c t  o f  a s p e c i a l  i n v e s t i g a t i o n  r a t h e r  t h a n  ~he b a s i s  o f  a s t a n d a r d  
p r o c e d u r e  o f  a g e n e r a l  h e a t  t o l e r a n c e  t e s t .  

Even s t r o n g e r  r e s e r v a t i o n s  mus t  be made r e g a r d i n g  t h e  u s e  o f  d r u g s  f o r  r a i s i n g  body  
t e m p e r a t u r e  i n  a h e a t  t o l e r a n c e  t e s t ,  b e c a u s e  i n  f e v e r ,  i n  c o n t r a s t  t o  h y p e r t h e r m i a ,  t h e  
s e t t i n g  o f  t h e  c e n t r a l  " t h e r m o s t a t "  o f  t h e  body  i s  c h a n g e d  t o  a h i g h e r  l e v e l  so t h a t  t h e r -  
m o r e g u l a t o r y  r e a c t i o n s  work i n  r e l a t i o n  t o  t h i s  new s e t t i n g .  

QUANTITATIVE ASPECTS 

The effect of a hot environment on the body depends not only on the nature of the cli- 
matic factors involved, but also on their intensity. If the temperature of the environment 
equals that of the animal and, at the same time,the air is completely saturated with wa- 
ter vapour, the animal cannot lose any heat to the environment. Changes in body tempera- 
ture, measured under such conditions, reflect the accumulation of body heat which cannot 
be dissipated. 

In order to obtain information on the efficiency of the various channels of heat loss, 
gradients in temperature and humidity between an animal and its surroundings must be es- 
tablished by lowering the environmental temperature,the air humidity or both. If the air 
humidity is lowered, heat loss becomes possible, but only through evaporation. A dry at- 
mosphere at body temperature has the advantage that the number of possible explanations 
for any physiological changes observed in the animal is reduced.lt is obvious that shear 
tolerance test, intended to give information on the efficiency of sweating,has to be con- 
ducted in a relatively dry aZmJsphere, in order to allow the sweat secreted to have a 
cooling effect. 

Considering the overall intensity of a climate, not in terms of physical units, but in 
terms of animal response, 4 degrees of severity,namely, mild heat, moderate heat, severe 
heat and excessive heat may be arbitrarily differentiated and described as follows: 

(I) MILD KEAT: The thermoregulatory mechanisms of the body can cope completely with the 
heat load, so that body temperature remains normal. 

(2) MODERATE HEAT: The thermoregul:atory mechanisms work at a highger intensity;body tem- 
perature can be stabilised but at an elevated level. 



( 3 )  SEVERE HEAT: The  f u n c t i o n a l  r e s e r v e s  o f  t h e  t h e r m o r e g u l a t o r y  m e c h a n i s m s  a r e  b e c o m i n g  
e x h a u s t e d ;  body  t e m p e r a t u r e  r i s e s  c o n t i n u a l l y .  

(4) E~CESSIVE HEAT: The  t h e r m o r e g u l a t o r y  m e c h a n i s m s  a r e  g r o s s l y  o v e r t a x e d ; t h e  an imal  s u c -  
cumbs w i t h i n  a s h o r t  t i m e .  A d i f f e r e n t i a t i o n  b e t w e e n  s e v e r e  h e a t  and  e x c e s s i v e  h e a t  
may be  d i f f i c u l t  i n  some i n s t a n c e s .  

On w h i c h  o f  t h e s e  d e g r e e s  o f  t h e r m a l  i n t e n s i t y  s h o u l d  a h e a t  t o l e r a n c e  t e s t  be  b a s e d ?  
The  u s e  o f  m i l d  h e a t  m i g h t  be  a d v o c a t e d ,  b e c a u s e  m i l d  h e a t  a c t i v a t e s  t h e  h e a t  l o s s  me -  
c h a n i s m s  w i t h o u t  c a u s i n g  a d i s p l a c e m e n t  o f  body  t e m p e r a t u r e .  To m e a s u r e  t h e s e  e a r l y  and  
s u b t l e  c h a n g e s  i n  t h e  t e m p e r a t u r e  r e g u l a t i n g  m e c h a n i s m s  m i g h t  a p p e a r  more  s a t i s f a c t o r y  
t h a n  t o  m e a s u r e  t h e i r  a c t i v i t y  a t  a l e v e l  w h e r e  t h e y  a r e  a l r e a d y  a c c o m p a n i e d  by  s i g n s  o f  
h e a t  d i s t r e s s .  Y e t ,  u n d e r  f i e l d  c o n d i t i o n s ,  s i g n i f i c a n t  c h a n g e s  i n  body  t e m p e r a t u r e  do 
o c c u r ,  i f  o n l y  o f  a t r a n s i e n t  n a t u r e .  An e x t r a p o l a t i o n  f r o m  t h e  e f f e c t s  of  m i l d  h e a t  t o  
t h o s e  o f  m o d e r a t e  o r  s e v e r e  h e a t  may n o t  b e  p e r m i s s i b l e ,  I n d e e d ,  s u c h  an  e x t r a p o l a t i o n  
w o u l d  a p p e a r  a s  e q u a l l y  p r o b l e m a t i c  a s  s e l e c t i n g  a t e a m  of  p r o s p e c t i v e  Mount  E v e r e s t  c l i m -  
b e r s  on t h e  b a s i s  o f  t e s t s  c a r r i e d  o u t  on l o w l a n d  h i l l s .  

M o d e r a t e  h e a t  w o u l d  b e s t  s i m u l a t e  c o n d i t i o n s  p r e v a i l i n g  i n  s u b - t r o p i c a l  a n d  t r o p i c a l  
r e g i o n s  a t  l e a s t  o v e r  c e r t a i n  p e r i o d s . I t  wou ld  a l s o  l e a v e  t h e  a n i m a l  i n  a s t a t e  of  t h e r -  
ma l  e q u i l i b r i u m  w h i c h  f a c i l i t a t e s  t h e  m e a s u r e m e n t  o f  v a r i o u s  b o d y  f u n c t i o n s .  

W i t h  r e g a r d  t o  s e v e r e  h e a t ,  i t  i s  t r u e ,  of  c o u r s e ,  a s  h a s  b e e n  p o i n t e d  o u t  by  L a d e l ]  
( 1 9 5 7 ) ,  t h a t  any  c l i m a t e  i n  w h i c h  t h e r m a l  e q u i l i b r i u m  c a n n o t  be  a t t a i n e d  o r  e s t a b l i s h e d ,  
i s ,  s t r i c t l y  s p e a k i n g ,  i n t o l e r a b l e .  B u t ,  s e v e r e  h e a t  w i l l  a l w a y s  b e  t o l e r a t e d  f o r  a l i -  
m i t e d  p e r i o d .  T h i s  h a p p e n s  f o r  i n s t a n c e  d u r i n g  t h e  d i u r n a l  c y c l e  o f  a t r o p i c a ]  d a y ,  when  
t h e  h e a t  l o a d  b e c o m e s  m a x i m a l  f o r  a few h o u r s  a r o u n d  m i d - d a y .  I t  w o u l d  n o t  t h e r e f o r e  be  
u n r e a l i s t i c  t o  t e s t  a n  a n i m a l ' s  h e a t  t o l e r a n c e  u n d e r  t h e  i m p a c t  o f  s e v e r e  h e a t .  H e a t  t o -  
l e r a n c e  may t h e n  b e  e x p r e s s e d  i n  t e r m s  o f  t o l e r a n c e  t i m e , b y  m e a s u r i n g  t h e  t i m e  f o r  w h i c h  
a s t a n d a r d  h o t  e n v i r o n m e n t  c a n  b e  e n d u r e d  b e f o r e  t h e  b o d y  r e a c h e s  a n  a r b i t r a r i l y  c h o s e n  
l e v e l  o f  t e m p e r a t u r e .  

E x c e s s i v e  h e a t  h a s  b e e n  u s e d  i n  s e v e r a l  s p e c i e s  o f  l a b o r a t o r y  a n i m a l s  i n  o r d e r  t o  d e -  
t e r m i n e  l e t h a l  t e m p e r a t u r e s . T h e  k n o w l e d g e  of t h e  h i g h e s t  body  t e m p e r a t u r e  and  t h e  m a x i m a l  
e n v i r o n m e n t a l  h e a t  l o a d  j u s t  c o m p a t i b l e  w i t h  l i f e  w o u l d  b e  o f  i n t e r e s t  b e c a u s e  i t  w o u l d  
f u r n i s h  a c e i l i n g  v a l u e  o f  h e a t  t o l e r a n c e .  I f  t h e  l e t h a l  body  t e m p e r a t u r e  o f  c a t t l e  w e r e  
t o  be  f o u n d  t o  be  a c o n s i s t e n t  f i g u r e ,  i t  c o u l d  be  made t h e  u p p e r  l i m i t  of  a h e a t  t o l e -  
r a n c e  scale. In judging an animal's heat tclerance,one might then state for instance:the 
animal's body temperature has approached its lethal value by x degrees,rather than state 
that its body temperature has risen y degrees above normal. It might well bepossible that 
the lethal body temperature is less variable than what is accepted as normal body tempe- 
rature so that it would be a more reliable base of reference. It also seems logical to ex- 
press a physiological response as a fraction of its maximal response,thus getting an in- 
dication of the margin still in hand.Whatever useful information might be drawn for aheat 
tolerance test from the knowledge of an animal's lethal body temperature,this value could 
be established only in a limited number of animals. Excessive heat, therefore, cannot be 
applied in routine heat tolerance tests. 

From these considerations it would appear that the choice for a suitable thermal envi- 
ronment for a heat tolerance test would be between moderate heat and severe heat. Both 
conditions are realistic, in that they may occur naturally. 

Since, with rising intensity of the external heat load,the duration of a heat exposure 
may (in some cases must) be shortened,heat tolerance tests carried out in severe heat are 
of short duration,which is convenient in routine testing of large numbers of animals. In 
these conditions individual differences in heat tolerance will also show up best which 
will facilitate the subsequent selection of animals. 

It is apprecisted, of course, that what is mild heat to one animal may be moderate heat 
to another animal. These categories simply relate to the response of the average animal 
with extreme animals varying upwards or downwards.The interest with regard to animal se- 
lection lies with the heat tolerant individuals, i.e. with those whose response to heat 
is below average. 



B O D Y  S T R U C T U R E S  

V a r i o u s  s t r u c t u r a l  f e a t u r e s  o f  t h e  a n i m a l  b o d y ,  s u c h  as  t h e  s u r f a c e / m a s s  r a t i o  a n d  t h e  
t e x t u r e  a n d  e o l o u r  o f  t h e  h a i r  c o a t ,  m u s t ,  f r o m  a c o n s i d e r a t i o n  of  p h y s i c a l  l a w s ,  be  e x -  
p e c t e d  t o  h a v e  a b e a r i n g  on t h e  b o d y ' s  t h e r m a l  b a l a n c e .  A l a r g e  r e l a t i v e  b o d y  s u r f a c e , i n  
p a r t i c u l a r  l a r g e  b o d y  a p p e n d a g e s  ( d e w l a p ,  n a v e l  f o l d ,  e a r s ,  t a i l ) , a  s h o r t  g l o s s y  c o a t  and  
a w e l l  p i g m e n t e d ,  m o v a b l e  s k i n  a r e  g e n e r a l l y  c o n s i d e r e d  as  c h a r a c t e r s  a s s o c i a t e d  w i t h  a 
h i g h  h e a t  t o l e r a n c e .  

To w h a t  e x t e n t  t h i s  r e p r e s e n t s  a d i r e c t  c a u s a l  r e l a t i o n s h i p  i s  n o t  y e t  s u f f i c i e n t l y  
known .  M c D o w e l l ,  Lee & F o h r m a n  ( 1 9 5 3 )  d i d  n o t  f i n d  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  s u r -  
f a c e / m a s s  r a t i o  b e t w e e n  E u r o p e a n  a n d  Zebu  c a t t l e ,  w h i c h  o t h e r w i s e  d i f f e r e d  i n  h e a t  t o l e -  
r a n c e .  McDowel l  ( 1 9 5 8 )  f o u n d  t h a t  s u r g i c a l  r e m o v a l  o f  hump a n d  d e w l a p  i n  Red S i n d h i  b u l l s  
d i d  n o t  d e p r e s s  t h e i r  h e a t  t o l e r a n c e , a s  j u d g e d  by  r e c t a l  t e m p e r a t u r e  and  r e s p i r a t o r y  r a t e ,  
a l t h o u g h  i t  w o u l d  a p p e a r  t h a t  t h e  t e s t  a t m o s p h e r e  e m p l o y e d  ( 4 0 . 5 ~  n o t  e x c l u d e  t h e  
p o s s i b i l i t y  t h a t  s u c h  a p p e n d i c e s  a t  l o w e r  a i r  t e m p e r a t u r e s  c o u l d  b e  u s e f u l  d e v i c e s  f o r  
l o s i n g  h e a t  by  r a d i a t i o n  and  c o n v e c t i o n .  

A c l e a r  r e l a t i o n s h i p  h a s  b e e n  e s t a b l i s h e d  b e t w e e n  c o a t  t e x t u r e  and  h e a t  t o l e r a n c e  ( B e n s -  
ma,  1 9 4 9 ) . A n i m a l s  w i t h  a s l e e k  c o a t  w i t h s t a n d  h e a t  b e t t e r  t h a n  a n i m a l s  w i t h  a w o o l l y  c o a ~  
S i m i l a r l y ,  a h i g h  p r o p o r t i o n  o f  m e d u l l a t e d  h a i r  f i b r e s  i n  t h e  c o a t  f a v o u r s  h e a t  t o l e r a n c e  
( D o w l i n g ,  1 9 5 9 a ) .  R e c e n t l y  T u r n e r  & S c h l e g e r  ( 1 9 6 0 )  h a v e  d e s c r i b e d  a s u b j e c t i v e  m e t h o d  
f o r  s c o r i n g  o f  c a t t l e  c o a t s  w h i c h  seems  t o  a f f o r d s  good  p r e d i c t i o  n o f  c a t t l e  p e r f o r m a n c e  
i n  a h o t  c l i m a t e .  

The  e s t a b l i s h m e n t  of  s u c h  c o r r e l a t i o n s  may be  o f  g r e a t  p r a c t i c a l  v a l u e  f o r  s e v e r a l  r e a -  
s o n s .  Many of  t h e s e  body  s t r u c t u r e s  c a n  be  d e t e r m i n e d  v e r y  e a s i l y , s o m e  of t h e m  e v e n  w i t h -  
o u t  i n s t r u m e n t a l  m e a s u r e m e n t s  ( s e e :  f e l t i n g  t e s t ,  p .  1 5 ) .  They  a l s o  t e n d  t o  h a v e  a h i g h  
d e g r e e  o f  h e r i t a b i l i t y  w h i c h  f a c i l i t a t e s  t h e i r  g e n e t i c  f i x a t i o n  by  b r e e d i n g .  S t r u c t u r a l  
f e a t u r e s  w h i c h  h a v e  c l e a r l y  b e e n  shown t o  b e  c o r r e l a t e d  t o  p h y s i o l o g i c a l  r e s p o n s e s  i n d i -  
c a t i v e  o f  a n  a n i m a l ' s  h e a t  t o l e r a n c e ,  p o s s e s s  p r o g n o s t i c  v a l u e .  The k n o w l e d g e  o f  t h e s e  
f e a t u r e s  may e n a b l e  a b r e e d e r  t o  p r e d i c t  t h e  f u t u r e  h e a t  t o l e r a n c e  o f  a y o u n g  a n i m a l .  
M o r e o v e r ,  t h i s  c a n  be  d o n e ,  w i t h o u t  s u b j e c t i n g  t h e  a n i m a l  t o  h e a t ,  i . e . , i n  a t e m p e r a t e  
c l i m a t e .  

I t  s h o u l d  be  r e a l i s e d ,  h o w e v e r ,  t h a t  any  s u c h  s t r u c t u r e  i s  n o t  e l i g i b l e  a s  a c r i t e r i o n  
i n  a h e a t  t o l e r a n c e  t e s t  p r o p e r , b e c a u s e  i t  d o e s  n o t  c h a n g e  m e a s u r a b l y  d u r i n g  e x p o s u r e  t o  
an  a c u t e  s t a n d a r d  h e a t  s t r e s s .  

B O D Y  F U N C T I O N S  

A h o t  e n v i r o n m e n t  a f f e c t s  t h e  e n t i r e  a n i m a l .  T h i s  means  t h a t  a g r e a t  n u m b e r  o f  p h y s i o -  
l o g i c a l  a c t i v i t i e s  u n d e r g o  s p e c i f i c  c h a n g e s . T h e  i n f o r m a t i o n  d e r i v e d  f r o m  a h e a t  t o l e r a n c e  
t e s t  s h o u l d  t h u s  b e  e x p e c t e d  t o  become  more c o m p l e t e  t h e  l a r g e r  t h e  n u m b e r  o f  a c t i v i t i e s  
o b s e r v e d .  

H o w e v e r ,  t h e  u s e  o~ a l a r g e  n u m b e r  o f  c r i t e r i a  i n  a h e a t  t o l e r a n c e  t e s t ,  h a s  t h e  d i s -  
a d v a n t a g e  o f  c o m p l i c a t i n g  t h e  p e r f o r m a n c e  o f  a t e s t .  A l s o  i n  v i e w  o f  u s i n g  t h e  r e s u l t  o f  
a h e a t  t o l e r a n c e  t e s t  f o r  a n i m a l  s e l e c t i o n , a  l a r g e  n u m b e r  o f  c r i t e r i a  may be  u n d e s i r a b l e  
s i n c e  s e l e c t i o n  b e c o m e s  p r o g r e s s i v e l y  more  d i f f i c u l t  and  l e s s  e f f e c t i v e ,  t h e  l a r g e r  t h e  
n u m b e r  o f  a n i m a l  c h a r a c t e r s  t h a t  a r e  t a k e n  i n t o  a c c o u n t .  

I t  i s  n e c e s s a r y ,  t h e r e f o r e , t o  make a n  o p t i m a l  c h o i c e  among t h e  v a r i o u s  body  f u n c t i o n s .  
A l t h o u g h  t h e r e  a r e  i n t e r r e l a t i o n s h i p s  b e t w e e n  t h e  v a r i o u s  p h y s i o l o g i c a l  a c t i v i t i e s  of t h e  
b o d y ,  s u g g e s t i n g  t h a t  t h e  b e h a v i o u r  o f  any  one o f  t h e m  m i g h t  b e  r e p r e s e n t a t i v e  of a l l  t h e  
o t h e r s ,  some of  t h e s e  a c t i v i t i e s  w i l l  be  b e t t e r  s u i t e d  t h a n  o t h e r s ~  t o  s e r v e  a s  c r i t e r i a  
i ~  a h e a t  t o l e r a n c e  t e s t .  T h e r e  a r e  a l s o  some s p e c i a l  p o i n t s  w h i c h  h a v e  t o  be  b o r n e  i n  
m i n d ,  a s  may become  c l e a r  f r o m  t h e  f o l l o w i n g  c o n s i d e r a t i o n s :  
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( 1 )  Many b o d y  f u n c t i o n s  a r e  r e l a t e d  t o  a n d  t h e r e f o r e  i n d i c a t i v e  o f  e i t h e r  h e a t  p r o d u c t i o n  
o r  h e a t  l o s s  o f  t h e  b o d y .  Y e t ,  h e a t  t o l e r a n c e  i s  t h e  r e s u l t a n t  o f  b o t h  t h e s e  p r o c e s -  
s e s .  A l t h o u g h  a h e a t  t o l e r a n c e  t e s t  i s  n o t  a p r o c e d u r e  m e a n t  t o  m e a s u r e  a n  a n i m a l ' s  
t h e r m a l  b a l a n c e  - t h i s  i s  t h e  o b j e c t  o f  c a l o r i m e t r y  - i t  i s  n o t  e n t i r e l y  s a t i s f a c t o -  
r y  t o  j u d g e  h e a t  t o l e r a n c e  o n l y  i n  t e r m s  o f  e i t h e r  a h e a t  l o s s  m e c h a n i s m  o r  i n  t e r m s  
o f  a c h a r a c t e r  p e r t a i n i n g  t o  h e a t  p r o d u c t i o n .  

( 2 )  The i n t e r p r e t a t i o n  o f  i s o l a t e d  h e a t  r e s p o n s e s  o f  t h e  a n i m a l  may b e  made d i f f i c u l t  b y  
two o r  more  of  t h e m  b e h a v i n g  i n  a c o m p e n s a t o r y  f a s h i o n  w i t h  e a c h  o t h e r .  Man c o o l s  b y  
s w e a t i n g ,  b u t  n o r m a l l y  n o t  by  p a n t i n g ;  t h e  d o g , i n  c o n t r a s t ,  c o o l s  by  p a n t i n g  b u t  n o t  
by  s w e a t i n g .  C a t t l e  make u s e  o f  b o t h  t h e s e  a v e n u e s  o f  c o o l i n g  i n  v a r i a b l e  p r o p o r t i o n s .  
Some c a t t l e ,  n o t a b l y  E u r o p e a n  b r e e d s ,  a r e  p o o r  s w e a t e r s .  T h i s  i n a d e q u a c y  i s  t o  some 
e x t e n t  c o m p e n s a t e d  f o r  by  i n c r e a s e d  r e s p i r a t o r y  a c t i v i t y .  O t h e r  c a t t l e ,  n o t a b l y  t r o -  
p i c a l  b r e e d s ,  a r e  b e t t e r  s w e a t e r s , w h i c h  e n a b l e s  t h e m  t o  h a v e  l e s s  r e c o u r s e  t o  r e s p i -  
r a t o r y  c o o l i n g ,  a t  l e a s t  a s  l o n g  a s  t h e  h e a t  s t r e s s  i s  m o d e r a t e .  I f  i t  b e c o m e s  s e v e r e ,  
e v e n  t h e  good s w e a t e r  w i l l  i n c r e a s e  i t s  r e s p i r a t o r y a c t i v i t y  a n d  e v e n t u a l l y  b r i n g  i t  
t o  t h e  same l e v e l  a s  t h a t  o f  t h e  p o o r  s w e a t e r .  The good  s w e a t e r , h o w e v e r ,  h a s  t h e  a d -  
v a n t a g e  o f  p o s s e s s i n g  a f u n c t i o n a l  r e s e r v e  o f  r e s p i r a t o r y  c o o l i n g  w h i c h  may be  g r a -  
d u a l l y  m o b i l i s e d  a s  t h e  e n v i r o n m e n t  b e c o m e s  h o t t e r ,  T h i s  p o i n t ,  i n c i d e n t a l l y ,  a g a i n  
s t r e s s e s  t h e  i m p o r t a n c e  o f  c a r e f u l l y  c h o o s i n g  t h e  d e g r e e  o f  s e v e r i t y  o f  h e a t  t o  be  
u s e d  i n  a h e a t  t o l e r a n c e  t e s t .  C o m p e n s a t o r y  c h a n g e s  b e t w e e n  v a r i o u s  a v e n u e s  o f  t h e r -  
mal  f l o w  d u r i n g  a c c l i m a t i z a t i o n  o f  man t o  d r y  h e a t  h a v e  b e e n  d e s c r i b e d  b y E i c h n a , P a r ~  
N e l s o n ,  H o r v a t h  & P a l m e s  ( 1 9 5 0 ) .  

( 3 )  W i t h  r i s i n g  e n v i r o n m e n t a l  h e a t  l o a d ,  t h e  a c t i o n  o f  t h e  v a r i o u s  h e a t  l o s s  m e c h a n i s m s  
seems  t o  t a k e  p l a c e  i n  a s e q u e n t i a l  m a n n e r  e m p h a s i s i n g  s e v e r a l  " l i n e s  o f  d e f e n c e " . I n  
a t e m p e r a t e  e n v i r o n m e n t  body  c o o l i n g  o c c u r s  p r i n c i p a l l y  by  r a d i a t i o n  and  c o n v e c t i o n .  
As t h e  e n v i r o n m e n t  b e c o m e s  w a r m e r , s k i n  e v a p o r a t i o n  i s  i n t e n s i f i e d ,  w h i c h  i n  t u r n  b e -  
comes s u p p l e m e n t e d  i n  a p r o g r e s s i v e  way by  r e s p i r a t o r y  e v a p o r a t i o n . T h i s  s e q u e n c e , i n -  
c i d e n t a l l y  s u g g e s t s  a s e q u e n c e  o f  r i s i n g  c a l o r i c  e x p e n d i t u r e  p e r  u n i t  o f  c o o l i n g  
a c h i e v e d .  L o s i n g  c a l o r i e s  by  r a d i a t i o n  and  c o n v e c t i o n  i s  an  i n e x p e n s i v e  way o f  c o o l -  
i n g ;  l o s i n g  t hem by t h e  a c t i v i t y  o f  s w e a t  g l a n d s  i s  p r o b a b l y  more  e x p e n s i v e ; a n d  los ing  
t h e m  by f o r c e d  c o n v e c t i o n  f r o m  t h e  r e s p i r a t o r y  t r a c t  i s  a m o s t  e x p e n s i v e  way b e c a u s e  
i t  i n v o l v e s  m u s c u l a r  a c t i v i t y . C o o l i n g  by  a h i g h  r e s p i r a t o r y  a c t i v i t y  n o t  o n l y  h a s  t h e  
d i s a d v a n t a g e  of  b e i n g  a h e a t  p r o d u c i n g  p r o c e s s  i t s e l f ,  b u t  a l s o  one  w h i c h  may a f f e c t  
t h e  a c i d - b a s e  s t a t u s  o f  t h e  body  by  t h e  e l i m i n a t i o n  o f  an  e x c e s s i v e  amount  o f  c a r b o n  
d i o x i d e  ( D a l e  & B r o d y ,  1 9 5 2 ;  B i a n c a ,  1 9 5 5 ) .  

( 4 )  A f u r t h e r  c o m p l i c a t i n g  f a c t o r  a r i s e s  f r o m  t h e  f a c t  t h a t  t h e  p r o c e s s  o f  l o s i n g  h e a t  by  
r a d i a t i o n  o r  c o n v e c t i o n  h a s  a t h e r m a l  r e v e r s a l  p o i n t .  I n  an  e n v i r o n m e n t  b e l o w  s k i n  
t e m p e r a t u r e  t h e r e  i s  a t h e r m a l  f l o w  f r o m  t h e  a n i m a l  t o  t h e  e n v i r o n m e n t .  Once t h e  e n -  
v i r o n m e n t  becom es  w a r m e r  t h a n  t h e  s k i n , t h e  t h e r m a l  f l o w  b e c o m e s  r e v e r s e d . C o n s e q u e n t -  
l y ,  r a d i a t i o n  and  c o n v e c t i o n , a t  f i r s t  a v e n u e s  of  h e a t  l o s s , b e c o m e  a v e n u e s  of h e a t  g a i n .  

( 5 )  F i n a l l y ,  i t  i s  known t h a t  r e s p i r a t o r y  f r e q u e n c y , w i t h  i n c r e a s i n g  h e a t  s t r e s s ,  a c t s  i n  
a d i s c o n t i n u o u s  way .  I t  r i s e s  r a p i d l y  t o  a maximum; i f  t h e  demand f o r  c o o l i n g  c o n t i -  
n u e s  t o  be  h i g h ,  i t  t h e n  d e c l i n e s  ( F i n d l a y ,  1957 ;  B i a n c a ,  1 9 5 8 ) . A s  t h e  m i n u t e  v o l u m e  
o f  r e s p i r a t i o n  r i s e s  c o n t i n u o u s l y  t h r o u g h o u t , t h i s  m e a n s  t h a t  a g i v e n  r e s p i r a t o r y  r a t e ,  
s a y  150 r e s p i r a t i o n s  p e r  m i n u t e , h a s  a d i f f e r e n t  s i g n i f i c a n c e  a s  r e g a r d s  v e n t i l a t i o n ,  
i n  t h e  r i s i n g  p h a s e  f r o m  w h a t  i t  h a s  i n  t h e  d e c l i n i n g  p h a s e .  

T h e s e  c o n s i d e r a t i o n s  show t h a t  i t  may be  d i f f i c u l t  t o  a s s e s s  c o r r e c t l y  w h a t  t h e  a c t i o n  
o f  a g i v e n  i s o l a t e d  h e a t  r e s p o n s e  means  t o  t h e  a n i m a l  i n  t e r m s  o f  a c t u a l  h e a t  s t r a i n .  

B e a r i n g  i n  mind  d i f f i c u l t i e s  o f  t h i s  k i n d ,  i t  may be  p o s t u l a t e d  t h a t  a body  f u n c t i o n ,  
e l i g i b l e  a s  a c r i t e r i o n  f o r  a h e a t  t o l e r a n c e  t e s t ,  s h o u l d  f u l f i l  t h e  f o l l o w i n g  r e q u i r e -  
m e n t s :  

( 1 )  I t  s h o u l d  b e  m e a n i n g f u l ,  i . e . ,  d i r e c t l y  r e l a t e d  t o  t h e  b o d y ' s  t h e r m o r e g u l a t i o n  a n d  
c o n s e q u e n t l y  t r u l y  r e p r e s e n t a t i v e  o f  t h e  s t r a i n  t h e  a n i m a l  may e x p e r i e n c e  i n  a h o t  
e n v i r o n m e n t .  

( 2 )  I t  s h o u l d  r e s p o n d  t o  e n v r i o n m e n t a l  h e a t  i n  a r e a d y  and  r e p r o d u c i b l e  w a y , i . e . ,  show a 
c l e a r  d o s e / r e s p o n s e  r e l a t i o n s h i p .  
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l~I Its measurement should be accurate, quick, simple, and inexpensive. 
It should have a normal base line, i.e., show relatively little variation in a tem- 
perate climate, both within and'between animals,thus affording a proper base for any 
changes that might occur due to heat. 

(5) It should be applicable also in the young animal, thus allowing an early prediction 
of an adult animal's heat tolerance. 

~en considering various animal functions, it is evident that body temperature meets 
these requirements best. In particular, body temperature is an expression of the body's 
thermal balance, since all heat gain and heat loss processes of the body are ultimately 
reflected in its temperature. Indeed,body temperature indicates in asingle figure to what 
extent the thermoregulatory mechanisms have been successful in maintaining homeothermy. 
With regard to its measurement deep body temperature is adequately represented by the 
temperature of the rectum (Bligh, 1957). 

There are three objections which might be raised against using body temperature as a 
criterion of heat tolerance. 

(i) In heat stressed man breakdown may occur without the body temperature being much ele- 
vated (Bean & Eichna, 1943). Here, body temperature obviously would be a poor inci- 
cator of heat tolerance. This behaviour,however,is probably more typical of man than 
of cattle. In man,who has an erect body posture and who sweats profusely,circulatory 
failure may develop before hyperthermia. In the bovine animal which has a non-erect 
posture and which sweats only moderately,this is not known to happen.Whenever cattle 
are distressed by heat,as evidenced by various signs such as profuse salivation,high 
respiratory activity and anorexia, body temperature is invariably above normal. 

(2) It might be questioned whether a rise in body temperature in a heat exposed animal 
would necessarily be a sign of heat intolerance.Might not a labile body temperature, 
at least within certain limits, be a means of losing heat, by establishing a larger 
gradient of heat flow between the body and its environment? Schmidt-Nielsen,Schmidt- 
Nielsen, Jarnum & Houpt (1957) express the view that a high body temperature in heat 
exposed cattle may be indicative of a high heat tolerance,and that in consequence,it 
may be unwise to select cattle for hot climates on the basis of a non-elevated body 
temperature. Schmidt-Nielsen et al. (1957) have shown that the camel's body tempera- 
ture may have a daily variation in excess of 6~ This variation does not indicate a 
failure of temperature regulation but is part of a well-regulated physiological me- 
chanism for the conservation of water.While the camel seems to be adapted by evolution 
to tolerate an elevated body temperature without distress,or even without anincreased 
respiratory activity,the same cannot be said of cattle. In cattle a body temperature 
significantly above normal is always accompanied by anumber of obvious signs of heat 
distress. It may be noted that the variation in the camel's "normal"body temperature 
covers the range 34 ~ to 41oc, i.e.,it extends to very low temperatures.Thus,starting 
the day following a cool night with a body temperature of say, 34~ would give the 
camel the advantage of a low "starting point" for the subsequent heating up period 
d u r i n g  t h e  d a y .  The p o s s i b i l i t y  ? f  a s i m i l a r  t h i n ~  h a p p e n i n g  i n  c a t t l e , a l t h o u g h  on a 
much r e d u c e d  s c a l e ,  h a s  b e e n  d i s c u s s e d  by  B i a n c a  t 1 9 5 9 ) .  

( 3 )  R a p i d  c h a n g e s  of  t h e  t h e r m a l  e n v i r o n m e n t  a r e  n o t  i m m e d i a t e l y  r e f l e c t e d  i n  t h e  body  
t e m p e r a t u r e  m e a s u r e d  p e r  r e c t u m . C h a n g e s  o c c u r  w i t h  a l a g , a n d  t h i s  l a g  i n c r e a s e s  w i t h  
i n c r e a s i n g  s i z e  o f  t h e  a n i m a l . T h i s  d i f f i c u l t y ,  h o w e v e r ,  may be  l a r g e l y  o v e r c o m e  by  a 
w e l l - d e f i n e d  t e c h n i q u e  f o r  m e a s u r i n g  h e a t  t o l e r a n c e  a n d  by  n o t  c ~ n p a r i n g " i n c o m p a r a b l e "  
q u a n t i t i e s .  I t  i s  c o m m o n s e n s e ,  f o r  i n s t a n c e ,  t o  a v o i d  a d i r e c t  c o m p a r i s o n  b e t w e e n  a 
s m a l l  c a l f  and  a b i g  b u l l ,  w i t h  r e s p e c t  t o  t h e i r  t o l e r a n c e  t i m e  i n  a n  a c u t e  e x p o s u r e  
t o  s e v e r e  h e a t .  

I t  w o u l d  t h u s  a p p e a r  t h a t  body  t e m p e r a t u r e , w h e n  p r o p e r l y  u s e d ,  i s  t h e  b e s t  s i n g l e  p h y -  
s i o l o g i c a l  c r i t e r i o n  o f  h e a t  t o l e r a n c e .  
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E C O N O M I C  T R A  I T  S 

The p r o d u c t i o n  o f  m i l k  and o f  b e e f  a r e  p h y s i o l o g i c a l  a c t i v i t i e s  w h i c h  a r e  r e l a t e d  t o  
h e a t  t o l e r a n c e  i n  two  w a y s :  
(1 )  They i n v o l v e  t h e  g e n e r a t i o n  o f  e x t r a  h e a t ,  w h i c h  r e d u c e s  t h e  c a p a c i t y  f o r  h e a t  t o l e -  

r a n c e .  
(2 )  They become d e p r e s s e d  when t h e  e n v i r o n m e n t  i s  v e r y  h o t , w h i c h  f a v o u r s  h e a t  t o l e r a n c e .  

S h o u l d  t h e n ,  i n  v i e w  o f  t h i s  r e l a t i o n s h i p , t h e s e  e c o n o m i c  t r a i t s  be  u s e d  a s  i n d i c a t o r s  
o f  h e a t  t o l e r a n c e ?  Or i n d e e d , s h o u l d  one go d i r e c t l y  f o r  t h e  p r o d u c t i o n  o f  m i l k  and m e a t ,  
w h i c h  a f t e r  a l l  a r e  w h a t  c a t t l e  a r e  b r e d  and k e p t  f o r ,  and  d i s m i s s  h e a t  t o l e r a n c e  a l t o -  
g e t h e r ?  C a r t w r i g h t  (1955)  h a s  f o u n d  w e i g h t - g a i n  i n  summer a m o r e  u s e f u l  i n d i c a t o r  o f  h e a t  
t o l e r a n c e  t h a n  r e c t a l  t e m p e r a t u r e , r e s p i r a t o r y  r a t e  and h e a r t  r a t e , a n d  V e r n o n ,  Damon ,Har -  
v e y ,  Warwick & K i n c a i d  (1959)  i n  L o u i s i a n a  have  p o s t u l a t e d  t h a t  t h e  s e l e c t i o n  of  b e e f  
c a t t l e  on t h e  b a s i s  o f  p r o d u c t i o n  a u t o m a t i c a l l y  a l s o  i n c l u d e s  s u f f i c i e n t  s e l e c t i o n  f o r  
h e a t  t o l e r a n c e .  A l t h o u g h  t h i s  a p p r o a c h  h a s  much t o  recommend i t ,  i t  a l s o  h a s  i t s  l i m i -  
t a t i o n s ,  e s p e c i a l l y  w i t h  r e s p e c t  t o  m i l k  y i e l d .  

The mos t  o b v i o u s  l i m i t a t i o n ,  o f  c o u r s e ,  i s  t h a t  m i l k  y i e l d  c a n n o t  be  t e s t e d  i n  y o u n g  
a n i m a l s .  T h i s  e x c l u d e s  t h e  p r e d i c t i o n  of  an a n i m a l ' s  f u t u r e  p e r f o r m a n c e  f rom a c a l f h o o d  
i n d e x .  F u r t h e r m o r e ,  m i l k  y i e l d  i s  a f f e c t e d  by a h o t  e n v i r o n m e n t  i n  an i n d i r e c t  way: a d e -  
c l i n e  i n  m i l k  y i e l d  i s  p r e c e d e d  by a d e c l i n e  i n  v o l u n t a r y  f o o d  i n t a k e .  T h e r e  seems t o  be 
no i m m e d i a t e  e f f e c t  o f  h o t  w e a t h e r  on m i l k  p r o d u c t i o n  a s  l o n g  a s  f o o d  c o n s u m p t i o n  i s  n o t  
a f f e c t e d  ( J o h n s t o n ,  1 9 5 8 ) .  At  wha t  m a g n i t u d e  o f  e n v i r o n m e n t a l  h e a t  l o a d  a n i m a l s  w i l l  b e -  
g i n  t o  r e d u c e  t h e i r  v o l u n t a r y  f o o d  i n t a k e , d e p e n d s  on t h e i r  h e a t  t o l e r a n c e . E u r o p e a n  b r e e d s  
h a v e  a l o w e r  t h r e s h o l d  v a l u e  t h a n  t r o p i c a l  b r e e d s  ( W o r s t e l l  & B r o d y ,  1 9 5 3 ) , a n d  t h e r e  ~em 
t o  be d i f f e r e n c e s  a l s o  b e t w e e n  a n i m a l s  of  t h e  same b r e e d . T h u s , o f  two cows w h i c h  h a v e  t h e  
same g e n e t i c  c a p a c i t y  f o r  m i l k  y i e l d , t h e  one w i t h  t h e  h i g h e r  c a p a c i t y  f o r  h e a t  t o l e r a n c e  
w i l l  be  t h e  b e t t e r  p r o d u c e r  i n  a h o t  e n v i r o n m e n t .  I t  i s  p o s s i b l e  t h a t  t h e  r e d u c t i o n  i n  v o -  
l u n t a r y  f o o d  i n t a k e  a p p l i e s  i n  t h e  f i r s t  p l a c e  t o  f o o d  w i t h  a h i g h  f i b r e  c o n t e n t , t h e  d i -  
g e s t i o n  of  w h i c h  p r o d u c e s  much w a s t e  h e a t .  I n  t h i s  c a s e  a r a t i o n  c o n t a i n i n g  a h i g h  p r o -  
p o r t i o n  of  c o n c e n t r a t e s  s h o u l d  be e x p e c t e d  t o  i n t e r f e r e  l e s s  w i t h  a p p e t i t e  and t h u s  w i t h  
m i l k  p r o d u c t i o n .  T h e r e  a l s o  seem t o  be i n d i v i d u a l  cows whose  " p h y s i o l o g i c a l  wisdom" d o e s  
n o t  i n d u c e  them t o  s u b o r d i n a t e  m i l k  s e c r e t i o n  t o  t e m p e r a t u r e  r e g u l a t i o n .  They seem t o  do 
t h i s ,  h o w e v e r ,  a t  t h e  e x p e n s e  o f  a h i g h  body t e m p e r a t u r e . P a y n e  & H an co ck  (1957)  have  r e -  
p o r t e d  s u c h  a c a s e .  I t  c o u l d  be  t h a t  t h i s  i s  t h e  t y p e  o f  a n i m a l  one s h o u l d  s e l e c t  f o r . 0 n  
t h e  o t h e r  hand  m i l k  p r o d u c e d  f r o m  cows i n  a f e b r i l e  s t a t e  may n o t  be q u a l i t a t i v e l y  s a -  
t i s f a c t o r y  and t h e  a n i m a l  i t s e l f ,  u n d e r  t h e  d o u b l e  b u r d e n  o f  p r o d u c i n g  l a r g e  q u a n t i t i e s  
o f  m i l k  and c o m b a t i n g  h e a t  a t  t h e  same t i m e  may have  a l o w e r e d  r e s i s t a n c e  t o  d i s e a s e  and 
o t h e r  s t r e s s e s .  

I t  may be s a i d  i n  c o n c l u s i o n  t h a t  p r o d u c t i v e  p e r f o r m a n c e  seems  t o  be  u s e f u l  as  an i n -  
d i c a t o r  t o  h e a t  t o l e r a n c e  o r  i n d e e d ,  as  a q u a n t i t y  i n  i t s  own r i g h t  w i t h  b e e f  c a t t l e , b u t  
t h a t  i t  a p p e a r s  t o  be  l e s s  u s e f u l  i n  t h e s e  r e s p e c t s  w i t h  d a i r y  c a t t l e .  

M E T H O D S  F O R  G R A D I N G  H E A T  T O L E R A N C E  

GENERAL 

T h e r e  a r e  two ways  o f  e x p r e s s i n g  an a n i m a l ' s  h e a t  t o l e r a n c e .  (1 )  One may a s k :  How much 
d o e s  a c e r t a i n  body  f u n c t i o n  c h a n g e  when t h e  a n i m a l  i s  e x p o s e d  t o  a s t a n d a r d  h o t  e n v i r o n -  
men t?  T h i s  i s  t h e  commonly u s e d  way,  o r  (2)  one may a s k :  Which h e a t  l o a d  mus t  be i mp o s ed  
on an a n i m a l  i n  o r d e r  t o  evoke  a s t a n d a r d  ch an g e  i n  body f u n c t i o n ?  T h i s  way i s  l e s s  com- 
mon w i t h  r e s p e c t  t o  c l i m a t e ,  b u t  i t  i s  o f t e n  u s e d  f o r  t e s t i n g  t o l e r a n c e s  t o  o t h e r  s t r e s s  
p r o d u c i n g  a g e n t s .  The t o l e r a n c e  t o  a l k a l i ,  f o r  i n s t a n c e , i s  m e a s u r e d  by  t h e  amount  o f  a l -  
k a l i  t h a t  mus t  be g i v e n  i n  o r d e r  t o  c a u s e  an a l k a l i n e  u r i n e .  B o t h  ways h a v e  m e r i t s  a n d  
l i m i t a t i o n s ,  as  may be  s e e n  f r o m  t h e  f o l l o w i n g  c o m p a r i s o n .  
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The f i r s t  way,  w h i c h  e x p r e s s e s  h e a t  t o l e r a n c e  i n  t e r m s  of  a n i m a l  r e s p o n s e ,  h a s  t h e  ad~ 
v a n t a g e  of  b e i n g  r e l a t i v e l y  e a s y  t o  p e r f o r m  and  of  g i v i n g  a p r e c i s e  m m e r i c a l  a n s w e r .  I t  
i s ,  h o w e v e r ,  l i m i t e d  i n  i t s  i n t e r p r e t a t i o n .  

The s e c o n d  way ,  w h i c h  e x p r e s s e s  h e a t  t o l e r a n c e  i n  t e r m s  o f  a t h e r m a l  e n v i r o n m e n t , i s l e s s  
e a s y  t o  p e r f o r m  and n o r m a l l y  l e s s  p r e c i s e  i n  i t s  r e s u l t ,  b e c a u s e  i% r e q u i r e s  e a c h  a n i m a l  
t o  be e x p o s e d  i n  s u c c e s s i o n  t o  a s e r i e s  o f  d i f f e r e n t  e n v i r o n m e n t s  p o s s i b l y  w i t h  i n t e r p o -  
l a t i o n  %o be  made b e t w e e n  t h e  two n e a r e s t  e n v i r o n m e n t s .  On t h e  o t h e r  h a n d ,  i t  i s  more 
m e a n i n g f u l  i n  i t s  i n t e r p r e t a t i o n .  I t  may r e s u l t ,  f o r  i n s t a n c e ,  i n  t h e  s t a t e m e n t  t h a t  t h e  
a n i m a l  u n d e r  i n v e s t i g a t i o n  i s  c a p a b l e  o f  t o l e r a t i n g  an e n v i r o n m e n t a l  t e m p e r a t u r e  o f  X d e -  
g r e e s  b e f o r e  s h o w i n g  a c e r t a i n  s t a n d a r d  r e s p o n s e .  T h i s  k n o w l e d g e  i n  t u r n  may be of  u s e  
i n  p r e d i c t i n g  t h i s  a n i m a l ' s  r e a c t i o n  %o t h e  t h e r m a l  c o n d i t i o n s  p r e v a i l i n g  i n  a c e r t a i n  
g e o g r a p h i c a l  r e g i o n . W h i c h  o f  t h e s e  two ways o f  e x p r e s s i n g  h e a t  t o l e r a n c e  w i l l  be  a d o p t e d  
d e p e n d s  l a r g e l y  on t h e  s p e c i a l  p r o b l e m s  and t h e  f a c i l i t i e s  a v a i l a b l e .  

The f o l l o w i n g  p a g e s  a r e  d e v o t e d  t o  a b r i e f  d e s c r i p t i o n  o f  v a r i o u s  t e s t s  w h i c h  have  b e e n  
u s e d  or  a d v o c a t e d  f o r  u s e  i n  a s s e s s i n g  and g r a d i n g  h e a t  t o l e r a n c e  i n  c a t t l e .  

WATER EXPENDI~ TEST 

Rhoad (1940) under field conditions measured parameters indicative of an animal's water 
loss through various channels, namely: 
l i l  r e sp i ra tory  ra te ,  as an index of moisture loss  from the r e sp i ra to ry  t r a c t ;  

l o s s  o f  m o i s t u r e  f rom s e l e c t e d  s k i n  a r e a s ;  
n i t r o g e n  c o n c e n t r a t i o n  o f  t h e  u r i n e ,  as  an i n d e x  t o  w a t e r  e x p e n d i t u r e  t h r o u g h  t h e  
k i d n e y s ;  

(4 )  m o i s t u r e  c o n t e n t  o f  t h e  f a e c e s ,  as  an i n d e x  t o  w a t e r  e x p e n d i t u r e  t h r o u g h  t h e  e x c r e t a .  

The t e s t  p e r i o d s  r a n g e d  f r o m  ! t o  10 h o u r s  w i t h  an a v e r a g e  o f  3 h o u r s .  W a t e r  a t  a t m o s -  
p h e r i c  t e m p e r a t u r e  was a v a i l a b l e  a t  a l l  t i m e s .  

T h i s  i s  a m o s t  u s e f u l  a p p r o a c h  t o  an i m p o r t a n t  s i d e  of  t h e  h e a t  t o l e r a n c e  p r o b l e m  and 
Rhoad h a s  b e e n  a b l e  t o  d e m o n s t r a t e  w i t h  h i s  me t h o d  c l e a r  b r e e d  d i f f e r e n c e s . I t  s e e m s , h o w -  
e v e r ,  t h a t  t h e  m e t h o d ,  e v e n  i n  t h e  s i m p l i f i e d  f i e l d  v e r s i o n  u s e d ,  i s  t o o  c o m p l i c a t e d  t o  
be a d o p t e d  as  a h e a t  t o l e r a n c e  t e s t  p r o p e r . 0 n  t h e  o t h e r  hand  i t  d o e s  n o t  m e a s u r e  an a n i -  
m a l ' s  w a t e r  l o s s  a c c u r a t e l y  e n o u g h .  Rhoad p r o b a b l y  d i d  n o t  i n t e n d  t o  u s e  t h e  r e s u l t s  of  
t h e s e  m e a s u r e m e n t s  as  c o m p o n e n t s  o f  a h e a t  t o l e r a n c e  i n d e x , s i n c e  he  d i d  n o t  c o n d e n s e  t h e  
d a t a  i n t o  any f o r m u l a .  F o r  j u d g i n g  t h e  " e f f i c i e n c y  o f  h e a t  d i s p o s a l "  Rhoad r e l i e d  on t h e  
b e h a v i o u r  of  r e c t a l  t e m p e r a t u r e ,  w h i c h ,  a t  a l a t e r  s t a g e ,  he e x t e n d e d  t o  t h e  I b e r i a  h e a t  
t o l e r a n c e  t e s t .  

IBERIA HEAT TOLERANCE TEST 

In  t h i s  t e s t ,  d e v e l o p e d  by Rhoad  (1944)  one d e t e r m i n e s  how much t h e  r e c t a l  t e m p e r a t u r e  
o f  an a n i m a l  e x c e e d s  1 0 1 . 0 ~  ( 3 8 . 3 o c )  when t h e  a n i m a l  i s  e x p o s e d  in  t h e  open  f i e l d  t o  t h e  
t h e r m a l  c o n d i t i o n s  o f  a ca lm c l e a r  day w i t h  a s h a d e  t e m p e r a t u r e  b e t w e e n  85 ~ and 9 5 ~  ~ 
and 35~  The r e c t a l  t e m p e r a t u r e  m e a s u r e m e n t s  a r e  t a k e n  a t  10 .00  and 1 5 . 0 0  hours  on t h r e e  
c o n s e c u t i v e  d a y s  and t h e  r e s u l t s  a v e r a g e d .  By u s i n g  t h e  f o r m u l a  

1 0 0 - ~ 0  (mean r e c t a l  t e m p . -  1 0 1 . 0 ~  

t h e  r e s u l t  i s  e x p r e s s e d  as  a p e r c e n t a g e  o f  max imal  e f f i c i e n c y  i n  m a i n t a i n i n g  r e c t a l  t e m -  
p e r a t u r e  a t  1 0 1 . 0 ~  t h e  a v e r a g e  r e c t a l  t e m p e r a t u r e  o f  c a t t l e .  R e s p i r a t o r y  r a t e , w h i c h  i s  
c o u n t e d  a t  t h e  same t i m e , m a y  be u s e d  as  an a d d i t i o n a l  c r i t e r i o n  t o  d i f f e r e n t i a t e  b e t w e e n  
two a n i m a l s  Bhowing t h e  same r i s e  i n  r e c t a l  t e m p e r a t u r e .  The a n i m a l  w i t h  t h e  l e a s t  r i s e  
i n  r e c t a l  t e m p e r a t u r e  ( and  t h e  l o w e s t  r e s p i r a t o r y  r a t e )  i s  c o n s i d e r e d  t h e  m o s t  h e a t  t o -  
l e r a n t .  

T h i s  t e B t  i s  b a s e d  on a s o u n d  P r i n c i p l e  and i s  e a s i l y  p e r f o r m e d .  I t  h a s  b e e n  u s e d  e x -  
t e n s i v e l y  f o r  d i f f e r e n t i a t i n g  b e t w e e n  t h e  h e a t  t o l e r a n c e  of  v a r i o u s  b r e e d s  of  c a t t l e .  
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W h i l e  i t  i s  t h u s  a m o s t  u s e f u l  t e s t  f o r  f i e l d  c o n d i t i o n s , i t  h a s  c e r t a i n  l i m i t a t i o n s  w h i c h  
m u s t  be b o r n e  i n  mind  when i t  i s  u s e d  f o r  work  d e m a n d i n g  a h i g h e r  d e g r e e  o f  a c c u r a c y . T h e  
two main  l i m i t a t i o n s  a r e :  (1 )  t h a t  t h e  e n v i r o n m e n t a l  c o n d i t i o n s  a r e  n o t  s u f f i c i e n t l y  s t a n -  
d a r d i z e d  and  (2 )  t h a t  lOl .OOF,  b e i n g  an a v e r a g e  f i g u r e  f o r  r e c t a l  t e m p e r a t u r e  o f  c a t t l e ,  
d o e s  n o t  make a l l o w a n c e  f o r  n o r m a l  v a r i a t i o n  o f  t h i s  p a r a m e t e r  due t o  a g e ,  b r e e d ,  l e v e l  
o f  f e e d i n g ,  l e v e l  o f  p r o d u c t i o n ,  e t c .  The f i r s t  p o i n t  b eco mes  a p p a r e n t ,  f o r  i n s t a n c e ,  i n  
a comment by P h i l t i p s  ( 1 9 4 8 )  on an i n t e r b r e e d  c o m p a r i s o n :  " T h e s e  r e s u l t s  c a n n o t  be c o n -  
s i d e r e d  c o n c l u s i v e  e v i d e n c e  o f  s u p e r i o r  h e a t  t o l e r a n c e  i n  b r e e d  X , s i n c e  t h e  e n v i r o n m e n t a l  
t e m p e r a t u r e  a t  w h i c h  t e s t s  w e r e  made w e r e  somewhat  l o w e r  t h a n  i n  t h e  b r e e d  Y, and t h e s e  
d i f f e r e n c e s  may have  b e e n  s u f f i c i e n t  t o  d i s t o r t  t h e  r e s u l t s " .  W i t h  r e g a r d  t o  t h e  s e c o n d  
p o i n t  i t  i s  p a r t i c u l a r l y  i m p o r t a n t  t o  make a l l o w a n c e  f o r  t h e  f a c t  t h a t , o t h e r  f a c t o r s  r e -  
m a i n i n g  e q u a l ,  y o u n g  a n i m a l s  t e n d  t o  have  a h i g h e r  n o r m a l  body  t e m p e r a t u r e  t h a n  a d u l t  
a n i m a l s .  So ,  i f  a y o u n g  a n i m a l  h a s  a no rma l  body  t e m p e r a t u r e  o f , s a y  1 0 2 ~  t o  104~  
u n d e r  t h e  i n f l u e n c e  o f  a h o t  e n v i r o n m e n t ,  i t s  h e a t  t o l e r a n c e  f i g u r e  i s  70 i f  c a l c u l a t e d  
on t h e  b a s i s  o f  l O l ~  b u t  80 i f  c a l c u l a t e d  on t h e  b a s i s  o f  1 0 2 ~  In  o t h e r  w o r d s ,  t h e  
t e s t  t e n d s  t o  g i v e  f a l s e l y  low f i g u r e s  f o r  y o u n g  a n i m a l s  due  t o  t h e i r  h i g h e r  i n i t i a l  l e -  
v e l  o f  body  t e m p e r a t u r e .  C o n v e r s e l y , t h e  t e s t  t e n d s  t o  g i v e  f a l s e l y  h i g h  f i g u r e s  f o r  a n i -  
m a l s  whose  n o r m a l  b o d y  t e m p e r a t u r e  i s  b e l o w  l O l . O ~  d e p e n d e n c y  o f  t h e  r e s u l t  o f  t h e  
I b e r i a  h e a t  t o l e r a n c e  t e s t  on t h e  a n i m a l ' s  n o r m a l  body  t e m p e r a t u r e  may be  f u r t h e r  exem-  
p l i f i e d  by a r e p o r t  o f  an i n v e s t i g a t i o n  of  t h e  h e a t  t o l e r a n c e  o f  a g r o u p  o f  y o u n g  a n i m a l s  
( 0 - 1  y e a r s )  and t h a t  o f  a g r o u p  o f  o l d e r  a n i m a l s  ( 1 - 4  y e a r s ) . T h e  t e s t  y i e l d e d  77 f o r  t h e  
y o u n g  g r o u p  and 89 f o r  t h e  o l d e r  g r o u p .  I f  t h e  h e a t  t o l e r a n c e  o f  t h e  two g r o u p s  a r e  com- 
p u t e d  on t h e  b a s i s  o f  t h e  body  t e m p e r a t u r e s  a c t u a l l y  m e a s u r e d  i n  t h e s e  a n i m a l s  i n  a t e m -  
p e r a t e  e n v i r o n m e n t ,  f i g u r e s  o f  79 and  86 a r e  o b t a i n e d .  T h i s  means  t h a t  t h e  d i f f e r e n c e  i n  
h e a t  t o l e r a n c e  b e t w e e n  t h e  two age  g r o u p s  s h r i n k s  f r o m  12 t o  7 u n i t s , i . e ,  i t  b eco mes  a l -  
m o s t  h a l v e d .  I t  h a s  t o  be r e a l i s e d ,  o f  c o u r s e ,  t h a t  i t  may be v e r y  d i f f i c u l t  o r  e v e n  im-  
p o s s i b l e  u n d e r  f i e l d  c o n d i t i o n s  t o  o b t a i n  a " n o r m a l "  body t e m p e r a t u r e ,  i n  w h i c h  c a s e  r e -  
c o u r s e  mus t  be had  t o  a f i x e d  s t a n d a r d  f i g u r e .  

R-VALUE HEAT TOLERANCE TEST OF LEE 

Lee ( P h i l l i p s  & Lee ,  1 9 4 8 ) d e v e l o p e d  what  he t e r m e d  a l a b o r a t o r y  a n a l o g u e  t o  t h e  I b e r i a  
h e a t  t o l e r a n c e  t e s t . E s s e n t i a l l y , i t  c o n s i s t s  o f  a 7 h r  e x p o s u r e  o f  t h e  a n i m a l  t o  a s e r i e s  
o f  a t m o s p h e r e s  a t  d i f f e r e n t  known t e m p e r a t u r e s  and  h u m i d i t i e s .  The r e c t a l  t e m p e r a t u r e  i s  
m e a s u r e d  p e r i o d i c a l l y  and an e x p r e s s i o n  of  i t s  mean b e h a v i o u r ,  c a l l e d  R - v a l u e  i s  c a l -  
c u l a t e d .  

The R - v a l u e  r e p r e s e n t s  t h e  a r e a  b e t w e e n  t h e  a b s c i s s a  and the  c u r v e  i n a t i m e - r e c t a l  t e m -  
p e r a t u r e  d i a g r a m .  From t h e  R - v a l u e  f o r  t h e  d i f f e r e n t  c q m b i n a t i o n s  o f  t e m p e r a t u r e  and h u -  
m i d i t y  t h e  v a l u e  o f  t h e  c o n s t a n t s  a ,  b and c i n  t h e  e q u a t i o n  Log R = a t  + bh + c ,  whe re  
t i s  t e m p e r a t u r e  and h i s  v a p o u r  p r e s s u r e ,  may be c a l c u l a t e d .  The v a l u e s  o f  a ,  o b t a i n e d  
upon  two d i f f e r e n t  a n i m a l s  i n d i c a t e  t h e  r e l a t i v e  f a s h i o n  i n  w h i c h  t h e  r e c t a l  t e m p e r a t u r e  
r i s e s  i n  r e s p o n s e  t o  a t m o s p h e r i c  t e m p e r a t u r e  f o r  a g i v e n  h u m i d i t y , a n d  t h o s e  o f  b i n  r e s -  
p o n s e  t o  a r i s e  i n  a t m o s p h e r i c  h u m i d i t y ,  f o r  a g i v e n  t e m p e r a t u r e ,  o v e r  t h e  r a n g e  of  c o n -  
d i t i o n s  u s e d  i n  t h e  s e r i e s  o f  e x p e r i m e n t s . S i m i l a r  p r o c e d u r e s  can  be a d o p t e d  w i t h  r e s p e c t  
t o  r e s p i r a t o r y  r a t e ,  p u l s e  r a ~ e ,  e t c .  

T h i s  t e s t  h a s  t h e  m e r i t  o f  a c o n t r o l l e d  e n v i r o n m e n t  and an i n t e g r a t e d  r e s p o n s e  of  t h e  
a n i m a l .  On t h e  o t h e r  hand  w h e t h e r  an a n i m a l  was i n  a s t e a d y  o r  i n  a r i s i n g  p h a s e  w i t h  r e -  
g a r d  t o  t h e  p a r a m e t e r  i n v e s t i g a t e d  c a n n o t  be d e r i v e d  f rom an i s o l a t e d  R - v a l u e .  F u r t h e r -  
m o r e ,  i f ,  a s  a r e s u l t  o f  a t o o  r a p i d l y  r i s i n g  body  t e m p e r a t u r e p  an a n i m a l  h a s  t o  be r e -  
moved f r o m  t h e  t e s t  a t m o s p h e r e  b e f o r e  t h e  7 h o u r s  o f  e x p o s u r e  h a v e  e l a p s e d ,  an e x t r a p o -  
l a t i o n  t e c h n i q u e  h a s  t o  be u s e d  ( R o b i n s o n  & Klemm, 1 9 5 3 ) .  
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BENEZRA'S COEFFICIENT OF ADAPTABILITY 

B e n e z r a  (1954)  p o s t u l a t e s  a s u m m a t i o n  o f  t h e  body  t e m p e r a t u r e  r e s p o n s e  and t h e  r e s p i -  
r a t o r y  r a t e  r e s p o n s e  by u s i n g  t h e  f o r m u l a  body  t e m p e r a t u r e  ( i n  ~  + r e s p i r a t i o n s  
p e r  m i n / 2 3  ~ 2.  A v a l u e  o f  2 w o u i d  r e p r e s e n t  t h e  norm o r  a s t a t e  o f  max ima l  a d a p t a b i l i t ~  
a v a l u e  above  2 a s t a t e  o f  a l o w e r  a d a p t a b i l i t y .  W h i l e  i t  s eems  a r e a s o n a b l e  i d e a t o t a k e  
i n t o  c o n s i d e r a t i o n  a l s o  an a n i m a l s  r e s p i r a t o r y  r e s p o n s e ,  i t  i s  n o t  c o r r e c t  t o  g i v e  i t  
e q u a l  w e i g h t  w i t h  t h e  body  t e m p e r a t u r e  r e s p o n s e .  A 10% i n c r e a s e  i n  body  t e m p e r a t u r e  i . e .  
t o  4 2 . 2 ~  w o u l d  e v e n t u a l l y  c a u s e  d e a t h , w h i l e  a 10% i n c r e a s e  i n  r e s p i r a t o r y  r a t e  i . e .  t o  
25 r e s p i r a t i o n s  p e r  min  i s  p h y s i o l o g i c a l l y  m e a n i n g l e s s  and p r o b a b l y  e v e n  l i e s  w i t h i n  t h e  
c o u n t i n g  e r r o r .  

LINES OF EQUAL EFFECT 

B a r r a d a  (1957)  c o n s t r u c t e d  e m p i r i c a l l y  l i n e s  of  e q u a l  e f f e c t  by c h a r t i n g  s e p a r a t e l y  
t h e  r e a c t i o n s  o f  r e c t a l  t e m p e r a t u r e , r e s p i r a t o r y  r a t e  and r e s p i r a t o r y  vo lume  of  c a t t l e  t o  
d i f f e r e n t  c o m b i n a t i o n s  of  wet  and d r y  b u l b  t e m p e r a t u r e  i n  a t e m p e r a t u r e - v a p o u r  p r e s s u r e  
d i a g r a m .  He f o u n d  t h a t  t h e s e  l i n e s  c h a n g e  t h e i r  s l o p e  as  one p a s s e s  from c o o l e r  c o n d i t i o n s  
t o  h o t  c o n d i t i o n s  i n  much t h e  same way a s  t h o s e  o b t a i n e d  f o r  h u man s .  T h i s  i s  a v e r y  u s e -  
f u l  c o n c e p t  f o r  t h e  d e s c r i p t i o n  o f  t h e  co mb i n ed  e f f e c t  o f  t e m p e r a t u r e  and h u m i d i t y  on 
p h y s i o l o g i c a l  r e a c t i o n s .  The p r o c e d u r e  m a y , h o w e v e r , b e  t o o  e l a b o r a t e  t o  be u s e d  as  a t e s t  
o f  h e a t  t o l e r a n c e .  

VARIOUS TESTS OF ADAPTABILITY OF CATTLE TO LIFE IN HOT COUNTRIES 

Bonsma (1949)  h a s  d e s c r i b e d  a number  o f  p r o c e d u r e s  w h i c h  a r e  n o t  h e a t  t o l e r a n c e  t e s t s  
i n  t h e  s t r i c t  s e n s e  of  t h e  w o r d , b u t  t e s t s  w h i c h  g i v e  v a l u a b l e  i n f o r m a t i o n  on an a n i m a l ' s  
g e n e r a l  c a p a c i t y  t o  l i v e  i n  a h o t  c o u n t r y  u n d e r  o r d i n a r y  f i e l d  c o n d i t i o n s .  

I n  t h e  " f e l t i n g  t e s t "  a s a m p l e  o f  h a i r  i s  t a k e n  f rom t h e  a n i m a l ,  damped w i t h  w a t e r  and 
r u b b e d  b e t w e e n  t h e  h a n d s .  I f  t h e  h a i r  f o r m s  a f i r m  m a s s , i . e ,  f e l t s , t h i s  i n d i c a t e s  a smoo th  
c o a t ,  i f  t h e  h a i r  r u b s  away,  t h i s  i n d i c a t e s  a w o o l l y  c o a t .  C o n f i r m a t o r y  e v i d e n c e  of  t h i s  
b e h a v i o u r  of  t h e  two t y p e s  of  c o a t  was o b t a i n e d  by s u b j e c t i n g  t h e  h a i r  s a m p l e s  t o  a f e l t -  
i n g  p r o c e s s  i n  a woo l  f a c t o r y  and  t e s t i n g  t h e  r e s i s t a n c e  o f  t h e  c o m p r e s s e d  h a i r  mass  t o  
a p u l l i n g  f o r c e .  A c c o r d i n g , t o  Bonsma a w o o l l y  c o a t  i s  a s s o c i a t e d  w i t h  a low h e a t  t o l e -  
r a n c e  and a smoo th  c o a t  w i t h  a h i g h  h e a t  t o l e r a n c e .  Thus ,  e x a m i n a t i o n  of  a h a i r  s a m p l e  
wou ld  a f f o r d  a s i m p l e  means f o r  j u d g i n g  i n d i r e c t l y  an a n i m a l ' s  h e a t  t o l e r a n c e . A p a r t  f r o m  
i t s  s i m p l i c i t y  s u c h  a me thod  h a s  t h e  m e r i t  o f  b e i n g  a p p l i c a b l e  t o  v e r y  young  a n i m a l s  and 
n o t  r e q u i r i n g  e x p o s u r e  t o  a h o t  e n v i r o n m e n t .  

The work  of  Bonsma can  h a r d l y  l e a v e  any d o u b t  t h a t  t h e r e  i s  a d e f i n i t e  a s s o c i a t i o n  b e -  
t w e e n  c o a t  c h a r a c t e r  and h e a t  t o l e r a n c e ;  a l s o  t h e  work  of  ~ e a t e s  ( 1 9 5 5 ) , D o w l i n g  (19595)  
and t h a t  o f  T u r n e r  & S c h l e g e r  (1960)  l e a d s  t o  t h e  same c o n c l u s i o n .  I t  w o u l d  be d e s i r a b l e ,  
h o w e v e r ,  i f  t h e  c o a t  c h a r a c t e r s  c o u l d  be e x p r e s s e d  i n  a more q u a n t i t a t i v e  and o b j e c t i v e  
way and i f  t h e  n a t u r e  of  t h i s  a s s o c i a t i o n  c o u l d  be f u r t h e r  e l u c i d a t e d .  I t  i s  f o r  i n s t a n c e  
n o t  e n t i r e l y  c l e a r  t o  wha t  e x t e n t  i t  i s  a d e n s e  c o a t  p e r  s e  t h a t  d e p r e s s e s  h e a t  t o l e -  
r a n c e  by i n t e r f e r i n g  w i t h  h e a t  l o s s  f r o m  t h e  s k i n , a n d  t o  wha t  e x t e n t  a d e n s e  c o a t  i s  o n -  
l y  t h e  o u t w a r d  s i g n  o f  an i n n e r  f u n c t i o n , p r o b a b l y  o f  e n d o c r i n e  n a t u r e ,  more  d i r e c t l y  r e -  
l a t e d  t o  h e a t  t o l e r e a n c e .  T h y r o i d  a c t i v i t y ,  f o r  i n s t a n c e ,  i s  known t o  a f f e c t  h a i r  g r o w t h  
a s  w e l l  a s  h e a t  p r o d u c t i o n  w h i c h  i n  t u r n  i n f l u e n c e s  h e a t  t o l e r a n c e . I t  c o u l d  be s p e c u l a t e d  
t h a t  a t h i n  c o a t  c o u l d  be  a " b y p r o d u c t "  o f  t h e  c h a i n  o f  e v e n t s ,  c o n n e c t i n g  a t m o s p h e r i c  
h e a t ,  o v e r  d e p r e s s e d  t h y r o i d  a c t i v i t y , r e d u c e d  m e t a b o l i c  r a t e  and l o w e r e d  h e a t  p r o d u c t i o n  
w i t h  i n c r e a s e d  h e a t  t o l e r a n c e . T h e r e  i s  a l s o  t h e  p o s s i b i l i t y  t h a t  i n  c o n t r a s t  t o  t h e  more  
o b v i o u s  c a s e  t h a t  t h e  c o a t  a f f e c t s  t h e  h e a t  t o l e r a n c e , t h e  hea~ t ~ e r a n c e  c o u l d  a f f e c t  t h e  
c o a t .  T h i s  c o u l d  be t h e  c a s e ,  f o r  i n s t a n c e , w h e n  an a n i m a l  w i t h  a l o w  h e a t  t o l e r a n c e  w o u l d  
r e d u c e  i t s  f o o d  i n t a k e  w h i c h  w o u l d  t h e n  c a u s e  a s t a t e  of  m a l n u t r i t i o n  and of  l o w e r e d  r e -  
s i s t a n c e  t o  d i s e a s e ,  l e a d i n g  t o  c h a n g e s  i n  c o a t  c h a r a c t e r .  
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I n  " w a l k i n g  t e s t s "  and  i n  " w a t e r  d e p r i v a t i o n  t e s t s "  Bonsma ( 1 9 4 9 )  d e m o n s t r a t e d  t h e  su=  
p e r i o r i t y  o f  A f r i c a n  c a t t l e  o v e r  E u r o p e a n  t y p e  c a t t l e  i n  c o v e r i n g  l o n g  d i s t a n c e s  and  i n  
g o i n g  w i t h o u t  w a t e r  o v e r  c e r t a i n  p e r i o d s  o f  t i m e ,  i n  a s e m i a r i d  r e g i o n .  

"COOLING EFFICIENCY" TEST OF DOWLING 

D o w l i n g  ( 1 9 5 6 )  c o n s i d e r s  t h e  I b e r i a  h e a t  t o l e r a n c e  t e s t  a s  u n s u i t a b l e  i n  t h e  h o t  d r y  
i n l a n d  c l i m a t e  o f  A u s t r a l i a , b e c a u s e  t h e  e x c e s s i v e  s o l a r  r a d i a t i o n  may c a u s e  l o s s  o f  c o n -  
t r o l  o f  b o d y  t e m p e r a t u r e  r e g u l a t i o n  i n  t h e  a n i m a l s ,  i n  w h i c h  s t a t e , i n  D o w l i n g ' s  o p i n i o n ,  
body  t e m p e r a t u r e  w o u l d  n o t  h e  a m e a n i n g f u l  c r i t e r i o n  o f  a d a p t a b i l i t y  t o  h e a t . H e t h e r e f o r e  
p r o p o s e s  a h e a t  t o l e r a n c e  t e s t  w h i c h  s h o u l d  b e  b a s e d  s o l e l y  on a n  a n i m a l ' s  c a p a c i t y  f o r  
d i s s i p a t i n g  e x c e s s  body  h e a t ,  w i t h o u t  t h e  c o m p l i c a t i o n  o f  a s i m u l t a n e o u s  h e a t  l o a d  f r o m  
s o l a r  r a d i a t i o n .  H i s  p r o c e d u r e  i s  a s  f o l l o w s :  The a n i m a l  i s  e x e r c i s e d  on a warm day  f o r  
a b o u t  h a l f  a n  h o u r  u n t i l  t h e  r e c t a l  t e m p e r a t u r e  r e a c h e s  a b o u t  40~ ( 1 0 4 ~  a f t e r  w h i c h  
i t  i s  a l l o w e d  t o  s t a n d  i n  t h e  s h a d e  t o  c o o l  down.  The r a t e  o f  c o o l i n g  i s  f o l l o w e d  by  p e -  
r i o d i c  m e a s u r e m e n t s  o f  r e c t a l  t e m p e r a t u r e . T h e  a n i m a l  w h i c h  shows t h e  h i g h e s t  r a t e  o f  d e -  
c r e a s e  o f  b o d y  t e m p e r a t u r e  i s  c o n s i d e r e d  t o  h a v e  t h e  h i g h e s t  " c o o l i n g  e f f i c i e n c y " .  

The c o n c e p t  o f  c o o l i n g  e f f i c i e n c y  i s ,  no  d o u b t , a n  i n t e r e s t i n g  o n e .  I t  w o u l d  a p p e a r , h o w -  
e v e r ,  t h a t  t h e  h i g h e r  t h e  i n t e n s i t y  o f  s o l a r  r a d i a t i o n  t h e  more  i m p o r t a n t  i t  w o u l d  become 
f o r  an  a n i m a l  n o t  o n l y  t o  h a v e  a h i g h  c a p a c i t y  f o r  d i s s i p a t i n g  h e a t  b u t  a l s o  t o  h a v e  
s t r u c t u r a l  f e a t u r e s ,  e s p e c i a l l y  o f  t h e  c o a t , w h i c h  o p p o s e  t h e  a b s o r p t i o n  o f  r a d i a n t  e n e r -  
gy f r o m  t h e  s u n . W h e n  d e v i s i n g  a h e a t  t o l e r a n c e  t e s t  f o r  a n i m a l s  l i v i n g  i n  a r e g i o n  w h e r e  
s o l a r  r a d i a t i o n  i s  e x c e s s i v e , t h u s  c o n s t i t u t i n g  t h e  l i m i t i n g  c l i m a t i c  f a c t o r  f o r  h e a t  t o -  
l e r a n c e ,  i t  w o u l d  seem t o  be  more  r e a l i s t i c  t o  i n c l u d e  t h i s  v e r y  f a c t o r  i n  t h e  t e s t  t h a n  
t o  e x c l u d e  i t .  I n  o r d e r  t o  a v o i d  t h e  d e v e l o p m e n t  i n  t h e  a n i m a l  o f  s e r i o u s  h y p e r t h e r m i a ,  
t h e  d u r a t i o n  of  e a c h  t e s t  w o u l d ,  o f  c o u r s e  r h a v e  t o  be r e s t r i c t e d  i n  t i m e .  A l t h o u g h  i n  a 
t e s t  b a s e d  on a s h o r t  e x p o s u r e  t o  a n  e x t r e m e  h e a t  l o a d , a s  D o w l i n g  h a s  r e a l i z e d ,  t h e  a n i -  
ma l  i s  i n  a s t a t e  o f  a c u t e  t h e r m a l  i m b a l a n c e ,  t h e  r e s u l t  o f  s u c h  a t e s t  may s t i l l  be  o f  
v a l u e  b e c a u s e  i t  i n c l u d e s  t h e  e f f e c t  o f  t h e  p r i n c i p a l  s t r e s s  p r o d u c i n g  c l i m a t i c  e l e m e n t ,  
w h i c h ,  i n  t h i s  c a s e ,  i s  s o l a r  r a d i a t i o n .  

PREDICTED HEAT TOLERANCE FROM CALF TOTAL MOISTURE VAPORISATION RATES 

Yeck  & K i b l e r  ( 1 9 5 8 )  r e p o r t e d  t h a t  t h e  r a t i o  t o t a l  e v a p o r a t i o n  ( s k i n  p l u s  r e s p i r a t o r y )  
i n  an  e n v i r o n m e n t  of  2 7 o C / t o t a l  e v a p o r a t i o n  i n  an  e n v i r o n m e n t  o f  10~  c o r r e l a t e d  v e r y  
w e l l  w i t h  t h e  r e l a t i v e  h e a t  t o l e r a n c e  o f  c a l v e s  o f  6 d i f f e r e n t  b r e e d s .  The h i g h e s t  r a t i o  
( 2 . 7 5 )  and  t h e  h i g h e s t  h e a t  t o l e r a n c e  w e r e  f o u n d  i n  t h e  B r a h m a n ;  t h e  l o w e s t  r a t i o  ( 1 . 3 5 )  
and  t h e  l o w e s t  h e a t  t o l e r a n c e  i n  t h e  S h o r t h o r n ,  w i t h  t h e  o t h e r  b r e e d s  i n  b e t w e e n  i n  t h e  
f o l l o w i n g  o r d e r  o f  f a i l i n g  h e a t  t o l e r a n c e :  S a n t a  G e r t r u d i s , B r o w n  S w i s s , J e r s e y ,  H o l s t e i n .  
T h e s e  r a t i o s  c h a n g e d  v e r y  l i t t l e  f o r  e a c h  b r e e d  w i t h  a d v a n c i n g  a g e .  

T h i s  i s  a n  i m p r e s s i v e  d e m o n s t r a t i o n  of  t h e  r o l e  p l a y e d  by e v a p o r a t i v e  c o o l i n g  i n  t h e  
t h e r m o r e g u l a t i o n  o f  c a t t l e .  As t h e  a c c u r a t e  m e a s u r e m e n t  o f  t o t a l  e v a p o r a t i o n  i s  a f a i r l y  
e l a b o r a t e  p r o c e d u r e  i t  may b e  s i m p l e r  t o  a s s e s s  h e a t  t o l e r a n c e  b y a m o r e  e a s i l y  m e a s u r a b l e  
c h a r a c t e r  s u c h  as  body  t e m p e r a t u r e .  

HUMAN I~_,AT STRESS INDICES 

The l i t e r a t u r e  c o n t a i n s  a n u m b e r  o f  i n d i c e s  d e v i s e d  t o  a s s e s s  t h e  s e v e r i t y  o f  h o t  c l i -  
m a t e s  o r  t h e  p h y s i o l o g i c a l  s t r a i n s  r e s u l t i n g  f r o m  them i n  m a n . T h e  b e s t  known of t h e s e  i n -  
d i c e s  a r e :  
( 1 )  E f f e c t i v e  t e m p e r a t u r e ,  H o u g h t e n  & Y a g l o u  ( 1 9 2 3 ) .  
( 2 )  S t a n d a r d  o p e r a t i v e  t e m p e r a t u r e ,  Gagge (1940). 
/ ~  { I n d e x  o f  p h y s i o l o g i c a l  e f f e c t ,  R o b i n s o n ,  T u r r e l l  & G e r k i n g  ( 1 9 4 5 ) .  

C o r r e c t e d  e f f e c t i v e  t e m p e r a t u r e ,  B e d f o r d  ( 1 9 4 6 ) .  
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( 5 )  P r e d i c t e d  f o u r  h o u r  s w e a t  r a t e ,  M c A r d l e ,  Dunham, H o l l i n g ,  L a d e l l , S c o t t , T h o m s o n & W e i -  
her ( 1 9 4 7 ) .  

/ ~  / H e a t  s t r e s s  i n d e x ,  B e l d i n g  & H a t c h  ( 1 9 5 5 ) ,  and  
S i n g a p o r e  i n d e x ,  Webh ( 1 9 5 9 ) .  

T h e s e  i n d i c e s  a r e  m o s t l y  h i g h l y  s p e c i f i c  f o r  h u m a n s . T h e y  make u s e  o f  c o n s t a n t s  d e r i v e d  
f r o m  humans ;  some d e p e n d  on t h e  s e n s a t i o n  o f  w a r m t h  r a t h e r  t h a n  o ~ e c t i v e  m e a s u r e m e n t s  o f  
p h y s i o l o g i c a l  r e a c t i o n s  of  t h e  t e s t  s u b j e c t s ; t h e  p r e d i c t e d  f o u r  h o u r  s w e a t  r a t e , w h i c h  a t  
p r e s e n t  i s  C o n s i d e r e d  t h e  b e s t  i n d e x , i s  b a s e d  on s w e a t i n g , s h e a r  r e s p o n s e  w h i c h  i n  c a t t l e  
d o e s  n o t  p l a y  a n  e q u a l l y  d o m i n a t i n g  r o l e  a s  i t  d o e s  i n  m a n ; a n d  t h e r e  i s  a l s o  t h e  c o m p l i -  
c a t i o n  a r i s i n g  f r o m  t h e  c o n s i d e r a t i o n  o f  m o d i f y i n g  f a c t o r s  s u c h  a s  c l o t h i n g  and  p h y s i c a l  
a c t i v i t y .  

T h e s e  human h e a t  s t r e s s  i n d i c e s , t h e r e f o r e , a r e  n o t  r e a d i l y  a p p l i c a b l e  t o  c a t t l e .  A p o s -  
s i b l e  e x c e p t i o n  may be  t h e  i n d e x  o f  p h y s i o l o g i c a l  e f f e c t ,  w h i c h  may b e  m o d i f i e d  t o  s u i t  
c a t t l e .  

From t h i s  d e s c r i p t i o n  of  v a r i o u s  m e t h o d s  f o r  g r a d i n g  h e a t  t o l e r a n c e  i t  wou ld  a p p e a r  
t h a t  many of  t h e m  p r o v i d e  u s e f u l  i n f o r m a t i o n  b u t  t h a t  n o n e  o f  t h e m  i s  e n t i r e l y  s a t i s f a c -  
t o r y .  R h o a d ' s  " c l a s s i c a l "  I b e r i a t e s t  p r o b a b l y  i s  s t i l l  one  o f  t h e  b e s t .  I n  v i e w  of  t h e  
n e c e s s i t y  t o  s e l e c t  c a t t l e  f o r  h o t  c l i m a t e s  t h e r e  i s  a d e f i n i t e  n e e d  f o r  an  i m p r o v e d  me-  
t h o d  f o r  a s s e s s i n g  h e a t  t o l e r a n c e .  

F A C T O R S  WHICH MODIFY HEAT T O L E R A N C E  

GENERAL 

E v e r y  a n i m a l  c h a r a c t e r  i s  a f u n c t i o n  of  h e r e d i t y  and  e n v i r o n m e n t .  H e a t  t o l e r a n c e  as  an  
a i d  t o  s e l e c t i o n  f o r  s u b s e q u e n t  b r e e d i n g  i s  of  i n t e r e s t  o n l y  a s  f a r  a s  i t  i s  g e n e t i c a l l y  
d e t e r m i n e d .  The g e n e t i c  po t en t i a l i t i e s  f o r  h e a t  t o l e r a n c e  c a n  o n l y  f i n d  t h e i r  f u l l  e x -  
p r e s s i o n  i n  t h e  p r e s e n c e  o f  a p p r o p r i a t e  c o n d i t i o n s  o f  n u t r i t i o n ,  m a n a g e m e n t  and  d i s e a s e  
c o n t r o l .  F u r t h e r m o r e , h e a t  t o l e r a n c e  d e p e n d s  on f a c t o r s  w h i c h  w i l l  o r  may v a r y  d u r i n g  t h e  
l i f e  of  t h e  i n d i v i d u a l ,  s u c h  a s  a g e ,  s t a t e  o f  a c t i v i t y ,  l e v e l  o f  p r o d u c t i o n ,  and  a c c l i -  
m a t i z a t i o n .  I n  some c a s e s  t h e s e  f a c t o r s  h a v e  t o  b e  a c c e p t e d ,  a s  t h e y  a r e ; i n d e e d , t h e y  may 
b e  p e r t i n e n t  t o  t h e  p r o b l e m  u n d e r  i n v e s t i g a t i o n .  I t  i s  i m p o r t a n t , t h e r e f o r e , t o  know w h i c h  
f a c t o r s  i n f l u e n c e  h e a t  t o l e r a n c e  a n d  t o  w h a t  e x t e n t  t h e y  do s o . 0 n c e  t h i s  i s  known one  c a n  
e i t h e r  s t a n d a r d i z e  t h e s e  f a c t o r s ,  o r ,  i f  t h i s  i s  n o t  p o s s i b l e , e l i m i n a t e  t h e i r  e f f e c t s  by 
m a k i n g  s u i t a b l e  a d j u s t m e n t s .  A l t h o u g h  i t  i s  r e a l i s e d  t h a t  many o f  t h e s e  f a c t o r s  a r e  i n -  
t e r - r e l a t e d  i t  i s  c o n v e n i e n t  t o  d i s c u s s  e a c h  of  t h e m  s e p a r a t e l y .  

AGE 

A few p r e l i m i n a r y  r e m a r k s  of  g e n e r a l  c h a r a c t e r  may he  a p p r o p r i a t e . T o l e r a n c e  i s  t h e  r e -  
c i p r o c a l  f u n c t i o n  o f  s e n s i t i v i t y  (Loewe,  1 9 5 9 ) .  The y o u n g  a n i m a l  t e n d s  t o  be  more  s e n s i -  
t i v e  i n  t h a t  i t  r e a c t s  more  v i o l e n t l y  t h a n  t h e  a d u l t  a n i m a l  t o  a n  e n v i r o n m e n t a l  s t i m u l u s  
of  a g i v e n  s t r e n g t h ;  i t  s h o w s ,  i n  o t h e r  w o r d s , a  g r e a t e r  r e s p o n s e .  I f  one  a c c e p t s  t h i s  a s  
b e i n g  t r u e  a l s o  w i t h  r e g a r d  t o  a t m o s p h e r i c  h e a t  a s  a s t i m u l u s , t h e  y o u n g  a n i m a l ,  by  d e f i -  
n i t i o n ,  w o u l d  be  l e s s  h e a t  t o l e r a n t  t h a n  t h e  a d u l t  a n i m a l .  

T h i s  s t a t e m e n t ,  h o w e v e r , d e p e n d s  on two a s s u m p t i o n s :  F i r s t , t h a t  t h e  y o u n g  and  t h e  a d u l t  
a n i m a l  h a v e  t h e  same r a n g e ,  i . e . ,  f u n c t i o n a l  c a p a c i t y  o f  r e s p o n s e , a n d  s e c o n d , t h a t  a g i v e n  
d e v i a t i o n  f r o m  t h e  norm ( o f  a g i v e n  r e s p o n s e ) m e a n s  t h e  same t o  t h e  y o u n g  a s  t o  t h e  a d u l t  
a n i m a l  w i t h  r e s p e c t  t o  d i s c o m f o r t  and  damage .  T h e r e  i s  some e v i d e n c e  a g a i n s t  t h e s e  a s -  
s u m p t i o n s .  As r e g a r d s  t h e  f i r s t  p o i n t ,  i t  i s  known t h a t  y o u n g  a n i m a l s ,  when  e x p o s e d  t o  
s e v e r e  h e a t ,  h a v e  a h i g h e r  maximum l e v e l  of  r e s p i r a t o r y  r a t e  t h a n  a d u l t  a n i m a l s .  Thus  a 
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r e s p i r a t o r y  r a t e  o f ,  s a y  180 ,  m i g h t  r e p r e s e n t  70~ o f  t h e  y o u n g  a n i m a l ' s ,  b u t  100~ o f  t h e  
a d u l t ' s  f u l l  c a p a c i t y .  S i m i l a r  c o n d i t i o n s  p r o b a b l y  e x i s t  f o r  h e a r t  r a t e .  

The s e c o n d  p o i n t  a c t u a l l y  t i e s  up w i t h  t h e  f i r s t  p o i n t .  The  d i s c o m f o r t  e x p e r i e n c e d  o r  
t h e  damage c a u s e d  by  a g i v e n  l e v e l  o f  r e s p o n s e ,  p r o b a b l y  d e p e n d s  on t h e  m a x i m a l  l e v e l  o f  
t h i s  r e s p o n s e ,  m e a n i n g  t h a t  t h e  y o u n g  a n i m a l  w o r k i n g  a t ,  s a y  70~  o f  i t s  c a p a c i t y  i s  l e s s  
s t r e s s e d  t h a n  t h e  a d u l t  a n i m a l  w o r k i n g  a t  s a y  1 0 0 ~ .  

The obv ious  a n s w e r  %o t h i s  p r o b l e m  w o u l d  b e  t o  e x p r e s s  a h e a t  r e s p o n s e  a s  a f r a c t i o n  o f  
i t s  m a x i m a l  v a l u e .  The a s s e s s m e n t  o f  t h e  maximum v a l u e  o f  a h e a t  r e s p o n s e  d o e s  n o t  p r e -  
s e n t  much d i f f i c u l t y  w i t h  r e s p i r a t o r y  r a t e ; i t  w o u l d  a l s o b e p o s s i b l e  with s k i n  e v a p o r a t i o n ;  
i% c o u l d ,  h o w e v e r ,  be  d a n g e r o u s  f o r  h e a r t  r a t e  and  c e r t a i n l y  w o u l d  b e  l e t h a l  f o r  body  
t e m p e r a t u r e .  

To w h a t  e x t e n t  t h e s e  p o i n t s  h a v e  t o  be  t a k e n  i n t o  c o n s i d e r a t i o n  i n  a s s e s s i n g  h e a t  t o -  
l e r a n c e  i n  c a t t l e  o f  v a r i o u s  a g e s  c a n n o t  b e  d e c i d e d  a t  p r e s e n t . M o r e  work  on t h e  d o s e / r e s -  
p o n s e  r e l a t i o n s h i p  o f  a n i m a l s  o f  d i f f e r e n t  age  g r o u p s  i s  n e e d e d .  I n  t h e m e a n w h i l e , t h e  same 
c o n v e n t i o n a l  c o n c e p t  o f  h e a t  t o l e r a n c e  w i l l  b e  u s e d  f o r  j u d g i n g  t h e  h e a t  p e r f o r m a n c e  o f  
c a t t l e  o f  d i f f e r e n t  age  g r o u p s .  

H e a t  t o l e r a n c e  h a s  b e e n  shown by  v a r i o u s  w o r k e r s  %o i n c r e a s e  w i t h  a g e . K l e m m  & R o b i n s o n  
(1955)  f o u n d  f a l l i n g  R - v a l u e s  f o r  r e c t a l  t e m p e r a t u r e  i n  A u s t r a l i a n  I l l a w a r a  S h o r t h o r n s  
and  i n  Z e b u - H e r e f o r d  c r o s s e s  f r o m  2 to  12 m o n t h s  o f  a g e .  W a l k e r ( 1 9 5 7 ) , u s i n g  t h e  b e a t  t o -  
l e r a n c e  t e s t  o f  Rhoad  ( 1 9 4 4 ) ,  n o t i c e d  a g e n e r a l  r i s e  of  h e a t  t o l e r a n c e  i n  A f r i c a n d e r , A n -  
g o n i ,  B a r o t s e  a n d  Tonga  c a t t l e  b e t w e e n  t h e  a g e s  o f  1 and  4 y e a r s ,  t h e  l a r g e s t  r i s e  o c -  
c u r r i n g  b e t w e e n  1 and  2 y e a r s .  I n  J e r s e y  cows r a n g i n g  i n  age  f r o m  2 t o  6 y e a r s  and  o v e r ,  
G a l a a s  ( 1 9 4 7 )  f o u n d  t h e  l o w e s t  h e a t  t o l e r a n c e  i n  t h e  2 t o  3 y e a r  c l a s s , t h e  h i g h e s t  i n  t h e  
3 t o  4 y e a r  c l a s s .  Bonsma ( 1 9 4 9 )  c o n c l u d e d  f r o m  h i s  e x t e n s i v e  i n v e s t i g a t i o n s  c a r r i e d  o u t  
i n  S o u t h  A f r i c a  on c a t t l e  o f  v a r i o u s  b r e e d s  and  t y p e s :  "The  work  i n d i c a t e s  b e y o n d  a l l  
d o u b t ,  t h a t  a n  a n i m a l ' s  h e a t  t o l e r a n c e  c o e f f i c i e n t  i n c r e a s e s  c o n s i d e r a b l y , e s p e c i a l l y  a f -  
t e r  t h e  s e c o n d  y e a r " .  

The i n c r e a s e  i n  h e a t  t o l e r a n c e  w i t h  age  d o e s  n o t  o c c u r  i n  a l i n e a r  w a y . T h e  i n c r e a s e  a p -  
p e a r s  t o  be  l a r g e s t  b e t w e e n  c a l f h o o d  a n d  a d u l t h o o d .  I n  t h e  a d u l t  a n i m a l  h e a t  t o l e r a n c e , i f  
n o t  c o m p l i c a t e d  by  o t h e r  f a c t o r s  s u c h  a s  l e v e l  o f  p r o d u c t i o n , s e e m s  t o  r e m a i n  f a i r l y  s t a -  
b l e .  Whether heat tolerance decreases in the old animal,as one might expect it %o do, is 
not known.When comparing the age-heat tolerance relationship of various breeds of cattle 
it is important %o bear in mind that the chronologic age of an animal need not be iden- 
tical with its physiological age.Tropical breeds tend to be later maturing than temperate 
breeds. 

The problem of the influence of age on heat tolerance needs further investigation; not 
only because the problem is of immediate practical importance,but also because the know- 
ledge of the age-heat tolerance relationship may help the nature of heat tolerance to be 
better understood. If we find that heat tolerance shows a significant increase from say 
half a year %o 2 years,this must beaccompanied by corresponding structural or functional 
changes in the animal, taking place over the same period. Characters which during this 
period do not change or even change in the wrong direction obviously cannot be made res- 
ponsible for the observed changes in heat tolerance. This consideration would apply to 
sweat gland density, i.e. the number of sweat glands per unit of skin surface, which has 
been shown to decrease with age (Findlay & Yang, 1950; Carter & Dowling, 1954; Walker, 
1957). It would also apply to the surface mass ratio of the animal, to the capacity for 
maximum respiratory rate, and to the amount of subcutaneous fat, all of which with ad- 
vancing age tend to change in the direction of a lowered capacity for heat tolerance. 

On the other hand there are body functions which tend to change with age in the direc- 
tion of an elevated heat tolerance.Skin evaporation,in spite of o decrease in sweat gland 
density and probably due to an increase in the size and the efficiency of the individual 
sweat gland, increases with age (Klemm & Robinson, 1955; Kibler & Xeck, 1959). Heat pro- 
duction per unit body weight declines with age (Kibler,1957) and this seems to be paral- 
leled in part by a decrease in thyroid activity (Blincoe,1958; Lennon, 1958). Closer in- 



v e s t i g a t i o n  o f  t h e s e  f u n c t i o n s  may l e a d  t o  a b e t t e r  u n d e r s t a n d i n g  
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f a c t o r s  t h a t  

NUTRITION 

N u t r i t i o n  c a n  a f f e c t  h e a t  t o l e r a n c e  i n  s e v e r a l  w a y s .  

( 1 )  A h i g h  p l a n e  of  n u t r i t i o n  i s  a s s o c i a t e d  w i t h  a h i g h  r e s t i n g  m e t a b o l i c  r a t e ,  w h i c h  i n  
t u r n  d e p r e s s e s  h e a t  t o l e r a n c e .  R o b i n s o n  & Lee ( 1 9 4 7 )  h a v e  r e p o r t e d  t h a t  s h e e p , p i g s  
and  h e n s  on  a h i g h  p l a n e  o f  n u t r i t i o n  h a d  a r e d u c e d  h e a t  t o l e r a n c e  as  i n d i c a t e d  by  
e l e v a t e d  l e v e l s  o f  body  t e m p e r a t u r e ,  h e a r t  r a t e  and  w e i g h t  l o s s  d u r i n g  t h e  t e s t .  S i -  
m i l a r l y ,  Y e a t e s  ( 1 9 5 6 )  f o u n d  w e l l  f e d  c a t t l e  t o  be  l e s s  h e a t  t o l e r a n t  t h a n  p o o r l y  f e d  
c a t t l e , t h e  r e s p e c t i v e  h e a t  t o l e r a n c e  c o e f f i c i e n t s  ( R h o a d ,  1944)  b e i n g  43  and  55 .  The 
work  of  S o r e n s e n ,  H a n s e l ,  Hough ,  A r m s t r o n g ,  McEn tee  & B r a t t o n ( 1 9 5 9 )  s u g g e s t s  t h a t  a n  
i n c r e a s e d  t h y r o i d  a c t i v i t y  i s  i n v o l v e d  i n  t h i s  e l e v a t e d  r e s t i n g  m e t a b o l i c  r a t e  o f  
c a t t l e  on a h i g h  p l a n e  o f  n u t r i t i o n .  
A h i g h  l e v e l  o f  n u t r i t i o n  may r e d u c e  h e a t  t o l e r a n c e  n a t  o n l y  by  r a i s i n g  r e s t i n g  me-  
t a b o l i c  r a t e ,  b u t  a l s o  by  c a u s i n g  i n t e r f e r e n c e  w i t h  h e a t  l o s s  t h r o u g h  t h e  d e p o s i t i o n  
of  f a t  u n d e r  t h e  s k i n .  I n  t h i s  c o n t e x t  i t  i s  of  i n t e r e s t  t o n o t e  t h a t  Zebu  t y p e  c a t t l e ,  
seem t o  l a y  down body  f a t  p r e f e r e n t i a l l y  i n  t h e  i n t e r i o r  of  t h e  b o d y ,  w h i l e  E u r o p e a n  
t y p e  c a t t l e  do so  u n d e r  t h e  s k i n  ( L e d g e r ,  1 9 5 9 ) .  

( 2 )  The p r o c e s s e s  o f  p r e h e n s i o n ,  m a s t i c a t i o n , d i g e s t i o n , a b s o r p t i o n  and  m e t a b o l i s m  of  f o o d  
g e n e r a t e  h e a t ,  w h i c h  a g a i n  d e p r e s s e s  h e a t  t o l e r a n c e .  W h i l e  t h e s e  p r o c e s s e s  a r e  g o i n g  
on ,  e s p e c i a l l y  i n  t h e  e a r l y  p h a s e s ~  body  t e m p e r a t u r e , h e a r t  r a t e  and  r e s p i r a t o r y  r a t e  
of  c a l v e s  a r e  e l e v a t e d ,  e v e n  i n  a t e m p e r a t e  c l i m a t e  ( B i a n c a ,  u n p u b l i s h e d  d a t a ) .  C o n -  
v e r s e l y , s t a r v a t i o n  i s  a c c o m p a n i e d  by  a f a l l  i n  h e a t  p r o d u c t i o n  and  h e a r t  r a t e  ( B l a x -  
t e r  & Wood, 1 9 8 1 ) .  F u r t h e r m o r e , i t  h a s  b e e n  shown by Y e a t e s  ( 1 9 5 6 )  t h a t  t h e  i m p o r t a n t  
f a c t o r  i n  t h e  f e e d i n g / h e a t  t o l e r a n c e  r e l a t i o n s h i p  i s  t h e  c u r r e n t  r a t e  of  f e e d i n g .  I n  
o t h e r  w o r d s ,  i t  i s  r e l e v a n t  how much t h e  a n i m a l , w h e t h e r  l e a n  o r  f a t , h a s  e a t e n  s h o r t -  
l y  b e f o r e  t h e  p e r f o r m a n c e  o f  a h e a t  t o l e r a n c e  t e s t .  An a d e q u a t e  p e r i o d  o f  s t a r v a t i o n  
b e f o r e  a h e a t  t o l e r a n c e  t e s t  i s  t h e r e f o r e  e s s e n t i a l  f o r  o b t a i n i n g  r e p r o d u c i b l e  r e -  
s u l t s .  On t h e  o t h e r  h a n d ,  s i n c e  a n i m a l s , i n  o r d e r  t o  l i v e  and  p r o d u c e ,  h a v e  t o  e a t , i t  
i s ,  w i t h  r e s p e c t  t o  h e a t  t o l e r a n c e ,  i m p o r t a n t  t h a t  t h e  v a r i o u s  p r o c e s s e s  a s s o c i a t e d  
w i t h  t h e  i n t a k e ,  d i g e s t i o n  a n d  a b s o r p t i o n  o f  f o o d ,  p r o d u c e  a minimum of  w a s t e  h e a t .  
O b v i o u s l y  t h e  a n i m a l  w h i c h  d o e s  s o ,  i . e . , w h i c h  u t i l i s e s  food  e f f i c i e n t l y , m u s t  be  more  
h e a t  t o l e r a n t  t h a n  an  o t h e r w i s e  s i m i l a r  a n i m a l  w h i c h  u t i l i s e s  f o o d  l e s s  e f f i c i e n t l y .  
T h i s  a p p l i e s  i n  p a r t i c u l a r  t o  r o u g h a g e  s i n c e  t h i s  c o n t r i b u t e s  t h e  b u l k  of  t h e  f o o d  
and  r e q u i r e s  much e n e r g y  f o r  i t s  b r e a k d o w n .  

( 3 )  The c o m p o s i t i o n  o f  t h e  f o o d  mry a f f e c t  h e a t  t o l e r a n c e .  Cows and  b u f f a l o e s  f e d  on h a y  
had  s i g n i f i c a n t l y  l o w e r  r e s p i r a t o r y  r a t e s  t h a n  a n i m a l s  f e d  on s t r a w  ( B a d r , 1 9 5 7 ) .  S i -  
m i l a r l y ,  a r a t i o n  w i t h  a low f i b r e  c o n t e n t , a s  c o m p a r e d  t o  one  w i t h  a h i g h  f i b r e  c o n -  
t e n t ,  h ad  a b e n e f i c i a l  e f f e c t  on t h e  p e r f o r m a n c e  o f  cows i n  A r i z o n a  when  a i r  t e m p e -  
r a t u r e s  e x c e e d e d  a b o u t  27~ ( 8 1 O F ) :  r e s p i r a t o r y  r a t e  was l o w e r  by  14 b e a t s / m i n  and  
body  t e m p e r a t u r e  by  0 . 5 ~  ( 0 . 3 ~  p r o d u c t i o n  of  f a t  c o r r e c t e d  m i l k  was h i g h e r  by  
1 . 2  l b  p e r  cow and  day  ( S t o t t  & Moody, 1 9 6 0 ) .  A c c o r d i n g  t o  P a g e , E r w i n  & Nelms ( 1 9 5 9 )  
c a t t l e  w h i c h  w e r e  d e p r i v e d  o f  v i t a m i n - A  r e s e r v e s  we re  u n a b l e  t o w i t h s t a n d  h i g h  summer 
t e m p e r a t u r e s .  I t  was a l s o  shown t h a t  t h e  h o t  c l i m a t e  i t s e l f  was t h e  p r e d i s p o s i n g  f a c -  
t o r  f o r  a low v i t a m i n  A l e v e l ;  c a l v e s  m a i n t a i n e d  a t  a h i g h  a m b i e n t  t e m p e r a t u r e  l o s t  
t h r e e  t i m e s  a s  much v i t a m i n  A f r o m  t h e i r  l i v e r s  t h a n  t h e i r  c o - t w i n s  a t  a n o r m a l  t e m -  
p e r a t u r e .  S i m i l a r l y , r a b b i t s  d e f i c i e n t  i n  v i t a m i n  A h a d  a r e d u c e d  t i m e  o f  s u r v i v a l  when 
e x p o s e d  t o  h e a t  ( K u r o k a w a ,  1 9 4 1 ) . M i n e r a l  d e f i c i e n c i e s  i n  t h e  f o o d  may l i k e w i s e  a f f e c t  
body  s t r u c t u r e s  and  f u n c t i o n s  w h i c h  p l a y  a r o l e  i n  t h e r m o r e g u l a t i o n .  

The d e p r e s s i n g  e f f e e t  o f  a h i g h  f o o d  i n t a k e  on h e a t  t o l e r a n c e  d o e s  n o t  c o n t i n u e  w i t h o u t  
c o u n t e r - a c t i o n . W i t h  r i s i n g  e n v i r o n m e n t a l  t e m p e r a t u r e  f o o d  i n t a k e  i s  r e d u c e d  and  e v e n t u a l -  
l y  c o m p l e t e l y  s u p p r e s s e d .  T h i s  m e a n s ,  t h a t  f o o d  i n t a k e  a c t s  a s  a t e m p e r a t u r e  r e g u l a t i n g  
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m e c h a n i s m ,  i . e . ,  t h a t  t h e  amoun t  o f  f o o d  e a t e n  i s  d e t e r m i n e d , a t  l e a s t  p a r t l y ,  by  t h e  o r *  
g a n i s m ' s  a b i l i t y  t o  d i s s i p a t e  t h e  h e a t  o f  f o o d  m e t a b o l i s m ,  a s  h a s  b e e n  s u g g e s t e d  by  B r o -  
b e c k  ( 1 9 4 8 ) .  T h i s  r e g u l a t i n g  a c t i o n  o f  a p p e t i t e  s h o u l d  be  e x p e c t e d  t o  s e t  i n  e a r l i e r , i . e . ,  
a t  a l o w e r  e n v i r o n m e n t a l  t e m p e r a t u r e ,  i n  h e a t  i n t o l e r a n t  a n i m a l s  t h a n  i n  h e a t  t o l e r a n t  
a n i m a l s . T h e r e  i s  some e v i d e n c e  t h a t  h e a t  a n o r e x i a  o c c u r s  e a r l i e r  i n  E u r o p e a n  t y p e  c a t t l e  
t h a n  i n  t r o p i c a l  c a t t l e  ( J o h n s o n ,  R a g s d a l e  & Y e c k ,  1 9 5 8 ) .  

W h i l e  h e a t  t o l e r a n c e  i s  a f f e c t e d  u n f a v o u r a b l y  by  a h i g h  f o o d  i n t a k e , i t  i s  a f f e c t e d  f a -  
v o u r a b l y  by  a h i g h  w a t e r  i n t a k e , b e c a u s e  w a t e r  i s  t h e  i n d i s p e n s a b l e  r aw m a t e r i a l  f o r  e v a -  
p o r a t i o n ,  w h i c h  p l a y s  a v i t a l  p a r t  i n  h e a t  t o l e r a n c e .  A h i g h  w a t e r  i n t a k e  i n  i t s e l f  d o e s  
n o t  n e c e s s a r i l y  g u a r a n t e e  a h i g h  h e a t  t o l e r a n c e .  C o n s u m i n g  c o o l  w a t e r , w a r m i n g  i t  t o  body  
t e m p e r a t u r e  and  e x c r e t i n g  i t  t h r o u g h  t h e  k i d n e y s  w i l l ,  o f  c o u r s e ,  h a v e  a c o o l i n g  e f f e c t .  
I n d e e d ,  t h e  " f a m o u s "  J e r s e y  cow 212 ( T h o m p s o n ,  W o r s t e l l  & B r a d y , 1 9 4 9 )  when e x p o s e d  t o  an  
e n v i r o n m e n t  o f  38 C (100  F ) ,  by  d r i n k i n g  t h e  u n u s u a l  amount  o f  195 l i t r e s  o f  w a t e r  p e r  
d a y ,  i n  t h i s  f a s h i o n  r i d  h e r s e l f  o f  o v e r  4 , 8 0 0  k c a l  p e r  d a y .  Y e t ,  e v a p o r a t i n g  t h e  w a t e r  
i n s t e a d  o f  c i r c u l a t i n g  i t  t h r o u g h  t h e  b o d y ,  i s  a much more  e f f i c i e n t  way of  u t i l i z i n g  the  
c o o l i n g  p o t e n t i a l i t i e s  o f  w a t e r .  I f  a l l  t h e  195 l i t r e s  of w a t e r  c o u l d  h a v e  b e e n  e v a p o r a t e ~  
t h e  c o o l i n g  e f f e c t  w o u l d  h a v e  b e e n  a b o u t  23 t i m e s  g r e a t e r . K i b l e r  and  Y e c k ( 1 9 5 9 ) e x p r e s ~ n g  
v a p o r i z e d  w a t e r  a s  a p e r c e n t a g e  o f  c o n s u m e d  w a t e r , f o u n d  h i g h e r  p e r c e n t a g e s  i n  S a n t a  G e r -  
t r u d i s  and  B r a h m a n  c a t t l e  t h a n  i n  S h o r t h o r n  c a t t l e , i n d i c a t i n g  t h a t  t h e  f o r m e r  two b r e e d s  
w e r e  more  e f f i c i e n t  i n  u t i l i z i n g  c o n s u m e d  w a t e r  f o r  e v a p o r a t i v e  c o o l i n g .  I t  t h u s  a p p e a r s ,  
t h a t  c o n s u m i n g  more  w a t e r  t h a n  t h e  o r g a n i s m  c a n  r e a d i l y  e v a p o r a t e  i s  of r e l a t i v e l y  l i t t l e  
v a l u e  t o  t h e  b o d y ,  w i t h  r e s p e c t  t o  h e a t  t o l e r a n c e .  

The e f f e c t  o f  a d e f i c i e n c y  o f  w a t e r  on h e a t  t o l e r a n c e  i s  n o t  s u f f i c i e n t l y  known.  I f  
c a t t l e ,  e x p o s e d  t o  h e a t  and  a t  t h e  same t i m e  d e p r i v e d  o f  w a t e r  w o u l d  b e h a v e  t h e  same way 
a s  man i s  known t o  b e h a v e  u n d e r  s i m i l a r  c i r c u m s t a n c e s ,  t h e y  wou ld  k e e p  up  a h i g h  r a t e  of  
e v a p o r a t i o n  and  c o n s e q u e n t l y  d e h y d r a t e  t h e i r  b o d y .  I n  s u c h  a c a s e ,  h e a t  t o l e r a n c e  w o u l d  
n o t  be  l o w e r e d  a t  l e a s t  n o t  u n t i l  d e h y d r a t i o n  w o u l d  a f f e c t  o t h e r  body  f u n c t i o n s  w h i c h  
p l a y  a p a r t  i n  t h e r m o r e g u l a t i o n .  

ACTIVITY 

P h y s i c a l  e x e r c i s e  p r o d u c e s  e x t r a  h e a t  w h i c h  h a s  t o  be  e l i m i n a t e d  f r o m  t h e  b o d y ;  i t  i s  
t h u s  i n v e r s e l y  r e l a t e d  t o  h e a t  t o l e r a n c e .  I t  i s  o b v i o u s ,  t h e r e f o r e ,  t h a t  h e a t  t o l e r a n c e  
t e s t s  s h o u l d  be  c a r r i e d  o u t  o n l y  i n  w e l l  r e s t e d  a n i m a l s . I n  s h o t  e n v i r o n m e n t  a n i m a l s  t e n d  
t o  r e d u c e  t h e i r  a c t i v i t y ; b u t  i n  s e a r c h  of  f o o d  and  w a t e r  t h e y  h a v e  t o  do a c e r t a i n  a m o u n t  
o f  w a l k i n g , e s p e c i a l l y  when  t h e  g r a z i n g  i s  s c a r c e  and  t h e  n u m b e r  of w a t e r  p l a c e s  r ~ t r i c t e d ,  
a s  i s  f r e q u e n t l y  t h e  c a s e  i n  h o t  c o u n t r i e s .  

The  d e g r e e  t o  w h i c h  e x e r c i s e  d e p r e s s e s  an  a n i m a l ' s  h e a t  t o l e r a n c e  d e p e n d s  l a r g e l y  on 
i t s  b o d y  b u i l d  and  i t s  s t a t e  of  t r a i n i n g . A  s l i m , l o n g  l e g g e d  " r e s p i r a t o r y - t y p e " a n i m a l w i l l  
e x p e r i e n c e  l e s s  t h e r m a l  d i s c o m f o r t  t h a n  a b u l k y ,  s h o r t  l e g g e d ,  " d i g e s t i v e  t y p e "  a n i m a l  
when  c o v e r i n g  t h e  same d i s t a n c e ,  and  b o t h  t y p e s  w i l l  p e r f o r m  t h e i r  t a s k  p r o g r e s s i v e l y  i n  
a more  e f f i c i e n t  way as  t h e i r  b o d i e s  g e t  u s e d  t o  t h e  e x e r c i s e .  S t r i k i n g  d i f f e r e n c e s  i n  
w a l k i n g  c a p a c i t y  b e t w e e n  S h o r t h o r n  a n d  H e r e f o r d  c a t t l e  on t h e  one h a n d , a n d A f r i k a n e r  c a t t -  
l e  on t h e  o t h e r , h a v e  b e e n  d e m o n s t r a t e d  by  Bonsma ( 1 9 4 9 ) .  The s u p e r i o r  p e r f o r m a n c e  o f  t h e  
A f r i k a n e r s  - t h e y  c o u l d  w a l k  f a r t h e r  a n d  showed  l e s s  e l e v a t i o n  i n  t h e i r  body  t e m p e r a t u r e  

- seems  t o  h a v e  b e e n  due  p a r t l y  a l s o  t o  t h e  s m o o t h n e s s  of  t h e i r  c o a t , w h i c h  a l l o w e d  a b e t -  
t e r  h e a t  d i s s i p a t i o n  f r o m  t h e  s k i n .  

REPRODUCTION 

I t  i s  known t h a t  t h e  body  t e m p e r a t u r e  o f  cows f l u c t u a t e s  w i t h  t h e  o e s t r u s  c y c l e ( W r e n n ,  
B i t m a n  & S y k e s ,  1958 ;  F a l l o n ,  1 9 5 9 ) .  The t e m p e r a t u r e  i s  l o w e s t  j u s t  b e f o r e  h e a t ,  h i g h  on 
t h e  day  o f  h e a t ,  low a g a i n  a t  t h e  t i m e  o f  o v u l a t i o n ,  and  h i g h  d u r i n g  t h e  l u t e a l  p h a s e  of  
t h e  c y l e .  The d i f f e r e n c e  b e t w e e n  t h e  l o w e s t  and  t h e  h i g h e s t  r e c t a l  t e m p e r a t u r e  d u r i n g  
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oestrus cycle can amount to half a degree F.This temperature pattern has been attributed 
to the thermogenetic influence of endogenous progesterone. 

r 

Body temperature is also affected by pregnancy; it is at a higher level and a few days 
before calving there is a precipitous decline of about 1.0 ~ %o 1.6~ (0,6 ~ to 0.9~ - 
ferences under Wrenn et al., 1959). 

Thus, under these conditions "normal" body temperature will differ considerably from 
what might be expected in a "normal" animal.This would introduce an element of uncertain- 
ty into any heat tolerance test that contained normal body temperature as a base of re- 
ference. Furthermore,the specific physiological changes of the body associated with oestrus 
and pregnancy are likely to affect an animal's capacity for tolerating shot environment. 

LEVEL OF PRODUCTION 

An a n i m a l  w i t h  a h i g h  l e v e l  o f  p r o d u c t i o n  h a s  a h i g h  h e a t  p r o d u c t i o n  and c o n s e q u e n t l y  
a low h e a t  t o l e r a n c e .  Each  lb  o f  f a t  c o r r e c t e d  m i l k  p r o d u c e d  by t h e  a n i m a l  i n c r e a s e s  me-  
t a b o l i c  h e a t  p r o d u c t i o n  by a p p r o x i m a t e l y  10 k c a l  p e r  h o u r .  A 1 ,000  lb  cow w i t h  a r e s t i n g  
h e a t  p r o d u c t i o n  o f  500 k c a l  p e r  h o u r , p r o d u c i n g  50 l b  of  f a t  c o r r e c t e d  m i l k  p e r  day wou ld  
have a total metabolic heat load of 1,000 Calories per hour, or double the resting heat 
load (Johnston, 1958). The level of production, of course,is closely related to the le- 
vel of feeding. As the food intake becomes voluntarily reduced in a hot environment the 
production goes down. These two changes, however, may be somewhat out of phase with each 
other. The results obtained by Worstell & Brody (1958) suggest that the fall in food in- 
take precedes the fall in production which then leads to a loss in body weight. 

As a consequence of this dependence of heat tolerance on milk yield the same animal 
sill give different results of heat tolerance according to whether it is dry or lactating 
and while i% is lactating the result will vary with ,the amount of milk produced. Similar- 
ly, high producing and low producing animals (of the same breed or of different breeds) 
will vary among each other in heat tolerance. This, of course, makes the interpretation 
of any heat tolerance test difficult and calls either for comparisons to be made only at 
the same level of production, or for correction factors to be used. 

While the level of production, plays an important role in heat tolerance it is by no 
means the only factor involved.The superior heat tolerance of tropical cattle is not en- 
tirely the result of their lower level of production. As shown by Johnston, Hamblln and 
Schrader (1958), for the same level of milk yield, Red Sindhi crossbreds were more heat 
tolerant than European type cattle. If Zebu cattle produce milk at the same caloric cost 
as European cattle, which seems a reasonable assumption to make,their superiority in heat 
tolerance would be the result of a lower resting metabolic rate, of s higher loss or of 
b o t h .  

ACCLIMATIZATION 

When an o r g a n i s m  i s  r e p e a t e d l y  o r  c o n t i n u o u s l y  e x p o s e d  t o  an e n v i r o n m e n t  h o t t e r  t h a n  
t h a t  n o r m a l l y  e x p e r i e n c e d ,  i t  may d e v e l o p  f u n c t i o n a l  and s t r u c t u r a l  c h a n g e s  w h i c h  r e s u l t  
i n  an i n c r e a s e  i n  i t s  a b i l i t y  t o  l i v e  w i t h o u t  d i s t r e s s  in a h o t  e n v i r o n m e n t .  A h e a t  a c -  
c l i m a t i z e d  o r g a n i s m  i s  t h u s  an o r g a n i s m  w h i c h  h a s  r e a c h e d  i t s  max ima l  h e a t  t o l e r a n c e .  

T h e r e  i s  ample  e v i d e n c e  of  h e a t  a c c l i m a t i z a t i o n  i n  man, b u t  l i t t l e  i n  c a t t l e .  C a l v e s ,  
i n  r e s p o n s e  t o  r e p e a t e d  s h o r t  e x p o s u r e s  t o  a h o t  d r y  and t o  a h o t  humid e n v i r o n m e n t  show 
p r o g r e s s i v e  r e d u c t i o n s  i n  r e c t a l  t e m p e r a t u r e , s k i n  t e m p e r a t u r e  and h e a r t  r a t e ,  as  w e l l  as  
c h a n g e s  i n  r e s p i r a t o r y  a c t i v i t y  ( B i a n c a ,  1959a ,  b ) .  

A s p e c i a l  c a s e  of  a c c l i m a t i z a t i o n  i s  t h a t  due t o  s e a s o n .  In  r e g i o n s  w h e r e  there  a r e  p r o -  
n o u n c e d  s e a s o n a l  c l i m a t i c  c h a n g e s  t h e  a n i m a l s  go t h r o u g h  c y c l i c  p h a s e s  of  a c c l i m a t i z a t i o n  
and d e - a c c l i m a t i z a t i o n . A s  t h e s e  s e a s o n a l  c l i m a t i c  c h a n g e s  o c c u r  v e r y  g r a d u a l l y , t h e  a n i m a l  
h a s  ample  t i m e  t o  u n d e r g o  a d a p t i v e  c h a n g e s .  The m o s t  e v i d e n t  among t h e s e  c h a n g e s  i s  t h a t  
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of the hair coat. A heavy winter coat interferes with heat dissipation and therefore de- 
presses heat tolerance| a light summer coat interferes less with heat dissipation and 
therefore conveys a higher degree of heat tolerance to the animal. Dowling (1959b) has 
shown that the heat tolerance of the same animal at different seasons can be attributed 
to changes in the hair coat. Yeates (1955) has observed that the principal climatic fac- 
tor responsible for these seasonal changes is the duration of daylight, and has shown 
(1957) that the equatorial photoperiod eliminates the natural coat cycle of European c~t- 
le, tending to maintain them in a heat retaining type of coat. Seasonal acclimatization 
probably also involves changes in thyroid activity and in metabolic rate,so that the ef- 
fect on h e a t  t o l e r a n c e  may be one  o f  h e a t  l o s s  as  w e l l  a s  o f  h e a t  p r o d u c t i o n .  

I n  v i e w  o f  t h i s  d e p e n d e n c e  o f  h e a t  t o l e r a n c e  on t h e  s t a t e  o f  a c c l i m a t i z a t i o n  i t  i s  im-  
p e r a t i v e  t h a t  a n i m a l s  w h i c h  a r e  c o m p a r e d  f o r  h e a t  t o l e r a n c e  a r e  i n  a c o m p a r a b l e  s t a t e  o f  
a c c l i m a t i z a t i o n .  T h i s  may be  a c h i e v e d  e i t h e r  by a r t i f i c i a l  a c c l i m a t i z a t i o n  o r  by t e s t i n g  
a l l  a n i m a l s  i n  t h e  some s e a s o n . T h e  i m p o r t a n c e  o f  t h e  l a t t e r  p r o c e d u r e  i s  w e l l  e x e m p l i f i e d  
by t h e  work  o f  McDowel l ,  M a t t h e w s ,  Lee & Fohrman ( 1 9 5 3 ) .  T h e s e  a u t h o r s , w h e n  c o n d u c t i n g  a 
s e r i e s  o f  h e a t  t o l e r a n c e  t e s t s  f o u n d  t h a t  t h e  r e p e a t a b i l i t y  c o e f f i c i e n t s  f o r  r e c t a l  t e m -  
p e r a t u r e  r e s p o n s e s  i n  J e r s e y  h e i f e r s  r e m a i n e d  f a i r l y  low u n t i l  t h e  d a t a  had b e e n  s o r t e d  
i n t o  s e a s o n a l  g r o u p s .  U n d e r  t h e  c l i m a t i c  c o n d i t i o n s  p r e v a i l i n g  i n  L o u i s i a n a  t h e  maximum 
r e s p o n s e  o f  r e c t a l  t e m p e r a t u r e  o c c u r r e d  i n  F e b r u a r y , t h e  minimum r e s p o n s e  i n  M a y - J u n e . T h e  
o b s e r v a t i o n  t h a t  t h e  r e s p o n s e  o f  r e c t a l  t e m p e r a t u r e  t o  an a c u t e  h e a t  s t r e s s  was a l s o  e l e -  
v a t e d  i n  A u g u s t , p o i n t s  t o  a p a r t i a l  l o s s  o f  h e a t  t o l e r a n c e  a t  t h e  end  o f  a l o n g  c o n t i n u e d  
p e r i o d  o f  summer h e a t .  The same t e n d e n c y  h a s  b e e n  o b s e r v e d  i n  c a l v e s  a t  t h e  end o f  a s e -  
r i e s  o f  s h o r t  d a i l y  e x p o s u r e s  t o  s e v e r e  h e a t  ( B i a n c a ,  1 9 5 9 a ) .  T h u s ,  a s t a t e  of  " o v e r - a c -  
c l i m a t i z a t i o n "  may d e v e l o p  w h e n e v e r  t h e  f o r c e s  o f  a d a p t a t i o n  become e x h a u s t e d .  T h i s  em- 
p h a s i s e s  t h e  i m p o r t a n c e  o f  e m p l o y i n g  t h e  c o r r e c t  " d o s e "  o f  h e a t  when a c c l i m a t i z i n g  a n i -  
m a l s .  

MANAGE~IENT 

Most  m a n a g e r i a l  d e v i c e s  such  a s  sun  s h a d e s ,  f a n n i n g ,  e t c . , a r e  means  f o r  r e d u c i n g  e n v i -  
r o n m e n t a l  h e a t  l o a d  on t h e  a n i m a l  by p r o v i d i n g  a s u i t a b l e  m i c r o c l i m a t e . P r o c e e d i n g i n t h i s  
d i r e c t i o n  wou ld  u l t i m a t e l y  l e a d  t o  a i r  c o n d i t i o n e d  b y r e s , i n  w h i c h  c a s e  h e a t  s t r e s s  wou ld  
be c o m p l e t e l y  e l i m i n a t e d  and h e a t  t o l e r a n c e  no l o n g e r  a c h a r a c t e r  l o o k e d  f o r  i n  a n i m a l s .  
T h u s ,  t h e s e  d e v i c e s  do n o t  a f f e c t  t h e  h e a t  t o l e r a n c e  of  t h e  a n i m a l .  

T h e r e  a r e , h o w e v e r , m a n a g e r i a l  p r o c e d u r e s  w h i c h  do a f f e c t  an a n i m a l ' s  h e a t  t o l e r a n c e ,  i f  
o n l y  t e m p o r a r i l y .  C o o l i n g  o f  t h e  d r i n k i n g  w a t e r  w h i c h  h a s  a l r e a d y  b e e n  m e n t i o n e d  i n  t h e  
section on nutrition and the use of showers are examples of this type of procedure~lon- 
ger lasting effect on an animal's heat tolerance is achieved by clipping its coat. The 
magnitude of this effect seems to depend on various circumstantial factors. Clipping a 
heavy (winter) coat was found to be more effective than clipping alight (s~er)coat(Bi- 
anca, 1959c). Similarly, clipping a coat of non-medullated hair improved heat tolerance 
more than clipping a coat of medullated hair (Dowling, 1959b).Clipping the coat resulted 
in a significant increase in skin evaporation of crossbred cows in Israel (Berman,1957), 
but it affected only slightly the thermoregnlatory reactions of heat acclimatized dairy 
heifers kept in a hot room at 32~ (89OF) (Berman & Kibler,1959).The effects of clipping 
are qualitatively comparable to those of seasonally induced coat shedding. They are,how- 
ever, more pronounced because the change is more complete and it occurs more abruptly. It 
is self-evident that clipping affects heat tolerance in a favourable way only in the ab- 
sence of intensive solar radiation. In its presence the bare skin absorbes more radiant 
heat than the hair covered skin which results in a lowered heat tolerance. 

STATE OF HEALTH 

In man impairment of physical fitness tends to reduce performance in a hot environment 
(Bean & ~ichna, 1948).Fitness in this context probably extends primarily to the circula- 
tory system which, certainly in profusely sweating man,bears the main burden of heat dis- 
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sipation.Herring~on (1982)has even suggested that heat tolerance might he predicted from 
exhaustion times in work under cool conditions. 

In cattle the state of physical fitness is not easily assessed and it is not certain 
whether circulation plays an equally important role for heat dissipation in cattle as it 
does in man. 

Riek, Hardy, Lee & Carter (1950)found that heat tolerance in sheep kept on various le- 
vels of nutrition was not highest at the lowest level of nutrition,as might have been ex- 
pected, but at the medium level of nutrition. They thought this to be due to the ineffi- 
ciency of all body functions including the thermolytic processes of respiration,cutaneous 
circulation and sweating in the nearly starved animals. Thus,heat tolerance figures from 
under-nourished animals may be falsely low. 

A particular disorder interfering with the power of temperature regulation is that of 
chronic panting which has been observed in India as a sequel to foot and mouth disease 
( M i n e t t ,  1 9 4 8 ) .  The s t a t e  o f  t h e  a n i m a l  i s  c h a r a c t e r i z e d  by a h i g h  r e s p i r a t o r y  a c t i v i t y  
and  a l o n g ,  r o u g h  h a i r  c o a t .  I t  was c o n c l u d e d  t h a t  t h e r e  was a more  o r  l e s s  p e r m a n e n t  
f a i l u r e  o f  t e m p e r a t u r e  r e g u l a t i o n  due t o  d e f e c t i v e  f u n c t i o n i n g  of  t h e  e n d o c r i n e  g l a n d s .  
I t  h a r d l y  n e e d s  s t r e s s i n g  t h a t  t h e  p e r f o r m a n c e  of  s u c h  a n i m a l s  i n  a h e a t  t o l e r a n c e  t e s t  
w i l l  g i v e  a g r o s s l y  d i s t o r t e d  p i c t u r e .  L e s s  o b v i o u s  c a s e s  of  d i s e a s e ,  s u c h  a s  t h e  e a r l y  
p h a s e  o f  an i n f e c t i o n , h o w e v e r ,  may e s c a p e  a t t e n t i o n  t h u s  l e a d i n g  t o  wrong  h e a t  t o l e r a n c e  
r e s u l t s .  

EMOTIONALEXCITEMENT 

T e s t i n g  f o r  h e a t  t o l e r a n c e  i n v o l v e s  a c e r t a i n  amount  of  h a n d l i n g  o f  t h e  a n i m a l s . I f  n o t  
u s e d  t o  i t ,  a n i m a l s  may work t h e m s e l v e s  i n t o  a s t a t e  of  e x c i t e m e n t , a s  e v i d e n c e d b y a n  i n -  
c r e a s e d  c a r d i o - r e s p i r a t o r y  a c t i v i t y  and  i n  more  s e v e r e  c a s e s  e v e n  by a r i s e  i n  body  t e m -  
p e r a t u r e ,  r e s u l t i n g  i n  a r e d u c t i o n  i n  h e a t  t o l e r a n c e .  M o r e o v e r ,  s u c h  c h a n g e s  a r e  u n p r e -  
d i c t a b l e  i n  t h e i r  i n t e n s i t y  and t h e r e f o r e  a d j u s t m e n t  f o r  t h e m  i s  n o t  e a s y . E x c i t e m e n t  may 
be overcome  w i t h  t r a n q u i l i z i n g  d r u g s ,  b u t  t h e s e  have  s i d e  e f f e c t s  on p h y s i o l o g i c a l  f u n c -  
t i o n s  i n v o l v e d  i n  t h e r m o r e g u l a t i o n  w h i c h  makes them u n s u i t a b l e  f o r  u s e  i n  h e a t  t o l e r a n c e  
t e s t s .  I t  i s  t h e r e f o r e  i m p o r t a n t  t o  r e d u c e  e x c i t e m e n t  t o  a minimum by a l l o w i n g  t h e  a n i m a l  
t o  g e t  u s e d  t o  t h e  e n v i r o n m e n t  i n  w h i c h  t h e  t e s t  t a k e s  p l a c e ,  t o  t h e  p e r s o n  who i s  c o n -  
d u c t i n g  t h e  t e s t  and  t o  t h e  p r o c e d u r e  i t s e l f . 0 t h e r w i s e  t h e  i n n a t e l y  e x c i t a b l e , b r i s k  a n i -  
m a l ,  as  compared  t o  t h e  t r a n q u i l ,  d o c i l e  a n i m a l ,  w i l l  be u n d e r r a t e d  i n  i t s  c a p a c i t y  f o r  
t o l e r a t i n g  h e a t .  

SUMMARY AND CONCLUSIONS 

Hea t  t o l e r a n c e  i s  a complex  p h e n o m e n o n ,  s i n c e  i t  i n v o l v e s  t h e  i m p a c t  o f  one co mp l ex  
s y s t e m  - t h e  t h e r m a l  e n v i r o n m e n t  - on a n o t h e r  complex  s y s t e m  - t h e  a n i m a l ' s  b o d y .  The 
n u m e r i c a l  e v a l u a t i o n  of  an a n i m a l ' s  h e a t  t o l e r a n c e  i n  fo rm o f  a t e s t  c a n n o t  t a k e  i n t o  
c o n s i d e r a t i o n  a l l  c l i m a t i c  e l e m e n t s  and a l l  a n i m a l  c h a r a c t e r s .  A s e l e c t i o n  of  t h e  mos t  
i m p o r t a n t  and m o s t  s u i t a b l e  f a c t o r s  h a s  t o  be made .  

Many c l i m a t i c  e n v i r o n m e n t s  a r e  a d e q u a t e l y  c h a r a c t e r i s e d  by t e m p e r a t u r e  and h u m i d i t y .  
Some, h o w e v e r ,  r e q u i r e  t h e  i n c l u s i o n  of  s o l a r  r a d i a t i o n . T h e  h e a t  l o a d  i m p o s e d  on an a n i -  
mal i n  a h e a t  t o l e r a n c e  t e s t  s h o u l d  be l a r g e  en o u g h  t o  evoke  a p r o n o u n c e d  r e s p o n s e  b u t  
n o t  so l a r g e  as  t o  c a u s e  damage .  

V a r i o u s  m o r p h o l o g i c a l  f e a t u r e s  s u c h  a s  t e x t u r e  and c o l o u r  of  t h e  h a i r  c o a t  a r e  d i r e c t -  
l y  o r  i n d i r e c t l y  r e l a t e d  t o  h e a t  t o l e r a n c e .  A l t h o u g h  t h e y  c a n n o t  he u s e d  as  c r i t e r i a  i n  
a h e a t  t o l e r a n c e  t e s t  p r o p e r ,  t h e y  h a v e  p r o g n o s t i c  v a l u e ,  i n  t h a t  t h e y  a l l o w  a b r e e d e r  
t o  make a c e r t a i n  p r e d i c t i o n  o f  a y o u n g  a n i m a l ' s  f u t u r e  h e a t  t o l e r a n c e , w h i c h  i s  o f  g r e a t  
p r a c t i c a l  i m p o r t a n c e .  
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Among t h e  v a r i o u s  body  f u n c t i o n s ,  body  t e m p e r a t u r e  i s  t h e  b e s t  s i n g l e  c r i t e r i o n  o f  an 
a n i m a l ' s  h e a t  t o l e r a n c e . R e p r e s e n t i n g  t h e  r e s u l t a n t  o f  a l l  h e a t  g a i n  and h e a t  l o s s  p r o c e s -  
s e s  o f  t h e  body  i t  i s  p h y s i o l o g i c a l l y  m e a n i n g f u l ;  f u r t h e r m o r e , i t  i s  r e l a t i v e l y  s t a b l e  i n  
a t e m p e r a t e  e n v i r o n m e n t ,  i t  r e s p o n d s  r e a d i l y  and  i n  a r e p e a t a b l e  way t o  h e a t  s t r e s s  and 
i t  i s  e a s i l y  and a c c u r a t e l y  m e a s u r e d . E s t i m a t i n g  h e a t  t o l e r a n c e  f r o m  r e s p i r a t o r y  a c t i v i t y  
o r  c u t a n e o u s  e v a p o r a t i o n  a l o n e  i s  l e s s  s a t i s f a c t o r y  f o r  r e a s o n s  d i s c u s s e d .  

L i v e  w e i g h t  g a i n  i n  h o t  c o n d i t i o n s  may be  a u s e f u l  i n d i c a t o r  o f  an a n i m a l ' s  h e a t  t o l e -  
r a n c e ,  w h i l e  m i l k  p r o d u c t i o n  seems  t o  be l e s s  s u i t a b l e  i n  t h i s  r e s p e c t . T h e  q u e s t i o n  w h e -  
t h e r  o r  n o t  t h e  c o n c e p t  o f  h e a t  t o l e r a n c e  b a s e d  on v a r i o u s  t h e r m o r e g u l a t o r y  r e a c t i o n s  o f  
an  a n i m a l  s h o u l d  be a b a n d o n e d  a l t o g e t h e r  and r e p l a c e d  by p r o d u c t i o n  r e c o r d s ,  i s  t o u c h e d  
u p o n .  

From a d e s c r i p t i o n  o f  v a r i o u s  m e t h o d s  f o r  a s s e s s i n g  h e a t  t o l e r a n c e , i t  i s  c o n c l u d e d  t h a t  
n o n e  of  t h e m  i s  e n t i r e l y  s a t i s f a c t o r y  and t h a t  i n  v i e w  o f  t h e  n e c e s s i t y  t o  i n c r e a s e  a n i -  
mal  p r o d u c t i o n  i n  h o t  c o u n t r i e s  t h e r e  i s  a d e f i n i t e  n e e d  f o r  an i m p r o v e d  m e t h o d .  

An a n i m a l ' s  i n h e r e n t  h e a t  t o l e r a n c e  - t h e  d e t e r m i n a t i o n  o f  w h i c h  i s  t h e  aim o f  a h e a t  
t o l e r a n c e  t e s t  - i s  m o d i f i e d  by a number  o f  c o n d i t i o n s  and f a c t o r s  w h i c h  w i l l  o r  may v a -  
r y  d u r i n g  an a n i m a l ' s  i n d i v i d u a l  l i f e .  The m o s t  i m p o r t a n t  o f  t h e s e  a r e  a g e , n u t r i t i o n , a c -  
t i v i t y ,  r e p r o d u c t i o n ,  l e v e l  o f  p r o d u c t i o n ,  a c c l i m a t i z a t i o n ,  m a n a g e m e n t ,  s t a t e  o f  h e a l t h  
and  e m o t i o n a l  b a l a n c e .  I t  i s  i m p o r t a n t  t o  know how and t o  wha t  e x t e n t  t h e s e  f a c t o r s  i n -  
f l u e n c e  h e a t  t o l e r a n c e ;  t h e y  t h e n  may be e l i m i n a t e d ,  s t a n d a r d i z e d  o r  a d j u s t e d  f o r .  

C o n s i d e r i n g  t h e  p r o b l e m  o f  h e a t  t o l e r a n c e  o f  c a t t l e  i n  i t s  w i d e s t  c o n t e x t ,  a g e n e r a l  
f o u r - s t e p  p r o c e d u r e  may be e n v i s a g e d :  

(1 )  Young a n i m a l s  a r e  s e l e c t e d  f o r  h e a t  t o l e r a n c e  on t h e  b a s i s  o f  s t r u c t u r a l  c h a r a c t e r s ,  
f o r  w h i c h  c o r r e l a t i o n s  w i t h  s u i t a b l e  t h e r m o r e g u l a t o r y  r e s p o n s e s  has  p r e v i o u s l y  b e e n  
e s t a b l i s h e d .  V a r i o u s  p r o p e r t i e s  o f  t h e  h a i r  c o a t  a r e ,  a t  p r e s e n t ,  t h e  m o s t  p r o m i s i n g  
c h a r a c t e r s  t o  be u s e d  i n  t h i s  way.  

(2 )  At  an age  n o t  l e s s  t h a n  a b o u t  h a l f  a y e a r  t h e  a n i m a l s  so s e l e c t e d  a r e  s u b j e c t e d  t o  a 
s u i t a b l e  h e a t  t r e a t m e n t  i n  o r d e r  t o  a l l o w  t h e i r  t e m p e r a t u r e  r e g u l a t i n g  m e c h a n i s m s  t o  
a t t a i n  max ima l  e f f i c i e n c y ,  i . e .  t o  become f u l l y  a c c l i m a t i z e d .  

(3 )  T h e s e  p r e s e l e c t e d  and p r e t r e a t e d  a n i m a l s  a r e  t h e n  s u b j e c t e d  to  one o r  s e v e r a l  s u i t a b l e  
h e a t  t o l e r a n c e  t e s t s  w h i c h  i n c l u d e , a s  s t r e s s  p r o d u c i n g  c l i m a t i c  f a c t o r s , e n v i r o n m e ~ a l  
t e m p e r a t u r e ,  a i r  h u m i d i t y  and  r a d i a t i o n  i n  s u i t a b l e  i n t e n s i t i e s ,  and i n  w h i c h  body 
t e m p e r a t u r e  o c c u p i e s  a c e n t r a l  p o s i t i o n  among t h e  p h y s i o l o g i c a l  v a r i a b l e s  m e a s u r e d .  

(4 )  Once t h e  a n i m a l s  s e l e c t e d  i n  t h i s  way h a v e  r e a c h e d  t h e i r  p r o d u c t i v e  s t age  and a r e  l i -  
v i n g  i n  o r  h a v e  b e e n  t r a n s f e r r e d  t o  a warm e n v i r o n m e n t ,  t h e y  a r e  f i n a l l y  s e l e c t e d  on 
t h e  b a s i s  o f  t h e i r  p r o d u c t i v e  l e v e l .  

F o r  t h e  a d o p t i o n  o f  s u c h  a p r o c e d u r e  w h i c h  wou ld  c o n s i d e r ,  i n  s u c c e s s i v e  s t e p s , s e v e r a l  
d i f f e r e n t  a n i m a l  c h a r a c t e r s , i t  w o u l d  b e v a l u a b l e  t o  have  more  s p e c i f i c  i n f o r m a t i o n  on t h e  
r o l e  p l a y e d  by s e l e c t e d  body  s t r u c t u r e s  i n  t h e r m o r e g u l a t i o n  and t h e r e  i s  c l e a r l y  a n e e d  
f o r  a w e l l  d e f i n e d  and a c c u r a t e  t e s t  f o r  a s s e s s i n g  an a n i m a l ' s  i n h e r e n t  c a p a c i t y  f o r  t o -  
l e r a t i n g  a h o t  e n v i r o n m e n t .  
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ABSTRACT 

H e a t  t o l e r a n c e  i s  a c o m p l e x  p h e n o m e n o n .  I t s  s t u d y  i n v o l v e s  t h r e e  f a c t o r s :  t h e  t h e r m a l  
e n v i r o n m e n t ,  t h e  a n i m a l  b o d y  a n d  a s u i t a b l e  s c a l e  f o r  e x p r e s s i n g  n u m e r i c a l l y  t h e  e f f e c t  
o f  t h e  t h e r m a l  e n v i r o n m e n t  on t h e  a n i m a l  b o d y .  

S i n c e  e a c h  of  t h e  p r i n c i p a l  c o m p o n e n t  e l e m e n t s  o f  a t h e r m a l  e n v i r o n m e n t ,  t e m p e r a t u r e ,  
h u m i d i t y ,  s o l a r  r a d i a t i o n  and  w i n d ,  makes  s p e c i f i c  demands  on  t h e r m o r e g u l a t i o n , i t  i s  d e -  
s i r a b l e  i n  a h e a t  t o l e r a n c e  t e s t  t o  c o n s i d e r  a l l  of  t h e m .  The  t o t a l  h e a t  l o a d  i m p o s e d  on 
an  a n i m a l  s h o u l d  be  l a r g e  e n o u g h  t o  e v o k e  a p r o n o u n c e d  r e s p o n s e ,  b u t  n o t  so  l a r g e  a s  t o  
c a u s e  damage .  

V a r i o u s  m o r p h o l o g i c a l  c h a r a c t e r s  s u c h  as  t h e  t e x t u r e  a n d  t h e  c o l o u r  o f  t h e  h a i r  c o a t  
may h a v e  p r o g n o s t i c  v a l u e ,  i n  t h a t  t h e y  a l l o w  a c e r t a i n  p r e d i c t i o n  t o  b e  made of  a y o u n g  
a n i m a l ' s  f u t u r e  h e a t  t o l e r a n c e .  T h i s  i s  of  p r a c t i c a l  i m p o r t a n c e  f o r  t h e  b r e e d e r .  Among 
t h e  many p h y s i o l o g i c a l  v a r i a b l e s  body  t e m p e r a t u r e  i s  c o n s i d e r e d  t h e  b e s t  s i n g l e  c r i t e r i o n  
of  h e a t  t o l e r a n c e .  P r o d u c t i v e  p e r f o r m a n c e  a s  a n  i n d i c a t o r  t o  h e a t  t o l e r a n c e  seems  t o  be  
more  u s e f u l  i n  b e e f  c a t t l e  t h a n  i n  d a i r y  c a t t l e .  

From a d e s c r i p t i o n  of  t h e  v a r i o u s  m e t h o d s  w h i c h  h a v e  b e e n  u s e d  f o r  a s s e s s i n g  h e a t  t o -  
l e r a n c e ,  i t  i s  c o n c l u d e d  t h a t  n o n e  of  t hem i s  e n t i r e l y  s a t i s f a c t o r y  and  t h a t  t h e r e  i s  a 
n e e d  f o r  an  i m p r o v e d  m e t h o d .  

An a n i m a l ' s  c a p a c i t y  f o r  t o l e r a t i n g  h e a t  i s  i n f l u e n c e d  by  a n u m b e r  of  m o d i f y i n g  f a c t o r s  
t h e  m o s t  i m p o r t a n t  of  w h i c h  a r e  a g e ,  n u t r i t i o n ,  p h y s i c a l  a c t i v i t y , r e p r o d u c t i o n ,  l e v e l  o f  
p r o d u c t i o n ,  a c c l i m a t i z a t i o n ,  m a n a g e m e n t ,  s t a t e  o f  h e a l t h  a n d  e m o t i o n a l  b a l a n c e .  U n l e s s  
t h e s e  f a c t o r s  a r e  t a k e n  i n t o  c o n s i d e r a t i o n , h e a t  t o l e r a n c e  t e s t s  w i l l  g i v e  m i s l e a d i n g  r e -  
s u l t s .  

ABSTRAKT 

t I i t z e t o l e r a n z  i s t  e i n e  k o m p l e x e  G r S s s e . F G r  i h r  Studium mf i s sen  d r e i  F a k t o r e n  b e r ~ c k s i c h -  
t i g t  w e r d e n :  d i e  t h e r m i s c h e  U m w e l t ,  d e r  t i e r i s c h e  0 r g a n i s m u s  und  e i n  g e e i g n e t e r  M a s s t a b ,  
d e r  d i e  E i n w i r k u n g  d e r  t h e r m i s c h e n  Umwelt  a u f  d e n  t i e r i s c h e n  O r g a n i s m u s  z a h l e n m K s s i g  zum 
A u s d r u c k  b r i n g t .  

Da j e d e s  d e r  v i e r  H a u p t e l e m e n t e  e i n e r  t h e r m i s c h e n  U m w e l t ,  n ~ m l i c h  T e m p e r a t u r ,  F e u c h -  
t i g k e i t ,  S o n n e n s t r a h l u n g  und  Wind  s p e z i f i s c h e  A n f o r d e r u n g e n  an d i e  T e m p e r a t u r r e g e l u n g  d e s  
K 6 r p e r s  s t e l l t ,  i s t  e s  w d n s c h e n s w e r t , d a s s  a l l e  d i e s e  E l e m e n t e i n e i n e m  H i t z e t o l e r a n z  T e s t  
B e r f i c k s i c h t i g u n g  f i n d e n .  Die  g e s a m t e  W ~ r m e b e l a s t u n g ,  d e r  e i n  T i e r  i n  e i n e m  H i t z e t o l e r a n z  
T e s t  a u s g e s e t z t  w i r d ,  e o l l  g r o s z  g c n u g  s e i n  um d e u t l i c h e  R e a k t i o n e n  h e r v o r z u r u f e n ,  a b e r  
n i c h t  so  g r o s z ,  d a s s  da s  T i e r  S c h a d e n  n i m m t .  

V e r s c h i e d e n e  m o r p h o l o g i s c h e  Mer l rmale  wie  z . B .  d i e  B e s c h a f f e n h e i t  de s  H a a r k l e i d e s  k ~ n -  
n o n  p r o g n o s t i s c h e  B e d e u t u n g  b e s i t z e n ;  d . h . s i e  k 6 n n e n  e i n e  g e w i s s e  V o r a u s s a g e  d e r  zuWdnf -  
t i g e n  H i t z e t o l e r a n z  e i n e s  j u n g e n  T i e r e s  g e s t a t t e n . D i e s  i s t  f ~ r  den  T i e r z f i c h t e r  y o n  p r a k -  
t i s c h e r  B e d e u t u n g .  U n t e r  d e n  z a h l r e i c h e n  p h y s i o l o g i s c h e n  G r S s s e n , d i e  z u r  B e u r t e i l u n g  d e r  
H i t z e t o l e r a n z  h e r a n g e z o g e n  w e r d e n  k S n n e n , i s t  d i e  K g r p e r t e m p e r a t u r  da s  b e s t e  E i n z e l k r i t e -  
r i l ~ .  U n t e r  den  N u t z l e i s t u n g e n  s c h e i n t  da s  K S r p e r w a c h s t u m  g e e i g n e t e r  z u  s e i n  a l s  d i e  
~ i l c h p r o d u k t i o n .  

Aus e i n e r  B e s c h r e i b u n g  d e r  v e r s c h i e d e n e n  M e t h o d e n ,  d i e  a l s  B e w e r t u n g s m a s s t K b e  f ~ r  d i e  
H i t z e t o l e r a n z  v e r w e n d e t  w e r d e n ,  w i r d  g e f o l g e r t , d a s s  k e i n e  ~ e s e r  M e t h o d e n  v o l l s t K n d i g  b e -  
f r i e d i g t .  E i n e  g e ~ i g n e t e r e  M e t h o d e  muss e n t w i c k e l t  w e r d e n .  

Die  F K h i g k e t  e i n e s  T i e r e s  H i t z e  zu  e r t r a g e n  w i r d  d u r c h  e i n e  A n z a h l m o d i f i z i e r e n d e r  F a k -  
t o r e n  b e e i n f l u s s t .  Die  w i c h t i g s t e n  s i n d :  A l t e r ,  E r n ~ h r u n g ,  K ~ r p e r b e w e g u n g ,  G e s c h l e c h t s -  
f u n k t i o n e n ,  N u t z l e i s t u n g ,  A k k l i m a t i s a t i o n ,  H a l t u n g ,  G e s u n d h e i t s z u s t a n d .  u n d  e m o t i o n e l l e s  
G l e i c h g e w i c h t .  Werden  d i e s e  F a c t o r e n  i n  e i n e m  H i t z e t o l e r a n z  T e s t  n i c h  b e r d c k s i c h t i g t ,  so  
e n t s t e h e n  i r r e f f i h r e n d e  R e s u l t a t e .  
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~ s ~  

La t o l 6 r a n c e  ~ l a  c h a l e u r  e s t  u n e  n o t i o n  c o m p l e x e . T r o i s  f a c t e u r s  d o i v e n t  6 t r e  c o n s i d ~ -  
r ~ s  d a n s  s o n  ~ t u d e :  l e  m i l i e u  t h e r m i q u e ,  l ' o r g a n i s m e  a n i m a l  e t  une  u n i t ~  de  m e s u r e  c a p a -  
b l e  d ' e x p r i m e r  q u a n t i t a t i v e m e n t  l ' i n f l u e n c e  du  m i l i e u  t h e r m i q u e  s u r  l ' o r g a n i s m e  a n i m a l .  

Un t e s t  de t o l e r a n c e  ~ l a  c h a l e u r  d e v r a i t  t e n i r  compte  d e s  q u a t r e  f a c t e u r s  p r i n c i p a u x  
du m i l i e u  t h e r m i q u e :  l a  t e m p e r a t u r e ,  l ' h u m i d i t ~ ,  l e  r a y o n n e m e n t  s o l a i r e  e t  l e  v e n t ,  c a r  
c h a c u n  d ' e u x  i n f l u e n c e  s p ~ c i f i q u e m e n t  l e s  m ~ c a n i s m e s  de r ~ g u l a t i o n  t h e r m i q u e  du c o r p s . L a  
q u a n t i t J  t o t a l e  de c h a l e u r  f o u r n i e  ~ un  a n i m a l  au  c o u r s  d ' u n  t e s t  d o i t  6 t r e  s u f f i s a n t e  
p o u r  d ~ c l e n c h e r  d e s  r ~ a c t i o n s  n e t t e s  s a n s  c a u s e r  de t r o u b l e s  p a t h o l o g i q u e s .  

D i v e r s  c a r a c t ~ s  m o r p h o l o g i q u e s ,  comme p a r  e x e m p l e  l ' ~ t a t  du s y s t ~ m e  p i l e u x ,  p e u v e n t  
f o u r n i r  u n e  i n d i c a t i o n  s u r  l a  r ~ s i s t a n c e  f u t u r e  ~ l a  c h a l e u r  d ' u n  j e u n e  a n i m a l ; c e c i  p r ~ -  
s e n t e  une  n t i l i t ~  p r a t i q u e  p o u r  l ' ~ l e v e u r .  P a r m i  l e s  n o m b r e u s e s  m e s u r e s  p h y s i o l o g i q u e s  
q u i  p e u v e n t  s e r v i r  ~ l ' a p p r ~ c i a t i o n  d ' u n  t e s t  de t o l e r a n c e  ~ l a  c h a l e u r ,  l a  t e m p J r a t u r e  
c o r p o r e l l e  e s t  l e  m e i l l e u r  c r i t ~ r e .  P a r m i  l e s  f o n c t l o n s  p h y s i o l o g i q u e s , l ' a u g m e n t s t i o n  du 
p o i d s  du c o r p s  s e m b l e  u n  c r i t ~ r e  p l u s  u t i l e  que l a  p r o d u c t i o n  de l a i t .  

L ' e x a m e n  d e s  d i f f ~ r e n t e s  m ~ t h o d e s  u t i l i s ~ e s  p o u r  ~ v a l u e r  l a  t o l J r a n c e  ~ l a  c h a l e u r  mon-  
i r e  q u ' a u c u n e s  d ' e l l e s  n ' e s t  t o u t  ~ f a i r  s a t i s f a i s a n t e .  Une m ~ t h o d e  p l u s  a p p r o p r i ~ e  d o i t  
6 t r e  c r ~ e .  

La r ~ s i s t a n c e  ~ l a  c h a l e u r  d ' u n  j e u n e  a n i m a l  e s t  i n f l u e n c ~ e  p a r  une  q u a n t i t ~  de f a c -  
t e u r s .  Les  p l u s  i m p o r t a n t s  s o n t  l ' ~ g e ,  l a  n u t r i t i o n ,  l e s  m o u v e m e n t s ,  l e s  f o n c t i o n s  s e x u -  
e l l e s ,  l e  t r a v a i l  u t i l e ,  l ' a c c l i m a t a t i o n ,  l a  p o s t u r e ,  l ' ~ t a t  de s a n t ~  e t  l ' ~ q u i l i b r e  a f -  
f e c t i f .  Les  r ~ s u l t a t s  d ' u n  t e s t  de r ~ s i s t a n c e  k l a  c h a l e u r  q u i  ne  t i e n d r a i t  pas  compte  de 
c e s  f a c t e u r s  s o n t  d o u t e u x .  
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