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The Signifiance of Meteorology in Animal Production 
by 

W .  Bianca*  

A B S T R A C T . -  The p roduc t ion  of mea t ,  m i lk  and eggs i s  h i g h e s t  and o c c u r s  at  a 
m a x i m a l  e f f i c iency  if  t he  m e t e o r o l o g i c a l  e l e m e n t s  a r e  wi th in  a c e r t a i n  r a n g e  
(zone of i nd i f f e r ence ) .  Outs ide  th i s  r a n g e  the  a n i m a l  ha s  to  c o m b a t  m e t e o r o l o g i c a l  
s t r e s s .  T h i s  r e q u i r e s  e x t r a  energy ,  so tha t  l e s s  e n e r g y  is  a v a i l a b l e  for  p r o d u c t -  
ive  p r o c e s s e s .  It is  t h e r e f o r e  i m p o r t a n t  to  f ind out at  wh ich  l e v e l s  the  v a r i o u s  
m e t e o r o l o g i c a l  e l e m e n t s  b e c o m e  s t r e s s f u l  to  the  a n i m a l  o r g a n i s m .  Th i s  s tudy 
has  to  t ake  into c o n s i d e r a t i o n  the  d i v e r s i t y  of d o m e s t i c  a n i m a l s ,  both wi th  r e g a r d  
to s t r u c t u r a l  f e a t u r e s  and funct ional  t r a i t s .  R e s p o n s e s  of v a r i o u s  c a t e g o r i e s  of 
d o m e s t i c  a n i m a l s  to the  fol lowing po ten t i a l ly  s t r e s s  p roduc ing  m e t e o r o l o g i c a l  
cond i t ions  a r e  b r i e f l y  r e v i e w e d :  cold, hea t ,  s o l a r  r ad ia t ion ,  h igh a l t i tude  and 
indoor  e n v i r o n m e n t .  Knowledge so d e r i v e d  can  be appl ied  e i t h e r  by adap t ing  the  
a n i m a l  to the  e n v i r o n m e n t  by b r e e d i n g  and se lec t ion ,  o r  by adap t ing  the  e n v i r o n -  
m e n t  to  the  a n i m a l  by t e c h n i c a l  and m a n a g e r i a l  m e a n s .  Some sugges t i ons  a r e  
m a d e  for  fu tu re  c o n s i d e r a t i o n s  in  the  f ie ld  of b i o m e t e o r o l o g y  of d o m e s t i c  
a n i m a l s .  

THE METEOROLOGICAL C O M P L E X  

The  m e t e o r o l o g i c a l  e l e m e n t s  cons t i t u t e  a comp lex  s y s t e m  which  ac t s  upon the  
a n i m a l  body.  Joi t i t ly  t hey  m a y  be e x p r e s s e d  as  c l ima te ,  i . e .  as  long t e r m  
a v e r a g e  condi t ions ,  o r  as  w e a t h e r ,  i . e .  as  s h o r t  t e r m  f luc tua t ions .  F u r t h e r m o r e ,  
t hey  m a y  af fec t  the  a n i m a l  out of doo r s  or  i n s ide  a n i m a l  h o u s e s .  The  m e t e o r o l o g -  
ica l  e l e m e n t s  can  in f luence  the  o r g a n i s m  s ingly ,  or  in v a r i o u s  combina t i ons ,  
e . g .  low a m b i e n t  t e m p e r a t u r e  + h igh a i r  m o v e m e n t  (cold), o r  h igh  a m b i e n t  
t e m p e r a t u r e  + h igh a i r  humid i ty  + s o l a r  r a d i a t i o n  (heat) .  

A t t e m p t s  have  been  m a d e  to condense  two o r  m o r e  m e t e o r o l o g i c a l  elemer~ts into  
a b i o m e t e o r o l o g i c a l  index.  E x a m p l e s  a r e  '~cooling power"  and  "wind c h i l l " .  It is  
i m p o r t a n t ,  however ,  to  r e c o g n i s e  t ha t  the  e f fec t  of a g iven  m e t e o r o l o g i c a l  e l e -  
m e n t  m a y  v a r y  quan t i t a t i ve l y  in d i f f e ren t  s p e c i e s .  When,  for  i n s t ance ,  we t -  and 
d r y  bulb t e m p e r a t u r e  a r e  combined  to an index of hea t  s t r e s s ,  t he  c o r r e s p o n d i n g  
we igh t ing  f a c t o r s  d i f fer ,  depending  on the  s p e c i e s  involved .  As  ev iden t  f r o m  
T a b l e  1, wet  bulb t e m p e r a t u r e  is  about  s ix  t i m e s  m o r e  e f fec t ive  than d ry  bulb 
t e m p e r a t u r e  in c a u s i n g  hea t  s t r e s s  in man,  but only about  ha l f  as  e f fec t ive  in t he  
young pig.  Th i s  is  due to the  fac t  tha t  m a n  i s  a p r o f u s e l y  sweat ing ,  the  pig  a non  
swea t ing  s p e c i e s .  

*) B i o c l i m a t i c  L a b o r a t o r y ,  Ins t i tu t e  of A n i m a l  Breed ing ,  F e d e r a l  Ins t i tu t e  of 
Technology,  U n i v e r s i t { i t s t r a s s e  2, 8006 ZUrich,  Swi t ze r l and .  
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TABLE 1. Relative importance of wet bulb and dry bulb temperature  (°C) in 
causing heat s t ress  in various species.  (From Bianca, 1968) 

Man (Provins et al . ,  1962) 

Ox (Bianca, 1962) 

Young pig (Ingrain, 1965) 

Wet bulb 
temperature 

Weighting factor (%) 

Dry bulb Wet bulb temperature 
temperature Dry bulb temperature 

85 15 5.7 

65 35 1.9 

35 65 0.5 

THE ANIMAL COMPLEX 

Wild animals have been adapted to their  meteorological  environment through 
natural selection. They also have the possibility of seeking favourable micro-  
cl imates within a stressful  macrocl imgte .  Meteorological problems therefore  
normally do not ar ise  with them. 

By contrast,  domestic animals have been selected and bred by man for product- 
ive t rai ts ,  and sometimes even for fancy points. In addition, domestic animals 
may be t rans fe r red  from one meteorological  environment to another, and the 
chance of escaping f rom a s tressful  environment into a less  s t ressful  one is 
usually res t r ic ted .  Thus, domestic animals may be poorly adapted to their  
meteorological  environment. 

If domestic animals become more  and more adapted to the special ised economic 
demands of man, the genetic pool will diminish, so that eventually strains, 
breeds and species do not have sufficient genetic resources  to cope successfully 
with adverse meteorological  conditions existing for instance in developing 
countries,  This trend could be counteracted by preserving populations of animals 
that possess high potentials for tolerat ing s t ressful  environments.  

Part ly as a resul t  of the process  of domestication, domestic animals show a 
great  divers i ty  in structural  features (size, shape, hair  coat) as well as in 
functional t ra i t s  (metabolic rate, homeostatic mechanisms).  This diversi ty is 
further augmented by management and nutrition. Sheering of sheep, for instance, 
ra ises  the animal 's  lower cr i t ica l  temperature  f r o m  about 0°C to almost 30oc, 
thereby depressing its tolerance to cold. A high level of feeding (in a cow with a 
genetic capacity for high milk production) leads to an increase in metabolic rate.  
A cow with a milk yield of 10 kg/day produces approximately 17'000 kcal, while a 
cow with a milk yield of 50 kg/day produces about 36'000 kcal. This represents  
an extra heft  load, which is difficult to dissipate in a hot environment.  Another 
factor is age. A newly born piglet has a lower cr i t ical  temperature  of 33oc, an 
adult pig one approaching freezing point. 

There are, thus, numerous categories  of domestic animals which vary greatly 
in their  meteorological  requirements .  This poses special problems, in par t icular  
when animals of different categories  have to be kept together, as for instance the 
sow and its piglets.  

THE IMPACT OF METEOROLOGICAL ELEMENTS 
ON DOMESTIC ANIMALS 

The impact of meteorological  elements on domestic animals can be detrimental  
or beneficial. For  most meteorological  elements there  is a range of indifference, 
i . e .  a zone within which compensatory responses by the organism are absent. If 
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the  m e t e o r o l o g i c a l  cond i t ions  m o v e  ou ts ide  t h i s  r ange ,  t h e  a n i m a l  ge l s  s t r e s s e d  
and beg ins  to  ac t i va t e  i t s  de fence  m e c h a n i s m s .  T h i s  i s  ex emp l i f i ed  in F ig .  1 for  
e n v i r o n m e n t a l  t e m p e r a t u r e  as  a s t r e s s o r .  
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Fig.  1. C r i t i c a l  t e m p e r a t u r e s  and zones  ( F r o m  Bianca ,  1968). 
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Fig.  2. Zones  of t h e r m a l  i nd i f f e r enc e  ( F r o m  Bianea ,  1971).  
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F i g u r e  2 g ives  an ind ica t ion  of the  zones  of t h e r m a l  i n d i f f e r e n c e  for  four  s p e c i e s  
of f a r m  a n i m a l s ,  both, in the  n e w b o r n  and the  adul t  s t a t e .  The  d i a g r a m  shows a 
s t r i k i n g  age  d i f f e r e n c e .  The  young a n i m a l  has  a n a r r o w  zone at  a r e l g t i v e l y  h igh  
t e m p e r a t u r e ,  the  adul t  a n i m a l  has  a b r o a d  zone at a r e l a t i v e l y  low t e m p e r a t u r e .  
Th i s  m e a n s  t h a t  the  young, c o m p a r e d  wi th  the  adul t  a n i m a l  of the  s a m e  spec i e s ,  
has  h i g h e r  t h e r m a l  r e q u i r e m e n t s  and t ha t  in i t  co ld-  and hea t  s t r e s s  a r e  s e p a r a t -  
ed f r o m  one a n o t h e r  by only a n a r r o w  band of e n v i r o n m e n t a l  t e m p e r a t u r e .  The  
t e m p e r a t u r e  zones  g iven  in Fig .  2 r e f e r  to  indoor  cond i t ions .  Va r ious  modi fy ing  
f a c t o r s  m a y  sh i f t  t h e s e  zones  to l ower  or  h i g h e r  t e m p e r a t u r e s .  

A s t r e s s f u l  m e t e o r o l o g i c a l  e n v i r o n m e n t  has  of ten to be accep t ed  in a n i m a l  
p roduc t ion .  The  exp los ion  of h u m a n  popula t ion  r e q u i r e s  t h a t  a n i m a l  p r o t e i n  be 
p roduced  not  only u n d e r  f a v o u r a b l e  but a l so  u n d e r  the  u n f a v o u r a b l e  m e t e o r o l o g i -  
cal  cond i t ions  p r e v a i l i n g  in t r o p i c a l ,  p o l a r  and high a l t i tude  r e g i o n s .  Here  the  
p r o b l e m  a r i s e s  of f inding out a n i m a l s  be s t  su i t ed  fo r  l i fe  u n d e r  such  cond i t ions .  

Bene f i c i a l  e f fec t s  u n d e r  c e r t a i n  c i r c u m s t a n c e s ,  m a y  a r i s e  f r o m  the  i m p a c t  of 
r a d i a t i o n  on the  a n i m a l s ,  as  wil l  be shown in c h a p t e r  on " s o l a r  r a d i a t i o n " .  

Under  f i e ld  condi t ions ,  w h e r e  a mul t i t ude  of f a c t o r s  i s  o p e r a t i n g  s imul taneous ly ,  
i t  is  i m p o r t a n t  to  m a k e  a d i s t i nc t i on  be tween  d i r e c t  and i n d i r e c t  e f fec t s  of the  
m e t e o r o l o g i c a l  e n v i r o n m e n t  on the  a n i m a l s .  The  m i l k  y ie ld  of a cow on a t r o p i c a l  
p a s t u r e ,  fo r  i n s t ance ,  m a y  be low b e c a u s e  of the  t h e r m a l  load i mp o s ed  on the  
an imal ,  a n d / o r  b e c a u s e  of the  low dens i t y  of p lan t s  on the  p a s t u r e ,  r e q u i r i n g  
m u c h  walking,  the  poor  qua l i ty  of feed,  inadequa te  w ~ t e r  supply,  i r r i t a t i n g  in-  
s e c t s  and d i s e a s e  p roduc ing  m i c r o o r g a n i s m s .  Yet, fo r  t ak ing  p r a c t i c a l  m e a s u r e s  
for  i m p r o v i n g  m i l k  yie ld  u n d e r  t h e s e  condi t ions ,  i t  is  e s s e n t i a l  to  know which  of 
the  f a c t o r s  a r e  m a i n l y  r e s p o n s i b l e  fo r  the  low mi lk  y ie ld .  

The  i m p a c t  of the  m e t e o r o l o g i c a l  e n v i r o n m e n t  on the  a n i m a l  can  v a r y  in m a g n i -  
tude .  When e x p r e s s e d  in t e r m s  of a n i m a l  r e s p o n s e ,  one m a y  d i f f e r e n t i a t e  be tween  
v a r i o u s  d e g r e e s  of s t r a i n  p roduced  in the  o r g a n i s m .  Tak ing  hea t  s t r e s s  as  an 
example ,  the  fol lowing c a t e g o r i e s  m a y  be a r b i t r a r i l y  d i s t i n g u i s h e d :  

(a) T h e r m a l  i n d i f f e r e n c e :  Th i s  has  been  d e s c r i b e d  above .  
(b) Mild he~t :  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  of the  body can  c o m p l e t e l y  

c o m p e n s a t e  fo r  the  e x t r a  hea t  load, so t ha t  body t e m p e r a t u r e  r e m a i n s  
n o r m a l .  

(c) M o d e r a t e  hea t :  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  work  at  a h i g h e r  in t ens i ty ;  
body t e m p e r a t u r e  can  be s t ab i l i z ed ,  but a t  an  e l eva t ed  l eve l .  

(d) S e v e r e  hea t :  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  ove r t axed ;  body t e m p e r -  
a t u r e  r i s e s  con t inuous ly  and s e c o n d a r y  e f fec t s  m a y  o c c u r .  Th i s  leads ,  
even tua l ly ,  to  e x h a u s t i o n  and degth .  

F o r  d i f f e r e n t  a n i m a l s  as  we l l  as  f o r  d i f f e r e n t  condi t ions  in a g iven  a n i m a l  
(advanc ing  age, l eve l  of nu t r i t i on ,  s t a t e  of a c c l i m a t i z a t i o n  e t c . )  t h e s e  c a t e g o r i e s  
o c c u r  at  d i f f e r en t  i n t e n s i t i e s  of the  m e t e o r o l o g i c a l  e l e m e g t s .  T h i s  should  be 
bo rn  in mind  in c o m p a r a t i v e  s t u d i e s .  

W h e n e v e r  an a n i m a l ' s  h o m e o s t a t i c  m e c h a n i s m s  a r e  ac t iva ted ,  e x t r a  e n e r g y  is  
expended  in the  p r o c e s s .  The  e n e r g y  so  expended  is  no longe r  ava i l ab l e  for  
p r o d u c t i v e  p r o c e s s e s .  Thus ,  the  m o r e  the  o r g a n i s m  c o m b a t s  m e t e o r o l o g i c a l  
s t r e s s ,  t he  l e s s  is  i t s  capac i ty  fo r  p roduc ing  mea t ,  m i l k  and  eggs .  

A f t e r  t h e s e  g e n e r a l  c o n s i d e r a t i o n s  on the  i m p a c t  of the  m e t e o r o l o g i c a l  e n v i r o n -  
m e n t  on the  an imal ,  spec i f i c  p r o b l e m s  - c o l d ,  heat ,  s o l a r  r ad ia t ion ,  a l t i tude  and  
indoor  e n v i r o n m e n t -  wi l l  be  d i s c u s s e d .  
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COLD PROBLEMS 

In l ives tock ,  cold n o r m a l l y  r e p r e s e n t s  a s m a l l e r  p r o b l e m  than  hea t .  In the  
e x t r e m e  th i s  is  r e f l e c t e d  in l e tha l  body t e m p e r a t u r e s  at  low and h igh  e n v i r o n m e n t -  
al  t e m p e r a t u r e s .  The  d i f f e r e n c e  be tween  n o r m a l  and l e tha l  body t e m p e r a t u r e  is  
of the o r d e r  of 15 - 25°C in the  cold, but of only about  3 - 6 o c  in the  hea t .  M o r e -  
over ,  t h o s e  f a c t o r s  which  a r e  d e s i r a b l e  in l ives tock ,  n a m e l y  a h igh  r a t e  of growth,  
h igh y ie lds  of m i l k  and eggs,  and the  s t a t e  of p r egnancy ,  a r e  al l  a s s o c i a t e d  wi th  
a h igh m e t a b o l i c  r a t e  and hence  wi th  a h igh  hea t  p roduc t ion ,  wh ich  is  conducive  
to a h igh  t o l e r a n c e  to cold .  

A co ld  p r o b l e m  a r i s e s  when  the  a m b i e n t  t e m p e r a t u r e  f a l l s  below the  l ower  
c r i t i c a l  t e m p e r a t u r e  of the  a n i m a l .  The  lower  c r i t i c a l  t e m p e r a t u r e  is  def ined  as  
the  e n v i r o n m e n t a l  t e m p e r a t u r e  below w h i c h  t h e  a n i m a l  h a s  to  i n c r e a s e  i t s  hea t  
p r o d u c t i o n  to  p r e v e n t  i t s  body t e m p e r a t u r e  f r o m  fa l l ing .  An i n c r e a s e  in hea t  
p roduc t ion  m e a n s  t ha t  the  a n i m a l  c o n s u m e s  m o r e  feed and  t h a t  the  e x t r a  e n e r g y  
eor~tained in i t  i s  u sed  fo r  hea t ing  the  body and not  for  p r o d u c i n g  m i l k  and m e a t .  
As shown in T a b l e  2, the  lower  c r i t i c a l  t e m p e r a t u r e ,  t he  " s t a r t i n g  poin t"  on the  
"co ld  s c a l e " ,  v a r i e s  c o n s i d e r a b l y  be tween  d i f f e ren t  c a t e g o r i e s  of a n i m a l s :  f r o m  
a round  f r e e z i n g  point  to  3 4 o c .  

TABLE 2. L o w e r  c r i t i c a l  t e m p e r a t u r e s  (oc) and r a n k  o r d e r  of 
i n c r e a s i n g  t h e r m a l  d e m a n d s .  

Calf 
Cow (dry) 
Cow (high lac ta t ing)  

P ig le t  (newborn) 
P ig  

L a m  (newborn) 
Sheep 
Sheep (shorn)  

Rabb i t  
Chick ( f i r s t  week) 
Hen 

°C r a n k  

13 4 
5 3 
0 2 

33 9 
0 2 

29 8 
-3  1 
28 7 

15 5 
34 10 
18 6 

T h e r e  is  a p ronounced  d i f f e r e n c e  be tween  the  young and the  adul t  an ima l ,  
e s p e c i a l l y  in s p e c i e s  of s m a l l  body s i z e .  The  young not  only  has  a h i g h e r  va lue  of 
the  l ower  c r i t i c a l  t e m p e r a t u r e ,  but i t  a l so  h a s  the  ab i l i ty  to  i n c r e a s e  i t s  hea t  
p roduc t ion  v e r y  r ap id ly  and to a t t a in  a h igh  s u m m i t  m e t a b o l i s m .  A h igh  m e t a b o l i c  
r a t e ,  however ,  r e q u i r e s  m u c h  ene rgy .  The  t o t a l  e n e r g y  r e s e r v e  of a l amb,  fo r  
i n s t ance ,  is  only 40-1000 kcal  (Alexander ,  1962a ) .  If t he  co ld  exposed  l a m b  does  
not  suck  succes s fu l l y ,  i t s  e n e r g y  r e s e r v e s  a r e  soon e x h a u s t e d  by the  m e t a b o l i c  
r~ te  wh ich  in the  cold m a y  be as  h igh as  60 k c a l / h r  (Alexander ,  1962b).  Good 
p r e n a t a l  n u t r i t i o n  e n h a n c e s  the  s u r v i v a l  t i m e  of l a m b s  in a cold  e n v i r o n m e n t .  

T h e r e  i s  the  p o s s i b i l i t y  of d e p r e s s i n g  an  a n i m a l ' s  lower  c r i t i c a l  t e m p e r a t u r e ,  
t h e r e b y  i m p r o v i n g  i t s  cold  t o l e r a n c e .  T h i s  i s  e f fee ted  by an  i n c r e a s e  in t h e r m a l  
i n s u l a t i o n  o r  by  an i n c r e a s e  in he~t  p roduc t ion .  In ca t t le ,  kept  out  of d o o r s  d u r i n g  
win te r ,  an  i n c r e a s e  in insu la t ion ,  m a i n l y  b r o u g h t  about  by  changes  in the  h a i r  
coat ,  can  lead to a c r i t i c a l  t e m p e r a t u r e  as  low as - 3 0 o c  ( s e a s o n a l  acc l ima t i za t i on ) .  
A r i s e  in hea t  p roduc t ion  can,  wi th in  l imi t s ,  be e f fec ted  by augznent ing  the  l eve l  
of feed ing .  The  lower  c r i t i c a l  t e m p e r a t u r e s  of  oxen was  1 8 o c  when  the  a n i m a l s  
w e r e  fas ted ,  and - l ° C  when  ful ly  fed (B lax te r ,  1965).  
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The  concep t  of the  lower  c r i t i c a l  t e m p e r a t u r e  is  b a s e d  on a m b i e n t  t e m p e r a t u r e  
a lone .  However ,  the  " c o l d n e s s "  of an  e n v i r o n m e n t  depends  a l so  on a i r  m o v e m e n t  
and r a i n .  The  m o s t  s t r e s s f u l  comb ina t i on  is  t h a t  of low t e m p e r a t u r e ,  h igh  wind 
and ra in ,  as  shown in Tab le  3. 

TABLE 3. Effec t  of wind and r a i n  (at an a m b i e n t  
t e m p e r a t u r e  of 7 .4°C)  on the hea t  p roduc t ion  
of sheep  ( length of f l eece  14 ram) .  
( F r o m  B l a x t e r ,  1965) 

E n v i r o n m e n t a l  condt t ions  

Dry, no wind 

Dry,  wind 4 . 4 7  m / s  

Rain,  no wind 

Ra in  and wind 4 .47  m / s  

Heat  p r o d u c t i o n  
k c a l / ( m  2 . day) 

1810 

2383 

2914 

3363 

Unde r  such  cond i t ions  s h e a r i n g  of sheep  m a y  lead  to a n i m a l  l o s s e s  as  h igh  as  
24% (Hutchinson,  1966). But  i t  has  been  shown tha t  the  m o r t a l i t y  of sheep  ex -  
posed  to cold  wind can  be r e d u c e d  by us ing  a spec i a l  s h e a r i n g  head  which  l e a v e s  
a p p r o x i m a t e l y  1, 2 c m  leng th  of wool on the a n i m a l s  t h e r e b y  p rov id ing  a use fu l  
m i n i m a l  t h e r m a l  i n su l a t i on  (Hutchinson,  B e n n e t t  and Wodzieka  T o m a s z e w s k a ,  
1960). 

HEAT PROBLEMS 

Heat  r e f e r s  to  t h o s e  m e t e o r o l o g i c a l  e l e m e n t s  which  e i t h e r  i n t e r f e r e  wi th  the  
d i s s i p a t i o n  of body hea t  to the  e n v i r o n m e n t  (high a m b i e n t  t e m p e r a t u r e  and 
humidi ty)  o r  which  i m p o s e  an  e x t e r n a l  hea t  load on the  a n i m a l  ( s o l a r  r ad i a t i o n ) .  

The  m o r e  hea t  an a n i m a l  p r o d u c e s  i n t e r n a l l y  by i t s  m e t a b o l i s m ,  the  l e s s  is  i t s  
capac i ty  fo r  t o l e r a t i n g  e x t e r n a l  hea t .  T h e r e  i s  thus  a bas ic  i n c o m p a t i b i l i t y  
be tween  a h igh  level  of p roduc t ion  ( involving a h igh p r o d u c t i o n  of was t e  heat)  and 
a h igh t o l e r a n c e  to hea t .  T h e r e  a r e ,  however ,  c e r t a i n  m e a n s ,  by which  op t ima l  
c o m p r o m i s e s  can  be ach ieved .  (See c h a p t e r  on app l i ca t ions ) .  

In F ig .  2, t he  uppe r  l im i t  of the  zone of t h e r m a l  i n d i f f e r e n c e  ( r igh t  end of the  
h o r i z o n t a l  bar)  m a y  be  t e r m e d  " u p p e r  c r i t i c a l  t e m p e r a t u r e " .  T h i s  is the  t e m p e r -  
a t u r e  at  wh ich  e v a p o r a t i o n  ( f rom the  sk in  a n d / o r  the  r e s p i r a t o r y  t r ac t )  beg ins  to  
r i s e .  At  t h i s  t e m p e r a t u r e  the  a n i m a l  beg ins  to  be s t r e s s e d  by hea t .  A s i m p l i f i e d  
v e r s i o n  of what  happens  to a cow wi th  i n c r e a s i n g  a m b i e n t  t e m p e r a t u r e ,  is  shown 
in Fig .  3. 

In t h i s  connec t ion ,  appe t i t e  should  be m e n t i o n e d  as  a m e c h a n i s m  of t h e r m o -  
r e g u l a t i o n  in a hot  e n v i r o n m e n t .  When e n v i r o n m e n t a l  t e m p e r a t u r e  r i s e s  above  a 
c e r t a i n  level ,  appe t i t e  beg ins  to  dec l ine .  As  a r e su l t ,  t he  c a l o r i c  in take  de -  
c r e a s e s ,  hea t  p roduc t ion  d i m i n i s h e s  and body t e m p e r a t u r e  is  m o r e  e a s i l y  m a i n -  
t a ined .  The  hea t  induced  fal l  in  feed in take  is  advan tageous  to the  a n i m a l  but i t s  
c o n s e q u e n c e s  m e a n  an e c o n o m i c a l  l o s s  to  the  f a r m e r .  As s e e n  in Fig .  4 feed 
in take  in l ac t a t ing  cows beg ins  to  fa l l  in the  t e m p e r a t u r e  r a n g e  2 0 - 2 5 o c .  In non-  
l ac t a t ing  cows t h i s  o c c u r s  at  h i g h e r  t e m p e r a t u r e s  b e c a u s e  of t h e i r  lower  hea t  
p roduc t ion .  

He~t p r o b l e m s  m a y  a r i s e  in a n i m a l s  t ha t  a r e  t r a n s f e r r e d  f r o m  the  t e m p e r u t e  
zone to  t r o p i c a l  a r e a s ,  and, to  a l e s s e r  deg ree ,  a l so  u n d e r  s u m m e r  cond i t ions  in  
the  t e m p e r a t e  zone .  
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F i g .  3. The  d a i r y  cow in a hot  e n v i r o n m e n t .  
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Fig. 4. Decline in feed i~take of lactating and non lactating cattle 

with rising environmental temperature (From Winchester 
and Morris, 1956). 
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Deaths  of pigs du r ing  t r a n s p o r t  in hot  w e a t h e r  in r e l a t i o n  to the 
" s u l t r i n e s s  f a c t o r " .  ( F r o m  von Mickwitz  et  a l . ,  1971) 

A r a t h e r  spec i a l  p r o b l e m  can  be c r e a t e d  by the  t r a n s p o r t a t i o n  of an ima l s ,  
e s p e c i a l l y  of pigs,  d u r i n g  hot w e a t h e r .  The  a n i m a l s  a r e  sub j ec t ed  to h igh t e m -  
p e r a t u r e  and humidi ty ,  they  m a y  r e c e i v e  a r a d i a t i v e  hea t  toad f r o m  sun  hea t ed  
roofs  of m e t a l  c o n t a i n e r s .  F u r t h e r  m o r e ,  the  a n i m a l s ,  owing to c rowding  and 
emot iona l  exc i t emen t ,  p roduce  e x t r a  hea t  and m o i s t u r e ,  wh ich  a g g r a v a t e  the  
m i c r o c l i m a t e .  Under  such  cond i t ions  a n i m a l s  can  die, p a r t i c u l a r l y  f r o m  
c i r c u l a t o r y  f a i l u r e .  Mickwitz  et  a l .  (1971) e s t i m a t e  tha t  in G e r m a n y  1, 2% of the  
pigs  die as  a r e s u l t  of t r a n s p o r t a t i o n  to the  s l a u g h t e r  house ,  l ead ing  to an  
economic  l o s s  of the  o r d e r  of 45 mi l l i on  DM p e r  y e a r .  As  m a y  be s een  f r o m  
Fig.  5, the  n u m b e r  of dea ths  f r o m  t r a n s p o r t a t i o n  i n c r e a s e s  wi th  i n c r e a s i n g  
s u l t r i n e s s  of the  a t m o s p h e r e .  T r a n s p o r t a t i o n  l o s s e s  can  be r e d u c e d  by avoid ing  
e x t r e m  w e a t h e r  cond i t ions .  Th i s  can  be s t  be ach ieved  by a c lo se  c o o p e r a t i o n  wi th  
the  w e a t h e r f o r c a s t  s e r v i c e .  

SOLAR RADIATION 

In the  t r o p i c s  and d e s e r t s  s o l a r  r a d i a t i o n  m a y  r e a c h  i n t e n s i t i e s  as  h igh  as  
1000 k e a l / ( m  2 .h)  (Maefa r l ane ,  1968).  The  i n f r a r e d  r a y s  p lace  a heavy  hea t  
b u r d e n  on the  a n i m a l s .  U n d e r  e x t r e m e  cond i t ions  the  s o l a r  hea t  load imping ing  
on the  a n i m a l  can  exceed  the  hea t  g e n e r a t e d  in m e t a b o l i s m  by a f a c t o r  of f ive .  

To what  ex ten t  the  s o l a r  hea t  e n t e r s  the  body, depends  on the  h a i r  coat ,  which  
ac t s  as  a f i r s t  l ine  of de fenee .  Ref l ec t ion  of s o l a r  r a d i a t i o n  is  h ighes t  f r o m  a 
smoo th  h a i r  coat ,  c o n s i s t i n g  of sho r t ,  th ick ,  m e d u l l a t e d  h a i r s .  In sheep,  a 
f leece ,  hav ing  a depth  of at  l e a s t  2 era, p r o v i d e s  an e f f i c ien t  b a r r i e r  a g a i n s t  the  
p e n e t r a t i o n  of s o l a r  hea t  to the  skin  (Maefa r l ane ,  1968). R e m o v a l  of the  f l eece  
u n d e r  such  cond i t ions  g r e a t l y  i n c r e a s e s  the  a n i m a l ' s  hea t  s t r a i n .  

Under  a h igh  e x t e r n a l  hea t  load the  s m a l l  a n i m a l  has  the  d i s a d v a n t a g e  of 
p o s s e s s i n g  a r e l a t i v e l y  l a r g e  (heat  absorb ing)  s u r f a c e  and a r e l a t i v e l y  s m a l l  
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(heat storing) body m a s s .  KIe iber  (1962) made  the assumption,  which s e e m s  
r e a l i s t i c  with r e s p e c t  to the dai ly heat  load in many hot reg ions  of the world ,  that  
an animal  ove r  a per iod  of 6 hours  would r e c e i v e  an influx of heat  f r o m  fts 
env i ronment  equivalent  to 250 k c a l / m  2. K all  this  heat  w e r e  s tored,  the s to rage  
in d i f fe ren t ly  s ized but o therwise  comparab le  an imals  would lead to the i n c r e a s e s  
in body t e m p e r a t u r e  shown in Table  4. 

TABLE 4. Heat s to rage  and es t ima ted  i n c r e a s e  in body t e m p e r a t u r e  
produced by an influx of heat, equivalent  to 2 .5  k c a l / d m  2, 
ove r  a per iod  of 6 hours ,  in an imals  of d i f ferent  s i ze s .  
(F rom Kle ibe r  1962) 

Body weight  
(kg) 

1 

10 

100 

1,000 

Body su r face  * Inc rea se  in body 
Body heat  capaci ty  t e m p e r a t u r e  

dm 2 (°C) 
k c a l T ~ -  

12.5 31.4 

5 .8  14.5 

2.7 6 .7  

1 .2  3.1 

*) 10 x W 2/3 
0.81 W 

It is evident,  that the r i s e  in body t e m p e r a t u r e  produced by a s tandard  heat  load 
i n c r e a s e s  with dec r ea s ing  body s ize .  The body t e m p e r a t u r e  of a 1 kg pigle t  
would r i s e  about 6 t i m e s  m o r e  than that of a 300 kg pig. This  means  that  a shor t  
pe r iod ica l  ex terna l  heat  load, can be bet ter  "buf fe red"  by the l a rge  than by the 
sma l l  an imal .  

A spec ia l  ro le  is played by u l t rav io le t  radia t ion .  I r r a d i a t i o n  of the skin with 
u l t r av io le t t  r ays  has an an t i - r ach i t i c  effect,  by conver t ing  7 -dehydrocho le s t e r in  
into v i t amin  D3. It is probable  that  this  benef ic ia l  act ion can take p lace  only in 
those  par t s  of the body which have non or  only l i t t l e  ha i r  cover ing,  s ince  a 
no rma l  ca t t le  ha i r  coat  shie lds  against  u l t r av io le t  (Bianca and Wegmann, 1974). 

De le t e r ious  ef fec ts  of u l t rav io le t  radia t ion  a r e  sunburn and eye cance r .  Both 
occu r  p redominant ly  in an imals  with unpigmented skin.  Here fo rd  catt le,  which 
have white heads, a r e  pa r t i cu l a r ly  prone to develop eye cance r .  However ,  a 
p igmented  r ing around the eys and pigmented eye l ids s e e m  to offer  adequate  
p ro tec t ion  against  eye cance r  (Bonsma, 1949). In r eg ions  with in tens ive  so la r  
radiat ion,  t he re fo re ,  Here ford  ca t t le  having br'Swn " s p e c t a c l e s "  a r e  given 
p r e f e r e n c e  in se lec t ion  (Fig.  6). 

Final ly ,  radiat ion,  or  m o r e  speci f ica l ly ,  the day length (photoperiod) plays a 
ro l e  in reproduct ion .  In sa i sona l ly  reproduc ing  spec ies  l ight regu la tes  the 
breeding  cycle .  In sheep f r o m  the nor the rn  t e m p e r a t e  zone breeding  occu r s  in 
autumn, that  is, under  condit ions of dec r ea s ing  day length.  In the ho r se  breeding  
tends to occur  in spring,  that  is, under  condit ions of i nc r ea s ing  day length.  With 
ges ta t ion  per iods  of 5 and 11 mor~ths, r e spec t ive ly ,  bir th  of the young in both 
spec ies  fa l l s  into spring,  where  condit ions a r e  opt imal  for  the deve lopment  of 
the young. When t r a n s f e r r i n g  seasona l ly  breeding  an imals  f r o m  one h e m i s p h e r e  
to the other,  it is important ,  t he re fo re ,  to make  the t r a n s f e r  at the r ight  t i m e  of 
the yea r  in o rde r  to ensure  opt imal  f e r t i l i t y  of the an imals  in the new env i ronment .  
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Fig. 6. Hereford cattle and 
pigmentation around 
the eye. Top: no 
pigment; middle: 
small,  interrupted 
ring of pigment; 
bottom: wide ring 
of pigment. (From 
Bonsma, 1949) 

~! }~ i ̧  

In the chicken, a species par t icular ly sensitive to light, man manipulates the 
photoperiod, in order  to improve the development of chicks and the production of 
eggs. Since in many countries this pract ice is applied on a large scale basis, it 
has some economical importance.  

HIGH ALTITUDE 

In various regions of the world, notably in the Andes, the Himalayas and the 
Rocky Mountains, numerous domestic animals are resident at or have been intro- 
duced to altitudes of up to 4500 m. The high altitude environment constitutes a 
complex multifactorial  system, including hypoxia, coldness and dryness of the 
air, intensive solar  radiation, deficient feed supply, and a hilly landform 
requiring extra energy for walking. 

Under these conditions, genetically and/or  physiologically unadapted animals 
show deter iorat ive  changes, which have been "studied part icular ly in cattle and 
termed "chronic mountain s ickness" or "brisket  d isease" .  The most overt  
clinical manifestgtions of the disease are weakness, unthriftiness, ruffled up 
hair, oedema in the region of the brisket, venous pulse, diarrhea,  coughing, 
laboured breathing and cyanosis of mucous membranes .  Affected animals are 
unproductive and eventually may even die. 

The disease is basically caused by hypoxia, the chain of 'events being: hypoxia- 
vasoconstr ict ion and muscular  hypertrophy of small  lung blood vessels ,  increase 
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in pulmonary vascular  res is tance  to blood flow, r i se  in pulmonary a r te ry  p ressur~  
hypertrophy of the right side of the heart, and congestive heart  fai lure with con- 
comitant pathological changes. 

Pulmonary hypertension can be reduced by movingaffeeted animals to lower 
altitudes or by letting them breathe oxygen, both procedures pointing to hypoxia 
as the main aethiological factor .  

It has been shown, however, that there  are  various predisposing factors  which 
cause the disease to break out already at moderate altitude: :cold and physical 
exerc i se  and a high metabolic rate  enhance the animal 's  requirements  for oxygen, 
thereby acting as amplif iers  to hypoxia. The experience is that the incidence of 
chronic mountain sickness in cattle is higher in winter than in summer .  Another 
factor is poor nutrition which lowers the general res is tance of the animals.  

In contrast  to hypoxia, which has to be accepted as an unescapable influence, the 
predisposing factors mentioned can be brought under control, at least  part ical ly.  
In this way the deleterious effects of hypoxia can be mitigated, allowing animal 
production to be extended to higher altitudes. 

THE INDOOR ENVIRONMENT 

Domestic animals are  housed both to protect  them against cl imatic ex t remes  
and to facilitate Lheir management. In recent  years  animal production has more  
and more  assumed the character  of a high intensity "bio-industry".  This is 
par t icular ly t rue  of the production of poultry, eggs, pore and veal .  The cl imatic 
conditions prevail ing in animal houses are  of special importance for the 
following reasons : 

(1} The genetic capacity of farm animals for producing high yields, as well as 
the general  level of nutrition has in the industrial ised eour~tries reached a 
re la t ively high standard, so that in the production process  a non-optimal 
indoor cl imate can easi ly become the minimum factor of the environment.  

(2) High yielding animals, as well as animals that have been specially developped 
to satisfy man ' s  taste, for instance the lean pig and the anaemic calf, tend to 
have specialized cl imatic requirements .  

(3) Any ill effect of an unsuitable indoor cl imate will build up in the organism, 
since the animals spend their  whole l ives within this cl imate.  

(4) Owing to the great  rlumber of animals kept together in one unit, a non- 
optimal indoor cl imate may lead to a large scale economic loss.  Under 
extrem conditions, e .g .  when a ver~tilation system breaks down, thousands 
of animals can be killed. 

The indoor environment represer~ts a modified outdoor environment (some 
elemer~ts being f i l tered or suppressed}, supplemer~ted by direct  and indirect  
products of animal metabolism, in part icular  heat, moisture,  CO2, NH3 and 
H2S. An overall  picture of the indoor environment is given in Fig. 7. 

A 600 kg cow yielding 30 kg of milk per day, produces in 24 hours around 
28'000 kcal of heat, 15 kg of water  vapour and 5000 1 of carbon dioxide. All these 
compounds, as well as dust part icles,  have to be prevented from accumulating to 
concentrations detrimental  to animal health and production by an appropriate 
ventilation of the building. In a cold maeroenvironment,  the heat for warming the 
building, for economic reasons,  is derived chiefly f rom the animals.  The rate of 
ver~tilation, therefore,  must be an optimal compromise  between a clean but cold 
and a warm but polluted atmosphera.  Where this compromise l ies depends on the 
heat requirements  and on the tolerance levels  of the animals to the various 
gaseous compounds. 
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Fig. 7. The indoor environment of cattle houses. 

The heat requirements  of various categories  of housed animals are  fair ly well 
known. They are  indicated by the zones of thermal  indifference, some of which 
are shown in Fig. 2. Recommendations on the maximally tolerable gas-concentra-  
tions are  stil l  controvers ia l .  This is due, in part, to the complexity of the 
situation under pract ical  conditions, and to the paucity of [ongterm controlled 
experiments .  

A special feature of most indoor environments is the low level of lighting which 
in conjunction with lack of physical exerc i se  and of social contacts of housed 
animals, may lead to a depression in sexual functions, and fert i l i ty.  Light plays 
an important role for animals kept for breeding, but is less important for animals 
kept for growth and fattening. In the design and building of animal houses, it is 
desirable to have a close cooperation between the farmer ,  the architect  and the 
biometeorologist .  

APPLICATIONS 

Animal biometeorology deals with the relationships between the animal and its 
meteorological  environment. It involves in part icular  the study of animal reac-  
tions, qualitatively as well as quantitatively, to s t ressful  meteorological  condi- 
t ions. Such studies are  performed in the field as well as in cl imatic  rooms.  
These approaches are  complementary.  Indeed, many problems are best solved 
by passing them from the field, where they are  f i rs t  Observed, to the laboratory 
for analysis, and back again to the field for synthesis.  
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Once the  m o s t  i m p o r t a n t  causa l  r e l a t i o n s h i p s  be tween  the  a n i m a l  and i t s  
m e t e o r o l o g i c a l  e n v i r o n m e n t  have  been  e s t a b l i s h e d ,  t h e r e  a r e  two p r i n c i p a l  ways  
in which  knowledge ga ined  can  be  appl ied :  

(1) the  adap ta t ion  of the  a n i m a l  to  the  m e t e o r o l o g i c a l  e n v i r o n m e n t ,  and 

(2) the  adap ta t ion  of the  m e t e o r o l o g i c a l  e n v i r o n m e n t  to  the  a n i m a l .  

The  f i r s t  i s  a b iological ,  t he  second  a t e c h n i c a l  p r o b l e m .  

ADAPTATION OF THE ANIMAL TO THE METEOROLOGICAL 
E NVIRONME NT 

Here  the  p r e s e n c e  of a s t r e s s f u l  m e t e o r o l o g i c a l  s i t ua t i on  is  a ccep t ed  and 
a t t e m p t s  a r e  m a d e  to p r o v i d e  a n i m a l s  which  can  cope wi th  i t  r e l a t i v e l y  wel l .  
T h i s  i s  done by b r e e d i n g  and  se l ec t i on .  

F o r  t r o p i c a l  cond i t ions  the  usua l  way is  to c o m b i n e  E u r o p e a n  b r e e d s ,  c o n t r i -  
bu t ing  a h igh  p roduc t ion  capac i ty ,  w i th  ind igenous  b r e e d s ,  c o n t r i b u t i n g  t o l e r a n c e  
to heut  and o t h e r  a d v e r s e  e n v i r o n m e n t a l  cond i t i ons .  T a b l e  5 shows f ive  b r e e d s  of 
bee f  ca t t l e  de s igned  fo r  l i fe  in hot a r e a s .  Normal ly ,  t h e  gene t i c  p o r t i o n  c o n t r i -  
bu ted  by the  ind igenous  p a r t n e r  i s  i n c r e a s e d  wi th  i n c r e a s i n g  s e v e r i t y  of t h e  
e n v i r o n m e n t a l  cond i t ions .  An i n s t r u c t i v e  example  of a ' t a i l o r - m a d e '  b r e e d  i s  the  
Santa  G e r t r u d i s ,  wh ich  has  b e e n  evo lved  in t h e  s e m i - a r i d  zone of T e x a s  and 
wh ich  ha s  s p r e d  f r o m  t h e r e  al l  o v e r  the  w o r l d .  

T A B L E  5. B r e e d s  of beef  c a t t l e  evolved  for  hot  r e g i o n s  

Name Cons t i tu t ing  b r e e d s  and t h e i r  n u m e r i c a l  gene t i c  
c o n t r i b u t i o n s  

Santa  G e r t r u d i s  

B r a n g u s  

C h a r b r a y  

Beef  m a s t e r  

B o n s m a r a  

5 /8  Sho r tho rn  x 3 / 8  B r a h m a n  * 

5 /8  Angus  x 3 /8  B r a h m a n  

3 /4  C h a r o l a i s  x 1 /4  B r a h m a n  

1 /4  Sho r tho rn  x 1 / 4  H e r e f o r d  x 1 / 2  

3 /8  S h o r t h o r n  x 5 / 8  A f r i k a n e r  

B r a h m a n  

*) B r a h m a n  = A m e r i c a n  Zebu.  

In c e r t a i n  a r e a s  i t  h a s  been  shown tha t  i t  i s  p o s s i b l e  to  bui ld up hea t  t o l e r a n t  
h e r d s  of c a t t l e  a l so  f r o m  t e m p e r a t e  c l i m a t e  s tock  by apply ing  r i g o r o u s  s e l e c t i o n  
c o m b i n e d  wi th  a c c l i m a t i z a t i o n .  

ADAPTATION OF THE METEOROLOGICAL ENVIRONMENT TO 
THE ANIMAL 

Here  the  s t r e s s f u l  m e t e o r o l o g i c a l  s i t ua t ion  is  c o u n t e r a c t e d  by  bui lding,  
e n g i n e e r i n g  and  m a n a g e r i a l  m e a n s .  The  r e d u c t i o n  of the  s t r e s s  is  m o s t l y  a c h i e v e d  
by  r educ ing  the  i m p a c t  of m e t e o r o l o g i c a l  e l e m e n t s ,  o r  by  e l i m i n a t i n g  t h e m  c o m -  
ple te ly ,  t h e r e b y  i m p r o v i n g  the  m i c r o c l i m a t e  of the  a n i m a l s .  The  indoor  e n v i r o n -  
men t ,  d i s c u s s e d  e a r l i e r ,  r e p r e s e n t s  such  a mo d i f i c a t i o n  wi th  r e s p e c t  to  cold  
p r o t e c t i o n .  

In hot r e g i o n s  n u m e r o u s  dev i ce s  a r e  in u se .  The  m o s t  obvious  a m o n g  t h e m  is  a 
sunroof ,  wh ich  sh i e ld s  the  a n i m a l s  f r o m  d i r e c t  s o l a r  r a d i a t i o n  wi thout  i n t e r f e r i n g  
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substant ia l ly  with heat  loss .  In this  way the  rad ia t ive  heat  load on the animal  may 
be reduced by about one th i rd  as shown for  the pig in Fig .  8. A reduced  rad ia t ive  
heat  load i n c r e a s e s  body weight  gain and feed convers ion .  As indicated by Table  
6, the magnitude of the i n c r e a s e  depends on the type of sunroof  used .  

SuM ¢ S.~ 
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Fig.  8. Radiat ion heat  loads (Btu /hr  pe r  sq ft of animal  surface)  r e c e i v e d  
by shaded and unshaded pigs on a c loudless  s u m m e r  day in 
El  Centro,  Cal i fornia .  ( F r o m  Bond, Kelly and It tner ,  1954) 

I 

TABLE 6. Compar i son  of weight  gains of Hereford  s t e e r s  using t h r ee  
d i f ferent  types of sun roof  m a t e r i a l .  ( F r o m  It tner,  Bond and 
Kelly, 1958) 

Type of sun roof  Number  of s t e e r s  Ave rage  gain Feed  pe r  1000 lb 
(lb/day)* gain (lb) 

Galvanized i ron 

Aluminium and 
burlap 

Hay and galvanized 
i ron 

5 0.69 1230 

6 0.80 1266 

5 0.89 1091 

*) 1 lb = 0 . 4 5 k g  

Another  dev ice  is cool ing an imals  by i nc rea s ing  a i r  movemen t  with the aid of a 
ven t i l a to r .  In the Imper ia l  Valley, a v e n t i l a t o r - g e n e r a t e d  a i r  movement  of 
1.65 m / s ,  ove r  a per iod  of 70 days, caused  in beef  ca t t le  additional dai ly gains  
of 0.35 kg per  an imal .  At the s a m e  t i m e  the feed r e q u i r e d  pe r  50 kg of gain 
d e c r e a s e d  f r o m  577 to 430 kg (Bond, Kel ly  and It tner,  1957). 

F u r t h e r  im provem en t s  of animal  comfor t  and product ion can be achieved by 
cool ing the dr inking water ,  by using thin cable  r a t h e r  than wood as  fencing 
mate r i a l ,  by seeking for  ca t t le  pens the v ic in i ty  of growing crops ,  where  a i r  
t empe ra tu r e  is lower  than over  b a r e  ground, by al lowing the an imals  exposure  
to the nor th  sky, and by offer ing a diet  wi th  a low conte~t of f ib re  (thus cutting 
down the high "hea t  i nc r em en t "  of f ibre) .  Showers to wet  the an imals  a r e  useful,  
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but  only if t h e r e  is  suf f ic ien t  a i r  m o v e m e n t .  In c l o s e d  bui ld ings ,  s h o w e r s  aug-  
merit  the  humid i ty  of the  a i r ,  so t ha t  e v a p o r a t i v e  cool ing  f r o m  the  a n i m a l ' s  
s u r f a c e  is  r e d u c e d .  

CONSIDERATIONS FOR THE FUTURE 

Al though in the  pa s t  m u c h  knowledge has  a c c u m u l a t e d  in the  f i e ld  of b i o m e t e o r o -  
[ogy of d o m e s t i c  a n i m a l s ,  t h e r e  s t i l l  r e m a i n  p r o b l e m s  wh ich  should  be  g iven  
f u r t h e r  c o n s i d e r a t i o n .  

C l ima t i c  ind ices ,  as  a ru le ,  have  been  dev i s ed  fo r  man .  As  i nd i ca t ed  in the  
f i r s t  chap te r ,  t h e r e  m a y  be a need  fo r  modi fy ing  t hem to su i t  v a r i o u s  s p e c i e s  of 
f a r m  a n i m a l s .  The  " w e t - b u l b - g l o b e - t e m p e r g t u r e "  index  (WBGT, s ee  Le i t head  
and Lind, 1964), fo r  i n s t ance ,  a hegt  s t r e s s  index d e v i s e d  to inc lude  a l so  the  
i m p a c t  of s o l a r  r ad ia t ion ,  is  c a l c u l a t e d  a c c o r d i n g  to the  we igh ted  e x p r e s s i o n :  

WBGT = 0 .7  wet  bulb + 0 .2  globe + 0 .1  d r y  bulb 
t e m p e r a t u r e  t e m p e r a t u r e  t e m p e r a t u r e  

F o r  use  in v a r i o u s  a n i m a l  s p e c i e s  t h e s e  we igh t ing  f a c t o r s  would have  to be r e -  
e x a m i n e d  and p r o b a b l y  modif ied ,  to m a k e  a l lowance  fo r  the  p r i n c i p a l  channe l  of 
evapor~rtive hea t  l o s s  (pant ing o r  sweat ing)  and for  the  t h i c k n e s s ,  t e x t u r e  and 
c o l o u r  of the  h a i r  coat,  al l  of which  v a r y  c o n s i d e r a b l y  in v a r i o u s  c a t e g o r i e s  of 
d o m e s t i c  a n i m a l s .  

The  p lo t t ing  in a s ing le  g r a p h  of m e a n  mon th ly  t e m p e r a t u r e s  and h u m i d i t i e s  p r e -  
va i l i ng  in a g iven  a r ea ,  the  " c l i m o g r a m m e " ,  ha s  been  u sed  in the  p a s t  (Wright ,  
1954).  Fig.  9 g ives  an example  of a c l i m o g r a m m e  wh ich  inc ludes  a l so  c o m p a r a t -  
ive  f i gu re s  for  a n i m a l  h o u s e s .  In view of the  i n t r o d u c t i o n  of f a r m  a n i m a l s  f r o m  
t e m p e r a t e  to  hot c l i m a t e s  i t  s e e m s  d e s i r a b l e  to  m a k e  m o r e  u se  of t h i s  t e c h n i q u e  
by c o n s t r u c t i n g  c l i m o g r a m m e s  of spec i f i c  a r e a s  in t ended  for  expo r t a t i on  of l i ve -  
s tock .  T h e r e  m a y  be  a l so  a c a s e  for  modi fy ing  and r e f i n i n g  e l i m o g r a m m e s  by 
inc lud ing  o t h e r  m e t e o r o l o g i c a l  v a r i a b l e s .  

Fig. 9. 
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Weather forecast ,  although having its main agricultural  application in crop 
husbandry, can play a useful role  also in the t ransport  of animals in hot or cold 
weather.  An "ear ly  warning system" could be of help for reducing animal losses .  
As indicated in chapter "heat problems",  a hot weather forecast  should in the 
f i rs t  place include a properly weighted combination of tempera ture  and humidity. 
In the USA a "Livestock Weather Safety Index" is in use which, for practical  
purposes, is expressed in t e rms  of the c~tegories "aler t" ,  "danger",  and 
"emergency",  the last two c~tegories indicating expected t ransport  losses of 25 
and 45%, respect ively.  

Another problem concerns the construction of animal houses. They must offer 
optimal meteorological  conditions for the animals and must be re la t ively in- 
expensive. The achievement of both points is facili tated when geographical maps 
are available which contain frequency distributions and durations of suitable 
parameters  of solar  radiation, tempera ture  and humidity of the air  and precipi ta-  
tion for a given area .  Since heat and cold are involved, such maps should be 
plotted both for summer  and winter .  Within each map, regions of equal conditions 
are  demarcated.  Maps of this kind are especial ly indicated in areas  which have a 
gre~t regional and seasonal meteorological  variation.  The information so 
accumulated, together with dgta on the production by animals of heat, moisture 
and metabolic waste products, helps the architect  and engineer in the planning of 
buildings and ventilation systems.  Work along these lines is in progress  in 
Germany and Switzerland (Primault,  1972). 

SUMMARY 

The present animals, in contrast  to wild animals, are  selected and bred for 
productive t ra i t s .  If subjected to severe  meteorological  conditions, part icularly 
when t ransfe r red  to tropical  areas,  domestic animals suffer from meteorological  
s t ress .  The result ing strain var ies  according to species, breed, age and 
nutrition. Combatting meteorological  s t ress  requires  extra  energy, which means 
that less  energy is available in the animal for productive processes .  

Problems of cold a r i se  in the f i rs t  place in the young animal, which is at the 
disadvantage of having a large su r face /mass  ratio, a relut ively poor thermal  
insulation and lit t le energy r e se rves .  Adult animals of large species, especial ly 
when acclimatized to cold, can tolerate  tempera tures  well below freezing point. 

High producing animals, owing to their  high metabolic r~te, generate much 
he~t, which is difficult to dissipate in a hot environment.  If body temperature  
r ises ,  the appetite for (fibrous) feed diminishes.  The result ing decrease  in 
caloric  intake reduces the animal 's  heat burden, but leads to a fall in production. 
Hot weather poses special problems for the t ransport  of animals in containers.  

Solar radiation can act upon animals by putting a he~t load on them (infrared and 
visible rays), by producing sun burn and promoting the formation of vitamin C in 
the skin (ultra violett  rays), and by stimulating sexual functions (visible rays).  

High altitude problems, in par t icular  pulmonary hypertension and its sequelae, 
are basically caused by hypoxia, but modified by cold, poor nutrition and 
physical exerc ise .  

The indoor environmer~t becomes increasingly important with animal production 
taking place in a factory like fashion ("bio-industry").  Deviations f rom optimal 
conditions of meteorological  var iables  in animal houses can cause high economical 
losses .  

Knowledge derived from the study of the interrelat ionships between the animal 
and its meteorological  environment can be applied in two ways : ei ther by adapting 
the animal to the (stressful) environment by selection and breeding, or by adapting 
the environment to the animal by~ technical and managerial  means.  
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Suggestions for future consideration include the adaptation of selected meteoro-  
logical indices (designed for man) for use in domestic animals, the construction 
of c l imogrammes,  further extension of weatherforecast  in relation to animal 
transport ,  and the elaboration of regional maps supplying information on t emper -  
~ture, humidity, radiation and precipitation for builders of animal houses and 
ventilation engineers .  
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