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Abstract:
It was the purpose of this study to evaluate the differences in grazing behavior among straight Hereford
(HH), 50% Angus-50% Hereford (AH), 50% Simmental-50% Hereford (1 SIH) and 75%
Simmental-25% Hereford (3S1H) lactating cows. A total of 48 cows were divided into two groups,
each group containing six cows from each of the four breed types. The study consisted of four 1 0-d
grazing periods starting on July 22 and ending on August 30. Cow weight (BW), calf weight (CW) and
milk production (MP) estimates were taken prior to periods 1 and 4., Cow condition was estimated
using the weight/height ratio and the average calf age was 105 days (range, 85 to 124 days). Cows
roamed freely in a 320 ha pasture with slopes ranging from 5 to 40%. Vibracorders and pedometers
were used to estimate time spent grazing and distance traveled, respectively. During periods 1, 2 and 4,
the 48 study cows were located on a daily basis between 600-900 hr by the use of an aerial photo map.
From the recorded locations, distribution of grazing was calculated for each cow. The overall daily
grazing mean was 9*4 hr/d (633 observations). No significant breed type differences were found in
daily grazing hours. Breed type means were 9.2, 9.6, 9.2 and 9.3 hr/d for HH, AH, 1 SIH and 3S1H
cows, respectively. Daily grazing hours increased from 8.0 hr/d in period 1 to 10.0 hr/d in period 4. Of
the cow and calf traits used as covariates, only MP and calf age had any significant effects on time
spent grazing. The partial regression coefficients for MP and calf age were .05 hr/d/kg/d and -.02
hr/d/d, respectively (adjusted for BW). The increase in grazing time due to increased MP was mainly
between 2400-300 hr. The overall distance traveled mean was 4.7 km/d (82 observations) and followed
the same trend as time spent grazing. Two hr/d were spent grazing for every km of travel during the
four grazing periods. 1S1H cows traveled less (P<.05) than HH, AH and 3S1H cows. Breed type means
were 5.0, 4.8, 4.1 and 4.8 km/d for HH, AH, 1S1H and 321H cows, respectively. The overall
distribution mean was 103 ha/cow (47 observations). Breed type was not significant in explaining the
variation in distribution of grazing. Breed type means were 105, 115, 93 and 99 ha/cow for HH, AH, 1
SIH and 3S1H cows, respectively. For every kg increase in CW (adjusted for cow condition),
distribution of grazing increased by .5 ha (P<.05). Also, for every ha increase in distribution of grazing,
cows gained .3 kg in body weight (P<.01>). 
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ABSTRACT

I t  was th e  purpose o f  t h i s  s tud y  to  e v a lu a te  the  d if fe re n c e s  i n  
g ra z in g  b e h a v io r among s t r a ig h t  H e re fo rd  (HH), 50% Angus-50% H e re fo rd  
(AH), 50% S im m ental-50%  H e re fo rd  (1S1H) and 75% S im m ental-25%  H e re fo rd  
(3S1H) l a c t a t i n g  cow s. A t o t a l  o f  48 cow s w e re  d iv id e d  i n t o  tw o  
g ro u p s , each g ro u p  c o n ta in in g  s i x  cow s f ro m  each o f  th e  f o u r  b re e d  
ty p e s .  The s tu d y  c o n s is te d  o f  f o u r  I 0 -d  g r a z in g  p e r io d s  s t a r t i n g  on 
J u ly  22 and e nd in g  on August 30. Cow w e ig h t (BW), c a l f  w e ig h t (CW) and 
m i l k  p r o d u c t io n  (MP) e s t im a te s  w e re  ta k e n  p r i o r  to  p e r io d s  I and 4., 
Cow c o n d i t io n  was e s t im a te d  u s in g  th e  w e ig h t / h e ig h t  r a t i o  and th e  
a v e ra g e  c a l f  age was 105 d a y s  (ra n g e , 85 to  124 d a y s ) . Cows roam ed 
f r e e l y  i n  a 320 ha p a s tu re  w i t h  s lo p e s  ra n g in g  f ro m  5 to  40%. 
V ib ra c o rd e rs  and pedom eters w ere used to  e s t im a te  t im e  spen t g ra z in g  
and d is ta n c e  tra v e le d ,  r e s p e c t iv e ly .  D u rin g  p e r io d s  I ,  2 and 4, th e  48 
s tud y  cows w ere  lo c a te d  on a d a i ly  b a s is  between 600-900 h r  by th e  use 
o f  an a e r ia l  photo  map. From th e  re c o rd e d  lo c a t io n s ,  d is t r ib u t io n  o f 
g r a z in g  w as c a lc u la te d  f o r  each cow . The o v e r a l l  d a i l y  g r a z in g  mean 
was 9.4 h r /d  (633 o b s e rv a t io n s ) .  No s ig n i f ic a n t  breed type  d if fe re n c e s  
w ere  fou n d  i n  d a i ly  g ra z in g  h ou rs . Breed ty p e  means w ere  9.2 , 9.6, 9.2 
and 9 .3  h r / d  f o r  HE, AH, IS IH  and 3S1H cow s, r e s p e c t iv e ly .  D a i ly  
g r a z in g  h o u rs  in c re a s e d  fro m  8.0 h r / d  i n  p e r io d  I to  10.0 h r / d  i n  
p e r io d  4. Of th e  cow and c a l f  t r a i t s  used  as c o v a r ia t e s ,  o n ly  MP and 
c a l f  age had any s i g n i f i c a n t  e f f e c t s  on t im e  s p e n t g r a z in g .  The 
p a r t i a l  re g re s s io n  c o e f f ic ie n t s  f o r  MP and c a l f  age w ere  .05 h r /d /k g /d  
and - .0 2  h r / d / d ,  r e s p e c t iv e ly  ( a d ju s te d  f o r  BW). The in c r e a s e  i n  
g ra z in g  t im e  due to  in c re a s e d  MP was m a in ly  between 2400-300 h r. The 
o v e r a l l  d is ta n c e  t r a v e le d  mean was 4.7  k m /d  (82 o b s e r v a t io n s )  and 
f o l lo w e d  th e  same t r e n d  as t im e  s p e n t g r a z in g .  Two h r / d  w e re  s p e n t 
g ra z in g  f o r  eve ry  km o f  t r a v e l  d u r in g  th e  fo u r  g ra z in g  p e r io d s . IS IH  
cows t r a v e le d  le s s  (P<.05) tha n  HH, AH and 3S1H cows. B reed typ e  means 
w e re  5 .0 , 4 .8 , 4.1 and 4 .8  km /d  f o r  HH, AH, IS IH  and 3S1H cow s, 
r e s p e c t iv e ly .  The o v e r a l l  d i s t r i b u t i o n  mean was 103 h a /c o w  (47 
o b s e r v a t io n s ) .  B reed  ty p e  was n o t  s i g n i f i c a n t  i n  e x p la in in g  th e  
v a r ia t io n  i n  d is t r ib u t io n  o f  g ra z in g . B reed ty p e  means w ere  105, 115, 
93 and 99 h a /c o w  f o r  HH, AH, I SI H and 381H cow s, r e s p e c t iv e ly .  F o r 
eve ry  kg  in c re a s e  in  CW (a d ju s te d  f o r  cow c o n d it io n ) ,  d is t r ib u t io n  o f 
g r a z in g  in c r e a s e d  by .5 ha (PC.0 5 ) . A ls o ,  f o r  e v e ry  ha in c re a s e  i n  
d is t r ib u t io n  o f  g ra z in g , cows ga ined  .3 kg  in  body w e ig h t (PC.OI).
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INTRODUCTION

The ra n g e  a n im a l g ra z e s  o v e r  a v a r i e t y  o f  p la n t  c o m m u n it ie s .  

G ra z in g  on any p la n t  com m unity w i l l  o f te n  r e s u l t  i n  th e  s e le c t io n  o f  

c e r ta in  p re fe r re d  p la n t  sp e c ie s  and p la n t  p a r ts  (A rn o ld  and D u d z in s k i, 

197 8) .  T h is  s e le c t i v e  p ro c e s s  n o t  o n ly  a f f e c t s  th e  c o m p o s it io n  o f  

fo r a g e  consum ed b u t a ls o  th e  q u a n t i t y  and q u a l i t y  o f  th e  fo r a g e  

a v a i l a b le . t o  th e  a n im a l.  As a r e s u l t  o f  t h i s  s e le c t i v e  n a tu re ,  th e  

fre e - ro a m in g  a n im a l spends more t im e  e a t in g  and fo ra g in g  f o r  fo o d  th a n  

th e  c o n f in e d  a n im a l.  T h is  e x t r a  m u s c u la r  a c t i v i t y  can h ave  a 

c o n s id e ra b le  im p a c t upon the  a n im a l’ s m a in tenance  energy re q u ire m e n t 

(O s u ji,  1974). I t  has been e s tim a te d  t h a t  th e  g ra z in g  a n im a l re q u ire s  

40 to  70% more d ie ta r y  energy than  the  c o n fin e d  a n im a l (Graham, 1964; 

Young and C o r b e t t ,  I 972; H a v s ta d  and M a le c h e c k , I 9 8 2 ). O s u j i  (1974 ) 

suggested  th a t  th e  in c re a s e  i n  the  a n im a l's  m a in tenance  re q u ire m e n t i s  

p ro b a b ly  due to  th e  energy c o s ts  a s s o c ia te d  w ith  e a t in g , w a lk in g  and 

th e  w o rk  o f  d ig e s t io n  done by th e  g u t  i n  h a n d l in g  b u lk y  p a s tu re  

m a t e r i a l s .  C o n v e n t io n a l  e s t im a t e s  o f  th e  e n e rg y  r e q u ir e d  f o r  

m a in tenance  have been made w ith  a n im a ls  housed in d o o rs  i n  r e s p ir a t io n  

chambers. In  o rd e r to  meet th e  range a n im a l’ s m a in tenance  re q u ire m e n t, 

l i v e s t o c k  p ro d u c e rs  need to  a c c o u n t f o r  th e  added c o s ts  a s s o c ia te d  

w ith  th e  a n im a l's  a c t i v i t i e s  a t  p a s tu re .

The e n e rg y  c o s t  o f  e a t in g  has been e s t im a te d  to  be f ro m  0.26 to  , 

0 .83 k c a l / k g / h r  ( O s u j i ,  I 9 7 4 ). A rn o ld  and D u d z in s k i (.1978) re v ie w e d  

th e  l i t e r a t u r e  and r e p o r te d  g r a z in g  t im e s  ra n g in g  f ro m  5 t o  13 h r / d
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w i t h  th e  m a jo r i t y  o f  e s t im a te s  b e in g  b e tw e e n  9 t o  10 h r / d .  . The 

e n e r g e t ic  c o s t  o f  t r a v e l  on l e v e l  t e r r a i n  has been e s t im a te d  to  be 

f ro m  0 .45  t o  0 .7  8 k c a l / k g / k m  ( B la x t e r ,  1962; G raham , 1 964; O su j i ,  

1974) w i t h  the  c o s t o f  a scen t b e ing  te n  t im e s  as c o s t ly  (C la p p e rto n , 

I 9 6 4 ). C a t t le  have  been e s t im a te d  to  t r a v e l  d is ta n c e s  up t o  14 km /d  

(H e rb e l and N e ls o n , I 966).

• U n d e r e x t e n s iv e  ra n g e  c o n d i t i o n s ,  th e  in c r e a s e  i n  e n e rg y  

e x p e n d itu re  cou ld  be even g r e a te r .  R a n g e la n d s  o f t e n  e x h i b i t  co m p le x  

c o m b in a t io n s  o f  v e g e t a t i v e  c o m m u n it ie s ,  to p o g ra p h y  and w a te r  

d is t r ib u t io n .  U n ifo rm  d is t r ib u t io n  o f  g ra z in g  i s  d i f f i c u l t  to  a ch ieve  

and la rg e  a reas o f  th e  range go ungrazed w h i le  o th e r a reas  a re  severI y  

ove rg razed . A n im a ls  may be fo rc e d  to  t r a v e l  lo n g  d is ta n c e s , p o s s ib ly  

o v e r  ro u g h  t e r r a i n ,  i n  s e a rc h  o f  fo o d  and w a te r .  Uneven use o f  

ra n g e la n d  can be d e t r im e n ta l to  b o th  fo ra g e  and a n im a l p r o d u c t iv i t y  

(A rn o ld  and D u d z in s k i, I 9 7 8 ).

To m ore  f u l l y  e x p l o i t  a n im a l p r o d u c t io n  on ra n g e la n d s ,  a m ore  

c o m p le te  u n d e rs ta n d in g  o f  th e  a n im a l 's  fe e d in g  a c t i v i t i e s  i s  

e s s e n t ia l .  The m a jo r  e m p h a s is  o f  t h i s  s tu d y  was t o  e v a lu a te  th e  

g ra z in g  b e h a v io r o f  fo u r  g e n o ty p ic a l ly  d i f f e r e n t  typ e s  o f  bee f c a t t le  

( s t r a i g h t  H e re fo r d ,  50% A n g u s -50% H e re fo r d ,  50% S im m e n ta l-5 0 %  

H e re fo rd , 75% S im m ental-25%  H e re fo rd ) g ra z in g  ra n ge la nd . Past re se a rch  

has shown these  fo u r  b reed  ty p e s  to  be d i f f e r e n t  i n  fo ra g e  consum ption  

( K ro n b e rg  e t  a l . ,  1983 ; W agner e t  a l . ,  1985 ), m i l k  p r o d u c t io n  

( C a s e b o lt  e t  a l . ,  I 9 8 4 ), dam p e r fo rm a n c e  and o v e r a l l  p r o d u c t i v i t y  

(K re s s  e t  a l .  1984b) and c a l f  p e r fo rm a n c e  (K re s s  e t  a l . ,  1984b; K re s s  

e t  a l . ,  1 9 8 5 ). The s p e c i f i c  o b je c t iv e s  w e re  to  q u a n t i f y  th e  m a jo r

/
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f r e e - r o a m in g  d iu r n a l  a c t i v i t i e s  ( d is ta n c e  t r a v e le d  and t im e  s p e n t 

g r a z in g ) ,  c h a r a c te r iz e  d i s t r i b u t i o n  o f  g r a z in g  and e s t im a te  th e  

r e la t io n s h ip  between a n im a l g ra z in g  b e h a v io r and a n im a l p ro d u c tio n .



/

4

LITERATURE REVIEW

G ra z in g  i s  the  a c t  o f  fo ra g in g  f o r  fo o d  and the  p rocess in v o lv e s  

s ta n d in g , e a t in g  and both  h o r iz o n ta l and v e r t i c a l  movement. B ehav io r 

can be d e f in e d  as th e  re s p o n s e  o f  an a n im a l to  i t s  e n v iro n m e n t.  

G ra z in g  b e h a v io r  i s  c o n c e rn e d  w i t h  how th e  p ro c e s s  o f  g r a z in g  i s  

a f fe c te d  by the  e nv ironm en t i n  w h ich  th e  an im a l f in d s  i t s e l f .

The fo c u s  o f  t h i s  l i t e r a t u r e  r e v ie w  i s  on th e  e n e r g e t ic  c o s t  o f  

the  g ra z in g  p rocess to  th e  a n im a l and those  a n im a l and e n v iro n m e n ta l 

f a c to r s  t h a t  in f lu e n c e  th e  degree o f  energy b e ing  expended.

Energy R egu ired  F or Main te n a n c e

The energy re q u ire d  f o r  m a in tenance  (NEm) can be d e fin e d  as th a t  

am oun t o f  fe e d  e n e rg y  t h a t  w i l l  r e s u l t  i n  no lo s s  o r  g a in  i n  body 

e n e rg y  and i s  th e  am oun t o f  e n e rg y  e q u iv a le n t  t o  th e  f a s t i n g  h e a t  

p r o d u c t io n  (N.RC, 1984 ). The h e a t p ro d u c e d  u n d e r f a s t i n g  c o n d i t io n s  

i s  p ro p o r t io n a l to  th e  a n im a l's  m e ta b o lic  r a te  w h ich  in c re a s e s  w ith  

in c re a s in g  body s iz e . K le ib e r  (1965) e s tim a te d  th a t  body s iz e  was m ost 

a c c u ra te ly  expressed as body w e ig h t ra is e d  to  th e  .75 power. B la x te r  

( 1962) re v ie w e d  th e  l i t e r a t u r e  on m e ta b o lic  ra te  and fou n d  th a t  a d u lt  

c a t t l e  h ave  on th e  a v e ra g e  a m e ta b o l ic  r a t e  o f  81 k c a l / k g  BW’ ^S . 

C u r r e n t ly ,  th e  N a t io n a l  R e se a rch  C o u n c il  (NRC,' 1984) i s  u s in g  77 

k c a l / k g  BW*75 as th e  m e ta b o l ic  r a t e  f o r  c a t t l e  as e s ta b l is h e d  by 

L o fg re e n  and G a r r e t t  (1 9 6 8 ).

The m a in te n a n c e  re q u ir e m e n t  i s  m o s t a p p l ic a b le  f o r  a n im a ls  i n
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n o n s t re s s fu l e n v iro n m e n ts  w ith  m in im a l a c t i v i t y .  For th e  f r e e —roam ing  

a n im a l, th e  m a in tenance  re q u ire m e n t in c lu d e s  the  added energy co s ts  

a s s o c ia te d  w ith  e a t in g , w a lk in g , w ork o f  d ig e s t io n  (O s u ji,  1974) and 

th e r m o r e g u la t io n .  H a v s ta d  and M a le c h e k  (1 9 82 ) r e p o r te d  an e n e rg y  

e x p e n d i tu r e  o f  16 I k c a l / k g  B W *75/day f o r  f r e e - r a n g in g  h e i f e r s .  T h is  

was 46% g re a te r  tha n  th e  110 k c a l/k g  BW75Zday e s tim a te d  f o r  s t a l l - f e d  

h e i fe r s .  For g ra z in g  sheep, in c re a s e s  i n  energy e x p e n d itu re  o f  30% to  

70% have been, re p o r te d  (Young and C o r b e t t ,  1972; O s u j i ,  1974).

The energy co s t o f  m e re ly  s ta n d in g  has been e s tim a te d  to  be fro m  

0.06 to  0 .38  k c a l / k g / h r  ( O s u j i ,  19 7 4 ). W e b s te r and V a lk s  (1 966) 

e s tim a te d  a 12% in c re a s e  i n  energy e x p e n d itu re  o f  s ta n d in g  o ve r ly in g .  

Depending on th e  type  o f  d ie t  and th e  m easuring  te c h n iq u e s  used, th e  

e n e r g e t ic  c o s t  o f  e a t in g  h as  been e s t im a te d  to  be f ro m  0.26 to  0.83 

k c a l / k g / h r  ( O s u j i ,  1974 ). Graham (1 964) r e p o r te d  a v a lu e  o f  0.54 

k c a l / k g / h r  f o r  sheep c o n s u m in g  a ro u g h a g e  d ie t  and th e  c o s t  was th e  

same w h e th e r th e  m eal was c u t  o r u ncu t. T h is  assumes th a t  th e re  i s  no 

e n e r g e t ic  c o s t  t o  h a r v e s t in g  th e  fo r a g e ,  h o w e ve r Young (1966 ) 

conc luded  th a t  the  changes i n  energy e x p e n d itu re  d u r in g  e a t in g  were 

due t o  p re h e n s io n  and m a s t ic a t io n .  H o lm es (1978 ) o b s e rv e d  s i m i l i a r  

v a lu e s  w ith  c a t t le  consum ing c u t p a s tu re  b u t observed a mean v a lu e  o f  

0.67 k c a l / k g /h r  f o r  c a t t le  g ra z in g  on s ta n d in g  crop . The l a t t e r  v a lu e  

in c lu d e s  h o r i z o n t a l  m ovem ent and p ro b a b ly  i s  a m ore  a c c u ra te  

m e a su re m e n t o f  th e  e n e rg y  c o s t  o f  g r a z in g .  The e n e r g e t ic  c o s t  o f  

t r a v e l  on le v e l  t e r r a in  has been e s tim a te d  to  be betw een 0.45 and 0.78 

k c a l/k g /k m  (B la x te r ,  1962; G raham ,- 1964; O s u ji,  1974; R ib e iro ,  1977). 

C la p p e r to n  (1 9 64 ) fo u n d  th e  e n e rg y  c o s t  o f  h o r i z o n t a l  m ovem ent

i
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in c re a s e d  w ith  speed and th e  c o s t o f  ascen t was te n  t im e s  as c o s t ly  as 

th a t  on le v e l  t e r r a in .

The p ro c e s s  o f  g r a z in g  can be e x t r e m e ly  c o s t l y  i f  th e  a n im a l 

sp en d s  an a p p r e c ia b le  am oun t o f  t im e  on th e  a c t i v i t y ,  e s p e c ia l ly  i f  

th e  a n im a l t r a v e l s  la r g e  d is ta n c e s  i n  th e  p ro c e s s . The s i t u a t i o n  

becomes even w orse  when a n im a ls  g raze on s teep  s lo p e s  and t r a v e l  lo n g  

d is ta n c e s  w hen n o t  g r a z in g .  Such c o n d i t io n s  a re  t y p i c a l l y  fo u n d  on 

many m o u n ta in  ra n ge la nd s  and, as a r e s u l t ,  th e  m a in tenance  re q u ire m e n t 

o f  th e  an im a l g ra z in g  ra n g e la n d  c o u ld  be e x tre m e ly  h ig h .

Forage Q u a n t ity  and Qu a l i t y

Two o f  th e  m o s t im p o r t a n t  e n v iro n m e n ta l f a c t o r s  in f lu e n c in g  

a n im a l g r a z in g  b e h a v io r  a re  fo r a g e  q u a n t i t y  and q u a l i t y .  T he re  has 

been g e n e ra l a g re e m e n t t h a t  c a t t l e  p r e fe r  some p la n t  s p e c ie s  o v e r  

o th e r s  and s e le c t  l e a f  i n  p re fe re n c e  to  s tem  and g re e n  m a t e r ia l  i n  

p re fe re n c e  to  d ry  m a te r ia l.  The m a te r ia l  s e le c te d , compared w ith  th e  

m a t e r ia l  f r o m  w h ic h  i t  was s e le c te d ,  i s  u s u a l ly  h ig h e r  i n  n i t r o g e n ,  

phosphate and g ro ss  energy (A rn o ld , 1964). T h is  s e le c t iv e  n a tu re  n o t 

o n ly  a f f e c t s  th e  c o m p o s it io n  o f  th e  fo r a g e  consum ed b u t  a ls o  h as  a 

d i r e c t  in f lu e n c e  upon th e  q u a n t i ty  and q u a l i t y  o f  th e  fo ra g e  a v a i la b le  

to  the  a n im a l.

The q u a n t i ty  o f  fo ra g e  consumed ( in ta k e )  i s  p ro p o r t io n a l to  th e  

am oun t o f  t im e  s p e n t g r a z in g ,  th e  b i t i n g  r a t e  and; th e  b i t e  s iz e .  The 

in t e r r e la t io n s h ip s  between these  v a r ia b le s  w i l l  v a ry  w ith  th e  p h y s ic a l 

s t r u c tu re  o f  th e  fo ra g e  (b u lk , d e n s ity ,  h e ig h t)  (A rn o ld  and D u d z in s k i,

1 978) and w i t h  th e  q u a l i t y  o f  th e  fo r a g e  (g re e n  v s . d r y ,  l e a f  v s . 

s tem ). T h e re  i s  no s e t  p a t t e r n  o f  a d ju s tm e n t  t o  m e e t a p a r t i c u l a r
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in t a k e  l e v e l  u n d e r d i f f e r e n t  fo r a g e  c o n d i t io n s .  I n  g e n e r a l , as th e  

fo ra g e  q u a n t i ty  and q u a l i t y  decreases, the  a n im a l decreases the  s iz e  

o f  b i t e  and in c r e a s e s  th e  b i t i n g  r a t e  (C hacon and S tobbs., 1 976; 

H e n d r ic k s e n  and M in s o n , 19 8 0 ). The s iz e  o f  b i t e  ta k e n  d e c re a s e s  as 

q u a n t i ty  o f  le a f  (Chacon and S tobbs, 1976), fo ra g e  h e ig h t  (A lld e n  and 

W h i t t a k e r ,  1970) and fo r a g e  d e n s i t y  (A rn o ld  and D u d z in s k i ,  1978) 

decreases. Stobbs (1973) s ta te d  th a t  a h ig h  fo ra g e  d e n s ity ,  a low  stem 

c o n te n t  and a h ig h  l e a f / h e i g h t  r a t i o  w e re  th e  m a jo r  f a c t o r s  

in f lu e n c in g  b i t e  s iz e  o f  c a t t le  on t r o p ic a l  p a s tu re s . The b i t in g  r a te  

in c r e a s e s  as fo r a g e  h e ig h t  and a v a i l a b i l i t y  ( A l ld e n  and W h it t a k e r ,

1 970; S c a rn e c c h ia  e t  a l .  1 985) and q u a n t i t y  o f  l e a f  (C hacon and 

S to b b s , ' 1 976) d e c re a s e s . U n i f o r m i t y  o f  v e g e ta t io n  c o u ld  a ls o  have  a 

in f lu e n c e  on b i t i n g  r a t e .  S c a rn e c c h ia  e t  a l .  (1985 ) o b s e rv e d  h ig h e r  

b i t i n g  r a t e s  on p a s tu re s  w i t h  u n i fo r m  fo r a g e  d i s t r i b u t i o n  th a n  on 

p a s tu r e s  w i t h  p a tc h y  fo r a g e  d i s t r i b u t i o n .  They c o n c lu d e d  t h a t  lo w  

b i t i n g  ra te s  were a s s o c ia te d  w ith  an in c re a s e  in  t im e  spent s e a rch in g  

betw een b ite s .

The p ro d u c t o f  b i t e  s iz e  and b i t i n g  r a te  i s  in ta k e  r a te  (g /m in ) . 

As th e  amount o f  fo ra g e  p re sen t b e g in s  to  d e c lin e  th e  a n im a ls  in ta k e  

r a t e  i s  a t  f i r s t  u n a f fe c te d ;  th e n  a s ta g e  i s  re a c h e d  when fo ra g e  

a v a i l a b i l i t y  a p p a re n t ly  im poses l im i t a t i o n s  on th e  ra te  a t  w h ich  th e  

a n im a l can in g e s t  i t s  fe e d  and in t a k e  r a t e  d e c l in e s  (A rn o ld  and 

D u d z in s k i ,  1978 ). A l ld e n  and W h i t t a k e r  (1970 ) fo u n d  t h a t  sheep on 

p a s tu re s  c o n ta in in g  a m ix tu re  o f  ry e g ra s s , brom egrass and s u b te rra e a n  

c lo v e r  were a b le  to  m a in ta in  a c o n s ta n t r a te  o f  in ta k e  when th e  fo ra g e  

h e ig h t  was between 36.7 and 7.7 cm, b u t when fo ra g e  h e ig h t  f e l l  below
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7.7 cm th e  a n im a ls  w ere  unab le  to  com pensate f o r  reduced s iz e  o f  b i t e  

by in c r e a s in g  b i t i n g  r a t e .

I f  in ta k e  le v e ls  a re  to  be m a in ta in e d , th e  a n im a l has to  in c re a s e  

th e  am oun t o f  t im e  s p e n t g r a z in g  to  co m p e n sa te  f o r  th e  d e c re a s e  i n  

in t a k e  r a t e .  H a v s ta d  e t  a l .  (1983 ) fo u n d  t h a t  on c r e s te d  w h e a tg ra s s  

p a s tu re s , Angus h e i fe r s  were a b le  to  m a in ta in  in ta k e  le v e ls  when the  

amount o f  a v a i la b le  fo ra g e  decreased fro m  920 to  140 kg  DM/ha. On th e  

same ty p e  o f  p a s tu re ,  S c a rn e c c h ia  e t  a l .  (1 9 85 ) fo u n d  t h a t  as fo r a g e  

a v a i l a b i l i t y  d e c re a s e d  f ro m  919 to  144 k g  D M /ha , g r a z in g  t im e  

in c re a s e d  fro m  6.3 to  10.9 h r /d a y  and b i t i n g  r a te  in c re a s e d  fro m  37 to  

50 b i t e s / m in .  D u r in g  t h i s  same s tu d y ,  N a s t is  (1979 ) o b s e rv e d  no 

d i f f e r e n c e  i n  in t a k e  as fo r a g e  a v a i l a b i l i t y  d e c re a s e d . On h ig h e r  

y i e l d i n g  p a s tu re s ,  A l ld e n  and W h it t a k e r  (1 9 7 0 ) fo u n d  t h a t  a t  fo ra g e  

a v a i l a b i l i t i e s  g re a te r  th a n  3000 kg  DM/ha, bo th  g ra z in g  t im e  and ra te  

o f  in ta k e  o f  g reen  m a te r ia l  were r e la t i v e l y  c o n s ta n t. As th e  amount o f  

d ry  m a t t e r  f e l l  f r o m  3000 t o  500 k g  D M /ha , th e r e  w as a r e d u c t io n  i n  

th e  r a t e  o f  c o n s u m p tio n  f ro m  30 to  5 g /m in  and a in c r e a s e  i n  t im e  

spent g ra z in g  fro m  6.7 to  11.7 h r /d a y .

The l i m i t  to  w h ic h  th e  a n im a l can co m p en sa te  f o r  d e c re a s in g  

fo r a g e  a v a i l a b i l i t y  can depend upon th e  c o n d i t io n  o f  th e  a n im a l.  

A rn o ld  and D u d z in s k i (1 9 78 ) re v ie w e d  th e  l i t e r a t u r e  and r e p o r te d  

g ra z in g  t im e s  f o r  c a t t le  ra n g in g  fro m  5 to  13 h r /d  w i t h  th e  m a jo r i t y  

f a l l i n g  b e tw e e n  9 to  10 h r / d .  S to b b s  (1975 ) r e p o r te d  t h a t  f a t ig u e  

l i m i t s  the  amount o f t im e  th a t  can be spent g ra z in g  to  abo u t 12 h r/d a y  

and th e  num ber o f  b i t e s  r a r e l y  e xceeds  3 6 ,0 0 0 /d a y .  A n im a ls  i n  p o o r 

c o n d i t io n  may n o t  be a b le  to  g ra z e  as  lo n g  as th o s e  i n  b e t t e r  shape
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and as a r e s u l t  be fo r c e d  t o  in c r e a s e  t h e i r  in t a k e  r a t e .  A rn o ld  and 

B i r r e l l  ( I 977) fo u n d  when fo r a g e  a v a i l a b i l i t y  w as lo w ,  t h i n  sheep 

consumed a g re a te r  amount o f  fo ra g e  i n  th e  same amount o f  t im e  as f a t  

sheep by e a t in g  25% f a s t e r .

S in c e  in t a k e  i s  l i m i t e d  by b o th  fo ra g e  d i g e s t i b i l i t y  and 

a v a i l a b i l i t y  (A rn o ld , 1964), th e  maximum le v e l  o f  com pensation  can be 

l im i t e d  by g u t f i l l .  S ca rne cch ia  e t  a l .  (1985) no te d  t h a t  when fo ra g e  

a v a i l a b i l i t y  was a t  i t s  lo w e s t,  g ra z in g  t im e  was o n ly  . 9.4% le s s  tha n  

th e  p ro po se d , m ax im un  in d ic a t e d  by S to b b s  and fo r a g e  d i g e s t i b i l i t y  

(35.3% IVOMD) was p ro b a b ily  l i m i t i n g  in ta k e  and th u s  g ra z in g  t im e .

The t im e  o f day g ra z in g  ta k e s  p la ce  i s  a ls o  in f lu e n c e d  by fo ra g e  

re s o u r c e .  A rn o ld  (1 9 62 ) fo u n d  as fo r a g e  a v a i l a b i l i t y  d e c re a s e d , th e  

number o f  g ra z in g  p e r io d s  decreased fro m  seven to  fo u r  per day and th e  

average le n g th  o f a g ra z in g  p e r io d  in c re a s e d  fro m  I to  2 .5  h r .

Forage q u a n t i ty  and q u a l i t y  a ls o  has a m a jo r a f f e c t  on d is ta n c e  

t r a v e le d .  The im p o r ta n c e  o f  fo r a g e  q u a l i t y  and p a s tu re  s iz e  on 

d is ta n c e  t r a v e le d  was i l l u s t r a t e d  by Anderson and Kothmann (1980) who 

fo u n d  t h a t  c a t t l e  w i l l  t r a v e l  g r e a te r  d is ta n c e s  u n d e r a c o n t in u o u s  

g r a z in g  s y s te m  th a n  u n d e r a ■h ig h - in t e n s i t y - lo w - f r e q u e n c y  (H IL F ) 

g ra z in g  system . H e ife rs  under th e  H ILF system  t ra v e le d  1.5 km /d le s s  

th a n  h e i fe r s  under th e  c o n tin u o u s  system . Crude p ro te in  and d ig e s t ib le  

e n e rg y  w e re  common in d e p e n d e n t v a r ia b le s  t h a t  w e re  s i g n i f i c a n t  i n  

e x p la in in g  th e  v a r ia t io n  i n  a n im a l t r a v e l  under bo th  g ra z in g  system s. 

W a lke r e t  a l .  ( 1985) fou n d  d i f f e r e n t  r e s u l t s  w i th  m ature  cows under a 

s h o r t  d u ra t io n  g ra z in g  system  v e rs e s  a co n tin u o u s  g ra z in g  system . Cows 

on th e  s h o r t  d u r a t io n  g r a z in g  s ys te m  te n d e d  to  w a lk  f u r t h e r  th a n
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cow s on a c o n t in u o u s  g r a z in g  s y s te m . Q u inn  and H e rve y  (1 9 70 ) 

c o n t r o l le d  fo ra g e  q u a n t i ty  by u s in g  d i f f e r e n t  s to c k in g  ra te s  and found  

t h a t  y e a r l i n g  s t e e r s  t r a v e le d  s i g n i f i c a n t l y  le s s  on l i g h t l y  s tocke d  

p a s tu re s  tha n  s te e rs  on m oderate and heavy s tocked  p a s tu re s . Over a 15 

h r  o b s e r v a t io n  p e r io d ,  s te e r s  a v e ra g e d  2.4 km i n  p a s tu re s  g ra z e d  

l i g h t l y  and 3 .2  km i n  p a s tu re s  g ra z e d  m o d e ra te  and h e a v y . They n o te d  

th a t  a lth o u g h  th e  d is ta n c e  t ra v e le d  betw een m odera te  and heavy s tocked  

p a s tu re s  was n o t d i f f e r e n t ,  an e n t i r e ly  d i f f e r e n t  manner o f t r a v e l  was 

observed  between th e  tw o  in t e n s i t ie s .  The h ig h  amount o f  t r a v e l  on th e  

■m oderate ly s tocke d  p a s tu re  was due to  a f a i l u r e  to  g raze  w h i le  m oving 

to  w a te r  o r  f ro m  one a re a  to  a n o th e r ,  w h e re a s  m ovem ent on th e  h e a vy  

s tocke d  p a s tu re  was m o s tly  w h ile  g ra z in g . Thus, the  d is ta n c e  an a n im a l 

t r a v e l s  can be a c o m b in a t io n  o f  m ovem ent w h i le  g r a z in g ,  m ovem ent 

b e tw e e n  g r a z in g  a re a s  o r  m ovem ent b e tw e e n  w a te r  and g r a z in g  a re a s .  

When w a te r  i s  n o t  r e a d i l y  a v a i la b le ,  t r a v e l  to  and fro m  w a te r  can 

a c c o u n t f o r  m o s t o f  th e  d is ta n c e  t r a v e le d  (A rn o ld  and D u d z in s k i , .  

1978 ).

C lim a te  In f lu e n c e s

A n o th e r  im p o r t a n t  e n v iro n m e n ta l f a c t o r  i n f lu e n c in g  g r a z in g  

b e h a v io r  i s  th e  w e a th e r. The t im e  o f  day th a t  g ra z in g  ta k e s  p la ce  and 

th e  t o t a l  d a i ly  g ra z in g  t im e  i s  a f fe c te d  m o s tly  by v e ry  c o ld  and v e ry  

h o t  and h u m id  c o n d i t io n s .  H ancock (1 9 54 ) o b s e rv e d  no c o r r e la t i o n  

between te m p e ra tu re  and g ra z in g  t im e  when te m p e ra tu re s  ranged fro m  10 

to  27 C. D w yer (1 9 61 ) fo u n d  t h a t  when th e  a ve ra g e  d a i l y  te m p e ra tu r e  

exceeded 30 C. f o r  th e  day, cows d id  n o t  spend as much t im e  g ra z in g  as 

when th e  average te m p e ra tu re  was lo w e r  th a n  30 C. M alechek and S m ith
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( 1976) n o te d  t h a t  d u r in g  th e  w in t e r  m o n th s  cow s a l t e r e d  t h e i r  d a i l y  

b e h a v o r ia l r o u t in e s  i n  response  to  changes i n  th e  w e a th e r. Time spen t 

g r a z in g  was p o s i t i v e l y  c o r r e la t e d  ( 0 .65 ) w i t h  a i r  te m p e ra tu r e  

( te m p e r a tu re  ra n g e , -2 4  to  5 C) and b a r o m e t r ic  p re s s u re  (0 .5 6 ) ,  

D is ta n ce  t ra v e le d  was n e g a t iv e ly  c o r re la te d  (-0 .90 ) w ith  w in d  v e lo c i t y  

( v e lo c i t y  ra n g e , .4 to  15 .5  k m /h r ) .  A nd e rso n  and K othm ann (1 9 80) 

r e p o r te d  t h a t  p r e c i p i t a t i o n ,  m a x im im  d iu r n a l  te m p e ra tu re  and vapo r 

p re s s u re  w e re  im p o r t a n t  i n  e x p la in in g  th e  v a r i a t i o n  i n  d is ta n c e  

t r a v e le d  u n d e r a h ig h - in t e n s i t y - lo w - f r e q u e n c y  (H ILF) g ra z in g  system . 

From J u ly  to  December, as th e  te m p e ra tu re  decreased fro m  35 to  -3  C., 

d is ta n c e  t r a v e le d  d e c re a s e d  fro m  5.5 to  2.6 k m /d  . I n  G re a t B r i t a i n ,  

R u t te r  ( 1968) observed  th a t  c a t t le  a re  more r e s t le s s ,  g raze  le s s  and 

co ve r m ore ground w h i le  g ra z in g  i n  c o ld , s to rm y  o r w in d y  w ea the r.

Anim a l Fea tu re s

M e a s u ra b le  changes i n  g r a z in g  b e h a v io r  have been a t t r ib u te d  to  ' 

genotype and p h y s io lo g ic a l s ta te  o f  th e  a n im a l. A n im a ls  w ith  h ig h e r  

in t a k e  le v e ls ,  as d e te rm in e d  by e n e rg y  dem and, s h o u ld  e x p re s s  a 

d i f f e r e n c e  i n  g r a z in g  b e h a v io r  when com pared  t o  a n im a ls  w i t h  lo w e r  

in t a k e  le v e l s  (A r n o ld ,  1 9 7 5 ). S t r i c k l i n  e t  a l .  (1 9 7 6 ) ,  u s in g  Angus 

and C h a ro la is  x  Angus la c t a t in g  cows, fou n d  th a t  th e  la r g e r  C h a ro la is  

x  Angus cow s s p e n t m ore  t im e  g r a z in g  i n  b o th  w in t e r  arid  sum m er th a n  

the  s m a lle r  Angus cows. D u rin g  th e  summer months,- Angus cows spen t 8.5 

h r /d  g ra z in g  w h i le  th e  C h a ro la is  x  Angus cows spen t 9.0 h r /d  g ra z in g . 

Cow w e ig h t was n o t s ig n i f ic a n t  i n  e x p la in in g  th e  v a r ia t io n  in  d a i ly  o r  

d a y l ig h t  g ra z in g  h o u rs  bu t was s ig n i f ic a n t  i n  e x p la in in g  n ig h t  t im e  

g ra z in g  h ou rs . The p a r t i a l  c o r r e la t io n  c o e f f ic ie n t  between cow w e ig h t
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and n ig h t  g ra z in g  was - 0.20 , in d ic a t in g  t h a t  l i g h t e r  cows spen t m ore 

t im e  g r a z in g  a t  n ig h t  th a n  d id  h e a v ie r  cow s. O th e r r e s e a r c h e r s  h a ve  

a ls o  re p o r te d  a n o n s ig n if ic a n t  r e la t io n s h ip  between cow body w e ig h t 

and t o t a l  d a i ly  g ra z in g  hou rs  (Brum by, 1959; S tobbs, 1970).

The e f f e c t  o f  m i l k  p r o d u c t io n  on g r a z in g  t im e  h as  been 

docu m e n te d  by s e v e r a l r e s e a r c h e r s  (H a n c o c k ,  1 9 5 4 ; A r n o ld  a n d  

D u d z in s k i ,  1 967; S to b b s , I 9 7 0 ). When c o m p a r in g  l a c t a t i n g  J e rs e y  and 

F r ie s ia n  cow s, B ru n b y  (1 9 59 ) fo u n d  no d i f f e r e n c e s  i n  g r a z in g  t im e  

b e tw e e n  th e  tw o  b re e d s  when m i l k  p r o d u c t io n  w as h e ld  c o n s ta n t .  The 

F r ie s ia n  cows d id  have  a h ig h e r  fe e d  in t a k e  p e r kg., o f  m i l k  p ro d u c e d  

th a n  th e  Je rse y -, b u t  t h i s  d i f f e r e n c e  w as a t t r i b u t e d  t o  a l a r g e r  

m a in tenance  re q u ire m e n t. S tobbs (1970) n o te d  a tendency f o r  h ig h  m i lk  

p ro du ce rs  to  have th e  lo n g e s t p e r io d s  o f  n ig h t  t im e  g ra z in g . Because 

o f  th e  im p o rta n c e  o f  m i lk  p ro d u c tio n  on g ra z in g  t im e , the  d i f fe re n c e s  

i n  g r a z in g  t im e  n o te d  by S t r i c k l i n  e t  a l .  ( 1976) c o u ld  have  been due 

to  th e  l e v e l  o f  m i l k  p r o d u c t io n .

On a y e a r lo n g  b a s is  i n  New M exico , H e rbe l and N e lson (1966) found 

t h a t  H e re fo r d  cow s s p e n t m ore  t im e  g r a z in g ,  le s s  t im e  w a lk in g  and 

t r a v e le d  le s s  d is ta n c e  th a n  th e  S a n ta  G e r t r u d is  cow s. B reed  g ro u p  

means (H e re fo rd , Santa  G e r tru d is ,  r e s p e c t iv e ly )  w ere  10.3 and 8.9 h r /d  

f o r  t im e  s p e n t g r a z in g ;  1.6 and 2.9 h r / d  f o r  t im e  s p e n t w a lk in g ;  and 

7.8 and 12.5 km /d f o r  d is ta n c e  t ra v e le d .  H e re fo rd  cows spen t more t im e  

g ra z in g  a t  n ig h t  tha n  Santa G e r t ru d is  cows. Yeates and M urray (1966) 

have  show n t h a t  S a n ta  G e r t r u d is  c a t t l e  a re  s u p e r io r  t o  H e re fo rd s  i n  

w a lk in g  a b i l i t y .  S a n ta  G e r t r u d is  h e i f e r s  had s m a l le r  in c r e a s e s  i n  

r e c t a l  te m p e ra tu r e  and r e s p i r a t i o n  r a t e  th a n  d id  H e re fo r d  h e i f e r s
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u n d e r c o n d i t io n s  o f  fo r c e d  e x c e r c is e .  They s u g g e s te d  t h a t  th e  

s u p e r i o r i t y  o f  th e  S a n ta  G e r t r u d is  may be p a r t l y  due. t o  h ig h e r  h e a t  

to le ra n c e  d u r in g  e x e rc is e .

T h e re  seem s to  be no r e l a t i o n s h ip  b e tw e e n  in t a k e  and g r a z in g  

t im e  (S tobbs , 1970; H en d ricksen  and M inson , 1980). Kropp e t  a l .  (1973) 

no ted  t h i s  r e la t io n s h ip  when in v e s t ig a t in g  th e  d if fe re n c e s  i n  g ra z in g  

t im e  b e tw e e n  H e re fo r d ,  H o ls t e in  and H e re fo rd  x H o ls t e in  y e a r l in g  

h e i fe r s .  No d if fe re n c e s  w ere  found  between th e  th re e  b reed  groups and 

th e  b re e d  g ro u p  w i t h  th e  h ig h e s t  g r a z in g  t im e  g a in e d  th e  le a s t  

w e ig h t.  Brumby (1959) showed t h a t  g ra z in g  t im e  re q u ire d  p e r u n i t  o f  

in t a k e  was g r e a te r  f o r  J e rs e y  cow s th a n  f o r  F r ie s ia n  cow s. S in c e  

g r a z in g  t im e  and in t a k e  r a t e  a re  b o th  m e a s u re m e n ts  o f  th e  e f f o r t  o f  

g ra z in g , the  d if fe re n c e  between a n im a ls  w ith  d i f f e r e n t  in ta k e  le v e ls  

c o u ld  p o s s i b l y  l i e  i n  t h e  a r e a  o f  i n t a k e  r a t e .  I t  h a s  b e e n  

d e m o n s tra te d  t h a t  s t r u c t u r a l l y  l a r g e r  a n im a ls  have  a la r g e r  rum en  

v o lu m e  th a n  s m a l le r  a n im a ls  ( N u t t  e t  a l . ,  1980) and sheep  w i t h  a 

la r g e r  rum en  v o lu m e s  te n d  to  consum e fo o d  f a s t e r  th a n  sheep w i t h  

s m a lle r  rumen vo lum es (P u rse r and M o ir ,  1966; W arner and S tacy , 1968). 

A lso , t h in  sheep have been shown to  e a t f a s te r  than  f a t  sheep (A rn o ld  

and B i r r e l l ,  1 9 7 7 ). A rn o ld  (1975 ) d e m o n s tra te d  t h a t  p re g n a n t and 

la c t a t in g  sheep a c h ie v e  h ig h e r  in ta k e  le v e ls  than  d ry  sheep p r im a r i ly  

by in c re a s in g  t h e i r  in ta k e  r a te  and o n ly  on abundant p a s tu re  do the y  

g ra ze  lo n g e r .  W hether t h i s  r e la t io n s h ip  h o ld s  t ru e  f o r  c a t t le  i s  n o t  

known.

£ h y s ic a l Environm e n t

R a n g e la n d s  o f t e n  e x h i b i t  c o m p le x  c o m b in a t io n s  o f  v e g e ta t iv e
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com m u n it ie s ,  topography and w a te r  d is t r ib u t io n .  Even d is t r ib u t io n  o f  

g ra z in g  i s  o fte n  d i f f i c u l t  to  a ch ie ve  and la rg e  a re a s  o f  th e  range may 

go u n g ra z e d  w h i le  o th e r  a re a s  a re  s e v e r e ly  o v e rg ra z e d . As a r e s u l t ,  

th e  t o t a l  a v a i la b le  fo ra g e  and th a t  fo ra g e  a v a i la b le  to  th e  a n im a l may 

d i f f e r .  Because o f  th e  im p o r ta n c e  o f  fo r a g e  q u a n t i t y .a n d  q u a l i t y  on 

g ra z in g  t im e  and d is ta n c e  t r a v e le d ,  d i s t r i b u t i o n  o f  g r a z in g  becom es 

an im p o r ta n t a spe c t o f  g ra z in g  b e h a v io r .

Due to  the  g ra z in g  a n im a l's  s e le c t iv e  n a tu re , th e  type  o f p la n t  

co m m u n itie s  and p la n t  sp e c ie s  p re s e n t can have a m a jo r in f lu e n c e  on 

th e  d e g re e  o f  use o f  any g iv e n  a re a .  C a t t le  e x h i b i t  a m a rked  

p re fe re n c e  f o r  some p la n t  co m m u n itie s  w h i le  a v o id in g  o th e rs  ( Roath and 

K ruege r, 1982). P re fe re n ce  i s  m a in ly  f o r  g rasses b u t as g rasses  m ature  

th e y  can be re p la c e d  by fo rb e s and browse (Cook and H a r r is ,  1968). In  

g e n e ra l, c a t t le  p re fe r  to  g raze  those  a re a s  i n  w h ich  the  p ro p o r t io n  o f  

p a la ta b le  and p re fe re d  sp e c ie s  i s  g re a te s t  ( M i l l e r  and K rueger, 1976).

The p h y s ic a l  s t r u c t u r e  o f  th e  p a s tu re  can a ls o  have  a m a jo r  

im p a c t on th e  d is t r ib u t io n  o f  g ra z in g . Cook (1966) found  t h a t  p e rce n t 

p a la ta b le  s p e c ie s  had  a p o s i t i v e  a f f e c t  on th e  d e g re e  o f  a re a  

u t i l i z a t i o n ,  b u t s e v e ra l o th e r  f a c to r s  appeared to  be more im p o r ta n t .  

S ix  o u t  o f  th e  e le v e n  m o s t im p o r t a n t  v a r ia b le s  w e re  c o n c e rn e d  w i t h  

p e rc e n t s lo p e . M u e g g le rd 965) found  th e re  to  be an in t e r a c t io n  between 

d is ta n c e  ups iope  and s lo p e  steepness. On a 10% s lo p e , where access was 

m a in ly  from  th e  b o tto m , 75% o f  c a t t le  use is ,  l i k e l y  to  be w i t h in  810 

y a rd s  o f  th e  f o o t  o f  th e  s lo p e .  On a 60% s lo p e ,  75% o f  use  i s  l i k e l y  

to  be w i t h in  35 ya rds  o f  th e  f o o t  o f  th e  s lope .

S in c e  w a te r  i s  e s s e n t ia l  f o r  l i f e ,  w a te r  a v a i l a b i l i t y  and
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d i s t r i b u t i o n  i s  e x p e c te d  t o  h a v e  a m a jo r  im p a c t  on g r a z in g  

d is t r ib u t io n .  W h ile  th e re  i s  c o n s id e ra b le  v a r ia t io n  among u t i l i z a t i o n  

v a lu e s  f o r  any g iv e n  d is ta n c e ,  t h e r e  i s  a c o n s is ta n t  t r e n d  o f  

decreased u t i l i z a t i o n  as the  d is ta n c e  fro m  w a te r  in c re a s e s  (V a le n t in e , 

19 ^ 7 ) .  G i l l e n  e t  a l .  (1 9 84 ) fo u n d  t h a t  on f o r e s t e d  m o u n ta in  ra n g e , 

c a t t le  p re fe r re d  a re a s  w i t h in  200 m o f  w a te r  and avo ided  a reas g re a te r  

th a n  600 m fro m  w a te r .  On s i m i l a r  ra n g e , R oa th  and K ru e g e r  (1982 ) 

re p o r te d  ze ro  u t i l i z a t i o n  a t  d is ta n c e s  around 1900 m fro m  w a te r .

O the r fa c to r s  t h a t  may in f lu e n c e  d is t r ib u t io n  o f  g ra z in g  in c lu d e  

a s p e c t  o f  s lo p e  (G o n z a le z , 1 96 4 ), s u r fa c e  ro c k  ( G i l l e n ,  1 98 3 ), 

d is ta n c e  f ro m  t r a i l s  and ro a d s  (R o a th  and K ru e g e r ,  19 8 2 ), s a l t  

l o c a t i o n  and b ru s h  th ic k n e s s  (C ook, I 96 6 ) and t r e e  c o v e r  and down 

t im b e r  (H e d r ic k  e t  a l .  1968).

B ecause o f  th e  c o m p le x  i n t e r a c t i o n s  b e tw e e n  th e  many f a c t o r s  

in f l u e n c in g  d i s t r i b u t i o n  o f  g r a z in g ,  no one f a c t o r  can be used as a 

r e l i a b l e  i n d i c a t o r  i n  p r e d ic t in g  th e  use' o f  any one a re a  ( G i l l e n ,  

1983). U s ing  21 in d ep e nd e n t v a r ia b le s ,  Cook (1966) co u ld  o n ly  accoun t 

f o r  betw een 50 to  60% o f  th e  v a r ia t io n  i n  th e  use o f  m oun ta in  s lo p e s . 

I t  appears th a t  p la n t  com m unity c h a r a c t e r i s t i c s ,  s lo p e  g r a d ie n t  and 

le n g th  and w a te r  d is t r ib u t io n  a re  th e  m a jo r d e te rm in a n ts  o f  c a t t le  

d is t r ib u t io n  on m o u n ta in  ranges ( G i l le n ,  1983). Developm ent o f  w a te r , 

f e n c in g  and s t r a t e g i c  lo c a t i o n s  f o r  m in e r a l  s u p p le m e n ts  a re  th e  

p rim a ry , m ethods d ire c te d  to w a rd s  a l le v ia t i n g  these  p rob lem s (Kothmann, 

1980) .

The e f f e c t  o f  th e  p h y s ic a l  e n v iro n m e n t on th e  ra n g e  a n im a l ’ s 

g r a z in g  b e h a v io r  h a s  m o s t ly  been c o n c e rn e d  w i t h  d is ta n c e  t r a v e le d .
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When fo ra g e  q u a n t i ty  and q u a l i t y  on p re fe r re d  g ra z in g  a re as  decreases, 

c a t t le  w i l l  t r a v e l  f a r t h e r  d is ta n c e s , p o s s ib ly  ove r rough  t e r r a in ,  to  

le s s  p r e fe r r e d  a re a s .  When w a te r  i s  n o t  r e a d ly  a v a i la b le ,  t r a v e l  to  

and fro m  w a te r  can a ccou n t f o r  m ost o f the  d is ta n c e  t ra v e le d  (A rn o ld  

and D u d z in s k i, 1978). S chm id t (1969), as c i te d  by A rn o ld  and D u d z in sk i 

(197 8) ,  fo u n d  t h a t  u n d e r th e s e  c o n d i t io n s  c a t t l e  may a l t e r  t h e i r  

f re q u e n c y  o f  d r in k in g  f ro m  one v i s i t  t o  w a te r  p e r  day to  once e v e ry  

o th e r  day. He a ls o  observed c a t t le  s p l i t t i n g  up in t o  g roups, those  who 

fo r a g e  c lo s e  t o  w a te r  ( n o n w a lk e rs )  and th o s e  who head fro m  w a te r  to  

d i s t a n t  fe e d in g  a re a s  ( w a lk e r s ) .  The o n ly  d is c e r n ib le  d i f f e r e n c e  

between th e  tw o  g roups was th e  p ro p o r t io n  o f  cows w ith o u t  ca lve s , t h i s  

b e in g  19% i n  th e  n o n w a lk e rs  and 39% i n  th e  w a lk e r s .  The w a lk e r s  

averaged 16 km /day w h ile  th e  n o n w a lke rs  averaged 9.6 km /day.

The im p o rta n c e  o f the  p h y s ic a l e n v iro n m e n t on t im e  spen t g ra z in g  

i s  n o t  w e l l  d o cu m e n te d . P e te rs o n  and W o o lfo lk  (1955 ) o b s e rv e d  lo w e r  

g r a z in g  t im e s  on a m o d e r a te ly  s to c k e d  p a s tu re  th a n  on a l i g h t l y  

s to cke d  p a s tu re . They conc luded th a t  i n  t h i s  case, th e  s h o r te r  g ra z in g  

t im e  on th e  m o d e r a te ly  s to c k e d  p a s tu re  r e s u l t e d  f ro m  m ore u n i fo rm  

to p o g ra p h y  and v e g e ta t io n  s u b ty p e s  th a n  on th e  l i g h t l y  s to c k e d

p a s tu re .
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MATERIALS AND METHODS

The s tud y  was conducted d u r in g  th e  summer o f  1984 in  th e  Bear Paw 

M o u n ta in s ,  32'km  s o u th e a s t  o f  H a v re , M on tana . The s tu d y  s i t e  had an 

average e le v a t io n  o f  1300 m w ith  an annua l p r e c ip i t a t io n  ra n g in g  fro m  

45.7  t o  50.8  cm. The p a s tu re  used  f o r  th e  s tu d y  ( f i g u r e  I )  was 

a p p r o x im a te ly  320 ha i n  s iz e  and th e  t e r r a i n  was ru g g e d  w i t h  s lo p e s  

ra n g in g  fro m  5 to  40%. A r e s e r v o ir  and c reek  were th e  o n ly  sources o f  

a v a i la b le  w a te r .  A d is ta n c e  o f  1.6 km s e p a ra te d  th e  tw o  w a te r in g  

a re a s .  The p a s tu re  i s  t r a d i t i o n a l l y  s to c k e d  w i t h  a p p r o x im a te ly  250 

l a c t a t i n g  cow s f ro m  J u ly  21 to  S e p te m b e r I f o r  a t o t a l  o f  325 AU M’ s. 

T h is  can be c o n s id e re d  a s t o c k in g  r a t e  o f  1.0 ha/AUM . The p a s tu re  i s  

dom ina ted  by rough fescu e  (F e s tuca  s c a b r e l la ) , Idaho fescu e  (F estuca  

i d ah o e n s is ) and b luebunch  w hea tg rass  ( Ag ro py ron  s p ic a tu m) w ith  an open 

p o n d e ro s a  p in e  ( P in u s  g o n d e rp s a ) o v e r s to r y .  K e n tu c k y  b lu e g ra s s  (Poa 

p ra te n s is ) dom ina ted  th e  lo w la n d  v e g e ta t io n .

A t o t a l  o f  48 cows w ere  d iv id e d  in t o  tw o  g roups w ith  each group 

c o n ta in in g  s i x  cow s f ro m  th e  f o l l o w in g  f o u r  b re e d  t y p e s ; s t r a i g h t  

H e re fo rd  (HH), 50% Angus-50% H e re fo rd  (AH), 50% Simmental-50%  H e re fo rd  

( I SI H) and 75% S im m e n ta l-2 5 %  H e re fo r d  (3-SI H). The cows used i n  t h i s  

s tu d y  w e re  b e tw e e n  5 and 8 y r  o f  age and s e le c te d  a t  random  ( w i t h i n  

b re e d  ty p e )  f ro m  th e  cow h e rd .  A l l  c o w s .w e re  l a c t a t i n g  and fro m  a 

common management background. C alves w ere  s ire d  by e i t h e r  C h a ro la is  o r 

T a r e n ta is e  b u l l s .  V ib r a c o r d e r s, as d e s c r ib e d  by S to b b s  (1 9 7 0 ), w e re  

used to  e s t im a te  th e  amount o f  t im e  spen t g ra z in g . Time spent g ra z in g
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was d e te rm in e d  by e s t im a t in g  g ra z in g  a c t i v i t y  to  th e  n e a re s t .25 h r. 

Both  d a i ly  g ra z in g  h o u rs  and the  t im e  o f  day g ra z in g  to o k  p la ce  were 

a n a ly z e d . To e s t im a te  th e  t im e  o f  day g r a z in g  o c c u re d , each d a y ’ s 

g r a z in g  t im e  was d iv id e d  i n t o  e ig h t  3- h r  t im e  p e r io d s  ( 2 400 - 0 300 , 

0 3 0 0 -0 6 0 0 , 0 6 0 0 -0 9 0 0 , 0 9 0 0 -1 2 0 0 , 1 2 0 0 -1 5 0 0 , 1 5 0 0 -1 8 0 0 , 1 8 0 0 -2 1 0 0 , 

2 100 -2400 ).

P e d o m e te rs , as d e s c r ib e d  by A n d e rso n  and K othm ann  (1 9 7 7 ), w e re  

used to  e s tim a te  d is ta n c e  t ra v e le d .  Due to  th e  v a r ia t io n  i n  th e  le n g th  

o f  s t r i d e  b e tw e e n  a n im a ls ,  a c a l i b r a t i o n  f a c t o r  w as c a lc u la te d  by 

d iv id in g  th e  t r a v e l  d is ta n c e  measured on the  pedom eter by the  a c tu a l 

d is ta n c e  w a lked . F iv e  cows (H e re fo rd ) w ere w a lked  a d is ta n c e  o f 1.6 km 

to  d e te rm in e  th e  c a l i b r a t i o n  f a c t o r .  D a i ly  d is ta n c e  t r a v e le d  was 

d e te rm in e d  by d i v i d i n g  th e  p e d o m e te r r e a d in g s  by th e  c a l i b r a t i o n  

f a c t o r  ( . 8) and th e n  a d ju s t in g  t h i s  d is ta n c e  to  a 2 4 - h r  b a s is .  Use o f  

th e  c a l i b r a t i o n  f a c t o r  a d ju s te d  f o r  d i f f e r e n c e s  i n  le n g th  o f  s t r i d e  

w i t h i n  b re e d  ty p e ,  b u t d id  n o t  a d ju s t  f o r  d i f f e r e n c e s  b e tw e e n  b re e d  

t y p e .  Due t o  t h e  p o s s ib le  v a r i a t i o n  i n  m e a s u re m e n ts  b e tw e e n  

p e d o m e te rs , a n im a ls  w ere , ra n d o m ly  a s s ig n e d  p e d o m e te rs  each t im e  

equipm ent changes were made.

The o b s e rv a t io n  d a te s  a re  shown i n  ta b le  I .  Equipm ent was ro ta te d  

b e tw e e n  th e  tw o  g ro u p s  o f  cows e v e ry  10 -d . The s tu d y  c o n s is te d  o f  

f o u r  10 -d  p e r io d s  s t a r t i n g  on J u ly  22 and e n d in g  on A u g u s t 3 0 . Cow 

w e ig h ts , c a l f  w e ig h ts  and m i lk  p ro d u c tio n  e s tim a te s  w ere taken  p r io r  

to  p e r io d s  I and 4 . A f t e r  a 7 h r .  s e p a r a t io n  t im e ,  cow and c a l f  

w e ig h ts  w ere ta ke n  and m i lk  p ro d u c tio n  was e s tim a te d  u s in g  th e  w e ig h - 

s u c k le -w e ig h  te ch n iq u e  (W il l ia m s  e t  a l . ,  1979a). M i lk  p ro d u c t io n  was
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T ab le  I . O bse rva tio n p e r io d s  and da tes

Group P e rio d Dates

2 I J u ly  22 -  J u ly  31*

T 2 Aug. I -  Aug. 10

2 3 Aug. 11 -  Aug. 20

I 4 % Ihi) 
I

< 
‘I

I

- I
cv 

1
. I

hO
 

I

5 I II
Cow w e ig h ts , c a l f  w e ig h ts  and m ilk  p ro d u c tio n  
e s tim a te s  were taken  p r io r  to  these  p e r io d s .

th e n  c o n v e r te d  t o  a 2 4 - h r  b a s is  by m u l t i p l y i n g  th e  e s t im a te  by 3 .4 . 

Cow m e ta b o l ic  body w e ig h t  (body  w e ig h t  was c a lc u la te d  b u t was 

fo u n d  t o  be h ig h ly  c o r r e la t e d  w i t h  body w e ig h t  ( . 99 ) and n o t  used i n  

any  a n a ly s e s .  Cow c o n d i t io n  was e x p re s s e d  as th e  w e ig h t  to  h e ig h t  

r a t i o  (W il l ia m s  e t  a l . ,  1979b; Dunn e t  a l . ,  1983) and th e  average c a l f  

age (s ta g e  o f  l a c t a t i o n )  w as I 05 d ( ra n g e  = 85 to  I 24 d) a t  th e  s t a r t  

o f  th e  e xp e rim e n t.

G ra z in g  d i s t r i b u t i o n  was m o n ito r e d  d u r in g  g ra z in g  p e r io d s  I ,  2 

and 4. The 48 s tud y  cows w ere  lo c a te d  on a d a i ly  b a s is  between 600 and 

900 h r .  P r e l im in a r y  a n a ly s is  r e v e le d  t h i s  t o  be m a jo r  p e r io d  o f  

g r a z in g  a c t i v i t y .  Each a n im a l 's  lo c a t i o n  was d e te rm in e d  b y ■and 

re c o rd e d  on g r id d e d  a e r i a l  p h o to  maps. A g r a z in g  r a d iu s  was 

c a lc u la t e d  f o r  each cow by f i n d i n g  th e  g e o g ra p h ic  c e n te r  o f  th e  

g ra z in g  lo c a t io n s  and th e n  c a lc u la t in g  th e  average d is ta n c e  fro m  th e  

g e o g ra p h ic  c e n te r to  each in d iv id u a l  o b s e rv a t io n  as o u t l in e d  by Hayne 

(1 9 49 ) and used  by G i l l e n  ( 1983) t o  e s t im a te  th e  home ra n g e  s iz e  o f  

f r e e - r a n g in g  b e e f cow s. The g r a z in g  r a d iu s  was th e n  s q u a re d  and



I

21

m u l t i p l i e d  by 3 .14 ( th e  a re a  o f  a c i r c l e )  to  e s t im a te  each a n im a l ’ s 

d is t r ib u t io n  o f  g ra z in g .

U s ing  c o m m e r ic a lly  a v a i la b le  s to c k  dye, a l l  cows w ere  marked w ith  

la rg e  num bers to  a id  i n  id e n t i f i c a t io n .  S m a ll p o r ta b le  c o r ra ls  w ere  

p la c e d  n e a r  w a te r  to  m in im iz e  a n im a l d is tu r b a n c e  when e q u ip m e n t 

changes  w e re  made. On days  when e q u ip m e n t changes w e re  made, d a i l y  

g ra z in g  and t im e  o f  day g ra z in g  d a ta  w ere  n o t used and a n im a l lo c a t io n  

was n o t re co rd e d . The p o s s ib le  number o f  o bse rve t io n s / c o w /p e r io d  f o r  

d a i ly  g ra z in g  h o u rs , t im e  o f  day g ra z in g  h o u rs  and d is ta n c e  t ra v e le d  

was e ig h t ,  e ig h t  and one, r e s p e c t iv e ly .  For d is t r ib u t io n  o f  g ra z in g , 

o n ly  one o b s e rv a tio n /c o w  was re co rd e d  o ve r th e  s tu d y  p e r io d .

S t a t i s t i c a l  A n a ly s is

D a ta  w e re  a n a ly z e d  by le a s t  s q u a re s  p rocedu res  and d if fe re n c e s  

betw een f a c t o r  le v e l  means w ere te s te d  u s in g  LSD methods (SAS, 1982).

A l l  n o n s ig n i f i c a n t  tw o -w a y  in t e r a c t io n s ,  as re v e a le d  by p re l im in a ry  

a n a ly s e s , w ere  removed to  a r r iv e  a t  th e  f i n a l  l in e a r  m odels.

A m ix e d  m o d e l was e m p lo y e d  f o r  a n a ly s is  o f  b o th  d a i l y  g r a z in g  

h o u rs  and t im e  o f  day g r a z in g .  The l i n e a r  m a th e m a t ic a l m ode l was as 

fo l lo w s :  j

Yi j k l m  = u + Bi  + Gj  + C( k ) i j  + P( 1 ) j  + D( m ) l j  + BPi l j  + ei j k l m , 

where I

Y i jk im  = an o b s e rv a t io n  ;

u = th e  o v e r a l l  mean, - I

Bi  = th e  f ix e d  e f f e c t  o f  th e  i t h  b reed  ty p e , ■ . i
!

Gj  = th e  f ix e d  e f f e c t  o f. th e  j t h  g roup , |
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C( k ) i j  = th e  random  e f f e c t  o f  th e  k th  cow w i t h i n  th e  i t h  b re e d  
w i t h in  th e  j t h  g roup,

P( l ) j  = f ix e d  e f f e c t  o f  th e  I t h  p e r io d  w i t h in  th e  j t h  group, 

D( m ) l j  = th e  f i x e d  e f f e c t  o f  th e  m th  day w i t h i n  th e  I t h  p e r io d  ' 

w i t h in  j t h  g roup,

BPi l j  = th e  i n t e r a c t i o n  b e tw e e n  th e  i t h  b re e d  ty p e  and th e  I t h  

p e r io d  w i t h in  th e  j t h  g roup , 

ei j k lm  = random e r r o r .

B reed ty p e  and group  w ere  te s te d  u s in g  th e  random e f fe c t  o f  cow(breed 

x  g ro u p )  and a l l  o th e r  e f f e c t s  w e re  te s te d  u s in g  th e  r e s id u a l .

F o r a n a ly s is  o f  d is ta n c e  t r a v e le d ,  a f i x e d  m o d e l was em p loye d  

u s in g  breed typ e , g roup , p e r io d (g ro u p ) , sex o f  c a l f  and s ir e  breed o f  

c a l f  as f i x e d  m a in  e f f e c t s .  Tw o-w ay i n t e r a c t i o n s  in c lu d e d  b re e d  by 

p e r io d  (g roup) and b re e d  by s i r e  b re e d  o f  c a l f .

The model used f o r  d is t r ib u t io n  o f  g ra z in g  in c lu d e d  breed ty p e , 

se x  o f  c a l f  and s i r e  b re e d  o f  c a l f  a s  f i x e d  m a in  e f f e c t s  and no tw o -  

way in t e r a c t i o n s  w e re  fo u n d  to  be s i g n i f i c a n t  (P X 1 0 ) . Because th e  

num be r o f  o b s e r v a t io n s  in f lu e n c e s  th e  s iz e  o f  th e  e s t im a te d  a re a  

( G i l l e n ,  1 9 8 3 ), th e  num ber o f  o b s e r v a t io n s  used t o  c a lc u la t e  

d i s t r i b u t i o n  o f  g r a z in g  was in c lu d e d  i n  th e  m ode l as a c o n t in u o u s  

in d ep e nd e n t v a r ia b le .

R e a liz in g  th a t  th e  mechanisms in v o lv e d  in  th e  c o n t ro l o f energy 

b a la n c e  a re  p o o r ly  u n d e rs to o d  ( B a i le  and F o rb e s , I 9 7 4 ), th e  p o in t  o f  

v ie w  ta k e n  d u r in g  t h i s  s tu d y  was t h a t  th e  b e h a v io r  o f  th e  g r a z in g  

a n im a l i s  a r e f l e c t i o n  o f  i t ’ s e n e rg y  re q u ir e m e n t .  As a r e s u l t " ,  cow 

w e ig h t,  cow m i lk  p ro d u c t io n  and cow c o n d it io n ,  a lo ng  w ith  c a l f  w e ig h t
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and c a l f  age, were used as c o v a r ia te s  whenever p o s s ib le  to  d e te rm in e  

t h e i r  e f f e c t  on d a i l y  g r a z in g  h o u rs ,  t im e  o f  day g r a z in g ,  d is ta n c e  

t r a v e le d  and d i s t r i b u t i o n  o f  g r a z in g .  F o r d a i l y  g r a z in g  and t im e  o f  

day g r a z in g ,  c o w (b re e d  x g ro u p ) was re m o ve d  f ro m  th e  m ode l and 

re p la c e d  by sex o f  c a l f  and s i r e  b re e d  o f  c a l f .  Because th e  cow and 

c a l f  m easurem ents w ere  taken  p r io r  to  p e r io d s  I and 4 , th e  e f fe c ts  o f  

th e s e  t r a i t s  on d a i l y  g r a z in g  h o u rs ,  t im e  o f  day g r a z in g  h o u rs  and 

d is ta n c e  t ra v e le d  a re  o n ly  d u r in g  these  tw o p e r io d s . An average o f  the  

m e a s u re m e n ts  re c o rd e d  i n  p e r io d s  I and 4 f o r  a l l  th e  cow and c a l f  

t r a i t s  w as u s e d  i n  th e  d i s t r i b u t i o n  m o d e l b e c a u s e  o n ly  o ne  

o b s e rv a tio n /c o w  f o r  d is t r ib u t io n  o f  g ra z in g  was measured.
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RESULTS AND DISCUSSION

The le a s t-s q u a re s  a n a lyse s  o f  v a r ia n c e  f o r  cow body w e ig h t, m i lk  

p ro d u c t io n  and c a l f  w e ig h t f o r  th e  a n im a ls  used d u r in g  th e  s tudy a re  

p re s e n te d  i n  t a b le  2 . The b re e d  ty p e  means and s ta n d a rd  e r r o r s  f o r  

the se  t r a i t s  (p e r io d s  I and 4) a re  p resen ted  i n  ta b le  3 .

A t th e  b e g in n in g  o f  th e  s tu d y  ( p e r io d  I ) ,  th e  S im m e n ta l c ro s s  

cow s ( I SI H and 3S1H) w e re  h e a v ie r  (P < .01 ) th a n  th e  H e re fo r d  cows b u t 

n o t h e a v ie r  th a n  the  Angus x H e re fo rd  cows. The Angus x  H e re fo rd  cows 

w ere  n o t s ig n i f i c a n t l y  d i f f e r e n t  fro m  e i t h e r  th e  H e re fo rd  o r  S im m enta l 

c ro ss  cows. A l l  b reed  ty p e s  m a in ta in e d  t h e i r  w e ig h t f o r  the  d u ra t io n  

o f  th e  t r i a l .  S i m i l i a r  r e s u l t s  w e re  o b s e rv e d , a t  th e  N o r th e rn  

A g r i c u l t u r a l  R e se a rch  C e n te r ,  by C a s e b o lt  (1 9 8 4 ). Cow body w e ig h t  

p ro g re s s iv e ly  in c re a s e d  d u r in g  th e  p o s t peak m i lk  p ro d u c t io n  p o r t io n  

o f  l a c t a t i o n  and no d i f f e r e n c e s  w e re  fo u n d  i n  th e  c y c l i c  changes i n  

body w e ig h t between th e se  same fo u r  breed ty p e s .

The S im m en ta l c ro ss  cows produced s ig n i f i c a n t ly  more (P<.05) m i lk  

th a n  e i t h e r  th e  HH o r  AH cow s a t  th e  s t a r t  o f  th e  s tu d y  ( p e r io d  I )  

( t a b le  3 ) ,  b u t by th e  end o f  th e  s tu d y  ( p e r io d  4) th e r e  was no 

d i f f e r e n c e  i n  m i l k  p r o d u c t io n  b e tw e e n  th e  f o u r  b re e d  ty p e s .  The 

S im m en ta l c ro ss  cows s ig n i f i c a n t ly  decreased i n  m i lk  p ro d u c tio n  fro m  

p e r io d s  I to  4 . C a s e b o lt  (1984 ) r e p o r te d  s i m i l i a r  b re e d  ty p e  

d if fe re n c e s  w i th  re s p e c t to  th e  le v e l  o f  m i lk  p ro d u c tio n , b u t found  no 

b re e d  ty p e  d i f f e r e n c e s  i n  th e  shape o f  th e  l a c t a t i o n  c u rv e s . T h is  

d is a g re e m e n t,  i n  th e  shape o f  th e  l a c t a t i o n  c u rv e s ,  c o u ld  be
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T ab le  2 . L e a s t-s q u a re s  a n a lyse s  o f  v a r ia n c e  f o r  cow body w e ig h t (BW), 
m i lk  p ro d u c tio n  (MP) and c a l f  w e ig h t (CW)

Source d f

Mean squares

BW
(k g 2)

MP
(kg 2/ d 2)

CW
(kg 2)

Breed typ e  (B) 3 8068** 5 9 .0 * * 1535**

Group ( G) I 1547.5** 21 .1 1460**

P e rio d  (P) I 95 5 7 .0 * 30856**

S ire  breed o f  c a l f I 27045** 20.7 961*

Sex o f  c a l f I 3 1.9 2613**

B x G 3 3760+ 17.6 45

B x P 3 336 22.0+ 55

R egress ion

Age o f  c a l f I 264 7 .2 9911**

R e s id u a l 79 1471 1,1.0 199

R2 . 0.43 0 .32 0 .78

+ PC.10 

$ PC.05

PC.01
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T ab le  3. L e a s t-s q u a re s  means and s ta n d a rd  e r ro r s  f o r  cow body w e ig h t 
(BW)1 m i lk  p ro d u c tio n  (MP) and c a l f  w e ig h t (CW)

T r a i t b

'e r io d
B reeda

typ e N
BW

(kg )
MP

(k g /d )
CW

(kg )

I HH 12 552 ± 11° 6 .8 ± .9 ° 155 ± 4 .1 °

AH 12 581 ± 11 cd 7 .6 ± I .0 ° 151 + 4 .2 °

IS IH 12 599 ± 12d 11.0 ± I .Od 157 + 4 .4 cd

3S1H 12 . 600 ± I l d 11.7 ± I • 0d 168 ± 4 . I d

4 HH 12 565 ± 11° 6 .3 ± .9 ° 188 ± 4 . I e

"ah 12 581 ± I l cd 8.1 ± I .0 ° 185 ± 4.2®

IS IH 11 594 ± 12d 7 .6 ± I .1 ° 196 ± 4 .4 e f

3S1H 12 601 ± I l d 8 .8 ± I .0 ° 206 ± 4 . I f

a HH = H e r e f o r d ,  AH = 5 0% A n g u s - 5 0% H e r e f o r d ,  IS IH  = 50% 
Simmental-50% H e re fo rd , 3S1H = 75% simmental-25%  H e re fo rd .

b Means i n  c o lu m n s  w i t h  d i f f e r e n t  s u p e r s c r ip t s  a re  d i f f e r e n t  
BW (P C .O I), MP and CW (P < ,0 5 ) .
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a t t r ib u t e d  to  e n v iro n m e n ta l d if fe re n c e s  between th e  tw o  s tu d ie s  o r  i n  

the  number o f  a n im a ls  te s te d  and m easurem ents made.

F o r th e  d u r a t io n  o f  th e  t r i a l ,  th e  c a lv e s  on 3S1H cows w e re  

h e a v ie r  (PC.05) th a n  c a lv e s  oh HH and AH cows b u t n o t  h e a v ie r  th a n  

c a lv e s  on IS IH  cow s. F o r a l l  th e  b re e d  ty p e s ,  c a lv e s  g a in e d  a 

s ig n i f ic a n t  amount o f  w e ig h t fro m  p e r io d s  I to  4.

The tw o  g roups o f  24 cows used d u r in g  th e  s tu d y  w ere d i f f e r e n t  i n  

body w e ig h t  and c a l f  w e ig h t  b u t n o t  i n  m i l k  p r o d u c t io n .  The g ro u p  

m eans (g ro u p  I ,  g ro u p  2) w e re  570 and 598 kg  f o r  body w e ig h t ;  1.80 and 

172 k g  f o r  c a l f  w e ig h t ;  and 9.0 and 8 .0  k g /d  f o r  m i l k  p ro d u c t io n .  The 

d i f fe re n c e  i n  body w e ig h t between th e  tw o  groups o f  cows was m a in ly  

due to  th e  3S1H cow s i n  g ro u p  2 b e in g  86 k g  h e a v ie r  (PC.01) th a n  th e  

3S1H cow s i n  g ro u p  I .  F o r a l l  b re e d  ty p e s ,  c a lv e s  i n  g ro u p  I w e re  

h e a v ie r  (PC.01) tha n  the  c a lv e s  i n  g ro u p  2.

D a ily  G raz ing  Hours

The le a s t-s q u a re s  a n a ly s is  o f  v a r ia n c e  f o r  d a i ly  g ra z in g  hou rs  i s  

p re se n te d  i n  ta b le  4. S ig n i f ic a n t  sources o f  v a r ia t io n  in c lu d e d  g roup, 

cow (breed x g ro u p ), p e r io d (g ro u p ) , day(group  x p e r io d )  and breed ty p e  

x p e r io d ( g ro u p ) .

The o v e r a l l  d a i l y  g r a z in g  mean was 9.4 h r / d  w i t h  a s ta n d a rd  

d e v ia t io n  o f  1.08 h r /d  (633 o b s e rv a tio n s ) . For la c t a t in g  cows g ra z in g  

sum m er ra n g e la n d ,  D w yer (1961 ) and N e ls o n  and F u r r  ( 196.6) fo u n d  

s im i la r  e s t im a te s  o f  9.7 and 10.0 h r /d ,  r e s p e c t iv e ly ,  w h i le  Gonzalez 

(1964 ) fo u n d  a s l i g h t l y  h ig h e r  e s t im a te  o f  10.6 h r /d .

No s i g n i f i c a n t  d i f f e r e n c e s ,  i n  d a i l y  g r a z in g  h o u rs ,  w e re  fo u n d  

b e tw e e n  t h e  f o u r  b re e d  ty p e s  used i n  t h i s  s tu d y .  The o v e r a l l  b re e d
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T ab le  4 . L e a s t-s q u a re s  a n a ly s is  o f  v a r ia n c e  f o r  d a i ly  g ra z in g  hou rs

Mean squares

S o u rc e  d f  D a i ly  g r a z in g  h o u rs  ( h r ^ / d ^ )

Breed ty p e 3 4 .8

Group I 1 0 3 .1 **

Cow(breed x group) 40

**COt-

P e r io d (g ro u p ) 2 9 2 .4 * *

D ay(group x p e r io d ) 28 2 .4 * *

B reed x p e r io d (g ro u p ) 6 2 .8 *

R e s id u a l 549 I .2

R2 0.54

P<.05

98
P<.01
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ty p e  m eans and s ta n d a rd  e r r o r s  w e re  9 .2  + .0 9 , 9.6 + .0 9 , 9 .2  + .10 

and 9.3 ± .09 h r / d  f o r  HE, AH, IS IH  and 3S1H cow s, r e s p e c t iv e ly .  

K ro pp  e t  a l .  ( 197 3) a ls o  fo u n d  no d i f f e r e n c e s  i n  d a i l y  g r a z in g  t im e  

b e tw e e n  H e re fo r d ,  H o ls t e in  and H e re fo r d  x  H o ls t e in  n o n - la c t a t i n g  

h e i f e r s  g r a z in g  n a t iv e  ra n g e  b u t , S t r i c k l i n  e t  a l .  (1976 ) fo u n d  

s ig n i f ic a n t  d if fe re n c e s  between la c t a t in g  Angus and C h a ro la is  x Angus 

cow s g r a z in g  s m a l l  a l f a l f a - o r  c h a r d - g r a s s  p a s tu re s .  I t  seems t h a t  

b reed  typ e  d if fe re n c e s ,  i n  th e  amount o f  t im e  spen t fo ra g in g  f o r  foo d , 

a re  d e p e n d e n t upon th e  ty p e  o f  fo r a g e  b e in g  consum ed. On ra n g e la n d ,  

a n im a ls  w i t h  lo w e r  energy demands can g raze  more s e le c t iv e ly  and th u s  

h ave  lo w e r  in t a k e  r a t e s  th a n  a n im a ls  w i t h  h ig h e r  e n e rg y  dem ands.

B e c a u s e  tw o  g r o u p s  o f  c o w s  w e re  u s e d  d u r in g  th e  s t u d y ,  

c o m p a r is io n s  o f  th e  p e r io d  means can o n ly  be made b e tw e e n  p e r io d s  I 

v s . 3 and 2 v s . 4. G ra z in g  h ou rs  s ig n i f i c a n t ly  in c re a s e d  (P<.01) fro m  

p e r io d s  I to  3 and f ro m  2 to  4 . The d a i l y  g r a z in g  h o u rs  w e re  8.0 and 

9.8 h r /d  f o r  p e r io d s  I and 3, r e s p e c t iv e ly ,  and 9.5 and 10.0 h r /d  f o r  

p e r io d s  2 and 4 , r e s p e c t iv e ly .

The in c r e a s e s  i n  g r a z in g  t im e  b e tw e e n  p e r io d s  i s  l i k e l y  due to  

d e c re a s e s  i n  fo r a g e  q u a l i t y  and q u a n t i t y  (A r n o ld ,  I9 6 0 ;  A l ld e n  and 

W h it ta k e r ,  1970; A rn o ld  and D u d z in s k i, 1978). In  U tah, S ca rnecch ia  e t  

a l .  (1 9 8 5 ) fo u n d  g r a z in g  t im e s  on c r e s te d  w h e a tg ra s s  p a s tu re s  t o  

in c re a s e  fro m  6.3 to  10.9 h r /d  when fo ra g e  a v a i l a b i l i t y  decreased fro m  

919 to  144 kg  DM/ha. A lth o u g h  fo ra g e  a v a i l a b i l i t y  was n o t measured i n  

t h i s  s tu d y , th e  s to c k in g  r a te  o f  1.0 ha/AUM shou ld  have s ig n i f i c a n t ly  

d e p le te d  th e  fo r a g e  re s o u r c e .

The in t e r a c t io n  between breed and p e r io d (g ro u p )  i s  p resen ted  i n
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ta b le  5. A l l  breed ty p e s  s ig n i f i c a n t l y  in c re a s e d  i n  g ra z in g  t im e  fro m  

p e r io d s  I to  3 and a l l  b reed  ty p e s  e xcep t AH in c re a s e d  fro m  p e r io d s  2 

t o  4 . AH cow s g ra z e d  lo n g e r  (PC .05) th a n  HH and 3S1H cow s i n  p e r io d  2 

and lo n g e r  th a n  HH, IS IH  and 3STH cow s i n  p e r io d  3. I n  p e r io d  4, th e  

3S1H cow s g ra z e d  lo n g e r  th a n  a l l  th e  o th e r  b re e d  ty p e s .  I t  a p p e a rs  

th a t  th e  AH cows responded d i f f e r e n t l y  th a n  the  o th e r  breed type s  to  

Changes i n  fo r a g e  c o n d i t io n s .  Because o f  u n e q u a l d i s t r i b u t i o n  o f  

g ra z in g  on ra n ge la nd , fo ra g e  a v a i l a b i l i t y  i s  h ig h ly  v a r ia b le  from  one 

a re a  to  a n o th e r. D if fe re n c e s  between b reed  typ e s  d u r in g  a p a r t ic u la r  

g r a z in g  p e r io d  c o u ld  be a t t r i b u t e d  to  th e  d i f f e r e n c e s  i n  th e  

d i s t r i b u t i o n  o f  g r a z in g .  I n  t h i s  ca se , g r a z in g  t im e  i s  p ro b a b ly  

dependent upon th e  fo ra g e  q u a l i t y  and q u a n t i ty  i n  the  a re as  they a re  

g r a z in g  and th e  d e g re e  o f  s e l e c t i v i t y  b e in g  expressed.

The re s id u a l c o r r e la t io n s ,  between the  g ra z in g  b e h a v io r v a r ia b le s  

and th e  cow and c a l f  t r a i t s  measured i n  t h i s  s tud y , a re  p resen ted  i n  

t a b le  I 3 (a p p e n d ix ) .  To d e te rm in e  th e  e f f e c t  o f  th e  cow body w e ig h t ,  

cow m i lk  p ro d u c t io n , c a l f  w e ig h t,  c a l f  age and cow c o n d it io n  on d a i ly  

g ra z in g  h o u rs , s e v e ra l a n a lyse s  w ere  made to  a v o id  the  use o f  any tw o  

h ig h ly  c o r re la te d  indep e nd e n t v a r ia b le s .  Cow body w e ig h t was h ig h ly  

c o r r e la t e d  w i t h  cow c o n d i t io n  ( .8 9 )  and c a l f  w e ig h t  was h ig h ly  

c o r r e la t e d  w ith  c a l f  age (.71).

O f th e  f i v e  cow and c a l f  t r a i t s  used as c o v a r ia te s  i n  th e  d a i l y  

g ra z in g  m odel, o n ly  cow m i lk  p ro d u c tio n  and c a l f  age had a s ig n i f ic a n t  

in f lu e n c e  on d a i l y  g r a z in g  h o u rs  ( t a b le  6 ) .  When age o f  c a l f  and cow 

body w e ig h t w ere  in c lu d e d  i n  th e  m odel, an in c re a s e  o f  one k g /d  above 

th e  mean le v e l  o f  m i l k  p r o d u c t io n  (8 .5  k g /d )  caused  a ,05  ± .03 h r / d
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T a b le  5 . L e a s t - s q u a re  means and s ta n d a r d  e r r o r s  f o r  d a i l y  g r a z in g  
■ ho u rs  ( h r / d )  o f  t h e  i n t e r a c t i o n  b e tw e e n  b re e d  a n d  
p e r i  od (g ro u p )13

Group

2 I

B reeda
Type I

P e rio d
3

P eriod
2 4

HH 8.3  ± .17 ° 
(48 )

9-9 ± .1 5 e f 
(48)

9.1 ± .17 ° 
(41)

9-7 ± .2 1 f  
(31 )

AH 8.1 + .21 ° 
(31)

10.4 + .166 
(46 )

10.0 ± .20de 
(34)

10.0 + .17 ' 
(43)

IS IH

Or
rCVJ,O

U
 

+1 C
O

OC
O 9.1 ± .2 4 d 

(30 )
9 .5 + .20°® 

(36 )
10.0 + .1 7 f  

(43 )

3S1H 7 .9  ±  .1 9 °  
(39)

9 .7  + .17d f  
(44)

9 .4 + .16 °
(47 )

10.4 + . I 8 h 
(40)

a R e fe r to  fo o tn o te  i n  ta b le  3.

^ Means i n  row s and columns ( w i th in  g roup ) w ith  d i f f e r e n t  s u p e rs c r ip ts  
a re  d i f f e r e n t  (P <.0 5 ) .  Number o f  o b s e rv a t io n s  in  p a re n th e s is .
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T able  6 . E f fe c ts  o f  c o v a r ia te s  on d a i ly  g ra z in g  h o u rs

C o v a ria te P a r t ia l  re g re s s io n  c o e f f ic ie n t

Age o f  c a l f  

M i lk  p ro d u c t io n  

Cow body w e ig h t 

Cow c o n d it io n  ( w t /h t )  

C a lf  w e ig h t

*  P<.05
ss

PC.01

-  .02 h r / d / d * *  

.05  h r /d /k g /d *

-  .003 h r /d /k g  

- .1 2  h r /d /k g /c m

-  .003 h r /d /k g

in c re a s e  in  d a i ly  g ra z in g  h ou rs . Thus, more t im e  g ra z in g  i s  re q u ire d  

to  s u p p o rt the  energy c o s ts  a s s o c ia te d  w i th  in c re a s e d  le v e ls  o f  m i lk  

p r o d u c t io n .  U s in g  .67 k c a l / h r  as th e  e n e rg y  c o s t  o f  g r a z in g  (H o lm es , 

1978), th e  in c re a s e  i n  the  a n im a l's  m a in tenance  re q u ire m e n t w ou ld  o n ly  

be .04  k c a l / k g  o f  m i l k  p ro d u c e d . T h e r e fo re ,  th e  in f lu e n c e  m i l k  

p r o d u c t io n  h a s  on th e  e n e rg y  c o s t  o f  g r a z in g  i s  m in im a l .  A ls o ,  f o r  

e v e ry  one day in c re a s e  above  th e  a v e ra g e  c a l f  age (105 d ) , d a i l y  

g ra z in g  h ou rs  decreased by .02 + .01 h r /d  (PC.01). The n e g a tiv e  e f f e c t  

o f  c a l f  age c o u ld  p o s s ib ly  be due to  th e  cows stage o f  la c ta t io n .  Cows 

w ith  o ld e r  c a lv e s  w ere i n  a l a t e r  s tage  o f  la c t a t io n  and produced le s s  

m i lk  th a n  cows w ith  younger ca lve s .

C o n s id e rin g  a l l  th e  independen t v a r ia b le s  to g e th e r ,  age o f c a l f  

had th e  m ost im p o r ta n t  in f lu e n c e  on d a i ly  g ra z in g  h ou rs . The s tan d a rd  

p a r t i a l  re g re s s io n  c o e f f ic ie n t s  f o r  age o f  c a l f ,  m i lk  p ro d u c t io n , cow 

body w e ig h t ,  cow c o n d i t io n  and c a l f  w e ig h t  w e re  - .0 7 ,  .0 6 , - .0 4 ,  -.0 1
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and - .0 1 ,  r e s p e c t iv e ly .  S t r i c k l i n  e t  a l .  ( 1976) fo u n d  s i m i l a r  

r e la t i o n s h ip s  b e tw e e n  cow w e ig h t  and c a l f  w e ig h t  and d a i l y  g r a z in g  

hou rs  how eve r; c a l f  age was n o t a s ig n i f ic a n t  source o f  v a r ia t io n  and 

th e  p a r t i a l  c o r r e l a t i o n  was p o s i t i v e  ( .2 3 ) .  S t r i c k l i n ’ s s tu d y  was 

c o n d u c te d  on s m a l l  p a s tu re s  d u r in g  May and June  w i t h  young  c a lv e s .  

Under these  c o n d it io n s ,  the  s tage  o f  la c t a t io n  may n o t be as im p o r ta n t  

as observed  i n  t h i s  s tu d y .

Time o f  Day G raz ing

The le a s t - s q u a r e s  a n a ly s e s  o f  v a r ia n c e  f o r  th e  t im e  o f  day 

g r a z in g  to o k  p la c e  a re  p re s e n te d  i n  t a b le s  7 and 8. As w i t h  d a i l y  

g ra z in g  h o u rs , cow and day were im p o r ta n t  sources o f  v a r ia t io n  i n  t im e  

o f  day g ra z in g . Breed ty p e  was s ig n i f ic a n t  d u r in g  th e  900-1200 h r  t im e  

p e r io d  and p e r io d ( g r o u p )  was s i g n i f i c a n t  i n  a lm o s t  a l l  o f  th e  3 - h r  

t im e  p e r io d s  s tu d ie d . The in t e r a c t io n  between breed and p e r io d (g ro u p ) 

was im p o r ta n t  (P<.05) d u r in g  300-600 and 1800-2100 h r.

The o v e r a l l  t im e  o f  day g ra z in g  means a re  p resen ted  i n  f ig u r e  2. 

The m a jo r i t y  o f  g ra z in g  to o k  p la ce  between 600-900 and 1800-2400 h r . 

S e c o n d a ry  p e r io d s  o f  g r a z in g  ra n g in g  f ro m  .5 (2 4 0 0 -3 0 0  h r )  to  '.9 h r  

(1 5 0 0 -1  800 h r)w e re  re c o rd e d .

A s im i la r  p a t te rn  o f  g ra z in g  a c t i v i t y  was observed  by Nelson and 

F u rr  (1966) u s in g  la c t a t in g  cows and Kropp e t  a l  (1973) u s in g  h e i fe r s  

on sum m er ra n g e la n d  i n  O klahom a. A ls o  u s in g  l a c t a t i n g  cow s i n  

Oklahoma, Dwyer (1961) found  s im i la r  r e s u l t s  w i th  re s p e c t to  th e  m a jo r 

g r a z in g  p e r io d s ,  b u t cow s i n  t h e i r  s tu d y  g ra z e d  m o re  i n  th e  e a r ly  

m o rn in g  and le s s  d u r in g  th e  a f te r n o o n  th a n  th e  cows used  i n  t h i s

s tu d y .
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T ab le  7• L e a s t-s q u a re s  a n a lyse s  o f  v a r ia n c e  f o r  t im e  o f  day g ra z in g  
(2400-1200 h r ) .

Mean squares

Time o f  day g ra z in g  ( h r 2)

Time o f Day (x  100 h r )

Source d f 24-3 3-6 6-9 9-12

Breed typ e 3 6 75 93 153+

Group I 339* 81 7 1 4 ** T W * *

Cow(breed x  group) 40 53** 9 4 ** 90** 6 5 **

P e r io d (g ro u p ) 2 240** 299** 7 48 ** 7 57**

D ay(group x p e r io d ) 28 54* 7 7 ** 6 2 ** C
o

C
O

Breed x  p e r io d (g ro u p ) 6 23 68* 51 12

R e s id u a l 549 31 25 30 34

R2 0.22 0.35 0 .35 0 .30

+ PC.10 

*  PC.05

PC.01
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T a b le  8 . L e a s t - s q u a re  a n a ly s e s  o f  v a r ia n c e  f o r  t im e  o f  day g r a z in g  
(1200-2400 h r ) .

Source d f

Mean squares

Time o f  da;7 g ra z in g  ( h r 2)

12-15

Time o f  day (x  100) 

15-18 18-21 21-24

Breed typ e 3 100 31 119 20

Group I 83 U
l ro C
O O

302 710*

CowCbreed x group) 40

C
O

O

116s* 155** 123**

P e r io d (g ro u p ) 2 175* 18 924** 136+

DayCgroup x  p e r io d ) 28 78* ro O
7 3 **

N
t

NeC
O

VJD

Breed x  p e r io d (g ro u p ) 6 92+ 82+ 178** 96+

R e s id u a l 549 47 45 35 49

R2 0.22 0.29 0 .39 0 .29

+ P<.10

*  P<.05 

88
P<.01
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2 .0-

Time Of Day (x  100 h r )

F ig u re  2 . O v e ra ll tim e  o f  day g ra z in g  means.

B e tw e e n  9 0 0 -1 2 0 0  h r ,  th e  AH cow s g ra z e d  lo n g e r  (P < .05 ) th a n  a l l  

th e  o th e r  b re e d  ty p e s .  B re ed  ty p e  m eans and s ta n d a rd  e r r o r s  f o r  BH, 

AH, I SI H and 3S1H cow s w e re  .8 + .0 5 , .9 ± .0 5 , .7 ± .05 and .8 + .05 

h r ,  r e s p e c t iv e ly .  B ecause  th e r e  was no s i g n i f i c a n t  b re e d  ty p e  x 

p e r io d (g ro u p ) in t e r a c t io n  d u r in g  t h i s  t im e  p e r io d , t h i s  r e la t io n s h ip  

h e ld  t r u e  d u r in g  a l l  f o u r  o f  th e  g r a z in g  p e r io d s .  The lo n g e r  g r a z in g
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t im e s  re c o rd e d  by t h e 'AH cows d u r in g  900-1200 h r  w ou ld  accoun t f o r  th e  

lo n g e r  g ra z in g  t im e s  re co rd e d  f o r  th e  AH cows d u r in g  g ra z in g  p e r io d s  2 

and 3.

From p e r io d s  I to  3 (g ro u p  2 ) ,  s i g n i f i c a n t  in c r e a s e s  i n  g r a z in g  

t im e  w e re  fo u n d  f o r  f o u r  o u t  o f  th e  e ig h t  3 - h r  t im e  p e r io d s  ( t a b le  

9 ) .  G ra z in g  t im e  re m a in e d  f a i r l y  c o n s ta n t  b e tw e e n  3 0 0 -6 0 0  h r  and 

between 1500-2400 h r  and s ig n i f i c a n t ly  in c re a s e d  d u r in g  a l l  o th e r  t im e  

p e r io d s .

T a b le  9 . L e a s t - s q u a re s  means f o r  t im e  o f  day g r a z in g  ( h r ) a

Group

2 I

P e r io d  P e r io d  Mean
Time I 3 2 4 Temp.

2400-0300 . 0 .3 b 0 .6 ° 0 .6 b 0 .6 b — —

0300-0600

&COO

0 .8 b 0 .9 b O O'* O 19

0600-0900 1 .8 b 2 .3 ° 2 .3 b 2 .4 b 20

0900-1200 0 .5 b 0 .8 ° 0 .8 b 1 .1 ° 24

1200-1500 0 .6 b 0 .9 ° 0 .8 b 0 .9 b 26

1500-1800 I .Ob 0 .9 b 0 .7 b O cr 28

1800-2100 1 .7 b CO cr 1 .6 b 2 .1 ° 26

2100-2400 1 .3 b 1 .5 b 1 .7 b 1 .6 b 25

a Means i n  ro w s , w i t h i n  g ro u p , w i t h  d i f f e r e n t  s u p e r s c r ip t s  a re  
d i f f e r e n t  (PC.0 1 ).
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From  p e r io d s  2 to  4 (g ro u p  I ) ,  s i g n i f i c a n t  in c r e a s e s  i n  g r a z in g  

t im e  occured  f o r  o n ly  tw o  o f  th e  e ig h t  3 -h r  t im e  p e r io d s . G ra z in g  t im e  

in c r e a s e d  (PC.01) b e tw e e n  9 0 0 -1 2 0 0  and 18 00 -2 1 00  h r  and d e c re a s e d  

(PC.01) b e tw e e n  3 0 0 -6 0 0  h r .  No s i g n i f i c a n t  d i f f e r e n c e s  w e re  fo u n d  

d u r in g  th e  o th e r  t im e  p e r io d s .

The ch o ice  o f  t im e  p e r io d  to  in c re a s e  g ra z in g  t im e  and th e  le n g th  

o f  t im e  s p e n t g r a z in g  i s  in f lu e n c e d  m o s t by fo r a g e  q u a l i t y  and 

q u a n t i t y  and w e a th e r  ( A rn o ld  and D udzi n s k i ,  1978) . A rn o ld  (1962 ) 

fo u n d  t h a t  v a r y in g  th e  s to c k in g  r a t e  had  l i t t l e  a f f e c t  upon th e  

d iu r n a l  p a t t e r n  o f  g r a z in g .  The m a jo r  g r a z in g  p e r io d s  re m a in e d  th e  

same, b u t w i th  a sh o rta g e  o f  fe e d  a n im a ls  r e s t  le s s  o f te n  and so have 

fe w e r and lo n g e r  p e r io d s  o f  g ra z in g . Dwyer (1961) observed  th a t  d u r in g  

d a y l ig h t  h o u rs ,  te m p e ra tu r e  d ic t a t e d  th e  t im e  o f  a r r i v a l  and th e  

le n g th  o f  s ta y  a t  w a te r . D u rin g  th e  p re s e n t s tu d y , th e  m a jo r g ra z in g  

p e r io d s  a ls o  re m a in e d  th e  same th r o u g h o u t  th e  g r a z in g  p e r io d  and no 

in c r e a s e s  i n  g r a z in g  t im e  w e re  fo u n d  b e tw e e n  1500 and I 800 h r ,  th e  

w arm est t im e  p e r io d  o f  the  day ( ta b le  9).

The in t e r a c t io n  between breed and p e r io d (g ro u p ) d u r in g  300-600 h r  

and I 8 00 -2 1 00  h r  i s  p re s e n te d  i n  t a b le  10. The i n t e r a c t i o n s  d u r in g  

th e s e  tw o  t im e  p e r io d s  was m a in ly  due t o  f l u c t u a t i o n s  i n  g r a z in g  by 

th e  I SIH cows. From p e r io d s  I to  3, th e  I SIH cows in c re a s e d  (PC.05) i n  

g r a z in g  t im e  b e tw e e n  3 0 0 -6 0 0  h r  w h i le  th e  HH and AH cow s s l i g h t l y  

d e c re a s e d . B e tw e e n  I 800 -2 1 00  h r ,  th e  I SIH cows d e c re a s e d  (PC.01) i n  

g ra z in g  t im e  w h i le  th e  o th e r  breed ty p e s  in c re a s e d . From p e r io d s  2 to  

4 , th e  IS IH  and 3S1H cows d e c re a s e d  (PC.05) i n  g r a z in g  t im e  b e tw e e n  

300-600 h r  w h i le  th e  HH and AH cows s l i g h t l y  decreased. Between 1800-
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T ab le  10. L e a s t-s q u a re  means f o r  t im e  o f  day g ra z in g  (0300-0600 and 
1800-2100 h r)  f o r  th e  in t e r a c t io n  between breed typ e  and 
p e r io d (g ro u p ) 13

Group

2 I

Time
P e rio d

Breed
Typea

P e rio d
I 3

P eriod
2 4

0300-0600 HH 0 . 8° 0 . 6° 0 .7 ° 0 . 6° °

AH 0 . 8° 0 .7 ° 0 .7 ° 0 .5 ° °

IS IH  . 0 .7 °  - I . I d 0 .9 cd 0 .7 °

3 SI H 0 . 8° 0 . 8° I .Od 0 .5 °

1800-2100 HH 1 . 6° 2 . I d 1. 8° 2 .3 d

AH 1 . 6° 2 . Od 1 .5 ° I .9 °

IS IH 1 . 8° 1. 2° 1 . 8° 2 . Ode

3S1H 1 . 6° 1 .9 d I .5 ° 2 .3 d

a R e fe r to fo o tn o te  i n ta b le  3 .

k Means i n . ro w s  and c o lu m n s ( w i t h i n  g ro u p  and t im e  p e r io d ) w i t h
d i f f e r e n t  s u p e rs c r ip ts  a re  d i f f e r e n t ; 0300 -0600  h r  (PC.0 5 ) ,  I 800 - 
2100 h r  (P C .0 1 ) .
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2100 h r ,  th e  I SI H cows o n ly  s l i g h t l y  in c re a s e d  w h i le  th e  o th e r  breed 

ty p e s  s i g n i f i c a n t l y  in c r e a s e d .  K ro p p  e t  a l  (1 9 7 3 ) a ls o  fo u n d  

d if fe re n c e s  i n  th e  t im e  o f  day th a t  g ra z in g  to o k  p la c e  f o r  H e re fo rd , 

H o ls t e in  and H e re fo rd  x H o ls t e in  h e i f e r s .  D u r in g  J u ly  and A u g u s t, 

H o ls t e in  h e i f e r s  g ra z e d  lo n g e r  i n  th e  e v e n in g  th a n  H e re fo r d  and 

H e re fo r d  x H o ls t e in  h e i f e r s  and H e re fo r d  x  H o ls t e in  h e i f e r s  g ra z e d  

lo n g e r  tha n  H e re fo rd  and H o ls te in  h e i f e r s  i n  th e  a fte rn o o n . Why these  

d if fe re n c e s  e x is te d  was n o t known. D if fe re n c e s  between breeds d u r in g  

p a r t i c u la r  t im e  p e r io d s  co u ld  be a t t r ib u t e d  to  d if fe re n c e s  i n  response 

to  changes i n  w ea th e r p a t te rn s  and fo ra g e  a v a i l a b i l i t y .

B ecause  m i l k  p r o d u c t io n  and age o f  c a l f  had an im p o r t a n t  

in f lu e n c e  on d a i ly  g ra z in g  h ou rs , th e y  w ere  in c lu d e d , a lo ng  w ith  cow 

b o d y  w e ig h t ,  i n  e a c h  o f  t h e  t im e  o f  day  g r a z in g  m o d e ls .  The 

re s id u a l c o r r e la t io n s  between tim e  o f  day g ra z in g  and th e  cow and c a l f  

v a r ia b le s  a re  p re sen ted  i n  ta b le  13 (a p p e n d ix ) .

The e f f e c t  o f  m i l k  p r o d u c t io n  was m a in ly  e x p re s s e d  (P < \05) 

b e tw e e n  2 4 0 0 -3 0 0 , 6 0 0 -9 0 0  and 1 5 0 0 -1 80 0  h r .  The p a r t i a l  r e g r e s s io n  

c o e f f i c i e n t s  f o r  m i l k  p r o d u c t io n  w e re  .03 + .01 , - .0 3  ± .01 and .03 + 

0 .0 1 h r / d / k g / d  f o r  2 4 0 0 -3 0 0 , 6 0 0 -9 0 0  and 1500-1800 h r ,  r e s p e c t iv e ly .  

The l e v e l  o f  m i l k  p r o d u c t io n  had  i t ' s  s t r o n g e s t  in f lu e n c e  (P < .0 1) 

betw een 2400-300 h r . T h is  w ou ld  ag ree  w ith  Stobbs (1975) who re p o r te d  

th e  te n d e n c y  f o r  h ig h e r  m i l k in g  cow s to  g ra z e  m ore  a t  n ig h t .  The 

e f f e c t  o f  c a l f  age was m a in ly  e x p re s s e d  (P<.05) b e tw e e n  3 0 0 -6 0 0  and 

I 8 00 -2100  h r .  The p a r t i a l  r e g r e s s io n  c o e f f i c i e n t s  w e re  .01 + .004 

and - .0 1  + .005 h r / d  o f  c a l f  age f o r  3 0 0 -6 0 0  and 180 0 -2 10 0  h r ,  

r e s p e c t iv e ly .
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S t r i c k l i n  e t  a l .  (1976) found  cow body w e ig h t as a s ig n i f ic a n t  

source  o f  v a r ia t io n  i n  e x p la in in g  t o t a l  n ig h t  h ou rs  spen t g ra z in g . The 

p a r t i a l  c o r r e la t io n  (-.2 0 ) was n e g a tiv e , in d ic a t in g  th a t  s m a lle r  cows 

g ra z e d  m ore  a t  n ig h t .  I n  t h i s  s tu d y ,  cow body w e ig h t  was im p o r t a n t  

(P<.01) source  o f  v a r ia t io n  i n  g ra z in g  t im e  between 1800-2100 h r ,  bu t 

th e  p a r t i a l  re g re s s io n  c o e f f ic ie n t  (.005 h r /k g )  was so low  th a t  i t  was 

b io lo g ic a l l y  u n im p o rta n t.

D is ta n c e  T rave le d

The le a s t-s q u a re s  a n a ly s is  o f  v a r ia n c e  f o r  d is ta n c e  t ra v e le d  i s  

p re s e n te d  i n  t a b le .  11. B re e d  ty p e ,  p e r io d ( g r o u p ) , sex  o f  c a l f  and 

breed ty p e  x s i r e  breed o f  c a l f  w ere  s ig n i f ic a n t  sources o f  v a r ia t io n  

i n  d is ta n c e  t r a v e le d .

The o v e r a l l  mean and s ta n d a rd  d e v ia t io n  f o r  d is ta n c e  t ra v e le d  was 

4 .7  ± 0.9 k m /d  (82  o b s e r v a t io n s ) .  The b re e d  ty p e  m eans and s ta n d a rd  

e r r o r s  w e re  5.0 ± .2 ,  4 .8  ±  .2 ,  4.1 + .2  and 4 .8  + .2 k m /d  f o r  BH, AH, 

IS IH  and 3STH cows, r e s p e c t iv e ly .  I SIH cows t ra v e le d  le s s  than  (P<.05) 

HH, AH and 3S1H cow s and t h i s  r e l a t i o n s h ip  h e ld  t r u e  d u r in g  th r e e  o f  

th e  fo u r  g ra z in g  p e r io d s . Because th e  pedom eters were n o t c a l ib ra te d  

f o r  le n g th  o f  s t r id e  d if fe re n c e s  between th e  fo u r  b reed  ty p e s , i t  i s  

p o s s ib le  t h a t  th e  b re e d  ty p e  d i f f e r e n c e s ,  i n  d is ta n c e  t r a v e le d ,  a re  

due t o  d i f f e r e n c e s  i n  le n g th  o f  s t r i d e .  B reed  ty p e  means f o r  cow 

h e ig h t  w e re  129 , 129 , 134 and 135 cm f o r  HH, AH, IS IH  and 3S1H cow s, 

r e s p e c t iv e ly .  The S im m e n ta l c ro s s  cow s ( IS IH  and 3S1H) w e re  t a l l e r  

(P<.05) than  th e  HH and AH cows and co u ld  have a lo n g e r  s t r id e  than  HH 

and AH cow s h o w e v e r, th e  raw  c o r r e l a t i o n  b e tw e e n  cow h e ig h t  and 

the  d is ta n c e  t ra v e le d  was o n ly  -.0 4 .
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T ab le  11. L e a s t-s q u a re s  a n a ly s is  o f  v a r ia n c e  f o r  d is ta n c e  tra v e le d

Source d f

Mean squares

D is ta n ce  t ra v e le d  (km2/ d 2)

Breed typ e  (B) 3 2 6 .6 *

Group (G) I 1.1

P e rio d (G rou p ) (P/G) 2 2 8 .0 *

Sex o f  c a l f  (Sx) I 8 9 .7 * *

S ire  breed  o f  c a l f  (S) I 11.1

B x P/G 9 12.3

B x S 3 1 7 .0+

R egress ion

Age o f c a l f I 0 .0

R e s id u a l 60 7 .5

R2 0.33

+ P<.10

8
P< .05

SS
t

P<.01

The d is ta n c e  t ra v e le d  v a lu e s  re p o r te d  h e re  a re  s im i la r  to  those  

r e p o r te d  by G o n z a le z  (1 964) and D w yer (1 9 61 ) o f  4 .0  and 5 .0  k m /d , 

r e s p e c t iv e ly ,  f o r  cows g ra z in g , on a s im i la r  s iz e  p a s tu re  b u t le s s  th a n  

tho se  re p o r te d  by H e rb e l and N elson (1 966) f o r  H e re fo rd  (6.9 km /d) and 

Santa  G e r t ru d is  (14.6 km /d ) cows g ra z in g  on a 1464 ha. p a s tu re .

D is ta n c e  t r a v e le d  in c re a s e d  (PC.05) f ro m  4 .3 t o  5 .0  k m /d  f ro m  

p e r io d  I to  p e r io d  3 and rem a ined  f a i r l y  c o n s ta n t fro m  p e r io d s  2 to  4
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(4 .6  and 4.9  k m /d , r e s p e c t i v e l y ) . From p e r io d  I th ro u g h  4 , d is ta n c e  

t ra v e le d  fo l lo w e d  the  same g e n e ra l t re n d  as d a i ly  g ra z in g  hou rs . Two 

h r / d  w e re  s p e n t g r a z in g  f o r  e v e ry  k m /d  o f  t r a v e l  i n  a l l  f o u r  o f  th e  

g ra z in g  p e r io d s .

Cows w i t h  s te e r  c a lv e s  t r a v e le d  f a r t h e r  (P < .0 1) th a n  cow s w i t h  

h e i f e r  c a lv e s  and t h i s  r e l a t i o n s h ip  h e ld  t r u e  f o r  a l l  b re e d  ty p e s  

a c ro s s  a l l  p e r io d s .  Sex means w e re  4 .3 ' and 5.0 k m /d  f o r  cow s w i t h  

h e i f e r  and s te e r  c a lv e s , r e s p e c t iv e ly .

When a l l  o f  th e  cow and c a l f  t r a i t s  w e re  used as c o v a r ia te s  i n  

the  d is ta n c e  t ra v e le d  m odel, o n ly  cow c o n d it io n  came c lo s e  to  h a v in g  

any e f f e c t  on d is ta n c e  t ra v e le d  (PC.20).

Why c a l f  se x  was im p o r t a n t  i n  e x p la in in g  th e  v a r i a t i o n  i n  

d is ta n c e  t r a v e le d  i s  n o t  c l e a r l y  u n d e rs to o d . C a l f  se x  re m a in e d  

s ig n i f i c a n t  when c a l f  age, c a l f  w e ig h t,  cow w e ig h t, m i lk  p ro d u c tio n  

and cow c o n d it io n  w ere  used i n  th e  m odel.

D is t r ib u t io n  o f  G raz ing

The I e a s t-s q u a re s  a n a ly s is  o f  v a r ia n c e  ta b le  f o r  d is t r ib u t io n  o f  

g ra z in g  i s  p re sen ted  i n  ta b le  12. The number o f o b s e rv a tio n s /c o w  used 

t o  c a lc u la t e  d i s t r i b u t i o n  ra n g e d  f ro m  16 to  22 and w e re  re c o rd e d  

d u r in g  g r a z in g  p e r io d s  I ,  2 and 4. Of th e  f i v e  cow and c a l f  t r a i t s  

used  as  c o n t in u o u s  in d e p e n d e n t v a r ia b le s ,  o n ly  c a l f  w e ig h t  had any 

s ig n i f i c a n t  in f lu e n c e  on d i s t r i b u t i o n  o f  g ra z in g .

The mean and s ta n d a rd  d e v ia t io n  f o r  d is t r ib u t io n  o f  g ra z in g  was 

103 ± 3 6  ha/cow . The p ro p o r t io n  o f th e  p a s tu re  covered by each o f the  

47 cow s used i n  th e  a n a ly s is  ra n g e d  fro m  21 to  44%. G i l l e n  (1 9 8 3 ), 

e s t im a t in g  th e  home range b e h a v io r o f  la c t a t in g  cows i n  Oregon, found
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T a b le  12. L e a s t - s q u a r e s  
g ra z in g

a n a ly s is  o f v a r ia n c e  f o r  d i s t r i b u t i o n  o f

Mean squares

Source d f D is t r ib u t io n  (h a 2)

Breed typ e 3 820

Sex o f  c a l f I 92

S ire  breed o f  c a l f I 1638

R egress ions

No. o b s e rv a tio n s I 497

C a lf  w e ig h t I 5867*

Cow c o n d it io n I 1136

R e s id u a l 38 1309

R2 0.21

t h a t  cow s had a home ra n g e  o f  343 ha (17 o b s e r v a t io n s )  i n  a 3610 ha 

p a s tu re . The la r g e r  a rea  observed by G i l le n  co u ld  be due to  a s m a lle r  

num ber o f  o b s e r v a t io n s ,  a la r g e r  p a s tu r e  s iz e  and d i f f e r e n c e s  i n  

p a s tu re  topography . In c re a s in g  th e  num be r o f  o b s e r v a t io n s  d e c re a s e s  

th e  e s t im a te d  a re a  ( G i l l e n ,  1 983) and a n im a ls  i n  la r g e r  p a s tu re s  

t r a v e l  f a r t h e r  d is ta n c e s  than  a n im a ls  i n  s m a l le r  p a s tu re s  (A n d e rso n  

and Kothmann, 1980).

T h e re  w as no d i f f e r e n c e  b e tw e e n  th e  f o u r  b re e d  ty p e s  i n  th e  

d is t r ib u t io n  o f  g ra z in g . The d is t r ib u t io n  means w ere  1 0 5 + 1 1 ,  115 + 

I I f 93 ± 11 and  99 ± I I h a /c o w  f o r  RH, AH, I S I H and  3S1H,
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r e s p e c t iv e ly .  G i l le n  (1983) a ls o  observed  no d if fe re n c e s  i n  home range 

s iz e  b e tw e e n  p u re b re d  (H e re fo rd ,  A ngus, Red A ngus) and c ro s s b re d  

( H e re fo rd  x  A ngus, H e re fo r d  x Red A ngus) cow s.

The p a r t i a l  r e g r e s s io n  c o e f f i c i e n t  f o r  c a l f  w e ig h t  w as .5 + .2 

h a /k g .  W i th in  each b re e d  ty p e ,  cow s w i t h  c a lv e s  abo ve  a v e ra g e  i n  

w e ig h t  c o v e re d  a g r e a te r  a re a  o f  th e  p a s tu re  th a n  cow s w i t h  c a lv e s  

be low  average i n  w e ig h t (a d ju s te d  f o r  cow c o n d it io n ) .

The re a s o n  why c a l f  w e ig h t  w as im p o r t a n t  to  d i s t r i b u t i o n  o f  

g r a z in g  i s  p ro b a b ly  due to  th e  a b i l i t y  o f  th e  c a l f  t o  t r a v e l .  The 

h e a v ie r  c a l f  i s  i n  b e t t e r  c o n d i t io n  to  t r a v e l  w i t h  i t ' s  m o th e r  t o  a 

g r e a t e r  v a r i e t y  o f  g r a z in g  a re a s .  A lth o u g h  c a l f  age e x p la in e d  a 

s ig n i f i c a n t  amount o f  th e  v a r ia t io n  in  c a l f  w e ig h t,  c a l f  age was n o t 

as im p o r ta n t  as c a l f  w e ig h t to  d is t r ib u t io n  o f  g ra z in g . The reason  why 

c a l f  w e ig h t  w as n o t  s i g n i f i c a n t  i n  e x p la in in g  th e  v a r i a t i o n  i n  

d is ta n c e  t r a v e le d  i s  p r o b a b ly  because  th e  c a l f  i s  n o t  r e q u ir e d  to  

t r a v e l  the  same d is ta n c e  as the  cow. The d is ta n c e  a cow t r a v e ls  can be 

a c o m b in a t io n  o f  m ovem ent w h i le  g r a z in g ,  m ovem ent b e tw e e n  g r a z in g  

a re a s  and m ovem ent b e tw e e n  w a te r  and g r a z in g  a re a s  w h i le  th e  c a l f  

needs o n ly  to  t r a v e l  w ith  i t s  m o the r fro m  one g ra z in g  a re a  to  a n o th e r.

A lth o u g h  cow c o n d i t io n  was n o t  s i g n i f i c a n t  i n  e x p la in in g  th e  

v a r i a t i o n  i n  b o th  th e  d i s t r i b u t i o n  and d is ta n c e  t r a v e le d  m o d e ls , i t  

seems to  be an im p o r ta n t  f a c t o r  in f lu e n c in g  a n im a l movement. Cows in  

good c o n d it io n  a re  a b le  to  t r a v e l  lo n g e r  d is ta n c e s  and see a g re a te r  

p ro p o r t io n  o f the  p a s tu re  than  cows in  p o o r c o n d i t io n .

To exam ine how d is t r ib u t io n  o f  g ra z in g  in f lu e n c e d  cow and c a l f
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perfo rm an ce  d u r in g  th e  g ra z in g  season, th e  change i n  body w e ig h t and 

m i l k  p r o d u c t io n ,  a lo n g  w i t h  c a l f  a v e ra g e  d a i l y  g a in ,  w e re  a n a ly z e d  

u s in g  d is t r ib u t io n  o f  g ra z in g  and age o f  c a l f  as c o v a r ia te s .

The o v e r a l l  change in  body w e ig h t mean was 2.4 kg  (range  = -12.1 

to  17.9 kg ) d u r in g  th e  g r a z in g  s e a so n . 20% o f  th e  v a r i a t i o n  ( w i t h i n  

breed typ e ) i n  the  g a in  o r  lo s s  in  cow body w e ig h t co u ld  be e x p la in e d  

by th e  a re a  o f  th e  p a s tu re d  c o v e re d  d u r in g  th e  g r a z in g  se aso n . F o r 

eve ry  h e c ta re  in c re a s e  above the  average d is t r ib u t io n  o f  g ra z in g  (103 

h a ) ,  cow s g a in e d  .3 ± .07 kg  (P < .0 1) i n  body w e ig h t  ( a d ju s t in g  f o r  age 

o f  c a l f ) .  A n im a ls  t h a t  u t i l i z e d  a g r e a te r  p r o p o r t io n  o f  th e  p a s tu re  

p ro b a b ly  g razed  i n  a re as  where fo ra g e  was o f  b e t te r  q u a l i t y  than  those  

a n im a ls  t h a t  c o n f in e d  .th e m s e lv e s  to  a s m a l le r  p r o p o r t io n  o f  th e  

p a s tu re .

D i s t r i b u t i o n  o f  g r a z in g  had no in f lu e n c e  on c a l f  a v e ra g e  d a i l y  

g a in  o r  th e  change i n  m i l k  p r o d u c t io n .  A lth o u g h  cow s w i t h  h e a v ie r  

c a lv e s  had  a la r g e r  g r a z in g  d i s t r i b u t i o n  th a n  cow s w i t h  s m a l le r  

c a lv e s , th e  t r a v e l  d id  n o t seem to  a f f e c t  the  g a in  o f  th e  c a l f  and th e  

b e n i f i t s  re c ie v e d  by in c re a s e d  d is t r ib u t io n  o f  g ra z in g  w ere  u t i l i z e d  

f o r  w e ig h t  g a in  and n o t  m i l k  p r o d u c t io n .

Spec u la t io n  and Futu re  D i r e c t io n

. The o v e r a l l  o b je c t iv e ,  o f  t h i s  s tu d y , was to  d e te rm in e  i f  th e re  

a re  any d if fe re n c e s  i n  energy e x p e n d itu re  between fo u r  g e n o ty p ic a lly  

d i f f e r e n t  ty p e s  o f  bee f c a t t le  g ra z in g  ra n ge la nd . To a cco m p lish  t h i s  

o b je c t iv e ,  the  g ra z in g  b e h a v io r v a r ia b le s  chosen to  measure w ere t im e  

s p e n t g ra z in g ,  d is ta n c e  t r a v e le d  a n d .d is t r ib u t io n  o f  g ra z in g .

No d if fe re n c e s  w ere  fou n d  i n  the  amount o f amount o f  t im e  spen t
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g r a z in g  b e tw e e n  HE, AH, IS IH  and 3S1H l a c t a t i n g  cow s. From t h i s  

in f o r m a t io n ,  i t  i s  d i f f i c u l t ,  to  d e te rm in e  i f  e n e rg y  e x p e n d itu r e  

d i f fe re n c e s  e x is t  between these  fo u r  breed typ e s . Because t im e  spent 

g ra z in g  in c lu d e s  t im e  spen t e a t in g  and t im e  spen t fo ra g in g ,  th e  energy 

c o s t  o f  g r a z in g  in c lu d e s  th e  e n e rg y  c o s t  o f  e a t in g  p lu s  th e  e n e rg y  

c o s ts  a s s o c ia te d  w i t h  b o th  h o r i z o n t a l  and v e r t i c a l  m ovem ent w h i le  

g ra z in g . That p ro p o r t io n  o f  th e  d a i ly  energy e x p e n d itu re , due to  th e  

energy c o s ts  o f  g ra z in g , co u ld  be d i f f e r e n t  between these  breed type s  

d e p e n d in g  upon how f a r  and on w h a t s lo p e  th e  a n im a l t r a v e le d  w h i le  

g ra z in g . I n  t h i s  s tu d y , measurem ent o f  d is t r ib u t io n  o f  g ra z in g  was an 

a t te m p t  t o  i d e n t i f y  b re e d  ty p e  d i f f e r e n c e s  i n  a re a  u t i l i z a t i o n .  

However, an e s t im a t io n  o f  a rea  u t i l i z a t i o n  does n o t in d ic a te  how these  

breed  ty p e s  may d i f f e r  i n  u t i l i z a t i o n  o f  s lo p in g  t e r r a in .

The le v e l  o f  fo ra g e  in ta k e  (k g /d ) i s  equal to  th e  amount o f t im e  

s p e n t g r a z in g  ( h r / d )  m u l t i p l i e d  t im e s  th e  r a t e  o f  fo ra g e  in t a k e  

(k g /h r ) .  Because in ta k e  d if fe re n c e s  have been re p o r te d  between these  

same b re e d  ty p e s  (W agner, 1 985; K ro n b e rg , 1 9 8 3 ), d i f f e r e n c e s  i n  th e  

ra te  o f  fo ra g e  in ta k e  c o u ld  p o s s ib ly  e x is t .  In ta k e  r a te  i s  the  p ro d u c t 

o f  b i t e  r a te  ( b i t e s /h r )  and b i t e  s iz e  ( k g /b i te ) .  Measurement o f  these  

v a r ia b le s  w o u ld  be a d e c i s i v e  s t e p  i n  d e t e r m in in g  w h e re  th e  

d if fe re n c e s  i n  g ra z in g  b e h a v io r e x is t  between these  breed  ty p e s .

D u r in g  t h i s  s tu d y ,  IS IH  cows t r a v e le d  .9 k m /d  le s s  th a n  HH cow s 

and .7 k m /d  le s s  th a n  HH and AH cow s. I t  i s  d i f f i c u l t ,  t o  d e te rm in e  i f  

these  d if fe re n c e s  w ou ld  t r a n s la te  in t o  energy e x p e n d itu re  d if fe re n c e s  

o r  n o t .  B reed  ty p e  d i f f e r e n c e s  i n  e n e rg y  e x p e n d itu r e  can n o t  be 

d e te c te d  u n le s s  some m e a su re m e n t o f  th e  s lo p e  o f  th e  t e r r a i n ,  o v e r
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w h ich  th e  a n im a l t ra v e le d ,  i s  known.

The d is ta n c e  an a n im a l t r a v e ls  can be a co m b in a tio n  o f  movement 

w h i le  g ra z in g , movement between g r a z in g  a re a s  and m ovem ent b e tw e e n  

w a te r  and g r a z in g  a re a s . I n  t h i s  s tu d y ,  IS IH  cow s t r a v e le d  le s s  

d is ta n c e  (P < .05) y e t  c o v e re d  th e  same a re a  o f  th e  p a s tu re  (P > .10 ) as 

th e  o th e r  th re e  breed typ e s . I t  i s  p o s s ib le  t h a t  IS IH  cows dem on s tra te  

some d if fe re n c e s  i n  a n im a l movement. One p o s s ib le  d if fe re n c e  cou ld  be 

i n  fre q u e n cy  o f  d r in k in g .  C e r ta in  a n im a ls , g ra z in g  i n  a re as  f a r  fro m  

w a te r ,  w e re  o b s e rv e d  to  d r in k  le s s  f r e q u e n t ly .  By d r in k in g  le s s  

f r e q u e n t ly ,  a n im a ls  can c o n s e rv e  e n e rg y  and m a x im iz e  p a s tu re  

u t i l i z a t i o n .

A t th e  p re se n t t im e , i t  can n o t be d e te rm ine d  i f  th e re  a re  o r a re  

n o t  b re e d  ty p e  d i f f e r e n c e s  i n  e n e rg y  e x p e n d i tu r e .  F u tu re  s tu d ie s ,  

m e a s u r in g  th e  g r a z in g  b e h a v io r  o f  cow s g r a z in g  ra n g e la n d ,  s h o u ld  

in c lu d e  some e s t im a t io n  o f  fo ra g e  in ta k e  ra te ,  s lo p e  u t i l i z a t i o n  and 

fre q u e n c y  o f  d r in k in g .

W agner (1 9 8 5 ) ,  u s in g  th e  g ro u p  I cow s f ro m  t h i s  s tu d y  ( i n  an 

a d ja c e n t p a s tu re ) , fou n d  s i g n i f i c a n t  in t a k e  d i f f e r e n c e s  b e tw e e n  th e  

fo u r  b reed  typ e s . The o v e r a l l  in ta k e  means w ere 2 .3 , 2 .5 , 2.6 and 2.8% 

BW /d f o r  HH, AH, I SI H and 3S1H cow s, r e s p e c t iv e ly .  HH cows consum ed 

le s s  fo ra g e  (P<.07) th a n  bo th  th e  IS IH  and 3S1H cows bu t n o t le s s  th a n  

th e  AH cow s. A t th e  p re s e n t  t im e ,  i t  i s  d i f f i c u l t  t o  assum e t h a t  th e  

breed ty p e  d if fe re n c e s  i n  in ta k e  observed by Wagner w o u ld  e x is t  under 

the  c o n d it io n s  o f  t h i s  s tud y . Because o f  the  many fa c to r s  in f lu e n c in g  

g r a z in g  b e h a v io r  ( A r n o ld  and D u d z in s k i , I 97 8 ) , th e  l e v e l  o f  e n e rg y  

e x p e n d i tu r e  can change f ro m  one e n v iro n m e n t  to  a n o th e r .  U nder th e
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c o n d it io n s  o f  Wagner’ s s tu d y , a n im a ls  w ere  g a th e red  on a d a i ly  b a s is  

and the  n a tu ra l b e h a v io r p a t te rn s  w ere  in te r r u p te d .  How t h i s  a ffe c te d  

t im e  spen t g ra z in g , d is ta n c e  t ra v e le d  and p a s tu re  u t i l i z a t i o n  i s  n o t 

know n. F u tu re  s tu d ie s  s h o u ld  e x a m in e  how th e  e x p e r im e n ta l  m e th o d s , 

used i n  e s t im a t in g  a n im a l in ta k e ,  in f lu e n c e  a n im a l g ra z in g  b e h a v io r.
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SUMMARY

The g ra z in g  b e h a v io r o f  la c t a t in g  bee f cows g ra z in g  ra n g e la n d  was . 

s tu d ie d  d u r in g  the  summer o f  1984 i n  th e  Bear Paw M ounta ins nea r Havre 

M o n ta n a . A t o t a l  o f  48 cow s w e re  d iv id e d  i n t o  tw o  g ro u p s . Each g ro u p  

c o n ta in e d  s i x  cow s fro m  th e  f o l l o w in g  f o u r  b re e d  t y p e s : s t r a ig h t  

H e re fo rd  (HH), 50% Angus-50% H e re fo rd  (AH), 50% Sim m ental-50%  H e re fo rd  

( IS IH ) and 75% S im m ental-25%  H e re fo rd  (3S1H). The s tud y  c o n s is te d  o f 

fo u r  g ra z in g  p e r io d s  s t a r t in g  on J u ly  22 and end ing  on August 30.

The g ra z in g  b e h a v io r v a r ia b le s  in c lu d e d  d a i ly  g ra z in g  hou rs , t im e  

o f  day g r a z in g ,  d is ta n c e  t r a v e le d  and d i s t r i b u t i o n  o f  g ra z in g .  The 

b a s ic  m odel f o r  a n a ly s is  o f  th e  g r a z in g  b e h a v io r  v a r ia b le s  in c lu d e d  

b re e d  ty p e ,  g ro u p , p e r io d ( g r o u p ) , sex  o f  c a l f  and s i r e  b re e d  o f  c a l f  

as  f i x e d  m a in  e f f e c t s  and b re e d  ty p e  by p e r io d (g ro u p )  as th e  m a in  

i n t e r a c t i o n .  A d d i t io n s  t o  th e  d a i l y  g r a z in g  and t im e  o f  day g r a z in g  

m o d e ls  in c lu d e d  cow (ra n d o m ) and day ( f i x e d ) .  Cow w e ig h t ,  cow m i l k  

p r o d u c t io n ,  cow c o n d i t io n ,  c a l f  w e ig h t  and age o f  c a l f  w e re  used as 

c o v a r ia te s  whenever p o s s ib le  to  exam ine t h e i r  e f fe c ts  on cow g ra z in g  

b e h a v io r .

The o v e r a l l  d a i l y  g r a z in g  mean w as 9.4 h r / d .  G ra z in g  t im e  

in c r e a s e d  f ro m  8 .0 ( p e r io d  I )  to  10.0 h r / d  ( p e r io d  4) d u r in g  th e  4 0 -d  

g ra z in g  season. No d if fe re n c e  i n  d a i ly  g ra z in g  h o u rs  was fou n d  between 

th e  f o u r  b re e d  ty p e s .  Age o f  th e  c a l f  and l e v e l  o f  m i l k  p r o d u c t io n  

w ere  th e  m ost im p o r ta n t  (P<.05) c o v a r ia te s  e x p la in in g  th e  v a r ia t io n  i n  

d a i ly  g ra z in g  h ou rs . The p a r t i a l  re g re s s io n  c o e f f ic ie n t s  f o r  c a l f  age
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and m i lk  p ro d u c t io n  w ere  -.0 2  h r /d /d  and .05 h r /d /k g /d ,  r e s p e c t iv e ly .

The m a jo r i t y  o f  g ra z in g  to o k  p la c e  between 600-900 and 1800-2400 

h r. AH cows grazed  lo n g e r  (PC.05) between 900-1200 h r  tha n  a l l  o f th e  

o th e r  b re e d  ty p e s .  From p e r io d s  T to  4 , in c r e a s e s  i n  g r a z in g  t im e  

w e re  re c o rd e d  d u r in g  f i v e  o f  th e  e ig h t  3 - h r  d a i l y  t im e  p e r io d s .  

G ra z in g  t im e  decreased between 300-600 h r  and rem a ined  f a i r l y  c o n s ta n t 

betw een 1500-1800 and 2100-2400 h r . The in f lu e n c e  o f  m i lk  p ro d u c tio n  

on t im e  spent g ra z in g  was m a in ly  found  betw een 2400-300 h r.

The o v e r a l l  mean d is ta n c e  t ra v e le d  was 4.7 km /d. B reed typ e  was a 

s ig n i f ic a n t  source o f  v a r ia t io n  i n  d is ta n c e  t r a v e le d .  Breed typ e  means 

w e re  5 .0 , 4 .8 , 4.1 and 4 .8  k m /d  f o r  HH, AH, IS IH  and 3S1H cow s, 

r e s p e c t iv e ly .  IS IH  cow s t r a v e le d  le s s  th a n  (P < .05) HH, AH and 3S1H 

cow s. Cows in c r e a s e d  i n  d is ta n c e  t r a v e le d  f ro m  4 .3 t o  4.9 k m /d  f ro m  

p e r io d s  I to  4 and t h i s  in c r e a s e  f o l lo w e d  th e  same g e n e ra l t r e n d  as 

d a i ly  g ra z in g  hou rs . Two h r /d  were spen t g ra z in g  f o r  eve ry  k i lo m e te r  

o f  t r a v e l  in  a l l  fo u r  o f th e  g ra z in g  p e r io d s .

The o v e r a l l  d is t r ib u t io n  mean was 103 ha/cow . The p ro p o r t io n  o f  

th e  p a s tu re  c o v e re d  by each cow ra n g e d  f ro m  21 to  44%. No d i f f e r e n c e  

i n  d is t r ib u t io n  o f g ra z in g  was fou n d  among th e  fo u r  breed type s . C a lf 

w e ig h t  e x p la in e d  a s ig n i f ic a n t  amount o f  th e  v a r ia t io n  i n  d is t r ib u t io n  

o f  g ra z in g . Cows w ith  c a lv e s  above average i n  w e ig h t covered  a g re a te r  

p r o p o r t io n  o f  th e  p a s tu re  (0 .5  h a /k g )  th a n  cows w i t h  c a lv e s  b e lo w  

a v e ra g e  i n  w e ig h t  ( a d ju s te d  f o r  cow body c o n d i t io n ) .

D is t r ib u t io n  o f  g ra z in g  d id  n o t in f lu e n c e  th e  change i n  cow m ilk  

p ro d u c t io n  o r c a l f  average d a i ly  g a in  b u t d id  s ig n i f i c a n t ly  a f fe c t "  the  

cow ’ s change i n  body w e ig h t .  Cows g a in e d  0.3 k g  i n  body w e ig h t  f o r
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every  h e c ta re  in c re a s e  above the  average d is t r ib u t io n  o f  g ra z in g .

From  th e  r e s u l t s  p re s e n te d  h e re ,  a s i g n i f i c a n t  a m oun t o f  th e  

v a r ia t io n  ( w i t h in  a breed typ e ) in  g ra z in g  b e h a v io r can be a t t r ib u te d  

to  a v a r ie t y  o f  c h a r a c te r is t ic s  a s s o c ia te d  w ith  th e  cow and th e  c a l f .  

Between breed typ e s , th e re  seems to  be no a s s o c ia t io n  between a breed 

ty p e 's  energy re q u ire m e n ts  and any o f  th e  g ra z in g  b e h a v io r v a r ia b le s  

m e a su re d  i n  t h i s  s tu d y .  The b re e d  ty p e  w i t h  th e  s m a l le s t  e n e rg y  

re q u ire m e n t (HH) spen t th e  same amount o f  t im e  g ra z in g , t ra v e le d  th e  

same d is ta n c e s  and c o v e r  th e  same a re a  o f  th e  p a s tu re  as  th e  b re e d  

ty p e  w ith  th e  la r g e s t  energy re q u ire m e n t (3S1H). T h is  w ou ld  in d ic a te  

t h a t  th e  in c r e a s e  i n  th e  m a in te n a n c e  r e q u ir e m e n t ,  due to  th e  e n e rg y  

c o s t o f  g ra z in g  and t r a v e l ,  was th e  same a c ro ss  th e  fo u r  breed type s . 

However, energy e x p e n d itu re  d i f fe re n c e s  amoung these breed types  co u ld  

n o t  be d e te rm in e d  because  th e  s lo p e  o f  th e  t e r r a i n  o v e r  w h ic h  th e  

a n im a ls  t r a v e l  was n o t measured.
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T ab le  13. R e s id u a l c o r r e la t io n s  between g ra z in g  b e h a v io r v a r ia b le s  and 
cow and c a l f  t r a i t s 3

T r a i t (2 ) (3 ) (4 ) (5 ) (6 ) (7 ) (8 ) (9 )

D a ily  G ra z in g  H o u rs  ( I ) .07 .12 - .1 5 .18 .02 - .0 7  - .16 - .19

D is ta n ce  T ra v e le d  (2 ) - .0 2 .22 .06 .09 .13 .19 .22

D is t r ib u t io n  (3 ) .10 .12 .15 .11 - .17 .01

Cow Body W e ig h t (4) .1 1 .3 4 * * .8 9 * * .3 6 * .3 4 *

M ilk  P ro d u c tio n  (5 ) .2 9 * * .17 - .06 .10

C a lf  W e igh t (6 ) .3 4 * * .7 1 * * .06

Cow C o n d it io n  (7 ) .27 - .12

Age o f C a lf  (8 ) o24

Cow H e ig h t (9 )

a The m odel used f o r  th e  a n a ly s is  in c lu d e d ; Breed typ e , P e rio d , Sex o f  
c a l f  and S i r e  b re e d  o f  c a l f  as f i x e d  m a in  e f f e c t s .  V a r ia b le s  had 
d i f f e r e n t  degrees o f  freedom  and s ig n if ic a n c e  o f each c o r r e la t io n  
w as c a lc u la t e d  s e p a r a te ly .  C  P<.05, * *  PC.OI).
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T ab le  14. R e s id u a l c o r r e la t io n s  between d a i ly  g ra z in g  h o u rs  and t im e  
o f  day g ra z in g 3-

T r a i t (2 ) (3 ) (4 ) (5 ) (6 ) (7 ) (8 ) (9 )

D a ily  G ra z in g  Hours ( I ) .39 .16 .15 .1.6 .26 .14 .22 .37

Time o f  Day
2400-300 (2 ) - .0 5 - .2 7 — .08 .06 .04 - .0 9 .12

300-600 (3 ) - .2 9 - .3 4 .14 .13 .00 - .1 6

600-900 (4 ) .12 - .2 7 - .1 8 .13 .08

900-1200 (5 ) .01 - .2 4 - .1 4 - .0 4

1200-1500 (6 ) • ' - .1 2 - .2 7 - .1 7

1500-1800 (7 ) - .1 1 - .2 7

I 800-2100 (8 ) - .0 2

2100-2400. (9 )

3 The m o d e l used  f o r  th e  a n a ly s is  in c lu d e d ;  B re e d  ty p e ,  P e r io d ,  S i r e  
b re e d  o f  c a l f ,  Sex o f  c a l f  as f i x e d  m a in  e f f e c t s .  C o r r e la t io n s  
(a b s o lu te  v a lu e s ) > .13 a re  s ig n i f ic a n t  (PC .0 5 ).



MONTANA STATE UNIVERSITY LIBRARIES

3 1762 1001
IlEliKlIlIII

4462  3

M ain , .
$378 L a th ro p , W il l ia m  J . 
L3L8 G raz ing  b e h a v io r o f
c o p .2 ra n g e la n d  b e e f c o w s ...

Main
*$378
L3WB
cop.


