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A B STRACT  

This  e x p e r ime n t  wa s d e s i g ned  t o  s t ud y  the  i n f l u e n c e  of  a ut umn 

l i ve we ight  a nd n u t r i t i ona l l y-e n fo rced  l i v e  w e i ght c ha n g e  on c a l f  

b i r t h  w e i g h t  a nd t h e  s ub s e q uent prod uc t i v i ty o f  thre e-yea r-o l d , 

p r im i parous  A ng u s  he i fe r s , ca l v i n g  i n  t h e  s p r i n g  of 1975. A l l h e i fe r s  

w e r e  pa s t ure f e d  o n  " T ua p a k a " , N o .  3 s h e e p  fa r m ,  M a s s e y  U n i v e r s i t y , 

a n d  the trea tme n t s  imposed followed  t h o s e  n o rma lly e x p e r i e n c e d  b y  

ca t t le o n  h i ll country. T h i s  was a chi eved by  a l te r i ng pa s t u re inta k e  

b y  t he man i p u la t i on o f  s to c k i n g  ra t e  d ur ing first  p r e g n a n c y .  

The r e s e a rch  he rd o f  54  he i fe r s  was  c ompr ised  of a n im a l s  rea red  

t o  two-a nd -a - ha l f-yea rs-o f-a g e  at  t hr e e  d i ffe rent  o r i g i n s , name l y  

Ma s s e y  ( T ua pa ka ) ,  Hawke ' s  B a y  a nd Wa i rara pa , which  c o n s e q u e n t l y  g a v e  

t he three  a ut umn live  we i g h t  grou p s . 

O n  1 May, 1 97 5 , a s w i t c h o v e r  d e sig n for pre-ca l v i n g  n u t r i t i ona l 

p l a ne wa s ini t iated  b y  a lloca t i ng he i fe rs w i t h i n o r i g i n  t o  o n e  o f  

t hr e e  trea tment  gro ups. T he first  g ro u p  o f  19 he i fe rs wa s fed a t  a 
h i g h  plane  c o n tinu o usly to ca lvin g .  A sec ond g rowp o f  18 h eife r s  was  

fed  at  a high  pla n e  o f  nu tr i t ion fo r 70  days  (to  10 J u l y ,  1975) un t il 

t h r e e  we e k s  b e fore t h e  s ta rt o f  c a l v i n g  ( 3 0  July ,  1975) . T h e  t h � rd 

g ro u p  o f  1 7  he i fe rs wa s fed on a low p l a n e  o f  nutrit ion from 1 May to 

1 0  Ju l y ,  1 9 75 ,  when i t  was switched  to a high pla ne . T he t hr e e  g ro ups  

w e re ident i fi e d  as  HP-HP , HP-LP and  LP-HP , respec t i v e l y .  

The lea s t  s qua re� �ea n s  f o r  the l i v e  w e i g h t  o f  t he g ro up s  a t  

t he s t a r t  o f  'he  e x p e rime t ,  at  sw i tc h o v e r  7 0  days later, a n d  at  t he 

l a s t  we i g h i n g  d a t e  b e fore ca l v i n g  w e r e : 

May , 1975: 

1 0  J u l y ,  1975: 

2 5  J u l y ,  1975: 

HP-H P ,  382 . 4 k g ;  

HP -HP , 3 81. 3 kg; 

HP-HP, 3 95, 7kg; 

HP-LP, 3 82 . Okg; 

HP-LP, 3 B2 .1kg; 

HP-LP, 376,0kg; 

LP-HP, 3 80 , 1 k g INS). 
LP-HP, 3 6 2 , 2 k g  ( p < 0 . 0 1 ) .  

LP-HP, 375 . Dkg (p <0,01), 

The live weight of the heifers, as classified by origin at the 

last weighing d a t e  before calving (2 5 July, 1975) ,  did not differ from 

that at the start of the experiment (1 May, 1975) by more than 1 ,  7kg. 

The least squares means for the weight of the heifers of the origin 
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g r oups a t  25 July wa s :  Ma s s e y ,  3 6 7 , B k g ;  Hawke ' s  B a y1 4 0 7 , 4 k g ; 

Wa i ra ra pa , 3 7 1 , 7k g ,  The  Hawke ' s  B a y  h e i fers were s i g n i fica n t l y  

( p  <0 . 0 1 ) hea v ie r  t h a n  t h o s e  from t h e  o t her  t w o  ori g i n s ,  

T h e  f i rs t  ord e r  i n t e ra c t i on b e tween w i nt e r  n u t r it iona l r e g ime 

and autumn l ive  w eig h t  wa s not s i g nifica n t . 

The b i rt h  we i g h t  of  the ca l f  w a s  not sig n i f i c a n t l y  i n fl ue nc e d  

b y  the p l a n e  of n u t ritinn o f  t h e  d a m  or he r a u tumn s t a r t i n g  w e i g h t .  

Wit h i n  trea tme n t s , t he lea s t  s qua res mea ns  for b ir t h  w e i g h t  w e r e: 

H P-HP, 2 7 .  gkg; HP-LP , 25. 7k g ;  L P-HP, 2 5 . 9 k g ,  The ma x imum difference  

was  2 , 1 k g. ( :> . 0 5<p<0 . 1 0 ) .  Wit hin o r i gins of  d a m ,  t he least  s q ua r es 

means  for t �th  w e i g h t  were:  Ma s s e y ,  2 6 . 6 k g ;  Haw k e ' s  Bay ,  2 7 . 9 k g; 

Wairarapa, ".J,Ok g . The  diffe rence  b etween  e x tremes was  2 . 9 k g  ( 0 . 0 5 

<P <D. 1 D). 

After ca l v i ng the  heifers a�d their ca lves w e re grouped  i n to 

t hree  h e rd s  a cc o rd i n g to  age  of ca l f. The live we i ght o f  b o th �ere 

t a k e n  on e i g ht occasions after p a r t u r ition , in c lud i n g  a wei g ht a t  

w e a n in g . C a l v e s  w e r e  weaned  on 11 r"'a rc:h , 1 9 76 a t  2 1 0  d a ys o f  a g e .  

Es tima t ion of the  m i l k  consump t i on o f  the  ca l f  wa s ma d e  b y  t h e  w e i g h

nurse-we i gh me t hod a ft e r  a 17-hour s e pa ra t i on a t  e a c h  o f  t h r e e  2 0-da y  

i n t e rva ls .  

The  i n fl ue n c e  o f  the  pre-ca lv i n g p la ne of  n u t r i t i o n  on the  

mil k c on sum p t i o n  and  wea ning weight of t h e  ca lf  wa s n o t  s i gn i fi ca n t ,  

a l though  t h e  heavie s t  ca lves  were  w e a n e d  b y  the  h e i fers  o f  t h e  H P-HP 

g r o u p . C ompa r e d  t o  t he LP-HP g r o u p  the  H P-HP he i f e rs g a ve prefere n c e  

t o  la c ta t i on a head  o f  b o d y  weig h t  gain to  w e a n  hea v ie r  ca lves  a n d  

h a v e  a lig h t e r  body w e i g ht a t  w ea n i n g .  T h e  HP-LP h e i fers  s howed  

r e la t iv e ly poor live  weig h t  recovery  a nd weaned  t he l i g h t e st calve s .  

T h e  i n f luen c e  o f  t h e  aut um n  l i v e  w eigh t  o f  the dam  o n  t h e  

w ea n i n g  w e i g h t  of t h e  c a l f  wa s s i g n i fica n t  ( p < 0 , 0 5 ) , w he re t he ca lves  

o f  t h e  H a w k e 1 s  Bay  he i fe rs were  1 8 . 0k g  heavier  t ha n  t ho s e  o f  t h e  o t her 

two g r o u p s , T he amount  o f  m i l k  c o n s umed by t h e i r  c a lv e s  a t  e a c h  o f  

t h e  t hr e e  d a ys o f  d ete rmi na t ion  w a s  a lso  grea ter  t ha n  t ha t of t he 

o t h e r  t w o  o r i g in groups  ( N S ) . 
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T he e ff e c t  o f  s e x  o f  ca l f  on  i t s  weight b e fore a nd a t  wea n i n g ,  

a nd t he live we i g h t  of  t h e  d a m  s howed t ha t  ma l e  calves  w e r e  hea v i e r  

o n  a ll occa s i o n s, a nd t h e i r  dams  c o n s e q u e n t ly s h owed l e s s  l i v e  

w e i g h t  ga i n  t h a n  the  h e i fe r s  r e a ring fema l e  c u l v e s ,  

c o n s umed m o r e  m i l k  a t  e a c h  d e t e rmina t i on ( NS ) . 

F ema le c a l v e s  

T he t im e  o f  ca l v i n g  d id  n ot s i g n i fica n t ly a ffec t  t h e  b i r t h  

w e i g h t  o f  the c a l f ,  b u t  those  c a l ve s  b orn  e a r liest  ha d a n  a d va n t a g e  

a t  w e a n ing  a == -0.89 : 0. 53kg /day; D. OS< p<D. 10). The  e f fe c t  o f  

c l ima t i c  va1 :a t i on 1-1a s d is c u s s e d  a s  i t  r e la ted  t o  t h e  thr e e  p o s t 

c a l v i n g  he rd s .  

Evidence  wa s found o f  r e s i d ua l e f fects  o f  the  previous  yea r ' s  

p o s t-ca l v i n g  p la n e  o f  n ut r i t i on ,  b u t  not  a ut umn live  we igh t ,  on  t h e  

l iv e  we ight  c h a n g e  o f  the  h e i fers in  t he i r  s e c ond g e s t a t i o n  a n d  o n  

t h e  b i rt h  w e i g h t  o f  t h e  s e c ond  ca l f .  

It ;-vas c oncluded that the advantage o f  a hi gh  live  w e i g h t  i n  

t h e autumn duri n g  th e he ifer 's  first p r e g n a n c y  wa s p o sit i v e ly a n d  

s i g n ifican t l y exhibited Hl the wea:1ing w e i ght o f  i t s c a l f .  T he LP- H P  

r e gime , o f  a mi ld  l o s s  ( S'){,) o f  Dutumn live >veig ht to  four  w e e k s  b e fo r e  

calv i n g ,  w i t h  e levated  feedi ng  to ca lvin g,  wa s be l i ev e d  t o  b e  t h e  mo s t  

a d va n ta g eous  t o  p a s t ure  g rowt h ,  wint e r  s t o c k i n g  ra t e  and e ff i c i e n c y  o f  

p a s t u re ut i l i za ti on by t he h e i fe r .  
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C H A P T E R 0 N E 

I NTROD UC T I ON 

T h i s  stud y wa s u nd e rt a k en p r i ma r il y  t o  i nves t i ga te t h e  in fluence  

o f  two m aj or fa cto rs on  t h e  b i rt h  w e i ght o f  t h e  cal f, T h e s e  f act or s  

w ere th e l i v e  we i g ht o f  t he d a m  i n  th e autu mn, a nd t he pl a ne o f  

n ut r it i o n  o f  th e d am b efor e th e cal f  wa s born. 

T here i s  a bu nd ant in forma t i on c o n c e rn in g t he r e la t ion s h i p between  

t he age  of  t he d a m  and th e b i r t h  we i g h t of  the ca lf w i th respe c t  to  the 

i n c id e nc e o f dys t oc ia . T he e v idence  is  conclus ive tha t within breed ,  

d ys t oc i a  o c c urs more f r equ e ntl y am on g f irs t-ca lv in g heifers t ha n  amon g 

f em a l e s  o f  a n y  ot her a ge gr ou p ,  Beca u s e  the  b ir t h  w e i ght o f  t h e  ca l f  

has b een fou nd t o  be th e  most  importa n t  fa c t or ca using d ys to c i a  - among  

fa ctors attrib ut ed to b o t h t he cow a nd its  c al f  - t here h a s  b e en much 

research c o nd uct ed to red uce the birth  w e i ght o f  ca lve s by t h e  ma ni p ul -

atio n o f  the i nt a ke of the pr e�n a nt b ovi n e . M ost o f  t h i s  work ha s b e e n 

cond u ct ed in climates, a n d  with fe eding met hod s, d i s s im ilar to the 

c ondit i on s  e x i st ing o n  N ew Z ea l a nd h ill countr y ,  and h e n c e  t h e  conclu s

i on s obta i n e d  i n  t ho s e  s t u d i e s  have  invo lved consid era b l e  e x tra pola t i o n  

i n  t h e  a ppl i ca t ion  o f  t he pr i nc i ples  locall y . 

T h e  popular b e l i e f  a mo n g  s om e  c a t t l emen who  ha v e  been  con fron t ed 

w i t h  a hi g h  incid e n c e  o f  d y s toc ia i n  t he ir h e rd s ,  e s p e cia lly among  firs t 

ca lvin g  h e i fe r s , ha s be e n  tha t res t r i c t i o n  o f  i n t a k e  w i thin  t he la s t  

tri m e s t er o f  pr e gn a n c y  ha s t he e ffe c t  o f  reducing  the birth w e i g h t  o f  

t h e  ca l f ,  t h ereby min imiz i n g  the r i s k  o f  d ys t ocia  from this fac tor i n  

p a r t i cul ar . T h ere ha s b e e n  l i t tle  obje c t i v e  measuremen t i n  N ew Zealand  

o f  t he re s ponse  o f  primiparous  a nima ls t o  res tric t e d  n u t rition upo n  which 

t o  b a s e  th i s  a c tion . 

The pla n e s  o f  n utrition whic h were imposed  o n  the fir s t -ca lving ,  

thre e-yea r-old A n gu s  heifers  o f  the p r e s e n t  e x periment  were in tended  t o  

e mula t e  n orma l New Z ea la n d  hil l-count r y  win t e r  fe e ding  a n d  t o  provide an 

e stima t e  of t he response  o f  the birt h  weight of t h e  ca l f  to differing 
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l e v e l s  of n u t r i t ion o ffered  t h e  d a m .  I n  t h i s  work  t h e re were t hree  

n u t r i t i ona l leve ls  with  r e s tricted i n ta ke b e i n g  impos e d  on  one of  t he 

g r o u p s  for a pre d e te rmined  p e r iod , e it h e r  e a r l y  1n t h e  w i nter , o r  

b e g i n n i n g  l a t e r  a n d  c o n t i n u i n g  thro u g h  t o  c a l v i n g ,  

The p e riod of mos t pronoun c ed pas t u re shortage on  New Zealand 
hi l l  c ountry  i s  usua lly in the win t e r, and the  l e v e l s  o f  nu t r i t i on 

i m p o s e d  in th is s t udy  w e r e  designed with t he i n t e nt i on of exam i n i n g  the  

eff e c t  o f  t he t ime o f  the restr i c t i on o n  t he p e r forma nce o f  the heifer, 

not o n ly with respect  t o  the birth we i g h t of i ts ca l f ,  but a ls o  her  

s ub s e q ue n t  l a c t a t ion , the  pos t-ca lv i n g  l iv e -we i g h t  g row t h  o f  t he h e i fer  

and  t he pe rforma n c e  of  the  c a l f .  T h e  r e s u l t s  ha ve  provided  a n  i nd i c 

a t i on o f  t h e  mos t effe c t i v e  use  o f  a l im i t e d  p a s ture  res ourc e . 

M o s t  o f  the  s tudies w h i c h  ha ve e va lua te d  t he i n fluence  o f  

m a n a g eria l ma nipula t i on o f  the pre g n a n t  h e i fe r  have  been  d i re c t e d  

t owa rds  t h e  weight  chan g e  o f  the  h eife r up to ca l v i n g, T here  h a v e  b e en 

few inves t i g a t ions of the influe  ce  of the weigh t o f  t h e  pre gna n t  he i fe r  

in t h e  a ut um n .  

The ma nner  i n  w hich t he h e i fer  a c c om p l i shes  i t s  grow t h  t o  the  

t i me of f irs t-ca lv i n g , whether  b y  ra p i d  g rowt h  a ft e r  h e r  own  w ea n ing  to  

a la rge  s i z e  at  ma t i n g ,  or  a more  protra c ted  g r ow t h  p er iod cont in u i n g  

up  t o ,  a n d  beyond c a l v i n g , a t  a more c on s ta n t  r a t e  ha s not  pre v i ous l y  

b e e n  thoroughly cons id e red , T he d es i g n  o f  t he prese nt e xpe rim en t  

i n c luded  h e i fers  w h i c h  va ried  i n  live  we i g h t  in  t h e  a u t umn o f  t h e i r  

fir s t  preg na nc y .  T h i s p r e s e nt e d  t he opportun i ty  t o  eva lua t e  t he effect  

o f  t hi s  cha ra cter i s tic on t he p rod u c t i v i t y  o f  t he h e i fe r ,  i n v o lv i n g  t h e  

b i r t h  we i g h t  o f  t h e  c a l f ,  t he lacta t iona l p e r fo rma nce  o f  t h e  d am a nd 

t h e  live  w e i g ht grow t h  o f  t he h e i fe r  a nd h e r  ca lf i n  t h e  pre-we a n i n g  

p e r iod , 

There  have been  i n v es t i ga tion s r e ported  e l s ewhere  w h i c h  found a 

v a r yi n g  a mount o f  r e s i d ua l  i n f luence  from t h e  prev io us exper imenta l 

c on stra i n t s  ( Hig h t ,  1 96 8 c ;  P i nney e t  a l . , 1 96 2 ) . B y  con�i n u i n g  t o  

obtain d a ta from the  h e i fe r s  in t h e  curre n t  s t u d y  i n  t he ir s ec on d  ca lvi n g  

s ea s on it wa s poss ib le t o  d e t e rmine i f  t h e  e ffects  o f  the  n u tritional  

treatments  and  a u t um n  liv e  weight p ersisted  for more  than  o n e  pregna n c y  

a n d  la c t a tion . 
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The o u t c ome o f  t h is pro j e c t  s ho u ld be  of va l ue to  t h e  beef 

c a t t le i n d u s t ry, I t  a t tempts to qua n t i fy a n d  e xa m i n e  b e l i e fs s tron g l y  

h e ld b y  ca t t lemen w i t h  r e s p e c t  t o  t h e  ma n a geme n t  a nd fee d i n g  o f  youn g 

pre gn a nt c a t t le,  The  res u l t s  are c o n t r a d i ctory  t o  opi n ions h e ld by  

some pr od u c e r s ,  e s pec i a l l y  t h ose  re l a t ing t o  the pos s ib l e  ma n i pulat io n  

o f  t h e  bi r t h  we i gh t  o f  t h e  c a l f ,  It i s  a l so hoped t h a t t here is  a 

sign i fica n t  contrib u t i o n  i n  t h is t he s i s  t o  t he i n fo rmat ion on the  

import a n c e  of  fe e d i n g  he i fe r s  i n  prepa ra tion  for t h e i r  f i r s t  pre g n a n c y .  



C H A P T E R T VJ 0 

REVIEW O F  L I T E R�TURE 

1. Ca l f  Birth Weiaht and Dystocia 

1 . 1  Introduct ion 

4 

D i s c u s s ion  o f  the respon s e  of b i r t h  weights  o f  ca lves  t o  ma n a g e r i a l  

ma n ipula t i on occ upies  a ma j or pa rtd t h i s  rev iew . H oweve r , a n  apprec-

ia t i on of  the importa n c e  o f  b i rth we ight pe r s e  is  n e ce s s a ry to und e r

s tand the  s i g n i fica n c e  of c ha n ges in it w h i c h  c a n  r e s u lt from genet i c  

e f fects , a nd more e s pe c ia l ly,  e n v i ron me n t a l  e ffect s .  

A l i ght b ir t h  we i g h t  ma y be assoc i a ted  w i t h  poor  v i ta l i ty ,  low  

res is tance  t o  expos ure , a d im i n i s hed  stimulus to  s u c k l e ,  a nd hence  

hig h e r  morta lity  ( R ied , 1 9 6 0 ;  A le xa n d e r , 1 9 6 4 ;  C o ra h e t  a l . ,  1 9 75 ) . 

C on v erse l y ,  heavier  ca lves  h a ve a grea ter capa city f o r  milk , t e n d  t o  

ma i ntain  t h e  la c ta t i on p er s is t ency o f  the dam , and  thus a t  wean i n g  h a v e  

hea v i er w e i g h t s  t han t h e i r  con tempora ries o f  l i ghte r  birt h  weigh ts . 

Wor k i n g  w i t h  A ngus ca t t le, Drewry e t  a l . ( 1 9 5 9 ) repor ted  a 

c o r r e la t i o n  b e tween t h e  b ir t h  weight  o f  t he c a l f  a nd a ve ra g e  d a i ly m i l k  

c o n s umpt i on o f  0 . 4 3  in t h e  f i r s t  month  o f  li fe . T h e  va l ues  ob ta ined  

ind i c a ted  a pos itive r e la t ionship b e tween  higher  m i l k  records  a nd la rge r 

ca lves  a t  b i rt h .  The r e la t io n s h ip d e c l i ne d  a s  la cta t io n  pro g r e s s ed a n d  

t h e  d epe n d ence  o f  t h e  ca l f  upon i t s  d a m  d im i n i s hed . The  a uthors  

obta i ned data  which  i n d ica ted that  heavier  c a lves at  b ir t h  were  able  to  

ma i n t a i n  t he i r  we i g h t  a dva n ta g e t o  s i x-mont hs-o f-a g e . G i fford ( 1 9 5 3 )  

a ls o  found  tha t t he mi lk-con s um i n g  a b i l i t y  o f  the c a l f  i n fluenced  t he 

s ub s e q u e n t  milk  prod u c t i o n  o f  i t s  d a m .  By s upplemen t i n g  the  d i e ts o f  

t hree -yea r-old Bee f  S ho r t ho r n  he i fers , B e r n a rd e t  a l .  ( 1 9 7 3 ) were  a b le 

t o  report  3 0 k g  more w e i g h t  o f  ca lf  a t  w e a n i n g  than t he u n s upplement e d  

g r o up , ma i n ly beca use  o f  the  h i g her  v i a b i l i t y  o f  t h e i r  ca lves . K o g er 

e t  a l ,  ( 1 9 6 7 )  found t ha t  5 0 , 8  perce n t  o f  losses  o c c u rred w i t h i n  2 4  h o u rs 

o f  b ir t h  - t hese  d e a t h s  occ urred i n  calves  o f  low o r  h ig h  b ir t h  w e i g h t s  

w i t h  the  g r ea test  s urv iva l rate b e i n g  i n  t h e  interme d ia te ra n ge s .  

The  s i g n i fi c a n c e  o f  b i r t h  w e i g h t  a n d  i t s  role  in peri-na t a l 
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s urv i v a l o f  c a lves  h a s  att ra c t e d  muc h  a t t e n t i on when  s t ud ie d  l n  rela t i o n  

t o  t h e  e ffec t s  o f  h i gh  w e i g h t s  a t  b i r t h ,  

Mos t  o f  t he recent  s tud i es o f  c ro s s b r e e d i n g  have  s t re n g t h e n e d  t he 

ev i d e n c e  t ha t  d ystocia i s  t he ma j or c a u s e  o f  per i-na t a l c a l f  loss,  i . e .  

ca l f  d e a t h  a t  or  w ithin 48  hours o f  b i r t h  (An d e r s on a nd B e l lows , 1 9 6 7; 

Carter  et  a l . , 1 9 7 5 ; La s t e r  e t  a l . , 1973). Alt hough Woodwa rd a n d  Cla rk 

(1959) ca u t i oned  that  birth wei g ht s h o uld n ot be  a c c e p t ed as  t h e  s o le 

c r i t e r i on o f  d ys toc ia , the  publis�ed fi nd ings are tha t i t  lS t he m o s t  

imp o r t a n t  causa t ive factor i d e n ti f i e d  o f  t h o s e  a ttri b ut e d  to  e i t h e r  t h e  

dam  o r  t h e  c a l f  ( Be l lows e t  al . ,  1969,  1 9 70 : Fa gg  e t  a l . , 1 9 7 5 ; Hed g e  

et a l . ,  1 9 7 6 ; P h i lip s son , 1 9 7 6 a ; Rice a n d  Wiltba n k, 1 9 7 0 ) . vJi t h i n 

pa r i t y ,  a mong the  most  impor ta n t  factors at t r i b uted  t o  t h e  d a m  w a s  s i z e 

of p e l v i c  o p e n i n g , 

The p ra c t i c a l  sign i f ica nce  o f  t h e  rela t i on s h i p  o f  b i r t h  we igh t 

t o  d ystocia ha s b e e n  disc ussed . Sm i t h et a l . , ( 1 976 ) o b s e rved  a 1 . 6  

pe r c e n t  i n c re a s e  i n  dystocia p e r  kg i nc r e a s e  1n b i r t h  weig h t .  T h i s  w a s  

less  t ha n  t he figure  of 2 , 3 percent  re ported  b y  La s t e r  e t  a l .  ( 1 9 73) 

a l t h o u g h  t h e  data  of Lhe la t t er a utho rs i nc l uded  a la r g e r  propor t ion of 
youn g e r  cows , They found  in the ir  s t u d y  of ca lv ing  d i ff i c u lty  t hat 

ca l f  mor ta l i t y  at  or n e a r  b i r t h  •I'Ja s fou r  t ime s grea t e r  ( p<0 . 0 1 ) i n  

ca l v e s  e x p e r i e nc i ng d y s t o c ia tha n t h o s e  t ha t  d id n o t , 

In a d d i tion  to t h e  e c o n omic l o s s  c a u s e d  by  d ys to c i a  t hr o u g h  a 

r e d u c t i o n  o f  t he n umb e r  o f  c a lves  wea n e d  a s  a proport io n  o f  t h o s e  born , 

the  a ss o c ia t i on o f  d y s t o c ia w i t h  impa i r e d  reb reed i n g  p e r fo rma n c e  h a s  

a ls o  b e e n  found t o  be very  h ig h ly s i g n i fica n t  ( La s t e r  e t  a l . , 1 9 7 3 ;  

Phi  lips  s on , 1 9 76 e ) . 

1 ,2 The  S ign i fi c a n ce o f  t h e  B i rth  We igh t o f  t h e  C a l f  

in  R e la t ion t o  its  Pre-w e a n i ng G a i n  a n d  Wea n i ng Weigh t 

T h e  importa nce o f  b i r t h  w e i g h t  a s  i t  rela t e s  t o  wea n in g  w e i g h t  i s  

n o ta ble b e ca use o f  t he mutua l a ssocia t ion  o f  t h e  two t ra i ts w i t h  g e ne t i c  

a b i l i ty f o r  growth , a nd o f  v ia b i l i t y  a s  a lrea d y  d is c u s s ed , La s l e y  e t  a l .  

( 19 6 1 } reported  a h i g h  g e n e t ic corre la t i on o f  0 , 9 3  ( �0 . 0 7 }  b e tween  i n t r a 

a nd post-uterine  growt h ,  wh ich  illus t r a t e s  t ha t  ma ny  o f  t h e  s a m e  g e n e s  

a ffect  t h e  growth r a t e s  o f  ca lves b e fore  a n d  a ft e r  b i r t h ,  
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D rewry e t  a l, ( 1 9 5 9 )  p r o v i d e d  phen o typ i c  corre lations  b e tw e e n  

b i r t h  w e i g h t  a nd ca l f  w e i g ht a t  samp l i n g  a t  t he fi r s t , t h ird  a n d  s i x t h  

m o n t h  o f  a g e , which  r a n g e d  b e tween  0 , 30 a nd 0 , 37 ,  C o r r e la t io n s  b e tw e e n  

c a l f  a g e  a nd ca l f  wei g h t  a t  samp li n g , a n d , ca l f  a g e  a nd tota l g a i n  from 

b ir t h , i n d i ca te d  tha t d u r i n g  the fi rst  mon t h ,  o l d e r  calves  were hea v i e r ,  

but a s  la cta t ion  prog r e s s e d  calves  b orn e a r lie r tend e d  t o  lose  t hei r 

a dv a nta ge i n  w e i ght , T h i s  s u g ges ts an e f fect  due to s e a son  wa s 

ope ra t i n g ,  

D re n n a n  a nd Ba th ( 1 9 76b), working with  He reford -cross  c a t t l e , 

r e p o r t e d  a s i g n i f i ca nt e f fec t  o f  b i r t h  weig ht  on  ca l f  ga i n , w h e re a 1 kg 

i ncrease i n  c a l f  bir t h  w e i g h t  g a ve a 1 , 6 k g  i n c r e a s e  i n  tota l g a i n from 

birth t o  1 80 d a ys of  age . I n  s uppor t ,  Je ffrey  _!;�. ( 1 9 7 1 b )  a nd P ow e l l  

( 1 972 ) , reported  s ig n i f i ca n t  (p<D.D1) r e g r e s s ions  o f  wean i n g  we i g ht o n  

c a l f  b i rth  we i g ht o f  1 ,  7 a nd 2 . 0 ,  r e s pe c t i v e l y .  S i n g h  �� ·  ( 1 9 70 )  

found  that  b ir t h  we i ght s ign i fi ca n t l y  ( p <D. 0 1 ) i n f l u e n c ed pre-w e a n i n g  

a v era ge  da i l y  g a i n  and w e a n i n g  we i g h t ,  a nd r e p o r t ed r e g re s s ion s o f  b i r th  

w e i g h t  on  t h e  two  growth traits of 0,004 a nd 2.0 1 , r e s p e c t ive ly .  T h e  

p arti a l  r e g r e s s ion coeffi c i e n t  o f  bi r t h  w e i g h t  on wea n i n g  we i g ht r e p o r t e d  

by C hr i s t i a n  e t  a l .  (1965) of 0.31 1r:as a lso  highly s i g n i f i c a n t  (p<D.D1). 

From t h e ir ea r l y  s t u d y  w i th Beef a nd M i l k in g  S horthorn  cattle, 

Kna p p  e t  al. ( 1 94 0 )  c o n c l ud e d  tha t bir th  w e i g hts  o f  c a lv e s  w e r e  of l im i t e d  

value as a n  index  o f  their g row th pote n t ia l .  They  h e l d  t h a t  b i r t h  w e i g h t  

w as p rimarily an e x p r e s s i o n  o f  s i z e ,  w e i g h t ,  a g e  a nd con s t i t u t i o n  o f  t h e  

dam ,  a n d  that a minor  p a r t  o f  t his va r ia t i o n  w a s  d ue t o  the  d i ff e r e n t  

p ote n tials for grow t h  o f  t h e  ca l v es , 

Preston a nd Willis ( 1 9 74)  observed  t ha t  the g e n e t ic correlations 

b e tw e e n  b i r t h  weight  a nd p re-wea n i n g  g row t h  a re mos t l y  h i g h e r  than the 

observed phenotypic corre la t i ons , i nd i c a t i n g  t ha t  s e l e c t ion  for birth 

w e i g ht should increase subsequent ga i n . 

A contrary v iew  was expressed b y  Cartwright and Warwick ( 1 955) who 

considered that the p redict ive va l u e  of birth w e i g h t  (or weaning weight ) 

taken singly, or together, is small, Fbr practical purposes, their 

conclusion that selecting for any one stage is not antagonistic to 

selection at another stage, has greater importance, 
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Ta b l e  2 , 1  

G e n e t ic, e n v i ronmenta l a nd phe n otypic  corre la t ions  o f  

b ir t h  we ight w i t h  pre-weaning ga in a n d  wea n i nq w e igh t  

( a dapted from Pres ton a nd W i l l i s , 1 9 74 )  

C orre lation 

C or r e lated 
Trait Gene t i c  Env i ro nmerta l P he n otypic Re fe rence  

Pre-wea n i n g  D. 1 1  D. 14 D. 12 B r i n k s  e t  a l . (19 6 2 ) 
' 

gai n  0,30 0, 18 D. 2 0  Pa h n i s h  e t  al .  ( 19 6 4 )  

0.46 0.08 0.23 B r i n k s  e t  a l .  ( 1 9 6 4 )  

D. 3 1  C a rh1r i g h t  a n d  

\va rw i c k, ( 1 9 5 5 )  

0,55 D.36 L o g a n a t han et a l .  

( 1 9 6 5 )  

0.82 0,32 B e r r u ec::os a n d  

Rob i s on , ( 19 6 8 )  

0 . 4 4  Gregory  e t  a l .  ( 1 9 5 0 )  

D.44 Hayco ck , ( 1 9 73 ) 

0,52 C h r i st i a n  et  a l .  

( 1 9 6 5) 

1 • 9 8  D. D1 0 . 09  Pa  hni s h  et  a l. ( 1 9 64 ) 

D. 31 Kog e r  e t  a l. ( 1 9 5 7 )  

W e a n i ng D , 2 1  0 , 42 0,30 B r in k s  e t  a l .  ( 1 9 6 2 ) 

w e ig h t  D , 42 D . 42 D . 42 P a hn.i s h  e t  a l .  ( 19 64 )  

0 , 6 0  0 ,  2 8  0 . 4 1 B r i n k s  e t  a l .  ( 1 9 6 7 )  

0 , 6 8  0.37 S he l b y  e t  a l .  ( 1 9 6 3 )  

0 , 84 0.42 B e r rueeas and 

R ob i son , ( 1 9 6 8 )  

0 . 9 9  -0 . 1 3  La s l e y  e t  a l. ( 1 9 6 1 ) 

1 • 1 2  0 , 2 2  0, 3 1  P a h n i s h  e t  a l .  ( 1 9 64 )  

0 ,  1 2  S i n g h  e t  a l .  ( 1 9 7 0 )  

0 , 2 7  G re gory e t  a l, ( 1 9 5 0 )  

0 , 6 0  

0 , 3 7  M e a  d e  e t  a l .  ( 1 9  5 9 ) 

0 , 47 K o g e r  e t  a l .  ( 1 9 5 7 )  

D , 6 2  C h r i s t ian  e t  a l. ( 1 9 6 5 )  



1 , 3 Factors  A ff e c ting t h e  Bir t h  We ight of the  C a l f  

( i ) Breed  

8 

I t  i s  well e s t a b l i s hed  i n  t h e  l i tera t ure  t h a t  b re ed d i fferen c e s  

e xist b e tw e e n  the  bir t h  w e i g h t s  o f  c a l ve s ,  ( Tab le 2 , 2 } .  

The  two bre e d s  of b e e f c a t t le o f  greatest n umbe rs i n  N e w  Z e a la n d  

are the A ngus a n d  Here ford . T h e  ta b ula t i on o f  the re ported  findin g s  

i n d ica ted t h a t  b irth w e i g h t s  amon g Here ford ca lves  e x c e ed Angus  b i rt h  

weig h t s  b y  a pprox ima t e ly Skg ( Here ford, 33kg; Angus 2 8kg). T h e re we re  

n o  r e po r t e d  ca ses  rev iew ed w h e re purebred  Here ford  calves  were  l i gh t e r  

at b i rth t ha n  A n g u s  ca lves.  

The  importa nce of  the  dam 1n e x p re s s ing  breed  diffe rences  has  

b e e n  well  d o c umented . 

H o l l oway e t  a l .  ( 1 975 ) compared H o l s t ein , Here fo rd-Ho l s t e i n  c r os s , 

a n d  He re ford  bree d s  i n  drylot  a n d  on r a n g e . T h e  bre e d  diffe r e n c e s  for 

birth we igh t  c orresponded t o  djffe r e n c e s  in body  s ize o f  the  dams  o f  

the c:elves , t he Holstein covJS bei ng t he hea v i e s t  ( p < 0 . 0 1 ) . 

C ompa ring two-year -old Frie s i a n  he i fe r s  with t hree-yea r-o ld A ng u s  

h e i fers under  North  I s la nd ,  N ew Zea la n d ,  hill-c o un t r y cond i t ions , H i g h t  

( 1 9 6 9 )  found  a diffe r e n c e  b e tw e e n  bre e d s  o f  2 .  7kg ( 28 . 1kg � 2 5 .4kg ) i n  

favour o f  t h e  F r i e sia n .  

Fra n k e  e t  a l. ( 1 965)  s tudied the e f fect o f  breed  o f  dam a nd breed  

of s i re  on  t he birth  weig h t s  of  b e e f  c a l v e s  and c on c luded  that  t h e  breed  

o f  dam  w a s  more impor ta n t  tha n s ire breed , or  s e x , i n  i t s  influence , 

Breed  o f  d a m  accounted  for 7 . 4 pe rce n t  o f  t he t ota l variance  i n  b i r t h  

w e i g h t . G re gory e t  a l ,  ( 1 96 5 )  a nd P a h n i s h  e t  a l .  ( 1 9 6 9 ) a l s o  f o u n d  a 

s ign i fica n t  influence o f  breed  o f  dam o n  ca lf b irth  we i g h t , 

P r e s ton a nd W i l l i s  ( 1 9 74 )  s umma r i zed t h e  g e n e ra l  r a n k i n g  o f  

c ommon b e e f  breeds ,  C ha r o la i s  a n d  Hols t e in breeds  were consid e ra b l y  

l a r g e r  a t  b irth t ha n  t he overa l l  a v e ra ge ;  the  Here ford breed was  a b o u t  

a ve ra g e ,  a nd Bra hman a nd A ng u s  c a lves  occ upied  t h e  lowe s t  pla c e  o n  t h e  

l i s t  o f  breeds  s t ud ie d , 

From t he d is c u s s io n  o f  t he s i g n i ficance  o f  b i r t h  w e i g h t  w h e n  
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re la t e d  to  d ys t o c i a  a n d  s t i llbirths , a n  a s s o c ia t ion b e tween t h e  t h r e e  

wa s found , S ince breed-of-ca l f  ha s been s e e n  t o  i n fl u e n c e  i t s  b i r t h  

we i g h t , a b r i e f  d i s c u s s ion o f  b reed e ffec t  on  d ys tocia  i s  j us t i fi e d , 

La s ter a n d  G re g o r y  ( 1 9 73 )  have r e ported  on  5 , 0 6 4  p a r t u r i t i ons , 

from g ra d e  Hereford  a nd A ngus  cows , t h e ca l v e s  s i red b y  e l even b r e ed s ,  

i n c l u d i n g  the  ma j or breed s : Here ford , A n g us , Jersey , S o u t h  D evon , 

L i m o u s i n , S immen t a l  a n d  C ha rola i s ,  

T h e re were more  ( p < D , 0 1 ) d i ff i c u l t  pa r t ur i t i o n s  i n  H e re ford  

t ha n  i n  A n g u s  c o w s  b r e d  t o  t h e same s i re s ,  a nd t h e  a ve ra ge b i r t h  w e i g h t  

o f  c a lve s  from th e  H e r e f o r d  cows wa s h i g h e r  ( p  < 0 . 0 1) than from A n g u s  

dams , 

Tha t a h i g he r  i n c i d Rnce  o f  d y s t o c i a , a s s oc ia t e d  w i t h  h i g h e r  

b i r t h  we i g h t s ,  occur s m H e r e ford  t h a n  A n gus  c o w s  ha s b e en s upported  b y  

t he p r e l im ina ry f ind i n g s o f  C a r te r  e t  a l .  ( 1 9 7 5 ) a nd con f i rmed  b y  La s t e r  

e t  a l .  ( 1 9 73 ) a n d  S m i t h  e t  a l .  ( 1 9 76 ) . 

The  amount  o f  h e t e r o s i s  e x h i b i t e d  i n  b i r t h  we i g h ts h a s  been 

s t ud i e d . Ba tra a n d  Touchberry ( 1 9 74 ) found  t ha t  from c r o s s e s  b e tw e en 

b r e e d s  o f  d i s s imi l a r  b i r th wei g hts , na me l y Jer s eys o r  G ue r n seys  ma t e d  t o  

H ol s t e ins  or Brown Swis s , t h e re wa s l i t t l e  o r  n o  heteros i s . T h e  ma in 

fea t u r e  o f  t he r e s u l t s  was  the  e ffect  o f  t h e  d a m ' s  breed  on t he w e i g h t  

o f  t h e  crossbred o f f s p r i n g  a t  b ir t h .  O n  t h e  o t h e r  ha n d , w h e n  breed s o f  

more s im i l a r  s i ze were c r o s s ed , n a me l y  B r own Swi s s ,  H o l s t e i n ,  R e d  D ane 

a n d R e d  Poll ,  d e v i a t ions  fr om t h e  m i d-pa rent a v e ra ge were  c o n s i s t e n t l y  

p o s i t i v e , I n  t he s e  c a s e s  t h e  devia t i ons  amounted  to  b e t w e e n  2 and 1 0  

p e rc e n t  o f  t he pa renta l mea n .  

T h e  s tud ie s  o f  S a g e b i e l  e t  a l .  ( 1 972 ) a n d  La s t e r  a n d  G regory  ( 1 9 7 3 )  

s howe d  ins ign i fica n t  e ffe c t s  o f  heterosis  o n  ca l f  b i r t h  we i g h t , 

The  g e n e ra l  b e l i e f  t h a t  increa sed  b ir t h  w e i g h t  r e s u l t s  from 

increased  heteros i s  leve l s  g enerated  by t he c r o s s in g  o f  B . taurus b r e e d s  

w i t h  B , i n d i cus bre e d s  ha s been  con firmed by the  find i n g s  o f  K o g e r  e t  a l .  

( 1 9 7 3 , 1 97 5 ) . A d i ffere n c e  occ urred b e tw e e n  a pparent  h e t e r o s i s  l e v e l s  i n  

A ng us - H ere ford a n d  B r a hma n-B ri ti s h c r os se s ,  F o r  b i rt h  w e i g h t  t he A ng u s 

H ereford  b a ck-cros s e s  s h owed  a n ega t ive  h e t e ro s i s  of  -5  p e r c e n t  w hi l e  

B ra hm a n -B r i t i s h  c r o s s e s  s h owed a p o s i t ive  va lue of  1 7  p e rc e nt .  T h e  
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e x p la na t i on g iv e n  for  pa rt o f  the  i n c r e a s e d  b ir t h  we i g ht from t h e  c r o s s  

w a s  t he impa r t i n g  o f  g e n e t ic a b i l i t y  f o r  l o n g e r  gesta t io n  l e n g t h  t o  t h e  

c r o s sbred  c a l v e s  from t he B ra hman s i re s ,  E , i n d icus  ca t t le have  

c ha ra c te r ist ically  longer  gestat ion  lengths  tha n B , ta urus  b r ee d s , 

W i t h  r e s p e c t  t o  t he i n fluence  o f  c r o s sbreed i n g  on  d ys to c ia , t h e  

find i n gs o f  C a rter  e t  a l .  ( 1 9 7 5 ) ,  La s t e r  a n d  G regory  ( 1 9 7 3 )  a nd W i l t b a n k  

e t  a l .  ( 1 96 7 )  have  b e e n  t ha t  t h e  mean  b i r t h  w e i ghts  o f  s tra i g ht b r e d  a nd 

c r o s s b red  ca lves  e x p e r i e n c i n g  d i ffi c u l t y  a t  ca l v i n g  a re s im i la r .  H ow e v e r , 

a n  importa n t  conc l u s i on was  d rawn t h a t  a t  c ompa ra ble  b i r t h  w e i g ht s , c r o s s 

b re d  ca lves  a re b e t t e r  a b l e  t o  t ol e r a t e  t h e  h i g h  leve ls o f  s t r e s s  

e n c ou n t e red  i n  d i ffi c u l t  b i r t h ,  

C ha n g i n g  from a s i t ua t ion o f  gen e t i c  d i s s im i l a r i t y ,  a s  i n  c r o s s 

b r e e d i n g , t o  one  o f  g e ne t ic l i k e ne s s , n o ta b ly i nbreed in g ,  t h e  find i n g s  o f  

F o o t e  e t  a l .  ( 1 9 5 9 ) ;  Ja fa r  e t  a l .  ( 1 9 5 0 ) , S u t herland  a nd L u s h  ( 1 9 6 2 ) a nd 

G ia n o la a n d  Ty l e r  ( 1 9 74 )  a t tra c t  i n t eres t ,  T h e y  a l l  c o n c u r red  t h a t  

i nb r e e d i n g  of t h e  d a m  i s  un importa n t  i n  i t s  i n fluence  o n  b i r t h  w e i g h t ,  

b u t  t ha t  t he i nb r ee d i n g  o f  t h e  ca l f  i s  a s s o c i a ted w i t h  d e pr e s s e d  b i r t h  

we i g h t ,  a l though  t h e  g esta t ion l e n g t h  is  n o rma l . 

( i i ) G e s ta t ion  lengt h  

A s trong  a s s o c i a t i on between  g e s ta t i on len gth a n d  b i r t h  w e i g h t  o f  

c a l v e s  ha s b e e n  d emon s t ra ted  b y  m o s t  w o r k e rs w h o  have  s t ud i e d  t h e  r e l a t 

i o n s h i p ,  Reported  c or r e la t i ons  o f  g e s ta t i o n  l e n g t h  w i t h  b i r t h  w e i g h t , 

r e g r e s s ions  o f  b i r t h  we i g h t  on g e s t a t i o n  l e n g th , a nd t he a mo u n t  o f  

v a r i a n c e  o f  b i rth we i g h t  a ffected b y  g e s ta t i o n  length  have  a ll been  

i nc luded  t o  s h ow the  s i g n i ficance  o f  g es t a t io n  length  to the  pre-pa r t um 

g rowt h  o f  the  ca l f ,  

Bellows e t  a l ,  ( 1 9 7 1 ) reported  t h a t t h e  pos i t ive  e ffec t  o f  g e s t 

a t i o n  len gth  on  b irth  we ight  w a s  h i g h ly s i g n i ficant  ( r  = 0 . 3 4 ; p <D . 0 1 ) 

i n  p r imipa rous , two-yea r-o ld Here ford h e i fe r s , a nd s i g n ifica n t  ( r  = D .  1 9 ; 

p < 0 . 05 )  in  A n g u s  h e i fe r s  o f  s imilar  a g e  a n d  pa rity .  T he a u thors  

c on s id e red the  positive  e f fe c t  wa s expected  s in c e  the c a l f  grows  t hr o u g h

o u t  g e s ta t ion a nd t h e  g rea ter  the  g e s ta t ion  p e r iod , the  g re a t e r  t h i s  

g rowt h  would be , 

The MMB C ha r o la i s  R e port ( 1 96 6 ) , c i te d  b y  Haycock  ( 1 9 7 3 ) , s howed  
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Ta b l e  2 . 2  

B i r t h  we ight and ge s t a t i o n  lengt h  

B r e e d  B reed  B i r t h  
A verage  w e i g h t  

( kq) r a nqe 

A n g u s  2 8 .  1 2 0 . 4 -3 5 . 2 

H e re ford 3 3 . 0  2 9 . 1 - 3 9 . 0  

C ha r o l a i s  4 2 . 5  3 6 . 7- 5 0 . 2 

H ols te i n/Frie s ia n 3 8 . 9  2 8 . 1 -4 5 , 0 

S h o r t horn 3 1 . 3 2 7 . 6 -3 3 . 7 

Bra hman 2 7 . 4 2 5 . 6-2 9 . 7 

B re e d  B i r t h  w e i a h t  ( k a )  

S i mme n t a l  4 6 .  3 ;  4 3 .  3 ;  
S o u t h  Devon 4 6 . 2 ;  4 5 . 0 

S a n ta G ertrud i s  3 0 . 0 : 3 4 . 4  

B rang u s  2 8 . 6 ;  2 9 . 0  

G a l l oway  3 3 .  3 ;  2 7 . 0 

Re fe rences 

1 � 
P re s t o n  a nd W i l l i s  ( 1 9 74 )  

2 
A nd e rs on and P l um ( 1 9 65 ) 

3
S i n g h  e t  a l .  ( 1 9 70b ) 

4 
M o l i n uevo ( 1 9 7 1 ) 

5
B o d i s c o  a n d  C eva llos ( 1 9 7 1 ) 

6 
M e ye r  ( 1 9 72 ) 

7
H i g h t  ( 1 96 6 )  

8
H ig h t  ( 1 9 6 8a )  

9
H i g h t  ( 1 96 Bb )  

1 0
H i g h t  ( 1 9 6 B c )  

1 1
s a g e b i e l  

1 2  . 
S a g e b J. e l  

1 3
S a g e b i e l  

( 1 96 8 )  

e t  a l ,  

e t  a l ,  

( 1 9 72 ) 

( 1 9 7 3 )  

3 9 . 0  

B reed  G e s t a t i on R e fe renc e 
A ve ra ge len g t h  

( d avs ) ra nae 

2 8 1  2 77-2 8 6  1 ' 2 , 1 1  -2 5 

2 86 2 82 -2 8 9  1 • 2 '  3 ,  1 1  - 2  5 

2 8 5  2 82-2 8 8  1 .  1 1  - 1  3 

2 79 2 74 -2 84  1 ' 2 ' 9 ' 2 5  

2 82 2 8 1 -2 84 1 ' 2  

2 92 2 90 -2 9 3  1 ,  2 7  

G es t a t i on lenath  ( da  vs ) 

2 8 7 ;  2 8 6 ; 2 8 7  1 .  2 '  6 

2 8 7 ;  2 8 8  1 ' 2 

2 8 6 ; 2 9 2  1 ,  2 7  

2 8 6 

2 83 1 ' 2  

1 4
B u r r i s  a n d  Blunn ( 1 9 52 )  

1 5 
La s t e r  e t  a l .  ( 1 9 7 3 ) 

1 6  
B e l l ow s  e t  a 1 .  ( 1 9 6 9 )  

1 7
A b s he r  a nd Hob b s  ( 1 9 6 8 )  

1 8
sw i g e r  e t  a l .  ( 1 96 2 ) 

1 9
smi t h  e t  a l . ( 1 9 76 )  

2 0
R i ce  e t  a l .  ( 1 9 5 4 )  

2 1  
S i n g h  e t  a l .  ( 1 9 70a ) 

2 2  
A le x a n d e r  e t  a l .  ( 1 9 6 0 )  

2 3  Dawson  e t  a l .  ( 1 9 4 7 )  

2 4
H . k J.rona  a and  P e t e rs ( 1 9 6 9 )  

2 5  
Hol low a y  e t  a l .  ( 1 9 7 5 )  

2 6  
Knapp  e t  a l .  ( 1 9 4 0 )  

2 7  
Ha rrichara n  e t  a l ,  ( 1 9 7 6 ) 

* T h e  figure s  o f  P reston  a nd Willis  ( 1 9 74 )  a re their  b r e ed a vera g e s  b a s e d  
o n  a va ria b le n umber  o f  published r e s e a r c h  reports . T he f i g ures  a t t r i buted  
to  t hem a re taken  from t he i r  Tables  6 , 1 0 ; 6 . 1 2 .  
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t ha t  C ha ro la is-cross  ca lves were c a r r i e d  for t h ree  days  l o n g e r  tha n 

H e r e ford crosses  a n d  over  four d a ys lon g e r  t h a n  the  Fries i a n s  i n  the  

s u r v e y .  Haycock  ( 1 9 7 3 ) reported  correla t i o n s  b e tween  g e s ta t i o n  p e r i o d  

a n d  c a l f  b i r t h  we i g h t ,  w i t h i n  bree d s  ( 0 , 5 1 ,  0 , 4 8 a n d  0 . 5 0  re s p e c t i v e l y )  

t ha t w e re n ot o n l y  v e ry h i g hly  s i gn i fi ca n t , b u t  h ig he r  t h a n  reported  b y  

o t h e r  workers . 

The  sma ll  a nd n o n -s i g n i f ica n t  e f fe c t s  o f  h e t e r o s i s  on  b i rth  

w e i g h t  have  a lrea d y  b e e n  d i s cussed  under  b reed  e f fe c t s . The  r e s u l t s  o f  

S a g e b i e l  e t  a l .  ( 1 973 ) ind i ca te t h e re was  n o  s ig n i f i ca n t  h e t e r o s i s  e ff e c t  

on  g e s t a t i o n  leng t h  e i t he r . T he perce n t a g e  o f  heteros i s  f o r  g e s ta t i o n  

l e n g t h  wa s n e g lig i b le r ega rd less  o f  cross  ( A n g u s ,  H e re ford a n d  C h a r o la i s  

b r e e d s  crossed  re c i p r o c a l l y ,  two-w a y  o n l y ) , a n d  wa s i n  a gr e em e n t  w i t h  

B r a n d t  ( 1 9 5 8 )  a n d  T o u c hberry a nd B e r e s k i n  ( 1 9 6 6 ) w h o  w o r k ed w i t h  t h e  

G ue r n s e y  a n d  Hols t e i n  b r e ed s . 

G e rla ug h  e t  a l .  ( 1 9 5 1 ) rep or ted  tha t ma le and  fema l e  r e c i p ro c a l 

c r os sbred ca lve s  w e re c a rried  1 . 8 5 a n d  0 . 5 5  d a ys l on g e r ,  re s p e c t i v e l y ,  

t h a n  t h e  a v e ra ge o f  t h e i r  purebred A n g us a nd H e re ford c o un t e rparts . T he 

g e n e ra lly h i g h  e s t ima t e s  o f  h e r i ta b j l l t y for  g e s ta t i on l e n g t h  ( S a g e b i e l ,  

1 9 6 8 )  s eem  t o  ind i c a t e  t ha t  muc h o f  t he va r i a t ion , l i ke b i r t h  w e i g h t ,  is  

a d d i t ively  g e n e t i c  a n d  heterosis would t h e re fore  proba b l y  be  sma l l .  A 

l a t e r  study  ( Sa ge b i e l  e t  a l .  1 9 7 3 ) s u p p o r t e d  t h i s  conten t i o n , w i t h  a n  

o v e ra ll  e s t imated  h e t e r o s i s  level  o f  2 p e r c e n t  i n  ma l e  ca l ve s  a n d  1 p e rcent  

i n  fema le s .  T he s i gni f i c a n t  e f fe ct o f  s i re b r e ed ( p < 0 . 0 1 ) on  ges ta t i on 

l e n g t h  a nd on t he regre ss ion  o f  b i rth  w e i g h t  o n  gesta t i o n  length , r e po r ted  

b y  Smith  e t  a l .  ( 1 9 76 ) , furt her  ind icates  the  import a n c e  of  t h e  a d d i t i ve 

g e n e t i c  var iab i l i ty i n  t he s ire ' s  proge n y .  

T h e  e ffect o f  s e x  on  c a l f  b ir t h  we i g h t  i s  t o  b e  d i s cu s s e d  i n  

S ec t io n  1 . 3  ( i i i ) . H owever ,  w i t h  rega rd t o  reported correla t i on s  o f  b i rt h  

we i g h t  w i t h  gesta t i o n  period , ma n y  workers  h a v e  removed t h e  e f fe c t  o f  s e x  

b y  r e porting  separa te  v a l u e s  for e a c h .  I n  t h i s  connec t i o n , Lampo a n d  

W i l lems ( 1 9 6 5 )  found  c orrela t i o n  c o e f f i c ie n t s  o f  0 . 4 2  a n d  0 . 2 7  b e tw e e n  

c a l f  b ir t h  w e i gh t  a n d  g es ta t ion l e n g t h  for  ma l e  and  femal e  c a l ve s , 

r e s p e c tively  i n  t h e  E a s t  Flem i s h  Red  P ied  b reed . Wor k i n g  w i t h  R e d  D a n es ,  

A nd e rs e n  ( 1 9 62 ) r e ported  correlations  b e tw e e n  these  tra i t s  o f  0 . 42  a n d  

0 . 4 1  for t he two s e x e s  a n d  S k in ne r  a n d  Joubert ( 1 9 6 6 )  o b ta i n e d  va l u e s  o f  

0 , 3 5 a n d  0 . 24  for v a r i ous  b reeds  o f  ca t t l e  i n  S o u t h  A fr i ca . 
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K n a p p  e t  a l ,  ( 1 94 0 )  were  concerned  a s  t o  w h e t h e r  t h e  d i f f e r e n c e  

1n  b ir t h  weight  b e tween  t he s e xe s  i s  d ue t o  t h e  rela t iv e l y  l o n g e r  

g e s ta ti on length s for  b u l l  ca lve s .  T he a n a l ys i s  o f  r e s u l t s  i n d i c a t e d  

t ha t  2 5  to  3 5  percen t  o f  t h e  d i f fe re n c e  in  b i r t h  w e i g h t  c o u ld b e  

a tt r ib u t e d  t o  d i fference s i n  gesta t ion l en g t h .  The a u t hors  reported  

c o r r e la t ions  b e tween  g e s ta t ion length  a nd b i r t h  we i g ht o f  0 , 6 0  ( B e e f  

S ho r t h o rn s ) , 0 , 5 0  ( M i l k i n g  S horthorn s )  a n d  for  t he w h o l e  p o p u la t io n , 

0 . 5 0 ,  w h e n  t h e  d i ffe r e n c e  b e tween b r e e d s  w a s  a c c ou n t e d  for . F u r t h e r  

a na lys i s  revealed  tha t g e s ta t i on l e n g t h  ha d t h e  grea t e s t  s in g le i n f l u e n c e  

on t h e  b i rth w e i g h t  o f  t he c a l f ,  a nd t ha t  c a l v i n g  s e quence  a n d  w e i g h t  o f  

dam  h a d  sma l l  i n f luence  w i t h  ca l v i n g  s e q ue n c e  b e i n g  s l i g h t l y  more impo r t

a n t  t ha n  we i g h t  o f  dam , Kna pp e t  a l .  ( 1 9 4 0 )  a ls o  found t h a t  for 

g e s ta t i on len g t h  t here  was a s i gn i f i ca n t  a mo u n t  o f  v a r ia t ion between  c ows , 

a n d  t ha t  there  w a s  a n  a pp a r e n t  tend e n cy for a c ow to  ha ve  a cha ra c t e r i s t i c  

a nd repeatable  g e s t a t i o n  length . 

T ha t  b i rt h w e i g h t  i s  s i gn i f i c a n t l y  corre la ted  w i t h  g e s ta t i o n  l e n g t h  

ha s b e e n  w e l l  e s ta b l i s he d . To  g ive  a n  i nd i c a t i on o f  the  r e l a t i o n s h i o 

b e tw e e n  the  g r ow t h  o f  t he ca l f  a n d i ts a g e  i n  u tero  ( d a ys ) , reg res s i o n s  o f  

b i r t h  w e i ght  o n  g e s ta t i on l e n gth  h a v e  b e e n  r e p o r ted . S i n c e  t h e  ca l f  i s  

g row ing  throughout  g e s t a t i on  a pos i t i ve s i gn o f  t h e s e  regre s s i on 

c o e ff i c i e n ts i s  to  b e  e x pected . N on e  the  l e s s , Sm i t h  e t  a l .  ( 1 9 76 )  h a v e  

c a u t i oned  that  t h e  r e g r e s s ion o f  b i r t h  w e i g h t  o n  ge s ta t i o n  l e n g t h  s h o u l d  

n o t  b e  i n terpreted  a s  a n  acc ura te e s t i ma t e  o f  g row t h  r a t e  d u r i n g  l a t e  

g e s t a t i o n ,  beca u s e o f  t he o t h e r  fa c tors w h i c h  i n fl u e n c e  b i rt h  w e i g h t . 

B ur r i s  a nd B lunn  ( 1 9 5 2 ) reported  t h a t  7 . 9 perc e n t  o f  t he v a r i a n c e  i n  c a l f  

b i r t h  weights  wa s a cc o u n t e d  for b y  d i fferences  i n  g e s t a t i o n  len g t h , a n d  

7 . 3 p e rcent  w h e n  t h e  e f fe c t  o f  a g e  o f  d a m  w a s  removed , 

A pos i tive  in fluence  o f  n u t r i t ion o n  ca l f  g e s t a t i o n  by t h e  d a m  wa s 

r e co rd e d  by Bewg e t  a l .  ( 1 96 9 )  who  found a s ig n i fica n t  inc rea s e  i n  

g e s t a t i on length  i n  t h e  yea r w h e n  t he grea t e s t  we i g h t  ga i n s  were  r e corded . 

T o  d i fferent ia t e  b e tween  the  e ffec t  o f  n u t r i t ion  on  ca l f  b irth  we i g h t ,  a n d  

t h e  p o s itive  c orrela t i o n  b e tween l e n g t h  o f  g es ta tion  a n d  c a l f  b i r t h  w e i g h t ,  

T u d or ( 1 972 ) ca lcula t e d  t he a ve ra ge d a i ly increase  i n  foe t a l  w e i g h t ,  A n  

i n crea se  o f  one  d a y  i n  the  gesta t ion p e r i od re s ulted  i n  a n  a ppro x im a t e  

i n crea s e  o f  0 , 2 k g  i n  t he b ir t h  we i g h t  o f  t he c a l f .  T h e  mean  5 . 4 d a ys 

d i f fe rence  i n  gesta t i o n  periods  a ccounted  for  only 1 , 3 kg  o f  t h e  6 , B k g  

d i fference 1 n  b i r t h  w e i g h t ,  T he r e fore , a l t ho u gh t h e  len g t h  o f  g e s ta t i o n  

i s  c orrela ted  w i t h  t h e  b i r t h  w e i g h t  o f  t h e  ca l f ,  T u d o r  ( 1 9 72 )  c on s i d e red 
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t h e  n utrit ion  o f  t h e  d a m  c o n t r i b uted  a g rea t e r  amount  t o  t h e  g row t h  o f  

t h e  foetus , 

Reported  va l u e s  for t he reg r e s s i on o f  b i rth  w e i g h t  on  g e s ta t i o n  

l e n g t h  ha ve  been  c o n s i s te n t ,  pos i t i v e , a n d  l n  t he ra n g e  0 . 2 0  t o  0 . 3 8  

( Be l l ow s  e t  a l . , 1 9 7 1 ; B urr i s  a n d  B l unn , 1 9 5 2 ; C a r t e r  e t  a l . , 1 9 7 5 ;  

R ey n o l d s  e t  a l , , 1 9 6 5 ;  Smi t h  e t  a 1 . , 1 9 7 6 ) . 

There i s  a d i v e r gence  i n  the l i t e ra t u r e  rega rd i n g  t h e  r e la t i o n s h i p  

b e tween  t h e  l en g t h  of  t h e  g e s t a t i o n  p e r i o d  a nd dystocia . For  i n s t a n c e ,  

B e l lows e t  a l .  ( 1 9 7 1 ) reported  a regress i o n  o f  birth  w e i g h t  o n  gesta t i on 

l e n g t h  of  0 . 2 0  t o  0 . 3 0  ( p < O , O S )  a n d  found  t h a t  gesta t ion  l e n g t h  d id n o t  

s i g n i fi ca n t ly e ffe c t  ca l v i n g  d i ffi c u l t y  i n  e i t h e r  t he A n g u s  o r  H e r e ford  

b r e e d s  o f  da m .  P h i l i p s son  ( 1 9 76c ) w ho s t ud i ed Swed i s h  F r i e s i a n  ca t t l e  

( a  b r e e d  prone  t o  e xp e r i en c i n g  ca l v i n g  d i ffi c u l ty )  found t h a t  t h e  r e l a t ion

s h i p s  of calving  p e r forma n c e  a nd s t i l l b i r t h  rate to  g e sta t ion l e n g t h  w e re 

a l l  pos i t ive , b u t  o f  re la t i v e l y  low ma g n i tude . The  rela t i o n s h i p s  t o  

c a l v i n g  performa n c e  a nd more pa r t i c u la r l y ,  t o  s t i l l b i r t h  r a t e , w e r e  n o t  

l i n ea r ;  t he lowe s t  s t i l l b i r t h  ra tes  were obta i ned c l ose  to  t h e  a v e ra g e  

g e s ta t ion  len g t h  for  t h e breed . 

La s t e r  e t  a l .  ( 1 9 7 3 )  obta i ne d  d a ta from A n gus  and  H e re ford dams  

w h i c h  i nd i ca ted  tha t gestation  le n g t h  was  a s s o c ia te d  with  a h i g h e r  i n c id 

e n c e  o f  d ys tocia , T he impo rtance  o f  the  g e n o t ype o f  t h e  ca l f  i n  

i n f l u e n c i n g  gesta t i on  lengt h and  b i r t h  w e i g h t  was  supported  b y  t h e  f i n d i n gs 

o f  t h e s e  a ut hors t ha t  the  g e s ta t ion  p e riod  was  associated  w i t h  t h a t  o f  t h e  

s i re breed . 

( i ii ) S e x  

A lmos t a l l  s t u d i e s  reviewed have  i nd ic a t e d  t ha t  t h e  b i r t h  w e i g h t  o f  

m a l e  ca lves  i s  g r ea t e r  t ha n  t h a t  o f  fema l e s , a nd ma ny o f  t h e  d i fferences  

were  s t a t i s t ica lly  s i g n i fica n t  ( Ta b le 1 . 3 ) .  Part  o f  t h i s  s u p e r i o r i t y  o f  

t h e  ma l e  s e x  i s  a s s o c ia ted w i t h  t h e  p reva i l i n g  phenomen o n  o f  ma l e  ca l ve s  

ha v i n g  t he longer  g e s ta t ion per iod . K n a p p  e t  a l .  ( 1 9 4 0 )  c o n s idered  t h a t  

d i fferences  i n  g e s ta t i on lengt h a c c o u n t e d  f o r  2 5  t o  3 5  p e r c e n t  o f  t h e  

va r i a ti o n  in  b i r t h  w e i g h t  b e tween  s e x e s . 

A highly s i g n i f i c a n t  ( p < 0 ,  0 1 ) e ffec t  o f  s e x  wa s reported  b y  

S {n g h  and Tya g i  ( 1 9 7 0 )  who s t ud ie d  t h e  ma g n i t u d e  o f  fa c t o r s  a ffec t i n g  t h e  
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The  in fluence  o f  s e x  on the  b i r t h  weigh t  a n d  

ge s ta t i on lengt h  o f  the  ca l f  

( p re s e n ted  a s  d i f fe r e n c e s  b e tween  ma le a n d  fema le ) 

G e s ta t i on len g t h  B i r t h  w e i gh t  
( da ys )  ( ma le ( k g )  { ma le 

B re e d  m i n us fema le ) m i n u s  fema le ) 

H e r e ford  2 .  1 ( p < D .  D 1 ) 

H e re ford 1 .  D 

A n g u s  2 . 6  

H e r e ford a nd A n g u s  D . 2 1 .  D 

A n g u s  2 y r , dam  5 . 9 

3 yr , d a m  2 , 4 

H e r e ford  2 . 4  

A n g u s  2 , 2  2 , 4  

He re ford  1 .  4 2 . 2  

H e r e ford  and  A n gus  1 .  5 2 . 0  

H e r e ford  2 , 5  1 .  8 

H o l s t e i n  D . 9 1 .  6 

F o u r  breeds  1 .  9 

S a n ta G ertrudis  D . 9 

S a h iwa l  2 . 3 

B ra hman 2 , 3 

S h o r t h or n 2 .  1 

Here ford 2 , 5 

T h r e e  breeds  2 . 4  

H e r e ford D .  7 

Here ford D . 8 2 .  3 

A n g u s  2 , 4  

H e r e ford 2 .  7 

C h a r o la i s  1 . 8 

H e re ford 2 . 3 5  

H e r e fo rd a nd A n g u s  1 . 7 2 .  7 

H e r e ford - 1 . 5 1 . 0 

1 5 

R e fe r e n c e  

A lexander  e t  a l .  
( 1 9 6 D )  

B e l lows et a l .  ( 1 9 6 9 ) 

B e l lows e t  a l .  ( 1 9 7 1 ) 

Bond  and  W i ltba n k  
( 1 9 7 D )  

B r i n k s  e t  a l .  ( 1 9 6 1  ) 

B urr i s  a n d  B l unn  
( 1 9 5 2 )  

C a r t e r  e t  a l .  ( 1 9 7 5 )  

C or a h  e t  a l .  ( 1 9 7 5 )  

E v e r e t t  a n d  Ma g e e  
( 1 9 6  5 )  

F r a n k e  e t  a l .  ( 1 9 6 5 )  

Harri c ha ra n  e t  a l .  
( 1 9 76 )  

K n a p p  e t  a l .  ( 1 9 4 D ) 

K o c h  a nd C la r k  ( 1 9 5 5a 

K o c h  e t  a l .  ( 1 9 5 9 ) 

La s l e y  e t  a l . ( 1 9 6 1 ) 

R i c e  e t  a l .  ( 1 9 5 4 )  

S a g e b i e l  e t  a l .  ( 1 9 72 ) 

S i n g h  e t  a l .  ( 1 9 7Da ) 

S m i t h  et  a l ,  ( 1 9 7 6 ) 

Tudor  ( 1 9 7 2 ) 
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b i r t h  w e i g h t  o f  H a r ia na ca lve s ,  The  a na ly s i s  o f  birth  we i g h t  records  o f  

1 30 ca lve s i n  1 0  s i r e  groups  revea led  9 , 3 8  p e r c e n t  o f  t h e  t o t a l va r i a n c e  

i n  b ir t h  w e i g h t  wa s a t t rib utable  to  s e x  o f  ca l f .  ( S i re e ff e c t s  1 0 , 6 

p e r ce n t ; season  o f  b i rt h ,  4 , 6 ;  dam  w e i g h t , 3 . 3 ;  a nd pa r i t y  o f  d a m ,  

2 . 4  p e r c e n t ) .  

Wor k ing a t  Ma ssey  Un ivers i t y , P le a s a n t s  ( 1 9 74 ) c on s i d e re d  t h a t a 

s e x  b y  a ge o f  dam  i n tera c t i on wa s opera t i n g  whe re se x d i fferences  w e r e  

l ow e s t  w h e n  c ows w e r e  two- t o  three-ye a r s - o f-a g e .  

The  se x o f  the  ca l f  has  been  s e e n  t o  in fluence  the  l e v e l  o f  d ys to c ia , 

la r g e ly because  o f  d i f ferences  in b ir t h  w e i g h t  ( B ri n k s  e t  a l . , 1 9 6 1 ; 

C a r t e r  e t  a l . , 1 9 7S ; La s t e r  e t  a l . , 1 9 7 3 ; S a g e b ie l  e t  a l . , 1 96 9 ;  S m i t h  

e t  a l . , 1 9 76 ) .  I n  the  ma j ority  o f  s i t ua t io n s  w here  sex  d i fferences  w e r e  
' 

mea s ured the  lev e ls o f  dys tocia a mon g ma les  h a v e  been  fo u n d  t o  be  h i g h l y  

s i gn i fican t ly ( p  < 0 ,  0 1 ) grea t e r  tha n a mo n g  fema le s ,  F urthermore , t h e  

r e s u l t s  o f  C a r t e r  �t a l .  ( 1 9 75 ) a n d  La s t e r  a n d  G regory  ( 1 973 ) have  s h ow n  

t ha t  t h e  r a t e  o f  ca l f  mo rta lity a t  d i f f i c u l t  p a r t ur i t ion  is  a ls o  grea t e s t  

for b u l l  ca lve s . 

S t u d i e s  ha v e  s h own a s i g n i f i ca n t  e f fec t  of  t he a ge o f  dam  b y  s e x  

o f  c a l f  intera c t i on o n  dys tocia , where t h e  d i fference  b e tw e e n  s e x e s  wa s 

most  pronounced  among  cows o f  two- a nd t hree-yea rs-o f-a ge ( Sm i t h  e t  a l . , 

1 9 76 ; La ster e t a l . , 1 9 73 ) .  

P h i lipsson  ( 1 9 76 b )  considered  tha t the  e ffe c t  o f  s e x  on  ca l v i n g  

per forma nc e  ma y h a v e  b e e n  dependent  t o  a la rge e x t e n t  o n  s e x  d i ff e r e n c e s  

in  b i rt h  we i g h t , a n d  t h e  rela t ion s h i p  be twee n  c a lv i n g  p e r f orma nce  a nd 

b ir t h  we igh t .  E ve n  w i t h in b irth  w e i g h t  c la ss e s , however , d i ffere n c e s  i n  

ca l v i n g  performa n c e  e x i sted  betwe e n  t h e  s e x e s  ( p < 0 . 0 1 ) .  C on s e q u e n t l y  

t he a u t hor s u g g e s t e d  t h e re a re o t h e r  fa c t o rs b e side  g e s ta t ion len g t h  a n d  

ca l f  b irth  w e i g h t ,  s u c h  a s  c a l f  c o n forma t i o n  a n d  hormona l a c t iv i t y ,  t h a t  

ma y i n fluence  t h e  d i fference  between  t h e  s e x e s  w i t h  r e s p e c t  t o  ca l v i n g  

p e rforma n c e  a nd s t i l lb i rth  ra t e . T h i s  w a s  a ls o  s u g g e s t e d  b y  Be l lows  e t  a l .  

(1 9 7 1  ) . 

I t  i s  importa n t  t o  a pprecia t e  tha t m u c h  o f  t h e  N o r t he rn H em i s p h e r e  

work , e s p e c ia ll y  t h a t o f  P h i lipsson  ( 1 9 7 6 ) ha s b e e n  w i t h  ca t t l e  w i n t e r e d  

i n d o o rs where t he e x e rc i s e  o f  the  c ows i s  min i ma l  compa red  t o  the  N ew 

Z ea la n d  s i t ua tion . Furthermore , u n d e r  New  Z ea land  con d i t io n s , s t i l lb i r t hs 
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a nd p e r i-na ta l dea t h s  d ue to  a low b i r t h  w e i g h t  a re l i ke ly t o  b e  more  

s i g n i fi ca n t  b e c a u s e  o f  t h e  fa c tors  genera l ly r e fe rred t o  as  " ex p o s u re " , 

i n c l u d i n g  hypothermia  and  s t a rva t i on a s  a r e s u lt o f  w e a k n es s .  T h e  

i n fl u ence  o f  sex  o f  ca l f  rela t i v e  t o  s uc h  p h e n omena has  n o t  been  i n v e s t 

i ga te d  a d e qua t e l y .  

( iv )  \v e igh t  o f  d a m  

T h e  we i g h t  o f  t h e  d a m  h a s  b e e n  s h ow n  to  b e  pos i t i ve l y  a s soc i a t ed 

w i t h  t he b ir t h  we i g h t  o f  t h e  ca l f  ( Ta b l e  2 . 4 ) . A lt h o u g h  t h e  c o r r e la t i ons  

a mon g c ow w e i g h t s  a nd ca l f  we i g h t s  a re n o t  h i g h ,  t h e y  i n d i c a t e  t h a t  

h ea v i er c ow s  tend  t o  prod uce heav i e r  ca lves  a t  b i r t h  ( a nd a l so  a t  w e a n i n g ) .  

A p p r o x ima te ly on ly 6 p e rc e n t  o f  t h e  va r ia t i o n  ex hib i ted  i n  b i rt h  w e i g h t  

wa s a s s oc ia ted II'J i t h  we i g h t  of  d a m  ( A l e x a n d e r  e t  a l . , 1 9 6 0 ) . T h e s e  a u t hors  

r e p o rted  a regress i o n  o f  b i r t h  we i ght  on  c ow we i g h t  for  H e re ford s o f  

0 , 0 1 9 ,  i n d i ca ti n g  tha t for  e v e ry 1 00 k g  i n c rea s e  i n  c ow w e i g h t , ca l f  w e i g h t  

wa s e x pected  t o  b e  1 . 9 k g  hea v i e r .  

Working  w i th f o u r  d a m  b r e e d s  o f  m i x e d  B . i n d i c u s  a nd B . t a u r u s  b r e e d 

in g ,  M a i n  e t  a l .  ( 1 9 75 ) reported  tha t c ow b reed  s i g n i fica n t ly ( p < 0 ,  0 1 ) 

a f fe c t e d  ca l f  b i r t h  we i g h t . S i g n i fi c a n t  pa r t i a l  regre s s i on c oe f f i c i e n t s  

o b t a ined  f o r  l i ne a r  a n d  quadra t i c  e f fe c t s  o f  c ow w e i g h t  on  b i r t h  w e i g h t  

i n d i ca ted t ha t  cow b re ed e ffect  o n  progeny  b irth  w e i g h t  wa s ma i n l y  ma n i 

f e s t e d  i n  cow we i g h t  d i fference s .  H o l l owa y e t  a l .  ( 1 9 7 5 ) w o r k i n g  w i t h  

H e r e ford a n d  Hols t e i n  breeds  a ls o  observed  t h a t  breed  d i fferences  i n  c a l f  

b i r t h  w e i g h t  corres p o n ded t o  d i ffere n c e s  in  b ody s i z e s  o f  t h e  d a m  b re e d s . 

B e llow s  e t  a l ,  ( 1 9 7 1 ) obse rved  t ha t  t h e  pre-ca lv i n g  b o d y  w e i g h t  o f  

t h e  dam  exerted  a h ig h ly s ig n i fi c a n t  p os i t iv e  e ffect  o n  b i rth  w e i g h t  for 

t h e  H e re ford and A ng u s  dams , T h i s  e f f e c t  r a n ked  f irst  in  importa n c e  o f  

fa c tors  a t t ributed  t o  e i ther  t h e  dam  o r  c a l f  a nd wa s t h e  mos t  imp o r t a n t  

o f  t h e  variables  a ccounted  for , T h i s  would s e em t o  ind ica t e  t h a t  l a r g e r  

h e i fers  had la r g e r  ca lves  through  s ome  c omp o n e n t  o f  ma t e rn a l  e n v ir o nme n t .  

T h i s  c ompon e n t , h ow e v e r ,  d id n o t  a pp e a r  t o  b e  a s soc i a t ed w i t h  t o t a l 

g e s ta t ion w e i g h t  g a in . I t  was  t e n ta t iv e l y  s uggested  b y  t he a u thors  t h a t  

t h e  p a r t i t ion o f  n ut r i e n t s  between  dam a n d  foetus  i s  n o t  t h e  same  i n  l a r g e  

a n d  sma l l  dams a n d  t h is results  in  d i f f e r e n t  foeta l g r o w t h  ra t e s ,  

W i t h  r e s p e c t  t o  t he re la t ions h i p  b e tw e e n  c a l f  b ir t h  w e i g h t  a n d  t h e  

w e i gh t  o f  the  d a m  a ft e r  p a r t u r i t ion J ou b e rt ( 1 9 5 4 ) a t tempt e d  t o  c o r r e la te 

' t h e  p os t -ca lving  w e i gh ts o f  t h e  h e i fe r s  w i t h  t h e  b ir t h  w e i g h t s  o f  t h e ir 
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o ff s p r i n g  a n d  fa i l e d  t o  rev ea l  a s i g n i fi c a n t  r e la t io n s h ip ( p > D .  OS ) .  

N o  n ot i c e a b l e  d i ff e r e n c e  w a s  found  to  e x i s t  b e tween  t h e  r e s pe c t i v e  

g e s t a t ion  per i o d s  d e s p i te d i ff e r i n g  d a m  w e i g h t s , a c ha ra c t e r i s t ic a ls o  

s hown b y  t he f i n d i n g s  o f  R eynolds  e t  a l .  ( 1 9 6 5 ) .  H i g h t  ( 1 9 6 Bc )  r e p o r ted 

t he i n fluence  of p la n e  o f  n u t r it ion on ca l f b i r t h  we i g ht o f  A n g u s c a t t l e  

a nd d e s p i te  s i g n i f ica n t  c ha n g e s  i n  b ir t h  w e i g h t  a s  a r e s u l t  o f  t r e a tme n ts , 

h e  f o u n d  n o  s i g n i fi c a n t  r e la t ion s h i p b e tw e e n  p o s t-ca lv i n g  cow l i v e  w e i g h t  

a n d  w e i g h t  o f  t h e  ca l f  a l  b i r t h .  

The i mp o r t a n c e  o f  t he w e i g h t  o f  d a m  a n d  i t s  r e l a t i o n s h i p  w i t h  

b ir t h  w e i g h t  t o  d y s toc ia h a s  b e e n  s t r e s s e d  b y  Fa gg  e t  a l .  ( 1 9 75 )  a n d  

S i n g le ton e t  a l .  ( 1 9 73 ) .  I n  b o t h  s t ud i e s  d a m ' s  w e i g h t  wa s h i g h l y  correl 

a te d  w i t h dys toc ia s core  a t  ca lv i n g ,  a n d  wa s t he mos t s ig n i f i c a n t  fa c tor  

( p <:: 0 ,  01 ) a ffe c t in g i t  w i t h s i re b r e e d  ra n k i n g  second  i n  impo r ta n c e . A s  

t h e  we ight  o f  t he c ows  i n  b o t h  t r i a ls in c r e a s e d , the  i n c i d e n c e  o f  c a l v i n g  

d i ff i c u lty dec r e a s e d . S i m i la r ly from t he s tu d y  o f  B e l lows e t  a l .  ( 1 9 7 1 ) 

i n vo lv i ng A ngus  a n d  H e r e ford d a ms , t he p r e -ca l v i n g  b o d y  w e i g h t  o f  t he 

A n g u s  d a ms e x e r t e d  a h ig � l y s i gn i f i c a n t  n e g a t ive  e f f e c t  o n  ca lv i n g  

d i f f i c u l t y ,  The e f f e c t  o f  t h i s va r i a b l e  w a s  t he mos t importa n t  o f  fa c to r s  

a t t r ib u t e d  to t he d a m  for the  A n g u s  c o w s  ( n o n - s i gn i f i c a n t  f o r  H e re ford ) 

a l t h o u g h  w i t h  r e s p e c t  to fa c tors a t t r i b u t e d  t o  b o t h  c a l f  a nd d a m ,  ca l f  

b i rt h we i ght wa s t he mos t importa n t .  

( v ) Age a nd pa r i ty o f  t h e  da m 

Und e r  norma l ma na g emen t  o f  t he b e e f bre e d ing h e rd , cows a re ma ted  

to  c a lve first  at  two- , o r  more  u s ua l l y ,  t h ree-years -o f-a g e . H oweve r ,  o n  

t he b a s i s  o f  mea s u ra b l e  t ra i t s  s uc h  a s  ca l f  b i rth w e i g h t ,  m i l k  p ro d u c t ion  

a nd weaning  per forma n c e  of  t he p r o ge n y ,  mos t  b e e f  cows a re n o t  r e g a rded  

as  b e ing fully ma t u re un t i l  s ix- t o  e i g h t-ye a rs-o f-a g e ( B r a u d e  a n d  W a l ke r ,  

1 9 4 9 ; B urris  a n d  B l unn , 1 9 5 2 ; K na p p  e t  a l .  1 94 0 ,  1 9 42 ) .  For  p r e g n a n c i e s  

i n  c ows o f  less  t h a n  ma t u r i t y ,  t he g row i n g  foe t us h a s  t o  comp e t e  f o r  

r e s o urces  w i t h  p h ys iological  grow t h  a nd d eve lopme n t  o f  t h e  d a m .  T h e  

c ompe tition  ma y b e  a c c e n t ua t e d  when  t h e  r e s ources  a r e  r e s tricted . 

The w e i g h t  a n d  s i z e  o f  t he d a m  have  been  seen  t o  c o n trol  m u c h  o f  

t h e  va r ia t io n  o c c urrin g i n  birth  we i g h t s  a n d  the  a g e  o f  d a m  e ffec t ,  w i t h i n  

b re e d ,  i s  l i k e ly t o  b e  a r e fle c ti o n  o f  d a m  s i ze , e s pe c i a l l y  a t  you n g e r  

a ge s , I f  b i r t h  w e i g h t  is seen  t o  d e c l i n e  a t  older  a ge s  i t  i s  more l ik e l y  

t o  b e  due  to  t h e  a g i n g  process  t ha n  t o  c o w  body  size  pe r s e . P le a s a n t s  
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T a b l e  2 , 4  

The corre la t ion  b e tween  we ight o f  dam a nd b i r t h  

we ight of ca l f  

B r e e d  N o ,  a n ima ls C o r re la t i o n  R e fe rence  

H e r e ford 502  0 , 2 6 A l exander  et  a l .  ( 1 9 6 0 )  

A n g u s  1 03 0 , 3 6  B e l lows e t  a l . ( 1 9 71 ) 

H e r e fo rd 9 7 9 7  0 , 2 9  B r i n k s  e t  a l .  ( 1 9 6 2 ) 

B e e f 5 horthorn 71 0 , 4 9 *  Dawson  et  a l .  ( 1 9 4 7 )  

H e r e ford 6 0  0 . 3 2  G re gory e t  a l .  ( 1 9 5 0 )  

H e r e ford 2 5 3  0 , 2 1 *  

S h o rt horn 2 9 7  0 . 2 2  K na pp e t  a l . ( 1 9 4 0 ) 

H e r e ford 6 1  9 0 . 2 6  S i n g h  e t  a l .  ( 1 9 7 0 )  

H e re ford 40 0 , 4 0 T u d or ( 1 9 72 ) 

N o te : * Cow we i g ht reco rded  i mme d i a t e ly a fter  partur i t i o n , a s  o p p o s ed 

to pre-ca lvi n g .  
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( 1 9 74 )  ob served  t h a t  older  dams a p pea r t o  b e  much  more v a r i a b l e  than  

youn ger  ones  w i t h  r e ga rd to  ca l f  b i r t h  w e i g h t ,  a nd con s i d e red t ha t  

e n v i ronme n ta l i n fl u e nces  p la y  a grea t e r  role  a t  older a ge s . 

Obvious ly  pa r i t y  n umbe r  ma y d i f fe r  w i th i n  a ge o f  d a m  d e p e n d i n g  

on  t he a g e  a t  f i r s t  ca lv i n g  a n d  the  i n te rva l b e tween  ca lves . T he 

s ig n i ficance  o f  d i f fe r i n g  pari t i e s  w i t h i n  a n  a g e  group  w a s  d i s c us s ed b y  

H a r r icharan  e t  a l .  ( 1 9 7 6 ) ,  wo r k i n g  w i t h  t h ree  B . i nd i c u s  breed s .  I t  w a s  

s e e n  t ha t  the  l e n g t h  o f  the prece d i n g  ca l v i n g  in te rva l o f  t h e  d a m  h a d  

n o  s i gn i fica n t  i n fluence  o n  t h e  b i r t h  w e i g h t  o f  t h e  ca l v e s  i n  a ll t h ree 

b re eds . 

Koch  a n d  C la r k  ( 1 9 5 5a ) d i s c u s s e d  the  e ffect o f  b i a s  d u e  to  

c u ll i n g  w hi c h  ma y e x is t  with i n crea s i n g  a ge o f  dam ,  a nd fo r wea n i n g  

w e i g ht t h i s  i s  a s t rong pos s i b i l i t y .  S e le c t i on s e ldom occurs  f o r  b i r t h  

w e i g ht ,  h owev e r ,  a n d  i t  w i ll b e  s hown t ha t  t h e  repea ta b i l i t y  o f  b i r t h  

w e i g ht i s  t o o  low t o  be  grea tly  a ffected  b y  a n y  inadv e r t e n t  o r  i n t e n d e d  

s e l e ct i on w h i c h  m i g h t  t a k e  p l a ce ( repea ta b i l i t y  ra nge  reporte d : - 0 . 0 3  

t o  0 . 3 5 ;  s e e  S e c t i on 1 . 3  i x ) . 

S e ve r a l s t ud i e s  have  b e e n  ma d e  o f  t he l i fe t ime prod u c t i o n  o f  b e e f  

c ow herd s a n d  t h e  f ind i n gs have  s t ron g l y  i n d i ca ted tha t t h e  grea t e s t  

i n crease  in  b i r t h  w e i g h t  can b e  e x p e c t e d  b e tween  f i r s t  a nd s e cond  ca lve s ,  

u s ua lly  b e i n g  b e tween  t h e  a g e s  o f  t h r e e  a nd four yea rs . From t he s a me 

l o n g-term s t ud i e s  i t  ha s been  observ e d  tha t dam ma t ur i t y  for ca l f  b i r t h  

w e i g h t  has  b e e n  a tt a ined  a t  s i x- t o  n i ne-years-o f-a g e . T h e  f i n d i n g s  

h a v e  c on s i s t e n t l y  b e e n  t ha t  i nc rea s e s  b e t w e e n  f i rs t  ca l v i n g  a nd ma t u r i ty 

o f  t he ord e r  o f  2 , 5  to  5 . 0kg  ma y be  e x p e c t e d  for the  b i r t h  w e i gh t s  o f  

c a lves  from m o s t  b e e f  breeds , includ i n g  b o t h  t h e  B . ta urus  a nd B . i n d i c u s  

s pe c ie s  ( Brinks  e t  a l . , 1 962 ; Burris  a n d  B lunn , 1 9 5 2 ; E v e re t t  a n d  

M a gee , 1 9 6 5 ;  Ha rr i cha ran  e t  a l . , 1 9 76 ; H ig h t ,  1 96 6 ,  1 9 6 Bb ;  K na p p  e t  a l . , 

1 942 ; K oc h  a n d  C l a rk ,  1 9 5 5 ;  Kress  a nd Web b ,  1 9 72 ; S m i t h  e t  a l , , 1 9 7 6 ; 

S w i g  er  e t  a l . , 1 96 2 ) . 

Drewry e t  a l .  { 1 9 5 9 ) reported  a c o rr e la t ion be twe en  ca l f  b i r t h  

w e ig h t  a nd lacta t ion n umber o f  the  d a m  o f  0 , 3 2  which  a ls o  i n d ica t e d  t h a t  

o ld e r  c ows t e n ded  t o  g ive b i r t h  t o  h e a v i e r  ca lve s .  

S ome worker s  who fa i l e d  t o  f ind  a s ign i fica n t  a ge-o f-dam  e ffect  
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o r  i n fluence  o f  pa r i t y  o n  b irth  we i g h t , w e re S in g h  et  a l ,  ( 1 9 70 )  a n d  

T ud or ( 1 9 72 ) .  T h e  la t t e r  w a s  report ing  u p o n  leve ls o f  n u t r i t io n  t ha t ,  

i n  h i s  v iew ,  were  e i ther s u ffic i e n t l y  h i g h  a s  t o  red uce  t he compe t i t ion 

b e tw e e n  the  grow in g  foe t u s  a nd grow in g  dam a t  young a ge s  of d a m ,  o r  t o o  

l ow t o  a l low p a r i t y  t o  i n fluence  b i r t h  w e i gh t .  R o l l i n s  a nd G u i lb e r t  

( 1 9 54 )  found t he e f fe c t  o f  a g e o f  d a m  sma l l e r  for fema le ca lves  t ha n  

for ma les . 

B e s i d e s  the  g e ne ra l  i n fluence  o f  a ge o f  dam  on b i rth  we i g h t  o f  

c a lv e s  b orn t o  a l l a ge s  o f  dam ,  there  i s  t h e  i n fluence o f  d a m ' s  a ge a t  

f i r s t  ca lvin g .  P h i l i p s s on ( 1 9 76 b )  r e p o r t e d  t ha t t he e ff e c t  o f  age a t  

f i r s t  c a lvin g  o n  b i rth w e i g h t  was h i g h ly s i g n i ficant . I n  t he group  o f  

Swe d i s h  Frie s ia n  he i fe r s  s t ud ied b y  h i m ,  b ir t h  weight  i n c re a s e d  l i n e a r l y  

w i t h  a g e  a t  0 ,  1 k g p e r  m o n t h  for a g e s  o f  d a m  b e tween  2 5 . 3 a nd 3 0 . 8 m o n ths . 

A mo n g s t  a grou p  o f  Swed i s h  Red  a nd W h i t e  ca t t le o f  s i m i la r  a g e  t o  t h e  

Swe d i s h  F r i e s ia n s ,  t he r e la t io n s h i p  w a s  c u r v i linear  w i th a n  i n c r e a s e  o f  

a pp r o x ima tely  0 . 3 k g  per  mon th  u p  t o  2 8  mon t h s  o f  age . A s e c on d  g r o up 

e x h i b i ted a l i n e a r  i n c r e a s e  o f  a pprox ima t e l y  0 . 3 k g  per mon t h .  

Bernard  e t  a l .  ( 1 9 7 3 )  found t ha t  ca lves  born t o  B e e f  S h o r t h o r n  

c ows ca lv ing f o r  the  f i r s t  t ime a t  t hree -yea rs -o f-age  w e r e  0 . 8 k g  ( p < 0 . 0 1 )  

h e a vier  a t  b i r t h  tha n  those  born o f  cows c a l v i n g  for t h e  f i r s t  t im e  a t  

t w o-years-o f-a ge . Plea s a n t s  ( 1 9 74 )  compa red t h e  ca lv e s  o f  A n gu s  t h ree

y e a r-old he i fers  wh i c h  had  ca lved first  as  two-year-o l d s  a n d  t he ca lves  

of  a group ca lv ing  first  as  t hree-ye a r-o ld s . H e  found  a s i gn i fica n t  

d i f ference  ( 2 . 8 k g ; p < 0 . 0 1 ) in favo u r  o f  t he f orme r c ows . 

The regress ion  o f  b irth  weight  o n  g e sta t ion l e n g t h  h a s  b e e n  s e e n  

t o  b e  s i g n i fica nt  i n  m o s t  ca ses  a nd h e n c e  t he possib l e  e ffect  o f  a g e-of

d a m  o n  b irth weight  t h ro u g h  its  d irect  i n f l uence  on g e s ta tion  l e n g t h  ha s 

b ee n  considered  in t he litera t ure . B ur r i s  a n d  B lunn ( 1 9 52 )  reported  a n  

i nt r a -breed corre la t ion be twee n  a ge o f  d a m  a n d  gesta t io n  l e ngth  o f  0 , 0 7 8  

( non-sig n i fi ca n t )  for c ows  ra nging  i n  a ge from two t o  e leven  yea r s . 

O t hers  who have  recorded  n on-sig ni fica n t  a ge-of-dam e f fe c t s  on  g e s ta tion  

l e n g t h  have  b e e n  Burris  et  a l .  ( 1 9 6 4 ) ;  K n a pp e t  a l .  ( 1 9 4 0 ) ; La s l e y  e t  a l .  

( 1 9 6 1 ) ;  Reynolds  e t  a l .  ( 1 96 5 ) ; a n d  T ud o r  ( 1 9 72 ) .  

D e s p i te the  lighter  birth  w e i g h t s  e x hib i ted b y  ca lves  o f  d a ms a t  

y ou n g e r  a g e s , e s p e c ia l ly two- a n d  t hree-yea r-olds ,  t here  i s  e v i d e n c e  

t ha t  t he incidence  o f  s t i l lbirth  a n d  c a lv i n g  d i ffic u l t y  i s  g rea t e r  i n  tha t 
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a ge g roup  t h a n  a l l  o t hers  comb ined , I nv e s t i ga t ions  ha v e  g e n e ra l l y  s hown 

t ha t  t he frequen c i e s  o f  dystocia a nd s t i l lb i r t h  a re two t o  four t imes 

g r e a t e r  for he i fe r s  tha n  for older c ow s .  

P h i l ipsson  ( 1 9 76b ) reported  s i gn i fica n t  d i ffere nces  be tween  

Swed i s h  F r i e s i a n  c ow s  and  h e i fers  for  mea n  fre q uencies  o f  ca lv i n g  d i ffic

u lt y ,  s t i llb i rt h  ra te  a n d  birth  we i g h t . T h e  mea n fre q u e n c i e s  o f  ca l v i n g  

d i f f i c u lties  we re , for he i fe rs : 1 5 . 7  p e rce n t ;  cows ( pa r i ty k 2 ) , 4 . 8 

perce n t ,  The  s t i llb i rt h  ra tes were 6 , 5 p e rc e n t  a nd 2 . 5 p e rce n t . 

respec t iv e l y ,  w h i l e  the b i r t h  w e i g h t s  a n d  g e s t a t i on l e n g t h s  o f  ca l v e s  o f  

c ow s  e x ceeded  t hose of  he i fe rs by  3 .  1 k g a n d  1 . 0 d a ys , r e s pe c t iv e l y .  

P h i li p s s o n  ( 1 9 7 6 b )  obser ved  tha t r e s u l t s  from s t ud i e s  on  f i r s t  

c a lv in gs are  s omewha t con flict i n g ,  b u t  t he re s e em to b e  h i g h e r  fre q u e n c ies  

of  c a lving  d i f f i c u l t y  a n d  s t i llbirths  when  h e i fers  a re v e ry young  ( tw o  

yea r s  o r  youn ge r )  o r  o l d  ( grea t e r  t h a n  t h r e e  years ) .  A b s h e r  a n d  Hobbs  

( 1 9 6 8 ) , work i n g  w i t h  A n gus  a nd H e re ford ca t t le , found tha t 6 4  perce n t  of  

h e i fe r s  under  two-yea rs-old a t  c a lv i n g  r e q u i red  a s sis t a n c e  compared  t o  

4 1 , 0  p e rcent  o f  he i fers over  two yea rs ( p < 0 . 1 0 ) . B o t h  f igures  a re m u c h  

g r ea t e r  than  t h e  i n cidences  r e p o r t e d  in  N e w  Z e a la nd , b u t  t h e  d i ffe rence  

b e tween  the a ge g roups is  noted . 

A mon g the  dam  c ompone n t s  a f fe c t i n g  ca lv in g  p e r forma n c e  a nd s t i l l

b i r t h  ra te , pa r i ty a ppea r s  to  be by  fa r t h e  most imp o r ta n t  s in g l e  c a u s e  

o f  va ria t i o n  ( va n  D i e ten , 1 96 3 ;  D r e ye r ,  1 9 6 5 ;  Freema n ,  1 9 7 5 ;  R emme n , 

1 9 7 5 ;  S c h lote  e t  a l . , 1 9 7 5 ) . va n D ie te n  ( 1 9 6 3 )  con c luded  from h i s  s t udy , 

however ,  t ha t  it  i s  proba b ly the mere fa c t  t ha t t he p r oc e s s  o f  pa r t u r i t i o n  

t a k e s  p l a c e  f o r  the  f i r s t  t ime that  ma k e s  t h e  d i ffe r e n c e  b e tween  h e i fers  

a nd cows  ra t h e r  than  age itself .  P h i l i p s s o n  ( 1 9 76b ) c o n s id e red t ha t  o ther  

f a c t ors s u c h  as  further  grow t h  a nd s k e le t a l  deve lopme n t  a ft e r  first  ca lv

i n g  a l s o  have a positive i n fluence on s ub sequent  ca l v i n g  performa n c e , The 

h igher  freq u e n c i e s  of dys tocia a n d  s t i llbirths  a t  low ca lv i n g  a g e s  ma y be 

l a r g e ly dependent  on poor deve lopmen t ,  c a used  by  unsu itable  fee d i n g  

r e la t ive t o  t h e  chosen  c a lv i ng a ge ,  H oweve r ,  results  from s t u d i e s  b y  

B r� n n� n g  e t  a l .  ( 1 9 7 5 ) o n  mon o z yg o t i c  twi n s , ca lving  a t  d i fferen t  a ge s , 

b ut a t  t h e  s a me w e i g h t , i ndicate  tha t there  i s  a lso  a p o s i t ive e ffec t  o f  

a g ing  i t s e l f  o n  calving  pe r fo rma n c e , i n d e p e n d e n t  o f  b o d y  w e i g h t , 
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( v i )  Yea r a n d  s e a son  o f  b i r t h  

T h e  e ff e c t  o f  t h e  plane  o f  n u t r i t i o n  o f  t h e  dam o n  t h e  b i r t h  we i g h t  

o f  t h e  ca l f  i s  t o  be  exa mined  i n  d e ta i l  ( S e c t ion  1 . 3  x i ) . T h e  s e a s o n  o f  

b i r th i s  l i k e l y  t o  i n f l uen c e  t h e  b i rth w e i g h t  o f  t h e  ca l f  ind i re c t l y  through  

t he n u t r it iona l p l a n e  of  the  dam a nd a l s o  b y  any concom i t a n t  changes  i n  

g e s ta t ion  len g t h . A le x a nd e r  e t  a l .  ( 1 9 6 0 )  c on c luded from a r ev i ew of  a 

n umb e r  of  s tud i e s  that  t h e  ca lving  p e r iod  i s  q u i te s h o r t  r e l a t i v e  t o  t h e  

t ime taken  for  sea sona l c ha n ges  t o  o c c u r  a nd hence  the  s e a s on a l  i n f l u e n c e  

i s  m i n ima l .  

Evere t t  a nd Ma g e e  ( 1 9 6 5 ) a n a lysed  b i r th weights  a nd g e s t a t i o n  l e n g ths 

o f  1 06 4  H o l s t e i n  c a l v e s  under N orthern  Hemi s phere  cond i t i o n s , found  

s i gn i fica n t  e ffects  of  year  and  s ea s o n  of  b ir t h  on  b i r t h  w e i g h t ,  but  n o t  o n  

g e s t a t i on len g t h .  C a l v e s  born f r o m  S e p temb e r  to  Ma rch  ( No r t h e r n  H em i s p here  

w i n t e r ) a vera g e d  0 .  72 k g  heavier  t ha n  calves  b o rn from A p r i l  t o  A u g u s t  

( No rthern  Hemi sphere  s ummer ) .  Kna p p  e t  a l .  ( 1 9 40 )  ob s e rved  t h a t  t h e  

s ea s on a l  va ria t ion i n  t he b irth  we i g h t s  a n d  g e s ta t ion l e n g t h s  o f  B e e f  a nd 

M i l k i n g  S ho r t h orns  wa s non-s i gn i fi c a n t  ( 1  . 3 k g  a t  mos t ) .  A mo n g  t h e  B e e f  

S hor thorns  t h e  la r g e s t  ca lves were b o rn i n  t h e  a u t umn months  a n d  t h e s e  had  

t he longe s t  g e s t a t i o n  p e r i ods . 

I n  c o n tr a s t  t o  t h e i r rev iew , t h e  r e s u l t s  o f  a s t ud y  by  A le x a n d e r  

e t  a l .  ( 1 9 6 0 )  s howe d  s i g n i fica n t  ( p  < 0 . 0 1 ) y e a r  d i ffe r e n c e s  f o r  b i rt h  

w e i g h t .  T h e  ma j o r in f l u e n c i n g  fa c t o r  a p p e a re d  to  b e  a d r o u g h t  y e a r  a cc om

pa n i e d  by a n  e x treme ly low plane  o f  n u t r i t ion  imposed a s  a trea tme n t .  T h e  

e ff e c t  o f  t h e s e  a us t e r e  cond it ions  wa s a r e d u c t i o n  i n  mea n b i rt h  w e i g h t  o f  

2 , 3 k g  i n  t h e  H e r e ford  herd . A n  importa n t  po i n t  made b y  t h e  a u thors w a s  

t ha t  w h i le t h e  b i r t h  weight  o f  ca lve s v a r i e d  from ye a r-to-yea r ,  t h e  e ffects  

of  t he v a r i o u s  other  fa ctors i n flue n c i n g  birth  we ight  did  n o t di f fe r  b e tw e e n  

yea rs .  The i r  g e n e ra l observa t i on w a s  tha t b irth  we i g ht s eemed  t o  b e  l i t t l e  

a ffected  b y  e nv ironme n ta l  cond i t i o n s  un l e s s  they  w e r e  e x tr e me l y  s evere . 

T h o s e  w orkers  who reported n o n -s i g n i f icant  e ff e c t s  o f  year  on  t h e  

b i rt h  we i g ht o f  ca lve s  i n c l uded  O ' Ma ry a n d  C oonrad ( 1 9 72 ) ;  B u r r i s  a n d  

B l u n n  ( 1 9 5 2 ) w he r e  man a gemen t w a s  c o n s i d e re d  to b e  r e la t i v e l y  u n i form ;  a n d  

B urris  e t  a l .  ( 1 96 4 ) .  

S e v e ra l workers  have  d iscussed  t h e  e ffect  o f  t ime o f  c a lv i n g  o n  b i r t h  

w e i g ht a s  it opera t e s  d ur i n g  t h e  c a lv i n g  sea s on , a n d  m o s t  h a v e  concl uded  
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t ha t  b i r t h  we i g h t  c a n  b e  e x pected  t o  i nc re a s e  a s  t h e  s e a s o n  progre s s e s , 

A le x a n d e r  e t  a l ,  ( 1 9 6 0 )  reported  t ha t ,  o n  a ve ra ge , b i r t h  we i g h t  i n crea s ed 

b y  0 , 4 3 k g  for e a c h  1 0  d a ys d ur i n g  t h e  c a l v i n g  s e a s on r e s u l t i n g  i n  a tota l 

a verage  i ncrea s e  o f  J , Ok g  for the  1 0-we e k  c a l vi n g  per i od .  The  e f fe c t , 
however , wa s s li g h t  a s  i nd i ca ted b y  t h e  s i ze o f  the  c o r re la t i o n  c o e f f i c i e n t  

r e ported  ( 0 . 1 8 ) be tween  b i r t h  w e i g h t  a n d  wea n i n g a g e .  O n ly 3 p e r c e n t  o f  

v a r ia t i on i n  b ir t h w e i g h t  w a s d ue t o  t he t ime o f  ca lv i n g ,  compared  t o  6 per ·  

c e n t for t h e  w e i �ht  o f  t he da m .  

Drewry e t  a l  ( 1 9 5 9 )  r e p orted  a corre la t i on betwe e n  b i rth  we i g h t  

a nd c a l f  a g e  a t  sa m p l i n g  o f  - 0 . 5 0 ,  w h i c h  s u g ge s ts , m o r e  stron g ly t h a n the  

r e gr e s s ion  of -0 , 04 k g per day  reported  b y  Koch and C l a r k  ( 1 9 5 5a ) , t h a t  

ca lve s  w i t h h e a v i er b i r t h  w e i g h t s  w e re youn g e r  a t  t ime o f  sa mp l i n g .  I t  

ha s been  s u g g e s ted b y  K o c h  a nd C la r k  tha t a n y  d i ffer e n c e s  e x h i b i ted  a s  a 

s e a s ona l e ff e c t  a r e  due  t o  improv i n g  p a s ture  c on d i t i on s , o r  a lon g e r  

g e s t a t i on le n gt h  w i t h  progres s ion  o f  t h e  c a l v i n g  per i od .  S i n gh e t  a l .  

( 1 9 7 0 )  reported  a non-s i gn i fi c a n t  i n f l u e n c e  o f  the mon t h  o f  b ir t h  a lt h o u g h  

c o n c u rred  w i t h  o t h e r  p ub l i s he d  repo r t s  t h a t ca lve s b o r n  l a t e r  i n  t h e  s e a s o n  

were  s l i gh t ly hea v i e r  a t  b i rth , a n d a ls o  gre•" fa s te r  t ha 1 1  ca lves  b o rn 

ea r l i e r . 

I f  s ome sea sona l e f fec t s  on  b i rt h  we i g h t  have i n  fa c t  occ u rr ed a n d  

b i rth  w e i g h t s  h a v e  b e e n  s e e n  t o  inc r e a s e  1 n  t h e w in t e r  p e r i od e s p e c ia l l y ,  

t h e n  t he effe c t  o f  s e a s o n  o n  ca l f  s urv iva l ,  a s  a ffec t e d  b y  b i r t h  we i g h t ,  

g a i n s  s ome importa nce . Ba r- A na n e t  a l .  ( 1 9 76 )  repor t e d  tha t amo n g  h e i f e rs , 
b o t h  the inc idence  o f  d i ff i c u l t  ca lv i n g  a nd pe ri-na ta l morta l i t y  were  h i g h  

i n  w i n ter  a nd low amo n g  s umme r c a l v i n g s , S t ud y i n g  s t i ll b i r t h s  in  r a n g e  

c a ttle , Woodwa rd a nd C la rk ( 1 9 5 9 )  observed tha t s e a s o n  o f  b i rth  had  n o  

e ffe ct on t h e  incidence  o f  d y s t o c i a  a n d  tha t d i fficu l t  ca lv in g s  were  q u i t e  

u n i formly d i strib uted throughout  t h e  ca lving  sea son . Ca l f  morta l i t y  ra tes  

were  not  a ffected  by s e a s on o r  yea r in  the  reports o f  La s t e r  a n d  G re gory  

( 1 9 7 3 ) ;  La s t e r  e t  a l .  ( 1 9 73 )  a n d  Sa geb ie l e t  a l .  ( 1 9 6 9 ) .  T h e  yea r e ffect  

s i gn i fica n t ly ( p < D . 05 ) in fluenced ca l f  morta lity  in t h e  reports  of  Smith  

et  a l ,  ( 1 9 76 ) a nd Oea rborn  e t  a l .  ( 1 9 73 ) ,  a lthough  t h e  la tter  a uthors  

a ck now le d g e d  tha t s ince  a ge at  first  breeding  wa s con founded  w i t h  yea r o f  

b ir t h , p a r t  o f  t h e  yea r e ffec t  ma y h a v e  b e e n  d ue t o  a g e  o f  c ow ,  

Concl u d i n g  t h i s  section o f  t h e  i n fluence  o f  s e a s on a n d  year  o n  ca l f  

b ir t h  wei g h t , it  a ppears  tha t b o t h  e ffects  may o pera t e  t o  a limited  d egree  

w it h  year e ffects expected  t o  be  la r g e r  t ha n  sea son of  yea r e ffe c t s . 
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( v i i )  T he ma terna l e n v i ronme n t  

The d e gree  o f  c o n trol  o f  b i r t h  w e i g h t  p os s i b le v ia a n y  ma n ip u la t ion  

o f  t h e  dam w i l l  b e  d e p e n d e n t  on  th e proport ion  o f  varia t i on in b i r t h  w e i g h t  

a tt r i b ut a b le to  the  da m , a n d  1 n  t h e  l o n g  t e r m ,  a n y  res pon se  to  s e l e c t i o n  

t h i s  g e n e t i c  a b i l i t y  o f  t h e  dam  ma y e x h i b it . E v e re t t  a nd Ma g e e  ( 1 9 6 5 )  have  

d e s cr ibed  t h e  b i r t h  we i g h t  D n d  g e s t a t i o n  l e n g t h  o f  a ca l f  a s  b e i n g  

in fluenced  b o t h  b y  t h e  ma t e r n a l a b i l i t y o f  i t s  d a m  a nd b y  t h e  g e n e s  c o n t r i b 

u t e d  to  t he ca l f  b y  t h e  s i r e  a n d  d a m ,  Ma t e r na l a b i l i t y ma y b e  d e f i n e d  a s  

e n v i ronme n ta l a n d  g e n e t i c  fa ctors o t h e r  tha n  t h e  c a l f ' s  g e n e s ,  s u c h  a s  

n ut r i e n t s u p p l y , w h ic h  i n fluen ce  b i r t h  w e i g ht or gesta t i on len g t h , I t  ma y 

b e  c o n s i d e re d  to  b e  e n v i ronme n ta l  from the  p o i n t  o f  v i ew o f  t h e  ca l f  a l t ho u g  

i t s  e f fect  i s  g e n e t ica lly  d e termined to  some  e x t en t .  

Boga r t  ( 1 9 5 9 ) h a s  e xa mined  pre -na ta l g rowth , a n d  c o n s i d e re d  t ha t  the 

s i ze of the mot h e r  a pp e a rs to ha ve  a la rge e ffect  on b i r th  w e i g h t ,  p o s s ibly  

due  t o  a tra nsmiss ion to  he r o f fspr i n g  of  a sample  o f  h e r  own g e n e t i c  

p ot e n t i a l f o r  growth  a n d  a d ult  b o d y  s i z e  w h ic h  c o u ld c a use  h e r  o ffspri n g  t o  

g r ow mor e ra p id ly d ur i n g  p re -na ta l l i fe ,  T h e  a u t hor d e s c r i b e d  t h e  c la s s i c  

e x per ime n t  c o n d u c t e d  by Hammond ( 1 9 3 5 )  u s i n g re c i proca l crosses  o f  t h e  S h i r r 

a nd S h e t la n d  bre e d s o f  hors e s ,  T h e  S h i re d a m  prod uced a crossbred  foa l o f  

5 3 k g  a t  b irth  c ompa red  t o  t h e  1 7k g  b i rth  w e i g h t  of t he S he t la n d  mare ' s  foa l ,  

T h e  fa c tors proposed  a s  i n fl ue nc i n g  t h e  d i sc repa ncy  i n c luded  f o e ta l 

n u trit ion , c y t o p la smic i n he r i ta nc e  o f  t h e  e g g  produced ,  a n d  t h e  leve l o f  

growth  hormon e  secreted  by  t h e  p i t u i ta ry o f  t h e  mothe r .  

Wha tever  t h e  c a use  o f  t he grea t e r  s i z e  o f  t he young  a t  b ir t h  from 

l a r g e r  fema l e s , the re a ppears  to b e  some i n fluence  o t h e r  t ha n  t h e  g e ne t i c  

c o n s t i tution o f  the  youn g ,  since  b o t h  foa ls should ha v e  had  s i m i la r  g e n e t ic 

a b i l ity  for grow t h , 

Koch  ( 1 9 72 )  h a s  found t ha t  r e c i p roca l crosses  among  A n g u s , H er e ford 

a nd S horthorn  ca t t le have i llustra t e d  d i fferences  wh i c h  e x i s t  for p o s t

n a t a l  ma terna l i n fluences , b ut gen e ra l ly t he s e  d i ffe r e n c e s  h a v e  l a c k e d  

s i g n i fica n c e  s o  fa r a s  b ir t h  w e i g h t  i s  c o nce rned , Sa g eb i e l  e t  a l ,  ( 1 9 7 3 )  

found  t h a t  ma terna l e ffects  w e re la r g e l y  non-s ignifi c a n t  i n  a crossbreed i n g  

s i t ua tion  e x c e p t  for ma le ca lves  from a C ha ro la i s-Her e ford c r os s ,  S i mila rly  

o t h er cro ss breed i n g  s tudies  invo lvin g  B r i t i s h  beef  breeds  hav e  fa i l e d  t o  

f i n d  a s i gn i fi c a n t  a m o u n t  o f  ma terna l i n fluence  on  b i r t h  w e i g h t  ( G a i n e s  e t  a :  

1 96 6 ; G e r l a u g h  e t  a l . , 1 9 5 1 ; G regory  e t  a l ,  1 9 6 5 ) . 

S ome reciproc a lly-crossed  dairy  breed s ,  a s  reported  b y  Dona l d  e t  a l .  
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( 1 9 6 2 ) ,  d id  s how s i gn i f i ca n t  d i ffe r e n c e s  a mo n g  the  b i r t h  w e i g h t s  o f  the  

c r os s b red  progeny , Howeve r ,  a lt h o u g h  reci proca l c rosses  prov i d e  

e v i d e n c e  tha t d i fferen c e s  i n  rna terna l e f fe c t s  on  b i r t h  w e i g h t  a n d  wea n 

i n g  ga i n  a r e rea l ,  t h e y  A re n o t  t o o  h e l p ful  i n  qua n t i fy i n g  r e l a t i v e  

va r ia t i on a t t r i b u ta b l e  t o  ma t e rna l e ff e c t s , 

B i ome t r i c a l  a s pe c t s  for  a s s e s s i n g  r e l a t ive  c o n t r i b u t i o n s  from 

ma t e r n a l  a n d  i n d i v id t Ja l g e n e t i c  e f fe c t s  on  va r ia t i on i n  grow t h  for  b e e f  

ca t t le we re s h own i n  pa t h  c o e ff i c i e n t  d ia g rams  by  Ko c h  ( 1 9 72 ) ;  W i l lha m  

( 1 96 3 ) ; a n d  K o c h  a n d  C l a r k  ( 1 9 5 5 d ) . 

A n  e s t ima t e  o f  t o ta l  ma t e rna l ly re la te d  varia t ion a nd cova r i a t ion 

i s  d e rived by c ompa r i n g  ma t e rna l ha l f- s i b  w i t h  pa terna l ha l f- s i b  

c or r e la t ion s .  K o c h  a n d  C la rk ( 1 9 5 5b ) h a v e  expa nded the  c ompa r i s on . T he 

r e la t ion s h i p  a mo n g  ma t e rna l ha l f- s i b s  d i f fer  from t h o s e  o f  pa t erna l ha l f

s i b s  beca use  o f  t h e  a d d i t i ona l i � fluence  throu g h  t h e  ma t e rna l e n v i ronme n t s  

p r o v ided  d u r i n g  t h e  p re - a nd pos t -na ta l  p e r i o d s .  There  i s  n o  d i r e c t  

mea s ure  o f  t h e  i n flue n c e s  i n c luded i n  t he mA t e rna l e n v i ronmen t s ; t h e s e  

c a n  b e  i n fe rred  on ly from observa t i on a nd b y  c ompa ri n g  t h e  rela t io n s h i ps 

w h e n  t he e ff e c t  has  b e e n  e x c luded w i t h  t h o s e  w here  it  i s  i n c lud e d , s u c h  

a s  pa terna l ha l f- s i b s c ompa red w i t h  ma t e r na l ha l f-sib s .  

From d a ta c o l l a ted  b y  K o c h  ( 1 9 72 ) , t he a vera ge correla t i o n  a mo n g  

pate rna l ha l f-sibs  for  b i r t h  w e i g h t  wa s 0 . 1 1 ;  the  a v era ge ma terna l ha l f

s ib correla t i ons a mo n g  a l l ca lves  wa s 0 , 2 5 ;  a nd o f  a d j a c e n t  c a lve s , 0 . 2 9 .  

T h u s , ma terna l ly-re l a t e d  va r i a t i on a c c o u n t e d  for 1 4  t o  1 8  p e r c e n t  o f  t h e  

p he n o typic  variance  i n  b i r t h  we i g h t . 

Evere t t  a nd Magee  ( 1 96 5 )  re ported  a h i g h  nega t ive  gen e t i c  c o r r e l

a ti on between  g e n e t i c  a b i lity  a nd ma t e rn a l a b i lity  for  b i rt h  w e i g h t  a n d  

g e s ta t i on l e n g t h . K oc h  ( 1 9 72 )  p la c e d  t h e  correlation  a t  -0 . 44 a ft e r  

c o l la t ion o f  d a ta from  seve ra l or i g i n s , P h i l ips son ( 1 9 76 c ) r e c orded  a 

v a l u e  o f  -0 , 5 3 for b ir t h  w e i g h t  a n d  -0 , 5 6 for  gesta t i on leng t h , T h e  

n ega t ive  c o r r e la t ion i n d ic a t e s  a n  a nt a g o n ism  be tween  t h e  g e n e s  for  pre

n a t a l  grow t h  a nd the genes  cond i t i o n i n g  the  i n t ra-u t e r ine  e n v i ronme n t  for 

h e a v i e r  foe ta l w e i g h t s  ( d i r e c t  a n d  ma terna l e ffects ) . F u r t h e r  s up p o r t  for 

a n e ga tive  c o r r e la t i o n  of  t h i s  sort has  c ome from �t u d i e s  by D ee s e  a n d  

K o g e r  ( 1 9 6 7 )  a nd R oma n e t  a l ,  ( 1 9 70 ) ,  
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The r e la t i o n s h i p  i s  two-fo ld i n  e ffe c t ,  F i rst , t h e  s i z e  o f  t h e  

ma t e rna l env i r onmen t c omp onent  is  s e e n  t o  c omp e n sa te f o r  t h e  s t r e n g t h  

o f  t h e  gene t i c  a b i l it y  f o r  growth  p o s s e s s e d  b y  t h e  ca l f ,  C a l v e s  o f  w e a k  

p otentia l for  i n tra-uterine growth w i l l  b e  me t w i t h  a fa v o ura b le e n v i ro n 

m en t ,  a n d  s tr o n g e r  g r ow i n g  ca lves w i l l  b e  me t w i th a l e s s  fa v o u ra b le 

e nv ironmen t ,  T h i s  i s  t he ma j or reason  for t h e  p oor r e s p o n s e  t o  s e l e c t i o n  

for  b i r t h  we i gh t  when  t h e  selec t ion  i s  ba s e d  on  t h e  p e r forma n c e  o f  t h e  

d a m ,  M o s t  o f  t hose  w h o  have s t ud i ed t h e  rela t i on s h i p  h a v e  i n d i c a ted  tha t 

t he geno type  o f  t h e  ca l f  ma r g i na lly e x c e e d s  t h e  ma t e rn a l  e n v i ronment  l n  

i mport a n ce w i t h  r es p e c t  to  birth  we i g h t ,  ma i n ly b e ca u s e  o f  t h e  i n f l u e n c e  

o f  t he s i r e  t h rough  i n h e r i ta nc e  ( P h i l i p s s o n , 1 9 7 6 c ) . 

Secon d l y ,  the  r e la t i o n s h ip e n s u r e s  tha t ,  where t h e  ma t erna l 

e n v ironment  i s  a ffected  by t h e  i n fl u e n c e  o f  t h e  preva i l i n g  n u t r i t iona l 

a nd c li ma t i c  e ff e c t s  o n  t h e  d a m ,  t he c a l f  i s  a b le to c o p e  w i t h  i t s  a ltered  

u te r i n e  e n v i ronme n t  b y  becomi n g  mo re  o r  less  comp e t i t i ve for c i r c u la t i n g  

n u t r i e n t s . 

( v i i i ) T h e  he r i ta b i l i ty o f  b i r th  we igh t  

Her i t a b i l i t y  e s t ima tes have b e e n  p re s e n t ed b y  b re e d  a n d  me t ho d  o f  

d et e rmina t i on ( se e  T a b l e  2 , 5 ) .  Pre-n a ta l growth i n  t e rms o f  b i r t h  w e i g h t  

a n d  g e s ta t i on l e n g t h  i s  seen  t o  b e  mod e ra t e  t o  h i g hly he r i t a b l e ; s upport  

for h i g h  h e r i ta b i l i t y  va lues  i s  found  i n  t h e  variation  in  t h e  a ve ra ge 

b i rth  we i g h t  o f  s i r e �o ups .  Q ue s e n b e r ry ( 1 9 5 0 )  reported  a ra n g e  o f  3 3k g  

t o  4 2 k g  i n  t h e  a ve ra ge b i rth w e i g h t m s i r e  groups  o f  a n  u n s ta ted  b r e e d  o f  

ca lve s ,  T hi s  v a r i a t ion would n o t  b e  e x pe c ted  t o  be  s o  g rea t u n less  t h e  

b ulls  u s ed d i ffered  i n  t h e  i n h e r i t a n c e  t h e y  contributed  f o r  pre-n a t a l  

growth , B o ga r t  ( 1 9 5 9 ) c o n s id e red t h i s  w o u ld ind ica te t h a t  g e n e tic  

i n fl u e n c e s  among  t h e s e  c a t t le were  grea t e r  t h a n  envir onme� i n fl u e n c e s  a s  

factors  a ff e c t i n g  pre-n a t a l  g rowth , 

I t  ha s b e e n  r e ported that  t h e  h e r i ta b i l ity o f  b i r t h  w e i g h t  i s  

mod e ra te t o  h i gh i n  r e la t ion  t o  o t h e r  p r od uctive  t ra i t s  a n d  t h e r e fo r e  i t  

s hows response  t o  se l e c t ion , Furthe r ,  i t  i s  a n  i nd ic a t io n  o f  t he s tr e n g t h  

o f  t h e  r e la t i on s h i p  w h i c h  may b e  e x pe c t e d  be tween  t h e  r ecorded  b i r t h  w e i g h t  

o f  a s ire a nd t h e  b i r t h  weight  o f  h i s  p r o g e n y ,  I t  i s  impo s s i b l e  t o  s a y ,  

h ow ever , h ow muc h c h a n g e  i n  t h e  b i r t h  w e i g h t  o r  gesta t i o n  l e n gth  c o u ld 

occ ur  w i t h o u t  a ffec t i n g  t h e  s urviva l o f  t he foetus , w h i c h  i n  t urn , may  

l imit  t h e  mod i fica t i o n  possible  in  e i th e r  tra it  ( Ja fa r  et  a l . , 1 9 5 0 ) , 
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T a b l e  2 , 5  

The h e r i t a b i l i ty o f  b i rth  we igh t  

Breed  h2 e s t i ma t e  M e t h od of  
e s t ima t i o n  

R e fe re nc e  

A n g us 

A n gus  

Here ford 

A n g u s , H e r e ford  

S h o r t horn  

Hols t e in 

Here ford 

0 , 2 7  

0 . 1 7  

0 . 3 6  

0 . 2 2 

0 . 2 5  

0 . 2 2  

0 .  4 5 ;  1 . 00 

Santa  G e r t r ud i s  0 . 5 5  

Sa h iwa l  

Bra hma n 

Here ford 

A n g u s  

H e r e ford  

A n gus  

Here ford 

A ng u s  

Here ford  

C r i o l l o  

Sa n ta G e rtrud i s  

Here ford  

Here ford 

Here ford 

Here ford  

Here ford  

Here ford  

Here ford 

0 .  1 3 

0 , 3 5  

0 . 3 5 ;  0 , 4 2 

o .  89  

0 , 0 8 

0 . 9 9 

1 .  00 

0 , 3 0  

0 , 3 7  

0 , 2 4 

0 , 6 7 

0 , 42 

0 , 5 3  

0 . 6 7  

0 ,  72 

0 , 5 4  

0 , 4 4 

0 , 2 3  

pa t e r na l h a l f- s i h  Ba k e r ( 1 9 7 4 ) 

r e g r e s s i o n  B row n a n d  G a lv e z ( 1 9 6 9 )  

S i r e  o n  progeny  

r e g r e s s ion  

D a m  on progeny  

r e g r e s s i on 

I nt ra - s i r e  

corre la t io n  

B u r r i s  a n d  B l u n n  ( 1 9 5 2 )  

Dawson  e t  a l .  ( 1 9 4 7 )  

E v e r e t t  a nd M a g e e  ( 1 9 6 5 )  

G r e gor y  e t  a l .  ( 1 9 5 0 )  

Ha r r i c hara n e t  a l .  
( 1 9 76 ) 

K o c h  a nd C la r k  ( 1 9 5 5  
b '  c ) 

K o g e r  e t  a l .  ( 1 9 7 5 )  

Log:mat hll n e t  a 1 ,  ( 1 9 6  5 )  

Mea d e  e t  a l .  ( 1 9 5 9 ) 

S w i g e r  e t  a l .  ( 1 9 6 2 ) 

Verde  a n d  B o d i s c o  
( 1 9 74 ) 

W i l l i s  a nd W i lson  
( 1 9 74 )  

K na p p  a n d  N o r d s k o g  
( 1 9 4 6 ) 

K n a p p  a n d  C la r k  ( 1 9 5 0 )  

La s le y  e t  a l . ( 1 9 6 1 ) 

S he lby  e t  a l .  ( 1 9 5 4 ) 

S h e lby e t  a 1 ,  ( 1 9 6 0 )  

K o c h  a n d  C la r k  ( 1 9 5 5 c )  

Knapp  a n d  N o r d s k o g  
( 1 94 6 ) 
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O n  t h e  o t her  hand 1 t h e  fa c to r s  a s s o c i a ted  w i t h  ca l f  s urviva l 1  

i nc lud i n g  d e gree  o f  d i fficult y  a t  c a l v i n g 1  p e r i -na ta l morta l i t y  i n c i d en c e 1 

a n d  s t i ll b i r t h  ra te , ha ve  been  shown  t o  ha ve  a v e r y  low h e r i ta b i l i t y  

w h e t h er mea s u re d  a s  a t ra i t  o f  t h e  c ow ( 0 , 3 t o  2 , 4  perc e n t )  o r  o f  t h e  

c a l f  ( 0 . 0  t o  4 , 5 perc e n t )  ( Ph i l ip s s o n , 1 9 76a ; Bar-A n a n  e t  a l ,  1 1 9 7 6 ; 

D ea rborn e t  a l , , 1 9 7 3 ) . These  low h e r i ta b i l i t y  e s t ima t e s  w e re i nd ic a t io n s  

t h a t  pre- a n d  po st-na ta l s urviva l tra i t s  a r e  la rge ly i n fl u e n c e d  b y  

e n v ironme nta l o r  non-a dd i t ive ge n e t i c  s ources  o f  v a r ia t i on , a n d  w o u ld n o t  

respond t o  e it h e r  na t u ra l  or a rt i f i c i a l s e l e c t i on ( Dearborn  e t  a l .  1 9 7 3 ) , 

( ix )  The  r epe a tab i l i ty o f  b i r t h  we igh t  

A le xa nd e r  e t  a l .  ( 1 9 6 0 )  h a v e  d e f in e d  t h e  repea tab i l i t y  o f  a tra i t  

a s  the  propor t i o n  o f  the  va r ia n c e  a mo n g  cows  each  w i t h  o n e  r e co rd w h i c h  

i s  d u e  t o  perma ne n t  d i f ferences  a mo n g  t h e  cows , I t  ma y a lso  b e  rega rded  

as  t h e  c o rr e la t ion b e tween  repea t e d  records  by  the  same i n d i v i d ua l ,  a n d  

t hi s  la t t e r  approach  i s  the  on e u s e d  i n  t h e  d i scussion  o f  b i r t h  we i g h t  

( a n d  gesta t i on  len g t h ) i n  c a tt l e , Obv i o u s l y ,  tra its  s u c h  a s  b ir t h  we i g h t  

occur  o n l y  o n c e  in  a n  a n ima l ' s  l i fe t i me a n d  a r e  repea t a b l e  o n l y  when  

c o n s i d e r e d  a chara c t e r i s t i c  o f  t h e  c ow .  

F r om t h e  r e v i ew o f  Pleasa n t s  ( 1 9 74 ) ,  repea t a b i l i t y  ma y b e  ca lcula t e d  

f o r  b i r t h  w e i g h t  i n  e i ther  o f  t w o  wa ys , b u t  n e i t h e r  t a k e s  a c c o u n t  o f  t h e  

v a r ia t io n s  1 n  g e sta t i o n  length . 

1 .  I nt ra - c la s s  correla t i on b e tw e e n  calves  from t h e  same cow . 

2 .  Regre s s ion  o f  s ub s e q u e n t  records  on ea r l ier  r e c o rd s  b y  t h e  

s a m e  cow . 

B o t k i n  a nd Wha t ley  ( 1 9 5 3 ) , w o r k i n g  w i t h  H e re ford  c ows , reported  a 

r epea ta b il i t y  of b i r t h  we i g h t  o f  0 , 1 8 , a s  d e termined  b y  i nt ra-c la s s  

c orre la t ion b e twee n  w e i g h t s  o f  c a lve s from t h e  same d a m ,  w h i le t h e  

regre s s i on o f  a ll s ub s e q u e n t  r e c o r d s  o n  t h e  f irst  r e c o r d  wa s 0 , 1 4 , W i l l i s  

a n d  W i l son ( 1 9 74 )  a ls o  u s e d  t he t w o  m e t h o d s  o f  repea t a b i l i t y  e s t ima t io n  

a n d  obta ined  va lues  o f  0 , 2 2 b y  i n t ra-c la s s  correla t i on a n d  0 , 2 4 b y  

r egress i on o f  lat e r  on  e a r l i e r  record s ,  

K o c h  a n d  C la r k  ( 1 9 5 5 b )  r e p o r t e d  a ra nge  o f  va l u e s  from the  l i t e ra t 

u re o f  -0 , 03 t o  0 , 2 5 1  a n d  t h e y  p r e s e nted  a value  o f  0 , 2 6 ,  c a l c u l a t ed b y  

t he i n t ra -c la s s  c o r r e la t io n  metho d , Mea d e  e t  a l .  ( 1 9 59 )  r e p orted va lues  

of  28  percent  for t he H er e ford h e rd s tu d i e d  and , for the  A ng u s  herd , a 

f ig ure o f  3 5  perc en t , A lexa n d e r  e t  a l . ( 1 96 0 )  reported  a repeata b i l i t y  
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va lue o f  0 , 2 5 ,  and  P la s s e  e t  a l ,  ( 1 9 6 8 )  obta i n ed a va lue  o f  0 , 2 7  for a 

S a n ta G e r t r u d i s  h e rd , 

I f  r e p e a ta b i l i t y  i s  to  be  u s e d  a s  a g u i d e  t o  pros pec t i ve b i rt h  

w e i g h ts o f  c a lv e s  t he n  i t s  relia b i l i ty a s  a techn i q ue r e q u i r e s  e x a m i na t i o n .  

S in c e  t h e  v a r i a n c e  amon g i n d i v i d ua l s  i s  pa rtly c omposed  o f  t h e  perma n e n t  

e nv i ronme n ta l d i ffere n c e s  peculia r t o  t h e  ind i v id ua l ,  t h e n  und e r s t a nda b ly 

t he perma n ent  d i fferences  i n  e n v i ronme n t  a tt r ib u ta b le t o  t he d a m  w i l l  h a v e  

m u c h  grea t e r  i n fl u e n c e  on  b i r t h  we i g h t  t ha n  on  wea n i n g  w e i gh t . H e n c e  t he 

r e pe a ta b i li ty of  w ea n i n g  we i g h t  c o u ld be  e x pe c t ed to  b e  lower t h a n  t h e  

r e p e a ta b i l i t y  of  b i rth  we i g h t  a n d  t h is wa s o b s e rved  a mo n g  s h e e p  s t u d i e d  

b y  B la c kwe l l  a nd H e nderson ( 1 9 5 5 ) , G re gory e t  a l .  ( 1 9 5 0 ) , h owever , found  

t he r e pe a t a b i li t y  o f  yea rly p e r forma n c e  o f  the  c ow to  b e  much  l owe r for  

b ir t h  we i g h t  t h a n  for gain  o r  wea n i n g we i gh t . T h e s e  a ut h o r s  found  t h e  

r e pe a t a b i l i t y  o f  b i rt h  we i gh t  wa s h i gh e r  when  correct i o n s  were  mad e  for  

t h e  sex o f  t he ca l f .  This  point  i nd ic a t e d  tha t repea ta b i l i t y  o f  b i r t h  

we i g h t  i s  low b e c a u s e  i t s  a cc uracy  a s  a pred i c t o r  of  f u t ure  p e r forma n c e  i s  

r e st r ic ted by the  i n fluence  on  b i r t h  we i g h t  o f  ma j o r v a r ia b l e s  s uc h  a s  a ge 

a nd p a r i t y  of  dam , sex  o f  c a l f ,  s i re o f  ca lf  a nd ma terna l e n v ironme n t . 

T h e  ma g n i t ude o f  the  e f fect  of  s i re on  repeata b i l i t y  e s t ima te s  w a s  

i nd i c a t e d  by  Ja fa r  e t  a l .  ( 1 9 5 0 )  1<1 ho  found for  g e s ta t i on len g t h , a t ra i t  

corre la te d  with  b i r t h  we i gh t ,  t ha t  t h e  repea t a b i l i t y  e s t i ma t e  w a s  0 , 2 9  i f  

t h e  cow wa s ma ted  t o  a d i ffe r e n t  b ull  for e a c h  pregna n c y .  I f  the  cow w a s  

ma t e d  t o  t h e  same s i re e a c h  t ime  t h i s  " re p ea ta b i l i ty"  w o u ld b e  i n crea s e d  

t o 0 , 4 1 . 

B o t k i n  a nd What ley ( 1 9 5 3 )  concluded  t h a t  i f  b i r t h  w e i g h t  i s  u s e d  a s  

a m e a s u re o f  a cow ' s  prod u c t i on , s e l ec t ion  o n  t he ba s i s  o f  t he first  

r e c ord would n o t  be  very a c c u ra t e ,  F u rt h e rmor e ,  i n  t h e  s t ri c t e s t  s e ns e ,  

t he repea t a b i l i t y  e s t i ma t e s  d erived  a p p ly only  t o  cond i t i ons s imi la r  t o  

t h o s e  i n  which  t he y  were obta i ne d , a l t h o ugh  t he s imi la r i t y  o f  d i ffere n t  

e s t ima t e s  o f  r e p e a ta b i l i t y  o f  t he va r io us t r a i t s  i n  b e e f  c a t t le i n d i ca t e s  

t h e  e s t ima t e s  c a n  b e  a p p l i e d  t o  a w i d e r  ran g e  o f  cond i t ions . 

( x )  S ir e  o f  ca l f  

That  b r e e d  d if ferences  e x i st f o r  b i r t h  we i g h t  a nd g e st a t io n  l e n g t h  

i s  we l l  e s ta blished , a n d  d ifferences  b e twee n  breeds  o f  s ire  ma ted  t o  a 

s i n gle  dam  breed  have  been  s tu d i e d  a n d  reported  wide l y ,  i n t e r  a lia C a r t e r  



e t  a l .  ( 1 9 7 5 ) ;  

C oo n ra d  ( 1 9 72 ) ;  

H aycock  ( 1 9 7 3 ) ; La s t e r  a nd G re gory ( 1 9 7 3 ) ;  

S m i t h  e t  a l .  ( 1 9 7 6 ) , 
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O ' Ma ry a n d  

I n  t h i s  S e c t io n  the empha s i s  i s  p la ce d  o n  e x a m i n i n g  t h e  propor t ion  

of  p h e notypic  v a r ia t ion  in  b i rth  we i g h t s  w h i c h  ma y be  a tt r i b u t e d  t o  t he 

s ir e  o f  t h e  ca l f ,  The  usua l methods  o f  e s t ima t i n g  t h i s  prop o r t ion  h a v e  

b e en t o  cond u c t  c ompa r i sons  be twe e n  ind i v id ua l s ires  o f  t h e  same  b r e e d  

m a t e d  t o  a l a r g e  pop u la t i on o f  cows vary i n g  in  a ge a n d  p a r i t y ,  a n d  u s ua l l y ,  

t h o u g h  not  n e c e s sa r i ly , o f  t h e  s a me b re e d  a s  t h e  s ires . R e ports  in  t h e  

l i t e ra t ure h a v e  prov ided  e v id e n c e  tha t succ e s s ful  mea s u r eme n t  o f  d i f fe r

e n c e s  b e tween  s i re s  o f  a breed  ma y b e  ma d e  i n  a cro ssbre e d i n g  s i t ua t i o n  

p r o v i d e d  t he d a m  b r e e d , or  breeds , a re a l loca ted e v e n l y  t o  e a c h  s ir e  ( K o g e r  

e t  a l . , 1 9 7 5 ; D u n n  e t  a l . , 1 9 70 ) . 

I t  wa s s e en ( Se c t ion  1 , 3  v i i i )  tha t t h e  h e r i ta b i l i t y  o f  b i r t h  

w e i g h t  wa s mod e ra te t o  h i gh , i n d i ca t i n g  t h a t  a respon s e  t o  s e l e c t i o n  for  

it  e x i s ts ( Bo sma n a n d  Ha n1 i n , 1 9 6 6 ) . F ra hrn et  al . ( 1 9 7 5 ) have  reported  

tha t a ft e r  s ix  years  o f  ( i n d i re c t ) s e lec t i on  for  b i r t h  w e i gh t , c a l v e s  

s i r e d  by  youn g ,  s e l e c ted  H e r e ford b u l l s  w e r e  �. 9 perce n t  hea vi e r  a t  b i r t h  

t h a n  ca lv e s  s i red by  t h e  founda ti o n  s i res . G ia n o la a n d  Ty l e r  ( 1 9 7 4 ) w e r e  

o f  a s im i la r  o p i n ion tha t the  tra i t s  o f  b i rth  we ight  a nd g e s ta ti o n  l e n g t h  

c o u l d  b e  e a s i ly mod i fi e d  b y  ma s s  s e l ec t i on o f  s ires . T h e  poor r e s p o n s e  

t o  se le c t i on a mong  d a m s  f o r  b i r t h  we i g h t  has  a lready  be e n  d is c u ss e d .  

T h i s  e v id e n c e  o f  h e r i ta b i l i ty e s t ima t e s  a n d  s e l ec t ion  respo n s e s  

i nd i c a t e s  c le a r l y  t ha t v a r i a t i o n  i n  ca l f  b i r t h  we i g h t  d ue t o  s ire  e x i s t s , 

S e v e ra l reports  in the  l i t e ra t u re a d d  further  e x p e r ime n ta l  con firma t ion ; 

s ig n i f i ca n t d i ffere nces  b e tween  s ires  w i t h in a breed  w e re n o t e d  b y  

A n d e r s e n  a n d  P l um ( 1 9 6 5 ) ; B osma n a n d  H a rwin  ( 1 9 6 6 ; p < D .  0 1 ) ;  B rowns  o n  

( 1 9 7 4 ) ;  K n a p p  a nd N o r d s k o g  ( 1 94 6 ) ; O ' Ma ry a n d  Coonrad  ( 1 9 72 ) ;  0 1 M a r y  

a nd H i l lers  ( 1 9 7 6 : p < 0 . 0 5 ) ; P h i l i p s s on ( 1 9 76 c ; p < 0 . 0 0 1 ) .  

G ia n o la and  Tyler  ( 1 974 ) found  t h a t  a mong  t h e  H o l s t e in-Fr i e s ia n  

c a lves  o f  t h e i r  s t u d y ,  s ire a cc o u n t ed for 7 , 6 percen t  o f  t he p he n o t y p i c  

v a r i a n ce o f  b ir t h  w e i g h t , and  1 3 , 6  p e rc e n t  � o r  gesta t i o n  len g t h ,  B rown 

a nd G a lv e z  ( 1 96 9 )  d e mon s tra ted  tha t s ir e  e ffect s  a c c o u n t e d  for 9 p e r c e n t  

o f  t h e  va r ia t ion in  b ir t h  w e i g h t  in A ng u s  ca lves  a n d  2 0  percent  i n  H e r e fords . 

S c hwark  and  O e hler ( 1 9 7 3 )  s howed t ha t ,  for ma l e  and  fema le  ca lv e s ,  6 ,  7 6  

p e rc e n t  a n d  9 . 07 percen t , r e s p e c t i v e l y ,  o f  var ia nce i n  b ir t h  w e ig h t  could  
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b e  a t t r i b u te d  t o  t h e  s ir e ,  I n  t ha t  s t ud y  t he d a m  c o n t r ibuted  3 2 , 3 7 p e r c e n t  

o f  t h e  va r i a nce  i n  ca l f  b i r t h  we i g h t , 

I n  s o  fa r a s  d y s t o c ia ha s been  l i n k e d  w i t h  overs i z e  a t  b i r t h , a nd 

h i g h  b i r t h  we i g h t s ,  i t  i s  a ppropria t e  to  note  t h a t P h i l i psson  ( 1 9 76 c )  

r e ported  a varia tion  among  Swed i s h  F r i e s i a n  b u lls  a s  s ir e s  o f  b e tw e e n  3 a n d  

2 6  p e rc e n t  f o r  fre q u e n c y  o f  ca lving  d i fficulty , W i t h  r e s p e c t  t o  t he t ime 

e la p sed fo r the  pa rtur i t i o n  proce s s , D ' Ma ry a nd C oonrad  ( 1 9 72 ) found  

s i gn i fi c a n t  d i f ferences  ( p  < 0 , 0 5 ) between  C h a r o la is sires  i n  t h e ir e f fe c t  

o n  the  le n g t h  o f  t h e  pa r t u r i t ion  process  w i t h  a ra n ge o f  s i re mea n s  from 

2 8 , 8 to  8 2 , 2  m i n utes , L i kewis e ,  a s i g n i fica n t  d i f feren c e  ( p < 0 , 0 5 ) b e t w e e n  

A n g u s  s i r e s  wa s d ue t o  t he mea n ra n g e  o f  1 7 , 0  to  4 1 . 4  minutes . 

S m i t h  e t  a l .  ( 1 9 7 6 ) ,  wor k i n g  w i t h  H e re ford a nd A n gus  dams , a nd s ev e n  

s ir e  bre e d s ,  examined  fa c tors  r e la te d  t o  c a lv i ng d i ffic ulty . T hey  r e p o r t e d  

tha t a ft e r  a verage  w i th in b r e e d  d i ffere n c e s  i n  b i r t h  w e i g h t  w e re remove d , 

a mo n g  s i re va r ia b i l i t y  i n  dys t o c ia level  wa s s t i l l  h i g h l y  s i g n i fica n t .  T h e  

n a t ure  o f  t h is rema i n i n g  va ria t i on  was  n o t  k n own , b u t  d i ffe r e n c e s  i n  ca l f  

s ha pe we re suggested  a s  a c c oun t in g  for a pa r t  o f  it . 

T he results obta ined  by P h i l i psson  ( 1 9 76 c )  i n d i ca ted  t h a t ,  fo r t h e  

e limina t ion o f  c a l f  losses  d u e  t o  d ys t o c i a , t h e  mos t  r a p i d  b r e e d i n g  r e s u l t s  

w o u ld , i n  t h e  s hort t e rm , be  obta ined  i f  b u l l s  ma ted  t o  h e i f e r s  w e r e  t e s t e d  

for  t h e i r  calv ing  pe r forma nce . The  l o w  h e r i ta b i l i ty o f  dystoc ia ( a s 

d e t e rmi n e d  by pa terna l ha l f-s i b  correla t ion ) a nd the  h i gh v a r i ab i l i t y  b e tw e e r  

s ir e s  w i thin  breed f o r  dysto c i a  ind ica te t h a t t h e  sele c t ion  o f  s i re s  f o r  

ma t in g  w it h  ma iden  h e i fe rs , e specia l l y ,  s h ould  b e  ma d e  o n  a n  i n d i v i d u a l 

s ire  ba s i s .  

Those  w ho found  non-s i gn i f i ca n t  s i r e  e ffects  o n  ca l f  b ir t h  w e i g h t  

h a v e  i n c luded  Dawson  e t  a l .  ( 1 94 7 ) ; B u r r i s  a nd E lunn ( 1 9 52 )  a nd B u r r i s  

e t  a l . ( 1 9 5 0 ) . 

A mo n g  those w ho have  i n d i ca ted a n  in f l u e n c e  o f  t he s i r e  o f  t he c a l f  

o n  i t s  g e stat ion per iod have  been  A le x a n d e r  ( 1 9 5 0 ) ; G er la u g h  e t  a l .  ( 1 9 5 1 ) ;  

Ja far e t  a l .  ( 1 9 5 0 ) ; R i fe ( 1 94 8 ) ; R i fe e t  a l .  ( 1 9 4 3 ) . 

Br itto  ( 1 9 7 3 ) ,  w o r k i n g  w i t h  Z e b u  b u l l s  i n  C uba , found s ign i fi ca n t  

d i fferences  b etwee n  s ir e �  w i t h  g e s t a t ion  l e n g t hs ra n g i n g  from 2 8 8 . 1 5  t o  

2 94 , 1 5  d a ys .  Amon g e i g h t  H e r e ford b u l ls , R ic e  e t  a l .  ( 1 9 5 4 ) found  a 
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s i gn i fi c a n t  ( p < D . 0 1 ) va r i a t ion  i n  g e s ta t i on l e n g t h  from 2 84 , 0  t o  2 89 , 6  

d a ys , 

O n e  o f  the  i m p l i ca t i o n r  o f  a mea s u ra b l e  s i r e  e ff e c t  on  gesta t i o n  

l e n g t h  a nd b i r t h  we i g h t  i s  t�a t  t h e  ca l f  con t r o l s  i t s  g e s ta t i on p e r i od  

a nd t h e  i n i t ia t ion o f  t h e  b i r t h  p r o c e s s ,  for  ob v i o u s l y  t h e  s i re of  t h e  

c a l f  c a n n o t  d i rectly  i n f l u e n c e  t h e  ma terna l e n v i ronment  a nd t h e  part  i t  

p la ys i n  p a rt u r i t ion  ( La i rd a n d  H u n t e r , 1 9 7 7 ) . 

( xi )  The  pre -ca l v i ng n u tr i t i o na l r egime of t he d a m  

U n d e r  norma l N ew Z e a la n d  ma na g eme n t  pra c t i s e s , b e e f-bree d i n g  h e r d s  

a re pa s t ur e  fed t h r o u g h o u t  t h e  year a n d  h e n c e  a re s ub j e c t  to  s ea s ona l 

varia t i o n  in  feed a va i la b i l i ty .  T he per i od o f  grea t e s t  concern to  t h e  h e rd 

ma na g e r  i s  d uring  t he w i n ter  a nd e a r l y  s p r i n g  w h e n  a n i ma l  consump t i o n  mo s t  

n ea rly  e q ua ls t h e  a mo u n t  a va i la b l e , b o t h  a s  pa s t ure a n d  reserves , a n d  ma y 

e ven  e x c e ed i t ,  I t  i s  u s u a l  i n  N ew Zea land  for  w i n ter  feed i n g  t o  b e  t h e  

most  e x pe n s ive i np u t  o f  t h e  yea r a n d  a n y  e n d e a v o u r  t ha t  w i l l  r e d uc e  t h i s  

ove r h e a d  c o s t  o f  t h e  ma i n t e na 11 ce  o f  t h e  c ow e n s ures  tha t the  e n t e rp r i s e  

w i l l  b e  a ble  t o  s u pport  t h e  ma x imum n umber a t  tha t t ime i n  o r d e r  t o  ta k e  

a d va n ta ge o f  abunda n t  pa s t ure  grow t h  a t  o t h e r  t imes . I t  h a s  b e e n  w e l l  

d oc umen t e d  ( Na t i ona l A ca d emy o f  S c i e n c e s ,  1 9 70 ; A g r i c u l t u ra l  R e s ea r c h  

C ounc i l ,  1 96 5 )  tha t feed  re q u ireme n t s  d u r i n g  e a r ly- a n d  mid-pregn a n c y  a re 

l ow r e l a t ive t o  those  r e q uired  in  la c ta t i on , a nd hence  t h e  ma i n  c o n c e r n  is  

t he ma i n tenance  o f  t h e  c ows  t hemse l v e s . 

W i t h  respect  t o  feed i n g  g e s ta t i n g  b e e f  c ow s ,  t h e  amo u n t  o f  p a s t u r e  

a va i la b l e  will  d e te rm i n e  w h e t h er a period  o f  r e d uced  i n t a k e  w i l l  o c c u r  

n a t u ra ll y ,  or w h e t h e r  t h e  f e e d  lev e l  ma y b e  s u f f i c i e n t l y  h i gh a s  t o  wa r ra n t  

i nt e r v e n t ion b y  t h e  h e rd ma na g e r  in  ord e r  t o  a r t i fi c ia lly  l i m i t  food  i n t a k e .  

I n  ma n y  o f  t h e  rep o r t s  i n  t h e  l i t e ra t ure  r e la t in g  t o  b o t h  s it ua t i o n s  t h e  

s t u d i e s  w e re d e s i gn e d  t o  d e t e rmine  p r ima r i ly t h e  response  o f  ca l f  b i r t h  

w e i g h t  t o  pre-ca l v i n g  ma n ip u la t ion  o f  t h e  i n t a k e  o f  t h e  d a m ,  T h e  s e c o n d a ry 

c o n s id e ra tions  were t h e  e ff e c t  o f  r e d uced  b i r t h  w e i g h t  on  t h e  i n c i d e n c e  o f  

d ys t o c i a , a nd a ls o  t h e  e f fe c t  o f  t h e  pre-ca l v i n g  p la n e  o f  n u t r i t i o n  o n  t h e  

pro d u c t i v ity  o f  t h e  c ow ,  i n c l u d i n g  t h e  pre-we a n i n g  p e r fo rma nce  a nd w ea n in g  

w e i g h t  o f  t h e  ca l f , a nd t h e  m i l k  prod uct ion  a n d  rebre e d i n g  p erforma n c e  o f  

t he d a m ,  

The  ma j or N e w  Z e a la n d  stud i e s  r e la t ing  t o  the  influence o f  w i n t e r  

n ut r i t i o n  throughout  t h e  la s t  two t r imesters  o f  g esta t io n  on  c a l f  b i r t h  
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w e i g h t  a nd herd  p e r forma n c e  ha ve b e e n  c o n d u c t e d  b y  H i gh t  ( 1 9 6 6 t  1 9 6 Bb ,  c ) . 

H i g h t  ( 1 9 6 6 ) found  tha t a mon g 1 2 2 m i x e d -a ge A n g u s  c ows , a low p la n e  

o f  n u tr i t i on from 8 3  d a y s  pre-ca l v i n g  un t i l  pa r t ur i t ion  i n d u c e d  a cow l i v e  

w e i ght  l o s s  of  0 , 6 6 k g  p e r d a y  so  tha t i mme d ia t e l y  pre-ca lv in g ,  cows o n  a 

low  p la ne were  a p p r o x i �a t e ly 1 0  percent  l i g h t e r  t h a n  a t  t h e  s t a rt o f  t h e  

t r e a tmen t ,  compa red t o  a n  a pprox i ma te 1 2  perc e n t  l ive  we i g h t  g a i n  i n  cows  

fed a h igh  p la n e ,  

Ca l f  b i rth  w e i g h t s  were  2 0  percent  ( 5 . 4 k g )  l i ghter  among  t h e  ca lv e s  

o f  cows fed t h e  low p la n e  than  a mong  the  c a l v e s  o f  cows fed a h i gh p la n e , 

a n d  t h e  d i fference  h a d  incre a s e d  to  1 6 . 5 k g  a t  wea n i n g . H i g h t  found n o  

s i gn i fi ca n t  d i ffe r e n c e  b e twe en  the  n u t r i t i ona l g r o u p s  f o r  pe r c e n ta g e  o f  

c ow s  c o n ce i v i n g  i n  t h e  s ub se q u e n t  b r e e d i n g  s e a s o n . 

I n  a la ter s t u d y ,  H ig h t  ( 1 9 6 Bc ) found  tha t t h e  e ffect  on  b i r t h  

w e i g ht of  feed i n g  A n g u s  c ows a low p l a n e  o f  n u t r i t i o n  i n  the e a r l y  g e s t a t 

i on p e r iod c o u ld be  l a r g e l y  o ffset  b y  feed i n g  a n  inc rea s e d  p l a n e  o f  

n u t r i t i o n  for a p e r i od b e fore  e x pected  ca l v i n g  d a t e .  Two g r o u ps o f  cow s 

fed  a low p la n e  were  fed  a h i gh p la n e  8 a n d  3 w e e k s , re spe c t iv e ly , b e fo r e  

c a lv i n g ,  a n d  t h e  former g r oup h a d  b ir t h  w e i g h t s  w h ic h  were  1 . 6 kg  ( 6 p e r c e n t ) 
h i gher t ha n  the  la t t e r  group . N e v e r t h e le s s ,  t h e  cows on  t h e  low p la n e s  ha d 

a v e ra g e  b i rth  w e i g h t s  l i g h t e r  b y  7 a n d  1 3  p e rce nt , respect ive ly , t h a n  a 

g roup  fed  a h i g h  p l a n e  c o n t i n uo u s ly . The a uthor  found , h owe v e r , t h a t  

a cross  t r e a tments , th e e ffe c t s  of  n u t r i t i o n  o n  b irth  w e i g h t s  w e r e  part i a l ly 

c o n fo u n d ed with  po s i t iv e  r e s i d ua l  e ffec t s  o f  prev ious  n u t r i t i o n a l  s t ud i es 

c on d u c te d  w i t h  the  a n ima l s  ( H i ght , 1 9 6 Bb ) . 

From h i s  s t u d y , H i ght  ( 1 96 8c ) concluded tha t the  e ffec t s  record e d  

1 n  h i s  t r ia l ,  were l i k e ly to  re pres e n t  t h e  ma x imum d i ffe r e n c e s  tha t c o u ld 

b e  produced  i n  c ow a nd c a lf  prod uc t i on ,  s in c e  sub stan t i a l  l ive  w e i g h t  

r e d uc t i on s  o f  the  ma t ur e  bee f cows c o u ld n o t  b e  mad e  d ur i n g  t h e  e a r l y  

s ta g e s  o f  undern utr i t ion  unless  f o o d  i n ta k e  wa s s evere ly  r e s t r i c te d , I n  

c on t ra s t ,  the  h i gh p la ne cows s h owed on ly  sma l l  l ive  w e i ght  g a i n s  p r i o r  t o  

c a lv i n g  d e s p i te a t tempts  t o  i ncrea s e  t h i s  b y  f e e d i n g  a ut umn-saved  pa s t ur e  

a nd h a y  t o  a pp e t i te , 

C ow morta l i t y  w a s  i ncrea sed  b y  a low p l a n e  o f  n u t r i ti o n  pre-ca l v i n g  

a lt h o u g h  t h o s e  w h i c h  d i e d  w e r e  not  a lwa ys  i n  t h e  poor e s t  cond i t i on o r  t he 

l i gh t e s t  in t h e  grou p ,  Ca l f  d e a t h s  were a ls o  greatly  d i f fe r e n t  b etwe e n  
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t rea tmen t s  ( HP : 1 ;  LP : 6 ) , t h e  d e a t h s  b e in g  d ia g n o s e d  a s  ca u s e d  by  

s ta rva t ion , Hight  c o n s i dered  tha t the  h i gher  morta l i t y  ra t e  o f  ca lves  

of  t hr e e- a n d  fo ur-yea r-o ld cows fed  on  a low p la ne of  n u tr i t ion pre

c a lv i n g ,  c ompa red  with  t h o s e  o f  o l d e r  d a ms i n d i c a t e d  that  t he youn g e r  

c ows ma y b e  more s us c e p t i b l e  t o  und e r n u t r i t ion  a n d  s o  s h o u ld receive  

p referen t i a l  fee d i n g  n e a r  t h e  t ime o f  c a lv i n g , 

A n  impor t a n t  mec ha n i sm ope ra t i n g  to p r o t e c t  the  ca l f  from a 

p r o lo n ge d  n u tr i t iona l s t r e s s ,  b e s i d e s  a c omp e n s a tory hypertrophy  o f  t h e  

a rea  o f  p la ce nta l c o n ta c t ,  a p pears  t o  b e  a c h a n g e  i n  t h e  propor tion  o f  

c on c e p t u s  c ompr i se d  b y  t h e  ca l f .  S t ud i e s  have  s h own  t ha t  t h e  c a l f  

n orma lly  c ompr i s e s  a b o u t  5 1  t o  5 4  perc e n t  o f  t he c o nce p t u s ; under  

n ut r i t i o na l stre s s  t h i s  propor t i o n  ma y r i s e  to  as  h i gh  as  6 6  p e r c e n t  

( E w i n g  e t  a l . , 1 9 6 6 ;  Jouber t ,  1 9 5 4 ; R y ley ,  1 9 6 1  ) .  

F u r t hermor e ,  s t ud ie s  b y  H i g h t  ( 1 9 6 8c ) ; Jo ubert , 1 9 5 4 ; P i n n e y  

e t  a l .  ( 1 9 72 ) ;  a n d  S m i t h s o n  e t  a l .  ( 1 9 6 6 ) h a v e  s h own a s t rong  comp e n s 

a t ory mecha n i sm ( re s i d ua l e ffect ) i n  c ows r e s t r i c t ed more tha n one  y e a r  

w here  a n  improved e f fi c i e n c y  o f  u t i l i z a t i on  o f  n u t r i en ts ,  e s p e c ia l l y  w i t h  

r es p e c t  t o  the  grow t h  o f  t h e  g e s ta t i n g  foe t u s , lea d s  t o  a l e s s e r  e ffe c t  

o f  low p la nes  o f  n u t r i t i o n  i mposed  i n  s ub s e q u e n t  years . I n  a d d it ion , 

J o u b e r t  ( 1 9 5 4 ) fo und  t ha t ,  a mong  J e r s e y  and J e rs ey-cross  h e i fe r s , 

pregna n c y  improved t h e  e ff ic i e n c y  o f  u t i l i za t ion  o f  i n t a k e  a n d  o f fs e t  s o me 

o f  t h e  e ffect  o f  t h e  res t r i c t ion  on ca l f  b i r t h  we i gh t , i n s p i t e  of  t h e  n e ed 

for  t h e  c on t i n ue d  g row th  o f  t h e  d a m  i n  a d d i t i o n  t o  tha t o f  t h e  foe t us . 

T u rman e t  a l .  ( 1 9 6 4 ) h a v e  s h own  tha t e x tr e mely  h i gh leve ls o f  e n e r g y  

i nt a k e  r e d uced  the  l i fe -s pa n a n d  impa ired  t h e  m i l k in g  a b i l ity  of  t h e  b e e f  

fema le a s  we ll  a s  b e i n g  e x c e s s ively  c os t l y ,  E x t reme ly low leve l s  r e s u l t e d  

i n  poor  r e prod u c t ive  per forma n c e , low m i lk y i e ld s  a n d  l i g h t  wea n i n g  w e i g h t s ,  

Jordan  e t  a l .  ( 1 9 6 8 )  obta i ne d  res u l t s  wh i c h  i n d i c a te d  tha t t h e  prote i n  

s uppleme n t a t ion o f  t h e  d a m ' s  ra t ion h a s  a n  e ff e c t  on b i r t h  w e i g h t  on ly 

under  e x treme ly low leve l s  of inta k e , 

O ther  worke r s  who  have  s hown t h a t  e n e r g y  ra ther  t h a n  prot e i n  i n t a k e  

d ur i n g  la t e  pre gna n c y  e x e r t s  t h e  grea t e r  i n fluenc e upon  the  b i r t h  w e i gh t  

o f  t h e  c a l f  have i n c l u d e d  Bla x t e r  ( 1 9 5 7 ) ; Wa gnon  and  Carrol  ( 1 9 6 6 ) ; a n d  

W il tba n k  e t  a l ,  ( 1 9 6 2 ) , 
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B e c a use pregn a n t  b r e e d i n g  cows in  N ew Z e a l a n d  gra z e  pa s t ure , t h e  

f o r e g o i n g  findings  h a v e  re leva n c e  i n  tha t t h e y  c o n f irm t h a t  t h e  leve ls o f  

p a s t ure  c o n s umed w i l l  b e  r e l a t e d  t o  cow pe rforma n c e , Cow  l i v e  w e i g h t  

c h a n g e  a s  a mea sure  o f  c ow p e r forma n c e  w i ll r e fl e c t  energy  l e v e l s  c o n s umed , 

s i n c e  p r o t e i n  levels  h a v e  n o t  been  found  t o  b e  c r i t ica lly  low i n  r e l a t i o n  

t o  t he a mounts  o f  e n e r g y  a va i la b l e und e r  n orma l m i x ed-swa rd cond i t i on s . 

T h e r e  have b e e n  n ume rous  s t u d i e s  r e ported  i n  t h e  l i t e ra t ure  w h i c h  

h a v e  e va l ua ted t h e  i n fl u e n c e  o f  a r e s t r i c t ed l e v e l  o f  i n ta k e  o f  t h e  d a m  

u pon t h e  b i r t h  w e i g h t  o f  i t s  ca l f ,  a n d  a ny e ff e c t  t h a t  t h is  l e v e l  h a s  h a d  

o n  c a lv i n g  d i ffi c u l t y , e s p e c ia l ly d ue t o  d y s t o c i a  or  c a l f  overs i ze . T h e  

f in d i n g s  h a ve been  a lm o s t  e qua lly d i str ibuted  be tween a pos i t i v e  s i g n i f i c 

a n t  e ffe c t  of  nutr i t iona l lev e l  on ca l f  b i r t h  we i g h t ,  a nd no  s i g n i fica n t  

e ffe c t .  There  were v e r y  few s t ud i es rev iewe d , howeve r , where  t h e  p la n e  

o f  n u t r i t i o n ,  when l i mi t e d , s i g n i fica n t ly r e d u c e d the i n c idence  o f  c a l v i n g  

d i f f i c u l t y .  S ome w h o  d i d  report  a r e d u c e d  l e v e l  o f  c a lving  d i f fi c u l t y  

w e r e  A rn e t t  e t  al . ( 1 9 7 1 ) ;  B o n d  a n d  W i ltba n k  ( 1 9 7 0 ) ; a n d  C h ri s t e n s o n  

e t  a l .  ( 1 9 6 7 ) . 

From  the  O k la h oma A gr i c u lt ura l E x per imen ta l Sta t ion , T urma n e t  a l .  

( 1 9 6 4 )  r e p orted  tha t t h e  two levels o f  n u t r i t ion , name l y ,  a h i g h  p la n e  

( le s s  t h a n  5 percent  l o s s  o f  live  w e i g h t  inc lud i n g  w e i g h t  l o s t  i n  t h e  

c oncept u s  a t  partur i t ion ) a nd low pla n e  ( 2 0 p e r c e n t o r  more live  w e i g h t  

1 o s  s in  c 1 u d i n  g 1 os s d u e t o t h e c o n  c e p t u s  ) ha  d a m a r k e d e f f e c t ( p < 0 • 0 1 ) 

o n  t h e  b ir t h  we ight  o f  ca lves  o f  two-yea r-old  h e i fers ( 8 , 4  p e r c e n t  

r e d u c t i o n ) .  D e s p i t e  t h e  l owered  birth  w e i g h t s ,  the  i n c i d e n c e  o f  c a l v i n g  

d i ffic u lt i e s  was n o t  r ed uced , I t  i s  a ls o  importa n t  t o  n o t e , e s p e c i a l l y  

a s  r e ga rd s  t he sub s e q u e n t  p e r forma n c e  o f  y o u n g  d a ms ,  t h a t  wea ni n g  w e i g h t  

w a s  s i g n i ficantly ( p < D .  0 1 ) r e d uc ed , t ha t  t h e  t im e  t o  first  o e s t r u s  wa s 

s i g n i f i c a n t ly incre a s e d  ( 9 3 v s  5 6  d a ys ) , t h a t c on ce p t i o n  r a t e  s u ff e r e d , 

a n d  t ha t ca lv i n g  i n t e rva l ,  or  t he t ime b e tween  first  a nd s e c ond  c a l v e s , 

wa s i n c r e a s e d  by o n e  mon t h ,  a ll a s  a r e s u l t  o f  t h e  p r e -pa r t um n u t r i ti on a l 

r e s t r i c t i o n ,  

From a n  A us t ra l ia n  e x pe rime n t  inv o l v i n g  H e reford  h e i fe r s  c a l v i n g  

f i r s t  a s  three-ye a r-o ld s , Hodge  a nd R owa n ( 1 9 7 0 )  rep orted  a s i g n i f ic a n t  

( p < 0 , 0 1 ) e f fe c t  upon  c a l f  birth  w e i g h t  a s  a r e s u lt o f  varying  t h e  

n ut r i t i o n a l  reg ime d ur i n g  t h e  la s t  1 6 0 d a ys o f  g e sta t ion , T h e r e  w e r e  n o  

s ig n i f i c a nt d iffe r e n c e s  b etween  t h e  t h r e e  ,trea t me n t s  impos e d  f o r  i n c i d e n c e  

o f  d ys t o c ia , n o r  wa s t h e  b i r t h  we i g h t  o f  a n y  g r o u p  r e la te d  t o  t h e  l i k e l i h oo d  

o f  s t il lb irths , 
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C or a h  e t  a l ,  ( 1 9 7 5 ) , wor k i n g  w i t h  f i r s t - a n d  second-ca lv i n g  

H e r e ford d a ms found  tha t he ifers  r e s t r i c t e d  i n  t h e ir pre-pa rt um e n e r g y  

i nt a k e  h a d  l ig h t e r  c a lves  a t  b i rt h ,  b u t  c a lv e s  w e r e  born w i t h  t h e  s a me 

d e gr e e  of  c a lv ing d i ff ic u lty a s  t h os e  o f  a d e q u a t e ly-fed d a ms . More  

calves  from n u t r i t iona lly-d eprived  he i fe rs d ie d  at  or n e a r  b i rth  and  t he 

s ur v i v i n g  ca lves vle re li ghter  ( p  < 0 . 0 5 ) a t  wean i n g . There  wa s a ls o  a 

t e n d e n cy for a h i gher  percenta g e  of  a d e q ua te ly-fe d  h e i f e r s  t o  s h ow o e s t r u s  

b y  4 0  d a y s  post-pa r t um , t h e r e b y  increa s i n g  t h e  propor t i o n  o f  fema les  

cycling  d ur i n g  t h e  bre ed i n g  s e a s on . 

O t he r s  who  ha v e  s t u d i e d  t h e  i n fluence  o f  plane  o f  n u t r i t i o n  o n  

you n g ,  low-pa r i t y  c ows  a n d  h e i fe r s  a nd found  a s i g n i f i ca n t  b i r t h  we i g h t  

r e d u c t i on w i t h o u t  a n y  cha n ge in t h e  i n c i d e nc e  o f  dysto c ia h a v e  i n c l u d e d  

C o ra h e t  a l .  ( 1 9 73 ) ;  La ster  ( 1 9 7 3 ) ; a n d  R yley  ( 1 9 6 1 ) .  

Hodge  e t  a l .  ( 1 9 76 ) , u s i n g  H e r e fo rd f irst-c a lv i n g  t h r e e -yea r - o ld 

h e i fe rs ,  imposed  t h r e e  levels o f  gra z i n g  n u t r it i o n  to eva l ua t e  c a l v i n g  

a nd s u bsequent  p e r forma n c e . D �r i n g  a p e r i od o f  twe lve w e e k s  p re-ca lv i n g  

s i g n i f ica n t  d i fferenc e s  ( p  < 0 . 0 1 ) between  g r ou p s  developed  a s  a r e s u l t  o f  

a w e i g ht l o s s  i n  o n e  group  o f  2 .  7 5  p e r c e n t  a nd w e i ght  ga i n s  i n  t he o t h e r  

t w o  groups  of  2 . 8 6 a n d  1 1 . 6 1 percen t .  C a l f  b i r t h  w e i g h t  w a s  r e d u c e d  

s li g htly  a n d  non-s i g n i f i c a n t ly by t he l o w  p l a n e  o f  n u t r i t i o n , a n d  i n s p i te 

o f  a sma ll  r e d u c t i o n  i n  c a l f  b i r t h  s i z e , t he inc idence  o f  d ys to c i a  d id 

n o t  d i ffer betwe e n  group s .  C a l f  morta l i t y  a nd st illb i r t h s  were  g r ea t e r  a s  

a r e s ult  o f  r e s t r i c t e d  n u t r i t ion , T h e s e  a u thors  cons i d e r e d  t h e  e ffort  a n d  

e n d urance  o f  t h e  h e i fe r s  a s  t h e y  ca lved  w e r e  a d v e rsely a ff e c t e d  b y  t h e  

le v e ls o f  undern u t r i t i o n  r e q u i r e d  t o  a c h i e v e  a reduced  c a l f  b ir t h  s i z e , 

Y o un g  ( 1 96 8 )  ha s found  t h a t  severe  d ie t a ry r e s t r ic t ions  ma y c a u s e  a 

fa i l ure o f  p e l v i c  t is s u e s  t o  r e la x .  

A n  e x p e r i me n t  cond ucted  b y  T u d o r  ( 1 9 72 )  u s i n g  m i x e d -a ge d  H e r e ford 

c ow s  involved  trea tments  imposed  a pp r o x i ma t e ly 1 05 days  pre-ca lv i n g  ( 1 80 

d a y s  a ft e r  ma t in g ) .  A s  a r e s u l t  o f  t h e  r e g imes  impos e d , a m e a n  l o s s  o f  

6 5 k g ,  o r  1 7 , 5  p e r c e n t  o f  body  w e i gh t  o f  c ow s  o n  a low p l a n e  ra t io n , 

s ign ifica n t ly r e d u c e d  t h e  a verage  b i r t h  w e i ght  o f  the  c a lv e s  b y  6 , 8 k g ,  o r  

2 1 , 9  percen t ,  c o mpa red  t o  the  h i gh p la n e  g r o u p  w h i c h  h a d a n  8 p e r c e n t  g a in  

in  l iv e  we i g h t  over  the  s a me period , T he re wa s a non-s i gn i fi c a n t  e ff e c t  

o n  the  numb e r  o f  dystoc i a s  or  cows w i t h  r e t a i n ed p la ce n t a e ,  
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A ma j or i ty o f  t h e  s t ud ies  1 n  t h e  l i te r a ture have  r e po r t e d  t h e  

i n fluence  o f  w i n t e r  n u t r i t i o n  on  t h e  b i rt h  w e i ght  o f  c a l v e s  o f  f i r s t 

c a lv i n g  h e i fe r s  a n d  low  parity  c o w s  largely  f o r  t h e  good r ea son  t ha t 

c a lv i n g  d i f f i c u l t i e s  occ ur mos t l y  i n  i mma t ur e  fema le s . A n y r e s u l t s  

o b ta i ne d  f r o m  s uc h  i n v e s t i ga t i o n s  a r e  l i k e ly t o  have  releva n c e  t o  

ma ture  cow  h e r d s  only  i f  i t  i s  a p prec ia t e d  tha t a p o r t i o n  o f  t h e  f e e d  

i n ta k e  o f  y o u n g  c o w s  i s  required  for c o n t i n u i n g  g r o w t h  a nd p hys i o lo g i c a l 

d eve lopme n t ,  Many  o f  t h e  reports  ha v e  s h o w n  s ig n i ficant  e f fe c t s  o n  

b irth  we i g h t  o f  c a l v e s , ca lv i n g  d i ff i c u l t y ,  rebre e d i n g  a n d  wea n i n g  per

forma nce  o f  f i r s t-ca lv i n g  he i fe rs w h e r e  d i fferences  between  groups  ln  

l ive we i g h t  ga i n  over  the  pre-ca lv i n g  pe r iod e x i s t e d , not  n e c e s sa r i l y  

o n ly where  a c t ua l  we i g h t  losses  o c c u rr ed , H owever ,  w e i g h t  l o s s e s  i n  

ma ture  c o w s  o f  up  t o  1 5  o r  2 0  pe rc e n t  h a v e  b e e n  rec ommended  b y  Lamond 

( 1 9 7 0 )  as  p os s ib le w i t h out  s e r i o us e c o n o m i c  loss . An  i mporta n t  fa c e t  

t ha t  has  emer ged  i s  t ha t  t he r e d uc t i o n  o f  b i r t h  w e i ght  wa s s e ld om s e e n  

t o  r e s u lt i n  e a s ier  pa r t ur i t io n s  a n d  a n y  r e s t r ict ion  s e ve r e  e n o u gh t o  

a ffect  t h e  b i r t h  we i g h t  u s ua l ly a ffe c t e d  pos t- par t um pe r forma n c e  o f  young  

d a ms a n d  ca lves  as  w e l l .  

I n  c o n j unct i on w i th t h e  e a r l i e r  e va lua t io n  o f  o t h e r  fa c t o rs a ffe c t 

i n g  ca l f  b i r t h  we i g h t  ( inc lud i n g  t h e  a g e  a n d  pa r i t y  o f  t he d a m  a n d  t h e  

s i re o f  t he c a l f ) i t  c a n  be  conc lud e d  from t he d i s c u s s i o n  o f  t h e  i n f l u e n c e  

o f  t he p l a n e  o f  n u t r i t i o n  o f  t h e  d a m  o n  ca l f  b ir t h  w e i g h t  t h a t idea l l y ,  

r o b u s t  c ow c ond i t io n  a t  ca lv i n g  c a n  b e  a c h ieved , i n c re a s i n g  t h e  v i gour  o f  

t h e  d a m  d ur i n g  p a r t u r i t i on , a n d  w i t h o u t  precip ita t i n g  d y s t o c ia . 

I nd ica t i on s  h a v e  been  tha t t h i s  c a n  b e  a c h i eved  b y  r e s t r i c t i n g  

pregna nt c ow s  e a r l y  i n  t h e  gesta t i o n  p e ri o d  t o  promote  a l i v e  w e i g h t  l o s s  

f rom a ut umn  o f  a b o u t  1 0  perce n t ,  t h e n  o ffse t t i n g  t h e  l i v e  w e i g h t  d e pr e s s i o n  

w i t h  e le v a t e d  n u t r i t i o n  p r i o r  t o  e x p e c t e d  ca lving  d a t e  ( 1  t o  2 mon t h s ,  

d e p e n d e n t  on  t h e  breed  o f  c a l f  a nd l i v e  we i gh t  l o s s  o f  da m ) , 

A mo n g  ma i d e n  he i fers  a nd i mma t u r e  c ows t he se le c t i o n  o f  t h e  s ir e  o f  

t he ca l f  i s  e xt reme l y  importa n t , e s p e c ia lly  a mo n g  b r e e d s  k nown t o  b e  p r o n e  

t o  dystoc i a  d ue t o  h i g h  b i r t h  we i g h ts ,  
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The d i s c u s s ion  of fa c t ors a f fe c t in g  t he b i r t h  w e i g h t s  of ca l v e s  

h a s  e s t a b l i s he d  t ha t  t h e  con trol  o f  w e i g h t  o f  ca l f  a t  b i rt h  is  la r g e l y  

b y  t he genotype  o f  t h e  ca l f , T h e  va r i a t i on reported  a s  a r e s u l t  o f  

e n v i ronme n ta l  in f l u e n c e s  i s  sma l l  u n d e r  a l l  b u t  e x treme s o f  n u t r i t i o n  

a nd c l ima te ,  A ft e r  b ir t h ,  however , i t  w i l l  be s e en tha t t h e s ta b l e  

e n v i ronme n t  p rov i d e d  t h e  ca lf  by  t h e  d a m  pre-pa r t um e v e n  t o  h e r  ow n 

d e t r ime n t , n o  lon g e r  e x i s ts , a n d  t h a t  t h e r e  is much  be twe e n -da m va r ia t ion  

i n  the ba la nce  b e tw e e n  la c t a t ion a nd body  w e ight  g a in or  r ecover� F u r t h e r

more , t he  a b i li t y  o f  g e s ta t ing  c ows t o  to lerate  t he r e s t r i c te d  i n t a kes  o f  

w i nt e r  pa s t ure a nd c o n serva t e s  d i s c u s s e d  i n  t h e  s e c t i on concern i n g  b i r t h  

we i g h t s  ( S e c t i o n  1 , 3  x i )  cea s e s  beca u s e  o f  t h e  h i g h  e ne r gy d e ma nd s  o f  

la cta t i on  a n d  s i multa n e o us prepa ra t io n  for rebreed ing . 

A t  wea n i n g  a ma j o r c h a n g e  in d i e t  is  e x p e r i en c e d  b y  t he ca l f  s i nce  

t he m i l k  port ion i s  removed , a s i tua t i o n  a g gra vated  by  t h e  brea k i n g  of  

t h e  dam-o ffs p r i n g  bond . T h e  a g e  mo s t  n orma lly  c hosen  i s  a p p r o x ima t e ly 

2 0 0  da ys , a l t ho u g h  t h e a g e spread  w i l l  obvi ously  depend  on  t he  l e n g t h  o f  

t h e  c a l v i n g  p e r i o d .  T here fore t h e  a g e  o f  t he ca l f  i n f l u e n c e s  i t s  wea n i n g  

w e i g h t  a n d  w i ll b e  d i s c ussed  in  S e c t i o n  2 . 2  ( i i i ) , t o g e t h e r  w i th m e t h od s  

f o r  corre c t i n g  t o  a constant  a ge ba s i s .  

I t  i s  a pp r o p r ia te t o  e s ta b l i s h  ea r l y  i n  t h e  d is c us s i o n  t h e  c los e 

r e l a t i on s h i p  b e tw e e n  wea n i n g  we ight  a n d  a ve ra g e  d a i l y  g a i n  from b i r t h  to  

wean ing . K o c h  a nd [la r k  ( 1 9 5 5a ) obta i n e d  g e n e t i c  and  p he n o t yp i c  c o r r e l 

a t ions  o f  0 . 9 8  be tween a ve ra g e  d a i ly g a i n  and  wea n i n g  w e i g h t , w h i l e  

Le hma nn e t  a l .  ( 1 9 6 1 ) reported  f i g u r e s  for t h e  two c o r r e la ti o n s  o f  0 . 9 3  

a n d  0 . 9 7 ,  r e s p e c t i v e l y ,  

T o  a pp r e c i a t e  t h e  imp l ic a t ions  o f  t h e  fa c tors w h ic h  i n f l u e n c e  

w e a n i n g  w e i g h t  a n d  pre-wea ning  we i g h t  ga i n , a b r i e f  eva lua t io n  o f  t h e  

importa nce  o f  t he s e  t w o  tra i t s  i s  r e q u i re d . I f  c a l v e s  a r e  s l a u g ht e r e d  a t ,  

o r  s oon a f t e r  wea n in g , t he c on s e q u e n c e s  o f  s uper ior ma t e rna l a b il i t y ,  

la rge l y  ma n i fe s t e d  a s  milk  produc t ion , w i l l  e it h e r  b e  t h e  h e a v i e s t  progeny  

at  constant  a g e , o r  the  s ho r t e s t  t ime t o  s la ug hter  a t  a c o n s t a n t  w e i g h t  

( Wa lker , 1 9 6 3 } , 

I n  v ie w  o f  t h e  d e pende n ce o f  t h e  ca l f  upon  t h e  d a m  b e fo r e  w ea n in g , 
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i t  i s  importa n t  to  e va l ua t e  w ea n i n g  we i g h t  w i t h  r es pe c t  t o  p o s t-wea n i n g  

a ve ra ge da i ly ga i n  ( PWA DG ) beca u s e  o f  t h e  ma r k e d l y  d i ffere n t  e n v ironment  

e x pe r i e n c e d  a fter  wea n i n g . A lmost  w it hout  exception  studies  ha v e  fo und  

t ha t  wea n in g  w e i g h t  and  a ve ra ge  da i ly ga i n  from birth  t o  wea n i n g  w e re 

n e ga t ively  c orrela ted  w i t h  PWA DG , a n d  h i g h l y ,  pos i t iv e l y  corre la t ed w i t h  

f i n a l  we i g h t  ( a t  1 2 ,  1 5  o r  1 B mon t hs-o f-a ge ) . 

T h e  m a g n it  u d e o f t h e f i n d i n g s o f B r i n k s e t a 1 . ( 1 9 6  4 ; T a b 1 e 2 . 6 ) 

may  b e  r e ga rded  a s  r e presenta t ive  o f  a s soc ia t i ons  b e tween  we i g h t s  a t  

v a r i ous a ge s  o f  c a l f  r e p orted  e l s ewhere  i n  t h e  l i t e ra t u re where  t he 

r e la t ion o f  pre-wea n i n g  p e r forma n ce to  pos t-we a n i n g  p e r forma n c e  was  

usua lly s t rongly n e g a t i v e  ( B rumby e t  a l . , 1 9 6 3 ;  Je ffery  a nd B er g ,  1 9 72 ; 

K lo sterma n  e t  a l . , 1 9 7 2 ; Ma son , 1 9 5 1 ) .  

D e s p i t e  the  n e g a t ive regre s s i on o f  g a i n  from wea n i n g  t o  2 1  mon t h s  

o n  wea n i n g  w e i g h t  ( b  = -0 . 3 2 ) , B r umby e t  a l .  ( 1 9 6 3 ) found  tha t ca lves  

h ea v i e s t  at  wea n in g  w e re also  the  hea v ie s t  at  2 1  mon t h s  (b  = + 1  . D ) .  

S up port  for a we i g h t  a d va n t a ge a t  wea n i n g  c on t i n u i n g  t o  be ma i n t a i n e d  come s 

from  Swiger  ( 1 9 6 1 ) ;  N e v i l le  e t  a l .  ( 1 9 6 2b ) ; C hr i s t ia n  e t  a l .  ( 1 9 6 5 ) ; 

D re n n a n  ( 1 9 7 1 b )  a n d  T o n n  ( 1 9 7 5 ) . 

A ma j or r e a s o n  for t h e  poor  rela t i o n s h i p  b e tw e e n  PWA DG a n d  mea s ures  

of  p re-wea n i n g  gain  a nd wea n i n g  w e i g h t  i s  t h e  pa r t ia l ma s k i n g  of  the  

g e n e t i c  a b ility  for  growth  d u r i n g  the  pre-wea n i n g  p e r i od b y  t h e  milk  

p r o d u c t ion  o f  the  d a m .  A ft e r  w ea n i n g , t h e  c a l f ' s  genetic  poten t i a l  for  

g row th ma y be  expressed , a n d  t h e  n e ga t ive  r e la t i o n s h i p  be tween  pre- a n d  

p o s t -wea n i n g  ga i n  s ug g e s t s  a comp en sa tory  grow t h  e ff e c t  opera te s  ( Brumby  

e t  a l . , 1 9 6 3 ;  Ton n ,  1 9 7 5 ) . Je f fery  a n d  B e r g  ( 1 9 72a ) have  found  t h a t  

PWA DG i s  more c l o s e ly rela t e d  t o  b ir t h  w e i g h t  t h a n  it  i s  t o  w ea n in g  

w e i ght ; t his  was s u g ge sted  a s  b e i n g  further  e v i d e n c e  for the  ma s k i n g  b y  

p r e -we a n i n g  ma te rna l e nvironme n t  o f  t h e  c a l f ' s  p o te n t ia l  for g r ow t h . 

T h e  imp li ca t i o ns o f  most  o f  t h e  above  f i n d i n g s  a r e  tha t t h e  o p t im

i za tion  of wea n i n g  w e i g h t  i s  d e s ira b le if f ina l carca s s  w e i g h t  i s  t o  b e  

ma x imized ,  a s  i s  u s ua lly  t h e  c a s e . H owever , t h e  e ff i c iency  o f  u t i l i za t io n  

o f  inta k e  i s  e x p e c t e d  t o  be  greater  among  a n ima ls  o f  lighter  wea ni n g  

w e i gh t  b e c a use  o f  e x pe c t e d  s u p e rior  PWADG a n d  l e s s e r  body  ma i n te n a n c e  

r e q uireme n t s .  K l os t e rma n e t  a l .  ( 1 9 72 )  were  a b le t o  c on f i rm t h i s  from 

r es ults of  a s t ud y  w he r e , a mo n g  three  breed s and  t h e ir cros se s ,  H e r ef o rd 

c ows prod uced  lighter  ca lv e s  a t  w ea n i n g  t h a n  e it h e r  A ng u s , C ha ro la i s  o r  

c ro ssbred  dams wherea fter  Here ford  calves  e x h ib it e d  t h e  grea t e s t  pos t -
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G e n e t i c, e n v i ronme n t a l  a n d  ph e n o typi c  correla t i ons  

a mong t ra i ts a t  v a r i ou s  age s  o f  Here ford c a t t l e . 

F r om : B r i n k s et a l .  ( 1 9 6 4 ) 

� 
C o r r e la ted  G a in , b i r t h Wea n ing  G a i n , w e a n i n g  

tra i t  t o  w ea n in g  we i g h t  to  1 2  months  

B i r t h  G 0 . 4 6  0 . 6 0 O . D 7 
w e i g h t  E D , D 8  D .  2 8  D .  1 4  

p D . 2 3  D .  4 1  o .  1 1  

G a i n ,  b i r t h  G D . 9 9  - D . 2 3  
t o  wea n i n g  E 0 . 9 8  - 0 . 1 6  

p D . 9 8  -D . 1 9  

\rJ e a n i n g  G - 0 . 2 D  
w e i g h t  E - 0 .  1 3  

p - 0 .  1 6  

G a i n , �J e a n - G 
i n g  t o  f i na l  E 
w e ig h t  ( 1 2 p 
m o n t h s ) 

4 1 

1 2 mon ths  
( f i na 1 
w e iqh tl 

D .  5 6  
D . 3 2  
D . 4 2  

D . 6 7  
D .  7 1  
D . 6 9  

D .  7 1  
D .  7 5  
D .  73  

D .  5 5  
0 . 5 6  
D .  5 6  
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w e a n i n g  p e r forma n c e , 

T h e  ob j e ct i v e  o f  prod u c i n g  h i gh ca l f  l iv e  we igh t s  a t  wea n i n g h a s  

b e e n  f o u n d  t o  be d e t rime n t a l  when  a ppl i e d  t o  p o te n t ia l  b re e d i n g  fema l es . 

C h r i s t i a n  e t  a l ,  ( 1 9 6 5 ) , work ing  w i t h  H e re ford c ow s  a n d  proge n y ,  found  

t ha t there  were  c o n s i s te n t  nega t i v e  a s s o c ia t ions  o f  dam ' s  w e a n i n g  w e i g h t  

w i t h  a l l mea s u res o f  m i l k  a nd b u t t e r fa t  prod u c t ion , w he r e a s  t h e  ca l f ' s  

wea n i n g  we i g ht wa s p o s i t ive ly c o r re l a t e d  w i t h  dam ' s  prod u c t ion . 

2 . 2  Fa c t o r s  A ffec t i ng P r e -we a n i ng P e r fo rma n c e  a n d  W ea n i ng 

We ight o f  the  Ca l f  

( i )  B reed  

The  two  n um e r ica l ly s u p e r i o r  b e e f breeds  i n  N ew Z ea la n d , A n g u s  a nd 

H e r e ford , h a v e  b e e n  widely  used  i n  t r i a ls  oversea s a s  we l l .  I t  h a s  

g e n e ra l l y  b e e n  found  tha t t h e  s up e r i o r i t y  o f  t h e  H e re ford  b r e ed over  t h e  

A n g u s  a t  b i r t h  ( a p pr o x ima tely  S k g ) i s  reversed  by  wea n i n g , b e i n g  mos t l y 

i n fl ue n ce d  by the  grea t e r  m i l k  prod u c t i o n  mea sured  i n  A n gus  d a m s  t h a n  

Here fo rd s  ( D unn e t  a l . , 1 9 6 5 :  M e l t o n  e t  a l . , 1 9 6 6 :  Smi t h  e t  a l . , 1 9 7 6 ) .  

S e l le r s  e t  a l .  ( 1 9 70 )  reported  t h a t H e r e ford  ca lv e s  e x h i b i t e d  g re a t e r  

growth  poten t ia l  o n l y  i f  o ffered c r e e p  feed , b u t  i n  a s i t ua t i o n  o f  d e p e nd 

ing  e n t i r e l y  on t h e i r  dams ' m i l k  a nd pa s t u re gra z i n g  for n o u r i s hm en t ,  

H e re fo r d  ca lves  d i d  not  p e r form a s  we l l  a s  Angus  calves  a s  mea s ured  by  

wea n i n g  we i gh t .  

A mong t h o s e  t o  confirm  A n g u s  ca lves  t o  b e  hea v i e r  t h a n  H e r e ford s 

a t  wea n in g  under  c ompa ra ble  cond i t io n s  have  been  D unn e t  a l .  

H umes  e t  a l . ( 1 9 7 5 ) ;  Je ffery  e t  a l .  ( 1 9 7 1 b ) ; Lind s a y  e t  a l .  

M ea d e  e t  a l .  ( 1 9 5 9 ) ;  R hodes  e t  a l .  ( 1 9 70 ) ; a n d  Smit h  e t  a l .  

( ,  9 6 5 ) ; 

( 1 9 70 ) ; 

( 1 9 76 ) .  

S ome w h o  found t ha t  ca lve s o f  H e re ford dams  e x c e eded  t h e  wea n i n g  w e i g h t s  

o f  ca l v e s  o f  A ng u s  dams  were  B a h a r i n  a n d  B e i lh a r z  ( 1 9 75 ) ; B o s t o n  e t  a l .  

( 1 9 75 ) ;  C unning  h a m  a n d  Henderson  ( 1 9 6 5a ) ; a n d  Mel  ton  e t  a 1 .  ( 1 96 6 ) . 

The  New Z e a la nd s t u d y  o f  C a r t e r  e t  a l .  ( 1 9 7 5 ) c ompa r e d  t e n  s ir e  

b r e e d s ,  a ll c r o s s e d  w i t h  H e r e ford  a n d  A n g u s  mixe d -a g e  c ow s , T h e  s ix 

m on t h  w e i g h t  o f  A ngus-s ired  ca lve s wa s 1 5 7 k g ,  A s  d e v ia t io n s  from a n  

i nd e x  o f  1 00 = 1 5 7 k g ,  t h e  o t h e r  b r e e d s  were : H e re ford , 1 0 5 ;  F r i e s i a n , 1 1 2 ;  

J e rs e y ,  9 9 ;  S o u t h  Devon , 1 1 0 ;  five  E uropean  breeds  ( C ha r o la is ,  Limo u s i n ,  

S imme nt a l ,  Ma in A n j ou ,  Blonde  d ' A q uita ine ) , 1 1 1 , 4 . I n  t e rm s  o f  s ir e  b re e d , 
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H e re ford  ca lves  w e r e  s u perior  t o  A n g us c a lv e s  for wea n i n g  w e i g h t  ( 7k g ) ; 

t he r a n k i n gs were reversed  b y  b r e e d  o f  dam  w i t h  ca lves  r e a red  b y  A n gus  

c ows b e i n g  6kg  h ea v ier a t  six  mon t h s  t h a n  t hose  rea red by  H e re ford c ow s , 

A mong  t h e  E urope a n  breeds  t o  b e  s t ud ied i n  comp a r ison  w i t h  

H e re for d  a nd /or  A n g u s  dams h a s  b e e n  t h e  C ha r o la is . M e l t o n  e t  a l .  ( 1 9 6 6 ) 

r e la ted the  s up e r i o r  per forma n c e  o f  ca lves  from C h a r ola i s  dams t o  t h e  

gre a t e r  m i l k  s u p p l y  they  rece ived  t h a n  H e re ford a n d  A n g us ca lv e s . 

C a r p e n t e r  e t  a l .  ( 1 9 73 ) a lso  used  t h e  C ha rola is  breed  i n  a compa ra t iv e  

s t ud y  w i th H ere fords  a n d  found i n  fa vour  o f  C ha rola i s  ca lv e s ,  f o r  2 0 5-d a y  

wea n in g  w e i g h t ,  o f  2 6 1 k g  v s  2 1 9 k g .  

A mo n g  severa l s t ra i ght �d crossed  b reeds  o f  da m ,  J e f fery e t  a l .  

( 1 9 7 1 ) found t ha t ,  hold ing  a ge o f  dam ,  a nd a ge a n d  s e x  o f  ca l f  c o n s ta n t ,  

breed  o f  d a m  d i fferences  expla i ne d  a n  a d d i t i ona l 2 3  p e r c e n t  o f  total  

variance  i n  a ve ra g e  da i ly ga i n  t o  wea n i n g  i n  both  yea r s  of  the  s t ud y ,  a nd 

s i mi la r l y  for wea n i ng  we i g ht . T h e  d i f fe r e n c e s  were la r g e ly d u e  to  m i l k  

y i e ld d i ffe rence s ,  for when c�r r e c t e d  for m i l k  y i e ld , b re e d � d a m  a cc o u n t e d  

f o r  on ly 0 . 8 t o  2 , 6  p e r c e n t  o f  t o ta l v a r i a nce i n  p re-we a n i n g  ca l f  

performa n c e , 

S a g e b i e l  e t  a l .  ( 1 9 74 ) c ompa red stra ight  breeds  a nd r e c i proca l 

cros s e s  o f  t h e  C ha r o la is , A n g us a n d  H e re ford b r e ed s .  A c ro s s  a ll b u l l  

bree d s , C ha rola i s  c ows prod uced  ca lves  tha t ga i n e d  s i g n i f i c a n t l y  fa s t e r  

pre-we a n i n g , a n d  we i g hed s i gn i fi ca n tly  more a t  wea n i n g  t h a n  e it h e r  A n gus  

or  H e r e ford cows . Howe ve r ,  w h e n  2 0 5-da y  ca l f  wea n i n g  w e i g h t  wa s e x p r e s s e d  

a s  a percen ta g e  o f  meta b o l i c  c o w  w e i gh t ,  A n gus  d a m s  w e r e  s i g n i fi c a n t l y  

s up e r i o r  to  b o t h  t h e  C ha rola i s  a nd t h e  H e r e ford dams ,  t h e s e  la t t e r  two 

were  c ompa rable  in t h i s  rega rd . 

K r o p p  e t  a l .  ( 1 9 72 ) a n d  H o l lowa y e t  a l .  ( 1 9 7 5 ) compa red i n  

c o ns e c u t iv e  yea r s , respec tive l y ,  two- , t h e n  t h r e e-ye a r-old  H e re ford a n d  

H o l s t e i n  cows o n  r a n ge a nd i n  d r y l o t , w i t h  C ha rola i s , t h e  s i re b r e e d , 

T he b irth  w e i g h t s  of  c a lv e s  o f  t h e  three-yea r-old Ho l s t e i n  d a ms were  1 6  

p e r c e n t  ( 44 k g  � 3 8 kg ) h eavier  t ha n  H e r e ford c a lv e s , a nd b y  wea n i n g  t h e  

d i f fe r e n c e  had i n c r ea sed t o  2 2- p e r c e n t  ( 3 3 0k g  � 2 70 k g ) .  T he a ut h o r s  

c o n s i d e red t h e  b r e ed d i ffer e n c e s  i n  wea n in g  w e i g h t  w e r e  c o n s i s t e n t  w i t h  

b re ed d iffer e n c e s  i n  m i l k  yield , T h e y  found , howev e r , t h a t  t h e  a d d i t i o n a l 

w e i gh t  weaned  b y  H o l s t e i n s  over  H e re fords wa s not  w i t h o u t  cost  s i n c e  t h e  

f ormer  c on s umed  3 3  t o  4 0  perce n t  m o r e  feed i n  d ry lot  a n d  had  a reduced  

r eb r e e d i n g  performa nce  c ompa r e d  t o  the  H e r e fo rd s , 
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The  r ev iew o f  fa c tors a ffe c t i n g  b ir t h  we i g ht s h owed  t ha t  ma l e  

c a lves  a re n orma l ly h e a v i e r  a t  b i r t h  t ha n  fema le s . S t ud i e s  have  

r evea led  tha t ma le ca lves a re a ls o  heavier  at  wea n in g  t h a n  fema le s , 

c on t in u in g  t he adva n t a g e  obta i n e d  a t  b i rth  a u g umen ted by s uperior  

a ve ra g e  da i ly l ive w e i g h t  ga i n  ( K o c h  e t  a l . , 1 9 5 9 1 R o l l in s  and 

G u i lb e r t , 1 9 5 4 ) .  

C a s tra t ion  t o  p roduce  s t e e r s  involves  t h e  i n trod uct i on o f  a t h i rd 

s e x  ca tegory . Most  r e p or t s  have  pla ced s teer  p e r forma n c e  ab ove t ha t  o f  

h e i fe r s  a nd b e low tha t o f  b u l l  ca l ve s , a l t h o u g h  t he t ime o f  c a s t ra t i o n  

i s  importa n t  b u t  is  f r e q u e n t l y  n o t  s ta t ed i n  t he l i t e ra t ure . F u r t h e r 

more , t he d e c is ion t o  c a s tra t e  i s  a t  t imes , based  on s e le c t ion , e i t h e r  

f o r  s i ze ,  o r  a s  progeny  o f  n o n - t e s t e d  s i r e s , a nd t h e r e fo re ma y imp l i c a t e  

g e n e t i c  i n f e r i o r i t y  f o r  we i g h t  ga i n  a s  we l l  a s  t h e  p hys i o lo g ica l e ff e c t  

o f  ca s tra t i on i t s e l f  ( C u n d i f f  e t  a l . , 1 9 6 6a ) . 

A mo n g  /\ n g u s  ca lve s , Ta nner  e t  a l .  ( 1 9 70 ) found  t h a t  b u l l  c a l v e s  

ha d a non-s i gn i fica n t  a d va n ta ge ove r s teer s i n  p r e-we a n i n g  a ve ra g e  d a i ly 

ga i n  ( 0 . 6 6 � 0 . 6 4 k g  p e r  da y ,  r e s p e c t ively ) ,  b u t  t ha t  s teers  ga i n e d  

s i gn i fica n t ly ( p  < 0 . 0 5 )  more p e r  da y t ha n  h e i fe r s  ( 0 . 64 � D . 79 k g  pe r d a y ,  

r e s p e c t i v e ly ) . Brinks  e t  a l .  ( 1 9 6 1 ) reported  t he d i fference  i n  a ve ra ge 

d a i l y  ga i n  t o  wea n i n g  b e tween  H e r e ford b u l l  ca lve s , a nd s teers  ca s tr a t e d  

a t  4 5  o r  1 4 5 days , a s  a bo u t  1 pe rce n t , or D . D 2 k g  p e r  da y .  B u l l  c a l v e s  

g a i n e d  D . D 4 6kg  per  d a y  ( 6  perce n t ) ,  a nd s te e r s  D . D 3 9 k g  p e r  d a y  ( 5  p e r ce n t ) 

more  ra p i d l y  t ha n  he i fe r  ca lve s . 

K o c h  e t  a l .  ( 1 9 5 9 ) reported  a n  a vera g e  s e x  d i fference o f  D .  0 5 kg 

p e r  d a y  be tween  b u l ls a n d  h e i fe r s  w h i le Ma r l ow e  a nd G a ins  ( 1 9 5 8 )  found  

t h a t  b u l l  ca lves  ga i n e d  a bo u t  4 perce n t  fa s t e r  t ha n  s te e rs , w hi c h i n  t u rn 

g a i n ed 8 p e rcent  fa s te r  t h a n  he i fe r s . Berg  ( 1 9 6 1 ) u s ed Lea s t  S ou a r e s  

e s t ima t e s  o f  weight  p e r  da y-o f-a ge  a m o n g  6 5 5  A n gus  c a lves  to  find  t ha t  

ma l e  ca l v e s  ga ined a pprox ima t e l y  0 . 0 4 5 k g  pe r d a y  more t ha n  fema l e s  a t  

w ea n in g .  

O t hers  w h o  ha v e  published  means  from a n a lysed  d a t a  for a ve ra g e  

d a il y  ga i n  a nd wea n i n g  w e i ghts  where  ma l e s  ( b ul l s  o r  s t e ers ) were  s up e r i o r  

t o  f ema l e s  h a v e  b e e n  Fa hmy a nd La la nd e  ( 1 9 72 ) ;  K o c h  a n d  Clark  ( 1 9 5 5a ) ;  

L in d s a y  e t  a l .  ( 1 9 7 0 ) ; H ig h t  ( 1 9 6 6 ,  1 96 8 ) ; Main  e t  a l . ( 1 9 7 5 ) ;  S in g h  

e t  a l . ( 1 9 7 0 ) ; S r i n i va sa n  a nd M a r t in ( 1 9 70 ) ; a n d  V e s e l y  and  R o b i s o n  ( 1 9 7 1 ) .  
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D i f fe r i n g  sha p e s  o f  t he g rowt h  c urves o f  t h e  two s e xes , ma l e  o r  

fema le ,  have b e e n  imp l i c a t e d  b y  Logsnatha n  e t  a l .  ( 1 9 6 5 )  a nd N ev i l l e  

( 1 9 6 2 ) w h e re t he ra te o f  e x tra ga i n  by  b u l l  or  s t e e r  ca lves  over  

h e i fe r s  increased  w i th a g e .  Koch  e t  a l .  { 1 9 5 9 ) he ld t h a t the  g rmoJ t h  

c urve  wa s curv i l i n e a r  i n  s h a p e  for ma les  a nd a pproa ch i n g  l i n e a r i ty f o r  

fema le s ,  The  e x te n t  o f  t h e  d i ffe rence  by  wa y of s up e r i o r i ty e x p r e s s e d  

b y  ma l e s  a ppea r s  to  be infl uenced  by a s e x  by  envi ronme n t  i n t e ra c t i o n . 

K o c h  a nd C la r k  ( 1 9 5 5 a ) p r e s e n t e d  da ta w h i c h  ind ica ted t h a t  ma l e  ca l v e s  

w e r e  r e s t r i c t ed more b y  younger  d a m s  ( t hree- t o  five-ye a r-old s ) t h a n  

fema l e  ca lve s , s ince  the  d i ffer e n c e s  b e twe e n  the  s e x e s  i n c r e a s e d  

ma rg i n a l l y  w i t h  inc rea s in g  a g e  o f  d a m .  Harw i n  e t  a l .  ( 1 9 6 6 ) found  a 

s e x  b y  a g e  o f  dam  i n t e ra c t ion  w h e r e  t he wea n i ng  we i g h t  o f  he i fe r  ca lves  

out  o f  two-year-o ld Here ford dams a veraged 2 1 . 3 k g  l i g h t e r  t h a n  he i fe r  

ca l v e s  o u t  o f  ma t ure H e re ford dams . T h e  d i fference  b e tw e e n  b u l l  ca lves  

f r om t h e  two  g roups  o f  d a ms wa s 3 1 . 8 k g . The  a u t hors  c o n s idered  t h e  

d i f f e re n t i a l  res ponse  wa s a s s o c i a t e d  w i t h  t h e  grea ter g rowt h p o t e n t ia l 

o f  ma le ca lve s , tend i n g  t o  ma ke t hem  more s us c e p t i b l e  t o  pr e-wea n i n g  

l im i t a t i o n s  i n  n u t r i t iona l e n v i ronment  provided  by  t h e  d a m .  P a hn i s h  

( 1 9 5 8 )  a ls o  found  a grea ter  a g e - o f-dam e ffe c t  o n  b u l l  t h a n  h e i fer ca lves . 

Among  H e r e ford cows , C a r p e n t e r  e t  a l .  ( 1 9 7 3 ) fo und  a s e x  by  

ma t e r na l env ironment i n t e r a c t ion  where c ows with  ma l e  ca lves  were  s i gn i f

i c a n t ly more e ff i c i e n t  i n  prod u c t i o n . Prod u c t i on e f fi c i en c y  wa s 

s i g n i fica n t ly a s sociated  w i t h  m i l k  y i eld  a nd nega t iv e l y  a s s oc ia ted  w i t h  

f e e d  con s um p t i on a nd we i g h t  c ha n ge d ur i ng lacta t ion . J e ffery  e t  a l .  

( 1 9 7 1 ) found  h i gher  m i l k  yields  t o  b e  a s socia ted  w i t h  ma le ca lves  i n  o n e  

s ea s o n  a n d  l e s s e r  prod u c t i on i n  t h e  n e x t . D e s p i t e  t h e  l ow e r  m i l k  y i e ld 

o f  t h e  d a ms w i t h  ma le ca lves  in  t he s e c ond yea r ,  ma l e  c a lves  p e r formed 

b e t t e r  t ha n  t he fema le ca lves  for  a v e ra ge d a i ly g a i n  to wea n in g .  

C un d i f f  e t  a l .  ( 1 9 6 6 )  found  a n  e ffe c t  o f  type  o f  ma na geme n t  o n  t he 

d i fferences  b e twe en  se x e s , w i t h  ma l e  ca lves  r e s p o n d i n g  b e t t e r  t o  c r e e p  

f e e d i n g  t h a n  fema le s .  Mar lowe e t  a l .  ( 1 9 6 6 )  found  s im i la r  r e s u l t s  w i th 

c r e e p -fed  A ng us and  Here ford b u l l  c a lve s ,  b ut t he 6 p e rcen t s up e r i o r i t y  

o f  s t e e r s  over  he i fers  w h e n  non-creep  f e d  wa s t h e  s a me a s  t h e  d i ffe re nc e  

b e tw e e n  t h e s e  sexes  in  a creep  f e d  grou p ,  

( ii i )  Age o f  ca l f  a t  wea n i ng 

Mos t s tud i e s  o f  s uckle d  b e e f  ca lves  ha v e  reported  w e a n i n g  a g e  

w i t h in t h e  ra n g e  1 80 t o  2 5 0  d a y s  w i t h  t he mos t freq u e n t  a g e s  b e i n g  1 80 ,  
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T a b l e  2 .  7 

T he e ff e c t  o f  the  s e x  o f  the  c a l f  on  w ea n i ng w e igh t  

Wea n i ng  A ve ra ge 
a g e  w ea n i n g  S e x  e ffe c t  

( da ys )  w e i g h t  
B reed  (k_g_) B u l l  S teer  H e i fe r  R e fe r e n c e  

H e r e ford , A n gus  205  1 8 9  + 1 5 -5  - 1 0 C un d i f f  e t  a l .  
( 1 9 6 6 ) 

A n g u s  2 0 5  1 6 6 + 1 0 - 1 0 D e u t s c h e r  a n d  
W h i tema n ( 1 9 7 1  ) 

H e  re ford 1 82  1 72 +6 -6 K o c h  a nd C la r k  
( 1 9 5 5a ) 

Here ford 2 1 0  1 6 3 + 1 2  0 La s l e y  e t  a l .  
( 1 9 6 1 ) 

A n g u s  2 0 5  1 82 + 6  - 6  M e a  d e  e t  a l .  
( 1 9 5 9 ) 

H er e ford 2 0 5  1 70 + 6  -6  

H e r e ford  2 0 5 1 6 6 + 4  - 4  R u t le d g e  e t  a l .  
( 1 9 7 1 ) 

H e r e fo r d  2 6 3  2 1 9  +2 . 5 -2 . 5  S i n g h  e t  a l .  
( 1 9 7 0 )  

H e r e ford  2 00 1 82  + 5 . 5 - 5 . 5 S m i t h  e t  a l .  
( 1 9 7 6 )  

A n g u s  2 00 1 9 0 + 5 . 5 -5 . 5 

A n g u s  2 0 5  1 9 9 + 6  + 3 -9 T a n n e r  e t  a l .  
( 1 9 7 0 )  

Hybrid  200  2 1 2  +20  -20  Taylor  ( 1 9 6 7 )  
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2 00 ,  2 0 5  o r  2 1 0  d a y s , The  p ra c t ica l need  t o  wean  ca lv e s  a t  a d e t e rmin

a n t t ime lea d s  to a ge d i fferen c e s  a mon g ca lve s , a d j ustme n t  for  whi c h  is  

n e c e s s a ry if  the  c ompa r i son o f  wea n i n g  we i g h t s  is  t o  b e  va l id . The  

formu la most  commonly  used  i s : 

(
A c tua l wean ing w e igh t - b i rt h  w e igh t 

x c ommon a ge )  
a ge i n  days 

+ b ir t h  w e i g h t  

T h i s  method  � s s ume s a l i n e a r  ra t e  o f  growth  from b ir t h  t o  wea n i n g  

a nd ha s been  s e e n  t o  ma la d j u s t  t h e  w e i g h t  o f  ca l v e s  from  t he e x treme a g e 

g r ou ps . M i n ya rd a n d  D i n k e l  ( 1 9 6 5 )  reported  tha t youn g e r  ca lves  t e n d e d  

t o  b e  over-a d j u s t e d  wh i le o l d e r  c a lves  w e r e  pena l i z ed , T h e  a u t h o r s  

c ompa r e d  the  a bove  me thod  o f  corre c t i n g  for a ge w i th a m u l t i p l i c a t ive  

fa c t o r  c omputed  by  linear  regre s s ion  o f  w e i g ht on a ge ,  both  o f  w h i c h  

s howed a substa n t i a l  red u c t i on i n  r e g re s s ion  a nd corr e l a t ion  c o e f f i c i e n ts . 

O t he r s  to  use  t h e  a bove a d j us tme n t  method  were  Berna rd e t  al . ( 1 9 7 3 ) ;  

B r i n k s  e t  a 1 ,  ( 1 9 6 2 ) ; a n d  Sw i g e r  e t  a 1 .  ( 1 9 6 2 ) .  

The  fac to r s  ca us i n g  the  growth  rates  o f  ca lves t o  d e v i a t e  from 

l i n ea r i t y  have  b e e n  e x tens ive ly  d i s c u s s e d  in  the  lit e r a t u re a nd t h e  

r e p or t e d  d e v ia t i on s  a r e  n umerous . For  i ns t a nc e ,  Swi g e r  e t  a l ,  ( 1 9 6 2 ) 

r e p orted  a l inea r regress i on o f  a g e  from b irlh  t o  1 30 d a ys , but  a 

s i g n i fi c a nt ( p  < 0 . 0 5 )  c urvi linea r e ffect  from 1 30 to 2 0 0  d a ys , T h e y  

f o u n d  t h a t  a s  t h e  s ummer p r o g re s s e d , a n d  p a s t u re q ua l i t y  d e t e r io ra t ed , 

o ld e r  c a lves were  d i rec t ly a ffec t e d , a nd very  young  c a lve s  ind i rect ly 

a ff e c ted  through the  m i lk s u p p ly o f  t h e ir d a ms . U n d e r  s uc h  c o n d i t i o n s  

a d j u s t i n g  wea n i n g  w e i g h t  for  t h e  r e g r e s s ion  o f  w e i g h t  o n  a ge c o u ld 

i nt rod u c e  a b i a s , 

S imila rly , D rennan  a n d  B a t h  ( 1 9 7 6b ) , work i n g  w i t h  H e r e fo r d  ca lves  

in  N or t h e r n  I re la nd found  t h a t  la t e r  b orn ca lv es s uffe red more from  a 

r i s i n g  r i s k  o f  i n fection  by  ga s tro-int e s t ina l pa ra s i t e s . 

G en era lly , older  c a lves  a p p ea r  t o  ma inta i n  t h e i r  w e i gh t  a d va nt a ge 

a lt ho u g h  t he y  t e nd t o  grow a t  a c u rv ilinear  g rowth r a t e  c ompa r e d  t o  

y o u n g e r  c a lve s , g rowing  a t  m o r e  n ea rl y  linea r ra tes  ( Br i n k s  e t  a l . , 1 9 6 2 ; 

D rewry e t  a l . , 1 9 5 9 ; Johnson  a n d  D i n k e l ,  1 9 5 1 ; Koch  a n d  C la r k ,  1 9 5 5 a ; 

N e v i lle , 1 96 2 ) . 
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T h e  eviden c e  obta i ned i n d i c a t e s  tha t care  s h o uld be  t a k e n  l n  

a cc o rd i n g  g r e a t  s i g n i fi c a n c e  to  c o r r e c t e d  we i g h t s  beyo n d  3 0  d a y s  e i ther  

s id e  of  the  mea n  wea n i n g  age  b e ca u s e  o f  the  ma r ked c h a n g e s  i n  ra n g e  

e nv ir o nm e n t  tha t c a n  occur  i n  t h a t  t ime ( Jo hn son  a nd D i n k e l ,  1 9 5 1  ) .  

T h e  a ge o f  a ca l f  a t  wea n i n g  has  ma na geria l imp l ic a t i on s . F rom 

t he p o i n t  o f  view  of ca l f  grow t h ,  t he ca l v i n g  to  wea n in g  p e r iod is  

d e pe n d e n t  o n  the m i l k  s upply o f  t h e  dam , i t s e l f  seen t o  be  d e p en d e n t  on  

the  a va i la b l e  energy  ( Se c t ion  3 , 4 i ) . O b v i o u s l y  t h en , ca lv i n g  is  l i k e l y  

t o  b e  t imed t o  s l i g h t ly p r e c e d e  t h e  pea k o f  pa s ture  prod u c t ion  s o  tha t 

pa s t u re g rowth is  gre a t e s t  a t  t h e  t i me o f  h i gh e s t  m i l k  dema n d  o f  the  

c a l f .  T h e st ud y o f  Wa lker  ( 1 9 6 3 )  a l ready  d i s c u s s e d  i n  this  S e c t i on ,  

i n d ica t e d  t he imp ortance  o f  ca l v i n g  e a r l y  i n  t h e  grow i n g  s e a s o n , for i f  

c a lv e s  a r e  wea n e d  a t  c o n s t a n t  t im e , a s  i s  t he n orma l p ra c t i c e , o ld e s t 

ca lv e s  a r e  a ls o  t h e  hea v ie s t . H i g h t  ( 1 9 6 6 ,  1 9 6 8 b )  w o r k i n g  w i t h  groups  

of  1 2 2 a n d  1 1 4 m i xe d -a ge A n g u s  c ows  r e p orted  i n c rea s e s  in  t h e  wea n i n g  

w e i g ht s  o f  ca lv e s  o f  0 . 6 3 k g  ( 1 9 6 6 )  a nd 0 . 77kg  ( 1 9 6 8b )  for ea c h  e x tra d a y  

o f  a ge o f  c a l f .  

Ma son  ( 1 9 5 1 ) d i scussed  t h e  imp o r t a n c e  o f  c a l f  a g e  a t  wea n i n g  i n  

r e la t i o n  t o  i t s  d e pendence  on t he d a m  f o r  m i l k . O ld e r  c a lv e s  h a v e  b e e n  

o b s e rved  t o  be  l e s s  r e l i a n t  o n  t h e i r  d a ms , a nd there fore l e s s  p r o n e  t o  

n ut r i t iona l str e s s  a t  wea n i ng t ime . 

( iv ) Age a n d  pa r i ty o f  the dam 

Ma iden  he i fers  ma y b e  ma ted t o  ca lve f i r s t  at two - ,  or  thre e - ,  

a n d  i n fre q uen t l y ,  a t  four-yea rs-o f-a g e ,  w h ile ca lv i n g  a t  t h r e e  years  ma y 

b e  r e ga rd e d  a s  u s u a l  in  N e w  Zea la n d  b e e f  b r e e d i n g  herd s .  A un i pa ro u s  

c ow ma y b e  consid e re d  a s  b e i n g  two- t o  three-year s-o f-a g e  a n d  t o  p r o g r e s s  

ln  pa r it y  with  a ge t herea fte r .  R e ports in the  litera t u re freq u e n t ly r e f e r  

t o  a ge-of-dam e ffects  only ,  thereby  imp lyi n g  b y  omi s s i o n  t h a t  parity  i s  

c ommen su ra te with  a ge .  

T h e  repeatabi lity o f  b irth  w e i g h t  w a s  not  fou n d  t o  b e  large  a n d  

t here fore  was n o t  likely  t o  b e  s i g n i fi c a n t ly bia sed b y  s e lection  o f  d ams 

for r e la ted tra its  ( we a n i n g  w e i g h t  a n d  pre-wea n i n g  ga i n ) . H oweve r ,  

a t t e n t io n  wa s d rawn by  various  w o r k e r s  t o  t h e  o pport u n i t y  for  a ge-o f-d a m  

e f fe c ts on  wea n i n g  weight a n d  a vera g e  da i ly ga i n  t o  b e  con founded  w i th 

s e le ct io n  pre s s ure for those  t ra it s .  Brinks  e t  a l .  ( 1 96 2 )  s t a t ed t h a t  
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i f  s e l e c t i o n  among c ow s  wa s pra c t i sed o n  t h e  wea n i n g  w e i g h t s  o f  t h e i r  

c a lves , t h e  sma ll  po s i t iv e  corre la t ion b e tween  ma t ure w e i g h t  o f  cows  

a nd the  w e a n ing  we i g h t  of  t h e ir ca lv e s  would  cause  the  mea n s  of  t h e  

o l d e r ,  more s e le c t ed a ge g roups t o  b e  s l i g h t ly la rger  than  t h o s e  o f  a n  

u n s e le c t e d  popula t i o n of s im i l a r  a g e  group i n gs . C u n n i n gham  a nd H e n d e r s o n  

( 1 9 6 5b ) s u ggested  s e l e c t i o n  f o r  w ea n i n g  we i g ht a n d  a v e r a g e  da i ly g a i n  a t  

y o u n g  a g es o f  dam ma y b e  i d en t i f ied  b y  a t e n d e n c y  for t h e  va r i a n c e s  o f  

a v e ra ge d a ily ga i n  ( a nd w e a n i n g  we igh t )  t o  d e c r ea s e  w it h  i n c r ea s i n g  a g e  

o f  dam i n d ica t ing  t h a t  cows i n  t he upper  a ge b ra c k e t  a r e  gen e t ic a l l y  

more  a li k e  t ha n  c o w s  i n  t h e  popula t ion a s  a whole . 

K o c h  a nd [ la r k  ( 1 9 5 5a )  have  d is c us s e d  the  i n fluence  o f  a ge o f  d a m  

o n  ca l f  wea n in g  t ra i t s . I f  pre-we a n i n g  growt h  o f  the  ca lf i s  in f l u e n c e d  

b y  the  g e n e s  tra n s m i t t e d  from t h e  dam a n d  t h e  ma t e rna l e n v i ro n me n t  

provided  t h e  ca lf  b y  t h e  d a m ,  t h e n  a pa rt from g e n e t i c  va ria t i on  i n  ca l f  

g r owth  p o t e n t ia l a t t ri b uta ble t o  t h e  s i re o f  t h e  c a l f ,  c ha n g e s  i n  p r e 

wea n i n g  p e r forma nce  b y  s u c c e s s ive  ca l v e s  a r e  pres uma b ly a t tr ib u ta b le t o  

c h a n g e s  i n  t h e  s i z e , w e i g h t  a nd phys iologica l ma t urity  o f  t h e  d a m ,  i n  

t u rn i n fluencing  t h e  ma t e rna l e nv i ronme n t  prov i d e d . R u t le d g e  e t  a l .  

( 1 9 7 1 ) found  milk  p r o d u c t i on b y  t h e  dam  t o  b e  among s i gn i fica n t  e f fe c t s  

on  2 0 5-da y c a l f  we i g h t , a lthough  a ge -o f-dam  e f fe c ts w e re n o n-s i g n i fi ca n t .  

T h e  a ut hors  con ceded  t ha t  e ffec t s  d ue t o  a ge o f  dam  a r e  e x p r e s sed  

p r ima r i ly t hrough d i ffere n t i a l  m i l k  produc t i o n .  

T h e  rev iew o f  b ir t h  we i g h t s  revea led t ha t  ma t ur i t y  o f  d a m  f o r  tha t 

t ra i t  i s  reached a t  a bo u t  6 -years-o f-a g e .  M o s t  reports  have  p la c e d  

o p t imum weaning  w e i g h t s  from dams o f  a s imila r a g e  a lt h o u g h  7 - ,  a n d  B

y ea rs-o f-a g e  ha ve been  c i ted in  s ome i n s ta nces .  

C unningham a n d  Henderson  ( 1 9 6 5a ) reported  tha t pre-w e a n i n g  p e r form

a n ce improved w i t h  a ge o f  dam in  a curvi l inear  fa sh ion to  a ma x imum a t  

7 t o  1 0  years . A mo n g  those  t o  v e r i fy ma t urity  o f  d a m  a t  6 -yea rs-o f-a g e  

have  b e e n  Brinks  e t  a l .  ( 1 9 6 2 ) ; Hohenboken  a nd B r i n k s  ( 1 9 6 9 ) ; K na p p  

e t  a l .  ( 1 94 2 ) ; S w i ge r e t  a l .  ( 1 9 6 2 ) ; a n d  T a n n e r  e t  a l .  ( 1 9 70 ) .  

The  workers w h o  recorded  t h e  h i g h e s t  pre-wea n i n g  p e r forma nc e  o f  

c a lv e s  o f  7-yea r-o ld d a ms included  Knox  a nd K o g e r ( 1 94 5 ) ; K o c h  a n d  

C la r k  ( 1 9 5 5a ) ; M a rlowe e t  a l .  ( 1 9 6 5 ) ; a n d  S i n g h  e t  a l .  ( 1 9 70 ) . 

Tha t e ight  years  were required  b e fore  ma x imum prod u c t iv i t y  wa s 
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a tta ined  wa s found  b y  M i n yard a n d  D i n k e l  ( 1 9 6 5 ) ; R hodes  e t  a l . ( 1 9 70 )  

a nd V e s e ly a n d  R o b i s on ( 1 9 7 1 ) .  

T he r e  ha s b e e n  a lmos t  u n iv ersa l a greeme n t  t h a t  t h e  g rea t e s t  

wea n i n g  we i g h t  o r  a v e ra g e  da i ly ga i n  d i f ferences  have b e e n  m e a s u r e d  for 

dams b e tw e e n  the a g e s  of t h r e e  and f o u r  yea rs . S ome who  reported  

s i gn i f i ca n t  a g e -o f-dam  d i fferences  i n  t h i s respect  were  Berg  ( 1 9 6 1 ) ,  

s t udying  a v e ra ge da i l y  ga i n  in  a comme r c ia l A n gus herd ; B r i n k s ��. 

( 1 9 62 ) ;  C un d i f f  e t  a l .  ( 1 9 6 6 ) ; J e f fe r y  e t  a l .  ( 1 9 7 1 b ) : K o c h  a n d  

C lark ( 1 9 5 5a ) ; a n d  S w i ger e t  a l .  ( 1 9 6 2 ) .  Brown son  ( 1 9 74 )  fo u n d  from 

d a ta collected  from a H ere ford herd b e tween  1 96 5  and 1 9 70 t h a t  t h e  

g r ea t e s t  d i fference  b e tween  a ge s  f o r  ca l f  pre-wea n i n g  p e r fo rma n ce w a s  

b e tween  c ows of two- a n d  t h re e -yea rs -o f-a g e . S ome o f  t hose  w h o  found  

g rea t e s t  d i f ferenc e s  occur r i n g  b e tw e e n  t h r e e- a nd four-yea rs -o f-a ge d id 

n o t  calve  t h e  he i fe r s  a t  two-yea rs-o f-a ge . 

W i t h  respe c t  t o  a ge a t  f i r s t  c a lv i n g ,  Bernard  e t  a l .  ( 1 9 73 )  

reported  t ha t  h e i fe r s  c a lv i n g  f i r s t  a t  th re e -yea rs-o f-a g e  ra ised  ca lv e s  

7 ,  7kg  heavier  tha n h e i fe r s  ca lv i n g  f i r s t  a t  two-yea rs-of-a g e  ( p  < D .  1 0 ) .  

P in n e y  e t  a l .  ( 1 9 72 )  a lso found d i fferences  i n  fa vour  o f  th ree-yea r-o ld s  

� two-yea r-olds b o t h as first  ca lvers , a lt h o u g h  a g a i n  t h e  d i ffere n c e s  

f a i le d  t o  b e  s i g n i fica n t ,  The  f i nd i n g s  o f  C un d i f f  e t  al . ( 1 9 6 6 b )  h a v e  

import a n c e  a s  fa r a s  ma rke tab i l i t y  o f  wea n e r  s t o c k  i s  conce rned  w h e r e  

ca lves  o f  two-yea r-o ld cows w e r e  m o r e  v a r i a b le i n  wea n i n g  w e i g ht t ha n  

t h o s e  i n  s ub s e q ue n t  a ge -o f-dam groups . 

I n  a d d i t i o n  t o  t he lower wea n i n g  w e i g h t s  from ma i d e n  h e i fe r s  ( two

a n d  three-year-old s ) , rebre ed i n g  p e r fo rma n c e  i s  a ls o  s ee n  t o  s u ffer  mos t  

i n  t ha t  age  group a s  a result o f  la c ta t io na l  a noestrus  ( Ko ge r  e t  a l . , 

1 9 62 ) .  To  t h i s  e n d , H i g h t  ( 1 9 6 Ba ) ha s a d voca t e d  prefere n t i a l  feed i n g  o f  

younger  cows near  ca lving  a nd d ur i n g  la c t a t ion  t o  a v o id ca l f  mor t a l i t y  

a nd a h i g h  propor t io n  o f  cows n o t  i n-ca l f  t h e  follow i n g  yea r .  

Pope  ( 1 96 7 )  r e ported  t h a t  a s  a g e  o f  d a m  i ncrea s e d  s o  t h e  wea n i n g  

we ig h t  d i ffere n c e s  b e twee n  h i g h  a n d  low p la n e s  o f  w i n t e r  n ut r i t i on w i t h i n  

a ge o f  d a m  became l e s s  u n t i l  the  f i ft h c a l f  c r o p  ( 7- o r  B-yea rs-of-a ge ) 

w h e n  t h e  c a l f  crop weaned  was  reduced  b y  a pproxima te ly 5 p e r c e n t  b y  a low 

p la ne o f  n ut r i t ion  pre-ca lvin g ,  H a r w i n  e t  a l .  ( 1 9 6 6 )  a n d  V ernon  e t  a l .  

( 1 9 6 4 ) r e p orted  t h e  i n tera ct ion  b e twe e n  a ge o f  dam  a n d  years  ( good � poor ) 
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Linear  a n d  Q ua dr a t i c  regr e s s ions  o f  w ea n i ng w e ight a nd a v e rage da i ly ga i n on cow w e ight 

B re e d  o f  d a m  

H er e ford 

H ereford  

Here ford 
S horthorn  

4 breed s , 4 hybrids  

20  a ssorted  breeds  
4 ( B . i n d i c us x B . ta urus ) 

H er e ford 
A ngus  
H e r e ford 
3 bre e d s  

H e r e ford 

4 breed s , 4 hybrids  
H er e ford 
H ere fo rd 
H ere fo rd 
A n_�C har o la i s .  H e re ford 

N . S .  
* 

* *  

N o t  s ign i fica nt  
p <: D .  05  
p <D.  0 1  

We

.

a n in g  w e i g h t  re gr e s s l

.

· on c oe f f i c ie n t  

I
A vera

.

g e  d a i l y  ga i 
kq i ncrea s e  ca l f  wqt /kq i n crea s e cow wqt . k q/da v I kq dam  w t .  

a 
0 , 0 5 

b 
0 . 0 7 - 0 . 1 1  
0 . 0 4 3 8  ( l i n e a r ) * ;  0 , 0 82 ( l i n e a r ) *  

-0 . 0005  ( q uadra t i c ) 
0 , 0 9 7 8  
0 . 0 6 74 
0 , 0073 - 0 , 1 1 6 5 
0 , 0 72 8  N . S .  ( 1 9 6 6 )  
0 , 1 8 6 * *  ( 1 9 6 7 )  
0 , 1 1 77 

- 0 , 0005  ( li n ea r )  
-0 . 00 0 3 5  { q u a d ra t ic ) 

0 , 07  ( N . S . ) 
0 , 0 8 5  
0 . 049  
0 , 042 6 

D . DD022
a 

0 , 00046
b 

0 , 0002 6 N . S . ( 1 9 6 6 )  
0 , 0 0 0 8 9  **  ( 1 9 6 7 )  

The  corre la t ion ( c ow we i g h t  w i t h  ca l f  w e i g ht a t  wea n i n g )  

0 .  1 2  
0 .  1 1  
0 . 2 9  ( 1 9 6 6 ) ; 0 , 3 5  ( 1 9 6 7 )  
0 , 0 8  
0 , 0 3  
0 , 34  

d 
0 . 1 6

c 
0 . 2 1  

I 

R e fe r e n c e  

E e n y s h e k  a nd Ma r low ( 1 9 7 3 )  

E dwa r d s  a n d B a i l e y  ( 1 9 7 5 ) 

E w i n g  e t  a l .  ( 1 9 6 7 )  
Fa hmy a n d  La la nde ( 1 9 72 )  
F i t z h u g h  ( 1 9 6 5 )  
Je ffery  e t  a l .  ( 1 9 7 1 b )  

McD ona ld  a nd Turner  ( 1 9 6 9 ) 
M o i n  e t  a l . ( 1 9 7 5 )  

N e v i lle  ( 1 9 6 2 ) 
T a n n e r  e t  a l .  ( 1 9 6 5 )  

U r i c k e t  a l .  ( 1 9 7 1 ) 

B r i n k s  e t  a l .  ( 1 9 6 2 ) 
C l a r k  e t  a l .  ( 1 9 5 8 )  
Je f fery  e t  a l .  ( 1 9 7 1 b )  
R u t l ed ge e t  a l .  ( 1 9 7 1 ) 
S i n g h  e t  a l . ( 1 9 70 ) 
Ta n n e r  e t  a l .  ( 1 9 6 5 )  
U r i c k  e t  a l .  ( 1 9 7 1 ) 

a u na d j usted  c ow we i g hts  
b a d j usted  cow w e i g h t s  

c una d j u s t ed ca l f  we i gh t  
d a d j u s t ed ca l f  w e i g h t  U1 
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t o  b e  h i gh ly s i g n i fica n t  w i t h  g rea ter  age  o f  d a m  d i f ferences  1 n  p o o r  

y e a rs , 

( v ) We ight a n d  s i z e  o f  d a m  

D e s p i t e  a p o s i t ive rela t i on s h i p  between  t h e  w e i g ht m t h e  d a m  a n d  

t h e  b i rth  w e i g h t  o f  i t s  ca l f  recorded  i n  t h e  l i te ra t ure , w e i g ht o f  d a m  

wa s s e e n  t o  a cc ou n t  f o r  only a sma ll perc e n ta ge o f  t h e  va r ia t i on  i n  

b i rt h  we i gh t . W i t h  respect  to  wea n i n g  we i gh t  i t  i s  s e e n  a ga i n  tha t 

t he r e la t i on s h i p  b e tween  we i g h t  o f  d a m  a nd pre-wea n i� g  p e r forma n c e  o f  

t h e  ca l f  i s  not  stron g ,  but  ge nera l l y  pos i t iv e  ( Ta b le 2 , 8 ) , T h e  i n f l ue n c e  

o f  c o w  we i g h t  per se  contrasts  ma rke d ly w i t h  t h e  s trong  n e ga t iv e  r e la t i on

s h ip b e twee n  the  wea n in g  w e i g h t  of  t he c a l f  a nd t h e  w e i g ht c ha n g e  

e x h i b it e d  b y  t h e  dam  d ur i n g  t h e  la c t a t ion  period . T h i s  w i l l  b e  d i s c u s s ed 

la t e r ,  F u r t he rmor e , a n y  a s s o c i a t ion  o f  b irth  w e i g h t  w i t h  ca l f  w ea n i n g  

w e i g h t  i s  c on s i d e red  t o  b e  independ e n t  o f  cow b o d y  s i z e  ( Je ffery a n d  Berg , 

1 9 72b ) . 

J e f fery  a nd Berg  ( 1 9 72 b )  eva l ua t e d  s e ve ra l mea sureme n t s  o f  b e e f 

c ow s i z e  a s  rela ted  t o  progeny  p e r forma n c e  a mong  1 7 3 c ow s  ( breeds  

i nc lu d e d  H e re ford- a nd A ngus-Ga llow a y  cross e s ; A n gus- a n d  G a lloway

C ha ro la i s  crosse s )  a nd found  t h a t across  breed  and  age  of  d a m ,  e a c h  

a dd i t i ona l 1 0k g  pos t-ca lv in g  w e i g h t  o f  d a m  r e s u l ted i n  a pprox ima t e ly 

D .  7kg  a d d i t i ona l we i g ht o f  c a l f  w e a n e d  ( the  c orre la t i o n  b e tw e e n  th e 

w e i g h t  o f  dam  a nd ca l f  wea n i n g we i g h t  wa s 0 . 3 4 ; p < 0 . 0 1  ) .  T h e  a mo u n t  

o f  a d d i t iona l va riance  i n  a ve ra ge  da i ly ga i n  o f  ca l f  t o  w ea n i n g  e xp la ined  

b y  p o s t-ca lv i n g  cow weight  wa s sma l l  ra n g i n g  b e twe e n  0 . 4 and  1 . 1  p e rcen t ,  

compared  t o  t h e  2 . 9  percent  o f  t h e  va r ia nc e  e x p la i n e d  b y  w i t he r  h e i g h t  o f  

t he d a m ,  I n  t h i s  c o n n e c t i o n  a 1 cm i n c r e a s e  in  h e i g h �  o f  d a m  wa s a s soc-

i a ted  with  an  increase  i n  w ea n i n g  we i g h t  of  progeny  a cr o s s  a ll b r e e d s  of  

0 . 9 7 k g .  Pre-we a n i n g  g a i n  o f  t h e  ca l f  w a s  more h i gh l y  corr e la t e d  w i t h  c ow 

w e i g h t  a t  wea n in g  ( r  0 . 4 5 ,  p < 0 . 0 1 ) ;  h e i g h t  o f  d a m  a t  w i t he r s  

( r  = 0 , 5 0 ; p -<:: 0 , 0 1 ) ;  and  heart  g irt h o f  dam ( r  = 0 , 5 8 ;  p <::0 , 0 1 ) t h a n  

w i t h  post-c a lvi n g  c ow we i gh t .  

Tanner  e t  a 1 .  ( 1 9 6 5 )  s tud i e d  t h e  e ffect  o f  p o s t -ca l v i n g  cow w e i gh t 

on  1 80-d a y  w e i g h t  o f  3 8 5  H e re ford  c a l v e s ,  a n d  the  e ff e c t  o f  d a m  w e i gh t  a t  

w e a n i n g  o n  t h e  wea n i n g  we i g ht o f  5 1 8 A n gus  ca lves a n d  foun d  t h a t  t h e  

r e la ti o n s h i p  b e tween  A n gus  d a m  a n d  c a l f  we i gh t  w a s  l i ne a r  { 8 , 5 k g  p e r  

1 00kg  i n c re a s e  i n  d a m  we i g h t )  w h e re a s  H e r e ford d a m  w e i gh t  e x h i b i t e d  a 

c urvi li n e a r  i n flue n c e  on  c a l f  w e i g h t  ( 4 . 9 k g  per  1 00 k g  increa s e  i n  dam  
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w e i g ht ) .  Pre ston  a n d  W i l l i s  ( 1 9 74 )  have  s u g g e sted  the  grea t e r  m i l k i n g  

a b i l i t y  o f  t h e  A n g us breed  a s  t h e  rea son  for t h e  d i ffere n c e  b e tw e e n  

t he s e  two bre e d s  i n  t h i s respe c t . 

S im i la r  tre n d s  of  a l inear  A n g us  dam  w e i g h t  i nfluence  a n d /o r  a 

c ur v i li n e a r  Hereford  dam we ight  i n fl u e n c e  ha v e  b e e n  fo und  by G od le y  

a nd T e nna n t  ( 1 9 6 9 )  a n d E dwards a n d  Ba i l e y  ( 1 9 75 ) .  

Among  t ho s e  t o  find  a s i g n i f i ca n t  i n fluence  of  dam we i g h t  on  

calf  wea n i n g  we i g h t  we re Tonn  ( 1 9 7 5 )  w h o  s t u d ied t h e  K e n ya n  Bora n breed , 

a n d  Me lton e t  a l ,  ( 1 9 6 6 ) who  s t u d i e d  p r e -wea n in g  performa n c e  i n  ca l v e s  

o f  t h e  A n gus , H er e ford a n d  C ha r o la i s  bree d s , Fa hmy and  La la n d e  ( 1 9 72 )  

s t ud ied 892  S h orthorn  ca lves  a nd found  tha t ,  w i t h i n  a g e  a n d  pa r i t y  o f  

d a m ,  t h e  hea v i e s t  d a ms weaned  t h e  hea v i e s t  c a lv e s , N e v i lle  ( 1 9 6 2 ) found 

n o  s ign i f icant  i n f l u e n c e  o f  w e i g h t  o f  dam  on  e i t h e r  1 2 0- o r  240-day  

w e i g h t o f  1 3 5 Here ford ca lves w h i c h  c o n fi rms the  fin d i n g s  of  S i n g h  e t  a l .  

( 1 9 70 )  w i t h  t h e  same breed . L indsay  e t  a l .  ( 1 9 70 )  reported  tha t a m o n g  

t h e  ca lves  o f  2 0  A n g u s , 2 1  Polled  H ere ford a nd 2 0  S hort horn dams , ca l v e s  

w e a n ed by c ows  i n  t h e  4 0 9  - 4 5 4 k g  ra n g e  wea ned heavier  c a l v e s  t ha n  t h o s e  

i n  the  5 4 5 - 6 1 4 kg range  b y  a n  a ve ra ge  o f  3 1 k g .  

Contributors  to  t h e  l i t e ra t ure o n  t h e  s u b j ect o f  t h e  m e r i t s  o f  

s i z e  o f  dam a re ma n y . The  study  o f  K r e s s  e t  a l .  ( 1 9 6 9 ) i n d ica t e d  tha t 

h e i ght  a t  w i t h e r s  can  be c o n s i d e re d  a n  i n d i ca tor o f  t h e  s k e le t a l s i z e  

o f  the  c ow a n d  i s  p o s i tively a s soc i a t e d  w i t h  e ff i c i e n c y  w h e n  a g e  a nd 

w e i g h t  a t  c a l v i n g  a re h e ld c o n s ta n t , T h e  r a t i o  o f  we i g ht  t o  h e i g h t  a t  

w it hers  i s  n e ga t iv e ly r e la ted  t o  e ff i c i e n c y ,  La rger cows  ma y p r o d u c e  

l e s s  m i lk p e r  u n i t  bod y we i g h t ,  b u t  t h e i r  ma i n tenance  r e q u i r emen t s  a re 

l e s s  per  u n i t  body  we i g h t , H e n c e  t h e y  a re j us t  a s  e ff i c ie n t , o r  p o s s i b ly 

more e ff i c i e n t  t ha n  sma l ler c ows  i n  p r o d u c i n g  ca l f
, 

we i g h t  a t  w e a n i n g  

( Brody a n d  C u n n i n g ha m ,  1 9 36 ) .  

Kos t erma n e t  a l .  ( 1 9 72 )  rep o r t e d  t h a t  o f  the b r e e d s  ( He r e ford , 

A n gus  a nd Charola i s )  a n d  t h e ir cro s s e s  s t u d ie d ,  la r g e r  c ow s  ( 54 8k g  � 
3 89 a n d  4 6 S k g )  h a d  grea ter  w e i gh t  t o  h e i g h t  ra t ios a n d  w e a n e d  s i g n i f

i c a n t ly h e a v i e r  ca lv e s  tha n t h e  o t h e r  two  groups .  T h e  r e l a t i v e  

e fficienc i e s  w e r e  comp a rable  i n  t e rms  o f  w e i g h t  of  c a l f  w ea n e d  p e r  u n i t  

w e ight  o f  T o t a l  D i ges t ible N utrie n t s  c o n s umed . C a r p e n t e r  e t  a l .  ( 1 9 7 3 ) 

r epor t i n g  a n  i n d i v i d u a l  feed i n g  t r ia l among  H ereford a n d  C h a r o la i s  dams  

found  t ha t  ma ture  s i z e  o f  dam d i d  n o t  s ign i fica ntly a ffec t  e it h e r  pre-
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T a b l e  2 , 9  

C orre la tions  o f  ca l f  wea n i ng we igh t  a n d  a v e rage da ily 

ga i n  w i t h  da m ' s  m i l k  yie l d  

B re e d  

A n g u s  

H e r e ford 

A n g u s  

H e r e ford 

A s s orted  b r e e d s  
a nd crosses  

A frikaner  

A s sorted  bre e d s  
a nd cros s e s  

A n g us 

A n gus  

C ha ro la is  

H e re ford 

H e r e ford  

H e re ford  

H e re ford 

3 b r ee d s ,  4 
crosses  

* *  p <0.  0 1  

Wea n i n g  we i gh t  A v e ra ge  da i ly 
qa in 

0 , 70  0 , 3 1 - 0 . 7 9  

0 , 4 8* * D . S D* *  

D , 75 - D . 9 1 

D . 64 

D . 6 7 - D . 8 1 * *  

0 , 5 8 * )(-

0 .  8 1  

D , 6 8 , 0 . 7 D * * , D . 7 8  

D .  4 5  

D . 4 1  

D .  7 3  - D .  8 3 * * 

0 .  7 8 ,  D .  76  

0 . 2 2 * * 

0 , 6 4 - o .  7D 

0 , 4 1  

0 , 8 8  

R e f e r e n c e  

Br umby e t  a l .  ( 1 9 6 3 )  

C h r i s t ia n  e t  a l .  ( 1 9 6 5 )  

D re nnan  ( 1 9 7 1 b )  

Fra n k e  e t  a l .  ( 1 9 7 5 ) 

F u r r  ( 1 9 6 2 ) 

G l e d d i e  a n d  E e r g  
( 1 9 6 8 )  

H e y n s  ( 1 9 6 0b )  

J e ffery  e t  a l .  ( 1 9 7 1 b )  

K l e t t  e t  a l .  ( 1 9 6 5 )  

M e lton  e t  a l .  ( 1 9 6 6 ) 

N e v i lle  ( 1 9 6 2 ) 

N e v i l l e  e t  a l .  ( 1 9 6 0 )  

S tobbs  a n d  E r e t t  
( 1 9 76 ) 

T o tu s e k e t  a l . ( 1 9 7 3 ) 



5 5  

w ea n i n g  per forma n c e  b y  ca lves  or t h e  e f f i c i e n c y  o f  ma terna l produ c t i on , 

a lt h o ugh  i n  b o t h  i n s t a nc e s ,  t he sma ller  cows  tended  to h a v e  a n  a d va n t a g e . 

U r i c k  e t  a l .  ( 1 9 7 1 ) ma i n ta i n e d  tha t where  i n crea s e d  s i z e i s  t h e  

r e s u lt o f  se le c t i o n  a nd bree d i n g  t o  i n c r e a s e  the  e ffic i e n c y  o f  fe e d  

c on v e r s i on , a r e d u c t i o n  � n  c ow s i z e  t o  r ed u c e  ma i n t e n a n c e  c o s t s  w i l l  

n o t b e  t h e  most  p r o f i t a b le s e l e c t i o n  obj e c t iv e .  Furthermore , i t  i s  to 

b e  e xpected  t h a t  cows of  la rger  ma t ure s k e leta l s i z e  w i l l  t r a n s m i t  

g e n e t i c  a b i l i t y  f o r  t h a t  t ra i t t o  t h e i r  p r o g e n y  with  con comita n t ly 

h i g h e r  growth ra t e s  e xp e c t e d  w i t h in t h e  l i m i ta t i o n s  o f  m i l k  prod u c t i on . 

( v i }  T he ma tern a l  env ironme n t  

Ma t e rn a l  e ff e c t s  a r e  env i ronme n t a l  s o  fa r a s  t he i r  i n f l u e n c e  o n  

o f fs pr i n g  i s  concerned , b u t  t h e y  a re d e t e rm i n ed b y  ge n e t i c  a nd e n v i ron

mental  fa c t o rs ( Se c t ion 1 . 3 vi i ) .  W i th r e s pe c t  t o  pre-wea n i n g  p e r form

a n c e  and wea n i n g  w e i gh t , e v i d e n c e  for t h e  e x i s t e n c e  and e x t e n t  o f  

ma t erna l env ironme n t  comes from e xp e r i me n t s  w h i c h  mea s u r e  k nown compon e n ts 

s u c h  a s  milk  prod uct ion , b y  rec i proca l c r o s s i n g  or cross -fo s te r i n g  among  

breeds  or  typ e s  a nd by the  comp a r ison  o f  o b s e r ved  corr e la t i o n s  w i t h  

t he o retica l e x p e c t a t i o n s  f o r  va r i o u s  k i n d s  of  rela tiv e s  ( Ko c h , 1 9 72 ) .  

R e ported  c o r r e la t i ons o f  wea n i n g  w e i g h t  a n d  pre-wea n i n g  p e r forma n c e  

w i t h  the  m i l k  y i e ld o f  t h e  d a m  have  b e e n  t a b u la ted ( Ta b le 2 . 9 ) . T h ere  w a s  

a t e ndency  for t h e  correla t ion  b e tween  mon t hly la cta t i o n a l  y i e ld a nd 

mon t h l y  grow t h  ra t e s  t o  d e c l i n e  a s  la c t a t i o n  progre s s e d  ( Br umby e t  a l . , 

1 9 6 3 ;  Koch , 1 9 72 ; N e v i lle e t  a l . , 1 9 6 0 ;  R u t ledge  e t  a l . , 1 9 7 0 , 1 9 7 1 ) .  

T h i s  p he nomen on i s  e x p la i na b le b y  t h e  i n c re a s i n g  d e p e n d e n c e  o f  t he ca l f  

o n  pa s ture a nd /or s upp lementary  ra t i on s , a n d  t he dec l i ne i n  la c t a t i o n , 

pa r t ly d ue t o  r e d u c e d  c a l f  dema n d  a nd partly  t o  seasona l i n f l u e n c e s .  

T h e  va lue  o f  m i l k  a n d  i t s  re la t i on s h ip t o  ca l f  ga i n s  ha v e  been  s e e n  

t o  b e  grea t e s t  d ur i n g  t h e  f i r s t  6 0  d a ys o f  t h e  ca lf ' s  l i fe a lt h o u g h  t h e  

importance  o f  m i l k  to  2 4 0  d a y s  o f  a ge wa s s h own by D r ewry  e t  a l .  ( 1 9 5 9 )  

a n d  N e v i l le ( 1 96 2 )  when  more tha n 6 0  perc e n t  o f  t h e  t o t a l  v a r i a n c e  i n  8 

a nd 6 mon t h  we i g h t , respectively , wa s d u e  t o  d if fere n c e s  i n  m i l k  c o n s ump

t i on .  Brumby et a l .  ( 1 9 6 3 )  record e d  a f i g ure o f  50  perce n t .  

D r e n n a n  ( 1 9 7 1 ) ha s r e la te d  ca l f  p e r forma n ce t o  the  u n i t s  o f  milk  

produced . From l e s s - t ha n -ma ture  c ow s  p ro d uc i n g  approx ima t e ly 7 k g  o f  milk  

per  day  a 1 kg i ncrease  in  da i l y  mi lk product i on resulted  in  a 9 t o  1 2 k g  
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i ncrea s e  l n  ca l f  ga i n  t o  wea n in g .  Je f fery e t  a l .  ( 1 9 7 1 ) recorded  S k g  

o f  m i l k  o n  average  from c ows o f  mixed  a n d  ma n y  b r e e d s  a nd found  tha t a 

1 k g i n c r e a s e  i n  da i ly m i l k  prod u c t i on wa s a ss ocia t ed with  a n  i n c r e a s e  

o f  b e t w e e n  1 1  a nd 1 4 k g  in ca l f  wea n i n g  weight . A mong  d a i ry c ows 

p r od uc i n g  up to  1 4 k g  m i l k  per  d a y ,  P l um a n d  H a r r i s  ( 1 9 7 1 ) recorded  a 

3 .  1 k g i ncr ea se  i n  ca l f  ga in ( from b i r t h  t o  1 9 0 d a ys )  per 1 k g i n c rea s e  

i n  d a i l y  milk  prod uc t ion . 

The  use  o f  r e c iproca l crosses  to  eva l ua t e  t h e  d i ffere n c e s  w h i c h  

o c c u r  b e tween  bre e d s for ma terna l a b i l i t y  have  b e e n  wid e ly d o c ume n t e d . 

B a ha r i n  a nd B e i l ha r z  ( 1 9 7 5 )  have reviewed  s ome o f  t h e  litera t ure  on  t h i s  

s ub j e c t , From t he ir own s t ud y  o f  the  A n g u s , H e r e ford a n d  F r i e s ia n 

b re e d s  a nd their  r e c i p roca l cros ses , t he a ut hors  ha ve reported  tha t 

p urebre d  Here ford ca lves  p e r formed b e t t e r  b e fore  wea n i n g  tha n A n g us 

c ontempora r i e s .  H owe ve r ,  i n  t h e  rec iproca l c r o s s i n g  o f  the  two b r ee d s ,  

c a lv e s  from A n gus  d a ms g rew fa s t e r  tha n  ca lv e s  from H e r e ford  dams  u p  t o  

wea n i n g .  These  ob se rva t i o n s  were supported  b y  t he Un ited  S t a t e s  f i n d i n gs 

o f  C u n d i f f  ( 1 9 70 ) ; G re gory e t  a l .  ( 1 9 6 5 ) ; a nd Lon g  a n d  G regory  ( 1 9 74 )  

e v a l u a t ing  the  sa me breeds . S t ud y ing the  lacta t i ona l p e r forma n c e s  o f  

A n g u s  a nd H e re ford  d a ms , K l e t t  e t  a l .  ( 1 9 6 5 )  a n d  Me lton e t  a l .  ( 1 9 6 7 )  

c on fi rmed  tha t  A n g u s  c ows a re capa b l e  o f  p r od uc i ng more m i l k  t h a n  

H e r e  ford s .  

I n  N ew Zea l a n d , H i g h t  e t  a l .  ( 1 9 7 1 , 1 9 7 3 ) reported  tha t t h e  u s e  o f  

F r i e s i a n  sires  a n d  A n g u s  cows increased  t h e  wea n i n g  we i g h t s  o f  c a l v e s  b y  

B . 6 k g , but  the  u s e  o f  Frie s i a n  d a m s  with  A n g u s  b u lls i n c r e a s ed w e i g h t s  b y  

2 9 . D k g . A n  e s t ima t e  o f  h e terosis  o f  2 , 2  p e rc e n t  w a s  obta ined  f o r  wea n i n g  

w e i g h t ,  b u t  wa s c o n s i d e re d  to  b e  minor  comp a r e d  t o  t h e  la r g e  ma t e rn a l 

e ff e c t  of  the  Fri e s i a n  cow s .  

Sagebiel  e t  a l .  ( 1 9 74 ) found  tha t H e r e ford  by  C h a r o la i s  c r o s s b r ed 

c a lv e s  were s i g n i f i ca n t ly heavier  ( p  � 0 . 0 1 ) a t  wea n i n g  w h e n  rea r e d  b y  

C ha ro la is rat h e r  t h a n  H e r e ford dams . W h e r e a s  H i ght  e t  a l .  ( 1 9 7 1 , 1 9 7 3 ) 

found  t h a t  Frie s i a n  d a ms were  a ls o  o f  s upe rior e f ficiency  t o  th e A n gu s  

d a ms , Sagebiel  e t  a l .  ( 1 9 74 )  found t he r e la t iv e  e fficiencies  o f  H e r e ford 

a nd C ha ro la is dams , when  weaning  w e i g h t  was e x pre ssed  a s  a perce n ta g e  o f  

meta b o lic cow w e i gh t , t o  b e  s imila r .  

S i gn i fica n t ,  p o s i t ive  e f fe c t s  o f  ma t e r n a l  h e t e ros i s  o n  w ea ni n g  

w e i gh t  were  a ls o  s h own  b y  C un d i f f  e t  a l .  ( 1 9 74 )  a nd C un d i ff ,  G re go r y  a n d  
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K oc h  ( 1 9 74 ) w h e r e  a n  i n c r e a s e  o f  1 4 . 8  percent  in  w e a n i n g  w e i g h t  p e r  

c ow ma t e d  wa s s h own b y  t h e  crossb red  c ows a dd i t i o na l t o  t he 8 , 5 pe r

c e n t a dv a n t a ge o f  t h e  crossbred  c a l ve s .  

K o c h  ( 1 9 72 ) ha s a c kn ow l e d g e d  t h a t  such  meth ods  p ro v i d e  r ea l 

e v i d e n c e  for t h e  e x i s tence  o f  ma t e rn a l e ffec t s ,  b u t  t h e y  a r e  n o t  

h e lp f u l  i n  q ua n t i fying  t he r e la t i v e  v a r ia t ion  a t t r ib u ta b le t o  ma t e rn a l  

e ffec t s .  The  a u thor  h a s  g iv e n  a c o n c i s e  d e s c r i p t i on o f  t h e  method  o f  

t h e  e va lua t i o n  o f  ma terna l e ff e c t s  f r om a compa r i s o n  o f  t h e o re t ica l 

a nd o b s e rved c o r r e la t ions  a mo n g  r e la t i v e s . T h e  ma j or r e l a t io n s h i p s  

c ompa red  w e r e  p a terna l a nd ma t e rn a l h a l f-s i b s a n d  t h e  fa c t  t h a t  

ma t e r n a l ha l f-s i b  c o r r e la t i o n s  ge n e ra lly  were  m u c h  la r g e r  t ha n  p a t e r n a l 

h a lf-s i b  c o rr e l a t i on s  s u g g e s t s  a la r g e  ma terna l e ffe c t . Pe t t y  a n d  

C a r t w r i g h t  ( 1 9 6 6 ) e s t ima ted  tha t t o t a l ma t e r n a l ly re la t e d  va r i a t i on a n d  

c ov a r ia t i on a cc o unted  for 2 9  t o  3 8  p e rc e n t  o f  t h e  p he n o t yp i c  va r ia t i o n  

i n  t h e  ga in  f r o m  b ir t h  t o  wea n i n g .  

T h e  n e g a t ive  gen e t i c  c o r r e la t i on i n v o lv i n g  mat e r n a l  a b i l i ty h a s  

s p e c i a l  c on c e r n  w i t h  r e ga rd t o  t h e  p e rforma n ce o f  t h e  fema l e  o f fs p r i n g  

o f  h i g h  prod u c i n g  dams . E s t ima t e s  o f  t h e  gene t i c  corr e la t i on b e tw e e n  

ma t e r n a l and  i n d iv i dua l e f fe c t s  on  w ea n ing  w e i g h t , or  p r e-we a n i n g  ga in  

r a n g e d  b e tween  -0 . 2 8 and  -D . 70  w i t h  an  a ve ra ge v a lue  of  -0 . 5 5 .  Ma n g us 

a nd B r i n k s  ( 1 9 7 1 ) ind ica ted  tha t h e i fers  o u t  o f  y o u n g  d a ms s ub s e q u e n t l y  

p r od uced  hea v i e r  ca lves  a t  wea n in g  t h a n  h e i fe r s  o u t  o f  ma t u re cow s , 

T h e y  i n terpreted  t h i s  t o  mea n  t h a t  h i gh  leve ls  o f  mi l k  i n  d a ms h a d  a 

d e t r im e n ta l e ffect  on t h e  h e i fe r ' s  f uture  produc t i v i t y ,  or  c o n v e rs e l y ,  

t h a t  l ow levels  o f  milk  from yo u n g  c ows  we r e  b e n e fic i a l to future  prod u c t

i v i t y  o f  the i r  fema l e  o ffsp r i n g .  A cyclic  trend  i n  w e a n i n g  w e i g h t s  over  

four  g e n era t i o n s  wa s inversely  r e l a t e d  to  the  produc i n g  ability  of  t h e  

g r a n d -d a ms , 

Tot u s e k  ( 1 9 6 8 )  compared  t h e  wea n i n g  we i g h t s  o f  ca lve s of he i fers  

r ea re d  under  d i fferent  systems a n d  found  tha t e a r ly w e a n ed ( 1 40 days ) , 

u n s uppleme n t e d  he i fe rs , produced  1 0k g  more ca l f  than  h e i fe r s  weaned  a t  

2 4 0  d a y s  a n d  creep  fed t o  t h a t  a g e , C h r i s t ia n  e t  a l .  ( 1 9 6 5 )  reported  

t h a t  wea n i n g  we ights  of  H e r eford h e i fers  w e re n e ga t iv e ly c orre la t e d  w i t h  

mea s ur e s  o f  t h e i r  m i l k  prod u c t i on , 

From fort R ob i n s on da ta , K o c h  ( 1 9 72 )  reported  t ha t  a comp a r i s on 

o f  t h e  regress ion coe f f i c i e n t s  from offsprin g-dam a n d  o ffspr i n g-s i r e  
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regres s io n s  for ga i n  from b i rt h t o  wea n i n g  y i e l d e d  a l a r g e  n e g a t i v e  

v a lue  ( -0 . 2 4 )  suppor t ing  t he hypo t he s i s  o f  n e ga t iv e  d i re c t  e ffects  

b e tween  ma tern a l  va l u e s , or  la rge  n e ga t ive  d omina n c e  cova r i a n c e .  

B i s ho p  e t  a l .  ( 1 9 75 ) g a v e  e v i d e n c e  t h a t  t h e  nega t ive  rela t i o n  

b e tween  m i l k i n g  a b i l i t y  o f  t h e  dam  a nd t h a t  o f  her  da u g h ter  w o u l d  tend  

t o  reduce  t he re s p o n s e  t o  s e le c t i o n . Wu rw i c k  { 1 9 70 ) , c i ted  b y  B a r t on 

( 1 9 70 ) ,  ha s s ug g e s t e d  tha t it ma y be  n e c e s s a ry t o  •v ean  poten t ia l  

r e p la cement  he ifers e a r l y  a n d  ra i s e  t h e m  o n  med i um pla n e s  o f  n u t r i t i on  

i n  order  to  smooth  the  cyc lica l w ea n i n g  pa t t e rn o f  fema l e s . 

( v i i ) S i re 

M o s t  workers  who  ha ve s t ud ied  t h e  e ffec t  o f  s i r e  on  t h e  pre

wea n i n g  p e r fo rma n c e  of  the  ca l f  h a v e  con firme d  mea s ura b le s i re  e f fe ct s .  

T he s ir e  c o n t r i b u t e s  ha l f  o f  t h e  ca l f ' s  g e n e t i c  pote n t ia l  for grow t h  a n d  

t h e re fore  i ts i n f l u e nce  o n  mea s u red ca l f  per forma nce  i s  t o  b e  e x pe c t ed 

d e s p i t e  t h e  v e ry h i g h  i n fluence  o f  t h e  ma t e rna l e n v ironment  provided  b y  

t h e  d a m  ( SO perc e n t  o f  t h e  v a r i a n c e  i n  wea n ing  w e i ght  - B rumby e t  a l . , 

1 9 6 3 ;  Je ffery e t  a l  . .  1 9 7 1 b ) . Ha r r i c ha ra n  e t  a l .  ( 1 9 76 )  a n d  B r umby 

e t  a l .  ( 1 9 6 3 )  ha ve i n d i ca t e d  tha t the i n fluence  o f  s i re upon wea n i n g 

we i g h t  i n creases  w i t h  i n crea s i n g  wea n in g  age , w h i c h  i s  pred i c t a b l e  from 

t he r e c orded  de c l i n e  j n  d e pe n d e n c e  of t he g row i n g  ca l f  upon t h e  m i l k  

s up p ly o f  t he da m .  

The  d a ta o f  B row n ( 1 9 6 0 )  d id n o t  support  t h i s  c o n t e n t ion b e ca u s e  

t he pe r c e n ta g e  o f  v a r ia n ce i n  ca l f  w e i g ht a t t r i b u t a b l e  t o  s i re d e c l in ed 

a s  t he pre-wea n i n g  p e riod progre s sed . T ha t a ut hor  s t u d i e d  two A ngus  

h e r d s  a n d  one  Here ford herd  u n d e r  ra n g e  cond i t i o n s  a n d  r e p o r t e d  s i g n i f

i c a n t  { p <: D .  0 1 ) s i re e f fects  a t  6 0 ,  1 2 0 ,  1 B D  a n d  240  da ys -o f-a ge . A t  

w e a n i n g  ( 2 4 0  da ys ) t he a mo u n t  o f  tota l va riance  a s socia t ed w i t h  t h e  s i re 

wa s l e s s  t h a n  6 pe rc e n t  ( Here ford 5 , 1 p e r ce n t ;  A n gu s  3 . 4 a nd 1 .  7 p ercent ) ,  

a nd l e s s  t ha n  1 1  p e r c e n t  of t o ta l  v a r i a n c e  in ca l f  w e i g h t  was  a s s o ci a t e d  

w i th  s ire  a t  a n y  s t a ge . The  grea t e r  proportion  a tt r ib u t e d  t o  H e r e fo rd 

s ire p r o g e n y  than for t he A ng u s  s i re ma y have b e e n  d ue t o  a l e s s e r  m i l k  

s u pply  b y  H e re ford dams than  A n g u s  dams , a lt h o u g h  milk  prod u c t ion  d e t e r 

mina t i ons  we re n o t  mad e . Furt h e rmor e ,  t h e  d i ffe ren c e s  b e tw e e n  s i r e s  

w it hin  b re e d , f o r  t he avera g e  o f  t he ir progeny  p e r forma n c e  were  grea t e r  

f o r  H e r e ford s i r e s  ( 5 3 . 1 kg )  t ha n  A ng u s  s ires  ( 3 5 a n d  3 7 .  7k g ) . 
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S t ud y i n g  r e c iproca l c r o s s e s  among  A n g us , C ha ro l a i s  a n d  H e r e ford 

c a t t le , Sa g e b i e l  et al . ( 1 9 74 )  found  t ha t  b u l l  b r e e d  wa s a s ign i fi ca n t  

s o urce of  v a r i a t i o n  for 2 05-day  we i g h t , b u t  n o t  for pre-wea n i n g  g a i n  -

t he former a ppears  t o  have  b e e n  ca u s e d  b y  a ca rry-over  e ff e c t  o f  s ir e  

b re ed on  b i r t h  we i g h t . Brow n s on ( 1 9 74 ) , a nd B osma n a n d H a r w i n  ( 1 9 6 6 } 

a l so  found s ig n i f i ca n t  s lre e f fe c t s  o n  w e a n i n g  we i g ht ( p  < 0 . 0 1 ) i n  

H e re ford s , b u t  not  for  a ve ra g e  d a i ly ga i n . 

T � n n e r  e t  a l .  ( 1 9 7 0 }  found s i re e f fect  to  b e  a s i gn i fi c a n t s o ur c e  

o f  va r ia t i o n  f o r  2 0 5 -da y  wea n i n g  w e i g h t  a mo n g  A n g us b u l l ,  s t e e r  a nd 

h e i fer  ca lv e s ,  W i t h i n  y e a r s  the  ma gn i t ud e  o f  d i ffe rences  a mo n g  s i r e s  

r a n ged b e tw e e n  1 3 , 2  a n d  2 1 , 2 k g  d e pend i n g  on  t h e  s e x  c a t e gory . A mo n g  

4 4 3  Here ford ca lve s s t ud i e d  b y  R i c e  e t  a l . ( 1 9 5 4 ) t he  b e tw e e n  s i re - g r o u p  

d i fferences  amoun t ed t o  1 9 , 4 k g ,  t h e  s i re  e f fe c t  on  wea n i n g  w e i gh t  b e i n g  

s i g n i f i ca n t  ( p  <0 , 0 1 ) . 

T he rev i ew o f  Ma son ( 1 9 5 1 } revea l e d  tha t progeny  t e s t s  ha ve 

c o n firme d s i g n i f i c a n t  d j ffe rence s be tw e e n  s ires i n  t he wea n i n g  w e i g h t s  

o f  the i r  s te e r  proge n y .  H e r i ta b i l i t y  e s timates  were  lower f o r  wea n i n g  

w e i g h t  tha n for b i rth  w e i g h t ,  a l t h o u g h ,  c i � i n g  K na p p e t  a l .  ( 1 9 4 2 } , i t  

wa s i n d ica t e d  in  t h e  r e v i ew t ha t s i re d i f fe re n c e s  a cc o un ted f o r  1 4  p e r c e n t  

o f  t he v a r ia t ion i n  wea n i n g we i g h t  c ompa red  w i t h  o n ly 1 0  perce n t  o f  t he 

v a r ia t i on i n  b i r t h  we i g h t . 

W i t h  r e s p e c t  t o  t e s t i ng for  t he ma g n i t ude  o f  s ire e f fe c t s ,  

A l-Ma l la h ( 1 9 75 ) o b s e rved h i g h e r  h e r i t a b i l i ty e s t ima t e s  i n  fema le  t h a n  

ma le ca lve s s ugge s t i n g  tha t he i fe r  p r o g e n y  provide  m o r e  e f fec t ive  g e n e t i c  

d is crimina t ion b e tw e e n  s ires  than  ma l e  progeny  a t  e a r ly a ge s .  T h e  

l i tera t ure  review o f  P a h n i s h  e t  a l .  ( 1 9 6 4 }  len d s  s upport  w h e r e  t h e  mea n 

he r i ta b i l i t y  e s t ima t e  from t he wea n i n g  w e i g h t s  o f  fema l e  ca lv e s  wa s 

twice  a s  great  a s  t ha t  for ma l e  ca l v e s  ( 0 . 5 1 � 0 . 2 3 ) .  From  t h e i r  own 

s t udy w i t h  Hereford  c a t tl e  t ho s e  a ut h o r s  found  s ire e ff e c t s  o n  t h e  

weaning  t r a its  o f  b u l l  ca lves t o  b e  n o n - s i g n ifica n t  ( p > D . O S }  a nd t o  b e  

r e fl e c t e d  i n  t h e  low  herita b il i t y  e s t ima t e s  obta ined  for  w e a n i n g  w e i gh t  
2 

for  t h e  s e x  ( h  = 0 , 0 1 ) .  

M in ya rd a nd D i n ke l  ( 1 96 5 )  a nd H i g h t  ( 1 96 6 )  h a v e  r e p o r t e d  s i g n i f-

i ca n t  s ir e  e ffect s ,  
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( vi i i )  Y e a r  a n d  s e a s o n  o f  b i r t h  

I n  N ew Z e a l a n d  b e e f  cows norma lly  ca lve i n  t he s p r in g  r a t h e r  t h a n  

i n  t h e  a ut umn , S ome o f  t h e  stud i e s  r e p o r t ed i n  t h e  lit e ra t ur e  i n v o lved 

h o u s i n g  t h e  g e s ta t i n g  or lacta t in g  c ows ind oors to avo i d  h a r s h  w i n t e r  

c lima t e s  ( Se llers  e t  a l . , 1 9 70 ) , Ca r e  has  t o  b e  e xerc i s e d  i n  e x t r a 

p ola t i n g  c o n c l u s i o n s  b a s e d  on t h e  p re -wea n ing p e r forma n c e  o f  ca lves  from  

d ams c o n f i n e d  i n  t h i s ma nner . 

T h e  d isc u s s i on on  b irth  we i g h t  h a s  i nd ica ted  tha t c a lv e s  born  

l a t e r  1n the  sea s on t e nd to  ma i n t a i n  t he \-v e i ght  a d v a n t a g e  a t.  b i r t h  and  

h av e  the  h e a v i e s t  w ea n i n g  we i g h t s  ( S i n g h  et  a l . , 1 9 70 ; K o c h  a n d  C la r k ,  

1 9 5 5 ) . F ur t h e rmo r e , ca lves born  i n  t h e  a ut umn/w in t e r  p e ri o d  t e n d e d  t o  

h ave h e a v i e r  b i r t h  w e i g h t s  than  t h o s e  born � t h e  s p r in g /s ummer p e riod , 

( E v e r e t t  a n d  Ma gee , 1 96 5 ; Knapp  e t  a l  .. , 1 9 40 ) , T h e  l it er a t ur e  w a s  

d ivided  on  the  s ig n i ficance  o f  yea r ly va r i a t ion  i n  b ir t h  w e i gh t s . 

W i t h  r e s p e c t  t o  pre-wea n i n g  g a i n s , Marlowe e t  a l ,  ( 1 9 6 5 )  repo rted 

s i gn i ficant  ( p < D . 0 1 ) year e ffe c t s , but  t h e s e  a p p ea red  t o  be  very  s t ro n g ly 

l in ked t o  breed  s i n c e  t h e  best  yea r for t h e  A n gus  c a l v e s  s t ud i e d  w a s  t h e  

p oorest  year  f o r  t he H e r e ford s , 

J e ffery  a nd Berg  ( 1 9 7 1 ) r e p o rted  yea rly v a r i a t i o n  i n  t h e  m i l k  

y ie ld o f  t h e  c ow s  s t ud ied  w h i c h  r e s u l t e d  in  a mod i fied  a ve ra ge d a i ly g a in 

o f  t he c a lves rea red . C ompa re d  w i t h  t h e  herd p e rforma n c e  o f  1 9 6 7 ,  t h e  

c ows i n  1 9 6 6  prod uced  0 . 9 B k g  mo r e  m i l k  p e r  d a y  a v e ra g e , a nd w e a ned  c a lves  

1 0k g  heavier  even  t ho u g h  the  c a lv e s  were  e ig h t  d a ys y o un g e r .  

A mo n g  A n g u s  b u l l ,  s t e e r  a nd h e i fe r  ca lv e s , T a n n e r  e t  a l .  ( 1 9 7 0 )  

r e c orded  y e a r  e ff e c t s  a s  imp o r t a n t  s o u rc e s  o f  e nv i ronme n t a l  va r ia t ion  i n  

2 0 5 -d a y  w e i gh t , A s i gn ificant  yea r by  s ex interact ion  mea s ured  i n  pre

weaning  growth  rat e  and  wea n i n g  weight  by  t hose  a uthors  wa s a ls o  observed  

b y  Cooper  e t  a l .  ( 1 9 6 5 )  a n d  Lint on e t  al .  ( 1 9 6 8 ) . Brown  ( 1 9 6 0 )  found  

t ha t  6 to  B perce n t  o f  t h e  varia t i o n  i n  wea ning  weight  at  240  d a ys was  

a cc ounted  for  b y  y e a r  o f  b irth  of  t h e  ca l f ,  

Among  t h o s e  t o  c on f i rm t h e  e x i s t ence  o f  mea s ura b le o r  s i g n i f i c a n t  

yea r e ff e c t s  h a v e  b e e n  Bosman a n d  Ha rw i n  ( 1 9 6 6 , pre-w e a n i n g  ga i n ; p <0 , 0 1 ) ;  

B r owns on ( 1 974 , weaning  w e i gh t ; p < 0 , 0 1 ;  Franke  et a l . ( 1 9 6 5 ,  pre-wea n i n g  

g a in ; p < 0 , 0 1 ) ;  a n d  Pa rker  e t  a l .  ( 1 9 6 6 ,  wea n in g  w e i g h t : p < 0 . 0 1 ) .  
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Eva l ua t i n g  s e a s ona l e ffe c t s  from 1 3 , 9 3 7  a d j usted wea n i n g  we i g h t  

r ecords  o f  Here ford a nd A n g u s  c a l v e s c o l le c t e d  b e tw e e n  1 9 5 9  a nd 1 9 62 , 

C un d i f f  e t  a l ,  ( 1 9 6 6 b )  ha v e  f o u n d  t ha t  va r ia t ion  i n  wea n i n g  w e i g h t  was  

o n ly s li g h t ly grea t e r  for ca l v e s b o r n  i n  t h e  s p r i n g  t h a n  for ca l v e s  

b orn d u r i n g  la te a ut umn . The  v a r i a t i o r t  among  ca lves  b o r n  d ur i n g  t he 

s umme r wa s gre a t e r  ( p  �0 . 0 5 )  t h a n  tha t for ca l ve s  born  1 n  t h e  s p r i n g  

e v e n  t h ou g h  t h e  a ve ra ge w e a n i n g  w e i g h t s  w e re l ow e r .  

Bogart  ( 1 9 5 9 ) c o l la t e d  r e p o r t s  w h i c h  i n d i c a t e d  tha t a t  t h e  O r e g o n  

A gr i c u lt u r a l  Research  S t a t i o n , U , S . A . , t ime o f  c a lv i n g  w a s  impo rta n t  even  

w hen  breeding  was  r e s t r i c ted t o  a t r e e -mo n t h  p e r iod b e c a u s e  ea r l i e r  

ca l v e s  ga i ne d  w e i g h t  more ra p i d l y  t ha n  l a t e r  c a l v e s .  

L in t on e t  a l .  ( 1 9 6 8 )  obta i n e d  da ta from 4 ,  770  H e r e ford ca l v e s  

b e tw e e n  1 9 5 8  a n d 1 9 65 from a W y o m i n g  l o ca t i on ,  D a ta w e r e  g r o u p e d  b y  t h e  

four s e a s o n s  o f  b ir t h ,  and  b o t h  y e a r  a n d  s e a son  o f  b i r t h  w e re s i g n i fi ca n t  

( p < 0 . 0 1 ) for 1 8 0 - d a y w e a n i n g  w e i g h t . S e a s o n  o f  b i r t h , h owev e r ,  a ccoun ted  

for  l e s s  than  1 p e r c e n t  o f  t h � t o t a l  v a r i a n c e  1 n  wea n i n g  w e i gh t . M a r lowe 

�!.. ( 1 9 6 5 )  a l s o  s t r J d i e d t h e  s e a s o n a l f l u c t u a t i o n i n  c a l f  p r e -·w e a n i n g  

per forma nce  a nd f o u n d  t h a t c a l v e s  d r o p p e d  i n  m i d -s p r i n g ( a r c h  t o  A pr i l )  

ma d e  t h e  fa s te s t  g a i n s , a n d  t h o s e  1 n  t h e  a u t umn ( A u g u s t  t o  S e ptemb e r )  the  

s l owe s t ,  the d i ffe rence  b e i n g  0 , 1 1  k g  pe r day . 

( ix )  Her i ta b i l i ty 

Most  o f  t h e  e s t i ma t e s  for wea n i n g  wei ght  have b e e n  d etermined  b y  

p a t e r na l ha l f- s i b  corre la t ion  ( Ta b l e  2 ,  1 0 ) ,  

T h e  a vera g e  heri tab i l i ty o f  b i r t h  w e i g h t  wa s s e e n  t o  b e  0 , 5 0 ,  and  

t he f i n d i n g s  of  P h i li pss on ( 1 9 76 c ) were  t ha t  t h e  g e n o t y p e  o f  the  ca l f  was  

r e la t i v e ly more importa nt i n  d e t e rm i n i n g  c a l f  b i rth  w e i g h t  than  were  t h e  

g e n e t ica lly  c o n t r o l led ma terna l e ff e c t s .  W i t h  pre-wea n i n g  per forma n c e  

a nd wea n i n g  we i gh t , t h e  h e r i ta b i l i t y  e s t ima t e s  a r e  c o n s i d e ra b l y  les s , 

b e i n g  a pproxima t e ly 3 0  percent  ( La s le y  e t  a 1 , , 1 9 6 1 ; W a rw ic k ,  1 9 5 8 ) , and  

it  has  b e e n  s hown t ha t  t h e  g e n e t i c  p o t e n t ia l of  t he ca l f  i s  grea t ly 

ma s k e d  b y  t he ma t e rna l e n v i ronm e n t  prov ided  by  t h e  d a m  ( Bo ga r t ,  1 9 5 9 ) . 

(x) R epe a ta b i l i ty 

The  repea t a b i l i t y  o f  w ea n in g  w e i g ht a s  a tra i t  o f  t h e  dam h a s  b e e n  

e s t ima t e d  a s  b e i n g  g en era l l y  grea t e r  t ha n  tha t for b ir t h  we i g h t , W h i l e  

t he a c c ura cy  o f  pred i c t ing  b i r t h  we i g h t s  o n  t h e  bas i s  o f  h e rd p e r forma nce  

is  r e s t ri c t e d  b y  t h e  influence  of  ma j or v a r ia bl e s  s u c h  as  a ge and  pa r ity  
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S i re-pro g e n y  
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O ff s p r i n g  o n  dam  

Baker  ( 1 9 74 - 7 5 ) 

B r i n k s  e t  a l .  ( 1 9 6 4 )  

Dawson  e t  a l .  ( 1 9 5 4 )  

Fa hmy a n d  La l a n d e  ( 1 9 72 )  

G r egory  e t  a l .  ( 1 9 5 0 )  

K n a pp a n d  C la r k  ( 1 9 4 7 ) 

Knapp  a nd N o rd s k o g  ( 1 9 4 6 ) 

K och a nd [ la rk ( 1 9 5 5 )  

La s l e  y e t  a 1 .  ( 1 9 6 1  ) 

Longa t h o n  e t  a l .  ( 1 9 6 5 )  

f--1 ea d e e t a 1 . ( 1 9 5 9 ) 
M i nya rd a nd D i n k e l  

( 1 9 6 5 b )  

Pa h n i s h  e t  a l .  ( 1 9 64 ) 

S h e lby e t  a l .  ( 1 9 5 5 )  

S w i g e r  e t  a 1 .  ( 1 9 6 2 ) 

Tonn  ( 1 9 7 5 ) 

V e s e lv a nd R o b i s o n  ( 1 9 7 1 ) 

C un d i ff e t  a l ,  ( 1 9 7 5 )  

Dawson  e t  a l .  ( 1 9 5 4 )  

Knapp  a n d  N or d s k o g  ( 1 94 6 )  

Koch  a n d  C la rk ( 1 9 5 5 b ) 

Fa hmy a n d  La la n d e  ( 1 9 72 ) 

K o c h  a n d  C la r k  { 1 9 5 5 b )  

V e s e ly a n d  R o b i s o n  ( 1 9 71)_ 

b fema le 
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o f  dam ,  s e x  o f  ca l f ,  s i re a nd ma t e rna l e n v i ronme n t , wea n in g  w e i g h t  

h a s  b e e n  s e e n  t o  b e  largely  d e p e n d e n t  o n  ma t e rna l e nv i ro nm e n t ,  K o g e r  

( 1 9 4 8 )  a n d  G r e gory e t  a l . ( 1 9 5 0 )  h a v e  r e p o r t ed t h e  h i g h  repea ta b i l i t y  

o f  dam ' s  m i l k  prod u c t i on  a n d  t he c o n s e q u e n t  r e l ia b i l i t y  o f  pred i c t i n g  

future p e r forma n ce . 

T h e  d i scus s i o n  on  b i r t h  w e i g h t s  revea led a range  o f  r eported  

repea ta b i l i ty va l u e s  o f  - 0 . 0 3  to 0 . 2 9 . The  repea t a b i l ity  o f  w e a n i n g  

w e i g h t  i s  ta ken  a s  0 . 4 5  i n  t h e  d a m  p roduc t i v i t y  i ndex , emp loyed  by  

M a n g u s  and  B r i n k s  ( 1 9 7 1 ) and  d e v i s e d  by Lush  ( 1 9 4 5 ) . S u ppor t for  t h i s  

e s t ima t e  c omes from ma n y  o f  t he l i tera t ure v a l u e s  reported  ( Ta b l e  2 .  1 1 ) ,  

T h e  lower r e p e a tab i l i t y  v a l u e s  obta ined  for A n g u s  tha n H e r e fo rd 

c ows for wea n i n g  w e i g h t  ha s b e e n  w id e l y  e n c ounte red i n  t he l i t e ra ture . 

Boston  e t  a l .  ( 1 9 7 5 )  recorded va l u e s  for A n g us a nd H e r e ford dams  o f  

0 . 2 9  a n d  0 , 5 9 ,  r e s p e c b v e l y ,  a nd S e l l e rs e t  al . ( 1 9 70 ) ,  va l u e s  o f  0 . 1 9  

a nd 0 . 2 7 ,  r e s pec t i ve l y ,  F o r  pre-wea n i n g  a v e rage  d a i l y  ga i n , T a y l o r  

e t  a l .  ( 1 9 6 0 )  r e p o r t e d  va lues  o f  0 . 3 6  a nd 0 . 5 0  f o r  A n g u s  a n d  H e r e ford , 

r e s p e c t i v e l y .  

N o t  a ll h a v e  concurred : M i n ya rd a n d  D i n k e l  ( 1 9 6 5 )  repor ted t h e  

r e p e a ta b i l i t y  i n  H e r e fords a n d  A n g u s  a s  0 . 4 2  and  0 . 5 2 , r e s p e c t i v e l y ,  

H o he nbroken  a nd B r i n k s  ( 1 9 7 0 )  h a v e  rela t ed the  l owered  rep ea t

a b i l i ty o f  A n gus  w i t h  respect  t o  H e r e ford dams to  b e h a v i oura l d i fferen c e s  

w he r e  A n g u s  cows  a r e  tolera n t  o f  i t i n e ra n t  s u ck l i ng b y  t h e  c a l v e s  o f  

o t her  c ows . Boston  e t  a l .  ( 1 9 7 5 )  i nd i ca te d  t ha t  t he h i g h e r  e s t ima t e s  

obta i n e d  f o r  Here ford t h a n  A n g u s  dams  probably  mea n t  m o r e  p e rma n e n t  

varia t ion  amon g a ve ra ge performa n c e s  o f  t h e  Here ford c ows , a s  w e l l  a s  

t h e  o b s c u r i n g  e ff e c t  o f  A ng u s  c r o s s - fos t e r i n g . 

B o s t on e t  a l .  ( 1 9 7 5 )  ha v e  a ls o  d i s c ussed  the  r e l ia b i l i ty o f  

repea ta b i l i t y  e s t i ma tes  for pre-we a n i n g  g r owth  a nd wea n in g  w e i g h t ,  a nd 

c o n c l uded  t ha t  t he c u l l i n g  o f  cows on t h e  ba s i s  o f  t h e  pe r forma n ce o f  

t h e i r  first  ca l f  would b e  e x p e c t e d  t o  b e  more e f fe c t i v e  for  i nc r ea s i n g  

t he herd  a v e ra g e  produc t i v i ty o f  H e r e ford  than  A ngus ca t t l e . O n  t he 

ba s i s  o f  t he ir a n a l ys i s , pro g e n y p e r forman ce i n  t he f i r s t  year  s er v e d  

a s  a re l i a b le p r e d ictor  o f  c ow p e r forma n c e  t o  five  yea rs i n  b o t h  b r ee d s , 

b u t  w e r e  o f  limit e d  va lue b e yo n d  t h a t  t ime . 



Ta ble 2 . 1 1  

B reed 

A n g u s  

H e re ford 

Here ford 

Here ford 

A n g u s  

H e re ford 

A n gus  

H e re ford 

H e re ford 

A ng us 

H e re ford 

A ng us 

H e r e ford 

Here ford 

A n gus  

H e r e ford 
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T h e  repe a ta b i l i ty o f  wea n i ng w e ight  

A ge a t  wea n ing  
( days ) 

2 1 D  

2 1 D  

1 6 5 

1 8D  

1 BD  

2 D 5  

1 9 D 

2 4 0  

2 0 5  

R e pea ta b i l i t y  R e fe rence  
e s t i ma t e  

D . 2 7  B o s t o n  e t  a l .  ( 1 9 7 5 )  

D . 5D  

D . 4 3  

D . 4 9  

D . 4 8  

0 , 2 8  

D . 2 6  

0 . 52  

0 , 3 4  

D .  1 6  

D . 4 2 

0 , 42 

D .  5 2  

D , 5 1 : D . 3 4  

o .  1 9  

D .  2 7  

B o t k i n  a nd Wha t l e y  ( 1 9 5 3 )  

C un n i n g ha m  a nd H e n d e rson  ( 1 9 6 5a ) 

H o he n b o k e n  a n d  B r i n k s  ( 1 9 6 9 ) 

Koch  ( 1 9 5 1 ) 

Koch  a nd [ la r k  ( 1 9 5 5 )  

r..., e ade  e t  a l .  ( 1 9 5 9 ) 

M i nya rd a nd D i n k e l  ( 1 9 6 5 )  

R o l l i n s  a nd Wa g n o n  ( 1 9 5 6 ) 

S e l le r s  e t  a l .  ( 1 9 7 D )  
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M i n ya r d  a n d D i n k e l  ( 1 9 6 5 b )  c o n s i d e r e d  r e p e a t a b i l i t y  e s t i ma t e s  

r e l ia b l e e n o u g h  t o  a l l ow s e l e c t i o n  e a r l y  i n  a c ow ' s  l i fe , S ince  c ows 

a t  b o t h  e x t r e m e s , i . e . , v e r y  h i g h  o r  v e r y l ow p r od u c e r s , c o n t r i b u t e  

m u c h  m o r e  t o  t h e r e p e a t a b i l i t y  o f  w e a n i n g  w e i g h t t h a n  t h o s e  n e a r t h e 

a v e ra g e ,  t h e  v e r y  l ow p r o d u c e r s c a n  b e  c u l l e d  o n  t he ba s i s o f  f i r s t  

r e c o r d s  w i t h  l i t t l e r i s k  o f  c u l l i n g  g o o d  c ow s . 

C un n in g ha m  a n d  H e n d e r s o n ( 1 9 6 Sb ) a n d  S e l l e r s  e t  a l .  ( 1 9 7 0 )  h a v e  

s t r e s s e d  t h e a d j a c e n c y  o f  r e c o rd s  w h e n  r e g r e s s i n g  r e c o r d s  o f  l a t e  

c a l v e s  on  e a r l y  c a l v e s  o f  a d a m  w h e r e  d e g r e e  o f  a d j a c e n c y  i s  d e t e rm i n e d  

b y  t h e y e a r s  o f  s e p a ra t i o n o f  e a c h  r e c o r d . I t  a p p e a r e d  t h a t  t he 

p r e d i c t i v e va l u e o f  e a r l y  r e c o r d s  f o r  p r o d u c t i o n  i n  l a t e r  l i f e w a s  n o t  

a s  g r e a t  a s  i s  o f t e n  a s s um e d  a n d  l i t t l e  e m p ha s i s  w a s g i v e n  r e p e a t a b i l i t y  

e s t i ma t e s  ma d e  o n  r e c o rd s  m o r e t ha n  t w o  ye a r s a p a r t . 

( x i )  T h e  n u t r i t i o n a l r eg i m e  impo s e d  o n  t h e  d a m  a n d  

t h e  d a m ' s  w e ight c ha nge d u r i ng l a c t a t i o n  

B e ca u s e  o f  t h e l a r g e  i n f l u e n c e o f  t he d a m  o n  t h e  w e a n i n g  w e i g h t  

o f  t h e  ca l f ,  t h e  n u t r i t i o n a l e n v i r o n m e n t  p r o v i d e d  f o r  b r e e d i n g  c o w s  

t h r o u g h o u t  t he yea r h a s  a t t r a c t e d  m u c h  i n t e r e s t . T h e l e v e l s  o f  w i n t e r  

f e e d  o f fe r e d  g e s ta t i 11 g  c o w s  a p p e a r s  t o  h a v e  a n  i n f l u e n c e  o n  t h e  p r e 

w e a n i n g  p e r fo r ma n c e  o f  c a l v e s  e q u i va l e n t  t o  t h e  n u t r i t i o na l p l a n e  g i v e n  

c ow s  a ft e r  ca lvin g .  

H i g ht ( 1 9 6 Bb )  ha s e x a m i n e d  t h e  e f fe c t s  o n  c ow a n d  c a l f  p e r forma n c e  

o f  b o t h  p r e - a nd p o s t-c a l v i n g  p l a n e s  o f  n u t r i t ion  amon g mixed-a g e  A ng u s  

c ow s . A pa r t  from ha y f e d  t o  t h e  appe t i t e  of  h i g h  pla n e  c ows d uring  t h e  

w i n t e r  a l l  a n ima ls were pa s ture  fed , I mp o s i n g  h i g h  a n d  low pla n e s  b o t h  

b e f o r e  a n d  a fter  ca l v i n g ,  s o  t ha t  f o u r  ca t e g o r i e s  w e r e  e s tab l i s hed  

( hi g h- h i g h ,  high-low , low-hig h ,  low-low ) H i g ht measured  highly  s ig n i f

i c a n t ( p < D . 00 1 ) d i f fe r e n c e s  between  h i g h  a n d  low pla n e  groups  for ca l f  

wea n i n g  w e ight , o f  1 7 . 3 k g  for the  pre-ca l v i n g  levels  o f  n ut r i t i o n  a n d  

1 6 . 3 k g  f o r  the  pos t-ca l v i n g  �eve l s  o f  n u t ri t io n . On  t he b a s i s  o f  t h i s  

e v i d e n c e  that  a u t hor c o n s i dered t h e  pre-ca l v i n g  n u trit iona l e ff e c t  to  

b e  o f  a pproxima t e l y  e qua l importa n c e  t o  p o s t-ca lving  n ut r i t i o n . 

A n  earlier  t r ia l  r e ported by  H i g h t  ( 1 9 6 6 )  rev e a l ed t ha t  a 5 . 4 k g  

d i f ference  between  t h e  b i r t h  w e i g h t s  o f  c a lv e s  cr c ow s fed s imi l a r  h i g h  

a nd l ow planes  t o  t ho s e  d e scribed above , h a d  i ncreased  by  wea n i n g  t im e  
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to  1 6 . 5 k g ,  T h e  d i fferen ce  i n  wea n in g  w e i g h t  r e p r e s e nted  t h e  comb i n ed 

e f fe cts  o f  ma t e rn a l  n ut r it i on a nd a r e s i d u a l  e ffe c t  on la c ta t i on o f  

t he d i f fe r e n t  pla n e s  o f  n u t r i t i o n  d ur i n g  p r eg n a n c y .  

H a v i n g  e s ta b l i s hed from t h e  1 9 6 6  s t ud y  t ha t  p re-ca l v i n g  n u t r i t ion  

o f  t h e  d a m  has  a s i gn i f i c a n t  e f fe c t  on  c a l f  wea n i ng we i g h t  , H i g h t  

( 1 9 6 B c )  proposed  t o  o ffse t  t h e  e ff e c t s  o f  s ev e re w in t e r  n u t r i t i on by  a 

s ho r t  p e r i od o f  e leva ted  fe e d i n g  ( e ig h t  or  t h r e e  w e e k s ) p r i o r  t o  

ca l v in g . P os t -ca l v ing  a l l  c ows w e r e  run  t oge th e r . W h i l e  t h e  b i r t h  

w e i g h t s  o f  c a l v e s  from  cows fed t o  a low p la n e  b e fore ca l v i n g  rema ined  

s i gn i fi ca n t ly less  ( p < D . D D 1 ) tha n t h o s e  of  t h e  c ows fed  a h i g h p la ne , 

b y  wea n in g ,  c a l f  we i g h t s  were n o t  s i g n i fi ca n tly  d i ffer e n t , fa vour i n g  

t he c a l v e s  o f  da ms f e d  a h i g h  p la n e  b y  n o t  more t ha n 5 . 9 k g  ( c or r e ct ed 

mea n  va l ue ) . 

S im i la r to  t h e  study b y  H i g h t ( 1 9 6 8c ) , T urma n e t  a l .  ( 1 9 6 4 ) 

s t ud i e d  t he e ffe c t s  o f  h i g h  or  low p l a n e s  both  b e fore  a nd a f ter  c a l v i n g ,  

b u t  us e d fi r s t- c a lv i n g , ye a rl in g - b r e d , Here ford he i fe r s . T h e  importance  

of  t he lev e l of  fe e d i ng b e fore c a l v i n g  wa s e s ta b l is hed , s i n c e  t h e  

d i ffe r e nce  b e tw e e n  t h e  wea n i ng w e i g h t s o f  t he ca lves o f  t he g r o u p  fed  a 

h i g h  p la n e  b e fore c a l v i n g  a n d  a low p la n e  a ft e r  ca lv i n g ,  a n d  t h e  s e c ond 

g r o u p  fed a low t h e n  h i g h  plane , fa v o ured t he h i g h p la n e - low p la n e 

g r ou p .  O f  the 1 4 . 5 k g  d i fferen c e ,  6 . 4 k g  was  e x p la i ned b y  a h ea v i e r  

b ir t h  w e ig h t . The improved  ma t e rna l a b i l i t y  w a s  la r g e l y  d ue t o  t h e  

m e a s ured  d i ffere n c e s  i n  m i l k  prod u c t i on . 

Cora h e t  a l .  ( 1 9 7 5 )  cond u c t e d  a s i m i la r  study  w i t h  firs t-ca l v i n g  

H ere ford he i fers  a nd t h e i r  re s u l t s  s ub s ta n t ia t e d  the  f i nd i n gs o f  Turma n 

e t  a l .  ( 1 9 6 4 ) . They  added  a n  impor ta n t  c o n s idera t i on t ha t  t h e  s urviva l 

a b i l i ty o f  calves  from restricted  d ams w a s  red uced , furthe r  c u r ta i l in g  

t he overa l l  wea n in g  performa n c e  o f  the  l ow-p la ne group . 

Among  6 0  first  ca lving , t hr e e-year-o ld Here ford h e i fe r s  i n  

A us tralia , Hodge  e t  a l . ( 1 9 76 ) a ls o  s u b s ta n tia ted  t h e  find i n g s  t h u s  fa r 

c o n c e r n i n g  the importance o f  pre-ca l v i n g  nutrit ion . F u r thermor e , 

r e b r e e d i n g  performa nc e  ( a s  fina l c on c e p t i on ra te ) was  s e e n  to b e  

d ep r e s s e d  b y  t h e  pre-ca lving  l e v e l  o f  n u t r i t i o n , d e s p i t e  pos t-ca lving  

levels  s uf f i c i e n t  t o  prod uce  w e i g h t  gains  in a ll a n ima ls .  A r e c e n t  s t ud y  

b y  Morris  ( 1 9 76 ) mea s ured t h e  re t urn t o  e xhib i t i on o f  o e s trus  a n d  t h e  

c a l v i n g  in t e rva l o f  A ngus  mixed-a g e  c ow s , 6 1  loca ted n e a r  Palmerston  N o r t h  
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a nd 2 0 7  a t  W h a t a w ha ta . T h a t  a u t ho r  s t r e s s e d  t he n e e d  for pa rti c u la r 

a t t e n t i o n  t o  be  g i v e n  t o  t h e  p r e -ca l v i n g  n u t r i t i o n  o f  g e s ta t in g  d ams , 

w h i le for t h e  f i r s t  4 0  days  pos t-pa r t um ,  cows  c a n  b e  fed t o  ma i n ta in 

t he i r w e i g h t .  

A m o n g  t n o s e  t o  con fi rm t h e  i m p o r ta n c e  o f  pre-ca l v i n g  l e v e l s  o f  

n u t r i t i on w i t h  r e s p e c t  to  mot h e r i n g  a b i l i t y  a n d  s ub s e q u e n t  ca l f  p r e 

wea n in g  p e r forma n c e  a nd wea n i n g we i g h t w e r e  B e l l ows  e t  al . ( 1 9 72 ) ; 

C hr i s t e n s o n  e t  a l .  ( 1 9 6 7 ) ; D u n n  e t  a l .  ( 1 9 6 5 ) ; F a l k  e t  a l .  ( 1 9 7 5 ) ; 

H a r ri s e t  a l .  ( 1 9 6 5 ) ; Hi rona ka  a n d  P e t e rs ( 1 9 6 9 ) ; K r o p p  e t  a l .  ( 1 9 72 ) .  

I n  add it i o n R en b a r g e r e t  a l .  ( 1 9 6 4 ) ,  found  t ha t t h e  e f fe c t s  o f  p o o r  

fe e d i n g  l e v e l s  amo n g  yea rl i n g -b r e d  H e r e fo rd h e i fe r s  w e re n o t  r e c o v e red  

by  l ib e ra l fe e d in g  a ft e r  ca lv i n g . Ma n y  of  t he s e  s t ud ie s  i n volved  

y ou n g ,  fi rs t-ca lv i n g  he ifers , a nd from t h e  d i s c u s s i on e a r l i e r o n a ge - o f

d a m  e f fe c ts ,  t he d i ffe r e n c e s  b e tw e e n  t rea tmen t g r o ups f o r  wea n i n g  w e i g h t s  

c o u ld b e  e x pe c t ed  t o  b e  l e s s  w i t h  a d va n c i ng a g e  o f  dam ( P o p e , 1 9 6 7 ) . 

F r om t h e  O k la h oma s t ud i e s  o f  P i n n e y ,  S t e p h e n s  a n d  P o p e  ( 1 9 7 2 )  
e v i d e n c e  wa s obta i n e d  w h e r e  the  e ff e c t s  o f  d e pres s ed w in te r  fee d i n g  

l e v e l s  w e r e  c ompe n s a te d for . T he a u t ho r s  reported  t h e  s t u d y  o f  l i fe t i m e  

e f fe c t s  o f  w in te r  s u pp leme n ta l fe e d  l e v e l  o n  ra n g e  H e r e fo r d  b e e f  cows 

a n d  found t ha t  amon g two-yea r-old , fi rs t-ca lv i ng h ei fe rs ,  wea n in g  w e i g h t s  

w e re s l i g h tly  d e pr e s s e d  b y  w i n t e r  w e i gh t  l o s s e s  i n  t h e g e s ta t i n g  a n ima l s . 

R e pe a t e d  the �cond w i n te r ,  t h e  t r e a tm e n t s  fa i l ed  to s i gn i fi ca n t l y a ff e c t  

t he wea n in g  weig h t s  o f  ca lve s o f  t he t h e n  th re e -yea r-o ld cows . T h e  

perce n t a g e  calf  c r o p  a n d  lon g e v i t y  o f  dams on  t h e  low p la n e  o f  n u tri t i on  

a p proa c he d  a s i gn i ficantly  grea t e r  level  t h a n  for  t h e  high  o r  med i um 

p la ne groups  amon g  w h i c h , n e ona ta l morta l i t y  con t ri b u t ed mos t t o  

d e pre s s e d  weaning  percenta g e s . 

O t her wor k e r s  w ho compared  reduced  planes  o f  n u t r i t i on b e fore  

c a l v i n g  with  n orma l or high  p la n e s , and  fa i led t o  find  any  s i gn i fi ca n t  

i nf l u e n c e  on ca l f  weaning  w e i g h t  t h r o u g h  t h e  l i v e  we i g h t  d i ffere n c e s  o f  

t he dams , i n c lud e d  D r e n na n  a n d  Ba t h  ( 1 9 76 b ) ; H o llowa y e t  a l .  ( 1 9 7 5 ) ; 

N ee l  e t  a l .  ( 1 9 72 ) ; Parker  e t  a l .  ( 1 9 6 6 ) ; a n d  Va ccaro  a n d  D i l la rd 

( 1 96 6 ) . I n  a l l  o f  these  s tud i e s  e i t h e r  t h e  cow live  we i g h t  d i ffere n c e s  

b e twe e n  groups ob ta ined  be fore ca lv in g  w e re sma ll ,  o r  t h e  l i v e  w e i g h t  o f  

a nima l s  i n  t h e  g roups  on t h e  low p l a n e s  w e re n o t  s i g n i fi ca nt l y  b e low 

t he i r  a ut umn  we i g h t  in  a n y  pa rt  o f  t h e  g e s ta t i o n  p e r i od . 

Ba k e r  and  B a r k e r  ( 1 9 7 5 ) ,  wor k i n g  w i t h  4 8  Here ford - Fr i e s i a n  c r o s s  
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cows , were  a mong  the  v e ry few who  reported  h i g h ly  s i g n i fi ca n t  ( p < 0 , 0 0 1 ) 

c ow l ive  w e i g h t  c h a n g e s  be tween  g r o u ps a s  a res u l t  o f  w i n t e r  n u t r i t i o n  

( hi g h  p la n e  g a i n , D .  1 k g /da y ;  low p la n e  l os s ,  0 , 9 k g /d a y )  y e t  n o  

s ig n i fi ca n t  d i fference  in  ca l f  g row t h  ra te s ( 0 , 9 � O , B k g  p e r  d a y ,  

r e s p e c t i v e l y ) ,  

The  e ffec t s  o f  pre-ca lv i n g  pla n e s  o f  n u t r i t ion have  b e e n  

d i s c u s s e d  a nd g e nera l ly  seen  t o  be  s i gn i fi ca n t  i n  t he i r  in f l u e n c e  on  

wea n i n g  w e i g ht s , A ls o  o f  ma j or i m p o r ta nce  t o  pre-wean i n g  p e r forma n c e  

o f  c a l v e s  a nd t h e i r  w e a n i n g  w e i g h t s  i s  t h e  c h a n g e  i n  w e i g ht o f  t h e  d a m  

d ur i ng la c ta t ion , M o s t  reports  ha v e  ind ica ted  a n  i nverse  r e la t i on s h ip 

between  ra te  o f  cow w e i g h t  gain  a n d  ca l f  d ai ly ga i n . 

G re g ory e t  a l .  ( 1 9 50 )  reported v a l u e s  o f  -0 . 1 2 ,  and  - 0 . 3 4  fo r t he 

corre l a t i on s  o f  ca l f  g a i n s  w i t h  cow g a i ns from b i r t h  t o  w ea n i n g  i n  two 

H e r e ford herds s t u d i e d . B r i n k s  et a l . ( 1 9 6 2 )  cons ide red t ha t  c ow s  

g a i n i n g  t h e  mos t ( or l o s i n g  t h e  l ea s t )  d u r i n g  t h e  gra z i n g  s e a s on t e n d  

t o  produce  s lowe r-ga i n i n g  ca lves . C ow s  ga i n i n g  t h e  most  d ur i n g  t h e  

s u c k l i n g  period  d o  s o  a t  t he e x p e n s e  o f  m i lk prod uct ion a nd c o n s e q u e n t l y  

w e a n  l i g h t e r  ca lve s . 

W h i le H i g ht ( 1 9 6 6 )  had i n i t ia l l y  s t u d i e d  t h e  in f l u e n c e  o f  pre

ca l v i n g  plane  of  n u t r i t ion among  m i x e d -a g e  A ng u s  c ows , he  s u g g e s ted  t ha t  

t he l ive  we i ght  i n cr ea s e s  ob served  i n  the  e x periment  d u r i n g  the  p r e 

wea n i n g  p e r i od i n d i ca ted i n s u ffic i e n t  d e ve lopm en t  of  t h e  i n h e re n t  c a pa c i ty 

o f  t h e  a n ima ls  for m i l k  prod uc t i on i n  ord e r  to  produce  m i l k  a t  t h e  e xp en s e  

o f  t h e i r  own l ive w e i g h t  ga i n , T h e  r e s u lts  a n d  d i s c u s s i o n  o f  H i rona ka a n d  

P e t ers ( 1 9 6 9 )  la r g e l y  s upported  t h i s  c o n t e n t ion  w here  t h e  ga i n s  o f  c ows  

w i ntered  on a l ow p la n e  e x h ib i t e d  grea t e r  s umme r ga i n s  than  t h e i r  coun t e r

pa rts  fed  a h i g h  plane  a n d  c on s e q u e n t ly weaned  ca lves c o n s i s t e n t l y  

l i g h t e r  than  d id c o w s  on  a h i g h  p la n e  b e fore  ca lv i n g ,  

S in g h  e t  a l .  ( 1 9 7 0 )  s tu d i e d  t h e  r e la t i o n s h i p  b etween  c ow w e i g h t  

c h a n g e  d u r i n g  la c t a t i on a n d  c a l f  growth  ra t e s  among  6 1 9  H ere ford dam

c a l f  p a i r s  ove r  s i x  yea r s , T he a u t ho r s  reported  a r e g r e s s i o n  o f  pre

wea n i n g  a vera ge  da i ly ga i n  o f  c a l v e s  on  t he ra t i o  o f  c ow w e i g h t  c ha n g e  

t o  t h e  w e i g h t  a t  pa r t u r i t i on ( pe r c e n t a g e  c ha n g e  i n  b o d y  w e i g h t ) o f  

-0 , 00 3 , mea n i n g  a c a l f  g a i n  o f  0 , 0 3 k g  pe r d a y  fa s te r  for  e v e ry 1 0  p e r c e n t  

i t s  m o t h e r  l o s t  o f  he r w e i g ht . T h e  d i fference  b e twee n  t h e  pre-wea n i n g  
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a verage  da i l y  ga i n  o f  ca lves  w h o s e  m o t h e r s  l o s t  w e i g ht a n d  t h o s e  w ho s e  

mothers ga i n e d  d u r i n g  la c t a t i o n  w a s  h i g h l y  s i g n i f i c a n t  ( p  < 0 , 0 1 ) ,  

Va cca ro a n d  D i l la rd ( 1 9 6 6 ) r e la t i ng dam ' s  w e i g h t  a n d  w e i g ht 

c ha n ges  t o  c a l f  grow t h  ra tes  i n  H e r e ford ca t t l e  found  t ha t  c ows w h i c h  

l o s t  mos t  d ur i n g  t h e  whole  e x p e r ime n t a l  p e r i od ( p re- a n d  pos t-ca l v i n g )  

t e n ded t o  p r od uce t h e  fa s te s t-ga i n i n g  ca lves  from b ir t h  t o  1 80 d a ys-o f

a ge .  E n g l a n d  e t  a l .  ( 1 9 6 1 ) found  a s im i l a r  a n d  s i g n i fica n t  r e la t i o n 

s hi p  b e t w e e n  c ow we i g ht c ha n ge d ur i n g  t he s u c k l i n g  pe r i od a nd c a l f  

w e i g h t  ga i n s ,  a n d  c o n s i d e red t ha t  c ow s  ga i n i n g  we i g h t  i n  ea rly  l a c ta t 

i on a re poor m i lkers  t ha t  ma y g i ve s u f f i c i e n t  m i lk i n  e a r l y  la c ta t i o n , 

b ut have i na d e q u a t e  m i lk flow la t e r  w i t h  c o n s e q u e n t  poor  ca l f  g a i n s  

a ft e r  a pprox ima t e ly 6 0  da ys-o f-a g e . 

V e r i f i ca t ion o f  these  p h e n omena  comes from s t u d i e s  reported  b y  

C a rpenter  e t  al . ( 1 9 7 3 ) ,  work i n g  w i t h  H e re ford a nd C ha rola i s  ca lve s ; 

M e lton e t  a l .  ( 1 9 6 6 ) ; Tewolde  e t  a l .  ( 1 9 76 ) s t ud y i n g  A n g u s  a n d  H e r e ford 

cow tra i t s ; and J o u b e r t  ( 1 9 5 4 )  s tu d y i n g  the J e rs e y ,  F r i e s ia n ,  B e e f  

S ho r t horn  a n d  A f r i k a n er breeds  i n  A fr i c a . 

A m o n g  those  who  d i d  n o t  f i nd t h a t  we i g ht c h a n g e s  occ u r r i n g  l n  t h e  

dam  post-ca l v i n g  w e r e  rela ted  t o  ca l f  p e r forma n c e  w e r e  Ba k e r  a n d  B a r k e r  

( 1 9 75 ) a n d  G od l e y  a nd Tenna n t  ( 1 9 6 9 ) .  



3 ,  The  M i l k  Prod uc t ion  o f  B e e f  C ows 

3 , 1 I n trod u c t ion  
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The r e v i ew of fa c tors a ffec t i ng  the pre-wea n i n g  per forma n c e  

o f  t h e  ca l f  s tron gly imp l i c a t e d  va ria t ion  occ u r r i n g  i n  t h e  m i l k  

p rod u c t ion  o f  t h e  d a m  a s  b e i n g  respon s ib l e  for t h e  g rea t e s t  p a r t  o f  

t he va r i a t i on seen  t o  o c c u r  i n  wea n i ng  we i g h t  ( 50 t o  6 0  perce n t ; 

D rewry e t  a l . , 1 9 5 9 ; N ev i l l e , 1 9 6 2 ) , 

The  o p t imi z a t i on o f  wea n in g  we i g h t  by t h e  e f f i c i e n t  u s e  o f  

p a s t u r e  offered  t he l a c ta t i n g  d a m  w i ll be  mod i fi e d  b y  t h e  a pp e t i t e  

o f  t he c a l f ,  w h i c h  a p pears  t o  b e  governed  by  i t s  a g e ,  s e x ,  a nd w e i g h t  

o r  s i ze . I t  is  to  b e  e x pe ct e d  tha t d raw-off  by  t h e  ca l f  rea c he s  a 

pea k a s  i t  increa ses  i n  a ge ,  a nd b e fore there  i s  a ny a p pre c ia b l e  

s u ppleme n t a t i on of  t he d i e t  from pa s t ure . S t u d i e s  ha v e  s hown t h i s  

t o  o c c u r  b e twe en  o n e - a n d  three -mo n t hs -o f-a g e , a l t h o u g h  t h e  amo u n t  o f  

m i l k  required  for ga i n  a t  t h i s  s ta g e  ha s va r i e d ,  T h e re fore a t tempts  

t o  measure  t he m i lk p rod u c t i on o f  t h e  dam  need  t o  b e  ta i lored  t o  m e e t  

t he s e  cond i t i ons a s  fa r a s  i s  p os s ib l e , 

T h e  eva lua t i on o f  t h e  in fluence  o f  ma tern a l  e n v i ronme n t  on  

w ea n i n g  w e i g hts ( Se c t i on 2 . 2  v i ) i n ferred  t ha t  w h i le t he r e s p o n s e  

a mong  b e e f  b r e e d s  o f  t h e  p re-wea n in g  g a i n  o f  t h e  ca l f  t o  t h e  amount  

of  m i l k  prod uced wa s e s s e n t ia lly l i n ea r ,  ca lves s u c k l i n g  h i g h e r

p rod uc i n g  d a ms g e n e ra l ly ma d e  t h e  lea s t  g a i n  from a g iven  vo lume o f  

m i l k . T h e  ma g n i t ud e  o f  e xp e c t ed c a l f  response  t o  be e f  cow m i l k  pro

d uc t ion ma y be ga uged  from the  f i n d i n g s  o f  D r e n n a n ( 1 9 7 1 b )  w h o  reported  

r eg r e s s ion  coeffi c i e n t s  for  d a i l y  ga i n  o f  c a l f  o n  t h e  milk  y i e ld o f  

H er e ford-S horthorn  cross  c ows o f  0 , 0 5 9 , 0 , 04 5  a nd 0 , 0 5 7  for t hr e e  

c on se c u t i v e  yea r s , 

N e v ille  ( 1 9 6 2 ) reported  a f i g u re o f  1 2 , 5 k g  m i lk p e r  k i logram o f  

g a i n ,  a s  d i d  Drewry e t  a l .  ( 1 9 5 9 ) .  A conve rs i on figure  o f  B , 0 6 k g  m i l k  

p e r  k il o g ram o f  c a l f  ga i n  d u r i n g  t h e  first  e ig h t -we e k s-of-a ge  wa s 

found b y  Montsma ( 1 9 6 0 ) . 

M u c h  low e r  f i g ures  o f  m i l k  r e q u ired p e r  k ilo gram o f  c a l f  ga i n  

r e po r t e d  b y  M e lton  e t  a l .  ( 1 9 6 7 )  h a v e  s ug g e s t ed more  e ff i c ient  u s e  o f  

t h e  m i lk consumed .  T h e  a ut h ors reported  una d j usted  figures  for m i lk 

produced  d uring  t h e  s uc k l i n g  p e r i od o n  t o ta l  c a l f  ga i n  o f  5 ,  7 for A n g u s , 
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5 , 2  for Cha r o la i s  a n d  4 , 7  for H e re ford s , I t  was a ls o  s u g g e s t e d  b y  

t he s e  a uthors  t h a t  leve ls o f  pa s t u r e  c o n s umed by t h e  c a l v e s  a d d i t i ona l 

t o  m i lk , t h e  s o l i d s  content  o f  t h e  m i l k , and  ma i n t e n a nc e  r e q u irements  

of  t h e  la r g e r  Cha r o la i s c a lv e s  w e r e  r e g i o n s  o f  pos s i b le v a ria t i o n  i n  

p er forma n c e  between  t h e  breed s , A s im i la r  conv e r s i o n  f i g u r e  o f  m i l k  

t o  c a l f  l i v e  we i g ht o f  4 , 8 in  t h e  f ir s t  6 0  days  o f  l i fe o f  A n g u s  ca lves  

w a s  reported  b y  Bond  a nd W i ltba n k  { 1 9 70 ) . 

B e c a u s e  o f  the high  d e p e n d e n c e  o f  the  ca l f  on  t h e  d a m ' s  milk  

s up p ly be fore  t h r e e-months-o f-a ge , a n d  beca us e o f  t h e  propo r t i on of  

the  d ie t  c omp r i s e d  o f  milk  i n  tha t per i o d ,  va lues  g iv e n  in  the  

l i t e ra t ur e  for the  a mount  o f  m i l k  req u i red  p e r  k i l o g ra m  of  c a l f  g a i n  

a t  a n  e a r l y  a g e  a r e  grea t e r  tha n t h o s e  perta i n i n g  t o  la t e r  i n  t h e  

s uc kl i n g  period , D rewry et  a l .  ( 1 9 5 9 �  wor k ing w i t h  A n g u s  c a t t le 

e s t ima ted  t h e  we i ght  o f  m i lk r e q u i r e d  per  k i logra m  o f  c a l f  ga in  ln t he 

f i rst , t h i rd a n d  s i xth mo n t h s  o f  l a c t a t ion to  b e  1 2 . 5 k g , 1 0 , 8 k g  a nd 

6 , 3 kg ,  respect i v e ly .  

St udying  1 3 5 H e r e ford  c ow-ca l f  pa i r s , N e v i l le ( 1 9 6 0 )  found  a 

d ec line  i n  t h e  r e gr e s s i on c o e f f i c i e n t s  for ca l f  d a i ly g a ins  on da i l y  

m i l k  p rod uc t i on f o r  four consec u t i v e  6 0-da y p e r i od s . T h e  r e g ress ion  

v a l u e s  were  0 , 0 64 ,  0 , 05 5 ,  0 , 044  a n d  0 , 04 8 ,  respe c t i v e ly .  A ss uming  

t h a t  a l i n ea r  ra t e  o f  i n c r e a s e  in  calf  l iv e w e i g h t  occ urred , t h e  

d i m i n i s h ing c o n t r i b u t i o n  o f  m i l k  to  t h e  d ie t  o f  t h e  c a l f  i s  e v i d en t , 

H oweve r ,  t h e  c orrela t i on c o e f fi c ie n t s  reported ( r  0 , 0 6 1  t o  0 , 070 ; 

p < 0 . 0 1 ) ind ica t ed t h e  st rong  a s s o c ia t ion o f  c a l f  g r ow t h  w i t h  milk  

p ro d uc t i on throughout  t he s uc k l i n g p eriod , Barton  { 1 9 7 0 )  collated  

data  o f  e ight  studies  in t he l i t e ra t ure , T h e  si z e  of  t h e  c orrela t i o n s  

r e po r t e d  b e t we e n  m i l k  prod u c t i o n  a n d  t h e  growth  ra t e  o f  t h e  c a l f  

t en d e d  t o  d e c re a s e  ma rg ina lly a s  la c ta t i on proc ee d ed a n d  a lmost  a lw a ys , 

h ig h  levels o f  s ign ifica n c e  were  a c c orded t he correla t i o n s . 

T h e  strong  a ss oc ia t i o n  between  milk  produ c t ion  la t e  in  the  

s uc k l i n g  p e r i od a n d  calf  g a i n s  reported  by most work e rs s ug g e s t s  t h a t  

f a c tors  s u c h  a s  s umme r d r yn es s , a n d  subseq uent  p a s t u r e  d ep l e t i o n , w h ile  

l ea d i n g  to  reduced  milk  product io n , a ls o  restrict  c a l f  g a i n s  from t h e  

g ra z i n g  c omponent  o f  t h e  d i e t , t h e reby ma i n ta i n i n g  a s i g n i ficant  leve l  

o f  d e p e n d e n c e  o f  t he ca l f  o n  t h e  dam .  Pasture  q u a l i t y  i s  imp orta n t  i n  

d e t e rm i n i n g  t h e  s ig n ifica n c e  o f  t h e  milk  c omponent o f  t h e  d ie t ,  for  

W a l k e r  ( 1 9 6 3 )  found  that  among  Angus  a nd A n g us -da iry  c ro s s  c a lves , ample  
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h i g h-qua l i t y  pasture  meant  a n o n -s i g n i f i ca nt c o rr e la t ion b e tw e e n  m i l k  

y i e ld a n d  ca l f  grow t h  r a t e  a ft e r  1 2  wee ks-of-a g e , 

3 , 2  The  R e la t ion Between  M i lk C ompo s i t i o n  a n d  Ca l f  G a i n 

E v idence  prov i d ed b y  P r e s t on a n d  W i l l i s  ( 1 9 74 ) has  ind ica ted  t ha t  

c a re i s  required  i n  s e le c t i n g  t h e  met hod o f  m i l k  remova l for  c o n s t i t u e n t  

a na lys i s .  B e e f  c ow s  m i lked a s  t h o u g h  t h e y  w e r e  d a iry anima l s  b y  C o l e  

a n d J oh a n n s on ( 1 9 3 3 ) , a n d  Dawson  et  a l .  ( 1 9 6 0 )  p r od u ced m i l k  w i t h  a fa t 

c on t e n t  o f  about  4 p er c en t ,  Samp l i n g  t e c h n i q u e s  app lied  t o  s uc k led b e e f  

c ows b y  M e l t on e t  a l .  ( 1 9 6 7 )  a nd C h r i s t i a n  e t  a l .  ( 1 9 6 5 )  returned  m i lk 

fa t e s t ima t e s  o f  l e s s  tha n 3 . 7  perc e n t .  

Ma ny  reports  have  c o n firmed t h e  r e l i a b i l i t y  o f  m i l k -y i e ld -on l y  

d e t e rm i n a t ions  i n  mea s ur i n g  v a r i a t i o n  i n  t h e  d am ' s  c on t r i b u t i on t o  t h e  

p re-we a n i n g  performa n c e  o f  h e r  progeny  w h e n  y i e l d s  have  b e e n  c ompared  

w it h  a s sa ys o f  mi l k  c ompos i t ion ( B l a n c h a rd e t  a l . , 1 9 6 6 ; C h r i s t e n s e n ,  

1 9 6 8 ;  H o llowa y e t  a l . , 1 9 7 5 ; Rut led ge e t  a l . , 1 9 7 1 ; S e rwa n j a  e t  a l . , 

1 9 6 9 ; T ot usek  e t  a l . , 1 9 7 3 ; W i lson  e t  a l . , 1 9 6 9 ) . T h is  c o n c l u s i o n  i s  

i mporta n t  for the  r e l ia b i l i ty o f  t he me t h od of  m i l k  det ermi n a t i o n  b y  

c a lf s uc k li n g  t o  b e  d i s c u s s ed l a t e r  a nd re ferred  t o  a s  t h e  w e i g h-n u r s e

w e i g h  m e thod . 

Wh i le t h e re i s  l i t t le ex tra  v a r ia t i on i n  ca l f  pre-w e an in g  

p er f orma nce  t o  b e  m e a s u red b y  a d e t e rm i na t i o n  o f  milk  c omp o s i t ion  a bo v e  

t ha t  a t t ributable  t o  m i l k  yi eld  pe r s e ,  i t  h a s  been  w e l l  e s ta b l i s h ed 

tha t t he a mounts  o f  t o ta l s o l id s ,  t ot a l prot e i n  and tota l m i l k fa t  a r e  

a ls o  h i gh ly corre la t e d  wit h ca l f  g r owth  ( Je ffery  and B e r g ,  1 97 1 ; 

Lamond e t  a l . , 1 9 6 9 ; Me lton  e t  a l . , 1 9 6 6 ; T o t us e k  e t  a l . , 1 9 7 3 ) , 

T he s e  h ig h  corr e l a t io n s  o f  t ot a l amounts  o f  c o n s t it u e n t s  w i t h  c a l f  

p e r f orma n c e  a r e  n ot t o  b e  con fused  w it h  t h e  l o w  n e ga ti v e  c orre la t i o n s  

o f  c a l f  pe rforma n c e  w i t h  percentage o f  c on s t it uen t s ,  w h i c h  hav e  b e e n  

equa l l y  well  doc umen t ed ( Je f fe ry a n d  B e r g ,  1 9 7 1 ; K le t t  e t  a l . , 1 9 6 5 ; 

S e rwa n j a  e t  a l . , 1 9 6 9 ) .  

3 , 3 E s t ima t i on o f  t h e  M i lk Prod u c t i o n  o f  B e e f  Cows 

The most c ommon ly u s ed method  for m i lk es t ima t ion  i s  t he c a l f  

s uc k l i n g  techn i q u e  k n own a s  weigh-n urse-w e i g h  ( WNW )  w h i c h  d erives  i t s  
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n a me from t he proced ure followed  a ft e r  c ow s  have  b e e n  s e pa ra t e d  from 

t he i r  ca lves  for a pre d e termin ed p e r i od , Ca lves  a re we i ghed  w h e n  

h un gry ,  a ll ow e d  t o  s u c k le un t i l  feed i n g  ha s cea s e d , a nd t h e n  

reweighed . 

T he  me thod  i s  a mea sure  o f  t h e  ca pa c i t y  o f  t he c a l f  for m i l k  

a n d hence  c a n  b e  e xp e c ted  to  re t ur n  l o w e r  es t ima t e s  be fore 3 0  da ys-of

a g e of  ca l f  when  c ow prod uction  could  be  mea s ured b y  other  t e c h n i ques  

t o  be  high  ( ha n d  mi l k i n g  with  o x y t o c i n  i n j e c t ion ; Saul  a nd Mor g a n ,  

1 9 76 ) . I n  t h i s  c on n e c t i o n ,  T o t us e k  e t  a l .  ( 1 9 7 3 ) mea s u red a sma l l  

v a r ia t ion i n  m i l k  y i e ld a t  3 0  d a ys w he re a fter  increa s in g  v a r ia t i o n  

meas ured wa s l i k e l y  to  b e  d ue t o  i n d i v i d ua l  cow d i f feren c e s  in  t h e  

pers i s t e n c y  o f  la c ta t i o n . 

The  d ura t i on o f  the sepa ra t i on  per iod for t h e  WNW me thod  a pp e a rs 

t o  be impor ta n t , e s p e c ia lly at yo u n g e r  a ge s  o f  ca l f  when  a ppe t i t e  c a n  

b e  e x pected  to  b e  l e s s  tha n  d a m ' s  s upply . S t ud i e s  ha ve  b e e n  ma d e  o f  

t he suc k l i n g  beha v i o u r  o f  ca lve s ( Drewry  e t  a l . , 1 9 5 9 ; Wa l k e r ,  1 9 6 2 ) 

a n d i t  wa s s e e n  t ha t the  n umber o f  t i mes  s uc k l i n g  occurred  ( b e tw e e n  3 
a n d  5 t im e s  per  da y )  d e creased  w i t h  i n c rea s in g  a g e  of ca l f ,  mea n i n g  

tha t  t h e  i n terva l b e tween  s uc k l i n gs ( 2 0 0  to  3 5 0  min u te s )  i n crea sed  

w i th ca l f  a ge . 

I t  was  g e ne ra lly  obse rved tha t ,  u nless d is t urbed , t h e  s uc k l i n g  

o f  calves  d uring  t he n ight  w a s  n e g l ig i b le . O n  the ba s i s  o f  t h i s  

e v idence , t h e  mos t re liable  proced ure  t o  ga uge  2 4 -hour  ca l f  m i l k  

c o n s umption  i s  o n e  o f  two to  t h ree  s u c k lings  d ur i n g  t h e  d a y  t ime 

p receded  by  separa t i o n  d ur i ng t he n i g h t . Deutscher  a nd W h i tema n { 1 9 7 1 )  

reported  a met hod o f  e st ima t ing  t h e  m i lk consumpt ion o f  t h e  ca lves o f  

A n g us -H o ls t e i n  cross  a nd A ngus  he i fe rs three  t imes a t  s ix -hourly  

i n terva l s  when  le s s  t ha n  6 w e e k s-o f-a g e , and  tw i c e  per  day  at  twe lve

hourly  i n te rva ls w h e n  the  calves  were  old e r .  

M a n y  reports  i n  t h e  litera ture , w here  t he WNW m e thod  w a s  used , 

employed two ,  twe lve -hour s e pa r a t i o n s  b e fore  s u c k l i n g  to  g iv e  24-hour  

milk  y i e ld e s t ima t e s  ( R utledge  e t  a l . , 1 9 7 1 ; T urma n e t  a l . , 1 9 6 4 ) . 

O t he rs s e pa ra ted  t h e  calves  for u p  t o  f i v e  h o urs , suck le d  to  emp t y  the  

d a m ' s udder  to  the  c a lf ' s  a ppe t i t e , t hen s e para ted  t h e  a n ima ls for a 

f u r t he r  1 2  hours b e fore w e i g h i n g  t h e  ca lve s , n ursin g for  2 0  to  3 0  
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m i n u t e s , a nd . rewe i g h in g  ( Bond and  W i l t ba n k ,  1 9 7 0 ; C ora h et  a l , , 1 9 7 5 ;  

N e v i l l e , 1 9 6 2 ;  O x e n r e i d e r  a nd Wa g n e r ,  1 9 7 1 ) ,  

W i t h  re s p e c t  t o  how often  t h e  me t ho d  s h o u l d  b e  used , T o t u s e k  

e t  a l ,  ( 1 9 7 3 )  fo und  tha t re lia ble  e s t ima t e s  o f  t o ta l  milk  y i e ld o f  

c ows ma y b e  ma de b y  obta i n i n g  a l imited  n umb e r  ( 2  t o  4 )  o f  da i ly 

e s t ima t e s  p laced  t h r o u g h  the  s uc k l i n g  p e r i od , a c o n c lus ion  i n  s up p o r t  

o f  t he f ind j ng s  o f  J e ffery a nd B e rg ( 1 9 7 1 ) .  

The ma j or a d v a n t a ges a s s o c ia ted  w i th t h e  me t h od have  b e e n  s e e n  

t o  b e  t he grea ter  ra t e  o f  ma k i n g  e s t ima t e s  o f  t h e  m i lk prod u c t i o n  o f  

s uc k le d  b e e f  cows c ompa red t o  o t he r  me t h od s ,  a n d  t h e  pres e n c e  o f  t he 

c a l f  t o  s t imula te l e t  d own . How e v e r ,  some d i ff i c u l t ie s  h a v e  b e e n  

e nc o u n te red w i t h  fra c t j o u s  a n ima ls o f  s u sc e p t ib l e a ges o r  b re e d s ,  a s  

R ey n o l d s  e t  a l .  ( 1 9 6 7 )  reported  w h e n  Brahma n  c ows frequen t ly d i d  n o t  

p e r m i t  t he ir ca l v e s  t o  s u c k le i n  c l o s e  pro x im i t y  to  h uma n s ,  

P leasa n t s  ( 1 9 74 )  s u g ge s t ed tha t some r e f i nement o f  p roced u r e  i s  

n e c e s s a ry t o  min im i z e  e rror va ria t i on w h e n  o ld e r  ca lve s ma y c om p le t e  

s uc k l i n g  ra p i d ly a nd d e fa e ca te o r  ur ina te b e fore  youn g e r  c a lv e s  a re 

ready  for the i r  s e c on d  we i gh in g .  M u n ford e t  al_ . ( 1 96 4 ) c on te n d ed t ha t  

h o l d i n g  c ows i n  ya rds  to  r e s t r i c t  gra z i n g  t ime c o n s t i t u t e s  a s t re s s  

w h i c h  ma y reduce  m i l k  yie ld a t  t he s ub s e q u e n t  mi l k i n g .  T h e  a u th o r s  

s ug ge s ted t here fore  t h a t  t he p e r i od o f  t e s t  s h o u ld n o t  e x tend  b eyond  

s ix  h o urs . D ickey  et  a l .  ( 1 9 7 1 ) reported  from  9 77 mea s ureme n t s  of  t h e  

m i l k  y i e ld o f  A n g u s  a n d  Here ford d a ms t h a t  d a ta obta i n ed b y  WNW me t h o d  

w e re h i gh ly ( p  < 0 . 0 1 ) dependen t  on  t h e  len g t h  o f  the period  o f  

s e p a ra t ion o f  c ow s  a nd ca lve s . 

Wa lker  ( 1 9 6 3 ) ,  at R ua k ura , c on d uc t e d  a proced ure o f  t ota l s e pa r

a t i o n  o f  one  g r o u p  o f  c a lve s ,  a l low i n g  s u c k l i ng only  a t  5 . 0 0 a . m . a nd 

3 . 30 p . m . , a n d  w e i g h i n g  calves  b e fore a n d  a ft e r  n urs i n g , T h i s  g r o u p  

wa s c ompa red w i t h  a c o n t r o l  gro up  r u n  w i t h  d a ms b y  t h e  w e i g ht ga i n s  

e xh ib ited  b y  e a c h . F rom t he v e ry c los e ,  a nd s l i ghtly  h i g he r  ga i n s  

mea sured in  t h e  f orme r g r ou p  was d e r ived  s u p port for t h e  re liab i l i ty o f  

t h e  WNW method a s  a n  e s t ima t i o n  o f  t h e  m i l k  y ie ld , a n d  t h u s  ma t erna l 

c o n t ribution , rece ived  b y  t h e  " p l u n k e t  group"  o f  ca lve s , 

E x ogenous  oxytocin  in j ec t io n s  have  b e e n  employed i n  s ome s t ud ie s  

t o  s t imulate  m i l k  s e c re t ion . A ma j or d isadvantage  i n  t h e  proced u r e  i s  
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t he t ime a n d  la bour re q u ireme n t ,  b o t h  o f  w h i c h  e x c e e d  t ho s e  o f  the 

WNW me t hod , A mong  t h o s e  to use oxytocin  in j ec t i o n s  have been  Fa l k  

e t  a l ,  ( 1 9 7 5 ) ,  who remove d  t h e  s ub s e q u e n t  m i l k  s e c r e t ion b y  t e a t  

ca t h e te r ;  K lett  e t  a l ,  ( 1 9 6 5 )  who  m i l k e d  t h e  A n g u s  a nd H e r e ford c ows  

w i t h  a porta b le milking  ma c h in e ; a n d  Lamond  et  a l . ( 1 9 6 9 ) who a ls o  

e mp loyed t h e  tea t ca t h e te r  e x t r a c t ion p roced ure . 

Schwulst  e t  a l .  ( 1 9 6 6 ) m e a s u r e d  the  re s id ua l  milk  a fter  t h e  

s uc k l i n g  o f  A n gus  cows by  a d m i n i s t e ri n g o xytoc i n  a n d  w i t hd raw i n g  t h e  

m i l k  by  ma c hine . The  amount  o f  r e s i d ua l m i l k  p r e s e n t  i n  early  

l a c ta t i on l e d  t o  a n  e r ro r  i n  e s t ima t in g  t o ta l  cow prod u c t ion i f  on l y  

m i l k  c o n s ump tion w a s  u s ed . A t  t h e  t w o - a nd t h r e e-w e e k  observa t ions  

t he a verage  res i d ua l m i l k  wa s 1 5  and  1 1  perce n t , respec t i v e l y ,  of  the  

t o ta l mi l k  mea s ured . T h i s  d e creased  t o  6 percent  b y  t he fi fth  w e e k  of  

m e a s u r i n g . The  rea s o n s  p o s t ula ted  were  e i t h e r  i n c r e a s e d  consumption  

of  t h e  ca l f ,  or  c ows  being  r e fra c tory  to  o xy t oc i n . 

I f  total  cow p roduc t i v i t y  i s  t o  be mea s ur e d  t h e  m e t hod  a pp e a rs 

t o  h a v e  a n  a pp li ca t i on . I f , howeve r ,  the r e la t i o n s h i p  between  ca l f  

g rowth  ra t e  and  t he d a m  c o n t r i b u t i o n  i s  r e q u i re d , t hen  the  ca l f-s u c k l i n g  

m e t hod a p pe a r s  sa t i s fa c tory for mea s u r i n g  va ria t i on  b e tween  la c ta t i n g  

a n ima l s .  

Hand-m i l k i n g  t e c h n i q ues , e s p e c i a l l y  whe re c a lves  have  b e e n  a llowe d  

t o  s uc k l e  h a l f  t h e  udde r  a t  each  d e t e rmina t i on , on a W N W  ba s i s , have  a ls o  

b e e n  emp loyed . ( C h r i s t ia n  e t  a l , , 1 9 6 5 ;  R u t le d g e  e t  a l . , 1 9 72 ; T o t u s e k  

e t  a l . , 1 9 7 3 ) . T o t u s e k  e t  a l .  ( 1 9 7 3 )  found  t ha t  a high  corre la t ion  

b e twee n  hand  m i l k i n g  a n d  t h e  WNW  me thod  e x i s t e d  ( r  = 0 . 9 5 )  a lt ho u g h  t h e  

t o t a l l y  ha nd-mi l k i n g  t e c h n ique  t e nded  t o  u n d e r-e s t ima te t h e  a moun t o f  

m i l k  removed by  the ca l f  i n  t h e  tota l l y  ca l f- s u c k led s it ua tion , p roba b ly 

b ec a u s e  o f  i t s  fa i lure  t o  s t im u la te t he re lea s e  o f  c omparable  a mo u n t s  o f  

e nd og e n o u s  oxytocin , T h e  2 4  b e e f  c ow s  o f  ma i n l y  A n gus , H e re ford a n d  

S horthorn  bre e d i n g  prod u c e d  a ve ra g e  d a ily  m i l k  y i e ld s  o f  4 . 5 4 k g  o v e r  t h e  

2 1 0-d a y  period a s  e s t ima t e d  by  hand  m i l k i n g  a n d  5 . 8 5 k g  a s  e s t ima t ed b y  

WNW proce d ur e .  

S a u l  a n d  Morgan  ( 1 9 76 ) s tu d i e d  t he m i l k  produc t ion o f  two-ye a r

o ld H e r e ford a nd F r i e s ian  c ows . They  found  t ha t  a l t h o u g h  t he WNW m e t ho d  

o f  m i l k  y i e ld d e t e rmina t i o n  wa s m o r e  h i g h ly corre la te d  w i t h  c a l f  g r ow t h  

r a t e  from b i r t h  t o  w ea n in g  than  ha n d  m i l k i n g  u s e d  w i t h  a pre-m i l k i n g  
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inj e c t i on o f  oxytoc i n , both m e t h o d s  w e r e  h i g h l y  corr e la ted  w i t h  c a l f  

growth  ra t e  ( r  = 0 , 9 2  a n d  0 , 84 1 r e s p e c t i v e l y ) , 

3 . 4 The La c ta t i on C u rve 

I t  i s  g e n e ra l l y  agreed tha t t he m i l k  p ro d u c t ion o f  c ow s  i n c r e a s e s  

to  a pea k s ome w e e k s  a fter  pa r t u r i t i on a n d  d e c l i n e s  from t h e n  u n t i l  

wea n i n g , The  r a t e  o f  d ecl in e d ur i ng la cta t i on ha s been  t h e  fo c u s  o f  

s e v e ra l s t ud i e s  ( se e  F i gure 2 ,  1 ) ,  

G i f ford ( 1 9 5 3 )  p rovi d ed e v i d e n c e  i n d ica t i n g  tha t t h e  p e a k  o f  m i l k  

prod u c t i on a mon g d a i r y  cows g e n e ra l l y  o c c u r s  a p p r o x ima t e l y  fo u r  w e e k s  

a ft e r  ca lv i n g .  McD o na ld e t  a l .  ( 1 9 6 6 )  c o n s id e re d  4 5  d a ys t o  b e  a 

t y p i c a l i n t e rva l b e tw e en ca lv ing  a nd p e a k  l a c ta t i o n . Dawson  e t  a l .  

( 1 9 6 0 )  found  the  pea k m i l k  prod u c t i o n  a mong  3 0  B e e f S h orth orn cows  t o  b e  

a t  the e n d  o f  the i r  s e cond  month  o f  la c ta t i o n  w h e n  t h e i r  h i g h e s t  a ve ra ge 

prod u c t i o n  for a 2 8-da y p e r i od w a s  1 0 . 3 k g  pe r da y ( ra n g e  5 . 6 t o  1 6 . 1 kg 

p e r  da y ) . Prod u c t i o n  then  d ec l i n ed towards  wea n i n g  w h e n  t h e  av e r a g e  

2 8-day  p r od uc t i on wa s 6 . 2 k g w i t h  a ra n g e  o f  2. 7 t o  1 0 . 9 k g ,  

T o t u sek e t  a l . ( 1 9 7 3 )  fo u n d  t f-J a t t he m i l k  y i e l d  on t he 2 4  b e e f  

c ow s  s t ud i ed a s  d e te rmined  b y  WNW i nc rea s e d  ra pid l y  i n  t h e  f i r s t  4 wee k s ,  

progre s s e d  more s lowl y  t owards  a pea k a t  7 wee k s ,  rema i n e d  c o n s ta n t  for 

a f u rther  3 weeks  t h e n  s h owed a g ra d ua l d e c rea s e  towa rds t h e  e nd o f  

l a c ta t i o n . T he report e d mean  p r o d u c t ion  fi gures  were 6 , 5 8 k g  m i l k  p e r  

d a y  a t  7 0  d a ys , 6 . 4 4 k g  a t  1 1 2 d a y s  a n d  5 , 8 5 k g  a t  2 1 0  d a ys . T h e  r e la t iv e l y  

f la t la c ta t ion  c u rv e  re ported i s  a l s o  typica l o f  t he t y p e  i n d i c a t e d  b y  

t he d a t a  pre s e n t e d  b y  D rewry e t  a l .  ( 1 9 5 9 ) w h e r e  t he h i g h e s t  a v e ra g e  d a i ly 

m i l k  y i e ld wa s mea s ured  3 mon t h s  a ft e r  ca lving , 

A milk  yield  d e termina t i o n  b y  hand  milking  reported  i n  t h e  s a me 

s t ud y  b y  T o t u s e k  e t  a l .  ( 1 9 7 3 )  r e t urned  ma x imum prod u c t i o n  a t  t h e  f i r s t  

monthly e s t ima t e , a n d  t h e rea f t e r  d e c l i n ed a t  a c o n sta n t  ra t e ,  T h e  hand  

milking  results  a p pea red biased  b y  a fa i lure of  s ome a n ima ls  to  c omp l e t e l y  

a d j us t  t o  h uma n c o n ta c t ,  

G le d d i e  a n d  B e r g  ( 1 9 6 8 )  mea s ured  a linear  d e c l i n e  i n  m i l k  y i e ld 

by  oxyt o c i n  i n j e c t i on-mecha n ica l e x t ra c ti on t e c h nique  among  A ng u s , 

H e re ford , G a lloway a n d  A n g u s-G a lloway cross  fema les , t h e  re gre s s i o n  o f  

milk  y i e ld o n  t im e  b e i ng 0 . 02 k g  p e r  d a y .  D ev ia t ion from linea r i t y  wa s 
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n ot s i g n i fica n t ,  a c c ou n t i n g  for o n l y  3 perce n t  o f  t h e  va ria n ce i n  

m i lk  y i e ld , 

G ledd i e  a n d  Berg  ( 1 9 6 8 )  d i s c ussed  t h e  p e rs is t e n c y  o f  la c t a t ion  

a s  a ff e c t e d  b y  ca l f  d ra w-o f f  a nd ha ve  s ug g e s t e d  t h a t c o n s um p t ion  by  

c a lves  of  l e s s  than  t h e  d a m ' s p o t e n t ia l  milk  y i e ld i n  t he f i rs t  m o n t h  

w o uld  r e s u l t  in  a s u b s e q ue n t l y  d e crea sed  m i l k  y i e ld , B y  t he s econd  

mon t h  o f  la c t a t i on t he  ca l f  w ould  s t i l l  b e  hea v i l y  d e pe n d e n t  on m i l k  

a s  t h e  n u t r i t iona l s o urce  a nd t h e  y i e ld o f  t he c ow wo uld  presuma b l y  

h a v e  b e c ome equa t ed t o  s ome  e x t e n t  \ol i t h  t h e  a p petit e o f  t he c a l f .  T h i s  

i s  l i ke l y  t o  be  a n  e x p la n a t i o n  o f  t he g e n t le c u r v e  o f  t h e  WNW-d e t e rm i n ed 

m i l k  y i e ld o f  Tot usek  e t  a l .  ( 1 9 7 3 )  compa red  t o  t he s ha rp l y  pea k e d  c u rv e  

o b t a i n ed b y  t he hand-m i l k i n g  procedure . 

The  e xp lana t io n  for a dec l i ne i n  t h e  la c t a t ion  curve  towa rd s 

w ea n i ng i s  l i ke l y  t o  h e  found  i n  t h e  fa l l i ng d e pe nd e n c e  o f  t he c a l f  upon  

t he d a m  as  pa s t ure  cons ump t i on  p la ys a grea t e r  r o l e  i n  ca l f  l i v e  w e i g h t  

g a i n  ( B r urnb y e t  a l . , 1 9 7 3 ; M e l t on e t  a l . , 1 9 6 7 ) . H oweve r , t h e  strong  

a s s oc i a t ion  b e twe en  t o t a l  m i lk y i e ld a nd ca l f  w e a n i n g  weight  a l re a d y  

d isc u s s e d  ( S e c t ion  3 . 1 i )  d ra w s  a t te n t ion t o  t h e  obse rva t i on s  o f  D rewry  

et  a l .  ( 1 9 5 9 )  a n d  Wa l k e r  ( 1 9 6 2 ) t h a t  the  i n t e rva l b e tw e e n  s u c k l i n g s  

i n c re a s e d , and the  n um b e r  o f  s uc k l i n g s  d e c re a s e d  a s  t he s e a son progressed , 
p rompt i n g  a s u gge s t i on tha t pers i s t e n c y  ma y a ls o  b e  r e la ted t o  a 

c omb i na t i on o f  t he frequency  o f  udd e r  e va c ua t i on a n d  t h e  propor t i o n s  o f  

c ir c u la t i n g  ma terna l hormones  i nd uced  by t h e  frequency  o f  t h e  s u c k l i n g  

s t imulus . D rennan  a n d  Ba t h  ( 1 9 76 a ) g a v e  e v i d e n c e  from s tu d i e s  w i t h  s h e e p  

w h i c h  ind ica ted t h a t  e w e s  s uc k l i n g  t w i n  lambs h a v e  grea t e� m i l k  yields  

t ha n  t h o s e  suckling  s in g le s . S imilar  observa t i o n s  ha v e  b e e n  made  w i t h  

c a t t le ( Topps  e t  a l . , 1 9 74 ; D r e n na n ,  1 9 7 1 ) .  

F r om the  mi lk-prod u c t ion  record s o f  1 5  A n g us a nd 1 5  H e r e ford c ow s ,  

K le t t  e t  a l . ( 1 9 6 5 )  s ug g e s t ed tha t b e e f  ca t t le a r e  more  flexible  i n  t he i r  

m i l k  p rod u c t ion  r e s p o n s e  t o  cha n g i n g  feed  level  tha n i s  g en e ra lly 

r e c o gn i z e d . T h e  oppos it e  a ppea r s  t o  e x i s t  for B , i n d i c u s  c a t t l e  u n d e r  

t ropica l c on d i t ions  where  m i l k  y i e ld s  have  been  o b s e rv e d  t o  b e  i n s e n s i t i v e  

t o  c ha n g e s  i n  t he e n v i ronment , c ows  t e n d i n g  t o  g a in w e i g h t  a t  t h e  e xp e n s e  

o f  m i l k  p roduct ion ( La mp k i n  a n d  Lamp k i n , 1 9 6 0 ) . 
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Ma n y  o f  t h e  s t ud i e s  cond u c t ed t o  e xa m i n e  t h e  i n f l u e n c e  o f  p r e 

c a l v i n g  p l a n e  o f  n u t ri t i on  on  b i r t h  w e i g h t , c o n t i n u ed t o  mon i t or c ow 

p ro d u c t i v ity  a ft e r  ca lv i n g  i n  t e rm s  o f  l ivewe i gh t  c ha n ge , ca lf  grow t h  

ra t e  a nd m i l k  y i e ld . Mos t s t ud i e s  i n  w h ic h  a n  i n fl uen c e o f  n ut r i t i o n  

o n  m i l k  y i e ld wa s mea s u r e d  a ls o  i n d ica t ed t ha t t he lev e l  o f  pre-ca lv i ng 

n ut r i t ion  ha s grea t e r  s i g n i ficance  tha n t he leve l a ft e r  ca lv i n g ,  

b a r r i n g  i n t e r fe re n c e from c l ima t ic e x treme s . 

A s t udy o f  d a i ry c ows  reported  b y  H u t t o n  and P a r k e r  ( 1 9 7 3 )  

i nv o lved  3 0  s e t s  o f  i d e n t ica l-tw i n  J e rs e y  a nd J e rs e y  cros sbred c ows , 

i n c l ud i n g  1 7  s e ts o f  two-ye a r-o l d s . The  p la n e  o f  n ut r i t i o n  d ur i n g  l a t e  

p r e g n a ncy  wa s d e t e rm i n ed b y  c ha ng e s  l n  l i ve w e i g h t  d u r i n g  t h e  four  

w e e k s  b e fore pa rt u r i t i on .  O n e  ha l f  o f  t h e  c ows were  pa s t ure  fed t o  

g a i n  a n  a vera g e  2 3 k g  live  we ight  ( 7 p ercent ) , t h e  other  w e re fed t o  

r ema i n  a t  v i rt u a l ly c o n s ta n t  l i vewe i g h t  over  t h i s  period . 

A n  a vera ge  d ry ma t t e r  i n ta k e  o f  6 0  p e r c e n t  compa red w i t h  1 00 per

c e n t  ( 1 4 Mea l ,  M E  per  da y )  o f  t h e  e s t ima t e d  re q u i reme n t s  for  metabo l i 7-

a b l e  e n e r g y  ( ME )  d u r i n g  t h e  la s t  month  of  p r e g n a n c y  wa s a ssocia t e d  w i th 

a 7 percent  low e r  l iv e  w e i g h t  a t  c a lv i n g , 9 p e r c e n t  less  milk , a n d  

1 4  percent  less  m i lk fa t  a t  t he e n d  o f  t h e  f i r s t  8 wee k s  o f  l a c ta t i o n , 

( T h e re wa s no  s i gn i fi c a n t d i ffe r en c e , howev e r ,  b e tween t h e  group  m e a n  

c a l f  birth  we i g h t s ) .  

Two p o s t-ca lv i n g  stocking  r a t e s  were imposed  ( " moderate"  a n d  

'' h e a vy" ) a n d  i n  c on t�a s t  t o  t h e  pre-ca lving  l e v e l  o f  i n t a k e , re s t r i c t i n g  

a va ilable  d r y  ma t t e r  a ft e r  ca lving  h a d  v i rt ua lly  n o  e ff e c t  on m i l k  y i e ld 

i n  t he first  yea r ,  a nd i n  t h e  followi n g  yea r ,  a lesser  e ff e c t  t h a n  

d i f ferences  d u e  t o  p re-ca lving  feed i n g .  T h e re wa s no  s i gn i fica n t  i n t e r

a c t i on b e tw e e n  t h e  lev e l  o f  fee d i n g  b e fore  a nd a fter  c a lv in g  a nd m i l k  

y i e l d ,  

Hutton  a n d  P a r k e r  ( 1 97 3 )  c i te d  f u r t h e r  p ub l i s h ed evid e n c e  o f  

s i g n i fi c a n t  e f f e c t s  o f  pre-ca lv i n g  n u tr i t i o n  on  t he m i l k  yields  o f  

d a iry c ows ( Campb e l l  a nd C layton , 1 9 6 6 ;  F o o t  e t  a l . , 1 9 6 3 ;  Pa t c h e ll , 

1 9 5 7 ) , T h e  reviews  o f  Bro s t e r  ( 1 9 7 1 , 1 9 72 ) c lea rly d emonstrated  t h e  

l on g-te rm e ffect s  o n  t h e  lact a t iona l p e r fo rma n c e  o f  feed i n g  d a i r y  c ows 
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well  in  l a t e  pre g n a n c y  a nd early  la c t a t i o n ,  

P owe l l  a nd Ma t ra v e rs ( 1 9 7 5 ) ,  h owe v e r , c o n s i d e red t h e r e  ma y b e  

d a n g e r s  i n  a tt em p t i ng t o  ma k e  t o o  c l ose  a c ompa r i s on o f  t h e  res pons e s  

o f  d a i r y  a nd b e e f  c ows t o  feed i n g  b e c a u s e  q u i t e  d i f fe r e n t  lev e ls o f  

n u t r i e n t  i n t a k e  a n d  m i l k  output  a re g e ne r a l l y  i n vo l v ed , T h e  a u t ho r s  

c on d u c t e d  a w i n t e r- h o u s i n g  e x p e r im e n t  i n v o lv i n g  4 0  N orth  D e v o n-Br i t i s h  

F r i e s i a n  cross c ows  a n d  1 0  he ife rs o f  t h i s  cross . Feed ing  s i la ge , o r  

s i la g e  p lus barley , t o  low a nd h i g h  p la n e  g r o up s , r e s pe c t i v e l y ,  a 

s i g n i f i ca nt d i ff e r e n c e  b e tw e e n  t he a mo u n t  o f  c ow we ight  lost  i n  t h e  

groups  b e tween ea r l y D e c embe r a nd c a l v i n g  in  Ma r c h  wa s obta i n ed . B y  

r e t a i n i n g  h i gh  a n d  l ow ra t i on s p os t-ca lv i n g , b u t  s w i tc h i n g  ha l f  o f  

e a c h  group  to  t h e  a l te rna t i v e  le v e l ,  t h e  a u thors  we re a b l e  t o  mea s ur e  

c ow w e i g h t  cha n g e s  d u r i n g  lacta t ion a n d  e s t ima t e d  2 4-h ou r mi lk  y i e l d  

( WNW m e t h od } . 

T h e  res u l t s  i n d ica t ed t h a t  t h e  p re-ca l v i n g  p la n e s  o f  n u t r i t i o n  

i n f l u e n c e d  e s t ima t e d  2 4 - h o u r  m i l k  y i e ld  m o r e  t h a n  d id p o s t-ca lv i n g  l e v e ls 

a l t ho u g h  not s i g n i f i c a n t l y  s o  ( p re - ca l v i n g  t re a tment  d i f f e r e nc e ,  1 , 4 k g 

m i l k p e r  2 4  hours ; pos t -ca l v i n g  trea tme n t d i f f e r en c e ,  0 , 8 k g  m i lk p e r  

2 4  h o u rs ) . 

The flex i b i l i ty of b e e f  ca t t l e  in  t h e  res ponse  o f  m i l k  y i e l d  t o  

c ha n g in g feed  l e v e l s  n oted  by  K l e t t  e t  a l .  ( 1 9 6 5 )  was a ls o  d e t e c t e d  b y  

J o u b e r t  ( 1 9 54 ) .  Bo n sma ( 1 9 5 1 ) found a n  a pp r e c ia b le i nc r e a s e  in  t h e  m i lk 

y i e l d s  of  ra nge cows even  a t  the  end  o f  t h e  la c t a tion  a s  a res u l t  o f  t h e  

r i s e  i n  feed va l u e s  o f  t h e  pa s t u re during  t h e  s ummer . P le a s a n t s  ( 1 9 7 4 )  

o b t a ined  evidence  from the  c ompa r i s o n  o f  t he p e rforma n c e  o f  cows o n  a 

sawd u s t  pad w i t h  a h i l l-pa s t ure w i n t e ri n g  s y s t em that  cows t e n d ed t o  

i nc r e a se their  m i l k  prod u c t ion w h e n  removed from t h e  pad , a pprox ima t e ly 

3 0  days  post-pa r t um ,  a nd moved t o  h i l l  pa s t ur e s  under  w h a t  were  p o s s i b ly 

l e s s  s tress ful  cond i t i on s .  Lamon d  e t  a l .  ( 1 9 6 9 )  hav e  a ls o  observed  

s ig n i ficant  d if f e r e n c e s  i n  t h e  w e i gh t  of  m i lk produced  under  d i ff e r e n t  

f e e d ing  systems . 

N o t  a l l  reports  have  c o n f i rmed s i g n i fi c a n t  p re -ca lving  n ut ri t iona l 

e ff e c t s  on  s ub se q u e nt milk  y i e ld s .  Dre nnan  a nd Bath  ( 1 9 76 a ) s t ud i e d  

m i xe d -a g e  H e re ford-cross  cows u n d e r  two e x p e r im en t s ,  w h e r e  s i la g e  w a s  fed 

t o  p romote  a c o n t r o l  group  weight  ga i n  of 4 5 k g  ( 8 . 9  p e rc e n t ) in t h e  first  
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e xp eriment a n d  1 3 k g  ( 6 , 2  percen t )  i n  t he se cond . T he r e s t r i c t e d  g r o u p s  

e x p e r i enced  we i g h t  l o s s e s  o f  1 8 k g  ( 3 , 5  p e rc e n t )  a nd 3 1 k g  ( 6 , 2 p e r c e n t )  

i n  t h e  f i r s t  and  s e cond  e x pe rime n t s , r e s pe c t iv e l y .  

I n  b o t h  e x p e rime n t s , c ows fed  a t  t h e  r e s t r i c t ed l e v e l  d ur i n g  

l a t e  pre gna n c y  ga i n ed s i g n i fica n t l y  ( p <D . D 1 } more live  w e i g ht d u ri n g  

t h e  s ubsequen t pa s t ure  g ra z i n g  period . T h e  m i l k  prod u c t ion  o f  t h e  d a ms 

a s  d e t e rmi n ed b y  WNW w a s  not  a ffec t e d  b y  t h e  pre -ca l v i n g  p la n e  o f  

n ut r i t io n .  D re n na n a nd B a t h  ( 1 9 76 a ) c o n s i d e red t h a t  t h e  m i l k  prod u c t ion  

of  t he i r beef  c ow s  w a s  proba b l y  limited  b y  t h e  a b i l i t y  o f  t he ca l f  to  

c o n s ume all  ava ilable  milk  early  i n  la cta t i on , which  subs e q u e n t l y  led  to  

a reduced  y i e l d . 

( i i )  We ight of  dam 

Most of t he r e p o r t s  in the l i t e ra tu r e  where w e i g h t  of dam wa s 

c o n s id e re d  for  i t s  i n fluence  on  m i l k  y i e l d  have  i n d ic a ted  a sma l l  

p o s i t ive a s soc ia t ion b e twe e n  t he two ( D ic k e y  e t  a l . , 1 9 7D : R u t le d g e  

e t  a l . , 1 9 7 1 ) .  

The i s o la t ion  o f  w e i g h t  o f  dam  e ffe c t s  on m i l k  y i e l d  is  c omp l ic

a te d  b y  t he pa r t ia l  r e la t ionsh i p  b e tw e e n  cow w e i g h t  a nd a g e . J e f f e ry 

a n d  Berg  ( 1 9 7 1 a )  r eported  corr e la t i o n s  b e tw e e n  a ge a n d  p o s t -ca lv i n g  

c ow w e i g h t  o f  D .  7 3  a nd D .  76 . 

T h e  ma n n e r  l n  which  breed i n g  fema les  a re rea red  t o  ma t u re s i z e 

a nd we i g h t  h a s  b e e n  d i scussed  b y  Swa n s o n  ( 1 9 6 7 )  w ho reported  s ev e r a l  

s t ud ies  w h e re i d e n tica l tw ins  were  u s e d  t o  mea s ure t h e  d e t r im e n ta l 

e ffects  on  milk  y i e ld la ter  in  l i fe o f  ove rfeed i n g  h e i fers  a t  youn g e r  

a ge s .  T h e  poor d ev e l opmen t  o f  t h e  ma mma ry t is s u e  wa s g iv e n  a s  a ma j o r  

c on t ributor t o  poor l a c ta t iona l p e r fo rma n c e  i n  ove r- fed fema l e s ,  

From n orma l b e e f  c a t t l e  ma na g emen t  proc e d ures ,  s e v e ra l s t u d i e s  

h a v e  reported  t he r e l a t ionship  b e t w e e n  we i g h t  o f  dam a nd m i l k  pro d u c e d ,  

J e f f e ry and B e rg ( 1 9 7 1 a )  p r e s e n t e d  a s imple correla t i o n  b e tw e e n  

post -ca l v i n g  c o w  w e i g h t  a n d  m i l k  y i e ld o f  s evera l b e e f  breeds  o f  c ows 

of 0 , 2 8  a n d  D , 3 8 ,  T h e  import a n c e  o f  c ow a ge i n  i t s  e f fe c t  o n  m i l k  

y ie ld t hr o u g h  cow w e i gh t  w a s  s e e n  whe re , t og e t h e r ,  t h e s e  t w o  t ra it s  

e xp la ined  1 5 , 3  perc e n t  ( 1 9 6 6 ) a nd 2 1 , 1  percent  ( 1 9 6 7 )  o f  t he va r ia nc e  
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l n  m i l k  y i e ld ,  H o l d i n g  cow a g e  c o n s ta n t , post-ca l v i n g c ow w e i g h t  

e x p la i ned a n  add i t i ona l 0 , 0  ( 1 9 6 6 )  a nd 8 , 5 p e r c e n t  ( 1 96 7 )  o f  t h e  

v a r ia n c e  i n  m i l k  y i e ld . W i t h  t h e  e ffec t o f  cow a g e removed  t h e  

a ut h o r s  found t ha t  pos t-ca l v i n g  c ow we i g h t  had  l i t t le e ff e c t  on m i l k  

y i e ld i n  t h e  f i r s t  yea r ,  b u t  i n  t h e  second  yea r o f  t he s t u d y ,  t h e  

r e g re s s i on coe f f i c i e n t  wa s s i g n i f i c a n t  ( p  < 0 . 0 1 ; b = 0 . 0 1 ) mea n i n g  

t ha t  a n  increa s e  o f  pos t-ca l v i n g  cow  w e i g h t  o f  1 0 k g  could  b e  e xp e c t e d  

t o  i n c rea s e  m i l k  y i e l d  by  D .  1 k g p e r  d a y .  

The  s up p o r t i n g  l i te r a t ure  rev iew o f  J e f fe r y  e t  a l .  ( 1 9 7 1 a )  

i n d i c a t ed t ha t  da i r y  breeds  s how g re a t e r  r e s ponse  t o  cow w e i g h t  

i nc r e a s e s  than c a n  b e  expec ted from breeds  o f  b e e f  ca t t l e . T he 

a u t h ors concluded  t ha t  t h e  i nc on s i s te n c y  o f  t he r e la t i o n s h i p  b e t w e e n  

b od y  s i ze a nd m i l k  yi e ld r e p o r t e d  in  t he i r  o w n  s t ud y  i n d ica ted  t ha t  

s e l e c t i on for b od y  s i z e would  g i v e  v ery l i t t l e  a s s ura n c e  o f  a n y  

a s soc ia te d  i nc r e a s e  i n  m i l k  y i e l d . 

C owa n e t  a l .  ( 1 9 74 ) ob ta i n ed r e s u l t s  w h i c h  s u g g e s ted  t ha t  a n ima ls 

g e n e t ica l l y  or en v i ronmenta l l y  c a p a b l e  of reach i n g  a h i g h e r  l i v e  w e i g h t  

a t  f i r s t  ca lv i ng w i l l  produce  m o r e  m i lk t h a n  a n ima ls  o f  lower l i v e  

w e i g h t . T h i s  s uperior i ty tends  t o  d e crea s e  w i t h  s ub s e q u e n t  l a c t a t i o n s . 

S i g n i fica n t  pos i t ive  re la t i on s  b etween  l i v e  we i g h t  a t  c a lv i n g  a n d  m i lk 

y i e ld were  a ls o  obta ined  by M i l l er e t  a l .  ( 1 9 7 3 ) a nd H i c kma n e t  a l .  

( 1 9 7 1 ) .  

( i i i )  Age a nd pa r i ty o f  d a m  

The  c lose  a s s oc ia t ion  o f  wea n in g  w e i g h t  w i t h  m i l k  prod u c ti on 

a ll ows muc h o f  t h e  d is c uss ion  o f  t h e  e ffec t s  o f  a ge a nd pa r i t y  o f  d a m  

o n  pre-wea n in g  p e r forma n c e  o f  c a lv e s  ( Se c t i on 2 , 2  i v )  t o  b e  e x t r a 

p o la te d  t o  t h i s  s e c t i o n . R eports  i n  t he l i te r a t ure c le a rly  i n d ica t e  

i n c rea sed  mi l k  prod u c t ion  w i t h  a g e  t o  ma t ur i ty a t  b e tw e e n  s i x - a nd 

e i g ht-yea rs-o f-a ge  ( G i fford , 1 9 5 3 ;  M e l ton  e t  a l . , 1 96 6 ; Tew o l d e  e t  a l . , 

1 9 7 6 ) .  R ut l e d g e  e t  a l .  ( 1 9 70 ) reported  t h a t  m i l k  y i e l d s  o f  2 79 

l a cta t i on s  b y  1 9 3 H e re ford dams  e x h i b it e d  a q u a d ra t i c  response  w i t h  a g e ,  

w i th t h e  ma x imum a t  8 , 4  years . A la t e r  p a p e r  b y  t h e s e  a uthors  ( R u t l ed ge 

e t  a l , , 1 9 72 ) o f  t h e  same  da ta ind ica ted  t ha t  a s im i l a r  s h a p e  o f  the  

l a ct a t i o n  c urve  e x i s t e d  for  each  o f  the  various  ages  of  d a m . 

Je ffery e t  a l .  ( 1 9 7 1 a )  pre s e n t e d  a curvi lin e a r  e ff e c t  o f  c ow a g e  



8 3  

o n  m i l k  yie ld w i t h  a leve l l in g  o f f  a ft e r  t h e  t h i rd lacta t io n  ( f i v e 

t o  s i x-yea rs-of-a ge ) . The  c orre la t io n s  o f  m i l k  y i e l d  w i t h  a g e  o f  

d a m ,  how e v e r , were m e a s ured t o  b e  q u i t e  l o w  ( r = 0 , 3 2 ; 0 , 2 2 ) ,  a nd 

a s econ d p ub lica t i on b y  t h e  a ut h o r s  ( J e ffery  e t  a l . , 1 9 7 1 b )  s ug g e s t e d  

t here  i s  c o n s i derab l e  va r i a t ion i n  mi l k  prod uct ion  b etween  c ow s  o f  

s i m i la r  a g e  a n d  bre e d . M i l k  y i e ld a l o n e  e x p la i ned  5 6  t o  5 9  p e r c e n t  o f  

t h e t o t a l va ria t i on i n  a v e ra ge d a i l y  ga i n  o f  ca l f  t o  wea n i n g ; w h e n  

c ow a ge wa s i nc l ud ed i n  t h e  mod e l , t he amount  o f  a d d i t iona l v a r i a n c e  

o f  ca l f  p e r fo rma n c e  e x pla ined  b y  m i lk  y i e ld w a s  reduced  b y  a p pr o x ima t e l y  

1 2  percen t . 

I t  was  ind ica t ed e a r l i e r  in  t h i s  r e v i ew t h a t  a ge a t  f i r s t  

c a lv i n g  a ffected  wea n i n g  w e i gh t s , w i t h  a gr eeme n t  tha t h e i fe r s  ca l v i n g  

f i r s t  at  t h re e-yea r s-o f-a ge ra i s e d  h e a v i e r  ca lv e s  t h a n  t h o s e  c a l v i n g  

f i rst a t  two-yea r s - o f-a g e . The  r e v iew  o f  l i te ra t ure  b y  C owa n e t  a l .  

( 1 9 74 ) d iscusse d  a ge a t  f irst  ca l v i n g  w i t h  respect  to m i l k  y ield  a nd 

found  con fl i c t i n g  e v i d e nce . F u r t h e rmore , t h e  r e la t ion s h ip b e tw e e n  a ge 

a nd we i g h t  a t  f i r s t  ca lv L n g  i s  l i k e l y t o  grea t l y  mod i fy t h e  r e l a t ion s h i p  

o f  e i t he r  t o  m i lk  y i e ld ( Hic krna n e t  a l . , 1 9 7 1 ) . 

T h e  g rea t e s t  d i fference  b e tw e e n  pa r i t i e s  o f  dam  for wea n i n g  

w e i g h t  wa s seen  b e tween  f i r s t  a nd s e c o n d  ca lves . T h i s  wa s a ls o  obs erv e d  

b y  w o r k e rs w h o  s t ud ied t h e  i n fl u e n c e  o f  t h i s  t ra i t o f  t h e  d a m  on h e r  

m i l k  p r o d u c t ion ( C hr i s t i a n  e t  a l . , 1 9 6 5 ;  H o llowa y e t  a l . , 1 9 7 5 ) . T h i s  

i s  a ga i n  i n d i ca t iv e  o f  t h e  s trong  a s soc ia t ion  b e tween  t h e  y i e l d  o f  m i l k  

a nd t h e  w e a n i n g  w e i gh t  o f  t h e  ca l f .  

( i v ) S e x  a n d  b i r t h  we ight o f  c a l f  

T h e  l i t e ra t ure  i s  d iv i d e d  o n  t h e  i nfluence  o f  s e x  o f  ca l f  o n  m i l k  

product ion  o f  t he dam . I t  w o u ld a p p ea r t ha t  t h e  generally  a c c e pted  

s u p e r i o r i t y  of  t h e  ma l e  over  t he fema l e  calf  for  pre-we a n i n g  p e r forma n c e  

i s  n o t  n e c essa r i l y  related  t o  t h e  m i l k  yie ld o f  t he d a m .  T h i s  s u g g e s t s  

t h a t  t h e  e fficiency  o f  uti l i za t i on  o f  m i l k  a nd p a s t u r e , a nd t h e  qua n t it y  

o f  p a s t ure  consumed  b y  t he ca l f  a re a ls o  sign i fi ca n t  s o u r c e s  o f  

v a r i a t ion  between  t h e  s e x e s ,  

Me l t o n  e t  a l .  ( 1 96 7 ) reported t h a t b u l l  ca lv e s  reared  b y  A n g us , 

C ha ro l a i s  and  H e re ford cows removed O , S Bk g  more mi l k  p e r  da y b y  WNW 

d e termina t io n  t ha n  he i fe r  ca lve s , T he s e x  d i f ference  d e c lined  p r o g r e s s 

i v e ly d u r ing la cta t ion t o  0 , 1 0k g  p e r  da y .  T he d if f e r e n c e  b e tw e e n  t h e  
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d a ms o f  the two  s e x e s  for t o ta l  la c ta t iona l m i l k  yield  w a s  non

s i g n i f i c a n t  ( 70 3 .  1 k g for  ma les ; 6 4 9 . 9 k g  for  fema l e s ) a l t ho u g h  t h e  

g a i n  o f  ma le ca l v e s  w a s  s i g n i fi ca n f l y  ( p  <0 , 0 1 ) s u pe r ior  t o  tha t o f  

t he fema les . 

Dickey  e t  a l .  ( 1 9 70 ) reported  t h a t  ma le ca lves  o f  A n g u s  c ow s  

removed  s i gn ifica n t ly more  a t  d e t e rmina t io n  t imes  than  fema l e  A n g u s  

ca lve s ,  w h i le t h e  d i f fe rence  b e tw e e n  t h e  s e x e s  for t h e H e r e ford d a ms 

wa s n o t  s i gni fica n t , R ut le d g e  e t  a l .  ( 1 9 7 1 ) r e ported  a s i g n i fi ca n t 

s u p e r iority  o f  t h e  m i l k  y i e ld o f  d a ms s uc k l i n g  fema le ca lves  a m o u n t i n g  

t o  5 6 k g  more m i l k  over  a 2 0 5 -d a y  la c ta t i on . 

The c o n fu s i o n  over  t he sex  d om i n a n c e  for milk  y i e l d s  is a d d e d  t o  

b y  t he year b y  s e x  o f  ca l f  intera c t i o n s  r e ported  by  P l e a s a n t s  ( 1 9 74 )  

a nd J e ffery e t  a l .  ( 1 9 7 1 a ,  b ) . The  former  a u t hor repo r t e d  h i g h e r  

c o n s umption  o f  m i l k  b y  b u l l  ca l v e s  i n  t h e  f i rs t yea r o f  t h e  e xperime n t  

( 1 9 70 )  and  grea t e r  con s ump t ion  b y  fema l e s  i n  t h e  second yea r .  T h e  

c h a n ged  c lima te b e twe e n  years  wa s d is c u s s e d  i n  re la tion t o  t he pos s i b le 

m e c ha n ism prod uc i n g  t h i s  e ffe c t .  

G l edd ie a r. d  B e r g  ( 1 9 6 8 ) r e ported  n o  s i gn i fic a n t  s e x  e f fec t  o n  

e i t he r  the  m i l k  prod u c t ion  b y  cows , o r  t h e  m i l k  compo s i t i o n . O t h e r s  to 

find  sex d i ffe r e n c e s  t o  be n on-s i g n i fica n t  ha ve been C hr i s tian  e t  a l .  

( 1 9 6 5 )  and  W i l s o n  e t  a l .  ( 1 9 6 9 ) . T h e  work o f  H ug hes ( 1 9 72 )  s u g g e s t e d  a 

c ow a ge b y  s e x  o f  ca l f  i n te ra c t i on w i t h  ma le ca lves  b e i n g  more  d om i n a n t 

f o r  milk  c o n s um p t ion a t  youn ge r  a g e s  o f  d a m .  

The  rela t i ons h ip b e tween  b ir t h  w e i g h t  a nd m i l k  c o n s umpt i on  ha s 

b e e n  reported b y  s ome workers a s  a r e a s o n  for grea ter  m i l k  c on s um p t ion 

by ma le ca lves . 

The  find in g s  o f  Melton  e t  a l .  ( 1 9 6 7 ) o f  grea te r  m i l k  c on s um pt i o n  

b y  ma les ,  e s p e c ia l l y  early  i n  t h e  l a c ta t ion , wa s s u p p o r t e d  b y  t h e  

a ut hors w i t h  t h e  findings  of  g r ea t e r  b i r t h  w e i g h t  o f  b u l l  ca lve s , 

a v e ra ging 2 .  7kg  more  than  h e i fe r  ca lves , C a rtwright  a nd C a r p e n t e r  ( 1 9 6 1 ) 

o b s e rved t ha t  b u l l  ca lves  a ls o  tend  t o  n ur s e  more fre q u e n t l y  a nd ma y 

t he reby s t im u l a t e  g rea t e r  milk  produc t i o n . 

R u t l e d g e  e t  a l .  ( 1 9 7 1 ) found  t ha t ,  d e sp i t e  t h e  g r e a t e r  prod u c t io n  
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o f  m i l k  b y  cows r e a r i n g  fema le calv e s , t h e  l in e a r  regre s s i on o f  tot a l  

m i l k  yield o n  ca l f  b ir t h  w e i g h t  was 0 , 5 1 , a nd i nd i c a t ed t h a t heav i e r  

c a lves  a t  b i r t h  dema nded  more m i l k  from t h e  dam . 

The  stud y o f  J e ffery  e t  a l .  ( 1 9 7 1 a ) showed a pos i t i ve corre l a t i o n  

o f  b i r t h  w e i g h t  w i t h  tota l mi l k  y i e ld o f  0 . 1 8  a nd 0 . 1 1 ,  b u t  b i r t h  w e i g h t  

e x p la ined  o n l y  0 . 0 t o  2 . 4  perce n t o f  t h e  t o ta l v a r i a n c e  1 n  m i l k  y i e ld .  

T he a u thors  c o n c l u d e d  t ha t  b i r t h  w e i g h t  i n  t h e i r  s t udy wa s n o t  a n  
important  fa c t o r  i n  i n fluenc i n g  the  m i l k  y i e l d  o f  the  da m . T h e  

c onclus ion i s  s uppo rted b y  t h e  fi n d i n g s  a n d  d iscuss ion  o f  C hr i s t ia n e t  a l .  

( 1 9 6 5 ) a nd G ledd i e  a nd Berg  ( 1 9 6 8 ) . 

The  f i n d i n g s  o f  Drewry e t  a l .  ( 1 9 5 9 ) prob a b ly b e s t  ind i ca t e  t h e  

e x p ected  r e la t i o n s h i p  b e tween the  b ir t h  we i g ht o f  t he ca l f  a n d  m i l k  

y i e ld i n  t h e i r  r e p o r t i n g  o f  a corre la t i on be tween avera g e  d a i ly m i lk 

produc t i o n  a n d  t h e  b i r t h  w e i g h t  o f  the  ca l f  i n  the  f i r s t  m o n t h  o f  

l a c ta t i on o f  A n gus  cows o f  0 . 4 3 ,  t he r e la t ion s h i p  d e c l i n i n g  w i t h  t i m e  to 

be r = 0 , 2 9 at 3 months  a nd r = 0 , 1 2  a t  6 mon t h s . 

T h is t e n u o u s  rela t i onsh ip  a pp e a r s  to  prec lude  d e fi n i te c o n c l u s ions  

a b out  t he i n fluence  of  s e x  on  mi l k  y i e ld s , s i nce marg i n a l l y  h i g h e r  b ir t h  

w e i g h t s  mea s ur e d  i n  b u l l  ca lves , g iv i ng a s uc k l i n g  a d va n ta g e  e a r l y  i n  

l i fe ,  ma y b e  s ub s e quen t l y  r e v e r s e d  b y  a s e x  b y  e n v i ronmen t i n t e ra ct i o n .  

( v ) Breed  o f  dam  

Ta b le 3 , 1 c o l l a t e s  da ta pub l is he d  i n  t he l i t e ra t ure , Reports  

c ompa r i n g  b e e f  with  da iry breeds  were  i n c luded  t o  i ll u s tr a t e  t he la r g e  

g e n e t i c  d i fferences  w h i c h  e x i s t . T h e  sma l l  amount  o f  e xt ra va riance  i n  

produc t i v i t y  a c c o unted  for b y  compos i t iona l d i f ference s , d is c u s s ed 

e a r l i e r , mea n s  t ha t ,  d e s p i t e  t h e  h i g h  c o r r e la t io n  o f  t o ta l s o l id s  a n d  

t ota l con s t i tuen t s  w i t h  ca l f  we a n i n g  we i g h t , b e tween  b r e e d  comp a r isons  

m a y  b e  sa fe l y  mad e  on a yie ld-only  b a s is . 

W i llham ( 1 9 72 ) considere d  t h e  a ve ra ge m i l k  y i e l d  from t h r e e  B r i t i s h  

b e e f  breeds  ( A ng u s ,  Here ford a n d  S ho r t h o rn ) t o  b e  a ppro x i ma t e ly 2 . B k g  p e r  

d a y ,  T h i s  would appear  t o  b e  a con s e rv a t i v e  eva lua t i o n  s in c e  m o s t  o f  t h e  

l i tera t ur e  reports r e t urned appre c i a b l y  higher  d a i l y  p r o d u c t i o n  d a ta 

( Table  2 , 1 2 ) , 

The  d iscuss i o n  o n  wean in g  w e i gh t ,  especia lly  the  s e c t i o n s  o n  breed  



Table 2 , 1 2  

B re ed 

A 

Bee f S horthorn  

A ,  A x H n  

A '  H d  

Hd , H d  x H n , 
H n  

A '  H d  

A '  Hd  

H d ,  H n  

A '  c ,  Hd  

A '  c ,  H d  

Hd  

A ,  B ,  Brangus  

A '  B ,  Bra n gus  

H d ,  H n  

A 

A = A n g u s  
H d  = H e r e ford 
Hn  = Holstein  
c = C ha rola is  

The e ffe c t  o f  breed  of  dam upon m i lk yie ld 

A ge 
( years ) 

M . A . 

M .  A .  

2 

M . A . 

3 

M . A . 

2 

M .  A .  

M .  A .  

M .  A .  

3 

4 

M . A .  

Reported  prod u c t i on by breed  ( kq )  

1 4 D 7  

2 2 D 7  

79 5 ( 4 . D/da y ) , 1 1 3 6 ( 5 , 7/da y )  

2 ,  5 8/da y ,  

1 4 6 D  

5 . 8 /d a y  

3 . 9 /d a y  

5 .  8 /da y 

6 9 8  

6 6 4  

1 D .  2 /d a y  

3 . 1 /d a y  

3 . 8 /d a y  

6 .  7/d a y  

2 .  5 6 /d a y  

1 9 3 0  3 4 7D 

4 .  6 /d a y  

2 . 9 /d a y  

1 2 . 0/d a y  

8 3 4  6 0 7  

7 84 5 8 1  

2 . 8 /d a y  3 . 4 /d a y  

3 .  2 /d a y  3 , 8 /d a y  

M . A . = M i x e d  A ge 

B = B ra hman 

La c ta t ion S i g n i fi c a n ce level 
lengt h o f  d i f ferences  
( da ys )  b e tween  breeds  

1 8D 

2 4 5  

2DO  * * 

2 4 0  * *  
* *  

2 4 0  

1 7 5 * *  
1 7 5 * * 

-----

* *  = p < D .  0 1  

R e fe r en c e  

C o le  a n d  J o ha n s s on ( 1 9 3 3 )  

Dawson  e t  a l .  ( 1 9 6 D ) 

D e ut s cher  a nd Whi t ema n 
( 1 9 7 1  ) 

D i c k e y  e t  a l .  ( 1 9 7D ) 

Hollowa y e t  a l .  ( 1 9 7 5 )  

J e ffery e t  a l .  ( 1 9 7 1 a )  

K l e t t  e t  a l .  ( 1 9 6  5 )  

Kropp  e t  a l .  ( 1 9 72 )  

Mel  ton  e t  a l .  ( 1 9 6 6 )  

Melton  e t  a l .  ( 1 9 6 7 )  

N ev i l l e  e t  a l .  ( 1 9 6 0 )  -
Reyno ld s e t  a l .  ( 1 9 6 7 )  

S a u l  a n d  Morgan  ( 1 9 7 6 ) 

S e rwa n j a  e t  a l ,  ( 1 9 6 9 ) 

CD 0\ 
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( S e c t i o n  2 . 2  i )  a nd ma tern a l  e n v i ronm e n t  ( S e c t ion  2 , 2  v i ) ,  h as  

a lr e a d y  imp lica t e d  the  s u periority  o f  t he A n g u s  breed  o v e r  the  

H er e ford breed  for milk  prod uction . Among  those  c o n firming  t h e  

s u p e r i or per forma nce  o f  t h e  A n g u s  breed  have  b e e n  Dunn  e t  a l .  ( 1 9 6 5 ) ,  

w ho found  t ha t A n g u s  c ows produced  a p p r o x ima te l y  1 k g per d a y  more  

m i l k  t ha n  H e re ford cow s  a t  all  s ta g es of  la c t a t i on a s  d e t e rm i n e d  b y  

WNW . Omar ( 1 9 74 ) found  u m i l k  prod u c t i o n  a d v a n ta g e  f o r  A n g us o v e r  

H e r e ford dams o f  a pprox ima t e l y  2 k g  p e r  d a y  which  w a s  r e la t i vely  

c o n s i s t e n t  t h ro u g h o u t  the  2 0 5-da y  la c ta t i on . 

Data  were  provided w h i c h  i nd i ca t e d  t ha t  B e e f  S hort horn cow s  c a n  

b e  e x pected  t o  prod uce  s imilar  q ua n t i t i e s  o f  m i l k  a s  A n gus  c ows , 

S c hw u l s t  ( 1 9 6 9 ) g a v e  d a i l y  prod u c t ion  fig ures  for A ngus  o f  6 . 9 k g ; 

S ho r t horn , 6 . 9 k g ; a n d  Here ford , 6 , 4 k g .  

The  E ur opean  b e e f  b re ed s , espe c ia lly  t h e  C ha ro la i s , h ave  e x h i b i t ed 

g re a t e r  milk  p rod uc t i on p o t e n t ia l tha n B r i t i s h  b e e f  bre e d s  ( Me l ton e t  a l , , 

1 9 6 6 ,  1 9 6 7 :  K l o s te r ma n  e t  a l . , 1 9 72 ) 1t1 h i c h  i s  e x pected  i n  v ie1r1 o f  t h e i r  

d e v e l opme n t  a s  " d ua l  purpose"  b r e e d s  i r1 [ u ropean  r ura l commun i t ies . 

The s t u d y  o f  Reynolds  e t  a l .  ( 1 9 6 7 )  has  con firmed t ha t  B .  i n d i c u s  

b re e d s  e x h i b i t  i n fe r i o r  m i l k  y i e lds  t o  B . t a urus  breed s ,  a l t ho u g h  t h e  

a u t h ors inc luded  a m o s t  importa n t  con s idera t i on r e l a t i n g  t o  t h e  m i l k  

y i e lds  o f  a l l b e e f  breed s ,  Beca use  o f  t he c o n s i d e ra b l e  va r i a t i o n  w h i c h  

o cc urs  na t u ra l ly w i t h i n  b reed , m i l k  prod u c t ion c ompa r i s on s  h a v e  l im i ted  

v a l ue ,  

The  s i z e  o f  t h e  heteros i s  e ffe c t  i n  cros s breed i n g  a ppears  t o  b e  

d e pe n d e n t  on t h e  d e g re e  of  g e n e t i c  s im i la r i ty be twe e n  bree d s , W h e r e  

c r o s sbreds  o f  b e e f  b reed i n g  have  b e e n  compa red with  t h e  s trai g ht b r ed s ,  

c ro s sbreds  have  u s u a l l y  e x h ib i t e d  m i l k  y i e l d s  s uperior t o  t ho s e  o f  e i t her  

s tr a i g h tbre e d , S u pport  for this  p h e n omen on ha s come from t h e  cro s s i n g  o f  

A n gus  a n d  Here ford b r e e d s  a s  reported  b y  K losterman e t  a l .  ( 1 9 72 )  a nd 

J e ffery e t  a l .  ( 1 9 7 1 a ) .  Where  t h e re i s  la rge  genetic  d is s imi l a r i t y  t h e  

heterotic  e ff e c t  i s  sma ll  compa red t o  t h e  d i fference be twe e n  t he p e r form

a n c e  of t h e  h i g h- a n d  l ow-producing  b re e d s , a n d  cro s s b red prod u c t i on i s  

l o c a t e d  b e tw e e n  t h a t o f  t h e  t w o  p a r e n t  s t r a i g htbreed s . K ropp  e t  a l .  ( 1 9 72 }  

a n d  Hol lowa y e t  a l . ( 1 9 7 5 )  have  c le a r l y  demon s t rated  t h e  phe n omen o n  in  t h e i r  

s t ud ie s  o f  Here ford , H o l s t e i n  a nd H e re ford -Hols t e i n  cross  h e i fe r s . 



C H A P T E R T H R E E 

MA T E R I A LS A ND M E T H O D  

1 .  Source  o f  D a t a  

( i ) Yea r O n e  1 9 75  - 1 9 76  

8 8  

T he e x p e r im e n t a l  herd wa s loca ted  a t  M a s s e y  Un i v e r s i t y ' s N o .  3 

s he e p  fa r m ,  " T u a p a k a "  o f  462  ha . T ua pa ka  i s  s i t ua ted  s o u t hw e s t of t h e  

Manawa t u  G orge , on  t he n o r t h e rn Ta ra rua ra n g e , a n d  i s  e x p o s ed t o  t h e  

p r eva i l i n g w e s t e r l y  w in d . T he s te ep n e s s  a nd l ow s o i l fe r t i l i t y  o f  t h e  

p ro pe rt y  ma ke  i t  l a r g e ly u n s u i t a b l e  f o r  a n y  e n t e rp r i s e  o t h e r  t ha n  

b r e ed i n g . 

The  e x pe r i me n ta l h e r d  co n s i s ted  o f  7 1  f i r s t - c a l v i n g  A n g u s  he i fe r s , 

4 7  o f  w h i c h  w e r e  b o u g h t  i n  to  c o� p l e t e  t h e  e xp e r imenta l g r o u p , t h e  

r e ma i n d e r  b e i n g r e a r e d  from b i r t h  on  t he p rope r ty . A t  t h e  s ta r t  o f  t he 

e x p e r imen t , 8 a n i ma l s  were  d ia g n o s e d  ba rren  and  w e re removed . A furt h e r  

9 a n i ma ls  w e re e xc l ud e d  from t he c a l v i n g  a n a lys i s  beca u s e  o f  l a t e n e s s  t o  

c a l v e , l os s  o f  ca l f  a t  or  a ft e r  ca lvin g , a n d  o t her  m i s a d ve n t u r e .  T h e  

t hr e e  or i g in s  of  b i r t h , Ma s s e y  ( 2 2 he i fe r s ) , H a w k e ' s  B a y  ( 2 0 )  h e i fe r s , 

a nd Wa i ra rapa ( 1 2  he i fe rs ) ena b l e d  t h e  eva lua t i o n  o f  d i ff e r i n g  a u tumn 

w e i g ht i n  its  i n fl ue n ce  on  t he s a me t r a i ts a s  the trea tme n ts imposed , 

n a me ly the we i g h t  o f  t he ca l f  a t  birt h ,  d u r i n g  the  p re -w ea n i n g  p eriod  

a nd a t wea n i n g ,  a n d  t he milk  con s ump t i o n  by  the  ca l f .  

T h e  eva l ua t i on of  t he e ffect  o f  t h e  p re-ca l v i n g  p l a n e  o f  n ut r i t i o n  

i n v o lved a sw i t c hover  d e s ign  w i t h  the  swit chover  point  b e i n g  a pproxima te l y  

3 w e e ks b e fore t he o n s e t  o f  c a l v i n g  ( tha t is , 6 w e e k s  b e fore t h e  a v e ra g e  

ca lving  d a te ) a nd 7 0  days  a ft e r  t h e  trea tme n t  g ro ups w e re s e grega t e d . 

T he g r o ups were  t hus ide n t i fied  a s  H P -LP ( 1 8 ) ;  LP-HP ( 1 7 ) ;  a n d  H P -H P  

( 1 9 ) w here  t h e  f i g ur e s  in  pare n t heses  i n d ica te t h e  n umber  o f  he i fe r s  i n  

e a c h  treatme n t  group . 

P r ior t o  t h e  commenceme n t  o f  trea tment a l l  h e i f e rs w e re run  

t og e ther  follow i n g  n o rma l  hill  c o u n t ry s e t-stocking  p ra c t i se s .  W h e n  

t re a tments  w e r e  imp osed , e a c h  t r e a tme n t  g r o up was  s t i l l  s e t  s to c k e d , b u t  

a t  ra t e s  s uffici e n t  to prod uce t h e  d e s ired  live  w e i g ht c h a n ge s .  A turn i p  

c rop was  in corpora t e d  in  t h e  feed i n g  r e g im e . The  low p la n e  o f  n ut r i t ion  
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was  impleme n ted  b y  c l o s e  forwa rd  g ra z i ng  b y  e we s , followed  by a 

s tocking  ra t e  a p pl ied  t o  t he LP-HP  h e i fe r s  s uf f i c i e n t  t o  c a u s e  a 

l i ve  w e i g h t  loss  o f  a pp r ox ima t e l y  0 , 3 kg p e r  d a y  for 70 d a ys . 

A l l  h e i fe rs w e re i d e n t i fied  b y  ea r tag  a nd w e re a l l o c a t e d  

e q ua l l y  w i t h i n  t he o r i g i n  g r o u p s  to  t h e t r ea tmen ts , by  ma t c h i n g  t h e  

e a r ta g  num b e r  w i t h  a s e t  o f  random n um b er s . T he random i 7 a t i o n  

p roced ure  wa s c a r r i e d  o u t  on 1 Ma y , 1 9 7 5 ,  a l t ho u g h  the  comme n c em e n t  

o f  trea tmen t s  d i d  n o t  o c c u r  un t i l  8 May , 1 9 7 5 . T he s t a r t i n g  l i v e  

w e i g h t s  w e r e  those  t a k e n  o n  1 Ma y .  For  t he p u rposes  o f  s imp l i fi ca t i o n  

o f  ma na g eme n t , t h e  two h i g h  pla n e  g roups  w e r e  r u n  to g e t he r  f o r  m o s t  o f  

t he t ime , d is t i n c t i on b e j ng mad e  on ly f o r  t h e  purposes  o f  s ta t i s t i cal  

a na lys i s . A t  t he t im e  of  s e para t i o n  o n e  g r o u p  was  fed on  the  turnip  

c rop . 

T he l ive  w e i g ht c ha n ge o f  t h e  he i fe r s  was  mon i tored  o n  a fort

n i g ht l y  ba s is a l t ho u g h  n o t  all  t r ea tment  g r oups  w e re n e c e s sa r i l y  

w e i g hed  tog e t he r ,  T h e  6 c o i n c i d e n t  w e ig h in g  days  were , i n  d a ys from 

t he s ta r t  o f  t he tr ia l ,  0 ( 1  Ma y ) ; 2 5  ( 2 6  Ma y } ; 4 2  ( 1 2  J u n e ) ;  

5 6  ( 2 6 J un e ) ; 70 ( 1 0  J uly ) ; 8 5  ( 2 5  Ju ly ) . T he a na l y s i s  o f  d a t a  f r om 

t he pr e-ca l v i n g  l i v e  w e i ght  o f  t h e  h e i f e r s  i n c l ud e s  t h e  w e i g h i n g  on 

2 5  J uly as the la s t  d a y  of c omple t e  s ub g r ou p s , 2 1  days b e fo r e  a v e ra g e 

c a lv i n g  d a t e  ( 1 5  A ug u s t ) .  C a lv i n g  b e g a n  on 30  July  a nd n o  f ur t h e r  

b i rth  we i g h t s  w e r e  recorded  b e yond 1 2  S e ptemb e r , a ft e r  w h i c h  d a t e  2 

l a t e  cal v e rs  w e re removed  from t h e  e x p e r ime n t .  

For  e a c h  h e i fe r ,  the  n u t r i t i ona l tre a tment  ceased  immed ia t e l y  

p r i o r  to  ca lving  when  pa rturit ion  w a s  cons idered imm i n e n t  a n d  s u c h  

a n imals  w e re removed to  a common c a l v i n g  paddoc k .  E a c h  ca l f  wa s 

w e i g hed w i t h i n  24  h o u rs o f  birth  a nd i d e n t ified  by n umbe red e a r ta g . 

T he w e i g h t  wa s t a k e n  b y  s uspend ing  t h e  c a l f  by a lea t h e r  s l i n g  from 

c l o c k face  sca les  a tta ched  t o  a n  iron  b a r  s upported  b y  two p e op l e .  

A ft e r  c a lving  t h e  he i fe r  a nd its  ca l f  were  comb ined  w i t h  m a t u r e  

cows a nd t he i r  ca lves  i n  h e r d s  a c c o rd i n g  t o  t he d a y  o f  birt h o f  t he 

c a l f .  A d d i tions  t o  H erd A ceased  when  i t  was  conside red t o  have  

s ufficien t  a nima ls  for  mana g e rial  ma n i p ula t ion o f  p a s t u r e  grow t h  and  

H erd B b e g a n . T h i s  i n  turn  was later  c losed  a nd H e rd C was  c r ea te d . 

T he herds w e re run s e pa ra te ly a n d  e a c h  on e i n cluded h e i fers a n d  t h e i r  
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c a l v e s  f r om e a c h  o f  t h e  a utumn l ive  we i g ht a n d  t r e a tment  g ro up s . 

L i v e  we i g ht d a t a  were  col l e c t e d  between  c a lv i n g  a n d  wea n i n g  

from t he h e i fe rs a n d  t h e i r  ca l ve s . B e c a u s e  t h e  f i r s t  t h r e e  we i g h i n g  

d a ys w e r e  a ss o c i a t e d  w i t h  the  e s t ima t io n  o f  m i l k  c o n s ump t ion  t h e  

i n t e rva l b e tween  we i g h i n gs was  r e g u l a r  ( 2 0 da ys ) . Mana ge r i a l  

c omp l i c a t i on s  a g gr a v a t e d  b y  t h e  C hr i s tm a s  p e r iod  d i sr u p t e d  t h e  

r e g u la r i t y  o f  t h e  w e i g h i n g s  a n d  a ft e r  t he f i na l m i lk d e te r m i n a t i on a t  

6 0  d a y s  post-pa r tum , t hose  days  c ommon to a l l  h e rd s w e r e  9 5 ,  1 2 0 ,  1 6 5 ,  

1 80 da ys pos t-pa r t um a nd wea n in g  a t  2 1 0 d a ys . I t  s h o u l d  b e  n o t e d  t h a t  

a l l we i g h i n g  da ys  e x ce p t  wea n i n g  r e f l e c ted  t h e  a ge o f  t h e  ca l f  w i t h i n  

h e rd a n d  hence  for e a c h  herd o c c u r re d  o n  a d i ffe r e n t  ca l e n d a r  d a t e . 

The  e s t ima t i on  o f  m i l k  con s um p t i o n  o f  t h e  c a l f  wa s m a d e  on  t h r e e  

o cc a s i o n s  b y  t h e  we i g h-n u r s e -we i g h  ( WNW ) m e t hod . The  ca l f  w a s  s ep a r a ted  

from i t s  dam a t  abo u t  4 pm  on the  day  p r e c e d i n g  the  e s t i ma t i o n , a nd was  

s u c k l e d  at  a bo u t  9 a m  o n  the day o f  t he e s t ima t i o n , g i v i n g  a s e p a ra t i o n  

t ime  o f  a pp ro x ima t e l y  1 7  hours : T he a mo u n t  o f  m i l k  d e t e rm i n ed b y  t h e  

m e t l 1od  wa s t a k e n  a s  t he prod u c t i on o f  t he d a m  f o r  t h e  p ur p o s e s  o f  

e v a l ua t i n g  t h e  i n f l u e n c e  o f  s tu d i ed e ffe c t s , a l t h o u g h  t h e  f i g u r e  w a s  

d e p e n d e n t  o n  t h e  a pp e t i te o f  t h e  c a l f .  

I t  w a s  i n t e n d e d  a t  t h e  i n s t i g a t i on o f  t h e  e xp e r i m e n t  t o  o b ta i n  

d a ta on  t h e  r e b re e d i n g  p e r forma n c e  o f  t h e  he i fe r s  a f t e r  c a l v i n g .  

C omp l i c a t ions  w i t h  t he b u l l  t e a m ,  e s pe c i a l l y  w i t h  r e s p e c t  t o  t he fer ti l i ty 

o f  o n e  o f  t h e  bulls , precluded  t he e va lua t i on o f  th i s t r a i t . A s t udy  o f  

t he r e prod u c t iv e  p e r formance  o f  ma t ure A n g u s  c ows ( from 4 - t o  1 1 -yea r s 

o f-a g e ) on t he s a me p roperty a s  t he c u r r e n t  e x p e r iment  ha s b ee n  und e r

t a k e n  b y  Morris  ( 1 9 76 ) .  

The  1 9 75- 1 9 76 collect ion  o f  d a ta t e rmina t e d  a t  w e a n i n g  on  1 1  March , 

1 9 76  w h e n  t he a ve ra g e  a ge of  c a l f  was  2 1 0  days . 

( i i ) Yea r Two 1 9 76- 1 9 7 7  

O b s e rva t i o n  wa s ma d e  o f  t he per forma n ce o f  t he h e i fe r s  i n  t h e i r  

s e c ond  yea r o f  product ion  in  ord e r  t o  e s t ima t e  t he s i ze o f  t he r e s i d u a l  

e ff e c t s  w h i c h  ma y ha ve pers i s t e d  t o  t ha t  s t a g e . T h e  p r i n c ipal  e f fe c t s  

o f  i nt e r e s t  were  t h e  t r ea tment  imp osed  b e fore  firs t c a lv i n g , a n d  a u t umn 

l ive w e i g h t  d u r i n g  t he f i r s t  p r e g na n c y .  
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A ft e r  t h e i r  f i r s t  ca l f  w a s  wea n ed on  1 1  March , 1 9 7 6 , t h e  h e i f e rs 

w e re r un o n  t he h i l l  w i t h  t h e  ma t u r e  cows a n d  w e re s ub j e c t e d  t o  a l ev e l  

o f  n u t r i t ion  to prod uce  a l o s s  o f  we i g h t  d ur i n g  t h e  e a r l y  w in t e r  p e r i o d . 

T he i n t e n t ion  w a s  t o  i n cur a w e i g ht r e d u c t i o n  o f  a b o u t  1 0  p e rcen t o f  

t he w e i g h t  o f  t he he i fer u t  wea n i n g  b y  t h e  first  w e e k  o f  J un e .  From  

t ha t  t ime it  was  p roposed  to  i n c r ea s e  the  w e i g h t  of  the  a n ima l s  by  

i n cr e a s i n g  t he l e v e l  o f  pa s t ure  o ffered  t o  a tt a i n  the  i n i t i a l  w e i g h t  b y  

c a l v i n g .  

A t  f irst  t he impos i t ion  o f  a ha rsh  treatment  t h r o u g h  a h i g h  

s toc k i n g  r a t e  w a s  r e q u ired  t o  p romo t e  a loss  o f  w e i g h t .  B y  1 2  J un e ,  

t h e  w e i g ht d e c l i n e  amounted  t o  8 perce n t  o f  the  we i g ht recorded on  

1 A pr i l ,  From t ha t  d a t e  u n t i l  c a l v i n g , w h ich  began  on  2 7  J u l y ,  t he 

he i fe r s  were fed  t o  rega i n  t he i r  i n i t ia l weigh t . 

A t  b ir t h  t h e  w e i g h t  o f  the  c a l f  wa s mea s ured  1 n  t h e  ma n n e r  

d e s c r i b e d  a t  Pa r t  ( i ) o f  t h i s  S e c t i on . 

The  data  a na lysed i n  t h i s  s t ud y  i n c luded  t h e  we i g h t  o f  t he he i fe r  

d ur i ng t h e  1 9 76  g e s tat ion  p e r i od o b t a i n ed o n  t h r e e  occa s i on s , name ly 

1 A pr i l ,  1 2  June  a nd 2 7  J u l y .  The  b i r t h  a n d  w ea n i n g  w e i g h t  o f  t h e  ca l f  

w a s  a ls o  used  i n  t h i s s t u d y . T h e  e x p e r im e n t  was term i n a t e d  a t  wea n i n g  

o n  1 1  F e b r ua r y ,  1 9 77 , when t he a v e ra ge a g e  o f  ca l f  wa s 1 6 3 d a ys . 

The  l ive  w e i g h t  o f  t h e  h e i fers  wa s mea s ured  on o t h e r  o c ca s io n s , 

a t  3 -w e e k ly i n t e r va l s ,  a nd a re in c l u d e d  i n  d a ta i n t e n d e d  for t h e  

e va lua t ion  o f  o t her  tria l work  o n  t h e  prope r t y ,  S im i l a r l y  t he a l l o ca t i o n  

o f  t h e  cow a nd h e r  ca l f  t o  o n e  o f  t h re e h e r d s  wa s ma d e  a s  d e s cr i b e d  

e a r l i e r .  T h e  red uction  o f  t h e  n um b e rs i n  e a c h  s ub c l a s s  b y  t h i s  s t a g e  

o f  t h e  experime n t  preclud e d  t h e  i n corp ora t i on o f  t h e  e ff e c t  o f  t he herd , 

1 9 7 6 , i n  t h e  l e a s t  squares  mod e l  ( Mod e l  3 , 2 )  beca use  o f  i n s ta b i l i ty d u e  

t o  t he low s ub c l a s s  n umb e rs . 
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The proced ure  used  i n  t h i s  s t ud y  w a s  t h e  lea s t  s q ua re s  a n a l ys i s  

o f  da ta w i t h  une q ua l s ub c la s s  n umbers  a s  o u t li ne d  b y  Harvey  ( 1 9 7 5 ) . 

O n l y  l inear  f i x e d  e ffe c t s  were i n c l uded  in  the  mod e ls .  

1 .  Yea r O n e  1 9 7 5 - 1 9 76 

( i )  T he w e ight of  t he he i fe r  a ft e r  t h e  sta rt o f  t h e  

e xpe r iment  and  b e fore ca lv i ng 

The  ma t he ma t i ca l mod e l : 

Y . '
k 

= JU  + o . + t . + s
k 

+ b ( x  . . 
k 

- x )  + d
1 lJ m 1 J l J  m 

( z . . k - z 1 ) l J  m 

wh ere : 

+ d
2 

( z 2 j km - ;
2

) + d
3 

( z 3 j km 
- ;

3
) 

Y . ' k  l J  m 

e 
i j  km · · · 

( 3 .  1 )  

i s  t h e  observa t i on on  t h e  m
t h  

i n d i v idual  w i t h i n  t h e  

k
t h f 1 f . t h .  h 

. t h t . t h . s e x  o c� , W l  1 n  t e J reatmen t , W l  1 n  
. t h  

the  1 o r i g  i. n .  

;u i s  a g e n e ra l  mea n 

e
i j km 

is  t h e  e r ror pe c u l i a r  t o  e a c h  Y
i j km 

b i s  the l inea r regre s s ion coe f fi c i e n t  of the w e i g h t of t h e  

h e i fe r  on  t h e  d a y  o f  b i r t h  o f  h e r  c a l f  ( x  . .  k
) l J  m 

a nd d i s  t h e  l in e a r re gression c oe f f i c ient  o f  t h e  w e i g h t  o f  t h e  

he i fe r  w i t h i n  o r i g i n  o n  t h e  a ut umn live  w e i g h t  o f  t h e  

h e i fe r .  T h e  o r i g i n  i s  s pe c i fied  by t h e  s u b s c r i p t  o f  d and  z . 

The s ub s c r i pt s : 

i = 1 t o  3 w h e re O r i g i n  M a s s e y  

2 Hawke  ' s  B a y  

3 Wa i ra ra pa 

j 1 t o  3 w he re t rea tmen t  HP-LP 

2 LP-HP 

3 HP-HP 



k 1 or 2 d e p e n d e n t  on  t h e  s e x  o f  t h e  ca l f  

w h e r e  1 = ma le , 2 = fema l e  

( i i )  The we igh t o f  t h e  h e i fe r  a t  t h e  s ta r t  o f  t h e  
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e xpe r im e n t ( 1  May, 1 9 7 5 ) and  t he b i r t h  w e igh t o f  t h e  ca l f  

T h e  ma thema t i ca l  mod e l : 

y i j k l = J-l  + 0 i + t
j + s

k + b { y i j k l - x )  + e
i j k l . . . ( J . 2 ) 

w h e re : 

y
i j k l 

is  the  o b s e r va t i o n  on t he l
t h 

i nd i v i d ua l  w i t h in t h e  

k
t h  

f l f  . h . h 
. t h  

h s e x  o ea , w 1 t  1n t e J t rea tme n t , w i t  i n  
. t h  

t he 1 or i g i n . 

;u i s  a g e n e ra 1 mea n 

e
i j k l 

i s  the  e r ror  p e c u l i a r  t o  e a c h  Y
i j k l  

b i s  t h e  l inea r r e g r e s s i o n  c o e ffic i e n t  o f  t h e  w e i g ht o f  t he 

he i fe r , o r  th e  w e i g ht o f  the  c a l f  a t  b i r t h ,  on t h e  d a te 

o f  b i r t h  o f  the  c a l f  ( x
i j k l

) 

t he subs c r i pts are  a s  1n  Mod e l  ( 3 .  1 ) .  

( i i i ) T h e  pos t-ca l v i ng we ight of t h e  he i fer,  t h e  m i lk 

cons umpt i on o f  t h e  ca l f, a n d  t h e  we ight a t  wean i ng 

o f  t he h e i fe r  a n d  o f  the  ca l f  

T h e  ma t hema t i c a l  mod e l : 

y
i j k lm = JW  + 0i + t

j 
+ s

k 
+ h

l + b ( x
i j klm

- x )  + e
i j k lm . . .  ( 3 • 3 ) 

whe re : 

y .  " k l l J  m 
i s  the  observa t i on on  t he m

t h  
i n d iv i d ua l  w i t h i n  t h e  

l
t h  

h e r d , w i t h i n  t h e  k
t h  

s e x  o f  ca l f ,  w i t hin  t h e  j
t h  

trea tment  a nd w i t hin  t he it h  
o r i g i n  o f  d a m .  

)J i s  a genera 1 mea n 

e
i j k lm 

is  t h e  e rror p e c u l i a r  t o  e a c h  Y
i j k lm 
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b i s  t h e  l i n e a r  regres s i on coe f f i c i e n t  o f  t h e  tra i t  on  t h e  

da t e o f  b i r t h  o f  t h e  ca l f  ( x . ' k l  
) l J  m 

t h e  s ub s c r i p t s  i t o  k a r e  a s  1 n  Mode l ( 3 . 1 )  

a n d  1 

w here : 

1 to  3 w here corres p o n d s  t o  H e rd A ,  

2 t o  Herd  E 

a nd 3 t o  H e rd [ 

2 .  Year  Two 1 9 76 - 1 9 7 7  

( i ) The  we igh t o f  t he h e i fe r  d u r i ng t h e  pre-ca lv i ng pe r i od 

a nd the  we ight o f  t he ca l f  a t  b i r t h  a nd a t  wea n i ng 

The ma thema t ic a l  mod e l  a p p l i e d  to  t hese  t ra i ts  w a s  Mod e l  ( 3 . 2 ) .  

The  mode ls ma y b e  w r i t t e �  1 n  ma t r 1 x  t e rms a s  

y X b + e 

y is  a ( n  x 1 )  v ector  o f  n observa t i on s  

X i s  a ( n  x p )  ma t r i x ,  w he re p i s  t h e  n umber  o f  e f fects  

d e f i ned in  t he mod e l  

b i s  a { p  x 1 )  v e c t o r  o f  pa rame ters  w h i c h  a re u n k nown 

a nd a re b e i n g  e s t ima t e d  

e is  a ( n  x 1 )  v e c t o r  o f  u n known ra n d om e r r o r  e ffects  1 n  

w h i c h  t he e lements  a re a s s umed  t o  b e  n o rma l l y  a nd 

i n d e p e nd e n t ly d i s tr ib u ted s uc h  t h a t  t h e  e xpected  va l u e  

o f  e .  i s  zero , t h e  va r i a n ce o f  e .  = a  2 1 where  I i s  l l ' 
a n  ( n  x n )  i d e n t i t y  ma t ri x ,  a n d  t he c ova riances  b etween  

any  pa ir o f  e ' s  a re zero . 

The  me thod o f  lea s t  squares  wa s u s ed t o  e st ima t e  t h e  b ' s . T h is 

i nv o lv e s  c hoosing  a n  e s t ima t o r  o f  b w h i c h  minimizes  t h e  s um o f  s q u a r e s  

o f  t h e  d e v i a t ions  o f  t h e  observa t io n s  ( y . ) from t he ir e x p e c t ed va l u e s , l 



9 5  

A s s um e  y = Xb  + e 

a n d  E ( e )  0 

t h e n  E ( y )  Xb  

a nd e ' e  ( y  - X b ) ' ( y - X b ) 

y ' y - 2 b ' X ' y  + b ' X ' X b 

C h o o s i n g  a s  t h e  e s t ima t or s  b t ha t  va l u e  o f  b w h i c h  m i n imi z e s  

e ' e i n v o l v e s  d i f f e r e n t i a t i n g  e ' e w i t h  r e s p e c t  t o  t h e  e l eme n t s o f  b 

( S e a r l e , 1 9 6 6 ,  1 9 7 1 } .  E q ua t i n g  t h e  d i f f e r e n t i a l  t o  z e ro a n d  e xp r e s s -
i n g  t h e  r e s u l t i n g  e q ua t i o n s  i n  t e rms o f � .  t h e  fo l l o w i n g  e q ua t i o n s  a re 

o b t a i n e d : 

X ' Xb X ' y  

They  a r e  k n own a s  t h e  n o rma l e q ua t i o n s .  Prov i d ed ( X ' X )
- 1  

i s  of  f u l l  ra n k  t h e y  h a v e  t h e  u n i q u e  s o l u t i on f o r  b o f  

b ( X ' X )
- 1  

X ' y 

W h e n e v e r  X ' X i s  n o t  o f  f u l l  r a n k ,  t h e  s o l u t i on o f  t h e  e q ua t i o n s  d o e s  
,.. 

n o t g i v e a u n i q u e  va l u e  f o r  b ,  t h e  e s t ima t o r  o f  b .  

I n  t h i s  s t ud y ,  t h e  e q ua t i o n s  w e re n o t  o f  f u l l  ra n k ,  To obta i n  
,.. 

a s o l u t i on  for b ,  a r e s t r i c t i on wa s a p p l i e d  t o  ma k e  t h e  X ' X ma t r i x  o f  

f u l l  ra n k . The re s t r i c t i on  a p p l i ed wa s t ha t  t h e  e s t ima t e s  w i t h i n  a 

g iv e n  group  summed t o  z e r o .  I n  t e rms o f  Mode l ( 3 .  1 )  t hi s  would b e  

2.: 
i 

1\ 0 .  1. 
L 
j 

" 
t .  

J 
L 
k 

0 

I nvers ion o f  t he reduced  ma t r i x  gave  a g e n e ra l i s e d  i n v e r s e  from 

w h i c h  t he s ums of  s q u a r e s  for e a c h  e ffect  were  ca lc u l a t e d . T h e  met hod 

of c a l c u l a t i n g  the s ums of squares  by t h e  d ir e c t  me t hod a n d  t h e  

a na l ys i s  o f  variance  w e r e  d es c r ibed  b y  Ha r v e y  ( 1 9 7 5 ) . 

A 
S um o f  squa r e s  B 

w he r e  
" 
B '  i s  a row v e c t o r  o f  t h e  consta n t  e s t im a t e s  for  a g i v e n  s e t  

z- 1 i s  the  i nv e r s e  o f  t h e  s e gm e n t  o f  t he inve r s e  o f  t h e  va r i a n c e -
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cova r ia n c e  ma t r i x  corres pond i n g , by  r ow a n d  c o l umn , 

t o  t h i s  s e t  o f  c o n s t a n t s  

A 
B i s  a c o l umn v e c t o r  o f  t h e  s e t  o f  consta n t s  

T h e  s ta nd a r d  e r rors  o f  t h e  lea s t  s q ua re s  m e a n s  w e r e  obta i n e d  

a s  f o l l ows : 

W h e re : � .  i s  t h e  le a s t  s q u a r e s  e s t ima t e  l 

6 2 
e 

C i s  the  inverse  e lement  o f  t he reduced  ( X ' X )  ma t r i x  

s p e c i f i e d  by  i t s  s u p e r s c r i p t s  

" 2 6 is  t h e  e r ror  mean  s q ua re 
e 

W i t h  t he re s t r i c t i on t h a t  t h e  sum o f  t h e  c o n s t a n t  e s t ima t e s  

s um t o  z e r o  w i t h i n e a c h  s e t ,  t h e  lea s t  s q ua res  mea n s  a n d  t he i r  s ta n d a rd 

e rrors  were  c omp uted  from the  c on s t a n t s  a nd t he i n v e r s e  e le me n t s . T he 

cons ta nt a nd the  inverse  e lements  for t h e  la s t  e ff e c t  i n  e a c h  c l a s s  

w er e  c omp u t e d  b y  con form i n g  t o  t h e  r e s t r i c t ion t h a t t he rows a nd c o l umn s 

w i t h i n  t he s e t  s um t o  z e r o .  

W h e re t h e  a n a lys i s  o f  va r ia n c e  s howed t h e  mea ns t o  be  s i g n i f i c 

a n t ly d i ff e re n t ,  D uncan ' s  m u l t i p l e  range  t e s t  a s  o u t l i n e d  b y  H a r v e y  

( 1 9 7 5 ) w a s  u s e d  to  ma ke  pa irwise  c ompa r i s on s  a mo n g  l e a s t  s q u a r e s  m e a n s . 



C H A P T E R F 0 U R 

RE S ULTS A N D  D I SC US S I O N  

1 .  T he E f fe c t  o f  t he P re-ca lv i ng P la n e  o f  N ut r i t i on 

( i )  The  pr e -ca l v i ng live  we i gh t  o f  t h e  h e i fe r  

9 7  

The lea s t  s q ua res  d i ffere n c e s  a nd lea s t  s q uares  mea n s  for t h e  

l ive w e ight  o f  the he i fe r s  follow i n g t h e  a lloca t ion  to  t rea tme n t  

g ro ups on r� a y ,  1 9 76 , i s  s how n i n  T a b l e  4 , 1 .  T h e  l ive we ight  o f  the  

h e i fe r  is  a ls o  p r e s e n t e d  w i t h i n  t r e a tme n t  graphed  a ga in s t  t ime 1n  

F i g ure 4 .  1 ,  

There  wa s n o  s i g n i fica�t  d i fference  be tw e e n  t h e  groups  for  t he 

fi r s t  2 5  da ys o f  t he e x p e r j me n t  ( 2 6 Jl.1a y ) . A ft e r  tha t d a t e  t he e f f e c t  

o f  t h e  restricted  n u t r i t ion  on  t he h e i fe rs o f  t he L P - H P  group  b e came  

s i g � i f i ca n t  at  d a y  4 2  ( 1 2  J un e ) .  T he d i f fe re n c e , how e v e r ,  was  n o t  

o b t a i ned b y  t h e  d e p r e s s i o n  o f  t h e  l i ve w e i g ht o f  t h e  LP-HP g ro u p ,  b u t  

r a t he r  from more fa v o u ra b l e  c ond i t ions  promo t i n g  growth i n  t h e  two 

h i g h  plane  groups . T he N ew Z ea la nd G a z e t t e  ( 1 9 7 5 ; A ppend i x  1 )  
i nd i c a te d  tha t Ma y was  a p a r t i c u l a r l y  warm month  w i t h  ra in i n  t he 

t hi rd week  i n d u c i n g  pa s t u re growth  a ft e r  a dry  mon t h  o f  A p ri l ,  

The increase  i n  w e i g h t  e x h i b i te d  b y  t h e  h i g h  pla n e  groups  w a s  

n o t  t he same a nd a we i g h t  d i ffe rence  b e tween  t he m  o f  2 . 8 k g  ( n o n 

s ig n i fi ca n t ) developed . The  d i ffere n c e , w h i c h  c o n t i nued  u n t i l  t h e  

s w i tc hover  o f  trea tme n t s  a t  da y 70 ( 1 0  J u l y ) , o c c urred  la r g e ly b e ca use  

t he two  h i gh p la n e  g r oups , oste n s i b ly gra zed  t og e t he r ,  were  d iv id e d , 

t o  have  o n e  group  on a t u r n i p  c r o p . T h e  ma n a g e ria l d e c i s ion wa s t o  

c o n t inue  f e e d i ng i n  t h i s  ma nne r u n t i l  the  borde r i n g  pa s t ure re g ion  wa s 

g ra zed c om plete ly ,  

B e tween  days  42  a n d  56  t he d i fference  b e tween  the  low p l a n e  and  

t he two high  pla n e  g r oups  increased  as  t he la t t e r  c o n t in u ed to  ma k e  s low 

l iv e  w e i g h t  ga i n  w hi le the  low pla n e  group lost B . B k g  in  1 4  d a ys . 

B e tw e e n  d a y  5 6  ( 26 J un e )  a n d  t he d a y  o f  treatment  swi t c h ov e r ,  



Table 4 .  1 

Trea tment  

HP-LP 

LP-HP 

H P-HP 

HP-LP 

LP-HP 

HP-HP 

N o t e : 

T h e  lea st squa res  d ifferences,  lea s t  squares  mea ns a n d  s ta n d a rd e rrors for t h e  e ffec t  of  

pla n e s  o f  n u t r i t ion o n  pre-ca lv i ng he i fer  we ight ( kg) 

N o .  o f  L S D M e a n  S E L 5 D Mean  S E L 5 D Mea n S E 
Record s S ta r t  o f  t r ia l ( 1  May 1 9 7 5) 2 5  days ( 2 6 May 1 9 7 5 ) 4 2  days ( 1 2  J u n e  1 9 7 5 ) 

1 8 - 0 . 4 3 82 . 0 :: 5 .  7 + 0 . 2 3 8 3 . 2  � 1 . 4  + 2 . 8 
+ 

3 8 8 . 6 - 1 . 2 

1 7  - 2 . 3 3 8 0 . 1 ::: 6 . 0  + 0 . 6 3 8 3 . 6 : 1 . 4  - 4 . 4 
+ 

3 8 1 . 4 - 1 . 3  

1 9  0 . 0 3 82 . 4 ::: 5 . 4 0 . 0 
+ 

3 8 3 . 0 - 1 . 3  0 . 0 
+ 

3 8 5 . 8 - 1 . 1  

5 6  d a ys ( 2 6 J un e ,  1 9 7 5 ) 70 da ys ( 1 0  July , 1 9 7 5 ) 8 5  d a ys ( 2 5  July , 1 9 7 5 ) 

+ 2 . 5 
+ 

3 9 2 . 0 - 0 . 9 + 0 . 8 3 8 2 . 1 .! 1 . 3  - 1 9 . 7 
+ 

3 76 . 0 - 4 . 4 

- 1 6 . 9 3 72 . 6 :!: 0 . 9 a - 1 9 .  1 3 6 2 .  2 :!: 1 .  4 a -2 0 .  7 
+ 

3 7 5 . 0 - 4 . 6 

0 . 0 
+ 

3 89 . 5 - 0 . 9 0 . 0 3 8 1 . 3  � 1 . 3  0 . 0 3 9 5 . 7 ::: 4 . 2 

( i ) S u pe rscripted values  s i g n i fica n t ly d i fferent  from u n s uperscripted  va l ues  a t  1 %  leve l .  

( i i )  L 5 D 

( i i i )  S E 

L e a s t  s q ua res  d i fferences . 

S ta n d a rd error  o f  lea s t  squa res  m ea n .  

a 

a 

\0 CD 
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( i )  H P - H P  
( i i )  H P -LP 

( i i i )  LP- H P  

Wea n i n g  
( 1 1  Ma r c h ,  

1 2 0 1 6 0 2 00 

F igure 4 , 1 H e ifer  live w e i g h t  v e r s us t im e  from s t a r t  o f  e xperiment  t o  c a l v i n g ,  a nd from 
c a lv i n g  t o  wea n in g  ( I n fl ue n c e  o f  p l a n e  of n u t r i t i o n  b e fore ca lv i n g )  

1 9 76 ) 

\0 \0 



1 0 0 

d a y  7 0  ( 1 0  J u l y ) , v e ry c o ld fro s t y  c on d i t i o n s  p reva i led r e d u c i n g  

p a s t u re growth , F u rt h e rmore , t he e n d  of  t h e  m o n t h  o f  June  a n d  t h e  

w h o l e  o f  the  mon t h  o f  J u ly w e r e  n o table  for  t h e ir  unusua l l y  h i g h  

fre q u e n c y  o f  s o u t h -ea s t e rly to  s o u t h-we s t e r l y  w in d s , T h e s e  cond i t i o n s  

s e e m i n g ly ha d a c o n s i d e ra b l e  d e tr im e n ta l e ff e c t  on  a l l trea tm e n t  

g r o u p s  in  t h e  1 4 -da y  per iod . T h e  mean  live  w e i g ht l o s s  i n  the  LP-HP  

group  i n  that  p e r i od wa s 1 0 . 4 k g  a 11 d  among  the  two  high  p la ne g r o u p s  

t h e  l o s s  wa s o n l y  ma r g i na l ly l e s s  ( H P - H P : 8 . 2 k g ;  H P-LP : 9 . 9 k g ) 

d e s p i te the  hig h e r  p l a n e  o f  nutr i t ion  o f fe re d . I n  v i ew o f  t h e  

e x pe c ted  i ncrea s e  i n  a ppetite  o f  t he h e i fers  a t  t h i s  s t a g e  from f o e ta l 

d ema n d , the  v i rtua l l y  e qua l live  w e i g h t  loss  a mo n g  a l l  groups  i s  

d i ffic u lt to  e x p la i n ,  The  s t r ong  w i nd s  a cc ompa n i ed b y  low tempe ra t ur es 

p roba bly  red uced  t he i nc linat ion o f  the  he i fe rs t o  search  fo r food , 

w h i c h  a gg ra va t e d  t h e  live  w e i g h t  r e d uc t i on t hrou g h  hea t loss  r e s u l t i n g  

fr om t he pers i s t e n t  a i r curren t s . T h e  u n a d j u s t e d  d a t a  o f  t h e  l i v e  

w e i g h t  of  t h e  LP-HP  g r oup a t  d a y  6 4  o f  t h e  e x pe riment  s u b s ta n t i a t e  t h a t  

t h e  decline  wa s in  fa c t  a rea l l i ve w e i g h t  loss  a n d  n o t  a n  e x p e r i m e n t 

a l l y  i nd uced  error  a t  we i gh i n g  o n  d a y  7 0 .  

The  live  w e i g ht l o s s  w h i c h  occurred  to  1 0  J u l y  from t h e  s t a rt 

o f  t h e  e xper ime n t  is s hown i n  T a b l e  4 . 4 .  I t  i s  seen t ha t  t h e  n e t  l iv e  

w e i g ht c ha n g e  o f  t h e  H P-LP , L P - H P  a n d  HP-HP  groups  was  + 0 . 0 ,  - 0 , 2 6  a n d  

+ 0 , 02 k g/da y ,  r e s pe c t iv e ly , b e tw e en t h e  sta r t  o f  t he tr ia l a nd t h e  70-da y 

w e i g h i n g ,  I t  h a s  a lrea d y  b e e n  i n d ica ted  t ha t  w e i g h t  l o s s  d id n o t  b eg i n  

u n t i l  a fter  d a y  2 5 .  T h u s  w i t h  r e s p e c t  t o  t he l i v e  w e i g h t  c ha n g e s  b e tween  

d a y  26  a n d  day  70 ,  t h e  e s tima t e s  for  t he t h ree  t reatme n t  g r ou p s  b e c ome 

- 0 , 02 ,  -0 . 4 8  a nd +0 . 04k g /da y ,  resp e c t i v e l y .  I t  will  b e  o b s e rv e d , t he n ,  

t ha t  t he o b j e c t ive  o f  0 , 5 k g/d a y  loss  o f  w e i g h t  i n  t h e  LP-HP g ro u p  w a s  

a lmost  a tta i ne d . The  i n t e n d e d  we i g h t  ga in  o f  0 . 5 k g/d a y  among  t h e  h e i fers  

of  the  h ig h  p la n e ,  howe ve r ,  did  not  e ve n t ua te , largely  b e c a u s e  of  t h e  

ma rked  l i v e  w e i g h t  d e c l i ne b e tween  d a ys 5 6  a n d  70  t ha t  h a s  a lr ea d y  b e e n  

d e scribe d .  

A ft e r  t h e  t w o  nutritional  group s ,  LP-HP a n d  H P-LP h a d  b e e n  

switc hed  to  t h e i r  r e s p e c t i ve s ec ond l e v e l o f  feed i n g ,  t h e  two h i g h  

p la n e  g roups  ( LP-H P a n d  HP-H P ) ga i n e d  w e i g h t  a t  comp a ra b l e  ra t e s  ( 0 . 8 5  

a n d  0 , 9 6 kg/d ay ,  r e s p e c t iv e l y ) .  A s  i n t e n d e d , t he H P-LP group  l o s t  

w e ig h t  a t  a r a t e  o f  0 . 4 1 kg/d a y  t o  b e  6 . 0k g  b e low a ut um n  s t a r t i n g  w e i g h t  

b y  2 5  July ,  t w o  w e e k s  b e fore t he o n s e t  o f  ca lving . H owe v e r ,  t h e  w e i g h t  

d ec l i ne i n  t h i s  group  d i d  not  b e g i n  a t  d a y 70 , but  ra t he r  a t  d a y  5 6 , 
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6 weeks , i n s t e a d  o f  4 weeks  be fore t h e  o n s e t  of  ca l v i n g  for  t h e  

r ea s on o f  t h e  c l ima t i c  influence  p r e v i o u s l y  d e s c r i b e d , T h e  pe r i od 

o f  we i g h t  loss  was  t h us more e x t e n d e d  t ha n  o r i g i n a l l y  i n t e n d e d , a nd 

a t  a n  o v e ra ll  ra t e  o f  0 , 5 kg/da y .  O c c u rr i n g  a t  a t ime w h e n  t h e  growth  

of  t h e  foe tus wa s ra pid , t h e  e x t e nd e d  per iod of  loss  pre s e n t ed a 

b e t t e r  o pport u n i t y  t o  depress  b ir t h  w e i g h t , b u t  c o n fused  t he opport

u n i t y  to  draw  c o n c l u s i on s  from the  prev i o us ly i n t e nded  3- t o  4-w e e k  

l ive  w e i g ht d e pre s s ion  per i od . 

S n ow fell  i n  the  t h i rd w e e k  o f  J u l y ,  w h i c h  may h a v e  c o n t r i b u ted  

t o  t he loss  o f  live  we i g h t  in  the  HP-LP  g roup  a fter  sw i t c hover  by  

i n c rea s i n g  cold  s t ress , The  c l ima te d i d  not  a ppear  to  i n fl u e n c e  t he 

w e i g h t  ga i n  o f  t he two h i g h  p l a n e  g r oups , howeve r . The  fina l w e e k  o f  

J u ly  lea d i n g  up t o  ca lving  wa s u n u s u a lly  warm a nd contra s t e d  w i t h  t he 

e a r l i e r  pa r t  o f  t he mon t h  w h i c h  ha d e x t remely c o ld tempe ra t ure s ,  

a c c ompa n ied  b y  s t rong  west  t o  s ou t h -we s t  wind s ( N ew Z ea la n d  G a z e t te , 

1 9 7 5 ;  A pp e n d i x  1 ) .  

T h e  we i g h t  o f  the  h e i fe rs a t  t h e  f i na l  c omp lete  w e i g h i n g  d a y  

b e fore  ca lv i ng i s  s e e n  in  T a b l e  4 . 1 .  

The  ma n n e r  in  w hi c h  t h e  w e i g h t  c ha nges  were  a c h i ev e d  i n  t h e  

p e r i od from t he s t a rt o f  t he e x p e r iment  t o  c a l v i n g  i n  t he H P-LP a n d  

LP-HP  groups  c o n t ra s ted ma rk e d l y ,  b u t  the  fina l w e i g h t  o f  t h e  t w o  groups  

was  pra c t ica lly  e q ua l ( HP-LP 1 kg h ea v i e r ) .  Both  groups  w e i g h e d  less  

t ha n  t he i r  sta r t ing  weight  b y ,  L P - H P : 5 .  1 kg ( - 1 . 3  p e r c e n t )  a n d  H P-LP : 

6 . 0 k g  ( - 1 . 6  p e r c e n t ) ,  w h i c h  c o n t ra s ted  w i t h  a n  increa s e  i n  l i v e  w e i g h t  

o f  1 3 , 3 kg  ( +3 . 5 perce n t ) i n  t h e  H P - H P  g r o u p .  T h e  d i ff e r e n c e  b e tw e e n  t h e  

HP-HP + LP-HP groups  was 2 0 ,  7 k g  ( Ta b le 4 . 4 ;  I tem 3 )  o r  5 . 5 p e r c e nt . 

I t  is  importa n t  t o  c on s id e r  i n  t h i s  c o n t e x t  t h a t  t he h e i fe r s  

w e r e  s t i ll imma t ure phys io l o g i ca l ly ,  a s  the  w e i g ht c h a n g e  a ft e r  ca lv in g  

i nd i c a t e d  ( Ta b le 4 , 3 ) .  T o  a cc ommod a t e  a grow i n g  foet us a nd e x h i b i t  z e ro 

w e i g h t  c h a n g e  implies  a n  a c t ua l  b o d y  w e i g h t  d ec rea s e  i n  a n  a n ima l ,  A ll 

ca lv e s  h a d  a b ir t h  w e i g h t  i n  e x c e s s  o f  2 5 k g  a n d  it i s  e v i d e n t  t h a t  a 

l a r g e  a mount  o f  body  reserve  i n  t h e  g rowin g  h e i fe r ,  e sp e c ia l ly t h o s e  i n  

t h e  LP-H P ,  a n d  H P-LP grou p s , wa s r e quired  t o  nurture  t h e  conceptus  o f  

w h i c h  t h e  foet us c omprised  t h e  grea t e r  pa r t . 

Much  la r g e r  losses  o f  l i v e  w e i g h t  have  b e e n  r e c orded  b y  o t h e r s  
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T h e  lea s t  squ a r e s  mea ns , lea s t  squ a r e s  d i ffe r e n c e s  a n d  

s ta nda rd er rors  o f  lea s t  squares  mea ns for  ca l f  b i r t h  

weight,  1 9 75,  from t hr e e-year-old h e i fe r s  

1 02 

N o .  o f  
Records  

Lea s t  s q u a r e s  
d i f ferences  

Lea s t  s qua res 
mean ( kq )  

S t a n dard  
S o urce 

G e ne r a l m e a n  

T re a t me n t : 

H P-LP 

LP-HP 

H P-HP 

A u t umn w e i g ht o f  d a m :  
( or i g i n  e ffect ) 

Ma s s e y  

Hawk e ' s  B a y  

Wa i ra ra pa 

S e x : 

Ma le 

F ema le  

5 4  

1 8 

1 7  

1 9  

2 2  

2 0  

1 2 

2 3  

3 1  

-2 . 1 

-1 . 9 

0 , 0 

0 , 0 

+ 1 .  3 

- 1 . 6  

0 0 

2 6 . 5 0 

2 5 , 7 

2 5 , 9 

2 7 . 8 

2 6 , 6 

2 7 . 9 

2 5 . D 

2 7 , 0 

2 6  D 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

error  

D . 4 4  

D . 8 

D .  8 

D .  7 

D .  7 

D .  7 

D . 9  

D .  7 

D 6 

n s  

n s  

R e g r e s s i o n : b i r t h  w e i g h t  on ca lv i n g  d a t e  ( k g/da y )  O , D 3 9  
+ 

0 , 0 3 8  

N o t e : S ta t i s t i c a l  s i g n i fica n c e : ( i ) n s  D , D 5 <p < 0 , 1 0  

( i i )  T h e  i n fl uence  o f  s e x , a n d  t h e  

r e g r e s s i o n  o f  birth  w e i g h t  o n  

ca lv i n g  d a t e  were  n o t  s ta t i s t 

i c a l l y  s i gn i fica n t ,  
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( H i g h t , 1 9 6 6 ,  1 9 6 8b ; Joubert , 1 9 5 4 ; R y le y ,  1 9 6 1 ; T urma n e t  a l . , 

1 9 64 ) w ho st ud i e d  i mma ture  he i fers  w i t h  t he i n t e n t i on of ca u s i n g  a 

d e p r e s s i o n  of b i r t h  w e i g h t  under  e x t reme l y  a d v e r s e  n u tri tiona l 

c on d i t i o n s .  The  obj e c t i ve o f  t h e  p r e s e n t  e x p e r iment  w a s  t o  ga uge  

t he in fl uence of  n orma l ma nagement  p ra c t i s e s  on  ca l f  b i rt h  w e i g h t  by  

i n d u c i n g  a 5 perce n t  l i v e  w e i g h t  d e o res s ion  in the  dam at  e i t h e r  o f  

two s ta g e s  o f  g e s ta t i on . 

( i i )  T he b i r t h  we ight  of  t he ca l f  

T he l e a s t  s q uares  d i f feren c e s  for t h e  e f fect  of p re-c a l v i n g  

t r e a t me n t  o f  t h e  d a m  on t h e  b i rt h  w e i g ht of  t he ca l f  w e r e  found t o  

be n o n -s i gn i fica n t  ( 0 . 0 5 < p < 0 . 1 0 ) '3 nd n o t  in  e x c ess  o f  2 . 1 kg .  

The  HP-HP group had t he hea v i e s t  c a l v e s  a t  b i rth  ( 2 7 .  B kg ) .  T h e  

LP-HP trea tme n t  g roup  h a d  calves  1 . 9 kg l i g ht e r  ( 6 . 8 perce n t ) a n d  t he 

H P -LP g roup had  ca lves  2 . 1 kg ( 7 . 6 p e rcen t )  l i g h ter  than  t he HP-HP  

g r o u p . T he s ta nd a rd e r r o r  va l ues  g i ven in Tab l e  4 . 2  i nd i ca te t ha t  

t he r e  was  l a r g e  va r i a t ion  w i t h i n  trea tme n t  g ro up s , the  r a n g e  o f  w h i c h  

a p p roa c hed t h e  ma g n i tude  o f  t h e  lea s t  s q uares  d i f fe re n ce s .  Va r ia t i o n  

o f  s u c h  ma g n i t u d e  red uced  t he s i g n i fica n c e  l e v e l  t ha t  c o u l d  b e  

a cc orded  the  r e s u l ts . 

The  pra c t i ca l  i mp l i c a t ion o f  a d i f fe re n ce betw e e n  t he HP -HP  a n d  

HP -LP groups of  2 .  1 k g a t t ra cts a t te n t i on . I t  d id not  a p p ea r t o  a f fect  

t he v i a b i l i t y  o r  grow t h  a n d  s u c k l in g  p e r forma nce  of  the  c a l ve s .  I n  

v i ew  o f  t he d i v e r g e n c e  o f  the  s t o c k i n g  ra t e s  required  t o  o ro d u c e  t h e  

h e i fe r  weight  d i fference  obta in e d , e i t h e r  t h e  lower l im i t  o f  t o l e r a n c e  

i n  t he HP-LP g roup  w a s  rea c hed b e low w hi c h larg e  birth  w e i g h t  d ep re s s i o n  

w o u l d  have o c c u rred , o r  t he sev e re r e s t r i c t i on o f  t hi s  g roup  w h i c h  w o u l d  

ha ve  b e e n  n e e d e d  t o  further  red u c e  t h e  b i r t h  w e i g ht o f  t he ca l f  w o u l d  

h a v e  j eopard i ze d  t h e  post-ca l v i n g  p er fo rma n c e  o f  t h e  d a m ,  inclu d i n g  her  

r e br e ed in g  a c t i v i t y .  Beca use o f  t he sma l l  d i ffe renc e  i n  b i r t h  w e i g ht 

b e tween  t h e  LP-HP  a n d  HP-LP g r o u p s , d e s p i te t h e  d i ffe r i n g  feed i n g  

r e g imes i n  t h e  l a s t  1 t o  2 mon t hs o f  g e s ta t i on , i t  a pp ea r s  t h a t  t he 

s e cond  a l t e rn a t i v e  a pp l i ed . 

I t  ha s b e en w e l l  e s ta b l i s he d  from t he review o f  l i t e ra t u r e  

( C ha p t e r  Two )  tha t d i fficult  c a l v i n g s  o c c u r  much  more  freq u e n t l y  i n  

p r imipa r ous he i fe rs t h a n  i n  a l l  o t h e r  a g e  groups  comb i n ed a n d  t h u s  t h e  
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i n c idence o f  c a l v i n g  d i fficulty  among  the  h e i fe r s  o f  t he pres e n t  

s t udy  a t t ra cted  e x a m i na t i on . A mong  t h e  54  p a rt u r i t ions  i n  t h e  

r e c o rded  p e r i od of  4 4  d a ys ,  3 ca l v e s  w e re i n v o l ved  i n  d i ffi c u l t  

c a l v i ngs , 2 of  w h i c h  r e c u i r ed a s s i s t a n c e , 2 c a l ve s  d i ed from d ys t o c i a  

i n c l ud i n g  o f  t he a s s i s ted c a l v e s ; b o t h  d ea d  ca l ve s  w e r e  ma l e s .  

T he b i r t h  w e i g h t  o f  a ll o f  t h e s e  c a l ve s  were  a b ove  the mea n s  fo r a n y  

o f  t h e  groups , b e i n g  2 7 . 2 kg ( fema le ) , 3 0 . 8kg  a n d  3 3 .  1 k g ( ma l e s ) . 

T h e  n u t r i t i ona l g r o u p  i n  w hich  the  dea t h  occurred  w a s  t h e  L P-HP 

g r oup  w i t h  t he o t he r a s s i s ted b i r t h  be ing  in the  HP-LP g r oup , T h e r e  

wa s no c a l v i n g  d i ffi c u lt y  i n  t h e  H P - H P  group . I n  v i ew o f  t h e  l e s s e r  

b ir t h  w e i g ht mea n s  f o r  t h e  HP-LP a nd LP-HP groups  than  t h e  HP-HP  g r o u p  

i t  w o u l d  t hus  appea r tha t t h e  d ys t ocia s were  i s o l a ted  occ u rre nc e s . 

T here fore  i t  could  n o t  be  sta ted con c l u s i v e l y  tha t one  n u t r i t i ona l 

t r ea tme n t  wa s more c l o s e l y  a s s o c i a ted w i t h  d y s t o c i a  than  a n o t he r  i n  

t h is  s t udy .  

T he review  o f  l i t e ra t ure  i n d i c a ted t ha t  b i r t h w e i g h t  i s  the  

m o s t  importa n t  ca u s a t i ve fa c tor o f  d y s t oc i a , a n d  among the  very  s ma l l  

n umber o f  dystoc i a s  i n  t he c u r r e n t  s t udy s u ppor t for tha t o b s e rva t i o n  

i s  found . I t  wa s n o t  possible  i n  t h e  p r e s e n t  s t udy  t o  d e t e rm i n e  

g e s ta t ion l e n g t h  s o  t h i s  prec l ud e s  a n y  c o n j e c t u re a b o u t  a p o s s i b l e  

a s s o c ia t i on of  e x t e n d e d  g e s ta tion  l e n g t h  w i t h  inc rea s ed b i r t h  w e ig h t  

a nd dys tocia . 

( i i i ) The  pos t-ca lving l ive  w e igh t  o f  t h e  hei fe r  

I n  t he preced i n g  d i scuss ion  i t  w a s  e s ta b l i s he d  tha t t he i n fl u e n c e  

o f  p re-ca lving  n ut r i t iona l l e v e l s  on  the  w e i g h t  chan ge  o f  t he h e i fe r  w a s  

hig hly  s i gn i fica n t  y e t  d i d  n o t  promo te s i g n i fi c a n t  d i fferences  be tw e e n  

trea tments  in  t he b ir t h  w e i g h t  o f  t he c a lv e s , 

T h e  i n fl u e n ce o f  the  pre-ca l v i n g  p l a n e  on  p o s t-ca l v i n g  l iv e  

w e i g h t  o f  t he h e i fe r  i s  i llustrated  i n  F i g ure 4 .  1 ,  Table  4 . 3 cont a i n s  

d a ta from t he f o u r  ma i n  w e i g h i n g  days  a ft e r  ca lvin g ,  a l t hough  t h e re w e r e  

f o u r  o t hers  w h i c h  were  a l s o  c ommon a nd con trib uted t o  F i g ure 4 .  1 .  

The di fference  betwe e n  t he w e i g h t  o f  t he heifer  o n  the  l a s t  

w e i g hing  d a y  b e fore  ca l v i n g  a n d  t h e  f i r s t  w e i g h i n g  da y ,  2 0  d a y s  a ft e r  

ca l v in g ,  w i t h i n  t r e a tmen t group , i s  s ee n  i n  Table  4 . 4 ( i t e m  8 )  a n d  t h e  

r e l a t iv e  d i ff e re n ce s  ma y b e  ga uged  from F i g ur e  4 ,  1 .  T h e  c omp a r i s o n  
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Trea t me n t :  

HP-LP 

LP-HP 

HP-HP 

HP-LP 

LP-HP 

HP-HP 

HP-LP 

LP-HP 

HP-HP 

N o t e : ( i )  
( i i )  

( i i i )  
( iv ) 

The  least  squa res d i ffe r e n c e s ,  lea s t  squares  mea n s  a n d  s t a n d a rd e r rors for  t he 

e f fe c t  o f  win ter  pla n e s  o f  n u t r i t i on o n  pr e - a n d  po s t-ca l v i ng he i fer w e igh t ( k q )  

N R 

1 8  

1 7 

1 9  

1 8  

1 7 

1 9  

1 6  

1 7 

1 6 

L 5 D Mea n 5 E 
S ta r t  o f  experiment  

( 1 May, 1 9 7 5) 

- 0 . 4 

- 2 , 3 

0 . 0 

3 82 . 0  :!: 

3 80 .  1 + 

3 82 . 4 :!: 

5 .  7 

6 , 0 

5 . 4  

70  days  { 1 0  J u l y ,  1 9 7 5 ) 

+ 0 . 8 

- 1 9 .  1 

0 , 0 

3 82 .  1 :!: 

3 62 . 2  :!: 

3 8 1 . 3 � 

1 .  3 

1 . 4 
a 

1 .  3 

9 5  da ys post-pa r t um 

- 1 3 . 3 

- 0 . 5 

0 . 0 

3 72 . 9 ::!: 8 . 0 

3 8 5 . 7 .! 8 . 8 
+ 

3 86 . 2 - 1 0 , 1  

N R 

1 8 

1 7 

1 9  

1 8  

1 7  

1 9  

1 6  

1 7  

1 6 

L 5 D Mean  5 E 
4 2  d a ys ( 1 2  J un e ,  1 9 7 5 ) 

+ 2 . 8 

- 4 . 4 

0 , 0 

3 8 8 . 6 : 

3 8 1 , 4 .! 

3 8 5 . 8 : 

1 • 2 

1 .  3 a 

1 .  1 

8 5  d a ys ( 2 5  J u l y ,  1 9 7 5 ) 

- 1 9 .  7 

-2 0 .  7 

0 , 0 

+ 
3 76 . 0 - 4 . 4 

3 75 . 0 : 4 . 6 

3 9 5 . 7 � 4 . 2 
a 

1 6 5 d a ys pos t-part um 

- 1 0 . 6 

+ O . B 

0 . 0 

4 0 0 . 3 ::!: 9 . 0 

4 1 1 . 7 :!: 9 . 9 

4 1 0 . 9 : 1 1 . 4  

N R 

1 8 

1 7  

1 9 

1 6  

1 7  

1 6 

L S D Mean  5 E 
5 6  d a ys ( 2 6 J un e ,  1 9 7 5 ) 

+ 2 . 5 

- 1 6 . 9  

0 . 0 

3 92 . 0 .! 

3 72 . 6 : 

3 89 . 5 :!: 

0 . 9 

0 . 9 
a 

0 . 9 

2 0  d a ys pos t-part um 

-2 2 , 9 

- 8 . 6 

0 . 0 

+ 
3 3 1 . 1 - 7 . 6 

3 4 5 . 4  � 8 . 3 

3 5 4 , 0 ::!: 9 . 6 

2 1 0 d a ys post-pa rtum ( wea n in g ,  
1 1  Ma r c h , 1 9 76 ) 

1 6 

1 7 

1 6  

- 1 6 . 2 

+ 1 .  8 

0 . 0 

+ 
4 0 8 . 0 - 9 . 0  

4 2 6 . 0 ::!: 9 . 9 

4 2 4 . 2 ::!: 1 1 . 5  

S uperscripted  va lue s i g n i fi c a n t ly d i f feren t from unsupe r s c r i p t e d  va l ue s  a t  1 %  l e ve l .  
N R = N umber o f  records per  t rea tme n t  gro u p .  
L S D = Lea s t  squares  d i fference s .  
S E = S t a ndard  error o f  lea s t  squa res  mea n .  

0 Ul 
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w h i c h  a ttracts  the  grea t e s t  i n t e r e s t  i s  t ha t between  the  LP-HP a nd 

H P-LP groups , The  b i r t h  w e i gh t  o f  the  ca lves  in  t he s e  two groups  was  

e ffec t i ve ly e qua l ( 2 5 , 9 kg a n d  2 5 ,  7 kg , respec t i ve ly ) , Howev e r ,  the  

n e t  w e i g h t  loss  over  t h e  4 0-da y  ca l v i n g  pe r i od wa s 2 9 . Bkg  i n  t h e  LP-HP  

g r o u p  a nd 4 5 , 0kg  for  HP-LP . I t  a ppea r s  tha t t he h e i fers o f  t h e  H P-LP 

g r oup e xp e rienced  cons i d e ra b ly more tra uma a t  pa r t ur i tion t ha n  t he 

LP-HP he i fers  wh i c h  ma y have  d e crea s e d  t h e  w e i g h t  o f  t h e  h e i fe r s e v en 

f u r t h e r  b e fore recove ry i n  l ive  we i gh t  b e ga n .  F urthe rmore , i t  i s  

fea s i b le that  t h e  LP-HP  h e i fe rs had  a l rea d y  f u l l y  a d j usted  t o  a h i g h  

p la ne a nd thus c o n t in ued  t o  ma ke  w e i g h t g a i n  a ft e r  calvin g .  T h e  H P-LP 

g ro u p , when tra n s fe r r e d  t o  a h i g h e r  p la n e  a fter  pa r t u r i t i o n , e v i d e n t l y  

r e q u i re d  a per iod  t o  a d j u s t  a d e q ua t e l y .  H i g h t  ( 1 9 6 6 )  observed  t h a t a 

p e r i o d  o f  p recond i t io n i n g  t o  a h i g h e r  pla ne o f  n u t r i t i on from a low o n e  

ma y b e  n e e d e d  f o r  t h e  e ffective  u t i l i za t ion  o f  a l l tha t i s  ea ten . 

The  HP - H P  group  d i d  not  e x p e r ience  a n y  ma j o r stress  d ur i n g  t he 

e x p e r ime n ta l per iod a pa r t  from a n  8 , 2 k g  d r op in  1 4  days b e tw e e n  d a y s  5 6  

a n d  7 0  o f  t he pre-pa r t um p e r i�d . T he me ta b o l i sm o f  t h i s  group  o f  

he i fe r s  wa s proba b l y l e s s  a tt u n e d  t o  the  e ff i c i e n c y  o f  usa ge  o f  food  

tha n t he LP-HP  g r o u p  and  conseque n t l y  e x h i b i t e d  less  l ive  w e i g h t  ga i n  

d ur i n g  t h e  imme d i a t e  post-pa r t um p e r i od . 

I n  the  a bs e n c e  o f  d a ta r e la t in g  to  t h e  we i ght o f  t h e  h e i fe r  a t  

c a l v i n g  it  i s  n o t  pos s ib l e  t o  comme n t  on  t he percenta ge o f  t he p r o d u c t s  

o f  c on c e p t i on c omp r i s e d  b y  t h e  ca l f . I t  i s  p oss i b le t h a t  t h e  H P-HP  g roup  

l o s t  s i g n i fica n t l y  more  w e i g h t  at  pa r t u r i t ion  than  t h e  H P-LP and  LP-HP 

g r o u p s  a fter  t h e  la t t e r  groups  had  compe n sa t e d  for n ut r it iona l s tr e s s  b y  

r e d uc ing t he amount  o f  c o n c e p t u s  - not  - foe t us in the  ma n n e r  d es cr ib e d  

b y  E w i n g  et  a l . { 1 9 6 6 ) , J o ubert  ( 1 9 54 )  a n d  R y l e y  ( 1 9 6 1 ) .  

A t  n o  s ta g e  a ft e r  ca lv in g  d id t h e  t e s t s  o f  sign i fica nce  r e v e a l 

a n y  s i gn i fica n t  d i ffe rence  betwee n  t h e  h e i fe rs o f  t he p re-ca lvi n g  

t re a t me n t  groups  d e s p i t e  live  w e i g h t  d i ffe rences  a s  l a r g e  a s  2 3k g  ( 2 0 

d a ys post-pa r t um ,  H P-LP � HP-HP ) .  U n d o u b t e d ly the  comparisons  w e r e  n o t  

s t a t i s t ica lly  s i gn i fica n t  i n  s u c h  ca s e s  b e c a use  o f  t h e  l a r g e  va r i a t io n  

w hi c h  occurred w i t h i n  t rea tment groups  a s  ind ica ted b y  t he s t a n d a r d  

e rrors  o f  t he lea s t  squares  mea n s ,  I t  i s  s us pe cted  t ha t  m u c h  o f  t h is 

c ame  from t he c l ima t ic c h a n ge which  occurred  d uring  t h e  44-da y ca l v i n g  

p eriod  ( 30 July  t o  1 2  Se ptembe r ) . T h e  l i n e a r  regre s s io n  o f  h e i fe r  w e i g h t  
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o n  d a t e  o f  pa r t u r i t ion  wa s u s e d  t o  c o r re c t  for t ime s in c e  p a r t ur i t io n  

t o  t h e  w e i g h i n g  d a y  i n  q ue s t i o n . Howeve r ,  t h e  p r oc e d ure  ma y ha ve  

fa i le d  t o  a d eq u a t e ly a d j u s t  t he we i g h t  o f  t h e  he i fe rs c a l v i n g  a t  

e i t h e r  end  o f  t h e  period . T h i s  would  occur  i f  t h e  grow t h  o f  t he 

h e i fe r s  wa s c u r v i l i n ea r ,  n o t  l i n ea r .  T h e  e nd o f  J u ly wa s c ha ra ct e r

i sed  b y  warm tempe ra t ures  a n d  s unny  d a ys , while  d u r i n g  e a rly  A u g u s t  

r a i n  a nd g a l e  force  w i n d s  we re p reva len t ,  T h i s  i nc le me n t  weather  

c le a r e d  towa r d s  t he e nd o f  t h a t  mon t h  a n d  wa s fo llowed  b y  d ry cond i t i o n s  

i n  ea r l y  S e p t e mb e r  ( N ew Z ea la n d  G a z e tt e , 1 9 7 5 ; A p pe n d i x  1 ) .  I t  i s  

f e a s i b le t ha t c orre c t i n g  by l i n ea r  regress ion f o r  t he a dv e r s e  wea t h e r  

c on d i t i on s  i n  t he middle  o f  t h i s  pe r iod d id n o t  a l low s u ff i c i e n t l y  for 

t he more  fa v o u ra b le cond it i o n s  at t he e x t reme e nd s .  

Wit h r e s p e c t  t o  t he w e i g h t  o f  t he he i fe rs from 2 0  days  p o s t 

p a r t um to wea n in g ,  there  a ppea red t o  b e  a trend  a s so c ia t ed w i t h  t h e  

i n fl ue nce o f  t h e  trea tme n t s  impo s e d , a lt ho u g h  a t  n o  s t a g e  w e r e  t h e  

d i fferences  s i gn i fica n t .  T he HP-HP  group  ma i n ta i n e d  a we i g h t  a d va n t a g e  

o v e r  t he LP-HP g r o u p  w h i c h  d im i n i s hed  ra p i d ly b e tween  6 0  d a ys p o s t

p a r t um ( 6 . 3 k g )  a nd 9 0  d a ys pos t -pa rt um ( O . S k g ) , a nd t h e  LP-HP g ro u p  

b ecame  h e a v i e r  a t  1 2 0 d a y s  pos t-pa rtum .  T he s e  two groups  were o f  

c ompa ra b le w e i g h t  from 1 2 0 d a ys t o  wea n i n g  a t  2 1 0 d a ys pos t-pa r t um .  

T h e  H P-LP group  we i g he d  c on s i s t e n tly  l e s s  t h a n  t he HP-HP o r  

LP-HP  groups  ( see  F i gure  4 .  1 ) .  T a b l e  4 . 3 i n d ica tes  t h a t  t he d i f fe r e n c e  

o f  live  we i g h t  between  t he H P-LP , a n d  H P - H P  he i fers  d i d  n o t  c h a n g e  

g re a t ly t hroughout  t h e  po s t-ca lv i n g  pe r i od , where  a 2 2 . 9 k g  d e f i c i t  w a s  

r ed uced  t o  1 6 , 2 k g  a t  wea n in g . 

T h e  per iod b e tween  2 0  d a ys p o s t-pa r t um a nd wea n in g  involved  

a verage d a i ly live we i g h t  g a i n s  for t he trea tme n t  groups  o f  HP-LP : 

0 , 4 1 kg/d a y ;  LP-HP : 0 , 4 3 k g /da y ;  H P-HP : 0 . 3 7  k g /d a y .  These  a vera g e  

d a i ly ga i n s  were ca l c u la te d  b y  t he d i fference  between  t he w e i g h t  a t  

e it h e r  e n d  o f  the  pe r i od , d iv id e d  b y  t he n umbe r  o f  d a ys . Ca re  i s  

r e q uired i n  interpr e t i n g  s uc h  c o n s ta n t s  b e c a u s e  o f  f l u c t ua t i o n s  i n  t h e  

e n v ironmen t  c a u s in g  a d e v ia ti o n  from lin ea r g rowth .  T h e  purp o s e  o f  

t h e ir c a lcula tion wa s t o  c ompa re  t h e m  w i t h  the pre-wea n i n g  we ight  a n d  

w e a n in g  we ight  of  t h e  c a l f  a n d  t h e  m i l k  c o n s um p t i o n  e s t i ma te s , I t  w i l l  

b e  reca l l e d  t ha t ,  i n  t he l it e ra ture , ev idence  wa s prov ided  w h i c h  

i n d ic a t e d  tha t  t he g r ea te s t  l i v e  w e i gh t g a i n  o f  t h e  c a l f  a mo n g  b e e f  
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Treatmen t mea n s  for h e i fe r  l ive  w e igh t ( kg) , he i fe r  l i ve w e igh t c ha nge s  a s  d i fferences  

betwe e n  lea s t  squa r e s  mea n s  ( kg/day) , a n d  d i ffere0ces  b e tween trea tme n t s  

T rea tment  mea ns  D i ffe r e n c e s  

HP-LP LP-HP H P-HP  HP-HP  minus  H P-LP HP-HP m i n u s  LP-H P  

1 S t a r t  o f  t rea tme n t  ( 1  Ma y ,  1 9 7 5 ) ( k g )  3 82 . 0  

2 Trea tme n t  swi t chover ,  3 weeks  b e fore ca l v i n g  3 82 . 1 
( 1 0  J ul y ,  1 9 7 5 )  ( k g )  

3 Pre-ca lv ing  ( 2 5  July ,  1 9 7 5 ) ( k g )  3 76 . 0 

4 Live w e i ght  change , s t a r t  t o  sw itchover  0 , 0 0 
( 70 days ) ( kg /d a y }  

5 L i v e  we i g h t  change , swi t chover  to  pre-ca l vi n g -0 . 4 1 
( 1 5  days ) ( k g/da y }  

6 Live w e i g h t  c ha n ge , s ta r t  to pre-ca l v i n g  -0 . 0 7  
( 8 5  d a ys ) ( kg/da y )  

7 Post-ea l v  in g ( 2 0 days ) ( k g )  3 3 1 . 1 

B Live w e i g h t  loss , pre -ca lv in g  to  po s t-ca lv i n g 4 4 . 9 
{ ca lv i n g  per iod ) ( k g )  

9 Wean i n g  ( 1 1 Ma rc h ,  1 9 76 ) ( kg )  40 8 . 0 

1 0  Live w e i g h t  change , post-ca lv i ng to wea n in g  +0 . 4 1 
( kg/da y )  

--------- �---- ------

N ot e : S i g n i ficance  leve l * *  p < D , 0 1 , 

3 80 .  1 3 82 . 4  + 0 . 4 + 2 . 3 

3 6 2 . 2  3 8 1 . 3 - 0 , 8 + 1 9 . 1 * *  

3 75 . 0 3 9 5 . 7 + 1 9 . 7 * * +2 0 .  7 * * 

-0 . 2 6 + 0 . 02  

+0 . 8 5  +0 . 9 6 

-0 . 0 6  +D . 1 6  

3 4 5 , 4 3 5 4 . 0  +2 2 . 9 + 8 . 6 

2 9 . 6  4 1 . 7 

4 2 6 . 0  42 4 , 2  + 1 6 . 2  - 1 .  B 

+0 . 4 3  +0 . 3 7 

I 
I 

0 CD 
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a n ima l s  d u r i n g  t h e  s u c k ling  p e r i o d  wa s a ssociated  w i th t h e  le a s t  ga i n  

i n  t h e  da m ,  

( i v ) T h e  m i l k con sumpt i o n  o f  t h e  c a l f  

The  l e a s t  squa re s  d i ffe r e n c e s  a n d  l ea s t  squa res  mea n s  f o r  t h e  

e ffect  o f  t h e  p r e-ca l v i n g  p l a n e  o f  n u t r i t i on o n  m i l k  con s um p t i o n  a s  

d e termined  b y  WNW a re s e e n  i n  Ta b le 4 , 5 .  T h e r e  was  no s i gn i fica n t  

d i ffe r e n c e  b e twe en t h e  trea tme n t  groups  for  da i l y  m i lk  c o n s ump t i on , 

a n d  there wa s la rge w i t h i n-group  va ria t ion . I n  ma ny  in s ta nces  t h e  

s tandard e r rors w e r e  o f  equa l or g r ea t e r  ma g n i t u d e  t ha n  t he lea s t  

s q ua res  d i f fere nce s .  

I t  i s  s uspec t e d  tha t  fa c t ors  a s socia ted  w i t h  the a ge o f  t h e  

d a m ,  s uc h  a s  t empe rament  a nd the  s t r e n g t h  or  w e a k n e s s  o f  t h e  mot he r i n g  

i n s t i n c t  a mong  these  first-ca lv i n g  h e i fe rs i n fluen c ed t h e  m i l k  d e te r

mina t i o n s  i n  t h i s  s t ud y .  The d i s c u s s i on o f  the  i n fluence  o f  a ut umn 

we i ght  o n  e s t ima t ion  of m i l k  c o n s um p t ion eva lua t e s  the prob lems 

a s s o c i a ted  w i t h  t e mp e ra me n t  more f u l l y ,  where  t he re a pp e a red  t o  be  

d i ffe r i n g  r e s p o n s e s  a mong  the  three  o r i g i n  groups  to the  W NW me t h o d . 

W i t h i n  a l l  trea tme nt groups  t he m i l k  c o n s ump t ion  mea s ured  w a s  

w i t h i n  t h e  va lues  r e p o r t e d  in  the  l i terature  ( s e e  Ta b le 2 .  1 2 )  a lt ho u gh 

t h o se s t ud i e s  o f  f i rst-ca lv i n g  A n g us h e ifers  g e n e ra l l y  r e t urned  

sma l ler  va lue s than  those found in  t he present  s t ud y .  None  o f  t h e  

g r o u p s  s howed the  h ighest  con s ump t i o n  lev e l s  a t  t h e  s a me t ime a n d  

t h e re fore  they  re q u ire s e pa ra t e  d e s c r i p t ion . 

T h e  H P-LP group  d emon s tra t ed i t s  pea k m i l k  con sumpt ion a t  2 0  

d a ys a nd t h e n  d e c l ined very  ma r g ina lly  therea fte r .  T h i s  e a rly p e a k i n g  

o f  l a c t a t ion ma y invo lve more tha n o n e  fa ctor . T h e  b i r t h  w e i g h t  o f  

t h e  ca lves  o f  t he H P-LP he i fers  wa s ma r g ina l ly lower  t h a n  in  t h e  o t h e r  

g r o u p s  a n d  there fore  t he y  ma y h a v e  tended  t o  remove l e s s  m i l k  i n  t h e  

ea r l y  s ta g e  o f  l a c ta t io n ,  l ea d i n g  to  a fa l l  o f f  i n  t h e  prod u c t i on o f  

t h e  d a m  in  the  f i r s t  6 0  d a y s  ra t h e r  tha n a n  increa s e  in  t ha t  p e r i od , 

F ur t h ermore , a ny flex i b i l i t y  i n  t he a b i l i ty to  recover  e a r l i e r  m i l k  

p r o d uc t ion leve l s  in t h is pa r t i c u la r  g r o u p  may we l l  h a v e  b e e n  e r o d e d  

b y  t h e  d e p le t io n  o f  body  r e s e r v e s  over t h e  l a s t  p a r t  o f  g e st a t i on . 

T h e  p r e fe rence  g iven b y  the  ma t e r na l  orga nism  to r e pa i r  a nd ma i n t a i n  i t s  

b o d y  a he a d  o f  l a c ta tion  i s  we l l  d oc umen ted  ( B r i n k s  e t  a l . , 1 9 6 6 ;  S in g h  

e t  a l . , 1 9 70 ; Vaccaro  and  D i l la r d ,  1 9 6 6 ) . The we i g h t  g a in e x h i b i t e d  b y  
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The  l e a s t  squares  d i ffe rences,  least  squa res mea ns  a nd sta nda rd e rrors for t h e 

e ffect o f  pre-ca lving trea tme n t  o f  the  dam  on  t he m i l k  c o n s umpt i o n  o f  t h e  ca l f  

M i l k c o n s umpt i o n  ( k g )  

N o . o f  L S D Mea n S E L S D Mean  S E L S D Mea n S E 
record s 2 0  d ays po st-pa rt um 4 0  days po s t -pa rt um 6 0  days pos t-pa rt um 

T rea t me n t : 

HP-LP 1 5 +0 . 08 
+ 4 , 1 3 - 0 , 2 1  - 0 . 1 2  

+ 
4 , 0 3 - 0 , 34  -0 . 40  

LP-H P 14 + 0 .  1 7  + 4 . 2 2 - 0 , 2 3  -0 : 4 2  + 
3 .  7 3 - 0 . 3 8 +0 . B B  

HP-HP 1 6  0 , 00  
+ 

4 , 0 5 - 0 , 2 2 0 , 00  
+ 

4 , 1 5 - 0 , 3 6  0 , 00 

N ot e : ( i ) N on e  o f  the  d i ffere nces  be tween  trea tme n t  groups  wa s sta t i s t ica lly  s i g n i fi ca n t .  

( i i )  L S D  = Lea s e  s q ua res d i ffer e nces , 

( i i i )  S E = S ta ndard  e rr or o f  l ea s t  s q ua re s  mea n .  

+ 
4 , 0 6 - 0 , 5 8  

4 , 6 1  : 0 , 6 5  
+ 

3 .  74  - D .  6 2  

0 



5 , 0  

0> .:,{. � 
c 0 ·ri 4 . 0 -fJ 0. E :J en c 0 u 

.:,{. � ·ri ::£ 

3 . 0  
0 2 0  

( i )  LP-H P  
( i i )  HP-LP 

( i i i ) HP-H P 

4 0  
A ge o f  ca l f  ( d a ys )  

6 0  

F igure 4 , 2  M i l k  cons umpt ion of t h e  ca l f  v e r s us t h e  a ge of t he ca l f  
( I n fluence  o f  pla ne o f  n u t r i t ion  o f  d a m  b e fore  ca l v in g ) 

( i ) 

( i i )  

( i i i )  
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t h i s  g roup o f  h e i fe r s  w a s  c e rt a i n ly the  g r ea t e s t  o f  a ny o f  t h e  t h r e e  

g roup s i n  t h e  6 0 -d a y  p e riod , 

The LP-HP g roup e x h i b ited  a c lose  a s s o c iat i on between  t h e  

w e i g h t  change  of  t h e  h e i fe r ,  the  w e ight  c h a nge  of  t h e  c a l f  a nd t h e  

m i lk c o n s umed , A t  t h e  2 0 -d a y  m i l k d e t e rm i n a t i o n  t h e  group  e x h i b i te d  

t he h i g hest  yi e ld t o  t he ca l f  o f  a n y  of  t h e  trea tment  g r o u p s  ( d i f fe re n c e  

n on - s i g n i fica n t ) .  A ft e r  t ha t  t ime t h e  h e i fe rs of  the  g r o u p  s how ed  a 

l iv e  weight  ga i n  o f  4 . 3 k g  w h i l e  t h e  we i g h t  cha n g e  o f  the  ca lves  w a s  

2 1 . 8 k g .  A t  da y 4 0 , the  m i lk y i e ld of  t h e  h e i fers  o f  t h i s  g roup  w a s  t h e  

l owe s t .  

Be tween 4 0  a n d  6 0  d a ys the  w e i gh t  c h a n g e  o f  t he h e i fe rs wa s 

1 4 . 2 k g ,  three  t im e s  la rger  than  i n  th e preced i n g  2 0-da y  p e riod , a nd t h e  

c a l f  w e i g h t  c ha n ge wa s 1 1 . 5 k g ,  h a l f  a s  g rea t a s  i n  the  preced i n g  2 0 -da y  

p e r i o d . A t  t h e  6 0-da y m i l k  y i e ld d e t e rmina t io n  t h e  LP-H P hei fers a g a i n  

y i e ld e d  the  m o s t  a mo u n t  o f  m i l k  t o  the  ca l f  o f  a n y  o f  the t hree  g r o up s .  

Hen c e ,  w h e n  t h e  we i ght  i nc re a s e  o f  t h e  d a m  was  g r ea t e s t , the  m i l k  

y i e ld a n d  calf  growth  were  g r e a t l y  r e d uc e d . T h e  expla n a t ion  for  t h e  

d ep r e s s i on o f  m i lk y i e ld a t  40  d a ys , a n d  a ls o  t h e  s ub s eq uent  l i v e  w e i gh t  

c ha n ge o f  the  ca l f ,  i n  d e fe ren c e  to t h e  i n c r e a sed  l iv e  w e i gh t  ga i n  o f  

t h e  h e i fe r  is n o t  a pparen t ,  b u t  a pp e a r s  to  b e  r e la ted to t he p r e-ca l v in g  

p la ne o f  n utrit i o n  s i nce  t h e  o t h e r  two treatment  g roup s d id not  e x h i b i t  

t h i s  trend . 

T h e  h e i fe r s  o f  the  HP-LP trea tment  g roup  a lso e x h ib i t ed a p a t t er n  

o f  a s s oc ia tion  be twee n  t he l iv e  w e i g h t  g a in i n  t h e  h e i fe r  a nd h e r  m i lk 

y i e ld where  t h e  g re a t e s t  h e ifer w e i g h t  g a in was  a s socia t e d  w i t h  t he 

lowest  amount o f  m i l k  c o n s umed , H owe v e r ,  u n like  t h e  LP-H P group , w h i c h  

e x h i b it e d  a t ro u g h  a t  4 0-da ys p o s t-pa r t um , t he H P-HP group  s h ow ed a p e a k  

a t  t h a t  time , The  sma l l  d i fference  in  m i l k  yie ld betw e e n  the  4 0 -d a y  

e s t im a t ion for t h e  HP-HP g roup a n d  t h e  y i e l d s  a t  20- a n d  6 0-da y  d e t e rmin

a t ions  ind ica t e d  a g e n t le la c t a t ion c urve , a pa t t ern s ub s ta n t ia te d  by 

o t h e r  e xperim enta l findings  from t he WNW m e t hod ( D rewry e t  a l . , 1 9 5 9 ;  

T o t usek  e t  a l . , 1 9 7 3 ) . 

I n  s p i t e  o f  the  LP-HP g roup  ha v i n g  superior  m i lk yield  a t  2 0 - a n d  

6 0-da y  e s t ima t io n s ,  t h e  c ha n g e  i n  t h e  l i v e  w e ig h t  o f  t he ca l f  b e t w e e n  2 0  

a n d  4 0  d a ys ,  a n d  40  a n d  6 0  d a ys ,  fav o ured  t h e  H P-HP group  a b o v e  t h e  o th e r  

t w o  group s .  
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Table  4 . 6 

The  lea s t  sgua res  d i fferences,  least  squares  mea ns a nd s tanda rd errors for t he e ff e c t  o f  w i n t e r  

T r e a tme n t : 

HP-LP 

LP-HP 

HP-HP 

HP-LP 

LP-HP 

HP-HP 

HP-LP 

LP-HP 

HP-HP 

N ot e : ( i) 
( ii )  

( iii ) 
( iv )  

t r ea tmen t  imposed on the  d a m  on the pre -we a n i ng a nd w e a n i ng w e igh t  o f  t h e  c a l f  ( kg )  

No .  o f  
records  

B w 

1 8 1 6 

1 7  1 6  

1 9  1 7  

L 5 D Mean  5 E 

-2 . 1  

- 1 . 9  

0 . 0 

- 5 . 9 

-6 . 1 

0 , 0 

-3 . 6  

- 5 .  1 

0 . 0 

B i r t h  

+ 
2 5 . 7 - 0 . 8  

2 5 . 9 :.:: 0 . 8 
+ 

2 7 . 8 - 0 . 7 

6 0  d a ys o f  a g e  

+ 
8 0 . 1 - 2 . 2 

79 . 9 2: 2 . 3 
+ 

8 6 . 0 - 2 . 3 

1 6 5 d a ys o f  a g e  

1 5 7 . 5 ! 4 . 4 

1 5 6 . 0 ! 4 .  7 

+ 
1 6 1 .  1 - 4 .  7 

L 5 D Mean  5 E 

- 1 . 6  

- 1 . 4  

0 . 0 

-4 . 3  

- 5 . 9 

0 . 0 

- 4 .  1 

-6 . 2 

0 . 0 

2 0  da  vs o f  aqe 

4 7 . 5 :!:: 1 .  3 

4 7 . 7 :!:: 1 , .1 

4 9 . 1 � 1 . 4 

9 5  days  o f  a g e  

+ 
1 0 7 . 5 - 3 . 1 

1 0 5 . 9 � 3 . 3 

1 1 1 . 8 .! 3 . 4 

1 80 d a ys o f  a g e  

1 74 . 5 :!:: 5 . 5 

1 72 . 4 :!:: 5 .  8 

1 7 8 . 6 ! 5 . 9 

L S D Mean  5 E 

-2 . 3  

-2 . 2  

0 . 0 

- 3 . 4 

-6 . 2  

0 . 0 

-4 . 6  

- 3 . 8 

0 . 0 

4 0  days o f  aqe 

+ 
5 9 . 1 - 1 . 8  

5 9 . 2 :.:: 1 . 9  

6 1 . 4 ! 1 . 9  

1 2 0 da ys of  a g e  

1 3 0 . 1 ! 4 . 0 

1 2 7 . 3 2: 4 . 2  

1 3 3 . 5 ! 4 . 3 

2 1 0 d a ys o f  a g e  
( w e a n i n g ) 

+ 
1 7 8 . 8 - 5 . 6 

1 79 .  6 ! 5 .  9 

1 8 3 . 4 ! 6 . 0 

N o .  o f  r ecords  B = n um b e r  o f  ca lves  a t  b i rth W = n umb e r  p r e s e n t  a t  a l l  o t he r  w e i g h i ng s .  
L 5 D = L ea s t  s qua r e s  d i fferences  . 
5 E = S ta n d a rd e rror  o f  lea s t  s q uares  mea n ,  
N on e  o f  t h e  d i fferences  between  trea tme n t s  groups was s t a t i s t i ca ll y  s i g n i f i ca n t .  

w 



( v )  T h e  w e igh t  o f  t h e  ca l f  d ur ing t he pre-wea n i ng 

pe ri o d  a n d  a t  wea n i ng 

1 1  4 

The  l ea s t  s q ua res  d i fferences  a n d  lea s t  s q ua res  mea n s  for t h e  

e ffect  o f  t h e  pre-ca l v i n g  p la n e  o f  n ut r i t i on o f  t h e  d a m  o n  t he grow t h  

o f  h e r  progeny  a re presented  i n  Ta b l e  4 . 6 .  T a b l e  4 . 4  ( i tem  1 0 )  

i nd ic a t e s  the  a ve r a g e  da ily  l i ve w e i g h t  i n c r e a s e  of  the  he i fers  o v e r  

t h e  p re -we a n in g p e ri o d . 

The  l ive we i g ht  o f  t h e  ca l f  b e fore a nd a t  weaning  wa s not  

s ig n i fican tly influenced  by  the  trea tme n t  imp o s e d  o n  the  d a m  b e fo r e  

c a lv i n g ,  T he lea s t s q ua r e s  d i fferenc e s ,  howe v e r , i nd i ca t e  t h a t  t he 

p e r forma nce o f  t he c a lves  from the  HP-HP h e i fe r s  wa s superior  to  t h a t 

o f  t he c a lves o f  t he o t he r two t rea tme n t  gro u p s . 

The  birth  a nd wea n i n g  w e i g h t s  o f  t h e  LP-H P group  were  hea v i e r  

t ha n  i n  t h e  HP-LP g roup  ( d i ffe rence  non -s i g n i fica n t ) , a lt h o u g h  t h e  

c a l v e s  o f  t h e  la t t e r  gro u p  were ma r g i na l ly  hea v i e r  d u r i n g  t h e  pe riod  

f r om 6 0 - to 1 80-d a ys-o f-a ge . 

T he d i ffere n c e  b etween  t h e  HP-LP a n d  LP-H P groups for ca l f  

r e a r i n g  a b i lity  i s  a r e f l e c t ion  o f  t h e  d i f fe r e n c e  i n  w e i g h t  c ha n g e s  

w hich  occ urred . T h e  l iv e  weight  ga i n  o f  t he former grou p  o f  h e i f e r s  

d uring  t h e  la cta t i ona l period  wa s 1 0 . 4 k g  ( O . O S k g per  d a y )  l e s s  t ha n  

t ha t  o f  t he la t te r  g r o u p , and  th is wa s r e f l e c t e d  in t he w e a n i n g  w e i g h t  

a d va n t a g e  o f  t he c a lves  o f  t he HP-H P he ifers  ove r thos e  o f  t h e  LP-HP  

h e i fe r s  o f  3 . 8 k g , 

The  c ompa r i s on o f  t he HP-LP g roup  w i t h  t h e  HP-HP group  a ls o  

c on f i rm s  the inve r s e  r e la t io n s h i p  t h a t  h a s  b e e n  found be twe e n  t h e  l iv e  

w e ig ht g a in o f  t he d a m  a n d  t h e  w e a n i n g  w e i g h t  o f  the c a l f  ( Br i n k s  e t  a l . , 

1 9 62 ; G re gory e t  a l . , 1 9 5 0 ;  S i ngh  e t  a l . , 1 9 70 ) . The HP-LP gro u p  

g a ined  7 .  7 k g  more t ha n  t h e  HP-HP group  b u t  wea n e d  c a lves w h i c h  were  

4 , 6 k g  l ighter .  

T he LP-HP h e i fe rs ga i ne d  s li g h t ly more  w e i g h t  t ha n  t h e  HP-LP 

g roup  a s  well  a s  w e a n i n g  s l i g ht ly hea v i e r  ca lves . I t  a ppears  t ha t  

t his s u pe rior e ff i c i e ncy  o f  t h e  LP- H P  h e i fe r s  wa s d erived  from t he ir 

e n forced  low p la n e  early  in  gesta t i on followed b y  a h i gh p la ne ,  

c ompa r e d  with  t h e  e n force d  low p la n e  la t e  i n  g e s ta t ion a s  experienced  

b y  t h e  H P-LP group . 
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T h is s t u d y  has  i nvolved a c ompa r ison  o f  two forms o f  e x p e rimenta l 

work  t ha t ha ve  b e e n  reported  i n  t he l i terat ure to  da t e ,  T he work  o f  

H i g h t  ( 1 9 6 8 c )  i n volved  comb i n i n g  a l ow pla ne  o f  n u t r i t i o n  i n  t h e  e a r l y  

wi nter  w i t h  a n  e le v a t e d  pla n e  e i t h e r  3 or  8 wee k s  be fore  c a lv i n g .  H e  

s howe d  t ha t  t he 8 w e e k s  o f  h igh-p la n e  fe e d i n g  o f fs e t  t h e  e f f e c t  o f  t h e  

l o w  p l a n e  on b i r t h  w e i g h t  more t h a n  d id 3 w e e k s  o f  e l e v a t e d  f e ed i n g ,  

E a r l i e r  work  b y  H i g h t  ( 1 9 6 6 ,  1 9 6 8b )  a nd other  r e p o r t s  from over

s e a s  s t ud i e s , i n clud i n g  t hose  o f  C o r a h  e t  a l . ( 1 9 7 5 ) ; Hol l owa y e t  a l .  

( 1 9 7 5 ) ; Fa lk  e t  al . ( 1 9 7 5 )  a nd W i l tb a n k  e t  a l .  ( 1 9 6 2 )  h ave  i nvolved  

i n v e s t iga t i o n s  s im i la r  to  the HP-LP feeding  r e g ime of  t h e  present  

s tu d y .  T h e  e x p e r im e n t s  o f  the  a u t hors  men t i oned  a b ove  i n c l ud e d  t h e  

o b j e c t ive  o f  ob t a i n i n g  d ivergent  l ive  w e i g h t s  l n  t he c ow s  b y  c a l v i n g  

t ime b y  feed i n g  e i t h e r  a h i g h  or l o w  p la ne o f  n u t r i t io n  d ur i n g  

g e s t a tion , M o s t  o f  t h o s e  e x pe r im e n t s  s ucceeded  i n  d emons t ra ti n g  tha t 

b ir t h  we i gh t  d i f ferences  could  b e  ob ta i ned i f  t he feed i n g  l e v e l s  

d i f fered  s u f f i c i e n t l y  to  prod uce  h i g h l y  s i g n i f i ca n t  l i ve  we i g h t  

d i f fe re nc e s  i n  t he pregna n t  fema l e s  b e tween  t h e  g roups o f  t h e  o rd e r  o f  

1 5  t o  2 0  p e r ce n t . 

I n  t h e  p re sent  s t ud y  the  h e i fers  o f  t h e  LP-HP group  l o s t  5 , 6 

p e rc e n t  o f  t h e i r  a u t umn live we i g h t  a nd rega i n e d  t h i s  loss  b y  c a l v i n g .  

T he re was n o  s i g n i f i ca n t  d i ffe r e n c e  b e tween  t he HP-HP a nd LP-HP  groups  

with  respe c t  t o  b ir t h  w e i g h t  t h u s  i n d i c a t ing  t ha t mos t o f  t h e  e ff e c t  

o f  the  low p l a n e  o f  feed i n g  had b e e n  o f fs e t  b y  t h e  h i g h  p la n e .  

The  H P-LP group  s howed  a h i g h l y  s i g n i fi ca n t  ( p < D . 0 1 ) red u c t i o n  

o f  h e i fe r  l i v e  we i g h t  o f  5 . 0 p e rc e n t  b y  c a l v i n g  t ime comp a r e d  w i t h  t h e  

H P-HP grou p .  T h e  former group  a pp e a red  t o  e x h i b i t  t h e  grea t e s t  

r e d u c t ion i n  b ir t h  w e i g h t  ( 7 . 6  p e rc e n t ) a lt h o u g h  a ga i n ,  t he d i ff e r e n c e  

w a s  not  s i g n i fi c a n t .  

The  l ive w e i g h t  ga i n  o f  t he h e i fers  a ft e r  c a l v i n g  i s  importa n t  

i n  t e rms o f  grow t h  a n d  a lso  t h e  ra p i d i ty of r e t u rn i n g  t o  a w e i g h t  a t  

w hich  post-pa r t um o e s t r u s  occurs , T h e  H P-HP he i fe rs e x h ib ited  a g rowth 

r a t e  less t h a n  t h a t  o f  t he h e i fe rs of the LP-HP g r o u p ,  i n d ica t i n g  t ha t  

t he LP-HP h e ifers  were  better  a b l e  t o  u t i li ze t h e  s pr i n g  p as t ure , 

w hether  b y  s a t i s f y i n g  t h e i r  grea t e r  a p pe t i t e ,  or  b y  a n  improved 

e ffic ie n c y  o f  pa s t ure u t i l i z a t ion  t h r o u g h  the c o ntrol  of me tabolism ,  or 

b y  a fun c t i on o f  b ot h .  
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The  most  import a n t  fea t ur e  o f  t h is i n c r ea s ed w e i g h t  ga i n  

a b i li t y  o f  t h e  LP- H P  group was  t h a t  a large  pa r t  o f  i t  o c c u rred  e a r l y  

i n  l a c t a t i o n  w h e n  t h e  d ema nd o f  t h e  ca l f  t h r o u g h  i ts m i l k  c o n s ump t i o n  

w a s  s ma ll a n d  t h e  s p r i n g  pa s t u r e  g r ow t h  w a s  beg i n n i n g .  T he s up e r i o r  

a b i l i t y  t o  ga i n  w e i g h t  in  the  L P - H P  he i fe rs , how e v e r ,  was  n o t  a t  t h e  

e x pe n s e  o f  t h e  wea n i n g  w e i g h t of t h e  ca l f ,  s i n c e  the  d i f f e r e n c e  b e tween  

t rea tme n t  g roups  for  this  t ra i t  w a s  n o t  s i g n i fi ca n t . H i g h t  ( 1 9 6 Bc )  

a lso found  t ha t  t h e  low plane  o f  n u t r i t ion  d u r i n g  e a r l y  g e s ta t i o n  d id 

n ot s i g n i fi c a n t l y  a f fec t  t h e  wea n i n g  we ight  o f  t h e  ca l f  when  i t  wa s 

o f fs e t  b y  e leva t e d  fee d i n g  p r i o r  t o  p a r t u r i t i on . 

N o  mea s ure o f  t h e  r e b re ed i n g  performa n c e  was  p o s s i b l e  beca u s e  o f  

t h e  u nr e c o gn i z e d  i n fe r t i l i t y  o f  o n e  b u l l .  The  f i nd i n g s  o f  C o ra h e t  a l .  

( 1 9 7 5 ) a n d  Turma n e t  a l . ( 1 9 6 4 )  w e r e  i n c luded  i n  t h e  r e v i ew o f  l i t e r

a t ure  ( C h a p t e r  Two ,  S e c t ion  1 , 3  x i ) .  Ba s e d  on  t h e i r  re s u l ts i t  w o u ld 

a p pea r t h a t  t h e  H P-LP group  c o u ld ha ve b e e n  e x p e cted  t o  r e t urn i n fe r i o r  

r eb re e d i n g  performa n c e , espec ia l ly w i t h  respec t t o  t h e  n umb e r  o f  d a ys 

t o  f i r s t  o e s t r us . Morris  ( 1 9 7 6 ) found  from a s t ud y  o f  ma t u re cows  on  

the  Ma s s e y  p r ope r ty tha t the  p la n e  o f  n ut r i t i on d ur i n g  the  immed i a te 

p re-pa r t um p e riod  i s  of  pa ramount  importa n c e  t o  rebreed i n g  p e rforma n c e .  

T h i s  imp l i e s  tha t t h e  LP-HP group  s h o u ld have  pe r fo rmed  s a t i s fa c t o r i ly 

i n  v iew  o f  t h e i r  e levated  feed i n g  for  a t  lea s t  3 weeks  b e fore ca lv i n g  

b e gan . 

T h e  e ffec t  o f  the  p la n e  o f  n u t r i t i on on  t he pe r c e n ta g e  o f  c a lv e s  

w e a n e d  s h o u ld be  mea s ured  a s  t h e  proportion  of  t h e  n umb e r  o f  h e i fe r s  

m a t e d  i n  e a c h  n u t r i t iona l group . T h i s  was not  pos s ible  b e c a u s e  o f  t h e  

r emova l o f  s ome h e i fers  b e fore  t h e  e x periment  b e ga n a ft e r  b e i n g  

d ia gn o s e d  b a rren . N or would t h e  p e rc e n t a g e  o f  c a lves w e a n ed a s  a 

p ro p o r t i o n  of  t h e  h e i fers  i n  t he e x p e r im e n t  a t  i ts s ta r t  b e  mean i n g fu l  

s ince  s om e  reared  foster  ca lve s a ft e r  t h e i r  own ca lves  h a d  d ie d  from 

d i sea s e  a n d  misa dve n t ur e , 

T h e  va l ue o f  t he three  p r e -ca l v i n g  n u t r i t iona l r e g ime s a t t ra c t s  

d iscus s io n  w i t h  r e fe rence  t o  p a s t ur e  ma n a gement  a n d  t he p e r iods  o f  

n u t r i t i o n a l  shorta g e s  d ur ing t h e  w i n t e r ,  

T h e  s t ud y  i nv olved t he h e i fe r s  o f  t h e  LP-HP group  o n  reduced  

i nt a ke for  a t  lea s t  4 5  days  { 2 6 M a y  t o  1 0  J u ly ) s i nce the  intended  
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r e s t r i c t ion  could  n ot b e  impleme n t e d  prompt ly e n o u g h  t o  g iv e  a 70-day 

r e s t r i c t i on . By w a y  o f  contra s t  t h e  H P -L P  group  wa s r e s t ri c t e d  for 

34 days ( 2 6 June to 30 J u ly ) i n c l u d i n g  t h e  period o f  u n i n te nd ed 

d e pr e s s i o n  d ue t o  c li ma t i c  adve r s i t y .  

N o  e s t ima te s  o f  food i n t a k e  were  a b le t o  be  ma d e  i n  t he s t ud y ,  

b u t  i t  w a s  observed  t ha t  e x t reme p r e s s u r e  o f  n umb e r s  wa s re q u ir e d  t o  

a c h i e v e  a live  w e i g h t  l o s s  of  t h e  ma g n i t ud e  d e s c r ibed . T h e  h e i fe rs 

o f  t h e  LP-HP group  a ppeared  t o  mod i fy t h e ir gra z i n g  ha b i t  t o  i n c l u d e  

f ib r o us r u s h e s  a n d  s eed-head s ta l k s . O n  t h e  o t h e r  ha n d , t h e  h i g h 

p la ne g roups  w e r e  fed t o  the  ma x imum l e v e ls ava i la b le w i t h o u t  t h e  

feed i n g o f  hay  or e x p e n s ive s u p p l eme n t s . 

T h e  rest r i c t i on o f  the  LP-HP  group  early  1 n  t h e  w i n t e r  p e rm i t t ed 

t he a cc umula t i o n  o f  pa s t u re w h i c h  w a s  h e ld over  for fe e d i n g  a t  a h ig h  

p l a n e  t o  t h e  he i fe rs la ter  in  t h e  w in t e r .  I t  i s  t he r e fore  s ug g e s ted  

t ha t  t h i s fe e d i n g  r e g ime was  t o  b e  recomme nded  for feed i n g  a g re a t e r  

n umber  o f  pregna n t  a n i ma ls  d u r i n g  t h e  ea rly w i n t e r  w i t h o u t  a n y  

d e t r ime n t a l  e ffect  b e i n g  obs e rv e d  i n  t h e  p r od u c t i v i t y o f  t h e  h e i fe r .  

T h e  h e i fe rs of  t h e  H P-LP g r o u p , o n  t he o t h e r  h a n d , r e q u i red a 

l ow e r  s t oc k ing ra t e  d u r i n g  t he e a r l y  w i n t e r  i n  order  t o  a ccommoda t e  

t he leve l of  inta ke a t  t h a t  t ime . A s  a c on s e q u e n c e  of  t h e  l ow p la n e  

a t  t he e nd of g e s ta t i on , t he group  a ppeared  t o  e x p e r i e n c e  a lowe r ra t e  

o f  post-ca lving  l i v e  we i g h t  ga i n  t h a n  t h e  L P - H P  o r  HP-H P group s ,  1 n  

s p i t e  o f  a fa ilure  t o  e x h i b i t  a s i g n i fica n t ly r e d uced  ca l f  b i r t h  w e ig h t , 

t h e  tra i t  which  i t  wa s a n t i c i pa te d , would  b e  mos t  a ffec ted b y  this  

t re a t me n t .  
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The  first  order  i n t e ra c t ion b e tween  o r i g i n  o f  dam  a nd pre

c a lv i n g  p la ne o f  n u t r i t ion wa s te sted  indep e n d e n t ly a n d  found  t o  b e  

n on-s i g n i ficant . The re fore  i t  wa s n o t  c o n s i d e r e d  pa r t  of  M od e l  ( 3 . 1 ) . 

T he i n fluence  o f  a u t umn  w e i g h t  by or i g in o f  h e i f e r  is  s h ow n  

l �  T a b l e s  4 ,  7 t o  4 . 1 0  inc lus i v e l y .  I t  i s  e v i d e n t  tha t t h e  h e i f e r s  

of t h e  H a w k e ' s  Bay or i g i n  e x h ib it e d  a ma r k e d  s up e r i o r i t y  a bove the  

p e r forma n c e  of  t he Ma s s e y  a nd Wa i ra ra p a  h e i fe r s  for prod uc t iv i t y  as  

a s s e s s ed b y  t h e  we i g h t  o f  ca l f  wea n i n g .  I t  i s  a p propria t e  t o  eva lua t e  

t h e fa c tors  whic h may ha ve  c on t r i b u t e d  t o  t h e  d i fference . 

The re  were  t hree  poss ible  s ources  o f  v a r i a t ion  i n  t h e  a u t umn 

l iv e  w e i g h t  of t he he i fe rs o f  the t h re e  o r i g i n s  i n  the e x p e rimen t .  

T he s e  i n c luded  the  env i r onmen t  e x pe r i e nced  b e fore t h e  t ime o f  p u r c h a s e  

( i . e . , t h e  f i r s t  hJD-a n d -a -ha l f-yea rs-o f-l i fe ) , t h e  a mo u n t  o f  gene t i c  

a b i l i ty posses sed  cond i t i on i n g . t h e  ra p i d i t y of  g r ow t h  a t  a n  e a r l y  a ge ,  

a nd t h e  a ge o f  t h e  he i fe r .  N o  da ta w e r e  ava i la b l e  conce rn ing  t h e  

p r e c i s e  a g e  o f  t h e  Haw k e 1 s  Ba y o r  Wa i ra rapa h e i fe rs . 

I n  t he present  s t ud y  t he h e i fe r s  we re r u n  w i t h  two b u lls  

t o g e t h e r  d ur i n g  t h e  ma t i n g  season  a n d  i t  wa s t he r e fore n o t  p os s i b l e  to  

r e c or d  the  s i re o f  ea c h  c a l f .  A n y v a r i a t ion  i n  b i r t h  w e i g h t  or  w ea n i n g  

w e i g h t  d ue t o  t h e  e ff e c t  o f  t he s i re w i l l  ha v e  b e e n  a c c ounted for  b y  

t he error  t e rm i n  Mode l s  ( 3 , 2  a n d  3 . 3 ) . The  e ffect  o f  t he s i r e  w i ll 

h a v e  b e e n  e xp re s s e d  i n  t h e  b irth  w e i g h t  a nd wea n i n g  w e i g h t  o f  t he c a l f  

t h ro u g h  t h e  g e n e t i c  a b i l i t y  for e i t h e r  pre- o r  p o s t-na t a l g rowt h  pa s s ed 

t o  t he ca l f  by  t h e  s i r e . T h e ore t ica l ly ha l f  o f  t h e  v a r ia t io n  i n  b i r t h  

w e ig h t  d ue t o  g e n e t i c  e ffects  w i l l  ha v e  b e e n  remov e d  by  t h e  error  t e rm 

i n  t h e  a b ov e  Models  b y  a cc o u n t i n g  for t he s ire e f fe ct .  T hus  i t  i s  a s s umed  

t ha t  mos t of  t h e  va ria t io n  w h i c h  occ urred  in  the  l i v e  w e i g h t  of  t he c a l f  

w a s  d u e  t o  a d iffe r e n c e  i n  ma t e r na l a b i l i t y  be twee n  t h e  h e i fe rs o f  t h e  

d i f fer e n t  orig ins . 

The  ques t i on a r is e s  a s  t o  how muc h o f  t h e  s up e rior  a b i l i t y  for  

m a t e rn a l  e n vironment  of  the  Hawke ' s  B a y  h e i fe r s  w a s  obtained  from a 

m o r e  fa vourab le n u t r i t iona l e nv i ronmen t  a n d  h ow muc h wa s from a s up er i o r  

i n h e r e n t  a b i lity  f o r  g rowth  t o  t h re e-years-of-a g e .  I n  v i ew o f  t he 

d im i n i s h i n g  i n fluence  o f  o r i g i n  o f  dam  e x h i b i t e d  a s  t h e  h e i fe r s  b e ca m e  
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o ld e r 1  a s  seen  ln Tab le 4 , 1 9 1 i t  i s  s a fe t o  a s sume t h a t  mos t o f  t he 

a d v a n t a g e  i n  ma t e r na l a b i l i t y  of  t h i s  g r o up wa s e n vi ronme nta l ly 

o b ta i n e d . T h i s  d i s t i n c t ion is n ec e s s a r y  s in c e  i t  is t he ba s i s  o f  

a d i sc us s i o n  o f  t he importa n c e  o f  g r ow i n g  h e i fe r s  t o  a la rge  s i z e  

b e fore  t he a u t um n  o f  t h e i r  first  p r e g n a n c y ,  I f  i t  wa s d e c i d ed t h a t  

t he d i ffere nce  i n  t h e  l i v e  we i g h t  o f  t h e  h e i fe rs between  o r i g i n s  w a s  

m o s t ly g e n e t ica lly  i n d uced , t hen  t h a t  d i s c u s s i o n  would  h a v e  a d ub i o us 

founda t i o n ,  

( i ) T h e  p re -ca l vi ng l i v e  we ight of the  heifer  

T h e  l ea s t  s q ua r e s  d i fferences  and  least  s q uares  mea n s  for  t h e  

w e i g h t  o f  the  he i f e r  w i t h i n  or i g i n  a re g i v e n  for t he s i x  we i g h i n g  d a ys 

b e fore  ca lv ing  i n  T a b l e  4 .  7 .  

T h e  he i fe rs o f  Hawke ' s  Ba y o r i g i n  w e re s i g n i fican t ly ( p  < 0 . 0 1 ) 

hea v i e r  than  the  Ma s s e y  or Wa i ra r a pa h e i fe r s  a t  a l l  we i g h i n g  d a t e s . 

T h e  h e i fe r s  o f  Wa i ra ra pa  or i g i n  we re hea v i e r  t h a n  t he M a s s e y  h e i fe r s  

on  a l l  occas ions  a l t h o ugh  a s i g n i fica n t  d i ffe rence  was  found  o n l y  a t  

d a y s  4 2  ( 1 2 June ; p < O . O S ) ; 5 6  ( 2 6 J u n e ; p < 0 . 0 1 ) a nd 70 ( 1 0  J u l y ;  

p < 0 . 0 1 ) .  

T h e  d i sc u s s i on o f  r e s u l t s  o f  t he i n fluence  o f  t h e  pre-ca lv i n g  

n ut r i t iona l t rea tmen t on  h e ife r l i v e  we ig ht i n d ica ted  a large  d ep r e s s 

i o n  of  l i ve w e i g ht i n  a l l  t rea tme n t  groups  b e twee n  d a y s  5 6  a n d  8 5  o f  

t he t r ia l ,  mea sured  a t  d a y  70 . T h e  e v i d e n c e  i n d ica ted  that  t h e  

d e press i o n  wa s proba b ly c l i ma t i c a l ly i nd uc e d , T h i s  obs e rva t i o n  i s  

s t re n g t he n e d  by t he fa c t  t hat  t h e  a na lys i s  o f  h e i fe r  we i g ht b y  o r i g i n  

c la s s i fi c a t i on a ls o  i n d i c a ted  a d e c l i n e  o f  t he s a m e  ma g n i t u d e  a s  tha t 

m e a s ured  i n  t he H P-LP a n d  H P-HP  groups  ( up t o  1 0 k g ) . A pa rt from t h e  

c ommon l i v e  we i g h t  d e c l i n e  a t  t h a t  t ime , t h e  l iv e  w e ig h t  o f  t h e  h e i fe r  

w i t h i n  o r i g i n  rema i n e d  rema rkab l y  s t a b le a nd c o ns t a n t  t hroughout  

g es t a t i on .  The  imp l i c a t i o n  of t h i s  ob s e rv a t io n  i s  t ha t  t he w e i g ht loss  

i n  t h e  low-p la n e  t r ea tme n t  group wa s a lmost  e x a c t l y  ma t c hed  by t h e  

a mo u n t  of  w e i g h t  ga i n  i n  t h e  two h igh-plane  groups  a t  a l l  s ta ge s  o f  

g e s t a t i o n .  

A ft e r  t h e  e x p er i m e n t  comm e n c e d , t h e  we i ght  o f  t he h e i fe r  a t  e a c h  

w e i g h i n g  d a y  wa s c orrec t e d  for h e r  s ta r ti n g  w e i g h t  b y  ap plying  a l i n e a r  

c orrec t i on a s  a c ova r i a te t o  Mod e l  ( 3 . 1 ) .  T h i s  r e gression  o f  w e i g h t  a t  
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O riqi n : 

{ a ) Lea s t  sgua res  d i fferen c e s ,  l e a s t  sgua res mea ns  a nd s ta nda rd e rrors for t he effect of 

the a ut um n  weigh t  of the  h e i fe r  on t he w i n te r  we iqht c h a nge s  be fore ca l v i ng ( kg)  

( b ) R egr e s s i on coefficien ts w i t hin  origin of h e i fe r  of he i fe r  w e igh t  on a ut umn we igh t  ( kg/kg) 

N o .  of  
records  

L S D Mea n S E 
S t a r t  of  e xp e riment  

( 1 May , 1 9 7 5 ) 

L S D r"1 ean  
2 5  d a ys ( 2 6  Ma y ,  

5 E L S D Mea n S E 
1 9 7 5 )  4 2  d a ys ( 1 2  J u n e , 1 9 7 5 )  

Ma s s e y  

Haw k e 1 s  B a y  

2 2  

2 0  

1 2 

0 , 0 

+ 3 7 , 2 

+ 1 .  9 

3 6 8 , 5 : 5 1 X 0 . 0 3 6 9 , 6 : 1 , 2 X O , D + 
3 70 . 7 - 1 . 1 

a x 

Wa irarapa  

b ( Ma s s e y )  

b ( Ha w k e 1 s  Ba y )  

b ( Wa irarapa ) 

Ma s s e y  

Haw ke 1 s  B a y  

Wa i ra ra pa 

b ( Ma s s e y )  

b ( Hawke 1 s  Ba y )  

b ( Wa ira rapa )  

4 D 5 . 7 
+ 

5 . 3 X Z 

+ 
3 70 . 4 - 7 . 2 

5 6  days  ( 2 6  Jun e ,  1 9 7 5 )  

0 . 0 3 6 9 , 3 : 0 , 8 
X 

+ 3 9 . 3 
+ 

4 0 8 . 6 - 0 . 6 

+ 6 . 9  
+ 

3 76 . 2 - 1 . 1  
X 

D , 1 0 ! 0 , 04 
* 

1 . 6 3 ! O , D 3  
* * *  

+ 
0 , 0 0 - 0 , 06 

z 

N ot e : ( i )  S i g n i fica nce  levels  * * *  p .::::: D , O D 1  
p .:::: 0 . 0 5  * 

+3 9 . 6  4 D9 , 2 :!: 1 , 3  
X z 

+ 1 .  6 
+ 

3 7 1 , 2 - 1 ,  7 

+ 
O . D 5 - O , D6  

* * *  + 1 , 5 5 - D , D 5  
+ 

D .  DO - D .  1 D  

7D  days 

D , O 

+4 1 . 1 

+ 7 , 5 

D .  1 1  

( 1 D J u l y ,  1 9 7 5 ) 

3 5 9 , D :!: 1 , 2  X 

4 0 0 , 1 : 1 , 2  
X 

3 6 6 , 5 ! 1 ,  7 X 

:!: 0 0 5  
* 
* * *  + 1 , 5 8 - 0 , 0 5  

+ -0 , 04 - 0 , 0 9  

z 

( i i )  Va lues  s uperscripted  ' a  I are  s ig n i fi ca n t ly d i fferent  a t  5%  leve l ,  
Va lues  s up e rscri p t e d  I X I or I z I a re s ig n i fica ntly  d i fferen t  a t  1 %  leve l ,  

( i i i )  L S D = Lea s t  s quares d i ffere n ce s . 
( iv )  S E = Sta nda rd e rror o f  lea s t  s q ua re s  mea n .  

--

+4 1 .  D 
+ 

4 1 1 .  7 - 1 .  1 X Z 

+ 2 . 8 3 7 3 . 5 : 1 . 5  
a z 

: D . 0 5  
* 

D . 1 1  

1 , 5 9 : 0 . 0 5  
* * *  

+ 
0 . 04  - 0 . 0 8  

8 5  d a y s  ( 2 5 J u l y ,  1 9 7 5 )  

D . D 
+ 

3 6 7 .  B - 3 . 9 X 

+ 3 9 , 6 4 07 . 4 ! 4 . 0  X Z 

+ 3 , 9 3 7 1 . 7 ! 5 , 5 z 

0 , 0 4 ! D .  1 8  

1 . 6 2 ! 0 . 1 6  
* * *  

+ 
-0 , 0 1 - 0 . 3 1  

N 0 



1 2 1  

e a c h  s ubsequen t d a y  on s t a r t i n g  d a y  w e i gh t  was  a p p l ied w i t h i n  o r i g i n  

s ub group  to  i n c re a s e  t h e  a ccura c y  o f  t h e  correct ion proced ure a nd t o  

i nd i c a t e  from t h e  r e g re s s i on c o e f f i c i e n t  t h e  re sponse  o f  t h e  h e i fe rs 

t o  t he w i n t e r  e n v i ronmen t  a t  Tuapa k a , 

A mong  t h e  he i fe r s  o f  Hawke ' s  B a y  o r i g i n  t h e  regress i on wa s 

v e ry h ig h ly s i g n i fi c a n t  ( p  < 0 , 0 1 } a nd i n d ica t e d  t ha t  t he h e a v i e s t  

h e i fe r s  on 1 Ma y ,  1 9 7 5 ,  c o n t in ued t o  b e  t h e  h e a v i e s t  t h r o u g h o u t  t h e  

pre-ca l v i n g  per i o d , The  s i z e  o f  t h e  r e g r e s s i o n  c o e f fi c i e n t  wa s 

b e tw e e n  1 , 5  a nd 1 , 6 3  a nd i n d i c a t e d  t h a t  a h e i fe r  h a v i n g  a 1 kg l i v e  

w e i g h t  advanta g e  a b ov e  a no t h e r  a t  t h e  s t a rt o f  t h e  exper imen t  wa s 

1 , 5 5 t o  1 , 6 3 k g  hea v i e r  a t  a s ub s e q u e n t  w e i g h i n g  da y .  T h e  d iv e r g e n c e  

i n  b o d y  we i g h t  w h i c h  r e s u l t ed occ urred  l a r g e ly i n  t h e  fi r s t  5 6  d a y s  

o f  t h e  experiment  ( b = 1 .  6 3  � p < 0 .  0 0 1 } .  

Amon g t h e  he i fe� s b o r n  a t  Ma s s e y  t h e  c o e f f i c i e n t  f o r  the 

r e g r e s s ion o f  s ub s e q u e n t  w e i g h t  on  s ta rt i n g  we i gh t  was  s i g n i f i c a n t  

( p < 0 , 0 5 )  a t  d a y s  4 2 ,  5 6  a n d  7 0 ,  a nd i n d icated  tha t a 1 k g l i ve  we i g h t  

a dv a n ta g e  would promote  a 0 , 1 k g a d va n t a g e  a t  s ub s e q u e n t  w e i gh i ng d a y s , 

The c oe f f i c i e nt for t he re g r e s s i on o f  s ub s e q ue n t  we i g h t  o n  

s ta r t i n g  we ight  a mo n g  t h e  Wa irarapa  h e i fe r s  i n d ica ted  a n o n -s i g n i fi ca n t  

r e la t i on s hip  wh i c h  wa s c o n s i s t e n t ly sma l l  ( le s s  tha n 0 , 0 5 }  a n d  o n  two  

occ a s i on s  ( da ys 7 0  and  B S }  wa s sma l l  and  n e ga t i v e , Thus  a we i g h t  

a d v a n t a ge a t  t h e  s ta rt o f  t h e  e x p e rime n t  wa s n o t  a s s oc ia t e d  w i t h  a ny 

a d v a n t a ge a t  la t e r  w e i g h i n g  days , 

The i n t e rp re ta t ion  o f  t h e  regress ion  of w e i ght  on sta r t i n g  

w e i g h t  for each  o r i g i n  s ub group  i s  c omplica t ed b y  t h e  a b s e n c e  o f  a g e  

d a t a  for the  h e i fe r s  o f  t he Hawke ' s  B a y  a nd Wa i ra ra p a  o r ig i ns , A mo n g  

t he Hawke ' s  Ba y h e i fe rs i t is s ug g e s t e d  t h a t t he i n i t i a l  d iv e r s i t y  o f  

w e i g h t  c ha nge  t ha t  o c c u r re d  ma y b e  r e la t e d  t o  g e ne t ic d i ffe r e n c e s  

w i t h i n  t h i s  ori g i n ,  E v id e n t ly t he e n v i r o nme n t  e nc ou n t�d by t h e  h e i fe rs 

i n  t h e  Hawke 1 s  Ba y fav oured  those  o f  l e s s e r  g e n e t i c  a b i li t y  for r a p i d  

g rowt h  t o  ma t u r i t y , I n  a l e s s  fa v o u ra b le e n v i ronment  on  t he p o o r e r  

h il l  c o untry  a t  T u a pa ka ,  the  h e a v i e s t  h e i fe rs i n creased  t h e i r  w e i g h t  

a dv a n ta g e .  

The i nd e p e n d e n c e  o f  l a t e r  w e i g h t  from s t a r t i n g  w e i g h t  amon g  

t he Wa i ra ra pa h e i fe r s  s u g g e s t s  t ha t  a g e  d i ffe re n c e s  may h a ve b e e n  
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g re a t  i n  t h i s  g r o u p , Younger  h e i fers  e v i d e n t l y  c on t i n ued  t h e i r  

g r ow t h  a t  a grea t e r  ra te t h a n  older  h e i fe r s  w h ic h  would  h a v e  b e e n  

c l o s e r  t o  ma t ur i t y .  

The  regre s s ion  coe ffic i e n t  for t h e  M a s s ey h e i fers  i nd i c a t e d  

t ha t  t he rela t i o n s h i p  o f  l ive  we i g h t  a t  a l a t e r  t ime t o  t h e  s t a rt i n g  

w e i g h t  was  more u n i form than  for t h e  Wa i ra ra p a  h e i fers , A l t h o u g h  

s ma l l  a n d  n o t  a lwa ys s i g n i ficant  t h e  c o e f fi c i e n t  was  pos i t i v e  

i nd i c a t i n g  t ha t  t h e  ra n k i n g  b y  w e i g h t  a t  t h e  s t a r t  o f  t h e  e x p e r i me n t  

d id n o t  c ha n ge s i g n i f ic a n t l y .  I t  i s  t o  b e  r e membe red  tha t t h e  Ma s s e y  

h e i fe rs grew o n  t h e  p roperty  a nd h e nce w o u ld have  b e e n  b e s t  a d j u s t e d  

t o  t h e  c ond i t i o n s  wh ic h preva i led . 

( i i )  T h e  b i rt h  w e igh t o f  t he c a l f  

T h e  b ir t h  we i g h t  of  t h e  ca lv es  from t h e  h e i fe rs o f  t he t h r e e  

o r i g i n s  i s  s h ow n  i n  Ta b le s  4 . 2  a n d  4 , 1 0 . T h e  ca lves  from t h e  Ma s s e y  

h e i fe r s  were l i gh t e r  t ha n  those  b o r n  of  Hawke ' s  B a y  he i fe r s  b y  1 , 3 k g  

( 4 . 7 p e rcen t )  a n d  h e a v i e r  t ha n  t h e  ca lv e s  from t h e  Wa irarapa h e i fe rs 

b y  1 , 6 k g  ( 6 . 4  p e r c e n t ) .  T h e  d i ffe rence  b e twe e n  t h e  Hawk e ' s  B a y  a n d  

Wa i ra ra p a  groups  for c a lf b i r t h  w e i gh t  ( 2 . 9 k g )  a p p roa ched  s i g n i f i c a n c e  

( O . D 5 < p < 0 . 1 0 ) .  

D e s p i te t h e  h i g h ly s ig n i f i c a n t  d i fference  t ha t  e x i s t ed b e t w e e n  

t h e  a u t umn we i g h t  o f  t h e  h e i fe r s  o f  Hawke ' s  Ba y o r i g i n  a nd tha t o f  

t he M a s se y  a n d  Wa i ra ra p a  h e i fe rs ,  t h e  b i r t h  w e i g h t s  were  n o t  

s i g n i f ican tly d i ffe re n t . T h e  res u l t s  i n d i c a t e  tha t grow i n g  h e i fers  

t o  a large  body s i z e  by t h e  a u t um n  of  the ir  first  preg na n c y  ma y be  

a cc omp lished  without  s i g n i fica n t ly a ffe c t i n g  t he b irth  w e i ght  of  t h e  

c a l f .  

T h ere wa s l i t t l e  in  t h e  l i t e ra t u r e  on  t he e ffect  o f  t h e  a ut umn 

w e i g h t  of t he dam on the birth we i g h t  o f  the c a l f .  H oweve r ,  t h e  

d i sc u s s ion o f  t h e  w e i g h t  o f  t h e  dam a t  c a lv in g  i n  t he review  o f  

l i t e ra t ure ha s i nd i c a t e d  t h a t its a s s oc ia t i on w it h  the  b i r t h  w e i g ht 

o f  t h e  ca l f  i s  p o s i t iv e , b u t  sma l l .  A le xa n d e r  e t  a l .  ( 1 96 0 )  f o u nd 

t h a t  a pproxima t e l y  only  6 percent  o f  t h e  v a r ia t ion exhibited  i n  b i r t h  

w e i gh t  wa s a s s o c i a t e d  w i t h  t h e  we i g h t  o f  t h e  d a m .  

On  the  ba s i s  o f  t h e  lim i t ed e v i d e n c e  a v a ilable  from t he p r e s e n t  
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e xp e ri me n t  d y s t o c i a  wa s n o  more l i k e ly t o  o c c u r  i n  a n y  o n e  c a t e go r y  

o f  a ut umn w e i g h t  t h a n  a n o t h e r .  I n  t h e  s t ud y ,  howeve r ,  we i g h t  o f  t h e  

h e i fe r  wa s a s s oc i a t e d w i t h  s i z e  w h e r e  t h e  h e a v i e s t  an ima ls  a lso  

t e n d e d  t o  b e  t he la r g e s t . B e c a u s e  of  the  ma nner  o f  f e e d i n g  a ft e r  

t he start  o f  t h e  e xp e r iment , p e l v i c  r e s t r i c t i o n  d ue t o  fa t d ep o s i t i o n  

f rom ov e r-cond i t i on i ng  wa s n o t  c o n s i d ered  t o  b e  l i k e l y .  

( i i i )  T h e  post-ca l v i ng l iv e  we igh t  o f  t he h e i f e r  

T h e  i n f l u e n c e  o f  t h e  a u t umn l i v e  w e i g h t  o f  t h e  h e i fe r  on  h e r  

p o s t -ca lv i n g  l iv e  we i g h t  is  s e e n  i n  Ta b le 4 . 8 . 

B e tw e e n  the  l a s t  w e i g h i n g  da y be fore ca lv i n g  ( 2 5  J u l y ,  1 9 7 5 ;  

T a b l e  4 ,  7 )  a n d  t h e  f i r s t  da y a ft e r  ca lv in g  ( 2 0 days  pos t-pa rt um ;  

T a b l e  4 , 8 )  t h e r e  wa s a c o n s i d e r a ble  c ha ng e  i n  t h e  lea s t  s q u a r e s  

d i f feren c e s  b e twe en  the  o r i g i n s  o f  t h e  he i fe rs . The  Wa i r a ra pa h e i fers , 

w h i c h  b e fore pa r t u r i t i on were 3 . 9 k g  h ea v i e r  t ha n  the  M a s s e y  h e i fe r s , 

w e r e  1 3 . 5 k g  h e a v i e r  a ft e r  ca lv i n g .  T h e  Hawke ' s  Bay  h e i fers  w e re 3 9 . 6 k g 

h e a v i e r  ( p < 0 . 0 1 ) t h a n  t h e  Ma � s e y  he i fe rs b e fore  par t u r i t i o n  a n d  were  

2 B , B k g  hea v i e r  a ft e rwa rds - a r ed u c t i on in  t h e i r  we i g h t  a d va nta g e  of  

1 0 , 8 k g . Much  of  t h e  change  of  t he s e  d i fferences  wa s d u e  t o  v a r i a t ion  

l n  t he a b i l i t y  t o  r e cover  from pa r t u r i t i o n  a nd the  los s  of  live  we i g h t  

a t  t ha t  t ime . 

The  g r o u p  which  made  t h e  most  l i v e  w e i g h t  g a i n  d ur i n g  t h e  p e r iod  

f rom 6 days  be fore t he o n s e t  o f  ca l v i n g  to  2 0  d a ys a ft e rwa r d s  - a p e r i od 

o f  a ppro x ima t e l y  3 5  days  for ea c h  p os t-ca lv i ng h e rd - w a s  t h a t  from t h e  

W a i rarapa . T h e  loss  o f  weight  b y  o r i g i n  wa s ,  w i t h  the  b i r t h  w e i g h t  i n  

p a r e nthese s :  M a s s e y  3 8 , 4 kg ( 2 6 . 6 k g ) ; Hawke ' s  B a y  4 9 . 2 k g  ( 2 7 . 9 k g ) ; 

Wa i r a rapa  2 8 , 8 k g  ( 2 5 . Dk g ) . 

I f  t he f o e t u s  i s  a s s umed  t o  c ompr i s e  approxima t e l y  5 4  p er c e n t  

o f  t he con ce p t us a t  parturition , a l l  h e i fe r s  s hould  h a v e  lost  a bo u t  

5 Dk g  l i v e  we i g h t , w i th ou t  account i n g  f o r  t he w e ight  l o s t  a s  p a r t  o f  t h e  

s t re s s  o f  p a r t u r i t i o n  i t s e l f ,  T he w e i g h t  g a i n  w it hin 2 0  d a ys o f  

c a l v i n g  ind ica t e s  quite  clearly  t ha t  t he Wa ira r a pa h e i fe r s  rap id ly 

g a i n e d  much o f  t h e  w e i g h t  lost w i t h  t he Hawke ' s  Bay  h e i fe rs ga i n i n g  

v e r y  l i t t le . 

This  w e i g h t  c ha n g e  wa s v e ry s im i la r  t o  t h e  rapid  g rowt h  mad e  by  

t he LP-HP t re atment  group  betw e e n  t h e  last  w e i g h i n g  day  b e fo r e  c a lv i n g  



T able  4 . 8 

T he lea s t  sgua res d i ffere nces,  lea s t  squares  mea ns  a nd s ta nd a rd e rrors for  t he  

e ffec t  o f  the  a utumn we igh t o f  the  h e i fe r  on  pos t-ca lv i ng h e ifer l i v e  we ight ( kg )  

N o ,  o f  L 5 D M e a n  5 E L 5 D �l e a n  S E 
records  2 0  days pos t-pa rt um 4 0  days pos t-pa rtum 

O ri g i n : 

M a s s e y  1 9 o . o 3 2 9 , 4  ! 8 , 6 X 0 , 0 3 3 8 ,  1 � 8 , 9  
X 

Hawke ' s  B a y  1 9  +2 8 ,  8 3 5 8 , 2 ::: 7 ,  2 
X 

+2 5 . 5 
+ 

3 6 3 , 6 - 7 , 5 
X 

Wa ira ra pa 1 1 + 1 3 , 5  342 , 9  ! 9 .  7 + 8 . 0  34 6 , 1 ::: 1 0 . 0  

9 5  d a y s  pos t-pa r t um 1 2 0 d a ys pos t-part um 

Massey  0 . 0 3 70 . 2 :!: 9 .  1 X 0 , 0 3 84 , 8 � 9 
4 X 

3 9 7 . 2 ::: 7 , 6 X + 
7 , 9 X Hawke ' s  Bay  +2 7 . 0 +2 9 , 3 4 1 4 .  1 -

Wa ira ra pa + 7. 2 + 
3 77 . 4 - 1 0 . 3  + 9 . 6 

+ 
3 94 , 4  - 1 0 , 6 

1 80 d a ys p o s t-part um 2 1 0  days  pos t-pa rtum 
( wean i n g )  

M a s s e y  0 , 0 + 4 06 , 6 - 1 0 , 1  0 , 0 + 
4 0 6 , 7 - 1 0 , 3  

Hawke ' s  B a y  +2 5 ,  5 4 32 .  1 + 
B .  5 +2 5 .  1 4 3 1 . 8 :!: 8 , 6 -

We�_i_r�r_<3QC3_ _ _ _ _____ ----- ----------- - ± 9, 3 __ 
+ 

tt1 5 , 9 - 1 1 . 4 + 1 3 , 0 
+ 

4 1 9 , 7 - 1 1 , 6  

Note : ( i )  
( i i )  

( i i i )  

5 u p e rscripted  values  a re s i g n i fica ntly  d i fferent a t  1 %  leve l . 
L S D = Lea s t  squa res  d i ffere n ce s ,  
5 E = Sta ndard e rror o f  lea s t  s q ua re s  mea n s .  

----------------- -

L S D �lea n S E 
6 0  d a ys pos t -pa rt um 

0 , 0 34 9 . 2 !: 9 , 0 X 
+2 9 . 4  3 78 . 6 ::: 7 , 6 X 

+ 1 1 .  1 + 
3 6 0 . 3 - 1 0 . 2  

1 6 5 d a ys post-pa r t um 

0 , 0 
+ 

3 9 7 , 3 - 1 0 . 2  

+24 , 2  4 2 1 . 5 ::: 8 . 6 

+ 6 . 9 
+ 

4 04 , 2 - 1 1 , 5 

! 
' 

N .(::> 
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a nd t h e  f i r s t  we i g h i n g  d a y  pos t-ca l v i n g ,  I t  wa s s ug g e s t e d  t he r e  

t ha t  t h e  p e r c e n t a g e  o f  c o n c ep t us-n o t-foet u s  i s  a b l e  t o  be  a ltered  

b y  ma terna l c o n t r o l , W i t h o u t  l i v e  w e i g h t  da ta from t h e  h e i fe r s  

a t  pa rtu r i t i on the  e xp la n a t ion  i s  d i f f i c ul t .  The  mos t s i g n i fi c a n t 

f i n d i n g  i s  t ha t  t he w e i g h t  i n c r e a s e  wa s ma d e  a t  a t ime  o f  a low 

d ema nd fr om the ca lf , a nd at a s t a ge m o s t  fa v o u ra b l e  t o  p r e pa re t he 

h e i fe r  f o r  r e b re e d i n g , 

A ft e r  c a l v i n g  t h e  d i ffe re n c e  b e twe e n  t he Wa ira rapa  a nd Hawke ' s  

B a y  o r i g i n  groups  c e a s e d  t o  be s i gn i fi c a n t ,  a lt h o u g h  c a r e  i s  r e q u ir e d  

i n  i n t e rp r e t i n g  t h e  l e a s t  s q u a r e s  d i ffe re n c e s .  I t  w i l l  b e  s e e n  t h a t  

t h e  d i fference  b e twe e n  these  g r o u p s  ra n ge d  from 1 5 , 3 k g  a t  2 0  d a ys 

p o s t- pa rt um t o  1 2 , 1 k g a t  wea n in g  ( 2 1 0  d a ys p ost -pa rt um ) , I t  i s  l i k e l y  

t h a t  i f  t he v a r i a t i o n  i n d i c a t e d  b y  t h e  la rge  s t a n da rd e rrors  wa s l es s ,  

t he s i g n i fi c a n c e  o f  t he t e s t  o f  d i f fe r e n c e  would  have  b e e n  gre a te r ,  

F u r t hermore , t h e  d i f ference  b e twe e n  t h e  Wa i r a ra pa a n d  M a s s e y  g r o u p s  

wa s a ls o  non-s i g n i f i c a n t  ma i n l y  for  t h e  s a me rea son  o f  large  s t a n d a rd 

e rrors  o f  t h e  lea s t  s q ua re s  mea n s .  

T h u s  c l e a r  w e i g h t  d i ffe r e n c e s  c o n t i n u ed t o  e x i s t  b e tw e e n  o r i g i n  

g ro up s  a ft e r  c a lv i ng a l though  t h e  a d v a n ta g e  o f  t h e  H a w k e ' s  B a y  h e ifers  

o v e r  t he Wa i ra ra pa a nd Ma ssey  groups  d e c l ined . A pa r t  from t h e  ma rked  

ga i n  o f  t he Wa i ra ra p a  h e i fers  t o  20  d a ys post-pa r t um ,  t h e  w e i g h t  c ha n ge  

b e tween  t ha t  t ime a n d  wea n i n g  for t he Massey  a n d  Wa i ra ra pa h e i fers  wa s 

c ompa ra b le ( 77 . 3 k g  a nd 76 , 8 k g ,  r e s p e c t ive ly ) , I n  t h e  same  p e r iod t h e  

H a w k s ' s  B a y  h e i fe r s  ga ined  7 3 , 6 k g , 

( iv )  The  m i l k  c on s umpt ion  o f  t h e  c a l f  

T h e  l e a s t  s q u a r e s  mea n s  a nd lea s t  s q ua re s  d i ffe r e n c e s  w i t h i n  

a ut umn l i v e  w e i g h t  g roup  for 2 0- ,  4 0 - ,  a n d  6 0-da y  m i l k  y i e l d s  a re 

p re s e n t e d  i n  T a b le 4 , 9 ,  

T h e  WNW met h od o f  d e t e rm i n i n g  t he m i l k  y i e ld o f  b e e f  c ow s  

c on t a i n e d  certa i n  f l a w s  i n  t h i s  s t ud y ,  not  t h e  l e a s t  o f  wh i c h  were  t h e  

t emperame n t a l d i ffe rences  a m o n g  t h e  h e ifers  a nd t h e  l e n g t h  o f  t h e  

p e riod o f  i sola t ion  o f  t h e  h e i f e r s  from t h e i r  c a lv e s ,  

Prior  t o  t h e i r  p urchase  for  t h i s  s tudy , t h e  h e i fe r s  from t h e  

H a w k s ' s B a y a n d  Wa i r a rapa  h a d  n o t  b e e n  a cc u s t omed t o  r eg ul a r  h uma n 
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c on ta c t  o f  the  i n t e n s i ty t h a t  t h e  f u ll y-re c orded  M a s s e y  h e i fe r s  had  

e xp e r i e n ce d . C on s e q ue n t ly these  a n ima l s ,  e s pec ia lly  t he he i fe r s  o f  

t h e  Wa i r a r a pa o r ig in ,  were more a g i t a t e d  d u ring  ya rding  for t h e  WNW 

d e te rmina t ion s .  

T h e  sepa r a t ion  t ime for t h e  c ow s  a n d  t h e i r  ca lves  w a s  a pprox

i ma t e l y  1 7  hours  a n d  ma y ha ve ca u s e d  some reduction o f  t h e  milk  y i e ld 

o f  the  h e i fers be low t h e  u sua l ra t e  o f  secret ion  i nt o  t h e  udd e r .  

W i t h  d ue regard  t o  these  l i m i ta t ion s ,  t h e  e s t ima t i o n  o f  t h e  

m i lk  c o n s umption  o f  t h e  c a l f  wa s ma d e  i n  o r d e r  t o  p r o v i d e  ra n k in g s  o f  

t he g r o u p s  i n  a n  a t t e mpt t o  e x pla in  t h e  we i g h t  change  pa t t e rns i n  t h e  

h e i fe r s  a n d  the i r  ca lve s ,  and  t o  ind ica te the  rela t iv e  d i ffer e n c e s  

b e tween  t he groups . 

T h e  Hawke ' s  Ba y he i fe rs c on s is t e n t l y  prod uced  more m i l k  t h a n  

t he Ma s s e y  h e i fe rs , a n d  t h e y  i n  t urn y i e lded  more t h a n  t h e  Wa i ra ra pa 

gr oup a t aach o f  the  t h ree  days  o f  d e t ermina t ion . None  o f  t h e  d i ffer

e nc e s  was s i g n i f ica n t .  

T h e  s up e r i o r i t y  o f  the  m i l k  y i e ld o f  t h e  Hawk e ' s  Ba y h e i fe r s  

ma y b e  e x pla ined  i n  t e rms o f  t h e ir ha v i n g  t he lea s t  w e i g ht ga i n  from 

ca lv i n g  to  20 d a ys po s t-pa r t um , a nd t h e  hea v i e r  w e ig ht o f  t h e i r  ca lves  

i nd ic a t e d  a g rea t e r  a ppet i te . 

B e ca use  o f  t h e  sma ll  change  i n  t h e  m i l k  y i e ld o f  a n y  o r i g i n  

g r oup  from 2 0  t o  6 0  d a ys post-pa r t u m ,  a nd beca use  of  the  la r g e  

standard e rrors  a s s o c iated  wit h t h e  l e a st squares  mea n s , t h e  b a s i s  f o r  

d i s c u s s i n g  t he la c ta t i o n  c urve ove r 6 0  d a y s  for a n y  a ut umn  l i v e  we i g h t  

g roup  a ppea rs  wea k .  O n ly in t he Wa i ra rapa group d id a ny n o t i c e a b le 

d e p r e s s ion  o f  y i e ld occur  ( 0 . 3 k g ) a n d  t h i s  d i d  n o t  a pp e a r  t o  b e  rela ted 

to  the g r ow t h  rate o f  the ca l f  so  much  a s  to  live w e i g h t  c ha n g e  in  t h e  

c o w .  

( v ) T he w e ight of t he ca l f  d u ri ng t h e  pre-wean i ng 

peri od a nd at  wea n i ng 

T he i n fl u e n ce o f  t h e  a utumn  w e i g h t  o f  the  dam o n  t he g rowt h  o f  

t h e  ca l f  a n d  i t s  wea n ing weight  i s  presented  i n  Table  4 . 1 0 . 

The  w e i ght a dv a ntage  obta i n e d  a t  b i r t h  by the  ca l v e s  o f  t he 
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O r i g in : 

Massey  

Hawke ' s  Bay  

Wa ira ra pa 

N o t e : ( i )  
( i i )  

( i i i )  

The  lea s t  squa res  d i fferences, least  sguares  me a n s  a n d  s ta nd a rd e rrors for  the  

e ffe c t  o f  a ut umn we ight o f  t h e  h e i fe r  o n  t h e  milk c o n s umpt i on o f  t h e  c a l f  ( kg )  

M i l k  cons umpt ion ( kq )  

N o ,  o f  L S D Mean  S E L S D Mean  S E L S D Mean  S E 
records  2 0  days pos t -pa r t um 4 0  d ays po s t-pa r t um 6 0  d a ys po st-pa r t um 

1 8 0 , 00 4 , 07 � 0 , 2 1  0 , 00 

1 8 + 0 . 1 9  
+ 4 . 2 6 - D .  1 8  + 0 . 3.8 

9 -0 . 02 4 , 0 5 :!: 0 , 2 8  -0 . 2 0 

3 .  9 1  � 0 , 3 5  
+ 

4 . 2 9 - 0 , 2 9  

3 .  7 1  � 0 , 4 6 

- --- --

0 , 0 0  

+ 0 .  1 4  

- 0 . 4 5  

N on e  o f  t h e  d i fferences  b e tween  o r i g i n  groups  was sta t i s t ic a l l y  s ig n i fica n t . 
L S D = Least  squares  d i ffere n c e s ,  
S E = S t a ndard  e r r o r  o f  lea s t  sq ua res  mea n s .  

+ 
4 , 2 4 - 0 . 5 9  

4 , 3 8  � 0 . 5 0 
+ 

3 .  79  - D .  79  

N --..J 
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h e ifers  o f  t h e  Hawke ' s  Bay  ori g i n ,  w h i c h  a t  t ha t  t ime wa s non

s i g n i f i ca n t ,  c o n t i n u e d  unt i l  wea n i n g  a nd became s i g ni f i c a n t  ( p < 0 . 0 5 )  

w he n  t h e  ca lve s  were  2 0-da ys-o f-a g e . B e tween  2 0  d a ys a n d  2 1 0  d a y s  

pos t-pa r t um t h e  s u p e r iority  o f  t h e  ca lves  from t h e  Haw k e 1 s  B a y  h e i fers  

over  the  c a lv e s  from t he Ma s s e y  h e i fe r s  inc rea sed  from  3 , 3 k g  to  1 8 , 4 k g .  

The  d i fference  b etween t he ca lves  o f  t he M a s sey  a n d  Wa i ra ra pa 

h e i fe r s  wa s not s ig n i fica n t  at  any p a r t  of  the  pre-wea n i n g  p e r i od 

w i t h  t h e  c a lv e s  o f  t h e  former h e i fe r s  e x h i b i t i n g  a grea t e r  w e ig h t  

t hr o u g h  t h e  pre-wea n i ng p e riod t o  1 6 5 days  post-pa r t um . A ft e r  t h i s  

a g e t h e  ca lves  from t he Wa ira ra pa he i fers were  m a r g ina l l y  h e a v i e r  { O . S k g  

a t  wea n i n g ) .  

T hus , w i t h  r e s pect  t o  t h e  a u t umn  w e ight  o f  t h e  h e i fe r s  on  1 Ma y ,  

1 9 75 , a nd the  i n f l u e n ce o f  t h i s  u p o n  t he wea n i n g  w e i gh t  o f  t h e  c a l ve s ,  

t here  a pp e a re d  t o  b e  a cons i d e ra b le d i fference  be tween t h e  groups , 

The  t im e  e la psed b e tw e e n  t h e  s ta rt o f  t he e x p e r im e n t  ( 1  Ma y ,  

1 9 7 5 )  a nd wea n in g  o f  the ca lv e s  ( 1 1  M a rc h ,  1 9 76 ) was  3 1 5 da ys . I n  t h a t  

t ime t h e  Ma s s e y  h e i fe rs changed  i n  l i v e  w e i g ht fr om 3 6 8 , 5 ! 5 .  1 k g t o  
+ 

4 06 , 7 - 1 0 , 3 k g  and  w e a ned ca lves  w i t h  a corrected  mea n w e i g h t  o f  1 74 . 3 

� 5 , 9 k g .  T he Hawke ' s  Ba y he i fe rs w e r e  3 7 . 2 k g  hea v i e r  ( p < 0 . 0 1 ) t h a n  

t he Ma s s e y  he i fers a t  t h e  s ta r t  o f  t he e x p e r iment  a nd b y  wea n i n g , 1 9 7 6 , 

were  2 5 .  1 k g hea v ie r . T he mean wea n i ng we ight  o f  t he c a lves  from t hi s  

g r o u p  w a s  1 8 . 4 k g  ( p < D , 05 )  supe r i or t o  t ha t  o f  t h e  c a l v e s  f r om t h e  

M a s s e y  h e i fers . 

T h e  Hawke ' s  B a y  he i fe r s  h a d  a c c omp lis hed much  o f  t h e i r  grow t h  

b e fore  t h e i r  first  c a lv i n g  a n d  w e r e  l i ke l y  t o  b e  grow i n g  t owards  

ma t u r i t y  at  a s lower rate  t ha n t he Massey  he i fers . B e ca u s e  o f  t h e i r  

l e s s e r  n e e d  f o r  n u t rients  for g rowt h ,  t he Hawke 1 s  B a y  h e i fe r s  c o u l d  b e  

e x p e c t e d  t o  provide  a better  ma t e rn a l environmen t than  t h e  M a s s e y  h e i fe r s  

t hr o u g h  a d i ffe re n t  pa r t i t ion i n g  o f  a g iven  amount  o f  f o o d  c o n s ume d . 

T h e  mea n live  weight  o f  t h e  Wa i ra ra pa h e ifers a t  t h e  s ta r t  o f  

t he e x p eriment  wa s 1 . 9 k g  grea t e r  t h a n  t h a t  for t h e  M a s s e y  he i fers , a nd 

t he d i fference  wa s n on-s ign i fi ca n t . T he r e  were  fl uct ua t i o n s  i n  t h e  

d eg r e e  o f  a dva n t a g e  o f  t he Wa i r a ra pa group  a bove t he Ma s s e y  group  w i t h  

r e s p e c t  t o  t h e  l i v e  w e i g h t  o f  t h e  he i fers be fore c a l v i n g  ( se e  T a b l e  4 .  7 ) . 



T a b le 4 . 1 0  

T h e  l e a s t  sguares d i fferences,  least  sgua res  mea ns  and  sta nd a rd e rrors for the  e ffect  of  the  

a ut um n  w e igh t o f  the  h e i fe r  on  the  pre-wea n i ng a nd wea n i ng w e igh t  o f  t h e  c a lf  ( kg ) 

O ri gi n :  

Ma s s e y  

Hawke 1 s  B a y  

Wa irara pa 

Ma ssey  

Hawke ' s  B a y  

Wa ira ra pa 

Ma s s e y  

Hawke ' s  Ba y  

Wa ira rapa 

N ot e : ( i )  
( i i )  

( i i i )  
( iv )  

N o .  o f  L S D Mea n S E L 5 D Mea n 5 E 
record s B i rt h 2 0  days o f  aqe 

B w 

2 2  1 8 0 , 0 
+ 

2 6 , 6  - o .  7 0 , 0 4 7 . 8 � 1 , 4  b 

2 0  2 0  + 1 .  3 2 7 . 9 :!: 0 . 7 
a + 3 , 3  5 1  . 1 :: 1 . 1

b c  

1 2  1 1  - 1 .  6 2 5 . o :: o . 9
a 

6 0  da ys o f  a g e  

0 . 0  
+ 

80 . 6 - 2 . 3 

+ 4 . 9 
+ 

B 5 . 5 - 1 . B  

- D .  7 
+ 

79 . 9 - 2 .  7 

1 6 5 d a ys o f  a ge 

o . o 

+ 1 5 . 2  

-- -.. _Q,}- - -- -

+ 1 5 3 . 4 - 4 , 6 c 

1 6 B . 6 � 3 . 7 b c 

1 5 2 ._7 ::: -�_,_6_ b 

- 2 . 5 4 5 . 3 :: 1 . 6 

9 5  d a ys o f  a ge 

0 . 0 

+ 9 . 8 

- 1 .  4 

+ 
1 0 5 . 6 - 3 . 3 

+ X 
1 1 5 . 4 - 2 . 7  

1 04 , 2  � 4 . 0 

1 B D  d a ys o f  a g e  

o . o 
+ 

1 6 B . 8 - 5 . 8 

+ 1  B .  1 1 B 6 , 9 :: 4 ,  7 X 

- __ ± __ 1_._1 
+ 

1 6 9, 9 - 7 , 0 

c 

N umber  o f  re cord s  B = n umber  o f  c a l v e s  a t  b i r t h ;  W = n umber present  a t  a ll 
V a l ues superscripted  ' a  I a re s i g n i fica n t l y  d i f ferent  a t  1 0% l e v e l .  
Va lues  s up e r s c r ipted  ' b  I a re s i gn i fi ca n t l y  d i ffere n t  a t  5 %  l e v e l .  
Va lues  superscripted ' c '  a re s i gn i fica n t l y  d i f fere n t  a t  1 %  l e v e l .  

L 5 D Mean  S E 
40  days o f  ag_e 

0 . 0 
+ 

5 9 . 0 - 1 . 9  
+ 4 , 8 6 3 , 8 :: 1 , 5 X 

- 2 .  1 
+ 

5 6 . 9 - 2 . 3  

1 2 0 d a y s  o f  age  

0 , 0 

+ 1 1 .  4 

- 1 . 3 

+ 
1 2 7 . 2 - 4 . 2  

1 3 8 6 :: 3 4 X . . 

1 2 5 . 9 : 5 . 1 

2 1 0 d a ys o f  a ge 
( wea n i n g ) 

.J_ 
o . o 1 74 . 3 .:. 5 . 9 

+ 1 B . 4 1 9 2 . 7 :: 4 ,  7 X 
+ 0 , 5 

+ 
-.. _1_1�._B __ ...__l._1_� 

o t her  w e i g h i n g  d a ys . 

V a l ue s  s upersc ripted I X 1 a re s i gn i fica n t ly d i f fe r e n t  from uns u p e rs c r i p t e d  va l ues  a t  5 %  lev e l .  
L S D = Lea s t  s qua res d i fference s .  
S E = S ta n d a rd error of lea s t  s q u a r e s  m ea n .  

1\) \0 
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T he d i fferenc e  t h a t  e x isted  b e twe e n  t h e  groups  a t  wea n in g  was  1 3 , 0k g ,  

a nd w a s  a c on t i n ua t ion o f  t h e  l a r g e  a d va ntage  tha t came from t h e  

e x t re m e l y  ra p id live  w e i g h t  r e c ov e ry o f  t h e  Wa ira r a pa g r o u p  i n  t he 

f i r s t  2 0  d a ys p ost-pa r t um . 

Beca use o f  the la r g e  s t a n d a rd e rrors o f  le a st s q ua res mea ns 

e n c o u n t e re d ,  the  d i fference  b e t we e n  the  he ifers  o f  the  Wa ira rapa  and 

M a s s e y  g r o ups wa s not s i gn i fica n t  in  t h e  post-pa r t um p e r i od .  T he 

l e a s t  s q ua re s d i fference s ,  n e v e r t h e le s s , serve  to  ind ica te  t h e  p e r fo rm

a nc e  o f  t h e se g roups  t h r o u g h  the s uc k l i n g  p e r i od . 

I t  has  b e e n  indicated  t h a t  the  l iv e  w e i g h t  c ha n g e  o f  t h e  M a s s e y  

a n d Wa i r a r a pa h e i fers  d ur i n g  t h e  pre-wea n i ng per io d  was  s im i la r ,  w i t h  

t h e  e xc e pt ion  o f  t he f i r s t  2 0  d a y s . T he grow t h  ra te  o f  t he ca lves  t o  

w e a n i n g  was  a r e flection  o f  t h i s  w i t h  t h e  d i ff e r ence  between  t h e  

c a l v e s  o f  t h e s e  two groups  a t  wea n ing  b e i ng non-s i gn i fi ca n t .  T h i s  

o b s e rva t io n  s u ggests tha t t h e  i n fe r ior  m i l k  c o n s umpt ion  f i g ures  fo r 

t h e  calv e s  o f  t h e  Wa irarapa  h e i fe r s , compa red to t h o s e  o f  t h e  M a s s e y  

g r o up w e r e  p r o b a b l y  d ue t o  t h e  tempera menta l n a t u r e  o f  t he Wa i ra ra pa 

h e i fe r s , and tha t in fa c t  t he ma t e rna l a b i l i t y  t h r o u g h  m i l k  p r o d u c t i o n  

o f  t he s e  h e i fe r s  was  e q ua l  t o  tha t p r o v i d e d  b y  t he Ma s s e y  h e i fe r s .  

T h e  p u b l i s h ed e v i d e nc e  ( Ta b le 2 , 8 ) ind ica t e d  t h a t  t h e r e  i s  a 

p o s i t iv e  a ss o c i a t ion  o f  t h e  w e i g h t  o f  t h e  d am ,  e it h e r  imme d ia t e ly p o s t 

p a r t um o r  a t  wea n ing , w ith  the  w e a n i n g  weight  o f  t h e  c a l f .  T he d a ta 

o b ta i n e d  from t h i s  s t udy l a r g e l y  support  the  find i n g s , a lt ho u g h  t he 

d i s pa ri t y  in t h e  live  weight  o f  t he he i fe rs o f  Ma s s e y  a nd Wa i ra ra pa 

o r i g ins  a re s l i g h t ly a t  v a r i a n c e  w i t h  t h i s  v i ew .  T h e re a ppea r s , 

h oweve r ,  t o  be  a min ima l amo u n t  o f  i n forma tion  r e g a r d i n g  t h e  i n fl u e n c e  

o f  t h e  a u t umn  we i g h t  o f  t h e  dam o n  h e r  sub s e q u e n t  p r od uc t iv i ty .  

F u r t he rmo r e ,  most  o f  t he s tu d i e s  we re mad e  t o  e va lua t e  t h e  res id ua l  

e ff e c t  o f  pre v i o u s  ca lv ings , T h e  present  e x p e r iment  wa s conducted t o  

e va l ua te t he e ffe c t  o f  obta i n i n g  h ig h  h e i f e r  we i g ht s  p r i o r  t o  ca l v i n g  

i n  t h e i r  f irst  pregna n c y .  T h e  p e r forma n c e  o f  the  Hawke ' s  Ba y h e i fe r s  

i n d icated  that  t h e  supe r i o r  w e i g h t  in  the a ut umn wa s r e flected  i n  t h e  

p re -w ea n i ng g r owth  o f  the ca l f .  

( v i )  D is c u s s ion  

T h e  a n a lysis  o f  t h e  in fluence  of  the  a ut um n  live  weight  of  t h e  
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h e i fe r  h a s  a d d e d  t o  t h e  ev id e nc e  ob ta ined  from t he e v a l u a t ion  o f  

p re-ca lv i ng n u t r it ion a l  t r e a tme n t  o f  the  e x t reme s ta b i l i ty o f  t he 

b i r t h we i gh t  o f  t he ca l f  d e s p i t e  a large  va r i a t i o n  i n  t he l i v e  

we i g ht of  t h e  d a m .  

I n  t h e  p r e s e n t  s t u d y ,  l i v e  w e i g h t  d i f fe re n ce s  i n  the  a ut umn 

o f  t h e  order  of 3 7k g  c a u s e d  a d i ffe rence  i n  ca l f  b ir t h  w e i g h t  o f  

2 , 9 k g .  The  e x p e riment o f  N e e l  ( 1 9 7 3 ) invo l v i n g  4 5  f i r s t -ca l v i n g  

A n g u s  h e i fe r s  s h owed a c h a n g e  o f  3 . 3 k g  in  b i rt h  w e i g h t  p e r  1 00 k g  o f  

i n it i a l  l iv e  w e i gh t  d i f fe r e n c e  i n  t he h e i f e r ,  w h i c h  l a r g e ly s u p p o r t s  

t h e  find i n g s  o f  t h i s  thes i s . N e e l  found t ha t  i n i t ia l  cow we i g h t  d i d  

n ot have  a s i g n i fi c a n t  e ffect  o n  e i t h e r  t h e  b i rt h  o r  w e a n i n g  w e i g h t  

o f  t he c a l f ,  

T he sma l l  varia t ion  occur r i n g  l n  t h e  p re-na ta l  g r ow t h  o f  t he 

c a l f ,  i rres p e c t ive  o f  the  i n i t ia l w e i g h t  o f  the  d a m ,  a ppears  t o  

s ub s ta n t iG t e  t h e  find i n gs c on c e r n i n g  t he s t r e n g t h  of t h e  a nta g o n i sm 

b e tw e e n  mate rna l e n v ir onment  a nd the genotyp e  o f  the  ca l f  for  i n t ra 

u t e r ine grow t h  ( E vere tt a n d  Ma ge e ,  1 9 6 5 ;  K oc h , 1 9 72 ) . T hroughout  t h e  

p re - pa rtum pe r i od t h e  ba l a n c e  b e tw e e n  t he red uc t i on o f  la b i le body  

c om p o n e n t s  o f  t h e  dam a n d  t he g r ow t h  o f  t h e  conceptus  a p pea red to  

i n f l u e n c e  a l l  h e i fe rs s i m i la rly d e s p i t e  a d i fference  in  t he i n i t ia l  

w e i g h t  o f  t h e  h e i fe r s . S i nce  t h e  c ha n g e  i n  we i g h t  w i t h i n  o r i g i n , from 

t h e  s t G r t  of t he tria l t o  c a l v i n g  wa s no more t h a n  1 .  7 k g  in a n y g ro u p , 

t he conceptus e v i d e n t ly re p la c ed t h e  l a b i l e  b o d y  r e s e r v e s  i n  a s im i l a r  

f a s h i o n  i n  a ll h e i fers . 

A ft e r  p a r t ur i t i o n  t h e  i n f luen c e  o f  t h e  a u t umn we i g ht o f  t h e  

h e i fe r  c ha n g e d  con s i d e ra b l y ,  I t  wa s found t h a t  t h e  c a lves  o f  t he 

h ea v i e s t  h e i fe r s  ( Hawke ' s  Ba y o r i g i n )  c o n s umed more m i l k  ( n on

s i g n i fi c a n t ) t ha n  the  ca l v e s  o f  t he other  two groups  and  a ls o  e x h i b i ted  

s up e r i or a v e ra g e  da i ly g a i n ,  to  b e  s i g n i f i c a n t l y  ( p  < 0 . 0 1 ) h ea v i e r  at  

w ea n i n g .  N e e l  ( 1 9 7 3 ) a ls o  found  t ha t  da i l y  milk  pro d u c t i o n  was  

p o s i t i v e l y ,  but  n on-s i gn i f ic an t l y i n fl u e n c e d  by i n i t i a l  w e i g h t  o f  t h e  

c ow .  U n l i k e  t he results  o f  t h e  present  s t ud y ,  t h o s e  o f  N e e l  s howed 

w ea n ing we i g h t  to  b e  a ls o  n on-s i g n i fica n t ly re la ted t o  the i n it i a l 

w e i g h t  o f  t h e  d am .  Howe v e r ,  t h e  r e a r i n g  r e gimes  d i ffered  c on s id e r ab ly ,  

f r om pa st ure a nd m i lk for  t h e  c a lve s o f  t he c ur r e n t  s t u d y ,  t o  

c on c e ntrate  s up p leme n t a t i o n  i n  t h e  other , 
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T he i n fluence  of  the  a ut umn we ight  o f  t h e  dam o n  t h e  wea n i n g  

we i g h t  o f  t h e  ca lf  ma y b e  e x p la ined  in  t e rms o f  t h e  pa r t i t io n i n g  o f  

i n g e s t e d  n u t r i e n t s  t o  r e pa i r  a n d  ma i ntenance  ( e s pe c ia l ly r e pa i r  o f  

t h e  r e prod u c ti v e  orga ns ) , la c ta t ion a n d  g rowt h .  I t  a p p e a r s  tha t t he 

h e i fe rs of  Hawk e 1 s B a y  o r i g i n  had grown  s u ffic i e n t ly t o  e x p e nd 

c on s i d e ra b ly more  energy  o n  la c ta t ion  t ha n  e i t h e r  of t he other  two 

g ro u p s . The Wa ira ra pa h e i fe rs ap pea red t o  giv e precedence  to  grow t h  

i mme d ia te ly a ft e r  pa r t u ri t i on , whe rea fter , t h i s  a nd t h e  Ma s s e y  g r o u p s  

p r o c e eded  t o  grow a nd n o u r i s h  t he i r  c a l v e s  a t  v e ry s im i l a r  ra tes . 

I n  t h e  a b sence  o f  i n fo r ma t ion  r e g a rd ing  t he reb reed ing  

p e r formance  o f  the  fema l e s  i n  this  s t udy ,  c ommen t  a b o u t  t h e  i n fl u enc e  

o f  t h e  a u t um n  w e i g h t  o f  t h e  h e i f e r  o n  t he t ime t o  concept i on a nd 

c a lv i n g  i n t e rva l i s  n o t  p o ssib l e .  



3 .  T h e  T ime o f  C a lv i ng a n d  P os t -pa rt um G ra z i ng H e rd 
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T h e  a na lys i s  o f  t h e  l i ve w e i g h t  o f  the  h e i fe r  b e fore ca l v i n g  

i n c luded  t h e  re gress ion o f  h e r  we i g h t  a t  e a c h  w e i g h i n g  d a t e  o n  t h e  

d a te o f  c a lv in g .  T h e  r e g re s s ion  c o e ffi c i e n t  wa s a pp l ied  i n  t h e  model  

a s  a l inear  correct i o n . A t  b i r t h  the  w e i g h t  of  a l l c a lves  wa s 

c orrected  for t h e  t ime of  c a lv i n g ,  once  a ga in  b y  t h e  l in e a r  r e g r e s s ion  

o f  we i g h t  on the  date  of  b i r t h .  

A ft e r  ca lv i n g  t he h e i fers  a nd the i r  ca l v e s  were  placed  i n  o n e  

o f  t h re e  h e rd s ,  t h e  ca lv e s  b o rn e a r l i e s t  b e i n g  p la c e d  i n  H e rd A a n d  

t h e  l a t e s t  i n  H e rd C .  [ a c h  h e rd wa s c lo s ed when  i t  wa s c on s i de red  t o  

h a v e  s u f f i c i e n t  n umbers  for pa s t ure  ma n a gement  d u r i n g  t h e  pre-w ea n i n g  

p e r i o d  a nd e a ch inc luded  he i fe rs from t h i s  s t ud y  p l u s  some ma t u re cows . 

T h e  a na lys i s  o f  t he r e s u l t s  d ur i ng t he p re-wea n in g  p e riod  when  t h e  

h e i fe r s  a n d  t h e i r  ca lves  w e re in  herds , wa s ma de  a t  a c o n s t a n t  a ge o f  

c a l f  b e tw e e n  herd s . F or i n s t a n ce , t he 2 0-days - o f-a g e  we i g h i n g  wa s 

m a d e  o n  3 S e ptemb e r ,  1 9 7 5  for . H e rd A ,  on  1 7  S e p tember  for Herd  B a nd 

2 O c tober  for Herd  C .  

T h u s  t he a na lys i s  of  t h e  d a ta ob t a i ned d u r i n g  the  p re-wea n i n g  

p e r i od i n d ica ted t h e  re sponse  o f  t h e  ca l f  a nd i t s  d a m  t o  t he preva i l i n g  

c ond i t i on s  a t  t h e  s pe c i fied  a ge o f  t h e  c a l f .  T he l i nea r corre c t i o n  o f  

w e i g h t  o f  c a l f  ( or w e i g h t  o f  he i fe r )  o n  t he a ge o f  t he c a l f  i n  d a ys , 

w a s  a pp l i e d  w i t h i n  h e rd s ,  n o t  a c ro s s  a l l  ca lves  ( o r he i fe r s ) a t  o n e  

t ime , a s  w a s a p p lied  a t  b i r t h  a n d  wean in g . 

A t  wea n i n g  the  l i n e a r  correct i o n  w a s  a ga i n  a pp l ied  t o  a l l  a n ima l s  

t o  a d j us t  t h e  w e i g h t  o f  t he c a lv e s  t o  a 2 1 0-d a y  ba s i s . 

( i )  The l iv e  w e ight o f  the h e i fe r  b e fore a nd a ft e r  ca lving 

The  l i nea r regression  c o e f f i c i e n t s  for we i g h t  o f  h e i fe r  o n  t im e  

o f  c a l v i n g  perta i n i n g  t o  b o t h  b e fore a n d  a ft e r  c a l v i n g  a r e  presen ted i n  

T a ble  4 , 1 2 , 

B e fo r e  c a l v i n g  the  r e g r e s s ion  o f  w e i g h t  o f  h e i fe r  on  d a t e  o f  

c a l v i n g  wa s not  sta t is t ica lly  s i g n i fi ca nt , e x c e p t  a t  d a y  5 6  o f  t h e  

e x pe r imen t ,  beca use  o f  large  v a r i a t i on a s  ind i c a t e d  b y  t h e  s ta n d a rd 

e rr o r  va l ue s ,  T he p o s i t ive s ig n  o f  the  c o e ff i c i e n t s  a t  a ll w e i g h i n g  



Tab le 4 . 1 1  

H erd : 

A 

B 

c 

A 

B 

c 

A 

B 

c 

N ot e :  

The  lea s t  squ a r e s  d i ffere nces, lea s t  squa res  mea n s  a nd s t a nd a r d  e rrors for the  e ffec t  

of  po st-ca lving gra z i ng h e rd on t h e  l ive  we i q h t  o f  the  h e i fe r  ( kg }  

N o .  o f  
record s 

2 5  

1 6 

8 

L 5 D Mea n 5 E 
2 0  davs po s t-pa r t um 

o . o  

+ 3 7 . 6  

+ 5 6 . 5 

3 1  2 .  1 
+ 
-

3 4 9 . 7 : 

B .  8 a x 

7 . 8 
X 

3 6 8 . 6  : 1 9 . 2  
a 

9 5  days p o s t-pa r t um 

o . o  3 54 . 8 : 9 . 3 
n s  

+2 0 . 6 3 75 , 4  : 8 , 3 

+ 5 9 . 8 
+ 

4 1 4 . 6  - 2 0 , 2 

1 80 days  post-pa r t um 

0 , 0 

+2 0 ,  9 

+_4:3_,I 

+ 
3 9 6 . 7 - 1 0 , 3  

4 1 7 . 6 ::: 9 . 2 

4 4 0  4 2: 2 2  3 
n s  

____________ .. __ _ __ f__ -----

L 5 D Mean  5 E 
4 0  da vs po s t-pa rt um 

o . o  3 3 7 . 4 � 9 .  1 

+ 5 . 2  3 42 . 6  : B . 1 

+ 3 0 , 4 
+ 

3 6 7 . 8 - 1 9 , 8  

1 2 0 d a y s  post-pa r t um 

0 . 0 3 8 7 . 6 : 9 . 6  

+ B .  2 3 9 5 . 8 : 8 , 5 

+22 . 2  
+ 

4 0 9 . 8 - 2 0 , 9 

2 1 0  d ay s ( we a n i n g } 

0 , 0 
+ 

3 9 6 , 9 - 1 0 , 5  

+2 3 .  8 42 0 .  7 : 9 . 4  
+ 

__ ±43_,l -- _4 4 0 , 6 - 22 , 9  

L 5 D Mean  5 E 
6 0  days post-pa rt um 

0 , 0 3 4 0  8 : 9 , 2  

- 1 3 .  1 3 5 3 . 9 : 8 . 2  

+5 2 . 5 
+ 

3 9 3 . 3 - 2 0 . 0 

1 6 5 da y s  pos t-pa r t um 

0 . 0 

+ 1 1 ,  2 

+ 3 9 , 3 

+ 
3 9 0 , 8 - 1 0 , 5  

4 02 , 0 ::: 9 .  3 

4 3 0 ,  1 : 2 2 , 7 
n s  

( i )  Va lues  s uperscripted  ' ns '  a re s i g n i fica n t ly d i fferent  from u n s uperscr i p t ed va l ues  a t  1 0% leve l .  
Va lues  superscripted  ' a ' a r e  s i g n i fica n t ly d i fferent  a t  5%  l e v e l .  
V a lues  s uperscr ipted  ' x ' a r e  s i g n i fica n tly  d i fferent  a t  1 %  l ev e l ,  

( ii )  L S D = Lea s t  squares  d ifferences .  
( i i i )  S E = S t a ndard  e rror  o f  lea s t  squares  mea n ,  

w """ 



T a b l e  4 . 1 2  

Regr e s s io n  coe ffi c i en t s  o f  h e i fe r  w e ight on ca lv ing d a t e  

f o r  s ix o c c a s i o n s  b e fore  ca lv i n o, a nd e ight o c c a s i on s  

a ft e r  calv ing ( kg/day) 

1 3 5 

R e gr e s s ion  S ta nd a rd 
P r e-ca lv i ng c o e f f i c i e n t e r r o r  

S ta rt o f  e x p e r iment  ( 1 M a y ,  1 9 7 5 ) 0 . 2 1  
+ 

D . 2 9  -
2 5  d a ys ( 2 6  M a y ,  1 9 7 5 ) -0 . 09 

+ 
o .  70  -

4 2  d a ys ( 1 2  J une , 1 9 7 5 )  0 , 0 8  
+ 

O . D 6  -
+ * *  

5 6  da ys ( 2 6 J u n e ,  1 9 7 5 )  o .  1 3  - D . D S  

7 D  d a ys ( 1 0  J u ly ,  1 9 7 5 ) 0 . 0 9 
+ 

D . D 7  -
8 5  d a ys ( 2 5  J u ly , 1 9 7 5 ) 0 . 04 

+ 
D . 2 2  -

Pos t-ca lv i ng 

2 0  d a y s  o .  4 D  
+ 

D .  7 7  -

4 0  days  o .  1 6  
+ 

D . 8 0  -

6 D  days  D .  1 5  + 
0 .  8 1  -

9 5  days  0 .  1 1  
+ 

D . 82  -

1 2 D d a ys 0 . 3 9  
+ 

D , 8 4  -

H i S d a ys 0 . 3 6 
+ 

D . 9 2  -

1 80 days  0 . 09 
+ 

D .  9 0  -

2 1 0 days  ( we a n i ng ) 0 . 0 4  
+ 

D . 9 2  -

N ot e : S i gn i ficance  leve l ** p < 0 . 0 1 
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d a ys i nd icated  t h a t  t h o s e  hei fers c a l v i n g  l a t e r  were ga i n i n g  t h e  

m o s t  w e i g h t  a t  t h a t  t ime . I n  v i ew o f  the  sma ll  s i z e o f  the  l i n e a r  

r e gre s s i on coe ffic i e n t  obta ined , l i v e  we i g h t  c h a n ge o f  t h e  h e i fe r  a s  

i n fl u e n c e d  by t h e  t i me o f  calv i n g ,  c ompa red  t o  t he o t h e r  fa c t ors 

a ffe c t i n g  the  pre-ca lv in g  l i v e  we i g h t  of  the  cow,  the  s t a g e  o f  

g e s t a t i o n  a t  e a c h  w e i g h t  wa s not  c on s id e r e d  a n  impor t a n t  s o u rc e  o f  

v a ri a t ion . 

A ft e r  ca lv i n g  the  r e g r e s s i o n  o f  t h e  w e i g h t  o f  the  h e i fe r  o n  

c a lv i n g  d a te w a s  u s e d  t o  correct  for t he e ffec t  o n  l i v e  w e i g ht o f  t h e  

s pread  o f  ca lv i n g . T h e  c oe ff i c i e n t  w a s  n o t  s i gn i fica n t  a t  a n y  s t a g e  

a n d i nd ic a t ed a d e c l i n i n g  i n fluence  o f  t h e  d a t e  o f  b i rth  a s  t he 

l a c ta t i on sea s o n  progre s s ed ,  A s  pa s t ure c o n d i t i on s  improv e d  w i t h  t h e  

g rowi n g  season , t h e  d i sadva nta ge e x p e r i en c e d  b y  he ifers  ca lv i n g  e a r l y  

w a s  re d uced  so  tha t la ter  in  lacta t i o n ,  t h e s e  h e i fe rs req u i re d  l e s s  

a d j u s tm e n t  to  correc t t h e m  to  t h e  s a m e  b a s i s  a s  cont empora r i e s  

c a lv i n g  la ter , 

B e ca use t h e  p o s t-ca lv i n g  h e r d s  were  e s t a b l i shed  on t h e  b a s i s  

o f  a g e  o f  c a l f  t h e y a re a l s o  d i s c u s s e d  i n  the  c o nt e x t  o f  t h e  t ime o f  

c a lv i n g ,  There were  t h r e e  h e rd s , re ferred  t o  a s  A ,  B a nd C .  H erd  A 

c om p r i s e d  h e i fe r s  c a l v i n g  between  3 0  J uly a nd 1 4  A ug us t ,  a p e r i o d  o f  

1 5  d a ys , Herd B wa s composed  o f  h e i fers  c a l v i n g  between  1 3  A ug u s t  

a nd 2 4  A ug us t ,  a p e riod  o f  1 1  days , w h i le H e rd C con s i s ted  o f  h e i fe r s  

c a lv i n g  betwe e n  2 1  A ug u s t  a n d  1 2  S e p t embe r ,  a p e r iod o f  2 2  d a ys ,  

T here  w a s  a sma l l  a m o u n t  of  overlap  i n  t h e  p e r i o d s .  The  l e a s t  s q ua re s  

m e a n s  a nd lea s t  s q ua res  d i ffere n c e s  for t h e  i n fluence  o f  t h e  p o s t 

c a lv i n g  h e rd on  t h e  l ive  w e i g h t  o f  t he he i fe r s  a re p r e s e n t e d  i n  T a b l e  

4 .  1 1  • 

T h e  lea s t  s q u a r e s  d i ffe re n c e s  i n d i c a t e  t h a t  a t  a ll w e ig h i n g  d a ys 

a ft e r  ca lv ing , t h e  h e i f e r s  o f  Herd C were  c o n s i d e ra b ly hea v i e r  t h a n  

t ho s e  o f  Herd A .  T h is d if ference  wa s o n l y  s i g n i fica n t  a t  d a y  2 0  

( p < O , O S ) , The  la rge  d i f ferences  ( be tw e e n  3 0 . 4 k g  a n d  5 9 . B k g )  w e re 

n o t  s i gn i fica n t  a t  a ll o t he r  d a y s  b e ca u s e  o f  t h e  large  s t a n d a rd e rr o r s  

a ss oc ia ted  with  t h e  lea s t  s q u a r e s  mea n s  f o r  H e r d  C ,  T he s e  were  d ue t o  

t he sma l l  sub-c la s s  s i ze ( n  = 8 )  w h i c h  g r e a t l y  r e d uced  t he c o n f i d e n c e  

l im i t s  f o r  t h e  e s t ima t e d  m e a n  ( Soka l a nd R o h l f ,  1 96 9 ) . 

A t  wea ning , w he n  a ll h e i fe r s  were  a d j u s t e d  t o  a common le n g t h  
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o f  l a c t a t i o n  p e r iod , t h e  h e i fers  i n Herd  C w e r e  4 3 . 7 k g  h e a v i e r  tha n 

t he he i fers o f  H e rd A .  S imilarly  t he he i fe r s  o f  Herd B w e re 2 3 . 8 k g  

hea v i e r  t ha n  t h o s e  o f  Herd  A .  T h i s  we i g h t  advantage  o n  a t ime 

c o r r e c ted  ba s i s ,  i n d ica ted t h a t  h e i fe r s  c a l v i n g  la t e r  in  1 9 7 5  

e x p e r i e nced  a more fa voura b l e  env ironme n t  for growth t ha n  h e i fe r s  

c a lv i n g  earl i e r .  T he 1 9 7 5 - 76 s ummer w a s  c o o l e r  a nd w e t t e r  t h a n  t h e  

p r e v i o u s  s i x  s umme r s e a s o n s  a n d  t o  re commend  t h a t  ca lv i n g s h o u l d  h a v e  

b e e n  d e layed  t o  m o r e  c l ose l y  e q ua te pa s t ure  g r ow t h  w i t h  l a c ta t ion  

w o u l d  be to s e r i o u s l y  overlook  t h e  prev i o u s  h i s t ory of  t h e  Manawa t u  

s ummer ra i n fa ll d i s t r i b u t i on ( se e  P l ea sa n t s , 1 9 74 ) .  

( i i )  T h e  b i r t h  we igh t  o f  t he c a l f  

The regre s s i on o f  t h e  b i r t h  we i g h t  o f  t h e  ca lf  on  t h e  d a t e  o f  

b i r t h  w a s  sma l l  a n d  n o n -s i g n i fi c a n t ( Ta b l e  4 . 1 3 ) .  The  regre s s i o n  

c o e f f i c i e n t  ind i ca ted  t ha t  for e a c h  1 0  d a ys la t e r  tha t ca l v i n g  o c c u r re d , 

b i r t h  we ight  i n c re a s e d  b y  o n l y  0 . 4 k g ,  a nd o v e r  the e n t ire  s p read  o f  

c a l v i n g  t h i s  w o u l d  ha ve  amounted t o  a n  upper  l i mi t o f  a p p r o x i ma te ly 

1 .  B k g . 

A con c l u s i on o f  t he s tudy o f  H i g h t  ( 1 9 6 6 )  was  t ha t  b i r t h  d a te 

d i d  n o t  i n fluence  b i r t h we ig ht . T h i s  wa s c o n s i d e red to  b e  imp o r ta n t  

b e ca u s e  i t  mea n t  tha t b i rt h  w e i g h t  wa s n o t  r e l a t e d  t o  t h e  l e n g t h  o f  t h e  

pre-ca l v i n g  trea tme n t  peri od . T h e  n o n -s i g n i f i c a n t  regres s i on o f  b i rt h  

w e i g h t  o n  t i me o f  c a lv i n g i n  t he p re s e n t  s t u d y  a l s o  i n d ica tes  t h a t  t he 

i n t e ra c t i on o f  t r ea tme n t  w i t h  t he p re-ca l v i n g p e r iod c o u l d  b e  s a fe ly 

c o n s id ered  t o  b e  non-s i g n i fican t .  

( i i i ) T h e  m i l k  c o n s umpt i o n  o f  t h e  c a l f  

T h e  lea s t  s qu a r e s  regre s s i o n  coe f f i c i e n t s  f o r  t h e  e ff e c t  o f  t h e  

t ime o f  ca lv i n g  o n  t h e  m i lk  c o n s ump t i o n  o f  t he c a l f  a re p r e s e n ted  i n  

T a b l e  4 . 1 3 . 

The  e s t ima t e s  were  n ot s ig n i fi ca n t  a t  a ny pa rt o f  t h e  60-d a y  

t e s t  p e r iod . T he y  were low ( +0 . 0 1 ) a n d  p o s i t i v e  for t h e  2 0-da y  a nd 

4 0-da y e s t ima t io n s  i n d ic a t in g  t ha t  t h e  y o u n g e r  c a lves obta i n e d  s li gh t ly 

more  t h a n t he o ld e r  c a l v e s .  A t  t he 60-d a y  m i l k  d e termin a t i on , t h e  

r e g r e s s ion  coeffic ie n t  w a s  sma l l  a n d  n e g a t ive  ind i c a t i n g  a n  i n crea s e  o f  

0 , 0 5 k g  o f  extra  m i l k  con s umed  from a n  inc r ea s e  o f  1 d a y  o f  a ge o f  t h e  

c a l f .  
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The  l e a s t  sgu a r e s  regr e s s i on coe f f i c i e n ts for t h e  

e ffec t  o f  t im e  o f  calv ing on t h e  gr ow t h  o f  t h e  

ca l f  a nd on  i t s  m i lk cons umpt ion  ( kg/day) 

1 3 8  

Reqre s s i on c o e ff i c ie n t  

P o s t-p a r tum p e r i od Ca l f  l i v e  we i g h t  
id a vs ) _(kg/dayJ 

0 ( b i r t h )  D . 0 4 + 
O . D4 -

+ * *  
2 D  -D . 5 3  - 0 .  1 2  

+ * 
4 D  -D . 4 2 - D .  1 7 

+ * *  
6 0  -D . 6 5  - D . 2 D 

9 5  -D . 5 8  + - D . 3 D  
n s  

1 2 D + -0 . 6 7 - D .  3 8  
n s  

1 6 5 - 0 .  7 9  + 
0 .  4 1  

n s  -

1 8 D  
+ 

-0 . 7 8  - 0 . 52  

2 1 D  ( we a n in g )  -D . 89 
+ 

0 . 5 3  
n s  

-

N o te : S i g n i f i c a n c e  levels  ns  D . D 5 < p < D . 1 0  

* 
* *  

p < D . D 5  

p < D . D 1  

M i lk c on s um p t i o n  
(kg/d ay) 

+ 
D , 0 1  - D , 02 

D . D 1  
+ 
- D . 3 2  

- D . D 5  
+ 
- D . D 6  
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I t  appears  tha t a t  the  f i rs t  two d e t e rm i n a t i on s  very  y o u n g  

c a l v e s  ma y h a v e  t a k e n  a n  e x c e s s iv e l y  long  t ime to  c omp l e te s u c k l i n g  

a nd t h i s  ma y have  a l l owed  t h e  older  ca l v e s  w h i c h  h a d  comp le t ed t h e i r  

s uc k l i n g  t o  d e fa e ca t e  o r  urina t e  b e fore  t h e  s ec ond we i g h i n g .  A t  t h e  

l a s t  d e t e rmina t ion  ( 6 0 d a ys ) a ll c a l ve s  proba b l y  s howed s u ffi c i e n t  

r a p i d i t y  o f  s uc k l i n g  t o  reduce  t he e rror from e x c r e t ory los s e s . 

P lea s a n t s  ( 1 9 74 ) ha s d i s c us s e d  e rrors  a r i s i ng fr om t h i s  sourc e .  

T h e  l ea s t  s q ua res  d i f fe re n ces  a nd l e a s t  s q ua res  mea ns for t he 

m i lk c o n s umption  o f  t he ca lves  of  t h e  t hr e e  p o s t -ca l v i n g  herds  a re 

p r e s e n t e d  i n  Ta b l e  4 .  1 4 ,  

T h e  d i ffe re n c e s  were  not  s ta t i s t ica l ly s i g n i fi c a n t l y  ma i n l y  

d ue t o  l a rge w i t h i n  he rd va r ia t ion . H oweve r ,  t he d i f fere n c e s  a pp e a r e d  

t o  fo l l ow t h e  c l ima t e  a n d  pa s t ur e  c h a n g e s  q u i te c lo s e l y  a n d  i n d i c a t ed 

t he fle x ib i l i ty o f  la c t a t i ona l pe rforma nce  w i t h  t ime t ha t  a pp e a r s  t o  

e x i s t  i n  bee f ca t t l e  ( K l e t t  e t  a l . , 1 9 6 5 ) . 

I n  the  c a s e  o f  Herd  A ,  2 0  d a ys pos t-pa r t um occ urred i n  b l us t e ry 

w i n d s , up t o  ga l e  force , a c c ompa n i ed b y  ra i n  ( N ew Z e a l a n d  Ga z e t t e , 

1 9 7 5 ) ,  I n  Herds  B a nd [ t h e  2 0  da ys post-pa r t um fe l l  i n  mid-S e p t embe r 

a n d early  O c t ob e r ,  r e s pe c t iv e l y .  B o t h  of  t h e s e  m o n t hs h a d  c l i ma t e s  

w i t h warm temp e ra t u re s  a nd favoura b l e  cond i t i o n s  for pa s t ure g r ow t h , 

A t  4 0  da ys pos t-pa r t um ,  t he fa voura b le c ond i t i on s  e xpe r ienced  b y  H e rd s  

B a n d  C were  e n c ounte red b y  Herd A ,  a n d  i t  i s  s e e n  from T a b l e  4 , 1 4 t h a t 

t h i s  herd p rod uced  i t s  most  m i l k  a t  t h i s  t ime . H e rds  B and  C w e r e  s t i l l  

e x pe ri e n c i n g  favoura b le c ond i t i o n s  a t  4 0  days  pos t-pa r t um ,  a lt ho u g h  t he 

m i l k  consump t i on of  t h e  ca lves  fe l l  s l i g h t ly from t he 2 0-da y  d et erm i n 

a t io n  for n o  obv i ous  rea s on ,  

B y  6 0  d a ys p o s t-pa rtum Herd A ca l v e s  we re a lmos t certa i n l y  a b l e  

t o  t a k e  a d v a n t a g e  o f  t he fa vo ura ble  pa s t u re c o n d i t i on s  i n  mid-O c tobe r 

a nd were l i k e ly to b e  l e s s  d e pendent  on m i l k . T h e  m i l k  c o n s ump t i o n  

e s t ima t e s  d e c l in ed ma rkedly  b e tw e e n  4 0  a nd 6 0  d a y s  for t h i s  group . T h e  

c l ima t e  o f  Novemb e r ,  w he n  60-d a y  d e t e rm i n a t i o n s  w e re mad e  for H e r d s  B 

a nd C ,  wa s rema r ka b l e  for t he h i g h  fre q u e n cy o f  w in t ry s o utherly  

c on d i t ions  which  retarded  pa s t ure grow t h . S n ow f e l l  to  l ow l e v e l s  a nd 

t he sunshine  h o urs  were  b e low n o rma l .  T h u s  t h e  d e pendence  o f  t he ca l f  

o n  i t s  dam ' s  m i lk s u p ply  wa s i llus trated  b y  a r e s u r g e nce o f  the  y i e ld 
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H erd : 

A 

B 

c 

N o te : 

T he lea s t  sgua res  d i ffe r e n c e s, l e a s t  squares  means  a n d  s ta n d a rd errors  fo r the  e f fect o f  

pos t-ca l v i ng gra z i ng herd  on  t h e  m i l k  c o n s umpt i on  o f  the  ca l f  ( kg) 

( i )  
( i i )  

( i i i ) 

M i l k  c o n s umption  ( kg) 

N o ,  o f  L 5 D Mea n 5 E L 5 D Mea n  5 E 
records  20  days pos t-pa r t um 4 0  d a vs po s t-pa rt um 

2 2  0 . 00 3 .  7 3  : 0 . 2 4 0 . 00 4 .  0 1  : 0 . 4 0 

1 3 +0 . 5 1  
+ 

4 . 2 4 - 0 . 2 3 0 , 0 0  4 .  0 1  : 0 . 3 7  

1 0 +0 . 6 9 4 . 4 2 ! 0 . 42 -0 . 1 1  + 
3 , 9 0 - 0 , 6 8  

N one o f  t h e  d i ffere nces  b etwe e n  herds  wa s s ta t i s t ica lly  s i g n i fi ca n t .  
L 5 D = Lea s t  squares  d i fferences , 
5 E = S ta nd a rd e rror  o f  lea s t  s q ua res  mea n . 

L 5 D Mean  5 E 
6 0  days post-pa r t um 

0 , 0 0  + 
3 . 3 0 - 0 , 6 8  

+ 1 . 0 7  4 . 3 7 � 0 . 6 4  

+ 1 . 4 4 
+ 

4 . 74 - 1 . 1 7  

i 

""' 0 
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o f  these  two groups  from 40  t o  6 0  d a ys o f  the  o rd e r  o f  0 , 3 6 k g  a nd 

0 , 8 4 k g ,  r e s p e c t ive l y ,  

( i v )  T h e  w e ight of the ca l f  d ur i ng t h e  pre -w e a n i ng 

pe r i od a n d  a t  wean ing 

The l e a s t  s q u a r e s  regre s s i on c o e ff i c i e n m for t h e  we i g h t  o f  t h e  

c a l f  a t  t h e  t ime o f  b i r t h  a re s hown i n  Ta b le 4 .  1 3 .  

T here was  a h i gh ly s i g n j fica n t  a nd n e ga t i ve e ffect  o f  t h e  t ime 

o f  ca lving  on  t he pre-we a n in g  w e i g h t  of  the  c a l f  u p  to  6 0-da ys-o f-a g e .  

I t  mea n t  t ha t ,  w i t h i n  herd , a t  2 0  d a ys p o s t - pa rt u m ,  the  o ld e r  ca l v e s  

w e re 0 , 5 3 k g  p e r  da y h e a v i e r  f o r  e v e ry d a y  e a r l i e r  tha t t h e y  w e r e  b o r n . 

T h e re wa s a sma l l  red uc t i on i n  t he a d v a n t a g e  of  a ge a t  4 0  d a ys p o s t 

p a r t um w h e n  the  r e g r e s s i o n  coe ff i c i e n t  wa s -0 . 4 2 ( p < 0 . 0 5 ) .  A t  6 0  d a ys 

p os t-partum t h e  a dv a n t a g e  o f  o l d e r  c a l v e s  was  aga i n  h i gh l y  s i g n i f i c a n t  

( b = -0 . 6 5 ;  p < 0 .  0 1 ) .  From 9 5-days  u n t i l  1 8 0-da ys-o f-a g e  t h e  

a d va n tage  of  the  o l d e r  ca lves  i n c rea sed  p e r  d a y  o f  a ge from 0 . 5 B k g  p e r  

d a y  ( p < 0 , 1 0 ) t o  0 . 7 B k g  p e r  day ( p < 0 . 1 0 ) .  

Much  o f  t h e  s u p e r i o r i t y o f  t h e  o ld e r  ca lves  through  t h e  p r e

wea n i n g  pe riod i s  d i r e c t l y  a tt r i b uta b le t o  the  fa v o ura b le c l ima t e  for 

pa s t u r e  growt h t h a t  preva i led , e s p e c i a l l y  f r om N ovember  to  ea r l y  M a r c h  

( New Z ea la nd G a z e t te , 1 9 76 ; see  A pp e n d i x  1 ) .  T h e  amb i e n t  tempera t u r e s  

w e re r e d uced b y  s ou t he r ly a i rs t reams  t h a t  a ls o  b r o u g ht ra i n  d ur i n g  

p e r i od s  norma l l y  e x pe ri e n c i n g  dry  to  d r o u g h t  c ond i t i ons . N o t  on l y  w e r e  

t h e  o l d e r  ca lves  a b le t o  b e n e f i t  from rea d i l y  d ig e s t ib l e  p a s ture , b u t  

i t  wa s a lso l i k e l y  t ha t  the l a c ta t i on o f  t h e  d a m  wa s p e r s i s t e n t  u n d e r  

s uc h  c on d i ti on s ,  

The  least  s q u a r e s  d i f ferences  a nd lea s t  s qua res  mea n s  for t he 

e ffec t  o f  post-ca lv in g g ra z i n g  h erd o n  the  pre-wea n ing  a n d  w ea n i n g  

w e i g h t  o f  t h e  c a l f  a re s h own i n  Ta b l e  4 .  1 5 . 

For  9 5  da ys a ft e r  ca l v i n g  t h e  c a lv e s  o f  H e rd C e x h i b i ted  a 

s i g n i fican tly  s u pe r i or ( p <  D .  0 1 ) l i v e  we i g h t  a t  t he a ges o f  2 0- ,  4 0 - ,  

6 0- ,  a nd 9 5-da ys t h a n  the  ca lves  o f  Herd  A .  A t  t he s a me a ge s  o f  c a l f  

t h e  ca lves  o f  Herd  A w e re lighter  tha n t ho s e  o f  H erd B ,  a l t ho u g h  t h e  

d i ffe re n c e  was sta t i s t ica l ly s ig n i fi c a n t  on ly a t  t h e  a ges  o f  2 0-days  

( p < 0 , 0 5 )  a nd 6 0-da ys ( p < 0 . 0 1 ) .  
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T h e  lea s t  squa res  d i ffe rences, lea s t  squares  mea n s  and  s ta nd a rd e rrors for  t he e ffect  o f  

post-ca lv i ng gra z i ng herd on  t h e  pre-w ea n i ng a nd weaning w e ight o f  t h e  c a l f  ( kg ) 
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I t  i s  l i k e l y  t ha t  the  super i o r i t y  o f  t h e  ca lves o f  H e rd E 

a bove t h ose o f  He rd A a t  60  days  ( 3 1 , 7 k g ; p <: O ,  0 1 ) wa s d u e  to  

c on tra s t ing  pa s t u r e  cond i tions  at  t h i s  age  for  t hese  ca lves . A t  6 0-

d a ys-of-age  the  c a lves  a nd t he i r dams  o f  H e rd A were e x p e r i e n c i n g  a 

d ry p e r i od w i t h  reduced  a mb ient  tempera t ur e s . L a t e r  w h e n  ca lv e s  o f  

H e rd B w e re 60-d a ys-of-a ge t h e  c l ima t e  o f  O c t o b e r  was fa voura b l e  for 

p a s t ure  grow t h ,  

T h e  super i o r i t y  o f  t h e  ca lv e s  of  H e rd E a b ove t h ose  o f  H e rd A 

w a s  reve rsed from 1 2 0-da ys-o f-a ge  t o  wea n in g  ( a t  2 1 0-d a ys-o f-a g e )  

a lt houg h the d i fference  was not  s i g n i fi ca n t .  I t  i s  s us pe c t e d  t h a t  

t he m i l k  supply  o f  t h e  h e i fers  of  H e rd B ma y ha v e  decrea s e d  from 6 0  d a y s  

p os t- p a r t um t o  t h e e x te n t  t ha t  l iv e  we i g h t  g a i n  of  t h e  h e i fe r  wa s ma d e  

a t  the e x pense  o f  t he nourishme n t  o f  t he c a l f  ( Ta b l e  4 .  1 1 ) .  I f  pa s t ur e  

c on d i t ions  were l e s s  fa voura b l e  for t he c a lves  o f  H erd B than H e rd A a t  

a compa ra b le a ge ,  t h e  d im i n is hed m i lk s up p ly w o u ld ha ve a gg ra va te d  t h e  

reduced  l ive we i g h t  ga i n  o f  t h e  ca lv e s .  

T he ca lves  o f  H e rd C c on t i n u e d  the i r  s u p e r iority  o f  l ive w e i g h t  

a bove t h e  ca lves o f  H e rd A ,  a lt houg h t h i s  a d v a n t a g e  wa s red u c ed from 

2 9 . 2 k g  ( p <: 0 . 0 1 ) a t  6 0-d a ys -of-a ge t o  1 0 . 9 k g  ( n on-sign i fica n t )  a t  1 80-

d a ys-o f-a ge . 

Most  of t h e  r e d uc t i on in w e i g h t  a d v a n t a g e  o f  t h e  c a lves  b o rn 

l a t e r  ( Herds  B a n d  C )  over  t h e  ca lves  o f  Herd  A a t  a compa r a b l e  a g e  

m a y  b e  e x pla ined i n  t erms o f  the  c ha n g e  o f  pa s t u re qua l i t y  w i t h  t im e , 

a nd the  preva i l i n g  c l ima t i c  cond i t i on s . W h e n  H e rd A c a lves  w e re n e e d i n g  

p a s t u re i n  add i t i o n  t o  m i lk for l i v e  w e i g h t  grow t h , t h e  p a s t ure  w o u l d  

h a ve b e e n  pa la t a b l e  a nd m o r e  e a s i l y  d i g e s t e d  tha n la t e r  w h e n  t h e  c a l v e s  

o f  Herd  B a nd m o r e  e s p e c i a l l y  H e r d  C ,  were  a ls o  be com i n g  d e p e n d e n t  o n  

p a s t ur e  i ntake f o r  m o s t  o f  t h e i r  g r ow t h . 

The  regre s s i on o f  the  we i g h t  o f  t he c a l f  on its  a ge a t  w e a n i n g  

f o r  a l l  c a lv e s  i s  s e e n  i n  Table  4 . 1 3  a n d  wa s u s e d  to  correct  a ll c a l v e s  

t o  a 2 1 0-day ba s i s ,  
+ T h e  ma g n i t ude  a n d  s i g n  o f  t h e  cova r i a t e  ( -0 . 8 9 -

0 , 5 3 ;  p <: 0 . 1 0 )  i n d i c a t e d  that  for e v e ry d a y  e a r l i e r  t h a t t h e  ca l f  w a s  

b or n  i t  was  0 . 8 9 ! 0 . 5 3 k g  h e a v i e r  t h a n  o n e  b orn a d a y  la t e r .  

A t  wean i n g  t h e  ca lves  o f  H e r d  C were  h ea v i e r  t ha n  t h e  c a l v e s  o f  



1 4 4  

H e rd A w h ic h  in  turn  were ma rg i n a lly  heavier  t ha n  those  o f  Herd  B .  

T h e  h e i fers  o f  H e rd C e x h i b i t ed a s up e r i o r  l i ve w e i g h t  t o  t h o s e  

o f  H e rd A a t  w e a n i n g  o n  a l i n e a r ly-corre cted  ba s i s  and  w e a ned  c a l v e s  

7 , 4 kg hea vier , A ppa rently  the  l a t e r  ca l v i n g  e n a b led  we i g h t  g a i n  i n  

t he d a m  i n  a d d i t ion  to  l a c ta t i ona l pers i s t e n c y  g i v in g  h e a v i e r  c a l v e s  

a t  wea n i n g ,  

T he h e i fe rs o f  Herd  B a ppea r e d  t o  e x h ib it l ive  w e i g h t  ga i n  i n  

favour  o f  la c ta t i o n a l  per forma n c e , s ince  t h e  corrected  w ea n i n g  w e i g h t  

o f  t h e ir ca l v e s  wa s b e low t ha t  o f  H e rd A while  t h e i r  own l i ve w e i g h t  

w a s  a pp r e c ia b ly greater  ( 2 3 . 8 k g ) . T h e  a lt e ra t ion  o f  t he b a la nc e  o f  

t he a lloca t io n  o f  i n g e s ted  n u t r i e n t s  t o  body  w e i g h t  g a i n  a nd la c ta t i on 

i n  t he h e i fe r  a ppeared  t o  occur as  e a r l y  as  6 0  t o  95  d a ys pos t-pa r t um ,  

w he n  for Herd B ,  t h i s  p e r i od c o i n c i d e d  w i t h  a fa ll  o f  s n ow t o  low 

l e v e ls a nd c o ld w i n t r y  c o nd i t i on s . I t  a p pea rs tha t t h e  fle x i b i l i t y  o f  

l a c ta t ion  norma lly  a s s oc ia ted  w i t h  b e e f  cows was  e i t h e r  i ns uffi c i e n t  

i n  t h is group  t o  compensa te for t h e  reduced  l i ve w e i g h t  ga i n  o f  t h e  

c a l f  encountered  d u ring  t he pe r i od o r  d id not  oc c u r  a t  a l l .  

( v )  D i s c us s i on 

The  ma i n  tra it u n d e r  c on s i d e ra t ion , namely  the  b i rth  w e i g h t  o f  

t he c a l f ,  w a s  n o t  i n fluenced  b y  t h e  t ime a t  w h i c h  ca lv i n g  occ urred . 

H e n c e  a n y  rec omme nda t i on to  c ha n ge the  ca lv i n g  da t e  w i th respect  t o  

o t h e r  prod u c t i v e  c ha ra cters  may  b e  ma d e  w i t hout  i n c u r r i n g  a s ig n i f i ca n t l y  

a lt e red b i r t h  w e i ght . 

T he r e s ults m t h i s  s t ud y  s u g g e s t  t h a t  c a l v i n g  a mo n g  t h e  t h r e e

y e a r-old  heifers  y i e ld e d  a b e t t e r  l ive  w e i g h t  ga i n  o f  t h e  ca l f  a n d  a 

h e a v i e r  wea n i n g  w e i g h t  i f  t he c a l f  was  born  i n  la te  A ug us t  a nd e a r l y  

S e ptember  t ha n  i f  i t  w a s  b o r n  i n  the  e a r ly p a r t  o f  A ug ust . 

T he me thods  o f  c orre c t i n g  t h e  w e i gh t  o f  a pop u l a t i o n  t o  a c o n s ta n t  

a ge ba s is have  been  reviewed  b y  N i c o l l  ( 1 9 7 5 ) ,  The  me thod  used  i n  the  

p r e s e n t  s t u d y  is that  d e s i gna t e d  M e t h od I I  b y  N ic o l l , o r  t he e s tima t e d  

l in e a r  regress ion coeffi c i en t , T h a t a ut hor  cons idered  t ha t t he m e thod  

h a s  a n  a dva nta ge  ove r a met hod whi c h  c orrec t s  for t h e  e l a p s ed t ime  

b e tw e e n  birth  a nd wea n i n g  ( Me t hod I )  s ince  " . . . • .  the  e s t i ma ted r e g r e s s io n  

c oe fficient  is  i n d icative  o f  t he w e i g h t-a ge  r e la t ions h ip o f  t h e  
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p o p u la t ion over  a sma l l e r  portion  of  t h e  grow t h  c urve . ". T h i s  me t h od 

c or r e c t s  on a ra t e  o f  ga i n  ba s i s , a n d  ha s b e e n  c r it i c i z e d  i n  t h e  

c a s e  o f  a s ma ll popula t i on , or  i f  t h e  corre la t i o n  b e tween  w e i g h t  a nd 

a g e a r e  low ( Cree k , 1 9 6 4 ) . I f  l ive  w e i g h t  ga i n  w i t h i n  a popula t i on  

d i ffe r s  because  o f  wide  a ge d is t r i b u t ion or  i f  s e a s ona l va r i a t i o n  

c a u s e s  d i fferent ia l growth  w i t h i n  t h e  group , t h e corre c t i o n  proced ure  

may  be  b ia s ed ( P leasa n ts ,  1 9 74 ) .  I n  t he pres e n t  e x perime n t ,  w i t h  

c on s idera t i o n  o f  t h e  c l ima t e  d ur i ng t h e  s ummer a nd t h e  c o n fi n i n g  o f  

t he a g e  d i s t r i b u t ion o f  t he c a l f  w i t h in a 44-d a y  c a l v i n g  s ea s o n , t h e  

m e thod  o f  l i ne a r  corr e c t i on o f  w e i g h t  for t ime ( i n d a ys ) from 

p a rt ur i t i on wa s c on s id e red  t o  be  s a t i s fa c t o ry ( for  the  ma j or t r a i t s  

i nc lud ing  t h e  l i ve w e i g h t  o f  the  he i fe r , a n d  t he m i l k  con s ump ti o n  a nd 

l i ve  w e i ght  of  t h e  ca l f ) . 

P ub l is hed e s t ima t e s  o f  t h e  r e g re s s i on c o e ffi c i e n t  for wea n i n g  

w e i g h t  on  a ge i n  b e e f  c a t t le were c o l la te d  by  N ic o l l  ( 1 9 7 5 ) .  The  

ma j or i ty o f  e s t ima tes  h e  p re s e n t e d  a ppea red to  fa l l  w i t h i n  the  ra n ge of  

0 . 4 0 to  0 . 8 5 .  I n  t h e  c ur r e n t  s t u d y  t h e  regre s s i on coeffi c i e n t  w a s  
+ 

( - ) 0 . 89 - 0 . 5 3 .  

The t ime t o  f i r s t  o e s t rus wa s n o t  mea s ured  i n  t h i s  e x p e r ime n t .  

T he recent  s t udy o f  M o r r i s  ( 1 9 76 ) ,  u s i n g  m i x e d-a ge A n g u s  c ows  i nd i c a t e d  

t ha t ,  i n  t h e  same sea s o n  o f  lacta t i o n  a s  t h e  c u r r e n t  s t u d y  ( 1 9 7 5 - 1 9 76 ) , 

c a lv i n g  da t e  s ig n i fica n t l y  ( p < 0 , 0 1 ) i n fluenced  t h e  s ub se q u e n t  p o s t 

p a r t um o e s t rus  i n te rva l ,  T h e  r e g r e s s ion  coeffic ie n t  reported  b y  h im 

w a s  - 1 , 0 5 ,  indica t in g  t ha t a shorter  p o s t-pa rt um o e s t r u s  i nterva l w a s  

a t t r ibuted  t o  a l a t e r  ca l v i n g  da te , 
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( i )  T h e  live  w e ight o f  the h e i fer  b e fore a nd a ft e r  ca lving 

The  lea s t  s q u a r e s  d i ffere n c e s  for  the  e ffec t  o f  t h e  sex  o f  t h e  

c a lf  on t h e  l i v e  w e i g ht o f  t he h e i fe r  b e fore a nd a fter  ca lvin g  a re 

p resen ted i n  T a b l e  4 .  1 6 . 

A t  a l l we i g h i n g  d a t e s  throu g h o u t  t he e x pe rime ntal  p e riod  lead i n g  

u p  t o  ca lv i n g ,  t hose  he i fers  ca rryi n g ma l e  ca lves  had a l i g h t e r  l iv e  

w e ight  t ha n  those carrying  fema le  ca lve s .  ( A t  d a y  42 , 6 5  d a ys b e fore 

c a lv i n g  the ra n k i n g o f  t he l ive w e i g h t  of the he ifers  by sex of ca l f  

w a s  reversed ) .  T h e  d i f ference  in fa v our  o f  h e i fers  carry i n g  fema le  

c a lves was  s ig n i f i ca n t ( p  0 , 0 5 )  at  7 5  days  b e fore  the  onset  o f  ca lvi n g  

a nd was  strongly  s i g n i ficant  5 1  days  b e fore . 

T h e  b ir t h  we i g h t  o f  t he ca l f  wa s n o t  s i g n i fica n t ly a ffec t ed b y  

s e x  l n  t h i s  e x periment  a l though  m a le ca lv e s  were  1 . 0 k g  h e a v i e r  ( s e e  

Table  4 ,  1 7 ) .  T h i s s u g g e s t s  t ha t t he ea r l y  i n fluence  o f  t h e  s e x  o f  t h e  

c a l f  o n  t he l i v e  w e i g h t  o f  t he h e i fe r  w a s  un l i k e ly t o  b e  t h roug h t h e  

w e ight  o f  t h e  foe t us pe r  s e ,  b u t  ra t h e r  t hrough  the  s i z e  o f  t h e  rema i n i n g  

p r od u c t s  o f  t h e  c oncept ion , 

O n  those  w e i g h i n g  d a t e s  tha t had s ta t is tica l l y  s i g n i fi c a n t  e ffect  

of  sex  upon  the  l ivewe i ght  o f  t h e  h e i fe r ,  the  ma g n i t ud e  of  t h e  d i ffer

e nce b e tw e e n  the  sex  s ubclasses  was  never  greater  t ha n  3 , 1 8 k g  ( le s s  

t ha n  1 p e r c e n t  o f  he i fe r  b o d y  w e i g h t  a t  t he time ) . The  t e s t  o f  

s i g n i ficance  ind i ca t e d  that  t h e  r e l ia b i l ity of  finding  s uc h  a d i fference  

w a s  h i g h  a lt ho u g h  t h e  amount  o f  e mp ha s is which  c a n  b e  p l a c e d  o n  t h e  

e ffe c t  d u e  to  s e x  is  low , both  w i t h  r e s p e c t  to  t h e  obj e c t iv e  o f  t h e  

e xperimen t ,  a nd w i t h  respect  to  t h e  s i z e  of  t h e  o t h e r  fa c t o r s  w h ic h  

a ffected  t h e  w e i g ht o f  t h e  h e i fe r .  

T h e  lea s t  s q u a r e s  d i ffe r e n c e s  presented  i n  Table  4 , 1 6  i n d ica t e d  

t h a t  a ft e r  ca lvin g ,  t ho s e  h e i fe rs n u r s i n g  ma le  ca lve s  were  a lw a ys  

( a lt h o u g h  not  s i g n i fi ca ntly ) l i g h t e r  tha n t ho s e  n u r s in g  fema l e  c a l v e s , 

T he d i f ference  wa s n o t  c o n s i s te n t  a n d  f l uc t ua te d  c o ns i d e r a b l y  w i t h  t ime 

post-pa r t u m ,  

T h e  d i fference  betwee n  s e x  o f  c a l f  s ub c l a s s e s  for  h e i fe r  l i v e  

w e i g ht w a s  n o t  r e l a t e d  to  t h e  d i ffe r e n c e s  b e tween  t he sex e s  for  t h e  
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The l e a s t  squ a r e s  d i fferenc e s  f o r  the  e ffe ct  o f  

t he s e x  o f  t h e  c a l f  on  t he l i v e  we ight o f  t he h e i fer  

be fore  a n d  a ft e r  ca l v i ng 

1 4 7 

T im e  be fore ca l v i n g  N o .  o f  r e c o r d s  D i ffere n c e s  b e tw e e n  s e x e s  
( days ) 

a 

1 D6  ( D ) 54  

8 2  ( 2 5 )  

6 5 ( 4 2 )  

5 1  ( 5 6 )  

3 7  ( 7 D ) 

2 2  ( 8 5 )  

T ime a ft e r  ca lv i n g 
( da ys ) 

2 0  4 9  

4 D  

6 0  

9 5  

1 2 0 

1 6 5 

1 B D  

2 1 D  

N ote : ( i )  S i g n i fica nce leve l s  * *  
* 

( ma l e  minus  

p < D .  D 1  

p < D . D S  

- 5 .  7 

- 3 . 2 

+ 0 . 3 
- 3 . D  

- 2 , 5 

- 3 . 6 

- 1 .  5 

- 6 . 0 

- D .  7 

- 6 .  8 

- 1  D .  D .  

- 1 .  6 

- 9 .  7 

- 1 5 . 3 

fema l e )  

* 

* *  

( k g ) 

( i i )  S up e r s c r i p t  ' a ' :  f i g u re s  in  parent heses  c o r r e spond  t o  
e la p s e d  t ime o f  e x p e r im e n t .  
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e s t ima t e s  o f  milk  c o n s ump t i on s in c e  t h e  fema le ca lves  removed  more 

t ha n  the  ma l e s  on e a c h  o f  the t h r e e  da ys o f  d e termina t ion , I t  i s  

l i k e l y  tha t on  pa s t u r e , t he tota l a m o u nt o f  m i l k  c on s umed  i s  r e la t e d  

t o  t h e  frequen c y o f  s uc k ling  w h e r e b y  ma le  c a lv e s  s uc k l e  t h e i r  dams  

more  fre q u e n t l y  tha n fema l e  c a l v e s ,  I t  wa s e v i d e n t  tha t a n e g a t ive 

a s s o c ia t i on w h i c h  e x i s ted betw e e n  the  w e i g h t  c ha ng e  of  the  d a m  a nd 

t h e  i n c r e a s e  i n  l i v e  w e i gh t  o f  t h e  ca l f  wa s i n fluen ced b y  t he s e x  o f  

t h e  ca l f .  T h u s , w h e n  ma le  c a l v e s  s howed t h e i r  grea test  l i v e w e i g h t  

a dvanta ge  o v e r  fema l e  c a l ve s ,  t h e i r d a m s  t e nded t o  s how t h e i r  

g rea t e s t  d e fi ci t from t h e  he i fe r s  s u c k l ing  fema l e  c a l ve s .  T h i s  

a pp l i e d  mos t ly i n  t he p e r i od from 6 0-days  post-pa rt um t o  wea n i n g  a t  

2 1 0-da ys post-pa r t um .  

( i i )  T he b i r t h  we ight of t he c a l f  

T h e  l e a s t  s q u a r e s  d i ffe re n c e  fo r t h e  i n fluence  o f  t h e  s e x  o f  

c a l f  o n  b i rth  w e i g h t  i s  s e e n  i n  T a b le 4 .  1 7 . T h e  d i ffere n c e  o f  1 . 0k g  

i n  fav o u r  o f  ma le ca l v e s  wa s not  s i gn i f i ca n t .  

Prev i o u s l y  a t  M a s s e y ,  P lea s a n t s  ( 1 9 74 ) found  tha t s e x  

d i ffe r e n c e s  i n  b i r t h  w e i ght  were lea s t  among  f i r s t-ca l v i n g  c ow s  a nd 

t ha t  b u l l  ca lve s were  s igni fica n t l y  hea v i e r  a t  b ir t h  from c ow s  i n  

t h e i r  second  o r  sub s eq ue n t  c a lv i n g s . D a t a  were a v a i la b l e  from t h e  

s e c ond ca lves  o f  t h e  he i fers  in  t h e  p r e s e n t  e x p e r iment  a nd t h e  ma l e s  

i n  tha t year  ( 1 9 76 ) w e re s i g n i fi c a n t l y  ( p < O . O S ) h ea v i e r  a t  b i r t h  

t ha n  fema le ca lves  ( d i fference = 3 . 1 k g ) , 

N o  d a ta were a va ilable  on  t he g e s t a t ion l e n g t h  o f  the  c a l f  i n  

e i ther  yea r ,  hence  t he a s s oc ia t i o n  o f  l o n g e r  g e s t a t ion  p e r i od w i t h  

t he h i g h e r  b ir t h  w e i g h t  of  ma le c a lves  is  b eyond c omme n t  w i t h  res pe c t  

t o  t h e  pre s e n t  res u l t s . T he supe r i o r i t y  o f  t h e  b i rth  w e i g h t  o f  ma l e  

c a lv e s  is  in  a g reeme n t  with  the  ma j o r i t y  o f  publis hed find i n g s , 

( i i i )  The  m i l k  consumpt ion  of  t he ca l f  

T h e  lea s t  s q u a r e s  d i f fere n c e s  f o r  t h e  influence o f  t h e  s e x  o f  

t he c a l f  o n  milk  con s umption a r e  s h own i n  Table  4 , 1 7 , T h e  d i f ference  

b etween  sexes  wa s n o t  s ignifica n t ,  b u t  fema le ca lv e s  c o n s umed  ma r g i n 

a lly m o r e  m i l k  a t  a l l  t hree da t e s  o f  d e t ermi n a t i on , The  s i z e  o f  t he 

d i f fe re nc e  increased  w i t h  t he a ge o f  t h e  ca l f  u n t i l  a t  6 0  d a ys , fema le 

c a lves  c o n s umed 1 , 0 9 k g  more than ma le s ,  
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T h e  lea st  squa res  d i ffere nces  for  t he e ff e c t  o f  the  sex  o f  

t he ca l f  o n  m i l k  con s umpt i on,  b i r t h  we ight,  pr e-wea n i ng 

w e igh t  a n d  w e a n ing w e igh t  ( kg) 

T i tne a ft e r  
c a lv i n g  N o ,  o f  M i l k  cons umpt i on N o .  o f  Pre-wea n i n g  

( d a  vs ) records  ( ma le m i n us fema le ) r e c ord s ( ma l e  m i n u s  

0 ( b i r t h ) 5 4  + 1 . 0 

2 0  4 5  -0 . 05 + D . 7 

4 0  -0 . 3 3  + 1 .  0 

6 0  - 1 . 09 + 3 .  7 

9 5  4 9  + 3 .  1 

1 2 0 + 1 .  4 

1 6 5 + 4 , 8 

1 80 + 5 . 2 

2 1 0 + 3 . 6 
( w ea n i n g )  

N o te : ( i )  N one o f  t h e  d i ffe rences  b e tw e e n  t h e  s e xes  was 
s ta t i s t ica lly  s i g n i fica n t .  

1 4 9 

w e i g h t  
f ema l e )  
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The l i t e ra tu re i s  not  unan imous  on t h e  s u p e r io r i t y  o f  e i t h e r  

s e x  f o r  t h e  amount  o f  m i l k  c on s ume d , Und e r  s im i l a r  c o nd i t i o n s  a t  

M a s s e y ,  P lea s a n t s  ( 1 9 74 )  fou nd a year  b y  s e x  i n t e ra c t ion  where  fema l e  

c a lves  t e nded  to  o b t a i n  t he m o s t  m i l k  a t  d e t e rmi n a t io n s  when  t h e  

c l ima t i c  cond i t i o n s  o f  t h e  s e a s o n  had  b e e n  favoura ble . The  c lima t e  

o f  the  s pr i n g  and e a r ly s umme r when  d e t e rm i n a t ion s were  ma d e  were  

c e rt a i n l y  con s idered  fav ou ra b l e  i n  t h e  yea r o f  t h e  p r e s e n t  i n v e s t i g 

a t ion , 

M o s t  o f  t he s t ud i es w h i c h  found  a s i gn i fi c a n t  a d v a n t a g e  for  o n e  

s e x  f o r  m i l k  consum p t i o n  h a v e  p l a c e d  ma les  a bove  fema l e s  beca u s e  o f  

t h e  pos i t ive a s s oc i a t ion  o f  h i g h e r  b i r t h  w e i g h t  w i t h  i n c r e a s e d  c a pa c i t y  

f o r  m i l k  ( s ee  C ha p t e r  Tw o ,  S e c t ion 3 . 4 i v ) . I t  w i l l  b e  reca l l e d  t h a t  

t he d i f f e rence  between  t h e  s e x e s  for b i rt h  w e i g h t  in  t h e  pre s e n t  s t u d y  

wa s n o t  s i g n i f i ca n t . 

( iv )  The  we igh t  o f  t h e  ca l f  d u rinq  t h e  pre -wea n i ng 

pe r i od a n d  a t  wean ing 

T h e  influence  o f  the  s e x  o f  t h e  c a l f  on i t s  p re-we a n i n g  growt h 

a nd wea n i n g  we ight  i s  prese nted  i n  T a b l e  4 , 1 7 . Ma l e  ca lves  w e r e  h ea v i e r  

t he n  fema l e  con tempora r i e s  a t  a ll s t a g e s  o f  t he pre-wea n in g  p e r iod 

a l t h ough  the  d i ffere n c e s  were not  s i gn i fica n t . 

I t  would  a p p e a r from t he e s t ima t i on o f  m i l k  cons ump tion  t h a t ma l e  

c a lves  d id n o t  remove m o r e  m i l k  a t  a s u c k l i n g  t ha n  fema les . I t  ha s 

a l ready  b e e n  s ugges t e d  t ha t  more frequent  s uc k l in g  by  ma les ma y have  

o c c u rred i n  t h e  fi e ld lea d i ng to  improved p r e -wea n i n g  pe r forma nce . 

J e f fery  e t  a l .  ( 1 9 7 1 a )  found  h i gher  m i l k  y i e ld t o  b e  a ss o c ia t ed w i t h  

ma le ca l v e s  in  o n e  s e a son  a n d  l e s s e r  prod u c t i on i n  t he n e x t .  D e s p i t e  

t h e  lowe r m i lk yield o f  t h e  dams w i t h  ma le ca l v e s  i n  t h e  second  yea r ,  

ma l e  ca l v e s  had a grea t e r  a ve ra g e  d a i ly ga i n  t o  w e a n ing  t h a n  d i d  t h e  

f e ma les . 

M o s t  s t ud ie s  w h ic h  have  mea s ured t h e  i n t a k e  o f  ca lves ha v e  found 

s up e r ior e fficiency o f  u t i l i za tion  of  feed  by  b u l l  and  steer ca lve s ,  

O lt j e n e t  a l .  ( 1 96 9 )  a nd Z i n n  e t  a l . ( 1 9 70 )  were  among  those  t o  c ompare  

ma l e  and fema le ca lve s .  The  forme r a ut hors  record e d  the  feed  conversion 

o f  fema les  t o  be  8 5  p e rc e n t  o f  t ha t o f  t he ma le s ,  

In t h e  present  s tudy  the lea s t  s q u a re s  d i ffere nce b etwe e n  ma le  
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a nd fema le c a l ves  a t  wea n i n g  wa s 3 . 6 k g . I n  the  s e cond  yea r o f  t h e  

s t udy t h e  d i fference  w a s  1 2 . 0k g  ( p < 0 . 1 0 ) .  Harw in e t  a l .  ( 1 9 66 ) 

found a s e x  b y  a g e  o f  dam  i n t e ra c t ion  among  H e r e fords o f  two-ye a r  a n d  

m a t ure a g e  g r o ups . T he d e press ion  i n  the  wea n i n g  w e i g h t  o f  t he 

fema le ca lves  a s  a consequence  o f  b e i n g  rea red b y  imma t u re d a m s  w a s  

1 0 , 5 k g  l e s s  t h a n  t he d e p r e s s i o n  e x p e r i enced h y  ma l e  ca lve s . 

C a s t r a t i on o f  b u l l  calves  was c a r r i ed o u t  1 n  D e cember  w i t h  

e lastra tor  rubber  ri ngs . S in c e  t h e  ma i n  e ffe c t s  were  a na l ys e d  a t  a 

pa r t i c u l a r  a ge of  c a l f  beca use o f  t h e  herd  g r o up i n g ,  a n y immed i a te 

e ffe c t s  o f  c a s t ra t ion  on ma le c a l v e s  w ould have  i n fl uen ced  t h e  d i ffer

e n ce  b e tw e e n  t he s e x es in t h e  t hr e e  herds  a t  d i fferen t w e i g hi n g  d a t es . 

For Herds  A a n d  B t h i s would  h a v e  o cc u r red a t  t he 1 6 5 -da y  w e i g h i n g  

a nd for H e rd C ,  a t  t he 1 2 0-da y we i g h i n g . C on se qu e n t ly t h e  e ff e c t  o f  

ca s tra t io n  o n  t he we i g ht o f  t h e  m a l e  ca lves  c o u ld n o t  b e  i s o la t ed . 

( v )  D i sc u s s ion 

I n  t he first  season o f · t h i s  e x p e r im e n t  ( 1 9 7 5 - 1 9 76 ) , t h e  sex  o f  

t h e  ca l f  d id n o t  ha v e  a s i gn i fica n t  e f fect o n  a n y  p ro d u c t i v e  t ra i t 

t ha t  wa s mea s ured . Ma le calves  w e r e  h e a v i e r  a t  b ir t h  a n d  a t  w e a n in g  

a l t hough  t he y  consumed s l i g h t ly l e s s  m i l k  on t h e  da ys o f  e s t i m a t ion 

of m i l k  c on s umpt ion . The d i f fe r e n c e  b e tween  t h e  s e x e s  a t  b i r t h  a nd 

a t  wean i n g  was  1 . O kg  a nd 3 . 6 kg ,  r e s p e c t ive l y .  T h e  grea t e r  l i v e  we i g h t  

i n crease  o f  t h e  ma l e  ca lves a po ea red  t o  b e  i nv e r s e l y  r e l a t ed t o  t h e  

d i ffer e n c e  i n  l ive  w e i g h t  b e tween  t h e  d a ms o f  t h e  m a l e  a n d  fema l e  

ca lves o f  1 5 , 2 k g  ( n on -s ign i fica n t ) a t  wea n i n g .  

T he g e n e r a l  n o n -s ig n i fica n c e  o f  t he d i ffe rences  a pp e a rs t o  b e  

a result  o f  t he imma t u r i t y  o f  t he he ifers , b eca use  t h e  i n fluence  o f  

s e x  of  ca l f  w a s  g r ea te r  i n  t h e  s econd  season  ( 1 9 7 6 - 1 9 7 7 ) . 
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T he lea s t  s q ua res  d i ffe re n c e s ,  l e a s t  squ a res  mean s  

a nd sta n d a rd e rrors for t h e  e f fect o f  pre -ca l v i ng 

plane of n u t r i t ion,  1 9 7 5 ,  on  the  b ir t h  a nd \'1/ean ing 

w e ight of ca lves b o rn in 1 9 7 5  and 1 9 76  

B i r t h  we iqh t  

1 9 7 5  1 9 76  

N R L s D Mean  s E N R L S D 

T rea tme n t : 

HP-L P  1 8  -2 . 1 2 5 . 7 
+ 

D . 8 1 1  + 1 . 7 -

LP-H P 1 7  - 1 . 9  2 5 . 9 
+ 

D . 8 1 3 +4 . 2  -

HP-HP  1 9  D . D 
+ 

2 7 . 8 - D .  7 
ns  

1 2 D . D 

W e a n inq  w e iqh t 

1 9 76 1 9 77 

N R L s D Mean  s E N R L s D 

T r ea tme n t : 

H P -LP 1 6  -4 . 6  
+ 

1 7 8 . 8 - 5 , 6 1 1 +2 . 7 

1 6  1 79 .  6 
+ 

1 2  + 1 . 2  LP-HP - 3 . 8 - 5 . 9 

HP-HP  1 7  D . D 1 8 3 . 4 
+ 
- 6 . 0  1 2  D . D 

N o te : ( i }  S i g n i fi c a n c e  levels : n s  D . 0 5  < p < D .  1 0  

1 5 2 

Mean  

3 D . 4 + -
+ 

32 . 9  -
+ 

2 8 . 7 -

Mean  

1 6 3 .  5 
+ 
-
+ 

1 6 2 . D  -
+ 

1 6 0 , 8 -

V a lues s up e r s c r  ipted ' a ' a re 

s E 

1 . 1 

1 . 1 
a 

1 . 1 a 

s E 

5 .  5 

5 . 4 

5 . 3 

( i i )  
( i i i )  

{ iv )  

N R 
s i g n i f i ca n t ly d i ffere n t  a t  5 %  l e v e l  

N umber  o f  record s 
L S D Lea s t  s q u a r e s  d i fference  
S E S ta ndard  e r ror o f  lea s t  s q u a res mean  
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5 ,  Y e a r  Two 1 9 7 6 - 1 9 7 7 : T h e  I n fl uence  o f  Ma in E f fe c t s  From  1 9 7 5  

T he s t u d y  wa s continued  t o  eva l ua t e  r e s id ua l e f fe c t s , e s p e c ia l ly 

tho se  c a u s e d  b y  t he p re -ca l v i n g  n u t r i t i ona l treatment  imposed  i n  t h e  

f i r s t  yea r o f  t he s t u d y ,  a nd t h e  d i fference  i n  l i v e  w e i g h t  w h i c h  a ro s e  

f rom t he t h r e e  o r i g i n s  o f  t he h e i fers  c omp r i s ing  t h e  e xp e r imen ta l 

g r o u p ,  

H o l l owa y e t  a l .  ( 1 9 7 5 )  r e p o rted  o n  a n  i nves t i ga t i o n  o f  t h r e e 

year-old Her e ford , He re ford -Ho ls te in cross  a n d  Holste i n  h e i fers  o n  

r a n g e  a n d  i n  d r y l o t .  T w o  l e v e l s  o f  w i n t e r  fe e d i n g  produced  a l i v e  

w e i g h t  l o s s  i n  b o t h  g r oups a m o n g  b reed s ,  b ut n o  d i f f e r e n c e  i n  t h e  b i r t h  

w e i g h t b e tw e e n  t re a tme n t s .  D e s p i t e  a s up p leme n t a l  l e v e l  e ff e c t  ( p � 0 . 0 5 )  

o n  r e breed i n g  p e r forma nce , the  s up plementa l l e v e l  o f  t h e  dam d id n o t  

a f fec t  t h e  b ir t h  w e i g h t  o f  t h e  s e c o nd ca l f  o f  t he s e  h e i fe rs .  

H i g h t  ( 1 9 6 Bc )  found  e v i d e n c e  among  ma t u r e  A n gus  c ows o f  res i d u a l  

e ff e c ts o f  t h e  po s t-ca lving  p la n e  o f  n u t r i t io n  i n  the  p re v ious  y e a r  on 

t h e  l ive  w e i g h t  c ha n g e  of the  c ows ove r the  p r e -ca l v i ng p e r i od , t h e  

c a l v i n g  da te  a nd t he b i r t h  w e i g h t  o f  t h e  c a l f .  

( i ) The  pla ne  of  n ut r i t i on b e fore the  fir st  c a l f  

T a b le 4 . 1 8 presents  t he lea st  s q ua r es d i f fe re n c e s  a nd l ea s t  s qu a r e s  

mea n s  for  t he e ff e c t  o f  the  p la n e  o f  n u tr i ti o n  o f  t h e  h e i fers b e fore  

t h e i r  f irs t ca l f  o n  t he b ir t h  w e i gh t  of  t h e ir sec o nd c a l f .  T h e re wa s a 

r e s i d ua l  e f fe c t  o f  t he p la n e  o f  n u t r i t ion  in  t h e  w in t e r  o f  t h e  f i r s t  

g e s t a t i on , T he b i rth  we ight  o f  t he ca lves  from the  h e i fe rs o n  t h e  LP-HP 

t r ea tm e n t  wa s the  hea v ie s t  and  w a s  s i g n i f i ca n t l y  g r ea t e r  ( p � D . 05 )  t h a n  

t ha t  o f  t h e  c a lves  o f  t he H P-HP  trea tme n t  group . I t  i s  s een  t ha t  t he 

b ir t h  we i g h t  o f  t he ca lves from t h e  h e i fe rs o f  t he HP-LP reg ime  was  

s l i g h t ly ( 1 . 7 k g ; non-s i g n i fica n t )  hea v ie r  t ha n  t ha t  of  the  HP-HP  group . 

T h e  l e a s t  squares  mea n s  a n d  l e a s t  s qua res  d i f f e r e n c e s  f o r  t h e  

we i g h t  o f  the  h e i fe r s  d uring  t h e  g e s ta t i o n  p e r i o d  following  t h e  w ea n in g  

o f  t h e i r  f i rs t  c a l f  a re s e e n  i n  T a b l e  4 .  1 8 . T h e  red u c t i o n  i n  t h e  n umb e r  

o f  a n ima ls  el i g i b l e  for i n c l us i o n  i n  t h e  e x p e r iment  i n  t h e  second  ye a r  

from a fa i l ur e  t o  rebreed  mea n t  t h a t  i nc l us io n  o f  t he e ff e c t  o f  t h e  

wea n i n g  w e i g h t  o f  t h e  prev i o u s  c a l f  would  have  c rea t e d  i n s ta b i li t y  i n  

t he mode l .  H owe v e r ,  t h e re a p p e a r e d  t o  b e  a r e s i d u a l  e ff e c t  o f  t h e  w e i g h t  

c ha n ge  o f  t he h e i fer d ur i n g  l a c t a t i on o n  t he l i v e  w e i g h t  d u r i n g  t h e  
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fol lowing  g e s t a t ion . 

Table  4 , 2 0 i n d i ca tes tha t the  H P-LP group  o f  h e i fers  ga i n ed t he 

m o s t  l i ve we i g h t  d u r i n g  t he second  p r e g na n c y ,  t h e  lea s t  s quares  

d i f fe re nce b e tw e e n  t h i s  gro up a nd bot h o f  t he o t hers being  2 4 . 5 k g  b y  

t he l a s t  \v e i g h i n g  d a y  b e fore second  ca l v i n g .  T h is group  had , how e ver , 

g a i n e d  the l ea s t  a m o un t  o f  we i g h t  d u r i n g  t h e  pre v i ous l a c t a t i o n  a nd 

w e a ned  the  l i g h t e s t  ca lves . I n  s p i t e  o f  t h e  l i ve we i g h t  a d va n ta g e  i n  

t h e  HP-LP g r o u p ,  t h e y  d i d  not  g ive b i r t h  to  t h e  heav i e s t  ca l v e s , t h e  

g r o u p  w h i c h  d id s o  w a s  t he L P - H P  ( p < D . 0 5 ) .  

The h e i fe rs w h i c h  gave b i r t h  t o  t h e  l i g h t e s t  ca lves  were  t ho se 

w h i c h  ha d form e r l y  been  in  the  HP-HP group . I t  i s  n o t  clea r w h e t h e r  

t h e  ca use  o f  t he r e d uc t i on wa s t he s up e r ior  per forma n c e  o f  t h i s  g r o u p  

f o r  t he wea n i n g  we i g ht o f  t h e i r  f i r s t  ca l f ,  or  w he t her  t h e r e  wa s a 

n e ga t i ve rela t i o ns h i p  b e tween  t he n u t r i t i ona l p la n e  i n  t h e  f i r s t  y e a r  

a n d  t he plane  i n  t he s e cond  yea r .  

T he l i ve we i g h t  o f  t he H P - H P  a n d  LP - H P  g roups  d ur i n g  t h e  s econd 

g e s ta t ion  pe r i od a n d  a t  c a l v i n g  i s  p r e s e n ted  i n  T a b le 4 . 2 0 .  T he two 

g r o ups followed  a very s im i la r  grow t h  pa t te r n  t h r o u g h o u t  pregna n c y .  

T h e  birth  w e i g h t  o f  t he ca lves  from t h e  t w o  groups  i s  s e e n  in  T a b l e  

4 .  1 8 .  I t  a ppears  tha t t h e  d i ffere n c e  be twe en  t he two groups  for  t he 

b i r t h  weight  o f  t he s e cond  ca l f ,  i n  f a v o ur o f  t he LP- H P  group , w a s  

la r g e l y  a r e s u l t  o f  t he l ive w e i g h t  c ha ng e  o f  t h e  he i fe r s  d u r i n g  t h e 

p r e v ious  pre-we a n i n g  pe r iod be c a u s e  o f  the  simi larity  o f  l i v e  w e i g h t  

c ha n ge wit h i n  t he t w o  g roups  a fter  t ha t  t im e . D ur i n g  t h e  f i r s t  

l a c ta t i on t h e  H P - H P  he i fers  ga i ned l e s s  we i ght  t ha n  d id t he LP-HP 

h e i fers  a nd w e a n ed hea v i er  ca l v e s , but  n e i t he r  d i ffe r e n c e  w a s  s i g n i f i ca n t .  

The  p o i n t  ma y a l s o  b e  ma d e  t h a t  t h e  feed i n g  r e g ime i n  t h e  s econd 

g e s ta t i on wa s s imi la r to  t ha t  o ffered  to  t he LP-HP g r o up i n  t he f i r s t .  

T he consequ e n c e  o f  t h i s  appears  t o  h a v e  b e e n  a d i f fere n t  pa r t i t i o n ing  

of  nutrients t o  the  foe t u s  and  t h e  d a m  i n  t h e  LP-HP h e i fe r s  t h a n i n  

e it h e r  o f  t h e  o t h e r  two groups  d u r i n g  t h e  s e cond  gesta t ion , T h e  w e ig ht 

d ur i n g  gesta t io n  o f  t he HP-HP g r o u p  w a s  t h e  same a s  t h e  LP-HP g r o u p  

w h i le t he we i g ht o f  t h e  HP-LP g r o u p  wa s grea t e r ,  However , the  b i rt h  

w e ig h t  o f  t he ca l ve s  from the LP-HP g r o u p  w a s  t he grea t e s t . I f  t h e  

w e ig h t  o f  t h e  c a l f  a t  b irth  c ompri s e s  5 4  perce n t  o f  t h e  p r o d u c t s  o f  

c o n ception , t h i s  i n d i c a t e s  tha t t h e  c on c e p t us w e i g hed a pp r o x ima t e l y  B k g  

m o r e  in  t h e  LP-HP h e i fe r s  than  i n  t h e  HP-HP he i fers  a n d  4 . 5 k g  m o r e  t ha n  
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l n  t h e  HP-LP h e i fe r s , 

T h i s  i nv e s t i ga t i on ha s s hown t ha t ,  when  t he m e c ha n i s m  for t h e  

c o n t r o l  o f  ca l f  b i r t h  wei ght  i n  t h e  dam wa s a f fe c ted b y  n u t r i t i o n , 

a nd wa s ma n i fe s ted  i n  a r e s i d ua l ma n n e r  a t  t he second  c a l v i n g , t h e n  

restr i c t i n g  t h e  i n t a k e  o f  t he h e i fe r  e a r l y  i n  h e r  f i r s t  g e s ta t i on 

p e r i od fa voured  t he growth  o f  the ca l f  a head  o f  l ive w e i g h t  g a i n  i n  

t he d a m , w h i le feed i n g  t o  a h i g h  l e v e l  for a l l ,  o r  t h e  l a t te r  pa r t  o f  

g e s ta t i on , red uced  t h e  b ir t h  w e i g h t  o f  t he ca l f  r e la t i v e  to  t he former 

pr ogramme , 

A t  t he wea n i n g  o f  t he s e c on d  c a l f ,  the  a na l ys i s  o f  va r i a n c e  

i nd i c a t e d  t h a t a m i n ima l a mount  o f  va ria t i on wa s d ue t o  t h e  trea tme n t  

imposed  b e fore t h e  b i rth  o f  t h e  f i r s t  ca l f .  The  lea s t  s q u a r e s  

d i ffe re n c e s  a n d  lea s t  squa res me a n s  a re p r e s e n t e d  i n  Ta b l e  4 .  1 8 . 

( i i ) The  a u tumn we igh t o f  t h e  he i fe r  b e fore t h e  f i r s t  ca l f  

T h e  lea s t  s q u a res d i ffe r e n c e s  a n d  lea s t  s q uares  means  for  t h e  

e f fe c t  o f  t h e  w e i g h t  o f  t h e  d a m  a s  a t  1 Ma y ,  1 9 7 5 , o n  t h e  b i r t h  a nd 

wea n i r g  w e i g h t s  o f  t h e  calves  b o r n  a ft e r  2 7  J u l y ,  1 9 76  a r e  p r e s e n t e d  

i n  Table  4 , 1 9 . 

T h e  a ut umn l iv e  w e i g h t  d i f fe re n c e s  w h i c h  e x isted  i n  1 9 7 5  from 

e n v i ronme n ta l  d i ffe rences  b e tw e e n  the h e i fe rs from the d i ffe r e n t  

o r i g i n s  w e r e  found  t o  a ffe c t  the  b ir t h  w e i g h t  o f  t he c a l v e s  i n  t h a t  

y e a r  b y  2 , 9 k g  ( Hawke 1 s  B a y  g r o u p  m i n us Wa i ra ra pa g roup ) . I n  t he s e cond  

yea r the  b ir t h  we i gh t  o f  the  ca l ve s m t he Hawke ' s  Bay  h e i fe rs was  1 , 8k g  

h ea v i er t h a n  t he b ir t h w e i g h t  o f  t h e  ca lves  o f  t he h e i fe rs from t he 

o t he r  two o r i g i n s .  T h i s  d i ffe r e n c e  w a s  n o t  s i g n i fi ca n t  a n d  re f l e c ted  

t he d e c l i n e  i n  t he e f fect of  t he d i fference  i n  a u t umn w e i g h t  of  t he 

he ifer  t h a t  e x i s te d  1 5  months  p re v i o u s ly .  

T he l ive  we i g h t  o f  t h e  h e i f e r  w i t hi n  ori g i n ,  fo r t h e  se cond  

g e s ta t i on pe r io d , i s  s hown i n  Table  4 , 2 0 .  I t  i s  s e en that  the s u p e r

i o r i t y  o f  t he Hawke 1 s  Bay  he i fers  w a s  grea t ly red u c ed i n  t h e  

pr e-ca lv i n g  p e r i od and t ha t  t he Wa i ra ra pa h e i fers  cont i n u e d  t he g row t h ,  

compa ra t i v e  t o  a ll o t her  he i fers , t h a t h a d  commen ce d  a ft e r  t h e  f i r s t  

c a lv i n g , By t he s e c on d  c a l v i n g , t h e  Hawke ' s  B a y  and  Wa i r a ra pa h e i fe r s  

w e ig he d  t h e  s a m e  and  t h e  Ma s s e y  h e i fers  w e i g h e d  a pproxima t e l y  9 k g  l e s s . 

T hi s  d i fference  was non-s ign i f i ca n t .  



T a b l e  4 , 1 9  

The  l ea st squa r e s  d i fferences,  lea s t  squ a r e s  means  a n d  

s t a n d a rd errors  for  t he e ffect  o f  a u tumn  l i v e  weight 

o f  t h e  dam .  1 9 7 5  t he s e x  o f  t h e  ca l f  a n d  t h e  t ime o f  

c a l v i ng on t h e  b i r t h  a nd wea n i ng we ight o f  c a lves  

b o rn  in  1 9 7 5  and  1 9 76  

B i rt h  vJe igh t 

1 9 7 5  1 9 76  

1 5 6 

N R L S D Mean  S E N R L S D Mea n 

D r i g i n : 

S E 

M a s s ey 

Hawke 1 s  B a y  

2 2  

2 0  

1 2  

O , D 2 6 . 6 :!: D .  7 1 3 

1 5  

8 

0 . 0 + 3 0 .  1 1 • 1 ' 

Wa i rara pa 

S e x :  

Ma l e  

F ema l e  
2 3  

3 1  

C ova r i a t e : w e i g h t  54  
o n  day  o f  b i r t h  
{ kg/d ay) 

+ 1 .  3 

- 1 .  6 

+ 1 .  D 

D . D 

+ a 
2 7 . 9 - D .  7 

+ 2 5 , 0 - D . 9 

2 7 . D : D . 7 

2 6 , 0 :: D . 6 

0 . 04 : D , D4  

1 6  

2 D  

3 6  

Wea n i nq we i q h t  

+ 1 .  8 

- D .  1 

+ 3 .  1 

D . D 

3 1 . 9  :!: 1 .  0 
+ 

3 D . O - 1 . 3  

32 . 2 : 1 .  0 

2 9 .  1 : D .  9 
+ 

+D . D 7 - D . D4 

* 

1 9 76 1 9 77  

N R L 5 D �� ean  5 E N R L 5 D M e a n  S E 

O r i g i n : 

M a s s e y  

Hawke 1 s  B a y  

W a  i ra r a  pa 

S e x : 

M a l e  

F e ma le 

1 8  

2 D  

1 1 

2 0  

2 9  

C ov ar ia te : w e i g ht 4 9  
o n  d a y  o f  b i r t h  
( kg/day) 

D . D 

+ 1 8 , 4  

+ D , 5 

+ 3 , 6  

D , O 

+ 1 74 . 3 - 5 . 9 

1 9 2 . 7  + - 4 .  7 
+ 1 74 . 8 - 7 .  1 

1 82 , 4 : 5 , 3 

1 7 8 .  8 : 4 .  5 

b 
1 3 

1 4 

8 

1 5 

2 0  

- 0 , 89 :!: 0 , 5 3
n s  

3 5  

O . D 

+ 0 . 4 

- 4 , 2 

+ 1 2 , 3 

0 . 0 

+ 1 6 3 , 4 -
+ 

1 6 3 .  8 -

1 5 9 , 2 + -

1 6 8 . 3 + 

1 5 6 . 0 + 

5 . 2 

4 . 9 

6 ,  5 

n s  
5 . 0  

4 . 3 

- 0 . 9 3 : D . 2 3  
* *  

N ot e : ( i )  Va l ues s up e r s c r i pted  1 a 1 a r e  s i gn i fi ca n t ly d i f fe re n t  ( p < D .  1 D )  
from u n s u p e r s c r i p t e d  va l u e s  

( i i )  
( i i i )  

( iv )  

Va lues s up e r s c r i p t e d  1 b 1 a r e  s i g n i fi ca n t ly d i ff e r e n t  ( p < D .  0 5 ) 
from uns u pe r s c r i p t e d  v a l u e s  
n s  D , 0 5  < p < D , 1 D  * p < 0 . 0 5  **  p < 0 . 0 1  
N R = N umber  o f  r e cords 
L S D Lea s t  s q ua r e s  d i fferences  
5 E S ta nd a rd e r r o r  o f  l ea s t  s quares  mea n 
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T he red u c t ion  o f  t h e  s i z e  o f  t h e  r e s i d ua l e ff e c t  o f  t h e  

a ut um n  w e i g ht o f  t h e  he i fe r  on  t he b i r t h  w e i g h t  o f  t h e  s e c on d  ca l f  

con tra s t s  w i t h  t h e  s i gn i fica n t  res idua l e ffect  o n  b i r t h  w e i g h t  t h a t  

e x i s t ed for  t he i n fluence  o f  p r e -ca l v i n g  p l a n e  o f  n u t r i t i o n  i n  t h e  

f i r s t  y e a r  wh i c h  was  pre v i o u s l y  d i s c u s s ed , The  e x p l a na t i o n  for  t h e  

d is s i m i la r i ty o f  t h e  i n fl u e n c e  o f  t h e s e  two ma i n  e ffe c t s  a ppea rs  t o  

r e s t  i n  t h e  con c l u s i o n t ha t t he a u t umn l i v e  w e i g h t  o f  t h e  d a m  

i n f l u e n c e d  the  b i r t h  wei g h t  o f  t he ca l f  throug h t h e  s i ze o f  t h e  dam .  

T he t re a t m e n t  e ff e c t  was a func t i o n  o f  ind uced  l i v e  weight  c ha n ge in  

t he he i fe r  and  the  s hor t - t e rm e f fect  ( on e  to two  yea r s )  t h i s  h a d  o n  

t h e  e ff i c i e ncy  o f  t h e  metn b o l i s m  o f  t h e  d a m ,  i n c l ud i n g  t h e  pa r t i t i o n 

i n g o f  inge sted  n ut r i e n t s  t o  t h e  c o n c e p t u s  a n d  t o  h e r  own bod y .  

T h e  res u l t s  o f  t h e  i n v e s t i g a t ion  o f  t he e f fe c t  o f  t he a u t umn  

w e i g h t  o f  t he h e i fers , i ndica t e  t ha t  any  a d va n t a g e o f  a h i g h  l i v e  

v.1 e i g h t  i s  g a i n e d  mos t ly i n  t h e  wea n in g  we i g h t  o f  t he fi rst  ca l f .  T h e  

b i r t h  we i g h t  o f  t he c a lv e s  from t h e  he i fe r s  wa s s ta b l e  i n  b o t h  t he 

f i r s t  a n d  s econd  yea r s  d e s pi t� a h i gh ly s i gn i f i c a n t  l ive  w e i g ht 

d i ffe r e n c e  betwe e n  t h e  he i fe r s  i n  t he a u t umn o f  t h e i r  f i r s t  pregna n c y  

c a u s e d  b y  t he i r  having  d i f fe r e n t  o r ig i ns . 

( i i i )  T h e  sex of  the  c a l f  

T h e  e ffe c t  o f  s e x  o f  ca l f  o n  b i rt h  w e i g h t  a n d  wea n i n g  w e i g h t  

i s  p r e s e n te d  in  T a b l e  4 .  1 9 . I t  is  s e e n  t h a t  i n  1 9 76  ma l e  c a l v e s  were  

s i g n i f ica n t ly h e a v i e r  a t  b irth  ( 3 . 1 kg : p < D .  0 5 ) t ha n  fema l es . A t  

wean i n g , a t  1 6 4-da ys-o f-a ge , ma l e s  were  1 2 . 3 k g  h ea vi e r  ( p < D .  1 0 ) .  

T he non-s i g n i fi c a nc e o f  t he s e x  d i f fe r e n c e  i n  t he first  y ea r  o f  

ca lv i n g  w h e n  t he h e i fers  we re t h r e e -yea rs-old , a nd t he s i g n i fi ca n t  

d i ff e r e n c e  when t he y  were  fo u r-yea rs-old , c on f i rms t h e  f i n d i n g s  o f  

P l ea s a n ts ( 1 9 74 ) o f  a sex  b y  a g e  o f  dam  intera c t i on w h e re t h e  c a lves  

o f  f ir s t  ca lv i n g  h e i fers  d i d  not  s h ow a s i g n i fi c a n t  d i fference  d ue to  

s e x .  Koch  a nd C la r k  ( 1 9 5 5a ) ; H a rw in e t  a l .  ( 1 9 6 6 ) ; and  Pa hn i s h  ( 1 9 5 8 )  

were  a mo n g  t hose  w h o  published  e v i d e n c e  o f  a s e x  b y  a g e  o f  dam i n ter

a c ti o n  a t  w ea n in g .  

T h e  d is c u s s i on o f  the  i n f l ue n c e  o f  s e x  o f  unborn  ca l f  o n  t h e  

w e i g h t  o f  t h e  h e i f e r  d uring  g e s t a t i on ind i ca te d  t h a t  h e i fers  c a rry in g  

fema l e  c a l v e s  h a d  a heavier  l i v e  w e ight  tha n t ho s e  carrying  ma l e  c a lv e s . 

T he p he n omenon r e c urred i n  t he s econd  year o f  t h e  s t u d y  w i t h  t h e  

m a gn i t ud e  o f  t h e  d i fference g r e a t ly i n c re a s ed ( Ta b les 4 . 1 6  a n d  4 . 2 0 ) . 



T a b le 4 , 2 0 

T he l e a s t  squares  d i f ferences  a nd le a s t  squa r e s  mea n s  for t he e ffect  o f  treatment  ( 1 9 7 5 ) ,  

w e ight o f  the  dam in t he a ut umn  o f  f irst  pr egna ncy, and t h e  se x o f  t h e  unborn  ca l f  

on  t h e  weight of t he c ow b e fo r e  t h e  second  ca l v i ng ( 1 9 76 )  

N R 1 A pr i l  

L S D 

T rea tmen t : 

HP-LP 1 1  +2 3 , 6  

LP-HP 1 3 - 1 .  4 

HP-HP 1 2  0 , 0 

O r i gin : 

Ma ssey  1 3 0 , 0  

Hawke 1 s Ba y 1 5 + 1 1 .  3 

Wa irara pa 8 + 5 , 2  

S e x : 

Ma le 1 6  - 1 9 . 0  

Fema le 2 0 0 . 0  

C ova ria t e  ( w e i g h t  o f  c ow o n  
d a te o f  ca lv inq : ___kg{cJay)__ -
N o t e : n s  0 , 05 < p < 0 , 1 0  

N R = Numb e r  o f  record s  
(i) 

(ii) 
(iii) L S D = Lea s t  s qua res d i fferences  

Pre -ca lv i nq cow �o-1 e iqht  ( k q )  

1 9 7 6  1 2  J u n e  1 9 7 6  2 7  J u lv 1 9 76  

Mean L S D Mean  L S D Mea n 

4 3 1 . 8 + 1 3 , 4 3 9 1 . 5 +2 4 , 5 4 3 4 , 8 
n s  

4 06 , 8 + 2 , 6 3 80 , 7 0 , 0 4 1  D .  3 
4 0 8 , 2  0 , 0 3 7 8 .  1 0 , 0 4 1  o .  3 

4 1 0 .  1 0 , 0 3 7 6 . 7 0 , 0 4 1 2 .  8 

4 2 1  ' 4  + 4 , 6  3 8 1 . 3 + 9 , 0  4 2 1 . 8 

4 1  5 .  3 + 1  s .  7 3 9 2 , 4 + 8 , 4 4 2 1 . 2 

4 0 6 . 1 - 1 2 , 1 3 77 . 4 - 1 5 , 0 4 1 1 . 0 

42 5 .  1 0 , 0  3 89 . 5  0 , 0 4 2 6 . 0  

-0 . 2 5  -0 . 4 6  -D . 1 2  

lJ1 CD 
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( iv )  T h e  time o f  ca l v i ng 

The  l i n e a r  r e g r e s s i o n  o f  p re-ca l v i n g  w e i g h t  o f  t h e  h e i fe r  o n  

t h e  d a y  o f  b i r t h  is  p re s e n t e d  i n  T a b l e  4 , 20 ,  The  r e g r e s s ion c o e ffic i e n t  

w a s  n ot s i g n i fi c a n t  i n  e i ther  yea r o f  the  e x p e r i m e n t  i n d ica ti n g  tha t 

t h e re w a s  l i t t l e  a d v a n ta g e  obta i n ed by t h e  he i fe r s  be fore  pa rtur i t io n  

b y  ca lvi n g  in a n y  pa r t i c u l a r  pa r t  o f  t h e  ca l v i n g  s e a s o n . A s ea s ona l 

e f fect  o p e ra ted  w h e r e  t h e  h e i fe r s  ca lv i n g  la t e s t  i n  1 9 7 5  were  ma rg in a lly  

h e a v i e r  t h r o u g h o u t  t he g e s ta t i on p e r i od . I n  1 9 7 6  t ho s e  calving  e a r l i e s t  

w e r e  t h e  hea v i e s t .  

D u r i n g  t h e  s e c ond p r e g na n c y  t he r e  a p pea red t o  b e  a r e la t i o n s h i p  

b e tw e e n  t h e  t ime of  ca lv i n g  a n d  t he l ive w e i g h t  o f  t h e  h e i fe r  a s  

a ff e c ted b y  t h e  level  o f  n u t ri t io n .  A t  t he s t a r t  o f  t he w i n t e r  i n  1 9 76 , 

t h e  r e g re s s i on  c o e f fi c i e n t  for c ow l i ve w e i g h t  on t ime o f  ca l v i n g  w a s  

- 0 . 2 5 k g p e r  d a y  ( no n-s i gn i f ica nt ) , t h e  n e ga t ive  s i g n  i n d i ca t i n g  a n  

a dva n t a g e  of  ea r l y-calv in g h e i fe r s  o v e r  th o s e  ca lv i n g  la t e r ,  I n  mid

w i n t e r  when  t h e  p la ne o f  n u tr i t i o n  wa s mos t d e pr e s s ed the  r e g r e s s i o n  

c o e f f i c i e n t w a s  - 0 . 4 6 k g  p e r  d a y  ( n o n -s i g n i f i ca nt ) , a n d  i nd i c a ted tha t 

t h o s e  h e i f e r s  n e a re s t to c a l v i n g  w e re b e s t  a b l e  t o  ma i n t a i n  t h e i r  l i v e  

w e i g h t  a t  t ha t  t i me ,  B y  t h e  la s t  w e i g h i n g  d a y  b e fore  c a lv in g , t h e  

r e g r e s s ion c o e f f i c i e n t  ha d d i m i n i s hed  to a non-s ig n i fica n t -D . 1 2 k g  p e r  

d a y . 

T he regre s s i on coe ffic i e n t s  for t h e  e ffect  o f  t h e  t ime o f  b i r t h  

on  b i r t h  w e i g h t  a nd wea n i n g  w e i g h t  o f  t h e  ca lve s b o r n  in  1 9 7 5  a nd 1 9 76 

a r e  c om pa red  in Ta b l e  4 , 1 9 . The t ime o f  c a lv i n g  d i d  not s i g n i fica n t ly 

i n fluence  t he b i r t h  we i g h t  o f  t h e  ca l f  i n  e i t he r  yea r .  

A t  wea n i n g ,  howeve r ,  from the  1 9 7 6 - 1 9 7 7  s ea s o n , t h e  a d va n t a g e  

o b ta i n e d  by  o ld e r  ca lves o v e r  t h e i r  youn g e r  con tempora r i e s  w a s  0 , 9 3 k g  

p e r  d a y  a nd wa s h i g h l y  s i g n i fica nt  ( p < D . 0 1  ) . T he linea r regre s s i o n  o f  

ca l f  w e ig ht o n  t he a g e  ( i n  d a ys ) ind i ca t e d  tha t ca l v i n g  ea rly  i n  t h e  

s ea s on gave  a n  a dva n t a ge w h ic h  i n  t he s econd  yea r  wa s s i gn i fi ca n t ,  

The  e x p la na t i o n  for t h e  l ower  wea n in g  w e i g h t  � n  t he second s e a s o n  

c ompared  w i t h  t h e  first  ( s e e  Ta b les 4 , 1 8  a n d  4 , 1 9 ) ,  l i e s  i n  t h e  a ve ra g e  

a ge a t  weani n g ,  I n  t h e  1 9 7 5 - 1 9 7 6  s e a s on t h e  a ve ra ge a g e  wa s 2 1 0  days ; 

i n  1 97 6 - 1 9 7 7  i t  w a s  1 6 3 d a ys , 
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I n  t he c urre n t  s t udy the  d i f fer e nc e  i n  t he w e a n i n g  w e i g h t  o f  

t he ca lves  from t h e  h e i fers o f  the  d i ffe re n t  orig i n s  wa s red u c e d  from 

1 8 , 4 k g  ( Ha w k s ' s  Bay o r i g i n  m i n u s  M a s s e y  ori g i n ; p < 0 , 0 5 )  to 0 , 4 k g  

( n on-s i gn i f ica n t ) ,  s u g g e s t i n g  tha t t he r e s i d ua l e f fe c t  o f  the s i z e o f  

t he he i fe r s  d u r i n g  t h e i r  first  p r e g na n c y  wa s i n s i gn i fi ca n t  by  t h e 

s e cond la c ta t ion . T h e  res ults  o b ta i ned  by  C owan  e t  a l .  ( 1 9 74 ) from 

F r i e s i a n  h e i fers  i n d i c a ted tha t t h e  s up e r i o r i t y  of the la c ta t io n a l  

per forma n ce o f  t he a n ima ls w i t h  t he h i g he s t  l ive w e i gh t  i n  t h e  firs t 

la c ta t i o n  was  reduced  i n  t he s u b s e q u e n t  la c t a t ion . I t  w a s  a ls o  s e en 

t ha t  t he d i fference  i n  bi rth we i g h t  between  ori g i n  groups , w h i c h  w a s  

n o t s i g n i f i ca n t  ( d i ffe rence  � 2 . 9 k g ;  0 . 05 <p < 0 . 1 0 ) ,  wa s r ed uc ed a t  

the  second  c a l v i n g  ( d i f fere nce � 1 . 9 k g ;  n o n-s ign i fica n t ) . 

T h e  r e s i d ua l e ffect  of  t h e  pre-ca lv i n g  p la ne  o f  n u t r i t ion  

o ffered t h e  h e i fe r s  in  t he ir fir s t  g e s t a t i o n  p e r i od on t he live  w e i gh t  

c ha n ge o f  t h e  h e i fe r  d u r i n g  t h e  s e c ond  pre g n a n c y ,  a nd t h e  b i r t h  w e i ght  

o f  t he ca l f ,  wa s m u c h  more  pron o u n c e d  t ha n  wa s the  i n fl u e n c e  of  t he 

a ut umn we i g h t  o f  t h e  h e i fer . T h e  H P-LP h e i fers , b e ing  t h o s e  w h i c h  

were  res t r ic te d  i n  n u t r i t ion in  t h e la s t  3 t o  5 w e e k s  o f  pre g n a n c y  

ga i n e d  t he mos t l iv e  w e ight  betw e e n  t h e  wea n i n g  o f  t h e  f i r s t  c a l f  a nd 

t h e  second  ca l v i n g . T hey had prev i o u s l y  ga ined  t h e  le a s t  a m o u n t  o f  

w e i ght d ur i n g  t he f i r s t  la cta t i o n  a nd w e a n e d  the  l i g h t e s t  ca l ve s ,  

n e i ther d i ffere n c e , however ,  wa s s i g n i fi ca n t .  

H i g ht ( 1 9 6 B c )  found tha t  A ng u s  c ows prev i o u s ly s ubj e c t e d  t o  a 

l ow p la n e  o f  n u tr i t io n  a fter ca l v i n g , t he reby g a i n i ng l e s s  w e i ght  t ha n  

t h e i r  we ll-fe d  c o n t empora r ies , e x h i b i t ed i n crea s e d  we i g h t  ga i n  i n  t h e  

s ubsequen t  pregna n c y ,  t h i s  c h a ra ct e r i s t i c  b e i n g  s i m i la r  t o  t ha t  s hown 

by the h e i fers of t h e  HP-LP group in t he present  w ork . T h e  c ow s  

r e s t r i c t e d  a ft e r  ca l v i ng in  t he e x periment  o f  H i g h t  d i ffered  from t h e  

h e i fers  o f  t he curr e n t  s t ud y ,  i n  t ha t  the  b ir th w e i gh t  o f  t h e  

s ubsequ e n t  ca lves  o f  t he cows wa s h ea v i e r ,  s upposedly  a s  p a r t  o f  t h e  

c ompensa tory  mecha n i sm induced  b y  t h e  low plane  o f  n u t r i t i o n  o f fe red 

a fter  ca lv i n g , T he h e i fe rs o f  t h e  p r e s e n t  expe r im e n t  s h owed  a r e s i d u a l  

e ffect  o f  p l a n e  o f  n ut r ition  on  t h e  b i rth  w e i g h t  o f  t h e  ca l f ,  n o t  from 

the h e if e r s  which  ma d e  the  grea t e s t  l iv e  wei g h t  ga i n  in the second  

p re gna n c y ,  but  from  t he h e i fers  w h i c h  had  b e e n  o ffered  a low plane  o f  

n ut r i t i on i n  t he i r  f i r s t  pregna n cy t h e n  a h i g h  p la n e  four  w e e ks b e fore  

c a lv i n g  ( LP-HP ) . 
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I t  t h u s  a pp e a r s  t ha t  t h e  imma t ur i t y  o f  t he h e i fe r s  i n fl u e n c e d  

the  a mo u n t  o f  r e s i d ua l e f fe c t  fr om t he plane  o f  n u t r i t i o n  b e fore t he 

f i r s t  ca l f ,  c ompared  t o  the  e ffe c t  e x h i b i t e d  by the  ma t u r e  c ow s  i n  

t he study  o f  H i gh t  ( 1 9 6 Bc ) , Wh i le t h e  ma t ure  cows s howe d  a n  a b i l i t y  

for grea t e r  l iv e  we i gh t  grow t h  d ur i n g  p r e g n a n c y  a s  w e l l  a s  for 

grea ter  b i r t h  w e i g h t  of t he next ca l f ,  t h e  h e i fers  of  t he p re s e n t  

e x periment  e i t he r  u s e d  t h e  i n g e s t e d  n u tr i e n t s  for i n c r ea sed  b o d y  

w e i g h t  d ur i n g  t he s e c ond pre gn a n c y  ( H P-LP ) o r  for a n  i n crea s ed b i r t h  

w e i g ht o f  t h e  s econd  c a l f  ( LP-HP ) .  
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C H A P T E R F I V E 

CONCLUD I NG D I SCUSS I O N  

T h i s  s t udy h a s  b e e n  s uc c e s s f u l  i n  e n a b l i n g  a n  e xa m i n a t i o n  t o  b e  

m a d e  o f  t he i n fl u e n c e  o f  s h o r t - a n d  long-term o b j e c t ives  o f  b e e f  c ow 

m a n a g e m e n t  on  the  b i r t h  w e i g h t  o f  t h e  c a l f ,  a n d  o th e r  prod u c t iv e  

c ha ra c ters . 

The  s hort-term  obj e c t iv e  wa s t o  e xa m i n e  t h e  i n f l u e n c e  on  t h e  

h e i fe r  a n d  h e r  offs p r i n g  o f  t h e  w i n t e r  n u t r i t i o n  o ffered  to  h e r  o v e r  a 

p e r iod of  t h ree  mon t hs . T h e  e xperime n t  wa s part i c u la rl y  top ica l 

b e ca us e  i t  i nvolved ma i d e n , t h ree - year-old h e i fers . T h i s  a ge g r o u p  h a s  

a t tr a c t e d  m u c h  d is c u s s i o n  a mo n g  c a t t lemen a s  t o  t h e  poss ib i li t y  o f  

m a n i p u l a t i on o f  t h e  p r e g n a n t  a n ima l by ma nageme n t  o f  n u t r i t i on i n  ord e r  

t o  a lter  t he b i rth  w e i g h t  o f  t h e  ca l f  a n d  t h ere fore  reduce  t h e  r i s k  o f  

d ys t oc i a .  I t  was a ls o  poss i b l e  t o  e xa m i n e  the l i ve w e i g h t  c h a n g e  o f  

t he he i fe r  a fter  ca lv i n g ,  a n d  the  in fl ue n c e  o f  t h i s  l i ve we i g h t  c ha n g e  

o f  t h e  d a m  o n  t h e  grow t h  o f  i t s  c a l f ,  a s  a c o n s e q u e n c e  o f  t h e  mana g e r ia l  

ma n ip u la t io n o f  t h e  pr e -ca l v in g l ive  w e i g h t  o f  t h e  he i fe r .  

T h e  s econd ob j e c t ive , w h i c h  i s  longer  term  w i t h  respect  t o  t h e  

t ime t a ken  to  impleme n t  a c ha n ge in  ma n a g e ria l p o l i c y , i nvolved t h e  

i mportance  o f  t he l ive  we i g h t of the he i fer  dur ing  h e r  f i r s t  pregna n c y ,  

e s pe c i a lly  i n  t he a u t um n ,  t h re e  mont h s  be fore c a l v in g . T h i s  a s pe c t  wa s 

fa c i li ta te d  b y  proc u r i n g  h e i fers ra i s ed i n  three  e nv i ronme n ts a n d  

h a v ing  d i fferent  l i ve w e i g h t s .  T he t ra i t s  s t ud ied  in  c on n e c t i o n  w i t h  

t h i s  s e cond o b j e c t i ve i n c l ud e d  t h e  l i v e  we ight  c h a n g e  o f  the  d a m , a n d  

t h e  b i rth , pre-we a n i n g  a n d  wea n i n g  w e i g h t s  o f  t he c a l f .  

The most  import a n t  f i n d i n g  ha s been  t h e  s t a bi l i t y  o f  t he b i r t h  

w e ig h t  o f  t he ca l f  i n  t erms o f  b o t h  o f  t he o b j e c t ives  men t i oned  i n  t h e  

f o r e g o i n g , I t  wa s found  t h a t  the  plane  o f  n u t r i t ion o ffered t h e  h e i fers  

b e fore ca lv i n g ,  w h i c h  p r od uced  a h i g h ly s ign i fi ca n t  l ive w ei g h t  d i ffer

e n c e  ( p <D . D 1 ) between t h e  trea tme n t  groups , d i d  not  ca use  a s i gn i fi c a n t  

d i fference i n  the b ir t h  w e i g h t  o f  t he c a lves ( d i ffere nce � 2 . 1 k g ;  

D . D 5 < p < 0 , 1 0 ) .  
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The  i n fl ue n c e  o f  i nd uced l ive  w e i g h t  l o s s  i n  the p r e g na n t  

b o v i n e  on t he t o ta l amoun t o f  c o n c e p t u s  a t  p a r t u r i t ion h a s  a ls o  b e e n  

s t u d i e d  e ls ewhe r e  ( E w i n g  e t  a l , , 1 9 6 6 ; J o u b e r t , 1 9 5 .1 ; R y ley , 1 9 6 1 ) .  

T he e x p e r ime nts  o f  t h e s e  workers  e s t ima ted  a n d  s howed a n  a bi li t y  o f  

t h e  ma terna l o r ga n i sm t o  a l ter t h e  a m o u n t  o f  s upport ive  t i s s u e  

( c o n c e p tus-not-foe t us ) in a n  a t t e mp t  t o  s h e l t e r  t h e  foe t u s  from 

n ut r i e nt stress  a nd a l so t o  pa rt ia l l y  red uce  t he body w e i g h t  loss t ha t  

t h e  dam  was  e x p e r i e n c i n g in a s i t ua t i o n  o f  r e s tr i c ted i n ta k e ,  I n  t he 

p r e s e n t  s t udy  i t  w a s  not  p o s s i b l e  to  we i g h  t h e  h e i fers a t  p a r t u r i t io n  

a n d hence  t h e  i n f l u e n c e  o f  t h e  m e c ha n i s m  referred to a bo v e  w a s  n o t  

a b le t o  b e  a ss e s s e d , Thi s phen ome n o n  o f  t h e  a b i l i t y  of  t h e  cow t o  

a l ter  the  rela t iv e  proportions  o f  t h e  c omponents  o f  t h e  r e prod u c t i v e  

t ra c t  d u r i n g  pregna n c y  h a s  n o t  b e e n  i n v e s t i ga ted c losely  i n  N e w  Z e a land 

and it is s u g g e s t e d  t h a t  it ma y provide  a pa r t ia l e xpla na t i o n  of  t he 

s uc c e s s  o f  t h e  p r e g na n t  bovine  i n  grow i n g  a ca lf  to  a n orma l b ir t h  

w e i g h t  u n d e r  c o nd i t i on s  o f  r es tr i c te d  n u trit i on , Whe t h e r  o r  n o t  

a l t e r i n g  t h e  s i z e  o f  t he uterus a nd i ts c on te n t s  o ther t h a n t h e  foe tu s  

pe r s e  i n flue n c e s  t he s ub s e q u e n t  reprod u c t i v e  p e r forma n c e  o f  t he c o w  

r ema i n s  to  b e  i nv e s t i ga t ed , 

A fter  ca l v i n g  t h e  man n e r  1 n  w h i c h  the  liv e w e i g h t  d i ff e r e n c e s  

b e tween  trea tmen t  groups w e r e  i nd uced  b ecame important  in  c on n e c t i o n  

w i t h  t he per forma n c e  o f  b o t h  t h e  h e i fe r  a n d  her  ca lf .  

From t h e  d i s c u s s i o n  i n  C ha p t e r  Four , S ec t ion  1 ( v i ) , o f  t h e  

e ff e c t  of  t h e  p l a n e  o f  n u t r i t i on o ffered  t h e  pregnant  h e i fe r s  i n  t h e  

f i r s t  yea r o f  t h e  e x perime n t ,  i t  ma y b e  conc l ud e d  t ha t  t h e  H P-HP 

n ut r i t iona l l ev e l  r e t urned  t h e  best gross p r od u c t i vi t y  in  t erms o f  t he 

w e i g h t  o f  c a l f  wea n e d . These  h e i fe r s  w e re n ot t h e  hea v i e s t  a t  w e a n i n g  

( d i fference  n o n -s i g n i fi ca n t )  a n d  i t  i s  s ug g e s t e d  t h a t  t he s l i g h t  

d i s pa rity  of  live  w e i g h t  was  a r e s u l t  o f  t he ir s uperior  l a c ta t i o n a l  

p e r fo rma n ce w h i c h  wa s refle c t ed i n  t h e  w ea n i n g  w e i gh t  o f  t h e  c a l f .  

T he LP-HP g r o up h a d  a c a lf b i r t h  w e i g h t  s lightly d e pressed  i n  

r e la t ion  t o  t h e  HP-HP  g r oup , a n d  w e a n e d  ca lves 3 , Bkg  ( no n -s i gn i fica n t )  

l i gh t e r  tha n t h e  H P-HP  group , T h e  l i v e  w e i g h t  a t  wea n i n g  o f  the  LP-HP 

h e i fers  wa s mar g i na l ly greate r  t ha n  t he H P-HP group i n d i ca t i n g  tha t 

t he LP-HP h e i fe r s  gave  a s l i g h t l y  g r e a t e r  p r e fe r e nce t o  live  w e i g h t  

g r ow t h  t h a n  d id t he HP-HP he i fe rs , 



The  H P-LP group o f  h e i fe rs w a s  tha t w h i c h  a t tra c ted  t h e  
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b e li e f  among  ca t t lemen t h a t  t h i s  trea tme n t  a f fo r d s  t h e  b e s t  oppor t u n i t y  

t o  red uce t he b i r t h  w e i g h t  o f  t he ca l f .  T h e  res t r i c t i o n  o f  i n t a k e  o f  

t he h e i fe rs i n  t h i s  g r o up i n  t h e  la s t  t r im e s t e r  o f  p r e g na n c y ,  from 

a pprox ima te ly 50 days be fore t h e  o n s e t  of ca lv in g ,  pr od uced  a l i v e  

w e i g h t  r ed u c t i o n  o f  1 6 . 0 k g  ( 4 . 1 p ercent ) i n  t ha t  t ime . C ompared  t o  

t he H P-HP  g r o u p , w h i c h  wa s 5 . 5 perc e n t  h e a v i e r  a t  ca l v i n g , t h e  HP-LP 

g r oup  gave  b i r t h  t o  ca lv e s  2 . 1 k g l i g h te r  ( 0 . 0 5 < p < 0 . 1 0 ) .  

T he he i fe r s  o f  thi s la t te r  group d i d n o t  s how t he same  a b i l i ty 

t o  re ga i n  t he w e i gh t  l o s t  i n  t h e  pre- pa r tum p e r i od a s  d id t h e  o t h e r  

t w o  trea tme n t  g r oups a nd were  1 6 . 2 k g  l i gh t e r  t ha n  t h e  h e i fers  o f  t h e  

H P-HP  group  a t  w ea n ing . I n  s p i t e  o f  the  l e s s e r  l i v e  w e ight  g a i n  1 n  

t he HP-LP h e i fers , ne i t he r t h e  w ea n i n g  w e i g h t  o f  t h e  ca l f  n o r  t he 

e s t ima t e d  m i l k  con s ump t i o n  o f  t h e  ca l f  were  s up e r i o r  t o  those  i n  t he 

o t h e r  two  groups , w h i c h  i f  t he y  ha d bee n , w o u ld ha ve  b e e n  a pa rtia l 

e x p la na t i on for t he i n fe r ior  pos t-ca l v i n g  l ive  w e i g ht growth  o f  t h e s e  

h e i fe r s , 

T he cons idera t i on o f  t h e  i n fluence  o f  t h e  p la n e  o f  n u t r i t i on 

d ur i n g  t he w i nt e r , i n  C ha pter  F o u r ,  S e c t ion  1 ( v i )  i n d ica t e d  t ha t  a 

4 5- d a y  period o f  r e s t r ic t i on o f  i n t a k e  fo l lowed  b y  a n  e leva t e d  p la n e  

f o r  a fur t h e r  2 0  days  r e s u lt e d  i n  a mi n ima l l y  reduced  p o st-ca l v i n g  

p e r forma n c e  o f  t he LP-HP heifers  1n  c ompa r ison  to  t he H P-HP group . 

I t  wa s s ug g e s t e d  tha t t h e  4 5-da y re s tr ic t i on d ur i n g  t h e  e a r l y  w i n t e r  

p e r i o d  e n a b le d  a grea t e r  s t oc k i n g  ra t e  t h a n  t h e  h i g h  p la n e s  a t  t h e  

s a me t im e , i n  o r d e r  t o  a llow t he a ccumula t ion  o f  p a s t u r e  f o r  fee d i n g  

t h e  h e i fe r s  a t  a h i g h  p la n e  w h e n  t h e  d e ma n d  of  i ncrea s i ng foeta l 

w e i gh t  became a cc e n t ua t e d  i n  t he la s t  mon t h  o f  ges t a t io n , 

The  H P-LP  a n d  HP-HP groups  r e q uired  a h i g h e r  l e v e l  o f  feed i n g  

d ur i n g  t h a t  per iod o f  t he win t e r  ha v i n g  min ima l p a s t u r e  grow t h , T h e  

e xp e n se o f  ma i n ta in i n g  a h i g h  p la n e  o f  n ut r i t ion  a t  tha t t im e  comp a r ed 

w i t h  a l ow p la n e  wa s d is c us s ed b y  H i g h t  ( 1 9 6 Bc ) . T h e  a dv a n t a g e  o f  

impos i n g  a r e s t r ic t e d  inta ke o n  p re g n a n t  cows d ur i n g  t h e  e a r ly win t e r  

p e r io d  wa s c o n s id e r e d  b y  t h a t  a u t ho r  to  inc lude  a red u c t ion  i n  t h e  

c o s t  o f  s uppleme n ta t ion a t  t he t ime o f  r e s t ri c t i o n  a nd a ls o  a n  

improved  e ff i c i ency  a nd a ppe t i t e  in  t he r e s t r i c t e d  a n im a ls , ma k i n g  t h em 



1 6 5 

m or e  ca p a b l e  o f  u t i l i z i n g  t h e  i ncrea s e d  g rowth o f  t h e  p a s ture  that  i s  

c ha r a c t e r i s t i c  o f  t he s p r i n g  s e a s o n , The  LP-HP h e i fe r s  o f  t h e  p r e s e n t  

s t u d y  d id n o t  s how a s i g n i fica n t ly improve d  e ff i c i ency  o f  past ure  

u t i li z a t ion  in  t erms o f  ca l f  w e i gh t  at  wea n in g ,  or la c t a t i o n , T he y  d id , 

howeve r ,  s how s uper ior l iv e  w e i ght  ga in  imme d i a t e l y  a ft e r  ca lvi n g ,  b e fore  

t he d emand o f  t h e  s uc k l i n g  ca l f  became  la r g e , 

M u c h  o f  t he d i s c u s s ion  h a s c e n tred upon  t h e  e f fect  o f  the  p l a n e  

o f  n u t r it i on o n  t h e  l i ve we i g h t  cha nge  of  t h e  he i fe r , b e fore  a n d  a fter 

c a lv i ng , the  b irth  we i g h t  o f  her  ca l f ,  a nd the  pre -wea n in g  and wea n i n g  

w e i ght  of  t h e  c a l f .  I t  i s  a p pr opr i a t e t o  c on s id e r  a s  w e l l  t h e  

i n f l u e n c e  t ha t  t h e  t hree  n u trit iona l planes  a r e  l i ke ly to  ha ve  ha d 

upon  pa s t u r e g r owth , 

I t  s ho u ld be  noted  t ha t no mea s ure o f  the  i n t e n s i ty o f  g ra z i n g  

w a s  ma d e , n or wa s a mea s ure  o f  t h e  period o f  s p e l l in g  o f  t h e  p a s t ur e  

p e rt i n e n t  beca u s e  t he h e i fe rs w e r e i n te gra ted  i n t o  a s t o c k i n g  p o l i c y  

w i t h o t h e r  ca t t l e  a n d  w i t h  s he e p ,  T h e  three  r e g im e s , H P-LP , LP-HP a nd 

H P- H P , must  b e  considered  i n  a compa r ison  o f  the i r  l i k e ly i n fl u e n c e  on  

p a s t ur e  r a t h e r  t ha n  i n  t e rms  of  wha t a c t ua l ly happened  s ince  i t  

w a s  n o t  fea s ib l e  t o  ma k e  t h i s  mea s urement . 

Sme tham  ( 1 9 7 3 ) h a s  d i s c u s sed  t he work  o f  B la c kma n ( 1 9 3 3 ) 1 n  

c on n e c t i on w i th the  a s s o c ia t i on o f  p a s t ure yie ld w ith g ra z ing  p a t t e rn s , 

M a n y  o f  the  c on c l u s i o n s  o f  t h e  l a t t e r  a uthor  w e re con firmed by 

B r o ugham  ( 1 9 5 9 , 1 96 0 ) , 

The  d ominant  gra ss  s p e c i e s  o f  the  T ua p a ka pa s t ur e  a re p e re n n ia l 

r ye grass  ( Lo l i um pe renne ) a nd b rown top ( Agrostis  t e n ui s ) w i t h  w h i t e  

c lover ( Tr i f o l i um repe n s )  a s  t h e  ma j or l e g ume , C ha ng e s  in  t h e  

p r oportion  o f  t he gra s s e s  i n  t h e  swa rd a re impo r ta n t  b e ca u s e  t h e y  

c o n s t itute  t h e  b ulk o f  t h e  yield , 

T he res u lts  o f  Brougham  ( 1 9 6 0 )  ind ica te  t ha t  t h e  l e a st d a ma g e  i s  

d on e  t o  pa s t ur e  y i e l d  in  s pri n g  a nd s umme r  i f  c lo s e  gra z i n g  occ urred  in  

t he w i n t e r ,  B e ca us e  t h e  pasture  s p e c i e s  e x hib i t  their  low e s t  a c ti v i ty 

a t  t ha t  t ime , remova l o f  the l e a f t o  2 , 5 t o  5 , 0cm has  b e e n  found  t o  be  

b en e ficia l to s ubseq u e n t  prod u c t iv i t y ,  B r ou gham ( 1 96 0 )  fo u nd t ha t  yields  

w e re i n cr e a s e d  b y  7 5  to  8 5  perc e n t  by  severe  gra z i n g  i n  w in t e r , b ut tha t 

a t  a l l  other  s e a sons  severe  gra z i n g  red uced  subsequent  y i e ld , 
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Sme t ha m  ( 1 9 7 3 ) c o n s i d e r e d  t h a t  t h e  so-ca lled  s low rota t i o n  o v e r  

t he a u t umn a nd w i n te r ,  w h i c h  is  fa c i l i ta ted  b y  i n ten s iv e  gra z i n g ,  i s  

t h e  t ec hn iq ue w h i c h  ma k e s  a l l-gra s s  w i n t e r i n g  pos s i b l e , More  g ra s s  i s  

g rown s ince  t he pa s t u re i s  a llowed t o  grow d u r i n g  lon g e r  s p e l l i n g  

peri od s  a t  a h i g h e r  lea f a re a  i n d e x  t ha n  would  be  a t ta i n e d  w i t h  s e t  

s t oc k i n g ,  or  mob gra z i n g  a t  a l a x  s t o c k i n g  rate , F u r t h e rmo r e , t h e  

me thod o f  a s low r o t a t i o n  a nd i ncrea s e d  i n t e ns i t y  o f  gra z i ng r e q u i re s  

a higher  s t o c k i n g  r a t e  tha n d oe s  a ra p i d  r o ta t i o n  w i t h  low i n te n s i t y  

o f  gra z i n g ,  T h i s  mea n s  t h a t  h i gher  n umbe r s  ca n b e  s upported  o n  a 

g i ven a rea  wh i c h  t he n  more a d e q ua t e ly con t r o l  pa s t ure l e n g t h  a nd 

pa s ture  q ua l i t y  in  t he spr ing  a nd e a r ly s ummer . 

The  re g ime w h i c h  was  b e s t  s u i t e d  to  optimum pa s t ure ma n a geme n t  

o f  t h e  three  wa s t h e  LP-HP group . T h e s e  h e i fe rs were g ra z ed i n t e n s 

i v e ly in  t h e  e a r l y  pa rt o f  the  w i n t e r  a n d  more la x ly a s  pa s t u r e  

r e covery  b e ga n i n  t h e  la te w i n t e r  a nd e a r l y  spri n g .  I t  i s  n o t  

c o n s i d e re d  l i k e ly t ha t the  grow i n g  s e a s on w o u ld h a ve b e e n  s uf fi c i en t ly 

a d va n c e d  for  pa s t u r e  y i e l d s  t o  have  b e e n  i nh i b i ted , i n  t he ma n n e r  

d e s cribed b y  B r o u g ham ( 1 9 6 0 ) , b y  t h e  i n t e n s iv e  g ra z i n g  imposed  o n  t he 

H P-LP group  from 1 0  J u l y ,  1 9 7 5  to 3 0  J u l y ,  1 9 7 5 . Howeve r ,  t he n um b e r  

o f  an ima ls  w h i c h  c o u ld b e  w in tered  p e r  h e c t a re i n  t h i s  o r  t he HP-HP 

g r o up w ou ld not have been  as  h i g h  a s  for  t he LP-HP group  beca u s e  o f  

t h e ir respective  s t oc k i ng ra t e s  for t h e  b u l k  o f  t he winte r .  

Hence , wh i l e  t h e  HP-LP h e i fe rs r e t urned  a ma rg i na ll y  grea t e r  

w e a ning  we ight  o f  t he c a l f  than  t he LP-HP g ro u p ,  a n d  t he r e fore  

p r oduced  more  s a l e a b l e  prod uct  on  a per  h e i fe r  b a s is ,  i t  i s  b e l i e ve d  

t ha t  t h e  LP-HP h e i fers  w o u ld have  prod uced  m o r e  o n  a p e r  h e c t a r e  b a s i s  

w it hout  a ppa re n t  d e t r iment t o  t h e i r  s ub s e q ue n t  prod uc t i v i t y ,  T h e  

a bs ence  o f  d a ta on  s to c k i n g  ra t e ,  a m o u n t  o f  pa s t ure  ea t e n , a nd t h e  

r ebreeding  p e r forma n c e  pre v e n t  a m o r e  d e fi n i t e  c o n c lus i o n , T h e  

d is c us s ion o f  Smetham  ( 1 97 3 )  s ug g e s t s  t ha t  t h e  LP-HP r e g ime w o u ld a ls o  

h a v e  c o n tr i b ut e d  b e s t  t o  t h e  improvem e n t  o f  t h e  h i l l  p a s t ures  for 

s pr i n g  grow t h  a nd s umme r gra z i n g .  

T he i n t e r a c t ion  between  t h e  a ut umn l iv e  w e ight  o f  t h e  h e i fe r  

a nd the  e ff e c t  o f  t he pre-ca lvin g  p l a n e  o f  n u t r it i o n  w a s  n o t  

s ig n i fica n t  a nd h e n c e  t h e  response  o f  a h e i fe r  o f  a n y pa r t i c u la r  o r i g i n  

t o  a n y  one  o f  t he trea tments  wa s n o t  a ffected  b y  h e r  a ut um n  l i v e  w e i g h t ,  
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T he d is c u s s ion  o f  t h e  e ffe c t  o f  ma na g e r ia l ma n ip u la t i o n  o f  t h e  l iv e  

w e i gh t  o f  t h e  he i fers  d u r i n g  t h e  win ter o f  t h e i r  f ir s t  pregna n c y  

a pp l i e s  equa l ly t o  a l l ca t e go r i e s  o f  a ut umn  live  we i gh t ,  

T he second ma j o r c o n s i d e ra t ion o f  t h e  s tu d y  was  t h e  live  

w e i g h t  o f  the  h e i fers  i n  t he a u t umn of their  f i r s t  pregnancy ,  The  

r e s u l t s  s h owed t ha t  there  wa s a s i gn i f i ca n t  ( p  � 0 . 0 1 ) l ive w e i g h t  

d i f fe r en c e  between  t h e  h e i fe rs o f  Hawke ' s  B a y  o r i g i n  a nd t hos e o f  

t he other  two origins , namely Ma ssey  a n d  Wa ira ra pa , I n  s p i t e  o f  t h e  

d i s pa r i t y  o f  t h e  l ive wei g h t  o f  t h e  he i fers , i t s  i n fl u e n c e  o n  t h e  

b i r t h  we i g h t  o f  t he ca lves  wa s n o t  s i gn i fi ca nt ( d i f fe renc e � 2 . 9 k g ;  

0 , 0 5 < p < 0 . 1 0 ) .  

T he most impor t a n t  fa c t o r  w h i c h  emerged  wa s t h e  i n flue n c e  o f  

t h e  a u t umn l ive w e i g h t  o f  the  h e i fer t hro ugh  i ts p e rs i s t e nce  t o  t he 

p o s t-pa r t um p e riod , on t h e  l i v e  w e i g h t  grow t h  o f  t he c a l f  b e fo r e  

w ea n i n g ,  T hose  h e i fe rs w h i c h  h a d  grown to  t h e  hea v ie s t  l i ve w e i g h t  

b y  t h e  a u t umn o f  fi rst  p r e g n a n c y  produced  t h e  hea v i e s t  ca lves a t  

w e a n i n g  ( d i ffere nce � 1 B , Ok g ;  p � O . OS )  a nd yi e lded  t h e  most  m i l k  t o  

t h e  ca l f  a t  e a c h  of  t h r e e  d e t e rmi na t i on s ,  The  d i f fe r en ce , how e ve r ,  

w a s  non-s i g n i fica n t . 

The e x p e r iment  demons tra ted  tha t t h e  h e i fe r s  w h i c h  had grown  t o  

t h e  la r g e s t  s i z e  by t h e  a ut umn  o f  t h e i r  f i r s t  p r e g n a n c y  m a d e  t h e  lea s t  

l iv e  w e i g h t  ga i n  a ft e r  t h e  ca lves were born , a n d  produced  t he h ea v i e s t  

c a lves  a t  wea n i n g ,  Those  w h i c h  h a d  made t h e  lea s t  l i v e  w e ight  g a i n  

b e fore  t h e  first  c a l f  w a s  conc e iv e d , c on t in ue d  t o  ma k e  live  we i g h t  

g rowth  a ft e r  p a r t ur i t i o n  a t  t h e  e xp e n s e  o f  la c t a t ion a nd s ub s e q u e n t  

l i ve we i g h t  growth  in  t he ca l f ,  

Mos t o f  t h e  s t ud i es i n c lud e d  in  t h e  rev i ew o f  l i te r a ture  

( C ha pt e r  Two ) i n  w h i c h  t h e  we i g h t  of  t he d a m  w a s  r e la ted to  t h e  w ea n i n g  

w e i gh t of t he c a l f  a n d  t o  m i lk p r o d u c tion , i n d i ca t e d  tha t hea v i e r  dams  

a t ,  o r  immed i a t e ly a ft e r  c a lv i n g  r e a red heavier  ca lves la rgely  t hr o u g h  

t he p ro d u c t i on o f  more m i l k .  R e p o r t e d  r e g r e s s i o n  coe f f i c i en t s  o f  

w e i gh t  o f  c a l f  on l i v e  w e i g h t  o f  dam  w e r e  O . D 7 k g / k g  ( Je ffery a n d  B er g ,  

1 9 72 b ) a nd O , O B S kg/kg ( Ta nn e r  e t  a l . , 1 9 6 5 ) , I t  emerged , howev e r ,  t h a t 

t h e  r e la t i o n s h i p  be twe e n  t h e  l ive w e i ght  o f  the dam  a n d  t h e  live  w e i g h t  

o f  t h e  ca l f  a t  wea n i n g  w a s  sma l l  i n  c ompa r ison  t o  t h e  s i ze o f  t he 
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i nv e r s e  r e l a t i on s h ip be twe e n  t h e  w e i g h t  c ha n ge o f  t h e  c ow i n  t h e  

la c ta t i ona l peri od a nd t h e  wea n i n g  we i g h t  o f  t he c a l f ,  T h e  r e s u l t s  

o f  S i n g h  e t  a l ,  ( 1 9 7 0 )  s u gg e s t  tha t t h e  i n v e r s e  r e la t i o n s h i p  

b e tw e e n  t h e  l i v e  w e i g h t  cha n ge o f  t h e  d a m  a nd t h e  wea n i n g  w e i g h t  o f  

t h e  ca l f  could  b e  ex pected t o  be  s ma l le s t  i n  p r imiparous  h e i fe rs a n d  

t o  i nc r e a s e  i n  s i z e w i t h  i n crea s e d  a g e  o f  d a m ,  

I n  t h e  pr e s e n t  wor k ,  a l l h e i fers  ga ined  i n  l iv e  w e i g h t  a ft e r  

c a lv i n g ,  I t  i s  b e l ieved t h a t  t h e  sup e ri or ma te rna l a bi li ty o f  t he 

Haw k e ' s  Ba y h e i fe r s  over t h e  h e i fe rs o f  the  Wa ira r a pa a n d  Ma s s e y  

o r i g i ns for pre-wea n in g  grow t h  o f  t h e  c a l f ,  wa s n o t  s o  m u c h  a r e s u l t  

o f  a grea t e r  l iv e  we igh t of  t he h e ifer  in  t h e  a u t umn , o r  a t  ca lv i n g ,  

a s  i t  wa s a re s ul t  o f  t he p a t t e r n  of  p o st-pa rt um l ive w e i gh t  growth .  

I n  e x h i b i t i n g  t h e  s lowes t  l ive we i g h t  ga i n  a ft e r  c a lvi n g  t h e  Hawke ' s  

B a y  he i fe r s  e v id e n tly  pn r t i t ioned  more  of  t h e i r  i n ge s t e d  n u t r i e n t s  t o  

la c t a t i o n  t ha n  t o  t h e  b o d y  t h a n  d i d  t h e  h e i fe rs o f  t h e  o t he r  two 

o r i g in s . T he c o n c lus i on f r om t h i s  pa r t  o f  the  s t udy  wa s the pos i ti v e  

a d va n ta g e  o f  a n  o p t i mum l i ve w e i g h t  o f  t h e  he i fe r  in  t h e  a ut umn o f  h e r  

f i r s t  p r e g nancy . 

Swa nson ( 1 9 6 7 )  h a s  d is c u s s e d  t h e  re la t i on s h i p  b e tween  t h e  s i z e  

o f  t h e  cow a nd t h e  lacta t i ona l p e r forma n ce . H e  d r ew a t te ntion  t o  t h e  

c a r e  wh i c h  m u s t  b e  g iven  t o  t h e  ma n n e r  i n  wh i c h  a n ima l s  a r e  grown t o  

a p pro x ima t e ly t h e  s i x t h  mon t h  o f  g e s ta t i o n .  I t  h a s  b e e n  w e l l  es ta b l i s h e d  

tha t e x c e s s ive fa t n e s s  o f  t he he i fer ca n obstruct  n orma l mamma r y  

d e ve lopmen t  a nd lead  to  red uced  m i l k  y ie ld . Hence  the  o b j e c t i v e  o f  

o b t a i n i ng a hea v y  live  w e i g h t  t h r e e t o  four months  b e fo r e  ca l v i n g  m u s t 

be  a do p t ed bea r i n g  in  mind  t h e  p o s s i b le consequences  o f  over-feed i n g  

ma i d e n  fema les i n c lud ing  r e d u c e d  l a c ta t iona l performa n c e  a n d  lon g-term 

d a ma ge to  t he udd e r .  

I n  t he present  c a s e  n e i t he r  t h e  lacta t i on a l per forma n c e  o f  t he 

h e i fe r s  n o r  t he w e a n i n g  we i g h t  o f  t h e  ca l f  i n d i ca t e d  t ha t  an y o f  t h e  

g r o u p s  ha d impa ired  m i l k  y i e ld ca u se d  by  o ve r�fa tn e s s  d u r i n g  t h e  d e v e lop

m e n t  of  the  udd e r .  N one  of  the  he ifers , howev e r ,  would  have  been  

c o n s i d e red  t o  be  o ther  t ha n  i n  good  s tore  cond i t ion  d u r i n g  t h e i r  firs t 

p r e g n a n cy , 

T h e  eva l u a t ion o f  t h e  l o n g e r- t e rm effect  o f  t h e  p la n e  o f  

n ut r i ti on o f  t h e  h e i fer d ur i n g  t he w in t er o f  h e r  f i r s t  pregna n c y  
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i nd i c a t e d  t ha t  r e s i d u a l  e ffects  p e r s i s t e d  t o  t h e  second c a lv i n g ,  

T hose  h e i fers  f e d  w e ll u n t i l  t h r e e  t o  f ive we e ks be fore f i rs t  

c a lv in g  then  r es tr i cted  t o  lose a p pr o x ima t e ly 4 percen t o f  t h e  l iv e  

w e i g h t  a t  t ha t  t i me , b e fore calvi n g  ( HP -L P ) s h owed the  g r e a te s t  

a b i l i t y  to  a c h i eve l i v e  w e i g h t  g r ow th d u r i n g  the ir second  pregna n c y .  

T h i s  d id n o t ,  howe ve r ,  r e s u lt i n  a n  i nc rea s e d  b i r t h  w e i gh t  o f  t h e  

s e cond  ca lf i n  t h i s  grou p .  

T he re g ime  o f  feed i n g  a t  a low p la n e  o f  n utri t i o n  d u r i n g  t h e  

w i n t e r  u n t i l  t h r e e  t o  five  wee k s  b e fore  ca l v i n g  t o  induce  a 5 p e r c e n t  

l i v e  w e i ght  los s , fo llowed b y  a n  e leva t e d  p l a n e  t o  rega i n  the  w e i g h t  

l o s t ( LP-HP ) , r e s ul t e d  i n  a n  i n c rea s e d  b i rt h  we i g h t  a t  t he s e c o n d  

ca lvin g .  

Feed ing  a t  a h i gh p la n e  o f  n ut r i t i o n  c on t i n uously  i n  t h e  w i n t er 

o f  f i r s t  pregna ncy ( HP -H P )  prod uced  t h e  l i g h t e s t  c a lves  a t  s econd  

c a l v i n g  o f  a n y  of  t h e  three  n ut r i t i on a l  r e g im e s .  

T h e  i n f l u e n c e  o f  t h e  live  w e i g ht o f  t h e  h e i fer i n  t h e  a ut umn  o f  

h e r  f i r s t  pr e gna ncy o n  t h e  b i r t h  w e i g h t  or  w e a n i n g  we i g h t  o f  t h e  

s e c on d  ca lf wa s sma l l a nd non-s i g n i fica nt . 

I n  both  yea r s  ( 1 9 7 5-76 a n d  1 9 76 - 7 7 )  i t  wa s found  from t h e  l i n e a r  

r e g r e s s i on o f  w e i g h t  o f  ca l f  o n  i t s  a ge i n  d a ys ,  tha t t ho s e  c a l v e s  b orn  

e a r li e s t  had a w e i g h t  a d va ntage  at  wea n in g  over  t he c a lv e s  born  la t e r  

( b ( 1 9 7 5-76 ) - 0 . 8 9 ; b ( 1 976- 7 7 )  = -0 . 9 3 ) . I t  was n o t e d , howe v e r , 

tha t the  live w e i g h t  grow t h  o f  t he calves  wa s grea ter f o r  t ho s e  b o r n  

l a t e r  i n  t he 1 9 7 5  c a l v i n g  s ea s on t h a n  t hose  b orn e a r li e r ,  b e ca u s e  o f  

t he more fa voura b l e  c lima te d ur i n g  t he 1 9 7 5 - 7 6  s ummer f o r  pa s t u r e  g row t h  

t ha n  had  b e e n  u s ua l b e fore  t h a t  yea r .  T h e  e ffe c t s  of  t h e  mild  s umme r 

c lima t e  a n d  prolonged  pa s t ure g row t h  w e r e  s h own i n  t h e  p e rs i s te nc y  o f  

l a c ta ti on in  t h e  la te -ca lving  h e i fe rs w h i c h ,  i t  wa s e x p e c te d , w o u l d  

o t h e rwise  have  s hown a n  e a r ly red u c t i o n  o f  m i l k  yield , r e flected  

u l t ima tely  in  the  g row th o f  t he proge n y .  

T h i s  e x p e r im e n t  ha s prov i d e d  va l ua b le i n forma t i o n  a bout  t h e  

ma n n e r  o f  t h e  p r e pa ra tion  o f  ma id e n  he i fe r s  f o r  f irs t ca l vi n g ,  I ts 

m o s t  importa n t  f i n d i n g  wa s t h e  s ta b i l i t v  o f  t he b i rth  w ei qh t  o f  t h e  

c a lf u n d e r  norma l ma n a gement  pra c t i s e s . F u r t hermore , t h e  a d v a n t a g e  o f  
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g rowing  h e i fe r s  t o  a l a r ge body s i z e  b e fore  first  ca lv i n g  was  s h ow n  

t o  r e s u l t  i n  a n  o p t im i z a t ion  o f  t h e  w e a n i n g  we i gh t  o f  the  ca l f ,  

T h e  p l a n e s  o f  n u t r i t ion  imposed  r e vea led  t ha t  s a t i s fa c to r y  

n utri t i on o f  t h e  pregna n t  h e i fe r  d o e s  n o t  i m p l y  h i g h  p l a n e  feed i n g  

u n t i l  a mo n t h  be fore ca l v i n g , fol lowed  b y  a r e s t r i c t i v e  p e r i od t o  

e li m i n a te d ys t o c i a  d u e  t o  la rge  ca l v e s  a t  b i rt h . T h e  mos t sa t i s fa ctory  

s ystem o f  b e e f h e i fer  w in t e ri n g  was  o n e  o f  m i ld l i v e  w e i g h t  l o s s  t o  the  

last  three  to  f i v e  we e k s  o f  pregna n c y ,  t h e rea fter  t h e  grow t h  of  t h e  

f o e t us a n d  t h e  prepa ra t i on o f  t h e  he i fe r  f o r  rebreed i n g  a n d  la c t a t io n  

w a s  a llowed for b y  e le v a t ed feed i n g  from then  t o  ca lv i n g . T h i s  la t t e r  

s y stem i s  r e c ommended  f o r  i t s  eco nomica l u s e  o f  pa s t u re i n  t h e  c r i t ica l 

w i nter  p e r i od a nd the  improved meta b o l i c  e f f i c i e n c y  o f  t h e  h e i fers  

ma naged  i n  this  ma nn e r , a ppea red t o  persist  through  t o  the  s e c on d  

c a l v i n g . 

The  o u t c ome o f  t h i s  work  ha s w i de a p p l i c a t i o n  t o  t h e  N ew Z ea land  

beef  ca t t le i nd u s t ry in  tha t the  p r i n c i p l e s  d e r i ve d  perta i n  b o t h  t o  t h e  

breeder  fe e d i n g  h e i fe r s  i n te n s i v e l y ,  a nd to  e n terprises  i nv o l v i n g  

bree d i n g c a t t le on h i l l  c o u n t r y ,  for  w h i c h  t h e  e x pe rime n t  wa s p r ima r i l y  

i ntended . 
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R ,  a n d  Hun t e r ,  E , A . ( 1 9 7 7 ) . 
o f  A yr s h i r e  c ows  when  ma t e d  
A n im ,  Prod . , �: 6 3 -6 7 .  

T he l e n g th o f  gest a t ion  p e r i o d  
w i t h  b u l ls o f  o the r b r ee d s . 

La mond 1 D .  R .  ( 1 9 7 0 ) . T he i n fl u e n c e  o f  und e rnut r i t ion  o n  reprod uc t i on 
ln t he cow . A n i m ,  B re e d . A b s tr . , �: 3 5 9 - 3 72 . 

Lamond , D , R . , Holme s ,  J . H . G ,  a nd H a y d oc k ,  K , P ,  ( 1 9 6 9 ) .  E s t ima t i o n  o f  
y i e ld a nd c ompos i t ion o f  m i lk produced  b y  gra z i n g  b e e f  cows , 
J, A n i m .  S c i . , �: 6 0 6 -6 1 1 .  

Lampki n ,  K ,  a nd Lam p k i n ,  G . H . ( 1 9 6 0 ) . S t ud i es  on the  prod u c t i on o f  
b e e f  from Z e b u  ca ttle  i n  E a s t  A fr i ca . I I .  M i l k  p ro d u c t i on i n  
s u c k le d  cows a nd i t s  e ffe c t  o n  ca l f  grow t h , J, agr i c . S c i . , 
C a mb , , 5 5 : 2 3 3 -2 3 9 .  

Lampo , P .  a nd Willems , A ,  ( 1 9 6 5 ) . 
o f  ca lves . T ijd s c hr . , �: 

C a us e s  ln va r i a t i on 1n b i r t h  w e i g h t  
7 9 - 8 4 , A,B , A . , 3 3 : N o . 3 1 6 4 ,  

La s le y ,  J . F . ,  Da y ,  B , N , a nd C om fo r t , J , E ,  ( 1 9 6 1 ) .  S ome  g e n e t i c  
a s pects  o f  g e s ta t i on l e n g t h  a n d  t he b i r t h  a n d  w e a n i n g  we i gh t s  
in  H e r e ford  ca t t le , J ,  A n im .  S ci . , 2 0 :  7 3 7- 74 1 . 

La s t e r ,  D , B .  ( 1 9 7 3 ) , Fa c tors a ff e c t i n g  ca lv ing  
U,S, Mea t A n ima l R e s e a r c h  [ e n t e r .  1 9 73 . 
P rogress  R eport . pp . 3 6 -4 0 . A , B , A . , _g: 

d i ff i c u l t y .  I n :  
Bee f C a t t l e  R es e a rch  
No .  2 6 3 3 .  

Las t e r ,  D , B . , G limp , H . A . , C un d i f f ,  L . V .  a n d  G re g ory , K . E .  ( 1 9 7 3 ) . 
F a c t ors  a ff e c t i n g  dystocia , a nd t he e ffe cts  o f  d ys t ocia  on  
s ub s e q u e n t  r eprod uction  i n  b e e f  ca t t le , J. A n im , S c i . , ].§_: 
6 9 5-7 0 5 . 

La s t e r , D , B • a n d G re  gory , K • E • ( 1 9 7 3 ) . 
e a r ly pos t n a ta l c a l f  morta l i t y .  

Factors  influe n c i n g  p e r i - a n d  
J .  A nim . S c i . , ll: 1 09 2 - 1 0 9 7 .  

Le hma n n ,  R . P . , G a ines , J . A . , C a r t e r , R . C . , Bova rd , K . P . a n d  K inca id , 
C . M . ( 1 96 1  ) .  Se lec t i on i n d e x e s  for wean in g  t r a i t s  i n  be e f  
ca lve s .  J ,  A n im.  S c i , , 2 0 :  5 3 - 5 7 ,  
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L i n d s e y ,  T , L . , W i l s on , G , R . , C a h i l l ,  V , R , a nd S w i g e r ,  L , A , ( 1 9 70 ) , 
M e a s uremen t s  related  t o  cow p rod uc t iv ity , J ,  A n im .  S c i , , 
ll: 1 7 5 A bs t r ,  

Lin t o n , A , C , , B r i n ks , J . S . , S t ona k e r ,  H . H . , S u t h e r la n d , T . M .  a nd 
Fa u l k ner , L , C ,  ( 1 9 6 8 ) . F a c t ors  a ffec t i n g  wea n i n g  w e i g h t s  
o f  ca t tle , J, A n im .  S c i . , �: 1 1 04 A bs t r .  

Loga n a t ha n ,  S , , C ooper , R . J .  a nd Hobbs , C , S .  ( 1 9 6 5 ) . F a c tors  
a ffe c t i n g  prewea n i n g  p e r fo rma nce o f  Here ford c a l v e s . 
J ,  A n im .  S c i , , �: 849  A b s t r .  

Lon g ,  C , R . a nd G re gory ,  K , E ,  ( 1 9 74 ) .  H e t e rosis  a n d  breed  e ff e c t s  
in  prew e a n i n g  tra i t s  o f  A n g u s , H e r e ford a nd r e c ip roca l 
cross  ca l ve s .  J, A n im ,  S c i . , ]1: 1 1 - 1 7 .  A , B.A . , �. N o ,  2 4 ,  

Lus h , J . L . ( 1 9 4 5 ) .  A n ima l B r e e d i n q  P la n s .  3 r d  e d . P ub l ,  I owa  S t a t e  
C ollege  P r e s s , A me s .  4 4 3 pp . 

McDon a ld ,  P . , E d wa rd s , R . A .  a nd G re e n ha lg h , J . F . D ,  ( 1 9 7 3 ) . A n ima l 
N ut r i t ion . 2 n d  ed . P ub l .  Lon gma n I n c . , N ew Y or k . 4 79 p p . 

McDona l d , R . P . a nd Turne r ,  J , W .  ( 1 9 6 9 ) . P a re n t a l b r e e d  a nd w e i g h t  
e ffe ct  on b e e f  ca lve s . J ,  A n im .  S c i . , �: 1 3 0 A bs t r . 

Ma n g u s , W , L ,  a nd B r in k s , J .  S .  ( 1 9 7 1 ) .  R e la t i o n s h i ps b e tw e en d i r e c t  
a nd ma t e r na l e f fe c t s  on growth  i n  Here ford s .  1 .  E n v i ron -
menta l f a c tors d u ri n g  prewe a n in g  growth .  J. A n i m .  S c i . , ]l :  
1 7-2 5 .  

r�a r l mv e ,  T , J . a nd G a ines , J . A . ( 1 9 5 8 ) . T he i n fl ue n c e  o f  a ge ,  s e x ,  
a n d  sea s on o f  b i rth  o f  ca l f  a n d  a ge o f  dam o n  p r ewea n in g  
g r m·Jth  ra t e  a n d  type s c ore  o f  b e e f  ca lves . J,  A n im .  S c i , , U: 
706-7 1 3 .  

Ma r lowe , T , J . , Ma s t ,  C , C .  a nd S c h a lles , R , R , ( 1 9 6 5 ) . Some  n on 
g e n e t i c  i n fluences  on ca l f  per forma n ce . J, A n i m ,  S c i , , � :  
4 94-50 1 , 

Ma s on ,  I , L , ( 1 9 5 1 ) .  P e r forma n c e  re cord i n g  i n  b e e f  c a t t l e .  A ni m .  
B r e ed , A bs t r . , ..!2.: 1 -2 4 , 

Mea d e ,  J . H . , D o l la hon , J , C , , T a ylor , J . C .  a n d  L i nd l e y ,  C . E .  ( 1 9 5 9 ) . 
Fa c tors i n fluen c i n g  w e a n in g  w e i g h t s  o f  H e re ford  a nd A ng us 
c a t t l e  i n  M is s i s s i p p i . J, A n im . S c i . , 1 8 : 1 1 4 9 A bs t r .  

Me l t o n , A , A . , R i ggs , J . K . , N e ls on , L . A .  a n d  C a rtwr i g h t , T . C .  ( 1 96 7 ) . 
M i l k  produc t i on , compo s i t i on a nd c a l f  ga i ns o f  A n g us ,  
C ha r o la i s  a nd Here ford c ow s .  J. A n im .  S ci . , �: 804- 809 . 

M e ye r ,  U ,  ( 1 9 72 ) .  S ome r e s u l t s  o f  t he crossbreed in g  e x p e r im e n t  
be twee n  S immenta l a n d  R e d  H o ls te i n  c a t t l e . M i t t , S c hw e i z ,  
verb . K,B,S, A r b ,  K ,  B e sa m ,  lQ :  2 1 -2 3 ,  A .B.A . , 4 0 : N o ,  2 75 1 . 

M i lk Ma r k e t i n g  B oa rd ( 1 96 6 ) . T he C ha ro la i s  R eport ,  M i l k  Ma r k e t i n g  
B oa rd , , T hames  D i t ton , S urre y ,  4 7p p .  
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M i l ler , R . H . , Hoove n ,  N . W .  a n d  C r e e ga n ,  M , E .  ( 1 9 7 3 ) . U s e f u l n e s s  o f  
p e r i od i c  b o d y weights  t o  p red i c t  y i e ld , i n ta k e  a nd feed  
e ff i c i e ncy  o f  lacta t i n g  c ows . J, Da i ry S c i .  1 �: 1 5 4 0 - 1 5 4 4 ,  

Mi nya rd , J . A .  a n d  D i n k e l ,  
ca lve s  a s  a ffected  
J,  A n im ,  S c i . 1 �: 

C , A . ( 1 9 6 5 ) . Wea n i n g  w e i g h t  of  b e e f  
b y  a ge a nd s e x  o f  ca l f  a nd a ge o f  da m .  

1 0 6 7- 1 0 7 1 . 

r� oin . S , , Hume s , P . E .  a n d  S c h i l i n g ,  P . E .  
on  ca l f  b i r t h  a nd w ea n i n g  we i g ht . 
A b st r .  

( 1 9 7 5 ) . C ow w e i g h t  e ffects  
J.  A n i m .  S c i , , 4 0 : 1 74 

Moline u v o ,  H , A ,  ( 1 9 7 1 ) .  E ffe c t  o f  h e te r o s i s  on b i r t h  a n d  w e a n i n g  
w e i gh t s  i n  t h e  C ha r o la i s  x A b e r d e e n-A n g u s  c ros s . A n n ls .  
G en e t .  S e l .  a n im . , � :  7 5 - 84 . A , B,A , 1  3 9 : N o .  3 3 3 .  

Morr i s , S . T , ( 1 9 76 ) .  A s tudy  o f  s om e  fa c tors a ffe c t i n g  t he post
p a r t um o e s t r u s  interva l in  s uc k le d  A ngus  c ows . Ma s te r  of  
A gr i c u l t ura l S c ience  T h e s is,  Ma s s ey U n i v e r s i ty, 1 3 3 p p .  

f"l u n fo rd , R , E . , C a mpb e l l 1  I , L . , McDowa l l ,  F , H ,  a nd Da v e y 1  A . W . F .  ( 1 9 6 4 ) . 
T he e ffect  o f  res t r i c ted  gra z i n g  d ur i n g  a s i n g l e  d a y  upon  m i l k  
y i e l d , m i l k  c ompos i t i o n , a n d  b u t t e r fa t  c h a ra c t e r i s t i c s o f  
J e rs e y  c ow s . J, Da i r v  Re s .  1 ll_: 5 9-6 9 . 

N a t i ona l A ca d e m y  o f  S c i e n c e s , . N a t i o n a l  Resea r c h  C o u n c i l  ( U . S . ) ( 1 9 7 0 ) . 
N ut r i e n t  r e q u ireme n t s  o f  d om e s t i c  a n ima l s . 4 .  N ut r i e n t  
r e q u i reme n t s o f  b e e f  ca t t le . N a t i o n a l R e s ea rc h  C o un c i l  
P ub l i ca t i on 1 1 3 7 ,  W8 s h i n g t o n 1 D . C .  

N ee l ,  J . B .  ( 1 9 73 ) .  T he i n fl ue n c e  o f  i n i t i a l  c ow we i g h t  o n  progeny  
p e rforma n c e  a nd TDN  e ff i c i e n cy i n  prod u c t i on of  s la u g h t e r  
ca t t l e ,  D i s s .  A bstr . 2i ( 3 ) : 9 3 7B -9 3 8B .  

N e e l ,  J , B , , A nd e r s o n , J , M , , H o bb s , C , S . ,  O d om 1  J , A .  a n d  C or r i c k ,  J , A ,  
( 1 9 72 ) .  E f fe ct  o f  w i n t e r  feed i n g  on  b e e f  cow p e r forma n ce , 
J, A n im , S c i .  1 34 : 3 4 5  A b s t r .  

N e v i l l e , W , E ,  ( 1 9 6 2 ) ,  I n fl ue n c e  o f  da m ' s  m i lk prod u c t i o n  a n d  o t h e r  
fa c tors on  1 2 0- and  2 4 0-da y  we i gh t  o f  Here ford ca lves . 
J, A n im . S c i . , 2 1 : 3 1 5 - 3 2 0 .  

N e v i l le , W . E . , B a i rd ,  D , M . , McCampb e l l ,  H .  C .  a n d  S e l l ,  O . E .  ( 1 9 6 2 ) . 
I n f l u e n ce o f  da m ' s  m i l k  prod uct ion a nd o t her fa c t o rs on  post
wea n in g  p e r forma n c e  a nd carcass  chara c t e r i s t i c s  o f  H e r e ford 
ca t tle . J, A n im . S c i , , 2 1 : 9 4 3-949 . 

Nevi l l e , W . E , , B a i rd , D . M .  a nd S e l l ,  O , E , ( 1 9 6 0 ) . I n fl u e nc e  o f  s i r e , 
d a m ' s  m i l k  produc t i o n , t h r e e  levels  o f  n u t r i t i o n  a nd o t h er 
fa c tors on  1 2 0 ,  a n d  2 4 0  d a y  w e i gh t s  o f  H ere ford ca lve s .  
J, A n im .  S c i  . .  .!.2.: 1 2 2 3  A bs t r .  

N ic ol l ,  G , B , { 1 9 7 5 ) . A s t ud y  o f  a d j ustment  fa ctors  for t he wea n i n g  
we i ghts  o f  Hereford a nd A n g us c a lves . Ma s te r  o f  Agr i c u ltura l 
S c i en c e  T he s i s, Mas s ey U n ivers i ty. 1 2 1 p p ,  

0 m a r , M , A • { 1 9 7  4 ) • 
A n gus  dams . 
S t il lwa t e r .  

E s t i ma t e  o f  d a i l y  m i l k  y ie ld i n  H e r e ford  a n d  
Ma s te r  o f  S c i e n c e  Thes is,  O k la . S t a t e  U n i v ,  
c i t e d  by B o s t on e t  a 1. { 1 9 7 5 ) . 
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O ' Ma ry ,  C , C ,  a nd C oonra d , D . J .  ( 1 9 7 2 ) .  
d i ff i c u l t y .  J ,  A n im .  S c i . , ]2 :  

E ffe c t  o f  s i r e  on  ca lvin g 
1 0 89  A bs t r ,  

0 1 M a r y 1 [ , [ • a n d H i 1 1  e r s , J • K , ( 1 9 7 6 ) . F a  c tors a f f e c t i n g t i me 
inte rva l s  i n  pa r t u r i t i on in b e e f  c a t t l e . J, A n im .  S c i , 1 
4 2 : 1 1 1 8- 1 1 2 3 .  

O x e n r e i d e r , S , L . a nd \4a gn e r 1  V.J . C . ( 1 9 7 1 ) . E f fe c t  o f  l a c ta tion  a nd 
e n ergy  i n t a k e  on pos t p a r t um ova r i a n  a c t iv i t y  i n  t he cow . 
J .  A n im .  S c i . , 3 3 : 1 02 6 - 1 0 3 1 .  

P ahn i s h ,  0 .  F .  ( 1 9 5 8 ) . Some g e n e t i c  a r>d envir onmen ta l fa c t ors 
i n fl uenc i n g  t h e  wea n i n g  w e i g h t s  of sout hw e s t e r n  r a n ge c a t t l e . 
D is s . A bs t r .  1 ..!.1.= 6 4 88 .  

P a hn is h ,  O . F . , 
( 1 9 6 9 ) . 

B r i n k s ,  J , S . , Ur i c k , J . J . , Kna p p , B . W .  a nd R i l e y 1  T . M . 

breed s : 
2 9 1 -299 . 

R esults  from c r oss i n g  b e e f  x b e e f  a nd b e e f  x d a i r y  
C a l f  p e r forma nce  t o  wea n i n g .  J ,  A n i m .  S ci . ,  � :  

Pa hn i s h ,  O . F . , R oberson , R . L . , T a y lor , R . L . , B r i n k s , J . S . , [ la r k ,  R , T . 
a nd Roub i ce k , C , B . ( 1 9 6 4 ) , G en e t i c  a n a lyses  o f  e c onom i c  t ra i ts 
mea s ured  i n  r a n ge-ra i sed H e refords a t  p rewea n i n g  a n d  wea n i n g  
a ge s .  J.  A n i m . S c i . ,  Q: 56 2 - 5 6 8 . 

P a r k e r , E , E , , Wa ldr j p , \.J . J . a n d  M a r i on , P . T .  ( 1 9 6 6 ) .  E f fects  o f  
gra z in g  ra tes  a nd l e v e l s  o f  w i n t e r  s u p p leme n t s  on  cow-ca l f  
performa n ce . J, .1\ n i m .  S c i . , .?_2 :  5 9 9  A b s t r . 

P a t c he l l ,  M ,  R .  ( 1 9 5 7 ) . 
o n  t h e  y i e ld and  
3 8A :  6 82 -6 8 8 . 

T he i n f l u e n c e  of  undernutri t ion o f  d a i ry c ows  
c ompos i t ion  of mi l k .  N.Z. J ,  S c i . a nd T e c h . , 

P e t t y ,  R . R .  a n d  C a r twr i gh t , T . C .  ( 1 9 6 6 ) .  A s umma ry o f  ge n e t i c  and  
e n v ironmenta l s ta t i s t i c s for  g row t h  a nd c on forma t ion  tra i t s  
o f  yo u n g  be e f  ca t t le . T e x a s  Agr . E xp. S t n .  D ept . A n i m .  Sc i .  
Te c h .  R ep. 5 .  

P h i l ipsson , J .  ( 1 9 7 6a ) .  S t ud ie s  on ca lving  d i ff i c u l ty , s ti llbirth  a n d  
a s s oc i a te d  fa ctors i n  Swe d i s h  c a t t l e  breed s . I .  G e n e ra l  
i n trod u c t ion and  b reed  a v e ra ges . A c ta Agr i c u lt ur a e  S c a n d i n a v i ca , 
2 6 : 1 5 1 - 1 6 4 .  

P h il ip s s o n , J .  ( 1 9 76 b ) . S t u d i e s  on ca lving  d i ff i c u l t y ,  s t i l l birth  a n d  
a s so c ia ted  factors  i n  Swe d is h  c a t t le breed s . I I .  E ffects  o f  
non-g en e t i c  fa c t or s . A c t a  Agr i c ul t ura e Sca n d i n a v ica . 2 6 : 
1 6 5 - 1 74 . 

P h i li p s s on 1 J ,  ( 1 9 76 c ) . S tud i e s  on ca lv in g  d i f fi c u l t y ,  s t i l lbirth  a n d  
a s socia ted fa ctors  i n  Swe d is h  c a t tle  breed s .  I l l .  G en e t ic 
pa rame t e rs . A cta Agr i c u lturae  Scand inavi ca , ££ :  2 1 1 -2 2 0 ,  

P hi li p s s on 1 J ,  ( 1 9 7 6d ) . S t ud ie s  o n  ca lvi n g  d i ffic u lt y ,  s t i l lb i r t h  a n d  
a ssocia ted  fa ctors  i n  Swe d i s h  ca t t l e  breed s .  I V .  R e la t io n s h i p s  
between  ca lvi n g  p e r forma nc e , preca lv i n g  body  
s i ze o f  pelvic  ope n i n g  i n  F ri e s i a n  h e i fers . 
S c a nd i navica , �: 2 2 1 -2 2 9 .  

mea s ureme nt s  a nd 
A ct a  Agr ic u l t u ra e  
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P h i l i p s s o n , J .  ( 1 9 76 e ) .  S t u d i e s  o n  c a lv ing  d i ff i c u lt y ,  s t i l lb i r t h  
a n d  a s s o c i a te d  f a c tors  in  Swed i s h  c a t t l e  b r e ed s , V .  E ff e c t s  
o f  c a l v i n g  p e r f o rma n c e  a n d  s t i l l b i r t h  i n  Swed i s h  F r e i s i a n  
h e i fers  on  prod uc t i v i t y  i n  t h e  sub s e q u e n t  l a c ta t i o n . 
A c ta Agr i c u l t u ra e S ca nd i n a v ica , 2 6 : 2 3 0 -2 3 4 .  

P in n e y ,  D . , Pop e , S . L . , C o t t h e m ,  C . V . a nd 
E ff e c t  o f  w i n t e r  p la ne o f  n u t r i t i on 
t h re e - a nd four-yea r-old  b e e f  cow s .  
Puh l .  6 7 . 

Urba n ,  
on the  

O k la .  

K .  ( 1 9 6 2 ) . 
pe r forma nce  o f  
Agr . E x p .  S t n .  

P in n e y ,  D . D . , S te p h e ns , D . F .  a nd P op e , L . S .  ( 1 9 72 ) .  L i fe t ime e ff e c t s  
o f  w in t e r  sup p leme n t a l  f e e d  level  a n d  a g e a t  f i r s t  p a r t u r i t i o n  
o n  ran ge b e e f  c ows . J • A n i m . S c i . , � :  1 0 6 7 - 1  0 7 4 . 

P la s s e ,  D . , K o ge r ,  M ,  a n d  V e rd e , D . G .  ( 1 96 8 ) . E s t ima t i on o f  g e n e t i c  
p a r a me t e r s  f o r  pren a t a l  a n d  p os t n a ta l grow t h  i n  t he S a n ta 
G e r t r ud i s .  Mems . A s s o c . l a t -am . P rod . A n im . , 3 :  1 03 - 1 1 4 , 
c i t ed by W i l l i s  a nd Wi l s on ( 1 9 74 ) . 

P l e a sa n t s , A . B .  ( 1 9 74 ) . T h e  w i n t e r i ng  a nd c a lv i n g  o f  A n g us b e e f  
c ow s  on  a sawd u s t  pa d .  Ma s t e r  of  Agr i c u l t u ra l Sc i e n c e  T h e s i s , 
l\1a s s ey U n i ve rs i ty .  1 6 9 p p . 

P op e , L . S .  ( 1 9 6 7 ) . W i n t e r  f e ed i n g  a nd r ep rod uc t i on i n  cows . p p . 3 2 -4 3 . 
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Powe l l , T . L . ( 1 9 72 ) .  I n t e ns i f ica t i on  o f  t h e  s p r i ng-ca l v i n g  s i n g l e -
s uc k l e r  herd . .L\ n im .  P r od . , �:  77- 8 4 . 
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wea n i n g  w e i g h t s  i n  a r a n g e  b e e f  herd  op e ra ted u n d e r  o p t imum 
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a f fe c t i n g  b i r t h  w e i ghts  o f  Ha r ia n a  c a lv e s . I nd i a n  v e t , J . , 
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S o ka l ,  R . R ,  a nd R o h l f ,  F , J . ( 1 9 6 9 ) .  B i omet ry. Pub l .  W . H .  Fre ema n 
a n d  C ompa n y ,  S a n  F ra n c i s c o , 7 7 6  p p .  

S r i n iv a s a n ,  G ,  a nd Ma r t i n , T , G .  ( 1 9 70 ) .  
pr e-we a n in g  p e r forma n ce o f  ca l ve s ,  
A b s t r .  

E n v i ronme n t a l  e ffec t s  on  
J. A n im .  S c i , , l.l_: 1 6 8 

S t ubb s ,  T . H .  a nd B r e tt , D , J .  ( 1 9 76 ) .  S hort  t e rm e ffe c t s  o f  l ev e l  o f  
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Y e a r  1 9 7 5  - 1 9 76 

M o n t h  
a n d  Y e a r  

Ma y 

J un e  

J u ly 

1 9 75 

1 9 75  

1 9 75  

A ug u s t  1 9 7 5  

S e ptember  1 9 7 5  
O c t o b e r  1 9 7 5  

N ovemb e r  1 9 7 5  

D ecemb e r  1 9 7 5  

Ja n ua r y  1 9 76 

February  1 9 76  

March  1 9 76 

A PPE N D I X  1 

C l i ma tologica l D a t a  

l'-1 e a n  A i r 0 
Tem_Q. C 

1 2 . 3  

8 . 2 

7 .  7 

9 .  7 

1 D .  7 
1 3 . 2  

1 3 .  0 

1 5 .  0 

1 7 . 2 

1 4 . 5 

1 6 .  3 

Tot a l  Ra i n
fa l l  ( mm ) 

1 3 0 ( 6 3 )  

6 7 ( 1 72 ) 

1 2 8 ( 1 3 9 )  

1 6 1  ( 1 6 1  ) 

5 6  ( 6 5 )  
8 3  ( 1 0 7 )  

5 4  ( 1 1  0 )  

1 02  ( 1 1  4 )  

9 0  ( 1 1 6 )  

6 0  ( 1 00 )  

8 5  ( 6 5 )  

N ew Z e a la nd G a z e t t e  
Mon t h l y  M a y  1 9 7 5  - Ma r c h  1 9 76  

Total  S un 
s h i n e  ( h r s ) 

7 8  

1 2 5 

1 1 8  

9 6  

1 3 0 
1 9 7 

1 76 

1 8 9  

1 3 9  

1 6 8 

C omme n t s  

Wa rm mon t h ,  ma rked  b y  a 
h i g h  fre q ue n c y  o f  west
erly  win d .  R a i n  welc ome . 
Winds  S o ut h-ea s t e r l y ;  
frosts  ma d e  mon t h  cold
e s t  since  A u g us t ,  1 9 74 . 
P a s t ure grow t h  reduced . 
Ra i n fa l l  2 5  p e r c e n t  
d ow n .  
H i g h  frequency  o f  winds  
Wes t  t o  S o u t h-we s t .  Two 
cold s p e l l s , one 1n 
t hird  w e e k  b r i n g i n g  snow 
t o  low l e ve l s . C o l d  est  
days  o f  w i n t e r  t o  date  -
2 1  a n d  2 3 .  F i na l w e e k  
very  w a r m .  
Wet . G a le force  w inds  
early  pa r t  of  mont h .  
Compa ra t iv e l y  d r y  mon t h .  
Favoura ble  mon t h  for 
pa s t u re g row t h . 
Cool . U s u a l  w e s t e rly  
wea ther  a bs e n t . 
Unusua l l y  h i g h  fre q ue n c y  
o f  w i n try  s o u t he r l y  
c ond i t ion s .  2 0  - 2 3 ,  
cold  a nd w i n t r y ,  s now t o  
l ow levels . 
Cool . D ry f i r s t  3 weeks , 
G us t y  wes t e r l i e s . 

C loudy  a n d  u n u s ua l ly w e t . 
P a s t ure  grow t h  a bove 
n o rma l .  
[oldest  F e b r u a r y  for 3 9  
yea rs . G a l e  force  
S o u t h-eas t er l y  winds ; 
d r y  a nd cold . 
Warm .  Ra i n fa l l  i n  
Mana w a t u  we l l  a bove 
n a t i o na l  a v e ra g e .  

N o t e : Total  ra i n fa l l  figures  rep r e s e n t  p r e c i p i ta t ion a t  M a s s e y  U n i v e r s i t y ,  
6 1  met r e s  a bove sea leve l .  N umbe r s  i n  paren t h e s e s  r e p r e s e n t  r a in
fa ll  a t  B a l la n t rae  N o .  1 s t a t ion  on  t he Sout h e rn R u a h i n e  ra n g e , 
3 4 7  met r e s  a bove  sea leve l .  
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