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A B S T R ACT 

T he p res e n t s t u d y w a s  unde r t a k en t o  de f in e t he type o r  

t y pes o f  d w a r f ism o c cu r r i n g  i n  t h e H e re f o rd b reed o f  catt l e  

i n  N e w  Ze a l a nd a s  a b a sis to  f u rt h e r  wor k  on  t he b i o c hem i c al 

a no m a l ies i n v o l v ed . 

T he m a t i n g  o f  13 c o w s  t h a t  h a d  p r e v iou s l y  g i ve n b i r t h  

t o  d w a r f  c a l ves w i t h  a b u l l  t h a t  h a d  a l l e g e d l y  s i r e d  d w a r f  

c a l ves re s u l t ed i n  b o t h dw a r f  and p he n o t y p i c a l l y  n ormal cal v es 

i n  p r o p o r t i ons c o m p a t i b l e  w i t h  a n  a u t o s o m a l  reces s i ve t yp e  o f  

i n h e r i t a nce . D wa r f  f oe t u ses  p r o d u ce d  f r o m  d w a r f  w i t h  dw3 r f  

ma t i n g s were s i m i l ar t o  a f o e t u s  o f  c a r r ie r w i t h  c a r r i e r  

m a t i ng . T h i s  o b s e r v a t i o n hel p ed co n f i r m t h a t  t h e m o d e o f  

i nhe r i t a n ce was  a u t o s o m a l  reces s i ve. 

S e l ec t e d  m o rph o l o g i c al mea sureme n t s o f  45 d w a r f s  o f  

v a r i o u s  age s , a n d  f i ve d wa r f  foet u s es were c o m p ared w i t h  t h o s e 

o f  p h en o t y p i ca l l y  n o r m a l  ca t t l e  a nd w i t h  p u b l i s h e d  m e a s u r e m e n t s  

o f  d w a r fs a n d n o rm a l  c a t t l e  f r o m  N o r t h A me r ica .  I t  w a s  

c o n c l u d e d  t h at  t h e  m e a s u re m e n t s  we r e  c o m p a t i b l e  w i t h  t h o s e  

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

in N e w  Ze a la n d  w a s  s i mil a r  t o  t h e  m o s t  c om m o n  f orm o f  

br a c h y c e p h a l i c  d w a r f  d e s cr i b e d  i n  t h e  H e r e f o r d  b r e e d  i n  

N o r t h  A m e ric a .  T h i s  w a s  i n  a c c o r d  w i t h  e x p e c t a t i o n s  i n a s m u c h  

a s  a v a i la b l e  e v i d e n c e  i n d i c a t e s  t h a t  d w ar f i s m  w a s  i m p o r t e d  

i n t o  N e w  Ze al a n d  v i a f o u r  b u l l s  wh o we r e  fro m  d w a r f  c a rry i n g  

f am i l i e s . 

H i s t o l o g i c a l  e x a m i n a t i o n  o f  b o n e  g ro w t h  p l a t e s  o f  29 

dw arf a n i m al s  o f  v ar i o u s  a g e s  � p  t o  m a t u r i t y  a n d  fr o m  f i v e  

dwarf f o e t u s e s  s h o w e d  t h a t  c o l um n s  o f  pro l i fe r a t i n g  c e l l s  



t e n d e d  to b e  s hor t e r  a n d  more i r re g u l a r th a n  t ho s e  o f  norm a l  

a nimal s a n d  t h a t t h e r e w a s  a r e d u c e d  n umb e r  o f  h y p e rt rop h i e d  

c e l l s . E l e c t ron m i c ro s co p y  s howe d  normal a p p e a r i n g  ma t r i x  

a n d  chon d rocy t e s , e x c e p t  for mor e  app a re n t  d i l a t io n s  o f  

e n do p l a s m i c  r e t i c u l um i n  t h e  l a t t e r .  

t i s s u e s  w a s  norma l . 

T h e  h i s tolo g y  o f  o t h e r  

U r i n a r y  m u copol y s a c ch a r i d e s  o f  t h r e e  d w a r f  a n im a l s  a n d  

t h r e e  m a t c h e d  co n t rols we r e  s imi l a r . T h i s  a n d t h e  e s s e n t i a l ly 

norm a l  h i s tolo g y  l e d  to t h e co n c l usion t h a t  t h i s form o f  

d w a r f i sm w a s  not a mu copol y s acc h ar i do s i s . 
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enco u r a gemen t  o f  a n u mbe r  o f  peo p le .  It w a s  c a r r ied o u t  

wi t h i n  t he Dep a r tmen t  o f  P a t h o l o g y  a n d  P u b lic H ea l t h  a t  M a s sey 
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t o  t h a nk m y  s u pe r v i s o r s , M r . R.S. Wy b u rn, a n d  Pro fes s o r  
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Veter i n a r y  P a t h o l o g y  a n d  P u b l i c  Hea l t h , a n d  M r . D .  H o p c r o f t  

o f  t h e  elec t r o n  m i c r o s c o pe u n i t  o f  t he Dep a r tme n t  o f  S c ien t i f i c  
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s c o p y  sec t i o n s . T he i r  hel p lS m o s t a p p rec i a te d . 
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F igure 

3 . 0 

LIST OF FIGURES 

�i a gram o f  a dwarf m e t a c arp u s  s how i n g  t h e  

m e a s urem e n t s  o f  tot a l l e n g t h (TL), d i a p h y s e a l  

l en g t h  ( DL ) a n d  d i a p h y s e a l d i a me ter ( D D ) . 5 5  

3 . 1  An e i g h t e e n  month ol d d warf s t e e r  s howi n g  

t h e  t y p ica l.s hort h e a d , d is h e d  f a c e , b u l g i n g  

fore h e a d , pot b e l l y , a n d  s hort l e g s . 

3 . 2  H e a d  l e n g th t o  h e a d width  r a t i o  v a l u e s  for 

30 dwarf , 1 4  c a r r i e r , a n d  4 8  n o rm a l  

5 8  

a n im a l s . 6 3  

3 . 3  M e t a c arp a l  r a t io v a l u e  to t a l  l e n g t h  to 

d i aph y s e a l  d i am e t er i n  3 1  d w arf , 3 c arr i e r , 

a n d  4 4  norm a l  anim a l s .  

3 . 4  M e t a c ar p a l  r at io v a l u e d i a p h y s e a l  l e n g t h  

to d i a p h y s e a l d i ame t e r  i n  30 d warf , 3 

c arri er , a n d  7 norm a l  a n i m a l s . 

3 . 5  Me t a c ar p a l  r a tio v a l u e  t o t a l l e n g t h  t o  

d i a p h y s e a l  l e n g t h  i n  3 1  d w a rf , 3 c a rr i e r ,  

a n d  1 2  n o r m a l  a n i m a l s . 
3 . 6  D i a g r am o f  a m i d l i n e  s a g i t al s e c t i o n  o f  t h e  

b a s e  o f  t h e s k u l l  i n  ( a )  d w a r f  a n d  ( b )  n orm a l  

a n im a l s  c om p a r i n g  t h e  m e a s u r e m e n t  o f  l e n g t h .  

H e a d p r o f i l e s  t a k e n  w i t h  a p r o f i l o m e t e r , 

s h owi n g  t h e  v a r i at i o n  b e t w e e n  no r m a l ,  

c qr r i e r  a n d  d w a r f  p ro f il e s . 

6 7  

6 8  

6 8  

7 2  

7 4  



F iq u r e 

3 .  8 L a t e r al r a d i o g r a p h  f r o m  a 6 mo n t h  o l d  d w a r f  

c al f , s h o w i n g  c o n c a v i t y  i n  d or s a l  b o dy 

p r o f i l e , l i p p i n g  o f  e p i p h y s e s ,  i r re g u l a r i t y 

a n d  f l a t t e n i n g  o f  v e n t ru l  v e r t e b r a l  b o d y 

p r o f i l e . 

3 .9 L a t e r al  r a d i o g r a p h  o f  t h e  l um b a r  s p in e  f r o m  

3 . 1  0 

3 • 1 1 

3 .  1 2 

3 .  1 3 

a n o r m a l  a d u l t  c a t t l e  b e as t . 

D o r s o-vE n t r a l  ra d i o g r a p h  o f  l u mb a r  s p i n e  

f r o m  a d w a r f  c a t t l e  b e a s t ,  s h o w i n g  s h o r t e n 

i n g  o f  t h e  t r a n s v e r s e  p r o c e s s e s  an d f o r w a r d  

hoo k i n g o f  t h e  e n d s  o f  t h e  p ro c e s s e s .  

D o rs o -v e n t r a l r a d i o g r a p h  o f  l u m b a r  s p i n e  

f r o m  a n o rm a l  c a t t l e  b e a s t . 

L a t e r a l  r a d i o g ra p h  o f  t h e  l u m b ar s p i n e  f ro m  

a n  a d u l t  d w a r f  c o w ,  s h o w i n g  t h e  f e a t u r e s  

s e e n  i n  F i g ur e  3 . 8 , b u t  w i t h  l e s s  p r o n o u n ce d  

i rr e g u lar i t y  o f  t h e  v e n t r a l  v e rt e b r a l b o d y 

s u r f a c e . 

L a t e r a l  r a d i o g r a p h s  o f  l um b a r  v e r t e b r a e  

f r o m  ( a )  d w a r f , ( b )  s u s p e c t e d  c a r r i e.r , a n d  

( c )  n o rm a l  an i m a l. 

4 . 1  E p i p h y s e a l  p l a t e  f r o m  t h e  d i s t a l r a d i u s  o f  

a n  1 8  m o n t h  o l d  n o rm a l  c o n t r o l  anim a l . 

N o t e  t h e  l o n g  r e g u l a r c o l u m n s  o f  c h on d r o -

7 5  

7 5  

7 6  

7 6  

7 7  

7 9  

c y t e s . 9 8  



Fiy u re 

4 . 2  E p i phy s e al p l a t e  f r o m  t he d i s t al m e t a c a r p u s  

o f  ( a )  n i n e  m o n t h  o l d  d w a r f , a n d ( b )  e i g ht 

m o n t h  o l d n o r m a l  c o n t r o l  a n i m a l . T h e  

l e n g t h  o f  c o l u m n s  i s  s h o r t e r  i n  t h e  d w a r f  

a n i m a l. 

4 . 3  E p i p h y s ea l  p l a t e  f r o m  t h e  d i s t al m e t a c a r p u s  

o f  ( a )  d w a r f , a n d  ( b )  n o r m a l  c o n t r o l  f o e t u s  

a t  e s t i m a t e d  1 8 D d a y s  g e s t a t i o n . C a p i l l a r y  

i n g r o w t h  i s  n o t  s o  r e g u l a r  i n  t h e  d wa rf 

f o e t al c a rt i l a g e ; t h e r e  a r e  f e w e r  h y p e r

t r o ph i e d  c e l l s  pe r c o l um n , a n d  t h e  ce l l s  

a p p e a r  s m a l l e r  t h a n  i n  t h e  n o rmal  f o e t al 

c a rt i l a g e . 

4 . 4  E p i p h y s e a l  p l a t e  f rom t he d i s t al me t a c a r p u s 

o f  ( a )  1 8  m o n t h  o l d  n o rm a l  c o n t r o l  an i m a l  

c o m p a re d  wi t h  t h a t  f r o m  ( b )  2 y e a r  o l d  

n o rm a l  c o n t r o l  a n im a l . T h e  h y p e rt r o p h i e d  

c e l l s  a r e  f e w e r  p e r  c o l u m n  i n  t h e  o l d e r  

a n i m al  a n d  t h e  r e g u l a r i t y  o f  t h e  c o l um n s  

h a s  b e e n  l o s t . 

4 . 5  E p i p h y s e a l p l a t e  f r om t h e  d i s t al m e t a c a rp u s 

o f  ( 1 ) 1 8  mo n t h  o l d  d w a r f  c om p ar e d w i t h  

t h a t  f r o m  ( b )  2 y e a r  o l d  d wa r f . No t e  t h e  

i rr e g u l a ri t y  i n  b o t h  s e c t i on s , wit h f e w e r  

1 D D  

1 0 1  

1 D 3  

h yp e rt r o p h i e d  c e l l s  in t he o l d e r  a n im a l . 1 D4 
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fjg u r e  

4 . 6  Ili a c  c r e s t  f r om ( a )  ni n e  m o n t h  o l d  d w a r f  

c om p a r e d wi t h  th a t  f r om ( b )  e i g h t  m o n t h  o l d  

cont r o l  a n ima l , sho wi n g  t h e  r e d u c e d  n u m b e r  

o f  h yp e r t ro p h i e d  c e l l s  i n  t h e  c a r t i l a g e  

f r o m  t h e  dwa r f  a n i m a l . 

4 . 7  S p h e n o -o c c i p i t a l  s y n c h o n dro s i s f r o m  ( a )  

d w a rf f o e t u s  c om p ar e d  w i t h  t h a t  f r o m  

4 . 8 

( b ) n o rm a l  co n t r o l  f o e t u s , a t  e s t i m a t e d  1 8 0 

d ay s  g e s t a t i o n . T h e  dw a r f  s y n c h o n d r o s i s  

s h o ws f e w e r  p ro l i f e r a t i n g  c e l l s  a t  t h e  b a s e  

o f  t h e  c o l u m n s , l e s s  r e g u l a r  a rra n gum e n t  o f  

c o l um n s ,  a n d  f e w e r  h y p e rt r o p h i e d  c e l l s . 

C h o n d r o c yte s from  ( a )  d w a r f  c a r t i l a g e , a n d  

( b )  n orm a l  c art�la g e , s h o w i n g  t h e  i n cre a s e d  

m e t a c h r o m a t i c s t a i n i n g  s u b s t a n c e w i t h i n  

d w a r f  c h o n d r o c y t e s . 

4 . 9  P ro l i f e r a t i n g  z o n e  o f  e p i p h y s e al p l ate fr o m  

4. 1 0 

4 • 1 1  

d w a r f  c a rt i l a g e  s h o w i n g  m e t a c h r o m a t ic 

s t a i n i n g  a r o u n d  s om e  c h o n d r o c y t e s . 

Re s t i n g  c h o n dro c y t e  i n  c a r t i l a g e  fro m  a n  

1 8  m o nt h o l d  d w arf a n i m al ,  s ho w i n g  s c all o p e d  

o u tl i n e , l arg e n u c l e u s , v e s i c le s  a n d  

l am e l l a e  o f  g o l g i  c om pl e x , a n d  t h e  e n d o 

p l a s m i c  re t i c u l u m . G l yc o g e n  ( G ) h as b e e n  

l e ac h e d  o u t d uri n g  pro c e s s i n g . 

D e t a i l  o f  c h o n dro c y t e  from d warf c art i l a g e  

s h ow i n g  v e s i c l e s  a n d  l am e l l a e o f  t h e  g o l g i  

c om p l e x . 
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F ig u r e  

4 .  1 2 

4 .  1 3 

4. 1 4 

4 .  1 5 

4 .  1 7 

C ho n d ro c yte  f rom a n  1 8  mo n t h  o l d  d wa r f . 

( a )  Not e  n u m e ro u s  f i b r i l s  i n  c e l l . 

( b )  D e t a i l  of  f i b ri l s . 

C ho n d roc y t e  f rom foe t a l  d w a r f c a r t i l age 

s how i n g  ess e nt i a l l y  norm a l  u l t r a s t r u c t u r a l  

f e a t u re s . 

C ho n d ro c y t e  f rom a 1 0  mon t h  o l d  d w a r f  

a n im a l  s how i n g  d il at a t io n  of  t h e  e n do 

p l a s m i c  re t ic u l um . 

C hon d ro c y t e s f rom dwa r f  foe t a l c a r t i l ag e 

s how i n g  d i l a t e d  e n do p l a s m i c  re t i c u l um . 

M at r i x  o f  c a r t i l a g e  f i x e d  i n  K a r novsky ' s  

f i x a t i ve . ( a )  nor m a l  a n i ma l  ( b )  d w a r f  

a n im a l . 

M a t r i x  of car t i l a g e , f i x e d i n  K a rnovsk y ' s  

f i x a t i ve b u t  i n c l u d i n g  t o l u i d i n e  b l u e  i n  

t h e  f i x i n g  p roc e s s .  No t e  e l e c t ron d e n s e  

n e t wo rk e x t e n d i n g  f rom t h e  e n d  of t h e  

c ho n d roc yt e .  N o  col l a g e n  f i b r e s  a r e  

v i s i b l e . ( a )  norm a l  a n i m a l  ( b )  d w a r f  

a n im a l . 

5 . 1  P ro f i l e s  o f  m u copo l y s a c c h a r i d e s  e x c r e t e d  

i n  t h e  u r i n e  of 3 nor m a l  and 3 dwa r f  

c a t t l e . 

. 1 1 6 

1 1 7 

1 1  8 

1 1  9 

1 2 0  

1 2 2 

1 37 


