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A b s t r a c t  

T h i s  s t u d y  is c o n c e r n e d  w i t h  t h e  e s t i m a t i o n  o f  a d e e r ' s  

a b s o l u t e  a g e ,  s e x ,  u e i g h t  a n d  s e a s o n  o f  d e a t h  f rom a s i n g l e  ana-  

t o m i c a l  e l e m e n t .  T h e  v a l u e  o f  t h e s e  p o p u l a t i o n  p a r a a e t e r s  i n  

z o o a r c h a e o l o g i c a l  r e s e a r c h  i s  d i s c u s s e d  a n d  former rse thods  f o r  

t h e i r  d e r i v a t i o n  a r e  r e v i e w e d .  The  r e s u l t s  of ari o s t e o n a e t r i c  

a n d  h i s t o l o g i c a l  a n a l y s i s  of t h e  m a n d i b l e  i n  a modern s a m p l e  of 

m a t u r e  Rocky H o u n t a i n  m u l e  d e e r  f rom t h e  C a c h e  l a  P o u d r e  r e s e r v e ,  

Colorado a r e  t h e n  p r e s e n t e d  a n d  d i s c u s s e d ,  Prom t h i s  a n a l y s i s ,  

more a c c u r a t e  a p p r o a c h e s  t o  t h e  assessnent of  a d e e r ' s  age, s e x ,  

w e i g h t  a n d  season o f  d e a t h  are  d e r i v e d .  

By means  o f  s i m p l e  r e g r e s s i o n  a n a l y s i s ,  s r g n i f  i c a n t  c o r r e -  

l a t i o n s  are  shown t o  e x i s t  b e t w e e n  v a r i o u s  d i m e n s i o n s  o f  t h e  

m a n d i b l e  a n d  t h e  b l e d  carcass u e i g h t  o f  mule  d e e r ,  The  s t r e n g t h  

of t h e s e  a s s o c i a t i o n s  i n c r e a s e s  s u b s t a n t i a l l y  when s e a s o n a l  f luc- 

t u a t i o n s  i n  w e i g h t  a r e  i n c o r p o r a t e d  i n  t h e  a n a l y s i s .  S i g n i f i c a n t  

c o r r e l a t i o n s  a r e  a l s o  shown t o  e x i s t  b e t w e e n  m a n d i b u l a r  measure-  

m e n t s  a n d  t h e  s k i n n e d  a n d  e v i s c e r a t e d  carcass weights o f  m a t u r e  

mule  d e e r ,  T h e  r e s u l t a n t  r e g r e s s i o n  e q u a t i o n s  are  v a l u a b l e  

p r e d i c t i v e  t o o l s  i n  t h e  e s t i m a t i o n  o f  meat w e i g h t s  f o r  p r e h i s -  

t o r i c  mule d e e r .  

From t h e  m a n d i b u l a r  measurements ,  l i n e a r  d i s c r i m i n a a  t 

f u n c t i o n s  a re  a l s o  d e r i v e d  t o  s e g r e g a t e  t h e  s e x  o f  m a t u r e  d e e r .  
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The r e s u l t a n t  l i n e a r  f u n c t i o n s  i d e n t i f y  a n d  c l a s s i f y  t h e  s e x  o f  

a n  unknown w i t h  a n  a c c u r a c y  of 88 p e r c e n t  o r  uiore. The a c c u r a c y  

of t h e  f u n c t i o n s  i n  t h e  a n a l y s i s  of p r e h i s t o r i c  f a u n a ,  however ,  

r e q u i r e s  f u r t h e r  t e s t i c g -  

D e c a l c i f i e d  and  s t a i n e d  l o n g i t u d i n a l  t h i n  s e c t i o n s  o f  t h e  

f irst  m a n d i b u l a r  m o l a r s  are shown t o  b e  t h e  mas? r e l i a b l e  f o r  

e s t a b l i s h i n g  t h e  a b s o l u t e  a g e  o f  p r e h i s t o r i c  f a u n a ,  I n  the 

p r e s e n t  s t u d y ,  n i n e t y - o n e  d e e r  were a g e d  i n d e p e n d e n t l y  f r c m  

i n c r e m e n t a l  g r o w t h  1ir;es o f  the c e n t r a l  i n c i s o r  a n d  t h e  f i rst  

m a n d i b u l a r  m o l a r .  T h e r e  is p e r f e c t  a g r e e m e n t  b e t w e e n  the a g e  

e s t i a a t e s  f o r  80 of t h e  d e e r ,  F o r  t h e  r e n t a i n i n g  1 1  s p e c i m e a s ,  

t h e  d i s a g r e e m e n t s  i n  t h e  a g e  estimates 4 0  n o t  e x c e e d  p l u s  or 

minus  o n e  y e a r ,  P o s s i b l e  e x p l a n a 2 i o n s  f o r  t h e s e  d i s c r e p a n c i e s  

a re  p r e s e n t e d .  

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

t h i n  s e c t i o n s ,  are a l s o  shown t o  be r e l i a b l e  f o r  i n f e r e n c e s  on a 

d e e r ' s  s e a s o n  o f  d e a t h ,  T h i s  s t u d y  p r e s e n t s  a m e t h o d o l o g y  f o r  

t h e  d e r i v a t i o n  o f  a  r a t i o  o f  o u t e r  i n c r e m e n t  w i d t h  o v e r  e x p e c t e d  

i n c r e a e n t  w i d t h ,  A s  shown, t h i s  r a t i o  i n c r e a s e s  l i n e a r l y  f rom 

Uarch  u n t i l  t h e  end  of December, T h e r e a f t e r ,  t h e r e  is  n o  demon- 

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

Harch, The r e s u l t a n t  a n n u a l  g r o w t h  c u r v e  f o r  t h e  cementum de- 

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

o f  a  month of d e a t h  f o r  m a t u r e  mule  d e e r ,  G r e a t e r  p r e c i s i o n  i n  

t h e  s e a s o n a l i t y  e s t i l s a t e s ,  however ,  r e q u i r e s  f u r t h e r  r e s e a r c h -  
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1. I r t r o d u c t i o n  

As K i p l i n g  i a p l i e s ,  s c i e n t i f i c  u n d e r s t a n d i c g  d o e s  
n o t  a d v a n c e  from u n t r u t h  t o  t r u t h ,  b u t  s h i f t s  f r o m  
o n e  v i e w p o i n t  on a s u b j e c t  t c  a n o t h e r ,  Each  view- 
p o i n t  of t h e  s c i e n t i f i c  " t r u t h "  h a s  its p l a c e  i n  t h e  
p a s s a g e  o f  h i s t o r y ,  a n d  e a c h  v i e w p o i n t  i s  c o n d i t i o c e d  
by a n d  h a s  its u t i l i t y  i n  t h e  e c o n o m i c ,  s o c i a l ,  a n d  
t e c h n o l o g i c a l  m i l i e u  of its d a y  ( S ~ i e s s  1 9 7 9 : l ) .  

T h e  p r e s e n t  t h e s i s  i s  n o t  a n  a n a l y s i s  of f a u n a l  r e m a i n s  f rom 

a n  a r c h a e o l o g i c a l  s i t e  n o r  i s  it  a s y n t h e s i s  o f  z o o a r c h a e o l o g i c a l  

d a t a  f r o @  a number o f  s i tes.  I n  fac t ,  p r e h i s t o r i c  f a u n a l .  r e r a a i 2 s  

are p e r i p h e r a l  t o  t h e  p r e s e n t  d i s c u s s i o n ,  t h o u g h  t h e  r e s u l t s  of 

t h i s  a n a l y s i s  h o p e f u l l y  w i l l  b e n e f i t  f u t u r e  z o o a r c h a e o l o g i c a l  

r e s e a r c h  i n  N o r t h  Amer ica ,  N e i t h e r  is t h i s  w o r k  a g u i d e  t o  t h e  

i d e n t i f i c a t i o n  of O d o c o i l e ~  r e m a i n s  n o r  i s  i t  a d e t a i l e d  a c c o u n t  

of d e e r  b i o l o g y ,  e c o l o g y  and  b e h a v i o u r ,  I n s t e a d ,  t h i s  t h e s i s  i s  

a n  i n t r o d u c t i o o  t o  t h e  r e c e n t  l i t e r a t u r e  o n  t h e  p h y s i o l o g y  a n d  

osteolcgp of d e e r  a s  i t  relates t o  s o a e  of t h e  r e s e a r c h  g o a l s  of 

z o o a r c h a e o l o g y ,  F o r  t h a t  r e a s o n ,  the p r e s e n t  work f o c u s e s  o n  a 

d e t a i l e d  e x a m i n a t i o n  of s e l e c t e d  s k e l e t a l  e l e m e n t s  i n  o r d e r  t o  

e v a l u a t e  t h e i r  p o t e o t i a l  a s  i n d i c a t o r s  o f  t h e  a n i m a l ' s  a g e ,  sex, 

w e i g h t  a n d  season of d e a t h ,  I t  p r e s e n t s  a d i f f e r e n t  a p p r c a c h  t o  

the a n a l y s i s  and i n t e r p r e t a t i o n  of z o o a r c h a e o l o g i c a l  d a t a ,  a n  

a p p r o a c h  w h i c h  hopefully w i l l  h a v e  more a c c u r a t e  p r e d i c t i v e  a n d  

e x p l a n a t o r y  power  t h a r i  i t s  a n t e c e d e n t s ,  

The s e l e c t i o n  o f  d e e r  f o r  i n t e n s i v e  s t u d y  h e r e i n  reflects 

t h e  s u b s t a n t i v e  body of b i o l o g i c a l  d a t a  relating t o  t h i s  genus 

a n d  t h e  r e l a t i v e  i m p o r t a n c e  of d e e r  i n  N o r t h  A m e r i c a n  p r e h i s t o r y .  



T h e  e x t e n s i v e  d i s t r i b u t i o n  o f  d e e r  makes i t  t h e  f a v o r e d  b i g  g a a e  

of N o r t h  A m e r i c a n  h u n t e r s  t o d a y  ( T a y l o r  1 9 5 6 ) -  T h i s  p o p u l a r i t y  

e x t e n d s  i n t o  p r e h i s t o r y  where  d e e r  a l s o  r a n k s  a s  t h e  p r i m a r y  pzey 

s p e c i e s  f o r  m o s t  n a t i v e  American g r o u p s .  E t h n o g r a p h i e s  t bro ugh- 

o u t  N o r t h  a n d  C e n t r a l  Amer ica  document t h e  i m p o r t a n c e  o f  d e e r  t o  

t h e  s u b s i s t e n c e  economy a n d  material c u l t u r e  of a b o r i g i n a l  popu- 

l a t ions  ( B e a g l e h o l e  1936;  C a s t e t t e r  a n d  B e l l  1942,  1951 ;  Goddard  

1913;  H i l l  1 9 3 8 ;  Wequa teva  1 9 4 6 ;  P a r s o n s  1322;  S t e w a r d  1938, 

1955;  Suttles 1951; Swanton 1946;  T i e t i e v  1944 ,  a n d  T o o k e r  1 9 6 4 ) -  

I n  f a c t ,  i n t e r t r i b a l  w a r s  a t  t h e  time o f  c o n t a c t  o f t e n  c e n t e r e a  

on  the d e e r  h u n t i n g  rights of e a c h  g r o u p  { G r a a l y  1 9 7 7 ;  H i c k e r s a n  

1965, a n d  Uatra l l  1 9 6 8 ) .  I n  p r e h i s t o r i c  s i tes,  deer b o n e s  a l s o  

form o n e  of t h e  major c o m p o n e n t s  i n  t h e  f a u n a l  a s s e m b l a g e s  f r o m  

7000 y e a r s  a g o  u n t i l  t h e  p r e s e n t  ( C l e l a n d  1966 ;  F l a o n e r y  1967; 

G u s t a f s o n  1972 ;  Hanry  1 3 5 0 ,  a n d  0 8 C o n n e l l  1 9 7 5 ) .  Even a f t e r  the 

i n t r o d u c t i o n  of a g r i c u l t u r e ,  deer meat  p e r s i s t s  as a n  i m p o r t a n t  

c o n s t i t u e n t  o f  t h e  a b o r i g i n a l  diet { B a k e r  1930;  C l e l a n d  1966; 

F l a n n e r y  1 9 6 8 ;  G r e e n e  a n d  Hathews 1976; Harris  1977, and Saith 

1974a ,  1 9 7 4 b ,  1975a)  , The b o n e s  of t h e  genus g d o c o i l e u g  thus 

r e p r e s e n t  a s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  f a u n a l  teinains i o  many 

N o r t h  Amer ican  s i t e s  (Olsen 1 9 7 1 ) -  T h e  o s t e o l o g i c a l  r e m a i a s  of 

a species w h i c h  o c c u p i e s  s u c h  a n  i m p o r t a n t  p l a c e  i n  prehistoric 

e c o n o m i e s  a n d  a d a p t a t i o n s  are c e r t a i n l y  w o r t h y  of d e t a i l e d  exami- 

nation a n d  a n a l y s i s .  

Though t h e  r e l a t i v e  i m p o r t a n c e  o f  d e e r  i n  N o r t h  American 

sites may reflect r e c o v e r y  b i a s  ( G r a y s o n  1981 ;  P a y n e  1 9 7 2 a ,  1975a 

a n d  Thomas 1 9 6 9 ) ,  t h e  p r e s e n c e  of d e e r  i n  t h e  f a u n a l  a s s e a b l a g e s  



of a a n y  s i tes  is  u n q u e s t i o n e d .  C u r r e n t l y ,  f a u n a l  a n a l y s t s  c o t e  

t h e  r e l a t i v e  p r o p o r t i o n  o f  deer b o n e s  i n  t h e  a s s e m b l a g e s  b u t  few 

t h e  p o t e n t i a l  i n t e r p r e t i v e  v a l u e  o f  t h e s e  b o n e s .  Whi le  

z o o a r c h a e o l o g i s t s  a r e  o f t e n  c o g n i z a n t  o f  t h e  c u r r e n t  b i o l o g i c a l  

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

a c q u a i n t  t h e m s e l v e s  w i t h  t h e  p e r t i n e n t  t e c h n i q u e s  of  b i o l o g y  a n d  

t o  a p p l y  t h e s e  i n  t h e i r  a n a l y s e s  of a r c h a e o l o g i c a l  m a t e r i a l .  I n -  

s t e a d ,  f a u n a l  a n a l y s t s  t e n d  t o  a n a l y z e  a n d  i n t e r p r e t  p r e h i s t o r i c  

f a u n a l  p o p u l a t i o n s  e a p l o y i n g  a n a l y t i c a l  p r o c e d u r e s  now known to  

be i n a c c u r a t e  i n  t h e  s t u d y  of modern p o p u l a t i o n s ,  They r e l y  o n  

a r c h a i c  m e t h o d s  (g-g. S e v e r i n g h a u s o  1 9 4 9 a  laethod f o r  a g i n g  dear 

a n d  T a b e r g s  1956, 1963, 1971 c r i t e r ia  f o r  s e x )  t o  d e t e r a i n e  the 

a g e ,  s e x ,  w e i g h t  a n d  s e a s o n  of death of the d e e r  i n  t h e i r  s a m g l e s  

( s e e  Emerson 1979; S m i t h  19756,  a n d  H i l s o n  1 9 7 4 ) -  I f  o b t a i n i n g  

t h i s  i n f o r m a t i o n  is o n e  of t h e  main o b j e c t i v e s  of t h e  a n a l y s i s ,  

then z o o a r c h a e o l o g i s t s  s h o u l d  s t r i v e  t o  secure t h e  most a c c u r a t e  

results p o s s i b l e ,  S u c h  p r e c i s i o n  f r e q u e n t l y  r e q u i r e s  time a n d  

money. As t h e  p r e s e n t  s t u d y  i n d i c a t e s ,  the p r e d i c t i v e  p o t e n t i a l  

o f  c u r r e n t  biologics 1 t e c h n i q u e s  iltakes w o r t h w h i l e  t h e  re j u i s i t e  

e x p e n d i t u r e  o f  time a n d  money. 

B i o l o g i c a l  T e c h n i q u e s  a n d  T h e i r  R e l e v a n c e  i n  Z o o a r c h a e o l o g y :  

The d i r e c t  a p p l i c a t i o n  of ~ i o l o g i c a l  t e c h n i q u e s  t o  e s t i m a r e  

t h e  age, s e x ,  w e i g h t  a n d  s e a s o n  o f  d e a t h  o f  p r e h i s t o r i c  f a u n a  ia 

g e n e r a l l y  n o t  p r a c t i c a b l e  a t  preseot. C u r r e n t  r e s e a r c h  i n  wi ld-  

l i f e  b i o l o g y ,  f o r  e x a m p l e ,  i n c o r p o r a t e s  the p r e d i c t i o n  o f  animal 



w e i g h t  f rom s p e c i f i c  o s t e o l o g i c a l  a n d  c a  rcass mea s u r e s ,  Here, 

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

a n  u n g u l a t e  a n d  t h e  t o t a l  l e n g t h  o f  some o f  its b o n e s  ( A n d e r s o n ,  

et  al. 1 9 7 4  a n d  Lowe 1 9 7 2 ) -  F u r t h e r ,  r e s e a r c h e r s  i n  the A f r i c a n  

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

d e t e r m i n i n g  t h e  w e i g h t  o f  t h e  l a r g e r ,  b u l k y  u n g u l a t e s ,  document  a 

c o m p a r a b l e  c o r r e l a t i o n  b e t w e e n  t h e  w e i g h t  of t h e  a n i m a l  a n d  t h e  

w e i g h t  of s e l e c t e d  parts o f  its carcass ( L e d g e r  1963)- Wildlife 

b i o l o g i s t s  t o d a y  a l s o  d e t e r m i n e  t h e  sex of carcasses f r o m  o s t e o -  
I 

metric a t t r i b u t e s  o f  c e r t a i n  s k e l e t a l  e l e a e n t s ,  T h e y  m e a s u r e  

v a r i o u s  d i m e n s i o n s  o n  c o m p l e t e  b o n e s  a n d  s u b j e c t  these d a t a  t o  

s t a t i s t i c a l  a n a l y s e s  t o  o b t a i n  a sex 3 e t e r m i a a t i o n  ( B e r g e r u d  1 3 6 4  

a n d  Rees 1971a)  . I n  a l l  cases, w i l d l i f e  b i o l o g i s t s  m e a s u r e  o n i y  

c o m p l e t e  s k e l e t a l  e l e m e n t s .  T h e  z o o a r c h a e o l o g i s t ,  o n  t h e  o t h e r  

hand,  b a s e s  his a n a l y s i s  almost e x c l u s i v e l y  on f r a g m e n t a r y  b o n e s -  

To use t h e s e  t e c h n i q u e s  i n  z o o a r c h a e o l o g y  t h e r e f  ore ,  t h e  a n a l y s t  

must d e m o n s t r a t e  a c o r r e l a t i o n  be tween  t h e  l e n g t h  of t h e  f r a g m e n t  

a n d  t h e  l e n g t h  o f  t h e  c o m ~ l e t e  e l e m e n t  o r  b e t w e e n  t h e  l e n g t h  o f  

t h e  f r a g m e n t  a n d  t h e  w e i g h t  o f  t h e  a n i m a l ,  F a r t h e r m o r e ,  h e  must  

d i s c o v e r  a r e l a t i o n s h i p  b e t w e e n  t h e  metric a t t r i b u t e s  o f  bone 

f r a g m e n t s  a n d  t h e  sex o f  t h e  a n i a a f ,  E s t a b l i s h i n g  s u c h  r e l a t i o i l -  

s h i p s  r e q u i r e s  t h e  c o l l e c t i o n  a n d  a n a l y s i s  of a modern sample 

u s i n g  m e a s u r e m e n t s  a n d  p r o c e d u r e s  c o n d u c i v e  t o  t h e  s t u d y  of  

f r a g m e n t a r y  f a u n a l  r e m a i n s ,  

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

a c c u r a c y  o f '  a g e  d e t e r m i n a t i o n  from i n c r e m e n t a l  g r o w t h  zones i n  

the t e e t h  a n d  bones o f  mammals {Gasaway,  e t  a l .  1978; Keiss 1969; 



s l e v e z a l  a n d  K l e i n e n b e r g  1969; #orris 1972,  a n d  S p i n a g e  1973,  

1976).  Q i l d l i f e  management p e r s o n n e l  se lec t  t h e  i n c i s o r  f o r  t h i n  

s e c t i o n i n g  b e c a u s e  t h i s  t o o t h  is e a s y  t o  e x t r a c t  u n d e r  f i e l d  

c o n d i t i o n s  (Beaming 1967;  Kerwin a n d  H i t c h e l l  1971 ; L o c k a r d  1972,  

and T u r n e r  1 3 7 7 ) -  For a r c h a e o l o g i c a l  s p e c i m e n s ,  t h e  e a s e  w i t h  

which s i n g l e  r o o t e d  t e e t h  a r e  l o s t  pos t -mor tem r e s u l t s  i n  a l a c k  

of i n c i s o r s  (Benn 1974 ;  G i l b e r t  1973, a n d  Fayne 1973) .  To  employ  

this method of a g e  d e t e r m i n a t i o n  i n  z o o a r c h a e o l o g y  theref o r e ,  t h e  

f a n n a l  a n a l y s t  must e x a m i n e  t h o s e  t e e t h  o c c u r r i n g  mos t  f r e q u e n t l y  

i n  t h e  a r c h a e o l o g i c a l  a s s e m b l a g e s ,  H e  t h e n  must  select t h e  

correct p a r t  of t h e  tooth a n d  u s e  t h e  a p p r o p r i a t e  t y p e  o f  section 

t o  o b t a i n  t h e  m o s t  d i s t i n c t  a n n u l i  p o s s i b l e ,  F u r t h e r ,  h e  must 

a o d i f y  t h e  h i s t o l o g i c a l  ~roced ures o f  w i l d l i f e  b i o l o g i s t s  t o  

accommodate  p r e h i s t o r i c  r e m a i n s ,  The  s u c c e s s f u l  a p p l i c a t i o n  o f  

t h i s  method o f  a g e  d e t e r m i n a t i o n  i n  z o o a r c h a e o l o g y  t h u s  r e q u i r e s  

n o t  o n l y  a f a m i l i a r i t y  w i t h  t h e  t e c h n i q u e  b u t  a l s o  a n  a b i l i t y  t o  

modify t h e  p r o c e d u r e  t o  s u i t  t h e  n a t u r e  of t h e  a r c h a e o l o g i c a l  

material, 

W i l d l i f e  b i o l o g i s t s  rare1 y a d d r e s s  t h e  q u e s t i o n  o f  s e a s o n -  

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

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

p o a c h i n g s  a n d  r o a d - k i l l e d  a n i m a l s  t h r o u g h o u t  t h e  year b u t  t h e y  

g e n e r a l l y  e x a m i n e  t h e s e  carcasses w i t h i n  weeks  o f  t h e  a n i m a l  's 

d e a t h ,  C o n v e r s e l y ,  t h e  z o o a r c h a e o l o g i s t ' s  main g o a l  f r e q u e n t l y  

is to d e t e r m i n e  a n  a n i m a l ' s  s e a s o n  o f  d e a t h  a n d ,  by  i n f e r e n c e ,  

t h e  s e a s o n  ' o f  s i te  o c c u p a t i o n ,  The  c u r r e n t  research on t h e  

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



a c c u r a t e  aSSeSSIUent o f  s e a s o n a l i t y ,  The a p p o s i t i o n a l  g r o k t h  o f  

=ementurn i s  a c o n t i n u a l  p r o c e s s  marked b y  a n n u a l  e v e n t s  i n  t h e  

g rowth  of a n  a n i m a l  ( K l e v e z a l  a n d  K l e i n e n b e r g  1 9 6 9 ;  Biller 1974b; 

a o r r i s  1972,  a n d  S a u e r  1973) - Most w i l d l i f e  management p e r s o n n e l  

r e p o r t  t h e  f o r m a t i o n  o f  t h e  wide ,  l i g h t - s t a i n i n g  band d u r i n g  t h e  

summer m o n t h s  a n d  t h e  d e p o s i t i o n  of t h e  n a r r o w ,  d a r k - s t a i n i n g  

band d u r i n g  t h e  w i n t e r  months  ( B o o z e r  1970; C r a i g h e a d ,  et a l .  

1970; Hemming 1969; B i l l e r  1974b; O l s o n  1967; Reimers a n d  Nordby 

1968; S t o n e b e r g  and J o n k e l  1966, a n d  Thomas a n d  Bandy 1 9 7 3 ) .  

These i n c r e m e n t s  p r o v i d e  a b a s i s  for t h e  a s s e s s m e n t  o f  a deer's 

s e a s o n  of d e a t h  w i t h  a p r e c i s i o n  e x c e e d i n g  t h e  p r e s e n t  summer- 

w i n t e r  d i c h o t o m y  r e c o r d e d  i n  t h e  b i o l o g i c a l  l i t e r a t u r e  (Eliff e r  

1974b; O l s o n  1967; Reimers a n d  Nordby 1968, a n d  Thomas a n d  Bandy 

1973)-  To a t t a i n  t h i s  l e v e l  of p r e c i s i o n ,  the z o o a r c h a e o l o g i s t  

mast a t t e m p *  t o  q u a n t i f y  t h e  r a t e  o f  cementum g r o w t h  t h r o u g h o u t  

t h e  year.  In o r d e r  t o  a c c o m p l i s h  t h i s ,  h e  must collect o r  o b t a i n  

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

o u t  one  o r ,  p r e f e r a b l y ,  s e v e r a l  c o n s e c u t i v e  y e a r s  and y u a n t i f  y 

the e x t e n t  of cementum g r o w t h  i n  e a c h .  

The a c c e p t a n c e  o f  b i o l o g y *  s a n a l  y t i c a f  p r o c e d  uses i n  f a u n a l  

a n a l y s i s  a l s o  a s s u m e s  a n  u n d e r s t a n d i n g  o f  t e c h n i q u e  a p p l ~ c a t i o n  

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

b i o l o g i s t ,  m u s t  e s t a b l i s h  the g o a l s  of h i s  s t u d y  a n d  d e s i g n  h i s  

r e s e a r c h  t o  s a t i s f y  t h o s e  o b j e c t i v e s ,  B e  t h e n  c a n  select a n d  

modi fy  t h e  a n a l y t i c a l  p r o c e d u r e s  of w i l d l i f e  b i o l o g i s t s  t o  suit 

h i s  s p e c i f i c  r e q u i r e m e n t s ,  S u c h  a t t e m p t s  t o  u s e  a n d  m o d i f y  t h e  

t e c h n i q u e s  of b i o l o g y  w i l l  e n a b l e  f a u n a l  a n a l y s t s  t o  f a a i l i a r i z e  
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t h e a s e l v e s  w i t h  t h e  p rob lems  of t e c h n i q u e  a p p l i c a t i o n  a n d  p r o v i d e  

them w i t h  t h e  n e c e s s a r y  e x p e r i e n c e  t o  p r e p a r e  t h e i r  d a t a  and 

i n t e r p r e t  t h e  results, 

A i l s  and  R e s e a r c h  O b j e c t i v e s  o f  t h e  P r e s e n t  S tudy :  

T h e  p r i n c i p l e  g o a l  of t h e  p r e s e n t  r e s e a r c h  i s  t o  e v a l u a t e  

t h e  p o t e n t i a l  o f  t h e  d e e r  m a n d i b l e  as  a n  i n d i c a t o r  of a n  a n i m a l ' s  

age,  sex, w e i g h t  and  s e a s o n  of  d e a t h *  As such ,  i t  a t t e m p t s  t o  

derive t h e s e  f o u r  i m p o r t a n t  p o p u l a t i o n  p a r a m e t e r s  from a s i n g l e  

a n a t o a i c a l  e l e a e n t ,  Here, t h e  c o l l e c t i o n  and a n a l y s i s  o f  a 

modern s a m p l e  of deer i s  n e c e s s a r y  t o  e s t a b l i s h  t h e  r e l e v a n c e  and 

r e l i a b i l i t y  o f  t h e  a n a l y t i c a l  t e c h n i q u e s  employed. T h i s  s ample  

must i n c l u d e  d a t a  on t h e  a g e ,  sex and w e i g h t  o f  e a c h  spec imen  

c o l l e c t e d ,  Further, t h e  c o l l e c t i o n  p e r i o d  of t h e  sample  must 

e x t e n d  o v e r  one  o r  s e v e r a l  c o n s e c u t i v e  y e a r s  t o  a s s e s s  p r o p e r l y  

t h e  p o t e n t i a l  of t h e  i n c r e m e n t a l  g r o w t h  l i n e s  i n  t h e  a s s e s s a e n t  

of s e a s o n a l i t y ,  I n i t i a l l y ,  an a t t e a p t  uas made t o  obtain s u c h  a 

sample u s i n g  n a t u r a l  d e a t h s ,  r o a d - k i l l e d  and h u n t e r - k i l l e d  d e e r  

from s o u t h w e s t e r n  B r i t i s h  Columbia,  T h i s  f a i l e d  d u e  t o  a  p a u c i t y  

of r e p o r t e d  n a t u r a l  d e a t h s  and  r o a d - k i l l s  d u r i n g  t h e  s p r i n g  and 

summer o f  1979, B request t h e n  was f o r w a r d e d  t o  F rank  L, Hiller 

of the Canad ian  W i l d l i f e  S e r v i c e  f o r  t h e  u s e  o f  h i s  c a r i b o u  

sample ,  H e  p r o v i d e d  f o r t y  c a r i b o u  m o l a r s  which h a d  been s t o r e d  

in 5 p e r c e n t  f o r m a l i n  f o r  a b o u t  10 y e a r s .  T h e s e  t e e t h ,  when 

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

Part  o f  the cementum l a y e r ,  p resumably  a s  a r e s u l t  of p r o l o n g e d  



s t o r a g e  i n  f o r m a l i n  [ D i s b r e y  a n d  R a c k  1970 ,  a n d  H i l l  1975a) .  A 

f i n a l  p l e a  f o r  h e l p  t h e n  was a d d r e s s e d  t o  A l l e n  E, Anderson,  

y i l d l i f e  R e s e a r c h e r  f o r  t h e  S t a t e  of C o l o r a d o ,  D i v i s i o n  of 

g i l d l i f e ,  M i t h i n  weeks ,  a g i f t  p a c k a g e  c o n t a i n i n g  102 m a n d i b l e  

p a i r s  u a s  r e c e i v e d ,  An i n v o i c e  l i s t i n g  t h e  a g e ,  s e x ,  w e i g h t  a n d  

date of d e a t h  f o r  t h e  r e s p e c t i v e  a n i m a l s  was i n c l u d e d .  I c a n n o t  

a d e q u a t e l y  e x F r e s s  my g r a t i t u d e  t o  Plr, Anderson  f o r  p r o v i d i n g  

s u c h  a perfect sample .  T h i s  s a m p l e  is d e s c r i b e d  i n  c h a p t e r  two 

of t h e  t h e s i s ,  w h e r e a s  the p e r t i n e n t  i n f o r m a t i o n  for e a c h  d e e r  i n  

t h e  s a m p l e  is l i s t e d  i n  Append ix  1- 

T o  f a c i l i t a t e  s t a t i s t i c a l  a n a l y s i s  of f r a g m e n t a r y  a r c h a e o -  

l o g i c a l  material, e l e v e n  s k e l e t a l  d i a e n s i c n s  were q u a n t i f i e d  f o r  

e a c h  l e f t  m a n d i b l e  i n  t h e  p r e s e n t  s a m p l e ,  A p p e ~ d i x  I1 p r o v i d e s  

d e s c r i p t i o n s  f o r  t h e s e  d i m e n s i o n s  w h i l e  Appendix 111 l i s t s  t h e  

e l e v e n  m e a s u r e m e n t s  as well a s  t h e  i d e n t i f i c a t i o n  n u ~ b e r ,  s e x ,  

a g e  a n d  f o u r  w e i g h t  v a l u e s  f o r  e a c h  spec imen ,  V a l u e s  of 000.0 ia 

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

some b o n e s  o r  m i s s i n g  w e i g h t  d a t a ,  D u r i n g  t h e  a c t u a l  a n a l y s i s ,  

the h i s t o l o g i c a l  p r o c e d u r e s  o f  w i l d l i f e  b i o l o g y  were m o d i f i e d  t o  

acconmoda te  f r a g i l e  a r c h a e o l o g i c a l  materials, C h a ~ t e r  t h r e e  of 

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

d e t e r m i n a t i o n  a n d  s e a s o n a l i t y  a s s e s s m e n t ,  A p p e n d i x  VI o u t l i n e s  

t h e  ~ r o p o s e d  l a b o r a t o r y  p r o c e d u r e  w h i l e  Appendix  VII p r o v i d e s  

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

s o l u t i o n s ,  

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

estimate t h e  w e i g h t  o f  t h o s e  u n g u l a t e s  r e p r e s e n t e d  i n  a r c h a e o -  
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l o g i c a l  a s s e m b l a g e s -  I t  a l s o  s u m m a r i z e s  c u r r e n t  r e s e a r c h  on 

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

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

mule d e e r  f r o m  v a r i o u s  m a n d i b u l a r  m e a s u r e m e n t s ,  

C h a p t e r  f i v e  e v a l u a t e s  t h e  a p p r o a c h e s  of z o o a r c h a e o l o g i s t s  

a n d  w i l d l i f e  b i o l o g i s t s  t o  s e x i z g  u n g u l a t e s  f rom t h e i r  s k e l e t a l  

r e m a i n s ,  T h i s  c h a p t e r  thec o u t l i n e s  a new method f o r  s e x  d e t e r -  

m i n a t i o n  i n  m a t u r e  mule  d e e r  u s l n g  s k e l e t a l  m e a s u r e m e n t s  of t h e  

mandib le ,  T h e s e  d a t a  a r e  s u b j e c t e d  t o  d i s c r i a i n a n t  f u n c t i o n  

a n a l y s i s  t o  o b t a i n  w e i g h t e d  v a l u e s  a l l o w i n g  t h e  f a u n a l  a n a l y s t  t o  

i d e n t i f y  a n d  c l a s s i f y  a n  unknown w i t h  t h e  l ea s t  c h a n c e  of e r r o r ,  

The s t a t i s t i c a l  t e c h n i q u e s  e m p l o y e d  a r e  o u t l i n e d  i n  Sneath a n d  

S o k a l  (1973) a n d  are  c o n s i s t e n t  w i t h  t h o s e  p r e s e n t l y  used i n  

n u m e r i c a l  t a  xonoay, 

C h a p t e r  six r e v i e w s  t h e  m e t h o d s  o f  a g e  d e t e r m i n a t i o n  i r i  zoo- 

a r c h a e o l o g y  a n d  s u l a m a r i z e s  t h o s e  a g i n g  atethods c u r r e n t 1  y u s e d  by 

w i l d l i f e  b i o l o g i s t s ,  I t  t h e n  o u t l i n e s  t h e  most  v i a b l e  method f o r  

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

t h e  u s e  o f  t h i s  a e t h o d  i n  z o o a r c h a e o l o g y .  

C h a p t e r  s e v e n ,  i n  t u r n ,  s u r v e y s  z o o a r c h a e o l o g i c a l  a p p r o a c h e s  

t o  t h e  a s s e s s m e n t  of  s e a s o n a l i t y  from f a u n a l  r emains .  I t  a1 s o  

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

s u c h  a s s e s s m e n t s  a n d  o u t l i n e s  a new a p p r o a c h  c a p a b l e  of p r o v i d i n g  

more a c c u r a t e  e s t i m a t e s  of a d e e r ' s  s e a s o n  o f  d e a t h ,  

C h a p t e r  e i g h t  s u m m a r i z e s  the r e s u l t s  of t h e  p r e s e n z  r e s e a r c h  

a n d  s u g g e s t s  new a v e n u e s  f o r  z o o a r c h a e o l o g i c a l  research i n  N o r t h  

a n d  C e n t r a l  America, 



2, The Sample  

It is s u g g e s t e d  t h a t  a r c h a e o l o g i s t s  i n t e r e s t e d  
i n  t h e  f u r t h e r a n c e  o f  o s t e o a r c h a e o l o g i c a l  
a n a l y s i s  i n v e s t i g a t e  t h e  p o s s i b i l i t i e s  o f  o s t e o -  
metric r e s e a r c h  o n  modern a n i m a l  p o p u l a t i o n s  
(Emerson 1978:Ul) ,  

The s a m p l e  o f  d e e r  m a n d i b l e s  used i n  t h e  p r e s e n t  r e s e a r c h  

was c o l l e c t e d  b y  A l l e n  E. Anderson and Dean E, Medin, r e s e a r c h e r s  

for  t h e  D i v i s i o n  o f  W i l d l i f e ,  C o l o r a d o ,  The s a m p l e ,  as  p r o v i a e d  

by Anderson,  c o m p r i s e s  o n e  h u n d r e d  a n d  t w o  m a n d i b l e  p a i r s  f rom 

w i l d  Rocky n o u n t a i o  mule  d e e r ,  O d o c o i l e u s  h e m i o n u s  Bemionus,  

c o l l e c t e d  a t  a p p r o x i m a t e l y  w e e k l y  i n t e r v a l s  o v e r  a 4-year p e r i o d  

' (Anderson,  e t  a l ,  1974)  - S p e c i f i c a l l y ,  t h e s e  mandibf  es d e r i v e  

from m a t u r e  deer p r e v i o u s l y  a g e d  b y  E r i c k s o n  (1967)  u s i n g  

cementum a n n u l i  c o u n t s  o f  t h e  c e n t r a l  i n c i s o r ,  A l l  p e r t i n e n t  

i n f o r m a t i o n  f o r  each s p e c i ~ e n ,  i n c l u d i n g  t h e  i d e n t i f i c a t i o n  

number. sex, d a t e  o f  d e a t h ,  f r i c k a o n ' s  a g e  estimate from t h e  

i n c i s o r ,  a n d  my a g e  estimate b a s e d  on cementum a n n u l i  c o u n t s  o f  

t h e  f irst  r s o l a r  is t a b u l a t e d  i n  Appendix  1 o f  t h i s  s t u d y ,  Data 

r e l a t i n g  t o  t h e  c o l l e c t i o n  area, t h e  C a c h e  l a  P o u d r e  d e e r  

p o p u l a t i o n  a n d  t h e  m e t h o d o l o g y  for t h e  c o l l e c t i o n  a n d  a n a l y s i s  

of t h e  s a m p l e  are s u m m a r i z e d  below. This i n f o r m a t i o n  d e r i v e s  

almost e x c l u s i v e l y  f r o m  t h e  p u b l i c a t i o n s  o f  Anderson ,  e t  a l .  

(1970, 1971,  1972a ,  1972b,  1972c ,  1972d,  1972e  a n d  1974)- Data 

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

the r e m o v a l  a n d  c l e a n i n g  o f  s k e l e t a l  elements a r e  t h e  resul t  o f  

C o r r e s p o n d e n c e  w i t h  rlr. Anderson.  



The d e e r  s a m p l e  was c o l l e c t e d  o n  t h e  eastern s l o p e  o f  t h e  

p r o r t  Range w i t h i n  a 1 ,368  kar2 p o r t i o n  o f  t h e  Cache l a  P o u d r e  

d r a i n a g e ,  The  c o l l e c t i o n  area, a s  shown i n  F i g u r e  1, lies within 

and a d j a c e n t  t o  t h e  Roosevelt N a t i o a a l  F o r e s t  i n  L a r i m e r  County,  

n o r t h c e n t r a l  Co lo rado -  L o v e r i n g  and  Goddard (1950)  discuss the 

geology of t h e  r a n g e  i n  t h i s  area w h e r e a s  C o s t e l l o  (1954 ) .  Harr 

(1961) a n d  Marr, e t  a l -  (1968) d e s c r i b e  t h e  climate and major 

ecosystems o f  t h e  F r o n t  Range, Dietz, et a l ,  (1962)  and  L o v e l e s s  

(1967) p r o v i d e  d e t a i l e d  a n a l y s e s  o f  t h e  v e g e t a t i o n  w i t h i n  t h e  

Cache l a  P o u d r e  d r a i n a g e -  S p e c i f i c  d a t a  r e l a t i n g  t o  t h e  tempe- 

r a t u r e ,  p r e c i p i t a t i o n ,  s c o u  d e p t h ,  a c c e s s i b l e  f o r a g e  and deer 

d e n s i t y  w i t h i n  t h e  s t u d y  area d u r i n g  t h e  p e r i o d  of  c o l l e c t i o n  are 

a v a i l a b l e  i n  Anderson,  e t  a l ,  (1972a,  1372b, l 9 7 4 ) ,  Hef i in  and  

Anderson (1965)  and S h o r t ,  e t  a l ,  (1  966) . A c t u a l  r e p o r t s  or. this 

sample  of t h e  Cache l a  Poudre  d e e r  p o p u l a t i o n  i n c l u d e  Anderson 

and  Hedin I1967, 1969, 1971) ; Ander son ,  e t  a l ,  (1970, 1971, 

1972a, 1972b, 1S72c, 3972d, 1972e,  1974) ; E r i c k s o n  (1367) ; 

E r i c k s o n  and  S e l i g e r  (1969) ; E r i c k s o n ,  e t  al ,  (1970)  ; F a r r i s ,  e t  

al. (1 967) ; g a r k w a l d ,  e t  al. (197 1) ; Medin a n d  Andersori ( 1979) ; 

Nicolls (1973)  ; Rees, e t  al ,  (1'366a, 1966bI ; S h o r t  (1970) ; S h o r t ,  

e t  a l ,  (1965,  1966, 1966 ) ;  Whicker (1964 ) ,  a n d  Whicker, e t  a l ,  

(1965, 1966a ,  1966b, 1966c,  1967) .  T h i s  t h e s i s  i s  t h e r e f o r e  a n  

a d d i t i o n a l  r e p o r t  i n  t h e  series on t h e  Cache l a  P o u d r e  deer 

p o p u l a t i o n ,  

As p a r t  of  a b r o a d  e c o l o g i c a l  s t u d y  o f  t h i s  d e e r  p o p u l a t i o n ,  

Anderson anh h i s  c o - w o r k e r s  s h o t  mule  d e e r  a t  a p p r o x i m a t e  weekly 

i n t e r v a l s  f rom A p r i l  13, 196 1  t o  A p r i l  27, 1965, For each month 



\ M o u n t a i n  

I S 10 11 r0 25 
Scale LD--- k m 

Figure 1: M& of Larimer County, northcentral Colorado, showing the location 
and appraximte e x t e n t  of the collection area. 



. 
of t h i s  4 - y e a r  p e r i o d ,  t h e y  a t t e m p t e d  t o  c o l l e c t  o n e  i m m a t u r e  

(less t h a n  18 months  of a g e )  a n d  o n e  m a t u r e  a n i m a l  of e a c h  s e x  

f rom w i d e l y  s c a t t e r e d  p o r t i o n s  of  t h e  d e e r ' s  s e a s o n a l  r a n g e s -  

prom J u n e  t h r o u g h  S e p t e m b e r ,  t h e  d e e r  were s h o t  i n  t h e i r  720 km2 

sumner  r a n g e  a b o v e  a n  a l t i t u d e  of 2 ,592  meters, D u r i n g  the re- 

m a i n d e r  of t h e  y e a r ,  t h e y  were c o l l e c t e d  i n  t h e i r  6Q8 km2 w i n t e r  

r a n g e  below t h e  a f o r e m e n t i o n e d  e l e v a t i o n ,  I n  a l l ,  o n e  h u n d r e d  

and n i n e t y - t w o  d e e r  were s h o t  a t  s i t e s  whose e l e v a t i o n s  r a n g e d  

from 1,677 meters t o  3 , 3 2 3  meters, A number  of r o a d - k i l l e d  d e e r  

and n a t u r a l  d e a t h s  w i t h i n  t h e  s t u d y  a r e a  s u p p l e m e n t e d  t h e  a b o v e  

sam~le, The t o t a l  s a m p l e  c o l l e c t e d  f o r  t h e  e c o l o g i c a l  study t h u s  

i n c l u d e d  200 Rocky H o u n t a i n  mule  deer of which  8 6  were males a n d  

114 e r e  females, 

Host d e e r  were s h o t  t h r o u g h  t h e  spine i n  t h e  t h o r a c i c  or 

c e r v i c a l  r e g i o n  w i t h  mean times of d e a t h  of 09 15 2 5 - 5 8  h o u r s  for  

males a n d  0 8 3 2  2 3.65 h o u r s  f o r  females, After a s p i r a t i o n  o f  t h e  

b l o o d  from t h e  h e a r t  a n d  m e n s u r a t i o n  of f i v e  c a r c a s s  a t t r i b u t e s ,  

t h e  i n t a c t  d e e r  carcasses were wrapped  i n  t a r p a u l i n  a n d  t r a n s -  

p o r t e d  t o  t h e  l a b o r a t o r y .  T h e  a c t u a l  tf a n s p o r t  d i s t a n c e s  ranged 

from 16 t o  313  k i l o m e t e r s ,  I n  the l a b o r a t o r y ,  s e v e r a i  a d d i t i o n a l  

carcass, bone ,  o r g a n  a n d  g l a n d  a t t r i b u t e s  were measured,  Of 

i n t e r e s t  t o  the p r e s e n t  r e s e a r c h  a r e  t h e  carcass w e i g h t s  o b t a i n e d  

for e a c h  a n i m a l  i n  t h e  s a a p l e ,  R i t h i n  h o u r s  of d e a t h ,  t h e  d e e e  

Carcasses were n e i g h e d  t o  t h e  n e a r e s t  0 . 1  k i l o g r a m  on a  d o u b l e  

beaa b a l a n c e ,  F o u r  w e i g h t  l a e a s u r e s  were r e c o r d e d  for e a c h  

1 s p e c i a e n  as' f o l l o w s :  



Weight  1: 

Weigh t  2: 

Weigh t  3: 

Weight  4: 

B l e d  c a r c a s s  w e i g h t  - T h i s  i s  t h e  w e i g h t  
of t h e  i n t a c t  d e e r  carcass e x c e p t  f o r  
t h e  l o s s  o f  b l o o d  and t i s s u e  from t h e  
g u n s h o t  a n d ,  i n  some c a s e s ,  t h e  p e l a g e  
l o s t  d u r i n g  t r a n s i t  f rom t h e  k i l l  s i t e  
t o  t h e  l a b o r a t o r y .  

E v i s c e r a t e d  c a r c a s s  w e i g h t  - T h i s  i s  t h e  
b l e d  carcass w e i g h t  m i n u s  t h e  w e i g h t  of 
a l l  t h o r a c i c  a n d  a b d o n i n a l  v i s c e r a  
( e x c e p t  t h e  e s o p h a g u s  a n d  t r a c h e a )  
and  f a t .  

B l e d  carcass w e i g h t  e x c l u d i n g  t h e  i n t a c t  
s t o m a c h  - T h i s  is t h e  b l e d  carcass w e i g h t  
a i m s  t h e  f r e s h  w e i g h t  of t h e  i n t a c t  
s t o m a c h  w i t h  f a t  a n d  e x t r a n e o u s  t i s s u e  
removed,  

S k i n n e d  a n d  e v i s c e r a t e d  c a r c a s s  w e i g h t  - 
T h i s  i s  t h e  b l e d  carcass w e i g h t  m i n u s  
t h e  w e i g h t  o f  a l l  t h o r a c i c  a n d  a b d o m i n a l  
v i s c e r a  ( e x c e p t  e s o p h a g u s  a n d  t r a c h e a ) ,  
f a t ,  h i d e  a n d  a n t l e r ,  The h i d e  was removed 
w i t h o u t  a p p r e c i a b l e  l o s s  of s u b c u t a n e o u s  
f a t  a n d  e a c h  a n t l e r  beam was sawed o f f  a t  
the j u n c t i o n  o f  t h e  beam a c d  p e d i c l e ,  

The  r e s p e c t i v e  w e i g h t s  o f  e a c h  s p e c i m e n  a r e  l i s t e d  a s  # I ,  82, id3 

and  WY i n  Append ix  111 of t h i s  t h e s i s ,  D u r i n g  t h e  i n i t i a l  p h a s e  

o f  t h e  s t u d y ,  Anderson  a n d  h i s  c o l l a b o r a t o r s  a t t e m p t e d  t o  o b t a i n  

d e n s i t o m e t r i c  e s t i m a t e s  o f  carcass f a t  b y  w e i g h i n g  t h e  u n s k i n n e d  

carcass. T h e r e f o r e ,  no s k i n n e d  a n d  e v i s c e r a t e d  c a r c a s s  w e i g h t s  

were o b t a i n e d  f o r  s p e c i m e n s  2 to  30 o f  the s a m p l e  u s e d  i n  t h i s  

s t u d y ,  Weights f o r  s p e c i m e n s  001 a n d  180 were n o t  o b t a i n e d  d u e  

t o  t h e  p h y s i c a l  c o n d i t i o n  o f  t h e s e  r o a d  k i l l s .  O t h e r  m i s s i n g  

v a l u e s  i n  t h i s  a p p e n d i x  i c d i c a t e  a l a c k  o f  d a t a  r e s u l t i n g  m a i ~ l y  

f r o n  organ p u n c t u r e  by t h e  b u l l e t  o r  b u l l e t  f r a g m e n t s ,  

I n  t h e  l a b o r a t o r y ,  Anderson  a n d  Medin a s s i g n e d  a g e s  t o  e a c h  

S p e c i m e n  w i t h i n  Q t o  2 4  h o u r s  of d e a t h .  A l l  age e s t i m a t e s  were 

made a f te r  r e m o v a l  of t h e  l o w e r  jaw. T o  d i s a r t i c u l a t e  the jaw, 



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

o f  t h e  m a n d i b l e  downward and  backward.  They  t h e n  p u l l e d  t h e  jaw 

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

a a n d i b l e  i n  o n e  o p e r a t i o n .  To a g e  d e e r  w i t h  d e c i d u o u s  d e n t i t i o a ,  

Anderson a n d  B e d i n  u s e d  t h e  t o o t h  r e p l a c e l s e n t  c h r o n o l o g y  of Roli- 

n e t t e ,  e t  a l -  (1957) - To a g e  t h e  110 d e e r  w i t h  p e r m a r e n t  t e e t h ,  

t h e y  ccmbir ied  t h r e e  c r i t e r i a ;  namely  t h e  l i n g u a l  c r c w n  h e i g h t s ,  

t h e  molar t o o t h  r a t i o  a n d  p h o t o g r a p h s  o f  jaws from known-age mule 

d e e r  ( E r i c k s o n  1967) - S u b s e q u e n t l y ,  E r i c k s o n  (1967)  removed the 

i n c i s i f o r n  t e e t h  f r o m  9 5  of t h e s e  110 m a n d i b l e s  a n d  p r e p a r e d  9 5  

s i c r a n  cross s e c t i o n s .  These t h i n  s e c t i o n s  were d e c a l c i f i e d  a c d  

s t a i n e d  t o  p r o v i d e  a c c u r a t e  c o u n t s  o f  the cementum a n n u l i ,  R 

c o m p a r i s o n  o f  t h e s e  i n d e p e n d e n t  a g e  e s t i m a t e s  t h e e  c o n f i r m e d  t h e  

a c c u r a c y  o f  cementum a n n u l i  c o u n t s  for a b s o l u t e  a g e  d e t e r m i n a t i o n  

i n  o l d e r  a n i m a l s ,  I n  the f i n a l  r e p o r t  t h e r e f o r e ,  A n d e r s o ~ ; ,  e t  a l ,  

(1974)  u s e d  t h e  l a t t e r  a g e  estimates for  d e e r  w i t h  a p e r m a n e n t  

d e n t i t i o n ,  T h e  s a m p l e  u s e d  i n  t h e  p r e s e n t  r e s e a r c h  i n c l u d e s  t h e  

9 5  m a n d i b l e s  a g e d  b y  E r i c k s o n  f1967)  and  7  a d d i t i o n a l  jaws f roe t  

m a t u r e  d e e r  a g e d  by  Anderson a n d  Medin- F i g u r e  2 i l l u s c r a t e s  t h e  

s e x  a n d  a g e  s t r u c t u r e  of t h e  e n t i r e  d e e r  s a m p l e  a n d  t h e  r e l a t i v e  

d i s t r i b u t i o n  of t h e  102 s p e c i m e n s  u s e d  i n  t h i s  r e s e a r c h .  

T o  c l e a n  t h e  elemects, Anderson ar,d his c o - v o r k e r s  i n i t i a l l y  

f i t t e d  a n  alutainum i d e n t i f i c a t i o n  t a g  t o  the diastema a n d  p l a c e d  

t h e  jaw i n  a d e r a a e s t i d  b e e t l e  c o l o n y .  Later, they s i m p l y  s c r a p e d  

t h e  mandibles c l e a n ,  T o  a v o i d  s u b s e q u e n t  m i s i d e n t i f i c a t i o n ,  t h e y  

t h e n  p r i n t d l  t h e  s p e c i n e n  number o n  e a c h  m a n d i b l e  using I n d i a  i n k -  

They a l so  p r e p a r e d  a c a r d b o a r d  t a g  b e a r i r g  t h e  s p e c i m e n  number,  
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Figure 2 1  Graphic representation of the age and sex distribution of the deer 
sample relat ive  to the 200 mule deer collected by Anderson, et al. -- 
(1974). Fach rectangle represents one animal. Shaded rectangles 
indicate the deer used in the present xesearch. 



c o l l e c t i o n  d a t e  and  s e x  of t h e  a n i m a l .  T h e s e  t a g s  were bound t o  

t h e  r e s p e c t i v e  m a n d i b l e s  v i t h  a s t r i n g -  F i n a l l y ,  t h e y  s t r a p p e d  

numbered a n d  d a t e d  a luminum b a n d s  t o  t h e  d i a s t e m a  of e a c h  l e f t  

a a n d i b l e ,  A f t e r  mea s u r a t i o n ,  t h e y  bound b o t h  m a n d i b l e s  t o g e t h a r  

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

o n l y  p a r t  of t h e  14 y e a r s  s i n c e  t h e i r  c o l l e c t i o n ,  I n  the l a t e  

196OVs ,  E r i c b s o ~ l  (1'367) , E r i c k s o n  a n d  S e l i g e r  (1969)  and Rees, et  

al. (1966a,  1 9 6 6 b )  u s e d  some o f  t h e  a a n d i b l e s  f o r  t h e i r  research, 

S u b s e q u e n t l y ,  v a r i o u s  t e a c h i n g  a s s i s t a n t s  ic t h e  D e p a r t m e n t  of  

F i s h e r y  a n d  W i l d l i f e  B i o l o g y  a t  C o l o r a d o  S t a t e  U n i v e r s i t y ,  P o r t  

C o l l i n s  u t i l i z e d  t h e  m a c d i b l e s  for  i n s t r u c t i o n a l  p u r p o s e s ,  

I n  H a r c h  1979, I w r o t e  Rr- A n d e r s o n  r e q u e s t i n g  t h e  u s e  o f  

h i s  Rocky H o u n t a i c  m u l e  d e e r  sample .  I n  A p r i l  1979,  I r e c e i v e d  a  

box c o n t a i n i n g  t h e  102 m a n d i b l e  p a i r s  a n d  a n  i n v o i c e  l i s t i n g  t h e  

i d e n t i f i c a t i o n  number,  sex, a g e  a n d  c o l l e c t i o n  d a t e  f o r  e a c h  d e e r  

i n  t h e  s am~le ,  A l l  s p e c i m e n s  n o t e d  on  t h e  i n v o i c e  were p r e s e n t  

a n d  i n  g o o d  c o n d i t ~ o n .  O n l y  6  m a n d i b l e s  s u s t a i n e d  damage d u r i n g  

t r a n s p o r t  a n d  t h e s e  were g l u e d  p r i o r  t o  t h e  l a b o r a t o r y  a n a l y s i s .  

T h r e e  i d e n t i f i c a t i o n  tags a c c o m p a n i e d  e a c h  m a n d i b l e  p a i r .  c r o s s -  

c h e c k s  o f  t h e s e  p r o d u c e d  n o  i n c o n g r u i t i e s ,  A c o m p a r i s o n  of t h e s e  

d a t a  v i t h  t h o s e  l i s t e d  i n  E r i c k s o n g s  (1967) t h e s i s  c o n f i r m  t h e  

t h e  a u t h e n t i c i t y  o f  t h e  s a m p l e ,  T h i s  s a m p l e  is t h u s  d e p e n d a b l e  

and  s a t i s f i e s  a l l  t h e  p r e r e q u i s i t e s  for t h i s  r e s e a r c h .  



3. L a b o r a t o r y  Methods  

It is best t o  p r o v e  t h i n g s  by a c t u a l  e x p e r i m e n t  
t h e n  you  know; w h e r e a s  if you d e p e n d  o n  g u e s s i n g  
a n d  s u p p o s i n g  a n d  c o n j e c t u r i n g ,  you w i l l  n e v e r  
g e t  e d u c a t e d  (Twain 1971: 5 6 ) -  

I n t r o d u c t i o n :  

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

the most p a r t ,  i n  a l a b o r a t o r y  e n v i r o n m e n t ,  B z o o a r c h a e o l o g i s t  

w i s h i n g  t o  e m p l o y  t h i s  nrethod o f  a g e  e s t i m a t i o n  n u s t  l e a r n ,  a n d  

p r o b a b l y  m o d i f y ,  t h e  basic l a b o r a t o r y  p r o c e d u r e  f o r  h i s  r e s e a r c h ,  

T h i s  c h a p t e r  o u t l i n e s  the l a b o r a t o r y  a e t h o d s  of w i l d l i f e  biology 

and specifies p r o c e d u r a l  a o d i f i c a t i o n s  f o r  t h e  a n a l y s i s  o f  

a r c h a e o l o g i c a l  material, It a l s o  d i s c u s s e s  t h e  many p r o b l e m s  

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

t h e  m a n d i b u l a r  a o l a r s  o f  modern d e e r .  F i n a l l y ,  Append ix  V I  Fro- 

p o s e s  a l a b o r a t o r y  r o u t i n e  f o r  t h e  a n a l y s i s  of a r c h a e o l o g i c a l  

deer m a n d i b l e s ,  

T h e  m i c r o s c o p i c  e x a m i n a t i o n  of a n y  o s s e o u s  material e n t a i l s  

a certain a m o u n t  of t i s s u e  d e s t r u c t i o n .  A c c o r d i n g l y ,  the p r o p e r  

i d e n t i f i c a t i o n ,  d e s c r i p t i o n ,  p h o t o g r a p h y ,  a n d  m e n s u r a t i o n  of a i l  

e l e m e n t s  d e s i g n a t e d  f o r  s u c h  e w a m i n a t i o r ,  must  p r e c e d e  the basic 

h i s t o l o g i c a l  work, The e f f i c a c y  o f  a n y  s u c h  m a c r o s c o p i c  a n a  l y s i s  

depends on t h e  c l e a c l i n e s s  of t h e  material, For t h i s  sample, t h e  

p r i m a r y  task t h e n  was t o  remove  a l l  of t h e  d r i e d  f l e s h  a d h e r i n g  

t o  t h e  m a n d i b l e s .  T o  f a c i l i t a t e  t h i s  c l e a n i n g ,  the e l e m e n t s  were 



s o a k e d  i n  lukewarm water, The  s u b s e q u e n t  r e m o v a l  o f  t h e  F e r i o -  

  teal t i s s u e  was p o s s i b l e  u s i n g  a stiff b r u s h ,  C o n c u r r e n t l y ,  t h e  

m a n d i b l e s  were e x a m i n e d  f o r  o b v i o u s  p a t h o l o g i e s  o r  a b n o r m a l i t i e s ,  

T h e s e  were r e c o r d e d  for f u t u r e  r e f e r e n c e .  T o  a v o i d  a n y  f u t u r e  

m i s i d e n t i f i c a t i o n  of s p e c i m e n s ,  t h e  a p p r o p r i a t e  i d e n t i f i c a t i o n  

numbers  t h e n  were i n s c r i b e d  on e a c h  m a n d i b l e ,  T h e s e  were w r i t t e n  

i n  b o l d  p r i n t  o n  t h e  l i n g u a l  s u r f a c e s  of the a s c e n d i n g  r a ~ i  using 

a b l a c k  S t a e d l e r  l u a a o c o l o r  p e r m a n e n t  a a r k e r .  No p h o t o g r a p h s  were 

t a k e n  of t h e s e  m a n d i b l e s  t h o u g h  t h e  c o m p i l a t i o n  of a p h o t o g r a p h i c  

r e c o r d  f o r  a l l  a r c h a e o l o g i c a  1 bone  i s  reccmrrrended, Once c l e a n e d  

a n d  c a t a l o g u e d ,  t h e  m a n d i b l e  p a i r s  were bound anew w i t h  a s t r o n g  

e las t ic  band a n d  s t o r e d  u n t i l  f u r t h e r  p r o c e s s i n g ,  

B e a s u r e e e n t  fo r  Weigh t  E s t i m a t i o n  a n d  Sex D e t e r m i n a t i o n :  

I n  t h i s  s a m p l e ,  8 7  l e f t  a a n d i b l e s  a n d  2 r i g h t  m a n d i b l e s  were 

i n t a c t ,  These c o m p l e t e  e l e a e n t s  a n d  e l e v e n  i n c o m p l e t e  m a n d i b l e s  

(10 r i g h t s ,  1  l e f t )  were m e a s u r e d  a c c o r d i n g  t o  t h e  specifics t i o n s  

o f  von den D r i e s c h  (1976)  a n d  Bees ( 1 9 6 9 ) -  S e l e c t i o n  o f  i n d i v i -  

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

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

were e x c l u d e d  s i n c e  t h e s e  a p p a r e n t l y  relate t o  t h e  a g e  a n d  race 

o f  d e e r  (Rees 1 9 7 1 b ) ,  A t o t a l  o f  e l e v e n  s k e l e t a l  v a r i a b l e s  were 

measured  o n  each c o m p l e t e  mandib le ,  T h e s e  are  i l l u s t r a t e d  i n  

F i g u r e  3 a n d  d e s c r i b e d  i n  Append ix  I1 of t h e  t h e s i s ,  Append ix  I1 

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

C o r r e s p o n d i n g  m e a s u r e s  i n  Rees 11969) a n d  von den D r i e s c h  ( 1  3 7 6 )  - 



A 

?igure 3: Diagram of a mule deer mandible illustrating the eleven mandibular 
nfeasurements used in the osteanetric analysis. 



Appendix  I11 t h e n  r e c o r d s  t h e  1 1  m e a s u r e m e n t s  a n d  t h e  4 w e i g h t  

m e a s u r e s  f o r  each s p e c i m e n  i n  the s a m p l e ,  

To m i n i m i z e  measurement  e r r o r ,  a m a n d i b l e  b o a r d  was d e s i g n e d  

a n d  c o n s t r u c t e d .  T h i s  b o a r d ,  a s  shown i n  F i g u r e  4 ,  c o ~ s i s t s  o f  a 

2 8  X 4 0  cm ~ l y w o o d  b a s e  t o  w h i c h  a r e  f a s t e n e d  t w o  4 X 12 cm " s i d e  

wallsw a n d  a 4 X 40 can %ase walln, Graph  p a p e r ,  c a l i b r a t e d  i n  

n i l l i a e t e r s  a n d  g l u e d  t o  t h e  plywood b a s e ,  p r o v i d e d  t h e  scale, 

D u r i n g  m e n s u r a t i o n ,  a s  i l l u s t r a t e d  i n  F i g u r e  5 ,  t h e  g o n i o n  c a u -  

d a l e  a n d  t h e  m a n d i b u l a r  c o n d y l e  c o n t a c t e d  t h e  " s i d e  wallt8 w h i l e  

t h e  v e n t r a l  b o r d e r  of  t h e  s a n d i b u l a r  c o r p u s  t o u c h e d  t h e  " b a s e  

walln, T h e s e  three p o i n t s  o f  c o n t a c t  e n s u r e d  u n i f o r m  p o s i t i o n i n g  

a n d  c o n s i s t e n t  m e n s u r a t i o n  o f  a l l  m a n d i b l e s -  H e a s u r e m e n t s  1 t o  5 

were taken t o  t h e  n e a r e s t  millimeter u s i n g  t h i s  board .  Measures  

6 t o  11, o n  t h e  o t h e r  h a n d ,  were r e c o r d e d  t o  t h e  n e a r e s t  0.1 m m  

u s i n g  d i a l  c a l i p e r s .  

The main o b j e c t i v e  o f  t h i s  o s t e o a e t r i c  a n a l y s i s  was to  d i s -  

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

v a r i o u s  a t t r i b u t e s  o f  t h e  acimal, I n  w i l d l i f e  b i o l o g y ,  f o r  i n s -  

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

of t h e  m a n d i b l e  a n d  t h e  v e i g h t  o f  t h e  a n i m a l  (Anderson ,  e t  al.. 

1979 a n d  L o n e  1972) , F o r  a r c h a e o l o g i c a l  r e n a i n s ,  t o t a l  m a n d i b l e  

l e n g t h  is n o t  a l w a y s  d e t e r m i n a b l e ,  I n  this a n a l y s i s  t h e r e f o r e ,  

it was i m p o r t a n t  t o  d i s c o v e r  o t h e r  m a n d i b u l a r  d i m e n s i o n s  which 

r e l a t e d  t o  t h e  t o t a l  l e n g t h  o f  t h e  e l e m e n t  a n d ,  by e x t e n s i o n ,  t o  

t h e  w e i g h t  of t h e  a n i m a l ,  In f a c t ,  d i m e n s i o n s  2, 3, 5, 6 a n d  1 1  

i n  F i g u r e  3 correlate  well w i t h  t h e  t o t a l  l e n g t h  o f  the m a n d i b l e  

(measurement  4 )  a n d  are m e a s u r a b l e  or. ~ o s t  f r a g m e n t e d  m a n d i b l e s .  



Figure 4: Plan of the mandible board. 

Figure 5 r  Diagram illustrating the use of the mandible board, 



F u r t h e r ,  a s  n o t e d  i n  c h a ~ t e r  f o u r  of t h i s  t h e s i s ,  t h e s e  s k e l e t a l  

v a r i a b l e s  re la te  t o  t h e  w e i g h t  o f  t h e  a n i m a l .  

B i o l o g i s t s  a l s o  u s e  m a n d i b l e  m e a s u r e m e n t s  t o  d e t e r m i n e  t h e  

sex o f  a s k e l e t o n  ( B e r g e r u d  1964;  Hiller 1974b, a n d  Rees 1 8 7 1 a ) .  

Rees (1959) d e s c r i b e s  s e v e n  s u c h  m e a s u r e m e n t s  w h i c h  d i f f e r  s i g n i -  

f i c a n t l y  f o r  male a n d  female w h i t e - t a i l e d  d e e r ,  T h e s e  i n c l u d e  

m e a s u r e m e n t s  2, 6, 7, 8, 9, 10 a n d  1 1  o f  f i g u r e  3, The g o n i a l  

a n g l e  or  a n g n l u s  of t h e  m a n d i b l e  a l s o  v a r i e s  a c c o r d i n g  t o  sex. 

B e a s u r e m e n t  1  i s  a n  a t t e m p t  t o  q u a n t i f y  t h i s  s k e l e t a l  v a r i a b l e ,  

As shown i n  c h a p t e r  5 o f  t h i s  t h e s i s ,  t h e  m a n d i b l e s  o f  a a t u r e  

Rocky  B o u n t a i n  a u l e  d e e r  e x h i b i t  a p r o n o u n c e d  s e x u a l  d i m o r p h i s m ,  

I n  f a c t ,  t h e  a b o v e  m a n d i b u l a r  m e a s u r e m e c t r  d i s c r i m i n a t e  the s e x  

E o f  m o d e r n  m u l e  d e e r  w i t h  a n  a c c u r a c y  of 88% or more. 

L a b o r a t o r y  B e t h o d s  f o r  Age E s t i m a t i o n  a n d  S e a s o n a l i t y  A s s e s s m e n t :  

it 
I n  h i s  a t t e m p t  t o  a g e  t h e  m a t u r e  a n i m a l s  from t h e  C a c h e  1 a 

P o u d r e  d e e r  p o p u l a t i o n ,  E r i c k s o n  ( 1 9 6 7 )  r e m o v e d ,  d e c a l c i f i e d  a n d  

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

I n  t h i s  h i s t o l o g i c a l  a n a l y s i s ,  t h e  f i rst  molars from t h o s e  same 

e l e n e n t s  were removed ,  d e c a l c i f i e d ,  s e c t i o n e d  a n d  s t a i n e d -  T h i s  

a p p r o a c h  p r o v i d e s  a n  i n d e p e n d e n t  c h e c k  o n  E r i c k s o n  's (1  367)  a g e  
L 

estimates a n d  e v a l u a t e s  my e x p e r t i s e  i n  a p ~ l i e d  h i s t o l o g y ,  

T h e  s e l e c t i o n  of H; for  a g e  d e t e r m i n a t i o n  reflects a number  

o f  b i o l o g i c a l  a n d  p r a c t i c a l  c o n s i d e r a t i o n s ,  I n  a r t i o d a c t y l s ,  4 ,  

is t h e  first' t o o t h  of t h e  p e r m a n e n t  series t o  e r u p t ,  In m o s t  

N o r t h  A m e r i c a n  u n g u l a t e s ,  t h i s  t o o t h  e r u p t s  4 m o n t h s  a f t e r  b i r t h  



a n d  is g e n e r a l l y  f u n c t i o n a l  w i t h i n  t h e  f irst  6 m o n t h s  p o s t p a r t  um 

(see Deming 1952;  Dow a n d  W r i g h t  1962;  F u l l e r  1 9 5 9 ;  Hiller 1972;  

P a s s m o r e ,  et a l .  1955;  Ouimby a n d  Gaab 1957;  R o b i n e t t e ,  e t  a l ,  

1957 ,  a n d  S e v e r i n g h a  u s  1949a)  , S i n c e  cementum a p p o s i t i o n  b e g i n s  

b e f o r e  e r u p t i o n ,  t h e  f i r s t  m a n d i b u l a r  m o l a r  r e c o r d s  e v e r y  y e a r  of 

t h e  a n i m a l s s  l i f e .  T h i s  t o o t h  t h u s  p r o v i d e s  t h e  mos t  a c c u r a t e  

a g e  estimate, I n  a d d i t i o n ,  e n v i r o n m e n t a l  a n d  n u t r i t i o n a l  con- 

d i t i o n s  do n o t  a f f e c t  t o o t h  d e v e l o p m e n t  a s  s i g n i f i c a z t l y  i n  t h e  

f e t u s  a n d  newborn s u c k l i n g  a s  i n  t h e  w e a n e r  (Cowan a n d  good 1955, 

a n d  Robine t te  et a l ,  1957) .  T h e r e  is t h u s  c o n s i d e r a b l y  less 

v a r i a t i o n  ' n  t h e  mean e r u p t i o n  d a t e s  o f  f i rs t  m o l a r s  ( S a x c n  a n d  

Highara 1 9 6  h . F u r t h e r ,  t h e  molariform teeth of n o s t  h e r b i v o r e s  

h a v e  b i f u r c a t e  roots u i t h  r e l a t i v e l y  t h i c k  cementum d e p o s i t s  

(Gott l ieb 1943 a n d  S i c h e r  1 9 5 3 ) .  S u c h  d o u b l e  r o o t s  p r o v i d e  more 

s u r f  ace area f o r  m i c r o s c o ~ i c  e x a m i n a + , i o a t  The b i f u r c a t e  r o o t  

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

l o s s  r e s u l t i n g  from c u l t u r a l  a n d  t a p h o n o ~ i c  p r o c e s s e s  (Bean  

1974). F o r  a r c h a e o l o g i c a l  m a n d i b l e s ,  the r e t e n t i o n  of  t h e  molar 

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

a n d  c h e m i c a l  a l t e r a t i o n ,  F i n a l l y ,  t h e  m a n d i b l e ,  p a r t i c u l a r l y  t h e  

t o o t h - b e a r i n g  p a r t  o f  t h e  c o r p u s ,  i s  a v e r y  d u r a b l e  s k e l e t a l  ele- 

ment  ( B r a i n  1967,  1969; C l a s o n  1372, 1974 ;  Higham 1967, a n d  Read 

1 9 7 1 ) .  I n  f ac t ,  Payne  (1973)  c o n s i d e r s  t h e  m a n d i b l e  t h a t  p a r t  of 

the s k e l e t o n  l e a s t  a f f e c t e d ,  t h o u g h  n o t  u n a f f e c t e d ,  b y  e r r o r s  d u e  

t o  d i f f e r e n t i a l  p r e s e r v a t i o n  a n d  r e c o v e r y -  T h e  m a n d i b l e ,  s y e c i -  

f i c a l l y  t h e  ' t o o t h - b e a r i a g  c o r p u s ,  t h u s  i s  t h e  most common e i e m e n t  

i n  many a r c h a e o l o g i c a l  a n d  p a l e o n t o l o g i c a l  a s s e m b l a g e s  (see Bean 



1 9 7 4 ;  Lynan 1976 ;  Hoe-Nygaard 1977;  Read 1971;  V o o r h i e s  1969 a n d  

Y h i t e  1952,  1953b,  1 9 5 4 ,  1 9 5 5  b u t  see Emerson 1 9 7 8  f o r  o p p o s i n g  

v iew) .  F o r  t h e s e  r e a s o n s ,  t h e  first m a n d i b u l a r  molar is  t h e  

t o o t h  of c h o i c e  f o r  a g e  d e t e r m i n a t i o n  i n  p r e h i s t o r i c  f a u n a -  

i) S a m p l e  P r e p a r a t i o n :  

A well- p r e s e r v e d  cementum l a y e r  i s  e s s e n t i a l  f o r  a c c u r a t e  

a g e  d e t e r m i n a t i o n -  I n  t h e  p r e s e n t  s t u d y  t h e r e f o r e ,  t h e  f i r s t  

molar w a s  c u t  o u t  w i t h  a c o p i n g  saw, T h i s  a p p r o a c h  e n s u r e d  t h e  

r e m o v a l  o i n t a c t  r o o t s  w i t h i n  t h e  a l v e o l i  (see C a m p b e l l  1967) .  5 
I n  t h e  p r o c e s s  however ,  t h e  r o o t s  of P4 a n d  H, were r e g u l a r 1  y 

damaged, T h e  u s e  of a r a d i o g r a p h  i s  t h u s  recommended t o  g u i d e  

t h e  c u t ,  L a c k i r g  a n  x - r a y  u n i t ,  t h e  a n a l y s t  p r o b a b l y  s h o u l d  c u t  

o u t  t h e  e n t i r e  a l v e o l a r  r e g i o n  a f t e r  m e n s u r a t i o n  a c d  p h o t o g r a p h y .  

The  s u b s e q u e n t  r e m o v a l  o f  a s i n g l e  t o o t h  s h o u l d  be a r e l a t i v e l y  

s i m p l e  t a s k ,  

P r o p e r  i d e n t i f i c a t i o n  of s p e c i m e n s  i s  c e c e s s a r y  t h r o u g h o u t  

t h e  a n a l y s i s ,  T h e  r e s p e c t i v e  i d e n t i f i c a t i o n  n u m b e r s  t h u s  were 

i n s c r i b e d  on  t h e  b u c c a l  a l v e o l a r  s u r f a c e  of e a c h  e x t r a c t e d  molar. 

T h e  s p e c i a e n  then w a s  i i amersed  i n  150  l a 1  of f o r m o l - s a l i n e  f o r  

a b o u t  24 h o u r s ,  S u c h  p r e l i m i n a r y  f i x a t i o n  r e d u c e s  t h e  s p e c i m e n ' s  

s u s c e p t i b i l i t y  t o  i n  j u r y  d u r i n g  m a n i p u l a t i o r .  ( B r a i n  1966 ; lrfcPlanus 

a n d  Howrey 1 9 6 5 ;  P a g e  1977;  P a l l i n g t o n  1'372, a n d  Holman 1 9 5 5 ) -  

For a r c h a e o l o g i c a l  m a t e r i a l ,  p r e l i m i n a r y  f i x a t i o n  o f  t h e  e n t i r e  

m a n d i b l e  is a d v i s a b l e ,  F i x a t i o n  of t h e  b o n e  *s o r g a n i c  c o m p o n e n t  

a t  t h i s  t i n e  r e d u c e s  t h e  r i s k  of i n j u r y  d u r i n g  t o o t h  e x t r a c t i o n .  



F i x a t i o n  o f  t h e  whole  m a n d i b l e ,  however ,  e n t a i l s  a c o l d  water 

r i n s e  b e f o r e  s t o r a g e .  The  e x t r a c t e d  t o o t h ,  on t h e  o t h e r  harid, 

r e q u i r e s  a d d i t i o n a l  p r i m a r y  f i x a t i o n .  

T o  f i x  a n d  d e c a l c i f i p  d e n s e  t i s s u e s  s u c h  a s  t e e t h  p r o p e r l y ,  

h i s t o l o g i s t s  a l w a y s  u s e  t h i n  s l a b s  (a maximum of 5 m m  t h i c k )  i n  

t h e i r  a n a l y s e s  { B r a i n  1963; D i s b r e y  a n d  Rack 1'370; Page 1977, and 

wall i n g t o n  1955) .  F i x a t i o n  a n d  d e c a l c i f i c a t i o n  o f  s u c h  s l ices 

e n s u r e s  t h e  p r o d u c t i o n  o f  h i g h  q u a l i t y  t h i n  s e c t i o n s  ( B r a i n  1356; 

C l a y d e n  1971; P r e e c e  1965 ,  a n d  W a l l i n g t o n  1972) .  Only t h i n  s l abs  

of  c a l c i f i e d  t i s s u e  a l l o w  r a p i d  p e n e t r a t i c n  by t h e  f i x a t i v e ,  I n  

o f  a  t i s s u e  block d e t e r m i n e s  t h e  ra%e acd  

- and  d e c a l c i f i c a t i o n  { B r a i n  1966; M o r r i s  

a n d  Benton 1 9 5 6 a ,  and  V e r d e n i u s  and  A L m a  1558) -  I n  g e n e r a l ,  
- 

t h i n n e r  tissue b l o c k s  e x p e d i t e  p e n e t r a t i o n  b y  f l u i d s .  T h i n n e r  

s l a b s  cf b o n e  t h u s  d e c a l c i f y  more r a p i d l y  a n d  n e e d  n o t  u n d e r g o  

p r o l o n g e d  i m n e r s i o n  i n  %he  a c i d ,  All t h i c k e r  s p e c i m e n s  u n d u l y  

p r o l o n g  t h e  d e c a l c i f i c a t i o n  p r o c e s s  a n d  p r o m o t e  p r o t e i n  hydro- 

l y s i s ,  S u c h  e x c e s s i v e  d e c a l c i f i c a t i o n  r e d u c e s  t h e  q u a l i  t g o f  t h e  

s t a i n i n g  i n  t h e  c r i t i c a l  o u t e r  r e g i o n s  o f  t h e  s e c t i o n  ( B r a i n  

1966; D r u r y  a n d  Hall i n g t o n  1967,  a n d  P r e e c e  1965) - 
T h i n  p i e c e s  o f  d e c a l c i f  l e d  t i s s u e  a l s o  e n h a n c e  i n f i l t r a t i o n  

{ B r a i n  1963  a n d  O l s o n  1967) or f r e e z i n g  which,  i n  t u r n ,  f a c i l i -  

t a t e s  t i s s u e  s e c t i o n i n g  ( D i s b r e y  a n d  Rack 1970; Humason 1972, a n d  

S teedman  t96O) .  F u r t h e r ,  t h e  f l a t  s u r f a c e  of t h e  t i s s u e  b l o c k  

e n h a n c e s  s p e c i m e n  o r i e n t a t i o n  on t h e  m i c r o t o m e  mount, T h e  p re -  

s e n t a t i o n  o f  ' a s ~ o o t h  s u r f a c e  t o  t h e  mic ro tome k n i f e  e n a b l e s  t h e  

i r e m o v a l  of  c o e p l e t e  s e c t i o n s  w i t h o u t  c u t t i n g  d e e p l y  i n t o  t h e  tis- 



fewer u n w a n t e d  s e c t i o n s  p ~ o l o n g s  t h e  c u t t i n g  e d g e  of t h e  k n i f e .  

F i n a l l y ,  t h e  r e a o v a l  o f  thin s l a b s  of t e e t h  p r e s e r v e s  p a r t  of t h e  

s p e c i m e n  i n  case of e x p e r i m e n t a l  error, F o r  a r c h a e o l o g i c a l  bone ,  

where p r o p e r  f i x a t i o n  a n d  d e c a l c i f i c a t i o n  are c r i t i c a l ,  t h e  u s e  

of t h i n  slices i s  t h e r e f o r e  e s s e n t i a l ,  

The  f i x a t i o n  a n d  d e c a l c i f i c a t i o n  of d e n t a l  s l a b s  f o r  a y e  

d e t e r m i n a t i c n  r e q u i r e s  t h e  s e l e c t i o n  of t h e  a p p r o p r i a t e  t o o z h  

slice, For u n g u l a t e  molars, l l i t c h e l l  (1 9 6 3 )  recommends the pad 

area, n i l l e r  (1 974a,  1974b)  p r e f e r s  t h e  e n t i r e  roo t  s u r f  ace w h i l e  

C a m p b e l l  (1967)  s p e c i f i e s  t h e  r e g i o n  of the root  which y i e l d s  t h e  

most d i s t i n c t  l i n e s ,  A r m s t r o n g  (1 96S), M a r k g r e n  (1969)  and Wolfe 

(1969)  n o t e  t h e  p r e s e n c e  o f  clearer a n n u l i  i n  t h e  l i n g u a l  h a l f  o f  

t h e  molar roots ,  I n  t h e  p r e s e n t  a n a l y s i s  t h e r e f o r e ,  a s l a b  was 

removed f r o m  t h e  l i n g u a l  h a l f  of  the t o o t h ,  

A d e c i s i o n  t o  f i x  a n d  d e c a l c i f y  t o o t h  s labs  a l so  e n t a i l s  t h e  

s e l e c t i o n  of t h i n  s e c t i o n  t y p e  p r i o r  t o  s u b d i v i s i o n ,  O b v i o u s l y ,  

t h e  o r i e n t a t i o n  o f  t h e  c u t  d e t e r m i n e s  t h e  t y p e  o f  s e c t i o n ,  A 

s a g i t t a l  c u t  t h r o u g h  t h e  m o l a r  n e c e s s i t a t e s  t h e  r e m o v a l  of l o n g i -  

t u d i n a l  or s a g i t t a l  t h i n  s e c t i o n s .  C o n v e r s e l y ,  a s u b d i v i s i o n  o f  

t h e  t o o t h  a l o n g  t h e  t r a n s v e r s e  p l a n e  d i c t a t e s  t h e  u s e  of t r a n s -  

v e r s e  or  cross s e c t i o n s .  I n  w i l d l i f e  b i o l o g y ,  b o t h  t y p e s  of t h i n  

sec t ions  are used,  Further, each t y p e  h a s  its proponents and its 

critics ( s e e  C a m p b e l l  1967; E r i c k s o n  1967; L o c k a r d  1972;  Low and  

Cowan 1963; Miller 1 9 7 4 b ;  O l s o n  1 9 6 7 ,  a n d  Thomas a n d  Bandy 1973) .  

I n  e s s e n c e ,  k r a n s v e r s e  s e c t i o n i n g  p r o v i d e s  maximum n u n b e r r  w i t h  

m i n i l s a l  e x p o s u r e  p e r  s e c t i o n ,  S a g i t t a l  s e c t i o n s  of u n d e c a l c i f i e d  



t i s s n e s ,  o n  t h e  o t h e r  h a n d ,  p r o v i d e  f e v e r  s e c t i o n s  p e r  tooth bu+, 

maximize  t h e  e x p o s u r e  o f  c e a e n t u a  i n  e a c h  s e c t i o n ,  L o n g i t u d i n d l  
6% 

s e c t i o n i n g  of d e c a l c i f i e d  t i s s u e s  i n c r e a s e s  t h e  number o f  t h i n  

s e c t i o n s  p e r  t o o t h  a n d  p r o v i d e s  ma ximum e x p o s u r e  p e r  s e c t i o n .  

Such  s e c t i o n s  make i t  p o s s i b l e  t o  f o l l o w  t h e  i n c r e m e n t a l  l i n e s  

a l o n g  t h e  e n t i r e  root  section, T h e s e  are  t h u s  more r e l i a b l e  f o r  

seasonality a s s e s s m e n t ,  As a r e s u l t ,  a l l  m o l a r s  were s u b d i v i d e d  

along t h e  s a g i t t a l  p l a n s .  

Removing t h i n  s l a b s  o f  a  u n i f o r m  t h i c k n e s s  f r o m  a d e e r  m o l a r  

n e c e s s i t a t e s  g r i n d i n g  t h e  a l v e o l a r  b o n e  t o  w i t h i n  a millimeter of 

t h e  lingual r o o t  s u r f a c e ,  I n  t h e  p r e s e n t  s t u d y ,  t h i s  g r i n d i n g  

was done m a n u a l l y  u s i n g  a g l a s s  p l a t e ,  c o a r s e  g r i t  a n d  w a t e r  as a 

l u b r i c a n t ,  C o n c u r r e n t l y ,  p e t r o g r a p h i c  s l i d e s  were f r o s t e d  u s i n g  

a  f i n e r  g r i t ,  The g r o u n d  s p e c i m e n s  t h e n  were g l u e d ,  l i n g u a l  f a c e  

down, o n t o  t h e  p e t r o g r a p h i c  s l i d e s  a n d  a o u n t e d  on a vacuum c h u c k  

f o r  s e c t i o n i n g .  

T o  r e m o v e  a 3 ma s l a b  f r o m  each g r o u n d  s p e c i m e n ,  a n  I s o m e t  

low speed diamond s a w  was used.  T h i s  i n s t r u m e n t ,  which e m p l o y s  

t h e  drag p r i n c i p l e  o f  l u b r i c a t i o n  t o  c o o l  its t h i n  w a f e r i n g  

diamond b l a d e ,  is i d e a l  f o r  s e c t i o n i n g  e v e n  t h e  most f r a g i l e  

s p e c i m e n ,  T o  s e c t i o n  an  o b j e c t ,  t h e  o p e r a t o r  m o u n t s  the s p e c i m e n  

o n  t h e  a p p r o p r i a t e  c h u c k ,  a t t a c h e s  t h e  c h u c k  to  the s p e c i m e ~  

s u p p o r t  arm a n d  l o w e r s  + h e  w h o l e  a s s e m b l y  o n t o  a diamond t l a d e  

w h i c h  r o t a t e s  a t  s p e e d s  r a n g i n g  f r o m  25  t o  309 rpat, T h e  o p e r a t o r  

r e g u l a t e s  t h e  c u t t i n g  time by  a d j u s t i n g  t h e  b l a d e  s p e e d  O K  t h e  

w e i g h t  of t h e  s u p p o r t  arm, High s p e e d s  a n d  maximum w e i g h t  r e d i l c e  

c u t t i n g  t i m e  but i n c r e a s e  damage t o  t h e  s~ecimer, s u r f a c e .  P r o p e r  



s u p p o r t  arm w e i g h t  a n d  b l a d e  s p e e d  p r o d u c e  l o w  damage c u t s  w i t h  

minimum k e r f  loss, I n  f a c t ,  correct a d j u s t m e n t  o f  t h e  I s o m e t  saw 

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

n o t e d  by G a l i g h e r  a n d  K o z l o f  f (1971) .  Lynch,  e t  a l .  (1969)  a n d  

W a l l i n g t o n  ( 1 9 7 2 ) -  I n  t h e  p r e s e n t  s t u d y ,  t h e  blade r o t a t e d  a t  a 

s p e e d  of 1 0 0  rpln w h i l e  t h e  g r a v i t y - f e d  s p e c i m e n  arm s u p p o r t e d  an 

a d d i t i o n a l  2 5  g rams-  

I n  t h e  h i s t o l o g i c a l  a n a l y s i s  of a n y  c a l c i f i e d  t i s s u e s ,  t h e  

v e i g h t  o f  t h e  t issue b l o c k  d ic ta tes  t h e  v c l u a e  of f i x a t i v e  a n d  

d e c a l c i f y i n g  f l u i d ,  T h e  t h i c k n e s s  of t h e  s p e c i n e n ,  on t h e  o t h e r  

h a n d ,  d e t e r m i n e s  t h e  d u r a t i o n  of the d e m i n e r a  l i z a t i o n  p r o c e s s ,  

Hence, e a c h  t o o t h  s l ab  was m e a s u r e d  a n d  w e i g h e d  b e f o r e  f i x a t i o a  

and  d e c a l c i f i c a t i o n ,  T h e s e  d a t a  a r e  a v a i l a b l e  i n  Agpend ix  V, 

i i )  P r i m a r y  F i x a t i o n  : 

A d e q u a t e  f i x a t i o n  o f  c a l c i f i e d  t i s s u e s  i s  e s s e n t i a l  to  en- 

s u r e  t h e  p r o d u c t i o n  of ~ r o p e r l y  s t a i n e d  s e c t i o n s ,  A good p r i m a r y  

f i x a t i v e  m i n i m i z e s  t i s s u e  damage d u r i n g  m a n i p u l a t i o n ,  i n c r e a s e s  

t h e  r e f r a c t i v e  i n d e x  of t h e  material a n d  r e n d e r s  t h e  t i s s u e  re- 

c e p t i v e  t o  most s t a i n s  { B r a i n  1366; W a l l i n g t o n  1 9 7 2 ,  a n d  g e e s n e r  

1 9 6 0 ) -  F o r  c a l c i f i e d  t i s s u e s ,  f i x a t i o n  a lso  r e n d e r s  t h e  o s t e o i d  

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

( P r e e c e  1 9 6 5 ) -  As n o t e d  by t h e  r e s e a r c h  of Cook a n d  Ezra-Zohn 

(1962:563) , * , , , f i x a t i o n  i n  f o r t a a l i n  e x e r t s  a clear i n h i b i t o r y  

e f f e c t  upon  t h e  a c i d  h y d r o l y s i s  o f  t h e  b o n e  p r o t e i n w .  O l s o n ' s  

(1367) c o m p a r a t i v e  s t u d y  o f  f i x e d  a n d  u n f i x e d  d e n t a l  tissues 



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

p r o p e r  f i x a t i o n  for  a c c u r a t e  a g e  d e t e r m i n a t i o n ,  I n  the a n a l y s i s  

o f  a r c h a e o l o g i c a l  bone ,  where p a r t i a l  d e g r a d a t i o n  o f  the o r g a n i c  

contponent  is coaslon, p r o p e r  f i x a t i o n  is  t h u s  i n d i s p e n s a b l e ,  

F o r m a l i n  i s  u n q u e s t i o n a b l y  t h e  best f i x a t i v e  f o r  c a l c i f  i e d  

tissues, T h i s  r e a g e n t  p e n e t r a t e s  well a n d  i n h i b i t s  h y d r o l y s i s  o f  

t h e  bone p r o t e i n  d u r i n g  d e r p i n e r a l i z a t i o n  ( B r a i n  1966; Cook a n d  

Ezra-Cohn 1962; R u s s e l l  1963,  a n d  Y a l l i n g t o n  1955) .  The a d d i t i o n  

o f  s o d i u m  c h l o r i d e  i n c r e a s e s  t h e  i s o t o n i c i t y  of t h e  f l u i d  (Brain 

1966)  - F o r m o l - s a l i n e  t h u s  p e n e t r a t e s  b e t t e r  t h a n  a n  o r d i n a r y  

s o l u t i o n  of f o r m a l i n  a n d  water, 

F o r m a l i n  s o l u t i o n s  s h o u l d  n e v e r  e x c e e d  10 p e r c e n t  c o m n e r c i a l  

f o r m a l d e h y d e  [Clayden  1952,  1971; D r u r y  a n d  W a l l i n g t o n  1967,  a n d  

R u s s e l l  1363)-  H i g h e r  c o n c e n t r a t i o n s  c a u s e  o v e r h a r d e n i n g  a n d  

s u b s e q n e n t  p o o r  s t a i n i n g  o f  the p e r i p h e r a l  t i s s u e  ( B r a i n  1966). 

P u r t  h e r ,  a n y  f o r m a l i n  s o l u t i o n  c o n t a i n s  t r a c e  a m o u n t s  o f  f o r m i c  

a c i d  as a m a n u f a c t u r i n g  i m p u r i t y  ( B r a i n  1966) o r  a s  a result of 

o x i d a t i o n  of p a r t  o f  t h e  f o r m a l d e h y d e  f D i s b r e y  a n d  Rack 1970 a n d  

Lynch,  e t  a l ,  1969) .  A c i d  c o n c e n t r a t i o n  u s u a l l y  i n c r e a s e s  w i t h  

s t o r a g e ,  C o n s e q u e n t l y ,  p r o l o n g e d  s t o r a g e  o f  o s s e o u s  t i s s u e s  i n  

u n b u f f e r e d  f o r m a l i n  r e s u l t s  i n  i n f e r i o r  s t a i n i n g  a n d  e v e n t u a l  

d e c a l c i f i c a t i o n  ( H i l f  1 9 7 5 a ) ,  f f i s t o l o g i s t s  g e n e r a l l y  n e u t r a l i z e  

s u c h  trace a m o u n t s  of formic ac id  by a d d i n g  c a l c i u m  c a r b o n a t e  t o  

t h e i r  s o l u t i o n s  ( B r a i n  1966; C l a y d e n  1952,  1971; Smith l 9 6 2 a ,  a n d  

R a l l i n g t o n  1 9 7 2 ) .  T h u s ,  n e u t r a l  or  b u f f e r e d  10% f o r m o l - s a l i n e  is  

t h e  f i x a t i v e  ' o f  c h o i c e  f o r  t h e  z o o a r c h a e o l o g i s t .  



P r o p e r  f i x a t i o n  of c a l c i f i e d  t i s s u e s  r e q u i r e s  time, Se veral 

f a c t o r s  r e g u l a t e  t h e  a m o u n t  of time r e q u i r e d  f o r  a d e q u a t e  f i x a -  

t i o n .  T h e s e  i n c l u d e :  t h e  a c t i o n  of t h e  f i x a t i v e ;  t h e  volume,  p~ 

a n d  t e m p e r a t u r e  of t h e  s o l u t i o n ;  t h e  d e n s i t y  o f  t h e  t i s s u e ,  and 

the t h i c k n e s s  o f  t h e  s p e c i m e n  (Thompson 1966 ) -  F o r  t h i n  s l a b s  of 

b o n e  3-5 m m  t h i c k ,  t h o r o u g h  f i x a t i o n  i n  a n  a m p l e  volume o f  1 0 1  

f o r l a o l - s a l i n e  r e q u i r e s  a minimum of 48  h o u r s  ( B r a i n  1366;  Clap-  

den 1971, a n d  W a l l i n g t o n  1972)  - T h i c k e r  s p e c i m e n s  r e q u i r e  much 

more t i a e ,  I n  h i s t o l o g i c a l  a n a l y s i s ,  a n  a m p l e  volume o f  f i x a t i v e  

c o n s t i t u t e s  20 t o  50 times t h e  volume of t h e  s p e c i m e n ,  P l a c i n g  

t h e  s p e c i m e n  o n  a p l a s t i c  mesh a t  t h e  b o t t o m  of t h e  c o n t a i n e r  o r  

s u s p e n d i n g  t h e  t i s s u e  i n  t h e  s o l u t i o n  e n s u r e s  p z o p e r  c i r c u l a t i o n  

by  t h e  f i x a t i v e  ( C l a y d e n  1952 and  W a l l i n g t c n  1 9 5 5 ) -  I n  t h i s  

s t u d y ,  each l i n g u a l  s e c t i o n  a n d  i t s  r e s p e c t i v e  i d e n t i f i c a t i o n  tag 

was p l a c e d  i n  a p e r f o r a t e d  p l a s t i c  v i a l  a n d  immersed  f o r  4 8  hoilrs 

i n  10% f o r m o l - s a l i n e  a t  a r a t e  of 100 r n l  F e r  gram of t i s s u e *  T h e  

b u c c a l  p o r t i o n s  of  t h e  m o l a r s ,  on  t h e  o t h e r  h a n d ,  were f a x e d  f o r  

a c o m p a r a b l e  time i n t e r v a l  i n  a n  a a p l e  volume of f i x a t i v e ,  

The p e r f o r a t e d  p l a s t i c  v i a l s  a n d  dymo t a p e  i d e n t i f i c a t i o n  

t a g s  were i d e a l  f o r  t h e  t a s k ,  P l a s t i c  i s  b u o y a c t  i n  water and  

d o e s  n o t  d e t e r i o r a t e  i n  e i t h e r  f o r m o l - s a l i n e  or n i t r i c  a c i d .  The 

p e r f o r a t i o n s  e n s u r e  a d e q u a t e  c i r c u l a t i o n  by b o t h  t h e  f i x a t i v e  a n d  

t h e  a c i d ,  F u r t h e r ,  t h e  use o f  s e p a r a t e  v i a l s  f o r  each m o l a r  c u r -  

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

damage o r  m i s i d e n t i f i c a t i o n  d u r i n g  a n a l y s i s .  F i n a l l y ,  t h e  buoy- 

a n c y  of t h e s e  v i a l s  f a c i l i t a t e s  t h e i r  r e m o v a l  f r o m  t h e  d e c a f c i -  

f y i n g  f l u i d  for  x-ray  e x a m i n a t i o n .  



P e r f o r a t e d  p l a s t i c  v i a l s  are n o t  a v a i l a b l e  c o m m e r c i a l l y ,  As 

a r e s u l t ,  t w e n t y  a1 n a l g e n e  v i a l s  were p u r c h a s e d  a n d  s u b s e q u e n t l y  

p e r f o r a t e d  u s i n g  a red h o t  d i s s e c t i n g  n e e d l e ,  Dymo g u n s  and t a p e  

are a v a i l a b l e  i n  mos t  s c i e n c e  stores, 

iii) D e c a l c i f i c a t i o n :  

R e n o v a l  o f  t h e  f i x a t i v e  n e c e s s i t a t e s  a n  o v e r n i g h t  r i n s e  i n  

c o l d  t a p  water, After 4 8  h o u r s  o f  f i x a t i o n  t h e r e f o r e ,  t h e  

b u c c a l  s e c t i o n s  were r i n s e d  for a p p r o x i a a t e l y  1 2  h o u r s  a n d  t h e n  

s t o r e d  i n  v i a l s  f o r  f u t u r e  use, B f t e r  a c a m p a r a b l e  r i n s e ,  the 

l i n g u a l  p o r t i o n s  of t h e  molars were x - r a y e d  a n d  submerged  i n  I N  

n i t r i c  a c i d  a t  a ra te  o f  100 m 1  of s o l u t i o n  p e r  gram of t i s s u e ,  

After 6 h o n r s  o f  d e c a l c i f i c a t i o n ,  t h e  s p e c i m e n s  were x-rayed 

again a n d  e v e r y  2 h o n r s  t h e r e a f t e r  u n t i l  t h e  c o m p l e t i o n  o f  t h e  

p r o c e s s ,  S p e c i f i c a t i o n s  f o r  x - r a y i n g  a n d  f i l m  d e v e l o p n e a t  a r e  

l i s t e d  i n  Append ix  IV, 

The r e m o v a l  of a s p e c i m e n  f rom t h e  d e c a l c i f y i n g  a g e n t  a t  the 

p r e c i s e  e n d p o i n t  of d e c a l c i f i c a t i o n  is  i a t ~ e r a t i v e  when d e c a l c i -  

f y i n g  i n  n i t r i c  a c i d ,  E x c e s s i v e  d e c a l c i f i c a t i o n  i n  s u c h  s t r o n g  

a c i d s  a d v e r s e l y  a f fec ts  t h e  s t a i n i n g  of p e r i p h e r a l  t i s s u e  ( B r a i n  

a n d  Eastoe 1962; C l a y d e n  1952; Page  1977, a n d  P r e e c e  1965) a n d  

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

1 9 7 2 ) -  Further, p r o l o n g e d  i a n e r s i o n  i n  a s t r o n g  d e c a l c i f  y i cg  

a g e n t  e n d u c e s  t i s s u e  d i s t o r t i o n  a n d  e v e n t u a l  p r o t e i n  h y d r o l y s i s  

( C l a  pden 1952). 



A t  p r e s e n t ,  r a d i o g r a p h y  is  the o n l y  r e l i a b l e  method for de- 

t e r m i n i n g  t h e  e n d p o i n t  of d e c a l c i f i c a t i o n  ( B r a i n  1966; G a l i g h e r  

a n d  K o z l o f f  1971  and  S m i t h  1 9 6 2 a ) -  The a b s e n c e  of a n  x - r a y  u n i t ,  

however ,  e n t a i l s  a r e c o u r s e  t o  a l t e r n a t i v e  tests,  H e c h a n i c a  1 

t e c h n i q u e s ,  a s  n o t e d  by  B r a i n  (1966)  , a r e  u n r e l i a b l e  a n d  q u i t e  

d e s t r u c t i v e .  P r o b i n g ,  f o r  e x a m p l e ,  p e r f o r a t e s  t h e  t i s s u e  but 

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

(Olson  1 9 6 7 )  - Such trace a m o u n t s  of m i n e r a l  i n  t h e  d e c a l c i f i e d  

m a t r i x  s e r i o u s l y  damage  t h e  c u t t i n g  e d g e  o f  t h e  m i c r o t o m e  k n i f e  

( H i l l e r  t 9 7 4 b )  a n d  c a u s e  s e c t i o n  l i f t i n g  d u r i n g  s t a i n i n g  ( G i l b e r t  

1964) .  Host c h e m i c a l  m e t h o d s ,  on  t h e  o t h e r  h a n d ,  are t o o  sensr- 

t i v e  a n d  u n d u l y  p r o l o n g  t h e  p r o c e s s  {Smith  l 9 6 2 a ) ,  A s  a r e s u l t ,  

t h e  f a u n a l  a n a l y s t  who is u n a b l e  t o  l o c a t e  a  s u i t a b l e  x - r a y  u n r t  

s h o u l d  d e c a l c i f y  h i s  material i n  a weaker a c i d ,  F o r m i c  a c i d ,  f o r  

exarngle,  does n o t  i m p a i r  t i s s u e  s t a i n a b i l i t y  e v e n  a f te r  p r o l o n g e d  

i m m e r s i o n  ( B r a i n  196 6) - 
Here, t h e  s e l e c t i o n  o f  n i t r i c  a c i d  a s  t h e  d e c a l c i f y i n g  a g e n t  

r e f l e c t s  f i n a n c i a l  r e s t r i c t i o n s ,  Formic  a c i d  is u n d e n i a b l y  t h e  

b e t t e r  d e c a l c i f y i n g  a g e n t  for r e c e n t  ( B r a i n  a n d  Eastoe 1962; 

Gooding a n d  S t e w a r t  1932,  a n d  L i l l i e ,  e t  a l ,  1951)  a n d  a r c h a e o -  

l o g i c a l  bone  {Andersen a n d  J o r g e n s e n  1960, a n d  B s c e n z i  1355) .  I n  

t h e  p r e s e n t  r e s e a r c h ,  however ,  t h e  c o s t  of d e c a l c i f y i n g  a l l  102 

l i n g u a l  s e c t i o n s  i n  t h i s  a c i d  would  be e x c e s s i v e ,  Formic a c i d  is 

v e r y  e x p e n s i v e  a n d  its optimum c o n c e n t r a t i o n  is 4N, C o m p l e t e  de- 

c a l c i f i c a t i o n  o f  e v e n  a t h i n  bone  s l a b  io 4N f o r m i c  a c i d  r e ~ u i r e s  

s e v e r a l  d a y s ,  a  p r o c e s s  which e n t a i l s  d a i l y  r e p l a c e m e n t  of t h e  

a c i d  s o l u t i o n  ( B r a i n  1966; C l a y d e n  197 1, a n d  W a l l i n g t o n  1472)  



c o n v e r s e l y ,  n i t r i c  a c i d ,  when u s e d  i n  much lower c o n c e n t r a t i o n s ,  

d e c a l c i f i e s  a 3 m m  slice of d e n t a l  t i s s u e  i n  less t h a n  2 U  h o u r s ,  

T h i s  a c i d ,  which  i s  v e r y  i n e x p e n s i v e  ( O l s o n  1967) , a l s o  c a u s e s  

minimal. d i s t o r t i o n  ( P r e e c e  l 9 6 5 ) ,  e n h a n c e s  s e c t i o n i n g  ( C l a y d e n  

1 9 5 2 ) ,  a n d  yields good n u c l e a r  s t a i n i n g .  T h e r e f o r e ,  of a l l  t h e  

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

d e c a l c i f i c a t i o n  time d o e s  n o t  e x c e e d  15 h o u r s  ( B r a i n  1 9 6 6 ) -  

F i n a n c e s  g e n e r a l l y  d c  n o t  d i c t a t e  t h e  c h o i c e  of t h e  acid, 

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

p r e p a r a t i o n s  p r e s c r i b e  the s u i t a b l e  d e c a l c i f y i n g  a g e n t -  S t r o n g  

a c i d s  d e c a l c i f y  r a p i d l y  b u t  u s u a l l y  p r o d u c e  p o o r e r  s e c t i o n s ,  

Weaker a c i d s ,  o n  t h e  o t h e r  h a n d ,  d e a i n e r a l i z e  s l o w l y  b u t  y i e l d  

h i g h e r  q u a l i t y  s t a i n e d  p r e p a r a t i o c s .  

Though a c i d  s t r e n g t h  d e t e r m i n e s  t h e  g e n e r a l  r a te  o f  demine- 

r a l i z a t i o n  ( B r a i n  a n d  E a s t o e  1 9 6 2 ) ,  e a c h  a c i d  h a s  a n  optimum con- 

c e n t r a t i o n  f o r  e f f i c i e n t  d e c a l c i f i c a t i o n ,  F o r  n i t r i c  a n d  f o r m i c  

a c i d ,  t h e  o p t i m u r  c o n c e n t r a t i o n s  are 1 8  a n d  4 N  r e s p e c t i v e l y  

( B r a i n  1 9 6 6 ) .  A c i d  c o n c e n t r a t i o n s ,  h e r e ,  are p r e s e n t e d  i n  terins 

of n o r m a l i t y  s i n c e  s u c h  e x p r e s s i o n s  permit tt,,, a c c u r a t e  a s s e s s -  

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

s t r e n g t h  of t h e  a c i d *  ( B r a i n  1366:73). 

D e c a l c i f i c a t i o n ,  l i k e  f i x a t i o n ,  r e q u i r e s  a n  ample  volume of 

s o l u t i o n ,  D r u r y  a n d  V a l l i n g t o n  (1 367) a n d  W a l l i n g t o n  ( 1972)  re- 

commend a volume 30-50 t i ~ e s  t h a t  o f  t h e  t i s s u e ,  B r a i n  (1966) 

a n d  L i l l i e ,  e t  a l ,  (1951)  p r e f e r  a v o l u m e  o f  100 s l  o f  s o l u t i o n  

p e r  gram o f  t i s s u e ,  T h i s  volume o f  I N  n i t r i c  a c i d  d e c a l c i f i e s  a 

t h i n  slice o f  b o n e  w i t h i n  24 hours .  



I n  a d d i t i o n  t o  v o l u a e  a n d  c o n c e n t r a t i o n ,  t h e  v o r k i n g  t e m ~ e -  

r a t u r e  o f  t h e  d e c a l c i f y i n g  a g e n t ,  r e p l a c e a e n t  a n d  a g i t a t i o n  of 

t h e  s o l u t i o n ,  a n d  l o c a l i s a t i o n  of t h e  s p e c i m e n  w i t h i n  the fluid 

a f f e c t  t h e  r a t e  of t h e  p r o c e s s  ( B r a i n  1966) .  H o s t  h i s t o l o g i s t s  

recommend w o r k i n g  t e r a p e r a t u r e s  o f  1 8 ' ~  t o  ~ o O C ,  F o r t u n a t e l y ,  

t h i s  t e n p e r a t u s e  range p r e v a i l s  i n  most h i s t o l o g i c a l  l a b o r a t o r i e s  

( B r a i n  1966; C l a p d e n  1952,  1 9 7 1 ;  n o r r i s  a n d  B e n t o n  1956a, 1956b, 

a n d  B a l l i n g t o n  1972) , Recommendat ions  f o r  a g i t a t i o n  are c o n t r a -  

d i c t o r y ,  A c c o r d i n g  t o  most  h i s t o l o g i s t s ,  a g i t a t i o n  o f  t h e  a c i d  

s o l u t i o n  d o e s  n o t  s i g n i f i c a n t l y  a f f e c t  the fate o f  t h e  p r o c e s s  

( B r a i n  1966) . V e r d e n i u s  a n d  Alma (1 % 8 ) ,  Plorris a n d  Ber; t o n  

(1956a)  a n d  R u s s e l l  ( 1 9 6 3 ) ,  however,  r e p o r t  a n o t a b l e  a c c e l e -  

r a t i o n  i n  t h e  p r o c e s s  a s  a r e s u l t  o f  a g i t a t i o n ,  D a i l y  re~ lace -  

B e n t  o f  t h e  s o l u t i o n ,  o n  t h e  o t h e r  hand,  i s  e s s e n t i a l ,  P i n a l l y ,  

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

free access of the a c i d  t o  a l l  s u r f a c e s  o f  t h e  t i s s u e ,  I n  o t h e r  

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

c o n t a i n e r ,  O f  the above, o n l y  c o n c e n t r a  t i o n ,  v o l  ume a n d  w o r k i r g  

t e m p e r a t u r e  of t h e  s o l u t i o n  m a r k e d l y  a f f e c t  t h e  ra te  o f  d e c a l c i -  

f i c a t i o n  i n  a g i v e n  a c i d .  

G i v e n  o p t i m a l  v o l u s e ,  c o n c e n t r a t i o n  a n d  t e m p e r a t u r e  of the 

d e c a l c i f y i n g  a g e n t ,  s p e c i m e n  t h i c k n e s s  d e t e r m i n e s  d e c a l c i f i c a t i o n  

t i n e ,  In  g e n e r a l ,  t h e  time r e q u i r e d  f o r  t h e  d e c a l c i f y i c g  f l u i d  

t o  p e n e t r a t e  a s p e c i m e n  i n c r e a s e s  with the d i m e c s i o n s  of  t h e  l a t -  

ter. A s  shown i n  t h e  s e q u e n c e  of r a d i o g r a p h s  i n  F i g u r e  6 ,  de- 

m i n e t a ~ i z a t i b n  p r o c e e d s  a s  t h e  f o r w a r d  movement o f  a s h a r p l y  de- 

l i n e a t e d  f r o n t  from t h e  p e r i p h e r y  o f  the s p e c i m e n  toward  the cen- 



Figure 6 :  Sequence of radiographs showing the progress of the decal- 
c i f i c a t i c n  process. 





ter (Bi r l r eda l -Hansen  1974) .  S i n c e  the p r o c e s s  a d v a n c e s  a t  a uni- 

fo rm ra te  f r o m  a l l  s u r f a c e s  ( B r a i n  1966; M o r r i s  a n d  Ben ton  1956a ,  

a n d  V e r d e n i u s  a n d  A l m a  1958) .  t h e  s m a l l e s t  d i m e n s i o n  o f  t h e  t o o t h  

s l ice i s  c r i t i c a l  i n  d e t e r m i n i n g  t h e  d u r a t i o n  o f  t h e  p r o c e s s ,  A 

s p e c i a e n  m e a s u r i n g  100 X 10 X 1 am, f o r  e x a m p l e ,  w i l l  d e c a l c i f y  

a s  r a p i d l y  a s  o n e  m e a s u r i n g  3 X 2 X 1 l a m ,  The a b s o l u t e  d i f f u s i n g  

d i s t a n c e  fo r  t h e  a c i d  t h e n  i s  o n e  h a l f  t h e  smallest d i a e n s i o n ,  

T h i s  d i s t a n c e ,  which B r a i n  (1966:83) d e f i n e s  as  t h e  minimum d i f -  

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

p r o c e s s .  

To t e s t  t h i s  h y p o t h e s i s ,  a l l  o n e  h u n d r e d  a n d  two l i n g u a l  

s e c t i o n s  were measured  a n d  weighed,  Here, maximum t h i c k n e s s  was 

measured  t o  t h e  n e a r e s t  0 - 0 5  ma u s i n g  d i a l  c a l i ~ e r s ,  Weigh t  was 

r e c o r d e d  t o  t h e  n e a r e s t  0.1 gram u s i n g  a n  Ohaus  Autogram scale. 

A l l  s p e c i m e n s ,  e x c e p t  f o r  t h e  12 f i r s t  m o l a r s ,  were f i x e d  a n d  

d e c a l c i f i e d  a t  room t e m p e r a t u r e  i n  s o l u t i o n s  as  s p e c i f i e d  above.  

The  i n i t i a l  12 s g e c i a e n s  were d e c a l c i f i e d  i n  4W formic a c i d  a n d  

d o  n o t  c o n c e r n  u s  h e r e ,  Here, n o  a t t e m p t  uas aade t o  s t a n d a r d i z e  

t h e  t e m p e r a t u r e  of t h e  s o l u t i o n  a s  s u g g e s t e d  by S m i t h  ( l 9 6 2 a )  , 

A g i t a t i o n  of the a c i d  s o l u t i o n  t o  d i s p e r s e  t h e  d e c a l c i f i c a t i o n  

p r o d u c t s  o c c u r r e d  a f t e r  e a c h  x - ray  e x a m i n a t i o n ,  The  s p e c i m e n s  

were x- rayed  a f t e r  6 h o u r s  o f  d e c a l c i f i c a t i o n  a n d  e v e r y  2 h o u r s  

t h e r e a f t e r  u n t i l  c o m p l e t e l y  d e c a l c i f i e d ,  F o r  i n d i v i d u a l  t e e t h ,  

t h e  p r o c e s s  was c o m p l e t e  w i t h i n  30 h o u r s ,  T h e r e  was t h u s  no  n e e d  

t o  r e p l a c e  t h e  s o l u t i o n ,  T h e  d u r a t i o n  of t h e  p r o c e s s ,  e x p r e s s e d  

i n  h o u r s ,  was r e c o r d e d  f o r  e a c h  s p e c i a e n ,  A p p e n d i x  V lists e a c h  

o f  t h e  9 0  s p e c i m e n s  and  r e c o r d s  its r e s p e c t i v e  t h i c k n e s s ,  w e i g h t  



E 
i- a n d  d e c a l c  i f  i c a t i o n  time, 
f 
I To d e t e r m i n e  the n a t u r e  o f  t h e  r e l a t i o n s h i p  be tween  s p e c i m e n  

t h i c k n e s s  a n d  d e c a l c i f i c a t i o n  time, t h e  d a t a  were p l o t t e d  o n  a 

s y s t e m  o f  C a r t e s i a n  c o o r d i n a t e s  w i t h  t i a e  a s  t h e  d e p e n d e a t  v a r i -  

a b l e  ( Y )  a n d  t h i c k n e s s  a s  t h e  i n d e p e n d e n t  v a r i a b l e  ( X ) .  The 

r e s u l t ,  a s  i l l u s t r a t e d  i n  F i g u r e  7, is a  c u r v i l i n e a r  plot of t h e  

g e n e r a l  form Y=WX< T h i s  is c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n s  of 

B r a i n  (1 963) , Morris a n d  Ben ton  ( l 9 S S a ) ,  B i r k e d a l - H a n s e n  (19 74) 

a n d  V e r d e n i u s  a n d  A l m a  (1958)  who n o t e  a d e c r e a s e  i n  the r a t e  of 

d e c a l c i f i c a t i o n  as the amount  of d e m i n e r a l i z e d  m a t r i x  i n c r e a s e s .  

T r a n s f o r m i n g  b o t h  t h e  ]I a n d  P v a l u e s  u s i n g  common l o g a r i t h m s  

rectifies t h e  d a t a  a n d  y i e l d s :  t h e  l i n e a r  p l o t  shown i n  P i g u r e  8, 

The c o r r e l a t i o n  c o e f f i c i e n t  for t h i s  r e l a t i o n s h i p  i s  r = 0.94,  

Spec imen  t h i c k n e s s  t h u s  a c c o u n t s  for 88% o f  t h e  o b s e r v e d  variance 

i n  d e c a l c i f i c a t i o n  t i a e ,  T h i s  v a r i a n c e  estimate, i n  my o p i n i o n ,  

r e p r e s e n t s  a minimum v a l u e ,  G i v e n  r i g i d l y  c o n t r o l l e d  e x p e r i -  

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

men t h i c k n e s s ,  h c u r l y  x- raps a n d  u n i f o r m  s o l u t i o n  t e m p e r a t u r e s ,  

t h i s  a s s o c i a t i o n  o f  s p e c i m e n  thickness a n d  d e c a l c i f i c a t i o n  t i a e  

would e x h i b i t  a h i g h e r  c o r r e l a t i o n .  T h i c k n e s s  m e a s u r e m e n t s  of  

a o l a r s  w i t h  l a r g e  p u l p  c a v i t i e s  d o  n o t  r e ~ r e s e n t  a d e q u a t e l y  t h e  

minimum d i f f u s i n g  d i s t a n c e  o f  t h e  s p e c i m e n -  Also, l a b o r a t o r y  

t e m p e r a t u r e s  f l u c t u a t e  o n  a d a i l y  a n d  a n n u a l  bas is  ( S m i t h  1962a) .  

S u c h  "roost t e m p e r a t u r e *  f l u c t u a t i o n s  a f f e c t  t h e  work ing  tempe- 

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

c a t i o n  rate  rain 1966; H o r r i s  a n d  Ben ton  1956b, and W a l l i n g t o r ,  

1972). 



Figme 8 :  Relationship between log-specimen thickness  and log- 
d e c a l c i f i c a t i o n  t i m e .  
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Figure 7 :  ~ l a t i o n s h i p  between specimen thickness  in  mm and decal-  
c i f i c a t i o n  time i n  hours. 



The l e a s t - s q u a r e s  r e g r e s s i o n  e q u a t i o n  f o r  t h e  l o g - l o g  p l o t  

is: 
A 

l o g  Y = l o g  2-06 + 1 , 9 0 ( l o g  X) (1) 

where X is s p e c i m e n  t h i c k n e s s  a o d  Y is t h e  d e c a l c i f i c a t i o n  time, 

T h i s  r e l a t i o n s h i p  allows t h e  h i s t o l o g i s t  t o  p r e d i c t  t h e  e n d p c i n t  

o f  d e c a l c i f i c a t i o n  with some r e l i a b i l i t y -  More i m g o r t a n  t ,  e y u a -  

t i o n  1  now p e r m i t s  t h e  c o m p u t a t i o n  of a maximum s p e c i s e n  t h i c k -  

n e s s  f o r  d e c a l c i f i c a t i o n  i n  IN n i t r i c  a c i d ,  W i l d l i f e  b i o l o g i s t s  

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

36 t o  72 h o u r s  (see Hiller 1974a  a n d  O l s o n  1 9 6 7 ) -  Such excessive 

d e c a l c i f  i ca t  i o n  e x p l a i n s ,  i n  p a r t ,  t h e  p o o r  q u a l i t y  of several 

p r e p a r a t i o n s ,  S i m i l a r l y ,  f a u n a l  a n a l y s t s  d e a l i n g  w i t h  d e g r a d e d  

tissues mus t  u s e  w e a k e r  a c i d s  t o  g u a r a n t e e  the p r o d u c t i o n  of h i g h  

quality stained p r e p a r a t i o n s .  Here, d e t e r m i n i n g  t h e  a p p r o p r i a t e  

s p e c i m e n  t h i c k n e s s  a n d  d e c a l c i f i c a t i o n  time for  weak  a c i d s  neces- 

s i ta tes  t h e  c a l c u l a t i o n  of a s i a i l a r  r e g r e s s i o n  e q u a t i o n  f o r  

a c i d s  such as 4 N  formic, 

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

o f  t h e  t i s s u e  i n  c o l d  t a p  water is n e c e s s a r y .  Some h i s t o l o g i s t s  

p r e f e r  t o  n e u t r a l i z e  t h e  a c i d  by s o a k i n g  t h e  d e c a l c i f i e d  t e e t h  i n  

a q u e o u s  s o l u t i o n s  of l i t h i u m  c a r b o n a t e  [see Low a n d  Cowan 1963,  

a n d  AcCntchen 1966) .  N e u t r a l i z a t i o n  w i t h  l i t h i u m  c a r b o n a t e  appa-  

r e n t l y  r e d u c e s  s e c t i o n  c u r l i n g  (Lockard  1972) a n d  p r e v e n t s  e x c e s -  

s i v e  g e n e r a l  s t a i n i n g  o f  t h e  cementum (Thomas 1977) -  After t h e  

r i n s e  o r  n e u t r a l i z a t i o n ,  d e c a l c i f i e d  t i s s u e s  are s t o r e d  i n  d i s -  

t i l l e d  water br a s e c o n d a r y  f i x a t i v e  t o  await f u r t h e r  p r o c e s s i n g ,  

The s e c o n d a r y  f i x a t i v e ,  u s u a l l y  a b u f f e r e d  f o r m a l i n  s o l u t i o n ,  



e n h a n c e s  t i s s u e  p r e s e r v a t i o n ,  s e c t i o n i n g  a n d  s t a i n i n g  ( W a l l i n g t o n  

1955 ,  1972)-  S e c o n d a r y  f i x a t i o n  o f  d e c a l c i f i e d  a r c h a e o l o g i c a l  

t i s s u e s  i s  t h u s  a d v i s a b l e -  Use o f  a s e c o n d a r y  f i x a t i v e ,  however ,  

e n t a i l s  a t i s s u e  r i n s e  b e f o r e  s t a i n i n g  ( S m i t h  1 9 6 2 a ) .  I n  t h e  

p r e s e n t  s t u d y ,  the d e c a l c i f i e d  m o l a r s  were s t o r e d  i n  d i s t i l l e d  

water p r i o r  t o  s e c t i o n i n g .  

i v )  nicroslide F r e p a r a t  i o n :  

One d a y  b e f o r e  s e c t i o n i n g ,  m i c r o s l i d e s  r e q u i r e  c l e a n i n g  a n d  

coa t ing , .  B o s t  w i l d l i f e  b i o l o g i s t s  coat  t h e i r  s l i d e s  w i t h  M a y e r 9 s  

a l b u s e n  ( l l o r r i s  1972). Hany t h e n  d i s c u s s  p r o b l e m s  w i t h  s e c t i o n  

c u r l i n g ,  s e c t i c n  1035 (Miller 1974a; Thomas a n d  Bandy 1973, a n d  

i i i n t e r t o n  a n d  S t r i c k l a n d  n-d,) a n d  a n n u l i  c l o u d i n g  ( M i l l e r  1974a,  

1 9 7 4 b ) -  S e c t i o n  c u r l i n g  r e s u l t s  f r o m  i n a d e q u a t e  d e c a l c i f i c a t i o n ,  

i n s n f f  i c i e n t  wash ing ,  i a ~ r o p e r  s e c t i o n i n g  o r  p o o r  s e l e c t i o n  o f  a n  

a f f i x a t i v e ,  S e c t i o n  l o s s ,  o n  t h e  o t h e r  hand,  reflects  a poor  

choice of af f i x a t i v e ,  To overcome s u c h  p r o b l e m s ,  Page (1977)  

coats  h i s  sicroslides w i t h  g e l a t i n .  I& t h e  p r e s e n t  study, the 

u s e  of g e l a t i n - c o a t e d  s l i d e s ,  p r e p a r e d  a s  d e s c r i b e d  i n  A p ~ e r i d i x  

VII, r e s u l t e d  i n  m i n i a a l  c u r l i n g  a n d  n o  s e c t i o n  l o s s .  

v ]  T h i n  S e c t i o n i n g  o f  U n g u l a t e  Molars:  

The r e a o v a l  of t h i n  s e c t i o n s  f rom d e c a l c i f i f d  t e e t h  entails 

t h e  F r e p a r a t i o n  o f  embedded or f r o z e n  t i s s u e  mounts ,  A d e q u a t e  

d e h y d r a t i o n ,  c l e a r i n g  and  i a p r e g n a t i o n  o f  d e n s e  t i s s u e s  f o r  wax 



P 
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c a u s e s  d i s t o r t i o c  of t i s s u e  s t r u c t u r e  (Gooding  a n d  S t e w a r t  1932 

a n d  S m i t h  1962a)  a n d  s l o u g h i n g  o f  t h e  cementum l a y e r  ( H i l l e r  

1974b)- T h e  r e m o v a l  of f r o z e n  t h i n  s e c t i o n s ,  or; t h e  o t h e r  h a n d ,  

r e q u i r e s  l i t t l e  time a n d  t h e  r e s u l t a n t  s e c t i o n s  l a c k  t h e  sh r i f rk -  

age and d i s t o r t i o n  c h a r a c t e r  i s t ic  of embedded t i s s u e s  ( C l a y d e n  

1971  a n d  Page 1977) .  F u r t h e r m o r e ,  use of t h e  f r e e z i n g  m i c r o t o m e  

e n h a n c e s  p r o p e r  o r i e n t a t i o n  of t h e  s p e c i m e n  (Hiller 1974 b), I n  

t h e  p r e s e n t  s t u d y  t h e r e f o r e ,  f r o z e n  t h i n  s e c t - i m s ,  t w e l v e  a r i c r o n s  

t h i c k ,  were removed from a l l  d e c a l c i f i e d  ~ o l a r s ,  

Two t y p e s  o f  f r e e z i n g  microtomes are  a v a i l a b l e  to s e c t i o n  

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

t i s s u e  b l o c k  d i c t a t e s  t h e  c h o i c e  of mic ro tome ( S m i t h  l 9 6 2 a ) .  To 

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

base s l e d g e  m i c r o t o n e  is  t h e  a p p a r a t u s  o f  c h o i c e .  Ooly  t h i s  

i n s t r u l a e n t  h a s  t h e  p r o p e r  s t a g e  d i m e n s i o n s  a n d  p r o v i d e s  a d e q u a t e  

r i g i d i t y  of  t h e  k n i f e  a n d  s t a g e  d u r i n g  s e c t i o n i n g  (Smith  1962aI.. 

S i m i l a r l y ,  o n l y  o n  t h i s  microtome i s  t h e  t r a v e l  d i s t a n c e  of t h e  

knife s u f f i c i e n t l y  g r e a t  t o  accommodate  s u c h  l a r g e r  s p e c i m e n s  

(Brain 1 9 6 6 ) -  U n f o r t u n a t e l y ,  n o  s u i t a b l e  b a s e  s l e d g e  ra icrotome 

was a v a i l a b l e  f o r  t h e  p r e s e n t  a n a l y s i s ,  Bs a r e s u l t ,  t h e  d e c a l -  

cified t e e t h  were s u b d i v i d e d  a n d  t h e n  s e c t i o n e d  o n  a s t a n d a r d  

f r e e z i n g  sic r o t  ome, 

T h e  f r o z e n  s e c t i o n i n g  o f  d e c a l c i f i e d  t i s s u e s  on a s t a n d a r d  

mic ro tome r e q u i r e s  maxirauw r i g i d i t y  of t h e  k n i f e  a n d  f f e e z i n g  

s t a g e ,  T o  a c h i e v e  s u c h  s t a b i l i t y ,  p r o p e r  a d j n s t a e n t s  o f  t h e  

mic ro tome a r e  n e c e s s a r y ,  S m i t h  ( l 9 6 2 a ) ,  for  e x a m p l e ,  l u b r i c a t e s  



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

t h i s  r e s e a r c h ,  a w e l l - o i l e d  m i c r o t o n e  w i t h  a s h a r p  k n i f e  f i z a l y  

c la  aped i n  p o s i t i o n  p r o v i d e d  t h e  n e c e s s a r y  r i g i d i t y ,  I n s e c u r e  

c l a m p i n g  of e i t h e r  the k n i f e  o r  t h e  b l o c k  h o l d e r  i n v a r i a b l y  

r e s u l t e d  i n  c o r r u g a t e d  o r  uneven s e c t i o n s ,  

S e l e c t i o n  o f  t h e  a p p r o p r i a t e ,  w e l l - s h a r p e n e d  mic ro tome knife 

is a l so  e s s e n t i a l  f o r  e f f i c i e n t  s e c t i o n i n g  of d e c a l c i f i e d  t e e t h ,  

Only  h e a v y  uedge-shaped  ( D - p r o f i l e )  k n i v e s  are  s u f f i c i e n t l y  r i g i d  

f o r  s u c h  s e c t i o n i n g  (Clayden  1971; D r u r y  a n d  W a l l i n g t o n  1967,  a n d  

H a l  l i n g t o n  1 9 7 2 ) -  S l e n d e r  k n i v e s  t e n d  t o  v i b r a t e  w h i l e  cutting 

and p r o d u c e  c o r r u g a t e d  s e c t i o n s  ( P a g e  1 9 7 7  a n d  Steedman 1960)- 

C o n v e r s e l y ,  a v i b r a t i n g  D - p r o f i l e  k n i f e  i n d i c a t e s  a n  i n f e r i o r  

c u t t i n g  e d g e ,  Such d u l l  n i c r o t o m e  k n i v e s  ~ r o d u c e  c o r r u g a t e d  o r  

a l t e r n a t e  t h i n  and t h i c k  s e c t i o n s  w h i c h  c u r l  when monnted aod 

f r e q u e n t l y  f a l l  o f f  d u r i n g  s t a i ~ i n g  ( B r a i n  1966; Miller 1974a;  

norr is  1972,  a n d  Steedraan 1960). I n f e r i o r  c u t t i n g  edges a l s o  

p r o d u c e  s e c t i o n s  w i t h  a wmoth-eatens* a p p e a r a n c e  and s l o u g h e d  

c e a e n t n n  l a y e r s  (Miller 1974b) ,  

The m a i n t e n a n c e  of a s h a r p  c u t t i n g  e d g e  r e q u i r e s  f r e q u e n t  

s h a r p e n i n g  of t h e  k n i f e  u s i n g  manua l  ( S m i t h  1962a)  or  m e c h a n i c a l  

[Brain 1966) s h a r p e n e r s ,  I n  t h e  p r e s e n t  r e s e a r c h ,  t h e  a i c r o t o n s e  

k n i v e s  d u l l e d  v e r y  q u i c k l y ,  Once d u l l ,  t h e  k n i f e  was shifted t o  

e x p o s e  a  f r e s h  c u t t i n g  s u r f a c e ,  After f o u r  s u c h  s h i f t s ,  t h e  

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

s h a r p e n e r ,  T o  a v o i d  d e l a y s ,  t w o  k n i v e s  were u s e d  and a l t e r ~ a t e d  

between t h e  i i c r o t o m e  a n d  t h e  s h a r p e n e r ,  T h e s e  s h a r p  W p r o f i l e  

k n i v e s  p e r m i t t e d  t h e  r e m o v a l  o f  12 m i c r o n  s e r i a l  s e c t i o n s -  Host 



L 
i 

a t t e m p t s  t o  remove s e c t i o n s  t h i n n e r  t h a n  1 0  m i c r o n s  r e s u l t e d  i n  

f a i l u r e .  

F r e q u e n t  r e m o v a l  a n d  r e p l a c e m e n t  o f  k n i v e s  d u r i n g  s e c t i o n i n g  

n e c e s s i t a t e s  r e p e a t e d  a d j u s t m e n t s  o f  t h e  k n i f e ' s  i n c l i n a t i o n  and 

tilt. P r o p e r  p l a c e m e n t  o f  t h e  a n t i - r o l l  p l a t e  a f t e r  e a c h  c h a n g e  

i s  a l s o  e s s e n t i a l .  I l ap roper  a d j u s t m e n t  o f  e i t h e r  r e s u l t s  i n  c o r -  

r u g a t e d  s e c t i o n s ,  T o  s e c t i o n  d e c a l c i f i e d  t i s s u e ,  P a g e  ( 1977) i n -  

creases t h e  tilt. S m i t h  { l 9 6 2 a ) ,  on t h e  o t h e r  h a n d ,  recommends 

minimum i n c l i n a t i o n  of t h e  t n i f  e. Correct a d j u s t m e n t s  v a r y  from 

m i c r o t o m e  t o  mic ro tome a n d  k n i f e  t o  k n i f e ,  C o n s i d e r a b l e  p r a c t i c e  

is thus n e c e s s a r y  t o  a d j u s t  properly t h e  m i c r o t o m e  a n d  i t s  k n i f e  

d u r i n g  s e c t i o n i n g ,  A s  a result, t h e  f a u n a l  a n a l y s t  must  a c q u i r e  

t h i s  e x p e r i e n c e  u s i n g  modern t i s s u e s  b e f o r e  a t t e m p t i n g  t o  s e c t i o n  

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

S e c t i o n i n g  w i t h  t h e  s t a n d a r d  free z i n g  m i c r o t o m e  r e q u i r e s  t h e  

use of small t i s s u e  b l o c k s ,  A c c o r d i n g l y ,  each d e c a l c i f i e d  m o l a r  

was q u a r t e r e d  b e f o r e  f r e e z i n g .  T h i s  s u b d i v i s i o n  i n v o l v e d  t h e  re- 

mova l  o f  t h e  c r o w n  f o l l o w e d  by t h r e e  b u c c o - l i n g u a l  c u t s  t h r o u g h  

t h e  mesial r o o t ,  the b i f u r c a t i o n  a n d  t h e  d i s t a l  r o o t ,  A s i d e  f r o m  

t h e  discarded c r o u n ,  t h i s  d i v i s i o n  y i e l d e d  4 s u b r e c t a n g u l a r  r o o t  

f r a c t i o n s  f o r  e a c h  t o o t h .  E a c h  s u c h  root f r a c t i o n  c o n t a i n e d  a  

c o n t i n u o u s  cementum l a y e r  a d j a c e n t  t o  t h e  a l v e o l a r  bone. The 

r e d u c t i o n  o f  t h e  t i s s u e  block a t  t h i s  time f a c i l i t a t e d  t i s s u e  

s e c t i o n i n g  and  e n s u r e d  r a p i d  f r e e z i n g  (see a l s o  Humason 1 9 7 2 ) -  

F u r t h e r m o r e ,  t h i s  s u b d i v i s i o n  c o n f i r t a e d  t h e  c o m p l e t i o n  o f  t h e  

a e c a l c i f i c a t i b n  p r o c e s s  (see also O l s o n  1 9 6 7 ) -  



Each  root f r a c t i o n  was mounted, l i n g u a l  face down, i n  Cryo- 
i 
E 

f o r a  on  a p o r t a b l e  f r e e z i n g  s t a g e  and  t r a n s f e r r e d  t o  t h e  micro- 

tolae chamber f o r  r a p i d  f r e e z i n g .  When f r o z e n ,  t h e  b lock  was 

trimmed and  p o s i t i o n e d  i n  t h e  spec imen  h o l d e r  o f  t h e  microtome, 

A t  t h i s  time, t h e  o r i e n t a t i o n  o f  t h e  spec imen  r e l a t i v e  to t h e  

knife edge  is c r i t i c a l ,  To  s e c t i o n  d e c a l c i f i e d  t i s s u e ,  Page 

(1977) and  S a i t h  (1962a) p l a c e  t h e  l o n g  a x i s  of t h e  specimen 

p e r p e n d i c u l a r  t o  t h e  k n i f e  edge. f a l l i n g t o n  ( 1 9 7 2 )  p r e f e r s  t o  

set t h e  l o n g  a x i s  o b l i q u e  t o  t h e  k n i f e ,  I n  t h e  p r e s e n t  s t u d y ,  

e a c h  r o o t  f r a c t i o n  was o r i e n t e d  p a r a l l e l  t o  the k n i f e  w i t h  the 

d e n t i n e  closest to  t h e  c u t t i n g  edge,  This o r i e n t a t i o n  m i n i a i z e d  

d i s t o r t i o n  o r  damage t o  t h e  cementum l a y e r ,  Given a comparab le  

p lacement ,  t h e  s e c t i o n i n g  of d e c a l c i f i e d  d e e r  mo la r s  r e q u i r e s  

o n l y  p a t i e n c e  and  p l e n t y  o f  p r a c t i c e ,  

Hhen s e c t i o n i n g  t h e  root f r a c t i o n s ,  t h e  i n i t i a l  30 s e c t i o n s  

were d i s c a r d e d ,  I n  g e n e r a l ,  t h e s e  were i n c o m p l e t e  o r  otherwise 

u n s a t i s f a c t o r y  f o r  a i c r o s c o p i c  examina t ion ,  Subsequen t  s e c t i o n s  

u s u a l l y  were a c c e p t a b l e  f o r  mounting and  s t a i n i n g *  A t  t h i s  time, 

t h e  lpicrotome knife was brashed  c l e a n  and  t h e n  s i x  t o  t e n  s e r i a l  

s e c t i o n s  were removed. These  came t o  rest on t h e  k n i f e  b e n e a t h  

t h e  a n t i - r o l l  p l a t e .  T h e  t r a n s f e r  of s e c t i o n s  to t h e  s l i d e s  then 

was a c c o m p l i s h e d  b y  l o w e r i n g  t h e  g e l a t i n - c o a t e d  s l i d e  over t h e  

c u t  s e c t i o n s ,  I n  g e n e r a l ,  t h e  c o l d  s e c t i c n s  a d h e r e d  t o  t h e  warm 

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

enhanced  s e c t i o n  v i s i b i l i t y  and  e a s e d  s u b s e q u e n t  m a n i p u l a t i o n  

(see B r a i n  1966 and Veesner  1960). T h e  a d d i t i o n  of  a  few drops 

of  w a t e r  enduced  s e c t i o n  f l a t t e n i n g  a n d  f a c i l i t a t e d  t h e  f i n a l  



water, a s  p r o p o s e d  by  U e e s n e r  ( 1 9 6 0 ) ,  e x p e d i t e d  i n i t i a l  d r y i n g  

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

however ,  r e q u i r e d  a s l i d e w a r m e r .  I n  t h i s  manner ,  f o u r  slides, 

e a c h  c o n t a i n i n g  6-10 s e r i a l  s e c t i o n s ,  were p r e p a r e d  f rom each 

molar .  I n  o t h e r  words,  six t o  t e n  s e c t i o n s  were removed f rom 

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

Once d r i e d ,  t h e  p r e p a r e d  s l ides were s tored i n  d u s t - f r e e  

c o n t a i n e r s  t o  await s t a i n i n g ,  The a c t u a l  s t a i a i n g ,  a s  o u t l i n e d  

i n  Appendix  V I ,  u s u a l l y  o c c u r r e d  s h o r t l y  a f t e r  d r y i n g .  However, 

s l i d e s  c a n  r e m a i n  i n  s t o r a g e  fo r  w e e k s  w i t h o u t  n o t i c e a b l e  i m p a i r -  

ment i n  t h e  q u a l i t y  of t h e  s t a i n i n g -  

v i )  S t a i n i n g  of the T h i n  S e c t i o n s :  

T o  a c c e n t u a t e  a n n u l i  p r e s e n t  i n  t h e  d e c a l c i f i e d  cementum, 

w i l d l i f e  b i o l o g i s t s  u s e  v a r i o u s  h e a a t o x y l i n  s t a i n s  (see Boozer  

1970; Low a n d  Cowan 1963; HcEwan 1963,  a n d  Reimers and Nordby 

1968). A c c o r d i n g  t o  Thomas (1977) however ,  m e t a c h r o m a t i c  dyes 

are much aore e f f e c t i v e  i n  d e l i n e a t i n g  cementum a n n u l i ,  I n  h i s  

c o m p a r a t i v e  s t u d y  of c a t i o n i c  d y e  s o l u t i o n s ,  tie r a n k s  t o f u i d i n 2  

b l u e  as the most  r a p i d ,  e f f e c t i v e  a ~ l d  e f f i c i e n t  s t a i n  f o r  mam- 

m a l i a n  age d e t e r m i n a t i o o .  f u r t h e r ,  t h i s  m e t a c h r o m a t i c  d y e  is 

less e x p e n s i v e ,  easier t o  p r e p a r e ,  more c o n s i s t e n t  a n d  @ore 

s t a b l e  t h a n  h e r n a t o x y l i n  (Thomas 1977: 209) , F i n a l 1  y, t o 1  u i d i n e  

b l u e  h a s  been' p r o v e n  e f f e c t i v e  i n  t h e  h i s t o l o g i c a l  a n a l y s i s  o f  

a r c h a e o l o g i c a l  bone {Andersen  a n d  J o r g e n s e n  1960) , G i v e n  such 



1 r e s u l t s ,  a l l  s e c t i o n s  were s t a i n e d  w i t h  t o l u i d i n e  b l u e  0, 

The  q u a l i t y  o f  t h e  s t a i n i n g  d e p e n d s  on s e c t i o n  t h i c k n e s s ,  

d y e  c o n c e n t r a t i o n  a n d  s t a i n i n g  time. I n  g e n e r a l ,  s t a i n i n g  time 

d e c r e a s e s  as  d y e  c o n c e n t r a t i o n  and  s e c t i o n  t h i c k n e s s  i n c r e a s e  

[ L e e ,  p e r s o ~ a l  c o m m u n i c a t i o c ) .  G i v e n  a s t a n d a r d  s e c t i o n  t h i c k -  

n e s s ,  d y e  c o n c e n t r a t  i o n  r e g u l a t e s  s t a i n i n g  time. F o r  s e c t i o n s  

t w e l v e  m i c r o n s  or more, Thomas (1977) recoiulaends a  s t a i n i n g  

p e r i o d  o f  20-40 m i n u t e s  i n  a d y e  s o l u t i o n  of l ess  t h a n  0 - 0 2  

p e r c e n t .  Be a l s o  recommends d e s t a i n i n y  i n  s l i g h t l y  a c i d i c  water 

t o  a c c e n t u a t e  t h e  a n n u l i .  In t h e  present s t u d y ,  a l l  s e c t i o n s  

were s t a i n e d  f o r  a p p r o x i m a t e l y  20 s e c o n d s  i n  a 0.05 p e r c e n t  d y e  

s o l u t i o n ,  Here, d e s  t a i n i n g  was n o t  n e c e s s a r y .  When s t a i n i a g  

a r c h a e o l o g i c a l  t i s s u e s  however ,  t h e  l o n g e r  s t a i n i n g  p e r i o d  and  

l o w e r  d y e  c o n c e n t r a t i o n s  a r e  p r e f e r a b l e .  

P e r i o d i c  e x a m i n a t i o n  o f  t h e  s l i d e s  t o  e v a l u a t e  t h e  q u a l i t y  

o f  s t a i n i n g  i s  n e c e s s a r y  t o  e n s u r e  the p r o d u c t i o n  o f  good p r e p a -  

r a t i o n s .  A t  t h i s  tilae, a l l  u n d e r s t a i n e d  s e c t i o n s  are r e t u r n e d  t o  

t h e  dye f o r  a d d i t i o n a l  t r e a t m e n t .  O v e r s t a i n e d  s e c t i o n s ,  on t h e  

o t h e r  hand,  are d e s t a i n e d  i n  d i s t i l l e d  o r  a c i d i f i e d  water. Some 

o v e r s t a i n i n g  i s  n e c e s s a r y  f o r  t h e  F ~ O ~ U C ~ ~ O A  o f  p e r m a n e n t  m o u r t s  

(Lee ,  personal c o m a o n i c a t i o n ) .  O c c a s i o n a l f y ,  c e r t a i n  s e c t i o n s  d o  

n o t  s t a i n  p r o p e r l y  due t o  e x c e s s i v e  d e c a l c i f i c a t i o n ,  R e s o l u t i o n  

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

solution ( P a g e  1977; S m i t h  1962b, a n d  Y a l l i n g t o ~  1972).  

P r o p e r  e x a m i n a t i o n  o f  s t a i n e d  s e c t i o n s  f o r  a g e  d e t e r g i n a t i o n  

and s e a s o n a l i t y  a s s e s s m e n t  rey uires t h e  p r o d n c  t i o n  of p e r m a n e n t  

mounts, I n  t h i s  a n a l y s i s  t h e r e f o r e ,  a l l  s e c t i o n s  u e r e  d e h y d r a t e d  



cleared a n d  mounted i n  P e r n o u n t  a f t e r  p r o p e r  s t a i n i n g ,  Ncmerous 

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

p r o c e d u r e  ( L o c k a r d  1972;  Hiller 1974a,  1974b,  a n d  Thomas 1977) -  

I n  g e n e r a l ,  d e h y d r a t i o n  e l i m i n a t e s  t h e  m e t a c h r o m a t i s m  i n  t o l u i -  

d i n e  b l u e ,  T h e  r e s u l t a n t  s e c t i o n s  are l i g h t  b l u e  w i t h  d a r k  b l u e  

a n n u l i ,  U n l i k e  Thomas ( 1 9 7 7 ) ,  however,  I n o t e d  a n  i n c r e a s e  i n  

c o l o r  contrast be tween  t h e  a n n u l i  a n d  t h e  b a c k g r o u n d  cementum a s  

a r e s u l t  of d e h y d r a t i o n .  I n  h i s  a n a l y s i s ,  Biller (1974a:SO) a l s o  

n o t e s  c o n s i d e r a b l e  t i s s u e  d i s t o r t i o n  d u r i n g  the p r e p a r a t i o n  of 

p e r m a n e n t  mounts ,  S h r i n k a g e  o f  f o r m a l i n  f i x e d  t i s s u e s  i s  common 

d u r i n g  d e h y d r a t i o n  (see D i s b r e y  a n d  Rack 1970). Such s h r i n k a g e  

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

p r e p a r a t i o n ,  O n l y  s e c t i o n s ,  p r o p e r l y  a • ’  f i x e d  t o  g e l a t i n - c o a t e d  

s l i d e s ,  d o  n o t  c u r l  d u r i n g  d e h y d r a t i o n .  Thus,  c o r r e c t  s e c t i o n i n g  

a n d  mount ing  of  t h e  t h i n  s e c t i o n s ,  n o t  d e h y d r a t i o n ,  a f f e c t  t h e  

q u a l i t y  of t h e  y e r a a n e n t  mount, I n  t h e  p r e s e n t  s t u d y ,  a l l  good 

p e r a a n e n t  m o u n t s  were f l a t  a n d  e a s y  t o  read. 

After t h e  a p p l i c a t i o n  of c o v e r g l a s s e s  the s l i d e s  were dried 

fo r  3 d a y s  o n  a s l i d e  warlaer a t  45'~- S u b s e g u e n t l y ,  t h e  e x c e s s  

Permount  was s c r a p e d  o f f  u s i n g  a r a z o r  b l a d e ,  P a r t i c u l a r l y  un- 

t i d y  slides were c l e a n e d  w i t h  a Q-tip s o a k e d  i n  x y l e n e .  Hicro-  

s l ides  a n d  c o v e r g l a s s e s  t h e n  were ~ o l i s h e d  u s i n g  a c o n t i i e r c i a l  

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

c o n t a i n e r s  t o  await m i c r o s c o p i c  e x a a i n a t  i o n -  



v i i )  H i c r o s c o p i c  E x a m i n a t i o n  o f  t h e  S t a i n e d  T h i n  S e c t i o n s :  

In t h e  p r e s e n t  s t u d y ,  a l l  s l i d e s  were e x a m i n e d  w i t h  a  Mikon 

Sk-T b i n o c u l a r  m i c r o s c o p e  a t  a a y n i f i c a  t i o n s  r a n g i n g  front 40X t o  

4 O O X .  T h e  l i g h t  s o u r c e  o n  t h i s  m i c r o s c o p e  was  a n  adjustable 

t u n g s t e n  b u l b .  F i l t e r s ,  c o n d e n s e r s  a n d  p o l a r i z e r s  were a v a i l a b l e  

b u t  d i d  n o t  a p p e a r  t o  e n h a n c e  a n n u l i  v i s i b i l i t y ,  L i g h t  f i l t e r s ,  

however ,  d i d  a l l e v i a t e  e y e  f a t i g u e  d u r i n g  e x a m i n a t i o n  a c d  were 

n e c e  s s a r p  f o r  p h o t o g r a p h y .  

D u r i n g  t h e  e c i c r o s c o p i c  e x a m i n a t i o n ,  e a c h  s e c t i o n  was s c a n n e d  

i n i t i a l l y  t o  locate an a r e a  w i t h  s u i t a b l y  d i s t i n c t  a n n u l i -  Any 

s u c h  cementum d e p o s i t  t h e n  was examined  a t  h i g h e r  a ! a g n i f i c a t i o n s  

t o  o b t a i n  a n  a c c u r a t e  c o u n t  of t h e  a c n u l i  p r e s e n t ,  I n  g e n e r a l ,  

m a g n i f i c a t i o n s  o f  $ O X  o r  l O O X  were s a t i s f a c t o r y  f o r  t h i c k e t  

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

a p i c e s ,  H i g h e r  magoif  i c a t i o n s ,  i n c l u d i n g  o i l  i m m e r s i o n  (1000X) , 
v e r e  n e c e s s a r y  t o  s u b s t a n t i a t e  c o u n t s  i n  areas o f  c a m p a c t ,  e v e n l y  

s p a c ~ d  a n n u l i  s u c h  a s  t h e  c o r o n a l  t h i r d  of t h e  root. E v e r y  t h i n  

s e c t i o n  o n  e v e r y  s l i d e  was e x a m i n e d  i n  this m a n m r  t o  o b t a i r ,  a 

re l iable  a n n u l i  c o u n t  f o r  e a c h  spec imen .  The o b s e r v a t i o n s  a n d  

a c t u a l  r e s u l t s  of t h e  m i c r o s c o p i c  e x a m i n a t i o n  f o r  a g e  d e t e r m i -  

n a t i o n  are d i s c u s s e d  i n  c h a p t e r  s i x  o f  t h i s  t h e s i s ,  

D u r i n g  t h e  m i c r o s c o p i c  s c a n  for  a g e  e s t i a a t i o n ,  t h e  c l a r i ty  

of a n n u l i  t h r o u g h o u t  t h e  ceaen tu ia  l a y e r  was n o t e d .  C o n c u r r e n t l y ,  

t h e  o v e r a l l  a p p e a r a n c e  of the o u t e r  a n n u l  u s  i n  e a c h  t h i n  s e c t i o i l  

was examined  'and e v a l u a t e d ,  S u c h  e x t e n s i v e  a n d  i n t e n s i v e  exami-  

n a t i c n  o f  t h e  s e c t i o n s  was n e c e s s a r y  t o  l o c a t e  a  s u i t a b l e  area 



f o r  s e a s o n a l i t y  a s s e s s m e n t ,  A s u i t a b l e  locale  f o r  a s s e s s i n g  t h e  

d e e r ' s  s e a s o n  o f  d e a t h  is  o n e  w i t h  d i s t i n c t ,  e v e n l y  s p a c e d  a n n u l i  

a n d  an  a c c u r a t e  r e p r e s e n t a t i o n  of  t h e  o u t e r  l a y e r -  G i v e n  s u c h  a 

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

1000X. U s i n g  a n  o c u l a r  m i c r o m e t e r ,  t h e  c u m u l a t i v e  t h i c k n e s s  of 

t h e  l a y e r  a f t e r  e a c h  y e a r  o f  cemeotum g r o w t h  t h e n  was r e c o r d e d .  

I n  other words,  t h e  d i s t a n c e  from t h e  d e n t i n o - c e m e n t u m  i n t e r f a c e  

t o  t h e  o u t e r  edge of t h e  first a n d  a l l  s u b s e q u e n t  a n n u l i  has  

n o t e d ,  F i n a l l y ,  the t o t a l  t h i c k n e s s  o f  t h e  cementurn d e p o s i t  a t  

t h i s  s p o t  was measured.  Similar m e a s u r e m e n t s  were o b t a i n e d ,  if 

p o s s i b l e ,  f o r  a t  l e a s t  4 locales o n  e a c h  s p e c i m e n ,  The l o g i s t i c s  

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

c h a p t e r  s e v e n  o f  t h e  p r e s e n t  s t u d y ,  

Suamary: 

I n  summary, c h a p t e r  three a n d  t h e  a s s o c i a t e d  a p p e n d i c e s  o u t -  

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

a n a l y s i s  of e o d e r n  a n d  a r c h a e o l o g i c a l  d e e r  m a n d i b l e s ,  T h e  macro- 

s c o p i c  s t u d y  c o n s i s t s  of q u a n t i f y i n g  s e l e c t e d  d i  a e n s i o n s  on e a c h  

m a n d i b l e ,  Append ix  I1 describes e l e v e n  s u c h  m e a s u r e m e n t s  whicn 

p r o v i d e  basic d a t a  fo r  w e i g h t  e s t i e a t i o n  a n d  sex d e t e r a i n a t i o n  i n  

m a t u r e  Rocky Tloun ta in  mule  d e e r -  The m i c r c s c o p i c  a n a l y s i s  of t h e  

m a n d i b l e ,  o n  t h e  o t h e r  hand,  i n c l u d e s  t h e  p r e p a r a t i o n  a n d  exami-  

n a t i o n  o f  d e c a l c i f i e d  t h i n  s e c t i o n s  f rom t h e  f irst  m o l a r s ,  The  

a i c r o s c o p i c  e x a m i n a t i o n  of s u c h  s e c t i o n s  p r o v i d e s  a n  a c c u r a t e  

a s s e s s m e n t  o f  t h e  a n i m a l ' s  a b s o l u t e  a g e  a n d  s e a s o n  of d e a t h .  



4, H e i g h t  e s t i m a t i o n  

I n t r o d u c  

The p r i n c i p a l  aim ( o f  t h e  Bone R e s e a r c h  Scheme) h a s  
b e e n  t o  p u t  l i f e  a n d  f l e s h  i n t o  t h e  b o n e s ,  t o  t h i n k  
i n  terms o f  a n i m a l s ,  o f  f l o c k s  a n d  h e r d s ,  a n d  n o t  o f  
t h e i r  m o r t a l  r e m a i n s ,  T o  b e  o f  real  v a l u e  t h i s  bone  
i a a t e r i a l  m u s t  b e  a a d e  t o  t e l l  e v e r y t h i n g  i t  p o s s i b l y  
can,, , ( C h a p l i n  1965: 2 0 5 ) -  

I n  z o o a r c h a e o l o g y ,  o n e  of  t h e  p r i m a r y  r e s e a r c h  o b j e c t i v e s  is 

t o  e s t a b l i s h  t h e  r e l a t i v e  e c o n a m i c  and d i e t a r y  i m p o r t a n c e  of each 

s p e c i e s .  I n  g e n e r a l ,  t h i s  i s  d o n e  b y  d e t e r e r i n i c g  t h e  r e l a t i v e  

f r e q u e n c y  o f  a s p e c i e s  w i t h i n  t h e  a s s e m b l a g e  or by c a l c u l a t i n g  

t h e  r e l a t i v e  n e a t  w e i g h t s  of t a x a  c o n s t i t u t i n g  s u c h  a s s e r a k l a g e s .  

Here, t h e  o b s e r v e d  r e p r e s e n t a t i o n  of t h e  v a r i o u s  f a u n a l  r e s o u r c e s  

f u r n i s h e s  a d d i t i o n a l  d a t a  c o n c e r n i n g  p a s t  e n v i r o n m e n t s  ( C h a p l i n  

1971) or s e l e c t i v e  p a t t e r n s  of p r e d a t i o n  ( K l e i n  1978, 1979) a n d  

h e r d  management ( F l a n n e r y  1969)  , The q u a n t i f i c a t i o n  of f a u n a l  

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

c o m p a r i s o n s  ( C h a p l i n  1 9 7 1 ) -  S u c h  c o m p a r i s o n s  a p p a r e n t 1  y indicate 

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

wi ld  and d o m e s t i c  s t o c k ,  The t r a n s f o r m a t i o n  f r o m  bone t o  meat t o  

caloric d a t a  f o r m s  t h e  b a s i s  f cr i n f e r e n c e s  sn t h e  d u r a t i o n  of 

s i te  o c c u p a t i o n  (Smi th  1 9 7 8 ) ,  t h e  s i z e  of t h e  p o p u l a t i o n  ( S p i e s s  

1978) a n d  t h e  o v e r a l l  e n e r g y  e x p e n d i t u r e  (Reed 1963) .  I n  f a u m l  

s t u d i e s  t h e r e f o r e ,  t h e  r e l a t i v e  c o n t r i b u t i o n  of a s p e c i e s  cons- 

t i t u t e s  a n  i m p o r t a n t  body of s e c o n d a r y  data, 



A t  p r e s e n t ,  t h e r e  are  two b a s i c  a p p r o a c h e s  t o  e s t i m a t i n g  

t a x o n  f r e q u e n c y :  t h e  * f r a g m e n t s m  method a n d  t h e  minimum number o f  

i n d i v i d u a l s  (dNI) a p p r o a c h ,  T h e  former c o m p a r e s  t h e  numbers  o r  

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

C h a p l i n  1971 ;  C l a s o n  1972 ,  1973 ;  Payne  1972b, 1975b;  Perkins 1373  

and Uerpmann 1973).  T h e  l a t t e r  d e t e r m i n e s  t h e  minimum n u a b e r  o f  

i n d i v i d u a l s  (TIN I) f o r  a s p e c i e s  f r o m  t h e  e l e m e n t s  o c c u r r i n g  mos t  

f r e q u e n t l y  i n  t h e  a s s e m b l a g e  ( P h i t e  1 9 5 3 a ) -  R e f i n e m e n t s  f o r  t h e  

c o m p u t a t i o n  o f  t h e  HI1 v a l u e  a b o u n d  i n  the l i terature,  Bokonyi  

(1970)  , C h a p l i n  (197 I ) ,  P l a n n e r y  (19671,  S m i t h  (197%. 1975b)  and  

S t e w a r t  ( 1 9 7 4 ) ,  f o r  example ,  a d v o c a t e  the s e g r e g a t i o n  o f  e l e m e n t s  

a c c o r d i n g  t o  a g e ,  s e x  a n d  size, G r a y s o n  (1973)  recommends t h e  

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

and  t e m p o r a l  a g g r e g a t e s  a n d  t h e  d e t e r n i n a t i o n  of a #NI f o r  e a c h *  

Watson ( 1 9 7 9 ) ,  i n  h i s  f a u n a l  s t u d i e s ,  refers t o  d i a g n o s t i c  zones ,  

H i s  a p p r o a c h  t o  t h e  q u a n t i f i c a t i o n  o f  f a u n a l  r e m a i n s  b a s e d  o n  the 

f r e q u e n c y  of d i a g n o s t i c  z o n e s  p r o v i d e s  o n e  set  o f  d a t a  f o r  t h e  

d e r i v a t i o n  o f  RBI, f r a g a e n t  c o u n t s  o r  f r a g m e n t  w e i g h t s .  

O f  t h e  a b o v e ,  e a c h  a p p r o a c h  h a s  i ts  p r o p o n e n t s  a n d  its 

crit ics,  i ts  r e l a t i v e  merits a n d  i ts s h o r t c o m i n g s ,  T h e s e  are 

d i s c u s s e d  i n  d e t a i l  by Casteel 11978) ,  C h a p l i n  (1965,  137  I ) ,  

G r a y s o n  (1973, 1978, 19791,  Payne  ( 1 9 7 2 b ) .  P e r k i n s  (1973)  a r d  

Z i e g l e r  (1 973) , I n  e s s e n c e ,  t h e s e  d i s c u s s i o n s  p e r t a i n  t o  t h e  

r e c o v e r y  a n d  s a m p l i n g  of a r c h a e o l o g i c a l  a s s e m b l a g e s  a n d  do  n o t  

c o n c e r n  u s  h e r e .  O f  p a r t i c u l a r  i n t e r e s t  t o  t h e  p r e s e n t  r e s e a r c h  

is t h e  d e r i v a t i o n  of m e a t  w e i g h t s  from t h e  o s t e o l o g i c a l  r e m a i n s  

o f  p r e h i s t o r i c  fauna, 



H e i g h t  E s t i m a t i o n  i n  Z o o a r c h a e o l o g y :  

I n  e c o n o m i c  p r e h i s t o r y ,  o n l y  s p e c i f i c  meat w e i g h t s  p r o v i d e  

r e l i a b l e  a s s e s s m e n t s  of t h e  r e l a t i v e  d i e t a r y  c o n t r i b u t i o n  of a  

s p e c i e s ,  A t  p r e s e n t ,  t h e r e  e x i s t  t h r e e  m e t h o d s  f o r  making  the 

a p p a r e n t  l o g i c a l  t r a n s f e r  from e x c a v a t e d  b o n e s  t o  k i l o g r a m s  of 

meat, T h e  f irst ,  known as t h e  W i e g e e e t h o d e  o r  w e i g h t  method,  

a s s u m e s  a c o n s t a n t  r e l a t i o n s h i p  b e t w e e n  t h e  bone  a n d  meat weight 

i n  a g i v e n  t a x o n  a n d  thus d e r i v e s  meat  w e i g h t s  d i r e c t l y  from t n e  

bone w e i g h t s  (see Cook a n d  T r e g a n z a  1950; Reed 1963, and Z i e g l e r  

1973)- Here, t h e  a n a l y s t  w e i g h s  t h e  o s t e o l o g i c a l  remains of a 

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

t h e  p o p o r t i o n  of b o n e  t o  meat u e i g h t  for  t h a t  t a x o n ,  The  s i e g e -  

methode  t h u s  p r o v i d e s  meat w e i g h t  estimates u n a f f e c t e d  b y  t h e  

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

by C a s t e e l  (1 W 8 ) ,  however, t h e  ~ u l t i p l i c a t i v e  fac tors  v a r y  froill 

a u t h o r  t o  a u t h o r  a n d  d o  n o t  reflect the t r u e  r e l a t i o n s h i p  of bone 

t o  neat w e i g h t  w i t h i n  a taxon.  I n  f a c t ,  modern d o m e s t i c a t e s  a r e  

known t o  e x h i b i t  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  r a t i o  of bone t o  

meat w e i g h t  a s  a r e s u l t  o f  s e l e c t i v e  b r e e d i n g  (Uerpmann 1 9 7 3 ) -  

The a s s o c i a t i o n  a l s o  d o e s  n o t  h o l d  e m p i r i c a l l y  f o r  m i n e r a l i z e d ,  

l e a c h e d  o r  d r y  bone  (Beed 1 9 6 3 ) -  T h i s  p r o b l e r r  is compounded by 

v a r i a t i o n s  w i t h i n  and b e t w e e n  s i tes ,  S u c h  i n t r a -  a n d  i n t e r s i t e  

d i f f e r e n c e s  c u r t a i l  a n y  a t t e m p t  t o  c a l c u l a t e  the a p p r o p r i a t e  c o r -  

r ec t ion  factors  for  b o n e s  i n  i n d i v i d u a l  o r  u i u l t i p l e  assemblages 

(see bloe-EIygaard 1977) .  F i n a l l y ,  t h e  r e l a t i o n s h i p  c f  bone w e i g h t  

t o  meat w e i g h t  d o e s  n o t  h o l d  where c e r t a i n  s k e l e t a l  e l e m e n t s  are 



a b n o r m a l l y  n u m e r o u s  o r  r a r e  (Reed 1963) .  I n  b r i e f ,  t h e  Wiege- 

methode,  a s  p r e s e n t l y  d e f i n e d ,  o f fe rs  l i m i t e d  p r o m i s e  a s  a  v i a ~ l e  

met hod f o r  w e i g h t  e s t i m a t i o n  i n  zooarchaeo logy . .  

The s e c o n d  a p p r o a c h ,  known a s  W h i t e ' s  method,  u s e s  H6I t o  

d e t e r m i n e  t h e  r e l a t i v e  d i e t a r y  i m p o r t a n c e  o f  a  s p e c i e s ,  Bs p r o -  

p o s e d  by W h i t e  ( 1 9 5 3 a ) ,  t h i s  a p p r o a c h  d e r i v e s  a n  a v e r a g e  meat 

w e i g h t  by m u l t i p l y i n g  HNI a n d  t h e  a v e r a g e  l i v e  w e i g h t  for ac 

i n d i v i d u a l  o f  the s p e c i e s .  C l e l a n d  (1 966), i n  a ~ a l e o e c o l o g i c a l  

s t u d y  of t h e  Opper  Great Lakes ,  e m p l o y s  W h i t e ' s  b a s i c  m e t h o d o l o g y  

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

S m i t h  (1975a ,  1 9 7 5 b ) ,  t o  o b t a i n  more a c c u r a t e  w e i g h t  e s t i m a t e s  

for  his d e e r  sat l iple,  s u b d i v i d e s  t h e  a s s e m b l a g e  i n t o  d i s t i r c t  a g e  

a n d  sex classes. H e  t h e n  c a l c u l a t e s  a MI1 f o r  e a c h  class a n d  

m u l t i p l i e s  t h i s  estimate t y  an a v e r a g e  u e i g h t  fo r  i n d i v i d u a l s  i n  

e a c h  g roup ,  A s i d e  f rola t h e  r e s t r i c t i o n s  on M N I  (see Casteel  

1976/77 a n d  G r a y s o n  1973, 1978,  1 9 7 9 ) ,  V h i t e ' s  method o f  u e i g h t  

e s t i m a t i o n ,  by d e f i n i t i o n ,  p r o v i d e s  o n l y  a v e r a g e  w e i g h t s .  T h i s  

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

a n i m a l ' s  d i e t ,  sex, age or  s e a s o n  o f  d e a t h ,  Hence, i t  is o f  

l i m i t e d  v a l u e  t o  t h e  z o o a r c h a e o l o g i s t  s t u d y i n g  prehistoric f a u n a l  

p o p  l a t i o n s ,  

T h e  t h i r d  a p p r o a c h  o r  t h e  r e g r e s s i o n  n e t h o d  p r e d i c t s  t h e  

w e i g h t  o r  s i z e  o f  a n  a n i m a l  d i r e c t l y  f r o m  t h e  s i z e  of  its b o n e s  

by means of one or  m o r e  r e g r e s s i o n  f o r m u l a e  ( C a s t e e f  1 3 7 6 ) -  The 

c o n s t a n t s  for  t h e  r e g r e s s i o n  e q u a t i o n s  d e r i v e  f ro ia  a l a r g e  s a m p l e  

o f  o ~ s e r v a t i o i s  o n  t h e  r e l a t i o n s h i p  b e t w e e n  bone  s i z e  and a n i m a l  

w e i g h t  i n  a p a r t i c u l a r  t a x o n ,  I n  e s s e n c e ,  t h e  s a r a ~ l e  of  d a t a  



p o i n t s  r e l a t i n g  t h e  two v a r i a b l e s  must  be s u f f i c i e n t l y  large a n d  

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

s i o n  f o r m u l a ,  R c o r r e l a t i o n  c o e f f i c i e n t ,  r ,  c a l c u l a t e d  f o r  t h e  

sam~le  t h e n  i n d i c a t e s  t h e  s t r e n g t h  o f  t h e  r e l a t i o n s h i p  b e t  weer, 

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

The e m p i r i c a l  d e r i v a t i o n  of t h e s e  c o n s t a n t s  r e q u i r e s  t h e  

c o l l e c t i o n ,  p r e p a r a t i o n  and measurement  of a l a r g e  number o f  

a n i m a l s -  The r e s u l t a n t  v a l u e s  f o r  t h e  c o n s t a n t s  oc a n d p  a r e ,  

however ,  o n l y  estimates o f  some p a r a m e t e r s  and,  a s  s u c h ,  v a r y  

s l i g h t l y  f r o m  s a m p l e  t o  sample .  The v a l u e s  of .e and,&' a l s o  

c h a n g e  from b o n e  to  b o n e  i n  a s p e c i e s  or f o r  t h e  same e l e m e n t  

b e t w e e n  s p e c i e s ,  F u r t h e r m o r e ,  t h e  c o n s t a n t s  a n d  t h e  r e g r e s s i o n  

e q u a t i o n  a re  t e n a b l e  o n l y  f o r  t h e  s i z e  r a n g e  s p e c i f i e d  b y  t h e  

saaple,  Given the p r o p e r  c o n s t a n t s  hove v e r ,  t h e  r e g r e s s i o n  

e q u a t i o n  i s  a v a l u a b l e  s t a t i s t i c a l  t o o l  for  p r e d i c t i n g  a n i m a l  

w e i g h t  d i r e c t l y  f r o m  s o a e  measure  o f  b o n e  size. A s  s u c h ,  t h e  

r e g r e s s i o n  a p p r o a c h ,  u n l i k e  o t h e r  methods ,  p r o v i d e s  body w e i g h t  

estimates f o r  i n d i v i d u a l  a n i n a l s  rather t h a n  a v e r a g e  w e i g h t s  

f o r  s p e c i f i e d  t a x a ,  

R e g r e s s i o n  a n a l y s i s  a s su tues  t h e  e x i s t e n c e  of a size-weight 

r e l a t i o n s h i p  f o r  t h e  s p e c i e s  u n d e r  s t u d y .  Such  a s s o c i a t i o n s  are 

known t o  e x i s t  f o r  many u n g u l a t e s .  The  r e l a t i o n s h i p  of hea r t  o r  

g i r t b  measurement  t o  l i v e  w e i g h t  i n  wild and d o m e s t i c  r u m i n a n t s  

is wel l -documented  i n  t h e  b i o l o g i c a l  l i t e r a t u r e  ( A n d e r s o n ,  e t  al. 

1974; Franzniann,  e t  al. 1978; Manning a n d  Williams 1950; NcEwan 

and Rood 3966; R u l l i c k  1950; Smart, e t  al, 1973; Talbot  a n d  

H c C u l l o c h  1965,  and R a n d e r s t o c k  a n d  S a l i s b u r y  1946). L i n e a r  



carcass m e a s u r e m e n t s  s u c h  a s  t o t a l  l e n g t h ,  s h o u l d e r  h e i g n t  a n d  

h i n d  foo t  l e n g t h  are a l s o  good est imators of b o d y  w e i g h t  i n  ungu- 

l a t e  p o p u l a t i o n s  ( s e e  Aoderson,  e t  al, 1974 ;  Bandy, e t  a l ,  1956;  

Franzmann,  e t  a l -  1978; H a l l - f l a r t i n  1977, a n d  McEwan a n d  Wood 

1966). F o r  t h e s e  a n i m a l s  t h e r e f o r e ,  t h e  s i z e  of t h e  body relates 

t o  t h e  w e i g h t  of t h e  animal .  

S i m i l a r  a s s o c i a t i o n s  e x i s t  b e t w e e n  metric a t t r i b u t e s  of t h e  

major w e i g h t - b e a r i n g  b o n e s  a n d  t h e  live w e i g h t  of t h e  a n i m a l .  I n  

a n  o s t e o a a e t r i c  a n a l y s i s  o f  b o v i n e  l u n g  b o n e s ,  N o d d l e  (1373)  notes 

a s t r a i g h t  1 i a e  r e l a t i o n s h i p  b e t w e e n  s p e c i f i c  d i m e n s i  o n s  o f  t h e s e  

elements a n d  t h e  f a t  free carcass w e i g h t  of cattle.  A n d e r s o n ,  e t  

a l l  (1 974) a l s o  r e p o r t  s i g n i f i c a n t  c o r r e l a t i o n s  (r=0- 75 f o r  males 

a n d  0-77 f o r  f e m a l e s )  b e t w e e n  m e t a c a r p a l  l e n g t h  and b l e d  carcass 

weight i n  Cache  l a  P o u d r e  mule  d e e r ,  For t h i s  p o p u l a t i o n ,  meta- 

c a r p a l  u i d t h  is also a good p r e d i c t o r  of t h e  b l e d  carcass w e i g h t  

( r=0 ,84  f o r  males a n d  0 - 8 6  f o r  f e m a l e s ) .  I n  w h i t e - t a i l e d  d e e r ,  

v a r i o u s  d i m e n s i o n s  of t h e  a s t r a g a l n s  r e la te  t o  t h e  l i v e  w e i g h t  of 

t h e  a n i m a l ,  F o r  a s a m p l e  of 7 1  d e e r ,  Es terson (1978) r e p o r t s  

c o r r e l a t i o n  c o e f f i c i e n t s  o f  r=0.934 for l e n g t h  o f  t h e  a s t r a g a l u s  

versus l i v e  w e i g h t ,  r=0,869 f o r  uidth of t h e  a s t r a g a l u s  v e r s u s  

l i v e  w e i g h t  a n d  r = 0 , 9 2 3  f o r  l e n g t h  p l u s  w i d t h  v e r s u s  live ueignt ,  

Hence,  t h e  s ize of t h e  m a j o r  w e i g h t - b e a r i n g  b o n e s  relates  t o  t h e  

w e i g h t  of t h e  u n g u l a t e ,  T h e s e  b o n e s ,  however,  furnish no d a t a  on 

t h e  d e e r a s  a g e  o r  s e x  [Emerson 1 9 7 8 ) -  S u c h  p o p u l a t i o n  p a r a m e t e r s  

m u s t  derive from o t h e r  s k e l e t a l  e l e m e n t s -  

To s t u d y  t h e  d y n a a i c s  of a p r e h i s t o r i c  d e e r  p o p u l a t i c n ,  t h e  

z o o a r c h a e o l o g i s t  m u s t  d e t e r a i n e  t h e  p r o p o r t i o n  of a n i m a l s  i n  the 



v a r i o u s  a g e ,  sex a n d  w e i g h t  classes, T h e s e  p o p u l a t i o n  p a r a m e t e r s  

a u s t  b e  d e r i v e d  from t h e  s k e l e t a l  r e m a i n s  of s u c h  a n i m a l s ,  A t  

p r e s e n t ,  t h e  f a u n a l  a n a l y s t  d e t e r m i n e s  t h e  a g e  o f  a  deer from t h e  

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

w e i g h t - b e a r i n g  b o n e s  s u c h  as t h e  a s t r a g a l u s ,  m e t a c a r p a l  o r  meta- 

tarsal, He t h e n  i n t e g r a t e s  t h e  r e s p e c t i v e  p r o p o r t i o n s  t o  a s s e s s  

t h e  s t a t u s  of t h e  p o p u l a t i o n  (see S m i t h  1974a ,  197Yb)- Any s u c h  

a g e : s e x : w e i g h t  r a t i o s  are, o f  c o u r s e ,  sorsewhat t e n u o u s ,  I d e a l l y ,  

all. p o p u l a t i o n  p a r a m e t e r s  s h o u l d  d e r i v e  from t h e  same s k e l e t a l  

e l e m e n t ,  O i t h  r e s p e c t  t o  c e r v i d s ,  t h e  m a n d i b l e  p r o v i d e s  t h e  most 

r e l i ab le  a g e  estimate, T h i s  chapter d i s c u s s e s  t h e  p o t e n t i a l  o f  

t h i s  e l e m e n t  as a n  i n d i c a t o r  o f  t h e  l i v e  a n d  d r e s s e d  c a r c a s s  

w e i g h t  i n  m a t u r e  a u l e  d e e r ,  

Weight E s t i m a t i o n  i r o n  l l a n d i b l e  L e n g t h  i n  n a t u r e  Hule Deer: 

In aaasals,  the g r o w t h  of t h e  c r a n i u m  is p r o p o r t i o n a l  t o  

t h a t  of t h e  body (see Bys tkowska  1966) .  With very few e x c e p t i o , ? ~  

{see Rye1  1963 ) ,  t h e  larger animals s u p p o r t  t h e  l o n g e r  mandibles- 

H a n d i b l e  l e n g t h  t h u s  relates t o  body s i z e  a n d  s h o u l d  be a good 

estimator of  l i v e  w e i g h t  i n  mammals. 

In c e r v i d s  a t  leas t ,  m a n d i b l e  l e n g t h  relates t o  b o d y  w e i g h t -  

The s t r e n g t h  o f  t h e  a s s o c i a t i o n ,  however ,  v a r i e s  f rom sample t o  

s a m p l e ,  F o r  i n s t a n c e ,  Lone { l 9 7 2 ) ,  i n  h i s  a n a l y s i s  o f  three red 

deer (Servuq e l a u h u s f  p o p u l a t i o n s ,  p r e s e n t s  f i v e  c o r r e l a t i o ~ ;  

c o e f f i c i e n t s  ior  m a n d i b l e  l e n g t h  v e r s u s  body w e i g h t ,  T h e s e  r a n g e  

f r o m  rx0.76 t o  r=0,95 f o r  males a n d  r = 0 , 6 7  t o  r=0,94 f o r  f emales .  



The s i g n i f i c a n t  v a r i a t i o n  i n  r, i n  my o p i n i o n ,  r e f l e c t s  s e a s o n a l  

d i f f e r e n c e s  i n  t h e  c o l l e c t i o n  p e r i o d s  a n d  d i s c r e p a n c i e s  i n  the 

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

p o p u l a t i o n s .  T h e  l o w e s t  c o r r e l a t i o n  c o e f f i c i e n t s  d e r i v e  f rom t h e  

Rhua s a n p l e  which was c o l l e c t e d  a t  r e g u l a r  i n t e r v a l s  o v e r  s e v e r a l  

y e a r s  (see L o v e  1967). F u r t h e r ,  b o t h  t h e  m a n d i b l e  l e n g t h s  a n d  

body w e i g h t s  i n  t h i s  s a m p l e  were p r e d i c t e d  from r e c o r d e d  v a l u e s ,  

The h i g h e s t  c o r r e l a t i o n  c o e f f i c i e n t s ,  on t h e  o t h e r  hand, o b t a i n  

f o r  t h e  O k s b o l  sample ,  Here, n o  c o r r e c t i o n s  were n e c e s s a r y  a n d  

t h e  s a n p l e ,  t h o u g h  not documented,  p r o b a b l y  was c o l l e c t e d  during 

a r e s t r i c t e d  f a 1 1  h u n t i n g  s e a s o n ,  Anderson ,  e t  a l l  ( 1 9 7 4 )  a lso  

o b t a i n  a s t r o n g  c o r r e l a t i o n  be tween  m a n d i b l e  l e n g t h  a n d  c a r c a s s  

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

s a m p l e s  o f  86 n a l e s  a n d  114  feaales are  r e s p e c t i v e l y  r=0.89 and 

r=0.86, I n  c e r v i d s  t h e r e f o r e ,  m a n d i b l e  l e n g t h  relates  t o  body 

weight..  

I n  o r d e r  t o  assess t h i s  r e l a t i o n s h i p  a n d  t o  d e t e r m i n e  more 

a c c u r a t e l y  t h e  s o u r c e s  o f  v a r i a t i o n ,  m a n d i b l e  l e n g t h  and  l i v e  

w e i g h t  were c o r r e l a t e d  f o r  my s u b s a m p l e  o f  t h e  C a c h e  l a  P o u d r e  

d e e r ,  I n  t h e  o r i g i n a l  s t u d y ,  Anderson,  e t  a l -  (1974: 10)  d e f i n e  

a a n d i b l e  l e n g t h  a s  the maximuia l e n g t h  o f  t h e  e l e m e n t ,  e x c l u d i n g  

t h e  i n c i s o r s ,  T h i s  m a n d i b u l a r  d i m e n s i o n  r e p r e s e n t s  measure laent  

f o u r  i n  t h e  p r e s e n t  r e s e a r c h ,  I n  a r c h a e o l o g i c a l  specimens, t h e  

i n f r a d e n t a l e  g e n e r a l l y  i s  m i s s i n g  d u e  t o  t h e  f r a g i l i t y  of the 

a n t e r i o r  a l v e o l i ,  A more a p p r o p r i a t e  rneasure  o f  m a n d i b l e  l e n g t h  

f o r  S U C ~  s p e c i e e n s  i s  t h e  a a x i a u ~  l e n g t h  of t h e  m a n d i b l e  as  

a t e a s u r e d  f r o m  t h e  a a a u l u s  t o  t h e  a b o r a l  b o r d e r  of t h e  canine 



a l v e o l u s ,  T h i s  is measurement  two i n  F i g u r e  3 a n d  r e p r e s e n t s  

m a n d i b l e  l e n g t h  i n  t h i s  t h e s i s ,  Y e i g h t  i n  t h i s  a n a l y s i s ,  l i k e  

t h a t  o f  Anderson,  e t  a l -  ( 1 9 7 4 ) ,  is t h e  b l e d  carcass w e i g h t  o r  

w e i g h t  1 as d e f i n e d  above,  

O f  t h e  100 m e a s u r e d  m a n d i b l e s ,  t w e l v e  were f r a g m e n t e d  a n d  

l a c k e d  t h e  an te r ior  r e f e r e n c e  p o i n t .  An a d d i t i o n a l  two e l e m e n t s  

were f r o m  deer whose w e i g h t s  were n o t  r e c o r d e d ,  T h e s e  fourteen 

a n i m a l s  were e x c l u d e d  from t h e  a n a l y s i s ,  The sample u s e d  i n  t h e  

d e r i v a t i o n  of t h e  c o n s t a n t s  theref o r e  c o m p r i s e d  e i g h t y - s i x  man- 

d i b l e s ,  of w h i c h  27 were f r o m  males a n d  5 9  were from f e m a l e s ,  

The r e s p e c t i v e  m a n d i b u l a r  m e a s u r e m e n t s  a n d  w e i g h t s  f o r  t h e s e  deer 

a r e  l i s t e d  i n  A p p e n d i x  III of t h i s  thesis, 

To d e t e r m i n e  t h e  n a t u r e  of t h e  r e l a t i o n s h i p  be tween  t h e s e  

two v a r i a b l e s ,  t h e  d a t a  were p l o t t e d  o n  a system o f  Caztesian 

c o o r d i n a t e s  w i t h  b l e d  carcass w e i g h t  a s  t h e  d e p e n d e n t  v a r i a b l e  

(Y) a n d  m a n d i b l e  l e n g t h  a s  t h e  i n d e p e n d e n t  v a r i a b l e  (X), The 

r e s u l t ,  a s  i l l u s t r a t e d  i n  P i g u r e  9, i s  a  s l i g h t l y  c u r v i l i n e a r  

relationship of the g e n e r a l  f o r m  Y = * ( x ) ~ .  T h i s  d i s t r i b u t i o o  is 

c o n s i s t e n t  w i t h  t h e  results of Lowe (1972) a n d  Anderson,  et al, 

( 1 9 7 4 ) -  T r a n s f o r m i n g  t h e  X a n d  Y v a l u e s  u s i n g  common l o g a r i t h m s  

p r o d u c e s  t h e  l i n e a r  p l o t  shown ic F i g u r e  10, T h e  strength o f  

this a s s o c i a t i o n  is ~ 0 . 7 7  w h i l e  t h e  l e a s t - s q u a r e s  r e g r e s s i o n  

e q u a t i o n  f o r  this d i s t r i b u t i o n  is: 
A 

log P = 3-27 ( l o g  X )  - 5.81 (2) 

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

t h e  a n a l y s t  i n s e r t s  a v a l u e  f o r  X { m a n d i b l e  l e n g t h )  and s o l v e s  

f o r  l o g  Y- T h e  a n t i l o g  o f  Y t h a n  p r o v i d e s  t h e  p r e d i c t e d  height, 
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i n  k i l o g r a ~ s ,  o f  t h e  a n i m a l ,  

I n  t h e  a b o v e  a s s o c i a t i o n ,  m a n d i b l e  l e n g t h  a c c o u n t s  f o r  595 

o f  t h e  o b s e r v e d  v a r i a n c e  i n  t h e  b l e d  carcass w e i g h t ,  F o r  whi te -  

t a i l e d  d e e r ,  a t  l eas t ,  l i v e  w e i g h t  d e p e n d s  on t h e  g e n e t i c s  o f  t h e  

d e e r  p o p u l a t i o n ,  t h e  g u a l i t y  o f  t h e  f o r a g e  a n d  t h e  age ,  s e x  and 

s e a s o n  o f  d e a t h  o f  t h e  a n i a a l  (see S m i t h  1975b)- For the p r e s e n t  

s a m p l e ,  p o p u l a t i o n  g e n e t i c s  a n d  a v a i l a b l e  f o r a g e  are assumed t o  

b e  i d e n t i c a l ,  V a r i a t i o n s  i n  a g e  are s i g n i f i c a n t  o n l y  i n  a s  much 

as t h e y  relate t o  t h e  s k e l e t a l  a a t u r i t y  of t h e  a n i t a a l ,  I n  o t h e r  

words,  t h e  s k e l e t o n s  o f  i m m a t u r e  a n i a s l s  more a c c u r a t e l y  r e f l e c t  

v a r i a t i o n s  i n  body size t h a n  t h a t  o f  s k e l e t a l l y  m a t u r e  deer. In 

t h e  t o t a l  s a m p l e ,  f o r  i n s t a n c e ,  m a n d i b l e  l e n g t h  a c c o u n t s  f o r  ap- 

p r o x i m a t e l y  7 9 1  of t h e  v a r i a n c e  i n   ales a n d  74% of t h e  v a r i a n c e  

i n  f e m a l e s  ( A n d e r s o n ,  e t  al- 1974)- O f  t h e  200 a n i m a l s  i n  this 

o r i g i n a l  s a m p l e ,  58 are less t h a n  18 m o n t h s  o l d  a n d  78 a re  less 

t h a n  2 y e a r s  o f  age.  I n  my o p i n i o n ,  t h e  h i g h e r  c o r r e l a t i o n  

c o e f f i c i e n t s  r e p o r t e d  b y  Anderson a n d  h i s  c o l l a b o r a t o r s  r e f l e c t  

t h e  g r e a t e r  p r o p o r t i o n  o f  y o u n g e r  g r o w i n g  d e e r  i n  t h e i r  sample .  

The 86 a n i l s a l s  used i n  t h e  p r e s e n t  r e s e a r c h  a re  2 y e a r s  old o r  

o l d e r ,  I n  s u c h  m a t u r e  d e e r ,  m a n d i b l e  l e n g t h  d o e s  n o t  r e p r e s e n t ,  

as  a c c u r a t e l y ,  t h e  w e i g h t  of t h e  a n i m a l .  F u r t h e r m o r e ,  o l d e r  

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

y o u n g e r  c o u n t e r p a r t s  (see Anderson,  et d l .  1974) - A s  a r e s u l t ,  

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

i n  t h i s  s a m p l e -  

v a r i a t i o n s  i n  l i v e  w e i g h t  r e l a t i n g  t o  t h e  sex o f  t h e  a n i i a a l  

ref lect  t h e  s e x u a l  d i m o r p h i s m  w i t h i n  a s p e c i e s ,  T h e  e f f e c t  of 



a n d  body w e i g h t  is u n d e t e r m i n e d  a t  p r e s e n t ,  I n  h i s  s t u d y ,  Lowe 

(1872) p r e s e n t s  s e p a r a t e  r e g r e s s i o n  f o r m u l a e  f o r  t h e  s t a g s  a n d  

h i n d s  i n  e a c h  p o p u l a t i o n ,  H e  t h e n  n o t e s  a s i g n i f i c a n t  s e x u a l  

d i f f e r e n c e  f o r  t h e  p o p u l a t i o n  i n  Denmark w h e r e a s  h e  r e p o r t s  no 

s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  s e x e s  f o r  t h e  Rhum p o p u l a t i o n .  

Anderson,  e t  a l .  (1974)  a l s o  p r e s e n t  s e p a r a t e  c o e f f i c i e n t s  f o r  

males a n d  f e m a l e s  b u t  o f f e r  no e x p l a n a t i o n  f o r  t h i s  s u b d i v i s i o n ,  

I n  the p r e s e n t  a n a l y s i s ,  t h e  v a r i a t i o n  d u e  t o  sex a p p a r e n t l y  d o e s  

not w a r r a n t  t h e  c o m p u t a t i o n  of s e p a r a t e  r e g r e s s i o n  f o r m u i a e ,  In 

fact ,  t h e  s t r e n g t h  o f  t h e  a s s o c i a t i o n  d e c r e a s e s  when a a t u r e  males 

a n d  females a r e  c o n s i d e r e d  s e p a r a t e l y  ( r=0,43 f o r  the 2 7  r a l e s  

a n d  r=0-68 f o r  t h e  59 females). I n  t h e  scatter o f  d a t a  p o i z t s ,  

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

a c l u s t e r  i n  the u p p e r  right c o r n e r  o f  F i g u r e  9, The s m a l l e r  

females, on t h e  o t h e r  hand ,  o c c u r  i n  a n o t h e r  c l u s t e r  n e a r e r  t h e  

j u n c t i o n  o f  the two a x e s ,  A s i n g l e  r e g r e s s i o n  f o r m u l a  b e s t  f i t s  

t h e  d i s t r i b u t i o n  a n d  p r o v i d e s  r e l i a b l e  w e i g h t  e s t i ~ a t e s  for b o t h  

s e x e s ,  T h e s e  r e s u l t s  a n d  o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  those 

o f  T a l b o t  a n d  f l c C u l l o c h  (1965)  who r e p o r t  a sinailar d i s t r i b u t i o n  

for &ale and fesale u n g u l a t e s  i n  Africa. 

The Effects of Seasonal F l u c t u a t i o n s  i n  f e i g h  t E s t i m a t i o n :  

S e a s o n a l  f l u c t u a t i o n s  i n  w e i g h t ,  on t h e  o t h e r  hand ,  a r e  well. 

documented fo'r s e v e r a l  u n g u l a t e s  (Wood, e t  a l ,  1962) and  a c c o u n t  

for  much o f  the o b s e r v e d  v a r i a n c e  i n  l i v e  we igh t ,  In moose, f o r  



t o t a l  l i v e  w e i g h t  (Franzmann,  e t  a l .  1 9 7 8 ) -  I n  C a c h e  l a  P o u d r e  

! a u l r  d e e r ,  t h e  m a g n i t u d e  of s e a s o n a l  g a i n s  a n d  l o s s e s  r a n g e s  from 
t 

15 t o  23 p e r c e n t  o f  t h e  peak w e i g h t  w i t h  a more p r o n o u n c e d  sea- 

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

m a t u r e  a n i m a l s  g e n e r a l l y  a t t a i n  t h e i r  p e a k  w e i g h t  i n  O c t o b e r  and 

t h e i r  ainiaum w e i g h t  i n  H a r c h - A p r i l  [Anderson ,  e t  al, 1974)- 

I n  a n  a t t e m p t  t o  a c c o u n t  f o r  t h i s  v a r i a t i o n ,  the s a m g l e  was 

s u b d i v i d e d  i n t o  2 c a t e g o r i e s  a n d  a s e p a r a t e  r e g r e s s i o n  a n a l y s i s  

was p e r f a n t e d  o n  e a c h  se t  of d a t a ,  T h e  f i r s t  g r o u p  c o n s i s t s  of 

f i f t y - o n e  d e e r  s h o t  f rom J u n e  t o  J a n u a r y ,  I n  t h i s  g r o u p ,  t h e  

corre la t ion c o e f f i c i e n t  of l o g -  w e i g h t  on l o g - m a n d i b l e  l e n g t h  is 

r=0. E5 a n d  t h e  c o r r e s p o n d i n g  l e a s t - s q u a  res r e g r e s s i o n  e q u a t i o n  

is: 
A 

l o g  I ? =  3,92110g X )  - 7 - 2 9  

T h e  s e c o n d  c a t e g o r y  c o n s i s t s  o f  t h i r t y - • ’  i v e  a n i m a l s  s h o t  f r o @  

F e b r u a r y  t o  Hay, P o r  a a t n r e  Rocky f l o u n t a i c  mule  d e e r ,  t h i s  t i n e  

of y e a r  r e p r e s e n t s  t h e  p e r i o d  o f  maximum w e i g h t  l o s s  ( A n d e r s o n ,  

e t  a l ,  1974) , The c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h i s  g r o u p  is  

r=0.86 w h i l e  t h e  r e g r e s s i o n  f o r m u l a  is: 
n 

l o g  Y = 2 , 5 6 ( f o g  X )  - 4, 18, f 4) 

The i n c o r p o r a t i o n  of s e a s o n a l  f l u c t u a t i o n s  i n  l i v e  w e i g h t  t h u s  

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

l e n g t h  now a c c o u n t s  f o r  72% o r  74% of t h e  o b s e r v e d  v a r i a n c e  i n  

b o d y  w e i g h t ,  

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

t h e  y e a r  c o n s t i t u t e s  t h e  g r e s e n c e  o r  a b s e n c e  o f  f e t u s e s  i n  t h e  



f e a a l e s  o f  t h e  s p e c i e s ,  To e l i m i n a t e  t h i s  s o u r c e  o f  b i a s  i n  

w e i g h t  e s t i m a t i o n ,  m a n d i b l e  l e n g t h  was c o r r e l a t e d  w i t h  w e i g h t  2 

or t h e  e v i s c e r a t e d  w e i g h t  o f  t h e  d e e r ,  I n  t h e  f i r s t  g r o u p ,  t h e  

s t r e n g t h  of t h e  r e l a t i o n s h i p  is r=0,81 w h i l e  t h e  l e a s t - s q u a r e s  

r e g r e s s i o n  e q u a t i o n  is: 

l o g  i = 4-25 (109 x) - 8 - 2 0  f 5 )  

I n  t h e  s e c o n d  g r o u p ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  becomes  r=0- 9 1, 

M a n d i b l e  l e n g t h  now a c c o u n t s  for  83% o f  t h e  o b s e r v e d  v a r i a n c e  i n  

w e i g h t ,  T h e  b e s t - f i t  r e g r e s s i o n  e q u a t i o n  f o r  g r o u p  2 is: 

l o g  ! = 3.04 ( l o g  X) - 5-44 ( 6 )  

T h e s e  r e s u l t s  a g a i n  are i n t u i t i v e l y  c o n s i s t e n t  w i t h  t h e  

o b s e r v a t i o n s  of w i l d l i f e  b i o l o g i s t s ,  H a t i n g  i n  m i g r a t o r y  Rocky 

M o u n t a i n  m u l e  d e e r  g e n e r a l l y  o c c u r s  f r o m  l a t e  November t o  e a r l y  

December ( A n d e r s o n  a n d  Hedin  1967) - P r e g n a n t  d o e s  t h e r e f o r e  d r o p  

t h e i r  c a l v e s  i n  e a r l y  J u n e ,  C o n s e q u e n t l y ,  t h e  f e t u s e s  c o n t r i b u t e  

s i g n i f i c a n t l y  t o  t h e  l i v e  w e i g h t  o f  t h e  female f r o m  l a t e  J a c u a r y  

t o  e a r l y  J u n e .  

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

for  a n i a t a l s  s h o t  i n  l a t e  w i n t e r  is  a l s o  c o n s i s t e n t  wi th  t h e  n o t e d  

v a r i a b i l i t y  i n  t h e  a u t u m n a l  weight g a i n ,  F o r  Rocky f l o u n t a i n  mule 

deer, t h i s  w e i g h t  g a i n  r e p r e s e n t s  e n e r g y  s t o r a g e  p r e d o m i n a n t l y  i n  

t h e  fo rm o f  s u b c u t a n e o u s  f a t ,  Here, t h e  w e i g h t  g a i n  i s  v a r i a b l e  

a n d  reflects t h e  a b i l i t y  o f  i n d i v i d u a l  d e e r  t o  s t o r e  f a t .  Hence,  

a w e a k e r  a s s o c i a t i o n  b e t u e e n  b o n e  l e n g t h  a n d  body w e i g h t  s h o u l d  

h o l d  for  t h i s  time of y e a r ,  The  lower c o e f f i c i e n t  f o r  g r o u p  o n e  

i s  c o n s i s t e n t  with t h i s  o b s e r v a t i o n  t h o u g h  t h e  weaker  a s s o c i a t ~ o n  



may reflect t h e  l a r g e r  s a m p l e  s i z e  o r  t h e  g r e a t e r  time i n t e r v a l  

i n v o l v e d .  

I n  sum, t h e  l e n g t h  of t h e  m a n d i b l e  is a u s e f u l  e s t i m a t o r  of 

t h e  b led  carcass w e i g h t  i n  a a t u r e  Rocky H o u n t a i n  mule  d e e r .  The 

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

t h e  a c c u r a c y  of t h e  s e a s o n a l i t y  a s s e s s m e n t -  I n  d e e r  a t  l eas t ,  

t h e  s e a s o n  of w e i g h t  g a i n  is  c c n c u r r e n t  w i t h  t h e  p e r i o d  o f  r a p i d  

cementum a p p o s i t i o n  w h e r e a s  t h e  s e a s o n  o f  w e i g h t  l o s s  c o r r e s p o n d s  

t o  t h e  p e r i o d  of minimal  cementum g r o w t h  (see S a u e r  1973)  , Given 

a s e a s o n a l i t y  d e t e r a i n a t i o n  from t h e  cementum a n n u l i  (Benn l974), 

mandible l e n g t h  is t h e n  a s  r e l i a b l e  a s  a n y  o t h e r  m e a s u r e  of bone  

s i z e  i n  p r e d i c t i n g  t h e  l i v e  w e i g h t  of m a t u r e  mule d e e r .  

The above r e g r e s s i o n  e q u a t i o n s  a p p l y  o n l y  for  t h o s e  a r c h a e o -  

l o g i c a l  n a n d i b l e s  where  measurement  2 is q u a n t i f i a b l e ,  I n  most 

a s s e m b l a g e s ,  s u c h  i n t a c t  m a n d i b l e s  are fare due  p r i m a r i l y  t o  t h e  

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

P o o r  r e c o v e r y  t e c h n i q u e s  a l so  c o n t r i b u t e  t o  t h e  f r a g m e n t e d  n a t u r e  

of t h e  a s s e m b l a g e ,  A s  a c o n s e q u e n c e ,  t h e  z o o a r c h a e o l  o g i s t  lnr ust 

e s t a b l i s h  t h e  n a t u r e  a n d  s t r e n g t h  o f  t h e  r e l a t i o n s h i p  b e t w e e n  

q u a n t i f i a b l e  d i m e n s i o n s  of t h e  f r a g m e n t  a n d  t h e  l i v e  w e i g h t  o f  

t h e  d e e r ,  I n  t h i s  s t u d y ,  t e n  a d d i t i o n a l  s k e l e t a l  v a r i a b l e s  were 

q u a n t i f i e d  o n  each m a n d i b l e  a n d  c o r r e l a t e d  w i t h  measurement  2, 

O f  t h e s e ,  i n e a s u r e m e n t s  3 ( r=O,  as ) ,  4 {r=0.94) , 5 (r=0,86) , 6 

(r=0.83) a n d  11 (r=0.75) c o r r e l a t e  well w i t h  measurement  two, 

G i v e n  the a p p r o p r i a t e  4 a n d a  v a l u e s ,  i t  t h e n  becomes  p o s s i b l e  t o  

estimate l i v e  w e i g h t  f r o n  n a n d i b l e  f r a g n e n t s  u s i n g  two r e g r e s s i o n  

e q u a t i o n s ;  o n e  t o  estimate t h e  t o t a l  l e n g t h  o f  the m a n d i b l e  and  a 



s e c o n d  t o  d e t e r a i n e  t h e  a n i m a l 8  s c a r c a s s  we igh t  f rom t h e  l e n g t h  

estimate, A l t e r n a t i v e l y ,  it is p o s s i b l e  t o  p r e d i c t  l i v e  weighz 

d i r e c t l y  from s p e c i f i c  d i m e n s i o n s  of t h e  f raglaent b y  means o f  a 

s i n g l e  r e g r e s s i o n  f o r m u l a -  I n  t h i s  z e s e a r c h ,  s i n g l e  r e g r e s s i o n  

e q u a t i o n s  were computed f o r  e a c h  o f  t h e  f i v e  ~ e a s u r e m e n t s  l i s t e d  

above,  These  a n d  t h e i r  r e s p e c t i v e  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  

t a b u l a t e d  i n  Appendix YIII o f  t h i s  t h e s i s ,  

T h e  P r e d i c t i o n  o f  E d i b l e  Pleat Height  i n  Flature Mule Deer: 

I n  z o o a r c h a e o l o g i c a l  a n a l y s i s ,  t h e  a b i l i t y  t o  c a l c u l a t e  t h e  

l i v e  w e i g h t  o f  a n  u n g t l l a t e  from the o s t e o l o g i c a l  r e m a i n s  i s  only 

a n  i n i t i a l  s t e p  t oward  a s s e s s i n g  t h e  r e l a t i v e  d i e t a r y  i m p o r t a n c e  

o f  a s p e c i e s ,  Obv ious ly ,  t h e  d i e t a r y  c o n t r i b u t i o n  of a s p e c i e s  

c o n s t i t u t e s  o n l y  t h e  e d i b l e  p o r t i o n  of t h e  l i v e  weight ,  Becce, 

only t h e  e d i b l e  or u s e a b l e  meat  v e i g h t  of a n  a n i m a l  is  o f  i n t e -  

rest t o  the economic  p r e h i s t o r i a n ,  To e n h a n c e  t h e  c o m p u t a t i o n  of 

s u c h  meat w e i g h t s ,  Whi te  (19S3a) p r o v i d e s  a  t a b l e  of u s e a b l e  meat 

w e i g h t s  f o r  s e v e r a l  N o r t h  Binerican r~amiaals- Fo r  "--. wild game 

a n i l a a l s  of t h e  c a t t l e - s h e e p  type.,.n t h e  u s e a b l e  pounds of meat 

r e p r e s e n t  50% o f  t h e  a v e r a g e  l i v e  weight  whe reas  f o r  a n i m a l s  l i k e  

n., , t h e  heavy-bodied,  s h o r t - l e g g e d  p igs . ,  , n  t h e  r a t i o  i n c r e a s e s  

t o  70% of t h e  l i v e  w e i g h t  (White  l953a:397) , U n l i k e  Y h i t e ,  Smith 

(197%) a s s u m e s  57% of the d e e r ' s  l i v e  we igh t  t o  be u s e d b l e  meat, 

Hun te r  (19471,  o n  the o t h e r  hand, e s t i m a t e s  80% of t h e  d e e r  t o  be 

e d i b l e ,  I n  a ' c a u t i o n a r ~  n o t e  on  e d i b l e  meat w e i g h t s ,  S t e r a r t  and 

Stahl f1977) d i s c o u r a g e  t h e  u se  of any s u c h  c o n s t a n t  p r o p ~ r t i o n s ,  



I n  t h e i r  a n a l y s i s  o f  t w e l v e  mammals, t h e y  r e p o r t  n o  c o n s i s t e n t  

p a t t e r n  fo r  e d i b l e  meat  p e r c e n t a g e s ,  I n  f a c t ,  c h e i r  r a t i o s  o f  

e d i b l e  m u s c l e  t i s s u e  are  c o n s i s t e n t l y  l o v e r  t h a n  t h o s e  o f  White 

w h i l e  t h e i r  p r o ~ o r t i o n s  f o r  a l l  e d i b l e  t i s s u e s  a n d  o r g a n s  a p p r o x -  

imate t h o s e  o f  White, 

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

v a t i o n s ,  They recommend t h e  use o f  r e g r e s s i o n  e q u a t i o n s  t o  

estimate a d r e s s e d  carcass v e i g h t  f r o m  t h e  l i v e  w e i g h t  o f  t h e  

a n i m a l  f see Hamerstrom a n d  Camburn 1950, a n d  S e v e r i n g h a u s  l 9 4 9 b )  - 
E a e r s o n  11 978) u s e s  s u c h  r e g r e s s i o n  f o r m u l a e  t o  c a l c u l a t e  t h e  

d i e t a r y  c o n t r i b u t i o n  of a r c h a e o l o g i c a l  d e e r ,  H e  p r o p o s e s  a 

d o u b l e  r e g r e s s i o n  a p p r o a c h  f o r  e s t i m a t i n g  e d i b l e  meat v e i y h t s  

f rom t h e  o s t e o l o g i c a l  r e m a i n s  of p r e h i s t o r i c  deer, I n  essence, 

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

from v a r i o u s  a s t r a g a l u s  m e a s u r e m e n t s  a n d  t h e n  a d v o c a t e s  t h e  u s e  

o f  S e v e r i n g h a u s '  (1949b) e q u a t i o n  t o  d e r i v e  e d i b l e  meat w e i g h t s  

f rom t h e  p r e d i c t e d  carcass v e i g h t ,  T h i s  a p p r o a c h ,  t h o u g h  more 

a c c u r a t e  t h a n  t h e  s t a n d a r d  p r o p o r t i o n s  d i s c u s s e d  p r e v i o u s l y ,  is  

n e i t h e r  as e f f i c i c e n t  n o r  a s  r e l i ab le  a s  t h e  s i n g l e  r e g r e s s i o n  

raethod d e s c r i b e d  below, The d o u b l e  r e g r e s s i o n  a p p r o a c h  e n t a i l s  

the d e r i v a t i o n  a n d  s o l u t i o n  of  two r e g r e s s i o n  e q u a t i o n s .  Each 

e s t i m a t e  i n  s u c h  a n a l y s i s  h a s  a n  a s s o c i a t e d  error, T h e  c a l c u -  

l a t i o n s ,  o f  n e c e s s i t  y, i n c o r p o r a t e  t h e s e  c u m u l a t i v e  e r r o r s  into 

t h e  f i n a l  p r e d i c t i o n ,  A s  a r e s u l t ,  i t  i s  p r e f e r a b l e  t o  p r e d i c t  

d r e s s e d  c a r c a s s  w e i g h t  d i r e c t l y  f rom t h e  s i z e  of t h e  m a n d i b l e  b y  

means  o f  a sihgle r e g r e s s i o n  f o r m u l a -  

T o  o b t a i n  t h e  c o n s t a n t s  f o r  s u c h  a p r e d i c t i v e  e q u a t i o n ,  



n a n d i b l e  l e n g t h  (measurement  2 )  was c o r r e l a t e d  w i t h  t h e  skinned 

a n d  e v i s c e r a t e d  carcass w e i g h t  of t h e  d e e r -  T h i s  w e i g h t  measure  

( w e i g h t  4) l a c k s  t h e  w e i g h t  o f  t h e  s k i n  and a n t l e r s  a n d ,  t h u s ,  

more a c c u r a t e l y  reflects t h e  amount o f  e d i b l e  t i s s u e  i n  a d e e r  

carcass. U n f o r t u n a t e l y ,  s k i n n e d  a n d  e v i s c e r a t e d  w e i g h t s  were 

m i s s i n g  f o r  t h e  first e i g h t e e n  d e e r  i n  t h e  s a m p l e -  Hecce, t h e  

s a m p l e  s ize f o r  the f i r s t  g r o u p  ( t h o s e  d e e r  s h o t  f r o m  J u n e  t o  

J a n u a r y )  was r e d u c e d  t o  39  a n i a a a l s  w h e r e a s  t h a t  of t h e  secor id  

g r o u p  c o ~ t l p r i s e d  o n l y  28 d e e r ,  The c o r r e l a t i o n  c o e f f i c i e n t  f o r  

g r o u p  o n e  is  r=0,82 w h i l e  t h e  r e g r e s s i o n  e g u a t i o n  is: 
A 

l o g  Y = 3 ,96( log  X )  - 7 - 5 7  (7 ) 

F o r  the s e c o n d  g r o u p ,  t h e s e  a r e  r e s p e c t i v e l y  r=0.92 a n d  
A 

l o g  Y = 3 - 1 1  f l o g  X )  - 5.65 (8) 

Using t h e s e  f o r m u l a e ,  i t  is  t h u s  p o s s i b l e  t o  p r e d i c t  t h e  skinned 

and e v i s c e r a t e d  carcass w e i g h t  of m a t u r e  mule  d e e r  d i r e c t l y  f rom 

the l e n g t h  o f  t h e  mandib le .  

Problems i n  t h e  E s t i m a t i o n  o f  E d i b l e  Meat Weights: 

R e l i a b l e  estimates o f  t h e  u s e a b l e  a e a t  ia a t a x o n  a r e  a  

p r e r e q u i s i t e  for  t h e  s t u d y  o f  p r e h i s t o r i c  d i e t s .  D e f i n i n g  a n d  

q u a n t i f y i n g  the t r u e  amount  of e d i b l e  or consumed meat, however, 

is p r o b l e n r a t i c a l ,  Solae a u t h o r s  a s s u & e  t h e  d r e s s e d  c a r c a s s  w e i g h t  

t o  b e  t h e  more  rel iable estimate o f  t h e  e d i b l e  meat w e i g h t  (see 

Cas tee l  1978 a n d  Emerson 1978)-  In most  i n s t a n c e s  however ,  t h e  

d r e s s e d  c a r c a s s  e x c l u d e s  i m p o r t a n t  o r g a n s  s u c h  a s  t h e  s t o m a c h ,  

h e a r t  a n d  l i v e r  w h i l e  a t  t h e  same time i n c l u d i n g  s u c h  i c e d i b l e  



p o r t i o n s  a s  t h e  s k i n ,  b o n e  a n d  a n t l e r ,  F u r t h e r m o r e ,  a d r e s s e d  

carcass may or  may n o t  i n c l u d e  t h e  b r a i n s ,  t o n g u e  or  f e t a s ,  This 

carcass w e i g h t  t h e r e f o r e  d o e s  n o t  r e p r e s e n t  a d e q u a t e l y  t h e  a c t u a l  

amount  of e d i b l e  meat. The s k i n n e d  a n d  e v i s c e r a t e d  carcass, a s  

u s e d  i n  t h e  p r e s e n t  s t u d y ,  i n c l u d e s  m u s c l e  t i s s u e ,  s u b c u t a n e o u s  

f a t ,  b r a i n s ,  t o n g u e  and  bone  b u t  e x c l u d e s  a n t l e r ,  s k i n  a n d  many 

o r g a n s ,  A g a i n ,  t h i s  r e p r e s e n t a t i o n  of t h e  u s e a b l e  meat, t h o u g h  

re l iable ,  d o e s  n o t  a p p r o x i m a t e  t h e  e d i b l e  t i s s u e  a v a i l a b l e  o n  a 

deer carcass, A c c o r d i n g  t o  Lyman (1979:536),  t h e  a v a i l a b l e  meat 

f o r  a s p e c i e s  i n c l u d e s  ",,-all p a r t s  of a n  a n i m a l  e x c l u s i v e  of 

b o n e  a n d  h i d e , ,  .," or  t h e  . . l i v e  w e i g h t  minus  b o n e  arid h i d e  

v e i g h t " ,  T o  d e r i v e  t h i s  c a r c a s s  w e i g h t  d u r i n g  t h e  p r e p a r a t i o n  of 

t h e  c o m p a r a t i v e  c o l l e c t i o n  is r e l a t i v e l y  s i m p l e  o n c e  a w e i g h t  

f o r  t h e  s k e l e t a l  mass is d e r i v e d ,  G i v e n  a l a r g e  s a m p l e  o f  s u c h  

v a l u e s ,  the c a l c u l a t i o n  of the a p p r o p r i a t e  r e g r e s s i o n  c o n s t a n t s  

is a matter o f  s i m p l e  a r i t h m e t i c ,  The r e s u l t a n t  e q u a t i o n s ,  hou- 

e v e r ,  e n a b l e  t h e  p r e d i c t i o n  of a v a i l a b l e  meat w e i g h t s  d i r e c t l y  

from the s ize  o f  a bone. 

Any estimate of t h e  a v a i l a b l e  meat d o e s  n o t  n e c e s s a r i l y  

reflect t h e  a c t u a l  a n o u n t  o f  c o n s u m a b l e  meat, As d e f i n e d  by 

Lyman (1979:536), t h e  c o n s u m a b l e  mea t  i n c o r p o r a t e s  n , , . those  

p o r t i o n s  of t h e  a v a i l a b l e  a e a t  of a s p e c i e s  t h a t  are/were 

consuiaed by t h e  g r o u p  of p e o p l e  u n d e r  studyw- O b v i o u s l y ,  t h e  

u t i l i z a t i o n  o f  a n  a n i m a l  carcass v a r i e s  f r o m  g r o u p  t o  g roup .  

D i f f e r e n t  g r o u p s  c o n s i d e r  d i f f e r e n t  p o r t i o n s  of t h e  carcass 

e d i b l e .  s u c h '  v a r i a t i o n s  i n  carcass c o n s u m ~ t i o n  r e q u i r e  meat 

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

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

o f  c o a p a r a t i v e  s p e c i m e n s  (see Stewart a n d  S t a h l  1977 f o r  a p r o -  

c e d u r e ) .  G i v e n  s u c h  c o n s u m a b l e  meat w e i g h t s ,  the e a i p i r i c a f  

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

any c o n s u m a b l e  meat w e i g h t  becomes  p r a c t i c a b l e -  I n  f a c t ,  g i v e n  

t h e  a p p r o p r i a t e  t ab les ,  t h e  f a u n a l  a n a l y s t  c a n  p r e d i c t ,  b y  means 

o f  r e g r e s s i o n  a n a l y s i s ,  t h e  e d i b l e  meat  w e i g h t  which h e  assumes 

b e s t  r e p r e s e n t s  t h e  p r e h i s t o r i c  u t i l i z a t i o n  o f  a s p e c i e s ,  

The r e g r e s s i o n  a p p r o a c h ,  l i k e  a l l  o t h e r  methods  of n e a t  

w e i g h t  e s t i m a t i o n ,  a s s u m e s  f u l l  u t i l i z a t i o n  of, a t  l eas t ,  the 

m u s c l e  t i s s u e  i n  a n  a n i m a l  carcass, T h i s  is i m p l i c i t  i n  t h e  

d e r i v a t i o n  a n d  u t i l i z a t i o n  o f  t h e  f o r m u l a e ,  I n  a r c h a e o l o g i c a l  

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

i n  terms of c o n s n n e d  m u s c l e  t i s s u e ,  I n  d i e t a r y  o r  f o o d  e n e r g y  

s t u d i e s  (see Cook 1975 a n d  S h a w c r o s s  1 9 7 2 ) ,  s u c h  p r e d i c t e d  meat 

w e i g h t s  are o f t e n  i n a p p l i c a b l e ,  P r e h i s t o r i c  p o p u l a t i o n s ,  l i k e  

t h e i r  modern c o u n t e r p a r t s ,  r a r e l y  consume t h e  e n t i r e  c a r c a s s  of 

t h e  a n i m a l  ( S t e w a r t  a n d  S t a h l  1377) -  I n s t e a d ,  t h e  c o n s u t a ~ t i o n  of 

a carcass reflects t h e  d i e t a r y  p r e f e r e n c e s  of t h e  g roup ,  t h e  s i z e  

of t h e  p r e y  a n d  t h e  r e l a t i v e  a b u n d a n c e  o f  t h e  c a t c h ,  Pleat w e i g h t  

estimates t h r s  a n s t  r e p r e s e n t ,  as a c c u r a t e l y  a s  p o s s i b l e ,  t h e  

d e g r e e  of carcass c o n s u m p t i o n ,  

E v a l u a t i n g  t h e  d e g r e e  o f  carcass u t i l i z a t i o n  req a r e s  t h e  

e x p l i c i t  d e l i n e a t i o n  o f  b u t c h e r i n g  t e c h n i q u e s  a r d  t h e  d e f i n i t i o n  

of b u t c h e r i n g  u n i t s  from t h e  b o n e s  i n  t h e  f a u n a l  a s s e m b l a g e -  A 



b n t c h e r i n g  u n i t ,  a c c o r d i n g  t o  Lyman (1979:539) ,  i s  ",,,a piece of 

t h e  a n i m a l  t h a t  r e s u l t s  f r o n  t h e  act o f  b u t c h e r i n g N .  I t  is t h e  

c u l t u r a l  entity which  m o s t  a c c u r a t e l y  r e f l ec t s  t h e  a c t u a l  amount 

o f  consumed meat, I n  s i t u a t i o n s  v h e r e  b u t c h e r i n g  u n i t s  c a n n o t  b e  

d e f i n e d ,  Lyman ( I 9 7 3  :53 3) a d v o c a t e s  t h e  u s e  o f  s k e l e t a l  p o r t i o n s  

w h i c h  h e  d e f i n e s  H.. ,as  s o n e  a r b i t r a r i l y  d e f i n e d  p a r t  o f  t h e  

body-, ," s u c h  a s  t h e  f o r e l i m b s ,  h i n d l i n b s ,  c r a n i u m ,  r i b  c a g e  a n d  

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

o r  s k e l e t a l  p o r t i o n s  would p r o v i d e  meat  w e i g h t  e s t i m a t e s  which 

a p p r o x i m a t e  t h e  amount  o f  consumed meat. 

D e t e r m i n i n g  t h e  w e i g h t s  o f  s k e l e t a l  p o r t i o n s  or b u t c h e r i n g  

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

u s i n g  r e g r e s s i o n  a n a l y s i s ,  Ledger  (1963)  a n d  S m i t h  a n d  L e d g e r  

11965) d e s c r i b e  a number o f  ske l e t a l  p o r t i o n s  o r  modern 

b n t c h e r i n g  u n i t s  which  relate t o  t h e  w e i g h t  o f  A f r i c a n  ungu- 

lates, T h e r e  i s  t h u s  a good c o r r e l a t i o r ,  be tween  t h e  w e i g h t  

o f  s k e l e t a l  p o r t i o n s  a n d  t h e  l i v e  o r  3 r e s s e d  c a r c a s s  w e i g h t  of 

A f r i c a n  u n g u l a t e s ,  Comparab le  a s s o c i a t i o n s  are  p r o b a b l y  t e r i a b l e  

for most # o r  t h  American u n g u l a t e s ,  G i v e n  t h i s  r e l a t i o n s h i p ,  the 

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

may w e l l  re late t o  t h e  w e i g h t  of t h e  p o r t i o n ,  P r e d i c t i n g  t h e  

w e i g h t  o f  a skeletal  p o r t i o n  o r  b u t c h e r i n g  u n i t  d i r e c t l y  f rom 

t h e  bone b y  lneans of  a  s i n g l e  r e g r e s s i o n  f o r m u l a  t h u s  becomes 

p r a c t i c a b l e ,  

T o  o b t a i n  t h e  c o n s t a n t s  f o r  s u c h  r e g r e s s i o r ,  e q u a t i o n s ,  t h e  

f a u n a l  a n a l y  st a g a i n  a u s t  r e c o r d  t h e  w e i g h t s  of s e l e c t e d  s k e l e i x l  

p o r t i o n s  a n d  b n t c h e r i n g  u n i t s  d u r i n g  t h e  p r e p a r a t i o n  of compa- 



i 
t r a t i v e  c o l l e c t i o n s ,  Here, r e f e r e n c e  t o  r e g i o n a l  e t h n o g r a p h i e s ,  
F 
! f a u n a l  s t u d i e s  fE3rumley 1973; G u i l d a y ,  e t  a l ,  1962 ;  Lyman 1376, 

1979 ,  1980 a n d  Wheat l 9 7 2 ) ,  a n d  modern b u t c h e r i n g  p r a c t i c e s  may 

a i d  in d e l i m i t i n g  t h e  c o n s t i t u t i o n  o f  s k e l e t a l  p o r t i o n s  o r  but- 

c h e r i n g  u n i t s  f o r  s p e d  f i c  r e g i o n s ,  G i v e n  c o m p r e h e n s i v e  t a b l e s  

o f  s u c h  meat w e i g h t s ,  t h e  c o m p u + a t i o n  of t h e  a p p r o p r i a t e  r e g r e s -  

s i o n  f o r m u l a e  i s  r e l a t i v e l y  s t r a i g h t f o r w a r d ,  T h e  r e s u l t a n t  

r e g r e s s i o n  e q u a t i o n s  t h e n  would p r o v i d e  meat w e i g h t s  f o r  t h e  

c o n s u n e d  p o r t i o n s  of t h e  a n i n a l  c a r c a s s -  

Summary: 

I n  b r i e f ,  t h i s  c h a p t e r  d e m o n s t r a t e s  t h e  p o t e n t i a l  u t i l i t y  o f  

r e g r e s s i o n  a n a l y s i s  as a s t a t i s t i c a l  t e c h n i q u e  f o r  p r e d i c t i n g  

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

d e e r  d i r e c t l y  f rom some m e a s u r e  o f  bone  size, As n o t e d ,  korie 

size n e e d  n o t  d e r i v e  e x c l u s i v e l y  f r o @  t h e  major w e i g h t - b e a r i n g  

e l e m e n t s ,  I n  f ac t ,  s e v e r a l  s k e l e t a l .  d i m e n s i o n s  o f  t h e  m u l e  d e e r  

m a n d i b l e  are a c c u r a t e  e s t i m a t o r s  o f  t h e  a n i m a l ' s  l i v e ,  d r e s s e d  or  

s k i n n e d  and e v i s c e r a t e d  carcass weight .  R e g r e s s i o n  a n a l y s i s  a l s o  

a p p e a r s  t o  b e  a v i a b l e  t e c h n i q u e  f o r  e s t i m a t i n g  t h e  w e i g h t  of t h e  

a v a i l a b l e ,  c o n s u m a b l e  o r  consumed meat i n  t h e  m u l e  d e e r  c a r c a s s -  



5 ,  S e x  d e t e r m i n a t i o n  

The a p p l i c a t i o n  of n e t h o d s  o f  s e x  e s t i m a t i o n  t o  
b o n e s  f r o m  e x c a v a t i o n s  p r e s u p p o s e s  a  k n o w l e d g e  of 
t h e  v a r i a t i o n  i n  a  known modern p o ~ u l a t i o n  o f  that 
s p e c i e s ,  o r  a l t e r n a t i v e l y  u p o n  a  s u b j e c t i v e  i n t e r -  
p r e t a t i o n  of t h e  v a r i a t i o n  o b s e r v e d  i n  t h e  a r c h a e o -  
l o g i c a l  p o p u l a t i o n  ( C h a p l i o  1971: 100-101)- 

I n t r o d u c t i o n :  

D e r i v i n g  the s e x  o f  modern a r t i o d a c t y l s  f rom t h e i r  o s t e o -  

l o g i c a l  r e m a i n s  is d i f f i c u l t  i n  t h e  a b s e n c e  o f  u n i q u e  s e c o n d a r y  

s e x u a l  c h a r a c t e r i s t i c s  s u c h  as a n t l e r  p e d  icles, Sex  i d e n  t i f i -  

c a t i o n  of a n  a r c h a e o l o g i c a l  s p e c i m e n  from t h e  f r a g m e n t a r y  bone i n  

a n  a s s e m b l a g e  i s  t h u s  t e n u o u s  a t  b e s t ,  N e v e r t h e l e s s ,  many zoo- 

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

t h e  r e l a t i v e  sex s t r u c t u r e  o f  f a u n a l  p o p u l a t i o n s  ( C h a p l i n  1 9 7 1 ) -  

Some f a u n a l  a n a l y s t s  a t t e m p t  t o  u s e  s e x  e s t i m a t i o n  i c  p r e h i s t o r i c  

p o p u l a t i o n s  t o  i n f e r  e a r l y  d o m e s t i c a t i o n  and  s u b s e q u e n t  m e t h o d s  

of he rd  management ( B o e s s n e c k  and von d e n  D r i e s c h  1978; C l a s o n  

1872, a n d  Highaia 1969)- V a r i a t i o n s  i n  t h e  s e x  a n d  a g e  s t r u c t u r e  

of s u c h  p o p u l a t i o n s  t h r o u g h  time a l s o  a r g u e  for a f u n d a a e n t a l  

t r a n s i t i o n  f rota a n i m a l  e x ~ l o i t a t i o n  t o  a n i m a l  d o m e s t i c a t i o n  

(Cha p l i n  1 97 1 ) , 

Xn t h e  s t u d y  of p r e h i s t o r i c  h u n t i n g  a n d  g a t h e r i n g  s o c i e t i e s ,  

t h e  s e x  and  a g e  s t r u c t u r e  of a r c h a e o l o g i c a l  k i l l  s a m p l e s  r e v e a l s  

m,., t h e  n a t u r e  and  e v o l u t i o n  o f  human p r e d a t i o n  o n  p o p u l a t i o n s  of 

l a r g e  mammalsn [ K l e i n  1978: 1 9 5 ) -  Here, t h e  p o p u l a t i o n  p a r a m e t e r s  

i n d i c a t e  w h e t h e r  s t a l k i n g  or  d r i v e s  p r e d o m i n a t e d  a s  p r e h i s t o r i c  



h u n t i n g  s t r a t e g i e s  (see C l e l a n d  1966 and  K l e i n  1978, 1 3 7 9 ) -  The 

s e x  and a g e  c o m ~ o s i t i o n  of t h e  k i l l  s ample  a l s o  may i n d i c a t e  the 

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

c o m p o s i t i o n  i n  a d r i v e  (see Bedord 1974) - 
Age a n d  s e x  d e t e r m i n a t i o n s  a r e  a l s o  e s s e n t i a l  i n  t h e  e s t a -  

b l i s h m e n t  of l i f e  t a b l e s  and s u f v i v o r s h i p  c u r v e s ,  T h e s e  d a t a  

t h e n  r e v e a l  t h e  c u l t u r a l  and  e c o l o g i c a l  stress o n  p r e h i s t o r i c  

f a u n a l  p o p u l a t i o n s  {see Rehe r  1970). I n  f ac t ,  a n y  s t u d y  of t h e  

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

a  saniple  r e l a t i v e  t o  s e x  (see Bedord 1 3 7 4 ) -  

F i n a l l y ,  a knowledge of  t h e  s e x  and  a g e  d i s t r i b u t i o n  i n  a 

f a u o a l  a s s e m b l a g e  e n h a n c e s  t h e  e s t i m a t e s  o f  M N I  [Bokonyi 1970) 

and meat y i e l d  (Smith l 9 7 5 b ) ,  These  d a t a  a l s o  r e v e a l  s e x - r e l a t e d  

p a t t e r n s  o f  b u t c h e r i n g ,  I n  z o o a r c h a e o l o g i c a l  r e s e a r c h  t h e r e f o r e ,  

r e l i a b l e  s e x  d e t e r m i n a t i o n s  a r e  a s  i m p o r t a n t  a s  a c c u r a t e  age 

estimates, Both  a r e  n e c e s s a r y  t o  r e c o n s t r u c t  t h e  s t r u c t u r e  of 

p r e h i s t o r i c  h e r d s ,  

T o  i n f e r  s p e c i a t i o n ,  d o m e s t i c a t i o n  or  e x p l o i t a t i o n  o f  p r e -  

h i s t o r i c  f a u n a  from t h e  a b o v e  p o p u l a t i o n  ~ a r a m e t e r s  a s s u m e s  the 

r e c o v e r y ,  a g i n g  and s e x i n g  o f  a r e p r e s e n t a t i v e  sample ,  T h i s  

c h a p t e r  d o e s  n o t  a t t e m p t  t o  s o l v e  t h e  p rob lems  of  sample  b i a s ,  

I n s t e a d ,  t h e  p r e s e n t  d i s c u s s i o n  f o c u s e s  on  t h e  problem of sex 

e s t i m a t i o n  from o s t e o l o g i c a l  r ema ins ,  A s  s uch ,  i t  a d v o c a t e s  

d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  a s  a v i a b l e  s t a t i s t i c a l  t a o l  for 

s e x  d e t e r m i n a t i o n  u s i n g  v a r i o u s  s k e l e t a l  measurements  of t h e  mule 

d e e r  mandib le ,  



S e x  D e t e r m i n a t i o n  i n  Z o o a r c h a e o l o g y  -- P o s t c r a n i a l  E lements :  

F o r  a r t i o d a c t y l s ,  r e l i a b l e  s e x  d e t e r m i n a t i o n s  from t h e  post- 

c r a n i a l  s k e l e t o n  d e r i v e  e x c l u s i v e l y  from t h e  p e l v i c  g i r d l e ,  I n  

most  u n g u l a t e s ,  m o r p h o l o g i c a l  d i f f e r e n c e s  i n  t h e  form a n d  a s a t o m y  

o f  t h e  p e l v i s  re la te  t o  t h e  s e x  o f  t h e  a n i m a l  ( T a b e r  1956,  1971) -  

T h e  p r e s e n c e  of t h i s  d i a g n o s t i c  e l e m e n t  i n  a  f a u n a l  a s s e m b l a g e  

t h u s  p e r m i t s  a s e x  d e t e r i a i n a t i o n ,  I n  m o s t  p r e h i s t o r i c  c o n t e x t s  

however,  i n n o m i n a t e s  are  a b s e n t  a s  t h e s e  e l e m e n t s  are o f t e n  left 

a t  k i l l  sites, I f  p r e s e n t ,  t h e y  g e n e r a l l y  are f r a g m e n t e d  d u e  t o  

c u l t u r a l  a n d  taphonotlaic p o c e s s e s  ( S m i t h  l975b)  - As n o t e d  b y  Lie 

(1973) however ,  i t  i s  p o s s i b l e  t o  s e x  f r a g a e n t e d  p e l v e s .  Us ing  a 

a o d e r n  s a m p l e  o f  t e n  male a o d  f i f t e e n  f e m a l e  r e i n d e e r  ( R a n u i f e z  

t a r a n d u q  , h e  q u a n t i f i e d  v a r i o u s  d i m e n s i o n s  o f  t h e  g u b i s  and sub-  

j e c t e d  t h e  da t a  t o  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s ,  The r e s u l t a n t  

d i s c r i m i n a n t  s c o r e s  e n a b l e d  him t o  c l a s s i f y  c o r r e c t l y  38% o f  t h e  

modern a n i m a l s  o n  t h e  b a s i s  o f  t h e s e  t h r e e  measurements .  H e  t h e n  

calculated a similar f u n c t i o n  w i t h  a c o m p a r a b l e  r e l i a b i l i t y  f o r  

h i s  a r c h a e o l o g i c a l  material- 

I n  t h e  a b s e n c e  o f  i n n o m i n a t e s ,  s e x i n g  from t h e  p o s t c ~ a n i a l  

remains i n v o l v e s  a s u b j e c t i v e  of o b j e c t i v e  e v a l u a t i o n  o f  v i s i b l e  

d i f f e r e n c e s  i n  the r o b u s t i c i t y  o f  t h e  s k e l e t o n  r e l a t i n g  t o  t h e  

d i m o r p h i s m  i n  a species, S e x u a l l y  d i m o r p h i c  s p e c i e s  n o r m a l l y  

e x h i b i t  q u a l i t a t i v e  d i f f e r e n c e s  i n  t h e  a n a t o m i c a l  f e a t u r e s  o f  

t h e i r  s k e l e t a l  e l e m e n t s  ( C h a p l i n  197 1) . G i v e n  c o m p a r a b l e  a g e ,  

n u t r i t i o n a l  s t a t u s  a n d  l e v e l .  o f  a c t i v i t y ,  t h e  male s k e l e t o n  usu- 

a l l y  s u p p o r t s  l a r g e r  p r o c e s s e s ,  m u s c l e  r i d g e s  a n d  m u s c l e  scars- 
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r g e  a n d  r o b u s t  e l e m e n t s  

a s  &ale a n d  a l l  s l e n d e r  a n d  smooth b o n e s  a s  female, A t  p r e s e o t  
t 

however,  t h e  z o o a r c h a e o l o g i s t  c a n n o t  a s c e r t a i n  r e l i a b l y  t h e  a g e  

o r  p h y s i o l o g i c a l  s t a t u s  o f  a n  a n i m a l  f rom t h e  p o s t c r a n i a l  bones ,  

A s  a r e s u l t ,  t h e r e  i s  a t e n d e n c y  t o  c l a s s i f y  i n c o r r e c t l y  mary o f  

t h e  o l d  females and young males. O b s e r v e r  b i a s  a n d  e x p e r i e n c e  

a l s o  i n f  h e n c e  t h e  a c c u r a c y  of  t h e  d e t e r a i n a t i o n s ,  I n  a d d i t i o n ,  

s u b j e c t i v e  estimates a re  d i f f i c u l t  t o  c o m m u n i c a t e  a n d  o f f e r  no  

o p p o r t n n i t  y for  t h e  a s s e s s m e n t  o f  c l a s s i f i c a t o r y  r e l i a b i l i t y  {see 

Chap fin 1971 ) , Hence,  s e x  d e t e r m i n a t i o n s  which r e l y  e x c l u s i v e l y  

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

are s u s p e c t ,  

Bone d i m e n s i o n s ,  o n  t h e  o t h e r  h a n d ,  reflect t h e  a v e r a g e  s i z e  

o r  w e i g h t  of t h e  a n i m a l  ( C h a p l i n  1 9 7 1 ) -  I n  s e x u a l l y  d i m o r 2 h i c  

s p e c i e s  t h e r e f o r e ,  q u a n t i t a t i v e  d i f f e r e n c e s  i n  t h e  o s t e o m e t r i c  

a t t r i b u t e s  of m a t u r e  a n i m a l s  p r o v i d e  a r e l a t i v e l y  o b j e c t i v e  means 

for sex d e t e r m i n a t i o n .  Such o s t e o m e t r i c  d a t a  a r e  a l s o  e a s y  t o  

p r e s e n t  a n d  o f f e r  t h e  r e a d e r  o f  t h e  r e p o r t  a n  o p p o r t u n i t y  t o  eva- 

l u a t e  t h e  v a l i d i t y  of  t h e  s e x  estimate, 

I n  c e r t a i n  s e x u a l l y  d i m o r p h i c  s p e c i e s ,  few o s t e o l o g i c a l  mea- 

s u r e m e n t s  are n e c e s s a r y  t o  a s c e r t a i n  t h e  s e x  of m a t u r e  a n i m a l s ,  

I n  fallow deer, f o r  e x a m p l e ,  m e t a c a r p a l  l e n g t h  i s  a n  e f f i c i e n t  

c r i t e r i o n  o f  s e x  ( C h a p l i n  1971)- For  r e d  deer, t h e r e  e x i s t s  a 

similar s e x u a l  d imorph i sm i n  t h e  d i m e n s i o n s  o f  t h e  a t l a s ,  e p i s -  

t r o p f i e u s  a n d  p e l v i c  b o n e s  ( J e q u i e r  1 9 6 3  c i t e d  i n  C l a s o n  1 9 7 2 ) -  

I n  m o s t  s e x u a l l y  d i a o r p h i c  s p e c i e s  h o u e v e r ,  t h e r e  is c o n s i d e r a b l e  

o v e r l a p  i n  t h e  o s t e o l o g i c a l  d i m e n s i o r s  o f  b o t h  s e x e s .  Here, o n l y  



e x t r e m e s  a r e  s e p a r a b l e  w i t h  c e r t a i n t y ,  C o n s e q u e n t l y ,  r e s e a r c h e r s  

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

s e l e m e n t s ,  T h e  l a t t e r  are  p u r p o r t e d  t o  s e p a r a t e  t h e  s e x e s  a n d  are 

i n d e p e n d e n t  o f  v a r i a t i o n s  i n  a n i m a l  s i z e  (Bedord  1974;  Duf f i e l d  

1973;  R i g h a a  1969 a n d  L o r r a i n  1968) , The p l o t  o f  t h e  i n d i c e s  a n d  

m e a s u r e m e n t s  p r o d u c e s  c l u s t e r s  which s u p p o s e d l y  are i n d i c a t i v e  of 

s e x ,  F r e q u e n t l y  however ,  t h e  i d e n t i f i c a t i o n  a n d  d e l i n e a t i o n  of 

c l u s t e r s  w i t h i n  t h e  p o i n t  scatter is s u b j e c t i v e  ( C o r n w a l l  1 3 5 6 ) -  

F u r t h e r ,  t h e  l i n e  w h i c h  s u b d i v i d e s  t h e  scatter f o r  o n e  p o p u l a t i o n  

is n o t  v a l i d  f o r  a n o t h e r  o f  d i f f e r e n t  g e o g r a p h i c a l  a n d  t e m p o r a l  

p r o v e n a n c e  ( C o r n w a l l  1 9 5 6 ) -  I n t e r p r e t a t i o n  o f  t h e s e  c l u s t e r s  is  

a l s o  p r o b l e ~ a t i c a l  d u e  t o  a  l a c k  o f  n o r m a t i v e  s t a n d a r d s ,  Here, 

t h e  c l u s t e r s  are a s s u m e d  t o  be  s e x - r e l a t e d ,  The  correct i n t e r -  

p r e t a t i o n  o f  t h e  p l o t s ,  however ,  r e q u i r e s  a n  u n d e r s t a n d i n g  of t h e  

c h a r a c t e r  a n d  d i r e c t i o n  of o s t e o m e t r i c  v a r i a t i o l r  i n  modern  a n i -  

mals of k n o n c  s e x ,  A t  p r e s e n t ,  few s t u d i e s  r e c o r d  t h e  o s t e o -  

metric d i f f e r e n c e s  i n  t h e  b o n e s  of a n i m a l s  of known s e x ,  Only 

Duff i e l d  ( 1 9 7 3 )  a n d  Highars (1969)  u s e  modern s a m p l e s  t o  tes t  the 

v a l i d i t y  of t h e i r  m e a s u r e m e n t s  a n d  i n d i c e s ,  

I n  most f a u n a l  a s s e m b l a g e s ,  t h e  p a u c i t y  of i n t a c t  e l e m e n t s  

p r e c l u d e s  t h e  u s e  of i n d i c e s  f o r  s e x  d e t e r m i n a t i o n -  A s  a r e s u l t ,  

many r e s e a r c h e r s  p l o t  t h e  d i m e n s i o n s  of s p e c i f i c  b o n e s  t o  o b t a l n  

a s e x  e s t i l p a t i o n  ( C h a y l i n  1971 a n d  Higham and  Plessage  1 9 6 9 ) -  ?he 

d a t a  n o r m a l l y  yield h i s t o g r a m s  w i t h  un imoda l ,  b i m o d a l  o r  t r i m o d a l  

d i s t r i b u t i o n s ,  P r e s u m a b l y ,  t h e  d i s t r i b u t i o n s  r e p r e s e n t  one ,  two  

o r  t h r e e  s e x e s  r e s p e c t i v e l y .  S u b s e q u e n t  a p p l i c a t i o n  of a p r o p e r  

s t a t i s t i c a l  test i n d i c a t e s  w h e t h e r  o r  n o t  the d i s t r i b u t i o n s  d i f -  
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f e r  s i g n i f i c a n t l y .  Aga in ,  n o r m a t i v e  s t a n d a r d s  f o r  t h e  i n t e r p r e -  

t a t i o n  of such h i s t o g r a m s  a r e  l a c k i n g .  

I n  b r i e f  t h e n ,  o s t e o m e t r i c  d a t a  r e v e a l  t h e  d i m o r p h i s m  i n  t h e  

p o s t c r a n i a l  s k e l e t o n  o f  p r e h i s t o r i c  f a u n a ,  The r e l i a b i l i t y  of 

t h e  s e x  estintate, however ,  d e p e n d s  o n  a  p r i o r  knowledge of t h e  

o s t e o m e t r i c  v a r i a t i o n  i n  modern a n i m a l s  of known sex, 

i Sex D e t e r m i n a t i o n  i n  Z o o a r c h a e o l o g y  -- C r a n i a l  E lements :  

, 
Sex i d e n t i f i c a t i o n  f rom c r a n i a l  f e a t u r e s  is unambiguous  i n  

t h e  p r e s e n c e  of c e r t a i n  u n i q u e  s e c o n d a r y  s e x u a l  c h a r a c t e r i s t i c s .  

I n  mos t  c e r v i d s ,  for e x a m p l e ,  a n t l e r s  a n d  t h e  a s s o c i a t e d  bony 

y e d i c l e s  o c c u r  o n l y  on t h e  f r o n t a l  b o n e s  o f  males ( C h a p l i n  1971  

a n d  S m i t h  1 9 7 5 a ,  l 9 7 5 b )  R a r e l y  a re  t h e s e  p r e s e n t  i n  f e t s a l e s  

( R y e l  1 9 6 3 ) -  I n  t h e  g e n u s  p a n g i f e g  where  b o t h  s e x e s  s u p p o r t  

a n t l e r s ,  d i f f e r e n c e s  i n  a n t l e r  s i ze  a p p a r e n t l y  re late  t o  t h e  s*x 

of t h e  a n i m a l  (Kjos -Hanssen  1973) - F o r  P c l i s h  r e d  d e e r  ( G e r v u s  

g l a p h u ~ )  , d i f f e r e n c e s  i n  c e r t a i n  c r a n i a l  d i m e n s i o n s  a l s o  r e l a t e  

t o  t h e  s e x  of t h e  a n i n a l  (Mystkouska 1 9 6 6 ) -  I n  e l k ,  t h e  perma- 

n e n t  m a x i l l a r y  canines differ m o r p h o l o g i c a l l y  be tween  t h e  s e x e s  

{Greer a n d  Y e a g e r  1967). I n  b o v i d s ,  c r a n i a l  b r e a d t h  a n d  v a r i o u s  

h o r n  core d i m e n s i o n s  d i s c r i ~ i n a t e  t h e  sexes g i v e n  a reliable a g e  

estimate (Howard 1963; S k i n n e r  a n d  K a i s e n  1947, a n d  V i l s o c  19741, 

F o r  some b o v i d s  however ,  g r o w t h  v a r i a b i l i t y ,  a g e  d i f f e r e n c e s  a n d  

c u l t u r a l  p r a c t i c e s  s u c h  a s  c a s t r a t i o c  o b s c u r e  s e x u a l  d i f f e r e n c e s  

i n  horn core d i m e n s i o n s  (Uerpmacn 1973). I n  s u i d s ,  t h e  m a x i l l a r y  

a n d  m a n d i b u l a r  c a n i n e s  are v e r y  e f f i c i e n t  c r i t e r i a  of s e x  { C l a s o n  



1972) .  R e l i a b l e  s e x  i d e n t i f i c a t i o n s  a r e  t h u s  p r a c t i c a b l e  i r ;  

z o o a r c h a e o l o g y  g i v e n  i n t a c t  c r a n i a ,  E s t a b l i s h i n g  t h e  r e l a t i v e  

f r e q u e n c y  of males a n d  f e m a l e s  i n  s u c h  a s s e n t b l a g e s ,  t h o u g h ,  is 

u n r e l i a b l e  d u e  t o  s e x - r e l a t e d  d i f f e r e n t i a l  p r e s e r v a t i o n  of t h e  

s k u l l  (see n y s t k o w s k a  1966 a n d  Oerpmann 1 9 7 3 ) -  

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

of PI, s u p p o s e d l y  relates t o  t h e  s e x  o f  t h e  a n i m a l  (Reher  1974)- 

R e h e r ,  however ,  does n o t  v a l i d a t e  h i s  a p p r o a c h  u s i n g  a n i m a l s  of 

known s e x ,  F o r  red deer of known s e x ,  d i m o r p h i s m  i s  e v i d e n t  i n  

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

m a n d i b u l a r  i n d i c e s  ( I l y s t k o u s k a  1966). D e n t a r y  b o n e  l e n g t h  a n d  

d i a s t e m a  l e n g t h  a l s o  s e g r e g a t e  t h e  sexes of m a t u r e  c a r i b o u  [see  

B e r g e r u d  1 9 6 4  a n d  Hiller l97Ub) .  F o r  w h i t e - t a i l e d  d e e r ,  seven 

s k e l e t a l  d i g l e n s i c n s  of t h e  m a n d i b l e ,  i n c l u d i n g  mand ib l e  l e n g t h  

a n d  diastema l e n g t h ,  d i f f e r  s i g n i f i c a n t l y  f o r  m a t u r e  males a n d  

females (Rees 1 9 7 1 a ) -  I n  modern c e r v i d s  t h e r e f o r e ,  osteofpetric 

a t t r i b u t e s  of t h e  m a n d i b l e  d i s c r i a i n a t e  t h e  s e x  of t h e  l s a t u r e  

a n i m a l s .  

Sexing n a t u r e  a u l e  Deer from m a n d i b u l a r  Measurements :  

A s  n o t e d  i n  t h e  p r e v i o u s  c h a p t e r ,  s p e c i f i c  d i m e n s i o n s  of t h e  

m a n d i b l e  re la te  t o  t h e  w e i g h t  of m a t u r e  Rocky M o u n t a i n  m u l e  d e e r -  

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

Rees (1971a)  , i d e n t i f y  t h e  sex of m a t u r e  a n i m a l s ,  To  e v a l u a t e  

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

s k e l e t a l  d i m e n s i o n s  were q u a n t i f i e d  on e a c h  c o m p l e t e  m a n d i b l e  i n  



t h e  sample ,  T h e s e  d i m e n s i o n s  are i l l u s t r a t e d  i n  F i g u r e  3, d e s -  

c r i b e d  i n  Append ix  I1 a n d  l i s t e d  i n  Appendix  111 o f  t h i s  t h e s i s ,  

O f  t h e  100 s a n d i b l e s ,  f i v e  male a n d  s e v e n  f e m a l e  s p e c i m e n s  were 

t o o  f r a g a e n t e d  f o r  m e n s u r a t i o n ,  T h e s e  t w e l v e  m a n d i b l e s  t h u s  uare 

e x c l u d e d  f r o m  t h e  p r e s e n t  s t a t i s t i c a l  a n a l y s i s ,  I n  a d d i t i o n ,  

t h r e e  c o m p l e t e  spec in reos ,  namely  m a n d i b l e s  46, 47, a n d  88, were 

w i t h e l d ,  These s p e c i m e n s  s u b s e q u e n t l y  s e r v e d  a s  a c h e c k  on t h e  

r e l i a b i l i t y  o f  t h e  f u n c t i o n ,  T h e  s a m p l e  f o r  t h e  d e r i v a t i o n  of  

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

f i f t  y-seven  feaale  m a n d i b l e s ,  Here, s a m ~ l e  s i z e  r e s t r i c t i o r  s 

p r e c l u d e d  t h e  i n c o r p o r a t i o n  o f  a g e  d i f f e r e n c e s  d u r i n g  the com- 

p u t a t i o n  of t h e  f u n c t i o n .  

T o  d e t e r m i n e  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  of these v a r i a b l e s  

i n  s e x  e s t i m a t i o n ,  t h e  d a t a  were s u b j e c t e d  t o  a one-way a n a l y s i s  

o f  v a r i a n c e  (Simpson,  et al, 1960) .  Here, p r o b a b i l i t y  l e v e l s  o f  

0.05 o r  g r e a t e r  were c o n s i d e r e d  t o  b e  s t a t i s t i c a l l y  s i g n i f i c a n t .  

Reans, v a r i a n c e  e s t i m a t e s  and l e v e l s  o f  p r o b a b i l i t y  for  each mea- 

s u r e m e n t  are l i s t e d  i n  T a b l e  I. A p e r u s a l  of t h e  t a b 1 2  i n d i c a t e s  

t h a t  t h e  p r o b a b i l i t i e s  fo r  v a r i a t i o n  b e t w e e n  t h e  s e x e s  a r E  h i g h l y  

s i g n i f i c a n t  f o r  a l l  s k e l e t a l  v a r i a b l e s ,  Here, t h e  means of a l l  

e l e v e n  m a n d i b u l a r  m e a s u r e m e n t s  are c o n s i s t e n t l y  a n d  s i g c i f i c a n t l y  

g r e a t e r  i n  males t h a n  i n  f e m a l e s ,  

Although t h e  means are c o n s i s t e n t l y  g r e a t e r  i n  males than i r  

females, t h e  i n d i v i d u a l  m e a s u r e m e n t s  show c o n s i d e r a b l e  v a r i a t i o n  

a b u t  the means, I n  f a c t ,  a p e r u s a l  o f  t h e  v a r i a b l e s  i n  Appendix 

111 a n d  a n  e x a m i n a t i o n  of T a b l e  I r e v e a l s  a s i g n i f i c a n t  o v e r l a p  

i n  a number o f  measurements ,  No s i n g l e  eaeasure o r  c o m b i n a t i o ~  





t 
thereof a l l o w s  t h e  correct i d e n t i f i c a t i o n  a n d  c l a s s i f i c a t i o n  o f  

a n  unknown s p e c i m e n ,  A f u r t h e r  e x a m i n a t i o n  o f  T a b l e  I i n d i c a t e s  

a  v a r i a b i l i t y  i n  t h e  d e g r e e  o f  o v e r l a p  f o r  t h e  e l e v e n  m a n d i b u l a r  

m e a s u r e m e n t s ,  H e a s o r e m e n t  2, f o r  i n s t a n c e ,  s h o w s  c o n s i d e r a u l y  

less o v e r l a p  t h a n  measurement  9. F o r  s e x  e s t i m a t i o n ,  i t  is thus 

p r e f e r a b l e  t o  use a c o m b i n a t i o n  o f  erteasurements a n d  t o  w e i g h t  t h e  

c h a r a c t e r s  s o  a s  t o  e m p h a s i z e  t h e  b e t t e r  d i s c r i m i n a t o r s  o r  t h o s e  

m e a s u r e m e n t s  w i t h  t h e  least  o v e r l a p .  I n  n u m e r i c a l  taxonomy, t h e  

s t a t i s t i c a l  t e c h n i s u e  o f  c h o i c e  f o r  the c l a s s i f i c a t i o n  o f  a n i m a l s  

i n t o  o n e  o r  more  o v e r l a p p i n g  g r o u p s  is d i s c r i m i n a n t  f u n c t i o n  

a n a l y s i s  ( S n e a t h  a n d  S o k a l  1973) .  

The l i n e a r  d i s c r i m i n a n t  f u n c t i o n  is a l i n e a r  f u n c t i o n  which  

w e i g h t s  t h e  c h a r a c t e r s  d e s c r i b i n g  t a x o n o m i c  u n i t s  so a s  t o  maxi- 

m i z e  t h e  p r o b a b i l i t y  of c o r r e c t l y  c l a s s i f  y i c g  a n  unknown, D i s -  

c r i m i n a n t  f u n c t i o n  a n a l y s i s  t h u s  a s c r i b e s  a n  unknown t o  o n e  o f  

two or more p r e d e t e r m i n e d  c l a s s e s  w i t h  t h e  least  c h a n c e  o f  error 

( K e n d a l l  1 9 7 2 ) -  Variables d e s c r i b i n g  t h e s e  c l a s s e s  g e n e r a l 1  y 

i n c l u d e  m e a s u r e m e n t s  s u c h  as  t h o s e  l i s t e d  above .  I n  t h e  popu- 

l a t i o n s  f rom which t h e  classes are  drawn,  t h e  v a r i a b l e s  m r s t  h a v e  

a common m u l t i v a r i a t e  n o r m a l  d i s t r i b u t i o n  (Hope 1969) - F u r t h e r ,  

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

(Hope l 9 6 9 ) -  D i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  t h u s  a s s u m e s  equa-  

l i t y  of v a r i a n c e s  a n d  c o v a r i a n c e s ,  

I n  t h e  p r e s e n t  s t u d y ,  t h e  2 p r e d e t e r m i n e d  c l a s s e s  o r  g r o u p s  

are t h e  r e s p e c t i v e  m a n d i b l e s  o f  n a t u r e  male a n d  female mule  d e e r .  

S i n c e  t h e  number  o f  members i n  e a c h  g r o u p  need riot be e q u a l  (Hope 

1 9 6 9 ) ,  2 8  m a l e  m a n d i b l e s  and  57 female m a n d i b l e s  were used i n  t h e  



d e r i v a t i o n  of t h e  d i s c r i m i n a n t  f u o c t i o n .  The c h a r a c t e r s  o r  v a r i -  

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

d e s c r i b e d  a b o v e .  

E a c h  g r o u p  o f  m a n d i b u l a r  m e a s u r e m e n t s  is assumed  t o  b e  a 

random s a m p l e  from a  p o p u l a t i o n .  I n  t h e  p r e s e n t  a n a l y s i s ,  the 

s t a t i s t i c a l  ~ o p u f a t i o n  i n c l u d e s  t h e  v a l u e s  f o r  t h e  same e l e v e n  

m e a s u r e m e n t s  oa a l l  t h e  m a n d i b l e s  o f  d e e r  e x t a n t  i n  t h e  Cache  l a  

P o u d r e  area d u r i n g  t h e  c o l l e c t i o n  p e r i o d ,  T h e s e  d a t a  a r e  assumed 

t o  h a v e  a common m u l t i v a r i a t e  n o r m a l  d i s t r i b u t i o n ,  A p p l i c a t i o n  

of t h e  F - t e s t  ( S o k a l  a n d  R o h l f  1369) t o  t h e  v a r i a n c e s  i n  Table I 

c o n f  i r a s  t h e  e q u a l i t y  of v a r i a n c e s .  T h e  H i d a s  s t a t i s t i c a l  pack- 

a g e  f o r  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  p r o v i d e s  a  s t a t i s t i c  f o r  

t e s t i n g  t h e  e q u a l i t y  o f  c o v a r i a n c e  m a t r i c e s  (Fox a n d  G u i r e  1976)- 

T h e  r e s u l t s  i n d i c a t e  t h a t  a l t h o u g h  t h e  c o v a r i a n c e  matrices a re  

n o t  i d e n t i c a l ,  t h e y  d o  n o t  v a r y  s i g n i f i c a n t l y ,  Beyment ' s  (1962) 

study o n  h o m o g e n e i t y  of c o v a r i a n c e  m a t r i c e s  i n  p a l e o n t o l o g i c a l  

b i o m e t r y  c o n f i r m s  a o d e r a t e  i n s e n s i t i v i t y  of t h e  tes t  t o  m i n i m a l  

b e t e r o g e n e i t  y, The classes o f  m a n d i b u l a r  m e a s u r e m e n t s  t h e r e f  o r e  

s a t i s f y  a l l  o f  t h e  a b o v e  a s s u m p t i o n s  a n d  are a m e n a b l e  t o  d i s c r i -  

m i n a n t  f u n c t i o n  a n a l y s i s .  

T o  o b t a i n  the w e i g h t i n g  v e c t o r s  f o r  t h e s e  m e a s u r e m e n t s ,  t h e  

d a t a  were s u b j e c t e d  t o  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  (Fox and 

G u i r e  1976)-  The d a t a  t h e n  were s u b j e c t e d  t o  c a n o n i c a l  a n a l y s i s  

o f  d i s c r i m i n a n c e  t o  s t a n d a r d i z e  t h e  v a r i a b l e s  a n d  t r a n s f o r m  t h e  

o r i g i n a l  test s p a c e  f rom e l l i p s o i d s  t o  s p h e r e s  w i t h  r a d i i  ec jua l  

t o  u n i t y  ( ~ 0 ~ ;  1 9 6 9 ) -  The r e s u l t s  o f  t h e  c a n o n i c a l  a n a l y s i s  

i n c l u d e  s t a n d a r d i z e d  c a n o ~ i c a l  v e c t o r s  which are  b e t t e r  v e c t o r s  
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o f  w e i g h t s  t h a n  t h e  o r i g i n a l  w e i g h t s  p r o v i d e d  by  t h e  d i s c r i m i n a n t  

f u n c t i o n  a n a l y s i s ,  T h e s e  s t a n d a r d i z e d  w e i g h t s  c o n b i n e  t o  fo rm a  

l i n e a r  d i s c r i m i n a n t  f u n c t i o n  f o r  a  s p e c i f i e d  se t  of v a r i a b l e s ,  

e U s i n g  m e a s u r e m e n t s  2 ,  5 ,  6, 7, 8, 9, 10  a n d  11, f o r  e x a m p l e ,  t h e  
f 

5 s t a n d a r d i z e d  c a n o n i c a l  v e c t o r s  a n d  t h e  r e s u l t a n t  d i s c r i m i n a n t  

5 fnnction t a k e  t h e  for@: 
t 

a = 0,094 ( m e a s u r e m e n t  2)  - 0- 0 3 0  ( m e a s u r e m e n t  5) 
+ 0,041 (measurement  6)  + 0,535 ( m e a s u r e m e n t  7 )  
+ 0,933 (measurement  8) - 0- 248 ( m e a s u r e m e n t  9) - 0,299 (measurement  10) * 0,019 ( m e a s u r e m e n t  1 1 )  ( 9 )  

w h e r e  a i s  t h e  d i s c r i m i n a n t  score, The w i t h i n  g r o u p  v a r i a n c e  and  

s t a n d a r d  d e v i a t i o c  f o r  t h e s e  d i s c r i m i n a n t  scores i s  u n i t y ,  Using 

t h i s  e q u a t i o n ,  t h e  d i s c r i m i n a n t  f u n c t i o n  scores a n d  r e s p e c t i v e  

means  fo r  e a c h  g r o u p  c a n  h e  c a l c u l a t e d .  A l t e r n a t i v e l y ,  t h e  means 

o r  c e n t r o i d s  for e a c h  g r o u p  of scores c a n  be o b t a i n e d  u s i n g  t h e  

r e s p e c t i v e  means  f o r  e a c h  a e a s u r e m e n t ,  Us ing  t h e  a p p r o p r i a t e  

means  from T a b l e  I, t h e  w e i g h t e d  mean f o r  males becomes  

w h i l e  t h a t  of f e a a l e s  is: 

T h e  d i f f e r e n c e  or  d i s t a n c e  be tween  t h e  g r o u p  c e n t r o i d s  i s  e q u a l  

t o  B a h a l a n o b i s  D, In t h i s  case, D e q u a l s  27-86 - 25.23 or 2 - 5 7 .  

The  m i d p o i n t  b e t w e e n  t h e  g r o u p  means i s  t h e  d i s c r i m i n a n t  s c o r e  

fo r  males m i n u s  D/2 or 27-85  - 1 -29  = 26-57,  U s i n g  t h e  a b o v e  

w e a s u r e m e n t s ,  t h i s  value ( 2 6 - 5 7 )  r e p r e s e n t s  t h e  c r i t i c a l  v a l u e  i n  



t h e  d i v i s i o n  b e t w e e n  males a n d  f e m a l e s ,  I n d i v i d u a l s  w i t h  s c o r e s  

g r e a t e r  t h a n  26.57 a r e  males w h i l e  t h o s e  w i t h  s c o r e s  l e s s  t h a n  

t h i s  c r i t i c a l  v a l u e  are c l a s s i f i e d  a s  females, 

The c r i t i c a l  v a l u e  a l s o  p r o v i d e s  a n  estimate o f  f u n c t i o n  re- 

l i a b i l i t y ,  T h i s  p o i n t  (D/2) is  1 -23  s t a n d a r d  d e v i a t i o l ;  from t h e  

mean f o r  aa l e s  a n d  e q u a l l y  d i s t a n t  f rom t h e  c e c t r o i d  f o r  f e m a l e s ,  

C o n s u l t a t i o n  of a T a b l e  of t h e  C u m u l a t i v e  Normal D i s t r i b u t i o n s  

(Thomas 1976, T a b l e  A,3] i n d i c a t e s  t h a t  1 - 2 9  s t a n d a r d  d a v i a t i o n  

froaa t h e  mean i n c l u d e s  o v e r  n i n e t y  p e r c e n t  of  t h e  p o p u l a t i o n ,  

C o n s e q u e n t l y ,  the a b o v e  d i s c r i m i n a n t  f u n c t i o n  s h o u l d  c l a s s i f y  

c o r r e c t l y  the s e x  o f  90% of t h e  m a t u r e  Rocky Mounta in  m u l e  d e e r  

i n  t h e  C a c h e  l a  P o u d r e  r e s e r v e .  

To t e s t  t h e  r e l i a b i l i t y  o f  t h e  d i s c r i m i n a n t  f u n c t i o n ,  t h e  

m e a s u r e m e n t s  f o r  s p e c i m e n s  Y6, 47 a n d  88 were i n s e r t e d  i n t o  t h e  

e q u a t i o n ,  S p e c i m e n  46 is a 94 month o l d  f e m a l e ;  4 7 ,  a 3 4  month 

o l d  female, a n d  88 ,  a  5 6  a o n t h  o l d  f e m a l e ,  The  d i s c r i m i n a n t  

scores f o r  s p t x i a e n s  46,  4 7  and 88 were r e s p e c t i v e l y  2 2 - 6 1 ,  25-38 

a n d  24-65. A l l  scores f a l l  well b e l o w  t h e  c r i t i c a l  v a l u e  a n d ,  

t h e r e f o r e ,  a l l  three  s p e c i m e n  w e r e  c l a s s i f i e d  c o r r e c t l y  b y  their 

d i s c r i e i n a n t  s c o r e s .  T h e  d i s c r i a i n a n t  f u n c t i o n  t h u s  a p p e a r s  t o  

be a  v i a b l e  t o o l  f o r  sex e s t i m a t i o n .  

I n  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s ,  t h e  same c h a r a c t e r s  a u s t  

be u s e d  i n  t h e  d e s c r i p t i o n  o f  t h e  classes, t h e  d e r i v a t i o n  of t h e  

f u n c t i o n  a n d  t h e  c l a s s i f i c a t i o n  o f  a n  unknown (Doran a n d  Hodson 

1975). I n  o t h e r s  v o r d s ,  e q u a t i o n  n i n e  i d e n t i f i e s  and c l a s s i f i e s  

o n l y  t h o s e  m a n d i b l e s  where  m e a s u r e m e n t s  2 ,  5, 6 ,  7 ,  8, 9 ,  10 and 

11 are q u a n t i f i a b l a ,  I f  m e a s u r e m e n t s  2 o r  6 are l a c k b y ,  a  d i f -  



f e r e n t  f u n c t i o n  is  n e c e s s a r y .  Appendix I X  o f  t h i s  t h e s i s  l i s t s  

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

m a n d i b l e  f r a g m e n t s .  The  s e l e c t i o n  o f  i n d i v i d u a l  m e a s u r e m e n t s  f o r  

i n c l u s i o n  i n t o  t h e s e  f u n c t i o n s  reflects t h e i r  a p p r o p r i a t e n e s s  i n  

t h e  c l a s s i f i c a t i o n  o f  a r c h a e o l o g i c a l  f r a g m e n t s .  Here, only t h o s e  

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

were combined  fo r  t h e  d e r  i v a  t i o c  of t h e  d i s c r i a i n a n t  f u n c t i o n s ,  

Append ix  IX a l s o  lists t h e  c r i t i c a l  v a l u e  a n d  r e l a t i v e  a c c u r a c y  

o f  each l i n e a r  e q u a t i o n .  

D i s c r e t i o n  i n  t h e  A p p l i c a t i o n  o f  t h e  F u n c t i o n  i n  Z o o a r c h a e o l o g y :  

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

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

m a t u r e  ~ u l e  d e e r  f r o m  t h e  Cache  la  P o u d r e  area, The a p p l i c a t i o n  

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

f a u n a ,  however ,  r e q u i r e s  f u r t h e r  t e s y i n g .  D i s c r i m i n a n t  f u n c t i o n s  

L a s s i g n  a n  unknour! t o  o n e  c f  two p r e d e t e r m i n e d  g r o u p s -  I t  d o e s  
1 
b n o t  create s u c h  g r o u p s ,  As a  r e s u l t ,  it i s  e f f e c t i v e  o n l y  f o r  a  

g i v e n  p o p u l a t i o n  ( K e n d a l l  1972) .  T e c h n i c a l l y ,  t h e  a b o v e  f u z c t l o n  

is v a l i d  o n l y  f o r  t h e  1961-1965 C a c h e  l a  Poudre  d e e r  p o p u l a t i o n ,  

I t  map b e  i n v a l i d  f o r  d e e r  i n h a b i t i n g  t h e  Cache l a  P o u d r e  r e s e r v e  

from 1861 t o  1865 or  f o r  c o n t e m p o r a n e o u s  mule d e e r  p o p u l a t i o n s  in 

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

d i b l e s  o f  known-sex is n e c e s s a r y  t o  e s t a b l i s h  t h e  r e l e v a n c e  o f  

A e n t  t h e  f u n c t i o n  i n  t h e  a n a l y s i s  o f  d e e r  p o p u l a t i o n s  f rom d i f f e -  

g e o g r a p h i c a l  a n d  t e a p o r a l  p r o v e n i e n c e s ,  



s e x ,  I n  a r c h a e o l o g i c a l  a s s e m b l a g e s ,  a r t i c n l a  t e d  s k e l e t o n s  a n d  

1 s k u l l s  a r e  f r e q u e ~ t l y  s e x a b l e  03 t h e  b a s i s  o f  s p e c i f i c  s e c o n d a r y  

s e x u a l  c h a r a c t e r i s t i c s .  The m a n d i b l e s  of t h e s e  a n i m a l s  are t h u s  

of known sex a n d  f i t t i n g  t o  test  t h e  s u i t a b i l i t y  of t h e  f u n c t i o n ,  

B s  a  r e s u l t ,  p r o p e r  r e c o v e r y ,  i d e n t i f i c a t i o n  a n d  s t o r a g e  of s u c h  

i e l e m e n t s  i s  e s s e n t i a  1, 

S e c u l a r  t r e n d s  i n  t e m p o r a l l y  d i s p a r a t e  p o p u l a t i o n s  a l s o  may 

i n f l u e n c e  t h e  c e n t r o i d s  a n d  c r i t i c a l  v a l u e s  f o r  t h e  f u c c s i o c ,  If 

s u c h  i s  t h e  case, it t h e n  becomes  n e c e s s a r y  t o  c a l c u l a t e  separate 

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

s k e l e t o n s  o r  i n t a c t  s k u l l s  which  d e r i v e  f rom c a t a s t r o p h i c  e v e n t s  

s u c h  a s  d r i v e s  o r  m u d s l i d e s  a r e  n e c e s s a r y ,  O n l y  s u c h  assembla3e .s  

p r o v i d e  a series of m a n d i b l e s  of known s e x  f r o& a r e s t r i c t e d  time 

p e r i o d ,  T h e  e x c a v a t i o n  of a n y  s u c h  s i te  t h u s  r e j u i r e s  s p e c i a l  

a t t e n t i o n  (see Uhea t  1972  f o r  r e c o m m e n d a t i o n s ) ,  G i v e n  a s u f -  

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

t o  e s t a b l i s h  sex classes and  t o  c o m p u t e  d i s c r i m i n a n t  scores f o r  

t h e  r e s p e c t i v e  m a n d i b u l a r  m e a s u r e m e n t s ,  The  r e s u l t a n t  f u n c t i o n s  

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

m a n d i b l e s  f r o a  a s s e m b l a g e s  of s imilar  t e m p o r a l  p r o v e n i e n c e ,  

I n  s u a ,  o n 1  y  f u t u r e  r e s e a r c h  i n  n u l a e r i c a l  taxonomy,  i n  t h e  

o s t e o l o g y  o f  c o n t e a p o r a n e o u s  mule d e e r  p o ~ u l a t i o n s ,  i n  t a g h o  nomy, 

p a l e o n t o l o g y ,  a r d  z o o a r c h a e o l o g y  c a n  d e m o n s t r a t e  the g e n e r a l  

a p p l i c a b i l i t y  o f  t h i s  s t a t i s t i c a l  t e c h n i q u e  f o r  sex e s t i m a t i o n -  

N e v e r t h e l e s s ,  b e c a u s e  t h e  r e s u l t s  of t h i s  s t u d y  a r e  so encou- 



/ r a g i n g ,  t h e  a p p l i c a t i o n  o f  t h e  d i s c r i m i n a n t  f u n c t i o n  i n  w i l d l i f e  
1 
I b i o l o g y  a n d  z o o a r c h a e o l o g y  merits f u r t h e r  s t u d y  a n d  t e sc - ing .  

summary: 

I n  summary, d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  is a n  e f f e c t i v e  

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

The r e s u l t s  of t h i s  s t u d y  c o n c l u s i v e l y  d e m o n s t r a t e  an  observable 

sexual d i f f e r e n c e  i n  t h e  m a n d i b l e s  and m a n d i b l e  f r a g m e n t s  of 

m a t u r e  Rocky H o u n t a n  m u l e  d e e r  from the Cache  l a  P o u d r e  deer 

p o p u l a t i o n ,  The  a p p l i c a t i o n  of this method of sex deter mind t i o n  

i n  t h e  a n a l y s i s  of p r e h i s t o r i c  f a u n a l  r e m a i n s ,  however ,  r e q u i r e s  

f nr ther  s t u d y -  



6. Age d e t e r m i n a t i o n  

The a g e i n g  o f  a n i m a l s  from s k e l e t a l  r e m a i n s  of 
any a n t i q u i t y  c a n n o t  be  a n  e x a c t  s c i e n c e ,  and 
c a l l s  f o r  the e x e r c i s e  of c o n s i d e r a b l e  judgement  
( S i l v e r  1969:300), 

I n t r o d u c t i o n :  

I n  z o o a r c h a e o l o g y ,  d e t e r m i n i n g  t h e  a g e  o f  a n  a n i m a l  from its 

s k e l e t a l  r e m a i n s  i s  a  f u n d a m e n t a l  s t e p  i n  any a n a l y s i s ,  Reliable 

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

r e m a i n s  (Bokonyi  1970; C h a p l i a  1971 ; C l a s o n  1972 ,  and F l a n o e r y  

1967)-  They a l s o  p r o v i d e  t h e  s e c o n d a r y  d a t a  f o r  e s t a b l i s h i n g  t h e  

r e l a t i v e  a g e  s t r u c t u r e  o f  f a u n a  w i t h i n  t h e  a s semblage ,  T h i s  i n -  

f o r e a a t i o n  t h e n  forms t h e  b a s i s  f o r  s u b s e q u e n t  i n t e r p r e t a t i o n s  and 

i n f e r e n c e s .  

F o r  s t u d i e s  on d o m e s t i c a t i o n ,  t h e  p r o p o r t i o n s  w i t h i n  t h e  

v a r i o u s  a g e  g r o u p s  r e p r e s e n t  m o r t a l i t y  f r e q u e n c i e s  which,  when 

c o m ~ a r e d ,  s e g r e g a t e  w i l d  and d o m e s z i c a t e d  a n i m a l s  (Bokonyi 1973  

and  F l a n n e r y  1969).  P re snmab ly ,  a g e  a t  d e a t h  d i f f e r s  f o r  wild 

and d o m e s t i c  s t o c k  ( s e e  C o l l i e r  and White (1976) f o r  a r e b u t t a l ) .  

Compar i sons  o f  such  a s s e m b l a g e s  t h r o u g h  time t h e n  p e r m i t  t h e '  de- 

tect i o n  and  e l u c i d a t i o n  o f  stages i n  the domes t i c a t i o n  p r o c e s s ,  

For a s s e m b l a g e s  f r o a  s t o c k - r e a r i n g  societies, a g e  s t r u c t u r e  

r e v e a l s  s p e c i f i c  a i m s  a n d  methods  o f  a n i m a l  husbandry  ( s e e  Bowen 

1975; C h a p l i n  1971; Highara 1968,  and Payne 1973) -  P r e s u a a b l  y, 

d i s t i n c t  ac t ib i t i es  s u c h  a s  wool, meat and m i l k  p r o d u c t i o n  entail 

d i s t i n c t  p a t t e r n s  of h e r d  u t i l i z a t i o n  (Saxon and Higham 1969 )  - 
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a l s  w i t h i n  t h e  a s s e m b l a g  e a l s o  

d i s c l o s e  t h e i r  d a t e  of d e a t h  a n d  t h u s  i c d i c a t e  t h e  s e a s o n a l i t y  o f  

s l a u g h t e r  p r a c t i c e s  ( H i g g s  a n d  White 1963)  a n d  h u n t i n g  a c t i v i t i e s  

(Emerson 1 9 7 9 ;  L a t a d y  1978,  a n d  Smith 1 ' 3 7 4 a , l W Q b ) ,  

Age s t r u c t u r e  a n d  m o r t a l i t y  f r e q u e n c i e s  are a l s o  e s s e n t i a l  

i n  t h e  s t u d y  o f  p r e h i s t o r i c  p o p u l a t i o n  dynamics .  M o r t a l i t y  fre- 

q u e n c i e s  i n  p a l e o n t o l o g i c a l  a n d  a r c h a e o l o g i c a l  a s s e m b l a g e s  repre- 

s e n t  e i t h e r  c a t a s t r o p h i c  or a t t r  i t i o n a l  m o r t a l i t y  r a t e s  (Nimmo 

1 9 7  1 a n d  V o o r h i e s  1969) , T h e s e  m o r t a l i t y  rates t h e n  r e v e a l  t h e  

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

l i f e - d e a t h  r e l a t i o n s h i p s  and b a s i c  p r e d a t i o n  p a t t e r n s  (Voorhies 

1969). I n  cost a r c h a e o l o g i c a l  a s s e m b l a g e s ,  m o r t a l i t y  f  r e q u e n c r e s  

reflect s e l e c t i v e  p a t t e r n s  o f  human p r e d a t i o n  s u c h  a s  s t a l k i n g  or  

d r i v e s  (see C l e l a n d  1966;  E l d e r  1965;  Emerson 1979;  G u i l d a y  1962; 

K l e i n  1979  a n d  Read 1971) .  Compar ing  m o r t a l i t y  ra tes  i r ,  h e t e r o -  

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

t h r o u g h  time ( K l e i n  1978 a n d  Vasel l rov  1 3 7 8 ) -  

F i n a l l y ,  a g e  estimates f u r n i s h  i n s i g h t s  i n t o  t h e  l o n g e v i t y  

o f  p r e h i s t o r i c  f a u n a  ( G u i l d a y  1962;  R l e i n  1978 ,  a n d  N i m m o  1971) .  

A c o m p a r i s o n  of l o n g e v i t y  i n  modern  a n d  p r e h i s t o r i c  f a u n a  t h e n  

i n d i c a t e s  the r e l a t i v e  merit o f  modern management p r a c t i c e s  (see 

E l d e r  1965, a n d  HcGinnes  a n d  R e e v e s  1 9 5 7 ) .  I n  b r i e f ,  a c c u r a t e  

age e s t i m a t i o n  is  a n  i n t e g r a l  p a r t  o f  a n y  f a u n a l  a n a l y s i s ,  

Any d i s c u s s i o n  of the a g e  s t r u c t u r e  i n  a f a u n a l  assemblage 

a s s u m e s  t h e  r e c o v e r y  of a r e p r e s e n t a t i v e  sample .  F u r t h e r ,  s u c h  

s t u d i e s  F r e s u p p o s e  a c c u r a t e  a g i n g  o f  a l l  r e c o v e r e d  m a t e r i a l s .  

P h e t h e r  o r  n o t  t h e  r e c o v e r e d  s a t a p l e s  are r e p r e s e n t a t i v e  o f  t h e  



e x p l o i t e d  p o p u l a t i o n s  i s  n o t  a n  i s s u e  h e r e ,  The f o l l o w i n g  d i s -  

c u s s i o n  r e c o g n i z e s  b u t  d o e s  n o t  a t t e m p t  t o  r e s o l v e  t h e  p r c b l e m s  

o f  d i f f e r e n t i a l  p r e s e r v a t i o n ,  r e c o v e r y  a n d  i d e n t i f i c a t i o n .  Nor 

d o e s  this s e c t i o n  o f  t h e  t h e s i s  p r o v i d e  a n  a c c u r a t e  method  f o r  

a g i n g  a l l  t h e  r e c o v e r e d  s k e l e t a l  e l e m e n t s ,  I n s t e a d ,  t h i s  c h a p t e r  

r e v i e w s  t h e  many p r o b l e m s  o f  u n g u l a t e  age e s t i m a t i o n  a n d  p r o p o s e s  

cementum a n n u l i  counts of the first m o l a r  a s  a v i a b l e  a p p ~ o a c h  t o  

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

Age D e t e r m i n a t i o n  i n  Z o o a r c h a e o l o g y :  

A t  present, f a u n a l  a n a l y s t s  e x a m i n e  t h e  d e g r e e  of e p i p h y s e a l  

f u s i o n  (see Bowen 1975 ;  D u f f i e l d  1973;  G i l b e r t  1973;  Noe-Nygaard 

1977, a n d  Yi l l iams  1 9 7 8 )  o r  t h e  r o b u s t i c i t y  o f  s k e l e t a l  e l e m e n t s  

( C h a p l i n  1 9 7 1  a n d  G i l m o r e  1949)  t o  d e t e r m i n e  a g e  fro@ t h e  y o s t -  

c r a n i a l  s k e l e t o n ,  R a d i o g r a p h s  of s u c h  e l e m e n t s  z s u a l l y  enhance 

est imate r e l i a b i l i t y ,  A c c o r d i n g  t o  Reed ( 1963) , t h e  g e n e r a l  se- 

q u e n c e  o f  f u s i o n  i s  c o m p a r a b l e  in most mammals, C h a p l i n  (1971) 

argues for a s p e c i f i c  r e g u l a r i t y  I n  t h e  s e q u e n c e  of e p i p h y s e a l  

f u s i o n  b u t  a c k n o w l e d g e s  v a r i a b i l i t y  i n  t h e  a g e  a t  which f u s i o n  

o c c u r s ,  I n  d o m e s t i c  s t o c k ,  f o r  example ,  t h e  t i m i n g  of e p i p h y s e a l  

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

( S i l v e r  1969 a n d  Uerpmann 1973) .  I n  d e e r ,  on t h e  o t h e r  hand,  

t h e  s e q u e n c e  a n d  t i m i n g  of e p i p h y s e a l  c l o s u r e  is sex r e l a t e d  

( L e w a l l  a n d  Couan 1 9 6 3 ) -  T h e  d i s t a l  e n d  o f  t h e  r a d i u s  and t h e  

p r o x i m a l  end$  o f  t h e  t i b i a  and humerus  fuse o n e  y e a r  l a t e r  i n  

f eraales t h a n  i n  @ales, C o n v e r s e l y ,  t h e  d i s t a l  e n d  o f  t h e  femur 
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f u s e s  18 m o n t h s  earl ier  i n  t h e  f e m a l e  t h a n  i n  t h e  male. L e w a l l  

a n d  Couan ( 1 9 6 3 )  a l s o  a c k n o w l e d g e  t h e  e f f e c t s  o f  n u t r i t i o n  o n  t h e  

ra te  o f  e p i p h y s e a l  f u s i o n .  I n  t h e i r  o p i n i o n ,  i n a n i t i o n  delays 

e p i p h y s e a l  c l o s u r e  b y  a s  much a s  12  months, The  r o b u s t i c i t y  o f  

s k e l e t a l  e l e m e n t s  is  e q u a l l y  u n r e l i a b l e  as  it reflects t h e  sex, 

a g e  aIid a c t i v i t y  p a t t e r n s  of t h e  a n i m a l  ( C h a p l i f ,  1 9 7 1 ) -  

I n  v iew o f  t h e  a b o v e  l i m i t a t i o n s ,  f a u n a l  a c a l y s t s  p r e f e r  t o  

e x a m i n e  age r e l a t e d  f e a t u r e s  o f  t h e  c r a n i a ,  S p e c i f i c  c h a r a c t e r s  

e x a m i n e d  i n c l u d e  c r a n i a l  s u t u r e  c l o s u r e ,  r e l a t i v e  d e v e l o p ~ e n t  o f  

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

t h e  d e n t i t i o n  ( C h a p l i n  1971)- A s  w i t h  the p o s t c r a n i a l  s k e l e t o n ,  

c r a n i a l  d e v e l o p m e n t  a n d  s u t u r e  c l o s u r e  r e l a t e s  t o  t h e  age  a n d  

n u t r i t i o n a l  s t a t u s  o f  t h e  a n i m a l  ( C h a p l i n  1 3 7 1 ) -  F u r t h e r ,  i n  r e d  

d e e r ,  t h e  s e q u e n c e  a n d  r a t e  o f  s u t u r e  c l o s u r e  i s  s e x - r e l a t e d  (see 

H y s t  kowska 1 9 6 6 ) -  

A n t l e r  d e v e l o p m e n t  i s  e q u a l l y  u n r e l i a b l e  a s  a c r i t e r i o c  o f  

a g e  f o r  male c e r v i d s  ( b u t  see Bouchud 1 9 6 6 ) .  A n t l e r  g r o w t h  a n d  

d e v e l o p m e n t  v a r i e s  f roe y e a r  t o  y e a r  a n d  reflects t h e  e n v i r o n -  

a e n t a l  a n d  d i e t a r y  f a c t o r s  e x t a n t  d u r i n g  a n t l e r o g e n e s i s  f f i y e l ,  e t  

al, 1961 ; S e v e r i n g h a u s  a n d  Cheatum 1956, a n d  S e v e r i n g h a u s ,  e t  a l .  

1950)- Age a n d  heredity c o n t r i b u t e  o n l y  m i n i m a l l y  t o  t h e  final 

a p p e a r a n c e  of  t h e  a n t l e r ,  Only t h e  d i a r t r e t e r  or  c i r c u m f e r e n c e  o f  

t h e  a n t l e r  base seeas t o  i n c r e a s e  c o n s i s t e n t l y  w i t h  a d v a n c i n g  d3e 

[Anderson  a o d  Medin 197 I ) ,  Here, however ,  i n d i v i d u a l  v a r i a t i o a  

s e v e r e l y  l i m i t s  t h e  u t i l i t y  of t h i s  d i a e n s i o n  i n  t h e  e s t a b l i s h -  

ment  o f  a g e  classes, 

U n l i k e  a n t l e r s ,  t h e  h o r n  s h e a t h s  of b o v i d s  e x h i b i t  m a j o r  
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c o r r u g a t i o n s  o r  h o r n  r i n g s  which  re la te  t o  t h e  a n n u a l  g r o w  

p a t t e r n s  of t h e  a n i m a l -  Born  r i n g  c o u n t s ,  i n  b i g h o r n  s h e e p  a t  

l eas t ,  are r e l i a b l e  i n d i c a t o r s  o f  a g e  u n t i l  t h e  e i g h t h  y e a r  

( G e i s t  1966)  - T h e r e a f t e r ,  t h e  a c t u a l  r i n g s  a re  d i f f i c u l t  t o  

d i s t i n g u i s h  from o t h e r  m i n o r  c o r r u g a t i o n s ,  As a r e s u l t ,  a g e  

estimates f o r  t h e  o l d e r  a n i m a l s  a r e  o f t e n  i n a c c u r a t e .  For s u c h  

a n i m a l s ,  A r m s t r o n g  ( 1 9 6 5 )  a n d  Hemming ( q  967) recommend f o n g i t u -  

d i n a l  b i s e c t i o n  and  ~ o l i s h i n g  of t h e  h o r n  s h e a t h  t o  c o u n t  t h e  

i n t e r n a l  g r o w t h  l a y e r s .  

Horn  s h e a t h s  r a r e l y  p r e s e r v e  i n  a r c h a e o l o g i c a l  s i tes ,  Zoo- 

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

a g e s  of b o v i d s  i n  t h e i r  s a m p l e -  I n  b i g h o r n  s h e e p ,  h o r n  c o r e  s i z e  

relates t o  sex, n u t r i t i o n  a n d ,  t o  a lesser e x t e n t ,  a g e  [Hemming 

1 9 6 7 ) -  T h e  f a u n a l  a n a l y s t  t h u s  s h o u l d  c o n f i r m  t h e  v a l i d i t y  of 

t h i s  a p p r o a c h  u s i n g  a s a m g l e  of known-age a n i a a l s -  

T o  many r e s e a r c h e r s ,  o n l y  an  a n a l y s i s  of t o o t h  e r u p t i o n  a a d  

r e p l a c e m e n t  p r o v i d e s  a c c u r a t e  a g e  e s t i m a t e s  (see C h a p l i n  197 1  ; 

C l e l a n d  1966;  Emerson 1979 ;  P r i s o n  a n d  R e h e r  1970; Guilday 1962,  

1970 ;  L a t a d y  1978; Read 1971 and Smith 1975a)  , Here, r a d i o g r a p h y  

a g a i n  e n h a n c e s  estimate r e l i a b i l i t y  s i n c e  r a d i o g r a p h s  r e v e a l  t h e  

d e v e l o p m e n t a  1 stage of u n e r u p t e d  t e e t h  a n d  t h e  r e l a t i v e  d e g r e e  of 

p u l p  c a v i t y  c l o s u r e  i n  t h e  e r u p t e d  d e n t i t i o n  {see W i l l i a n s  1978). 

Though r e l a t i v e l y  a c c u r a t e ,  t h e  s e q u e n c e  o f  tooth e r u p t i o n  and 

r e p l a c e m e n t  c a n n o t  p r o v i d e  a n  a g e  estimate t o  t h e  n e a r e s t  month 

a s  r e p o r t e d  by Bouchud ( 1 9 6 6 ) ,  Carter (1975)  , Emerson ( 1  379) , 

S m i t h  ( 1 9 7 5 a )  a n d  o t h e r s ,  L i k e  Brumley ( 1 9 7 3 ) ,  H i g g s  a n d  Whi te  

[ 1 9 6 3 ) ,  S i l v e r  (1969)  a n d  S p i e s s  ( 1 9 7 9 ) ,  I r e g a r d  s u c h  a s s e r t i o a s  



w i t h  s k e p t i c i s m ,  W i t h i n  a n y  g i v e n  p o p u l a t i o n ,  t h e r e  is t o o  much 

i n d i v i d u a l  v a r i a t i o n  i n  t o o t h  deve lopnaen t  a n d  e r u p t i o n  t o  j u s t i f y  

s u c h  claims- 

A c c o r d i n g  t o  C h a p l i n  (1971:78) , t h e  o r d e r  of tooth e r u p t i o a  

f o r  a g i v e n  s p e c i e s  is l a r g e l y  c o n s t a n t  **,,. t h o u g h  l a i n o r  v a r i a -  

t i o n s  may o c c u r  i n  l oca l  p o p u l a t i o n s w ,  I n  h e t e r o c h r o n i c  f a u n a ,  

this v a r i a t i o n  i s  occasion all^! q u i t e  s i g n i f i c a n t  a s  d o c u m e a t e d  by 

Ewbank, e t  d l ,  (1964)- I n  t h e i r  c o m p a r a t i v e  s t u d y  of modern a n d  

I r o n  Age s h e e p ,  t h e s e  a u t h o r s  n o t e  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

r e l a t i v e  o r d e r  of  t o o t h  e r u p t i o n ,  Though s e l e c t i v e  b r e e d i n g  may 

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

explain the d i v e r g e n t  e r u p t i o n  s c h e d u l e s  e v i d e n t  i c  t h e  v a r i o u s  

s p e c i e s  o f  w i l d  s h e e p  (see Hemming 1967)  , S i m i l a r  almoiaalies may 

o c c u r  i n  modern and  p r e h i s t o r i c  p o p u l a t i o n s  b u t  t h e s e  will rernaia 

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

r e l y  on tooth e r u p t i o n  a s  t h e  s o l e  c r i t e r i o n  f o r  a g i n g  all t h e  

y o u n g e r  a n i m a l s  i n  t h e i r  samples .  

Though t h e  s e q u e n c e  o f  t o o t h  e r u p t i o n  is l a r g e l y  c o n s t a n t ,  

t h e  a g e  a t  which  a t o o t h  e r u p t s  v a r i e s  f rom i n d i v i d u a l  t o  i n d i v i -  

d u a l  w i t h i n  a s p e c i e s  ( C h a p l i n  1971 a n d  Morris 1972) .  I n  c a r i b o u  

p o p u l a t i o n s ,  f o r  e x a m p l e ,  a g e  s p a n s  d u r i n g  which  i n d i v i d u a l  teeth 

are e r u p t i n g  r a n g e  f roui 3 t o  15 months  ( S ~ i e s s  1973). Here, o a l y  

t h e  first m a n d i b u l a r  molar i s  c o n s i s t e n t  a n d  p r e d i c t a b l e  i n  i t s  

d e v e l o p m e n t  a n d  e r u p t i o n ,  S t u d i e s  w i t h  known-age a n i m a l s  c l e a r l y  

d e m o n s t r a t e  t h e  effect o f  d i e t  on t o o t h  e r u p t i o n ,  Poor  n u t r i t i o n  

d e l a y s  t o o t h  ' replacersen+,  from 6 months  C-o 1 y e a r  (Haaerstrom a n d  

Camburn 1950; S e v e r i n g h a u s  a n d  C h e a t u a  1956;  R o b i n e t t e ,  ef: a l ,  



1957 ,  a n d  R y e l ,  et a l -  1961) .  H e r e d i t y  a l s o  c o n t r o l s  t h e  t i m i n g  

of t o o t h  e r u p t i o n  i n  c e r t a i n  s p e c i e s  (see Ludwig 1967, a n d  Wiener 

a n d  P u r s e r  1  957) . 
W i l d l i f e  b i o l o g i s t s  r e c o g n i z e  t h e  l a t i t u d e  i n  t o o t h  r e p l a c e -  

ment b u t ,  for t h e i r  p u r p o s e s ,  *,,, t h i s  v a r i a t i o n  d o e s  n o t  a f f e c t  

t h e  h u n t i n g  s e a s o n  a g e  d e t e r m i n a t i o n "  ( R y e l ,  let a l .  196 1: 31 1). 

I n  w i l d l i f e  a a n a g e m e n t  a l s o ,  a g e  estimates d e r i v e  from t h e  exami- 

n a t i o n  of c o a p l e t e  m a n d i b l e s .  I n  z o o a r c h a e o l o g y ,  on t h e  o t h e r  

hand ,  a g e  d e t e r m i n a t i o n s  o f t e n  a r e  b a s e d  on f r a g m e n t a r y  r e m a i n s  

( s e e  K l e i n  1 9 7 8 ;  K l e i n ,  et al,  1981, a n d  S p i e s s  1 9 7 9 ) -  F u r t h e r ,  

u n l i k e  t h e  w i l d l i f e  b i o l o g i s t ,  the z o o a r c h a e o f o g i s t  does n o t  a g e  

a n i m a l s  whose s e a s o n s  o f  d e a t h  are known o r  d e l i m i t e d ,  1 n fact, 

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

d e a t h  ( E a e r s o n  1979 a n d  S m i t h  1 9 7 5 a ) -  A t  no time c a n  h e  assume,  

as a b i o l o g i s t  c a n ,  a  r e s t r i c t e d  h u a t i n g  s e a s o n  o f  a few a o n t h s -  

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

unknown d u r a t i o n ,  O t h e r s  reflect a r e c u r r e n t  o c c u p a t i o n  o f  a  

p a r t i c u l a r  s i t e  a r e a ,  T h i s  h e t e r o c h r o n y  i n  t h e  z o o a r c h a e o l o g i c a l  

material  p r o h i b i t s  t h e  s e g r e g a t i o n  o f  a n  a s s e m b l a g e  i n t o  a n n u d i  

o r  s e a s o n a l  k i l l s ,  F u r t h e r ,  t h e  z o o a r c h a e o l o g i s t  c a n n o t  e v a l u a t e  

o r  r e c o n s t r u c t  t h e  n u t r i t i o n a l  s t a t u s  of a r c h a e o l o g i c a l  fauna.. 

T o o t h  e r u p t i o n  s e q u e n c e s  t h u s  p r o v i d e  r e l a t i v e  a g e  e s t i m a t e s  f o r  

t h e  d e l i n e a t i o n  o f  a g e  classes w i t h i n  a n  a s s e m b l a g e  ( C h a p l i n  197 1  

a n d  florris 1972)  .. S u c h  a g e  classes v a r y  f rom s i t e  t o  site a n d  

p r o v i d e  o n l y  a g e n e r a l  estimate o f  t h e  a n i m a l s *  a b s o l u t e  age. 

To d e t e r n i n e  t h e  a g e s  o f  t t tature mammals, f a u n a l  a n a l y s t s  

a s s e s s  t h e  d e g r e e  o f  wear on t h e  m o l a r i f o r m  t e e t h  {see P a y a e  1373  
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f o r  a n  e i a b o r a t e  scheme o f  wear p a t t e r n  a n a l y s i s ) ,  I n  w i l d l i f e  

management s t u d i e s ,  b i o l o g i s t s  u s e  t o o t h  wear a s  a  cri terim o f  

a g e  b u t  r e c o g n i z e  i ts  i n h e r e n t  d rawbacks ,  A l t h o u g h  t e e t h  wear 

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

v a r i a t i o n s  i n  t h e  d e g r e e  o f  v e a r  o c c u r  a n d  seem t o  ref lect  t h e  

q u a l i t y  o f  f o r a g e  [ R y e l  e t  a l -  196 1, and  S z a b i k  1373)  , t h e  rela-  

t i v e  amount  o f  g r i t  i n  t h e  f o o d  ( S e v e r i n g h a u s  a n d  Cheatum 1 9 5 6 ) ,  

i t h e  actual t i m i n g  o f  t o o t h  e r u p t i o n  (Hamerstroin a n d  Camburn 1950) 

a n d  local  d i f f e r e n c e s  i n  t o o t h  h a r d n e s s  ( P l o r r i s  1972;  R o b i n e t t e ,  

e t  af, 1957,  a n d  S z a b i k  1973) - V a r i a t i o n s  i n  t h e  r a t e  o f  wear 

are a l so  a p p a r e n t  b e t w e e n  sexes ( F l o o k  1 9 7 0 ;  Pliller 1974a ,  a n d  

Thomas a n d  Bandy 1975)-  Abnormal t o o t h  wear  a l s o  o c c u r s  and 

g e n e r a l l y  r e s u l t s  f rom m a l o c c l u s i o n  and  d e n t a l  a n o m a l i e s  (Hiller 

1974a;  H o r r i s  1'372, a n d  R o b i n e t t e ,  e t  a l -  1 9 5 7 ) -  

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

e s t a b l i s h e d  t h e  t y p i c a l  t o o t h  v e a r  p a t t e r n s  fo r  many of the m a j o r  

w i l d l i f e  r e g i o n s  ( r e f e r  t o  L u e t h  1963  f o r  a n  exaraple) .  I n  f a u n a l  

s t u d i e s ,  e s t a b l i s h i n g  t h e  r e p r e s e n t a t i v e  t o o t h  wear  p a t t e r n s  f o r  

s p e c i f i c  r e g i o n s  is o f t e n  i m p r a c t i c a b l e ,  Too many a u t h o r s  r e p o r t  

t e m p o r a l  v a r i a t i o n s  i n  t h e  a t t r i t i o n  r a t e s  f o r  p r e h i s t o r i c  f a u n a ,  

A c c o r d i n g  t o  Bouchud (1953) ,  f o r  e x a m p l e ,  t o o t h  wear r e l a t i v e  t o  

d e n t a l  e r u p t i o n  age is more r a p i d  i n  P a l e o l i t h i c  c a r i b o u  t h a n  rn 

t h e i r  modern c o u n t e r p a r t s ,  Hitter (1971)  a l so  d o c u a e n t s  a  s i m i -  

l a r  d i f f e r e n c e  f o r  t h e  modern a n d  p r e h i s t o r i c  c a r i b o u  of Alaska.  

F u r t h e r ,  c e r t a i n  g e o l o g i c  e v e n t s  s u c h  a s  v o l c a n i c  e r u p t i o n s  a r e  

known t o  a l t e t  s i g n i f i c a n t l y  t h e  a t t r i t i o n  ra tes  i n  u n g u l a t e s  

(see B u r t  1 9 6  1 ) -  



The a n a l y s i s  of t o o t h  wear is a l so  p l a g u e d  by  human e r z o r .  

D e t e r m i n i n g  t h e  d e g r e e  of a t t r i t i o n  on molariform t e e t h  i s  v e r y  

s u b j e c t i v e .  Brown (1361)  a n d  R y e l ,  e t  a l ,  ( 1 9 6 1 ) ,  u s i n g  known- 

a g e  s a m p l e s ,  c o n c l u s i v e l y  d e m o n s t r a t e  t h e  v a r i a b i l i t y  i n  s u c h  age 

estimates. T o  c u r t a i l  t h i s  s o u r c e  o f  error, R o b i n e t t e ,  e t  a l ,  

(1957)  d e v e l o p e d  a molar t o o t h  r a t i o  b a s e d  o n  a number 0 2  crow3 

measurements .  C a r t e r  ( 1 9 7 5 ) ,  K l e i n  (1978,  1979) '  K l e i n ,  e t  a l ,  

(198  1) and  R e h e r  (1973)  a d o p t e d  t h i s  q u a n t i t a t i v e  a p p r o a c h  t o  

d e t e r m i n e  t h e  r e l a t i v e  a g e s  of s p e c i e s  i n  t h e i r  a r c h a e ~ l o g i c a l  

a s s e m b l a g e s ,  I n  f a c t ,  Carter (1975: 231) e s t i m a t e s  " , , , t he  r a t e  

of wear i n  m m  p e r  month,,,** a n d  a g e s  a a t u r e  p r e h i s t o r i c  sheep t o  

w i t h i n  a month,  

F o r  ~ u l e  d e e r  a g e  e s t i m a t i o n ,  s u c h  a c c u r a c y  i s  n e v e r  

o b t a i n e d ,  I n  a c a a p a t a t i v e  s t u d y  of cementum a n n u l i  c o u n t s  and 

t h r e e  m e t h o d s  of w e a r  p a t t e r n  a n a l y s i s ,  i n c l u d i n g  t h e  m o l a r  t o o t h  

r a t i o ,  E r i c k s o n  (1967)  c l e a r l y  d e m o n s t r a t e s  the i n c o n s i s t e n c i e s  

a n d  i n a c c u r a c i e s  of t o o t h  wear a s  a c r i t e r i o n  of age .  I n  t h e  

p r e s e n t  s t u d y ,  s e v e n  a d d i t i o n a l  s p e c i e a e n s  f rom t h e  Cache la 

P o u d r e  p o p u l a t i o n  were a v a i l a b l e  f o r  s u c h  a cots parati ve s t u d y ,  

S p e c i m e n s  13, 57 ,  6 5 ,  83, 84, 9 1  a n d  09  were a g e d  from t h e  tno la r  

ratio and f rom c e n e n t u a  a n n n l i  c o u n t s  o f  t h e  f i r s t  m a n d i b u l a r  

molar, Here, t h e  r e s p e c t i v e  a g e  estimates of  o n l y  t h e  y o u n g e s t  

specimen (09)  were i n  a g r e e m e n t ,  F o r  t h e  r e m a i n i n g  6 s p e c i m e n s ,  

t h e  molar r a t i o  o v e r a g e d  two d e e r  by 1 y e a r  a n d  u n d e r a g e d  f o u r  

a n i m a l s  by as much a s  two y e a r s ,  T h e s e  r e s u l t s  a re  c o o z i s t e n t  

w i t h  t h e  c o n & s i o n s  o f  t h e  c o n p a r a t i v e  s t u d i e s  l i s t e d  i n  T a b l a  

I T h e  m a j o r i t y  of the r e s e a r c h e r s  l i s t e d  r e p o r t  s i g c i f i c a n t  



Table 11: L i s t  of s tudies*  which compare aqc cs t ima t~c ,  from cementum annuli  
counts a ~ ~ d  tooth replacement and wcar p l t t e r ~ s .  Their conclusions 
a r e  a l s o  presented. 

--- - 
source S1 ec i e s  Results 

Aitken 
(1975) 

Boozer 
(1970) 

Campbell 
(1967) 

Er ickson 
(1967) & 

Erickson, 
e r  a l .  -- 
(1970) 

Gilber- t 
5 S t o l t  
(1970) 

Keiss 
(1369) 

Kerwin & 

Mitchell  
(1971) 

Lockard 
(1972)  

Low & 

Cowan 
( 1963) 

Ruc h e r  from 
Thr:t ford Chase, 
Norfolk. 

wl~ i t e - t a i l ed  
deer from 
Alabdma 

wl:l.te-tailed 
deer from 
I l l i n o i s  

mule deer 
f :-om C o l  orado 

w l i i  t:-tailed 
deer from 
h!d i K C  

elk  fram 
C o l ~ r a d o  

pronghorns 
from Alberta 

white-tai led 
deer from 15 
s t a t e s  and 1 
pro ~ i r ~ c e  

black- t a i l e d  
daer from 
B r i t i s h  Columbia 

in 63 animals, the re  was complete aqreement 
in  63.5% of tllc cases and agreement t o  
within one year i n  90.5% 

i n  h i s  total sample, both aging methods 
agree i n  '72% of the  cases.  Here, the re  is 
a tendency f o r  tooth-wear t o  underage the  
o lder  animals . 
tooth dcvelopmcnt and wear is  950 accurate 
f o r  animals 4$ years o ld  o r  younger. For 
animals o lde r  than 4$,  t h i s  method of aging 
i s  unre l iablc .  

37% of t h e  df>er were aged incor rec t ly  by 
v i sua l  t~xamira t jon  of t h e  tooth w w r .  Hexe, 
a l s o ,  thcr-ch is  a ter~lt?ncv t o  undcrest irnate 
aqes by t h i q  nethod, 

tooth  wear p a t t f ' r ~ l s  t e n d  t o  overage t h e  
younqer anirn'llr, anci ~ ~ n d e r a q e  the  o lder  
animals. 

the re  is only 50% arjreenellr between a q i n g  
methods. 11 c;ldcr animals, e rupt  ion  and 
wear es t imntr r  were i n  e r r o r  by as much a s  
7 years. 

there was a s l i g h t  tendency f o r  younger 
animals t o  be underaged by development and 
wear while o lder  animals were overayed. 

the re  i s  a 2 6 %  e r r o r  with a tendency fo r  
eruption and wear to overage animals. 
discrepancies between aging methods were 
more common i v  o lder  animals. 
d i f f e rences  wetre as  much i is 3 years. 

record scveral  discrepar.cies both i n  over- 
aging and underaginq animals 18 months o r  
older .  



Table  11: (cont'c 

Source  S p e c i e s  R e s u l t s  

McCutchen 
(1966) 

Sergean t  
6 P i m l 0 t t  
(1959) 

Thomas 
& Bandy 
(1975) 

Winter ton 
& S t r i c k -  
l a n d  
n.d. 

r e d  d 2 e r  
from Rhum 

pronghorn 
a n t e l o p e  
from 
Montana 

wh i t e - t a i l e d  
deer from 
I n d i a n a  

moose from 
Newfoundland 

moos; from 
O n t a r i o  

b l a c k - t a i l e d  
deer from 
B r i t i s h  Columbia 

w h i t e - t a i l e d  
d e e r  from 
O n t a r i o  

u s i n g  a known-age sample, ages d e r i v e d  from 
an  a n a l y s i s  o f  t o o t h  replacement  and wear 
were 88% accurate w h i l e  those d e r i v e d  from 
cementum a n n u l i  c o u n t s  were o n l y  50% 
a c c u r a t e .  

t h e r e  i s  s i g n i f i c a n t  d i sagreement  between 
t h e  two techn iques ,  e s p e c i a l l y  i n  t h e  o l d e r  
age  c l a s s e s .  

no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  age 
e s t i m a t e s  though t o o t h  wear was i n  error 
more f r e q u e n t l y  i n  t h e  o l d e r  age  c l a s s e s .  

s e v e r a l  an imals  2 y e a r s  o f  age  and  o l d e r  
were aged i n c o r r e c t l y  by t o o t h  wear. 
t h e  d i v e r g e n c e s  i n c r e a s e  . f o r  o l d e r  animals .  

c o n s i d e r s  t o o t h  wear t h e  most i n a c c u r a t e  of 
t h e  methods t e s t e d .  
from Table  7 ,  wear-c lass  a g i n g  a p p e a r s  t o  
underage o l d e r  an imals .  

tendency for t o o t h  wear t o  under-es t imate  
t h e  ages of d e e r  i n  o l d e r  age  c l a s s e s .  

g r e a t  d e a l  o f  i n d i v i d u a l  e r r o r  i n  wear c l a s s  
a g i n g  w i t h  a tendency t o  underage,  p a r t i c u -  
l a r l y  i n  t h e  o l d e r  age  c l a s s e s .  

*Most s t u d i e s  assume cementum a n n u l i  c o u n t s  t o  he a c c u r a t e  i n d i c a t o r s  of 
a b s o l u t e  age.  



d i s c r e p a n c i e s  i n  t h e  a g e  estimates b a s e d  on t o o t h  wear. I n  t h e i r  

o p i n i o n ,  t h e  t o o t h  wear  p a t t e r n s  i n  u n g u l a t e s  g e n e r a l l y  under- 

estimate t h e  a g e  o f  o l d e r  a n i m a l s ,  

T o o t h  wear a n a l y s i s  is  t h u s  a n  unreliable c r i t e r i o n  cf a g e  

for modern a n d  p r e h i s t o r i c  f a u n a l  p o p u l a t i o n s ,  T h e  o b s e r  wed 

i n d i v i d u a l  a n d  r e g i o n a l  v a r i a t i o n s  i n  wear p a t t e r n s  and  t h e  human 

error i n h e r e n t  i n  the e v a l u a t i o n  of a t t r i t i o n  s e v e r e l y  l i p i t .  t h e  

a c c u r a c y  of the t e c h n i q u e  i n  t h e  s t u d y  of modern p o p u l a t i o n s .  Io 

t h e  a n a l y s i s  of p r e h i s t o r i c  t o o t h  w e a r ,  t e m p o r a l  v a r i a t i o n s  i n  

a t t r i t i o n  rates a n d  t h e  h e t e r o c h r o n i c  n a t u r e  of t h e  a s s e i n k l a g e s  

c o n s t i t u t e  a d d i t i o n a l  s o u r c e s  o f  error, F u r t h e r ,  the l i m i t e d  

e x p e r i e n c e  of t h e  a n a l y s t  a n d  h i s  r e l i a n c e  o n  m a n d i b l e  f r a g m e n t s  

for a g e  d e t e r m i n a t i o n  i m p o s e  a d d i t i o n a l  r e s t r i c t i o n s  on the reii-  

a b i l i t y  of s u c h  a g e  estisates, A t  b e s t ,  wear p a t t e r n s  p r o v i d e  

r e l a t i v e  a g e  estimates f o r  t h e  f a u n a  i n  i n d i v i d u a l  sites. The 

r e l a t i o n s h i p  o f  s u c h  wear s t a g e s  w i t h  t h e  a b s o l u t e  a g e s  of ani- 

raals r e m a i n s  s p e c u l a t i v e  (Pa  yne  1973)-  

I n c r e m e r i t a l  G r o w t h  S t r u c t u r e s  a n d  Age D e t e r m i n a t i o n :  

P r e s e n t l y ,  o n l y  i n c r e m e n t a l .  g r o w t h  s t r u c t u r e s  p r o v i d e  r e l i -  

able  estimates of a b s o l u t e  a g e  i n  p r e h i s t o r i c  f a u n a l  p o p u l a t i o n s  

( C b a p l i n  1 9 7  l :8Q),  The s u c c e s s f u l  a p p l i c a t i o n  of t h i s  method of 

a g e  d e t e r m i n a t i o n  i n  z o o a r c h a e o l o g y  is c l e a r l y  d o c u m e n t e d  i c  t h e  

l i t e r a t u r e  (see Benn 1974;  Bourgue,  e t  a l ,  1378; Kay 1971;  Saxon 

a n d  Higham 1969, a n d  S p i e s s  1976, 1978,  l 3 7 9 ) ,  With  v e r y  few 

e x c e p t i o n s ,  t h e  a b o v e  r e s e a r c h e r s  e x a m i n e d  p o l i s h e d  h a l f -  t o o t h  



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

S u c h  p r e p a r a t i o n s ,  a s  n o t e d  below, a r e  u s u a l l y  u n s a t i s f a c t o r y  and  

u n r e l i a b l e  f o r  a c c u r a t e  a g e  e s t i m a t i o n ,  

I n  w i l d l i f e  b i o l o g y  t o d a y ,  c o u n t i n g  t h e  a n n u l i  i n  t h e  d e n t a l  

cementum is  t h e  o n l y  re l iable  method f o r  e s t i m a t i n g  t h e  a b s o l u t e  

a g e  of a r t i o d a c t y l s ,  T h e  t v e n t y - t h r e e  s t u d i e s  w i t h  known-age 

a n i m a l s  l i s t e d  i n  Table  111 c o n f i r m  t h e  a c c u r a c y  a n d  o v e r a l l  re- 

l i a b i l i t y  of t h e  method,  T h e r e  is  n o t ,  h o u e v e r ,  p e r f e c t  a y r e e -  

ment  b e t u e e c  t h e  cementum a n n u l i  c o u c t s  a n d  t h e  known-ages o f  all 

a n i m a l s ,  S e v e r a l  s i g n i f i c a n t  d i s a g r e e a e n t s  a re  e v i d e n t  i n  t h i s  

c h a r t ,  Gasaway,  e t  a l ,  (1978) d i s c u s s  some o f  t h e  e r r o r s  which  

c o n t r i b u t e  t o  t h e  i n a c c u r a c y  o f  t h e  age estimates, In t h e i r  

o p i n i o n ,  t h e s e  r e l a t e  t o  t h e  l e g i b i l i t y  o f  t o o t h  s e c t i o n s ,  t h e  

s u b  j ~ c t i v i t y  i n  i d e n t i f y i n g  a n n u l i  a n d  t h e  p r e s e n c e  o f  n u l t i p l e  

l i n e s  i n  some s e c t i o n s ,  O b v i o u s l y ,  t h e  q u a l i t y  o f  a  p r e p a r a t i o n  

i n f l u e n c e s  s e c t i o n  r e a d a b i l i t y  and ,  by  e x t e n s i o n ,  t h e  ease o f  

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

o t h e r  hand ,  a f f e c t  t h e  a c t u a l  c o m p l e x i t y  o f  t h e  cementum d e p o s i t -  

I n  t h e i r  r e s e a r c h ,  Gasaway, e t  a l ,  (1978)  examined  1 o n g i -  

t u d i n a l  a n d  c r o s s  s e c t i o n s  o f  u n d e c a l c i f i e d  t e e t h ,  Few o f  these 

t o o t h  s e c t i o n s  were e a s y  t o  r e a d ,  Numerous o t h e r  b i o l o g i s t s  en- 

c o u n t e r e d  s i m i l a r  p r o b l e m s  i n  t h e  e x a m i n a t i o n  of  b o t h  h a l f - t o o t h  

a n d  u n d e c a l c i f i e d  thin s e c t i o n s  (see Campbell 1967 ;  D o u g l a s  1970; 

E r i c k s o n  1967; L o c k a r d  1972;  Low a n d  Cowan 1963; HcEwan 1963 a n d  

S t e p h e n s o n  1977) , T o  i m p r o v e  t h e  c l a r i t y  of  t h e i r  t h i n  s e c t i o n s ,  

t h e s e  researchers o p t e d  f o r  d e c a l c i f i e d ,  s e c t i o n e d  a n d  s t a i n e d  

p r e p a r a t i o n s ,  The s t u d i e s  l i s t e d  i n  T a b l e  I11 i n d i c a t e  t h e  v a l u e  
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I 
I 
L a ~ n n l i  c o u n t s  a n d  t h e  known-ages  o f  t h e  a n i m a l s  o c c u r  i n  s t u d i e s  

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

D e c a l c i f i e d ,  s e c t i o n e d  a n d  s t a i n e d  p r e p a r a t i o n s  o f  u n g u l a t e  

t e e t h  a l so  r e s u l t  ir, c o n s i d e r a b l y  less w a s t a g e  [ P a g e  1 9 7 7 ) -  Foz 

e a c h  u n d e c a l c i f i e d  t h i n  sectioo, t h e r e  a r e ,  a t  leas t ,  ten d e c a l -  

c i f  i e d  s e c t i o n s ,  T h e  s u b s e g u e n t  e x a m i n a t i o n  o f  more sect ions 

i m p r o v e s  the a c c u r a c y  o f  the f i n a l  age estimate [Hiller 1 9 7 4 a ) .  

I n  t h e  a n a l y s i s  o f  p r e h i s t o r i c  f a u n a l  r e m a i n s  t h e r e f o r e ,  t h e  

p r e p a r a t i o n  of  d e c a l c i f i e d  t h i n  s e c t i o n s  i s  n o t  o n l y  f e a s i b l e  

( s e e  A n d e r s e n  a r d  J o r g e n s e n  19611; Saxon  a n d  Higham 1969, and 

S t o u t  1978) b u t  s t r o n g l y  recotamended for age d e t e r m i n a t i o n .  

A c c o r d i n g  t o  S p i e s s  (1979)  however ,  d e c a l c i f i c a t i o n  and  s t a i n i n g  

have a p o o r  s u c c e s s  r a t e  w i t h  i m p e r f e c t l y  g r e s e r v e d  t e e t h ,  I n  my 

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

a r c h a e o l o g i c a l  f a u n a l  material c a n  be s u c c e s s f u l l y  d e c a l c i f i e d  

a n d  s t a i n e d .  

C o u n t i n g  a n n u l i  i n  s t a i n e d  p r e p a r a  t i c n s  re q u i r e s  e x p e r i e n e e  

a s  well as a good h i s t o l o g i c a l  p r e p a r a t i o n  (see C r a i g h e a d ,  e t  dl, 

1970; E r i c k s o n  a n d  S e l i g e r  1969; J e n s e n  a n d  Nie l sen  1968 ,  a n d  

T h o a a s  a n d  3and.y 1 9 7 3 ) -  Even h i g h  q u a l i t y  h i s t o l o g i c a l  work d o e s  

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

a n n u l i .  F o r  some a n i m a l s  t h e  p a t t e r n s  of t h e  i n c r e m e n t a l  g r o w t h  

l i n e s  are i n n a t e l y  i n d i s t i n c t  o r  c o m p l e x  ( E r i c k s o n  a n d  S e l i y e r  

1969; Gasaway, e t  a l ,  1978 ,  a n d  Grue  a n d  J e n s e n  197'3)-  F u r t h e r ,  

t h e  g e n e r a l  a p p e a r a n c e  a n d  c l a r i t y  of the a n n u l i  v a r y  t h r o u g h o u t  

t h e  c e m e n t u a  d e p o s i t  of i n d i v i d u a l  t e e + h ,  A s  a r e s u l t ,  t h i n  



s e c t i o n  e x a m i n a t i o n  a n d  i n t e r p r e t a t i o n  e n t a i l s  a  c e r t a i n  d e g r e e  

o f  s u b j e c t i v i t y  a n d ,  l i k e  t h i n  sectio9 p r e ~ a r a t i o n ,  r e g u i r e s  

c o n s i d e r a b l e  p r a c t i c e ,  With e x p e r i e n c e  h o u e v e r ,  t h e  o b s e r v e r  

f o r m u l a t e s ,  t h o u g h  u s u a l l y  n o t  e x p l i c i t l y ,  a n  a c c e p t a n c e  l e v e l  

f o r  t h e  q u a l i t y  o f  t h e  p r e p a r a t i o n  r e q u i r e d  f o r  a c c u r a t e  age 

d e t e r m i n a t i o n  (Miller 1974a)  - 

Age D e t e r m i n a t i o n  from t h e  Cementum Afinuli  o f  Mule Deer R c l a r s :  

I n  t h e  p r e s e n t  s t u d y ,  t h e  f i r s t  m a n d i b u l a r  m o l a r s  of o n e  

h u n d r e d  a n d  t w o  mle d e e r  f o r m e r l y  a g e d  b y  E r i c k s o n  ( 1 9 6 7 )  were 

d e c a l c i f i e d ,  s e c t i o n e d  a n d  s t a i n e d ,  A t o t a l  of  f o u r  h u n d r e d  a n d  

e i g h t  s l i d e s  c o n t a i n i n g  some f o u r  t h o u s a n d  s e c t i o n s  were   re pared 

a n d  examined  a s  s p e c i f i e d  i n  c h a p t e r  t h r e e  a n d  Appendix V I  of t h e  

p r e s e n t  t h e s i s ,  O f  t h e s e ,  o n l y  t h e  l a s t  cne  h u n d r e d  s l i d e s ,  i n  

my o p i n i o n ,  c o n t a i n e d  good h i s t o l o g i c a l  p r e p a r a t i o n s ,  T h e  re- 

m a i n d e r  o f  t h e  n i c r o s l i d e ~  h a d  s e v e r a l  c o r r u g a t e d ,  % o t h - e a r e n " ,  

p o o r l y  a f f i x e d  o r  i n a d e q u a t e l y  s t a i n e d  t h i n  s e c t i o n s .  S u c h  a re  

o b v i o u s f y  t h e  c o n s e q u e n c e s  of  l i m i t e d  p r a c t i c e  a n d  e x p e r i e n c e  i n  

t h e  p r e p a r a t i o n  o f  h i s t o l o g i c a l  material- 

f l i c r o s c o p i c  e x a m i n a t i o n  of a l l  s t a i n e d  s e c t i o n s  r e v e a l e d  t h e  

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

t h e  ce imntum a n d  d e n t i n e  o f  mule d e e r  m o l a r s -  Here, t h e  b a n d s  

p r e s e n t  i n  t h e  cementum were more c o n s i s t e n t  a n d  more d i s t i ~ c t  

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

d e t e r m i n a t  i o n ,  

I n  C a c h e  l a  P o u d r e  d e e r ,  t h e  p e r i o d  o f  r a p i d  cementum g r o w t h  



from A p r i l  t o  December. T h e  d e p o s i t i o n  of t h e  d a r k  s t a i n i n g  b a n d  

c o i n c i d e s  w i t h  t h e  e p i s o d e  of s l o w  cementum g r o w t h  from J a n u a r y  

t o  early A p r i l  ( E r i c k s o n  1967) - One l i g h t  s t a i n i n g  band and one 

d a r k  b a n d  c o n s t i t u t e  o n e  a n n u l u s  a n d  r e p r e s e n t  1 y e a r  o f  cementum 

growth.  C o u n t i o g  t h e  a n n u a l  b a c d s  o r  a n n u l i  from, b u t  e x c l u d i n g ,  

t h e  d e n t i n o - c e m e n t u m  i n t e r f a c e  t o  t h e  p e r i o d o n t a l  b o r d e r  of t h e  

cementum d e p o s i t  p r o v i d e s  a& estimate o f  t h e  deer's a b s o l u t e  age ,  

T h e o r e t i c a l l y ,  t h e  a n n u l i  c o u n t  c o r r e s p o n d s  t o  t h e  c h r o n o l o g i c a l  

a g e ,  i n  y e a r s ,  of the a n i m a l ,  I n  p r a c t i c e  however ,  c o u n t i n g  t h e  

cementum a n n u l i  is  n e v e r  s o  s i m p l e .  

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

e n t i r e  cementum d e p o s i t  o f  e a c h  t h i n  s e c t i o n  to e n s u r e  t h e  p r o p e r  

a n n u l i  c o u n t  (see G r u e  a n d  J e n s e n  1979;  Miller 1374a ,  1974b. a n d  

Morris 1972)  - T h i s  a p p r o a c h  f a c i l i t a t e s  t h e  d i s t i n c t i o n  of t r u e  

a n n n l i  f r o @  t h e  s e c o n d a r y  o r  a c c e s s o r y  g r o w t h  i n c r e m e n t s .  I t  

a l s o  a i d s  i n  d e l i n e a t i n g  areas o f  a n n u l i  s p l i t t i n g  a n d  a e r g i n y -  

Thus ,  a l t h o u g h  a n n u l i  o c c u r  t h r o u g h o u t  mos t  o f  t h e  d e p o s i t ,  o n l y  

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

l o c a t i o n  o f  t h o s e  areas b e s t  s u i t e d  f o r  r e l i a b l e  a n n u l i  c c u n t s ,  

S e l e c t i n g  t h e  a p p r o p r i a t e  a r e a  f o r  c o u n t i n g  t h e  i n c r e m e n t a l  

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

For  u n g u l a t e  molars, A i t k e n  (1375) .  D o u g l a s  (IgTO),  Lowe 41967), 

H a r k g r e n  ( 1 9 6 9 ) .  F l i t c h e l l  (1963,1967) ,  Ransom (1966)  and Yolfe 

(1969) reconmend  t h e  pad  area. I n  a l l  cases, t h e s e  i n v e s t i g a t o r s  

examined  h a l f  - t o o t h  sect ions .  In most d e c a l c i f i e d  and 

s t a i n e d  t h i n  s e c t i o n s ,  t h e  p a d  area g e n e r a l l y  d i s p l a y s  d i f f u s e  
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l a y e r s  w i t h  numerous  a c c e s s o r y  l i n e s  which  t e n d  t o  c o n f u s e  the 

c o u n t  (see G r u e  and  J e n s e n  1979 ,  a n d  Hiller 1 9 7 4 b ) -  As a  r e s u l t ,  

Boozer (19301,  C a m p b e l l  ( 1 9 6 7 ) ,  G r u e  a n d  J e n s e n  ( 1  979) a n d  Hi l ler  

(1974b) prefer t o  e x a m i n e  the t h i n n e r  c o r o n a l  d e p o s i t s  o f  t h e  

I root,  They,  however ,  d o  n o t  restrict t h e i r  c o u n t s  t o  this r e g i o n  
k 

of t h e  t o o t h ,  F r e q u e n t l y ,  t h e s e  r e s e n r c h e r s  e x a m i n e  t h e  t h i c k e r  

d e p o s i t s  t o  s u b s t a n t i a t e  t h e i r  c o u n t s ,  

k I n  t h e  p r e s e n t  a n a l y s i s ,  the e n t i r e  cementum d e p o s i t  o f  e a c h  
k 
I 

s e c t i o n  was s c a n n e d  a t  a low m a g n i f i c a t i o n  (UOX] t o  e v a l u a t e  t h e  

n a t u r e  of t h e  c e n e n t u m  a n d  t o  l o c a t e  a r e a s  w i t h  d i s t i n c t  a n n u l i -  

I n  l o n g i t u d i n a l  s e c t i o n s  of mule  d e e r  molars, cementum c o v e r e d  

t h e  e n t i r e  r o o t  s u r f a c e  from t h e  c r o w n  t o  the r o o t  apex.  There 

was however  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  n a t u r e  a n d  t h i c k n e s s  of 

the d e p o s i t  t h r o u g h o u t ,  I n  g e n e r a l ,  t h e  d e p o s i t  was t h i n n e s t  i n  

t h e  c e r v i c a l  r e g i o c  n e a r  t h e  cemento-enamel  i n t e r f a c e  a n d  thicker 

i n  the b i f u r c a t i o n  a n d  t h e  a p i c a l  r e g i o n ,  The  cementum was a l s o  

r e l a t i v e l y  thick on t h e  d i s t a l  s u r f a c e  of t h e  mesial r o o z  a n d  on 

t h e  mesial s u r f a c e  o f  t h e  d i s t a l  r o o t ,  T h e  t h i c k e r  l a y e r s  gene- 

r a l l y  were c e l f u l a r  a n d  c o n v o l u t e d -  They  a l s o  had  i r r e g u l a r  bur- 

d e r s  w i t h  n u m e r o n s  r e s o r p t i v e  s u r f a c e s ,  Here, g r o w t h  i n c r e m e n t s  

v e r e  d i f f u s e ,  i r r e g u l a r  a n d  o f  uneven  t h i c k n e s s ,  I n  a d d i t i o n ,  

s e c o n d a r y  or  a c c e s s o r y  l i n e s  were a b u n d a n t ,  The t h i n n e r  l a y e r s ,  

o n  t h e  o t h e r  h a n d ,  v e r e  r e l a t i v e l y  a c e l l u l a r  a n d  h a d  s t r a i g h t  

b o r d e r s  w i t h  few or  no r e s o r p t i v e  c a v i t i e s ,  W i t h i n  t h e s e  de- 

p o s i t s ,  t h e  a n n u l i  were u s u a l l y  d i s t i n c t  and e v e n l y  s p a c e d -  

Areas b e s t  s u i t e d  fo r  a n n u l i  c o u n t s  v a r i e d  somewhat from 

s p e c i m e n  t o  s p e c i m e n ,  I n  general however ,  t h e  growth i n c r e m e n t s  
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n a l  t h i r d  o f  e i t h e r  r o o t  were more c o n s i s t e n t  a n d  

more d i s t i n c t ,  h e n c e  easier t o  court:. Here, s e c o n d a r y  l i n e s  were 

a b s e n t  t h o u g h  h i g h e r  m a g n i f i c a t i o n s  were n e c e s s a r y  f o r  t h e  ta1i .y-  

As a r e s u l t ,  most of t h e  a g e  e s t i a a t e s  t a b u l a t e d  i n  Append ix  I 

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

1  A t  n o  time, however ,  v e r e  t h e  c o u n t s  r e s t r i c t e d  t o  these 

d e p o s i t s ,  A n n u l i  c o u n t s  v e r e  a l so  made i n  t h e  pad  a r e a ,  t h e  root 

a p i c e s  a n d  o t h e r  a r e a s  of t h e  r o o t -  I n  fact ,  a n y  d e p o s i t  deerned 

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

A minimum o f  t e n  r e a d i n g s  f r o m  d i f f e r i n g  areas w i t h i n  t h e  d e p o s i t  

a n d  f rom d i f f e r e n t  t h i n  s e c t i o n s  was made on e a c h  specimen,  The 

a g e  e s t i m a t e s  l i s t e d  i n  Append ix  I t h u s  r e p r e s e n t  t h e  mode o f  all 

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

P r o p e r  i d e n t i f i c a t i o n  o f  t h e  den t ino-cementum i n t e r f a c e  i s  a 

n e c e s s a r y  f i r s t  s t e p  in a n y  a n n u l i  c o u n t ,  I n  t h e  d e c a l c i f i e d  

s e c t i o n s  of m u l e  d e e r  m o l a r s ,  there u s u a l l y  was a band o f  l i g h t l y  

s t a i n e d  m a t r i x  be tween  t h e  d a r k l y  s t a i n e d  d e n t i n e  a n d  t h e  f i r s t  

a n n u l u s .  T h e  d e a t i n o - c e m e n t u m  i n t e r f a c e  l a y  w i t h i n i n  t h i s  bacd.  

F r e q u e n t l y ,  a s l i g h t  s t a i n  c o n c e n t r a t i o n  w i t h i n  t h i s  p a r t  of  t n e  

d e p o s i t  i d e n t i f i e d  t h e  i n t e r  f a c e .  O c c a s i o n a l l y  however ,  t h e  de- 

t e c t i o n  a n d  r e c o g n i t i o n  of t h e  i n t e r f a c e  r e q u i r e d  c a r e f u l  v i e w i n g  

a t  h i g h e r  m a g n i f i c a t i o n s ,  A c c o r d i n g  t o  Gilbert ( 1 9 6 4 ) ,  Erickson 

11967) .  Low a n d  Cowan (1963) a n d  S e r g e a n t  and  P i m l o t t  ( 1959 ) .  a t  

higher m a g n i f i c a t i o n s ,  t h e  cementum a d j a c e n t  t o  t h e  d e n t i n e  l a y e r  

a p p e a r s  t o  b e  c e l l u l a r ,  T h e  term l W f i b r o u s "  i s  p r o b a b l y  a  better 

d e s c r i p t o r  f o r  t h i s  d e p o s i t  i n  mule d e e r .  T h i s  f i b r o u s  cementum 

c o n t r a s t e d  m a r k e d l y  from t h e  compac t  d e n t i n a l  m a t r i x .  As a 



Figure 11: Diagram of a mule deer molar showing areas best suited 
for annuli counts and quantification. 



r e s u l t ,  even a g o o r l y  s t a i n e d  i n t e r f a c e  was e a s y  t o  d e t e c t  a t  

h i g h e r  m a g n i f i c a t i o n s ,  

When u s i n g  cementum s t r u c t u r e s  f o r  a g e  d e t e r m i n a t i o n ,  i r  is  

i m p e r a t i v e  t o  e s t a b l i s h  t h e  n a t u r e  of i n i t i a l  cementum d e p o s i t i o r i  

a n d  t h e  time of f i rs t  a n n u l u s  f o r m a t i o n ,  I n  mule  d e e r ,  the c rown 

of the first m a n d i b u l a r  m o l a r  i s  i n  t h e  p r o c e s s  o f  f o r m a t i o n  a t  

the time of b i r t h  (see Rees, e t  a l ,  1966b). T h i s  t o o t h  e r u p t s  a t  

a b o u t  f o u r  a o n t h s  p o s t p a r t u ~  a n d  is g e n e r a l l y  f u n c t i o n a l  w i t h i n  

t h e  f i r s t  s i x  raonths a l t h o u g h ,  a t  t h i s  a g e ,  t h e  roots  a r e  still 

f o r m i n g .  O f  a l l  t h e  p e r m a n e n t  teeth, t h e  f i r s t  m o l a r  i s  a l s o  t h e  

l eas t  v a r i a b l e  i n  its d e v e l o p m e n t  a n d  e r u p t i o n  (see S p i e s s  1979) -  

S i n c e  cementum a p p o s i t o n  p r e c e d e s  e r u p t i o n  (Campbe l l  1967; Grue  

and J e n s e n  1 9 7 9 ;  fiiller 1974 b, a n d  Rees, e t  a 1  1 3 6 6 a )  , t h e  f i r s t ,  

a n n u l u s  i n  t h i s  t o o t h  forlas d u r i n g  t h e  f i r s t  y e a r ,  Assuming n o  

s u b s t a n t i a l  d e l a y s  i n  c a l v i n g  or t o o t h  e r u p t i o n ,  t h e  f i rs t  man- 

d i b u l a r  m o l a r s  of l a u l e  d e e r  t h u s  r e c o r d  e v e r y  y e a r  of t n e  deer's 

l i f e ,  I n  t h e o r y  t h e r e f o r e ,  t h e  a n n u l i  c o u n t  f o r  t h i s  t o o t h  

r e p r e s e n t s  t h e  c h r o n o l o g i c a l  a g e  o f  the an imal .  

I n  l o n g i t u d i n a l  t h i n  s e c t i o n s  which e x p o s e  t h e  r o o t  fo ramen ,  

t h e  first a n n u l u s  is q u i t e  d i s t i n c t i v e ,  Only  t h i s   annul^^ f a d e s  

out near t h e  roo t  a p e x ,  T h i s  reflects t h e  p a r t i a l  d e v e l o ~ m e n t  of 

the root a t  t h e  time of  a n n u l u s  f o r m a t i o n ,  I n  laule  d e e r  molars, 

t h e  f irst  a n n u l u s  a l s o  a p p e a r s  t o  s t a i n  more d a r k l y  t h a n  a l l  sub- 

s e q u e n t  a n n u l i ,  The  a b s e n c e  o f  t h i s  a n n u a l  l a y e r  t h e n  i a ~ l i e s  a 

d e l a y e d  b i r t h  or  r e t a r d e d  t o o t h  d e  w e l o p e n t ,  F o r  s u c h  a n i m a l s ,  

i t  would b e  n e c e s s a r y  t o  a d d  1 y e a r  t o  t h e  a n n u l i  c o u n t .  Ir? t h e  

p r e s e n t  s t u d y ,  a l l  s e c t i o n s  examined  c o n t a i n e d  a t y p i c a l  f i r s t  



a n n u l u s ,  A 1 1  a g e  estimates l i s t e d  i n  Append ix  I t h u s  c o r r e s p o n d  

t o  t h e  a c t u a l  a n n u l i  c o u n t s .  

The  ease i n  i d e n t i f y i n g  a n d  c o u n t i n g  a n n u l i  v a r i e s  w i t h  t h e  

n a t u r e  a n d  c o m p l e x i t y  of t h e  cementum d e p o s i t  a n d  t h e  q u a l i t y  of  

t h e  h i s t o l o g i c a l  p r e p a r a t i o n ,  I n  g e n e r a l ,  t h e  g r o w t h  i ~ c r e m e n t s  

w i t h i n  t h e  c o r o ~ a l  r e g i o n  d e c r e a s e d  i n  w i d t h  w i t h  i n c r e a s i n g  age- 

I n  o l d e r  a n i m a l s  t h e r e f o r e ,  t h e  a n n u l i  were d i f f i c u l t  t o  d e l i n d -  

a t e  a n d  c o u n t  (see a l s o  G i l b e r t  1966; L o c k a r d  1972; RcCutcfien 

1966; Biller 1914a ,  1974b ,  a n d  Thomas a n d  Bandy 1 9 7 3 ) -  Here, 

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

I n  a few i n s t a n c e s ,  o n l y  a n  e x a m i n a t i o n  o f  t h e  t h i c k e r  d e s o s i t s  

p r o v i d e d  a r e l i a b l e  a g e  estimate, 

I n  t h e  t h i c k e r  d e p o s i t s ,  a c c e s s o r y  l i n e s  were g e n e r a l l y  

p r e s e n t  and v a r i a b l e  i n  number. I n  p r o p e r l y  s t a i n e d  s e c t i o n s ,  

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

c o n v e r s e l y ,  i n  p o o r l y  s t a i n e d  p r e p a r a t i o n s ,  the l a a e l l a e  o f t e n  

were ra t  h e r  d i f f i c u l t  t o  d i f f e r e n t i a t e .  S p l i t  a n n u l i  were a l s o  

common i n  t h e  d i f f u s e  cementum a n d ,  i n  o l d e r  a n i m a l s ,  t e r d e d  t o  

c o n f u s e  t h e  c o u n t ,  In t h e  t h i c k e r  d e p o s i t s ,  t h e  g r o w t h  layers 

a l so  were of v a r i a b l e  t h i c k n e s s ,  Here, t h e  t e n d e n c y  was towards 

w i d e r  g r o w t h  i n c r e m e n t s  w i t h  a d v a n c i n g  a g e  realring these d e p o s i t s  

of c o n s i d e r a b l e  v a l u e  i n  a g i n g  some of t h e  o l d e r  a n i m a l s .  

T h e  cementum d e p o s i t s  o f  some a n i m a l s  i n n a t e l y  p r o d u c e  more 

l e g i b l e  a n n u l i  w i t h  fewer a c c e s s o r y  l i n e s  a n d  s p l i t  a n n u l i ,  F o r  

C a c h e  la P o u d r e  mule d e e r ,  the f i r s t  m a n d i b u l a r  molar o f  males 

g e n e r a l l y  c o n t a i n e d  more d i s t i n c t  a n n u l i  t h a n  t h o s e  of females- 



The r e a s o n  f o r  t h i s  o b s e r v e d  s e x u a l  d i f f e r e n c e ,  however,  is un- 

known a t  p r e s e n t .  

F a l s e  a n n u l i  o r  r u t  l i n e s  were a l so  p r e s e n t  i n  a number o f  

t h i n  s e c t i o n s ,  A f a l s e  a n n u l u s  i s  a t h i n ,  d a r k l y  s t a i n e d  band  

o c c u r r i n g  n e a r  t h e  d a r k  band of t h e  a n n u a l  l a y e r  b u t  s e p a r a t e d  

from t h e  l a t t e r  by a n a r r o w ,  l i g h t  s t a i n i n g  zoce. Low a n d  Cowan 

(1963:469) a s s o c i a t e d  t h i s  b a n d  w i t h  t h e  p e r i o d  o f  s t a r v a t i o n  i n  

males d u r i n g  the r u t  a n d  l a b e l l e d  it the " r u t  l i n e m -  Re i~er s  a n d  

Nordby (1968)  r e p o r t e d  a h i g h e r  i n c i d e n c e  of s u c h  l i n e s  i n  m a l e  

r e i n d e e r  o n  p o o r e r  r a n g e  a n d  s u g g e s t e d  a  n u t r i t i o n a l  b a s i s  f o r  

its p r e s e n c e  i n  o n l y  c e r t a i n  males, S u b s e q u e n t l y ,  s e v e r a l  b i o -  

l o g i s t s  n o t e d  t h e  o c c u r r e n c e  of such f a l s e  a n n u l i  i n  b o t h  s e x e s  

a n d ,  o n  t h i s  b a s i s ,  d i s p u t e d  i t s  a s s o c i a t i o n  w i t h  t h e  r u t  (see 

L o c k a r d  1972,  a n d  Biller 197Ub)- I n  t h e  present a n a l y s i s ,  such 

d o u b l e  rest l i n e s  were o b s e r v e d  i n  t h e  t h i n  s e c t i o n s  of b o t h  t h e  

maales and  females, Vhen p r e s e n t ,  f a l s e  a n n u l i  o c c u r r e d  f o r  t h e  

s e c o n d  a n d  a l l  s u b s e q u e n t  a n n u l i ,  I n  a l l  c a s e s  however ,  they 

were e a s y  t o  i d e n t i f y  a n d  d i d  n o t  c o n f u s e  t h e  a c n u l i  c o u r t ,  

R e s o r p t i o n  of t h e  cementum r e s u l t i n g  f rom mesial d r i f t  o r  

d e n t a l  t r a u m a  was e v i d e n t  i n  a  number of t h e  t h i n  s e c t i o n s ,  I n  

l o n g i t u d i n a l  thin s e c t i o n s ,  t h e  a r e a s  o f  r e s o r p t i o n  were easy t o  

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

(see Enlow 1963; J o v s e y  1963, a n d  L i t t l e  1 9 7 3 ) -  I n  all c a s e s ,  

t h e  r e s o r p t i o n  c a v i t i e s  were l o c a l i z e d  w i t h i r i  t h e  cementum l a y e r  

(see G r u e  a n d  J e n s e n  1979) - I n  g e n e r a l ,  t h e y  c r o s s c u t  s e v e r a l  

a n n u l i ,  o c c a s ' i o n a l l y  e x t e n d i n g  u e l l  i n t o  the d e n t i n e ,  A t  no time 

was t h e r e  a n y  e v i d e n c e  for t h e  s e l e c t i v e  r e s o r p t i o n  of i n d i v i d u a l  



a n n u l i  a s  s u g g e s t e d  by Hemming (1969) .  As a r e s u l t ,  cementum 

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

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

o f  r e s o r p t i o n  a r e  e a s y  t o  i d e n t i f y  a n d ,  h e n c e ,  s h o u l d  n o t  a f f e c t  

t h e  r e l i a b i l i t y  o f  t h e  f i n a l  a g e  estimate, 

R e s u l t s  of t h e  P r e s e n t  R e s e a r c h :  

I n  t h e  p r e s e n t  s t u d y ,  a n n u l i  were p r e s e n t  i n  the cemea tum 

d e p o s i t s  of most s p e c i m e n s ,  O f  t h e  102 molars s e c t i o n e d ,  o n l y  

four p r o d u c e d  i l l e g i b l e  t h i n  s e c t i o n s ,  Par s p e c i m e n s  38 and  75,  

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

o r  t o o  c o m p l e x  for  r e l i a b l e  c o u n t s ,  S p e c i m e n s  120 a n d  1 7 8 ,  o n  

t h e  o t h e r  h a n d ,  e x h i b i t e d  e x t e n s i v e  r e s o r p t i o n  of t h e  c e m e a t u m  

and d e n t i n e ,  II! f a c t ,  t h e  mesial r o o t  o f  d e e r  1 2 0  was t o t a l l y  

r e s o r b e d ,  T h e  r e ~ a i n i n g  98  s p e c i m e n s  were a g e d   fro^ cementum 

a n n u l i  c o u n t s  o f  t h e  f i r s t  m a n d i b u l a r  molar, T h e i r  r e s p e c t i v e  

a g e  estitsates are l i s t e d  i n  A p p e n d i x  I, Cf these 98 d e e r ,  n i n e t y  

o n e ,  r a n g i n g  f r o m  2 t o  1 3  y e a r s  o l d ,  were a g e d  i n d e p e n d e n t l y  f r o m  

cemen tum a n n u l i  c o u n t s  o f  t h e  c e n t r a l  i n c i s o r  ( E r i c k s o n  1967)  aad 

t h e  f i r s t  m a n d i b u l a r  molar ( p r e s e n t  s t u d y ) -  As shown i n  Append ix  

I, t h e r e  i s  p e r f e c t  a g r e e m e n t  i n  t h e  a g e  estimates o f  80 d e e r  o r  

88 p e r  c e n t  o f  t h e  saaaple ,  F o r  t h e  r e m a i n i n g  11 d e e r  o r  12 p e r  

cent of t h e  s a m p l e ,  t h e r e  is a d i s a g r e e m e n t  o f  o n l y  p l u s  o r  m i n u s  

1 y e a r ,  T h e  d i s a g r e e m e n t s  i n c o z p o r a t e  a l l  a g e  g r o u p s  a n d ,  c h u s ,  

d o  n o t  appeat t o  ref lect  d i f f i c u l t i e s  i n  d e l i n e a t i n g  a n d  c o u n t i n g  

t h e  a n n u l i  i n  o l d e r  a n i m a l s ,  T h e r e  is, however ,  a t e n d e n c y  for 



h i g h e r  a g e  estimates when e x a m i n i n g  l o n g i t u d i n a l  t h i n  s e c t i o n s  of  

t h e  molar, F o r  t h e  11 a n i m a l s  w i t h  d i f f e r i n g  a z n u l i  c o u n t s ,  t h e  

m o l a r  t h i n  s e c t i o n s  y i e l d e d  t h e  lower a g e  estimates i n  o n l y  two 

d e e r  ( s p e c i m e n s  5 a n d  95). I n  t h e  r e m a i n i n g  n i n e  deer, the ~ t o l a r  

t h i n  s e c t i o n s  d i s p l a y e d  o n e  more a n n u l u s  t h a n  t h e  c r o s s  s e c t i o n s  

o f  t h e  c e n t r a l  i n c i s o r ,  

It is t e m p t i n g  t o  a t t r i b u t e  t h e  e r r o r s  t o  v a r i a t i o n s  i n  t h e  

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

d e l a y e d  e r u p t i o n  was n o t  i n d i c a t e d  a s  d i s t i n c t  f i r s t  a n n u l i  were 

p r e s e n t  i n  a l l  s e c t i o n s ,  I n  the c a s e  o f  t h e  c e n t r a l  i n c i s o r s ,  on 

t h e  o t h e r  h a n d ,  t h e  e r u p t i o n  d a t e s  c a n n o t  b e  d e t e r m i n e d  f rom the 

t h i n  s e c t i o n s  s i n c e  E r i c k s o n  (1367) removed t r a n s v e r s e  s e c t i o n s .  

D e l a y e d  e r u p t i o n  o f  t h e  i n c i s o r s  t h u s  may a c c o u n t  f o r  some  o f  t h e  

l o w e r  a g e  e s t i m a t e s  i n  E r i c k s o n * ~  s t u d y .  

A s  n o t e d  a b o v e ,  t h e  l e g i b i l i t y  o f  t h e  t o o t h  s e c t i o n s ,  t h e  

s u b j e c t i v i t y  i n  i d e n t i f y i n g  a n n u l i  a n d  t h e  p r e s e n c e  of m u l t i p l e  

l i n e s  i n f l u e n c e  t h e  a c c u r a c y  o f  a n y  a g e  estimate b a s e d  o n  growth 

i n c r e m e n t s ,  I n  t h i s  p a r t i c u l a r  s t u d y ,  t h e  e x p e r i e n c e  o f  t h e  re- 

s e a r c h e r  c o n s t i t u t e d  a n  a d d i t i o n a l  s o u r c e  o f  error, F o r  t h e  I 1  

s p e c i m e n s  u n d e r  c o n s i d e r a t i o n  however ,  a l l  t h i n  s e c t i o n s  ver e 

c l e a r l y  l e g i b l e  a n d  d e v o i d  o f  m u l t i p l e  f i n e s  a s  i l l u s t r a t e d  i n  

t h e  p h o t o m i c r o g r a p h s  of F i g u r e  12, V i t h  t h e  e x c e p t i o n  of s p e c i -  

men 98, a l l  t h e  r e s p e c t i v e  t h i n  s e c t i o n s  a r e  e a s y  t o  i n t e r p r e t , .  

T h e  c o m p l e x i t y  of t h e  t h i n  s e c t i o n  t h u s  c a n n o t  a c c o u n t  f o r  t h e  

o b s e r v e d  d i f f e r e n c e s  i n  t h e  age e s t i m a t e s ,  

T h e  c h o i c e  of h i s t o l o g i c a l  p r o c e d u r e  and  t h i n  s e c t i o n  t y p e  

p r o b a b l y  a l s o  c o n t r i b u t e d  to  t h e  o b s e r v e d  d i f f e r e n c e s  i n  the age 









estimates, As n o t e d  a b o v e ,  t h e r e  i s  a g r e a t e r  c h a n c e  o f  e r r o r  i n  

t h e  e x a m i n a t i o n  cf t r a n s v e r s e  s e c t i o n s ,  E r i c k s o n @ s  ( 1 9 6 7 )  use o f  

95 m i c r o n  t r a n s v e r s e  s e c t i o n s  f u r t h e r  c o m p o u n d s  t h e  p r o b l e m ,  I n  

s e c t i o n s  of t h i s  t h i c k n e s s ,  c l o s e l y  s p a c e d  a n n u l i  t end  t o  b l e z d  

t o g e t h e r ,  F o r  d e e r  s u c h  a s  s p e c i m e n  7 3 ,  t h i s  l e a d s  t o  a n  a g e  

estislate w h i c h  i s  o n e  year less  t h a n  t h e  a c t u a l  c o u n t ,  

H i s i n t e r p r e t a t i o n s  are a l s o  comaon when e x a m i n i n g  t h e  t h i n  

s e c t i o n s  of a n i m a l s  s h o t  i n  A p r i l  or  Hay, I n  d e e r ,  a n n u l u s  for- 

m a t i o n  is g e n e r a l l y  c o m p l e t e  b y  t h e  e n d  of March. D e p o s i t i o n  o f  

t h e  s u c c e e d i n g  g r o w t h  i n c r e m e n t  g e n e r a l l y  b e g i n s  i n  l a t e  Harch-  

e a r l y  A p r i l ,  As a r e s u l t ,  t h e  a n n u l u s  c o m p l e t e s  i t s  f o r m a t i o n  

s e v e r a l  m o n t h s  b e f o r e  t h e  b i r t h  d a t e  of t h e  a n i m a l ,  F o r  a n i m a l s  

s h o t  d u r i n g  this i n t e r v a l  t h e n ,  t h e  a n n u l i  c o u n t  for  any t o o t h  is 

a l w a y s  o n e  more t h a n  t h e  c h r o i l o l o g i c a l  a g e  of t h e  a n i m a l .  I n  the 

p h o t o m i c r o g r a p h  of s p e c i m e n  5, f o r  i n s t a n c e ,  t h e r e  a re  4 d i s t i n c t  

a n n u l i  a l t h o u g h  t h i s  a n i m a l  i s  o n l y  3 y e a r s  a n d  1 1  m o n t h s  old..  A 

r e v i s i o n  o f  t h e  s l i d e s  f o r  t h e s e  11 a n i m a l s ,  h o w e v e r ,  r e v e a l e d  n o  

d i s c r e p a n c i e s ,  

I n  sum, d e s p i t e  t h e i r  l i m i t a t i o n s ,  cemen tum a n n u l i ,  a s  seen 

i n  d e c a l c i f i e d  a n d  s t a i a e d  t h i n  s e c t i o n s ,  are a t  p r e s e n t  t h e  b e s t  

c r i t e r i a  a v a i l a b l e  f o r  d e t e r m i n i n g  t h e  age  of mule deer w i t h  a 

full p e r m a n e n t  d e n t i t i o n ,  T h e  method ia n o t  i n f a l l i b l e  a l t h o u g h  

the error r a n g e  is s u b s t a n t i a l l y  less t h a n  i n  a n y  o f  t h e  o t h e r  

a g i n g  t e c h n i q u e s  p r e s e n t l y  e m p l o y e d  i n  f a u n a l  s t u d i e s ,  



Summary: 

I n  brief, t h i s  c h a p t e r  o u t l i n e s  t h e  i m p o r t a n c e  of age deter-  

m i n a t i o n  i n  z o o a r c h a e o l o g y  a n d  r e v i e w s  t h e  i r e t h o d s  p r e s e n t l y  eat- 

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

It t h e n  recommexds a n n u l i  c o u n t s ,  a s  s e e n  i n  d e c a l c i f i e d  and 

s t a i n e d  t h i n  s e c t i o n s ,  for a g e  e s t i m a t i o n  i n  m a t u r e  m u l e  d e e r ,  

T h i s  t e c h n i q a e  is  r e l a t i v e l y  a c c u r a t e  as i n d i c a t e d  by s t u d i e s  

w i t h  knowr, age a n i m a l s -  P u r t f i e r ,  i n  t h i s  s t u d y ,  t h e r e  i s  a n  88% 

a g r e e a e n t  b e t w e e n  i n d e p e n d e n t  c o u n t s  of a n n u l i  i n  t h e  central 

i n c i s o r  a n d  t h e  f i r s t  loolar. Here, d i s a g r e e m e n t s  n e v e r  e x c e e d  

p l u s  or  m i n u s  one y e a r ,  Cementum a n n u l i  c o u n t s  t h u s  p r o v i d e  

r e l i ab l e  a b s o l u t e  a g e  estimates f o r  p r e h i s t o r i c  f a u n a ,  Further, 

if c a m p l e m e n t e d  by a n  a n a l y s i s  of t o o t h  e r u p t i o n  a n d  r e p l a c e m e n t  

s c h e d u l e s ,  t h i s  t e c h n i q u e  e n a b l e s  a c c u r a t e  a g i n g  of a l l  mu le  d e e r  

r e p r e s e n t e d  b y  m a n d i b l e s  or  p o r t i o n s  t h e r e o f .  



7, S e a s o n a l i t y  A s s e s s m e n t  

f n t r o d  

The  a n a l y s i s  o f  s e a s o n a l  g r o w t h  r i n g s  i n  f i s h  
scales o r  d e e r  t e e t h ,  .., would d o  much t o  a n s w e r  
o u r  q u e s t i o n s  a b o u t  s e a s o n a l i t y  i n  t h e  D r i f t l e s s  
Area d u r i n g  p r e h i s t o r y  b u t  s u c h  work h a s  y e t  t o  
be c a r r i e d  o u t  e x t e n s i v e l y  h e r e  (Emersoc  1979: 230). 

One o f  t h e  main -- - -- - o b j e c t i v e s  - . -- o f  a n y  f a u n a l  a c a l y s i s  is t o  de- 

t e r a l n e  t h e  s e a s o p a l i t y  o f  a n i m a l  e x p l o i t a t i o n  a n d ,  b y  i n f e r e n c e ,  ---- -- 

t h e  s e a s o n  of s i t e  o c c u p a t i o n .  I n  g e n e r a l ,  estimates o f  t h e  d a t e  - -- . -- - --- - 

of d e a t h  a r e  d e r i v e d  from c e r t a i n  o s t e o l o g i c a l  i n d i c a t o r s ,  From - - - -- -- - - 

t h e s e  . d a t a ,  a r c h a e o l o g i s t s  t h e n  i n f e r  t h e  s e a s o n a l i t y  _of human 

a c t i v i t i e s  a n d  the s e a s o n  o f  s i t e  o c c u p a t i o n ,  - -  F o r  s t o c k - r e a r i n g  - 
s o c i e t i e s ,  -- s e a s o n a l i t y  -- - e s t i m a t e s  - -- - - -. -- p r o v i d e  - a n  a r c h a e o l o g i c a l  b a s i s  

f o r  ---- e v a l u a t i ~ g  t h e  p r e h i s t o r i c  p a t t e r n s  o f  h e r d  manageraeiit, S u c h  

a s s e s s m e n t s ,  f o r  i n s t a ~ c e ,  v a l i d a t e  or r e f u t e  t h e  r e p o r t e d  au tumn 

s l a u g h t e r  o f  young l i v e s t o c k  t o  overcome t h e  s h o r t a g e  of w i n t e r  

f o d d e r  (see H i g g s  a n d  W h i t e  1963, and Saxon  a n d  H i g h a a  1363) .  Ir, 

t h e  s t u d y  of  reh hi st o r i c  h u n t i n g  a n d  g a t h e r i n g  societies, asses- 
- -  - - L - 

L s i n g  s e a s o n s  o f  death h e l p  e s t a b l i s h  s e a s o n a l  p a t t e r n s  of  a n i m a l  - -  

e x p l o l t a  t i o n ,  The z o o a r c h a e o l o g i s t  t h u s  d e t e r m i n e s  t h e  a n n u a l  - -- - - -- . 

cycle of r e s o u r c e  e x p l o i t a t i o n  a n d  a t t e m p t s  t o  r e l a t e  t h e  peak  

p e r i o d s s f  ..- . - -- e x p l o i t a t i o n  w i t h  t h e  b e h a v i o r  p a t t e r n s  o f  t h e  p r e y  o r  

t h e  - e c o n o m i c  . r e q u i r e m e n t s  of t h e  g r o u p  (see C l e l a n d  1966;  Emerson 

1979 ,  1980; F l a n n e r y  7967, 1968 ,  a n d  S m i t h  1975a ,  1378) .  

T o  i n f e r  s e a s o n a l i & y  from t h e  o s t e o l o g i c a l  i n d i c a t o r s  o f  d 
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s p e c i e s  o n e  m u s t  -- - a s s u m e  a t e m u r a l  -- . u n i f o r m i t y  - i n  t h e  b e h a v i o r  a n d  

? 
; ~ r o w t h  p a t t e r n s  o f  - t h e  -- - - a n i m a l ,  - - For most u n g u l a t e s ,  d i u r n a l  a n d  - 

f 

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

b a s i c  b e h a v i o r  p a t t e r n s -  P a l y n o l o g i c a l  d a t a  s u g g e s t  a r e l a t i v e  

u n i f o r m i t y  i n  t h e  climate a n d  f l o r a  d u r i n g  t h e  Holocene .  I t  is 

t h e r e f o r e  n o t  u a r e a s o n a b l e  t o  a s s u m e  a  b a s i c  s i m i l a r i t y  i n  t h e  

b e h a v i o r  p a t t e r n s  of modern  a n d  p r e h i s t o r i c  u n g u l a t e  p o p u l a c  c ions, ' 

S i s t i l a r l y ,  p a l e o n t o l o g i c a l  -- - A - ---- -. - e v i d e n c e  - - . . i n d i c a t e s  a r e l a t i v e l y  -un i -  

f o r m . ~ r o w t h  p a t t e r n  f o r  u n g u l a t e s  d u r i n q  t h e  l a s t  10,000 g e a r s .  

T o  a s s u a e  c o m p a r a b l e  g r o w t h  patterns i n  modern and p r e h i s t o r i c  
-. 

u n g u l a t e s  is t h u ~  n o t  u c r e a s o n a b l e ,  C o n s e q u e n t l y ,  i n f e r e n c e s  on  "- - -  -- - - - -- - - 

t h e  s e a s o n  of d e a t h  as d e r i v e d  f rom e s t a b l i s h e d  o s t e o l o g i c a l  i n -  

d i c a t o r s  - are assumed t o  b e  r e l i a b l e ,  

. F a u n a l  i n d i c a t o r s  of s e a s o n a l i t y  are, by  t h e i r  v e r y  n a t u r e ,  

i n d i c a t i v e  of o n l y  c e r t a i n  s e a s o n s ,  Few, i f  any ,  o s t e o l o g i c a l  
. - 

i n d i c a t o r s  are r e l i a b l e  f o r  a l l  s e a s o n s .  I n  n o r t h e r n  l a r i t u d e ; ,  

f o r  i n s t a n c e ,  t h e  p r e s e n c e  of  a i g r a t o r y  o r  h i b e r n a t i n g  s p e c i e s  i r i  
-. __ _ -- --- -- -- - --- - -- - - - 

a e s s e m b l a g e  i m p l i e s  a n  e x p l o i t a t i o n  - -  -. w h i c h  c o i n d d s  w i thtfie 

reso- of s u c h  a n i m a l s  i n  t h e  si te a r e a  fBokony i  1970) - T-he L :z-:.= =s -% - -up- - - 

_in terms of s e a s o n a l i t y .  S p e c i f i c  -- o s t e o l c g i c a l  - i n d i c a t o r s  a r e  

e q u a l l y  r e s t r i c t i v e  a n d  v a r y - f r o m  s p e c i e s  t o  species. O n l y  t h e  

p r e s e n c e  of such -- s k e l e t a l  . . - e l e m e n t s  - . p r o v i d e s  any-ev&P_g~_c_g-_fqr 

s e a s o n a l  - a s s e s s m e n t s ,  T h e i r  a b s e n c e  - - -- -- -- r e f l e c t s  e i t h e r  p e r i o d s  o f  - 

n a n - e x p l o i t a t i o r ,  o r  s a m p l i n g  b i a s .  - -  As - a  r e s u l t ,  o n l y  a  small 

p t o p o r t $ o n  - - o f  - a g  -- . f a u n a l  - a - - a s s e m b l a g e  y i e l d s  i n f o r m a t i o n  o n  t h e  
-- - - - - -  - -  - - 

s e a s o n  -p_f d e a t h .  



T h e  r e s u l t s  of a n y  f a u n a l  a n a l y s i s  l e a d  o n l y  t o  i n f e r e n c e s  

c o n c e r n i n g  t h e  s e a s o n  of d e a t h  o f  a n  a n i m a l .  I n  p r a c t i c e ,  s u c h  

i n f e r e n c e s  a re  r e s t r i c t e d  t o  t h o s e  f e u  a n i m a l s  whose s k e l e t a l  

e l e m e n t s  were examined ,  T o  s u g g e s t  a  s e a s o n a l  e x p l o i t a t i o n  o f  

t h e s e  a n i m a l s  a s s u m e s  o n l y  t h a t  human p r e d a t i o n  was t h e  i mediate 

c a u s e  of d e a t h ,  I n f e r r i n g  a c o m p a r a b l e  fate for a l l  members of a  

s p e c i e s  however  a s s u m e s  t h a t  t h e  a n a l y z e d  s a m p l e  i s  i n d e e d  r e p r e -  

s e n t a t i v e  of  t h e  e n t i r e  f a u n a l  a s s e m b l a g e ,  S u c h  a s s u n a p t i o n s  a r e  

o f t e n  u n j u s t i f i a b l e  a n d  l e a d  to e r r o n e o u s  m o d e l s  o f  s e a s o n a l  

e x p l o i t a t i o n ,  

To i n f e r  p e r i o d i c  o c c u p a t i o n  a n d  a b a n d o n m e n t  of a p a r t i c u l a r  

s i t e  area from t h e  o s t e o l o g i c a l  i n d i c a t o r s  of s e a s o 3 a l i t y  assumes 

t h e  t e m p o r a l  e q u i v a l e n c e  of a t  l eas t  t w o  e v e n t s ,  t h e  d e a t h  o f  the 

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

is t h e  a p p r o x i m a t e  s i m u l t a n e i t y  of p r o c u r e m e n t ,  u t i l i z a t i o n  and 

d i s c a r d  of t h e  a n i m a l  a 3 d  i ts r e m a i n s  a t  t h e  s i te  ( A r t z  1980) -  

R a r e l y  a r e  s u c h  a s s u m p t i o n s  e x p l i c i t l y  s t a t e d  i n  a n y  r e p o r t  (see 

S m i t h  1978) , I n s t e a d ,  --- most f a u n a l  - a n a l y s t s  a n d  a r c h a e o l o g i s t s  - - - - -  - -we-- 

--to e- -. t e  .-1 - w i t h o u t  _ - _ . .- r e s e r v a t i o n s + _  - *he- s e a s o n a l  e x p l o i t a t i o n  

of a s p e c i e s  w i t h  t h e  s e a s o n a l  o c c u p a n c y  of a s i t e  (see Emerson .--- --- - -- -- 1 

1979 for a  d i s c a s s i o n ) .  - C o n c u r r e n t l y ,  -- t h e y  - .- . assoc ia t f3_ t f i e  -- a b s e n c e  

of s f a s o n a l  i n d i c a t o r s  w i t h  p e r i o d s  of  n o n - e x p l o i t a t i o n  - .  and,  b y  

e x t e n s i o n ,  p e r i o d i c  a b a r d o n m e n t  o f  t h e  site,  All too often s u c h  

r e s e a r c h e r s  i g n o r e  d e v i a t i o n s  from n o r m l i t y  i n  t h e i r  s e d r c h  f o r  

b e h a v i o r  p a t t e r n s  i n h e r e n t  i n  t h e i r  m o d e l s  af s e a s o n a l  inoveRents. 

I n  f a c t ,  t>e p r e s e n c e  o r  a b s e n c e  o f  s e a s o n a l i t y  i n d i c a t o r s  i n - a n y  - -- -- - - - z 

f a u n a l  a s s e n b l a g e ,  may r e f l e c t  s a m p l e  b i a s  or a s e a s o n a l  p u r s u i t  



of v a r i o u s  - .- r e s o u r c e s  r a t h e r  t h a n  a  p e r i o d i c  o c c u p a t i o n  a n d  a b a n -  
- -  - 

donment  of t h e  site. T h u s ,  a s  n o t e d  b y  A r t z  ( l 9 8 0 : 5 2 ) ,  i n f e r r i n g  - -- 

a s e a s o n  of s i te  o c c u p a t i o n  ". , . r e q u i r e s  t h e  p u r s u i t  of numerous  

i n d e p e n d e n t  a n d  c o m p l e m e n t a r y  l i n e s  o f  i n q u i r y ,  a l l  o f  which a r e  

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

of site s e a s o n a l i t y n .  

T h e  p r e s e n t  d i s c u s s i o n  r e c o g n i z e s  b u t  d o e s  n o t  c o n s i d e r  t h e  

p r o b l e m s  i n h e r e n t  i n  t h e  a s s e s s m e n t  o f  site s e a s o n a l i t y .  Here, 

i n f e r e n c e s  o n  s e a s o n a l i t y  are  r e s t r i c t e d  t o  t h e  e x p l o i t a t i o n  o f  a  

f a u n a l  r e s o u r c e ,  T h e  p r e s e n t  c h a p t e r  t h e r e f o r e  f o c u s e s  o n  t h e  

d e r i v a t i o n  of s e a s o n a l i t y  from t h e  o s t e o l o g i c a l  i n d i c a t o r s  i n  a  

f a u n a l  a s s e m b l a g e ,  A s  s u c h ,  i t  r e v i e w s  a n d  e v a l u a t e s  z o o a r c h a e o -  

l o g i c a l  ne  t h o d s  for d e r i v i n g  s e a s o n a l i t y  f roiu t h e  o s t e o l o g i c a l  

e l e m e n t s  of u n g u l a t e s ,  It t h e n  e x a s t i n e s  t h e  p o t e n t i a l  o f  g r o w t h  

i n c r e m e n t s  i n  s u c h  d e t e r m i n a t i o n s  a n d  p r e s e n t s  a q u a n t i t a t i v e  

a p p r o a c h  for  e s t i m a t i n g  t h e  a p p r o x i m a t e  d a t e  of d e a t h  o f  m a t u r e  

mule d e e r  f r o m  a n n u l i  i n  t h e  cementum o f  t h e  f i r s t  m a n d i b u l a r  

molar. 

S e a s o n a l i t y  I n d i c a t o r s  i n  Z o o a r c h a e o l o g y :  

Ta u n g u l a t e - p o ~  u_la t ions ,  t h e  p o s t c r a n i a l  s_kele ton--provi  des  

L i t t l e  e v i d e n c e  fo r  t h e  d e t e r m i n a t i o a  of s e a s o n a l i t y .  T h e  best 

p o s t c r a n i a l  i n d i c a t o r s  of s e a s o n a l i t y  a r e  f e t a l  r e m a i n s ,  To must  

f a u n a l  a n a l y s t s ,  --- - - t h e  presence - .- o f  - - f e t a l  - b o n e s  i n  t h e i r  a s s e m b l a g e  
- - -- - - - --- -- 

i n d i c a t e s  -- ---- an' e x p l o i t a t i o n  -- -. . - of .- -- f e m a l e s  - -- - d u r i n g  t h e  l a t t e r  months  o f  ,. - -- - -- - - - - - - -- -- - 

g e s t a t i o n  ( H a m  and  B r o d e r i c k  1981; P i t t s  1979, a n d  Quigg 1 9 7 4 ) -  



Assuming r e l a t i v e  u n i f o r m i t y  i n  t h e  r u t t i n g  a n d  c a l v i n g  s e a s o n s ,  _ _- -- - -_ _. _ __ _ .- - .- - -- - --- 

$ h e  p r e s e n c e  - -- of f e t a l  r e m a i n s  t h u s  s u g g e s t s  a w i n t e r - s p r i n g  kill, 

T o  o b t a i n  n o r e  a c c u r a t e  estimates of t h e  d a t e  o f  d e a t h ,  some zoo- 

a r c h a e o l o g i s t s  a t t e m p t  t o  d e t e r m i n e  t h e  a p ~ r o x i m a t e  a g e  of the 

f e t u s  W i l s o n  { l97U) ,  f o r  i n s t a n c e ,  u s e s  a c o m p a r a t i v e  s a m p l e  of 

known-age f e t u s e s  t o  e v a l u a t e  t h e  s i z e  a n d  r e l a t i v e  d e v e l o p m e n t  

of h i s  a r c h a e o l o g i c a l  i n a t e r i a l .  He d i s c u s s e s  t h e  o c c c u r r e n c e  of 

s t r a t i f i c a t i o n  i n  t h e  d i a p h y s e s  of f e t a l  l o n g  b o n e s  but fails t o  

c o n f  i ra  i t s  r e l a t i o n s h i p  w i t h  age, O t h e r  a n a l y s t s  m e a s u r e  f e t a l  

l o n g  b o n e s  and t r a n s l a t e  s u c h  m e a s u r e m e n t s  i n t o  a n  a g e  j& u t e r o  

f o r  t h e  fetus (Bouchud 1975 a n d  Spiess 1 9 7 9 ) -  Spiess* (1973:187) 

c a l c u l a t i o n s ,  f o r  e x a l a p l e ,  y i e l d  a da te  of d e a t h  which, i n  h i s  

o p i n i o n ,  i s  a l w a y s  w i t h i n  o n e  a o n t h  of the a c t u a l  d a t e  of death, 

. T y p i c a l l y ,  f e t u s e s  are p r e s e n t  i n  mos t  r e p r o d u c t i v e  f e m a l e s  

d u r i n g  cer tain months  of t h e  y e a r ,  Abnorinal p r e g n a n c i e s  d o  o c c u r  

b u t  are rare i n  most p o p u l a t i o n s .  The a b u n d a n c e  of f e t a l  r e m a i n s  

i n  a n y  f a u n a l  a s s e m b l a g e  is t h u s  l i a i t e d ,  , F e t a l  b o n e s  a r e  q l s o  

c h a r a c t e r i s t  jcd.l.y9~orous a n d .  f r a g i l e ,  Hence,  . - -- t h e y  - are - -  e x t r e m e l y  

s u s c e p t i b l e  t o  a n y  c u l t u r a l ,  m e c h a n i c a l  a n d  c h e m i c a l  d e g r a d a t i o n ,  --- - 

T h e  p r o b a b i l i t y  . -- - --- . o f  -. e n c o u n t e r i n g ,  r e c o g n i z i n g  a n d  r e c o v e r i n g  "such 

r e m a i n s  i s  thus u n d e r s t a n d a b l y  low, C s e q u e n t l y ,  the a b s e n c e  of - -- 

ma1 r e ~ a i n s  may i n d i c a t e  p o o r  p r e s e r v a t i o n ,  s a m p l i p g  error or 

c u l t u r a l  b i a s ,  n o t  s e a s o n a l i t y ,  F u r t h e r ,  a n y  a g e  estimate b a s e d  ---- - -  

on m e a s u r e m e n t s  a l o n e  becomes s u s p e c t ,  

I n  you%-9 . c a l v e s ,  - b o n e  _ I g r o w t h  a n d  f u s i o n  .__ __ of _ _ t h e  _ - -  _ -  e p i p h y s e s  __ - _- 

p r o v i d e - _ y e & a t i v e l y  a c c u r a t e  age estimates, Assuming a r e s t r i c t e d  

c a l v i n g  s e a s o n ,  s u c h  a g e  estimates t r a n s l a t e  i n t o  a n  a p p r o x i m a t e  



d a t e  of d e a t h  (see Bouchud 1966 ;  P i t t s  1979, a n d  S t e w a r t  1973) .  

I n  g e n e r a l  however ,  a g e  estimates b a s e d  on  b o n e  g r o w t h  a n d  t h e  

r a t e  o f  e p i p h y s ~ a l  f u s i o n  are s u b j e c t  t o  t h e  v a g a r i e s  d i s c u s s e d  

i n  t h e  p r e v i o u s  c h a p t e r .  T h e  e s t i m a t e d  a g e s  a t  d e a t h ,  t h e r e f o r e ,  

i n c o r p o r a t e  g r e a t  time i n t e r v a l s  w i t h  c o n c o m i t a n t  r a n g e s  f o r  t h e  

i n f e r r e d  s e a s o n  o f  d e a t h  (see B i l l i a m s  1978) .  

R s a l e d  l e s i o n s  i n  t h e  -- p o s t c r a n i a l  -- s k e l e t o n - a r e _ -  A s  - .- a l s o  inter- 

p r e t e d  - - - as  - - -- er - i d e n c e  f o r  s e a s o n a l i t e  - (Noe-Nygaard 1 9 7 5  a n d  P i t t s  

1 9 7 9 ) -  Here, i n f e r e n c e s  on t h e  d a t e  o f  d e a t h  are b a s e d  on  t h e  

b i o l o g y  a n d  b e h a v i o u r  of e l k  (Afces a l c e q )  and  r e d  d e e r  (C- 

e l a c h u s )  , A c c o r d i n g  t o  Noe-Nygaard (1975: 1 5 ) ,  " - - , w i n t e r t i m e  is 

t h e  p e r i o d  when t h e  c h a n c e s  o f  h i t t i n g  t h e  same a n i i a a l  for the 
- - -  

s e c o n d  - time a  re g r e a t e s t , , ,  "- I n  h e r  e s t i m a t i o n  t h e r e f o r e ,  

p a r t i a l l y .  h e a l e d  l e s i o n s  i n  t h e  o s t e o l o g i c a l  s a g l p l e  indicate a n  

m l o i t a + , i o n  d u r i n g  t h e  w i n t e r  months,  I m p l i c i t  o r  e x p l i c i t  i n  

t h i s  a r g u m e n t ,  however ,  i s  a n  assumed  f a l l  h u n t i n g  s e a s o n ,  

I n  z o o a r c h a e o l o g y ,  _ most - s e a s o n a l i t y  - - - - - -- - e s t i @ a t e s _ - f o r  - ../--- u n g ~ L a i e s  

der. i~_e  dr-om . s p c i f i c  c r a n i a l  f e a t u r e s .  I n  cerqjds.,- _f_or j.x..n_t_~~cf"* 

a n t l e r s  f r e q u e n t l y  s e r v e  as  s e a s o n a - l  i n d i c a t o r s  (C h a p l i n  197 1 ; 

G i l b e r t  1973,  a n d  O l s e ~  1971). Here, of course, s h e d  a n t l e r s  a r e  

e x c l u d e d ,  P r e h i s t o r i c a l l y ,  a n t l e r s  were a n  i m p o r t a n t  s o u r c e  --of_ 

caw laatergal- for-she p r o d u c t i o n  - of t o o l s  (Baker 1930;  Dart 1957a,  

1957b,  a n d  S p i e s s  1 9 7 9 ) -  T - h g - _ c o l l e c t i o n  of a n t l e r s  t h u s  was op- 

p o r t u n i s t i c  and, i n  a l l  p r o b a b i l i t y ,  r e f l e c t e d  t h e  glu&_i_t y o f t h - e  

W e o l o g i c a _ l -  m-aterial. .  S h e d  a n t l e r s  p r e s e r v e  for s e v e r a l  y e a r s  

i n  a o s t  e n v i r b n m e n t s ,  T h e i r  r e t r i e v a l  t h e r e f o r e  may occur a t  a n y  

time o f  y e a r ,  as a r e s u l t  t h e y  mean v e r y  l i t t l e  i n  t e r a s  of s e a -  



s o n a l i t y ,  O n l y  f r o n t a l  p e d i c l e s  w i t h  o r  w i t h o u t  a n t l e s s  z u g g e s t  
- - -- - - - -- - - - -  

a + s e a s o n a l  . . _ e x p l o i t a t i o n  - - - -  of c e r v i d s ,  Bere a lso ,  c r a n i a  s u p p o r t i n g  

a n t l e r s  may b e  g a t h e r e d  a t  a n y  t i m e  o f  y e a r  (see R i l l  1 9 7 5 b ) ,  b u t  

t h e  p r o b a b i l i t y  of s u c h  o c c u r r e n c e  is much lower, 

F o r  a o s t  N o r t h  American c e r v i d s ,  there e x i s t s  a d e f i n i t e  

a n n u a l  p e r i o d i c i t y  t o  t h e  g rowth ,  d e v e l o p m e n t  a n d  s h e d d i n g  o f  

a n t l e r s ,  Xn g e n e r a l ,  a n t l e r  - . g r o w t h  -. --- b e g i n s  i n  s p r i n g  a n d  ceases 

in-f3&J., The  s u b s e q u e n t  s h e d d i n g  o f  the f u l l y  h a r d e n e d  a n t l e r s  

u s u a l l y  occurs i n  w i n t e r  o r  early s p r i n g ,  I n  z o o a r c h a e o l o g i c a l  - -- 
-- 

a s s e m b l a g e s  -- t h e r e f o r e ,  - -  - a l l  - - . f r o n t a l  - -  - -  bones - .-- w i t h  ged&c&s_  ae_v_oj.d-oL 

a a t l e r r s  i m p l y  a s e a s o n  of d e a t h  f r o  - s p r i n g  -- - -  

while s k u l l  f r a g m e n t s  s u p p o r t i n g  a n t l e r s  s u g g e s t  a s 
7-- .. 

da te  - -  of d e a t h  (see Emerson 1979 ;  G u i l d a y  1'362; P a r m a l e e ,  e t  a l ,  

1972, . and  S m i t h  1 9 7 5 a ) -  It is a l so  p o s s i b l e ,  i n  f a u n a l  s a m p l e s ,  

t o  d i f f e r e n t i a t e  a n t l e r s  i n  v e l v e t  f r o m  t h o s e  which are  fully 

h a r d e n e d ,  T y p i c a l l y ,  g r o w i n g  - -  - a n t l e r s  - a c q u i r e  - a *  r o u g h  a n d  p o r o u s  

s u r f  ace a f te r  t h e  decay o f  t h e  v e l v e t .  F u l l y  h a r d e n e d  a n t l e r s ,  . .---- 

o n  t h e  o t h e r  hand ,  m a i n t a i n  a r e l a t i v e l y  - -  smooth  - .  a n d  h a r d  c o r t e x ,  . - 

e v e n  a f t e r  y e a r s  of b u r i a l  - - (see Pitts 1979  a n d  S p i e s s  1 9 7 9 ) -  --- The 

g e n e r a l  t e x t u r e  o f  t h e  a r c h a e o l o g i c a l  s p e c i m e n  t h u s  i n d i c a t e s  t h e  
--- - - - - - . - - 

growth s t a g e  of t h e  a n t l e r  a t  t h e  time o f  d e a t h ,  - An a l t e r n a t i v e  

ba s i s  f o r  t h i s  d i s t i n c t i o n  i s  t h e  a p p e a r a n c e  of t h e  b l o o d  v e s s e l  

o p e n i n g s  i n  t h e  b u r r  o r  c o r o n e t  a t  t h e  b a s e  of the a n t l e r  (Smith 

1978) .  T h e  p a s s a g e s  foz  t h e  b l o o d  v e s s e l s  a r e  o p e n  d u r i n g  the 

v e l v e t  o r  growth  s t a g e  a n d  grow s h u t  d u r i n g  t h e  r u t t i n g  s e a s o n .  

Hence,  a l l  a n t l e r - b u r r  s e c t i o n s  w i t h  c l o s e d  p a s s a g e s  i n d i c a t e  t h e  

p r e s e n c e  of f u l l y  h a r d e n e d  a n t l e r s  a n d  a n  a t t e n d a n t  f a 1  1- h i n t e r  



T s e a s o n  of d e a t h .  Here, t h e  s t a t e  o f  v a s c u l a r i z a t i o n  may h e  de- 

t e r m i n e d  f r o m  r a d i o g r a p h s  (Bouchud 1975) or f r o m  h i s t o l o g i c a l  

p r e p a r a t i o n s  ( S m i t h  1978)  . A n t l e r s  a l s o  show e x t e r n a l  s i g n s  of 

t h e  upcoming  s h e d d i n g ,  T y p i c a l l y ,  a r e s o r p t i o n  l i n e  on t h e  

a n t l e r  c o r t e x  below t h e  b u r r  i n d i c a t e s  i n c i p i e n t  a n t l e r  s h e d d i n g  

(Bouch ud 1 975 a n d  S p i e s s  t 979) , 

U i t h  few e x c e p t i o c s  {see R y e 1  1 9 6 3 ) ,  o n l y  male c e r v i d s  sup- 

p o r t  a n t l e r s ,  A c c o r d i n g l y ,  o n l y  a sex specific p r o p o r t i o n  of a n y  

a s s e m b l a g e  p r o v i d e s  e v i d e n c e  f o r  s e a s o n a l i t y ,  I n  c a r i b o u ,  w h e r e  

b o t h  s e x e s  s u p p o r t  a n t l e r s ,  t h e r e  is c o n s i d e s a b l e  d i v e r s i t y  i n  

t h e  g r o w t h ,  d e v e l o p m e n t  a n d  s h e d d i n g  o f  a n t l e r s .  T h i s  v a r i a t i o r ,  

- relates t o  t h e  a g e ,  s e x  a n d  p h y s i o l o g i c a l  c o n d i t i o n  o f  t h e  a n i m a l  

( S p i e s s  1 9 7 9 ) -  I n  m a t u r e  males, f o r  e x a m ~ l e ,  a n t l e r  g r o w t h  norm- 

a l l y  b e g i n s  i n  Plarch o r  A p r i l ,  T h e s e  a n i m a l s  u s u a l l y  d r o p  t h e l r  

a n t l e r s  f r o @  Cctober t o  December t h o u g h ,  f o r  some, a n t l e r  s h e d -  

d i n g  o c c u r s  a s  l a t e  a s  March. F o r  p r e g n a n t  does, o n  t h e  o t h e r  

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

o c c u r s  i n  J u n e  (see S k o o g  1 3 6 8 ) -  A s  a r e s u l t ,  S p i e s s  ( 1  979: 100) 

s u g g e s t s  t h a t  we i g n o r e  a n t l e r - b a s e d  s e a s o n a l i t y  estimates i n  

c a r i b o u ,  w , , , e x c e p t  for t h e  c l e a r l y  u n a m b i g u o u s  case o f  l a r g e  

a d u l t  male a n t l e r s n .  

C e r v i d  c r a n i a  a r e  a lso  e x t r e a e l y  f r a g i l e  a n d  s u s c e p t i b l e  t o  

c u l t u r a l  a n d  ~ e c h a n i c a l  d e g r a d a t i o n ,  H e n c e ,  p o o r  p r e s e r v a t i o r  

biases t h e i r  r e c o v e r  y, B u r t  h e r ,  s k u l l s ,  p a r t i c u l a r l y  the n e u r o -  

c rania ,  a re  f r e q u e n t l y  l e f t  a t  t h e  k i l l  s i te ,  The  p r o b a b i l i t y  of 

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

u n d e r s t a n d a b l y  low, 



For b o v i d s ,  h o r n  c o r e s  a re  o c c a s i o n a l l y  u s e d  a s  s e a s c n a l  i n -  

d i c a t o r s ,  A r n o l d  ( 1 9 7 8 ) ,  f o r  e x a a p l e ,  m e a s u r e s  t h e  h o r n  c o r e s  o f  

muskoxen t o  d e t e r m i n e  t h e  a g e s  o f  h i s  a n i m a l s  a n d ,  by e x t e n s i o n ,  

t o  i n f e r  a n  a p p r o x i m a t e  d a t e  of  d e a t h .  A s  n o t e d  i n  t h e  previous 

c h a p t e r ,  h o r n  core d i m e n s i o n s  relate t o  t h e  a g e ,  s e x  and p h y s i c a l  

c o n d i t i o a  of t h e  a n i m a l ,  A s  s u c h ,  t h e i r  a s s o c i a t i o n  wi th  a g e  

r e q u i r e s  f u r t h e r  t e s t i n g  u s i n g  a s a m p l e  o f  a n i m a l s  of known-age- 

U n t i l  s u c h  work is d o n e ,  a g e  d e t e r m i n a t i o n s  a n d  s e a s o n a l  a s s e s s -  

m e n t s  f rom b o v i d  h o r n  cores r e m a i n  s p e c u l a t i v e ,  

I n  z o o a r c h a e o l o g p ,  mcst estimates o f  t h e  s e a s o n  of c a p t u r e  *-- -- - 
- - _ 

among - u n g u l a t e s  a r e  i n f e r r e d  from estimates of the  . a s e e _ q t _ d e a t h ,  

A s  a r e s u l t ,  ---- - r e l i a b l e  i n d i c a t o r s  of a g e  a l s o  s e r v e  a s  seasoral 
. - -  

i n d i c a t o r s ,  F o r  u n g u l a t e s ,  t h e  d e n t i t i o n  p r o v i d e s  t h e  aost re- 
-- - - - - -- - -- - - - . .---A - - - . - - - - -- - - - - 

l i a b l e -  a qe  estimates, Not s u r p r i s i n g l y  t h e r e f  ore, most  s e a s o n -  

a l i t y  - -  estimates d e r i v e  f rcm t h e  a g e  s t r u c t u r e  of y-oung--a.nimals 

whose  p e r m a n e n t  t e e t h  a r e  e r u p t i n g  a t  t h e  time o f  d e a t h  (see -- 

Emerson 1979;  G i l b e r t  1973 ;  L a t a d y  1978;  Parmalee, e t  a l -  1972, 

a n d  S m i t h  1 9 7 5 a ) -  F o r  s u c h  a n i m a l s ,  t h e  m a r g i n  o f  e r r o r  i n  a g i n g  

i s  assumed  t o  b e  less  t h a n  o n e  isonth i n  e i t h e r  d i r e c t i o n  (Emerson 

1 9 7 9 ) -  A c c o r d i a g  t o  S p i e s s  (1979)  however ,  o n l y  m a n d i b l e s  ---- w i t h  - 

c h  p r e c i s i o n  a n d ,  t h e r e f o r e ,  are  
- -  - -  _".__I - - -- 

u s e f u l  f o r  d a t i n g  t h e  s e a s o n  of d e a t h ,  
i------- 

Seasonal e s t i m a t e s ,  as d e r i v e d  frortl t h e  t e e t h  of i r a m a t u r e  
----I--- I-*-- ____ 

n l l i t a a l & - - u s u a l l y  i n d i c a t e  -- --- a  f a l l  - s e a s o n  - - -- of -- - -- c a p t u r e  -- -- - (Emerscn 1979;  

F r i s o n  1974 ;  F r i s o n  a n d  R e h e r  1970;  L a t a d y  1978,  a n d  S m i t h  1975a, 

1975b)  , Here, t h e  a g e  d e t e r m i n a t i o n s  c o m p a r e  well w i t h  those o f  

w i l d l i f e  management p e r s o n n e l ,  T h i s  is  n o t  t o  i m p l y  t h a t  t h e  age  



estimates are i n c o r r e c t  b u t  r a t h e r  t o  p o i n t  o u t  t h a t  o u r  F r e s e n t  

co rnpara t  i v e  s a m g l e s  are b i a s e d ,  They  c o n s i s t  p r i m a r i l y  o f  d e e r  

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

t o  i n d i c a t e  t h e  t r u e  v a r i a t i o n  i n  t h e  e r u ~ t i o n  d a t e s  o f  most  p e r -  

manent  t e e t h ,  U n t i l  o u r  c o m p a r a t i v e  s a m p l e s  i n c l u d e  a n i s a l s  s h o t  

t h r o u g h o u t  t h e  y e a r ,  p e r h a p s  o n l y  t h o s e  m a n d i b l e s  w i t h  e r  u p t i n 3  

o r  n e v l y  e r u p t e d  f i rst  m o l a r s  are r e l i a b l e  for i n f e r e n c e s  o c  t h e  

s e a s o n  of d e a t h ,  S u c h  a s s e s s m e n t s ,  however ,  p e r t a i n  o n l y  t o  t h e  

s e a s o n a l  e x p l o i t a t i o n  o f  i n m a t a r e  a n i m a l s  which, ir t h e m s e l v e s ,  

c o n s t i t u t e  o n l y  a small  p r o p o r t i o n  o f  t h e  t o t a l  f a u n a l  s a m p l e  

( R i g g s  a n d  W h i t e  1963).  

F o r  o l d e r  u n g u l a t e s ,  i n f e r e n c e s  on  t h e  s e a s o n  of c a p t u r e  
-1- --- - _ _ _ -_ _ -- - - -- 

o c c a s i o n a l l y - d e r i v e  from a g e  d e t e r m i n a t i o n s  b a s e d  on  too th  wear 
. -- - - 

(see Bouchud 1966; F r i s o n  a n d  R e h e r  1970;  K l e i n ,  e t  a l .  1981,  dnd 

R e h e r  1 3 7 4 ) -  The a c c u r a t e  a g i n g  of o l d  a n i m a l s  t o  w i t h i n  o n e  o r  

t h r e e  months  (Carter 1975) u s i n g  t o o t h  w e a r  seems i m p r a c t i c a b l e .  

As n o t e d  i n  t h e  p r e v i o u s  c h a p t e r , x e  --- e s t i a a t e s  - . - - - - b a s e d  on a s t u d y  

of t o o t h  wear are i n a c c u r a t e  t o  t h e  y e a r ,  let a l o n e  t h e  month- 

I n  my o p i n i o n  t h e r e f o r e ,  s u c h  a g e  estimates c a n ~ o t  e s t a b l i s h  a n  

a p p r o x i m a t e  da t e  of c a p t u r e ,  

S p y s o n a l i t y  estimates f o r  m a t u r e  u n g u l a t e s  a l s o  d e r i v e  from - -. *--- 

a n  e x a m i n a t i o n  o f  a a n u l i  i n  t h e  cementum o f  i n d i v i d u a l  t e e t h  (see 
-- -- 

Bourque ,  e t  a l ,  1978 ;  Kay 1971;  Saxon  a n d  Higham 1968,  1969 ,  and 

S p i e s s  1 9 7 6 ) -  B a s i c a l l y ,  t h e  method i n v o l v e s  t h e  t h i n  s e c t i o n i n g  

of a r c h a e o l o g i c a l  s p e c i m e n s  a n d  t h e  m i c r o s c o p i c  e x a m i n a t i o n  of 

t h e  c e m e n t u n  d e p o s i t  t o  e v a l u a t e  t h e  s t a t u s  of t h e  o u t e r  l a y e r .  

Here, a s t a i n e d  t h i n  s e c t i o n  w i t h  a d a r k  band o u t e r n o s t  -. - -  s u g g e s t s  



a d a t e  - - - -  o f  - c a p t u r e  f rom l a t e  December t o  e a r l y  A p r i l ,  F o r  a n i -  - .. - 
ma1 -- w i t h  - t h e  l i g h t  s t a i c i n g  band o u t e r m o s t  ._ . -- - . - - L  --.. t h e  d a t e - o f - d e a t h  -- - ___ 

estimate d e p e ~ d s  on a s u b j e c t i v e  e v a l u a t i o n  of outer b d ~ d  width.  

I f  t h e  light band i s  n a r r o w ,  t h e n  t h e  a n i m a l  was k i l l e d  i n  t h e  - -- . 

few --- m n t h s  s u c c e e d i n g  t h e  apposition of t h e  d a r k  s t a i n i n g  band, -- . -  - 

D e a t h  t h u s  p r o b a b l y  o c c u r r e d  so iaeuhere  b e t w e e n  l a t e  A p r i l  a n d  . -7. ---- -- . .- 

e a r l y  August ,  I f ,  on t h e  o t h e r  hand,  t h e  l i g h t  s t a i n i n g  band i s  
_II _ 

o f  a p p r o x i t a a t e l y  t h e  same w i d t h  a s  p r e v i o u s  l i g h t  bands ,  t h e n  

d e a t h  o c c u r r r e d  w i t h i n  a few months  p r i o r  t o  t h e  f o r m a t r o n  o f  t h e  

n e x t  d a r k  band, Here, a d e a t h  be tween  l a t e  A u g u s t  a n d  e a r l y  

December is i m p l i e d .  

La zocmrcbeology t o d a y ,  mos t  s e a s o n a l i t y  e s t i m a t e s ,  b a s e d  

o n  g r o w t h  i n c r e e e n t s ,  d e r i v e  f roui  t h e  e x a m i n a t i o n  o f  p o l i s h e d  
.- - -  

sections o r  u n d e c a l c i f i e d  t h i n  s e c t i o n s  (see Benn 1374; Bourque,  

e t  a l ,  1978; Kay 1371;  Saxon a n d  Higham 1969,  a n d  Spiess 1976, 

1 9 7 8 ,  1979 ) -  T h i s  a p p a r e n t l y  r e f l e c t s  t h e  p o o r  s u c c e s s  r a t e  i n  

t h e  d e c a l c i f i c a t i o n  a n d  s t a i n i n g  o f  i m p e r f e c t l y  p r e s e r v e d  t e e t h  

(see S p i e s s  1979). A c c o r d i n g  t o  G r u e  a n d  J e n s e n  ( 1 9 7 9 ) ,  however,  

o n l y  d e c a l c i f i e d  a n d  s t a i n e d  p r e p a r a t i o n s  p r o v i d e  s a t i s f a c t o r y  

t h i n  s e c t i o n s  f o r  e s t a b l i s h i n g  t h e  a p p r o x i m a t e  time o f  a n n u l u s  

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

u s u a l l y  d o  n o t  show up c l e a r l y  i n  g r o u n d  h a l f - t o o t h  s e z t i o n s  o r  

i n  u n d e c a l c i f i e d  t h i n  s e c t i o n s  u n t i l  t h e y  are  s e a l e d  o f f  f rom t h e  

e d g e  of t h e  cementum l a y e r ,  I n  s u c h  s e c t i o n s ,  t h e r e f o r e ,  t h e  new 

i n c r e m e n t s  are r e c o g n i z a b l e  o n l y  a t  a l a t e r  s ta te ,  

For z o o & c h a e o l o g i s t s  t o  u t i l i z e  t h e  r e s u l t s  o f  w i l d l i f e  

researchers in t h e i r  i n t e r p r e t a t i o n s  a n d  i n f e r e c c e s  t h u s  seeins 



somewhat  i n a  F p r o p r i a t e .  H o s t  w i l d l i f e  b i c l o g i s t s  t o d a y  employ  

t h e  s u p e r i o r  d e c a l c i f i e d  and s t a i n e d  p r e p a r a t i o n s  i n  t h e i r  s t u d y  

o f  a g e  s t r u c t u r e .  C o n s e q u e n t l y ,  z o o a r c h a e o l o g i s t s  must d e v e l o p  

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

o s t e o l o g i c a l  m a t e r i a l  (see A n d e r s e n  a n d  J o r g e n s e n  1960; A s c e n z i  

1955,  a n d  S t o u t  1 9 7 8 ) -  F a i l i n g  t h i s ,  t h e y  must  r e l y  on s t u d i e s  

w h e r e  c o m p a r a b l e  h i s  t o l o g i c a l  p r e p a r a t i o n s  were e m ~ l o y e d  ( A i t k e n  

1975;  Gasaway,  e t  a l ,  1978;  H i t c h e l l  1963 ,  1967;  Raasom 1966,  a n d  

W o l f e  1969  fo r  e x a m p l e ) ,  

E v a l u a t i n g  t h e  s t a g e  of a n n u l u s  f o r m a t i o n  i n  d e c a l c i f i e d  and  

s t a i n e d  p r e p a r a t i o n s  is a l s o  p r o b l e a a t i c a l .  Here, f o r  i n s t a n c e ,  

t h e  s t a i n  of ten t e n d s  t o  c o n c e n t r a t e  n e a r  t h e  e d g e  of the s e c t i o n  

s u g g e s t i n g  t h e  i n i t i a l  d e p o s i t i o n  of t h e  d a r k  s t a i n i n g  band [ see  

Jeasen. a n d  N i e l s e n  1 9 6 8 ) -  For e x p e r i e n c e d  r e s e a r c h e r s  however ,  

t h i s  i s  a m i n o r  problem [see G r u e  a n d  J e n s e n  1 9 7 9 ) .  The p r e s e n c e  

of false a n n u l i  o r  a c c e s s o r y  l i n e s  a l s o  c a u s e s  a n  a p p a r e a t  s t a l n  

c o n c e n t r a t i o n  n e a r  t h e  p e r i o d o n t a l  membrane which,  i n  n y  o p i n i o n ,  

is o f t e n  d i f f i c u l t  t o  d i s t i n g u i s h  from t h e  i n i t i a l  a p p o s i t i o n  o f  

t h e  n a r r o w  band,  Here, a s  i n  o t h e r  s t a i n e d  p r e p a r a t i o c s ,  i t  may 

b e  a d v i s a b l e  t o  u s e  a s t a i n i n g  p r o c e d u r e  which d i f f e r e n t ~ a t e s  o l d  

a n d  new cementum (Sauer 1973).  I n  l o n g i t u d i n a l  t h i n  s e c t i o n s ,  

t h e r e  is also some v a r i a t i o n  i n  t h e  s t a g e  of a n n u l u s  f o r m a t i o n  

t h r o u g h o u t  t h e  cemen tum d e p o s i t .  T h i s ,  o f  c o u r s e ,  p r e s e n t s  some 

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

is m i n i m a l  e x p o s u r e  of t h e  cenentulsl l a y e r ,  The a p p r o a c h  o u t l i n e d  

b e l o w  c i r c u m k e n t s  m o s t  o f  these p r o b l e m  as, h e r e ,  t h e  a n a l y s i s  

i s  b a s e d  o n  a q u a n t i t a t i v e  e s t i m a t e  of outer i n c r e m e n t  v i d t h  



r a t h e r  t h a n  a  q u a l i t a t i v e  judgement  of its a p p e a r a n c e ,  

I n  sum, i n f e r e n c e s  c o n c e r n i n g  t h e  s e a s o n  of d e a t h  aiaong 

p r e h i s t o r i c  u n g u l a t e s  d e r i v e  f r o @  a number  of o s t e o l o g i c a  1 i n d i -  

c a t o r s ,  I n  most f a u n a l  a s s e m b l a g e s  however ,  s e a s o c a l  i n d i c a t o r s  

a r e  scarce a n d  r e p r e s e n t  o n l y  a  s m a l l  age -  o r  s e x - s p e c i f i c  pro-  

p o r t i o n  of t h e  t o t a l  sample .  O s t e o l - o g i c a l  i n d i c a t o r s  a r e  also, 

b y  t h e i r  v e r y  n a t u r e ,  s e a s o n - s p e c i f i c ,  Pew, i f  a n y ,  s u g g e s t  a n  

e x p l o i t a t i o n  t h r o u g h o u t  t h e  year .  F u r t h e r m o r e ,  most s e a s o n a l i t y  

estimates i n c o r ~ o r a t e  a r a n g e  o f  s e v e r a l  months,  Such assess- --. 

m e n t s  o f t e n  f a i l  t o  e s t a b l i s h  c o n c l u s i v e l y  t h e  d i s t i n c t i v e  p a t -  

t e r n s  of s e a s o n a l  e x p l o i t a t i o n  i n h e r e n t  i n  o u r  p r e d i c t i v e  models ,  

T h e  a c c u r a t e  r e c o n s t r u c t i o n  of s e a s o n a l  e x p l o i t a t i o n  p a t t e r n s  f o r  

p r e h i s t o r i c  p o p u l a t i o n s  t h u s  r e q u i r e s  more p r e c i s e  es t ima  tes of 

t h e  d a t e  of d e a t h  for  a l l  e x p l o i t e d  f a u n a l  r e s o u r c e s .  As n o t e d  

be low,  t h e  i n c r e m e n t a l  g r o w t h  z o n e s  i n  t h e  cementum of m o l a r s  a r e  

c a p a b l e  of p r o v i d i n g  s u c h  d a t e - o f - d e a t  h estimates- 

T h e o r e t i c a l  Basis: 

The r h y t h a i c  a p p o s i t i o n  of d e n t a l  cementum r e s u l t i n g  i n  t h e  

f o r m a t i o n  of i n c r e m e n t a l  l i n e s  a p p e a r s  t o  o c c u r  i n  e v e r y  s p e c i e s  

of t e r r e s t r i a l  mammal p o s s e s s i n g  t e e t h  w i t h  c l o s e d  roots  (Grue 

a n d  J e n s e n  1979 and  Morris 1972 ) .  I n  w h i t e - t a i l e d  d e e r ,  cementum 

g r o w t h  a p p a r e n t l y  reflects s e a s o n a l  v a r i a t i o n s  i n  t h e  p h y s i o l o g y  

o f  t h e  a n i m a l  ( S a u e r  1973).  Here, t h e  growth i n c r e m e n t s  i n  t e e t h  

seem n,,,to r e s u l t  from a d a p t i v e  s e a s o n a l  c h a n g e s  i n  e n d o c r i n e  

f u n c t i o n s  w i t h  c o n c o m m i t a n t  c h a n g e s  i n  food i n t a k e  and  i n  v a r i o u s  



s e r u m  p a r a m e t e r s  ( S a u e r  1973:65).  F o r  e v e r y  y e a r  t h e r e f o r e ,  

cementum a p p o s i t i o n  i s  r h y t h m i c  w i t h  a p e r i o d  of r a p i d  cementum 

g r o w t h  f o l l o w e d  by o n e  of r e d u c e d  or  a r r e s t e d  growth.  I n  d e c a l -  

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

o f  a n c u a l  i n c r e m e n t s .  Assuming a knowledge  of t h e  s y n c h r o n e i t y  

b e t w e e n  t h e  a p p o s i t i o n  o f  e a c h  b a r d  a n d  t h e  time o f  y e a r ,  i t  then 

becoiees  p r a c t i c a b l e  t o  p r e d i c t  a d e e r ' s  d a t e  of d e a t h  f r o &  t h e  

a p p e a r a n c e  of t h e  o u t e r  i n c r e m e n t ,  

For u n g u l a t e s ,  cementum a p p o s i t i o n  is a c o n t i n u o u s  p r o c e s s  

(Bolifen 1952; G o t t l i e b  1943 a n d  K r o n f e l d  1938) .  Here, t h e  u i d t h  

of the o u t e r  i n c r e m e n t  i n c r e a s e s  t h r o u g h o u t  mos t  of t h e  y e a r ,  It 

is t h u s  p o s s i b l e  t o  d e t e r m i n e  the month o f  d e a t h  from a n  e s t i m a t e  

o f  o u t e r  i n c r e m e n t  wid th .  A c c o r d i n g  t o  S ~ i e s s  (1 979: 69)  h o u e v e r ,  

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

is u n w a r r a n t e d  a n d  would  l e n d  f a l se  p r e c i s i o n  t o  t h e  r e s u l t s " ,  

I n  h i s  o p i n i o n ,  t h e r e  e x i s t s  t o o  much v a r i a t i o n  i n  t h e  w i d t h  of 

light b a n d s  t o  p e r ~ i t  a  p r e c i s e  e s t i m a t e  o f  band width.  T h i s  is 

compounded by  a t e n d e n c y  f o r  t h e  b a n d s  t o  d e c r e a s e  in u i d t h  w i t h  

a d v a n c i n g  a g e ,  A s  d i s c u s s e d  i n  t h e  p r e v i o u s  c h a p t e f ,  t h e r e  i s  

c o n s i d e r a b l e  v a r i a b i l i t y  i n  t h e  a p p e a r a n c e  of g r o w t h  i o c r e m e n t s  

t h r o u g h o u t  t h e  cementum layer, Yet, f o r  e a c h  m o l a r ,  t h e r e  a l s o  

e x i s t s ,  i n  l o n g i t u d i n a l  s e c t i o n s  a t  l e a s t ,  a n  area u i t h  d i s t i n c t ,  

e v e n l y  s p a c e d  a n n u l i ,  Only  s u c h  d e p o s i t s  a r e ,  i n  my o p i n i o n ,  

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



f l e t h o d o l  ogy: 

A l l  f i r s t  m a n d i b u l a r  m o l a r s  o f  t h e  mule  d e e r  i n  t h i s  s a m ~ l e  

were d f c a l c i f i e d ,  s e c t i o n e d ,  s t a i n e d  a n d  e x a m i n e d  m i c r o s c o p i c a l l y  

a s  s p e c i f i e d  i n  c h a p t e r  t h r e e  o f  t h i s  t h e s i s .  F o r  an a c c u r a t e  

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

of each l o n g i t u d i n a l  s e c t i o n  was e x a m i n e d  t o  assess t h e  o v e r a l l  

a p p e a r a n c e  o f  t h e  o u t e r r n o s e  i n c r e m e n t ,  T h i s  was n e c e s s a r y  t o  re- 

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

s t a t u s  of t h e  l a s t  i n c r e a e n t ,  Only  areas w i t h  d i s t i n c t ,  evenly 

s p a c e d  a n n u l i  a c d  a n  a c c u r a t e  r e p r e s e n t a t i o n  of  t h e  o u t e r  l aye r  

t h e n  were s e l e c t e d  f o r  m e n s u r a t i o n  a n d  q u a n t i f i c a t i o n ,  

The o b j e c t i v e  o f  t h e  p r e s e n t  q u a n t i t a t i v e  a n a l y s i s  was t o  

r e la te  t h e  da t e  of d e a t h  t o  a measure  of cementum g r o v t h ,  A s  a 

r e s u l t ,  t h e  c a l e n d a r  y e a r  was t r a n s l a t e d  i n t o  w e e k s  o f  cementum 

growth ,  I n  l a a t u r e  Rocky H o u n t a i n  mule  d e e r ,  t h e  a p p o s i t i o n  of 

new cementum b e g i n s  i n  March, Here, q u a n t i f i a b l e  a m o u n t s  of new 

cementum a r e  u s u a l l y  v i s i b l e  i n  t h e  l o n g i t u d i n a l  t h i n  s e c t i o n s  of 

d e e r  k i l l e d  b e t w e e n  t h e  1 2 t h  a n d  1 8 t h  o f  f larch-  F o r  p u r p o s e s  of 

t h e  p r e s e n t  s t u d y  t h e n ,  t h i s  i n t e r v a l  r e p r e s e n t s  t h e  f i r s t  week 

of c e m e n t u a  growth,  S u b s e q u e n t  weeks  of ceslentusa a p p o s i t i o n  and 

t h e i r  r e s p e c t i v e  c a l e n d r i c a l  d a t e s  are l i s t e d  i n  Appendix  X of 

t h i s  t h e s i s .  

Any estimate o f  i n c r e m e n t  w i d t h  a s s u m e s  an u n d e r s t a n d i n g  of 

t h e  g r o w t h  ra te  w i t h i n  t h e  s e l e c t e d  a r e a s  of t h e  cementlm l a y e r -  

T o  e s t a b l i s h  ' such  g r o w t h  r a t e s ,  i t  is n e c e s s a r y  t o  r e c o r d  t h e  

p l a c e m e n t  of e a c h  g r o u t  h l a y e r  r e l a t i v e  t o  t h e  den  t ino-cementum 



C' 

i n t e r f a c e ,  This e s t a b l i s h e s  t h e  t h i c k n e s s  o f  t h e  cement  urn l a y e r  

a f t e r  each y e a r  of cementum a p p o s i t i o n .  I n  t h e  p r e s e n t  a n a l y s i s ,  

a n  o c u l a r  micrometer was u s e d  t o  r e c o r d  the c u m u l a t i v e  d i s t a n c e s  

b e t w e e n  t h e  den t ino-cementum i n t e r f a c e  a n d  t h e  o u t ~ r  e d g e  of  the 

first a n d  a l l  s u b s e q u e n t  a n n u l i  a s  shown i n  F i g u r e s  13 a n d  14.  

Here, a l l  m e a s u r e m e n t s  were t a k e n  u n d e r  o i l  i m m e r s i o n ,  t h a t  is  a 

m a g n i f i c a t i o n  o f  1000X- I n  t h e  case of s p e c i m e n  102, f o r  ins- 

t a n c e ,  t h e  t h i c k n e s s  of t h e  cementum l a y e r  a f t e r  o n e  y e a r  o f  

g r o w t h  was 2 1  u n i t s ;  a f t e r  two y e a r s ,  42 u n i t s ;  a f t e r  t h r e e  

y e a r s ,  6 1  u n i t s ;  a f t e r  f o u r  y e a r s ,  8 2  u n i t s ,  a n d  a f t e r  f i v e  

y e a r s ,  97 u n i t s ,  

Under  o i l  i m m e r s i o n ,  e v e n  t h e  n a r r o w ,  d a r k  s t a i n i c g  band 

a p p e a r s  r e l a t i v e l y  wide. D e l i n e a t i n g  t h e  o u t e r  e d g e  of a n  an-  

n u l u s  u n d e r  s u c h  m a g n i f i c a t i o n  t h u s  becoraes somewhat  s u b ~ e c t i v e ,  

T h i s  s u b j e c t i v i t y  i n t r o d u c e s  a n  i n h e r e n t  s o u r c e  o f  measurement  

error, F o r  e a c h  s p e c i m e n ,  t h e r e f  ore, s e v e r a l  d i s p a r a t e  areas o f  

t h e  cementum d e p o s i t  were measured.  

N o t  a l l  s p e c i m e n s  h a v e  d i s t i n c t ,  u n i f o r m l y  s p a c e d  a n n u l i  

t h r o u g h o u t  t h e  cementum d e p o s i t ,  T h e  d e p o s i t s  of =ope m o l a r s ,  

s u c h  a s  s p e c i m e n  38, were u n s u i t a b l e  f o r  e i t h e r  a g e  estimates o r  

s e a s o n a l i t y  a s s e s s m e n t s ,  For o t h e r s ,  s u c h  a s  s p e c i m e n s  3, 8 ,  3 ,  

29, 33, 34 ,  35, 57, 60,  64, 65, 78, 79 and  83, t h e  g r o w t h  i n c r e -  

m e n t s  were d i s t i n c t  e n o u g h  f o r  a n  age e s t i m a t e  b u t  t h e i r  uneven 

s p a c i n g  p r o h i b i t e d  t h e  d e r i v a t i o n  o f  a growth  r a t e -  T h e  d e p o s i t s  

o f  still o t h e r  d e e r ,  s u c h  a s  s p e c i m e n  75, were u n s a t i s f a c t o r y  f o r  

age d e t e r m i n a t i o n  b u t  a d e p w  te f o r  s e a s o n a l i t y  e s t i m a t e s ,  Here, 

as  i n  many o f  t k e  o l d e r  s p e c i m e n s ,  d i s t i n c t ,  e v e n l y  s p a c e d  a n r i u l i  





Fiyure 14:  ,Diagram of the cementum depos i t  f or  specimen 102 showing the  
procedure f o r  measuring the cumulative thickness  of  the depos i t  
a f t e r  each year o f  cementun? growth, 



were p r e s e n t  i n  o n l y  t h e  o u t e r  p a r t  of the cementum l a y e r ,  Such 

d e p o s i t s  were u n f i t  fo r  a g i n g  b u t  s t i l l  q u i t e  u s e f u l  for s e a s o n a l  

d a t i n g ,  p r o v i d e d  t h e  last 3 or  4  a n n u l i  a n d  t h e  o u t e r  i n c r e m e c t  

were u n a f f e c t e d .  F o r  s u c h  m o l a r s ,  o n l y  t h e  e v e n l y  s p a c e d  a c n u i i  

were measured ,  I n  t h e  case o f  specimen 46, for e x a m p l e ,  a  n i n e t y  

f o u r  month o l d  d e e r ,  o n l y  t h e  l a s t  f i v e  a n n u l i  were s u i t a b l e  f o r  

m e n s u r a t i o n ,  T h e s e  m e a s u r e m e n t s  however ,  p r o v i d e  s u f f i c i e n t  d d t a  

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

d e t e r m i n a t i o n ,  I n  a l l ,  s e v e n t y - o n e  d e e r  had cementum d e p o s i t s  

deemed a c c e p t a b l e  f o r  t h e  q u a n t i t a t i v e  a n a l y s i s .  The r e s p e c t i v e  

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

X I  o f  t h e  t h e s i s ,  

T o  d e t e r n i n e  t h e  g r o w t h  rate o f  t h e  cementum it i s  n e c e s s a r y  

t o  d e r i v e  a m e t r i c a l  o r  m a t h e m a t i c a l  r e l a t i o n s h i p  be tween  the n- 

c r e a s e d  t h i c k n e s s  of t h e  cementum l a y e r  a n d  t h e  a g e  of t h e  a n i m a l  

(see Ray 1976). A c c o r d i n g  t o  C o u t t s  a n d  Higham (1971) a n d  Coutts 

a n d  J o n e s  ( I W U ) ,  the d e r i v a t i o n  o f  s u c h  r e l a t i o n s h i p s  f o r  s h e l l -  

f i s h  i s  p o s s i b l e  by means of s i m p l e  r e g r e s s i o n  a n a l y s i s ,  I n  t h i s  

s t u d y  t h e r e f o r e ,  t h e  d a t a  f o r  e a c h  m e a s u r e d  d e p o s i t  were p l o t t e d  

on a  s y s t e m  o f  C a r t e s i a n  c o o r d i n a t e s  with t h e  c u m u l a t i v e  t h i c k -  

n e s s  o f  t h e  cementum as  t h e  d e p e n d e n t  v a r i a b l e  [ Y )  ar,d a g e ,  i n  

~ o n t h s ,  as the i n d e p e n d e n t  v a r i a b l e  { X ) .  Por speciltren 1 0 2 ,  the 

d i s t r i b u t i o n  of t h e  data  ~ o i n t s  p r o d u c e s  t h e  c u r v i l i n e a r  plot il- 

l u s t r a t e d  i n  F i g u r e  15, Here, t h e  t e n d e n c y  f o r  g r o w t h  i n c r e m e n ? ~  

t o  d e c r e a s e  i n  t h i c k n e s s  w i t h  a d v a n c i n g  age is  e v i d e n t .  

The a d d i t i o n  of 10 t o  X ,  a n  i n v e r s i o n  o f  t h i s  v a l u e  and a 

l o g a r i t h m i c  t r a n s f o r m a t i o n  o f  ( X  + 1 0 )  a n d  P y i e l d s  the l i n e a r  
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p l o t  i l l u s t r a t e d  i n  F i g u r e  16, Here, t h e  c o r r e l a t i o n  c o e f f i c i e n t  

is  r=-1-00 a n d  t h e  b e s t - f i t  r e g r e s s i o n  e q u a t i o n  f o r  t h i s  r e l a -  

t i o n s h i p  is: 

where  P is t h e  c u m u l a t i v e  t h i c k n e s s  o f  t h e  cementum d e p o s i t  and X 

is t h e  age, i n  months,  of the deer. T h i s  e q u a t i o n  e x p r e s s e s ,  i n  

m a t h e m a t i c a l  terms, t h e  r a t e  o f  cementum g r o w t h  f o r  s y e c i m e ~  102 

i n  t h e  m e a s u r e d  p a r t  of t h e  d e p o s i t ,  

T h e  a b o v e  e q u a t i o n  now e n a b l e s  u s  t o  g r e d i c t  t h e  c u ~ u l a t i v e  

t h i c k n e s s  o f  t h e  ceBentum d e p o s i t  f o r  s p e c i m e n  102 a f t e r  t h e  

s i x t h  y e a r  of cementum growth.  I n s e r t i n g  a v a l u e  f o r  X ,  i n  t h i s  

case 72  months ,  and  s o l v i n g  f o r  Y, we o b t a i n  a v a l u e  o f  111.31. 

T h i s  p r e d i c t e d  v a l u e  r e p r e s e n t s  t h e  e x p e c t e d  t o t a l  t h i c k n e s s  of 

t h e  cementum d e g o s i t  a f t e r  t h e  s i x t h  y e a r  o f  cementum g r o w t h  

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

p a t t e r n  d u r i n g  the s i x t h  y e a r ,  

The p l o t s  of t h e  d a t a  p o i n t s  v a r i e d  f o r  each set o f  o c u l a r  

m e a s u r e m e n t s ,  Conseguen  t l y ,  e a c h  set o f  d a t a  was p l o t t e d  s e p a -  

r a t e l y  o n  metric o r  l o g a r i t h ~ i c  g r a p h  p a p e r ,  Not  a l l  p l o t s  uere 

c u r v i l i n e a r ,  I n  f a c t ,  t h e  m e a s u r e m e n t s  f o r  many o f  t h e  youngez 

a n i m a l s  p r o d u c e d  o n l y  l i n e a r  p l o t s ,  T h i s  is c o n s i s t e n t  w i t h  t h e  

o b s e r v a t i o n s  o f  S e r g e a n t  a n d  P i m l o t t  (1 9 5 9 ) -  T h e s e  a u t h o r s  n o t e  

a l i n e a r  i n c r e a s e  ic t h e  t h i c k n e s s  o f  t h e  cementuB d e p o s i t  f o r  

most y o u n g e r  a n i n i a l s ,  

I n i t i a l l y ,  c o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  for each 

se t  of  d a t a ,  Zn most  cases however ,  t h e s e  were e q u a l  t o  1-00 or 



-1 -00  d e p e n d i n g  on t h e  s l o p e  o f  t h e  r e g r e s s i o n  e q u a t i o n ,  As a 

r e s u l t ,  i n  s u b s e q u e n t  c o m p u t a t i o n s ,  c o r r e l a t i o n  c o e f f i c i e n t s  were 

d e r i v e d  o n l y  f o r  t h o s e  sets of m e a s u r e m e n t s  where t h e r e  was ar, 

a p p a r e n t  d e v i a t i o n  f r o m  l i n e a r i t y .  Even h e r e ,  t h e  c o e f f i c i e n t s  

were n e v e r  less t h a n  r = 0 - 9 9  o r  r=-0.99, 

F o r  each set  of d a t a ,  l e a s t  s q u a r e s  r e g r e s s i o n  e q u a t i o c s  

were c a l c u l a t e d .  T h e s e  p r o v i d e d  e s t i m a t e s  f o r  t h e  e x p e c t e d  total 

t h i c k n e s s  o f  e a c h  m e a s u r e d  d e p o s i t ,  T h e  r e s p e c  ti v e  r e g r e s s i o n  

e q u a t i o n s  a n d  p r e d i c t e d  v a l u e s  f o r  each s p e c i m e n  a re  l i s t e d  il: 

Appendix  X I ,  

Prom t h e  m e a s u r e m e n t s  a n d  c o m p u t a t i o n s ,  i t  now becomes  pos- 

s i b l e  t o  c a l c u l a t e  a r a t i o  of o u t e r  i n c r e m e n t  w i d t h  o v e r  e x p e c t e d  

i n c r e m e n t  w i d t h ,  Here, o u t e r  i n c r e m e n t  w i d t h  i s  t h e  t o t a l  t h i c k -  

ness of t h e  cementum l a y e r  a t  t h e  time t h e  a n i m a l  d ied  minus  t h e  

m e a s u r e d  t h i c k n e s s  of t h e  d e p o s i t  a t  t h e  time the l a s t  a e n u l u s  

formed,  F o r  s p e c i m e n  102,  t h e  t h i c k n e s s  of t h e  cementum layer a t  

the time of d e a t h  was 1 0 0  u n i t s .  Here t h e n ,  t h e  o u t e r  i n c r e m e n t  

w i d t h  is 100-97 o r  3 u o i t s ,  The  e x p e c t e d  i n c r e m e n t  w i d t h  is t h e  

p r e d i c t e d  w i d t h  o f  t h e  cementum l a y e r  m i n u s  t h e  measured  thick- 

n e s s  o f  t h e  d e p o s i t  a t  t h e  time t h e  l a s t  a n n u l u s  fo rmed ,  I n  t h e  

case of s p e c i m e n  102,  t h i s  v a l u e  is  11 1 - 9 1  - 97 o r  14-3  1 u n i t s ,  

For this a n i m a l  t h e n ,  t h e  r a t i o  is 3 /14-91  o r  0,201,  T h i s  v a l u e  

r e p r e s e n t s  t h e  p r o p o r t i o n  of t h e  a n n u l u s  which was  resent a t  t h e  

time t h e  deer died .  Specimen 102 was s h o t  on J u n e  12 d u r i n g  t h e  

1 4 t h  week of cementum g r o w t h ,  F o r  a a t u r e  mule d e e r  k i l l e d  d u r i n g  

t h i s  i n t e r v a l  ic t h e  C a c h e  l a  P o u d r e  d r a i n a g e ,  we would e x p e c t  

0 ,201  o r  a p p r o x i s a t e l y  20 p e r c e n t  o f  t h e  o u t e r  i n c r e m e n t  t o  b e  



p r e s e n t  i n  a l o n g i t u d i n a l  t h i n  s e c t i o n  of  t h e  f i r s t  mandibular 

aola r. 

T h e  d e r i v a t i o n  of t h e  r a t i o ,  a s  p r e s e n t e d ,  i n c o r p o r a t e s  an 

i n h e r e n t  s o u r c e  of e r r o r ,  The  c a l c u l a t i o n  of a n y  p r e d i c t e d  v a l u e  

by means of a r e g r e s s i o n  f o r m u l a  n e c e s s a r i l y  i n c l u d e s  ar i m p l i c i t  

error r a n g e ,  I n  t h e  p r e s e n t  s t u d y ,  t h e  l a t t e r  were n o t  c c m p u t e d  

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

each  s p e c i m e n ,  r a t i o s  were c a l c u l a t e d  f o r  v a r i o u s  sets o f  o c u l a r  

m e a s u r e m e n t s  f r o m  d i f f e r e n t  p a r t s  o f  t h e  d e p o s i t ,  The mean of 

t h e s e  r a t i o s  t h e n  was c o n s i d e r e d  a a o r e  a c c u r a t e  r e p r e s e n t a t i o n  

of t h e  p r o p o r t i o n a t e  cementum g r o w t h  i n  e a c h  a n i m a l ,  I n  t h e  case 

of s p e c i m e n  102,  f o r  i n s t a n c e ,  t h e  r a t i o s  f o r  t h e  f o u r  series o f  

 measurement^ r a n g e  f r o m  0,190 t o  0,228 w i t h  a mean o f  0,203, O f  

course, n o t  a l l  means  d e r i v e  f rom f o u r  sets of measurements .  I n  

a few cases, o n l y  o n e  o r  two a r e a s  w i t h i n  t h e  cementum l a y e r  were 

m e a s u r a b l e ,  For o t h e r  t e e t h ,  a s  many a s  t e n  d i s p a r a t e  areas were 

measured ,  I n  mos t  cases however,  five sets  o f  m e a s u r e m e n t s  vere 

r e c o r d e d  a n d  p r o v i d e d  t h e  d a t a  f o r  t h e  c a l c u l a t i o n  of  means. The 

r e s p e c t i v e  r a t i o  means  f o r  e a c h  s p e c i m e n  measured  are l i s t e d  i n  

Appendix X I 1  of t h i s  t h e s i s .  

T h e  r a t i o s  a n d  r a t i o  means p r o v i d e  a q u a n t i t a t i v e  measure o f  

t h e  p r o p o r t i o n a t e  cementum g r o w t h  i n  t h e  o u t e r  i n c r e m e n t  o f  e a c h  

d e e r  molar, As t h e  deer were c o l l e c t e d  a t  p e r i o d i c  i n t e r v a l s  

t h r o u g h o u t  t h e  y e a r ,  i t  now becomes p o s s i b l e  t o  r e l a t e  t h e  yro-  

p o r t i o n a t e  g r o w t h  o f  a n  a n n u l u s  a n d  t h e  week o f  cementum growtn ,  

T h e  data  t h u s  were p l o t t e d  o n  a  s y s t e m  of C a r t e s i a n  c o o r d i n a t e s  

w i t h  t h e  week of c e m e n t u a  g r o w t h  a s  t h e  i ~ d e p e n d e n t  v a r i a b l e  ( X )  



a n d  t h e  r a t i o  means a s  t h e  d e p e n d e n t  v a r i a b l e  (Y), 

T h e  r e s u l t a n t  p l o t ,  a s  i l l u s t r a t e d  i n  F i g u r e  17, d e p i c t s  t h e  

b e h a v i o u r  of t h e  r a t i o  means  r e l a t i v e  t o  s p e c i f i e d  i n t e r v a l s  of 

cemen tum g r o w t h ,  As s u c h ,  i t  p r e s e n t s  t h e  p r o p o r t i o n a l  i n c r e a s e  

i n  o u t e r  i n c r e m e n t  w i d t h  r e l a t i v e  t o  time a n d ,  t h u s ,  i l l u s t r a t e s  

t h e  a n n u a l  p a t t e r n  o f  cementum g r o w t h  i n  m a t u r e  mule  d e e r  f r o m  

t h e  C a c h e  l a  P o u d r e  area. 

I n  t h e s e  a n i m a l s ,  cementum a p p o s i t i o ~  a p p a r e n t l y  b e g i n s  i n  

t h e  latter w e e k s  of March, F o r  d e e r  s h o t  a t  t h i s  time of y e a r ,  

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

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

Cementum g r o w t h  t h e n  c o n t i n u e s  fo r  a p p r o x i m a t e l y  f o r t y - t w o  w e e k s  

o r  u n t i l  the l a t te r  p a r t  o f  December. T h e r e a f t e r ,  t h e r e  is no  

d e t e c t a b l e  i n c r e a s e  i n  the t h i c k n e s s  of t h e  cemen tum d e p o s i t  

u n t i l  t h e  l a t t e r  p a r t  o f  Narch. 

It is a l s o  p o s s i b l e  t o  c h a r a c t e r i z e ,  i n  m a t h e m a t i c a l  terms, 

the g r o w t h  e p i s o d e s  of t h e  cemen tum d e p o s i t ,  F o r  t h e  t e n  week 

i n t e r v a l  of m i n i m a l  or arrested g r o w t h ,  t h e  r a t i o  means a s p r o -  

xiaate u n i t y ,  F o r  t h e  4 2  w e e k s  of g r o w t h ,  o n  t h e  o t h e r  h a n d ,  

t h e r e  is a n  a p p a r e n t  l i n e a r  increase i n  t h e  r a t i o  r e l a t i v e  t o  

time, Here, t h e s e  e x i s t s  a s t r o n g  p o s i t i v e  c o r r e l a t i o n  (rz0.98) 

b e t w e e n  t h e  two v a r i a b l e s ,  It is t h u s ,  p o s s i b l e ,  by  m e a n s  of  

r e g r e s s i o n  a n a l y s i s ,  t o  d e s c r i b e  t h e  r a t e  of i n c r e a s e  i n  t h e  

r a t i o  m e a n s  r e l a t i v e  t o  time fo r  t h i s  p a r t  o f  t h e  distribution, 

Here, t h e  b e s t - f i t  r e g r e s s i o n  e q u a t i o n  f o r  t h e  42  week i n t e r v a l  

is: 
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= 0 ,0212  ( X )  + 0,00279 

w h e r e  X is t h e  week o f  cementum g r o w t h  a n d  y i s  the p r o p o r t i o n a t e  

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

e q u a t i o n  i s  u s e d  s t r i c t l y  a s  a d e s c r i p t i v e  s t a t i s t i c  a n d  a p p l i e s  

o n l y  f o r  v a l u e s  of X f r o m  1 t o  42, 

T h e  g r o w t h  p a t t e r n  of t h e  cemen tum d e ~ o s i t ,  a s  d e s c r i b e d ,  is 

c o n s i s t e n t  w i t h  t h e  a n n u a l  p h y s i o l o g i c a l  g r o w t h  of m a t u r e  m u l e  

deer, A c c o r d i n g  t o  A n d e r s o n ,  e t  a l ,  ( 1 9 7 4 ) ,  t h e  m a t u r e  a n i m a l s  

i n  t h e  C a c h e  l a  P o u d r e  r e s e r v e  i n c r e a s e  i n  w e i g h t  t h s o u g h o u t  t h e  

s u s m e r  m o n t h s  a n d  a t t a i n  t h e i r  p e a k  w e i g h t s  i n  Oc tobe r -November .  

D u r i n g  t h e  s u b s e q u e n t  w i n t e r  m o n t h s ,  t h e r e  i s  a n  a p p a r e n t  weight 

l o s s  u n t i l  the e n d  o f  a a r c h  o r  t h e  b e g i n r - i n g  o f  A p r i l ,  Fro@ t h i s  

time o n ,  t h e  a n i m a l  a g a i n  g r a d u a l l y  i n c r e a s e s  i n  w e i g h t ,  The  

annual c y c l e  of w e i g h t  g a i n  a n d  w e i g h t  l oss  i n  m a t u r e  m u l e  d e e r  

t h u s  c o r r e s p o n d s ,  q u i t e  c l o s e l y ,  t o  t h e  a n n u a l  g r o w t h  p a t t e r n  of 

t h e  cementum d e ~ o s i t -  

F o r  z o o a r c h a e o f  o g i c a l  p u r p o s e s ,  t h e  c a l c u l a t i o n  of r a t i o s  

a n d  r a t i o  means ,  a s  p r e s e n t e d ,  p r o v i d e s  a q u a n t i t a t i v e  m e a s u r e  of 

o u t e r  i n c r e m e n t  w i d t h ,  T h e  r e s u l t a n t  v a l u e ,  a s  s h o u n  a b o v e ,  re- 

l a t e s  t o  t h e  ueek of c e B e n t u m  g r o w t h  a n d ,  by e x t e n s i o n ,  t o  t h e  

deer's d a t e  o f  d e a t h ,  F o r  a r c h a e o l o g i c a l  s p e c i m e n s ,  i t  i s  t h u s  

p o s s i b l e  t o  e s t a b l i s h  da te s  o f  d e a t h  f r o m  t h e  i n c r e m e n t a l  l a y e r s  

i n  t h e  cemen tum of t h e  f i rs t  m a n d i b u l a r  molar.. I f ,  f o r  e x a m p l e ,  

t h e  r a t i o  a p p r o x i m a t e s  u n i t y ,  a w i n t e r  d e a t h  f r o m  l a t e  December 

t o  early l a r c h  is i m p l i e d ,  Here, i n c r e a s e d  p r e c i s i o n  i n  t h e  

s e a s o n a l i t y  estimate is  n o t  p o s s i b l e  g i v e n  p r e s e n t  a n a l y t i c a l  



p r o c e d u r e s ,  I f ,  o n  t h e  o t h e r  hand ,  t h e  r a t i o  mean i s  a v a l u e  

between 0 a n d  1 ,  a more a c c u r a t e  estimate o f  t h e  da te  of d e a t h  i s  

p o s s i b l e ,  Here, r e f e r e n c e  t o  t h e  p l o t  i n  F i g u r e  17  a n d  A p p e n d i x  

X i s  n e c e s s a r y .  From t h e s e ,  i t  is  p o s s i b l e ,  i n  my o p i n i o n ,  t o  

i n f e r  c o n s e r v a t i v e l y  a month of d e a t h  fo r  t h e  a n i m a l ,  Greater 

p r e c i s i o n  i n  t h e  s e a s o n a l i t y  estimate f o r  t h i s  42 week i n t e r v a l  

of cemen tum g r o w t h  i s  n o t  p o s s i b l e  u n t i l .  f o r t h e r  r e s e a r c h  is  

c o n d u c t e d .  

R e c o m m e n d a t i o n s  f o r  F u r t h e r  R e s e a r c h :  

As n o t e d  b y  P y e  ( l 9 6 4 : 2 6 ) ,  n * R e s e a r c h s  is v e r y  o f t e n  a eu-  

phelaism for t r y i n g  t h e  wrcng w a y s  f i rs t ,  a s  we a l l  must  dow.  F o r  

t h e  p r e s e n t  s t u d y ,  " t h e  l e a s t  e f f i c i e n t  ways" i s  p r o b a b l y  a more 

a p p r o p r i a t e  e x p r e s s i o n .  

T h e  p r i n c i p l e  o b j e c t i v e  of t h i s  p h a s e  of t h e  r e s e a r c h  u a s  t o  

q u a n t i f y  o u t e r  i n c r e m e n t  w i d t h  a n d ,  a s  s u c h ,  t o  d e r i v e  a n  a ~ n u a l  

g r o w t h  p a t t e r n  fo r  t h e  cemen tum d e p o s i t  o f  m a t u r e  mule deer- A s  

a r e s u l t ,  s e v e r a l  d i s p a r a t e  locales w i t h i n  t h e  d e p o s i t s  o f  each 

t o o t h  were e x a m i n e d  a n d  m e a s u r e d  i n  order t o  d i s c o v e r  p o t e n t i a l  

v a r i a t i o n  w i t h i n  t h e  cemen tum l a y e r ,  F o r  m u l e  d e e r  inolars, t h e r e  

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

most of t h e  y e a r ,  F u r t h e r ~ s o r e ,  t h e r e  seems t o  be no s i g n i f i c a n t  

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

t h e  d e p o s i t -  

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

n o r  t h e  most a c c u r a t e ,  F o r  f u t u r e  r e s e a r c h e r s ,  i t  i s  t h e r e f o r e  



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

e x a a i n a t i o n  a n d  m e n s u r a t i o r ,  a n d  t o  restrict t h e  a c a l y s s s  to  t h o s e  

p a r t s  o f  t h e  d e p o s i t ,  F o r  t h e  f i r s t  m a n d i b u l a r  m o l a r s  o f  matuze  

mule d e e r ,  t h e  areas b e s t  s u i t e d  f o r  s u c h  a q u a n t i t a t i v e  a n a l y s i s  

a r e  l o c a t e d  n e a r  t h e  cemento-enamel  i n t e r f a c e  o f  t h e  p r o x i m a l  and 

d i s t a l  roots, 

W i t h i n  t h e s e  d e p o s i t s ,  a s  n o t e d  i n  the p r e v i o u s  c h a p t e r ,  the 

i n c r e m e n t a l  g r o w t h  l i n e s  are e v e n l y ,  b u t  c l o s e l y ,  s p a c e d ,  Such 

close s p a c i n g  of t h e  a n n u l i  u s u a l l y  a f f e c t s  t h e  a c c u r a c y  of t h z  

o c u l a r  measurements ,  Here, i n s u f f i c i e n t  m a g n i f i c a t i o n  i n c r e a s a s  

t h e  a a g n i t u d e  of t h e  p o t e n t i a l  e r r o r ,  A d i f f e r e n c e  o f  o n e ,  for  

example ,  i n  a n  o c u l a r  r e a d i n g  of t e n  i s  g r e a t e r ,  b y  a f a c t o r  o f  

o n e ,  thai a similar error f o r  an o c u l a r  reading o f  100- H i g h e r  

m a g n i f i c a t i o n s  t h u s  d e c r e a s e  t h e  m a g n i t u d e  of t h e  measuremen t 

e r r o r ,  A s  a r e s u l t ,  it i s  p r e f e r a b l e  t o  use t h e  h i g h e r  pcwered 

m i c r o s c o p e s ,  Here, t h e  t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p e  is par -  

t i c u l a r l y  a p p r o p r i a t e  as ,  on t h i s  i n s t r u m e n t ,  i t  i s  p o s s i t l e  t o  

p h o t o g r a p h  e a c h  spec i a e n  a t  a c o o s t a n t  m a g n i f i c a t i o n .  R e c o r d i n g  

t h e  r e l a t i v e  p o s i t i o n  o f  e a c h  g r o w t h  i n c r e m e n t  f r o m  t h e  pho to-  

g r a p h  is then p o s s i b l e  u s i n g  a d i g i t i z e r ,  

T h e  l e a s t  s q u a r e s  r e g r e s s i o n  e q u a t i o n s ,  a s  d e r i v e d  above ,  

are b a s e d  on a small s a m p l e  ( l e s s  t h a n  ten) o f  o b s e r v a t i o n s .  A 

pore a p p r o p r i a t e  a p p r o a c h  is t o  r e c o r d  s e v e r a l  measurea ten t s  f o r  

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

p e r  t o o t h  b a s e d  on t h e s e  measurements ,  I n  t h i s  case, t h e  l a r g e r  

sala~le  sizes i o c r e a s e  t h e  r e l i a b i l i t y  o f  t h e  estimates f o r  the 

r e g r e s s i o n  p a r a m e t e r s ,  F u r t  h e r a o r e ,  t h e  c a l c u l a t i o n  of a s i n g l e  



c 

r e g r e s s i o n  e q u a t i o n  is much more e x p e d i e n t ,  

T h e  r e g r e s s i o n  e q u a t i a n s ,  a s  c o m p u t e d  a b o v e ,  are a l s o  b a s e d  

on c u m u l a t i v e  m e a s u r e m e n t s ,  T h e r e  is t h u s  a l a c k  of i n d e p e n d e n c e  

f o r  t h e  Y v a r i a b l e s ,  They are  s a i d  t o  b e  a u t o c o r r e l a t e d  (Ost rom 

1978).  F o r  s m a l l  s a m p l e s ,  there is  no  s i g n i f i c a n t  effect  o n  the 

p a r a m e t e r  estimates b u t  t h e z e  are p r o b l e m s  w i t h  t h e  e s t i m a t e d  

v a r i a n c e s ,  For l a r g e r  s a m p l e s  h o w e v e r ,  t h e  l e a s t  s q u a r e s  p a r a -  

meter estimates are said t o  be i n e f f i c i e n t  ( O s t r o m  1978) .  To 

o v e r c o m e  t h i s  p r c b l e n ,  i t  is n e c e s s a r y  t o  d e t e r m i n e  t h e  w i d t h  of 

e a c h  i n c r e m e n t  a n d  t o  c o r r e l a t e  t h e s e  w i t h  t h e  age of t h e  a c i m a l ,  

T h i s  i s  p o s s i b l e ,  u s i n g  t h e  c u m u l a t i v e  o c u l a r  m e a s u r e a e n t r ,  b y  

s u b t r a c t i n g  Pi +, -P i  f o r  e a c h  a n n u l u s ,  T h e  r e g r e s s i o n  e y  u a t i o n  

w h i c h  d e r i v e s  from t h e s e  d a t a  t h e n  p r o v i d e s  estimates o f  t h e  

expected o u t e r  i n c r e m e n t  width, T h i s  a p p r o a c h  t h u s  e l i m i n a t e s  

many of  t h e  c a l c u l a t i o n s  n o t e d  a b o v e ,  

Here, t h e  r a t i o  is d e r i v e d ,  a s  before, u s i n g  t h e  a b o v e  esti-  

mate for  t h e  e x p e c t e d  o u t e r  i n c r e m e n t  w i d t h ,  I n  t h i s  i n s t a n c e  

however ,  o n l y  o n e  r a t i o  i s  d e r i v e d  f o r  e a c h  a n i m a l .  F u r t h e r m o r e ,  

it is p o s s i b l e  t o  d e r i v e  a n  e m p i r i c a l  estimate of the v a r i a n c e  

for  t h e s e  ra t ios ,  T h e  a n n u a l  g r o w t h  p a t t e r n  of t h e  ceiuentum de- 

posit t h e n  i s  d e t e r r a i n e d  f r o m  o n e  r a t i o  p e r  a n i m a l  r a t h e r  t h a n  a 

r a t i o  mean, S u c h  d a t a  are o b v i o u s l y  more c o n d u c i v e  t o  s t a t i s -  

t i c a l  m a n i p u l a t i o n .  

Etatios are n o t  n o r m a l l y  d i s t r i b u t e d  ( S o k a l  a n d  R o h f f  1969) -  

T o  o b t a i n  a n  a c c e p t a b l e  d e g r e e  of s y m m e t r y ,  i t  i s  t h u s  n e c e s s a r y  

t o  t r a n s f o r m  t h e  data,  Here, t h e  a r c s i n e  t r a n s f o r m a t i o n  is ap-  

p r o ~ r i a t e  ( S o k a l  a n d  R o h l f  1969)  a n d  s h o u l d  b e  a p p l i e d  p r i o r  t o  



t h e  d e r i v a t i o n  of t h e  a n n u a l  g r o w t h  p a t t e r n  f o r  t h e  cementum 

d e p o s i t ,  

F o r  z o o a r c h a e ~ l o g i c a l  p u r p o s e s ,  t h e  g r o w t h  p a t  t e r n  of t h e  

cemen tum l a y e r  is of i n t e r e s t  o n l y  i c a s m u c h  a s  i t  relater; t o  a n  

a n i e r a l ' s  d a t e  o f  d e a t h .  T h e  t r a n s f o r m e d  d a t a  t h u s  s h o u l d  be  

p l o t t e d  as t h e  i n d e p e n d e n t  v a r i a b l e  a n d  t h e  week o f  cementum 

g r o w t h  s h o u l d  become t h e  d e p e n d e n t  v a r i a b l e .  S u c h  data p e r m i t  

t h e  c a l c u l a t i o n  o f  a more a p p r o p r i a t e  r e g r e s s i o n  e q u a t i o n ,  T h i s  

equation, i f  d e r i v e d  a s  s t a t e d ,  p r o v i d e s  estimates o f  t h e  d a t e  

of d e a t h  from t h e  p r o p o r t i o n a t e  g r o w t h  i n  t h e  o u t e r  i n c r e m e n t -  

Using t h e s e  d a t a ,  it a l s o  b e c o a e s  p o s s i b l e  t o  c a l c u l a t e  a n  error 

range f o r  t h e  s e a s o n a l i t y  estimates. 

Summary: 

I n  b r ie f ,  this c h a p t e r  r e v i e w s  s e a s o n a l i t y  a s s e s s m e n t s  i n  

z o o a r c h a e o l o g y  and d i s c u s s e s  t h e  p o t e n t i a l  of cementum g r c u t h  

i n c r e m e n t s  f o r  such d e t e r m i n a t i o n s ,  The  r e s u l t s  o f  this s t u d y  

i n d i c a t e  t h a t  t h e r e  i s  a n  o b s e r v a b l e  linear i n c r e a s e  i n  o u t e r  

increment  w i d t h  for  t h e  first f o r t y - t w o  w e e k s  o f  cementum g r o w t h  

o r  from maid-Xarch u n t i l  f a t e - D e c e m b e r ,  T h e r e a f t e r ,  t he re  i s  n o  

d e t e c t a b l e  i n c r e a s e  i n  t h e  cementum d e p o s i t  a s  d e t e r m i n e d  f r o m  

a ratio of outer increment w i d t h  o v e r  e x p e c t e d  i n c r e m e n t  wid th .  

T h i s  g r o w t h  p a t t e r n  e n a b l e s  more a c c u r a t e  p r e d i c t i o n s  o f  t h e  

s e a s o n  of d e a t h ,  I n  f a c t ,  m o n t h - o f - d e a t h  estispates a r e  n o u  

p o s s i b l e  from mid-March u n t i l  t h e  e n d  of December, For  t h e  



w i n t e r  months ,  o n  t h e  o t h e r  haxd,  o n l y  the s e a s o n - o f - d e a t h  i s  

estimable, G r e a t e r  p r e c i s i o n  i n  t h e s e  s e a s o n a l i t y  e s t i m a t e s ,  

however ,  i s  n o t  p o s s i b l e  u n t i l  f u r t h e r  r e s e a r c h  is  c o n d u c t e d ,  



8, C o n c l u s i o n s  a n d  Recommendations fcr F u t u r e  R e s e a r c h  

flan's mind c l u m s i l y  a n d  t e d i o u s l y  a n d  
l a b o r i o u s l y  p a t c h e s  l i t t l e  t r i v i a l i t i e s  
t o g e t h e r  and  g e t s  a r e s u l t  - s u c h  a s  i t  
is [Twain 3962:231), 

T h i s  t h e s i s  p r e s e n t s  t h e  r e s u l t s  of  a n  o s t e o m e t r i c  a n d  

h i s t o l o g i c a l  a n a l y s i s  o f  t h e  a a n d i b l e  i n  m a t u r e  Rocky H o u n t a i n  

m u l e  deer from t h e  C a c h e  l a  P o u d r e  d r a i n a g e .  Its p r i n c i p l e  

o b j e c t i v e  was t o  d i s c o v e r  nore a c c u r a t e  a p p r o a c h e s  t o  t h e  

e s t i m a t i o n  of a d e e r ' s  a b s o l u t e  age ,  sex,  w e i g h t  a n d  s e a s o n  o f  

d e a t h  fsoltr a s i n g l e  a n a t c l a i c a l  e l e l s e n t ,  As s u c h ,  t h i s  r e s e a r c h  

was s u c c e s s f u l ,  

I n  n a t u r e  Hocky f l o u n t a i n  mule deer, t h e  m a c d i b l e  i s  a good 

p r e d i c t o r  o f  t h e  d e e r ' s  l i v e  a n d  d r e s s e d  c a r c a s s  weight ,  By 

means  of s i m p l e  r e g r e s s i o n  a n a l y s i s ,  s i g n i f i c a n t  c o r r e l a t i o n s  

were f o u n d  t o  e x i s t  be tween  v a r i o u s  d i m e n s i o n s  of t h e  m a n d i b l e  

a n d  t h e  b l e d  carcass w e i g h t ,  e v i s c e r a t e d  c a r c a s s  w e i g h t  a n d  

s k i n n e d  a n d  e v i s c e r a t e d  carcass w e i g h t  o f  m a t u r e  a n i m a l s -  The 

s t r e n g t h  o f  t h e s e  a s s o c i a t i o n s  i n c r e a s e s  s u b s t a n t i a l l y  i f  t h e  

s a m p l e  i s  s u b d i v i d e d  i n t o  two  g r o u p s  b a s e d  o n  s e a s o n a l  weight  

g a i n s  a n d  l o s s e s ,  Here, c o r r e l a t i c n  c o e f f i c i e n t s  e x c e e d  0.80 fo r  

one group and 0.90 f o r  the o t h e r ,  S e v e r a l  r e g r e s s i o n  e q u a t i o n s  

are also p r e s e n t e d  f o r  e s t i a a t i n g  t h e  weight o f  i n d i v i d u a l  deer 

f r o m  t h e  o s t e o m e t r i c  a t t r i b u t e s  o f  i ts  m a n d i b l e -  

G i v e n  t h e s e  r e s u l t s ,  it is n o t  u n r e a s o n a b l e  t o  a s s u m e  t h a t  

s i ~ i l a r  a s s d c i a t i o n s  e x i s t  f o r  o t h e r  N o r t h  American u n g u l a t e s -  

I n  f a c t ,  most s k e l e t a l  e l e m e n t s  p r o b a b l y  re la te  t o  t h e  w e i g h t  of 



s u c h  a n i n a l s ,  It is t h u s  reconmended t h a t  f u t u r e  r e s e a r c h e r s  

a t t e m p t  t o  d i s c o v e r  t h e  n a t u r e  a n d  s t r e n g t h  o f  such a s s o c i a t i o n s ,  

Here, t h e  c o l l e c t i o n ,  w e i g h i n g  a n d  a e a s u r e m e a  t of a modern s a m p l e  

i s  n e c e s s a r y  t o  d e r i v e  t h e  a p p r o p r i a t e  r e g r e s s i o n  c o n s t a c t s ,  T h e  

r e s u l t a n t  r e g r e s s i o n  e q u a t i o n s  t h e n  become p o w e r f u l  s t a t i s t i c a l  

tools fo r  t h e  p r e d i c t i o n  of  a n i m a l  w e i g h t  d i r e c t l y  from t h e  ele- 

m e n t s  p r e s e n t  i n  t h e  f a u n a l  a s s e n t b l a g e s ,  

I n  z o o a r c h a e o l o g y ,  t h e  d e s i r e d  w e i g h t  e s t i n a t e s  are v a r i a b l e  

a n d  r e f l e c t  t h e  s p e c i f i c  r e s e a r c h  o b j e c t i v e s  of t h e  a n a l y s t .  A s  

a r e s u l t ,  i t  is d e s i r a b l e ,  when p r e p a r i n g  c o m p a r a t i v e  s p e c i ~ e n s ,  

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

f u t u r e  r e s e a r c h e r s  c o m p i l e  s u c h  d a t a ,  it w i l l  become p r a c t i c a b l e  

t o  estimate a n y  d e s i r a b l e  w e i g h t  d i r e c t  fy f rom t h e  o s t e o m e t r i c  

a t t r i b u t e s  of p r e h i s t o r i c  bones .  F u r t h e r ,  i f  t h e  a n i m a l s  a re  

d i s s e c t e d  p r o p e r l y  i t  may be p o s s i b l e  t o  p r e d i c t  t h e  w e i g h t  o f  

selected p o r t i o n s  d i r e c t l y  from t h e  d i m e n s i o n s  o f  t h e  a p p r o p r i a t e  

bones ,  

I n  m a t u r e  Rocky n o u n t a i n  mule d e e r ,  t h e  m a n d i b l e  a l s o  i n d i -  

cates t h e  sex of t h e  aaiatal, I n  t h e  p r e s e n t  r e s e a r c h ,  s e l e c t e d  

m a n d i b u l a r  m e a s u r e m e n t s  were s u b j e c t e d  t o  d i s c r i m i n a n t  f u n c t i o n  

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

and f e m a l e s ,  The t e c h n i q u e  is shown t o  b e  f r o m  88 t o  9 4  p e r c e n t  

a c c u r a t e  i n  t h e  s e p a r a t i o n  o f  male and f e m a l e  m u l e  deer from t h e  

C a c h e  l a  P o u d r e  p o p u l a t i o n ,  V a r i a t i o n s  i n  t h e  a c c u r a c y  of  t h e  

t e c h n i g u e  reflect t h e  number a n d  t y p e  o f  m e a s u r e m e n t s  used. 

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

the r e l i a b i l i t y  of o c e  d i s c i r m i n a n t  f u n c t i o n ,  Here, a l l  three 



s p e c i m e n s  were c l a s s i f i e d  correctly on t h e  b a s i s  of t h e  f u n c t i o n ,  

D i s c r i a i n a n t  f u n c t i o n  a n a l y s i s  t h u s  a p p e a r s  t o  b e  a  r e l i a b l e  

stat i s t i c a l  t e c h n i q u e  f o r  i d e n t i f y i n g  a n d  c l a s s i f y i n g  t h e  sex of 

e a t n r e  m u l e  deer f r o m  selected m a n d i b u l a r  measurements .  F u r t h e r  

t e s t i n g  of the f u n c t i o n  u s i n g  m a n d i b l e s  o f  known s e x  f r o m  C a c h e  

l a  P o u d r e  m u l e  d e e r  is, however ,  d e s i r a b l e .  

T e c h n i c a l l y ,  t h e  d i s c r i a i n a n t  f u n c t i o n s  p r e s e n t e d  i n  t h i s  

t h e s i s  a p p l y  o n l y  t o  m a t u r e  mule d e e r  f r o m  t h e  C a c h e  l a  P o u d r e  

area. Here t h e r e f o r e ,  f u r t h e r  t e s t i n g  is  n e c e s s a r y  t o  e s t a b l i s h  

t h e  a p p l i c a b i l i t y  o f  t h e s e  f u n c t i o n s  i n  s e x i n g  o t h e r  mule  deer 

from d i f f e r i n g  g e o g r a p h i c a l  p r o v e n i e n c e s ,  D i s c r i m i n a n t  f u n c t i o n  

a n a l y s i s  may a l so  a p p l y  t o  t h e  m a n d i b l e s  of y o u n g e r  mule  d e e r  o r  

t o  t h e  same e l e m e n t s  of o t h e r  N o r t h  A a e r i c a ~ i  u n g u l a t e s ,  I n  f a c t ,  

t h e  t e c h n i q u e  Bnay p r o v e  u s e f u l  i n  s e x i n g  a n i m a l s  u s i n g  other s k e -  

l e t a l  e l e m e n t s ,  Here a g a i n ,  modern s a m p l e s  are e s s e n t i a l  t o  de- 

r i v e  a n d  test  t h e  a p p r o p r i a t e  f u n c t i o n s ,  

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

t h e s e  f u n c t i o n s  i s  a l s o  n e c e s s a r y ,  Here, s e c u l a r  t r e n d s  and gao- 

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

r e l e v a n c e  of t h e s e  e q u a t i o n s ,  It is  t h u s  recommended t h a t  f u t u r e  

z o o a r c h a e o l o g i s t s  v e r i f y  t h e  r e l i a b i l i t y  of t h e  a b o v e  f u n c t i o n s  

u s i n g  t h e  m a n d i b l e s  of known-sex d e e r  from d i f f e r e n t  t e m p o r a l  

p r o v e n i e a c e s ,  Here, m e t h o d s  f o r  t h e  i d e n t i f i c a t i o n  and r e c o v e r y  

of s e x a b l e  m a n d i b l e s  from p r e h i s t o r i c  c o n t e x t s  are  p r e s e n t e d .  

I n  n a t u r e  Rocky M o u n t a i n  mule d e e r ,  i t  is a l s o  p o s s i b l e  t o  

d e t e r n i n e  the a b s o l u t e  a g e  of t h e  a n i m a l  from a o n u l i  c o u n t s  i n  

t h e  cementum of t h e  first m a a d i b u l a r  molar, F o r  s u c h  a g e  d e t e r -  



1 m i n a t i o n s ,  d e c a l c i f i e d  and s t a i n e d  l o n g i t u d i n a l  t h i n  sect ions are 

shown t o  b e  t h e  most  r e l i a b l e  h i s t o l o g i c a l  p r e p a r a t i o n s ,  Here, 
; 

t h e  a c c u r a c y  of t h e  t e c h n i q u e  h a s  been  c o n f i r m e d  by s t u d i e s  w i t h  

known-age a n i m a l s -  I n  t h e  p r e s e n t  s t u d y ,  n i n e t y - o n e  d e e r  were 

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

incisor a n d  t h e  f i r s t  molar-  Here, a g e  e s t i m a t e s  i n  80 of these 

+ a n i m a l s  are i n  p e r f e c t  agreement .  F o r  t h e  r e m a i n i n g  11 d e e r ,  t h e  

d i s a g r e e m e c t s  i n  t h e  a g e  e s t i m a t e s  d o  n o t  e x c e e d  p l u s  o r  minus 

o n e  y e a r ,  P o s s i b l e  e x p l a n a t i o n s  for t h e  o b s e r v e d  d i f f e r e n c e s  a r e  

d i s c u s s e d ,  

O f  i m m e d i a t e  c o n c e r n  t o  z o o a r c h a e o l o g i c a l  r e s e a r c h  is t h e  

d e v e l o p m e n t  of an a p p r o p r i a t e  h i s t o l o g i c a l  p r o c e d u r e  f o r  the ana- 

l y s i s  o f  p r e h i s t o r i c  materials. I n  nay o p i n i o n ,  t h e  p r o d u c t i o n  o f  

d e c a l c i f i e d  a n d  s t a i n e d  t h i n  s e c t i o n s  from i m p e r f e c t l y  p r e s e r v e d  

a r c h a e o l o g i c a l  t e e t h  nay  be d i f f i c u l t  b u t  n e v e r t h e l e s s  p o s s i b l e -  

It i s  also n e c e s s a r y  t o  c o n f i r n  the a c c u r a c y  o f  t h e  t e c h n i q u e  i n  

a g i n g  o t h e r  species of  a r c h a e o f  o g i c a l  i m p o r t a n c e ,  Given t h e s e  

d a t a ,  it t h e n  b r c o m e s  p o s s i b l e  t o  c o m p a r e  t h e  rates o f  t o o t h  wear 

i n  modern a n d  p r e h i s t o r i c  a n i m a l s ,  t o  s t u d y  more a c c u r a t e l y  t h e  

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

l o n g e v i t y  i n  a o d e r n  a n d  p r e h i s t o r i c  p o p  l a t i o n s .  

F r o @  d e c a l c i f i e d  a n d  s t a i n e d  t h i n  s e c t i o n s  o f  t h e  first man- 

d i b u l a r  a o l a r ,  i t  is a l s o  p o s s i b l e  t o  i n f e r ,  w i t h  a c c u r a c y ,  t h e  

s e a s o n  of d e a t h  for tna tn re  Rocky M o u n t a i n  tnule deer, C h d p t e r  

seven of t h i s  study p r e s e n t s  a  methodo logy  f o r  t h e  q u a n t i f i c a t i o n  

of outer i n c r e m e n t  w i d t h ,  The  r e s u l t  i s  a r a t i o  of t h e  o b s e r v e d  

o u t e r  i n c r e a e n t  width o v e r  the e x p e c t e d  outer iocrement w i d t h -  A 



p l o t  of t h e  r a t i o  means  for  e a c h  s p e c i m e n  r e l a t i v e  t o  t h e  known 

d a t e  of d e a t h  t h e n  r e v e a l s  a n  a n n u a l  p a t t e r n  o f  cementum g r o w t h -  

Here, t h e  earl iest  d e t e c t a b l e  i n c r e a s e  i n  t h e  cementum d e g o s i t  

r e l a t i v e  t o  t h e  l a s t  a n n u l u s  o c c u r s  i n  t h e  t h i n  s e c t i o n s  cf deer 

s h o t  i n  l a t e  ?larch, From t h i s  d a t e  u n t i l  t h e  e n d  o f  December, 

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

From t h e  e n d  of December u n t i l  t h e  e n d  o f  Plarch, o n  t h e  o t h e r  

hand ,  t h e r e  i s  n o  d e t e c t a t l e  i n c r e a s e  i n  t h e  t h i c k n e s s  o f  t h e  

d e p o s i t  g i v e n  t h e  p r e s e n t  a n a l y t i c a l  p r o c e d u r e s ,  T h i s  i s  assumed  

t o  r e p r e s e n t  a n  e p i s o d e  o f  a i n i m a l  o r  a r r e s t e d  growth.  

It is p o s s i b l e ,  as noted i n  t h e  s t u d y ,  t o  d e s c r i b e ,  i n  

m a t h e m a t i c a l  terms, the r e l a t i o n s h i p  o f  r a t i o  means  a n d  time o f  

y e a r ,  F o r  a r c h a e o l o g i c a l  s p e c i m e n s  theref o r e ,  it i s  p o s s i b l e  t o  

c a l c u l a t e  a r a t io  mean and t o  relate t h i s  v a l u e  t o  a n  a p p r o x i m a t e  

d a t e  o f  d e a t h ,  Tf, for  e x a m p l e ,  t h e  r a t i o  mean e q u a l s  one, t h e n  

a winter d e a t h  f r o =  l a t e  December t o  e a r l y  ?!arch i s  i ~ i d i c a t e d ,  

I f ,  o n  t h e  o t h e r  hand ,  t h e  r a t i o  mean i s  a  v a l u e  b e t w e e n  0 and 1,  

i t  is t h e n  p o s s i b l e  t o  i n f e r  a month of d e a t h  f o r  m a t u r e  d e e r .  

G r e a t e r  p r e c i s i o n  i n  t h e  s e a s o n a l i t y  e s t i m a t e s  is n o t  p o s s i b l e  

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

As shown i n  t h i s  s t u d y ,  t h e r e  is a q u a n t i f i a b l e  i n c r e a s e  i n  

o u t e r  i n c r e m e n t  w i d t h  t h r o u g h o u t  most of t h e  y e a r ,  F o r  f u t u r e  

r e s e a r c h e r s ,  it is t h u s  e s s e n t i a l  t o  q u a n t i f y  @ore a c c u r a t e l y  t h e  

e x t e n t  of cementum g r o r t h  in t h e  o u t e r  i n c r e m e n t  a n d  t o  d e r i v e  a 

p r e d i c t i v e  e q u a t i o n  which is more a p p r o p r i a t e  f o r  t h e  a n a l y s i s  of 

p r e h i s t o r i c  f a u n a .  The g r o w t h  p a t t e r n  of t h e  cementum, as d e s -  

c r i b e d ,  also a p p l i e s  o n l y  t o  m a t u r e  mule  d e e r  f rom t h e  Cache  f a  



r e l a t i o n s h i p  f o r  a l l  N o r t h  A m e r i c a n  u n g u l a t e s  which  are i m p o r t a n t  

t o  a r c h a e o l o g i s t s ,  T h i s ,  a g a i n ,  r e q u i r e s  t h e  c o l l e c t i o n  cf a n  
k 

a p p r o p r i a t e  r e s e a r c h  c o l l e c t i o n .  

I n  b r i e f ,  t h i s  t h e s i s  o u t l i n e s  t h e  p o t e n t i a l  i n t e r p r e t i v e  

v a l u e  of t h e  mule  d e e r  mand ib le .  As shown by t h e  p r e s e n t  s t u d y ,  

i t h i s  s k e l e t a l  element i s  c a p a b l e  of p r o v i d i n g  a c c u r a t e  e s t i m a t e s  

of a m a t u r e  deer's a b s o l u t e  age, sex, w e i g h t  a n d  s e a s o n  of  d e a t h .  

F u r t h e r ,  the r e s u l t s  of t h i s  r e s e a r c h  s u g g e s t  i n t e r e s t i n g  avenues 

f o r  f u t u r e  z o o a r c h a e o l o g i c a l  r e s e a r c h  i n  North Alaerica. 



Appendix I: This table lists t h e  i d e n t i f i c a t i o n  number, s e x ,  
d a t e  o f  d e a t h ,  E r i c k s o n l s  (1967) age estimate and 
my a g e  e s t i m a t e  for  each of the 102 aand ib les  u s e d  
i n  t h i s  r e s e a r c h .  

Erickson's aY 
No, S e x  Date of d e a t h  a g e  estimate a g e  estimate 

2 0  A p r i l  
27 A p r i l  
8 Hay 

16 a a y  
2 3  May 
3 0  Play 

6 June  
13 June 
2 0  J u n e  

6 July 
13 J u l y  
20 J u l y  

2  Aug. 
14 Aug* 
2 2  Aug, 
3 1  Rug, 
12  Sept- 
1 4  Nov, 
2 9  lov, 
13  Dec. 
20 Dee, 
19 Jan, 
23  Jan, 
30  Jan-  
13 Feb, 
2 0  Feb, 
27  Feb, 
2 0  Harch 
22  #arch  
1 2  A p r i l  
2 0  A p r i l  
26 A p r i l  

9 J u l y  
2 3  J u l y  
30 J u l y  
2 7  Bug. 

5 S e p t -  
1  1 S e p L  
2 3  O c t ,  
15 Nov, 
2 1  Nov, 
28 Nov- 
12 Dec, 

years months 
7 10 
7 10 
3 1 1  
5 1 1  
3 11 
2 11 
8 0  
7 0 
3 0  
3 1 
7 1 * 
2  1  
4 2 
3 2  
2 2 
5 2 
3 3 
2 5 
3 5 

13 6 
9 6 
3 7 
5 7  
2  7 
4 8 
5 8 
2 8 
5 9 
3 9 

10 10 
7 10 
2 10 
2 1  * 
3  1 
6 1  
2 2 
7 4 7 * 
3 3 
3 4 

10 5 
2 5 
3 5 
4 6 

years months 
7 10 
7 10 
3 11 
5 11 
3 11 
2 11 
8 0 
7 0 
3 0  
3 1 
6 1 
2 1  
4 2 
3 2 
2 2 
5 2 
2 3 
2 5 
3 5 

13 6 
9 6 
3 7  
5 7 
2  7 
4 8 ... - 
2 8 
5 3 
3 9 

10 10 
7 10 
2 10 
3 1 
4 1 
6 1 
2 2 
9 3 
3 3 
3 4 

11 5 
2 5 -- -- 
4 6 
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1 3  Dec, 
26 Dec, 

2 Jan, 
9 Jan, 

16 J a c .  
2 3  Jan, 
30 Jan-  

6 Feb. 
27 Feb, 

6 March 
13 Harch 
20 Harch 

8 A p r i l  
2 2  A p r i l  
13 Bay 
20 Bay 
27 Hay 

5 J u n e  
1 2  June 

2 J u l y  
30 J u l y  

6 Rug. 
20  Aug, 
18 S e p L  
2 2  oct, 
20 Nov, 
10 Dec, 
17 Dec, 
21 Jan.  
1 1  feb, 
18  Feb. 

3 Harch 
17 ffarch 

8 A p r i l  
28 A p r i l  
1 2  Hay 

2 June  
3 0  J u n e  
13 J u l y  
1 1  Aug. 
12 O c t ,  
20 O c t ,  

4 Nova 
10 Nov, 
17 Nov. 

8 Dec- 
2 3  Dec, 
19 Jan, 
10 Feb, 
2 4  Feb, 
1 1  Harch 



dix I: ( c o n t ' d )  

17 Rarch 1965 
24 March 1965 
13 A p r i l  1965 
2 9  Nov, 1961 
2 3  J u n e  1 9 6 2  
28  A p r i l  1963 
16 A p r i l  1964 
2 5  March 1965 

* T h e s e  age estimates d e r i v e  from an assessment of tooth  wear, 



Appendix  11: D e s c r i p t i o n  o f  t h e  11 m a n d i b u l a r  m e a s u r e m e n t s  w i t h  
i n s t r u c t i o n s  f o r  each m e n s u r a t i o n  u s i n g  a l e f t  man- 
d i b l e ,  T h i s  list a l s o  p r o v i d e s  t h e  c o r r e s p o n d i n g  
m e a s u r e m e n t s  o f  von d e n  D r i e s c h  (1976: 56-57) a n d  
Rees (1969: 102) -  D e n t a l  t e r m i n o l o g y  f o l l o w s  t h a t  
o f  R i n e y  (l!J5l)- 

H e a s u r e a e n t  1: Bboral l e n g t h  of t h e  a n g u l a r  p r o c e s s -  To 
q u a n t i f y  t h i s  l e n g t h  o n e  m e a s u r e s  t h e  d i s t a n c e  from t h e  
c a u d a l  b o r d e r  of t h e  a s c e n d i n g  ramus  t o  a n  i m a g i n a r y  line 
e x t e n d i n g  f rom t h e  a b o r a l  b o r d e r  o f  the m a n d i b u l a r  c o n d y l e  t o  
t h e  g o n i o n  c a u d a l e  (von den D r i e s c h  1976)-  To m e a s u r e  t h i s  
d i s t a n c e ,  p l a c e  t h e  m a n d i b l e ,  b u c c a l  s i d e  down, i n  t h e  l e f t  
c o r n e r  o f  t h e  b o a r d ,  Measurement  1 i s  t h e n  t h e  maximum 
d i s t a n c e ,  m e a s u r e d  t o  t h e  n e a r e s t  am, f r o m  t h e  * l e f t  wall1* t o  
t h e  c a u d a l  b o r d e r  o f  t h e  a s c e n d i n g  ramus,  

R e a s n r e m e n t  2: M a n d i b l e  l e n g t h  t o  t h e  a l v e o l u s  o f  t h e  c a n i n e ,  
(Bees* m e a s u r e m e n t  7 ) -  T h i s  measurement  i s  t h e  maximum 
d i s t a n c e  f rom t h e  g o n i o n  c a u d a l e  t o  t h e  a b o r a l  b o r d e r  o f  t h e  
c a n i n e  s o c k e t .  To o b t a i n  raeasurement. 2, p l a c e  t h e  m a n d i b l e ,  
b u c c a l  s i d e  down, i n  t h e  l e f t  c o r n e r  of t h e  b o a r d  a o d  read 
t h i s  m a n d i b u l a r  l e n g t h  t o  n e a r e s t  millimeter. 

B e a s u r e n e n t  3: M a n d i b l e  l e n g t h  t o  t h e  a l v e o l u s  o f  P2 (von  den  
D r i e s c h ' s  measurement  5)- H e a s u r e m e n t  3 is t h e  d i s t a n c e  f rom 
t h e  g o n i o n  c a u d a l e  t o  the mesial b o r d e r  of t h e  P2 s o c k e t .  
Bgain, p l a c e  t h e  m a n d i b l e ,  b u c c a l  s i d e  down, o n  t h e  b o a r d  a n d  
r e a d  t h i s  l e n g t h  t o  t h e  n e a r e s t  millimeter, 

Measurement  4: T o t a l  l e n g t h  o f  t h e  m a n d i b l e  (von den  D r i e s c h q s  
measurement  7 ) -  T h i s  l e n g t h  m e a s u r e  r e p r e s e n t s  t h e  maximum 
d i s t a n c e  f rom t h e  g o n i o n  caudale t o  t h e  i n f r a d e n t a l e  {see 
von den D r i e s c h  1976)-  I n  t h i s  c a s e ,  p l a c e  t h e  m a n d i b l e ,  
l i n g u a l  s i d e  dovn,  i n  t h e  r i g h t  c o r n e r  of t h e  m a n d i b l e  b o a r d  
and r e a d ,  t o  t h e  n e a r e s t  m m ,  t h e  t o t a l  l e n g t h  of t h e  m a n d i b l e  
e x c l u d i n g  i o c i s o r s -  

H e a s u r e a e n t  5: n a n d i b l e  l e n g t h  t o  t h e  a l v e o l u s  o f  H, f v o r ,  d e n  
D r i e s c h ' s  s e a s u r e m e c t  3 ) -  T h i s  is t h e  d i s t a n c e  f r o a  the 
g o n i o n  c a u d a l e  t o  t h e  a b o r a l  m a r g i n  of t h e  fl, s o c k e t ,  A s  for  
measurement  4, p l a c e  t h e  m a n d i b l e ,  l i n g u a l  side down, on t h e  
b o a r d  a n d  read t h i s  d i s t a n c e  t o  t h e  n e a r e s t  m i l l i a e t e r ,  

Measurement  6 :  Diastena l e n g t h  ( B e e s *  iueasurernent  1 a n d  von den 
D r i e s c h ' s  measurement  11) .  T h i s  l e n g t h ,  measured  t o  the 
n e a r e s t  0.1 mm with d i a l  c a l i p e r s ,  i s  t h e  d i s t a n c e  f rom t h e  
a b o r a l  m a r g i n  o f  t h e  c a n i n e  s o c k e t  t o  t h e  mesial b o r d e r  o f  
the a l v e o l u s  o f  P2. 
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M e a s u r e m e n t  7: H e i g h t  of t h e  c o r p u s  i n  t h e  area of t h e  d i a s t e m a  
(Rees' m e a s u r e m e n t  2 ) -  D i m e n s i o n  7 i s  t h e  minimum d i s t a n c e ,  
m e a s u r e d  t o  t h e  n e a r e s t  0-7 m m  w i t h  d i a l  c a l i p e r s ,  between 
t h e  d o r s a l  a n d  v e n t r a l  b o r d e r s  o f  t h e  d i a s t e m a  p o s t e r i o r  t o  
t h e  m a n d i b u l a r  s y m p h y s i s ,  

H e a s u r e m e n t  8: W i d t h  o f  t h e  c o r p u s  i n  t h e  d i a s t e m a  r e g i o n  (Rees' 
a e a s u r e m e n t  3 ) -  T h i s  is  t h e  minimum d i s t a n c e ,  s e a s u r e d  a s  
a b o v e ,  b e t w e e n  t h e  b u c c a l  a a d  l i c g u a l  b o r d e r s  o f  t h e  d i a s t e m a  
p o s t e r i o r  t o  t h e  s y m p h p s i s .  

P l e a s n r e m e n t  9: C o r p u s  w i d t h  [Rees ' m e a s u r e m e n t  4)- T h i s  
d i s t a n c e ,  m e a s u r e d  a s  a b o v e ,  is t h e  w i d t h  of t h e  m a n d i b u l a r  
c o r p u s  a t  t h e  mesial c u s p s  of M I ,  A s  s u c h ,  m e a s u r e m e n t  9 is 
the minimum d i s t a n c e  b e t w e e n  the l i n g u a l  a n d  b u c c a l  s u r f a c e s  
of t h e  m a n d i b u l a r  c o r p u s  i n  t h i s  r e g i o n -  

Weasu remen t  10: C o r p u s  h e i g h t  (Rees' m e a s u r e m e n t  5 a n d  vcn d e n  
C r i e s c h *  s m e a s u r e m e n t  l s b ) ,  T h i s  m e a s u r e m e n t  ia t h e  minimum 
d i s t a n c e  b e t w e e n  t h e  d o r s a l  border of the m a n d i b u l a r  body  
m e d i a l  t o  the a n t e r i o r  c u s p s  of fl, a n d  t h e  v e n t r a l  b o r d e r  of 
t h e  c o r p u s ,  To o b t a i n  this h e i g h t ,  m e a s u r e ,  t o  t h e  n e a r e s t  
0 - 1  am using d i a l  c a l i p e r s ,  t h e  l i n g u a l  s i d e  o f  t h e  c o r p u s  
i n  t h e  s p e c i f i e d  r e g i o n -  

M e a s u r e m e n t  11: R i d d l e  h e i g h t  o f  t h e  a s c e n d i n g  r a m u s  (Rees* 
m e a s u r e m e n t  6 a n d  v o n  d e n  D r i e s c h ' s  m e a s u r e m e n t  13). T h i s  
h e i g h t  i s  t h e  d i s t a n c e ,  m e a s u r e d  t o  t h e  n e a r e s t  0 - 1  m m ,  from 
t h e  d e e p e s t  p o i n t  o f  t h e  m a n d i b u l a r  n o t c h  t o  the d e e p e s t  
p o i n t  of t h e  n o t c h  o n  t h e  v e n t r a l  b o r d e r  o f  t h e  a n g u l a r  
p r o c e s s .  
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Append ix  I V :  T h i s  c h a r t  describes the b a s i c  p r o c e d u r e  a n d  
a p p r o p r i a t e  s e t t i n g s  f o r  x - r a y i n g  a n d  f i l m  
d e v e l o p ~ e n t .  

I n  this r e s e a r c h ,  a p o r t a b l e  x - ray  u n i t  a n d  Kodak O c c l u s a l  U l t r a  
S p e e d  Z) S a f e t y  f i l m  Here u s e d  t o  r e c o r d  t h e  p r o g r e s s  o f  t h e  
d e c a l c i f i c a t i o n  p r o c e s s ,  E v e r y  2 h o u r s ,  t h e  molars were removed 
from t h e  a c i d ,  p l a c e d  o n  f i l m  with t h e i r  g o s i t i o n  r e c o r d e d  a n d  
x-rayed t o  e v a l u a t e  the e x t e n t  of  d e m i n e r a l i z a t i o n -  D u r i n g  t h i s  
x - r a y i n g ,  t h e  e x p o s u r e  d a t a  uere a s  f o l l o u s :  

Vof t a g e  7 0  kV 
A m  E e r a g e  20 m a  
E x p o s u r e  time 0.15 s e c o n d s  
F o c u s - f i l m  d i s t a n c e  35 cn 

D e v e l o p m e n t  of t h e  f i l m  o c c u r r e d  a p p r o x i m a t e l y  15 m i n u t e s  a f t e r  
t h e  e x p o s u r e ,  T h e  chemical b a t h s  f o r  f i l m  d e v e l o p m e n t  were 
m a i n t a i n e d  a t  a  c o n s t a n t  t e m p e r a t u r e  o f  68' P, T h e  b a s i c  
p r o c e d u r e  for f i l m  d e v e l o g m e n t  was a s  f o l l o w s :  

+ D e v e l o p e r  - 5 m i n u t e s  w i t h  a g i t a t i o n  e v e r y  m i n u t e -  
R i n s e  - 2 0  s e c o n d s  
F i x e r  - 1 0  m i n u t e s  w i t h  a g i t a t i o n  e v e r y  m i n u t e ,  
R i n  se - 2 0  m i n u t e s  

After the f i n a l  r i n s e  t h e  f i l m  was d i p p e d  i n  Kodak P h o t o f l o  t o  
e l i m i n a t e  d r y i n g  s p o t s  f o r  s u b s e q u e n t  photography, .  W i t h i n  30  
minutes f i n a l  r e s u l t s  o f  t h e  r a d i o g r a p h i c  a n a l y s i s  u e r e  a v a i l a b l e  
for i n s p e c  t i o n ,  



Appendix V :  T h i s  t a b l e  l i s ts  t h e  i d e n t i f i c a t i o n  numbers,  
t h i c k n e s s e s ,  weights and d e c a l c i f i c a t i o n  times 
of the  l i n g u a l  sections of the d e e r  aolars, 

I d e n t i f i c a t i o n  D e c a l c i  f i c a t i o n  
Number T h i c k n e s s  (mm) H e i g h t  [gm) time in hours 



Appendix V: (cont8d) 
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A p p e n d i x  VI: A d e t a i l e d  o u t l i n e  of  t h e  l a b o r a t o r y  p r o c e d u r e  
u s e d  i n  t h e  p r e s e n t  r e s e a r c h  w i t h  m i n o r  r e v i s i o n s  
a n d  r e c o m m e n d a t i o n s  f o r  t h e  a n a l y s i s  o f  a r c h a e o -  
l o g i c a l  s p e c i m e n s .  

A f t e r  c l e a n i n g  a n d  i d e n t i f y i n g  t h e  m a n d i b l e ,  a s s i g n  a n  
i d e n t i f i c a t i o n  number  t o  t h e  s p e c i m e n ,  C a t a l o g u e  t h e  laan- 
d i b l e  u s i n g  a p e r m a n e n t  m a r k e r  or I n d i a  i n k  a n d  n a i l  p o l i s h -  
Record  t h i s  i n f o r m a t i o n  i n  a p e r m a n e n t  f i l e .  

H e a s u r e  t h e  s p e c i m e n .  T r y  t o  o b t a i n  as  many m e a s u r e m e n t s  as 
~ o s s i b l e  b e f o r e  r e m o v i n g  a n y  t o o t h  f o r  a g e  d e t e r m i n a t i o n  
or s e a s o n a l i t y  a s s e s s a e n t ,  

P h o t o g r a p h  t h e  s p e c i m e n  as s u b s e q u e n t  a n a l y s i s  d e s t r o y s  t h e  
c o r p u s  of t h e  m a n d i b l e ,  I n c l u d e  a scale i n  y o u r  p h o t o g r a p h ,  

X-ray t h e  m a c d i b l e  t o  d e t e r m i n e  t h e  b e s t  l o c a t i o n  f o r  t h e  
c u t ,  I f  a n  x - r a y  u n i t  is l a c k i n g ,  r e m o v e  t h e  e n t i r e  a l v e o l a r  
r e g i o n  o r  c u t  o u t ,  a t  l eas t ,  t h r e e  m o l a r s  to  e n s u r e  t h e  
r e m o v a l  of a u s a b l e  t o o t h ,  

Use a g o o d  c o p i n g  saw t o  c u t  o u t  t h e  t o o t h  o f  y o u r  c h o i c e ,  
Do n o t  d a m a g e  t h e  r o o t s  of a d j a c e n t  t e e t h  a n d  remove a s  much 
o f  t h e  t o o t h ' s  a l v e o l u s  as  p o s s i b l e ,  T r y  t o  k e e p  t h e  t o o t h  
i n  its s o c k e t  t h r o u g h o u t  t h e  a n a l y s i s ,  

Use a p e r m a n e n t  m a r k e r  t o  i cscr ibe  t h e  s p e c i m e n  i d e n t i f i c a -  
t i c n  number  o n  t h e  b u c c a l  s u r f a c e  of t h e  c o r p u s *  

Submerge  t h e  s p e c i m e n  i n  101 f o r m 0 1  s a l i n e  fo r  a t  l e a s t  2 4  
h o u r s ,  Use a p p r o x i m a t e l y  150 a a l  of f i x a t i v e  f o r  t h i s  p re l im-  
i n a r y  f i x a t i o n ,  For a r c h a e o l o g i c a  1 s ~ e c i m e n s ,  i t  i s  a d v i s -  
a b l e  t o  f i x  t h e  e n t i r e  m a n d i b l e  before r e m o v i n g  t h e  t o o t h -  

Rinse briefly i n  c o l d  t a p  water, 

Use a g l a s s  p l a t e ,  g r i t  a n d  water as  a l u b r i c a n t ,  t o  g r i n d  
down m a n u a l l y  t h e  l i n g u a l  s u r f a c e  o f  t h e  a l v e o l u s  t o  w i t h i n  a  
millimeter of t h e  m o l a r  root ,  T h e  r e l a t i v e  f r a g i l i t y  of  t h e  
a r c h a e o l o g i c a l  s p e c i m e n  w i l l  d i c t a t e  t h e  c o a r s e n e s s  o f  t h e  
gr i t ,  A t  the same time f r o s t  a number  o f  p e t r o g r a p h i c  s l i d e s  
u s i n g  a medium g r i t .  

Honn t  t h e  s p e c i m e n ,  l i n g u a l  s i d e  down, oc a p e t r o g r a p h i c  
s l i d e  u s i n g  F l o - T e x x  cr soae o t h e r  i n e x p e n s i v e  commercial 
a o n n t i n g  ~ e d i u m .  

B l l o v  s u f f i c i e n t  time for  m o u n t i n g  medium t o  d ry .  

When t h e  medium is d r y ,  moun t  t h e  s l i d e  o n  t h e  vacuum c h u c k  
o f  t h e  Isomet o r  simiiar low s p e e d  d i a m o n d  saw, 
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13, S e c t i o n  t h e  m o l a r  a p p r o x i m a t e l y  3 m m  from its l i n g u a l  e d g e -  
A d j u s t  t h e  t l a d e  s p e e d  a n d  the w e i g h t  o f  t h e  s u p p o r t  arm t o  
a c c o a o d a  te t h e  n a t u r e  of t h e  a r c h a e o l o g i c a l  s p e c i m e n ,  

14, P r e p a r e  t w o  i d e n t i f i c a t i o n  t a g s ,  e a c h  c o n t a i n i n g  t h e  s p e c i m e n  
number, Use a d u r a b l e  s u b s t a n c e ,  s u c h  a s  dymo t a p e ,  which 
w i l l  n o t  d e t e r i o r a t e  i n  e i t h e r  formol s a l i n e  o r  n i t r i c  a c i d -  
P e r f o r a t e  p l a s t i c  v i a l s  of a  s u i t a b l e  s i z e  u s i n g  e i the r  a 
h o t  n e e d l e  o r  a n  electr ic  d r i l l ,  

15, Hhen c u t ,  p l a c e  t h e  b u c c a l  s e c t i o n  of t h e  s p e c i m e n  i n  fo rm01  
s a l i n e  f o r  a n o t h e r  12  h o u r s ,  R i n s e  i n  cold t a p  w a t e r  arid 
store this s e c t i o n  of t h e  t o o t h  i n  a  v i a l  u n t i l  f u r t h e r  
a n a l y s i s ,  B e  s u r e  t o  i n c l u d e  o n e  of t h e  i d e n t i f i c a t i o n  t a g s  
with t h i s  p a r t  o f  the spec imen ,  

16, P l a c e  t h e  l i n g u a l  s e c t i o n  with t h e  a t t a c h e d  s l i d e  i n  x y l e n e  
or t o l u e n e  for a b o u t  20 m i n u t e s  t o  d i s s o l v e  t h e  m o u n t i n g  
medium. 

17, Cl'ear t h e  x y l e n e / t o l u e n e  i n  a n  a l c o h o l  bath a n d  h y d r a t e  t h e  
s p e c i m e n  i n  t a p  wa te r ,  

18, A i r  d r y  t h e  s p e c i n e n  f o r  a p p r o x i m a t e l y  10 m i n u t e s ,  

19, Record t h e  i d e n t i f i c a t i o n  number, t h i c k n e s s  a n d  w e i g h t  o f  
t h i s  sect ion, 

20, P l a c e  the l i n g u a l  s e c t i o n  o f  t h e  s p e c i m e n  w i t h  i t s  i d e n t i f i -  
c a t i o n  t a g  i n  a  p e r f o r a t e d  p l a s t i c  v i a l -  

21, Immerse t h i s  v i a l  i n  10% f o r m o l  s a l i n e  a t  a rate o f  100 m l  o f  
s o l u t i o n  p e r  gram o f  t i s s u e ,  Allow a t  l e a s t  4 8  h o u r s  f o r  
this p r i m a r y  f i x a t i o n -  

22.  Rinse o v e r n i g h t  i n  c o l d  t a p  w a t e r  t o  remove e x c e s s  f i x a t i v e ,  

23, Subiaerge t h e  p e r f o r a t e d  p l a s t i c  v i a l  c o n t a i n i n g  t h e  s p e c i m e n  
in I N  n i t r i c  a c i d  s o l u t i o n  a t  a ra te  of 100 m 1  p e r  grarn of 
t i s s u e ,  F o r  a f r a g i l e  a r c h a e o l o g i c a l  s p e c i m e n  use 4N forinic 
a c i d  o r  a c o m p a r a b l e  weak a c i d  s o l u t i o n .  'Use t h e  same voiume 
of forsic a c i d  b u t  remember t o  r e p l a c e  the s o l u t i o n  e v e r y  2 4  
h o u r s ,  I f  t h e  t e m p e r a t u r e  of t h e  l a b o r a t o r y  i s  r e l a t i v e l y  
h i g h ,  p l a c e  t h e  a c i d  s o l u t i o n s  i n  a  b a t h  of water t o  m a i n t a i n  
a c o n s t a n t  t e m p e r a t u r e .  

24, If x-ray u n i t  is a v a i l a b l e ,  x - r a y  the s p e c i m e n  a t  r e g u l a r  
intervals a f t e r  t h e  s i x t h  h o u r  o f  d e c a l c i f i c a t i o n  t o  d e t e r -  
mine  p r e c i s e l y  t h e  e n d  p o i n t  of  d e c a l c i f i c a t i o n ,  Remove t h e  
s p e c i m e r  a s  soon as  d e c a l c i f i c a t i o n  is c o m p l e t e -  
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If x-ray  u n i t  i s  n o t  a v a i l a b l e ,  i n s e r t  s p e c i m e n  t h i c k n e s s  
i n t o  e q u a t i o n  1 a n d  s o l v e ,  A l l o w  2 2  s t a n d a r d  d e v i a t i o n s  t o  
t h i s  v a l u e  t o  i n s u r e  c o a p l e t e  d e c a l c i f i c a t i o n ,  
N. B, T h i s  e q u a t i o n  a p p l i e s  o n l y  when t h e  r e s e a r c h e r  uses 100 
ml of 1 N  n i t r i c  a c i d  p e r  gram o f  t i s s u e ,  The e q u a t i o n  d o e s  
n o t  a p p l y  f o r  o t h e r  acids n o r  f o r  d i f f e r e n t  vo lumes  o r  d i f -  
ferent c o n c e n t r a t i o c s  of n i t r i c  a c i d ,  Avoid t h e  u s e  o f  
m e c h a n i c a l  t e c h n i q u e s  t o  d e t e r m i n e  t h e  e n d  p o i n t  of d e c a l c i -  
f i c a t i o n ,  

After d e c a l c i f i c a t i o n ,  r i n s e  t h e  s p e c i m e n  i~ c o l d  t a p  w a t e r  
f o r  a t  least 12 h o u r s  t o  remove e x c e s s  ac id-  

F o r  f r a g i l e  a r c h a e o l o g i c a l  m a t e r i a l ,  imnte rse t h e  s p e c i m e n  i n  
a s e c o n d a r y  f i x a t i v e ,  p r e f e r a b l y  b u f f e r e d  f o r m o l  s a l i n e ,  f o r  
another 12 hours .  

R i n s e  i n  c o l d  t a p  water for  s e v e r a l  h o u r s ,  

Store the s p e c i m e n  w i t h  its i d e n t i f i c a t i o n  t a g  i n  d i s t i l l e d  
or t a p  water u n t i l  f u r t h e r  p r o c e s s i n g -  

A t  least one d a y  b e f o r e  s e c t r o n i n g ,  p r e p a r e  a  number o f  
g e l a t i n - c o a t e d  s l i d e s .  

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

F o r  a r c h a e o l o g i c a l  s p e c i a e n s ,  c a r e f u l l y  r emove  a n y  g r i t  or 
d i r t  t r a p p e d  i n  t h e  p u l p  c a v i t y ,  a l v e o l u s  or  p e r i o d o n t a l  
bone  b e f o r e  m o u n t i n g  t h e  s e g m e n t s  f o r  s e c t i o n i n g ,  S u c h  impu- 
rities w i l l  r u i n  t h e  mic ro tome  k c i f e .  

Aount e a c h  s e g m e n t  on a s e p a r a t e  m i c r o t o m e  s t u b  u s i n g  c r y o -  
form, O r i e n t  the s p e c i m e n  so t h a t  t h e  smooth ,  f l a t  s u r f a c e  
is e x p o s e d  t o  t h e  c u t t i n g  e d g e  of t h e  m i c r o t o m e  k n i f e -  

Place t h e  s t u b s  with mounted t o o t h  s e g m e n t s  a n d  i d e n  t i f i c a -  
t i o n  tags i n  t h e  microtome chamber ,  A l l o n  s p e c i m e n s  s u f f i -  
cient time t o  freeze, O r i e n t  a l l  stubs i n s i d e  t h e  c h a m b e r  
so t h a t  t o o t h  s e g m e n t s  are p a r a l l e l  t o  e a c h  other. Yhen 
c r y f o r f a  f r e e z e s ,  t h e  mounted s p e c i s e n s  are n o t  visible w i t h i n  
t h e  m e d i u ~ .  

Qhen  a d e q u a t e l y  f r o z e n  ( u s u a l l y  a f t e r  15 m i n u t e s )  , trim +-,he 
c r y o f o r n  b l o c k s  t o  w i t h i n  millimeters of t h e  s ~ e c i m e n .  

Bount  a , s t u b  i n t o  the s p e c i m e n  h o l d e r  of t h e  microtome- 
O r i e n t  the s t u b  so t h a t  t h e  l o n g  a x i s  of t h e  s p e c i m e n  i s  
p a r a l l e l  t o  t h e  e d g e  o f  t h e  microtome k n i f e .  Make s u r e  t h a t  
t h e  cementum l a y e r  i s  o u t e r  most- S e c u r e  t h e  b lock  i n  the 
s p e c i m e n  h c l d e r .  



37, Advance the b l c c k  m a n u a l l y  t o  w i t h i n  m i c r o n s  o f  t h e  k n i f e ,  
t h e n  b e g i n  s e c t i o n i n g ,  O b s e r v e  t h e  s e c t i o n i n g  p r o c e d u r e s  
and r e c o m m e n d a t i o n s  o u t l i n e d  i n  c h a p t e r  3, 

3 8 ,  Use a Q - t i p  t o  d i s c a r d  t h e  i n i t i a l  i n c o m p l e t e  s e c t i o n s  from 
the knife edge,  P i t h i n  f o r t y  c u t s  one s h o u l d  o b t a i n  c o m p l e t e  
s e c t i o n s ,  A t  t h i s  tiae, c u t  t w e l v e  s e r i a l  s e c t i o n s ,  T h e s e  
g e n e r a l l y  l i e  f l a t  on  t h e  n i c r o t o a e  k n i f e .  

39, Open r a i c r o t o a e  c h a m b e r  a n d  l i f t  t h e  a n t i - r o l l  p l a t e .  G e n t l y  
lower a c l e a n ,  g e l a t i n - c o a t e d  s l i d e  o v e r  t h e  c u t  s e c t i o n s -  
The c o l d  s e c t i o n s  w i l l  a d h e r e  t o  t h e  warm s l i d e ,  

40, B i t h d r a w  s l i d e  w i t h  a d h e r e n t  s e c t i o n s  a n d  p l a c e  on a d a r k ,  
p r e f e r a b l y  b l a c k ,  s u r f a c e ,  T h e  d a r k  b a c k g r o u n d  e n h d n ~ e S  
s e c t i o n  v i s i b i l i t y ,  

41, Using  a p i p e t t e ,  g e n t l y  a d d  a few d r o p s  o f  d i s t i l l e d  w a t e r  t o  
t h e  s l i d e ,  S e c t  i o n s  s h o u l d  f l a t t e n  c o n s i d e r a b l y ,  Us ing  a  
d i s s e c t i n g  z e e d l e ,  c a r e f u l l y  o r i e n t  a l l  s e c t i o n s  p a r a l l e l  
to  e a c h  o t h e r  i n  t h e  c e n t e r  o f  t h e  s l i d e .  

42, When a l l  s e c t i o n s  a re  c e n t e r e d  p r o p e r l y ,  r emove  excess w a t e r  
w i t h  p i p e t t e ,  T o  d r a i n  r e a a i n i n g  water, p l a c e  a K l e e n e x  o r  
some o t h e r  a b s o r b e n t  p a p e r  n e a r  t h e  e d g e  o f  t h e  s l i d e  a n d  
tilt g e n t l y ,  Excess water g i l l  g r a v i t a t e  t o w a r d  t h e  a b s o r -  
bent tissue, 

lr3, A f t e r  a d e q u a t e  d r a i n a g e ,  t r a n s f e r  s l i d e  t o  a h o t  p l a t e  set a t  
40'~. A l l o w  s l i d e s  a p p r o x i m a t e l y  ore h o u r  t o  d ry ,  

44, Prepare t w o  s l i d e s ,  e a c h  c o n t a n i n g  10-12 s e c t i o n s ,  f o r  each 
t o o t h  s e g n e n t -  

45, While s l i d e s  are d r y i n g ,  p r e p a r e  t h e  s t a i n i n g  b a t h s ,  Arrange 
t h e  baths i n  t h e  s e q u e n c e  a s  f o l l o w s :  

1 b a t h  d i s t i l l e d  water ( o p t i o n a l )  
1 bath 0.05% T o l u i d i n e  b l u e  0 
1 b a t h  d i s t i l l e d  water 
1 b a t h  d i s t i l l e d  w a t e r  
1 b a t h  50% a c o h o l  
1 b a t h  70% a l c o h o l  
1 b a t h  95% a l c o h o l  
1 b a t h  100% a l c o h o l  
1 b a t h  I O O X  a l c o h o l  
1 b a t h  x y l e n e  
1 b a t h  x y l e n e  

P r e p a r e  . c o v e r  g l a s s e s  a n d  Permount  alsc, 

46, T r a n s f e r  s l i d e s  t o  a p p r o p r i a t e  s l i d e  h o l d e r s -  
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47, Immerse sl ides i n t o  d i s t i l e d  water f o r  t w o  m i n u t e s .  T h i s  
s t e p  i s  o ~ t i c n a l -  

48, Immerse s l i d e s  i n t o  s t a i n  ( t o l u i d i n e  b l u e  0) for 15 s r c o n d s -  
F o r  a r c h a e o l o g i c a l  s p e c i i a e n s ,  it is  p r e f e r a b l e  t o  use a 
l o v e r  d y e  c o n c e n t r a t i o n  ( 0 1 )  a n d  a l o n g e r  s t a i n i n g  
i n t e r v a l ,  

49, T r a n s f e r  s l i d e s  t o  t h e  f i r s t  b a t h  o f  d i s t i l l e d  water f o r  5 
m i n u t e  s, 

50- Then t r a n s f e r  slides i n t o  s e c o n d  b a t h  o f  d i s t i l l e d  w a t e r ,  
While t h e  s l i d e s  are io t h i s  b a t h ,  v e r i f y  t h e  q u a l i t y  of  
s t a i n i n g  f o r  e a c h  s l i d e ,  R e s t a i n  i f  n e c e s s a r y ,  

51, I f  s t a i n i n g  is s a t i s f a c t o r y ,  d e h y d r a t e  s l i d e s  i n  g r a d e d  b a t h s  
of a l c o h o l -  L e a v e  slides i n  e a c h  b a t h  f o r  a p p r o x i m a t e l y  2 
m i  nu te s, 

52.  T r a n s f e r  s l i d e s  t o  f i r s t  bath of x y l e a e  f o r  2 m i n u t e s  a n d  
prepare c o v e r s l i  ps, 

53- Hove s l i d e s  t o  t h e  s e c o n d  b a t h  o f  x y l e n e ,  Remove s l ides ,  
one a t  a time, t o  a p p l y  t h e  c o v e r s l i p s ,  

54, P l a c e  s e v e r a l  d r o p s  of Permount  on  the c o v e r s l i p .  T i l t  
s l i d e  t o w a r d  t h e  c o v e r s l i p  a n d  g e o t l y  lower. 

55, When t h e  c o v e r s l i p  is i n  place, t r a n s f e r  s l i d e  t o  a s l i d e  
warmer set a t  3 5 ' ~ -  A i r  b u b b l e s  w i l l  g r a v i t a t e  t o w a r d  
t h e  e d g e  of t h e  c o v e r s l i p .  

56,  L e t  s l i d e s  d r y  o v e r n i g h t .  

57. Use a r a z o r  t o  remove  e x c e s s  Permount ,  I n  t h e  case of 
n n t i d y  s l i d e s ,  use a Q - t i p  s o a k e d  i n  x p l e n e .  

58, If t h e  s l i d e  i s  still u n t i d y ,  u s e  a ccmmercial g l a s s  
c l e a n e r  for f i n a  l c l e a n s i n g .  

59. Store s l i d e s  i n  a d u s t  free c o n t a i n e r  t o  await e x a m i n a t i o n ,  



Appendix  VII: T h i s  c h a r t  lists t h e  b a s i c  f o r m u l a e  f o r  t h e  
c h e m i c a l  s o l u t i o n s  used i n  t h e  p r e s e n t  s t u d y .  

10% formal-saline 
F o r m a l i n  c o n c e n t r a t e  (40% f o r m a l d e h y d e )  100  m l  
Sodium c h l o r i d e  9 g m  
Distilled water 9 0 0  m l  

T o  n e u t r a l i z e  o r  buffer a n y  f o r m a l i n  s o l u t i o n  a d d  s u f f i c i e n t  
c a l c i u m  c a r b o n a t e  t o  a t t a i n  t h e  d e s i r e d  pH- 

l a  n i t r i c  a c i d  
Conme rcial (7  0%) n i t r i c  a c i d  
D i l u t e  t o  1 0 0 0  m l  i n  d i s t i l l e d  w a t e r  

4I fo r s i c  acid 
F o r m i c  a c i d  (88%) 
D i l u t e  t o  1000 m l  in d i s t i l l e d  water 

G e l a t i n  s o l u t i o n  f o r  c o a t i n g  s l i d e s  
G e l a t i n  0.5 gm 

- P o t a s s i u m  chrome a lum C r2 (SO4 12 KJ S o 4  0 - 1  gm 
D i s t i l l e d  water 100 m l  

Add g e l a t i n  t o  t h e  watez, Heat t h i s  s o l u t i o n  g e n t l y  to  d i s s o l v e  
the g e l a t i n ,  After d i s s o l u t i o n  o f  t h e  g e l a t i n  a d d  t h e  p o t a s s i u m  
chrome aluminum,  The l a t te r  i n h i b i t s  the f o r m a t i o n  of mold. 

T o  c o a t  s l ides,  wash t h e  s l i d e s  i n  a b s o l u t e  a l c o h o l ,  R i n s e  
t h e  slides i n  3 s e p a r a t e  b a t h s  o f  d i s t i l l e d  w a t e r a n d  d r a i n -  
D ip  i n d i v i d u a l  s l i d e s  i n  t h e  g e l a t i n  s o l u t i o n ,  d r a i n  a n d  a l l o w  
time to d r y ,  When d r y ,  p l a c e  t h e  g e l a t i n - c o a t e d  s l i d e s  i n  a 
c l e a n ,  d u s t - f r e e  s l i d e  box, Use a s  r e q u i r e d ,  

0,051 T o l u i d i n e  S l u e  0 
T o l n i d i n e  B l u e  0 
D i s t i l l e d  water 



Appendix VIII: L i s t  o f  r e g r e s s i o n  e q u a t i o n s  and  t h e i r  respective 
c o r r e l a t i o n  c o e f f i c i e n t s  f o r  measurements  3, 4 ,  
5, 6 a n d  11. 

1) Using b l e d  c a r c a s s  weight  o r  we igh t  1 a s  t h e  d e p e n d e n t  v a r i -  
able, the r e g r e s s i o n  e q u a t i o n s  are: 

For the t o t a l  sample: 

H e a s o r e n e n t  3 
Measurement 4 
Heasurement  5 
W e a s u f e ~ e n t  1 1  

Weight 1 
logf=3.07 (logX) -4.81 
log!=3- 18 ( logx)  - 5-64 
logz=1.67 ( l o g x )  - 1-23 
logH=2* 10  (logX) -2.10 

For deer sbot frcm J u n e  t o  J anua ry :  

a e a s n r e m e n t  3 
Heasurement  4 
Heasurement  5 
Beasarerent 1 1  

Weight 1 
log?=3.72 (logX) -6.20 
l o g b 3 .  67 (logX) 96-79 
10gi=2.03 (10gx) -1.87 
l o g b 2 . 6 6  ( l o g x )  -3.1 I 

For deer sbot from F e b r u a r y  t o  Hap: 

Heasurement 3 
Heasurement  U 
H e a s n r e a e n t  5 
Beasorement  11 

Weight 1 
 log?=^. 6 5  ( l o g x )  03-95 
logf=2.64 (logX) -4.40 
log!=1,28(logX) -0-55 
logY=l.72 (10gX) -1-41 

2)  Using e v i s c e r a t e d  c a r c a s s  weight or  weight 2 as t h e  d e p e n d e n t  
variable, t h e  r e g r e s s i o n  equations are: 

For deer s h o t  fro@ J u n e  t o  January :  

Heasurement 3 
Measurement 4 
Heasurement  5 
Heasurement 11 

Weight 2 
log i=3 .71  ( l o g x )  -6-32 
log1=3.93 ( l o g x )  - 5 3  
f o g  Y=2- 28 (1ogX) -2- 47 
log%=2.93 (1ogX) -3.75 
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For deer s h o t  from February to May: 

Heasnrement 3 
Heasurement 4 
Heasurement 5 
Heasureaent  1 1  

3) Using t h e  edible meat weight or veight 4 a s  the dependent  
v a r i a b l e ,  the regression e q u a t i o n s  are: 

For deer  s h o t  from June to January: 

Heasureaent  3 
Measurement 4 
Heasurement 5 
tleasoreuient 1 1 

Weight 4 
l o g i = 3 , 3 8  (I.OCJI[) -5.65 
log?=3,68 (10gX) 9 6 - 9 9  
logf=2. 13 (logX) -2.23 
log Y=2-72 (logx) 03-40 

For deer  s h o t  from February to May: 

Measurement 3 
Fleasureelant 4 
Beasurement 5 
Heasurement 1 1 

Weight 4 
logi= 1-76 (IO~X) - 1-63 
l o g ? = 3 - 2 3  (logx) -5.99 
log!=3.07 ( l o g x )  -5.04 
10gY=2*06 (10gX) - 2 -  23 



Appendix  I X :  L i s t  o f  l i n e a r  d i s c r i m i n a n t  f u n c t i o n s  t o  u s e  
i r  t h e  a n a l y s i s  o f  m a n d i b l e  f r a g m e n t s ,  F o r  
e a c h  f u n c t i o n ,  t h e  c r i t i c a l  v a l u e ,  R a h a l a n o b i s  
D and p r o b a b i l i t y  of inisclassif i c a t i o n  is 
i n c l t l d  ed, 

E q u a t i o n  1: 

For a m a n d i b l e  f r a g m e n t  w h e r e  a f a s u r e o l e n t s  1, 2, 5, 6,  7, 8, 
9, 10, 11 are q u a n t i f i a b l e ,  t h e  a p p r o p r i a t e  d i s c r i m i n a n t  
f u n c t i o n  is: 

Here, t h e  H a h a l a n o b i s  D is 3,504, the c r i t i ca l  v a l u e  is 19-36  
and t h e  p r o b a b i l i t y  o f  m i s c l a s s i f i c a t i o n  is  0-04- 

E q u a t i o n  2: 

I f  a e a s u r e m e n t s  1, 3, 5,  9 ,  10 a n d  11 are q u a n t i f i a b l e ,  the 
a p p r o p r i a t e  d i s c r i m i n a n t  f u n c t i o n  is: 

I n  t h i s  case, the H a h a l a n o b i s  D i s  2,687,  t h e  c r i t i ca l  v a l u e  
i s  2 5 - 0 8  a n d  t h e  p r o b a b i l i t y  o f  m i s c l a s s i f i c a t i o n  i s  0.09, 

E q u a t i o n  3: 

F o r  a f r a g m e n t  where m e a s u r e m e n t s  1, 5, 9, 10 and 11 a r e  
q u a n t i  f iable,  t h e  l i n e a r  d i s c r i m i n a n t  f u n c t i o n  becomes: 

Here, the H a h a l a n o b i s  D is 2,619, t h e  c r i t i c a l  v a l u e  is 
19.2 1 a n d  t h e  p r o b a b i l i t y  o f  m i s c l a s s i f i c a t i o n  is 0.10, 

E q u a t i o n  4: 

I f  m e a s u r e m e n t s  5, 6 ,  7 ,  8, 9, 10 a n d  11 are q u a n t i f i a b l e ,  
t h e  a p p r o p r i a t e  d i s c r i m i n a n t  f u n c t i o n  is: 

In t h i s  case, t h e  H a h a l a n o b i s  D is  2 - 4 9 ,  t h e  c r i t i c a l  v a l u e  
is 1 9 - 6 5  a n d  t h e  p r o b a b i l i t y  o f  m i s c l a s s i f i c a t i o n  is 0.11, 



Appendix IX: ( c o n t e a )  

E q u a t i o n  5: 

Us ing  measurements  6 ,  7 ,  8, 9 and 10, t h e  a p p r o p r i a t e  discrim- 
i n a n t  function is: 

Here, t h e  H a h a l a n o b i s  D is 2.456, t h e  c r i t i c a l  v a l u e  is  17-71  
and  t h e  p r o b a b i l i t y  of m i ~ c l a s s i f i c a t i o n  is 0-11, 

E q u a t i o n  6 :  

F o r  a f r a g m e n t  where measurements  1, 2, 6, 7, 8, 9, 1 0  a n d  
11 are q u a n t i f i a b l e ,  t h e  l i n e a r  d i s c r i m i n a n t  f u c c t i o n  is: 

I n  t h i s  case, the H a h a l a n o b i s  D is 3.4948, t h e  c r i t i c a l  
value is 78-59  and t h e  p r o b a b i l i t y  o f  m i s c l a s s i f i c a t i o n  is 
0-04 ,  

E q u a t i o n  7: 

Using measurements  3 ,  5, 6, 7, 8, 9, 10 and 11, the appro -  
p r i a t e  d i s c r i m i n a n t  f u n c t i o n  is: 

a=0, 107#3) -0,038 (PIS) + 0 , 2 5  (P16) to-536 (H7) t 0,326 (118) -0,288 
jH9)-0.286 (MlOf +0,013 [ # I t )  . 

Bere, t h e  H a h a l a n o b i s  D is 2-58, t h e  c r i t i c a l  value is 
26.53 and t h e  p s o b a b i l i  t y  of inisclassif ica t i o n  is 0.10, 



Append ix  X: T h i s  t a b l e  lists the w e e k s  o f  cementum g r o w t h  
a n d  t h e i r  c o r r e s p o n d i n g  c a l e c d r i c a l  dates, 

Reek of 
Cementum Growth 

Week 1 
Veek 2 
Week 3 
Week 4 
neek  5 
Week 6 
Peek 7 
Ueek 8 
Ueek 9 
Week 1 0  
Ueek 1 1  
Yeek 12  
Beek 13 
Week 14  
Week 1 5  
Week 1 6  
Week 17 
Ueek 18 
B e e k  1 9  
Fleek 20 
Week 2 1  
ifeek 22 
Week 23 
Week 2 4  
Week 25  
Week 26 
Ueek 27 
Ueek 28 
Veek  2 9  
Yeek 3 0  
R e e k  3 1  
Week 3 2  
Reek 33 
Week 3 4  
Meek 35 
Week 36 
Reek 37 
Ueek 38 
Week 39 
Week 40  
Week 4 1 ,  
lieetr Q2 
Ueek 113 
Week U4 

C a l e n d r i c a l  Dates 

H a r c h  12 - March 18 
Plarch 19 - H a r c h  2 5  
March 2 6  - A p r i l  1 
April 2  - A p r i l  8 
A p r i l  9 - A p r i l  15 
A p r i l  16 - April 2 2  
A p r i l  23  - A p r i l  2 9  
A p r i l  3 0  - Hay 6 
Play 7 - Hay 13 
flay 14 - Hay 2 0  
Hay 2 1  - May 27 
Play 28 - J u n e  3 
J u n e  4  - J u n e  1 0  
J u n e  11 - J u n e  1 7  
J u n e  18 - J u n e  2 4  
J u n e  25  - J u l y  1 
J u l y  2  - J u l y  8 
J u l y  9 - J u l y  1 5  
J u l y  16 - J u l y  22 
J u l y  23 - J u l y  2 9  
J u l y  30 - Augus t  5 
Augus t  6 - A u g u s t  12 
August  13 - Augus t  19 
Augus t  20- A u g u s t  26  
A u g u s t  27 - S e p t e m b e r  2 
S e p t e n b e r  3 - S e p t e w b e r  9 
S e p t e t u b e r  1 0  - S e p t e m b e r  1 6  
S e p t e m b e r  17 - S e p t e m b e r  2 3  
S e p t e m b e r  2 4  - S e p t e m b e r  30 
O c t o b e r  1 - O c t o b e r  7 
O c t o b e r  8 - O c t o b e r  1 4  
Octobef 15 - O c t o b e r  2 1  
October 2 2  - October 28 
O c t o b e r  29 - November 4 
Novenber  5 - November 11 
November 12 - Noveaber  18 
Hoveaber 19 - November 25  
November 26 - December 2 
December 3 - D e c e a b e r  9 
December 10 - December 16 
December 17 - D e c e a b e r  23  
December 2 4  - December 3 1  
J a n u a r y  1 - J a n u a r y  7 
J a n u a r y  8 - J a n u a r y  14 



Appendix X: (contld) 

Week 45 
Week 4 6  
Reek 47 
V e e k  4 8  
Week U9 
Veek 5 0  
Week 51 
Neck 52 

January 1 5  - January 21 
January  22  - January  28 
January  2 9  - Pebruary  4 
Pebruary  5 - February  11 
February  12 - P e b r u a r y  18 
February  19 - F e b r u a r y  2 5  
February 26 - March 4 
March 5 - Harch 1 1  
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a p p e n d i x  X I I :  T h i s  t a b l e  lists t h e  s p e c i m e n s  u s e d  i n  t h e  
e s t a b l i s h m e n t  o f  t h e  a n n u a l  g r o w t h  p a t t e r n  
f o r  t h e  cementum d e p o s i t s .  I n c l u d e d  a r e  t h e  
week o f  cemeotum growth  a s  d e r i v e d  f r o m  t h e  
animal's d a t e  o f  d e a t h  a n d  t h e  r e s p e c t i v e  
means f o r  the r a t i o s  o f  o b s e r v e d  o u t e r  incre- 
ment w i d t h  o v e r  e x p e c t e d  i n c r e m e n t  w i d t h ,  

S p e c i m e n  
#umber 

Ueek of 
Celaentum G r o w t h  

Week 6 
Veek 9 
Week 10 
a e e k  11 
Week 12 
Week 15 
Reek 17 
Ueek 18 
Veek 19 
i l eek  21 
Week 2 3  
Week 24 
Week 25 
Week 27  
Yeek 36 
Week 38 
Week 4 1  
Peek 49 
P e e k  51 
Week 2 
Veek 2 
Reek  5 
Reek 6 
Week 7 
Week 20 
aeek  21 
Week 26 
Week 27 
Week 33 
Week 36 
Week 37 
Week 38 
Week 40 
Week 4 1  
Week 4 3  
Week 44 
Week 45 
Yeek 47 

Ratio 
H e a n s  



Week 48 
Week 51 
Week 52 
Week 1 
Heek 2 
Week 6 
Week 10 
Veek 11 
Reek 14 
Week 17 
Yeek 21 
Week 22 
Week 24 
Week 28 
Week 37 
Week 40 
Yeek 41 
Week 48 
Week 4 9  
Week 51 
Week 1 
Yeek 4 
Veek 7 
Week 9 
Week 12 
Week 16 
Week 22 
Week 31 
ileek 32 
Week 36 
seek 41 
Week 38 
Week 15 
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