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ABSTRACT 

This  i s  a  s t u d y  of t h e  d e n t i t i o n  of p r e c o n t a c t  

Austra l ian abor igines  from t h r e e  geographical  a reas  -- 
Swanport, the Murray Basin, and Broadbeach. The individuals 

sampled from these areas include adults and juveniles. 

The major quest ions  examined a r e  the  r e l a t i o n s h i p s  

between environment, d i e t ,  tooth s ize ,  sex, age and possible 

industr ia l  use of teeth, and the r a t e  and degree of dental 

a t t r i t i o n .  The methods used in the investigation of these 

questions were: 1. t o  use dental formation stages revealed 

by radiography to  determine age a t  death of the juveniles; 

2. t o  measure a l l  teeth t o  calculate mean tooth sizes for 

each s i te :  3. t o  assess degree of dental a t t r i t i o n  by the 

app l i ca t ion  of a  1 4  po in t  o rd ina l  s c a l e  of tooth  wear 

stages. 

Rates of tooth wear were determined by calculation of 

the gradient of wear of the deciduous and permanent molars 

(wear of f i r s t  molar minus wear of second molar) ,  and by 

regression analysis of wear against functional age of second 

deciduous molars,  and permanent molars and inc i so r s .  

Pattern of wear was determined by comparing anterior  wear 

( f i r s t  incisor)  with posterior wear ( f i r s t  molar). 



Deciduous teeth displayed the same ra tes  of wear for 

a l l  three s i t e s  when analysed by molar wear gradient, but 

regressive analysis showed Swanport t o  have the most rapid 

wear. In the permanent denti t ion the Broadbeach juveniles 

exceeded the  Swanport juveni les  i n  r a t e  of molar wear, 

though Broadbeach teeth exceeded those of the other s i t e s  i n  

length but not i n  width. There were no s i g n i f i c a n t  

differences in the molar wear gradients for adults between 

the s i t e s .  

Anterior teeth were worn re la t ive  to  posterior teeth 

very much more in  Swanport males and adolescents, and Murray 

Basin males and females than in Broadbeach males and females 

and Swanport females. Environment and d i e t  were examined 

and did not r evea l  a l i k e l y  cause f o r  t h i s  d i f f e rence  i n  

a t t r i t i o n  pattern. 

Ethnographically observed i n d u s t r i a l  use of t e e t h ,  

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

manufacture of f i s h i n g  ne t s ,  i s  proposed as the  cause of 

t h i s  d i f f e ren t i a l  tooth wear between the Murray River s i t e s  

and the Queensland coastal s i t e  of Broadbeach. 
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AUSTRALIAN ABORIGINAL IMMATURE DENTITION 

INTRODUCTION 

In the study of human evolution t e e t h  have achieved an 

e x t r a o r d i n a r y  ana tomica l  p r i o r i t y .  They a r e  t h e  h a r d e s t  

s t ruc tu res  of the body, so they preserve well  and sometimes 

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

anthropologis ts  have t o  study. 

The growth and u l t imate  form of t e e t h  a re  under genet ic  

control .  Their morphology can be used t o  assess  b io logica l  

a f f i n i t y  between popu la t ions .  They a r e  a l s o  s u b j e c t  t o  

envi ronmenta l  i n f l u e n c e s ,  t o  a  degree  exceeding t h a t  

commonly believed (Brown and Townsend l98O), and t h a t  i n  two 

ways. F i r s t l y ,  t h e  developing t ee th ,  both before and a f t e r  

b i r t h ,  a r e  s u b j e c t  t o  n u t r i t i o n a l ,  chemical  and d i s e a s e  

inf luences ( B a i l i t  and Sung 1968; Schour 1938; Preston 1980; 

Townsend and Brown 1980; Barden 1980; P o t t e r  and Nance 

1976). 

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

Consequently the  d ie ta ry ,  c u l t u r a l  and i n d u s t r i a l  e f f e c t s  of 

t h i s  c o n t a c t  may be impr in ted  on t h e  t e e t h .  In  t h i s  wa; 

t h e y  r e f l e c t  behaviour  of people  who wear, e x t r a c t ,  and 

u t i l i z e  t h e i r  t e e t h  in  d i f f e r e n t  ways. 



This is  a  study of the  immature den t i t ion  of Austral ian 

a b o r i g i n e s  from t h r e e  geograph ica l  a r e a s ,  which w i l l  be 

introduced i n  Chapter 1. I t  i s  pr imar i ly  a  study of denta l  

a t t r i t i o n ,  t h a t  is, the wearing of t e e t h  t h a t  r e s u l t s  from 

the  ea t ing  of abrasive o r  tough foods, u t i l i s a t i o n  of t e e t h  

as  tools ,  and buxism, the non-masticatory grinding of tee th .  

S t r i c t l y  speaking ,  a t t r i t i o n  r e f e r s  o n l y  t o  t o o t h  wear 

occasioned by t o o t h  t o  t o o t h  c o n t a c t ,  a s  i n  bruxism, and 

food t o  tooth contact  i s  ca l led  abrasion. In t h i s  study, a s  

t h e  two forms of wear cannot  be d i s t i n g u i s h e d ,  a l l  t o o t h  

wear i s  described by the  word a t t r i t i o n .  

The study of denta l  a t t r i t i o n  is va l id  and useful  fo r  

anthropologis ts  a s  it reveals  c u l t u r a l  information. I t  i s  

a p p l i c a b l e  t o  l i v i n g  and f o s s i l  p o p u l a t i o n s ,  and it can 

reveal  behaviour of individuals  and hence lead t o  a b e t t e r  

understanding of the s o c i e t i e s  they form. These revela t ions  

r e s u l t  from o b s e r v a t i o n s  on a  number of  l e v e l s .  O v e r a l l  

degree of tooth wear can convey information on d i e t ,  and in  

a  c o m p a r i s o n  b e t w e e n  p o p u l a t i o n s  o n e  may i n f e r  

c h a r a c t e r i s t i c s  of t h e  r e s p e c t i v e  d i e t s .  In  looking  a t  

d i f ferences  i n  wear between adu l t s  and chi ldren it may be 

revea led  t h a t  a d u l t s  have p a t t e r n s  of t o o t h  wear t h a t  

probably  r e s u l t  from use of t e e t h  a s  t o o l s .  I f  c h i l d r e n  

l a c k  a  c h a r a c t e r i s t i c  p a t t e r n  of wear, u s u a l l y  of t h e  



a n t e r i o r  t e e t h ,  it i n d i c a t e s  t h a t  t h e y  have n o t  adopted 

adu l t  i n d u s t r i a l / c r a f t  tasks.  The same comparisons can be 

made between the  sexes, and these may reveal  sexual d iv i s ion  

of i n d u s t r i a l l c r a f t  tasks  or  sexual d i f ferences  i n  d i e t .  

There i s  evidence  f o r  t h e  use of  a n t e r i o r  t e e t h  a s  

tools .  Brace (1964) claimed t h a t  the  heavy a n t e r i o r  tooth 

wear of Neanderthals resul ted  from t h e i r  use of these t e e t h  

a s  t o o l s .  However, Wallace (1975) d i s a g r e e d  and claimed 

t h a t  examination of the  t e e t h  surfaces indicated wear caused 

by g r i t  i n  food. Gould (1968) r e p o r t e d  t h e  a b o r i g i n e s  of 

t h e  i n t e r i o r  of  A u s t r a l i a  t o  use t h e i r  i n c i s o r s  t o  c h i p  

s t o n e  t o o l s  f o r  sharpening .  ~ e j d b s  (1968) r e p o r t e d  h igh  

a n t e r i o r  t o o t h  l o s s  i n  Eskimos due t o  a c c i d e n t a l  t rauma 

occas ioned by t h e i r  use a s  t o o l s  i n  a  v a r i e t y  of ways. 

Turner and Calien (1969) found frequent pressure chipping i n  

t e e t h  of high a r c t i c  Eskimos resul ted  from applying heavy 

crushing force,  and while f requent ly found among adul t s ,  was 

r a r e l y  seen in  children. Schultz (1977) provides evidence 

of  i n d u s t r i a l l y  caused grooves on t h e  a n t e r i o r  t e e t h  of  

Cal i fornia  ~ n d i a n s ,  and Hinton (1981) provides examples of 

Eskimos and Austral ian aborigines using a n t e r i o r  t e e t h  a s  

tools .  

Dental  a t t r i t i o n  i n  A u s t r a l i a n  a b o r i g i n e s  has  been 

l i t t l e  s tud ies ,  but there  has been notable work. Campbell 

(1925, 1939) p ioneered  i n v e s t i g a t i o n  of a t t r i t i o n ,  and he 



was followed by Begg (1954) and Heithersay (1960). A l l  of 

these researchers  used a four s tage  a t t r i t i o n  sca le  devised 

by Broca. Campbell and Begg described a t t r i t i o n  l eve l s ,  but  

Heithersay calculated r a t e s  of a t t r i t i o n  throughout l i f e .  

He s t u d i e d  l i v i n g  people  and was a b l e  t o  c a l c u l a t e  an 

a t t r i t i o n  index based upon the complete dent i t ion .  Richards 

and Brown (1981) calculated r a t e s  of a t t r i t i o n  of f i r s t  and 

second molars. They used denta l  c a s t s  of subjec ts  of known 

age and an a t t r i t i o n  scoring system which was not an ord ina l  

s tage s c a l e .  

This previous work, though of g r e a t  value, has usual ly  

been l imi ted  t o  a d u l t s  and t o  one p a r t  of the  mouth, even t o  

a s i n g l e  t o o t h .  The p r e s e n t  work extends  t h e  s t u d y  of 

d e n t a l  a t t r i t i o n  t o  i n c l u d e  j u v e n i l e s  and a s y s t e m a t i c  

ana lys is  of contr ibut ing var iables .  

A Systematic Approach t o  the Study of Dental A t t r i t i o n  - -- - 

Many var iables  a f f e c t  the degree, r a t e  and pa t t e rn  of 

denta l  a t t r i t i o n ,  the  most important being tooth s i ze ,  d i e t  

(which depends upon environment and economy), age, sex and 

i n d u s t r i a l / c r a f t  u t i l i s a t i o n  of  t e e t h .  Tooth s i z e :  th-e 

s i z e  of t e e t h  a f f e c t s  a t t r i t i o n .  Larger  t e e t h ,  g iven  a 

c o n s t a n t  work load  o f  whatever  k ind ,  w i l l  wear l e s s  t h a n  

smaller  t e e t h  because the  work is spread over a g rea te r  area 



of t o o t h  s u r f a c e .  The same amount of t o o t h  mass may be 

removed, b u t  t h e  l a r g e r  t e e t h  w i l l  be l e s s  reduced a s  

functioning s t ruc tu res .  Tooth s i z e  depends upon two major 

d imensions ,  t h e  m e s i o - d i s t a l  o r  l e n g t h ,  and t h e  bucco- 

l ingual  o r  width. The r a t i o  of length t o  width of t e e t h  i s  

no t  c o n s t a n t  between p o p u l a t i o n s  o r  i n d i v i d u a l s .  Tooth 

width i s  t h e  more r e l i a b l e  dimension i n  assessing s i z e  a s  

l e n g t h  i s  s e v e r e l y  reduced by advanced a t t r i t i o n .  Male 

t e e t h  a r e  on average l a rge r  than female t e e t h  and given a 

c o n s t a n t  work load  would wear l e s s .  However, p a t t e r n  of 

wear r a the r  than degree of wear would reveal  d i f ferences  i n  

i n d u s t r i a l / c r a f t  tasks between the  sexes. In t h i s  form of 

a n a l y s i s  v a r i a b l e s  t h a t  c o n t r i b u t e  t o  t o o t h  wear can be 

c o n t r o l l e d  and a  d e t e r m i n a t i o n  can be made of which 

var iables  a r e  producing which wear. 

Diet: the environment and the economic l i f e s t y l e  of 

people determine t h e i r  d i e t .  Diet a f f e c t s  a t t r i t i o n  i n  a  

fundamental  way. The major f u n c t i o n  of t e e t h  i s  t o  

predigest  food by mastication. The nature of food chewed -- 
i t s  f ibrous,  coarse, tough o r  g r i t t y  q u a l i t i e s  -- la rge ly  

detemines degree of tooth wear. 

~ n d u s t r i a l /  c r a f t  Tasks: a s  a lready mentioned, the use 

of  t e e t h  a s  t o o l s  i n  i n d u s t r i a l / c r a f t  a c t i v i t i e s  causes  

t o o t h  wear. This  type  of wear a f f e c t s  t h e  a n t e r i o r ,  o r  



f ron t ,  t e e t h  a s  these a r e  the  ones which a r e  access ib le  t o  

such purposes.  These a c t i v i t i e s  may wear t h e  t e e t h  

gradual ly,  a s  i n  women chewing h ides  t o  sof ten  them, o r  may 

chip and crack the t e e t h  a s  in  men sharpening stone t o o l s .  

Age: the  e f f e c t s  of age upon a t t r i t i o n  may come from 

two sources. Children may e a t  l e s s ,  and d i f f e r e n t  i tems of 

d i e t ,  e s p e c i a l l y  ' p r e s t i g e '  foods. Ch i ld ren ,  e s p e c i a l l y  

young ones,  would n o t  engage i n  r e g u l a r  i n d u s t r i a l l c r a f t  

t a sks .  

Sex: a t t r i t i o n  may o r  may n o t  be a f f e c t e d  by sex.  

There may be d i e t a r y  d i f ferences  between the  sexes. Campbell 

(1939a) repor ts  such d i f ferences  i n  d i e t  between abor ig ina l  

men and women. Sexual d iv i s ion  of i n d u s t r i a l / c r a f t  tasks  

which u t i l i s e  t e e t h  as  too l s  a l s o  a f f e c t s  a t t r i t i o n  pa t t e rns  

between the  sexes. 

Other var iables ,  such as  enamel thickness and hardness, 

a f f e c t  denta l  a t t r i t i o n .  I t  has not been possible  i n  t h i s  

study t o  cont ro l  these f ac to r s .  

The above var iables  may operate  upon individuals  within 

groups o r  populations, o r  they may follow pa t t e rns  fo r  whole 

populations which cha rac te r i se  them and d i s t ingu i sh  them 

from other  populations.  

Observat ions  upon t h e s e  v a r i a b l e s  a l l o w  one t o  make 

c e r t a i n  predic t ions ,  and the  analys is  done i n  t h i s  research 

followed these predic t ions :  



1. The d i f f e r e n t  e n v i r o n m e n t s  and r e s o u r c e s  o f  t h e  

populations studied would produce d i f f e r e n t  d i e t s  and 

thus d i f f e r e n t  degrees of denta l  a t t r i t i o n .  

2 .  I f  d i f ferences  in  pa t t e rn  of denta l  a t t r i t i o n  occurred 

between t h e  sexes  t h e y  would r e s u l t  from i n d u s t r i a l /  

c r a f t  task d iv is ion ,  

3 .  I f  i n d u s t r i a l / c r a f t  t a sks  af fec ted  denta l  a t t r i t i o n  the 

a d u l t s  would exh ib i t  d i f f e r e n t  pa t t e rns  of wear than t h e  

j u v e n i l e s .  A t  a  c e r t a i n  a g e ,  p r o b a b l y  a round  

adolesence, juveniles would adopt these adu l t  tasks  and 

begin t o  show the c h a r a c t e r i s t i c  tooth wear associated 

with it. Possible adu l t / juven i l e  d i e t a r y  d i f ferences  

would a f f e c t  degree not pa t t e rn  of a t t r i t i o n .  

4. I f  t h e  pa t t e rns  of tooth wear d i f f e r e d  between s i t e s ,  

t h a t  is, i f  one s i t e  had a  c h a r a c t e r i s t i c  type of tooth 

wear, it would be an i n d u s t r i a l / c r a f t  a c t i v i t y  producing 

t h a t  p a t t e r n .  This  would be e v i d e n t  i f  t h e  young 

j u v e n i l e s  f a i l e d  t o  e x h i b i t  t h e  c h a r a c t e r i s t i c  wear 

pa t t e rn .  

To make t h i s  s o r t  of a n a l y s i s  it was necessa ry  t o  

determine ages a t  death of juvenile individuals ,  determine 

t h e  s i z e s  of  t h e  t e e t h  of t h e  p o p u l a t i o n s  s t u d i e d ,  and 

ca lcu la te  t h e  a t t r i t i o n  l e v e l s  of a l l  the  teeth.  Chapter 2 

d e a l s  w i t h  d e t e r m i n a t i o n  of age a t  d e a t h  of j u v e n i l e s ,  

Chapter 3 deals  with tooth s i ze ,  and Chapter 4 dea ls  with 

dental  a t t r i t i o n .  



The s t u d y  r e p o r t e d  h e r e ,  b e c a u s e  i t  c o n s i d e r s  many 

v a r i a b l e s  which c o n t r i b u t e  t o  d e n t a l  a t t r i t i o n ,  and because  

i t  i s  o n e  o f  v e r y  f ew s t u d i e s  t o  comprehend  j u v e n i l e s  a s  

w e l l  as a d u l t s ,  w i l l  l e a d  t o  an i n c r e a s e d  under s t and ing  of 

d e n t a l  a t t r i t i o n  i n  g e n e r a l .  I t  w i l l  p a r t i c u l a r l y  

c o n t r i b u t e  t o  t h e  under s t and ing  o f  d e n t a l  a t t r i t i o n  among 

A u s t r a l i a n  a b o r i g i n e s .  The s t u d y  o f  A u s t r a l i a n  a b o r i g i n e s  

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

Abor ig ines  a r e  h u n t e r - g a t h e r e r s  employing t h e  same economy 

i n  v a s t l y  d i f f e r e n t  envi ronments  i n  A u s t r a l i a .  They t h u s  

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

e n v i r o n m e n t  upon d e n t a l  a t t r i t i o n .  T h e r e  a r e  r e a s o n a b l y  

good s a m p l e s  o f  a b o r i g i n a l  r e m a i n s  f r o m  p o p u l a t i o n s  

i n h a b i t i n g  wide-spread and d i v e r e s e  envi ronments ,  and t h e y  

i n c l u d e  l a r g e  numbers o f  j u v e n i l e s .  A u s t r a l i a n  a b o r i g i n e s  

are t h e r e f o r e  i d e a l  s u b j e c t s  f o r  t h i s  t y p e  o f  r e s e a r c h .  



CHAPTER 1 - 
BACKGROUND 

Until the coming of British colonists to New South 

Wales in 1788, Australia was the only continent inhabited 

exclusively by hunter-gatherers. The aborigines afford a 

unique opportunity to study human adaptations to a wide 

range of environments; adaptations which were based upon an 

economy common to all human societies until the end of the 

Pleistocene. 

Aborigines inhabited environments ranging from the 

central deserts to the lush river valleys of the South-east, 

from the tropical beaches and rainforests of Queensland to 

the cold, wet mountains of Tasmania. Their resources and 

population densities varied enormously, and so did their 

physical appearance. Aboriginies have been in Australia at 

least 30,000 and probably 50,000 years (Thorne 1980). 

There is a consensus among modern writers that the 

original migrants came from South-east Asia, but there are 

different views on the dynamics of settlement. Basically 

there are two opposing views: modern aborigines are the 
- 

descendants of a single settlement of a homogeneous 

population and observable physical variation is a result of 



adaptation to local environments and to random genetic 

effects (Abbie 1975, 1976); or, more than one migration of 

morphologically distinct peoples occurred at different times 

and this is evidenced by the high level of variability in 

modern aborigines. 

This second view comprehends at least two opposing 

models. Birdsell (1977) continues to claim that three 

population waves -- Oceanic Negritos, Murrayians, and 

Carpentarians -- entered Australia sequentially and that 
these stocks are still discernible in modern aborigines. 

This model is largely discredited (Thorne 1980). 

Thorne believes that in the Pleistocene two 

morphologically distinct peoples inhabited Australia: a 

graci le  form represented by fossil human remains from Lake 

Mungo, and a robust form represented chiefly by fossils from 

Kow Swamp and Cohuna. These forms lie at the extreme ends 

of the gracile-robust range of variation of modern 

aborigines. They are seen as in some way blending at some 

time after 10,000 B.C. (Thorne and Wilson 1977; Thorne 

1981 ) . 
It is also possible that small groups of people have 

been trickling into Australia over the millennia and have 

contributed to the cultural and genetic pool. This may be 

evidenced by the contact with Papuan melanesians in Cape 

York and along the Gulf of Carpenteria. 



This  s t u d y  was n o t  in tended  t o  c o n t r i b u t e  t o  t h e s e  

d e b a t e s  nor does it, b u t  my own view i s  t h a t  two f o s s i l  

populations a r e  d iscern ib le ,  and it i s  reasonable t o  be l ieve  

t h a t  a t  l e a s t  small  numbers of people entered Austral ia  from 

t i m e  t o  t ime.  C l e a r l y  t h e  samples  from t h e  t h r e e  a r e a s  

studied represent  modern aborigines.  

The S i t e s  - 
This  s tudy  d e a l s  w i t h  s k e l e t a l  samples  from t h r e e  

g e o g r a p h i c a l  a r e a s ;  two a r e  from excavated b u r i a l  s i t e s .  

( see  f ron t i sp iece  map) . 

Swanport. 

Swanport is on the lower Murray River about 60 km. from 

t h e  sea  and 2 0  km. from t h e  r i v e r ' s  e n t r a n c e  i n t o  Lake 

Alexandrina i n  South Austral ia .  The s i t e  is jus t  north of 

36O S. A l a rge  number of skeletons was exposed by workmen 

i n  1911 ( S t e r l i n g  1911) and t h e  s tudy  sample i s  of t e n  

a d u l t s  ( 5  female ,  5 male) and t h i r t y - t w o  j u v e n i l e s .  The 

graves were highly concentrated on the r i v e r  bank adjacent 

t o  an a r e a  of swamp, b u t  t h e y  were n o t  excavated under 

s c i e n t i f i c  supervision ( S t i r l i n g  1911). The people of t h i s  

a r e a  were a  component of a  t r i b a l  n a t i o n  known a s  t h e  

Ngarrind j e r i ,  a  confederation ma2e up of eighteen t r i b e s ,  

each with i t s  own t e r r i t o r y  (Jenkin 1979; Richards personal 

communication 1981). 



The Ngarr indjer i  area centered upon t h e  Murray River 

and Lake Alexandrina,  b u t  it inc luded  more than  a two 

hundred ki lometer  s t r e t c h  of shore of t h e  Southern Ocean, 

including a l l  of the Coorong, an extensive area  of coas ta l  

lakes and swamps. I t  was a very lush and productive h a b i t a t  

f o r  hunter-gatherers. 

The Ngarr indjer i  were a d i s t i n c t  people with t h e i r  own 

language which had no common words with t h a t  of the  Kaurna, 

t h e i r  northern neighbours (Jenkin 1979). They had d i s t i n c t  

c u l t u r a l  and r i t u a l . p r a c t i c e s  which divided them from t h e i r  

neighbours .  The mountains t o  t h e  wes t  were t h e  e a s t e r n  

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

c r i t i c a l  r i ' t u a l  p r a c t i c e  r e f l e c t e d  an enmity  w i t h  t h e  

neighbcuring Kaurna. N o r  d i d  they like the e a s t e r n  

neighbours, the  Merkani who had a reputat ion f o r  s t e a l i n g  

and ea t ing  f a t  women. Their t e r r i t o r y  was geographically 

defined, to  the  north-west by mountains, t o  the north-east  

by a dry h in ter land,  and t o  t h e  south by t h e  ocean (Richards 

personal communication 1981). 

I t  is believed t h a t  the  excavated b u r i a l s  a t  Swanport 

a r e  of people who died during a smallpox epidemic which came 

down the  Murray River i n  1830 (Richards pers. comm. 1981; 

S te r l ing  1911). Smallpox was possibly introduced i n  1788 by 



B r i t i s h  s e t t l e r s  i n  Sydney. Cer ta in ly  it ravaged widespread 

abor ig ina l  populations in  the e a r l y  1830's. This means the  

sample s t u d i e d  i s  of  a  people  l i v i n g  t o g e t h e r  a t  a  g iven  

t i m e  and is  an i d e a l  p o p u l a t i o n  f o r  b i o l o g i c a l  s tudy.  

~ p i d e m i c s  may not usual ly  k i l l  proport ional  numbers of t h e  

a g e  and s e x  c l a s s e s  i n  a s o c i e t y .  D i s e a s e  a f f e c t s  

v u l n e r a b l e  i n d i v i d u a l s  -- t h e  aged, t h e  s i c k l y ,  t h e  ve ry  

young -- d i s p r o p o r t i o n a t e l y .  However, a  very  s e v e r e  

epidemic l i k e  smal lpox c o n t a c t i n g  a  p o p u l a t i o n  w i t h  no 

previous experience of it may have ravaged the whole group 

indiscr iminately.  The Swanport sample seems t o  represent  

a l l  age and sex c lasses .  The Ngarr indjer i  nat ion as  a  whole 

is what Howells (1973) r e fe r red  t o  a s  "a well-defined 10-1 

The juvenile sample was increased with indiv iduals  from 

other  places  wi th in  Ngarrind j e r i  t e r r i t o r y ,  thus the re  a r e  

seventeen  from Swanport and f i f t e e n  from e lsewhere .  I t  

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

h a b i t a t s .  



The Murray B a s i n  - 
There is a large amount of skeletal  material collected 

in  the area of the Murray River basin by Murray Black over 

severa l  decades i n  the f i r s t  ha l f  of t h i s  century. The 

material has no real  provenience as Black merely recorded 

the general location of the specimen, and in the l a t t e r  par t  

of h i s  collecting days he fai led t o  do tha t  much. The area 

from which t h i s  c o l l e c t i o n  i s  taken i s  a la rge  p a r t  of 

south-eastern Australia centered on the Murray River and i t s  

t r ibu tar ies .  

Brace  ( 1 9 8 0 )  and G i l e s  ( 1 9 7 6 )  whose s t u d i e s  

comprehended samples of the Murray Black collection treated 

t h e  Murray Basin group a s  a popu la t ion .  Brace, i n  

discussing t h i s  material, says the following: 

Except for that  which is obviously permineralized, 
the best tha t  we can do is t o  guess that  most of 
the  specimens belong t o  a loose 'ethnographic 
present' extending back from the point of contact 
about 2,000 years" (Brace 1980 p. 160). 

Certainly the Murray Basin people since contact have 

been looked upon as a biological unit. They are the heart 

of B i rdse l l ' s  "Murrayians", one of the  posi ted d i s t i n c t  

founding populations t h a t  produced the t r i -hybr id  modern 

aborigines (Birdsell 1967, 1977). 



My view is t h a t  t h e  Murray Black samples  can  be  looked 

upon a s  modern, s o u t h - e a s t e r n  r i v e r i n e  a b o r i g i n e s  who have 

a s i m i l a r  e n v i r o n m e n t  and  economy. I t r e a t  them a s  a 

p o p u l a t i o n  though I am aware t h a t  t h i s  can  o n l y  be v a l i d  i n  

a l o o s e  s e n s e .  The s a m p l e  c o n s i s t s  o f  s i x t e e n  a d u l t s  ( 9  

f ema le ,  7 male)  and f o r t y  j u v e n i l e s .  

Broadbeach 

An a b o r i g i n a l  b u r i a l  ground w a s  l o c a t e d  a t  Broadbeach, 

1.5 km. i n l a n d  from t h e  p r e s e n t  beach i n  ex t r eme  s o u t h - e a s t  

Queensland p r e c i s e l y  on t h e  2g0 S p a r a l l e l .  

S e v e r a l  b u r i a l s  w e r e  d i s t u r b e d  b y  s o i l  c o n t r a c t o r s  

b e f o r e  t h e  s i t e  c o u l d  be e x c a v a t e d  by  L a i l a  Haglund f rom 

1965  t o  1968.  O v e r a l l  1 5 0  i n d i v i d u a l s  w e r e  r e c o v e r e d  o f  

whom 60% a r e  j u v e n i l e  (Freedman & Wood 1977).  

The s i t e  i s  d e s c r i b e d  by Haglund a s  f o l l o w s :  

The b u r i a l  ground is  l o c a t e d  abou t  1.5 k i l o m e t e r s  
i n l a n d  from the p resen t -day  c o a s t l i n e  a t  Mermaid 
Beach, s o u t h e a s t  Queensland.  The  c o a s t a l  s t r e t c h  
i n  t h i s  a r e a  c o n s i s t s  o f  a sandy beach, 60  m e t e r s  
w i d e  i n  p l a c e s ,  r u n n i n g  a l m o s t  d u e  n o r t h  f r o m  
rocky o u t c r o p s  a t  South Nobby and B u r l e i g h  Heads, 
t e r m i n a t i n g  i n  a s p i t ,  f o r m e d  b y  t h e  n o r t h w a r d  
d r i f t  o f  s a n d ,  w h i c h  k e e p s  t u r n i n g  t h e  mouth  o f  
t h e  N e r a n g  R i v e r  t o  t h e  n o r t h .  B e h i n d  t h e  
f o r e d u n e  i s  a w e l l - d e v e l o p e d  s e r i e s  o f  p a r a l l e l  
dunes w i t h  seams o f  m i n e r a l  sands .  S t i l l  f u r t h e r  
i n l a n d  i s  t h e  l o w e r  p a r t  o f  t h e  c o a s t a l  p l a i n ,  
c o n s i s t i n g  o f  broad  sandy f l a t s  and swamps and 



narrow b e l t s  of swamp a l t e r n a t i n g  with low sandy 
ridges.  The l a t t e r  curve i n  the  same way as  the 
p a r a l l e l  beach dunes. The almost f l a t  top of one 
of these narrow r idges became the  b u r i a l  ground. 
The h ighes t  point  of t h i s  is about 4 meters above 
s e a  l e v e l  and o n l y  about  1-1.5 me te r s  above t h e  
surrounding low-lying marshy area  (Haglund 1976, 
P-1) 

The b u r i a l  ground was i n  use f o r  about a thousand years  

ending l a s t  century (Haglund 1976, p. 5 5 ) .  

The Broadbeach s i t e  i s  i n  a n - a r e a  i n h a b i t e d  by t h e  
(.> 

Nerang o r  Kombumerri c l a n .  Clans i n  t h i s  a r e a  were 

comprised of f i f t y  o r  s i x t y  peop le  (Haglund 1976).  This  

t e r r i t o r y  extended back from the  coas t  f o r  about 30km.and 

occupied about 30km.of the  coas t  from a l i n e  of h i l l s  i n  the 

sou th  t o  i n c l u d e  a narrow s t r a i t  betwen t h e  mainland and 

Stradbroke Is land i n  the  north.  

Haglund (1976, p. 5 5 )  s e e s  evidence  f o r  c u l t u r a l  

cont inui ty  f o r  t h e  period during which t h e  b u r i a l  ground was 

used i n  the b u r i a l  types and r i t u a l  d e t a i l s .  There was very 

probably  a s o c i e t y  of people  l i v i n g  i n  t h e  a r e a  over  t h a t  

t i m e  w i t h  t h e  l a t e  b u r i a l s  be ing  t h e  descendan t s  of t h e  

e a r l y  ones. This is a population sampled over time and is 

i n  cont ras t  t o  Swanport which is a sample of a population 
- 

l i v ing  at one time. This means t h a t  any comparison is one 

of two sample types and t h i s  should be considered. 



B r o a d b e a c h  a p p e a r s  t o  be a s e l e c t i v e  s a m p l e  o f  t h e  

popu la t ion .  S i x t y  p e r c e n t  o f  t h o s e  r e p r e s e n t e d  a r e  j u v e n i l e  

w h i l e  a d u l t  ma les  outnumber a d u l t  f e m a l e s  by seven t o  one. 

E a r l y  Europeans i n  t h e  a r e a  no ted  a preponderence  of male 

a b o r i g i n e s ,  and Beveridge (1883) s t a t e s  t h a t  i n  s o u t h e r n  N e w  

S o u t h  W a l e s  t h e  p r e p o n d e r e n c e  o f  m a l e s  w a s  v e r y  

c o n s i d e r a b l e .  T h i s  he a s c r i b e d  t o  t h e  e a r l y  d e a t h  o f  many 

women e f f e c t e d  b y  v e r y .  young m a t e r n i t y ,  t h e i r  c o n v e r s i o n  

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

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

ungovernable  p e r i o d s  o f  p a s s i o n "  (Bever idge  1883, p. 2 2 ) .  

I t  is u n l i k e l y ,  however, that  s o  h i g h  a preponderence  

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

n -L--- fcmnC! i:: t he  l i v h g  society. ~ ~ L L L Q ~ P  femiiles were iisiiaiiy 

b u r i e d  e l sewhere ,  o r  were d i s p o s e d  o f  i n  a d i f f e r e n t  manner. 

Beveridge i n d i c a t e s  t h a t  i n  t h e  Murray Basin f emales  were 

b u r i e d  w i t h  l e s s  c a r e  and r i t u a l .  

The sample o f  t h i s  s t u d y  c o n s i s t s  of  f i f t e e n '  a d u l t s  (10 

males ;  5 f ema les ,  the whole number o f  f ema les  f o r  t h e  s i t e )  

and t h i r t y - n i n e  j u v e n i l e s .  

For t h e  t h r e e  p o p u l a t i o n s  a l l  a v a i l a b l e  j u v e n i l e s  were 

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

r e p r e s e n t e d  a p r o p o r t i o n  o f  t h o s e  a v a i l a b l e .  A s  c l o s e  a s  



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

s e l e c t e d ,  and  the  i n d i v i d u a l s  w e r e  c h o s e n  r a n d o m l y .  S e e  

~ p p e n d i x  A f o r  d e t a i l s  o f  the s i t e  samples .  

The n e x t  c h a p t e r  d i s c u s s e s  a g e i n g  o f  t he  j u v e n i l e  

i n d i v i d u a l s .  The d e t e r m i n a t i o n  o f  i n d i v i d u a l  age  a t  d e a t h  

i s  n e c e s s a r y  f o r  t h e  c a l c u l a t i o n  o f  rates o f  a t t r i t i o n  and 

r e l a t i v e  d e g r e e  o f  a t t r i t i o n  between p o p u l a t i o n s .  



Determination of Individual Age at Death: Tooth Eruption - -- 
and Development - 

This chapter deals  with determining the ages a t  death 

of the  immature individuals  of the  samples. Tooth formation 

s tages and eruption a re  used in  t h i s  determination, and 

t h e  d i f f i c u l t i e s  i n  employment of  t h e s e  t echn iques  a r e  

d i s c u s s e d .  Determined ages a r e  l a t e r  used i n  a s s e s s i n g  

a t t r i t i o n  r a t e s  and pa t te rns .  

Ageing of s k e l e t a l  mater ia l  i s  usual ly  a  f i r s t  s t e p  in  

i t s  a n a l y s i s ,  b u t  it i s  n o t  an easy  o r  c e r t a i n  procedure.  

The e r u p t i o n  of t e e t h  has  long been recognized  a s  an age 

indicator i n  ch i ldren  but  there  a re  two considerations which 

m i l i t a t e  a g a i n s t  i t s  d i r e c t  a p p l i c a t i o n .  Tooth e r u p t i o n  

indica tes  a  physiological age, a  l eve l  of maturi ty  of the  

dental  system, and not an age i n  years  s ince  b i r t h .  A given 

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

chronological ages, t h a t  is t o  say there  is v a r i a b i l i t y  in  

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

teeth.  One cannot say t h a t  when the deciduous f i r s t  molar,- 

f o r  example, e rupts  a t  whatever age, the  deciduous second 

molar w i l l  e r u p t  t e n  months l a t e r ,  o r  t h a t  t h e  permanent 



i n c i s o r  w i l l  e r u p t  two y e a r s  a f t e r  t h e  permanent f i r s t  

molar.  There i s  v a r i a b i l i t y  i n  t h e  sequence of  t e e t h  

e r u p t i n g  and i n  t h e  l e n g t h  of t i m e  between e r u p t i o n s  o f  

given tee th .  

The deciduous den t i t ion  normally comprises twenty t e e t h  

e r u p t i n g  o v e r  a  p e r i o d  o f  a b o u t  t h i r t y  months .  The 

permanent d e n t i t i o n  normal ly  compr i ses  t h i r t y - t w o  t e e t h  

erupting over a  period of about twelve years. 

Tooth Nomenclature. - 
There a r e  twenty  deciduous t e e t h  w i t h  f i v e  t e e t h  i n  

each quadrant: f i r s t  i n c i s o r s  (il), second inc i so r s  ( i 2 ) ,  

canines (c!, first molars (rnl! ,  and second ~ll.ol=.rs (m2!. The 

i nc i so r  o r  molar type number i s  shown above the  type i n i t i a l  

in  the upper jaw, f o r  example m l ,  and below the type i n i t i a l  

in  the  lower jaw, f o r  example 12. Deciduous t e e t h  i n i t i a l s  

a re  preceeded by a  d, for  example dc, t o  d i s t ingu i sh  them 

from permanent tee th .  There a r e  thir ty- two permanent t e e t h  

wi th  e i g h t  t e e t h  i n  each quadran t :  f i r s t  i n c i s o r s  ( I l ) ,  

second i n c i s o r s  ( I 2 ) ,  c a n i n e s  (C), t h i r d  p remola r s  (P3) ,  

fourth premolars (P4), f i r s t  molars ( M l ) ,  second molars ( ~ 2 )  

and t h i r d  molars  (M3). Permanent t o o t h  i n i t i a l s  a r e  

cap i t a l i sed  . 
' Teeth, including deciduous t ee th ,  vary i n  morphology, 

s ize ,  erupt ion time and eruption order and these va r i a t ions  

are  influenced t o  some degree by sex, race and environment. 



Some of t h i s  v a r i a b i l i t y  is  predic table  and general. Males 

i n  every  p o p u l a t i o n  have l a r g e r  t e e t h ,  on average ,  than  

females, - while females e rupt  most t e e t h  e a r l i e r  than males. 

Variat ions i n  tooth s i z e  o r  morphology between populations 

a r e  more pa tchy and a r e  n o t  r e a d i l y  p r e d i c t a b l e .  These 

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

following chapters. 

The Deciduous Teem - 
A d i f f e r e n c e  i n  t h e  age a t  e r u p t i o n  of t h e  deciduous . 

t e e t h  between t h e  sexes is equivocal. Boys were found t o  

e rupt  t h e i r  t e e t h  e a r l i e r  than g i r l s  by Robinow (1942) fo r  

U.S. whites, by Ferguson (1957) f o r  U.S. negroes and whites,  

and by Leighton (1968) fo r  B r i t i s h  whites. Conversely, no 

sex  d i f f e r e n c e s  were found by Sand le r  (1944) f o r  U.S. 

whites, by Nanda (1960) fo r  US. whites, by Roche (1964) for  

Austral ian whites,  by McGregor (1968) f o r  Gambian negroes, 

by F r i e d l a e n d e r  (1969) f o r  Bouga inv i l l e  me lanes ians ,  by 

Bambach (1973) f o r  Tun i s i an  caucaso ids ,  and by B i l l e w i c z  

(1973) fo r  Chinese. 

Most t a b l e s  of e r u p t i o n  age g iven  show t h e  males 

s l i g h t l y  ahead of t h e  females ,  b u t  t h e  d i f f e r e n c e  i s  

probably not b io log ica l ly  s i g n i f i c a n t .  

- Table  1 shows average  e r u p t i o n  t i m e s  f o r  males  and 

females of nine s tud ies  including several  races .  



Table 1 

Deciduous Tooth Eruption: Age in months 

Study Number 

1 2 3 4 5 6 7 8 

Males 

Females 

U.S. Whites 1. Robinow, Richards and Anderson 1942 
U.S. Whites 2. Logan and Kronfeld 1934 
U.S. Whites 3. Nanda 1960 
British - Leighton 1968 
Australian Whites -Roche, Barkla, and Maritz 1964 
Swedish - Lysell, Magnuson, and Thilander 1964 
Japanese - Sato and Ogiwara 1970 
Bengal - Banerjee and Mukherjee 1967 
Bougainville - Friedlaender and Bailit 1969 



Tab le  2 

E r u p t i o n  Age (Months) o f  Deciduous Teeth 
( a v e r a g e  o f  seven  s t u d i e s )  

Tooth d i l  d i 2  d c  dm1 dm2 

Male 9 .6  11.2 18.8 16 .1  28.2 

Female 9 .8  11.8 19.5 15 .9  28.6 

D i f f e r e n c e  F-M 0 .2  0 . 6  0 .7  -0.2 0 . 4  

Tooth 

Male 

Female 8.1 13 .2  1 9 . 8  16.2 27.3 , 

D i f f e r e n c e  F-M 0 .4  0 .4  0 . 2  0.0 0.1 

Table  2 shows t h e  e r u p t i o n  t i m e s  o f  seven  of  t h o s e  

s t u d i e s  a v e r a g e d  a n d  t h e  d i f f e r e n c e s  b e t w e e n  t h e  s e x e s .  

Boys a r e  a d v a n c e d  i n  t h e  e r u p t i o n  o f  a l l  t e e t h  e x c e p t  t h e  

d m l ' s  and  t h e  a d v a n c e  i s  g r e a t e s t  i n  t h e  u p p e r  d c ' s  and  

dm2's, be ing  a b o u t  t h r e e  weeks. The advances i n  o t h e r  t e e t h  

amoun t  t o  l e s s  t h a n  t w o  weeks  a n d  c a n n o t  b e  s e e n  a s  v e r y  

s i g n i f i c a n t .  



Table 3 

Average Number of Teeth Erupted (Deciduous) a t  Given Ages 
(Males and females combined where necessa ry . )  

Study Number 
Age i n  
Months 1 2 3 4 5 6 7 8 

1. Aborigines - B a r r e t t  and Brown 1966 
2 .  U.S. Whites - Sandler  1944 
3 .  Swedes - L y s e l l  1962 ( B a r r e t t  and Brown 1966) 
4. Tunis ia  - Bambach 1973 
5. Gambia - McGregor 1968 
6. Afr icans  - Falkner  1958 ( B a r r e t t  and Brown 1966) 
7. Bantus - MacKay 1952 ( ~ a r r e t t  and Brown 1966) 
8. Chinese H.K. - Bi l lewicz  1973 



Table 3 shows average numbers of deciduous t e e t h  

erupted a t  given ages i n  s t u d i e s  of e i g h t  s o c i a l  groups. 

Among very young children often living i n  remote loca l i t i e s  

these  a r e  e a s i e r  da ta  t o  c o l l e c t  than erupt ion t imes of 

given teeth and they are probably more rel iable.  

Tables 1 and 2 show v a r i a b i l i t y  between groups i n  

erupt ion t imes,  but  some of it must be a t t r i b u t a b l e  t o  

d i f f e rences  i n  study method. For example, Nanda's and 

Robinow's d i f fe ren t  findings for U.S. whites are more l ike ly  

t o  r e s u l t  from t h e i r  s t u d y  methods than  from r e a l  

differences within tha t  population. 

There are differences between populations in Table 1 

but they are not great and given populations have some teeth 

advanced against the average and some teeth retarded. 

Revealing va r i ab i l i t y  between populations i s  seen in 

Table 3.  For the f i r s t  twelve to  eighteen months of l i f e  

t h e  a b o r i g i n e s  l a g  s i g n i f i c a n t l y  behind a l l  o t h e r  

populations, but by eighteen months of age they catch up and 

from t h e r e  e x h i b i t  no d i f f e rences  u n t i l  t he  d e n t i t i o n  i s  

complete. There i s  almost a p a t t e r n  during the  f i r s t  

eighteen months of a l l  the th i rd  world populations lagging 

behind the U.S. and Swedish whites, except that  the Bantus 

are very advanced throughout the whole eruption period. I t  

w i l l  be seen tha t  t h i s  is t rue  of the i r  permanent denti t ion.  



The q u e s t i o n  a r i s e s  of whether  e r u p t i o n  d i f f e r e n c e s  

r e s u l t  from genet ic  or environmental e f f e c t s .  The evidence 

i s  equ ivoca l .  B a r r e t t  and Brown (1966, p. 49) quo t ing  

Falkner  f i n d  evidence t h a t  d i s e a s e  i n  c h i l d r e n  under one 

yea r  of  age r e t a r d s  d e n t a l  development b u t  h a s  no such 

e f f e c t  a f t e r  t h a t  age. B i l l e w i c z  e t  a1  (1973) found t h a t  

Hong Kong chi ldren  with a  heavier b i r t h  weight were advanced 

in  denta l  development over the  f i r s t  twenty months but t h a t  

post-natal  growth and hea l th  made no difference.  Ferguson 

e t  a1 (1957) found t h a t  heal thy U.S. negro chi ldren erupted 

t h e i r  f i r s t  t e e t h  before whites of s i m i l a r  or  higher socis-  ' 

economic l eve l s .  

I f  hea l th  in  the f i r s t  year does a f f e c t  eruption age, 

A'L c11 iS  iiiiiy ---' w e ~ s  ' expla i i i  the iiig of the aborigines froiii 

Yuendumu se t t lement  in  cen t ra l  Austral ia  from where t h e i r  

da ta  were taken. During the  period of t h e i r  inves t iga t ion  

t h e r e  were epidemics  of meas les ,  whooping cough and 

diphtheria ,  and resp i ra to ry  and bowel infec t ions  were common 

causes  of i n f a n t  d e a t h  ( B a r r e t t  and Brown 1966, p. 5 0 ) .  

This eruption schedule would not necessar i ly  be seen i n  pre- 

contact  times. Tradi t ional  aboriginal  d i e t  was n u t r i t i o u s  

and well  balanced and they l ived i n  small  constant ly  moving 

g r o u p s  (Campbe l l  1939b;  H a m i l t o n  1 9 7 1 ) .  With t h e  

e s t a b l i s h m e n t  of government o r  miss ion  s e t t l e m e n t s  t h ?  

a b o r i g i n e s  adapted t h e i r  d i e t  t o  s t o r e  foods and wi th  a  



preponderence of tea, sugar and flour the balance and much 

of the nutri t ion were lost .  People were also congregated in 

l a rge  numbers i n  unsanitary camps and were thus prey t o  

infectious diseases. 

For t h e s e  r easons  it may no t  be a p p r o p r i a t e  t o  

genera l ize  the  Yuendumu da ta  t o  p r e h i s t o r i c  abor ig ina l  

material. There are no d i rec t  data for the eruption ages of 

abor ig ina l  deciduous t ee th ,  so t h i s  study uses the  t a b l e  

suggested by Lunt and Law (1974) as  a  general  erupt ion 

schedule for deciduous teeth. 

They reviewed t h e  l i t e r a t u r e  and modi f ied  t h e  

t r a d i t i o n a l  t a b l e  of Logan and Kronfeld by including the  

values of Lysell, Magnusson and Thilander (1962) who had the 

best survey methods of those reviewed. 

Table 4 c o n t r a s t s  the  Lunt and Law t a b l e  of eruption 

ages with Table 2 ,  t he  average erupt ion ages of seven 

studies : 



Table 4 

Average Eruption Ages of Deciduous Teeth 
from Several Studies  

Lunt and Law (1974) Average of 7 Studies  (Table 2) 

Tooth Age i n  Months Age i n  Months Difference 

d i  l 10 10 0  

d i 2  11 11 0 

dc 19 19 0  

dm" 29 

The t ab les  a re  very c lose  with only the  upper dm2 being 

d i f f e r e n t ,  and t h a t  only by t h i r t y  days. The Lunt and Law 

t a b l e  is s a t i s f a c t o r y  f o r  use f o r  p o p u l a t i o n s  f o r  which 

there  a r e  no data. For aborigines the  values f o r  the f i r s t  

eighteen months a re  l i k e l y  t o  understate the t r u e  eruption 

t i m e s ,  b u t  it i s  r a r e  t o  g e t  such young i n d i v i d u a l s  i n  

archaeological samples, and t h i s  study includes none. 



The Permanent Teeth - 

The e r u p t i o n  a g e s  o f  t h e  p e r m a n e n t  t e e t h  v a r y  

considerably by sex and race while the  deciduous t e e t h  do 

not. There is  obviously more time fo r  va r i a t ion  t o  operate: 

t h e  deciduous t e e t h  e r u p t  over  a p e r i o d  of t h i r t y  months 

while the  permanent t ee th  take twelve years t o  complete the 

same process. I t  i s  an adaptive advantage t o  the  individual  

t o  erupt  h i s  deciduous t e e t h  quickly. He needs a funct ional  

s e t  of  t e e t h  by t h e  t i m e  he i s  weaned o n t o  s o l i d  foods a t  

the age of two t o  three  years. There is no such hurry for  

permanent t e e t h  a s  most of them have deciduous precursors 

and t h e r e  i s  a lmos t  no l a g  between t h e  e x f o l i a t i o n  of a 

deciduous tooth and the  emergence of i t s  permanent successor 

(Brown e t  a l . ,  1979). 



Table 5 

Permanent Tooth Eruption Ages in Years for 
Several Populations 

Study Number 

Maxilla 1 2 3 4 5 6 7 8 

Males 

1l 7.0 7.1 7.3 7.3 6 .'O 7.5 6.9 7.5 

I 8.5 8.2 8.6 8.3 7.0 8.8 8.3 8.7 

C 10.5 11.3 11.6 11.1 10.2 11.3 12.1 11.7 

p3 10.3 10.2 11.0 10.6 10.1 9.7 10.2 10.4 

p4 11.4 11.0 12.1 10.5 10.6 10.6 11.4 11.2' 

M~ 6.4 6.3 6.7 6.6 5.3 6.1 6.4 6.4 

M~ 11.5 12.1 12.7 12.4 11.4 12.6 12.8 12.7 

Mandible 

I1 6.6 

I2 7.2 

C 10.0 

p3 10.5 

P4 11.5 

M1 6.4 

M2 11.2 

M3 



Table 5 Continued 

Study Number 

Maxilla 1 2 3 4 5 6 7 8 

Females 

P3 9.8 9.8 10.7 10.5 9.7 9.4 9.6 10.0 

P4 11.0 10.7 11.8 11.5 10.1 10.3 10.2 10.9 

M1 5.7 6.1 6.6 6.9 5.8 6.3 6.4 6.2 

M~ 11.0 11.8 12.4 11.9 10.9 12.4 12.4 12.3 

M3 17.7 

Mandible 

I1 6.4 6.0 6.1 7.2 5 8 6.4 6.2 6.3 

I2 7.3 6.9 7.5 7.6 6.2 7.4 6.8 7.3 

Aborigines - Brown, Jenner, Barrett.and Lees 1979 
White Australians - Gates 1964. Median Values 
American Whites - Nanda 1960 
South Indians - Shourie 1946 
Zulus - Hellman 1943 
Chinese - Hellman 1943 
Finns - Haavikko 1970. Median Values 
White Northern Temperate Zone - Hurme 1949 



Table 5 gives eruption ages of permanent t e e t h  of males 

and females for  e ight  populations. 

There 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  between t h e  r a c e s  

with the  Zulus being advanced for  a l l  t e e t h  over a l l  o ther  

popu la t ions .  Abor ig ines  show l i t t l e  d i f f e r e n c e  from 

Europeans and o t h e r  groups i n  t h e  e r u p t i o n  of t h e  f i r s t  

phase, t h a t  is, the  inc i so r s  and f i r s t  molars. However, the  

second phase (canines, premolars, second and t h i r d  molars) 

begins e a r l i e r  i n  Aborigines due t o  the  advanced eruption of 

the canines, and the quiescent period between the phases is 

shor te r  (Brown 1978). 

Aborigines erupt  t h e i r  t h i r d  molars approximately 4.3 

years e a r l i e r  than caucasoids. This i s  because caucasoids 

r e l a t i v e  t o  most o ther  populations have retarded t h i r d  molar 

erupt ion (Fanning and Moorrees 1969a, 1969b). 

I n  a  s t u d y  of North American w h i t e s ,  Anderson and 

Popovich (1981) found a  co-occurrence of d e l a y  i n  molar  

eruption timing with molars of reduced s ize .  In l i g h t  of 

t h i s  observation it may be suggested t h a t  caucasoid molar 

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

small  s ize .  



Table 6 

Intervals in Years Between First and Second Phases 
of Permanent Tooth Emergence * 

Group Boys Girls 

Hong Kong (~igh socio-economic) 1.66 1.55 

Hong Kong (Low socio-economic ) 1.03 1.10 

Hawaiian Chinese 0.93 0.91 

England 

New Zealand 

U.S.A. European-descended 2.13 1.81 

Australian European-descended 

Australian Aboriginal 

U.S.A. Negroes 

Ugandan Negroes 

New Guinea (~aiapit) 

New Guinea (Lae) 

*Determined as the difference between the average ages at 
which the last incisor emerges and the first canine or 
premolar emerges. 

In Table 6 Brown (1978) lists the intervals between the 

first and second eruption phases of twelve racial groups and 

only the low class Hong Kong Chinese have a shorter interval 

than the aborigines. 



F i g u r e s  1 and 2 show t h e  advanced second phase  o f  

a b o r i g i n e s  compared t o  w h i t e  Western  A u s t r a l i a n s  ( ~ r o w n  

1978) 

Figure 1 

ACE - V E A R S  

Figure 1 - Mean t o o t h  emergence curves f o r  Aboriginal boys - 
and Western Aust ra l ian  boys. 



Figure 2 

Figure 2 - Mean tooth emergence curves for  Aboriginal g i r l s  
and Western Austral ian g i r l s .  

Relative t o  Australian caucasoids aborigines tend t o  

e a r l i e r  e r u p t i o n  of  most t e e t h ,  b u t  a b o r i g i n a l  boys a r e  

de layed i n  t h e  upper I ~ ,  p4 and lower I l l  w h i l e  g i r l s  a r e  

delayed i n  the  upper 1l. I ~ ,  p4 and lower I1 and 1 2  ( ~ r o w n  

e t  a t . ,  1979). 

Females e rupt  t h e i r  permanent tee th  e a r l i e r  than males. 

Gates (1964) found an average female advance for  a l l  t e e t h  



t o  be f i v e  months f o r  white Australians.  Brown e t  a1  (1979) 

found an average female advance for  a l l  t e e t h  of s i x  months 

but  found t h e  sex d i f ference  s i g n i f i c a n t  only fo r  the  lower 

C1, P3. P4 and upper M2 

Zulu boys d i f f e r  from other  populations in  erupting the 

M I I  I1 and I 2  of both jaws e a r l i e r  than g i r l s ,  but  they a r e  

l a t e r  i n  the o ther  t e e t h  (Hellman 1943); 

B a i l i t  (1975) s e e s  two b a s i c  r easons  f o r  t h e  sex  

d i f f e r e n c e  i n  e r u p t i o n  ages:  g i r l s  develop  e a r l i e r  t h a n  

boys sexual ly and s k e l e t a l l y  and e a r l i e r  tooth eruption is 

p a r t  of t h i s  advanced m a t u r a t i o n ;  t h e  s m a l l e r  t e e t h  of 

females may take l e s s  time t o  e rupt  once the  process begins. 

Eruption Sequence 

Teeth erupt  in  many d i f f e r e n t  sequences within given 

populations. Barre t t ,  Brown and C e l l i e r  (1964) i n  a  study 

of Yuendumu aborigines found the c h a r a c t e r i s t i c  sequence for  

both sexes t o  be f o r  t h e  upper jaw M1, I1. I ~ ,  p3, C, (p4. 

M ~ )  and fo r  the  lower jaw M I I  I1. 12. C. P3. (M2 p41. 



F i g u r e  3 

MALES 

M A X  M1 

FEMALES 

Figure  3 - Timing and sequence of permanent  t o o t h  emergence 
i n  Abor igines .  Tooth p a i r s  w i t h  c l o s e  c o n t e s t  i n  
e r u p t i o n  p r i o r i t y  are l i n k e d  by a so l i d .  l i n e .  

Ageinq from Eruption: - 
Ageing s k e l e t a l  specimens by t o o t h  e r u p t i o n  p r e s e n t s  

many d i f f i c u l t i e s  and sou rce s  o f  e r r o r .  F i r s t l y  there a r e  

gaps i n  the p r o c e s s  du r ing  w h i c h  no r e l i a b l e  e s t i m a t e  can be 

made. From c o m p l e t i o n  o f  t he  d e c i d u o u s  d e n t i t i o n  t o  

e r u p t i o n  o f  the  f i r s t  m o l a r  i s  a g a p  o f  a b o u t  3.5 y e a r s .  
- 

There is  u s u a l l y  a t w o  t o  t h r e e  yea r  gap between t h e  f i r s t  

and second  p h a s e s  o f  e r u p t i o n ,  and a g a p  o f  f i v e  o r  more 

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

popula t ions .  



There are i n d i v i d u a l  v a r i a t i o n s  i n  sequence o f  e r u p t i o n  

which a r e  common enough t o  d i s t o r t  a g e  e s t i m a t i o n .  Effec ts  

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

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

permanent s u c c e s s o r s .  

S e x u a l  v a r i a t i o n  p r e s e n t s  a r ea l  p r o b l e m  as it i s  

s i g n i f i c a n t  and it is exceed ing ly  d i f f i c u l t  t o  sex  j u v e n i l e  

s k u l l s .  One may be faced  w i t h  h a v i n g  a b o u t  h a l f  the sample  

u n d e r  o r  o v e r  a g e d  b y  u p  t o  a y e a r  b e c a u s e  of s e x  

v a r i a b i l i t y .  

Very i m p o r t a n t l y ,  one has t h e  d i f f i c u l t y  o f  the range  

o f  age  d u r i n g  which a g i v e n  t o o t h  may e r u p t  f o r  one s e x  o f  

o n e  p o p u l a t i o n .  S e e  T a b l e  7 f o r  s t a n d a r d  d e v i a t i o n s  o f  

e r u p t i o n  ages  o f  a b o r i g i n e s .  Many t e e t h  can  e r u p t  o v e r  a  

f o u r  y e a r  a g e  r a n g e  and  i n  a g e i n g  s k e l e t a l  ma te r i a l  w i t h  

many m i s s i n g  teeth, one i s  o f t e n  making an est imate based  

upon a s i n g l e  t o o t h .  S i g n i f i c a n t  i n a c c u r a c i e s  o b v i o u s l y  

r e s u l t .  

F o r t u n a t e l y  there a r e  e r u p t i o n  age  means a v a i l a b l e  f o r  

many p o p u l a t i o n s .  T h i s  s t u d y  u s e s  t h o s e  o f  Brown e t  a 1  

(1979) f o r  c e n t r a l  A u s t r a l i a n  a b o r i g i n e s .  D i f f e r e n t  

a b o r i g i n a l  p o p u l a t i o n s  p robab ly  v a r y  i n  e r u p t i o n  schedu le ,  

b u t  the Yuendumu group w a s  c l o s e  i n  emergence t i m e s  to  o t h e r  



aboriginal groups reported by Abbie (1975 ). Brown's figures 

are by far  the best available for aborigines and any errors 

resulting from the i r  application to  the study samples w i l l  

be of l i t t l e  importance overall .  

Table 7 gives these eruption ages. Abbie's figures are 

taken from 266 males and 235 females from s i x  areas  of 

Australia from the central  north coast down to  the central  

south coast .  The ch i ldren  had assigned ages r a the r  than 

recorded ages and eruption was taken to  mean f u l l  emergence 

of the  tooth. I n  c o n t r a s t  erupt ion for  Brown e t  a1 was 

f i r s t  penetrat ion of the gingiva,  and the  chi ldren had . 

recorded ages. 



Table 7 

Timing of Permanent Tooth Erupt ion  i n  Aborigines 

Brown e t  a l .  (1979) Abbie (1975) , 

Timing of Permanent Tooth Emergence Median Eruption Ages of Permanent 
i n  Aborigines - 74 Boys and 51 G i r l s  Teeth i n  166 Aboriginal Boys and 
- with  Recorded B i r t h  Dates. 235 Girls from 6 Months 

Yuendumu 

Male F emal e Ma1 e Female 

Mandible 



Ageing Tooth Formation Stages 

Radiography h a s  long  been used t o  d e t e r m i n e  t h e  

d e v e l o p m e n t a l  p r o g r e s s  o f  teeth.  Hess, Lewis and Roman 

(1932)  d i d  a r a d i o g r a p h i c  s t u d y  o f  t h e  f o r m a t i o n  of  t e e t h  

b u t  d i d  no t  develop age s tandards .  

. Hunt and Gle i se r  (1955) developed an ageing and sexing 

sys t em based  upon t h e  g r e a t e r  d i f f e r e n c e  be tween  t o o t h  

development and s k e l e t a l  development i n  g i r l s  than i n  boys. 

They ( ~ l e i s e r  and Hunt 1955)  deve loped  age  s t a n d a r d s  f o r  

f i f t e e n  s t ages  of t oo th  development. 

Garn, Rohmann and Silverman (1967) used radiographs t o  

d e v e l o p  age s t a n d a r d s  f o r  t h r e e  s t a g e s  of  deve lopment  of  
1 

four  mandibular t e e t h .  

Fanning (Fanning 1961; Moorrees, Fanning and Hunt 1963; 

Fanning and Brown 1971) has  assembled age s tandards  f o r  t e n  

permanent and t h r e e  deciduous t e e t h .  

Haavikko (1970)  i n  a s t u d y  o f  1162 H e l s i n k i  c h i l d r e n  

developed age s tandards  f o r  boys and g i r l s  fo r  a l l  permanent 

t e e t h  and some deciduous t e e t h  based upon twelve development 

s t ages .  

D e m i r j i a n ,  G o l d s t e i n  and Tanner (1973)  proposed a 

sys t em o f  a g e i n g  based  upon e i g h t  s t a g e s  o f  development .  

Ageing an ind iv idua l  r equ i r e s  scor ing a l l  t e e t h ,  which makes 

t h e  system inapp l i cab le  t o  most a rchaeolog ica l  samples. 



This study employs the system of Demirjian, Goldstein 

and Tanner i n  determining tooth development stages. Mark 

skinner has adapted these s tages  t o  the  age standards of 

~aavikko (1970), and these are the stages used. 

Figure 4 i l l u s t r a t e s  the  development s tages of the  

various teeth.  

Stage 

A 

B 

C 

D 

E 

F 

G 

H 

Molars 
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Tooth Formation Stages 
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8 
@ 

8 
@ 
1 

Incisors 



The f o l l o w i n g  s t a g e  d e s c r i p t i o n s  a r e  t a k e n  d i r e c t l y  

from Demir j ian ,  G o l d s t e i n  and Tanner (1973 p.  221-226). 

S tage  D e s c r i p t i o n :  

I n  b o t h  u n i r a d i c u l a r  and m u l t i r a d i c u l a r  t e e t h ,  
a b e g i n n i n g  o f  c a l c i f i c a t i o n  i s  s e e n  a t  t h e  
s u p e r i o r  l e v e l  o f  the c r y p t  i n  the form o f  an 
i n v e r t e d  cone or cones.  There  i s  no f u s i o n  o f  
these c a l c i f i e d  p o i n t s .  

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

Enamel f o r m a t i o n  is comple te  a t  t h e  o c c l u s a l  
s u r f a c e .  I t s  e x t e n s i o n  a n d  c o n v e r g e n c e  
towards t h e  c e r v i c a l  r e g i o n  is  s e e n .  

The beg inn ing  o f  d e n t a l  d e p o s i t i o n  is  s e e n .  

The o u t l i n e  o f  t h e  p u l p  chamber h a s  a  curved 
shape  a t  t h e  o c c l u s a l  b o r d e r .  

The c r o w i i  formatiofi i s  comple te4  down t o  t h e  
cemento-enamel j u n c t i o n .  

The s u p e r i o r  b o r d e r  o f  t h e  p u l p  chamber i n  t h e  
u n i r a d i c u l a r  teeth has a d e f i n i t e  curved  form, 
b e i n g  c o n c a v e  t o w a r d s  t h e  c e r v i c a l  r e g i o n .  
The p r o j e c t i o n  o f  t h e  p u l p  horns ,  i f  p r e s e n t ,  
g i v e s  an o u t l i n e  shaped l i k e  an umbre l l a  top.  
I n  molars t h e  p u l p  chamber h a s  a t r a p e z o i d a l  
form. 

B e g i n n i n g  o f  r o o t  f o r m a t i o n  i s  s e e n  i n  the  
form o f  a s p i c u l e .  

U n i r a d i c u l a r  t e e t h  : 
The  w a l l s  o f  t h e  p u l p  c h a m b e r  now f o r m  
s t r a i g h t  l i n e s  whose c o n t i n u i t y  i s  broken by  
t h e  p r e s e n c e  of  t h e  p u l p  horn ,  which is  l a r g e r  
t h a n  i n  t h e  p r e v i o u s  s t a g e .  

The r o o t  l e n g t h  is l e s s  than  t h e  crown h e i g h t .  



Molars : 
a .  I n i t i a l  formation of the radicular  b i furca t ion  

i s  seen i n  t h e  form of e i t h e r  a c a l c i f i e d  
point o r  a semi-lunar shape. 

b. The root  length i s  s t i l l  l e s s  than the crown 
height.  

F. Uniradicular Teeth : 
a .  The walls  of the pulp chamber now form a more 

o r  l e s s  isosceles  t r iangle .  The apex ends i n  
a funnel shape. 

b. The r o o t  l eng th  i s  equal  t o  o r  g r e a t e r  than 
the  crown height .  

Molars : 
a .  The c a l c i f i e d  region of t h e  b i f u r c a t i o n  has 

developed f u r t h e r  down from i t s  semi-lunar  
s t a g e  t o  g ive  t h e  r o o t s  a more d e f i n i t e  and 
d i s t i n c t  out l ine  with funnel shaped endings. 

b. The r o o t  l eng th  i s  equal  t o  o r  g r e a t e r  than 
the  crown height .  

G. The walls  of the root canal are  now pa ra l l e l  
and i t s  a p i c a l  end i s  s t i l l  p a r t i a l l y  open 
( d i s t a l  root i n  molars).  

H.a. The apica l  end of the root canal i s  completely 
closed (Dis ta l  root in  molars) . 

b. The periodontal membrane has a uniform width 
around the root and the apex. 

Method of Ageing - 

Radiographs covering t he  f u l l  d e n t i t i o n  of a l l  t h e  

mandibles were taken. Each tooth was scored t o  one of the 

above stages and an age from the standard t ab les  assigned t; 

t h a t  tooth. The individual was then aged as  a mean of the  

t ee th  ages, regardless of how many tee th  were present,  and 

even if only a s ing le  tooth was observed. Teeth which had 

comple ted  f o r m a t i o n  were n o t  i n c l u d e d  i n  t h e  mean 

ca lcula t ion .  



This system allows f o r  separa te  ages f o r  g i r l s  and f o r  

boys. Because the samples fo r  t h i s  study were unsexed a l l  

indiv iduals  were given ages f o r  boys, which means t h a t  about 

h a l f  the indiv iduals  w i l l  be assigned an age exceeding t h e i r  

r e a l  age. This excess is usual ly  l e s s  than s i x  months, bu t  

can be up t o  one year.  

There a re  d i f f i c u l t i e s  with this system. Assignment of 

a tooth t o  a development s tage  is subject ive.  A sample of  

t h i s  m a t e r i a l  was scored  by two o b s e r v e r s  and 31% of t h e  

t e e t h  were scored with a d i f f e rence  of one stage. Levesque 

and Demirjian (1980) i n  t e s t i n g  inter-observer e r r o r  in  the 

same system found a 20025% d i f fe rence  of one s tage.  

This l e v e l  of e r r o r  usual ly  does not g r e a t l y  e f f e c t  the 

age assigned t o  the  individual  unless he has few teeth to 

score.  

The age d i f ferences  between some of the s tages  exceed 

two years and a tooth t h a t  is obviously between s tages  must 

be aged wi th  a l a rge  e r r o r .  

The s t a n d a r d s  p rov ide  mean ages  f o r  a g iven  s t a g e  of 

development but  the re  i s  a wide range of v a r i a t i o n  fo r  each 

s tage .  - 



The standards used are based upon F i n n i s h  children and 

as Table 5 showed, they erupt their  upper canines and both 

second molars from one year to  one and a  half years l a t e r  

than aborigines and t h e i r  t h i r d  molars a re  even more 

delayed. These differences cause an ill f i t  of the F i n n i s h  

standards upon some aboriginal teeth. Given the luxury of a  

f u l l  dentition it would be advisable to  leave these teeth 

out of the age calculation. I t  i s  d i f f i c u l t  to  estimate how 

much d i f fe rences  i n  eruption ages r e f l e c t  d i f fe rences  i n  

c a l c i f i c a t i o n  ages. Brauer and Bahador ( 1 9 4 2 )  found 

eruption and calci f icat ion to  be two d i s t inc t  processes. I n  

one individual eruption could be retarded against the group 

mean while c a l c i f i c a t i o n  could be a t  the  mean, or  v ice  

v e r s a .  They s t a t e  ( p .  1386) t h a t  " I n  de te rmin ing  

calcif ication of the teeth i n  terms of eruption without the 

use of the roentgenogram, the probable error i n  diagnosis i s  

estimated as a t  leas t  50 percent". 

Fanning and Moorrees (1969a) i n  studying ~ u s t r a l i a n  

caucasoids and aborigines found that  both groups had f i r s t  

and second molars developing i n  the same pattern relat ive to 

each o ther ,  but  t h a t  for  given s tages  of the  f i r s t  and- 

second molars  t h e  t h i r d  molars  were delayed i n  t h e  

caucasoids. Yet from the tables one sees that  aborigines 

have advanced eruption relat ive to caucasoids of both second 

and third molars. 



Many of  t h e  sample i n d i v i d u a l s ,  e s p e c i a l l y  from t h e  

Murray b a s i n ,  lacked mandibles  and a s  no rad iographs  of 

maxillae were taken they had t o  be aged by tooth eruption. 

In  almost a l l  cases an es t imate  was possible ,  based upon a t  

l e a s t  one tooth,  but  a s  the re  is  an age range during which 

each tooth erupts  there  is b u i l t  i n  e r r o r  involved. 

Eruption standards a r e  based upon g ingiva l  emergence 

and this is not observable in skeletonized specimens. 

D i f f e r e n c e s  between a l v e o l a r  and g i n g i v a l  e r u p t i o n  

presented by Haavikko (1970) were used t o  es t imate  a lveolar  

erupt ion ages. 

The ageing  of i n d i v i d u a l s  i n  t h i s  s t u d y  i s  by two 

methods, tooth erupt ion and tooth  development. Because of 

t h e  v a r i a b i l i t y  d e s c r i b e d  above, it i s  l i k e l y  t h a t  t h e s e  

methods g i v e  d i f f e r e n t  r e s u l t s .  Both methods a s s i g n  a 

c h r o n o l o g i c a l  age t o  a l e v e l  ( o r  more than  one l e v e l )  of 

physiological matur i ty  and i n  almost every case the re  w i l l  

be an e r r o r  depending upon how f a r  an individual  va r i e s  from 

the  age mean. 

Differences r e su l t ing  from the two ageing methods a re  

unl ikely t o  exceed t h e  va r i a t ions  within each method. 

See  Appendix C f o r  t o o t h  f o r m a t i o n  s t a g e s  of  

indiv iduals  ' t e e t h .  



CHAPTER 3 

TOOTH SIZE 

This chapter discusses the sizes of the teeth from the 

th ree  populations. I t  i s  necessary t o  a study of denta l  

a t t r i t i o n  t o  consider tooth s ize  as an important variable. 

Given a constant work load, whether it be food mastication 

or industrial  manipulation, large teeth wear less and more 

slowly than small teeth. This is because the wearing agent, 

e.g. food, is  spread over a greater tooth surface area. The 

purpose of t h i s  chapter i s  to  discern any va r i a t ions  i n  

tooth s ize  between the samples so that  the s ize  variable can 

be accounted for i n  the next chapter on a t t r i t i o n .  

The teetln were measured i n  two dimensions using Helios 

d ia l  calipers with needle points which give a reading to .01 

mm. The dimensions measured were mesio-distal, the length 

of the tooth,  which is  the g r e a t e s t  d i s tance  between the 

approximate surfaces of the tooth with the calipers paral le l  

t o  the occlusal  surface;  and bucco-lingual, the  g r e a t e s t  

width of the  tooth with the  c a l i p e r s  p a r a l l e l  t o  the  

occlusal surface. For each individual the r ight  and l e f t  

sided teeth were averaged and that  mean became one case for 

ca lcu la t ing  a population mean. Where the tooth from one 

side was missing the present tooth measurements were used. 



Teeth a r e  d i f f i c u l t  t o  measure, even from museum 

specimens and dental casts. The mesio-distal dimension is 

part icularly d i f f i c u l t  and unreliable because the points of 
\ 

maximum length of ten are firmly abutting the neighbouring 

teeth. I t  is thus not possible to  bring the calipers to  the 

poin ts  of maximum length. I n  addi t ion ,  chewing s t r e s s  

causes the teeth surfaces in contiguity to  wear upon each 

other .  This is ca l l ed  interproximal  a t t r i t i o n  and in  

populations with high levels of dental a t t r i t i o n  th is  very 

severely diminishes the lengths of the teeth, especially in 

mature people but even i n  chi ldren.  For these reasons 

mesio-distal  dimensions cannot be taken as  the o r i g i n a l  

lengths of tee th .  They a r e  a  reading of o r i g i n a l  tooth 

size,  interproximal a t t r i t i o n ,  and measurement error. These 

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

applicabil i ty.  

Bucco-l ingual  measurements do no t  s u f f e r  t h e s e  

l i m i t a t i o n s .  The points  of maximum width can be r ead i ly  

reached by the calipers and the width is not diminished by 

interproximal  a t t r i t i o n .  I t  i s  not reduced by occ lusa l  

a t t r i t i o n  u n t i l  the top ha l f  of the  crown i s  worn away. 

Bucco-lingual measurements a r e  a f fec ted  by measurement 

e r ror .  They a re  the more r e l i a b l e  measurement and can 



u s u a l l y  be t a k e n  a s  o r i g i n a l  t o o t h  s i z e  p l u s  m e a s u r e m e n t  

e r r o r .  They a r e  a  s e r v i c e a b l e  d i m e n s i o n  f o r  t o o t h  s i z e  

compar isons  be tween i n d i v i d u a l s  and groups.  

Measurement e r r o r s  a r e  t h e  random, unaccountable ,  and 

i n e v i t a b l e  e r r o r s  t ha t  occur  i n  any measurement p rocedure  

however p r e c i s e  and r i g o r o u s .  They i n c l u d e  m i s r e a d i n g s  of  

the c a l i p e r  d i a l .  

The d e g r e e  o f  m e a s u r e m e n t  e r r o r  i n  t h i s  s t u d y  was 

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

measured i n  bo th  d imens ions  t e n  t i m e s .  The ave rage  s t a n d a r d  

e r r o r  f o r  t h e  e i g h t  t e e t h  is:  

m a x i l l a  M-D 0.07 nun, m a x i l l a  B-L 0 .09  nun 
mandible  M-D 0.10 mrn, mandible  B-L 0.14 rnm 

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

Townsend and Brown (1979) f o r  c e n t r a l  A u s t r a l i a n  a b o r i g i n e s .  

T h e i r  e r r o r  ave rage  f o r  combined m a x i l l a  and mandible  w a s  

0.11 mm i n  b o t h  m e s i o - d i s t a l  and bucco- l ingua l  d imens ions .  

E r r o r s  a t  t h i s  l e v e l  a r e  i n s i g n i f i c a n t ,  b u t  much h i g h e r  

i n d i v i d u a l  e r r o r s  can  o c c u r .  

Studies of Aboriginal Teeth 

A b o r i g i n a l  t e e t h  h a v e  b e e n  m e a s u r e d  and  compared  a  

number o f  t i m e s .  Campbell  (1925) measured the permanent  and 

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

A u ~ t r a l i a ,  b u t  h e  combined s e x e s  and a r e a s  and d i d  n o t  g i v e  

good provenience  i n f o r m a t i o n .  



.. 
Brace ( 1 9 7 7 ,  1980) s t u d i e d  c o l l e c t i o n s  from e i g h t e e n  

areas  of Austral ia  and claims a c l i n e  i n  increasing tooth 

s i z e  from t h e  n o r t h e a s t  t o  t h e  south .  A c l i n e  i s  a 

d i r e c t i o n a l  b io logica l  va r i a t ion  in  a s t r u c t u r e  through a 

geographical range. The only break i n  Brace's c l i n e  was a t  

Broadbeach which had t h e  l a r g e s t  t e e t h  of a l l .  Brace 's  

argument i s  n o t  convinc ing ,  b u t  it i s  a unique s t u d y  o f  

t e e t h  from many areas .  

Hanihara (1976) took B a r r e t t  and Brown's d a t a  on 

c e n t r a l  Austral ian aborigines and compared them t o  severa l  

populations around the  world. He found the  aborigines t o  

have the  l a r g e s t  deciduous t e e t h  and t h e  l a r g e s t  permanent 

t e e t h  of a l l  groups but the  Pima Indians. 

Freedman and Lofgren (1 981) s tudied Western Aust ra l ian  

a b o r i g i n e s  from f i v e  broad r e g i o n s  of  t h a t  s t a t e .  The 

samples a re  from a museum co l l ec t ion  which represents  chance 

discoveries .  

Smith, Brown and Wood (1981) measured the  t e e t h  of the 

Broadbeach c o l l e c t i o n  and compared them t o  f i v e  o t h e r  

aboriginal  samples including Yuendumu and Swanport. These 

tooth s i z e  comparisons w i l l  be discussed l a t e r ,  a s  w i l l  -a 

comparison of Smith,  Brown and Wood's r e s u l t s  w i t h  t h e  

r e s u l t s  of t h i s  study. 



The Yuendumu Study 

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

c e n t r a l  A u s t r a l i a n  community o f  Yuendumu under taken  by the 

Denta l  Facu l ty  of t h e  U n i v e r s i t y  of  Adela ide  ( B a r r e t t ,  Brown 

and Luke 1963;  B a r r e t t ,  Brown, A r a t o  and  0201s 1964;  

M a r g e t t s  and Brown 1978; Townsend and Brown 1979;  Brown, 

M a r g e t t s  and Townsend 1980a ,  1 9 8 0 b ) .  They h a v e  d o n e  a 

growth  s t u d y  of 208 male and 194 f e m a l e  a b o r i g i n e s  o v e r  a 

t w e n t y  y e a r  p e r i o d .  D e n t a l  cas t s  h a v e  b e e n  t a k e n  a t  

i n t e r v a l s  so  t h e  developing d e n t i t i o n  of many i n d i v i d u a l s  

from deciduous  t o  permanent can be  fo l lowed.  

The Yuendumu popu la t ion  had dec iduous  d e n t i t i o n  w i t h  

mean m e s i o - d i s t a l  m e a s u r e m e n t s  g r e a t e r  i n  males f o r  a l l  

t e e t h  e x c e p t  t h e  m a n d i b u i a r  i n c i s o r s  ( B a r r e t t ,  Brown and 

Luke 1963). The bucco- l ingual  means were g r e a t e r  i n  males  

t h a n  females  f o r  a l l  t e e t h  ( B a r r e t t ,  Brown, Ara to  and Ozols  

1964). The sex  d i f f e r e n c e s  were s i g n i f i c a n t  f o r  12 o f  t h e  

20 d i m e n s i o n s  measured .  T h e r e  was no s i g n i f i c a n t  s e x  

d i f f e r e n c e  i n  measurements f o r  t h e  m e s i o - d i s t a l  d i a m e t e r  o f  

t h e  mandibular  f i r s t  molar and f o r  a l l  i n c i s o r  dimens-ions 

e x c e p t  t he  b u c c o - l i n g u a l  o f  t h e  m a x i l l a r y  f i r s t  i n c i s o r  

( ~ a r g e t t s  and Brown 1978). Sexual  dimorphism, t h e  s e x u a l  

d i f f e r e n c e  i n  a  b i o l o g i c a l  s t r u c t u r e ,  averaged  2.4 p e r c e n t  



f o r  m e s i o - d i s t a l  measu remen t s  and 3.7 f o r  b u c c o - l i n g u a l  

measurements. Except for two dimensions sexual  dimorphism 

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

measurements ,  which i s  the c a s e  i n  a b o r i g i n e s '  p e rmanen t  

teeth and i n  t hose  o f  o t h e r  popu l a t i ons  ( ~ a r g e t t s  and Brown 

1978) . 
Table 8 g ive s  Marget ts  and Brown's d a t e  f o r  Yuendumu 

deciduous teeth.  



Maxil la  

Mandible 

Maxi l la  

Mandible 

Table 8 

S i z e  of Deciduous Teeth a t  Yuendumu 
(Marge t t s  and Brown 1978) 

Mesio-Distal  

Males 

Mean S.D. 

7.35 0.45 
6.00 0.44 
7.41 0.43 
7.55 0.52 
9.65 0.57 

Females 

n Mean S.D. 

Bucco-Lingual 



55. 

Table 9 gives Margetts and Brown's data for sexual 

dimorphism in the deciduous teeth. 

Table 9 

Sexual Dimorphism in the Size of Deciduous Teeth 
from Yuendumu (Margetts and Brown 1978) 

Mesio-Distal Bucco-Lingual 

Maxilla Dimorphism Percent Dimorphism Percent 

di l 1.97 3.34 

di2 1.11 4.59 

dc 2.75 4.23 

' Mandible 

Overall Mean 

*dimorphism percent = male mean - female mean x 100 --- - 
female mean 



Tooth s i z e s  o f  t h e  permanent d e n t i t i o n  from Yuendumu 

a r e  g iven i n  Table 10. 

Table 10 

S i z e  of  Permanent Teeth a t  Yuendumu ( i n  mm.) 
(Townsend and Brown 1979) 

Mesio-Distal  

Maxi l la  

11 

C 

~3 

~4 

x1 

~2 

M~ 

Mandible 

I1 

I 2  

C 

p3 

P4 

M 1  

M2 

Males 

Mean 

9.36 

7.54 

8.25 

7.63 

7.13 

1-1  ?n 
.Ll .L.U 

10.83 

10.05 

5.83 

6.56 

7.44 

7.46 

7.55 

12 -05  

11.44 

11.74 

S.D. 

.57 

.62 

.52 

.45 

.43 

c c . JV  

.64 

.66 

-36 

.42 

.44 

.49 

50 

- 6 1  

.68 

1.03 

Females 

Mean 

8 e 97 

7.22 

7.93 

7.48 

' 7.01 

l n  60 
AU OQ 

10.52 

9.97 

5.64 

6.37 

6.97 

7.29 

7.35 

11.60 

11.21 

11.54 



Table 10 Continued 

Max il la 

11 

12 

C 

~3 

~4 

MI 

~2 

M~ 

Mandible 

.. 
L1 

I2 

C 

p3 

P4 

M1 

M2 

M3 

All differences 

( p  c .05 or p < 

Males 

Mean 

7.87 

6 92 

9.00 

10.25 

10.23 

12.55 

12.77 

12.28 

6.60 

6.82 

8.23 

8.82 

9.25 

11.81 

11 453 

11.53 

Bucco-Lingual 

in the male and 

Females 

Mean 

7.44 

6.59 

8.44 

9.97 

9.93 

12-06 

12.21 

11.87 

6 . 3 3  

6.53 

7.82 

8.51 

8.96 

11.47 

11.08 

11 .O4 

S . D .  

-46 

-51 

-51 

.55 

.55 

.54 

61 

.75 

.39 

.39 

.39 

.53 

.55 

.53 

* 56 

-66 - 

female means are significant 

.01). Males exceed females in size in all 

tooth dimensions. 



The Yuendumu pub l i ca t ions  provide populat ion d a t a  t h a t  

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

samples .  Compared t o  t h e  Wes te rn  A u s t r a l i a n  samples  o f  

Freedman and Lofgren  (1981)  t h e  Yuendumu group  h a s  some 

t e e t h  markedly l a r g e r  and some t e e t h  markedly sma l l e r  i n  t h e  

m e s i o - d i s t a l  d imens ion ,  b u t  v e r y  s i m i l a r  i n  s i z e s  i n  t h e  

bucco-lingual dimension. 

Table 11 gives  t he  Western Aus t ra l ian  too th  s i z e s .  

Table 11 

Permanent Tooth Measurements ( i n  mm. ) of Aborigines from 
Five Areas of Western A u s t r a l i a  (Freedman and Lofgren 1981) 

Mesio-Distal Bucco-Lingual 

Male n S.D. Female n S.D. Male n S.D. Female B S.D. 
- 

M x i l l a  
I f 9.33 12 .57 8.66 10 .69 7.92 18 .53 7.44 13 .44 

I 7.24 26 .70 7.10 16 .94 7.03 30 .44 6.67 19 .50 
C 8.01 35 .64 7.81 21 .32 9.18 39 .56 8.44 24 .45 

p3 7.38 40 .SO 7.03 20 .SO 10.32 42 .49 9.80 22 .66 

Mandible 



Direct  comparison of t h e  Yuendumu data  with the  t h r e e  

archaeological samples is  condit ional  upon several  f ac to r s  

which w i l l  be  d i s c u s s e d  l a t e r .  The t o o t h  s i z e  d a t a  f o r  

Swanport, Murray Basin, and Broadbeach w i l l  now be given, 

and followed by comparison and d iscuss ion .  

Table 12 gives tooth dimensions of males, females and 

juveniles from Swanport, Murray Basin and Broadbeach. 
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Tooth Size  Comparisons 

When comparing sexed adul t  data  one must consider age. 

Older individuals  have more worn t e e t h  than those younger, 

o t h e r  f a c t o r s  being c o n s t a n t ,  so t h e  dimensions of t h e i r  

t e e t h  w i l l  be reduced. Th i s  i s  p a r t i c u l a r l y  t r u e  of  t h e  

mesio-distal  dimension. In comparing groups, p a r t i c u l a r l y  

of small  sample s ize ,  one cannot assume t h a t  the same age 

c l a s s e s  a r e  r ep resen ted  wi th  r e l a t i v e  e q u a l i t y .  The 

Yuendumu group has la rge  sample s i zes ,  but  the  three  groups 

of t h i s  study have very small sample s i z e s .  

The Yuendumu group represents  the  permanent t e e t h  of 

j u v e n i l e s  w h i c h  a r e  v e r y  l i t t l e  worn  w h i l e  t h e  

archaeological groups' adu l t s  a re  mature with general ly  very 

worn tee th .  A bucco-lingual comparison is appropriate given 

these circumstances, but wear must be considered as  it i s  a 

f ac to r  in  some individuals.  This comparison does not reveal 

any pa t t e rns  o ther  than v a r i a b i l i t y .  

Comparing Yuendumu t o  Swanport it is found t h a t  male 

m a x i l l a e  have a n t e r i o r  t e e t h  (11, I 2  C )  of about  t h e  same 

s i z e  b u t  p o s t e r i o r  t e e t h  (P3, P4, M l ,  M2, M3) a r e  l a r g e r .  

The male mandible has smaller  an te r io r  t e e t h  except for  C-, 

but l a rge r  pos ter ior  t e e t h  except for  P4. For females the  

maxillae have smaller  a n t e r i o r  t ee th  a t  Yuendumu and smaller  

pos te r io r  t e e t h  except for M 2 .  The mandibles have smaller  

a n t e r i o r  t e e t h  except C and smaller  pos te r io r s  except P3 and 

M 2 .  



Comparing Yuendumu to  Murray Basin, the male maxillae 

have l a r g e r  a n t e r i o r  and p o s t e r i o r  tee th .  The mandibles 

have smal ler  a n t e r i o r  t e e t h  except for  C but  l a r g e r  

posterior teeth except for P4. The females a t  Yuendumu have 

larger maxillary anterior teeth except that  I 2  i s  the same 

size, but in the posterior teeth the P's are the same s ize  

while the M i s  a re  larger. The mandibles a t  Yuendumu have 

smaller anterior and posterior teeth, except for M3. 

Comparing Yuendumu to  Broadbeach the male maxillae have 

larger anterior and posterior teeth except for the M ' s  which 

a re  smal ler .  The mandibles have smal ler  a n t e r i o r  and 

posterior teeth except for M 2  which is the same s ize  and C 

i s  larger. I n  the posterior teeth the P ' s  are much smaller 

a t  Yuendumu but the M i s  are the same size. The mandibles 

a t  Yuendumu have smal ler  a n t e r i o r  and pos te r io r  tee th .  

Because of the small sample sizes it is not possible to say 

whether there i s  any s t a t i s t i c a l  significance in these mean 

differences. 

Comparisons between Swanport, Murray Basin, and 

Broadbeach samples are  d i f f i c u l t  for a number of reasons. 

There are very small numbers of adults; a t  Swanport 5 males 

and 5 females, a t  Murray Basin 7 males and 9 females, a t  



Broadbeach 10 males and 5 famales. The very frequent pre 

and post-mortem loss of teeth has reduced samples of some 

tooth classes to  one or two specimens. This means it is  not 

possible to calculate s t a t i s t i c a l  significance of perceived 

mean s ize  differences between the populations. The probable 

d i f f e r e n t  ages of individuals  within the populations 

introduces wear a s  a f ac to r  i n  tooth s i z e ,  e spec ia l ly  i n  

mesio-distal dimensions. Researchers usually do not take 

measurements of badly worn teeth but there are differences 

i n  a t t i t u d e  t o  how worn a tooth must be t o  be excluded. 

Sometimes (Guagliardo 1982) any perceptible wear excludes a 

tooth. A t  Yuendumu the people measured were juveniles on a 

modern d i e t  and exhibited very l i t t l e  a t t r i t i on .  The three 

 sample^ in t k 4  - s t u d y  I----- - - - - 2  1 - -  
L A A A J  I IQVF:  l i t = a v ~ ~ y  ~ ~ i r t i  teeth, especiaiiy in  

the  adu l t s ,  and measurements were taken on t e e t h  whose 

dimensions were much reduced by a t t r i t i o n .  Some of the 

bucco-lingual measurements were probably reduced by extreme 

occlusal a t t r i t i on .  Therefore even i n  comparing males to  

males, say, one i s  measuring behaviour, age and o r i g i n a l  

tooth s i z e  even though these various elements cannot be 

closely discriminated. 

I n  comparing sex-combined adult populations the problem 

i s  t h a t  the  d i f f e r e n t  r a t i o s  of the  sexes b ias  the mean 

sizes. For example, Swanport has even numbers of males and 



females but Broadbeach has only 3 3  percent females. A s  

males have bigger teeth than females the Broadbeach excess 

males should increase the mean adult tooth size above that  

which would resul t  from a sample of equal sex ratio. Given 

t h a t  objec t ion  it i s  not useful  t o  make combined sex 

comparisons between these populations. Combined sex means 

were ca lcu la ted  f o r  in t rapopula t ion  comparisons between 

adu l t s  and juveniles.  The juveniles a r e  of unknown sex. 

Any strong preponderence of one sex in  a group w i l l  bias the 

mean tooth sizes, but one m u s t  i n i t i a l l y  assume that  the sex 

ra t ios  of the populations are the same. 

Table 13 gives the combined-sex adult tooth means. One 

further complication m u s t  be revealed. The maxillary and 

mandibular samples are not necessarily contributed by the 

same individuals. Some individuals are represented only by 

a maxilla, some only by a mandible, and some by both jaws. 

T h i s  of course affects  comparisons between upper and lower 

tee th .  In addi t ion ,  a tooth c l a s s  may be missing from a 

mandible but present  i n  the  corresponding maxilla. This 

factor deepens the diff icul ty .  The n i n  the tables refers 

not to  number of individuals i n  the sample but to  the number 

of individuals  who have a t  l e a s t  one tooth of t h a t  tooth 

class.  



Tooth  

M a x i l l a  

1' m-d 
b- 1 

2 I m-d 
b-1 

C m-d 
b-1 

p3 m-d 
b- 1 

p4 m-d 
b- 1 

M1 m-d 
b- 1 

M~ m-d 
b- 1 

M3 m-d 
b-1 

Mand ib 1 e 

I1 m-d 
b- 1 

I2 m-d 
b- 1 

C m-d 
b-1 

P3 m-d 
b- 1 

P4 m-d 
b-1 

M1 m-d 
b- 1 

M2 m-d 
b- 1 

M3 m-d 
b- 1 

T a b l e  1 3  

Mean Tooth Dimensions  
o f  Combined Male and Female A d u l t s  

Swanport  

8 .57  
7.47 
6 .90  
6 - 9 1  
7.97 
8 .67 
7 .20 

10 .21  
6 .88 

10.02 
10 .51  
12 .60  
10.46 
13.16 

9 .71  
12.32 

4 .91 
6 .25  
5.52 
6 .33  
7 .02  
8 .20  
6 .90  
8.87 
7.12 
8 .36  

11.57 
11 .76  
12 .20  
11.46 
1 1 . 5 1  
11 .09  

n Murray Bas in  n Broadbeach n 



T a b l e  1 2  o f  pe rmanen t  t o o t h  s i z e s  r e v e a l s  t h e  

following: Broadbeach compared t o  Swanport has mesio-distal 

measurements i n  males of about the  same s ize  in  the maxilla 

and poster ior  mandible, but Broadbeach has l a rger  anter ior  

t e e t h .  In  females Broadbeach t e e t h  a r e  l a r g e r  i n  t h e  

max i l l a ,  e s p e c i a l l y  i n  t h e  a n t e r i o r ,  and i n  t h e  a n t e r i o r  

mandible, but the  same s ize  i n  the  pos ter ior  mandible. 

For bucco-lingual measurements Broadbeach males have 

smaller t ee th  than Swanport males except for  the pos ter ior  

mandible which are the same s ize .  In females Broadbeach has 

s m a l l e r  t e e t h  i n  t h e  mandible and p o s t e r i o r  max i l l a ,  b u t  . 

s l i g h t l y  larger  tee th  in the an te r io r  maxilla. 

Broadbeach compared t o  Murray Basin has mesio-distal 

measurements ir? males GE about the sallie s i z e  in the m a x i l l a  

but l a rger  t ee th  i n  the  mandible, especia l ly  the  an te r io r  

t e e t h .  In females Broadbeach t e e t h  a r e  l a r g e r  i n  both 

maxilla and mandible, especia l ly  in  the  an te r io r .  

For bucco-lingual measurements Broadbeach has smaller 

t ee th  for  males and females except for  the  female an te r io r  

maxilla which are  about the same s i ze .  

Overa l l ,  Broadbeach g e n e r a l l y  has  l a r g e r  t e e t h  than 

both Swanport and Murray Basin i n  mesio-distal measurements, 

especial ly i n  an te r io r  teeth; but smaller t ee th  than both 

popula t ions  i n  bucco-l ingual  measurements. The bucco- 



l ingual measurements give a t ruer  report of tooth size. The 

implications for a t t r i t i o n  patterns w i l l  be discussed in the 

next chapter. 

Tables 14 - 16 give figures for these s ize  comparisons. 



Table 14 

Tooth Row Length (One Side) of Adults by Sex 

Mesio-Distal Bucco-Linaual 

Swanport Murray Broadbeach Swanport Murray Broadbeach 

d' 2 / df- 
Maxilla 

1l - C 
p3 - M' 

Whole Row 

Mandible 

I1 - C 

P 3  - M2 

Whole Row 

Maxilla 

1l - C 
P3 - M' 
Whole Row 

Mandible 

I1 - C 

P3 - M2 

Whole Row 



Table 15 

Difference of Tooth Size: 
Broadbeach Adults Compared to 
Swanport and Murray Basin 
( >  = larger, < = smaller) 

Mesio-Distal Bucco-Lingual 

Maxilla BB:SP BB : MB BB:SP BB : MB 

1l - C same 1.0 % > 4.1 % < 6.4 % < 

p3 - M~ same 2 . 5  % > 4.0 % < 3.3 % < 

Whole Row same 1.9 % > 4.0 % < 4.4 % < 

Mandible 

I1 - C 
P3 - M2 
Whole Row 

Maxilla 

Whole Row 

Mandible 

I1 - C 
P3 - M2 
Whole Row 



Table 1 6  

Permanent Tooth Sizes from Swanport and Broadbeach 
("unworn" t e e t h  from Smith, Brown and Wood 1981) 

Mesio-Distal 

-- -- 

Bucco-Lingual 

Maxilla 3 
9 7.6 

C 8.3 

~3 7.6 

P4 7.3 

MI 11.4 

M2 10.8 

M3 9.8 

Mandible 

I1 6.1 

I 2  6 . 5  



Table 16 gives tooth s i z e s  reported by Smith, Brown and 

Wood (19813 fo r  Broadbeach males and females and Swanport 

males. They found Broadbeach t o  have t h e  l a r g e s t  t e e t h  of 

the s ix  samples with the  following t e e t h  s i g n i f i c a n t l y  (P  < 

0.05) l a r g e r  i n  t h e  mesio-distal  dimension: maxil lary p3, 

M1, M2,  mandibular 12, C, Pj, P4, M2. However, a s  t a b l e  16 

shows, t h e  bucco- l ingual  measurements f o r  Swanport and 

Broadbeach a re  almost iden t i ca l .  The average bucco-lingual 

measurement f o r  the  fourteen upper and lower t e e t h  i s  10.08 

mm. a t  Broadbeach and 10.07 a t  Swanport. Five t e e t h  a r e  

l a r g e r  a t  Swanport and s i x  t e e t h  a r e  l a r g e r  a t  Broadbeach 

with the  g r e a t e s t  d i f ference  being 0.4 mm for  P4. Smith, 

Brown and Wood s t a t e  t h a t  o n l y  t e e t h  w i t h  " l i t t l e  o r  no 

a t t r i t i o n i '  were measured. One wonders how adu l t  t e e t h  with 

l i t t l e  o r  no a t t r i t i o n  were found i n  any numbers, but taken 

as  given the da ta  show Broadbeach t o  have l a rge r  t e e t h  than 

Swanport mesio-distally,  but  equivalent  s ized t e e t h  bucco- 

l ingual ly .  



Table 17 

Sexual Dimorphism in Permanent Teeth ( % )  

- 

Swanpor t Murray Basin Broadbeach 

Maxilla M-D B-L M-D B-L M-D B-L 

1l 10.5 7.5 8.2 10.0 -0.3 5.3 

I~ 3.7 10.4 6.6 10.0 6.2 0.4 

C 10.2 9.6 11.8 8.4 -7.4 1.4 

p3 16.8 8.0 9.8 7.3 3.9 9.3 

p4 5.8 7.6 7.0 4.6 -3.3 7.8 

Mandible 

Average = 5.3% 7.8% 6.5% 8.2% 3.1% 6.3% 

(Sexual Dimorphism = mean - mean x 100) 
female mean 

*Male N = 1, female N = 6 



Table 1 7  shows ex t remely  h igh  l e v e l s  of s e x u a l  

dimorphism f o r  both m e s i o - d i s t a l  and bucco- l ingual  

measurements. A t  Broadbeach half the maxillary teeth were 

larger mesio-distally in females than i n  males, and th i s  was 

t r u e  f o r  two mandibular t e e t h  a t  Swanport and th ree  

mandibular teeth a t  Murray Basin. Dimorphism is so extreme 

and female size excess is  so unexpected tha t  one m u s t  appeal 

t o  age d i f fe rences ,  d i f f e r e n t i a l  wear between the sexes 

and/or random effects  for an explanation. A s  even bucco- 

lingual measurements give very high dimorphism levels for 

a l l  teeth except maxillary I2 and C and mandibular I2 for 

Broadbeach, it appear s  very  l i k e l y  t h a t  t h e s e  t h r e e  

populations t ru ly  have high levels of sexual dimorphism. 

When sexual dimosphism is calculated from Smith, Brown 

and Wood's da ta  l e v e l s  almost a s  high a s  those above a r e  

found a t  Swanport and Broadbeach. Freedman and Lofgren 

(1981) report values for Western Australia a l i t t l e  lower 

than those above and similar  to Smith e t  al.  Townsend and 

Brown (1979) give sexual dimorphism percentages a t  Yuendumu. 

Their levels are much lower than those of t h i s  study and of 

t h e  Western A u s t r a l i a n  group. Table 18 g i v e s  t h e s e  

percentages. 



Table 18 

Sexual Dimorphism Revealed in Three Studies 
of Aboriginal Tooth Size (%) 

Western 
Maxilla M-D 

Australia 
B-L 

Broadbeach 
M-D B-L 

Yuendumu 
M-D B-L 

Average 5.6% 



Juveniles 

I n  comparing s i z e s  of juven i l e  t e e t h  from Swanport, 

Murray Basin and Broadbeach one encounters the problem of 

po ten t i a l  d i f ferences  in the r e l a t i v e  r a t i o s  of sexes and 

age. The category of juvenile includes individuals  up t o  

eighteen years of age who have had f i r s t  molars and inc isors  

e rup ted  f o r  1 2  yea r s .  The t e e t h  of j u v e n i l e s  may be  

s i g n i f i c a n t l y  worn with a  concomitant diminution in  length. 

There fo re  i f  one group which randomly i n c l u d e s  most 

individuals  over age ten is compared t o  another group f o r  

which most individuals  a re  under ten, the  former group would 

average smaller  t ee th  even i f  newly erupted crown s i z e  had 
\ 

been t h e  same. 

Similar ly,  as  males have la rger  t e e t h  than females a  

group w i t h  r e l a t i v e l y  more males would have l a r g e r  mean 

tooth s i z e s  than another group with r e l a t i v e l y  fewer males. 

When t h e  t h r e e  s t u d y  s a m p l e s  were  d i v i d e d  i n t o  

individuals  of ages under 5, 5 t o  10, and over 10 they had 

almost equal 

categories.  

a s  a f fec t ing  

percentages of individuals i n  these three  age 

Age difference can thus be l a rge ly  eliminated 

tooth s i z e  i n  the  juveniles.  

Table 19 gives s i z e  comparison between the juveniles . 

from the  th ree  samples. 



Table 19 

Permanent Tooth Size of Broadbeach Juveniles 
Compared to Swanport and Murray Basin (%  difference) 

( >  = larger, < = smaller) 

Mesio-Distal 
Maxilla BB:SP BB : MB 

Bucco-Lingual 
BB:SP BB : MB 

Whole Row 5.4%> ---- 
Mandible 

Whole Row 3.0%> ---- 

Many teeth were not represented in the Murray Basin 

juveni~ea SQ a camparison was n o t  poss ib le .  

Broadbeach compared to Swanport has greater mesio- 

distal mean dimensions especially in the maxilla. 

Broadbeach has very slightly greater bucco-lingual 

dimensions. Margetts and ~rown (1978) for Yuendumu found 

extreme variability in the ratio of B-L dimension to M-D 

dimension in the maxilla. There was less, but some, 

variability of this ratio in the mandible. This effect may 

account for the M-D and B-L ratio differences in the 

Br0adbeach:Swanport comparison. Alternatively, the 

closeness of the bucco-lingual means may indicate an 



e q u i v a l e n c e  o f  t o o t h  s i z e  w h i c h  r e v e a l s  by t h e  m e s i o - d i s t a l  

s i z e  d i f f e r e n c e  more r a p i d  wear a t  Swanport.  I f  t h i s  were 

t r u e  t he  S w a n p o r t  a n t e r i o r  t e e t h  wou ld  b e  w e a r i n g  more  

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

mandib le  the p o s t e r i o r  t e e t h  would be wear ing  f a s t e r  t h a n  

t h e  a n t e r i o r  - a c u r i o u s  s i t u a t i o n .  

Juveniles and Adults - 

The d i f f i c u l t y  o f  c o m p a r i n g  j u v e n i l e s  t o  a d u l t s  has 

b e e n  d i s c u s s e d .  I n  mak ing  s u c h  a  c o m p a r i s o n  o n e  wou ld  

e x p e c t  one o f  two r e s u l t s .  Because j u v e n i l e s  a r e  comprised 

o f  m a l e s  and  f e m a l e s  t h e i r  t o o t h  s i z e  means s h o u l d  f a l l  

between a d u l t  male means and f emale  means. A l t e r n a t i v e l y ,  

because  a d u l t  t e e t h  are much more worn j u v e n i l e  t o o t h  means 

s h o u l d  e x c e e d  e v e n  a d u l t  m a l e  means .  T a b l e  20 c o m p a r e s  

j u v e n i l e  means from Tab le  12 w i t h  combined a d u l t  means from 

T a b l e  1 3  and  t o  m a l e  and  f e m a l e  a d u l t s  s e p a r a t e l y .  The 

Murray Bas in  is  excluded because  o f  m i s s i n g  j u v e n i l e  teeth. 

F i g u r e  5 p r e s e n t s  t h e  same d a t a  g r a p h i c a l l y  f o r  the mesio- 

d i s t a l  d imens ion .  



Tab le  20 

R e l a t i v e  Permanent Tooth S i z e  i n  J u v e n i l e s  and Adul t s  
( %  D i f f e r e n c e )  ( >  = l a r g e r ,  < = s m a l l e r )  

Mesio-Distal  Bucco-Lingual 
Swanport Broadbeach Swanport Broadbeach 

J:Combined Adu l t s  
Max. 1' - C 5.5 % > 7.0 % > 0.9 % < 1.6 % > 

Whole Row 4.5 % > 7.5 % > 2.1 % < 1.3 % > 

Man. I1 -C 13.2 % > 2.4 % > 3.9 % < 0.8 % < 

Whole Row 6.6 % > 5.7 % > 4.0 % < 0.4 % < 

J: Males 
Max. 1l - C 1.2 % > 7.2 % > 5.3 % < 1.0 % > 

Man. I1 - C 13.8 % > 0.5 % > 6.5 % > 2.7 % < 

Whole Row 5.3 % > 3.7 % > 6.4 % < 3.2 % < 

J:Females 
Max. 1l - C 9.7 % > 6.2 % > 3 .6  % > 3.4 % > 

Whole Row 9.9 % > 9.2 % > 2.8 8 > 5.2 % > 

Man. I1 - C 12.1 % > 4.4 % > 0.8 % > 1.7 % > 

P3 - M 2  6.4 % > 10.7 % > 1 . 0 %  < . 5 . 0 % >  

Whole Row 8.2 % > 8.6 % > 0.4 % > 3.9 % > 



Figure 5 

Percent size excess of juvenile tooth groups 

over those of adul ts  (mesio-distal) 
Swanport 

M. U. Ant. 

U. Post. 

L. Ant. 

L. Post. 
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U. Post. 
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A. U. Ant. 
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L.Ant. 
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Broadbeach 
M. U. Ant. 

U. Post. 

L. Ant. 

i. Post. 
I I 

F. U.Ant. 

U. Post. 

L. Ant. 

L. Post. 

A U. Ant. 

U. Post. 

L. Ant. 

L. Post. 
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U max i l l a  L mand ib le  Anterior Posterior 



Table 20 i s  almost s ta r t l ing  in i t s  revelations. Take 

the bucco-lingual measurements f i r s t ,  that  is, the dimension 

l i t t l e  a f f ec ted  by a t t r i t i o n .  The comparison with t h e  

combined a d u l t s  j u s t i f i e d  one of t h e  a l t e r n a t i v e  

expectations, tha t  juvenile tooth s ize  should f a l l  between 

adu l t  male and adu l t  female tooth s i ze .  There i s  l i t t l e  

s ize  difference a t  Swanport or Broadbeach, except for the 

Swanport mandibles which are a l i t t l e  smaller in juveniles. 

A t  Swanport the juveniles are quite smaller than the males 

i n  a l l  t e e t h ,  a l i t t l e  l a r g e r  than the  females i n  the  

maxi l la  and almost the  same s i z e  i n  t h e  mandible. A t  

Broadbeach the juveniles are a l i t t l e  smaller than the males 

and larger than the females. 

The mesio-distal measurements are quite different .  The 

Swanport and Broadbeach juveni les  a r e  l a r g e r  i n  the  mean 

s ize  than both males and females in every tooth group except 

for the Swanport male posterior maxillary teeth which are 

the same size. This f u l f i l l s  the a l ternat ive  expectation 

tha t  wear w i l l  reduce even male dimensions below those of 

juveniles. 

The t r u l y  reveal ing thing i s  the  p a t t e r n  of juvenile - 

excess over male and female tooth s i ze .  The Broadbeach 

juveniles exceed the  adu l t s  in  a l l  tooth groups but  the  

excess is  very marked in  the posterior teeth, except for the 

malG maxilla. This indicates that  the Broadbeach adults are 

wearing t h e i r  pos te r io r  t e e t h  r e l a t i v e l y  more than t h e i r  

anterior teeth.  



The opposite is  true a t  Swanport. Here the juveniles 

exceed the adu l t s  i n  s i z e  most markedly i n  the  an te r io r  

teeth except for the female maxilla. This anterior excess 

is great i n  the mandibles. T h i s  indicates that  the Swanport 

adults are wearing the i r  anterior teeth, expecially in the 

mandible, much fas ter  than they are wearing their  posterior 

teeth. 

The same pattern is found when worn adult teeth of th i s  

study a r e  compared t o  "unworn" adul t  t e e t h  reported by 

S m i t h ,  Brown and Wood (1981). For Swanport males the mesio- 

d i s t a l  reduction, obtained by subtracting iorn values from 

unworn values,  i s  s l i g h t l y  g rea te r  i n  maxi l lary an te r io r  

t e e t h  than  p o s t e r i o r  t e e t h ,  b u t  i s  much g r e a t e r  i n  

mandibuiar anterior teeth than posterior teeth. 

For Broadbeach males both maxilla and mandible show 

much g rea te r  reduction i n  pos ter ior  t e e t h  than an te r io r  

teeth. This i s  true in the female maxilla, but the mandible 

shows equivalent anterior and posterior reduction. Table 21 

gives these figures . 



Tab le  21  

Reduct ion i n  Tooth Row Length Revealed 
by  S u b t r a c t i o n  o f  Worn Tooth Measurements 

( t h i s  s t u d y )  from "Unworn" Tooth Measurements 
(Smith,  Brown and Wood 1981) 

Smith e t  a1 T h i s  S tudy D i f f e r e n c e  

S.P. d Max 1l - C 25.1 1l - C 24.44 0.66 
p3 - M3 46.9 p3 - M~ 46.28 0.62 

Mand Il - C 20.0 1' - C 17.35 2.65 
. P3 - M 3  51.9 P3 - M 3  50.51 1.39 

B.B. d Max 1l - C 26.2 l - C 24.43 1.77 
p3 - M 3  49.0 i3 - M 3  46.18 2.82 

Mand 1l - C 20.6 1l - C 19.57 1.03 
P3 - M 3  53.3 P3 - M 3  51.07 2.23 

B.B. Q Max I - C 25.0 1' - C 24.66 0.34 
p3 - M ~  45.9 p3 - M ~  44.63 1.27 

Mand I1 - C 20.1 I1 - C 18.75 . 1.35 
P3 - M 3  50.0 P3 - M 3  48.63 1 .37  

E f f e c t s  - of Physiological Stress on T o o t h  Size - - 
I n  bucco- l ingual  d imens ions  t h e  Swanport j u v e n i l e s  have 

t e e t h  a l i t t l e  smaller t h a n  the c o m b i n e d  a d u l t s  o f  f i v e  

m a l e s  and  f i v e  f e m a l e s .  T h i s  may b e  m e r e l y  random. 

G u a g l i a r d o  ( 1 9 8 2 )  s t u d i e d  a n  a r c h a e o l o g i c a l  I n d i a n  

p o p u l a t i o n  f r o m  T e n n e s s e e  and  found  t h a t  a d u l t  t e e t h  
\ 

e x c e e d e d  t h o s e  o f  j u v e n i l e s  i n  s i z e  b u c c o - l i n g u a l l y .  He 

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



8 4 .  

s t r e s s .  Physical condition,  e spec ia l ly  prenatal ,  inf luences 

phenotypic  t o o t h  s i z e ,  so  s i c k l y  c h i l d r e n  should have 

s m a l l e r  t e e t h  t h a n  t h o s e  h e a l t h y  enough t o  l i v e  t o  

adulthood. These s i ck ly  chi ldren  would cont r ibute  much of 

t h e  chi ldhood m o r t a l i t y  t h u s  caus ing  t h e  t e e t h  o f  t h e  

j u v e n i l e  i n d i v i d u a l s  from a b u r i a l  s i t e  t o  be on average  

smal ler  than those of adul ts .  In  s i t e s  where juvenile t e e t h  

a r e  smaller  than adu l t  t ee th ,  Guagliardo would see evidence 

of s t r e s s .  

I f  the Swanport sample r e su l t ed  l a rge ly  from a smallpox 

epidemic one would expect t h e  d isease  t o  have ca r r i ed  o f f  a 

d ispropor t ionate ly  high number of ch i ldren  who were s ick ly .  

This could well  f u l f i l l  t he  predic t ion  of showing smal ler  

t e e t h  i n  juveniles than adul t s .  

Deciduous T e e t h  

Table  2 2  g i v e s  t h e  s i z e s  of  t h e  deciduous t e e t h  from 

Swanport, Murray Basin and Broadbeach. 





T a b l e  23 g i v e s  t h e  r e l a t i v e  s i z e s  o f  t o o t h  g roups .  

Tab le  23 

Deciduous Tooth Group S i z e s  ( i n  rnm.) 

Mesio-Dis ta l  Bucco-Lingual 
Swanport Murray Broadbeach Swanport Murray Broadbeach 

M a x i l l a  

d i l  - dc  20.05 19.21 20.25 17 19 16.77 16.60 

dm1 - dm2 17.25 16.55 17.27 19.65 19.97 19.49 

Whole Row 37.30 35.76 37.52 36.84 36.74 36.09 

Mandible 

d i l  - dc  15.80 15.09 16.33 14.77 13.68 14.48 

dml - dm2 19.79 18.91 19.94 16.63 

Whole P,=w 3 5 . 5 9  a-X .  I A  M UU Ju. a I 31.40 761 37 

I n  b o t h  m e s i o - d i s t a l  and bucco- l ingua l  d imens ions  t h e  

Swanport and Broadbeach dec iduous  t e e t h  a r e  v i r t u a l l y  t h e  

s a m e  s i z e ,  b u t  b o t h  a r e  s l i g h t l y  l a r g e r  t h a n  Murray Bas in .  

Table  24 g i v e s  t h e  dec iduous  t e e t h  as a s i z e  p e r c e n t a g e  

o f  t h e i r  permanent s u c c e s s o r s  i n  j u v e n i l e s  f o r  each s i t e .  



Table 21; 

Deciduous Teeth a s  a S i z e  Percentage of t h e i r  

Permanent Successors 

Mesio-Distal Bucco-Lingual 

Swanport Murray Broadbeach Swanport Murray Broadbeach 

Mandible 



The t a b l e  gives s i m i l a r  f igures  fo r  a l l  populations, 

and they a r e  very c lose  t o  the f igures  fo r  Yuendumu given by 

Brown, Margetts and Townsend (1980a). 

Mesio-distally i n  the maxilla the  dm1 approaches the 

s i z e  of t h e  p3, surpassing it a t  Swanport. The dm2 i s  much 

l a r g e r  than the  p4. In the mandible both dml and dm2 a r e  

much l a r g e r  than t h e i r  successors. This means t h a t  when the  

deciduous molars a re  exfol ia ted  the re  is excess space fo r  

t h e  emerging premolars and consequently l i t t l e  l ikel ihood of 

a n t e r i o r  c r o w d i n g  o r  p o s t e r i o r  m a l o c c l u s i o n .  A d u l t  

aborigines show a low incidence of these  den ta l  de fec t s .  

Discussion 

The s i z e  of an erupting tooth crown is determined by 

g e n e t i c  i n h e r i t a n c e  and environment.  Townsend and Brown 

1978a and 1978b; Townsend 1978; Townsend and Brown 1979a; 

and Townsend 1980 have s tudied s i b l i n g  and ha l f -s ib l ing  s i z e  

co r re la t ions  a t  Yuendumu and concluded t h a t  about 60% of the  

dec iduous  t o o t h  s i z e  i s  due t o  g e n e t i c  i n h e r i t a n c e  and a 

f u r t h e r  15% is  due t o  common envi ronmenta l  f a c t o r s .  The 

remainder  o f  s i z e  v a r i a t i o n  i s  due t o  environment.  For 

permanent t e e t h  genet ic  inher i tance  cont r ibutes  64% of tooth 

s i z e  and the  common environmental determinant i n  tooth s i z e  



is  p r e n a t a l  mate rna l  environment. Garn, Osborne and McCabe 

1979,  i n  a s t u d y  o f  Nor th  American w h i t e s  conc luded  t h a t  

ma te rna l  and f e t a l  de t e rminan t s  accounted f o r  h a l f  o f  crown 

s i z e  v a r i a b i l i t y  f o r  bo th  deciduous and permanent t e e th .  

According t o  Pres ton  1980, f l u o r i d e  i n  d r ink ing  water  

produces s m a l l e r  t e e t h  w h i l e  boron has  the oppos i t e  e f f e c t .  

T h e  d r i nk ing  wa te r  a t  Yuendumu h a s  the h igh  f l u o r i d e  l e v e l  

of  up t o  1.8 p a r t s  pe r  m i l l i o n  ( ~ r o w n  and Townsend 1980) .  

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

s i z e  one  m i s g i v e s  the u s e  o f  t o o t h  s i z e  as e v i d e n c e  f o r  

g e n e t i c  a f f i n i t y  between popula t ions .  C e r t a i n l y  w i t h i n  a n  

o v e r a l l  p o p u l a t i o n  l i k e  the A u s t r a l i a n  a b o r i g i n e s  t h i s  

approach must be used w i t h  c au t i on  and no f e r v e n t  hopes o f  

convincing success .  The on ly  way i n  which t r u e  t o o t h  s i z e  

o r  v a r i a b i l i t y  c a n  be d e t e r m i n e d  f o r  p o p u l a t i o n s  such  a s  

those  represen ted  in this study,  i s  t o  ob t a in  l a r g e  samples 

o f  unworn crowns from i n d i v i d u a l s  of  known sex. This  would 

be a s k i n g  a  g r e a t  amount and b e c a u s e  o f  the  p a u c i t y  of  

j u v e n i l e  s p e c i m e n s  and the  d i f f i c u l t y  i n  s e x i n g  immatu re  

ske l e tons  it is c u r r e n t l y  no t  p o s s i b l e .  

The work i n  t h i s  chap t e r  r e v e a l s  t o o t h  s ize  v a r i a t i o n  

b u t  b e c a u s e  o f  s amp le  i n a d e q u a c i e s  it i s  n o t  p o s s i b l e  t o  

de te rmine  i f  t h i s  v a r i a b i l i t y  is  s t a t i s t i c a l l y  s i g n i f i c a n t .  



The work  o f  S m i t h ,  Brown and  Wood ( 1 9 8 1 )  s u g g e s t s  

s i g n i f i c a n t l y  longer t e e t h  a t  Broadbeach than a t  Swanport 

and Murray Basin b u t  t h e  widths  a r e  t h e  same. The p i c t u r e  

i s  f u r t h e r  o b f u s c a t e d  by u n c e r t a i n t i e s  o f  s ex  r a t i o ,  age  

r e l a t i v i t y ,  and a t t r i t i o n  v a r i a b i l i t y .  

N e v e r t h e l e s s ,  r e v e a l i n g  p a t t e r n s  h a v e  e m e r g e d ,  

e s p e c i a l l y  from bucco-l ingual  measurements, and by observing 

the  r e l a t i v i t y  of t h e  above confounding f a c t o r s  one can make 

use fu l  and v a l i d  observa t ions .  

I n  summary, a t  both Swanport and Broadbeach juveni le  

bucco-lingual mean dimensions f a l l  between those  of a d u l t  

ma le s  and a d u l t  f ema le s .  However, i n  m e s i o - d i s t a l  mean 

d i m e n s i o n s  t h e  j u v e n i l e s  from b o t h  s i t e s  exceed t h o s e  o f  

adult males as well as females.  The p a t t e r n  o f  j u v e n i i e  

e x c e s s  i s  d i f f e r e n t  be tween  t h e  s i t e s .  A t  Swanport  

juveni les  exceed a d u l t s  most markedly i n  the  a n t e r i o r  t e e t h ,  

w h i l e  a t  Broadbeach t h e  j u v e n i l e s  exceed t h e  a d u l t s  most  

markedly i n  t he  p o s t e r i o r  t ee th .  This r evea l s  a d i s t i n c t l y  

d i f f e r e n t  p a t t e r n  of  a t t r i t i o n  i n  a d u l t s  between t h e  s i t e s .  



CHAPTER 4 

DENTAL ArnRITION 

The wear of  t e e t h  i n  r a t e  and degree  depends upon 

genet ic ,  environmental and c u l t u r a l  fac tors .  Tooth s i ze ,  

morphology, o c c l u s i o n  and enamel ha rdness  r e s u l t  from 

g e n e t i c  and envi ronmenta l  i n t e r a c t i o n s .  Types of food 

eaten, food preparat ion techniques, and i n d u s t r i a l  or  c r a f t  

uses of the t e e t h  depend upon cu l tu re  and i t s  environment. 

The p r o g r e s s i v e  wear of  t e e t h  w i t h  corresponding 

accommodations of the denta l  arch and occlusion pa t t e rns  is 

a  n a t u r a l  b i o l o g i c a l  f u n c t i o n  and i s  g e n e r a l  i n  pre-  

i n d u s t r i a l  revolution soc ie t i e s .  Dental wear only becomes 

p a t h o l o g i c a l  when it reaches  a  degree  of s e v e r i t y  t h a t  

exposes t h e  pu lp  chamber (Begg 1954; B a r r e t t  1958, 1969; 

Molnar 1971). 

Many . a t t e m p t s  have been made to' develop  a  system of 

grading denta l  a t t r i t i o n  f o r  comparative purposes. Scales 

of wear s tages of the occ lus ia l  tooth surface have been the 

commonest systems (Campbell 1925, 1938, 1939a; Murphy 1959a; 

He i the r say  1960; Molnar 1971; S c o t t  1979b; Hinton 1981, 

1982) . 
The molar gradient  of wear has been used (Murphy 1959b; 

Smith 1972; Walker 1978; Scot t  1979a) t o  give a  r a t e  of wear 

independent of age. Because the M 1  e rupts  about s i x  years 
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before the M2 in a l l  populations the amount of wear by which 

M 1  exceeds M 2  represents  s i x  years of molar wear. For 

individuals of any age the ra te  of molar wear can thus be 

determined. I t  implies,  of course, t h a t  M 1  wears a t  the 

same ra te  as M2. 

Tomenchuk and Mayhall (1979) used a system of measuring 

crown height reduction to  assess a t t r i t i o n  levels. This i s  

suitable for assessing some types of wear. 

A technique of photographing the occlusal surfaces of 

the teeth and measuring on the photograph the relat ive areas 

of enamel and exposed dent ine has been used by Behrend 

(1977); Walker (1978); Richards and Brown (1981). Each of 

these systems has limitations. Scales of wear stages are 

subjec t ive  and however f i n e l y  graded they are ,  one w i l l  

always have teeth with perceptible wear differences in the 

same stage. A s  they are ordinal scales the results  are not 

valid for sophisticated s t a t i s t i c a l  analysis. 

The molar gradient  system f inds f a i r  numbers. of 

ind iv iduals  with  M 1  and M 2  a t  the  same l eve l  of wear, 

e spec ia l ly  i f  the  wear i s  graded on an ord ina l  scale .  I t  

i g n o r e s  t h e  a n t e r i o r  t e e t h  which a r e  impor tan t  i n  

understanding the overall pattern of a t t r i t i o n .  

The photographic technique i s  promising i n  t h a t  i t  

provides a t r u e  measure of tooth wear, but it only dea ls  



with t e e t h  with exposed dentine. Those t e e t h  with wear of 

t h e  enamel bu t  no d e n t i n e  exposure ,  and those  w i t h  no 

occ lusa l  enamel l e f t  cannot be assessed by t h i s  system. 

Attrition and Culture - 
Dental  a t t r i t i o n  h a ~ ~ d e c r e a s e d  i n  s e v e r i t y  a s  human 

s o c i e t i e s  have evolved from h u n t i n g  and g a t h e r i n g  t o  

a g r i c u l t u r a l  and i n d u s t r i a l  economies (Bar re t t  1969: Molnar 

1972, Wolpoff 1971). This is  not so much because the  foods 

eaten have changed, but because food preparat ion and cooking 

techniques have rendered food s o f t e r  and l e s s  abrasive. The 

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

t e e t h  a s  too l s ,  which p r a c t i c e  i n  hunter-gatherer soc ie ty  

cmtributed te tccth wear. 

Smith (1972) i n  a study of th ree  Natufian s i t e s  found 

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

s i t e  than a t  the  a g r i c u l t u r a l  s i t e s .  She concluded t h a t  the 

h i g h l y  a b r a s i v e  q u a l i t y  o f  s t o n e  ground c e r e a l s  was 

r e s p o n s i b l e  f o r  heavy wear among t h e  a g r i c u l t u r a l i s t s .  

Other  s t u d i e s  have found h u n t e r - g a t h e r e r s  t o  have h i g h e r  

a t t r i t i o n  than a g r i c u l t u r a l i s t s .  Molnar (1971) in  a study- 

o f  t h r e e  g r o u p s  o f  s o u t h - w e s t e r n  I n d i a n s  found t h e  

Cal i fornian hunter-gatherers t o  have higher a t t r i t i o n  than 



two a g r i c u l t u r a l  groups. S c i u l l i  (1977) i n  a  s tudy  of  Ohio 

Val ley  Ind ians  found the a g r i c u l t u r a l  group t o  have smaller 

teeth, less wear, b u t  more enamel hypoplas ia  than  hunter-  

ga the re r s .  Hinton (1981) compared Aus t r a l i an  a b o r i g i n a l  and 

Eskimo h u n t e r - g a t h e r e r s  t o  Ohio and sou th -wes t  I n d i a n  

a g r i c u l t u r a l i s t s  and found the  h u n t e r - g a t h e r e r s  t o  have  

r e l a t i v e l y  and a b s o l u t e l y  g r e a t e r  wear of  the a n t e r i o r  t e e t h  

b u t  equ iva l en t  wear of the molars.  

~ i f f e r i n t  e n v i r o n m e n t s  and c u l t u r a l  p r a c t i c e s  c a n  

p roduce  d i f f e r e n t i a l  t o o t h  wear  among h u n t e r - g a t h e r e r s .  

H i n t o n  ( 1 9 8 2 )  f o u n d  Archa i c  I n d i a n s  t o  h a v e  g r e a t e r  

a t t r i t i o n  t h a n  l a t e r  M i s s i s s i p p i a n  and Woodland I n d i a n s .  

This ,  he concluded, w a s  because of  p o t t e r y  i n t r o d u c t i o n  and 

improvements i n  cooking. Walker (1978) i n  comparing Ind ians  

of  the Santa  Barbara Channel a r e a  found i s l a n d  Ind ians  w i t h  

a  poor environment t o  have g r e a t e r  a t t r i t i o n  than neighbours 

w i t h  w i d e r  r e s o u r c e s .  R i c h a r d s  and Brown (1981)  on t h e  

o t h e r  hand, i n  comparing no r th  c o a s t  Aus t r a l i an  abo r ig ine s  

f rom Kalumburu t o  c e n t r a l  d e s e r t  a b o r i g i n e s  from H a a s t s '  

Bluff  found no d i f f e r e n c e  i n  molar a t t r i t i o n .  

Sex d i f f e r e n c e s  i n  a t t r i t i o n  l e v e l s  a r e  ambiguous.  
- 

Molnar (1971)  found no s e x  d i f f e r e n c e s  i n  two sou th -wes t  

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

C a l i f o r n i a  g r o u p .  H e  ( 1 9 7 2 )  f o u n d  no d i f f e r e n c e  i n  



Greenland Eskimos, even though females of ten  chewed hides 

f o r  c l o t h i n g  manufacture.  Tomenchuk and Mayhall (1979) 

found males among North-West T e r r i t o r i e s  Eskimos t o  have 30% 

g r e a t e r  wear of molars  than  females .  They sugges ted  

bruxism a s  the cause of t h i s  difference.  Campbell (1939a) 

s t a t e s  t h a t  f o r  A u s t r a l i a n  a b o r i g i n e s  a t t r i t i o n  i s  more 

marked i n  females than i n  males. This, he says, is because 

females gather vegetable foods which a re  coarse and sandy, 

and they tend t o  e a t  more of these foods than do men. They 

a l s o  r e c e i v e  t h e  tougher ,  more sinewy p a r t s  of animal  

c a r c a s s e s  provided by men. He i the r say  (1960) a l s o  found 

Abor ig ina l  females  t o  have h e a v i e r  a t t r i t i o n  than  males ,  

even among c h i l d r e n ,  b u t  Richards and Brown (1981) found 

e q u i v s c a i  sex differences.  

Scorinq - of Attrition 

T h i s  s t u d y  employed a 1 4  s t a g e  s c a l e  of  d e n t a l  

a t t r i t i o n  which was applied t o  a l l  teeth.  The s tages a re  a s  

follows : 

0.  No Wear. 

1. S l igh t  Facets. S l igh t  f ace t s  of wear appear in  
enamel, usual ly  on the cusps i n  
molars. 

2 .  Heavy Facets.  Enamel f ace t s  a re  more developed. 

3 .  Rounding. The cusps of molars and edges of 
inc i so r s  a re  rounded and smooth. 



Fla t t en ing .  T h e  cusps o f  molars and edges of 
i n c i s o r s  a r e  f l a t t e n e d .  

Dentine Spots.  Small s p o t s  of  exposed den t ine  
appear,  u s u a l l y  i n  t he  cusp a rea  
of  molars.  

Light  Dentine Exposure. I n  molars 1 /4  of  the 
su r f ace  is  exposed den t ine .  I n  
i n c i s o r s  a t h i n  den t ine  s t r i p  
appears along t h e  edge. 

Moderate Dentine Exposure. I n  molars 1/4  - 1/2  
of  t h e  su r f ace  is  exposed den t ine .  
I n  i n c i s o r s  t he  edge is worn down 
t o  r e v e a l  a den t ine  r ec t ang le .  

Heavy Dentine Exposure. I n  molars > 1 / 2  of  t he  
su r f ace  is exposed den t ine .  I n  
i n c i s o r s  the edge is worn down 
to  r e v e a l  a den t ine  r ec t ang le .  

Enamel Ring. I n  molars an enamel r i n g  is  l e f t  
around t h e  o c c l u s a l  den t ine .  I n  
i n c i s o r s  a l a r g e  den t ine  c i r c l e  
appears .  

Dentine Bowl. The den t ine  i n  molars is worn t o  a 
b o w l  contour w i t h  the enamel edges 
l e f t  h igher .  

Enamel Ring P a r t i a l ,  Steep Wear Slope. 
Enamel on one s i d e  is worn away so  
too th  su r f ace  assumes a s t e e p  s lope  
t o  one s i d e .  

Root Wear One Side.  The crown is worn away on one 
s i d e  and t h e  r o o t  begins  t o  wear. 

Root Wear Both Sides .  The crown is  gone and t h e  
r o o t  is wearing. 

See Appendix B f o r  photographic examples of t oo th  wear. 



Figure 6 shows the middle s tages  o f  molar a t t r i t i o n .  

Middle A t t r i t i o n  Stages 

0 Stage 5 

Stage 7. 

Dentine Spots 

Light Dentine Exposure 

Moderate Dentine Exposure 

Stage 8 Heavy Dentine Exposure 

Stage 9 Enamel Ring 



The preceding scale i s  not ideal. Assigning a tooth t o  

a stage i s  subjective,  and sometimes two tee th  w i t h  

d i f f e r en t  wear have t o  be put in  the same stage. The 

differences between stages are not necessarily equivalent. 

For example, it may take more a t t r i t ion  increment to  proceed 

from stage 8 to  9 than to proceed from stage 4 to  5. T h i s  

means that advanced s t a t i s t i ca l  treatment of wear scores i s  

not valid. Incisors and molars, because of their  different 

size, shape and function w i l l  proceed through the stages a t  

d i f f e r en t  ra tes .  These d i f f i c u l t i e s  a re  not c r i t i c a l  i n  

t h i s  study, as  most comparisons are those of r e l a t i v e  

differences which are not comprorhised by the scale. 

Attrition Comparisons 

Deciduous Teeth 

The tee th  of juveniles were given a functional age, 

which i s  the age of the individual minus the eruption age 

for a given tooth. The four deciduous molars were the only 

teeth represented i n  reasonable numbers a t  the three s i t e s  

(numbers ranged from 17 to  28). Their functional ages were - 

compared to their  wear scores and the two variables did not 

cor re la te  very highly. The correlat ions ranged from .39 

to  .80. Table 25 gives these correlations. 



Table 25 

Correlations of Functional Age to Wear Score 
i n  Deciduous Molars 

Tooth Swanport Murray Basin Broadbeach 

These correlations show great var iabi l i ty  of wear ra tes  

for which no ready explanation i s  available. The range o f '  

error i n  the ageing technique and the variabli ty i n  eruption 

ages of t e e t h  may be important f ac to r s ,  but they a re  

unlikely to  be camplete answers. It seams '\-' LA C ~ L  '"- L U ~  teeth or' 

individuals  wear a t  qu i t e  d i f f e r e n t  r a t e s .  A l l  second 

deciduous molars were combined for  each s i t e  and the  

correlation coefficients became higher: for Swanport .83; 

for  Murray Basin .77; and for  Broadbeach .82. The second 

deciduous molars were subjected to regression analysis. The 

resul ts  are presented l a t e r  with those of permanent incisors 

and molars. 

For each s i t e  juveniles were divided into three year 

age c lasses .  I t  was hoped these c l a s ses  would provide 

useful numbers of individuals and overcome error i n  ageing 



technique. The average wear f o r  each age c l a s s  fo r  each 

tooth was calculated. Where an individual had both l e f t  and 

r ight  teeth the mean a t t r i t i o n  score was used i f  the scores 

varied, ~ e f t / r i g h t  asymmetry in a t t r i t i o n  was uncommon. 

Table 26  g ives  these  average wear scores  for  age 

classes.  



Table 26 

Average A t t r i t i o n  Scores o f  Teeth f o r  Given Age I n t e r v a l s  

Tooth Age I n t e r v a l s  Average A t t r i t i o n  Scores  
i n  Years 

1 -  4 
>4 - 7 
>7 - 10 
1 -  4 
>4 - 7 

1 -  4 
>4 - 7 
>7 - 10 
1 -  4 
>4 - 7 
>7 - 10 
1 -  4 
>4 - 7 
>7 - 10 
1 -  4 
>4 - 7 
>7 - 10 
1 -  4 
>4 - 7 
>7 - 10 
>10 - 13 
1 -  4 
>4 - 7 
>7 - 10 
>lo - 13 

Swanport 

4.6 
6 .O - 

4.0 
6.0 

4.6 
6.5 
9.0 

4.5 
6.0 
7.0 

5.5 
6.2 
6.0 

5.8 
5.8 
7.1 

4.1 
5.9 
7.5 - 
3.4 
4.9 
6.7 - 

Murray 

4.0 
5 .O - 
4.5 
6.5 

6.0 
7.2 
3.0 

4.3 
6.6 
6.0 

3.5 
8.0 
6.5 

2.6 
6.7 
6.5 

3.7 
5.8 
7.7 
7.5 

2.6 
4.8 
6.4 
7.0 

n Broadbeach n 



Table 26 Continued 

Tooth Age Intervals Average Attrition Scores 
in Years Swanport n Murray n Broadbeach n 



Table 26 Continued 

Tooth Age Intervals Average Attrition Scores 
in Years Swanport n Murray n Broadbeach n 



Table 2 6  Continued 

Tooth Age In te rva l s  Average A t t r i t i o n  Scores 
i n  Years Swanport n Murray n Broadbeach n 

Unfortunately the sample s i z e s  remain very small  even 

when combined i n t o  age classes .  V a r i a b i l i t y  can be seen i n  

the  odd diminution of mean score with an increase in  age. 

The deciduous t e e t h  show a  general  s i m i l a r i t y  between the  

s i t e s ,  e s p e c i a l l y  i n  t h e  l a t e r  ages  f o r  each t o o t h .  The 

a n t e r i o r  t e e t h  have high scores a t  the  e a r l i e s t  age c l a s s  

which indica tes  t h a t  the deciduous t e e t h  begin t o  wear 3s 

soon a s  t h e y  become f u n c t i o n a l .  This  s u p p o r t s  Campbell 

(1938, 1939a) and Begg (1954) who found deciduous t e e t h  t o  

begin wearing immediately upon coming i n t o  occlusion, even 
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though a b o r i g i n a l  ch i ld ren  were gene ra l ly  b r e a s t  fed u n t i l  

t h r e e  and even f i v e  years of age. 

The permanent  t e e t h  a r e  r e p r e s e n t e d  by such s m a l l  

n u m b e r s  t h a t  n o t h i n g  c a n  b e  s a f e l y  s a i d .  No s i t e  

d i f f e r e n c e s  a r e  indicated.  

The dec iduous  molar  w e a r  g r a d i e n t  was c a l c u l a t e d  by 

s u b t r a c t i n g  dm2 wear scores  from dm1 wear scores  i n  j a w s  

t h a t  had both t ee th .  Where t h e r e  was a  d i f f e r e n c e  between 

r i g h t  and l e f t  s i d e s  t h e  average was taken. Table 27 g ives  

these  g rad ien t s .  

Table 27 

Deciduous Molar Mean Wear Gradients  

Swanport 
P. f S.D. 

Maxilla 16 1.66 1.36 

dm1 - dm2 

Mandible 16 1.09 1.36 

dml - dm2 

Murray Basin 
n E S.D. 

Broadbeach 
n 2 S.D. 

I n  each  s i t e  t h e  m a x i l l a r y  t e e t h  a r e  wea r ing  f a s t e r  

t h a n  t h e  mand ibu la r  t e e t h .  A t  Swanpor t  t h e  in ter- ja-w 

d i f f e r e n c e  i s  n o t  s i g n i f i c a n t ,  b u t  a t  Murray Bas in  and 

Broadbeach it i s  s i g n i f i c a n t  a t  t h e  P< .05 l e v e l .  The 

d i f f e r e n c e s  between s i t e s  a r e  not  s i g n i f i c a n t .  Indeed, t he  

means a r e  very c l o s e  except f o r  t h e  Swanport mandible. 



These d a t a  sugges t  a s i m i l a r i t y  i n  t h e  r a t e  o f  wear o f  

deciduous t e e t h  a t  t h e  t h r e e  s i t e s .  

J u v e n i l e  Permanent Teeth 

The molar g r a d i e n t  was c a l c u l a t e d  f o r  j u v e n i l e s  w i t h  

permanent  M 1  and M2 by s u b t r a c t i n g  M2 wear s c o r e  from M 1  

w e a r  s c o r e .  Murray B a s i n  had  no i n d i v i d u a l s  i n  t h i s  a g e  

group.  Table 28 g i v e s  t h e s e  g r a d i e n t s .  

Table  28 

Permanent Molar Mean Wear G r a d i e n t s  i n  J u v e n i l e s  

Swanport Broadbeach 

Maxil la  6 1.58 .74 6 3.58 1.43 
M 1  - M2 

Mandible 5 2.75 1.57 5 3.00 1.58 

M 1  - M2 

Both Jaws 11 1.91 1.02 11 3.32 1.45 
M 1  - M2 

A s  t h e  m a x i l l a e  and m a n d i b l e s  showed no s i g n i f i c a n t  

d i f f e r e n c e s  t h e y  w e r e  combined.  The r e s u l t  was t h a t  

Broadbeach exceeded Swanport i n  r a t e  of  molar  wear and t h e  

d i f f e r e n c e  was s i g n i f i c a n t  a t  P .05 l e v e l .  W i t h  s u c h  



smal l  numbers it i s  not poss ib le  t o  be confident  of 

pa t t e rns .  The numbers a r e  suggestive t h a t  a t  Swanport 

mandibles exceed maxi l lae  i n  molar wear r a t e ,  while a t  

Broadbeach the opposite is true. Greater sample sizes would 

be revealing. 

Anterior and Posterior Teeth 

Anterior and posterior teeth were compared by analysis 

of I1 and M 1  wear scores. These t e e t h  make a  useful  

comparison. They are the e a r l i e s t  permanent teeth to  erupt, 

which occurs a t  approximately the same time. They therefore 

have equivalent functional ages. They are the key teeth in 

the anterior and posterior dentition. 

Juvenile individuals were divided into two age groups: 

younger than 12.5 years  and 12.5  years and over. This 

d iv ides  young ch i ldren  from adolescent ch i ldren  and i s  

probably close t o  the onset of puberty, a t  l eas t  in g i r l s .  

Mean M 1  - I1 wear scores were calculated to give re la t ive  

p o s t e r i o r  t o  a n t e r i o r  wear r a t e s .  Table 29  g ives  the  

figures. 



Table  29 

M 1  Minus 11 Mean Wear Scores  : P o s t e r i o r  Minus A n t e r i o r  
Tooth Wear i n  J u v e n i l e s  

Swanport - Murray Basin Broadbeach 
c 12.5 n x S.D.  n J E  S.D. n z S.D. 

Max i l l a  4 0.75 0.96 6 -0.08 1.63 2 1 .50 2.12 

Mandible 5 -0.90 1 .60  4 1.13 -85  8 0.13 1.96 

Combined 9 -0.17 1.54 10 0.40 1.45 10 0.40 1.96 

2 12.5  

Maxi l la  2 -1.75 1.06 ---- 
Mandible 5 -1.30 0.91 ---- 
Combined 7 -1.43 0.89 -- - - 

The mandib le  and m a x i l l a  r e s u l t s  look q u i t e  d i f f e r e n t  

but  w i t h  s a m p l e s  -,G small t h e  6ifferences i i r e  not 

s i g n i f i c a n t .  When t h e  j a w s  a r e  combined a p a t t e r n  seems t o  

emerge, I n  t h e  younger age group a t  Swanport t h e  i n c i s o r s  

a r e  s l i g h t l y  more worn t h a n  t h e  molars .  A f t e r  age  12.5 t h e  

i n c i s o r s  a r e  much more worn t h a n  t h e  molars .  

A t  Broadbeach t h e  younger age group h a s  mola r s  a l i t t l e  

more worn t h a n  i n c i s o r s ,  b u t  a f t e r  age 12.5 t h e  i n c i s o r s  a r e  

more  worn  t h a n  t h e  m o l a r s ,  t h o u g h  n o t  by  a s  much a s  a% 

Swanport. 



The number of jaws for which M 1  wear was greater than 

or equal to 11 wear was calculated for both age groups and 

a l l  s i t e s .  Table 30 gives the numbers of jaws. 

Table 30 

M 1  Wear Relative to  I1 Wear i n  Two Juvenile Age Groups 

< 12 .5  years > 12.5 years - 

Swanport I1 > M 1  4 
11 7' M 1  6 

Murray Basin I1 > M 1  5 
1 1 ' T M l  5  

Broadbeach I1 > M 1  6 
11 7 M 1  5 

A pattern exists  a t  a l l  three s i tes .  Before age 12.5 

the molars are more worn than the incisors about as often as 

the incisors are more worn than the molars. However, a f te r  

age 12.5 the incisors are usually more worn than the molars. 

This i s  true a t  Swanport and Broadbeach, but especially so 

a t  Swanport. Chi square t e s t s  were done for both s i t e s  t o  

t e s t  the difference i n  incisor relat ive to molar wear for 

the age groups < 12.5 years and - > 12.5 years. A t  Swanport 

there was a significant difference (P < .01) between the two 

age c lasses .  This revea ls  an increase of inc i so r  wear 



r e l a t i v e  t o  molar wear a f t e r  age 12.5 years. A t  Broadbeach 

the chi  square t e s t  did not reveal  a  s i g n i f i c a n t  d i f ference  

between the  age classes .  These t e s t s  indica te  a  d i f f e r e n t  

a t t r i t i o n  pa t t e rn  between Swanport and Broadbeach. A t  both 

s i t e s  f o r  ages  below 12.5 y e a r s  t h e  i n c i s o r s  a r e  about  a s  

worn a s  t h e  molars .  A f t e r  12.5 y e a r s  a t  Swanport t h e  

i n c i s o r s  a r e  s i g n i f i c a n t l y  of ten  more worn than the  molars, 

but t h i s  is  not t r u e  a t  Broadbeach. 

These f igures  strengthen those of Table 29. After age 

12.5 t h a t  i s ,  c l o s e  t o  t h e  o n s e t  of puber ty ,  i n c i s o r  wear 

i n c r e a s e s  r e l a t i v e  t o  molar  wear and a t  Swanport g r e a t l y '  

exceeds it. This indica tes  more than a  g rea te r  consumption 

of food t o  f u e l  the  adolescent growth spurt .  In t h a t  case 

aL,-l . .A,  -.LLlri L:-- --LA -LA..? 
uaurucc;  CXLUJ.I-IUII LQCC DIIVUI~ increase but iiat the r e l a t i v e  

wear of  a n t e r i o r  t e e t h  t o  p o s t e r i o r  t e e t h .  I t  i s  more 

l i k e l y ,  i f  t h e  p a t t e r n  i s  not  a  random e f f e c t  of s m a l l  

sample s i zes ,  t o  ind ica te  a  behavioural change. I t  could 

well  indica te  the assumption of adul t  i n d u s t r i a l  tasks t h a t  

wear a n t e r i o r  t e e t h  more than  p o s t e r i o r  t e e t h .  This  

p o s s i b i l i t y  w i l l  be d i s c u s s e d  f u r t h e r  when a d u l t s '  t e e t h  

have been examined. 



Regression of A t t r i t i o n  Against Functional Age. - 

In order t o  determine r a t e s  of wear of various t ee th  

l e a s t  squares  r e g r e s s i o n  was computed us ing  t h e  M I D A S  

program. A t t r i t i o n  score was regressed against  funct ional  

age t o  g i v e  a  r a t e  a t  which a t t r i t i o n  i n c r e a s e s  w i t h  an 

increasing functional age of the tooth.  The t ee th  t e s t ed  

were deciduous second molars ,  permanent f i r s t  and second 

molars, and f i r s t  and second inc isors .  In order t o  a t t a i n  

high sample numbers the  t e e t h  were promiscuously lumped i n t o  

c a t e g o r i e s .  Molars inc luded f i r s t  and second upper and 

lower molars regardless  of the  individual  from whom they 

came. Teeth from o n l y  one s i d e  of  t h e  d e n t a l  a r c h  were 

used. I n c i s o r s  were lumped i n  t h e  same way a s  molars .  

There a re  problems of lack of var iable  independence in  using 

t h i s  technique, and a l s o  i n  t h e  f a c t  t h a t  ord ina l  a t t r i t i o n  

s tages are  probably not equivalent ly  spaced. However, the 

t e s t  was done t o  g a i n  a  s t r o n g  i n d i c a t i o n  of  a t t r i t i o n  

r a t e s .  Table 31 g i v e s  t h e  r e s u l t s .  See Appendix D f o r  

graphs of regression l ines .  



Table 31 

Least squares Regression of Attrition Score Against 
Functional Age. Juvenile Teeth 

Site Age Group Tooth r r.Sq. Slope n Significance 

Swanport < 12.5 
> 12.5 - 
< 12 ..5 
> 12.5 

~ i l  Ages 
All Ages 
All Ages 

Murray < 12.5 
Basin < 12.5 

All Ages 

Broadbeach < 12.5 
> 12.5 
7 12.5 , 12.5 
~jri Ages 
All Ages 
All Ages 

Combined All Ages 
Sites All Ages 

All Ages 
< 12.5 
> 12.5 
12.5 

> 12.5 - 

Molar 
Molar 
Incisor 
Incisor 
Molar 
Incisor 
dm2 

Molar 
Incisor 
dm2 

Molar 
Molar 
Incisor 
Incisor 
Molar 
Incisor 
dm2 

Molar 
Incisor 
dm2 
Molar 
Molar 
Incisor 
Incisor 

not signif. 
p < .O1 
not signif. 
p < .01 
p < .O1 
p < .O1 
p < .O1 

p < ,.01 
p < .O1 
p < .O1 
not signif. 
p < .O1 
p < .O1 
p < .O1 



The headings of the table have the following meanings: r i s  

the  c o r r e l a t i o n  c o e f f i c i e n t  which gives  the  s t rength  of 

relationship between the two variables. I t  ranges from -It0 

I; r.Sq. i s  t he  square of r. I t  t e l l s  what percentage of 

the score of one variable ( a t t r i t i o n )  depends upon the other 

variable (functional age). For example, .42 indicates 42% 

of a t t r i t i o n  depends upon age; Slope gives the steepness of 

the regression l ine  and the ra te  a t  which a t t r i t i o n  r i ses  

per u n i t  r i s e  i n  func t iona l  age. The higher the  s lope 

number the more rapid the ra te  of a t t r i t i o n ;  n is the number 

of teeth; Significance t e l l s  whether the regresson t e s t  had 

a  mathematically significant  result .  

Unfortunately some t e s t s  gave non-significant resu l t s  

making any overall patterns diffie~lt to detect .  A t  

Swanport the I for < 12.5 resu l t  was not significant.  For > - 
12.5 the  M a t t r i t i o n  r a t e  and I r a t e  were about the  same. 

For all-ages the M ra te  was much lower than the I ra te .  

A t  Murray Basin, which only had < 12.5, the M ra te  was 

much lower than the I ra te .  

A t  Broadbeach for < 12.5 the M ra te  was much lower than 

the I rate. The > 12.5 I t e s t  resu l t  was not significant .  - 
For all-ages the M ra te  was about the same as the I ra te .  

For M < 12.5 the Broadbeach a t t r i t i o n  ra te  was close t o  

Murray Basin ra te ,  (.47 : .45). The t e s t  for Swanport was 



not  s i g n i f i c a n t .  For M > 12.5 t h e  Broadbeach r a t e  exceeded - 
t h e  Swanport  r a t e ,  (.52 : .40). For a l l - a g e s  M Broadbeach 

g r e a t l y  exceeded Swanport i n  a t t r i t i o n  r a t e ,  ( .48 : .29) .  

For  I < 12.5 Broadbeach r a t e  g r e a t l y  exceeded Murray 

Basin r a t e ,  (1.07 : .76).. The t e s t  r e s u l t  f o r  Swanport was 

n o t  s i g n i f i c a n t .  F o r  I > 12.5 t h e  t e s t  r e s u l t  f o r  - 
Broadbeach was no t  s i g n i f i c a n t .  For a l l  -ages I Broadbeach 

exceeded Swanport s l i g h t l y ,  (.45 : .40) The s lopes  from the  

non-s ign i f ican t  t e s t s  i n d i c a t e  t h a t  f o r  I < 12.5 Broadbeach 

g r e a t l y  exceeds  Swanport  i n  a t t r i t i o n  r a t e ,  (1.07 : .30),  

whi le  f o r  1 > 12.5 Swanport g r e a t l y  exceeds Broadbeach i n  - 
a t t r i t i o n  r a t e ,  ( .42 : .21) . 

A l l  sites were combined t o  g ive  r e s u l t s  f o r  Aus t ra l ian  

abor igines .  M of  a l l -ages  w a s  exceeded i n  a t t r i t i o n  r a t e  by 

I, (.47 : .39). This w a s  a l s o  t r u e  f o r  age < 12.5, ( M  .38 : 

I .77);  b u t  f o r  age  > 12.5 M exceeded I i n  a t t r i t i o n  - 
r a t e ,  ( M  .45 : I .29) 

I n  summary, f o r  a l l  ages combined the  M a t t r i t i o n  r a t e  

a t  Broadbeach and t h e  I a t t r i t i o n  r a t e  a t  Swanport  and 

Broadbeach a r e  abou t  t h e  same. The M r a t e  a t  Broadbeach 

exceeds t h a t  a t  Swanport, and is  very s l i g h t l y  g r e a t e r  thad 

a t  Murray Basin .  The I r a t e  a t  Broadbeach f o r  < 12.5 

g r e a t l y  exceeds  t h a t  a t  Murray Basin .  The I r a t e  f o r  

combined ages a t  Broadbeach very s l i g h t l y  exceeds t h a t  a t  

Swanpor t ,  (.45 : .40) .  



There i s  an indica t ion  ( p a r t l y  from non-signif icant  

t e s t  r e s u l t s )  t h a t  a t  Swanport t h e  I a t t r i t i o n  r a t e  

increases  a f t e r  age 12.5 years while a t  Broadbeach it 

decreases a f t e r  12.5 years. A t  Broadbeach the M increase 

the i r  a t t r i t i o n  ra te  s l igh t ly  a f t e r  age 12.5 years. 

The c l e a r e s t  r e s u l t  is  the  low a t t r i t i o n  r a t e  for  

Swanport all-ages M I  evidently due t o  the ra te  of < 12.5 M. 

The M rates for Swanport > 12.5, Murray, and a l l  Broadbeach - 
age groups a r e  f a i r l y  close.  Broadbeach does exceed 

Swanport in molar wear rate,  but the difference is probably 

not great .  

D e c i d u o u s  Molars 

The dm2 a t t r i t i o n  r a t e  is  g r e a t e s t  a t  Swanport, 

followed by Broadbeach, then Murray Basin (SP .83, BB .70, 

MB .67). This reverses the pa t t e rn  fo r  the  permanent 

molars. The dm2 t e s t s  have high c o r r e l a t i o n s  and high 

sample numbers and can be taken as re l iable  indicators of 

re la t ive  a t t r i t i o n  ra tes  between the s i t e s .  

D i s c u s s i o n  of R e g r e s s i o n  R e s u l t s  

The resul ts  of the regression t e s t s  are limited by some 

non-significant results.  There are several low correlation 

and R.Sq. r e s u l t s  t h a t  r e f l e c t  g r e a t  v a r i a b i l i t y  i n  



a t t r i t i o n  r e l a t i v e  t o age. The ve ry  h igh  a t t r i t i o n  r a t e  

slopes of the inc isors  for  the < 12.5 age group probably do 

r e f l e c t  r a p i d  wear, b u t  t h e y  a r e  more l i k e l y  t o  be an 

a r t e f a c t  of the a t t r i t i o n  scale .  The inc i so r s  of the young 

chi ldren  a r e  worn a t  the  low end of the  sca le  where the  wear 

d e s c r i b e s  enamel f a c e t t i n g ,  rounding,  and f l a t t e n i n g .  

Progress through these s tages  is probably much more rapid 

than through the l a t e r  s tages  of exposed dentine,  where the  

chi ldren  > 12.5 a r e  mostly t o  be found. One would therefore  - 
expec t  a h i g h e r  r a t e  of i n c i s o r  wear i n  young than  i n  o l d  

chi ldren  when the  r a t e  is ca lcula ted  upon t h i s  scale: 

Adult T e e t h  

Molar wear gradient. 

The molar wear gradient  was calculated for  a l l  adu l t  

jaws t h a t  had both M 1  and M2. Differences between upper and 

lower jaw g r a d i e n t s  were n o t  s i g n i f i c a n t  so t hey  were 

combined. The gradients  a r e  given i n  Table 32.  



Table 32 

Mean Molar Wear Grad ien t s  i n  Adul ts  ( M 1  Minus M2 Wear) 

Male Female 

Swanport Max. ? 1.20 n  5  S.D. .84 ? 2.13 n  4 S.D. 1.25 

Mand.Z 1.60 n  5  S.D. .55 - - -  -- Z 1.20 n  5  S.D. .57 - - - -  - - 
Combined Jaws Z 1.40 n  1 0  S.D. .70 Z 1.61 n  9 S.D. .99 

Murray Basin 
Max. Z 1 .50  n  6  S.D. 1.42 2 1.71 n  7  S.D. 1.63 

Mand.? 1.83 n  3  S.D. 1.76 Z 1.60 n  5 S.D. 1.52 - -  -- - - -  -- 
Combined Jaws 2 1.61 n  9  S.D. .99 E 1.67 n  12 S.D. 1.51 

Broadbeach 
Max. E 2.05 n  10  S.D. 1.42 5 2.40 n  5  S.D. .42 

 and.? i.i7 n 9 S.D. i . 2 2  Z 2.00 n  4 S.D. 1 .35  - - -  -- - - -  -- 
Combined Jaws 2 1.63 n  19 S.D. 1.37 2.22 n  9  S.D. .91 

Grad ien t  d i f f e r e n c e s  between sexes and between s i t e s  

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

between upper and lower  jaws. The f i g u r e s  f o r  combined jaws 

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

females  t o  Swanport males,  be ing .82 o f  one wear s tage .  The 

f i g u r e s  s t r o n g l y  i n d i c a t e  a  ve ry  s i m i l a r  r a t e  of molar wear 

a t  each o f  t h e  t h r e e  s i tes  and f o r  each sex. 



The juvenile permanent molar gradient, (Table 28) was 

compared to male and female adult wear gradient (Table 32) .  

A t  Broadbeach the Juveni le  gradient  exceeded the male 

gradient  with a d i f fe rence  s i g n i f i c a n t  a t  P < .01 leve l .  

The juvenile gradient exceeded the female gradient but not 

significantly . 
A t  Swanport the juvenile gradient exceeded both male 

and female gradients, but not significantly.  

These comparisons indicate a higher ra te  of molar wear 

i n  j u v e n i l e s  than  a d u l t  males a t  Broadbeach. I t  i s  

d i f f i c u l t  t o  say why t h i s  may be when it i s  not so for  

females or the Swanport adults. Perhaps with higher sample 

numbers the apparent juvenile excess over a l l  adult groups 

would be s t a t i s t i c a i i y  significant.  

One would expect adolescents to have a higher M 1  - M 2  

score than mature adults. The M2's are recently erupted and 

have had l i t t l e  chance to wear while Ml's have been bearing 

the  brunt of a t t r i t i o n  forces for  over s i x  years and a r e  

usually worn to several stages. For an adult whose M 2  has 

been i n  wear for twenty years the M 1  i s  unlikely to  maintain 

the same excess of a t t r i t i on .  The M 1  now has the M 2  and M-3 

to share the s t ress ,  and the loss of the childhood deciduous 

molars has been largely compensated by the eruption of the 

premolars. I n  adulthood the M 2  should close the wear gap 



w i t h  t h e  M 1 ,  and one would expec t  j u v e n i l e  molar  g r a d i e n t s  

t o  exceed t h o s e  of a d u l t s ,  j u s t  as is seen  above. 

Anterior and Posterior Tooth Wear 

Comparisons were made between a n t e r i o r  and p o s t e r i o r  

t o o t h  wear by  s u b t r a c t i n g  I1 wear from M 1  wear i n  j a w s  t h a t  

had b o t h  t e e t h .  U n f o r t u n a t e l y  i n c i s o r s  a r e  commonly l o s t  i n  

excava ted  specimens,  b u t  s u f f i c i e n t  numbers were o b t a i n e d  t o  

r e v e a l  a p a t t e r n .  The r e s u l t s  are g iven  i n  Table  33, upper 

and lower j a w s  a r e  combined. 

Table  33 

M 1  Minus 11 Mean Wear i n  Adu l t s  
- 

Swanpor t Of x -0.75 n 6 S.D. 2.32 

- 
Swanport Q x 0.60 n 5 S.D. 1.47 

- 
Murray B a s i n O f  x -0.60 n 5 S.D. .55 

- 
M u r r a y B a s i n Q  x -0.71 n 7 S.D. .76 

Broadbeach Of E 2.05 n 11 S.D. 1.39 

- 
Broadbeach 9 x 1.00 n 6 S.D. 1.52 



Comparisons 

SP : BB S i g n i f i c a n t  P < .01 

SP : BB N o t  s i g n i f i c a n t  

MB : BB S i g n i f i c a n t  P < .O1  

MB : BB S i g n i f i c a n t  P  < .05 

SP : ME3 N o t  s i g n i f i c a n t  

SP : MB N o t  s i g n i f i c a n t  

SP d :  Q Not s i g n i f i c a n t  

MB d :  Q Not s i g n i f i c a n t  

BB d :  9 Not s i g n i f i c a n t  

These r e s u l t s  r e i n f o r c e  t h e  p a t t e r n  revea led  i n  Table 

29. The i n c i s o r  wear o f  Swanport males is  s o  much s t r o n g e r  

t h a n  a t  B r o a d b e a c h  t h a t  t h e  c o m b i n e d  s e x e s  show a  

s i g n i f i c a n t  d i f f e r e n c e  between s i t e s  even though Swanport 

f emales  f o l l o w  t h e  Broadbeach p a t t e r n .  

Of t h e  t h r e e  sites t h e  Murray Basin shows t h e  g r e a t e s t  

prominence of i n c i s o r  wear. 

When a d o l e s c e n t  M 1  : I1 wear (Table 30) is c o n t r i b u t e d  

t h e  p a t t e r n  i n  a d u l t s  i s  s t r eng thened .  There is a  marked 

d i f f e r e n c e  i n  a n t e r i o r  r e l a t i v e  t o  p o s t e r i o r  t o o t h  wear  

between the Murray River  s i t e s  o f  Swanport and Murray Basin 

and t h e  Queensland c o a s t a l  s i t e  of Broadbeach. I n c i s o r  wear 



exceeds molar wear i n  Murray Basin females and males, and 

Swanport males and adolescents. Molar wear exceeds incisor 

wear i n  Broadbeach males and females and Swanport females. 

The juvenile to adult comparisons of tooth row lengths 

given i n  Table 20 support the above pattern. Swanport adult 

a n t e r i o r  t ee th  were reduced f a r  more than were pos te r io r  

teeth,  and the opposite was true a t  Broadbeach. 

Table 34 gives anterior wear relat ive to  posterior wear 

i n  adults from the three s i tes :  

Table 34 

M 1  Wear Relative to  I1 Wear i n  Adults 

Swanpor t 
Murray Basin 
Broadbeach 

Adults + Juveniles > 12 .5  years - 
Broadbeach 6 
Swanport + Murray Basin 26 

Swanport: Males 
Females 

Murray Basin: Males 
Females 

Broadbeach: Males 
Females 

A l l  Si tes:  Males 
Females 



Chi square t e s t s  were done on these figures. Patterns of 

re la t ive  M 1  wear to  I1 wear were tested. The comparison of 

Swanport t o  Broadbeach gave a  s ignif icant  difference ( P  < .01). 

Swanport shared the pattern with Murray Basin but it was not 

a s  s t rong and the  s i t e s  were s i g n i f i c a n t l y  d i f f e r e n t  

( P  < .01). 

Juveniles > 12.5 years old were added to  the adults  and - 
the two Murray River s i t e s  (Murray Basin and Swanport) were 

combined for a  comparison with Broadbeach. The difference 

was highly significant  ( P  < <  .01) 

Sexes from a l l  s i t e s  and from s i t e s  s epa ra t e ly  were 

compared and there was no significant  difference. 

The ana lys i s  of Table 3 4  supports  the  o the r  ana lys i s  

given above. A consistent pattern is clear: adults from 

the Murray River s i t e s  show anterior  tooth wear in excess of 

p o s t e r i o r  too th  wear while a t  Broadbeach the  opposi te  i s  

t rue .  An explanation for  t h i s  d i f f e rence  i n  p a t t e r n  of 

too th  wear between the  Murray River s i t e s  and Broadbeach 

w i l l  be discussed in the next chapter. 



Environment and Economy - 

The Murray River 

The Aborigines of the Murray River and i t s  mouth, whic 

include the  areas  of the  Swanport and Murray Basin samples, 

inhabited a bountiful  environment with p l e n t i f u l  and d iverse  

food resources (Kref f t  1862; Beveridge 1883, Lawrence 1968; 

Jenk in  1979).  F i sh ,  s h e l l f i s h ,  b i r d s ,  s m a l l  mammals, 

kangaroos and emus, and vegetable foods were eaten. 

Kref f t  (1862) observed t h a t  the  people of the Murray a t e  

f i s h ,  p r i n c i p a l l y  Murray Cod, S i l v e r  P e r c h  ( L a t e s  --- 
colonorum), - C a t f i s h  (Copidoglanis  t andanus ) ,  and Manor 

(Chatoessus  --- come); l a r g e  c r a y f i s h  (Potamobius s e r r a t u s ) ;  -- 
mussel s h e l l s  (Unio); s i x  or more species  of duck; emus and 

possums (Phalangista vulpina) which were p l e n t i f u l  and easy 

t o  catch in  the mallee; and kangaroos and wallabies.  The 

o n l y  v e g e t a b l e s  he saw e a t e n  were Quandong and a type  o f  

root  the s i z e  of a radish.  

Beveridge (1883) observed on the Murray t h a t  f i s h  a re  

the  p r inc ipa l  food which fo r  e igh t  months of the year a re  

a v a i l a b l e  i n  superabundance. Mammals such a s  kangaroos,  

wal labies  and possums; emus; and aquat ic  wildfowl, l iv ing  



i n  g r e a t  p r o f u s i o n  and d i v e r s i t y  i n  t h e  l a k e s ,  were a l s o  

eaten. During fowl breeding season g rea t  numbers of eggs 

were ea ten .  Water l i l y  r o o t s  and reed  shoo t s  were much 

eaten. In the winter when food was l e s s  abundant the people 

resorted t o  any l iv ing  thing including frogs and dogs. 

Lawrence (1968) l i s t s  s e v e r a l  s p e c i e s  of p l a n t s  of 

which the  roots ,  f r u i t s ,  seeds o r  leaves and flowers were 

eaten. Archaeological evidence from the Murray River s i t e s  

of Devon Downs, Tantanga and Fromm's Landing revealed food 

remains of large numbers of mussel s h e l l s  (Unio), c rayf ish ,  - 
f i s h ,  t o r t o i s e s ,  snakes,  l i z a r d s ,  band icoo t s ,  possums, 

wallabies,  kangaroos, wombats, r a t s  and dingoes (Lawrence 

1968 : p. 95).  A wide v a r i e t y  of  food r e s o u r c e s  seems t o  

have been e x p l o i t e d  w i t h  a c o n c e n t r a t i o n  f o r  most of t h e  

year upon f i sh .  

Jenkin (1979) and Campbell (1939) r e f e r  t o  the steaming 

of p lant  and animal foods i n  ea r th  ovens by the Ngarr indjer i  

of the Swanport area. According t o  Jenkin these aborigines 

were wel l  known among Europeans f o r  t h e i r  cul inary a b i l i t y  

and for  the e f f i cacy  of t h e i r  steaming oven. These ear th  

ovens a re  t o  be found throughout the  Murray River area.  



Broadbeach 

Lawrence (1968) in h i s  study of the economy of the New 

South Wales and nor th  Queensland c o a s t  found a gene ra l  

specia l iza t ion  of marine food exploi tat ion.  The coastal  

abo r ig ine s  l i v e d  l a r g e l y  on f i s h  and s h e l l f i s h ,  bu t  they 

a l s o  a t e  l a n d  mammals, b i r d s ,  p l a n t  f o o d s ,  and t h e  

occasional sea mammal. Coastal midden excavations a t  Gymea 

Bay near Sydney revealed tha t  9 2  percent of the food remains 

were of  e s t u a r i n e  s h e l l f i s h ,  whi le  f i s h  and animal  bones 

were represented. A t  Curacurrang on the south coast of New . 

South Wales she l l f i sh  comprised a smaller percentage of food 

remains while land mammals, whale, sea l ,  birds and f i s h  was 

represented (Lawrence 1968 : P 140). 

Early s e t t l e r s  observed the hunting of land mammals and 

t h e  c o l l e c t i o n  o f  b e r r i e s ,  yams and f e r n  r o o t s  ( ~ a w r e n c e  

1968). On the north Queensland coast marine resources were 

s imi la r ly  important. 

Broadbeach bur ia l  s i t e  is s i tua ted  back from a sandy 

c o a s t a l  beach i n  an a r e a  of lagoons and swamps. A f u l l  

range of marine .and e s t u a r i n e  f i s h  and s h e l l f i s h  were 

a v a i l a b l e  f o r  e x p l o i t a t i o n .  The s i t e  excavat ion  y ie lded  

food remains of mussel she l l s  as well  as a range of small 

land mammals. These mammals included t h e  bandicoot  



(Isoodon) , the long-nosed bandicoot (Erameles nasuta) , the 

brush-tailed possum (Trichosurus vulpecula) , the pademelon 

(~hylogale)  , the red-necked wallaby (Macropus rufogrisea) , 

and r a t s  and mice. Snake and l i z a r d  remains were found 

(Haglund 1976). 

The Broadbeach d ie t  can be generalized as primarily of 

f i s h  and s h e l l f i s h  with some land mammals, r e p t i l e s  and 

vegetable foods. 

Though Broadbeach is far  from Swanport and the Murray 

Basin and the environments are quite different ,  the overall 

complex of foods eaten is  s imi la r .  Broadbeach people 

probably exploi ted r e l a t i v e l y  more s h e l l f i s h ,  and Murray 

people probably exploited r e l a t i v e l y  more f i s h  and la rge  

land animals l ike  the kangaroo and emu. 

One would not expect these similar dietary complexes to 

resu l t  in  major differences in the ra te  and degree of dental 

a t t r i t i on .  Shellfish contaminated w i t h  sand and w i t h  sand 

i n  the  gut  of the  animal a r e  abrasive on t ee th ,  and t h e i r  

probable higher consumption a t  Broadbeach may have led to 

higher levels of a t t r i t i on .  However, a t t r i t i o n  from such a 

source would primarily affect  the molars and as demonstrated 

i n  Chapter 4, Broadbeach molar wear exceeded t h a t  of 

Swanport i n  juveniles,  but for  Murray Basin and Swanport 

a d u l t s  very l i t t l e  i f  a t  a l l .  The markedly d i f f e r e n t  



p a t t e r n s  of  t oo th  wear between Broadbeach and Swanport and 

Murray Basin cannot be explained by d i e t a r y  d i f f e r ences  due 

t o  environment. The cause must be sought i n  t h e  m a t e r i a l  

c u l t u r e .  

Nets and Netting 

According t o  Jenkin the  Ngar r ind je r i  of t he  Swanport 

a r e a  "were outs tanding craf tsmen i n  wood and l ea the r ,  bu t  

t h e i r  f o r t e  was t h e i r  b a s k e t r y ,  n e t t i n g  and ma t t i ng" .  

( J e n k i n  1979 : P 14 ) .  H i s  book i n c l u d e s  a photograph  o f  

b e a u t i f u l  and soph i s t i ca t ed  examples of these  c r a f t s .  

The Murray R ive r  t r i b e s  used G i a n t  Mallow f i b r e  t o  

manufacture coarse  cords from which they made l a r g e  n e t s  100 

ya rds  long, f o r  catching emus (Beveridge 1883). According 

to  Beveridge these  l a rge  n e t s  were made by men while smal l  

n e t s  and w a i s t  bands were made by women. 

K r e f f t  (1862) recorded the  manufacture and use of n e t s  

a l o n g  t h e  Murray. N e t t i n g  was used f o r  f i s h i n g  and f o r  

domes t ic  u t e n s i l s  such as  ca r ry ing  bags. Kre f f t  descr ibed 

t h e  ope ra t ion  of  producing f i b r e  from t h e  roo t s  of t he  reed,  

Typha s h u t t l e w o r t h i i :  

"when enough 'wongal' is roasted the  whole t r i b e  
s i t  a round  t h e  f i r e  and chew most  v i g o r o u s l y ;  
lumps of r e j e c t e d  f i b r e  a r e  a f te rwards  c o l l e c t e d  
by the  women and spun i n t o  threads"  ( K r e f f t  1962 : 
P 361).  



The root  contains a small amount of saccharine matter and 

considerable f i b r e ,  but it appears t o  be the  l a t t e r  which is 

i n  chief  demand. 

" I f  we take in to  consideration the  la rge  ne ts  fo r  
c a t c h i n g  w a t e r - f o w l  i n  u s e ,  i t  i s  i n d e e d  
a s t o n i s h i n g  how g r e a t  t h e  pe r severence  of t h e s e  
people (and how sound t h e i r  t ee th )  must have been, 
and it i s  n o t  t o  be  wondered a t  t h a t  t h e  
p o s s e s s i o n  of  one of t h e s e  n e t s  has  always been 
considered t o  be a s o r t  of fortune t o  i t s  owner" 
(Kre f f t  1862 : p. 361). 

Lawrence (1968) noted t h a t  while the  eas tern  coas ta l  

, peop le  g e n e r a l l y  knew of n e t s  they  used them l i t t l e  and 

u s u a l l y  r e s t r i c t e d  t h e i r  use t o  p rov id ing  c a r r y i n g  bags. 

' T h e  use of hunting ne ts  was not recorded. 



DISCUSSION AND CONCLUSIONS 

The preceding discussion of the importance of nets in 

the material culture of the Murray River peoples and the i r  

absence on the e a s t  coast  provides an answer to  the 

different  patterns of tooth wear between Broadbeach and the 

Murray River s i tes .  

The heavy anterior tooth wear seen in the Murray Basin 

and a t  Swanport is  almost certainly the resu l t  of chewing 

roots  to  produce f i b r e  and the use of t h a t  f i b r e  in  the  

manufacture of cords and ne ts .  Net manufacture probably 

required knot t ing and nipping cords w i t h  the  inc isors .  

Strong anterior tooth wear is general to  both sexes in the 

Murray Basin, and is seen among adult males and adolescents 

a t  Swanport. The adolescents  appear t o  have adopted the  

adu l t  task of net  o r  cord manufacture. Why the  Swanport 

females do not show higher anterior re la t ive to  posterior 

tooth wear is not apparent. Perhaps Beveridge' s observation 

that  men manufacture large, coarse nets while women make 

small nets provides an answer or par t  of an answer. Perhaps 

the sex difference is merely the resul t  of the small sample 

sizes. 



Clearly the Broadbeach people lack the pattern of very 

heavy anterior tooth wear, and just as clearly they d id  not 

manufacture large nets. This i s  strong evidence to  support 

the claim of an industrial  source for a  heavy anterior tooth 

wear. Schulz (1977) provides evidence of i n d u s t r i a l l y  

caused grooves on the anterior teeth of California Indians, 

and Hinton (1981) p rov ides  examples of Eskimos and 

Aborigines using anterior teeth as tools. 

The pos te r io r  deciduous t e e t h  l i k e  the pos ter ior  

permanent t ee th  of juveniles reveal  d i f fe rences  in  wear 
I 

between the s i t e s ,  but the differences are not consistent. 

The deciduous molar wear gradient  shows no d i f fe rence  

between s i t e s ,  but the  regression ana lys is  shows the  
4 

Swanport dm2's wearing fas ter  than the other s i tes .  Both 

the molar wear gradient  and the  regression ana lys is  show 

Broadbeach juveniles with a  higher ra te  of permanent molar 

wear than a t  Swanport. I t  is  a  pity that  too few deciduous 

incisors ex is t  to  reveal a  pattern of anterior wear relat ive 

to  posterior wear. I t  is  not assumed tha t  industrial  task 

a c t i v i t i e s  would be revealed i n  deciduous tooth wear as 

nothing such i s  revealed i n  the  permanent t e e t h  of pre- 

pubescent children from Swanport. 



Sex difference in  a t t r i t i o n  pattern and degree seems t o  

be limited to  Swanport as previously discussed. This may be 

a r e su l t  of sexual division of labour, but the case for t h i s  

is not strong. 

Tooth s i z e  d i f f e rences  do not appear t o  r e s u l t  i n  

a t t r i t i o n  r a t e  d i f f e rences  i n  the  way expected. Smith, 

Brown and Wood (1981) show tha t  the Broadbeach population 

has the longest (but not wider) teeth of the three groups. 

These l a r g e r  t e e t h  do not experience a slower r a t e  of 

a t t r i t i on .  In fact ,  the Broadbeach juveniles experience. a 

f a s t e r  r a t e  of wear of permanent molars than those of 

Swanport. There appears t o  be no difference in  molar wear 

ra te  of adults,  but small samples may obscure a difference. 

Environment as such, and such dietary differences as  

e x i s t  between t h e  t h r e e  s i t e s  do no t  f i n d  a s t r o n g  

reflection in  tooth a t t r i t i o n  ra tes  or degrees. Broadbeach 

j u v e n i l e s  have a h i g h e r  r a t e  of molar wear than  a t  

Swanport. These d i f f e rences  probably r e f l e c t  d i e t a r y  

differences, but i f  so it is d i f f i c u l t  to  explain why the 

comparison between s i t e s  i s  not  cons i s t en t  throughout 

childhood. No such difference in  molar wear in adults i s  

found between s i tes .  Richards and Brown (1981) found t h i s  

to  be true for the diverse northern Australian environments 



of Haas t ' s  Bluff and Kalumburu. I n d u s t r i a l / c r a f t  a c t i v i t y  

i s  presented a s  t h e  cause  of  t h e  d i f f e r e n t  d e n t a l  a t t r i t i o n  

p a t t e r n s  revea led  i n  t h i s  study.  



Ind iv idua l s  from t h e  S i t e s  
A t t r i t i o n  Scores  and Funct ional  Ages 

Ind iv idua l  number includes  t h e  number f o r  t h i s  s tudy 

and the  i d e n t i f i c a t i o n  number assigned by the  i n s t i t u t i o n s  

holding t h e  c o l l e c t i o n s .  

Age is the  assigned age of t he  i nd iv idua l .  

Where both r i g h t  and l e f t  s i d e  t e e t h  a r e  p re sen t  only  

one is  g i v e n ,  u n l e s s  t h e  two s c o r e s  d i f f e r .  The t o o t h  i s  

given followed by t h e  func t iona l  age and a t t r i t i o n  score ,  

f o r  example, dm2 - 3.0 - 2; dm1 - 4.0 - 4; U = upper jaw, L 

= lower jaw. 

Ind iv idua l  Age Teeth, Functional  Ages, and A t t r i t i o n  Scores 

Swanpor t 
1. A48 5.3 U. dm2 - 2.9 - 4; dm1 - 4.0 - 5; dc - 3.7 - 6 

7. A82 3.0 U. dm2 - 0.6 - 1; dm1 - 1.7 - 3,5; d i 2  - 1.9 - 6; 
d i l  - 2.4 - 6; 



I n d i v i d u a l  Age Teeth ,  F u n c t i o n a l  Ages, and A t t r i t i o n  Scores  

8. A 8 8  6.6 U. dm2 - 4.2 - 4; dm1 - 5.3 - 6; dc  - 5.0 - 7; 
d i 2  - 5.7 - 7; d i l  - 5.8 - 6; 

L. dm2 - 4.3 - 4; dm1 - 5.3 - 4; dc - 5.0 - 7,  
d i 2  - 5.5 - 6; d i l  - 6.0 - 6; 

dm2 - 0.1 - 0; dm1 - 1.2 - 5; dc  - 1.6 - 6; 
d i 2  - 1.6 - 6; d i l  - 1 .7  - 2;. 

15.  A128 7.5 U. dm2 - 5 .1  - 6; dm1 - 6.2  - 7; dc  - 5.9 - 8; 
M 1  - 1.1 - 3; 

16 .  Al l6  7.5 U. dm2 - 5 .1  - 6; M I  - 1.1 - 4; 

17.  A232 2.3 U.  dm1 - 1.0 - 1; d i l  - 1.5  - 2; 

L. d m 1  - 1.0 - 1; d i l  - 1.2  - 4; d i l  - 1 . 7  - 4; 

18. A235 7.3 U. dm2 - 4.9 - 6;  dm1 - 6.0 - 6; M 1  - 0.9 - 2; 



Individual  Age Teeth, Functional Ages and A t t r i t i o n  Ages 

24. A99 d Adult U .  

26 A100 Q Adult U. 

18 .4  

L. 

27. A63 Q Adult U. 



Individual Age Teeth, Functional Ages and Attrition Scores 

28. A304 9 Adult U. M3 - 4; M2 - 6; M1 - 7.8; P4 - 6; C - 8; 

29. A57 Q Adult U. M3 - 6; M2 - 7; M1 - 9; P3 - 9; C - 8,9; 
I2 - 7,8; I1 - 8,9; 

31. A13143 3.6 U. dm2 - 1.2 - 4; dm1 - 2.3 - 6; dc - 2.0 - 5; 
di2 - 2.7 - 7; dil - 2.8 - 7; 

37. A38588 3.6 U. dm2 - 1.2 - 2; dm1 - 2.3 - 5; 
L. dm2 - 0.7 - 3; di2 - 1.1 - 2; dil - 1.2 - 6; 

38. A38632 2.0 U. dm1 - 0.7 - 3; di2 - 1.1 - 2; dil - 1.2 - 6; 



- 

I n d i v i d u a l  Age Teeth ,  Func t iona l  Ages,  and A t t r i t i o n  S c o r e s  

L. dm2 - 2 . 3  - 6; dm1 - 3 . 3  - 5; dc  - 3 . 0  - 7 ;  
d i 2  - 3 . 5  - 6; d i l  - 4.0 - 6; 

Murray Bas in  

4 9 .  4100 6 . 0  U .  dm2 - 3 . 6  - 5; dm1 - 4 . 7  - 6; d i 2  - 5 . 1  - 7; 
d i l  - 5 . 2  - 7; 



Individual  Age Teeth, Functional Ages and A t t r i t i o n  Scores 

L. dm2 - 1 . 6  - 1; dm1 - 2 .5  - 1; dc - 2.2  - I; 
d i 2  - 2 . 7  - 2; d i l  - 3.2  - 4; 

56. 4093 2 . 8  U .  dm2 - 0 . 4  - 1; dm1 - 1 . 5  - 5; d i 2  - 1 . 9  - 6; 
d i l  - 2 . 0  - 4; 



I n d i v i d u a l  Age Teeth ,  F u n c t i o n a l  Ages, and A t t r i t i o n  Scores 

U. dm2 - 7.9 - 3; dm1 - 9.0 - 8; M 1  - 3.9 - 3; 

L. dm2 - 8.0 - 6; dm1 - 9.0 - 7; M 1  - 3.9 - 3, 

U .  dm2 - 4.4 - 6; dm1 - 5.5 - 8; d i l  - 6 .0  - 3; 
M 1  - 0 .4  - 3,4 ;  

U. dm2 - 5.7 - 6; dm1 - 6.8 - 7; d i 2  - 7.2 - 3; 
M 1  - 1.7 - 2; 11 - 1.1 - 4 

L. dm2 - 5.8 - 7; dm1 - 6.8 - 7; M 1  - 1.7  - 4; 
I 2  - 0.9 - 3; I1 - 1 .5  - 4; 

U. dm2 - 8.6 - 6;  M 1  - 4.6 - 3; I 2  - 2.5 - 3; 
I1 - 4.0 - 4; 

U.  dm2 - 5.0 - 6; dm1 - 6.1 - 7; M 1  - 1.0 - 3; 
I1 - 0 . 4  - 3; 

L. dm2 - 5 . 1  - 6; dm1 - 6 . 1  - 7; M 1  - 1.0 - 3; 
I 2  - 0.2 - 1; 11 - 0.8 - 1; 

" U. dr?i2 - 8.6 - 6; Chi - 9.7 - 7; d~ - 9.4 - I ;  

M 1  - 4.6 - 3; I 2  - 2.5 - 3; 

U .  dm2 - 4 . 1  - 3; M 1  - 0.1 - 0; 

L. dm2 - 2.7 - 5; dm1 - 3.7 - 6;  d c  - 3.4 - 7; 
d i 2  - 3.9 - 7; d i l  - 4.4 - 7; 

U .  dm2 - 4 .1  - 6 ;  dm1 - 5.2 - 6;  

U. dm2 - 4.1  - 6; dm1 - 5.2 - 7; M 1  - 0.1 - 2; 

U. dm2 - 7.1 - 7,107 M 1  - 3.1 - 3; 

U. dm2 - 5.1 - 6,7; dm1 - 6.2 - 10; 
M 1  - 1.1 - 2; 

L. dm2 - 5.2 - 7; dm1 - 6 . 2  - 7; d i 2  - 6.4 - 6; 
I 2  - 0.3 - 0; I1 - 0.9 - 0; 

U. dm2 - 5.6 - 5; dm1 - 6.7 - 6; d c  - 6.4 - 7; 

L. dm2 - 5.7 - 6;  dm1 - 6.7 - 4; d c  - 6.4  - 7; 
M 1  - 1 .6  - 2; I 2  - 0.8 - 1; 



I n d i v i d u a l  Age Tee th ,  F u n c t i o n a l  Ages, and A t t r i t i o n  S c o r e s  

77. 3376 2.0 L. d m 1  - 0.7 - 2; d i l  - 1.4  - 3; 

78. 2669 6.8 L. dm2 - 4.5 - 5 ;  dm1 - 5.5 - 5; dc - 5.2 - 6; 
d i l  - 5.7 - 6; d i l  - 6.2 - 6; 

80. 2667 2.5 L. dm2 - 0.2 - 1; dm1 - 1 . 2  - 2; dc - 0 .9  - 2; 
d i 2  - 1 . 4  - 5 ;  d i l  - 1.9 - 5;  

81. 3511 3.3 L. dm2 - 1.0 - 2; dm1 - 2.0 - 4,6; d c  - 1.7 - 
5; d i 2  - 2.2 - 6; d i l  - 2.4 - 6; 



Individual Age Teeth, Functional Ages, and A t t r i t i o n  Scores 

86. 102 9 Adult 

87.  L47 OAdult 

92. 3688 9 Adult 

Broadbeach 

99. B1 8 . 0  U .  dm2 - 5 .6  - 8; dm1 - 6 . 7  - 8; M1 - 1 . 6  - 1; 



I n d i v i d u a l  Age Teeth ,  F u n c t i o n a l  Ages, and A t t r i t i o n  Scores  

11.5 U. M2 - 0 - 0; M 1  - 5.1 - 3; P3 - 1.2  - 0; 
C - 1.0 - 0; dm2 - 9 .1  - 7;  

L. M 1  - 5.1  - 5 ;  P3 - 1.0 - 0 ;  C - 1.5 - 0; 
I1 - 4.9 - 6; dm2 - 9.2 - 7; 

8.0 U. M 1  - 1 .6  - 3; dm2 - 5.6 - 6; dm1 - 6.7 - 8; 

L. M 1  - 1.6 - 3; I1 - 1 . 4  - 6; dm2 - 5.7 - 7; 
dm1 - 6.7 - 8; 

11.3 U. M 1  - 4.9 - 3; 

L. M 1  - 4.9 - 4; C - 1 . 3  - 0; I 2  - 4.1 - 6; 

3.1 U .  dc  - 1.5  - 5; d i l  - 2.3 - 6; 

L. dm2 - 0.8 - 3; dm1 - 1.8 - 5; dc  - 1.5 - 6; 

4.7 U.  dm1 - 3.4 - 6; d c  - 3.1 - 7; d i 2  - 3.8 - 7; 
d i l  - 3.9 - 7; 

L. dm2 - 2.4 - 6; dm1 - 3.4 - 6; d i l  - 4.1 - 7; 

7.5 U. M 1  - 1.1 - 2; I 2  - 0.3 - 2; I1 - 0.9 - 2; 
dm2 - 5 .1  - 6; dm1 - 6.2 - 7; 

L. dm2 - 5.2 - 6; dm1 - 6.2 - 6 ,7 ;  M 1  - 1.1 - 3; 
I 2  - 0.3 - 0; I1 - 0.9 - 0; 

5.6 U. d i 2  - 4.5 - 6;  d i l  - 5.0  - 7; 

L. dm2 - 3.3  - 5,6;  dm1 - 4.3 - 5; dc  - 4.0 - 6; 

2.5 U.  dm2 - 0.1 - 0; dm1 - 1.2  - 0; dc  - 0.9 - 0; 

L. dm2 - 0 . 2  - 0; dm1 - 1.2  - 1; 



Individual  Age Teeth, Functional Ages, and A t t r i t i o n  Scores 

7 . 0  U. dm2 - 4 . 6  - 7; dm1 - 5 ,7  - 8; M1 - 0 . 6  - 1; 
dc - 5.4 - 7; d i l  - 6 . 2  - 8; 

1 . 6  L .  dm1 - 0 . 3  - 1; d i l  - 1 . 0  - 6; 



- -- 

Individual Age Teeth, Functional Ages, and At tr i t i on  Scores 

L .  dm2 - 3 . 0  - 6; dm1 - 4 . 0  - 7; d i 2  - 4 . 2  - 6; 
d i l  - 4.7 - 6 , 7 ;  

124. B104 3.7 U. dm2 - 1 ,3  - 5; dm1 - 2.4 - 8,10; d i 2  - 2.8 - 
6; d i l  - 2 .9  - 6; 



Indiv idual  Age Teeth, Functional  Ages, and A t t r i t i o n  Scores 

136. B137 3.0 U. dm2 - 0.6 - 5; dm1 - 1.7 - 5,6; d i l  - 2.2 - 
7; 

L. dm2 - 0 . 7  - 3; dm1 - 1 . 7  - 5; dc - 1 . 4  - 5; 
d i 2  - 1 . 9  - 6 , 8 ;  d i l  - 2 . 4  - 9; 



I n d i v i d u a l  Age Teeth, Func t iona l  Ages, and A t t r i t i o n  Scores  



Individual Age Teeth, ,Functional Ages, and Attrition Scores 



-- - 
Photographs of Tooth Wear 

Swanport  I n d i v i d u a l  2 2 .  1 7  y e a r s  o l d .  Th i s  i n d i v i d u a l  
shows very l i t t l e  tooth  wear. Male. J l t t r i t i o n  stages:  R M ~  - 1, M~ - 2, M1 -2 5, p4 - 3 ,  C - 2,  1 - 3 ,  L - 3 ,  C - 2 ,  
p3 - 3 ,  M1 - 4, M - 2 ,  M3 - 0. 



Swanport. Indiv idual  20. Adult male. Swanport p a t t e r n  of 
heavy a n t e r i o r  wear. A t t r i t i o n  stages:  R M3 - 1 M2 - 8 p3 - 9, L - 10, C - 9, p3 - 8, G4 - 6, - M 7i - 8, M1 - 7 ,  ;3 -' 1. 
Note v a r i a b i l i t y  i n  wear be tween t h i s  i n d i v i d u a l  and 
Indiv idual  22 who has  s i m i l a r  M3 wear. 

I 

I 

1 
Swanpox L. l r w r v  ruuaL LJ. 

heavy a n t e r i o r  wear. A t t r i t i o n  s tages:  R M3 - 4, M2 - 6, 
M1 - 7, p4 - 6, p3 - 5, C - 5, I' - 6. 1l - 8, L 1' - 8. C - 
5 ,  p3 - 4, - 8, M~ - 7, M3 - 9. 
Note d i f f e r e n c e  i n  l e f t  and r i g h t  M3 wear. 



Broadbeach. Individual 143. Adult 
of l ' g h t  anter ior  wear. At t r i t ion  t 7 M - 9, p4 - 7, p3 - 7 ,  C -  
1' - 7, C - 7. p3 - 7, p4 - 7, MIf - 

Broaabeach. Individual 143. Att r i t ion  stages: R M3 - 7, M~ - 
8, M1 - 9, P4 - 8, P3 - 7, C - 7, I2 - 6, I1 - 7, L I1 - 7, 
' 2 -  7, C - 7, P3 - 7, Pq - 8, M1 - 9, M2 - 8, M3 - 7. 



. , .> 
Murray ~asfn. 1ndividGal 87. Adult female with sever 
attrit'on. Attrition sta ear R M3 - 8, p2 - 9, 3 ~ 1  - 8, P 2 - 8, P3 - 11, L C - 11. P' - 8, M1 - 8, M - 7, M - 7. 

Murray Basin. Individual 87. Attrition Stages: R M1 - 12, 
p4 - 9, P3 - 9, C - 9, I2 - 11, L C - 9, P3 - 9, P4 - 9. 

I 



Swanpor t .  I n d i v i d u a l  15 .  
A t t r i t i o n  s t a g e s -  R MI - - 7,  dm1 - 7,  dm2 - 6 ,  

Age 7.5. Dec iduous  t o o t h  wear .  
3, dm2 - 6, dm1 - 7, dc  - 7, L dc - 3. 

Swanpo'r t .  I n d i v i d u a l  3 8 .  Age 2. D e n t i n e  e x p o s u r e  on 
deciduous  i n c i s o r .  A t t r i t i o n  s t a g e s :  R dm1 - 3, d i l  - 6, L 
d i l  - 6 ,  d i 2  - 2, dm1 - 3 .  



- - - - 1 
a- -. 

Murray Basin. Individual 66. Age 8.1. Deciduous molar . 
< wear. Attrition stages: R M1 - 4, dm2 - 7, I2 - 3, I1 - 4, 

L I1 - 4, I2 - 3, dml - 7, dm2 - 7, M1 - 4. k; ' 



Tooth Formation Age Standards, and 
Stages Scored for Individuals 

Mean Ages for Formation Stages of Teeth. Skinner's adaptation of 
Haavikko (1970) Ages for males, in years. 

Tooth Formation Stage Maxilla: Dispersion Mandible: Dispersion 
Mean Mean 

dil A. Calcification 
in crypt 

B. Initial Crown 
formation 

C. Crown One Half 

D. Crown Complete 

E. Root Initiation 

F. Root Advanced 

G. Apical Canal 
Open 

H. Apical Canal 
Closed 





Tooth Formation Stage Maxilla: Dispersion Mandible: Dispersion 
Mean Mean 



Tooth Formation Stage Maxilla: Dispersion Mandible: Dispersion 
Mean Mean 



[ Tooth Formation Stage Maxilla: Dispersion Mandible: Dispersion 
k 
i 

Mean Mean 



i 
i Tooth Formation Stage Maxilla: Dispersion Mandible: Dispersion 

t Mean Mean 



Tooth Formation Stage Maxilla: Dispersion Mandible: Dispersion 
Mean Mean 

M3 A. 9.0 7.9 - 12.3 9.8 7.6 - 14.2 
B. 9.6 8.2 - 13.4 10.5 8.6 - 14.4 
C. 12.7 8.5 - 17.3 13.0 9.0 - 14.9 



Tooth Formation Stages Scored fo r  Individuals  

Individual  Assigned Teeth and Formation Stages. 
Age Left  and Right Sides 

Swanpor t 

C-D, 
C-D, 

C-E , 
C-E, 

C-D; 
C-D, 

C-C, 
C-C, 

C-D, 
C-D, 

C-G ; 
C-G , 

C-E, 

C-F, 

C-E 
C-E 

C-C, 
C-C, 



Ind iv idua l  A s s i g n e d  T e e t h  and F o r m a t i o n  Stages 
A g e  L e f t  and R i g h t  Sides 

3.6 M1-D, P3-C, C-CI 12-D, 11-D 
M1-D, P3-C, C-C, 12-D, 11-D 

7 . 3  M2-D, MlBG, P4-Dt P3-E, C-F, 12-F, 11-G 
M2-D, M1-G, P4-D, P3-E, C-F, 1 2 - F ,  11-G 

13.5 M3-D, M2-G 
M3-D, M2-G 

3.0 M1-D, P3-B, C-C, 12-D, 11-D 
M1-D, P3-B, C-C, 12-D, 11-D 

3.6 M1-D, P4-A, P3-C, C-C, 12-D, 11-E 
M1-D, P4-A, P3-C, C-C, 12-D, 11 -E  

2 . 0  M1-C, C-B, 12-C, 11-C 
M1-C C-B, 12-C, 11-C 

7 . 5  M2-D, MI.-F, P G C ,  P3-E, IZ-E, 11-F 
M2-D, Ml-F, P 4 4 ,  P3-D, 12-E,  11-F 

4.6 M1-D, P3-C, C-D, 12-E,  11-E 
M1-D, P3-C, C-D, 12-E,  11 -E  

9.0 M2-D, M1-G, P4-D, P3-E, C-F, 12-F,  11-G 
M2-D, M1-G, P4-D, P3-E, C-F, 1 2 - F ,  11-G 

4.8 M2-B, Ml-E, P4-B, P3-C, C-D, I2 -E ,  11-E 
M2-B, M1-E, P4-Bp P3-C, C-D, 12-E,  11 -E  



I n d i v i d u a l  A s s i g n e d  T e e t h  and F o r m a t i o n  S t a g e s  
A g e  Left and R i g h t  Sides 

M u r r a y  B a s i n  

3.9 dm2-GI M2-B, M1-D, P4-A, P3-C, C-D, 12-D, 11-D 
dm2-G, M2-B, M1-D, P3-C, C-D, 12-D, 11-D 

7 . 9  M2-D, M1-G, P4-D, P3-E, C-F 
M2-D, M1-G, P4-D, P3-E, C-F, 12-G 

8 . 2  M2-D, M1-G, P4-E, P3-E, C-F 
M2-D, M1-G, P4-E, P3-E, C-F 

1 0 . 3  M2-E, M1-H, P4-E, P3-F, C-F 
M3-D, M2-E, M1-H, P4-E, P3-F 

8.1 M2-D, M1-G, P4-D, P3-E, C-F, 12-G, 11-G 
M2-D, M1-G, P4-D, P3-E, C-F, 12-GI 11-G 

5 .0  M2-B, M1-D, P4-B, P3-C, C-D, 12-EI  11-E 
M2-B, P4-B, P3-C, C-D, 12-E,  11-E 

8 0 M2-D, M1-G, P4-D, P3-E, C-F, 12-G, 11-G 
M2-D, M1-G, P4-D, P3-E, C-F, 12-G, 11-G 



Ind iv idua l  A s s i g n e d  T e e t h  and F o r m a t i o n  Stages 
A g e  L e f t  and R i g h t  Sides 

C-B, 12-C,  , I 1 - C  
C-B, 12 -C ,  11-C 

A 4 1  6.8 M2-C, MI-E, P4-C, P3-D, C-D, 12-E,  11-F 
M2-C, MI-E, P4-C, P3-D, C-D, 12 -E ,  11-F 

A 4 3  2 . 2  dm2-F, dml-G,  M1-C, P3-A, C-B, 11-D 
dm2-F,  dml-G, M1-C, P3-A, C-B, 12-D, 11-D 

A 4 4  3.3 dm2-G, dml-H, M1-D, C-C, 12-D, 11-E 
M1-D, C-C, 12-D, 11 -E  

B r o a d b e a c h  

8.0 M2-D, MI-G, P4-E, P3-E, C-F, 
1 0  -- 11-G 
L ~ L - D ,  MI-G, P4-E, rd-E, C-F 

C-F 
C-F 

M1-D, C-C, 11-D 

7 . 5  M2-D, M1-G, P4-D, P3-E, C-E, 12-G, 11-G 
M2-D, M1-G, P4-D, P3-E,  C-E, 11-G 

5.6 M2-C, M1-E, C-D, 12 -E  

1 . 3  dm2-E, dml -F ,  M1-C, C-B, 12-C 

2.8 dm2-G, dml-H,  MI-D, 11-D 
dm2-G, dml-H,  M1-C, P3-A, C-C, 12-C,  11-D 



~ n d i v i d u a l - ~ s s i ~ n e d  T e e t h  and F o r m a t i o n  Stages. 
A g e  L e f t  and R i g h t  Sides 

18.4 M3-G, M2-H, M1-H 

1.1 dm2-D, d c - E ,  d i 2 - G ,  M1-C 11-C 

1 . 2  dm2-E, d m l - F ,  M1-C 11 -C  

8.6 M3-B, M2-E, P4-E, P3-E, C-E, 

4.8 M2-B, M1-E, P3-C, C-C, 12-Dt  11-D 

8.0 M2-E, M1-G, P4-E, P3-E, C-E, 12-G, 11-G 

3 . 7  dc-G,  C-C, 12-D 

1 2  8 M3-C, M2-G, M1-H, 11-H 
M2-G, M1-H, P4-G, P3-H, C-H, 12-H 

7.4 M2-Dt M1-GI P4-D, P3-E 
M2-D, M1-G, P4-D, P3-E 

B 1 2 5  7 . 5  M2-D, M1-F, P3-D, 12-E 

B 1 2 8  13.6 M3-D, M2-G, M1-H, P4-H, 

B 1 3 4  3 . 2  MI-D C-C, 12-D 

B 1 3 7  3.0 dm2-G, dml-H,  M1-D, P3-B, 12-D, 11-D 
dm2-G, dml-H, M1-D, P3-B, C-C, 12-D, 11-D 

B 1 3 9  7 . 2  M2-D, P4-D 



166. 

Regression graphs ; Attrition : F: Age 

L 

Swanport M > 12.5 N 26 R - 8 5  
J 

SI. .40 
furhional age 

1 I I I I 
1 2 3 4 f.a. 

1 

S.P. 1 2 1 2 . 5  N 1 7  R.62 SI. .42 





/ 
3 - 

2 

1 - 

I I I I 
1 2 3 4 

1 
f .  a 

M.B. dm2 N51 R -77 SI. ~ 6 7  



M.B. 1C12 .5  R . 5 9  SL.76 



B.B. 1 < 12.5 N19 R ~ 5 6  S 1.1 .07 





B.B. d rn2 N 46 R .82 SI. .70 



All Sites M N133 SI. -39 

Al l  Sites 1 N92 R -71 SI. -47 



I I I I 
1 

I 
2 

I 
3 4 

Al l  Sites dm2 N 137 R -80 SI. -72 F. A. 

All Sites M < I ~ - 5  N 84 R -45 S1- -38 



I I I I 
1 

I 
2 

I 
3 4 

~ l l  Sites M >  12-5 N 4 9  R -83 SI. -45 EA. 

A l l  Sites I <  12-5 N 59 R '47  Sl, -77 



All  Sites 12 12.5 N33 R - 50 SI- -29 
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