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Introduction

C ontra ry  to  m ost m o d ern  dem ographic  s tu d ies , w here th e  age d is trib u tio n s  
are ta k e n  d ire c tly  from  p o pu la tion  censuses, one o f  th e  m ain  p roblem s o f a 
paleodem ograph ic  in v es tig a tio n  b ased  o n  ske le ta l rem ains is ac tu a lly  to  e s ta 
b lish  th e  n u m b e r of in d iv idua ls in each  age g roup . D e te rm in a tio n  o f th e  age a t  
d e a th  of an  in d iv id u a l fro m  its sk e le ta l rem ain s is alw ays carried  o u t w ith  
som e u n c e r ta in ty , depend ing  on th e  in d iv id u a l v a r ia b ili ty  in  th e  developm ent 
o f age d e te rm in in g  ch arac te ris tic  u tiliz ed . E v en  th e  age o f sm all ch ild ren  can  
n o t be e s tim a ted  w ith o u t a  probable e rro r  in  th e  d e te rm in a tio n  o f one or m ore 
years, w ith  th e  exception  o f foetuses, s till-b o rn  and  sucklings dead  d u ring  th e  
f irs t  few m o n th s  of life. W ith  increasing  age th e  p robab le  e rro r in  th e  age 
d e te rm in a tio n  increases.

The n a tu ra l consequence is th a t in d iv id u a l age d e te rm in a tio n s generally  are 
given in  te rm s o f age in te rv a ls , w ith in  w hich  lim its  th e  tru e  ages of th e  in d i
v iduals are reg a rd ed  to  lie , a t least w ith  a h igh  degree of p ro b ab ility . T he 
in te rv a ls  m ay  be reduced  to  a ce rta in  e x te n t depend ing  on how  m an y  age 
determ in ing  ch a rac te ris tic s  are know n an d  on th e  u tiliz a tio n  of such  ch arac 
te ris tics . A ccordingly , th e  more crude  or less well p reserved  age dete rm in in g  
charac te ris tic s , th e  g rea te r  th e  u n c e r ta in ty  o f th e  in d iv id u a l age d e te rm in a tio n s 
an d  th e  w ider th e  age in te rv a ls  th a t  m u s t be a d m itte d .

In  sp ite  o f th e  d ev e lopm en t of new  a n d  b e t te r  m eth o d s for th e  d e te rm in a tio n  
of in d iv id u a l age a t  d e a th , skeletal m a te r ia ls  fo r w hich only  rough  age d e te r 
m inations can  be  m ade s till  tu rn  up . S uch  s itu a tio n s  occur w henever th e  m a te 
ria l itse lf  is b a d ly  p rese rv ed , for in s ta n c e  w hen  th e  sk e le ta l rem ains are frag 
m e n ta ry  or w hen  th e  in d iv idua ls are  c re m a te d . T hey  also occur w hen th e  age 
determ in ing  ch a ra c te ris tic s  are u n c e rta in , an d  w hen  on ly  a m inor n u m b er o f 
age de te rm in in g  ch arac teris tic s  can b e  considered . In  such cases i t  is o ften  only 
possible to  de te rm ine  each  ind iv idual’s age as be ing  w ith in  one o f a n u m b er o f 
fixed  age groups. B ecause o f  ind iv idua l v a r ia b ili ty , a n y  m ethod  for age d e te r
m ina tion  b ased  on ske le ta l rem ains w ill p ro v id e  an  age in te rv a l w hen  app lied  
to  a given case, and  th e re fo re  alloction  in to  fix e d  age groups m ay  be app lied  
u n d er m ore genera l c ircum stances.
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The system of age groups given by Martin and some generalizations

T he sy stem  of groups o f Ma r tin  (1914, 1928) is th e  b e s t know n sy s tem  o f 
fix ed  age groups in to  one o f w hich each  dead  in d iv id u a l m ay  be  classified . 
I t  consists o f th e  age groups In fa n s  I  (ea rly  ch ildhood), In fa n s  I I  (la te  ch ild 
hood), Ju ven ilis  (juvenile), A d u ltu s  (young a d u lt) , M aturus  (old a d u lt)  an d  
Sen ilis  (senile or old). This subdiv ision  w as o rig inally  based  on th e  dev e lo p m en t 
of th e  sku ll, and  th e  lim its  o f each age g roup  w ere d e te rm in ed  b y  th e  occurrence 
o f ce rta in  d en ta l or c ran ia l develo p m en ta l s tages, w ith  b ir th  as th e  in itia l lim it. 
L a te r  th e  sam e classifica tion  has been w ide ly  used for age d e te rm in a tio n s  b ased  
on b o th  cran ia l an d  p o stc ran ia l age in d ica to rs .

B ecause of in d iv id u a l v a ria tio n , th e  o rig inal defin itions w ere only  indicating  
th e  m o st u su a l age or age period  for th e  tra n s itio n  from  one age g roup  to  th e  
n e x t, w ith  th e  ap p ro x im a te  cond itions fo r E uro p ean s as exam plis . H ow ever, 
for a usefu l ev a lu a tio n  o f th e  age d e te rm in a tio n s  for pa leodem ograph ic  p u r 
poses, age lim its  in  y ears  h av e  to  be se t fo r each age in te rv a l, a n d  in  p ra c tic e  
an  u p p e r b o u n d  for th e  senile age has to  be se t.

In  T ab le  1 exam ples o f such in te rp re ta tio n s  are  show n, to g e th e r  w ith  th e  
orig inal defin itions o f Ma r t in . I t  is seen th a t  n o t only th e  lim its  o f th e  age 
in te rv a ls , b u t  even th e  range in  years o f th e  in te rv a ls  often  d iverge. T he a p p a r 
e n t reaso n  for th is  divergence in  in te rp re ta tio n  is assum ed d iscrepancies in  
tim e  an d  space betw een  th e  in d iv id u a l’s chronological age (coun ted  in  y ears) 
an d  th e  biological (skeletal) age, in  ad d itio n  to  in d iv id u a l v a ria tio n s . A lth o u g h  
liv ing  cond itions an d  th e  genetical c o n s titu tio n  m ay  be believed  to  in flu en ce  
on ske le ta l ageing, i t  is d ifficu lt, how ever, to  m ake ex ac t s ta te m e n ts  o f  th e se  
effects on p reh is to ric  p opu la tions for w hich  no w ritte n  records a re  av a ilab le . 
M any o f th e  age lim its  se t for p reh is to ric  p o p u la tio n s are th u s  b ased  on assu m 
p tio n s  w hich  m ay  h a rd ly  be con tro lled . O n th e  o th e r h an d , th is  does n o t  m ean  
th a t  th e  d iffe ren t age lim its  se t b y  d iffe ren t au th o rs  m ay  n o t all co n ta in  som e 
t ru th .  In  fac t, one m ay  alw ays f in d  in d iv id u a ls  w ho sa tisfy  an y  o f th e  d iffe ren t 
sets o f age lim its  fo r th e  age groups. T he d ifficu lty  arises w hen one is to  gene
ralize  fo r one p a r tic u la r  p o p u la tio n  or a n o th e r.

B ecause of in d iv id u a l v a ria tio n , how ever, th is  k in d  of v a r ia tio n  has to  be  
ta k e n  in to  considera tion  w hen fix in g  age lim its  for each p a r tic u la r  age group . 
C oncerning e ru p tio n  of th e  f irs t p e rm a n e n t m olar, for in stan ce , th is  in  know n 
to  ta k e  p lace a t  th e  age o f fiv e  in  som e in d iv idua ls, and  a t th e  age o f seven  in  
o thers. T hus one in d iv id u a l being  a c tu a lly  six  years  of age m ay  be  c lassified  
as In fa n s  I  because th e  f irs t  p e rm a n e n t m o lar has n o t  e ru p ted , w hereas a n o th e r  
in d iv id u a l, being  also six  years old, m ay  be  classified  as In fa n s  I I  because  th e  
to o th  has e ru p ted . C oncerning la te r , o lder age groups, th e  age ch a rac te ris tic s  
are  chang ing  g rad u a lly  w ith  a g rea t a m o u n t o f in d iv id u a l v a r ia tio n , especia lly  
w ith  reg a rd  to  su tu re  closure. In d iv id u a ls  w ith  m ore accelera ted  ske le ta l ageing  
m ay  there fo re  be  classified  in to  an  age g roup  being  too  old (accord ing  to  som e 
subd iv ision  in  years  o f th e  age g roups), w hereas in d iv idua ls w ith  m ore re ta rd e d  
ske le ta l age m ay  be ju d g ed  as be long ing  to  an  age group being  a c tu a lly  to o  
young . As all age lim its  for Ma r t in ’s a n d  o th e r age groups system s p u b lish ed  
u n til  now  are b ased  on th e  p rincip le  t h a t  w hen one age group ends, th e  n e x t  
one con tinues, th e  th e  ind iv iduals ru n n in g  th e  g rea te s t risk  fo r be ing  classified  
in to  an  erronous age group are  tho se  h av in g  th e ir  ac tu a l chronological age 
n e x t to  th e  age se t as lim it betw een  tw o  a d jacen t age groups.
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Table 1

Original definitions of age groups and age lim its set by different authors 
1. táblázat. Különböző szerzők eredeti korcsoport- és korhatár-meghatározásai

Age group  
Korcsoport

D efin ition s given b y  M a r t i n  1914, 1928 
M a r t i n  1914, 1928 meghatározásai

A n g e l
1953

G e j v a l l
1960*

A c SjÍD I
and

N e m e s -
K é r i
1970

U l l r i c h
1972*

Infans IIInf. I . 
(early childhood) 
(korai gyermekkor)

From the birth to the eruption 
of the first permanent molar 
(for Europeans approxim ately  
to the 7th year of life).

A  születéstől az első maradandó 
moláris áttöréséig ( európaiaknál 
kb. a  7. életévig) .

0 - 4 0 - 7 0 - 6 0 - 6

Infans 11/In f. I I .  
(late childhood) 
(késői gyermekkor)

From com pleted eruption of the  
first to  the com pleted eruption 
of the second permanent molar 
(for Europeans approxim ately to 
the 14th year of life).

A z első maradandó moláris teljes 
áttörésétől a másodikéig ( európai
aknál kb. a 14. életévig).

5 - 1 4 8 - 1 4 7 - 1 4 7 - 1 2

Juvenilis/Juv. 
(juvenile) 
(fia ta l)

From com pleted eruption of the  
second permanent molar to the  
closure of the synchondrosis 
sphenoccipitalis (for Europeans 
approxim ately to the 18th or the 
22nd year of life).

A  második maradandó moláris teljes 
áttörésétől a synchondrosis spheno- 
occipitalis záródásáig ( európaiak
nál kb. a 18. vagy 22. életévig).

1 5 - 2 4 1 5 - 2 0 1 5 - 2 2 1 3 - 1 8

A dultus/A d. 
(young adult) 
(fia ta l felnőtt)

All teeth  erupted (the third per
m anent molar does occasionally  
not erupt) and incipient abra
sion of the teeth’s chewing 
facets. All sutures w ith  excep
tion o f minor areas still com p
letely  open (for Europeans to 
the close of the third decen- 
nium).

M inden fog áttört (a  harmadik 
maradandó moláris néha nem 
tör á t) ,  észlelhető a fogak rágó
felületének kezdődő abrasiója. 
Kisebb területek kivételével m in
den varrat még teljesen nyitott 
( európaiaknál a harmadik év
tized végéig).

2 5 - 3 9 2 1 - 4 0 2 3 - 3 9 1 9 - 3 5

* The original age intervals are changed according to  th e  in ternation ally  accepted dem ographic notation . — A* eredet i 
korintervallumok a nemzetközileg elfogadott demográfiai jelölés szerint megváltoztatva.
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Table 1 (continued) 1. táblázat (fo lytatás)

A ge group  
Korcsoport

D efin ition s g iven  b y  M a r t i n  1914, 1928 
M a r t i n  1914, 1928 meghatározásai

A n g e l
1953

G e j v a l l
I960*

A c sXd i
and

N e m e s -
K é r i

1970

U l l r ic h
1972

M aturus/M at. 
(m iddle adult) 
(középkorú felnőtt)

Marked abrasion of the teeth ’s 
chewing facets. Ossification of 
the sutures, although not to 
complete obliteration (for Euro
peans to the close o f the fifth  
decennium).

A fogak rágófelületének határozott 
abrasiója. A  varratok csontoso- 
dása, bár még nem a teljes ob
iiterációig (európaiaknál az ötö
dik évtized végéig).

4 0 - 5 9 4 1 - 6 0 4 0 - 5 9 3 6 - 5 0

Senilis/Sen. 
(old adult) 
(idős felnőtt)

Advanced or complete oblitera
tion of the skull sutures. More 
or less resorbtion of the tooth  
sockets due to loss of teeth  (for 
Europeans after the 60th year 
of life).

A  koponyavarratok előrehaladott 
vagy teljes obiiterációja. Fog
hiány következtében az alveolusok 
kisebb-nagyobb mérvű resorptiója 
(európaiaknál a 60. életév u tán).

60 61 60 51

I t  m ay  be argued  th a t  w hen  th e  n u m b e r o f ind iv id u a ls  is m o d era te ly  large, 
th e  num bers o f ind iv iduals m isclassified  accord ing  to  age group te n d  to  cancel, 
so th a t  th e  n u m b er of ind iv idua ls  assigned to  each age group is a p p ro x im a te ly  
re ta in e d . H ow ever, i t  can  be show n m a th em a tica lly  th a t  th is  a ssu m p tio n  is 
ra th e r  im probab le  or u n lik e ly  for p o p u la tio n  sizes m et w ith  in  analysis  of 
ske le ta l p o p u la tio n s, especially  w hen th e  age groups are  of unequa l len g th  in  
years and  th e  num bers o f in d iv idua ls a c tu a lly  belonging  to  each age group 
accord ing  to  th e ir  chronological age are un eq u a l.

T he n a tu ra l so lu tion  to  reduce th e  p rob lem  of m isclassification  is to  define 
th e  age categories as a sy stem  of overlapping  age groups. A lthough  ex trem es 
m a y  be th o u g h t to  occur w ith o u t possib ility  of being d e tec ted , such  a system  
is in ten d ed  to  allow  for m ost in d iv id u a l v a r ia tio n , ren d erin g  th e  n u m b er of 
m isclassified  ind iv iduals a t  a m in im um . B ecause th e  au th o rs  show n in  ta b le  1 
w ere chosen to  rep resen t also th e  m ost ex trem e  v a ria tio n  concern ing  th e  lim its 
in  years of th e  d iffe ren t age groups, a  generalized  Ma rtin  system  b ased  on 
th ese  four au th o rs  will be recom m ended , w ith  th e  ad d itio n  o f one new  age 
g roup , deno ted  In fa n t, com prising  in d iv id u a ls  dead  d u ring  th e  f ir s t  y ea r of 
life, and  p a rtic u la r ly  du ring  th e  f irs t  m o n th s o f  life. This tak es  care of th e  in fa n t 
m o r ta lity  (Table 2).

W ith  reg ard  to  th e  ex trem e , th e  senile g roup , th e  u p p er lim it o f life is se t 
to  80 years. F re q u e n tly  th is  lim it is se t to  70 or even 60 years, b u t  as ages over 
70 occur in  early  dem ographic  records, th ese  u p p e r lim its  are obv iously  se t
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Table 2
Age lim its for the system  of age groups given b y  Ma rtin  (1914, 1928)*

2 . tá b lá za t. K o rh a tá ro k  a  Ma r tin  (1914, 1928)* á lta l m eg ad o tt korcsoportrendszerhez

Age group 
Korcsoport

R ange in years 
o f  age 
Időköz 

életévekben

Span in  years 
Időtartam 

években

Overlap in  years 
w ith  preceding  

age group  
Átfedés az 

előző korcsoport
tal, években

Infant i i
Infans I 0 - 7 8 í
Infans II 5 - 1 4 10 3
Juvenilis 1 0 - 2 4 15 5
Adultus 1 8 - 4 4 27 7
Maturus 3 5 - 6 4 30 10
Senilis 5 0 - 7 9 30 15

* The new age group In fan t is added. — Hozzávéve az új Infant korcsoport

som ew hat too  low . F o r in s tan ce , a s tu d y  o f  th e  ch u rch  records from  th e  v illage 
H a lls ta t t ,  in  A u str ia , c u rre n tly  u n d e rta k e n  b y  th e  p re se n t a u th o r, d isp lays a 
v e ry  high in fa n t m o r ta lity  b u t  also a rem ark ab le  n u m b er o f dea th s  betw een  
70 an d  80 years o f  age am ong  some 30,000 dea th s  d u rin g  th e  250 y ear period  
b e tw een  1602 and  1852. T he general p ic tu re  o b ta in ed  from  th e  s tu d y  o f th e  
ch u rch  records is t h a t  th o se  w ho su rv iv ed  ch ildhood h a d  a fa ir  chance o f dy ing  
b e tw een  60 and  80 years  o f age. S im ilar observa tions have  been m ade from  
stu d ies  of chu rch  records in  H u n g ary  ( N e m e s k é r i , persona l com m unication). 
I n  H a lls ta t t ,  som e in d iv id u a ls  died a t  even  g rea te r ages th a n  80, b u t  no one 
w as observed older th a n  90 years  of age. As genera lly  few in d iv idua ls are  
classified  to  senile age w hen stu d y in g  ske le ta l p o p u la tio n s, how ever, th e  ex ac t 
u p p e r lim it o f life is o f re la tiv e ly  l i t t le  im p o rtan ce  fo r paleodem ograpliic  
research . One should , on th e  o th e r h an d , b e  aw are o f th e  possib ility  of g rea tly  
u n d e re s tim a tin g  th e  age of v e ry  old in d iv id u a ls . T herefo re, also, i t  w ould be 
b e t te r  consequen tly  to  m ake age d e te rm in a tio n s in  te rm s  o f w ider age in te rv a ls  
in s te a d  of p roposing  fa ir ly  e x a c t d e te rm in a tio n  o f age, especially  w ith  resp ec t 
to  o lder ind iv idua ls.

T he necessity  o f  allow ing fo r ovelapp ing  age in te rv a ls  m ay  also be in ferred  
from  th e  follow ing co n sid era tio n s: th e  fa c t th a t  one p a r tic u la r  in d iv id u a l looks 
o lder th a n  a n o th e r in d ev id u a l does n o t necessarily  m ean  th a t  i t  is  older, b u t  
i t  m ay  probably be o lder. I f  we confine a ce rta in  appearence  o f an  age in d ica to r 
to  th e  la te s t reached  or “ o ld est”  o f tw o successive, overlapp ing  age groups an d  
a n o th e r  to  th e  f i r s t  reach ed  or “ yo u n g er”  age g roup , an y  age in d ica to r  w ill 
m ak e  th e  tra n s itio n  from  th e  “ younger”  to  th e  “ o lder”  age group a t  an  earlie r 
age o f life for som e in d iv id u a ls  th a n  for o th e rs . Some o f th e  ind iv iduals of th e  
la s t  nam ed  group , m a in ta in in g  th e  “ y o u n g ”  ap p earen ce , m ay  h ap p en  to  die 
a t  a la te r  age th a n  som e of th e  f ir s t  nam ed  group. In  th is  w ay  an  in d iv id u a l 
show ing a “ y oung”  appearence  accord ing  to  th e  age in d ica to rs  m ay ac tu a lly  
be o lder th a n  a n o th e r looking “ o ld”  accord ing  to  th e  age in d ica to rs .

These d ifficu lties arise because i t  is d ifficu lt to  d istin g u ish  th e  ra te  of develop
m en t of an  age in d ic a to r  w ith in  a given age group. In  fac t, i f  th is  were n o t 
d ifficu lt, i t  w ould also be  possible to  d istin g u ish  ad d itio n a l or in te rm ed ia te
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d ev e lopm en ta l stages o f th e  age in d ica to r. In  ad d itio n , th e  m ode o f d ev e lo p 
m en t of each age in d ic a to r  from  th e  m o m en t th e  one d ev e lo p m en ta l s tage  is 
reach ed  an d  u n til  th e  n e x t is m ade , is n o t know n. In  som e ind iv id u a ls  th is  
in te r-s ta g e  deve lopm en t m ay  be  th o u g h t to  be g rad u a l, w hereas for o th e r  
th e re  m ay  ex is t periods o f s ta g n a tio n , follow ed b y  sudden , m ark ed  changes. 
O n th e  o th e r h an d , th e  d iff ic u lty  a c tu a lly  concerns th e  age in te rv a ls  d u rin g  
w h ich  th e  tra n s itio n  from  one s tag e  to  th e  n e x t  tak es  p lace , an d  w hich we m a y  
d en o te  as tra n s itio n  periods. T h e  age group  corresponding  to  th e  “ y o u n g er”  
ap p earen ce  o f th e  age in d ic a to r  m ay  there fo re  be p a r titio n e d  in to  one p a r t  
be long ing  to  th e  tra n s itio n  period  an d  a n o th e r, ad jacen t, non -ov erlap p in g  p a r t  
co rrespond ing  to  a younger age in te rv a l. S im ilarly , th e  age group correspond ing  
to  th e  “ older”  appearence  o f th e  age in d ic a to r  m ay  be  p a r ti t io n e d  in to  one 
p a r t  correspond ing  to  th e  tra n s it io n  period  an d  a n o th e r co rrespond ing  to  an  
o lder age in te rv a l. E x te n d in g  th is  a rg u m en t, th e  age in te rv a l co rrespond ing  to  
th e  “ younger”  appearence  o f th e  age in d ic a to r  m ay , in  tu rn ,  overlap  a n o th e r  
age in te rv a l corresponding  to  a s till “ yo u n g er”  appearence  o f th e  age in d ic a to r , 
a n d  th e  age in te rv a l co rrespond ing  to  th e  “ o lder”  appearence  m a y  o v erlap  a 
s till  “ o lder”  age in te rv a l.

The distribution of years lived by individuals dead within the same age group 
and estimation of death rates within given age intervals

T h e d is tr ib u tio n  o f th e  in d iv id u a l ages a t  d ea th  w ith in  each age group is o f 
im p o rtan ce  fo r th e  ca lcu la tio n  of th e  m ean  age of th e  in d iv id u a ls  o f a g iven 
series, and  fo r th e  co n stru c tio n  o f  pa leodem ographic  life tab le s . In  th is  co n 
n ec tio n  th e  s itu a tio n  w hen ages a t  d ea th  o f a n u m b er of ind iv id u a ls  are d e te r 
m ined  w ith in  th e  sam e age lim its  w ill be discussed.

A csadi and  N e m e sk é r i (1970) claim  th a t  “ In  order to  reach  a co rrec t fig u re  
fo r th e  age d is tr ib u tio n  w hen  ages are  given betw een  lim its , th e  n u m b er o f 
d e a th s  m u st be d is tr ib u te d  w ith in  these  lim its . For in stan ce , i f  th ree  people  
w ho died  a t  th e  age 18—20 fig u re  in  th e  series, one d ead  person  m u st be ta k e n  
as aged 18, 19 or 20. I f  on th e  o th e r h an d  th e re  is only  one person  in  th e  series 
w ho died in  th e  age in te rv a l from  50 to  59, we m u st recon w ith  0.1 dead  fo r 
th e  v a rious ages (w ith  0.2 d ead  w ith  age groups o f five  y ears , e tc .). W hen age 
is defined  w ith in  v e ry  w ide lim its , such  as ‘a d u lt age’ or ‘old age’ (i.e. 23 -a: 
re sp . 60-* years) th e  n u m b er o f  cases m u st be d is tr ib u te d  b e tw een  th e  low est 
a n d  h ighest age lim its .”

A ltho u g h  th is  s ta te m e n t is v e ry  general, i t  c learly  d em o n stra te s  som e fu n 
d a m e n ta l d ifferences b e tw een  th e  p rinc ip le  u tilized  b y  A csádi an d  N e m e sk é r i 
a n d  th e  p re se n t one, an d  th e re fo re  i t  should  be given som e com m ents. O bvious
ly  th e  au th o rs  reg a rd ed  each p e rso n ’s age a t  d e a th  as be ing  secured  w ith in  th e  
low er and  th e  u p p e r lim it o f th e  a p p ro p ria te  age in te rv a l, an d  th a t  th e  p ro 
b a b ili ty  th a t  th e  ac tu a l chronological age could be ou tside  th is  in te rv a l is nil 
o r a t  le a s t negiligible. T h is is in  accordance w ith  th e  p re sen t p rinc ip le . W ith  
re g a rd  to  th e  d is tr ib u tio n  o f th e  dead , how ever, som e fo rm al d iscrepancies 
ex is t.

To d em o n stra te  th e  d ifference, th e  exam ple given in  th e  q u o ta tio n  m ay  be  
u sed . A ssum e th a t  th e  age o f  th e  th ree  in d iv idua ls m ay  all be secured  to

104



18 — 20 years. A ccording to  th e  p re sen t p rin c ip le , each in d iv id u a l is reg a rd ed  
to  h av e  d ied  independent o f th e  tw o o th e rs  as e ith e r  18, 19 or 20 years  o f age, 
a lth o u g h  no y e a r o f d ea th  m ay  be p o in te d  o u t as a m ore likely  tim e  p o in t o f 
d ea th  th a n  th e  tw o  o th e r years. A t th is  p o in t th e re  is no c o n tra s t be tw een  
th e  v iew  of A csádi and  N e m e sk é r i an d  th e  p re se n t one. T h a t is, A csadi an d  
N e m e s k é r i do n o t  exp lic ite ly  claim  th a t  th e  in d iv id u a l d ea th s  are  in d ep en d en t. 
H ow ever, accord ing  to  th e ir  p rinc ip le , i t  m ay  be  show n th a t  th e y  are  not 
in d ep en d en t: i f  th e  one in d iv id u a l died  a t ,  say , th e  age o f 18, th e  second h ad  
to  have  died  a t  e ith e r  19 or 20; say a t  th e  age o f  19. The th e  th ird  had to h av e  
died a t  th e  age o f 20. T hus th e  y ear o f  d e a th  o f th e  th ird  is given b y  those  o f 
th e  f ir s t  and  th e  second.

Now th e  p u rp o se  of th is  a llocation  o f in d iv id u a ls  to  specific  years o f d ea th  
was c e rta in ly  n o t to  in tro d u ce  analysis o f  d ep en d en t va riab les , b u t  a m eans 
to  sim plify  th e  algebraic  opera tions. H ow ever, a lth o u g h  o th e r k inds o f analysis 
m ay  in tro d u ce  m ore m a th em atica l co m p lex ity , i t  is nevertheless necessary , 
because th e  s im p lifica tions m ade b y  A csádi an d  N e m e s k é r i, in  o rd er to  m ake 
th e  paleodem ograph ic  m ethods m ore accessible, a c tu a lly  lead  to  f in a l dem ogra
phic s ta tis tic s  w hich  a p p a re n tly  claim  to  he m ore ex ac t th a n  th e y  ac tu a lly  
are. T he reason  w h y  i t  is so is th a t  th e  u n c e rta in tie s  in  th e  d iffe ren t age d e te r
m in a tio n s are d isregarded .

The p rinc ip le  ou tlin ed  b y  A csadi an d  N e m e s k é r i im plies th a t  every  y e a r 
w ith in  a given age group (in te rm s of age interval) is equally  likely  to  be  th e  
y ear o f d ea th  o f a n y  in d iv id u a l judged  to  h av e  d ied  w ith in  th e  age group . This 
is also in  accordance  w ith  th e  p resen t m odel. T hus th e  possible w ays th e  
th re e  ind iv id u a ls  referred  to  in  th e  q u o ta tio n  m ay  have died can be  d irec tly  
co u n ted  b y  lis tin g  th e  d iffe ren t eyually  lik e ly  com binations. In  th is  case th e  
possible co m bina tions are as follows: all th ree  d ied  a t  th e  age of 18, 19 or 20; 
tw o a t  18 an d  th e  th ird  a t  19 or 20; tw o  a t  19 an d  one a t  18 or 20; tw o a t  
20 an d  th e  th ird  a t  18 or 19; an d  f in a lly , one a t  18, one a t  19 an d  one a t  20. 
T hus th e  d is tr ib u tio n  of d ea th s  chosen b y  A csá d i an d  N e m e sk é r i is only one 
o u t o f te n  eq ua lly  like ly  possib ilities, an d  hence th e  p ro b a b ility  th a t  th e  th re e  
in d iv idua ls a c tu a lly  died in  th is  m an n er is eq u a l to  0.1, or only  10% . W ith  
reg ard  to  th e  n u m b e r of o th e r possible co m b in a tio n s o f d ea th s , i t  m ay  be  said  
th a t  th e  co m b in a tio n  w ith  one dead each  y e a r is r a th e r  un like ly .

The a rg u m en t m a y  be ca rried  th e  o th e r  w ay  a round , as w ith  th e  single 
in d iv id u a l in  th e  q u o ta tio n  w ho had  d ied  be tw een  50 and  59 years o f age. The 
claim  th a t  we m u st recon 0.1 dead  for th e  v a rio u s ages is u n ten ab le  because o f 
sim ilar reasons as p o in ted  o u t above. I t  is qu ite  c lear th a t  th e  in d iv id u a l only  
died once, d u rin g  one o f th e  te n  possible years. H ow ever, because we can n o t 
p o in t o u t an y  y e a r as m ore lik e ly  th a n  a n y  o th e r y e a r  for th e  d ea th  of th e  in d iv i
dual, one m ay  say  th a t  th e  probability  o f  d e a th  o f  th e  in d iv id u a l is 0.1 for each 
y ea r in  th e  te n -y e a r  in te rv a l (0.2 w ith  age g roups of fiv e  years, e tc .). F o r 
an y  o f th e  th ree  in d iv idua ls dy ing  w ith in  18 20 years of age th e  probability
of dying  a t  e ith e r  18, 19 or 20 years o f age is s im ilarly  0.33 accord ing  to  th e  
p resen t m odel.

The difference betw een  th e  tw o m odels is th u s  t h a t  th e  p resen t m odel tak es  
th e  p ro b a b ility  in to  considera tion . This ta k e s  fu lly  care of th e  u n c e r ta in ty  of 
th e  in d iv id u a l d e te rm in a tio n s  o f the  age a t  d e a th . T he w ider an  age group is, 
th e  less th e  p ro b a b ility  th a t  an  in d iv id u a l dead  w ith in  th e  lim its  o f th e  age 
group died  an y  p a r tic u la r  y e a r w ith in  th e  co rrespond ing  tim e  in te rv a l.
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In s te a d  of looking a t  tim e  expressed  b y  w hole y ears , we m ay  look a t  tim e  
as a con tinuous v a riab le . T his m ay  be  done because we reg ard  a y e a r  as th e  
tim e  lapse  from  one b ir th d a y  to  th e  n e x t. A lthough  b ir th s  an d  d e a th s  are  n o t 
q u ite  even ly  d is tr ib u te d  du ring  a ca len d ar yea r, th ese  dev ia tions te n d  to  cancel 
w hen b ir th d a y s  a re  u tilized  to  define th e  year. One m ay  there fo re  assum e th a t  
th e  d is tr ib u tio n  o f d ea th s  m ay  be a p p ro x im a ted  to  th e  even (un iform ) d is
tr ib u tio n .

As a  co ro lary  o f  th e  above said , in d iv id u a l v a r ia b ility  (in a b ro a d  sense o f 
th e  w ord) o f th e  d evelopm en t o f age de te rm in in g  ch arac teris tics  is c rea tin g  a 
s itu a tio n  fo r th e  paleodem ographer th a t  g rea tly  differs from  th a t  o f  m odern  
d em ography . In  th e  f ir s t  p lace, paleodem ograph ic  sam ples co n stitu e  frac tio n s 
of p er m illes of a m odern  dem ographic  m a te ria l, or in  favourab le  cases, th e y  
m ay  a t ta in  some p er m illes, an d  in  th e  second p lace, th e  age o f  each  in d iv id u a l 
is d e te rm in ed  w ith in  a m ore or less b ro a d  age in te rv a l, an y  tim e  p o in t w ith in  
such  an  in te rv a l be ing  reg ard ed  as eq ua lly  likely  as th e  tim e  p o in t o f  d ea th . 
In  o th e r  w ords, th e  tim e  p o in t o f d e a th  is re c tan g u la rly  or u n ifo rm ly  d is tr ib u te d  
w ith in  th e  a p p ro p ria te  age in te rv a l, th e  age in te rv a ls  o f d e a th  fo rm ing  a m ore 
or less overlapp ing  sequence.

I f  som e ind iv id u a ls  m ay  be  assigned to  th e  sam e age in te rv a l o f  d e a th , 
how ever, i t  is possible to  o b ta in  th e  d is tr ib u tio n  o f th e ir  m ean  age a t  d ea th . 
W ith  reg a rd  to  th e  d e a th  o f one in d iv id u a l, th e  p ro b ab ility  o f d ea th  is c o n s ta n t 
th ro u g h o u t th e  age in te rv a l. W ith  tw o  ind iv iduals assigned to  th e  sam e age 
in te rv a l, th e  d is tr ib u tio n  o f th e ir  m ean  age is triangularly  d is tr ib u te d  (F ig . 1). 
W ith  th re e  or m ore in d iv idua ls, th e  d is tr ib u tio n  o f th e  m ean  age becom es m ore 
be ll-shaped , s tro n g ly  resem bling  th e  G aussian  or norm al d is tr ib u tio n . This is 
a c tu a lly  a consequence o f the central lim it theorem o f  statistics w hich s ta te s  th a t  
th e  sum , and  hence also th e  m ean , o f  id en tica lly  and  in d epend ly  d is tr ib u te d  
v ariab les  ten d s to  be  d is tr ib u te d  in  a n o rm al fash ion . In  th e  case o f th e  un ifo rm  
d is tr ib u tio n , th is  convergence to w ard s th e  no rm al d is tr ib u tio n  is v e ry  ra p id , 
as in d ica ted  above. In  fac t, th e  ap p ro x im atio n  to  th e  no rm al d is tr ib u tio n  for 
th is  d is tr ib u tio n  is fa irly  good for th ree  cases an d  onw ards. In  ad d itio n , because 
th e  o rig inal d is tr ib u tio n  is know n, th e  m ean  age and  its  s ta n d a rd  d ev a tio n  is 
read ily  found.

F o r co n stru c tio n  o f  dem ographic  as well as pa leodem ographic  life tab les  th e  
d is tr ib u tio n  of th e  dead , th a t  is, th e  n u m b er of dead w ith in  each y ea r, five- 
or te n -y e a r  period , o r in  an y  sub-d iv ision  of th e  tim e  in  successive age periods 
is needed . H ow ever, because reg a rd  has to  be m ade to  th e  fa c t th a t  th e  in d i
v id u a l dea th s  are  d e te rm in ed  w ith  a g rea t am o u n t of u n c e r ta in ty , we can n o t 
ex p ec t th a t  th e  resu lts  o f a paleodem ograph ic  analysis w ill be as e x a c t as in  
th e  case o f m odern  dem ographic  p o p u la tio n  stud ies. E ven  w hen five- or ten - 
y ea r age in te rv a ls  are  u tilized , as in  th e  case o f m ost paleodem ograph ic  s tu d ies  
u n til now , these  u n ce rta in tie s  are  n o t e lim ina ted , because resp ec t has n o t been  
m ade to  th e  fac t th a t  th e  age d e te rm in a tio n s  do in  fac t overlap . P e t e r s e n  
(1974) argued  th a t  m odern  dem ograph ic  s tud ies ac tu a lly  are n o t b ased  on as 
ex ac t d a ta  as a p p a re n tly  believed b y  m an y  paleodem ographers, b u t  th a t  th e  
dem ograph ic  basis o f  m an y  coun tries often  is incom plete  and  th e  dem ograph ic  
records full o f holes for w hich inference w as m ade in  o rder to  m ake reaso n ab le  
co rrec tions. These cond itions were there fo re  used  as a rgum en ts for ap p ly in g  
dem ograph ic  m ethodo logy  in  paleodem ography . H ow ever, even w hen ro u g h er 
m odern  dem ographic  m ethods are u tilized  for a liv ing p o p u la tio n , such  as
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Fig. 1. The distribution function for the age of one dead w ithin  a general age interval (a, b) 
(F ig. la )  w ith  corresponding m ean and standard deviation , for the m ean age of tw o deaths 
(F ig. lb ) and for the m ean age of four deaths (F ig. lc ) ,  both  w ith means and standard deviations  
1. ábra. Az egy (a,b-n belüli) halálozási életkorra eső eloszlásfüggvény ( la  ábra) a m egfelelő  
középértékekkel és szórással; két halálozási életkor középértékére ( lb  ábra) és négy halálozási

életkor középértékére ( lc  ábra)

single-census m ethods based on five- or ten-years intervals (Stolnitz 1956), 
the errors in individual age determ inations will tend to cancel due to the much 
larger num ber o f individuals in a modern, living population than in m ost 
skeletal populations from cemeteries or gravefields.

In paleodem ography, every age interval m ay therefore be partitioned into  
one part w hich overlaps w ith adjacent age intervals, and a remaining part 
which does not. The number o f individuals dead within the age interval 
corresponding to  the age group the equals the number of individuals assigned  
to  th at age group, plus the individuals from the adjacent age groups who  
actually  died w ithin the age interval. W ithout going into m athem atical detail, 
it  turns out to  be very d ifficult to estim ate exactly the actual number o f in 
dividuals w ho died w ithin a given age interval. W ith increasing sam ple size, 
such estim ation  gets more difficult, because the standard deviation o f the  
estim ate increases w ith  sample size. Similar effects turn out to ex ist for deter
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m in a tio n  of ex ac t figures in  pa leo d em o g rap h y  in  general. In s te a d , relative 
num bers shou ld  be  u tilized , as these  tu rn  o u t to  be m ore an d  m ore ex ac t 
w hen th e  sam ple size (e.g. th e  n u m b er of skele tons in  th e  m ateria l) increases.

Some consequences for paleodemography

T he m ost d ire c t im p lica tion  of th is  is t h a t  th e  increasing  loss o f p recision  of 
e s tim a tes  b ased  on abso lu te  num bers o f in d iv idua ls suggests th a t  paleode- 
m ograph ic  ca lcu la tions invo lv ing  ab so lu te  n u m b ers  o f  in d iv idua ls shou ld  be 
avo ided  as fa r as possible. This m eans t h a t  th e  ac tu a l d is tr ib u tio n  o f th e  dead  
(the  D x-series accord ing  to  som e abridged  life tab le ) should  be avoided , because 
i t  is a lth o g e th e r erroneous and  in ex ac t. In s te a d  th e  re la tiv e  d is tr ib u tio n  of 
th e  dead  (the  <Zx-series) m ay  or m ay  n o t be  ca lcu la ted . In  th e  case i t  is n o t 
exp lic ite ly  g iven , in fo rm atio n  ab o u t th e  re la tiv e  d is tr ib u tio n  o f th e  dead  is 
g iven im p lic ite ly  in  th e  colum n o f re la tiv e  su rv ivo rsh ip  ra te , o r th e  lx co lum n, 
h y  m eans o f recu rsion .

H ow ever, even  th e  re la tiv e  num bers ca lcu la ted  for paleodem ograph ic  p u r 
poses are  h am p ered  w ith  inexac tness, a lth o u g h  th is  dim inishes w ith  increasing  
sam ple size. K now ing  th e  u n d erly in g  d is tr ib u tio n  of th e  age d e te rm in a tio n s , 
how ever, a confidence in te rv a l for th e  t ru e  v a lu e  m ay  easily  b e  ca lcu la ted , 
say , a 95%  confidence in te rv a l. F o r th e  Zx-values, th e  low er b o u n d  o f th e  co n 
fidence in te rv a l w ill correspond to  a h igh  m o rta lity , w hereas th e  u p p e r b o u n d  
of th e  in te rv a l w ill correspond to  a low  m o rta lity . This m ay  be in te rp re te d  as 
a m o r ta li ty  due to  u n favourab le  an d  fav o u rab le  m o rta lity  cond itions, re sp ec 
tiv e ly , o f th e  co rrespond ing  p o p u la tio n . T he ac tu a l m o rta lity  p a t te rn  o f th e  
p o p u la tio n  m a y  th ere fo re  be reg a rd ed  to  be  secured  w ith in  th e  lim its  co rres
pond ing  to  the least favourable  an d  the most favourable m ortality pa ttern  o f  the 
popu la tion , w hereas th e  values ca lcu la ted  u n til  now  m ay  be reg a rd ed  as th e  
expected m ortality  pattern . T he difference b e tw een  th e  expected  (ca lcu la ted ) 
values an d  th e  ex trem es is ju s t  a fu n c tio n  o f  sam ple size. F o rm u las  for ca l
cu la tin g  th e  d iffe ren t Zx-series accord ing  to  th e  generalized  age g roup  sy stem  
of Ma r t in  are  given in  T able 3. T he ca lcu la ted  values refer to  th e  lim its  of 
overlap  b e tw een  d ifferen t age groups (see ta b le  2). This is perm issib le  from  
th e  know ledge o f dem ographic  th eo ry , th e  p a tte rn  o f m o rta lity  n o t be ing  
d ep en d en t of age in te rv a ls  spann ing  ex ac tly  th e  sam e range o f  years. T he 
fo rm ulas in  ta b le  3 also tu rn  ou t to  be th e  sim plest expressions for p ra c tic a l 
ca lcu la tions.

This concep t can  be fu r th e r  applied  on o th e r paleodem ograph ic  funcions. 
W ith  reg a rd  to  th e  ex p ec ta tio n s o f life a t  d iffe ren t ages, age in te rv a ls  a re  
arriv ed  a t , in s te a d  of single figures, w hich are  m ost p ro b ab ly  erroneous. In  th e  
fu tu re , th e re fo re , one m ig h t p ro b ab ly  be accostum ed  to  see m o rta lity  curves 
sim ilar to  F ig . 2 an d  F ig . 3, w here th e  curves enclose areas, expressing  how  fa r 
we can  get from  given m ethods of age d e te rm in a tio n  in to  th e  d em o g rap h y  o f a 
p reh is to ric  p o p u la tio n . To reach  th a t  s tag e , we shall p ro b ab ly  be forced to  
re c o n s tru c t p a r ts  o f th e  popu la tio n  w hich are  m issing for one reason  or a n o th e r. 
Such e s tim a tio n  m ay  be carried  o u t along d iffe ren t lines (e.g. U N IT E D  
N A T IO N S 1963, B ocquet  an d  Ma sset  1977) b u t  i t  should  be b o rn  in  m ind  
th a t  th e  estim a tio n  has to  be carried  o u t from  th e  d ifferen t p a tte rn s  o f 
m o rta lity , so th a t  th e  e stim ates o f a m issing p a r t  of th e  p o p u la tio n  can  n ev e r 
be m ore ex ac t th a n  th e  estim ates based  on th e  ex isting  p a r t .
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confidence lim its for each values. The sym bols n inf, n \nf j, 7i|nf jj, n juv, n Mat an<  ̂ ^Sen denote the number of individuals within the age 
groups Infant, Infans I , Infans I I ,  Juvenilis, A dultus, M aturus and Senilis, according to Table 2, and n is the total number of dead. Confidence 

lim its correspond to the least favourable and the m ost favourable m ortality pattern of the population 
3. táblázat. Képletek az I x értékek kiszámítására M a r t i n  (1914, 1928) általánosított korcsoportrendszere szerint, szórással és 95% konfidencia
határokkal minden egyes értékre. Az ri|nf, n \ nf | ,  njnf jj , n j uv, nAd, n Mat és raSen jelek a  korcsoportok egyedszám át jelölik a 2. táblázat szerinti 
Infant, Infans I, Infans II , Juvenilis, Adultus, M aturus és Senilis korcsoportokban, n pedig az elhalálozottak teljes száma. A konfidencia-határok 

a népesség legkedvezőtlenebb és legkedvezőbb halálozási alakulásának felelnek meg
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Fig. 2. The l x-series of W esterhus population for m ales (unbroken curves) and fem ales (broken 
curves) according to the least, the expected and the m ost favourable m ortality pattern of the  

population (the lower, m iddle and upper curves, respectively)
2. ábra. A W esterhus-i népesség l x sora férfiakra (folytonos görbék) és nőkre (szaggatott gör
bék), a népesség legkedvezőtlenebb, várható és legkedvezőbb halálozási alakulása szerint (alsó,

középső, ill. felső görbék)

Fig. 3. The ex-series o f the W esterhus population for m ales (unbroken curves) and fem ales 
(broken curves) based on the three patterns of m ortality  displayed by the l x-series given in 

Fig. 2. From  the age of 50, m ale and fem ale curves are practically identical 
3. ábra. A  W esterhus-i népesség ex sora férfiakra (folytonos görbék) és nőkre (szaggatott gör
bék) a 2. ábrán a halálozás alakulására m egadott l x sorra alapozva. 50 éves kortól a férfiak  

és nők görbéi gyakorlatilag azonosak
110



T he possib ility  o f  reco n stru c tin g  a p o p u la tio n  is a v e ry  im p o r ta n t re su lt for 
paleodem ography . T he m ost obvious use o f  th is  re su lt concerns th e  reco n 
stru c tio n  o f in fa n t m o rta lity , b u t  s im ilar p rocedures m ay  be used in  o rd e r to  
e s tim a te  o r a d ju s t th e  m ale or fem ale p o p u la tio n  w ith in  ce rta in  age groups. 
F o r d iffe ren t reasons p a r ts  o f th e  a d u lt p o p u la tio n  m ay  be  m issing, such as m en 
from  a fish ing  p o p u la tio n  being  lo st a t  sea or, in  general, m en being k illed  in  
w arfare  th e ir  bodies n o t hav ing  been recovered . A t leas t, i t  should  be  q u ite  
obvious th a t  c a rry in g  o u t a pa leodem ograph ic  s tu d y  on a skeletal p o p u la tio n  
w ith o u t h av in g  asce rta in ed  th a t  th e  crude age d is tr ib u tio n  o f th e  dead is close 
to  th e  orig inal age d is tr ib u tio n , m ay  lead  to  p u re  nonsense. A t an y  ra te , th e  
resu lts  w ill c e rta in ly  be o f dub ious n a tu re . S im ilar p recau tions have  also to  be 
ta k e n  in to  co n sid e ra tio n  w ith  resp ec t to  age an d  sex  d e te rm in a tio n s. These an d  
o th e r p rob lem s concern ing  pa leodem ography  h av e  been  m ore ex tensive ly  d i
scussed b y  A n g el  (1969), N e m e sk é r i (1972) and  Ma sset  (1973).

A ctu a lly , th e  paleodem ograph ic  th eo ry  developed  in th e  p receding  ch ap te rs  
does n o t  depend  on a specified system  o f p reassigned  age groups. T he m ain  
p o in t is t h a t  confidence lim its  for th e  n u m b ers  of su rv ivo rs is ca lcu la ted . If, 
th ere fo re , th e  sex  is p ro p erly  id en tified  an d  th e  p ro b ab ility  d is trib u tio n s  o f 
th e  age d e te rm in a tio n s  are  know n, th e  th e o ry  g iven m ay  be m odified  to  su it 
th e  new  cond itions u n d e r w hich th e  paleodem ograph ic  calcu la tions are  carried  
o u t. T he im p o r ta n t m a tte r  is th a t  pa leodem ograph ic  resu lts  are  n o t g iven as 
single v a lu es , b u t  as in te rv a ls  reflec ting  th e  ac tu a l am o u n t of in fo rm ation  on 
w hich th e  ca lcu la tio n s are  based .

I t  is to  be  assum ed  th a t  m odern m ethods for sex ing  skeletons grew m ore 
an d  m ore accu ra te , especially  since th e re  are  on ly  tw o sexes, even for juven iles 
an d  ch ild ren . T herefo re , th e  p roblem  of su ffic ien tly  ex ac t sex d e te rm in a tio n  
m ay  hopefu lly  be  solved w ith in  n o t too  d is ta n t  fu tu re . M ore d ifficu lt, how ever, 
is th e  p rob lem  o f ex ac t age d e te rm in a tio n . T he aim  of developing  m ethods fo r 
age d e te rm in a tio n  b e ing  to  o b ta in  as ex ac t age d e te rm in a tio n s  as possible (or, 
m ore co rrec tly , as n a rro w  age in te rv a ls  as possib le), m ost co n tem p o ra ry  m e
th o d s  claim  to  be  fa r  m ore accu ra te  th a n  th e y  a c tu a lly  are, e.g. McK e r n  an d  
Stew a r t  (1957) w ith  reg ard  to  sym physis p u b is , an d  A csádi and N e m e s k é r i 
(1970) w ith  reg a rd  to  th e  com bined m eth o d  of age d e te rm in a tio n . McK e r n  
an d  St e w a r t ’s age ranges fo r th e  to ta l  scores are  to o  narro w  to  be tru e  w ith  a 
h igh degree o f  accu racy  (a confidence of 95 %  or m ore). C oncerning th e  com bin
ed m eth o d  b y  A csádi an d  N e m e s k é r i, using  four in d ica to rs  sim u ltan eo u sly , 
th e  m ost ex ac t age d e te rm in a tio n s , giving an  age in te rv a l o f five  y ears , are  
connected  w ith  an  exactness of 80 85%  on ly , as p o in ted  ou t in  connec tion
w ith  th e  ta b u la t io n  o f th e  m ethod  (Sjd v o ld  1975). S im ilar critic ism  m ay  be  
d irec ted  to w ard s o th e r  m ethods for age d e te rm in a tio n .

The m ain  p ro b lem  in  connection  w ith  age d e te rm in a tio n  is connected  w ith  
th e  p ro b a b ility  d is tr ib u tio n  o f th e  age o f an  in d iv id u a l d isp lay ing  a c e r ta in  
expression o f an  age dete rm in in g  c h a ra c te ris tic  (a p a r t  from  m isjudgem en ts 
of th e  phase  a c tu a lly  d isp layed). In  general, a no rm al d is tr ib u tio n  of th e  age 
can n o t be assum ed  since th e  in d iv id u a l, a f te r  hav in g  reached  th e  age stag e  
correspond ing  to  th a t  p a r tic u la r  expression or score, rem ains in  th e  sam e stage  
from  an o b se rv a tio n a l p o in t o f view  a t  th e  age stage  corresponding  to  th e  n e x t 
expression is reach ed . P ro b ab ly  a Poisson or a re la te d  d is tr ib u tio n  is invo lved , 
since th e  fu n d a m e n ta l p rob lem  is th e  tim e  for tra n s itio n  from  one s tage  to  
an o th e r. In  th is  w ay , th e  procedure  o f ageing is re la te d  to  so called Poisson-
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an d  M arkoff-processes and , in  especial, m u ltiv a ria te  s itu a tio n s  o f  th is  k in d . 
The P oisson  d is tr ib u tio n , as w ell as o th e r  a lte rn a tiv e  d is trib u tio n s  w hich  m ay  
be in v o lved  (e.g., th e  ex p o ten tia l, th e  gam m a or even th e  ch i-square  d is tr ib u 
tion ) is po sitiv e ly  skew ed. A pplied  to  a p a r tic u la r  stage  o f  age deve lo p m en t, 
th is  im plies th a t  som e in d iv id u a ls  m ay  re ta in  a “ y o u n g ”  ap p ea l ence o f an  age 
in d ic a to r  in to  old age, a lth o u g h  m ost o f th e  ind iv iduals undergo  a “ n o rm a l”  
ageing process, passing  from  th e  one ageing  stage  to  th e  n e x t w ith in  a sh o rte r  
tim e  period . W ith in  th e  fie ld  o f m u ltiv a r ia te  Poisson- an d  M arkoff-processes, 
how ever, m uch rem ain s to  be done w ith in  th e  fie ld  of s ta tis tic a l th e o ry  before  
m ethods fo r age d e te rm in a tio n  can  be  so u n d ly  based  on th e  re su lts  from  such 
analyses. Once th e  p ro p e r d is tr ib u tio n  o f  single age d e te rm in a tio n s has b een  a t 
le a s t a p p ro x im a te ly  d e te rm in ed , c a lcu la tio n  o f paleodem ograph ic  d a ta  m ay  
proceed  on an  in d iv id u a l b asis , u tiliz in g  th e  confidence lim its  o f th e  d is tr ib u 
tio n  to  o b ta in  m o rta li ty  p a tte rn s  accord ing  to  th e  leas t, th e  ex p ec ted  an d  th e  
m ost fav o u rab le  m o rta lity  co n d itio n  o f t h a t  p a r tic u la r  p o p u la tio n .

A lik e ly  p ro p e rty  fo r an  age d e te rm in a tio n  is th a t  th e  age in te rv a l w ill te n d  
to  increase  w ith  age. T he reaso n  for th is  m ay  be exp la ined  in  th e  follow ing 
w ay : A ssum e th a t  a ll in d iv id u a ls  concerned  are  ju d g ed  as a d u lts , say , accord ing  
to  th e  c losure o f th e  sphenoocip ita l syncondrosis an d  ep iphyseal closure. T hen  
th e y  a ll belong  to  th e  f ir s t  age s tag e  accord ing  to  some sequence of expressions 
or scores. D epend ing  on th e  in te n s ity  o f tra n s itio n  to  tb e  n e x t age s tag e , a 
ce rta in  a m o u n t o f age v a ria tio n  will occur for th is  tra n s itio n . The tim e  u n til 
th e  follow ing tra n s it io n  w ill, in  tu rn , depend  on tra n s itio n  in te n s ity  w ith  
reg a rd  to  th e  expression  of th e  n e x t  follow ing age stage. B u t now  th e re  was 
a lread y  a ce rta in  v a ria tio n  in  age w hen th e  second age stage  w as en te re d . 
T herefo re, th e  age v a ria tio n  fo r th e  second tra n s itio n  is likely  to  be g rea te r  
th a n  in  connection  w ith  th e  f i r s t  and  so on. This is re flec ted  b y  th e  m e th o d  of 
McK e r n  an d  St e w a r t , and  for A csadi an d  N e m e sk é r i for old age. T he a c tu a l 
distribution  o f  ages for th e  tra n s itio n  in to  an d  ou t of an  age stage  should  th e re 
fore be  ana lysed , b o th  th eo re tica lly  an d  em pirically .

Also, th e  possible in fluence  o f social or cu ltu ra l p ressu re  on th e  tra n s itio n  
in te n s ity  should  be  in v es tig a ted , as th is  p o ssib ility  m ig h t exp la in  som e o f th e  
d ev ia tio n  betw een  th e  biological and  th e  chronological age o f ind iv id u a ls  n o t 
m ere ly  exp la ined  as in d iv id u a l v a ria tio n . H opefu lly , th e  fa c t th a t  th e  su b 
divisions in to  phases o r scores expressed  b y  an  age in d ica to r p rim arily  re flec ts  
th e  an th ro p o lo g is t’s ab ility  to  d is tin g u ish  age developm ent v a r ia tio n  is n o t 
going to  c rea te  serious d ifficu lties in  th is  connection .

B ecause th e  p ro b a b ility  d is trib u tio n s  for age d e te rm in a tio n s rem ain  to  be 
found  w ith  resp ec t to  m odern  age d e te rm in in g  m ethods, i t  follows th a t  p ro p er 
confidence in te rv a ls  can  n o t be  ca lcu la ted  w ith  su ffic ien t degree o f accuracy . 
T herefo re , u n til  th ese  d is trib u tio n s  have  b een  p roperly  defined , i t  appears m ost 
reaso n ab le  to  collect in d iv id u a l age d e te rm in a tio n s  in to  a system  o f o v erlap 
p ing  age groups for paleodem ograph ic  purposes. Such a system  of overlap p in g  
age g roups m ay , in  princ ip le , be  m ade u p  from  case to  case, b ased  on th e  
p ro p e rty  th a t ,  as fa r  as n o th in g  ex ac t is know n a b o u t th e  d is tr ib u tio n s  of 
age d e te rm in a tio n s  w ith in  each  age g roup , th e y  m ay  each be reg a rd ed  as 
u n ifo rm ely  d is tr ib u te d  over th e  age in te rv a l. C orrespondingly , th e  th e o ry  
of th e  prev ious sections m ay  be m odified  to  y ield  paleodem ograph ic  in fo r
m atio n  w ith  reg a rd  to  th e  le a s t, th e  ex p ec ted  and  th e  m ost fav o u rab le  m or
ta l i ty  p a t te rn  o f each  p a r tic u la r  sk e le ta l p o p u la tion .
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To conclude th is  p a p e r , som e ad d itio n a l aspects o f pa leodem ography  w hich 
m ay  be  o f im p o rtan ce  for fu tu re  research  shall be m en tioned . P erceiv ing  th a t  
a  s tab le  p o p u la tio n , u n like  th e  s ta tio n a ry  p o p u la tio n  o f th e  life-tab le , is a 
developing  u n it, d iffe ren t aspec ts  o f p o p u la tio n  g row th  an d  d ev e lopm en t m ay  
be s tu d ied . U n til now , few  s tu d ie s  of th is  k in d  have been esseyed (e.g. B e n n e t t  
1973), b u t  th is  line o f re sea rch  seem s prom ising  as a m eans o f  e x tra c tin g  in fo r
m atio n  concern ing  th e  d ev e lo p m en t o f p o p u la tio n s from  w hich  only skele ta l 
rem ains a re  availab le . T h ro u g h o u t how ever, care should  be ta k e n  to  th e  th ree  
d iffe ren t p a tte rn s  o f  m o r ta li ty  re s tr ic tin g  th e  m ode o f d ev e lopm en t o f th e  
p o p u la tio n . The essay  b y  th e  U N IT E D  N A T IO N S (1968) on stab le  p o p u la 
tio n s, as well as re la te d  p ap ers  on th a t  su b jec t, should  p ro v id e  a fa ir ly  good 
base fo r proceedings in  th is  d irec tion .

S um m ary  and  conclusions

P a leodem ograph ic  stud ies a re  based  on sm all sam ple sizes com pared  w ith  
m odern  dem ograph ic  stud ies, an d  on in accu ra te  age d e te rm in a tio n s. B ased on 
inference concerning th e  n a tu re  o f th e  age dete rm in a tio n s av ailab le , th e  d is
tr ib u tio n  o f th e  m ean  age w ith in  given age in te rv a ls  m ay  be derived , em phasiz
ing  th e  a m o u n t of in fo rm a tio n  a c tu a lly  co n ta ined  in  th e  age estim a tes . Because 
these  are  in accu ra te , i t  is fo u n d  th a t ,  in  paleodem ography , e s tim a tes  o f  ex ac t 
n u m b ers , such as e x a c t n u m b ers  o f su rv ivors a t  a given age, or th e  exact 
n u m b er o f  years lived  b y  th e  su rv iv o rs , tu rn  m ore an d  m ore inprecise w ith  
increasing  sam ple size, and  ca lcu la tio n  o f  such num bers shou ld  there fo re  be 
avo ided . In s te a d , o n ly  re la tiv e  num bers should  be ca lcu la ted , since such 
n u m b ers  g e t m ore an d  m ore e x a c t as th e  sam ple size increases.

As a consequence o f  th e  sm all sam ple sizes an d  th e  in a c c u ra te  age d e te rm i
n a tio n s , th e  resu lts  from  a pa leodem ograph ic  analysis can  n e v e r be as ex ac t as 
co rrespond ing , m odern  dem ograph ic  d a ta . H ow ever, th e  exactness o f  th e  
resu lts  m a y  be expressed  in  te rm s  of the least, the expected an d  the most favourable  
m ortality conditions o f  the popu la tion , based  on th e  know ledge o f  w h a t is a c tu a lly  
know n a b o u t th e  age d is tr ib u tio n s . A ccording to  th is  p rinc ip le , paleodem ogra
phic  ch a rac teris tic s  are  expressed  b y  m eans o f in te rv a ls  in s tead  o f ex ac t figures, 
th e  in te rv a ls  covering th e  tru e  (b u t unknow n) dem ographic  fig u re  w ith  a high 
degree o f  confidence. These in te rv a ls  sh rin k  tow ards single num bers w ith  
increasing  sam ple size. In  th is  w ay , b o th  th e  inaccu racy  o f th e  d ifferen t age 
d e te rm in a tio n s  as well as th e  sm all sam ple size are  accoun ted  for.

U n til now , paleo d em o g rap h y  has borrow ed m an y  of th e  procedures from  
m odern  dem ography , as p a leo d em o g rap h y  is in  fac t d em ography  b ased  on 
a p a r tic u la r  k ind  of m a te ria l, u tiliz in g  d a ta  w ith  p roperties d ev ia tin g  from  th a t  
o f  d em o g rap h y  p ro p er. These p ro p erties  are  o f a k in d  th a t  req u ire  certa in  
m od ifica tions from  th e  m odern  dem ographic  m ethodology . W ith  th is  in  m ind, 
i t  shou ld  be  possible to  com bine th e  know ledge o f physica l an th ro p o lo g y  and  
osteo logy  w ith  th a t  o f  d em o g rap h y , so th a t  th e  conclusion o f  a paleodem ogra
phic  s tu d y  m ay  rea lly  re flec t th e  ac tu a l know ledge e x tra c te d  from  skeletal 
rem ains app lied  in dem ograph ic  basis.

*

(R eceived 11 Septem ber 1978)
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