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ABSTRACT 

1ne purpos e  of thi s  s tudy was to examine the b i o l ogi cal  and 

socia l  evidence o f  s tre s s  at the Averbuch s it e  (4 0DV6 0 ) , a l ate  

Mi ssi s s ipp i an Peri od Midd l e  Cumberl and Cul ture vi l l age from the  Nashv i l l e  

Bas i n  in Midd le  Tennes see . Recent e xc avation o f  thi s  s i te  produced one 

of the l arge s t  sys temati ca l ly e xc avated ske l e ta l  series  from Tenne s see . 

The ma j or i ty o f  buri a l s  were recovered from three cemeteries  whi ch 

could be a l igned temporal l y .  I t  was hoped that ana l y s i s  o f  this 

ske l e t a l  series  wou l d  i l l uminate condi ti ons  whi ch contributed to the 

l ate preh i s toric d e c l ine and u l t i mate d i s appearan ce o f  the Mi ddl e 

Cumber l and peop l e  from the Nashvi l l e area . 

A general invest igation o f  s tre ss  was ac comp l i shed w i th a 

l i fe tab l e  approach as suming a s t at i onary popu l at i on mode l . The 

vi tal s tat i s t i c s  produced by th i s  analys i s  inc ludes data on mort a l i t y ,  

surv i vorshi p ,  age - spec i fi c  probab i l i ty o f  death , l i fe expectancy and 

crude morta l ity rate s . These data are compared to t h at of  other 

populat ions . Crude morta l i ty rate was used to est imate Averbuch 

popul ation s ize . The l ife t ab l e  approach was a l s o  used to examine 

s tre s s  between the cemeterie s  and the sexes. Evidence of b i o l o gi c a l  

( i . e . , short stature , Harri s  l i nes and ename l hypop l a s i a) and s o c i a l  

( i . e . , s calping) s tress  w a s  examined . Frequenci e s  and means are 

presented and the di fferences be tween the ceme teri es and s exes are 

subjec ted  to an ana l y s i s  o f  var i ance . Evi dence for s c a lp ing was a l so 

e xamined . 

i i i  



The results  o f  the demo graphy i nd i c ate that the Averbuch infants  

exper ienced a hi gh mortal i ty rate , the  ado l e s cents were the  l east  

s tre s s e d , and adu l t  mal e s  and fema l e s  were mo s t  stressed  during the 

i v  

20  t o  25  year age i nterval . The crude mortality rate of  6 0  per thous and 

per year was among the h i ghe st  noted in the l i terature . Ma l e  crude 

mortal i ty rate i ncreases tempora l ly whi l e the femal e  morta l i ty 

rema i ns r e l atively  constant . The age spe cifi c d i s tribut ion of  death 

between the sexes  and the cemeteries  are exami ned . The only s i gn i fi c ant  

d i fferences  (p  > . 005 ) was  between Cemetery 3 mal e s  and  fema l e s  and 

Cemetery 3 femal e s  and Ceme tery 1 ma l e s . Thi s  di fference was produced 

by e l evated morta l i ty for the Ceme tery 3 fema l e s  during the 20 to 2 5  

year age interva l . The crude mortal i ty rate (60 ) , number o f  years the 

vi l l age was o ccupied  ( 1 5  to 25 years ) and the e s t imated total  number o f  

dead (n = 1 , 2 3 2 )  were us e d  t o  ca l cu l ate an Averbuch popu l at ion s ize o f  

between 800  and 1 , 4 00 ind ividual s .  

With the e xception of s tature between the sexes , an al y s i s  of  

var iance te sts  produced no  s i gn i ficant  differences when th e propos e d  

stre s s  indicators are examined in respect t o  s e x  o r  cemetery . How ever , 

the interact ion o f  sex and ceme tery for en ame l hypop l as ia was s i gn ifi c an t . 

The mean number of s tress  epi sodes i s  greater for Cemetery 1 fema l e s 

than mal e s  where as this  re l a t ionship i s  reversed for the ma l e s  and 

fema l es from Cemetery 2 and 3 .  Soc i a l  s tress was evi dent in the form 

o f  s c a l p i n g  wh i ch appeared on s i x  crani a ,  three from Cemetery 1 and three 

from Ceme tery 3 .  Both sexes and a variety of adu l t  ages were among 

the v i c tims . 



v 

From thi s  s tudy i t  may be conc luded that the Ave rbuch peop l e  were 

s evere l y  s tressed by both b i ol o g i c a l  and soc i a l  forces , and the 

b i o l o g i c a l  s tre s s  was widespread among the popu l ation . Demograph i c a l l y ,  

there i s  no evi dence o f  an epidemi c. The s tress  was chroni c and d i d  

no t  resul t from seasonal , o r  patterned , epi sode s o f  s t arvat ion o r  

mal nutri t i on . Tempora l l y ,  there i s  n o  s ta t i s t i ca l ly s i gn i fi c ant 

i ncrease  or decre ase i n  the occurrence of stre s s  ( i . e . ,  Harr i s  l ines  

or l ines  o f  ename l hypop l a s i a) in  the ske letal  series . The o ccurrence 

of s c a lp ing i s  evi dent of the extreme social  s tres s experienced by the 

inhab i tants of Averbuch . 

The s i gn i fi c ance o f  these  findings i n  re ference to l ate Mis s i s s ipp ian 

Period  popul ations  who l ived in the Nashvi l l e  Bas in  i s  d i s cus sed . A 

hypothe s i s  concerning the l ate preh i s toric d i s app ea ran ce o f  these 

peopl e  is  pre sented for future t e s t in g . 
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CHAPTER I 

THE B I OCULTURAL APPROACH TO THE ANALYSI S  OF THE 

AVERBUCH SKELETAL SERIES 

Duri n g  the las t  few d e cad e s , phys i c al an thropolo gy has e xper i enced 

a sh i ft from a b as i c  d e s cri pt i ve approach , o ft en centere d  on the uni que , 

t o  a more general , populat ion approach i n  wh i ch spec i fi c  p roblems are 

addre s s ed . A popula t i on ori enta t ion coupled wi th the more comple t e  

recogn i t i on o f  t h e  interrelat i on s h ip o f  b i ology and culture h a s  

produced t h e  b i o cultural appro ach t o  the s tudy o f  sk elet al remai n s . 

Thi s  approach i s  pre sently accepted  as one o f  the more appropriate 

treatmen t s  i n  the o s teolo g i cal s tudy o f  human b i olo gy and behavior 

( Blakely 1 977) . Peebles (1977: 1 24 )  s t a t e s  tha t  

A human bur i a l  con t a ins  more anthropologi c al i n forma t i on per 
cub i c  me t er of depo s i t  than any other typ e  of archeologi c a l  
fe ature . A bur i a l  repre sents  t h e  latent i mage s o f  a 
b i o l o gi cal and cultural person frozen i n  a clearly deli mi t e d  
segment o f  space and t ime . 

I n  recent year s , skele tal d emo graphy ha s been an import an t  tool 

o f  the b i o logi cal anthropologi s t  i n  the s tudy o f  the int errela t i onship  

of  preh i s tori c  populat ions and the i r  envi ronment . P aleopathologi cal 

i ndicators of stre s s  repre sent an add i t i on al fac e t  of the b i olo g i cal 

approach whi ch ha s recei ve d  much attent i on i n  s t ud i e s of the s o c i a l  

and bi olo g i cal adap t a t i on o f  preh i s tori c popu l a t i ons . B i ologi cal 

phenomena such as Harr i s  line s , enamel h)�oplas i a , and var i at i on i n  

s tature re fle c t  t h e  d i fferen t i al e xperiences o f  indi vi duals and 
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ultimately ske l et al popu l ations to env i ronmenta l l y  induced s tre s s  

(i . e., m a l nutr i t ion and d i s e a s e ) .  S tre s s  re s u l t ing from s o c i a l  

interac t i on s, such a s  ware fare, may a l so b e  recorded  on the s ke l e ton 

in the form o f  fra cture patterns , proje ct i l e  p o in t s  emb e dded  i n  b one,  

and cuts from s c a l p i n g .  

The pre s ent s tudy propos e d  to  emp l oy the s e  t e chni ques  t o  examine 

the  b i o l o g i c a l  and env ironment a l  interac t i on s  a t  the Averbuch s i t e  

( 4 0DV6 0)- a l ate  Mi s s i s s ipp i an v i l l age l ocat ed in  a t ran s i t i onal zone 

b e tween the Nashv i l l e  Ras i n  and the High l and Rim of Mi dd l e  Tennes s ee . 

2 

L i t t l e  i s  known concern ing the archaeo l o gy o f  the Nashv i l l e Bas in 

and far l e s s  is known of the ske l et a l  b i o l ogy .  The Averbuch s it e  i s  

s i tuat e d  i n  north Dav i dson County, and con s i s t s  o f  a s t o ckaded vi l l a ge 

w i th three s ep arate ceme t er i e s . The s e  three ceme t er i e s  prov i d e  the 

l arge s t , s y s t emat i c a l l y  excavated ske l e t a l  seri e s  ever ob tained from 

the Mid d l e  Tenn e s s e e  area . Archaeo l o gi cal l y, Averbuch b e l ongs t o  

t h e  �li s s i s s ippian Peri od " s tone box" phenomenon t erme d  t he Midd l e  

Cumberl and cu l ture b y  Fergu s on ( 1 972) , and was o c cupied between the 

thirteenth and fi ft eenth c enturie s A . D .  Care in  excavat i on was such 

that many of the s amp l in g  b i ases  d i s cussed by Bui k s tra ( 1 977:72) may 

be avo i de d  or addre s sed. 

The Nashvi l l e  are a was den s e l y  popul ated throughout the �li s s i s s ipp i an 

Peri o d  as i s  evident from the l arge number o f  s t on e  l ined graves 

excavated s ince the ninete enth century . Thrus ton ( 1 8 97:2) excavated  

over 3 , 00 0  buri a l s  from the Noe l Farm s i t e  in  what is  now Nashvi l l e 

and d i s covere d at l ea s t  1 , 00 0  more on adjo in ing farms . Thru s ton 

( 1 8 97:28 ) notes  that: 



The bur i a l  grounds on Brown's Cre ek, near Nashv i l l e, recent l y  
d i s c overed, c ontain thre e o r  four thousand grave s and sma l ler 
ceme t eri e s  h ave been found on near l y  a l l t he adjo i n in g  farms . 
Pro f .  Putnam and h i s  a s s i s t an t s  e xp l ored abou t  six thou sand 
grav e s , the majority of them in  the vicinity of Na shv i l l e .  
Dr . Jones e xamined a l arge number, in  some fi ft e en di ffe rent 
c emeteri e s . Dr . Tro o s t, the l earned geo l og i s t  of Tenn e s s ee, 
report s s i x  very l arge ceme t eri e s  near Nashv i l l e .  

Twen t i e th century urban expan s i on, intensive agricul tura l pract i c e s  

and loo t i n g  by re l i c  hunters have de s troyed many other s i t es  and 

thou s ands of buri a l s .  

1ne Midd l e  Cumb er l an d  peop l e  van i shed pri or to  the e i gh t e enth 

c en tury when the first se t t l ers came into Mid d l e  Tenn e s s e e . In the 

ear l y  1 7 7 0's comp an i e s  of  hunt ers and exp l orers began to  move i nt o  

t h i s  are a .  C l ayton ( 1 8 80 : 1 6 )  notes  that "The camp s o f  t he hunt ers 

at th i s  t i me were the on l y  hab i t a t i ons in Midd l e  Tenn e s s e e, t here 

be ing no Ind i an l odges anywhe re in  the country v i s i t e d  by the 

e xp l orers . "  The l a st known Indi an inhab i t ants  of the Nashvi l l e  are a 

were the Sh3\mee who main l y  occup i e d  the l ower Cumber l and river va l l ey 

i n  Kentucky . Tradi t i on sugge s t s  that they migrated into  th i s  are a 

during the m i d -seventeenth century from F l ori da and Georgi a .  During 

the first  de cade o f  the e i ghteenth c entury the Sha\me e were expe l l e d  

from the Cumberl and Va l l ey by the a l l ie d  force s o f  the Cherok e e  and 

Chi ckasaw ( Ramsey 1 9 2 6:78- 8 0 ) . 

I f  th i s  i s  t rue, the comparat ive l y  bri e f  occupation o f  Mi dd l e  

Tenne s se e  by the Shawnee c annot b e  u s e d  t o  exp l a in the dem i s e  o f  the 

�Ii dd l e  Cumberl and peop l e .  Pre s sure from epidemic d i s e ase  i nt roduced 

by Span i sh and French exp l orat i on to  the south, or Iroquoi s  conquest  
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from the north are two factors whi c h  may have l e d  to  their see mingly  

sudden d i s appearan ce (Ferguson 1 9 72:4 5 ) . The Iroquoi s  were known 

to  raid as far south a s  northern A l ab ama ; and ,  at the 1 768 Treaty o f  

Fort Stanwix , c l ai med b y  right o f  conque s t  the land north o f  the 

Tennessee  River . I n  add i t i on ,  a popu l ation den s i ty such as t hat o f  

the Nashvi l l e  Basin wou l d  have certai n l y  t a xed the environment . 

Decreased food avai l ab i l ity  wi th i ncreased morb i d i ty may represent 

factors that contributed t o  the Midd l e  Cumber l a nd di s appearance . 

The temporal and geograph i c  lo cat ion of  the Averbuch s i te offers 

a rare opportuni ty to examine environmental  and soc i a l  in fluen ces  

4 

that may have contributed to the demi s e  of th e t>U dd l e  Cumbe r l and people  

i n  the  Na shvi l l e  area . The present study inves t i ga t e s  th e bio logi c a l 

and soc i a l  adaptations of  the Averbuch peopl e to their env ironment 

and represents one of  the first such stud i es o f  th i s  magnitude in  

t h e  Southe as t . After a thorough d e script ion o f  the h i s tory and 

archaeology of the s i te ,  Averbu ch demography w i l l  be pre sented and 

compared to that of o ther ske l et a l  seri e s . The demography o f  each 

of the three Averbuch ceme t eri es  wi l l  be  examined in  an attempt to 

determine the t emporal nature of s tres s at  the s i te . The demo graph i c  

anal y s i s  wi l l  provide the bas i s  for the examinat ion o f  more d ire c t  

evidence o f  b i o l o g i c a l  ( i . e . , Harr i s  l ine s , ename l hypoplasia  and 

s t atur e )  a nd soci a l  (vi o l ent trauma ) s tre s s . 



CHAPTER I I  

THE AVE RBUCH S I TE 

I .  EXCAVATI ON HI STORY OF THE SITE 

The Averbuch s i te  (4 0DV6 0 )  i s  l ocated on the property of 

Mr. S idney Averbuch in the Bord eaux area of north David son County , 

Tennessee . The s i t e  i s  s i tuated on the south s l ope of a h i l l  

approxima t e l y  300 met e rs east  of Drake Branch i n  a tran s i t ional  

z one between the Nashv i l l e  Ba s i n  and l l igh l and Rim (Fi gure 1 ) . 

Cul tura l ly ,  the Averbuch s i te be longs to the 1-lidd l e  Cumberland 

culture of the Mi s s i s s ipp i an Peri od . Al though mo st  Mi s s i s s i pp i an 

s i t e s  i n  the Nashv i l l e  Basin are found a l ong the major river systems , 

the Averbuch s i te i s  approxima t e l y  four k i lome t e rs from the Cumberl and 

River and over two k i l ome ters from ��it e  Creek , a se condary tribut ary 

of the Cumberl and . 

The s i te  was reporte d  to  the Tennes see  Di v i s i on of Archaeol ogy 

after buri a l s  were uncovered Juring the e xp ans i on of the Roya l Hi l l s 

Subd iv i s ion . Joseph Bentha l l ,  Director of the Div i s i on of Archaeo l ogy , 

w i th the a id of coinve st i gators Patric i a  Coa t s  and Don a l d  P .  Rapp , 

i ni t i a ted t e s t  excavat ion s  in 1 9 75 . The majority  of the fi e l d  c rew 

cons i s ted  of vo l unteers from the Tennessee  Archae o l og i ca l Soci ety , 

the Vo l unteer State Archaeol o g i c a l  Soc i ety  and s tudents from 1-kGavock 

H i gh Schoo l ( Rapp 1 9 7 6 ) . Excavat ion and survey revealed  a c emetery 

l o cat ed on lot s  No . 5 3  and No . 54  and a vi l l age 600  fee t  by 1 , 00 0  feet 
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Fi gure 1 .  Map o f  the Nashvi l l e  Bas i n  and l o cation o f  the 
Averbuch s i t e . 
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a l ong the north and east  port i on of  the ceme tery. Forty-nine s ton e 

l ined graves  were e xcavate d  and a number o f  post  h o l e s , two r e fus e 

p i t s  and the poss ib l e  remains o f  a prepared c l ay house  floo r  were 

inve s t i gated (Rapp 1 976 ) .  From thes e  i n i t i al findings the Averbuch 

s i te was de termined e l i gib le  for the Nat i ona l Re gi s ter o f  H i s tori c 

P l aces . 

In  September 1 977 , the Inter agency Ar chae o l o g i c a l  Serv i ce ( I AS )  

o f  At l ant a contracted w i t h  t h e  Department of Anthropo l o gy at The 

Univers i ty o f  Tenn e s s e e ,  Knoxv i l l e ,  for further excavations at  

Averbuch . Two excavat i on programs were conducted wi th Dr . Wi l l i am M. 

Bass  and Dr . Wa l t e r  E .  K l ippe l serv ing as  coprincipal  i nve s t i gators . 

Dr . K l ipp e l  a l so s e rved a s  F i e l d  Proj e ct Director whi l e  Ann Re ed and 

Hugh E. Berryman were fie l d  supervi sors . The first  period o f  

excavation began Septer.�ber 26 , 1 977 , and w a s  d i s cont inued December 1 5 ,  

1 977 . The resu l t s  of thi s excavation e s t ab l i shed ev idence o f  a much 

l arger s ite  than ori g i na l l y  ant i c ipated and demonst rated a need for 

further exp l orat ion . The s econd fie l d  sea son extended from March 2 0 ,  

1 978 , through the first week of Jul y  1 9 7R.  Two crews were maint ained 

dur ing both fie l d  s easons , a wee k l y  crew con s i s t ing of e i ght to 

f i fteen members and weekend crew composed of  approxi ma t e l y  five to  

t en member s . 

Obj e ctive s  o f  the fa l l  field  season were to as certa in s i te s i ze ,  

suffi c i ent l y  s amp l e  the hab i ta t i on areas, and tota l l y excavat e the 

cemetery to  insure an adequate ske l e t a l  samp l e . Add i t ion a l  obj ectives 

were the det ermination o f  the tempora l  and spa t i a l  s i tua t ion of  the 
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s i t e  re l at ive to other s i t e s  i n  the area ,  the sub s i s tence pattern , 

i ntras i t e  structure and the cul tural  and b iological  aspects  o f  

soci a l  organ i zat ion ( Bass and K l ipp e l  n . d .  : 4 - 6 ) . 

8 

Transects  90 c ent imeters wide and approximate l y  150 meters l ong 

were excavated with a backhoe at 10  meter interval s across the s ite  

from th e  1 90E l ine to the  6 0 0 E  l i ne .  During the first  fi e l d  season , 

2 2 6  graves (approximately  340 indivi dua l s )  were excavated from the 

cemetery and inv e s t i gations in the v i l l age area reve a l ed two add i t i onal  

ceme teri e s . One s t ructure was comp l etely  excavated and port ions o f  

two other s tructur e s  were e x amined . During the s econd fie l d  season 

port ions o f  a p a l i s ade and 7 4  s tructures were i dent i fied  and 1 5  were 

excavated ( F i gure 2 ) . Both char coal  and flotation s amp l es were taken 

from each s tructure and the fi l l  from the structure s was waters creened 

during removal .  One hundred th irty graves (approximat e l y  1 7 2  

i nd ividua l s )  were e xc avated from Ceme tery 1 ,  62  grave s  (approximat e l y  

7 2  i ndividual s )  from Cemetery 2,  and 1 6 2  graves  ( 1 90 ind i v i dua l s )  

from Cemetery 3 .  Th i rty- five individua l s  were re covered in or near 

the 1 5  houses excava t ed ( K l ippe l  n . d . ) .  

A total  of  645 graves ( 8 8 7  individual s )  was recovered from 

Averbuch by The Univers i ty of Tennessee  and t he Tenn e s s e e  Divi s i on o f  

Archae o l ogy . A n  addi t ional 409 (es t imated)  indi v idua l s  cou l d  not b e  

c o l l ec ted  due to des truct i on b y  cul t iva t ion o r  construct ion and l ack 

o f  t ime to e xc avate the ent ire s ite. 

It was e stimated from backhoe t e s t i n g  that approximat e l y  30 percent 

of the s i t e  had been des troyed by re cent hous i ng and road cons truct ion . 
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The port ions o f  the s ite mos t  affected were the vi l l age west and 

north of Cemetery 1 and the west ern periphery of Cemetery 1 .  Eros i on 

has modi fi e d  the southern portion of the site . I n  cons iderat ion o f  

such d i s turbances , the Avcrbuch s i t e  apparen t l y  encompas sed  an area 

330 meters e ast  to  wes t  by 200 meters north to south (Reed 1 9 78 ) .  

10 

Two uncorrected c
1 4  

dates were obtained from wood charcoal  samp l e s  

from one o f  the structures  (UGa- 20 04 AD 1 4 2 5  o r  5 2 5  ± 5 5  BP ; UGa - 2005  

AD 1 2 5 5  o r  695  ± SO B P ) .  The se  date s  suggest  that t h e  s i te was 

occup i ed  as  l ate as the fi fteenth c entury A . D .  Thi s  date is further 

s ubstant i ated by s ever a l  temporal l y  di agno s t i c  art i facts pre s ent at 

the s i t e  (e . g . , fi l l eted-rim bowl s ,  strap -hand l ed j ars , sma l l stone 

d i s c o i da l s , deer and e lk as tragalus di ce, etc . ) .  

I I . ARCHAEO LOGY OF THE SITE 

The vast maj ority of  bur i al s at Averbuch were confined to three 

s eparate and d i s t inct cemeteri e s  w i th a sma l l er number ac companying 

structures .  Cemeteries 1 and 2 were s i tua ted approximate l y  30  t o  35  

meters from e a ch  other in the  wes t ern ha l f  o f  the  site  and both were 

within the portion of  the s i te enc losed  by the pa l i sade . Cemetery 3 

was l oc ated  in the northeastern section o f  the s i te and ou t s ide the 

pal i s ade wa l l .  A portion o f  the p a l i s ade superimposes  grave s in 

the southwest corner of  Cemetery 3 suggesting that Cemet ery 3 

predates Ceme teries  1 and 2 .  I t  i s  hoped that a micros eriat ion 

s tudy o f  the arti facts may better sub s t ant iate the temporal po s i t i oning 

of the three cemeterie s . 



Demographic a l l y ,  both sexes and a l l age groups were found in 

thes e  three cemeteri e s ;  however , the younger age ranges were not ab l y  

defi c i en t .  Perinata l  dead were common l y  found i n  we l l  made graves 

beneath the f l oors of the s tructure s .  Cemet ery 1 was unique in 

that the graves , especi a l l y  those  i n  the outer part o f  the cemetery , 

were gener a l ly oriented in such a manner to  form an overal l  c ircu l ar 

l l  

pattern.  A s i mi l ar pattern cou l d  not be  d i s cerned in e i ther Cemetery 2 

or Cemetery 3 .  

During the Averbuch e xcavat ion , each bur i a l  was photographed 

( co l or s l i des and b lack and whi t e  print s )  a s  we l l  as  drawn and an 

exten s ive e ffort was made to  c o l l ec t  in format.i on per t inent to  

mortuary vari abi l ity ( F i gure 3 ) . Var i at i on i n  s t one box constru c t i on 

i n  the Southea s t  and Mi dwes t  i s  cons i derable  a s  i s  evident by the 

s tone box v ari e t i e s  e s tab l i shed by Ferguson (1972: 15 , 2 0 )  and the 

m any d e s cription s  of stone box manufacture ( Bushne l l  192 0 : 4 5 ;  Dowd 19 72: 

2-5 ; Ferguson 1972 : 2 0; Jones  1869:66; Troost 1845:358 ). St one box 

con s t ruction var i e s  con s iderab l y  at  Averbuch in the type of  mater i a l s  

used , t ime expended and care devoted to  manufacture. Dowd ( 1972:3-6) 

pres ents a rasonabl e  de scrip t i on of  the s teps inv o l ved  in box 

con st ruction : 

After the grave wa s rou ghed out , a d i gging s t i ck was used 
to  cut a sma l l  trench around the outs ide of  the box . Thi s  
t rench was five to e i gh t  inches l owe r than the grave f l oor 
and two or three inches wide . Thin stones  were then s e l ected 
and p l aced upright i n  the prepared trench , with about a third 
o f  the upr i ght s ide and end s tones b e l ow the l ev e l  o f  the 
grave f l oor , anchoring the box firm l y  in the ground . . . . 
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Usua l l y  two or more s tones were used to  make the s i de o f  
a b o x  and they were s ometimes over l app ing t o  as sure a t i ghter 
f i t. A somewha t  thicker s tone was used for the ends , and i f  
a sui t ab l e  one cou l d  not b e  found , two thin stones were 
doubl ed . . . .  After the s i de and end s tone s were po s i t i oned , 
they wou l d  be  broken o ff acro s s  the top a s  even l y  as  p o s s ib l e . 
Th i s  wou l d  make the top o f  the s ide and end s tones l eve l , 
thereby a l l owing the topstones to  l ay f l a t  on the box . . .  
Large sherds o f  pott ery were o ccas iona l l y  p l aced over the 
outer s e ams , e spec ia l ly at the corners , t o  s e a l  the box . . 

The mo s t  common type o f  f l oor was cons tructed '1..-i th thin 
pieces  o f  l imestone . F l oors were a l so made o f  pot t e ry 
sherds , and i f  there was a nearby supp l y ,  mus s e l  she l l s  were 
somet imes used . . . . 

After the b ody was put in the box , the t ops tones  
(capstone s )  were set  in  p l ace . The tops t ones  were usua l l y  
l aced o n  b y  each one ove rl app ing the edge s o f  the other. 
Sometime s  there are many l ayers of topstones  but o ften 
there are j us t  enough to  a fford protecti on for the corpse. 

Var i a tion may be demons trated at Av erbu ch in the dep t h  o f  

the interments  whi ch range from sha l l ow t o  fai r l y  deep . Many o f  

the sha l l ow bur i a l s - those covered by on ly a few cent imeters o f  
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e ar th -were o ften p l ow d i s turbed . Bur i a l 4 5 5 ,  w i th a f l oo r  approxima t e l y  

8 0  centime ters be l ow the sur face ,  was one o f  t h e  deeper graves 

encountered a t  the s it e .  Grave construction a t  Averbuch varied  

from the  absence o f  a prepared s tone coffin, though uncommon , to  

wel l made boxes  with  l ined f loors and one to  s everal layer s  of  

c ap s tone s .  The pre s ence o f  l ined f l oors and capstones  seem t o  h ave 

been optiona l ;  however , p l ow d i s turbance may account for the abs ence 

of some c ap s tones whi l e  the use o f  perishab l e  ma teri a l s  such as 

wood , bark or skins may represent addit i o n a l  factors . The wal l  

s tones used  in grave cons truct i on var ied from ov er l app ing to  

con t i guous. Coffins were re c tangu l ar in shape to  accompany the 

e xtended corp s e  and the s i z e of the box varied proport i ona l l y  t o  



the s ize o f  the individual . The mos t  common material  used in box 

construct i on was l i mestone (whi t e ,  red and fo s s i l i ferous ) wh ich 

occurs in a read i l y  avai l ab l e ,  l ami nated form i n  the Nashvi l le Basin . 

Sha l e ,  s andstone , mudstone and cerami c sherds (often s a l t  pan )  were 

a l s o u t i l i zed in varying de grees for box construct ion . 

The buria l s  at Averbuch were a lmost exc lus ive ly  interred on 

the i r  back i n  an extended po s i t i o n .  Ra re l y ,  e xcept ions d o  exi st 

and usua l ly resu l t  from ind ividua l s  being  p l aced i n  too sma l l a box , 

nece s s i tating a s l i gh t  fl exing o f  the l egs . The arms  o f  mo st o f  

the bur i a l s were ext ended behind the back with the hands beneath 

the pe l v i c  gird l e . Variation wa s a l so noted in  mul t i p l e  bur i a l s 

in  whi ch indivi dua l s  were oriented wi th the i r  heads  t o  the same or 

oppo s i t e  ends of  the grave . Al so , the body preparation o f  one 

indivi dual was unique ; the corpse had been p l aced on a floor of 

l imes tone , part i a l l y  cremated , and bur i e d  in s itu . 

A fair l y  common phenomenon at  Averbuch , as  wel l as  other Midd l e  

Cumb e r l and s i tes , i s  the reuse o f  graves . I t  i s  evident that many 

of the graves  were reopened and reused after the i n i t i a l  buri a l  
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had been made . Upon such occas ion , the primary bur i a l  was d i sarti cu l at e d  

and moved to the foot o f  the grave , p l aced along one o f  t h e  wal l s , 

or d i scarded . I t  i s  uncertain whether the bas i s  o f  grave reuse i s  

con j ugal affi n i ty , consangu i n i ty o r  s imp l y  for th e s ake o f  conven i ence . 

Con j ugal  pairing i s  sugge s te d  by case s  in  whi ch adu l t  ma l e s  and fema l e s  

were bur i e d  s ide b y  s ide i n  s i mi l ar l y  constructed boxes o r  in the same 

box .  S imul taneous mul tip l e  interments \\·ere a l so preval en t  with two , 



three and somet i me s  more individuals placed i n  a single grave . 

Consangu i n i t y  i s  suggested by the bur i al o f  children inside or beside 

boxes con t aining adult females .  Bur i al 5 1 7B, a primary inhumation 

o f  an adult female , and 5 1 7A ,  a chi ld who was entered at  a later date 

than B, may provid e  an example of thi s .  To make room for the child 

t he pelvic girdle and le gs of the female were moved toward the head 

of t he box . I t  i s  evident that t he female's body had not thoroughly 

d ecomposed since  several of the bones remained art i culated throughout 

the i r  mov e . 

O'Bri en ( 1 977 : 346) comments that closely asso c i at e d  bur ials at  

t he f..lound Bott om si t e  

. .  could occur when a woman d i e s  Juring, o r  soon after, 
chi ldb irth and her chi ld d i e s  soon after that . . . . Another 
possibility i s  that the chi ld was ki lled upon the death of 
its  mot her due to  [si c] the la ck or desire o f  anyone to care 
for i t .  

Grave reuse su ggests that the loca t ion and perhaps t he ident i ty 

o f  e ach grave was marked . Such ac t iv i ty was observed in the mortuary 

pract ice  of the Delaware who after fillin g  the grave w i th earth 

. se t up a long pole at each end of the grav e ,  they pai nt 
the one at the head, i f  the deceased has been a warrior with 
certain hieroglyphi c s-deno t ing how often he  had gone to war­
how many he had k illed-i f he had been a t>loy-a-ooh' whcse , or 
foreman , how many men he had lost, and how o ft en he had-been 
wounded . (M'Cullough in London 1 971,  1:2 97) 

Many Av erbuch graves were intrude d into or cut through by later 

b ur i als, suggest ing  t hat suffici ent t ime had passed to allow the 

placement of earlier  graves to be forgo tten . 

\\11en Averbuch i s  compared with other lar ge Lat e Mi ssissipp i an 

sites (e . g . , Moundville, E towah, e tc . ) , there i s  a not able absence 
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o f  the quanti ty o f  the more e l aborate arti facts and e xotic mater i al s .  

However , an absence o f  arti facts has long been a characte r i s ti c  o f  

Midd l e  Cumber l and graves . Thi s i s  r e f lected i n  Moore's ( 1 9 1 6:48 5) 

s tatement: 

As to the di scovery of  arti facts, as is usual ly  the case  wi th 
s tone grave s , we had our l abor for our pains as the saying 
goe s . 

The majority o f  the adu lt bur i a l s at Averbuch p o s s e s s ed no 
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arti fact assoc i ations . Adu l t  associations,  when present,  were usua l ly 

uti l i tari an (e . g . ,  awl s, potter ' s  anvi l s, b l ades,  c e l ts ,  etc . )  or  

ornamenta l (e.g. , ear p lugs , ha i r  pins , etc . ) .  CerAmic ves s e l s  we re 

occasion a l ly found with adu l ts . Copper was a l so inc luded in  some 

adu l t  grave s , though extremely rare . Approximate ly  one ha l f  o f  the 

subadu l t  bur ia l s  were accompani e d  by grave goods . The most e laborate 

ceramics at the s i te were norma l l y found with the chi l dren; these  

i n clude both human and animal e ff i gy ve s s e l s ,  human e ffi gy ceramic  

f i gurines,  she l l  spoons, and ornaments (e.g . , be ads,  ear p lugs , she l l 

gorgets ) . Such a practice s everely l imits the use of  buri a l assoc i ations 

i n  defining s o c i a l  status . Ho\>·ever, variation in the materi a l s  used 

and the care and time invol ve d  in  s tone box construction may prove 

val uab l e . Dowd ( 1 972:2,5) note s that " . . . the fin e s t  mad e boxe s 

genera l l y  a l so contained the n i ce s t  arti facts ."  

The information potential  offered by mortuary remains  is  o ften 

reduced by post bur i al forces  that a l ter the character of the grave 

or its contents . The fo l l owing i s  a revi e w  of the forces at Averbuch 

that hindered buri a l  recovery or a l tered the accuracy of the data 

c o l l ected: 



1 .  Abori ginal d i sturbance through both grave reuse and the 

intru s i on of stone  co ffins into preexis t ing  grave s was a factor in 

all three c emeteri e s . 

2 .  The s tone boxes made excellent shelter for rodent s  such 
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a s  groundhogs and mice . The complet e  sk ele ton s of m i c e  �ere oft en 

found in the grave s and on one occa s i on a family o f  live mice �as 

d i s covere d  in a s tone box grave. Brehm and Evans ( 1 977 : 23 )  not e that 

"There appears to  be  cons i derable movement o f  small i tems from rodent 

act i vi ty inside  the box." Also,  bony r idges and tub ercle s  o f  some of 

the bones o ften exh i b i t  gn aw mark s .  

3 .  Curio s i ty s e ekers and vandals were also a proble m .  Little 

evidence o f  "pot hunting" ac t ivi ty  was found; however, the chi ldren 

of an earli er owner of the property were reported to have dug in the 

grave s . During the s e cond fi eld s eas on vandals dRmaged mate r i als from 

s e veral grave s that were le ft open i n  Cemetery 2 throu ghout the n i ght . 

4 .  Water  and root activi ty can als o  damage and move obje c t s  

within a ston e coffin . So i l  typ e ,  drainage and other factors may 

influence s eepage. Cerami c ves sels and even cran i a  will occasionally 

float to  di fferent areas o f  the box as  i t  fills w i th water . Boxes  

w i t h  lined floors t end to hold water for longe r periods of t ime 

p romot in g  bone des truction . Roo t s  also penetrate  the boxes and damage 

bone s . 

5 .  Cultivation was respon s ible for the d amage and des truction 

o f  many of the very shallow buri als , and the removal of the capstones 

from deeper graves . This wa s especially a problem in Cemetery 2 i n  



which  many o f  the  boxes were d i s t urbed and occas i onally fragments of 

limest on e  and bone were found sugges t i n g  the complet e  destruct i on of 

s ome boxes . 

6 .  Landsc aping  and const ruct ion from the  expan s ion of the  

Royal Jlills Sub d i vi s i on was  respon s i ble for damage to some of the  

bur i als i n  Cemetery 1 and the  heavy machinery u s e d  i n  construct i on 

o f  Putnam C ircle badly crushed many o f  the  bur ials in  Cemetery 3 .  
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7. Di fferen t i al preservat ion was furt her affected by a 

comb inat ion o f  soi l  acidity and mat erial us e d  in  box const ruction . 

Limes tone boxes acted to neutralize the  acid  soi l and b e t t e r  pre served 

the b one s . Boxes  constructed o f  shale o ffered li t tle or no prot e c t i on 

for t he bon e s  and in  many instances only the teeth  and a fm·; fra gments 

o f  b on e  were pres erve d . 



CHAPTER I I I  

THE DEMOGRAPH I C  APP ROACH TO SKELETAL STUDI ES 

I .  I NTRODUCTI ON TO THE DH10GRAPHI C  APPROACH 

A thorough s tudy of a prehi s tori c s k e l e t a l  series  demands the 

ful l  cooperat ion of bo th the archaeologi s t  and the bi o l og i c a l  

anthropo l ogi s t. I t  mus t  include a concerted e ffort by the bio l o g i c a l  

anthropo l o g i s t  t o  e xp l ore bo th the cul tura l and bio l o g i c a l  data 

through al l pert i nent me thodological  avenues . Within the past  

de cade and a ha l f, demography has become a re l at i ve l y  common term 

i n  the re a l m  o f  anthropo l o gy, and i t  i s  on ly wi thin thi s t i me frame 

that i t s  u ti l i ty and poten t i al in  prehi s t oric ske l e tal  an alysi s 

has been demons trated (Acs ad i  and Nemeskeri 1 970; Bui k s t ra 1 972; 

Val l o i s  1 960; We i s s  1 973) . 

Demo graphy has its  ori gin in  socio l o gy and geography; socio l o g i s t s  

and geographers were among the fi rs t to app l y  demo graphi c theory to  

the s tudy of exis tent popu l at ions. I t s  uti l i ty in the s tudy of 

prehis tori c popu l ations was soon re cogn i zed and its method o l o gy was 

embraced by the anthropo l o g i s t . The imp l ement ation of demographic  

princip l e s  i n  the s tudy o f  e xt i nct human popul ations has been termed 

paleodemo graphy by Ange l ( 1 969a)  and Ac sadi  and Nemeskeri ( 1 970) . 

Howe l l s  ( 1 960) and Cook ( 1 972 ) re fer to i t  as prehi s toric demography, 

and We i s s  ( 1 975 ) c a l l s  i t  s k e l e t a l  demo graphy . I n formation avai l abl e 

through demo graphi c s tudy--age and s e x  compos i t ion, age spe c i fi c  
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mort a l i ty, adu l t  l ongevity for e ach sex, ferti l i ty, and popu l ation 

size -re fl e c ts the adap t i ve e ffic i ency of a group to i ts envi ronment .  

Such in formation can contribute great l y  to our knowl ed ge o f  the demi se, 

growth, and mi grat ion of a popul at ion or even the origin of certain 

cul tural or soc i a l  practices .  

Thi s  i s  further refl e cted  in a stat ement b y  Wobst ( 1 973 : v i i )  

concern ing  the d emo graphi c structur ing o f  ar chaeo l o g i c a l  data: 

Thus, the age and sex structure of a popul a t ion wi 1 1  be 
re f l ected, if on l y  ind irect l y, in the number o f  po in ts, the 
vo l ume o f  pots or the size of houses encountered by 
archae o l o gists .  More comp l e x  archaeo logica l  parameters are 
more i n tricate l y  structure d  demo graphical l y . For example,  
the mean l ength o f  occupation of resi dential structures not 
on l y  deri ves from the ma ting  pattern, the postmarita l  
residence ru l e s  and various other social and economic factors, 
but a l so from mor t a l ity (househo l d  abandonment) and fer t i l i ty 
(rate o f  househo l d  format ion) . 

There are several  archaeo l ogical approaches to the estimat i on o f  

demographic p arameters, particu l arly popu l ation size . Popul ation size 

and dynamics are e stimated from house and mound frequency (Ascher 1 95 9 ;  

Havi l and 1 965 , 1 966, 1 9 7 0 ) , set t l ement p attern ( Bu l l ard 1 9 6 0; 

Dumond 1 9 7 2 ; Wil l ey e t  a l .  1 965 ) , surface ceramic co l l ect ion ( Schwartz 

1 956 ) , and e co l ogi cal  resource potentia l  of an area ( Cowgi l l  1 962 ; 

Thompson 1 96 6 ) . However, the use o f  ske l etal  data in popu l at ion 

e st i mates may we l l  represent the most accurate approach o f  a l l .  

Howe l l s  ( 1 960:16 0 )  notes that 

It is evident that  the more use is  made of factors h aving a 
b i o log ic al  component, the c l oser one comes to the re a l i ty o f  
popu l at i on, a bio l o g i c a l  phenomenon . Final l y, w e  come to 
ske l et a l  materia l ,  the most i mportant e vidence o f  a l l ,  since 
it is comp l e t e l y  bio l o g ical , and one indivi dual however  many 
rooms he may oc cupy or howe ver many c l ams he may e at or pots 
he may make, produces one ske l e ton an d one on l y .  
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The major problem that the Ameri can phy s i cal anthropolog i s t  mus t  

face i s  the lack o f  adequate skele t al populat ions . Thi s lar gely li mi ts  

the utili ty  o f  the demographic approach in the New World to that of  

the theoret i cal realm (We i s s  1 973). Phy s i cal anthropologi s t s  mus t  also  

face the pos s ib i lity  o f  an incomple t e  s ample . Fac tors which contribute 

to thi s are poor preservat ion, death and burial away from the vi llage , 

and d i fferent ial treatment according to s tatus . �lany other, yet 

unknown , social and cultural prac t i c e s  may alter  the comple tene s s  o f  

a prehi s toric  cemetery sample . Re gardle s s  o f  the s e  factors a number  

o f  anthropolo g i s t s  have attempted demographi c stud i e s  o f  New World 

s kele tal s e r i e s .  

I I .  DEMOGRAPHIC RECONSTRUCTIONS FRm1 NEW WORLD 
SKELETAL SERI ES 

New World demographi c research be gan with Hooton ' s  ( 1 9 20) 

analy s i s  o f  a prehi s toric ceme tery near r.lad i sonville, Ohio . Hooton ' s  

goal was the determination o f  the mean death rate and e s t i mation o f  

populat i on s i ze. The age d i s tribut ion at death of the Madi sonv i lle 

populati on was compared to that o f  a number o f  European countries  and 

found to b e  mo st  s imilar to Swi t z erland . 1ne crude death rate o f  

Swit zer l and was as sumed b y  Hooton t o  approximate the Mad i sonville crude 

d eath rate . He then used the crude death rat e ,  the to tal number  o f  

graves at the s i t e  and the number o f  years the s i t e  was occup ied  to  

compute the vi llage populat i on s i ze .  Hooton ( 1 9 30) later at tempted 

a demographi c analy s i s  o f  the  Pecos  Pueblo s ke le tal material .  



Approx imate l y  1 , 800 buri a l s  were reco vered from the excavation o f  an 

e s timate d  1 5  to 20 percent o f  the s i te .  He as sumed th at the portion 
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o f  the s i te e xcavated was representative o f  the demographi c d i s tr i bution 

of the remainder of the cemetery . Hooton used e thnoh i s tori c  sourc e s  

to e s tab l i sh an e s timate of 1 , 000 years a s  the l ength o f  occupation . 

The emph as i s  o f  thi s  report was the re cons truction o f  popu l ation 

dynami cs  throughout this  1 , 000 year period . Howe l l s  ( 1 960) e s timated 

the Pe cos Pueb l o  popul ati on s i ze us ing the number  of ske l e tons , 

n ewly  pub l i sh e d  archae o l ogic a l  data and an as sumed de ath rate of 

30 per thousand per year . Howe l l s '  e s timate s  are probab ly  more accurate 

than tho s e  of l �oton ; howeve r ,  the re l i ab i l i ty o f  the d eath rate and 

the number o f  years o f  oc cupa ti on mus t  remain un certain . 

Snow ( 1 94 8 )  examined the morta l i ty curve of the Archaic  ske l e tons 

from Ind i an Kno l l ,  Kentucky . The morta l i t y  curve was as certained 

by aging and s exing the ske l e tons and p l otting the age s . Unfortunate l y ,  

Snow determined adu l t  age by cran i a l  suture c l osure -- an unre l i ab l e  

te chni que . I n  an attempt to recti fy th i s  prob l em ,  Johns ton and Snow 

( 1 961 ) used  a vari e t y  of  aging cri teria  to r e a s s e s s  Indian Knol l .  

S tewart ( 1 962 ) questi oned the accuracy o f  many o f  the s e  agi ng techn i que s .  

Bass e t  al . ( 1 971 ) examined the mortal i ty and popu l ation s i ze o f  

th e Leavenworth s ite ceme te ry , a h i s toric Ari kara I nd i an s i te from 

South Dakota . Age distributions o f  deaths were pre sented ; however, 

it was determined th at a l arge number o f  ske l e ton s was not recovered 

thus l imi ti ng the demographi c  uti l i ty o f  th i s  s amp l e . 
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Churcher and Kenyon ( 1 9 60 )  were among t h e  fir s t  to attempt to u s e  

a demo graphi c  approach i n  t h e  s tudy o f  os suary depos i t s  ( i . e . ,  two 

I roquoi s  o ssuari e s ) . The maj or aging technique emp l oyed was crani al 

suture closure . Hortali ty and the s e x  rat io were e xamined, but pot 

h unting  and h eavy equipment contributed to the incomple t eness  of 

the s er i e s  and limi ted  its  val ue . A more thorough demo graphi c  approach 

to the s tudy of os suary remains i s  that of Ube l ak er ( 1 9 7 4 ) . He  

e xamined two Late Woodland os suar i e s  from the Juh l e  site  in  Haryl and . 

Both the pub i c  symphys i s  and os teon count were used to determine age . 

Ube laker was among the firs t to  apply li fe t ab l es in  the demographic 

inves t i gati on of New World skele t al s er i e s . The li fe t ab l e  approach 

permi t s  data to be  ob tained concerning l ongev i t y , mort ali ty and 

age - speci fic prob ab ili t i e s  of d eath and life e xpectancy . The l i fe 

t able also permits  the calculation o f  popu l a t ion s i ze from the crude 

mort a l i ty rate, tot al number of bur i als and the number of years the 

o s suar i e s  were used . Owsley ( 1 9 75) also emp l o ye d  a l i fe t able approach 

to a skele tal series  derived in part from " o s s uary- l ike" circums t ances  

(commingling) . The s tudy produced the  vital  s t a t i s t i c s  and populat ion 

s i ze o f  the Larson s ite, South Dakota . 

The e mphas i s  o f  the pre s ent s tudy i s  c lo s e ly relat ed to the 

demo graphi c  approach of Blake ly ( 1 97 1 , 1 9 77 ) ,  Gold s t e in ( 1 953) , 

and Owsley e t  al . ( 1 977) . Gold s te in ( 1 953 ) examined the re l at ionsh ip 

b etween mort ali ty and sub s i s tence p at t ern through demographi c  

s ta t i s t i cs . The s tudy was thorough and include s  s e x  and age spe c i fi c  

mort ali ty i n  a compar i son of agr i cultural and hun ting/ gathering 



soci e t ie s . The report represents one o f  the firs t prob l em ori en ted 

s tud i e s  emp loying demography . I n  a s imi l ar fashion, B l ak e l y  ( 1 971)  

compare d  the mort a l i ty pro fi l es o f  an  Archai c, t>li ddl e Woo d l and, and 

Hidd l e  Mi s s i s s ipp i an ske l et a l  seri e s . He offere d  a d i s cuss ion o f  

the di sease  and cu l tural con s i derations influencing the mortal i ty 

profi l e s  o f  the s e  groups . B l ak e l y  ( 1 977) a l s o uti l i ze d  demograp hi c 

t echni ques i n  conjunct ion with mu l ti variate d i s criminan t analys i s  

t o  e xamine sociocul tural phenomena at Etowah, Georgi a . Ows l ey 

e t  a l . ( 1 977) use  demographic and o s t e o l ogi cal  data to demon s trate 

the presence o f  intertribal  war fare at the Larson s i te,  South Dakota .  

I I I .  PREREQU I S IT E S  TO THE DEMOGRAPH I C  Al\ALYS I S  OF A 
SKELETAL SERIES  W i l l i  REFERENCE TO 

Ti lE AVERBUCH S IT E  

The pre vious ly  d i scu s s e d  art i c l e s  demonstrate the poten t i al o f  

the demographi c approach to the s tudy of abor iginal popu l a t i ons . 

liowever, the l i terature i s  r e l a t i ve ly deficient in  such stud i e s . 

This defi c iency i s  due to the prerequi s i te s  demography p l aces on 

ske l e t a l  d ata . Ube l aker ( 1 974 : 5 ) out l ines  t he s e  demands as fo l lows : 

( 1 )  a knowl edge of the comp l e ten e s s  o f  the s amp l e ; 
( 2 )  informat ion about the archaeo logi cal  a s s o c i at ions  o f  

the s k e l e tons; 
( 3 )  a determination o f  the l ength o f  t ime t he s amp l e  

represents;  
(4 ) an adequate as s e s s ment of sex  and age at de ath, and 
( 5) a proper s e l e c tion of demographic me tho do logy . 

Each o f  the s e  demand s wi l l  b e  d i s cussed in re ference to the 

Averbuch s k e l e t a l  series . 

24  



The Completene s s  of  the Sample 

As previously mentioned, total buri al re covery was the aim  o f  

The Un ivers i ty o f  Tennes s e e  excavations . Un fortunately ,  many buri als 

could not be  recovered due to des truction by cult ivat ion and 

con s truct ion, or a lack of t i me to complete the excavat i on . I t  i s  

fortunate that mortuary patterning a t  Averbuch fac ili t a t e s  the 

e s t i mation of the number o f  burials mi s s i n g . 

25  

Ceme tery l .  All of the graves dis covered were e xcavated ; however, 

s everal graves were des troyed along the we st  s i de of the ceme tery 

by the cons truc t ion of Putnam Drive . Cemetery l was somewhat ci rcular 

i n  shape whi ch allows an approximation o f  the number o f  graves mi s s i n g .  

E ach five me ter un i t  within the cemetery contained an average o f  

fi fteen graves with approximately 1 . 3  indivi duals per grave . From 

t he s e  fi gures an e s timate d  32 ind i v i duals were claimed by the con s t ruction 

o f  Putnam Drive . 

C eme tery 2 .  Every grave that was uncovered was excavated . 

The s e  graves were not as deep as tho s e  in  e i ther Cemetery 1 or 

Ceme tery 3 .  Many grave s were plow d i sturbed and some were comple tely 

des troye d .  I t  i s  e s t imated from the scatt ered remnants o f  boxe s that 

the remains of as few as s even or e i ght ( 7 . 5 )  individuals were 

des troyed in  thi s manner . 

Ceme t e ry 3 .  Time allowed all but four graves - located on the 

west  s i de o f  Putnam Circ l e - to b e  removed from Cemetery 3 .  I n  
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add i t i o n ,  that portion o f  the ceme tery beneath Putnam C irc l e  cou l d  not 

be e xcavated . The s treet covered approximate l y  e i ght , five me ter un i t s . 

Thus , at  approximat e l y  e i gh t  to e i gh t  and one h a l f  individua l s  per 

five me ter uni t , 66 . 5  individual s remain beneath the stree t . Th i s  

number , p lus  the five indi v i dual s  not recovered due to a l ack o f  

time , resul t s  i n  a final e s t imate o f  71 . 5  individual s .  

Structure s .  Approx imat e l y  8 0  structure l oci  �ere di scovered . 

O f  t h i s  number 1 2  s tructure l oci were randoml y  s e l ected and excava ted 

producing 2 . 92 individual s  e ach . Approximat e l y  3 0  percent of  the 

s i te had been des troyed by cons truction . I f  i t  can be  as sumed that 

the structure s  were randoml y d i s tributed throughout the mi s s ing port ion 

o f  the s i te , then approximat e l y  34  s tructure l oci  cou l d  not be recovered . 

A total of  1 02 s tructure loci  can be assumed to have been present at 

Averbuch in addi t i on to the 1 2  whi ch were excavated . At 2 . 92 individua l s  

per s tructure l ocus an e s t imated 2 9 7 . 8 4  indivi dual s were m i s s e d .  The 

maj ority o f  the s tructure buri a l s contained fe tal  and in fant rema i n s . 

The three ceme teries and the twe lve structure s yi e l d  a tot a l  o f  

887 indiviJua l s  (Tab l e  1 ) .  The above e s t imates indicate that an 

add i t i onal 4 09 individua l s  were not recovere d .  There fore , the 

Averbuch s i te contained an estimated total skel etal  series  of 1 , 296 

individua l s  (Tab l e  2 ) . The fractional indivi dua l s  d i s p l ayed in 

Tab l e  1 resul t  from the proportioning of indiv idual s  who coul d not be 

accurate l y  aged or s exed into de fined age and sex categor i e s . The 

fractional  individual s  i n  Tab l e  2 resu l t  from the proportioning o f  



Age 
I n terval Ma l e  

0 - 1 .  5 - - -
1 . 5 - 5 . 5  - - -

5 . 5 - 1 0 . 5  - - -

1 0 . 5 - 1 5 . 5  - - -
1 5 . 5 - 2 0  2 3 . 7 2  
2 0  - 2 5  5 6 . 36 
2 5  - 3 0  34 . 5 6 
3 0  - 3 5  1 8 . 24 
3 5  - 4 0  1 5 . 63 
4 0  - 4 5  1 0 . 64 
45 - S O  1 0 . 64 
so - 5 5  6 . 65 
5 5  - 6 0  6 . 65 
Adu l t  - - -

Subtotal 1 8 3 . 09 

Fetal - - -

Tot a l  1 8 3 . 0 9 

TABLE 1 

AGE AND SEX D I STRI BUTION OF SKELETONS RECOVERED FROM THE AVERBUCH S I TE 
( E XCLUDING ESTIMATES OF M I S S I NG INDIVIDUALS )  

Cemetery 1 Cemetery 2 Cemetery 3 Structures 
Fema l e  Uns exed Mal e  Fema l e  Unsexed Ma l e  Fema l e  Uns exed Mal e  Fema l e  Unsexed 

- - - 4 0 . 3 3  - - - - - - 8 . 69 - - - - - - 1 1 . 28 - - - - - - 2 1 . 00 
- - - 1 1 8 . 70 - - - - - - 1 6 . 30 - - - - - - 36 . 1 1 - - - - - - 5 . 00 
- - - 34 . 6 2 - - - - - - 5 . 00 - - - - - - 1 3 . 44 - - - - - - 1 .  00 
- - - 1 8 . 3 2 - - - - - - 2 . 00 - - - - - - 5 . 1 0 - - - - - - - - -

36 . 94 - - - 2 . 1 0  4 . 2 1 - - - 6 . 40 5 . 49 - - - - - - - - - - - -

35 . 94 - - - 1 3 . 8 7 8 . 1 0 - - - 1 3 . 3 3 2 3 . 1 2  - - - - - - - - - 1 . 00 
2 6 . 73 - - - 4 . 40 2 . 2 1 - - - 9 . 6 3 1 4 . 99 - - - - - - - - - - - -

1 8 . 35 - - - 8 . 8 1 1 . 1 0 - - - 9 . 63 8 . 1 7 - - - - - - - - - - - -

1 7 . 04 - - - 5 . 5 1 2 . 2 1 - - - 5 . 5 1 2 . 73 - - - - - - - - - - - -
9 . 74 - - - 0 . 65 2 . 5 0 - - - 5 . 45 1 . 0 8  - - - - - - - - - - - -

9 . 74 - - - 0 . 65 2 . 5 0 - - - 5 . 4 5 1 . 08 - - - - - - - - - - - -
6 .  74 - - - 1 .  95 0 . 63 - - - 3 . 70 1 . 30 - - - - - - - - - - - -
6 . 74 - - - 1 . 95 0 . 63 - - - 3 . 70 1 .  30 - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 .  00 

1 6 7 . 96 2 1 1 . 9 7 39 . 8 9 2 4 . 09 3 1 . 99 6 2 . 80 5 9 . 26 65 . 93 - - - - - - 29 . 00 

- - - 1 . 00 - - - - - - 2 . 00 - - - - - - 2 . 0 0 - - - - - - 6 . 00 

1 6 7 . 96 2 1 2 . 9 7 39 . 89 2 4 . 09 33 . 99 6 2 . 80 5 9 . 26 6 7 . 93 - - - - - - 35 . 00 

Total 

Number 

8 1 . 30 
1 76 . 1 1 

54 . 06 
2 5 . 4 2  
78 . 86 

1 5 1 . 72 
9 2 . 5 2 

64 . 30 
4 8 . 6 3 
3 0 . 06 
30 . 06 
2 0 . 9 7 
2 0 . 9 7  

1 . 00 

8 7 5 . 9 8 

1 1 . 00 

8 86 . 9 8 

N 
-.....! 



Interval Male 

0 - 1 .  5 - - -
1 . 5 - 5 o S  - - -

S o S - l O o S  - - -

l O o S - l S o S  - - -

l S o S - 20 2 5 0 07 
2 0  - 2 5  5 9 o 5 6  
2 5  - 3 0  3 6 0 52 
3 0  - 35 l 9 o 27 
3 5  - 4 0  l 6 o 5 2 
40 - 4 5  1 1 . 24 
45 - S O  1 1 . 2 4 
s o  - 5 5  7 o 03 

55 -60 7 o 03 

Sub tot a l  1 9 3 o 48 

Fetal - - -

Tot a l  1 9 3 o 4 8  

TABLE 2 

AGE AND SEX D I STRI BUTION OF SKELETONS RECOVERED FROM THE AVERBUCH S I TE 

Cemetery 1 
Fema l e  Unsexed 

- - - 4 2 o 6 2 
- - - 1 2 S o 44 
- - - 36 o 5 8 
- - - l 9 o 3 8 

39 o 04 - - -

3 7 o 98 - - -

2 8 o 25 - - -

l 9 o 39 - - -

l 8 o 0 l - - -

l 0 o 30 - - -

l 0 o 3 0  - - -

7 o l 2 - - -

7 0 1 2  - - -

l 7 7 o 5 1 2 2 4 o 02 

- - - 1 .  06 
1 7 7  0 5 1  2 2 5 0 08 

( I NCLUDING ESTIMATES OF MISS I NG I N D I VIDUALS ) 

Ma l e  

- - -

- - -
- - -
- - -

2 o 26 
l 4 o 93 

4 o 74 
9 o 4 8 
S o 93 
O o 70 
O o 70 
2 0 1 1  
2 o 1 1 

4 2 o 96 

- - -

4 2 o 96 

Cemetery 2 
Fema l e  

- - -

- - -
- - -

- - -

4 o 54 
8 o  7 2  
2 o 3 8 
1 . 1 8 
2 o 3 8 
2 0 70 
2 o 7 0 
O o 6 8 
O o 6 8  

2 5 o 96 

- - -

2S o 96 

Uns exed 

9 o 36 
l 7 o 5 6 

S o 4 0 
2 o l 6 
- - -
- - -

- - -
- - -
- - -

- - -
- - -
- - -

- - -

34 o 4 8 

2 0 1 5 

36 o 6 3 

Ceme tery 3 
Mal e  Fema l e  Unsexed 

- - - - - - l 5 o 54 
- - - - - - 4 9 o 7 2  
- - - - - - l 8 o 48 
- - - - - - 7 o 00 
8 o 8 0 7 o 54 - - -

l 8 o 35 3 1 . 8 2 - - -
1 3 o 25 2 0 o 63 - - -

1 3 o 25 1 1 0 2 5  - - -
7 o 59 3 o 7 6 - - -

7 0 5 1  1 . 5 0 - - -

7 o 5 l 1 .  so - - -

S o 02 1 .  7 9  - - -
S o 02 1 .  79 - - -

86 o 30 8 1 . 5 8 9 0 . 74 

- - - - - - 2 o 75 

8 6 o 30 8 1 0 5 8  9 3 o 4 9 

Structures 
Ma l e  Fema l e  Uns exed 

- - - - - - 2 0 8 0 7 0 
- - - - - - 4 5 0 79 
- - - - - - o 8 4 
- - - - - - o 39 
- - - - - - 2 o 6 7  
- - - - - - S o 39 
- - - - - - 3 o 3 3 
- - - - - - 2 o 3 2 
- - - - - - 1 .  7 1  
- - - - - - 1 .  06 
- - - - - - 1 . 06 
- - - - - - 0 72 
- - - - - - 0 72 

- - - - - - 274 o 7 0 

- - - - - - 5 7 o 96 

- - - - - - 3 3 2 o 66 

Tot a l  
Number 

2 76 0 2 2 
2 38 0 5 1 

6 1 . 30 
2 8 o 9 3 
8 9 o 9 2 

1 7 6 0  75 
1 0 9 o l 0 

76 o l 4 
5 S o 90 
3S o 0 l 
35 o 0 1  
2 4 o 4 7 
24 o 4 7  

1 2 3 1 . 73 

63 0 9 2 

1 29S o 65 

N 
CXl 
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the estimated 409 i ndividuals that could not be recovered . The manner 

in whi ch these individuals are di s tributed into the var ious categori es 

i s  dis cu s s ed in  detai l  later in  thi s  chapter . 

The factors thus far di s cu s s ed as respons ible for the exclus i on 

o f  certain  bur ials from recovery are largely tho se whi ch occurred 

after the s i te was abandone d .  A buri al series  may also be  i ncomplete 

due to the exclus ion of certain indi v i d uals for soc i al or cultural 

reason s . Thi s  i s  best exempli fied at Averbuch by the noted absence 

of newborns and in fants in the cemeteries . Evi dently s o c iety di ctated 

an age prerequ i s i te for cemetery buri al whi ch rele gated thi s age group 

to b urial in or around the s tructure s .  As dis cu s s e d  above, the number 

o f  cemetery exclus ions ( i . e . ,  tho s e  b ur i als a s s o c i ate d with the 

s tructure s )  can be es timated ,  however , i f  others were exclude d due to 

s tatus differen ces or de aths away from the v i llage the demography may 

be altered .  Although thi s  may have occurred to some de gre e ,  i t  i s  

assumed that the Averbuch s eries  accurately re fle cts the demographi c 

s tructure o f  the v i llage . 

Archaeological As sociations o f_y�e Skeleton2 

Much e ffort was made during s i te excavation to in sure both verti cal 

and hor i zontal control o f  all archaeological rentains . The integrity of 

each skele ton was maintained in  the field and sorted and re checked  i n  

the lab . Occasionally ,  enough e xtra skeletal components were separated 

in  the lab to determine the exi stence o f  an additi onal indi v i dual not 

noted i n  the field . For a detailed dis cuss ion o f  Averbuch archaeolo gy ,  



p l ease refer to the previous chapter . I t  i s  fe l t  that the arch aeo l o gy 

at the Averbuch s i te i s  adequate for a demo graphic approach and i s  

comp arab l e  w i th o r  surpasse s  the arch ae o l o gy of  other s it e s  t o  which 

demo graphy has been app l ie d .  

Length o f  Occupation 

30 

Even though the Averbuch s i te is r.li s s i s s ippi an and was prob ab ly 

con t inuous ly  occup i e d , the l ength of thi s  occup at i on i s  not  eas i l y  

ascertained . There are s everal i nd icators that sugges t  the occup at i on 

was not  o f  e xtreme duration . For examp l e , the s i ngl e pa l i s ade that 

encompas s e s  mos t  of the s ite  shows no evi dence of rebu i l d ing , and the 

midden depo s i t  throughout the s i te is thi n  and incomp l et e  in i t s  

d istribut ion . However , some o f  the s tructures demons trate a second 

period o f  rebui l ding . Since mo st woods in  t h i s  area wi l l  survive only 

e i ght to ten years in the  ground , the  rebu i l t  s tructures may sugge s t  

1 6  to  20 years of  occupati on . Al so , Cemetery 1 ,  and 3 t o  a l e s s er 

e xtent , pos se s  severa l graves th at are cut through by l ater buri a l s .  

Thi s  sugge s t s  that sufficient t ime had transpired b etween the ear l i er 

and the l ater buria l s  to permi t l ater inhab i t ants to forget the 

exact l ocat i on of e ar l ier graves . Although i t  is impos s ib l e  to  

determine the ab so lute number of years the s i t e  was occup i e d , the 

above i nd icators sugges t  that 15 to 25 years might be a reasonab l e  

e s t imate .  



Age Determinat ion 

Sub adu l t s  are c l as s i fi ed i n  a b i rth to s i x  month interval and in 

one year interval s  thereafter up to and including the age of  1 9 . 5 .  

Two techniques are uti l i zed to ach ieve thi s : ( 1 )  denta l  calci ficat ion 

and erup t ion , and (2)  lon g  bone growth and maturat ion . 

3 1  

Den t a l  e s t imates o f  chron o l o g ica l age are accomp l i shed wi th the 

Moorrees et a l . ( 1 96 3 a ,  1 96 3b)  me thod . Thi s  me thod provides separate 

s tandards according  to sex for the formation and resorp t i on of  three 

deciduous teeth and the formation of  10 permanent teeth . I t  i s  

n ece s s ary t o  poo l the mal e  and fema l e  s t andards s i n c e  subadul t s e x  at 

Averbuch is uncertain . Th e  degree o f  sex speci fic dental deve lopment 

d iverge s  with age , i ncre asing  to a maximum of on ly 5 percent , wi th 

femal e s  s l i gh t l y  ahead of mal e s  in time of dental  maturity (Garn et  a l . ,  

1 95 8 ) . Thus the pool i ng of  the Moorrees e t  a l . sex  s tandards may 

i ntroduce some b i as , however , i t  i s  b e l ieved to be sma l l .  Th i s  method 

requires periap ica l x -rays for a l l  subadu l t s  who se teeth canno t be 

read i ly removed from thei r  s ock ets  for inspect i on . 

Several  rese archers provi de growth s t andards wh i ch may be 

con s u l ted for compar i s on : Johnston ( 1 96 2 )  for the Ind i an Kno l l  s eries ; 

Merchant ( 1 973 ) and Merchant and Ub e l aker ( 1 9 7 7 )  for an Arikara seri e s  

from the �1obri d ge s i te , South Dako t a ;  Stewart ( 1 96 8 )  for Eskimo femora;  

Sund ick ( 1 9 7 2 )  for Indian Kno l l ;  Walker ( 1 96 9 )  for a Late  Wood land 

s er ies  from I l l inoi s ;  Y ' Edyna k ( 1 9 7 6 )  for a We stern Esk imo series . Both 

the Johnson ( 1 96 2 )  and �lerchant and Ube l aker ( 1 9 7 7 )  standards were 

u ti l i zed for compari son a s  the need aro s e . The s e  s t and ards a l so prov i de 



3 2  

a cut o ff p o i n t  i mportant i n  d i s t inguishing fet a l  from po stnatal 

b uri al s . Dent a l  eruption ( Schour and fvlas s l er 1 94 1 ,  1 944 ) standard s 

are app l ied as a general check o f  other e s timators o f  age and to age 

cases on which the fvloorrees et a l . method is j ud ged impract ica l . 

Epiphyseal c l o sure (Krogman 1 962; McKern and Stewart 1 957) i s  l i kewi s e  

emp l oyed and i s  o f  add i tional use i n  aging ado l e scent s k e l eton s . 

I t  i s  common l y  reco gn i z e d  that tooth format i on and erup t i on more 

h i gh l y  corre l ates  with the chrono l o g ical  age of an individua l than 

o s seous maturat i on . Al though the var i ab i l ity o f  both tooth format ion 

and l ongitudinal  bone growth i ncreases  with age , the ma gn i tude o f  

dental variab i l i ty i s  far l e s s  prominent (Garn , Lewis  and Po l acheck 

1 959; Lauterstein 1 961 ; Lew i s  and Garn 1 960) . Garn , Lewi s ,  and 

B l i z z ard ( 1 965) and N i swander and Suj aku ( 1 965) note that endocri ne 

imb a lance , d i s e ase and maj or phys ical d e fect s have l e s s  e ffect on the 

a l teration of  dental deve l opment than on bone growth and ma turat ion . 

Al s o , the maj ority o f  the variat ion i n  dental maturat i on i s  genetic w i th 

nut r i t i on account ing for approxi mate l y  1 0  percent (Garn , Lewis  and 

Kerewsky 1 9 65) . 

Con s i dering the se  factors , more emphas i s  i s  p l aced on the use o f  

den t a l  ca lci ficati on and erup t i on i n  aging the Averbuch subadul t s . 

I n  mos t  case s , l ongi tudinal  bone growth and maturat ion are ut i l i zed  as 

s econdary or b ackup sources of aging . 

I nd iv i dua l s  be tween 1 9 . 5  and 39  years o f  age are p l aced in five 

year interva l s  as suggested by Swe d l und and Wade ( 1 972 ) . Present 

aging t echniques do not permit re l i ab l e  c l as s i fication into cate gor i e s  
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s ma l l er  than this . Un fortunate l y ,  o steon counting (Ah lqui s t  and 

Dams ten 1 969 ; Kerley 1 9 6 5 , 1 9 70 ) - one o f  the more accurate of avai l ab l e  

t e chnique s - i s  not feas i b l e  due t o  the exce s s ive expen se  and t ime 

required to age a ske l etal  seri e s  o f  thi s  ma gn i tude . Ins tead , 

morpho l o g i c a l  changes in the surface o f  the pub i c  symphs i s  and 

dental  attr i t i on are consi dered more pra c t i c a l  in aging adul ts . 

Adu l t  mal e s  1 7  t o  4 0  ye ars o f  age w i th i ntact  pub i c  bones are 

aged wi th the McKern and Stewart ( 195 7 )  system . Wi th thi s svstem . three 

aspe cts  o f  the pub i c  symphs i s  are e xamined and s cored as one of five 

deve l opmental st ages . However , the system is l imi ted to  a maximum age 

a s s e s smen t  of 36  p l us ye ars . To rec t i fy thi s , ma l e s  aged at 36 plus  wi th 

the McKern an d Stewart me thod are sub j e c ted to a me thod derived by 

Todd ( 1 9 2 0 - 2 1 ) . Todd fo l lows nine character i s t i c s  of the pub i c  

symphys i s  through 1 0  deve l opmental  phases  from 1 8  t o  5 0  p l us years . 

Even though Todd ' s  method tends to  over age ( Brooks  1 9 5 5 ) , it i s  

fe l t  that the error o f  mi s c l as s i fication can b e  mi nimi zed by 

c l as s i fying i ndividua l s  40 years of age and o l der into 1 0  year age 

in terval s  (e . g . , 4 0 - 4 9 , S 0 - 5 9 ) . 
Factors re l ated to chi l db i rth produce di fferent s tresses  and 

morpho l ogical  changes on the fema l e  symphy seal  surface . Femal es , 

when aged with ma l e  standards , may appear o l der by as much as 1 0  ye ars . 

The Gi lbert and McKern ( 1 9 7 3 )  method for aging from the femal e  pub i c  

bone i s  emp l oyed and i s  comparab l e  t o  the Mc Kern and Stewart ( 1 9 5 7 )  

s ys t em . Individual s 1 7  to  5 5  years o l d  may b e  aged w i th this  

me thod , however , the  upp er ag es  cannot be con fined to  five  year 



interv al s . For thi s reason fema l e s  o l der than 39  are aged in 1 0  year 

interva l s  as are the mal e s . 

Suchey ( 1 97 7 )  cri t i c i ze s  the Gi lbert and �lc Kern method on two 

points : ( 1 )  the samp l e  upon wh i ch the study i s  based  i s  qui te  sma l l 

and ( 2 )  interobs erver error i s  fa irly  s i gn i fi c ant . Even so , i t  

i s  fe l t  that the method o ffers a prac t i ca l  and acceptab l e  approach 

to aging Averbuch fema l e s . Howeve r ,  a cons c i ous e ffort i s  made to  

consul t  other ag ing  techni ques to insure a h i gher J e gree o f  accuracy . 
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Since mos t  of the Averbuch pub i c  bones are m i s s ing or poor ly  

pres erved ,  it  be came ne ce s s ary to emp loy an a l ternate t e chn ique . 

An accurate yet inexpens i ve and expedient method was needed . Previous l y  

deve l oped dental  attri tion techniques ( Brothwe l l  1 96 3 ; Hrd l icka  1 95 2 ) 

are both e xpedient and inexpens i ve to app l y .  Unfortun at e l y ,  they 

were deve l oped on popu lations cul tura l l y  di s t i nct from Averbuch , and ,  

i f  emp l oyed , woul d  b i as the aging . Thus , a method o f  aging based  on 

s ite spe c i fi c  dental attr i t i on was deve l oped . 

Th e method was deve l oped us ing Averbuch mand ibu l ar mo l ars  and 

was patterned a fter �Ii l e s  ( 1 9 6 3 ) . The re l i ab i U  ty and va l id i ty o f  

the m l e s  approach has  been demons tra ted by Nowe l l  ( 1 9 7 8 )  and i s  

app l i ed  here with s ome modi fi c a t i on . The posterior teeth are used 

s ince they more c l ear ly reflect age r e l ated attr i t i on than do the 

anterior teeth . Anterior te e th are sub j e ct to cu l tural re l ated 

attr i t i on (e . g . , the use o f  teeth as too l s )  whi l e the pos terior teeth 

fun c ti on a l mo s t  exc lus ive ly  in the context  o f  mas t i c a t i on (Mo lnar 1 9 7 2 ) . 
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The first  s tep i n  deve l oping th i s  te chnique i s  to de termine as 

accurat e l y  as po s s ib l e  the ages at  whi ch the firs t , se cond and third 

mol ars in the Averbuch s eries  be gan t o  experi ence attri t ion . The 

denti t i on s  of s ub adu l t s  and young adu l t s  were examined and individua l s  

pos s e s s ing  mo l ars  that expre s s  init i a l  evidence o f  wear were aged 

w i th the �loorre e s  e t  a l . ( 1 963b ) me thod . The average Averbuch mo l ar 

may h ave erupted s l i ghtly  e ar l ier  than in modern popul at ions . The 

wear appearing on the firs t ,  s econd and third mo l ars at  five , ten 

and s ev enteen years of age ,  re spec t iv e l y  (see  F i gure 4 ) , may occur 

prior to their reaching the o c c l u s a l  p l ane . These ages  fo rm the b as e ­

l ine from which the rate o f  wear for each o f  the mol ars i s  determined . 

Be fore the rate o f  wear can be determin ed , the de gree o f  

wear mus t  be  recorded . The mos t  ob j e ct ive manner o f  accomp l i shing 

th i s  i s  by d ividi ng the occ lusal  surface are a o f  each mo l ar into 

quadrant s and as s i gning a wear s core from 0 through 1 0  to each . The 

defi n i t ions o f  these s cores are presented i n  Tab l e  3 and are derived 

from Scott ( 1 9 7 9 : 2 1 4 ,  Tab l e  1 ) . 

The mo l ars o f  ind i v i dua l s  aged at l e s s  than 20  years are s cored . 

The third mo l ars are gene t i c a l ly  uns t ab l e  and the ir eruption time i s  

o ften vari ab l e . For thi s reason , the attri t ion rate deve l oped for 

Averbuch i s  b as e d  l arge ly  on fi r s t  and se cond mo l ar wear rate s .  

As can b e  seen by the s cores i n  F i gure 4 ,  the fi rst  and se cond mo l ars  

wear at approximat e l y  the same rate  during the  first  2 0  years o f  l i fe .  

Thi s fa c t  i s  important in the construction o f  Fi gure 4 .  
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TABLE 3 

DENTAL ATTRI TION SCORES 

====== � = = �� =� ===�=== = 

Score Descript i on 
-----------------� -----·-�--·-· . 

0 

1 

2 

3 

4 

5 

6 

7 

8 

g 

1 0  

/!.\ . .  rY � ' 

No information avai lable  ( tooth not occ l uding , 
unerupted , antemorten or pos tmortem l os s , e tc . )  

Wear facets  i nv i s i b l e  or very smal l 

Wear facets l arge , but l arge cu sps s t i l l  present 
and sur face features (crenu l a t i ons , noncari ous p i t s )  
very evident . I t  i s  pos s i b l e  t o  h ave  p i npri ck 
s i ze dent ine exposures  or "dots"  wh i ch shou ld  be 
i f;nored . Thi s  i s  a quadrant w i th much ename l .  

Any cusp in the quad rant area i s  rounded rather 
than being c l earl y d efined  as in  2 .  The cusp i s  
be comin g ob l i gerated but i s  not yet worn flat . 

Quadrant are a i s  worn flat  (hori zon tal ) but there 
is no dent i ne exposure other than a pos s i b l e  
p i npri ck s i zed " dot . "  

Quadrant i s  f l at , with dent ine exposure one - fourth 
of  quadrant or l es s . (Be  c arefu l  not to confuse  
noncarious pits  wi th dentine  e xposure . )  

Dentine expo sure greater : more than one - fourth o f  
quadrant area i s  involved , but there i s  s t i l l  much 
ename l present . I f  the quadrant i s  visua l i z ed  as  
hav ing  three " s i des"  (as  in the  d i agram) the 
dentine patch is s t i l l surrounded on a l l three 
" si de s"  by a ring of  en ame l .  

Ename l i s  found on only two " s ides"  o f  the quadran t . 

Ename l on on l y  one " s i de"  (usua l ly outer rim)  but 
the en ame l i s  thi ck to me dium on thi s e d ge . 

Enamel  on only one " s i de"  as  in 8 ,  but t he ename l 
i s  very thi n - j ust a s td p .  Part o f  the "edge" may 
be worn t hrough at one or more p l aces . 

No ename l on any part o f  qtJ adran t - denti ne exposure 
comp l ete . Wear is extended b e l ow the cervi coename l 
j uncti on into the root . 

===-= :=--=._ =--===:::::::----=--=-___:::- -=-::::- =-=...:=---
-

==--�===-=-= -:::: -�-==- = -
=--=- ===---== = -=-=--::::=-=-= =-==-::: = - = =  

( From Scott 1 9 79 : 2 1 4 ,  Tab l e  1 . )  



For i nd i v i dua l s  l e s s  than 2 0  years o f  a ge , the s cores are 

recorded dire c t l y  from the mo l ars . However , the s core s for 

individual s  20 to 34 years o f  a ge are e s t ima ted by extending the 

3 8  

wear rate deve l oped o n  the younger individua l s  and uti l i z ing  s amp l e s  

o f  mo l ars from o l der ind ividua l s . For examp l e ,  at age 1 9  the fi rst  

mo l ar has  e xperienced I S  ye ars o f  attr i t i on and is  ass i gn e d  a s c ore 

o f  1 8  ( F i gure 4 ) . At age 24  the s e cond mo l ar wi l l  a l so have 

experienced 15 years o f  wear and i s  ass i gned a s core of 1 8 .  To 

determine the amount o f  attr i t i on undergone by the firs t and third 

mol ar at thi s  age , a s amp l e  o f  1 2 0 previ ous l y  s cored Averbuch 

dent i t i ons were ut i l i z ed . A sub samp l e  including each den t i t i on with 

a s econd mo l ar s core o f  1 8  was i s o l ated and the mean attriti on s cores 

for their fi rst  and third mo l ars were used to  de fine first and third 

mo l ar at tr i tion s cores at age 2 4 . Thi s  procedure was fo l lowed t o  

e s t ab l i sh wear for a ges 24 , 29 and 3 4 . 

Due to  decreased sub s amp l e  s i ze with i ncreased a ge , i t  became 

nece s s ary to  modi fy this pro cedure . O f  the 1 2 0 individua l s  s cored , 

those  with the greate st  degree o f  at trition were assumed to 

represent the o l der indi vidual s ( i . e . , 5 0 - 6 0  year s )  from the series . 

Thi s  was further borne out by one individual i n  the seri e s  who 

e xpr es s e d  the mos t  e xtreme attr i t i on . Thi s  individual pos s e s s e d  a 

ful l  c ompl ement o f  tee th and we l l  pre served pub i c  bone s . The pub i c  

s ymphysi s  was aged a t  55 . 7 1 years whi ch corresponds t o  the age 

s uggested  by the degree o f  dental attri t i on . Thus , the attri t ion 

s coTe for th i s , as we l l  as the other den t i t i ons with extreme wear , 

i s  a s sumed to  typ i fy that o f  i ndividu a l s  5 4  ( 5 0 - 6 0 )  years of  age . 



The rate o f  wear for e ach o f  the three teeth i s  con s i dered to  be 

con t i nuous from age 34 to  age 5 4 . Thus the a t t r i ti on s cores for 

the three mol ars for the ages 39 , 44 and 4 9  are derived through 

interpo l at ion . 

To age an i ndividual w i th th i s  t e chnique i t  i s  f i rst  necessary 

t o  s core the at t r i t i on for e ach of the three l e ft (or r i ght ) 

mandibu l ar mo l ars and sum the i r  s cores . Thi s score i s  then matched 

with the s cores presented in F i gure 4 .  For examp l e ,  a s core of  

39  

65  wou l d  chara cter i z e  the wear of an individual 30  to  34  years o f  age . 

Care mus t  be  t aken to as sure that al l twe l ve mo l ars are pre sent 

i n  the den t i t ion tha t  i s  to  be  aged . TI1e l o s s  of  one or more mo l ars 

de creases  the sur face are a  avai lab l e  for grinding and thus incre ases 

the rate o f  attri t ion for the remaining mo l ars . Individua l s  w i th 

antemorten t oo th l os s  may b e  averaged with F i gure 4 .  The presence o f  

denta l  patho l o g i e s  ( i . e . , cari es , abces ses , e t c . )  mus t a l s o  b e  

con s i dered . In  a heal thy den t i t ion wear may be even ly  d i s t r ibuted 

whi l e  uni l aterial  wear may resu l t  from s h i ft ing  chewing i n  a 

patho lo gical  cond i t ion . Al so , with age , wear may t end to concentrate 

d i spropor t i onat e l y  on one of the three teeth . Oc c as ional l y  the 

s e cond mo l ar may demonstrate a greater attr i t ion than the firs t , but , 

even in the se  c a se s , the s cores o f  the three teeth comb ined shou ld  

mask thi s vari ation . The maj or i ty of  error with  th i s  t e chni que i s  

i n  the upper age categorie s . For thi s reason , indivi dua l s  above 

4 0  years of age are p l aced  in 4 0 - 4 9  and S O +  age categories  as the 

degree of attr i t i on d i c t ates . 



Other aging te chniques ,  o f  varying degrees o f  re l i abi l i t y , are 

emp loyed in the absence of  the more accurate t e chniques . St andards  

deve l oped by Mc Kern ( 1 9 7 0 )  and McKern and Stewart ( 1 95 7 )  for  the 

d e grees of epiphy s e a l  uni on o f  the l ong  bones , i l i ac cre s t , i s ch ium , 

med i a l  c l av i c l e , and vertebra l bodies  are used to  e s t imate young 

adu l t  a ge . Endocran i a l  and ectocran i a l  suture c l o sure ( Krogman 1 96 2 ; 

Mc Kern and St ewart 1 95 7 ;  Todd and Lyon 1 9 2 4 ) , though too variab l e  to  

b e  very a ccurate (S inger 1 9 5 3 ) , is  used  to ascert ain  genera l  age . 

However ,  c l osure o f  the b as i l ar suture i s  con s i dered re l i ab l e  in 

4 0  

aging young adu l ts between 1 8  and 2 1  years . The de gree o f  osteophy t i c  

l ipp ing o f  t h e  vertebral bodi e s  (Stewart 1 9 5 8 )  and o s s i fi c at i on o f  

cos trochondral cart i l age s (Kerley 1 9 7 0 )  are a l so u s e d  as general  

age ind i c a tors . 

Dent a l  a ttrition and pub i c  s ymphys i s  morphol o gy are the main 

approaches used in aging Averbuch adul ts . More general t e chniques 

are consulted  as a means of  corrobor ati ng the a ges  derived from the s e  

two method s . I n  add i t ion ,  these general techniques are used  to smooth 

the den t a l  a ttri t i on and , more spec i fi c a l ly , the pub i c  symphs i s  ages . 

For examp l e , the use o f  the mean age s  of  the �lc Kern and Stewart ( 1 95 7 )  

system does not age individu a l s  i n  the 3 0  to 3 4  range . Thus indi vi dua l s  

aged at 2 9  years  who poss e s s  other age indicators sugges t ive o f  an 

o l de r  individual are as s i gned to the 3 0  to  34 category as are 

i nd i v i dua l s  aged at 35  who h ad age ind i cators sugges tive o f  a younger 

individua l . 
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Sex Determinati on 

Accura te  s e x  c l as s i fi c ation o f  the Averbuch s k e l etons i s  required 

for a l l  aspects o f  b i o l o g i c a l  re search . Even though an extens ive 

variety o f  sexing techni ques i s  avai l ab l e ,  inherent prob l ems make some 

degree o f  mi s c l a s s i fi c ation inev i t ab l e .  Wei s s  ( 1 9 7 2 ,  1 973 ) notes  

th at  a review o f  the  pub l i shed l i terature i nd i c ates  a male  sexing b i as 

o f  appro ximat e l y  1 2  percent . Wei s s  a s cribes thi s ( 1 )  to the b as i c  

tendency o f  s exing unknown individual s  as  ma l e  and ( 2 )  the po s s ib i l i ty 

of d i fferen t i a l  cu l tura l  pra c t i c e s  in respect to the bur i a l  of mal e s  

and fema l es . At Averbuch th i s  prob l em i s  further comp l i c a ted by many 

incomp l e t e  and poor l y  preserved bur i a l s .  To in sure a gainst  b i as , the 

sex a s s i gnments  were cross  checked w i th those of  other researchers 

who h ad access  to  the s k e l et a l  series  and border l ine c a s e s  were 

reexamined .  

Both nonmetric  and certain metric  techniques were emp l oyed i n  

s exing the Averbuch adul t s . Stewart ( 1 95 4 )  sugge s t s  that i t  may be 

a waste of e ffort to app l y  me tric  s exing techn iques to  ske l e tons 

that c an be readi l y  s e xed v i sua l l y .  Vi sua l t e chn i ques , due to th e i r  

e xpedient n ature , are favored in every c ase  where s k e l e t a l  comp l et ene s s  

and pres erva t i on a l l ow the ir  use . However,  me tric  techniques are 

favored in those  cases  which are borderl ine by v i sual s exing or those 

wh i ch are poorl y  pres erved but not to  an extent that wou l d  prevent 

measuremen t . I n  a l l  ca s e s , the b e s t  t e chnique or comb inat ion o f  

t e chniques i s  used t o  achieve the mo s t  accurate s e xual c l a ss i fi ca t i on 

po s s ib l e . 



The innominate i s  general l y recogn i z ed as  the mos t  accurate 

means o f  v i sual  s exing . B a s s  ( 1 9 7 1 ) , Brothwe l l  ( 1 965 ) , and 

Krogman ( 1 96 2 )  sugges t  that pub i c  l ength , subpubi c  an gl e ,  s c i a t i c  

notch , and s a cro i l i ac art i cu l a tion are important i n  d i fferen t i at ing 

s e x .  However , Pheni c e  ( 1 96 9 )  presents three character i s t i cs of  

the pub i c  bone ( i . e . ,  ventral arc , subpubi c  concav i ty ,  and  the 

medi a l  aspe ct  of the i s chiopub i c  r amu s )  wh i ch corre c t l y  sex in 

exce s s  of 95  percent of the c a se s . Ke l ly ( 1 9 78 ) , i n  a recent 

cri t i que , con c l udes that the Phen i c e  method prov i de s  a re l i ab l e  

approach t o  s e x  determination . Al so , each Averbuch p e l v i s  i s  

examined for a l terations from p artr i t i on ( i . e . , p artri t i onal  p i t s ) 
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i n  the s acroi l i ac and pub i c  area s  (An g l e  1 969a , 1 96 9b ; Put s char 1 93 1 ; 

St ewart 1 9 5 7 , 1 9 7 0 ;  Suchey e t  a l . 1 9 79 ; U l lrich 1 9 75 ) . 

1ne s acrum i s  a l so used in s e x in g .  I t  i s  usua l l y  more curved i n  

mal e s  and fl a tter in femal e s  (Bass  1 9 7 1 ) . Anderson ( 1 96 2 )  a l so not es  

th at  in fema l e s  the  firs t s acra l body is  equa l in width  to e ach a l a , 

whi l e  the wi dth of  the first  s acral  body in ma l e s  exceeds that o f  

each a l a . 

Bass  ( 1 9 7 1 ) defines the maj or p o ints  of  s exua l  dimorphi sm i n  

cran i o fac i a l  dimen s i ons . Of  these i nd i cators , the b luntness  of  the 

upper edge of  the eye orb i t s , shape of the chin , and s i ze of the 

supraorb i t a l  ridge s ,  pal at e ,  occip i t a l  mus c l e  mark ings , supramastoid  

ri dge and  mas to i d  process  are e xamined in the Averbuch serie s . 

Al so , maximum d i ame ters of  the humeral  (Dwi ght 1 905 ) and femoral 

( Pearson 1 9 1 9 )  he ads  are uti l i zed due to the i r  s imp l i ci ty and accurac y .  



Sexual dimorphi sm ,  though not great l y  pronounced , i s  shown by 

s everal stud i e s  to  be  pre sent  in  fet a l  and i mmature ske l e ton s . 

Hrd l i�k a  ( 1 94 2 )  notes  minor s i z e and shape di fferences  in  fet a l  

s c apul ae but they are too sma l l to be  re l i ab le indi cators o f  s e x . 

However , Reyno l d s  ( 1 94 5 )  finds that measuremen ts  from p e l  v i c  gird l e  

roentgenograms taken during the firs t  postnatal  year reflect  

s i gn i fi c ant  sex d i fference s .  Boucher ( 1 9 5 5 , 1 9 5 7 )  examines fet a l  

p e l v e s  and ob serves s i gn i fi cant s e x  di ffeTence in  t h e  subpub i c  angl e ,  

and the width and depth o f  the s c i a t i c  notch . 
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Hun t  and G l e i ser ( 1 95 5 ) dev i s e  a method for the determination o f  

subadu l t  sex  based on the fac t  that hand bone maturation i s  more sex  

dependent than dent a l  maturation . I t  wa s proposed that dent a l  age and 

ske l e ta l  age derived by ma l e  s t andards are l e s s  divergent i f  the 

individual  is  mal e  and are more di vergent if fema l e  s t andards are 

app l ied  to a mal e  s k e l eton . Oppo s i te re sults  are ob tained  when 

app l i ed to a fema l e  skel e ton . A test  of the met hod , u s i ng rad iographs 

on l iving ch i l dren , indicates that correct sex c l assi ficat i on i s  

a ch i eved for 7 3  percent o f  the two year o l cls , 7 6  percen t o f  the 

five year o l d s , and 8 1  percent of thos e  at age e i ght (l�nt and 

G l e iser 1 9 5 5 : 4 8 6 ) . 

Other subadul t  sexing methods demonstrate l e s s  succes s .  Ba i l i t 

and Hun t  ( 1 96 4 )  devis e  two sexing methods based  on the vari ab l e  rates 

of dev e l opmen t  o f  mandibu l ar teeth . Unfortunate l y ,  only  5 8  to 7 0  p ercent 

o f  the chi l dren are corre c t l y  s exed . Cho i and Tro tter ( 1 9 70 )  sub j e c t  

fet a l  bones to a mu l t ivariate  approach . Seventy- two percent accuracy 

is a ch i eved wi th a dis crimi nant ana lys i s  of  bone wei ght and l ength . 



Weaver ( 1 9 8 0 )  eva luate s  1 5 3  fet a l  and i n fant i l i ae o f  known s e x  

using  three indi c e s  and o n e  nonme t r i c  character . The three indic e s  
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s how no s i gn i fi c ant s e x  di fference s ;  however ,  the nonmetric  ob servati on 

proves accurate for 9 1  percent o f  the ma l es . 

S tud i e s  such as  the se  serve to ind i c ate t hat s ex deter�inat ion 

o f  s ubadu l t  ske l e tons i s  possib l e .  Unfortunate l y , the nature of  

thes e  t e chniques i s  such that  they are not  eas i ly adapted to  an 

archaeo l og ical  s erie s . I t  i s  for this  rea son tha t no attempt is  

made by the  author to  sex Averbuch s ub adu l t s . 

I n  summary , a consc i ou s  e ffort i s  made to app l y  the b e s t  nonme t r i c  

and , to a l esse r  extent , metric techniques to the prob l em o f  adu l t  

sex determina t i on .  I n  v i ew o f  the accuracy o f  Krogman , Stewart , and 

. ., 
Hrd l icka ( Kro gman 1 96 2 : 1 1 2 - 1 13 ) , the ma j or we i ght  in d e c i d i n g  sex  i s  

b as ed  on the ( 1 )  p e lv i s ,  ( 2 )  skul l ,  and ( 3 )  long bones in a descend i n g  

order o f  importance .  Al though s ub adu l t  sexing  may be po s s ib l e ,  i t  

i s  ne i ther pract i ca l  nor re l i ab l e  for an archaeo l o g i c a l  seri e s . 

Demo graph i c  Me thodo l ogies  

Three techniques have been emp l oyed in  the demographi c  s tudy 

o f  s k e l e t a l  popu l a ti ons : the Uni t ed Nati on s  Mod e l  L i fe Tab l e  approach , 

the Ange l approach , and the L i fe Tab l e  approach .  For this  s tudy , 

the L i fe Tab l e  approach i s  deemed the mos t  appropri ate  and i t  i s  

the purpose  o f  thi s s e c tion to d i s cus s the rat i on a l e  behi nd i ts 

choic e . 

Bennet t  ( 1 9 73 a )  emp l oys mod e l  l i fe tab l e s --dev i se d  for 

det erminng the demographi c  parame ters of underdeve loped countries  



to a study o f  the demography o f  the Point o f  Pi nes ske l e t a l  series  

from Ari zona . Two as sump t i on s  are nece s s ary : 

1 .  The Point o f  Pines  popu l a t i on was s t ab l e  ( i . e . , the 

morta l i t y  rate and ferti l i ty rate were cons tan t , but Bennett  permi t s  

the pos s ib i l i ty o f  natural  increase ) .  
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2 .  The demographi c  parameters o f  the Po int o f  Pines popu l at ion 

were s imi l ar to  tho s e  of one of a variety of mode l UN stab l e  

popu l at i ons . 

Bennett ( 1 973a)  not es that the maj or prob l em � i th thi s  approach 

i s  that the intrin s i c  rate o f  increase (r)  mus t be  know"n o r  accurate ly  

approximated . Carrier ( 1 9 5 8 )  recogn i z e s  thi s as a po s s ib l e  source o f  

error and a l s o  cri t i zes the compari son o f  mo de l s  based on post - 1 9 2 0  

popu l at ions , that had acc e s s  to  modern heal th  care , t o  prehi s t or i c  

p opu l a t i on s . I t  i s  these  two prob l ems that prevent the use  o f  the 

�1ode l UN L i fe Tabl e  approach in the s tudy of Averbuch clemo graphy . 

Ange l ( 1 94 7 ,  1 95 5 , 1 95 8 , 1 9 6 8 , 1 96 9 a ,  1 969b , 1 9 7 1 ) uses  age 

d i s tributi on of de aths an d the number of o ffspri ng  produced by each 

�oman ( i . e . , real i zed fe cundi ty )  to  det ermi ne b i rth rate , both fema l e  

and fami ly  ferti l i ty , adu l t  l ongevity  and popu l a t i on growth rate . 

Re a l i zed  fecun d i ty i s  estimated by an examinat ion o f  partur i t ional p i t s  

on the dorsa l  s i de o f  the o s  pubi s .  The prob l ems o f  determining par i ty 

from partur i t i on a l  pits  have been pre s ented by Gi l b ert ( 1 9 73 ) and 

S tewart ( 1 9 7 0 ) . Su chey et a l . ( 1 9 7 9 )  observe a s tat i s t i c a l  

re l ationship between the e xten t  o f  pi t t in g  and the number o f  fu l l  

term pregnanci e s . However , they conc lude that " . . .  number  o f  ful l term 



pregnan c i e s  c annot be pred i c t e d  from the morpho l o gy o f  the dors a l  

aspec t  o f  the o s  pub i s "  (Suchey e t  a l . 1 9 79 : 5 2 2 ) . Thus , the prob l ems 

of determining exact parity from p artur i t i on a l  p i t s  are con s i dered 

s evere enough to  prohibi t  the use of Angel ' s appro ach with the 

Averbuch s eri e s . 

As previou s l y  s tated , the l i fe t ab l e  approach i s  the mo s t  

appropriate for thi s  s tudy . A l though t h e  Averbuch cemeteries  may 

repre sent several  generations , the series  i s  cons i d ered as a s in g l e  

generation or cohort . Thi s  c an be done on ly by as suming that the 

Averbuch s k e l et al series  represents  a s tation ary popu l a t i on mode l 

( i . e . , equ a l  b irth and death rates , growth rate o f  zero and fixed  
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age - sp e c i f i c  morta l i ty rate s ) . I t  mus t  al so  be  a ssumed that Averbuch 

e xperienced no in or out mi grat ion (Acsad i  and Neme sker i  1 9 7 0 : 6 1 )  s ince 

e i ther woul d  infl uence the va l ues  o f  l i fe expec t ancy as  c a l cu l at ed from 

the l i fe t ab l e . 

The l i fe t ab l e  me thod i s  criti c i zed by Ange l ( 1 969a : 4 2 8 )  on the 

a s s umpt i on s : 

. . . that the ceme tery represents a s in g l e  genera t i on 
cohort , that d e ath rates are even at a l l ages a fter infancy 
and hence direct ly  reflected  in ceme tery age frequen c i e s , 
and that the popu la tion i s  virtua l ly  s tab l e  b i o l o gi c a l l y 
and soc i al l y  over the per i od o f  cemetery use . 

The con sideration o f  a ske l e t a l  series  as  a s in g l e  cohort i s  b a s i c  

to a l l  three demographi c  appro ache s . Fortun ate l y ,  Averbuch s eems to  

h av e  b een continuous l y  occup i e d  for a short period  o f  t ime and 

probabl y  cons i s t s  o f  on l y  a few generat ions . Concerning  An gel ' s  s e cond 

cri t i c i s m  Mob l ey ( 1 980 : 5 2 1 )  notes that it is " . . . d i ffi cu lt  to 



eva l ua t e .  There i s  no empirical  b as i s  for cons id ering variab i l i ty in 

death rates a fter i n fancy , and uni formity in death rates mus t  be  

assumed t o  proceed with the ana l ys i s . "  It  can be argued that 

a l though an " i de a l "  s t at i onary popu l at i on may not have existed  at 
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Averbuch , the resu l ts obtained from this  assumpt ion wi l l  not be  total l y  

i naccurate (We i s s  1 973 : 1 0 ) . We i s s ( 1 9 7 5 ) , i n  an e xaminat ion of  the 

e ffec t s  of various d emographi c  events  on popu l at i ons examined wi th an 

abr i d ged  l i fe t ab l e , note s  that 

. gi ven the uncert a i n t i e s  in  s amp l ing , aging and s exing 
o f  ske l e tons , d emographi c  reconstruct i on from buri a l  series  
is  not v i t i ated by the occurrence of  spora d i c  demographic 
events  or stocha s t i c  fluctuat ions . A l arge ceme tery can 
indeed be  used with some con fi dence that the genera l death 
rates  derived from it wi l l  repre sent the pr evai l i ng 
demography of  the t ime of  depos i t . (We i s s  1 9 75 : 5 5 )  

Ac s ad i  and Nemesk eri ( 1 9 7 0 : 4 5 )  note that the i mportance o f  s tationary 

popu l ation theory i n  ske l e t a l  demographi c  res ea rch 

l i e s in the fact that , w i t h  the exception of certain 
per iod s  and  area s , the rate  of  growth of  human popu l a t i on 
was very s l ow even between 1 A . D .  and the mi d d l e  o f  the 
1 7th century . Accord ing  to e s timates , the number of  wor l d  
popu l at i on grew during the se  sixteen centuries  from about 
2 1 0- 2 5 0  mi l l i ons to nearly  550 mi l l ions , so the annua l rate 
of natura l growth may have been on ly 0 . 0 5 - 0 . 1 p e r  thous and . 
As sumin g that the first  man using  imp l ements had appeared 
abou t ha l f  a mi l l ion years ago , the s i z e of  the primord i a l  
popul at i on mus t  have chan ged very l i t t l e  and i t s  rate o f  
growth must  have been extreme l y  l ow .  I t  i s  obvious that in  
such circumstances - for l ack of other d n t a - the s ta t i onary 
mod e l  popu l ation i s  a hypothes i s  that approxi mat e s  the 
one- t ime hi storica l re a l i t y  fai r l y  we l l . 



I V .  CONSTRUCTION O F  THE L I FE TABLES FOR 
THE AVE RBUCH SERIES 

The cons truct i on of  the l i fe t ab l e  nece s s ary for thi s study 

fo l l ows the gu i d e l ines  s e t  forth by Ascadi  and Nemeskeri  ( 1 9 7 0 )  and 
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d emons t rated by Ows l ey ( 1 9 7 5 ) . A l i fe t ab l e  func t ions to " . . .  trans form 

age- at- death  data for ske l etal  samp l e s  into such s t at i s t i c s  as 

mort a l i t y  and l i fe expectancy" (t-1ob l ey 1 9 8 0 : 5 2 0 ) . E i ght  co l umns 

are contained with i n  a l i fe tab l e  whi ch provide  the bas i c  data  and 

the s t a t is t i c s  c a l cu l ated from this  dat a .  The s e  e i gh t  c o l umns wi 1 1  

now be d i scus s ed i n  re ference to the Averbuch series . 

1 .  The age categor i e s  (x)  are in interva l s  of  five years  duration 

e ach w i th the excep tion o f  the firs t  two and the fi fth . The 

fi r s t  age interva l i s  from b irth to 1 . 5 years ( 1 . 5  year 

i nterval )  and the second is from 1 . 5 years to 5 . 5  ye ars 

( 4  year interva l ) . The ha l f  year age int erva l s  re s u l t  from 

the aging te chni que used for subadu l ts . The fi fth age 

category i s  from 1 5 . 5  years to 20 years (4 . 5  year interva l )  

and re f l e c t s  a trans i t i on from subadu l t  to adu l t  aging 

technique s . The l a s t  four age c ate gories (i . e . , 4 0 - 4 5 , 4 5 - 5 0 , 

5 0 - 5 5 , 5 5 - 60 )  are derived from indi v i duals  a ged  broad l y  into 

two age groups ( i . e . , 4 0 - 5 0  and 5 0 - 6 0 ) . 

2 .  The second co l umn (Dx )  repre sents the actual  number of  

individual s  dying at each age  interva l . Sixty- four ind i v i dua l s  

(ac tual  plus  es timated)  are excluded from the s tudy due to 

the i r  fet a l  age . The e st imated  number o f  mi s s ing ind i v i dual s ,  



tho s e  individua l s  who , due to  poor pre servat i on ,  cannot be 

accurat e l y  sexed , and those indivi d ua l s  who cou l d  on ly  be 

aged i n  b road categories  are proport ioned into s e x  groups 

and age interva l s  for each o f  the three cemeteri e s . The 

number p l aced into the s e x  and age groups i s  b ased  on 

the pattern (percentage s )  produced by indiv idual s  o f  known 

age and s ex ( se e  Tab l e s  1 and 2 ,  pages 2 7  and 2 8 ) . 

I n  d i s tributing the "unknown individua l s , "  those whi ch 

c annot be s e xed are d i s tributed first ; the adu l t  s e x  rat i o  

i s  mainta ined for unsexed  adu l t s  ( greater than 1 5 . 5  years ) 

and subadu l t s  ( l e s s  than 1 5 . 5  years ) are d i s tributed as 

50 percent ma l e  and 50 percent fema l e . Those  indivi dual s 

aged i n  very broad categor i e s  ( i . e . , adu l t  and subadul t )  
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are then parti t i oned into the "known s "  fo l l owed b y  i ndiv i dua l s  

a ged i n  more narrow l y  de fine d categor i e s  (e . g . ,  newborn t o  

5 . 5  years , o r  2 0  to  30  years ) . Those  e s t imated a s  mi s s i n g  

are the l ast  t o  be  part i t i oned i n t o  the categori e s . Such 

part i t i oning exp l ains the appearance of frac tions in the Dx 

co l umn . Aging t e chni ques nece s s i tate the as s i gn i n g  of 

individu a l s  over 40 ye ars of  age into 1 0  year interva l s  ( i . e . , 

4 0 - 5 0  and 5 0 - 6 0 ) . The number o f  indiv i dual s  a s s i gned to  the 

l as t  four age interva l s  i n  the l i fe tab l e  i s  as cert a ined by 

h a l fing the number aged as 4 0  to 50 and 50 to 6 0 . Thi s  

method o f  proportioning individua l s  o f  unknown sex  and age in 

the Ox co lumn is  used at the cemetery l evel  as we l l  as the 

tota l s i te l eve l . 



3 .  The dx c o l umn represents  the percentage o f  deaths at each 

a ge c ategory and i s  c a l culated as  fo l l ows : 

Ox 
dx = w 

L: Dx 
x=0 - 1 . 5  

w = maximum age attainab l e  ( i . e . , 5 5 - 6 0 )  
x = the ini t i a l  age cate gory ( i . e . , 0 - 1 . 5 ) 

The dx va l ue expre s s e s  the mortal i ty curve o f  the serie s .  
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4 .  The surv i vorship ( l x) o f  the group i s  expre s se d  i n  the fourth 

c o l umn and repre sents the percentage of individua l s  surviving 

to  enter the de s i gnated age category . For examp l e , 1 00 percent 

i s  a s s i gned as the fir s t  lx value and the rema ining lx v a l ue s  

are calcu l ated b y  subtracting the dx value  from the l x  v a l ue : 

1 
( 1 . 5 - 5 . 5 ) 

1
co - 1 . 5 )  

- d
( 0 - 1 . 5 )  

5 .  The probab i l ity o f  death (qx)  at each age cate gory i s  e s s en t i al 

i n  the examin ation o f  age - spe c i fi c  mort a l i t y .  The qx value 

refl e c t s  the probab i l ity  o f  an ind i vidual  in  one age category 

dying be fore reaching the next , and i s  c a l cu l ated as  fo l lows : 

dx 
qx 

== l x  
e . g . ' q

0- 1 . 5 

6 .  The numbe r  o f  years l ived 1n each age category ( Lx)  i s  

pre sented i n  c o l umn s i x .  The maj or i ty o f  L x  va lues for the 

s tudy of the total  s ite , and each cemetery , independen t l y , i s  

c a l cul ated a s  fo l lows : 



Lx = S ( l x+ l x +S ) 
2 

e · g • ' Lx 
5 . 5 - 1  0 . 5 = 5 (1

5 . 5 - 1 0 . 5 
+ 1

1 0 . 5 - 1 5 . 5
) 

2 

e . g . ' Lx
S S - 60 

I n  thes e  c a l culations i t  i s  assumed that the deaths are 

d i s tribute d  even l y  throughout each five year age category ; 

however , i t  i s  known that deaths are more frequency dur ing 
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the fir s t  few months o f  l i fe .  Acsadi and Nemeskeri ( 1 9 7 0 : 54 )  

contro l for this  increased  frequency and the uneven t ime 

d i s tributions as fo l l ows : 

L
0 _ 1 = 0 . 2  1

0 _ 1 + 0 . 8  1
1 _ 4 

L
1 _4 

= 0 . 34 1
0 _ 1 + 1 . 1 8 4  1

1 _ 4 + 2 . 78 2  1
5 _ 9 

Al though these inte rva l s  are for 0 to 1 years and 1 to 4 years 

whi ch are shorter than the Averbuch interva l s  (0  to 1 . 5  years 

and 1 . 5 to 5 . 5  years , respe c t i ve l y ) , the formu l as are used 

i n  the s tudy of  the total  s i te ( cemeteri es and structure dead ) . 

The use o f  thes e  formu l ae shoul d  not great ly  al ter the resul ts . 

I n  the e xaminati on of  intra cemetery demo graphi e s , the 

individu a l s  buried i n  structure s are exc l uded . Th i s  resu l t s  in 

an underenumeration of individua l s  main l y  in the 0 to 1 . 5  year 

age i nterva l . The Lx va lue for thi s interval is c a l cu l a ted 

as fo l lm•:s : 



= 
l . S ( l

0 - 1 . 5  + 1
1 . 5 - 5 . 5

) 

2 

Simi l ar l y ,  the Lx value for the 1 5 . 5  t o  2 0  age int erva l 
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for e a ch ceme tery and the total  s ite  i s  c a l cu l ated a s  fo l lows : 

L
l 5 . 5 - 20 

= 
4

·
5 ( 1

1 5 . 5 - 20 + 1
2 0 - 2 5

) 
----

2 

The Lx value for the 55  to  60  age in terv a l  i s  c a l cu l ated  as 

fo l l ows : 

7 .  The tota l  number o f  years l ived by survi vors at each age 

interval (Tx) i s  de termined by summing a l l Lx va l ues : 

w
Lx 

X = 0 :- 1 . 5  

The remaining age interva l s  are cal cul ated  by sub tracting 

L x  from Tx as in  the fo l lowing exan� l e s : 

T = T - L 
1 . 5 - 5 . 5  o - 1 . 5  0- 1 . 5  

T = T 1 
5 . 5 - 1 0 . 5  1 . 5 - 5 . 5  

- '1 . 5 - 5 . 5  

T
S S - 60 = 

L
S S - 6 0  

8 .  The e i ghth and final  co lumn i s  l i fe e xp e c tancy (e 0x)  and 

represents the ave rage number o f  years remaining to  be  l ived 

by individua l s  in  any given age cate gory . Li fe expect ance 
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i s  necess a ry i n  t h e  e s t i ma t i on o f  popul a t ion s i ze and i s  

c a l cul ated a s  fo l lows : 



CHAPTE R  IV  

TilE AVERBUCH DEMOGRAPHIC ANALYS I S  

I .  OBJECTIVES AND ASSUt-1PTIONS OF THE AVERBUCH 
DEMOGRAPHIC STUDY 

The demographic  ana l y s i s  of th e Averbuch s er i e s  serves two 

purpo s es . F irst , th i s  study reconstruct s the v i t a l  stat i st ic s  for the 

total  Averbuch ser i e s , inc lud ing those est imated as  mi s s ing ( see 

Chapter I I I ,  Sect i on I I I ,  subsect i on 1 ,  page 2 5 ) . Al l ind iv idua l s ,  

with the except i on o f  fetal  ske l eton s ,  are inc luded ; sk e l eton s from 

the three cemeteries  and the stru cture s are comb ined and treated as  

a s i ng l e  cohort . The resu l t s  wi l l  be  compared t o  that o f  other 

ske l e t a l  ser i e s , and Averbuch popu l at i on s i ze  w i l l be cal cu l at ed . 

For t h i s  study i t  mu st  be  as sumed that the  s it e  was cont inu ou s l y  

o c cup ied for a re l a t iv e l y  brief  period b y  a s ing l e  homogeneous group . 

Mu l t ivariate stat i st i cal  ana lyses  o f  Av erbuch craniometric  variab l e s , 

c omp l eted by the au thor for a l at er pub l i c at ion , at t e s t s  to  the homo -

gene ity  o f  the  cemeterie s . Archaeo l og i c a l l y ,  a thin midden , no ev idence 

of p a l i sade wa l l  rebu i l d ing and superpo s i t ion o f  struc tures prov ide 

ev id ence of the  l ongevity  of the  v i l l age . For a more detai l ed d i scu s s i on 

o f  the  l ength o f  t ime the s i t e  was occupied  consu l t  Ch apter  I I I ,  

Sec ti on I I I ,  sub s ec t i on 3 ,  page 3 0 ) . 

Second , th i s  study reconstruc t s  the ma l e  and femal e  v it a l  

s tat i st i c s  o f  each o f  the three cemeteries  separate l y .  The d ifferences  

b etween the  sexes  fo r each cemet ery a re exam ined , and the int erc emetery 
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r e l a t ionship of  each sex i s  exp l ored . S ince Cemet ery 3 i s  t hought t o  

predate Cemet ery 1 ,  such a n  approach may revea l a great deal  about the 

nature o f  stre s s  at  Averbuch . I t  i s  recogni zed that , due to  the 

re l at iv e l y  s ho rt oc cupat ion of  the  s it e ,  any s ignificant changes  in the  

d emography be tween the cemeteri es  wou l d  certai n l y  suggest  soc iocul tura l 

or env ironmen t a l  changes of  great magnitude . 

In order for the demographies  o f  the  cemeteri e s  t o  b e  comparab l e ,  

i t  mus t  first  b e  a s sumed that the  t hree cemeteries  do not repre sent 

d i st inct soc i a l  u n i t s  ( e . g . , c l an s ) . Archaeo l ogi c a l l y ,  there is no 

cul tural ev idence that marked l y  d ifferent iat es  the three cemet eri e s  

a s  t o  t he ir func t ion s . Second l y ,  i t  mu st be a s sumed that the  cemeteries  

represent d i s t inct , or re l at ive l y  d i s t inct , t emporal unit s . Th eoret i ­

c a l l y ,  i t  i s  as sumed that Cemet e ry 1 ,  2 ,  and 3 do not overl ap in t ime . 

Rea l i s t ic a l l y ,  Cemetery 3 and 1 may have coex i s t ed for a t ime , hopeful l y  

bri ef , during the tran s i t ion from 3 to 1 .  The t empora l s i tuat ion o f  

Cemetery 2 ,  though i t  i s  thought t o  have co exi s t ed with Cemet ery 1 ,  i s  

more ambi guous . For a more deta i l ed d i scu s s ion of  the archa eologica l 

r e l at ionship o f  these  cemet erie s ,  refer t o  Chapter  I I I ,  Sect ion I I I ,  

sub s ec t ion 2 ,  page 2 9 . Th ird , the  cul tura l prac t ice o f  burying infant s 

i n  house  f loors resu l t s  in  a defi c i ency o f  t h i s  age group in  the  

cemeteries . However,  some soc ial  o r  cu l tura l c i rcumstanc es  perm i t t ed 

the buri a l  of  cert a in infant s in  the c emet ery . For the cemeteri e s  t o  

b e  comparab l e ,  i t  must be  as sumed t h a t  the  frequency of infants  �ho 

had acc e s s  to e ach cemetery remained con s t ant through t ime . For the 

c emet ery compari son s ,  on l y  those bur ia l s  within the  confines o f  each 



o f  the three ceme ter i e s  are u s ed ;  tho s e  buri a l s  a s soc i at ed with 

s tructure s  are exc l uded . 

I I .  THE V ITAL STATISTICS OF THE AVERBUCH S I TF 

5 6  

Th e purpose  o f  this  se ct i on i s  t o  recon s tru c t  the v it a l  stat i st ic s  

o f  the tota l Averbuch ske l etal  popu l at ion . Th e on l y  buria l s  exc lud ed 

from t h i s  study are the  feta l  remains . L i fe tah l e s are con s t ructed and 

pres ent ed in Tab l e s  4 ,  5 and 6 .  Averbuch total  v i t a l  stat i st ic s  and 

the v it a l  stat i s t i c s  of ma l e s  and femal e s  w i l l  now be v i e wed in reference 

to  mort a l i t y ,  surv ivorsh ip ,  probab i l i t i es of d eath and l i f e  expectancy . 

In  add i t ion , the l i fe expectancy at b irth and the c rude mort a l i t y  rat e 

are examined and compared to that o f  other s i t es . Th e popu l at ion s i z e i s  

a l so e s t imat ed . 

Mo rt a l i t y  curve s  (dx ) for the Av erbuch popu l at ion are pre sent ed in 

F i gure 5 .  The combi ned mal e and fema l e  curv e  reveal s an e l evated frequency 

of d eaths for the f irst age int e rval  ( total  dx
O - l . S  

= 2 2 . 4 3 percen t )  wh i ch 

decreases  throughout sub adu l t 1 i fe .  Th e mo st heal  thy period of Av erbuch 

l ife is in the 1 0 . 5  to 1 5 . 5  age interval ;  at t h i s  age comb ined sex 

mort a l i ty is  2 . 3 5 percen t . Morta l ity increases  for both s ex es  during 

young adu l t  l i fe .  Comb ined sex morta l it y  for age 1 5 . 5  to 20 is 7 . 3 0  

perc ent . f',1ort a l i t y  cont inu e s  t o  increa s e  unt i l  the 2 0  to  2 5  age interva l  

a t  wh ich po int max imum adu l t  mort a l i t y  i s  reached ( t o t a l  d x
2 0 _ 2 5  

= 1 4 . 3 5 

p erc ent ) . Mort al ity  dec l ines throughout the remai n ing age int erva l s .  

Adul t  fema l e  mortal ity (dx 1 5 . 5 _ 2 0  = 8 . 8 4  percent ) i s  h igher than 

ma l e  mort a l i t y  ( dx l 5 . 5 - 2 0  = 5 . 8 6 percen t )  dur ing the 1 5 . 5  to  2 0  ag e 
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TAB LE 4 

ABRIDGED L I FE TABLE CALCULATED US ING THE AGE D I STRI BUTION 
O F  ALL I ND I V I DUALS F ROM AVF RBUCH 

X Dx dx lx qx Lx Tx e0 x 
0 - 1 . 5 2 7 6 . 2 2 22 . 4 3  1 00 . 0 0 . 2 24 8 2 . 0 6 1 66 1 . 2 2 1 6 . 6 1 
1 .  5 - 5 . 5  2 3 8  .'5 1 1 9 . 3 6 7 7 . 5 7 . 2 50  2 8 7 . 7 8 15 7 9 . 1 6  2 0 . 3 6 
5 . 5 - 1 0 . 5  6 1 . 3 0 4 . 9 8 5 8 . 2 1 . 0 8 6  2 7 8 . 6 0 1 2 9 1 . 3 8 2 2 . 1 8 

1 0 . 5 - 1 5 . 5  2 8 . 9 3 2 . 3 5 5 3 . 2 3 . 0 44 260 . 2 8 1 0 1 2 . 7 8 1 9 . 0 3 
1 5 . 5 - 20  8 9 . 9 2 7 . 3 0 5 0 . 8 8 . 1 43  2 1 2 . 5 4 7 S 2 . S O 1 4 . 7 9 
2 0  - 2 5  1 7 6 . 75 1 4 . 35 4 3 . 5 8 . 3 2 9 U l 2  . 0 3 5 3 9 . 96 1 2 . 3 9 
2 5  - 3 0  1 0 9 . 1  0 8 . 8 6 2 9 . 2 3 . 3 03 1 24 . 00 3 5 7 . 93 1 2 . 2 5 
3 0  - 3 5  7 6 . 1 4 6 . 1 8 2 0 . 3 7 . 3 03 8 6 . 4 0 2 3 :'1 . 9 3 1 1 . 4 8  
3 5  -4 0  5 5 . 9 0 4 . 54 1 4 . 1 9 . 3 2 0  5 9 . 60 1 4 7 . S 3 10 . 4 0 
4 0  - 4 5  3 S  . 0 1  2 . 84 9 . 6 5 . 2 94 41 . 1  s 8 7 . 9 3 9 . 1 1 
4 S  - S O  3 S . O l  2 . 84 6 . 8 1 . 4 1 7  2 6 . 9 S 4 6 . 7 8 6 . 8 7 
s o  - 5 5  2 4 . 4 7 1 .  99 3 . 9 7 . S O l  1 4 . 8 S 1 9 . 8 3 4 . 99 
5 5  -60  2 4 . 4 7  1. 9 9  ] . 9 8  1 . 005 4 . 9 5  4 . 9 S  2 . 5 0 

.-=-=-----====--==--=� ==�=-=-



5 8  

TP.BLE 5 

ABR I DGED L I FE TAB LE CALCULATED U S I NG THE AGE 
D I STRI BUTI ON OF AVERBUCH MALES 

�=-=: -=---=-=-=---=--==- �==---==:--� =--===:�= 

X Dx dx 1x qx Lx Tx eOx 

0 - 1 . 5 1 3 8 . 1 1 2 1 . 74 1 00 . 00 . 2 1 7  8 2 . 6 1  1 74 3 . 7 3 1 7 . 4 4 
1 .  5 - 5 . 5  1 1 9 . 2 5 1 8 . 7 7 7 8 . 2 6 . 24 0  2 9 2  . 1 6 1 6 6 1 . 1 2  2 1 . 2 3 
5 . 5 - 1 0 . 5  3 0 . 65 4 . 8 2 5 9 . 4 9 . 08 1  2 8 5 . 4 0  1 3 6 R . 9 6 2 3 . 0 1 

1 0 . 5 - 1 5 . 5  1 4 . 4 7  2 . 2 8 54 . 6 7 . 04 2  2 6 7 . 6 5 1 08 3 . 5 6 1 9 . 8 2 
1 5 . 5 - 2 0  3 7 . 2 3 5 . 8 6  5 2 . 3 9 . 1 1 2 2 2 7. . 5 7  8 1 5 . 9 1 1 5 . 5 7 
2 0  - 2 5  9 5 . 7 6 1 5 . 0 7 4 6 . 53 . 3 24  1 94 . 98 5 9 3 . 3 4 1 2 . 7 5 
2 5  - 3 0  5 6 . 2 3 8 . 8 5 3 1 . 4 6 . 2 8 1  1 3 5 . 1 8 3 9 8 . 3 1) 1 2 . 66 
30  - 3 5  4 3 . 32 6 . 8 2 2 2 . 6 1  . 30 2  96 . 00 2 6 3 . 1 8 1 1 . f>4 
3 5  - 4 0  3 0 . 99 4 . 8 8  1 5 . 7 9 . 3 09  of> . 7 5 1 6 7 . 1 8 1 0 . 5 9 
4 0  - 4 5  2 0 . 07 3 . 1 6 1 0 . 9 1  . 290 4 f> . 6 5 1 0 0 . 4 3  9 . 2 1 
4 5  - S O  2 0 . 07 3 . 1 6 7 . 7 5 . 4 08 3 0 . 8 5 5 3 . 7 8 6 . 94 
s o  - 5 5  1 4 . 5 9 2 . 30 4 . 5 9  . 50 1  1 7 . 2 0 2 2 . 9 3 5 . 00 
5 5  -60  1 4 . 5 9 2 . 30 2 . 29 1 .  0 04 5 . 73 5 . 7 3 2 . 5 0  

==--------:-----___..:......_�-=-==;=--=: ==-�---=.:..==:::- ==---=--==-=:---=:=-=-=---=-=-=--= =--=-.::::.....____----=..:....=..-=--=---=-=-=-== �-= = ==  =.. =--
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TABLE 6 

ABR I DGED L I FE TABLE CALCULATED US I N G TI1E AGE 
D I STRI BUTI ON OF  AVERBUC:H FEMALES 

X Dx dx lx qx Lx Tx e0x 

0 - 1 . 5  1 3 8 . 1 1  2 3 . 1 6 1 0 0 . 0 0 . 2 3 2  R l . 4 7  1 4 62 . 98 1 4 . 63 
1 .  5 - 5 . 5 1 1 9 . 25 1 9 . 9 9 7 6 . 84 . 2 60  2 8 3 . 1 4  1 3 8 1 . 5 1  1 7 . 9 8 
5 . 5 - 1 0 . 5  3 0 . 65 5 . 1 4  5 6 . 8 5 . 090 2 7 1 . 4 0  1 09 8 . 3 7 1 9 . 3 2 

1 0 . 5 - 1 5 . 5  1 4 . 4 7  2 . 4 3  5 1 . 7 1  . 04 7  2 5 2 . 4 8  8 2 6 . 97 1 5 . 99 
1 5 . 5 - 2 0  5 2 . 7 0  8 . 84 4 9 . 2 8 . 1 79 9 0 . 9 9 5 74 . 4 9 1 1 . 66 
2 0  - 2 5  8 0 . 9 9 1 3 . 5 8 4 0 . 44 . 3 36  1 6 8 . 25 4 8 3 . 5 0 1 1 . 96 
2 5  - 3 0  5 2 . 87 8 . 8 6 2 6 . 86 . 33 0  1 1 2 . 1 5 3 1 5 . 2 5 ] 1 .  7 4 
30  - 3 5  3 2 . 8 2 5 . 50 1 8 . 0 0 . 3 06  76 . 2 5  2 03 . 1 0 1 1 . 2 8 
3 5  -4 0 2 4 . 9 1  4 . 1 8 1 2 . 5 0 . 3 3 4  5 2 . 05 1 2 6 . 8 5 1 0 . 1 5  
4 0  - 4 5  1 4 . 94 2 . 5 0  8 . 32  . 300 3 5 . 3S 7 4 . 8 0 8 . 99 
4 5  - 5 0  1 4 . 9 4 2 . 5 0  5 . 8 2 . 4 3 0  2 2 . 8 5 39 . 4 5 6 .  7 8  
5 0  - 5 5  9 . 8 8 1 . 66 3 . 3 2  . 5 00  1 2 . 4 5 1 6 . 60 s . oo 
5 5  - 6 0  9 . 88 1 . 66  1 .  66  1 . 0 00 4 . 1 5  4 . 1 5 2 . 5 0 

-=--==---===-
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interv a l ; but ,  though both increas e ,  the mal e morta l it y  (dx 2 0 - 2 5  = 1 5 . 07 

percen t)  exceeds that o f  the  fema l e  (dx 2 o - 2s = 1 3 . 5 8 percen t )  by 2 0  to  

2 5  years o f  age . Aft er t h i s  a ge  the mort a l ity o f  both sexes  decrea s e s ; 

h owev e r ,  mal e dx  values  bas i ca l l y are h igher than those o f  the femal e  

for the remainder o f  adu l t  l ife . The age d i st r ibu t ions  for Averbuch 

mal e s  and fema l e s  do not d i ffer s t at i s t i c a l l y . 

Th e percen t age o f  the Averbuch popu l at i on su rv iving to  re ach each 

age int erv a l  ( l x) i s  p l otted in F i gure 6 .  The s lope of the curve 

descend s abrup t l y  from b irth t o  1 0 . 5 .  By the 1 0 . 5  t o  1 5 . 5  year c ategory , 

on ly  5 3 . 23 percent o f  th e original  c ohort has  surv ived . At age 2 0  t o  

2 5 ,  4 3 . 5 8 percent  o f  a l l  ind ivi dua l s  born t o  the Av erbuch popu l at ion 

surv ive ; 9 . 65 p ercent remain al ive at age 40 and 1 . 9 �  pe rcent surv ive 

to age 5 5 . 

The male  surv ivorship curve exceed s that o f  the fema l e  a t  a l l  age 

interv a l s  from b irth to 6 0  years o f  age . For examp l e ,  a t  age 20 to 2 5 , 

4 6 . 53 percent o f  the mal e s  have surv ived and on l y  4 0 . 4 4 percent o f  the 

fema l e s  are a l j v e . At age 3 5  t o  4 0 , 1 5 . 79 percent of the ma les  and  

1 2 . 5 0 percent o f  the fema l e s  remain . S l i ght l y  mo re ma l e s  ( l x5 5 _6 0  = 2 . 29 

percen t )  surv ive to  the l as t  age interval  than femal es ( l xs S - 60 = 1 . 66  

percen t )  . 

F igure 7 p l ot s  t he probab i l i t i e s  o f  death (qx) for the Averbuch 

series . The probab i l ity of dying i s  h igh from b irth t o  5 . 5 years o f  

age and at  the t erminal end of the age spectru� . S ince perinat a l  l i fe 

is norma l l y  more h ighly stres sed than that of any other subadul t  age 

category,  the fact that the b i rt h  to  1 . 5 qx value s  are l o wer than 
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that o f  the  1 . 5  t o  S . S age c at egory is  h ighly  suspect . The l owe s t  

probab i l it y  o f  death and thu s  healthiest  segmen t o f  the popu l at ion wa s 

i n  the  1 0 . 5  to 1 5 . 5  age interval ( t o t a l  qx l O . S - l S . S = . 04 4 ) . Aft er 

t h i s  age the  probab i l ity  of death increases unt i l  age 2 0  t o  2 5  and 

remains r e l at ive l y  constant unt i l  age 4 0  to  4 5 . The qx v a lu e s  increase 

after th i s  ag e interval . 

Th e probab i l it y  of dying i s  great er for fema l e s  t han for mal e s  for 

a l l  age interva l s  from b irth to  S O years o f  age . Aft er age S O ,  mal e 

qx values are s l ight l y  greater t han those o f  the fema l e . The great e st 

s ex d ifferen c e s  in  qx values occur at  the l S . S to  20  age interval (ma l e  

qx
1 5 . 5 _ 2 0 . 0  

= . 1 1 2 ;  fema l e  qx 1 5 . 5 _2 0  . 1 7 9 ) , the 2 5  to  3 0  ag e int erval  

(ma l e  qx 2 5 _ 30  = . 2 8 1 ; female  qx 2 5 _3 0  = . 3 30) , and the 3 5  to  40  age 

interv a l  (ma l e  qx3 5 _4 0  
= . 3 09 ; fema l e  qx 35 _4 0  = . 3 34 ) . 

L i fe expectancy curves  ( e0 ) are shown in F i gure 8 .  At b i rt h ,  mal e 

l ife expectancy (ma l e  e0
0 - l . S = 1 7 . 4 4 )  i s  2 . 8 1  years h i gher than fem a l e  

l i fe expectancy (fema l e  e0
0 - l . S = 1 4 . 6 3 ) . Life  expectancy increa ses  

con s i derab l e  fo r  tho se  surviving the  early  h i gh l y  s t re s sed years o f  

l i fe . At age 5 . 5  t o  1 0 . 5 ,  the male  e0 value i s  23 . 0 1 years and fema l e  

i s  1 9 . 3 2 years . Ma l e  l ife exp ectancy exc eed s t hat o f  the  fema l e  by a 

min imum of 3 years at every age int erv a l  between b irth and 1 5 . 5  t o  2 0 

years of age . After t h i s  the mal e/ fema l e  d ifferences  are minimal  

throughout a l l  remaining age int erva l s . 

I n  genera l , the  re su l t s  o f  the  l ife t ab l e  approach sugge s t s  a 

number o f  key point s concern ing stre s s  at the Averbuch s i t e . Although 

i nfant morta l it y  i s  high and represent s one of the more stres sed 
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p eriod s ,  the  re l a tionship of the qx values for the  f irst  and se cond age 

interval s are probl emat ical . The qx va lue represents  the chance o f  

ind ividual s in  on e age cat egory dying before reach ing t h e  next age 

int erva l .  The qx va lue fo r the b irth to  1 .  S ag e interv a l  i s  l es s  t han 

that of the 1 . 5  to 5 . 5  int e rv a l . Th i s  may repres ent rea l i t y . I f  s o ,  

Averbuch indiv idua l s  are more highly  stre s s ed du ring t h e  second int erval  

than the  first . I t  more l ike ly  indi c at e s  an under enumerat ion o f  

infant bur ia l s .  An under enume rat ion could most l ik e l y  have occurred 

in two ways : 

1 .  The geographi c  s i z e  o f  the  v i l l age ( i . e . ,  the numb er of  

') '- . 

stru cture s )  cou l d  have been underes t imated . 

The a s sump t ion that a l l  of  the infan t s  not int erred in one 

of  the cemet eri e s  were interred in the s t ructures may not be 

ent i r e l y  val i d . Some infant dead may have been p l aced out s ide  

the  v i l l age area or in areas o f  the  site  m i s sed dur ing 

t e s t ing . 

The second of these i s  more probab l e . Mo rta l i t y  i s  h igh throughout 

ch i l dhood ; however , the  ado l e s c ent period ( 1 0 . 5  to 1 5 . 5  years)  repres ents  

th e  l ea s t  stres sed of  al l ag e  categori e s . During the young adu l t  years 

( 1 5 . 5  to  2 0  years ) , mort al i t y  increases  fo r hath sexes but i s  more 

extreme for the fema l e s . Du ring the 2 0  to 2 5  year int erv a l  t he m a l e s  

are more stressed than t h e  fema l e s . Th ese  periods of stres s su ggest  

p rob l ems experienced in chi l dbear ing for the  fema l e s and sub s i st ence 

and/or warfare act ivity for the ma l es . Overa l l , m a l e  mo rta l i ty during 

the l at t e r  years i s  h igher than fema l e  mortal ity . Howev e r ,  more mal e s  



survive to  reach adu l t  l ife than do fema l e s . Th e probab i l i t y  o f  dying 
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is  h igher for fema l e s  from b irth to 5 0  years of age than for m a l e s . L i fe 

expectancy at each age int erv a l  from b i rth  t o  the 4 5  to  5 0  year int e rval  

i s  h igher for mal e s . Of the t otal  1 , 23 2  individual s ,  o n l y  4 . 5 9 percent 

of the mal e s  ( I S  individua l s ) and 3 . 32 percent of the fema l es ( 1 0  

indiv idual s )  reached the 5 0  t o  5 5  year int erv a l . 

L i fe Expectancy at B irth 

Popu l at i on l ongev i t y  and hea l th status as expre s s ed by l ife 

expect ancy at b i rth provides a basi s for comparing the stress  at  Averbuch 

with that o f  ot her s ites . Tab l e  7 i s  mod i fied from Ows l ey ( 1 9 7 5 ) . The 

s i t e s  recorded in  th is  tab l e  are l i s t ed ac cord ing t o  increa s ing l ife 

expec tancy at b irth . As c an be  s een from Tab l e  7 ,  the  Averbuch s i t e ,  

w i th the except ion o f  the Larson s i t e ,  has  the l o west 1 ife expectancy at 

b irth of a l l  groups i l lustrated . L ife  expectancy i s  l ower fo r Av erbuch , 

which i s  re l at iv e l y  late  temporal l y ,  than for many o f  the ear l ier  s i t e s . 

I t  i s  kno�TI that th e Larson s i t e  was exposed t o  stres s no t on l y  through 

European introduced d i sease but a l s o  through intense warfare . As noted 

ear l ier , the Averbuch series seems t o  b e  def i c i ent in th e the number of 

infant dead . Thus , Av erbuch l ife expectancy at b irth represents  a 

maximum expectancy . If  the numb er o f  infant dead i s  increased , the 

Averbuch l ife  expe ctancy at b irth wi l l  probab l y  be  as low or l ower than 

that o f  the Larson s i te . I t  may b e  conc luded that the Av erbuch s i t e  

was exposed to  much stre s s , as  much as o r  more than any o f  t h e  other 

s i t e s  i l lustrated . 
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TAB LE 7 

L I FE EXPECTANCY AT B IRTH IN  S EVERAL WORLD POPULAT IONS 

Popu l at ions Dat es 

Larson , South Dako t a  A . D .  1 7 5 0- 1 7 8 1  

Av erbuch ( fema l e s ) , Tennes s ee A . D .  1 4 0 0  

Averbuch (ma l es ) , Tennes see A . D .  1 400  

l nd i an Kno l l ,  Kentucky 3000  B . C .  

Nub i a ,  Egypt A . D .  1 0 5 0- 1 60 0  

Nanj emoy,  Ossuary I A . D .  1 500 - 1 60 0  

N anj emoy,  Os suary I I  A . D . 1 5 00- 1 6 0 0  

Anc i ent Greeks 670 B . C . -A . D .  600  

Texas  Indians A . D .  8 5 0 - 1 7 00  

European Ru l ing Fam i l ie s  A . D .  1 4 8 0 - 1 5 7 9  

U . S .  C auc a s i an A . D .  1 8 00 

U . S .  Negro A . D .  1 90 0  

Eng l i sh A . D .  1 0 00- 1 1 00 

Ind i a  (fema l e s )  A . D . 1 95 1 - 1 %0 

Indi a  (ma l e s)  A . D . 1 9 5 1 - 1 960 

Peco s Peubl o  A . D . 8 0 0 - 1 7 0 0  

Engl and and Wal e s  (mal es)  A . D .  1 9 6 5 - 1 967  

Eng l and and Wa l e s  (fema l e s )  A . D .  1 9 6 5 - 1 9 6 7  

Mod i f i ed from Ows ley ( 1 9 7 5 : 84 ) 

L ife f'xpec t ancy 
(Years)  

1 3 . 7  

1 4 . 6  

1 7  . 4  

1 R . 6  

1 9 . 2  

2 0 . 9  

2 2 . 9  

2 3 . 0  

3 0 . 5  

3 3 . 7  

3 0 . 0 - 3 5 . 0  

3 3 . 8  

3 5 . 3  

4 0 . 6  

4 1 . 9  

4 2 . 9  

6 8 . 7  

7 4 . 9  
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Crude Mort al i t y  Rat e  

Th e t o t a l  number of individual s dying p e r  1 000 per year i s  expres s ed 

a s  the crude mort a l ity  rate (m) and i s  c a l cul ated by Ac sadi an d 

Nemeskeri ( 1 9 70 : 4 4 , 6 7 )  as  fo l l ows : 

m 
I 

eo 
0 - 1 . 5  

As  can be seen , the  c rude mortal i t y  rate o f  a s t at ion ary popu lat i on c an 

be cal cu l ated from the l i fe t ab l e .  Accord ing t o  Ube l aker ( 1 974 : 6 5 )  

the crude mo rt a l i ty rate 

. . .  is a d i rect re fl ect ion of overa l l  l i fe expec t ancy 
and can present ev idence fo r popu l at ion dec l in e ,  equ i l ibrium , 
or expans i on when cons idered in rel a t ion t o  the b i rt h  rat e . 

Th e Averbu ch c rude mort a l i t y  rat e i s  6 0 . 2  and , wh en comp ared to  

th a t  o f  o ther sk el e t a l  s eries  (Tab l e  8 ) , i s  qu ite  h i gh . Howev er , 

thi s f i gu re i s  con s idered to  repre sent a minimum cn1de mort a l ity  rate . 

An i ncrea se  in the number o f  in fant deaths wou l d  decrea s e  the l i fe 

expec tancy at  birth and thus increas e the crud e mort a l ity  rat e . The 

actu a l  Averbuch rate i s  probab l y  h igher than that pre s ented in Tab l e  8 .  

The crude birth rate i s  the number born per 1 000  t o t a l  popu l at i on 

per year . De Jong ( 1 9 7 2 )  not es  that many cont emporary nonwesterni zed 

groups t hroughout the worl d po s s e s s  a c rude b i rth rate o f  40 to 5 0  

per 1 000 . 

Th e rat e o f  natural growth for the Averbuch popu l at ion may be 

c a l cul ated from the int erre l at i on ship between the  b irth and death rat e s . 

Accord ing to Ac sadi  and Nemeskeri ( 1 9 7 0 : 6 8 ) , the  rat e o f  natural growth 

may he c a l cu l ated as fo l l ows : 
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CRUDE MORTALITY RATES FROH :\ORTH M!f RICAN 
SKE LETAL S ER I ES 
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S i t e  Lo c at i on Mortal ity Rate  

Nanj emoy,  O s suary I I  Maryl and 4 4  

Nanj emoy,  Os suary I t-.1aryl and 4 8  

Su l l y South Dakot a 5 4  

Indian Kno l l  Kentucky 5 9  

Av erbuch Tennessee  60  

Leav enworth South Dakot a 6 3  

Larson South Dakota 7 3  
=----==-::=--==--=-
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e = n - m 

e = the rate o f  growth per 1 0 00 per  annum 

n = crude b irth rate 

m = crude mortal i ty rat e  

The crude mortal ity  rate for Averbuch may be ca l cu l at ed d irectly  from 

the l i fe tab l e  as prev iou s l y  descr ibed . However , the c rude b i rth rate 

i s  a ssumed to  approximate the 40 to 5 0  per 1 000 range del imi t ed by 

D e  Jong ( 1 9 7 2 )  and is used to c a l cul ate the min imum rate of natural 

growth for the Averbuch s i t e  (Tab l e  9 ) . 

TABLE 9 

AVERBUCI-1 RATE OF  NA1URAL GROWTH 

C rude B i rth Ra te  
Range per  1 0 00 

(n) 

Averbuch Crud e 
Mo rt a l it y  Rat e 

(m) 

Growth 
R a t e  
( e) 

4 0  
5 0  

6 0  
60 

- 2 0  
- 1 0  

The min imum Averbuch rate  o f  natural growth ranges  from - 1 0  t o  - 2 0  per  

1 00 0 . At  Averbuch , mort a l i ty exceeded fert i l i t y  an d the popu l at i on s i ze 

decrea sed at a rate o f  I to 2 percent per  annum . Once agai n ,  i f  the 

original  number o f  dead from Averbuch suffered a defic iency in the 

recovery o f  infant s ,  then these f i gures mu st  he  v i ewed as  a minimum . 

Averbuch Popu l a t i on S i ze 

As  demon s t rated above , the Averbuch popu l at ion suffered a de crease 

dur ing the e s t imat ed IS  t o  2 5  years of its e x i s t en ce . Al though the 



popu l at ion s i z e  was not constant , it  i s  the purpose  o f  thi s  sect ion to 

e s t imat e an average popu l at i on s i ze for th e t ime the s i te exi sted . 

Three variab l e s  are necessary to c a l cul ate popu l at ion s i ze from 

s kel etal  data : crude morta l i ty rate , total  number of  ind ividual s  
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bu ried at the s i t e , and number of years the site  was occup i ed . Ube l aker 

( 1 9 7 4 : 66)  provides the fo l l owing formu l a  for its  cal cu l at i on : 

p 

P = popu l at i on s i ze 

1 0 00 N 

m T 

N total  number o f  buri a l s 

T = t ime int erval repre sented by the sk e l e t a l  series 

m = c rude death rate 

The total  number of ind iv idu a l s  actual l y  retri eved from the Averbuch 

s ite is 8 8 7 ; howev e r ,  that port ion of the cemetery and v i l l age dead 

that cou l d  not be  obta ined i s  est imated to number  4 09 ind iv idual s .  

Refer to Chapter I I I ,  Sect i on I I I ,  page 2 4 , for a thorough d i scu s s ion 

o f  how the number of mis s ing i ndividua l s  is est imat ed . The total  or 

corrected number of 1 , 29 6  is obt ained , of wh ich 64 are con s i d ered to be 

fetal . The fetal  d ead are exc luded from both the l i fe t ab l e  con s tru c t i on 

and the c a l cu l at ion o f  popu l at ion s i z e  to produ ce a total  of 1 , 2 3 2  

individua l s .  

The l ength o f  t ime the Av erbuch s ite was occup i ed i s  est imated to 

be 1 5  to 25 years . For a d i scu ss ion of  how thi s  l ength o f  time was 

e s t imated , refer to Chapter I I I , Sect ion I I I ,  page 2 4 . The l ength of  

t ime attributed to th e  Averbuch occupation repres ents  a reasonab l e  

est imate and nothing more . 



Th e crude mort a l ity  rate for th e Averbuch s er i es i s  det ermined 

d i rect l y  from th e l ife  tab l e  and i s  u s ed to c a l cu l ate  the resu l t s  

pre s en ted i n  Tab l e  1 0 . 

TABLE 1 0  

CALCULATION O F  AVFRBUGI POPULATI ON S I ZF I JS ING TWO 
ESTIMATES FOR LENGTH OF OCCUPATION 

7 3  

To t a l  Number 
o f  Dead 

Crude Morta l ity  Years of  Popu l at ion 

1 , 2 3 2  
1 , 2 3 2  

Rat e  

60  
6 0  

Occupat ion S i z e  

I S  1 ' 3()9  
25  8 2 1  

The Av erbuch popu l at i on s i ze ran ged from 8 2 1  t o  1 , 3 6 9  ind iv idua l s . An 

increase in the number of  infants wou l d  increase the crude morta l i ty 

rate as wel l as the popu l at ion s i ze . For examp l e , if th e total  number 

o f  d ead are increased to 1 , 5 0 0  and the crude mortal i ty rat e to 6 5 , the 

popu l a t ion s i ze would range from 9 2 3  ( 2 5  years)  to  1 , 5 3 8  ( I S  years ) 

ind iv idua l s .  

Summa ry and Con c l u s i ons 

The Averbuch site repre sents a 1 5 th century Mi s s i s s ippian Period 

vi l l age l o cated on the outer port ion of  the Na shvi l l e  Rasin . The s i t e  

was occupi ed for a re l a t ive l y  bri ef  t ime , prohah l y not exceeding 2 5  

years i n  durat ion . The popu l at i on s i ze wa s prohah l y  between 800  and 

1 , 4 0 0  ind ividua l s .  A great deal  o f  stress wa s experienced throughout 

the s i t e ' s  exi s t ence . Mort a l ity  at Av erbuch exceeded fert i l ity  and 

the popu l at ion suffered a decrease of 1 to  2 percent per annum . Due to  

thi s popu l at ion decl ine ,  both  the upper and l ower e s t imat es o f  popu l at ion 

s i ze may have actua l ly been obs erved through t ime . 
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The Averbuch crude morta l i ty  rate of 60  was  among the more severe 

when compared to that pub l i shed from other ske l etal  series . A l i fe 

expectancy at b irth of  1 4 . 6  y ears for fema l es and 1 7 . 4  years for ma l e s 

i s  among the l owe st of any s ite  examined . Overa l l ,  the femal es  at 

Averbuch appear to have been more s everel y  stres sed th an the mal e s . 

Stre s s  was great e st  during the very ear l y  years o f  l i fe with the 

ado l e scent years represent ing the l e ast stressed period . Adu l t  stre s s  

for both sexes was most  int ens e  during the early part o f  adu l t  l i fe 

( i . e . ,  from 1 5 . 5  to 3 0  years of age ) . Fema l e  mort a l i ty exceeds mal e 

mort a l i t y  during the 1 5 . 5  to  2 0  year interval whi l e  ma l e  mort a l ity  i s  

greater than fema l e  for the 2 0  t o  2 5  year interva l .  Increased mort a l ity  

during t h i s  t ime period  coincides  with  the ch i l dbearing period for the 

fema l e s  and the period of  peak sub s i s tence and warfare ac t iv i t i e s  for 

the ma l e s . �fa l e  and fema l e  ch i - square values for age d i stribut ion s show 

no stat i s t ic a l ly s ign i fi cant d ifference .  

I I I . TilE V I TAL STAT I ST ICS  F OR EACH AVE RBlJCH C: HfETERY 

The mal e s  and femal es from each o f  the three Av erbuch cemeteries 

are now examined v i a  the l i fe tab l e  approach . Each  o f  the  three 

cemeteries  w i l l be  de scribed on the bas i s  of  mort al i t y ,  survivorsh ip , 

probab i l i t i e s  of  death and l ife expe ct ancy . 

C emetery 1 (Tab l es I I  and 1 2 )  
The mort a l ity  curve (dx) for both ma l e s and fema l e s from Cemet ery 1 

i s  pre sented in F i gure 9 .  The curve begins very l ow with onl y 6 . 9 8 



TABL E  1 1  

ABR I DGED L I H  TABLE CALCULATED USING TilE AGE D ISTIU BUTION 
OF  AVE RBUCJ-1 MALES FROM CH1FTERY 1 

7 5  

==-==---= -=----=--==----=--=--=--==-== =- ::::.._---==-�� =--=- =-=-:;:::;_=:--=.......:=-...:::=:-�=.-::-=.-=-=-: =--::::=-:::· �- ==---=--= =--==-=--=-=-� = = =· =-- =- :-:-:;----::: � 

X fix d x  1 x  qx Lx Tx e0x 

0 - 1 . 5 2 1 . 3 1  6 . 9 8 1 0 0 . 00 . 0 7 0  1 4 4 . 00 1 9 04 . 6 5 1 9 . 05 
1 .  5 - 5 . 5  6 2 . 7 2 2 0 . 5 3 93 . 0 2 . 2 2 1  1 6 5 . 5 1  1 76 0 . 6 5 1 8 . 93 
5 . 5 - 1 0 . 5  1 8 . 2 9 5 . 9 9  7 2 . 4 9 . 08 3  3 4  7 .  4 8  1 59 5 . 1 4 2 2 . 00 

1 0 . 5 - 1 5 . 5  9 . 69 3 . 1 7 6 6 . 5 0 . 04 8  3 2 4 . 5 8 1 24 7 . 66 1 8 . 7 6 
1 5 . 5 - 20  2 5 . 0 7 8 . 2 1 63 . 3 3 . 1 3 0  2 66 . 5 1 9 2 3 . 08 1 4 . 5 8 
2 0  - 2 5  5 9 . 5 6 1 9 . 5 0 5 S . 1 2  . 3 54 2 2 6 . 8 5 6 5 6 . 5 7 1 1 . 9 1 
2 5  - 3 0  3 6 . 5 2 1 1 . 95 3 5 . 6 2 . 3 35  1 4 8 . 2 3 4 2 9 . 7 2 1 2 . 06 
3 0  -3 s 1 9 . 2 7 6 . 3 1 2 3 . 6 7 . 2 67  1 0 2 . 5 8 2 8 1 . 4 9  1 1  . 8 9  
3 5  - 4 0  1 6 . 5 2 5 . 4 1  1 7 . 36 . : H 2  73 . 2 8 1 7 8 . 9 1 1 0 . 3 1 
4 0  - 4 5  1 1 . 24 3 . 68  1 1 . 95 . 308  5 0 . 5 5 1 0 5 . 6 3 8 . 84 
4 5  - 5 0  1 1 . 24 3 . 6 8 8 . 2 7 . 4 4 5  3 2 . 1 5 5 5 . 0 8 6 . fl 6 
s o  - 5 5  7 . 03 2 . 3 0 4 . 5 9 . 5 0 1  1 7 . 2 0 2 2 . 9 3 5 . 00 
5 5  -60  7 . 03 2 . 30 2 . 2 9  1 . 004  5 . 73 5 . 7 3 2 . 5 0  

==-:;;:::::-----=-=-= --=-==- -=--==..=-:�-.-::=-:-.:· =-=--=----=--=-==-=--::::==-
-

==-=-= �-= =-===--= =  ==-= = ==- =--: 
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TABLE 1 2  

ABR I DGED L I F E  TABLE CALCULATFD USI NG TI1E AGF D I STR I BUT ION 
OF AVE RBUCH FEtv!ALES  F ROM CEMETERY 1 

==---=-=�==--=-=-=---=- =--=---==-==,-=-=..:.:=...:_-==----=-:-=-=-=----= ==-=-

X Dx dx 1 x  qx Lx Tx eOx 

0 - 1 . 5 2 1 . 3 1 7 . 36  1 0 0 . 00 . 074  1 11 4 . 4 8  2 0 1 9 . 7 5 � 0 . 2 0 
l .  5 - 5 . 5  6 2 . 72 2 1 . 66 9 2 . 64 . 234  3 2 7 . 24 1 8 7 5 . 2 7 2 0 . 2 4 
5 . 5 - 1 0 . 5  1 8 . 2 9 6 . 3 2 7 0 . 98 . 0 89  339 . ]  0 1 5 4 8 . 0 3 2 1 . 8 1 

1 0 . 5 - 1 5 . 5  9 . 69 3 . 3 5 64 . 66 . 05 2  3 1 4 . 9 3 1 2 0 8 . 9 3 1 8 . 70 
1 5 . 5 - 2 0  3 9 . 04 1 3 . 4 8  61 . 3 1  . 2 2 0  24 5 . 5 7 R 94 . 0 0 1 4 . 5 8 
2 0  - 2 5  3 7 . 9 8  1 3 . 1 2 4 7 . 8 3 . 2 74  2 0 f1 . 3 5 64 8 . 4 3  1 3 . 5 6 
2 5  - 3 0  2 8 . 2 5 9 . 7 6 3 4 . 7 1 . 2 8 1  1 4 9 . 1 5  4 4 2 . 08 1 2 . 74 
3 0  - 3 5  1 9 . 3 9 6 . 7 0 2 4 . 95 . 2 69  1 0 8 . 00 2 9 2 . 9 3 1 1 . 7 4 
3 5  - 4 0  1 8 . 0 1 6 . 2 2 1 8 . 25 . 34 1  7 5 . 7 0 1 84 . 9 3 1 0 . 1 3 
4 0  - 4 5  1 0 . 30 3 . 5 6  1 2 . 0 3 . 29 6  5 1 . 25 1 0 9 . 2 3 9 . 0 8 
4 5  - S O 1 0 . 30 3 . 5 6  8 . 4 7  . 4 2 0  33 . 4 5 5 7 . 9 8 6 . 85 
s o  - 5 5  7 . 1 2 2 . 46 4 . 9 1  . 5 0 1  1 8 . 4 0 24 . 5 3 5 . 00 
5 5  - 60 7 . 1 2  2 . 4 6  2 . 4 5  1 . 0 04 (, .  1 3  6 . 1 3 2 . 50 

==-.:: =� = �� 
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p ercen t o f  the  ma l e s  and 7 . 3 6 p ercent o f  the fema l e s  dyin g by age 1 . 5 

and c l earl y ref l ec t s  the cu l tura l pra c t i c e  o f  the burial  o f  infan t s  

a n d  n ewbo rns (u sua l l y  ind ividu a l s l e s s  than 3 . 5 years o f  age )  out s i d e  

the  c emetery are a . The maj ority o f  subHdu l t  deaths occu r  at 1 . 5 t o  

5 . 5 years of  a g e  (ma l e  dx = 2 0 . 5 3 p erc ent ; f ema l e  dx 1 . 5 _ 5 . 5  = 
1 . 5 - 5 . 5 

2 1 . 66 p erc ent ) . Th e curv e  d e cre a s e s  sharp l y  with the mo st heal thy 

period be ing betwe en the ages of 1 0 . 5  and 1 5 . 5  years with only 3 . 1 7  

p ercent o f  the  mal e s  and 3 . 3 5  p ercent o f  the fema l e s  a s s igned to t h i s  

age  cat egory . O f  the  young adu l t s , the  femal e curve increa s e s  unt i l  

7 8  

i t  peaks at ag e 2 0  ( f ema l e  dx 1 5 . 5 _ 2 0  = 1 3 . 4 8 p e rc ent ) and drops s l i ght l y  

b y  age 25  ( fema l e  dx 2 0 - 25 = 1 3 . 1 2 p ercent ) . Th e ma l e  mort a l ity curve 

is l e s s  abrupt in i t s  increa s e . However , a far greater number of ma l e s  

d i e  during t h e  early part o f  their  adu l t l i f e t han d o  the fema l e s . The 

mal e  curve i s  very high with 1 9 . 5 0 p ercent dying at age 2 0  t o  25 . After 

age 3 5  mal e and femal e  mo rta l i ty ref l ec t s  l i tt l e  d i fferenc e . The 

mort a l i ty cu rve gradu a l l y  s l op e s  downward in l ater  adu l t  years with only  

1 6 . 7 6 percen t  of  adu l t  deaths occurring after age  4 5 . The age d i s t ribu -

t ions fo r Cemet ery 1 ma l e s  and fema l e s  do not d i ffer s t at i s t i ca l ly .  

The surv ivo rship curve ( i . e . ,  th e p ercen tage surv iv ing t o  each age 

int e rv a l  or l x) is p l otted  in F i gure 1 0 . t-la l e and fema l e  curve s  d i ffer 

l it t l e  throughout , with a s l i ght l y  greater number o f  young adu l t  mal es  

surv iving to reach each age category than fema l e s . Ry age 2 0  to  25 , 

5 5 . 1 2  p ercen t  o f  the ma l e s  hav e  survived and 4 7 . 8 3 percent o f  the fema l e s . 

After age 3 0  to  3 5  th i s  t rend revers e s  but onl y s l ight ly . At age 4 0  to  

4 5 ,  1 1 . 95 percent o f  the mal e s  and 1 2 . 0 3 p erc ent o f  the fema l e s  from 
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the o r i g in a l  cohort remai n . The age o f  5 0  t o  5 5  i s  reached b y  4 . 5 9 

p ercent o f  the ma l e s  and 4 . 9 1  p e rcent o f  the femal e s . 

F i gure 1 1  prov i d e s  a v i su a l  i l l ustra t i on of the probab i l i t i e s  o f  

death ( qx) . Onc e  agai n ,  the  cu l tural  o r  soc i a l  exc l u s i on o f  infan t s  

from bur i a l  i n  t h e  c emetery i s  ref l ected  i n  t h i s  curv e . Th e probab i l i t y  

o f  d eath wou l d ,  under normal  c ond i t ions , d ecrea s e  from b irth t o  5 . 5 

years o f  age i n s t ead o f  increa s in g  as s e en here . From age 1 5 . 5  t o  

t h e  early 2 0 ' s  t h e  probab i l i ty o f  death for femal e s  i s  h igh er than 

ma l e s ,  but j u st  prior to age 2 0  t o  25  t h i s  t rend revers e s  and the mal e s  

e xperi ence a h igh er probab i l ity  o f  d eath which cont inu e s  unt i l  a g e  3 0  t o  

3 5  (mal e qx3 0 _ 3 5  = . 2 67 ; fema l e  qx 3 0 _ 3 5  = . 2 69) . Th e q x  values  o f  both 

ma l e s and fema l e s  d ecreas e by age 4 0 -4 5  but con t inua l l y increase aft er 

that ag e .  The mal e  and fema l e  d i fferen c e s  that exi st  aft er age 35 a re 

re l at iv e ly smal l .  Th e great e s t  s ex d i fference in the prob ab i l ity o f  

death i s  a t  age 1 5 . 5  t o  2 0  (ma l e  qx l 5 . 5 - 2 0  = . 1 3 0 ;  fema l e  qx l S . S - 2 0  = 

. 2 2 0 ) . 

Th e l i fe expectancy (e0 ) for Cemetery 1 mal e s  and fema l e s  i s  p l o t t ed 

i n  F i gu re 1 2 . Ma l e  l i fe expectancy at b irth (eO O - l . S ) i s  1 9 . 05 years and 

fema l e  l i fe expectancy is 2 0 . 2 0 years . L i fe expectancy peaks for bo th 

s exe s at  5 . 5 t o  1 0 . 5  years (ma l e  e0
5 . 5 _ 1 0 . 5  

= 2 2 . 00 ;  fema l e  e0
5 . 5 _ 1 0 . 5  

2 1 . 8 1 ) . Both ma l e  and fema l e  s lopes are b a s i c a l l y  t h e  same with the 

grea t e s t  adu l t  sex d i fferen c e s  appearin g at  age  2 0  t o  2 5  (ma l e  e0
2 0 _ 25  = 

1 1 . 9 1 ; fema l e  e0 = 1 3 . 5 6 )  and at  age 4 5  t o  5 0  (ma l e  e0
4 5 5 0 = n . 66 ;  

2 0 - 2 5  ' -

fema l e  eo
4 5 _ 5 0  

= 6 . 8 5 ) . Adu l t  fema l e  l i fe expect ancy i s  s l i ght l y  h igher 

than mal e  l i fe expec t ancy for the maj ority of age cat egori e s . 
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Summary o f  Ceme t e ry 1 Demography 

Neonat a l  mort a l i t y  in C emet e ry 1 app ea rs to  be  very l o w .  Howev er ,  

these  re su l t s  d o  not repre s ent a val id ind i cat i on o f  the re sponse o f  

n ewb orn s to  t h e i r  env ironment . Rath er,  t h e  v i t a l  s t at i s t i c s  surroundin g  

b irth ref l e c t  th e cul tural pra c t i c e  o f  burying infant s in o r  near the  

v i l l age s t ruc ture s . S ince the maj ority of ind i v idua l s  buri ed in  

s t ructure s  are  3 . 5 years o f  age  or l e s s ,  the remaind er of  the age 

interv a l s more c l o s e l y  re f l e c t  the t rue ch arac ter  of C emetery 1 d emography. 

For examp l e ,  the  mo st heal thy group from C emetery 1 is that cont a in ing 

ado l e s cent s 1 0 . 5  to 1 5 . 5  years of  age . Adu l t  ma l e s  and fema l e s  d emon ­

s t rate  s l igh t l y  d i fferent d emographic  experi enc e s . Fema l e s  are s evere ly 

stres sed a s  young adu l t s ,  p r i mari l y  from 1 5 . 5  to 2 5  years o f  age . The s e  

d eat h s  co inc ide with s tre s s  re l ated t o  ch i l dbearing . Ma l e  morta l i ty i s  

grea t e s t  in the  e a r l y  t o  mid d l e twen t i e s  and p e rhap s  represent s s t re s s  

re su l t in g  from warfare an d/or sub s i s t ence ac t iv i t i e s . Life expec t ancy 

fo r femal e s  i s  s l i ght l y  higher than ma l e s  at b irth but th o s e  fema l e s  

and ma l e s  surviv ing to  reach the 2 5  t o  3 0  year age int erv a l  experi enc e 

appro x imat e l y  e quival ent e0 values  for the  remain ing int erval s .  The 

age d i s tribut ions o f  ma l e s  and femal e s  do not d i ffer s t at i s t i ca l l y .  

C eme t e ry 2 ( Tab l es 1 3  and 1 4 ) 
The mal e  and fema l e  mort a l ity curv e s  (dx) for C emet ery 2 are 

presented in F i gure 1 3 . As with C emet ery 1 ,  d efi c i enc i e s  due to  infant 

exc l u s i on from c eme t ery buri a l  i s  c l e arl y refl ected in the low p erc entage 

of d ead in the first age category . Th e subadu l t  patt ern o f  death i s  v e ry 

s imi l ar t o  that  o f  C emet ery 1 .  Th e grea t e st p erc entage o f  subadu l t  
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TAB LE 1 3  

ABRI DGED L I F E  TAB LE CALCULATED US I NG THE AGE D I STRI BUTIOJ\ 
OF AVERBUCH MALES FROM CEMETERY 2 

_::.......:::==------==- --- - -

X Ox dx 1 x qx I .x Tx e0 x 
0 - 1 . 5  4 . 6 8  7 .  7 7  1 0 0 . 0 0 . 0 7 8  1 44 . 1 7 2 3 2 9 . 4 6 2 3 . 2 9 
1 . 5 - 5 . 5 8 . 7 8 1 4 . 5 8 9 2 . 2 3  . 1 5 8  3 3 9 . 7 6 2 1 8 5 . 2 9 2 ?i . 69 
5 . 5 - 1 0 . 5  2 . 7 0 4 . 4 9  7 7 . 65 . 0 5 8  3 7 7 . 0 3 1 84 5 . 5 3 2 3 . 7 7 

1 0 . 5 - 1 5 . 5  1 .  0 8  1 .  7 9  7 3 . 1 6 . 0 24 3 6 1 . 3 5 1 4 6 8 . 5 0 2 0 . 0 7 
1 5 . 5 - 2 0  2 . 26  3 . 7 5 7 1 . 3 7 . 0 5 3  3 1 2 . 7 3  1 1 0 7 . 1 5 1 5 . 5 1  
2 0  - 2 5  1 4 . 93 2 4 . 8 0 6 7 . 6 2 . 3 6 7  2 7 6 . 1 0 794 . 4 2 1 1 . 7 5 
2 5  - 3 0  4 . 74 7 . 8 7 4 2 . 8 2 . 1 8 4  1 94 . 4 3 5 1 8 . 3 2  1 ? . 1 0 
3 0  - 3 5  9 . 4 8 1 5 . 75 34 . 95 . 4 5 1  1 3 5 . 3 8  3 2 3 . 8 9 9 . 2 7 
3 5  - 4 0  5 . 9 3  9 . 8 5 1 9 . 2 0 . 5 1 3 7 1 . 3 8 1 8 8 . 5 1  9 . 8 2 
4 0  - 4 5  0 . 7 0 1 . 1 6 9 . 3 5 . 1 2 4 4 3 . 8 5 1 1 7 . 1 3 1 2 . 5 3 
4 5  - 5 0  0 . 70 1 . 1 6 8 . 1 9 . 1 4 2  3 8 . 0 5 7 3 . 2 8 8 . 9 5  
s o  -5 5  2 . 1 1 3 . 5 0 7 . 03 . 4 98  2 6 . 4 0 3 5 . 2 3 5 . 0 1  
5 5  - 6 0  2 . 1 1 3 . 5 0 3 . 5 3 . 99 2  8 . 8 3  8 . 8 3 2 . 5 0 

:::====- == �  �-.:c = 
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TABLE 1 4 

ABRI DGED L I FE TABLE CALCULATED U S ING TilE AGE D I STRI BUTI O!\ 
OF AVERBUCH FF.!v!ALES FROM C EMETERY 2 

·=== -=:--::--::::-:--===�-=--:::::-==--=---=.:.= � -:::::-:-:::- =-::�-=....:: 

X Dx dx 1 x  qx Lx Tx e0x 

0 - 1 . 5 4 . 6 R  I O . R 3  1 0 0 . 00 . 1 0 8  1 4 1 . 8 8 1 9 8 5 . 26 1 9 . 8 5 
1 . 5 - 5 . 5 8 . 7 8  2 0 . 3 2 8 9 . 1 7 . 2 2 R  : n 6 . 04 1 8 4 3 . 3 8 2 0 . 6 7 
5 . 5 - 1 0 . 5  2 . 7 0 6 . 2 5  68 . 8 5 . 09 1  3 2 8 . 63 1 5 7.7 . 3 4 2 2 . 1 8 

1 0 . 5 - 1 5 . 5  1 . 0 8  2 . 5 0  6 2 . 6 0 . 04 0  3 0 6 . 7 5 1 1 9 8 . 7 1 1 9  . I S 
1 5 . 5 - 2 0  4 . 5 4 1 0 . 5 1  60 . 1 0 . 1 7 5  2 4 6 . 8 0 8 9 1 . 9 6 1 4 . 84 
2 0  - 2 5  8 .  7 2  2 0 . 1 9 4 9 . 5 9 . 4 07 1 9 7 . 4 R 645 . 1 6 1 3 . 0 1  
2 5  - 3 0  2 . 3 8 S . S l 2 9 . 4 0  . 1 8 7  1 3 3 . 2 3 4 4 7 . 6 8 1 5 . 2 3 
3 0  - 3 5  1 . 1 8 2 . 7 3  2 3 . 8 9 . 1 1 4  1 1 2 . 6 3 3 1 4 . 4 5 1 3 . 1 6 
3 5  - 4 0  2 . 3 8 5 . 5 1  2 1 . 1 6 . 2 60 9 2 . 03 2 0 1 . 8 2 9 . 5 4 
4 0 - 4 5  2 . 70 6 . 25 1 5 . 65 . 3 99 6 2 . 6 3 1 0 9 . 7 9 7 . 0 2  
4 5  - 5 0  2 . 70 6 . 2 5 9 . 4 0  . 6 65 3 1 . 3 8 4 7 . 1 6 5 . 0 2  
s o  - 5 5  0 . 6 8 1 .  5 7  3 . 1 5 . 4 98 1 1 . 8 3 1 5 . 7 8 5 . 0 1 
5 5  - 6 0  0 . 6 8 1 . 5 7  1 . 5 8  . 9 94 3 . 9 5 3 . 95  2 . 5 0 
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deaths (ma l e  dx 1 . 5 _ 5 . 5  
= 1 4 . 5 8 p erc ent ; fema l e  dx1 . 5 _ 5 . 5 = 2 0 . 32 percen t )  

o ccur i n  the  1 . 5 t o  5 . 5 age c at egory and t h e  h e a l t h i e s t  p er i o d  (ma l e  

dx l O . S - 1 5 . 5  = 1 . 79 p erc ent ; fema l e  d xl O . S - l S . S  = 2 . 5 0  p erc en t )  i s  the  

1 0 . 5  to  1 5 . 5  age cat egory . Aft er age 1 5 . 5  hath ma l e  and fema l e  d eaths 

increa s e  great l y  with the fema l e  d eath s ( 1 0 . 5 1  p ercent ) exceed ing ma l e  

d e at h s  ( 3 . 7 5 percen t )  in the 1 5 . 5  t o  2 0  age cat egory . However , the  

frequenc i e s  increas e  in the  n ex t  age  cat egory and ma l e  d eaths (dx 2 0 _ 2 5  = 

2 4 . 8 0 p erc ent ) exceed fema l e  (dx2 0 _ 2 5  = 20 . 1 9  p ercen t ) . Aft er age 2 0  

to  2 5  both ma l e  and fema l e  frequ enc i e s  d e c l ine abrupt l y .  At age 3 0  t o  

3 5  the  mal e  mort a l ity (ma l e  dx3 0 _3 5  = 1 5 . 7 5 p e rc ent ) incre a s e s  and the  

fema l e  ( fema l e  dx 3 0 - 3 5  = 2 . 73 percent ) cont inue s to  d e creas e .  Aft e r  

a g e  3 0  to 3 5  the fema l e  mort a l ity gradua l l y increa s e s  unt i l  a g e  4 0  to  4 5  

( fema l e  dx4 0 _ 4 5  = 6 . 2 5 pe rcent ) a n d  t h e  ma l e  morta l i ty d ecreases  (ma l e  

dx4 0 _ 4 5  = 1 . 1 6 p ercent ) . Both mal e  and fema l e  frequen c i e s  remain 

cons t ant during the 40 to  45 and 45 to S O  age categor i e s . After age 4 5  

to  5 0 ,  the ma l e  curve increas e s  and the fema l e  d e cre a s e s . O f  the ma l e  

d eat h s , 9 . 3 2 p ercent occur aft er 4 0  years o f  age wh i l e  1 5 . 6 4 percent 

of the  fema l e  d e aths occur aft er t h i s  age . No s t at i s t ical l y  s i gn i ficant 

d ifferenc e exi st s  in the ma l e/ fema l e  age d i stribut ion s . 

The surv ivorship curv e s  ( l x) for both mal e s  and fema l e s  are p l o tted  

in F i gure 1 4 . Mal e  an d fema l e  s l opes  d iffer v e ry l i t t l e  in shape prior 

to  a g e  3 5  to  4 0 ;  however ,  a great er numb e r  o f  ma l e s survive t o  reach 

each age c at egory than fema l es . From age 4 0  to  S O  t h i s  reverses  with a 

s l i gh t l y  greater number o f  fema l e s  than ma l es surv iv in g  t o  reach each 

age c a t egory . By age SO to  5 5  the t rend once aga j n revers e s . Th e 
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greatest  d iv er s i t y  in  survivorsh ip between t h e  sexes  prior t o  4 0  years 

o f  age occurs i n  the age int erval 2 0  to  25 (ma l e  l x 20 _ 2 5 = 6 7 . 6 2 p erc ent ; 

fema l e  lx 2 0 _ 2 5  = 4 9 . 5 9 p erc ent ) and after age 4 0  i t  occurs in age 

int erv a l  40 to  45 (ma l e l x4 0 _ 4 5  = 9 . 3 5 p ercent ; fema l e  l x4 0 _4 5  = 1 5 . 6 5 

percent ) . The age o f  SO t o  5 5  i s  reach ed by 7 . 03 p ercent o f  the ma l e s 

and 3 . 1 5  p ercent o f  the femal e s . 

The probab i l i t y  o f  death (qx ) for each sex i n  ( emet ery 2 i s  

repre sented in  F i gure 1 5 . A s  with C emetery 1 ,  t h e  subad u l t  curv e s  

refl ect  a pat t e rn  wh i ch at t e s t s  t o  the prac t i c e  o f  infan t bur i a l  

out s id e  of  the c emet ery . Th e qx values  are h igh er for ma l e s  at the  

age i nt erval s o f  3 0  to  3 5  and 35  t o  4 0 . The h i ghest  prob ab i l i t y  of 

d eath for ma l e s l e s s  than 3 5  years o f  age i s  in  t h e  3 0  t o  35  year age 

int erval (ma l e  qx3 0 _ 3 5  = . 4 5 1 )  and for fema l e s  i t  i s  i n  the 2 0  t o  25  

year age int erval  (femal e qx 2 0 _ 2 5  = . 4 0 7 )  . B etween the ag e s  o f  3 5  and 

S O  years , th e fema l es exp e ri ence the ir h ighe s t  probab i l i t y  o f  dying in  

the 45  to  S O year age interva l ( fema l e qx4 5 _ 5 0  = . 6 6 5 )  wh i l e  ma l e s 

are h ighe st  i n  the 3 5  to 4 0  year int erval  (m a l e s  qx 3 5 _ 4 0  = . 5 1 3 ) . 

L i fe expect an cy ( e 0 )  for both s ex e s  o f  Ceme t e ry 2 i s  i l l ustrat e d  

in  F igure 1 6 .  Ma l e  l i fe e xpectancy at  b irth ( e0
0 _ 1 . 5

) i s  23 . 2 9 years 

and fema l e  l i fe expectancy is 1 9 . 85 years . Ma l e  and fema l e  l ife 

exp e c tancy peaks in  the age cat egory of 5 . 5  and 1 0 . 5  (ma l e  eo
S . S - l O . S  = 

2 3 . 7 7 ;  fema l e  eo
5 0 

= 2 2 . 1 8 ) . F emal e l i fe  expectancy exceed s that 
. S - 1  . 5  

o f  the ma l e s for the  age int erva l s  2 0  to  2 5 ,  2 5  t o  3 0 ,  and 3 0  to 3 5 . 

Howe ve r ,  the mal e  l i fe expectancy i s  great er for t h e  remaind e r  o f  the 

age interv a l s with the except i on of the l ast  two wh i ch are e qua l . 
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Summary o f  Cemet ery 2 Demography 

The pattern of the v i t a l  stat is t i c s as expres s ed in F i gures 1 3 ,  

1 4 , 1 5 ,  and 1 6  i s  more errat i c  than that o f  Cemet ery 1 .  Thi s  may b e  a 

product of  the re l a t ively sma l l  number buried in Cemet ery 2 ( i . e . ,  1 0 3 . 4 0  

individual s ) . As with Cemet ery 1 ,  there i s  a defici ency in  the number  o f  

infant dead and t h e  mo st heal thy age int erval  for both sexes i s  1 0 . 5  to 

1 5 . 5  years . Young adu l t  fema l e s  ( 1 5 . 5  to 25 . 5 ) are marked l y  stres sed as  

a re mal e s . Both sexes  experience their peak mo rt a l i t y  dur ing the 2 0  to  

25  year ag e  int erval . However , the mal e s are more severely stre s sed 

at th i s age than the fema l e s . As with Cemet ery 1 ,  chi l dbearing may be 

u sed to expl a in the increase  in  fema l e  death s ,  wh i l e  increased act ivity 

r e la ted to subs is t ence and warfare best  exp l ain  ma l e  deaths . Fema l e  

mort a l i ty decreases  after 2 0  t o  2 5  years o f  age but the Cemet ery 2 

mal e s  experienc e a decrease fo l lowed by a second p eriod o f  stre s s  at 

30  t o  35  years of ag e .  Th i s  patt ern i s  d i ff i cu l t  to int e rpret but i t  may 

be a product of a sma l l s ampl e  s i z e ,  inaccurat e sex a s s ignment (on l y  9 . 4 8  

ma l e s  are pre sent at this  age ) , o r  soc i a l  o r  cu l tural influenc es of  a 

yet undet ermined nature . Mal e  l i fe expectancy i s  h i gher than fema l e  

l i fe expectancy at b irth and rema ins s o  unt i l  2 0  t o  2 5  years o f  ag e .  

From age 2 0  to 3 5 ,  femal e  l i fe expect ancy i s  higher than that of the ma l e s . 

I t  once again reverses from 4 0  to S O  years of  age with the e0 values o f  

the ma l e s  exceed ing  those o f  t h e  fema l e s  (ma l e e0
4 0 _ 4 5  = 1 2 . 5 � years ; 

fema l e  e0
4 

= 7 . 02 ) . A chi - s quare t e s t  o f  th e age d i stribut ions of  
0-45  

mal e  and femal e  deaths  produces no  s ignifi cant d ifferenc e s . 



C emet ery 3 ( Tab l e s  1 5  and 1 6 )  

The mo rt a l ity curve (dx) for each sex i s  presented i n  F i gure 1 7 .  

As wi th th e prev iou s  two c emeter i e s , the defic i ency o f  dead in  the  

first  cat egory i s  expres sed in the low p ercentage of  deaths at t h i s  

9 3  

ag e (ma l e  dx0 _ 1 . 5 = 5 . 9 0  p ercent ; femal e  dx0 _ 1 . 5  
= 6 . 1 2 percent . )  Al so , 

the subadu l t  mort a l i t y  curves are v ery s imi l ar to those o f  the two 

prev ious cemeterie s ; the h ighe st mort al ity i s  in  the 1 . 5 - 5 . 5 c at egory 

(ma l e  dx
1 . 5 _ 5 . 5  = 1 8 . 88 percent ; fema l e dx 1 . 5 _5 . 5 = 1 9 . 5 8 percent ) 

and the l owe st  mort a l ity i s  in the 1 0 . 5  to 1 5 . 5  category (ma l e  dx 1 0 . 5 _  

1 5 . 5  = 2 . 66 percen t ;  fema l e  dx l O . S - l S . S = 2 . 76 p ercent ) . The 1 5 . 5  to 

2 0  age  cat egory demon strate s  an increas e  in the dx values with the ma l e  

deaths ( dx 1 5 . 5 _ 2 0  = 6 . 68 perc ent )  s l i ght ly  exc eeding tho s e  of  th e fema l e  

(dx1 5 . 5 _ 2 0  = 5 . 94 percent ) .  However , b y  age 2 0  t o  2 5  the fema l e  dx 

v a lu e s  (dx 2 0 _ 2 5  = 2 5 . 06 p ercen t )  are almost twice as  h igh as the ma l e  

v a lues  (dx2 0 - 2S = 1 3 . 94 percent ) . The fema l e  values  rema in h igher than 

the mal e  for the fo l l owing category (ma l e  dx 2 5 _ 30  = 1 0 . 06 percent ; fema l e  

dx 25 _ 30 = 1 6 . 2 5 percent ) . By age 30  to 3 5  the fema l e  mortal ity curve 

drop s b e l ow the mal e  curve and cont inues to d ecreas e  unt i l  age 4 0  to 

45 where it l evel s  off and rema ins rel at iv e l y  con s t ant over the 

rema ining age categories . The ma l e  curve rema ins con stant from age 25  

to 3 5  and then drop s from age 3 5  to 40 , rema ins constant from 4 0  to S O 

and again drops after age 5 0 . After age 30  to  35  the fema l e dx curve i s  

con s i s t en t l y  l ower than that of  the mal e  throughout the other age 

categorie s . A chi - square va lue (X 2 = 2 2 . 3 00 , df  = 6)  for the ma l e  and 

fema l e  age d i st ribu t i ons d i ffer at the . 0 05 l ev e l . 
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TAB LE 1 5 

AB R I DGED L I F E  TABLE CALCU LATED US I !\G TI!f: AGE D I STR I BUTION 
OF AVERBUCH MALES FR01vl CEMETERY 3 

--==-=-==·==-�=-=-.==-:...:::-:-
-

�-�=--
-
=�:::. :::... 7" -=-·- -:;:--

X Dx dx 1 x  qx Lx Tx e0x 

0 - 1 . 5 7 .  77  5 . 90 1 00 . 00 . 0 5 9  1 4 5 . 5 8 2 3 4 7 . 3 3 2 3 . 4  7 
1 .  5 - 5 . 5  2 4 . 86 1 8 . 8 8 94 . 1 0 . 2 0 1  3 3 8 . 64 2 2 0 1 . 7 5 2 3 . 4 0 
5 . 5 - 1 0 . 5  9 . 24 7 . 0 2  7 5 . 2 2 . 09 3  3 5 8 . 5 5 1 86 3 . 1 1 24 . 77 

1 0 . 5 - 1 5 . 5  3 . 5 0 2 . 66 68 . 2 0 . 0 39 3 3 4 . 3 5 1 504 . 5 6 2 2 . 06 
1 5 . 5 - 2 0 8 . 8 0 6 . 6 8  6 5 . 54 . 1 0 2  2 7 9 . 9 0 1 1 7 0 . 2 1 1 7 . 8 5 
2 0  - 2 5  1 8 . 3 5 1 3 . 94 5 8 . 8 6 . 2 37  2 5 9 . 4 5 8 9 0 . 3 1 1 5 . 1 3 
2 5  - 3 0  1 3 . 2 5 1 0 . 06 44 . 92 . 2 24  1 99 . 4 5  6 30 . 86 1 4 . 04 
3 0  - 3 5  1 3 . 2 5 1 0 . 06 34 . 8 6 . 2 8 9  1 4 9 . 1 5 4 3 1 . 4 1  1 2 . 3 8 
3 5  - 4 0  7 . 59 5 . 76 2 4 . 8 0 . 2 32  1 0 9 . 6 0 2 8 2 . 2 6 1 1 . 3 8 
4 0 - 4 5  7 . 5 1 5 . 70  1 9 . 04 . 2 99 8 1 . 4 5 1 7 2 . 6 6 9 . 0 8 
4 5  - S O 7 . 5 1 5 . 7 0 1 3 . 54 . 4 2 1  5 2 . 95 9 1 . 2 1 6 . 74 
s o  - 5 5  5 . 0 2  3 . 8 1  7 . 67 . 499  2 8 . 6 8 3 8 . 2 6 5 . 0 1 
5 5  - 6 0  5 . 0 2 3 . 8 1 3 . 8 3 . 995  9 . 5 8 9 . 5 8  2 . 5 0 

====...;==::.- ==== .==-::.-=..== == =-=--= =:-::::---=.-=-==-....._��:::__---==- =-�-=-=- =--==--=-:�::::::::=-=:-=..-::== .. ===:--::--�=-:-



9 S  

TABLE 1 6 

ABRI DGED L I FE TARLE CALCULATED USING THE AGE D I STR I BUTION 
OF AVERBUCH FEMALES FROM C:HIF:TERY 3 

- --::::=�--===--==-=-=-==--��= = -::::-:-.=-=-..:-:::--_-:-= .::-=-:::: =-� 

X Ox dx 1 x  qx Lx Tx e0x 

0 - 1 . 5  7 .  7 7  6 . 1 2 1 00 . 00 . 06 1  1 4 5 . 4 1  1 94 4 . ?4 1 9 . 44 
1 . 5 - 5 . 5  2 4 . 8 6 1 9 . 5 8 9 3 . 8 8 . 2 09 3 3 fl . 3 6 1 7 9 8 . 8 3 1 9 . 1 6  
5 . 5 - 1 0 . 5  9 . 2 4 7 . 2 8 7 4 . 3 0 . 0 9 8  3 5 3 . 3 0 1 4 6 2 . 4 7 1 9 . 6 8 

1 0 . 5 - 1 5 . 5  3 . 50 2 . 76 67 . 0 2 . 04 1  3 2 8 . 2 0 1 1 0 9 . 1 7 1 6 . 5 5 
1 5 . 5 - 20 7 . 5 4 5 . 94 64 . 2 6 . 0 92  2 7 5 . 8 1 7 8 0 . 9 7 1 2 .  1 5  
2 0  - 2 5  3 1 . 8 2 2 5 . 06 5 8 . 3 2 . 4 30  2 2 8 . 9 5 5 0 5 . 1 6 8 . 66 
2 5  - 3 0  2 0 . 6 3 1 6 . 2 5 3 3 . 2 6 . 4 8 9  1 2 5 . 6 8 2 7 6 . 2 1 8 . 3 0 
3 0  - 3 5  1 1 . 2 5 8 . 8 6 1 7 . 0 1 . 5 2 1  6 2 . 9 0 1 5 0 . 5 3 8 . 8 5 
3 5  -4 0  3 . 76  2 . 96 8 . 1 5 . 3 63 3 3 . 3 5 8 7 . 6 3 1 0 . 7 5  
4 0  -4 5  1 . 5 0  1 . 1 8  5 . 1 9 . 2 2 7  2 3 . 0 0 S 4 . 2 8 1 0 . 4 5  
4 5  - 5 0  1 . 5 0  1 . 1 8 4 . 0 1 . 2 94  1 7 . 1 0 3 1 . 2 8 7 . 8 0  
5 0  - 5 5  1 .  7 9  1 . 4 1  2 . 8 3 . 4 0 3  1 0 . 6 3 1 4  . 1 8 5 . 0 1  
5 5  - 6 0  I .  7 9  1 . 4 1  1 . 4 2  . 9 9 3  3 . 5 5  3 . 5 5  2 . 5 0  
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Ceme tery 3 survi vorship ( l x) i s  presented for both sexes i n  Fi gure 1 8 .  

A smooth and cont inuou s l y  decreas ing s l ope may b e  se en for both sexes 

f rom b irth to age 2 5 . Very l it t l e  d i fference is  exh i b i t ed between the 

s exes  prior to 2 5  years of  age . By 2 5  to 30  the percentage o f  surv ivors 

d ec l i n es  abrupt l y . Th e downward s l op e  cont inues throughout the remaining 

age interval s  with a greater p ercentage of  ma l es surv iv ing at each age 

interval than fema l es . Th e percentage o f  Cemet ery 3 ma les  surv iv ing to  

th e  age o f  S O to 5 5  exceed s the perc ent age o f  fema l e s  (ma l e  l x 5 0 _ 5 5  = 

7 . 67 percent ; femal e l x5 0 _ 55 = 2 . 8 3 ) . 

F igure 1 9  contains  the probab i l i t y  of  death (qx) for both ma l es 

and femal e s  from Cemet ery 3 .  Th e infant def i c i ency i s  once again 

refl ected in  the qx curve . At age 1 5 . 5  to 2 0 ,  the probab i l i t y  of dying 

is b a s i c al l y  the s ame for mal e s  (qx1 5 . 5 _ 2 Q = . 1 0 2 )  and fema l e s (qxl 5 . 5 -

2 0  = . 0 9 2 ) . After age 2 0  the femal e  probab i l i t y  of death i ncrea ses  

sharp l y  to ag e  2 0  to  2 5  and cont inues  to  increas e ,  but to  a l esser 

ext ent , unt i l  age 3 5 . F rom age 3 5  to  4 5  the probab i l ity of  fema l e  

deat h s  dec l ine but increase  after th i s  age . The ma l e  prob ab i l ity o f  

death a l so increas es , but l e ss  sha rp l y  re l at iv e  to  t h e  fema l e ,  after 

age 2 0 . Th e h igh e st  probab i l i ty of  death for hoth mal es  and fema l e s  

b etween 2 0  and 4 0  years o f  age occurs in  the 30  t o  3 5  age category 

(mal es  qx
3 0 _ 3 5  

= . 2 8 9 ;  femal e qx 3 0 _ 3 5  = . 5 2 1 ) . Aft e r  age 40 the ma l e  qx 

v a lues exceed thos e  of the femal e .  

Ma l e  and fema l e  l i fe expe c t ancy ( eO )  for Cemet ery 3 i s  i l lustrat ed 

i n  F igure 2 0 . At b irth the ma l e  l i fe expectancy ( e0
0 _ 1 . 5 = 2 3 . 4 7 )  i s  

greater than that o f  the fema l e  ( e00 _ 1 . 5  = 1 9 . 44 ) . P eak l ife  expectancy 
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for both sexes i s  during the 5 . 5  t o  1 0 . 5  interv a l  (ma l e  e0
s . S - 1 0 . 5  = 24 . 7 7 ;  

f ema l e  e0
S . S - l O . S = 1 9 . 68 ) . Ma l e  values exceed fema l e  values  at a l l  age 

interv a l s from b irth t o  age 4 0 . The fema l e  values  are h i gher than ma l e  

v a lues for the  age interval s  4 0  t o  4 5  and 4 5  t o  5 0 . L i fe expect ancy 

for the sexes are the same for the age interv a l s  SO to  5 5  and 55 to 6 0 . 

Summary o f  Ceme tery 3 Demography 

The usual ab sence of infant s so typical  of  Cemet erie s 1 and 2 i s  

ob serv ed for Cemetery 3 and , a s  with the two prev iou s  c emet eri es , i s  

a t tributed t o  the  prac t i c e  of  infant bur i a l  in the  v i l lage  area . Th e 

overal l  mal e  to femal e  age d i stribu t i on s  d i ffer stat i s t i c a l ly at the 

. 00 5  l eve l . Neither mal e  nor fema l e  mort al ity d i ffers great l y  from 

b irth to 20 years of age . Both mal e  and fema l e  d eath s  reach their peak 

in the 20 to 25 year age interv a l  with  femal e mortal ity great ly  increasing 

over that of  the ma l e s . I t  i s  t h i s  diversity in the  p ercentage o f  mal e  

and fema l e  deaths that i s  mai n l y  respon s ib l e  for the  s t at i st i ca l 

d i fference . Th e int erpretat ion for the  incre ased fema l e  mort a l i ty wi l l  

b e  d i scu s s ed in detai l in the conc luding sect ion o f  t h i s  chapt er . 

Survivo rship , t hough a lmo st  id ent i c a l  for the sexes prior t o  age 

2 5 ,  d i ffers mark ed l y  in favor of the ma l e s  after that age . Th i s  resu l t s  

l argely  from the extreme ly high  fema l e  mortal ity during the early adul t 

years and i s  further expres s ed in the  mal e  mort a l ity curv e after 3 5  ye ars 

o f  age . Mal e  mort a l ity in the  o l der  ag e categor i e s  i s  higher than 

corre sponding fema l e  mortal ity  main l y  because  fewer femal es than mal es 

surv ived to  re ach l at e  adu l t  l ife . I t  i s  in t h i s  respect t hat ma l e  l i fe 

expectancy exceeds that of  the fema l e  from b irth to 40 years of age 
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whi l e  fema l e  l ife  expectancy s l ight ly surpas s e s  that o f  the ma l e  from 

40 t o  50 years of age . 

IV . INTF.RCFMETERY COMPARI SON OF AVFRRUC:H V I TAL 
STAT I STICS ACCORDI NG TO SEX 

The prev ious s ec t ion describes the v i ta l  s t a t i s t i c s o f  each o f  

the three cemet eri es , independent l y .  Th e purpo s e  o f  th i s  s ect ion i s  

to compare the v i t a l  stat i s t i c s  o f  the  three Averbuch ceme t eries 

a ccord ing to  s ex . Tab l e  1 1 ,  page 7 5 , Tab l e 1 2 ,  page 7 6 , Tab l e  1 3 ,  page 

8 4 ,  Tab l e  1 4 , page 8 5 , Tab l e  1 5 ,  page 94 , and Tab l e  1 6 ,  page 9 5 , are 

u s ed t o  con s t ruct the i l lus trat ion s  necessary for these  compari sons . 

Mal e  Demography 

The mal e  mo rt a l i ty curves (dx) from the three cemete r i e s  are 

compared in  F i gure 2 1 . Subadu l t  mort a l i t y  for the 1 . 5 to  5 . 5 age 

interv a l  i s  h ighe s t  for the Ceme t ery 1 ma l e s  (dx 1 _ 5 _ 5 _ 5 = 2 0 . 5 3 percent ) 

with C emetery 3 mal e s  (dx1 . 5 _5 _ 5 = 1 R . 88 percent ) l es s  s t re s s ed and 

C emet ery 2 ma l e s (dx1 _ 5 _5 _ 5 = 1 4 . 5 8 percent)  the l east . Th e mo st  

healthy period of subadu l t  l ife ( 1 0 . 5  to  1 5 . 5  years ) ref l ec t s  a s imi l ar 

r e l at ionship ; C emeteries  1 ,  3 ,  and 2 repre s ent the  gre at e st to  l e ast  

stres s ed groups , respec t ive l y .  Al l three  curve s  are  e l evat ed in the  

2 0  t o  2 5  year interval . During th i s  age interva l Cemet e ry 3 mal e s  

(dx2 0 _ 2 5  = 1 3 . 94 percen t )  demon s t ra t e  t h e  l owe s t  mo rta l i ty , with 

Ceme t ery 1 mal e s  ( dx
2 0 _ 2 5  

= 1 9 . 5 0 percen t )  showing a greater percentage 

o f  death s . The highest  perc en t age of  mal e d eath s ,  not on l y  for the 2 0  

to  2 5  year int erva l but for a l l other int e rva l s , i s  exh i b i t ed b y  
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Cemet ery 2 ( d x2 0 _ 2 5  = 24 . 8 0 p e rcent) . Fo l l owing t h i s  age int erva l t here 

i s  a d e c l ine in mort a l ity for Cemet eri e s  1 and 3 with Ceme t e ry 3 mort a l ity  

exceed ing that o f  C emetery 1 for a l l  remaining age int erv a l s .  Ceme t e ry 2 

mort a l ity , un l ik e  that o f  Ceme t eries  1 and 3 ,  incre a s e s  in the 3 0  to  3 5  

year age int erval t o  a point h i gher than the o ther two groups at t h i s  

i n t e rva l . The age d i s tribu t ion f o r  the ma l e s  from t h e  three ceme t e r i e s  

d o  not d i ffer s i gni fican t l y  when t e s t e d  with ch i - square . 

Surv ivorship ( l x) curves comp aring the ma l e s  from each o f  the three 

c eme t e r i e s  are pre sented in F i gure 2 2 . Aft er 5 . 5 ye0 rs o f  ag e ,  the 

surv i vorship for C eme t e ry 3 m a l e s  is h i gher for each ag e int erva l than 

C emet ery 1 mal e s . L i t t l e  d i fference exi s t s  hetween thes e two groups 

from b irth to 25 years of age . Th e Cemetery 2 ma l e  survivorship curve 

i s  h i gher than the  o ther two through mo s t  of the suhadu l t  and young 

adu l t  years but fal l s  betwe en the Cemetery 1 and 3 curves for the 

maj ority of the remaining interva l s . At ag e 20 to 25 , 6 7 . 6 2 percen t  

o f  t h e  Cemetery 2 ma l e s  remain ; whereas , on l y  5 8 . R fi p ercent o f  the 

C eme t e ry 3 mal e s  and 55 . 1 2  p ercent of the C emetery 1 ma l e s  survive to  

reach this  age . By age 4 0  to  4 5 , 9 . 3 5 perc ent  o f  th e C emet ery 2 ma l e s  

surv iv e . At a g e  5 5  to  6 0 ,  2 . 2 9 p ercent o f  t h e  Cemet e ry 1 mal e s ,  3 . 5 3  

p ercent o f  the Cemetery 2 mal e s ,  and 3 . 8 3  percent o f  t h e  Cemetery 3 mal e s  

surv iv e . 

The prohab i l i ty of dying (qx) for the  ma l e s from the  three Av erbuch 

c eme t e r i e s  is shown in F i gure 2 3 .  The probab i l ity  o f  d e ath for the 

ch i l dren 1 . 5 t o  5 . 5 years o f  age inc reases from Ceme t e ry 2 ( qx l . S - S . S = 

. 1 5 8 )  to  C emet ery 3 (qx1 . 5 _ 5 . 5 
= . 2 0 1 )  to  C emetery 1 (qx

l . S -S . 5 
= . 2 2 1 ) . 
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The re l at ionship remains re l at iv e ly the s ame during th e l east  stre s s ed 

subadu l t  peri o d  ( 1 0 . 5  to 1 5 . 5  yea rs of age) . I n  the  2 0  t o  2 5  year 

interva l ,  Cemet ery 1 and 2 probab i l i t i e s  are rough l y  the s ame and much 

h igher than that of Cemet e ry 3 .  In  the 2 5  t o  3 0  year in terva l ,  C eme t e ry 1 

qx v a l u e s  remai n  high wh i l e  the qx values  for C emet ery 2 drop be l ow 

t hat of  Cemet ery 3 .  Cemetery 2 ma l e s  than experi en c e  a great incre a s e  

o v e r  the o t h e r  two cemeteries  in the probab i l i t y  of oying from a g e  � 0  t o  

4 0 . C emetery 2 q x  va lue s then drop dramat i c a l l y  from 4 0  t o  S O  years o f  

age before increas ing . The q x  patt ern s o f  Cemet e r i e s  1 and 2 correspono 

v ery c l o s e l y  with each other , with th e probab i l ity  of dying bein g  h i gher 

fo r C emet ery 1 ma l e s  than Cemet ery 3 ma l e s  for the maj ority of the age 

int erva l s . The comparat iv e l y  more errat ic  patt ern o f  the C emet ery 2 qx 

v a l ue s  may be , to some degree , a func t i on of sma l l  s amp l e  s i ze . 

Life exp ectancy (e0 ) curv e s  for ma l e s from t h e  three cemeteries  

may be s e en in F i gure 24 . Basic a l l y ,  Cemetery 1 ma l e l i fe expectancy i s  

l ower than that o f  Cemetery 3 ma l es for a l l  but the o l de s t  age interv al .  

C eme t e ry 2 mal e  l ife  expectancy remain s betwe en that o f  Cemeteries  1 

and 3 from S . S  t o  20  yea rs of  ag e .  I t  i s  rough l y  the  s ame as C emet ery 1 

v a l u e s  dur ing the 2 0  to 3 0  age interval s .  C emet ery 2 ma l e  l i fe exp e c t ancy 

is much l ower than that of the other two ceme t e r i e s  for the  30 t o  3 5  year 

int e rval but becomes much h i gher than the others for the 40 to 45 year 

interva l .  

Fema l e Demography 

F i gure 2 5  i l l u s t rat e s  the r e l a t i onship o f  fema l e  mort a l ity  (dx)  

from t h e  three cemeteri e s . Subadu l t  stress  at the 1 . 5 t o  5 . 5 year 
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int erval i s  l ea s t  inten s e  in Cemet ery 3 (dx 1 _ 5 _5 _ 5 = 1 9 . 5 8 p ercent ) ,  

increas es  in C emet ery 2 (dx l . S -S . S = 2 0 . 3 2 p e rc en t ) , and i s  mo st inten s e  

i n  C emet ery 1 (dx l . S - S . S = 2 1 . 66 p erc en t ) . Subadu l t  mort a l i t y  curv e s  

( 1 0 . 5  to 1 5 . 5  y e a r  int erval ) are v ery s imi l ar t o  each other and incre a s e  

from Ceme t e ry 2 ,  t o  3 t o  1 .  Young adu l t  fema l e s expe ri ence h igh 

morta l i ty in t h e  20 to 25 year int erva l .  Th e mo s t  s evere l y  s t r e s s e d  

group at  t h i s  int erva l i s  Ceme t ery 3 (dx 2 o -2 5  = 2 5 . 06 p e rc ent ) ,  Cemet ery 2 

(dx 2 0 _ 2 5  = 2 0 . 1 9  p ercent) i s  n e x t  and Cemet ery 1 fema l e s  ( d x2 0 - 2 5  = 

1 3 . 1 2  p ercen t )  po s s e s s  the  l owe s t  d x  v a lu e s . Fema l e  mort a l i t i e s  for a l l 

three c eme t e r i e s  d e crea se aft er th i s  int erv a l  and , with the exc ept ion o f  

C eme t e ry 2 ,  cont inue a b a s i c a l l y  d ownward trend for t h e  remain ing ages . 

Cemet ery 2 fema l e s  experience an increase betwe en 4 0  and S O  years o f  age 

before d e cre as ing sharp l y  for a final t ime . Th e fema l e  age d i str ibut ions 

for the three c eme t eries  are c ompared and Cemetery 1 and 3 are found t o  

d i ffer at  t h e  . 0 0 5  l eve l Cx 2 = 1 9 . 7 8 7 , d f  = 6) . 

Survivorship ( l x)  for Cemetery 3 fema l e s  ( F i gu re 26)  i s  h igher 

t h an that o f  the other two ceme t e ri es  at each age int erva l from b irth t o  

3 0  years o f  age . Aft er this  age i t  be comes l owe r than the other two 

c eme t er i e s  unt i l  5 0  t o  5 5  years o f  a g e . Th e l x  v a lu e s  o f  Cemet ery 1 

are int ermed i at e  t o  the other two c emet eries  from b irth t o  2 0  years o f  

age . Cemet ery 2 fema l es d emon stra t e  the l owe st  surv ivorship betwe en 

b irth and th e 1 5 . 5  t o  2 0  year interv a l  but become i n t e rmed i at e  t o  the  

other two c eme t er i e s  from 2 0  t o  2 5  years o f  a g e . From 2 5  t o  3 5  years 

o f  age , C eme tery 2 lx values  dec rease b e l ow t hat of Cemet ery 1 .  However , 

from 3 5  t o  5 0  t h e s e  values exceed t h o s e  o f  both C emeteri es  1 and 3 .  At 
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1 1 2  

age 2 0  t o  2 5 , 5 8 . 3 2 percent o f  C emet ery 3 fema l e s  surv i v e ; howev e r ,  on l y  

4 9 . 5 9 percen t  o f  the C emet ery 2 fema l e s  and 4 7 . R 3 p ercent o f  the C emet ery 1 

fema l e s  survive . At age 4 0  to  4 5 , the great est p ercentage o f  surv ivors 

i s  found among the  Cemet ery 2 fema l e s ( l x4 0 _4 5 = 1 5 . 65 p erc ent )  wh i l e  

C emet ery 1 f emal e s  ( l x40 _ 45 = 1 2 . 03 p ercent) are s e cond and C emet ery 3 

fema l e s  ( lx4 0 _ 4 5 = 5 . 1 9 perc ent ) po s s e s s  the l owest l x  values . At age 

5 5  t o  6 0 ,  1 . 4 2  perc ent of Cemet ery 3 femal es , 1 . 5 8 p ercent o f  Ceme t ery 2 

fema l e s , and 2 . 4 5  percent o f  C eme tery 1 fema l e s  remain . 

The fema l e probab i l i t i es o f  death (qx) for each  o f  the c emet e r i e s  

may be  examined in  F i gure 2 7 . Th e probab i l it i e s  o f  d eath for the three 

c eme t eri e s  a re very s imi l ar to  each other a t  the  1 . 5  t o  5 . 5 age c a t egory , 

with Cemeteri e s  3 ,  2 and 1 arranged in  increas ing ord e r .  Th i s  re l at i on ­

ship i s  the s ame for the 1 0 . 5  t o  1 5 . 5  age interv a l  wh i ch repre s en t s  the 

mo s t  heal thy p er i od of fema l e  l i fe .  Th e probab i l i t y  o f  d eath increas e s  

i n  t h e  1 5 . 5  to  2 0  a g e  int erval  w i t h  C emet ery 3 fema l e s  (qx1 5 . 5 _ 2 0  = . 09 2 )  

repre sent ing t h e  l east  increa s e . Ceme t e ry 2 fema l e s  (qx1 5  . 5 _ 2 0 . l � q  

demonstrate moderat e incre a s e  and Cemet ery 1 fema l e s  (qx
1 5 . 5 _ 2 0 

= . 2 2 0 )  

show t h e  h i g h e s t  probab i l ity o f  d e ath . Th i s  re l a t i onsh ip rever s e s  i n  

the next age i nterv a l . The q x  values  increas e  from C eme tery 1 fema l e s  

( qx
2 0 _ 2 5  

= . 2 7 4 )  to  Cemetery 2 femal e s  (qx 2 0 _ 2 5  = . 4 0 7 )  to  Cemet ery 3 

f ema l e s  ( qx
2 0 _ 2 5  

= . 4 30) . The great e s t  d i ff erence in  qx v a l u e s  appears 

at the 30  t o  35 year int erv a l . At th i s  int erval C emet ery 3 fern�l e s  

( qx3 0 _ 3 5  = . 5 2 1 )  are e l evated . Th i s  re l at ionship reverses  a t  4 5  t o  5 0  

years o f  age to  produce a s ec ond qu i t e  d i verse s e t  o f  curves .  Above 

25 years o f  ag e ,  the qx curv e s  for C emeteries  2 and 3 be come much mo re 
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errat i c  than that o f  C emetery 1 .  Sma l l s amp l e  s i ze may exp l ain the 

errat i c  charact er o f  C eme t ery 2 ' s cu rv e . 

The l ife  exp e c t ancy ( e0) curv e s  for fema l e s  i s  pre s en t ed in 

F igure 2 8 . From 5 . 5  t o  2 0  y ears of age C eme t er i e s  3 ,  1 and 2 are 

ordered from the lowest to highe st eO value s . C emet e ry 1 fema l e s  

1 1 4  

surviving t o  the 2 0  t o  2 5  year int erva l can expect  t o  l i ve an add i t i on a l  

1 3 . 5 6  ye ar s . Ceme tery 2 and 3 fema l e s  at  th i s  l e ve l can e xp e c t  t o  

l ive a n  add i t i on a l  1 3 . 0 1 and 8 . 66 years , re spect ive l y . F ema l e  l i fe 

e xp e c t ancy i s  mo s t  d ivers e i n  t h e  25  t o  3 0  ag e int erval . C emet ery 2 

fema l e s  reaching th i s  ag e can expect to  l ive 1 5 . 2 3 years l onger,  

C emet ery 1 fema l e s  1 2 . 74 years , and C emet ery 3 fema l e s  8 . 3 0  years . 

Afte r  t h i s  t h e  e0 curves o f  C eme t er i e s  2 and 3 reverse  and reach t h e i r  

maxi mum d i fference at  40  t o  4 5  years o f  age . C emet ery 3 fema l e s  surv iving 

t o  t h e  40 t o  4 5  year age interval  c an exp ect t o  l iv e  1 0 . 4 5  years l on g e r ,  

C emet ery 1 fema l e s  9 . 0 8  years a n d  Ceme t e ry 2 fema l e s  7 . 0 2  years . 

V .  SUMMARY AND CO!\C LUS ION O F  AVFRBUCH INTFRC H1FTFRY 
DEMOGRAPHIC COMPAR I SO!\S 

The crude mort a l ity rate and l ife expectancy at b irth for each 

c emet ery are pre sent e d  in Tab l e  1 7 ,  and prov id e a c onv eni ent summ ary 

and compari son o f  the overa l l  c eme t ery - sp e c i f i c  stre s s . C emet ery l 

ma l e s  are t h e  most stre s se d  group o f  the thre e ceme t e r i e s  with  a crud e 

mort a l i ty rate o f  5 2 . 4 9 .  The ma l es o f  Cemetery 3 po s s e s s  a c rude 

mort a l i ty rat e  o f  4 2 . 6 1 an d repre sent the l east stres s ed . The fema l e s  

demons trate t h e  oppos i t e  re l at i onship . C eme t ery 3 fema l e  crude 

mort a l i t y  rat e ( 5 1 . 44 )  i s  h igher t han that of C emet ery 1 ( 4 9 . 5 0) . The 
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TABLE 1 7  

COMPARI SON OF CH!FTF RY SPEC I F IC L I FE EXPECTANC I E S  AND CRUDE MORTAL I TY RATES 

M a l e s  F ema l e s  

C rude 
Life Exp ectancy Mo rt a l i t y  L i fe Exp e c t ancy 

C emet ery at B i rth Rat e C em et ery at  B i rth 

1 1 9 . 0 5 5 2 . 4 9 3 1 9 . 44 

2 23 . 2 9 4 2 . 94 2 1 9 . 8 5 

3 2 3 . 4 7  4 2 . 6 1 1 2 0 . 2 0 

Crud e 
Mort a l i ty 

Rat e  

5 1 . 4 4 

5 0 . 3 8 

4 9 . 5 0 

...... 
...... 
0\ 



1 1 7  

l ife  expectan c i e s  at b irth refl ect  the s ame r e l at ion s h ip s . However , 

fema l e  l i fe exp ectanc i e s  at b irth a s  we l l  as the c rud e mort a l ity  rat e s  

d emon s trat e much l e s s  d ifference than do e s  that o f  the ma l e s  ( s e e  

Tab l e  1 7 ) . F o r  examp l e ,  t h e  l east  stre s s ed f ema l e s  from Cemet ery 1 

cou l d  expect to  l iv e  on ly n ine month s  l onger than the mo s t  stre s s ed 

fema l e s  o f  Cemet ery 3 .  In con trast ,  the l ea s t  stre s s ed ma l e s  o f  

Cemetery 3 cou l d  expect to  l iv e  approx imat e l y  four and o n e  hal f yea rs 

l onger than the mo s t  stre s s ed ma l e s  of C emet ery 1 .  C emet ery 2 ma l e s 

exh i b i t  v a l u e s  more c lo s e l y  a l i gned t o  thos e o f  Cemet e ry 3 than to 

t ho s e  o f  Cemetery 1 ,  but i t s  qu e s t i onab l e  temp ora l p l ac ement and 

funct ion renders it of  l i t t l e  us e .  

Th e ev idenc e pre sented thus far ind i c at e s  that the  Av erbuch 

inhab i t ant s ,  both ma l e  an d fema l e ,  e xperi enc ed a great d e a l  o f  stre s s  

throughout the oc cupat i on o f  the  s it e . The in t en s ity o f  the stre s s  i s  

s een to  remain fairly c on s t ant for t h e  fema l es t hrough t ime but t o  

increa s e  with the mal es . Al though the  Av erbuch p eop l e  probab ly 

experienced the s ame pre s sure s wh ich brought about a d emi s e  o r  

d i sappearance o f  other l at e  �!i s s i s s ipp i an groups from t h e  �ashv i l l e  

B a s i n ,  the source o f  th i s  pre s su re i s  a s  yet unc ert a in . 

A t empo ra l examinat i on o f  the age an d s ex spec i f i c  chang es in 

mort a l ity may prov ide some degree of ins ight into t he nature of the 

s tr e s s  exp erienced by the Averbuch p eopl e .  Th e overal l h i gh d egree o f  

stre s s  for both s ex e s  i s  sug g e s t ive o f  d i s e as e s  or nut rit ional  prob l ems 

that were constant through t ime . Ep i d emic or h i g h l y  c ontagiou s  d i s e a s e  

may be  ru l ed out , s ince t h e  pat tern o f  ad o l e scent mo rta l i ty for each 
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o f  the three c emet eries  does  not con form t o  that expect ed under such 

cond i t i on s . The in crease  in stre s s  experi enc ed by the ma l e s ,  as opp o s ed 

to  the fema l e s , mus t  b e  more c l o s e l y  scrut ini zed for an adequate 

e xp l ana t i on . 

Cemet ery 1 and 3 ma l e  mort a l i ty curv es d emons trate l i t t l e  d iversity 

at mo s t  o f  the age interv a l s examined . Bas i c a l l y ,  the  ma l e s  o f  C emetery 1 

exhibit a higher mo rt a l ity  rate during the  f irst h a l f  o f  l i fe whi l e  

C emetery 3 ma l e  mo rta l ity i s  h i gher throughout the l ater h a l f  o f  l if e . 

The 2 0  to 2 5  ye ar age int erv a l  shows a 5 . 5 p ercent in crea s e  in mort a l ity 

from the  ear l i er t o  l ater occupant s of the s i t e . An increase in d eaths 

duri n g  this age int erval i s  suggest ive of an incre a s e  i n  s o c i a l  s t re s s  

a s  expre s s ed through warfa re . However,  a chi - squ are ana l ys i s  o f  the  ma l e  

mort al ity pro f i l e s  for the three c eme t eri es produ c e s  n o  s i gn i f i c ant 

d i fferenc e s . 

Chi - squ are was a l so  u s ed t o  t e st the age d i s tr ibut i on s  of  the  

fema l es from each o f  the cemeteri e s . Th e on l y  s igni ficant d i ffer ence 

no t e d  wa s betwe en Cemeter i e s  1 and 3 (X2  = 1 9 . 7 8 7 , p > . 00 5 ) . C emetery 1 

and 3 fema l e  mort a l i t y  curv e s  d emon s t rate l i t t l e  d i v ersity prior t o  the  

1 5 . 5  to  20  year age  interva l . C emet ery 3 mort a l ity i ncreas es  from 1 5 . 5  

to 2 5  years o f  age . An incre a s e  i n  d e aths for fema l e s  a t  th i s  a g e  i s  not 

unu sual and is attri buted to  the  stress  experien c ed during the ch i l d ­

bearing years . Th e s igni f i c ant d i fference be twe en the c emet eries  resul t 

both from the pronounced incre ase  i n  Cemet ery 3 mort a l ity  at 2 0  t o  2 5  

years o f  a g e  and t h e  trunc at i on o f  Cemetery 1 fema l e  mort a l ity during 

this age . Th e intense s t re s s  exp eri en c ed by Cem e t ery 3 fema l e s  c an 



on l y  part i a l l y  resu l t  from c omp l i c at ions a s s oc i at e d  with c h i l dbirth 

and pregnancy . Tempora l l y ,  C emet e ry 3 predat e s  C emetery 1 ,  and 

archaeo l o g i c a l l y  i t  a l s o predat e s  the p a l i sad e  wa l l .  Th e fema l e s  i n  

the 2 0  t o  2 5  y e a r  c at egory were probab l y  t h e  m o s t  act ive part i c ipat e s  
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i n  sub s i s t ence act iv i t ies  away from t h e  v i l l ag e . Such act iv i t ie s  p lu s  

t h e  ab sence o f  a pa l i sade wa l l  may hav e  rende red t h i s  group more 

vu l nerab l e  to  soc i a l  stre s s  in the form of raid s . Th i s  int erpre t at i on 

may a l so  account for s ign i ficant d i fference C x 2  = 2 2 . 3 0 0 , p > . 00 5 )  

between t h e  ma l e  and fema l e  age d i str ibu t i on o f  d eath s a t  C emetery 3 .  

Th e decrease i n  fema l e  deaths i n  th e 2 0  t o  2 5  year cat egory from 

C emetery 1 may ref l e c t  the benef i c i a l  e ffect s o f  the  p a l i s ad e  wa l l .  

Perhaps the trunc at ion in the  fema l e  mort a l ity  curv e  at t h i s  age ref l ect s 

a decrease i n  fema l e  d eaths from chi l dbearing and/or su b s i s t ence 

a c t iv ity . Or , perhap s  the young adu l t  f ema l es from C emet ery 1 we re 

subj e cted to  s o c i a l  or cu l tura l  rul e s  wh i ch r e s u l t e d  j n  t h e i r  bur i a l  

out s i de o f  Ceme tery 1 .  Th e increase i n  Ceme tery 2 fema l e  dead in the 

2 0- 2 5  year interva l s ugge s t s  that the "m i s s ing" Cemet ery 1 femal e s  

were bur i ed i n  Cemetery 2 .  

Accordi n g  to �1oore e t  a l . ( 1 975 : 69 )  the l i fe t ab l e " . . .  prov i de s  

a framework , not for the t e s t i n g  o f  p a l eo demo graphi c  hypotheses , but 

for the genera t i on of hypoth e s e s . "  The i nterpre tations  pre s ented  above 

bear thi s  out . The rema inder o f  thi s  s tudy is d ed i c at ed to further 

inve s t i gation o f  th es e interpretations and the general  nature of s t r e s s  

a t  Averbuch . 



CHAPTER V 

B I OLOGI CAL IND I CATORS OF STRESS AT THE AVF. RBUCH S IT E  

I .  I NTRODUCT I ON TO THE STRESS IND I CATORS 
EXAHINED AT AVE RBUCH 

Averbuch crude mortal ity rate i s  h igh , and a l t hough warfa re may 

be respon s ib l e  to some degre e ,  the  c ont ribu t i on of b io l og i ca l  s t re s s  

( i . e . ,  mal nut rit ion , d i s eas e ,  etc . )  t o  the  overa l l  incre a s e  in deaths 

c annot be  overl o oked . Th e Averbuch ske l e t a l s e r i e s  i s  examined for 

three b io l og i c a l  ind i c ators of s t res s : s t ature reduc t ion , Harris  l in e s  

and ename l hypop l as i a . The int erre l at i onship o f  t h e s e  ind icat ors i s  

s tud i e d  and the imp l i cat ions o f  their  o c cu rren c e  a r e  examin ed for t h e  

s i t e  a s  a who l e ,  a s  we l l  a s  t h e  three c eme ter i e s  s ep a ra t e ly . Of 

part i cu l ar int ere s t  are the t emporal dynamics  of s t r e s s  at the s i t e  

a s  expres s ed by t h e  c ompari son o f  C emeteries  1 and 3 .  Guag l i ardo ' s  

( 1 9 80 )  examinat ion o f  den t a l  a S)Timetry at Av erbuch reveal s a t emporal 

increase in stre s s  when the c eme t e r i e s  are compared . He c onc ludes that 

"Th e s e  d i fferen c e s  may ref l ec t  gradual ly inc re a s ing popu l at ion pre s su re s  

i n  th e Nashv i l l e  Bas i n "  ( Guag l i ardo 1 98 0 : 6 1 ) . Th i s  chap t er examines  

thes e three ind icators to d e t ermine wh ether they comp l emen t Gua g l i ard o ' s  

resu l t s . 

Decreased s tature , Harr i s  l ines  and enamel hypop l a s i a  repre sent 

the end pro duct of envi ronment a l  insu l t s  a ffecting  growth and devel opment . 

The e t i o l ogy and method o f  c o l l ect i on w i l l  now be  revi ewed for e ach o f  

t h e s e  ind i c ators . 

1 2 0 
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S t ature 

Adu l t  s t atu re i s  the u l t imate cu lminat ion o f  both genet i c  and 

env ironmen t a l  factors . Johnston et a l . ( 1 9 7 6 )  sug g e s t  that growth 

and d evel opment prior to ado l es cence i s  l arge l y  regul ated by the 

envi ronment . During ado l e s c enc e ,  hered i t ary ( ethn i c )  facto rs are the 

primary contro l l ers of growth (Johns ton e t  a l . ,  1 9 7 6 ) . Max imum 

potent i a l  s t ature varies  between ethn i c  groups and imm i grat i on o f  

t a l l er out s i d e r s  may produce s t ature increase ( Bu ik s t ra 1 9 76a : 3 R ) . 

Al so , Mange ( 1 964 ) pre s en t s  ev i d en c e  that s t ature may d e crease as a 

resu l t  o f  endogamy . Coon ( 1 96 5 : 1 5 3 - 1 5 4 )  not e s  th at t h e  unu sua l l y s hort 

s t ature o f  cert a i n  popu l at i on s  l i ving at Lake At i t l an ,  Guat ema l a  

" . . .  c an probab l y  h e  exp l a in e d  by l o cal inbre ed ing an d b y  d i etary 

defi c i en c i e s  . . .  " Fortunat e l y ,  the Av erbuch popu l at i on repre sents  a 

s ing l e  ethn i c  group who o ccup i ed the s i te  for a re l a t iv e l y  brief  period , 

where it  can he  a s sumed that s ignificant d i fferences in s t ature b e t we en 

the c emeter i e s  re f l ect  d i fferent degrees o f  d i s e a s e  and d i et ary s t res s 

expe r i enced during growth . 

Th e env i ronment can prevent  max imum st ature a t t a i nment th rough 

d i et ary l im i tat i on s  or d ifferen t i a l  ac c e s s  to food s ources  (Ache son , 

1 9 66 ; B l anco et  a l . ,  1 9 74 ; Bu i k s t ra ,  1 97 6 a ; Hav i l and , 1 9 6 7 ; John s t on 

et a l . ,  1 97 6 )  even within the s ame ethn i c  group . Mi l l er ( 1 9 7 4 : 1 6 7 )  

examines s t ature of anc i ent Hawa i i ans and note s :  

There s e ems , therefore , t o  be rather good ev idence that 
the c h i e f l y  c la s s  was l ik e l y  t o  be  t a l l er and b e t t er formed 
than mo s t  of the common peop l e ,  be cause  an as sured food 
supp l y  for the a l i ' i  meant that probab ly they were n ev er 
subj ected  t o  short or prol onged periods  of  hunger , a s  we re 
the l ower c l as s e s . 
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Chron i c  i l l n e s s  occurring during ado l es cent or pread o l e s c ent growth may 

a l so restrict  adul t  s tatu re ( Roche ,  1 9 7 4 ; We l l s ,  1 9 6 7 ) . 

Prader et  a l . ( 1 963)  in  B l anco et a l . ( 1 974 : 4 5 )  suggest  that 

. . .  compens atory ac c e l erat i on o f  growth and d i fferences  
in  gen e t i c  growth poten t i a l  c ou l d  re ad i l y  e c l ip s e , in  some 
ch i l dren , a t emporary arres t  o f  growth . .  

A l though t h i s  wi l l  ob scure the e xtent t o  wh ich ep i s od e s  o f  d i s eas e and 

malnu t r i t i on contribute to  d ifferent i al stature within a popu l at i on , 

severa l s tud i e s  have d emons t rated a re l at i onship be tween increased 

s t ature and h igh soc i a l  st atus ( Bu i k stra , 1 9 7 6 a ;  Hatch and Wi l l ey ,  

1 9 74 ; Hav i l an d ,  1 96 7 ) . 

Both age and sex are sourc es  o f  d i fferen t i a l  s t ature . Ma l e s are 

norma l l y  t a l l er than fema l e s  from the same popu l at i on ( Krogman , 1 9 6 2 ) . 

The fema l e  body i s  more res i s t ant to  change than t h at of  the mal e .  

Wo l ari sky and Kasprzak ( 1 9 7 6 : 5 4 9 )  not e that 

. both d i s advantag eous and advantageous s t imu l i  induce 
change f i r s t  in ma l e s ; on l y  a muc h  stron ger st imu lu s  
induces  change in  fema l es . 

Averbu ch ma l e  and fema l e  st ature i s  examined separat e l y .  

Av erbuch femo ral and t ib i a l  l ength a re measured acc ord ing t o  

d e f i n i t ions prov i d ed by Bass  ( 1 9 7 1 ) . Al l mea surab l e  femora and t ib iae , 

both l eft and r i ght , are u s ed . Bon e s  with ant emortem frac ture s or 

p o stmort em d amage are d e l eted . 

Harr i s  Lines  

Harri s l ines  ( transverse l in e s , bone scars , l i n e s  o f  arre sted 

growth)  appear rad i o graph i ca l l y  a s  l in e s  of  d en s e  c anc e l l ous h one 

wh ich  travers e the marrow c av i t y  o f  l on g  hone s .  They vary in  thi ckne s s  
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f rom a m i l l imeter t o  more t han a cent imeter and are general l y  expre s s ed 

symme t r i ca l l y  throughout the bon e s  o f  the body . The l in e s  occur w i t h  

greater frequency i n  t h e  d i s t a l  t ib i a  and appear w i t h  dec reas ing 

frequ ency in  the proximal t ib i a ,  d i s t a l  femu r ,  d i s t a l  rad iu s , and 

metacarpa l s  but rare l y  occur in  the p e lv i s  and s c apu l a  (Garn et a l . ,  

1 968 ) , Harr i s  l in e s  form on l y  during the growing years , pr imari l y  in  

the v ery young . 

Env i ronmental  stress o f  adequate s everity arre s t s  bone growth by 

preven t i n g  en l arg emen t of the cart i l age c e l l s  in the growth p l ates . 

Th e osteob l as t s , unab l e to  invade the c art i l age c e l l s ,  form a thin 

s tratum of bone ( i . e . ,  pr imary s t ratum bene ath the growth p l ate) . When 

the stress  pas s e s , the primary s tratum i s  th i ckened  due to the immed i a t e  

recov ery of o s t eob l a s t i c  ac t iv i ty re l a t ive t o  t h e  d e l ayed cart i l age 

c e l l  format ion ( Park , 1 964 ; Park and R i chter,  1 95 3 ) . 

Radi ograph i c  l ong itud inal  s tud i e s  o f  l iv i ng chi l d ren and experiment a l  

res e arch o n  l abo ratory anima l s  fu rn i sh much informa t i on c onc erning the 

e t i o l o gy of t ransv erse l ine format i on . Ma l nutri t ion (vi t amin A d e f i c i ency 

and kwash iorkor) , s t arvat i on ,  s evere d ehydrat i on , emo t iona l  d i sturbance , 

men t a l  i l l n e s s  and d i sease (meas l e s , whooping cough , influen za ,  l aryn ­

g it i s , chicken pox ,  scar l e t fever , c ongen i t a l  syph i l i s , d iabetes  and 

pn eumoni a )  may produce t ransvers e l ines  (Acheson , 1 95 9 ; Garn et a l . ,  

1 96 8 ; G indhart , 1 969 ; Harr i s , 1 93 3 ; Jone s  and Dean , 1 9 5 9 ;  McCance e t  a l . ,  

1 96 1 ; P ark , 1 964 ; P l at t  and St ewart , 1 96 2 ; Sontag and Coms t ock , 1 93 8 ; 

Sont ag and Harris ,  1 93 8 ;  Wo l b ach , 1 94 7 ) . Th e app l i c a t ion o f  Harri s 

l ine data to  evaluate  the hea l th and nut r i t i on a l  s t atu s o f  s k e l et a l  
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popu l at ions i s  d emons t rated by A l l i s on e t  a l . ,  ( 1 9 7 4 ) , Bui k s t ra ( 1 9 76b) , 

McHenry ( 1 96 8 ) , and We l l s  ( 1 96 1 , 1 96 3 , 1 964 ) . 

S ince Garn et a l . ( 1 9 6 8 )  d e t e rm ined that Harri s l in e  frequency i s  

h i ghe r  in  the d i s t a l  and proximal t ib i a  than any other bone , rad i ographs 

o f  Av erbuch t ib i ae are t aken for l ine  c ount . Adu l t s  o f  b oth sexes a re 

u s ed but recon s t ructed or gro s s l y  p atho l og i c a l  bon e s  are exc l uded fo r 

fear that the l in e s  were d e s t royed . On l y  l ines  wh i ch extend at l ea s t  

o n e  t h ird t h e  transverse d i ameter o f  t h e  t ib i a  shaft are noted a s  

pre s en t  ( Bu i k s t r a ,  1 9 7 6b)  an d ob l i qu e  l ines  a s  d e s c r ibed by Hcf lenry 

( 1 9 6 8 )  for the femu r  are exc luded . Both the prox ima l and d i s t a l  a sp e c t s  

o f  t h e  t ib i a  a r e  examined . Th e age at wh ich the l i n e  formed i s  e s t imat ed 

in accord with Al l i son et a l . ( 1 974 ) with some al tera t ion . To e s t imat e 

the age at wh i ch the l in e  formed , t ib i a  l en gth at b irth ( e s t imat e d  at 

70 mm) is subt ract ed from max imum d i aphys e a l  l ength prov i d ing the amount 

the bone has grown s ince b irth . S in c e  t ib i a  growth i s  d i sproport i on a l , 

thre e -f i fths of  the  growth i s  at tributed to  the  proxima l end and two ­

f i fths to  the d i s t a l  end . Each end i s  then d iv i d ed into  a number o f  

equa l s e gmen t s  equ i va l en t  t o  the number o f  years o f  growth e xperi en c ed 

by the ind iv idual ( i . e . ,  a maximum o f  s ixt een years for fema l e s  and 

e i gh t e en years for ma l e s ) . The s e  age interva l s  are mark ed on the 

rad i ographs and the maximum number of s t ress  periods is e s t imated by 

record ing the age at wh ich e ach l in e  (proxima l and d i s t a l )  formed . For 

examp l e ,  if  a t ib i a  or pair  o f  t ib i ae are e xamined and proxima l and 

d i s t al l ines  are found wh ich occur c l os e  t o  the s ame year of age , it  i s  

c on s i d ered t o  repres ent on e period o f  stre ss . Thu s , the  t o t a l  number 
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o f  stress  periods experienced by an indiv idu a l  i s  i mportant , not the 

tota l number o f  Harri s  l ines  o ccurring i n  the bon e . Th e t o t a l  numbe r  of 

Harr i s  l ines  is  a l so recorded for th e l e ft and r i gh t  d i s t a l  t ibi a when 

po s s ib l e . 

An x -ray mach ine manufactured by L i t ton Med i c a l Sys t ems (mode l :  

Jup i t er 3 0 0 ,  l S O KV )  i s  u s ed . Adu l t  b one s are exposed  t o  S O �� and 

7 0  KVP for . 1  s e cond whi l e  subadu l t  bones  requ ire SO �� and 5 8  KVP for 

. 1  s e cond . Th e maj o r i ty of the rad i ograph s a re of  exc e l l en t  qua l i ty . 

Howev e r ,  some o f  t h e  rad iographs o f  t ib i ae from perinatal  d e ad are 

rad i o transparen t and cannot be  u s ed . 

Ename l Hypop l as i a  

Th e t eeth , the most durab l e  stru c tu re s o f  the body , are commo n l y  

recogn i z ed a s  valuab l e ind i cators o f  b i o l o g i c a l  adaptat i on an d s t r e s s  

( P er z i g i an ,  1 97 7 ) . Ame l ob l a s t i c  c e l l s  are among the m o s t  sens i t ive i n  

resp e c t  t o  me t abo l ic funct ion s  and a c t  t o  rec ord p e r i o d s  o f  stres s as 

a patho l o g i ca l  cond i t i on t ermed enam e l  hypop l as i a . Macroscop i c a l l y ,  

enam e l  hypop l a s i a  appears a s  a d e fec t iv e  format i on o f  t h e  organ i c  

ename l matrix . Th i s  path o l o gy has been found not  on l y  i n  mod ern dent i t ion 

dent i t ion s but in  the t eeth o f  fos s i l  humans as we l l  ( Rrothwe l l ,  1 9 6 3 ; 

��i t e ,  1 9 7 8 ) . Two types  o f  ename l hypop l a s i a  are report ed in the 

l it erature : hered i tary and envi ronmen t a l . Shafer e t  a l . ( 1 9 7 4 )  d i scus s 

both type s ;  howeve r ,  only  th e envi ronmental l y  indu ced form i s  o f  i n t erest 

h ere . 

Envi ronmen t a l  ename l hypop l as ia may inv o l v e  e i th e r  d e c i duous or 

p ermanen t d en t i t ions , with both enam e l  and d en t in usual l y  affected . 



Somet ime s onl y  a s in g l e  tooth may be  a l t ered ( Shafer e t  a l . ,  1 9 74) . 

Shafer e t  a l . ( 1 974 : 4 9 -5 0 )  d e s c r ibe the range o f  expre s s i on : 

I n  m i l d  environment a l  enamel hypop l as i a ,  there may be 
on l y  a few sma l l  grooves , p i t s  or fi s sure s on the enamel 
surface . . . .  If the cond i t i on is more s evere , the ename l 
may exh i b i t  rows of d e ep p i t s  arranged hori zon t a l l y  ac ro s s  
t h e  surface o f  the  tooth . . . .  There may be  on l y  a s ing l e  
row o f  such p i t s  or sev eral rows indi cat ing a s e r i e s  o f  
lnJur i e s . I n  the most s ev ere cases , a con s id erab l e  port i on 
o f  en ame l may be  abs ent , sugges t ing a pro l on ged d i s turban ce 
in  the  funct i on o f  the ame l oh l a s t s . 

The sourc e s  o f  ename l hyp op l a s i a  have been e xam ined c l i n i ca l l y 
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and exp er iment a l l y . A l t hough i t  has no spec i fi c  et i o l o gy , i t  i s  l arge l y  

dependent o n  d i s eas e o r  nut r i t i onal  c on d i t i on s . Maj o r  sys temat i c  

up s e t s  respon s i b l e for ename l hypop l a s i a  are st arvat i on , nut r i t i ona l 

d e f i c i en c i e s  ( e . g . ,  v i tamins A ,  C ,  and D ,  pro t e i n  ma lnutrit i on ) , 

exanth ematous d i s eases  ( e . g . ,  meas l e s ,  c h i ck en pox , d iphth e ri a ,  s c arl et  

fever) , fai lure o f  a l imen tary absorp t i on d ue to  int est inal  irritat i on 

( e . g . , chron i c  gas troenteri t i s ) , b irth inj ury o r  prematur i t y ,  l o c a l  

infect i on or trauma , c ongen i t a l  syphi l i s ,  hypoc a l c emi a ,  ingest ion o f  

c e rtain  chemi ca l s  ( e . g . ,  fluor i d e )  and i d i opath i c  cau s e s  (Cob l y  et  a l . ,  

1 9 7 1 ; G i ro ,  1 94 7 ;  Krau s et a l . ,  1 9 6 9 ; Mo l nar and �ard , 1 9 75 ; S c i u l l i ,  

1 9 7 7 , 1 9 7 8 ; Shafer et al . ,  1 9 74 ; Spoug e , 1 9 7 3 ) . The frequen cy o f  ename l 

hypop l as i a  i s  u s ed to  exp l ore hea l th c ond it i on s  in s k e l e t a l  as we l l  as 

l iv ing popu l at i on s  (Cook and Rui k s t ra , 1 9 73 ; E l -Naj j ar et a l . ,  1 9 7 8 ; 

McHenry and Schu l z ,  1 976 ; Ro s e ,  1 9 77 ; Ro s e  et a l . ,  1 97 R ; S au l , 1 9 7 2 ; 

S c iu l l i ,  1 9 77 , 1 9 7 8 ) . 

On l y  environmen t a l l y  induced enama l hypop l a s i a  i s  recorded for the 

Averbu ch materia l .  Hered i t ary ename l hypop l a s i a  norma l l y  inv o l v e s  most 



of the tooth ' s  ename l . Tho s e  obs ervat i ons in wh ich t h e  d i st inc t i on 

betwe en environment a l  and h ered i t ary ename l hypop l a s i a i s  unce rtain 

are e l iminated from the study . The maj or emphas i s  is the record ing 

of the frequency of occurrence and i t s  di stribut ion according to age 

and s ex . Averbuch mandibu l ar c anine s , second an d th ird mo l ars , and 

maxi l l ary central and l at eral inc i sors , except th o s e  l im i t ed by 

attr it ion , are examined for this  p atho logy . On l y  re l at iv e l y  comp l e t e  

d ent i t i on s  are ut i l i zed . Crown devel opment o f  these  t eeth c ov ers an 

age range from t h e  prenatal  period to  twe lve and one h a l f  years . The 

general age at wh i ch the stress  occurred i s  e s t imat ed for these  teeth 

with the Moorrees  e t  a l . ( 1 96 3 a ,  1 963b)  stand ard s . 

The range o f  severity,  as mod ified from Shafer et a l . ( 1 9 74 ) , i s  

recorded a s  fo l lows : 

0 = Ab senc e of ename l hypop l as i a . 

1 Ename l hypop l as i a  i s  present in the form o f  a few 

sma l l p i t s  or a s i ng l e  groov e . 

2 = Enam e l  hypop l as i a  i s  pres ent in the  form o f  a row 

of d e eper p i t s ,  a s ing l e  more pronoun ced groove ,  

or two or more s l ight groov e s . 
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3 = Ename l hypopl as i a  i s  expre s s ed in two or more d e ep l y 

p itted  rows or grooves or the  absenc e o f  a con s iderab l e  

port ion o f  t h e  ename l . 

4 = The condit ion i s  indet erminate due to damaged or  

mi s s ing teeth . 



I I .  RELATIONSH I P  OF THE THREE STRE SS IND ICATORS 

A prerequ i s i t e  to t h i s  port ion of the study is an examinat ion o f  

the int errel at i on s h ip o f  the  thre e stre s s  ind ic ators  as  expres s ed by 

the  d egree to  which they corre l at e . Since stature increase has been 

a s soc iated with improved nut r i t i on and health  c ond it ions , it s e ems 
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reasonab l e  that the  t a l l er indiv idual s  within a s k e l e t a l  series  cons i s t  

o f  tho s e  l es s  stressed during growth . Wel l s  ( 1 9 6 7 )  not e s  that it  i s  

reasonab l e  to a ssume that a p erson who h a s  experienced many episod e s  o f  

a rre s t ed growth wi l l  have a reduced final st ature ; howev e r ,  G indh art 

( 1 969)  obs erv ed l it t l e  re l a t ion ship between Harri s  l ine  format ion and 

s i gn i f i cant growth retardat i on .  An examinat ion o f  the  r e l a t i onship 

b etween Av erbuch st ature and Harr i s  l ine frequ ency may reveal much 

concerning t h i s  a s sump t i on . Al s o ,  s inc e Harr i s  l ines  and enamel  

hypop l as i a  have  s imi l ar e t i o l og i e s ,  a c l o s e  relat ion ship  is  expec ted . 

However , McHenry and Schu l z ( 1 9 7 6 )  found no s ignificant as soc i at ion 

b etween the two . 

An SPSS package program (SCATTERGRA�1) i s  empl oyed to examine the 

extent to whi ch the three variab l e s corre l at e  and the subprogram for 

the Pearson produ ct -moment corre l at ion i s  used . The formu l a  for Pearson 

produc t -moment corre l at i on i s  c a l cu l ated as fo l lows : 

N 
I ex . - x) (Y . - Y )  . 1 1 1 1 = 

r = 

where X . = ith  ob s ervat ion o f  variab l e  X 1 



Y . = ith  ob s ervat ion of  variabl e Y 1 
N = number  of obs ervat ions 

x = I 

y = I 

N 
X i/�  

i= l 

N 
Y . /K 

• 1 
1 = 1 

= mean of variab l e  

= mean of v ariab l e  

X 

y 
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N i e  et a l . ( 1 9 7 5 : 2 8 0 )  

Tab l e  1 8  prov ides a summary o f  t h e  find ings f o r  both ma l e s and 

fema l e s . As i l lu strated , none of the  correl a t i on coeff i c i en t s  are 

s i gnifi cant at the . 0 5 l eve l . 

Both maximum femur and t ibia  l engths are examined ag ainst the number 

o f  Harri s l ines oc curring in the d i stal  right t i b i a . Al though Wel l s ' 

( 1 96 7 )  propos a l  o f  decreased st ature with increased epi sod e s  of arrested 

growth s eems fea s ib l e ,  the pre sent study i s  in c omp l et e  agreement with 

G indhart ( 196 9)  and can demon strate no correl at ion between the two 

( s ee  Tab l e  1 8 ) . Th e re l a t i onship of the maximum numb er o f  stre s s fu l  

epi sode s ,  as  expre s sed b y  the age sp ecific  occurrence o f  Harri s  l ines  

in  the ti bi ae , are a l so te sted against tibial  l ength . No  s ignificant 

corr el at i on c an be demon strated between th ese t wo for e i ther sex . The 

remodel ing and d i s appearance of these l ines with increasing age , as  

described by Garn and Schwager ( 1 9 6 7 )  could he  resp on s i b l e  for a 

d i stor t ion of the resu l t s  and thu s a l ack o f  corre l at i on . Howev er ,  an 

exam inat i on of the corre l at ion coeff i c i ent s of  the number of l in e s  

found in t h e  right d i stal  t ib i a  and increas ing adu l t  a g e  ( s ee Tab l e  18 ) 

revea l s  an absence of any s ignificant corre l at ion at the . OS l eve l . 

The best  exp l anat ion for the l ack of a s igni ficant corre l at ion between 



TAB LE 1 8  

CORRELAT I ON COEFF I C I EKTS OF THE VAR I OUS STRF SS I �D I CATORS (PAIRED)  
FOR AVE RBUCH MALES AND FHIALES 

�1a l e  F ema l e  

Paired Var i ab l es *  N r S i gn i f . N r S ig n i f . 

FEMX with RD I ST 4 7  - 0 . 0 1 6  0 . 9 1 1  29  - 0 . 1 86 

T I B�!X w i t h  RD I ST 4 9  - 0 . 03 6  O . R O I  2 8  0 . 04 8  

T I BMX with H�IAX 62  0 . 1 90 0 . 1 3 7  4 3  0 . 2 2 2  

T I B�!X with EHYPCSV 5 0  0 . 1 1 0  0 . 444 4 7  - 0 . 2 0 0  

T I B�!X with EHYNO 3 7  0 . 1 6 2 0 . 3 3 5  3 2  0 . 04 4  

RD I ST w i t h  EHYPCSV 3 1  0 . 0 7 0  0 . 7 0 5  2 3  0 . 0 5 9  

HR�IAX wit h  FP.YNO 2 7  0 . 0 1 8  0 . 9 2 6  2 0  - 0 . 0 9 7  

AGE w i th RD I ST 5 1  0 . 08 7  0 . 5 4 1  3 1  - 0 . 0 3 0  

* FE�!X = Max imum femur l ength . 

TI B�!X = ��xi mum t ib i a  l ength . 

RDI ST = The number o f  Harr i s  l ine s i n  the r i gh t  d i s ta l  t ib i a . 

HRMAX = The maximum number o f  s tre s s fu l  periods as e xpre s s ed by Harri s  l ines  i n  the 
proxima l and d i s t a l  ends of l e ft and/or ri ght tib i a . 

0 . 3 3 3  

0 . 80 5  

0 . 1 5 1 

0 . 1 7 5 

0 . 8 1 0  

0 . 7 8 7  

0 . 6 8 3  

0 . 8 6 8  

EHYPCSV = Severity o f  ename l hy�op l a s i a  a s  e xpres s e d  o n  paired adu l t  mandibu l ar can i ne s . ....... 
v-.1 
0 



Er�NO = The maximum number of  s t re s s ful  p eriods as  expre s s ed by ename l hypop l as i a  i n  the 
t eeth out l ined in the text . 

AGE = Adu l t s  1 5 . 5  years of  age to 5 0 +  by f iv e  year interv al s .  

...... 
lN 
...... 
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Harri s  l ine number and stature i s  that offered by Prader e t  al . ( 1 9 6 3 ) . 

They point out that catch up g rowth dur ing ado l e scence may compen sat e 

for any growth  arrest  wh ich occurred earl i er in  l i fe . 

As previous l y  stated , ename l hypop l a s i a  and Harri s l ines  are 

s imi l ar in their etio logy and the mechan i sms invol ved in the ir format ion . 

One advant age an analysis  of ename l hypop l as i a  offers over that o f  

Harr i s  l ines  i s  that Harri s  l ines are suspect due to  the ir pos s ib l e  

resorp t i on with age wh i l e  ename l hypopl a s i a  l ines are permanent . The i r  

pres en c e  i s  masked o n l y  by  dent al  at t rit ion . I t  i s  for thi s  reason 

that dent i t ions with moderate to  excess ive wear are exc l uded . 

When the corr e l at ion coeff i c ient s o f  the s everity o f  the enamel 

hypop l a s i a ,  as  expre s s ed on the permanent mand ibu l ar can ines , and 

maximum t ib i a l  l ength are examined , no s ignificant corre l at ion i s  noted 

for ma l e s  or fema l e s . The max imum number of s tres sfu l  periods as  

expr es sed by a genera l examinat ion o f  each den t it ion i s  p aired with  

max imum t i b i a l  l ength and the resu l t ing  corre l at ion coeffic ients for 

each sex are not s i gnificant . Stre s s ,  as expre s s ed hy the pr esence o f  

enamel  hypop l as i a ,  i s  obv ious among t h e  Averbu ch popu l at i on . Stress  

intense  enough to int erfere w ith  ename l format ion wou l d  probab l y  a l t er 

l ongbone growth . However,  as  with the interpretat ion o f  the Harri s 

l in e/ t ibi al  l ength re l at ionship , ado l escent catch-up growth may mas k  

any d i srupt ion of growth during ch i l dhood . 

S ince both Harris  l ines and ename l hypop l a s i a are p roduced by 

b i o l og i c a l  stress  and form in much t he s ame fash i on , an examinat ion o f  

the degree to whi ch they corre l at e  i s  of interest . Th e number of Harri s 
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l in e s  in  the right d i st a l  t ib i a  i s  paired with the s everi ty ( s l ight , 

moderate , and extreme ) of enam e l  hypop l as i a  occurr ing on the manidbu l ar 

canine s . Ne ither mal e  nor fema l e  corre l at ion coeffic ients  are s ignificant . 

Surpr i s ingly ,  these re su l t s  seem to  suggest that Harr i s  l ine number and 

enamel hypop l as i a  severity share no underlying commonal it i e s . 

I t  must  be  empha s i zed that Harri s l ines repre sent an enumerat ion 

of each s tre s s  period exper i enced from birth to  s ixteen or  eighteen 

years of age . In  add i t i on ,  the severity of ename l h;�op l a s i a  refl ect s 

the number of l in e s  as  we l l  as the extent to wh ich the ename l i s  

affected . The se  obs ervat ion s  are made on mand i bu l ar c anine s ,  the crown 

o f  whi ch forms between b irth and 4 . 5  years o f  ag e .  For examp l e ,  the 

ename l hypop l a s i a  " extreme stre s s "  cat egory cont ains ind ividu a l s  who se  

can ines  express ext reme s ing l e  or mu l t ip l e  re spon s e s  to s in g l e  or  

mu l t ip l e  ep i sodes of stre ss  occurring between b irth and 4 . 5 years of  

age . Thus ,  the l ack o f  a s ignificant corre l at ion between these two 

stres s  ind ic ators may be expre s s ed in a s imp l e ,  more d irect fash ion . 

Tho s e  ind ividu a l s  who experienced rep et it ive or  sea son a l  stress  (as  

repre sented hy  Harr is  l in e s )  d id not nec es sar i l y  expre s s  ev idenc e of 

extreme stress  (as  repre sented by ename l h)TOp l a s ia) between b irth and 

4 . 5  years of age . Once v i ewed in t h i s  manner , it i s  not surpris ing 

to  f ind a l ack o f  corre l at i on . 

Of part i cu l ar intere st i s  the pair ing of the max imum number of 

stress  periods expre s sed by Harr i s  l ines  with the maximum number 

expres sed by ename l hypop l as i a . I f ,  as it  i s  a s sumed , each of these 

two ind i c ators repre sent two d i fferent ways of acqui ring the sam e  
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informat ion ( i . e . ,  the number o f  stres s ep isodes exp er i enced b y  an 

indiv idual ) , then a h igh pos i t iv e  corre l at ion wou l d  be expected between 

them . However , as  c an be seen in Tab l e  1 8 ,  page 1 3 0 , no s i gnificant corre­

l ati on c an be found between these  two for e ither s ex . Th i s  i s  d iffi cu l t  

t o  int erpret s ince any number o f  factors may account for these  resu l t s .  

One of the first  and mo s t  obv ious factors invo lves  the manner in 

wh i ch the data  were co l l ected . Th e max imum number of  stres sfu l  p eriod s ,  

a s  det ermined from the Harr i s  l ine s ,  i s  based on det ermining the age 

at wh ich the l ine formed . Th i s  proc edure i s  describ ed ear l i er and 

mainl y  con s i s t s  o f  dividing the bone , proxima l and d i s t a l  end s ,  into 

s ix t een equal  uni t s  for femal e s  and e ight een for ma l e s . Each of these  

"equ a l " un i t s  i s  as sumed to rough l y  corre spond to a year of  growth . 

In  real ity t he l engths of  these unit s v ary with the exception o f  the 

interv a l s from 5 to 1 2  years where growth  is ne ar l y  l i near . Although 

error may be  introduced in t h i s  fash ion , it  is as sumed that the max imum 

number o f  stre s s  epi sodes obta ined wou l d  refl ect  the  g enera l stre s s  

h i s tory of each individual . 

A s e cond factor that may contribute to this  i s  that the den t i t ion 

is more re s i s tan t  to env ironment a l  influences than is bone . Epi sodes o f  

s tress  that  are s evere enough t o  produce a Harri s  l ine i n  the bone may 

not up s e t  ename l formati on .  I t  may a l s o  be conj ectured that some 

i nd i vidua l s  when s tressed produce no Harri s  l ines or l ines o f  ename l 

hypop l as ia ,  whi l e o thers may react by producing a Harri s l ine and yet 

s ome may produce only l ines  o f  ename l hypop l as i a . Or perhap s  bone and 

ename l may be sus ceptib l e  to l ines on l y  during certain periods of their 

dev e l opment and perh aps the s e  susceptib l e  periods do not coninc i d e . 



I f  thi s i s  the case , then there may actual l y be  no corre l at i on 

between Harri s  l ines  and ename l hypop l as i a ;  however , they both 

p rov ide general  avenues for examining popu l at i on s tre s s  and wi l l  

be treated a s  such i n  thi s s tudy . 

I I I .  STATIJRF; , HARRIS  L INES AND ENAMEL HYPOP LAS IA  
AT AVF.RRUCH 

St ature , Harri s l ine s and ename l hypop la s i a  are examined in an 

a ttempt to better understand the b i o l o gical  s t re s s  to wh ich these 

f i ft eenth century Midd l e  Tennessee  inhab i t ant s were subj ected . Fach 
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o f  these three stress  ind icators i s  described for the Averbuch seri es  

a s  a whol e  and a cemet ery spe c i fi c  examinat ion i s  used to better 

understand the t emporal  dynamics  o f  each . 

Th e str e s s  d at a  from each of the three cemeteries  are compared 

v i a  an ana l y s i s  of variance derived from a SAS package program (Helwig  

and Counc i l ,  1 9 79 ) . SAS prov ides  two procedures for an ana l y s i s  o f  

v ar i anc e : ANOVA and GLM . The ANOVA proc edure requ i res  l es s  st orage 

and is faster than GLM for b a l anced designs . 1-'owev er , i f  the des i gn 

i s  unb a l anced , the  output may he inv a l id . The GUf procedure can h and l e  

both  b a l anced and unb a l anced d e s i gns and i s  pre ferred for t h i s  study . 

The program produces two types o f  sums o f  squares ,  Type I and Type IV . 

Type I repres ent s the sequent i a l  sum o f  squares , wh i l e  Type I V  repres ent s  

the effect s  o f  each treatment cond it ioned on t h e  oth ers . In b a l anced 

des i gns , the two do not d i ffer but in unba l anced d e s i gns they may d i ffer 

con s id erab l y . The Type IV sum o f  squar e s  are con s idered more conserva-

t iv e  in unb a l anced d e s ig n ,  so  the F rat io  associated with Typ e I V  sum o f  
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squares i s  used to t e s t  whether the treatments have any effec t on the 

d ependent variab l e . 

St ature 

S ince stature cal cu l ated from l ong bone l engths prov ide , at best , 

a rough e s t imat i on o f  true st ature , raw femur and t ib i a  measurem en t s  

a r e  u s ed in an ana l ys i s  o f  var i ance to examine t h e  rel at ionship of  st ature 

between the c emeter i e s . Th e depend ent variab l e s are femur and t i b i a  

l ength and t h e  independent variab l es are sex  and c emet e ry (Tab l e  1 9 ) . 

Tab l e s  2 0  and 2 1  provide an examinat ion of the an a l ys i s  of  variance 

for f emur and t ib i a  l ength from each o f  the three  c emet eries  and both 

sexe s . Both the femur and the t ib i a  measurements are s ign i f i c ant l y  

( 0 . 0 0 0 1 )  d i fferent . Th e sourc e o f  t h i s  d iver s i ty i s  furth er c l ar i f i ed 

in these tab l es by a bre akdown of  the an a l y s i s  of var i ance mo d e l  into 

i t s  v arious treatment s .  Neither the c emet ery nor the  cemet ery by sex 

int eract i on are responsib l e  for th i s ,  but sex has  a s ign i f i c ant e ff ec t  

a t  t h e  0 . 00 0 1  l ev e l . 

A Duncan ' s  mu l t ip l e  range t e st i s  u s ed to test  the mean femur and 

t ib i a  l ength for both sex e s  with the c emet eri e s poo l ed ( Tab l e  22 ) and 

for the thre e cemet eri es with the s exes  poo l ed (Tab l e 23 ) . Th e resul t s  

exh i b i t  a s igni f i c ant d i fference ( p  � . O S )  for the sexes  wh i l e  femur and 

t ib i a  l engths between the c emeter i es are ind i s t ingu i shab l e .  

Trott er and G i e s er ( in Huber , 1 968 : 72 )  note that 

. . . the sum of the l engths of femur and t ib i a  yi e l d  
the most  rel iab l e  e st imat ion o f  statu re , then th e 
l ength o f  the femur a l one , then that o f  the t ib i a  . .  
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TABLE 19 

MAX IMUM FEMUR AND TI B IA MF.AN LENGTHS AND STAl\DARD DEVIATIONS 
FOR B OTH S EXES AND TH E THREE AVER BUCH C 8-1ETER I ES 

-=-=��==--==---==-=-=-:--=-= =-=---=· =-=----== 

F emur Tib ia  
C emete ry S ex N �1ean S . D .  N Mean S . D . 

1 M 56  4 5 1 . 02 1 8 . 6  55  373  . 1 1  1 6 . 7  

1 F 55  4 2 0 . 49 1 6 . 9  3 8  3 4 2 . 8 9 1 4 . 6  

2 M 16  4 4 3 . 9 4 1 8 . 0  . 1 0  367 . 80 22 . 0  

2 F 7 4 24 . 7 1 25 . 7  5 344 . 2 0 8 . 6  

3 M 1 5  4 4 7 . 93 1 7 . 6  9 3 7 0 . 6 7 1 3 . 5  

3 F 1 0  4 2 8 . 70 1 1 . 0 9 3 4 5 . 4 4 1 1 . 6  

i 



TABLE  2 0  

MALYS I S  OF VAR IANCF. FOR FHlUR LEN GTHS FOR BOTH SEXF.S 
MD THE THREE AVERBUCH C F.METE R I E S  

1 3 8  

�:.-=--====------=::::c= · :::. ==-=-�=-=-:::::: =-=- ===-=--===-·=--
:�==---=--........=�=�-==.::=-�--::::-::--=-====-.=:---:::::__�--= 

Sourc e DF Sum of Squares  !\lean Square F Va lue p 
Mode l  5 3 0 3 0 1 . 0 6 6060 . 2 1 1 9 . 0 3 0 . 00 0 1  
Error 1 53 4 8 736 . 1 3  3 1 8 . 54 

Type I 
CHI 2 2 8 0 . 8 6 1 4 0 . 4 3 0 . 4 4  0 . 64 4 3  
SEX 1 2 9 0 2 3 . 2 5 2 9 0 2 3 . 2 5 9 1 . 1 1 0 . 00 0 1  
C EM* SEX 2 9 96 . 95 4 9 8 . 4 8  1 .  56 0 . 2 1 24 

T}Te I V  
CEl\1 2 1 8 9 . 9 7 94 . 99 0 .  3 0 0 . 74 2 6  
SEX 1 1 1 6 6 1 . 74 1 1 6 6 1 . 74 36 . 6 1 0 . 00 0 1  
CEW SF.X 2 996 . 9 5 4 9 8 . 4 8  1 .  5 6  0 . 2 1 2 4 

=�� =.===-=- = =.:::;-�-==-=-

n = 1 5 9  ( a l l  measurab l e  adu l t  femora are inc lud ed ) . 



Source 

Hod e l  
Error 

Type I 
CEM 
S EX 
C HI* SEX 

TYI�e I V  
C EM 
SEX 
CEM* SEX 

TABLE  2 1  

ANALY S I S  O F  VARIANCE FOR T I B IA LEt\GTI IS  FOR BOTH SEXES 
AND THE THREE AVERBUCH CHIETERI ES 

1 3 9 

� -::::-..:�---=-- = ==--=-=·==-:::� =-::-�--=--::::_ === 

DF Sum of Square s Mean Square F Value p 

5 2 5 34 7 . 7 3 5 069 . 5 5 2 0 . 1 8 0 . 0 0 0 1  
1 20 3 0 1 4 5 . 5 5 25 1 . 2 1  

2 1 1 7 . 1 1  5 8 . 5 6 0 . 2 3 0 . 7924  
1 2 5 0 3 8 . 02 2 5 03 8 . 02 99 . 67 0 . 0 0 0 1  
2 1 9 2  .fiO 9 6 . 3 0 0 . 3 8  0 . 6 8 2 4  

2 4 8 . 03 24 . 0 2 0 . 1 0 0 . 9089  
1 1 1 0 2 2 . 7 0 1 1 0 2 2 . 70 4 3 . 8 8 0 . 00 0 1  
2 1 9 2 . 6 0 96 . 30 0 . 3 8  0 . 68 24 

n = 1 2 6  ( a l l  measurab l e  adu l t  t ib i ae are inc luded) . 



Bone 

Femur 

Tib i a  

TABLE 2 2  

DUNCAN ' S  MULTIPLE RANGE TEST O F  FE�flJR AND T I B I A  LENGTH 
B ETWEEN AVFRBUCH fv1ALES AND FEMALES 

S ex 

Ma l e  
Fema l e  

Mal e  
Femal e  

Mean 

449 . 1 8 
4 2 2 . 04 

3 7 2 . 09 
3 4 3 . 4 6  

Numb er 

8 7  
7 2 

74 
5 2  

- = =-==--== -

1 4 0  

G . I roup 1ng 

A 
R 

A 
R 

1 Means with the  same l etter  are not s ignificant l y  d ifferent at the  
. O S l eve l . 

Bone 

Femur 

Tib i a  

TAB LE 2 3  

DUNCAN ' S  !v!UL T I P LE RANGE TEST O F  FHIUR AND T I B I A  LENGTH 
B ETWEEN THE THREE AVERBUCH C EMETERI E S  

C emetery �lean Number 

1 4 3 5 . 8 9 1 1 1  
2 4 3 8 . 09 2 3  
3 440 . 2 4 2 5  

1 390 . 76 9 3  
2 3 5 9 . 93 1 5  
3 3 5 8 . 05 1 �  

Group ing 1 

A 
A 
A 

A 
A 
A 

1 Means with the  same l e tter  are no t s ignificant l y  d i ff erent at the 
. O S l ev e l . 



Re l at iv e l y  few Averbuch s k e l etons p o s s e s s  both an intact  femur and 

t ib i a .  For th i s  reason , e s t imat e s  u s ed i n  th e descript ive summary 

o f  Averbuch s t ature and i t s  compari son to other s it e s  are c a l cu l ated 

s o l e l y  from femo ra l me asuremen t s . Both right and l eft femur means 

1 4 1  

are examined for the  three cemet erie s  and the s it e  a s  a who l e .  A l though 

the d ifference  in l eft and r ight mean values  is s l i gh t , the s ide  with 

the  greater value is  used . 

The Tro t t er and G i eser  ( 1 95 2 )  regre s s ion formu l a e  for mongo l o id 

mal e s  and ,  due t o  a l ack o f  regre s s i on formu l ae for mongo l o i d  fema l es , 

wh i t e  fema l e s  are u s ed to calcul ate Averbuch s t ature . The average 

Averbuch mal e was 1 6 8 . 87 em t a l l ( 5 ' 6" )  and the average fema l e  st ood 

1 5 8 . 33 em ( 5 ' 2 " ) . Compared to other archaeo l o g i c a l  popu l at ion s , the 

Av erbuch p eop l e  were on the upp e r  end o f  the stature c ont inuum ( Tab l e  

24 ) . Th i s  i s  a l so t ru e  o f  the  other Hidd l e  Cumb e r l and popu l at ions 

( i . e . ,  Arno l d  and Ganier) from the  Nashvi l l e  Bas in . The short e s t  

Averbuch ma l e  obta ined a st ature o f  1 5 8 . 1 4 e m  ( 5 ' 2 ") and the t a l l e s t  

measured 1 79 . 4 3  e m  ( 5 ' 1 0 " ) . Th e short e s t  "norma l "  Averhuch fema l e  

was 1 4 6 . 4 8  e m  (4 ' 9 " )  and the t a l l est  1 7 3 . 1 5 em ( S ' R ") . O f  part i cu l a r  

intere s t  i s  buri a l  2 5 6A from C emet ery 1 --a fema l e  o f  abnormal ly short 

stature . Un l ik e  the skel etons of  the  two achondrop l as t ic dwarfs from 

Moundv i l l e  ( Snow, 1 94 3 ) , the  s k e l eton o f  bur i a l  2 5 6A i s  a midget . The 

femal e  stood on l y  1 1 1 . 90 em (3 ' 8" )  h i gh and p o s s e s s ed l imb s and trunk 

o f  normal proport ion . 

In conc l u s i on ,  there exi st s  no s igni ficant  s t ature (femur or  

t ib i a  l ength) d i fference between the  three c emeteri es . Under the  



TAB LE 2.+ 

A COMPARI SON OF STATURf S ANONG VAR IOUS ARCHAEOLOG ICAL SKELETAL POPULATI ONS 

Mal e  Fema l e  
F emu r Mean S tature Femur 1'-Iean S t ature 

Popu l at ion em No . em in em No . em in  

Arn o l d 1 4 2 . 80 1 4  1 6 4 . 5 9 64 . 1 9 4 2 . 9 0 2 1 60 . 06 6 2 . 4 2  

Ari k ara 2 44 . 68 1 64 1 6 8 . 63 65 . 7 i  4 1 . 50 1 59 1 5 6 . 6 1 6 1 . 08 

Ave rbueh 4 4 . 92 8 7  1 6 8 . 8 7 6 5 . 8 6 4 2 . 20 7 2  1 5 8 . 33 6 1 . 7 5 

Da l l a s  3 - - - - - 1 1 7  1 6 8 . 3 8 6 5 . 6 7  - - - - - 94 1 5 7 . 89 6 1 . 58 

G an i e r 1 44 . 06 6 1 6 7 . 3 0  6 5 . 2 5 4 1 . 80 4 1 5 7 . 3 5  6 1 . 3 7 

Ind i an Kno l l 4 4 3 . 7 1 2 6 3  1 6 6 . 68 65 . 0 1 4 1 . 2 7 1 9 2  1 56 . 04 60 . 86 

Po i nt of Pines 5 4 2 . 6 5 3 7  1 64 . 2 7 64 . 07 39 . 8 8 3 7  1 5 2 . 60 5 9 . 5 1  
( Mi dd l e  Pop . )  

Point  o f  P in e s "  4 3 . 7 7 3 1  1 66 . 68 6 5 . 0 1 4 0 . 3 8 40  1 5 3 . M 6 0 . 00 
( L a t e  Pop . )  

--

1 Ward ( 1 9 7 2 ) . 2 Ba s s  et a l . ( 1 9 7 1 ) . 3 Hatch and Wi l l ey ( 1 9 7 4 ) . 4 Snow ( 1 9 4 8 )  . 
5 Bennett  ( 1 9 73 b ) . 

....... 
..,. 
N 



as sump t i on o f  t h i s  s tudy there i s  a pos i t ive corre l a t i on between 

s tature increase  and improved hea l th and nutr i t ion . Th e Averbuch 

1 4 3  

peop l e  obtained a st ature which i s  amon g the t a l l e s t  reported for an 

Ameri can Indian ske l et al series . Above average s tature i s  a charac teri s t ic 

o f  Averbuch during the ear l ier (Cemetery 3 )  and l ater  (Cemetery 1 )  

phas e s  o f  i t s  ex i s t enc e . \��atever the source o f  the  b io l ogical  stress  

at the s i t e ,  i t s  inten s ity ,  as expre s s ed through stature , s e ems to  have 

b e en con stant with t ime . Averbuch d emography is sugg e s t ive of inten s e  

s tres s  of both a s o c i a l  and environment a l  nature . Thu s ,  the  d emograph ic  

an d  st ature resu l t s  are somewhat incon s i stent . Perhaps t h e  genet ic 

growth potent i a l  at Av erbuch wa s much greater than that achi eved by the 

i nhabi tants . I t  i s  more l ik e l y  that arrested growth at Av erhuch was 

t empo rary , and the ado l e s cent acc e l erat ion in gro\� h  may have compensated 

for s t ature l o s s e s  during chi ldhood periods of d i sease  or ma lnutri t i on .  

Cat ch -up growth dur ing ado l e scenc e may have a l lowed i nd ividua l s  to  

approx imate the i r  genet ical l y  pro gramed growth potenti al . 

I t  mu st  be  conc luded that adu l t  s t ature i s ,  at best , a ques t ionab l e  

approach t o  the  study o f  biological  stress  at the  Ave rhuch s ite . A 

compari son of  age spe c ific  preado l es c ent stature at the s i t e  i s  sug g e s t ed 

a s  a more profitab l e  approach for future stud i e s  o f  th is  nature . 

Harr i s  Lines 

As with stature , an anal y s i s  o f  v ariance i s  emp l oyed in determ in ing 

the re l at ion ship of the three c eme t er i e s  based on the occurrence of 

l in e s . The d ependent variabl e s  are the  numbe r  o f  l in e s  in the r ight 



d is t a l  t ib i a  and the  numb er o f  stre s s  epi sodes repres ented by the  

presence of the s e  l ines  in  the t ib i ae in genera l . The  ind ependent 

var i ab l es are sex and cemetery . 

Tab l e  2 5 pre sent s an overa l l  ana l ys i s  of variance  o f  the number 

of Harri s  l ines recorded fo r the right d i stal  t ib i a  o f  both sexes and 

t h e  three cemeteri e s . Th e F value  o f  0 . 6 3 i s  far from s igni ficant 

(p = 0 . 68 1 4 ) . Thi s  tab l e  a l so provides  a bre akdo�� of the mod e l  into 

its  componen t s  but no signifi cant d i fference is  obs erved . 

1 4 4 

The overa l l ana l y s i s  of v ar i ance  for the  number of stre s s  epi s odes 

is  pre s ented in Tab l e  26 . The F value  ( 1 . 3 0 )  is  not s ignifi cant nor 

are the thre e components of the conservat ive Type IV  sum o f  square s .  

The mean number of d i st a l  t ib i a  l ines and stre s s  ep isod e s ,  as 

expre s s ed by a genera l examinat i on of both l e ft and r ight t ib i ae , is 

pres en ted in Tab l e  27 and 28 , respect ive l y .  Th e Ceme t e ry 1 ma l e s  

experi enc e a s l i ght l y  gr eat er number of stre s s  ep i sodes  ( 3 . 1 0 )  than d o  

those of Cemetery 3 ( 2 . 6 7 ) . Th e fema l es  from these  t�o c emeteri e s  

d emon strat e the oppo s i t e  re l a t i on sh ip . C emetery 1 fema l e s  experi ence 

fewer epi sodes of stress ( 2 . 27 )  than C emetery 3 fema l es ( 2 . 67 ) . 

The max imum number o f  Harri s l ines  v i s ib l e  in the right d i s t a l  

t ib i ae may be  sugg est ive o f  t h e  character of the stre s s  a t  the  Av erbuch 

s i t e . For examp l e ,  McHenry ( 1 9 68 : 4 )  not e s  that the h i gh frequency o f  

l ine s occurring in t h e  femora of C a l i fornia Ind i an s  i s  sugge s t ive o f  

" . . .  acut e st arvat i on fo l lowed b y  a period of good nutrit ion . "  The 

frequ ency o f  Harr i s  l ine oc currenc e i s  recorded for R 6  Av erbuch right 

d i st a l  t ibiae  (54 males and 32  femal e s ) . Of this number , 7 6 ind ividual s  



Sourc e 

Mode l  
Error 

Type I 
C EM 
SEX 
CH1* SF.X 

Tn�e I V  
C EM 
SEX 
C EM*SEX 

TABLE 2 5  

ANALY S I S  OF VAR I ANCE FOR HAR R I S  LINE l\'U�!BER OF  Tl !E 
R I GHT D I STAL T I B I A  FOR BOTH SEXES AND THE 

AVERBUCH C EMETER I ES 

1 4 5  

== :=--:;_---::�-===-�:-:::�-::=--=:::::--=:_=---=-= = ===--.---=::===---=-�=::::::-= =�----= :=-=-= 

DF Sum o f  Square s Mea n  Square F Va lue p 
5 5 . 8 0  1 . 1 6  0 . 63 0 . 6 8  

7 9  1 4 6 . 0 1  1 . 8 5  

2 O . RO 0 . 40 0 . 2 2 O . R l 
1 3 . 4 0 3 . 4 0  1 .  8 4  0 . 1 8 
2 1 . 60  0 . 80 0 . 4 3  0 . 65 

2 1 .  34 0 . 67 0 . 3 6 0 . 70 
1 1 . 4 8  1 . 4 8  0 . 8 0  0 . 37 
2 1 . 6 0  0 . 80 0 . 4 3  0 . 65 



TABLE 2 6  

ANALY S I S  OF  VARI ANCE FOR Ti l E  TOTAL NUMBER O F  STRESS E P I SODES 
EXPE R I ENCED , AS EXPRESSED BY HARR I S  L INES I N  THE TI B IA ,  

I N  BOTH SEXES AND THE THREE AVE RBUCH CF.!vfFTF. R I E S  

1 4 6  

===� = ===�= =�==�� =�- = �= =� ==-�-==�==-�� = =  

Source DF Sum o f  Squares !v!ean Squ are F Value p 

Mod e l  5 2 0 . 3 0 4 . 0 6 1 .  3 0  0 . 2 7 
Error l l O  34 2 . 9 0  3 . 1 2 

Type I 
C EM 2 4 . 2 4 2 . 1 2 0 . 6 R  0 . 5 1  
SEX 1 1 3 . 0 9 1 3 . 09 4 . 2 0 0 . 04 
C EW SEX 2 2 . 9 7 1 . 4 9  0 . 4 8 0 . 62 

Typ e I V  
CEM 2 4 . 4 0  2 . 2 0 0 . 7 1  0 . 5 0 
SEX 1 5 . 2 5  5 . 2 5 1 .  6 R  0 . 2 0 
CEWSEX 2 2 . 9 7  1 . 4 9  0 . 4 8 0 . 6 2  

:==· --=-=-==== =- = =-==-�=-=:----= =-=.=:-:-�-====------=--==-= · =:; = -�____:_:::::--===- ===:-=- -::::_-=--� --



TABLE 27 

MEAN NUMBER OF STRESS E P I SODE S - BASED ON THE T I B I A - FO R  BOTil 
SEXES AND TilE THREE AVERBUCH CEMETER I ES 

===-=--� 

Ceme t ery Sex N 

1 M 4 9  
1 F 3 3  
2 M 8 
2 F 5 
3 M 1 2  
3 F 9 

1 4 7  

r-1ean 

3 . 1 0 
2 . 2 7 
2 . 5 0 
1 .  6 0  
2 . 6 7  
2 . 6 7  

-==--===.= 

TAB LE 2 8  

R I GHT D I STAL TI BIA  HARR I S  L I NE MEA!'\ FOR ROlli SFXFS AND TIIE 
TIIREE AVERRUCH CH1FTERIES  

Cemet ery Sex N 

I M 3 7  
I F 2 3  
2 M 5 
2 F 3 
3 M 1 2  
3 F 5 

Mean 

1 .  95 
1 . 4 3  
1 . 8 0  
1 . 0 0  
1 . 8 3  
2 . 0 0  



( 8 8 . 3 7 percen t )  e xh i b i t  one or more l ines . A l arg er port ion o f  ma l e s  

( 9 2 . 59 p erc ent )  e xh i b i t  Harri s  l ines  than fema l e s  (8 1 . 2 5  p ercent ) . 

The average numb er o f  l in e s  expr e s s ed for Averbuch ma l es i s  1 . 9 p er 

1 4 R  

d i s t a l  t ib i a  wh i l e  fema l e s  averaged 1 .  5 .  Th e maximum numb er o f  1 ines 

expre s s e d  by Av erbuch mal es (7)  and fema l e s  (7)  is far l e s s  than that 

obs erv ed by McH enry ( 1 96 8 )  for the  C a l i forn i a  s er i e s  ( 20 )  and equ a l  to  

that found by Al l i son et  a l . ( 1 9 7 4 )  for a P eruv i an series  (7) . Th e 

breakdoh� of the  percentage o f  ind ividu a l s  a ccord in g t o  the  number o f  

l in e s  expre s s e d  i s  pre s ented i n  Tab l e  2 9 . N o  s t at i s t i c a l l y s ign i f i c ant 

d i ff eren c e  ex i s t s  b etween the  number of ma l e s  and fema l es who h ave no 

Harr i s  l in e s  and on e Harr i s  l ine . Howev er ,  of  tho s e  i nd i vi dua l s  who 

exh i b i t  mo re than two Harr i s  l in e s , the  ma l e s  ( 5 7 . 5  p ercent ) s i gn i f i c an t l y  

( p  � . 0 0 5 )  outnumber t h e  fema l e s ( 3 7 . 5  p ercent ) .  

The mo rb i d i ty at each ag e ,  a s  reflec t e d  hy the  ag e at wh ich the 

l in e s  form fo r both mal e s and fema l e s , is  presented in Tab l e  30  and 

i l l u s trat e d  in F igure 2 9 . Th e age int erval wh ich p o s s e s s e s  t h e  

great est  p ercent a g e  o f  individu a l s w i t h  Harr i s  l i n e s  (ma l e s  = 4 1 . 1 R 

p er c ent and fema l e s  = 35 . 4 2  p ercent ) i s  from b irth to 0 . 5  y ear . The 

l owe st p ercentage o f  ind ividu a l s  p o s s e s s in g  l in e s  (ma l e s  = 5 . 8 8  and 

femal e s = 2 . 0 8 )  o c curs in the 1 0 . 5  to 1 1 . 5  age int erva l . 

I n  conc l u s i on , few Averbuch inhab i t ant s were free o f  Harr i s  l ines . 

The fema l e s  at the s ite  app ear to  re spond d i fferent l y  t o  stress  than d o  

the ma l es . Th e p erc entage o f  mal es ( 9 2 . 5 9  p ercent ) \·.:i t h  l ines i n  the  

d i st a l  t ib i a  exceeds  that of  fema l e s  ( 8 1 . 2 5 p erc ent) . Th e ma l e s  p o s s e s s  

a s l ight l y  greater me an number o f  l in e s  ( 1 . 9 ) in t h e  d i st a l  t ib i a  t h an 



No . o f  

0 

1 

2 

3 

4 

5 

6 

7 

TABLF. 2 9  

PERCENTAGE O F  AVERBUCH MALES Ai\D FFHI\ L F. S  POSSESSING VAR IOUS 
l\TUMBF.RS OF HARRI S L I NES IN R I GHT D I STAL T I B I AF 

r.lal e s (n = 5 4 )  Fema l e s  ( n  
L ines n % n 

4 7 . 4 6 

1 9  3 5 . 2  1 4  

1 8  3 3 . 3  8 

8 1 4 . 8  2 

3 5 . 6  1 

1 1 . 9 0 

0 0 . 0  0 

1 1 . 9 1 

1 4 9  

= 3 2 )  
% 

1 15 . 8  

4 3 . 8  

2 5 . 0  

6 . 3  

3 . 1  

0 . 0  

0 . 0  

3 . 1  
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TABLE 3 0  

PERCENTAGE O F  AVERBUCH MALES AND F H1ALFS POSSESS I NG HARRIS 
L INES FOR AGE I NTERVALS B FnVFFN B I RTH AND SEVENTEEN 

AND ONE HALF Y EARS 

-=..=--=-·--=--

Mal e s  (n  = 68 ) Fema l es (n  = 4 8 ) 
Ag e (Years) n % n % 

NB - . 5  2 8  4 1 . 1 8 1 7  3 5 . 4 2  

. s - 1 . 5 1 1  1 6 . 1 8  7 1 4 . 5 8 

1 . 5 - 2 . 5  1 2  1 7 . 6 5 7 1 4 . 5 8 

2 . 5 - 3 . 5 9 1 3 . 24 9 1 8 . 7 5 

3 . 5 - 4 . 5 1 0  1 4 . 7 1  8 1 11 . 67 

4 . 5 - 5 . 5  1 3  1 9 . 2 1 1 1  2 2 . 9 2 

5 . 5 - 6 . 5  1 1  1 6 . 1 8 1 0  2 0 . 8 3 

6 . 5  - 7 . 5  1 3  1 9 . 2 1 2 4 . 6 7 

7 . 5 - 8 . 5  7 1 0 . 2 9 3 6 . 2 5 

8 . 5 - 9 . 5  6 8 . 8 2 7 1 4 . 5 8  

9 . 5 - 1 0 . 5  6 8 . 8 2  2 4 . 1 7 

1 0 . 5  - 1 1 . 5  4 5 . 8 8 1 2 . 0 8 

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

1 2 . 5  - 1 3 . 5  5 7 . 3 5  4 8 . 3 :\  

1 3 . 5  - 1 4 . 5  7 1 0 . 29 8 1 6 . 6 7 

1 4 . 5  - 1 5 . 5  9 1 3 . 24 6 1 2 . 5 0 

1 5 . 5  - 1 6 . 5  6 8 . 8 2 1 2 . 0 8 

1 6 . 5  - 1 7 . 5  9 1 3 . 24 0 0 . 0 0 
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the  femal e s  ( 1 . 5 ) . Al s o ,  the mean number o f  syre ss  ep i sodes , as  

expres s ed by ob s ervat i on s  made o f  both  l eft  and r i ght t ib iae , i s  

grea t er in mal e s  ( 2 . 96 )  than in  fema l e s  ( 2 . 2 7 ) . A l though t h e  male  

values  exceed tho s e  o f  the fema l e ,  the  d iver s i t y  is  not  s t at i s t i ca l l y  

s i gn i fi c an t  when subj ect ed t o  ch i square and t - t e s t s . The only s i gn i f i -

c ant d i fference  (p � . 005)  i s  b etween th e number of ma l e s  ( 5 7 . 5  p ercen t )  

and f ema le s  ( 3 7 . 5  percent)  who po s s e s s  two or more Har r i s  l ines in  

their d i st a l  t ib i ae . These resu l t s  ind icate Averbuch males  were more 

s ev ere l y  stres sed than fema l e s . However , s im i l ar findings are sugg e s t ed 

b y  St einbock ( 1 9 76 : 4 7 ) t o  

. . .  support t h e  bel i ef that boys are more vu l n erab l e  
t o  env i ronmenta l  insu l t s  or  may reflect  the great er rat e 
o f  subperiosteal  appos i t i on and l inear growth o f  bone in  
boys . ( Gam et a l . ,  1 9 6 8 ; Gindhart , 1 96 9 )  

The ag e spe c i f i c  patt ern of  morb id ity a s  expre s s ed by the p ercentage 

of Harris l ine s  pre sent at  e ach age  interv a l  ( F igure 29) m im i c s  to  some 

extent the mo rt a l i t y  profi l e  of  the subadu l t s  presented in the prev ious 

chapt er . A l arger p erc entag e  of  ind ividu a l s  exh ib i t  l ines  prior t o  7 . 5  

years o f  age than between 7 . 5  and 1 7 . 5  years . A l so , the  mo st stre s s ed 

o f  the  age interva l s  i s  from b irth t o  s i x  months  and the l ea s t  stres sed 

int erv a l  is from 1 0 . 5  to  1 1 . 5  years . 

Of maj or concern i s  the r e l a t ion ship o f  Harris  l ines between the 

three ceme t er ie s  a s  this  may refl ec t  the temporal  behavior of  stress 

at  Averbuch . Howev er,  the anal ys i s  o f  variance t e s t s  indicate d i st a l  

t ib i a  l ine s  and t h e  number of  s t re s s  epi sodes d o  n o t  d i ffer stat i st ic a l l y  

be tween the  t hree c eme t erie s . Thus ,  the  Harr i s l ine  d at a  indicat e 



Averbuch inhab it an t s  experi enced cons id erab l e  stress  that remained 

cons t ant throughout the  longevi t y  o f  the  v i l l age . 

Enamel  Hypopl as ia 

1 5 3  

A s  with th e stature and Harr i s  l ine dat a ,  a n  ana lys i s  o f  vari ance 

is  u t i l i zed to  d e t ermine the  relat ionship of the three cemeteries on the  

bas i s  o f  en ame l hypop l as i a . Th e dep endent var i ab l e s  are the numb er of  

str es s  epi sodes represented by the  pre sence o f  ename l hypop l as i a  in the  

dent i t ion . Th e independent variab l e s are sex and cemetery . 

Tab l e  3 1  present s an ana l y s i s  o f  variance for the  number of  stre s s  

epi sodes . The F va lue o f  2 . 3 2 i s  s igni fi cant (p  = 0 . 04 7 0 )  and an 

inspect ion of the  c omponents suggest  that neither sex nor cemet ery al one 

are re spon s i b l e for this  d i fferenc e . However , the int er ac t i on of s ex 

and cemetery produc e an F v alue o f  3 . 3 9 wh i ch i s  s i gn i fi c ant at t h e  

0 . 0 3 6 8  l eve l . Factors respon s i b l e  for this  s ign i f i c ance arc best  

int erpreted by examining Tab l e  32 . Th e mean numb e r  o f  stres s ep i sodes 

i s  g reater for Cemet ery 1 fema l e s than mal e s whereas t h i s r e l at ion s h ip 

i s  reversed for the  mal e s  and fema l e s  from Cemeteries  2 and 3 .  Such a 

reversal  cou l d  produce the ceme t ery/ s ex d i fferen c e . 

A t otal  of  5 7  re lat ive l y  comp l et e  dent i t ions i s  examined and l ines 

o f  ename l hypop l as i a  are found in 9 1 . 2  percent (n = 5 2 )  of  the  c ases . Of 

tho s e  pos se s s ing this  pathol ogy , 9 2 . 6  p ercent are ma l e  and 9 0 . 0  p ercent 

are femal e .  The occurrence  o f  these l ines in the  adu l t mand ibu l ar c an ines  

is  a l so examined and a l arg er number of  mal e s  ( 9 2 . 7 9 percen t )  than femal e s  

( 8 8 . 29 percen t )  possess  them . Tab l e  3 3  provides t h e  percent ages o f  ma l e s  

and femal e s  possessing  l ines between b irth and 1 2 . 5  years and F igure 3 0  



TABLE 3 1 

ANALY S I S  O F  VARIANCE FOR TilE TOTAL NmlBER O F  STRESS EP I SODES 
EXPERI ENCE D ,  AS EXPRESSED RY ENAHF L HYPOPLAS I A ,  IN 

BOTH SEXES AND THE THREE AVE RBUCH C EME TERI ES 

Source D F  Sum o f  Squares Mean Square F Va l ue 

Mod e l  5 1 7 . 6 9 3 . 5 4 2 . 3 2  
Error 1 2 8 1 9 5 . 6 0 1 . 5 3  

Type I 
CHI 2 5 . 0 8 2 . 5 4  1 . 66 
SEX 1 2 . 2 6 2 . 2 6 1 . 4 8  
CEWSEX 2 1 0 . 3 6 5 . 1 8 3 . 3 9 

Type I V  
CEM 2 4 . 64 2 . 3 2 1 .  5 2  
SEX 1 0 . 4 7  0 . 4 7  0 . 3 1  
C HI* SEX 2 1 0 . 36 5 . 1 8  3 . 3 9 

1 5 4  

p 
0 . 05 

() . 1 9  
0 . 2 3 
0 . 04 

0 . 2 2 
0 . 5 8 
0 . 04 

.�-==-=- �-:-=�=- · 

TABLE 3 2  

MEAN NUMBER OF STPESS E P I SODES -BASFD O N  Al'J FXAM I !'JAT I ON O F  
ENAMEL HYPOPLAS I A  I l'J THF DENT I T I ON A S  A WHOLE-

FOR BOTH SEXES AND T H F  nmFE 
AVFRBUCI-1 C E��TER I FS 

===�==== === =�-= = ==-===- =- �= 

C emetery Sex n 

1 M 4 8  
1 F 4 2  
2 M 9 
2 F 9 
3 M 1 1  
3 F 1 5  

Mean 

1 . 3 8 
1 .  9 8  
2 . 3 3 
1 .  3 3  
2 . 1 8  
2 . 1 3  



Age 

N B  

. 5  

1 . 5 

2 . 5 

3 . 5 

4 . 5 

5 . 5  

TABLE 33 

PERCENTAGE OF AVERBUCH MALES AND FH1ALES POSSESS ING LI KES O F  
ENAMEL HYPOPLAS IA FOR AGf INTERVALS RF.TWEFN B IRTH AND 

TWELVE AND ONE HALF Y EARS 

1 5 5  

=-�-----::= -=-�-=-=--=._.:;--" .=- - -;_�- =--==-::::::-=-- =--=:: 

Mal e s  ( n  = 2 8 )  Femal es (n = 2 9 )  
(Years)  n % n % 

. 5  4 1 4 . 29 3 1 0 . 3 4 

- 1 . 5 9 3 2 . 1 4 4 ] 3 . 7 9 

- 2 . 5 1 6  5 7 . 1 4 8 2 7 . 5 9 

- 3 . 5 1 3  4 6 . 4 3 2 2  7 5 . 8 6 

- 4 . 5  8 2 8 . 5 7  1 4  4 R . 28 

- 5 . 5  1 3 . 5 7  1 3  44 . 8 3 

- 1 2 . 5  1 3 . 5 7 2 6 . 90 
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prov i d e s  a n  i l lustrati on o f  t h i s . Stre ss  i n  t h e  Av erbuch seri es , a s  

expr es sed b y  ename l hypopl a si a ,  i s  most pronounced from b irth t o  5 . 5  

years o f  age and a l mo s t  nonex i s t ent between 5 . 5 and 1 2 . 5  years o f  age . 

On l y  two o f  2 9  fema l e s  ( 6 . 90 perc ent ) and one o f  28  ma l e s ( 3 . 5 7 percent)  

p os ses s  l ines o f  ename l hypopl a s i a  that formed after  5 . 5 years o f  age . 

The l ine attribut ed to  the one mal e  formed at 1 1 . 5  to 1 2 . 5  years whi l e  

both femal e s  po s s e s s  l ines that formed a t  5 . 5  t o  6 . 5  years . The 2 . 5  t o  

3 . 5  age int erval exhib its  the h i ghest p erc entage o f  ind ividuals  with 

l ines  of ename l hyp op l as ia . A l s o ,  prior to 2 . 5  years of age , a great er 

p ercen t ag e  o f  male s  express  t h i s  patho logy than fema l e s . However , aft er 

2 . 5  femal e s demonstrate a h igher frequence  o f  l ines than ma l e s . On l y  

a t  4 . 5  to 5 . 5 years of age does t h e  frequency o f  ma l e s  and femal es  

d i ffer s igni f i c ant l y  (p > . 00 5 ) . At t h is age � . 5 7  p ercent o f  the mal e s  

p o s s e s s  l ines  a s  compared t o  4 4 . 8 3  percent o f  t h e  femal es . 

I n  conc lus ion , analy s i s  o f  variance o f  the number o f  stress epi sodes  

represen ted by the presence of  ename l h)�op l a s i a  in d ent it ion i s  s i gn i f i ­

cant a t  the . OS l evel . A c l o s e  examinat ion ind i c at e s  neither sex nor 

cemet ery component s produced t h i s  d i fferenc e ;  r a t h e r ,  the interrel at ionsh ip 

betwe en these components i s  respons ib l e . The d i fferenc e i s  produ ced by 

a rev ersal  in t he number of s ex spec i f i c  stress  ep i sodes  b etween the 

three c emeter i e s . C emet ery 1 femal es express  a grea t er mean number o f  

stress episodes  than d o  t h e  ma l e s ; however , i n  Cemeter i e s 2 and 3 the 

oppo s ite  i s  found . 

Enamel hypo p l a s ia in adu l t  mandibu l ar c an ines (the  cro�� of wh ich 

forms between b irth and 4 . 5  years o f  age) occurs in 93 percent o f  the 



ma l e s  and 8 8  p erc ent o f  the fema l e s . Th i s  h igh occurrenc e  reflects  

con s iderab l e  stress experienced by Averbuch inhab itan t s  during their 

first  few years o f  l i fe . The pe rcentage o f  occurrence accord ing to 

age indicat e s  the 2 . 5 to 3 . 5  group experienced the great est amount of 

stres s .  Th i s  may ref l ec t  the age at wh ich ch i l dren were weaned . At 

wean ing , the ch i l d  i s  stres s ed not only from ma lnutrit ion but a l s o  

1 5 8 

from an introduct ion of a new diet  wh ich may subj ect them to para s i t e s  

and h armfu l microorgan i sms . In  add i t ion , with the exc ept ion of  the 

b i rth to . 5  age interv a l ,  the ma l e  and fema l e  r e l at ion sh ip expre s s ed 

i n  F igure 3 0 ,  page 1 5 6 ,  for each o f  the int erval s  from . 5  to 6 . 5  

corre spond w i th those as certain ed from Harri s  l ine  data (see  Figure 29 , 

page 1 5 1 ) . The percentage o f  ma l es s tre ssed exceeds the fema l e s  for the 

age interva l s  of . 5  to 1 . 5 and 1 . 5  to 2 . 5 .  However , more fema l es 

are s tres s ed than mal es between the a ges o f  2 . 5  and 6 . 5 .  

Al though o ther e xp l anations e xi s t , two as sumptions may be used to 

account for thi s :  

I .  mal e i n fants an d ch i l dren are more susceptib l e  to s tre s s  

than fema l es . 

2 .  mal e  i n fants  and ch i l dren were more h i gh l y  pri zed th an 

femal es at the Averbuch s i te . 

I f  these two assumption s  are accepted , then i t  may fo l low that increased 

attention d irected toward mal e  chi l dren resul ted i n  th e mal es  being l es s  

s tressed than the fema l e s . The fact that more ma l es between . 5  and 2 . 5  

years o f  age were s tres sed than femal e s  may reflect  the abi l i ty o f  the 

femal e s  to withstand stre s s . The revers a l  i n  the mal e / fema l e  re l at i onship 
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from 2 . 5  to 6 . 5  may correl at e  with the t ime when t h e  ch i l d  becomes mo re 

pos s e s s ive and demand ing . Perhaps , the increased d eman d s  for food and 

a t tent i on by the  mal e chi l d  rece ived increased adu l t  indu l gence at the 

expense o f  the  femal e  chi l dren . 

I V . SUMMARY AND CONC LUS I ON 

Stature , Harris  l ines and ename l hypop l a s i a  are ut i l i zed as 

indi cators of  b i o logical  stress at the Averbuch s it e .  Th e f i rst s t ep in 

t h i s  ana lys i s  was to examine the int erre l at ionship of the se three 

indicators . An SPSS package program ( SCATTERGRAM) with the  subprogram 

for Pearson product -moment correl at i on i s  used for th i s  purpo se . Th e 

re su l t s  of  t h i s  examinat ion i nd icate none of  the corre l at ion coef f i c i ents  

a r e  s ignifi c an t  at  the . O S l evel  for e i ther sex . Thus each  o f  the  t hree 

ind i cators appear to  behave independent of one another . 

The l ac k  o f  corre l a t i on between st ature and the number of  Harr i s  

l in es ,  o r  t h e  number of stre ss  epi s odes a s  expressed b y  Harris  l ines , 

was f i rst thought to  be  a product of  Harr i s  l in e  resorpt ion with age . 

f�wever,  an examinat i on o f  the interre l at ionsh ip o f  Harr i s  l in e  number 

and age revea l s  no s igni fican t  corre l at i on . Th e best  exp l anat ion for 

there being  no corr e l at i on between st ature and Harr i s  l ines is that 

ado l e scent catch-up g rowt h  may compensate for growth arrest  dur ing 

ch i l dhood . Th i s  may a l s o  account for t h e  l ack of  corre l at i on b etween 

s t ature and severity of ename l hypop l a s i a  as expre ssed by t he permanent 

mand ibul ar c anines . 

No s ignificant corr e l at ion exi s t s  between Harri s l i n e  number  and 

enamel  hypop l as i a  severity . S imi l ar l y ,  there i s  no corre l at ion between 



1 60 

the number o f  s tress epi sodes as  expre ssed by Harr i s  l ines and the 

number  represented by ename l hypop l as i a . Al though many exp l an at ions 

may be o ffered for thi s , i t  i s  con j ecture d that individua l s  may respond 

to s tress  d i fferent l y . Some individu a l s  may produce both Harris l ines 

and ename l hypopl as ia l ines , wh i l e  others may re spond with only one of  

t h e  two . A se cond po s s ib i l ity  i s  that bone and enamel may b e  

sus cep t ib l e  to such patho log ies  on l y  during certain periods o f  their  

d eve l opment . Thus a bone or tooth must b e  in a part i cul ar stage o f  

deve l opment for Harr i s  l ine s o r  l ines o f  ename l hypop l as i a  to  form . I f  

s tress i s  o f  short duration , perhaps the se sus cep t i b l e  periods do not 

coincide . Even s o , it is fe l t  that both Harr i s  U nes and l ines o f  

ename l hypop l as i a  prov i de an adequate means for eva lua t ing popul at i on 

stress and the nature of  that s tress . 

I n  general ,  ename l hypop l as i a  and Harr i s  l ine data indi c ate th a t  

the Averbuch popu l ation exper i enced widespre ad envi ronment a l  stre s s . 

Lines  o f  ename l hyp op l as i a  formed i n  9 3  percent o f  the ma l es and 8 8  

percent o f  the femal es during the first 4 . 5  ye ars of  l i fe .  Dis t a l  

t ib i ae exhi b i t e d  Harr i s  l ines i n  9 3  percent of  the ma l es and 8 1  percent 

of the fema l es . The nature o f  stre s s  does not appe ar to h ave been 

sea sonal ,  rather it is a resul t of spor a t i c  acute periods . Mal e s  

averaged 1 . 9 Harris l ine s i n  the d i s t a l  tib i a  and femal es 1 . 5 l i nes . The 

mean number of  stre ss  ep i sodes as expressed by the Harri s U nes was 2 .  9 

for mal es and 2 . 3  for females  wh i l e  the mean number expressed  by ename l 

hypop l as i a  was 2 . 0  for ma l es and 1 . 8 for fema l es . Stature a t  Averbuch 

is among the h i ghe st  reported for an American Ind i an skel et a l  s e ri e s . 
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Thi s  i s  incon s i s tent with the Harri s  l ine and ename l hypop l as i a  data and 

may be due to ado l e s cent catch -up growth masking growth arrest duri n g  

infancy and chi ldhood . These  resul ts  suggest that s tature i s  a 

questionab l e  approach in the s tudy o f  b i o l o g i c a l  stress . 

Tempora l dynamics  of  s tress at Averbuch was a l s o  examined . The 

occurrence of  each o f  the three stress indi cators-- short s t ature , 

Harris  l ines  and ename l hypop l as i a--was tested with an an alysis  o f  

v ar i ance and n o  s igni fi c ant d ifference  cou l d  b e  demonstrated between 

the cemet eries . Since Cemet ery 3 pred ates Cemet ery 1 ,  it  may be 

conc luded that stress ne ither increased nor decreased during the 1 5  to 

2 5  years of occupat ion . B i o logica l stress at Av erhuch was experi enced 

by the  maj or ity of inhabi tant s and rema ined h igh throughout the 

existence of the s it e . Both Harr i s  l ine and enamel  hypop l as i a  data 

suggest that mal es were more stre s s ed than fema l e s . However , the 

ana l ys i s  o f  variance tests  fa i l ed to demonstrat e a s igni f i cant d i fferenc e . 

An exam inat ion of  th e age spec i f i c  morbid ity ind i c ates a genera l 

corre spondence between periods of  stre s s ,  as  det ermined by the Harri s  

l ine and ename l hypop l as i a  data , and the subadu lt mo rta l ity curve 

pre s ented in  t h e  previous chapter . In  genera l , a l arger p ercentage 

of i nd ividual s  expre ss  l ines prior to 7 . 5  years of age than those 

indiv i du a l s  betwe en 7 . 5 and 1 7 . 5  years . Harris  l in e  data indic at e  the 

most stres sed age interval was from b i rth to . 5  years and the l east  

stres sed interva l was from 1 0 . 5  to 1 1 . 5  years . Even in  modern techno l o ­

g ic a l l y  advanc ed soc i eties  the f irst one h a l f  year of l ife repres ent s 

one o f  the h ighest r i sk groups . Thus ,  it  i s  not surpri s ing that th i s  
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i s  r ef l ected b y  the Harri s l ine data , as  we l l  a s  the mort a l i t y  curves 

of the Averbuch serie s . Enamel hypop l as i a  data indicate the mos t  

stre s s ed age was 2 . 5  t o  3 . 5  ye ars . The 2 . 5  to  3 . 5  age interv a l  may 

repre s en t  stres s resu l ting from weaning , and the ma lnutriti on and poor 

heal th whi ch may ac company i t .  

O f  those ind i vidua l s  who express  Harri s  l ines and/or ename l 

hypop l a s i a ,  the percenta ge o f  s tressed mal e s exceeds s t ressed  fema l e s  

from . 5  t o  2 . 5  years o f  age . However , from 2 . 5  to  6 . 5  years  the 

percentage of s tres sed fema l e s  exceeds the mal es . Thi s  revers a l  in 

the mal e  to  femal e  re l ati onship at  2 . 5  years of age may corre l ate with 

a time when the chi l dren were weaned and were beginn i ng to as sert 

thei r  independence . Perhap s ma l e  chi l dren were more h i gh l y  pri z ed at 

Averbuch than fema l e  chi l dren . I f  this  were the c a s e ,  pos s i b l y  the 

demands of  the mal e  chi l d  for food and attention were met at the 

e xpense o f  the fema l e ' s  we l l -being . 



CHAPTER V I  

OSTEOLOG I CAL EV I D ENCE OF SCALP ING AT THE 

AVERBUCH S I TE ( 4 0DV6 0 )  

I .  INTRODUCT I ON 

S c a l p ing h a s  l on g  been a s so c i at ed wi th war fare and c on f l i c t  among 

Ameri can Ind i an s . Ethnograph i c  referenc es  to  sc a l p ing are not uncommon 

and much i s  wri t t en on i t s  origin  and d i s t ri bu t ion . Kn owl e s  ( 1 9 4 0 : 1 S S )  

s t a t e s  that : "Mo s t  o f  the  mat eri a l  a s s o c i at ed with the  war c omp l ex was 

of a peri shab l e  nature , thus prec luding the po s s ib i l i t y  of archaeo l og i c a l  

evidenc e . "  Al though th i s  i s  bas i c a l l y  true , s ev eral s tud i e s  pro v i d e  

o s t e o l o g i c a l  evidence o f  warfare and s c a l p ing (Neumann , 1 94 0 ; Hoyrne 

and B as s ,  1 9 6 2 ; Ows l ey and Berryman , 1 9 7 5 ; Ows l ey et a l . ,  1 9 7 8 ; Snow, 

1 94 1 , 1 94 2 ;  W i l l ey and Bas s ,  1 9 7 8 ) . Archaeo l o gi ca l  e xcavat i on 

at t h e  Av erbuch s it e  near Nashv i l l e ,  produced s evera l ske l etons 

that exh ibit  ev i d ence of  trauma induc ed hy confl ict . The o s t e o l o g i c a l  

evidence and ethnograph i c  rec ord w i l l  b e  d i scu s s ed in  reference to  

the s e new find s . 

Bur i a l  2 7 7A : 

S ex : t-.fal e  

Ag e :  2 5 - 2 9 

Cemetery : 1 

I I . DESC R I PTI ON OF SKELETAL TRAUMA 
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Ev idence  o f  s c a l p ing appe ars a s  cut marks on the front a l , 

pari etal  and o c c ip it a l  bon e s  ( F igure 3 1 ) . Th e front a l  b one exhib i t s  

two areas  of  cut t ing  o n  t h e  r ight s id e  n ear t h e  c orona l  suture . The 

l e ft pari etal  has a l ong , d i scont inuou s cut that app ears abov e the  

po s t erior aspect o f  the squamo s a l  suture . Short er , more  d e l i c a t e  

cut s  are found superior to  t h i s  one . A c ont i nu at ion o f  the  cut s on 

the  fron t a l  bone is found on the right pariet a l  near the corona l 

suture . A l s o ,  s hort , fa int cut s  appe ar in the  post erior one-th ird o f  

t h e  r i ght par i e t a l  near the l ambdo id a l  and sag i t t a l  sutures . Th e 

o c c i p i t a l  e xh i b i t s  one ind i s t inct cut at l ambda and two short , d e ep 

cuts near the ext erna l o c c ip i t a l  protuberance . The ma j ority o f  the 

cut s  over the  crania l vau l t  are short , and appear in groups o f  two 

or three para l l e l  l in e s . 

A port i on o f  a proj ect i l e  po int i s  embedded in th e s ixth cerv ic a l  

vert ebra ( F i gure 3 2 ) . Th e proj ect i l e  po int ent ered the b ack o f  the 

indi vidual ' s  neck and shat t ered on i mpac t ,  l eaving the t ip in the 

post erior a spect o f  the neura l arch at th e bas e and t o  the l eft o f  the  

sp inou s proc e s s . Th e t ip of the proj ect i l e  po int does not penetrat e 

the neu ral a rch ; howeve r ,  striations ext end ing from the po int o f  impact 

to the superior marg in of the arch ind i c at e  t hat fra gmen t s  o f  the 

proj ect i l e  may h av e  ent ere d  the  spinal cord . Th e shock o f  the  impact 

alone  woul d  have probab l y  rendered t h e  ind iv idual uncon sc ious and if 

the spinal  cord h ad been s ev ered i t  wou l d  h av e  c ert a i n l y  p ara l y z ed i f  

not k i l l ed t h e  individua l . 

Cut mark s a re a l so  found on the  post erior p art o f  three rib s -- t wo 

right and one l eft -- from the  midthorac ic area ( F i gure 3 3 ) . I t  i s  



F i gure 3 1 . Cut marks on l e ft par i e ta l  of skul l o f  bur i a l  2 7 7A .  

F i gure 3 2 . Proj ecti l e  po int tip embedded in the n eural arch o f  
t h e  s i xth cerv i ca l  vertebra o f  bur i a l  2 7 7A .  
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F i gure 33 . Cut mark s on rib fragment s  from mid- thoracic area 
of bur i a l  2 7 7A .  
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uncert ain whe ther these  repr e s ent wound s from proj ect i l e  po int s or a 

kn i f e . P enetrat i on in this  area woul d  h av e  punctured the lung s . No 

ev iden c e  of  h e a l ing i s  a s soc iated with the trauma exh ib i t ed by t h i s  

s k e l eton . 

Of  the  art ifacts a s so c i at ed with bur i a l  277A,  a pro j ect i l e  point 

recovered from b eneath the sku l l  d e s e rv e s  spec i a l  no t e . Th e t ip o f  
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t h e  proj e c t i l e  i s  broken from imp ac t . Since the mat erial  from wh ich i t  

i s  made d i ffers from that embedded in  t h e  cerv i c a l  vert ebra , it  may 

represent a s econd proj ect i l e  po int shot into the body o f  the v i c t im . 

Buri a l  2 7 0A : 

Sex : Femal e  

Age : 1 8 . 5 - 1 9 . 5  

C emetery : 1 

Th e s ku l l  o f  burial  2 70A i s  fragmented and inc omp l et e ; however , 

two fragment s of  r ight parietal  exh ibit  s evera l d e ep cuts . The s e  cut s 

appear as group s o f  para l l e l  l ines  that b i s ect  the t empo ral l ine . 

They are a l so  pre s ent above the  po s t erior ha l f  o f  the squ amo s a l  suture . 

Buri a l  4 1 7A :  

Sex : F ema l e  

Ag e : 3 0 - 34 

C emet ery : 1 

The front a l  bone exhib i t s  a s in g l e  cut that b i s ec t s  the l eft 

t emporal l in e  approximat e l y  25 mm above the eye orb i t  ( Fi gure 3 4 ) . 

Two poor l y  defined cut mark s  are pres ent on the l eft par i e t a l  near t h e  



F i gure 34 . Groove produced by infection on the frontal bone o f  
bur i a l  4 1 7A .  
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l ambd o i d a l  suture , and s everal s im i l ar cut s appear a l ong the  l ambd o ida l 

suture o f  the  r ight p ar i et a l . Both t emporal bones have cut s  superior 

to  the mastoid  proc e s ses , and severa l l on g  cut s are found a l ong the  

s quamo s a l  suture o f  the  l eft t empora l .  rut s  on the occ ipi t a l  are 

l im i t e d  to the  l e ft s id e  o f  the  bone , p r imari l y  the nuch a l  are a .  

The out e r  t ab l e  exh i b i t s  ev idence o f  in fect ion that ext ends from 

t h e  fron t a l  bone to  the parieta l s  and the  superior aspect of t h e  

o c c i p i ta l . Th e bony react i on appears a s  a narrow groove wh i c h  t ran s e c t s  

the  frontal  bone above the brow r i d g e s  and widens i n t o  areas of  p i t t ing 

as i t  proceeds  post er i or l y .  Mo derat e p i t t ing appear s pri mar i l y 

superior to  the t emporal l ines , and affects l e s s  than h a l f of the t op 

of the  sku l l .  

A h e a l ed frac ture o f  the r i ght nasal  bone and max i l l a , near the  

nasomax i l l ary suture i s  a l so ev i d en t . Th e re l at i onship  o f  t h i s  

patho l o gy t o  t h e  cut marks i s  uncert a in ; howev er ,  i t  l ik e l y  repre sents 

a s eparate and ear l i er episod e . 

Buri a l  5 8 5 : 

Sex : Mal e 

Ag e : 2 5 - 29 

Ceme t e ry : 3 

A narrow groove produc ed by infec t i on b i sects  the front a l  bon e 

approx imat e l y  midway , and fo l l ows the super i or marg in o f  both l eft and 

right t emporal  l in e s  ( F i gure 3 5 ) . The groove i s  ob l i t erat ed in the 

post erior aspect of the s ku l l  by weathering . Th e super i o r  port i on o f  

the sku l l  exh i b i t s  n o  ind i cat i on o f  bony reac t i on . 



1 7 0  

F i gure 35 . Groove produced by infe ction and as s o c i ated cut marks 
whi ch appe ar on the frontal b one of bur i a l  5 85 . 



Two rows of  cut mark s appear superior and para l l e l to  the  

groove on the  fron t a l  bone . Add i t ion a l  cut s are pres ent on the  

pos t erior part o f  the right p ar i e t a l  above the t empora l  l ine . 

Bur i a l  5 6 1 B :  

Sex : Mal e  

Ag e :  4 0 - 4 9  

C emet ery : 3 

The outer t ab l e  of the sku l l  exh i b i t s  irregu l a r  eros ion and 

s c l ero s i s  that ext end s from the super ior hal f of the front a l  bone 
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to  l ambda ,  and i s  l imited l at e ra l l y  by th e t empo ral l ines  ( F i gure 3 n ) . 
Sma l l  "p inhead s i ze" p i t s  or ho l e s  are d i stribut ed on t he inner t ab l e  

i n  a pattern ref l ect ing that o f  the  out er tab l e . A thorough exam inat ion 

of the  cranium produces no ev idence of  cutt ing . 

Bur i a l  6 7 9 : 

Sex : Mal e 

Age : 3 0 - 3 4  

Cemetery : 3 

A l t hough the sku l l  i s  fragmen t ed , a groove o f  o s t eit i s  s imi l ar to  

that of the Moundv i l l e  sku l l  descr ibed by Snow ( 1 94 1 )  is  detectab l e  

( F i gure 3 7 ) . The groove traverses the right parieta l ,  from the coron a l  

to the  l ambdoid al  suture,  approx imat e l y  30  mm above th e s quamo sal  suture . 

I t  cont inues acro s s  the superior aspect o f  th e o c c i p i t a l  bone  to the  

l eft  p ari eta l where i t  is  ob l it erat ed by  poor pres ervat ion . Th e groove 

morpho logy is ident i c a l  to  that dep i c t ed photograph i c al l y  by Snow ( 1 9 4 1 ) . 
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F i gure 36 . I rregu l ar eros ion o f  the outer tab l e  o f  the s ku l l from 
bur i a l  5 6 1 8 .  

F i gure 37 . Groove o f  o s t e i t i s  on the r i ght pari e t al o f  bur i a l  679 . 
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The apex of  the  s ku l l  app ears unaffected by infect ion ; however,  

two sma l l cut  mark s of  uncer t a in origin appear on one of  the  pari et a l  

fragmen t s . Since none o f  the other cran i a l  fragment s  pos ses s cut s ,  i t  

i s  que s t ionab l e  whether thes e may b e  ascr ibed t o  scalping . Unfo rtunat e l y ,  

t h e  fragmented condit ion o f  t h e  sku l l l im i t s  further int erpret at ion . 

I I I .  D I SCUSSION 

Scalping cons i s t s of  the remova l  o f  hair and underlying soft 

t i s sue from the t op and back  o f  the  head . Ada ir ( 1 7 7 5 : 3 8 7 - 3R 8 )  

d escribes t h i s  proc edure : 

They s e i z e  the head o f  the d i s ab l ed , or dead person ,, 
and p l ac ing  one of their feet  on the  neck , they with one 
h and twisted  in the h a i r ,  ext end it as  far as they c an -­
with the other hand , th e barab arou s art i st s  speed l y  draw 
their l ong sharp -pointed s c a l p ing knife  out of a sheath 
from their breas t , give a s l ash round the top o f  the 
sku l l  and with a few d ext erous scoop s ,  s oon s t r ip i t  o ff . 
They are so exped it ious as t o  t ak e  off a s c a l p  in two 
minute s . 

O s t eo l o g i c a l  evidenc e has been present ed (Neumann , 1 940 ; Ows l ey and 

Berryman , 1 9 7 5 )  wh ich sugge s t s  that some v i ct ims we re p l ac ed face 

down as Ada i r  describes . 

The cut pattern of  buri a l  5 8 5  i s  a l so suggest ive of  th i s  

proc edure ; cut s  are deeper and occur i n  grea ter frequency on the 

fron t a l  bon e ,  and pos s ib l y  represent  the  point where the  init i a l  

incis i on wa s mad e . The cut s  are in pairs and cont i nue back over the 

t op o f  the s kul l indicat ing the  d irect ion the scalp was removed . The 

pattern of  cut t ing  appearing on the cran i a  of  buri a l s  4 1 7A  and 2 7 7A 

varies  from that o f  burial  5 8 5  suggest ing the ini t i a l  cut s were made 



above th e  ear as  oppos ed t o  the forehead . Such findings a l so sug g e s t  

t h at the v i c t im w a s  not  a lways p l aced face down . 

I n  al l case s ,  t h e  cuts appear more preva l ent on one port ion o f  

t h e  sku l l  and decrea s e  o n  t h e  oppo s i t e  s ide . Th is  sugge s t s  t h at the 
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s c a l p  was ini t i a l l y  cut fr ee in  one  area of  the sku l l  and l arge l y  torn 

o ff in t h e  oppos i t e  d irec t i on . Var i at ion in cut pat t ern ,  locat ion , 

and frequency may ref l ec t  the pos i t ion of  the v i c t im as we l l  as the  

s ki l l  o f  the  scalper . 

Th e Ave rbuch cut s a l s o  v ary from a thin l ine t o  a bo l d  "groov e - 1 ike"  

mark . Such v ar i at ion resu l t s  not o n l y  from t h e  amount o f  forc e app l i ed 

by t h e  a s sa i l ant , bu t a l so t h e  type o f  knife u s ed . Mat erial s  used in 

knife manufac ture , prior to  Europ ean contac t ,  inc luded reeds ( Smith , 

1 90 7 : 8 0 ;  LeMoyn e , 1 8 7 5 : 7) ,  she l l  ( Smit h ,  1 907 : 80 )  and f l int (Neumann , 

1 94 0 : 2 87 ) . The Ave rbuch cut mark s d i ffer from tho s e  o b s erv ed by 

Ows l ey et a l . ( 1 9 7 7) in a South Dakot a  s eries  wh ich were at t r ibut ed 

t o  a meta l  knife . Hamperl ' s  ( 1 9 6 7 )  research ind i c a t e s  that a sharp 

knife may l eave no marks at a l l  on a s ku l l  un l e s s  the  b l ade  has be come 

dul l ed or notched . Averbuch cut s , charac t eri zed by re l at i ve l y short , 

para l l e l  l in e s ,  were l ik e l y  produced by the " s aw- l ik e "  act ion of a 

s tone knife . 

The low po s i t i on o f  many o f  the  cut marks on t h e  Averbuch cran i a  

ind i cate the maj or obj ective  was the  remova l  of  as much o f  the s c a l p  

a s  po s s i b l e .  Johnson ( 1 9 7 3 : 2 5 9 )  not e s  that the  Shawn e e  

. perform the proc e s s  o f  scalp ing without reg ard t o  
t h e  s iz e  o f  the port ion o f  skin  t aken from t h e  crown o f  
the head . I f ,  in the ir  has t e  to  cut i t  off , t h ey t ak e  
more t h an i s  suffi c i ent for t h e i r  purpo s e ,  they afterwards ,  



when at  l ei sure ,  pare i t  do�� in a round shape t o  th e 
d i amet e r  o f  about two inche s .  
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Th e Semino l e  have b e en obs erved to  d iv ide  scalps  amon g triba l members . 

The scalps  o f  the se v i ct ims to th e i r  rev en ge were cut into 
smal l p i ec e s ,  t o  sat i s fy the craving appe t i t e s  of a l l and 
to mak e known among th e i r  comrade s  their part i c ipat ion in  
a n  event . ( Sprague ,  1 9 64 : 89 )  

Vict ims o f  s c a l p ing thus far ob served at Av erhu ch cons i s t  of adu l t s  

o f  both sexes . The scalping of fema l e s  and ch i l dren wa s not  uncommon 

in h i s toric t imes and w a s  probab ly a preval ent pra c t ice  in prehi storic 

t imes . In  1 540 , Span i sh so l d iers were i n formed of a �fuskogean (po s s ib l y  

Apa l achee)  raid i n  wh ich men ,  women and ch i l dren were scalped ( Irving , 

1 8 69 : 2 1 4 ) . Accord ing to Spenc e ( 1 9 1 9 : 67 )  some t r ibes treat ed ma l e  

and f ema l e  scalps  d i fferent l y ;  eag l e  feathers were att ached t o  ma l e  

scalps  wh i l e  a comb or s c i s sors was suspend ed from the frame o f  a 

f emal e  scal p . 

Vic t ims o f  scalp ing were not a l ways k i l l ed prior to  the ev ent nor 

d id de at h  neces s ari l y  resu l t  from i t . Robert s on ( 1 8 5 5 : 4 4 7 - 4 4 8 )  

d e scribes t h e  p l ight of a man who ,  wh i l e  t rave l i ng i n  the Nashvi l l e 

area in January 1 78 0 , wa s sc a lped . 

. . . Dav i d  Hood , i n  pa s s in g  from the l ower t o  the upper 
fort was fired on by Ind ians in ambush at  the sul fur 
sprin g ,  in  the northern part of the  c i t y .  H e  was p i erced 
by three b a l l s ,  and f e l l on his fac e ,  apparent l y  dead . 
Th e Ind ian s  rushed on him and s c a l ped him , and st amped 
h im on the back of the  neck to d i s l o cate i t , and l eft  him,  
b e l i eving he wa s de ad . He l ay p erfec t l y  st i l l  for a l ong 
t ime , as i t  s e emed to him, and , when he b e l iev ed they had 
gon e ,  h e  c aut i ou s l y  peeped about , and c ou l d  no t see  them . 
He then got up , and s l ow l y  wended h i s  way toward the  upper 
fort . . .  ; but what mu s t  have b een h i s horror when get t ing 
near the top of the bank , he s aw the who l e  c ompany on the  
h i l l but a f ew  steps  from h im .  . . . He turned and t rotted 



back . . . , some four or five f iring at h im as he turned 
back , two b a l l s  wounding h im s l ight l y . They d id not 
a t tempt to  pursue h im . . . , and he  crept into the  
brushwood and l ay t h ere unt i l  men  went out from the fort s 
and found h i m ,  and conveyed h im in  . . . David  d id get  
we l l ,  and l ived to  a good o l d  age . 
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Addi t iona l cases  have been d i s cussed  by Bruesch ( 1 9 74 ) , Jout e l  ( 1 9 0 6 ) , 

Know l e s  ( 1 94 0 ) , and others . 

Surv ivors of  s calping were s o  common in East  and Midd l e  Tennessee  

during the e i ght e enth century that a surgical  t reatment was  o ft en 

emp loyed to fac i l i t at e  a cure . Robert son ( 1 8 5 5 : 44 8 )  d e s cribes t h i s  

p roc edure : 

Th i s  was to  p erforate the  outer t ab l e  o f  the s ku l l with a 
shoemak er ' s  awl over the  who l e  naked surface , mak ing these  
perforat ions pretty c l o s e  t ogether . Through the se  perfora­
t i on s ,  granu l at ions sprang up , and gradua l l y  spread ing , 
fina l ly a l l  un ited , and formed a cov eri ng of d enuded sku l l , 
before i t  shoul d d i e  an d exfo l i at e ,  and thus expo se  the  
brain . . . This  operat ion became , in  t i me , so common , 
that there were persons in every fort who pe rformed i t . 

O s t eo l o g i c a l  evidence o f  ind ividu a l s  who po s s ib ly surv ived s c a l p ing 

i s  presented by Hamper! and Laug h l in ( 1 95 9 ) , l'-1orse  ( 1 Y 7 3 ) , Ows l e y  and 

Berryman ( 1 9 7 5 ) , and Snow ( 1 9 4 1 ; 1 94 2 ) . Hamperl  ( 1 96 7  : 6 3 1 - 63 2 )  d e s cribes 

the bone changes experienced in such a ca se : 

Th e bone , deprived of i t s  perio s t eum , w i l l grad u a l ly 
ex s iccate in  i t s  superfic i a l  port ions and bec ome necro t ic 
. . . , an inflammatory granu l at ion t i s sue then separat e s  
i t  from d eeper l ayers o f  l iv in g  bone throu gh d e�arc at ion 
. . .  a new spongy bone t i s su e  . . .  is formed by the 
remaining inner bone l ayers , wh i ch i s  ev entua l l y c overed by 
reg enerat ing epidermi s  and the wound c l oses . 

The cran ium of buri a l  5 6 1 8  exhibi t s  s imi l a r  bone remode l ing and 

probab l y  repres ent s an add i t i on a l  ex amp l e  of an indiv i dua l  who surv ived 

the t rauma of  s c a l p ing . In  contrast , bur ial  2 7 7A ,  who obv iou s ly d i ed 
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at the t ime h e  was s c alped , shows no indi c at ion o f  hea l in g . However,  

bur i a l s  4 1 7A and 5 8 5  h ave cut marks  and s l ight s ign s o f  bone remod e l ing 

suggest ing survival  for a brief period fo l lowing the  ordea l . The 

patho l ogy in  both cases  appears as  a narrow groove wh ich  t rav ers e s  the 

fron t a l  bone and c ont inues to the post erior aspect of  the skul l where 

i t  b ecomes l e s s  d i s t inct ive . Snow ( 1 94 1 )  describes a cond i t ion � s imi l ar 

to that o f  burial  6 7 9 � in wh ich the sku l l  i s  enc i rc l ed by a g roove o f  

o s t e it i s . Accord ing  t o  Snow ( 1 9 4 1 : 5 5 ) 

The pos i t i on o f  th i s  groove immed iat e l y  suggested the 
po s s ib i l ity  that the Ind i an had been scalped and that 
in fec t i on had subsequent ly  set  in  at the l ine  of the 
cutt ing . 

Hamperl  ( 1 96 7 )  que st ions  the int erpret at ion o f  the Moundv i l l e  find , and 

no t e s  that i f  the  scalp and periosteum had been removed , more o f  the 

cran i a l  v au l t  woul d  h ave been subj ect to infec t ion . 

Buria l s  4 1 7A and 5 8 5  d iffer from Snow ' s  Moundv i l l e s ku l l  and 

sku l l 6 7 9  in that the groove s  are l e s s  pronounced and both sku l l s  

exh ib i t  cut s ind i cat iv e o f  scalping . Th e po s i t ion o f  the groove on 

s ku l l s  4 1 7A and 5 8 5  c ircumscribes an area ident ical  in pos it ion to  the 

remode l ed area found on sku l l  5 6 1 B .  1ne bony react ion , in a l l  three 

cran i a ,  invo lves  the superior h a l f  of the front a l  bone an d the 

par i et a l s  above the orig in of  the t empora l i s  mus c l e s . Al so , the cut 

mark s on the fron t a l  bone of  s ku l l 5 8 5  are para l l e l  to and s l ight ly  

above the groove . Perhaps burial s 4 1 7A and 5 8 5  may best  be  interpreted 

a s  demonstrat ing  the in i t i a l  bony re act ion experi enced by t he surv ivors 

of scalping . I f  either ind iv idual h ad survived for a l onger period o f  



t ime thei r  skul l wou l d  have experienced the remode l ing d e s cribed by 

Hamper! ( 19 6 7 )  and d emon strated by buri a l  S 6 1 B .  

I V . CONCLUS I ON 
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Th e ext ern a l  soc ial  interac t i on experienced by the Av erhuch p eop l e  

was often hosti l e .  E xaminat ion o f  skul l s  at Av erbuch indi c at e  that adu l t s  

o f  both s exes  were be ing scalped , and there i s  evidence  that the trauma 

was o ft en survived for varying periods  of t ime . Larson ( 1 9 7 2 )  hypoth e ­

s i ze s  that warfare i n  th e Southeast dur ing �1i s s i s s ipp i an t imes resu l t ed 

from competit ion for arab l e  l and . Conv ers e l y ,  G ib son ( 1 9 7 4 ) states  

that warfare was u sual l y  for ach i eving  or  maint aining soc i a l  status . 

K l ippe l (person a l  commun i c at i on 1 9 8 0 )  suggests  that Av erbuch may 

repre sent a spl inter  commun ity forced on to l es s  d e s irab l e  l and by 

popu l at ion pres sure . I f  so , fri c t i on between tho s e  who occup ied the 

more productiv e  bottom l and and the peopl e of the fr inge area may account 

for the confl ict  d emonstrated  by the ske l e tal  mat eri a l . Th e reasons for 

the p eripheral po s i t i on of the Av erbuch s i te are d i fficu l t  to  asc ertain ; 

however , p a l i sade wa l l s and warfare at test  to the  importanc e o f  d efend ing 

its l o cat ion . 



CHAPTER V I I 

TilE AVERBUCH S I TE : SUMMARY AND CONCLUS I ON 

TI1e Nashvi l l e Bas i n  was dens e l y  popu l ated duri n g  the Mi s s i s s ippian 

Peri od as i s  ev i dent from the many l arge �Ii d d l e Cumberl and Cul ture 

c eme t e r i e s  e xcavat e d  from th i s  are a in the pas t century . However , the 

firs t  Europeans who c ame i nt o  the Nashvi l l e are a dur i n g  the 1 7 70 ' s  rec ord 

that i t  was uninhab i t e d . During the re l a t ively  bri e f  span o f  t i me 

s epara t i n g  the Mi s s i s s ippi an Per i od from the l l i s toric  Peri od , the 

Midd l e  Cumber l an d  popul a t i on d i s appe are d . Among specu l at ions o ffered 

for this  d i s appearnace are European i ntrod uced epidemi cs  and abo r i gina l 

warfare . Un fortunate l y ,  a s carc i ty o f  syst emat i c a l l y  excavated 

archae o l o g i c a l  s i te s  and the smal l ske l e ta l  series  from th i s  are a 

restri c t  the type o f  res e ar ch needed t o  e xamine th e s e  ques t i ons . 

Re cent exc avat i on o f  the Averbuch s i te ( 4 0DV60 ) ,  a l at e  

Mi s s i s s ippian v i l l age from the Nashvi l l e  Basi n ,  produced one o f  the 

l arge s t  systema t i ca l l y e xcavate d  ske l e t a l  seri e s  from Tenne ssee . TI1e 

goa l  o f  the pre s en t  s tudy has been the i nve s t i gat i on o f  Averbuch 

demo graphy and the e xamin at i on o f  evi dence for both b i o l o g i c a l  and 

s oc i a l  s tre s s  at the s i te . Ske l et a l  remains of the 8 87 individual s 

from Averbuch , i t s  fi fteenth century date , and i t s  l oc at i on i n  the 

Nashvi l l e B as i n  present a uni que opportun i ty t o  s tudy condi t i ons  that 

may h ave re su l t e d  in popu l at i on de c l i n e  and u l t i mate d i s appe arance in 

th i s  are a .  
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The Averbuch v i l l a ge was , for the mos t  part , s urrounded by a 

p a l i s ade wal l . Three cemeteries  were l o c ated at the s i te , Cemeteries  1 

and 2 with i n  the p a l i s ade and Cemetery 3 outs i de . I ntrus ion o f  th e 

pal i s ade through a s e ction o f  Cemetery 3 sugge s t s  that i t  was the 

e arl i e s t  o f  the three cemeteri e s . The temporal rel at i onship o f  

Ceme teries  1 and 2 coul d no t be  de termined , and the smal l s amp l e  s i z e  

from Ceme t ery 2 rendered i t  o f  l i t t l e  use i n  t h e  s t at i s t i c a l  pro cedures 

used  in thi s  s tudy . Tempora l a l i ghment o f  Ceme tery 3 ( the e ar l i er 

ceme tery) and Ceme tery 1 (the l ate cemetery)  prov i d e s  the bas i s  for 

e xamining the temporal dyn amics  o f  s tress at the s i t e . 

Over 70  s tructure l o c i  were d i s covered at the s i t e , s ome o f  wh i ch 

demon s trate evi dence o f  rebui l d i n g  ( i . e . , the superpo s i t i on o f  a s e cond 

s tructure ) . The ma j or woods i n  th i s  area wh i ch were av a i l ab l e  for 

cons truction c an de cay i n  as few as 8 to 1 0  years . Th i s  p l us the 

re l a t i ve ly th i n  mi d den depos i t  sugge s t s  that 1 5  to 25 years wou l d  b e  

a re asonab l e  e s t i mate  for the duration o f  the v i l l age . 

Not al l Averbuch buri a l s  could be  re covered ; however , the 

archaeo l o gy at the s i te permi t te d  the e s t i mat ion  o f  the numb er o f  

d e a d  that cou l d  not b e  recovered . Th i s  number , p l us the number recovered , 

produce d an e s timated t o t a l  o f  1 , 2 3 2  dead . Thi s  perm i t t e d  the 

c on s truct i on of l i fe tab l e s  for the t o t a l  s i te with s exe s comb ined , 

the t o t a l  s i te w i th sexes s eparate ,  and for the ma l e s  and femal es 

from e ach cemetery . 

The overa l l  l i fe t ab l e  indi cates Averbuch peop l e  experi enced 

c on s i derab l e  s tress . Mort a l i ty at the s i te exceeds fert i l i ty wh ich 



produced a popu l a t i on dec l ine o f  1 to  2 percent per annum . L i fe 

expectan cy at  b i rth was 1 4 . 6  ye ars for fema l e s  and 1 7 . 4  years for 

male s . The s e  e s timates were among the l owe s t  o f  those pub l i shed 

from o ther archae o l o gi ca l  seri e s . A ch i - square t e s t  o f  the age 

dis tribution o f  mal e  and fema l e  mor t a l i ty produces no s i gni fi can t  

dif ference . An e xamination o f  th e sex  speci fi c morta l i ty curves 

1 8 1  

ind i cate that the h i gh e s t  mortal i ty for b o th sexes was i n  the very ear l y  

years o f  l i fe .  The l owe s t  morta l i t y ,  and thus the mo s t  h e a l thy 

period , wa s from 1 0 . 5  to 1 5 . 5  years o f  age . Adu l t mortal i ty for 

both sexe s  was mos t  pronounced in the early part o f  adu l t  l i fe ( i . e . , 

1 5 . 5  t o  30 years o f  age ) . Stre s s  during the se  age interva l s  

coinci de s  wi th the chi ldbearing per iod  for the fema l e s , whi l e  the 

mal e s  a t  thi s age wou l d  be  par t i c ipating i n  sub s j s tence pro curement  

and perhaps war fare activi t i e s . 

A crude morta l i ty rate o f  6 0  deaths per 1 , 000  per annum re f l e c t s  

t h e  extreme s t r e s s  e xperienced by thi s group . I t  was a l so used , 

a long wi th the e s t imate o f  the l ength o f  the oc cupat i on ( 15 to 2 5  years)  

and the e s t i mated total  number o f  dead ( 1 , 2 3 2 )  to ca l cu l at e  the s i ze of the 

Averbuch popu l ation . I f  the s i te had been occupied for 1 5  years , then 

1 , 369  ind ividual s  would have inhab i ted the v i l l age at  any one time . I f  

the s i te h ad been o ccupied for 25 ye ars , then the average vi l l age s i ze 

woul d  h ave been 8 2 1  indiv i dua l s .  

Mal e  and fema l e  mor ta l i ty i s  examined for each cemetery . With 

th e excepti on of the mal e s  and femal e s  from Ceme tery 3 who di ffer at 

the . 00 5  l eve l , the patterns  of the curves are b as i ca l ly  simi l ar . 



Th i s  di fference i s  produced by an increase  in femal e  morta l i ty ,  

comp ared to mal e  mortal i ty ,  i n  the 2 0  t o  2 5  year age interva l . 

Ceme tery speci fi c  s tre s s  for the femal e s , as represented by 

l i fe e xpectancy and crude mort a l i ty rate , was re l at i v e l y  constant  

through t i me . The male  crude mort a l ity rate increased between 

C emetery 3 ( i . e . ,  4 3 )  and Ceme tery 1 ( i . e . ,  5 2 ) , sugges ting  a 

temporal increase in  s tre ss  fo r mal e s  at the s i te . However , a 

ch i - square te st  of  the age d i s tribut ions of  deaths between the 

ceme teri e s  produced on l y  one s i gni ficant  di fference ; the fema l e  

morta l ity pro fi l e  for Cemet ery 3 d i ffered with that o f  Ceme tery 1 

at the . 005 l e ve l . The peak in  Ceme tery 3 fema l e  death s at the 

20 to 25  year interva l - re spons ib l e  for the ma l e / fema l e  d i fference 

outl ined above - and the re l ative decrease in Ceme tery 1 deaths at 

thi s age produced the d i fference .  

1 8 2  

I n crease i n  Ceme tery 3 fema l e  deaths at the 2 0  to 2 5  ye ar int erva l 

canno t be exp l ained s o l e l y  by the s tre ss  produced by ch i l db e ad n g . 

The s e  individua l s  may have been prime targe t s  during  raid s . The 

ab s ence o f  a pal i sade during the e ar l y  phases o f  th e s i te p l us the 

probab i l i ty that th ese individua l s  were ac t i ve parti cipants  in 

subs i s tence activi t i es that i nvo lved thei r  venturing into the 

countrys i de surrounding the v i l l age may have increa sed  the ir  

vul nerab i l i ty .  Or , perh aps sub s i s tence ac t i v i t i e s  prac t i ce d  by  the 

ear l y  inhab i tants  of the s i te produced suffi c ient s tre s s  to account 

for th is  increase in death s . 
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The rel at ive  decrease i n  deaths among Cemetery 1 fema l e s  in the 

20 to  2 5  year age interval may reflect  the benefici a l  e ffects  of the 

pal i s ade wal l .  I t  coul d  a l s o  be  sugges t i ve o f  a chan ge to l e ss  s tre s s fu l  

sub s i s tence act i v i t i e s  o r  a decrease i n  ch i l db e ari n g  pres sures . Or , 

perhaps soci a l  or cul tura l rul e s , for some unknown reason , forbade the 

burial  o f  young adu l t  femal es in  Ceme tery 1 .  The e l evated number o f  

Cemetery 2 femal e s  2 0  t o  25  years o f  age may have been produced b y  the 

buri a l  of Cemetery 1 femal e s  her e .  

I t  may be concluded from the Averbuch demography that inh ab i t an t s  

were gre a t l y  s tres s e d . The overa l l  s tre s s , as  expre s s ed by the 

crude morta l i ty rates , appe ared re l at ive ly  constan t  for fema les  but 

i ncreased for mal e s . The pattern o f  the morta l i ty curve and the 

proportionat e l y  l ow number of  deaths during the 1 0 . 5  to 1 5 . 5  age 

interval sugge s t s  that an epidemi c was not a factor at  Averbuch . The 

mort a l i ty curve i s  more sugges t ive o f  chroni c  d i seases , or sporad i c  

periods of  a cute s tre ss . I n  order to b e t ter unders tand the nature o f  

the forces that shaped the demograph y ,  both b i o l o gi ca l ( i . e . , short 

s tature , Harr i s  l ines and ename l hypop l as ia )  and s o c i a l  ( i . e . , warfare ) 

indi cators of s tress  were e xamined . 

A prerequis i te  to  the use  o f  decreased s tature , Harr i s  l ines  and 

ename l hypop l a s i a  in the examination o f  b i o l ogical  s tre s s  at the s i t e  

i s  the examination o f  the interre l at i onship o f  these  three indi cators . 

Corr e l ation coeff i cients  demon s trate no s igni ficant corr e l ation between 

them ; e ach of  the i nd ic ators b ehave independent ly o f  one another . 

Thus , the study o f  each provi des informat i on that i s  uni que . 



Harr i s  l ine and ename l hypop l as i a  data r e fl e ct the cons i derab l e  

s tre s s  evident i n  the demo graph i c  ana l ys i s . Ninety- three percent 

of the male s  and 83 percent of the fema l e s  e xh i b i t  ename l hypop l as i a 

in  the mandibu l ar canine s . A l s o , Harr i s  l ines  are found in the 
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d i s t a l  t ib i ae o f  9 3  percent o f  the males  and 8 1  percent of  the fema l es . 

The mean number o f  Harr i s  l ines in the d i stal  t i b i a  i s  1 . 9 for ma l e s  

and 1 . 5  for femal e s . The mean number o f  stre s s  ep i sodes expres s e d  

by the Harr i s  l ines i s  2 . 9  for ma l e s  and 2 . 3  for femal es , whereas , 

the number o f  epi sodes sugge s ted by ename l hypop l as i a  was 2 . 0  for 

mal e s  and 1 . 8  for fema l e s . Thi s  sugge s t s  that the stre s s  was chron i c  or 

spora d i c  acut e periods and d i d  not res u l t  from seasonal periods o f  

stress  (e . g . , seasonal periods of  s t arvation o r  malnutri tion) . 

Age spe c i fi c  morbi d i t y ,  as  indicated by the age o f  occurrence 

of Harri s  l ines  and ename l hypop l as i a ,  roughly corresponds to the 

subadu l t  mor t a l i ty profi l e . The h i gh morb i d i ty at  2 . 5  to 3 . 5  years 

of age is sugge s t ive of  s tress  resu l t ing  from weaning . 

Temporal  ( i . e . ,  intercemetery) dynamics of  stre s s  and the inters e x  

re l at ionship o f  s tress  was e xamined v i a  an ana l y s i s  o f  var i ance . 

No s i gn i fi c ant di fference b e tween the c emeteri e s  c ou l d  b e  demons trated 

for any o f  the three proposed indi cators of  s tres s . A l s o , the on ly  

d i f ference between the s e xe s  was  for femur and tib i a  l ength whi ch 

was anti cipated . Thus , b i o logical  s tress  at Averbuch a ffe cted a l mo s t  

every inhab i t ant and showed n o  s i gni ficant d i fference b etween the 

s e xes  or the ceme teri e s . Howeve r ,  a s i gni fi cant chi - square , be tween 

the number of mal e s  and femal es who po s s e s s ed two or more Harris  l ines , 



sugge s t s  that the mal e s  were more severe ly  s tressed , or perhaps more 

vul nerab l e  to environment a l  s tres s  than the fema l es . Or , they may 

h ave e xperienced greater subpe riosteal  appo s i t ion and growth than 

fema l e s  (Ste inbock 1 9 76 : 4 7 ) . 

Evidence for social  s tres s  i s  pres ent at Averbuch in the form 

of s c a l ping . Skul l s  with cut s , as  we l l  as s ome that exh i b i t  varying  

degree s  o f  h e a l ing  a l ong  wi th the  cuts , were recovered from both 

Cemet ery 1 and Cemetery 3 .  A var i e ty o f  adul t age s and both sexes 
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arc represented among the vict ims . Attempt s  to  e xp l ain thi s  hos t i l ity 

range from methods of ach i eving s tatus to compet i t ion for arab l e  l and . 

From this  study of  the Averbuch ske l et a l  seri e s , it  may be 

con c l uded that the Averbuch peop l e  were severe l y  s tressed . There i s  

no s t a t i s t i ca l l y  s i gn i fi c ant evidence o f  an in cre a s e  o r  decrease in  

s tr e s s  throughout the  oc cupation o f  the  s i t e . B io l ogical  stress at 

the s i te was refl ected in the s k e l e t a l  remains o f  a lmos t  every one 

of the inhab it ant s . The number o f  s tress epi sodes exp erienced are 

sugges t i ve of chroni c  or sporad i c  acute s tre s s  as oppo s ed to a s easonal 

patterning of  acute s tress e s . In  add i t ion , evi dence of  s ca lping i s  

ind i c at i ve o f  the extreme social  s tress  present a t  the s ite . As 

previous l y  s t ated , the Averbuch s i te , with i t s  l ocation away from the 

maj or rivers , is uni que i n  a number of respects  when compared to the 

more typ i c a l  Nid d l e  Cumber l and Cul ture vi l l age s . However , the typ e  and 

nature of stre s s  e xper i en ced by the Averbuch peop l e  may to some degree 

r ef l ect condi tions that con tributed to the l ate preh i s toric dem i s e  of  

th e  Hidd l e  Cumb e r l and popu l ation . 
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The Mi s s i s s ippian Peri od , o f  whi ch the Mi dd l e  Cumber l and Cul ture 

b e l on ge d ,  marked a t ime in preh i s tory when comp l e x  soc i a l , r e l i gious 

and cul tural activities  were commonpl a ce . Sub s i s tence based on 

agr icu l ture permitted a more stab l e  diet  and thus more sedentary 

and l arger popul at ion . In  order to cont inue thi s  way o f  l i fe ,  a 

r e l a t ive ly  l arge "worker" base of  young and midd l e - aged adu l t s  o f  

both sexes was neces sary t o  procure food and prov ide protection for 

the "nonworkers" and/or " s cmh;orkers . "  The "nonworker" /"semi worker" 

group wou l d  have included the very young , the very o l d , the s i ck , 

specia l i ze d  craftsmen and h i gh s t atus individua l s . The r i ch arab l e  

s o i l s  o f  the Cumber l and River flood p l ai n  probab l y  sparked a 

popu l at i on e xp l os ion in the Na shvi l l e  Basin dur ing the ear ly and 

midd l e  Mi s s i s s ippi an Peri od . Population pres sure during the l ate 

Mi s s i s s ippi an Period may have forced s e t t l ements a l ong the Cumber l and 

to spl inter forming many smal l er s ate l l ite vi l l ages  that centered on 

l e s s  d esirab l e  l ands . Perhap s  such pre s sure was respon s i b l e  for the 

h inter l and l ocation of the Averbuch vi l l age . Regard l es s ,  the soi l s  

o f  the s e  more remote areas wou l d  have been dep l e ted after a few years 

of repeated farming .  Thi s  soi l dep le t i on wou l d  h ave three very 

detrimental e ffects  that to gether may have resu l ted  in the co l l apse  

of  the  Mi s s i s s ippi an Cul ture in the  basin : 

1 .  A demand for more and better so i l s  may have s t i mu l ated war fare 

activ i t i e s  that required incre asing numbers from the "worker1 1 group as 

warr iors . 



2 .  An incre ase  in food shortages woul d have requi red that 

increasing numbers from th e "worker" group be invo lved in  food 

pro curement acti vi t i e s . 

3 .  The increase in warfare and the increase in  ma lnut r i t i on 

wou l d ,  through increased mortal i ty and morb i d i ty , decrease the 

numbers in the "worker" group and increase the numbers in the 

"nonworker"/"semiworker" group . Overa l l ,  l e s s  manpower wou l d  h ave 

been ava i l ab l e  for the maintenance o f  the s o c i a l , re l i gious and 

cu l tural trad i t i on s  so characteri s t i c  o f  the �1i s s i s s ippian period . 

Thi s  hypothe s i s , based on the ini t i a l  findings at  the Averbuch 

s i te , shou l d  be further exp l ored by invest i gating b i o l ogical  and 

soc i a l  evidence o f  stre s s  at s i tes l ocated on more arab l e  s o i l s .  

I n  addi t i on , future re se arch on the Averbuch s k e l etal  series  shou l d  

be  directed toward the examinat i on o f  the frequency , and a ge and 

sex  d i s tribution of spe c i fi c  patho l o g i cal  cond i t i ons . For examp l e , 
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a study of  infe ct i ons , poro t i c  hyperostos i s , fra c ture patterns , et c . , 

may more c l e ar l y  i l lum inate the nature o f  stress  at thi s and other 

Middl e  Cumber l and Cul ture s i tes . 
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