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ABSTRACT 

This studV WI designed to distinguish environmental from population-based influences on 

cortical bone quelttV among pre-I roquman and I roq uo1 an populations of the lerwer Great Lakes 

region. ExcaYated human bone from a total of sewn arc'-logical 81tes in southern Ontario and 

Nw York State ..,. studied. These skeletal samples spen approx; matel V 1500 years of prehistorv 

in this region and represent populations subject to a ranoe of enYi ronmental conditions ..,hich 

could have had an impact on cortical bone status. SI ngle photon abaorptiometrv of the redt us and 

redtographv of the second metacarpal and redt uswre used to obtai n val uta for the bone mi neral 

index (8MI) and percent cortical area (PeA) respectivelv. The data wre compared blJ age and blJ 

sex both "",thin and bet.teen skeletal samples. Comperisons wre also made to published data on 

modern populations. 

Significant differences wre found betwtn the skeletal samples as wn as betwtn the 

skeletal samples and modern populations. These results suggest thet a combi nation of 

enYi ronmental and population- based factors 1 nfl ueneed cortical bone qua11t1J amonQ the pre

I roquman and I roquo1an populations of this geographic region. These fi nd1,. mav have 

1 mpl1cat1ons for an understandi nQ of cortical bone 1_ amonQ l1Yi ng I roquo1an populations in this 

area. 
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Chapter 1: I ntroduct1on 

statement of the Problem 

Some loss of corncal bone is a normal characteristic of adYanci ng age. The magnitude of 

bone 1081 and the rate at 'Which the 1081 occurs can be i n11 uenced blj race I sex and a number of 

envi ronmentel factors. Osteoporosis is a metabolic bone cit ... charactertzed blj a marked 

reduction in bone quantitlj and accompanied blj an increase in fracture rtskl particularllj in the 

hi PI 'Wrist and spi ne. There is grovi ng concarn among both health professionals and the general 

public about the social and economic impact of this cit.... It is becomi ng i ncreasi ngllj important 

to determi ne the factors responsi ble for osteoporosis and to be able to differentiate those 

individuals and groups 'Which are at risk for the cIt_. 

Research blj Evers and assoc;ates ( 1 985) ..,. designed to assess corncal bone qualitlj 

among a SImple of present-dllj postmenopausellndian and Caucasian 'WOmen from southwstern 

Onterio and to determi ne factors 'Which 'WOuld identiflj individuals at greatest risk for developi ng 

osteoporosis. This i rwestigation demonstrated that the I ndian 'WOmen had less corncal bone than 

Caucasian 'WOmen of si milar age. I n addition to the number of years si nca menopause I factors such 

88 obesitlj and smoking wre identified 88 significant predictors of bone densitlj among the Indian 

'WOmen. The possi bilitlj of a population- based cltfferenca in cortical bone qualitlj ..,. not 

addressed. 

The present research project is designed to i nvesttgate the possi bilitlj that population

based factors are i nwlYed 1 n the control of cortical bone qualitlj among I ndian 'WOmen. Seven 

skeletal SImples from archaeological sites in the lowr Great Lakes region 'alere studied in an 



attempt to assess cort1cel bone quality amonQ pre-lroquo1an and Iroquo1an populations. The data 

obta1 ned from th1s 1 nmtigation make it poss1 ble to drw inferences concerni nQ the effects and 

signll1cence of elM ronmental and population- baed factors 1 n the control of cort1cel bone quality 

amonQ I roquoian populations. 

Research Objectives 

The objectives of th1s research project are: 

1. To quantitatively assas cort1cel bone quality amonQ the pre-I roquo1an and I roquo1an 

populations of the 10'Wer Greet Lakes reg1on. This i ncl udes comparisons of bone 

quality i ndicetors by sex and by age both -.;thi n and between skeletal samples, 

comparisons to modern population data,an examination of patterns that emerge and a 

comparison of these patterns through ti me and space. 

2. To eccount for any Ylriabmty, or lack of Ylriab111ty, through ti me and/or space that 

may be found in cort1cel bone qual1tU. Th1s ilWOlves a consideration of the factors 

impl1ceted 1n the etiology ofcort1cel bone loss 8S they are presentllj understood and, 

also, a consideration of the archaeolOQ1cel and ethnohistoric data concern1 nQ the 

settlement patterns, subsistence actiY1ties and social organ1zation of the pre

lroquoian and lroquoian groups ofth1s geograph1c reg1on, insofar 8S they may have an 

efreet on cort1cel bone qual1tlj. 

3. To consider briel1 lj the i mplicetions of the results of this analysis for an 

understandi nQ of the control of cort1cel bone qua11ty amonQ 11Y1 nQ I roquoian 

populations of the lO'Wer Great Lakes aret. 
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OYerviw of Research Materials and Methods 

Excavated humen bone from Serpent Mounds, the Roebuck site, and the MacPherson and 

MacKenzie-Woodbridge sites in Ontario and the Seekett, castle Creek and Tram sites; n ....., York 

State '&lIS i ncl uded in the anal ysis. These samples .... re ; nitiall IJ chosen on the bas;s of three 

criteria: 

1. Collectively they prov;de adequate numbers of articulated adult skeletons. 

2. They cover a broad temporal spen (approximately A.D. 100 to A.D. 1600). 

3. They differ slightly in geographic place of origi n. 

The sex of eech i ndtvidual '&lIS determi ned and the aoe '&lIS esti meted oat ng a combi nation of 

morphological and metric observet1ons of the cranill and poatcranial remai ns. 

3 

Si ngle photon absorpt1ometry (SPA) of the radt us '&lIS OM of the techniques used to assess 

cortical boM quality. This is a non-destructive techniq" 'w'hich prov;des a measure of boM 

mi Mral content (B~) , or mess, in g/cm. It has been demonstrated thet SPA of the radi us 

prov;des a measure of boM mi Mral content that correlates .... 11 'w'ith other cortical sites in the 

skeleton and 'w'1th total body calci um (r ) .90) (Johnston 1 983). SPA i8 a si mple techniq .. 'w'hich 

prov;des highly replicable results. It is also a very common clinical technique. /Ira a result, there 

is a substantial body of published data 'w'ith 'w'hich comparisons could be made. 

Radiography of the radi us and of the second metacarpal .... re also used to assess cortical 

boM quality. Measurements .... re taken di rectI y from x - rays and the cortical boM status of eech 

individual .... determined using the techniques for calculettng percent cortical aree (PCA) 

outJi ned by Garn ( 1970) and Mleme and Mleme ( 1 973). /Ira 'w'ith SPA, there .... re a number of 

advantages to oatng x-rays in this analysis. Radtographv 18 completelv non-destructive and is a 

verv common c11nical techniq ... Ageln,l broad data bIse exists 'w'hich could be used for 

comparison. 
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Once all of the relmnt deta Yere obtained, comparisons Yere mede blj. and blj sex both 

..nthin and between samples. In eddtt1on, comparisons Yere mede to publ1shed dete on modern 

pop ulat10ns. 

I nterDretet10n of the Date 

It is wll lerwn that sex 1 n1I uences the proportion of cortical bone lost ..nth adYanc1 no • 

and the rate at 'M'hich the loss occurs. There are, ho¥eYer, a number of fectors 1 n add1t1on to sex 

'Which appear to 1 n11 uence the magmtude and rate of cortical bone loss. Race, exercise, wight, 

smolc1no, lono-term drug and alcohol lise, diseaee, pregnenclj and lactatton and dietery factors haYe 

a11 been 1 mpl1cated 1 n the mat ntenence or loss of cortical bone (eg. Awerx et al 1988; Clochon et 

al 1 989; Christiansen and Ri1s 1989; Dame11 1976; 0851 mone et al 1989; Draper and Scythes 

1 981 ; Mazess and Mather 1974, 1975; Sm1th and G1111gan 1 989; Ward1N and Pf Ice 1 986) . 

TMs research project is 1 ntended to disti noutsh ell't1 ronmental from populat1on- based 

1 n11 uences on cortical bone qua11ty amono pre-I roquo1an and I roquo1an populat1ons of the lowr 

Great Lakes retton. The skeletal samples used 1 n tMs project represent both the late Mtddle 

Woodland and the Late Woodland periods. Substant1al chanoes1n the subsistence ect1Y1t1es, 

settlement pattern and social orgamZltlon ofl roquo1an populat1ons occurred ewer tMs t1 me. The 

most s1gmftcant of these changes involved the trans1t1on from a hunt1 no and gatheri no lifestyle to 

the fu11 scale adopt1on of matze aoriculture and the development oflaroe permanent Y111aoes. It has 

been estimated that, by the early historic period, matze proY1ded 50. (SclNarcz et al 1985) to 

65. (Heidenreich 1978) of the diet and the largest Iroquo1an Y111ages hed t 500 or more 

1 nhabitants (Tripr t 978: 802). 

There wre also a number of other changes 1 n I roquo1an I1fe 'WMch took place ewer tMs 

t1 me span. There is evidence that the adopt1on of agriculture and Y1n. development ¥ere 
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accompan1ed by population grwth (Noble 1975). I nterv1nege 'Warfare may h8Ye begun pnor to 

A.D. 1000 (Stothers 1977) and escalated thereafter. Th1s 'Warfare ultimately resulted 1n the 

destruction and dtspersel of the Ontano lroquoians by the five Nations Iroquois dunng the flrst 

half of the seventeenth century. Trade between Europeans and I roquoians may have begun by the 

early 1500's (Ramsden 1978) and 1s postulated to be a motivating factor beh1nd Iroquo1an 

'w'8r"fere dun ng the early histonc penod (Heidenre1ch 1978). It 1s also 8Y1dent that a general 

decHne in health status had occurred by late prehistonc-early histonc times (eg. Petterson 

1986; Pfeiffer 1984; Pfeiffer et al 1986; Wray et al 1987). Pfeiffer (1986) suggests that a 

complex or interaction of factors best accounts for this decltne. Not only nutntional deflc1encies 

but also 'w'8r"fere 'WOuld have taken its ton on Iroquo1an populations. War"fere could have resulted 

1n ¥inage cnrwd1ng~ the interruption ofsubs1stence acti¥ities and the breatdcNn ofsoc1al support 

SljStems ~ all of ¥hich could have further a1Tected dt .. and dtet. 

To reiterate, this project is intended to dtfferentiate elM ronmental from population

based i nfl uences on cortical bone quality. Clearl y~ the skeletal samples used in this project 

represent populations subject to a range of elM ronmental factors ¥hich could have had an adverse 

affect on cortical bone status. The rationale behind this study ... that 1fcontinuity and 

consistency 1 n cortical bone quality could be demonstrated through ti me and space then 1t 'WOuld be 

~1 ble to aflue that population- based factors are of pn mary 1 mportance. Conversely~ 1f 

dt3COntinuities or 1ncons1stenc1es wre evident~ then 1t 'WOuld be ~lble to argua for 

elM ronmental control. 

A fundamental assumption beM nd tMs studlj is that all the skeletal samples under 

constder8t1on represent popul8t1ons ¥Mch wre genet1call " or b1ologtcalllj related. Linguistic, 

archaeologtcal and b1olOC)tcal evidence mall be ctted 1 n dt rect and 1 nett reet support of this 

assumption. While dtst1 nct10ns can be made between 1 nettv1duallangueoes of the I roq uo1 an group, 

all share s1 m11ar underllj1 ng structures ¥h1ch 8ho¥ them to be related to one another and to be 
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separated from other language fam111es (Lounsbury 1978). AcconH ng to Lounsbury ( 1978: 

334), it must be assumed that the languages of the lroquoian family are descended from a single 

ancestrallangUIQI. A common llngutstic ortgin may imply a common biological ortgin (Spuhler 

1972; 1979). The skeletal samples used in this study data between A.D. 100 and A.D. 1600. It is 

assumed that lroquoian groups in this region ortginated lally prtor to 0 A.D. and developed in

situ thereafter (Tuck 1978: 322). MacNelsh (1952) his demonstrated an 1 n-situ development 

of I roquoian populations from at least Pot nt Pent nsula throUQh to the htstortc pertod t n both 

Ontarto and NN York Stata. The strt lei ng s1 mtlartties 1 n matartal culture between 

contemporaneous pre-I roquoian and I roquoian groups in Ontario and NfN York State cannot be 

ignored. flnally, Molto's (1983) analysis of d1scontinuous cranial morphologlj his demonstrated 

that the Middle Woodland populations 1 n Ontarto 'Were ancestral to the Ontario I roquois and that the 

Lata Woodland I roquois populations in Ontario represent a reI ati vel y homogeneous biological 

population. . 



Chapter 2: Agtng Bone Loss 

According to He.ene.., (1988: 360) there are three broad categories of factors yhich 

t nteract and contri bute to i ndtvid .. l bone mass: genetic, mechalrical and nutritional/endocri ne 

factors. During grOYth, the peale bone mass attained blj an indtvid .. l is determined large1.., b.., 

genetic factors "with mechalricalloadt ng and nutrition enhanci ng or cit mi lrishi ng this genetic 

tendenc..,. After maturity, mechalrical factors and nutritional i make become i ncreasi ngly 

important to the maintenance of peale bone mass. Peale bone mass must be used biomechanicall.., in 

order to be sustai ned and nutritional i make of calci um and phosphorus must be sufficient to meet 

extraskeletal demands if the removal of thae mi nerels from skeletal tissue is to be milri mized. 

The diolog.., of toe-associated cortical bone loss is not si mple or stratghtforwrd. There 

are manlj specific factors, especialllj Yithin the catevorlj of nutritional/endocrine factors, Yhich 

are IeROYn or are suspected to contri bute to the met ntenance or loss of skeletal mass. This' chapter 

revieows yhat is IeROYn about the maglritude, rate and etiologlj of adult cortical bone loss among 

modern populations. 

The Moglritude and Rate of Adult Cortical Bone Loss 

format1on and resorption of bone are pnasses ongot ng throughout the ltfeti me of an 

individual. HoYever, "with advanci III) age, bone formation becomes i mpai red (Rtgp end Melton 

1986: 1677). Bone resorption exceeds deposition and, as a result, individuals experience ~ net 

7 



hm of bone. OYer a l1fet1 me, females can lose up to 35. of thei r cortical bone and 50. of thei r 

trabecular bone. Males lose about two-thirds of these proportions (Riggs and Melton 1986: 

1676). 

It fs wll establfshed that sex influences not only the amount of bone lost 'tfith adYancing 

age but also the rate at 'Which the loss occurs. There has been some discrepancy in the l1terature, 

ho'WeYer, regerdi ng age at the onset of cortical bone loss and the maonitude of the rate of loss. 

6 

Based on a survey of the research to date, Mazess ( 1 982) reported that the onset of loss of 

compact bone 1 n males begt ns 1 n the flfth decade of l1fe and bone mesa decl1 ReS thereafter at a rate 

of 3-5. per decade. Peak mass of compact bone 1 n females is attai ned by approx1 matel y 35 years 

of aoe and then dec11 Res at 3. per decade unt11 the onset of menopause at 'Which t1 me the rate of 

loss accelerates to 10. per decade. This loss persists unt11 approx1 matel y 75 years of age at 

'Which t1 me the rate of loss decreases, aga1 n to 3. per decade. 

f't)re recent studies report some'What ditrerent fl ncH nos. Baed on the1 r study of a large 

Belotan C8UC8S1ln population, Geusens et 11 (1986) report that males achieve peak bone mass in 

the radi us and metacarpal by 81)8 25 but that siC)niflcant loss of compact bone does not occur unt11 

65 years of 89t. females attain peak bone mass at 35 years of 81)8 but there 1s no s1gniflcant age

asaociated loss of compact bone from the perf pheral skeleton unt11 the onset of menopause. 

Thomsen et al (1986) found a significant overall decrease in forearm bone mfneral content of 4_ 

per decade 1 n males bet'Ween the 8C)eS of 20 and 90 years but found no signiftcant change 1 n forearm 

bone mf neral content in females unt11 menopause. After menopause, the loss of bone mf neral 

amounted to 1 0-15S per decade. S1mflarly, RtOlJS and essociates (1986) found no chlnoe 1n the 

bone m1 neral density of the radi us of 'WOmen unt11 menopause after 'Which there 'W8S a decrease of 

1 O. per decade. 

At all ., males have more bone thin females (Geusens et al 1986; Thomsen et aI1986). 

Despite discrepanc1es regerdinC) the exact pattern of bone loss and the absolute maonitude of the 
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Ate of loss, it remai ns clear that females expenence a greater weAn reduction; n bone mass 

than matn and end up 'With less bone. It is liket", thlt the decreese in compact bone experienced b", 

females is due to a rapid, menopause-induced loss supenmposed on an underl""ng, slO'Wer, age

related loss (Geusens 8t al 1986; Mazess 1982; Thomsen et al 1986). 

Genetic Facto" 

T¥i n studies (eg. Snnth et 81 1973; Pocock et 81 1987) have sllO'a'n high i ntrape1 r 

correlations for bone nnneral density measured at the prox1mal femur and at the lumber spine and 

for bone nnneral content measured at the forearm, the correlations being stronger for 

mol102lj1JOtic than dizvgotfc t.i n pe1 rs. These results are belieYed to demonstrate a sign1f1cant 

genetic component to the deternn nation of bone mass. Pocock et al (1 987) found the highest 

correlation between monoz1jfJOt1c Mns at the lumber spine and sugvest a greater contnbution of 

genetic factors 1 n deternn n1 ng bone mass at this site. l.o'tt'er correlations at the 'Wnst and hi p may 

suggest that erw; ronmental factors are of greater sign1f1cance at these two sites. 

The effect of genetic factors on bone mass 1 n persons other than M ns is st1ll unclear 

(Evans et al 1988: 870). Evans et al (1988) found that relat1ves of osteoporot1c pat1ents failed 

to achieve normal peak bone mass and, although the data do not exclude the possibility of 

enY1ronmental influences, the authors suggest that this fa1lure is most likely due to genetic 

factors. Seeman and assoc1ates ( 1989) found daughters of 'WOmen ¥ith postmenopausel 

osteoporosiS, in companIOn to daughters of normal postmenopausal 'WOmen, to have reduced bone 

mass 1 n the I umber spi ne and femoral neck but ackrwledl)e that si nnlant1es 1 n both l1festyle and 

genetic makeup could contn bute to this fI nell ng. 

It has also been suggested that population or race affects cortical bone status. Mazess and 

Mather (1974, 1975) have argued that Aleskan and C8nad1an Eak1mo populations exhibit a more 
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marked lem of bone than U.S. Caucasians. The onset of bone lem seems to occur earlier among 

Eski mo men and wmen and proceeds at a higher rate. White Mazess and Mather suggest that the 

high protein diet of Eskimo populations may actOunt for these differences, Laughlin et al (1979) 

argue that this explanation may be inadequate. These authon point out that Aleuts have a similar 

high protein diet yet haYe considerably more cortical bone than the Eskimo groups and hypothesize 

that inherent dtfferences in rates of biological ag1 ng may be responsi ble. 

Ex1sting data also suggest that American Black wmen have more cortical bone at all ages 

than American Caucasian wmen (Gern 1972) as wl1 as greater bone mi neral density of the 

radius (luckeyetal 1989) and of the hip and lumbar spine (DeS1moneetal 1989). luckeyand 

associates (1989) report that significant racial dtfferences penisted even after the date had been 

adj usted for • and body mass index and could not be attri buted to other variables such as 

socioeconomic class or smoking. These authon suggest that Black wmen may have a higher peak 

bone mass at skeletal maturity and/or a delaljld onset of bone lem. 

The mechanism ... hich may account for this racial difference is unknwn. luckey et al 

( 1 989) found evidence for a lO'w'ered uri nary calci um excretion among a small subset of the 

premenopausel Black wmen partie; pati ng in thet r study and suggest that this may be a 

contributing factor. Bell and cowrken (1985) found a similar reduction in urinary calcium 

among nonobese Blacks as owen as increased serum parathyroid hormone and 1,25-

dihydroxyvttamin 0 and suggest that these results indtcate alterations or modifications of the 

vitam; n 0 endocri ne system. Such alterations may contri bute to greater bone mass in Black 

populations. 
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MechanicaJ Fecto" 

During the late nineteenth century, Wolff (1892 cited 1n Kennedlj 1989) hypothesized 

that bone mess 1s 1nt1uenced by mechanical forces of the environment. In simple terms, bone mess 

t ncreaes or decreases to reflect the amount of funct10nal pressure or loadi ng. I n recent yean, 

numerous studfes of ani mals and humans hIYe clearllj demonstrated that bone does respond to both 

decreased mechanicalloadtng, such as that assoc1ated 'w1th immobil1zat1on, bedrest and 

'WeiOhtlessness, and to increased mechanicalloadi ng such as that accompanlji ng 1 ncreased 

'WeiOhtbearing, dljnam1c loading and exercise. Reduced loading of bone can result 1n disuse 

osteoporosis, moderate owrloadi ng may cause an 1 ncrease t n bone mess and severe owrloadi ng 

may cause an 1 ncrease in bone mess or, if too severe, may cause fracture (Sm1th and G11110an 

1989). 

tWeYer, the exact mecharrisms by 'Which mechanicalloadi ng promotes an increase or 

decrease in bone mess or density are unlcno-..n. Treharne (1981) has rmeowed several theories 

that hIYe been offered to expla1n the exact mechntsm blj 'Which Wolffs 11'1' malj operate. These 

theories 1 ncl ude electrical events 1 n collaoen, m1crofractures 1 n bone m1 neral, hljdrostat1c 

pressure 1n the extracellular fluid and direct damage and/or response of bone cens themselves. 

Sm1th and G1I11oan (1989: 1 61) poi nt out that the pattern of bone response to loadi ng 

malj differ according to the level of loading or strain experienced. For example, reduced loadfng 

malj result 1 n endosteal 'W1deni ng and increased 1 ntracorttcal porosity. The rate of bone resorption 

exceeds the rate of bone formation. Increased mechantcalloadf ng malj cause a decrease in 

i ntracorttcal porosity or medullary diameter or an 1 ncrease 1 n periosteal diameter. The rate of 

formation exceeds the rate of resorption. Studfes hIYe sho'Wn that the bone resorption seen in 

extreme caaes of decreased mechantcalloadf ng (eQ. 1 n parapl8fjfa) can lead to hljpercalcem1a and 

1 ncreaaed uri nary calci um and phosphorus. These changes result 1 n depressed levels of serum 
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parathyroid hormone, 1000red pluma 1,25 dfhydroxyv1tamin D and dfminislled 1 ntesti na1 calcium 

absorption (Sinak1 1988: 459). Simnar changes have also been noted in bedrest stud1es (Smith 

and G1111gan 1989). 

Because females at all ages heYe less bone than men and because females sustain I 

proport1onally greeter loss of bone, a number of recent stud1es have focused attent10n specifically 

on the potent1al effects of exercise to el1 m1 nate or reduce bone loss among pre- and postmeno

pausal ¥omen. Hal10ua and Anderson ( 1989) found a s1gmficant assoc1at1on bettieen high levels of 

phys1cal activfty mat nta1 ned oyer the l1fet1 me of an i nd1vfdual and greeter bone m1 neral content of 

the radt us. The authors state that these fi nd11WJS suggest an 1 mportant role for phys1cal activfty 1 n 

enhanc1ng peele skeletal mess, I critical factor in susceptibility to osteoporosis later in life. 

Sm1th and assoc1ates (1989) found that exercise s10mflcantly loo,;ered the rate of bone loss in the 

forearm of pre- and postmenopausal ¥omen. Moroz and associates (1989) reported an i ncreese 

in bone m1 neral content of the 1 umber spi ne ina group of postmenopausal 'WOmen as the result of 

increased phys1cal activfty. Although they could not demonstrate a dffference 1 n bone m1 nerll 

content of the rad1 us, Aloia et al (1978) did report an increase in total body calci um among 

postmenopausal ¥omen part1c1 pati ng 1 n an exercise program. 

I n contrast to the above reports, 1 ntens1ve exercise among female athletes has been said to 

1ncrease the risle for excessive bone loss (Drink'.'ater et al 1984; Marcus et al 1985; Nelson et al 

1986). Intense phys1cal traimng may be accompamed by amenorrhea (the absence of menstrual 

cycles). This cond1tion is characterized by lw ci rculat1 ng estrogens and results from a complex 

of factors 1 nvolv1 ng not only exercise but also dietary i ntalce (Nelson et al 1 986: 91 0- 911 ) . 
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"utOtional and EndocOne fgn 

IAlci um Homeostasis 

It ts essential that the nutritional f ntake of calc1 um and phosphorus be sufflc1ent to meet 

extraskeletal demands if bone mass 1s to be maf nta1 ned. The extracell ular concentration of calc1 um 

must be held relatively constant 1f normal function and l1fe are to be sustat ned. I ndtv1duels 'with a 

lw serum calc1 um concentration may suffer from hypocalcemtc tetany, a potentia11y fatal 

condttion causf no 1 ncreased exc1tability of nerve and muscle ce11 membranes and resulti no 1 n 

skeletal muscle spasms (Vander et al 1985: 448). An excess of extracell ular calc1 um can cause 

cardiac arrhythmta as ¥ell as depressed neuromuscular excitabil1ty. It is not surpris1 no, 

therefore, that there are a number of metabol1c pathwVS through 'Which the body regulates plasma 

calc1 um concentration. 

The hormones 1 mportant to calc1 um homeostatts are parathyroid hormone (PTH) , Yitamt n 

o and, possibly, calc1tonin. A decrease in plasma calcium stimulates the productton of PTH 'Which 

1 n turn exerts at least four cHatt net effects 1 ntended to restore plasma calc1 um levels to normal · 

(Vander et al 1 985: 450): 

1. It stt mulates the formatton of 1 ,25(OH) 203, the acttve form of vitami nO, bCJ the 

IddneljS. 1 ,25(OH) 203 i ncr_ t ntestt nal absorptton of calc1 um and phosphorus. 

2. It f ncreeses renal tubular reabsorptton of calc1 um thus decreas1 no uri nary calc1 um 

excretion. 

3. It reduces renal tubular reabsorptton of phosphate causfno an fncrease 1n urinary 

excretion of phosphate and thus lwerf no the plasma phosphate concentration. This 

att mulates a release of calc1 um from bone into the plasma. 

4. It directly promotes bone resorptton thus releas1no calc1um fnto plasma. 
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PTH leYels have been found to increese 'With edYancillC) age (Easten etel 1988: 374). 

Calcitonin is secreted by the thyroid in response to an increase in plasma calcium 1eveb 

(Eastell at a1 1988: 381). Pharmacologic doaea of this hormone have been sho'wn to cause a 

decreese in bone resorption and in the reabsorption of phosphate and calci um in the renal tubule 

but the overall contribution of calcitonin to calcium homeostasis is uncertain and is 11kely to be 

Yery ml nor in comparison to PTH (Easten at a1 1988: 381). It is f nteresti ng to note that lowr 

values ofcalcitonin in females as compared to males have been reported (Riggs and Melton 1986: 

1678). 

Vitamin 0 

The phljSiologfcally active form ofy;tamin 0 is 1,25(OH)203. Vitamin 0 is absorbed 

from the cHet or is synthesized from precursors 1 n the sid n 1 n response to exposure to ultr8V101et 

110M (fasten et al 1988: 376). It underps transformation in the 11ver to 25(OH)0 and is then 

converted to 1,25(OH)203 in the kidneys. As stated above, the principal action of 1,25(OH)203 

is to increase intestinal absorptfon of calcium (Eaten et al 1988: 376). 

Plasma levels of 25(OH) 0 have been sho'wn to decrease 'With age (Baker et al 1980; Tsai 

et a11987). Explanations for this decl1ne malJ include reduced cHetarlj intake and absorptfon of 

y;tami n 0 as 'w'en as reduced exposure to the sun. Plasma 1,25(OH) 203 leveb have also been 

sho'wn to decl1 ne 'W1th age. fasten et al (1988: 378) report that decreased renal 1-al phe

hydroxylase 1s the most 11kellJ cause. (Renal l-alpha-hydroxljlase is ~rlJ for the 

production of 1,25(OH) 203.) There is also some evidence that i ntesti nel mucosa become 

resistant to l,25(OH) 203 'W1th age (Heaney 1988: 365). Without an effective increase in 

v1tam1n 0 1ntake, these eoe-related chanoes could force an elevat10n in PTH levels and, thus, in 

bone resorptfon. 
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calcium 

Approxt mately 1.5~ of total body 'Weight is calc1 um (Steele and Bramblett 1988: 14) 

and 99~ of this calc1 um 18 stored 1 n the skeleton (Draper and Scythes 1981: 2434). A number 

of studtes (e.). Black-Sandler et al 1985; Hal10ua and Anderson 1989; Rib et al 1987) have been 

des1Qned to qualify the role of calc1 um 1 ntake 1 n achiev1 ng and mat nta1 m ng bone mass and 1 n 

prevent1 ng bone 1088. tweYer, the results have been confus1 ng and somet1 roes conf11ct1 ng (Heaney 

1988). The effects of a given quantity of dietary calc1 um malj vary betw'een 1 nd1Y1duals 88 ¥en 88 

between s1tes 'w1thi n a given 1 nd1Y1dual. for example, Ri1s and 888Oc1ates ( 1987) found that a 

calc1 um supplement of 1 ,500 mg per day given to postmenopausal 'WOmen did not cause s1gmficant 

retardation of bone 1088 from the vertebrae or from the total skeleton but did result 1 n retardation 

of bone 1088 from the midradius. There i8 eYen lack of consensus about the recommended dan y 

allwance (RDA) of calc1 um. The current ROle of calc1 um for canad1an adults, male and female, is 

800 mg per day (Health and Welfare canada 1983) but 1 n 1984 the HI H Consensus Conference on 

Osteoporosis recommended 1 000 mg per dalj and 1500 mg per dalj for peri- and postmenopausal 

'WOmen respectively. While evidence exists to support this recommendation, no evidence proves 

that such high levels of daillj calcium intake are requtred (Heeney 1988: 362). 

calc1um may be a 'threshold nutrient' and this malj account, at least in part, for the 

i nconel uslve nature of the research to date (Heaney 1 988). I ntakes of calc1 um beleN a given 

threshold malj have 11miting effects but intakes above that threshold malj produce no noticeable 

change. The absol ute yal ue of this threshold is difficult to determi ne 81 nee there are a number of 

factors ..,hich may cause it to vary considerably between 1 nd1Y1duals. 

first, there may be genetic or population differences in end-organ responses to 

parathyroid hormone and to 1 ,25(OH) 2D3 (Heanelj 1988: 363). As mentioned previousllj, 



American Blecks appear to have i ncreesed serum PTH relative to Whites yet have greater bone 

f'I'I8SS. This i ncreese 1 n PTH appeers to enhance renel tubular reabsorption of calc1 um and to 

increase ci rculati ng 1 ,25(OH) 203 (Bell et al 1985). Thus, for any given level of calci um, 
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Blecks appeer to make better use of mllable calci um and protect the1 r skeletons (Heaney 1988: 

363). Second, there are a number ohtudies .. hich suggest that individual calcium requirements 

increase ¥ith menopause (R1is et a1 t 987: 75). Estrogen deftciency accompanlji ng menopause 

may be related to a decrease in intestinal absorption of calcium and to an increase in calcium 

excretion (Heaney et a1 1978). Thi nI, the body has the ability to edj ust to a ¥ide range of calci urn 

1 ntakes by modtflji ng the efnciency of 1 ntesti nal absorption (Draper and Scythes 198 t ; Heg3ted 

1986). There is also some evidence to suggest that aging impairs this adaptation (R1gp and 

Melton 1986: 1680). fourth, there is a ¥ide range of nutrient- nutrient reactions .. hich may 

result in raising or lowring individual calcium requirements (Heaney 1988). 

Phosphorus reacts ..nth calcium in such a 'ttIy that the product of serum phosphorus and 

serum calci um levels remat ns a constant (Vander et al 1985: 450). An t ncrease t n dietary 

phosphorus relative to calci um promotes an increase in the plasma phosphorus level and a 

decrease in plasma calcium. This decrease can stimulate PTH and thus promote bone resorption 

(Draper and Scythes 1981). It is i nteresti ng to note, hcrweYer, that reseerch has shcNn 

phosphorus levels up to 2000 mg per day have no adverse e1'fect on calcium metabolism (Spencer 

and Kramer 1986). An increase in dietary protein and sodium hive been shcNn to cause an 

increase in uri nary calci um excretion (Nordi n and Polley 1987: 54). High cafrei ne levels may 

have a di net deleterious effect on bone or may hive a di uretic etrect and thus i ncreese uri nary 

calci um loss (Christiansen and R1ts 1989: 319). An i ncreeae in dietary ft ber may ceuse a 

decline in 1 ntesti nal absorption of calcium (Heaney 1988: 363). Without an increase in dietary 

calci um intake, all of the above dietary factors could promote bone resorption. 
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Other dietary facton 

Harked alcohol abuse is often aatociated ¥ith excetaive bone loss in both males and 

females (Christiansen and Rt1s 1989: 319) . The effeet of alcohol may be due to the impact it 

exerts on Y1tam1 n D metabol1sm or to d1 reet toxic act10n on bone cells. Crill y et al (1988) state 

that alcohol consumption in males has clear detrimental effects on bone formation 'w1th less 

pronounced suppressive effects on bone resorption. Spencer and Kramer ( 1 986: 317) poi nt out 

that the etiology of excessive bone loss assoc1ated 'w1th chronic alcohol abuse 1s 11 kel Y to be 

multifactorial and poor dfetary intake of calc1um, phosphorus and vitam1n D may be a contributing 

factor. 

Long-term drug use has also been implicated in bone loss. Clochon and 8SSOC1ates (1989) 

report that long-term use of corticosteroids 1 nduces a significant decrease 1 n bone m1 neral density 

even ",hen lw doses of the drug are consumed. Excessive use of al um1 num-contaf ni ng antacids 

may also promote calcium loss and bone dem1neralization, especially 1f accompanied by lw 

calc1um 1ntake. Calc1um loss 1n this case 1s due, 1n part, to increased urinary and fecal calc1um 

excretion (Spencer and Kramer 1986: 318). Tetracycl1 ne, isoniazid and d1 uretics may also 

i nf1 uence skeletal status (Spencer and Kramer 1985). There 1s some evidence for a significant 

positive correlation between contraceptive use and bone mass (Hevtmenek et al 1989) although 

other studtes (e9. Lepsanov1c et al 1989) have fafled to corroborate this report. 

Smoking 

I nvest1gat1ons 1 nto the effeet of c1garette smolc1 ng on bone mass (e9. Daniell 1976; Elders 

et al 1989; McDermott and W1tte 1988; Rundgren and Mellstrom 1984) have yielded conflicting 

resulb. McDermott and Witte ( 1988) sugoest that cigarette smolc1 ng has no d1 reet effeet on 



appendicular bone mass but malJ exert indirect influence blJ affecting age at menopause, bodlJ 

'Weight, diet and, pcmi bllJ, phVSical activitlJ levels. 

Obes1t1J 

Studies have found a significant positive association between obesity and bone mass (eg. 

DeSI mone et al 1989). There are a number of explanat10ns Yhich can be offered for this 

association. There is evidence for 1 ncreas8d production of estrooen from androoens in the 
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peri phenl ad1 pocytes (Kley et al 1980). Excess body Ye1ght 1s an additional source of mechanical 

load1 ng. There 1s also evidence that obesity Is accompanied by alterations 1 n the vltami n D 

endocri ne system (Bell et al 1985 i L1el et al 1988). Obese 1 nd1Y1duals ex hi bit 1 ncreased serum 

PTH and l,25(OH) 2D3 as 'Wen as decreased uri nary calci um. The end result is enhanced 

i ntest1 nal absorption and renal tubular reabsorption of calc1 um. Skeletal mass appears to be 

unaffected by the f ncrease f n PTH and this could be due 1 n part to the protective effects of f ncreased 

estrooen production and 1 ncreased mechanicalload1 ng. 

Pregnancy and Lactation 

Because of the increased nutritional demands placed on the body duri no pregnancy and 

lactation, several fnvest1Qat1ons have examined the possible effects on skeletal ,.atus. AQa1n, the 

research yields con111ct1 ng results. Lamke and associates ( 1977) found a significant loss of 

mi nenl from trabecular bone 1 n the forearm of pregnant adult wmen but found no significant 

difference fn bone mineral content associated Yith lactatfon. Similarly, Chan et al (1982) found 

no evidence of bone demfneralfzation accompanepng lectat1on. Ward18'&' and Pike (1986) did find a 

significant reduction fn bone mess accompanVing multiple episodes of long-term lactatfon among 



adult 'WOmen but a sub!equent investigation (Koetti ng and Wardlw 1988) failed to corroborate 

these findings. Greer and 8S3OCiaUs (1984) found elevatioM of PTH, calcitonin and 
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1 ,25(OH)2D3 in adult mothers nursing MM compared to single infants and sUQQeSt that mothers 

are able to compensate for excessive calcium lema, and thus preserve skele~l intecJrity, by 

increasing serum PTH, calcitonin and Yi~min 0 and by coMuming additional die~ry calcium. 

Research i nvolYi ng adolescents has proYided different results. There is evidence (ecj. Chan 

et al 1982, 1987) that lac~ti ng adolescents are at rist for bone demi neral1zation because of 10 ..... 

dietary i n~ke of calc; urn or phosphorus. 

Diabetes Mel11tus 

It has been observed that 1ndivlduals 'w1th both juvenile 8nd adult-onset diabetes me11itus 

also have reduced bone mess in comparison to ~- and age-matched non-diabetic controls (levin 

et 81 1976). levi n and associates (1976: 243) hypothesize that this reduction may reflect a 

decrease 1 n bone formation rather than an 1 ncr.,.. 1 n bone 1088 and may be part of the bea1c 

disease process rather than a complicat1on of hypergl ycem1a or 1 nsul1 n i nsufftc1ency. They clai m 

support for th1s hypothesis from the observation that bone loss among diabet1C$ occurs eerly 8nd 

does notappeer to correlate 'With the sever1ty or duration of the disease. Patients treated 'With 

insulin appeer to exper1ence less bone loss than less severe diabet1C$ and this may be due to the 

beneficial effects of 1 nsuli n i ncl ud1 ng the sti mulation of 1 ntest1 nal calc1 urn absorption and the 

i nhi b1tion of cycl1c AMP. (Cycl1c AMP promotes bone resorption.). 

I n a more recent study, AU'Werx and aasoc1ates ( 1988) also found lowr bone m1 neral 

content in the radf us of adults 'With i nsuli n-dependent diabetes compared to non-diabet1c controls. 

They state that the bea1c pathogenic mechanisms of this loss are still unkflO'&ln. Rico et al (1 989) 



. 3UQOeSt thet deficient 03teoblast function rather then an 1 nsul1 n deficit is respons1 ble for 

osteopenia among diabetic 1 ndtYiduals. 

other studies (eg. Meema and Meema 1967, Delee"", and Abs 1977) have reported a 

normal or 1 ncreased bone mess 1 n adults and elderl U diabetic 'WOmen. Awerx et 81 ( 1988: 11) 

suooest that this findtng may be because the patient groups 1n these studies -were mainly non-
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1 nsul1 n-dependent dfabetics and 1 ndtYidU81s 'w1th this form of the dfsease tend to be obese. Obesity 

may provide relative protection 8081 nat bone loss. 



Chapter 3: Archaeological Background and 
Sample Oeseri ptions 

Skeletal samples from the Serpent Mounds, Roebuck, MacPherson and MacKenz;e

Woodbridge sites in Ontario and the Sackett, Castle Creek and Tram sites in Ne¥ York state ¥ere 

utilized in this study. These samples represent populations thet differ in time and in space. Each 

of these populations ¥as subject to a range of envl ronmental influences thet mayor may not have 

had an effect on cortical bone quality. In order to explain any Yariability thet is found between the 

samples in cortical bone quality, these envlromental influences must be considered. 

This chapter briefly outli net ...,het is knO'Wn about the settlement patterns, subsistence 

activities and social organizat1on of the pre- I roquoian and I roquoian populations of the lwer Great 

Lakes region. 

Archaeological Background 

Middle Woodland 

The Middle Woodland period commenced ca. 350-300 B.C. (Spence and Pi hI 1984: 38). 

Three culturel complexes have been identified from thi~ period: Point Peninsula in southeastern 

Ontario, _tern Quebec and ...., York, Sa ... n in soutlNestern Ontario and Western Basin Middle 

Woodland in the soutlNest corner of Ontario and adjacent pam of Michigan and Ohio (Spence and 

Pit h 1984). The Middle Woodland skeletal sample used; n this studlj, the Serpent Mounds sample, 

hat been assigned to the Poi nt Peni nsula cultural complex. 

Sites assigned to the Poi nt Peni nsula cultural complex range from sman campsites to 

larCJ8 stations located along major river and lake systems in the Lake Ontario-St. la'Wrence River 
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dni ... ne (Spence.nd pthl 1984). The anom" of Point Peninsul. people ws cheneterized 

b" huntlng~ tlshi",.nd gathering (Spence et.l 1984: 118).nd most of the investigated sites of 

this period repreaent _OIl occupations of brief duration. Spence.nd pthl (1984: 39) SuglJlSt 

• subsistence-settlement model for Point Peninsula people ",hich includes residence in 1.,.,. bend 

settlements .long the mejor ""teNlP duri ng the spri ng .nd summer months ",here subsistence 

actlvttles YOuld hIM foeuaed on the exploitation of aquatic resoun:es. Duri ng the 'aft nter months ~ 

these 1.,.,. bends me" hive dispersed i nl.nd to famn" huntl ng camps ",here subsistence YOuld 

hive been baaed on la,.,. mammal huntlng.nd the utilization of soma dried foods. 

Most Point Peninsula groups wre probebl~ small~ eQllitari.n bends, hlNwer ~ in both the 

Trent Rlver- Rice L.ke district of Ontario .nd in western""" York, there is evtdence for • more 

complex level of sociopol1t1cal o,.,.nizatlon (Spence et al t 984: 118). Mortuar" patterns 

associated 'aftth sites in these .rees .re cheneterized b" earthen mound complexes. There is 

evidence 'afttMn these mounds for mortuarv ceremoniaUsm, status differentiation betwen 

indivtduals and tto ..... m.n influance (Spence et al 1984: 118). 

The Point Peninsula culture in Ontario is perheps best kIWn from the Rice Lake region 

and the Serpent Mounds skeletal sample comes from this .ne. Spence It.l (1984) summarize 

the subsistence pattern SuglJlSted for groups in this region. From April to mid- November, 

pri mar~ subsistence activities YOuld hive 1 ncl uded COnetti ng and nsM ng along the lakeshore and 

inland among WImps ~ manhes .nd forests. An immense vtriet~ of food resoun:es YOuld have been 

avanable including nsh. shennsh, wterfWl and nub and could hive supported la,.,., ",,..ted 

populations. Wild rice ma~ also hive been utlUzed although the relative i mportence of this 

resoun:e is unkIWn. Wild rice ma" hive onl~ been a supplemental food, not a steple (Spence et al 

1984). November to the end of March YOuld hive been chlrecterized b~ dispersal inland .nd 

dependence on hunting of memmels such as deer ~ beer. beeYer and reccoon as wn as the utilization 

of storable foods such as nub ~ rice ~ dried tlsh and dried mussels. 
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M mentioned allow ~ ~me of the ,Ues in the Rice lake retlon an chencterized bQ .rthen 

mound complexes. Serpent Mounds is an exemple of this tQpe of site. Spence 8t al (1984) suggest 

that the mounds at anQ gtYen ,ite -.en not contemporaneous but -.en ,ucceasiYe ~ _h one 

containing the memben of the communitQ yho had died over a gtYen period of time. Furthermon~ 

each mound in a group~ or each edd1tion to a mound~ is beU..,... to npresent a burial episode 

involving the yhole commun1tQ~ not just a particular segment. Mound construction maQ haYe been 

initiated bQ the deeth of the commun1tQ leader. 

The besic _ial unit beQOnd the nucl.r flml1 Q and Yi nter camp is postulated to haYe been 

the local band~ ~me 50-100 ind1viduals yho shered the ~urces ofa particular aree (Spence et 

al 1984: 135). Tw or mon local bands meQ haYe shered the ~urces of a particular locale Qtt 

mai ntai ned separate settlemenb and cemeteries. Thai lan)lr troupi. me" be called a 

territorial band. The el1te memben of the local bands -.en probabl Q closel Q 1 nternlated. 

The Princess Po1nt cultural complex 1n ~utlNeatern Ontario has been identifted IS 

transitional betwen the Middle and late Woodland periods in thet retlon. Thi, complex i, dated 

from about A.D. 500 to A.D. 900 and can be divided into three temporallQ sequential phaaes 

(stothen 1977). The .rliest tw phaaes an chenctertzed b" sprt ng-summer encampmenb 

located along "Yen andlor neer lates. Subsistence activities included hunting~ ft,hing and 

11mited matze "ncultun. 

The latest p'" of the Princeas Potnt complex, represented bit! the Porteous site in 

Brlntford, suooests considerlble dependence on meta "ricultun. General characteristtcs of thtl 

p ... 1 ncl ude llrger soctlll9llreQltes, .,..r - round occupation of sites, the coDltructfon of 

permanent ctwe111ng structur. Yithtn pali"'lnd I sMft from settlement on 10'l1ind floodple1n1 

Ind mudfletl to settlement on -.ell-drat ned, sand" upland I,.. (stothers 1977). Noble ( 1975: 

44) suooests that tMs shtft in settlement pattern, lOOn after the .rl1l1t use of meta,1nd1cates 

that meta "ricultun 'ill rlptdllJ adopted blJ preMstoric ~uthern ontario populations. It 1s 
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possi ble thet once prehistoric populatioM realized thet an _n':l contronable food reaoun:e \iIS 

wenable in the form of meize, and thet a surpl us could be stored for less plentiful tI mes of the 

.,..r, the~ beceme "'ntar\l, HYIng in permenent YIn. such as Porteous (stothen t 977: 

135). A "'ntar'J l1tat'Jle 'WOuld have been necessar'J to edequatel \I care for and protect the 

meize crops. Accord1 ng to stothen ( 1977) , the pal1_ at Porteous sugQlSts thet the pattern of 

endemic wrfere chenctaristlc of later I roquo1an groups \iIS al ned\l1 n piece and ma\l have been 

the result of competition for land suitable for maize 8C)riculture. 

The oriCji M of the Pri ncess Poi nt complex are uncl.r. stothen ( 1977) SugQlSts thet 

Pri ncess Poi nt represents a cultural intrusion 1 nto Ontario from the soutlrttest yhe,... 

F1 nla'JSOn ( 1977) arQ_ thet Pri ncess Poi nt ewlved out of the southern portion of s.UQI8n. 

Princess Point dweloped into the Glen Meijer culture of the Earl \I Ontario Iroquois (Wright 

1972). 

Princess PoInt \iIS relettvellj contemporaneous Yith the Hunter's Home phlae1n MIN York 

state. Sites aatlOned to the Hunter's Home phlae hIM been dated from A.D. 905 to A.D. 9551nd 

repr_nt the trlna1t1on from Pol nt Pen1nsula to the owaco cultura1 n central and eastern MIN 

Yort. Although fw components of this phlae hIM been found and 1XCI¥tted, some of the llneral 

characteristics appeer to 1 ncl ude a shift 1 n ceramic and tool st,.a, a proUferetton of pi pes, 

1nd1cet1ng "neral popularit, of ptpe smolc1ng, and a reductio" in the mortuar, ritual1sm seen in 

the preceding phlll (Ritchie 1980). While spec1f1c 1nformetion relettve to the suba1stence and 

settlement pattern of Hunter's Home people seeme to be laclc1ng, Ritchie (1980: 258) does potnt 

out that the Hunter's Home t,pe site is located in In ar. fa¥ourable II I camptng ground, 

espec1ln, for food-_hering people. 
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Lett Woodland 

Wnght (1966) his dtYided the Ontano Iroquots development dunng the Late Woodland 

penod into thr. temporallV sequential pr-: Earl V Ontano Iroquots (A.D. 1000 - A.D. 1300), 

Middle Ontano Iroquots (A.D. 1300 - A.D. 1400) and Late Ontano Iroquots (A.D. 1400 to mid 

17th centurv) . 

T\IO 1 ndependent and si multa_us branches of the Earl V Ontano I roquots stage cen be 

identifted: Glen Meijer, 1 n a restncted aree of southwstern Ontano, and Picken ng 1 n 

southeeltern Ontano. AI mentioned prev10usl V, Glen Meijer is believed to have ewlved out of 

Pnncet8 Point. Pickenng is bel1eved to have developed out of Point Pentnsula. Both branches 

prdeed corn IiIJnculture and also conti nued to rei V on hunti ng and ftshi ng (Wnght 1966). 

Fecteeu ( 1985, cited 1 n Esler 1989) stetet that there is little evidence for cultloens on anv 

Pickenng site pnor to A.D. 1100 but bVA.D. 1200 - 1300 the number of Pickenng sites 'tilth 

cultloens 1 ncr .... and bV the end of the Earl V Ontano I roquots penod all of the mIJor cultloens 

(maize, bee .. , sq_h and sunflowrs) wre pr.nt 1 n southern Ontano. lsotoptc anel pis of 

hUmin remains dating to this penod conftrms that the ut111zat1on of maize 'ill w11-advInced bV 

this tI me (SclNarcz It al 1985). The settlement pattern of Glen Meijer people 'till charactenzed 

bV laroe, tlthtl V Grouped Yin .. surrounded bV Pllitades and loceted 1 n defenst ble 100000ons. 

Sites ass1tned to the Picken ng branch 1 ncl ude laroe, Pll1saded Yin .. found 1 n defenst ble 

10C1ttons 88 w11 " numerous smIn cemps1tes lated at ftshing ar.. The bunal pattern 

charactenstlc of both the Glen Meijer and Pickenng people includes bundle and 11exed bunals 

loceted 1 n and around Yin. sites. 

Accordtng to WnGht (1966), the Earl V Ontano lroquots stage ended 'tilth the conquest and 

absorption of the Glen Meijer people bV the Pickenng. Although this conquest hlJpothests his bean 

questioned (It. Ramsden 1977, Noble 1982), the Earl V Ontano Iroquota stege does am to be 
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succeeded by a broad, holl'lOQlneGus cultunl base over much of southern Ontario and adjacent 

soutlNestern Nw York by A.D. 1300. In "nenl, the Middle Ontario Iroquois staoe is npresented 

btj numerous smen campsUes and the occalonellarge vm..,. slte. Noble (1975: 42) sUlJQ8Sb 

that a signiftcant population lncneae hid occurred b'J A.D. 1300. Even thoUlJh hunting and ftshing 

remel ned 1 mportent subsistence activities (Noble 1975), dependence on melze i ncreaed so that 

bV A.D. 1400 tt provided up to 5m~ of the diet (SclNlrcz et 81 1985). B'J A.D. 1 350, en 

elabonte pipe complex hid been lntroduced from the nort ... t and, from that point on, smoking 

became a domi nant tntt of Ontario I roquots _let'J (Wright 1966: 99). There ls evtdence that 

cannl bel1sm WI practiced (Wright 1966). The burial pattarn characteristic of this period 1s 

GaUlr'J 1 nterment. 

The Late Ontario Iroquots stege represents the dlverQInce of the Huron, Petun, Neutral and 

Erie (Noble 1975; Wright 1966). Tw branches, the Huron- Petun and the Neutral- Erie, can be 

1denttfted. The Huron- Petun branch hid two further dI¥tstons I a aouthern and a northern 

dtviston, ",Mch cloael\! resembled _h other. 

There are a number of features ",Mch .rve to dlatt ngulsh the Late Ontario I roquots stage 

as I ",hole. In "neral, the settlement pattern characteriattc of tMs stege conststed of cl lISter, of 

ler", pal1saded ¥tn., located in defenst ble positions WI\! from nevt"ble 'iItIr (Wright 

1966). Tucle (1978: 327) sUlJQllb that the trend towrd 1 ncr_no ¥tn. stze that Y8I 

characteriattc oftMI stege Y8I due to ¥tn. fuston, not to natural populatton 1ncr_. The 

trend to cl Ulter, of ¥tn. 11 1 n contrast to the more homoQlneoUl populatton dlstri button _n 1 n 

the precedtng" and resulted in the ·cr~111zet1on· of the ethntc untts _n in the Mstoric 

period (Tucle 1978: 326). 

MIla conttnued to provide up to 50S of the diet (SclNlrcz et al 1985) and hunttno and 

fI,M ng contt nued to be i mportent subststence actt¥tttes. Archleologtcal evtdence (Noble 1975), 

ethnohtstoric deta (Tooker 1964) end faotoptc analfjlts (Katzenbera and SclNlrcz 1986; 
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SclMlrcz et el 1985) sUQlJlSt thet meet end ftsh remet ... t mportent sources of protet n 

throughout the Onteno I roquots tredttton. Beens yen cultt'llted end yere t ncorponted t nto the 

diet (Tooker 1964) but yen not used as e substttute for the tredtttonel protei n sources 

(SclMlrcz et el 1985). Squash end sunflO'W'ers yen elso grown, Yild bernes end frutts yen 

gethend to supplement the diet end arns, pumpkins end roots yere .ten dunng ttmes offemine 

(Tooker 1964). Clnni be118m end the tile of dogs as food peeked b.., mtd- 16th centur.., (Wnght 

1966). 

In generel, the Late Ontano I roquo1s buned thet r dead 1 n _tIInes. Osstllnes cons1st of 

the mixed reme1 ns of most 1 nd1v1dtllls '.Iiho heel died dun ng en 8 to 12 1je8r period precedl ng 

otttllr" construction. Ethnohtstoric accounts of the Huron (Tooker 1964) ind1cate that infants, 

wrriors and sutcides yere excl uded from _tIIrg 1 nterment. 

Trade for Europeen ...... common during the htstoric period and meg hI¥e 1n¥Olved 

the Hurons of southcentral Ontario ... rlg .. the begt nm ng of the 16th centurg (Ramsden 1978). 

Ethnohtstoric dati (Tooker 1964) suggests that wrfare .... an 1 mportent pert of I roquo1an life. 

Rameden (1978: 1 04-1 05) hie suoaeeted that the sigmftcent IXpens10n _n 1 n some v1n .. 

around Lake Ontario during the .rl" 1500's meg hI¥e been cl_lg related to the establ1shment of 

a trade netwrk to the east and to the 1 ntens1ftcetton of wrfere. The Huron meg hI¥e been 

compett ng for control OYer sources of bee¥er and trade routes to and from the st. LNrence. 

Becatlle ofthetr locetton along trl¥81 routes, certatn v1n .. wn able to attract Iroquo1ans from 

other ar. of southern Ontario and meg hI¥e me1 ntet ... control OYer trade routes through 

wrfar. (Rameden 1978: 106). 

The Ontario Iroquo1s wn attacked and dispersed bg the Leeg .. of f1w Nat10ns during the 

period 1649- 1654 (Wright 1966: 93). The motivatton for tMs attack 11 tel " centend around 

the da1r. to obtltn accesa to the fur-beanng a,... to the north (Hetdenreich 1978) and to obtltn 
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control of trade ..nth the Europeans. A I,,. number of the Ontario I roquois 'Were adopt1d b~ the 

ftYe Nations people (Wright 1966: 93). 

The st.LNrence Iroquots represent, dtsttnct ,roup of northern Iroquotans that occupied 

several groups of vlll. on the north shore of the St. LNrence and 1 n Ne'1LI Vork at the eastern 

end of Lake ontario (Tuek 1978: 324). Representi ng an 1 n-situ deYelopment 1 n this reQ10n from 

at leest A.D. 1250 (Pendef'QlSt 1975), thts oroup at Iroquotans is bel1Md to be the result of 

Pickering and Middleport influences exerted ...... rd into the st.LNrence valleCj onto an 

indt_nous Point Peninsula culture (Tripr and PenderQllt 1978). The8e lroquotans wre flrtt 

encountered bCj french explorers 'tiho visited the st. LNrence valle" between A.D. 1535 and A.D. 

1541, but hid dtsappeared bCj the time of Chemple1ns's arrival in the ar.1n A.D. 1603 

(PenderQllt 1975). The reaeons for the dtsappeerence of the st. LNrence I roquots are unclear. 

ArchaeolOQ1cal evidence suptts that conflict 'titth other nat1Ye oroups duri ng the terminal 

prehtstoric period me" heYe been a contributing factor (PenderQllt 1985). This conflict meg 

heYe arisen out of competition for control of European trade along the st. LNrence RlYer. The St. 

LNrence Iroquots that survived me" heYe found ref. among the Ontario Iroquots, the f1Ye 

Nat10RS Iroquois and the ottew YalleCj A100nquiRS (Tri.r and PenderQllt 1978). 

Ro 110 hi " contemporaneous Yith the Earl" ontario I roquots WI the 0'wa8c0 culture 1 n Ne'1LI 

Vork state. 0'wa8c0 evolved out of Point Peninsula, WI spatlan, conflned to centrel and eastern 

Ne'1LI YorJc and WI tempor,l1Cj restricted to the 11th, 12th and 13th centuries. This culture has 

been dtvlded into three temporal1" sequential p"': Carpenter Brook (ca. A.D. 1000-1100), 

Canande10Ul (ca. A.D. 1100-1200) and Castle Creek (ca. A.D. 1200-1300) (Ritchie 1980). 

Accordt ng to Rltcht. (1980: 298), 0Wac0 culture conte1 ned all the essential el.ments at 

the succeeding Iroquots cultun in the same area. 0Wac0 is the .rl1est cultun in MIN Vork state 

for 'tihtch the cultiYat10n at corn, beens and sqUISh can be poettiYeI "asaerted (Rltcht. 1980: 

276). Gourds wn al80 cultiVlted. Hunting, ftshtng and oathering reme1ned an important aspect 
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of subsistence activtties. Habitation sites .. iated Yith this period intI ude camps, hemlets and 

Yin •. Pal1sades appeer durtlllJ the middle 0Wsc0 period and ma" suggest thet \lemre \IeS 

occurrillQ. Althouah fw hwe been found and exceveted, burtals .. iated Yith 0Wsc0 sites are 

randoml" cHspened 1n old cache pits. 0Wsc0 people ""re almost certe1nl'J Iroquo1en speekers 

(Tuck 1978: 322). 

Wr1CJht (1966: 95) .. potnted out a number of stmtlarities bet.teen the Earl" Ontario 

Iroquots and the canandaiCJUI and castle Cr.k phials ofOWeco culture. In both caeea, there is 

evidence for avriculture .. a major element 1 n the subsistence pattern, The settlement pattern 

1ncludes the presence oflarQl, _ntar" Yin .. , frequentl" paUsaded and located 1'&'1" from 

RI'I1Q1ble Y8ter. Burtals are found 1 n and around vtn .. Yith Uttle or no CJrM". There are 

also spec1ftc simtlartties 1n artifact .. mbl •. 

Ritchie (1980) .. cHvtded the cultural conti nuum from 0Wsc0 to hlstortc I roquots 1 nto a 

number of p .... : the OIk Hln phase (ca. A.D. 1300-1400), the Chence phase (ca. A.D. 1400-

1500), the Gerooe (late prehistoric) p'" (ca. A.D. 1500 to 1550 or 1575), and, ftnall", the 

protohlstortc and hlstortc Iroquots, ca. A.D. 1550 to the present. In QlMral, lroquots de¥elopment 

in New York State \IeS charactertzed b". number off.ur. an in the Ontario Iroquots 1nclud11lQ 

settlement 1 n larQI, pal1aeded Yin., and a subatatence pattern yhlch 1 ncl uded corn avriculture 

as ""n .. huntillQ, ftshlllQ and oetherillQ. In contrast to the ontano lroquots tradition of OIIuer" 

interment, the New York Iroquots appear to hIYe buried the1r dead in cemeteri., These 

cemeteries cons1sted of 1 ndlvtdUll and occastonal multiple interments. 

Ritchie's sequence is ver" QlMrallnd does not account for the oriQfn or de¥elopment of the 

five HItIona I roquota kown from the historic period (Nlemcz'JCki 1984: 9). The prehlstor" of 

the five HItIonalroquots (the Seneca, ca"uga, Ono..,., ORltde and Motwle> ams to be 

characterized b" the 1 n- place de¥elopment of In ftve tri bel CJroups and rtI)1onal sequeRCII hIYe 

been estabUshed for all ftve trtbel arMS (Tucle 1978: 322) , AccordfllQ to Iroquotan tradition, 



the l8IQUi of Five Nations (the Confedereclj composed of the above tnba) \I8S estebl1shed to 

el1 m1 nate conflict yh1ch hid been occurn ng between the tn ba (Tooker t 978). All sUQgeSted 

detes for the foundlDQ ofth1s Confedereclj fen in the penod from A.D. t 400 or sI1C)htl1j befon to 

A.D. t 600 or sl1C)htllj befon (Tooker t 978). As mentioned above, the Onteno Iroquo1s ..en 

attacked and dlspened blj the l8IQUi between A.D. t 649 and A.D. t 654. 

51te and Sample Omn Dttons 

Serpent Mounds 
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The Serpent Mounds sUe 1. located along the north shon of R1ce Late 1 n otonabae 

Twnsh1p, Peterbor0uth Countv, Ontano and cons1sts of ntna earth mounds, a heb1ttt1on stte and 

an extens1ve shell mfdden (Johnston 1968). Th1. stte .... pert1all" excavated bV Henr" 

Molrt9Omerv in t 908 and later bV the Rovel Ontano Muaeum between 1955 and 1959. Three 

rad1ocarbon dates have been obtained for Serpent Mounds: A.D. 128:1: 200 veers, 1..0.302:1: 150 

veers and 58 B.c. :I: 150 veers (Johnston 1968). At discussed prevtousl V, th1s stte 1s 1f1I11ated 

Yith Pot nt Pent nsula culture. 

Jobnston (1968) deacnba the Rovel Ontano Muaeum 8XCI¥It1ons in detel1. four of the 

mounds, E, G, H, and I, ..ere excavated and all but H lj1elded human rema1ns. Mound E, the Serpent 

Mound, 1. the most northeast structun 1n the mound oroup. Th1. mound lj1elded the remains of 32 

1 ndlvtduals pi us disturbed human bona repreaentt '" an additional 42 (Andenon 1968). 

I nterments ..ere pn marlj and seconderv and cremations and charred bona wre evtdent. Seven 

1nd1vtduals from Mound E..ere included in th1. studlj,.n ofyh1cb caD from the _ end of the 

structure. four of theae bunal. wre pnDrv and three wn seconderv. Mound G coota1 ned the 

remains oftwnt" 1nd1vtduals (Anderson 1968). four oft ... ..ere 1ncluded 1n th1. studV. Tw 



Figyre 3.1; Mao of Site Locations 
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1 • Serpent Mounds. 2· Sackett. :3 • Castle Creek. 4 a Roebuck. 5 • MacPherson. 6 - MacKenzie. 7 - Tram 



Table 3.1; Summary of the Samples 

Sile Location Institution Sample Size Pate Cultural Affiliation 

Serpent Mounds Otonabee Township, Royal Ontario 20 A.D. 126:1: 200; Point Peninsula 
Peterborough Co., Museum A.D. 302 :I: 150 
Ontario 

Sackett Canandaigua Rochester Museum 6 A.D. 1040:1: 150 Canandaigua Owasco 
Township, Ontario and Science Center 
Co., New York 

Castle Creek Chenango Township, Rochester Museum 7 A.D. 1200 to Castle Creek. Owasco 
Broome Co., New and Science Center A.D. 1300 
York. 

Roebuck Augusta Township, Canadian Museum of 22 A.D. 1390 :1:100 Sl. lawrence Iroquois 
Grenville Co., Civil I zatton 
Ontario 

MacPherson Flamborough 9 appro)(. Neutral 
Township, Wentworth A.D. 1530 to 
Co., Ontario A.D. 1570 

MacKenzie Metro Toronto, UniverSity of 4 A.D. 1520 :I: 10 Huron 
Ontario Toronto to 15 years 

Tram livonia Township, Rochester Museum 16 A.D. 1565 to Seneca Iroquois 
livingston Co ., and Science Center A.D. 1590 
New York 

\. 



of these buriels 'Were primer", one \lIS seconder" end one..,. disturbed. Mound I conteined the 

remeins offort,,-tw individuals although men" of these 'Wen npresented onl\l b\l a limited 

number offraomenb (Johnston 1968). Ntne indlvtduals from Mound I 'Were included 1n this 

stud\l. five 'Wen prt mer \I burtels and four 'Wen seconder\l. 
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It is 1 mportant to note that the mounds at the serpent Mounds site an not considered to be 

contemporaneous. Spence et al (1979: 117) suggest that MGunds G and I an leter thin MGund [ 

and could be pIeced in the 4th to 6th centurtes. Even MGund [\lIS not constructed all at once but 

appeen to hive resulted from eddtttons to the mound over ttme (Johnston 1968). There 1s 

evidence, ho'Wever, that the populettons represented b\l the 1 ndivtduals 1 n these mounds an 

nlated. The unusuall \I h1gh incidence of os 1 nee among the burtals in MGund [ suggesb genettc 

relatedness be""n them (Spence at al 1984: 126). Andlnon's (1968) allll.,.is of non

metrtc traib suggesb a close biolOQ1cal rtlettonsh1 p be""n all three sets of mound skeletons 

(Andenon 1968). For this stud\l, the indivtduals from all three mounds 'Wert combined, 

resulttng in a totel sample s1ze of 20. Oft ... 20 skeletons, 15 'Wert observed b\l Andenon 

( 1968) to exhi bit patholOQ1cal chlnges in the form of oateoerthrttts of the appendlculer skeleton, 

spillll osteoph'JtOSis, dental cartes, dental .... , or pnmortam tooth loss. 

Seckett end castle Creele 

The Seckett or Clnendl1Qua site 1elocated 1n caMndI1Qua Tovnshtp, Ontario Countv, Hey 

'Iork. Thte lite cons1ete of I II", palisaded vtn. Ind tw lIIOCtated cemeteriee, one located 

north Ind one east of the vtnage. Thts site .... oriQ1MnV lXC8\Ieted bV the Rochester M_um of 

Arb Ind Sciences 1n 1935 Ind.n bV Rltchte 1n 1959. Seckett, Yith In estimated maxtmum 

populltton of 300 to 350 1 ndlvtdUlls It Inv one tt me, rtpresents one of the llrgest IclWn 0'w8Ic0 



vinages (Ritchie 1980: 287). A ramocarbon date of A.D. 1040 % 150 years 'w'8S obtai ned from 

the sUe. Sackett has been assigned to the Canandaigua phase of the O'w'asco period. 
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A total of 57 burials -were recovered from the t'w'o cemeteries at Sackett, eight of 'w'hich 

....ere 1 nel uded for anal 'PiS in this study 1. M mentioned prev10usl y, nmt O'w'esco burials that have 

been found -were randoml y dispersed 1 n old cache p1b (R1tchie 1980). The cemeteries at Sackett 

are clearl y an exceptlon to this burial pattern. It 1s of interest that six of the adult male skeletons 

recovered from the Sackett cemeteries ¥ere riddled 'w'ith arrwheeds (R1tchie 1980: 294). 

R1tchie (1980: 294) suggesb that these skeletoM, coupled 'w'ith the evidence for fortlflcatlon of 

0'w'83C0 sites, may be tndtcatlve of'w'8r or conft1ct among O'w'esco people. 

The castle Creek site is located 1n Chenango TO'w'nship, Broome County, Ne'w' York. This 

sUe, excavated by the Rochester Museum of Arb and Sciences bet'w'een 1931 and 1933, also 

coMisb of an 0'w'8sc0 vinage and burials. Tw ramocarbon dates 'Were obtained for the site: A.D. 

1196 %200 years and A.D. 1 ~5 %200 years. R1tchie (1980: 275) s~b that the true date 

for this slte l1es bet'w'een A.D. 1200 and A.D. 1300, or 'w'ithin the span of the standard deviatlons of 

the t'w'o ramocarbon dates. Castle Creek has been assigned to the Castle Creek phase of the 0'w'8sc0 

period. 

The exact number of bUrials found and/or excavated at the castle Creek site f n unknwn. 

Seven of the f ndt't'fduals that -were excavated -were suftable for f nel usion f n tMs study. 

Because of the spatial and temporal proxt m1ty of the S8c1cett and castle Creek sites to each 

other I the f nd1't'fdua1s from them -were combf ned and considered as a si ngle sample f n this study. 

The combf ned sample size 'w'8S 1 5. 

1The criteria used to determ1 ne 1f a particular burial 'w'8S suftable for 1 nel usion 1 n tMs 
study are outli ned in chapter 4. 
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Roebuck 

Roebuck is a prehistoric, pal1saded, St.laYrence Iroquoian Y1n. site located in Augusta 

Toynshlp, Grenvtlle Count.." Ontario. This site YII excweted b.., Wintemberg1n 1912 and1915 

(Wi ntembero 1936: 1) and 11)11 n b.., WriOht 1 n 1970 (Pendergat 1983). Roebuck COYers 

approximatel.., 8 acres (WintemberQ 1936: 2) and me.., hive been occupted b" 88 men" 88 2,000 

indfv1duels at one time (WriOht 1979: 69). A rldtocerbon date of A.D. 1390 t 100 veers has 

been obtltned for the site (Wilmetb 1978 c1tedin Jamieson 1983). 

The remetns of 851ndfY1due18 wre recowred from the Roebuck site (Wintembero 1936: 

118- 119). Tbeae1 ndfYiduels wre found 1 n si noll oreves and the OCC881onel multi pie oraYe botb 

'i1thin and outatde the pal1_ wns. A oreat number oftbeae burials wre found in refuse heaps. 

Scattered bumen bone repreaent1 no 88 menlJ • 351 ndfv1duel8 (leROYI. 1 937: 5) YII also 

recowred from the refuse heaps. Wi ntember, ( 1 936: 120) states tblt the scattered bumen bone 

I1tel" repreaents the enemies or captives of the Y1n.', 1nblbttants yho wre roaated or eaten 

al1ve. Jamieson's ( 1983) anallj818 of this scattered bumen bone and the bumen bone art1facts 

from the site stronol" 1ndfcates tblt prisoner-sacrifice and canniba11sm wre be1no pract1ced. 

Twnt,,-t.io of the 851nd1Y1duels recovered from Roebuck wre included in this studlj. It 

should be potnted out, twe¥er, tblt 1t is uncet1l1n yblt"r or not tbeae1nd1v1duels are trul" 

repreaentattve of the population tblt occupted the Yin •. Wintembero', excwet10ns focUlSld on 

the middens and pal1 ... It is eat1meted tblt onllJ one-querter of the ent1re Y1n. his been 

excavated (Pendergat 1983:50) and it is unkROYn bOY men.., burials remet n uncowred. If the 

population at Roebuck dtd peek at 2000 and if the Y1n. YII occupied for approxt metellJ 20 

.,.rs, then the number of deed expected ra .. from 1,080 to 1 ,600 (Pendergat 1983: 51). 

Even .umi no an aYer. annuel population of 1 ,000, the number of deed expected wuld be at 

l.t 540. Botb of tbeae flour. are substlnt1an IJ hloher then the 85 1 ndfY1duels recowred from 
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the site. IenIN1. ( 1937) found thlt most of the edult skeletons recoYInd from Roebuck are 

femele and obaemtions made durtng this stud.., conftrm this ftndlng. It Is unknINn \lhere the 

meles wre burted or \lhlt the reeaons wre for thel r excl uslon from burtal at the ... 111. site. It 

also _rna questionable \lhether or not the burtels found even represent the 't'1n. 's 1 nhlbltenb 

or, If the.., do, If the.., represent spec111 or unique C8M. Interment 1 n middens does not fttthe 

burtl' pattern that \lIS chanctertsttc of other I roquolan groups durt ng the lIte prehlstortc and 

hlstortc pertods. 

MecPherson Ind MecKenzte-Woodbrtdge 

The MecPherson stt. is located in namborough TwnsMp, Wentwrth Count" Ontano. 

Thla Neutral 't'111. att. \181 exce¥ated 1 n 1987 under the d1 rect10n of Mr. Wl111am f'1tzQerald and 

Dr. Shene" seunders of McMlater Umversit". Beaed on an anallja1s of the artifact asaembl. 

recovered,1t hII been auggested that the site dItes sonwhere between the 1530's and the late 

1570's (seunders and f1tzQerald 1988). " total of 31 bunala wre recovered from 30 bunll 

features etther \I1thl n the MUllS or \I1thl n the area of the 't'1U. (seunders 1988: 2). There 1s 

llao an _uer\! a.1ated \11th the 't'111. but 1t hII not been exce¥ated (seunders 1988: 2). 

Infanta, cMldren and edulta wre repr_nted among the human reme1ns recovered from 

MecPherson. Nt ne of the adults wre 1 ncl oded 1 n the present stud". AQe1 n, an 1 mportent quest10n 

to be addressed 1s \lhlther or not the 1 ndI't'1duela 1 nternd 1 n the 't'111. represent 'special cases' 

(seunders and f1tzQerald 1988). As mentioned prevto .. I", ethnohlatonc accounts of the Huron 

(Tooker 1964) 1 ndlcate that 1 ndlviduela \1M hid d1ed a violent deeth (t.e. wrrtors or suicides) as 

wll es1 nfants wre not 1 nterred 1 n the _uen" \11th the rest of the deed. With the exception of 

one, there are no 1 ndlcettons that an\! of the 1 ndlviduela 1 nterred at the MecPherson vil1. site 

suffered a 't'1olent deeth (seunders and f1tzQerald 1988). There are, twever, I number of adult 
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skeletons 'tLIhich uhi btt patholOQtcel condlttons, 1 ncl udt nQ lioht of the n1 ne 1 ndlviduals 1 ncl tided in 

this studV. 

The MacKenzte or WoodbridQe site is located near metropol1tan Toronto on the Humber 

River drat AIIJI sptem (Johnson 1 980: 77). This is a si ",Ie component vill. _gned to the 

southern division 01 the Huron- Petun brench 01 the Late Onterio I roquots traditton (Johnson 

1980: 77). Based on the art1fact assembl. 18 \1111 18 the presence 01 European trade QOOds, the 

site has been dated to approxtmetelu A.D. 1520 :tID to 15uears (Johnson 1980: 77). 

Human remains heve been recovered on four separate occastons from the site between the 

period 1963- 1982 (Saunders 1986: 9). Eighteen 1 ndlviduals, 1 nfant, child, adolescent and adult, 

are represented. four 01 the adults \lire 1 ncl uded for a .. 1 usts1 n this studU. AQI1 n, it is poss1 ble 

that the individuals interred It the MaclCenzie-WoodbridQe vin. site represent special C8888. Of 

the four individuals included in this studU, three \lire observed bU Saunders (1986) to exhibit 

marked petholOQtcel che •. 

The slceletelsemplesfrom MacPherson and MaclCenzie-WoodbridQe \lire combined and 

treated 18 a si ",Ie SImple 1 n this a .. 1 USis. These M SImples are relattvel U close to each other 1 n 

space and in tt me. Accordi '" to Ramsden (pers. comm.1989) , the archeeolOQ1cel evidence sUl)lJlSts 

that several oroups 01 people occupied the MacKenzie-WoodbridQe site. Given the nature 01 

I roquotan soctal orQlnizatton It the tt me 01 occupation 01 these M sites, and co_deri nQ the Id Ads 

01 che_ that \lire occurri nQ 1 n I roquotan soctetu It this tt me (eg. villlCjlfusion, populatton 

movements and migrattons), it is 18 reaso .. ble to combine the MacPherson and MacKenzte

WoodbridQe skeletel samples 181t is to consider either one 1 ndlvtduall U (P. Ramsden, pers. 

comm.1989) . 



Tram 

The Tram site 1s an early, pal1saded, Seneca Iroqucris Yillage site located 1n Livonia 

Twnsh1 p, L1Yi ngston County, Ne'W York (Sempo'Wsk1 1989: 1). Wray and Schoff ( 1953) fl rst 

proposed a chronolOQ1cal sequence for the histoncally kl'lO'Wn Seneca Yillaoe sites based, 1n part, on 

the assumpt10n that two pn nc1 pal Seneca Yillages, a 'WeStern and an eastern Yillage, co-existed 

si multaneousl y from at least the last half of the 16th century to the end of the 1 7th century 

(Wray et al 1987: 2). Tram has been 1dentifled as the second Yillage 1 n the eastern sequence of 

Seneca Yinage 81tes. Based on an anal ys1s of the artifacts recovered from the s1te, Tram 1s 

bel1eved to haw been occupied between A.D. 1565 and A.D. 1590 (Wray t 973; Wr8Y et al t 987). 

The Tram site has been excavated on numerous occasions beg1 nni nIJ as early as 1848 

(SempcNsk1 1989: 1). Most of the excavation and investigation at the site has been confl ned to 

bunals. Three cemetenes are kl'lO'Wn from Tram: cemetery 1, cemetery 2 and cemetery 3 from 

the south, north and northeast edges of the site respectively. Sempo'WSk1 (1989: 3) reports that 

a mi ni mum of 7 t bunals ¥ere recovered from cemetery 1. Cemeter 2 yielded the reme1 ns of 68-

692 f ndtviduals (Wray and cameron 1970). No excavation of bunals from cemetery 3 has been 

reported. A total of 18 adult skeletons from this site ¥ere included in this analys1s. All of these 

¥ere recovered from cemetery 2. 

2rhe fleld notes are contradlctory. It is reported that 68 and 69 skeletons ¥ere recovered 
from cemetery 2. It 1S unkl'lO'Wn .... hich of the two figures is correct. 



Chapter 4: Methoda 

A total of 88 adults 'Were 1 nel uded 1 n this stud~. The declsion to i nel ude or extl ude 

individuals from each sample "i8S initialllj made on the bats of the follCNing criteria: 

1. the presence of a second left metacarpal suitable for x- ray and/or a left radt us suitable 

for single photon absorptiometry and/or x-ray. In cases ",here the left metacarpal or 

radi us "i8S dal1l8Qfld or missi ng, the right "i8S substituted. 

2. the presence of remei ns ",hich 'ttOuld allw .x of the 1 ndividual to be determl ned and the 

approxi mate age at death to be esti mated 'ttith confidence. 

Once the individuals 'ttere selected and observations relevant to .x determl nation and age 

esti mation 'ttere made I , the radii and metacarpals 'ttere transported to McMaster University 

Medical Centre ",here all x-ralJS and single photon absorptiometry 'ttere done. Resulting data 'Were 

anal ~ pri maril ~ b~ nonparametric techniques. The data 'Were compared blj age and b~.x both 

'ttithi n and bet'ateen samples. Comparisons 'ttere also made to published data on modern 

populations. 

Sex Determi nation 

Determt nation of the sex of each 1 nd1vtdual "i8S based pn manly on a combi Ratton 01 

morphologtcal and metnc obserY8t1ons 01 the pelY1c remat ns. Morphologtcal cntena 1 nel uded the 

presence or absence of a ventral arc I subpubic concavttu and median ndOe (Phen1ce 1969) I the 

presence of a preauricular sulcus I dorsal pubic pitt1 ng and an 1 nterosaeous groove (Kelleu 

'The skeletal material from the MacPherson site 'tilt reinterred before most of these 
obserY8t1ons could be made. The sex and age est1 mates for the i nd1Y1duals in tMs sample 'Were 
taken from Saunders ( 1 988). 
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1979b} , the shape of the subpubic angle, the shape of the sciatic notch and the presence or absence 

of an elevation of the posterior margin of the auricular surface (Krogman 1962). In addftion to 

these criteria, the ischio-pubic index (Washburn 1949), the greeter sciatic notch-acetabular 

index (Kel1e~ 1979a) and the acetabular-pub;s index (Schulter-Ellis et al 1985) 'Were 

calculated ...,henever it 'e'8S pIOSSi ble to obtai n the appropriate measurements. 

It number of criteria 1 ndependent of the pelvis 'Were also considered in determi n1 ng the sex 

of each ; ndi vi dual . These criteria i nel ude measurements of the humerus (Dittriclc and Suche~ 

1986), femur (Dittriclc and Suche~ 1986; MacLaughlin and Bruce 1985) and tibia (tscan and 

Mtl1er-Shaiv1tz 1984). In most cases, lndiv1duals could be classifted as male or female on the 

basis of the publ1shed standards and, 1n most cases, this classiftcation 'e'8S;n agreement 'tiith the 

determ; nation of sex from the pelvic rema; ns. 

I n some ; nstances, ho'wever, the ; ndividual could not be clearl ~ ;dentifted as male or female 

on the basis of the published standards, Furthermore, the observetions from the pelvis 'Were 

11 mlted and therefore i nconel uslve 'tiith respect to~' I n these cases, the sex of the f ndividual 

'e'8S determined through a comparison to individuals of Icl'lO'Wn ~ from the seme sample from 

...,hich that j ndividual 'e'8S drwn. This comparison 'e'8S done in the fol1o...,; ng manner: 

1. Variables sho'tin to correctl y classify a h1gh percentage of 1 ndividuals as male or female 

'Were chosen. In this case, max1mum dtameter ofthe femonl heed, bicond~lar 'tiidth of 

the femur and tnnsverse and vertical dtameter of the head of the humerus (Dittrick and 

Suche~ 1986) 'Were selected, 

2. It plot of the val ues of these variables 'e'8S made for ; ndividuals of Icl'lO'Wn~. Knwn ~ 

refers to ; ndiv1duals that have been identifted as male or female on the basis of speciftc 

morpholOC)fcal criteria such as Phenice cntena, It aepante plot Yes made for each of the 

vanables. 
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3. The male and female values for each vanable Yere examined. The midpoint ofthe OYerlap 

between the male and female vel ues ...as teken as the _tioni ng poi nt for that venable. 

4. The velue of the venable for the individuel of unkncNn sex...as plotted to see ",here it 

fen 'ttith respect to the _tioni ng poi nt. 

A totel of nl ne i ndividuels Yere classed as mele or female usl ng th13 method. 

It should be noted that observetions of cranial morphology Yere also teken but Yere found to 

be 1_ reliable In determlnlng sex and Yere therefore only given 3eCOndery consideration. Table 

4.1 provides a breekdcNn of each semple by sex and by age cete90ry. 

Age Esti mation 

A number 01 cnteria 'ttIre employed 1 n derivi ng an est1 mate 01 age at death for each 01 the 

1 ndividuels. The present stud'J requi res adults onl 'J. Therefore, the fl rst step ...as to exam1 ne the 

skeletal remet ns for degrees 01 epi phtjSe81 union. To be f nel uded f n the anal tjSfs, each skeleton had 

to exhibit complete union 01 the medtal epicond'Jle of the humerus, the prox1mal radfus, the 

prox1 mal ul na, the prox1 mal femur, the dfstal tl bia and the dfstal fl bula. This wuld place 

1 ndividuals at a mf ni mum 0119- 20 years 01 age at the t1 me 01 death (McKern 1970 cited 1 n 

Bennett t 987). All other epi ph.,. of the f nfracramal skeleton Yere also f nspected. 

Observations 01 ectocranial suture closure (Me1 nd1 and LovejoU 1985), dental attrit10n (Mel bUt 

1983) , osteoarthritls 01 the I umber spi ne (Stwart 1958) and osteoarthritls 01 other jot nts 

'ttIre also made. 

for the most pert, ho'tiever, these observations Yere onl'J OIven secondary consideration j n 

estimating age at death. Primary consideration 'tt8S otven to features of the pelvic remetns. The 

standards developed for ag1ng based on degenerative che .. of the pubic s'JmphtjSfs (G1lbert and 

McKern 1975; Katz and Suche" 1986; McKern and Stwart 1957) and 01 the auricular surface 
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(Lovejolj et al t 985) -.ere utilized ... henever pmf bIt. If it 'w'8S not pmi ble to obtai n an ave 
estimate from either the pubic sljmph'Pis or the auricular surface ofan individual skeleton, then 

that skeleton 'w'8S excl Wed from the anal 'PiS. 

Most of the methods for esti mati ng ave listed above are population specinc. Thelj also lack 

precision and accUr8CIj. For these reasons, 1 n addition to makf ng ... ri1ten observations, photos 

-.ere taken and casts -.ere made of the pubic sljmphyses and/or auricular surfaces of each 

1 ndividual skeleton 1 ncl uded 1 n the analljSis. This 'w'8S done to ensure consistenclj 1 n observations 

and to allw for the construction of comparable. pronles and cohorts bet'w'een samples. By 

usi ng the observations, photos and casts in conj unction 'w'tth one another, it 'w'8S pmi ble to seriate 

the 1 ndi vi duals 'w'tthi n each sample from ljOungest to oldest, to assign a renk • to each f ndividual, 

to divide eech sample into t'w'o broad • cetegones, 20- 39 and 40+ , and then to compare rank 

., and • cetegories across all samples. 

In most ceses, the pubic sljmphyses 'Were missing or -.ere not suitable for makfng an age 

estimate. As a result, the. pronles of each sample -.ere constructed largellj on the buis of 

auricular surface morphologlj. Age esti mates thus obtai ned -.ere ren ned on the buis of 

observations of the other cnteria listed above. 

Agei n, table 4.1 provides a breakdo'w'n of eech sample blj sex and blj. cetegGrlj. While the 

majorftlj of i ndtviduals in the 40+ age cetegorlj 'Were esti mated to be bet'w'een 40 and 60 yean of 

age at the time of deeth, each sample does contain at I_t one markedllj old individual. 
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Tabl, 4.1 Age and sex composition of trw .mg]g 

Sample Tota] aja Mel. Me]. F,ma]. F,ma]. 
20-39 40+ 20-39 40+ 

Serpent 20 5 9 3 3 
Mounds 

Sackettl lS 5 2 3 5 
castle Creek 

Roebuck 22 1 3 7 11 

Macprwrsonl 13 5 5 2 
MacKenzie 

Tram 18 4 4 4 6 

88 
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Radiography 

As mentioned prevtousl ~, the decision to 1 ncl ude or excl ude 1 ndtviduals "iat made lin part I on 

the ba1s of the presence of a second lett metacarpal and/or a lett radi us suitable for x- ray. The 

lett elements 'Were ehosen for the follO'W1ng reasons: 

1. To ensure consistency in sampl1ng. 

2. To control for the possfble effects of bilateral asymmetry. 

3. Because studies of modern populations tend to use x-rays of the nondominant arm. TMs 

study assumes that the lett arm is most 11 kely to be nondomi nant. 

Ho'WeYer I it "iat not al'WaljS possf ble to use t he left metacar pal or radi us I either because the 

element "iat missing or becauae it 'Was se rio usl y damaged. A total of Ai ne second ri9M metacarpals 

and tMrteen ri9M radii had to be included. TMs represents 13.4~ and 15.5~ of the total sample 

of metacarpals and radii respectively. The ri9ht elements -were randomly distri buted throughout 

all the samples. 

Posterior-anterior radiographs of the second metacarpals -were taken on Kodak T - mat L fll m 

at an exposure of60tv I 2.5 rnA and at a tube-to-fll m distance of1 02 em. The mex1 mum length of 

each metacarpal 'Was measured to the nearest mi111meter using a ruler and midshaft 'Was marked. 

The external 'Width (W) of the metacarpal and the medullar\! 'Width (M) -were measured at midshaft 

to .05 m1111meters using Hel10s needle-potnt calipers and a m89niflJing 91ass. The m89nifljing 

01ass "iat used si nce the endosteal surface ~met1 mes appeared hazy to the unaided eye. 

The measurements W and M -were used to calculate percent cortical area (PCA) (Garn 

1970). Percent cortical area, Qiven b\! the formula (W2 - M 2/ W2) X 100, expresses the ratio 

of cortical area to total area. 

Anterior - posterior radiographs of the radii owere taken on Kodak T - mat L fll m at an 

exposure of 60 tv I 3.2 rnA and at a tube-to-fll m distance of1 02 em. The variable of1 nterest 'WIS 
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percent cortical aree of the proximal radfus. The sUe of measurement ofW and M is defined by 

Meema and Meema ( 197~) as a distance 2.5 ti mes the diameter of the radf us measured distall y 

from the capitul um of the humerus. Clearl y~ it .... not possi ble to measure the distance from the 

capitul um of the humerus in this case. Meema (pers. comm. 1988) recommended that a distance 

of 2.5 times the maximum diameter ofthe radfal head minus three mi111meters be measured 

distally from the center of the concav1tlJ at the front of the radfal head and marked. Three 

m111imeters are subtracted to account for the articular space bet.teen the head of the radfus and 

the humerus. Once this site .... deft ned on the x-ralJS~ W and M 'Were measured to .05 

m111imeters usino Hel10s needle-point cal1pers and a measur1no Qlass. Percent cortical aree .... 

calculated usi no the formula cited above. 

RadtOQraphlJ has been sheNn to be a fairllJ precise technique for evaluating bone mass. 

Intraobserver error in measur1no Wand M of the metacarpal has been reported to ra .. bet.teen 

0.7 and 4.8W; (Andresen and Nielsen 1986: 61 0). I nterobserver error in measuri no these 

parameters has been reported to haYe a ra .. of 1.0 to 6.4W;. Meema and Meeme (1987: 406) 

report that the OYerall precision for metacarpal and radfal measurements is approxi matellJ ~W;. 

The accUf8C1J of this method~ howYer ~ is questionable. Measurements of cortical thickness 

do not assess i ntracortical porosity and endosteal erosion (Wahner et al 198~: 28~). Variations 

of 1 nt racorti cal porosUIJ malJ account for as much as ~OW; of aQt no changes (Mazess 1981). 

Accordt no to Huddleston ( 1 988: 1~), bone densitlJ must be decreased blJ at least ~OW; before a 

significant reduction can be seen in radfOQraphic 1fM)es. Because ofthls 1naccuraclJ~ th1s method 

can not be used blJ itself for the di8Qnosls or monitor; no of individuals. HlMNer ~ U can still be 

useful epldemiolOQ1calllj (Mezess 1981: 29). 
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51 ngJe Photon A~rptiometry 

Single photon absorpt1ometry (SPA) is a simple non1nvas1ve techn1que ... hich prOY1des a 

measure of bone mi neral content (Btt=) 1 n g/cm. 1 n1tial1 'J deYeloped by cameron and Sorenson 1 n 

1963, this techn1que is based on the transmission through bone of a com mated beam of 10'&1 energy 

monochromatic radiatton, in this case 1251. The amount of radiation transmitted as the beam 

passes over the bone, recorded in counts per second, is measured b'J a sc1nttl1atton counter ... hich 

is coupled to the com mated beam (fiGure 4.1 ). This amount is 1 nversel 'J related to the amount of 

bone mineral in its path (Bo.,. et al 1974: 1202) and is calculated accordfng to the fol1O'w'1ng 

equation: 

Ma-pal n( 10 * /I) (uapa- USPS) 

... here pa=microscoptc density of bone mi neral, Ps-microscopic densit'J of soft tissue, ua=mass 

absorption coefflctent of bone mineral (cm2/gm), Us-mass absorption coefflctent of soft tissue 

(cm2/gm), lo*-count rate through soft tissue and l-count rate through bone and soft tissue. Ma 

is the amount of mineral per unit area for a single point measurement (Sorenson and cameron 

1967: 483). The transmission rate of the beam varies as the beam crosses over the bone. This 

reflects variation 1 n the amount of mi neral encountered. 

A curve based on the neturallogarithms of 1 and 10* are constructed and dfsplaljed on a 

monitor. Bone mineral content, or mass of mineral per un1t length of bone, is proporttonal to the 

area enclosed by these tw curves (figure 4.2) (Sorenson and cameron 1967: 483). Bone 'w'1dth 

is determi ned b'J ass1gn1 ng edGes to the bone ... here the count rate through bone and soft tissue (I) 

is a percentage of the _11 ne count rate 00*). This;s referred to as the search threshold. 

51 ngle photon absorpt1ometry has been sho'w'n to be accurate and precise to 'w'1thi n 2~ (Bo.,. 

et al 1974; cameron et al 1968; Sorenson and cameron 1967). furthermore, bone mineral 

content determi ned by this techn1que is 1 ndependent of the thickness of the overl VI ng tissue, 
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Fi9ure 4.2 Relltion be ...... n beem tnnam1ss1on Ind bone m1nenl content (Sore ... n end cameron 
1967: 483). 
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1 ndependent 01 the bone position relative to the top and bottom 01 the ~1t tissue and 1 ndependent 01 

the orientation 01 the bone 1 n the ~1t tissue (Sorenson and cameron 1967: 488). The technique 

does, hcNeYer, depend on constant thickness of the $C8n path. This requi res that 'WIter or form

fltt1ng pieces of tissue-equivalent material be placed around the $C8n site. Equal thickness is 

necessary if the equation cited above is to hold true (cameron and Sorenson 1963). 

Single photon absorptiometry..,. carried out on the radii using fecmties at the Department 

of Nuclear Medicine, McMaster University Medical Centre. An measurements owere done on the 

Norland 278 Bone Densitometer. This is a di rect readout system \lh1ch provides val ues of bone 

mineral content (g/cm), bone \I1dth (cm) and the bone mineral index (BMI-Bt'!: ;. BW) to three 

decimal places. Although single photon absorptiometry is designed primarily for use \lith liYing 

populations, it can and has been (eej. PerziCjian 1973; Sumner 1984) adapted for use \11th 

archeeoloC)1cal samples. 

The standard site for si ngle photon absorpttometrv of the radl us is 1/3 of the distance from 

the ulnar stVloid process to the olecranon, measured prox1mal to the styloid process. In the 

present study, the radial shaft site \I8S deft ned as 1/3 of the maxi mum length of the radl us 

measured prox1 mal to the radial styloid process. This site ..,. clear1 V marked on the shaft of each 

radi us prior to anm ng. 

91 ngle photon absorpttometrv 1s based on I two component spUm: bone and soft tissue or 

its equivalent. ArcheeoloC)1cal bone is It tel V to contat n a1 r. I n order to remove as much Ii r as 

posst ble, and thus reduce the error 1 n measurement that could be caused bV the presence of a1 r, 

the radi1 owere placed under a vacuum for 24 hours prior to test1ng. While attn contained under a 

vacuum, the radii owere flooded \11th dist1lled, de-iontzed wter. The radi1 \lere then placed 1n a 

bath of this \liter for test1 ng. The 'w'8ter served as the soft tissue equivalent. 

The 'w'8ter bath consisted of a plast1c contatner, 45x15x1 Oem, 11lled \11th 'w'8ter to 8 depth of 

11ve centimeters. A 10ng1tud1nal axis \I8S marked along the bottom of the bath and I mirror marked 
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¥ith a vertical axis 'W8S fixed at one end. Each radius 'W8S placed in the bath, anterior surface 

do'.tn, along the 10ngitud1nal axis ¥ith the distal articular surface facing the mirror. Each radius 

'W8S checked to ensure that the distal and proximal ends 'Were on the axis, touching the bottom of 

the bath, and that the donal tubercle 'W8S directl\! OYer the axis (F1gure 4.3). Each radius 'W8S 

al$O checked to .. that the notches separeti ng the medial and laterel aspects of the distal articular 

surface 'Were 1i ned up along the vertical axis on the m1 rror (F1gure 4.3). A metal clamp 'W8S 

pIeced around the neck of the redt us to hold 1t in position duri ng scann1 ng. The search threshold 

\lIS set at 75~. The plastic contai ner \lIS positioned $0 that the meesurement site on the radi us 

\lIS directl\! beleN the beam. Each radius \lIS scanned four times and bone minerel content, bone 

¥idth and the bone minerellndex (8MI) 'Were recorded each time. An average value for each 

variable \lIS calculated. The averaoe val un for the bone m1 nereli ndex 'Wen used 1 n thts anallp1s. 

A total of 55 radii (11 right, 441eft) 'Were tested for bone mi neral content. The radii from 

the Sackett and Castle Creek sites 'Were excl uded from this part of the anallpis si nee the\! 'Were 1m 

'Wen-preserved than the othen and 1mmenion in the .... ter bath me\! have resulted 1n further 

da~. 

Accuracy and Precision 

Sokaland Rohlf (1969: 13) detI ne accurac\! as the closeness of a measured or computed 

val ue to its true val ue and precia10n as the closeness of repeated meeaurements of the same 

quant1t\!. An attempt \lIS made to evaluate precision error 1n the X-fa\! stud\! and both precision 

error and error fn accuraclj 1n the single photon abaorpt1ometrlj. The deI1gn and results of these 

eval uatfons are cHacussed beleN. Prec1sion error WI calculated accorcH ng to the fol1o¥1 ng 

formula: 
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F1tun 4.3 Positton of recti us f n the wter beth 
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.rror a Ioricri nal - reoeeV x 1 00 

(original + repeat)/2 

Th1s statistic yie1cb i nformetion on the megnitude of the precision error (utermohle, Zegure and 

Heethcote 1983 cited in Sumner 1984: 70). The paired t-test (two-talled) wa used to test the 

s1gniftcance of the cHfference betwln the origi nal and the repeat meauremenb. If true val ues 

are kooyn, percent error 1n accurec" can be .,.S38d using the follMng formula: 

.rror • /true - mmuredl x 100 

true 

(Sumner 1984: 70). Since true values are not Icooyn in th1s stud", percent error 1n accurec" 

wa calculated usi ng the precision formula c1ted above. 

Precision error in x-re" meaurement 

Tw t"l* of preci3ion error can be identifted: intraobMrver and inurobMrver error. 

Onl" intraobMrver error wa evaluated for the x-re" meesuremenb of the metacarpals. 

ldentiftcation of the meuurement sUe and the meuurement technique ibelf are streightfor.oard. 

Both 1 ntraobMrver and 1 ntero.rver error 'Were assessed for the meuuremenb of the rad1i s, nce 

the identiftcation of the meesurement site is more complex and therefore more prone to error. 

Since percent cortical aree b the variable of nmt intemt in this stud", the mulb of the error 

studies are reported for tI~1s variable onl ". 

It "mple of 20 metacarpals wa chosen. Repeat meesuremenb of total \I1dth and medullar" 

\I1dth 'Were made six months after the orig1 nal rneeauremenb 'Were taken. Percent cortical aree 

wa calculated and compared to the origi nal val ues. Percent error in percent cortical area had a 

meen value of 2.32 and a standard deY1atton of 1.7Z. The t-value obtained from the comparison of 

orig1nal and repeat values wa -1.104. This \lIS not signiftcant at p i .05. 
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A sample of t 4 rad11 ¥eS chosen. The measurement s1te ¥8S marked, total 'Width and 

medullary 'Width '&'ere measured at the s1te and percent cortical aree ¥eS calculated. The meen 

lntraobserver error 1n percent cortical aree ¥eS 3.37~ (5.D.=6.90). In one C83e, the ~ error 

\laS substant1ally higher than this (27.707~). Elimilllt1ng this cue, the meen intraob3erver 

error ... t .50~ (5.D.=1.50). Including this C83e, the t-value obtained from the comparison of 

oriQillll and repeet measures ... 3.367. This ... not significant at p ~ .05. 

The interob3erver error had a mean of 5.37~ (5.D.-6.34). Aga1n, there ... one C83e in 

'Which the ~ error ... substant1ally higher (25.91 ~). Elimilllt1ng this C83e, the mean 

1 nterobserver error ... 3. 79~ (5.D. -2.88). 'ncl udI ng this cue, the t-val ue obtai ned from the 

comparison oforiQillll and repeet measures ... - t .351. Again, this ... not significant at 

p ~ .05. 

Accuracy and Precision in 51 ngle Photon Absorpffometry 

Accordi ng to Sumner (1984: 91-93) there are tw sources of error 'Which may affect the 

accuracy of bone mi neral content val un obtat ned from archeeolog1cel bone: error 1 nherent in the 

s~m and error due to differential f1111ng of the medullary cav1ty. In an effort to control system 

error the machine 'WaS routinely calibrated on the day of use or on the day before. Calibration 

coefftc1ents 'Were determined by scanning a bone phantom for 'Which the true value of bone mineral 

content and bone 'Width are krwn. To eval uate error due to differential fi111ng of the medullary 

cavity the experimental design outlined by 5umner (1984: 93) ... used. Ten racHal shaft 

fragments '&'ere collected, a measurement site 'WaS marked on each and the ends of the fragments 

'&'ere plugged 'With clay. The fragments '&'ere placed under a vacuum for 24 hours, then flooded 

'With 'Water and placed 1 n a 'Water bath for si ogle photon test1 ng. Each fragment 'WIS scanned four 

times. While still under 'Water, the plUCJS 'Were removed, the shaft ... allO¥ed to f111 completely 



'w'ith 'Weter and the fragment 'W8S agel n scanned four ti meso Percent error 1 n the bone ml neral 

index had a mean of 3.44 (S.D.=2.49). The t-value 'W8S -.092. Thi3'W8S not signiftcant at 

p j, .05. 

Sumner (1984: 94-95) identiftes four potential sources of prec1$1on error: 

1. repos1tioni ng error 

Z. sljStem error 

3. differential 11m ng 01 the medullary cavity 

4. variation in the 8Ct1vitlj of the source 

An attempt ¥as made to eval uate the error due to these sources that may heYe occurred in the 

present stOOIj. AQain, the experimental design out11ned blj Sumner 'W8S follCNed. 
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A sample of ten radii2 'W8S chosen and measured for bone nri neral content, bone 'w'idth and 

bone mineral index follo'w'ing the procedure out11ned above (f.e. measurement $1te deft ned, bones 

placed under a vacuum, flooded -.1th..ater, each scanned in the ..ater bath). The radii ¥ere 

allCNed to dry then prepared. n and a senes of three reseens 'W8S done. For each reseen each 

bone 'tieS scanned four tfmes. The bone 'tieS not mo¥ed betWeen the 11rst and second reseens 

therefore anlj differences found should be due solellj to error 1 nherent t n the sljStem. Each bone 

'W8S repositioned for the tht rd reseen. The difference beNeen the ft rst and tht rd reseen should be 

due to error in the sljStem and repositfoning error. The difference beNeen the original scan and 

the 11rst reseen should be due to error from all sources combined. Error is reported for the bone 

nri neral index onl y. 

Error due to all sources had a mean value 013.40~ (5.0 .• '.95). The t-value 'W8S 0.Z88 

and 'tieS not $1gniftcant at p j, .05. SljStem error and repositfoni ng error combi ned had a mean 

value of Z.4Z~ (5.D .• 1.43). The t-value .... 0.385. Aljefn, this .... not $1gniftcant. 5ljStem 

20ne of the radif ¥as damaged dun no the f nitfal scan and had to be elf nri nated from further 
tettf 09. At 8 r.ult the sample size WI reduced to ni nt. 
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error 'aI8S sho'oaln to heYe a meen val ue of 2.1 0'; (S.D.-0.80). The t-val ue 'aI8S - 0.215. This 'aI8S 

a130 not sign1ficant. Th1s sUlJOlSts that repos1tioning error averaged 0.324,1S. Error due to other 

30Urces (i.e. dt1Terential fi111ng of the medunary cavity and vanations in the activity of the 

3OUrce) appears to heYe been 1m than 1.0';. Thne results are summanzed in Table 4.2. 

Diagenesis 

Garland (1987) has descn bed 3 cateQOries of histologfcal change 'Which 

can be identified 1 n buried human bone: 

1. [)estr uct1ve changes 

a) Q8neral1zed destruction - dts1nte9rat1on, dtssoc1et1on and 

dtS8G!lr89lt10n of osteons 

b) focal - lrwaston blJ fungus , bacteria or protozoans 

These changes result 1 n the dem1 neral1zat1on of bone tissue. 

2. I nel us10ns - bfologfcal material or mt neral 

The i nel us10n of mt neral results 1 n the hypermt neraHzation of bone. 

3. Infiltrat10ns - extraneous material 'Within the bone substance itself. 

This results from the exchange of components of bone 'With those of the erM ronment. 

Hanson and ButQtra (1987) dtscuss the leeching of mtneral from bone. While this process 

results 1 n no apparent destruction or change 1 n the histomorpholOQIJ of bone I tt mey result 1 n the 

demt nera1tzation of bone tissue. 

Recent research (eo. Hanson et al 1987; Kleptnger et al 1986; Pfe1ffer 1989) has 

demonstrated that the deoree of dtagenet1c change occurri ng 1 n buried human bone can be 

considerable. It has been found that the deoree of dlagenes1s may vary bet'Ween samples J bet'Ween 

indtviduals 'Within 8 sample and even betwen elements from the same tndtvidual (eo. Lambert et al 
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Tabl.4.2 Mean precision .rror in sinal. photon .bsontiometry 

Source of error x J.d. t-yt)ue 

All sources combi ned 3.40. 1.95 0.288 

S'JItem error .nd 2.42. 1.43 0.385 
repositioni ng error 

Sgstem error 2.10. 0.80 -0.215 

Repoatt1omng error 0.32. 

Acttvtt" of sourcel 0.98. 
depth of ¥Iter bethl 
differential fl111 ng of the 
medullarlj emt" 
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1985). Furthermore. the degree of histological preservation has been found to be independent of 

the degree of gross morphological preservation (eg. Hanson and Bui utra 1987). It has been 

argued. therefore. that an assessment ofdlagenetic change is important to any analysis involving 

noninvasive measures of bone mineral content including single photon absorptiometry. Any 

heelth- related inferences made on the basis of this lei nd of anal ysis. "aIithout the benefit of an 

tmmment of d1agene3is. must be regarded 'With caution (Hanson and Bui utra 1987). The most 

accurate method for eYal uati ng the degree of d1agenesis of a particular bone is to enmi ne a thi n 

section of that bone micro3COpicall y. 

It 1s recogmzed that diagenes1s is a potential problem 1 n the present study. Unfortunatel y, 1t 

Y'8S not possible to examine the radii for histolOQ1cal destruction or alteration using thin sections 

of each bone. As an alternative, val ues of the bone mi neral 1 ndex and percent cortical area of the 

radius ..-ere examined for 1nd1rect evidence of bone d18Q8nes1s. S1nce the bone mineral1ndex and 

percent cortical area are both f ntended to serve as 1 nd1cators of bone qual1ty, it 1s reasonable to 

expect hfgh bone mineral 1ndex values to be assoc1ated 'With hfgh percent cortical area values and 

10'w' bone mineral index values 'w'ith lw percent cortical area values. 

To look for a possible association bet'w'een percent cortical area of the radius and the bone 

mi nerali ndex, the Spearman rank correlation coefficient 'w'as used. The val ue of rho that 'w'8S 

obtained 'w'8S .537 thus 1nd1cating a sigmflcant positive relationshfp bet'w'een the t'w'o variables (p 

~ .01). If the radl1 had been subject to demi nenllzat10n the bone mi nenl val ues obtai ned 'w'Ould 

be altered. Ho'w'ever, thfs k1 nd of diaoenetlc change 'w'Ould not necesseril y affect the correspond1 ng 

values for percent cortical area. Slmilarly, 1f hypermineral1zat1on had occurred, bone mineral 

values 'w'Ould again be affected but percent cortical area 'w'Ould not. It is unHkely that a signif1cant 

positive relationsh1 p 'w'Ould be found bet'w'een bone mi nerall ndex yal ues and percent cortical area 

had any diagenetic change occurred at all. Whfle it does not conclusively prove that diagenesis has 



not occurred, the significant velue of rho obtained provides some evidence that it may not be a 

significant or particularl y serious problem 1 n this study. 

Data Anal usis 
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Percent cortical area of the metacarpal I percent cortical area of the radf us and bone mi neral 

1 ndex vel tIeS 'Were anal yzed for the follO'w1 1'9: 

1. Slgn111cant differences between • groups I all samples comb1 ned and 'w1tht n each sample. 

The Mann-Whitney U test 'w'. used in this case. 

2. Sign111cant differences between males and females I all samples comb1 ned and 'w1thi n each 

sample. AQa1n, the Mann-Whitney U test 'w'8S used. 

3. S1gn111cant differences between samples. The Kruskal- Wa11fs AfIlVA 'w'8S used to 

determi ne if the samples ...ere sign1ficantl y different from one another and then the 

Mann-Whitney U'w'8S used 1n a series of pafr'w'fse comparisons to determine 'w'hich 

samples in particular ...ere sign1f1cantly different. 

4. S1f)n1ficant differences between samples and modern populations I all samples comb1 ned 

and 'w1thin each sample. The unpaired t-test 'w'8S used. 

The nonparametric approaches to data analljS1s 'Were preferred because of the small and unequal 

sample sizes that 'Were used f n this study. Also I the assumptions of a norman y distri buted 

population and of populations 'w1th equal veriance 'w'hich under)J~ the parametric approaches could 

not necessarily be met. All analljSfs 'w'8S done on a Macintosh- computer using the Stetv1eow 

51 2 +. soft.Iare packaQe. 

Each veriable 'w'8S examined separately. Because of the size of the samples used tn this 

analljSfs and because the maon1tude of the expected differences between the groups 1s small I the 

sign1f1cance level 'w'8S set at P ~ .1 O. Hodges and Sehell (1988) poi nt out that the small samples 
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typicall y available to biological anthropologiSts are 1 nadequate for disen mi nati Ill) small 

differences between groups and suggest relax1ng the slgnlftcance level to tncrease the poyer (te. 

the probabi11ty of rejecti ng a false null hypothesis) of the analysis. 



Chapter 5: Results 

The results of the anal ys1S of PCA of the metacarpal, PCA of the racti us and BMI are 

presented separatel y. Basic descri ptive statistics are provided for all three variables for the 

follO'tiing groups: all samples combined, male and female combined, young and old combined; all 

samples combined, male and female combined, young or old only; all samples combined, male or 

female only, young and old combined; all samples combined, male or female only, young or old 

only. These are presented in the appendix. In addition, descriptive statistics are provided for the 

same age- and sex-Specific groups 'lLlitm n each sample (eg. Serpent Mounds, male and female 

combined, young only). These are also presented in the appendix. Tms breakdo'wn of data into the 

nine different age- and sex-specific categories represents all the different groups that 'Were 

examined in various parts of the analljSis. 

Age-Group Differences 

As discussed previously, individuals 'lLlitmn each sample 'Were divided into two broad age 

cateQOries: 20- 39 and 40+. The ai m of this pert of the analljSis 'Was to determi ne if significant 

differences exist betwen these age groups 'w'ith respect to PCA of the metacarpal, PCA of the 

racti us and BMI. The data 'Were analljZ8d for all samples combi ned and for each sample j ndividuall y. 

I n each case the data 'Were analljZ8d 'lLlith males and females combi ned es 'Wen 81 'w'ith males and 

females examined separately. The Mann-Whitney U'Was used to test the nun hypothesis that there 

are no significant differences between age groups. 
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The resulb of this part of the analysis are shcrtin in table 5.1. This table l1sb the 't'8l ues 

of U that 'Were obtained as -we1188 the number of ljOung and old individuals that 'Were involved in 

eech case. With one exception, none of the 't'8l lies of U obtai ned from the metacarpal data from 

individual samples are signi11cent. There are, ho'W8Yer, slgni11cent differences (p ~ .01) bet'w'een 

the ljOung and old age groups "&Ihen all samples are combined, both "&Ihen males and females are 

combi ned and "&Ihen females are considered separetely. The differenca between age groups "&lith 

respect to PCA of the radius are also signi11cent (p ~ .001) "&Ihen all samples are combined, both 

"&Ihen males and females are combi ned and "&Ihen females are analyzed separately. There are also 

significent differenca between ljOung and old males from Sackett-Castle Creek (p ~ .05) , ljOung 

and old males and females combined (p ~ .01) and females only (p ~ .10) from MacPhe~n

MacKenzie, and ljOung and old males and females combined from Tram (p ~ .01). There are 

signi11cent differenca in BMI between ljOung and old adults "&Ihen all samples are combined, both 

"&Ihen males and females are combined (p ~ .10) and "&Ihen males and females are eech considered 

separetely (p ~ .05). In all of the cases "&Ihere a signiflcent 't'8lue of U 'w'8S obtained except one 

(Sackett-Castle Creek males) , the mean renk of the ljOung adult group is higher than the mean 

renk of the old adult group. This i ndicetes that ljOung adult val ues for PCA of the recti us, PCA of the 

metacarpal and BMI are signi11cently higher than those of the old. 

In generel, signiflcent differences in all three 't'8riables are expected to occur bet'tLleen the 

ljOung and old age groups. Values for PCA ofthe metacarpal, PCA of the radius and BMI should be 

greater among young adulb than among the old. The failure to find age-group differences in these 

't'8riables in some of the individual samples could be due to small sample sizes and the fact that the 

magnitude of the expected difference between age groups may be relatively small. Alternatively, 

the lack of signi11cent age-group differences could be a reflection of the age distri button of the 

samples. As outlined in chapter 2. there is some evidence that adults do not experience a 

slgnl11cent loss of corticel bone until relatively late in 11fe (i.e. after menopause or after 65 years 



Table 5. 1 Results of the Mann-Whitney U test for significant differences between age groups with 
respect to peA metacaroal, peA radjus and 8MI 

peA metacarpal 

U No. young No. old 

All samples combined 
a) males and females 335.5. 34 34 
b) males 63 14 12 
c) females 105.5. 20 22 

Serpent Mounds 
a) males and females 8 5 6 
b) males 2 2 5 
c) females 1 3 1 

Sackett-CasUe Creek 
a) males and females 8 6 3 
b) males 
c) females 3 3 3 

Roebuck 
a) males and females 27 7 13 
b) males 1 1 3 
c) females 15 6 10 

MacPherson-MacKenzie 
a) males and females ,. 8 3 
b) males 1 4 1 
c) females 0 4 2 

Tram 
a) males and females 30 8 9 
b) males 5 4 3 
c) females 9 4 6 

<> p 1 .10, • p 1 .05, • p ~ .01 ••• p 1 .001 (one-tailed) 

continued ... 
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Table 5,1 

PCA radius 

U No. young No. old 

All samples combined 
a) males and females 546 •• 40 45 
b) males 160 20 19 
c) females 119 •• 20 26 

Serpent Mounds 
a) males and females 31 8 12 
b) males 12 5 9 
c) females 3 3 3 

Sackett-<:asUe Creek 
a) males and females 20 7 6 
b) males o· 5 2 
c) females 2 2 4 

Roebuck 
a) males and females 36 8 14 
b) males I I 3 
c) females 21 7 " 

MacPherson-MacKenzie 
a) males and females I. 9 3 
b) males 0 I 5 
c} females 0<> 4 2 

Tram 
a) males and females 13. 8 10 
b) males 2 4 4 
c) females 5 4 6 

<> ps.IO.· ps.05 •• ps.OI, •• ps.OOI (one-tailed) 

continued ... 
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JabJe 5,) 

U No. yotlMJ No. old 

An samples combined 
a) males and females 2870 27 28 
b) males 46.5- 12 14 
c) females 61.5- 15 14 

Serpent Mounds 
a) males and females 16 5 10 
b) males 8 4 7 
c) females 1 ' 1 3 

Roebuck 
a) males and females 27 7 11 
b) males 
c) females 15 7 8 

MacPherson-MacKenzie 
a) males and females 2 ,9 2 
b) males 0 5 1 
c) females 0 4 1 

Tram 
a) males and females 13 6 5 
b) males 3 3 3 
c) females 2 3 2 

o P 1 .10, - p 1 .05,. p 1 .01," p 1 .001 (one-taIled) 



of age). The number of i nd1viduals in the skeletal samples .... 00 fall into this category may be 

insufficient to allO'w' for detection of a significant difference between the age groups. 

Sex Differenm 
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The a1 m of this part of the a 1'181 ysis 'w'tS to determ1 ne if significant d1fferences exist 

between males and females in PeA of the metacarpal, PeA of the rad1 us and BMI. A9ai n, the data 

....ere al'l8lyzed looking at all samples combined and each sample individually. In each case the data 

....ere al'l8l yzed us1 ng young and old adults combi ned as ....ell as young and old adults separatel y. The 

Mann-Whitney U'w'tS used to test the null hypothesis that there are no ~gn1ficant differences 

bet'oAIeen males and females. 

The results of this part of the al'l8lysis are presented in table 5.2. Again, this table 

provides the val ues of U that ....ere obtai ned as ....ell as the number of males and females that -were 

included in each case. There are no significant d1fferences between males and females in PCA of the 

metacarpal in any of the groups exami ned. There are, ho'w'ever, significant differences in PCA of 

the radius. When all samples are combined the differences between the sexes are highly 

~gnificant, both .... hen young and adults are combined and .... hen each. group is considered 

separately. With the exception of Tram, there are also ~gn1ficant differences between the sexes 

'w'1thin each sample in at least one case. Significant d1fferences between males and females are also 

found in BMI val Ue8. The val ues of U obtai ned are highl y significant .... hen all samples are 

combined, both .... hen young and old adults are combined and .... hen each age group is al'l8lyzed 

separately. Except for Roebuck, there are also ~gnificant differences between the sexes in each 

1 ndividual sample in at least two of the groups exam1 ned. The small number of males relative to 

the large number of females in the Roebuck sample may, in part, account for the nonsign1ficant 

values of U obtained. In all cases ...,here a ~gnificant value of U 'w'tS obtained except one (PCA of 



Table 5.2 Results of the Mann-Whitney U test for significant differences between males and females 
with respect to peA melacarpal. peA radjus and BM!. 

peA metacarpal 

All samples combined 
a) yooog and old 
b) young 
c) old 

Serpent Mounds 
a) young and old 
b) young 
c) old 

Sackett-CasUe Creek 
a) young and old 
b) young 
c) old 

Roebuck 
a) young and old 
b) young 
c) old 

MacPherson-MacKenzie 
a) young and old 
b) young 
c) old 

Tram 
a) young and old 
b) young 
c) old 

u 

506.5 
126.5 
98 

II 
2 
2 

7 
:3 

22 
I 
8 

13 
7 
o 

35 
7 
8 

No. males 

26 
14 
12 

7 
2 
5 

:3 
:3 

4 
I 
:3 

5 
4 
I 

7 
4 
:3 

No. females 

42 
20 
22 

4 
:3 
I 

6 
:3 

16 
6 
10 

6 
4 
2 

10 
4 
6 

o P 1.10,· P 1.05,. P 1.01, •• P 1.001. ... p 1.0001 (one-tailed) 

conUnued ... 
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Table 5.2 

PCA radjus 

u No. males No. females 

All samples combined 
a) young and old 427 ••• 39 46 
b) young 118- 20 20 
c) old 104 •• 19 26 

Serpent Mounds 
a) young and old 18- 14 6 
b) young 1- 5 3 
c) old 16 9 3 

Sackett-Castle Creek 
a) young and old 7- 7 6 
b) young 3 5 2 
c) old 0<> 2 4 

Roebuck 
a) young and old 17<> 4 18 
b) young 0 1 7 
c) old 10 3 11 

MacPherson-MacKenzie 
a) young and old 13 6 6 
b) young 3<> 5 4 
c) old 

Tram 
a) young and old 33 8 10 
b) young 7 4 4 
c) old 12 4 6 

<> p 1.10, - P 1.05,. P 1.01," P 1.001, ••• P 1 .0001 (one-talled) 

continued ... 
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TabI.5.2 

u No. males No. females 

An snples combined 
.) yooog and old 107 ... 26 29 
b) young 14e 12 15 
C) old 33- 14 14 

Serpenll'1oclMfs 
,) ycu.g and old 2- 11 4 
b) yooog 0 4 1 
c) old 2- 7 3 

Roebud: 
a) yooog and old 16 3 15 
b) young 
c) old 7 3 8 

MacPherson4'1acKenzie 
a) young and old 4- 6 5 
b) young 2- 5 4 
c) old 

Tram 
.) yooog and old 5- 6 5 
b) young 1<> 3 3 
c) old 1 3 2 

() p ~ .10. - p 1 .OS. - P 1.01." p 1.001 .... P i .0001 (GM-laIled) 
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the rad1 US - MecKenzie- MacPherson your.) , the male meen ranle for PeA of the metacarpal, PeA 

of the rad1 us and BMI is higher than the female mean ranle. This indicates that the male val ues for 

these vanables are signi11cantl y higher than the female val ues in these cases. 

Sample Differences 

The objective of this part of the analljS1s ...as to determf ne if s10nil1cant d1fferences exist 

between samples 'w1th respect to each of the vanables. There wre 2 steps involved: 

1. The Kruskal-Wa111s ANlVA by rena...as used to test the null hypothes1s that all 

samples come from the same population or from 1dentical populations. The groups 

examfned 1nchJded all samples, male and female, young and old; all samples, male or 

female, young and old; all samples, male and female, young or old; all samples, male or 

female, young or old. 

2. In cases ..,here the null hypothes1s'w'8S rejected, the Mann-Whitney U'WaS used 1n a 

senes of pa1 r'w1se comparisons to determf ne ..,hich samples 1 n partfcular are 

s10nf11cantly d1fferent. 

The results of the Kruskal-Wa111s ANlVA by ranb for all 3 variables are presented 1n 

table 5.3. There are no s1gnfficant differences between samples in PCA of the metacarpal in any of 

the oroups examfned. None of the H values obta1ned even approech s10n1ffcance at p 1 .10. In 6/9 

cases there 1s a s1gniffcant d1fference (p 1 .1 0) beNeen samples 1 n PCA rad1 us. There is a 

s1gniffcant d1fference (p 1 .05) between samples 1 n BMI1 n onl y 1 case. 

Table 5.4 provides the results of the pa1 r'w1se comparisons of samples for PCA of the 

rad1us. Serpent Mounds is s1gniffcantly d1fferent from each of the other samples 1n at least two of 

the oroups considered. Examination of the Kruskal-Wa111s data sho'ws that 1n each case ..,here 

there 1s a s1gnfficant d1fference beNeen Serpent Mounds and another sample, the mean ranle of 



Table 5,3 Results of the Krustal-Wal!ls ANOVA by Ranks 

Group PCA metacarpal 

All samples. males and 1,818 
females. young and old 

All samples. young and 
old 

a) males only 1.175 
b) females only 1.627 

All samples, males and 
females 
a) young only 3.317 
b) old only 2.101 

All samples 
a) young males 2.471 
b) old males 0.682 
c) young females 3.067 
d) old females 2.307 

This table lists the value of H that were obtained. 
¢ P i .10, -P < .05,.p i .0 1 

PCA radius 

17.3SOe 

3.594 
10.241-

11.997-
12.14'-

8.053~ 
4.101 
8.410~ 

6.141 
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BM' 

9.278-

2. 112 
0.899 

6.177 
3.433 

0.214 
1.207 
0.549 
0.969 
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Table 5.4 Results of Mann-Whitney U lest for differences between pairs of samples in peA radius 

Pair All Females Young Old Young Young 
Individuals Only Only Only Males Females 

SM~ 68e 19-- 8-- 2ge 0 6 

SM-MM 94 13 25 1- 30 3 

SM-SCC 88 13 10- 28 0- 3 

SM-T 1210 24 31 27- 7 4 

R-MM 61e 18-- a. 19 0-

R-SCC 71.5-- 31.5 120 21.5 2 

R-T 121* 440 11* 48 6 

MM-SCC 71 3* 19 4 8 0 

MM-T 96 14 33 11 3 6 

SCC-T 111 27 19 22 5 3 

o p ~ .10, • P ~ .05, •• p ~ .02, - p ~ .01 (two-tailed) 

This table lists the values of U that were obtained. 

SM-Serpent Mounds, MM-MacPhersonlMacKenzie, R-Roebuck. SCC-SacketVCasUe Creek. T-Tram 
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Serpent Mounds is considerabl y higher. Roebuck is significantl y different from each of the other 

sampln in at least two of the groups examined. The Kruskal-Wallis data shcrws thet in each case 

'Where there 1s a significant difference between Roebuck and another sample, the meen rank of 

Roebuck is considerabl y 10'Wer. Sackett-Castle Creek, Mac Pherson- MacKenzie and Tram are not 

sign1ficantly different from each other in any of the groups considered except in the case of 

MacPherson-MacKenzie and Sackett-Castle Creek femaln, young and old combined. These No 

groups are significantl y ditTerent from each other at p .1 .05. The Kruskal-Wallfs data sho'ws that 

the meen rank of MacPherson- MacKenzie is higher than that of Sackett-Castle Creek. 

It could be argued that Roebuck mean values are significantly lwer than all other sample 

means because of the unusually high proportion of females in the Roebuck sample. This difference 

'WOuld be expected in comparbons that do not control for sex. HcNever, in comparisons of 

femaln only, Roebuck mean values are still consistently 10'Wer than other sample means. Roebuck 

and Sackett-Castle Creek females are not significantl y different from eech other but the mean rank 

of Roebuck is stilll00wer than the mean rank of Sackett-Castle Creek. 

A significant difference bet'Ween samples 'With respect to BMI occurs onl y 'When all 

individuals, young and old, male and female, are combined. Results of the pairwise comparisons 

are provided in table 5.5. S1gnificant differences occur between Serpent Mounds and Roebuck and 

Roebuck and MacPherson- MacKenzie onl y. Serpent Mounds has the highest mean rank overall and 

Roebuck the 10'WeSt. Because there is no control for sex in this particular case, the results may 

be slightly biased due to the high proportion of femal n in the Roebuck sample. No significant 

differences 'Were found in BMI between Serpent Mounds and Tram and between Roebuck and Tram. 

This contrad1cts fi ndi ngs based on PeA of the rad1 us for the same groups. 
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Table 5.5 Results of the Mann-Whitney U test for differences between sample pairs in 81'11 

Pair All 
Individuals 

SM-R 58.S-

SM411 n 

SM-T 53.5 

R~ 54.5* 

R-T 67.5 

MM-T 46.5 

* p ~ .05 •• p ~ .01 (two-lailed) 

This table lists the values of U that were obtained. 

SM-Serpent Mounds. MtW1acPherson-MacKenzle. R-Roebuck. r-Tram 
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Comad3Ons to Modern Population [)ata 

The data from all three vanables 'Were compared to publ1shed data on modern populations. 

PeA of the metacarpal 'w'8S compared, by age- and sex-specific groups, to a U.s. Wh1te and 

Mexican-Amencan population (Garn et al 1973). The modern population data are reported for 

1 0- year cohorts. To fac11ftate the compan3On to the data from this study, the 20- 29 and 30-39 

age catec)ones and the 40- 49, 50-59 and 60- 69 8Cje categortes 'Were comb1 ned to provfde a mean 

value for ljOung adults and old adults respect1vely. PeA of the radtus 'w'8S compared, again by age

and sex-specific groups, to a canadian White populat1on (Meema and Meema 1973). These data 

are reported for ljOung adults onl y (mean age of 30.5 years). Therefore, compan3Ons could onl y 

be made to ljOung adults from this study. 8MI values 'Were compared, aga1n by age- and sex

spec1flc catec)ories, to a sample ofW1sconsin Whites (Mazess and cameron 1974), Belgian Whites 

(Geusens et aI1986), St.la'Wrence Island Esldmos (Harper et al 1984), ~rth Alaskan Esldmos 

(r1azess and Mather 1974) and canadian Esldmos l (r1azess and Mather 1975). These data are 

al30 reported for 1 0- year cohorts. To fac111tate compan3Ons to data from this study, age 

categories 'Were comb1 ned 1 n the same manner as above to provfde mean val ues for young and old 

adults. 

The modern population data are presented in tables 5.6 to 5.8. All of the above 

compart3Ons 'Were done using the unpaired t-test. All samples 'Were comb1ned and each sample 'w'8S 

also considered 1 nd1vidually. The results of the t-tesb are provfded 1n tables 5.9 to 5.11. The 

negat1ve val ues obta1 ned 1 nd1cate that skeletal sample means for PeA of the metacarpal are 1000r 

than US. White and Mexican-Amencan population means. Stgmftcant t-values occur 'When all 

samples are comb1 ned and 'When Serpent Mounds, Roebuck and Tram are each considered 

II n this case the age groups 1 nel uded in the old adult cateoory are 40- 49, 50-59 and 60-
73 for females and 40- 49. 50-59 and 60- 76 for males. 



75 

separately. Semple means for ptA of the radt us are lcrwer than the C8nadtan Whtte populatton 

means. The t-Yelun are significant in every case considered except one. Young females from 

Sackett-CIstle Creek are not significantly di1Terent. The majority of sample means for 8MI are 

abo lowr than the populatton means to ... hich they Yere compared. 'n all cases except one, the 

sample means are significantly ditrerent from the W1sconsin White populatton means. There are 

a number of significant ditrerences between the samples and the Belgian White populatton as Yell, 

but the number of these differences is reduced. Each sample is also significantly di1Terent from 

one or more of the Eskimo populattons in at leest one of the age- and sex-specific groups. 



Table 5.6 peA of the metacarpal datal for young and old adults£ from U.S. White WSW) and 
Mexican-American (MA) populations 

~ MA 

Group N Mean SD~ N Mean 

young males 859 85.77 6.91 72 85.85 
old males 1117 83.58 7.23 51 85.35 
young females 1465 88.39 7.23 151 88.97 
old females 1745 85.10 7.23 141 87.80 

Table 5.7 PCA of the radius data I for young adults from a Canadian White (CW) population 

Group 

young males 
young females 

N 

89 
89 

Mean 

82.61 
86.31 

S.D. 

6.66 
6.19 

76 

SD~ 

5.84 
7.04 
6.47 
6.06 

Table 5.8 Bone mineral index datal for young and old adults~rom the following populations: Vlisconsin 
Whil&lZ {~l, ~~Igia!l YLbil&lZ (~\\Il, St, LaYf:r::~D!.::~ IlZlilDd ElZ~imolZ {SLE1, tiQrtb AlillZ~iI!l 
Eskimos (NAE) and Canadian EskimQs (CEl 

Young males Old males Young females Old females 

N X SD~ ti X SD~ ti X SD~ N X SD~ 

WW 177 .890 .074 141 .850 .088 155 .772 .060 198 .693 .079 
6\\1 48 .783 .054 52 .748 .057 62 .720 .048 67 .647 .071 
SLE 41 .791 .056 27 .667 .046 40 .663 .039 38 .602 .074 
NAE 33 .636 .077 47 .761 .076 33 .750 .057 59 .613 .073 
CE 45 .792 .056 35 .684 .056 47 .689 .044 30 .567 .042 

1 See text for sources of data 
2 See text for a discussion of the division of data into young and old age categories. 
3 The value for young adults is an average of the standard deviation values reported for the 20-

29 and 30-39 age categories. Similarly. the value for old adults is an average of the values reported for 
the 40-49.50-59 and 60+ age categories. 
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Table 5,9 T -values resulting from comparisons of sample means for peA of the melacarpallo U.S . 
White (USW) and Mexican-American (MA) population means 

All samples combjned 

~ ~ tlA. 

young males -3.184e -3.853e 
old males -5.051ee -6.092ee 
young females -5.642ee -6.006ee 
old females -6.528ee -7.421e. 

~!rp~t MQunds 
young males -15.979 1t -15.932* 
old males -3.500 1t -4.154* 
young females -3.014¢ -3.167¢ 
old females 

SackeU~i!litl§ Creek 
young males -1.910 -1.924 
old males 
young females -2.222 -2,386 
old females -1,522 -1,890 

Ro@uck 
young males 
old males -1.789 -2.2.59 
young females -4,301e -4.527e 
old females -4.119. -4.850e. 

t:li!~Eb§I:::i2D:tl§~K§Dz:j§ 
young males ~.654 :..0.669 
old males 
young females -1.258 -1.431 
old females -2,196 -2.412 

Tram 
young males -4.434· -4.468· 
old males -1.789 -2,165 
young females -1.864 -1.973 
old females -4.574e -5,656e 

¢ p ~ ,10, It P ~ .05, e p ~ .0 " •• P ~ .001 (two-tailed) 



Table S.10 T -values resulting from comparisons of sample means for peA of the radius to Canadian 
White (CW) POpUlation IDtIDS 

All sampla combined 

bYi 
young males -IO.684H 
young remain -12.708 .. 

SecDtOt Moynds 
young males -3.593-
young females ~.866<> 

Sack.lt~11 Creek 
young males -13.495H 
young females -5.824 

Roebyck 
young males 
young females -12.664e 

MacPherson-MacKm:J~! 
young males ~.n4e 
yooog females -10.114e 

lID 
young males -3.168-
young females -4.434-

<> p ~ .10, • p ~ .05,. p s .01, •• P S .001 (two-tiUlet) 
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Table 5.11 T -values re~ultin9 from com~arisons of samQle me!jns for BMI to Wisconsin White (WWl. 
~§lgi~D Whi~§ {6~l, S1. L~:«r§D!:;§ l:il~Dg E:itimQ {SLEl. NQr::tb AI~:ik.!.lD E:itimQ {~AEl !.lDg 
Canadian Esk.imo (CE) population means 

All SamPles combined 

Group W BW ru. NAE ~ 

young males -8.699" -2.966* -3.413e -5.922ee -3.466e 
old males -6.571 •• -3.816. -0.972 -4.422 •• -0.832 
young females -11.574.e -8. 143ee -5.701ee -10.122ee -6.097ee 
old females -4.962.· -3.762. -2.628* -2.910* -2.244* 

S§rp§Dt MOYoQ:i 

young males -9.045. -2.919<> -3.377* -6.066* -3.435* 
old males -8.189 •• -2.863* 0.290 -3.560· 0.446 
young females 
old females -2.069 -1.346 -0.619 -0.797 -0.377 

Ro§buck. 

young males 
old males -3.194<> -1.806 -0.975 -1.983 -0.935 
young females -7.374e. -5.249. -3.737. -6.475.e -3.982e 
old females -3.529. -2.787* -2.062<> -2.239<> -1.820 

MacPherson-MacKeDzje 

young males -4.745e -1.369 -1.622 -3.104* -1.653 
old males 
young females -4.144* -2.763<> -1.760 -3.560* -1.939 
old females 

.Ir::mn 

young males -3.346<> -1.465 -1.606 -2.432 -1.623 
old males -3.041<> -1.379 -0.366 -1.591 -0.337 
young females -8.153- -5.957- -4.393- -7.224- -4.647-
old females -1.769 -1.297 -0.836 -0.949 -0.682 

<> p ~ .10. - p ~ .05. e p ~ .0 1. ee p ~ .00 I (two-tailed) 



Chapter 6: Interpretations 

As outJined in chapter one, this project is intended to differentiate environmental from 

population- based influences on cortical bone quality among pre-I roquoian and I roquoian 

populations of the lwer Greet Lakes region. Collectively, the skeletal samples studied in this 

project span along period of prehistory in this region and the populations represented by these 

samples 'Were subject to a range of envi ronmental conditions ... hich had the potential to affect 

cortical bone quality. The rationale behi nd this study is that if conti nuity and consistency in 

cortical bone quality can be demonstrated through ti me and space I then it is possi ble to argue that 

population factors 'Were involved. Conversel Y, if disconti nuities or inconsistencies are evident I 

then it can be argued that environmental factors are of primary importance. 

Modern population studies have stwn peA of the metacarpal and ram us and BMI of the 

ram us to vary between males and females and to vary 'w'ith age. The fi rst tw parts of this anal ysls 

(i .e. looki ng for differences bet'w'een males and females and looki ng for differences between young 

and old adults) serve to demonstrate that these differences are also found in the skeletal samples. 

The last tw parts of this anal ysls I looki ng for sample differences in peA of the metacarpal I peA of 

the radius and BMland comparing sample means for each of these variables to modern population 

means I are di rectly relevant to the problem bel ng addressed in this study. 

Sample Differences 

No significant differences 'Were found bet'w'een samples 'w'ith respect to PCA of the 

metacarpal. SlcJnificant differences in BMI 'Were found only ... hen all indhriduals, young and old, 

male and female I ...ere combi ned. PCA of the radi us, ho'w'eYer I stwed a number of significant 
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d1fferel'lC8S between skeletal samples. The trends 1 n the data suggest thet the Serpent Mounds 

skeletal sample is different from all of the other skeletal samples in that PCA "181 ues are 

significantl y higher. Roebuck is different from all other skeletal samples .... ith PtA v81 ues that 

are significantl y 10'Wer. The Sackett-Castle Creek, MacPhenon- MacKenzie and Tram skeletal 

samples are not significantl y different from each other. These results raise two 1 mportant 

questions: 

1. Why do agriculturalists, as represented by the Sackett-Castle Creek, MacPherson

MacKenzie and Tram skeletal samples, differ from hunter-gatherers, as represented 

by the Serpent Mounds skeletal sample, in PtA of the radius? 
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2. Why are the 1ndiv1duals from Roebuck unique? More spec1flcally, .... hy do Roebuck 

females h8ve consistentl y and, 1 n many cases, significantl y lwer val ues for PCA of the 

radius than any other group of females? 

A number of studies of archaeological populations (eg. Cassidy 1964; Nelson 1964; 

Pemgtan 1973) haYe noted a decrease in cortical bone qual1ty accompany1 ng the adoption and 

1 ntens1flC8tion of agriculture. Explanations for this decrease haYe traditional1 y centered around 

specfflc dietary deflc1ences assocfated 'w'ith dependence on agrfcultural products such as corn. 

I nadequate dietary calcf um f make and/or an 1 nappropriate calc1 um to phosphorus ratio are often 

1 mpt1C8ted. 

Def1cienc1es in dietary calci um or a relativel y high proportfon of dietary phosphorus 

could be 1 mpticated in the lw "181 ues for PeA of the rad1 us found among the agrfcultural 

populations represented in this study. Hcrwever, the exact role and significance of these dietary 

factors are difficult to eYaluate. It fs almost 1mpossfble to accurately quantify dietary calcium 

and/or phosphorus 1 ntake among prehistorfc populations. Even 1f this ....ere possf ble, 1t .... ould not 

be possf ble to determi ne the amount of dietary calc1 um requi red by these groups to mal ntai n a 

pos1tive calcium balance. As previously outlined, there are number of factors 'Which fnfluence 
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; ndividual calc; um requi rements. An apparentl y 10'W dietary calc; um ; ntake may not necemril y 

result; n bone resorption or ; mpai red bone formation. Pfeiffer and K; ng ( 1 983: 27) esti mate 

that the ratio of calc; um to phosphorus, at least; n the Huron diet, ¥as probabl y close to 1 :2. The 

magnitude of the effect of this ratio on adult or j wenl1e human bone is unkno'Wn. 

Chronic protei n-energy mal nutrition has also been cited as an explanation for poor 

cortical bone quality;n both archaeological (eg. Him-Ashmore 1978) and contemporary (eg. 

Crosby et al 1985; Garn et al 1968; Garn and Rohmann 1964; Himes et al 1975) populations and 

provides an alternative explanation for the reduction in PCA of the radius Mn in the Sackett

Castle Creek, MacPherson- MacKenzie and Tram skeletal samples. Protei n-energy mal nutrition 

can result from a protei n deficit, a deficiency of essential ami no acids or 8 calorie deficit. I n the 

latter case, dietary protein is utilized to meet individual energy requirements. The skeletal 

response to chronic protei n-energy mal nutrition i ncl udes decreased bone formation and increased 

bone resorption (Him-Ashmore et al 1982: 403-404). The net result is a reduction in cortical 

bone. 

The Sackett-Castle Creek, MacPherson-MacKenzie and Tram skeletal samples date from 

approximately A.D. 1000 to A.D. 1590. A number 01 conditions existed during this period 'Which 

support the hypothesis of general nutritional stress among these I roquoian populations. 

Archaeological evidence sugoests that intervillage 'Warfare 'W8S occurring. In Ontario, there is 

evidence for an increase in population size, an increase in the size and number 01 villages and an 

t ncrease 1 n the concentration 01 people in these villages (Saunders et al 1989: 2). Population 

movements and village coalescence ¥ere occurri ng by the 16th century. Longhouse l1vi ng became 

except1 0 nall y crwded and the conditions created by the demographic changes that ¥ere occurri ng 

¥ere ideel for the spread 01 chronic i nfect10us diseases and poss1 bl y even epidemics. 

The skeletal material from the late prehistoriC and protohtstoric period t n the lwer Great 

Lakes recpon provides evidence that I roquo1an populations also experienced a general decl1 ne 1 n 
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health status duri ng this ti me. Antemortem tooth loss, caries and periodontal disease 'Were 

prevalent (eg. Wray et al1987). There is evidence thet tuberculosis (Hartney 1978; Pfeiffer 

1984) and treponemal diseese (Saunders and Fitzger81d 1988) 'Were present. There are also 

numerous examples of nonspecific infection (eg. Pfeiffer 1984; Wray et al 1987). The Saclcett

Castle Creek, MacPherson-MacKenzie and Tram skeletal samples used in this study all provide 

examples of antemortem tooth loss, caries and nonspecific infection. 

All of the above facton could have contri buted to chronic protei n-energy mal nutrition 

among the Sackett-Castle Creek, Mac Pherson- MacKenzie and Tram populations. Population 

movements, village coalescence and 'Warfare could heve interrupted subsistence activities 

(Pfeiffer 1986). I ncreesed population density could have put pressure on available food 

resourteS. Olsease and infection could have promoted mal nutrition (i .e. through appetite 

suppression and malabsorption of essential nutrients). Mel nutrition, in turn, 'Would have further 

exacerbated diseese and infection. The relativel y lw val ues for PCA of the radi us seen in the 

Sackett-Castle Creek, MacPherson- MacKenzie and Tram skeletal samples could represent part of 

an adaptive response to malnutrition. The dietary protein and ener-)Y thet 'w'8S 8Y8i1able could have 

been used to mai nta1 n normal body Orwth and function at the expense of cortical bone formation 

and maintenence. 

The values for PCA of the radius for Roebuck females are exceptionally lw in comparison 

to all of the other female groups. Pregnancy and prolonC)ed lactation could have contri buted to 

these lw val ues. There is some skeletal evidence for pregnancy among Roebuck females. There is 

no df rect evidence for prolonged lactation among the Roebuck I roquofs but ethnohistoric accounts of 

the Huron state that 1 nfants 'Were breast-fed for 2 to 3 years (Tooker 1964: 123). It has been 

estimated that pregnancy and lactation require increases of 4O-50W; 1n the dany dfetary intake of 

calcium (Health and Welfare Canada 1983; KUbler 1988; Worthington-Roberts et al 1985). 

Dail y requi rements for protei n and energy are also substaotiall y 1 ncreased. If the dail y calc1 um 



needs of the mother pI us those of lactation are not met throuqh dietarlJ 1 ntake then maternal 

skeletal reserves of calcl um may be utilized. 
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Modern population stucHes of the effects of pregnancy and lactation on maternal bone status 

are i nconcl usi",. HweYer, there 1s some evidence to suggest that lactation, accompanied by 10 ... 

dietary calcium or phosphorus intake, may promote demlneralization among adolescent mothers 

(eg. Chan et al 1982, 1987). Moser and mociates (1988) found that lactating Nepalese mothers 

mal ntal ned a calc; um content of breast mil k comparable to that of lactati ng American mothers 

despite a significantly 10'w'er dietary calcium intake. The Nepalese mothers appeared to maintain 

this calci um concentration through bone resorption. 

Agel n, other stucHes of archaeological populations (eg. Armel. et al 1972; Smith et al 

1984) have also cited pregnanclJ and lactation as contri buti ng to poor cortical bone quality among 

females. Pregnancy and lactation, in conj unction ... ith relativel y 10 ... dietary calci um or chronic 

protein-energy malnutrition, could account for the 10 ... values of PCA of the radius among Roebuck 

females. It is unkllO'w'n, ho'w'ever, ... hy Roebuck females might haYe been more suscepti ble to the 

effects of pregnancy and lactation than the females in the other skeletal samples. 

Perhaps the explanation for this fI nd1 ng lies 1 n the unusual nature of the Roebuck burials. 

There are no di rect, detailed ethnohistoric accounts of the Roebuck village or its inhabitants. As 

noted earlier, a great number of the burials excavated from the site 'w'ere found 1 n or around 

refuse heaps. It has been estimated that onllJ 1/40fthe entire village site has been excavated and 

it is unkllO'w'n ho'w' many burials remain uncovered. The vast majority of the individuals excavated 

are female. It is unlcllO'w'n ... here the males are buried or ... hat the reasons ... ere for there 

exclusion from the village site. Jamieson's (1983) analysis of the scattered human bone and the 

human bone artifacts recovered from the s1te suggests that prisoner-sacrifice and cannibalism 

'w'ere bei ng practiced. Perhaps the individuals excavated from the Roebuck site 'w'ere captives of 
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the inhabitants of the vinage. If this 'ti8S the case, the relativel y 10'W val lIeS for PeA of the radi us 

could be a reflection of the al'lCe3try of these captives. 

Comperisons to Modern Populations 

Comparisons of the skeletal sample data to modern population data sho'w'ed sample values 

for PeA of the metacarpal, PCA of the rad1ua and BMI to be consistently and, fn many cases, 

s1gnificantl y lwer. Clearly, the populations compared (1.e. I roquo18n 'With modern Eski mos and 

Cauaas18ns) dfffer 'w'1th respect to the range of envi ronmental conditjons or factors 'Which could be 

affectf ng cortfcal bone quality, hO'WeYer, envi ronmental factors alone may not adequately account 

for the dffferences observed. As poi nted out many t1 roes, the skeletal samples themselves 

represent populatfons subject to a ranQe of dffferi ng envi ronmental conditfons. Regardless of the 

skeletal sample and the ege- and sex-spec1fic group being compared, there are consistent 

dffferences betw'een the skeletal sample data and the modern population data. 

These dffferences are not only restricted to the skeletal samples used f n thfs study. 

Pfeiffer and Ki ng ( 1983) eval uated PeA of the second left metacarpal for NO protohfstoric 

I roquo1an ossuary samples and also found mean val ues for this variable. to be consfstently belw 

modern population means. Mean values for PeA of the second left metacarpal obtained in this study 

'Were compared. to those obtained by Pfeiffer and King. No significant differences 'Were found, 

regerdless of the skeletal sample bel ng compared. 

The differences found between the ljOung adult groups, male and female, are important. 

The consistently 10'w'er group means for ljOung adults fn the skeletal samples sUQCJests that the pre

I roquofan and I roquofan populations of the lwer Great Lakes regfon may have achieved lwer peak 

bone mass than the modern Eski mos and Caucasians to 'Which they 'Were compared. The persistence 

1 An unpaired t-mt (t'Wo-t8iled) YeS used for this comparison. 



of these dift'ere~ f'e98rd1ess of the skeletal sample bei ng compared suggests that population 

factors may have influenced the peak skeletal mass achieved. 
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The interpretations of this part of the anellpis are clearly limited by a number offactors 

and, as a result, are made 'With caution. For exemple, in many ceses the skeletal samples bei ng 

compared are exc:eptionell y small. Also, the skeletal samples could not be precise1 y matched to the 

modern samples for 84)e, body mass or menopause. Despite these limitations, the data are still 

Sl.lQOe3tive of a trend. The data suggest lO'w'er PeA of the metacarpal, PeA of the rad1 us and BMI of 

the radius among pre-lroquoian and lroquoian populations of the lwer Great Lakes region. 

Because this trend is present in young adults, a lowr peak skeletal ~ is suggested. Because 

this trend is persistent through ti me and space, population- based control of peale skeletal mass 

may be implicated. 



Chapter 7: Summery and Conel USiOM 

The objectives of this research \len: 

1. To assess cortietl bone quality among the pn-\ roquoian end \ roquoian populations of 

the lwer Great Lakes region. This i nel uded comparisons of cortietl bone quality both 

Yithi n and between skeletal samples and as \len as behmn the skeletal samples and 

modern populations. 

2. To account for any variability, or leek of variability, found 1 n cortical bone quality 

through ti me and/or space. 

3. To briefly consider the implications of the results of this anallJSis for an understanding 

of the etiology of cortical bone loss among extant I ndian populations of the lwer Great 

Lakes region. 

The fi rst two of these objectives have been addressed in the previOUS chapter. Briefly, 

significant differences \lere found in PeA of the radt us between the Serpent Hounds skeletal 

sample and the Sackett-Castle Creek, MacPherson-MacKenzie and Tram skeletal samples. It 1s 

suggested that these differences could be attri buted to dietary deficiencies associated Yith 

dependence on corn agriculture or to general protei n-calorie mal nutrition in the latter groups. 

An eval uation of the cortical bone qua11ty among juveniles from each of the samples as 'Well as 

observations of other skeletal 1 ndicators of dietary stress (eg. Harris 11 nes, enamel hypoplasia) 

among j uvaniles and adults 'WOuld test these i nterpretatlons. Females from the Roebuck site -.ere 

found to have COnsistently and significantly lCNer val ues for PeA of the radi us than females 1 n any 

of the other skeletal samples. These lO'w' val ues could be due to the demands of pregnane" and 

lactation in cornbi nation Yith a dietary deficit of calci urn andlor protei n-calorie mal nutrition. 
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Alternativel y, the explanation for thne vel ~ could l1e 1 n the unusual nature of the Roebuck 

bunals. 
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Consistent differences .... ere found between the skeletal semples and modern population 

means for PCA of the metacarpal I PCA of the racH us end BMI. Regardless of the skeletal semple or 

the aoe- and sex-spec1fic group being compared, sample means for each of these vanables · ... ere 

consistently and, often, significantly reduced 1n companson to modern Eskimo and Caucas1an 

population means. This suggests that population factors could have had signlffcant 1 nl1 uenee on 

cortical bone qua11ty among the pre-I roquo1an and prehistonc I roquoian groups of the lwer Great 

Lakes region. 

The i mpl1cations of these results for an uncferstenett ng of the etiology of cortical bone loss 

among extant I roquoian populations of this regfon are di1ffcult to assess. These results are 

certafnly in agreement 'With the flnettng of Evers and atSOC1ates (1985) that present-day 

postmenopausal I nettan .... omen have less bone than caucasian 'WOmen and seem to sUOQeSt that a 

disti net population difference in cortical bone qua11ty may exist. from a cli nieal poi nt of vie.... I ft 

1s becoming increasingly important to distingu1sh lnettviduals .... hich are at greatest nsk for 

excessive cortieal bone loss. The diagnosis of such loss depends on a companson of measures such 

as PCA of the metacarpal and rad1 us or BMI obtai ned from that i nettvidual to published "normal" 

val lies for these parameters. There is a lack of normative data specific to non-caucasian canadian 

populations. The results of this anal ysis emphasize the need for normative data .... hich are 

population-speciffc. Population-specific vel un 'WOuld faci11tate greater accuracy 1 n the detection 

and diagnosis of bone loss among I roquoian populations. 
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Table A.l PCA metacarpal, PCA radius and BMI : All samples combined 

PCA !ll~tacarpal 
GrQuP N Mean S.D. C.V. Range 

males and females. 66 75.43 9.10 12.1 45.22-92.77 
young and old 

males and females. 34 76.72 7.37 9.4 62.46-92.77 
young only 

males and females. 34 72.13 9.57 13.3 45.22-67.60 
old only 

males.young and old 26 76.49 7.02 9.2 62.46-92.77 

males. young 14 77.77 7.85 10.1 62.46-92.77 

males. old 12 74.99 5.89 7.9 65.64-83.90 

females.young and old 42 74.77 10.21 13.7 45.22-90.72 

females. young 20 79.38 7.14 9.0 67.13-90.72 

females. old 22 70.57 10.89 15.4 45.22-87.80 

peA radius 

males and females. 85 59.42 11.95 20.1 27.39-81 .68 
young and old 

males and females. 40 63.86 6.44 13.2 46.67-61.06 
young only 

males and females. 45 55.44 13.24 23.9 27.39-61 .68 
old only 

males. young and old 39 64.78 10.53 16.3 28.94-81.68 

males. young 20 67.14 6.48 9.6 55.38-81 .08 

males. old 19 62.29 13.31 21.4 28.94-81.68 

females. young and old 46 54.87 11.27 20.5 27.39-73.86 

females. young 20 60.63 9.05 14.9 46.67-73.86 

females. old 26 50.43 10.92 21.7 27.39-68.64 
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m. 
GrQuP N Mean S.D, C.V. Range 

males and females. 55 0.618 0.124 20.1 .302-.832 
young and old 

males and females. 27 0.655 0.089 13.7 .489-.832 
young only 

males and females, 28 0.538 0.143 24.6 .302-.774 
old only 

males. young and old 26 0.694 0.078 11.3 .469-.832 

males. young 12 0.727 0.065 8.9 .600-.832 

males. old 14 0.666 0.080 12.1 .469-.774 

females. young and old 29 0.550 0.119 21.6 .302-.752 

females. young 15 0.597 0.059 9.8 .489-.703 

females. old 14 0.499 0.146 29.2 .302-.752 
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Table A,2 PCA metacarpal. PCA radius and BM!: Serpent Mounds 

peA metacarpal 
Group N Mean S.D. C.v . Range 

males and females. 11 75.34 5.02 6.7 65.64-83.29 
young and old 

males and females. 5 76.76 4.67 6.1 70.18-83.29 
young only 

males and females. 6 74.15 5.41 7.3 65.64-82.52 
old only 

males. young and old 7 74.78 5.08 6.8 65.64-82.52 

males. young 2 76.45 0.83 1.1 75.86-77 .04 

males. old 5 74.12 6.05 8.2 65.64-82.52 

females. young and old 4 76.30 5.52 7.2 70.18-83.29 

females. young 3 76.96 6.57 8.5 70. 18-83.29 

females. old 74.33 

peA radius 

males and females. 20 66 .51 8.36 12.6 47.73-81.68 
yound and old 

males and females. 8 68.48 9.91 14.5 47.73-81.08 
young only 

males and females. 12 65.20 7.32 11.2 56.29-81 .68 
old only 

males. young and old 14 69.16 7.43 10.7 58.45-81 .68 

males. young 5 73.10 5.92 8.1 67.19-81.08 

males. old 9 66.97 7.55 11.3 58.45-81 .68 

females. young and old 6 60.34 7.55 12.5 47.73-69.19 

females. young 3 60.77 11.46 18.9 47.73-69.19 

females. old 3 59.90 3.26 5.4 56.29-62.63 
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m 
GrQuP N Mean S.D. C.V . Range 

males and females, 15 0.672 0.064 12.5 .443-.776 
young and old 

males and females. 5 0.707 0.064 9.0 .607-.776 
young only 

males and females. 10 0.654 0.090 13.6 .443-.771 
old only 

males. young and old 11 0.707 0.046 6.8 .630-.778 

males. young 4 0.732 0.035 4.8 .693-.778 

males. old 7 0.693 0.051 7.3 .630:-.771 

females. young and old 4 0.574 0.090 15.7 .443-.646 

females. young 0.607 

females. old 3 0.564 0.107 19.0 .443-.646 
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Table A.3 PCA metacarpal and peA radius: Sack.eU-Castle CreeK 

~CA m~La~a(Dal 
GrouD N Mean S.D. C.V. Range 

males and females. 9 76.26 9.33 12.2 62.46-87.80 
young and old 

males and females. 6 77.42 8.37 10.8 62.46-86.48 
young only 

males and females. 3 73.95 12.69 17.2 62.88-87.80 
old only 

males. young and old 3 74.29 10.41 14.0 62.46-82.05 

males. young 3 74.29 10.41 14.0 62.46-82.05 

males. old 0 

females. young and old 6 77.25 9.61 12.4 62 .aa-87 .80 

females. young 3 80.55 6. 11 7.6 74.28-86.48 

females. old 3 73.95 12.69 17.2 62.88-87.80 

PCA radius 

males and females. 13 61.27 8.46 13.8 42.67-72.40 
young and old 

males and females. 7 63.01 3.63 13.1 57.72-66.85 
young only 

males and females. 6 59.24 12.12 20.5 42.67-72.40 
old only 

males. young and old 7 65.63 4.61 7.0 59 .42-72 .40 

males. young 5 63.44 3.18 5.0 59.42-66.85 

males. old 2 71.11 1.82 2.6 69 .82-72.40 

females. young and old 6 56.18 9.41 16.8 42.67-66.11 

females. young 2 61.92 5.93 9.6 57.72-66.11 

females. old 4 53.31 10.15 19.0 42.67-63.22 
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Table A.4 PCA metacarpal. PCA radius and 8MI: RoebucK 

PtA !DILI~argll 
GrouP N Mean S.D. e.v. Range 

males and females. 20 73.83 9.87 13.4 54.70-89.76 
young and old 

males and females. 7 78.17 6.10 7.8 72 .01-89.76 
young only 

males and females. 13 71.50 10.89 15.2 54.70-87.18 
old only 

males. young and old 4 78.34 6.13 7.8 71.05-83.90 

males. young 82.93 

males. old 3 76.85 6.52 3.5 71.05-83.90 

females. young and old 16 72.70 10.44 14.4 54.70-89.76 

females. young 6 77.37 6.28 8.1 72.0 1-89.76 

females, old 10 69.89 11.68 16.7 54.70-87.18 

PtA radius 

males and females, 22 50.59 13.28 26.3 27.39-76.57 
young and old 

males and females. 8 55.46 7.74 14.0 46.67-66.65 
young only 

males and females. 14 47.80 15.16 31.7 27.39-76.57 
old only 

males. young and old 4 59.60 20.99 35.2 28.94-76.57 

males. young 66.65 

males, old 3 57.25 25.06 43.8 28.94-76.57 

females, young and old 18 48.59 10.81 22.3 27.39-64.25 

females. young 7 53.86 6.79 12.6 46.67-64.25 

females. old 11 45.23 11.80 26.1 27.39-63.35 
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ID:ll 

GrQuP N Mean S,P. e.v, Ranae 

males and females. 18 0.543 0.142 26.2 ,302-.752 
young and old 

males and females. 7 0.592 0.065 10.9 .489-,703 
young only 

males and females. 11 0.513 0.171 33,3 .302-.752 
old only 

males. young and old 3 0.615 0.127 20.7 .469-.700 

males. young 0 

males. old 3 0.615 0.127 20.7 .469-.700 

females. young and old 15 0.529 0.144 27.3 ,302-,752 

females. young 7 0.529 0.065 10.9 ,489-.703 

females, old 8 0.474 0.175 37.0 ,302-,752 
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Table A,5 peA metacarpal, peA radius and BM!: Macpherson-MacKenzje 

P~A m~Y!~iI[:pjJl 

Group N Mean S.D. C.v. Range 

males and females. 11 77.69 13 .64 17.6 45 .22-92 .77 
young and old 

males and females. 8 83.23 8.32 10.0 70.84-92 .77 
young only 

males and females. 3 62.92 15.41 24.5 45.22-73.36 
old only 

males. young and old 5 80.49 10.08 12.5 70.84-92.77 

males. young 4 82.28 10.87 13.0 70.84-92.77 

males. old 73.36 

females. young and old 6 75.35 16.62 22.1 45.22-90.72 

females. young 4 84.18 6.70 8.0 77 .29-90.72 

females. old 2 57.70 17.65 30.6 45.22-70.72 

peA radius 

males and females. 12 61.92 9.98 16 .1 39.34-73.86 
young and old 

males and females. 9 66.33 5 .34 8 .0 55.38-78.86 
young only 

males and females. 3 48.72 9.25 19.0 39.34-57.84 
old only 

males. young and old 6 61.75 8.27 13.4 48.98-71.84 

males. young 5 64.31 6.04 9.4 55.38-71 .84 

males. old 48.98 

females. young and old 6 62.10 12,28 19.8 39.34-73.86 

females. young 4 68.85 3.50 5.02 66.43-73.86 

females. old 2 48.59 13.08 26.93 39.34-57.84 



114 

D 

GcouP N Mean S.D. C.y. Range 

males and females, 11 0.661 0.107 16.1 .468-.832 
young and old 

males and females. 9 0.685 0.094 13.8 .540-.832 
YOOO9only 

meles and females. 2 0.555 0.123 22.2 .466-.642 
old only 

meles, yomg and old 6 0.723 0.075 10.4 .642-.832 

meles, young 5 0.740 0.071 9.6 .665-.832 

males, old 0.642 

females. young and old 5 0.586 0.093 15.8 .468-.701 

females. yomg 4 0.616 0.075 12.2 .540-.701 

females. old 0.468 



115 

Table A.6 peA metacarpal. peA radius and 8MI: Tram 

peA metacarpal 
Group N Mean S.D. C.V . Range 

males and females. 17 75.45 6.99 9.3 64.00-90.46 
young and old 

males and females, 8 76.89 7.79 10.1 67.13-90.46 
young only 

males and females, 9 74.17 6.37 8.6 64.00-82.92 
old only 

males, young and old 7 75.20 5.80 7.7 66.63-82.92 

males, young 4 75.24 4.75 6.3 69.26-80.86 

males, old 3 75.14 8.17 10.9 66.63-82.92 

females, young and old 10 75.63 8.02 10.6 64.00-90.46 

females, young 4 78.54 10.58 13.5 67.13-90.46 

females, old 6 73.69 6.11 8.3 64.00-80.52 

peA radius 

males and females, 18 59.31 11.30 19.1 37.61-75.38 
yound and old 

males and females, 8 65.75 8.77 13.3 49.64-75 .38 
young only 

males and females, 10 54.15 10.71 19.8 37.6 1 -68 .64 
old only 

males, young and old 8 61.23 12.91 21.1 37.61-75.38 

males, young 4 67.98 7.77 11.4 57.04-75 .38 

males, old 4 54.48 14.40 26.4 37.61-67.42 

females, young and old 10 57.77 10.27 17.8 45.28-71.40 

females, young 4 63.52 10.29 16.2 49.64-71.40 

females, old 6 53.93 9.05 16.8 45.28-68.64 
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D 

Group N Mean S.D. C.y. Range 

males and females. 11 0.624 0.107 17.1 .423-.797 
yooog and old 

males and females. 6 0.639 0.094 14.8 .538-.797 
young only 

males and females, 5 0.606 0.129 21.2 .423-.774 
old only 

males, young and old 6 0.682 0.094 13.8 .562-.797 

males. young 3 0.700 0.099 14.1 .600-.797 

males, old 3 0.663 0.106 16.0 .562-.774 

females. young and old 5 0.556 0.081 14.7 .423-.620 

females. young 3 0.579 0.041 7.1 .538-.620 

females. old 2 0.520 0.138 26.5 .423-.618 




