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ABSTRACT 

The journal s  of early European explorers and fur 

traders , as wel l as ethnographic records , document the 

i ntegral part domestic dogs played in the vi l l age l i fe and 

economy of the Plains Vi l l agers in the Midd l e  Mi ssouri 

Subarea . Early travelers on the plains a l so remarked on the 

consumption of dog meat in association with certain ritual s  

and ceremonies , and noted the use of dogs a s  an emergency 

food resource . 

Thi s  study focuses on nearly 7 0 0 0  l arge canid skel etal 

elements from six Plains Vi l l age sites in the Middle 

Mi ssouri Subarea dating from approximate l y  A . D .  1 0 0 0  to 

1 8 4 0 . Two indicators of the continued importance of 

domestic dogs in Native American economy are explored . They 

are the use of dogs for traction , and the use of dogs as 

food . 

Osteoarthritic changes to joint structures , 

particu l arly those of the shoulder and vertebral column -

areas most directly subj ect to stress during l oad bearing or 

pul l ing , are identified in the canid assembl ages . Further 

evidence of travoi s  pul l ing is the multiple i nstances , in at 

l east s i x  Middle Missouri assembl ages , of distortion and 

apparent stress fracturing of the cranial portion of the 

scapular blade , with at l east partial heal ing and remodel i ng 

of the area of fracture . The duel role of these anima l s  in 

v i l l age economy i s  i l lustrated by cutmarks i ndicative of 
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disarticul ation and f i l l eting whi ch appear on many of the 

af fected scapul ae . 

At l east three butchering operations or goal s  are 

indictated by cutmarks inf l i cted on the l arge canid skel etal 

materia l s . These include skinning , disarticulation , and 

f i l leting . Observed indicators of changing emphas i s  through 

time on dogs as a food resource include 1 )  a general 

increase in the frequency of cutmarks on skel etal e l ements , 

and 2 )  increases in the frequency of f i l l eting marks , 

particularly those on the scapular blade and vertebrae . In 

the two early s i tes , cutmarks occur on approximatel y  1 5 %  of 

all l arge canid skeletal e l ements . In three Post Contact 

Coalescent sites , cutmarks frequencies , particularly 

f i l leting marks , i ncrease to approximately 3 0 % . In the 

Historic assemblage , cutmarks occur on approximatel y  4 0 %  of 

canid skel etal material s . 

Cutmarks on canid bones from earl ier Initial Middle 

Missouri assembl ages indicate that dogs were regul arly used 

as food throughout the Plains Vi l l age Period . Increases in 

cutmark frequencies on l arge canid skeletal remains through 

time in the Midd l e  Missouri assemblages support a model of 

more intensive exploitation of l arge canids as a food 

resource during the Coal escent and Historic Periods . 

During the Coal escent and Historic periods populations 

of native game an ima l s  were reduced or displ aced due to the 

hunting pressures of the fur and hide trade , and traditional 
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Native American subsi stence patterns were di srupted by 

increased intertribal confl ict and repeated waves of 

epidemic di seases which devastated Native American 

popul ati ons . In these l ater periods , domestic dogs became 

increasingly important as a food resource , as evidenced by 

patterns of greater cutmark frequencies , and increased 

f i l leting marks on canid bones . 
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CHAPTER I 

INTRODUCTION 

Thi s  study investigates the changing role of the 

domestic dog as a food resource for the Pl ains Vi l lagers 

l iving in the Middle Mi ssouri subarea , that porti on of the 

Mi ssouri River val l ey which f l ows through present day North 

and South Dakota ( Lehmer 1 9 7 1 : 2 8 ) , from the prehi storic 

Initial Middle Missouri ( ca .  A . D .  1 0 0 0 ) through the ful l y  

hi storic ( ca .  A . D .  1 8 4 0 ) time periods . A number o f  previ ous 

archaeological studies have concentrated on description and 

taxonomic separation of canid skeletal remains ( cf .  Al l en 

1 9 2 0 ; Boz e l l  1 9 8 8 ; Haag 1 9 4 8 ; Morey 1 9 8 6 ; Olsen 1 9 7 4 , 1 9 8 5 ; 

Walker and Fri son 1 9 8 2 ) . There have also been detai l ed 

"butchering" studies of l arge ungul ate spec i es ( Binford 

1 9 8 1 ;  Davis and Fi sher 1 9 9 0 ;· Lyman 1 9 8 7 ; Morl an 1 9 9 4 ; Wheat 

1 9 7 9 ; White 1 9 52b , 1 9 5 3 , 1 9 5 4 , 1 9 5 5 ) . 

A number of studies have cons idered the use of dogs as 

food ( Parma l ee 1 9 6 5 , 1 9 7 9 ; Wing 1 9 7 8 , 1 9 8 4 ) . However, with 

the exception of two brief studies by T . E . White ( 1 9 5 5 ) on 

the dog bones from the Buffalo Pasture ( 3 9 ST6 ) and Rock 

Vi l lage ( 3 2ME1 5 )  sites , l ittle specific attention has been 

focused on archaeological evidence for the use of dogs as a 

food resource . The present study focuses on the l arge can i d  

assembl ages from a group o f  Plains Vil l age s i tes in the 
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Middle Missouri subarea , and modification of skel etal 

el ements in the form of cutmarks , chopmarks , and burning , 

which are interpreted as indicators of the use of dogs as 

food . 

The Use of Dogs on the Northern Plains 

Throughout the North American Plains , before horses 

became common in the 1 9th century , l arge domestic dogs were 

the only draught animal s  used by Native Americans . Most 

commonly they either drew l oads of up to 1 0 0  pounds , on a 

pol e  and pl atform travo i s , or bore sma l l er l oads on thei r  

backs . Fol l owing the introduction of the horse , and the 

shift to mounted hunting and travel , the role of dogs in 

Native Ameri can economy inevitably changed . However , even 

into histori c times , vi l l age dogs were sti l l  used for 

traction , particularly around the earthl odge vi l l ages , where 

they transported loads of wood and other mater i a l s  for the 

vi l l age women ( Wi l son 1 9 2 4 ) . 

During the eighteenth and nineteenth centuries dogs 

were sti l l  an important and highly visible component of the 

vi l l age l i fe and economy of the Arikara , Mandan , and Hidatsa 

who inhabited the Middle Missouri subarea of present day 

North and South Dakota . As European and American explorers 

and fur traders made contact with Native American vi l l agers , 

they took note of the l arge numbers of dogs in the vi l l ages , 

their importance as draft animal s  and , at times , as food 
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( Snyder 1 9 91 ) . Dog feasts were a traditional part of Native 

American ceremonies such as the grass dance ( Driver and 

Massey 1 9 5 7 : 1 8 2 , Map 6 ;  Wil son 1 9 2 4 : 2 3 0 ) . Dog meat was also 

commonl y  served as part of pipe smoking or greeting 

ceremoni es ( De Smet 1 9 0 5 : 2 1 2 ) . 

However , with the growth of the Euroamerican fur trade 

in the 1 9th century� native game anima l s  were dispersed and 

depl eted by the great demands of the fur and hide trade . 

This was also a time of increased host i l ities between Native 

American groups , which were often competing for dwindl ing 

animal resources and trade rel ations with American and 

Canadian traders . During thi s  period , ethnohistoric sources 

indicate a changing rol e  for vi l l age dogs . They were 

increasingly exploited as , if not a stapl e ,  a readi ly 

ava i l able emergency food source ( Bradbury 1 9 0 4 : 1 3 5 , 1 8 0 ; 

Maximi l i an 1 9 0 6 : 90 ) . 

Archaeological Evidence for the Use of Dogs 
as Food in the Middl e  Missouri 

As a result of the mass ive archaeologi cal salvage 

program of the River Basin Surveys ( RBS ) begun fol l owing 

World War I I , hundreds of archaeological sites were 

investigated al ong the Mi ssouri River in the Middl e Missouri 

subarea of the Northern Plains ( Lehmer 1 97 1 ) . Extensive 

excavati ons were carried out in Plains Vi l l age sites ranging 

in age from the prehistoric Initial Midd l e  Missouri to the 
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Post-Contact Coal escent and Historic periods . Thi s  study 

concentrates on the l arge canid remains from six s ites 

excavated during thi s  program . In chronol ogical order they 

are the Initial Middle Missouri Sommers site ( 3 9ST5 6 ) ;  the 

two component , Initial Middle Missouri and Initial 
\ 

Coalescent Crow Creek site ( 3 9BF1 1 ) ;  three Post Contact 

Coalescent s ites , Bamble ( 3 9CA6 ) , Spiry-Eklo ( 3 9WW3 ) ,  and 

Larson ( 3 9WW2 ) ;  and the Historic period Leavenworth s ite 

( 3 9C09 ) . Al l are earthl odge vi l l ages l ocated al ong the 

mainstem of the Missouri River in what i s  now South Dakota 

( Figure 1 ) . They were excavated under the auspices of the 

RBS Missouri Basin Pro ject by the Smithsoni an Institution 

( Sommers, Larson ) ,  the Nebraska State Hi storical Society 

( Crow Creek ) , the University of Wi sconsin ( Bambl e , Spiry-

Ekl o )  and the Un iversity of Kansas ( Leavenworth ) .  However , 

because excavati ons were carried out under the wel l  

devel oped methodol ogical field program of the RBS , field 

excavati on techniques and recovery of faunal materi a l s  were 

l argely cons i stent for a l l  six s ites . The s i ze of the l arge 

canid assembl ages recovered varies from 6 2 8  s pecimens 

( Leavenworth ) to 2 61 3  specimens ( Larson ) ; coyote remains 

( Canis l atrans ) are not considered in the present study . 

The excavation goal s  and field methodol ogies of the RBS 

program were developed as part of a massive archaeological 

salvage program of unprecedented scale ( Jennings 1 9 8 5 ; 

Lehmer 1 9 71 ) . Thi s  program was also undertaken at a time , 
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Figure 1 .  Map of the Middle Missouri Subarea , South Dakota , 
showing the l ocations of archaeological s ites 
considered in the present ana l ys i s . 
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beginning in the 1 9 40s and 1 9 5 0 s , when archaeological faunal 

studies received l ittl e  serious attention in the North 

American Pl ains or elsewhere in the United states ( Binford 

1 9 81 ;  Falk 1 9 7 7 ) . It was during this time that Theodore E .  

White , a Harvard paleontologist who joined the RBS program 

in 194 7 ,  first became interested in the faunal materials 

being recovered from archaeologica l excavations . Through 

his continuing interest and subsequent publ ications ( White 

19 5 3 , 1 9 54 , 1 9 55 , 1 9 5 6 ) , T . E .  White was instrumental in 

formul ating the goals and methodology of faunal analys i s  

during thi s  period . White's personal interests in 

archaeol ogical faunas and the excavation methodol ogy of the 

RBS program also had a very direct effect on the recovery 

and retention of archaeological faunal assembl ages in the 

Plains ( Falk 1 9 7 7 ) . The effects of these practices and 

pol ic i es on the potentials and l imitations of the canid 

assembl ages considered in thi s  study wi l l  therefore be 

assessed as thei r  analysis is presented . 

The focus of thi s  study i s  analysis of evidence of 

butchering which occurs in these assembl ages of l arge canid 

bones . The patterns of cutmark l ocation on individual 

el ements wi l l  be considered as evidence of processing of the 

animal carcass , including skinning or hide removal , 

dismemberment or disarticul ation , and defleshing - f i l l eting 

or f l esh removal .  Variation in the frequency of occurrence 

of marks i s  considered as a potential indicator of 
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butchering intensity , or the thoroughness with which an 

animal carcass was uti l i zed or exploited . 

Final ly , possible variations in the patterned l ocation 

of cutmarks or cutmark frequencies between sites wi l l  be 

used to investigate possible changes in the intensity with 

which domestic dogs were exploited as a food source , through 

time , in the Middle Missouri subarea . 

organization of the study 

Thi s  study i s  presented in eight chapters .  Fol lowing 

this Introduction , Chapter II presents the natural 

environment of the Middle Missouri subarea , a brief culture 

history , and the traditi onal subsi stence patterns of the 

Pl ains Vi l l agers who l ived a l ong the Missouri River . It 

also expl ores the development of the Euroamerican fur trade , 

Native Ameri can participation in that trade , and the drastic 

changes in Native American l i fe and subsi stence brought 

about by the European fur trade , introduced epidemic 

diseases , and increased intertribal competi ti on for rapidly 

disappearing native territories and resources . 

Chapter I I I  considers ethnohi storic , ethnographic and 

nutritional evidence for the use of dogs as food on the 

Pl ains . Chapter IV di scusses the history of the River Basin 

Survey program , and T . E .  White ' s  partici pation in that 

program , including the ef fects both had on the recovery and 

study of archaeological faunal assemblages . Chapter V 

7 



provides descriptions of the six sites considered , their 

excavation , and the canid assemblages recovered . 

Chapter VI describes the methodology developed for this 

analysis .  Chapter VI I presents the analysis of cutmark 

data , as wel l  as possible skeletal evidence for the use of 

the dog travois .  Chapter V I I I  discusses the results of the 

analyses , and concludes with a brief review of the study . 
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CHAPTER I I  

THE MIDDLE MISSOURI ENVIRONMENT AND CULTURES 

Physiography of the Middle Mi ssouri Regi on 

The Middl e Mi ssouri regi on i s  part of the Great Plains 

of North America , which l ie between the foothi l l s  of the 

Rocky Mountains to the west and the Central Lowl ands to the 

east ( Fenneman 1 9 3 1 : 1 1 ) . The Missouri River f l ows through 

the Northern Pl ains , across the Missouri Pl ateau in a 

genera l l y  northwest to southeast directi on , and now empti es 

into the Mi ssissippi River . Pri or to the Wi scons in 

glaciation , the Missouri fl owed north into the Souris River 

drainage and into Hudson Bay . With the growth of the 

Wisconsinan ice sheet , these north flowing streams were 

bl ocked and redirected southward a long the southern edge of 

the ice , capturing the eastward f l owing streams which sti l l  

f l ow across the western porti ons of the Dakotas ( Fl int 

1 9 7 1 : 2 3 2 - 2 3 5 ) .  From south to north these rivers are the 

White , Bad , Cheyenne , Moreau , Grand , Cannonba l l , Heart , 

Kni fe and Little Mi ssouri . 

The Middl e Missouri subarea l i es within the mixed grass 

temperate grass l ands of the Great Pl ains , and corresponds to 

that portion of the Missouri River trench within the present 

states of North and South Dakota . West of the river , pri or 

to modern ranching and stock gra z ing , mixed and short 

grasses predominated ; to the east , the transition between 
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mixed and tal l grasses occurs al ong a broad ecotone rough l y  

corresponding t o  the 97th meridian and 2 0 "  rainfa l l  gradi ent 

( Gi lbert 1 9 8 0 : 8 ;  Shel ford 1 9 6 3 : 3 3 4 ;  Weaver and Albertson 

1 956 : 5}. 

The regi on immedi ately to the east of the Mi ssouri 

River trench , the "Coteau du Mi ssouri " ,  lying between the 

trenches of the Mi ssouri and the James River , i s  a glaci ated 

pl ateau of glacial dri ft and heavy clay t i l l  above a bedrock 

of Pierre shal e . Its topography i s  general ly smoother , 

f l atter and l ess deeply dissected than l ands west of the 

Missouri ( Fl int 1 9 55 : 1 4- 1 5 }. 

West of the trench , the Missouri Pl ateau reaches from 

North Dakota southward into Nebraska and westward into 

Montana and Wyoming. It i s  l argely ungl aci ated , and cut by 

a seri es of eastward trending streams , emptying into the 

Missouri , which occupy trenches 2 0 0 - 3 0 0  feet deep , fed by 

wel l  devel oped tributary systems ( Fl int 1 9 5 5 : 1 5- 1 6 }. Pri or 

to inundation , on it's western banks , the river fl oodplain 

was edged by steep dissected bl uffs from 3 0 0  to more than 

6 0 0  feet high , and in younger portions of the trench the 

"breaks" or dissected ravine system extended up to several 

mi l es back from the trench ( Fl int 1 9 55 : 1 4}. Between and 

beyond these stream systems are the expanses of mixed gras s  

upl and grasslands which cover the eastern portion of the 

Great Plains. 

The Mi ssouri River trench itself i s  relatively deep , 
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narrow and steep . The f l oor of the trench pri or to modern 

inundati on averaged less than one mi le in width ; where it 

occupied porti ons of ear l i er drainage systems it widened to 

as much as 10 mi les . In the wider porti ons of the trench 

the river developed a meander belt up to four mi les wide . 

The bed of the river developed point bars and subsidiary 

channels , and two l arge l oops or " bends " ,  Big Bend between 

Pierre and Chamberlain , and Litt l e  Bend at the Cheyenne 

River juncture , which are apparently remnants of sma l l  river 

val leys incorporated into the Mi ssouri River trench during 

glacial rerouting . 

The terrace system of the Middle Missouri consi sts of 

lower and upper terraces , which rise in some areas up to 5 0 0  

m ,  to meet the upl and pl ains ( Hedges 1 9 7 2 : 2 0-29 ) .  These 

terraces are primarily grass covered , with some timber 

development where cut by stream ravines and gul l i es . 

The contrast in geographic and physical features 

between the glaciated east bank and unglaciated west bank of 

the river i s  refl ected in modern l and usage . The l ands to 

the east of the trench are heavi ly uti l i zed as farml and ; to 

the west of the trench population density is lower and the 

mixed grassl ands are used primari l y  for gra z ing ( Lehmer 

1 9 7 1 : 5 3 ,  5 4 ) .  

Lehmer ( 1 9 7 1 : 5 3 )  notes that the ma jority of Native 

American vi l l age s ites ( >6 0 % ) were a l so l ocated on the west 

bank of the Mi ssouri , primari l y  on the terraces overl ooking 
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the river f loodplain , a l ocation which would have maximi z ed 

access to both f loodplain and upl and resources . 

Climate 

The cl imatic regime in the Mi ddle Missouri subarea i s  

continental and subject to strong seasonal extremes . The 

modern mean annual temperature , recorded at Pierre , South 

Dakota , i s  4 6 . 3  F .  The average January temperature is 1 5 . 1  

F ;  in Jul y  the average temperature is 7 5 . 1  F .  Average 

annual precipitation , also recorded at Pierre , is 4 5 . 5  em , 

8 0 %  of which fal l s  during Apri l through September . Average 

annual snowf a l l  is 7 3 . 7  em ( Borchers 1 9 8 0 : 8 2 -8 3 ; Borchert 

1 9 5 0 ) . Mean temperatures and l ength of the growing season 

increase within the trench from north to south , whi l e  mean 

precipitati on increases from west to east ( Burgess et al . 

1 9 7 3 : 2 3 ) . Thi s  con junction of temperature and moisture 

gradients made the low lying terraces and f l oodplains of the 

Mi ssouri River trench an i deal setting for Native American 

vi l l age agriculture (Richtsmeier 1 9 8 0 ) . 

Plant communities 

The Missouri River f l oodplain provided l ocations for 

Native American gardens and a variety of native plant and 

animal resources . In the 1 9 th century , the Hidatsa ( Wi l son 

1 9 1 6 )  uti l i zed stands of cottonwood as firewood , bui l ding 

materi a l s  for earthlodge superstructures , drying racks for 
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meat , and vi l l age fortification pal i sades . In addition , 

cottonwood bark was gathered for horse fodder in winter 

( Wi lson 1 9 2 4 : 1 7 5 , and references therein ) .  Peachtree wi l low 

branches were used for basket and bul lboat frames ; other 

wi l l ow species were used in earth l odge roofing and woven 

mats . Wi ld fruits and berr i es gathered in the f l oodpla in 

included chokecherry , Juneberry , currant , gooseberry and 

plum . Above the floodplain , terrace forests provided ash 

for mortars and pestl es , e lm wood for bows , and boxelder 

bark for baskets ( Wi lson 1 91 6 ) , as wel l as grassland gra z ing 

for horses . 

The vast upland grasslands above the terraces a l so 

provided winter fodder for horses and wi l d  pl ant foods such 

as prairie turnips and wi l d  oni ons . The ma j or grass species 

in these mixed grassl ands included blue grama , western wheat 

grass , buffa lo grass , and need l e-and-thread grass . Prior to 

modern graz ing , side oats gramma , Junegrass , green needle 

grass , and l ittle bluestem were also present in varying 

percentages ( Shelford 1 9 6 3 : 3 3 4 ; Weaver and Albertson 

1 9 56:3 2 6 ) .  

Animal Resources 

The con junction of physiographic biomes in the Midd l e  

Mi ssouri provide habitat for both open l and and forest 

speci es . Jones et al . ( 1 9 8 3 : 1 7 )  l ist the species most often 

found in the mixed grass upl ands of the plains : 
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The following kinds of mammal s  are typical of the 
mixed-grass prairie communities : black-ta i l ed j ack­
rabbit , desert cottontai l , spotted ground squirrel , 
thi rteen-l ined ground squirrel , black-tai led prairie 
dog , s i lky pocket mouse , hispid pocket mouse , Ord ' s  
kangaroo rat , plains harvest mouse , northern grass­
hopper mouse , swift fox , black-footed ferret , badger , 
pronghorn and bison . 

Species more common to the stands of eastern deciduous 

forests within the floodplain forest of the Missouri and its 

tributary rivers include opossum , eastern cottonta i l , fox 

squirrel , white-footed mouse , eastern woodrat , raccoon , red 

fox , and white-tai led deer . Species with broad habitat 

tol erance , primari ly omnivores or carnivores ,  include deer 

mouse , coyote , long-tai led wease l , and striped skunk (Jones 

et al . 1 9 8 3 : 1 7-1 8 ) .  Other animal s  l iving in the river 

f loodpl ain i tself included bear , otter , beaver , raccoon , and 

gray wol f  ( Canis lupus ) ( Weitzner 1 9 7 9 : 1 9 4 - 1 9 7 ) .  

The Mi ssouri River itse l f  provided f i sh , turtles and 

aquatic birds . Fish taken from the Missouri River included 

catf i sh , wal l eye , sturgeon , goldeye , and buffalo ( We itzner 

1 9 7 9 : 1 9 6 - 2 1 0 ) .  

Cultural Hi storical Setti ng 

The cultural historical sequence in the Middl e 

Missouri , as elsewhere on the Plains , i s  commonly divided 

into Pal eoindian ( 1 0 , 0 0 0 - 6 0 0 0  B . C . ) ,  Archaic ( 6 0 0 0  B . C . -A . D .  

1 ) , Woodland ( A . D .  1 - 9 0 0 ) and Plains Vi l l age ( A . D .  9 0 0 -1 8 6 2 ) 

( Lehmer 19 7 1 : 29 -3 3 ; Toom 1 9 89 : 2 8 ) . 

Perhaps because the evidence has been either destroyed 

1 4  



or deeply buried by erosional and depositional cycles in the 

trench , few Pal eoindian sites are currently recogn i z ed in 

the Midd l e  Missouri subarea . Evidence of nomadi c  Archaic 

foraging and hunting groups i s  a l so scarce ( Toom 1 9 8 9 : 2 9 ) . 

Sites of the Pl ains Woodl and peri od are much more numerous 

( Neuman 1 9 7 5 ) . I t  is during the l atter portion of thi s  

period that horticulture may have begun in the Midd l e  

Missouri ( Neuman 1 9 7 5 : 89 ;  Wedel 1 9 6 1 : 2 8 4-2 8 5 ) .  

The Pla ins Village Period 

The Pl ains Vi l l age peri od i s  one of great popul ation 

expansion in the Middle Mi ssouri , resulting in the prominent 

earthlodge vi l l ages of the Midd l e  Missouri and Coa l escent 

traditions . · The origins of these groups , whether an 

indigenous devel opment among resident Woodl and populations 

or the result of a westward migration of new groups from the 

eastern woodl ands , has been the subj ect of numerous 

investigations and much specul ation ( Al ex 1 9 8 1 ; Lehmer 1 9 7 1 ; 

Tiffany 1 9 8 3 ; Toom 1 9 9 2 a , 1 9 9 2 b ;  Wood 1 9 67 ) . Whatever thei r  

origins , for a peri od o f  nearly BOO years these groups of 

hunter-gatherer horticultural i sts l ived a semi-sedentary 

l ife in the Middle Missouri subarea and ultimately gave rise 

to the known historic tribes of the Missouri River , the 

Mandan , Hidatsa and Arikara . 

Within the Plains Vi l l age period , Lehmer defined a 

chronological cultural hi storic sequence based on 
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archaeol ogical mani festations such as house outl ines and 

ceramic seriation , and temporal indicators such as s ite 

stratigraphy , radiocarbon dating , and the presence of 

Euroamerican trade goods . 

The ma jor components within thi s  peri od are the ear l i er 

" Initial Middle Missouri " ( IMM )  and the l ater " Coal escent " 

traditions ( Lehmer 19 7 1:2 7- 3 3 ) . Although subj ect to l ater 

minor modi f i cations based on local archaeological sequences 

( e . g .  Ahl er 19 9 3 ;  Toom 19 9 2 a , 19 9 2b ) , thi s  chronol ogy ( Tabl e 

1 )  has continued to form the basic culture historic 

framework in the Middle Missouri subarea ( cf .  Johnson 19 9 4 ) .  

Around A . D .  10 0 0  groups o f  semi-sedentary vi l l age 

hunterjhorticultural ists began to appear in the Missouri 

Val ley and elsewhere in the eastern Plains ( Wedel 19 8 3 ) .  

The first vi l l age groups in the Middle Missouri area appear 

to have had thei r  origins farther to the east , perhaps among 

the Great Oas i s  or Mi l l  creek cultures of western Iowa and 

southwestern Minnesota ( Henning 197 0 ; Lehmer 197 1 : 9 8 ;  

Tiffany 19 8 3 ;  Toom 199 2a ) . These peopl e ,  l abel ed 

archaeol ogical l y  the Initial Middl e Missouri (IMM )  

tradition , l ived i n  sometimes extensive , forti fied or 

unforti f i ed vi l l ages of long-rectangular semi -subterranean 

earth covered houses, l ocated primari ly on the terraces 

overlooki ng the Mi ssouri River f l oodplains or its 

tributaries ( Lehmer 19 7 1 : 6 6 ) . 
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Table 1 .  

Sub-Tradition 

General Cultural -Hi storic Sequence for the 
Plains Vi l l age Tradition in the Middle 
Missouri Subarea. 

Variant Estimated Time Range 

Lehmer 1 971 

Middle Missouri Initial 
Extended 
Terminal 

900- 1 4 0 0  
1 1 0 0 - 1550 
1550-1675 

Coalescent 

Middle Missouri 

Coa lescent 

Initial 
Extended 
Post-Contact 
Di sorgani z ed 

Toom 1 9 9 3  

Initial 
Extended 
Termina l 

Initi al 
Extended 
Post-Contact 

1 7  

1 4 0 0 -1550 
1550-1675 
1 675-178 0  
1780-1 8 6 2  

A . D. 1 0 0 0-1 3 0 0  
A. D. 1 050-1500 
A. D .  150 0 - 1 6 50 

A. D. 1 3 0 0-150 0 
A. D. 150 0 - 1 650 
A. D. 1 650 -1850 



The i r  subsi stence revolved around the hunting of l arge 

ungul ates , principally bison , gathering of some wild 

foodstuffs , f i shing , and gardening in the f l oodplains 

( Lehmer 1 9 5 4 ; Wood 1 9 6 7 : 1 2 1 ) . Archaeologic a l l y  recovered 

pl ant remains from Initial Midd l e  Missouri sites include 

charred remnants of mai ze , squash , bean , Chenopodium 

( goosefoot or l ambsquarter ) ,  and wild fruits or berries such 

as chokecherry and wild plum ( Nickel 1 9 77 ) . Based on 

archaeological faunal assembl ages , bison comprised the ma jor 

meat portion of their diets ( cf .  Chomko 1 9 7 6 ) ; other speci es 

taken included e lk , pronghorn , deer , beaver , and l arge 

canids ( see a l so data in Semken and Falk 1 9 8 7 ) . 

The ear l iest Initial Middle Missouri vi l l ages were 

l ocated a l ong the Missouri River trench from the White to 

the Cheyenne rivers . As the " Extended Middle Missour i "  ( ca .  

A . D .  1 0 0 0 - 1 5 0 0 ) ,  these vi l lages expanded into the northern 

portion of the trench above the Grand River as far north as 

the Kni f e  River . The f inal mani festation of the Middle 

Missouri vari ant , the "Terminal Middle Missouri " ( ca .  A . D .  

1 55 0 -1 6 5 0 ) inc l udes vi l l ages in a restricted portion of the 

Middle Missouri subarea between the Cannonbal l  and Knife 

rivers i n  present day North Dakota ( Lehmer 1 9 7 1 ) . 

Subsi stence and settlement patterns show no ma jor 

shifts between the Initial Middle Missouri and the l ater 

Extended and Terminal variants . These des i gnations are 

based primarily on shi fts in geographic l ocation and 
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chronological age ( Lehmer 1 9 7 1 : 6 5 ) . 

The Initial Coalescent vari ant ( IC ) , f irst occurring in 

the southern portions of the subarea around A . D .  1 3 0 0 , 

appears to represent an inf lux of new people or groups from 

the Central Plains to the south . House form d i f fers from 

that of the Middle Missouri ; most common is an almost square 

outl ine with rounded corners and four large center support 

posts , developing in the l ater Extended Coa l escent ( EC )  

period ( ca .  A. D .  1 500-1 6 5 0 ) into the l arge circul ar 

earthlodge structures known from the historic peri od . 

Coalescent peoples initia l l y  settl ed in the l ower reaches of 

the Midd l e  Missouri subarea and , l ike the earl i er IMM 

groups , were vil l age horti cultural i sts and hunters ( Lehmer 

1 9 7 1 ) . 

Historic Middle Missouri Groups 

I t  i s  from the peoples of the Post-Contact Coalescent 

( PCC ) variant ( ca .  A . D .  16 5 0 -1 8 50 ) in the southern porti on 

of the subarea , and the Coalescent remnants of the Initial 

Middle Missouri groups in the northern portion of the 

trench , that the historica l l y  known tribal groups , the 

Arikara , Mandan , and Hidatsa arose . 

The Arikara occupied the southern portion of the region 

in the area of present day south Dakota , in the region of 

the " Big Bend" of the Mi ssouri between the White and Bad 

rivers ( Lehmer and Jones 1 9 6 8 ) . In the northern portion of 
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the subarea , Coalescent and Terminal Middle Missouri peopl es 

became the hi storic Mandan and Hidatsa ( Ahl er et al . 1 9 9 1 ; 

Wood 1 9 6 7 ) . 

Thi s phase of Pl ains Vi l l age hi story i s  often broken 

into the "protohi storic" and "historic" periods . The 

protohistoric is so named to signi fy the final prehistoric 

peri od i n  which initial Native American-Euroamerican 

contacts had been made to the east and north . However , a 

ma jority of Pla i ns groups sti l l  had only indirect contact , 

usually through middlemen Indian traders , with Europeans and 

European manufactured goods . The histor i c  period , as the 

name impl i e s , i s  the peri od of direct contact between 

Europeans and Native Americans and the beginning of written 

documentation of that contact by European explorers and 

traders . 

During this approximately 2 0 0  year period , development 

of the European and l ater Canadi an and American fur trade 

( Wi shart 1 97 9 ; wood and Thi essen 1 9 8 5 )  produced fundamental 

and i rreversibl e changes in Native American socia l , 

economic, and cultural l i f eways . 

Of the six sites considered in thi s  ana l ys i s , the 

earliest is the Initial Middle Missouri ( IMM ) , Sommers site 

( 3 9 ST5 6 ) ;  a second early s ite i s  the mixed component , IMM 

and Initial Coa l escent ( IC )  Crow creek site ( 3 9BF1 1 ) .  Next 

are three Post-contact Coalescent ( PCC ) sites : Bamble 

( 3 9CA6 ) , Spiry-Eklo ( 3 9WW3 ) ,  and Larson ( 3 9WW2 ) .  The s i xth 
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site i s  the historic PCC Leavenworth s i te ( 3 9C09 ) . The 

three PCC sites are probably ancestral to the Arikara ; the 

Leavenworth site represents the l ast two semi-autonomous 

Arikara v i l l ages . 

Middle Missouri Subsistence 

Before their l ives were forever changed by the effects 

of the fur trade , the vi l l agers of the Middle Missouri 

subarea practiced an extens ive garden horticulture in the 

Mi ssouri River f loodplain and conducted l ocal and extended 

seasona l  hunts , sometimes over long distances , on the upland 

plains to the west of the trench . This mixed hunting­

horticultural subs istence was augmented by an aborigina l 

trading system in which the Missouri River vi l lagers traded 

horticultural products from their gardens for meat and hides 

procured by the more nomadic tribes to their west . Thi s  

subsistence economy was remarkably successful and stable ,  

· persi sting in the Northern Plains for nearly 1 0 0 0  years 

( Wood 1 9 7 4 ) . 

Plant resources of the Middle Missouri vi l lagers 

included both native and domesticated species . There are 

abundant ethnohistoric and ethnographic accounts of the 

success and importance of mai z e  horticulture in Midd l e  

Missouri subsistence ( e . g .  Wi l l  and Hyde 1 9 1 7 , and 

references therein ) .  Squash and beans were also important 

garden products ( Nickel 1 9 7 7 ; Wi l l  and Hyde 1 91 7 : 5 9 - 76 ) . 
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Other possible cultigens included Chenopodium and Hel ianthus 

( sunf lower ) ( Nickel 1 9 7 7 , 1 9 8 8 ) . Wi ld fruits and berries 

commonly gathered included wi l d  pl um , chokecherry , wi ld 

grape , and buffaloberry ( Nickel 1 9 7 7 , 1 9 8 8 ; Gilmore 1 9 7 7 ) . 

The staple meat source for Pl ains Vi l l agers throughout 

this per i od was the bi son ( Chomko 1 9 7 6 ; Gi lbert 1 9 6 9 ) . 

Faunal assembl ages from both the Middle Missouri and 

Coalescent traditions are invari ably dominated by bison 

bone , although they also provide evidence for expl oitation 

of other mammal ,  bird and fish resources taken from the rich 

upland pl a ins and Missouri River trench ( Falk et a l . 1 9 8 0, 

1 9 8 4 , and references therein ; Falk and Abler 1 9 8 8 ; Parmal ee 

1 9 7 7 , 1 9 7 9 ; Toom et al . 1 9 8 9 : 5 7 8 ) .  More pertinent to the 

present study , throughout the Pl ains Vi l l age period in the 

Middle Missouri subarea , l arge canids ( domestic dog and/or 

wol f )  are frequentl y  the second most commonly represented 

taxon ( Semken and Falk 1 9 8 7 ; White 1 9 5 5 , and references 

cited above ) .  

Middle Missouri Villagers and the Fur Trade 

Long before European traders reached North America , the 

Mandan , Hidatsa , and Arikara participated in a wide spread 

network of trading relations ( Ewers 1 9 5 4 , 1 9 68 ; Wood 1 9 7 2 , 

1 9 7 4 , 1 9 8 0 ) which brought such " exotic" goods as Anculosa 

she l l  beads from the Tennessee Val l ey , Dentalium from the 

Pacif i c  coast , and Busycon , Margine l la ,  and Oliyel l a  from 
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the Atl antic and Gulf coasts ( Lehmer 1 954 ) . The Missouri 

River vi l lages formed the heart of an eastern trading 

system , in which the Arikara acted as "middl emen " in a 

larger continent-wide trading network ( Wood 1 9 8 0 : 1 0 0-1 0 1 ) .  

Part of thi s  network involved the trade of horti cultural 

products from the sedentary vil l age gardens for meat and 

hides from the more nomad i c  western tribes . 

In the early historic peri od , the developing 

Euroameri can fur trade at first f i t  eas i ly into thi s  

establ i shed trading pattern ( Rogers 1 9 9 0 ) . The Mandan , 

Hidatsa , and Arikara were abl e to continue their middleman 

rol es , now a l so trading Euroamerican goods to tribal groups 

farther up the Mi ssouri , groups initially beyond the 

geographic reach of Euroamerican traders ( Orser 1 9 8 4 ; Ray 

1 9 7 8 ; Toom 1 9 7 9 ) . However the acquisition of European 

goods , weaponry , and alcohol , the insatiabl e European demand 

for furs and hides , and the epidemic diseases whi ch 

fol lowing direct contact with Euroamericans l ed inevitably 

to devastating Native American population losses and the 

demise of their traditional l i f eways ( Gi lman and Schneider 

1 9 8 7 ; Rogers 1 9 9 0 ; Weston 1 9 9 3 ) . 

In a recent study focusing on the effects of the fur 

trade on the material and cultural worlds of the Arikara , 

Rogers ( 1 9 9 0 ) divided the protohi storic and historic into 

s i x  periods . Period I ( A . D .  1500-1 6 8 1 ) was one of indirect 

involvement with European trade goods . The Arikara occupied 
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as many as 3 2  vi l l ages along the Missouri ( Beauregard 

1 9 1 2 : 2 8 ,  2 9 , cited in Rogers 1 9 9 0 ) . Even in thi s  period , 

however , the first epidemic di seases may have already 

reached the Middle Missouri area , far in advance of any 

direct contact with Euroamericans ( Ramenofsky 1 9 8 7 ) . 

During Peri ods I I  and I II ( A . D .  1 6 8 1 - 1 7 7 5 )  the Arikara 

participated f irst indirectly in the Euroamerican fur trade , 

receiving horses from the Southwest around 1 7 3 8  and guns by 

1 7 5 0 . Later in this peri od , trading directly with 

Europeans , they acted as middlemen traders for other up­

river groups , and according to Rogers , maintained good 

relations with white traders despite increasing soci al and 

economic stress due to epidemic disease ( Trimble 1 9 7 9 , 1 9 9 4 ) 

and con f l i cts with the nomadic Sioux . 

During Peri ods IV and V ( A . D .  1 7 7 6 -1 8 3 5 ) the 

traditional l i feways of the Arikara were drastically altered 

as they became increasingly dependent on European and 

American manufactured metal goods ( Weston 1 9 9 3 ) and 

weaponry . During this period continuing waves of epidemic 

disease led to severe population decline and the phys ical 

amalgamation of previously autonomous groups into fewer and 

fewer v i l l ages . 

The Arikara occupied only seven known vi l l ages in 1 7 8 5 . 

By 1 8 1 4  they were reduced to only two semi -autonomous 

vi l l ages at what would become known as the Leavenworth site 

( 3 9C09 ) . Here they suffered continuing attacks by the 
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Sioux , their sometimes trading partners . In 1 8 2 3  they were 

she l l ed by the American troops of Col . Henry Leavenworth in 

retal iation for increased hosti l i t i es against whi te fur 

trappers and traders , now passing beyond the Arikara to 

trade di rectly with the vi l lagers of the Upper Mi ssouri 

( Rogers 1 9 9 0 : 8 6 - 8 7 ; see a l so Krause 1 9 7 2 : 1 4 - 1 5 , and 

references therein ) .  The Arikara temporari l y  abandoned the 

Leavenworth vi l l ages in 1 8 2 4 , then returned in 1 8 2 5  and 

remained unt i l  1 8 3 3. Final l y , in 1 8 3 7 , the Arikara moved to 

a single combined vi l l age ( Like-A-Fishhook ) in North Dakota 

wi th the remnant populations of the Mandan and Hidatsa 

( Gi lman and Schneider 1 9 8 7 ; Nicho l s  1 9 8 2 ; Rogers 1 9 9 0 : 8 7 -

8 8 ) .  

The Euroamerican fur and hide trade deve l oped an 

enormous demand for pelts 
-
of native fur bearers and ungul ate 

hides , and by 1 8 1 5  the demand for bi son hides had 

outstri pped that for fur pel ts . A parti a l  record of returns 

from the Missouri River region in 1 8 3 4 - 1 8 3 5  l i sts 3 6 , 00 0  

buffalo robes from four trading posts , plus over 8 0 0  " sa l ted 

buffalo tongues " ,  3 5 0 0  pounds of " powdered buffalo" and 3 0 0 0  

pounds o f  " dried buffalo meat" ( Wi shart 1 9 7 9 : 5 8 - 5 9 , Table 

3 ) .  over 1 6 0 , 0 0 0  bi son hides were received at the Upper 

Mi ssouri and S i oux stations of the American Fur Company 

between 1 8 3 5  and 1 8 3 9  ( Johnson 1 9 6 9 ) . 

The drastic population dec l ines resulting from epidemic 

diseases , and increasingly host i l e  relations with both 
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American mi l i tary and civi l ian forces and the nomadic tribes 

to the west , particul arly the S i oux , put additional 

pressures on the Missouri River vi l l ages . Thi s  l ed the l a st 

Arikara , Mandan and Hidatsa first to Like-A-Fishhook 

vi l l age , and l ater to the town of Independence on the Fort 

Berthol d  Reservation in North Dakota . 
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CHAPTER I I I  

DOMESTIC DOGS I N  PLAINS VILLAGE LIFE 

Dogs were a prominent part of Plains Vi l l age l i f e ,  as 

noted by early European explorers and fur traders , where 

they were used as beasts of burden and often eaten 

ceremonial l y . Before the horse became the primary beast of 

burden on the Plains , dog travois were used for transport . 

Dog meat was a lso often included in ceremonial feasting and 

dance ritual s  such as the grass dance ceremony . With the 

advent of the Euroamerican fur and hide trade , and the 

di sruption of traditional subsi stence and economic systems , 

the dog took on an increasingly important role as an 

alternative or emergency food source for Plains Vi l l agers 

and at times for European and American visitors as wel l . 

Use of the Dog as Food 

Driver and Coffin ( 1 9 7 5 ) l i sted 5 5  Native Ameri can 

groups who included dog feasts in their ceremonies . Pl ains 

groups include the Crow , Cheyenne , Mandan , Teton , Arikara , 

Assiniboin , Bl ackfoot , Blood , Hidatsa , Omaha , and Pawnee 

( see also Driver and Massey 1 9 5 7 , Map 6 ) . 

There were , however , some groups who rarely ate dogs , 

or adopted them as food onl y  as · part of acqui red ceremonies . 

De Smet ( 1 9 0 5 : 1 0 4 ) noted that the Snake did not eat dogs , 
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and Maximi l i an ( 1 9 0 6 : 1 0 9 ) made the same observation of the 

Blackfeet . Buffalo-Bird-Woman , a Hidatsa informant , tol d  

Gilbert Wi l son that the Hidatsa normally d i d  not e a t  dog 

meat unt i l  they acquired rights to the grass dance ceremony 

from the Sioux : 

Ordinari ly , dogs were not eaten , partly because the 
dog was a sacred animal , and again because the flesh 
was not good , for dogs fed on carrion and human 
ordure . Our people did not eat dog unt i l  about 4 0  
years ago , when we l earned the custom from other 
tribes , I think the Santee Sioux , who gave us the 
grass dance ( Wi lson 1 9 2 4 : 2 3 0 ) . 

The taste of dog meat was l ikened to that of pork , or 

mutton . De Smet , who was often served dog meat as part of 

greeting ceremoni es , in describing his meeting with the 

Cheyenne in the Black H i l l s  in 1 8 4 0 wrote , "Do not wonder 

when I tel l  you that thi s  is thei r  great feast , and that the 

f l esh of the wild dog is very del icate and extremel y  good ; 

it much resembles a young pig" ( De Smet 1 9 0 5 : 2 1 2 ) .  Fremont 

in 1 8 4 5  described dog meat as "very glutinous , with 

something of the f l avor and appearance of mutton " ( Al len 

1 9 2 0 : 4 6 8 ) . 

Dogs chosen for feasting were often noted for their 

fatness . De Smet describes the portion he received at a 

feast a ssoci ated with a counci l  meeting in 1 8 51 : 

I was invited to several of these banquets , a great 
chi e f  in particular wi shed to give me a mark of his 
friendship and respect for me . He had f i l l ed his 
kettle with l ittle fat dogs , skin and a l l . He 
presented me on a wooden platter the fattest 
wel l  boi l ed ( De Smet 1 9 0 5 : 6 8 2 ) . 
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Preparati on Technigues 

Dogs were most commonl y  cooked by boi l ing in pots . One 

of the most detai l ed accounts of preparation and cooking of 

dog i s  that of Melvin Gi lmore who observed the preparation 

of a dog feast in association with the ceremonies of "Holy 

Grandmother Cedar Tree" in Jul y  1 9 2 6  ( Gi lmore 1 9 3 4 ) . After 

k i l l ing , the dog carcass was placed upon a fire to singe off 

the hair . The carcass was then washed and eviscerated . 

According to Gi lmore , in thi s  instance the head and tail 

were also cut off and di scarded . The carcass was then 

"divided into porti ons in accordance with a wel l-establ i shed 

tradition . "  

These portions are the two forequarters , the two hind­
quarters , the two sets of ribs , the cervical and 
dorsal vertebrae with ad j acent bones and muscles 
between the shoulders , and the lumbar vertebrae with 
the bones and muscles which form the pelvic girdle 
( Gi l more 1 9 3 4 : 3 7 - 3 8 ) .  

Gi lmore notes that the carcass was cooked with skin sti l l  

attached because , according to his Hidatsa informant , "Tbe 

skin i s  too rich to lose" ( Gi lmore 1 9 3 4 : 3 8 ) . The carcass 

sections were then further reduced to fit into the cooking 

pot and boi led unt i l  done . 

The Gi lmore account i s  supported by De Smet's 

observation that the young dog presented to him was served 

" skin and a l l . "  He also reported that at the Cheye'nne feast 

in 1 8 4 0  the porti on served to him "was l arge , the two thighs 

and paws , with five or s i x  r ibs " ( De Smet 1 9 0 5 : 2 1 0- 2 1 2 ) .  

Thes e  accounts indicate that a common method of cooking 

2 9  



was pot boi l ing of carcass segments with bones included , and 

that the skin was most often l eft intact . Disarticulation 

marks woul d  therefore be commonly infl icted as the carcass 

was cut into " potsi z e "  porti ons ( cf .  Oliver 1 9 9 3 ) . Because 

the porti ons served at meal s  were sma l l er body segments 

which sti l l  contained bones , additional "disarticulation" or 

" f i l l eting" cutmarks might have been inf l i cted as these 

segments were further disarticul ated and meat was cut from 

the bones by the diners . 

The Changing Importance of Dogs as Food Through Time 

The preparation of dogs for consumpti on with skin 

intact , and in bone-in segments , would have preserved a l l  

subcutaneous , intramuscul ar and mesenteric fats . Cooking by 

pot boi l ing would a l so have insured that these fats became 

part of the cooking broth rather than dripping out and being 

l ost over an open fire during roasting . Thi s  preparation 

technique which preserved a l l  ava i l able nutri ents , 

particul arly fats , may have become increasingly important 

fol lowing the vast changes in Native American economy and 

subsistence brought about by the European and American fur 

and hide trade . 

The disruption of traditional subsi stence and trading 

patterns was brought on , initi a l l y , not by wholesale 

destruction of native game anima l s  but by the effects of 

epidemic diseases on Plains Vi l l age popu l ations and 
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di srupti on of their formerly successful trading 

relationships with nomadic pl ains groups such as the Sioux 

( Hyde 1 9 52 ; Orser 1 9 8 4 ; Rogers 1 9 9 0 : 8 0 - 8 8 ) .  As the 

competition for favorabl e trading rel ations with European 

and American companies increased , so too did intertribal 

hosti l i ties . These increas ing tens ions were magn i f i ed by 

the recurring waves of epidemic diseases which drastical l y  

reduced population numbers , particularly among the sedentary 

vi l l agers who were in direct contact with white traders 

( Trimbl e 1 9 7 9 , 1 9 9 4 ) . 

Although the Arikara had formerly maintained good 

trading relations with the Sioux , with whom they exchanged 

horticultural products for meat and hides , Abel ( 1 9 3 9 : 1 3 1 ) 

noted that by the beginning of the 1 9th century the Sioux 

were steal ing horses from the Arikara vi l l ages and 

di srupting their bison hunts . 

By the early to mid-nineteenth century , the traditional 

hunting activities of the Missouri River vi l l agers were 

severely curtai l ed due both to the activities of the Sioux 

and extreme population decl ine . In June 1 8 1 0 , Bradbury 

( 1 9 0 4 : 1 3 5 ) reported that the Arikara vi l l ages on the Grand 

River were low on stores because their underground caches 

had been spo i l ed " by excessive rains . "  When he returned to 

Ft . Mandan in May of 1 8 1 1 , he found the Indians " starving" 

because thei r  stores were exhausted and the threat of the 

Sioux kept them from l e aving the ir vi l l ages to hunt 
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( Bradbury 1 9 0 4 : 1 8 0 ) . At that time more than two-thirds of 

the vi l l age dogs had been sl aughtered for food . 

Vis iting Ft . Pi erre , on the Mi ssouri , in spring of 

1 8 3 4 , Maximil i an described the Indians who were l iving 

around the fort as "ha l f-starved" and noted that Indian dogs 

were scarce . Whi le vi s iting the Sioux who were camped near 

the fort , Maximi l i an's party was served a meal of dog meat . 

When they returned to the fort from thi s  visit , they found 

that the fort was also low on stores , and dogs were to be 

served for dinner there as wel l : 

For his own tabl e of ten or twelve persons , Mr 
Laidlow had generally bought dogs of the Indians , 
but these were now scarce , and consequently very 
dear ; twelve dol lars were paid for the dogs 
destined for our repast today ( Maximi l i an 1 9 0 6 : 90 ) . 

In summary , ethnohistoric and ethnographic accounts 

emphas i z e  cooking preparation techniques by which the 

nutrients in dog meat , particul arly fats , were retained by 

cooking the divided carcass , with skin sti l l  attached , by 

boil ing in pots . Thi s  method would have resulted in serving 

porti ons whi ch had been disarticul ated into potsi z e  pieces , 

but sti l l  often consi sted of meat on bone . Di sarticulation 

marks should therefore be common , and additional marks might 

have been inf l i cted by individual diners as they further 

disarticul ated sections or cut meat from the bone . 

The exploitation of dogs as a food resource appears to 

have changed in emphasi s  over time . Initia l ly used 

primari l y  in ceremonial feasting , dogs became an 
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increas ingly important food resource i n  the n ineteenth 

century as subsi stence patterns changed and l ater Post 

contact groups such as the Arikara were restricted i n  

movement by increased hosti l ites with the S i oux . Under such 

c ircumstances domestic dogs , readi ly ava i l able in the 

vi l lages i n  l arge numbers , woul d  have become a valuable f ood 

resource . The intensi ty with whi ch they were uti l i zed 

should be refl ected in the archaeological record by a 
' 

greater concentration of butchering evidence on skel etal 

mater i al s . 
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CHAPTER IV 

THE RIVER BASIN SURVEY PROGRAM AND THEODORE E. WHITE 

The excavation techniques developed during the massive 

River Basin Salvage program begun in 1 9 4 5  were inf luential 

in the development of archaeological field practices .in 

North American archaeology . In addition , thi s  vast program 

of archaeological " salvage and recovery" pl ayed an important 

part in the development of conservation archaeol ogy . 

Theodore E .  White first became involved in Pla ins 

archaeol ogy during the RBS program , initi a l l y  as an RBS 

paleontol ogi st and later as a '' spec i a l i st "  in mammal bone 

identifi cation . His wi l l i ngness to identify the masses of 

vertebrate remains being recovered from archaeologi cal 

excavati ons , and his association with RBS archaeologi sts 

such as Donald Lehmer , evolved into his own interest in the 

analysis of archaeological faunas . Thi s  l ed to a seri es of 

artic l es on "butchering practice s "  based on his ana lyses of 

a number of fauna l assembl ages from the Middle Missouri 

subarea . In addition , his suggestions on recovery and 

retenti on of unmodif ied faunal materi a l s  had definite 

consequences for the resultant RBS faunal col l ections , sti l l  

curated by the Smithsonian and Instituti ons throughout the 

Pl ains , including the l arge canid col lections considered in 

the present analys i s . 
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History of the River Bas in Survey Program 1 946-19 6 9  

Enacted near the end of World War I I , the Fl ood Control 

Act of 1 9 4 4  cal l ed for the construction of dams and 

reservo i rs on river systems throughout the United States by 

the Bureau of Recl amati on and the u . s .  Army Corps of 

Engineers for the production of hydroel ectric power , 

i rrigati on , improved river navigation , and f l ood control . 

When thi s  plan became publ ic , concern for the fate of 

archaeological s ites and resources , often concentrated a l ong 

ma jor streams and thei r  tributaries , l ed scienti f i c  groups 

such as the American Counci l  of Learned Soc i eties , the 

Society for Ameri can Archaeology , the American 

Anthropological Associ ation and archaeologists , including 

Jul i an Steward , Frank H . H .  Roberts ( Smithsonian 

Institution ) ,  and Wi l l i am Duncan Strong ( Columbi a  

University )  t o  establ i sh the Committee for the Recovery of 

Archaeological Remains ( Jennings 1 9 8 5 ; Lehmer 1 9 7 1 : 2 ) . The 

committee was to serve as an advisory and support body for 

the subsequent archaeol ogical salvage operations throughout 

the reservoir construction period . 

Archaeological survey and excavation became the 

responsibi l ity of the National Park Service under the 

Histor i c  Sites Act of 1 9 3 5  for the preservation of 

archaeological and paleontological resources , under which 

the Park Service became responsibl e for surveying 

recreational ,  archaeological , and pa leontological resources 
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within the proposed reservoir areas . To undertake thi s  

enormous pro ject , a Memorandum of Understanding in 1 9 4 5  

( revised 1 9 6 1 , 1 9 6 5 )  between the National Park Servi ce and 

the Smithsonian Institution l ed to the creation of the River 

Basin surveys divis ion of the Bureau of American Ethnol ogy 

( later Divi s i on of Anthropol ogy ) within the Smithsonian . 

Thi s  entity , as part of the governmenta l  Inter-Agency 

Salvage Archaeological and Pal eontological Program , then 

took primary responsibi l i ty for archaeologi cal survey , 

testing , and salvage excavation in advance of dam and 

reservoir construction . After 1 9 4 9 , field work under thi s  

program was also supplemented by a Nati onal Park Servi ce 

contract program which a l l owed museums , hi stori cal 

societie s , and universities to participate in fieldwork and 

archaeol ogical survey and salvage pro jects . 

Frank H . H .  Roberts became the first head of the RBS 

( River Basin Surveys division ) in 1 9 4 5 . From 1 9 4 6  through 

1 9 6 8  the Inter-Agency Archaeol ogical Salvage Program of the 

River Basin Surveys conducted surveys in more than 5 0 0  

proposed reservoir basins and recorded nearly 2 0 , 0 0 0  site 

l ocati ons ( Brew 1 9 6 8 : 3 ) . 

The process of dam constructi on in the Missouri River 

basin was begun in 1 9 4 6  under the Pick S l oan plan which 

cal l ed for the construction of a series of four dams in 

South Dakota ( Gavins Point , Fort Randa l l ,  Big Bend , and 

Oahe ) and one in North Dakota ( Garrison ) which would 
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eventual ly inundate 6 2 1  of the 7 5 6  river mi l es ( more than 

8 1 % ) of the Mi ssouri River floodplain in North and South 

Dakota ( Lehmer 1 9 71 : 1 9 , Table 1 ) . 

Because of the potenti a l  extent of proposed reservoir 

flooding and the already documented intens ity of Native 

American prehi storic and historic settlement a l ong the 

Middle Missouri , the Missouri Basin Pro ject , headed by Waldo 

R .  Wedel ( then Associ ate Curator of Archaeology at the 

United States National Museum ) was created in 1 9 4 6  with 

headquarters in Lincoln , Nebraska . Unti l the transfer of 

responsi bi l ity to the National Park service , Mi dwest 

Archaeological Center in 1 9 6 9 , thi s  off i ce directed all 

archaeol ogical and paleontological research in the Middle 

Mi ssouri subarea under the direction of Waldo w .  Wedel 

( 1 9 46-1 9 4 9 ) ,  Paul L .  Cooper ( 1 9 4 9- 1 9 5 2 ) ,  Robert L .  

stephenson ( 1 9 5 3 - 1 9 6 3 ) and Warren w .  Caldwe l l  ( 1 9 6 4 - 1 9 6 9 ) .  

From 1 9 4 6 through 1 9 7 1  over 8 0 0  archaeological sites 

were recorded in the Middl e Mi ssouri portion of the Missouri 

River Val ley ( Lehmer 1 9 7 1 : 1 0 ) . over 7 0 0  of these sites were 

located in South Dakota in the areas of the Oahe ( 2 9 9 ) , Big 

Bend ( 1 8 2 ) and Fort Randal l  ( 2 3 5 ) reservoirs ( He l gevold 

1 9 81 : 56 ) . Survey of proposed reservoir flood pool s  began in 

1 9 4 6 , and l arge scale excavations were begun in 1 9 5 0 . In 

his summary of the operati on and initi a l  results of the 

Interagency Archaeological Salvage Program in the Middle 

Mi ssouri subarea , Lehmer noted that by 1 9 6 9  excavati ons had 
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been carried out at more than 2 0 0  s ites in North and South 

Dakota . "Ma jor excavations " ( by Lehmer ' s  def inition those 

operations for which the cost of f ield work was greater than 

$ 2 50 0 ) had been conducted at 9 2  s ites ( Lehmer 1 9 71 : 2 0 , 1 9 3 -

2 0 0 ) . Al l s ites considered in the present ana lys i s  were 

initial l y  excavated during thi s  time as part of the Missouri 

Basin Proj ect . 

Excavation and Laboratory Technigues 

Although excavation techniques varied somewhat among 

RBS field directors and contracting institutions , field 

methods were l argely oriented toward rapid , maximum data 

recovery in a vast salvage operati on . To thi s  end , 

earthmoving equipment was routinely used to remove 

overburden in archaeological excavation : 

Excavati on methods have involved adapting standard 
archaeological techniques to the exigenci es of salvage 
archaeology . There has been a general feel ing that it 
was just i f i abl e to foreswear some technical niceties 
in the interest of obtaining maximum information under 
shortages of time and funds . Thi s  attitude has been 
expressed by l imited screening and the use of heavy 
earth-moving machinery ( Wedel 1 9 5 1 ] .  Bul l do z ers , 
road patro l s , dragl ines , and other types of equipment 
have been used , and used to great advantage . The 
Missouri Basin was , so far as I am aware , the first 
archeological area in which the extensive use of 
heavy equipment came to be an acceptable technique . 
In thi s  respect , the s alvage program made a 
valuable contributi on to archeological 
technol ogy ( Lehmer 1 9 7 1 : 1 4 ) . 

In the interest of col l ecti on of cul tural historical 

information , excavations of vi l l age s ites concentrated on 

exposure and mapping of a l imited number of earth lodge 
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house fl oors ( usual ly 1 to 6 ) , and l imited testing of midden 

areas and forti fi cation ditches . Archaeologi cal materi a l s  

were recovered primari ly by hand from shovel and trowel 

excavati on of house f l oors , interi or and exteri or cache pits 

and other features , and test units . There was no consistent 

screening program , and whi l e  some features at individua l 

sites mi ght be dry screened , the amount of matrix screened 

was rarely recorded , and at many sites no screening was 

conducted ( for further deta i l s  of excavati on procedures see 

individua l site descriptions in Chapter V ) . 

Thos e  cl asses of mater i a l s  which might bear on cultura l 

hi storica l andjor chronologica l  pro j ect goal s ,  such as 

pottery , l i thic arti facts and mod i f i ed bone were col l ected 

and segregated , usua l l y  by numbered feature , a lthough the 

term " featur e "  was used to desi gnate a vari ety of units in 

the f i e l d : 

In conformance wi th standard River Basin Surveys 
usage , the term " Feature" was appl i ed to anything which 
we wi shed to speci fy within the site . A house , a cache 
pit , a test trench , etc . , were a l l  desi gnated as a 
" Feature" and distingui shed by an Arabi c numeral .  At 
the beginning of the season the writer was rather 
dubious about thi s practice . At the end of the season 
he was completely converted to it . The use of the 
s ingl e term precluded the confusion whi ch arises when 
something which was original l y  cal l ed a cache pit 
devel ops into a ful l si zed earth l odge ( Lehmer 1 9 5 4 : 6 ) . 

In the f i eld a l l  excavated features and test units were 

described on standardi zed record forms , and standard 

photographic record sheets were also used . In the 

l aboratory , recovered pottery rim sherds and "nonpottery 
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artifacts " were ass igned catalog numbers , and these numbers 

were inked onto the objects themse lves . Pottery body sherds 

and unmodif ied animal bone , however , were general l y  

cataloged by l ot ,  with one number being assigned t o  a l l  

material s  from a singl e feature . Fol lowing laboratory 

processing and cataloging in Lincoln , site assembl ages were 

variousl y  stored at the Lincoln offices or at participating 

institutions , or were sent to the United States Nationa l 

Museum/National Museum of Natural History in Washington , 

D . C . , the Smithsonian . 

Three complete sets of field and l aboratory records 

were theoretical l y  produced for each site investigated , two 

copies were maintained at the River Basin Surveys offices in 

Lincoln and a third set was stored at the University of 

Nebraska , Lincoln campus . 

Site Reports and Publications 

Due to the s i z e  of the River Basin Surveys salvage 

program and its emphasi s  on field work and the recovery of 

archaeo l ogical resources pri or to their inundati on , 

publication of site reports and syntheses fell  wel l  behind 

f ield work ( Jennings 1 9 8 5 ; Lehmer 1 9 6 5 ; Wedel 1 96 7 ) . 

The River Basin Survey Papers seri es , publ i shed in the 

Bulletin of Arnerican Ethnology between 1 9 5 3  and 1 9 6 6 , 

included 3 8  papers or site reports . From 1 9 6 6  to 1 96 9 , the 

River Basin Surveys program also publ ished a series of 1 3  
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Publications in Salvage Archaeology , which consi sted of 

individual site reports and regional syntheses of salvage 

archaeology . Number 1 0  in thi s  series ( Petsche 1 9 6 8 ) , A 

Bibliography of Salyage Archeology in the United States , 

l i sted nearly 2 6 0 0  publ ications rel ated to archaeological 

salvage pro j ects in the united states , including those of 

the River Basin surveys . 

The f irst ma jor synthesi s  of work in the Middl e 

Missouri subarea , An Introduction to Middle Missouri 

Archaeology , was produced by Donald J .  Lehmer in 1 97 1 , and 

is sti l l  a standard reference for archaeol ogists working in 

the Midd l e  Mi ssouri subarea or with River Basin Salvage 

mater i al s . In 1 97 7  a festschrift in honor of Lehmer ( Wood 

1 97 7 ) presented summary papers on many aspects of Middle 

Missouri archaeology , based almost entirely on data produced 

during the Missouri Basin Salvage program . 

Neverthel ess , much of the original River Basin Surveys 

f ield work in the Middle Missouri subarea never resulted in 

publ i shed reports , and analyses of the results of individual 

site excavations are sti l l  being completed under the 

continuing contract program of the National Park Service . 

Distribution of site Assemblages and Excavation Records 

After cataloging in the Missouri Basin Pro ject 

l aboratory in Lincoln , recovered assemblages were variousl y  

distributed , initia l l y  to storage fac i l ities i n  Lincoln , at 
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the University of Nebraska , or at institutions participating 

in contracted excavations . Other a ssemblages were 

transferred directly to the United States National Museum , 

l ater the National Museum of Natura l  Hi story and Man of the 

Smithsonian · Institution . Eventual l y , fol lowing the transfer 

of responsibi l ities of the Lincoln ,  Nebraska , River Basin 

Surveys office to the National Park Service , the arti factual 

col l ecti ons sti l l  stored in Lincoln were also transferred to 

the Museum of Natural Hi story in Washington , D . C . , where 

they are currently curated by the Anthropol ogy Divi sion of 

the Museum . However , the unmodi fied bone assembl ages from 

many of these sites sti l l  remain in storage in Nebraska , at 

the University of Nebraska state Museum . 

In July 1 9 6 9  the River Basin Surveys program was 

formal l y  concluded and its remaining responsibi l ities 

transferred to the National Park Service , Lincoln office . 

At thi s  time , at l east one of the three dupl icate sets of 

records of the Mi ssouri Basin pro ject was pl aced in the 

National Anthropol ogical Archives ( NAA ) of the Smithson i an 

I nstituti on . In addition , records of the Washington offices 

of the RBS were also transferred to the NAA . By agreement , 

the Nati onal Park Service - Midwest Archaeol ogical Center in 

Lincoln retained a l ibrary of publ i cations and manuscripts 

rel ating to Middle Missouri and Plains archaeology which i s  

sti l l  maintained and made ava i l able to researchers i n  

Lincoln . 
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Original s ite records , f i l es , maps , specimen catal ogs , 

and field and l aboratory print negatives and sl ides from the 

Lincoln region offices are presently curated by the Nati onal 

Anthropological Archives .  These mater i a l s  are currently 

being sorted , organi zed and catal oged , and al l are ava i l able 

to researchers . In many instances , T . E .  White ' s  original 

identi fi cation sheets are contained in individual s ite 

fi les ; for as yet unstudi ed and unpubl i shed col lecti ons , 

these are apparently the only documentation of White ' s  work . 

The Influence of T . E .  White on Coll ection. Retention .  

and Analys is of Plains Archaeological Faunal Remains 

In the Middle Missouri subarea , as elsewhere in North 

America , unmodi f i ed faunal mater i a l s  recovered from 

archaeologi cal excavations received l ittl e consi stent 

attention pri or to the 1 9 6 0s ( but see Hargrave 1 9 3 8 ; Gi lmore 

1 9 4 6 ) . However , with the inception of IAS-RBS operations , 

the coincidence of archaeol ogical and pal eontological 

investigations in the same program and reservoir bas ins , 

particul arly the Middle Missouri subarea , provided further 

impetus for the study of faunal materia l s  recovered from 

archaeological contexts ( cf .  Falk 1 9 77 : 1 5 2 ) . 

Donald J .  Lehmer , in an article entitled "Animal Bone 

and Plains Archaeology" ( Lehmer 1 9 5 2 ) , proved to be an early 

advocate for the analys i s  of fauna l  materials from 

archaeological contexts : 
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Animal bone i s  found in enormous quantities in 
most of the archeol ogical sites in the Great 
Pl ains . So far , archaeologists have made almost no 
use of thi s  potenti a l  source of information . 
Studies of butchering techniques such as the one 
prepared by Theodore White and read by George 
Metcal f at the 8th Plains conference must 
necessari ly remain primari l y  within the field of 
the spec i a l i st in vertebrate osteology . 
S imi l arly ,  the identi fication of the d i fferent 
spec i es represented in a col lection is usua l l y  in 
the special i sts ' s  province . However , if the 
archeologist has kept reasonably compl ete sampl es 
of the animal bone found , has made adequate 
records of proveni ence , and has been abl e to 
arrange for identification by a speci a l i st , he has 
equipped himself with a potential ly valuable body 
of data ( Lehmer 1 9 5 2 : 5 3 ) . 

In the s ame article Lehmer went on to discuss the fauna l  

assembl age col l ected from the Dodd site ( 3 9ST 3 0 ) and the 

types of information to be gained from its analys i s , 

including the volume of bones recovered from the components 

of a multi-component site , the proporti onal representati on 

of ma j or subsi stence spec i es ( based on number of identi fied 

specimens ) , and the percentage of immature anima l s  ( bison ) 

represented in each cultural component . From thi s  

informat ion Lehmer concluded that : 

The decrease in the relative amount of animal 
bone in the l ate hor i z on might be due either to a 
change in butchering techniques by whi ch less bone 
was brought into the vi l l age , or to an actual 
decrease in the amount of hunting in l ate times . 
( Lehmer 1 9 5 2 : 54 ) . 

He also noted a drop in the percentage of bi son relative to 

antelope through time and specul ated that thi s  drop is 

"presumably cultura l l y  s i gn i f icant : " 
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Except in rare instances , bison hunting must have 
been a group affair , whi l e  hunting deer and sma l l  
game animal s  was presumably a n  individual matter . It 
woul d  thus appear that those aspects of the social 
organ i zation which were directed toward the communa l  
bi son hunt were less strongly developed by the people 
of the Stanl ey Focus than by those of the Anderson and 
Monroe Foci . ( Lehmer 1 9 5 2 : 5 4 - 5 5 ) .  

Final l y ,  he noted that the proportion of immature bi son 

rema ins consi stent through time , " indicating that none of 

the groups made an attempt to concentrate on the younger 

anima l s  for tender meat . "  Lehmer ended the paper by 

stating : 

Data such as these seem to be a materi a l  
addition t o  the total body of informati on about 
the cultural complexes represented at the Dodd 
site , and it seems l ikely that simi l ar treatment 
of the animal bones from other sites could be 
equa l l y  valuabl e ( Lehmer 1 9 5 2 : 55 ) . 

In a footnote to the paper he states , " It i s  very pl easant 

to be abl e to take thi s  opportunity to express my 

appreci ation to Dr . Theodore White , MRBS Pa leontologi st , for 

thi s  identi fi cation of the Dodd site animal bone" ( Lehmer 

1 9 5 2 : 54 ) . 

Dr . Theodore E .  White , the " speci a l i st "  to whom Lehmer 

referred in his footnote , was a Harvard University 

pal eontol ogist who joined the River Basin surveys in 1 9 4 7 . 

Subsequently , no single individual had a greater influence 

on the col lection , anal ys i s , curation , and ultimate 

disposition of unmodi fied faunal materi a l s  from Plains 

archaeological sites during the River Basin Surveys peri od 

than Theodore E .  White . 
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White ' s  official association with the River Basin 

Surveys began as a paleontol ogist in Apri l 1 9 4 7 , when he was 

authori zed by Frank H . H .  Roberts to proceed from Washington , 

D . C .  to Lincoln , Nebraska " for official travel in Nebraska , 

Kansas , South Dakota , North Dakota , Montana , Wyoming and 

Colorado in association with the Missouri Basin 

Archeol ogical and Pal eontologica l surveys . "  For this survey 

of pal eontological locations he was to receive a maximum of 

$ 8 0 0  in expenses , plus a per diem of $ 6  per day for a period 

not to exceed six months ( memo from Frank H . H .  Roberts , 

April 2 2 , 1 9 4 7 , SI  Authori zation No . 4 8 ) . 

In March of 1 9 4 8  Roberts wrote to White requesting 

identi fi cation of bones excavated by Joe Ben Wheat at 

Addicks Reservoir and on March 3 1  White sent Roberts the 

l ist of identifications . Several simi l ar exchanges took 

pl ace between Roberts and White during the same year . On 

October 1 1 , 1 9 4 8  White wrote to Roberts concerning bones 

excavated by Wheeler at Park River : 

I agree with you that further study of the bison 
bone wi l l  probably be most useful to archaeol ogy 
as wel l  as Pleistocene and recent strati graphy . 
From my own causal observati ons I feel mora l l y  
certain that the deer wi l l  be just as useful after 
a s imi l ar study is made and we should preserve at 
l east the dentitions and horns so that such a 
study wi l l  be possibl e . It seems reasonabl e to 
assume that this same axiom can be extended to 
most of the food anima l s  of the Indians . I also 

· feel that the probl em i s  important enough to 
warrant the addition of a combined Pleistocene 
stratigrapher and paleonto l og i st to the staff of 
the divi s i on of archeology in our l arger museums 
and univers ities . However , I don ' t  expect to 
l ive long enough to see thi s  happen . 
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Authori z ation No . 1 5 6 , June 2 7 , 1 9 4 9/May 8 ,  1 9 5 0  enabl ed 

White to proceed with pal eontological work in the Missouri 

River Basin at a per diem of $ 8 . 0 0 .  He spent the summer of 

1 9 5 0  in the Garrison Reservoir , North Dakota . On Nov . 1 3 , 

White sent the fol l owing memo to Roberts from Lincoln ,  

Nebraska : 

During the identification of the bone from a 
couple of sites in Angostura Reservoir , the 
di stribution of the various el ements aroused my 
curiosity concerning the parts of the animal used 
and how they went about it to get a meal off of a 
carcass . A more thorough examinati on of the 
materi al resulted in some reasonably good guesses 
concerning their methods of handl ing a carcass . 
George Metca l f  has agreed to read it at the Plains 
Conference with the table shown as a s l ide . I 
turned the title over to Bob Cumming so it should 
be on the program . It a l so occurred to me that 
you might want to publ i sh it as a note in 
Antiquity or some other out l et . I am not a member 
of any of the archeological soci eti es , so it wi l l  
be necessary for some one to communicate it for 
me . On the other hand I am a member of the 
Washington Academy , but if it is worth publ i shing 
it wi l l  reach more people through an archeol ogical 
journal . 

Thi s  memo c learly indicates White ' s  interest in 

archeological faunas and Native American subsi stence . The 

paper "Observations on the butchering techniques of some 

- aborigina l  people "  was read at the 8th Plains Conference in 

1 9 5 1 , and later was publ i shed as part of a seri es of 

articles by White on prehi storic butcheri ng patterns whi ch 

appeared in American Antiqui ty ( White 1 9 5 2b : 3 3 7 -3 3 8 ) .  

White continued to be involved with RBS archaeologists , 

and his developing interests in z ooarchaeological analys i s  

l ed to a n  expans i on o f  h i s  RBS rol e , beyond that of 
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pal eonto l ogist , to a special i z ation within archaeology . In 

December , 1 9 5 1  Frank H . H .  Roberts requested a " Position 

description : "  

At your conveni ence , with the accompanying 
instructi ons as a guide , wi l l  you please prepare a 
description of your j ob as you see it . The 
Personnel Office i s  anxious to have new j ob 
descriptions for a l l  of our peopl e . In your case 
you certainly know better than we what you do and 
how it has to be done . 

In 1 9 5 3  White transferred to the National Park 

Service ' s  Dinosaur National Monument , Vernal , Utah , where he 

remained as museum geologist and pal eontologist unt i l  

shortly before his death i n  September 1 9 7 7 . However , his 

participation in archaeologi cal faunal ana l ys i s  did not . 

cease wi th his move to Dinosaur . In the years 1 9 5 4 - 1 9 6 1 , 

Robert L .  Stephenson repeatedly requested the detai l of 

White from Dinosaur to the Missouri Basin Pro j ect for short 

periods during the spring , for identification and analys i s  

of fauna l materials . In December 1 9 56 Stephenson wrote : 

Our purpose in wi shing to have Dr . White 
deta i l ed to us is that we have a considerabl e 
quantity of bone materia l , recovered from 
archeological sites in the Missouri Basin over the 
past years . Dr . White has been very proficient in 
quickly running through such material for us in 
the past and making identi f ications and analyses 
of these materia l s . It would greatly fac i l itate 
our work here in writing the archeological reports 
if we could again have him for a short time , in 
order to work up the backl og of such materia l . 

To White , he wrote in February , 1 95 7 : 

We wi l l  pl an on seeing you about the end of 
March . Meanwhile , the bones are pil ing up now 
that everybody has gotten wise to the f act 
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that you are going to be with us for a short 
time this spring . They are a l l  wanting to send 
thei r  bones in to us . So far , I have accepted 
al l comers . Alan Woolworth has a couple of 
bones from North Dakota ; Gus Kivett has some , 
then of course we have the big mass of stuff 
from Dave Baerreis ' dig l ast summer , plus our 
own . Almost all of thi s  stuff , however , is in 
l arge lots and shoul dn ' t  take a terr i f i c  
amount o f  time t o  run through . 

In some cases , White ' s  identifi cations were acknowl edged and 

included , at l east in summary , in publ i shed or unpubl i shed 

faunal reports ( cf .  Kivett and Jensen 1 9 76 , Appendix D ,  pp . 

9 4 - 9 6 ; Mi l l er 1 9 6 4 , Appendix 2 ,  pp . 2 3 3 - 2 3 7 ) .  In other 

instances , White ' s  identi f i cation sheets are contained in 

RBS site f i l es , but have never been reported . 

Recovery and Retention of Faunal Materia l s  

It became RBS practice , promoted b y  White , t o  discard , 

either in the field or fol lowing analys i s , bones considered 

to be "unidentifiable "  or not useful for analysi s .  In a 

paper entitled " Studying Osteological Materi al " ,  first 

publ i shed in the Pl ains Anthropol ogical Conference News 

Letter ( White 1 9 5 3 ; see also White 1 9 5 6 : 4 0 1 - 4 0 4 ) ,  White , in 

addition to suggesting a methodology for identificati on and 

analys i s  of faunal materi als , made the fol lowing comment : 

Many archaeologi sts , because they have not given 
the probl em much thought , do not know which 
elements are identi fiable and whi ch are not , and 
in order to play safe they bring everything in . 
Others , because they l ack the moral courage to 
make a decision , bring in everything and justi fy 
thei r  action by boasting of the capab i l i ties of 
the physi cal anthropologist . They forget 
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that physical anthropologists deal with minute 
d i fferences of only a s ingl e species whi l e  
pal eontol ogists and zool ogists deal with onl y  
s l ightly greater dif ferences in several hundred 
species . They also forget that certain el ements 
of the human skeleton , such as ribs , have no more 
uti l ity for the physical anthropologi st than 
anima l  ribs do for the zoologists . 

Since gll terrestrial vertebrates are 
constructed on the same fundamenta l  pl an , a course 
in e l ementary physical anthropology or comparative 
anatomy should furnish an adequate background for 
separating the identifiabl e and unident i f i able 
materi a l . Such a separation can be made in the 
field when the materi a l s  is being packed for 
shipment or in the l aboratory when it is being 
washed to recheck for use as an impl ement . 
The di scarding of the unidenti fiable material wi l l  
save a t  l east 50  percent o f  identification time . 
( White 1 9 5 3 : 9 ) . 

White then l i sted those el ements or el ement porti ons which 

he considered " Identi f i able Material " ,  including : 

Sku l l  fragments , jaws , hyoid , vertebra with 
most of the neural arch , gl enoid portion of the 
scapula , pelvis i f  nearly compl ete , l imb bones if 
one end i s  complete , foot bones , metapodials i f  
one end i s  compl ete and phal anges . 

"Unidenti fi abl e Material " included ribs , " fragments of the 

shafts ·of l imb bones , "  scapula fragments , vertebral centra 

and dorsal spines , and " immature l imbs without the 

epiphyses . "  In a l etter to Don Hartle ( January 1 6 , 1 9 5 2 ) 

concerning faunal remains from Rock Vi l l age ( 3 2ME1 5 )  White 

voiced a somewhat di fferent stance : 

Lehmer assured me that he brought in a l l  bone 
with one good end . Even at that his 
unidentifiable scrap was between 3 0  and 4 0  percent 
whi l e  yours ran around so percent ( by the 
numbers ) .  However , it is nothing to loose s l eep 
over--you ' re erring on the right side . "When in 
doubt bring it in" is a pretty good rul e  to 
fol low .  
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In some instances , Whi te himsel f discarded bone fragments 

fol lowing identi fication ( memo to Field Director , MRBS , 

March 2 8 , 1 9 5 2 ) : 

Enclosed are the bone identification sheets for 
the 2 2  boxes of animal bones sent in l ast month . 
According to instructi ons from Dr . Roberts the 
uni denti f i able scrap has been discarded . The bird 
bone and dog bones from 3 9CH7 has been segregated 
and pl aced in a separate box . That from the other 
s i tes has been segregated but placed in the 
original box with the other bone . The sma l l  
carnivores and rodents have been turned over to 
the Divi s i on of Mamma l s . The other materi a l s  wi l l  
b e  returned to you in the near future . 

The effects of these practices on resultant vertebrate and 

more specifical l y  canid col lections retained by the River 

Basin Surveys program , and l ater transferred to the National 

Museum of Natural History , are di scussed in Chapter VI . 

Butchering Ana lyses of Plains Faunal Materials 

It i s  widely recogn i z ed by zooarchaeologists ( cf .  

Binford 1 9 8 1 ; Falk 1 9 7 7 ) that White ' s  studies of Native 

American butchering techniques were enormousl y  influential 

in the development of ana l ys i s  of vertebrate faunal remains 

in North America . Falk noted ( 1 9 7 7 : 1 5 2 ) , "As the f i rst 

individual to systematical ly cons ider animal bones from 

Plains s i tes , White played a key rol e  in defining and 

shaping research problems which have been the focus of 

investigative effort for a quarter century . "  Biriford 

( 1 9 8 1 : 89 )  noted "Most of the research oriented toward the 

' reconstruction ' of prehi storic butchering practice stems 
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directly from the seminal work of Theodore E .  White " .  

White defined a series of research probl ems which 

might be addressed through the analys i s  of vertebrate faunal 

remains , and suggested a methodology for their analysi s .  

These i nc luded analysis of the age at whi ch anima l s  were 

ki l led , based on tooth erupti on and wear and epiphyseal 

fusion , i ndicating selective hunting ; and relative abundance 

of skeletal el ements for indivi dual spec i es , which could be 

used to infer portions of a carcass left at a. ki l l  site or 

brought back to the camp or vi l lage . He a l so noted that 

bone breakage patterns might be defined . Ana l ys i s  of 

relative representation of left/right and front/hind 

el ements within a speci es , White suggested , might i ndi cate 

di fferential di stribution of carcass elements to fami ly 

units and/or lodges , and thus aid in identifi cation of 

v i l l age soc i a l  organ i z at i on . 

He suggested a methodology for determination of minimum 

number of i ndivi duals based on maximum numbers of l eft and 

right e l ements , and in his initial publ ication in the Plains 

Conference Newsletter ( White 1 9 5 3 : 6 2- 6 6 ) provided a tabl e of 

average meat yields for commonly recovered spec ies of 

mammal s  and birds , based on average l ive weights and 

genera l i zed percentages of " edible meat . "  

In a series of articles concerning " The Butchering 

Techni ques of Some Aboriginal Peoples" ( White 1 9 52b , 1 9 5 3 , 

1 9 54 , 1 9 5 5 )  he employed these techniques in analys i s  of 
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bison , deer , antelope , elk , and canid bones from a ser i es of 

s ites in North and South Dakota . 

Analys i s  of Canid Material s 

With widescale excavation of Middle Mi ssouri vi ll age 

sites , the quantities of large canid skeletal material in 

Plains archaeological assembl ages drew attenti on to the role 

of domestic dogs in Native American l i fe . In November , 

1 9 5 7 R .  L .  Stephenson wrote to White : 

I wrote to Dr . Cl aus Muri e  about the dog 
materi al , and just now had a very del i ghtful 
l etter from him in response .  He doesn ' t  feel that 
at thi s  time he can tack l e  the proposition for us , 
but assures me that he has a continued interest 
in dogs , and wi ll be interested in what we wi l l  
be abl e to come up with , one way or another , from 
our col lections . 

Whi te himself became interested in the l arge canids 

from the Middle Missouri vi l lages , and in 1 9 5 7  wrote a short 

artic l e  entitl ed "The Large Dogs of the Earth Lodge People s "  

( White 1 9 6 0 ) . 

The coll ecti on and segregati on of l arge canid bones 

from Pla ins archaeological excavations continued , as noted 

by Stephenson in a l etter ( March 2 3 , 1 9 6 1 ) to Frank M .  

Set z l er , curator at the Department o f  Anthropology , National 

Museum of Natural History : 

We have again borrowed the services of Ted 
Whi te for a few weeks here in thi s  office to sort 
through and identify the accumulated mammal bones 
from the archeological sites in the Missouri 
Basin . In the course of his identifications he 
wi l l  be sorting out various kinds of bone for 
special treatment , and I am hoping that we 
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may count on you , as in the past , for some of that 
special treatment in detai led identifications . 

The point that particularly comes to my mind i s  
the matter of dog bones . I know you have been 
interested in the various kinds of dog bones we 
have been getting in the various s i tes over the 
years . About three years ago you were interested 
in the very large dogs that we had found . At that 
time we transferred a l l  our dog bone on hand to 
the Divisi on of Archeol ogy with the understanding 
that when and i f  you were interested , and could 
find time , Waldo Wedel woul d  transfer it down to 
you for further study . I gather that nothing 
further has been done with thi s  material . I am 
wondering now what we should do with the material 
we have in the present batch that Ted is 
i dentifying . Woul d  you , in the reasonabl y 
foreseeabl e future , have time to make any study of 
these dog bones? If so , I can ask Waldo to 
transfer the 9 cartons that he already has on hand 
down to your divis i on and I can send the several 
cartons in the current batch directly to you early 
in the summer . On the other hand , i f  you don ' t  
feel you have the time or the incl ination 
to work with thi s  materi al , I think perhaps the 
best thing for us to do would be to keep it here 
in the hopes that l ater on you might be abl e to do 
something with it . 

The canid materials di scussed in the above l etter were never 

transferred or studied . They remained in the uncatal oged 

col lections of the Smithsonian Institution , Divi sion of 

Archaeol ogy , l ater the Department of Anthropol ogy , where 

they were stored in the " attics" of the Natura l  History 

Museum bui l ding on the Mal l . They were "redi scovered" by 

Mel inda Zeder and Darcy Morey in the 1 9 8 0 s . At that time 

they were removed from the attics , decontaminated , and 

forma l l y  transferred to the Department of Anthropology . A 

portion of these mater i a l s  forms the basi s  for the present 

analys i s . Further deta i l s  concerning the s ites represented 

are presented in Chapters V and VI . 
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CHAPTER V 

THE SITES AND FAUNAL ASSEMBLAGES 

Site Descriptions and Excavation Hi story 

The Sommers Site ( 3 9ST56 )  

Site Description and Excavation History . The Sommers 

site ( 3 9 ST56 ) is one of the earl iest Plains Vi l l age sites in 

the Middle Missouri subarea . It i s  an Initial Middle 

Mi ssouri v i l l age located on a high terrace above the east 

bank of the Missouri River in Stanley County , approximate ly 

24 mi les southeast of Pierre , South Dakota . The s ite 

cons ists of more than 1 0 0  sha l l ow house depressions . A 

fortification ditch encircles a portion of the v i l l age . The 

s ite covers approximately 2 7  acres , and the terrace on which 

it is l ocated fal ls steeply 1 0 0  feet to the original river 

f l oodplain below . Several ephemeral stream channel s  pass 

near the site , only one of whi ch sti l l  carr i ed water at the 

time of excavation ( Steinacher 1 9 9 0 : 3 9 ) . 

Limited archaeological testing was done at the Sommers 

s ite in 1 9 4 7 - 1 9 4 9  by the University of South Dakota Museum 

and the South Dakota Archaeological Commi ssion under the 

directi on of Elmer E .  Meleen . Meleen excavated parts of two 

long rectangular house f loors and a number of cache pits 

located within the fortification ditch which he presumed to 
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be the oldest portion of the vi l l age . The house floors 

occurred at depths of five to seven feet below surface . 

In 1 9 6 3 , in con junction with the River Basin Surveys 

program in the area of the Big Bend Reservoir , test 

excavati ons were conducted by a Smithsoni an Institution crew 

under the direction of J .  J .  Hof fman . Ma j or excavations by 

the Smithsoni an/RES were conducted under the supervision of 

Richard E .  Jensen in 1 9 6 4 -1 9 6 5 . Five earth l odge f l oors and 

portions of three others were excavated . Six test units 

were placed in midden areas , across the fortifi cation ditch , 

and between observed l odge depressions ( Jensen 1 9 6 5 ; 

Steinacher 1 9 9 0 : 4 3 ;  Stephenson 1 9 6 4 : 97-9 9 ; Mi ssouri Basin 

Project Weekly Reports - Field Party No . 5 ,  1 9 6 4-1 9 6 5 ) .  

After removal of 2 to 2 . 5  feet of overburden by power 

equipment in test areas , exposed house depression f i l l  was 

further reduced by machine stripping to approximately one 

foot above the house floor . The house f i l l  was then 

excavated by shovel , but was not screened . Recovered 

cultural materi a l s  and faunal remains were segregated by 

general f i l l  ( occurring in f i l l  more than one foot above the 

house f l oor ) , house floor ( occurring in the one foot 

immediately above the house floor ) , associ ated nearby midden 

areas and features , backdirt , and surface finds . 

Excavated houses were l ong-rectangul ar in outl ine , 

ranging in s i 2 e  from 3 9  to 4 7  feet l ong , and 2 1  to 2 5  feet 

wide . The outer wal ls were supported by l ines of wal l  
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posts , with additional support and/or partition posts al ong 

and ad jacent to the center l ine of the structure . Multiple 

shal l ow basin-shaped fire pits and undercut subterranean 

storage pits were also encountered on or beneath the house 

f l oor . A total of 1 1 7 6  features andjor test units was 

excavated ; over 7 0 0  of these were postmolds associ ated with 

house f l oors . 

A series of early dendrochronol ogical dates and two 

radiocarbon dates from the Sommers site range from A . D .  9 7 7  

t o  1 6 3 1  ( Steinacher 1 9 9 0 : 8 0 ) . The ma jority of these dates 

were initi a l l y  used to pl ace the Sommers site in the l ate 

prehistoric Pl ains Vi l lage peri od . However , the wide range 

of dates , and an apparent contradiction between dendro and 

radiocarbon dates was noted ( Johnson 1 9 7 7 : 2 0 9- 2 1 0 ) .  

Subsequently , six additional sampl es were submitted for 

analysi s  to Beta-Analytic , in association with deta i l ed 

analyses of the Sommers site materi als by the University of 

Nebraska ,  Divis ion of Archaeological Research . These dates , 

at one standard deviation , ranged in age from A . D .  4 0 0  to 

1 1 50 . The wide range of dates obtained from thi s  apparently 

single component Initial Middle Missouri vi l l age has been 

frequently noted ( Caldwe l l  and Snyder 1 9 8 3 ; Johnson 1 9 7 7 ; 

Steinacher 1 9 9 0 : 7 8 - 8 9 ; Toom 1 9 9 2b )  but i s  as yet unresolved . 

However , based on s ite stratigraphy , house architectural 

design , and ceramic seriation , Steinacher posits a rather 

l ong peri od of continuous occupation at the Sommers site by 
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prehi storic Initial Middle Missouri peoples , with a gradual 

reduction in vil lage s i z e  into an area in the midst of the 

vi l lage which was then encircled by a fortif ication ditch 

( Steinacher 1 9 9 0 : 8 7- 8 9 , 2 2 0- 2 3 6 ) .  Johnson ( 1 9 9 4 : 3 0 7 ) pl aces 

occupati on of Sommers at the beginning of the Initial Middle 

Mi ssouri period , from approximately A . D .  1 0 0 0  to 1 1 0 0 . 

Faunal Materials Reported . The Smithsoni an/RES 

investigations at the Sommers site did not result in a 

publ i shed report . A deta i l ed reanal ys i s  of the Sommers 

materials is currently bei ng completed ( Falk , Steinacher and 

Johnson , n . d . ) .  A summary of taxa present in the Sommers 

faunal assembl age ( Semken and Falk 1 9 8 7 : 2 8 9 - 2 9 0 ) indicates 

that a range of small  mammal s  including rabbit , ground 

squirrel , prairie dog , pocket gopher , beaver , muskrat , swi ft 

fox , weasel , badger , and striped skunk are represented in 

the s ite assemblage , along with l arge canids , bison , elk , 

deer , and antelope . 

The Crow Creek Site (39BF11 l 

Site Description and Excavation History . The Crow 

Creek s ite i s  a two-component fortified earthlodge vi l l age 

located on the east bank of the Mi ssouri River in Buffalo 

County , approximately 1 1  mi l es north of Chamberlai n , South 

Dakota ( see Figure 1 ) . The high , triangular terrace poi nt 

on whi ch the vi l l age i s  located i s  cut by two sma l l  creeks , 

Crow Creek to the south and Wol f  Creek to the west . 
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Remnants of two fort"i fi cati on ditch/bastion l ines cross the 

rema ining side of the terrace point . The s ite covers 

approximately 18 acres , and in 1 9 5 4  contained 4 8  sti l l  

visible earth l odge depressions . Archaeological site 3 9BF4 , 

also named Crow Creek , l i es immedi ately to the north of the 

main vi l l age area . 

Excavations at the Crow Creek s ite were conducted by 

the Nebraska State Hi storical Soci ety under the field 

directi on of Marvin Kivett ( Kivett and Jensen 1 9 7 6 ) . Five 

square to rectangular Initial Coalescent house floors and 

one long rectangular Initial Middle Missouri house 

depressi on were completely or partially excavated . Test 

excavati ons were placed in areas of vi l l age midden deposits 

and across both the outer and inner fortification ditches . 

Test excavations were 1 0  foot units excavated by shovel and 

trowel in arbitrary six inch l evel s .  When a house feature 

was encountered and del imited , power equipment was used to 

remove remaining overburden from the area . The remaining 

f i l l  was then hand excavated . The matrix from storage pits , 

one house excavation ( House 5 )  and "dense midden deposits " 

was dry-screened through 1 / 4 "  mesh ( Kivett and Jensen 1 9 7 6 ) . 

Two ma j or occupational components were recogn i z ed at 

the Crow Creek site . The ear l i er component , l abeled the 

"Crow Creek" occupation by the excavators , occurred at a 

depth of 4 8  to 6 0  inches bel ow the modern surface , with a 
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maximum thickness of 4 1  inches , and represents an Initial 

Middle Missouri component . The later "Wolf  Creek " 

occupati on zone occurred at approximatel y  3 1  to 4 0  inches 

below surface , and vari ed in thi ckness from 1 to 1 2  inches . 

This upper zone contained the remains of square to 

rectangular Initial Coalescent house f loors . 

Six house fl oors were completely excavated ,
.
Houses I 

through V ( Initial Coal escent ) were square to sl ightly 

rectangular , from 19 . 5  to 41 feet on a side , with exterior 

entrance passages oriented toward the southwest , central 

fire hearths , four central support posts , and one or more 

internal subterranean storage pits . House VI was 

rectangular in outl ine , 58 feet by 25 feet , with post holes 

concentrated al ong the side wal l s , hearths and l arger post 

molds along the center l ine , and subterranean storage pits . 

House VI i s  assigned to the ear l i er Initial Middle Mi ssouri 

component of the site . A tota l of 2 2 3  features was 

identi f i ed and excavated within and beyond the house fl oors , 

and included hearths or f ire pits , underground storage pits , 

sha l l ow depressions or pits , and midden areas ( Kivett and 

Jensen 1 9 7 6 : 3 0 - 3 7 ) .  

There are two radi ocarbon dates from the Crow Creek 

s ite ( Ki vett and Jensen 1 9 7 6 : 65-67 ) .  A charred post from 

House IV ( Initial Coal escent ) was dated 5 6 0±1 50  BP ( A . D .  

1 3 9 0 , uncorrected ) ( Univers ity of Michigan No . M-1 0 7 9a ) . A 

charcoal sample from a preserved post i n  House VI ( Initial 
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Middle Missouri ) produced a date of 900±2 0 0  BP ( A . D .  1 0 5 0 , 

uncorrected ) .  Johnson ( 1 9 9 4 : 3 0 9 , 3 2 0 ) places the Initial 

Middl e Mi ssouri component at Crow Creek at around A . D .  1 0 0 0 -

1 1 5 0 . The Initial Coalescent component a t  the site , ca . 

A . D .  1 3 0 0 - 1 4 0 0  culminated i n  the massacre of vi l l age 

inhabitants by another Native Ameri can group , sometime in 

thi s  100 year peri od . 

In 1 9 6 6  the Crow Creek site was designated a National 

Histori c  Landmark and entered into the National Register of 

Hi storic Pl aces . At the western margin of the outer 

fortif ication ditch , along the margins of Wolf  Creek , human 

skeletal materials were discovered in 1 9 7 8 , exposed by the 

continued eros ion of the forti f i cation ditch . Subsequent 

archaeological excavations in thi s  area , conducted by the 

University of South Dakota under the direction of Larry 

Zimmerman and Thomas Emerson , recovered the commingl ed 

skeletal remains of a minimum of 4 8 6  Initial Coalescent 

individuals , the victims of a raid and massacre at Crow 

Creek . Analysis of the recovered human skeletal material by 

John B .  Gregg and P .  Wi l l ey i ndicated that the remains were 

probably those of a Caddoan speaking , Initial Coal escent 

group who show osteometric affinities to the Central Pl ains 

St . Hel ena focus and l ater histori c  Arikara groups ( Wi l l ey 

1 9 8 2 , 1 9 9 0 ; Z immerman and Bradl ey 1 9 9 3 ; Z immerman et al . 

1 9 8 1 ) . Numerous examples of cut marks , fractures , and tooth 

evulsion were noted on the crow Creek cranial  material s , and 
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postcranial elements exhibited cut marks on l imb bones as 

wel l . 

After the attack in which the Crow Creek vi l l agers were 

k i l l ed , their remains l ay exposed on the ground surface for 

a relati vely short period , perhaps several months , before 

being col l ected and deposited in a cone-shaped pi l e  in the 

village fortifi cation ditch . Fol lowing l aboratory analysis 

in 1 9 7 9 , all  human skeletal materials were returned to the 

Crow Creek Sioux Reservati on , where they were reburied in 

August 1 9 8 1  within the v i l l age perimeter . 

Ethnohistoric Documentation . Lewi s and Cl ark 

apparently visited the vicinity of the Crow Creek s ite i n  

September 1 8 0 4 , although they make n o  menti on of observing 

the abandoned vi l l age . Their j ournal entry for September 1 9  

states : 

Set out early , a cool morning verry clear the 
wind from the S . E .  a Bluff on the L . S .  here commences 
a Butifu l l  Countrey on both Sides of the Missouri , 
passed a l arge I s l and cal l ed Prospect I sland 
opposit thi s  I sd .  the 3 rivers Corns i n , passing 
thro a buti ful l Plain , here I walked on Short & Ki l l ed 
a fat Cow & Sent her to the boat and proceeded on to 
the f i rst of the 3 rivers , good deel of water . I 
wal ked up thi s  river 2 miles & cross , the bottom i s  
high and rich Some timber , I crossed & returned to 
the mouth , & proceeded up one mi l e  to the 2nd . 
river Wol f  creek which i s  sma l l  1 2  yards wide , and 
on it but l ittle timber , on this Creek the Sioux 
has frequently camped , as appears by the Signs , 
but l ands between those two Creeks i s  a perpend­
icular bluff on about 8 0  feet with a butiful l 
Plain & gentl e  assent back ( Thwaites 1 9 0 4 : 1 56 ) . 

Faunal Materials Reported .  Faunal materials from the 

site were briefly discussed by Kivett and Jens en in an 
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Appendix to their site report ( Kivett and Jensen 1 9 7 6 ) . I n  

this Appendix they note : 

Because of the enormous quantity of bones recovered , 
certain pi eces were di scarded in the field . The 
discarded materials consi sted of ribs and bone 
fragments which would be difficult or impossible 
to identify . Of course , any bone showing evidence 
of use or of having been cut or purposefully 
broken was saved ( Kivett and Jensen 1 9 7 6 : 9 4 ) . 

T .  E .  White identified the mammal materials  from Crow 

Creek , J .  P .  E .  Morri son identi f i ed mol lusks , and David H .  

Dunkel identified the fish remains . Bird remains had not 

yet been identi f i ed in 1 9 76 . Identified taxa i ncluded 

" twenty-three dif ferent mammals , eleven mol lusks , two 

turtl es , two f i sh , and one " snake '' , however , no table of 

ident i f i ed species , or number of identified specimens ( NI SP )  

was presented . Kivett and Jensen noted that bi son were the 

taxon most consi stently represented , fol l owed by deer and 

antelope . Bones of elk and bl ack bear were ident i f i ed ; 

other "more common " small  animals included prairie dog , 

cottontai l  rabbit , beaver , and skunk . Swi ft fox , red fox , 

j ackrabbit , plains pocket gopher , muskrat , badger , mink , 

least weasel , woodchuck , thirteen-l ined ground squirrel , 

painted turtle ,  snapping turtle , snake , catf i sh , and sucker 

were also identified . 

Large canid remains were also noted : 

Dog ( Cani s familiaris ) bones were found in 3 8  
percent of the features from both components , and 
coyote ( Cani s  latrans ) was found in 4 1  percent of 
the Crow Creek features ass igned to the Wol f  Creek 
occupati on . Detai led studies concerni ng the types 
or breeds of dogs have not been made , nor is there 
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any definite evidence to suggest that these 
animals were used as food ( Kivett and Jensen 1 9 76 : 9 5 ) . 

The Bamble Site ( 39CA6 l 

Site Description and Excavation History . The Bambl e 

s ite i s  a fortified Post Contact Coalescent peri od vi l lage 

l ocated on a high terrace on the east bank of the Mi ssouri 

River i n  Chambers County , approximately six miles north of 

Mobridge , South Dakota . The site covered approximately 6 . 5  

acres and was surrounded on three sides by a fortificati on 

ditch , with 2 9  house depressi ons vis ible within and 1 2  

outside the fortification system . A seasonal stream passes 

nearby ( Baerreis and Dal lman 1 9 6 1 : 1 0 7 ) . 

Fieldwork conducted at the site in 1 9 5 6  by the 

University of Wisconsin , under a contract with the 

Interagency Salvage Office of the National Park Servi ce , 

i ncluded excavation of three house depressions , one within 

and two outside the fortification ditch , plus test units 

placed in midden areas and across the fortificati on system . 

If  excavation techniques were simi lar to those employed at 

the nearby Spiry-Eklo s ite , also excavated by the University 

of Wi sconsin during the same field season , test units were 

10 foot squares , dug in arbitrary six inch l evels . Midden 

f i l l  above house depressions was removed as a single uni t  to 

a l evel s i x  inches above the house f loor . The six inches of 

matrix immediately above the f loor was then hand excavated 

as a single unit .  Houses were circular in outl ine with 
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elongated entryways and internal storage pits and hearths . 

Based on the presence of Euroameri can trade materials 

and the analysis of the ceramic and bone tool a ssembl ages 

recovered , Baerries and Dal lman concluded that Barnble had 

been occupi ed by several succeeding Le Beau phase groups , 

who were rel ated to the hi storic Arikara . In at l east two 

instances house floors were superimposed on earl i er 

earthl odge floors . In one instance the earl i er floor was 

separated from the later by " 4  inches of steri l e  midden" 

wi th the later house reusing posts from the former . The 

earlier house showed evidence of burning . Despite thi s 

evidence of continued occupation of the site , the excavators 

noted "relatively l ittl e change " in the arti fact assembl age 

through time , with trade goods , scapula hoes modi f i ed by 

metal tools , and bone handles for metal bl ades present in 

a l l  excavated areas of the s ite . Johnson ( 1 9 9 4 : 3 3 7 , 3 4 2 ) 

pl aces the initial occupation of the Bambl e site at 

approximatel y  A . D .  1 6 5 0 . By around A . D .  1 7 5 0 it had 

probably been abandoned . 

In 1 9 6 3  Al fred w .  Bowers visited the s i te , whi l e  

conducti ng excavations a t  the Larson site ( 3 9WW2 ) , and 

conducted a surface col l ecti on in the vi l l age area . 

Faunal Materi als Reported . Analys i s  of the faunal 

materials  from the University of Wi sconsin excavati ons was 

not compl eted at the time of publ icati on of the Barnbl e site 

report . The authors of the report noted , however : 
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A considerable amount of bone refuse was also 
col lected which was sent to the River Basin Laboratory 
at Lincoln ,  Nebraska , together with materials  from 
3 9WW3 and 3 9WW1 0 . Informati on has not been received at 
the time thi s report was written ( Baerries and Dal lman 
1 96 1 : 1 1 4 ) . 

The Spiry-Eklo Site ( 3 9WW3 ) 

S i te Description and Excavation History . The Spiry-

Eklo s ite is a forti fied earthlodge vi l l age l ocated on a l ow 

terrace on the ·east bank of the Missouri River , 

approximately one mile south of the town of Mobridge , south 

Dakota . The site covered approximately 1 0  acres , extending 

some 9 0 0  feet east to west and 6 0 0  feet north to south along 

a narrow ridge ten feet above the l ower river terrace . 

The site was investigated by Baerreis and Dahlman , 

University of Wi sconsin , during the same excavati on season 

in which the Bamble site was excavated . Excavations 

i ncluded testing of midden areas and compl ete excavation of 

two house fl oors . Test units were begun as 1 0  foot squares , 

excavated in arbitrary six inch l evels . In the excavati on 

of house depressions , the overburden was removed as a s ingl e 

unit to within six inches of the house f l oor . The remaining 

s i x  inches of matrix was then removed by hand and shovel as 

a single unit . Excavated houses were circul ar i n  outline , 

with short extended entryways , central fire hearths , and 

i nternal subterranean storage pits ( Baerrei s and Dal lman 

1 9 6 1 ) . Two apparent forti ficati on ditches were also 

identi f i ed and tested . 
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The excavators note " a  lack of pronounced ceramic · 

trends " in the excavated portions of the Spi ry-Eklo site . 

They do , however , note some change through time i n  the 

number and type of bone tools present . On the basis  of this 

information excavated features were divi ded into early , 

middle , and late components , although Euroameri can trade 

materia ls  were present in a l l  features . In thei r  final 

analys i s , the site is grouped with the Bamble site ( 3 9CA6 ) 

as a Le Beau focus occupation , probably rel ated to the 

historic Arikara . Johnson ( 1 9 9 4 : 3 4 0 , 3 4 4 ) pl aces the 

initial occupation of Spiry-Eklo after the abandonment of 

both Bambl e and Larson , around A . D .  1 7 0 0  to 1 7 50 . He 

suggests it was abandoned by 1 7 8 5 , some 50 years later , 

possibly as a result of a 1 7 8 0 - 1 7 8 1  smal lpox epidemic . 

Faunal Materials Reported . Faunal materials from the 

Spiry-Eklo s ite were sent , along with the assemblage from 

Bamble ( 3 9CA6 ) , to the River Basin Survey laboratory in 

Lincoln , Nebraska , for analys i s . However , Baerries and 

Dahlman noted that results were not ava i l able to them at the 

time of their 1 9 6 1  publ ication ( Baerreis  and Dahlman 

1 9 6 1 : 1 1 4 ) . 

The Larson Site C 3 9WW2l 

Site Description and Excavation History . The Larson 

site i s  a Post Contact Coal escent vi l l age of 2 0  to 25 house 

depressions surrounded by a double fortification system , 
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located on the east bank of the Mi ssouri River in Wa lworth 

County , approximately two mi les south of Mobridge , South 

Dakota . The site i s  located on a high terrace wel l  above 

the Missouri River floodplain , near a spring-fed creek . 

Smithsonian Institution , River Basin surveys 

excavati ons were conducted at the site in the summers of 

1 9 6 3 - 1 9 6 6 , under the direction of Alfred W .  Bowers ( 1 9 6 3 -

1 9 64 } and Jake J .  Hoffman ( 1 9 6 6 } . During the 1 9 6 3  and 1 9 6 4  

seasons three house depressions were excavated and an 

additional 1 0  were tested ( Current Research 1 9 6 5 , Missouri 

Basin Pro j ect Weekly Reports , Party No . 1 2 , 1 9 6 3 , Party No . 

1 3 , 1 9 6 4 } . In 1 9 6 6  Johnson supervised the excavati on of a 

singl e five foot wide , 1 5 0  foot l ong test trench from the 

outer l imits of the fortificati on ditch , westward through 

two fortifications and two house depressions ( Current 

Research 1 9 6 5 , Missouri Bas in Pro j ect Weekly Reports , 1 9 6 6 } . 

During Bowers ' investigations four house fl oors were 

completel y  excavated ; test units were excavated in an 

additional 1 0 , and across portions of two fortification 

ditches . In some instances , soil matrix was dry-screened 

through one-hal f  inch wire mesh ; however , the field records 

do not note which samples were so treated ( Falk and Johnson 

n . d . ) .  Excavated house floors were circular structures , 

from 2 5  to 4 0  feet in diameter , with pro j ecting 

entranceways , and contained internal fire hearths and 

subterranean storage pits . 
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Extens ive excavations were also undertaken i n  nearby 

cemetery areas l ocated approximatel y  3 0 0  feet to the north 

of the vi l l age , on a series of low hi l ls , by the Univers ity 

of Kansas under the direction of Dr . Wi l l i am M .  Bass ( 1 9 6 6 -

1 9 6 8 ) . Sponsored by the National Sci ence Foundati on and the 

National Geographic Society , these excavati ons resul ted i n  

the recovery o f  the skel etal remai ns o f  over 6 0 0  individual s  

( Owsl ey and Bass 1 9 7 9 ) . In addition , wi thin the vi l l age 

itsel f the skeletal remains of at least 7 1  i ndividuals were 

recovered from within earthlodges and subterranean storage 

pits . The ma j ority of these remains were found i n  three 

earth l odges , resting on the l odge floors . The skeletal 

materials  showed evidence of burning and cut marks . Other 

premortem and perimortem in juries indicated that they 

represent individuals who died during an attack on the 

vi l l age . After death their bodies remained where they fel l 

and were subsequently covered by the burning and col lapse of 

the l odges ( Owsley , Berryman , and Bass 1 9 77 ) . 

Cerami c analysis  and Euroamerican trade goods recovered 

in the vi llage excavations indicate that the Larson vi l l age 

was continuously occupi ed by one or more Post-Contact 

Coalescent groups from around A . D .  1 6 8 0 -1 7 3 0  ( Falk and 

Johnson n . d . ) .  

Faunal Materials Reported . No excavati on report was 

completed for the Larson site ; however , a detai l ed analys i s  

of faunal materials i s  currently being undertaken ( Falk and 
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Johnson n . d . ) .  Several of the more compl ete canid crani a  

from the s ite were assessed by Morey ( 1 9 8 6 ) in his 

craniometric analysis of large canids from the Northern 

Plains . 

The Leavenworth Site C 3 9C09) 

Site Description and Excavation History . The 

Leavenworth site i s  l ocated on the west bank of the Mi ssouri 

River in Corson County , South Dakota , approximately five 

mi les above the confluence of the Grand River with the 

Missouri . The site consi sts of two ad j acent earth lodge 

vi llages located on the first Mi ssouri River terrace about 

7 0  meters above the original river floodpl ain . The two 

vi llage l ocati ons were separated by Cottonwood Creek , a 

small seasonal stream whi ch entered the Missouri River 

floodpl ain immediately in front of the vi l lage area . Each 

vi llage consi sted of from 60 to 8 0  lodges l ocated al ong the 

terrace edge for approximately 4 5 0  yards ; these circular 

earthl odges ranged from 25 to 60 feet in diameter . Both 

vi l lages were surrounded by a fortification di tch and 

pa l isade system . 

Burial compl exes l ocated on nearby h i l l s  to the north 

of the vi l l ages were parti ally excavated by Stirl ing and 

Over in 1 9 2 4  ( Wedel 1 9 5 5 ) , and later by the University of 

Kansas under the direction of Wi l l iam M.  Bass ( Bass , Evans 

and Jantz 1 9 7 1 ) . 
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I n  1 9 3 2  W .  D .  Strong excavated a series of test 

trenches and four earth lodge depressions at Leavenworth 

( Strong 1 9 4 0 ) . Under a contract with the National Park 

Service , the University of Nebraska conducted excavations at 

the Leavenworth vi l l ages in the summers of 1 9 6 0 - 1 9 6 2  under 

the directi on of Preston Holder . The University of Nebraska 

i nvestigations included the excavation of porti ons of 4 

midden areas , 7 house depressions , 3 4  external storage pits , 

and test units within 'the vi l l age areas and across supposed 

fortif ication ditches . The overburden above earth l odge 

depressions was removed to a l evel approximately 1/2 foot 

above the l odge fl oor . Below thi s  l evel all  matrix was 

removed by hand and all  observed features were " excavated , 

mapped , recorded , and photographed " ( Krause 1 9 7 2 : 2 2 ) . There 

is no indicati on in the publ i shed s ite report that excavated 

matrix was screened . 

Excavated earth lodges were rounded structures 

supported by four central l y  located support posts pl aced 

around one or more central f ire hearths . Analysis of house 

form and ceramics supports ethnohistoric data whi ch indicate 

that both vil lages at the Leavenworth s ite were occupied by 

the hi storic Arikara . 

Ethnohistoric Documentation . The Grand River Arikara 

vi l l ages are among the best documented in the ethnohi storic 

l iterature . By 1 8 0 4 , fol lowing repeated occurrences of 

epidemic disease , a much diminished . Arikara population had 
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moved down the Missouri River from areas in North Dakota 

where they had formerly l ived near the Mandan , to establ i sh 

three forti f i ed vi l l ages near the Grand River . In 1 8 04  

Pi erre Antoine Tabeau noted that the Arikara were l i ving in 

two west bank vi l lages near the Grand , plus a thi rd vi l l age 

on an i s l and a l eague below the f i rst two . He also noted 

extens ive gardens on the river i s l and and along the 

fl oodpl ains adj acent to the vi l lages ( Abel 1 9 3 9 : 1 4 9 - 1 50 ) . 

Lewi s and Cl ark observed the vi l l ages on thei r  way up 

and down the Missouri in 1 8 0 4  and 1 8 0 5 , and reported that 

the vi l l age inhabi tants were growing gardens of mai z e , 

beans , and squash on the i s l and s i te ( Thwaites 1 9 0 4 : 1 8 6 -

1 8 7 ) . 

Bradbury and Brackenridge both stopped at the Grand 

River vi l l ages in 1 81 1 , and found the river i s l and vi l l age 

abandoned . They noted that the vi l l ages were located near 

bi son spring/fall  migrations routes ( Bradbury 1 9 0 4 : 1 4 0 - 1 4 1 ) .  

They estimated the population of the vi l lages to be 

approximately 2 0 0 0  ( Brackenridge 1 9 0 4 : 1 1 ) . 

In 1 8 2 3  the vi l l agers took part in an armed di spute 

over trading rights with fur traders who were under the 

command of General H .  L .  Ashley . As a result of thi s  

encounter ,  Col . Henry Leavenworth and troops o f  the u . s .  

Army 6th regiment , aided by i rregulars from the Missouri Fur 

Company and approximately 5 0 0  Sioux mercenaries , attacked 

and shel l ed the vi l lages but were unabl e to overrun them 
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( Morgan 1 9 5 3 : 6 9 ,  1 9 6 4 : 2 7 ) . Nevertheless , the Arikara 

temporar i ly abandoned the vi l l ages , again moving north to 

the vicinity of the Mandan vi l l ages in North Dakota . Soon 

after their departure the vi l l ages were burned . The 

fol l owing year , in 1 8 2 4 , the Arikara returned to the Grand 

River vi l l ages , and it was at these vi l l ages that they 

signed the Atkinson-O ' Fa l l on peace treaty in 1 8 2 5  ( Reid and 

Gannon 1 9 2 9 : 7-8 ) . 

I n  18 2 3  George Catlin passed the Leavenworth vi llages 

on hi s way up the Missouri and both sketched and described 

them : 

Pl ate 8 0  gives a vi ew of the Riccares vi l l age , 
whi ch i s  beautiful l y  situated on the west bank of 
the river 2 0 0  mi l es below the Mandans ; and bui l d  
very much in the same manner being constituted o f  
1 5 0  earth-covered lodges surrounded i n  part by an 
imperfect and open barrier of pirquets set firmly 
in the ground and of 1 0  to 12 feet in height ( Bush­
nel l  1 9 2 2 : 1 7 3 ) . 

However , when Maximi l ian passed the vil l ages in the 

spring of 1 8 3 3  he found them deserted and the fort i fications 

partial l y  fa l l en down ( Maximi l ian 1 9 0 6 : 3 3 5-3 3 6 ) .  The 

vi l l ages were thus probably occupi ed for no more than 3 0  

years , from 1 8 0 4  to 1 8 3 3 . 

Faunal Materials Reported . Fauna l materials from the 

Leavenworth site were not examined by T . E .  White . They are 

mentioned only bri efly in Krause ' s  1 9 7 2  report : 

our faunal sampl e consi sts of those bone definitely 
associated with lodge f l oor and cache pit debris . No 
attempt was made to save all bone encountered in the 
vi l l age refuse mantle , and our sampl e i s  thus far 
from complete . For economy of presentati on , we decided 
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to compute the number of individuals of a given kind of 
animal per cubic foot of debris . 

The faunal remains were identi f i ed by students at the 
University of Nebraska who compared the archeological 
specimens with an identified type col l ection . Since 
we l acked personnel fami l iar with the i ntricaci es of 
maki ng the observations and fine discriminations 
necessary for speci e  and genus distinctions , we 
decided to present the ident i f ications by common name 
onl y ,  i . e .  bi son , deer , elk , rabbit , etc ( Krause 
1 9 7 2 : 8 6 ) . 

A footnote states that the determination of MNI "was based 

upon a recorded volume of 1 2 7 , 7 6 7  cubic feet of debris moved 

during excavation" . The results , presented i n  a graph 

( Krause 1 9 7 2 : 8 7 ) , indicate that bison bones were the most 

frequently recovered taxa , apparently occurri ng with a 

frequency of approximately 1 . 0 6 MNI per cubic feet of debris 

( matrix? ) .  Other taxa identified , in descending order of 

abundance are : deer , dog , bird , antelope , f i sh , horse , 

turtl e ,  elk , beaver , badger and cat ( Krause 1 9 7 2 : 86-8 7 ) . 

Although these graphed data are difficult to interpret , it  

would appear to transl ate i nto MNI ' s  of approximatel y  1 3 5  

bison , 7 4  deer and 7 1  dogs . Thus deer and dog skel etal 

materi a l s  were apparently recovered in approximately equal 

numbers , whi l e  bison bones were nearly twice as common as 

either of the former . 

Canid Skeletal Materials Considered in the Present Analysis 

The Sommers Site ( 39ST56 l 

A total of 1 1 6 1  l arge canid e l ements was recovered from 
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the Sommers site ( 3 9ST5 6 ) .  These specimens were recovered 

from stratigraphic excavations in arbitrary 0 . 5  foot leve l s  

above observabl e earthlodge depress ions ( 2 5 9  specimens , 

2 2 . 3 % of the assembl age ) ,  subsurface pit features ( 1 6 2  

specimens , 1 3 . 9 % o f  the assembl age ) ,  and house f i l l  matri x  

from directly above and upon the earthl odge floors ( 3 79 

specimens , 3 2 . 6 % of the assembl age ) .  An additional 2 3 8  

specimens ( 2 0 . 5 % o f  the assembl age ) came from post hole 

features , a l arge expl oratory test , and misce l l aneous 

contexts . Eighty-three additional specimens are from 

unknown contexts . 

Approximatel y  4 2 %  of recovered elements were cranial or 

axial ( vertebrae , sacra , ribs ) el ements ( 4 9 3  specimens ) ;  3 7 0  

el ements ( 3 1 . 9 % )  were from the upper front ( scapul a ,  

humerus , radius , ulna ) and hind ( innominate , femur , tibi a , 

fibul a )  l imb , and 2 9 0  specimens ( 2 5 . 0 % )  were those of the 

foot ( carpal s ,  tarsals ,  and phal anges ) ( Tabl e  2 ) . A 

minimum of 3 5  animals are represented , including one nearly 

compl ete j uven i l e  or puppy skel eton recovered from 

Excavation Unit 1 7 . 

A total of 1 8 9  el ements from the assembl age ( 1 6 . 3 % )  

exhibits cut or chop marks , and four el ements are partia l l y  

burned . Seventy-ni ne elements were gnawed by carnivores and 

one el ement was rodent gnawed . 
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Table 2 .  Frequency of Large Canid Ske letal Portions from 
Six Sites in the Middle Mi ssouri Subarea . 

Skeleta l Portion 

3 9 ST56 3 9BF1 1  3 9CA6 3 9WW2 3 9WW3 3 9C09 

Crania 

3 2/3 . 1 % 58/6 . 2 % 4 9/7 . 8 % 1 5 2/6 . 1 % 4 5/4 . 9 % 45/7 . 8 % 

Mandible 

6 8/6 . 6 % 4 2/4 . 5 % 1 2 7/ 2 0 . 3 % 2 1 5/8 . 6 % 57/6 . 4 % 51/8 . 8 % 

Vertebrae 

2 6 8/26 . 1 % 1 7 4/1 8 . 6 % 94/15 . 0% 6 5 6/26 . 2 % 17 2/19 . 2 % 1 4 3/2 4 . 7 % 

Upper Front Limb 

2 1 5/20/9% 1 8 6/ 1 9 . 9 % 1 7 7/28 . 3 % 4 1 9/16 . 7% 1 9 1/10 . 2 % 1 50/2 5 . 9 % 

Upper Hind Limb 

1 5 5/15 . 1 % 1 3 0/1 3 . 9 % 1 1 4/18 . 2 % 3 1 3/12 . 5 % 1 3 9/15 . 5% 1 1 2/19 . 4 % 

2 9 0/28 . 2 % 3 4 5/36 . 9 % 65/1 0 . 4 % 7 4 8/29 . 9 % 2 9 0/3 2 . 4 % 7 7/1 3 . 3 % 
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The Crow Creek Site C39BF11 )  

A total o f  1 0 2 4  large canid elements was recovered from 

the Crow Creek s ite . Based on provenience and cultural 

hi stori c  designations provided in the publ i shed site report 

( Kivett and Jensen 1 9 76 ) , 3 8 1  canid elements ( 3 7 . 2 % )  are 

from the earl i er Intital Middle Missouri or " Crow Creek " 

occupation and approximately 4 4 %  of the assemblage ( 4 5 3  

specimens ) were recovered from the l ater "Wolf Creek" or 

Initial Coal escent occupation . The remaining 1 9 0  specimens 

( 1 8 . 5% )  were recovered from mixed or unassigned contexts . 

canid materials were recovered from midden deposits 

( 1 08 specimens , 1 0 . 5 % ) , external underground storage pits 

in midden areas ( 40 9  specimens , 3 9 . 9 % ) , and house f i l l  and 

interior storage features ( 3 6 7  specimens , 3 5 . 8 % ) . An 

additional 1 1 8  specimens were recovered from test units ; 2 2  

specimens came from excavation units placed across the ditch 

and pal l isade fortification system . 

In the complete s i te assembl age , 1 1 1  of 1 0 2 4  e l ements 

( 1 0 . 8 % )  exhibit cut or chop marks , five el ements showed 

clear evidence of partial burning , and 8 1  specimens were 

carnivore gnawed . In the Initial Middle Mi ssouri canid 

assembl age of 3 8 1  elements , 3 9  elements ( 1 0 . 3 % )  were cut . 

Thi rty-nine of the 4 5 3  Initial Coalescent component ( 8 . 6 % )  

el ements also bore cut marks . 

Recovered elements were about evenl y  di stributed by 

body segment . Three hundred and s ixty-three elements 
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( 3 5 . 4 % )  were from the head and axial skel eton , 3 1 6  elements 

( 3 0 . 9 % )  were upper l imb el ements , and 3 4 5  el ements ( 3 3 . 7 % )  

were from the feet . A minimum of 2 0  animals are indicated 

in the site assembl age , including at l east f ive partial 

skeletons of very young animals or puppies . A minimum of 

e ight individuals are represented in the earl i er Initial 

Middle Missouri assembl age ; at l east 11 individuals are 

i ndicated in the Initial Coal escent component assemblage . 

The Larson Site ( 3 9WW2) 

A total of 2 6 1 3  large canid e lements was recovered from 

the Larson s ite . Approximately 3 3 %  of the canid assembl age 

( 87 6  specimens ) was recovered from six lodge excavations ; 

5 0 2  specimens ( 2 0 . 5 % of the assemblage ) were recovered from 

storage features within the v i l l age midden depos its . Nearly 

4 0 %  of the canid assembl age ( 1 0 3 3  specimens )  was from 

general excavation or test units , and 1 1 0  specimens ( 4 . 2 % )  

were col lected from the s ite surface . The proveni ence of 9 2  

specimens could not be determined . 

A total of 1 11 4  elements ( 4 2 . 6 % )  from the Larson site 

i s  from the head and axial  ske leton . Upper l imb bones 

constitute 2 8 %  of the assemblage ( 7 3 2  specimens ) ,  whi le 7 4 8  

elements ( 2 8 . 6 % )  are those o f  the foot . 

A minimum of 7 9  animals are indicated for the s ite as a 

whole .  I f  house f i l l  and all  below ground features are 

considered discrete depositional contexts for the purposes 
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of minium numbers calculations ( cf .  Grayson 1 9 8 4 ) , at l east 

1 3 8  animals are indicated in thi s  assembl age . 

Seven hundred and eighty-seven el ements ( 3 0 . 1 % )  were 

cut and 18 elements were partially burned . Carnivore 

gnawing was noted on 2 0 6  elements ; six e lements had been 

gnawed by rodents , and one element appears to have been 

eroded by partia l  digestion . 

The Bamble Site (39CA6 ) 

The large canid assemblage from the Bamble s ite 

consi sts of 6 3 6  specimens recovered during two site 

i nvestigations . The University of Wisconsin excavations in 

1956 produced 143 specimens ( 2 2 . 5% of the assemblage ) from 

excavated earthlodge depressi ons and test excavati ons placed 

in the area of the forti fication ditch . 

Approximately 75%  of the assemblage ( 4 9 3  specimens ) i s  

from the Al fred Bowers 1 96 3  surface col lection ; col l ecti on 

lots were designated by sequential  three digit numbers . 

During the 1 9 6 3  summer field season , whi le working at the 

Davis creek and Larson sites , Bowers and his field crew 

spent three days conducti ng a surface col l ecti on at the 

Bambl e s ite which had been partially inundated by the risi ng 

waters of Lake Oahe . 

Bowers ' weekly report of 2 9  June 1 9 6 3  ( Mi ssouri Basin 

Pro ject , Weekly Field Report , Party 1 2 , # 3 )  provides a 

general description of the condi tion of the s ite at that 
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time and the col l ection procedures and obj ectives : 

Tuesday afternoon I drove up to the Bamble site 
39CA6 which was worked by the Wisconsin crew in 
1956 and site 39CA4 which Dr . Strong and Dorothy 
Fra z i er did some work in about 1 9 3 6  and I worked 
between 1 9 5 7  and 1 9 5 9  to observe the effects of 
wave acti on there . Pothunters had been active along 
shorel ine but there were huge quantities of faunal 
materials and pottery sherds so I put a hal f-crew 
in Bambles on Wednesday picking up and boxing bones 
and sherds . We even used rakes in shal l ow areas to 
recover much pottery . 

Hoping that rain would come soon and make following 
of l odge f l oors at Davi s eas ier , I put the whole 
party in the Bamble site on Thursday , continuing 
to col l ect according to areas of the vi l l age which 
had been inundated . This site has a new area within 
a centra l di tch , and an old area even further out 
from the center . Pottery was col l ected and 
i denti f i ed by area and stati stica l ly we seem to find 
about what is suspected to have been the type changes 
through time . 

Rygh site being l ittle damaged as yet by wave 
acti on but cut up by pot hunters , I put a hal f  crew 
in each site on Friday . Both sites have now been 
c leaned of most useful faunal and cultural objects 
and the salvaged materi als are in excess of 8 0  boxes . 
In picking up faunal materi als , especi al care was 
taken to get bones of the sma l l er animals and birds 
as wel l  as the more common species of buffalo ,  
antel ope , etc . so that the col l ecti on wi l l  be truely 
representative of both species present and their 
relative proporti ons . 

The spatial dimensi ons and methodology of Bowers ' 1 9 6 3  

surface col l ecti on at the Bamble site are unclear . No notes 

on the s i z e  and pl acement of hi s col l ecti on units are 

contained in the current site fi l es . It  i s  unclear whether 

materials  were col l ected in a l ineal series of units along 

the rising l ake margin , or across some portion of the s ite 

sti l l  exposed above the lake waters . Therefore , thi s  

assembl age i s  considered for the purposes of thi s  analys i s , 

as a s ingle surface col lecti on . 
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The Bambl e assembl age i s  strongly dominated by crani al 

and axi al el ements ( 2 7 0  specimens , 4 2 . 4 % of the assembl age ) ,  

and upper l imb el ements ( 2 91  specimens , 4 5 . 7 % ) . Foot bones 

( carpal s ,  tarsal s ,  metapodi a l s  and phal anges ) compri se l ess 

than 12% of the recovered assemblage ( 7 5 specimens , 1 1 . 8 % ) . 

A minimum of 5 5  animals are represented in the combined 

s ite assembl age , based on l eft mandibles and mandible 

segments . Bowers ' surface col l ecti on alone represents a 

minimum of 4 5  animals based on right mandibl es and mandible 

segments . The high proportion of mandibles in the Bowers 

collection ( 1 0 9  of 4 9 3  specimens , 2 2 . 1 % )  suggests that work 

crews were especially careful to col lect all  observed 

mandibl es and mandibl e segments , perhaps due to their 

perceived di agnostic and analytic potential . In contrast , a 

minimum of 2 2  animals are indi cated by appendicular 

el ements , based on right radi i . 

In the canid assembl age recovered during University of 

Wi sconsin field work , from one to five animals are 

represented per feature . 

A total of 2 7 3  of 6 3 6  specimens from the Bamble site 

( 4 3 . 1% )  show cut or chop marks and three el ements are 

partially burned . Sixty-seven el ements are carnivore gnawed 

and two elements are rodent gnawed . 

The Spiry-Eklo Site (39WW3) 

A total of 8 9 4  large canid specimens was recovered 
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during Univers ity of Wi sconsin archaeological testing and 

excavations at the Spiry-Eklo s i te in 1 9 56 . 

Approximately 30%  of the assemblage ( 2 6 7  specimens , 

2 9 . 9% )  was recovered from the excavation of two circular 

earthl odge depressions and three interior underground 

storage features . One hundred and twenty-si x · spec imens 

( 1 4 . 1 % of the assemb�age ) were recovered from exterior 

subsurface pit features . The remaining specimens are from 

excavati on and test units i n  midden areas . Seventy-two 

specimens are from excavations pl aced across the 

fortification ditches , and 1 1  specimens are from unknown or 

undefined contexts . 

Skeletal el ements are about evenl y  divided by body 

porti on . Approximatel y  3 0 %  of recovered el ements ( 2 74  

specimens , 3 0 . 6% )  are from the crania and axi al skel eton ; 

3 3 0  upper l imb elements ( 3 6 . 9% )  were recovered , and 2 9 0  

specimens ( 3 2 . 4 % )  are from the feet or paws . 

A minimum of 2 9  animals are represented i n  the site 

assembl age as a whole . I f  minimum numbers are calculated by 

feature and earthl odge excavati on , a minimum of 4 3  animals 

are indicated for the s ite . 

A total of 2 72 el ements ( 3 0 . 4 % of the assembl age ) 

exhibit cut or chop marks and 1 3  elements are partially 

burned . One hundred and f i fty-one bones had been carnivore 

gnawed ; four had been parti a l l y  digested by stomach acids . 
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The Leavenworth Site ( 3 9C09 ) 

A total of 6 2 8  large canid bones or bone segments was 

recovered from the Leavenworth site during excavation and 

testing by the University of Nebraska in 1 9 6 0 - 1 9 6 2 .  A 

reference grid of 500  foot squares was used during 

excavati on , with an existing section l ine and four permanent 

grid markers as reference points ( Krause 1 9 6 2 : 6 5 ) . Al l 

cultural features , tests , and col lection units were mapped 

and numbered with reference to thi s grid . 

Faunal materials were recovered from excavation of 

house depressions , within structure and exterior features 

and storage pits , and in midden areas . However , since no 

proveni ence information is recorded on specimen storage bags 

or on individually numbered el ements , thi s  col lection i s  

therefore considered in thi s  analysis as a single unit . 

Cranial  materi al and mandibles make up approximately 

1 8 %  of the Leavenworth large canid assembl age ; vertebrae 

constitute approximately 2 5 %  of recovered materi al s . Upper 

front l i mb el ements comprise 2 5 . 9 % of the assemblage . Upper 

hind l imb el ements are 1 9 . 4 % of the assembl age ; el ements of 

the foot or paw represent 1 3 . 3 % of recovered specimens . 

A minimum of 1 6  animals are indicated in the site 

assembl age , based on l eft tibiae . A total of 2 5 7  specimens 

( 4 0 . 9 % )  have cutmarks ; seven el ements are parti a l l y  burned . 

Seventy-one el ements have been gnawed by carnivores , and 

three have been partially digested by stomach acids . 
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CHAPTER VI 

MATERIALS AND METHODS 

Materi als 

The excavation , storage , and curati on hi story of the 

large canid assemblages considered in this analys i s  is a 

complex one . It reflects upon and was directly affected by 

the interests and active involvement of T .  E .  White in the 

River Basin Survey program and his ana lysis  of recovered 

fauna l col l ecti ons . Thi s  hi story i s  also a result of the 

interests and goals  of s ite excavators and admini strative 

personnel of the River Basin Survey Program . 

The more general hi story of storage , curation , and 

ul timate di sposition of archaeological faunal assemblages 

produced by the RBS salvage program to parti cipating 

institutions , as well as national repositori es such as the 

Smithsonian Institution , has also affected the col lecti ons 

considered in thi s  analysis . 

White ' s  interest in archaeologica l l y  recovered fauna l 

materi al s ,  and more particularly large canid specimens , has 

been discussed elsewhere ( Chapter I I I ) . His interest in 

the large domestic dogs in the Pla ins l ed , in some 

instances , to the separati on of their remains from the 

larger faunal assemblages . These materi als , sti l l  

unstudi ed , were eventua l l y  stored a s  uncatal oged col lections 
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in the Anthropology Divi sion at the Smithsonian Institution 

Natural Hi story Museum . The paper trail  for these official 

or semi -official transfers from RBS field offi ces to museum 

storage i s  murky at best and large ly nonexi stent . 

The canid col lections incl uded in the present analys i s  

were formally transferred to the Anthropology Divi sion o f  

the Smithsoni an Institution in 1 9 8 9 , and were initially 

exami ned during the course of a predoctora l fellowship which 

forms the basi s  for thi s  dissertation , conducted at the 

Smithsonian Institution Natura l Hi story Museum from May 

through December 1 9 9 2 . A summary of additional sites 

represented in these large canid col l ecti ons and the number 

of specimens per site i s  presented in Appendi x Tabl e 1 .  

Additional canid materials were found in the 

col lecti ons of the University of Nebraska State Museum 

( UNSM ) i n  Lincoln , Nebraska , during a trip to Lincoln for 

that purpose in October 1 9 9 2 . Canid materials from the 

Bamble s ite ( 3 9CA6 ) , the Spiry-Eklo site ( 3 9WW3 ) , the 

Leavenworth site ( 3 9C09 ) , and the Hosterman site ( 3 9P07 ) 

were segregated and temporari ly transferred to the 

Smithsoni an Institution Natural History Museum to be 

i ncluded in the present analysis . 

Dur ing the visit to Lincoln , a l l  storage boxes were 

carefu l l y  checked for l arge canid remains . These materials  

were removed from storage boxes and field bags and pl aced i n  

new pl astic bags , with al l ava i l able site and provenience 
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information transferred to the new bags . An inventory of 

these materi a l s  was then submitted to the UNSM with a 

request for temporary transfer to the Smithsoni an 

Institution for analysis . Upon completion of the analys is 

these materials wi l l  be returned to Nebraska and 

reincorporated with the l arger site faunal assemblage . 

I n  two cases , canid assembl ages curated at the 

Smithsonian were augmented by materials from the UNSM . For 

the Bamble s ite ( 3 9CA6 ) 4 0  l arge canid specimens , recovered 

by Baerrei s  and Dahlman ( Univers ity of Wi sconsin , 1 9 6 8 ) , 

were stored at the Smithsonian . An additional 5 8 1  

specimens , recovered by A . E .  Bowers i n  a surface col lection 

were found in the UNSM col l ections . Seventy additional 

specimens from the Bamble s ite ( 3 9CA6 ) , also recovered 

during the Univers ity of Wi scons in investigations , were 

located in the UNSM col l ections . The Leavenworth ( 3 9C09 ) 

canid assemblage is also in the UNSM col l ections . 

Because many of the canid assembl ages curated at the 

Smithson ian were very smal l ,  ranging from a l ess than 1 0  to 

a few hundred elements ( see Appendix Table 1 ) , a decision 

was made to l imit the present analysis to col l ections of 

more than 5 0 0  elements . 

From the eight sites with col l ections of more than 5 0 0  

specimens , two were re j ected on the bas is o f  other criteria . 

Although the Hosterman site ( 3 9P07 ) produced a rel atively 

large assembl age of  nearly 6 0 0  specimens ( NI SP = 59 8 ) , a 
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great many of these specimens appeared to be remains of 

coyote ( Can is latrans ) rather than the larger domestic dog 

( Canis fami liaris ) andjor wolf  ( Canis lupus ) . The 

assembl age from the Sul ly s ite ( 3 9SL4 , NISP = 8 2 3 ) was also 

excluded from analysis because of the l arge number of coyote 

elements , its complex occupational history , and the lack of 

publ i shed or unpubl ished stratigraphic data ( Johnson 

1 9 9 4 : 1 4 9 ) . 

The exclusion of these two sites i s  particul arly 

unfortunate , since it leaves a large gap in the cultural 

hi storic sequence of ava i l able s ites . As a result , of the 

six sites included in the final analyses , two are very early 

in the sequence , 3 9 ST56 ( Initial Middle Missouri ) and 3 9BF1 1  

( Initial Middle Missouri and Initi al  Coal escent ) .  ' Three 

sites ( 3 9WW2 , 3 9WW3 and 3 9CA6 ) are identi fied as Post 

Contact Coalescent , a l l  dating to around A . D .  1 7 0 0  to 1 8 0 0 . 

The final site , Leavenworth ( 3 9C09 ) , was occupied for a 

relatively short period in the ful ly historic period ( A . D .  

1 8 0 4  to 1 8 3 2 ) . 

Once gathered in Washington the assembl ages from a l l  

s ix s ites were cleaned , a s  necessary , us ing e ither soft dry 

brushes or brushes and clear water . They were then 

identi f i ed as to element , side and portion , and data 

pertinent to the present analysis ( e . g .  cutmarks , chop­

marks , burning , etc . ) were gathered . 
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Methods 

Identi f ication 

The problem of defining identifiabl e specimens ( sensu 

Binford ·1 9 8 1 ) is negl igible to non-exi stent in these 

assemblages . There were llQ unidentifiabl e specimens i n  the 

traditional sense . Field recovery techniques ( hand pi cki ng 

of excavated matrix ) and i nstructions for the recovery of 

faunal remains during RBS excavati ons ( cf .  Fal k  1 9 7 7 ; White 

1 9 5 6 ) emphas i z ed the selective recovery of those 

"diagnostic" elements and el ement segments wi th " at least 

one good articular end " ( White 1 9 5 6 : 4 0 2 ) . Some of the 

faunal assemblages may have undergone a further selection 

process during White ' s  ident i fications . There are no 

unidenti f i abl e bone fragments , or long bone shaft segments 

in any of the assemblages . I f  a l imb bone i s  l ess than 

compl ete , it has at l east one articular end , or is the 

nearly compl ete di aphys i s  of a very young animal , from 

fetal/neonate to juven i l e . 

It i s  also obvious , from inspection of the canid 

col lecti ons curated at the Smithsonian , that White had 

specifically segregated only two " l arge canids '' ( domestic 

dog ( Cani s familiaris ) and wol f ( Canjs lupus ) for potential  

future analysis , excluding bones of the coyote ( Canis 

latrans ) .  
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Preservation 

As with many faunal assembl ages from the Middl e 

Mi ssouri subarea , specimen preservation i s  exce l l ent . In 

only one site assemblage , 3 9BF1 1  ( Crow Creek ) , was there an 

appreci abl e number of eroded or · weathered specimens .  Even 

in thi s  assemblage , only a relatively sma l l  percentage of 

specimens exhibited evidence of surface erosi on severe 

enough to potentially obscure or obl iterate evidence of cut 

marks or burning . 

Cutmarks .  chopmarks 

In the fol lowing descriptions and analyses the marks 

made on bones by humans using metal or stone tool s for 

skinning , di smemberment , defleshing , or other manipulation 

of the vertebrate skel eton are referred to as cutmarks , 

chopmarks , or scrapemarks ( cf .  Fi sher 1 9 9 5 : 4 8 ) . 

The examination for evi dence of tool marks and burning , 

as wel l  as marks produced by carnivore or rodent chewing , 

was conducted in a standardi zed manner for a l l  specimens . 

The surface area of each specimen was examined under strong , 

directional , arti ficial l ight from an ad justable goose neck 

table lamp . 

During thi s  initial examination all  porti ons of the 

el ement surface were examined , without regard for the 

l ikel ihood , based on anatomical position , of cut marks 

occurring i n  a particular location . Each element was a lso 
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examined from a variety of angles or perspectives . It soon 

became evident that , depending on the angle at which a 

specimen was held and therefore the direction and angle at 

which the l ight struck it , l ight or fine cut marks were 

invisible at one angle but readily noticeable at another . 

Each element was therefore turned repeatedly dur ing 

inspection , whi l e  the direction and angle of the primary 

l ight source remained steady . 

For example , a long bone such as a femur was first 

inspected along the length of a l l  four aspects ( anterior , 

posterior , medial and lateral ) whi l e  being he ld in an 

"upright" pos ition ( e . g .  proximal end toward the l ight ) . It 

was then reversed , and the same four aspects scanned with 

the distal end toward the l i ght . Both epiphyses were then 

scanned more closely , again manipulating the element to 

alter the angle of direct l ight and shadow on anatomical 

features . Thi s  method proved particularly useful in 

detecti ng the fine , l ight cut marks often resulting from the 

use of a metal tool . Thi s  was especially true of marks made 

when the angle at which the tool edge had struck the bone 

surface was sha l l ow , causing a thin layer of cortical bone 

to be " l i fted" away from the bone surface , but not 

completely detached . Binford ( 1 9 8 1 : 1 0 5 ) describes such 

marks as resulting in " an overlapping sma l l  ' shel f '  df bone 

that remains in place " , often produced by metal tool s  with 

"straight or s ingle-plane cutting edges . "  
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A - second factor which proved critical to the detection 

of the f i ner cutmarks was the regular use of a hand held 

magnifier . Rather than a j ewelers lens , a Bausch & Lomb 

"Sight Savers " hand held reading magni fier ( 2X ) , with a 

rectangul ar viewing lens of approximately 4 X 1 0  em , was 

used . Thi s  al lowed a larger area of bone to be scanned , 

from a greater ( eye to obj ect ) distance , and greatly 

relieved eye and back strain . 

To conf irm the thoroughness of cutmark detection with 

the hand lens , several hundred elements were also inspected 

under varying magn ification using a free standing binocular 

microscope with an independent l ight source . After repeated 

tests it became apparent that careful scanning with the hand 

l ens , under strong directional l ight , detected virtually a l l  

cutmarks and dupl ication o f  this process with the binocul ar 

microscope was time consuming and largely unnecessary . 

Thereafter ,  the hand l ens was used cons i stently with the 

binocular microscope used only to confirm or re j ect 

questionable marks . 

The assemblages studied were recovered from 

archeological contexts of high " integrity" ( sensu Binford 

1 9 8 1 : 1 9 ) . It is presumed , in these vi l l age settings , that a 

single agent ( human ) was responsible for the di sposition of 

canid bones in vi l l age midden and features . Evidence of 

non-human involvement with the assemblages is minima l , 

consisting primari ly of the rel atively infrequent occurrence 
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of carnivore gnawing marks , presumed to be the result of 

chewing by vi l l age dogs of di scarded or scavenged food 

debris . As Binford ( 1 9 8 1 : 1 9 )  noted , "hi stor ical i ntegrity" 

and " relative resolution" do not necessarily covary : 

Resolution of assemblages may vary independently 
of the degree of integrity . For instance , we might 
have a deposit with high integrity in that a l l  the 
included materials are referable to a single agent­
hominids . Yet the events and activities that the 
hominids participated in might span a considerable 
period of time and represent a wide range of 
dif ferent behaviors , which have in common only the 
fact that they occurred in the same place . 

These assemblages , however , appear to have a high degree of 

resolution in the sense that they are primari ly the result 

of human consumpt ion and discard behavior within a vil lage 

setting over a relatively brief span of chronologica l time . 

Thus they constitute the discard products of final butchery 

and consumption , what Lyman ( 1 9 9 4 : 3 0 0- 3 0 1 ) terms 

" consumption waste" or " debitage resulting from producing , 

typically , a meal " .  

Recording and Quantification of cutmarks 

As cutmarks were identi fied , they were recorded both 

descr ipt ively as to anatomical pos ition , and graphical ly on 

individual skeletal element outl ine drawings . These outl ine 

drawings show a l l  four aspects ( anterior , posterior , medial  

and lateral ) of l ong bones , plus superior , inferior , 

anterior and lateral aspects of the sku l l  and vertebrae . 

Initial ly , for ease in recordi ng , both left and right 
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el ement outl ines were used . However , for al l subsequent 

quantifications and analyses , cutmarks on left and right 

el ements were combined on composite left el ement outl ines . 

A two step method was devi sed for defining the 

locations at which cutmarks occur and recording their 

frequency of occurrence ( see also below , Specimen Coding ) . 

As each specimen was examined , it  was compared to a set of 

el ement outl ine drawings in which the el ements were divided 

into eight l inear segments of equal length . The portion of 

the el ement represented was then recorded . By ta l lying the 

number of times each one eighth segment of a particular 

el ement occurred in an assemblage , the total number of that 

segment which might have been cut could be estimated . This 

proved much more sensitive to variation in cutmark l ocation 

than simpl e freqencies of cut specimens . 

Each observed cutmark was also reproduced graphical l y  

in individual drawings or skeletal element outl ines . Pri or 

to analysis , a second set of skel etal outl ines was produced , 

with the potential locations of cutmarks demarcated as 

" zones " . The definition of these coding " zones " or bone 

portions was based on the structure of the e l ement , plus 

reference to publ ished information such as Binford ' s  1 9 8 1  

study o f  butchering , t o  determine those surfaces or 

locations which might be l ikel y  to incur patterned cutmarks . 

The resultant zones were numbered l ogi cal l y  and 
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sequential ly , beginning with the proximal end of the 

element , and proceeding to the distal epiphys i s . Al l four 

aspects of long bones were so divided , and all  other f l at 

and irregular skeletal el ements , crania ,  vertebra , etc . were 

also systematica l ly and logical ly divided . A set of these 

coding outl ines i s  included in the Appendix , and all  

references to " CM" numbers in the following analyses refer 

to these outl ines . 

Specimen Coding 

Al l specimen information was recorded in a coding 

system des igned specifically for this analys i s , and entered 

into a DBASE 3+ database ,  later transferred to PARADOX for 

ana lys i s . Variable fi elds and attributes used are presented 

in Tabl e 3 .  Vari able definitions , descriptions , conditions 

of observati on and recording are described in greater detail  

below . 

Fields 1 -7 Provenience Information 

SITENO : The alphanumeri c des ignation given to the s ite 

at the time of investigation fol lowed the Smi thsoni an 

Institution - nati onwide system of alphanumeric coding ; 

first the state , in alphabetical order ( e . g .  3 9  = South 

Dakota ) ,  a two l etter county des ignati on ( e . g .  CA = Campbel l  

county ) ,  and consecutively assigned site speci fic numbers 
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Table 3 .  

FI ELD 

Coding System for Canid Specimens , DBase 3+ and 
Paradox . 

Description 

Attribute Description 

S ITENO 

3 9BF4 
3 9BF1 1 
39CA6 
3 9C09 
3 9P07 
3 9SL4 
3 9ST5 6 
3 9WW2 
39WW3 

SITENAME 

Site Number 

Site Name 

Bamble ( 3 9CA6 ) 
Crow Creek ( 3 9BF1 1 ) 
Crow Creek I ( 3 9BF4 ) 
Hosterman ( 3 9P07 ) 
Larson ( 3 9WW2 ) 
Leavenworth ( 3 9C09 ) 
Sommers ( 3 9ST56 ) 
Spiry-Eklo ( 3 9WW3 ) 
Sul ly ( 3 9SL4 ) 

TIMEPERIOD 

IMM 
IC 
EC 
PCC 
HIS 
MIX 

PROVEN 

Various 

FEATURE 

Various 

Culture/Hi storic 

Initial Middle Mi ssouri 
Initial Coalescent 
Extended Coalescent 
Post Contact Coalescent 
Hi storic 
Mixed 

Field location 

Cache pit , House , etc . 
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Table 3 .  ( cont . ) 

FIELD Description 

Attribute Description 

LEVEL Vertical location 

Various 

LOT 

Various 

SPECNUMOLD 

Various 

SPECNUMNEW 

Sequential  

ELEMENT 

SKUL 
MAXI 
PMAX 
MAND 
TOTH 

ATLS 
AXIS 
3CVT 
4CVT 
5CVT 
6CVT 
7CVT 
CVVT 

lTVT 
2TVT 
3TVT 
4TVT 
5TVT 
6TVT 
7TVT 

Lot number , assigned by SI-RBS 

Specimen number , assigned by SI-RBS 

Specimen number , present ana lysis 

Skeletal element represented 

skul l , complete or portion 
maxilla 
premax i l l a  
mandible 
isolated tooth 

atlas , 1st cervical vertebra 
axis , 2nd cervica l vertebra 
3rd cervical vertebra 
4th cervical vertebra 
5th cervical vertebra 

. 6th cervical vertebra 
7th cervical vertebra 
i ndeterminate cervical vertebra 

1st thoracic vertebra 
2nd thoracic vertebra 
3rd thoracic vertebra 
4th thoracic vertebra 
5th thoracic vertebra 
6th thoracic vertebra 
7th thoracic vertebra 
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Table 3 .  

FIELD 

Attribute 

BTVT 
9TVT 
l OTV 
l lTV 
1 2TV 
1 3TV 
THVT 

lLVT 
2LVT 
3LVT 
4LVT 
5LVT 
6LVT 
7LVT 
LMVT 
CDVT 
VERT 
RIB 
RIBS 
SACR 
STER 
BACU 
SCAP 
HUMR 
RADI 
ULNA 
RCRP 
UCRP 
2CRP 
3CRP 
4CRP 
ACRP 
lMTC 
2MTC 
3MTC 
4MTC 
5MTC 
METC 

!NOM 
FEMR 

( cont . ) 

Description 

Description 

8th thoracic vertebra 
9th thoracic vertebra 
l Oth thoracic vertebra 
1 1th thoracic vertebra 
1 2th thoracic vertebra 
1 3th thoracic vertebra 
indeterminate thoracic vertebra 

1st lumbar vertebra 
2nd lumbar vertebra 
3rd lumbar vertebra 
4th lumbar vertebra 
5th lumbar vertebra 
6th lumbar vertebra 
7th lumbar vertebra 
indeterminate lumbar vertebra 
caudal vertebra 
indeterminate vertebra fragment 
rib 
multiple ribs/rib fragments 
sacrum 
sternebra segment 
baculum 
scapula 
humerus 
radius 
ulna 
radial carpal 
ulnar carpal 
I I  carpal 
I I I  carpal 
IV carpal 
accessory carpal 
I metacarpal 
I I  metacarpal 
I I I  metacarpal 
IV metacarpal 
V metacarpal 
indeterminate metacarpal fragment 

innominatejos coxae 
femur 
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Table 3 .  

FIELD 

Attribute 

SIDE 

TIBI 
FIBU 
CALC 
ASTR 
CTRS 
3TRS 
4TRS 
lMTT 
2MTT 
3MTT 
4MTT 
SMTT 
METT 
METP 
PATL 
SESM 

lPHL 
2PHL 
3PHL 

LEFT 
RGHT 
AXIL 
u 

PORTION 

ACET 
ACET+ 

ANTERIOR 
BODY 
CAUDAL 
COMPLETE 
DIAPHYSIS 
DIST DIAPH 
DIST EPIP 
DI ST/MED 
DISTAL 
FRONTAL 

( cont . ) 

Description 

Description 

tibia 
fibula 
ca lcaneum/f ibular tarsal 
astragalus/tibial  tarsal 
central tarsal 
I I I  tarsal 
IV tarsal 
I metatarsal 
II metatarsal 
I I I  metatarsal 
IV metatarsal 
V metatarsal 
indeterminate metatarsal fragment 
indeterminate metapodial fragment 
patella 
sesamoid 

1st/proximal pha l ange 
2nd/middle phalange 
3rd/di stal phalange 

side 

l eft 
right 
axial 
unsided 

porti on 

acetabulum 
acetabulum & porti on of i l ial/ 
i schial/pubic necks 
anterior 
body of vertebra 
caudal portion of scapula 
complete element 
diaphys i s  
distal portion o f  diaphysis 
di stal portion of diaphysis 
distal/medial 
di stal 
frontal porti on of sku l l  
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Table 3 .  

FIELD 

Attribute 

HR 
ILIUM 
INFERIOR 
ISCHIUM 
LATERAL 
M2 
OCCIPITAL 
PALATE 
PARI ETAL 
POSTERIOR 
PROX DIAPH 
PROX EPIP 
PROXIMAL 
PUB SYMPH 
SEGMENT 
SHAFT 
SPHENOID 
SPINE 
SUPERIOR 
TEMPORAL 
VR 
ZYGOMATIC 
c 
ml 

PFUS ION 

F 
u 
p 

DFUSION 

F 
u 
p 

RELATVEAGE 

FETL/NEON 
JUVENILE 
IMMATURE 

( cont . ) 

Description 

Description 

hori zonta l ramus of mandible 
i l ia! portion of innominate 
inferior portion of sku l l  
i schial portion o f  innominate 
l ateral 
2nd molar 
occipital porti on of skul l 
palatal portion of sku l l  
parietal portion o f  skul l 
posterior 
proximal diaphysis 
proximal epiphysis 
proximal 
pubic symphysis of innominate 
segment of sternebra 
shaft of rib 
sphenoid portion of skul l 
spine of the scapula 
superior 
temporal portion of sku l l  
vertical ramus 
zygomatic portion of sku l l  
i solated canine tooth 
isolated molar tooth 

proximal fusion 

fused 
unfused 
partia l ly fused 

distal fus ion 

fused 
unfused 

relative chronological age 

fetaljneonate , unborn-ca . 6 wks 
ca . 6 wks - 6 months , "pup" 
subadult , l ess than ful ly developed 
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Table 3 .  ( cont . ) 

FI ELD Description 

Attribute Description 

ARTICUNIT articular unit 

Various 

TYPE ALT 

BURN 
CVGN 
EROD 
HEAT 
RDGN 
RECT 
SCAT 
WEAT 

CUT MARK 

y 
N 

COMMENTS 

Various 

MEAS 

LBMEAS TL 

LBMEAS BP 

LBMEAS DP 

type of modif ication 

burning , charring 
carnivore gnawing 
eroded 
heated? , but unburned 
rodent gnawing 
recent breakage 
scatalogical ,  partially digested 
weathered , exposed on surface 

cutmarks 

yes , cut marks present 
no , no cut marks observed 

descriptive comments , teeth present , 
pathologi es , etc . 

measurements 

greatest length of l ong bone 

greatest breadth of the proximal 
epiphys is 

greatest depth of the proximal 
epiphysis 
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Table 3 .  ( cont . ) 

FIELD Description 

Attribute Description 

LBMEAS BD greatest depth of the distal 
epiphys i s  

LBMEAS DD greatest depth of the di sta l 
epiphys is 

LBMEAS DMC depth of the medial condyle , 
humerus , femur 

SCPMEA HS height of the scapula 

SCPMEA GLP greatest l ength of the glenoid 
cavity 

SCPMEA BG breadth of the glenoid cavity 

ULMEAS SDO smal lest depth of the ol ecranon 

ULMEAS DPA depth across the Processus 
anconaeus 

ULMEAS BPC greatest breadth across the 
coranoid process 

CTMEAS GL greatest l ength , calcaneum & 
astragalus 

CTMEAS GB greatest breadth , calcaneum 

CTMEAS WT width of the trochl ea , astragalus 

MANMEAS 1 total l ength , from condylar 
process 

MANMEAS 2 total l ength , from angular process 
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Table 3 .  ( cont . ) 

FIELD Description 

Attribute Description 

MANMEAS 7 posterior alveolus of canine to 
anterior alveolus of m3 

MANMEAS 8 length of cheektooth row , p1-m3 , 
along alveolus 

MANMEAS 9 length of cheektooth row , p2-m3 , 
along alveolus 

MANMEAS 1 3L l ength of carnassial , at cingulum 

MANMEAS 1 3 B  breadth of carnassial , at cingulum 

MANMEAS 1 8  height of vertical ramus 

MANMEAS 1 9  height o f  mandible behind m1 

MANMEAS 2 0  height o f  mandible between p2-p3 

SKLMEAS 1 3  median pa latal l ength 

SKLMEAS 1 5  length o f  cheektooth row , 
p2 -m2 , along alveolus 

SKLMEAS 2 3  greatest breadth of mastoid 

SKLMEAS 2 5  greatest breadth of occipital 
condyles 

SKLMEAS 2 7  greatest breadth o f  foramen 
magnum 

SKLMEAS 2 8  greatest height o f  foramen 
magnum 

SKLMEAS 3 4  greatest palatal breadth , 
from outer alveol i  of  M1 
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Table 3 .  ( concluded ) 

FI ELD Description 

Attribute Description 

SKLMEAS 3 6  palatal breadth , at outer 
alveo l i  of c 

SKLMEAS 4 0  height o f  occipita l triangl e  

SKLMEAS P4L length o f  P4 

SKLMEAS greatest breadth of P4 
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( e . g .  6 = sixth site identif ied within a particul ar county ) .  

SITENAME : Assigned s ite names such as Bambl e ,  Crow 

Creek , etc . 

TIMEPERIOD : The site or site components position 

wi thin the general cul ture hi storic chronol ogy devel oped for 

the Middle Missouri subarea , as assigned by the site 

excavators , or through later analys is . Al l designations are 

in agreement with Lehmer 1 9 71 . 

PROVEN : Where provided , thi s  variabl e gi ves the 

l ocation of a specimen or obj ect within the site , as for 

instance a grid l ocati on number for a surface col lection . 

FEATURE : The context of a specimen or obj ect , as noted 

in the f i eld catalogs ( e . g .  cache pi t ,  house f l oor , mi dden , 

etc . ) .  

LEVEL : The vertical l ocation of the specimen or obj ect 

wi thin a feature or excavati on unit . 

LOT : Designation by the excavator or laboratory 

personnel of a common l ot number for a group of ob j ects , or 

l ot of bones , sometimes recorded as SPECNUOLD . 

Fields 8-9 Specimen Numbering 

SPECNUMOLD : Numbers assigned to a group of obj ects or 

l ot of bones at the time of excavati on or initial l aboratory 

processing . In the specimen catalogs , l ot or specimen 

numbers were routinely fol l owed by l ocati onal data , as 

provided by the f ield excavators . During anal yses , these 
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numbers were found either on the original brown paper 

specimen bags , or in some cases on the individual bones 

themselves . 

SPECNUMNEW : Numbers ass igned sequentially to each 

specimen examined in the present analysis , and used onl y  for 

the purposes of this analysis . These numbers were not 

recorded on the bones themselves . 

Fields 1 0-17 Element Information 

ELEMENT : A four l etter or alphanumeric code 

designating skel etal element represented ( SKUL , MAND , etc . ) 

SIDE : Left , right , axial , or uns ided for el ements such 

as phal anges . 

PORTION : This variabl e was used to indicate more 

preci sely what part of an el ement was present , or that the 

element was compl ete . Initial ly , a very simpl e descriptive 

code was appl i ed . The skul l was divided by el ement or 

complex ( ex .  frontal , occipital , posterior , occipital 

compl ex , etc . ) .  The mandible was coded as compl ete , 

horizontal ramus ( HR ) ,  vertical ramus ( VR ) , anterior or 

posterior . More specific deta i l s  of teeth present , and 

state of eruption andjor wear were included in the comments 

f ield . The innominate was noted as compl ete , acetabulum , 

acetabulum plus i l ial neck , etc . 

Long bones were coded as compl ete , di aphysis , proximal , 

distal , proximal or distal diaphys i s , and proximal or distal 
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epiphysi s  for unfused epiphyses . Later thi s  simpl e  codi ng 

scheme was found to be inadequate for the effective 

calculation of cut mark frequencies per bone porti on 

represented by long bone specimens , and a new coding scheme 

was devi sed . Thi s  format divided each hypothetical ly 

compl ete el ement i nto eight equal portions ( diaphys i s  plus 

epiphyse s ) . Each specimen was coded to the nearest eighth 

present , beginning with the distal end . Thus , the di stal 

1/2 of a femur , for instance , would be coded as 04 . Long 

bone diaphyses were coded as or plus the porti on present 

( ex .  0!5-7  for the central portion of a di aphysi s ) . Unfused 

epiphyses remained proximal or di stal epiphysis . A compl ete 

di aphysi s  with unfused epiphyses not present was coded 0! . 5-

7 . 5 .  

An exception to thi s genera l format was the scapula in 

which the glenoid fossa was designated proximal and blade 

distal . Thus the glenoid plus one hal f  blade would be coded 

P4 . The i nnomi nate was coded from posterior to anterior ; an 

acetabulum plus i l ium would thus be A4 . 

A s ingl e set of l i fe s i z e  el ement outl ine masters was 

measured and each element divided i nto eight segments of 

equal l ength . Each archaeological specimen was then 

compared to these masters , and an estimate of porti on 

present to the nearest eighth was made . Spi ral breaks were 

coded at their greatest l ength . Although sti l l  somewhat 

arbitrary , thi s method provided a much more prec i se estimate 
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of the number of el ement porti ons actual l y  present and these 

figures were used in a l l  subsequent cutmark analyses . 

PFUSION , DFUSION : Where detectabl e ,  the state of 

epiphyseal fus ion was noted for a l l  l imb bones and proximal 

or distal l imb bone segments . Recorded stages included 

ful ly fused , or unfused - whether or not the epiphysis was 

present . An element was coded as partially fused when the 

epiphysi s  was firmly attached to the diaphys i s , but the area 

of contact , or ephyseal fusi on l ine , was sti l l  visibl e al ong 

some porti on of the contact face . 

RELATIVE AGE : Thi s  category was devised to separate 

individual specimens into rel ative age groups . Categories 

included fetal or newborn ( less than six weeks old ) , and 

juven i l e  or "pup'' ( ca .  six weeks to six months ) for elements 

of less than ful l l ength , with unfused epiphyses . Immature 

was used to describe those elements which appeared to have 

reached ful l or nearly ful l s i z e , with epiphyses unfused or 

partia l l y  fused , on which some porti on of the cortical bone 

surface was sti l l  somewhat porous or incompletely oss i f i ed . 

These designati ons , despite the criteria outl ined 

above , proved very arbitrary in assignment , and ultimately 

proved unsuitabl e for analysis . 

ARTI C  UNIT : In some cases , articular uni ts , either 

axial or appendicular , could be reconstructed with some 

degree of certainty . Thi s  was most obvious where some 

character i stic of a group of anatomical ly related bones 
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( e . g .  partial puppy skeletons , adult l imb elements simi l ar 

in s i z e  and shape ) suggested that they were part of the same 

i ndividual in l i fe . For example ,  the vertebrae and 

associ ated hindlimb bones of an aged i ndividual from the 

Sommers site ( 3 9ST56 ) which exhibited arthritic remodel i ng 

and l i pping of vertebral bodi es and epiphyseal margins were 

coded as an articular unit .  

Thi s  was done by noting the specimen number of the 

fi rst el ement coded and adding a " + "  ( e . g .  atl as , 1 6 8 3+ ) . 

This des ignation was then repeated in the coding of all  

associated e lements i n  the articular unit . Such 

reconstructi ons were relatively easy for those sites in 

which specimens were stored by provenience des ignation . 

They were somewhat more dif ficult in those col l ecti ons where 

specimens had been segregated by element rather than 

provenience . In the latter cases , the co-occurrence of a 

single set of adult left front l imb el ements ( for i nstance a 

l eft scapula , humerus , radius and ulna ) in a di screte 

proveni ence locati on such as a storage pit , was taken as 

possible indi cation of an articular uni t .  No attempt was 

made , however , to make maximum arti cular matches by laying 

out whole assemblages and checking all  possible 

articulations . 

Fields 18-19 Description of Alterati ons 

TYPEALT : Thi s  general i zed category i ncludes a l l  
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observed alterations to a spec imen , with the exception of 

cut or chop marks which were recorded separately . The 

fol lowing types of mod i fication were recorded : BURN -

observabl e  burning or charring , indicated by visible 

discoloration of the bone , from dark brown/bl ack through 

blue-black , to white ( calcined ) or "vitri fied"  ( Brain 1 9 8 1 ; 

Lyman 1 9 94 : 3 84 - 3 9 1 ; White 1 9 9 2 : 1 56-160 ) .  Relatively few 

canid specimens exhibited clear and unambiguous signs of 

compl ete or partial burning ; only 44 specimens of 6 9 5 6  

el ements recorded for the six sites were coded as burned . 

HEAT - Thi s  category included those el ements which exhibited 

some s l i ght di scoloration and/or dryness and cracking whi ch 

impressionistical ly appeared to be the result of heating , 

but without direct exposure to open fire for l ong enough to 

produce charring or calcining . Thi s  category , without 

extensive actual i stic study to develop more ob j ective 

criteri a ,  proved to be arbitrary and was not consi stently 

recorded or used in later analyses . CVGN- Carnivore gnawing 

was ident i f i ed by the characteristic damage patterns noted 

in actual i stic research ( Binford 1 9 8 1 ; Burgett 1 9 9 0 ; Fi sher 

1 9 9 5 : 3 6 -4 0 ; Haynes 1 9 8 2 , 1 9 8 3 ; Lyman 1 9 9 4 : 2 0 4 - 2 1 6 ) . Thi s  

included punctures , pitting , furrowing o r  crenelation of 

bone margins , and scooping out of cancel l ous ti ssue near 

epiphyses . RDGN - The distinctive , multipl e ,  closely spaced 

grooves produced by rodent gnawing ( Fi sher 1 9 9 5 : 4 0 - 4 1 ; Lyman 

1 9 94 : 1 9 4 - 1 9 6 1 ) were also noted and recorded . RECT - Recent 
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breakage , e . g .  post recovery , was recorded where noted , and 

was distingui shed primari ly by the color differentiation on 

freshly broken surfaces . EROD/WEAT - These variables 

indi cate damage to the bone surface which appears to be due 

either to subareal surface exposure ( weatheri ng )  or 

taphonomic chemical processes within the burial context 

( erosion ) . SCAT - Although rare ( 1 7 specimens ) ,  probably 

due in l arge part to the col l ecti on criteria during 

excavation which emphas i z ed recovery of di agnostic or 

identifiabl e specimens , some instances of el ements or 

el ement fragments which appeared to have been eroded or 

smoothed by stomach acids ( Kl ippel et al . 1 9 8 7 : 1 5 8 - 1 5 9 ; 

Lyman 1 9 9 4 : 2 0 4 - 2 0 5 ) were noted and recorded . 

CUTMARKS : This variabl e was coded simpl y as yes or no 

( present or absent ) for each el ement or el ement portion . A 

more deta i l ed l ocational treatment of cut marks was also 

developed ( see above ) and thi s  more specific l ocati onal 

i nformation was used in analysis . 

Fields 20-21 Additional Comments and Measurements 

COMMENTS : Thi s  f i eld , of variable length , was used to 

record further observati ons on individual specimens such as 

presencejabsence of speci fic teeth in mandibles or maxi l l ae , 

tooth eruptions stages , anomal i es and pathologies , etc . 

MEASUREMENTS : Al l wel l  developed , mature l imb bones , 

crania , mandibl es or porti ons thereof were measured using 
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measurment points recommended by von den Dri esch ( 1 9 76 ) . 

Measurements were taken to the nearest 1/10  mm , using a hand 

held Mitutoyo model CD- 6 "  Digimati c  cal l iper . Repeated 

measurements on selected specimens indicated that small  

vari ations , due to slight changes in instrument placement , 

were persi stent , and most pervasive for those measurements 

noted by von den Driesch ( 1 9 7 6 : 6 )  as ( - )  "difficult to take " 

( 1 97 6 : 6 ) . 
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CHAPTER VI I 

SKELETAL EVIDENCE AND ANALYSES 

In the fol lowing analys i s  the large canid assemblage 

from the Post-Contact Coal escent Larson site ( 3 9WW2 ) wi l l  be 

considered first . This large ( NISP = 2 61 3 )  assemblage wi l l  

be exami ned in detai l ;  a l l  observed cutmarks wi l l  be 

described , and their probabl e origin wi l l  be investigated 

wi th reference to rel ated anatomi ca l features such as 

muscl es , tendons , and joint capsules and l igaments . From 

this information , a partial model of butchering methods and 

sequence wi l l  be developed . 

The early Initial Middle Mi ssouri Sommers site ( 39 ST56 ) 

assemblage wi l l  then be consi dered . Patterni ng i n  the 

placement and rel ative intens ity of cutmarks on the elements 

from thi s assembl age wi l l  then be compared to the l ater 

Larson materials , and variations in patterning which might 

be due to changes in butchering goal s  or methods wi l l  be 

di scussed . 

These two site assemblages wi l l  also be compared to the 

remaining four sites considered i n  thi s analysis ; the 

Initial Middle Missouri and Initial Coa lescent Crow Creek 

site ( 3 9BF 1 1 ) ;  the two Post-Contact Coalescent sites , Bamble 

( 3 9CA6 ) and Spiry-Eklo ( 3 9WW3 ) ; and the late Post-contact 

Coalescent hi storic site , Leavenworth ( 3 9C09 ) . 
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Vari ations in butchering goal s  and strategi es 

recogni z ed in these analyses wi l l  be further di scussed in 

Chapter VI I I , and changes through time in the intens ity with 

which large canids were used as food by Plains Vi l l age 

peoples i n  the Middle Missouri subarea wi l l  be considered . 

References to cutmark locations "CM 1 ,  CM 2 , "  etc . 

refer to the zonal coding developed in the course of thi s  

analys i s  and are presented o n  a reference set o f  element 

outl ines in the Appendix . Quantification of element 

portions present and cutmark frequencies for a l l  ske letal 

elements is presented in Appendix Table 2 .  

Cutmark Analysis , The Larson Site ( 3 9WW2) 

Of 152 sku l l s  and sku l l  fragments , 43  specimens ( 2 8 . 3 % )  

have cutmarks ( Table 4 ) . Cutmarks occur most commonly in 

areas indicative of carcass di smemberment . On the posterior 

portion of the sku l l  ( Figures 2 ,  3 )  cutmarks cluster around 

the occipital condyles . Nearly 2 5% of occipital condyl es 

have cutmarks on their inferior or posterior surfaces ( CM 

1 0 ) . These marks are short , often multiple , paral l e l  to 

subparal lel , and sometimes deep . They are analogous to 

Binford ' s  cutmark S-1 ( Binford 1 9 8 1 : Table 4 . 0 4 ,  Figure 

4 . 1 1 -b ) and those noted by Gui lday et a l . ( 19 6 2 : 67 and 

Figure 2 ) . on the inferior portion of the sku l l  closely 

associated marks , undoubtedly also inflicted 
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Table 4 .  

Skeletal 
Element 

Skull 

Mandible 

Cranial 

Atlas 

Axis  

Cervical 

Thoracic 

Lumbar v .  

caudal v .  

I ndet . v .  

Sacrum 

Vertebrae 

Ribs 

Scapula 

Humerus 

Radius 

Ulna 

u .  Front 

v .  

v .  

L .  

Innominate 

Femur 

Frequency of Cutmarks by Skeletal El ement , 
from Sommers ( 3 9ST56 ) and Larson ( 3 9WW2 ) . 

39ST56 
NISP/#CM ' s  %CM ' s  

3 2/4 1 2 . 5  

6 8/7 1 0 . 3  

1 0 0/1 1 9 . 1  

2 1/6 2 8 . 6  

2 4/3 1 2 . 5  

6 2/4 6 . 4  

9 4/11  1 1 . 7  

51/3  5 . 9  

9/-

1/-

6/-

2 6 8/27  1 0 . 1  

1 2 5/50 4 0 . 0  

3 5/5 1 4 . 3  

67/27 4 0 . 3  

4 9/9 1 9 . 1  

66/12  1 8 . 2  

2 1 5/5 3 24 . 6  

2 3 /9 3 9 . 1  

56/16 2 8 . 6  

1 1 4  

39WW2 
NI SP/#CM ' s  %CM ' s  

15 3/4 3 2 8 . 3  

2 1 5/1 0 5  48 . 8  

3 6 7/1 4 8  40 . 3  

56/39  69 . 6  

4 3/5 1 1 . 6  

1 5 6/28 17 . 9  

1 6 2/82  50 . 6  

1 64/54 3 2 . 9  

4 1/4 9 . 7  

2 0/-

1 4/3 21 . 4  

6 5 6/15  3 2 . 8  

91/3 2 35 . 2  

1 1 7/67 57 . 3  

77/3 5 4 5 . 4  

1 0 6/ 3 5  3 3 . 0  

1 1 9/62  52 . 1  

4 1 9/1 9 9  47 . 5  

1 1 6/67 57 . 8  

6 3 /2 0  3 1 . 7  



Table 4 .  ( concluded ) 

Skeletal 
Element 

Tibia 

Fibula 

u .  Hind L .  

Astragal us 

Calcaneum 

Tarsals 

Carpals 

Metacarpa ls 

Metatarsals 

Metapodi als 

1st Phal . 

2nd Pha l . 

3rd Phal . 

Feet 

Other 

TOTAL 

39ST56 
NISP/#CM ' s  %CM ' s  

56/13  2 3 . 2  

2 0/1 5 . 0  

1 5 5/39 25 . 2  

1 3/2 1 5 . 4  

1 5/3 2 0 . 0  

1 2/-

4/-

8.7/2 2 . 3  

100/1 1 . 0  

4 6/1 2 . 2  

9/-

4/-

2 9 0/9 3 . 1  

8/-

1 1 6 1/ 1 8 9  1 6 . 3  

1 1 5  

39WW2 
NI SP/#CM ' s  %CM ' s  

1 0 6/41 3 8 . 7  

28/10  35 . 7  

3 1 3 /1 3 8  4 4 . 1  

1 4/4 2 8 . 6  

3 3 /12  3 6 . 4  

3 /-

1 4/1 7 . 1  

2 3 2/ 2 0  8 . 6  

17 8/9 5 . 1  

46/1 2 . 2  

1 5 9/7 4 . 4  

55/-

1 4/-

7 4 8/54 7 . 2  

1 9/1 

2 6 1 3 / 7 8 7  3 0 . 1  



39VVVV2 

Figure 2 .  Composite of cutmarks on large canid cran ia 
from the Larson Site ( 3 9WW2 ) , inferior view . 
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39VVVV2 

Figure 3 .  ·composite of cutmarks on large canid crania 
from the Larson Site ( 3 9WW2 ) , posterior view .  
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whi le separating the head from the body , occur on the 

rounded bodies of the occipital condyl es . These marks are 

also short , often multiple and paral lel , and ori ented at 

right angles to the length of the condyles . 

Cutmarks were also frequently infl i cted on the 

pro jecting jugul ar processes ( CM 1 1 ) and the bulbous 

tympanic bul l ae ( CM 7 ) . These marks are for the most part 

ori ented simi larly to those on the occipital condyl es and 

were probably also inflicted during di sarticul ati on of the 

head . Because the external porti on of the bul l ae are very 

thin , they were parti a l ly or completely broken away on 

virtua l l y  all  recovered skul l s  and occi pital fragments . 

When preserved , however , cutmarks were extremely frequent in 

these locati ons . This suggests that these s l i ghtly 

fl attened but pro j ecting features were often hit by tool 

bl ade edges as the encompassing j oint capsul e  and multiple 

l igaments of the atl anta-occipital articulation was severed 

( Mi l l er 1 9 7 9 : 2 3 2 , Figure 5-2 ) . 

On the posterior portion of the skul l , cutmarks 

associ ated with disarticulation of the skull from the 

vertebral column were also commonly inf l i cted on the 

supraoccipital , directly above the foramen magnum ( CM 9 ) . 

These marks probably occurred as first the ventral muscl es 

of the vertebral column , the rectus capitis ventral i s  and 

lateral i s  ( Mi l l er 1 9 7 9 : 3 1 5 , Figure 6-3 1 ) , then the atlanta­

occipital joint capsul e and the l ateral atlanta-occ ipital 
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l i gament were severed . 

Disarticulation marks were clustered around the 

temporal porti on of the zygomati c arch ( Figure 4 ,  CM 1 5 ) . 

These marks occur on five of 1 6  specimens ( 3 1 . 5% )  on the 

posteri or/inferior porti on of the zygomatic arch and on the 

convex ventral surface of the curved retroarticular process . 

They are most l ikely associ ated with severing of the neck 

muscles and atl anta-occipital j oint during removal of the 

head , or possibly with disarticulation of the mandible from 

the skul l . 

Disarticulation marks are also frequent on the 

superi or/inner portion of the posterior zygomatic process 

( Figure 5 ,  CM 4 ) . Three of 1 6  preserved zygomatic processes 

( 1 0 . 7 % )  exhibit such cutmarks . Simi lar marks also occur on 

the l ateral surfaces of the zygomatic processes on both the 

posterior ( temporal ) and anterior ( rostral ) portions . These 

marks are the most commonly occurring marks on the skull 

( seven of 16  specimens , 4 3 . 7 % ) . They,  and associ ated marks 

on the ascending ramus of the mandible , are undoubtedly 

associated with removal of the mandibl e .  They would occur 

during severing of the superficial layer of the masseter 

muscle , the strong muscle which ari ses from the 

anteriorjventral border of the zygomatic process ( Mi l ler 

1 9 7 9 : 2 91 , Figure 6-1 3 ) , and the temporal i s , " the largest and 

strongest muscl e  of the head" which originates l argely on 

the pari etal bone , curves upward and forward toward the eye 
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39WW2 

Figure 4 .  Composite of cutmarks on large canid crania 
from the Larson Site ( 3 9WW2 ) , latera l view .  
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Figure 5 .  Composite of cutrnarks on large canid crania 
from the Larson site ( 3 9WW2 ) , superi or view . 
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orbit , then downward beneath the zygomatic to insert on the 

anterior margin of the coronoid process ( ascend ing ramus ) of 

the mandible ( Mi l ler 1 9 7 9 : 2 9 3 , Figures 6-1 3 and 6 - 1 4 ) .  

Cutmarks on the lower portions of the l ateral surfaces 

of the frontal , parietal , and temporal ( CM 1 ) , just above or 

posterior to the zygomatic processes , are probably also 

assoc i ated with the severing of the tempora l is muscle which 

covers the entire surface of the skull in this area ( Mi l ler 

1 9 7 9 : Figures 6 - 1 4  and 6 - 1 5C ) . 

In contrast to disarticulation marks , the short , 

parallel , nearly vertical cut marks located on the upper 

portions of the frontal and parietal are more l ikely 

associated with skinning of the head , as are the longer 

marks on the superior portions of these bones ( Figure 4 ) . 

Additional skinning marks occur on the maxi l l a  and nasals of 

one specimen ( Figure 5 ,  CM 3 )  as a series of short , para l l e l  

marks which cross the superior portions o f  the maxi l l a  and 

nasals in two paral lel rows . Simi lar marks , more randomly 

distributed but sti l l  occurring in para l l e l  sets , are found 

on the upper surfaces of the maxi l l a  just above the molars 

( Figure 4 ) . These marks were probably made as the skin was 

pul led forward towards the nose , and sma l l  cuts were made to 

separate it from the underlying muscle ti ssue . 

Mandible 

Nearly one-half  ( N  = 1 0 5 , 4 8 . 8 % )  of 2 1 5  mandibles or 
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mandibl e segments from 3 9WW2 have cutmarks ( Figure 6 ) . 

Marks are most common on the l ateral surface of the 

ascending ramus where they are concentrated on the coronoid 

crest , the anteri or porti on of the coronoid process , and on 

the l ateral surface of the condyloid process . These marks 

are cl early associ ated with di sarticul ation of the mandibl e 

from the skul l .  Marks inflicted on the anterior edge of the 

ascending ramus ( CM 1 ) , and in the l arge concave mandibular 

notch immediately behind the anterior border ( CM 2 ) , would 

be produced during cutting away the large , multil ayered 

masseter muscle which passes over the ramus of the mandible 

to insert on the ventrol ateral and ventromedial surfaces of 

angular process of the mandibl e ( Mi l ler 1 9 7 9 : 2 9 1 - 2 9 2 , 

Figures 6 -1 3 , 6-1 5 ) . These marks are simi l ar to those 

identi f i ed by Gui lday et al . ( 1 9 6 2 : 6 7 ,  Figures 2 - 3 ) and by 

Binford as M-2 , associ ated with disarti cul ating of the 

mandibl e .  A second large muscl e ,  the tempora l i s , inserts 

directly on the anterior border of the ascending ramus after 

passing over the apex of the ramus ( Mi l l er 1 9 7 9 , Figure 6 -

1 4 ) .  cuts on the superior portion of the coronoid process 

may have been made whi l e  cutting away this heavy muscle . 

Cutmarks on the angular process ( CM 4 )  and the inferior 

border of the mandible body ( CM 1 6 ) are in the area of the 

insertion points for both the ma·sseter and temporal i s  

muscles and were probably also inf l i cted whi l e  cutting away 

these two heavy muscles . The most commonly cut area on the 
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Inferior 

Lateral 

Medial 

Figure 6 .  Composite of cutmarks on large canid mandibl es 
from the Larson Site ( 3 9WW2 ) . 
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mandibl e i s  the l ateral surface of the condyl ar process ( CM 

3 ) ; 3 8  of 1 6 6  specimens ( 2 2 . 9 % )  are cut . Thi s  is  the area 

of attachment of the l ateral l igament ( Mi l l er 1 9 7 9 , Figure 

5-1 )  which serves to strengthen the temporomandibular joint 

and would be a natural point of attack in the 

disarticulation of the mandible from the skul l .  These 

points of disarticulation are also identified by Gui lday et 

a l . ( 1 9 6 2 , Figure 3 , 2B )  in association with severing of the 

masseter . 

The anterior/lateral or buccal portion of the mandible 

( CMs 7 , 6 , 5 )  a lso shows multiple short , primari ly vertical 

cut marks . These are often para l l e l  and multiple . They are 

probably skinning marks infl icted whi le peel ing the pelt 

forward towards the mandibular symphys is . The anterior most 

( CM 7 )  marks are identif ied as " ' chin ' cuts " by Gui lday et 

al . ( 1 9 6 2 : 6 5 ,  Figure 1 ) . They are also simi l ar in placement 

and orientation to those i l lustrated by Wheat ( 1 9 7 9 , Figure 

3 3 -C ) . S imi lar marks on the inferior border of the 

mandibular body ( CMs 1 4 , 1 5 )  cou ld a l so have be inf l icted 

during skinning ( see also Binford 1 9 8 1 , Table 4 . 0 4 ,  M-5 ) . 

Cut marks on the medial  or l i ngual surface of the 

mandibular body , or hor i z ontal ramus , are closely c lustered 

on the anterior portion of the ramus ( Cms 8 , 9 ) . This  is  the 

area of i nsertion for two sets of broad , sheetl ike muscles , 

the gleniohyoideus and glenioglossus , the f i rst of which 

l ies below the tongue and runs a long the l ength of the 
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mandibl e to attach to the hyoid apparatus ( Mi l ler 1 9 79 , 

Figure 6 - 1 2 ) . The glenioglossus covers the anterior 

intermandibular space and attaches to the entire l ength of 

the tongue ( Mi l l er 1 9 7 9 , Figure 6-1 6 ) .  Marks in this 

l ocation are some of the most commonly occurring on the 

Larson mandibles ( CM 8 ,  2 8  of 1 6 4  specimens , 1 7 . 1 % )  and are 

clearly associated with removal of the tongue from the 

mandibl e ( see also Binford 1 9 8 1 , Table 4-0 4 , M- 3 ) .  

Vertebral Column 

Atlas & Axis . In the Larson assembl age , cutmarks were 

more common on the first cervical vertebra ( atlas ) than on 

any other bone in the canid skel eton . Nearly 5 0 %  of 

recovered specimens ( 1 0 5  of 2 1 5  specimens , 48 . 8 % )  were cut . 

These cutmarks ( Figure 7 )  are clustered predominately on the 

inferior ( ventral ) body across the ventra l surface of the 

anterior articular processes , the two cupl ike processes 

which receive the occipital condyles of the skul l . This  

articulation is covered ventral l y  by the atl anto-occipital 

joint capsul e  ( Mi l l er 1 9 7 9 , Figure 5- 2 ) . This  is  also the 

area across which the ventral muscl es of the vertebral 

column , including the rectus capitis ventral i s  and 

latera l i s , connect with the inferior surfaces of the skul l , 

and wi th the inferior surface of the atl as . The rectus 

capatis l ateralis  also passes over this regi on , from the 

base of the sku l l  to the inferior transverse processes of 
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Dorsal 

Ventral 

Figure 7 .  Composite of cutmarks on large canid 1 st 
cervi cal ( atlas ) vertebrae from the Larson 
Site ( 3 9WW2 ) . 
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the succeeding cervical vertebrae ( Mi l l er 1 9 7 9 , Figure 6 -

3 1 ) .  These marks , which were uni formly short , often 

multipl e and oriented transversely to the body of the atlas , 

are analogous to those i l lustrated by Gui lday et al . ( 1 9 6 2 , 

Figure 3 ,  # 4 ) and Binford ( Figure 4 . 2 0 ,  CV-1 and Cv- 2 ) .  

They were probably inflicted during the separati on of the 

skull from the vertebral column . 

Simi l ar short , transverse cutmarks , far l ess common , 

occur on the superior body of the atlas · ( Cms 1 , 8 , 1 1 ) , 

i ndicating that while this surface also might be cut as the 

superior neck muscl es such as the spl enius and l ongissimus 

complex were severed , the primary focus during di smemberment 

was the underside or ventral surface of the head and neck . 

This pattern may also be due in part to the relatively open 

nature of the ventral porti on of the atl anto-occipital 

articulation and j oint capsul e ( Mi l ler 1 9 7 9 , Fi gure 5- 3 } , as 

opposed to the cl ose association of occipital condyl es with 

the cupping articular processes on the superi or aspect of 

the atlas , and the associated atl anto-occipital and atl anto­

axial l igaments ( Mi l ler 1 9 7 9 , Figure 5-2 ) . 

Additional cutmarks occur on both the superi or ( dorsal ) 

and inferior ( ventral } surfaces of the flaring wings of the 

atl as ( Cms 7 , 1 0 ) . In contrast to those described above , 

these marks , whi l e  also short and often multipl e , were 

ori ented para l l el to the body of the atl as . These marks may 

be associ ated with di sarticul ation of the skul l , or they may 
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have been infl icted whi l e  cutting neck muscles away from the 

vertebral column . 

Cutmarks were relatively rare on the second cervical 

vertebra ( axi s ) . Only f ive of 4 3  recovered e lements ( 1 1 . 6% )  

have cutmarks . These marks ( not i l lustrated ) were general l y  

short , transverse marks o n  the superior ( Appendix Table 2 ,  

CMs 1 , 3  4 )  and inferior ( CMs 2 , 8 ) surfaces of the vertebral 

body and transverse processes . 

Cervical Vertebrae 3-7 . Cutmarks on the remaining 

cervical vertebrae ( Appendix Table 2 ,  CMs 1-7 ) were more 

evenly di stributed across the inferior ( CM 2 ) , superior ( CM 

1 )  and l ateral ( CM 4 )  aspects of the vertebral bodies . Like 

those on the axis , these marks were primari ly short , 

multiple , and transversely oriented to the vertebral body . 

On the l ateral face , most are concentrated at or near the 

art icular processes . This placement , plus the predominately 

transverse orientation of marks on the superior ( dorsal ) and 

inferior ( ventra l ) vertebral body surfaces , suggests that 

they were inf l icted during disarticulation of one vertebra 

or carcass segment from another . 

Thoracic vertebrae . One half  of a l l  recovered thoracic 

vertebrae ( 8 2 of 1 6 2  specimens , 5 0 . 6 % )  have one or more 

cutmarks ( Figure 8 ) . These marks are concentrated on the 

l ateral vertebral body ( CMs 3 , 4 )  and dorsal spinous process 

( CM 1 0 ) .  The marks are predominately transverse i n  
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Lateral 

Figure 8 .  Compos ite of cutmarks on large canid thoracic 
vertebrae from the Larson Site ( 39WW2 ) . 
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orientati on to the vertebral body and spine . Those on the 

spinous process would appear to be ana logous to those 

identif ied by Binford ( 1 9 8 1 , Figure 4 . 2 1 ,  TV- 2 ) .  They were 

probably infl icted whi l e  cutting away the heavy longitudinal 

longissimus and i l iocostal is  muscle masses which run 

l ateral l y  a long each side of the thoracic and lumbar 

vertebrae and control movement of the vertebral column and 

neck ( Mi l l er 1 9 7 9 , Figure 6-2 8 ) . These marks appear to be 

homologous to the " f i l l eting marks " identified on ungulate 

vertebrae ,  which result from the cutting away of the 

"tenderloin" musc les which l i e · along both sides of the 

dorsal spines ( Binford 1 9 8 1 , TV-2 , TV-5 ) .  

Cutmarks on the lateral aspect of the vertebral body 

( CM 3 ) , the transverse processes ( CMs 7 ,  8 ) , and the costal 

facets are related to the disarticulation of the ribs from 

the thoracic vertebrae ( see also Binford 1 9 8 1 , Figure 4 . 2 1 ,  

TV- 3 , TV- 5 ) .  The articular capsul e of the costovertebral 

joint consi sts of four l igaments , the l i gament of the r ib 

head , which j oins with the disc or vertebral body , the 

intercapital l igament , which connects pairs of left and 

r ight ribs by pass ing through the associated i ntervertebral 

disc , the costotransverse l igament which passes from the 

tubercle of the proximal r ib to the transverse process of 

the vertebra , and the l igament of the neck which runs from 

the neck of the rib to the ventra l surface of the vertebral 

transverse processes and body ( Mi l l er 1 9 7 9 , Figures 5-5 , 5-
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6 ) . Transverse cutmarks on the inferior or ventral surface 

of the vertebral body ( CM 2 )  and vertical cutmarks on the 

latera l body are probably associated with disarticul ation of 

one vertebra from another . This was accompl ished by cutting 

vertical ly through the intervertebral disc and the 

l ongitudinal and intercapital l igaments , al l of which l ie 

between and join the vertebral bodies of the spinal column . 

The cyl i ndrical form of the vertebral body would l ikely make 

it much easier to separate or disarticul ate the vertebrae 

from the ventral side , rather than from the complex and 

interl ocking dorsal or superior surfaces of the vertebral 

arches and articular processes . 

Lumbar Vertebrae . Nearly one third of 1 6 4  recovered 

lumbar vertebrae ( 54 specimens , 3 2 . 9 % )  bore cutmarks . Marks 

on the thoracics ( not i l lustrated ) were concentrated on the 

inferior ( CM 2 )  and lateral ( CM 3 )  aspects of the vertebral 

body , and on the dorsal surface of the arch and spinous 

process ( CM 4 ) . Cutmarks in the latter position are 

probably a continuation of the removal of the "tenderloin" 

muscles , the l ongissimus and i l iocostal i s  muscles masses . 

Cutmarks on the inferior body , l ike those on the thoracics , 

were short transverse strokes and are probably the result of 

separati on of the lumbar portion of the vertebral column 

into segments . 

Cutmarks were much more preval ent on the inferior body 

of the l umbars ( 2 0 . 1 % )  than on the thoracics ( 7 . 5% ) , 
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suggesti ng that the carcass was more often divided in the 

area of the lumbars , whi l e  the thoracic area , or rib cage , 

was more often l eft intact . 

Sacrum . Three of 1 4  recovered sacra ( 2 1 . 4 % )  exhibited 

cut marks . These marks ( not i l lustrated ) occurred on the 

anterior , inferior and superior surfaces of the anterior 

sacral wings . They are short , transversely oriented , and 

l ie lengthwise to the anterior/posterior axis of the 

el ement . Such marks were probably inflicted whi l e  

attempti ng t o  separate the sacrum from the i nnominates by 

cutting through the anteri or joint capsul e  and the ventral 

and dorsal sacro i l i ac l igaments which join the 7th lumbar 

vertebra and the aur icular surfaces of the sacro-i l iac joint 

( Mi l ler 1 9 7 9 , Figures 5 - 2 2 , 5 - 2 3 ) .  

Because ribs were not present in a l l  six s ite 

assemblages considered in this analysis , these elements were 

not coded for portions present or cutmark location . 

However , observations can be made about the ribs from 3 9WW2 . 

Sl ightly more than one third of 9 1  recovered ribs ( 3 2 

specimens , 3 5 . 2 % )  bore cutmarks . These marks were 

concentrated on or immediately below the r ib head , tubercl e , 

and neck , or iented transversely to the l ong axis of the 

el ement . These marks are analogous to Binford ' s  marks RS- 1  

and RS-3  and were probably infl icted either a s  the ribs o r  
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rib segments were cut free from the vertebral column , or 

while cutting free the vertebral muscle mass or 

"tenderloin " . 

Front Limb 

Scapula . Over one hal f  of 1 1 7  recovered scapulae or 

scapula segments ( 6 7 specimens , 57 . 3 % )  bore cutmarks , and 

the scapula is the third most commonly cut element . 

Cutmarks on this element provide clear evidence of 

dismemberment or disarticul ation and defleshing . 

The front l imb has no direct articulation with the 

axial skeleton , instead it is attached to and supports the 

trunk by the muscul ar system only . A powerful series of 

muscles pass between the neck and trunk and upper portions 

of the front l imb . Once these muscles are cut , the entire 

front l imb can rather eas i ly be cut free of the body by 

passing a cutting tool between the medial side of the 

scapular blade and the dorsal surface of the rib cage . 

Dismembering , or separation of the front l imb from the 

trunk , may therefore be evidenced by numerous but scattered 

cut marks on the medial face of the scapular blade ( Figure 

9 ,  CM 9 ) . On the medial scapular blade two l arge muscles , 

the serratus ventra l is and the subscapulari s , attach over 

the enti re surface ( Mi l l er 1 9 7 9 , Figure 6-46 ) .  The 

subscapularis l ies immedi ately posterior to the scapular 

neck and covers approximate ly two thirds of the medial  bl ade 
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surface , attaching directly to the proximal humerus . The 

serratus ventralis , however , which attaches to the rema ining 

one third of the medial surface , attaches cranially to the 

l ast five cervical vertebrae and medially to the lower 

middle shafts of the first seven or eight r ibs . The 

scattered , long , primari ly transverse cutmarks on the medial  

face of  the scapular blade are most l ikely produced as a 

cutting tool is  passed between the scapula and trunk , 

cutting the serratis ventra l i s , to free the front l imb from 

the trunk . Binford ( 1 9 8 1 : Table 4 . 0 4 ,  S-4 ) identif i ed 

" longitudinal marks up and down the medial face of the 

scapula"  as f i l leting marks , and it is poss ible that these 

marks are made as these relatively thin but broad muscles 

are cut away from the scapular bl ade . 

Disarticulation marks , inf l icted in the separation of 

the scapul a  and humerus , were also concentrated on the 

medial surface of the scapula . Transverse marks clustered 

on the medial scapular neck ( CM 9 )  are probably associated 

with severing the heavy supraspinatus , subscapularis , 

coracobrachialis , and biceps muscle complex which join the 

scapula and the proximal humerus ( M i ll er 1 9 7 9 , Figure 6 - 4 6 , 

6-51 ) , as wel l  as the medial glenohumeral l igament ( Mi l ler 

1 9 7 9 , Figure 5-9 ) . These disarticulation marks , 

concentrated on the medial  glenoid and neck , are s imilar i n  

orientat ion and placement t o  those ident i f ied by Binford 

( 1 9 8 1 , Figure 4 . 2 0 )  on caribou and Gui lday et a l . ( 19 6 2 , 
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Figure 3 ,  # 6 ) on bear scapulae . In both instances , however , 

the marks occur on the latera l rather than the medial aspect 

of the scapula . This placement is  simi l ar , however , to the 

placement of cutmarks on the deer scapula from the Eschelman 

site ( Gui lday et al . 1 9 6 2 , Figure 8 ,  # 5 ) . 

On the latera l face of the scapula , the most preva l ent 

cutmarks are the repeated long vertica l marks which para l l e l  

both sides o f  the scapular spine . These marks occur on both 

the supraspinous ( CM 5 )  and infraspinous ( CM 6 )  fossae , and 

result from cutting away of the large supraspinatus 

( cranial ) and infraspinatus ( caudal ) muscles ( M i l l er 1 9 7 9 , 

Figure 6 - 5 2 ) . These marks are analogous to the f i l l eting 

marks i l lustrated by Binford ( 1 9 8 1 , Figure 4 . 0 6 ,  S- 3 ) . They 

are the most commonly occurring marks on the large canid 

scapula at 3 9WW2 , present on over 20% of all scapular 

blades . 

Humerus . Approximate ly one hal f  of the 7 7  complete 

humeri or humeri segments recovered ( 3 5 specimens , 4 8 . 5% )  

have cutmarks . The humerus is  complete ly and heavi ly 

wrapped by the triceps and bracialis  muscles , the ma jor 

muscle compl exes of the brachium or upper arm . Although 

cutmarks were common on the scapular glenoid and neck , no 

cutmarks occurred on the proximal epiphysis of the humerus , 

probably refl ecting the relative openness of the bal l  and 

socket joint of the shoulder . Marks on the upper two thi rds 

of the diaphysis ( Figure 1 0 , CMs 2 - 3 , 7-8 , 1 2 - 1 3 , 1 7 - 1 8 ) are 
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relatively long , transverse to obl ique , often multiple , and 

occur primari ly on the medial and lateral aspects of the 

di aphys i s . These areas are crossed by the triceps and 

branchial is  muscl es , and the marks were l ikely inf l i cted 

while cutting away these muscle masses . Cutmarks are most 

common on the lateral di aphys is , just bel ow the humeral 

head , in the area of the attachment of the brachialis  muscle 

( CM 7 ,  1 1 . 4 % )  and on the medial aspect ( CMs 1 7 , 1 8 )  in the 

areas of the triceps , teres , and brachialis  muscles . 

On the di stal  portion of the diaphysis cutmarks occur 

most commonly just above the di stal condyl es ( CM 4B ) . 

Short , multipl e , transverse or obl ique marks are 

concentrated on the anterior and medial aspects of the 

di stal di aphysi s ,  corresponding to those identified by 

Binford as f i l l eting marks ( 1 9 8 1 , Figure 4 . 3 9 ,  Hd-6 , Hd-7 ) .  

These are the areas where the cl eidobrachialis  and pronator 

teres ( medi a l ) and the biceps and brachialis  ( anterior ) 

muscles wrap around the humeral di aphys is , and marks in 

these l ocations are probably associ ated wi th cutting through 

these muscle masses . 

Simi lar marks also occur immediately above the dista l 

epiphys is on the anterior ( CM 4A ) , medial ( CM 1 9A ) , and 

lateral ( CM 9A ) aspects of the diaphysis . These are the 

most frequently cut areas of the humerus . Binford 

identi f i ed these marks ( Figure 4 . 3 0 ,  Hd- 3 , Hd- 5 , Hd- 2 ) as 

associated with dismembering of the front l imb .  Simi lar 
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marks are also identi fied by Gui lday et al . ( 1 9 6 2 , Figure 3 -

8 )  as associated with dis j oi nting o f  the "e lbow" . on the 

lateral aspect , marks would be infl icted duri ng severing of 

the anconeus muscle , which passes between the distal portion 

of the humera l diaphysis and the proximal ulna . On the 

l ateral and medial aspects the medial triceps passes across 

the distal humerus to insert as a strong tendon on the ulnar 

olecranon . On the anterior face a number of muscle masses , 

i ncluding the brachialis and biceps , cross ( Mi l l er 1 9 7 9 , 

Figure 6-5 3 ) . In addition , the obl ique l igament of the 

j o int capsule passes from j ust above the supratrochlear 

foramen to the proximal/lateral portion of the proximal 

epiphysi s  of the radius ( Mi l ler 1 9 7 9 , Figure 5 - 1 2 ) .  

Cutmarks on the distal epiphysis of the humerus occur 

in about equal frequencies on the medial ( CM 2 ) , anterior , 

( CM 5 )  and lateral ( CM 1 0 ) aspects . These marks are clearly 

attributable to disarticul ation of the humerus from the 

radius and ulna , while  cutting through the medi a l , obl ique , 

and lateral col lateral l igaments of the joint capsule 

( Mi l ler 1 97 9 , Figures 5- 1 1 , 5 - 1 2 , 5 - 1 3 ) .  such marks are 

analogous to Binford ' s  Hd- 1 , Hd- 2 , and Hd-4 ( 19 8 1 , Figure 4 -

3 0 ) . 

Radius . one third of the 1 0 6  recovered rad i i  or radius 

segments ( 3 5 specimens , 3 3 . 0 % )  have cutmarks . At the 

proximal end of the element cutmarks are concentrated on the 

anteriorjmedial margin of the proxima l epiphysis ( Figure 1 1 , 
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CM 1A ) . Nearly one fourth of a l l  proximal radi i ( 1 5 of 6 1  

specimens , 2 4 . 6 % )  have one or more short , transverse 

cutmarks on the medial portion of the epiphysis itself . Cut 

marks are also common on the proximal/anterior diaphysis 

directly below the epiphys is ( CM 2 ) . This is  the area i n  

which several tendons o f  the humeroradial joint insert , 

including the medial col latera l l igament which joins the 

medial surface of the humeral di stal epiphysis with the 

proximal radius , and the obl ique l i gament which passes from 

the anterior aspect of the di stal humerus to the 

proximal/medial  radius . It is  at this locat i on , also , that 

the tendons of the biceps and brachi alis  muscle masses 

insert ( Mi l ler 1 9 7 9 , Figures 5- 1 1 , 5-1 2 , 6 - 5 3 ) .  These 

disarticulation marks are ana logous to those identified by 

Binford ( 19 8 1 , Figure 4 . 3 2 , RCp-5 ) and Gui lday et al . ( 1 9 6 2 , 

Figure 8 ,  CM 7 ) . However , the marks on the large canid 

radii are much more restricted in their di stribution , bei ng 

far more common on the medial  portion of the anteri or 

epiphysi s  ( CM 1A , 2 4 . 6% )  than on the lateral porti on ( CM 1 B , 

4 . 9 % ) . 

At the di stal end of the radius , cutmarks are most 

common on the posterior ( CM 1 5 )  and medial ( CM 2 0 ) surfaces . 

In this area , a series of l igaments , including the flexor 

retinaculum , the radial col lateral , and palmar radiocarpal 

l igaments pass between the distal radioulnar j oint and the 

carpals ( Mi l l er 1 9 7 9 , Figure 5-1 5 , 5-19 ) . This  is also the 
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area in which the flexor muscle changes to a series of 

tendinous sheets which articul ate with the individua l digits 

of the foot ( Mi l l er 1 9 7 9 , Figure 6 - 6 3 ) . 

The concentration of short , often mul tiple ,  but almost 

randomly oriented marks on the anterior face of the radial 

diaphysi s  ( CM 3 )  is  not readi ly attributable to a particular 

butchering operation , nor is  this type of mark noted by 

e ither Binford ( 1 9 8 1 ) or Gui lday et al . ( 1 9 6 2 ) . These marks 

do , however , mirror simi l ar marks on the posterior aspect of 

the ulna ( see below ) . Many of these marks are l ight and 

appear more l ike broad scrapes than individual ly infl icted 

cut marks . In fact , the middle diaphysis of the radius is  

essentia l ly bare of substantial muscle coverage ( M i l ler 

1 9 7 9 : 3 5 3 , Figure 6 - 6 1 ) . It is  possibl e , therefore , that 

these somewhat randomly oriented marks , which occur over the 

l ength of the diaphysis but on relatively few el ements 

( seven of 8 7  specimens ) ,  are the result of the el ement being 

held agai nst a flat but irregular surface and moved slightly 

during the butchering process . 

� - over one hal f  of the 1 1 9  ulnae or ulna segments 

( 6 2 specimens , 52 . 1 % )  bore cutmarks ( Figure 1 2 ) .  

Disarticulation marks on the proximal end of the el ement are 

concentrated on the lateral ( CM 7A ) and anterior ( CMs 1A , 1B )  

aspects of the olecranon . On the l ateral aspect , they are 

clustered around the area of the i nsertion points for the 

triceps and anconeus muscles and the lateral col l ateral 
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Figure 1 2 . Composite of cutmarks on large canid ulnae from 
the Larson Site ( 3 9WW2 ) . 
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l igament ( Mi l ler 1 9 7 9 , Figure 6 - 5 6 , 5-1 3 ) .  These marks are 

most closely ana logous to Binford ' s  RCp-5 and RCp-2 ( Figures 

4 . 3 1 ,  4 . 3 2 ) , whi ch he identified as di smembering marks . On 

the anteri or aspect , cutmarks are most common on the 

ol ecranon surface above the anconeal process , or beak , and 

i nside the trochlear or semilunar notch . These marks are 

clearly associ ated with efforts to disarticulate the tightly 

joined and compl icated elbow joint by separating the 

semi lunar notch from the deep ol ecranon fossa of the di stal 

humerus . The concentration of cutmarks within the semi lunar 

notch is noted by Gui lday et al . ( 1 9 6 2 : 6 7 ,  Figure 2 ,  CM9 ) ; 

1 9  of 3 0  bl ack bear ulnae ( 6 3 % )  had cutmarks " across the 

semilunar notch" . A simi l ar cutmark is i l lustrated on the 

deer and/or elk ulnae from the site ( Gui lday et al . 1 9 6 2 , 

Figure 8 ,  CM 8 ) . Binford identi fies an anal ogous mark 

within the medial portion of the notch ( 1 9 8 1 , Figure 4 . 3 2 ,  

RCp-4 ) .  

on the distal ulna , marks occur most frequentl y  on the 

l ateral ( CM 1 0 ) and posteri or ( CM 1 5 ) aspects of the styl oid 

process . The posterior aspect of the styloid is  the most 

frequentl y  cut area of the ulna ( nine of 3 1  specimens , 

2 9 . 0 % ) . This  corresponds to the frequency of cutmarks on 

the distal /posterior radius , and strengthens the scenari o  

that the front paw , when di smembered from the radius and 

ulna , was attacked from the posterior or palmar surface . 

Mirroring the frequent mi d-shaft marks on the anterior 
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di aphysi s  of the radius , the posterior face of the ulna 

shows groups of l i ght , somewhat randomly ori ented cutmarks . 

As on the radius , these marks may be the result of 

unintentional scraping of the ulna across a stati onary 

surface during butcheri ng .  Alternative ly , these marks may 

have been inflicted whi l e  cutting or scraping along the long 

insertions of the pronator quadratus and fl exor muscl e  

compl exes whi ch insert along the length o f  the ulnar 

diaphys is ( Mi l ler 1 9 7 9 , Figures 6 - 6 3 , 6-6 4 ) . 

Metacarpals . Cutmarks appeared on just 2 0  of 2 3 2  

metacarpal s  ( 8 . 6 % ) . These marks occurred as short , often 

paral lel , obl ique cuts on the anterior , posterior and 

lateral aspects of metacarpals I ,  I I  and V ,  and cl early seem 

to be associ ated with skinning out of the pelt over the 

front paw . The cuts would have been infl icted as the skin 

was pul l ed over the paw and cut free of the underlying 

tissue . 

Hindlimb 

Innominate Cos coxae) . The innominate is the second 

most frequently cut element in the Larson large canid 

assemblage . over one ha lf  of the 1 1 6  elements ( 6 7 

specimens , 54 . 8 % )  bore cutmarks . The ma j ority of cutmarks 

on this el ement are clearly associ ated with di sarticulation 

of the femur head . They cluster on the lateral surface of 

the innominate , around the acetabular fossa ( Figure 1 3 , CMs 
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· 1 , 2 )  and i n  the region of the i l i opubic juncture ( CM 6 )  and 

the bridge-l ike ridge which runs from the is ichiatic 

tuberosity to the lunate surface of the acetabular fossa . 

These marks are probably associ ated with removal of the 

femoral head from the encircl ing joint capsule and 

fibrocarti l aginous acetabular l ip of the acetabul ar fossa , 

and severing the l igament capitis femoris which j oins the 

fovea of the femur head to the inner surface of the fossa 

( Mi l l er 1 9 7 9 , Figure 5-22 ) .  The lateral surfaces of the 

pubis and ischium are also covered with succeeding l ayers of 

the femoral ,  gluteal , obturator , and other muscle masses of 

the hindl imb ( Mi l l er 1 9 7 9 , Figure 6 - 7 3 , 6-79 through 6-83 ) .  

The cutmarks on the ventral aspect of the neck of the i l ium 

( CM 5 )  and the body of the ischium ( CM 3 )  are probably 

associ ated with severing and removal of these succeeding 

layers of muscle . 

On the dorsal surface , cutmarks are again concentrated 

on the i l ial  neck and ad j acent wing ( CM 5 )  and are probably 

associated with di sarticulation of the vertebral col umn , by 

severing the ventra l sacroi l iac l igament ( M i l l er 1 9 7 9 , 

Figures 5- 2 2 , 5-2 3 ) .  The marks on the large canid 

innominates are analogous in l ocation to those identified by 

Binford ( 1 9 8 1 , Figures 4 . 2 2 ,  4 . 3 6 ) , which he associates with 

both dismembering and f i l leting ( Tabl e  4 . 04 ) . 

Femur . Cutmarks occurred on approximately one third of 

the 63 femora or femur segments from 39WW2 ( 2 0 specimens , 

1 4 8  



3 1 . 7% ) . Marks on the head of the femur ( Figure 1 4 ,  CM 1 1A )  

are cl early associated with disarticulation of the femoral 

head from the acetabular fossa of the i nnominate . These 

marks are anal ogous to Binford ' s  Fp- 2 ( 1 9 81 , Figure 4 . 2 5 ) . 

The ma jority of cutmarks on the proximal femur are 

concentrated on the posterior ( CM 1 1C ,  2 6 . 1 % )  and medial ( CM 

1 6B , 2 1 . 7 % )  aspects of the femoral neck . On the posterior 

aspect , the strong tendinous endings of the obturator 

i nterus , obturator externus , and gemel l i  muscl es whi ch arise 

on the dorsal surface of the innominate , i nsert i nto the 

trochanteric fossa ( Mi l l er 1 9 7 9 , Figures 6-75 , 6-8 0 ) . 

Cutmarks i n  this area are probably made as these muscles are 

cut away . Binford identif i es f i l l eting marks on the 

posterior and medial neck of the femur ( 1 9 8 1 , Fi gure 4 . 3 7 ,  

Fp-6 , Fp-8 ) .  

Cutmarks on the posterior , lateral , and anterior 

aspects of the diaphysis ( CMs 3 , 8 , 1 3 )  are also probably 

associated with cutting away muscl e  masses such as the 

rectus femoris , vastus medial i s , and vastus i ntermedius , 

which cover the femur diaphysis before passing over the 

distal femur to attach on the tibial crest ( M i l l er 1 9 79 , 

Figures 6 - 7 5 , 6-82 ) .  Cutmarks occurring just above the 

di stal condyles ( CM 1 4A )  are anal ogous to B inford ' s  Fd-4 

( 1 9 81 , Figure 4 . 3 8 )  and are probably also associ ated with 

severing of muscles and the tendinous inserti ons of the 

gastrocnemius and pectineus ( Mi l l er 1 9 7 9 , Figures 6-7 5 ) . 

1 4 9  



39WW2 

/J 6 

'k, 
.-£" - � 

� -===-j; 
� -� 

Anterior Lateral Posterior Medial 

Figure 1 4 . Composite of cutmarks on large canid femora 
from the Larson Site ( 3 9WW2 ) . 

1 50 



Final ly , cutrnarks on the lateral ( CM 1 0 ) and medial ( CM 

2 0 ) surfaces of the distal condyles are probably directly 

assoc i ated with disarticulation of the femorotibial joint by 

severi ng the lateral and medial col l ateral l igaments ( Mi l l er 

1 97 9 , Figure 5 - 2 6 ) .  

Tibia .  Nearly 4 0 %  of recovered tibiae and t ibia 

segments ( 4 1 specimens , 3 8 . 7% )  bore cut marks . Cutmarks on 

the prox imal articular surface ( Figure 1 5 , CMs 1 , 1 1 , 1 6 )  are 

probably associated with disarticulation of the femorotibial 

joint and probably were infl icted whi l e  severing and 

separati ng the patel lar , cranial , and caudal cruci ate 

l igaments , the medial and lateral meniscus , and the 

transverse l igament of the j oint capsule ( Mi l l er 2 9 7 9 , 

Figure 5 - 2 4 ) .  These marks are analogous to those noted on 

black bear tibi ae by Gui lday et al . ( 1 9 6 2 , Figures 2 & 3 ,  CM 

1 6 ) ,  and i l lustrated by Binford ( 1 9 8 1 , Figure 4 . 2 6 , Tp- 1 , 

Tp-2 ) .  

Marks immediately below the proximal epiphysis on the 

medial ( CM 1 7A )  and lateral ( CM 7A ) di aphysis are most 

l ikely also associ ated with di smemberment of this joint by 

severing of the medial and lateral col l ateral l igaments 

( Mi l ler 1 9 7 9 , Figures 5-2 6 , 5 - 2 7 ) · . The proximal portion of 

the tibia diaphysis , however , is a l so the poi nt of origin of 

numerous muscle masses of the crus or shank , including the 

tibial is  cranial is , peroneus longus , and f l exor hal lucis 

longus ( l ateral aspect ) ,  popl iteus ( medial ) ,  gastrocnemius , 
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Figure 1 5 . Composite of cutmarks on large canid tibiae 
from the Larson Site ( 3 9WW2 ) . 
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and fl exor muscles ( posteri or ) ( Mi l ler 1 9 7 9 , Figures 6-91 , 

6-92 , 6 - 9 3 ) . These marks were probably inf l icted during 

defl eshing or removal of these muscle masses . Binford 

identifies simi lar marks as f i l l eting marks ( 1 9 8 1 , Figure 

4 . 3 7 ,  Tp- 3 , Tp- 4 , Tp-5 ) .  

Likewi se , the short , transverse to obl i que , often 

multiple cutmarks on the middle segment of the tibia 

di aphysis ( CMs 3 , 8 , 1 3 , 1 8 ) may also be associ ated with 

severing of the muscles which cover this portion of the 

tibia . These muscles become constricted and tendinous in 

their di stal portions before their eventual insertion on the 

tarsals and metatarsals ( Mi l ler 1 9 7 9 , Figures 6 - 1 9 , 6-9 3 ) ,  

and cutmarks on the di stal porti on of the tibia ( CMs 

4A/B , 9A/B , 1 4A/B , 1 9A/B ) , are probably associ ated wi th these 

tendons . Cutmarks are especi a l ly prevalent on the anterior 

aspect of the tibia ( CM ' s  4A/B ) , in the area of the 

obl iquel y  ori ented proximal extensor retinaculum l igament 

which passes over the tendinous extensions of the tibialis  

cran i a l i s  and extensor digitorum longus ( Mi l ler 1 9 7 9 , Fi gure 

6 - 9 1A ) . Simi l ar marks are identi fied as f i l leting marks by 

Binford ( 1 9 8 1 , Figure 4 . 3 8 ,  Td-4 ) .  

Short , transverse marks on or directly above the di stal 

epi physi s  ( CM ' s  5 , 1 0 , 1 5 , 2 0 )  are a lmost surely associated 

with di sarticulation of the tarsals and foot from the tibi a ,  

and were inflicted whi le attempting to cut through this 

complicated and highly tendinous joint ( see also Binford 
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1 9 8 1 , Fi gure 4 . 2 6 ,  Td-1 , Td- 3 ) .  Cutmarks are concentrated 

on the anterior aspect ( CMs 4A/B ) , no doubt refl ecting the 

relative accessibi lity of this aspect , as opposed to the 

posteri or face , which is  more shielded by the upward 

pro jecting tuber calcanei of the calcaneum . Simi l ar 

disarticul ati on marks on the distal tibi a are identi fied by 

Gui l day et al . ( 1 9 6 2 , Fi gure 7 ,  CM1 5 ) .  

Fibula . cutmarks were noted on 1 0  of 2 8  fibulae 

recovered ( 3 5 . 7 % ) . These marks ( not i l lustrated ) were about 

evenly distributed on the proximal ( 4  specimens ) ,  mid­

di aphysi s  ( 5  specimens ) and distal ( 5  specimens ) portions of 

the el ement . Because of the close association and sometimes 

fusion of the fibul a  with the tibi al diaphysis during l i fe , 

these marks were probably inflicted during the same 

processes of di sarticulation and defleshing noted for the 

tibia . 

Astragalus . Four of 1 4  astraga l i  ( 2 8 . 6 % )  have cutmarks 

( Figure 1 6 ) . These marks are concentrated on the dorsal 

aspect of the articular trochlea ( CM 1 ) . The anterior 

surfaces of these trochl ea , which articulate with the di stal 

tibia in the anterior ( dorsal ) portion of the tarsal joint , 

are at least partially exposed below the distal tibia in 

normal articulation . If  the j oint was further stretched or 

straightened , as it might be during butchering , the trochl ea 

would be further exposed . The proximal extensor retinaculum 

of the joint capsul e  passes between these trochlea , as do 
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the tend inous extensions of the tibialis  crani a l i s  and 

extensor digitorum longus ( Mi l l er 1 9 79 , Figures 5 - 3 1 , 6-91 ) .  

These marks , plus those on the medial ( CM 1 9 )  and dorsa l ( CM 

4 )  aspects of the neck of the astragalus were therefore 

probably produced whi le severing the col lateral and other 

l i gaments of thi s  compli cated joint ( Mi l l er 1 9 7 9 , Figures 5-

3 1 , 5 - 3 3 ) .  

Although the canid astragalus di ffers in form and 

morphology from that of the ungulates , its position and 

ori entation in the joint are much the same , and these marks 

are anal ogous to those identified by Binford ( 1 9 8 1 , Figure 

4 . 2 7 ,  TA- l , Ta -2 ) .  Gui lday et al . ( 1 9 6 2 : 7 4 ;  Figure 8 ,  CM 

1 6 )  i l lustrate simi lar cutmarks and note that 70 of 1 0 0  

cervid astraga l i  bore such marks o n  the dorsal , lateral , or 

medial surfaces . 

Ca lcaneum . Twelve of 3 3  ca lcanei ( 3 6 . 4 % )  showed 

cutmarks that refl ect di sarticul ati on of the tal ocrucal 

joint . These marks were concentrated on the anteri or or 

dorsa l face of the tuber calcanei , on the superi or or 

proximal ha l f  of the el ement ( CM 3 ) . These marks are short , 

transverse to obl ique , often multiple , and probably occurred 

during severing of the many l igaments of the joint capsul e ,  

plus the tendinous distal porti ons of the tibi a l  muscles 

such as the fl exors which pass over the distal tibia on its 

posterior surface ( Mi l l er 1 9 7 9 , Figures 6 - 91 , 6 - 9 2 , 6-93 ) .  

These marks are analogous to Binford ' s  dismemberment marks 
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TC- 3 ( 1 9 8 1 , Figure 4 . 2 7 ) . 

Additional cutmarks on the posteri or ( pl antar ) aspect 

of the cal caneum ( CMs 1 1 , 1 3 , 1 5 )  are probably associated with 

severing the heavy tendons of the . biceps and gastrocnemius 

muscles which cover the posterior face of the tibia and 

attach to the calcaneal tuber . The digital fl exor tendons 

which pass from the posterior aspect of the cal caneum 

downward to the metatarsal and phalanges also pass over the 

posterior aspect of the calcaneum ( Mi l ler 1 9 7 9 , Figures 6-

9 3 , 6-9 4 ) . Short , transverse to obl ique marks on the medial 

and lateral aspects of the calcaneum are surely the result 

of joint disarticulation by severi ng the col lateral 

l igaments of the joint capsul e  ( Mi l l er 1 9 7 9 , Figure 5- 3 3 ) .  

Metatarsa ls . Only nine of 1 7 8  metatarsals ( 5 . 1 % )  

showed cutmarks . These marks ( not i l lustrated ) occurred 

most often on the dorsal surfaces of the outer ( I I )  and 

inner ( IV )  metatarsals . They are most l ikely skinning 

marks , infl icted as the pelt was pul led downward over the 

paw , and cuts were made to free the skin from the under lying 

ti ssues . 

Cutmark Analysis , The Sommers Site C 3 9ST56 l 

A total of 1 1 6 1  large canid el ements or el ement 

segments was recovered from the Initial Middle Missouri 

Sommers s ite ( 3 9ST56 ) .  cutmarks occurred on 1 8 9  el ements , 

1 6 . 3% of the assemblage . Cutmarks were most common on the 
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humerus ( 2 7 of 6 7  specimens , 4 0 . 3 % ) , i nnominate ( 9  of 2 3  

specimens , 3 9 . 1 % )  and ribs ( 5 0 of 1 2 5  el ements , 4 0 . 0 % ) . 

Only four of 3 2  skulls or skull fragments exhibit 

cutmarks , and nearly all marks are associated with 

di smemberment of the skull from the · spina l col umn . Cutmarks 

are concentrated on the inferior aspect of the occipital 

condyl es , basioccipital , jugular processes , and tympanic 

bul lae ( Figure 1 7 ) . Marks on the l ateral aspect ( CM 5 )  of 

the zygomatic process ( Figure 1 8 )  on two specimens are 

probabl y also di sarticulation marks associ ated with removal 

of the mandible .  Two sets of short , multi pl e ,  para l l el 

marks on the posterior porti on of the max i l l a  ( CM 3 )  are 

oriented obl iquely to the long axis of the max i l lary tooth 

row , and were probably inflicted during di sarticulation of 

the mandible . 

Mandible 

Approximately 10%  of the 6 8  mandibl es or mandible 

segments ( seven specimens , 1 0 . 3 % )  show cutmarks . The 

ma j ority of these appear to be di sarticulation marks and are 

concentrated on the anteri or margin of the vertical ramus 

( CM 1 )  and the lateral aspect of the condyl oid crest ( Figure 

1 9 ) . A series of obl ique , paral l el marks just above the 

i nferior border of the mandibular body , bel ow the molar 
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39ST56 

Figure 1 7 . Composite of cutmarks on large canid crania 
from the Sommers Site ( 39 ST56 } ,  inferior view .  
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39ST56 

Figure 1 8 . Composite of cutmarks on large canid crania 
from the Sommers Site ( 3 9ST5 6 ) ,  lateral vi ew .  
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39ST56 

Inferior 

Lateral 

Medial 

Figure 1 9 . Composite of cutmarks on large canid mandibles 
from the Sommers Site ( 3 9 ST56 ) .  
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tooth row , were probably inflicted whi l e . severi ng the 

masseter and temporal i s  muscles , and thus are associ ated 

with di sarticulation . A single set of three paral lel , 

oblique marks on the l i ngual aspect of the mandibul ar body 

below the third and fourth premolars is probably associ ated 

wi th removal of the tongue . No cutmarks occurred on the 

anterior/l ateral or inferior border of the mandibular body . 

Vertebral Column 

Atlas & Axis . Nearly 3 0 %  ( six of 2 1  specimens , 2 8 . 6 % )  

of fi rst cervical vertebrae ( atlas ) have cutmarks , whi l e  

marks occur on only three o f  3 4  second cervicals ( axi s ) . On 

the atl as ( Figure 2 0 ) , disarticulation marks are 

concentrated on the inferior aspect of the cranial articular 

processes . Cutmarks on the axis are more evenly distributed 

on the l ateral and inferi or aspects of the vertebral body . 

Cervical Vertebrae 3 - 7 . Only four of 6 2  cervi cal 

vertebrae show cutmarks . Marks occur on the superi or surface 

of the posteri or articular process ( 1  specimen ) and on the 

inferior body and transverse processes ( 3  spec imens ) .  

Thoracic Vertebrae . Eleven of 94 thoraci c  vertebra 

( 1 1 . 7 % )  have cutmarks . These marks are most common on the 

inferior vertebral body , the lateral aspect of the vertebral 

arch ( Figure 2 1 , CMs 2 , 4 ) , and on the spinous process ( CM 

1 0 ) .  Marks on the vertebral body are probably 
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39ST56 

Dorsal 

Ventral 

Figure 2 0 . Composite of cutmarks on large canid 1 st 
cervical ( atlas ) vertebrae from the 

, Sommers Site ( 3 9ST56 ) .  

1 6 3  



39ST56 

Lateral 

Figure 2 1 . Composite of cutmarks on large canid thoracic 
vertebrae from the Sommers s ite ( 3 9 ST56 ) .  
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di sarticulation marks , those on the arch and spinous process 

are probably f i l leting marks . 

Lumbar Vertebrae . Cutmarks occur on three of 51 lumbar 

vertebra , primari ly on the inferi or aspect of the vertebral 

body , indicating di sarticulation of the spinal column . 

Ful ly 4 0 %  of ribs ( 5 0 of 1 2 5  specimens ) from the 

Sommers site are cut . The cutmarks are concentrated on or 

just bel ow the rib head . In at least two cases mu ltiple 

ribs whi ch appear to be from a single individual exhibit 

cutmarks in simi lar locations . The marks were probably made 

either during di sarticulation of the ribs from the vertebral 

column or removal of the "tenderloin" muscle mass which sits 

atop the ribs , al ong both sides of the vertebral col umn . 

Front Limb 

Scapula . Cutmarks are rare on canid scapul a from the 

Sommers site , occurring on only 5 of 3 5  elements ( 1 4 . 3 % ) . 

With one exception , these marks all  occur on the medial 

aspect of  the glenoid and neck ( CMs 8 , 9 )  and are probably 

associ ated with di sarticulation of the scapula and humerus 

( Figure 2 2 ) . There were no longi tudinal marks on the 

lateral bl ade of the scapula indicative of muscl e  removal or 

f i l leting . A singl e set of marks on the medial blade of one 

element was probably inflicted whi l e  cutting through the 
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39ST56 

Lateral Medial 

Figure 2 2 . Composite of cutmarks on large canid scapulae 
from the Sommers Site ( 3 9ST5 6 ) .  
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serratus muscl e  to free the front l imb from the carcass . 

Humerus . The humerus is  the most frequently cut 

element in the Sommers assemblage . cutmarks occur on j ust 

over 4 0 %  ( 2 7 of 6 7  specimens , 4 0 . 3 % )  of recovered el ements 

( Figure 2 3 ) . These marks are concentrated on the anterior 

and medial aspects of the distal di aphysis just above and on 

the di stal epiphysi s  ( CMs 1 4A , l 9A , l 9B , 2 0 ) . They also occur 

in lesser numbers on the l ateral and posteri or aspects of 

the di stal di aphysis and on the posteri or and medial 

proximal di aphys is just bel ow the proximal epiphys is or 

head . These marks were probably inflicted either during 

di sarticulation of the humerus or in cutting away the heavy 

muscl e  masses which surround the humerus . 

Radius . cut marks occur in low frequenci es on the 

proximal and di stal epiphyses of the radius ( Figure 2 4 ) and 

appear to have been inflicted during di sarticulation . 

Qlng .  As on the radius , cutmarks are rel atively rare 

on the ulna and are concentrated around the proximal 

articulation ( Figure 2 5 ) , on the anterior aspect of the 

ol ecranon , and within the trochl ear notch ( CMs lA , l B ) . 

These marks are probably associated with di sarticulation . 

Metacarpals . Only two of 8 7  metacarpals have cutmarks . 

These two elements are part of an articul ating set of four . 

The marks occur on the l ateral/anterior margins of the I I  

and I V  metacarpals and are most l ikely the result of 

skinning . 
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Anterior 

Figure 2 3 . 

39ST56 

Lateral Posterior Medial 

Composite of cutmarks on large canid humeri 
from the Sommers Site ( 3 9ST56 ) .  
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39ST56 

J 

Anterior Lateral Posterior Medial 

Figure 2 4 . Composite of cutmarks on large canid radi i from 
the Sommers Site { 3 9 ST56 ) .  
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Anterior Lateral Posterior Medial 

Figure 2 5 . Composite of cutmarks on large canid ulnae from 
the Sommers Site ( 3 9ST56 ) .  
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Hind Limb 

Innominate . The innominate is the second most often 

cut l imb element in the Sommers assemblage ( nine of 2 3  

specimens ( 3 9 . 1 % ) . A l l  observed marks were on the inferior 

aspect of the element ( Figure 2 6 ) , occurri ng primarily on 

the i l ial  neck ( CM 5 ) , the l ateral border of the ischium ( CM 

3 ) , and surrounding the acetabulum ( CMs 1 , 2 , 6 ) . These marks 

are probably associ ated with both disarticulation of the 

femur head and cutting away of the muscle masses of the 

upper hind l imb . 

Femur . Sixteen of 56  femora or femur segments ( 2 8 . 6 % )  

are cut ( Figure 2 7 ) .  At the proximal end of the element 

marks are concentrated primari ly on the neck , clearly 

associated with disarticulation of the femur from the 

innominate . Cutmarks on the distal femur are most common on 

the posterior and anterior aspects and are probably 

associated with muscl e removal . 

Tibi a . Thirteen of 56  tibiae ( 2 3 . 3 . % )  were cut . 

Cutmarks are rare on the proxima l  tibia , occurring on only 

two e lements . On the distal tibia ( Figure 2 8 ) , marks are 

concentrated on and just above the epiphys is , on the 

anterior and posterior aspects . The ma jority of these marks 

are probably associ ated with disarticulation of the foot . 

Fibu l a . Only one of 2 0  fibul a  segments was cut . . This 

element has a cutmark just above the distal epiphys is , 

probably infl icted during removal of the foot . 
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39ST56 

Lateral Medial 

Figure 2 6 . Compos i te of cutmarks on large canid i nnominates 
from the Sommers Site ( 3 9ST56 ) .  
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Figure 2 7 . Composite of cutmarks on large canid femora from 
the Sommers Site ( 3 9ST56 ) .  

1 7 3  



Anterior 

( 
� 
\ 

Lateral 

39ST56 

Posterior Medial 

Figure 2 8 . Composite of cutmarks on large canid tibiae from 
the Sommers Site ( 3 9ST56 ) .  
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Astragalus . Two of 1 3  astragali  have cut marks on the 

dorsa l aspect of the articular trochlea . 

Cal caneum . Cutmarks occur on three of 1 5  calcanea . 

These marks occur on the anterior and posteri or aspects of 

the pro j ecting tuber calcanei and are most probabl y  the 

result of  severing the l igaments which attach to the 

calcaneal tuber . 

Metatarsals . Only one of 1 0 0  metacarpals is  cut . The 

mark on thi s  el ement , a V metacarpal , is  l ocated on the 

outer or lateral aspect of the diaphys is and was probably 

infl icted during skinning of the hindl imb . 

Changes in Cutmark Patterning Through Time. Six Sites 

In the fol lowi ng analysis the frequency and l ocati on of 

cutmarks on the el ements from the early Initial Middle 

Mi ssouri Sommers site ( 3 9ST56 ) and the late Post Contact 

Coalescent Larson site ( 3 9WW2 ) wi l l  be compared . This 

compari son wi l l  then be augmented by comparison with one 

additi ona l early site , Crow Creek ( 3 9BF1 1 ) ;  two later Post 

Contract Coal escent sites , Bamble ( 3 9CA6 ) and Spiry-Eklo 

( 3 9WW3 ) ; and the hi storic Leavenworth site ( 3 9C09 ) . 

Cutmarks occur on only 1 6 . 3 % ( 1 89 of 1 1 6 1 specimens ) of 

the large canid elements from the Initial Middle Missouri 

Sommers site . At the Post Contact Coal escent Larson site 

( 3 9WW2 ) , 3 0 . 1 % of the assemblage ( 7 87 of 2 6 1 3  specimens ) are 

cut . With the exception of the elements of the lower l eg 
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and foot ( calcaneum , astragalus , and metapodi al s ) , cutmarks 

are far l ess common on a l l  ma j or portions of the skeleton in 

the Sommers assembl age ( Figure 2 9 ) . However , wi thin this 

dominant pattern , individual el ement differences can be 

def ined . 

Skull 

Cutmarks occur on just 9 . 1 % of cranial materials from 

the Sommers site , but are present on just over 4 0 %  of the 

cranial elements from the Larson site ( see Table 4 ) . 

Di sarti culation marks occur in the same locations on the 

skul ls  from both sites , clustered around the occipital 

condyles on the basioccipital , tympanic bul l ae , and the 

zygomatic arch � However , these marks are far l ess common on 

the Sommers el ements . The ma j or variation between the 

earlier and l ater site , however , appears on the superior 

surface of the skul l .  Probabl e  skinning marks on the 

maxi l l a , nasal s ,  frontals , and parietals occur on the sku l l s  

from the Larson assembl age ( Figure 5 ) . Wi th one possible 

exception , no such skinning marks were found on the Sommers 

crania ( Figure 1 8 ) . 

Thi s  pattern is  repeated in the four other site 

assembl ages ( Tabl e  5 ) . Probable skinning marks ( CMs 1 - 3 ) 

are rare on cranial material from the early sites ( 3 9ST56 

and 3 9BF1 1 ) ,  whi l e  they occur on multiple specimens from the 

l ater sites . 
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Figure 2 9 . Cutmark frequencies on large canid bones from 
the Sommers ( 3 9ST56 ) and Larson ( 3 9WW2 ) sites , 
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Table 5 .  Frequency of cutmarks by Skeletal Element , 
from Bamble ( 3 9CA6 ) , Spiry-Eklo ( 3 9WW3 ) , 
Larson ( 3 9WW2 ) , and Leavenworth ( 3 9C09 ) . 

ELEMENT 3 9BF11 3 9CA6 3 9WW3 3 9C09 
NI SP/CM %CM NI SP/CM %CM NI SP/CM %CM NI SP/CM %CM 

SKUL 58/8 1 3 . 8  49/21  4 2 . 9  45/1 4 3 1 . 1  4 5/13  2 8 . 9  

MAND 4 2/10 2 3 . 8  1 27/55 4 3 . 3  57/28 4 9 . 1  51/26  51 . 0  

CRAN 1 0 0/18 18 . 0  17 6/76 4 3 . 2  1 0 2/4 2 4 1 . 2  96/39 4 0 . 6  

ATLS 12/3  25 . 0  25/17 6 8 . 0  17/9 5 2 . 9  1 5/10 6 6 . 7  

AXIS 1 4/0 o . o  4/0 0 . 0  7/1 1 4 . 3  1 2/2 1 6 . 7  

CVVT 3 3/4 1 2 . 1  2 1/1 1 5 2 . 4  3 8/ 1 6  4 4 . 4  4 7/1 2 2 5 . 5  

THVT 7 0/1 1 . 4  18/9 50 . 0  3 6/ 2 3  6 3 . 9  3 9/9 2 3 . 1  

LMVT 3 7 /1 2 . 7  2 4/6 2 5 . 0  67/24 3 5 . 8  2 5/7 28 . 0  

CDVT 4 /0 o . o  6/0 0 . 0  1/0 0 . 0  

VERT 2/0 o . o  

SACR 1/0 o . o  2/0 o . o  1/0 0 . 0  4/2 50 . 0  

VERTS 1 7 9/9 5 . 2  94/4 3 4 5 . 7  1 7 2/73  4 2 . 4  1 4 3/4 2  2 9 . 4  

RIBS 5 9/ 3  3 . 4  50/17 3 4 . 0  

SCAP 3 3/3 9 . 1  3 7/ 2 5  6 7 . 6  52/3 3 6 3 . 5  2 2 /8 3 6 . 4  

HUMR 59/16 2 7 . 1  3 4/ 2 5  7 3 . 5  2 5/1 1 4 4 . 0  4 1 / 3 1  7 5 . 6  

RADI 4 2/6 1 4 . 3  56/2 7 48 . 2  5 2/1 1 4 0 . 4  4 4/16 3 6 . 4  

ULNA 5 2/9 1 7 . 3  50/26 5 2 . 0  6 2/1 9 3 0 . 6  4 3 /2 1  4 8 . 8  

U . FRO 1 8 6 / 3 4  1 8 . 3  1 7 7/1 0 3  58 . 2  1 9 1/84 4 4 . 0  1 5 0/76 5 0 . 7  
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Table 5 .  ( conc luded ) 

ELEMENT 3 9BF1 1  3 9CA6 3 9WW3 3 9C09 
N I SP/CM %CM NI SP/CM %CM NISP/CM %CM NISP/CM %CM 

!NOM 2 3 /6 2 6 . 1  3 3/1 8 5 4 . 5  50/27 5 4 . 0  2 8/23  8 2 . 1  

FEMR 3 9/1 0 2 5 . 6  21/10 4 7 . 6  3 0/15  5 0 . 0  40/2 3 5 7 . 5  

TIBI 5 6/16 2 8 . 6  59/20 3 3 . 9  47/10 2 1 . 3  3 6/25 6 9 . 4  

FIBU 1 2/2 16 . 7  1/0 0 . 9  1 2/2 1 6 . 7  8/5 6 2 . 5  

U . HIN 1 3 0/ 3 4  2 6 . 1  1 1 4/48 4 2 . 1  1 3 9/54 3 8 . 8  1 1 2 /96 6 7 . 9  

ASTR 8/1 1 2 . 5  1 2/5 4 1 . 7  5/3 6 0 . 0  

CALC 2 1 /5 2 3 . 8  3/1 3 3 . 3  14/3 2 1 . 4  14/2 1 4 . 3  

TRSL 2/0 0 . 0  8/0 0 . 0  2/0 0 . 0  

CRPL 1 7/1 5 . 9  3/1 3 3 . 3  2/0 0 . 0  

METC 1 4 3/4 2 . 8  3 1/1 3 . 2  1 0 2/6 5 . 9  2 1/0 0 . 0  

METT 94/1 1 . 1  3 6/2 5 . 5  1 0 2/1 1 . 0  2 2 /1 4 . 5  

METP 7 /0 o . o  2/0 o . o  7/0 0 . 0  1/0 0 . 0  

PH1 4 5/1 2 . 2  2/0 0 . 0  3 9/3 7 . 7  1 0/1 1 0 . 0  

PH2 7/0 0 . 0  1/0 0 . 0  

Ph3 1/0 o . o  3/0 o . o  

FEET 3 4 5/1 3 3 . 8  7 5/4  5 . 3  2 9 0/1 9 6 . 5  7 7/7 9 . 0  

TOTL 1 0 2 4/ 1 1 1  1 0 . 8  6 3 6/ 2 7 4  4 3 . 1  8 9 4/2 7 2  3 0 . 4  6 2 8/ 2 57 4 0 . 9  
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Mandible 

Cutmarks occur on only 1 0 . 3 %  of the mandibles from 

Sommers ( seven of 6 7  specimens , 1 0 . 3 % )  whi l e  nearly one hal f  

of the mandibles from the later Larson site ( 1 05  o f  2 1 5  

specimens , 4 8 . 8 % )  were cut . Di sarticul ati on marks occur on 

the condyl ar and coronoid processes of the vertical ramus in 

both assemblages ; however , they are much more common on the 

Larson specimens ( Appendix Tabl e 2 ,  CMs 1 -4 ) . 

The most notable differences are on the mandibular body 

or hor i z ontal ramus . Only two mandibles from the Sommers 

site ( Figure 1 9 )  have cut marks on the mandibular body , one 

on the l ateral ( CM 5 )  and one on the medial ( CM B )  aspects . 

There are no cutmarks on the i nferior aspect of mandibl es 

from Sommers . In contrast , marks are preval ent on all  three 

aspects of the Larson hor i zontal rami ( Figure 6 ) . Cutmarks 

on the anterior portion of the hori zontal ramus are probably 

indicative of skinning , those on the medial aspect indicate 

tongue removal . There is  l ittle or no evidence of these 

activities on the Sommers mandibles . 

Thi s  pattern is  reinforced i n  the four additional 

assembl ages . There are no cutmarks on the inferior 

horizontal ramus of the 3 2  mandibles from the Crow Creek 

site ; only two elements from this assembl age have cutmarks 

on the l ateral aspect ( CMs 6 , 7 ) ; one has cutmarks on the 

medial aspect ( CM B ) . In contrast , these marks are frequent 

1 8 0  



on the mandibular bodies of specimens from the l ater s ites . 

The Leavenworth mandibl es are an exception ; only one 

mandibl e from 3 9C09 has cutmarks on the inferior border . 

Vertebral Column 

The location of cutmarks on vertebrae is  s imi l ar in 

both the Sommers and Larson assemblages throughout the 

vertebra l column . On the atlas , marks resulting from 

disarticulation of the sku l l  are concentrated on the 

inferior aspect of the cranial articular processes and 

inferior body ( CMs 9 , 2 ) . Far fewer marks occur on the axis 

and remaining cervicals . 

Di sarticu l ation marks on the thoracics and lumbars 

occur on the i nferior aspect of the vertebral body . 

Evidence of defleshing or " f i l leting" of the long muscle 

masses which lie along each side of the thoracic and lumbar 

vertebrae are the hori zontal to obl ique , often multiple and 

parallel cutmarks which occur on the dorsa l spinous 

processes ( CM 1 0 ) and lateral aspect of the vertebral arch 

( CM 4 ) . Marks on the spinous processes of the thoracics are 

three times more common in the Larson ( 1 8 . 4 % )  than Sommers 

assemblage ( 5 . 4 % ) . 

Again , this pattern is emphas i z ed by the vertebrae from 

the other four sites . Cutmarks occur on only two of 1 0  

atlas vertebrae from the early Crow Creek site . Two Crow 

Creek first cervicals have cutmarks on the i nferior and 
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superior aspects of the anterior articular processes ( CMs 

8 , 9 ) . I n  contrast , cutmark frequencies on the inferior 

aspect of the anterior articular processes on first 

cervical s  from the later sites range from 4 3 . 7 % at Spiry­

Eklo ( 3 9WW3 ) to 6 9 . 2% at Leavenworth ( 3 9C09 ) . 

There are no marks indicative of f i l leting on either 

the thoracic or lumbar vertebrae from the Crow Creek s ite . 

These marks do occur on thoracics from the l ater sites , 

although in lower frequencies than on those from the Larson 

assemblage . 

Front Limb 
Scapula . Perhaps the most striking contrast between 

the early Sommers and l ater Larson assemblages is that of 

the scapula . On the scapulae from both s ites 

disarticu l at i on marks are concentrated on the medial  aspect 

of the glenoid fossa and neck ( CMs 8 , 9 ) . However , on the 

l ater Larson scapulae , the most commonly occurring marks are 

the long , straight , and nearly paral lel cutmarks on both the 

supraspinous and infraspinous fossa of the scapular blade 

( CMs 5 , 6 ) . These are " f i l l eting" marks , made as the muscle 

masses which overl i e  these areas are cut and peeled away . 

No such marks occur on the Sommers scapulae . 

This pattern is  mirrored in the Crow Creek ( 3 9BF11 ) 

assemblage ( Figure 3 0 ) . No f i l l eting marks occur on the 

l ateral aspect of the scapu l a . I n  contrast , these marks are 
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39BF1 1 

Lateral Medial 

Figure 3 0 . Composite of cutmarks on large canid scapulae 
from the Crow Creek Site ( 3 9BF1 1 ) .  
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abundant on the scapulae from both Bamble ( Figure 3 1 ) and 

Spiry-Eklo ( Figure 3 2 ) .  The absence of f i l l eting marks on 

the scapula from Leavenworth ( Figure 3 3 ) ,  is an exception to 

this pattern , but may be due in part to sma l l  sample s i ze 

( 1 5 spec imens ) .  

Humerus . on the humeri from both Sommers and Larson 

cutmarks occur most often on the anterior and medial aspect 

of the d i stal diaphysis ( CMs 4A , 4B , l 9A , l 9B ) . However , in 

this instance the predominant pattern of i ncreas i ng 

frequency on e lements in the l ater assemblages is  reversed . 

on the Sommers humeri cutmark percentages on the anterior 

diaphys i s  ( CMs 4A , 4B )  are 2 2 . 5% and 35 . 3 % ,  respectively . on 

humeri from the Larson assembl age cutmarks occur on 2 2 . 8 % 

and 2 7 . 8 % of elements , respectively . The same reversal 

occurs on the medial aspect . There is no immedi ate 

behavioral or methodological explanation for this apparently 

anomalous pattern . 

Thi s  reversa l  is  not mirrored in the four additional 

assemblages . Cutmark frequencies on the di stal humeri from 

the Crow Creek assembl age range from 6 . 2 % ( CM 4A ) to 1 8 . 7 % 

( CM 19A ) . cutmark frequenci es on the anterior aspect of 

distal humeri from the later sites range from 1 9 . 4 % ' ( 3 9C09 , 

CM · 4 B )  to 6 6 . 6% ( 3 9CA6 , CM 4A ) .  In fact , i n  a l l  cases 

except for the 1 9 . 4 % figure from 3 9C09 , the percentages for 

the anteri or aspect are 4 0 %  or above . Frequenci es on the 

medial aspect ( CMs 19A , l 9B )  are l ower , averagi ng around 2 0 % . 
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Figure 3 1 . Composite of cutmarks on large canid scapulae 
from the Bambl e Site ( 3 9CA6 ) . 
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Figure 3 3 . Composite of cutmarks on large canid scapulae 
from the Leavenworth Site ( 3 9C09 ) . 
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Radius and Ulna . cutmarks on the radi i and ulnae from 

Sommers and Larson are simi lar in location , with 

disarticulation marks concentrating on the anterior aspects 

of the proximal radius and ulna and within the trochlear 

notch of the ulnar ol ecranon . Unusual on the el ements from 

3 9WW2 are the l i ght , multipl e , often para l l e l  scrapes or 

marks which occur on the anterior aspect of the radius 

diaphys is ( CM 3 )  and the posterior aspect of the ulna ( CM 

1 3 ) .  These marks appear to have been made whi l e  radii and 

ulnae were sti l l  arti culated . 

Simi lar mid-di aphyseal marks are present of the rad i i  

and ulnae from the later sites , al though they occur i n  much 

lower percentages . A second pattern noticeabl e · in the 

larger sampl e of sites is the concentrati on of 

disarticulation marks on the medial/anteri or porti on of the 

proximal epiphysi s  ( CM 1A ) . On all  four of the l ater period 

sites , these marks are from three to four times more common 

on the medial ( CM 1A ) than the l ateral ( CM 1B ) porti on of 

the anterior aspect of the proximal diaphysis . 

Hind Limb 

Innominate . over 50%  of the innominates i n  the Larson 

assembl age ( 6 7 of 1 1 7  specimens , 5 7 . 8 % ) , and nearly 4 0% of 

those from Sommers ( 9  of 23 specimens , 3 9 . 1 % )  are cut . The 

l ocation of marks is  consistent in both assemblages . 

cutmarks are concentrated around the acetabulum , on the neck 
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of the i l ium ,  and on the l ateral border of the ischium . The 

two sites di ffer , however , in the presence of cutmarks on 

the superior neck of the i l ium in the Larson assembl age . No 

such marks occur on the Sommers specimens .  

These patterns are consistent with the four other 

assembl ages . Marks occur on only six of 2 6  specimens ( 2 6 . 1 % )  

from the early Crow Creek site . In the four l ater 

assembl ages they range in frequency from 5 4 . 0% ( Spiry-Eklo , 

3 9WW3 ) to 8 2 . 1 % ( Leavenworth , 3 9C09 ) .  

Femur . cutmarks occur in simi l ar locations and in 

simi l ar frequencies on the femora from both Sommers ( 2 8 . 6 % )  

and Larson ( 3 1 . 7 % ) . In both assembl ages di sarticulation 

marks are concentrated on the proximal femur neck and are 

fairly evenly distributed on the four aspects of the distal 

diaphysis just above the di stal epiphysis . 

The femora from the four additional sites also refl ect 

this pattern ; however , cutmark frequenci es are higher in the 

three l ate assemblages ( 4 7 . 6 % to 57 . 5 % ) . In the Crow Creek 

assemblage 2 5 . 6 % of femora are cut . 

Tibi a . cut marks occur on the tibiae from Sommers and 

Larson in simi lar frequenci es and in general ly simi l ar 

locati ons . Di sarticulation marks cluster on the anterior 

aspect of the distal tibi a  ( CMs 4A , 5 ) . Patterns are simi l ar 

on the tibi ae from the other four sites , ranging in 

frequency from 2 1 . 1 % to 3 3 . 9% .  The exception is  the 
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Leavenworth ( 3 9C09 ) assemblage i n  which nearly 7 0 %  of tibiae 

( 2 5 of 36 specimens , 6 9 . 4 % )  are cut . 

summary of cutmark Evidence 

In general , cutmarks occur in frequenci es of from 1 0 % to 

3 0 %  on the ma jor carcass units from the two early sites 

( Sommers and Crow Creek ) . These frequenci es are 

dramatical l y  higher in a l l  four of the later assemblages 

( Figure 3 4 ) .  Al though all  six assemblages show broadly 

simi lar patterns in the lower frequencies of cutmarks on 

vertebra and crania and higher frequenci es on upper front 

and hind limb bones , it i s  only in cutmarks on the feet 

( carpals , tarsa ls , metapodial s )  that all  six site 

assemblages are virtua l l y  identical . Whi l e  cutmarks 

indicative of disarticulation andjor defl eshing occur in 

simi lar l ocations on many of the elements i n  a l l  

assemblages , in almost every i nstance thei r  frequencies are 

higher i n  the l ate assemblages . 

Thi s pattern of higher frequency of cutmarks in the 

l ater assemblage i s  further amp l i f i ed by examinati on of 

individua l elements . On the skull and mandibl e , marks 

indicative of skinning ( on the lateral or buccal aspect of 

the mandibular horizontal ramus , on or just behind the 

symphysi s , and across the maxi l l a , nasal s ,  frontals , or 

parietal s  of the skul l )  are rare or absent in the two early 

assemblages . These marks are much more common on cranial  
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elements from the later assembl ages . Likewise , on the 

mandibl e , marks on the medial or l ingual aspect of the 

hori zontal ramus , indicative of tongue removal , are rare in 

the early assembl ages but are very common on mandibles from 

several of the l ate assemblages .  Cutmarks on the lateral 

bodies , arches , and spinous processes of thoracic and lumbar 

vertebrae , indicative of " f i l leting" or cutting away the 

muscl e  masses which l ie on either s ide of the spinal column , 

are a lso rare in the assemblages from the early sites but 

are frequent in the l ater assemblages . 

Perhaps the most dramatic example of this pattern is  

found on the scapula .  In the late assembl ages , frequent 

long , paral lel cutmarks on the infraspinous and supraspinous 

fossae of the scapul ar blade cl early indicate routine 

" f i l leting"  or removal of the meaty muscle masses which l ie 

on this l ateral aspect of the shoulder . These marks are 

non-exi stent on the scapula from the two earl i er 

assemblages . 

Skeletal Evidence for the Use of the Dog 
Travois on the Northern Plains 

Throughout the North American Plains , prior to the 

introduct ion of the horse in the 1 8th century , domestic dogs 

served as draft animals . Even after horses became common , 

dogs were sti l l  used to transport l oads ( Figure 3 5 ) , 

primarily in and around the v i l l ages where they were used 
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Figure 3 5 . View of Ft . Uni on , Upper Missouri , June 1 8 3 3 , 

by Karl Bodmer ( Thomas and Ronnefeldt 1 9 76 ) . 
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to transport household goods and loads of wood ( Wi l son 

1 9 2 4 : 2 0 6- 2 0 8 ) .  With the shi ft to equestrian hunti ng and 

long di stance travel , new ecological and economic strategies 

were devel oped ( cf .  Osborne 1 9 8 3 ) ,  and the economic value of 

dogs as beasts of burden would have necessari ly changed . 

I f  large , strong animals were no longer required to 

carry or drag heavy loads , the economic costs of feeding and 

maintaining great numbers of very large dogs could be 

avoided , and purposeful breeding for s i z e  might have ceased 

( Bozell  1 9 8 8 ) . Dogs which had formerly been valued 

primari ly for thei r  s i z e , strength , and endurance , might now 

be rel atively expens ive to maintain ,  and their continuing 

role as a food resource might also have shi fted . Skeletal 

evidence from the sites cons idered in this analysis can be 

used to explore these shi fts in use through time . 

Ethnographic and Ethnohistoric Evidence of Travois Pull ing 

The most common method of dog traction was the travois ; 

two long pol es crossed at one end and harnessed above the 

dog ' s  shoulders , with the other ends dragging behind on the 

ground . The l oad was placed at the spread ends of the 

pol es , either on wooden cross pieces or on a woven platform 

( Figure 3 6 ) . 

Thi s  practice was widespread throughout the Plains . 

Driver and Massey ( 1 957 : Map 6 4 ) l i st at l east 3 7  groups 

which used the dog travois . These groups were located i n  
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Figure 3 6 . Sketches for "Training a Dog" , by F .  Wi lson , 
Ft . Berthold ( Gi lman & Schneiqer 1 9 87 ) . 
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the Northern and Central plains . Driver and Massey divide 

these groups into those using just travois ( N= 2 1 ) ,  those 

using both travois and dog packs ( N=1 0 ) ,  and those groups 

which used either pack or travois ( N=6 ) . Groups using 

solely the travois , including the Teton , Hidatsa , Mandan , 

Arikara , Pawn�e ,  Santee , I owa , Kansa , and Arapaho , were 

located primari ly along the Missouri River in the Northern 

Plains , and to the south and east in the Central Pl ains . 

Groups using both packs and travois , including the 

Blackfoot , Gros Ventre , Crow , Cheyenne , Wind River , and 

Comanche , were l ocated further to the northwest and 

southwest . Groups using either pack or travoi s occupied the 

High Pla ins and Southern Plains . 

The dogs which pul l ed these travoi s with l oads weighing 

up to 1 0 0  pounds were general ly large , strong animals . 

Based on both ethnohistoric reports and skel etal 

measurements of archaeological canid materi als , Al l en ( 1 9 2 0 ) 

describes two types of l arge dogs on the Plains . The 

"Pl ains-I ndian dog" is described as a "medium" si z ed anima l , 

" s l ightly sma l ler than the Eskimo dog ; ears large , erect ; 

tail drooping or sl ightly upcurved ; coat rather rough , 

usua l ly ' ochorous tawny ' or ' whitish tawny , '  or sometimes 

black and gray , mixed with white . "  The distributi on of 

these dogs was "western North American from British Columbia 

south to perhaps the Mexican boundary and eastward through 

the Great Pl ains region " ( Al l en 1 9 20 : 4 4 9 ) . 
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Al l en also di stingui shes a l arger plains dog , the " Sioux 

Dog" , which he describes as : "A l arge wol f - l ike dog , 

probably closely related to the Plains-Indian Dog , but 

l arger and gray rather than tawny in color " . The 

di stribution of this dog was "probably the north-central 

plains area , from the Mi ssouri north perhaps to 

Saskatchewan " ( Al len 1 9 2 0 : 4 55 ) . 

These l arge dogs were frequently mentioned in the 

j ournal s  of early Euroamerican expl orers who encountered 

them among the tribes of the Northern Pl ains and Middle 

Missouri area . Maximi l ian , who traveled along the Upper 

Mi ssouri in 1 8 3 4 , described the dogs of the Sioux : 

The dogs , whose f l esh is  eaten by the Si oux , are 
equal l y  valuable to the I ndians . I n  shape they 
di f fer very l ittle from the wolf , and are equal ly 
l arge and strong . Some are of the real wol f  colour ; 
others black , white or spotted with bl ack and white , 
and differing only by the tai l being rather more 
turned up . Their voi ce is  not a proper barking , 
but a howl , l ike that of the wol f ,  and they partly 
descend from wol ves , which approach the Indi an huts , 
even i n  the daytime , and mix with the dogs ( Maximi l i an 
1 9 0 6 : 2 1 0 ) . 

His observations are simi lar to those of Brackenridge , who 

visited the Arikara vi l l ages in 1 8 1 0 : 

The dogs of which each family has thirty or forty , 
pretend to make a show of fierceness , but on the l east 
threat , ran off . They are of different si zes and 
colors . A number are fattened on purpose to eat , 
others are used for drawing their baggage . It  is 
nothi ng more than the domesticated wol f .  In 
wanderi ng through the prai ries , I have often 
mistaken wolves for Indian dogs . The l arger kind 
has long curly hair , and resembles the shepherd dog . 
There is  the same diversity amongst the wolves of 
thi s  country . They may be more properly said to 
howl , than bark ( Brackenridge 1 9 0 4 : 1 1 4 - 1 1 5 ) .  
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These accounts suggest that in order to produce large , 

strong animals , Native Americans bred vi l l age dogs with 

wolves . Morphometric studies of canid crania from Northern 

Plains archaeological assemblages ( Morey 1 9 8 6 ; Walker and 

Fri son 1 9 8 2 ) indicate the possible presence of these dog­

wolf hybrids , as wel l  wolves and large dogs . 

Ethnohistoric documents provide information on the s i z e  

o f  loads these dogs could move and the di stances they could 

travel . A load of 7 0  to 1 0 0  pounds seems to have been 

common . Ewers ( 1 9 5 8 : 1 0 )  stated that strong Blackfoot dogs 

"could drag a load of about seventy-five pounds on the A­

shaped , wooden travoi s .  A l odge cover made from six or 

eight buffalo cow skins was a good load for one of these 

dogs . "  Weltf ish ( 1977 : 1 4 0 ) noted that Pawnee dogs " could 

drag as  much as 7 0  pounds . "  

De Smet ( 1 9 0 5 : 50 5 )  estimated that Assi niboin dogs 

carri ed or pul l ed loads of 3 0  to 50 pounds . Rudolph Kurz 

noted , " It is estimated that a dog , trave l ing at the rate of 

from 30 to 4 0  English miles a day , can haul a l oad weighing 

7 0  pounds , and can carry a load of 50  pounds " ( Kurz 

1 9 3 7 : 2 9 3 ) •  Samuel All is , travel i ng with the Pawnee in the 

1 8 00s stated that dogs were able to pul l  a load " of seventy 

to one hundred pounds , according to the s i z e  of the dog" 

( Al l is  1 8 8 7 : 1 40 ) . 

The common form of travois consisted of two pol es , 

crossed and tied at one end . Two additional cross pieces 
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were then placed across the oppos ite , dragging ends of the 

poles , and the load was placed upon these cross pieces . 

Alternatively , a woven basket , upon a hoop frame , might 

serve as a platform for the load ( Figure 3 6 ) . 

The most complete account of dog rearing , training , and 

use for travois is that of Buffalo-Bird-Woman , an Hidatsa 

born in 1 8 4 0  in one of the last i ndependent earthlodge 

vi l lages on the Missouri River in what is now North Dakota . 

She and other members of her family talked extens ively as 

informants to Gilbert L .  Wi lson about traditional vil lage 

l ifeways during his work among the Hidatsa on the Ft . 

Berthold Reservation from 1 9 0 8  to 1 9 1 8  ( Gi lman and Schneider 

1 9 8 7 ; Wi l son 1 9 2 4 ) . The fol lowing descripti ons are taken 

from her accounts of Hidatsa use of dogs ( Wi lson 1 9 2 4 : 1 9 6 -

2 6 2 ) . 

According to Buffalo-Bird-Woman ( Wi lson 1 9 2 4 : 1 9 9 ) dogs 

might breed year round , a lthough she also stated ( Wi l son 

1 9 2 4 : 2 0 4 ) , "As nearly as I can reco l lect , we expected our 

bitch to l itter once a summer . "  Pregnant bitches were not 

used to pul l  travois . Litters averaged seven to ten pups , 

and puppies were chosen or cul l ed according to s i z e : 

As we wanted only big dogs , and those of the f i rst 
l itter never grew l arge , we a lways ki l l ed them , 
sparing not even one . From the second l itter , we 
kept three or four of the puppies with large heads , 
wide faces , and big legs , for we knew they would be 
big dogs , the rest we k i l led ( Wi lson 1 9 2 4 : 1 9 9 ) . 

She makes a distinction between the "old dogs " which her 

family owned before contact with Europeans , . and the 
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crossbred Native-European dogs of later years : 

Our old breed of dogs a l l  had stra ight wide faces , 
heavy , but not short legs , and ears that stood erect 
l ike those of the coyote . The dogs were about the 
s i z e  of the wol f . 

All  our dogs were about the same s i z e . We had no 
sma l l -si zed dogs as we have now . All these dogs 
were , of course , of the old breed which are now 
extinct ( Wi lson 1 9 2 4 : 2 0 4 ) . 

One of the primary uses of dogs , after horses were 

acquired , was to transport gathered wood to the vi l lage . 

The dogs , which were owned and trained by the women of the 

fami l y , accompanied the women as they gathered deadwood in 

the forests along the Missouri River . According to Buffalo-

Bird-Woman a dog could haul a "doubl e armful or a l ittl e  

more " o f  wood ( Wi lson 1 9 2 4 : 2 0 7 ) . Her son Goodbird noted : "A 

good dog could bring in nearly one hundred pounds " [ of 

wood ] . E lsewhere , in describing a hunt made with horses and 

dogs , Buffalo-Bird-Woman ( Wi l son 1 9 2 4 : 2 2 7 ) stated : "a l oad 

for one dog was one-quarter of a buffalo , that i s , an 

Indian quarter , cut off from the backbone .  The hide which 

weighed about eighty pounds might make a load for a dog . " 

The training of a dog to pul l  a travois took about four 

days . Although initially the dog feared the travois and 

" struggled and whined with fear " , after a few days of being 

l ed by a thong whi l e  dragging a l i ght l oad the dog was eager 

to fol low its owner . Details  are also provided on the 

making and harnessing of the travois ( Wi lson 1 9 2 4 : 2 1 6-221 , 

2 8 1 - 2 8 3 ) .  Two green cottonwood or poplar frame poles were 
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cut , which were around 8 . 5  feet , about 1 . 2 5 inches in 

diameter at the upper end and 1 . 7 5 inches at the lower where 

they were angled to drag flat on the ground . The poles , 

after drying , were notched at the upper end , crossed and 

lashed with a bi son neck tendon tie . A woven , hoop framed , 

f l at basket was then attached to the lower end of the 

framing pol es to hold the load . Where the crossed poles 

rested on the dogs shoulders , a bi son skin saddl e ,  folded 

and sewn with hair out and seams up , was attached to cushion 

the poles . The travois was steadied by a neck col lar and 

bel ly band ; however , the dog actual ly pul l ed against a thick 

"breast band" ( Figures 36 and 3 7 , see also Henderson 1 9 9 4 ) . 

Fina l l y , Buffalo-Bird-Woman ( 1 9 2 4 : 2 2 9 ) noted that "A 

dog two or three years old had acquired his proper strength 

and was old enough to work . "  At any one time , a fami ly 

might own ten to twenty dogs , including working dogs , dogs 

being rai sed "that were not yet old enough to be broken to 

dragging a travois"  and older dogs which no l onger worked . 

She recal l ed : "One of our dogs l ived to be about twelve 

years old . When a dog grew too old to work we kept him in 

the lodge without working" ( Wi lson 1 9 2 4 : 2 1 5 ) . 

ArChaeological (Skeletal) Eyidence of Trayois Pulling 
A number of skel etal anomal i es have been identi fied as 

indicative of load bearing or animal traction ( Baker and 

Brothwel l  1 9 8 0 : 1 1 4 -1 2 2 ; Davis 1 9 8 7 : 164-168 ) .  The most 
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Figure 3 7 . Sketch of a Mandan dog in travois harness , 
February 1 83 4 , by Karl Bodmer ( Thomas and 
Ronnefeldt 1 9 76 ) . 
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universal of these is the occurrence of osteoarthritic 

changes to the joints , particularly those which are load 

bearing during traction ( Armour-Chelu and Clutton Brock 

1985 ; Higham et al 1 9 81 ) . 

For domestic dogs , osteoarthritic j oint changes and 

other skeletal pathologies have been taken as evidence of 

domestication as wel l  as use of the animals for traction . 

Del iberate breakage of the mandibular teeth , especi a l ly the 

l arge canines , has been posited as evidence of efforts to 

control the dogs chewing and aggress ive behavior ( Arnold 

1 9 7 9 : 2 6 3 ; Wing 1 9 8 4 : 2 3 1 ) . 

Skeletal Anomalies of the Skull and Mandible 
There is  l imited evidence of breakage of the l ower 

canine tooth on mandibles in several of the Middle Missouri 

assembl ages considered in this analys is . However , there are 

several i nstances of oste itis , swe l l i ng ,  and inflammation of 

the lower j aw associated with broken teeth , particularly 

beneath the l arge carnassi a l  or first molar . This suggests 

that broken canid teeth in the assemblages might have been 

the result of natural trauma , associated with chewing of 

some hard obj ect which produced attendant inflammation and 

infection in the mandible . 

A second form of potential  evidence was i dent i f ied by 

Park i n  the canid assemblage recovered from the Porden Point 

Site , Devon Island , Northwest Territory , occupi ed by the 
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Thule sometime between A . D .  1 1 0 0  and 1 4 0 0  ( Park 1 9 8 7 ) . He 

notes partially healed depressed fractures on a number of 

presumably domestic dog crania , particularly in the area of 

the frontal crest and zygomatic process ( Park 1 9 8 7 : 1 8 6 - 1 8 8  & 

Figures 3 - 5 ) . These partially heal ed fractures appear 

similar to those described by Baker and Brothwe l l  ( 1 980 : 9 3-

9 4 ) .  Park attributes these in juries , as do Baker and 

Brothwel l , to discipl i nary blows del ivered to the dogs by 

their Thule owners . 

The ma j ority of cranial material in the Middl e Missouri 

assembl ages is fragmentary . In particul ar , otherwise 

complete skul ls  often have the posterior cranial vault 

( parieta l s  and posterior portion of the frontals ) broken 

away , presumably to gain access to the brain . However , 

several of the more intact specimens do exhibit partially 

healed depressed fractures ,  most often on the zygomatic 

processes of the frontal . 

A complete skul l from the Post Contact Coalescent 

Bamble site ( 3 9CA6 ) shows a partially healed break on the 

right frontal on and j ust behind the zygomatic process 

( Figure 3 8 ) . The break from the original trauma appears to 

be approximately 2 5 0  mm in l ength , and the remaining openi ng 

caused by the depressed fracture is  about 8 mm wide at its 

widest point . There is vis ible bone remodel ing and regrowth 

in the posteri or portion of the in jury s ite . 

A complete skul l from the Larson site ( 3 9WW2-151 2 )  was 
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Figure 3 8 .  Large canid crania from the Bamble Site ( 3 9CA6 ) , 
posterio-lateral view showing partially healed 
fracture of the right frontal . 
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identified by Morey ( 1 9 8 6 : 1 3 2 )  as "unambiguously dog" . This  

skul l exhibits an extensive depressed and partially heal ed 

fracture immedi ately behind and involvi ng the zygomatic 

process of the l eft frontal ( Figures 3 9 , 4 0 ) .  A portion of 

the frontal appears to have been broken and disl odged 

backwards and inwards before regrowth . Toward the rear of 

the skul l ,  just above the squamous suture ( Figure 3 9 ) ,  a 

second parti a l l y  heal ed injury i s  visibl e . The right dorsal 

aspect of the skull also exhibits a large lesion at the 

frontoparietal suture ( Figure 4 1 ) , which shows some heal ing 

and possible sl oughing of necrotic bone . 

That these bl ows did not immediately result in the 

animals death i s  indicted by partial heal ing of al l three 

in juries . However , it is impossible to tel l  i f  al l three 

occurred at or near the same time or represent repeated 

epi sodes of "discipl ining" . Cutmarks on both l eft and right 

tympanic bul l ae on this skull indicate that fol l owing death , 

by whatever manner , this  animal was butchered , and the head 

was di sarti cul ated from the body . 

A large , nearly complete skul l from the earl ier Sommers 

site ( 3 9 ST5 6- 2 9 5 0 ) also exhibits depressed fractures to the 

l eft and right frontal ( Figures 4 2 , 4 3 ) .  The trauma on the 

l eft frontal produced a sma l l , depressed and di splaced bone 

fragment , approximately 3 . 2  by 4 mm , which i s  sti l l  present 

within the depressi on . The in jury on the right frontal 

appears to have completely separated a bone fragment 
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Figure 3 9 . Large canid crania from the Larson Site ( 3 9WW2 ) , 
posterio-lateral view showing partially healed 
fractures of the left frontal and parietal . 
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Figure 40 . Large canid crania from the Larson Site ( 39WW2 ) , 
lateral view , close up showing partial ly heal ed 
fracture of the l eft frontal . 
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Figure 41 . Large canid crania from the Larson Site ( 3 9WW2 ) , 
anterio-lateral view showing partially healed 
fracture of the right frontoparietal suture . 
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Figure 42 . Large canid crania from the Sommers Site 
( 3 9ST56 ) ,  superior view showing fractures of the 
left and right frontal and right parietal . 
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Figure 4 � . Large canid crania from the Sommers Site 
( 3 9ST56 ) ,  posterio-lateral view , close up 
showing fractures to right frontal and parietal . 
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approximately 1 4  rnrn by 1 6  mm i n  si ze , with further fractures 

radiating toward the zygomatic process . A third blow , to 

the right parietal , also produced an oval depressed fracture 

with radi ating fracture l i nes . However , in contrast to 

skull 1 5 1 2  from Larson , these i n juries show no evidence of 

reknitting or hea l i ng .  In this case these bl ows may wel l  

have resulted i n  the death of the animal . There are no 

visible cutmarks on this skul l .  

Skeletal Anomalies of the Vertebral Column 

Although rarely appl ied to dogs , by far the most wi dely 

recogn i z ed skeletal indicator of traction is  the development 

of osteoarthritis or "degenerative arthropathy" ( Baker and 

Brothwel l  1 9 8 0 : 1 1 4-11 7 ) . Arnold i l lustrated an articul ating 

set of 1 2th and 1 3th thoraci c  and 1st lumbar vertebrae 

{ 1 9 7 9 , Figure 1 )  which exhibit "extreme osteophytoses" on 

the costal facets of the thoraci c  vertebrae and body of the 

lumbar vertebra , plus a distinct fl atteni ng and l i pping of 

the spinous processes of each vertebra . He specul ated that 

these bony reactions might be due to stress associated with 

the use of a pack or harness . " In this respect the 

osteophytoses could be bone responses aimed at strengtheni ng 

the flexible vertebral column of a pack animal " ( Arnold 

1 9 7 9 : 2 6 4 ) .  

Simi lar flexion and l i pping of the spinous processes , 

plus osteophyti c  l i pping and eburnation of the vertebral 
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cranial and caudal articular surfaces , are present on an 

articul ating set of 1st-4th lumbar vertebrae from the 

Sommers site ( 3 9ST56-1 1 8 7 ) ( Figures 4 4 , 4 5 ) .  These 

vertebrae are part of a l arger articul ar unit consi sting of 

the 7th cervical through the sacrum , many of which show 

osteoarthritic changes . The dorsal spinous processes of the 

thoracic vertebra are severely thickened on the ir superi or 

surfaces , and on the 7th through 1 3th vertebrae they are 

distinctly bent to the l eft . Osteophytic l i pping of the 

vertebral arti cular surfaces begins in the 1 3 th thoracic and 

is severest on the 1st through 4th lumbars , which exhibit 

eburnati on on both cranial and caudal articular surfaces . 

Fl attening and di stortion of the spinous processes is  

perhaps due to stress pl aced on the supraspinous l i gament 

whi ch runs along the tops of the spinous processes from the 

first thoracic to third coccygeal vertebra ( Mi l l er 1 9 79 : 2 3 5 , 

Fi gures 5 -7 ) . These processes are also the areas of 

insertion for the longissimus muscle system which operates 

to fix the vertebral column . The l atiss imus dorsi arises on 

the spinous processes of the last seven or eight thoraci c  

vertebrae and the lumbars and eventual l y  inserts on the 

ma j or tubercl e of the proximal humerus ( Mi l ler 1 9 7 9 : 3 06-3 0 8 , 

3 4 4- 3 4 5 ) .  The ma j or action of this muscle mass is  to draw 

the trunk forward , depress the vertebral column , support the 

front l i mb ,  and draw the l imb against the trunk . 
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Figure 4 4 . Large canid lumbar vertebra from the Sommers 
Site ( 3 9ST56 ) ,  anterior view showing osteophytic 
lipping and erosion and eburnation of the 

· 

cranial articular surface . 
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Figure 4 5 . Large canid lumbar vertebra from the Sommers 
Site ( 3 9ST56 ) ,  posterior view showing 
osteophytic l ipping , and distortion of the 
dorsal spinous process . 
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Degenerative changes to the vertebrae from the Sommers 

site , plus simi lar osteophytic reactions on articul ating 

thoracic ( Figure 4 6 ) and lumbar ( Figure 4 7 ) vertebral units 

from the Larson site ( 3 9WW2 ) , may wel l  be rel ated to chroni c  

o r  intermittent stress to the vertebral column associ ated 

with travoi s pul ling .  

Skeletal Anomalies of the Shoulder Joint 

By far the most commonly cited skel etal indicator of 

use as a draft animal is the development of osteoarthritic 

reactions , particularly in the l imb joints ( Armour-Chelu and 

Clutton-Brock 1 9 8 8 ; Baker and Brothwell  1 9 8 0 : 1 1 4 -1 1 7 ; Higham 

et al . 1 9 8 1 ) . Judd et al . ( 1 9 8 5 ) describe the genera l 

progress ion and effects of what they term "primary 

arthropathies " , in which "articular pl ates soften , 

fibri l l ate , and ul cerate , and subchondral bone i s  eburnated . 

Osteophytes develop at j oint margins , and remodel i ng of 

joint structures occurs . "  They point out that such 

degenerative changes are common with advancing age ; however , 

"when the degeneration begins early in l i fe , or progresses 

rapidly and reaches a degree that results in pain and 

locomotor di sturbances , it i s  regarded as pathol ogic . " They 

character i z e  "primary degenerative arthropathy" as "an 

exaggeration of the same degenerative process that occurs 

with agi ng , and it is probabl y  in l arge measure due to the 

same causes - repeated trauma and nonphysiologic stresses " 
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Figure 4 6 . Large canid thoracic vertebrae from the Larson 
Site ( 3 9WW2 ) , lateral view showing osteophytic 
lipping of the vertebral bodies . 
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Figure 4 7 . Large canid lumbar vertebrae from the Larson 
Site ( 3 9WW2 ) , inferior view showing osteophytic 
lipping of the vertebral bodies . 
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or " constant mechanical stresses " ( Judd et a l . 1 9 8 8 : 97-98 ) .  

They also describe " arthropathy of the canine shoulder" 

which involves the glenohumeral joint of the shoulder , and 

occurs i n  up to 8 0 %  of dogs above the age of eight years . 

This condition is commonly bi lateral and begins in animals 

around f ive or six years of age ( Judd et a l . 1 9 8 8 : 9 8 ) . They 

suggest that the di fferential occurrence of this arthropathy 

in the front rather than the hind l imb is l ikely due to the 

fact that dogs bear 65-70%  of their body weight on their 

forelegs ( Judd et al . 1 9 8 8 : 9 8 ) . 

A veterinary study of modern British Antarctic Survey 

sledge dogs ( Be l l ars 1 9 6 9 ; Bel lars and Godsal 1 9 6 9 ) produced 

s imi lar results . These s ledge dogs normal ly pul l  loads of 

up to 1 2 0  pounds in a team of nine anima ls harnessed by 

center trace . Individual dogs are fitted with custom-made 

harnesses which pass over thei r  chests and distribute the 

load stress across the shoulders and chest , apparently in 

much the same way described by Buffalo-Bird-Woman ( Wi lson 

1 9 2 4 : 2 1 9 - 2 2 1 , see also Henderson 1 9 9 4 ) . In the Antarctic , 

pups were first trained to harness at about six months , and 

were working ful l time by about nine months of age . This 

contrasts sharply with Buffalo-Bird-Woman ' s  statement that 

dogs were not ready to pul l  travois unt i l  two or three years 

of age . 

The Antarctic study determined that osteoarthritis , 

with attendant sti ffness and s lowness , l ed to destructi on of 
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7 2 %  of a l l  male dogs and 5 2 %  of a l l  females in the sample 

population that survived beyond f ive years of age ( Bel lars 

1 9 69 ) . Of 3 4  animals two to 1 1  years old ( Be l l ars and 

Godsal 1 9 6 9 ) , 26 were affected by osteoarthritis of hip or 

shoulder joints . Nine animals were affected in the hips 

only and three i n  the shoulder j oint only . Fi fteen of 2 6  

anima l s  showed osteoarthritic degeneration of both hip and 

shoulder joints . The youngest animal affected was a 3 . 5  

year old female ( Bellars and Godsal 1 9 6 9 : 1 7 ) . 

Erosion of articular joint cartilage was general l y  

bi l ateral , and uni form i n  location on the femoral and 

humeral articular surfaces . They note : 

On the surface of an affected humerus the erosi on was 
on the caudal curvature of the articular cart i l age . . .  
Severe cases also showed sma l l er erosions on the 
opposing surfaces of the gl enoid cavity of the 
scapula and acetabulum . These erosions are found , 
therefore , in the areas of greatest pressure when a 
dog i s  pul l ing , i . e .  on the areas i n  direct opposition 
when a dog is  leaning against the weight of the loaded 
sl edge , with it's l imbs in extension retractions . . .  
( Be l l ars and Godsal 1 9 69 : 29 ) . 

sustained or intermittent heavy stress on a joint during 

growth may l ead to improper formation of epiphyseal 

carti l age , thus hastening joint alteration and degeneration . 

Therefore , Bel lars and Godsal ( 1 9 6 9 : 3 0 )  suggest , " i t  is most 

important that the musculo-skel etal system of the Antarctic 

dogs should be a l lowed to mature before they are expected to 

haul heavy l oads . "  

The degenerative changes described by Bel l ars and 

Godsal in the shoulder joint are analogous to those shown on 
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an articulating scapula and humerus from the Breeden site 

( 3 9ST1 6 ) ,  a multicomponent Initial Middle Missouri through 

Extended Coalescent vil lage located approximately 3 0  mi l es 

upriver from the Sommers site ( 3 9 ST56 ) .  In these specimens , 

there is extens ive osteophytic development around the 

margins of both the scapular glenoid fossa and humeral head 

( Figure 4 8 ) .  on the humerus , thi s  osteophytic development 

has also extended along the margins of the biceps tendon , on 

the med i a l  aspect of the humeral head , to form a nearly u 

shaped trough around the tendon ( Figure 4 9 ) .  There is also 

eburnati on on opposing surfaces of the glenoid fossa and 

humeral head ( Figure 50 ) .  on the humeral head , eburnation 

occurs i n  precisely the location identi fied by Bel l ars and 

Godsal ( 19 6 9 ) as the portion of the articular surface which 

would be in direct contact with the glenoid fossa when the 

animal i s  exerting maximum forward force or pul l . 

Ske letal Anomalies of the Scapula 

Of even more potenti a l  importance i s  an additional 

anomaly which occurs on the cranial portion of the scapul ar 

blade in the pair of articular elements from the Breeden 

s ite . Most vis ible on the medial face of the scapul a  and 

occurring on the cranial  portion of the subscapul ar fossa 

approximately 1 9 0  mm above the scapular notch , there is an 

area of apparent fracture , hea l ing ,  and remodel ing of the 

thin scapular blade ( Figure 51 ) .  There appears to be a 
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Figure 48 . Large canid scapula and humerus from the Breeden 
Site ( 3 9 ST1 6 ) ,  medial view showing osteophytic 
development on the glenoid fossa and humeral 
head . 
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Figure 49 . Large canid humerus from the Breeden Site 
( 3 9ST1 6 ) ,  medial view showing osteophytic 
development around the articular margin and 
biceps tendon . 
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Figure s o . Large canid humerus from the Breeden Site 
( 3 9ST16 ) ;  posterior-superior view showing 
osteophytic development around the articular 
margin and eburnation of the articular surface . 
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Figure 51 . Large canid scapula from the Breeden Site 
( 39ST16 ) ,  medial aspect showing partially healed 
fracture of the supraspinous fossa and 
roughening of the facies serrata . 
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rather extensive area of remodel i ng ,  extendi ng approximately 

5 4 0  mm l engthwise and 2 6 0  mm inward from the cranial  border . 

Additional evidence of deformation and stress i s  the 

misal igned and i ncompletely reknit portion of the break 

visible approximately 2 5 0  mm above the scapular notch 

( Figure 5 2 ) .  There i s  a lso heavy pitting and def inition of 

the facies serrata , the roughly rectangular area just below 

the cranial angle on the medial face of the scapular blade . 

Thi s  i s  the area of i nsertion of the serratus 

ventral i s  muscle ( Figures 5 3 , 54 ) .  The area of greatest 

apparent deformation and remode l i ng is just above the 

boundary l ine between facies serrata and subscapular fossa , 

where the margins of the serratus and subscapu l aris muscles 

meet , and just below the remnants of the break noted above . 

Ana logous pathologies occur on canid scapul a  from four 

of the s i x  s ites cons idered in thi s  analysis , inc luding the 

Initial Middle Missouri Sommers s ite ( two specimens , Figure 

5 5 ) , the Post Contact Coalescent s ites of Larson ( four 

specimens , Figure 56 ) and Spiry-Eklo ( one specimen , Figure 

5 7 ) and the ful ly historic Leavenworth s ite ( one specimen ) .  

The scapul a  from the Sommers s ite ( Figure 55 ) i s  from the 

same individual whose articulating , severely affected 

thoracic and lumbar vertebrae were described above ( Figures 

4 4 ,  4 5 ) . 
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Figure 5 2 . Large canid scapula from the Breeden Site 
( 3 9ST1 6 ) ,  lateral aspect showing healed fracture 
on the cranial margin of the supraspinous fossa . 
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Serrotus ventralis 

Corocabrachialis 

Biceps 

Triceps, long head 

Left scapula, showing areas of muscle attactvnent, medial aspect 

Figure 5 3 . Schematic drawing of muscle attachment areas 
on the canid scapula , medial aspect ( after 
Mi l ler 1979 ) . 
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Scapula, senaled face - -

Latissimus dorsi - -

Teres major - - - -

Tendon of inleltion ol 
Latisaimua dorli end T erea major - - - - -

Triceps, lateral head - - - - - -

Brac:hialis - - - -

- - - SlaJscapularis 

- - - - Supraspinatus 

- - Coracobrachiai• 

- - - Biceps  bcllchii 
- - - Triceps, mecial head 

- - - HuMerus 

- - - - Blac::hiais 

Muscles of left shoulder and ann, medial aspect. 

Figure 54 . Muscles of the canid l eft shoulder , medial 
aspect ( after Mi l l er 1 9 79 ) . 
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Figure 55 . Large canid scapula from the Sommers Site 
( 39ST5 6 ) ,  medial aspect showing healed fracture 
of the supraspinous fossa . 
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Figure 5 6 . Large canid scapula from the Larson S i t e  
( 3 9WW2 ) , medial aspect showing par t i a l ly healed 
fracture of the supraspinous fos sa , and pitt ing 
of the facies serrata . 
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Figure 5 7 . Large canid scapu l a  from the Spiry-Ek l o  Site 
( 3 9WW3 ) , medi a l  aspect showing partially heal ed 
fracture of the supraspinous fossa , and 
disarticulation marks on the scapul ar neck . 

2 3 2  



In each case , the deformation , fracture , and remodel ing 

occurs on the cranial porti on of the subscapular fossa at or 

just above the margin of the serratus ventra l i s . Two 

scapulae from the Hosterman site , not included in this 

analysis , also exhibit simi lar pathologies . On nine of 1 3  

af fected specimens from these sites , a partially healed 

break i s  sti l l  evident . The differential heal ing of these 

breaks is  i l lustrated by the specimens in Figure 58 . On the 

scapula on the right , from the Bamble site , the injury also 

involves a secondary infection . Reaction to this infection 

has produced a layer of fine periostitic tissue extendi ng in 

a broad plane around the break ( shown in lateral aspect in 

Figure 5 9 ) .  The fracture itsel f  appears to be relatively 

fresh and shows l ittle or no evidence of hea l i ng . On the 

element on the left ( Figure 58 ) from the articulating 

humerus and scapula discussed above , the break , a lthough 

apparently original ly extens ive , is almost completely reknit 

and any periostitic tissue has been resorbed . 

A poss ibly associated manifestation on many of the 

specimens is the extreme roughening and pitting of the 

facies serrata ( Figure 56 ) ,  particularly at the common 

margin of the serratus ventral i s  and subscapularis muscl es . 

On two specimens ( Figure 6 0 ) a deep , irregular pit or fossa 

has developed in this area , directly opposed or just cranial  

to the l ocation of the scapular spine on the dorsa l  blade 

surface . 
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Figure 5 8 . Large canid scapulae from the Breeden Site 
( 3 9ST1 6 )  on the l eft , and the Bamble Site 
( 3 9CA6 ) on the right , medial aspect , cranial 
border , close up showing heal ed fracture on the 
Breeden e lement and unhealed fracture and 
periostitic tissue on the Bamble e lement . 
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Figure 5 9 . Large canid scapula from the Bamble Site 
( 3 9CA6 ) , lateral aspect showing fracture of the 
supraspinous fossa with development of perio­
stitic tissue , and filleting marks on the supra­
spinous and infraspinous fossae . 
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Figure 6 0 . Large canid scapula from the Larson site 
( 3 9WW2 ) , medial aspect , superior border , close 
up showing roughening and pitting of the 
facies serrata . 
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That the breaks and extens ive remodel i ng i n  the area of 

the serratus ventral i s  are assoc i ated with the stresses of 

travois pul l i ng seems evident from the repeated occurrence 

of trauma at the same location , on the l eading edge of the 

scapular blade . This assumption is  strengthened by the 

occurrence of this anomaly in association with severe 

osteoarthritic remodel ing of the glenoid fossa and humeral 

head in the articul ated specimens from the Breeden site 

( Figures 4 8 - 5 2 ) . Further evidence is the association , in a 

single i ndividual from the Sommers site ( 3 9ST5 6 ) ,  of this 

scapular anoma ly with severe osteoarthritic changes to 

the 1st through 4th lumbar vertebrae , and thickening and 

distortion of the thoracic and lumbar spinous processes . 

The occurrence of homologous instances of these traumas 

to the l eading edge of the scapula on elements from at l east 

six Middle Mi ssouri large canid assembl ages , representing 

the entire Plains Vil l age Per iod , suggests that it is a 

phenomenon worthy of further research and investigation in 

other Plains Vi l lage faunal assemblages from the Northern 

P l a ins and el sewhere . 

Two possible causes of these in juries might be posited . 

Because the injuries occur uni formly on the thin l eading. 

edge of the scapular bl ade , it is  possible that they 

represent pressure or stress fractures produced as a result 

of sudden or sustained excessive pressure imposed by the 

breast strap harness against which dogs press when moving a 
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travois . Traumatic in juries from a blow or kick to a 

fractious animal do not seem l ikely , · given the restricted 

and repetitive area of the scapular blade on which they 

occur . Nor could the roughening and pitting of the med i a l  

facies serrata be the result o f  traumatic , humanly imposed 

in jury . 

It seems more l ikely that some combination of stresses 

associated with travois pul l ing were imposed upon the 

scapular bl ade by the muscles which attach upon its medial 

and lateral surface , producing the observed anomal i es and 

pathologies . The serratus ventral i s  i s  a very strong 

muscle , the action of which is to support the trunk and 

carry it forward and backward , as wel l  as carry the shoulder 

forward and backward over the front l imb ( Mi l l er 1 9 7 9 : 3 4 2 ) . 

It could potentially exert a great dea l of stress on the 

scapular blade as the body is  moved forward over. the front 

l eg ,  thus moving the loaded travois . Although requiring 

further study , it seems possible that some combination of 

opposing muscle stresses on the thin-bladed scapula , 

associated with travois pul l ing ,  produced these phenomena . 

This might wel l  occur if one or more muscles inserting on 

either the medial or lateral aspect of the scapular blade 

were i n j ured by excessive strain , and opposing muscles then 

exerted unanswered stresses on the scapul ar blade . 

The extreme roughening of the facies serrata on many of 

the scapulae and the remodel i ng and heal ing shown at the 
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points of breakage suggest that although chronic , these 

in juries were not fatal and the affected animals probably 

continued to be useful and productive . Conversely , they 

could , i n  some cases , represent older animals which were no 

longer required to work , as suggested by Buffalo-Bird-Woman . 

Association of Skeletal Evidence of Travois Pulling and 
cutmarks on Canid Scapula 

It is  notabl e that many of the scapulae discussed above 

also show di sarticulation marks ( Figure 57 ) or f i l l eting 

marks ( F igure 5 9 ) associated with butchering and use as 

food . As horses replaced dogs for long distance travel and 

transport of meat from the hunt , ma intenance and feeding of 

large numbers of these animals in the v i l l ages would have 

become an increasingly unnecessary economic burden . Never­

the-less , into the historic period , dogs continued to be 

used for travois pul l ing in the Middle Missouri Subarea , as 

evidenced by ethnohistoric and ethnographic records , and the 

skeletal evidence detai l ed above . 

At the same time , these animals were also uti l i zed as 

food . Thirteen scapulae from six Middl e Mi ssouri 

assemblages examined in this study showed anoma l i es most 

l ikely associated with travois pul l i ng .  Eight of these 

elements ( 6 1 . 5 % )  also exhibit cutmarks indicative of 

butcheri ng .  I n  the Initial Middle Missouri Sommers ( 3 9ST56 ) 

assembl age , two scapula show evidence of travois pul l i ng 
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stress ; however , neither of these elements show cutmarks . 

In two Extended Coalescent sites , the Hosterman site ( 3 9P07 ) 

and the Breeden s ite ( 3 9ST1 6 ) ,  three elements show 

anoma l ies ; although none of these scapula show cutmarks , the 

scapula from Breeden is associated with a humerus which 

exhibits cutmarks indicative of disarticulation . Thus , in 

the earl iest Middle Missouri assemblage , neither of two 

affected scapula are cut , whi l e  one of three specimens 

( 3 3 . 0 % )  in the two later Extended Coalescent s ites shows 

marks i ndicating that travois animals were a lso used as 

food . 

Eight scapula from the three late , Post Contact 

Coalescent sites appear to have come from travois dogs . Of 

these , seven elements ( 8 7 . 5 % )  exhibit di sarticulation or 

f i l leting marks . They include one specimen from the Bamble 

site ( 3 9CA6 ) , two specimens from the Spiry-Eklo site 

( 3 9WW3 ) , and four of five specimens from the Larson site 

( 3 9WW2 ) . 

Although sampl e  s i z e  is  sma l l  ( only 1 3  scapulae from 

six sites ) ,  increas ingly intense use of canids as food in 

l ater periods is ref lected in these elements from anima l s  

which were used t o  pul l  travois . The apparent heavy use as 

food in the later sites , of dogs which had pul l ed travois is 

another possible indicator of subsi stence and social stress , 

and resultant necessary economic decisions . 
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CHAPTER VI I I  

DI SCUSSION AND CONCLUSIONS 

The Importance of Dogs in Plains Vi l l age Life 

The j ournals of early European explorers and fur 

traders , as wel l  as ethnographic records such as Buffalo­

Bird-Woman ' s  account of the rol e  of dogs in Arikara l i fe , 

document the integral part domestic dogs pl ayed in the 

vi llage l i fe and economy of the Pl ains vi l l agers in the 1 8th 

and 1 9th centuries . The presence of substanti a l  quantities 

of large canid remains in faunal assembl ages from earl i er , 

prehistoric time peri ods in the Middle Mi ssouri and 

el sewhere ( Bozell  1 988 ; Snyder 1 9 91 ) suggests that this 

association of dogs and humans was one of considerable time 

depth ( see also Morey 1 9 9 2 ; Ol sen 1 9 7 4 , 1 9 8 5 ) . 

Early travel ers on the Plains such as De Smet and 

Maximi l ian remarked on the consumpti on of dog meat in 

association with certain rituals and greeting ceremonies . 

They a l so document the importance of dogs as an emergency 

food resource , particularly as Native Ameri can populations 

and thei r  traditi onal economies were threatened and 

ultimately transformed by the demands of the Euroameri can 

fur and hide trade and devastating epidemi c di seases . 

Two indicators of the continued importance of domestic 

dogs in Native American economy have been expl ored . They 
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are the use of dogs for traction and the use of dogs as 

food . 

Dogs . Wolves and Dog/Wolf Hybri ds 

The archaeological assembl ages considered in thi s  

ana lysis contain the skeletal remains o f  dogs , wolves , and 

probabl e dogjwolf hybrids . The di ari es and accounts of 

early European explorers and fur traders refer repeatedly 

to the " wol f l ike" appearance of the large dogs they 

encountered in the vi l lages of the Middle Missouri . They 

also suggest that vi l l age dogs were sometimes a l l owed or 

de l iberately encouraged to breed with wolves , presumably to 

increase their s i z e and strength . 

The carcasses of wolves taken for their pelts also 

provided potenti al meat for human consumption . The partial  

accounts of  the American Fur Company ( Johnson 1 9 6 9 ) record 

1 3 1 9 "gray wol f "  pelts produced by the Upper Mi ssouri trade 

and 3 0 5  pelts from the Si oux trade , in the years 1 8 3 5  to 

1 8 3 8 . 

Archaeological evidence in the form of taxonomic studi es 

by Walker and Fri son ( 1 9 8 2 ) and Morey ( 1 9 8 6 ) provide 

supporting evidence for the presence of dogjwol f  hybrids , 

and Morey ' s  study di stingui shes skulls of dogs , wolves , and 

possibl e dogjwol f  hybrids in the Larson site assembl age 

( 3 9WW2 ) . However , the close genetic relationship between 

dogs and wolves and their nearly identical skel etal 
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morphology makes their skeletal remains , particularly post­

cranial , nearly impossible to separate . The poss ibi l ity is 

cl ear , therefore , that the large canid skel etal assemblages 

from Middle Missouri v i l l ages a lmost certainly contain a 

mixture of large canid taxa . The potential  for rel i ably 

separati ng skeletal elements of dogs , wolves , and hybrids is 

sl ight and beyond the scope of the present analysis . 

Because of the certain admixture of large canid species 

i n  the assemblages and the diff iculty in rel iably 

di stinguishing between them based on morphological or metric 

characteristics , all large canid skeletal materials , 

excluding only the coyote ( Canis latrans ) ,  were considered 

in the present analysis . Rather than attempting to 

distinguish dogs , wolves , and hybrids , a l l  large canid 

skeletal debris recovered in the vi l lages was considered as 

representing animals associated with the vi l lage occupation , 

and thus at least potentially ava i l able for consumption . It 

was further assumed , a lthough not subject to direct proof , 

that the ma j ority of canid skeletal materials considered 

were the remains of domestic dogs or "domestic"  dog/wol f  

hybrids , i . e .  anima ls present in the v i l l ages a s  the result 

of del iberate actions of the human inhabitants , and under 

their control . For the purposes of these analyses , 

therefore , each large canid assemblage was considered as a 

unit , regardless of the genetic identify of the animals 

represented . 
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Faunal Assemblages from the RBS Program and T . E .  White 

During the River Bas in Surveys program , methods of 

excavati on were developed in response to the scope of the 

program and the rapid pace of excavation , often in the very 

presence of rising reservoir waters . These methods 

emphasi zed the recovery of cultural arti facts , primarily 

ceramic vessels and stone , metal , and bone tools . 

Unmod i f i ed faunal remains , whi l e  recogn i z ed as a source of 

potential information , were often selective ly col lected 

using criteria of identifiabi l ity which emphasi z ed compl ete 

specimens or ones with at least one intact epiphysis . This  

selection bias was further exaggerated by the practice of  

di scarding additional "unidentifiable" bone duri ng analys is . 

These selecti on criteria were developed primarily in 

response to the suggestions of T . E .  White , whose articles on 

butchering techniques were also instrumenta l  in focus ing 

interest on the potential of unmodi fied faunal materials . 

Col l ection and retention practices have dictated to 

some extent the type of analysis used in this study . 

Analyses based on fragmentation patterns were impossible 

because no long bone shaft or epiphysis fragments , vertebral 

fragments , or cranial fragments were reta ined . However , the 

results of the analysis of cutmark location and intensity 

demonstrate the continuing potential and value of these 

col lections . 
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Skeletal Evidence of Traction and Use as Food 

Ethnographic and ethnohistoric sources confirm that , 

even after horse traction became the primary means of 

transporting large loads in the Middle Mi ssouri , dogs and 

dog travois were sti l l  used close to the vi l l ages to 

transport wood and other smal ler loads . Ske leta l evidence 

from these assemblages , both early and late , also reflects 

the function of dogs in this capacity . 

Osteoarthritic changes to j oint structures in a variety 

of locations , particularly those most directly subj ect to 

stresses during load bearing or pul l ing , have been 

identified in both humans ( Kennedy 1989 ) and draft animals 

( Armour-Chelu and Clutton-Brock 1 9 8 5 ; Baker and Brothwel l  

1 9 8 0 ) . In the Middle Missouri large canid assemblages , 

instances of these changes were noted in the shoulder 

( scapul a  and humerus ) and vertebral column ( thoracic and 

lumbar sections ) .  

Further evidence is  the numerous instances , in at least 

six assemblages , of di stortion and apparent stress 

fracturing of the cranial portion of the scapular blade , 

with at least partial heal ing and remode l ing . This  

condition suggests that the scapula of  animals employed to 

pul l  l oads whi le sti l l  young , or those forced to repeatedly 

pul l  very heavy loads , partially fai led under the pressures . 

However , in most cases the animals survived and hea l ing of 

the fracture occurred . 
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In eight of thirteen . i nstances in which scapular 

anoma l i es indicate that the animals represented were used to 

pul l  travois , the elements also exhibit cutmarks i ndicative 

of disarticulation and/or f i l l eting . This  co-occurance of 

skeletal anomaly and cutmarks is  relatively rare in the 

early assemblages , but occurs on seven of eight affected 

scapulae from the later Post Contact assembl ages . Thus , it 

would appear that in later periods , as traditional 

subsistence patterns were disrupted by the ef fects of the 

Euroamer ican fur trade and i ncreased i ntertribal 

hosti l ities , even animals which had potential  economic use 

as travois dogs were increasingly expl ioted as food . 

Skeletal Indicators of the Use of Dogs as Food 

Cutmark locations and butchering objectives 

At l east three butchering operations or objectives are 

indicated by the marks infl icted on the large canid ske letal 

materials . Marks made duri ng skinning are most l ikely to 

occur on those elements of the skeleton closest to the skin , 

and where the most effort is  expended to separate the pelt 

from the carcass . These include the muz z le or skul l ,  the 

mandible ,  and the feet . 

On the skul l ,  marks commonly attributed to skinning 

include longitudinal marks on the parieta ls and frontals , 

and especi a l ly short , transverse , and often multiple cuts 
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across the max i l l a  and nasals , the latter resul'ting from the 

skin be ing pul l ed down over the muz z l e  and cut free of the 

area near the nose and mouth . on the mandibl e ,  

corresponding marks appear on the buccal or dorsal surf ace 

of the hori zontal ramus , and particularly in the area of the 

symphysi s . Final ly , skinning marks occur on the feet , 

particularly on the outer metapodials , resulting from 

cutting the pelt free of the paws . 

Disarticulation marks are those which occur on or near 

the joints as a result of attempts to sever the tendinous 

muscl e i nserti ons and l igaments of the j oint capsul e .  These 

marks ar� l ikely to occur on all  elements of the carcass . 

Fi l l eting marks , resulting from the cutting and removal 

of meat from the skeleton , are most clearly distinguished on 

the scapula and vertebral spinous processes . Marks on the 

scapular blade , longitudina l l y  ori ented on the lateral 

aspect para l l el to the spinous process , result as the l arge 

muscles masses which l ie over the supraspinous and 

infraspinous processes are cut away . On the vertebrae , 

transverse marks on the dorsal aspect of the vertebral arch 

and spinous processes result from cutting and removal of the 

l ongitud inal muscle masses which l i e  on either side of the 

spinal column . 

Interpreting Cutmark Locations and Frequencies Through Time 

Potential indicators of a changing emphasis through 
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time on dogs as a food resource include 1 )  an increase in 

the frequency of cutmarks on any or all  skeletal el ements , 

or 2 )  increases in frequency for certain types of cutmarks 

such as those resulting from f i l l eting or disarticulation . 

Since ethnohistoric sources consistently record the 

preparation and cooking of dogs with skin intact , variation 

in the frequency of skinning marks , whi l e  not directly 

interpretabl e as indicative of increased concentration on 

the dog as a food resource , might prov�de indirect evidence 

for exploitation of wolf  carcasses which had been skinned 

for thei r  pelts , as food . 

The results of this analys is indicate that cutrnarks do 

increase in frequency in the later sites . In two early 

sites , cutmarks occur on 1 6 . 8 % of all large canid skeletal 

el ements in the Initial Middl e Mi ssouri Sommers site 

( 3 9ST56 ) ;  at the two component , Initial Middl e Mi ssouri , 

Initial Coalescent Crow Creek site ( 3 9BF11 ) ,  cutrnarks occur 

on 1 0 . 8 % of elements . In the three Post Contact Coa lescent 

sites , cutmark frequenci es increase . They occur on 

approximatel y  4 3 %  of el ements in the Bambl e ( 3 9CA6 ) 

assembl age and 3 0 %  in the Larson ( 3 9WW2 ) and Spiry-Eklo 

( 3 9WW3 ) assemblages . In the historic Leavenworth ( 3 9C09 )  

assembl age , cutmarks occur on approximately 4 0 %  of skel eta l 

elements . 

Marks associated with di sarticulation increase , in most 

cases , from early to late in the cultural sequence . 
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However , it is  f i l l eting marks and skinning marks which 

provide the most convincing evidence of i ncreased intensity 

of processing in the later time periods . Fi l l eting marks on 

vertebrae increase from early to late . This  i s  i l l ustrated 

by an i ncrease in marks on the thoracic vertebra from 1 . 4 % 

( 3 9BF11 ) and 1 1 . 7 % ( 3 9ST56 ) i n  the early sites , to 50 . 0 % 

( 3 9CA6 ) , 6 3 . 9 % ( 3 9WW3 ) , 50 . 6 % ( 3 9WW2 ) , and 2 3 . 2 % ( 3 9C09 ) i n  

the later assembl ages . 

The changes in the occurrence of f i l l eting marks on the 

scapula are even more dramatic . No fi l l eting marks occur on 

the scapula from the Sommers ( 3 9ST56 ) and Crow Creek 

( 3 9BF1 1 )  sites . In the later sites , they occur on 1 7 . 7 % 

( 3 9C09 ) to 3 4 . 1 % ( 3 9WW3 ) of scapula bl ades . 

Marks indicative of skinning also increase through 

time . Cuts on the frontals , maxi l l ae , and nasa ls are rare 

on cranial  material from the early sites . No observable 

skinning marks were found on the crani al material  from the 

Sommers site ( 3 9ST56 ) . In the Crow Creek assembl age , 

probable skinning marks occurred on only two specimens . In 

the later site assembl ages , these marks ( CMs 1 , 2 , 3 )  occur in 

frequenci es ranging from 0 . 0 % to 3 1 . 6 % .  Probabl e  skinning 

marks on mandibles ( CMs 5 , 6 , 7 )  also increase in the later 

sites . on the mandibles from Sommers and Crow Creek , marks 

in these locati ons range in frequency from 2 . 2 % to 3 . 4 % .  In 

the l ater assembl ages , cutmarks frequenci es range from 3 . 6 % 

to 16 . 2 % .  
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A final indicator of increased exploitation of l arge 

canids as a food source is an increase in the occurrence of 

marks on the medial or l i ngual aspect of the mandible ,  

probably infl icted during removal of the tongue . These 

marks ( CMs 8 , 9 )  occur on only one mandible from the 

two earl y sites ; in the l ater sites they occur i n  

frequenci es o f  from 2 . 1 % to 2 9 . 3 % .  

Summary Conclusions 

In summary , variation in cutmark frequency on the 

skeletal remains of large canids from Plains Vi l lage 

assembl ages in the Middle Missouri subarea support a model 

of increased exploitation of large canids as a food resource 

during the late Coalescent and Historic periods . cutmarks 

on canid bones from the earl i er I nitial Middle Missouri 

period indicate that dogs were regularly used as food 

throughout the Plains Vi l lage Period . 

Duri ng the succeeding Coalescent and Hi storic periods , 

populat i ons_ of native game animals were reduced or displaced 

due to the hunting pressures of the fur and hide trade , 

intertriba l conf l icts i ncreased as triba l groups competed 

for dwindl i ng resources and trading relationships with 

European and American fur companies , and epidemic d iseases 

devastated Native American populations . In these l ater 

periods , domestic dogs became increas ingly important as a 

food source as evidenced by greater cutmark frequencies on 
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canid skeletal elements in general , increased f i l leting 

marks on the scapula and vertebrae , and higher frequenc ies 

of marks indicative skinning , and disarticulation of the 

mandible and removal of the tongue . 

In addition , a sample of canid scapulae from the later 

sites which show evidence of distortion and fractur ing due 

to the stresses of travois pul l ing also exhibit an extreme ly 

high percentage of cut marks associated with disarticulation 

and f i l leting . The use of travois dogs for food in the 

l ater sites i s  yet another possible indicator of subsistence 

stress and the changing role of domestic dogs in the later 

Plains V i l lage economies . 
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APPENDIX 



F igure A-1 . General i zed cutmark l ocations on the canid 
skul l ,  superi or view . 
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Figure A-2 .  Genera l iz ed cutmark locations on the canid 
skull ,  lateral view . 
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Figure A- 3 .  General ized cutmark locations on the canid 
skul l , posterior view . 
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Figure A-4 . General i z ed cutmark locations on the canid 
skull ,  inferior view . 
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F i gure A-5 . General i zed cutmark l ocations on the canid 
mandible . 
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Figure A-6 . General iz ed cutmark l ocations on the canid 
scapula . 
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Figure A-7 .  Generali zed cutmark locations on the canid 
humerus .  
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Figure A-8 . General iz ed cutmark locations on the canid 
radius . 

2 7 8  



1 3  1 8  
8 

3 

4 1 4  

Anterior 
Posterior 

Lateral 
Medial 

Figure A-9 . General i zed cutmark locations on the canid 

ulna . 
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Figure A- 1 0 . General i zed cutmark locations on the canid 
i nnominate . 
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Figure A-11 . General i zed cutmark l ocations on the canid 
femur . 
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Figure A-1 2 . General iz ed cutmark locations on the canid 
tibi a . 
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Figure A- 1 3 . General i zed cutmark locations on the canid 
astragalus and calcaneum . 
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Tabl e A-1 . Number of Large Canid Specimens ( NISP )  from 
Additional RBS Sites , Not Used i n  this  Analysis . 

El ement BF2 BF4 CH2 1 7  HU2 05  HU2 2 0  LM2 LM2 1 8  LM2 25  

Skull 1 3/2 1/1 4 3 1 

Mandible 1 1/1 2 4 5 

Cervicals 2 1 7/2 

Thoracics 1 1 2  

Lumbars 9 

Sacrum 1/1 1 1 2 

Ribs 2 2  

Scapula 2/1  1/1  1 3 

Humerus 1/1 1/1 6 1 

Radius 3/2 1 7 1 

Ulna 1/1 2/1 1/1 1 1 5 

Carpals 5 

Metacrpl s 1 5 1 1 3/1 

Inn om 2 2/1 2 

Femur 1/1 2/2 7 

Tibia 4 

Fibula 1/1 

Tarsals 1 0  

Metatrs l s  1 1 3  

Phalanges 1 5 

Other 2 

Total 4/3 6/3 1 5/7 1 4/4 1 6/1 1 1 4 3/4 ' 3 

Number of specimens with CMs i ndicated fol l owing slash . 
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Table A-1 . ( cont . ) 

Element LM2 3 2  P07 SL4 ST1 4  ST1 6  ST3 0  ST5 5  

Skull 2 2/12  3 2/ 1 4  7/1 4 10/1 

Mandible 3 3 0/ 2 2  48/20  3 1 6/9 3 

Cervicals 1 50/1 8 75/24 6/1 4/2 7 

Thoracics 1 3 0/8 3 1/4 1 1 3 

Lumbars 1 2 9/17  2 3/5 3 

Sacrum 2 1 

Ribs 2 1 2 

Scapula 1 1 3/6 3 9/7 8/1 2 2 

Humerus 2 1 /15 4 3 / 2 3  8/4 4/2 6 

Radius 1 0/3 3 3 / 1 5  1 3 /8 4 7 1 

Ulna 24/10 53/17 9/4 3/2 2 

Carpa ls 1 9/2 1 2  6/1 

Metacrpls 50/6 1 1 2/4 2 1/1 3 1/1 9 

Inn om 1 6/1 5 2 3 /9 2/1 1 1 

Femur 1 7/1 3 4 9/1 7 4 3 4 

Tibia 1 1 5/6 28/11  1 4/7 3 1 0/1 

Fibula 1 7/2 9/3 2/1 2 

Tarsals 2 6/1 0 3 3/8 5 8/2 2 

Metatrs ls 5 4/8 87/5 25  3 1/1 1 0  

Phalanges 1 3 8/9 7 9/1 2 4 4/2 

Other 2 7/1 10/1 1 6 

Total 9 5 9 8/1 8 3  8 2 3/ 1 8 8  1 3 2/29  1 7 1 / 2 2  84/2 1 
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Table A-1 . ( conc luded ) 

Element ST2 0 3  ST2 1 5  ST2 1 7  ST 2 2 4  WW7 WW10 Total 

Sku l l  2 3 0/9 2 1 2 2/4 0 

Mandible 2/2 1 6/8 3 / 3  1 1 3 8/65 

Cervical s  1/1 2/2 3/1 1 8/2 1 7 7/53 

Thoracics 3 8 3 / 1 2  

Lumbars 1/1 7 7 3/2 3 

Sacrum 1 1 1 0/1 

Ribs 2 7  

Scapula 1 1 3/2 86/18 

Humerus 1 1 8/11  1 1 0/57 

Radius 1/1 1 6/4 9 7/ 3 3  

Ulna 1 1 4/4 1 1 7/40 

Carpals 5/1 4 7/4 

Metacrpls 5/2 3 3/1 2 8 1 / 1 6  

Inn om 2/2 7/3 58/31 

Femur 1 8/7 1/1 1 0 6/41 

Tibia 1 5/6 9 0 / 3 1  

Fibula 3 2 5/7 

Tarsals 1 1 1/3 9 6/ 2 3  

Metatrsls 2 5/1 5 5/8 2 8 3/ 2 3  

Pha langes 2 2 7/1 2 9 8 /1 3  

Other 1 4 7 / 2  

Total 1/1 1 0/5 2 2/7 3 1 1 /70 5/3 2/1 2 3 7 1/5 3 3  
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Table A- 2 .  Number of Identi fied Specimens ( NI SP )  and 
Number of Cutmarks by Element Portion . 

Element 
CM Loc . BF1 1 

Skul l 

1 1 8/1 
5 . 5 % 

2 1 9/0 
0 . 0 % 

3 1 1/2 
1 8 . 2 % 

4 1 0/1 
10 . 0 % 

5 1 0/2 
2 0 . 0 % 

7 1 8/1 
5 . 5% 

8 1 8/0 
0 . 0 % 

9 1 8/0 
1 0 . 0 % 

1 0  2 1/3 
1 4 . 3 % 

1 1  2 1/2 
9 . 5% "  

1 2  1 8/0 
0 . 0 % 

1 4  1 2/0 
0 . 0% 

1 5  1 0/0 
0 . 0% 

ST56 

9/0 
0 . 0% 

1 1/0 
0 . 0% 

1 1/1 
9 . 1% 

6/0 
0 . 0% 

6/2 
3 3 . 3 % 

10/2  
2 0 . 0% 

9/0 
0 . 0% 

9/1 
1 1 . 1 % 

10/3  
3 0 . 0% 

1 0/2 
2 0 . 0% 

1 0/2 
2 0 . 0% 

1 2/0 
0 . 0% 

6/1 
1 6 . 7% 

CA6 WW2 WW3 C09 

2 0/6 47/8 1 5/4 1 5/1 
3 0 . 0 % 1 7 . 0 % 2 6 . 7 % 6 . 7 % 

2 1/6 4 8/3 15/2 1 8/5 
2 8 . 6 % 6 . 2 % 1 3 . 3 % 2 7 . 8% 

1 9/6 4 3/7 1 5/3 9/0 
3 1 . 6% 1 6 . 3 % 2 0 . 0 % 0 . 0 % 

1 1/2 1 6/3 6/0 6/2 
1 8 . 2 % 1 8 . 7 % 0 . 0% 3 3 . 3 % 

1 1/4 1 6/7 6/2 6/1 
3 6 . 4 % 4 3 . 7% 3 3 . 3 % 1 6 . 7 % 

2 1/9 6 5/7 1 9/4 1 6/2 
4 2 . 9 % 1 0 . 8 % 2 1 . 0 % 1 2 . 5% 

2 0/2 4 7/1 15/2 15/1 
1 0 . 0 % 2 . 1 % 1 3 . 3 % 6 . 7% 

20/5 4 7/10  1 5/1 1 5/0 
2 5 . 0 % 2 1 . 3 % 6 . 7 % 0 . 0 % 

2 4/6 6 5/16  1 9/5 1 6/2 
2 5 . 0% 24 . 6 % 2 6 . 3 % 1 2 . 5% 

24/8 6 5/9 19/2 16/4 
3 3 . 3 % 1 3 . 8% 1 0 . 5% 2 5 . 0 % 

2 1/1 6 5/1 1 5/0 1 6/2 
4 . 8 % 1 . 5% 0 . 0 % 1 2 . 5% 

2 0/0 6 1/0 1 5/2 1 0/0 
0 . 0% 0 . 0% 1 3 . 3 % 0 . 0 % 

1 1/1 16/5 6/2 6/0 
9 . 1 % 3 1 . 2 % 3 3 . 3 % 0 . 0 % 

2 8 7  

Total 

1 2 4/20  
1 6 . 1 % 

1 3 2/ 1 6  
1 2 . 1 % 

1 0 8/19  
1 7 . 6 % 

5 5/8 
14 . 5% 

5 5/18  
3 2 . 7% 

1 4 5/ 2 5  
1 6 . 8 % 

1 2 4/6 
4 . 0% 

1 2 4/17 
1 3 . 7 % 

1 5 5/3 5  
2 2 . 6 5 

1 5 5/2 7 
1 7 . 4 % 

1 4 5/6 
4 . 1 % 

1 3 0/2 
1 . 5% 

55/9 
1 6 . 4 % 



Tabl e A-2 . ( cont . ) 

Element 
CM Loc . BF1 1 ST56 CA6 WW2 WW3 C09 Total 

Mandible 

1 3 2/3 4 3 / 2  1 0 5/20 1 6 6/37  4 0/ 1 5  4 1/ 1 6  4 2 7/93  
9 . 4 % 4 . 6% 1 9 . 0% 2 2 . 3 % 3 7 . 5% 3 9 . 0% 2 1 . 8 % 

2 3 2/1 4 3/1 1 0 5/1 2 1 66/14  4 0/8 4 1/6 4 2 7/ 4 2  
3 . 1 % 2 . 3% 1 1 . 4 % 8 . 4 % 2 0 . 0% 1 4 . 6 % 9 . 8 % 

3 3 2/4 4 3/3 1 0 5/26  166/38  4 0/9 4 1/8 4 2 7/88 
1 2 . 5% 7 . 0% 2 4 . 8% 2 2 . 9% 2 2 . 5% 1 9 . 5% 2 0 . 6 % 

4 3 2/2 4 3/1 1 0 5/10  1 6 6/1 7 4 0/4 4 1/4 4 2 7/ 3 8  
6 . 2 % 2 . 3 % 9 . 5% 1 0 . 2 % 1 0 . 0% 9 . 8 % 8 . 9% 

5 29/1 4 5/1 1 0 0/0 1 4 4 / 1 4  4 1/3 3 7/6 3 9 6/25  
3 . 4% 2 . 2% 0 . 0 % 9 . 7 % 7 . 3 % 1 6 . 2 % 6 . 3 % 

6 3 4/1 56/0 1 1 0/6 1 6 4/ 1 7  4 1/1 4 3 /2 4 4 8/27 
2 . 9 % 0 . 0% 5 . 4 % 1 0 . 4 % 2 . 3 % 4 . 6 % 6 . 0% 

7 3 4/1 56/0 1 1 0/4 1 6 4/8 4 1/2 4 3/2 4 4 8/17 
2 . 9 % 0 . 0 % 3 . 6 % 4 . 9 % 4 . 9 % 4 . 6 % 3 . 8 % 

8 3 4/1 56/1 1 1 0/16 1 6 4/28 4 1 / 1 2  4 3/1 4 4 8/59 
2 . 9 % 1 .  8%  14 . 5% 1 7 . 1 % 2 9 . 3 % 2 . 3 % 1 3 . 2 % 

9 2 9/0 4 5/0 1 0 0/3 1 4 4 /7 4 1 /3 3 7/1 3 9 6/14 
0 . 0 % 0 . 0 % 3 . 0% 4 . 9% 7 . 3 % 2 . 7 % 3 . 5% 

1 0  2 9/0 4 5/0 1 0 0/2 1 4 4/4 4 1/0 3 7/1 3 9 6/7 
0 . 0% 0 . 0% 2 . 0% 2 . 8% 0 . 0% 2 . 7 % 1 . 8 % 

1 1  3 2/1 4 3/0 1 0 5/0 1 6 6/1 4 0/1 4 1/1 4 2 7/4 
3 . 1 % 0 . 0 % 0 . 0% 0 . 6 % 2 . 5% 2 . 4 % 0 . 9 % 

1 2  3 2 /0 4 3 /0 1 0 5/4 1 66/5 40/0 4 1/0 4 2 7/9 
0 . 0 % 0 . 0% 0 . 0 % 3 . 8 % 3 . 0% 0 . 0 % 2 . 1 % 

1 3  3 2/1 4 3/0 1 0 5/1 1 6 6/4 40/1 4 1/2 4 2 7/9 
3 . 1 % 0 . 0 % 1 . 3 % 0 . 9 % 2 . 4 % 2 . 5 % 4 . 9 % 

1 4  3 4 /0 56/0 1 1 0/0 1 6 4 /5 4 1/2 4 3/1 4 4 8/8 
0 . 0% 0 . 0% 0 . 0 % 3 . 0% 4 . 9% 2 . 3 % 1 . 8 % 

2 8 8  



Tabl e A-2 . ( cont . ) 

Element 
CM Loc . BF1 1 ST5 6 CA6 WW2 WW3 C09 Total 

1 5  2 9/0 4 5/0 1 0 0/6 1 4 4/1 2 4 1/ 3  3 7/0 3 96/21  
0 . 0 % 0 . 0% 6 . 0 % 8 . 3 % 7 . 3 % 0 . 0 % 5 . 3 % 

1 6  3 2/0 4 3/0 1 0 5/6 166/11  40/2  41/1  4 2 7/20  
0 . 0 % 0 . 0% 5 . 7% 6 . 6 % 5 . 0% 2 . 4 % 4 . 8 % 

1 7  3 2 /0 4 3 /0 1 0 5/1 1 6 6/0 4 0/0 4 1/0 4 2 7/1 
0 . 0 % 0 . 0% 0 . � % 0 . 0% 0 . 0 % 0 . 0 % 0 . 2 % 

Atlas 

1 9/0 2 1/0 2 4/2 4 1/2 1 6/0 1 4/0 1 2 5/4 
0 . 0 % 0 . 0% 8 . 3 % 4 . 9 % 0 . 0 % 0 . 0 % 3 . 2 %  

2 9/0 2 1/2 2 4/7 40/14  1 6/3 1 3 /1 1 2 3 /27  
0 . 0% 9 . 5% 2 9 . 2 % 3 5 . 0 % 1 8 . 7 % 7 . 7 % 2 1 . 9% 

3 1 0/1 2 1/1 25/6 55/6 16/4 1 4/5 1 4 1/2 3 
1 0 . 0% 4 . 8 % 24 . 0 % 1 0 . 9% 25 . 0 % 3 5 . 7% 1 6 . 3 % 

4 1 0/0 2 1/0 2 5/1 55/0 16/0 14/0 1 4 1/1 
0 . 0 % 0 . 0% 4 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 0 . 7% 

5 10/0 2 1/0 2 4/1 4 0/1 1 6/0 1 3 / 1  1 2 4/3 
0 . 0 % 0 . 0 % 4 . 2 % 2 . 5 % 0 . 0 % 7 . 7 % 2 . 4% 

6 1 0/0 2 1/0 2 4/0 4 0/0 1 6/0 1 3 /0 1 2 4/0 
0 . 0 % 0 . 0% 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0% 

7 1 0/0 2 1/2 25/3 51/3 17/1 1 4/0 1 3 8/9 
0 . 0 % 9 . 5% 1 2 . 0 % 5 . 9 % 5 . 9 % 0 . 0 % 6 . 5% 

8 9/1 2 1/2 24/2 4 1/4 1 6/0 1 4/0 1 2 5/9 
1 1 . 1% 9 . 5% 8 . 3% 9 . 8% 0 . 0% 0 . 0 % 7 . 2 % 

9 9/2 2 1/4  2 4/ 1 3  4 0 / 2 0  1 6/7 1 3 /9 1 2 3/55 
2 2 . 2 % 1 9 . 0% 5 4 . 2 % 50 . 0 % 4 3 . 7 % 6 9 . 2 % 4 4 . 7 % 

1 0  1 0/0 2 1/0 25/6 5 4/8 1 7/2 1 3/3 1 4 0/19  
0 . 0 % 0 . 0 % 2 4 . 0 % 1 4 . 8 % 1 1 . 8 % 2 3 . 1 % 1 3 . 6 % 

1 1  9/0 2 1/1 2 4/2 4 1/0 16/0 1 4 /0 1 2 5/3 
0 . 0% 4 . 8% 8 . 3 % 0 . 0% 0 . 0% 0 . 0% 2 . 4 % 

2 8 9  



Tabl e A-2 . ( cont . ) 

El ement 
CM Loc . BF1 1 ST56 CA6 WW2 WW3 C09 Tota l 

1 2  9/0 2 1/1 24/3 4 0/6 1 6/2 1 3 /3 1 2 3/15 
0 . 0 % 4 . 8 % 1 2 . 5% 15 . 0 % 1 2 . 5% 2 3 . 1 % 1 2 . 2 % 

Axis  

1 1 3/0 24/1 4/0 3 9/2 6/1 1 2/0 9 8/4 
0 . 0 % . 4 .  2 %  0 . 0 % 5 . 1 % 16 . 7% 0 . 0 % 4 . 1 % 

2 1 3/0 2 4/1 4/0 4 1/1 7/0 1 1/1 1 0 0/3 
0 . 0 % 4 . 2% 0 . 0 % 2 . 4 % 0 . 0 % 0 . 9 % 3 . 0 % 

3 1 3/0 24/1 4/0 4 1/2 7/1 1 1/0 1 0 0/4 
0 . 0 % 4 . 2 % 0 . 0 % 4 . 9% 1 4 . 3 % 0 . 0 % 4 . 0 % 

4 1 3/0 2 4/1 4/0 3 9/2 6/0 1 2/1 9 8/4 
0 . 0 % 4 . 2% 0 . 0 % 5 . 1 % 0 . 0 % 8 . 3 % 4 . 1 % 

7 1 3/0 2 4 /1 4/0 4 1/1 7/0 1 1/0 1 0 0/2 
0 . 0 % 4 . 2 % 0 . 0 % 2 . 4 % 0 . 0 % 0 . 0 % 2 . 0 % 

8 1 3/0 2 4/2 4/0 4 1/0 7/0 1 1/1 1 0 0/3 
0 . 0 % 8 . 3 % 0 . 0 % 0 . 0 % 0 . 0 % 9 . 0 % 3 . 0 % 

Cervical vertebra 

1 3 3/1 59/1 2 1/2 1 3 0/9 3 6/1 4 4/ 3  3 2 3 /1 7  
3 . 0 % 1 .  7%  9 . 5% 6 . 9 % 2 . 8 % 6 . 8 % 5 . 3 % 

2 3 3/0 59/3 21/7 1 3 8/1 5 3 6/6 4 6/5 3 3 3 / 3 6  
0 . 0 % 5 . 1 % 3 3 . 3 % 10 . 9 % 1 6 . 7 % 1 0 . 9 % 1 0 . 8% 

3 3 3/4 59/0 2 1/1 1 5 1/2 3 6/7 4 6/1 3 4 6/15 
1 2 . 1 % 0 . 0 % 4 . 8 % 1 . 3 % 19 . 4 % 2 . 2 % 4 . 3 % 

4 3 3/4 59/0 2 1/3 1 3 1/1 2 3 6 /9 4 4/1 3 2 4/ 2 9  
12 . 1 5 0 . 0% 1 4 . 3 % 9 . 2 % 25 . 0 % 2 . 3 % 8 . 9 % 

5 3 3/0 59/0 2 1/0 1 3 8/1 3 6/0 46/1 3 3 3/2 
0 . 0 % 0 . 0 % 0 . 0 % 0 . 7 % 0 . 0% 2 . 2 % 0 . 6 % 

6 3 3/0 5 9/0 2 1/0 1 3 9/0 3 6/0 4 7/1 3 3 5/1 
0 . 0% 0 . 0% 0 . 0% 0 . 0 % 0 . 0% 2 . 2 % 0 . 3 % 

2 9 0  



Table A- 2 .  ( cont . ) 

Element 
CM Loc . BF1 1  ST5 6 CA6 WW2 WW3 C09 

7 3 3 /1 59/0 2 1/5 15 1/3 3 6/6 4 6/1 
3 . 3 % 0 . 0% 2 3 . 8% 2 . 0% 1 6 . 7% 8 . 9 % 

Thorac ic vertebra 

2 7 0/0 8 9/4 1 8/4 1 3 3/ 1 0  3 5/9 2 6/8 
0 . 0 % 1 . 1% 2 2 . 2 5 7 . 5 % 25 . 7% 3 0 . 8% 

3 7 0/1 8 9/1 1 8/4 1 3 5/28 35/8 17/1 
1 . 4 % 1 . 1 % 2 2 . 2 % 2 0 . 7% 2 2 . 9 % 5 . 9 % 

4 7 0/0 9 2/6 1 8/4 1 4 7/22  3 6/8 3 6/1 
0 . 0% 6 . 5 % 2 2 . 2 % 15 . 0 % 2 2 . 2 % 2 . 8 % 

5 7 0/0 8 9/0 1 8/1 1 3 4/0 3 5/1 2 6/0 
0 . 0 % 0 . 0 % 5 . 5 % 0 . 0% 2 . 9% 0 . 0% 

6 7 0/0 8 9/0 1 8/0 1 3 5/3 3 5/0 2 7/0 
0 . 0 % 0 . 0 % 0 . 0 % 2 . 2 % 0 . 0 % 0 . 0% 

7 7 0/0 8 9/1 1 8/0 1 3 5/3 3 5/0 2 6/0 
0 . 0% 1 . 1% 0 . 0 % 2 . 2 % 0 . 0% 0 . 0 % 

8 70/0 89/1 18/3 1 3 3 /8 3 5/2 2 6 /2 
0 . 0% 1 . 1 % 1 6 . 7 % 6 . 0% 5 . 7 % 7 . 7% 

9 7 0/0 89/1 1 8/2 1 3 5/ 1 1  3 0/0 2 7/0 
0 . 0% 1 . 1 % 1 1 . 1 % 8 . 1 % 0 . 0% 0 . 0 % 

1 0  7 0/0 9 2/5 18/4 1 4 7/27  36/4  3 6/2 
0 . 0% 5 . 4 % 2 2 . 2 5 1 8 . 4 % 1 1 . 1 % 5 . 5 % 

Lumbar vertebra 

1 3 7/0 51/0 2 4/2 1 6 4/10  67/4 2 5/0 
0 . 0 % 0 . 0 % 8 . 3 % 6 . 1 % 6 . 0 %  0 . 0 % 

2 3 7/0 5 1/ 3  2 4 / 3  1 6 4 / 3 3  67/15 2 5 /5 
0 . 0% 5 . 9% 1 2 . 5% 2 0 . 1 % 22 . 4 % 2 0 . 0 % 

2 9 1  

Total 

3 4 6/16  
4 . 6 % 

3 7 1/ 3 5  
9 . 4 % 

3 64/4 3 
1 1 . 8 % 

3 9 9/4 1 
1 0 . 3 % 

3 7 2/2 
0 . 5% 

3 7 4/3 
0 . 8 % 

3 7 3/4 
1 . 1 % 

3 7 1/16 
4 . 3 % 

3 6 9/14 
3 . 8 % 

3 9 9/4 2 
1 0 . 5 % 

3 6 8/16  
4 . 3 % 

3 6 8/56 
1 5 . 2 %  



Table A- 2 . ( cont . ) 

E l ement 
CM Loc . BF1 1 ST56 CA6 WW2 WW3 C09 Total 

3 3 7/1 51/0 2 4/1 1 6 4/1 9 67/18 2 5/1 3 6 8/40 
2 . 7 % 0 . 0% 4 . 2 % 1 1 . 6% 2 6 . 9 % 4 . 0% 1 0 . 9% 

4 3 7/0 51/1 2 4/3 1 6 4/3 3 6 7/8 2 5/1 3 6 8/4 6 
0 . 0 % 2 . 0% 1 2 . 5% 2 0 . 1 % 1 1 . 9 % 4 . 0% 1 2 . 5 % 

5 3 7/0 51/0 2 4/0 1 6 4/0 6 7/1 2 5/0 3 6 8/1 
0 . 0 % 0 . 0% 0 . 0 % 0 . 0% 1 . 5% 0 . 0% 0 . 3 % 

6 3 7/0 51/0 24/0 1 6 4/2 6 7/0 2 5/1 3 6 8/3 
0 . 0% 0 . 0% 0 . 0% 1 .  2 %  0 . 0 % 4 . 0 % 0 . 8 % 

7 3 7/0 51/0 2 4 /4 1 6 4/7 6 7/5 2 5/2 3 6 8 /18 
0 . 0% 0 . 0% 1 6 . 7 % 4 . 3 % 7 . 5% 8 . 0% 4 . 9 % 

Scapula 

1 2 3 / 0  2 9/0 3 5/5 9 9/1 2 4 9/7 1 5/1 250/25  
0 . 0% 0 . 0% 1 4 . 3 % 1 2 . 1% 1 4 . 3 % 6 . 7 % 1 0 . 0 % 

2 24/0 2 5/0 3 8/2 1 0 8/10 52/7 1 7/0 2 6 4/1 9 
0 . 0 % 0 . 0 % 5 . 3 % 9 . 2 % 1 3 . 5% 0 . 0 % 7 . 2 % 

3 16/0 2 5/0 3 1/2 1 0 6/5 41/2 1 5/1 2 3 4/10 
0 . 0 % 0 . 0% 6 . 4 % 4 . 7 % 4 . 9% 6 . 7 %  4 . 3 % 

4 16/0 2 4/0 3 1/0 9 1/0 41/0 1 5/0 2 1 8/0 
0 . 0% 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0% 0 . 0 % 0 . 0 % 

5 16/0 2 4/0 3 5/1 0 95/19 41/14 1 5/0 2 2 6/4 3 
0 . 0% 0 . 0 % 28 . 6 % 2 0 . 0 % 3 4 . 1 % 0 . 0 % 1 9 . 0% 

6 16/0 2 4/0 3 5/8 95/22 4 1/ 1 0  1 5/0 2 2 6/ 4 0  
0 . 0 % 0 . 0 % 2 2 . 9 % 2 3 . 2 % 2 4 . 4 % 0 . 0 % 1 7 . 7 % 

7 1 6/1 24/0 3 1/3 9 1/ 3  41/2 1 5/1 2 1 8/10 
6 . 2 % 0 . 0% 9 . 7% 3 . 3 % 4 . 9% 6 . 7% 4 . 6 % 

8 2 3/0 2 9/2 3 5/8 9 9/1 9 49/14 1 5/6 2 5 0/49 
0 . 0% 6 . 9 % 2 2 . 9% 1 9 . 2 % 18 . 6 % 4 0 . 0% 1 9 . 6 % 

9 2 4/1 2 5/3 3 8/1 3 1 08/20  52/14 1 7/1 2 6 4/52 
4 . 2 % 1 2 . 0% 3 4 . 2 % 1 8 . 5 % 26 . 9% 5 . 9 % 1 9 . 7% 

2 9 2  



Table A- 2 . ( cont . ) 

El ement 
CM Loc . BF1 1  

1 0  1 6/1 
6 . 2 % 

1 1  1 6/1 
6 . 2% 

1 2  1 6/1 
6 . 2 % 

Humerus 

1 2 0/0 
0 . 0 % 

2 2 0/0 
0 . 0 % 

3 3 4/1 
2 . 9 % 

4A 3 2/2 
6 . 2 % 

4B  3 8/7 
1 8 . 4 % 

5 3 3 /2 
6 . 1% 

6 2 0/0 
0 . 0% 

7 2 0/0 
0 . 0% 

8 3 4/0 
0 . 0 % 

9A 3 2/0 
0 . 0 % 

9B 3 8/2 
5 . 3 % 

ST56 

24/0 
0 . 0% 

24/1 
4 . 2% 

24/0 
0 . 0% 

2 3/0 
0 . 0 % 

3 6/0 
0 . 0% 

3 8/1 
2 . 6 % 

51/18 
3 5 . 3 % 

50/11  
2 2 . 0 % 

49/1 
2 . 0% 

2 3/0 
0 . 0 % 

3 6/0 
0 . 0 % 

3 8/1 
2 . 6 % 

51/1 
2 . 0 % 

50/7 
1 4 . 0% 

CA6 

3 1 /1 
3 . 2 % 

3 5/3 
8 . 6 % 

3 1 /0 
0 . 0% 

1 3/0 
0 . 0% 

2 2/0 
0 . 0% 

24/1 
4 . 2 % 

27/18  
66 . 6 % 

2 3 / 1 1  
4 7 . 8 5 

2 3/0 
0 . 0% 

1 3/0 
0 . 0% 

2 2/0 
0 . 0 % 

24/1  
4 . 2 % 

27/1 
3 . 7% 

2 3/7 
3 0 . 4 % 

2 9 3  

WW2 WW3 C09 Total 

9 1/3 4 1/4  1 3/3 2 1 6 /12  
3 . 3 % 9 . 8% 2 3 . 1 % 5 . 5% 

95/10 4 1 /1 15/2 2 2 6 /18  
1 0 . 5% 2 . 4 % 1 3 . 3 % 8 . 0 %  

91/0 4 1 /1 1 5/0 2 1 8/2 
0 . 0 % 2 . 4% 0 . 0 % 0 . 9 % 

1 7/0 2/0 1 0/0 8 5/0 
0 . 0 % 0 . 0% 0 . 0 % 0 . 0 % 

3 5/0 4/0 2 7 /0 1 4 4/0 
0 . 0% 0 . 0 % 0 . 0 % 0 . 0 % 

3 3/1 1 1/0 3 2/1 1 7 2/5  
3 . 0% 0 . 0% 3 . 1 % 2 . 9 % 

5 4/ 1 5  1 3/7 3 7/ 1 5  2 1 4/75 
2 7 . 8% 5 3 . 8 % 4 0 . 5% 3 5 . 0 % 

4 8/ 1 1  1 6/7 3 6/7 2 1 1/54 
2 2 . 9 % 4 3 . 7 % 1 9 . 4 % 2 5 . 6 % 

3 7/4 17/3 2 3/7 1 8 2/17  
1 0 . 8 % 1 7 . 6 % 3 0 . 4 % 9 . 3 % 

1 7/0 2/0 10/0 8 5/0 
0 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 

3 5/4 4/0 2 7/0 1 4 4/4 
1 1 . 4 % 0 . 0 % 0 . 0 % 2 . 8% 

3 3/2 1 1/0 3 2/1 1 7 2/5  
6 . 1 % 0 . 0% 3 . 1 % 2 . 9% 

5 4/2 1 3/2 3 7/3 2 1 4/29  
3 . 7 % 1 5 . 4% 8 . 1% 4 . 2 % 

48/4 16/2 3 6/4 2 1 1/26  
8 . 3 % 1 2 . 5% 1 1 . 1% 1 2 . 3 % 



Table A-2 . ( cont . ) 

Element 
CM Loc . BF11 

10  3 3/1 
3 . 0 % 

1 1  2 0/0 
0 . 0 % 

1 2  2 0 /2 
1 0 . 0 % 

1 3  3 4/0 
0 . 0% 

1 4A 3 2/1 
3 . 1 % 

14B  3 8/1 
2 . 6 % 

1 5  3 3/0 
0 . 0% 

16  2 0/0 
0 . 0% 

1 7  2 0/0 
0 . 0% 

1 8  34/1 
2 . 9% 

1 9A 3 2 /6 
18 . 7% 

19B 3 8/5 
1 3 . 2 % 

2 0  3 3/1 
3 . 0% 

ST56 

4 9/0 
0 . 0% 

2 3 /0 
0 . 0% 

3 6/2 
5 . 6 % 

3 8/0 
0 . 0% 

51/7 
1 3 . 7% 

50/1 
2 . 0% 

4 9/4  
8 . 2 % 

2 3/0 
0 . 0 % 

3 6/2 
5 . 5% 

3 8/0 
0 . 0 % 

5 1/11  
21 . 6 % 

50/11 
2 2 . 0% 

4 9/6 
1 2 . 2 % 

CA6 

2 3/0 
0 . 0% 

1 3/0 
0 . 0 % 

2 2/1 
4 . 5 % 

24/1 
4 . 2% 

2 7/4 
1 4 . 8 % 

2 3/1 
4 . 3 % 

2 3/0 
0 . 0 % 

1 3/0 
0 . 0 % 

2 2/2 
9 . 1 % 

24/2 
8 . 3 % 

27/7 
2 5 . 9 % 

2 3/5 
2 1 . 7 % 

2 3/1 
4 . 3 % 

2 9 4  

WW2 WW3 C09 Total 

3 7/4  17/0  2 3/1 1 8 2/6 
1 0 . 8 % 0 . 0% 4 . 3 % 3 . 3 % 

17/0 2 /0 1 0/1 85/1 
0 . 0% 0 . 0% 1 0 . 0% 1 . 2 % 

3 5/1 4/1 27/3  1 4 4/ 1 0  
2 . 9% 2 5 . 0% 1 1 . 1 % 6 . 9 % 

3 3/1 1 1/0 3 2/0 1 7 2/2 
3 . 0% 0 . 0% 0 . 0 % 1 . 2 % 

54/1 1 3/1 3 7/5 2 1 4/19 
1 . 8 % 7 . 7% 1 3 . 5% 8 . 9 % 

4 8/ 3  16/4 3 6/4 2 1 1/14 
6 . 2 % 18 . 7 % 1 1 . 1 % 6 . 2 % 

3 7/1 1 7/1 2 3/1 18 2 /7 
2 . 7 % 0 . 0% 4 . 3 % 3 . 3 % 

17/0 2 /0 1 0/2 8 5/2 
0 . 0 % 0 . 0 % 2 0 . 0 % 2 . 3 % 

3 5/2 4/1 2 7/ 3  1 4 4/10 
5 . 7 % 0 . 0% 1 1 . 1 % 6 . 2 % 

3 3/2 1 1/0 3 2/2 1 7 2/7 
6 . 1 % 0 . 0% 6 . 2 % 4 . 1 % 

5 4/5 1 3/1  3 7/ 1 0  2 1 4/40  
9 . 3 % 7 . 7 % 2 7 . 0% 1 8 . 7 % 

48/10 16/3 3 6/5 2 1 1 / 3 9  
2 0 . 8% 2 5 . 0 % 1 3 . 9 % 1 9 . 0% 

3 7/5 17/0 2 3/8 1 8 2/ 2 1  
1 3 . 5% 5 . 9 % 3 4 . 8 % 1 2 . 1 % 



Tabl e A- 2 .  ( cont . ) 

Element 
CM Loc . BF1 1  

Radius 

1A 1 9/0 
0 . 0 % 

1B 1 9/0 
0 . 0 % 

2 2 5/2 
8 . 0 % 

3 3 5/1 
2 . 9% 

4 27/0 
0 . 0 % 

5 2 0/1  
5 . 0 % 

6 1 9/0 
0 . 0 % 

7 2 5/0 
0 . 0% 

8 3 5/0 
0 . 0% 

9 2 7/0 
0 . 0 % 

10  2 0/1 
5 . 0 % 

1 1  1 9/0 
0 . 0 % 

1 2  2 5/0 
0 . 0 % 

1 3  3 5/0 
0 . 0 % 

ST56 

3 4/2 
5 . 9% 

3 4 /1 
2 . 9 % 

3 9/2 
5 . 1% 

3 7/0 
0 . 0% 

3 1/2 
6 . 4 % 

2 3/1 
4 . 3 % 

3 4/1 
2 . 9% 

3 9/1 
2 . 6% 

3 7/0 
0 . 0% 

3 1/0 
0 . 0% 

2 3 /0 
0 . 0 % 

3 4/1 
2 . 9 % 

3 9/1 
2 . 6 % 

3 7/0 
0 . 0% 

CA6 

47/17 
3 6 . 2 % 

4 7/5 
1 0 . 6 % 

54/4 
7 . 4% 

54/0 
0 . 0 % 

50/0 
0 . 0 % 

3 8/1 
2 . 6 % 

47/1 
2 . 1 % 

54/1 
1 . 8 % 

54/0 
0 . 0 % 

50/1 
2 . 0% 

3 8/0 
0 . 0 % 

4 7/0 
0 . 0 % 

5 4/0 
0 . 0 % 

54/1 
1 . 8 % 

2 9 5  

WW2 WW3 C09 Total 

61/15 3 4/1 3 2 2/1 0 2 1 7/57 
24 . 6 % 3 8 . 2 % 4 5 . 4 % 26 . 3% 

6 1/3 3 4/2 2 2/2 2 17 / 1 3  
4 . 9% 5 . 9 % 9 . 1 % 6 . 0 % 

74/9 4 4/3 3 6/2 2 7 2 / 2 2  
1 2 . 2 % 6 . 8% 5 . 5 % 8 . 1% 

8 7/7 4 0/0 3 5/4 2 8 8/1 2 
8 . 0 % 0 . 0 % 1 1 . 4 % 4 . 2 % 

8 6/1 3 6/1 3 4 / 2  2 6 4 /6 
1 .  2 %  2 . 8 % 5 . 9 % 2 . 3 % 

58/1 2 2/1 2 4 /1 1 8 5/6 
1 . 7% 4 . 5 % 4 . 2 % 3 . 2 % 

61/0 3 4/0 2 2/0 2 1 7/2 
0 . 0% 0 . 0% 0 . 0 % 0 . 9 % 

7 4 /0 4 4/0 3 6/0 2 7 2 /2 
0 . 0 % 0 . 0 % 0 . 0 % 0 . 7 % 

87/1 4 0 /0 3 5/0 2 8 8/1 
1 . 1 % 0 . 0 % 0 . 0 % 0 . 3 % 

8 6/1 3 6/0 3 4/0 2 6 4/2 
1 .  2% 0 . 0 % 0 . 0 % 0 . 7 % 

58/0 2 2 /0 2 4/0 1 8 5/1 
0 . 0 % 0 . 0% 0 . 0 % 0 . 5% 

6 1/0 3 4 /0 2 2/0 2 1 7/1 
0 . 0 % 0 . 0 % 0 . 0 % 0 . 5% 

7 4/1  4 4/0 3 6 /0 2 7 2/2 
1 . 3 % 0 . 0 % 0 . 0 % 0 . 7% 

87/2 4 0/0 3 5/0 2 8 8/3 
2 . 3 % 0 . 0 % 0 . 0 % 1 . 0 % 



Table A- 2 . ( cont . ) 

Element 
CM Loc . BF1 1  ST56 CA6 WW2 WW3 C09 Total 

1 4  27/3 3 1/1 50/0 86/2 3 6/0 3 4/0 2 6 4/6 
1 1 . 1 % 3 . 2 % 0 . 0 % 2 . 3 )  0 . 0 % 0 . 0 % 2 . 3 % 

1 5  2 0 /0 2 3/3 3 8/1 58/8 2 2/2 2 4/1 1 8 5/1 5  
0 . 0 % 1 3 . 0% 2 . 6% 1 3 . 8 % 9 . 1 % 4 . 2 % 8 . 1 % 

1 6  1 9/0 3 4/1 4 7/1 6 1 /0 3 4/1 2 2/0 2 1 7/3 
0 . 0 % 2 . 9% 2 . 1 % 0 . 0 % 2 . 9% 0 . 0 % 1 . 4 % 

1 7  2 5/0 3 9/0 54/3 74/1 . 4 4/ 3  3 6/0 2 7 2 /7 
0 . 0 % 0 . 0% 5 . 5% 1 .  3 %  6 . 8% 0 . 0 % 2 . 6 % 

1 8  3 5/0 3 7/0 5 4/0 8 7/1 4 0/0 3 5/0 2 8 8/1 
0 . 0 % 0 . 0% 0 . 0 % 1 . 1 % 0 . 0 % 0 . 0% 0 . 3% 

1 9  27/0 3 1/1 50/0 86/2 3 6/0 3 4/0 264/3  
0 . 0 % 3 . 2% 0 . 0 % 2 . 3 % 0 . 0% 0 . 0 % 1 . 1 % 

2 0  2 0/0 2 3 /0 3 8/1 58/5 2 2/1 2 4 /1 1 8 5/8 
0 . 0 % 0 . 0% 2 . 6 % 8 . 6 % 4 . 5% 4 . 2 % 4 . 3 % 

Ulna 

1A 2 5/1 6 1/4 3 1 /7 1 0 6/11  56/5 40/7 3 1 9/35  
4/0 5 6 . 6 % 2 2 . 6 % 1 0 . 4% 8 . 9% 1 7 . 5% 1 1 . 0% 

1B 2 5/1 61/3  4 9/1 3 1 0 6/2 3 56/10 40/10 3 3 7/60 
4 . 0 % 4 . 9 % 2 6 . 5% 2 1 . 7 % 1 7 . 9% 2 5 . 0 % 2 0 . 8 % 

2 3 9/1 6 0/0 50/0 1 0 8/2 56/0 4 2/0 3 5 5/3 
2 . 6 % 0 . 0% 0 . 0% 1 . 8 % 0 . 0 % 0 . 0 % 0 . 8 % 

3 4 2/1 4 4/0 4 1/0 91/0 51/0 3 7/1 3 0 6/2 
2 . 4 % 0 . 0% 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 0 . 6 % 

4 3 7/0 2 9/0 3 2 /0 59/0 4 3 /0 3 1/0 2 3 1/0 
0 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 

5 2 2/1 1 5/1 1 7/2 3 1/2 1 6/0 1 3/2 1 1 4/8 
4 . 5% 6 . 7 % 1 1 . 8 % 6 . 4 % 0 . 0 % 1 5 . 4 % 7 . 0 % 

6 2 5/0 6 1/2 3 1/2 1 0 6/2 56/0 4 0/0 3 1 9/6 
0 . 0% 3 . 3 % 6 . 4% 1 . 9 % 0 . 0 % 0 . 0 % 1 .  9 %  

2 9 6  



Tabl e A-2 . ( cont . ) 

Element 
CM Loc . BF1 1 

7A 25/0 
0 . 0 % 

7B 3 9/0 
0 . 0% 

8 4 2/0 
0 . 0 % 

9 3 7/0 
0 . 0 % 

1 0  2 2/0 
0 . 0 % 

1 1  2 5/0 
0 . 0 % 

1 2  3 9/4 
1 0 . 3 % 

1 3  4 2/2 
4 . 8 % 

1 4  3 7/0 
0 . 0 % 

1 5  2 2/0. 
0 . 0 % 

1 6A 2 5/0 
0 . 0 % 

1 6 B  25/0 
0 . 0 % 

1 7A 2 5/0 
0 . 0 % 

1 7 B  3 9/0 
0 . 0% 

1 8  4 2/0 
0 . 0% 

ST5 6 

6 1/0 
0 . 0% 

6 0/0 
0 . 0% 

4 4/0 
0 . 0% 

2 9/1 
3 . 4 % 

1 5/0 
0 . 0% 

6 1/0 
0 . 0% 

6 0/1 
1 .  7% 

4 4/1 
2 . 3 % 

2 9/0 
0 . 0% 

1 5/1 
6 . 7% 

6 1/1 
1 .  6% 

61/0 
0 . 0% 

6 1/1 
1 . 6 % 

6 0/1 
1 . 7% 

4 4 /0 
0 . 0% 

CA6 

4 9/ 3  
6 . 1 % 

50/0 
0 . 0% 

4 1/0 
0 . 0 % 

3 2/0 
0 . 0% 

17/0 
0 . 0 % 

4 9/1 
2 . 0% 

50/1 
2 . 0% 

4 1/2 
4 . 9% 

3 2/1 
3 . 1 % 

1 7/4 
2 3 . 5% 

3 1/3 
9 . 7 % 

4 9/2 
4 . 1 % 

4 9/1 
2 . 0% 

50/0 
0 . 0% 

4 1/0 
0 . 0% 

2 9 7  

WW2 WW3 C09 Total 

1 0 6/10  56/1  4 0/0 3 3 7/1 4 
9 . 4 % 1 . 8 % 0 . 0% 4 . 1 % 

1 08/2 5 6/1 4 2/0 3 5 5/3 
1 . 8 % 1 . 8% 0 . 0 % 0 . 8 % 

91/1 5 1/0 3 7/0 3 0 6/1 
1 . 1 % 0 . 0 % 0 . 0% 0 . 3 % 

59/0 4 3/0 3 1/0 2 3 1/1 
0 . 0 % 0 . 0% 0 . 0% 0 . 4 % 

3 1/3 16/0 1 3 /0 1 1 4/3  
9 . 7 % 0 . 0% 0 . 0 % 2 . 6 % 

1 06/4 56/1 40/1 3 37/7 
3 . 8 % 1 . 8 % 2 . 5% 2 . 1 % 

108/12  56/4 4 2/3 3 55/2 5 
1 1 . 1 % 7 . 1 % 7 . 1 % 7 . 0 % 

91/12  51/2 3 7/4 3 0 6/2 3 
1 3 . 2 % 3 . 9 % 1 0 . 8 % 7 . 5% 

59/2 4 3 /2 3 1 /1 2 3 1/6 
3 . 4 %  4 . 6% 3 . 2 % 2 . 6 % 

3 1,{9 16/2 1 3 /5 1 1 4/21 
2 9 . 0% 1 2 . 5% 3 8 . 5 % 1 8 . 2 % 

1 0 6/4 56/1 4 0/2 3 1 9/11  
3 . 8 % 1 . 8 % 5 . 0% 3 . 4 % 

1 06/6 5 6/0 4 0/1 3 3 7/9 
5 . 7% 0 . 0% 2 . 5% 2 . 7 % 

1 06/3 5 6/1 4 0/0 3 3 7/6 
3 . 8% 1 . 8% 0 . 0 % 1 . 8 % 

1 08/5 56/3 4 2/2 3 55/1 1  
4 . 6 % 5 . 4 % 4 . 8 % 3 . 1 % 

9 1/3 51/0 3 7/0 3 06/3 
3 . 3 % 0 . 0 % 0 . 0% 1 . 0 % 



Table A- 2 . ( cont . ) 

Element 
CM Loc . BF1 1 ST56 CA6 WW2 WW3 C09 Total 

19  3 7/0 2 9/0 3 2/0 59/0 4 3 /1 3 1/0 2 3 1/1 
0 . 0 % 0 . 0% 0 . 0 % 0 . 0 % 2 . 3 % 0 . 0% 0 . 4 %  

2 0  2 2/0 1 5/1 17/1 3 1/0 1 6/0 1 3/0 1 1 4/2 
0 . 0% 6 . 7 % 5 . 9 % 0 . 0 % 0 . 0% 0 . 0 % 1 . 7 % 

Metacarpal 

1 1 4 3/1 87/0 3 1/0 2 3 2/2 10 2/0 2 1/0 6 1 6/3 
0 . 7 % 0 . 0% 0 . 0 % 0 . 9 % 0 . 0 % 0 . 0 % 0 . 5 % 

2 1 4 3/2 87/0 3 1/0 2 3 2/3 10 2/0 2 1/0 6 1 6/5 
1 . 3 % 0 . 0% 0 . 0 % 1 .  3 %  0 . 0 % 0 . 0 % 0 . 8 % 

3 1 4 3/1 8 7/2 3 1/0 2 3 2/5 10 2/4 2 1/0 6 1 6/ 1 2  
0 . 7 % 2 . 3 % 0 . 0 % 2 . 1 % 3 . 9 % 0 . 0 % 1 . 9 % 

4 1 4 3/1 87/2 3 1/0 2 3 2/9 1 0 2/2 21/0 6 1 6/14  
0 . 7 %  2 . 3% 0 . 0% 3 . 9 %  2 . 0 % 0 . 0 % 2 . 3 % 

5 1 4 3/0 8 7/0 3 1/0 2 3 2/0 10 2/0 2 1/0 6 1 6/0 
0 . 0 % 0 . 0% 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0% 

1 1  1 4 3/0 87/0 3 1/0 2 3 2/0 10 2/0 2 1/0 6 1 6/0 
0 . 0 % 0 . 0% 0 . 0 % 0 . 0% 0 . 0 % 0 . 0 % 0 . 0 % 

1 2  1 4 3 /0 8 7/0 3 1/0 2 3 2/2 10 2/0 2 1/0 6 1 6/2 
0 . 0 % 0 . 0% 0 . 0 % 0 . 9% 0 . 0 % 0 . 0 % 3 . 2 % 

1 3  1 4 3/0 8 7/0 3 1/1 2 3 2/3 1 0 2/0 2 1/0 6 1 6/1 
0 . 0 % 0 . 0% 3 . 2 % 1 .  3 %  0 . 0 % 0 . 0 % 0 . 1 % 

1 4  1 4 3/0 8 7/0 3 1/1 2 3 2/ 3  1 0 2/0 21/0 61 6/1 
0 . 0 % 0 . 0% 3 . 2 % 1 . 3 % 0 . 0% 0 . 0% 0 . 1 % 

Innominate 

1 1 8/0 2 1 /4 3 2 /4 7 3 / 1 1  3 3 /8 26/5 2 0 3/ 3 2  
0 . 0 % 1 9 . 0 % 1 2 . 5 % 1 5 . 1 % 2 4 . 2 % 1 9 . 2 % 1 5 . 8 % 

2 1 5/0 21/2 3 2/5 7 3/ 2 4  3 2/11  26/7  1 9 9/49 
0 . 0 % 9 . 5% 1 5 . 6 % 3 2 . 9% 3 4 . 4 % 2 6 . 9 % 2 4 . 6 % 

2 9 8  



Table A- 2 .  ( cont . ) 

Element 
CM Loc . BF1 1  ST56 CA6 WW2 WW3 C09 Tota l 

3 8/2 2 0/5 2 3/7 91/17 3 4/9 2 4/5 2 0 0/4 5 
2 5 . 0 % 2 5 . 0% 3 0 . 4 % 18 . 7% 2 6 . 5% 2 0 . 8 % 2 2 . 5% 

4 18/1  2 1/0 3 2/0 7 3/2 3 3/1 26/0 2 0 3/4 
5 . 5% 0 . 0 % 0 . 0% 2 . 7 % 3 . 0 %  0 . 0 % 2 . 0 % 

5 19/3  2 0/5 3 0/7 6 0/1 2 3 7/4  25/6  1 9 1/ 3 7  
1 5 . 8 % 2 5 . 0 % 2 3 . 3 % 2 0 . 0% 1 0 . 8 % 2 4 . 0% 1 9 . 4 % 

6 18/2 2 1/4 3 2/6 7 3 / 1 1  3 3/2 26/3  2 0 3/ 2 8  
1 1 . 1 % 1 9 . 0 % 1 8 . 7 % 1 5 . 1 % 6 . 1 % 1 1 . 5% 1 3 . 8% 

7 1 5/2 2 0/1 27/3  8 8/11  3 2/1 2 6/6 2 0 8/24 
1 3 . 3 % 4 . 0 % 1 1 . 1 % 1 2 . 5% 3 . 1 % 2 3 . 1 % 1 1 . 5% 

8 8/1 14/0 2 3/1 91/9 3 4/1 2 4/6 1 9 4/18  
1 2 . 5% 0 . 0% 4 . 3 % 9 . 9 % 2 . 9 % 2 5 . 0 % 9 . 3 % 

9 7/0 1 2/0 17/2 4 2/3 1 9/2 2 0/1 1 17/8 
0 . 0 % 0 . 0% 1 1 . 8 % 7 . 1% 1 0 . 5% 5 . 0 % 6 . 8 % 

10  7/0  1 2/0 17/2 4 2/3 19/1 2 0/0 1 17/6 
0 . 0 % 0 . 0% 1 1 . 8% 7 . 1 % 5 . 3 % 0 . 0 % 5 . 1 % 

1 1  1 9/0 2 0/0 3 0/5 6 0/9 3 7/2 2 5/8 1 9 1/ 2 4  
0 . 0 % 0 . 0% 1 6 . 7 % 1 5 . 0% 5 . 4 % 3 2 . 0 % 1 2 . 5% 

1 2  18/0 2 1/0 3 2/1 7 3/0 3 3/0 2 6/0 2 0 3/1 
0 . 0% 0 . 0% 3 . 1 % 0 . 0% 0 . 0% 0 . 0 % 0 . 5% 

1 3  8/0 1 4/0 2 3/0 9 1/0 3 4/0 2 4/0 1 94/0 
0 . 0 % 0 . 0% 0 . 0 % 0 . 0 % 0 . 0% 0 . 0% 0 . 0% 

1 4  1 5/0 2 1/0 3 2/4 7 3/2 3 3/0 2 6/4 2 0 0/1 0 
0 . 0 % 0 . 0% 1 2 . 5% 2 . 7 % 0 . 0% 1 5 . 4 % 5 . 0 % 

Femur 

1A 16/0 2 5/0 1 1/1 1 8/0 10/1 1 3 /1 9 3 / 3  
0 . 0% 0 . 0% 9 . 1 % 0 . 0% 1 0 . 0% 7 . 7 % 3 . 2 % 

1B 1 6/0 25/3 1 1/1 1 8/0 10/1 1 3 / 3  9 3/8 
0 . 0% 1 2 . 0% 9 . 1 % 0 . 0 % 1 0 . 0% 2 3 . 1 % 8 . 6 % 

2 9 9  



Table A- 2 .  ( cont . ) 

Element 
CM Loc . BF1 1 · ST56 CA6 WW2 WW3 C09 Total 

1C 24/1 2 9/6 16/1 2 3 /1 1 6/3 3 1 / 3  1 3 9/15 
4 . 2 % 2 0 . 7 % 6 . 2 % 4 . 3 % 1 8 . 7 % 9 . 7 % 1 0 . 8 % 

2 24/1 2 9/1 1 6/1 2 3/0 1 6 /1 3 1/3 1 3 9/7 
4 . 2 % 3 . 4 % 6 . 2 % 0 . 0 % 6 . 2 % 9 . 7 % 5 . 0 % 

3 3 1/4 3 3/0 1 6/1 3 0/4 1 2/1 3 2/0 1 54 / 1 0  
1 2 . 9 % 3 . 0% 6 . 2 % 1 3 . 3 % 8 . 3 % 0 . 0 % 7 . 1 % 

4A 2 5/0 3 5/2 1 4/0 2 8 /0 1 0/0 3 1/0 1 4 3/2 
0 . 0 % 5 . 7 % 0 . 0% 0 . 0 % 0 . 0% 0 . 0 % 1 .  4 %  

4 B  2 5/3. 3 5/2 14/1 2 8/0 10/1 3 1 /0 1 4 3 /7 
1 2 . 0% 5 . 7 % 7 . 1 % 0 . 0% 1 0 . 0% 0 . 0 % 5 . 6 % 

5 2 1/0 3 0/0 8/0 2 2 /0 1 1/0 1 5/0 1 0 7/0 
0 . 0% 0 . 0% 0 . 0% 0 . 0% 0 . 0% 0 . 0 % 0 . 0 % 

6 1 6/0 2 5/0 1 1/0 1 8/1 1 0/1 1 3/2 9 3 /4 
0 . 0 % 0 . 0% 0 . 0% 5 . 5 % 1 0 . 0 % 1 5 . 4 % 4 . 3 % 

7 2 4 /1 2 9/0 1 6/0 2 3/0 1 6/0 3 1/0 1 3 9/1 
4 . 2 % 0 . 0% 0 . 0 % 0 . 0 % 0 . 0% 0 . 0% 0 . 7 % 

8 3 1/2 3 3/0 1 6/0 3 0/1 1 2/0 3 2/0 1 5 4 /3 
6 . 4 %  0 . 0% 0 . 0% 3 . 3 % 0 . 0 % 0 . 0 % 1 . 9 % 

9A 2 5/0 3 5/1 1 4/0 2 8/0 1 0/0 3 1/0 1 4 3 /1 
0 . 0% 2 . 9% 0 . 0% 0 . 0 % 0 . 0% 0 . 0 % 0 . 7 % 

9B 2 5/4 3 5/0 1 4/0 28/0 1 0/0 3 1/0 1 4 3 /4 
1 6 . 0% 0 . 0% 0 . 0 % 0 . 0 % 0 . 0% 0 . 0 % 2 . 8 % 

1 0  2 1/0 3 0/0 8/0 2 2/1 1 1/0 1 5/ 3  1 0 7/4 
0 . 0 % 0 . 0 % 0 . 0 % 4 . 5% 0 . 0 % 2 0 . 0 % 3 . 7 %  

1 1A 16/0 2 5/1 1 1/0 1 8/ 2  1 0/1 1 3/2 9 3 /6 
0 . 0% 4 . 0% 0 . 0% 1 1 . 1 % 1 0 . 0% 1 5 . 4% 6 . 4% 

1 1B 1 6/0 2 5/ 3  1 1/0 18/2 1 0/1 1 3/2 9 3/8 
0 . 0% 1 2 . 0% 0 . 0% 1 1 . 1 % 1 0 . 0% 1 5 . 4 % 8 . 6 % 

1 1C 2 4 /0 29/0 1 6/2 2 3 /6 1 6/5 3 1/2 1 3 9/15 
0 . 0% 0 . 0% 1 2 . 5% 2 6 . 1 % 3 1 . 2 % 6 . 4 % 1 0 . 8 % 

3 0 0  



Table A- 2 . ( cont . ) 

Element 
CM Loc . BF1 1 ST56 CA6 WW2 WW3 C09 Total 

1 2  24/1 2 9/0 1 6/0 2 3/0 1 6 /0 3 1/2 1 3 9/3 
4 . 2 % 0 . 0% 0 . 0 % 0 . 0% 0 . 0 % 6 . 4 % 2 . 2% 

1 3  3 1/2 3 3/2 1 6/0 3 0/2 1 2/0 3 2/3 1 54/9 
6 . 4 % 6 . 1% 0 . 0% 6 . 7 % 0 . 0 % 9 . 4 % 5 . 8 % 

1 4A 2 5/0 3 5/2 1 4 /0 28/1  10/2 3 1/2 14 3/7 
0 . 0 % 5 . 7% 0 . 0 % 3 . 6% 2 0 . 0 % 6 . 4 % 4 . 9% 

1 4B 2 5/1 3 5/1 14/1 28/2 1 0/1 3 1/1 1 4 3 /7 
4 . 0 % 2 . 9% 7 . 1 % 7 . 1 % 1 0 . 0 % 3 . 2 % 4 . 9 % 

1 5  2 1 /1 3 0/2 8/1 2 2 /0 1 1/0 1 5/0 1 0 7/4 
4 . 8 % 6 . 7% 1 2 . 5 % 0 . 0 % 0 . 0 % 0 . 0% 3 . 7 % 

1 6A 1 6/0 2 5/3 1 1/0 1 8/0 1 0/1 1 3/5 9 3/9 
0 . 0 % 1 2 . 0% 0 . 0 % 0 . 0 % 1 0 . 0 % 3 8 . 5% 9 . 7 % 

1 6B 2 4/1 2 9/4 1 6/0 2 3/5 1 6/2 3 1 /6 1 3 9/18  
4 . 2% 1 3 . 8% 0 . 0 % 2 1 . 7 % 1 2 . 5% 1 8 . 3 % 1 2 . 9% 

1 7  2 4/1 2 9/1 1 6/2 2 3 /1 1 6 /2 3 1 /3 1 3 9/10 
4 . 2 % 3 . 4% 1 2 . 5 5 4 . 3 % 1 2 . 5% 9 . 7 % 7 . 2 % 

1 8  3 1/ 3  3 3/0 16/1 3 0/0 1 2/1 3 2/3 1 54/8 
9 . 7 % 0 . 0% 6 . 2 % 0 . 0 % 8 . 3 % 9 . 4 % 5 . 2 % 

1 9A 2 5/1 3 5/1 14/0 2 8/0 1 0/0 3 1/1 1 4 3/3  
4 . 0 % 2 . 9% 0 . 0 % 0 . 0 % 0 . 0 % 3 . 2 % 2 . 1 % 

1 9B 2 5/2 3 5/1 14/1 28/0 1 0/0 3 1/0 1 4 3 /4 
8 . 0% 2 . 9 % .7 . 1 % 0 . 0% 0 . 0% 0 . 0% 2 . 8 % 

2 0  2 1/0 3 0/0 8/0 2 2/1 1 1/0 1 5/1 1 0 7/2 
0 . 0% 0 . 0% 0 . 0 % 4 . 5% 0 . 0% 6 . 7 %  1 1 . 9 % 

Tibia 

1 9/0 2 2 /0 3 4 /0 4 9/2 18/0 18/0 1 50/2 
0 . 0 % 0 . 0% 0 . 0% 4 . 1 % 0 . 0% 0 . 0% 1 . 5% 

2 24/2 3 2/0 50/3 7 3/0 2 7 /0 2 4/1 2 3 0/6 
8 . 3 % 0 . 0 % 6 . 0% 0 . 0 % 0 . 0% 4 . 2 % 2 . 6 % 

3 01 



Table A- 2 .  ( cont . ) 

Element 
CM Loc . BF1 1 ST56 CA6 WW2 WW3 C09 Tota l 

3 46/3  3 9/1 50/1 6 4/4 3 2/1 2 5/1 2 56/11 
6 . 5% 2 . 6 % 2 . 0% 6 . 2 % 3 . 1 % 4 . 0% 4 . 3 % 

4A 3 7/1 3 3/4 4 5/5 56/6 3 9/1 2 2/6 2 3 2/ 2 3  
2 . 7% 1 2 . 1 % 1 1 . 1 % 10 . 7 % 2 . 6 % 2 7 . 3 % 9 . 9 % 

4B 3 7/1 3 7/1 4 5/4 56/3 3 9/1 2 2/ 3  2 3 6/1 3 
2 . 7 % 2 . 7% 8 . 9 % 5 . 4 % 2 . 6 % 1 3 . 6 % 5 . 5% 

5 3 0/ 3  3 3/5 3 6/6 50/11 3 5/5 2 2/1 2 2 0 6/4 2 
1 0 . 0 % 1 5 . 1% 1 6 . 7 % 2 2 . 0 % 1 4 . 3 % 54 . 5% 2 0 . 4 % 

6 9/0 2 2/0 3 4/0 4 9/0 18/0 1 8/0 1 5 0/0 
0 . 0 % 0 . 0% 0 . 0 % 0 . 0% 0 . 0% 0 . 0 % 0 . 0 % 

7A 24/0 3 2/0 50/0 7 3/1 27/0 24/0 2 3 0/1 
0 . 0% 0 . 0% 0 . 0 % 1 . 4 % 0 . 0% 0 . 0 % 0 . 4 % 

7B 24/0 3 2/0 50/0 7 3/2 2 7/0 24/4 2 3 0/6 
0 . 0 % 0 . 0% 0 . 0 % 2 . 7 % 0 . 0 % 16 . 7 % 2 . 6 % 

8 4 6/0 3 9/0 50/1 64/1 3 2/0 2 5/1 256/3  
0 . 0 % 0 . 0% 2 . 0 % 1 . 6 % 0 . 0% 4 . 0% 1 . 2 % 

9A 3 7/0 3 3/0 4 5/0 56/0 3 9/0 2 2/1 2 3 2/1 
0 . 0 % 0 . 0% 0 . 0% 0 . 0% 0 . 0 % 4 . 5 % 0 . 4 % 

9B 3 7/0 3 7/0 4 5/0 56/0 3 9/0 2 2/0 2 3 6/0 
0 . 0 % 0 . 0% 0 . 0 % 0 . 0% 0 . 0 % 0 . 0 % 0 . 0% 

1 0  3 0/0 3 3 /0 3 6/0 5 0/2 3 5/0 2 2/0 206/2 
0 . 0 % 0 . 0% 0 . 0% 4 . 0 % 0 . 0 % 0 . 0% 1 . 0 % 

1 1  9/0 2 2/0 3 4/0 4 9/5 1 8/0 1 8/1 1 50/6 
0 . 0% 0 . 0% 0 . 0% 10 . 2 % 0 . 0 % 5 . 5% 4 . 0 % 

1 2A 2 4/0 3 2/0 50/2 7 3/1 27/1 24/4 2 3 0/8 
0 . 0 % 0 . 0% 4 . 0 % 1 . 4 % 3 . 7 %  16 . 7 % 3 . 5 %  

1 2B 24/1 3 2/1 50/1 7 3 /4 27/0 2 4/1 2 3 0/8 
4 . 2 % 3 . 1% 2 . 0 % 5 . 5% 0 . 0% 4 . 2 % 3 . 5% 

1 3  4 6/2 3 9/0 5 0/2 64/2 3 2/0 2 5/1 2 56/7 
4 . 3 % 0 . 0% 4 . 0 % 3 . 1 % 0 . 0% 4 . 0 % 2 . 7 % 

3 0 2  



Tabl e A-2 . ( cont . ) 

Element 
CM Loc . BF1 1 ST5 6 CA6 WW2 WW3 C09 Total 

1 4A 3 7/0 3 3/2 4 5/0 56/2 3 9/0 2 2/1 2 3 2/5 
0 . 0 % 6 . 1% 0 . 0 % 3 . 6% 0 . 0% 4 . 5% 2 . 1 % 

1 4 B  3 7/2 3 7/3 4 5/0 56/1 3 9/0 2 2/ 3  2 3 6/9 
5 . 4% 8 . 1 % 0 . 0% 1 . 8% 0 . 0% 1 3 . 6 % 3 . 8 % 

1 5  3 0/1 3 3/1 3 6/0 50/1 3 5/0 2 2/0 2 06/3 
3 . 3 % 3 . 0% 0 . 0% 2 . 0 % 0 . 0 % 0 . 0% 1 . 5% 

1 6  9/0 2 2/0 3 4/2 49/3 18/1 18/0 1 50/6 
0 . 0 % 0 . 0% 5 . 9 % 6 . 1 % 5 . 5% 0 . 0% 4 . 0 % 

1 7A 24/0 3 2/1 50/2 7 3/2 2 7/0 2 4/0 2 3 0/5 
0 . 0 % 3 . 1 % 4 . 0% 2 . 7 % 0 . 0 % 0 . 0 % 2 . 2 % 

1 7 B  2 4/0 3 2/0 50/3 7 3/1 27/0 2 4/5  2 3 0/9 
0 . 0% 0 . 0 % 6 . 0 % 1 . 4 % 0 . 0% 2 0 . 8 % 3 . 9 % 

1 8  46/4 3 9/0 50/2 64/4 3 2/0 2 5/2 2 56/12  
8 . 7% 0 . 0 % 4 . 0% 6 . 2 % 0 . 0% 8 . 0 % 4 . 7 % 

1 9A 3 7/2 3 3/0 4 5/0 56/2 3 9/1 2 2/1 2 3 2/6 
5 . 4 % 0 . 0% 0 . 0 % 3 . 6 % 2 . 6 % 4 . 5% 2 . 6 % 

1 9B 3 7/1 3 7/0 4 5/1 56/1 3 9/0 2 2/0 2 3 6/ 3  
2 . 7 % 0 . 0 % 2 . 2 5 1 . 8 % 0 . 0% 0 . 0 % 1 . 3 % 

2 0  3 0/2 3 3/1 3 6/0 5 0/1 3 5/1 2 2/2 2 0 6/7 
6 . 7% 3 . 0% 0 . 0% 2 . 0 % 2 . 9 % 9 . 1 % 3 . 4 % 

Cal caneum 

1 2 1/0 15/0 1 3/0 3 3/0 1 4/0 1 4/1 1 1 0/1 
0 . 0% 0 . 0% 0 . 0% 0 . 0% 0 . 0 % 7 . 1 % 0 . 9 % 

3 2 1/0 1 5/3 1 3/0 3 3/5  1 4/1 1 4/ 1  1 1 0/ 1 0  
0 . 0 % 2 0 . 0% 0 . 0 % 1 5 . 5% 7 . 1 % 7 . 1 % 9 . 1 % 

4 2 1/0 1 5/0 1 3/0 3 3/2 1 4/0 1 4/0 1 1 0/2 
0 . 0 % 0 . 0% 0 . 0 % 6 . 1 % 0 . 0% 0 . 0 % 1 . 8 % 

5 2 1/0 1 5/0 1 3/0 3 3/1 1 4/0 1 4 /0 1 1 0/1 
0 . 0% 0 . 0% 0 . 0% 3 . 0 % 0 . 0% 0 . 0 % 0 . 9 % 

3 0 3  



Table A- 2 . ( cont . ) 

El ement 
CM Loc . BF1 1  ST56 CA6 WW2 WW3 C09 Tota l 

8 2 1/1 1 5/0 1 3/0 3 3/0 14/0 1 4/0 1 1 0/1 
4 . 8 % 0 . 0% 0 . 0 % 0 . 0% 0 . 0% 0 . 0% 0 . 9 % 

1 0  2 1/3 1 5/0 1 3/0 3 3/ 3  1 4/0 1 4/0 1 1 0/6 
1 4 . 3 % 0 . 0% 0 . 0 % 9 . 1 % 0 . 0 % 0 . 0 % 5 . 4 % 

1 1  2 1/0 1 5/0 1 3/0 3 3 /1 1 4 /0 1 4 /0 1 1 0/1 
0 . 0 % 0 . 0% 0 . 0 % 9 . 1 % 0 . 0 % 0 . 0% 0 . 9% 

1 2  2 1/0 15/0 1 3/0 3 3/0 1 4 /0 1 4/1 1 1 0/1 
0 . 0 % 0 . 0 % 0 . 0 % 0 . 0% 0 . 0 % 7 . 1 % 0 . 9 % 

1 3  2 1/1 1 5/2 1 3/1 3 3/1 1 4/1 1 4 /0 1 1 0/6 
4 . 8% 1 3 . 3 % 7 . 7 % 3 . 0 % 7 . %  0 . 0% 5 . 4 % 

1 4  2 1/0 1 5/0 1 3/0 3 3/0 1 4/0 1 4/0 1 1 0/0 
0 . 0 % 0 . 0% 0 . 0% 0 . 0% 0 . 0 % 0 . 0 % 0 . 0 % 

1 5  2 1 /0 1 5/1 1 3/0 3 3/2 1 4/1 1 4 /0 1 1 0/4 
0 . 0% 6 . 7% 0 . 0% 6 . 1 % 7 . 1 % 0 . 0 % 3 . 6 % 

1 8  2 1 /2 1 5/0 1 3 /0 3 3/1 14/0 1 4/0 1 1 0/3 
1 4 . 3 % 0 . 0% 0 . 0 % 3 . 0% 0 . 0% 0 . 0% 2 . 7 % 

Astragalus 

1 8/1 1 3/2 14/4  1 2/4  5/3  52/20  
1 2 . 55 1 5 . 4% 2 8 . 6 % 3 3 . 3 % 6 0 . 0 % 2 6 . 9 % 

4 8/0 1 3 /0 1 4/1 1 2 /1 5/0 52/2 
0 . 0% 0 . 0% 7 . 1 % 8 . 3 % 0 . 0 % 3 . 8 % 

5 8/0 1 3/0 1 4 /1 1 2/0 5/0 52/1 
0 . 0% 0 . 0% 7 . 1 % 0 . 0% 0 . 0 % 1 . 9 % 

6 8/0 1 3/0 1 4/0 1 2/0 5/0 52/0 
0 . 0% 0 . 0% 0 . 0% 0 . 0% 0 . 0% 0 . 0 % 

1 1  8/0 1 3/0 1 4/0 1 2/1 5/0 52/1 
0 . 0% 0 . 0% 0 . 0% 8 . 3 % 0 . 0 % . 1 .  9 %  

1 6  8/0 1 3/1 1 4/0 1 2/0 5/0 52/1 
0 . 0% 0 . 0 % 0 . 0% 0 . 0% 0 . 0 % 1 . 9% 
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Table A- 2 . ( concluded ) 

Element 
CM Loc . BF1 1 ST56 CA6 WW2 WW3 C09 Total 

1 9  8/0 1 3/0 1 4/1 1 2/0 5/0 5 2 /1 
0 . 0% 0 . 0% 7 . 1 % 0 . 0 % 0 . 0% 1 . 9 % 

Metatarsal  

1 94/0 1 0 0/1 3 6/0 1 7 8/1 1 0 2/0 2 2/1 5 3 2/3 
0 . 0 % 1 . 0% 0 . 0 % 0 . 6 % 0 . 0% 4 . 6 % 0 . 6 % 

2 94/0 1 0 0/0 3 6/0 17 8/0 1 0 2/0 2 2/0 5 3 2/0 
0 . 0% 0 . 0% 0 . 0% 0 . 0 % 0 . 0% 0 . 0 % 0 . 0 % 

3 94/1 1 0 0/0 3 6/1 1 78/2 1 0 2 /0 2 2/0 5 3 2/4 
1 . 1 % 0 . 0% 2 . 8 % 1 . 1 % 0 . 0% 0 . 0 % 0 . 8 % 

4 94/0 1 0 0/0 3 6/1 1 7 8/6 1 0 2/0 2 2/0 5 3 2/7 
0 . 0 % 0 . 0% 2 . 8 % 3 . 4 % 0 . 0% 0 . 0% 1 .  3 %  

5 94/0 1 0 0/0 3 6/1 1 7 8/0 10 2/0 2 2/0 5 3 2/1 
0 . 0% o . o% 2 . 8 % 0 . 0 % 0 . 0 % 0 . 0% 0 . 2 % 

1 1  9 4/0 1 0 0/0 36/0 1 7 8/0 1 0 2/0 2 2/0 5 3 2 /0 
0 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0 % 0 . 0% 0 . 0% 

1 2  94/0 1 0 0/0 3 6/0 1 7 8/1 1 0 2/0 2 2/0 53 2/1 
0 . 0 % 0 . 0% 0 . 0% 0 . 6 % 0 . 0% 0 . 0% 0 . 2 % 

1 3  9 4/0 1 00/0 3 6/1 178/0 10 2/0 2 2/0 5 3 2/1 
0 . 0 % 0 . 0% 2 . 8 % 0 . 0 % 0 . 0% 0 . 0% 0 . 2 % 

1 4  94/0 1 0 0/0 36/0 1 7 8/1 10 2 /1 2 2/0 5 3 2/2 
0 . 0 % 0 . 0 % 0 . 0% . 0 6 %  1 . 0 % 0 . 0 % 0 . 4 % 

1 5  9 4/0 100/0 3 6/0 17 8/0 1 0 2/0 2 2/0 5 3 2/0 
0 . 0% 0 . 0% 0 . 0% 0 . 0 % 0 . 0% o . o% 0 . 0 % 
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