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ABSTRACT 

The predominance of faunal remains associated with Paleo-

Indian sites has spurred developments in theoretical and 

methodological frameworks for the extraction and interpretation of 

cultural information from faunal assemblages. In this study, a 

number of analytic techniques are applied to a moderately large 

collection of Bison remains. Using information about the spatial 

distribution of bone, the representation and modification of skeletal 

parts, and the population structure of the Bison cohort; the nature, 

organization, and context of bison procurement and processing 

activities are reconstructed. From these reconstructions, inferences 

about Paleo-Indian culture and its adaptation to the Plains are drawn 

and evaluated in light of previous research. 

Special consideration is given to discussion of the analytic 

procedures by which the primary data for these inferences are 

derived. The application and results of these procedures will hold a 

general relevance to other contexts of zooarchaeological research as 

well as to studies of Paleo-Indian Bison exploitation. 

t 
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CHAPTER 1 

INTRODUCTION 

It is difficult for most archaeologists to speak of Paleo-

Indian man without portraying him as the model of a big-game 

hunter. Certain individuals have agrued that this view may be an 

artifact of biases in the evidence toward kill and butchering sites 

(Jennings 1974). This is a valid point but it certainly does not 

undermine the fact that the archaeological record from the North 

American Plains documents nearly 10,000 years of intensive and 

efficient exploitation of bison as a food resource. The 

preponderance of bison kill sites provides an important data base for 

understanding certain economic aspects of Paleo-Indian culture and 

its ecological relationships with the Plains environment. 

Advances in methods of analyzing faunal material and the 

r 
incorporation of this information into archaeological theory have 

greatly benefited studies of bison procurement and utilization. It 

is hoped that this study of the bison remains from the Lamb Spring 

site will make an important contribution to this research. Following 

the example of previous researchers (Clark 1972; Olsen 1971; White1 

1952, 1954), faunal materials are treated as a relevant and important 

domain of archaeological study. A successful adaptation to the 

Plains environment requires a certain level of organizational and 

1 
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technological behavior for the location, procurement, and processing 

of bison. It is expected that many aspects of this behavior will be 

interpretable from characteristic patterns of the bone assemblages 

occurring at Paleo-lndian sites. This study attempts to apply a 

number of analytic techniques designed to isolate and interpret these 

kinds of patterns in the Lamb Spring bison remains. Many of these 

approaches have been developed in the context of previous bison 

studies while some are derived from other research contexts in 

archaeology and paleontology. 

The research objectives of this study have not been to record 

and report every piece of information that has ever been considered 

important in studies of bison from archaeological sites. Instead, 

attention has been focused on a few distinct analytic problems 

determined partly by their relative importance and partly by unique 

features of the site that have generated particular research 

interests. These problems are unique in the kinds of data and 

methods they employ and may serve as guides in the organization of 

this thesis. The remainder of this chapter presents the geographical 

and cultural context of the Lamb Spring site and briefly describes 

the procedures followed in collecting and analyzing the data for this 

study. Chapter 2 deals with the spatial distribution of bone within 

the site. 'Variability in the representation and modification of bone 

is discussed in Chapter 3. Chapter 4 presents information about the 

age and sex structure of the bison population represented in the bone 

assemblage. Finally, the combined results of these individual 
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analyses are employed in the final chapter to reconstruct the 

activities that occurred at the site. The relevance of this 

information to Paleo-Indian archaeology and to bison studies in 

general will be discussed and evaluated. 

The Lamb Spring Site 

The Lamb Spring site is located in Littleton, Colorado, about 

20 miles south of Denver. The site is deeply stratified, with 

archaeological materials dating from Paleo-Indian to Historic 

times. Initial investigations were conducted by Waldo Wedel of the 

Smithsonian Institution in 1961 and 1962 although no final report was 

published. In 1980 and 1981 additional excavations were carried out 

by Dennis Stanford, also of the Smithsonian. Descriptions of the 

stratigraphy of the site have been published in a preliminary report 

by Stanford, Wedel, and Scott (1981). The bison remains were 

recovered from a dark grey sandy clay which filled the younger of two 

fossil stream channels. Aftifacts recovered from this level included 

seven complete or partially complete projectile points characteristic 

of the Cody Paleo-Indian Complex, a fragment of a Cody knife, and 

several unifacial stone tools. Two samples of bison bone from this 

level yielded radiocarbon dates of 6920 ± 350 B.C. (M-1463) and 5920 

± 240 B.C. (SI-45) (Stanford et al. 1981). 

The temporal position of the Cody Complex within the Plains 

Paleo-Indian sequence has been documented stratigraphically at 

Blackwater Draw, New Mexico, and the Hell Gap site, Wyoming (C. V. 
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Haynes 1966; Hester 1972; Irwin-Williams et al., 1973). Following 

Jepsen's (1953) definition of the Cody complex, Wormington (1957) 

extended the concept to incorporate a number of point types, 

previously classified as Eden, Yuma, Scottsbluff, Alberta, and 

others, into a single cultural horizon. As with earlier 

manifestations of what is commonly referred to as the Piano 

tradition, the common feature in all excavated Cody sites is their 

association with fossil bison. 

Methodology 

Bone recovered from the Cody level was separated from the 

rest of the collection with the aid of field notes and maps. These 

specimens were then identified by comparison with two modern Bison 

bison bison individuals and with fossil collections from the Jones-

Miller site (Stanford 1978 in press) and the Frasca site (Fulgam and 

Stanford 1982). Only two specimens of non-Bison bone were found. 

These were identified as camel and are probably Camelops sp., which 

is present in the underlying Pleistocene deposits. No satisfactory 

explanation for their intrusion into the upper portions of the Cody 

level has yet been reached. 

The primary information collected for each specimen included 

element designation, the portion and approximate percentage of that 

element present, symmetry, fusion stage of proximal and distal ends, 

and the size in centimeters for rib fragments. These data, along 

with all available level and point provenience information, were 
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recorded in alpha-numeric codes directly on the Smithsonian faunal 

collection forms to be keypunched for computer analysis. Other 

information which was not quantified, such as unique modifications, 

was recorded separately on note cards. Mandibles and metapodials 

were separated out for further analysis. Specific observations made 

on these elements are described in Chapter 4. ~ 

Sorting and manipulating the raw data was done with the aid 

of the University of Arizona's Cyber 175 computer using programs 

available in the BMDP Statistical Software package (Dixon 1981). For 

the reader who desires detailed information about the computational 

procedure followed in certain analyses presented below, reference is 

made to the specific BMDP program employed. 

Once the data had been punched on cards and edited, vertical 

backplots of specimens were obtained and compared with stratigraphic 

profile drawings to further check the level designation of each 

bone. The contents of the collection were then inventoried using a 

variety of data listings. The remaining analytic procedures employed 

in this study are described in the appropriate contexts throughout 

the following chapters. 

Most of these procedures involved transformation of the raw 

data prior to analysis. For this reason, complete listings of the 

original data are not necessary for the understanding and evaluation 

of the analyses presented below. A considerable amount of space has 

been saved by not presenting this information which is available 

either from the author or from Dennis Stanford, Curator, NMNH, 
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Smithsonian Institution. 

The Lamb Spring Bison Collection 

The 1981/1981 excavations at Lamb Spring recovered 1627 bone 

specimens from the Cody level along with an uncounted number of small 

fragments. In addition, 363 specimens from the 1961/1962 excavations 

were analysed, thus yielding a total of 1990 bones. Virtually no 

information was available regarding the provenience, collection, and 

curation of the 1960's specimens. The sample consists of mostly 

complete or nearly complete bones and, in all likelihood, represents 

only an unknown percentage of the total excavated sample. Therefore, 

this sample is not comparable with that of the recent excavation in 

which every piece of bone was collected and curated. 

From the recent sample, 357 specimens could not be identified 

to a specific element or taxon. One hundred and eleven of the 

remaining bones either could not be found in the collection or were 

in such a poor state of preservation that the identification made in 

the field could neither be confirmed nor discounted. When the field 

identification corresponded well with the mapped representation of 

that specimen, it was retained; otherwise, a code of UNID was 

recorded. Another 333 specimens were identified as particular 

elements that are not taxonomically diagnostic of Bison and thus 

could not be individually identified as such. These were primarily 

fragments of long bones, ribs, vertebrae, and skull. These specimens 

are probably bison and were included in the analysis on the grounds 



that (1) they are within the appropriate size range, (2) no taxa 

other than bison were identified in the level, and (3) their 

exclusion could cause serious misinterpretation of the relative 

representation of skeletal ements in the assemblage. 

All other specimens (including those from the earlier 

excavation) may be identified as Bison sp. For the purpose of this 

study, this is a sufficient level of taxonomic identification. Two 

authors have recently reviewed the classification of Holocene Bison 

and refrence may be made to their work for further identification of 

the Lamb Spring bison. Wilson (1974a; 1974b) has assigned all 

Holocene bison to a single species (B. bison) while noting two 

geographic subspecies in the early Holocene: a northern phenotype 

(B. bison occidentalis) and a southern phenotype (B. bison 

antiquus). These two forms have traditionally been treated as 

separate species (Schultz and Frankforter 1946; Skinner and Kaisen 

1947). McDonald (1981) also assigns "occidentalis" and "antiquus" 

forms to a single species although he prefers B. antiquus rather than 

using the modern specific name as Wilson does. McDonald places 

slightly greater emphasis on the temporal distinction between 

antiquus and occidentalis, suggesting that the latter evolved 

directly from B. antiquus antlqus. Wilson, on the other hand, 

stresses the co-occurrence of both forms in single populations such 

as at the Casper site and suggests that the apparent temporal 

division is an artifact of a chronological southward depression of 

the boundary between two phenotypic extremes. The single complete 
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skull from Lamb Spring, probably a female, exhibits the slender, 

spiral growth and posterior deflection of the horn cores 

characteristic of the occidentalis type. It may be referred to 

either B. bison occidentalis or B. antiquus occidentalis depending on 

which nomenclature is preferred. If Wilson's model of phenotypic 

variation within the population is valid, then caution should be 

exercised before assigning the entire Lamb Spring population to this 

taxon. The dates from Lamb Spring would place the proposed clinal 

division slightly to the north of the site. Therefore, as with the 

Casper site, a .certain amount of variation resulting from gene flow 

may have been present. 



CHAPTER 2 

SPATIAL DISTRIBUTION 
Ar >*f 

The spatial analysis of the bison remains at Lamb Spring 

presented in this chapter is primarily exploratory in nature and, 

because of a number of constraining factors, the results obtained 

must be regarded as preliminary. Information about the paleo-

topography and sedimentology of the site is presently limited to 

field maps and notes and to observations made by the author while 

participating in the 1980/1981 excavations. No thorough analysis of 

these data has yet been completed. Also, the area from which bone 

provenience data are available is limited to 108 square meters 

uncovered during the recent excavation. 

In organizing a program of research for this study, it was 

decided that an attempt to fully isolate and interpret the 

structuring principles in the spatial distribution of bone in the 

site would be somewhat premature at this time and would extend beyond 

the overall research goals of this thesis. However, attempts were 

made to determine the presence of patterning in the bone distribution 

which may reflect spatial organization of activities that occurred 

during the site's occupation. 

Within the framework of this generalized research objective, 

a number of specific questions generated by information from other 
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portions of this analysis will be addressed. These may be outlined 

as follows. 

The occurrence of most of the bone in a channel fill deposit 

and the low frequency of stone artifacts imply possible fluvial 

redeposition. If post-depositional transport has occurred, this 

information would hold serious ramifications for the interpretation 

of any cultural activities at the site locus. 

Possible explanations of the complete disarticulation of 

skeletal elements, discussed in the following chapter, are dependent 

upon the degree to which the bone remained on the surface and exposed 

to various agencies, of disturbance. Certain aspects of the spatial 

distribution may serve as evidence for such a situation. 

A major concern in bison procurement studies is whether a 

kill site represents one or more operations. Therefore, attempts 

were made to determine the presence of one or more stratigraphic 

horizons within the bone bed. 

The primary emphasis in the spatial analysis of bison kill 

and butchering sites has been on the study of articulated units 

(Frison 1974; Wheat 1972) or of distinct piles of elements noted 

during excavation (Stanford 1978). The analytical bias toward these 

kinds of data is quite understandable. However, much less emphasis 

has been placed on the application of methods for analyzing 

distributions of disarticulated elements. The use of point 

provenience data quite often is limited to the construction of 

distribution maps of either the entire assemblage or of selected 
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elements from which patterning is determined by visual inspection. 

Quantitative techniques that have been applied to bison bone 

distributions have used frequencies of elements within different 

collection units to measure the homogeneity or heterogeneity of the 

bone bed. Again, the primary mode of analyzing these transformed 

data is visual inspection of either separate frequency graphs for 

each unit (Lorrain 1968) or of separate density maps for each element 

(Wheat 1979). 

A major problem in devising an approach to studying bone 

distributions in sites such as Lamb Spring is the selection of 

analytical units. To reduce the number of variable classes to a 

manageable size, one must either exclude certain types or devise some 

method for collapsing types into a few categories that will have some 

meaning relative to the kinds of patterning present. One approach 

would be to analyze the distribution of certain element categories 

determined a priori from element covariance observed in 

archaeological studies of butchering or in taphonomic studies of bone 

disarticulation and transport. In the absence of prior indications 

as to the kinds of anatomical categories that would be most 

appropriate to understanding the spatial distribution at Lamb Spring, 

a more heuristic approach was adopted by focusing on methods of 

analysis which might reveal patterns of covariance between selected 

individual elements. 



The Bone Bed 

Figure 1 shows the distribution of all the bone (including 

unidentified specimens) collected during the 1980/1981 seasons. 

Before interpreting this map, several areas of disturbance must be 

pointed out. Bisecting the site in a north - south direction is the 

1979 backhoe trench put in by Stanford to test this area prior to the 

recent excavations. In the southeast corner of the map, the northern 

perimeter of Wedel's 1961/1962 excavations is indicated. Within this 

margin is a small, isolated cluster of bones contained in a slump 

block which had broken free of Wedel's north profile prior to back

filling that exposure. Approximately in the center of the southern 

margin of the site, a backhoe trench cut in 1980 to re-establish 

Wedel's earlier stratigraphic section has also removed a small 

portion of undisturbed sediments. 

Roughly reconstructed from the profile drawings, the thalweg 

of the fossil stream bed originates in about the center of the 

southern wall. It proceeds in a northeasterly direction to near, or 

just beyond, the eastern wall. It then turns back into the site in a 

northwesterly direction to just beyond the 1979 backhoe trench where 

it begins another bend prior to exiting at the northern extent of the 

site. From the map, it is apparent that most of the bone 

distribution is defined by the stream channel. Bone accumulation is 

considerably more dense in the southern half of the site. 

The nature of the channel deposit and its association with 

the bison bone is more clearly visible in Figure 2. The upper 
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contacts of the channel fill and the underlying Pleistocene deposit 

are drawn in an east-west profile along with the position of all 

bones within a half meter on either side of the section. The dense 

concentration of bone in the channel is scattered vertically over as 

much as 1.5 to 2 meters in the deepest sections of the deposit. In 

areas where some remnants of the stream bank are preserved, bone is 

much less concnetrated and is more closely associated with the 

topography of the underlying unit. In the course of analyzing the 

bone from these areas, it was noted that a large number of whole 

bones had been subjected to heave crushing breaks yet most adjoining 

fragments were found lying in situ. Gary Haynes (1983) has reported 

similar pattern of bone breakage in surface assemblages associated 

with frequently visited water holes. The evidence from these breaks 

strongly suggests that at least some of the assemblage had remained 

exposed on the surface for some time and was subjected to heavy 

trampling. While bone in the channel fill was also fragmented, no 

evidence of in situ crushing or direct association with the contact 

surface was noted. 

The only apparent feature in the overall bone distribution is 

a circular area in the center of the site that is nearly devoid of 

any bone. Similar clear areas at the Hudson-Meng site were 

interpreted as activity areas around which butchering debris had been 

scattered (Agenbroad 1978). However, these areas had also been 

asssociated with other cultural features which are absent at Lamb 

Spring. The profile drawing in Figure 2 which bisects this feature 
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indicates that it is an area of relatively high topographic relief. 

As an exposed surface, this area could have been cleared of bone 

simply through disturbance and colluvial water action. 

Bone Orientation 

Angles of orientation and dip were recorded for 180 bones 

that possessed a definable long axis. These data are plotted 

graphically in Figure 3 using a method described by Voorhies 

(1969). Each dot represents the lower exit point of the longitudinal 

axis of a bone passing through the center of a three dimensional 

sphere. The graph represents a vertical view of the lower half of 

that sphere. The horizontal orientation of each bone is represented 

by that line which, originating from the center, would pass through 

the plotted dot. The angle of dip is indicated by the proximity of 

each dot to the center, which is 90 degrees from the horizontal 

plane. 

According to the predicted model of stream orientation 

derived from Voorhies1 taphonomic studies of fossil and modern 

assemblages, fluvial transport should result in a large number of 

bones lying parallel to the direction of flow and dipping upstream. 

Bones which tend to be transported by rolling or which have been hung 

up on obstacles should form smaller clusters transverse to the stream 

direction. The data from Lamb Spring does not exhibit any such 

clustering in bone orientation and dip. It does not appear likely 

that the assemblage has been exposed to a fluvial environment of 



Figure 3. Graphic Representation of Bone Orientation and Dip 
Within the Channel Fill. 
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sufficient activity to cause elements to seek a more stable position 

through reorientation. This interpretation is supported by the fact 

that the channel fill in which the bones occur is composed primarily 

of sandy clay (Stanford et al. 1981). The evidence suggests that, 

despite its association with a fossil stream channel, the 

accumulation of bison bone at Lamb Srping was not the result of major 

stream transport and redeposition from another source. 

Vertical Distribution 

An analysis of the vertical distribution of elements was done 

to determine whether one or more episodes ofbone deposition could be 

recognized. Histograms of bone elevations were plotted separately 

for each element. Because of the topographic variability throughout 

the site, this anlaysis was restricted to three contiguous two-meter 

squares (K116-K118) along the eastern margin of the site where the 

most dense accumulation of bone was found. None of the different 

elements exhibited more than one mode as might be expected if 

separate layers were present. A one-way analysis of variance was 

computed using BMDP program 7D to test whether or not statistically 

significant differences in mean elevation existed between elemnts. 

The results of this test (Table 1), which compares the mean variance 

between groups with the mean variance within them, indicate that such 

differences are, in fact, present. The incomparability of sample 

sizes and variances between certain elemnts may influence the F-ratio 

when computed in the conventional manner. Therefore, two additional 
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Table 1. One-way Analysis of Variance in Mean Element Elevation. 

Test Degrees of Freedom® F-Ratio Probability 

Standard 36, 571 5.56 .0000 

Welch 36, 50 7.84 .0000 

Brown-Forsythe 36, 84 6.63 .0000 

a) Between, within. 



tests computed by the program (Welch and Brown-Forsythe) which do not 

assume that within-group variances are equal are also included in 

Table 1. The result of these tests support those of the standard 

test. 

These differences are best understood by their association 

with differences in element density. Comparative data for bone 

density in Bison are not available. However, weight over volume 

ratios for caribou (Rangifer tarandus) have been published by Binford 

and Bertram (1977: Table 3.9). Because the research context in which 

these data were collected differs somewhat with the present issue 

(see Chapter 3 below), certain element categories used by these 

authors are not comparable with those being analyzed here. For 16 

elements which do correspond, a linear relationship of -.91 exists 

between mean elevation and element density (Figure 4). Elements 

excluded from this analysis are primarily long bones, the shafts of 

which are not accounted for in Binford and Bertram's density data. 

The vertical sorting of elements by density in the channel 

fill might be interpreted as the result of a gradual reduction in the 

load bearing capacity of the stream over a period of time. However, 

the lack of a comparable "fining up" sequence in the surrounding 

matrix, the lack of patterned bone orientations, and the nearby 

occurrence of bones crushed in situ on the bank surface all suggest a 

minimum of stream activity. A more favored interpretation is that 

the observed sorting occurred as the result of differential rates of 
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Pearson's r = -.909; y = -.548x + 98.23. Density data are from 
Binford and Bertram 1977: Table 3.9. 



the burial of bones deposited on the surface of a localized bog or 

marsh environment. 

Horizontal Distribution 

A series of individual maps was plotted for selcted limb and 

axial elements. These maps gave no Immediate visual impression of 

major differences in the distributions of these elements. To obtain 

a gross quantitative statistic with which the information in these 

maps may be summarized and compared, nearest-neighbor values were 

calculated for each of these elements in the manner described by 

Clark and Evans (1954). The resulting R values based on an area of 

108 square meters are listed in Table 2. A number of authors have, 

discussed the effects of artificial and irregular area boundaries on 

the nearest-neighbor statistic (Hodder and Orton 1976; Pinder, 

Shimada and Gregory 1979). Because the point of interest here is the 

comparison of different groups within a constant study area, no 

empirical meaning is placed on the absolute value of each R 

statistic. A slight tendency toward clustering would be expected 

from the association with the stream channel. Of more interest is 

the fact that all of the values fall between about .6 and .9, 

indicating that the relative degree of clustering is comparable among 

elements. Because of the large number of cases to be computed, the 

nearest-neighbor statistic for ribs was not calculated. Further 

analysis, discussed below, suggests that a slightly lower R value 

might have been obtained for these bones. The remaining elements, 
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Table 2. Nearest Neighbor Statistics for Each Element. 

Element Sample Size R Value 

Phalanges 88 . .802 

Carpals 59 .775 

Tarsals 36 .804 

Metapodials 32 .631 

Scapula 17 .801 

Humerus 25 .664 

Radius 24 .786 

Ulna 18 .707 

Innominate 25 .761 

Femur 38 .701 

Tibia 23 .896 

Mandible 16 .618 

Cervical Vertebrae 56 .623 

Thoracic Vertebrae 82 .584 

Lumbar Vertebrae 28 .688 



however, do not appear to reflect strong differences in clustering 

within the site. 

An alternative approach was taken by analysing the 

variability between collection units using Whallon's (1979) 

unconstrained clustering method. Rather than using density contours 

to define the individual cases, the analysis was done on the two 

meter grid squares. This retains the arbitrary constraints of the 

grid system but greatly simplifies the procedure. The cases are 

taken out of spatial context and analyzed by an appropriate 

clustering method. The cluster assignments are then plotted on the 

grid for comparison with the actual spatial relationships. 

Because sample sizes varied considerably between squares, the 

frequency counts were transformed into percentages (of square total) 

prior to analysis. A more abbreviated list of elements is used here 

although the totals from which the percentages were calculated 

included those elements not considered in the analysis, such as long 

bone and unidentified fragments. Therefore, all the values for each 

square will not total to 100. This was done to mediate the effects 

of closed sums, which can give spurious high values in small samples 

(Speth and Johnson 1976). 

Using the unstandardized percentage frequencies, K-means 

cluster solutions for 2, 3, 4, and 5 clusters were obtained from BMDP 

program KM. The summed remaining variance for each solution was 

plotted and compared to test the validity of the clusters (Figure 

5). None of the clustering solutions resulted in a significant 
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reduction in variance, suggesting very little structure in these 

data. The two cluster solution is the strongest and is the only 

onewhich makes sense in its spatial arrangement (Figure 6). One 

cluster (1) comprises seven squares in the southeastern corner of the 

site. Cluster 2 is divided between the southwestern corner and the 

northern portion. 

The graph of mean element frequencies for the two groups 

shown in Figure 7 indicates that differences in the proportion of 

ribs makes up most of the Eulidean distance between them. An 

analysis of variance revealed that only ribs have a significantly 

greater variance between groups than within (F-ratio - 75.85) while 

the other elements define cluster membership very poorly or not at 

all. Therefore, the only pattern in element distribution appears to 

be a strong concentration of ribs, and a much weaker concentration of 

thoracic vertebrae (F-ratio = 4.49), associated with the portion of 

the site with the greatest overall density. 

To test these results, a second cluster analysis was done 

with the element percentages standaradized to a mean of zero and a 

variance of one. This gives equal weight to each variable in the 

distance measure. With some minor reshuffling of cases, the spatial 

relationships between clusters remained intact. Higher frequencies 

of ribs and thoracic vertebrae still distinguished cluster 1 although 

the Euclidean distance between clusters was reduced considerably. 

Cluster 1 is also defined by higher proportions of metacarpals and 

patellae. Because the absolute frequencies of these elements are 



Figure 6. Map Showing Spatial Context of Unconstrained Clusters. 

Unshaded squares were excluded from the analysis because of low 
sample size. 
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low, it is considered likely that their contribution to the distance 

measure is the result of sample error exaggerated by standardization. 

Summary 

The evidence presented in this chapter suggests that very 

little structure is present in the distribution of bone within the 

site. Bone orientations and element distributions do not reflect the 

kinds of patterns that others have associated with stream transport 

and accumulation (Behrensmeyer 1975; Isaac 1976; Voorhies 1969). 

Surface disturbance and localized redistribution of bone is suggested 

by the low density and in situ crushing of bone in areas of high 

relief and by the greater concentration of bone in the lower areas of 

the stream channel. Within this overall pattern, skeletal elements 

are distributed randomly with respect to each other. The one 

exception is the tendency for ribs„and, to a lesser extent, thoracic 

vertebrae to be better represented in the southeastern portion of the 

site. 

It appears that any patterned association of elements related 

to the organization of butchering activities has been destroyed by 

post-occupational disturbance. Because the distribution becomes much 

more dense toward the area of the earlier excavation, the lack of 

information from this area poses obvious constraints on the 

interpretations drawn here. 

No evidence of more than one occupation at the site was 

found. In fact the distinct vertical sorting of elements by density 



suggests that if several episodes of bone deposition had occurred, 

they were not greatly separated in time. 



CHAPTER 3 

BONE REPRESENTATION AND MODIFICATION 

A number of methodological approaches have been employed in 

the archaeological study of prehistoric bison butchering and 

processing techniques. The primary evidence for such activities, of 

course, comes from patterns in bone representation, modification, and 

spatial distribution in archaeological sites. Other information has 

been derived from ethno-historic accounts of Plains Indian bison 

butchering (Wheat 1972), archaeological experiment (Frison 1978), and 

detailed descriptions of bison skeletal and muscular anatomy (Johnson 

1978). 

Important comparative data has also resulted from recent 

studies of taphonomic processes of bone destruction and modification 

in faunal assemblages. The effects of these agencies on the 

archaeological record must also be considered before any reliable 

interpretation of human behavior is possible. 

In this chapter, the focus of the discussion will be on the 

representation of bison skeletal elements and patterns in their 

fragmentation and breakage. While an analytic approach based on the 

study of articulated units would also be desirable, this is 

impossible at Lamb Spring due to the lack of any articulated bone at 

the site. Because the entire sample from the recent excavations was 

30 
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curated it will serve as the primary data base for the following 

discussion. 

Element Representation 

Table 3 gives the frequencies of identified specimens for 

each skeletal elements This information is presented merely as a 

brief summary of the entire assemblage. In order to discuss the 

representation of skeletal elements and of individual animals, these 

data must be transformed into a more meaningful format. This 

transformation has traditionally been accomplished by the calculation 

of the Mininum Number of Individuals (MNI). Since White's (1952) 

initial use of this approach, considerable discussion has ensued 

regarding the definition, calculation, and analytic value of the MNI 

statistic (Chaplin 1971; Grayson 1973, 1978; Shotwell 1955). Its use 

in this analysis serves two primary purposes. The first is to 

indicate the minimum number of animals required to account for the 

total assemblage of bone recovered. The initial MNI estimate for the 

entire site was 22, based on the right lower third molar. This was 

later amended to 28 (23 mature, 5 immature) after the sexing analysis 

was done (Chapter 4). 

Once the MNI has been calculated, it is then possible to 

measure the representation of each element relative to the number 

expected based on the MNI. Only the recently excavated sample was 

suitable for this part of the analysis, so the MNI for that portion 

of the collection was recalculated. In the course of calculating the 
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Table 3. Number of Identified Specimens for Each Element. 

Element ' 1980/1981 1961/1962 Total 

Unidentified 357 7 364 
Long bone, ident. 89 0 89 
Phalanx 1 31 21 52 
Phalanx 2 39 20 59 
Phalanx 3 23 9 32 
Metapodial, ident. 7 0 7 
Sesamoid 28 1 29 
Metacarpal 11 33 44 
Cuneiform 13 4 17 
Lunate 8 2 10 
Unciform 11 0 11 
Magnum 13 1 14 
Scaphoid 6 2 8 
Pisiform 9 1 10 
Carpal, indet. 2" 0 2 
Scapula 17 4 21 
Humerus 27 15 42 
Radius 22 12 34 
Ulna 20 6 26 
Metatarsal 14 22 36 
Lateral Malleolus 2 0 2 
Cuneiform Pes 9 2 11 
1st Tarsal 0 0 0 
Naviculo-Cuboid 7 4 11 
Astragalus 11 26 37 
Calcaneous 9 13 22 
Femur 41 1 42 
Patella 9 0 9 
Tibia 25 9 34 
Atlas 10 4 14 
Axis 6 3 9 
Cervical 40 3 43 
Thoracic 82 2 84 
Lumbar 28 1 29 
Sacrum 7 1 8 
Caudal 4 0 4 
Innominate 24 1 25 
Vertebra, indet. 60 2 62 
Rib 266 0 266 
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Table 3. - Continued 

Element 1980/1981 1961/1962 Total 

Skull 62 4 66 
Mandible 16 14 30 
Hyoid 0 0 0 
Petrous 16 1 17 
Tooth 143 112 255 

Total 1627 363 1990 

/ 



MNI, the minimum number of bones (herein referred to as the MNE) was 

also counted for each element. This was the value used to determine 

the relative representation of that element following the example of 

Wheat (1978). Binford (1978) achieves the same results using the MNE 

divided by the number of that element present in a single individual, 

which he misleadingly refers to as the MNI. Others (Agenbroad 1978; 

Greiser in press; Lorrain 1968) have used the true MNI for each 

element as the comparative measure. Because the interest is in the 

representation of actual body parts, an MNI estimate for each element 

is likely to give misleading results and is therefore considered less 

appropriate for this purpose. 

Table 4 gives the original frequency data for each element 

transformed into MNE and MNI counts. Also given are the expected 

frequencies for each element based on an MNI of 11 and the percent of 

that number actually found. The latter is also presented in graphic 

form in Figure 8. Where representation of proximal and distal 

portions differs significantly, both counts are given. For further 

control over the potential variation caused by fragmentation, the 

percentage of the MNE composed of whole specimens is also given in 

Table 4. 

Four hypothetical explanations are possible to account for 

the bones missing from the site. The first would involve sample 

error caused by the elimination of the 1961/1962 material and the 

unexcavated areas of the site. Because this explanation cannot be 

adequately tested without better data from the excluded areas, the 
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Table 4. Element Representation for the 1980/1981 Sample. 

Element MNE MNI % of MNE % Rep. Density3 

Complete 

Phalanx 1 28 4 96 31.8 .90 
Phalanx 2 39 5 97 44.3 .81 
Phalanx 3 22 3 90 25.0 .76 
Metacarpal 9 4 88 40.9 1.33 
Carpals 60 9 91 45.5 1.19 
Scapula 12 7 16 54.5 1.40 
Humerus 

Proximal 4 - - 18.2 .87 
Distal 15 8 6 68.2 1.41 

Radius 
Proximal 12 - - 54.5 1.33 
Distal 14 7 57 63.6 1.36 

Ulna 15 9 40 68.2 1.33 
Metatarsal 

Proximal 13 9 69 59.1 1.33 
Distal 9 - - 40.9 1.20 

Tarsals 18 5 83 27.3 1.29 
Astragalus 10 6 90 45.5 1.28 
Calcaneus 6 5 83 27.3 1.28 
Femur 

Proximal 14 7 14 63.6 1.29 
Distal 6 - - 27.3 1.14 

Patella 5 3 60 22.7 
Tibia 

Proximal 11 - - 50.0 1.19 
Distal 17 11 59 77.3 1.46 

Mandible 13 8 53 59.1 1.55 
Innominate (acet.) 15 8 47 68.2 1.52 
Rib (prox.) 69 3 25 20.9 1.07 
Skull (base cran.) 8 8 12 72.7 1.49 
Atlas 9 9 100 81.8 1.45 
Axis 6 6 83 54.5 1.38 
Cervical 35 7 85 63.6 1.26 
Thoracic 53 5 60 34.4 1.28 
Lumbar 26 6 25 47.3 1.35 
Sacrum 3 3 66 27.3 -

Caudal 3 1 66 1.2 -
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amount of variation caused by the restricted sample is assumed to be 

random and insignificant. Another hypothesis would be that the 

missing bones were never present. This explanation is viable only if 

the site is not the actual kill locality. Assuming it is, in fact, 

the kill locality, the remaining two explanations are that either 

certain elements were transported out of the site or were destroyed. 

If certain bones were selectively removed from (or brought 

into) the site, the differences in representation would be expected 

to reveal patterning associated with likely meat/bone butchering 

units and the relative economic value of those portions of the 

skeleton. This does not appear to be the case at Lamb Spring. 

Elements have been arranged in Figure 8 in major units of forelimb, 

hindlimb, and axial parts. Within the limb categories, major long 

bones are all equally well represented although significant 

differences exist between proximal and distal ends. This does not 

reflect differential transport between anterior or posterior limb 

units or between proximal (scapula, humerus, femur) and distal 

(radius, ulna, tibia) segments. The foot bones do tend to be 

somewhat less represented, however. 

Turning to the axial skeleton, the frequencies for the 

mandible, skull (base of cranium), innominate (acetabulum), and 

cervical vertebrae are close to those for the long bones. Somewhat 

lower frequencies occur for the thoracic, lumbar, and sacral 

vertebrae and caudal vertebrae are barely present at all. The 

frequency of proximal ribs closely matches that of the thoracic 



vertebrae. This might suggest differential transport of the rib cage 

and attached portions of the spinal column. It must be remembered, 

however, that a large number of rib and vertebral fragments are 

present which are not represented in these figures. 

At Hudson-Meng, Agenbroad (1978) has suggested that low 

frequencies of lower limb and foot elements and whole skulls indicate 

that these elements were left behind at the nearby kill locus. Wheat 

(1979) has similarly interpreted the Jurgens site as a nearby 

butchering locus where limb quarters (with carpals and tarsals 

attached as handles) were selectively brought into the site for 

further processing. In comparison with data from these and other 

discussions of differential bone representation (Brumley 1978; White 

1954), there do not appear to be any striking differences in bone 

representation at Lamb Spring associated with local transport of 

selected primary butchering units out of (or into) the excavated 

site. With the possible exception of the rib cage and lumbar 

portions, at least a few bones in each major anatomical unit are well 

represented in equal frequencies. 

The above discussion indicates that Lamb Spring does not fit 

the model for a kill (but not butchering) area, or vice versa. The 

expected patterns for these situations would be, respectively, high 

frequencies of whole segments containing high quantities of meat and 

other products, or high frequencies of partial skeletons from which 

the portions of high meat yield have been removed. The removal of 

economically valuable bones from the site for longer distance 



transport might also be considered. In his ethnographic study of the 

Nunamuit Eskimo, Binford (1978) has attempted to interpret selction 

of elements for butchering and transport through the relative 

economic value of tti.ose elements. His Modified General Utility Indes 

(MGUI) for caribou (Ranglfer tarandus) is based on the relative 

proportion of meat, marrow, and grease associated with each element 

and is adjusted to allow for elements of low utility value that tend 

to remain articulated with elements of high value. At a number of 

caribou kill sites, Binford noted moderate to strong negative 

relationships between the frequency of elements discarded and their 

relative economic value. A scatterplot of Binford's MGUI for caribou 

and the frequencies of corresponding elements at Lamb Spring shows no 

semblance of a relationship (Figure 9). While some minor variation 

in the correspondence of these values between caribou and bison Is 

expected (for example, bison tend to have a more anteriorly directed 

weight distribution), the lack of a correlation probably reflects 

major differences in patterns of meat extraction. The great size of 

Holocene bison relative to modern caribou most likely necessitated 

further reduction of the carcass into meat packages (minus bone) 

prior to any long distance transport. Once those constituents which 

determine a bone's relative economic value have been removed, any 

further interpretation of differential representation based on that 

utility index is invalidated. This view is supported in theory by 

Daley's (1969) discussion of weight as a determining factor in the 

transport of bone from kill to camp sites. A further consideration, 
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figure 9. Scatterplot of Percent Element Representation against 
Binford's Modified General Utility Index. 

MGUI data for caribou are from Binford 1978: Table 2.7. 



of course, is the availability of dog sleds and snowmobiles among 

modern Eskimo hunters. 

Some of the variation in representation may be caused by 

destruction of bone at the site. Although weathering and chemical 

erosion may be of some importance, human and carnivore activities are 

considered to be the most likely destructive agencies. Working in 

Africa, Brain (1976) found a strong correspondence between the 

differential representation of antelope remains from the Makapansgat 

hominid site and the survival of goat bones subjected to human 

butchering and dog feeding among the modern Hottentot. Brain 

associated the differential resistance or susceptibility of bones to 

destruction with the relative compactness of the bone. Taphonomic 

research in North America by Binford and Bertram (1977; Binford 1981) 

revealed similar patterns of bone destruction by dogs. As a measure 

of the survival potential of bones subjected to carnivore feeding, 

these authors have presented relative density values (weight over 

volume) for elements from three domestic sheep and one caribou 

skeletons. The density index values for caribou taken from Binford 

and Bertram (1977: Table 3.9) are included in Table 4 for the 

corresponding elements at Lamb Spring. The plot of element 

representation against this index (Figure 10) yields a correlation 

coefficient of .71. Although not an extremely high correlation, the 

r value is well within the limits for a confidence level of 99.9%. 

These data suggest that about 50% of the variation (r^ = .50) in 

representation may be explained with a knowledge of element 
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Figure 10. Scatterplot of Percent Element Representation against 
Bone Density. 

Pearson's r = .714; y = 60.9x - 27.7. Density data are from Binford 
and Bertram 1977: Table 3.9. 
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density. Although this evidence does not point directly to the 

causative agency, it strongly supports the hypothesis that many of 

the bones missing from the site were, in fact, destroyed rather than 

selectively carried out. Although little evidence exists to back 

such a position, it is believed that patterns of bone destruction by 

carnivores would be more closely determined by bone density than 

would that by humans following sytlized methods of dismemberment and 

processing. The latter could account for some of the deviation frmo 

the linear relationship. 

Other factors may also explain the remaining variation not 

accounted for in Figure 10. Although little data is presented for 

the con?)arability of bone density within and between ungulate 

species, Binford and Bertram do suggest that relative element density 

is non-allometric with age and may also vary seasonally according to 

nutrition. No attempts were made to control for these parameters in 

this analysis. 

A 
Analysis of the residuals (y - y) derived from the regression 

equation given in Figure 10 failed to show any meaningful pattern. 

Highly over-represented bones include second phalanges, distal 

tibiae, and all cervical vertebrae. Under-represented bones include 

tarsals, calcanei, proximal ribs, and thoracic vertebrae. 

Correlation of these residual values with Binford's utility index 

showed no association (r = -.08). 

I 



Bone Modification 

Diagnostic evidence of butchering or carnivore modifications 

such as chopping, cutting, or tooth marks were rarely noted. 

Undoubtedly, erosion and weathering had obliterated most of this 

evidence and no atteiqpts were made to classify any such marks. A 

further effect of the poor preservation was that many bones 

(particularly vertebrae and ribs) suffered some destruction during 

removal and curation. This necessitated comparison with the mapped 

representation of each fragmentary bone in situ prior to coding its 

degree of completeness. Where some question existed, the benefit of 

doubt was conservatively biased toward greater completeness. 

Foot elements 

Most of the phalanges, carpals, tarsals, and metapodials are 

represented by complete specimens. Distal ends were missing from a 

few metatarsals although most of the shafts remained. 

Scapula 

Breakage of the scapula tended to occur at the neck or near 

the beginning of the acromion process. Occasionally a portion of the 

superior margin of the blade was present. Very few corresponding 

blade fragments were found. No apparent damage to the glenoid was 

noted. The predominance of proximal ends recalls methods of scapula 

butchering reconstructed for the Jurgens (Wheat 1979) and Jones-

Miller (Greiser in press) sites whereby breakage near the neck 

permitted removal of the blade and attached meat in one package. 
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Humerus 

All but one of the humeri were missing the proximal end and 

few proximal fragments were found. Anywhere from 10 to 80 percent of 

the shaft remained with the distal end. A considerable amount of 

grease and marrow is contained in the proximal portion of the humerus 

and its low frequency may be the result of consumption by carnivores 

or removal and processing by humans. Some destruction may have 

occurred in disarticuation from the scapula as the glenoid is 

relatively undamaged. Damage to the distal end was restricted 

primarily to the posterior margin of the epicondyles on a few 

specimens. If human in origin, this damage could have occurred 

simultaneously with breakage of the olecranon of the ulna. 

Radius-Ulna 

All radii and ulnae were disarticulated. Most radii were 

undamaged. The ratio of complete bones to the MNE (57 percent) is 

slightly misleading as several distal epiphyses were found with no 

corresponding shafts. About half of the ulnae were broken near the 

distal end. The rest were broken just below the semi-lunar notch. 

Two of the latter have the olecranon process broken at a downward 

angle from the superior to the inferior margin. 

Femur 

Only two whole femora were found. Six shafts were intact 

with both articular ends missing. One distal end was missing the 

patellar articular surface and at least five fragments of this 



portion were found. This damage may be coincident with the low 

frequency and breakage of the patella which, at Casper, appears to 

have been chopped loose as a hand hold for muscle stripping. Frison 

(1974) notes similar treatment of the greater trochanter, which was 

missing from nearly all of the proximal ends at Lamb Spring. 

Disarticulation of the. femur from the innominate appears to have been 

variable. In six instances, the proximal end was broken off beldw 

the lesser trochanter. Two other proximal fragments consisted of the 

fused head broken at the neck in a manner common at the Hudson-Meng 

site (Agenbroad 1978). Frison (1974) has stated that the femur may 

simple by levered from the acetabulum without any major chopping 

required. This certainly could have been the case with at least ten 

femora represented by unfused proximal epiphyses. The low 

representation of shafts may indicate further processing of femora 

for marrow. The large number" of long bone fragments found at the -

site is probably a by product of this activity. However, similar 

patterns of long bone fracture have been noted for carnivores 

(Binford 1981; G. Haynes 1983) and reconstruction of this form of 

human processing may be less secure. 

Tibia 

Breakage of the tibia is restricted primarily to the proximal 

end. A few of the complete bones exhibit minor damage to the 

anterior portion of the proximal articular surface and crest which 

may be associated with the loosening of the patella discussed 



above. As with the humerus, distal elements constituted 15 to 80 

percent of the whole bones indicating varying amounts of breakage of 

the shaft. 

Innominate 

Slightly less than half of the innominates were complete. 

The amount of destruction of the tuber coxae, tuber ishiae, and 

illiac crest on these bones varied and no attempts were made to 

associate this with butchering (Frison 1974) as opposed to carnivore 

gnawing (Binford 1981). The remaining elements are represented 

primarily by the whole or fragmentary acetabulum. This type of 

fragmentation may also be the result of disarticulation of the hind 

limb or separation of those portions of the innominate where major 

muscles originate (Johnson 1978; Wheat 1979). 

Spinal Column 

Because of the poor preservation it is impossible to quantify 

fragmentation of the vertebrae confidently. The atlas, axis, and 

cervical vertebrae appear to be in relatively unmodified condition. 

No evidence for disarticulation of the skull is present. Most 

thoracic vertebrae arrived in the lab missing the spine, although 60 

percent show some or all of the spine on the field maps. Breakage of 

the spinous process has been associated with the removal of the hump 

muscles (Frison 1974; Wheat 1979) which may only be partially 

documented here. A greater percentage (54%) of the lumbar vertebrae 

were missing the transverse processes. Although removal of the 



terderloin in this manner was rare at Casper, it has been noted at 

other sites (Grieser in press; Johnson 1978). 

Rib 

Most rib specimens are represented by fragments averaging 12 

centimeters in length. Previously documented butchering patterns for 

ribs involve breakage near the proximal end either by chopping or by 

snapping the rib with an upward pull (Frison 1974). This is 

consistent with the breaks noted on proximal ends which rarely have 

more than 10 centimeters of the blade. No behavioral explanation for 

the breakage of the blades is offered, however. 

Skull 

The skull is represented mostly by the base of the cranium, 

the petrous bones, and numerous fragments. Only one reasonably 

complete specimen was found which consisted of the complete skull 

cap, horncores, and occipital portions. No attempts to access the 

brain cavity had been made. The remaining specimens were too 

fragmentary to reconstruct butchering of the skull at Lamb Spring. 

Mandible 

Eight mandibles were intact except for the incisor alveoli. 

Three more were broken at the ascending ramus, presumably from 

disarticulation from the skull. Two specimens showed light cut marks 

on the interior surface of the dental ramus suggesting removal of the 

tongue. Similar treatment of the mandible and tongue has been noted 
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in varying frequencies at other sites (Brumley 1973; Frison 1974; 

Wheat 1979). 

The 1960/1962 Sample 

Damage to the whole and partially whole specimens from the 

earlier excavation follows the same patterns outlined above with a 

few exceptions. A slightly higher proportion of humeri are complete 

and the shaft is more completely intact on the distal specimens. 

Four out of 12 radii are still fused with the ulna. Finally, a 

greater number of the mandibles (90%) are missing the ascending 

ramus. Extensive•breakage of the teeth on a few specimens may have 

resulted from their use as tools in the manner described by Frison 

(1974). Despite the better preservation of bone, no butchering marks 

were noted on any of the specimens in this sample. 

Summary 

The lack of articulated bone at Lamb Spring prevents detailed 

reconstruction of the sequence of butchering activities. Such 

inferences may only be made through analogy with discussions by other 

archaeologists working with better preserved sites. Following a 

generalized model of Plains Paleo-Indian bison butchering 

reconstructed from ethnography, archaeology, and experiment, two 

major stages would be expected. The first would involve the skinning 

and initial dismemberment of the carcass into several primary 

"butchering units" consisting of the limbs, skull, and portions of 

the vertebral column. Archaeological evidence for these primary 



units in Paleo-Indian sites exists in their occurrence as articulated 

segments at Casper (Frison 1974), Olsen-Chubbuck (Wheat 1972) and 

Bonfire Shelter (Lorrain 1968) as well as in many later prehistoric 

sites. Evidence for these primary units at Lamb Spring is very 

scanty. Disarticulation of the hindlimbs is apparent although there 

does not seem to have been a highly stylized procedure that was 

followed. Very little evidence exists for sectioning of the spinal 

column and bone damage would not necessarily be expected in removal 

of the fore limbs. 

In at least two sites (Hudson-Meng and Jurgens), local 

transport of selected primary units to a butchering locus prior to 

final processing has been proposed. Based on the above discussion of 

bone representation, this is not considered demonstrable at Lamb 

Spring. In all likelyhood, the site represents both the kill and 

processing area. The inference of separate kill and porcessing areas 

at the above two sites was actually made a priori on the grounds that 

the expected type of trap features were not present, rather than on 

the basis of differential representation of elements (Agenbroad 1978; 

Wheat 1978). 

In the sequences proposed by Frison (1970; 1974) and Wheat 

(1972) for the High Plains and by Johnson (1978) for the Southern 

Plains, the next stage of butchering is characterized by systematic 

stripping of muscles from bone by cutting through insertions and 

origins and by detaching tuberosities and processes, which served as 

handles. A number of these characteristic breakage patterns have 



been noted in the Lamb Spring assemblage. At Casper and Olsen-

Chubbuck, the high incidence of complete articulated units suggests 

that this stripping was frequently accomplished without further 

disarticulation of those units. This evidence contrasts with the 

heavy disarticulation noted at Lamb Spring and at other sites 

including Jones-Miller (Grieser in press), the Frasca site (Fulgam 

and Stanford 1982) and, to a certain extent, Hudson-Meng. At Jones-

Miller, Grieser has suggested that final processing of bones for 

marrow, grease, and tool manufacture is responsible for the 

obliteration of articulated primary units. A similar interpretation 

has been proposed for Lamb Srping in a preliminary report by Stanford 

et al (1981). No evidence of bone tool manufacture was noted at Lamb 

Spring and, unfortunately, traces of human porcessing of marrow and 

grease do not different markedly from those left by carnivores and 

other carrion feeders. An alternative interpretation of these 

differences might be differential rates of site burial and, 

inversely, exposure to post-occupational disturbance. Must of the 

Casper site appears to have been rapidly buried by aeolian sand 

deposits (Albanese 1974). The agencies of burial are presently less 

well known at Lamb Spring, but analysis of the spatial distribution 

discussed below does suggest some degree of redistrubution and 

distrubance. 

Blnford (1981) has recently leveled considerable criticism 

toward Plains archaeologists (particularly Frison) for emphasizing 

muscle stripping as opposed to the butchering and removal of meat and 



bone packages. Major theoretical flaws in Binford's application of 

models derived from butchering and transport practices of modern 

Eskimo caribou hunters have already been discussed. Furthermore, the 

actual evidence from bison kill and butchering sites does not support 

the notion that disproportionate bone representation reflects the 

same patterns he has documented among the Nunamuit. Using data from 

the same author's previous research on bone attrition and 

destruction, it has been demonstrated that most of the variation in 

element frequencies is associated with bone density and not with 

relative economic value. Therefore, it is considered that very 

little bone actually left the site as a result of its articulation 

with meat and other associated products. Several possible exceptions 

may be noted- First, the hyoid bones may have remained attached to 

the tongue as none were found. Second, ethnohistoric evidence of the 

removal of the dew claws and caudal vertebrae with the hide may 

explain the absence of these elements (Wheat 1972). Finally, the 

slightly lower frequencies of thoracic vertebrae and ribs relative to 

the cervical and lumbar vertebtae may suggest occasional removal of 

the entire hump and rib cage. This argument would be better 

supported if it could be demonstrated that a consistent series of 

thoracic vertebrae (for example T3 to T10) were missing. 

Unfortunately, preservation does not permit identification of 

individual vertebrae in most cases. It should"~be remembered that the 



greater concentration of ribs and thoracic vertebrae toward the 

southern portion of the site indicates that these elements may have 

been better represented in the area of Wedel's excavations. 



CHAPTER 4 

POPULATION ANALYSIS 

The portion of the analysis described in this chapter was 

designed to yield information about the age and sex composition of 

the bison cohort represented at Lamb Spring. Most of the theoretical 

and methodological framework employed in this study is taken from the 

broader field of population dynamics, in which the paleoecological 

work of Kurten (1953) and Voorhies (1969) must be credited as 

landmark studies. Recently, this approach has been applied by Frison 

(1978b) and Reher (1977; Reher and Frison 1980) to bison remains from 

archaeological kill sites on the Plains, and these authors have 

provided a more comprehensive introduction to the subject than is 

warranted here. However, as a considerable advancement in techniques 

of aging and sexing bison have resulted from this work, the context 

in which these methods have been developed and employed is of some 

importance. 

Studies of modern bison (Bison bison) indicate a narrowly 

restricted calving season during late April to early May (McHugh 

1958; Haugen 1974). Thus, a census of a living population taken at a 

given time of the year would yield annually spaced age groups that 

could be used to construct what Voorhies (1969) calls a time-

specific, or horizontal life table. Assuming that restricted 

birthing occurred in the past, a kill site where a large number of 

54 
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bison was taken in a single event would also yield a representative 

sample of that population. This is, of course, what paleontologists 

refer to as a catastrophic assemblage, which is ideally suited for 

population studies as it provides a close approximation of the living 

population. 

Given these qualities of bison kill middens, it is possible 

with acurate aging and sexing methods to estimate the season of death 

and the size and composition of the herd preyed upon at a given 

site. When combined with a knowledge of modern bison ecology and 

behavior, this information may permit a better understanding of the 

conditions under which bison procurement activities occurred in the 

past. In sites with large samples, Reher (1974, 1977; Reher and 

Frison 1980) has employed these data to reconstruct population 

dynamics for bison cohorts from Paleo-Indian times through the late 

Prehistoric Period. At other sites such as Lamb Spring, however, 

small sample size places severe limitations on the reliability of 

such data and, in turn, on the inferences that may be drawn from 

them. For this reason, a certain amount of conservatism was taken in 

attempting to determine the age and sex structure at Lamb Spring and 

in relating these data to the larger population from which this 

sample was derived. 

Age Determination 

Most aging techniques applied to bison remains from 

archeological sites have involved the lower dentition which preserves 
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well and is particularly sensitive to variation in age. A number of 

schedules of tooth eruption and wear have been presented for bison 

(Skinner and Kaisen 1947; Fuller 1959) but that of Frison and Reher 

(1970; with modifications in Frison, Wilson and Wilson 1976 and Reher 

and Frison 1980) is the only one based on a large comparative sample 

of known age animals. These authors have used this method at a 

number of sites to age animals up to 5 years of age. Older animals 

with fully erupted teeth are aged using the height of the Ml 

metaconid. As this measurement is negatively correlated with age, 

modes in the distribution of this dimension are interpreted as annual 

age groups. This combination of methods becomes less reliable in 

successively older age groups and seasonality may only be determined 

with sufficient numbers of juvenile specimens in which Ml and M2 are 

erupting. 

Another1 aging technique that has recently become popular 

among wildlife biologists for aging ungulates is the counting of 

cementum annuli left behind by the annual growth and deposition of 

cementum. This method has been demonstrated in a number of studies, 

mostly of cervids, to be more accurate than eruption and wear, 

particularly in older individuals (Keiss 1969). The time and 

specialized equipment, materials, and skill involved in this type of 

analysis have slowed its adoption by archaeologists. Where it has 

been applied, problems have been encountered with sectioning poorly 

preserved teeth (Speiss 1978) and with poor recovery of incisor teeth 

(Frison et al. 1976). 



The Lamb Spring Site produced 21 mandibles with complete or 

partially complete dentition. Eight of these were from the 1961/1962 

excavation and the others were recovered in 1980 and 1981. A ninth 

mandible from the 1961 season had lost all its teeth premortem and 

the resorped alveoli had been worn down in a deep trough. If found 

in an isolated context, the circumstances of death would undoubtedly 

be considered natural. No other specimens were found to be in such a 

state of wear and the presence of an animal so near death in a 

catastrophic assemblage must, for the present, be considered 

coincidental. 

Aging was first attempted by using the eruption and wear 

method. In the absence of a known age sample, this was aided in part 

by age group descriptions reported from other sites in the region 

(mostly of fall and winter kills) and by direct comparison with a 

large sample of juvenile mandibles from the Jones-Miller site which 

had been aged by Reher (in press). Only two juvenile mandibles, both 

right, are present. These compared most favorably with the later of 

two modes occurring in Age Group III (2.5 2.9 years) at Jones-

Miller. After two years of age, Ml and M2 are in full wear and age 

criteria are limited to the eruption and wear of the premolars and 

M3, which can be highly variable and are less precise indicators of 

age. The determination of season within this age group at Jones-

Miller was, in fact, dependent on the first two age groups (Reher in 

press). Extending the season of death at Lamb Spring from roughly 

early winter to mid- or late spring would be more conservative and 



partially supported by four loose Ml and/or M2 teeth showing wear 

stages characteristic of a winter age (wear classes 4-7; see Reher 

and Frison 1980). However, despite the well documented tendency for 

Paleo-Indian bison kills to occur during the colder part of the year 

(Frison 1974), two mandibles and a few isolated teeth are not 

considered strong enough evidence to assign a precise season of death 

for these individuals nor to extend that season to the remainder of 

the assemblage. Until supportive evidence is obtained from other 

criteria (Such as cementum annuli) caution must be taken in 

interpreting the above data. 

Of the remaining mandibles, 16 had fully erupted dentition 

and wear across all facets of all teeth. These represent Reher's Age 

Group VI which includes all ages over 5 years. Two of these had 

somewhat less developed wear on the third cusp of M3 and could be 

slightly under 5 years of age but were not numerous enough to treat 

as a distinct group and were lumped with the others. The remaining 

three mandibles were missing all or part of M3 and could not be 

classified although it is likely that they also belong in Age Group 

VI. 

At least two studies have attempted to age mature mandibles 

on the basis of molar wear relying mainly on the relative position of 

the base of the enamel in the alveolus and the condition of wear on 

the exostylid (Frison et al. 1876; Todd and Hoffman 1978). Similar 

groupings based on these criteria were noticed in the Lamb Spring 

sample but were disregarded on the grounds that wear in older age 



groups is simply too variable to permit accurate age estimates, 

especially in small samples. It was decided to employ the Ml enamel 

height at the metaconid as an indication of relative age within the 

sample of mature mandibles. This method is certainly no more 

accurate in individual age determination than wear analysis, but it 

does provide a more objective measure by which the sample may be 

visually examined in a single distribution. It also permitted the 

inclusion of loose Mis thus increasing sample size. The choice of Ml 

for this purpose is primarily for convenience; enamel height may be 

measured on Ml with little or no destruction of the mandible. 

The problem of separating Ml from M2 among isolated teeth was 

discussed by Todd and Hoffman (1978), who noticed separate linear 

trends in scatterplots of enamel height against width at wear for 

known Mis and M2s from the Horner and Finley sites. Graham's (in 

press) biometric study of the Jones-Miller bison showed considerable 

overlap in the range of all measurements of Ml and M2 but the ranges 

for length at the occlusal surface became distinct when age groups 

were tabulated separately. As Ml and M2 wear, occlusal length 

decreases while width tends to increase slightly. The scatterplot of 

these two dimensions for the known Ml and M2 at Lamb Spring (Figure 

11) shows a clear division in length within the restricted age range 

and the tendency toward a negative relationship between length and 

width as wear progresses. The inclusion of the unknown loose teeth 

on this graph (Figure 12) shows an increased range of variation but a 

good adherence to the linear tendencies defined by the known 
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Figure 11. Scatterplot of Occlusal Width against Occlusal Length for 
Ml and M2 Teeth from Mandibles. 

Circles are Ml; triangles are M2. 
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Figure 12. Scatterplot of Occlusal Width against Occlusal Length 
for all Ml and M2 teeth. 

Circles are Ml; triangles are M2. Open symbols are isolated teeth; 
closed symbols are teeth from mandibles. 
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sample. The Ml and M2 identifications indicated for the loose teeth 

were made by visual inspection of this graph and were retained in the 

following two tests as a check on their integrity. Figure 13 shows 

the linear reduction in occlusal length as the tooth is worn with the 

clustering of Ml and M2 less distinct, but persistent. In Figure 14, 

the distribution for the width at the base of the enamel is given. 

This dimension is unaffected by changes in tooth morphology as a 

result of wear and, again, shows consistent clustering of Mis and 

M2s. Those Mis which clustered together in all three distributions 

were considered correctly identified. 

The distribution of the Ml metaconid heights is shown in 

Figure 15. Rights and lefts are combined here to lend more strength 

to the curve. Six of the mature mandibles were missing Ml and this 

measurement would have necessitated considerable destruction of the 

two immature mandibles. Therefore, the entire sample of mandibles 

and teeth cannot be represented in a single graph. 

This distribution may be taken as a rough approximation of 

the relative age structure at Lamb Spring. For purposes of 

reference, it is believed that an age range from 3 - 4 to 8 - 9 years 

of age is represented here based on average attrition rate estimates 

at other Paleo-Indian sites of 3 to 5 millimeters per year (Agenbroad 

1978; Reher 1974; Todd and Hoffman 1978). 

Some tendency toward polymodality is evident. To test 

whether this may be due to annual modes or simply sample error, a 

series of moving averages were computed from the frequencies in 
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Figure 13. Scatterplot of Enamel Height at the Metaconid against 
Occlusal Length for all Ml and M2 Teeth. ^ 

Circles are Ml; triangles are M2. Open symbols are isolated 
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Figure 14. Histogram Showing Distribution of Width at the Base 
of the Enamel for Isolated Ml and M2 Teeth. 

Open symbols are Ml; closed symbols are M2. 
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Figure 15. Histogram Showing Distribution of Enamel Height at the 
Metaconid for all Ml Teeth. 

Open symbols are isolated teeth; closed symbols are teeth from 
mandibles. 
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Figure 15. This technique has been demonstrated to be an effective 

tool in determining the presence of two or more distinct modes within 

a single distribution (Taylor 1965). In Figure 16, each millimeter 

interval is treated as the midpoint of a range of predetermined size 

over which the average frequency is computed and then plotted as the 

value for that interval. In the curves plotted using 4 millimeter 

and 5 millimeter intervals, four major modes are apparent with room 

for at least one more in the 40 to 45 millimeter range. The 

amplitude and even spacing of these modes is suggestive of annual 

peaks. However, the distance separating them would imply a yearly 

enamel loss of over 6 millimeters. Such an attrition rate is higher 

than those reported for all other Paleo-Indian sites and would 

indicate a population under extreme ecological stress with a 

relatively short life span. Environments with lower effective 

moisture and poorer range conditions causing higher rates of tooth 

wear have been inferred for the Finley site (Todd and Hoffman 1978) 

and the Altithermal Hawken site (Frison et al. 1976). Although this 

is an interesting possibility, an equally valid interpretation might 

be that one or more of these modes actually represents more than one 

yearly age group. When the range of the moving averages is extended 

to 6 millimeters, the larger modes are broken up into a greater 

number of peaks that more closely approximate annual groups about 3 

to 4 millimeters apart. This curve is, of course, an extreme 

distortion of the original data and cannot be taken as definitive. 

Because of the stark contrast in the ecological implications of these 
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Figure 16. Graph Showing Distribution of Enamel Height Smoothed 
by Moving Averages. 

(A) 4 mm intervals, (B) 5 mm intervals, (C) 6 mm intervals. 



two interpretations, better and more objective age determination is 

needed before one may be considered more favorable than the other. 

The change in the inferred age structure as a result of 

including the loose teeth is apparent. With the exception of the two 

juveniles not shown, the whole mandibles reflect a population that is 

mostly 5 years and older. Younger ages are better represented by the 

loose teeth although the ranges overlap. A partial explanation for 

this difference may be preservation. Less dense juvenile bones have 

been considered more susceptible to certain taphonomic processes of 

bone destruction (Binford and Bertram 1977) resulting in their under-

representation as complete elements. Because of this preservation 

bias against younger mandibles, age curves derived from whole 

mandibles alone may be misrepresentative if post-depositional 

attrition is likely to have seriously modified the assemblage. 

Even with compensation for this distorting factor by 

including loose teeth in the sample, younger animals are still 

clearly under-represented at Lamb Spring. Assuming a demographically 

stable population, a much greater proportion of juveniles would be 

expected to approximate a generalized model of age distribution 

inferred from observed fertility and mortality rates in studies of 

modern Bison bison (Figure 17) (McHugh 1958). This pattern of under-

representation of juveniles has been noted at a number of Paleo-

Indian kill sites including Casper (Reher 1974), Jones-Miller (Reher 

in press), Bonfire Shelter (Lorraine 1968), and Horner (Todd and 

Hoffman 1978). Notable exceptions are Hudson-Meng (Agenbroad 1978) 
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and Horner (Todd and Hoffman 1978). A number of explanations may be 

applicable and will be considered in more detail at the end of this 

chapter. 

Sex Determination 

A great deal of emphasis has been placed on the metapodials 

in determining sex ratios of bison from archaeological sites. 

Reasons for this are basically two-fold. Full adult body weight in 

female bison is reached by around three years of age while males 

continue to gain weight up to eight or nine years (Peterson and 

Hughes 1980). Because of the functional role of the metapodials in 

body support and locomotion, sexual dimorphism in body weight is 

presumed to be reflected in the size and proportional dimensions of 

these bones. Also, metapodials tend to be well preserved and provide 

a more statistically valid sample than do other elements. 

Skinner and Kaisen separated metapodials into males and 

females on the basis of "the relative heaviness of shafts" (Skinner 

and Kaisen 1947: 135). Although most of the metrics they present for 

the two groups do not overlap in range, this approach is subjective 

and the sample used was drawn from a wide range of temporal contexts 

rather than from a single population. In her study of Bonfire 

Shelter, Lorrain (1968) calculated a ratio (Ratio 6) of the 

transverse diameter at mid-shaft over the maximum length multiplied 

by 100. The upper limit of the female range was considered to be 

19.0 for metacarpals and 14.0 for metatarsals. 
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Bedord (1974) has used a plot of this ratio against the width 

of the distal end to determine sex ratios at a large number of bison 

kill sites. In an attempt to reduce the subjectivity in sparating 

males from females, she calculates the linear least squares equation 

for each scatterplot and draws a line perpendicular to the regression 

line (-1/m where m is the slope of the regression line) between the 

two clusters. Although the slope of this dividing line was fairly 

constant between sites, the point along the linear regression where a 

clear break between clusters occurs varies and in some cases is 

difficult to determine. 

Two relevant comments may be made regarding Bedord's use of 

regression in this manner. Unless the correlation coefficient is 

very high (which it is not in some of her samples) the Model I 

regression line computed by regressing y on x will be different from 

that obtained by regressing x on y and neither will be equal to the 

hypothetical line of the correlation coefficient (Doran and Hodson 

1975). The difference between these two lines is reflected in the 

product of their slopes (f^) which, for metatarsals, ranges from .23 

(Vore levels 5 and 6) to .84 (Olsen-Chubbuck). Beford is consistent 

in placing Ratio 6 on the x axis and computing her lines in the 

conventional manner of y on x. No reason is offered, however, as to 

the assignment of a ratio as the independent variable nor is there 

any discussion of the effects of this aspect of linear regression on 

the slope of the dividing line. Also, it is not made clear as to why 

a line perpendicular to the regression line would best delineate 



between males and females. This would not be the case if the amount 

of overlap is greater in one dimension than in the other. 

Bedord based her criteria on a study by Duffield (1973) of a 

known sample of European bison (Bison bonasus). However, the ratio 

Duffield used in his x variable is not exactly the same as Lorrain's 

Ratio 6 since it is calculated with the minimum width of the shaft 

rather than width at mid-shaft. The two measurements are highly 

correlated and use of the mid-shaft measurement probably does not 

seriously affect Bedord's results. The minimum width makes better 

sense, however, as it is less artificial in its reference points and 

probably more accurately measures the load bearing capacity of the 

shaft (McDonald 1981). 

Finally, another important study is that of Peterson 

(Peterson and Hughes 1980) who used the shaft cortex thickness 

(measured from X-ray photographs) as an indicator of sexual 

dimorphism. This was plotted against a ratio of shaft width over 

length, plus the width of the distal end. The univariate 

distributions of cortex thickness are, in fact, bimodal and may well 

reflect sexual dimorphism. Unfortunately, due to the extreme and 

unnecessary distortion of the original data in Peterson's ratio, it 

is impossible to interpret the relationship of this parameter with 

others. 

In the analysis of the Lamb Spring metapodials only complete 

and mature (i.e. fully fused) specimens were considered. This left 

37 metacarpals and 22 metatarsals. Table 5 gives descriptions of the 
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Table 5. Description of Measurements used in Analysis of Metapodials. 

This Report; Bedord Lorrain Explanation 
Graham in press 1974 1968 

ML 

TDPA 

TDMS 

1 

2 

1 

2 

Maximum length. 

Transverse diameter of the 
proximal articulation. 
Maximum distance.3 

Transverse diameter of the 
shaft taken at the midpoint 
of ML. 

TDDA 

APDMS 

APDPA 

Transverse diameter of the 
distal articulation. 
Maximum distance.3 

Anterior-posterior diameter 
taken at the midpoint of ML. 

Anterior-posterior diameter of 
the proximal articulation. 
Maximum distance.3 

APDPA Anterior-posterior diameter of 
the distal articulation. Maximum 
distance.3 

APDSM Anterior-posterior diameter of 
shaft. Minimum distance.** 

TDSM 10 Transverse diameter of the shaft, 
minimum distance. 

RL 11 Rotational length. Medial 
indentation on distal condyle 
to surface of proximal 
articulation. Minimum distance.' 
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Table 5. - Continued 

This Report; Bedord Lorrain Explanation 
Graham in press 1974 1968 

FASLA 12 - Foramen to articular surface 
length, anterior' side. Distal 
anterior foramen to proximal 
articulation. Maximum distance.0 

FASLP 13 - Foramen to articular surface 
length, posterior side. Distal 
posterior foramen to proximal 
articulation. Minimum distance 
for metacarpals; Maximum distance 
for metatarsals.0 

a) Taken with osteometric beard. 
b) Taken with sliding calipers. 
c) Taken with spreading calipers. 



12 measurements taken, the acronyms used in the figures, and their 

correspondence to those used in previous studies. Summary statistics 

may be found in Table 6. In cases where erosion, exfoliation, or 

damage appeared to seriously affect a given measurement, that 

measurement was coded as missing. This reduced sample size in some 

analyses but also reduced measurement error. 

The studies discussed above have indicated that insufficient 

understanding of metapodial variability has resulted from existing 

univariate and bivariate analysis. Furthermore, factors other than 

sexual dimorphism have been cited as contributing influences in 

metapodial morphology. These include age, nutrition, pathology, and 

behavior (Peterson and Hughes 1980; Graham in press). Although there 

has been a great amount of thoughtful consideration of what aspects 

of variation are most likely to be a result of sexual dimorphism, 

most of the work done so far has been on unknown samples without 

adequate empirical testing of suppositions. 

It was decided to submit the Lamb Spring data to a 

multivariate analysis in the hope of uncovering major trends in 

metapodial variation. Of the many techniques available, principal 

components analysis (BMDP program 4M) was chosen as the most 

appropriate for this purpose as it is designed to summarize the 

information expressed in a large number of variables in a smaller 

number of 'new' variables, or components. Table 7 gives the 

eigenvalues, percent of total variance explained, and the variable 

loadings for the first two principal components. The remaining 
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Table 6. Summary Statistics for Lamb Spring Metapodials 

Variable N Mean S.D. Range 

icarpals 

ML 37 219.3a 7.7 203.0 - 233.0 
Male 30 220.0 8.1 203.0 - 233.0 
Female 7 216.1 5.3 210.0 - 224.0 

TDDA 34 81.9 5.9 69.0 _ 92.0 
Male 28 83.9 4.0 76.0 - 92.0 
Female 6 72.7 3.9 69.0 — 80.0 

APDDA 34 42.7 2.5 37.0 — 46.0 
Male 28 43.5 1.9 40.0 - 46.0 
Female 6 39.0 1.8 37.0 - 42.0 

TDPA 34 78.1 6.6 64.0 — 92.0 
Male 28 80.4 4.4 73.0 - 92.0 
Female 6 67.3 4.0 64.0 — 75.0 

APDPA 33 47.1 4.1 38.0 — 59.0 
Male 28 48.2 3.2 44.0 - 59.0 
Female 5 40.8 1.8 38.0 — 42.0 

TDMS 37 50.8 5.5 38.8 — 59.6 
Male 30 53.0 3.2 46.5 - 59.6 
Female 7 41.4 1.9 38.8 — 44.5 

APDMS 37 33.3 2.6 28.5 — 38.5 
Male 30 34.3 1.9 30.0 - 38.5 
Female 7 29.2 .8 28.5 — 30.5 

APDSM 33 29.9 1.8 26.5 - 33.6 
Male 27 30.5 1.5 26.6 - 33.6 
Female 6 27.7 1.1 26.5 — 29.4 

TDSM 33 50.5 5.2 38.3 — 58.7 
Male 27 52.5 2.9 46.4 - 58.7 
Female 6 41.4 2.1 38.3 — 44.4 

RL 37 185.9 6.9 173.0 — 197.0 
Male 30 186.0 7.1 173.0 - 197.0 
Female 7 185.4 6.2 178.0 - 194.0 
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Table 6. - continued 

Variable N Mean S.D. Range 

FAS LA 34 166.8 7.1 154.0 - 180.0 
Male 28 167.2 7.3 154.0 - 180.0 
Female 6 165.2 6.2 160.0 - 177.0 

FASLP 33 160.0 6.0 147.0 _ 172.0 
Male 29 160.3 6.3 147.0 - 172.0 
Female 4 157.5 2.9 155.0 — 160.0 

itarsals 

ML 22 2721.3 9.5 255.0 — 285.0 
Male 21 271.8 9.4 255.0 - 285.0 
Female 1 261.0 0.0 261.0 - 261.0 

TDDA 21 73.4 3.8 67.0 - 80.0 
Male 20 73.3 3.9 67.0 - 80.0 
Female 1 71.0 0.0 71.0 — 71.0 

APDDA 22 42.2 2.2 38.0 — 46.0 
Male 21 42.2 2.3 38.0 - 46.0 
Female 1 42.0 0.0 42.0 - 42.0 

TDPA 20 61.2 3.7 55.0 - 68.0 
Male 20 61.2 3.7 55.0 - 68.0 
Female 0 61.2 3.7 55.0 — 68.0 

APDPA 20 58.6 2.8 53.0 — 62.0 
Male 20 58.6 2.8 53.0 - 62.0 
Female 0 

TDMS 21 41.4 3.5 34.2 — 47.6 
Male 20 41.8 3.1 36.4 - 47.6 
Female 1 34.2 0.0 34.2 — 34.2 

APDMS 21 38.4 2.6 32.4 - 42.1 
Male 20 38.7 2.3 33.9 - 42.1 
Female 1 32.4 0.0 32.4 — 32.4 

APDSM 20 33.4 1.8 29.5 — 36.5 
Male 19 33.6 1.7 30.0 - 36.5 
Female 1 29.5 0.0 29.5 - 29.5 
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Table 6. - continued 

Variable N Mean S.D. Range 

TDSM 
Male 
Female 

RL 
Male 
Female 

FASLA 
Male 
Female 

FASLP 
Male 
Female 

a) Millimeters 

17 
16 
1 

39.5 
39.8 
33.6 

2.9 
2.6 
0.0 

33.6 
36.1 
33.6 

45.3 
45.3 
33.6 

22 
21 
1 

228.7 
228.9 
224.0 

6.8 
6.9 
0.0 

217.0 
217.0 
224.0 

239.0 
239.0 
224.0 

22 
21 
1 

204.4 
204.5 
202.0 

7.4 
7.6 
0.0  

192.0 
192.0 
202.0 

219.0 
219.0 
202.0 

20 
20 
0 

215.9 
215.9 

8.3 
8.3 

203.0 
203.0 

230.0 
230.0 
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Table 7. Relevant values for Principal Components Analysis of Lamb Spring 
and Bison bonasus Metapodials. 

Lamb Spring Lamb Spring Bison bonasus 
1st Component 2nd Component 1st Component 

Metacarpals 

Eigenvalue 

% of Variance 

Variable Loadings 

ML 
TDDA 
APDDA 
TDPA 
APDPA 
TDMS 
APDMS 
APDSM 
TDSM 
RL 
FASLA 
FASLP 

Metatarsals 

Eigenvalue 

% of Variance 

Variable Loadings 

ML 
TDDA 
APDDA 
TDPA 
APDPA 
TDMS 
APDMS 
APDMS 
TDSM 
RL 
FASLA 
FASLP 

7.824 

65.20 

.838 
.882 
.813 
.849 
.710 
.879 
.869 
.801 
.900 
.757 
.673 
.673 

9.515 

79.29 

.956 

.904 

.898 

.989 

.876 

.925 

.874 

.886 

.840 
.882 
.780 
.903 

2 .216  

18.47 

.494 
-.305 
-.045 
-.285 
-.461 
-.328 
-.216 
-.152 
-.346 
.599 
.673 
.689 

1.115 

9.29 

.215 
-.290 
-.024 
-.129 
-.269 
-.297 
-.146 
.092 
-.425 
.356 
.549 
.410 

5.887 

84.10 

.806 

.954 

.954 

.937 

.889 

.924 

.938 

5.926 

84.66 

.790 

.962 

.964 

.972 

.981 

.825 

.926 



components had eigenvalues of less than 1 and are not considered 

here. In both metacarpals and metatarsals, the first component is 

made up of high positive loadings of all variables, indicating that 

most of the variability in these elements is due to overall size. 

The second component has moderately high positive loadings for the 

length measurements and moderate negative loadings for the width 

dimensions. This may be interpreted as a contrast between 

proportionally wider and more linear shaped bones. With the 

metatarsals, this component accounts for less than 10% of the total 

variance but is considerably more important (19%) for the 

metacarpals. 

The fact that high positive correlations exist between most 

measurements is, of course, not very surprising. One would expect 

that different measurements on the same element (and even different 

elements on the same animal) would be more or less allometric with 

body size (McDonald 1981). The value of the principal components 

analysis is that it gives a rough idea of how much variation is 

accounted for by size and what other kinds of structure exist in the 

data after size is removed. 

The two major aspects of variation uncovered here are more or 

less consistent with the kinds of parameters that have been proposed 

as important criteria in determining sex. To understand how these 

patterns of variation are associated with sexual differences, it was 

necessary to analyze a sample of bison of known age and sex. The 

only set of data available from such a sample is that of Empel and 



Roskoz's (1963) study of European bison (Bison bonasus). This is the 

same set of data used by Duffield (1973). Seven of the published 

measurements are equivalent to those taken on the Lamb Spring 

material. As the Lamb Spring sample contained only fused specimens, 

individuals younger than four years of age were excluded to make the 

two samples more comparable. Two other differences are more 

difficult to control. First, the phyletic, geographic, and temporal 

distances separating the two populations are large. Second, the herd 

from which Gmple and Roskoz's data are taken is not a wild 

population. In light of the results obtained, these factors may not 

be that much of a problem but they do introduce an unknown parameter 

to the data which, unfortunately, will only be partially explained by 

studying wild herds of modern Plains bison. 

The known sample was subjected to a stepwise discriminant 

analysis (BMDP program 7M) to determine which variable or variables 

best reflect the differences between males and females. Prior to 

entering any variables into the discriminant function, the program 

computes F-ratios for each variable from a one-way analysis of 

variance between the two groups. These are presented in Table 8. 

For metatarsals, all variables except the anter-posterior diameter of 

the shaft are sexually dimorphic with the transverse diameter of the 

shaft having the greatest discriminatory value. The metacarpals show 

a similar pattern except that the maximum length considerably 

overshadows the others in its ability to separate the two groups. 

After the variable with the highest F-ratio is entered into the 
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Table 8. F-ratlos for Seven Variables Used to Describe Sexual Dimorphism 
in Bison bonasus Metapodials. 

Variable Metacarpals Metatarsals 

ML 17654.6 14672.9 

TDDA 10217.5 10456.2 

APDDA 7790.7 10382.9 

TDPA 5889.5 10691.4 

APDPA 6117.4 10396.2 

APDSM 7434.2 4649.2 

TDSM 7605.5 14774.3 

Table 9. Classification 
Metapodials. 

Functions for Bison bonasus Male and Female 

Male Female 

Metacarpals 

ML 5.49332 5.57621 

TDSM 6.55312 3.94945 

Constant -754.45619 -659.91341 

Metatarsals 2.45705 2.58231 

ML 2.45705 2.58231 

TDSM 17.08283 12.32314 

Constant -667.49111 -531.39254 



83 

discriminant function, the recomputed F-ratios for all but one of the 

remaining variables become insignificant. This indicates that the 

discriminatory information expressed by them is, for the most part, 

redundant relative to the entered variable. The interpretation of 

these results is that most of the variation between males and females 

is in absolute size which is best expressed by maximum length for 

metacarpals and minimum width of the shaft for metatarsals. In the 

next and final step, minimum width of the shaft is added to the 

discriminant function for metacarpals and maximum length for the 

metatarsals. This introduces a proportional contrast between length 

and width into the separation between the sexes. Using the 

classification functions for these two variables (Table 9), all of 

the metatarsals were correctly classified and only one of the 

metacarpals was misclassified. 

To more easily understand the group characteristics isolated 

by this analysis, scatterplots of minimum shaft width against maximum 

length are shown in Figure 18. Both groups show distinct linear 

trends with females having a slightly smaller mean size for each of 

the two variables. The female metacarpal misclassified as a male 

shows up as an outlier for the variable TDSM. The within group 

differences appear to be random variation. Neither absolute length 

nor the ratio of width to length is correlated with age within either 

males or females. 

Scatterplots of these same variables for the Lamb Spring 

metacarpals and metatarsals are given in Figure 19 with males and 



Figure 18. Scatterplot of Minimum Shaft Width against Maximum 
Length for Bison bonasus Metacarpals and Metatarsals. 

(a) Metacarpals, (B) Metatarsals. 
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Figure 18. Scatterplot of Minimum Shaft Width against Maximum Length 
for Bison bonasus Metacarpals and Metatarsals. 



Figure 19. Scatterplot of Minimum Shaft Width against Maximum 
Length for Lamb Spring Metacarpals and Metatarsals. 

(A) Metacarpals, (B) Metatarsals. Open symbols are bones 
plotted using width at mid-shaft. 



60 n 

— 50 • 
E  
E  

85 

• • 
* * 

* * , 

¥ 
• 

m 
40-

l 
210 2 2 0  2 3 0  

M L (mm) 

240 2 50 

50-.  

e" 40'  
E  

2 
V)  
Q 

50 -

«V 

* < 
• 

• 

B , , 

270 280 

M L  ( m m )  

260 290 300 

Figure 19. Scatterplot of Minimum Shaft Width against Maximum 
Length for Lamb Spring Metacarpals and Metatarsals. 



females classified by the discriminant functions derived from the 

known sample. Although there are differences in the absolute size 

ranges for the two samples, the pattern of sexual dimorphism is 

comparable. For the metacarpals, the males form a distinct linear 

cluster while a smaller group of females appears below the males. 

One specimen (marked on the graph) scored just within the males on 

the discriminant function but, because of its position in the 

scatterplot, was considered likely to be an outlier female and was 

reclassified as such. The metatarsals were classified as all males 

with one exception which falls below the main linear distribution of 

the graph. Two other specimens could go either way but changing 

their classification would not have altered the overall results and 

they were thus counted as males. Four metacarpals and five 

metatarsals were missing data for minimum width. Width at the mid

shaft was used to calculate the discriminant score for the 

metacarpals and this measurement minus 2 millimeters was used for 

metatarsals. The location of these specimens on the scatterplots 

leaves little doubt as to their classification. 

The results of this analysis provide some tentative answers 

to the questions raised by the initial principal components analysis 

of the Lamb Spring material. First, a considerable amount of 

variation between males and females, is, in fact, reflected in 

absolute size. The distribution of males and females along the first 

principal component for each element shows clear separation between 

sexes (Figure 20). For eigenvalues and variable loadings for the 
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(D) Lamb Spring Metacarpals. 



Bison bonasus sample, see Table 7. Of course, principal components 

analysis is not designed to be used for discrimination. Its use here 

is simply for the purpose of demonstrating the relationship between 

sexual dimorphism and the relative proportion of total variance 

attributed to size. Secondly, a more linear shaft is associated with 

females, particularly in the metacarpal. The mean ratio of minimum 

shaft width over maximum length for the known males and females, 

respectively, is .22 and .18 in metacarpals and .14 and .12 in 

metatarsals. As the forelimb receives a higher proportion of the 

total body weight, a greater difference in this ratio between male 

and female metacarpals would be expected. In both elements a certain 

amount of overlap does exist. 

These data offer some support for the criteria employed by 

Bedord in determining sex, although some minor adjustments may be 

suggested. For reasons given above, calculating the width to length 

ratio with the minimum rather than the mid-point width measurement is 

considered more appropriate. Either ratio removes the variability in 

size, however, and necessitates the reintroduction of this dimension 

by plotting the ratio against the absolute value of some other 

variable. At this point, it seems far simpler to just use the plot 

of minimum width against maximum length in which the pattern of 

sexual dimorphism is most clear. The variable to be plotted against 

the ratio should be the one which provides the greatest univariate 

discrimination between male and female. Form the evidence discussed 

above, this would be minimum shaft width for the metatarsal and 



maximum length for the metacarpal. Bedord uses the width of the 

distal end which seems to have some discriminatory value for 

metacarpals but much less so for metatarsals. 

As a test of Bedord's technique, the Lamb Spring males and 

females were plotted using Ratio 6 and width of the distal end with 

the division lines she used for three other Paleo-Indian samples 

drawn in Figures 21 and 22. For most of the assemblage, the two 

methods agree. With the metacarpals, four males or one female would 

have been misclasssified depending on where the line was drawn. A 

similar situation occurs with the metatarsals. If the ratio is 

calculated with minimum rather than mid-point shaft width and is 

plotted back against one of these dimensions (in this case, TDSM -

Figure 23 and 24) a clearer distinction is obtained. Again, such 

ratios are considered unnecessary and tend to obscure the actual 

separation by distorting the original distributions into a single 

linear parameter. 

The differences between these two sets of graphs suggest that 

further work should be done on both known samples of modern Plains 

bison and the prehistoric samples for which data has been collected. 

Again, the suggested revisions will probably not alter current 

interpretations of these sites, but a more precise understanding of 

sexual dimorphism in bison metapodials will benefit other studies as 

chronoclinal body size reduction during the Holocene (Peterson and 

Hughes 1980). 



Figure 21. Scatterplot of Width of the Distal End against Ratio 6 
for Lamb Spring Metacarpals*. 

Dividing lines for (A) Casper and Olsen-Chubbuck, and (B) Finley 
are drawn from data in Bedord 1974: Table 6.18. 



90 

94 -i  

90-

8 6 -

82-
E  
E  

< 
Q 

° 78-
I-

74 -

70-

18 20 22 24 28 30 

R A T I O  6  

Figure 21. Scatterplot of Width of the Pistal End against 
Ratio 6 for Lamb Spring Metacarpals. 



Figure 22. Scatterplot of Width of the Distal Ends against Ratio 6 
for Lamb Spring Metarsals. 

Dividing lines for (A) Casper and Olsen-Chubbuck, and (B) Finley 
are drawn from data in Bedord 1974: Table 6.18. 
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Figure 22. Scatterplot of Width of the Distal Ends against Ratio 6 
for Lamb Spring Metatarsals. 
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Summary 

The final breakdown of the mature metapodials by sex and side 

is given in Table 10. No attempts were made to sex the immature 

metapodials as little comparative data is available and only a few 

specimens were recovered at Lamb Spring. Sex ratios determined by 

metacarpals are in agreement with those for the metatarsals. The 

bison assemblage is dominated heavily by males. The minimum number 

of individuals (MNI) count of 19 males, 4 females and 14 juveniles is 

fairly consistent with the MNI estimate for the mandibles and loose 

teeth. Due to the poor precision of the aging estimates, a 

comparable table of mandible MNIs for each age group is not 

feasible. However, the relative age estimates are accurate to 

indicate that most of the individuals represented by mandibles and 

loose Mis are about 4 to 5 years of age and older. This is again 

consistent with the ratio of mature to immature metapodials. Fusion 

of the distal epiphysis is considered to occur sometime during the 

fourth year (McDonald 1981). 

From the evidence recovered here, the Lamb Spring bison 

assemblage appears to represent about 27 animals; mostly bulls in 

early and full maturity. The size of the kill and the sex ratio 

differs considerably from many other Paleo-Indian kill sites where 

much larger numbers of animals are represented and where females are 

the predominant sex. 

Information from individuals experienced in handling bison 

and from studies of modern wild populations suggest certain variables 



Table 10. Breakdown of Lamb Spring Metapodials by Sex and Side. 

Metacarpals 

Males 

Females 

Immature 

Total 

Metatarsals 

Males 

Females 

Indeterminate 

Immature 

Total 

I n d e t . R i g h t L e f t T o t a l  

0 

0 

0 

0 

11 

4 

(2 ) a  

17 

19 

3 

( 2 )  

24 

30 

7 

4 

41 

0 

0 

0 

(1) 

1 

9 

.1 

1 

(4) 

15 

11 

0 

0 

(3) 

14 

20 

1 

1 

8 

39 

a) Parentheses indicate bones excluded from analysis. 



that are important for the interpretation of these data. For most of 

the year, bison tend to be organized into two kinds of social units: 

large cow/calf groups and smaller, more independent bull groups. 

Behavioral differences between these two groups are quite marked. In 

Yellowstone National Park,.McHugh (1958) noticed that cow groups were 

much more cohesive and, when startled, showed flight distances from 

200 to 1000 feet. Members of bull groups, on the other hand, were 

much more individual and less predictable in their behavior and 

rarely ran more than 300 feet when startled. The only time of the 

year when the two groups intermingle in any appreciable amount is the 

rut (mid-to late summer) when the mean size of bull groups dropped 

and the number of bulls in cow groups increased. Difficulties in 

handling bulls have been noted by Frison (1974) who cites a number of 

reasons why fall is the better time of the year for a large scale 

bison drive. After the summer rut most of the bulls separate from 

the two groups, which are more easily stampeded in a controlled 

manner. Also, the spring calves are then old enough to run with the 

rest of the herd. In contrast to the cows, bulls are not as easily 

handled in a controlled drive. For this reason, the context of bison 

procurement at Lamb Spring is not likely to reflect a pattern similar 

to that inferred at sites such as Casper and Jones-Miller and caution 

should be exercised in making comparative studies with such sites. 

The number of males recovered at Lamb Spring is larger than 

that for any modern bull group reported by McHugh or Frison. With so 

little information about the size of male groups in prehistoric 
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populations, it is difficult to determine whether the site represents 

a single kill event or several short-term hunting attacks on mostly 

small male groups. 

A low frequency of calves would be normal in a group of 

mostly bulls. However, even in kill assemblages where large numbers 

of calves would be expected they are still under-represented. Frison 

(1974) has noted that young calves will tend to separate from a 

moving herd. The individuals would then be less likely to turn up in 

the kill assemblage. Reher (1974) has suggested that calves may have 

been removed from the main kill area with a minimum of carcass 

reduction. He cites Hudson-Meng (Agenbroad 1978) where a large 

number of calf remains was present, as a possible example of a 

specialized processing area where final stages of butchering may have 

occurred. At Lamb Spring, the low frequency of cows suggests the 

likelihood that the group of bison preyed upon did not contain a 

large number of calves. 

Insufficient evidence exists to permit precise determination 

of the season of occupation. Further data are needed to test the 

possibility of a cold season occupation as is suggested by the dental 

evidence discussed above. 

There is also little evidence regarding the ecology of the 

bison population as a whole. Without precise individual ages, the 

annual rate of tooth wear may not be estimated. As is discussed 

above, two interpretations are possible. One would indicate poor 

range conditions with annual attrition rates of ca. 6 millimeters per 



year. The other would suggest a much slower loss of enamel, closer 

to ca. 3-4 millimeters per year. No study of pathologies was 

attempted. However, in the course of the aging analysis only one 

pathological condition was noted. This was a mandible exhibiting 

what is known as lumpy jaw a swelling of the horizontal ramus 

considered to be a developmental condition (Wilson 1974b). Thus, the 

population as it is represented here appears to be free from a high 

incidence of pathologies when compared to the Casper site population 

where a variety of pathological conditions was noted along with a 

high dental attrition rate of around 4.2 millimeters per year (Reher 

1974). 



CHAPTER 5 

CONCLUSION 

Specific pieces of information about the bison remains at 

Lamb Spring have been presented in the context of the evidence by 

which they were recognized and interpreted. It is now possible to 

assemble these different lines of evidence into a partial 

reconstruction of the prehistoric events that took place at Lamb 

Spring. 

A minimum of 27 individual bison, mostly males in early and 

full maturity were killed and butchered at the site. The inference 

that both procurement and processing activities were performed at the 

site is based mostly on the lack of evidence for taphonomic transport 

and redeposition and on the lack of evidence for differential 

representation of primary butchering units. 

Considering the population structure of the assemblage and 

the small size of the kill, the mode of procurement does not seem to 

have been a drive. The association of the site with a spring 

suggests the likelihood of a surround of an isolated male group (or 

groups) visiting the spring for water. The number of males is quite 

large relative to the size of modern bull groups. McHugh (1958) has 

noted that both cow and male groups may often come into close 

proximity to one another at watering holes. This may explain the 

99 
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occurrence of a few females and juveniles in an assemblage dominated 

by males. Evidence of the processes of bone burial at the site 

sugests a single episode of deposition. However, this may not 

entirely rule out the occurrence of several closely spaced kills of 

small, isolated groups, one of which may have been a small cow/calf 

group. 

The evidence for processing activities suggests that meat was 

entirely removed from the skeleton prior to transport from the 

site. This might imply that meat was also dried at, or near, the 

site although this can not be demonstrated. From what can be 

reconstructed of the actual butchering procedure, it appears that 

there was a certain amount of variability in the manner of primary 

disarticulation and in the amount of secondary processing for marrow 

and grease. Bone tool manufacture is significantly absent. Such 

modifications are often difficult to recognize (Agenbroad 1978; 

Frison 1974) and their absence may well be the result of poor 

preservation and the author's lack of experience with bone 

technology. However, comparison with a sizable collection of such 

tools from the Jones-Miller site revealed few similarities in the 

kinds of breakage patterns associated with these practices. 

Much of the behaviorally meaningful patterning in bone 

modification and spatial relationships has been altered and destroyed 

by various agencies of post-occupational disturbance. Bone exposed 

on the surface has been trampled and redistributed in the course of 

subsequent use of the spring area (presumably by other bison). 
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Surface erosion is likely to have resulted in the concentration of 

bone in areas of low relief and softer sediments. The relationship 

between element representation and relative density suggests 

considerable destruction of bone by carnivores and other carrion 

feeders. These activities probably further disrupted the spatial 

relationships between elements determined by human processing. 

Bison as a Resource in Paleo-Indian Adaptation 

The Plains environment has been characterized as being 

relatively homogenous with a low diversity of resources (Frison 

1974). For human populations, bison represent a major proportion of 

the usable biomass produced by this environment. These aspects of 

the environment, along with the archaeological evidence, support the 

interpretation that Paleo-Indian adaptation to the Plains was highly 

dependent on bison as a food resource. Antelope remains from the 

Jurgens site (Wheat 1979) and mountain sheep and deer from the Hanson 

site (Frison 1978a) do suggest that this economic specialization was 

not at the total exclusion of other resources. 

Comparative studies of prehistoric Plains economy have 

emphasized the communal methods of bison procurement as an economic 

basis from which aspects of social organization and cultural 

development may be interpreted (Forbis 1978; Kehoe 1978). Reher 

(1977) has proposed a series of independent variables which affected 

prehistoric human populations. In ascending trophic order, these are 

the effective moisture, productivity of the shortgrass, and the 



distribution and density of bison herds. Evidence from the 

stratified Late Prehistoric Vore site (Reher and Frison 1980) shows a 

correlation between the occurrence of communal kills with inferred 

periods of high bison productivity. Similar correlations between 

bison productivity and the distribution and density of kill sites 

have been made by Jelinek (1967) and Dillehay (1974). Frison (1973) 

has emphasized prey density as a crucial factor in determining the 

success of organized, communal bison drives. Factors such as these 

are likely to influence patterns in the settlement distribution and 

organization of economic pursuits among Paleo-Indian populations in 

the Plains environment. 

The Relevance of Lamb Spring to Paleo-Indian Archaeology 

Wheat (1972) and Kehoe (1978) have argued that developmental 

changes in bison procurement patterns may be recognized within the 

broad sequence of prehistoric occupation of the Plains. The best 

evidence for Clovis bison hunting comes from Blackwater Draw Locality 

1, New Mexico (Hester 1972), and the Murray Springs site, Arizona 

(Hemmings 1970). Both represent small kills (7 and 8 individuals 

respectively) and are associated with nearby sources of water. A 

similar pattern is noted in bison kills associated with Folsom 

artifacts, although the number of animals increases slightly. This 

evidence Includes the 23 bison from the Folsom type locality 

(Wormington 1957) and nine individuals from the Lindenmeier site 

(Roberts 1936). The pattern of procurement in these early Paleo-
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Indian sites appears to be a surround technique, with the 

opportunistic use of localized marsh or arroyo features as natural 

traps, although Wheat (1972) suggests that the 14 animals at the 

Lipscomb Bison Quarry may have been driven. 

The earliest evidence for organized, conmunal drives is from 

Bonfire Shelter (Dibble and Lorrain 1968) and the Plainview site 

(Sellards, Evans, and Meade 1947) in Texas. Throughout the Piano 

tradition, the number of organized mass kills increases. At sites 

where more extensive studies have been done, a definite trend toward 

fall and early winter kills with high proportions of females has been 

noted. Sites best exemplifying this pattern are the Casper and 

Horner sites in Wyoming, Jones-Miller and Olsen-Chubbuck in Colorado, 

and the Hudson-Meng site in Nebraska (Agenbroad 1978; Bedord 1974; 

Frison 1974; Jepsen 1953; Stanford 1978; Todd and Hoffman 1978; Wheat 

1972). 

In the above discussion and in the previous chapter, a number 

of factors were pointed out as partial explanations for the 

establishment of this hunting pattern. In addition to considerations 

of bison behavior and population dynamics, there are also certain 

pragmatic advantages to be mentioned. Cooler temperatures provide 

considerable relaxation of the time constraints in processing large 

numbers of carcasses. Meat butchered in the fall may be sorted until 

spring without spoilage. Frozen meat caches have been documented 

ethnographically among Eskimo hunters (Binford 1978) and such 

practices have been inferred for the Colby mammoth kill in Wyoming 
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(Frlson 1978a). Although meat caching may also be associated with 

large, fall bison kills, little evidence for this has yet been 

presented. 

The Lamb Spring site contrasts with this pattern on several 

points. The small size of the kill and its association with a water 

source suggest a procurement strategy more similar to the Llano 

pattern rather than to the large scale drives of other Piano sites. 

More information on the paleo-topography of the site will be needed 

before the feasibility of a drive can be thoroughly evaluated. The 

most interesting contrast between Lamb Spring and many other 

contemporaneous sites is the predominance of mature males. Because 

of the unpredictable behavior and weaker group cohesion of male 

bison, this evidence strongly suggests that the mode of procurement 

at Lamb Spring differs from the controlled stampede employed at the 

above mentioned sites. The Jurgens site in Colorado also contained a 

small number of individuals but may not be the actual kill locus. 

Therefore, it is difficult to estimate the actual size of the kill or 

the hunting tactics employed. The only other Cody bison kill site 

which may be compared with Lamb Spring is the Finley site in Wyoming 

(Moss et al. 1951). The site contained a minimum of 58 bison. Over 

70% of the metapodials were classified as males (Bedord 1974) and, 

like Lamb Spring, most animals were between four and ten years of age 

(Todd and Hoffman, 1978). Based on his reinvestigation of the site 

and on the sex ratio, Frison (1978a) has suggested that several 

closely spaced kills of small, mostly male, groups are represented. 
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The mode of procurement appears to be similar to that which has been 

reconstructed above for Lamb Spring. Animals may have been attacked 

as they visited the spring with either nearby bog or sand dune areas 

used as a trapping medium. 

It is likely that either the procurement methods or the 

amount of meat to be processed and consumed at Lamb Spring would have 

called for a human group size much beyond the minimal social unit. 

Using Wheat's (1972) figures for usable meat from Bison occidentalis, 

the 19 bulls, 4 cows, and 4 juveniles would have yielded 15,162 lbs. 

of meat, or 23% of'the amount estimated for Olsen-Chubbuck. Twenty-

three percent of the estimated human population at Osen-Chubbuck 

would be about 35 to 46 persons. Agenbroad's (1978) calculations for 

Hudson-Meng are much more conservative than Wheat's and comparison 

with his figures would suggest an even smaller group size of eight to 

ten persons. Of course j, none of these calculations should be taken 

as meaningful population estimates. There are simply too many 

variables which can not be controlled, such as the absolute 

contemporaneity of all 27 deaths and the amount of meat that was to 

be stored as opposed to the amount immediately consumed. These 

figures are presented here simply to express a likely range of 

possible group size which, at Lamb Spring, does not appear to include 

a social unit much larger than a single band. 

Reconstructions of social organization among Late Prehistoric 

Plains Indians have proposed a pattern of seasonal aggregation and 

dispersion with cooperative communal kills occurring in the fall 
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(Frison 1973; Reher and Frison 1980). The evidence from Lamb Spring 

(and perhaps Finley) presents the possibility of extending this model 

as far back as the Piano Paleo-Indian period. The mode of 

procurement inferred at these sites would not require the organized 

cooperation of a large group of people nor would it inherently select 

for predominantly cow/calf herds as would a drive. In fact, the 

smaller size and shorter flight distances of male groups may have 

made them more suitable prey for small bands limited to less 

sophisticated surround tactics. 

If the late winter or early spring seasonal estimate for Lamb 

Spring can be substantiated, this would place the time of occupation 

slightly later than the proposed season of aggregation. Frison's 

(1978a) estimate of a mid- to late winter kill at Finley would hold 

similar implications although Todd and Hoffman (1978), who combined 

the Finley sample with mandibles from the Horner site, assigned a 

fall season to both sites. It also must be remembered that at least 

one Piano site, Jones-Miller, gives evidence for communal drives 

extending from fall into late winter (Reher in press). 

It is clear that more information is needed regarding the 

mode of procurement, population dynamics, and season of death at 

smaller bison kills before they may be taken as evidence for seasonal 

variation in Paleo-Indian social organization and economic 

activities. An alterative hypothesis which remains to be tested is 

the possibility that climatic conditions at the time of the Lamb 

Spring occupation had reduced the density and distribution of bison 
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in the area to the point where communal hunting efforts were not 

feasible. The results of this analysis certainly indicate that 

variability did exist in Paleo-Indian bison hunting practices and 

that this information may hold significant potential for better 

understanding Paleo-lndian culture and its adaptation to the Plains. 

Concluding Remarks 

The purpose of the analysis presented in this thesis has been 

to recognize the interpret archaeologically meaningful information 

represented in the bone assemblage from Lamb Spring. A considerable 

amount of emphasis has been placed on the application of analytic 

techniques to research problems that are considered to be relevant to 

Paleo-Indian studies in general. Each provides important information 

about the bone assemblage and, in turn, the nature and context of 

human activities associated with its formation and deposition. The 

archaeological reconstruction of these activities based on this 

information suggests certain characteristics which make the Lamb 

Spring site an important addition to our present knowledge of Paleo-

lndian adaptation to the Plains. It is hoped that further 

advancements in techniques of analyzing bison assemblages from 

archaeological sites will benefit from this study of the Lamb Spring 

bison remains. 
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